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devel opnment of bispecific antibodi es has been the difficulty of 20
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20 producing the material in sufficient quality and quantity by traditional technologies,
such as the hybrid hybridoma and chemical conjugation methods (Marvin and Zhu
(2005) Acta Pharmacol Sin 26:649). Co-expression in a host cell of two antibodies,
consisting of different heavy and light chains, leads to a mixture of possible antibody
products in addition to the desired bispecific antibody.

25 Several strategies have been described to favor the formation of a
heterodimeric, i.e. bispecific, product upon co-expression of different antibody
constructs.

Lindhofer et al. (1995 J Immunol 155:219) have described that fusion of rat
and mouse hydridomas producing different antibodies leads to enrichment of

30 functional bispecific antibodies, because of preferential species-restricted heavy/light
chain pairing. Another strategy to promote formation of heterodimers over
homodimers is a “knob-into-hole” strategy in which a protuberance is introduced at
the interface of a first heavy-chain polypeptide and a corresponding cavity in the
interface of a second heavy-chain polypeptide, such that the protuberance can be

35 positioned in the cavity so as to promote heterodimer formation and hinder
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30 bispecific molecules can engage in Fab-arm exchange to regenerate antibodies
comprising the original monospecific parent antibody specificity.

It has now surprisingly been found that by introducing asymmetrical

mutations in the CH3 regions of the two monospecific starting proteins, the Fab-arm

exchange reaction can be forced to become directional and thereby yield highly

35 stable heterodimeric proteins.
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d) obtaining said heterodimeric protein.

The method can for example be used for in vitro production of heterodimeric

25 proteins, such as bispecific antibodies, for various uses, such as therapeutic or
diagnostic uses. An advantage of this in vitro method is that heavy-chain/light-chain
pairing stays intact during the reaction, so no undesired combinations of heavy chain

and light chains are obtained in the product. This in contrast to some of the co-
expression methods described in the prior art (see above) where a common light

30 chain which can form a functional antibody with both heavy chain needs to be found
in order to avoid the formation of non-functional heavy-chain/light-chain products,
because of random heavy-chain/light-chain pairing in the cell. In addition, the in

vitro process can be performed in the laboratory which allows greater control,

flexibility and yield of the heterodimeric protein than is allowed by co-expression.



second CH3 regions, c¢) incubating conbinations of antibodies of said first
set and of said second set under reducing conditions sufficient to allow
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the conditions to non-reducing, e) assaﬁing the resulting set of
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after wherein the sequences of said first and second CH3 regions are different and
are such that the heterodimeric interaction between said first and second CH3
15 regions is stronger than each of the homodimeric interactions of said first and
second CH3 regions,
¢) incubating combinations of antibodies of said first set and of said second
set under reducing conditions sufficient to allow the cysteines in the hinge
region to undergo disulfide-bond isomerization, thus generating a set of
20 bispecific antibodies,
d) optionally restoring the conditions to non-reducing,
e) assaying the resulting set of bispecific antibodies for a given desired
property, and
f) selecting a bispecific antibody having the desired property.
25
In further aspects, the present invention relates to heterodimeric proteins
obtained or obtainable by the method of the invention and to methods for producing

heterodimeric proteins of the invention by co-expression in a suitable host cell.

30 BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1: Generation of bispecific antibodies by interspecies Fab-arm
exchange. The generation of bispecific antibodies after GSH-induced in vitro Fab-
arm exchange between the indicated EGFR (2F8) and CD20 (7D8) IgG4 antibodies
was determined by an ELISA. A concentration series (total antibody) of 0-1 ug/mL

35 was analyzed in the ELISA. Bispecific binding was higher after Fab-arm exchange
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30 Figure b5: Generation of bispecific antibodies using 2-mercapto-
ethylamineeoHCI- (2-MEA-) induced Fab-arm exchange between human IgG1
and IgG4 antibodies. The generation of bispecific antibodies after 2-MEA-induced
in vitro Fab-arm exchange between the indicated human EGFR (2F8) and CD20
(7D8) antibodies was determined by an ELISA. A concentration series of 0-40 mM 2-

35 MEA was tested. The presented graph shows the result of the ELISA in which a total



20 generated by 2- MEA induced Fab-arm exchange by conbining either
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30 Figure 11: Generation of bispecific antibodies using 2-MEA-induced Fab-arm
exchange at different temperatures. The generation of bispecific antibodies by
combining the indicated human EGFR (2F8) and CD20 (7D8) antibodies in 2-MEA-
induced in vitro Fab-arm exchange reactions at 0°C, 20°C and 37°C was followed in
time by an ELISA. Bispecific binding was most efficient at 37°C, and slower at 20°C.

35 At 0°C, no generation of bispecific binding was measured.



15neasured after the reactions with DIT in the concentration range 0.5-50
mvi 2-MEA in the concentration range 25-50 mM and
tris(2-cavbaryetsimsb) phosphi ne (TCEP) in the concentrati @oT/ER2Ee/086388 5. 0 nV
but not with GSH (*) Data for GSH concentration 25 mM were excl uded due to
the formati on of anti body aggregates. Fi Bure 18: Generation of bispecific
anti bodi es usi ng 2- MEA-i nduced Fab- 20 arm exchange between human

| gGl- 2F8- F405L and | gGl-7138- K409R. (A) The generation of bispecific

anti bodi pguaé t1ex: @eﬁ@éﬁoﬂd&csﬁpleﬂlfi@ AR GbodRs BYRX VMRS ¥ bYEEm E{cRkRgeed by
an ELI SA. The presented ph shows the result of the ELISA in which a
total antdys&s E)Snﬁ'éfﬂrﬁa r&ﬁ'“&fngz@gfnfﬁ-/ 04 %%é‘@a used\E\ TBEFSUES EREN y

[ ?duceg df@:{kratrdﬁmmtm ar(uB))d@bey@eﬁerramg aomah 1§GspeEsifiananyGhadices 25
after

b
Cbect r ot if o S cki Mebbfor AP ERERRAANT Seltes of ShEuBus e s hie 2 nea
Af t er5 quagm:ntsf i Bapedfic bfndinge waasseapeed rafteetthy attignst Weh peT € maaigeum

D RaCl T RBRR Y R DR AR (R BRI B BE m Ly BRICEI AL o0 ©
resul t edwith G304 bilape dof @SFarﬂonb@dgatloeoeéﬂf inMrivege téxel Uil Sivelde aheFi gur e

19: PU”ﬁoYmeuon?Qﬁ%ofd'y%ggEgd%P@ﬁy gener ated by Fab-arm exchange between
human | gGl- 2F8 138- K409R. Mass sgectronetr shows t hat

Fab- ar m Eigdment? Pe@ﬁﬁrwqcsdaw-@rmwhynseo ryeyrdoGic2pBddicandri gure

20: g as ﬂnfgmwh@ahwpﬂ@ fgbﬁerﬁﬂéh Q@%fs@em@re{t%dm atdVEAMERSI nduced
Fab- armefy)ch%gg{a Two groups of oup were injected 10

with thePH Bity o2k BRI REhangR) bqtﬁ’ge'bdgﬁh% |EE"d i BAHedgl ™ at ed by
in vitro7as- M%AxnmduaafsdwE@heaarrmrexcmagcﬂm WEONA |cgﬁi3en?r5&054:@5és Xtotal

| gGl- 7D8- i d 00 i | gA.

(%) ot e REr D st RS aRaRE S BREVAE T RVt rarttal dod By i RRER e

curves obispduifid attilodgndéredyfrord IpGasiré-ITonckddrAD8-ReCWEBE Thhexsmmgef or al |
t i odi \t i

B o TR rpr Shebsr BEAEUNE AL BV (RPRETELRL 0 B2 pBFHEE ThEH BT

wi t hout bare. Badk tgiren b@fs aﬁore&@“éSsrhertrlme@tf@znbmd@mbetwegurféezlmetr@dl at ed

cel | Kkil}gah-/E@Q- R @rs@l e q%g%ﬁvé)seoﬁtralauaefitiﬁscxafzg@lbmy K3BoRY ahad by

2- VEA- | nduced Fab- ar m exchan et ween %
| gGL- 7138209 RIGERA TS L rand %{94’5@??&@& {ahE grembets: edressht heHesTMBr e used

toI Itest §|hﬁllltén§<ﬂ.@>6ﬁ%%rg%ﬁ1%dnﬁb me@%r@et@md nts.(b‘élwéfld"[clﬁalnﬁhcg?g ;‘9@1: sGlBgth
ce [in I ess ntroauction o e I N g -
did 3bt | TRPIKIORK Snytpats: U@GayﬁWEﬁcdeuce CDC. The bi specific antibody

deri ved Figme214N|:‘90nmmhlmedhjlabeaﬂat:enchaegendﬁetam tlg@lgé’:’t_&aﬁ%lofx

| gGL- 7D8; Ll e t C r di ated
cell kil Pj%fg ggﬁ\g%%te'éé‘?'gsséynﬁaﬁgP de%eh ']%‘f, g'e'g::)c)l(cc a erhafengrnae'ro n{rgd by
2- VEA- | nbianem‘ld:atnumcmse&fthraﬂgﬂEdeeedl mg\(BIo IZHBSaﬂﬁn(wthanQEgmtme&hme
Concentr S S t used hei r
capact ty PSSl EFESRBR) oG GO DR ARPLIRC il BEIFRRATH) 4t EEloA 0
CD2(PegBXihpag@4vithc éhe s 7RRd apBhedguenss ycwaarﬁét WIﬁuU‘é\éer@@@mA@@@yms

i nduced @é@l%@ﬁﬂg@a'}/mpoﬁléoﬁ&ﬁﬁaagg sefbS QtoRdIt tiboBY Y @ﬁigcid g/t Wage F405L
mutations 1n t domai n. The ADCC effector function o 2F8- F405L

was r et aP PN the Ebisép SRR Psharae @BF%‘?V}%HV%Y/'”?:&’SQHF?ﬁV@Fg‘F]éﬁ’ﬁféyoéet ween

| gGl- 2F8antitdfs shdw@dlidéRBcd(dbiSRcifkObitgdr €urdes a2-tMEAglycudy@st variants
Fab- ar mpxch ghe bet weencI I ?(G% 2F8- FA05X nmutants and |1 gGl- 7138- K409R. The
gener at i SR BT S5 ¢TI N bodi es after 2- MEA-induced in vitro

Fab-Z0r m Eiguinangs Diee mmtyt tre engdge anecBab-gE&Ein éﬁehfnl@é)i@ orvalatedabal the

(fotal oShorans) MePEegt Sotndth. 2ar.| G, ) (6 cBREFRIOA RO BISRLIE] .
cont r ol antibodies by GSH-induced Fab-arm exchange between IgG1-2F8 and IgG1- 7D8 (A)
or IgG4-2F8 and IgG4-7D8 (B and C) constructs with the indicated mutations,
presented as bispecific binding in an ELISA over time. Bispecificity is presented
35 relative to the IgG4-2F8 x IgG4-7D8 control after 24 h. (D) and (E) Relation



30 is a purified batch of bispecific antibody, derived from | gGl-2F8- F405L
x 1 gGl- 7D8- K409R. (B) The exchange is presented as bispecific binding at
20 pg/ nL wotohiady746oncentrati on relative to the positi veCcTmreoiolosq3ss ack
bar). Dark grey bars represents the bispecific binding between the g4
control (1g4-7D8 x 1g4-2F8) and the neaati ve control (1gGl-2F8 x

| gGl- 7D8- K409R). Light grey bars represent results 11 from simultaneously
per f or med Fab-arm exchange reactions between the indicatedl gGl- 2F8- F405X

nmut ant s g&leb8 FppaRBi KA IR 91@ SPHNHObgpediiddhBbsdy géndEhoh Nsfugeds h
Fab- armexcﬁan%p 99( a P - Y40 75)(e mIJt ant sgﬁyng ¥ Gl- 7D8- K409R.rsThe

I
gener at i §iOWBES g?’é@é@ fqrégggthaé@,qj@gowq% based (5) mojequi§uced in vitro
::atC);l ar7 & evg;.gaer S e @lli@amgdt mtﬁ:-&g@i-ﬁﬁ&:\ﬂ@oiﬂs MhtAN1§GaNUgG4
eter n concentra seri
(Fotal ot oismsfiaDy 6630Bp0nne:. Bhine:pid.nt mhe thed SRETR" o, KBp3E ehive
cont rol azoedipyto fhecElUadexharefdelpicsqake hdth demtheboniy(ﬁbdteeu aleBdquenaes of

| 9G1- 2P0 B0k b AGho s 1H0UR, LBkoThe, XSIAN0S | PRERER! Stk figie

blspeC|f|c antbo concent foh rélative to the
posi ti veofdlbﬁrﬁlliholBe(WISé@,ldV”Baﬂ)991Dar k grey bars repr esent s the bispecific

bi ndi ng Pi%h‘ﬁ@el@ t&%él@%nc@ﬂqﬁfs Ec#icgﬁflt i@ieé ﬂﬁ%vﬁﬁﬁ*aﬁ%nﬁﬂﬁ(cﬂgﬂﬁé' ve

control (I 2F8 X g bars represent results from
si mul tanEU&@Fﬁ' Bér?‘tﬁfﬂf@ﬂt P‘&S'“&Mﬂ e%&ﬂﬁ‘&ﬁgé\”r i 91938 BEdWERMEFEE ik cat ed

| 9Glr(2 F8getftldtior Tt a@bécuﬁ@anﬂutgﬁlesmﬁcm%ﬁmg%uﬁ@llf\i/tExgehstslleﬁsﬂLar@ e 1-
Anal ysi s_of bispecific antij bogg/a(cgenerat ed i nduced Fab EF%tegxchange

by SDS- PACE KINdBr ™éh- TRt n P@uWEh %0(”&)35‘”%‘}’1%“ rEHER (?'rg tth;lla 5(B))
condi ti orglucihy gigeﬁti@deablﬁ’l‘eﬂE@DWaﬂlﬁdsl \ereOﬁomﬂfwzéuler@dhérergns[ af bibigpetiicer i al

| gGl- 2F8- F4 h

| oa1. Tl oS PR SRR -G RERE B e s fehah PR e e
(Fi gur e P8( €) JgG4and8tareChivepecivasc sgr bmjw(0t0°/gewlexmeddb|bgecﬁ+dv51hdmgdwaed
Fab- GGl RESs D
e B SIS e R BTNy, oSl OB AT R O
| gGl- 2F8- theosincemirgtigne rampeB3)-50t M antnbids (Regarbaxyethyhghasihéne éTCEP) in

| gGl- 7D8fHé4Q8ﬁ%eﬁn'Eﬂa9|Hﬁerar%% %@-é)d AL %Hrﬁut(mleé)ﬁ 0(*)b®taﬁa %FTDQSHHS

(Figure 27(Q)), t he bi specific product generate VEA- i nduced
Fab-arm %ﬁ&tr'i@téprb%tzw W%@fXQF@eq:Q%LO sbe|f@matmofm$r<d( PPEEREIES7( D)) .
Fi gure 2Bigu¢apisd arehelrsﬂehesﬁ b pECIES | dididodi&d ) ugih §f 2 MBa-Ghdbbed ke di ner

i A o 2 Heenasae Baiersons Ogi'l_’g‘fﬂ’:ltzlg%?ls'jzﬂ%ﬁ% e ot BB AR 5t "ot o’
honodi nme¢a) (I'Hemern&ra?&ﬁ(})f) blsadfmfld betiludsqreafitén 2-NEAOhTiced)emeriad &dbiaym-

(ZF:VS'S} ;ndu%%ﬁgel::%%s e er%)l(r(l:eh i\ é’ﬁeﬁ\elpg'esentec‘:grap% ‘%ows thg resuTtD%” tlﬁée109R

ELISA in which a total antibody concentration of 20 ug/mL was used. 2-MEA
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were used to test their capacity to mediate ADCC on A431 cells. IgG1-7D8 can not

20 bind the CD20-negative A431 cells and consequently did not induce ADCC. ADCC was
induced by the EGFR antibody IgG1-2F8, also after introduction of the F405L
mutations in the CH3 domain. The ADCC effector function of IgG1-2F8-F405L was
retained in the bispecific format obtained by Fab-arm-exchange between 1gG1-2F8-
F405L x IgG1-7D8-K409R.

25 Figure 23: 2-MEA-induced Fab-arm-exchange between IgG1-2F8-F405X
mutants and IgG1-7D8-K409R. The generation of bispecific antibodies after 2-
MEA-induced in vitro Fab-arm-exchange between the indicated IgG1-2F8-F405X
mutants and IgG1-7D8-K409R was determined by an ELISA. (A) A concentration
series (total antibody) of 0-20 ug/mL was analyzed in the ELISA. The positive control

30 is a purified batch of bispecific antibody, derived from IgG1-2F8-F405L x I1gG1-7D8-
K409R. (B) The exchange is presented as bispecific binding at 20 yug/mL antibody
concentration relative to the positive control (black bar). Dark grey bars represents
the bispecific binding between the IgG4 control (IgG4-7D8 x 1gG4-2F8) and the
negative control (IgG1-2F8 x IgG1-7D8-K409R). Light grey bars represent results



30 exchange between the indicated | gGl-2F8-K370X nutants and | gGl- 7D8- K409R
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37(B) shows the bispecific binding at 20} pg/nL relative to the positive
control (black bar). Dark grey bars represents 35the bispecific binding
between the 1g&4 control (1gX4-7D8 x 1g4-2F8) and the 13 negative control
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c- et and actin a ant| |es agai nst phosphoryl ated c- Met,
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NCI - HA41, g@h | sontighsi ncubat ed 25 for seven days w th nonoval ent bispecific
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generated by 2-MEA-induced Fab-arm exchange between IgG1-2F8-F405L x IgG1-
7D8-K409R (Figure 26(D)).
Figure 27: Mass spectrometry (ESI-MS) of the homodimer starting material IgG1-
2F8-F405L (Figure 27(B)), the homodimer starting material IgG1-7D8-K409R (Figure
25  27(A)), the mixture (1:1) of both homodimers (Figure 27(C)), and the bispecific
product generated by 2-MEA-induced Fab-arm exchange between I1gG1-2F8-F405L x
IgG1-7D8-K409R (Figure 27(D)).
Figure 28: Capillary isoelectrofocussing (cIEF) profiles of the homodimer starting
material IgG1-2F8-F405L (Figure 28(A)), the homodimer starting material IgG1-7D8-
30 K409R (Figure 28(B)), the mixture (1:1) of both homodimers (Figure 28(C)), and the
bispecific product generated by 2-MEA-induced Fab-arm exchange between IgG1l-
2F8-F405L x IgG1-7D8-K409R (Figure 28(D)).
Figure 29: HPLC-CIEX profiles of the homodimer starting material IgG1-2F8-F405L
(Figure 29(A)), the homodimer starting material IgG1-7D8-K409R (Figure 29(B)),
35 the mixture (1:1) of both homodimers (Figure 29(C)), and the bispecific product
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IgG1-2F8-L368X mutants and IgG1-7D8-K409R.

Figure 37: Generation of bispecific antibodies after 2-MEA-induced in vitro Fab-arm
30 exchange between the indicated 1gG1-2F8-K370X mutants and IgG1-7D8-K409R was

determined by an ELISA using a concentration series (total antibody) of 0-20 ug/mL

(Figure 37(A)). The positive control is a purified batch of bispecific antibody, derived

from IgG1-2F8-F405L x IgG1-7D8-K409R. Figure 37(B) shows the bispecific binding

at 20 yg/mL relative to the positive control (black bar). Dark grey bars represents
35 the bispecific binding between the IgG4 control (IgG4-7D8 x IgG4-2F8) and the
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Figure 43: CDC-mediated cell kill of CD20 expressing cells by bispecific antibodies
generated by 2-MEA-induced Fab-arm-exchange between 1gG1-7D8-F405L or IgG1-
30 2F8-F405L and IgG1-7D8-K409R. Concentration series of the indicated antibodies
were used to test their capacity to mediate CDC on Daudi (A) and Raji (B) cells. Both
cell lines express CD20 but not EGFR. The bispecific antibody generated by 2-MEA-
induced Fab-arm-exchange between IgG1-7D8-F405L x IgG1-7D8-K409R was as
effective as IgG1-7D8 in induction of CDC mediated cell Kkill. The bispecific antibody
35 derived from 2-MEA-induced Fab-arm-exchange between 1gG2-2F8-F405L x IgG1-
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random oiys$é3 RefP@etd sEedBdl ﬁqgﬁiéeéie%ehdé ¥f 10 ILDUERD NERtbEAYTF HEFRRN xI N
vivo). However, the term"human anti as used herein, 1s not intended

to incl uBBRANIPSEHE StiPAdYT éﬁrwe@e%yﬁ‘é%edﬁ?‘i"\%@d ﬁ‘fF%n‘]hf??ed@\ésrrrﬁ Fne of
?not her imggiﬁd loanvusplecw&;, vwschuamf@dmuﬁ\ed Aldraxelkeendgeaf L\&a'bumt ﬁ:a_burran

r amewor use erm " heav in
ot | bodyPreBTNEr g FRHEETPan S Oy 1 PEFER Se S e e BRU U M AL st s
onl y30of wa® Usedvys olegiatige anndtiohcksta sBotvmoardel ghtceotagiensiabeuaBG5f callad | n
ant i bodi V, n odi ral i canel i ds,
can bi neapRt eard GHRERBHURPRISES N b RS it BEEHE Befelon"FO0.
means a ipdigetEsrondeors dahamntdaqﬁa@pect@tﬂ specific binding to an antibody.
Epi t opesrigtivaldst SRMRLSK AinsYhd @rs%egf@w@faﬁd HindBrb iR 4t o
acids or Sugar sid ai ns and usual have specitic three di mensional
st ruct ur 8 h¢nan aed @pquseifeBn a4 liffgsent %!é RipieeivrithcheRar ged dReS&dtcBRi B,
Conf3y maincobbd aigh MEFBLEARhHIRIEnANASpRPictIgBe andibBdids oF injel deddilggihat t he
binding to the fornmer 30 but not the latter is lost in the presence of
denaturing solvents. The epitope may conprise anmno acid residues directly
involved in the binding (also called i munodom nant conponent of the
epitope) and other am no acid residues, which are not directly involved in
t he bi nding, such as am no acid residues which are effectively bl ocked by
the specifically antigen binding peptide (in other words, the



35am no acid residue is within the footprint of the specifically antigen

bi ndi ng peptide). 18 As used herein, the term"binding" in the

cont ext ovothe/i3iTadi ng of an anti body to a predet erm negCampregensdgpi cal |y
is a binding with an affinity correspondl ng to a KD of about 10-6 M or

| ess, e.g. 10-7 Mor less, such as about 1510-8 Mor less, such as about 10-9
M or | ess, about 10-19 Mor |less, or about 10-11 M or 5 even | ess when
determ ned by for instance surface plasnon resonance (SPR) technology in a

Bl Acor e %%Qunegss.murr@% rRONGad éxeal%w SeELIER diheod heapd) Bidisdier Apbody as

t he analyte and S to the predetermned antigen with an atfinity

cor r espofiefl RigPedfialaqd enpfodies adtd hipgedetessd F96 19(Ydhel), melgeyeaso B¥mpBast 100

]1:0: g : OWEdRN étstH 7 had 6. BindirG sd hmnﬁawgigahd gbm\aw, atSietiraflpHa Rt Ipe|a&t)f 10, 000
0 0 anc east 1 ower inity
for i naiper By s ind Reflen 3Binurien, ol 1 Tt Hagh | e
predex ermutazabnanftlmgememteda IGds élyi-G i) ahekécmas; i lged. hdien aRdumntwitt tlbwwhi ch
the affi I e )t t t when
the KD of At 4 Binch Ry SERFGCha Aol Pfic 6, ahdin oty 4P MinqeRditd

speci fi clgGlt KnrGlhendaoler twmphsm%hattm7aﬂf #nch Oy Binsling tvemame @@111 iss | ower
than the,g{fj,p Ly nEer?lﬁ/leitW §@%‘isp’e8f.é§n%hﬁt§‘d&é§%m*aev% Lg@Rhtiy 30000

fold. The term” , as used herein, refers di ssoci ati on
equi | i br F‘QH‘FQ:d:ﬁgf‘aﬂ{”'Q?ﬁ H‘eﬁﬂaﬁ‘?”télﬁ‘l alpe dﬁﬂﬁ%d@utaﬁw génb‘i’tﬁt Erk@fMen The

V\hemmseﬁisb@ﬁﬁj Moteh@letr%rr&mHﬁr@ﬂ@ﬂiﬂ?&eﬁﬂuﬁatloﬂt BloARL b@F@@bMﬁ&@s&thbl@lt()St and
second ions" refers c% the interacti ong@etwe he first regi on

and the 26 r§ b dcrsHingg sttt 1964 | (U -dlaneleeyry ”P%Fér'ch&”n’éffl‘c

pr ot ei n. intermediat¥\herriciesgd aher gien hinge-detstad " ly@rOdUnEE1 bllsfptaaflacmbkéﬂsleOf t he
first anﬁ econﬂ%%éeﬁj% ref rstpt}helntle ctlonf en a first CH3
region a Y P2 h& ? ‘spu " 'Sé)n n°Th X FIT R 2 )"f‘?sisset “honodi neric

pr ot ei n Eigaire 4O: iTrted maediated dybitwdeiy af AlesEncklIEHy HerdixoPDabhdpedifit her second

,(,::_EO{Seg' %ﬁ}ar?{afe% ag%;éflnzgs %é %gma%f%p?Q%ﬂgtgb%c}ﬁ!%%‘oares An

ate as used herern, denotes t e material has been
renoved fromits original environnent (e.g., the natural environnment if it

I's nat ur gEr X1 Q6 WESCrIPHION'SF RME INPENTIONI t IS reconbinant|y expressed).
It i s al so_advant ageous that the antibodies be in purified form The term

"purifi eBefiYERAS not require absolute 30 purity; rather, it is intended as
a Irel at i yiee (ﬂ@{]nh nirﬁh‘\@ﬁoglbﬁlﬂlrﬂaﬁdféflﬁ @Na i digdsears etroétutdng .aamitb@ oflycopestemat r at i gn
relatjve to. the concentration of cont mnantsma it1on orrpare
to 4k SEUPISHR Shaid Pars of POlvPepS e SReJATCaf fisnt Hg f%veaﬂﬁeeq% o
i nt endedwéght erﬁans tbod @né&iair ofmeavy\mm:hhans eadpfoemmtencm@rctw h;aﬂlsbﬁﬂa
|ntroduc§d x sion qtor ncodlngn

e y he
i nventi on. ecorrblsnrlejlC ost'mm\JTo ObUIIInudréas 5 ” cl%aracﬁergﬁgf S% oF such

as CHO ciebtapce IRER@®Bentel [rvmMuNSioQy deh. I7s(PaauhoWl yerbh@wtedc Ree¢n §ress N.Y.  When
used her S9%92)t I”E?rletl”I?r %crpﬂeg\?&p{:l‘?aﬁﬁ't?ﬂc%@f |sté%&rseHWf% RY rf!:l‘l:alﬁ(?/'aﬂablﬁ

construc efers to expression o constructs
cel 125 5THgianefahbreviatse '@ﬁéﬁ'ln a7 ¥Heiand aéTe@r/\s aghginaCHISERN| rﬁ@lO@cJﬂﬂethﬁWt he

cel | suréase cehstant g 6@ldally is comprised of three domains, CH1, CH2, and CH3.
The heavy chains are inter-connected via disulfide bonds in the so-called “hinge

region”. Each light chain typically is comprised of a light chain variable region
(abbreviated herein as VL) and a light chain constant region. The light chain constant

30 region typically is comprised of one domain, CL. Typically, the numbering of amino

acid residues in the constant region is performed according to the EU-index as

described in Kabat et al., Sequences of Proteins of Immunological Interest, 5th Ed.

Public Health Service, National Institutes of Health, Bethesda, MD. (1991). Figure 16

gives an overview of the EU and Kabat numbering for different isotype forms of

35 antibody 2F8 (WO 02/100348). The VH and VL regions may be further subdivided



As used herein, the term"effector cell"” refers to an inmune cell which is
involved in the effector phase of an i mmune response, as opposed to the
cogni ti vewandiiasti4at i on phases of an imune response. EBXEmpr@npsisasune
cells include a cell 10 of a nyeloid or, |ynphoid origin, for instance

| ynphocytes (such as B cells and T cel | st§ ncl udi ng cytolytic T cells
(CTLs)), killer cells, natural killer cells, macrophages, nonocytes,

eosi nophil's, pol ynorphonucl ear cells, such as neutrophils, granul ocytes,

mast cel jhg re(l;lﬂ?sbéf%@f\)élab@%r@yﬁo@%ﬂébl@erle%|%n§mfdﬁ$§a§’ Bewybéaal—:sble

receptors and carry out specific inmune functions. |n some enbodinents, an
ef f ect or'"cEHIMERE Ma'bfoé”b?f stiustyraliy, eFfine ke PHo dipo depBefierm PEaIaNA HY

cyt ot oxi @etteMnM@CGéguo@@cbDa@, antféa?éﬂdal’r@dd Iwndlnl eigicrel thatcaealabae ebndendit;i ng
ADCC. In_so ments, an.e ctor, ce cytose a t et

ot gen BTG, Tapenath regtens (HEH ESrUnCSad, i SPRIRGE TRRed B B uci ng
envi ronn€nRS aref érs FRs,aacengid ifem cmian-temwinue noe ndrboxy-idrindhus is ubst r at e,

here a cystalc LESiAue dok it BR220ARIIRRS ctes] s Al AN A0Kin diit /IR

likely to ne re an oxrdi ze erm Ide Eond
|sonerlzbﬂ$@nBWPéﬁ@r§01@15N1%&Bhange of disulfide bonds between different

cysteines, Whentdggd fh'é\—g ﬁl f:Hégte?liﬁ %E%H"q@f@@@%ne Eﬁé‘é{v@%ﬁalﬂf‘lﬁﬂgkﬁalﬂnd

enbodlnents of the invention descri bed above, in a first aspect, the
i nventi oPPif-el ates to an in V|tro nmet hod for generating a heterodineric

protg n, sai dwmehhoskdC MapsihSitRg tdh@ Fad | @WoRY &fa@BSto an anUbo@Ql@%@Mldlng a
first honodi neric protein conprjsin an Fc reglon of an i munogl obulin

sai d Fc f¥BRENEBnSATIS RGNSt Epion g CH3 domainsy  hrovi ding a
second honodi nnaartecrrp‘ramtuebay't@rmrm sneagouaﬂxthf ﬂegbregermfmmtiommfmglt@laul in,
said Fc I eg ion Drisi gﬁa ond t Fe%1 on 20 Ir%g on |s stron er than
each of YHE UW%%% riqﬁermoe ?eraac 39N of d'”?mF'%?g% " ?\%JGCI—I? r egi ons,
c) i ncubednvagive aif ceithier sherpotvdiich hegehdebility td saemfmt:aﬁedmmj tprotaitigeander

or edlué(:' n@nd:eqlr}ghltc%lo s%f%f:aq'c%%ltlbﬂs %\l 4h0¥\’ ﬁar}ellfgyoﬁ“tsqéMﬁ&n:Srbegiggzila'f @%e r egl on

to undergo d nerlzatlon ing’said
het er odi $kehi @ p¥ bataét gbout 30 min, at least about 45 min, at least about one hour, at

least about two hours, at least about four hours, at least about 8 hours, at least
about 12 hours (h), about 24 hours or more, about 48 hours or more, about 3, 4, 5,
6, 7 or more days, etc., or any other relevant functionally-defined period (such as a
20 time sufficient to induce, promote, enhance, and/or modulate a physiological
response associated with antibody binding to the antigen and/or time sufficient for
the antibody to recruit an effector activity). The variable regions of the heavy and
light chains of the immunoglobulin molecule contain a binding domain that interacts
with an antigen. The constant regions of the antibodies (Abs) may mediate the
25 binding of the immunoglobulin to host tissues or factors, including various cells of the
immune system (such as effector cells) and components of the complement system
such as C1q, the first component in the classical pathway of complement activation.
An antibody may also be a bispecific antibody, diabody, or similar molecule. The
term “bispecific antibody” refers to antibody having specificities for at least two
30 different epitopes, typically non-overlapping epitopes. As indicated above, the term
antibody herein, unless otherwise stated or clearly contradicted by the context,
includes fragments of an antibody that retain the ability to specifically bind to the
antigen. Such fragments may be provided by any known technique, such as
enzymatic cleavage, peptide synthesis and recombinant expression techniques. It

35 has been shown that the antigen-binding function of an antibody may be performed



10The bispecific format may be used in many ways to generate desired

conbi nati ons of bispecific antibodies. In addition to being able of

conbi ni ngwannilhisdi4es targeting different antigens in a PEMEPI@EASEBYe way
it can be used to change a desired property, e.g. to increase CDC, by
conbining two different antibodies targétl ng the sane antigen. Furthernore,
it can be used to renove partial 15 agonistic activity of an antagonistic
anti body or convert an agonistic antibody into an antagonistic antbody by
maki ng abyb'ﬂ%laﬁ{énfcé 6f %nﬁu'nh@ﬁ’g)thté]ﬁrb%e{/ Wgt ha ﬁ(bti)fzr@ég‘aﬁéﬁtt 1 IaRACEHOR be

ant i body. | n one enbodi ment honodi neric proteins are sel ected
fromt he“rgq'%EFﬁo‘éoH@itthendeB‘F ?'i‘t)'b%jﬁfr F‘é”'?%glsﬁﬁc'f'?q i thamvisgit AlsedynClydesi) a
fusi on ppm@bmalcaﬁwddsesngnambdr'cﬁnaﬂch"rmbmes @hWIﬁ;)aSan@BE@y lieg | poly Jepsiges,t 0 a

receptor e .or hornone, and on,.conj at ed tq a prod
g pepti o PSR i Aaried oftibics ol SarRa, & 5ttat Bt
and/ ar smssasi: aoniediyperi ¢ protein conprise, in addi tion to the Fc region,

one or nore Ogh%érpg;f%n'ik%gn d?ﬁﬂb&ﬁg'\/\%ﬁ L%Ed %Qﬁ@ﬂtﬂe%‘%ﬂ%gh a‘ﬁt.bMﬂ.cEeg' on,

a VH region, VL re ment
said fi rmntaiomdjihﬁ@WcanprliﬂhémaunscwﬁamltIMHevegtahleammbloa;thau areamaiadly

enbodi mepng $RkLM aﬁggwoﬁmgpgb%gl c proteinis a full-length antibody.

I'n an inportant enbodinment, said first and second honodineric proteins are
bot h anti bodi 8% Uspd dreseiabl’ 5?0%??[ Teferrgth thdt MeuHNogPulim of1ass ndordinstancent

epi tﬂpesc?dln 1jeoh 1963 endedli 1t igat NEENSF agaflitABY isCeRddei By hBaby icRain
generate bi slﬁ)em fic 30antibody. Said epitopes may be | ocated on

di fferenfonéFﬁr\t(j%Qig 8F"%n the same antigen. I n ot her enbodi ments,
however, onl yTiengeref “HurtarhamibddygrasCugedteeeing isl intehdbdltd il diht&i@tliebody and
t he ot h\% honodi pr.ot.ei

t i bod
e e T T e S S T G
pr ot ei n saqupe@si. dbe Jenenaridodies & thedeyntion rogy dldute @minkoraib nesidues
' ted to i f
oo et Refa B Hillin RERRLAE. infnlholfoilin® shiietes & | HiletEg
ant i bodyi.ntnoduce@bdamtﬂr@onb@lt sitarepasifionopiagepess 81 wisrongrybybeorratia eytalies inhat are

fused tov,a@pt@@\g,e\grott@é Reh “m@malndsn%qveng@ dsb&%eﬁ‘elhe%%@rmte%&@‘ibne or
hor nbne, or conuatedtoa prodrug etld a drug or a toxin. 5ln one

enbodi metielude r?é‘t'lbed'leédf‘d’i’lh'é'? quFe sff‘i“feélce?ltgﬁﬂlﬂ‘?qrérrqn& the Greeming ©f GOiEri sot ype

sel ect edmbronallaResicRYP sGeM st o hiv@is®f hd@Cheer ?Eﬁted! 83 RuitHah gkenadishkt he Fc
regign of the second honodineric protein is of an isotype selected fromthe

gr oy cotfsi'§PFTYg of 19GL, 19&, 19& and 1gG4. In a preferred enbodi ment,
t he Fc regi ong/heh b@stdw heamd fthe stermndhsaajyd caemoadtullmtwdi oeriheapy-eh&hn are

of the | |spt r preferred ane, of the Fc
regi ons %? %grs t8 i anjf%o ot e| ne T8 nIY ﬁf ?"YO Bﬁa\‘lysco amseanéjnlac%shtgeot her
of the Ig@llgmwwspe USIuaII\t ﬁmnldat\taelltlbedwb@dﬂmrvtqhatrhenmt@@tdﬂ Mﬂn@hhmteradidl nmeric

conpri seg.Ap; g, rEz%QI’hs gau‘?‘Bmhga% @Hgdgésb t'éqﬂa'i/ﬁ‘-g; Ay 9 d@Ehand may thus

have interesting intermediate propgert espect to actlvat|on of
ef f ebt or functhoism &PEPRE’ |ra¢arm @ﬂtﬂ?@'nd%ﬁﬁe"@@n@Ht@Pﬁ@G of spedficbinfingttoand/ or

sai d secgndintibody. Epitopes usually consist of surface groupings of molecules such as
amino acids or sugar side chains and usually have specific three dimensional

structural characteristics, as well as specific charge characteristics. Conformational

and nonconformational epitopes are distinguished in that the binding to the former

30 but not the latter is lost in the presence of denaturing solvents. The epitope may
comprise amino acid residues directly involved in the binding (also called
immunodominant component of the epitope) and other amino acid residues, which

are not directly involved in the binding, such as amino acid residues which are
effectively blocked by the specifically antigen binding peptide (in other words, the

35 amino acid residue is within the footprint of the specifically antigen binding peptide).



15 honodineric protein conprises a nutation renoving the acceptor site for
Asn-1inked glycosylation or is otherw se nmani pul ated to change the

gl ycosyl avpaniipi3opaerti es. In a further enbodi nenPCT@E®P2010/05¢368 h oOf

t he honodineric proteins is glycoengi neered to reduce fucose and thus
enhance ADCC, e.g. by addition of conpou%hs to the culture nedia during
anti body production as described in US2009317869 or as 20 described in van
Berkel et al. (2010) Biotechnol. Bioeng. 105:350 or by using FUT8 knockout

cells, e.g. agsdpsgrhdiem, 'ﬂHeY@Fﬁn@blgﬁlﬂgk'meiheat:or(thp%} tRE 0biRGiRGOLr aRl 0eng
87: 614 ADCC may alternafively be optimzed using the method déscribed by

Unana et @{body 15903 RI%?FGFeémB?%’t @@ng fypigally is @ bindipg, with,ppnaffinity
enbodi ﬁEdStirres@Bﬁ!dlﬁ@ tbatKy, off adoae 106mpdr rezs; €.gpnot’ e 66 Id3gssdeneds abdat @0gi neer ed

to enh t g. jbed in Na ot al .
(2008)  CreRoctioh gsoat 10 M or B et {FPF M SElhshophanect he ' hot h of

t he Monoehameress pheh edesterrhmed beerfoengstaeer exlirface r@dsroen oresomece a&EPR) he

bi ndi ng cRn) . | Y] e serum
i -1 1 £ppOISRL fP AT Poql abRE FRilmort ™Rty Lk, Shitn, oF AR H08H 3hE S0 °Cr

t he honoantiedly cass ther tanaigteprandeblnds Hasthbermdeteghinedr @ttigeo wish d atfinky ot ei n

A thus allowhRgng % %Q@&ﬂ%&%%ﬁ‘l‘éa&%ﬁf@@' IBRE! Csuﬁﬁ%%%‘t”eé‘s&%bsféihqower

honmodi meric starting protein passin over a protein A

col urm. fPRilRStaRGE qtrie?%rltr@%foéﬁ OM@FU%@NF]S qtd?aséﬁigd%ﬂonf@iﬂ WwehdPEINFtaReexcess

of ofte hgnegitniyol GodfoRt RWRr kiSarlBLHffinel a6 BRdihE tb Behddt HRLIfIRAMBEENRE b C
protein as star%rst?é&ig 35mat egl al. In such enbodi nen may be use uI to

engi neer B3 fveC hrthan t ?pb?d(?lt%ri'm”? aptigen o aét?é%@sre%e RAY94"s TMEoses
i ts abi | amyputitowhh nehigh eheebfiinky |E(ll$vl/misl‘tgapbh@eﬁn&ireﬂQdK5YBf tEabhoodyeaot | on,

t he heterodi neri oteln hen be se rate u

unexchantiat s fr Rt EE pBTtledy 15 JeRo LB b ethe s T RN et n
further éwbddemﬁmmntMM$\MﬂchhuaMﬁnﬂﬂﬁnﬁheenpg@i5Hnwew§manh5@ﬁwmgnbnaor a b5
full ée”%rh [?éﬁﬁ@gﬂygeﬁ%né\g%%Bm&s@lg%brfgllde\fﬁgtt r%P" °5s %sé&hlere'ir?r‘gt h
ant i ody cont ai ni ng “ger -derived sequences Fhat not Undéergone
somat i ¢ feyper futthe | dipsagipdiod o eatibmimdeanstant apft |ag@ﬁstICUIa1i auichpdyrendiglendi nent
t he het efedba®gyd.c protein functions as a nonoval ent antibody. In another
enbodi nent, both honodi neric proteins conprises the sane heavy chain, but

only one of t Wéen e dyeprin HFB?|t%mbr“8?"§r%m66ﬁﬂf§ie@§t'a” Iqe&f‘ﬁefbH}ﬁ W%Péh fornms
a functi eahd M3 egioral méheﬂsgtostrteeunwta&.cﬁwabéltw@@a\mwhéﬂ Or3 Wegberamdiiae ot her

honmodj neri c ei n. cqont ai ns onfu nal i ght chain, i ch does not
Rl A e e R Y LY i
enbodi nent , tW(ﬁeh&tsed mdremmm@tqrrrotrmmmcfmaﬂt ireascesnsaoMbedirat emi samhijbody.

Such a ”8ﬂﬁf géll(ét I’Dn rs to We |ﬁt%ar‘écr%locn netveve%n abfersgcgl%r mﬁ%orllle%tﬁd anot 8|[ Ifl\l‘/
sequence tha as no ergone so per mutati o an not

sel f - ant Cg@msgion in a flrSDA@"tl3/tﬁlos1r@$3 hombélnum’@dorawmen@dmmrter@cts@rabeuwegn

mat eri al v oma
mot hod 11 Rerieshe TEhh T AR Bka Ty r%%ﬁori””z?,%%@%@&“%%%@**g'ﬁgmy be
pr oddkc e dhgpodiBEeHiGHrpLgHY: DNA met hods. 20 Monocl onal anti bodi es may al so be

i sol ated fromphagrtantihBeshy, | bDracd exrdls] BEnJtEE thACIHAI GUeSiaH a6 HdRgd in,
f or exa | e, Clackson et al., Nature 352, 624 628 \8199 and Marks et al.

J. naﬂvedi?zn 'tQS)I'QH@J?e{“i‘@@i’?e”tl@ﬁﬁm‘ih@dﬁtur&h@ t il IRt i ned
flrogm anéo@kﬁ@bﬁtﬁd&ﬁbﬁ%elﬂhu&s f?@?msmaﬁw %xpﬁé@ﬁ&[}l W&blﬁﬂbtl@dh@ébu@aé ]EJe
obt ai ne i donms. pre r rine £ni c s opt ained from
mce et PSR P ERRGR 6P Yk ey SOk eia’s AbTHH of
cel 13 explnreisswal@et hi¢ ianttegded @a d helagwr dafieitions indidatio§ eincinacdade exficthdi ng an
t | t
a0t o0 Sl RhASRRILLANRL, BB e, BhegREnlh A A LE R
non- hunaﬁsﬁunﬁﬂhét@@@hﬂaﬁﬁmamgﬁwwbgs pri mates, etc. 30Ant|bod|es to be

used as homd‘i’lﬁ@férﬁ'\ & AF EEI“‘Q agmsgaih%t'eiﬁ,f istin%neé@§§méfer to a cell into which

an expression vector has been introduced, e.g. an expression vector encoding an



invention may e.g. chinmeric or humani zed anti bodi es. In another enbodi nent,
one or both of the honodineric starting proteins, except for any specified
mut at i onswoi2e11z3nean ant i body. Human nonocl onal ant i bo@#CegEPoEy/0bESSs
generated using transgenic or transchronpsonmal mce, e.g. HuMAb mi ce,
carrying parts of the human i mune 35 sy]sgt emrather than the nouse system
The HuMAb nouse contains a human 23 i nmunogl obulin gene mniloci that
encodes unrearranged human heavy (p and y) and K |ight chain inmunogl obulin
sequencegntidoagetdrerthi meﬁﬁaget ﬂé’co%ﬁlﬁédto%sE h%&ué ”ﬁ\%iuld&at Rrt &agpogenous
p and K chain |oci (Lonber 368, 6 859 (1994)).

Accor di ngPysreqtRRaR; %t—?he%ﬂﬁ"g? Fe'fseﬂ'ﬁ5é%3 é?('ﬁr é@é‘? Sﬁ"sofan%ug%hch &6¢llsk 5 and
in response tthﬁTTwétIZBérlem",l thteh@rmntcrd;dxwegkuchﬂnamtdm@awmr’@ nucgit agiBai n
transgenes untder ctl ass _sSw tc e(E; { mut t on t?l generate high
af fini t y"HITHERST FER RoRBESaaI° éi*r“. F%%&‘?fE " H@e?'@geﬂosﬁe (1994),
supr& revi ewete tanmltnimer gell protéiah défesktood potpieriocared ah tﬁmaelhamﬂaeggf 113,
49 101 (%g@_ﬁgrc ILonberg, N. and Huszar, D., Intern. Rev. Inmunol. Vol. 13
65 93 (1 AF!ardi ng, F. and 10 Lonberg, N. Ann. N. Y. Acad. Sci 764
536 546 ( 19954 .usgthehepeinp dreatéron "effedapviedll" nietersi to dedamunedcalinwiighaisl i n
Tayl or, hvofSka 3 sne BHELE) End aRenRane iedhn678] oBaAa(9R)cogklgR. - €t
al ., International |mmuno 5, 647 656 1993E§ Tual 'l on et (i

| mrunol . andsactivaton pQQ% qu_a@gzl)munleawsaﬁmse}_ X@NP@ENY IMMype Calk ingide aICI<1'a‘iJrunoI ogy

?1981?)9 5(%:1a ﬁ'ﬂy%gfﬂa Ior A 5c| igiP fo‘?tlns'i%nog: IQ@%H%Z\%@A ouer I&B@S(%il}églaé TS&‘H@ 851
. ce al SO

5, 633, 428°lugiggs cyiglytigsp, ol (§Tgs/)$ Ekglfr S5 ”G%Iabgger y§"'s, g\f\&l:@%g,gesus

5, 874, 299|pnb157t55 7e7)@|,néBB|Js %Iﬁn&éﬁolﬂ.&kar\@IQ&’UZH&S%euVIBpBAH 2vaBdocés,

93/ 1227, Qi( g V\ﬁ C2]§039 & 0 /09187 fS | enocyt es éromthese

transgen & FHE ﬁ%ﬂ/ BPIla e § %%Paf h‘%}‘BFﬁsa&Hﬁ%' 't E%{e%@}c/%ta frtén

m)nocl onalt grecifiodcineseatnotichsngn tsomeeembadkreotn areeffetitojues|. is capable dfurt her,
t

ver | oAl 2 Bhol-dEnBRRE venlip SRR (ARl SRl Ser 2 e BRR"

t echnol o@ﬁ”escanahhel @i lﬁgUCIWJ th@@@ IInnberaei emboginegés, dipB pefgctor éleH omals'al

di spl ay, pﬁddgg?lgg@g tgg,g%plaﬁuger{’r@,n{r%étadg”dl splay, and other techniques, using
t echni ques we Known in the art and the resulting nol ecul es may be

subj ect ed to HeRli€Mnaledyainar SQridd)t}‘P”Ssue'h "8_dugig rﬁ”ﬁ’yo'h'ﬁﬁﬁtr al'$/6f%, tas@such

t echni qUQﬁmd&Lﬁ webhb&mwnd mentmewraéﬁ a subfstrate lKera & U{/étéiﬂé @Bia0gi ik o; t he
Inventi o ., the ant 0 .or art reo one IS O a

s pecttLs Pinot REsip At o9 S B0 e HEN Boerretis sesett,hag Tristredong eb of
cartil agi nousTia $d§rm S'ucshlﬂas lidmel 13umeeizst” krefirs easty -exbi@aryeoof distide

aptl bodi nds bet n d| ren srfg%%ls r’rleent th%fshtulﬁr?a%aF leulflﬁg b%n I nvention, said
first and’ Sécond e prot ei'hs provi *>and b) are

purified. 24
Further aspects and embodiments of the invention

25 As described above, in a first aspect, the invention relates to an in vitro
method for generating a heterodimeric protein, said method comprising the following
steps:

a) providing a first homodimeric protein comprising an Fc region of an
immunoglobulin, said Fc region comprising a first CH3 region,

30

b) providing a second homodimeric protein comprising an Fc region of an

immunoglobulin, said Fc region comprising a second CH3 region,

wherein the sequences of said first and second CH3 regions are different and

35 are such that the heterodimeric interaction between said first and second CH3



I n one enbodi nent, the first and/or second honodineric protein is
conjugated to a drug, a prodrug or a toxin or contains an acceptor group
for the swoeoliBithcacceptor group may e.g. be an unnat uPall/ERreINO5&88 d. 5AS
descri bed above, the sequences of the first and second CH3 regions of the
honodi neric starting proteins are di fferdéht and are such that the
heterodineric interaction between said first and second CH3 regions is
stronger than each of the honodineric interactions of said first and second
CH3 1 egi Rifons!if s@BEgS TRAILEBNSS thE M m J¥Gh 838 RS L GRU R RS filkhnd18 @hadi meri ¢
interaction 10 as conpared to each of the honodineric interactions is due
to CH3 nbld? f¢¥2tS-ons other than the introducti on of coval ent bonds,
cystei ne residues or charged resi dues. In somne enbodinents the
product of th invention i ghl and oes not u d o Fab ar
exchange undef H?clugf"ty”gr ed |f'ﬁ§ 86%85” %gr?gh tF%'d rseor %{Htﬁ”ﬁfjerl n vivo
upon Eadniedusmgaiondmlohs saffigiemino ladbwghe‘ﬂya@;nesnncthe hidde md]mdtomntlergbhe
heterodlgng ||f§ |bghgr5%%ér%tlg tvxed!en said first and second proteins in the
resul ting het erodi meri ¢ pro is such that no Fab-arm exchange can occur
at 0.5 nmM GSH under the condl t| ons described in Exanple 13. In

anot her enbodamg,mgwga,@%@err&ghgeg|ppotbﬁ1,teract| on between said first and
second proteins in the resulting heterodimeric protein is such that no

Fab- ar m 20exchange occurs in vivo in mce under the conditions described in

Examy e 14. The bisgeRifRNri@E REPOBE NRRY, i hﬁaﬁiﬂtvﬁy@dtd’rﬁje'nérdt@t@ésﬂ%ﬂl on
bet ween said first nd second Pé?qiel ns |n%cthe res [tin rodi neric

protei n FENRHBPEChAR PRRFLTNE8tReG Bhgl? , 24 48 '1”8 gH'& of HodePiRinfes
st r onger antthodiesnairgetirgadifferara éntr@ss shrongeyr sthativd heysit rcaﬁgee:tusecﬂ tbhe two
honodi rrerHc interacti ons. &9 n determ ﬁ s 25descri . a
30, o IO PrupeE S n o PRiSE nEn 2y SPRERfl P, eI e beon
CH3 r egi amtsbodies tsrgehing bt séine adtlgemo‘itathedmom)rnis¢aanb$ usxd tohen‘rDerEmaoiuhlner ic
i nt Ct t S

&fa nidh iR é’é’%@ ofLg 4 hta[g%hlsgeggﬁﬁ&ogﬁ% r%’n%ﬁ vfﬂ‘ ndo'.'% idef&n EB Brﬁté‘%n

het erodi neric rot niIs assaye escribed in
Exanpl e aﬁragemt'n: anfhedy hey reaﬁb@%ar@nﬂpemﬁearg@qdénf@esﬁqﬁfwela@ ﬂl‘rq‘:lgvarrind
second %dti%% gRShade such that the dissociation constants of both

honodi meric interactions are above 0.01 m cronolar, such as above 0.05

m cromol ar pr B BRaSMPIsERERieth® homogitaerio Piateins e selectadcfiomsthsediaden 0. 05

and 10 nidHsRERY F (i) ke RigRIre(@PLY aR8bYER NP a0LsiBAhroteirs tshp@sndahween 0. 05
and 5 m cronol ar, evegﬁm)re referable}lcebetween 350.01 and 1

0
sucttas 58130 sHCH 255 N50 IO M YSEE I SaFeceBor wodhkiae 61 H'BO”ezsa )ogD'JSet ween
0. 01 andre@ich mNgaaecsayedramu@I,ampltldb,edulgmr@(t@m e 21 Enbodi rrents vx/ner ein
t he honodi mer{c starti ngOJJrotLesl sa| relrrel at vel q}omo n _have
i

.ﬁome em st and or s COI’] EIC E)ITO e|
advantage that it is easier uce a‘large “quant arting protein

and e. g. canwpiisg, &ygdditjan itOI"Ih@IFC nreg;blm,l ahengr Ml oscaﬂmfehbommrmagwns af ehabl e
het er odi Qf?t\’tio%fo.Q.t giCﬂ-l 1C%id)rﬁ é’%alie'&%ﬁ%, %t Clbirggﬂon and/or a VL region. Thus, in
25 one embodiment, said first homodimeric protein is a full-length antibody. In another
embodiment, said second homodimeric protein is a full-length antibody.

In an important embodiment, said first and second homodimeric proteins are
both antibodies, preferably full-length antibodies, and bind different epitopes. In
such an embodiment, the heterodimeric protein that is generated is a bispecific

30 antibody. Said epitopes may be located on different antigens or on the same antigen.

In other embodiments, however, only one of the homodimeric proteins is a
full-length antibody and the other homodimeric protein is not a full-length antibody,
e.g. an Fc region without a variable region, expressed in conjunction to another
protein or peptide sequence like a receptor, cytokine or hormone, or conjugated to a

35 prodrug, peptide, a drug or a toxin. In a further embodiment, neither of the



yield using the nethod of the invention on the basis of two honodineric
starting proteins containing only a few, fairly conservative, asymetri cal

mut at i onsworots1@h3 r egi ons. Thus, in onePemEPdIITOM38S t he
sequences of said first and second CH3 regions 10 contain am no acid
substitutions at non-identical positi ong2! The am no acid

substituents nmay be natural am no acids or unnatural am no acids. Exanples
of unnatural amino acids are e.g. disclosed in Xie J and Schultz P. G,

Current %Géll%rl'cnplg@@m Gala 5L|I¢1|Ié?%l{h (a?r@i@?él Por4Rampfe, WtH NéASdiRergt al .,

Chem stry & Biol ogy (2009) . 15l n one enbodi ment, the am no
aci ds ar &OPHMAY Cnr@gé)é‘ﬁ dhat are fused topngHer HipEH ‘Pr'bﬁ’ﬁpt'd&ﬁﬂ“?ricﬁé'tke

honodi mes ireceptér, @lytokidsomporiidre, tdhaidnfatantde medgs peptidd, W day bnat he CH3
regi on, 1;amd t he second honodi neric protein has no nore than one am no acid

substitut®™8h in the CH3 region relative to the wild-type CH3 regions. 20In
one enbodi menin ohé}@n‘fhoclsner’rtpmmMcheglon fabeifirsthasmadinsnicnoobgm ds of an

subst ¢ ULOReaL RO 80 FELEELRILTOLA BIOURAEONRHTLERG 1360, 308,

370, 399 eco otern
am no acfiediosudfsthet gaconnh f@moajlrp@m prQiﬁmslelQ§cﬁtnet§oify|p@rﬁeld¢éedgfromptf®o@r§|ugt i ng

of : 366, ;3#RBting 6P193P gG@()%gGéngdm‘lﬁga pPRE Y Rl BinScH diHe FEcslteglons

honodi nmeri c tgrot ein and said second 25honodinmeric protein I's not

subst i t upfebothrsaih8rgand gridiseraiishomodimeric piokaie aEnBbdhaniefel IR0 iIpst

hOfTDﬂJ Meshdthér ;Q*e&!erché‘ﬁb@d]rr@ﬁ’c rlfhea&f'tﬁe $éb§élbﬁsubﬂ £ AbmBaThdricsro 8B isand
sai d secofn honodi meri c (ﬂrot s an anm no acjd s bstltugg(gn at

posi tion®'s EdatAdSHYRPT Eheg?%‘ﬁb g%%ﬁ"’ 'ﬁ@tyfi? Ingihg lageinem meﬂb5t%e407 and

382 | ansaeltmgbmﬂerﬁemﬁertdw@)rwﬁsee aacmre@tonp@lsart [g:ml 364 ahsx=c54ebueeztcﬁctgmgmf -
rg, |

omodl et St e Metestintl BRnEbte propertin Bt TFsrEa £ PORASEE Tond

sai d seceﬁ&tt@oﬁmdﬁncvresr iAcsipnilet ercrduhasarabea]h)tameca(flscdalclstuts$ta|ntlmr| said a¢coad
posi fﬂ Onh(ﬁ"ﬁ!}(ﬁﬁ*e?gr{)%t%én %ﬂﬁ% eg%om%?:ﬂ ' S%Hbg/ n%f the e tggglte 30?’9Asn419ﬁ<§d407 and

4009. ] I'rst "honodi neric proteln has an
am no acgldcesypsiontotis @weafwsg@ﬁnumtbategm chanug t@algdy®§\d@1m11 nmmtnen‘seri c

protein has afp, Q%RﬂeraéhngoélH%E' 6&5 bP'BoéH o@t@ﬁé%b&ﬂwéi@'&@%&% fn%pgothe
group consistin 36 n one enbodi nent,

the fir s?”%'ﬁﬁ%@‘?ﬁ%ff?qycﬁrf%‘foé? @”HatBU%ﬁ”'aﬁﬁCﬁo‘\[%ﬁq d3 %LFBS?‘M'H‘?W SEC%{PPWFt i on
399, andicSthiedtuR@ROmMdROITIRRgNERTtibedP bRdRiclom 8§ dastrded e UseDGo SIS idr ki on at

2, 7b S ABLER o fLam L0, 501, BN =t A%, o 13800268, B0 IR, 4%, 4
10 subst kidtkowncalls, p@siatidescriii, inaveinsréd-Ohseid el mgm)ql BiBtdchn@r 8iceng has an
R e e kR U
honodi meet @. Pra®O¢ NaturaBietackadv rid6aci d substitution at position 407, and
sai d second hﬂﬂ?%ﬁﬁélj gmeSﬂH%H‘, a%soﬁﬂotﬂnaf%e%n%dimeric proteins has been
25 engineered to enhance complement activation, e.g. as described in Natsume et al.
(2009) Cancer Sci. 100:2411.
In a further embodiment, one or both of the homodimeric proteins has been
engineered to reduce or increase the binding to the neonatal Fc receptor (FcRn) in
order to manipulate the serum half-life of the heterodimeric protein.
30 In a further embodiment, one of the homodimeric starting proteins has been
engineered to not bind Protein A, thus allowing to separate the heterodimeric protein
from said homodimeric starting protein by passing the product over a protein A
column. This may in particular be useful for embodiments wherein an excess of one

homodimeric protein is used relative to the other homodimeric protein as starting

35 material. In such embodiments, it may be useful to engineer the homodimeric



15 substitution at a position selected fromthe group consisting of: 366,
368, 370, 399, 405, and 4009. I n one enbodi nent, the first
honodi merwo 2prioBei4s has an ami no acid substitution at p®e€itEPee 1486838 and
sai d second honodinmeric protein has an amino acid substitution at a
position selected fromthe group consisﬁ?ng of : 366, 368, 370, 399, 20405,
and 407. Accordingly, in one enbodi nent, the sequences of said first
and second CH3 regions contain asynmetrical mutations, i.e. nutations at

di ff er enpropQ8 ithat0RSni dXctdiesd Wt @iRosegtoRBilit t& bird aﬂ&@m IAOTEoRbWiIPGSthki On 405
in one of the CH3 regions and a nutation at position 409 in the other CH3

regi on. DEFPAYREEAMGIFARIN; thhReterednens REtFiRePE thsnoteteraraisd &0™adi no

aci d ot heurpfupa@n uk¥schahgéd BEmbEimeric PO bpPaskage aner §@r(ﬁeﬁle!$@<b1dm|h0ﬁ0dl meric

protein has ar ?1 o-aci d ubsttltut %{ff‘gﬁt a 05|t|% %ed fromthe

group consi st 1hgy G $EROHREN 955 O OYEMSRG PAYF S| '%aB & sqepore

enbodi neftl;lesgthdadtibosly teangazingr a ngorcli@iant Fepétopm @nmanfolldength 3txibkmdher t han

Lys, Leu oy AcRiRLldoned0%:a0d,a8 4pseCRaMk NABPILARLIGAEr Wiidichas an
F OSI her “énbodi men ﬁ

am no aci Phe & ion In"a fur er eof ,
sai d fi rRypehowitatiomerand piuootn@tnbmas salf-aabigers. adh dswihhean tdnabprdipent Lba or Met

at posi thé’c@ro‘&ﬂ%e G}Elro%@?ndfuﬁ&‘?&{% shQrm(%J\V%re'n? aHEuQ&ﬁJ thﬂ%tl?é“r nc&%;m%ﬁtd ot her

t han Phe, osition | n anot her e di ment ,
said fi r%ﬁ?thh'@ﬁfﬁQﬁ'W@F'Fd"B SeF‘Pi“EB?ﬁérV‘@eéarﬁe FbT‘i'éVétCth'S‘S|b£UFc9ﬁ"y4956 Mdhan ani no

aci dyot hegmbdatdrieprotelBleoPtaiMeh light BRSh Whith R8s ardnarind §|ﬁ¢gféi*|db|h@|ﬁ@dl meric
protein corrB(H]ses ﬁ? am no acjd other thag he at osition 405 and Lys at

posi tion® 1914 N AN SHBYERIEME OHISF U PIYED FPoRMDT ﬁe!?qu 5
protei n fooPéissdyha dRb@, athigrogiobs et Hied and artug@m inocatbidatdrhevitht baia Lys,

L 409 d d honodi
ami no. act PGt HET Khopheon AMpaneaty S8 rseRBren T nuiht T S B Rost 11 on

409. monovmeranammimdyerﬁwdl argoh; fusetiahaf iligbt chaimpbdinrerg.cbgraogermlireonpri ses

a th‘S at %8%'&% gneﬁc%Sth%Eg\aérﬁo@%gﬁrggﬁé go%ﬂgwém{u&(&h aIIT(?HO(Qg ng/tbtmat

position said Seco nodi neric oteln conprises
posi ti onsedBantigedtsa Lys at position 409. In a further enbodi nent hereof,

said first hO)SIPc‘?ddE?és' S0 BOLRED SOMMRERedc FIgtRAL RRRALDI 05 400 SRgkRN Afg
at position 409 and said second honodineric protéin conprises an amno acid

ot her t hANEWIRN MAY F-Sr b@pipdé'tc%é’gltf‘Pdeﬂé‘Bmaeret&OEﬁSta‘#esﬁEiE‘?q pyionsy. 151 n
anot Per @ﬂ%gdﬂmrﬁ zs@Aawls t1c;7$1) e tﬁﬁﬂbtdéla@éd)bglrecdh%@éﬂﬁslﬁﬁg Phethads. t
pOSI 1 on an an 1 Qn an al secon onodi ner i pro ein
o] couoao it 2Ptk iy dlos bt yETa o BaE AT By ares udig' e
further mafbmduenadéscrubad dnffolrsixahmrmcmmw epraby mamrewﬂﬂleee56m\(mmo aci d

other thapn rKs Iéte OJ I\WeltB 1. E?f'%é g%gg%@ﬂ o‘%'ogloﬁa ar{r}%og%gofgé “C

protein irajconprl ses 'a’Lys  at” posi‘tion nd a Leu
at p05| t plaing@From any suntame aommetﬁms ém‘rm@n’ntémtmormlqmai pn@hodirsnmdy rberl c

protein GONREHSRsn %@Ef“&&né«}, POsdd %f@%nﬁ@%ﬁ%wa%@ﬁ%&aﬂ%@“@

protein conprises s at ositlon r at osltion a Leu at
posi43 oningpgnized with an antigen of interest, for instance in form of cells expressmg the

antigen on the surface, or a nucleic acid encoding an antigen of interest. Monoclonal
antibodies may also be obtained from hybridomas derived from antibody-expressing
cells of immunized humans or non-human mammals such as rats, dogs, primates,
etc.

30 Antibodies to be used as homodimeric starting material of the present
invention may e.g. chimeric or humanized antibodies. In another embodiment, one
or both of the homodimeric starting proteins, except for any specified mutations, is a
human antibody. Human monoclonal antibodies may be generated using transgenic
or transchromosomal mice, e.g. HUMAb mice, carrying parts of the human immune

35 system rather than the mouse system. The HuMAb mouse contains a human



In an even further enbodi ment, said first honodineric protein conprises a
25 Lys at position 370, a Phe at position 405 and an Arg at position 409
and sai d wecondi3hmsodi meric protein conprises a Lys at POTiEP2@Nn/ 08398 a Thr
at position 370 and a Leu at position 405 I n anot her enbodi nent,
said first honodineric protein conpri se3an anino acid other than Lys, Leu
or Met at position 409 and said second honodineric protein 30 conprises a
Lys at position 409 and: a) an Ile at position 350 and a Leu at position

405, or maénddiébdh HaRl Hnﬂl&c?’?l%t%?‘@o@eé—@h‘re%?raﬂ@éd thutan?@&avy (p and yl)n

anot her enbodinent, said first honodineric protein conprises an Arg
p05| ti on?2b8 lighl CE@PdW@W&%HﬂWﬁ% tﬁﬂ@’f*@f r‘f""&fb??ﬂig‘?@és!“%ltawgs H?at

E;)SI tl_l_(ﬁnmé&gvaa@(ﬂhe @hdg@jbodogg Lagnd)(ki¢ﬁdlrollbc35ﬂbr&iéd; ,aNLetiant Npasé t36@n 8485, ﬁr

a r n nd a Leu n_ anot her
ohbodi meies (C8T4)+ RPordRe dmantes Bl B Codd Sfhréaton, Shmouse 1964 Ron 580,
a Lys atambsmtnesmbr&éOto anPheizatioposhd iimmnodl@Bd amtnam h&agy adndpdight icbain409 and
said sec i meri (R i ; 0osl t] 9 a) an
e ot paart iR iR BLT Sy TRE | Bfed jhtayBh BUREIRE PRy D) 170
and a Lebumen 3p6sd moonclatd.antihoding i henbeegrbdEreht(1984), dubra; stevieweddnner i ¢
protein comprd ﬁ\?SHéthrBBk 8k EQS&lrﬁéﬁ%Ql ﬁ%@ma@olbw 1% @é’%bi'(ﬁ?@g%mmn%e%‘e at

p05|t|on 405 and ositlon Sai d second honodi nmeri c protein

g a
conpri sel- apd Hugzagt DpoTé’FQrPo eBSbnmbl”GI"hVOstp@%P?|(éﬁ9®7@1d Handéng, 4t apsi ti on

405 and @orlb)éﬁg af]. ﬂﬁﬁl NIYOM A9 scil Hbp QQOEMKl@Jﬁ)?dTH@BFepaS&Hdﬂ] bf HEMAD
honodi neri c grot ei n has anh%m nﬁ])%ram d ot her than

posi t i on™AEYS Asgeribsddn deky ding flo %Y%?'%fﬁ'dﬁaﬁses%rcgrﬁonézﬁzi6&95t her
than Tyr(1982p, CkdnyJ. Bhal,, lnysrnatibrial IvhthnoS@ny Pre4vhesat19933, Tliambn4él7al

2ot e RS, 51 oo 208 e " S0E) T Pl S T AR e 20
protei n 5&%58h (AD%Y), GBohwillf B, et lak, Ntaaue Bmlechmwgy Vil 848 857t|161996)p($@et| on
407. 45 algo Uss 3081daR" U%”?%ﬁb%% UI%?% 'z%sbshé’%r%’hggg g%@é g9, Das an

am no acrd other than'L ositiaon 40 Sard second
honodi mebi8¢7 @3t eVh ﬁaﬁélaOJ@yUSLéﬁl%w A§n DB742B%atUpoBi77/0DeA?9409¥S 201 n

anot her 9@9@0%%0 59%/@42@84 St\/V(B'Og@/i'S'EBS' owBr @sei b hasy@ Jyf28ks paghtion
407 and an ami no acid ot her 't han Ly Leu or Met at position 409 and said

second h%%’@é?h%raﬁe VMPd%]ép%lff?asSpé?PO&Heﬁcfr%ltBe%ﬂH@'Psgteﬁ%m‘ﬁ‘?rma)ﬁ@ﬁ useflu, Phe,

Lys, G nio nﬁér@rat@ﬂ{yb@lﬁoﬂaﬂé tRdt fRAdte Ihafh a0 oAdWorRl biiEbatieP8cdokdiAg tdORII I n
anot her enbodj said first hormodinmeric protein has a Tyr at position

25 aFPYYhteshABeSici d ot her than Lys, Leu or Met at position 409 and
sai d second hmmwhrnﬂfumrpraatubomemﬁ e AtedentTinnentibs, od Iaetibdcees oethe Asn,
Val or Tt osition 407 ¥s. at tion anot her

emboal RS ettt RSB Rkl ShalnBhok®ugr vt By ™8Y ana an
am no acteghotlbges,t haq:iucmyg,, Wishowr livstatmn, ppBagd oahsm@@, ametrosizald dadand
ribosomal display, mammalian display, and other techniques, using techniques well
25 known in the art and the resulting molecules may be subjected to additional
maturation, such as affinity maturation, as such techniques are well known in the
art.
In a further embodiment of the invention, the antibody or a part thereof, e.g.
one or more CDRs, is of a species in the family Camelidae, see W02010001251, or a
30 species of cartilaginous fish, such as the nurse shark or heavy-chain or domain
antibodies.
In one embodiment of the method of the invention, said first and second

homodimeric proteins provided in step a) and b) are purified.



30 honodi nmeric protein has a Gy, Leu, Met, Asn or Trp at position 407 and
a Lys at position 409. I n anot her enbodi nent, said first honodineric
protei n s 2a11lg174at positi on 407 and an Arg at positi orCEEP2@N0O56388 d
second honodi neric protein has an am no acid other than Tyr, Asp, G u, Phe,
Lys, Gn, Arg, Ser or Thr at position 407 and a 35Lys at position 409. 29
I n anot her enbodi nent, said first honodineric protein has a Tyr at position
407 and an Arg at position 409 and said second honodi nmeric protein has an

Ala, Gy, H sy ldf dsbbdiMBhs, AR, firdal al‘R:T/oFrr BecBhd PRSMbLAREAO hrafath aisLys at
position 409. In another enbodiment, said first honodineric proteln has a

Tyr at po¥PYIBRT 5057 B SRR & BRI 06 ORI AN ASEFRIOS BEBRA K dRBdi ner i c

protei n fase.asdchyaccémtr gideb, més B.g0be Bhurdatyrasarminerac)7 and a Lys at

posi tion 409. In one enbodi ment, the first honodinmeric protein has
an amino acid other than Lys, Leu or Met at position 409, and the second
honodi neric protein has 10(i)an am no acid other than Phe, Leu and Met at
posi ti on 368, Andegdribpd abdve tht sposdrices nf BOfirsband ise¢ondaHAanegiensadfi heot her

than Aspy,Ydim _Fr’ircostaﬁr}g; gFothE &k &%?ﬁ%%&zg% such thatGhQa QRSP ment ,

theflrst onodi neric tern has an at position 409
and the W&raeiiPrbewgenseaic fifst aingdi sechag CHS (egijong th,rongyrntham each/gghed u,

Ay, H Sphorhb&mefR intelBions8F said AFst aW@lsecd AP ré’g{o&os' tion 368, or (ii) a
Trp at p03|t|on 370, or (iii) eu, Met, Asn, Ser, Thr,

Trp, Phe, His! In LY enmoglr@ﬁntnt,lpe mcﬁlﬁﬁegtfqn&;ﬁ g@ghe heterodimeric interaction

10 as compared to each of the homodimeric interactions is due to CH3 modifications
other than the introduction of covalent bonds, cysteine residues or charged residues.

In some embodiments, the product of the invention is highly stable and does
not undergo Fab-arm exchange under mildly reducing conditions in vitro or,
importantly, in vivo upon administration to a human being. Thus, in one

15 embodiment, the heterodimeric interaction between said first and second proteins in
the resulting heterodimeric protein is such that no Fab-arm exchange can occur at
0.5 mM GSH under the conditions described in Example 13.

In another embodiment, the heterodimeric interaction between said first and

second proteins in the resulting heterodimeric protein is such that no Fab-arm
20  exchange occurs in vivo in mice under the conditions described in Example 14.

In another embodiment, the heterodimeric interaction between said first and
second proteins in the resulting heterodimeric protein is more than two times
stronger, such as more than three times stronger, e.g. more than five times stronger
than the strongest of the two homodimeric interactions, e.g. when determined as

25 described in Example 30.

In a further embodiment, the sequences of said first and second CH3 regions
are such that the dissociation constants of the heterodimeric interaction between
said first and second proteins in the resulting heterodimeric protein is below 0.05
micromolar when assayed as described in Example 30.

30 In a further embodiment, the sequences of said first and second CH3 regions
are such that the dissociation constants of both homodimeric interactions are above
0.01 micromolar, such as above 0.05 micromolar preferably between 0.01 and 10
micromolar, such as between 0.05 and 10 micromolar, more preferably between
0.01 and 5, such as between 0.05 and 5 micromolar, even more preferably between

35 0.01 and 1 micromolar, such as between 0.05 and 1 micromolar, between 0.01 and



In one enbodi nent, the first honodineric protein has an Arg at position
409, and the second honodi neric protein has (i)an Asp, Gu, dvy, Asn, Arg,
Ser, Thr ,woabiyei746rp at position 368, or 25(ii)a Trp aPCpEPRailom63870, or
(|||)a Phe, Hi's, Lys, Arg or Tyr at p05|t|on 399. In addition to the
above-specified am no-acid substituti on?® said first and second honodi meric
protein may contain further am no-acid substitutions, deletion or
insertions relative to wild-type Fc sequences. 30 In a further

embodi megts, o?'ab@tmféernSto @NdaRECONd WHER LeGHyeHS as €4ERRAbed O té;ggg%geczfl ed
rrutatlons corrprlse t he sequence set forth in SEQID NO 1 (Ig ma)): SEQ

| D NO 1: EmbegimepEoumre P SROEICTRIAIISTIS GLAKAE YISy ETRE SREF XIS A0re SBYL DSDGSF

FLYSKLTWH%WHHE&HWSL@bM large quahfitydoff stattey petéiadi ment ,
said first, and_s except for the specified nutations,

comor 1 seSth e AR RRE e ot ST EES Th Na 2 (1 ocin(1)) s 10 580 D No: 2.
GOPREPQVYTL PPREcENMT KNOQUSIDTETES/ I@X%W%&@W@EWKEHBE’%MR high

FLYSKL TV SRYOUENE S EALHORTISh Sh SR, d5L 0 4 Uid ResinpRadi Ryt said

first an I ons, except fo at’1 ons nprise
t he sequeivteing epntfagning onw SF_f@Nl @IN@®n§¢rg®1vf( aae)mmetrlcSEQumlqn@ ig:the
GQPREPQVYI L RESRREL TKNQVSL TCLVKGFYPSDI AVEVWESNGOQPENNYKTTPPVLDSDGSF 20
FLYSKLTVDKS FSCSVMHEGL HNHYTQKSL SL SPGK In a further

enbodi ments, T IbABRIEMPPHEothei SegupResviddsaidlgt drd secoat Gl 1e9dy and a

MoUSE) an&drﬁ&ﬂbmlmgc@@%ﬂ&hﬂgﬁg@tr‘ﬁdrﬂ|deﬁﬂtéllp6§|t|oﬁ§ descri bed by Lindhofer et
al. (1995) J I mmunol %g%% see abovye) so-cal |l ed knob-in-hole 25

vari ant anti bbifi 8ginoac GtHEREsi Ry ﬂ?tt%rﬁ agNino3 §Ci %Qrfgaétuéﬂmwo In
Zo;r}s caise(sds rExaenpids, oft ivendtadal @miho Boids e iey. digildsedgn i@ UednaisScrayzire nor e
iffi Cu

Thus. b g+ 8 o e ahS Rl Rl DS Sk kL i iid A a3s ' 976,

405 and @Iﬁ)@nlsmy& BelqydeRe09)xd6: 3 BFA86.sequence of the hinge region of the
hom)ldoi meric Sfr%l]ié &gbgéimeﬂic,ncﬁe ®Y¥no acids are natural amino acids.

In one embodiment, said first homodimeric protein has no more than one
amino acid substitution in the CH3 region, and the second homodimeric protein has
no more than one amino acid substitution in the CH3 region relative to the wild-type
CH3 regions.

20 In one embodiment, the first homodimeric protein has an amino acid
substitution at a position selected from the group consisting of: 366, 368, 370, 399,
405, 407 and 409, and said second homodimeric protein has an amino acid
substitution at a position selected from the group consisting of: 366, 368, 370, 399,
405, 407 and 409, and wherein said first homodimeric protein and said second
25 homodimeric protein is not substituted in the same positions.

In one embodiment, the first homodimeric protein has an amino acid
substitution at position 366, and said second homodimeric protein has an amino acid
substitution at a position selected from the group consisting of: 368, 370, 399, 405,
407 and 409. In one embodiment the amino acid at position 366 is selected from

30 Arg, Lys, Asn, GIn, Tyr, Glu and Gly.

In one embodiment, the first homodimeric protein has an amino acid
substitution at position 368, and said second homodimeric protein has an amino acid
substitution at a position selected from the group consisting of: 366, 370, 399, 405,
407 and 409.



vary. However, the resulting heterodineric protein may be nore stable under
sone circunstances if the hinge region is not Ig4-1ike, and, preferably is
| gG1- 1 i kewoO 2011/131746hus, in one enbodi nent, neither sai dPCIrEPROINOF63sSRI d
second honodi neric protein conprises a Qys-Pro-Ser-Cys sequence in the
(core) hinge region. 31 In a furf®her enbodi ment, both said first
and sai d second honodi neric protein conprise a Cys-Pro- Pro- Cys sequence in
the (core) hinge region. I n many enbodi ments wherein first and said

second honodi fRerdng Bﬁ%@lnﬁ@qtartﬁeaﬂFs'tbR&hQ&me?@' drashi hadi &5 dHmnbhatid
conprise a Inght chai n. pl ai ned above, 5 said light chains may be

di f f er entubstit 'O”QEItfH"éF'OPr?@eﬁU%ﬁé'é sgﬁan%aewoﬁ'merHCaorPtﬁn;P%ﬁa@mmo acid

anti gen- Qmadtm@mbt@pdssmd beledtby fione tef gtdue doasivting bAi 366, 368, 399t 463,
enbodi rrené ‘ﬁwﬁ% said first and second honodi neric prot eins are
heavy- chal hay odi es, which do not need a light chain for antigen

bi ndl.fng see B gznel—larrﬂzxodm@&t ghauafirst 1B@BddiNetriar era36i8: 4#46. arl Ofsindescidi bed
above, f_.t thaed [ ' aid
First profariiol s iSrli e ofh OGO P AL RILRAT neD ol ARIATRAST: One
suffici ewbSt@twlnlaiva pmtwysetle¢tﬁe§rqnn theharoipragesiséned ofi 366, @ﬁaeﬁzj@ 405,

di sul fi dg,-?] QRgsbgoneri sation. Exanples of suitable conditions are given
her ei n. e mnimal requirenments for the cysteines in the hinge region for
under goi ng di BuloedémbeAdnents theoftesti Benpéiinanay PERtEiNenagepr@iMing 8/t he

honog m3§d&tlﬁltﬂ)ﬁﬂtdtrlﬂ)sﬁfoﬁtéﬂﬁnénd IsBidPRCbh Hblﬂbdm%rﬁi’bf&% A8s bRanfXastid
sequence in the hinge re i's |r51éportant that the respective

honodi ne?‘itt?t'F%toér%tcﬁ P%ﬁ%‘%bﬁeq%%tfaigj from §1€ Gy PLRRSRUNTPE $98yiS8Rs 347399
suffici emd? ynavead. to al l ow cystel nes in the hinge region to under go
di sul fide- bon i SoOner | sgtl on rsstt ﬁ I_E?(ien condi t| ons

enbodi nent Orngdﬁ?ﬂbﬁ n&%rﬁd B’eé')c EOOTT‘BIIDI stt?{é aana'& t| (E)'ﬂ of a
reduci ngswtgenttgoneatgqosmoneﬂdl}'clanq sagaetcomahembelme‘rrcmmtdue hgs enpriomscidt i ng

(D8 o TReR 0 PR, b onl kiT) ShBEhiRtrq Foglsp, ebCy 20 ana

bet a- rrerﬂ:%t&tﬁldt‘}f@nol preferably a redum ng agent sel ected fromthe group

consi sting ofg, %nezéﬂ%fogm&ettmil AFg nﬁ’omgéllmri@t FRENOhadNsh amino acid
tris(2-carboxyet hyl ) phosphi ne. n one enbodi nent, the reducing

condi ti oﬁébSBHng’lnleﬁgmétSﬁf‘r‘iﬂglr éad paly- s&F?ﬁ‘%R%‘ﬁﬁﬁ'@’@r&rlﬁo%b?# BR@MIPC PEFnE of

the requsdtedtutedcat PPESGA 8¢lectdd Eronk tr&egﬁdugetogbugm@%bf .03, 368HB70,5399)e maj or
| ow E@Elhar weight thiol in cells and controls thioldisul phi de redox

st at® wh sentl al for normal redox signaling in vivo. The 30

dynam cs of catdoudiaglyy edone babadieenay etheasdguenas df;saifa'ﬂn;t endneeoraf CHRe

thiol -tog Su'spr(])lnge Stsalg'\lﬂ?ethfalreucjjtu 895 C|BH n"%‘lr}%tllotnésa n erenetd f I’onr?sels The
val ues for I Re reductr on po?en i a n"be measur 8d “as th nd poport,
Nat ure 20v0 CH85e@ibd64%. garadmAsatimdatepolen 405 er|oob.of(therﬁH3276£g|<8878ﬂi 30786

1997 : i s into consideration the
gt oi c%n oﬂgﬁtro(ﬁd%%ogﬂ)gsﬁbqh|tgé10th\§']gﬁ SGis a quantitative neasure for
t he 4%dox st alreonewm@dmwultm éldsttiypm%measz eieis hae @NaAMipA: adch other,  +
(RT/ nF) 1 thab[ §85G( @F)Nidtl éﬁbsﬁt‘*&\dﬂ)@)aﬂd EQid Seddn@ KSmdidetc RRVRIH had ahor the

redox coupl e at defi ned Ris (_gas constant, T is the absolute
t enper at PE0-g€id §Utf-$z§'|t‘é\td)éyatsa BeFidempRIectrd fam the alm Grastingrofe P8t 3&hs
transf er 3eal.39n 495 wadestyi mtes for Eh for the GSH GSSG couple are in the
range of - 2601nt 8ne su81 embodiment, said first homodimeric protein has an amino acid
30 other than Lys, Leu or Met at position 409 and said second homodimeric protein has
an amino acid other than Phe at position 405. In a further embodiment hereof, said
first homodimeric protein has an amino acid other than Lys, Leu or Met at position
409 and said second homodimeric protein has an amino acid other than Phe, Arg or

Gly at position 405.



5 (Aw, T., News Physiol. Sci. 18:201-204 (2003)). Termnally differentiated
cells thereby maintain an Eh in the order of -200 nV, whereas actively
proliferavongligelitas naintain a nore reduced Eh of appr oPCHEPeO1Y/056369 nV.
The standard redox potential for DIT is -330 nV (Celand et al.

Bi ochem stry 3: 480-482 (1964)). TCEP has been shown to reduce DTT in
solution and therefore 10 has a nore negative redox potential than DTT.
The precise value however has not been reported. Reducing conditions

al | owi ng cont frplah&@leF%hfb%Hmmé%C@aﬂagﬁrsﬁ%ﬂﬂiohirﬁé\% %?d’telhh&frﬁﬁr%reg @@hé’eaic“ bed
in terns of a required redox otentlal Eh, which is op tlrraL{;I\;gbel ow t he

val ue t hBRS'He %l%ra@@é‘ﬂ mwera%m&r ATk Yra L@Br?dﬂ\’ﬂ‘?tcﬁ’fsoqsﬁ'o\ﬁ ardistidat is

above t hﬁecbﬁd%n‘fwtrﬁéﬁd plotaiRiceimpFieehIge amamd bEl@ dyheti thbh PRt de pbgﬂdﬁ 4085
n,and, involved in i heayy chain

Gi'sul phi T8 Baa 3 cAtirgs0s: on's Mgt EBRS AR Bhey Sanusten RRURRARELED <) i o
perf dr rrerj“owde]om"peﬂemIariywecamdosml@ngowmd an padiox apdtathén Eﬂanrla/rsgmag doel ow
between o0t BRI o sl seBlsh KiARuAHE PR, B gen g o Uen
such as ¢eentan RIEsarand Glyigorasitionetsnantba &y patepesitidsl 40bet ween - 260 and

- 300 nv. In ah&h@r eH{tIoHﬁﬁerﬁm%Qﬂ' ﬁﬂ%E‘thonﬁafdﬁHer‘Fé p%@ﬂ%oﬁﬁ&uée@%*@ﬂé'a@n for

at least 90 mn at a tenperature of | east 20C 1 n the presence of
| east 25PAW 0% PBAFNRT Y| %A ﬁ‘é‘eblthéim'-\t%éebroéé\@’fc% Rﬂs't@ﬁ 1Qa31d 9@'5 mvl

di t hieot h§é%bh@|hom'8&|ﬂn8r5& BEJtBAL d PR HERY abEeLDQf He¢iBsl 485 ahdosl LOE ftrpfé@?tl%nt o0 8,
such as at or at a further enbodi nent

7. p d)
conpri se$V% e‘EtaoWWGrFHE’O B‘hﬁté}‘l%?@ $3d Sé%m%aﬁe?%a%?'ﬁ§oawr'|se%e Pséduci ng,
for exanp podivorr @yevaid eh [&grﬁdpl@sllm agendnd saig. sebcyhcdesmloalmmuc brotsiame
enbodi nent s, .t he nmet hod_af nvention yie s an y 30 roduct
wher ei n %’P%ﬂﬁeﬁa"’w 80Y4° gﬂghOta%r hh‘ﬁﬂ Ig'?eﬁa E H/By at po Q@ a&Wd 0}‘ys ch as
nor e t hapos®d €09.t he anti body nol ecul es are the deS| red bi specific

anti PoOdi €s. thEPeerRE?é&.mQEPd%!ﬁ& 'fﬂﬁtogﬁn'{(}grn?e ?%tgan C&ﬂgrlge%sbﬁé attO

control corrparegn?o the prior ar CO-expression.
The postPQﬁl’f@HU(ﬂloﬁoﬁndmmuAég Gt pasitiang 4@95@?51:|SﬁldcS@ﬁwdbb@hé@f’flﬁWCFa@I@Rchange

35under &ﬁﬁlﬂ,ﬁ‘ée@% %nglr;dsmg% AoSUs @gy@(t sididni &y, of 2- MEA) as di scl osed
herei n nmakes it a ggql suitabl e strategy for (high-throughput)

screeni ng of Irmmf%h%r FBRBAITEOT T Bt SERIATENE PSSO BB ErATEnANt | body
di scover ycid bthexdfan L) Lelite Mdt dtlﬁofsi@loﬁl’meiﬁrﬂ S s n B SlohIdimRErid Protéin
Ihabo Oatpr v¥h|60h ayl | ows g n%r 8 gntr(p)l i géé(bl | i t% a[culjo I|t|el 20 f t he
et eitbdi FAPPEH Ao Fh PORYAT 109ap ITBRALPEYI U EX BPEadry st PANYISAACEI onal
advant age 5ofIrt hlfSrtBérrahBQIyMesttd’aai fitdohosaid@radiaigrotein doenpitisae ahmryhee fi nal
ther apeu%cl)s(i\’tlgnoﬁ(ggiahd said second homodimeric protein comprises a Lys at position 409, a
Thr at position 370 and a Leu at position 405.
In an even further embodiment, said first homodimeric protein comprises a
25 Lys at position 370, a Phe at position 405 and an Arg at position 409 and said second
homodimeric protein comprises a Lys at position 409, a Thr at position 370 and a Leu
at position 405.
In another embodiment, said first homodimeric protein comprises an amino
acid other than Lys, Leu or Met at position 409 and said second homodimeric protein
30 comprises a Lys at position 409 and: a) an Ile at position 350 and a Leu at position
405, or b) a Thr at position 370 and a Leu at position 405.
In another embodiment, said first homodimeric protein comprises an Arg at
position 409 and said second homodimeric protein comprises a Lys at position 409
and: a) an Ile at position 350 and a Leu at position 405, or b) a Thr at position 370
35 and a Leu at position 405.



precl udi ng the need for engineering upon |ead sel ection. As

expl ai ned above, in a further aspect, the nethod of the invention may be

used for woaebrimiz4screening, i.e. for generating a | argeCmmrben/ 066388

di fferent conbinations of binding speC|f|C|t|es on the basis of tw sets of
anti bodi es, one set 10 having i dentical?%irst CH3 regi ons and the other
set having identical second CH3 regions, wherein the sequences of said

first and second CH3 regions are different and are such that the

het er odi neri cyd BB&'h@Pteh%dhﬁéﬁ’te%Bldsﬁ#s@ Hokdcdfimakié p%%”%rﬁbﬁsersezg"r%?%t' S

stronger than each of the honodi meric interactions of said first and

second

CH3 r egi BRRUOM & &LYS #F RASEIASnddHianf 2t PRSI &R POt 2P &raeé £081H0R 478t hod
for the s&l esilisecoref h@m&ﬁtr@ﬁ@djrm%m @orﬁnsr@steelammaau Pitiondes bedt Py apeety,

sai d net co e steps oVvi a fir set  of
mormd et BT erfand abrd & R £eS) ebpOR iR aRaeRG RO hep it
pr ot & nspdeiiven 4@enti cal first CH3 regions, 20 b) providing a second
honodi e r regi ner e| e

or ot ei nei hanahel SRR b8k M Rorh Gl Rl B BBk 1" SRR ARl
first and>&ecorsdtCHBitioagidng Riecatdiositonetits mtblamargaaiep@m 4Paend heid
het er odi gibhg HoRoirAtiid BrotARHRBRSSALA 1l Sislosih SRE ANt Gihdsaiinosf
stronger than each omodi meric interactions of said Tirst and
CH3 regi dh8Y at pysifiontParrahg LvembPAdtiP®A890f the honodi meric proteins

sai didf i rst sefn anskhef eAthodifhénts &aRINErst eomBtiErit @RuGiMBas AndhiNacid
suff|C|en% to allow the ¢ stelnes in _the hlﬂge reglon t 0 under

di sul fi dRNEEHPN SEnteY 25MEbRT PPRIHEN é‘@ﬁé}”éltsia secoad thogod %TJ%BTOE‘?'E has
anti bodi &s.amic) aoidt otbeakhan TeStABH] B, t ke, agBdGin, NG, Ser BPIThF edpositign

set of

sai d

IS

second
of

34

e) assay &g the resulting set of heterodinmeric proteins for a given desired
property, dnd f) selecting a heterodineric protein having the desired

property. 5 In another embodiment, said first homodimeric protein has an amino acid

15  other than Lys, Leu or Met at position 409 and said second homodimeric protein has
an Ala, Gly, His, Ile, Leu, Met, Asn, Val or Trp at position 407.

In another embodiment, said first homodimeric protein has an amino acid
other than Lys, Leu or Met at position 409 and said second homodimeric protein has
a Gly, Leu, Met, Asn or Trp at position 407.

20 In another embodiment, said first homodimeric protein has a Tyr at position
407 and an amino acid other than Lys, Leu or Met at position 409 and said second
homodimeric protein has an amino acid other than Tyr, Asp, Glu, Phe, Lys, Gln, Arg,
Ser or Thr at position 407 and a Lys at position 409.

In another embodiment, said first homodimeric protein has a Tyr at position

25 407 and an amino acid other than Lys, Leu or Met at position 409 and said second
homodimeric protein has an Ala, Gly, His, Ile, Leu, Met, Asn, Val or Trp at position
407 and a Lys at position 409.

In another embodiment, said first homodimeric protein has a Tyr at position
407 and an amino acid other than Lys, Leu or Met at position 409 and said second

30 homodimeric protein has a Gly, Leu, Met, Asn or Trp at position 407 and a Lys at

position 409.
In another embodiment, said first homodimeric protein has a Tyr at position
407 and an Arg at position 409 and said second homodimeric protein has an amino
acid other than Tyr, Asp, Glu, Phe, Lys, GIn, Arg, Ser or Thr at position 407 and a
35 Lys at position 409.



I n one enbodi ment, the invention relates to a nethod for the selection of a
bi specific anti body having a desired property, said nethod conprising the
steps of :w02011/1315p a) providing a first set of honodi meCITEPaciobGdS es
conprising antibodies 10with different variable regions, wherein said

anti bodi es of said first set conprise i dfentical first CH3 regi ons,

b) providing a second set of honodi neric anti bodi es conprising anti bodies
with different variable regions or identical variable regions, wherein said

15anti bodi es g aféthér SRBBAIMHEL sA@ TR KsnddIRREL GRbteRLRANE TSt 'RYIBAS
wherein the sequences of said first and second regi ons are di fferent

and are $%cA"d ARATY REPRtR 407 Aad Fé'd|sﬁ’t€‘é?da'&(tm6‘i‘i”l§é'tc\ﬁé‘étﬁ”%'&?sdarf plesChand

second CH, Ile, Leu, M@j ASHG \AaSOrstrnfpoaitg:&fsuttohmmmha ofs athsosirbgigreri c

conbi nati ons OY @RACFHBPBATERUSS 1t KM COTean Y B B UE S TREE funder
r edud ng4@oaod bh@mg as pbéition @A and sald sawohdhdoopstneenitesrotain thhe ahtlngeeu,egi on
t o under f nerating a set of
b|speC|fﬁgthEQBW#ggthggoaggggéaéq%g%?gP%ngiggﬁoring the conditions to
non-reduci ng, In one embodiment, ghe fisgalyamedimiesc rsigin hag aseamiod dsiic PETIrT i ¢

b1 speci 1 2antt Bty Fou o e LR e &0Ha nomodyplrc ARAERIGED 2

enbodi nent, the honodi neric anti bodi es of the second set have identical
varigpl e reggi ongn dmiho Reieotded frahank, did bed PRt atpddGrAgsdl @r structural
vari ations outside of the antigen blndlng region. The two sets can be
conposed | nany i fferent s as desired. Thus, the 5 two sets may

t ar get the -ﬁpfﬁﬁ@s®9”§@¥f8rent epi topes on the same antigen. The two
sets may al so target different antigens, and each set may contain

ant i bodi es (li) ndianganbioo tekie ctherethapiAspp€ynrPrdi Gluerredit akppsitbpesSodN t he anti gen
in question. Furthernore, one of the sets or both sets may each cont ai n
Gesi red properte s SMeAinqH il 8¢ hafpimetie glofipharhn AboHaTRR or 67! C
proliferat I?Qﬂf'ono‘to%laﬁdlth@S@@nééol,”@dé%%@l@wﬁ@ hg6t h anti gen tar gets.

The gereening strategy includes two panels of antibody vectors containing a
range of speC|f|C|t|es wher e one panel is cloned into a backbone that is
able to endglge iEnDEaty Neeletafile Ardds: Fedhst fyIc SRE throNe! (EUER &s by
addition of 2- position 368, or

(ii) a Trp at position 370, or

(iii) an Ala, Gly, Ile, Leu, Met, Asn, Ser, Thr, Trp, Phe, His, Lys, Arg or Tyr at
20 position 399.

In one embodiment, the first homodimeric protein has an Arg at position 409,

and the second homodimeric protein has

(D) an Asp, Glu, Gly, Asn, Arg, Ser, Thr, Val, or Trp at position 368, or
25 (ii) a Trp at position 370, or
(iii) a Phe, His, Lys, Arg or Tyr at position 399.

In addition to the above-specified amino-acid substitutions, said first and
second homodimeric protein may contain further amino-acid substitutions, deletion

or insertions relative to wild-type Fc sequences.



15 MEA) with the backbone of the second panel. For exanple, the first panel
is cloned into an | gGl- F405L backbone and the second panel is cloned into a
| gGl- K4A0WRokatkisorse (for ot her possi bl e backbone conbi nCIrar26i@e5&8% 0
Exampl es 19, 28, 29, 30, 35, 36, 37, 38, and 39). Each nenber of the two
panel s of antibody vectors is then exprégked 20 individually at smal

scale. For exanple, all antibody vectors are transfected transiently in
HEK293 cells and expressed in 2.3 nL cultures in 24-well plates.

Al ternativel yi, gtfighes dib8Binfenk S 5Bk | rrSCah® ke RINA0CIGS Ir88i0RY,SEREBt Krowa in the
art may be used. The expressed anti bodies of th | s of antibodies

t he two pane
are t henSRACtEd paRFions, s8Mpyrise the,sedusRes psL-TPrtRdn 15§9HiDo'§Oé1t (legdmedVar rati os.
For exanple, all individual antibodies are purified by small-scale protein
A chrona%%grﬁqgé and anti body concentration are nmeasured by absorbance at a
wavel eng B d'nm Other suitable (smal | -scale) purification nethods or
met hads GQPRERD\E(THP PS RIDELTKOISHTCIOVKETPES BT AW KNSR PENN YKTE PAY LD SBGSF
al t er nat ;wel r i t the purification step may
be left Qﬁ?K¥F®§6§ﬁ®§¥¥%§ﬁ?§§gpﬁgﬁ?ﬁ@ﬁﬁ* res%gfégffected by the expression
medi um Thereafter, the antibody concentrations are normalized so that a
sui tabl e vol u i i ol ar 0, ! i rinexanpl e,
a panel of 8_gﬁ?ﬁggh?tE§P§g?hgﬁt%%%ﬁngggﬁﬁgﬁ%#?sé?%ﬁ?@?@%g%ﬁépaﬁgéggmjth 8
ant i bodi #Cifi§dirhgakaTtD ROFWERS Sresetyenftetdarthiik PRI P2 0eGpM(Bdnt ai n 80
pg/ Mg of anti body A 35(F405L) and 80 pg/nL of antibody B (K409R).
Alternativel¥, if the strategy contains 36 a bispecific antibody-specific
purifica??%ﬁ §F%ﬁ'domn-strean1 the step to normalize anti body anobunts nay
be | eft GQPREPQVYTLPPIREEMMXNQVSLICESKGHFYREMIAYDWESRGQRESNY K EFPELESDGEBE Of

perm sar bR SR THER RS B L B YA PR ont af ni ng 80 p/ . of
anti body A (F405L) and 80 pg/nL of antibody B (K409R), 25 pl of 125 mM

2- NE@, I s addef] %th&ﬁ!er CBGEM R %:98 fﬁ'?chQM 2ac M erang 'bﬁ&,“ teﬁtdfoqyt‘%m ght
at 25C. he reducing agent 1s ereupon renpved from the m xtures
(now consrgicitied gniiatipes icbmpriaathderiiuesye sef fprtbridGEQIRI M@t daGadm(axe:

di sul fide bonds and to avoid 10 interference of the reducing agent in the
screening aSSﬁé§. For exanple, 2-MEA is renoved by performng a buffer
exchange ®R IPAE:64 ni xtures using Zeba Spin 96- well desalting plates

(Pi erce 8ppreminalLeayRDAGKBRKISLTALIGHREDYA) BWENGEPEISW KTaPPeL e GRS t 0

ant Piibon B SEEVEkER RS RVl DBk Bok opCR, anct i onal 1y 15 to

identify the | ead candi dates. For exanple, the 64 bispecific antibodies are

assessed for proliferation inhibitiqn of sujtable cell-lines or binding to
autabre cel 1 1 FuaREF GRRPaintit) b debiaile BRGE P prart Birh by "o

| ar ger seatitwdanahc hamaeserantieddy, nwhorshode peiferend@iPpraidogt ime rddsyribed by
co- expr efibler I0S) NAYEEPYI iRl foI A3t £113sc obfiR) | B EDILALY RRY-F-RGeDe
y the first an

obt ai ned 0- expression of constructs encodi ng second
pol ydfept vaf@st isptinodien gisedeseriped in US patenh§s/31j ibta(searabhes)- a8 sewe, capere
i nvent i ORoui&leR! @ hteP hERbBRSEricOstaRIMGAMGLIE Ma&iLhof BRfidu & SoBLEs, Said
met hod conpr|5|ng the foll ow ng steps: _ _ _ _
because of too weak homodimeric CH3-CH3 interactions. Thus, the herein described

variants having mutations at positions 350, 370, 405 and 409, may be preferred.

30 The sequence of the hinge region of the homodimeric starting proteins may
vary. However, the resulting heterodimeric protein may be more stable under some
circumstances if the hinge region is not IgG4-like, and, preferably is IgG1-like.

Thus, in one embodiment, neither said first nor said second homodimeric

protein comprises a Cys-Pro-Ser-Cys sequence in the (core) hinge region.



25 a) providing a first nucleic-acid construct encoding a first pol ypeptide
conprising a first Fc region of an imrunoglobulin, said first Fc region
conpri si Nyoaofl/Bs46CH3 regi on, 30b) providing a second ROT/EPREHME6368
construct encoding a second pol ypeptide conprising a second Fc region of an
I mmunogl obul i n, said second Fc region c rising a first CH3 region, 37
stronger than each of the honodineric interactions of said first and second
CH3 regions, and wherein said first honodineric protein has an am no acid

other than Lyf, a k@hererModBEn@hoBPSd il ifiPdt HA%SAN6RH ci1o§4:<')QI‘inéir|é" rRahmeric
protein has an am no-acid substitution at a_ position sel ected fromthe

group cofNRtSeRyCHi-PraBe-Cesacausnee indigg (carss héﬂ?& r&8'PN- and/ or 10 wherein the
sequences of Fanthnli éBbodidnteaBBeiCHi3str & @88 &IcBn& Uoddiatri¢ Ipeoteins

di t st ant f .. hgono t f h,aof the CH3
gt ons. HFG BUENES 00 E SRV AT Er GABP A Slith (e ModEuetbie 0bsbalE 10
m cr dnol said lightr ehgimemay adel &ffbmﬁmesn différlinaseduéncesarcheah foetvee&mcbo®d and

155 m Cér?cf%'_ng@ngﬁéed%n{%%ﬁr fro §|o¥ tP@%@%\%ﬁirQauﬁ)sl %"%o’chép 969?.’11%6t such

as between m cro et weén vveen /01 and
0. 1 whenheweveyedaidsfirdesodi spednd mommzlmpmec P1oteins are hegvycehaéx pntibediesy sai d

first anﬂhéﬁcwqom%é@'aﬁ@w th0nst BHES & 'bﬂwd?nghoa%te @a' lhanfdsc28terman | d)

obtai ning said heterodineric protelnfromthe cell cualture. Sui t abl e
expr essi 0/P9ve8ieB8 368it40udi ng pronoters, enhancers, etc., and suitabl e host

cel I for theaprdughdoorbede agﬁépb@)jlcﬁfstr%r naBbd d‘fnﬂw nh\}bnhbﬁ &rhprises
25Exanpl es of hOStlgC$| l's include yeast, bacterial and manma | lan cells, such

as CHO ofcyiatingesp rst “protei htoggathes nyibhi PRI SEEPNY HPTOteHRt rediang; r st
CH3 r egi eynditamsasuffidinaoatiot hiehsstdifaninliyng, hihg regiorVed uadergosmstulm 409 and

sai d Seclg)onn(%:l %eﬁ‘igggio%r.‘ x%%'\p €s 8‘1‘msw9ab?e coné)%lgl%raltehg’l(}enpm%réa}tn. ﬁlﬁ)ésIntulnﬁ)Tr\]al405
requirements for the cysteines in the hinge region for undergoing disulfide-bond

15 isomerisation may differ depending on the homodimeric starting proteins, in
particular depending on the exact sequence in the hinge region. It is important that
the respective homodimeric interactions of said first and second CH3 regions are
sufficiently weak to allow cysteines in the hinge region to undergo disulfide-bond
isomerisation under the given conditions.

20 In one embodiment, the reducing conditions in step c) comprise the addition
of a reducing agent, e.g. a reducing agent selected from the group consisting of: 2-
mercaptoethylamine (2-MEA), dithiothreitol (DTT), dithioerythritol (DTE),
glutathione, tris(2-carboxyethyl)phosphine (TCEP), L-cysteine and beta-mercapto-
ethanol, preferably a reducing agent selected from the group consisting of: 2-

25 mercaptoethylamine, dithiothreitol and tris(2-carboxyethyl)phosphine.

In one embodiment, the reducing conditions enabling controlled Fab-arm
exchange are described in terms of the required redox potential. The tripeptide
glutathione (GSH) is the major low-molecular weight thiol in cells and controls thiol-
disulphide redox state which is essential for normal redox signaling in vivo. The

30 dynamics of cellular redox balance are achieved by maintenance of the thiol-to-
disulphide status of reduced GSH and its oxidized form GSSG. The values for the
reduction potential can be measured as in Rost and Rapoport, Nature 201: 185
(1964) and Aslund et al., J. Biol. Chem. 272:30780-30786 (1997). The redox
potential E,, which takes into consideration the stoichiometry of two GSH oxidized

35 per GSSG is a quantitative measure for the redox state. E, is calculated by the



30and/ or t he sequences of said first and second CH3 regi ons are such
that the dissociation constants of honodineric interactions of each of the
CH3 regi ome 2ari@3bebween 0.01 and 10 micronol ar, such asPb@Breen/08:38% and 10
m cronol ar, nore 35preferably between 0.Q1 and 5, such as between 0.05 and
5 mcronolar, even nore 38 preferably bt ween 0.01 and 1 micronolar, such
as between 0.05 and 1 mcronol ar, between 0.01 and 0.5 or between 0.01 and
0.1 when assayed as described in Exanple 21. 5l n another enbodi nent of this
net hod: gaindt E%&a’ifoncﬁy?—rﬁoglr?ﬂ In%’ﬂG@%Q@xﬁHG@I—p(trQ@f] )t B8NS tiSstah@dtdor Met

at position 40 sai d second ion has an am no acid ot her than Phe
at posi t PYRNYFIFOr Eifcredqy CB%'WérattdﬁﬁﬂquH RAF Jhepagrgnsiantp dds thoabspigeor
10sai d f tahsderéiidde, gl FARadddS chstdiit AAd auqscﬂh@hhmbeit bﬁﬂe&t}f(ﬁ'\s tegnsf@redvih at

position 409 and sai d cond on has an an no ac ther han Tyr,
hep | o civppsimerEtoreR AP CliestE Hieteer B RE BRodsh 2t e A
enbodi ne(ive, TsaNdwbi Prs/tsioand;c'set&adlfﬁmypma))je%ameamwIdlfférengatlad ddisheavy

chains o e 0 rst and
second nﬂc %@c%gcr}tgﬂgégnéq rrhugi sg'léj%g Ogeiq ’I en %%1 @EY\?{)/ 'ﬁgfle?l%li g]féét”
ant i bodi exgintdiata mpredradiutédFlenf appioxiopmisly - Zém(th\( hus the heterodineric
protein is a bispecific antibody. This bispecific antibody can be a

heavy-chai n aftd %QMardOrfed%'p@téh@l%F fo@%‘ﬂT |'§B-E3@°) W r@@Fela‘i’ﬁ?llchrtea‘-i5Bi‘é@ﬁ‘erf‘?lrs,trm)r €
nucl ei c-aci d constructs _enco | ight-chain. I'f only one

chai n copstBUee2i @%@e%ﬁﬁ%é‘@éd’eﬁmtSHOWHéOrfééW 'Bﬁéu'fh S%'HH%FE laaettgerefcrfén a
f unctg onigds blrﬁ@@cméga@va%u&ogytehﬁalomah bor. M pffectsee/aluegh@w@\realh“asmuence

is such that it ctlo anti ndi n nvvlt
he honvboat i Rl o s ey B PR Fo it Bk thethizee” ©
CO- expr esse thavefone thee dasaibgd cihatermsnof &i pdaginpd oddok soomamtialeh f @hicedis 251 n

f h

conpr | 56PN Yop P Retrb e R B LR R0 JEHHY Bl TS e shRarkO: IR ARG hoo
above. and that s abévg th@rrea%wtqnt@hevhldveﬁdwcm arélb@tiesdls@plmdeebmrdesa on
vectﬁ @lﬁb%h&% Iu?ﬁceél ik urt ge ?@gqapgncﬁ]%bﬁf'eﬁ |ﬁ9’|tgr ﬁQéW(fhléﬁ‘F &lsﬁlBﬁﬁbf ! ed

herei n above. In an even aspect, the invention relates to a ho
cel | conpendsiongatioe first and second 30nucl eic-acid constructs specifi ed

herei n above. Thigt €0 TBFh&r RIMMRIiIMENt, step c) is performed under reducing

conditions with a redox potential ranging below -50 mV, such as below -150 mV,

preferably between -150 and -600 mV, such as between -200 and -500 mV, more
20 preferably between -250 and -450 mV, such as between -250 and -400 mV, even
more preferably between -260 and -300 mV.

In a further embodiment, step c) comprises incubation for at least 90 min at a
temperature of at least 20°C in the presence of at least 25 mM 2-
mercaptoethylamine or in the presence of at least 0.5 mM dithiothreitol. The

25 incubation may be performed at a pH of from 5 to 8, such as at pH 7.0 or at pH 7.4.

In a further embodiment, step d) comprises restoring the conditions to
become non-reducing or less reducing, for example by removal of a reducing agent,
e.g. by desalting.

In some embodiments, the method of the invention yields an antibody

30  product wherein more than 80%, such as more than 90%, e.g. more than 95%, such
as more than 99% of the antibody molecules are the desired bispecific antibodies.

The post-production is more flexible and easier to control compared to the
prior art methods based on co-expression.

The post-production nature of making bispecific antibodies by Fab-exchange

35 under reducing conditions (such as by addition of 2-MEA) as disclosed herein makes



In a further aspect, the invention relates to a heterodineric protein

obt ai ned or obtai nable by the nethod of the invention. 39

Furt her nowe,2otihs1meet hod of the invention enabl es the foPCRIEPOI1OF6388
asymmetrical nolecules, nolecules with different characteristics on each of
the Fab-arms or on each of the CH3 dommidfs or nolecules with distinct

nodi fi cati ons thoroughout the nolecules, e.g. nolecules wth unnatural

am no acid substitution(s) 5for conjugation. Such asymetrical nol ecul es

can be g@raaﬁ.aw%ultama%yraswyt@Pkﬁﬁﬁqmu@abw%we@hln@ drsmiitiblesdonaiestidndr t her

bel ow by sone non-| ting exa Bi specific anti bodi es can be
used to Pfreresifigiies dot Q'Fﬁﬁf'cc%rl‘thOSI’ qJisfroxeys N aFHE'IOI]dFII?g'”bYI’EFOrRSPCqSFrﬁaf‘ed to,
a tunor gelpkrfofhed ar g@é ldbgrcﬂf)ryawhﬁhgﬂlbweejrbat@aﬁltbdtrble ﬂemdw @hdiyi@gidrg

t udi f t t f th t hod
of e MGG RoPRTFGiLh il oG oW Fis B Epaar s SOt Bedl VBT RAE 1o o
t unors cedfl thisuubtegy ia thatmbhie seleknisgrdaacise doo¢ én therfinel bheragaltic founbice
car bohy f At Buiiifl 128 A% Bl WIRTefteldecthf ace proterns 1isted herel n

and the econd%gﬁg arm T ecogni ze di-oact1ve effector nolecul e incl udi ng
but not i mitA¢exrlaingd reézdvebl iaefurthen @seectothd inekied ¢fvihg iaverttienanay et o a

peptide Qroq13hapheRrix AL REAMRY, €1.8f fSURNEARIG! %b%rb§ nRBL 4 I:I§ferent

i ndium|l a eI | ed di et hyl enetriam nepentaaceti C acid (anti-DTPA(In) van
Schai j k eamkipatiqysj ¢f, bitding exrerfigitiep goFhe ppsis of 3pe- ﬂ?%)a”t%%@%é?”ee%@érrpl eis

usi ng haﬁé\ﬁfﬁg ||@é?ﬁ||claledrs@€dl-||33lréig’1bn§3@héllt@mle%th@ﬂ%ét ASvihg PESHIRS ,sedEtfHaIOQﬂBtl cles
of pol yneric m }@I | es carr E%dl g]%ld i des such as_ for exa (f

t echnet i (FHBE: MIEET (thetseq e”“%sao I PdbFecoBt b ﬁ‘i)g"?ﬁo?re Wfeeente ) |

| n anot hetd erd)@@hmt th@ haepbaimetiolipteeactint Iestvatm \seudcmtsashatsjecOrrmtaeul e
such as a toxi.n E ermbodi nent, . of n@rsgod of

I
i nvent i o"r?g"{”ﬁés ?‘irP%ﬂIer Sa?ﬂa%ét%Fﬁ‘é’”bOdé'B‘é%? I“t%raﬁ%?”éc‘iflsg'd PYL e gt ed at
posi ti onCN29&gi¢d) nunberi ng) and the 25second Fab-arm of the bispecific
I I [ ' N297
fo Obr A or Bushidore Elealonysap iRy o BRARGE s it
Asymret r ¢fcal heggrpdimrsyicapiodeini ravinge a Fesired)i ropPe i o mdibod gpepsasing difet o
Fcy-receglps §r.and has inpact on antibody-dependent cell cytotoxicity effect

of the antibody (Ha et al., dycobiology 2011, April 5) as well as

interaction 30with other effector function nolecules such as Clcl _
a) providing a first set of homodimeric proteins comprising an Fc region

wherein the homodimeric proteins have identical first CH3 regions,
20
b) providing a second set of homodimeric proteins comprising an Fc region

wherein the homodimeric proteins have identical second CH3 regions,

wherein the sequences of said first and second CH3 regions are different and
25 are such that the heterodimeric interaction between said first and second CH3
regions is stronger than each of the homodimeric interactions of said first and

second CH3 regions,

¢) incubating combinations of the homodimeric proteins of said first set and of
30 said second set under reducing conditions sufficient to allow the cysteines in
the hinge region to undergo disulfide-bond isomerization, thus generating a

set of bispecific antibodies,

d) optionally restoring the conditions to non-reducing,
35



I n anot her enbodi nent of the nethod of the invention, the first Fab-arm of
the bispecific nolecule interacts wwth FcRn, the neonatal Fc receptor
(Roopeni anoRQ /1748l . Nat. Rev. | mmunol. 2007, 7:715-72BCTaRdottlss3second
Fab-armis inpaired in binding to FcCRn by nutation of the FCRn interaction
site on the nolecules for 40 instance B maki ng a HA35A nutation (Shields,
RL., et al, J Biol Chem 2001, Firan, M, et al, Int Immnol, 2001).

I n anot her enbodi nent of the nethod of the invention, the first Fab-arm of
the bi specifig E'Slsla@ﬁ%]! fhe ARG SetVbit het%t'&:ﬁm%"i@?ﬁ%ﬁfls R od givenfaddeat ein A,
5Dei senhofer et al, Biochem stry 20, 2361-2370 (1981) and streptococcal
protein G (proP8FHY@EDerrick et al., Nature 359, 752-754 (1992), often
used for purification of antibodies, and the second Fab-arm of bispecific

i $rot§inAEf G As a result,

| | i i ed i he. i i W t.h
Tomoval of RGNS AdHRreSse ot Br vt £ e PPt oi n A or G

bi nditng after the exchange into heterodiner 10is easily obtained by
purification of i i, f i . j r ot el : In

anot her enbodﬁn%'ﬁf{]?”{%ﬁé%ﬁ%ﬁﬂﬁegm%&gﬂ eel‘l?meég?/-%r @ggp o‘ﬁésrqé? gﬁlcegcﬁori (s)f |arrpr oved
or decr ebiseetifmardibedpharine at dasired preneamy, 6didtrnethibfl cpepiising the kepaloé:

I n anot her enbodi nent, the binding to Clg is inproved or decreased on one
of the two Fab-arnms of the bispecific nolecule. 15In another enbodi nent,
the protein haks2b®Edidngi hletedttdd Rametiverie ampPedencoawrisingt 38hodiesone or
bot yf the twehFaeriByafabld1@e§BhEC Whereih Nsad AntiBbdiedberds g ntirst eagh of

t he Fab-arns gresent i n'tgﬁﬁbi specific nolecule is derived froma different

| gG subcl ass. “URPEFIE R AR HRdREO"®ach of the Fab-arms present in the
bi specific 20nmol ecule carry different allotypic mutations (Jefferis &

Lefranc, 2009,, MABs..1 :332- 8). |ln another enbodi pent, another category of
asymetric in%RB‘%"hdéP%SeE‘?ﬁOEQrP&teoglﬂoé‘%o‘ﬂ%‘eaéﬁé‘&g?%'ﬁs t?§2mrpé'8'|”8cae'?$@r?f"ef t he
Fab of one ofwithediFatenarvesiabfe régords spedeitical nakieblel eedignsarnwharainneaidct i ve,
sti ating or .t nhihi ti Lne = L s of such

cyt % nes ar egrl'q_d}g!egloﬁﬁgg'f%}é %%,CO@EE?”%\?I&%B%&@%%E%%, | L-10, |L-4,
IL-6, IL-13. Alternatively, a (growh) factor or hornone stinulating or

i nhi bition aggALreirstHNSdqudgeks dF dalterifPlaRg UkEShd CH3 regiohda”N@FBRINt and _
enbodi nent, a Fab of one of the Fab-arns is replaced bg a I)ﬁ/tl c pgﬂgl de, i.

e. pepti@€sStHathalr rahrEregMeyiselnteiagione SEEEy s2if efiish, adufgtondt

i ncl udi Nggions is stronger than each of the homodimeric interactions of said first and second
20  CHS3 regions,

¢) incubating combinations of antibodies of said first set and of said second
set under reducing conditions sufficient to allow the cysteines in the hinge region to

undergo disulfide-bond isomerization, thus generating a set of bispecific antibodies,

25
d) optionally restoring the conditions to non-reducing,
e) assaying the resulting set of bispecific antibodies for a given desired
property, and
30

f) selecting a bispecific antibody having the desired property.

In one embodiment, the homodimeric antibodies of the second set have

different variable regions.



30but not limted to antim crobial peptides |ike magainin, nellitin,
cecropi n, KLAKKLAK and variants thereof (Schweizer et al. Eur. J.

Phar macolwoyo20B9746625: 190- 194, Javadpour, J. Med. CheRCI/EP@6/056388
3107-3113, Marks et al, Cancer Res 2005;_65:2373-2377, Rege et al, Cancer
Res. 2007; 67:6368- 6375) or cationic Iyt3l Cc peptides (CLYP t echnol ogy,
U52009/ 0269341) 41 I n anot her enbodi nent, one or both of the Fabs
on the Fab arnms is replaced by receptors for cytoki nes and/ or growh

factors, creaf] RgeSarBbdiRdnteaRy hB%@Pﬁé}fcs an@bodidy 6h tE@bée‘%bM )set Q%@@er cept)
targeting TNF-a and VEG- -trap, targeting VEGE, are wel[-known exanple

Conbi ni nGef“H@éevatrWB'edé%QW”%reE‘étpthéY% ‘i’ﬁ?@”&rfﬁff%PEcﬁW'QOS%‘é)v\%’d SEFHEé'Fq'or

ggtél Vi tyxémrongbetssden@cltaetéaa@yn bﬁae@tr@gﬁn(Jung, J. Bi ﬁl Chem 2011
:14410- 144 I n anot her, enb anot her cat eg

roymet 1o | nABYHERE R0 % CHBP B BamPLY BRI BV S Fiegn TBps, e

I mMrurko- aotd seks mayt tangdtahe ngmerepitnpe br tiffegert\dpitiperesn tiee $amee MntigermiThes or

Ctermn o] r i e hj i.fic

nmol ecul eés‘,l'\§o %ﬁssaﬁgya?%ogﬁqb&vgﬁgeréﬁ 'F@QB%U% E%@?gg‘%# S/i {;bynttglﬁ %Febggl%s pecific

mol ecul ebinghoanist dBe ofamsicivitnpt egubiéfereioneitanesnon thendntgent o tdvestiarst

bel ow, aggthdrimpré, FOA BF @he &ktbr hodPLdes h@hea&h IMeQh Ohibodiek : tar7<;et|ng

10.3892/1] 0.2011.'976), IFN-a, FN-f3 or y (Huan et al.

J. | mmrunofiffeneny 2gHgaNs6 888, ROSS| e et al., 2009; Blood 114: 3864 3871),

TNF-g Al terngi iangtner Bmbsdimdna! said @egl%cmpﬁ*@ﬂ)erﬂu%O&Illﬁﬂﬁngcﬁ:é?kﬂm such
as for ositively

i mpact t'ﬁ‘gr{’gt: ‘g&%ﬁ péo'g%ﬁﬁF'BBdV WB&'BEGP gels ‘F@Eﬁﬂngf 'Eﬂjfbtai”Bﬂe” Ealrﬁ natively a

(growt h) factpie ed:rehmhgrmn@tégyi mdluaes ngo Qfanemmfbarttlb@ay a@emtrs IcSnUaI’mngdEd in
t he nol ecul es .on t

f F it N-term nus _or Clte nys, In %her odlrfeq:
Nt er mi nA"95rO CREEHHtrE et 8Re 0Nk @fl“ee%e'm Cg Qe s> 'S eRanpl e
ant i m crefbage ipefsbrales ekcheelgaagaiemraqluqmj tti)l’lditr'rpnscésa:lcknrasrby Kdid\t(dﬂh.AlK 2and

i 90- 194,
yavadoutER, Wit e TEoRE AL By SonEifoer; rolBRFRECbRDMSF R B Emngd O 005
65: 2373-8y AN Eé@eF%QSLabackaan@@ndRég sezo0y ;papgl B39endEBTBY AIeht49ARC | ytic

pepti desbé&‘agﬁe t(f%?hﬁ%@ﬁds&b@%QQ&foﬁ@Q:%Mat%ﬂ é%@eal% eRaindiRf 14, ey Fap- ams
may 25enhance the_activit é he nol ecul e. | n anot her 'embodi’nent ,

anot her %%zt?e'ig&% 361 3&s3nth )r! ¢ i nmunot her apeutic nol ecul es is nonoval ent
anti bodi es, nNEARCwh@sbLE the NEveY %hel\éﬁ b aAfiBodyalveatond ti® thee &aresledof

h | ecul the Fab- t in the bi fi
ol il e CP e RSO (RE PAVGRE, i GEOPE oM oEREs cie [RBNERErnd

Fab-arm tvfanstldilﬁIySG’rm-lEGKQQBewlleea'ld‘l@t(pl@asafcylra 2Eabmbreultagesain 24- weII plates.

non- bi nd%«l n fu t' O{I]I§ab|el: sbmgﬁ"scal pr %Ec';tllotl)'\eg stcor ngvl}//ﬁq eﬂ%’\eaCh WO
96/ 38557 Wa?l veF fous ron pro e| ns suc ¥

descri bebe f—lbﬁ’d Fact or Vi II and IX (Pet ers et al., Blood 2010; 115.
2057-2064) rra‘)’hé)gxrg@&%'aaatn‘%ﬂodies of the two panels of antibodies are then mixed pair-
25 wise in a matrix-like fashion at equimolar ratios. For example, all individual
antibodies are purified by small-scale protein A chromatography and antibody
concentration are measured by absorbance at a wavelength of 280 nm. Other
suitable (small-scale) purification methods or methods for determining protein
concentration known in the art may alternatively be used. In another embodiment,
30 the purification step may be left out if down-stream applications are not affected by
the expression medium. Thereafter, the antibody concentrations are normalized so
that a suitable volume contains equimolar amounts of both antibodies. For example,
a panel of 8 antibodies in the F405L backbone is individually mixed with 8 antibodies
in the K409R backbone so that 64 mixtures of 100 ul contain 80 ug/mL of antibody A
35 (F405L) and 80 pg/mL of antibody B (K409R). Alternatively, if the strategy contains



Al ternatively, conbinations of any of the above nentioned asynmmetri cal

35nol ecul es may be generated by the nethod of the invention. 42 I n
an even fwothari3aspect, the invention relates to a het ePoliinPRIIIO5EEOL €i N
conprising a first pol ypeptide conprising a first Fc region of an

i mmunogl obulin, said first Fc region con%’ri sing a first CH3 region, and a
second pol ypeptide conprising a 5 second Fc region of an inmunogl obulin,
said second Fc region conprising a second CH3 region, wherein the sequences
of said é'tﬁﬁecﬁ@darﬁ%%ﬂfép@ﬁc haeti@dnastep HdWesem 2tk 3tp &Habrhdiat the
heterodi neric interaction between said first and second CH3 regions is

st r onger 21HPRAY SN G MEKPeHBHGHFmeri ¢ interactions of said first and second
CH3 regi ons, wdhelauwueéseomaﬁtwodués; rasduutbblréoaihma{tldf rpaoéueg @ghﬂlSlsaétld@Hl no

aci d ot her thab h%/dz g at Elttl on t409 an sal secot rTl{mdl meric
protein RS 8503 <§°ra@| g %t'?etrlﬁ?f’ 8P £ pBsPt FB?F‘éeel EOPEF Y Fom

group coesnsitlentp ab0 BedNtB6IBg BV Qg/BODf atldibodndh 4OH5LDanmd/ 80 ug//mtmfn t he

di ssoc atTieddd Addry! oF Mof EEF Hily ZMEK AN B S4Bty b7 o
regi ons WFR) bed inseba®d@Yecemaht ¥ 25°€r onol ar, such as between 0.05 and 10
m cronol ar, nﬂﬁ@ré&ru%ln%rébtéhy|§)§1teY@%nQ'e%v@@‘ﬁ'oﬁw tﬁéjmtﬂﬁesb@'\%mt nﬂé and

20 5 m cronol ar, even nore preferably between O. m cronol ar, such
as bet weliAPESifiss agHerdiesti & oronate, opisietier refothel d&h‘H'd@ 50'?55(5 Bed vieeAv@do1 and

0.1 Mheningsrayee 8stHieruciPgthdent X aRPlseredding asshys. cmbe e&a‘ﬁ@w neMeA gai d
first CHSr(a/%lon ha an amgo aci d other_than Lys or Net at position

409 and €& yoﬁﬁr KN SPYfFTharchanesl Hs Géi 'XB{rﬁ%PSWH%? heP'8t°%50si ti on

405 and/ well desaltmgtm@tese(qteemea)t@éhnswggl 489807 pnaliteraaovaly, Cother egitabie ar e
such t hat ISSOCI aé1 on constants of Tgﬁd neric,interactions of each of

the cH3 V& °c9ﬁ 0 IFTROVS G SRR AR Mo HPL BROPEMS®duch as bet ween
0.05 and 10 nite bispeafic anobaiqer afeethebl ghabettevired HodnacallySor Suctioradlybet ween

0. 051?”0'%6 |<§En%‘i=;9rﬂ%éafeade¥%l?1 idHEE Pére‘ce%@glﬁym @%t g@o%sg cﬁ’f?roaa@ﬂb&du ¢4 gnol ar,

such as twee m Ccr ono tween 0. 01
and 0.1 ¥sessedstonypsdifaatigedohibliien @fnSLE}aélﬁpCQél'lzTﬁ.S orgBinding to suitable cell-

lines. Identified lead candidates will then be produced at larger scale and

characterized in more detail.

20 Production by co-expression

The heterodimeric proteins of the invention may also be obtained by co-expression of
constructs encoding the first and second polypeptides in a single cell.
Thus, in a further aspect, the invention relates to a method for producing a
heterodimeric protein, said method comprising the following steps:
25
a) providing a first nucleic-acid construct encoding a first polypeptide comprising a
first Fc region of an immunoglobulin, said first Fc region comprising a first CH3

region,

30 b) providing a second nucleic-acid construct encoding a second polypeptide
comprising a second Fc region of an immunoglobulin, said second Fc region

comprising a first CH3 region,

wherein the sequences of said first and second CH3 regions are different and are

35 such that the heterodimeric interaction between said first and second CH3 regions is



In a further enbodi nent of the heterodineric protein said first CH3
regi on has an amno acid other than Lys, Leu or Met at position 409 and
sai d secow0 2€H3131Agi on has an am no aci d ot her than PhePat/greliliseasas 5405,
such as other than Phe, Arg or Gy, at pgsition 405 or said first CH3
regi on has an am no acid other than Lys§7Leu or Met at position 409 and
said second CH3 region has an am no acid other than Tyr, Asp, du, Phe,
Lys, Gn, Arg, Ser or Thr at position 407. 10 In further

embodi Megkengel tRah&la@h Qst tRRT hEmBdiRTeBit NnREEQIAE NG ddid I hRY @BEIHRINCAGNDY i ses
any of the further features described above for the nethods of production.

Thus, in™Qi9r 8Mbr enbodi ment of the heterodimeric protein of the
invention, said first polypeptide is a full-length heavy chain of an

anti body, preferably a_h n_l15ant.i body. [ n anot her enbodi nent of
the. et or o nprET,iaid A TR BEtEdies npmbeRUR a5 GRRDLY dE0! < a
ful |l -9 engt h heawvgt ahaositioh 499 and sdidbecont ebmpdinhgricaptotarnaardan badcho- 1 n a
further enbodi . et er odi [ ' f e J tion, id 20
first and sec%ér@%tbjg%tﬁég'ﬁi%eés%é)?'gbgg{ehe%lteg{ %ﬁeﬁ%‘?ﬁrﬁéba&g&\éﬁg}gngﬂo?éﬁa’lm

anti bodi es, p3ed e7AbBYIbtdhamdiA®n anti bodi es that bind different epitopes,
and thus the resulting heterodineric protein is a bispecific antibody. This
bi specific anti body can be a heavy-chain anti body, or an anti body which in
addi tion to t®/Reavy chains conprises two full-length |ight chains, which

may fae identical or different. 25In a further enbodi nent of the
heterodinericyﬁrotein of the i ventgon?P%he Fc region of the first

pol ypept i de i ¥NBEMING EHHGRESL|sal Wat AEERE JPOIRPI¥EREsHFR N the| gat,
| g&2, 119G andissq@gztionhaxasfahts off hdrhiedispeciidte edtiond aft éauhsof taaCH3heglohsr egi on

of the second_polypeptide.is_of .an isotype selected from:t gr.oup

consi sting ofar{%ga%gwg ngézc,)i Iad-@s o dF &ﬁﬁ?réx%é t a?oPettWSnsggocsl faingdlo

mut at i ons) . 3@iaromofanr theer peafbadiyntertiveed Ot hleahdGesach asbetovgendl.eb mndf t he
i nv ion, the k¢ regi j i i tides
are D the | galCionTang a0 mdi Bl bikEkn 3061 3 1 REAAGRE LR

het er odi mer i cbgfngeeitn0and Hemjaneapler oretwene 0¥l pine OFt of bgliwags GP1 sardd

pol ypeptides p§ Whed BRal s LRI BEE iPBLEhHE 2t her of the I g&4 isotype.

c) co-expressing said first and second nucleic-acid constructs in a host cell, and
20

d) obtaining said heterodimeric protein from the cell culture.

Suitable expression vectors, including promoters, enhancers, etc., and
suitable host cells for the production of antibodies are well-known in the art.
25 Examples of host cells include yeast, bacterial and mammalian cells, such as CHO or
HEK cells.
In one embodiment of this method, said first CH3 region has an amino acid
other than Lys, Leu or Met at position 409 and said second CH3 region has an amino
acid other than Phe at position 405.
30 and/or

the sequences of said first and second CH3 regions are such that the
dissociation constants of homodimeric interactions of each of the CH3 regions are
between 0.01 and 10 micromolar, such as between 0.05 and 10 micromolar, more

35 preferably between 0.01 and 5, such as between 0.05 and 5 micromolar, even more



44 In a further enbodi nent of the heterodineric protein of the

i nvention, the increased strength of the heterodineric interaction as
conpar ed wo 2euact31ab t he honodi neric interactions i s duePCo/BBRBI1/056388

nodi fications other than the introduction of coval ent bonds, cysteine

resi dues or charged residues. 5In a furt¥er enbodi ment of the heterodineric
protein of the invention, the heterodineric interaction between said first
and second pol ypeptides in the heterodineric protein is such that no

Fab- ar m exeediang & ebRerP6 QU ariil 1 fhi éromﬂlaﬁskhéh”é%%et%@n @oislhid @ﬂﬁlcﬂﬁﬁ&é# bed in
Exanpl e 13 In a further_ enbodi nent of the heterodimeric protein of the

i nvent i oPEWeRR 0-9% #nst Or DA nRSvESD 81 214 Onl BHteReBFFa¥Ed CPSf Aestibgdnsecond
pol ypept Egdesplerzit he resulting heterodineric protein is such that no Fab-arm
exchange occurs in vivo in mce under the conditions described in Exanple
14. In a further enbodi nent of the heterodineric protein of the

i nvert i om arsather émbatimEnBofr i mettodnpri ses a Phe at position 405 and an

am no acid ot it 0 [ econd
CH3 region co%gé |ﬁgggéha§r_lye ;ﬁnn%%aéﬁgm(ﬂ{%er twerggitlé¥rteﬁsq%t%%tff%gﬂgﬁd a Lys
at position 46% and said sepencaCligiredgien héﬁbomnm'emacidfothdrrethlaet%ﬁcﬁi|mentlpo

priotei i of  Nfod nERLL OfhersRblphé sl Ay eghaRoFagpr | ses. a Phe at posi ti on

405 and an anino acid other than Leu or Met at position 409 and said
second CH3 re®ion conprises a Leu at position 20405 and a Lys at position
409.10 | §hid fifdtrdHEFegRIDRSY éﬁ‘aﬁmﬂf aéla‘%tﬂ’t@ttﬁéﬁﬂvmreb%rmélteﬁlﬂ@)sﬁ’lfont he
invention, said first CH§

Qn co i ses Phe at positjon_405 and an Arg
at position 409 aﬂﬁse'élﬁfcg%‘fgl#a 8Ny adha'??BWp"i“i'%8g“ h@h T4 AsBsl4Y:on 405

and a Lys at nﬁsuysamn4@&bSdﬁoaTﬁuatbﬁgu&ﬂb@U|nent of the heterodlnerlc
protein of the invention, said 25 first CH3 region conprises an am no acid
other than Lys, Leu or Met at position 409 and said second CH3 region
conprises a Lis satnepesibbdiorend{)9said dfirsa)andnsddoed apolpeestideorargSilldength Leu at

posi 5|0n %/g anstaft T%rtlbﬁéllepgl’?a‘ tt! qudﬁ’fépelﬁ{leg) %sfeH eﬁtsaiaofﬁ%ig 9&1Sé]'CQ)§d In a

further e nent o) et ero imeric pro nven ion, said 30
first O—Buq4@g1a@|d WUt eancage Aulglmtfpbgaw @lmalzm@f anel asibadiee ¢bpidbigEz

regi on C@iﬁEFén%%%lt@pés\jsaﬁ@ tlﬁ’lﬁ)sstﬁe' %epogﬂn@ln@prcﬁ%mqg d Bl@p&ﬁfl@%ﬁo‘d?nTﬁéo and a
Leu at position 40 b) a Thr at position 370 and a Leu at position 405.

In a furP'ﬁ%@c'fmﬁﬁﬁ%nﬁa%ﬂ?et%é‘eﬁé‘( <heai ﬁ@fhoé'ypr%tsé‘i% hgst £¢le Mayy 8HESn, said
first CHexpreg ok 60MPBFd A@Geia-all codbtrlOSidncodinga0ighd-ch¥in. & orfPohé light-370, a

Phﬁﬁﬁf 3 q$|t|%p %95 ang an Aggwﬁun0ﬁ|R}o ﬁQQ ﬁqg %a% sec qu + regi on
co Seaéc9gsuc S cO-expresse e heavy chain constructs, then a functiona
bispecific antibody is only formed if the light chain sequence is such that it can form
a functional antigen-binding domain with each of the heavy chains. If two or more
different light-chain constructs are co-expressed with the heavy chain, multiple
products will be formed.
25 In further embodiments, the co-expression method according to the invention
comprises any of the further features described under the in vitro method above.
In a further aspect, the invention relates to an expression vector comprising
the first and second nucleic-acid constructs specified herein above. In an even
further aspect, the invention relates to a host cell comprising the first and second

30 nucleic-acid constructs specified herein above.

Heterodimeric proteins

In a further aspect, the invention relates to a heterodimeric protein obtained or

obtainable by the method of the invention.



45 at position 409 and: a) an Ile at position 350 and a Leu at position
405, or b) a Thr at position 370 and a Leu at position 405. In a
further ewbadivemnt46of the heterodineric protein of the iPov@ErRélons63sai d
first CH3 region conprises a Thr at position 350, a Lys at position 370, a
Phe at 5 position 405 and an Arg at pos?lgti on 409 and said second CH3
region conprises an Ile at position 350, a Thr at position 370, a Leu at
position 405 and a Lys at position 4009. In a further enbodi nent

of the heter oflifRrifor® AL Bhdth8d of R hPMRIMN Rblddtht Refmat@hhef i rst nor said
second pol ypeptide conprises a Cys-Pro-Ser-Cys sequence in the 10hi nge

regi on. asymmetricgl molegylesdpolepyst vira ifeent H@rﬂ%?'iﬁtt?éloﬁe‘ﬁcé ohithR B3t of the
i nvent i oarmert dn s@&ihdoffthe $IH3adun&ias Br ﬁmn%spﬂﬂy@@mdtdﬁo&@dﬁﬁlbh§e a

P t he hj
ehbodi e HOREHE TR et P BIeg e 1S intoreh arminer asi SuettoslS oo
and/ dr sfr dosjegatich. (Suich pephintbéricd mpriesies @nrhet gdriecated émpry Bigtdbie accept or

site forcd?ﬁ n<la oﬂléﬁnoglsm&{tyétg& erB%fong%é&%%ﬁugﬂﬁien?igpééx%ﬁl e@i ned above,

in an |npor e I nven C 20protein is
a bispecific &Iﬁperqy‘@d@mtwdwmcgmbg us@d to aretatdet artargieb nsll ohiaterdstt f er in

bi ndi ng §1Qﬁ9|n¥;' Bt bt linited t8] BELALS Er 9%a@@hﬁ§’8f3§ target ceII cduit Qi'u@&:l ple, any

conbi nation of specificities is possib As Trentioned above, bispecific
ant i bodi ©§ iPaginp st Elrs %@9'%@“0@@@@%“89@#‘% some of the linitations of

monogpeci f i c ﬁrﬂéd Q@m@b@lﬁ'\en@&ﬁt@&%tf@d%f'théﬂﬁv@htl@lﬂ tAE fidstMRIROSAEST fheC anti body
is alac speC|f|C|tyfor qeﬁ Blredtarge cells due to expression
19" SHS

of the t F@Pecff'carﬁﬂe&é'ﬁ biisdeifeiumes sast%F)d&?Qfsce\AﬁPE:ﬁc%Broé‘ﬁf‘l%ody bi ndi ng
i s desi resnhorfell saxfacgtarbokydratieglictasd dbrgeof m\e&uevoptelssmac@rprbwmrnsc@ﬂ | s may

| b ul i des
e of 1 BRI SR ey e R s B af e feE R oy UE RIS S 1§ g
A bi specbdt motaintitddddy a fradiblagelacoliptet e rinkge Cvid imadhelat@y 40 psteplid@0pr ot ei n
Wi fy | SnSHEh USH KB XPLTES AT oLBAS KAk ERBRFOU d potentially

i nprove s cific bin n one enbodi nent of
the i nveﬁleﬂwﬁnetraﬁfdmﬁw@@a@ﬁld agigoentl- [é'EHMbbe@naﬁCéanébﬁle@/IOnCme sane cell,

e.g. a tHé@”zo@G' by %d@ﬂféﬂ G‘Argﬁﬁér SRR U h%tbﬁ‘-@éﬂé‘ﬂ@d cgﬁbtldaﬁre not
limted to, the follow ng: bBl (EGFR), rbBZ er bB3, erbB4,
particles such as liposomes, nanopartlcles of polymerlc mlceIIes carrying

radionuclides such as for example technetium-99 (Jestin et al. Q J Nuc! Med Mol
20 Imaging 2007; 51:51-60).
In another embodiment, a hapten-coupled alternative cytostatic molecule
such as a toxin is used.
In a further embodiment of the method of the invention, the first Fab-arm of
the bispecific molecule is glycosylated at position N297 (EU numbering) and the
25 second Fab-arm of the bispecific molecules is aglycosylated (nonglycosylated for
instance by mutating N297 to Q or A or E mutation (Bolt S et al., Eur J Immunol
1993, 23:403-411)). Asymmetrical glycosylation in the Fc-region impacts the
interaction to Fcy-receptors and has impact on antibody-dependent cell cytotoxicity
effect of the antibody (Ha et al., Glycobiology 2011, April 5) as well as interaction
30  with other effector function molecules such as Cl1q.
In another embodiment of the method of the invention, the first Fab-arm of
the bispecific molecule interacts with FcRn, the neonatal Fc receptor (Roopenian DC,
et al. Nat. Rev. Immunol. 2007, 7:715-725) and the second Fab-arm is impaired in

binding to FcRn by mutation of the FcRn interaction site on the molecules for



35MJUG 1, CD19, CD20, CD4, CD38, CD138, CXCR5, c-Met, HERV-envel op protein,
46 periostin, Bigh3, SPARC, BCR, CDr9, CD37, EGFrvill, L1-CAM AXL, Tissue
Fact or ( TW9,200034746EpCAM and MRP3. Possi bl e conbi nat i on®COfEPRUDS638%| |
targets include, but are not limted to: erbBl + erbB2, erbB2 + erbB3,
erbBl + erbB3, CD19 + CD20, CD38 + CD34,*0cD4 + CXCR5, CD38 + RANKL, CD38 +
CXCR4, CD20 + 5 CXCR4, CD20 + CCR7, CD20 + CXCR5, CD20 + RANKL, erbB2 +
AXL, erbBl + cMet, erbB2 + c- Met, erbB2 + EpCAM c-Met + AXL, c-Met + TF,

CD38 + qag@ncé:gg%a"kn@g:ﬁ&35A mutat|0|11 @Slﬂelﬁgrlﬁmeret%moﬂbr@&tm s®i1d Ffrbh st and

second elgll topes may be | ocat ed on the sanme target antigen, wherein the
| ocati on fettqlrelnf\;\ﬁ”@b‘io{ #984)-on the target 10 antigen is such that binding

01;1 an ﬁnt' bod &rﬁbtﬁé\eerﬁﬁ(%dlmléﬁt dtom%rrbmgtmou F aﬁé mlve?wd hhefist h;eslyar.lam:]I ¢fdi ng fj 0

t he ot he ito .. In rt r (0] nent re st an secon
horoat mebeds e matade R T S PR Bt S AP Fdh ent “oni & oue

| ocat®ed Daistitefsagtealt Bipgeimiany i2@erR36bt23710a\l084) dnd teemntoadldsotdin &cti on for
killing g I e C venl di ment ,
Che t o TSP ERBRr R dral.d N ASTR52 P4 (10000, GEATR ol BiBLBIBP L Mo0e
the pertantihvdiesapad theasscand fralb-asmtdf géspebifin diaiecuddstiegmpairecaindhher

enbodi ”ei%ehaéthﬁ Wik %%teﬁ%r!& bﬂGnAé% r@é@ﬁ#e&n'é%ﬁr&f r@ﬁﬂuél&%o@n&ogﬁ' fic antibody

conbi nes the zal utumumab and ni not uzureb anti g sites. Bispecific
ant i bodi eemedimesd® iBrraireddrefsinm ar &t irding @ﬁp@ff@r@@pa@gq B¢e beteperlimeE hani sns

to dicseaﬁ,%aaﬁys@&wead)ytmmu@ﬁon 6t me &%@ﬂﬁé moiBiffe with RRotflett ARRIG. embodi ment ,
said first or_said secoa%e |toFe Iocattg_teéon a tunor cel] such as a

tumor cell prBt@Rhgrephedimegkt Pﬁ}dm‘i’nt)?o‘?' Foafrgepioss 8 Rk &pi tope is
| ocat ed Mpraveddf éedredsed@inl onel ¢ thaéwe FbB-dirmme f thd bigp&fificebreuleel | is a T

1. 25P t f II | ude the F RI
(Coon) - expr e B bidhe Rl B A i B i e o oo h B propn | o
FcgammaRbfl the (t@DFap: armsplfebesbﬁtpemfmatoiﬂcale Ki I | er and macrophages; CD3:
exprssed on i LFHhal LnBodehl e ofRER R SSa R YN Lagly o Phonuc! ear

neutrophil s), eosi no noro es nacrop ages a: expressed on
macr ophagmsplem@ut a@p’@tlpe on3me oescbgtmgb'meltwo %@cﬂﬂ%@fﬁh@@%@mﬂm basophils and

mast cells. | angn&MAGLITRRAt, (dAeh 8PIHORD-bitnd AC3ERDNnQRe Hl3BegHPr essed on T
cells. | n anot her embodi ment, the first antibody has bi nding

speci f i cMOECHSs depyrhiGe@m é'ffﬁfed‘tt%@@ah?'%?ﬁ and the second antibody has

télngl n%DZEeCI fri idiied @hbedimehf, eGP bf aRl FabP&@hLpRseRUB RhasispbBfic CD4, CDB,

9, .35CD32, , .FccRl or : 7
Fur tHor noplscl SR 55T s s et 8 kot A8, Wb ardtRer apeut o
agent noge specifically to the cells on \/\hi ch the agent should act. Thus,

in one enbodlpe one t he, hommdi ne teins ..s.an anglbo whi ch

recognl Zes a SI’TB.rcher ecu "1e1e8tr an er&e egor 0 asgmmet{lc 'Tmrur?]oahe(g%éjltent bond

wi t h sucmokecuiek écgererated by replacement of the Fab of one of the Fab-arms of the
bispecific molecule by an immuno active, stimulating or inhibiting cytokine. Non-

25 limiting examples of such cytokines are IL-2, IFN-a, IFN-B, IFN-y, TNF-a, G-CSF, GM-
CSF, IL-10, IL-4, IL-6, IL-13. Alternatively, a (growth) factor or hormone stimulating
or inhibition agent is included in the molecules.

In another embodiment, a Fab of one of the Fab-arms is replaced by a lytic
peptide, i. e. peptides that are able to lyse tumor cells, bacteria, fungi etc, including

30 but not limited to antimicrobial peptides like magainin, mellitin, cecropin, KLAKKLAK
and variants thereof (Schweizer et al. Eur. J. Pharmacology 2009; 625: 190-194,
Javadpour, J Med. Chem., 1996, 39: 3107-3113, Marks et al, Cancer Res 2005;
65:2373-2377, Rege et al, Cancer Res. 2007; 67:6368-6375) or cationic lytic
peptides (CLYP technology, US2009/0269341).



5 e.g. according to the principle described in Rader et al, (2003) PNAS
100: 5396. In a further enbodi nent of the nmethod of the invention, the first
ant i body weotin3disng specificity for (i.e. binds to an epiriErReE 1069388 t unor
cell or tunor cell surface protein, such as erbBl, erbB2, erbB3, erbB4,
EGFR3vI |1, CEA, MUG-1, CD19, CD20, CD4, ®D38, EPCAM c-Met, AXL, L1-CAM

Ti ssue Factor, CD74 or CXCR5 and the second 10 antibody has a bi ndi ng
specificity for a chenotherapeutic agent, such as a toxin (including a

radi ol abel | edipgRith&ledmbidifeHe e R H%ErOQfﬂ'ﬁ- Fabs on the PaBR&AS fid fepRby bodi es
may al so be used to target a vesicle, . an electron dense vesicles, or

ni ni cel | PEBIERINE Y cxtqkaaasrﬁndmnﬂjomh Bﬁc&fﬁuﬂe?t&“%sqcﬁ%dr decgydegerjors,

MacDi ar rrbﬂiNmt:h &hbre‘i@Q@%)ﬂePé’ébbbrt%r@tmbelﬂ\fF 2 &h® 4B GFMraY, Qenlgle&ngtweapbfeonosonal
cells | tp(at are IL% PdUﬁtS of aﬁj nt cell divisi OPP whi ch do, not contain
chr ormsoWﬁ BRI S¥RT8'eS] HORRBY e ‘%%Fﬁ‘éoﬁ(trec‘?rR’fBFseP O TSt or said
secorid eghavwadesupsriboaaivitg ovar ehet dimye deedyl recsptols @sng, 4 BiobrCheel.|20prpt ei n or
t unor ce£é6 (iggrpé)qmi te, and the other epitope is |ocated on an el ectron
dense vesicle or mni‘cell. Furthernore, serumhalf-life of an anti body may
be altered byln ardtoeli ergbdodimant, ZBothies gatsighncofaasyimiyoelyicambiundihegagdici fi city
for a SChMBcBIl|iChiherkidh tyTLBASE imHEh @cﬂ% f-shiink Bl AhiiiAL Onged by
including 1n a biSpecific ant oy, ecl C|ty or “serum

al bumi n. cfpkiges Fonthé N-GeHeys @n@ﬁ@"”ﬁ'ﬁh% obpng, P& HodhefaRaEMS RIRSEDY on, t he
firstg antithedyspdaisic Phdreiung. 39@%59 Ebshﬁ(vef rm@acft WABItuRRK |ac@\}’|tyt (Wfﬁé cel |
protein, such as erbB EGF erb %E erbB3, erbB4 CD19,
CD20, CoisPesfisgMolesyle chyamaplerqtpuch molggyles, IJiI?WVE'hO%ﬁ 'BB'éedpﬁoo‘ih&'ﬁt periostin,
Bi gh3, SRPARE, arBQIR 2 GR(9nieCBB4l,, X6 Wtl b., OhcbidgiVHoiAXID, 38B2gigsiz0 Fasr®y, (TF),

Cora, Col, S i AL BP0, 00 Bl DR 30551 1 )

can al so20e; Beal 1 t4:t 263387, ﬁNEwb@ttyrdaﬂvalysNeterMnal oi @Saemnemuhloas t he

t b Th
oS ur P Tess SOLER: R RpMEt GREIR-COR B PO A R EBIRE P body
has bi ndpesifivahemnact the/bispecific dntibody spdeduie effecierfemnctienudiitearativelyl @i d- bet a
(e.g. f Ofg rB\K/ﬁﬁth&BF opﬁoﬂcﬁ@eétmla%gdblsﬁﬁ%@on é‘(_!]%rnt s |(1@Iu9ed Tnotrhet reat ment of

breast cancer ‘netastases 1 n brailn), (e for treatnment of primry
brai n cafekcyles Raghe N-tesminusiasrC f@rgh'ﬁll*ﬁent of br aininjury), TRAIL (e.g. for

t reat rrent of i Mothé&d @h@ocﬁhﬁ@H@'hﬁ-té}nﬁ@él%r@: t(—:frﬁh"nél E@@Jm@m lyeit pepfié,nson), Htt

%&% trrent of Hunti ngt on% ﬁl”(l on g for treatnent of mad
cow )3s Tgr GerpPIRAnE Misrepiel RﬁtdéF e&?ﬁ?at% elitipvdcectan®, 'body has a
bi ndi ng lslptamLfAchdrtdyva‘rtalht@triakmqwfv@éiferlmran | BT prmfaahacolagx,ctom gxsansferrin

receptor. (JfR),.insulin rec or f I r tor. (MIfR),

| et ot or FIT L PR LY R oot A7 S, A RO EPA D B ek

LDL- r ecepd@r;-65: 28 &3-éd7 prRegei at al. Cacan@e 2(0|QRP5756$@8|-_$H?25)) or ceit@y¢ tyticf or

ad anced tor =

epar i nPaMETELE e BEY RICAM] S2co T In ofit BE B drdnt B2b BeiioF P e
gpl19% (AbPwInCe éhe adtiviialitobmsllesyie- of Di sease 37 (2010) 13- 25). A binding

specificity fﬂ{al?otpérotgﬁb&flﬁﬂ'eﬂt ,RRALIH R cafigBhebaG M né@k s dmRRINGBRIaputic 10
target another, non-antibody, nolecule, to a specific tissue, such as the

central W@WB'{% '%V@P%Yﬁ"%‘ﬂt W'&Pﬁ'eﬁa@ﬁ%g'e% MR 'BE?da‘Br"‘!itho'Ef'aF?ti MO Thus, in
a furt heteehpdiorendice. aRSUBH nidkeulosmdbMiBei FabRirtseirBSenit $n ehd bikpedifRngt h

ant i body havi bi ndi n cificity for a hlood brain ier protein
(ouch. asmfeuls dispeit sBdisst e toigrt eloitsie Shchotito e sesnd bkl "D (=
HB- B&F) mblegpllagfb)esamdcadnyeamabeﬁ hai% duvorbiddinmg ) ion -funotieiah Fals saa:h &€ region

| I nked aéecRFBSg l}lér MLt eWelqéé ht\RIOa&é)/tSEEV)p ?(%Fr{a@l\/e uﬁﬁ%ngﬁeﬁc%xtff?%ﬂ)pe a
sol ubl e Teceptor or o ein s vasoactive rntestin

pept i de) proBin-sydbr s trinosledesx:eldedlécurﬁﬁctaypﬁiloarfdam«?e)qrs EGHEl.( Blobd @BLl@st growt h
factor), | $4 rmal growth factor), PNA (peptide nucleic
acid), NG{?J(iI\?erv%()d:ﬁFrﬁay E%S’é%rege%eNeurot rophin (NT)-3, NT-4/5, glial
derived neur o/c\htefphtl\telv,zrwta@qtms of iany &f W%@Qﬂ*’@tm@ﬁmn@dfaétmmet” urturin,
neuregul idfeculeB nedy BYIKE RS atedHNHE R EHDBE of EWhDedtRL or  (TGF) - al pha,

TGF-beta, erythropoietin, hepatocyte growmh factor, platelet derived growh
factor, artemn, persephl n, netrins, cardiotrophin-1, stemcell factor,

m dki ne, pleiot rophi n, bone nor phogeni C proteins, saposins, semaphorins,

| eukocyte inhibitory factor, al pha-L-iduronidase, iduronate-2-sulfatase,
N-acetyl - 25 gal actosam ne-6-sul fatase, aryl sul phatase B, acid

al pha- gl ucosi dase, or sphi ngonyel i nase (Pardridge, Bioparmaceutical drug
targeting to the brain, Journal of Drug Targeting 2010, 1-11; Pardridge,
Re- engi neer| ng B| ophar ITB.CGUtI cals for delivery to brain wth nolecul ar

—— = o o oy A~ e s NN A~ A PNV A PN PNPINR A o



35anti body has binding specificity for a tunor cell or tunor cell protein,
such as erbBl, 49 erbB2, erbB3, erbB4, MJG 1, CD19, CD20, CD4 or CXCR5 and
t he secommloantivisodly has a bi nding specificity for a protrermronobases i n

bl ood clotting, such as tissue factor. Further particularly
interesting binding specificity conbi nat3%ns include: CD3 + HER2, CD3 +
cb20, IL-12 + 1L18, IL-1a + IL-1b, VEGF + EGFR, EpCAM + CD3, 5 G2 + CD3,
Gb3 + CD3, HER2 + CD64, EGFR + CD64, CD30 + CD16, N& + CD28, HER2 + HERS,
CD20 + CD28, HER2 + CD16, Bcl2 + CD3, CD19 + CD3, CEA + CD3, EGFR + CD3,

| gE + CD3, EphA2 + CD3, CD33 + CD3, MCSP + CD3, PSVMA + CD3, TF + CD3, CD19
+ CDL6, CD19 P emeysn feriber #sesstelie twantionseiatesrisna hetaiedimanel PwteiBG,  CD20
+ CD22, Heohpridihgra Estholypleptitke toMBfFing lalfiréarcrddichdef &FDB2dauAdyIcb (BR2Baid CD20 +

B e SR U e R el ¢
conbimat sexnsd ¢t régipn aifeminooupdgabuliec spiticresond Fc regioh momptisinher sewwlbddi nent ,
the bispeghilg ankhhefl &3 A6 ALRg1a fﬁgtea' VBhd OR3TRYiORE S Bkt C! ear

pat hogens, pa@%dgenl C aut oaﬁﬁl'{)oéi eS or har r#]uﬁ corrpounés §§ such as venons
and t oxi ad freoaychhehatithe inetgrpdimeig intergetioinnigetiveer sqidhfiret yne seeewketiBal |y as

descri begdgidhs @¥4r08 ftthgﬁ each of tREHOM odirtade ﬁlﬂ&é?@&s(&%%@ﬁ@flgngé%’éoﬂﬂ and
Ferguson, "J. Henmat ot her. 4:357-362, 1995. Said tirst epitope is |located on

an eryt heB3ye&ons @@dbl ood cel|) protein including, but not limted to, the
eryttiy ocyte conplenment receptor 1 and said second epitope is |located on the
conpound or ZOOr%ani smto be ('?tfﬁ%get ed for clearance. a further

) _ I n
enbodi ment, t WBS'EELERIG fiEstigiom Ao PIYEE hesrafsPB ot 8Hher tRy Bserdflng an
aut oanti gen o¢r Blet @0jpdgidibh GM9SaRde sdi6 setda hombdiakrzapriotge mas hamiods DNA.

Targeting of pathogens,. autoantibodie r, harnful conpounds. by th

bi speci 1 o antabodPaitgef el ProBR0I SiecrH MOREA b CHIRRe odiost ed

cl earance 25 368\3720n399hd0ekanhédapeutic utility in the treatnent of various
di seases and syndrones. Conjugation In further enbodi nents of the
invepdion, thgnd‘/'gpst and/ or second honodinmeric 30 protein is linked to a
conpound sel ected fromthe group consisting of: a toxin (including a

radi oi sotope) a prodrug or a drug. Such conpound may nmake killi ngtotgf t ar get
cel s nore ef WBefein/Ehe ayensas & aikelirst ARd ap4PNdTHES FradeNst ITRFURR TR 0@ Neri ¢

protein is thgissibtioRTIIROGAR sfRIneadihBAC GRERRUBAS bBYachl drahBaH3VRGbnke
coupled to the resulti ng (gleterodl meric protein, after the

i.e Fab-arm

exchange has ¥%k&FVTRCY-01 snd 10 micigmqlagy, @@oﬁﬁohﬁ%ef‘op'%oﬂ?gnég
i MMuNoconj ugaingsommblatheopy eegatablyne@nee00.0INehdide st@xad petwydenchab asdn B,
grangcidin D, -ethi diumbromde, enetine .mto j n t oposi de. tepaoposi de,
Vindd stine, ' SrHECST & S B1otk PR ool ReNa R Lt S dnBREah Rt &R RYdr oxy
ant hraci n di obetwern tlo0@atd dnmjcromvlar apgteiean Oatt amd i bnbBwebndbhY @nd-
Stest ost er oneg 1 HGPGAL}EF QL BscriBERGRERSnpib 4T acai ne, 1 docaine,

an

propr anol ol ,

In one embodiment, said first CH3 region has an amino acid other than Lys, Leu or
25 Met at position 409 and said second CH3 region has an amino acid other than Phe at
position 405
and/or
the sequences of said first and second CH3 regions are such that the
dissociation constants of homodimeric interactions of each of the CH3 regions are
30 between 0.01 and 10 micromolar, such as between 0.05 and 10 micromolar, more
preferably between 0.01 and 5, such as between 0.05 and 5 micromolar, even more
preferably between 0.01 and 1 micromolar, such as between 0.05 and 1 micromolar,
between 0.01 and 0.5 or between 0.01 and 0.1 when assayed as described in

Example 21.



puromycin, antimnmetabolites (such as nethotrexate, 6-nercaptopurine,

6-t hi oguani ne, cytarabine, fludarabin, 5-fluorouracil, decarbazine,
hydr oxyurw@,20asparagi nase, genctitabi ne, cladribine), alpgirarroig/oagent s
(such as nechl oret ham ne, thioepa, chloranbucil, nelphal an, carnustine

(BSNU), |omustine (CCNU), 10 cycl ophosp“l?am’ de, busul fan, dibronmomannitol,
streptozotoci n, dacarbazine (DTIC), procarbazine, mtonycin C cisplatin
and ot her platinumderivatives, such as carboplatin), antibiotics (such as
dactinonycin (formerly actinonycin), bleonycin, daunorubicin (formerly
daunonycin), doxor ubi cin, idarubicin, mthramcin, mtonycin, mtoxantrone,
pl i camycima fueremRAdimentaiEhs hetrrodinesciPAElki n and 15 rel ated nol ecul es
(such as di phidigrfira AMThaioh Radaaininecadid agienhsn LV@FL%Qforadl‘Ed. dtypokitidn

nol ecul es), ri oxi,n (su S ricin A or_.a de 0s Iatdr|C|nAcha|n
Foxtny . —ohol eb8 Padan et Cud FeqtS s P Hrfe 20 AF§ MR YEE A spefion T
toxi g C3 t ox#085, s8hh ga otlecithan pee,tArgarssly,cedi positioat40sus tOXI n, soybean
Bowman- Bi rk pgrot ease inhibitor, Pseudononas exotoxin, alorin, saporin,
nodecci n, gelanin, abrin A chain, nodeccin A 20 chain, alpha-sarcin,

Al eurites forshid fipstdiHe regjondhamampminr atidiother thivy L, degordtatratamaiiopr ot ei ns
(PAPI,  PAPI | 4@@%&’%5%@@ ﬁ@@fﬂ%%&i@n%rﬁnéh%o'm BtHeP thark $C 1 dYp, BRPLI N,
sapaonari a officinalis i n?‘l gelonin, mtogellin, restrictocin,
phenomyci n, aPf: éNenyei ﬁrQroS@irt"?ﬁ Th@h@‘?s'@ﬁﬂ &bl e conj ugated nol ecul es

i nclyde ri bonucl ease (RNase), DNase |, Staphylococcal enterotoxin-A,
pokeweed anti vw_: rotein, dipht qerl n toxin, 25 PseHdom)n s endot oxi n,
Mayt ansi noi dsin e F&}hOHgn%%ﬁ/A@e fieflimeEl] PrOLIR ACETAVIR S BURERTRD ci n
anal ogs (d]au@'rsﬁsamql oStthH’rmrtrBrGéaltitelsg&tsa'lt@d%ﬁov@@&&he?ﬂetthéBﬂ production.

Dol ost ati n- Dol. ostatin-15, |rinot act | me ol ite.5N38,
oyt ol obenzodlBep Aear PRRETEpmdMe RS nBferblmel e antfei R B hRIQD ¢ he

[ nvent i osgid fihes polypeptide &/ @fulseogtidhea89 dhaimoali areantibqulyppedferably 4 hnked t o an
al pha naﬁgb%d including but not limted to Thorium 227, Radi um 223,

Bi smut h ¥hd Actini um 225. In a further enbodi ment of the

i nventi on, t_hIan phetver gmhodimerdceothenhbatedidimerie nsptsireioh the imyenkied, s@da bet a
em t ti ngsd BH g%%lebﬂ@e id chumnlaaq RE&vy ik Iomah%trb@dgowe%%% hiikhi um 90,
Fl uori ne- 18, enium 1 | Tum 68, 35Technetium9 I ndium 111, and

Luteti un@'lt‘PP Y- 51 In anot her enbodi nent, the conpound to be

conj uga}} e}g COWEF&&Eeﬁe%@Hﬂi&lt&ﬁitﬂeQfeté]‘d@inﬁérﬁ: @@tanwga@iuﬁ«feeﬂoﬁobagul e. In
one suc acet of the present inv conjugated nucleic agid is a
oyt bt WoF Brereh e oER dh Pieohat THleRdtE S s, Mied eongs

nol ecul epu(eeergbly tmtrshahdénrmmltleodibe)halrbuedwIfﬂémmcmtbmd aindrtyiusthd esaltibgci d
(e.q. nost i nul at Ly ont n| n Any
et hod krrml%t\%l;l merl%eorote{n o ggsRegP antlgo%ajl'h tg%%%Ncﬁlc antebo<:|](YI 2:a g fhe

nmet hods beswerihaed anyibbiint er @t EmtlbodNathle i Addgns (d962) heﬁ)a/vmija'mts al .

51 ochort lnakd A0t/ oy B8, By b G adBER. 40, 219 (198)
prodiced 10 bya dwdhercanbdimeny gbtaﬁ hﬂjewﬁénmqw@rpt%péme tnyeptien, Nbe &€m nal

side or fagidH &f ﬁ?@'fl@i g&yQépttdléast%ha‘s&y §‘l?,glec@d(}mm"}rﬂé'gli9 ccﬁﬂiﬂs‘tlﬂ &l ng
Handbook, edited Kanem t su, rﬁe@pls ed hokan (1994)).

Such conld®fate@? 'am3m19% jexgert/ast esified rB'é a&@ﬂ@raﬁdeﬁ‘edi? r@SWj”ﬁatl on
at i nt erthal sdcend PUBPeOtideS 40 & |s\6h©l’eesemﬂdfd)ﬂbh'ﬁtr% grbop cage&istisg bRYAE

coupl ed gi ther or indirectly.to a 15 protein of the present

i nvent i of?.ézoi%Gg ﬁ;fﬂééxé?xﬁeﬂ RPUCE %ﬂﬂﬁ%i'ﬂﬁta 'P”%'second agent is coupling
by aGpacer nm azlftyrthetn mkbcvtgmbathmtbiedga'temdfrmricdlvﬂogem@mjtlu@&t\/estudnavtee fFecent |y
been su . i

Compos g golh, SHE Wl 3 SRphd BoRpe MRS At SIRCIGELIN P, ol ates 10
a phar maceut i baé fudimrombedimesbafpinieshaterodinmericeprothimef ithe mventiem aaecdr di ng
to the i yent ifmHrdsReoDaciagt & Br aitdodiPRaLBBGRH!hE Altht- GarenbaR! ©
carrier. e pharnaceutical conpositions may be fornmu

accor danée®ft h conventl onal techni ques such as those disclosed in

Rem ngton: The Sci ence and



25 Practice of Pharmacy, 19th Edition, Gennaro, Ed., Mck Publishing Co.,
Easton, PA, 1995. A pharnaceutical conposition of the present invention nmay
e.g. inclwoeodvidumats, fillers, salts, buffers, detergemC3/EPRO118H5638%

noni oni ¢ detergent, such as Tween-20 or Tween-80), stabilizers (e. g.,
sugars or protein-free amno acids), pr &ervatives, tissue fixatives,
solubilizers, and/or other materials suitable for 30inclusion in a

phar maceuti cal conposition. Pharmaceutically acceptable carriers

include any apdaalbthebichfabfn&R! ofeieShetdtitRESE PRotBRAbAheC RAEATGS  the
anti bacterial and anti funggl agents, isotonicity agents, antioxidants and

absor pt i BRredeshytishI8yehttBe REtErodHRenq [teragten se CYRpRied| tyieash 19f the
conpat i bhempditteria ieemRRIdAE iDlHuE e apreeseificativrendthemnthanxmenhesd@dtios wft abl e
aqueous 35a dtrtl)on gueous car{ji ers v'[[ﬂ ch rragd be enpl oyed in the

phar mac et P& 86&%5¥ft€|”8rf§s' B> BF NS DISLENST? i nvention incl ude water,

sal i rie, phospateubhef enmdddiadntne, thet etacldjmeldx praisia, ofptley miventisyctheas

gl ycer ol e, , hyl. eng_ gl I a ically

accept ab?%tgéogw{elg?s'n?éﬂéﬁﬁd& bge? Jé?‘lgf eélalé%uerggsg'iéél %ﬁ?ﬁé@?@@ﬁgr !sr{ otR§ and
steril e petacsipefioprathie isxaushpibatane fak-apmepohangonamocgtreati 0.6 mMj egtHable 5
sol uti ong, Q4 tHE: SHRIiISh R desERORPM ExXaifit §¥, may be maintained, for exanple, by

t he use of coati gfg materials, such as lecithin, by the maintenance of the
requi red particp Uﬁhﬂéeﬂwoﬁﬁ‘éef&dgethﬁf h?fﬁ%?ﬁé?@ﬁ'@)ﬁﬁqte@n@f Bie t”Né”tﬂ@b tHe _

sur fact apdtsrodimeric intElReficreethdenaaidc AEPARH sk Sy ddpRidRs @5 e rdspniggt | on
may al so, conpri se har_ma_ceut|Ii_la‘glt!ﬁéd:'z%]%%:gr tabl e antioxidants for instance (1)

wat er sol¢fBI¥ MRS BAteArt such SEOPBIT OGN Wy e Mige under
hydr ochl e @deditidadidesoribes uh Eadraplesiadi um net abi sul fite, sodiumsulfite and

the like; (2 il-sol ubl ti oxi t h |l mtate,.
put vl at ed_ by bRy RneL bRl a8 i SR ueRiR R AR e ko gy
gal | at e, fimt Ghidt egoph@nuirisearadPiichat podiign 0% afd)annahiglo adik berter iharagent s,

o B g e e ) . T ol
o oLt Ph M oosRidh 480 e ot Bi5 Fsbonehforicg B o BLkP
conposi t ¢ioaE themn Rieeatprosiiont405mnsa onathrspitinstd%onpri se i sotonicity agents,

such as sugarg, apohKa! eRBBlMnent YR NhahdBBAIMG|c pR®iRidiChe N HEBROLaiAT
sodiumchloride in the conpositions. The pharmaceutical conpositions of the

present fiT§y ERSi GAIORESP RATSSS GolteaphPodiProfe> and mhr @miagj IRk At &bt bYTi at e
for the cdipsemet athesifbn AT AHASEidR EEQIMISOEN réfioP OHBFiYE! & 166 .at WdkitioRJ
| sifyin ents, dispersing agents, preservatives or buffers,

agent s, a
whi na%%ﬁ'ﬁ%ﬁ&%sg%%ﬂ%ﬂ‘ f"oéj'i fe or effectiveness of the pharnaceuti cal
conposi tion. IFhe foahpoumdbsdiaient g the dwedrbdinmrznpriotsin reythbenyeneipay esidwi t h
carriers.t WIl|l protect the co und ainst rapi.d rel e such as a
cont rof | M CePdlglon G ien S GBI BORN Bh AR o o AR e
pat ches, seandd GH3rreeloxpswiraeed Ldelat pesitios 485 end 2 LSgch poaitioh d08. may i ncl ude
gelatin, gl YCR ¥lrRROOSHBRNAIGe &Il Hatdrollnilefeabdtén JALSHAMBR! Said
bi oconpati bl e pol ymers such as ethylene vinyl acetate, polyanhydrides,
pol y&l yclist EHgciedioncomriisen anponipeECidoRSeR N lyd Lpb oy Met B @ositpd 4QPone or
With a vaxd s8id 9ddd8l OBt abhidhScoMprisel NOWYsi 4t F&ﬁ*ti&{ oo Mihogs ahofle tdhe )
preparation 30of such fornul ations are generally known to those skilled in
the art.Position 35&3af; g dey HtaRASHIANe* Y| AUt PhAsT et BRSINe AP &idpg Leu at
i ncor por pdditngh 4d® acti ve conpound in the required anmount in an appropriate
solvent with pne ,or . a conbinatio f ingredients e..g. enuner at ed ;above,
as roquired, ForiBREE BOPSHEiCS 4Pe STt ogm Ty Dol g the davention, Said
30 first CH3 region comprises an Arg at position 409 and said second CH3 region
comprises a Lys at position 409 and: a) an Ile at position 350 and a Leu at position
405, or b) a Thr at position 370 and a Leu at position 405.
In a further embodiment of the heterodimeric protein of the invention, said
first CH3 region comprises a Thr at position 350, a Lys at position 370, a Phe at

35  position 405 and an Arg at position 409 and said second CH3 region comprises a Lys



The actual dosage levels of the active ingredients in the pharnaceuti cal
conpositions nmay be varied so as to obtain an anobunt of the active

i ngredi erwOowhilcts1i4s ef fective to achi eve the desired thecafpratilos638sponse
for a particular patient, conposition, and node of adm nistration, wthout
being toxic to the patient. The 5 seleéked dosage level w il depend upon a
vari ety of pharmacokinetic factors including the activity of the particular
conposi tions of the present invention enployed, the route of

adm ni st g@bdstibn &(b‘gaaﬁél By 8 Iléddﬂﬂ%'sﬁbhait}ooéhd 5 heurRl8siebn 2! 8F b9a B the
particul ar conpoun ei ng . the duration of the treatnent, other

dr ugs, c%%%ﬁﬂﬁﬁhgghﬂﬁb?LﬁﬁPEPP%{@’GQ%d in combination with the particul ar
conposi tions &Oeﬁphayuedmbbhmnea@e)f theXhetavot gfdric EeBglh tdf aRe iGRIMEibA) sdigal t h

and priog cal .histor atl tre ted,. an factors
vet 1 Pknolat K1 FRoioi i BRties 7 T AR Bsfibny d50,10 1 E B8 RoRltan il 20 iy
be adhinb@ﬂmmeéb$yn@aylwgetab@eom909@ndﬁd@ﬁmmemjCH3oagoembm®nBemanIm

phar maceut | cal. 0si . S i i ist

Par ent or &) potiort 33B0E ik 28 £Rbl Rl 3P FEL of BEGRLY s LTV F AR e of
admi ni st#@4.i on other than enteral and topical adm nistration, usually by

I njection, anﬂ1 éﬂﬁ*ﬁ@een%dqﬁéﬁ%f’t% Wefeﬁ'}fﬁﬂ%lrlﬁ prbt'eH &F@ﬁ%qm&{tl’on neither
|ntraarter|al I ntrathecal, 1 ntracapsu intraorbital, Intracardi ac,

i nt rader $/id f'ﬁtrﬂcﬁ et FQC@ﬁédQO'VHeﬁE'ﬁ%F@WGf'ﬁ%é CyerPapster &Yﬁe%@ﬂue%q?b'edﬂ“ﬁneous
subcyglCHMQé;e¢@ﬂraart|cular subcapsular subarachnoi d, intraspinal,
intracranial, |ntra horaﬁﬂ% eﬁéﬁ L and intrasternal 20injection ﬁnd

i nfusi on. In a fUheeMaRhBFhehthe haterplIShaE R ate e 8 %! GEF'?l'ol?Pt S

adm ni st efie@dirdtyaidbdia\seous poly pspthiutangiesa iQys b iPod-QyE seqliersdeon. the

In a maip aspect . the invention relates to a heterodineric protein
accord|n5m9%r?%% invention, such as a bispecific antibody according to the
i nvention, foin adertaer am@Bdietint afehe . hefredinetrier prabteie raf dhpriotanitionpfaitthe

i nv i o r I pl ai ned
| U | ORsFRNOP SRSl BRI gL BRSO Bl fcep P AP

t r eat menfor dnviakedalyceprationof cancer, including netastatic cancer and
refractory cancer. Thus, in one aspect the invention relates to a nethod
for inhibiting growth 30 and/ or proliferation of and/or for killing of a
tumor cel#98b@&Pr9e8Fng administration of a heterodimeric protein according

to the |Nér/@ﬁﬁlbm@d%@od@ﬁﬁrdnhﬁfboh@heleﬁbb@mﬂihtloﬂ@héllndéﬂﬂlod nhaeettrbiigtegiefl . I N
anot her enbadi nent hetg di neri.c proteins the i nve &Wgn arg used
&ﬁ’d '3

for 4he PREHD deAt '%ﬂeci mAMaODH GeRAEY ﬂé’aHFB'éa@%@”S t'Pﬁ‘tl PPpdigPseases,
35infectsmmﬁmdyﬁﬁa&ﬁmjdmaﬂﬂnemaemular di seases, CNS and nuscul o- skel et al

di seases. 54 ringiple, an ago B {lon o speC|f| gleesqgovsesmle g%’?en%on%é %g(t)\;’reent and
uses are adjué}% Rprovidert &d respo )
t her apeublsnemfe:s@mt@e)es déorpcegmqillyebe ase;i t@beerb@ha§onwofo@eddn¢an®5mfed

sever al IQIIOH{)%%QIfIg BBolBY. Bfe ggéﬁtﬂé ?lh‘ﬁ{a?g Q)\f%r méh%%egﬁ”lc LRELARSR aekbe

proportlona ced or i ncreased as |n
of speC|f|C|ty for the desired target cells due to expressmn of the target antigen on

other cell types towards which no antibody binding is desired. For example, a target
antigen overexpressed on tumor cells may also be expressed in healthy tissues which
could result in undesired side-effects upon treatment with an antibody directed
against that antigen. A bispecific antibody having a further specificity against a

30 protein which is exclusively expressed on the target cell type could potentially
improve specific binding to tumor cells.

Thus, in one embodiment of the invention, said first and second epitopes are
located on the same cell, e.g. a tumor cell. Suitable targets on tumor cells include,
but are not limited to, the following: erbBl (EGFR), erbB2 (HERZ2), erbB3, erbB4,

35 MUC-1, CD19, CD20, CD4, CD38, CD138, CXCR5, c-Met, HERV-envelop protein,



5exi genci es of the therapeutic situation. The efficient dosages and
t he dosage reginens for the heterodi neric proteins depend on the di sease or
condi ti orwbaohe13tMeat ed and may be determ ned by the persomP2ailiosd3sgl i n t he
art. An exenplary, non-limting range for a therapeutically effective
anount of a bispecific antibody of the p4i5esent invention is about 0.1-100
10 ng/ kg, such as about 0.1-50 ng/kg, for exanple about 0.1-20 ny/kg, such
as about 0.1-10 ng/kg, for instance about 0.5, about such as 0.3, about 1,
about 3, paRnuh, Bighd! SPARM! BERTUIN®, cD37, EGAWVRNYSI-EARN AXL, RsBE | faRfdran

havi ng ordi nar s%q (1"in the art may readily determ ne and prescribe the

ef fecti v@'FérnEB%f’r BPCAM @ng R cRagsid ForBB'Hﬁ%%'?St plomascelle@iggta dncludsy

ﬁxanpl S_, bltherephysiigitaa tor év‘lﬁﬁr—fi ReB2H NeroBR | € 5bB3,t elfﬂﬁﬁleés &bBBheD19 +I |

et er odi c t ei e e r i co [ t levels
| ower thgﬁﬁé’hgﬁg eﬁu‘ﬁ?%gp%:ﬁxﬁ a@&'{% %@%eﬁg{%’ g‘i)sal%’ éﬁ?ﬁ%‘ﬁa%@&? it ef fect
and dr adOdCR4, CORO eq3ER 7, IGD2ADos AVERINTDR20t-hBANES] erbB2ef AL ebBlachMeyed. | n
general , ujta i of \A..CO si .ty gn p t Aqwention
OTTT bb gbeRtL e gk ﬁegég%@rv'pb%n COTE IR X, CRBSPL SO, ddept on
to produceld8.t herapeutic effect. Administration may e.g. be parenteral,

such as i Nt ayeAOURnel BHBIHRAH! By ArsSLRPULARGOUSones may bl BEkes ol mer c

protein of the invention may al so m ni st ered prophylacti cal I n order
t o reductet FaMe t3raesrandigorl WTEFRY dhe dagdionsefciheaive &rteres geltay ®Pretonset

of tite oggiydneBCRICRTthaN bRMRIL of Bn GInGBEGHE tPLREIPREpORoed Mt HiteFFERUGRN25t he
ri sk of recurrence WnerL a?fgi sease, such as cancer. is in r?m#idsi_on.

Het er odi ﬁ‘étftioé’yg?f&’c“é‘-? s thesQfRRT GRITRES p @i HteeRATPBYAISES oo prst 28t

i nvent i osecony ledrsadiberiadsrotdind @fe thnitibodiesithaathian té heroadifferénteepitapegbi ned
W O BB R A, 39t Spralevanty di2r: LR HhSRBIE PchiSN T kith! © PO
Het er odi ther targer otlei e-gcanttamnr rgllmEdr caepte, iis drr enB®dooend) rtheitargani t h one

or R0 7 AHALREC e SAS) SoRORS bkpenHe o, £ B e pElgghO chReut 1 ©
si mul t an&asigzuelp angioenwindied)sées.i Hl anethen émpadimente ibe dierastt antides isr esent

i nventi ogpRkh O\EARS andetdied biPkcitit eahlibilyOrcofiRY&N thBT ~dius@ASRabS ¥Rl as
cancer, which nethod conprises adm nistration to a subject in need thereof

of a 55"IMEFZpRAR priganybiBdingSitee anbunt of a heterodineric protein, such

as a bi speci f bigpadiid Ratyodits tdae BEESENtuskBVENtrh@Natord) t6 OFdRhyat | dFecwirt h

radi ot herag and/ or s&lr%ersry. . Het erodi neric pro ei ns, such q%r

bi spieti f MECRRNI B A% s STeiareiited e AiESYSTv e fitd o MRAY: al W& b uRelH't

di agnost ébpdineasesaid SirdEXANMRIESedoxdngitepd |is bbcateriseh antuvettafl ssdiar ad be

expression of hunan. | -2F8 and | -7D8_The VH and VL codin egigns of

e L e S T e R ST R e P

expr essi efect@etedr pConGLf (contai ning the genomi ¢ sequence of the hunan

| gGLf al | otypg, wa&gg&m{e Q'@geﬁe%?@ Bis®] pgLgs)) for the production of the
nKkappa ?

human 1 gGl heavy chain and p (cont ai ni nﬁ t_he_ human kappa | i ght

chai4p const anbossidf &T9etsorry &ffeftor el cludsrtherfellpwipauEcganmeR] (Ge6Kkappa

l'i ght chaigtesde@ron SGhodtd BREINRSré g g¥E ah 8 HcasteWeicatrbpEifY: trRfarhmariie pTon4
(CD16): expressed on natural killer and macrophages; CD3: expressed on circulating
T cells; CD89: expressed on PMN (polymorphonuclear neutrophils), eosinophils,
monocytes and macrophages; CD32a: expressed on macrophages, neutrophils,

30 eosinophils; FceRI expressed on basophils and mast cells. In one embodiment the

epitope is located on CD3 expressed on T cells.

In another embodiment, the first antibody has binding specificity for a
pathogenic microorganism and the second antibody has binding specificity for an
effector cell protein, such as CD3, CD4, CD8, CD40, CD25, CD28, CD16, CD89,

35 CD32, CD64, FceRI or CD1.



15 vector (containing the genom c sequence of the human 1 g4 constant
region in the pEE12. 4 vector (Lonza Biologics)). Alternatively, in

fol | ow upwoanstfBubs, vectors were used contai ni ng the PairiBP2011/056388
codon-optim zed coding regions of the heavy chain (1gGlL or 1g&4) in the
pEE12. 4 vector or the human kappa |i ght “hain of HuMab 2F8 or HuMab 7D8 in
the pEE6.4 vector (Lonza Biologics). 20 Exanple 2 Expression vectors for

t he expression hinge-del eted-1gGLl-2F8, and human 1gGl and | g&4 CH2- CH3

fragments congathirRrsPESHddrk wtb%ale@rt%nT& Lsdd aﬂ%gemytcﬁ&m@ﬂ%ra&&.he hi nge
and CH3 regions of the antibody heavy chai ns, Quickch ang]e site-directed

mut agenedgeNtMPre spgcicalierie, thEacej'BICI”aWhG)Sl) thfaq9¢nseenoxlck GFtd i TySt & ORE

manuLact @hgbdlmehecomndaé i HAgodirAkti € pActeingeik Yar batulscm/sw:ljnmt fecogriged al | K
ynt esi zed or VH re S, were ¢ ed in a vect re ontalnln t he
it IR Aok SeREHen g & BREI B iTotD oo il el MER LR P S o and
CI—|3 fF agegnbsconging to ahes prindpledesttithezr inkBaded ePGR (@003)yPNAR IDAEB96uUld ¥ codon
optim ze r n r i nd a 6 am no
201 " H ofrengP ENpeERAs ofckiR, Rt or et A, She M BRI tiiodind et an
regi on. snmlf@ttmcvrr@@t dingerte aol enifede ion) pREIRr £¢ll or tumor cell Jusfaggrrgoteinst

hi nge- deéLgfhegs 'egc@i (éf'BBz G%l)bB@me‘? b el?GFI@Bv?M”HEﬁt IMUENA GABSIATRL ey e was
made enco or mat human i soty CJ;Ipes w th 35EGFR’

speci fi cFPy8: ??F"c"ﬂn %""@Bnél(kru'elt Cf\H'e Ttﬁét‘@anaFtoﬁl ﬁ@é“ PEGPER(aRd # Fereadby t he

hi nggy 5§1t|t@élgﬂ)asV\@90|ﬁ'&h§t§%@cméw ext bachefioth&rapySidTH§&tl @0cRtasP®%bkihon 158

was made, | ruct to salvage the Cys bond bet ween the HC and
LC chai nenaﬁﬁé'f'%@sfggé%ﬁ%} pefﬁ?jﬂéjeﬁb'r%gﬁignorsaea'i?é’ﬁ‘é% is shown bel ow. The

construct wasBisp&sfid eatibatidshanapEHEc bevietoio wn@btnaneducpl,-l@lg 288 eldgtron

R ST R SISO e o
SSASTKGPBvamammsmemwmﬁa&Pwmmhmmmwm| cells
VS DALV OV U A TR LRV VPV M NCRERE o O/
KVSNKAL PRRISEKT B SKARGEPRESIQMETTL PPSRIFEMIK KV SIr Baid/4aGP P SDIt A aH MG OPEN
NYKTTPPV} SRGSEEL 5akh DY KSR QEWMIrSterY M EL AL ELINAMYSIIEPheEl 8RPthe other

Exanpl e 3: Expression vectors for the expression of rhesus |g®&-2F8 and 15
| g4~ 7DgePitope s logataddinsar: sieEtapmARTSe YR Idodi Miidlgi ons for the | gG4 heavy

and kappa |i ghirtdraions, $eniimessr- Hé&ﬁuaﬁw aRieRly Pad bk heteMdd BRGhMidin@@i ans  of

2F8 an nt hesi z fully codon-optim zed and inserted in
DD 2 CRGER TRy ot BEEREGTiGhe SERN RyOteih o SR AP<Er S LA ant
region sm‘quaayceaea:a—olmageld byaseddiag i2G bispecifcegubicies adasding lsedcuiwty for

(S;: Img(r:l:{jé erll,nl'n0 I%Elm"la‘r! Thuégwugq &Egr 11%od|menz of t e(:)(%'£11<gth(\)%i rbeelnfv(e)nl'\ |O\M n

| gG4ASTI@QSVﬁPbMC&{SE@E&M@@@QWWF@EQWVSWHS@&uFF\SleeII protein, such as
erbB1l (EGFR), erbB2 (HER2), erbB3, erbB4, MUC-1, CD19, CD20, CD4, CD38,

25 CD138, CXCR5, c-Met, HERV-envelope protein, periostin, Bigh3, SPARC, BCR, CD79,
CD37, EGFrvIll, L1-CAM, AXL, Tissue Factor (TF), CD74, EpCAM or MRP3, CEA and

the second antibody has a binding specificity for a blood protein, such as serum
albumin. A second binding specificity can also be used to target an antibody to a
specific tissue, such as the central nervous system or brain (across the blood brain

30 barrier). Thus, in a further embodiment of the method of the invention, the first
antibody has binding specificity for a brain-specific target, such as amyloid-beta (e.g.

for treatment of Alzheimer’s disease), Her-2 (e.g. for treatment of breast cancer
metastases in brain), EGFr (e.g. for treatment of primary brain cancer), Nogo A (e.g.

for treatment of brain injury), TRAIL (e.g. for treatment of HIV), alpha-synuclein

35 (e.g. for treatment of Parkinson), Htt (e.g. for treatment of Huntington), a prion



Rhesus (Ch) |1 g4 - STKGPSVFPLASCSRSTSESTAAL GCLVKDYFPEPVTVSWNSGALTSGVH 25
Human | g&&4 Rhesus (Ch) 1g&4 Hunman | g&4 30Rhesus (Ch) 1gG4 Hunman | g&4 Rhesus
(Ch) | gCGAWOBPFRALEESCEL YSLSSVVTVPSSSL GTKTYTCNVDHKPSNT KVDIRRVEBEME 056388
TFPAVLQSSAL YSLSSVWWTVPSSSL GTQT YVCNVVHEPSNTKVDKRVEFT- -

PPCPSCPAPEFL GGPSVFLFPPKPKDTLM SRTPEVTCV\?‘@DVSQEDPEV

PPCPACPAPEL L GGPSVFLFPPKPKDTLM SRTPEVTCVVVDVSQEDPEV
QFNWYVDGVEVHNAKTKPREEQFNST YRVVSVL TVL HQDW. NGKEYKCKV

QFI\NWV %@%PBER%N&EXWXEEW BeeiflUARA the second
| gGASNKGLPSSI EKTI SKAK OVYTLPPSQEEMTKNQVSLTCLVKGEY Rhesus (Ch) Ig&4
SNKG.PAP?@I?PFSI@R@(?‘P@W PEFORER pifcayiiefrRrotejR, such as transférrin

receptor (TfR), insulin receptor, melanotransferrin receptor (MTfR), lactoferrin

receptor (LfR), Apolipoprotein E receptor 2 (ApoER2), LDL-receptor- related protein 1

5 and 2 (LRP1 and LRP2), receptor for advanced glycosylation end-products (RAGE),

diphtheria toxin -receptor = heparin-binding epidermal growth factor-like growth

factor (DTR = HB-EGF), gp190 (Abbott et al, Neurobiology of Disease 37 (2010) 13-
25).

A binding specificity for a blood brain barrier protein can also be used to

10 target another, non-antibody, molecule, to a specific tissue, such as the central
nervous system or brain (across the blood brain barrier). Thus, in a further
embodiment, one of the homodimeric proteins is a full-length antibody having a
binding specificity for a blood brain barrier protein (such as TfR, insulin receptor,
MTfR, LfR, ApoER2, LRP1, LRP2, RAGE, DTR (= HB-EGF) or gp190) and the other

15 homodimeric protein is an Fc region linked at the N- or C-terminus to another
protein, such as a cytokine, a soluble receptor or other protein, e.g. VIP (vasoactive
intestinal peptide), BDNF (brain-derived neurotrophic factor), FGF (fibroblast growth
factor), multiple FGFs, EGF (epidermal growth factor), PNA (peptide nucleic acid),
NGF (Nerve growth factor), Neurotrophin (NT)-3, NT-4/5, glial derived neurotrophic

20  factor, ciliary neurotrophic factor, neurturin, neuregulins, interleukins, transforming
growth factor (TGF)-alpha, TGF-beta, erythropoietin, hepatocyte growth factor,
platelet derived growth factor, artemin, persephin, netrins, cardiotrophin-1, stem cell
factor, midkine, pleiotrophin, bone morphogenic proteins, saposins, semaphorins,
leukocyte inhibitory factor, alpha-L-iduronidase, iduronate-2-sulfatase, N-acetyl-

25 galactosamine-6-sulfatase, arylsulphatase B, acid alpha-glucosidase, or
sphingomyelinase (Pardridge, Bioparmaceutical drug targeting to the brain, Journal
of Drug Targeting 2010, 1-11; Pardridge, Re-engineering Biopharmaceuticals for
delivery to brain with molecular Trojan horses. Bioconjugate Chemistry 2008, 19:
1327-1338.

30 Moreover, a second binding specificity can be used to target blood clotting
factors to a particular desired site of action. For example, a bispecific antibody
having a first binding specificity for a tumor cell and a second binding specificity for a
blood clotting factor could direct blood clotting to a tumor, and thus stop tumor
growth. Thus, in a further embodiment of the method of the invention, the first

35 antibody has binding specificity for a tumor cell or tumor cell protein, such as erbB1,



Human | g&APSDI AVEVESNGQPENNYKT TPPVLDSDGSFEL YSRLTVDKSRWEGNVF Rhesus ( Ch)

| g&4 PSDI AVEVESNGQPENT YKTTPPVLDSDGSYLLYSKLTVNKSRWOPGNI F 5 Hunan

| gGASCSVMWBALHNBYHEKSLSLSLGK Rhesus (Ch) | g&4 TCSVMHEAL PRIFYPQKBISHISPCK
The Rhesus light chain constant region (CL) sequence used was:

AVAAPSVFI FPPSEDQVKSGTVSVVCLL NNFYPREASVKWV/DGVL KTGNSQESVTEQDSKDN 10
TYSLSSTLTLSSTDYQSHNVYACEVTHQGLSSPVTKSFNRGEC Exanpl e 4: Anti body production
by transient expression in HEK-293F cells Ant i bodi es were produced,

under seér%mzf ERSBC QPS4 1 9061, b 100 tATRS fcgst NaxErR @hathe ReaHY a&@bddgght
chai n ex eSS| on vectors in HEK-293F cells (Invi trogen), 15usin 93fectin

(1 nvi t r og@nd PIndindoReCifigity Eorianerofsin iveiedrig b %Odlquétf'PchstLlcbﬁ tisgye PRSI - 5:
Purification ﬂfrtHegCiﬂarﬁﬂdaHI\gGF’ce%tlh@MCﬁ!ﬁg specificity| @fadbiagbnsgedluaat cbedi es

: I | t
super hat SrtE et 11 roeefi-B o 1B 150 hntliad ot 1 T Er EPEAF bugtE 20 by
| oadisng 6Ph2a+ 6EDALGPBot €D3, AEB2|uD6d ) BEFJRGH’ D&, RED30GE CGizkd tNG:ZaFreCDlmpsal a,
Swed I h
ol uat o vEE? mlERGT0 L AERIG PR s By 02 RE S BRIG B S Z e
over ni ghEGER +12D% H@ﬁ’l*s@@ﬁuﬁpfp‘kﬂﬁ;ﬂé?z ;D36 G, NHSP, +|¢§1H>37 PEMABH (Br3aldif, Oss,
The Net herdgadsio A EBLe deBly S Bp188MPHES Mebees! GEA Lenbh! tenad aiel, a 0. 20

pM dead-end filter. Concentration urif gGs’ was det ermi ned by

nephel on¥VEy *aH§Ga§§8F)b'aﬁ@82aH'—W T’irﬁDﬁarP iFBdt Nﬁ@feiﬁgavdeﬂe’—3ar%3§?ed by

SDS-RAGE+ ¢LEf5 OB36 -SRESie HERLr ¥ Axd @d)s@qamlc\yaaﬁ g rii3gPut 41 cation
of CHz2- ﬁﬁ’?mnts 30The His- taI%g proteins were I\gurlfl ed by
ty°

i mobi | |%‘?Jt 21" EBRAUNTERY HrRE F@hroﬁﬁ'f%glﬁcé\'ﬂ%y* ENEEREF'ES) R GbH,
Dur en, Centmg)arm stesédniigdatisisng RProtéincolpliet seddporsieal t hcar e) eqw li brated
e R N T L AR T S
nm The oaalhe yseadf ta bleappathbpets, prathaens awtsadBadalsyaebarpyulSRInRAGEs 58
exchangeg%gteg V\gg:l%itr}%nanaggndd )ﬁr%ggtofsnj] fthggtctﬁgﬁogﬁibg}s{ t%&m&%c %Wtﬁlaolg?@sm
essentially as described in Taylor et aI J. Immunol. 158:842-850 (1997) and Taylor
and Ferguson, J. Hematother. 4:357-362, 1995. Said first epitope is located on an
erythrocyte (red blood cell) protein including, but not limited to, the erythrocyte
complement receptor 1 and said second epitope is located on the compound or
20 organism to be targeted for clearance.
In a further embodiment, the second Fab-arm comprises a fusion protein
representing an autoantigen or a conjugation site to attach an autoantigen such as
dsDNA. Targeting of pathogens, autoantibodies or harmful compounds by the
bispecific antibodies of the invention followed by erythrocyte-mediated clearance
25 may thus have therapeutic utility in the treatment of various diseases and

syndromes.

Conjugation
In further embodiments of the invention, the first and/or second homodimeric
30 protein is linked to a compound selected from the group consisting of: a toxin
(including a radioisotope) a prodrug or a drug. Such compound may make killing of
target cells more effective, e.g. in cancer therapy. The resulting heterodimeric
protein is thus an immunoconjugate. The compound may alternatively be coupled to

the resulting heterodimeric protein, i.e. after the Fab-arm exchange has taken place.



As mentioned above, WO 2008119353 (CGenmab) describes an in vitro nethod for
produci ng bi specific antibodi es wherein a bispecific antibody is fornmed by
5 " Fab- arwDd 20r1/130h&kf - nol ecul e* exchange (swappi hg of a Reamp2achaséssand
attached |ight chain) between two nonospecific 1g&- or 1g&-1like
ant i bodi es upon incubati on under reduciﬁ@ conditions. This Fab-arm exchange
reaction is the result of a disulfide-bond isonerization reaction wherein
the inter heavy-chain disulfide bonds in the hinge regions of nonospecific

anti bodi es ar §U|Eaﬁﬁé1%3lqlp3@%st%‘? fBﬁﬁlHl[; irMuddc88jugdds Ofthei gresenk QhvBrRioReW
i nter heanngchal n disulfide bond wifh cysteine residues of anqther antibody

mol ecul € f taxqli FrieFkaiesin Fe @remiddiy D 85RiIdiwR Rremiss, srsdingt mitomycin,
bi speci fet@)pé@&lé bmhyspdseacve NGnérBinEARINBIaREN&Y Edictdtih f ebmtmusmqwana@&ubucm To

t est fordF(E cha e bet en hunan nd rhesus . Gg(%peaf hunan
| g&4- 2F8°'('Y Of‘V )ac'” AT e amwraayfby AR @u%‘”n[é g%%hd 15
Rhesus | g@bsTdiBneerguassedicbids rakecaihé, pesscdhe drdnmlmatlmnsraoblotwcand

ant i bodi th i.tr.o Fab- excha nt i ,
ont o ni Saromyeh onerhetidifee XN CHENSNE OB AREN, | BRI o
wi t h 0. 561¥viogezhiced cytanekiné cfh@a(a@SH) 5- ﬂweunantuls@c@r@aamesmdf@wum To
stop theaé’p%@éﬂ?ﬁés%”géﬁ@ﬁéﬂl%' clSurbirdy, gﬁ?(a@m@%g@ﬂ%e@uglpaé n#%ﬁ)or%énﬂﬁjéjed to
the reaction m xture. presence of bi3pécific antibodi es was tested by
det er nmi n&Y9eHa, ofChlﬁr%'ﬁE%@'fl cmB'PHG'?Hg G@”ﬂ'@s’f@esa@cﬁml@h é@i?&’?ﬁbﬂq i k@),

[ WSO&WOMdé Ebusﬁrﬁ)an EMr&Aomaﬂhﬁ:‘@I cEepioRBiocki, Q:Ia‘ééll%,azﬁél(@mﬁausen
Ger many) we % coat ed_over ni %ht W th /rrL (100 L/gel {)épées\’vag nmbi nant

ext r acel POC&PagBRai RIYNYREFR | HoRHES aﬁ”d4 Oé‘erTH? tougt d %nce

wi t h PBSJarb&blbtitt), whtmejtices(smfh bbalagtihobody (S@‘mﬁrﬂlsacftﬂwohy{lg{)mmddmydﬁ 3-fold
diluti Oni%ﬂ?l PBST/ @ E}P STB we(ge transferred to the coated ELISA
plates (1U8pLTGE | 0%‘?{ qB3r'ay BioLYRCBh k& P rpﬁﬁraf“?;yrc'%o mi n
at room téEopecat un@(d%’fbonesm‘npbmscmﬁraemtrdﬁswamdéﬁMﬁnd dipethptiat ®xinvend washed
onc t / s ( t on a
o AR Tt ds (BT Exhard Oy AL L S

ant i bodyhgF 'BABEU@SB(U(CHI foxint GychgairiaiotA P08 dedlyapsytated nicPBYBhEIn Goxipl./ wel | )

for 60 mpierdNexil at SFighAKE AR hedranegr & FHS)| OLﬂ%oxTwe@@ t8>9n( B%I)
Next, the plates were incubated on a plate shaker (300

rp

HRP- conj tyHY eBEGeES AXIn- BtRsEs | kpasing 1wbeeacﬁgwwanrﬁiﬂhm@éa¢ dﬁh'b'tor
Labor at opde@gom¥éad 8x@¥&in, BBrin USihorih; ModB&in,i deldBSTddrin1ABhsk/ MBHEJcid ar 60
mn at RT. .Th Iat es \Aﬁere vvafhgd once with PBS/0.05 % Tween 20 (PBST).
ABT 500*}‘?15)' %@ﬁ@ ATt s P RS %%W%Pﬁte'ﬁ%rWﬁ‘a?ccaﬁ“%@” dded
(100 pL/ peldins e(nAiPn rm\mmadj PAetE)ctradmbrdita Ichgtahtié anhiBori curaih, Kiotinfhe
reaction_was _stop th, 2% oxal c aC| Ri, edel de n
Seel ze, ??eoaonar'&} O?F?“?a\g‘rs (5120 for éél]gdncet%\ecoﬂa‘s phenomgc'ﬂ’eggﬁred in
an ELI SAerpira‘mm It@alﬁiEerhSIFSlgtﬁbdﬁ ¢orsh@wtsd tninzlecudesc iontbid @ aitbioo ncledisehiivitase and
rhesus g if er

e{]?ségahﬁ;q?éd%ﬁ%n%ell@t&s@@% 'oEe\?ét{bd%é}gm(a@gc .*ﬁ di Op?ﬁmﬁ’%tdﬁ'(m

conpar ed Wt e conbinati 6 e sane
speci®es. PsEyde@onas gnaotonn ﬁ’éﬁytmmomnﬁebt@tﬁéwge(w&ﬁjrMMBE},v@@ﬁhﬁmﬁws| g

and rhesggq bfa&é'arrﬂvlairneé%%gs¢1 rﬁbg@@turhbsg%ebﬁ juGatei C(KEMR 2 FLOT[StsS 1 Bfat
human 1 g4 half nol ecul es s referentla f di nerisation to rhesus g4

hal f nol B%BF@E‘”(%t ePB'B?WEF‘lleat i HH‘PteCPBSUP‘El i | ACH? eGUATPPBIE un™iS ¢ he

Fab- armm&ameoﬂ@aéﬁm@(nalmag) is shifted towards the bispecific
het er odi ner i stea ﬁ'l:? a sto hastic_e change wth 50%; gt (@dl nmer and 50%
o

horodi mer s. 8! ”@8 [t O%n HHS) s EEHHOM L K HE80s5TQ
The 3bi | hdiryodjﬁﬁealn mteubadyhdl«edemgagealpha Fabitter mirekcdran et has leged descri bed

L el VP2l AN AR, (Bl D eaddil] o Lo 8 sorcal | o

perm ssive cont al ni'ng- e region that only requires a
reduci ng envi onmrefitrthes l@eﬂbadtnnfvé:t@(ﬂ (hmnlnd@mthﬁﬂeuthq(oﬂlITSEch@d/@n SEO0T,

Sci ence) horﬁ%inﬁ#‘i@&o@é‘fﬁii?qu%@to a beta emitting radionuclide, including but not
limited to Iodium-313, Yttrium-90, Fluorine-18, Rhenium-186, Gallium-68,
35 Technetium-99, Indium-111, and Lutetium-177.



20 Fab-arm exchange was found to be an inherent feature of |g®#,
characterized by an arginine (R) at position 409 in the CH3 donmain and a
per m ssi WeOhnges114826- CPSC229) (see WD 2008145142 ( GennmebX)EP201n/06638% r ast ,
human 1 gGl, which does not engage in Fab-arm exchange, has a Lysine (K) at
position 409 and a stable (i.e. non-permlssive) hinge (226-CPPC 229) (EU
nunbering, see also Figure 16). 25 In an attenpt to elucidate the

i ncreased Fab-arm exchange between human and rhesus 1g&4 conpared to the

Fab-arm eXChaﬂQ@ncﬁﬁéM@ﬁBoé et ”Eh'e%%p%ﬁneftotdéeco% té@@&hﬁﬁsesté"ﬁuél@l'&e hi nge
and CH3-CH3 interface am no acids of human and esus ant1 bodi es were

anal yzeda‘('%éé nyclgic 3sid-pssecigied ”@ﬂecale (7 998)Sugh 6%‘?%&? $h¢ presengpENtYd: an
over vi ewthef canfeyat&s hadleis aefd ik faecthmm KBdduCiE3sd, inesftReRde n|E¢I@Uraeld2an30

shows tha t he re h uenc e rhes AC-229
ond"S hat MO SRl €t OE Gl PoSENR nPRE RS BB e R FHOBG: ¢t on.
sequenceaad (@lgrmmtmshmmdnﬂﬂbryr@mmtifg:@dftalrsng:mlmamblecwlz)ad by three nore
am no acid su in. t f r n
M0oh oot euchib Ao LRI B Sy AUGRS R eE BnBRTRE fHb R MER ]
human; t metmdisndeqcTipedt bpodinteoret320, Nuien Iddess UdPEYs Pysidnet (3, in
huran; a@ecm@fmgtrvels( Los@l (1203) {hAR 08 110 IHIGSHER. Mt Ui, henyisal fhge (F)

in hunan 9: Generation 8e0|f|c ant | bodi es "usi ng
GSH- i nduUé‘.HeFfab '&FWBG@X@%EQ@CBGW@@MH @?ﬁa)g@”h'ﬁételﬁUM‘ﬁ bﬁ@@@‘&@ﬁt ai ni ng

rhesys | E@éh&hﬁaﬁﬁ%@@&ﬁwg the otherl ﬁqoi@@,ﬁtd)&%nNdéﬁﬁlhbbﬁﬁle bete- ﬁéHﬂﬁcﬁl giati bodi es
t hat for Lovm n g@ rm exchan e to occur, in ﬁ%ﬁ%l ecul eg | aci ng
the 1gGLo%cdPe R §uen8e ( Y GEOHeEHBI hd OPgDGﬁdét@au ficls %) "BBSC) by
a P228S sam&mtst,wt |po|3||slmad (Y] efhﬁJectShdMah X@994)hat suaht addnfgyatddd &xibvady

| gGA- 1 i k d Fab- arm exch Van der Ne
ol 1 schotd ogo0 7 o saranea peneiatee by RRiRlhe I AR R bk oot o

hurran anwheﬂeespls“obgﬁé déscagdresl may Beanplpded? eithér vascthnal yimdickalietoher t he

C . -

exchange ?ﬁ@é#%ﬁre eﬁﬁtgrgl p e%n%t%%aﬁjoﬁggggﬁl 1@ ﬁggﬁfé%g{@?ﬁﬁred to
as | TL herwfpﬂleg)bm spacaro ety iLinkingmdechng@piesFri drugdenriveates davhe P228S
mut at i onrdcBadly b&SHEdrmmianzdd 6y Bh@%@%@ﬁ@o@ﬁ?@ocgﬁhﬁggﬂémn% g%1-2F8
mut ants were conbi ned wth human'| g&4-7 or in vitro GSHinduced Fab-arm
exchange. The anti body m xtures, containing each antibody at a final
concentr@@mgdsls.@(ﬁnséla@ﬁg& in 0.5 nL PBS with 0.5 mM GSH, were incubated at
37C 0 f 6-24h. To stop the reductl on react 5 mL PBS/ 0. 05 %

e?ﬁ) 9B%T5he\/\d§a'§d8%‘lfc‘i oRtehE“’FB“é‘?ﬂ i"BA i &r B'!‘arm?&%‘}'@recﬁﬂbpoé'l“o”
b| speci fcmnwlsmb aghétaragimeétid Protelar ecqoedih@tortle dsvatemar adadsdribexmnghe 7.
Figure 3 cao gpneaée@ | ntro ug f?l %grlé)rf a CPSC hi nge al one does not engage
human Ig?ﬂ 2P°Y o7 K7 -arm exchange when conbi ned with human 25
| g&4-708. Al stha kre\_armacauulualt mmpgsfoltlmrtfse mdvedes fdrg@latepeioi BeardH@ei witbr f ace
am no aclfehtidla) oL GChnBIB iR RIGSERUIAG e SHeh: Lyge 1 0G1

hi nge, not resu I'n en enent arm exc ange en conbi ned with
hurmZH3 | gmct/%ommrmatqneé%thc kP Gﬁrsnar@nE@oMafcasﬂubllaﬂ%@an@asmma%

I gGl- 2F8l@@§khoﬂlﬁérﬁ%é@d’t%€ cbhge@iﬂl@hbﬁfr %h@%r@s@mt(}ﬁ%tﬁﬁﬂlﬁ%%%ﬁ”m‘th@eh' nge

and the rhesus ?64 s%em fic 30 interface am no aci ds showed
i ncr eas et YBNEpedliars c SHFMAP & f8ieresniE i (fdked Paﬁ'oa'rcrﬁ%tﬁ%ﬁgé“% 38 hunan

| g&A- 7D8TwesRao es tr(&eémomuewmnlzg@(@ngl bwbae§ orT;b\esanduaa‘eaamthat:daey a
CPSC—contalnlng hlng i n_conb Lﬁ:) W t h a/ tg“ ttﬂgﬁf T and
L at posPtrong " $5o, "Fr6 5%%'%’65 % diFety i gRipr ¢ eEu‘?“PFeé'ia ntsut?) Age
hunmed0 | giGtlution nGSI-&hantiaomﬂmEla@m:ramttenchange and that the equilibriumof 61
t he exchange i.on. i s shi t s. t e e oduct
when sondi ned” o TRChiaRy Fhesp 0! SHEEES oilReCARAINgPa) RLRASE' S ol PT 'S
ant i bodi dispdygionnmediap chattngsy mMnEbestetizingwl betifvoeal basris Ilsg@mqetmdaqeg\m or
I 9G4 Mut @iiskidants and absorption delaying agents, and the like that are physiologically
compatible with a compound of the present invention. Examples of suitable aqueous

35 and nonaqueous carriers which may be employed in the pharmaceutical compositions



To further identify the required characteristics for Fab-arm exchange
engagement, hunman 1gG4 and 1 gGl variants were analyzed in vivo. Four female
SCI D mi cewQChavi3emi6Ri ver, Maastricht, The Netherlands) per/Eye@ufosessse i.Vv.
injected with anti body m xtures, contal ni ng 600 jig antibody (500 jig 7D8 +
100 jig 2F8) in a 10 total volume of 30°21.11 . Bl ood sanpl es were drawn
fromthe saphenal vein at 3, 24, 48 and 72 hours after injection. Blood was
collected in heparin-containing vials and centrifuged at 10,000 g for 5 mn

t o separ gt thePprSBR: fn'i/@ml&'?lncﬁ.lde-r\ngtege@ﬁfn%t 'p‘HBs&faté)'b%ﬁ“@Fédf Lginankthedi es was
foll owed by assessing CD20 and EGFR bi specific reachyg in an ELI A usi ng

seri al dij‘PG'EQ?& pP%{%‘n'é §eHAY 5 | HyIeEdTRPIODYISs caiMsel iPRIVERiNGe ol
Bi speci fprﬁararatemﬁllﬁaccdptablaeameaarmﬂlm seriR sHiROUS E-,bledobeyonampénsmr

regression, c rveflttlng Sof t war e, usi.n in
vitro ex%%n%‘érdl ahPY'Bedy f‘gﬁ }ﬁgr %ﬁﬁg‘p%%”&f’%c%repara?o” OF; SSA')'S H‘J§ t hat
humars | gésdutir8, oridispshsicm Rebpereffuidinemby mgemaintdied, GhiBe)seplennethesusearfver t ed
Lol colkRERANALOG, GHIPD. Ok 89URR0HA hERRR-Obr ORISR0 dfsReckLyel V).
oes not e i n Fab-ar anynore In rsa, human

| gGl, i nlnvuhﬁ@hseaeﬁﬁsmd’feiom,@@ me@lemeaxﬁéurfheta@ss i nterface sequences are
converted to parEREGRIPIBAGBHIT HICHSEALTRRRRONCRIE a8d SAARRY, 1S
able to participate I n Fab-arm exchange in vivo. These data show that a
CPSC- con@faarmaﬁguwaﬂgecwtatt'e ROEPXid@Hs %uﬂs'ianceéh)owa%sewbn HIoXidems: domai n
cont@j ni §19:h3d% a%"cgﬂbru &&d %@é@n@ﬁyd@@m&mm s688n §|s@IF&HQ§bdﬁlﬂn%ﬁ'&Eb|§ulﬁ@@ arm

exchange Cenerati on of specific
ant i bod| Slﬁaaﬂea ﬁ o'féghu”@@cmwgeantfyﬁas%ﬁa.aém vl gﬁmbtﬁtea
st abi | i zwtybltétgeyaroM%smacpé Obtitydtedrinpetdid to{utnkFEAdciths, goropyl challeth Gl - agent

t hat has be 30 de d to ctiv | eave di sul phi de b nds in the

i nge. T SEORSP Y af1 B0E BE 14 1e) pPel el PBhEodiSue o8 BBHGe st woen

t he heavsthaledediagie tEhEHaK]StIC adie(EDDA )R ,sosbimhnetatic @cidp phegnhioes aoid, 2nNEA was
testad oL kS ability to induce the generation of bispecific antibodies by
Fab-arm exc ange between two anti bodi es containing CPSC or CPPC hi nge

regi ons. The Biarmsoelytiaal xaompesitioas mfathei Reeseaic invantiopoayy adlsa donndlse
3500““&6@%16&8 ag)fen% §u8f9/a§1su &er %o!yQF&HPéEE eQJdH' éshrr%nﬁi‘@&C%&Ib"t%F 'g‘Nl:e?cﬁ“ es of
2- VEA (O g .0and 4000 MY in a
total voPuiAdiyp CmbﬁﬁeﬁEﬂﬁcoﬂﬁ‘T@sft&”sgo m n To stop the reductl on reaction,

the reducing arg@Bharzné\ﬁAtmsCohmmds ky tﬁes;aégdnagn\té&eoﬁarﬁw @Fs0USIn@inSpi N

col S Mcroconcntrlfu filt K, ip accordln to the
Aot (10" STB AR CPoREots s dbe NS FeHtR G ST ULaR ST B an

ELI SA aspideswatite WentuEgalqphte Emulslfymg a@ed\;ﬁﬁdusm}umgobdeats- a:rresewam&ege was
tested for, the co natlon I -7 cont ai.n e

regi ons anau KAoWwn {C'h Yteng? aettehel n @H#g f%tv?aeﬁsarf@ee C %”ﬁacee“t'%l%d for

t he corrbcqmmsatmnl g@ea@#@ourr@s af 1hgGteTDB- I@Fd?@on mody pamtrenar@tawmhgcarners

GSH- i ndu n

(descri be %(@ﬁe@% %E&EP&&PS%IHS& ha?,.drslfr‘g?é]ée' %%gzryl@g%ﬁ@&*egu%eatjsg i nduce
sepadat i @nmefat'pﬂghWC@HmGneW#%ﬁ@ hémdenlaalnsvaé@eaeteﬂn mégiogncapgnateéduci ng
SDSPAGE §&latkry Bkedbogin cdMaaat Rey ¢.$c$udef Ha&tin, Od\@derpi aee&atééret@rwééadl es

were generated as shown in Figure 5 The maxi mal |evel myEECIfI C

bi ndi ng 4ifte8ratEaPbl %F%@?E‘ﬁaﬁ&%@@%‘@npwfparst AL ﬁ%r?éW"F'EfGH SCelAte
| gG4- 7 D8pyasnHydaaes (hohiglhaoli® BgieNtdIRGE® pddfortidestr 4id RolNEAiRaEd WRSe

corrparablet the | ev rea 0.5.mV GSH descriped in_ Exanple 9
(P ur 0% Wl i, o SheiRBGE, Heh kB iiihee ot BRURe R Hi s B @ hBen ¢ ne
humedo and)ﬁ Mti|fe|$nUIgt®51ns%1‘=Bglefh'eraaw&nb\gﬁs49 ﬂEb&e@RHlé‘d(wvtl‘ldﬁam abili zed h| nge
regions) in a i I

ant i bodi es vve?%pl %EQSB@ PBIU yc\oévr‘]fc dar%& 0 %CO %Qllb&g%ﬁ I(\)/et he

pr esencecongousd dn cnhecre@qn@en@eﬂqunttlne ahi ngeropegﬁeonotyfenibwﬁﬂ aone wodees, the
generat'&ﬂnﬁba@drﬁB?qh/%Aeﬁle%@ 'eb&db Senff@dver %Ely g'ca\se'ﬂeqﬁitedh'fﬁlrtﬁ/\'ied b
concentrations of Maxi nmal bi speci ing was reached at % mvi
2- MEA angfeBhzaéieq snicreiirafan: bi ndi ng after Fab arm exchange between the two
wld type g4 antibodies. These maxi mal binding | evels were conparable to
what is described in Exanple 9 (Figure 3) for GSH 25 treatnent of the
correspondi ng anti body with a CPSC hinge (1gGl-2F8-CPSC-I1TL). As

| gGL- 2F8-1TL and | g&4- 7D8- CPPC both contain a CPPC hinge, these data

i ndi cate that 2-MEA could bypass the requirenment of a CPSC hinge for in
vitro Fab-arm exchange.



30 Exanple 12: Mass spectronetry to follow the generation of bispecific
anti bodi es by 2- MEA-i nduced Fab-arm exchange The generation of

bi speci f iwoantiisodbes by 2- MEA-i nduced Fab-ar m exchange PC3/Ebe&Ia 543881 i n
Exanpl e 11, where bispecific binding was _shown by an ELI SA (Figure 5). To
confirmthat bispecific antibodies are o med, the sanpl es were anal yzed by
35el ectrospray ionization mass spectronetry (ESI-MS) to determ ne the

nol ecul ar 63 weights. First, sanples were deglycosyl ated by incubating 200
jig antibody W@Vd&tﬁlﬂtdo%égéz&/d‘é th Pe08&ive Mo dERBaBEtHL hafRaceAiEs©006D,
Prozynme) in 180 1.11 PBS. Sanples were desalted on an Aquity UPLCTM

(\Wat er s, SQPIsHS TE’APe\XP'E'?fj 80 BELROBaM 8N amoppkPf ﬁ‘elaci'VS(ﬂ“W'EB'i Whithat 60C
and el ut Edemdlheatogé@de\ﬁéﬂthé)fde@réﬂ xXhetape@ic réspkkavadela piltidens patieat)d LG M5

grade acetonitrile eIu B) , (Bi | ve aIk ard The Net herl_ands)
Jont ai i FRPTY (5P E T A AR OB PO SRR S, ten e S8V THiny e

Ti me-50f - $dieqed de:tergetlevrﬂmna;depm Z@dn @narieyof phechaakivetie faecoridelddion- | i ne
on amc S r y, t g in
he. posi TTe it doie PREESFELPRot AN BF iR R BRSO3

cal i br at esditeviof hedrRSnistriating, e thmgloreaﬂtrnlrr'etrhhm,omeesatesa‘nteacrellm a&f Ube_A)
MBS SpegditiBy P icEmBBGAT ERlg! sﬂpwealsmwdh%bg%f tlﬁ%t{reemetn@%me% gyl ded

wi th the DataAnal ysisT tware v. (Bruker remen, Germany) ased on
t he nol eBUTRRUNGESHNAGPT fMREeriat |U5%I|'%§Oﬁ@mt@6rw'ﬁé5hﬁﬂﬁ%a¢%’épqsﬁ'%ﬁ| s
expefj Meéhplol/&e, tlh'eséb%C%Ek Ccwaight, b&dueencgeh&abﬂeatﬁsﬁd wribAhRUidal BRYdHe

original antibodies aI SO desan Ef npl e, 15, Figure 9C for
| gGL- 2F82f g prgeat fike t‘b”ééﬁ@ 'd?”OB’”s'BéE‘? fledigheitBody, the area
under the curvree mrn@bej‘eetid:dmﬁdwp@eduodlmaﬂed é);mhhaerta@tbafl agy eaitabneesutehe

| h bi
Bre R BRRE T i BT ER AT, REE s Bal RamBBetion rof B S Er BT

Fab- ar m iexettimgé peémgtisteredbpéneetamallyg GhdafgsteTdd anknkg@iy"7B8-USRPQeaneinh 0 m\/l
2- MEfy Zﬁeéﬁé"ﬂnoasé%ﬁa&@rnrs‘%ﬁa%ﬂ A dh3n eh??rBPérgmoﬁkcaEQ&AnP#& Sidh; u { %yl
(three peaks correspondi parental and the brs eC| I'C an di es),
and 40 mzmmﬂooo@qoeawuck@rmé@“mﬁia ngtrevenaye, th’p@@swler,amtra@o@yljal The

hormogenoig-apaaki, ofntﬁalaspanépemhfabpo.ﬂ%r 0¢mzscalrmslé C%tea?detrm%t nﬁralaeamne%hal n
m spairi ng occurred, which would have resulted in subdivided peaks. The

quantifi@ a&%ﬂﬁ%‘ﬁe”ﬁ?%ﬁ@ﬁ?@'dﬂ%“ﬁ@&?ﬁé %BCHW'aFZH‘t%WLﬂ%aFUWfQBS%{?%
exchanges\hekaesid] 9fatradbial, TlinteateandigiA intRRh&ABEE, r @sitlirapdand) MeRkteyndi00%

bi speci fi ¢ anti bqd In contrast, Fab-arm exchange between wild type g4
ant i Yodi @éeCF'BQGPgé%UF'HW ess than 50% bi specific product. These data confirm
the results fI‘rDmntehEmlbbélp&mtfthat bprrmlmagelElch/kodeaeeutubbed bdministetade by 1
(Figure 5)(raV C a ul{)&%% ou%t.%‘%'c |or§ Xru SI| specific anti bodi es generated by
2- MVEA- i nduce%lqi"ab Sy SR REUR n?ﬁ stablllty of bispecific

anti bodi es gehea atain agpneck- tIVEAnvermducedatets toiat regefedhreniapreeih angedinggot est ed.
Ther ef or f t and

| gA- 7D8§"’(Q,P§>\é€9ﬁloﬂ @Chbéw%bm ?rZﬂ;%IgZSa%H b(ra tl%gchéxmnbgﬁlrf?'ag%bg%ure 5)
was ZJSsedmﬁlcam%Thﬁm%er@dmaﬂﬂca?rmw@hﬁ}f@g@vqﬁé@@tm@\hbe Nsem@r@r@seb@re of a

64 concegt fabbfRa. Wbér@éul(alp,as?exp?e@nedlé)&vﬁghe'hE:fe%@HféﬂE pr@Erhs(Jr @& - MG agai nst
acetyl choline receptor), resenting a 0 10, 50x excess of |g&4- MG

conpar edMVeNHHEMIY ;96 %P% ;5%’c Deiteearpspt & \fﬁ‘i'loés f‘r‘—"&l? ArRNeste H&Htj'é“q n this

react i onmegdskatio @sdét andrdfi@sorptatdespeci fi c EGFR/ CD20 bi ndi ng. The

conditions fo the GSH I‘edL{Cttl on reaction Wwer e h ‘if r;ﬂe1 s descrhbed in
c {QpnipAt

Exanpl e 7 (24M"&r "37PE8 378t thy saHE" §e'ﬁ¥\ﬁs&kﬁ mefgo a8t
r eacid onanc(]oSprdhfd?Bﬁ'rBoﬁ/\msj/adﬂaedkllnm bfn@turaemtelImmmpr»stngraimlBlsslpeon of @
bi ndi ng i bed LS jic
bi nd ng HERLRARHE B Foosronts 88 ARERIE e Rb SR & pEURASE AL
bi speci finondedritieregf.neasured in the starting material (control), which was
set to 100% In another embodiment the heterodimeric proteins of the invention are used
for the treatment of immune and autoimmune diseases, inflammatory diseases,

35 infectious diseases, cardiovascular diseases, CNS and musculo-skeletal diseases.



10 Figure 7A shows that for the 1gGLl-2F8-1TL x | gG4-7D08- CPPC deri ved

bi specific sanple, EGFR/ CD20 bispecific binding is not significantly
changed avben11@3H4snduced Fab-arm exchange in the presemrCE/EPROILOSESREVant

| g&4. This indicates that the bispecific product is stable, i.e. does not
participate in GSHinduced Fab-arm exchasﬁ‘ge. As a control, Figure 7B shows
that an 1g4-2F8 x 1gG4-7D8 derived 15 sanple shows di m ni shed EGFR/ CD20
bi specific binding after GSH i nduced Fab-arm exchange in the presence of

irrel evant | gffsadendyiinsng tm@a&oaehhétr%%ﬂ%atnsed%%dsrsapIaee adfisea tdat a
show that the het'erodi ner consistin human | g heavy chai n cont ai ni ng
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Tot al | g@&teonimendmdatpresasbe rthe heffaotias rmn@atpdfetheweh@ nass atyed dOWIfEEIItISA The
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was anal yzed by sodi um dodecyl sul fate pol yacryl am de gel el ectrophoresis
(SDS- PAGE), hi gh performance size excl usion chromatography (HP-SEC) and
mass spectronetry. The functionality of the generated bispecific antibody
was confirmed by bispecific binding in an ELI SA (data not shown).



SDS- PAGE was perfornmed under reducing and non-reducing conditions on 4-
3512% NuPAGE Bis-Tris gels (Invitrogen, Breda, The Netherlands) using a
nodi fi ed weeolzism4s net hod (Laemli 1970 Nature 227(5259pCTAP015)05638her e t he
sanples were run at neutral pH The SDS- PAGE gels were stained with
Coomassie and digitally inmaged using t he>GeneGeni us (Synoptics, Canbridge,
UK). Figure 9A shows that the anti body sanple after Fab-arm exchange
consists of intact 1gG with a trace of half 5nol ecul es (HLL1) detectable

on the ngRrindvead gstct(El 9M'b§nt9'6f ) heterodimeritPoraklin f Ea&t i28NAtdigicies
performed using a Waters Al liance 2695 separatl on unit (Waters, Etten-Leur,
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Bi osci ences, MétrédiietiapecteBeesiach dheispaifitesdtindry, antheaprvédrarisverdidd dual
X, absor banc? The sanples were run at 1 niL/mn. 10

et
Resul ts NEYE Sﬁd%ecgsgegefér é?F’H%StE)rﬁﬁ‘dW\%ﬁEssoft\Nare versi on 2002 and expressed

per peak as percentage of total peak height. Figure 9B shows that >98% of
t he sarrpEﬁAwﬁgsts of intact 1gG wth practically no aggregates forned.
Mass spectronetry was performed as described in Exanple 12. Figure 9C shows
t he nassExpaple drdxprepsioni vestord fomhthe texpressionmfehuman ITgGA-2A8and and
15 I gHA- f&@lgﬂy and the bispecific product generated by Fab-arm exchange
bet ween 19GL- 2F8-1TL x | gG4-7D8- CPPC. The product in the Fab-arm exchanged
sanpl o is 145 W0YHERI ViaoSHopEIFes: Py MHEERRES GROHOY/AE0BDpee! Mubiar oduct

derimed yn@mWO6038667) Wbre é&%@ﬁ%%lgm?&sibamecforl M’Gﬁ%aﬂ?ﬁﬁng the
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gGl further 7i denti the determ nants in domai n
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cont ai ni GigHEMED VDB ErdTHEES. i QBCTHRBMHZKBTTGiEY05L (1 TL) was conpared to the
douoie mut ants T3501- K370T (I T), T3501-F405L (IL) and K370T- F405L (TL).

% he si ngl e mutant F405L (L) was 35tested. 2-MEA was used as a
r educt anExampier QU Egpiession vectars- formntiex ekpregssi¢n hipge-deleted-IgG1-2F8,

and human IgGl and IgG4 CH2-CH3 fragments containing specific
mutations
To introduce mutations in the hinge and CH3 regions of the antibody heavy
25 chains, Quickchange site-directed mutagenesis kit (Stratagene, La Jolla, CA) was
used according to the manufacturer’'s recommendations. Alternatively the constructs
were fully synthesized or VH regions were cloned in a vector already containing the
specific amino acid encoding substitutions.
Constructs encoding the CH2 and CH3 fragments were constructed either by
30 PCR or synthesized fully codon optimized. These constructs had an N-terminal signal
peptide and a 6 amino acid His tag and contained amino acids 341-447 of the human
IgG1/4 constant region. The constructs were cloned in pEE12.4.
To construct hinge-deleted-IgG1l (Uni-G1) molecules, a synthetic DNA
construct were was made encoding the Uni-G1 format for human IgG1 isotypes with

35 EGFR specificity. In this construct the natural hinge region (as defined by the hinge



of each antibody in 100 pL PBS/ 25 nM 2-MEA for 90 mn at 37C). For the
singl e nmutant F405L anti body, unpurified antibody from supernatant of a
transi entworansf3ensi on was used after buffer-exchange t @CPEB2Li06688AM con
Utra centrifugal devices (30k, MIIlipore, cat. no. UFC803096). To stop the
reduction reaction, the 5 reducing ageﬁ@ 2- MEA was renoved by desalting
the sanpl es using spin colums as described in Exanple 11. The generation
of bispecific antibodies was determ ned by bispecific binding nmeasured in

an ELI SAeash) dﬁa%caél%‘a iR EXABEEtd Cys mutatloﬁrféz&&lh@hels@ b3 madRuR! @e

mut ati ons IT IL and TL) and single nmutation (L) were introduced jn
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hi n%e ((Wsdtdly ey pEe purotansfteabedmdez&dsﬁuwmselbgggﬁezwstw&%is Eﬁeﬁ@ahnwﬁm ]
exchange mn at . Figure -B shows that the

| gGl- 2F8P #%ﬁ%ﬁaéb%ﬁnﬂﬂﬁaﬁﬂé*@ﬁoagﬁ Fab- ar m exchange to the same |evel as
the tyiple nutant ITL, irrespective of the conbined I1g&4-7D8 (CPSC or CPPC
hi nge) . \ i iy 4 f pation

i th 1 he 2l gERESES oA ot RERR S Er eV R P LIS RS

| gGL- 2F8DPURGRFHERANCKNRBUSMFURAZPIAEX CHEH el TMURGYSIHEBTDY W GG TLYE Ve onbi ned
I g&A- 7msé@ﬁ@@VFQE/ET%SJN%%I}TAXDGé@v@@EPW%N§GAD?§G\H‘I¢PEQQ§§S@M ation

is sufficient to enga uman %& Fab- ar m exch ange under e

condi t i oh2-SPUMTI VB%%QLC%&) WECN'YRH RGN\ KRYAPERIHalp i FO AP RPN TS 2R FREY

ant i fgpdi ﬁ@/%\%ﬂ@bﬂkﬁNWD@@VﬂNﬁk?Kﬁﬂi@@mSﬂ‘WRdVéf/ET\ﬂJPiQ[ﬁWIHW@MU es
The ablllt%%of 2-VEA 10 induce the generatlon of _hispeciflc antibodies by

Fab- ar m E%eMEgE Phet MebAKPRBREIG\ B REMt IO B LT e SRV UESTPf £ er ent
t enper at QPESNY K@ PFabs G 8F Y s RENGEK SRAQYGOINESQEVIeH BAIHN ldrgKsLsnskdat i ng 160
jig 25 human 1gGL-2F8-1TL with 160 jig 1g&4-7D8-CPPC in 320 m PBS/ 25 nmM
2- MEA (final concentration of 0.5 ng/nL for each anti body) at either 0C
20C ( RT) ExampleC3: Ehqressiopeveatacs fonshe Zxpleddion sefimphesiswig@4-i2h8candt

di ff]? ent é'_%z%oi nts (0, 2.5, 5, 10, 15, 30, 45, 60, 75, 90, 120, 150, 180
and 740 %. 1.11_ PBS was added to each sanple before the reducing
agent 2- MEA weectersnenndeining theseddinngegines fa0thrahglfedieasy mgdakarepalide- wel |
spin desgldidd@niRkad Rnédls: msm& S8 TheérﬂEPVE'ré 8hs &H@mabfz@an@%@r di ng
to the manufacturer's reconmendations. The total antibody concentrations

vere det WPA nedheszededdlyr ‘F%’Q”a‘lﬁ@?'%é@d sepgd 'HrHE\Eé%é‘i @T?@t’h chainhgnd
Nanodr op m&qa@ntsmy TR He@UR cRAIN(doPORE rédibe sSgudTtetas d}&@r@o%géu omhe

Concuht 1 RE 5UBne s 8PP BePrabslo B ol i POREY dr S0UCkd UbA) AFELI Sa

t o neasuthe foilepeagi(dligheditadhegumandegedriceed i n Exanple 7. Figure 11
shows that the generation of bispecific antibodies by 2-MEA-i nduced Fab-arm
exchange between human | gGl-2F8-1TL and | g&4- 7D8- CPPC was found to 5 be
nmost ef f i'€ie@nts&t 37C, %\ﬁTtKﬁP%ﬁ#ﬁ%@SRl§F%ﬁa?éféi*WCéVBPWé’nEﬁ@TvrS@%i%%éﬂs%‘ﬁ er 45
mn. At roemst enmperqdaur esTrchevrgensrasir e rahrduispegirkperantisdrodses: was

sl oway, reaching maxi mal bispecific binding after 240 mn. At 0C, no
generation of bispecific binding was observed during the anal yzed tine
course. HOErakplie 18: ARNGAYSLTCHE SIS B e LyEdUEI WG ARt S HRIFE St ei r
ability tesupduse tde generaddsonyofssbirspeskidoraninvhock Bskiykrivarw-t r o

Fab- ar m exchange It has been shown above that 0.5 nmM GSH can i nduce
in vitro Fab-arm exchange between human I g&4 and | gGl- CPSC-1TL, but not

bet ween HumanldgGs and TREGECTAFEFEGASHF PifTgE P B abt B ERT RSP HEGEFe 3). In
addi30 onrhe2uNEARWaSgd10 Ut phoparkD e sabl e pkoxp aucerrEab=wat/bvexohange bet ween
anti bodies with stabilized hinge regions, such as IgGL-1TL x | g&4- CPPC
(Figure 5). To test whether other concentrations of GSH or 2-MEA or other
reduci nghagenisiar e capa®EVeFvEVARICERTES RN YT HRVYS \Fab L eRUnLBXEaAge bet ween
two di ffedent anhi badi eSsneoncentialtkoReens esvofvidvTiMonéSHrand DI T
(dithiothreitol) were tested. Therefore, conbinations of 10 pg 20 human

| gGl- 2F8-1TL and 10 pg 1g&4-7D8-CPPC in 20 pl PBS (final concentration of
0. 5 Jy/ murfagr TgHch ant | BEEY S WEKE $HAEEOREEAV GRLPBTE B KR VEBHEERET At | on
series ofndshe dinhf ef@ant sifeducsd gragertSerERoly118r ke OxgvsOr@vrlrd, 1.0,
2.5 5.0, 12.5, 25.0 and 50.0 mM. After 90 mn, 20 pL PBS was added to
each sanpl e and the reduci ng agent was renoved by desalting the sanples
using spin desalting plate as described



25 in Exanple 17. Total antibody concentrations were determ ned as
described in Exanple 17. Dilution series of the antibody sanples (total

ant i body woneam3tasi on 0- 20 pg/nL in 3-fold dil utions) PagmP2u13068638%) an

ELI SA to neasure bispecific binding as described in Exanple 7. Figure 12
confirms that 2- MEA i nduces maxi mal bi sﬁtgci fic binding at a 30
concentration of 25 nM 2-MEA. DIT was found to be very effective in the
generation of bispecific antibodies with maxi mal bispecific binding reached
at 2.5 mM DIT. GSH concentrations in the range 0-5 mM were not able to

i nduce the ge ation o [ i ' ' Fab- e between
the | GGLATTE S | gO1- CPEC It Dot 2 BCh CoRC & oG GLABI T 2eq hi nge

r egi ons. RilisghetChGSH o ne€er Bt SoRer RS { Y L PEVEF DAV LYo ST VNEGRTIY GV e f or mat i on
of anti body aggregates, as was determ ned 69 by non-reduci ng SDS- PAGE (data
not own). Therefore, sanpl r xcluded fromthe anal ysis. These
dat asgsqhoH Phat T he gene%gz;st%?lg%mgngﬁf%ﬁ\é\%%&?g anti bodi es by Fab-arm exchange
bet ween Riwoudi fGher Eg#t¢ afiSVHBER @gHERKSheVIPAduced by di fferent reduci ng
agents. 5 Exanple 19: Determnants at the 1gGlL 409 position for engagenent
in 2- MEA-induced Fab-arm exchange in conbination with 1gGlL-1TL

2- MEA cahhg Rbrrve liBRbChimrenalanringeiond et UsAaHSaY@s: | TL and | g&4- CPPC, as

?eséclzri bgﬂ\l/AAcp@@mﬁ_ i S%Db?/KSEﬁQB_Y/@C@ﬂ\INQFTbRF%ﬁTWRV@GV(@%&GN%I%W@Q@ Dygdwnan_ 10
an | r ition nLy: Lne in and argi ni ne
(gR) 1% Iaér aggléﬁ%@gﬁﬁHﬁ'%%ﬁéﬁﬁT%Qg':s%\/ﬁfrsg'\'gﬁi".fcTher ef or e,git was tegt ed
whet her substitution of |ysine at position 409 by argi nine or any other

' Ld_ (K40 l.d ble | L n.2- - b-
exchangeE SRS dchrfibbel o 08Rckon S rbRs B0 S Bre ek MAEGRUSF RN 4" 0 o
| gGL- 7D8- K409XntibndR$s plereBBpdEedMuddEAenn-(iicenednddgmseryr ettrarsfating. 5
my/ L T oL, £AGR QLY RAAYIgnEeSid, BgmRalied ellord % Mek-283r3Llns AP

' d
ant i bodi es&%rom supernatants of transient transfections wer useggg’ter
buf f&r - exghaRgefectdn ARSItipgenl asaPEig 10 the anaruheqtifenganstistiees ( 30k,
MI1lipore, cat. no. UFC803096). After the Fab-arm exchange reaction, 20 pL
PBS was added to each sanple and the reducing agent was renoved by

desal t i nE*¥mel& anBredicatipppfIgGl pnd §8641antiPdietst e as described in Exanpl e
é?.ZODi | ;Jti on ﬁggzrli @/lsdd;y(‘jcgc\lt sexivdidsboshs mmelé &y drbtéirﬁhlaif'gﬁitybaﬂ'bnﬁ@dg}elgﬁy’.ati 'OP'

- [ -fo i lutions re used in to sur i gpecific
b i o T b Bk uPrmBlam Merd TGt Serd g b My oot st lo@is e of
bi sprxi f by IdEdith g @@ mL2 PhMEAInI Adtotedn Rabrogdim e € h &g eecblietcveenUpala, 2F8- | TL
X | gGl- 7D8- KAQ9X. Fi aur, . the 2 hanp i rese j.specific
bi ngi ng %F%a%nfgvge%dt %Iﬂ%{g'?)g’?it% é%gﬁlva{{hcﬁ'lo? (gﬁg?p%cqélﬁa?ﬁa%ﬁgb%g%é@?evg\{?gP roma
2- MEA- i nduoediatelb nevtialigrd hverige Matisdtn, pigGlax-gialyred anvdrnigiGao 71386 OMPC,
whi ch Waéoo?&% I'R)lsél\?vé)c%/? %{Bﬁﬁtﬁ R8812 pheY 8 ?El.s@i'a)%ﬁ,ﬁibgﬁ, gzebﬁvahé?%nﬁ - P

exchange, (+/- (+) internediate or (++ -arm exchange, as

pr esent edialvaisTapneles waw staie dilteraskeyriray 8- 20. YMiesdiasdniteth Sanessration

POSiig ONofi the3PurifdliglBwhR Sl eterhiidd Qytn)éﬁﬁelbﬁ\@ﬂr)y,ar}d gbsdvbarfcabatar ga @xfhange
was found to be internedi ate (%rf)éj when_the 409 position in FI&gGlJDB was F,

I, N or RUied mreisine+WerananeVee 400 SFosPirbn TEh | gess 7scHaRery BndE, G
H Q R gl$coahaly¥isor W 70 induced in vitro Fab-arm exchange between
| gGl- 2F8-1 TL and 1 gGl- 7D8- K409X mut ants was determ ned by a sandw ch ELI SA
(-) no, (+/-) low, (+) internediate, (++) high Fab-arm exchange.

Example 6: Purification of CH2-CH3 fragments

30 The His-tagged CH2-CH3 proteins were purified by immobilized metal ion
(Ni?*) affinity chromatography (Macherey-Nagel GmbH, Diiren, Germany), desalted
using PD-10 columns (GE Healthcare) equilibrated with PBS and filtered-sterilized
over 0.2 pM dead-end filters. The concentration of the purified proteins was
determined by absorbance at 280 nm. The quality of the purified proteins was

35 analyzed by SDS-PAGE.
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Example 7: Generation of bispecific antibodies by GSH-induced Fab-arm
exchange between human and rhesus IgG4 antibodies

As mentioned above, WO 2008119353 (Genmab) describes an in vitro
method for producing bispecific antibodies wherein a bispecific antibody is formed by
“Fab-arm” or “half-molecule” exchange (swapping of a heavy chain and attached
light chain) between two monospecific IgG4- or IgG4-like antibodies upon incubation
under reducing conditions. This Fab-arm exchange reaction is the result of a
disulfide-bond isomerization reaction wherein the inter heavy-chain disulfide bonds in
the hinge regions of monospecific antibodies are reduced and the resulting free
cysteines form a new inter heavy-chain disulfide bond with cysteine residues of
another antibody molecule with a different specificity. The resulting product is a
bispecific antibody having two Fab arms with different sequences.

To test for Fab-arm exchange between human and rhesus igG4 antibodies,
human IgG4-2F8 (anti-EGFR), Human IgG4-7D8 (anti-CD20), Rhesus 1gG4-2F8 and
Rhesus IgG4-7D8 were used to make all possible combinations of two antibodies. For
the in vitro Fab-arm exchange, the antibody mixtures, containing each antibody at a
final concentration of 4 pg/mL in 0.5 mL PBS with 0.5 mM reduced glutathione
(GSH), were incubated at 37°C for 24h. To stop the reduction reaction, 0.5 mL
PBS/0.05 % Tween 20 (PBST) was added to the reaction mixture.

The presence of bispecific antibodies was tested by determination of bispecific
binding using a sandwich enzyme-linked immunosorbent assay (ELISA). ELISA plates
(Greiner bio-one, Frickenhausen, Germany) were coated overnight with 2 pg/mL
(100 pL/well) of recombinant extracellular domain of EGFR in PBS at 4 °C. The plates
were washed once with PBST. Dilution series of the antibody samples (0-1 ug/mL in
3-fold dilutions) in PBST/0.2 % BSA (PBSTB) were transferred to the coated ELISA
plates (100 uL/well) and incubated on a plate shaker (300 rpm) for 60 min at room
temperature (RT). Samples were discarded and the plates were washed once with
PBS/0.05 % Tween 20 (PBST). Next, the plates were incubated on a plate shaker
(300 rpm) with 2 pg/mL mouse anti-idiotypic monoclonal antibody 2F2 SAB1.1
(directed against 7D8; Genmab) in PBTB (100 uL/well) for 60 min. The plates were
washed once with PBS/0.05 % Tween 20 (PBST). Next, the plates were incubated on
a plate shaker (300 rpm) with an HRP-conjugated goat anti-mouse IgG (15G;
Jackson ImmunoResearch Laboratories, Westgrove, PA, USA; 1:5.000) in PBSTB
(100 pL/well) for 60 min at RT. The plates were washed once with PBS/0.05 %
Tween 20 (PBST). ABTS (50 mg/mL; Roche Diagnostics GmbH, Mannheim, Germany)
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was added (100 ulL/well) and incubated protected from light for 30 min at RT. The
reaction was stopped with 2% oxalic acid (100 uL/well; Riedel de Haen Seelze,
Germany). After 10 min at RT, absorbance at 405 nm was measured in an ELISA
plate reader.

Figure 1 shows that a combination of human and rhesus IgG4 resulted in
more bispecific binding (a higher OD 405 nm) compared with each of the
combinations of IgG4 molecules of the same species. These data show that Fab-arm
exchange occurs between human IgG4 and rhesus IgG4. Moreover, the higher
bispecific binding suggests that human IgG4 half molecules show preferential
dimerisation to rhesus IgG4 half molecules (heterodimerization), resulting in an
equilibrium of the Fab-arm exchange reaction that is shifted towards the bispecific
heterodimer instead of a stochastic exchange with 50% heterodimer and 50%

homodimers.

Example 8: Sequence analysis of human and rhesus I1gG4

The ability of an antibody to engage in Fab-arm exchange has been described
to involve the third constant domain (CH3) in addition to a so-called permissive (for
example CPSC containing-) hinge region that only requires a reducing environment
to be activated (Van der Neut Kolfschoten, 2007, Science). For human antibodies,
Fab-arm exchange was found to be an inherent feature of 1gG4, characterized by an
arginine (R) at position 409 in the CH3 domain and a permissive hinge (226-CPSC-
229) (see WO 2008145142 (Genmab)). In contrast, human IgG1l, which does not
engage in Fab-arm exchange, has a Lysine (K) at position 409 and a stable (i.e. non-
permissive) hinge (226-CPPC-229) (EU numbering, see also Figure 16).

In an attempt to elucidate the increased Fab-arm exchange between human
and rhesus IgG4 compared to the Fab-arm exchange between 1gG4 molecules of the
same species, the core hinge and CH3-CH3 interface amino acids of human and
rhesus antibodies were analyzed (see e.g. Dall’Acqua, et al (1998) Biochemistry
37:9266 for an overview of the residues of the human CH3-CH3 interface). Figure 2
shows that the core hinge sequence in Chinese rhesus IgG4 is 226-CPAC-229 and
that the CH3 domain contains a Lysine (K) at position 409. In addition, sequence
alignment showed that rhesus IgG4 is characterized by three more amino acid
substitutions in the CH3-CH3 interface as compared to human IgG4: isoleucine (I) at

position 350 in rhesus versus threonine (T) in human; threonine (T) at position 370



5 Exanpl e 20: Anti body degl ycosyl ati on does not influence the generation of
bi specific antibodi es by 2- MEA-i nduced Fab-arm exchange | g&A-7D8 and
| gG4- 708-wWBRQ 1sdnpbes wer e degl ycosyl ated by i ncubati ng PROGEP2011/0663881t | body
overnight at 37C with 0.005 U N-d ycanase (cat.no. GKE-5006D; Prozyne) in
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each antjnba¥ls VRFsu0yBihe @) R7kumdNe ah&dEGding (BP8N iR AR reaged by
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| gGl- 2F8-"CPSC- |
Fab-arm exchange The antlbody mlxtures containing each antibody at a final

concentration of 4 ug/mL in 0.5 mL PBS with 0.5 mM GSH, were incubated at 37°C
20  for 0-3-6-24h. To stop the reduction reaction, 0.5 mL PBS/0.05 % Tween 20 (PBST)
was added to the reaction mixture. Measurements of bispecific binding in an ELISA

were performed as described in Example 7.
Figure 3 confirms that introduction of a CPSC hinge alone does not engage
human IgG1-2F8 for GSH-induced Fab-arm exchange when combined with human
25 1gG4-7D8. Also the introduction of the rhesus IgG4-specific CH3 interface amino
acids (ITL) into human IgG1-2F8, while preserving the wild type IgG1 hinge, did not
result in engagement for Fab-arm exchange when combined with human 1gG4-7D8
under these conditions. In contrast, a variant human IgG1-2F8 backbone sequence
that harbors both a CPSC sequence in the hinge and the rhesus IgG4-specific CH3
30 interface amino acids (ITL) showed increased bispecific binding after GSH-induced
Fab-arm exchange with human IgG4-7D8 compared to two human IgG4 antibodies.
These data show that a CPSC-containing hinge in combination with a CH3 domain
containing I, T and L at positions 350, 370 and 405, respectively, is sufficient to

engage human IgG1 for GSH-induced Fab-arm exchange and that the equilibrium of
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generation of bisSpecific_antibodies was neasure eterm nation of
bi speci f FRMYNEEMHY hunap Wsifdwi ch ELI SA as described in Exanple 7. Figures

15A/ B/ C show the results of the bispecific binding after the Fab-arm

eXChangeE)r(aGI%% ele Ofo: Generation of bispecific antibodies by in vivo Fab-arm

5 exchange between human IgG4 and IgG1 or IgG4 mutants

To further identify the required characteristics for Fab-arm exchange

engagement, human IgG4 and IgG1l variants were analyzed in vivo. Four female

SCID mice (Charles River, Maastricht, The Netherlands) per group were i.v. injected

with antibody mixtures, containing 600 pg antibody (500 pg 7D8 + 100 pg 2F8) in a

10  total volume of 300 pL. Blood samples were drawn from the saphenal vein at 3, 24,

48 and 72 hours after injection. Blood was collected in heparin-containing vials and

centrifuged at 10,000 g for 5 min to separate plasma from cells. The generation of

bispecific antibodies was followed by assessing CD20 and EGFR bispecific reactivity in

an ELISA using serial diluted plasma samples in PBSTB as described in Example 7.

15  Bispecific antibodies in plasma samples were quantified by non-linear regression

curve-fitting (GraphPad Software, San Diego, CA) using an in vitro exchanged

antibody mixture as reference.

Figure 4 shows that human IgG4-2F8, in which either the hinge or the CH3

sequence is converted to the corresponding human IgG1 sequence (CPPC or R409K,

20 respectively), does not engage in Fab-arm exchange anymore in vivo. Vice versa,

human IgG1, in which both the hinge region and the CH3 interface sequences are

converted to the corresponding human IgG4 sequences (CPSC and K409R), is able to

participate in Fab-arm exchange in vivo. These data show that a CPSC-containing

hinge (S at position 228) in combination with a CH3 domain containing an arginine

25 (R) at position 409 is enough to enable Fab-arm exchange by human IgG1 in vivo.

Example 11: Generation of bispecific antibodies by 2-MEA-induced Fab-arm
exchange: bypass/disruption of a stabilized hinge

2-Mercaptoethylamine-HCl (2-MEA) is a mild reducing agent that has been

30 described to selectively cleave disulphide bonds in the hinge region of antibodies,

while preserving the disulphide bonds between the heavy and light chains. Therefore,

a concentration series of 2-MEA was tested for its ability to induce the generation of

bispecific antibodies by Fab-arm exchange between two antibodies containing CPSC

or CPPC hinge regions. The antibody mixtures, containing each antibody at a final

35 concentration of 0.5 mg/mL, were incubated with a concentration series of 2-MEA (0,
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between wild type human 1gG4-2F8 and IgG4-7D8 was reached at a concentration of

15 2.0 mM 2-MEA and was comparable to the level reached with 0.5 mM GSH as
described in Example 9 (Figure 3). However, 2-MEA was able to induce Fab-arm
exchange between the human antibodies 1gG1-2F8-ITL and IgG4-7D8-CPPC (with
stabilized hinge regions) in a dose-dependent manner. While little or no bispecific
antibodies were formed at low 2-MEA concentrations, probably due to the presence

20 of a CPPC sequence in the hinge region of both antibodies, the generation of
bispecific antibodies was very efficient at higher concentrations of 2-MEA. Maximal
bispecific binding was reached at 25 mM 2-MEA and exceeded maximal binding after
Fab-arm exchange between the two wild type IgG4 antibodies. These maximal
binding levels were comparable to what is described in Example 9 (Figure 3) for GSH

25 treatment of the corresponding antibody with a CPSC hinge (1gG1-2F8-CPSC-ITL). As
IgG1-2F8-ITL and I1gG4-7D8-CPPC both contain a CPPC hinge, these data indicate
that 2-MEA could bypass the requirement of a CPSC hinge for in vitro Fab-arm

exchange.

30 Example 12: Mass spectrometry to follow the generation of bispecific
antibodies by 2-MEA-induced Fab-arm exchange

The generation of bispecific antibodies by 2-MEA-induced Fab-arm exchange

is described in Example 11, where bispecific binding was shown by an ELISA (Figure

5). To confirm that bispecific antibodies are formed, the samples were analyzed by

35 electrospray ionization mass spectrometry (ESI-MS) to determine the molecular
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weights. First, samples were deglycosylated by incubating 200 ng antibody overnight

at 37°C with 0.005 U N-Glycanase (cat.no. GKE-5006D; Prozyme) in 180 uL PBS.

Samples were desalted on an Aquity UPLC™ (Waters, Milford, USA) with a BEH300

C18, 1.7um, 2.1 x 50 mm column at 60°C and eluted with a gradient of a mixture of

5 MQ water (Eluens A) and LC-MS grade acetonitrile (eluens B) (Biosolve,

Valkenswaard, The Netherlands) containing 0.05% formic acid (Fluka Riedel-de

Haén, Buchs, Germany). Time-of-flight electrospray ionization mass spectra were

recorded on-line on a micrOTOF™ mass spectrometer (Bruker, Bremen, Germany)

operating in the positive ion mode. Prior to analysis, a 500-4000 m/z scale was

10 calibrated with ES tuning mix (Agilent Technologies, Santa Clara, USA). Mass spectra

were deconvoluted by using Maximal Entropy that is provided with the

DataAnalysis™ software v. 3.4 (Bruker, Bremen, Germany). Based on the molecular

mass of the antibodies used for Fab-arm exchange in this experiment, the bispecific

antibodies could be discriminated from the original antibodies (also described in

15 Example 15, Figure 9C for IgG1-2F8-ITLxIgG4-7D8-CPPC). For the peak of bispecific

antibody, the area under the curve was determined and divided by the total area
under the curves to calculate the percentage bispecific antibody in each sample.

Figure 6A shows three representative mass spectrometry profiles of the Fab-arm

exchange reaction between IgG1-2F8-ITL and IgG4-7D8-CPPC with 0 mM 2-MEA

20  (two peaks corresponding to the parental antibodies), 7 mM 2-MEA (three peaks

corresponding to the parental and the bispecific antibodies), and 40 mM 2-MEA (one

peak corresponding to the bispecific antibody). The homogenous peak of the

bispecific product indicates that no light chain mispairing occurred, which would have

resulted in subdivided peaks. The quantified data are presented in Figure 6B and

25 show that Fab-arm exchange between IgG1-2F8-ITL and IgG4-7D8-CPPC resulted in

nearly 100% bispecific antibody. In contrast, Fab-arm exchange between wild type

IgG4 antibodies resulted in less than 50% bispecific product. These data confirm the

results from the bispecific binding ELISA described in Example 11 (Figure 5).

30 Example 13: Stability of bispecific antibodies generated by 2-MEA-induced
Fab-arm exchange

The stability of bispecific antibodies generated by 2-MEA-induced in vitro Fab-

arm exchange was tested. Therefore, 2 ug of a bispecific sample generated from

IgG1-2F8-ITL and IgG4-7D8-CPPC with 7.0 mM 2-MEA (as described in Example 11,

35 Figure 5) was used in a GSH-induced Fab-arm exchange reaction in the presence of a
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concentration series (0, 2, 20, 100 pug) irrelevant IgG4 (IgG4-MG against
acetylcholine receptor), representing a 0, 1, 10, 50x excess of IgG4-MG compared to
the 2 ug bispecific test sample. Fab-arm exchange in this reaction would result in
loss of bispecific EGFR/CD20 binding. The conditions for the GSH reduction reaction

5 were the same as described in Example 7 (24h at 37°C in 0.5 mL PBS/0.5 mM GSH).
To stop the reduction reaction, 0.5 mL PBSTB was added to the reaction mixture.
Bispecific binding was measured in an ELISA as described in Example 7. Bispecific
binding after the GSH reduction reaction is presented relative to the bispecific
binding measured in the starting material (control), which was set to 100%.

10 Figure 7A shows that for the IgG1-2F8-ITL x IgG4-7D8-CPPC derived
bispecific sample, EGFR/CD20 bispecific binding is not significantly changed after
GSH-induced Fab-arm exchange in the presence of irrelevant 1IgG4. This indicates
that the bispecific product is stable, i.e. does not participate in GSH-induced Fab-arm
exchange. As a control, Figure 7B shows that an IgG4-2F8 x IgG4-7D8 derived

15 sample shows diminished EGFR/CD20 bispecific binding after GSH-induced Fab-arm
exchange in the presence of irrelevant IgG4, indicating that this product is not
stable. These data show that the heterodimer consisting of a human IgG1l heavy
chain containing the triple mutation T350I-K370T-F405L in the CH3 domain, and a
human IgG4 heavy chain containing the S228P substitution resulting in a stabilized

20  hinge (CPPC), is stable.

Example 14: /n vivo analysis of the pharmacokinetics and stability of
bispecific antibodies generated by 2-MEA-induced Fab-arm exchange

The bispecific antibody generated by in vitro 2-MEA-induced Fab-arm

25 exchange between IgG1-2F8-ITL x IgG4-7D8-CPPC was injected in SCID mice to

analyze its stability (in vivo Fab-arm exchange) and pharmacokinetic properties

(plasma clearance rate) in comparison to the parental antibodies IgG1-2F8-ITL and

IgG4-7D8-CPPC. Three groups of mice (3 mice per group) were injected

intravenously in the tail vein with 200 uL purified antibody: (1) 100 pg bispecific

30 antibody; (2) 100 ug bispecific antibody + 1,000 ug irrelevant 1gG4 (natalizumab,

anti-a4-integrin); (3) 50 pg IgG1-2F8-ITL + 50 pg IgG4-7D8-CPPC. Blood samples

(50-100 pL) were collected by cheek puncture at pre-determined time intervals after

antibody administration (10 min, 3h, 1, 2, 7, 14, 21 days). Blood was collected into

heparin containing vials and centrifuged for 10 min at 14,000 g. Plasma was stored

35 at -20°C before further analysis.
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Exanpl e 22: Analysis of different reductantia for their ability to induce

t he generation of bispecific antibodies €1§y In vitro Fab-arm exchange

bet ween 5 I gGl- 2F8- F405L and | gGl- 7D8- K409R

Total IgG concentrations in the plasma samples were assayed by ELISA. The
assay conditions of the succeeding steps were the same as for the ELISA described in
Example 7. Specific compounds used for total IgG measurement were the following:
coat with 2 pg/mL mouse anti-human IgG (clone MH16-1; CLB; cat. no. M1268);

5 serum samples dilutions (1:500 and 1:2,500 for groups 1 and 3) and (1:2,500 and
1:10,000 for group 2); conjugate: HRP-conjugated goat anti-human IgG (clone 11H;
Jackson; cat. no. 109-035-098; 1:10,000). The presence of bispecific antibodies in
the plasma samples was assayed and quantified by CD20 and EGFR bispecific
reactivity in an ELISA as described in Example 10.

10 Figure 8A shows total antibody plasma concentrations. The shape of the
plasma clearance curves was identical in all groups, indicating that the plasma
clearance of the bispecific antibody was the same as for the parental antibodies
IgG1-2F8-ITL and IgG4-7D8-CPPC over the analyzed time interval. Figure 8B shows
the plasma concentrations of bispecific antibodies over time. The addition of a 10-

15  fold excess irrelevant IgG4 to the bispecific antibody did not affect bispecific antibody
concentrations, indicating that no Fab-arm exchange occurred in vivo. After injection
of the parental antibodies (IgG1-2F8-ITL + IgG4-7D8-CPPC), no bispecific antibodies
were detectable in the plasma, confirming that these antibodies do not participate in
Fab-arm exchange in vivo. These data indicate that the bispecific antibody product,

20 generated by in vitro 2-MEA-induced Fab-arm exchange between IgG1-2F8-ITL x
IgG4-7D8-CPPC, was stable in vivo (no Fab-arm exchange) and showed comparable
pharmacokinetic properties (plasma clearance rate) as the parental monovalent

antibodies.

25 Example 15: Purity of the bispecific antibody generated by 2-MEA-induced
Fab-arm exchange between two antibodies
A batch of bispecific antibody, generated by 2-MEA-induced Fab-arm
exchange between human IgG1-2F8-ITL x IgG4-7D8-CPPC, was purified on a PD-10
desalting column (cat.no. 17-0851-01; GE Healthcare). Next, the purity of the
30 bispecific product was analyzed by sodium dodecyl sulfate polyacrylamide
gelelectrophoresis (SDS-PAGE), high performance size exclusion chromatography
(HP-SEC) and mass spectrometry. The functionality of the generated bispecific
antibody was confirmed by bispecific binding in an ELISA (data not shown).
SDS-PAGE was performed under reducing and non-reducing conditions on 4-
35 12% NuPAGE Bis-Tris gels (Invitrogen, Breda, The Netherlands) using a modified
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35 tested. 2-MEA was used as a reductant to induce in vitro Fab-arm exchange (50 pg
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Tabl e 3: 2-MEA-induced Fab-arm exchange between |gGl-2F8- F405X nutants and
| gGl- 7D8- K409R. The generation of bispecific antibodies after

2- VEA- i ndwoed1yi31Mbt ro Fab- arm 35exchange between | gGlPRESPEAIOBI63R%L ant S
and | gGl- 7D8- K409R was determ ned 78 by a sandwich ELISA. (-) no, (+/-)
low, (+) internediate, (++) high Fab-arfchange. 19gG 1 - 2F8- F40 5X

Fab- armexchange x 1gG 1 -7D8-K409R A ++ ++ ++

by non-reducing SDS-PAGE (data not shown). Therefore, these samples were
excluded from the analysis. These data show that the generation of bispecific
antibodies by Fab-arm exchange between two different antibodies can be induced by

different reducing agents.

Example 19: Determinants at the IgG1l 409 position for engagement in 2-
MEA-induced Fab-arm exchange in combination with IgG1-ITL
2-MEA can induce Fab-arm exchange between human IgG1-ITL and IgG4-
CPPC, as described in Example 11 (Figure 5). The CH3 interface residues of human
10 IgG1 and IgG4 differ at position 409 only: lysine (K) in IgG1 and arginine (R) in IgG4
(described in Example 8, Figure 2). Therefore, it was tested whether substitution of
lysine at position 409 by arginine or any other amino acid (K409X) could enable IgG1
to engage in 2-MEA-induced Fab-arm exchange with IgG1-ITL. Combinations of 10
Hg human IgG1-2F8-ITL and 10 pg IgG1-7D8-K409X in 20 pl PBS/25 mM 2-MEA
15  (final concentration of 0.5 mg/mL for each antibody) were incubated for 90 min at
37°C. Unpurified antibodies from supernatants of transient transfections were used
after buffer-exchange to PBS using Amicon Ultra centrifugal devices (30k, Millipore,
cat. no. UFC803096). After the Fab-arm exchange reaction, 20 pL PBS was added to
each sample and the reducing agent was removed by desalting the samples using
20  spin desalting plate as described in Example 17. Dilution series of the antibody
samples (total antibody concentration 0-20 ug/mL in 3-fold dilutions) were used in
an ELISA to measure bispecific binding as described in Example 7.
Figure 13A shows the results of bispecific binding upon 2-MEA induced Fab-
arm exchange between IgG1-2F8-ITL x IgG1-7D8-K409X. In Figure 13B, the
25 exchange is presented as bispecific binding relative to a purified batch of bispecific
antibody derived from a 2-MEA-induced Fab-arm-exchange between IgG1-2F8-ITL
and IgG4-7D8-CPPC, which was set to 100%. These data were also scored as (-) no
Fab-arm exchange, (+/-) low, (+) intermediate or (++) high Fab-arm exchange, as
presented in Table 1. No Fab-arm exchange (-) was found when the 409 position in
30 IgG1-7D8 was K (=wild type IgG1l), L or M. Fab-arm exchange was found to be
intermediate (+) when the 409 position in IgG1-7D8 was F, I, N or Y and high (++)
when the 409 position in IgG1-7D8 was A, D, E, G, H, Q, R, S, T, Vor W.

Table 1: 2-MEA-induced Fab-arm exchange between IgG1-2F8-ITL and
35 IgG1-7D8-K409X mutants. The generation of bispecific antibodies after 2-MEA-
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induced in vitro Fab-arm exchange between IgG1-2F8-ITL and IgG1-7D8-K409X
mutants was determined by a sandwich ELISA. (-) no, (+/-) low, (+) intermediate,

(++) high Fab-arm exchange.

Fab-arm exchange
IgG1-7D8-K409X x IgG1-2F8-ITL

Example 20: Antibody deglycosylation does not influence the generation of
bispecific antibodies by 2-MEA-induced Fab-arm exchange

IgG4-7D8 and IgG4-7D8-CPPC samples were deglycosylated by incubating
200 pg antibody overnight at 37°C with 0.005 U N-Glycanase (cat.no. GKE-5006D;
Prozyme) in 180 uL PBS. These samples were used directly in a Fab-arm exchange
reaction. Fab-arm exchange was performed by incubating 50 ug of each antibody in
100 pl PBS/25 mM 2-MEA (final concentration of 0.5 mg/mL for each antibody) for
90 min at 37°C. The reducing agent 2-MEA was removed by desalting the samples
using spin columns as described in Example 11. Dilution series of the antibody
samples (total antibody concentration 0-20 yg/mL in 3-fold dilutions) were used in a
sandwich ELISA to measure bispecific binding as described in Example 7.

Mass spectrometry analysis showed that the deglycosylation reaction resulted
in 100% deglycosylated antibody product (data not shown). Figure 14 shows that
Fab-arm exchange involving deglycosylated antibodies did not differ from Fab-arm
exchange with the corresponding glycosylated antibodies (I1gG4-2F8 x 1gG4-7D8-
deglycosylated versus 1gG4-2F8 x 1gG4-7D8 and 1gG1-2F8-ITL x I1gG4-7D8-CPPC-



++ ++ ++ ++ 5 Exanple 29: Determnants at the 1gGlL 407 position for
engagenent in 2- MEA-induced Fab-arm exchange in conbination with

| g3 - K4AOWRO 2011/13174bn Exanpl e 28, it is described that cecraiProigioncsse

nmut ati ons at position F405 are suffici ent to enable human 1gGL to engage in
Fab- ar m exchange when conbi ned with IgGl Ik409R  To test whether ot her
determ nants inplicated in the Fc:Fc 10 interface positions in the CH3
dormai n coul d al so nedi ate the Fab-arm exchange nechani sm nutagenesi s of

the IgGldéchoe Stdd 0BrsV8SIgBeLIFRL R dx aigd 4l 7158-TPPENt FnbRT fath EiRHRE Hat
engagenent - VEA- i nduced_Fab-arm exchange in conbination with human

| gGL- K40@¢9'V9QFY'aB%%sq b ot gféect obs- %Wr?tﬂ@r}nﬁatfi%%ec(fw pRiRadiese Rk epMEdy of C
and P) wedecqordd-aed extidngegGl- 7D8- K4A09R. The procedure was perforned
15with purified antibodies as described in Exanple 19. Figure 24 shows the
results of bispecific binding upon 2- MEA-i nduced Fab-arm exchange between
| gGl-2F8EXEfple 211 gﬁhni‘aﬁéﬁgﬂ théhese cdadlenbh@H3-GHSoingeactidnas (-) no

Fab-arm eXChﬁ{éQ&re A o} t?ﬁ%:%lohygg%?ghgtlﬁtewacé H))ulgll%h L;:c@lbthg{; i

20exchange, as ente moex e fodnd when
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Fab- ar m EXHIAROTeAABn' QN thanBe dBMLduthy HBRGarkif ﬁ\%eﬁ%dﬁmma&.en

| gGl- 2F8 was and internediate (+) wh position in
| gGlL- 2F8"%ﬁ§0m\ Thupreﬁqr@r thg cq,q@jah@rgﬁpe(mqgn e RbtiRe thO:’PrB@@@tﬁl nF@t?TaT"QGl 2F8
was 8 LexdMaRge Bhd TiReS&réhaiR IfNBleCsrcdva®int CH3-CH3 interaction (dissociation
constant, Kp) was analyzed. GSH-induced Fab-arm exchange was performed as
described in Example 9 (0.5 mM GSH at 37°C) for the following combinations of
human antibodies:
IgG1-2F8 x IgG1-7D8
15 IgG1-2F8-CPSC x IgG1-7D8-CPSC
IgG1-2F8-CPSC-T350I x IgG1-CPSC-7D8-T3501
IgG1-2F8-CPSC-K370T x IgG1-7D8-CPSC-K370T
IgG1-2F8-CPSC-ITL x IgG1-7D8-CPSC-ITL
IgG1-2F8-CPSC-K409R x IgG1-7D8-CPSC-K409R
20 IgG4-2F8 x IgG4-7D8
IgG4-2F8-R409K x IgG4-7D8-R409K
IgG4-2F8-R409A x IgG4-7D8-R409A
IgG4-2F8-R409L x IgG4-7D8-R409L
IgG4-2F8-R409M x IgG4-7D8-R409M
25 IgG4-2F8-R409T x IgG4-7D8-R409T
IgG4-2F8-R409W x IgG4-7D8-R409W
IgG4-2F8-F405A x IgG4-7D8-F405A
IgG4-2F8-F405L x IgG4-7D8-F405L
IgG4-2F8-Y349D x IgG4-7D8-Y349D
30 IgG4-2F8-L351K x IgG4-7D8-L351K
1gG4-2F8-E357T x IgG4-7D8-E357T
1gG4-2F8-S364D x IgG4-7D8-S364D
IgG4-2F8-K370Q x IgG4-7D8-K370Q
IgG4-2F8-K370E x IgG4-7D8-K370E



S5particular single nmutations at the 1gGl 407 position allow IgGlL to engage
I n 2- MEA- i nduced Fab-arm exchange when conbined with | gGl- K409R Tabl e 4:
2- MEA- i nowoedl1Aab7ar m exchange bet ween | gGlL- 2F8- Y407 X mMRCAIEPI01a/066388

| gGL- 7D8- K409R 10The generation of bispecific antibodies after

2- MEA-i nduced in vitro Fab-arm exchange et ween | gGl- 2F8- Y407X nmut ants and
| gGl- 7D8- K409R was determ ned by a sandwi ch ELISA. (-) no, (+/-) low, (+)

i ntermedi ate, (++) high Fab-arnmexchange. |gGl-2F8-Y407X Fab-ar m exchange x

| gGl- 7D8TI’4@@8|%erid'n of bispecific antibodies was measured by determination of bispecific
binding in a sandwich ELISA as described in Example 7. Figures 15A/B/C show the
results of the bispecific binding after the Fab-arm exchange reaction.
To measure the effect of the above mentioned CH3 mutations on the strength
5 of the CH3-CH3 interaction, fragments composed of only the CH2-CH3 domains were
made. The lack of a hinge region in these fragments prevented covalent inter-heavy
chain disulfide bonds. The fragments were analyzed by native mass spectrometry.
Samples were buffer-exchanged to 100 mM ammonium acetate pH 7, using 10 kDa
MWCO spin-filter columns. Aliquots (~1 uL) of serial diluted samples (20 yM - 25 nM;
10 monomer equivalent) were loaded into gold-plated borosilicate capillaries for analysis
on a LCT mass spectrometer (Waters). The monomer signal, M, was defined as the
area of the monomer peaks as a fraction of the area of all peaks in the spectrum
(M¢/(Mg+Ds) where D¢ = the dimer signal). The concentration of monomer at
equilibrium, [M]e,, was defined as M..[M]o where [M]o is the overall protein
15  concentration in terms of monomer. The dimer concentration at equilibrium, [D]eg,
was defined as ([M]o-[Mleq)/2. The Kp, was then extracted from the gradient of a plot
of [D]eq Versus [M]eqz. The Kp of the non-covalent CH3-CH3 interactions is presented
in Table 2.
The correlation between the ability to engage in Fab-arm exchange and the
20  strength of the non-covalent CH3-CH3 interactions was analyzed. Figures 15D/E
show the percentage bispecific binding after Fab-arm exchange plotted against the
measured Kp of the corresponding CH2-CH3 fragment (Figure 15D for IgG1; Figure
15E for IgG4). These data suggest that under the tested conditions there is a specific
range of apparent Kp values of the CH3-CH3 interaction that allows efficient Fab-arm
25 exchange.
Table 2: The Kp of the non-covalent CH3-CH3 interactions

CH2-CH3 construct Ko (M) fold-difference*
G1 3.0 x 10° 1.0000
G1-T3501I 7.0 x 107 0.4000
G1-K370T 4.5x10°® 0.0700
G1-ITL 1.0 x 10 0.0030
G1-K409R 1.1 x 107 0.0300
G4 4.8 x10°® 1.0000
G4-R409K 8.0x 10° 6.0000
G4-R409A 1.6 x 107 0.3000
G4-R409L 1.5x 10® 3.2000

G4-R409M 3.0 x 10° 16.0000
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G4-R409T 7.2 x 107 0.0700
G4-R409W 3.4 x10° 0.0014
G4-F405A 1.9 x 107 0.0025
G4-F405L 2.5x 107 0.0019
G4-L351K 7.4 x 107 0.0600
G4-E357T 4.1x10° 0.0012
G4-5364D 4.7 x 10°® 1.0200
G4-K370Q 1.1 x 10°® 4.3000
G4-K370E 2.0 x 10° 24.0000

* Compared to the corresponding CH2-CH3 fragments of wild type IgG1 or IgG4

Example 22: Analysis of different reductantia for their ability to induce the
generation of bispecific antibodies by in vitro Fab-arm-exchange between
IgG1-2F8-F405L and IgG1-7D8-K409R

2-MEA and DTT were found to induce in vitro Fab-arm-exchange between
human IgG1-ITL and IgG4-CPPC (Figure 12). It was tested whether these
reductantia can also induce in vitro Fab-arm-exchange between human IgG1-2F8-
F405L and IgG1-7D8-K409R. Concentration series of 2-MEA, DTT, GSH and TCEP
(tris(2-carboxyethyl)phosphine) were tested. Fab-arm-exchange was performed as
described in Example 18. The tested concentration series of the different reducing
agents were as follows: 0.0, 0.04, 0.1, 0.2, 0.5, 1.0, 5.0, 25.0, 50.0 mM 2-MEA,
GSH, DTT or TCEP.

Figure 17 confirms that 2-MEA induces maximal Fab-arm-exchange at a
concentration of 25 mM 2-MEA, which persisted at the higher concentration of 50.0
mM 2-MEA. DTT was found to be very effective in the generation of bispecific
antibodies with maximal Fab-arm-exchange reached at 0.5 mM DDT, which also
persisted over higher concentrations of DTT (1.0-50.0 mM). Also TCEP was found to
be very effective in the generation of bispecific antibodies with maximal Fab-arm-
exchange reached at 0.5 mM. At a concentration > 25.0 mM, Fab-arm-exchange by
TCEP was disturbed. GSH concentrations in the range 0.0-5.0 mM were not able to
induce the generation of bispecific antibodies by Fab-arm-exchange. Higher GSH
concentrations (25.0-50.0 mM) resulted in the formation of antibody aggregates
(data not shown). Therefore, these samples were excluded from the analysis. These
data show that the generation of bispecific antibodies by Fab-arm-exchange between

two different antibodies can be induced by different reducing agents.
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10-8 18B and show that Fab-arm-exchange between IgG1-2F8-F405L and IgG1-7D8-
15 K409R resulted in nearly 100% bispecific antibody, confirming the results from the
bispecific-binding ELISA.

Example 24: Purity of the bispecific antibody generated by 2-MEA-induced
Fab-arm-exchange between human IgG1-2F8-F405L x IgG1-7D8-K409R
20 A batch of bispecific antibody, generated by 2-MEA-induced Fab-arm-
exchange between human IgG1-2F8-F405L x IgG1-7D8-K409R, was purified using a
PD-10 desalting column (cat.no. 17-0851-01; GE Healthcare). Next, the purity of the
bispecific product was analyzed by mass spectrometry as described in Example 12.
Figure 19 shows the mass spectrometry profiles of the starting materials
25 IgG1-2F8-F405L and IgG1-7D8-K409R and the bispecific product generated by Fab-
arm-exchange between IgG1-2F8-F405L x IgG1-7D8-K409R. The product in the Fab-
arm-exchanged sample is 146,160.7 kDa, which matches with the bispecific product
derived from IgG1-2F8-F405L (146,606.8/2=73,303.3) x IgG1-7D8-K409R
(146,312.2/2=73,156.1) = 146,459.4 kDa. Moreover, the bispecific antibody product
30 showed a homogenous peak, indicating that no light chain mispairing occurred,
which would have resulted in subdivided peaks. These data show that Fab-arm-

exchange resulted in approximately 100% bispecific antibody.
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Example 26: CDC-mediated cell kill by bispecific antibody generated by 2-

25 MEA-induced Fab-arm-exchange between human IgG1-2F8-F405L x IgG1-
7D8-K409R

The CD20 antibody 1gG1-7D8 can efficiently kill CD20-expressing cells by

complement-dependent cytotoxicity (CDC). In contrast, the EGFR antibody IgG1-2F8

does not mediate CDC on target cells expressing EGFR. It was tested whether the

30 mutant IgG1-7D8-K409R and the bispecific antibody generated by 2-MEA-induced

Fab-arm-exchange between IgG1-2F8-F405L x IgG1-7D8-K409R were still able to

induce CDC on CD20-expressing cells. 10°> Daudi or Raji cells were pre-incubated for

15 min with a concentration series of antibody in 80 pL RPMI medium supplemented

with 0.1% BSA in a shaker at room temperature. 20 yL normal human serum (NHS)

35 was added as a source of complement (20% NHS final concentration) and incubated
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using Leucosep® tubes (Greiner Bio-one, cat.# 227290) according to the
25  manufacturer’s recommendations. Target cells were labelled by adding 100 uCi >'Cr
to 5x10° A431 cells in 1 mL RPMI medium supplemented with 0.1% BSA and
incubating for 60 min in a 37°C shaking water bath. Labelled cells were washed and
resuspended in RPMI supplemented with 0.1% BSA. 5x10* labelled target cells in
RPMI supplemented with 0.1% BSA were preincubated in 100 L for 15 min with the
30 antibody concentrations series (range 0-10 pg/mL final concentration in ADCC assay
in 3-fold dilutions) at room temperature. The ADCC assay was started by adding 50
uL effector cells (5x10° cells) in an E:T ratio 100:1. After 4 hours at 37°C, >!Cr
release from triplicate experiments was measured in a scintillation counter as counts

per min (cpm). The percentage of cellular toxicity was calculated using the following

35 formula: percentage of specific lysis = (experimental cpm - basal cpm)/(maximal



Tabl e 6: Theoretical mass of the heavy and |ight chain of |gGl-7D8-K409R
and | gGl- 2F8- F405 Honodi ner L-chain (Da) H Chain (Da) |gGl-2F8-F405 23252.8
49894. 6 IWORoNNB1K409R 23438. 1 49579.0 On t he Pbagir3o1ofosd3Rese
masses, the followi ng I gG nol ecul es could theoretically 5be detected (Table
7). The measured masses (Figure 30) are 4/ndicated in the final col um.
Table 7: Theoretical detection of heavy and |ight chain of |gGl-7D8-K409R
and | gGl- 2F8- F40 | gGl- 2F8- F405 | gGl- 7D8- K409R Theoreti ¢ nass (Da)

cpm - basal cpm) X 100. Maximal *!Cr release was determined by adding 50 pL 5%
Triton X-100 to 50 L target cells (5x10* cells), and basal release was measured in

the absence of sensitizing antibody and effector cells.
Figure 22 shows that the CD20-specific antibody IgG1-7D8 did not induce
5 ADCC on the CD20-negative A431 cells. Both IgG1-2F8 and the mutant IgG1-2F8-
F405L were able to induce ADCC on A431 cells, indicating that introduction of the
F405L mutation in IgG1-2F8 did not affect its ADCC effector function. Also the
bispecific antibody derived from IgG1-2F8-F405L x IgG1-7D8-K409R induced ADCC
on A431 cells in a dose-dependent manner, indicating that the ADCC effector

10  function was retained in the bispecific format.

Example 28: Determinants at the IgG1l 405 position for engagement in 2-
MEA-induced Fab-arm-exchange in combination with IgG1-K409R
In Example 16 it is described that the F405L mutation is sufficient to enable
15 human IgG1l to engage in Fab-arm-exchange when combined with IgG4-7D8. To
further test the determinants at the IgG1l 405 position for engagement in 2-MEA-
induced Fab-arm-exchange in combination with human IgG1-K409R, all possible
IgG1-2F8-F405X mutants (with the exception of C and P) were combined with IgG1-
7D8-K409R. The procedure was performed with purified antibodies as described in
20 Example 19.

Figure 23 shows the results of bispecific binding upon 2-MEA-induced Fab-
arm-exchange between IgG1-2F8-F405X x IgG1-7D8-K409R. These data were also
scored as (-) no Fab-arm exchange, (+/-) low, (+) intermediate or (++) high Fab-
arm exchange, as presented in Table 3. No Fab-arm exchange (-) was found when

25  the 405 position in IgG1-2F8 was F (= wild type IgG1). Fab-arm exchange was found
to be low (+/-) when the 405 position in IgG1-2F8 was G or R. Fab-arm exchange
was found to be high (++) when the 405 position in IgG1-2F8 was A, D, E, H, I, K, L,
M, N, Q, S, T, V, Wor Y. These data indicate that particular mutations at the IgG1
405 position allow IgGl to engage in 2-MEA-induced Fab-arm-exchange when
30 combined with IgG1-K409R.

Table 3: 2-MEA-induced Fab-arm-exchange between IgG1-2F8-F405X

mutants and IgG1-7D8-K409R.

The generation of bispecific antibodies after 2-MEA-induced in vitro Fab-arm-
35 exchange between IgG1-2F8-F405X mutants and IgG1-7D8-K409R was determined
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by a sandwich ELISA. (-) no, (+/-) low, (+) intermediate, (++) high Fab-arm-

exchange.

Fab-arm-exchange
IgG1-2F8-F405X x IgG1-7D8-K409R

5 Example 29: Determinants at the IgG1l 407 position for engagement in 2-
MEA-induced Fab-arm-exchange in combination with IgG1-K409R

In Example 28, it is described that certain single mutations at position F405

are sufficient to enable human IgG1 to engage in Fab-arm-exchange when combined

with IgG1-K409R. To test whether other determinants implicated in the Fc:Fc

10 interface positions in the CH3 domain could also mediate the Fab-arm-exchange

mechanism, mutagenesis of the IgG1l 407 position was performed and the mutants

were tested for engagement in 2-MEA-induced Fab-arm-exchange in combination

with human IgG1-K409R. All possible IgG1-2F8-Y407X mutants (with the exception

of C and P) were combined with IgG1-7D8-K409R. The procedure was performed

15  with purified antibodies as described in Example 19.

Figure 24 shows the results of bispecific binding upon 2-MEA-induced Fab-arm-
exchange between IgG1-2F8-Y407X x IgG1-7D8-K409R. These data were also scored
as (-) no Fab-arm exchange, (+/-) low, (+) intermediate or (++) high Fab-arm

20 exchange, as presented in Table 4. No Fab-arm exchange (-) was found when the
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407 position in IgG1-2F8 was Y (= wild type IgG1), E, K, Q, or R. Fab-arm exchange
was found to be low (+/-) when the 407 position in IgG1-2F8 was D, F, I, Sor T and
intermediate (+) when the 407 position in IgG1-2F8 was A, H, N or V, and high (++)
when the 407 position in IgG1-2F8 was G, L, M or W. These data indicate that
particular single mutations at the IgG1 407 position allow IgG1 to engage in 2-MEA-
induced Fab-arm-exchange when combined with IgG1-K409R.

Table 4: 2-MEA-induced Fab-arm-exchange between IgG1-2F8-Y407X
mutants and IgG1-7D8-K409R

The generation of bispecific antibodies after 2-MEA-induced in vitro Fab-arm
exchange between IgG1-2F8-Y407X mutants and IgG1-7D8-K409R was determined
by a sandwich ELISA. (-) no, (+/-) low, (+) intermediate, (++) high Fab-arm-

exchange.

Fab-arm-exchange
IgG1-2F8-Y407X x IgG1-7D8-K409R
A +

Example 30: Quantification of the non-covalent CH3-CH3 interaction in IgG1
heterodimers

It is described in Example 21 that there is a specific range in the strength of
the interaction of the CH3-CH3 homodimers that allows efficient Fab-arm-exchange.

The strength of the interactions at the CH3 interface should be such that it is
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possible that both heavy chains in the parental antibodies (homodimers) dissociate in

the Fab-arm-exchange reaction and that they subsequently associate in the
heterodimerization reaction. To generate a stable heterodimer, the strength of the
heterodimer interaction should be greater than the strength of the homodimer

5 interaction, such that it favors heterodimerization over homodimerization. To confirm
this, the strength of the CH3-CH3 interaction in the heterodimers was measured and
compared to the strength in the homodimers. The Ky of the CH2-CH3 fragments
derived from IgG1-K409R, IgG1-F405L and IgG1-ITL homodimers were measured as
described in Example 21. For the determination of the Ky in heterodimers, CH2-CH3

10 domain fragments (G1-F405L and G1-ITL) were mixed with the IgG1Ahinge fragment
of IgG1-7D8-K409R, which contain all antibody domains except the hinge. The lack

of hinge regions in both fragments prevented covalent inter-heavy chain disulfide
bonds. The fragments were mixed and analyzed after 24 hours by native mass
spectrometry as described in Example 21. The Kp values of the non-covalent CH3-

15 CH3 interactions in the indicated CH2-CH3 fragments or mixtures of CH2-CH3
fragments with IgG1Ahinge are presented in Table 5. These data suggest that under

the tested conditions, the strength of the heterodimer interaction is greater (lower

Kp) than the corresponding homodimer interactions.

20 Table5
CH2-CH3 construct/(IgG1Ahinge) Interaction Kp (M)
G1-F405L/G1-K409R Heterodimer 1.2 x 10°®
G1-ITL/G1-K409R Heterodimer 1.7 x 10°®
G1-K409R Homodimer 1.1 x 107
G1-F405L Homodimer 8.5 x 107
G1-ITL Homodimer 1.2 x 10°®

Example 31: Biochemical analysis of a bispecific antibody generated by 2-
MEA-induced Fab-arm exchange
A batch of bispecific antibody, generated by 2-MEA-induced Fab-arm
25 exchange between human IgG1-2F8-F405L x IgG1-7D8-K409R, was purified on a
PD-10 desalting column (cat.no. 17-0851-01; GE Healthcare). Next, the purity of the
bispecific product was analyzed by sodium dodecyl sulfate polyacrylamide
gelelectrophoresis (SDS-PAGE), High Performance Size Exclusion Chromatography
(HP-SEC), mass spectrometry, HPLC cation exchange chromatography (HPLC-CIEX),

30 capillary isoelectrofocussing (cIEF).
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26(A) show the HP-SEC profiles of the starting materials IgG1-2F8-F405L and IgG1-
7D8-K409R, respectively. The mixture (1:1) of both antibodies and the bispecific
product generated by 2-MEA induced Fab-arm exchange between IgG1-2F8-F405L x
IgG1-7D8-K409R are shown in Figure 26C and Figure 26D, respectively. In addition,
10  Figure 26D shows that >99% of the sample consists of intact IgG with practically no
aggregates formed.

Mass spectrometry (ESI-MS) was performed as described in Example 12.
Figure 27(B) and Figure 27(A) show the mass spectrometry profiles of the starting
materials IgG1-2F8-F405L and IgG1-7D8-K409R, respectively. The mixture (1:1) of

15 both antibodies and the bispecific product generated by 2-MEA induced Fab-arm
exchange between IgG1-2F8-F405L x IgG1-7D8-K409R are shown in Figure 27C and
Figure 27D, respectively. The product in the 2-MEA induced Fab-arm exchanged
sample is 146,159.7 kDa, which perfectly matches with the bispecific product derived
from IgG1-2F8-F405L (146,289.0/2=73,145) X IgG1-7D8-K409R

20 (146,028.0/2=73,014). Moreover, the bispecific antibody product showed a
homogenous peak, indicating that no light chain mispairing occurred, which would
have resulted in subdivided peaks. These data show that 2-MEA induced Fab-arm
exchange resulted in bispecific IgG. The small peaks indicated by (*) resulted from
incomplete deglycosylation prior to analysis. These data show that a bispecific

25 antibody sample was generated by 2-MEA-induced Fab-arm exchange between IgG1-
2F8-F405L x IgG1-7D8-K409R.

Capillary isoelectrofocussing (cIEF) was performed using an iCE280 Analyzer
(Convergent Biosciences). Figure 28A and Figure 28B shows cIEF profiles of the
starting materials IgG1-2F8-F405L and IgG1-7D8-K409R, respectively. The mixture

30 (1:1) of both antibodies and the bispecific product generated by Fab-arm exchange
between IgG1-2F8-F405L x IgG1-7D8-K409R are shown in Figure 28C and Figure
28D, respectively. All samples were desalted before use. Final concentrations in the
assay mix were 0.3 mg/mL IgG (0.35% Methyl Cellulose; 2% Carrier Ampholytes 3-
10; 6% Carrier Ampholytes 8-10.5; 0.5% pI marker 7.65 and 0.5% pl marker

35 10.10). Focusing was performed for 7 min at 3000 V and the whole-capillary
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a bispecific heterodimer, i.e. to purify away any residual homodimers after exchange.

Example 32: Recombinant expression of heterodimers by simultaneous co-
expression of both homodimers

25 To illustrate that heterodimer formation also occurs when the two
homodimers are co-expressed recombinantly, HEK-293F cells were co-transfected
with the four expression vectors (see Example 1) encoding the heavy and light chain
of IgG1-7D8-K409R and IgG1-2F8-F405 ina 1:1:1:1 ratio. Antibodies were
transiently produced under serum-free conditions as described in Example 4. Next,

30 IgG was purified by Protein A chromatography as described in Example 5. Purified
IgG was deglycosylated and subsequently analyzed by electrospray ionization mass
spectrometry as described in Example 12.

The theoretic mass of heavy and light chain of IgG1-7D8-K409R and IgG1-

2F8-F405 are shown in Table 6.
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The two most abundant peaks of 146345 and 146159 Da represented

heterodimers with a single (from IgG1-7D8-K409R) or both light chains incorporated,
respectively. Homodimers of both the heavy chain of IgG1-7D8-K409R or IgG1-2F8-

F405 were detected, but only in minor amounts. These data show that hetero-

dimerization also occurs when the two homodimers are co-expressed.

Example 33: Monitoring the kinetics of 2-MEA-induced Fab-arm exchange

and quantifying residual homodimers after exchange by using HPLC-CIEX

The generation of bispecific antibodies by 2-MEA-induced Fab-arm exchange

is described in Example 11. In this example the exchange reaction was monitored by
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The exchange process was performed using the combination of IgG1-7D8-

K409R x IgG1-2F8-F405L. Both materials were purified with affinity chromatography
25 using protein A. After concentration of the material to >20 mg/mL, a successive
anion exchange step was performed (in flow through mode) using HiPrep Q FF 16/10
(GE Health Care, #28-9365-43). The final purified material was buffer-exchanged to
PBS.
The bispecific exchange was studied at final IgG concentrations of 20 mg/mL
30 (each homodimer at a final concentration of 10 mg/mL) and 10 mg/mL (each
homodimer at a final concentration of 5 mg/mL) in PBS. Separate mixtures were
prepared for both IgG concentrations including 2-MEA at final concentrations of 10,
25, 50 and 100 mM. The mixtures were divided into 100 uL aliquots in eppendorf
tubes and stored at 15, 25 and 37°C. Separate tubes were used for different

35 incubation times of 90 min, 5 hours and 24 hours at each temperature.
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The mixture was also prepared without 2-MEA for both IgG concentrations
and stored at 4°C as an untreated control. After the appropriate incubation times, the
90 min and 5 hours samples were collected for desalting to remove the 2-MEA (the
90 min samples were initially put on ice to stop the exchange reaction). The samples
were desalted using a Zeba 96-well desalting plate (7k, cat# 89808, Thermo Fisher
Scientific). The 24 hours samples were desalted separately after 24 hours incubation.

Serial dilutions of the antibody samples (total antibody concentration 10 -
0.123 pg/mL in 3-fold dilutions for the 90 min and 5 hours samples; 10 - 0.041
pMg/mL in 3-fold dilutions for the 24 hours samples) were used in a sandwich ELISA to
measure bispecific binding as described in Example 7. For each plate, a control was
included of a purified batch of bispecific antibody derived from a 2-MEA-induced Fab-
arm exchange between IgG1-2F8-ITL and 1gG4-7D8-CPPC (as described in Example
15). Figure 34(A)-(F) shows the results of the bispecific binding as measured in the
individual ELISA plates. The top OD405 values (as determined for the 10 ug/mL
concentrations in the ELISA) were used to calculate the bispecific binding in
comparison to the control, which was arbitrarily set at 100%. This resulted in the
percentage of controlled Fab-arm exchange (% cFAE) compared to the control as is
shown in Figure 34(A)-(D) for each 2-MEA concentration.

The data show that maximal level of bispecific binding (89-109% with respect
to control) was reached at a concentration of 100 mM 2-MEA for both IgG
concentrations at all temperature-time conditions. At 50 mM 2-MEA, maximal binding
(88-107%) was achieved at 25°C and 37°C and also at 15°C after 24 hours
incubation. For the lower concentrations of 25 mM and 10 mM 2-MEA, the exchange
was more efficient at higher temperatures and increased with prolonged incubation
time, leading to maximal exchange at 37°C upon 24 hours incubation at 25 mM 2-
MEA. None of the conditions tested at 10 mM 2-MEA generated 100% bispecific
product. The exchange process was slightly faster at IgG concentrations of 10
mg/mL compared to 20 mg/mL total IgG.

To confirm that bispecific antibodies were formed and to study the bispecific
products in more detail, samples were analyzed with Cation Exchange (HPLC-CIEX)
analysis. The HPLC-CIEX analysis was performed as described in Example 31 for the
samples with IgG concentrations of 20 mg/mL after 5 hours and 24 hours incubation
and all 2-MEA concentrations.

The CIEX chromatograms in Figure 35(A)-(D) show that the highest yield of
bispecific product was obtained at 50 and 100 mM 2-MEA confirming the results of
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the bispecific ELISA. However, minor amounts of residual homodimer were still
detected at 50 and 100 mM 2-MEA (2 - 3.5% of each homodimer for samples
incubated at 25°C and 37°C). Exchange at higher temperature, longer (24 hours)
incubation time and increasing 2-MEA concentration result in the appearance of
additional peaks at 22-24 min in the CIEX profile.

Minimal amounts of additional peaks were obtained when exchange was
concluded within 5 hours. To identify the nature of these peaks, SDS-PAGE analysis
and HP-SEC analysis was performed. HP-SEC showed that the amount of aggregates
was below 1% for all conditions, suggesting that the additional peaks do not
represent aggregates. However, non-reduced SDS-PAGE indicated that the extra
peaks may represent heterodimer lacking one or two light chains. Minor amounts of
half-molecules were detected as well.

The experiment shows that the exchange reaction takes place at high
homodimer concentrations, which makes the process attractive for commercial scale,
and that the vyield of bispecific antibody depends on 2-MEA concentration,

temperature and incubation time.

Example 35: Determinants at the IgG1l 368 position for engagement in 2-
MEA-induced Fab-arm exchange in combination with IgG1-K409R

Example 28 and 29 show that certain single mutations at position F405 and
Y407 are sufficient to enable human IgGl to engage in Fab-arm exchange when
combined with IgG1-K409R. As illustrated in this example further determinants
implicated in the Fc:Fc interface positions in the CH3 domain may also mediate the
Fab-arm exchange mechanism. To this effect mutagenesis of the IgG1 368 position
was performed and the mutants were tested for engagement in 2-MEA-induced Fab-
arm-exchange in combination with human IgG1-K409R. All possible IgG1-2F8-L368X
mutants (with the exception of C and P) were combined with IgG1-7D8-K409R. The
procedure was performed with purified antibodies as described in Example 19.

Figure 36 shows the results of bispecific binding upon 2-MEA-induced Fab-arm
exchange between IgG1-2F8-L368X x IgG1-7D8-K409R. These data were also scored
as (-) no Fab-arm exchange, (+/-) low, (+) intermediate or (++) high Fab-arm
exchange, as presented in Table 8. No Fab-arm exchange (-) was found when the
368 position in IgG1-2F8 was L (= wild type IgG1), F or M. Fab-arm exchange was
found to be low (+/-) when the 368 position in IgG1-2F8 was Y. Fab-arm exchange
was found to be intermediate (+) when the 368 position in IgG1-2F8 was K and high
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Example 36: Determinants at the IgG1l 370 position for engagement in 2-
MEA-induced Fab-arm exchange in combination with IgG1-K409R

15 Examples 28, 29 and 35 show that certain single mutations at positions F405,
Y407 or L368 are sufficient to enable human IgG1l to engage in Fab-arm exchange
when combined with IgG1-K409R. As illustrated in this example further determinants
implicated in the Fc:Fc interface positions in the CH3 domain may also mediate the
Fab-arm exchange mechanism. To this effect mutagenesis of the IgG1 370 position

20 was performed and the mutants were tested for engagement in 2-MEA-induced Fab-
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arm-exchange in combination with human IgG1-K409R. All possible IgG1-2F8-K370X
mutants (with the exception of C and P) were combined with IgG1-7D8-K409R. The
procedure was performed with purified antibodies as described in Example 19.

Figure 37 shows the results of bispecific binding upon 2-MEA-induced Fab-arm
exchange between IgG1-2F8-K370X x IgG1-7D8-K409R. These data were also
scored as (-) no Fab-arm exchange, (+/-) low, (+) intermediate or (++) high Fab-
arm exchange, as presented in Table 9. No Fab-arm exchange (-) was found when
the 370 position in IgG1-2F8 was K (= wild type IgG1), A, D, E, F, G, H, I, L, M, N,
Q, R, S, T, Vor Y. Only substitution of K370 with W resulted in intermediate Fab-arm
exchange (+). These data indicate that only one mutation at the IgG1 370 position
(K370W) allows IgGl to engage in 2-MEA-induced Fab-arm exchange when
combined with IgG1-K409R.

Table 9: 2-MEA-induced Fab-arm exchange between IgG1-2F8-K370X
mutants and IgG1-7D8-K409R

The generation of bispecific antibodies after 2-MEA-induced in vitro Fab-arm
exchange between IgG1-2F8-K370X mutants and IgG1-7D8-K409R was determined
by a sandwich ELISA. (-) no, (+/-) low, (+) intermediate or (++) high Fab-arm

exchange.

Fab-arm exchange
IgG1-2F8-K370X x IgG1-7D8-K409R
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Examples 28, 29, 35 and 36 show that certain single mutations at positions

5 F405, Y407, L368 or K370 are sufficient to enable human IgG1 to engage in Fab-arm
exchange when combined with IgG1-K409R. As illustrated in this example further

determinants implicated in the Fc:Fc interface positions in the CH3 domain may also

mediate the Fab-arm exchange mechanism. To this effect mutagenesis of the IgG1

399 position was performed and the mutants were tested for engagement in 2-MEA-

10  induced Fab-arm-exchange in combination with human IgG1-K409R. All possible
IgG1-2F8-D399X mutants (with the exception of C and P) were combined with IgG1-

7D8-K409R. The procedure was performed with purified antibodies as described in

Example 19.

Figure 38 shows the results of bispecific binding upon 2-MEA-induced Fab-arm

15 exchange between IgG1-2F8-D399X x IgG1-7D8-K409R. These data were also

scored as (-) no, (+/-) low, (+) intermediate or (++) high Fab-arm exchange, as

presented in Table 10. No Fab-arm exchange (-) was found when the 399 position in

IgG1-2F8 was D (= wild type IgG1), E and Q. Fab-arm exchange was found to be low
(+/-) when the 399 position in IgG1-2F8 was V, intermediate (+) when the 399

20 position in IgG1-2F8 was G, I, L, M, N, S, T or W. Fab-arm exchange was found to be
high (++) when the 399 position in IgG1-2F8 was A, F, H, K, R or Y. These data
indicate that particular mutations at the IgG1 399 position allow IgG1l to engage in
2-MEA-induced Fab-arm exchange when combined with IgG1-K409R.

25 Table 10: 2-MEA-induced Fab-arm exchange between IgG1-2F8-D399X
mutants and IgG1-7D8-K409R
The generation of bispecific antibodies after 2-MEA-induced in vitro Fab-arm
exchange between IgG1-2F8-D399X mutants and IgG1-7D8-K409R was determined
by a sandwich ELISA. (-) no, (+/-) low, (+) intermediate or (++) high Fab-arm

30 exchange.

IgG1-2F8-D399X | x IgG1-7D8-K409R

Fab-arm exchange

A ++
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Fab- arm exchange, as presented in Table 10. No Fab-arm exchange (-) was
found when the 399 position in IgGl-ZFB%S D(=wld type 1gGl), E and Q
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Example 38: Determination of the condition range in which 2-MEA-induced
Fab-arm exchange occurs suboptimally to discriminate between highly
efficient IgG1 mutants
5 The process of 2-MEA-induced Fab-arm exchange occurs efficiently at 37°C
when 25 mM 2-MEA is used. Under these conditions, the majority of permissive IgG1
mutants (IgG1 with certain single mutations at positions 368, 370, 399, 405 and 407
and/or 409 as described in Examples 19, 28, 29, and 35-37) show high levels of 2-
MEA-induced Fab-arm exchange (80% - 100%). To identify experimental conditions
10 that would allow discrimination between the IgG1l mutants with the highest
efficiency, 2-MEA-induced Fab-arm for four different mutant combinations (IgG1-
2F8-F405S x IgG1-7D8-K409A, IgG1-2F8-D399R x IgG1-7D8-K409G, IgG1-2F8-
L368R x IgG1-7D8-K409H and IgG1-2F8-F405L x IgG1-7D8-K409R) was studied
over time at 15°C and 20°C, respectively. Apart from changes in temperature, time
15 period and antibody dilution (20, 2, 0.2 and 0.02 ug/mL) the procedure was
performed as described in Example 19.

At 20°C 2-MEA-induced Fab-arm exchange of the four mutant combinations
occurred at different rates compared to the maximal exchange (positive control).
After 105 min incubation IgG1-2F8-L368R x IgG1-7D8-K409H reached the maximal

20 level of exchange, whereas 1gG1-2F8-F405S x 1gG1-7D8-K409A, 1gG1-2F8-D399R x
IgG1-7D8-K409G and IgG1-2F8-F405L x IgG1-7D8-K409R reached a maximum of
90%, 85% and 85%, respectively, after 200 min.
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Incubation of the different IgG1 mutant combinations at 15°C showed most
prominent differences in exchange rates (shown in Figure 39). After 60 and 105 min
incubations, 2-MEA-induced Fab-arm exchange, the differences between the four
mutant combinations were most extreme. Fab-arm exchange after 200 min
incubation showed efficiencies of 100% (IgG1-2F8-L368R x IgG1-7D8-K409H), 85%
(IgG1-2F8-F405L x IgG1-7D8-K409R and IgG1-2F8-D399R x IgG1-7D8-K409G) or
65% (IgG1-2F8-F405S x IgG1-7D8-K409A) compared to the positive control.

Example 39: Analyzing 2-MEA-induced Fab-arm exchange efficiencies of
mutants at suboptimal conditions

The process of 2-MEA-induced Fab-arm exchange occurs efficiently at 37°C
when 25 mM 2-MEA is used. Under these conditions, the majority of permissive IgG1
mutants (IgG1 with certain single mutations at positions 368, 370, 399, 405 and 407
and/or 409 as described in Examples 19, 28, 29, and 35-37) show high levels of 2-
MEA-induced Fab-arm exchange (80-100%). In Example 38 it is described that
differences in 2-MEA-induced Fab-arm exchange efficiencies are most pronounced
after incubation at socalled suboptimal conditions, namely at 15°C for 60 to 105 min.
In total 24 IgG1-2F8 mutants at the L368, D399, F405 and Y407 (see Table 11) that
show >90% 2-MEA-induced Fab-arm exchange with IgG1-7D8-K409R (Example 28,
29, and 35-37) were selected and subjected to Fab-arm exchange analysis with
IgG1-7D8-K409A, G, H or R (based on results reported in Example 19). To
categorize these mutant combinations upon their efficiencies to generate bispecific
antibodies, 2-MEA-induced Fab-arm exchange was performed at 15°C for 90 min
(suboptimal conditions). Two IgG1-2F8 mutants Y407Q and D399Q) that showed
weak 2-MEA-induced Fab-arm exchange after incubation with IgG1-7D-K409R
(Example 29 and 37) were taken along as additional negative controls and used to
study whether incubation with another amino acid at the K409 position (G, H, or W)
leads to a different result. Apart from a change in temperature and changes in
antibody dilution (20, 2, 0.2 and 0.02 ug/mL), the procedure was performed as
described in Example 19.

Incubation of all different IgG1 mutants combinations (as becomes clear from
Table 11) at 15°C for 90 min showed a range of different 2-MEA-induced Fab-arm
exchange efficiencies. The result of bispecific binding at an antibody concentration of
20 pg/mL, is shown in Table 11. Results were categorized in 4 classes; no (-), low

(+/-) intermediate (+) and high (++) bispecific binding efficiency as is specified in
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with IgG1-7D8-K409H. In general, these results, presented in Figure 40, confirmed
10  the primary analysis (Table 11) and show that 2-MEA-induced Fab-arm exchange

reactions of mutated IgG1-2F8 molecules with IgG1-7D8-K409H showed highest

efficiency. Furthermore, 2-MEA-induced Fab-arm exchange reactions between

mutated IgG1-2F8 molecules with IgG1-7D8-K409R that are reported in Examples

28, 29, and 35-37 as negative are still of interest as potentially promoting the IgG1
15  2-MEA-induced Fab-arm exchange.

Example 40: Using the bispecific format to remove undesired agonistic
activity of antagonistic c-Met antibodies converting them into a monovalent,
bispecifi format

20 Several bivalent antibodies developed for monoclonal antibody therapy show

undesirable agonistic activity upon binding to their target. This is also the case for
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20 069:

VH 069 QVQLVQSGAEVKKPGASVKVSCETSGYTFTSYGISW
VRQAPGHGLEWMGWISAYNGYTNYAQKLQGRVTMT
TDTSTSTAYMELRSLRSDDTAVYYCARDLRGTNYFDY
WGQGTLVTVSS
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TISSLQPEDFATYYCQQANSFPITFGQGTRLEIK

Receptor phosphorylation
Monovalent bispecific c-Met antibodies were generated by a Fab-arm
exchange reaction with IgG1-058-F405L or IgG1-069-F405L and IgG1-b12-K409R as
25 described in Example 23 using 25mM 2-MEA. The effect of the bispecific antibody on

c-Met phosphorylation was evaluated. Upon dimerization of two adjacent c-Met
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receptors by either the natural ligand HGF or by agonistic bivalent antibodies, three
tyrosine residues (position 1230, 1234 and 1235) in the intracellular domain of c-Met
are cross phosphorylated. This leads to phosphorylation of several other amino acids
in the intracellular domain of c-Met and activation of a number of signaling cascades.
5 The dimerization and activation of c-Met can be monitored by using antibodies
specific for the phosphorylated receptor at these positions, which functions as a read

out for the potential agonism of anti-c-Met antibodies.
A549 cells, CCL-185 obtained from ATCC, were grown in serum containing
DMEM medium until 70% confluency was reached. Cells were trypsinized, washed
10 and plated in a 6 well culture plate at 1*10e6 cells/well in serum containing culture
medium. After overnight incubation the cells were treated with either HGF (R&D
systems; cat. 294-HG) (50 ng/mL) or the panel of antibodies (30 pg/mL) and
incubated for 15 minutes at 37°C. The cells were washed twice with ice cold PBS and
lysed with lysis buffer (Cell Signaling; cat. 9803) supplemented with a protease
15 inhibitor cocktail (Roche; cat. 11836170001). Cell lysate samples were stored at -
80°C. Receptor activation was determined by detection of c-Met phosphorylation on
Western blot using phospho c-Met specific antibodies. The proteins present in the cell
lysate were separated on a 4-12% SDS-PAGE gel and transferred to nitrocellulose
membrane that was subsequently stained with an antibody specific for
20 phosphorylated c-Met (Y1234/1235) (Cell Signaling, cat: 3129). As a control for gel
loading total B-actin and c-Met levels were determined using anti c-Met (Cell
Signaling, Cat. No. 3127) and anti B-actin (Cell Signaling, Cat. No. 4967) antibodies.

Results of the Western blots are shown in Figure 41.

Tissue culture medium controls and cells treated with the monovalent format
25 UniBody® (Genmab, W02007059782 and WO02010063785) of antibody 5D5
(Genentech; WO 96/38557) did not show any c-Met receptor phosphorylation. The
monovalent UniBody format as used herein is an IgG4, wherein the hinge region has
been deleted and wherein the CH3 region has been mutated at positions 405 and
407. In contrast, Western blot analysis of cells treated with the positive control HGF
30 or agonistic antibody IgG1-058 showed a clear band at the expected height of the
phosphorylated c-Met. Partial agonistic antibody IgG1-069 showed less, but
detectable receptor phosphorylation indicating that some cross linking of the receptor
takes place. However, both bispecific IgGl 058/b12 and bispecific 069/b12
antibodies did not induce c-Met phosphorylation at all, showing that the agonistic

35 activity associated with the parent antibodies was completely absent (Figure 41).



TDTSTSTAYMELRSLRSDDTAVYYCARDLRGTNYFDY WGQGTLVTVSS VL 069

DI QUrQSPSSVSASVGDRVTI TCRASQE SNWLAWF - QHKPGKAPKLLI YAASSL L SGVPSRFSGSGSGTDFTL
TI SSLQPEDFOTYMOQUABISFPI TFGQGTRLEI K Recept or phosphor yl 2Cira®2011/056388

Monoval ent bispecific c-Met anti bodies were generated by a Fab-arm exchange
reaction with |1gGl-058-F405L or 1gGl- 06FPF405L and | gGl- b12- K409R as
25descri bed in Exanple 23 using 25nmM 2- MEA. The effect of the bispecific
anti body on c- Met phosphoryl ati on was eval uated. Upon dinerization of two
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Cel I's wer&eh! YRS iRLARGIonWASHRR /504 CO,, the amount of viable cells was quantified

with Alamarblue (BioSource International, San Francisco, US) according to the
10  manufacturer’s instruction. Fluorescence was monitored using the EnVision 2101
Multilabel reader (PerkinElmer, Turku, Finland) with standard Alamarblue settings.
In contradiction to IgG1-069, no proliferation was induced upon incubation of
NCI-H441 cells with the bispecific IgG1-069/b12, as is shown in Figure 42. Also the
UniBody-069 control did not induce proliferation, which was comparable to the none-
15 orIgG1l-b12 treated.

Example 41: CDC-mediated cell killing by bispecific antibodies generated by
2-MEA-induced Fab-arm-exchange between human IgG1-2F8-F405L or
IgG1-7D8-F405L and IgG1-7D8-K409R

20 The CD20 antibody 1gG1-7D8 can efficiently kill CD20-expressing cells by
complement-dependent cytotoxicity (CDC). In contrast, the EGFR antibody IgG1-2F8
does not mediate CDC on target cells expressing EGFR. Both IgG1-7D8-K409R and
the bispecific antibody generated by 2-MEA-induced Fab-arm-exchange between
IgG1-2F8-F405L x IgG1-7D8-K409R are able to induce CDC on CD20-expressing

25 cells (as is described in Example 26). It was tested whether the bispecific antibody
generated by 2-MEA-induced Fab-arm-exchange between IgG1-7D8-F405L and
IgG1-7D8-K409R could also induce CDC on CD20 expressing cells. 10° Daudi or Raji
cells were pre-incubated for 15 min with a concentration series of antibody in 100 pL
RPMI medium supplemented with 0.1% BSA in a shaker at room temperature. 25 pL

30 normal human serum (NHS) was added as a source of complement (20% NHS final
concentration) and incubated for 45 min at 37°C. After incubation, plate was placed
on ice to stop the CDC reaction. Dead and viable cells were discriminated by adding
10 pL 10 pg/mL propidium iodide (PI) (0.6 pg/mL final concentration) and FACS

analysis.



10 and plated in a 6 well culture plate at 1*10e6 cells/well in serum
containing culture nmedium After overnight incubation the cells were
treated wohos/Biaws HG- (R&D systens; cat. 294-HG (50 mgrmPpoio/sesse panel
of antibodies (30 pg/nL) and incubated for 15 minutes at 37C. The cells
were washed twice wth ice cold PBS and9ysed with lysis buffer (Cell
Signaling;, cat. 9803) supplenented with a protease 15 inhibitor cocktail
(Roche; cat. 11836170001). Cell lysate sanples were stored at - 80C.
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30 normal human serum (NHS) was added as a source of conpl enent (20% NHS
final concentration) and incubated for 45 mn at 37C. After incubation,

pl ate waswpl2ateidie ice to stop the CDC reaction. Dead anu/Bre@hioss3sel | s
were discrimnated by adding 10 pL 10 pg/nmL propidiumiodide (PlI) (0.6
pg/ mL final concentration) and FAGS anal#sis. 97 Figure 43 shows
that 1gGlL-7D8 and the bispecific product generated by 2- MEA-induced

Fab- ar m exchange between | gGl- 7D8- F405L and | gGl- 7D8- K409R have t he sane
potency to I nﬁ#%ear@mIg'@(ii'@érﬁ%oﬁéls'bemg'ﬂﬁo&ﬁem@feﬁxﬂérrégfehﬂgsm@l@ér (Figure
43A) and Raji . Both Daudi and Raji cells do not express EGFR
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SR et al., 2009 Bioconjugate Chem 25 2009; 20:1975- 1982) These
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exanple and the foll ow ng Exanpl es 43-45 are fully human nonocl onal
ant i Bbdi é§9generat ed in transgenic nmice. They bind to different epitopes on
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HER2 x HER2 bispecific antibodies were pre-incubated with the anti-kappa-
ETA’ before incubation with A431 cells. A431 cells express ~15,000 HER2 antibodies
per cell (determined via Qifi analysis) and are not sensitive to treatment with ‘naked’
15 HER2-antibodies.

First, the optimal concentration of anti-kappa-ETA’ was determined for each

cell line, i.e. the maximally tolerated dose that does not lead to induction of non-

specific cell death. A431 cells (2500 cells/well) were seeded in normal cell culture

medium in a 96-wells tissue culture plate (Greiner bio-one) and allowed to adhere for
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025 DI QUIQSPSSLSASVGDRVTI TCRASQG SRW. AWASQKPEKAPKSLI YAA
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QVQL VESGGGVWQPGRSL RL SCAASGFTFSDYVI HVWRQAPGKGL EVWTV
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5 Fluorescence was monitored using the EnVision 2101 Multilabel reader (PerkinElmer,
Turku, Finland) with standard Alamarblue settings. The highest concentration anti-
kappa-ETA’ that did not kill the cells by itself (1 ug/mL for A431 cells) was used for
following experiments.

Next, the effect of HER2 x HER2 bispecific antibodies and HER2 monospecific

10 antibodies pre-incubated with anti-kappa-ETA’ was tested for their ability to induce
cell kill. A431 cells were seeded as described above. A dilution series of the HER2
specific antibodies (monospecific and bispecific antibodies) was made and pre-
incubated for 30 min with the predetermined concentration of anti-kappa-ETA’ before
adding them to the cells. After 3 days incubation at 37°C, the amount of viable cells

15  was quantified as described above. The Alamarblue signal of cells treated with anti-
kappa-ETA’ pre-incubated with the antibodies was plotted compared to cells treated
without antibody treatment. ECsy values and maximal cell death were calculated
using GraphPad Prism 5 software. Staurosporin (23.4 ug/mL) was used as positive
control for cell killing. An isotype control antibody (IgG1/kappa; IgG1-3G8-QITL) was

20  used as negative control.

Figure 44 shows that all anti-kappa-ETA’ pre-incubated HER2 bispecific
antibodies were able to kill A431 cells in a dose-dependent manner. These results
demonstrate that most HER2 bispecific antibodies tested were more effective than
the monospecific antibody present in the combination in this anti-kappa-ETA’ assay.

25 In addition, the efficacy of bispecific antibody 005X169, 025X169 and 153X169
showed that the efficacy of a monospecific antibody which lacks activity in this in
vitro kappa-directed ETA’ killing, HER2 specific antibody 169, can be increased

through bispecific combination with another HER2 specific antibody.

30 Example 43: HER2 receptor downmodulation by incubation with bispecific
antibodies targeting different HER2 epitopes

HER2 x HER2 bispecific antibodies may bind two different epitopes on two

spatially different HER2 receptors. This may allow other HER2 x HER2 bispecific

antibodies to bind to the remaining epitopes on these receptors. This could result in

35 multivalent receptor cross-linking (compared to dimerization induced by monovalent
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The HER2 downmodulation assay as described in Example 43 indicated that

30 HER2 x HER2 bispecific antibodies were able to increase lysosomal degradation of
HER2. To confirm these findings, confocal microscopy technology was applied. AUS65

cells were grown glass coverslips (thickness 1.5 micron, Thermo Fisher Scientific,
Braunschweig, Germany) in standard tissue culture medium for 3 days at 37°C. Cells

were pre-incubated for 1 hour with leupeptin (Sigma) to block lysosomal activity

35 after which 10 ug/mL HER2 monospecific antibodies or HER2 x HER2 bispecific
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20 9.48 % By using these settings, the bispecific antibodies were clearly
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for a bi Ei?@ﬁh'tpié ﬁsarihhhﬁﬁBnCUNﬂ-dm@H%&ﬁ{ of W@GQHS E{)%im'n%uﬂét:oh RipicRi tion
of proliferation of cells on i ncubation wth HER2 nonospecific or

HER2 X I-EREZUPQBBEIP‘F‘E'ECé’ﬁtﬂ%?(éé RERispacifieantibedias: i bodi es were tested
Iortthelh r ﬁblhem/ b'is@etlﬂblahtlb?d)é@}/\ﬂef'@Eé%ff'g\éd)FerthllPrabﬁl-tﬁQ5olglgbl(lgoﬁarblﬁel\éltbh0 Due
o} e hi XPressi o evels on cells pi es per
ot 125 PR Rl T Sy Puertor e Pl HER? Embeticth [6vaRyomAU=pe oIkt hese
cel l s angv1.006. onotcopluepeedemtasnd\etbrrgmadwmdnumeldt)helEarz@sjcmnnzta/telyoamtuvbn a 96-
wel | s tisn gse(::gelsl suarn%ldégl gtng eGrGIdre]:(l%{’obI Oa|9 |rfdu<|§erc| ﬁktren nq%ﬁna on Eh? 9. 000
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bi speci fic antibo nount of via ecelsvva
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cells. Fluorescence was monitored using the EnVision 2101 Multilabel reader (PerkinElmer,

30 Turku, Finland) with standard Alamarblue settings. The Alamarblue signal of
antibody-treated cells was plotted as a percentage relative to untreated cells.

Figure 47 depicts the fluorescent intensity of Alamarblue of AU565 cells after

incubation with HER2 antibodies and HER2XHER2 bispecific antibodies. Herceptin®

(trastuzumab) was included as positive control and demonstrated inhibition of

35 proliferation as described by Juntilla TT. et al., Cancer Cell 2009; 15: 429-440. All



Figure 47 depicts the fluorescent intensity of Al amarblue of AU565 cells
after incubation with HER2 anti bodi es and HER2XHER2 bi specific anti bodi es.
Her cept i Wopo(trBastuzunab) was included as positive conPCOIEP20ID/056388
denonstrated i nhibition of 35prolifer atl on as described by Juntilla TT. et
al ., Cancer Cell 2009; 15: 429-440. All 10303 HER2 x HER2 bispecific
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- K. 35 ecific Ie ules roduced as.descrjbed in
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gener at e duce ar eXEhange ween and
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streptavj di n-coated e
hinge-deleted IgGl (Unl G1) molecules.
FcRn binding of bispecific IgG1l or hinge-deleted IgG1l (Uni-G1) molecules
containing no, 1 or 2 FcRn binding sites was measured by human and mouse FcRn
30 ELISA. Antibodies IgG1-2F8-ITL, IgG1-7D8-K409R and IgG1-7D8-K409R-H435A
monospecific molecules were produced as described in example 2, 3, 4 and 5. Hinge-
deleted IgG1l molecules Uni-G1-2F8-ITL, Uni-G1-7D8-K409R and Uni-G1-7D8-
K409R-H435A monospecific molecules were produced as described in example 11.
Bispecific IgG1 molecules were generated by 2-MEA induced Fab-arm exchange

35 between IgG1-2F8-ITL and IgG1-7D8-K409R or IgG1-7D8-K409R-H435A molecules.



5 plate followed by incubation at pH 6.0 and 7.4 for 1 hour. Bound anti body
and hi nge-deleted 1gGlL nol ecul es were visualized using

hor ser adiwbperionsidase- | abel ed goat anti - human (Fabi) 2 asPcompaganss3and ABTS
as substrate. Results were neasured as optical density at a wavel ength of
405 nm using the EL808-Elisa-reader. Fiddfe 48 shows the binding results of
nonoval ent or bivalent 1gGl anti bodies 10 and hi nge-del eted | gGL nol ecul es
to human FcRn (A) and nmouse FcRn (B) at pH 6.0 and pH 7.4. As expected, all
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seen when the bind |ng3 hese 35hi ngﬁﬂ_{del et ed th nol ecul es to nouse FcRn

at pH 6.0 is AGHERAre CEF@Ifg?wV% 1455 &) FCHintestign sites cgRtbeyaeRn WhemrBebi ndi ng
of Uni - Glingiag- $F40HRYH3iddies Gl Aok Ba( droBERcith Rbgpaickeat bl 6.0
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deleted IgG1 molecules (Uni-G1). All hinge-deleted molecules are impaired in their

interaction to human FcRn when compared to the control IgG1 molecules (IgG1-2F8)

indicating that the hinge is indeed of influence in the interaction with FcRn when

30 evaluated in an FcRn binding ELISA. No clear effect of 2 vs 1 vs 0 FcRn interaction

sites can be seen when the binding to human FcRn at pH6.0 is compared of these
hinge-deleted molecules.

However, since the binding of human IgG to mouse FcRn is stronger, a clear

effect of 2 vs 1 vs 0 FcRn interaction sites can be seen when the binding of these

35 hinge-deleted IgG molecules to mouse FcRn at pH 6.0 is compared (Figure 48(B), pH



Her2 x CD3 bispecific antibodies were generated. Heavy and |ight chain
15vari abl e regi on sequences for the Her2 specific Fab-armwere as indicated
for anti bwoyotis31and 169 in Exanple 42. The fol |l ow ng hearEprasnd/obésght chain
vari abl e regi on sequences for the CD3 specific Fab-arm were used:

YTH12.5 (Sequence as descri bed by Routl Bﬁe et al., Eur J Immnol. 1991,
2021(11):2717-25.) VH YTH12.5

EVQLLESGGGEL VQPGGSLRL SCAASGFTFSSFPVAW/RQAPGKGLEW/STI

STSCCRT Y&BD%KEBEEFF& .Wh&hg%ﬂ@ﬁ%%ﬁﬁ@@u RCEEDYYGRGTL VERRS VL
YTH12. 5 DI QL TOPNSVSTSLGSTVKLSCTLSSGNI ENNYVHWQL YEGRSPTTM. YDD _
DKRPDGV SESIBRESNSAI A Tie NS ERHAP Y S WS SIndireceic) TRE HAT 8- Hb B T3/ 4

ﬁASequencgla?SD&l_&@@?{ iaheld_UbNGE@FBQWL)&Ini@L-?D?&&ODWGhin ltglﬁding 15426 P)and49- 63.
nor am no [ [ | S were i.ntrodycef to make t € sequence
resenbl gb ?'ﬁ%?éng@E?_ﬁﬁE%’gh F%EP rglr?chréq ?'p%”ﬂtj?@_‘%jg)m/ 4
EVQL\ESGGEE VKPGGSLRLSCAASGFTFSSYGVFWRQAPGKGLEWAT
| SRYSRYI Tl L =7A\=lD) RP D SS V0L
UG- TSBIS PR SreR A T G YRR RS RIS L Yo V1
LASG PARSSCSBECERRBSTY SSIL EPEDFAVYYCFQGSGYPLTFGSGTKLEM R 25

CD3 is a co-receptor in the T cell receptor complex expressed on mature T

cells. Combination of a CD3 specific antibody Fab-arm with a tumor antigen specific
10 antibody Fab-arm in a bispecific antibody would result in the specific targeting of T
cells to tumor cells, leading to T cell mediated tumor cell lysis. Likewise, CD3 positive
T cells could be targeted to other derailed cells in the body, to infected cells or
directly to pathogens.
Her2 x CD3 bispecific antibodies were generated. Heavy and light chain
15  variable region sequences for the Her2 specific Fab-arm were as indicated for
antibody 153 and 169 in Example 42. The following heavy and light chain variable

region sequences for the CD3 specific Fab-arm were used:

YTH12.5 (Sequence as described by Routledge et al., Eur J Immunol. 1991,
20  21(11):2717-25.)

VH EVQLLESGGGLVQPGGSLRLSCAASGFTFSSFPMAWVRQAPGKGLEWVSTI

YTH12.5 | STSGGRTYYRDSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAKFRQY
SGGFDYWGQGTLVTVSS

VL DIQLTQPNSVSTSLGSTVKLSCTLSSGNIENNYVHWYQLYEGRSPTTMIYDD

YTH12.5 | DKRPDGVPDRFSGSIDRSSNSAFLTIHNVAIEDEAIYFCHSYVSSFNVFGGG
TKLTVL

huCLB-T3/4 (Sequence as described by Parren et al., Res Immunol. 1991,
142(9):749-63. Minor amino acid substitutions were introduced to make the

sequence resemble the closest human germline.)

VH EVQLVESGGGLVKPGGSLRLSCAASGFTFSSYGMFWVRQAPGKGLEWVAT
huCLB- ISRYSRYIYYPDSVKGRFTISRDNAKNSLYLQMNSLRAEDTAVYYCARRPLY
T3/4 GSSPDYWGQGTLVTVSS

VL EIVLTQSPATLSLSPGERATLSCSASSSVTYVHWYQQKPGQAPRLLIYDTSK
huCLB- LASGIPARFSGSGSGTDFTLTISSLEPEDFAVYYCFQGSGYPLTFGSGTKLEM
T3/4 R

25
All antibodies were expressed as IgG1,kx being modified in their Fc regions as
described as follows: IgG1-Her2-153-K409R and IgG1-Her2-153-N297Q-K409R,



106 1 gGl- Her 2-169- K409R, | gGl- hu- CLB- T3/ 4- F405L and
| gGL- hu- CLB- T3/ 4- N297CQF405L, 19gGl- YTH12. 5- F405L and

| gGl- YTHINO20N2BT@6 FA05L. Bi speci fi ¢ anti bodi eeClrmpeoitiiossss Her 2
and CD3 specific antibodi es were generated as described in Exanple 11 and
tested in an in vitro cytotoxicity assaﬁrO@usi ng AUS65 cel | s. AUS65

cells were cultured to near confluency. Cells were washed twi ce with PBS,
and trypsinized for 5 mnutes at 37C. 12 niL cul ture nmedi um was added to

i nactivaj 1T-_F|¥r@5169 ﬁadgn@eﬂgkﬁ H@@BW@-F@@S‘DaR@Eg@l thB%@mtmw@el l's were
resuspen culture nediu suspensi on was made

by 10 p%”s%ﬁL'nge%éT%% B AT Sgoa AT 2 R F 488 oo ol a byion cel ey

suspensi on wasispétifad dneibedied frerhl thalse aHEB- &bl COB! swcmqolaatusoduemd/v@el |'s

bat ed ,at | 5‘V Co2 t dh to t
PiEe "o Eads ueaPhed i B [t s R et il RSN o p ekt om

bl oodsfrmmdneHBBhy:eNsol unteers using Leucosep 30 nL tubes, according to the

manuf act urer ' g, %655"%8&%&% cﬁ@]%‘dgc‘ﬁ "neBt 806%[?1%)1@ Tcier‘qg'wteﬁ?‘&%%ﬁed Lalgd_from

PBMC pr epar ati ons negative selection usi uched uman T-cells
DynabeadPk$ tar(dDymlr)lzedl @0I5att1@@t<i§eatl3§°@eilé nvtegd@p@mf@ldim nasddad & medi um t o

a final RIORERL ILLANAARARAR: Rl it ror o min, s0BbHICBITRAIm vas removed

fromthe adhered AU56 ace 1/ we 2X concentrat ed
ant i body'ieéPSFFtﬂ”idé% ihAQ ”P}OCLﬂtWQ\@qu'W POS'P %@9'13 §¢'hﬁu@@(‘$'aﬂ @saradechor : t ar get =

7:1)10 g’l aés@ﬁwg}/mté%en@w@@greal célﬂ;lh:[afﬁﬂe(ﬂal/@o aL ﬁ%@mgﬂ/ee@@ﬂnhL suml | halahasts Wﬂe
renove pl at es Wi ce W 0 each we cul ture
medi um aﬁ‘gfe%to[ﬂ?c?\l“gﬁé)? ab?%é’e&églt‘éfﬁo‘é?fe ?’”‘&é@ WFé”?%@EﬁS’a?téﬁaﬁ‘tﬁhr& hour s
at 37C, 898101 5% ad2abstiohaiberanas tore@spleed ( Envi si on, Perkin El ner).
Figure 49 sho t hat ereas contral i hQdi es S ific I gGl-
FLOur e 49, Shote S el (IS 528 SRLE Sy MBI YSe LLEBLE RnRRRE

| gGl- huOllﬁlffﬁlwbjunteereIwmgﬁieuamstebmmmulmspecwrdmgItgcﬂie bibﬁpfaandem X bl2
bi s i f } i i i

o1 spaot 1 PRI Pl Ol Tt W Bl B b Bt s B fbathe g

YTHL12. 5/ $&ieRion35ingride on gched Wmﬁgeilﬁawmad&@dmeplénuemedrceik-ﬂ |

medi at ed, e QL QALY irPEutiD GRodffth kS o fﬁaﬁeﬁ%mrgt.épa@wwdde%/nq@nt ai ni ng
Her 2- 169 were _nore potent than those contai Mut ant s of

| gGL- hu- CLB- TEylure | gesiuvmasres oyRe fiasp Sherareres aUs éUﬁé%ée'ts@ﬁﬂﬁur@ﬁ'ﬁ@%da N297Q
nut at i onwitR sOQNWE B @Hn\é@@ﬁé(ﬂeatén@iﬁo@;i-tl%tlcm A0Sy LRePxad® t Béig/wLt e is
Cr B a8 cho AT RESASL S LA ERTS: S Bl ol 2
t her ef or supdrastaats WéreFemoved and plates were washed twice with PBS. To each well
150 pL culture medium and 15 pL Alamar blue was added. Plates were incubated for
4 hours at 37°C, 5% CO,, and absorbance was measured (Envision, Perkin Elmer).
Figure 49 shows that whereas control antibodies (Her2 monospecific IgG1-
25 Herceptin, CD3 monospecific IgG1-YTH12.5 and monospecific IgG1-huCLB-T3/4,
irrelevant antigen monospecific IgG1-b12, and CD3 x b12 bispecific antibodies) did
not induce T cell mediated cytotoxicity, bispecific (Duo) Her2 x CD3 antibodies
huCLB/Her2-153, huCLB/Her2-169, YTH12.5/Her2-153 and YTH12.5/Her2-169
induced dose dependent T cell mediated cytotoxicity of AU565 cells. Bispecific
30 antibodies containing Her2-169 were more potent than those containing Her2-153.
Mutants of IgG1-hu-CLB-T3/4, IgG1-YTH12.5 and Her2-153 were made
containing a N297Q mutation to remove a glycosylation site; glycosylation at this site
is critical for IgG-Fcgamma receptor interactions (Bolt S et al., Eur J Immunol 1993,
23:403-411). Figure 49 shows that N297Q mutation and therefore absence of Fc
35 glycosylation of Her2 x CD3 bispecific antibodies YTH12.5/Her2-153 and



35gl ycosyl ation of Her2 x CD3 bispecific antibodies YTH12.5/ Her2-153 and
107 huCLB/ Her 2- 153 did not inpact the potential to induce dose dependent T
cel | nmediwbediigptmsoxicity of AU 565 cells. 108 CLAI MSPLTAR201n/056388 O

nmet hod for generating a heterodineric protein, said nethod conprising the
following steps: 5 a) providing a firstOhonmodi neric protein conprising an
Fc region of an imunogl obulin, said Fc region conprising a first CH3

regi on, b) providing a second honodi meric protein conprising

an Fc regu@@/gérzamsieldnﬁmnﬂ%&bdﬂbIptaterﬁﬁuﬁb.Feu&eegés%merp@médtsv £g a second CH3
regi on, wherein the sequences of said first and second CH3 regions are

d|fferenmeaﬁaa%Fﬁogﬁﬁﬁypﬁép5§ﬁéeW%terodlnerlc i nteracti on between said
first and second CH3 regions is stronger than each of the honodineric
interactions of said first and 15second CH3 regions, <c¢) incubating said
first protein together with said second protein under reducing conditions
sufficient to allow the cysteines in the hinge region to undergo

di sul fide-bond isonerization, and 20 d) obtaining said heterodineric

pr ot ei n.



2. The in vitro nethod according to claim1, wherein said first honodi neric
protein and said second honodineric protein are selected fromthe group
consi sti ny028uf13{i4p an Fc region, (ii) an antibody, (ii PLTEPRMII06638Pr Ot i N
conprising an Fc region, and (iv) a Fc region conjugated to a prodrug,
peptide, drug or a toxin. 3. The in viﬂpg met hod according to claiml,
wherein said first honodineric proteinis a full-length antibody. 4. The
in vitro nethod according to any one of the preceding clains, wherein
30sai d secafshonodi neric protein is a full-length antibody. 5. The in
vitro nethod according to any one of the preceding clains, wherein said
first and second honodi neric proteins are both anti bodi es and bind

di fferent, epi A@pasvitrol@®th® fdheehsravingr & meetathaes picteny 4a0d anythede of

t he precediquclﬁ{qsl mhergin_the Fc region of the first honodineric
protein UM NESGHONEISERSet ed from the group consisting of 1gGlL, |gG,
| g& :|mnd | g& and wherein the Fc region of the second honodi neric protein
is of an isot ect ed. >l si st of 1| blg | gG3
and 1 g0, 7. VLSRRG, &kl MEAmERC RO AN oo Bhar an FHRaBh ooz b

cl ai s, wher eimmunegl¢ulineghid s regiongempysing affirssEHAmepismi d second

honodi neric protein are of the 1gGlL isotype. 8. The in vitro nethod
according to any one of the preceding clains, wherein 10 one of the Fc
regi ons of saPXPROMIBY refeeNdr BRBPHEETS RIPLRIMLCOMPEEINIsR yisereaitd Phénot her
of tfee 194 iﬁ%M@%{l}obL@in, Ihe Fehedibh cOMPBEIRGE et dHBGedignany one of the
precedi ng cl ai s, erein the increased strength of the heterodineric
interaction as conpared to each of the honodineric interactions is due to
CH3 nodi f i cat whéirotHeesedqubadcest dfesaidfirsodud tseadnhdoCH3 vegivad erd differuths andyst ei ne

id h i d ) 10.. The in. vi hod. d
o e oy ctedt Bl shathe RRerontiuric TN diok ek e SR et bR Haa Y (o'

first and secogibnsriosebngerithan keechr eSthlethamgodimesc oderaetions o seidfirstiapdsuch
t hat,no Fab-a . can occur at 0.5 mM GSH under the conditions

1 ! f cat o ;
descf?bed in an%?%égggmg%ll.The in vitro nethod according to any one of
the preceding clainms, wherein the heterodineric interaction between said

first and seconehRbafisd Ndid RirdtherdteRUkddeier Rhiter 98t Meddofd Phk&h Nuhdersuch
t hat no Fab-arm exchange occurs in vivo in mce under the conditions
described in E‘.)@aﬁlﬁgeCOI] itions sufficient to allow the cysteines in the hinge region to
undergo disulfide-bond isomerization, and
20

d) obtaining said heterodimeric protein.

2. The in vitro method according to claim 1, wherein said first homodimeric
protein and said second homodimeric protein are selected from the group consisting
25 of (i) an Fc region, (ii) an antibody, (iii) a fusion protein comprising an Fc region,

and (iv) a Fc region conjugated to a prodrug, peptide, drug or a toxin.

3. The in vitro method according to claim 1, wherein said first homodimeric

protein is a full-length antibody.

4, The in vitro method according to any one of the preceding claims, wherein

30 said second homodimeric protein is a full-length antibody.

5. The in vitro method according to any one of the preceding claims, wherein
said first and second homodimeric proteins are both antibodies and bind different

epitopes.



12. The in vitro method according to any one of the preceding clains,
wherein the 25 heterodineric interaction between said first and second
prot ei ns Wo2bhesnasul ti ng heterodinmeric protein i s norePChaP20MO56383TES
stronger, such as nore than three tines stronger, e.g. nore than five tines
stronger than the strongest of the two hB8%odi neric interactions, e.g. when
determ ned as described in Exanple 30. 13. The in vitro nethod according to
any one of the preceding clains, wherein the 30sequences of said first and

second _(%!3 _reﬁfﬁé)msvi%%e‘t%@a&é@&inbﬁ@_aﬂ&%ﬁ@%@ﬁé PrecEPRS CRIHS, \ﬁlﬁerbih_eche
heterodineric interacti on between said first and secongﬁgrotelns in 110

t he resuf% r%omef é*?eoﬂf%}oi”?f’dﬁ”f‘ﬁrti%PFPtFié‘ BATAN §oBBemetsCEfofram W‘?ewoéigsayed
afs dﬁscr&dlﬁlitihﬁ oExxlgG_ml eg3D. IgGB_ArandTEgGi ranuivt:rﬁ@ein@hlem daagﬁmff_ of e tecoany gn(e:H3
of the preceding clajns, erei n the sequences of sai irst an con

i ons BTESQITERCHAET s hcsivae s RERE B st SR | o

i nt er;act iga?s Ig6& aathdy@4.0. 01 m cronmol ar, such as above 0.05 m cronol ar,
preferably between 0.01 and 10 micronol ar, such as between 0.05 and 10

m croml ar, ”ﬂ%@in%%%@c%é( a@@tréﬁ‘rﬁgrﬁo %ng%ng%giﬁe %&!%&\@%la‘ﬂﬁé,"\ﬁﬁ&e%tﬂ and 5
m cronol ar, even nore preferabl etween 0. ah cronol ar, such as

bet ween €& mimﬁdoflb@ﬁhcwﬂnﬁilr%tr@n%é@iw@ﬁom bamadingicprgtein Ghietahden 10601 and
0.1 m crg®har when assayed as described in Exanple 21. 15. The in vitro
met hod according to any one of the preceding clainms, wherein the sequences
of said first_and second CH3 regions contain ami no acid substitutions at
non- i den®i cal THodl f’it%@eth%.accﬁg‘énﬂ oA B”Eer?I’i'Eﬁ'j PEREEINGi Y MSo H1S8F Hh 15,
wher® n e ofBhdN Bc &€4itnsl o6 Bhigthdniedieriarpoteaisuis alf thei1gG1asstype Ghdwnsat ur al
am no acaﬁs. %71 Ege %n vitro nmethod according to any one of the preceding
claims, WhEF8i Hed8d $9%RY honodi neric protein has no nore than one amino
acid substitution in the CH3 region, and the second honodi neric protein has
no nore $han dmeinavitronanetbpd ascnding ttatenpone nf thepEedding glaims,rwhereindet o t he
wld-typ i Hhe. P tE ; a i-A0; L of the
precedin@cg%gfagg%mggrf§9ﬂ§HE$§PHn2%?%I@%F%%Qﬁgﬁngﬁﬁégkg %}g?é?ﬁfﬁgg an

am no achemedimerictipteramions iadpe$e GHenmedifisetiang qthenthanethgrintipdewdingi ot i ng

of 1 366, cRbfont BéRds, 39KeintORsidAy orEhr§QPreshds sai d second honodi neric

protein has an am no acid substitution at a position selected fromthe
group consi sting of: 366 68, 370, 399, 40 407 and 409, and 25wherein
said firk? hoﬁ?ﬁ:ﬂ”rf@?r%nﬁmg arPraing te gy OQESZHGF RSEBUP el BS Y8t 8N Es not
substi t uh@drddimehie istaratipasthdtivears .said first and second proteins in the resulting

heterodimeric protein is such that no Fab-arm exchange can occur at 0.5 mM GSH

under the conditions described in Example 13.

20 11. The in vitro method according to any one of the preceding claims, wherein the
heterodimeric interaction between said first and second proteins in the resulting
heterodimeric protein is such that no Fab-arm exchange occurs in vivo in mice under

the conditions described in Example 14.

12. The in vitro method according to any one of the preceding claims, wherein the
25  heterodimeric interaction between said first and second proteins in the resulting
heterodimeric protein is more than two times stronger, such as more than three
times stronger, e.g. more than five times stronger than the strongest of the two

homodimeric interactions, e.g. when determined as described in Example 30.

13. The in vitro method according to any one of the preceding claims, wherein the
30 sequences of said first and second CH3 regions are such that the dissociation

constants of the heterodimeric interaction between said first and second proteins in



19. The in vitro nethod according to any one of the preceding clains 1 to
18, wherein said first honodineric protein has an am no acid other than
Lys, Leu WO 2Met138t46position 409 and said second honodi meCIEPRIIO0NEI3RS has an
am no acid substitution 30at a position _selected fromthe group consisting
of : 366, 368, 370, 399, 405 and 407. 1}1920.The in vitro nethod according
to any one of the preceding clains 1 to 18, wherein said first honodineric
protein has an am no acid other than Lys, Leu or Met at position 409 and

said secgpd réBQITEPﬁIi] FBEdr&diRePt eprdtdIASis aPeldl DD 52 idortote whBaNadEh clatas _
p05|t|on 405 he in vitro method according to any one of the preceding

cl ai ms 19¢s5riggd r\/\f’?@“é?‘ﬁ 30aid first honmodineric protein has an amino acid
ot her than Lys, Leu or Met at position 409 and said second honodi neric
protein has am@mmnoancétﬁo@hb@rrdihbaa aHh@neAlfghe)breGadﬁn@tIapﬁ§ivtllhemln4tﬂ5 22
The in v trUO rTéEth C‘C(FIOr dln(?fe eC n el‘ O ns [ pSre EgChC (? SOCI %I

10 wher efTSATT P %a [ pro ei 10 ¢0 nﬁr?séjg &t f) S1AP0 on 405
and dn amnstardgiod bJIthemomcbm'rmetysntd_eculoos avetataivep©e§)|1t microdOBrasdcrs asd

second h%%i .éi%ugufo%oeféﬁ‘ Sr%F@EblzeQ%t%%eﬁ”g%q ﬁﬁa di PtARKhSER Bi& ks

position ys at positio in vitro methdd aceor di ng
to any obRWeENtheS pndcédimigranepmmsmere grefegrabivhbeiaens@0d dnd St sHeBEi meri c

protei n gQUREA SE52 aRBIES akiRORbldr OTbvAR SRR ﬁ@fé‘%l?obet%eﬁcbd)lo%her 1t han
Lys, Leu or Met at position 409 and said second honodi meric protein

conpri se%"céiﬂmﬁlﬁrnéu%{blaa Ritheen thah aodel BigemPlaG YetteepolOti eff 40% %nd a
Lys @&t pestivebrn.#H08d 024mickiolal whieh la@sdRH e dededtiddn IEYakplcapy. one of the
preceding clains 1 to 18, wherein said first honndineric protein conprises

a Phe at OSI i on Q0 aci d_ ot her Vet at
posi ¢ on' 500 Hhinsdi "SaBeRacRHR nary Eh5s P Rrectilph cete avieta it

posi ti onseﬁﬂlﬁneaﬂsdofasauq'@ratarmbsea)ndrCHmaegiorﬁ;SconTma dminvidcidosutetingnacator di ng
to any o ing claims 1 to 18, wherein said first honodineric
protein @%ngrelnggag p%@&ggat position 405 and an Arg at position 409 and said
second honodi neric protein conprises an am no acid other 25than Phe, Arg or
dy at pb@l t i De 4i05 VR @eq_r‘yg gt:cqg@@gt tonclaigy. 15, wherein the amino acid

15 substituents are natural amino acids or unnatural amino acids.

17. The in vitro method according to any one of the preceding claims, wherein
said first homodimeric protein has no more than one amino acid substitution in the
CH3 region, and the second homodimeric protein has no more than one amino acid

substitution in the CH3 region relative to the wild-type CH3 regions.

20 18. The in vitro method according to any one of the preceding claims 1 to 16,
wherein said first homodimeric protein has an amino acid substitution at a position
selected from the group consisting of: 366, 368, 370, 399, 405, 407 and 409, and
said second homodimeric protein has an amino acid substitution at a position
selected from the group consisting of: 366, 368, 370, 399, 405, 407 and 409, and

25  wherein said first homodimeric protein and said second homodimeric protein is not

substituted in the same positions.

19. The in vitro method according to any one of the preceding claims 1 to 18,
wherein said first homodimeric protein has an amino acid other than Lys, Leu or Met
at position 409 and said second homodimeric protein has an amino acid substitution

30 at a position selected from the group consisting of: 366, 368, 370, 399, 405 and
407.



26. The in vitro nmethod according to any one of the preceding clains 1 to
18, wherein said first honodineric protein conprises Phe at position 405
and an Aryoaniipssidi on 409 and said second honodi neric PCOEPRIIOSGES | Ses a
Leu at position 405 and a Lys at positi on 409. 112 or Met at position 409
and said second honodi nmeric protein con‘ﬂ) ses a Lys at position 409, a Thr
at position 370 and a Leu at position 405. 28. The in vitro nmethod
according to any one of the preceding clains 1 to 18, wherein said first

honodi meshc pft & 0|tﬁ9mértho°d3§c<ﬁ>'ﬂdlﬁé Qo anyPesd b @ke g@&eamg 8k 1305gLONd
honodi meric protein conprises a Lys at position 4 hr at p05|t|on 370

and a LeWh%ﬁe"b%ijF'T%H“OEW'meQ@proFﬁ'é‘ has A ePEorReheteadet HYSGeY @TMF one of

the pr ecadpmudhl a09%nd sl détonWRkRidimsiad @rdteinSHasharmamineeatie doRer iaR
conpriseg, a t%/Is at L?(%SI'[I on 370, a Phe at position 405 and an Arg at
position "F08 Lai't?"second honodi neric protein 10conprises a Lys at
position 409, a Thr at position 370 and a Leu at position 405. 30. The in
vitr & nezhod &z or ditrig methahypcondingftotdny pneoédhergrededingscldintsol X8, 18her ei n

said firghe Jéﬂ-ggggh'?‘gét' %n@do%@h Brtﬁém 524N GRirRCask BIHEtndNAYL k%G or Mkt OF Met

at position sal d secon Imeric proteln has an amno acid other
t han Tyrat pesitionGHo apﬁéaldl_wond;h@mOAwrgerlcserot@m besr ara e mpess peifl @sherothan

1531. Thephd) Ath ot &1yTBE pstiarses.ding to any one of the preceding claims 1 to
18, wherein said first honmodi meric protein has an amino acid other than

Lys, Leu or Met at P05|t| on 409 and said second honodi neri c rot ei n has an
Al a, 4 y22H sThg froVvitigethad acoReding \ig) anyy oRg B de prrGedingnclaig's. 1 8218, The in
vitrm net\Ihaféuraw@mhtn@nidmraeNc prgeidfcotripeised e@aélaln@ogham AB5 bnti@nldino20

wherein said, first r ot a id other than Lys,
lou or WS Sinesolin [ Lo £ RTel OB RbragrR omalfic a1y
Leu, MetcondnisesranTarpinataciplosther dvandhé.at pdsitionH@5iamd\a tyscatrmesitiod 4Ocor di ng t o
any one of the preceding clainms 1 to 18, wherein said first honodineric

protein has aplyy, @Ftrooﬂ%‘t cpgccg)%nggg dﬁ-ﬁoé‘ﬁg BPtﬁ& fecedin Oagsﬁgsmanléys Leu

or Met at position 40 sal nmodi rrerl pr ot an arh
aci d ot hwherelngpid{ifst hmgpdlr@mc Prf@in cppprisey a Pha@g posiEipn 4PS BRE aatamivgi ti on

407 gnd Acik e tthfP8Y4 i1 ﬁ%t at pos,%.ﬂn 4508 ddnsard &é&nmm.@eﬁ@w&aa to any
one of the preceding clains wherein said first honodjneric protein

has a TyforaR §5esin ?6W“°46‘?'daﬁ¥ae%1ﬁ“aé?n?% eCINg §bfo?‘h€PS'E'%ﬁ0Eyas"d St met at
posi ti onpddfbradob.sai d second honodi meric protein has 113

24. The in vitro method according to any one of the preceding claims 1 to 18,
wherein said first homodimeric protein comprises a Phe at position 405 and an amino
20  acid other than Lys, Leu or Met at position 409 and said second homodimeric protein

comprises a Leu at position 405 and a Lys at position 409.

25. The in vitro method according to any one of the preceding claims 1 to 18,
wherein said first homodimeric protein comprises a Phe at position 405 and an Arg at
position 409 and said second homodimeric protein comprises an amino acid other

25 than Phe, Arg or Gly at position 405 and a Lys at position 409.

26. The in vitro method according to any one of the preceding claims 1 to 18,
wherein said first homodimeric protein comprises Phe at position 405 and an Arg at
position 409 and said second homodimeric protein comprises a Leu at position 405

and a Lys at position 409.

30 27. The in vitro method according to any one of the preceding claims 1 to 18,

wherein said first homodimeric protein comprises an amino acid other than Lys, Leu



an Ala, dy, Hs, Ile, Leu, Met, Asn, Val or Trp at position 407 and a Lys
at position 409. 35. The in vitro nethod according to any one of the

precedi ngwvolaimms146t 0 18, wherein said first honodi neri eCprEre@ilnd’as a Tyr
at position 407 and an am no acid 5other than Lys, Leu or Met at position
409 and sai d second honodi neric protei nihds a Gy, Leu, Met, Asn or Trp at
position 407 and a Lys at position 409. 36. The in vitro nethod according
to any one of the preceding clains 1 to 18, wherein said first honodineric

protei n Hamed atygostionP26 tdn@”sff@”se@&% ABmOHEN&ic BRstE #&%s@d_ﬁadtd
second honmpdi neric _Prot ein an am no acid other than Tyr, 10Asp, Qu,

Phe, LysPOsa 40 @ Theeat Ry F'tr?ﬁr378tanﬁoas|-%‘1 6‘}1PQ?€F‘P”a‘F'R)5 a Lys at position 409.
37. The in vitro nmethod according to any one of the preceding clains 1 to
18, whereg.n sahdirf vitst nmbrﬁmﬂiamrducag b airgi ondias tide 'ﬁye’ceatngpﬂah‘tsi Drnod¥/ and an

Arg at po IthI’l 0 n d second honodi ne ro a,. dy,
59,11 Rl Said B et B PR XRRBSSFE a3t BheluaR o2 Baigi Yo
4009. 5153&c?15h@ Homodlirberdc nﬁtthloctoamsemanlg/stat Rositiaan€0%fa The appegtadn ﬁg0cl ai ns

1 to 18, ;yhet Lid.f Lpst honodinmeric protein has a Tyr at position 407
L&U at : : : . .
and an A?g gt 8%%5??%'0% 38% and sai d second honodimeric protein has a Gy,

Leu, Met, Asn or Trp at position 407 and a Lys at position 409. 39.The in
vitro method Hexdr Hitiey mesheth peeoR@ing oty W%@E@h%@r@edi”ﬁsc'i'”"tsol 18,18,

20wher ei Rheird shilr st *H@H%dhﬁ@*d BraRéiat &ripritas @'ﬂy@%‘t MRsieh B, hebnhan Lys,
Leu or Met at pasition 409, and the second, honpdi ner i corgeﬁ?t ei n has &I) an

ami no acPPERMEPSt Ah ABhATI 1A LPARIHPVEDS st s8id: Serpndes IMm&ricy PRt p” at
posi10 oncadfrise8ra Wyisidt)posifioARMODPa dbt dt pddidsn Bh@andapeu@y posiBoe 406 u or G n
at position 399. 2540 The in vitro nethod accor di ng to any one of the

precedi %. cl a"l'he | tt% e’thé’@?crzc%réllﬂagi()daﬁﬁhr Op?mdl ﬁo‘gl Lifls e!l r{Oh@ an

Arg, Ala; 'H s or p05| on he' Secont neric protein
has 114wherein said flrst homodimeric protein has an amino acid other than Lys, Leu or Met

at position 409 and said second homodimeric protein has an amino acid other than
Tyr, Asp, Glu, Phe, Lys, GIn, Arg, Ser or Thr at position 407.

15 31. The in vitro method according to any one of the preceding claims 1 to 18,
wherein said first homodimeric protein has an amino acid other than Lys, Leu or Met
at position 409 and said second homodimeric protein has an Ala, Gly, His, Ile, Leu,

Met, Asn, Val or Trp at position 407.

32. The in vitro method according to any one of the preceding claims 1 to 18,
20 wherein said first homodimeric protein has an amino acid other than Lys, Leu or Met
at position 409 and said second homodimeric protein has a Gly, Leu, Met, Asn or Trp

at position 407.

33. The in vitro method according to any one of the preceding claims 1 to 18,
wherein said first homodimeric protein has a Tyr at position 407 and an amino acid

25 other than Lys, Leu or Met at position 409 and said second homodimeric protein has
an amino acid other than Tyr, Asp, Glu, Phe, Lys, Gln, Arg, Ser or Thr at position 407
and a Lys at position 409.

34. The in vitro method according to any one of the preceding claims 1 to 18,
wherein said first homodimeric protein has a Tyr at position 407 and an amino acid

30 other than Lys, Leu or Met at position 409 and said second homodimeric protein has



(i) a Trp at position 370, or (iii) an Ala, Gy, Ile, Leu, Met, Asn, Ser,
Thr, Trp, Phe, H's, Lys, Arg or Tyr at position 399. 41.The in vitro nethod
accordi ngvoaoarpiane of the preceding clains 1 to 18, SWAEMEPR119563d8 fi r st
honodi meric protein has an Arg at position 409, and the second honodi neric
protein has (i) an Asp, Gu, Gy, Asn, AtY, Ser, Thr, Val, or Trp at
position 368, or (ii) a Trp at position 370, or (iii) a Phe, H's, Lys, Arg
or Tyr at position 399. 1042. The in vitro method according to any one of

the precgdiang @l akigb eWbas, andt, 38h dvii drStrpafthosREAMD CERY 'é]ﬁﬁ}%%‘ﬂéosi%%ﬁept for
the specified nmutations, conprise the sequence set forth in SEQ 1D NO I|.
43. The f%°-vitro net hod according to any one of the preceding clains,
wherein neither said first nor said second honodi nmeric protein conprises a

Cys- Pr o- Sgr - Cyise Ibsieguentitod Bcdofdingitogyr et 0N the dbeceding ¢laims Lrto 18t hod

according,to.any . ,one of the precedi ng clai ns, wher ei both said first and
oo e Soont D Mg RimddIeBE ST Bl s ¥y Por A8BFES 4z Rl g Bhlind 268! 211
hi nges r egihenthan Lys4Beu Ph¢eit @t wosition #ePeod saict sxadnd drotedimgriopeteih hake

precedi ng o qlBmetIeh & e A8 Bb8tibA LY aRRD 1S540 BIsORRELMer i ¢ proteins,
t uman a (0]

except for dny spedified ations, are t1bodi es.

36. The in vitro method according to any one of the preceding claims 1 to 18,
wherein said first homodimeric protein has a Tyr at position 407 and an Arg at
position 409 and said second homodimeric protein has an amino acid other than Tyr,

10 Asp, Glu, Phe, Lys, GIn, Arg, Ser or Thr at position 407 and a Lys at position 409.

37. The in vitro method according to any one of the preceding claims 1 to 18,
wherein said first homodimeric protein has a Tyr at position 407 and an Arg at
position 409 and said second homodimeric protein has an Ala, Gly, His, Ile, Leu, Met,

Asn, Val or Trp at position 407 and a Lys at position 409.

15 38. The in vitro method according to any one of the preceding claims 1 to 18,
wherein said first homodimeric protein has a Tyr at position 407 and an Arg at
position 409 and said second homodimeric protein has a Gly, Leu, Met, Asn or Trp at

position 407 and a Lys at position 409.

39. The in vitro method according to any one of the preceding claims 1 to 18,
20  wherein said first homodimeric protein has an amino acid other than Lys, Leu or Met

at position 409, and the second homodimeric protein has
() an amino acid other than Phe, Leu and Met at position 368, or
(i) a Trp at position 370, or
(iii) an amino acid other than Asp, Cys, Pro, Glu or GIn at position 399.

25  40. The in vitro method according to any one of the preceding claims 1 to 18,
wherein said first homodimeric protein has an Arg, Ala, His or Gly at position 409,

and the second homodimeric protein has

() a Lys, GIn, Ala, Asp, Glu, Gly, His, Ile, Asn, Arg, Ser, Thr, Val, or Trp at

position 368, or



46. The in vitro nethod according to any one of the preceding clains,
wherein said first and second honodi neric proteins are heavy-chain

ant i bodi e®02011/134746 The in vitro nmethod accordi ng to anpComP2@fl/054388
preceding clains 1 to 46, 25wherein both said first and said second

honodi neric proteins further conprise alffght chain. 115 48. The in vitro
nmet hod according to claim47, wherein said light chains are different.

49. The in vitro nethod according to any one of the preceding clains,
wher ei n saicf) fi r=Strpa@ositiondi7d, second honodi meric protein conprises a

mut ati on renovi ng gthe acceptor site for Asn-linked glycosylation. 50. The
invitro neLgod accordizg to an% one of th preceﬂing_clains, wherein said
first and SEon@"HIA0EIYMElEr L BERiATE, BRoVINGe 8™ K&t BfS: &YS:dMd B) YA

purifi ed. 5bositibe 390. vitro nmet hod according to any one of the preceding
clainms, wherein said first and/or second honodineric protein is conjugated
to a dru a 0 0 i r..cont aj r u t he
sarne. 5%? ThEH?ﬂ{y??}h“%%%ﬁégégcggfaﬁ%d @gpgﬁéﬂ%%gggﬁ%gHgghgéggéﬁﬁﬁ cl ai s
4 to 31, whereiresaid Sustdhéinpdimesiediroreins iegl apedrgnet peitiapé09,sandthe eetood a
tunor celbm mnmﬁ§iwm£nph&p vitro nmethod according to any one of the

pr ecedi ng c?ains to 52, wherein said first or said second epitope is

| ocated on a tunor cell and the other 15epitope is |located on an effector
celI. 54. (Phe iR ABP FY Y AW A6@orei M V6! L4y "B RE PBTiItIehéc®rdcedi ng cl ai s
4 to 53, wherein the epitope is located on a T cell, such as on CD3
expressed @n) a & mPldt.position 37bgot N vitro nmet hod according to any one of the
preceding clains 4 to 52, wherein said first or said second epitope is

| ocated on ,a,tu cell and, t he ot her 20epitope is |ocated on a

r adi oi sot o;S'é',) arg?%hxel’ ﬁ's’é‘yﬁrrﬁra Oc§r-R'5 aplp8ﬂg(&rg,55§hi ch may

10 42. The in vitro method according to any one of the preceding claims, wherein
said first and second CH3 regions, except for the specified mutations, comprise the
sequence set forth in SEQ ID NO:1.

43. The in vitro method according to any one of the preceding claims, wherein
neither said first nor said second homodimeric protein comprises a Cys-Pro-Ser-Cys

15 sequence in the hinge region.

44, The in vitro method according to any one of the preceding claims, wherein
both said first and said second homodimeric protein comprise a Cys-Pro-Pro-Cys

sequence in the hinge region.

45, The in vitro method according to any one of the preceding claims, wherein
20 said first and second homodimeric proteins, except for any specified mutations, are

human antibodies.

46. The in vitro method according to any one of the preceding claims, wherein

said first and second homodimeric proteins are heavy-chain antibodies.

47. The in vitro method according to any one of the preceding claims 1 to 46,
25  wherein both said first and said second homodimeric proteins further comprise a light
chain.



optionally be coupled or linked to a peptide or hapten. 56. The in vitro
nmet hod according to any one of the preceding clains 4 to 52, wherein said
first or weaizdiigetand epitope is |ocated on a tunor cel | pam@EPRéIa/06438%r
epitope is located on an electron dense vesicle or mnicell. 2557.The in
vitro method according to any one of thélpreceding claims 1 to 52, wherein
the honodineric proteins are both anti bodies, and wherein the first

anti body and the second antibody binds to different epitopes on the sane

tunor cekd. HEiDIVMIS hothdd SRLEGRE t& 1AM UIDIwHeRdih » satd dighh@haihBedre _
antibody is an irrelevant or inactive antibody w thout any relevant in vivo

bi ndi ng” 4E€f&Atty for the application intended. 59. The in vitro nethod
according to any one of the preceding clainms, wherein the 5 reducing

condi ti om®. i nTisd @pvitho awipsd aecordieg addirtyi ome of tiee pesbedinggclaigentwheeeig. a
reduci ng_agent, sel seted LIom, Lo dRuR consisting. ok o 2 Ersantostiyl am e,
di t hi ot hFe] t OF %nd t i (§%8a?boxye ﬂylﬁﬁﬁogphf%e BT chEM €ar” JelPVaRi ves

t her éof . the accé@or Jibefdrmsatlinked whtchedatimzcor di ng t o any one of the preceding
clainms, wherein step c) is performed under reducing conditions with a redox

pot enti akg bet yae, V&%OH%QW aé&g&n?goaﬂvcgn@%f ?I"?é WReRdmgQaifid 0, V.

61. The 1n vitro nmethod accordi ng _ one of the preceding clalns,
wher ei n i@ frend seEPNSkamediggparroRinedodeed Bager 90 and B) are AUtfE@dper at ur e
of at least 20C in the presence of at |east 25 nM 2-nercaptoet hyl am ne or
in the psesentiee af vtfo hR@sdd Bclordilvg dbtdHyobhy of tied prddedin@Zclaifise wiHeratht r o

met hod acgording to an e of the preceding.clains, erein step d

Comr | seed S dr S BiepHig liopiers sotoigRelli 19002 Boor Refnod for
t he ®el ewxinoor @ntainbbs peciptéorcgranp ifdrathg shanel ng a desired property, said

met hod conprising the steps of: 20a) providing a first set of honodineric

ant i bodi C i Si J j Wt If i |0 erein
30 d ant rod DR b VI AREGEELERAY ) SO Bk BlacErB DRl S
b) provi Whergimsaie ficsicdindérr safd $rynnd iendenecis deratesbel esumonpeli-si ng anti bodi es
25with different variable regions or identical variable regions, wherein

sai d ant 5podi e of VRAJ FheBREPRELoP G hg A8y Sfe bER ipFdledMBCABIFsCHRor£gi oS,

wherein said first or said second epitope is located on a tumor cell and the other

15  epitope is located on an effector cell.

54. The in vitro method according to any one of the preceding claims 4 to 53,

wherein the epitope is located on a T cell, such as on CD3 expressed on a T cell.

55. The in vitro method according to any one of the preceding claims 4 to 52,
wherein said first or said second epitope is located on a tumor cell and the other
20  epitope is located on a radioisotope, a toxin, a drug or a prodrug, which may

optionally be coupled or linked to a peptide or hapten.

56. The in vitro method according to any one of the preceding claims 4 to 52,
wherein said first or said second epitope is located on a tumor cell and the other

epitope is located on an electron dense vesicle or minicell.

25 57. The in vitro method according to any one of the preceding claims 1 to 52,
wherein the homodimeric proteins are both antibodies, and wherein the first antibody

and the second antibody binds to different epitopes on the same tumor cell.

58. The in vitro method according to any one of the preceding claims 1 to 52,

wherein the homodimeric proteins are both antibodies, and wherein the first antibody



wherein the sequences of said first and second CH3 regions are different
and are such that the heterodineric interaction between said first and
second CH8020riegiTns i s stronger than each of the honodiPEEMmPeOILASESBRACE | ONS
of said first and second CH3 regions, 117 c) incubating conbinati ons of
antibodies of said first set and of sai d'8econd set under reduci ng
conditions sufficient to allow the cysteines in the hinge region to undergo
di sul fide-bond isonerization, thus generating a set of bispecific

anti bodi giads 4 APEbLROF ok éec%h%rr'cfég the %”Qﬂhﬁek Qa'h%an@y RORN RFUGIaREY ore)
assaying the resulting set of bispecific antibodies for. a given desired

proper t yinagliyte patiQdyeRithew a”\blrg'ﬁé‘?ﬁtf inc ViyAt RIBGAY arfé'\\/ItYldo'E Fi'ée desligatign
propert yintéed met hod of claim 63, wherein the honodi neric anti bodi es of
the second set have different variable regions. 1565. A nmethod of claim 63,
wherein e h ric nti_bodi es of the S de tic

vari abl eg$eglﬁhesm ut nﬁ%c\%é ?Ofr%'ngn? °n6 ggrﬂedprefes'w ﬁ?é ? h‘?/rgr ?tg i ons

out sidde wfduting @mtditypen ibi stdp Ny ¢oe1g1>rme t®6adﬁdltrem hod e freduqmg)dlemtnge @ a

het er odi %{Jhﬁppgg&ﬁ' Q eét%l:ld r 'c8|'1§]9c gh%ff Oir l’u%%éﬂbgo zlgﬁnnezoa)
prOV|d|ng r 2o nucl ef ¢- aci cons encodi®ng a Tirst polypeptide
conpri si QﬂIethmltoétan¢érl$(ég¢a@bp>metfmh)nhmnmraﬁgob@mmlﬁal d§a'N@It'\qurt§@rePf: regi on
conprising a first CH3 region, b) providing a second nucleic-acid

construcgp.encort i virs RfeRRvH BéﬂoY@iﬁ@ttbdeﬁhy25ﬁé)6‘f)lﬂh§'pPél:eém%e&é’iH% Réhdra@gi on of
an |rmuno%IobuI|n sai d s(e ond Fc rg
pc)is performed under reducmg d|t|ons with a redox potential between -150

10 and -600 mV, such as between -250 and -400 mV.

61. The in vitro method according to any one of the preceding claims, wherein
step c) comprises incubation for at least 90 min at a temperature of at least 20°C in
the presence of at least 25 mM 2-mercaptoethylamine or in the presence of at least
0.5 mM dithiothreitol.

15
62. The in vitro method according to any one of the preceding claims, wherein

step d) comprises removal of a reducing agent, e.g. by desalting.

63. A method for the selection of a bispecific antibody having a desired property,

said method comprising the steps of:

20 a) providing a first set of homodimeric antibodies comprising antibodies with
different variable regions, wherein said antibodies of said first set comprise

identical first CH3 regions,

b) providing a second set of homodimeric antibodies comprising antibodies
25 with different variable regions or identical variable regions, wherein said

antibodies of said second set comprise identical second CH3 regions,

wherein the sequences of said first and second CH3 regions are different and
are such that the heterodimeric interaction between said first and second CH3
30 regions is stronger than each of the homodimeric interactions of said first and

second CH3 regions,



conprising a first CH3 region, wherein the sequences of said first and
second CH3 regions are different and are such that the heterodineric
interactiwo2barmema said first and second CH3 regions i ®C3EPROI0O§E8S t han
each of the honodineric interactions of sald first and second CH3 regions,
and 118 acid substitution at a positiohléel ected fromthe group consisting
of : 366, 368, 370, 399, 405 and 407. and/or wherein the sequences of said
first and second CH3 regions are such that the 5 dissociation constants of

homodi neric it %E@B‘éﬂr@“ém%m&@&ﬁ &faﬂtfb%d@g'%frs%gi ARk st %nQ%f%‘f‘cﬂsébo% and 10
m cronol ar, such as between 0.05 and m cronol ar, nore preferably between

0.01 and 5, stRhUREErHEthees CG”@QO%BU@C'#PEF%r?HP‘é(rtheeQ)/éFF“?ﬁﬁ5‘ BeePisogbl y

bet ween 0.01 aa@«bnltdsnmfcréi’gﬂ &fisulfidéshoris idoedamation). Busagandratihg r® et adf,
bet ween 0. 01 etween 0.01 and 100.1 when assayed as described in

Exanpl e 21. $S?§W. ggglﬁg said first and second nucleic-acid constructs
in atost cell, and d) obtaining said heterodineric protein fromthe cel

cul ture. 1567dg B hﬂ% &%I gd&%ngk@hgmggmkﬂgfrein said first CH3
regi on has an anmno a an Lys eu or at position 409 and
sai d second CH3 region has an anlno aC|d ot her than Phe at position 405,

such as ot hercf Rath /e thé\rg lﬂfln?ééta(;f Qgﬁé&ﬂl@%nﬂgéjlgsr f&o%abﬂxeﬁ'aéﬁreﬂ'?’

regi on has an amno acid ot Leu or at position 409 and
sai d second CMOPEEYi 3! has an anmino aC|d ot her than Tyr, Asp, Qdu, Phe,
Lys,1dd n, Arg, Ser or Thr at position 407.

f) selecting a bispecific antibody having the desired property.

64. A method of claim 63, wherein the homodimeric antibodies of the second set

have different variable regions.

15  65. A method of claim 63, wherein the homodimeric antibodies of the second set
have identical variable regions, but have different amino acid or structural variations

outside of the antigen binding region.

66. A method for producing a heterodimeric protein, said method comprising the

following steps:

20 a) providing a first nucleic-acid construct encoding a first polypeptide comprising a
first Fc region of an immunoglobulin, said first Fc region comprising a first CH3

region,

b) providing a second nucleic-acid construct encoding a second polypeptide
25 comprising a second Fc region of an immunoglobulin, said second Fc region

comprising a first CH3 region,

wherein the sequences of said first and second CH3 regions are different and are
such that the heterodimeric interaction between said first and second CH3 regions is
30 stronger than each of the homodimeric interactions of said first and second CH3

regions, and

wherein said first homodimeric protein has an amino acid other than Lys, Leu

or Met at position 409 and said second homodimeric protein has an amino-



68. The nmethod according to claim66 or 67, wherein said first and second
pol ypeptides are full-length heavy chains of two antibodies that bind

di f f erentwD2epit3oppes. 69. The nmethod accordi ng to any @o@/ErRoIpE3esi ng
clainms 66 to 68, wherein step c) further conprises co-expressing one or
nore nucl ei c-acid constructs encodi ng a1F§ght-chain in said host cell. 119
70. The nethod according to any of the preceding clains 66 to 69, further
conprising the features of any one or nore of claims 2 to 58. 71. An
expressi on vegé.@rsugarﬁahbmaga tpeg.t.eHCAe%csecﬁ%% EROYrE UL kSRl bi: e;@lsa n any
one of clains_66 t host cell conprising the nucleic-ac
constructs sp%@ﬁf?%%3?ﬂ ﬂﬂ@a@%éoﬁf clalns 66 to 70. 73. A heterodlnerlc
protei n obtained or obtainable by the nethod of any one of the preceding
clainms 1 to 7@nd/o74. A heterodinmeric protein conprising a first polypeptide
conprising a first Fc 10 region of an immunoglobulin, said first Fc region
S 0 or Whbtin (42000 or 200k AP EROUG- A SRERLIGIE SR ShAIAnE Secand
Fc region of an Smino , sald secon I'ng a second
CH3 r%gi on, Mle$®latlonr®nsf@qtse¢fdwnwm§dt dﬂtﬁracgon%nﬁewcqfrtdea% reg@ginens ar e
di fferent and,ar eefueh gt e T SERMAIE, | Suchoer BELRR BEserR $8i d
first and second CH3 regions Is stronger than each I meric

15i nt er act i on®iGPMeE dMPIe prefarrglyskatyaan @I—‘I%1L ﬁ@‘bﬁoﬁ%Ch Q%HGW?@F"EQ BS9aAd first

honodi meri c ps ohiglotdIAS edén AHr8 PraverdbiPb&@eeh a1 |aM§ 1 %%\sbrﬁélaf\@ucﬁtas
position 409 and said sec&ld honodi nmeri c groteln has_an am no-a

substitution 2™“&epdsit PBA lsBIEuTe@  hIWEERE-Yr BYH OchAs PSS QJPl a§66 368,

370,11899, 4050andheldssaPendé aescvibed @i Bxdrigleaquences of said first and
second CH3 regions are such that the dissociation constants of honodineric

i nteract | O3 >9fre Chsacl)gl dIFST(?ng_%C(I)‘I']eCan? leic %EI% C%%g \MFC S Irb?(% eql 19d m cronol ar,

such as E%ﬁ mcr onnlar nor e er a Betweeén 0. 01 and 5,
such as betmeen 0 05 and 25 5 nlcronolar even nor e preferably bet ween

0. 01 andg)lo i RIDl @hetcPbififhe fbﬁgwﬁ%qhgégﬁmt&e m cromol ar, between 0.01

and 0.5 or and 0 en assayed as déscribed in Exanple 21.
75. The heterodineric protein according to claim73, wherein

15 67. The method according to claim 66, wherein

said first CH3 region has an amino acid other than Lys, Leu or Met at position
409 and said second CH3 region has an amino acid other than Phe at position

405, such as other than Phe, Arg or Gly at position 405
or

20 said first CH3 region has an amino acid other than Lys, Leu or Met at position
409 and said second CH3 region has an amino acid other than Tyr, Asp, Glu,
Phe, Lys, GIn, Arg, Ser or Thr at position 407.

68. The method according to claim 66 or 67, wherein said first and second
polypeptides are full-length heavy chains of two antibodies that bind different
25 epitopes.

69. The method according to any one of preceding claims 66 to 68, wherein step
c) further comprises co-expressing one or more nucleic-acid constructs encoding a

light-chain in said host cell.



120 said first CH3 region has an amno acid other than Lys, Leu or Met at
position 409 and said second CH3 regi on has an am no acid other than Phe at
posi ti on WORp11g3cr6as ot her than Phe, Arg or Ay, at po®CTiEPR01405638% 5said
first CH3 region has an amno acid other than Lys, Leu or Met at position
409 and said second CH3 regi on has an afifio acid other than Tyr, Asp, Qu,
Phe, Lys, Gn, Arg, Ser or Thr at position 407. 76. The heterodineric
protein according to claim74 or 75, wherein said first and second

pol ypept ygles e rhathba I&@Qﬁdh@%@vahycealtﬂé Secddity aMimbosk &5 s aturiidrd

di fferent 10epitopes. 77. The heterodineric protein according to claim 76,
further TUWYIN'RY H‘& feqrrePl | aNYePItt o7 TPEMeT Cd"l‘i&]sr?sto 5%8. The heterodimeric
protein according to any one of the preceding clainms 73 to 77, further
conpri si ny t han feeptdssion \ektaampnoiizingr trm)nuacl@é-ac:ikjac'tdmstracttscspé&fiedfbﬂ%the

het er odi ITEI’IfC %roﬁfﬁép ;xq;cordi ng to any one of clains 74 to 78 for use as a
medi canefits © % 2"heter odi meri ¢ protein according to claim79 for use in
the treatnment of cancer. 81. A pharnaceutical conposition conprising a

het ersodi n&r i cAphast edel ecreisiin ghe auz@imsgcid rmonsifruett apesifigd in cark8 onadbfa

phar maceytis24d ¥s agcept able carrier. 82. A nmethod for inhibiting growh
and/or proliferation and/or for killing of tunor cel I s conpri si ng

adm nistration of a heterodineric protein accordi nﬁ) an one of clainms 74
to 78 to’3n i Adietsradimericnproiaiy optringshpr obtainable by the met of any one of

the preceding claims 1 to 72.

74. A heterodimeric protein comprising a first polypeptide comprising a first Fc
10 region of an immunoglobulin, said first Fc region comprising a first CH3 region, and a
second polypeptide comprising a second Fc region of an immunoglobulin, said second
Fc region comprising a second CH3 region, wherein the sequences of said first and
second CH3 regions are different and are such that the heterodimeric interaction
between said first and second CH3 regions is stronger than each of the homodimeric

15 interactions of said first and second CH3 regions, and

wherein said first homodimeric protein has an amino acid other than Lys, Leu
or Met at position 409 and said second homodimeric protein has an amino-
acid substitution at a position selected from the group consisting of: 366,
368, 370, 399, 405 and 407

20 and/or

wherein the sequences of said first and second CH3 regions are such that the
dissociation constants of homodimeric interactions of each of the CH3 regions
are between 0.01 and 10 micromolar, such as between 0.05 and 10
micromolar, more preferably between 0.01 and 5, such as between 0.05 and
25 5 micromolar, even more preferably between 0.01 and 1 micromolar, such as
between 0.05 and 1 micromolar, between 0.01 and 0.5 or between 0.01 and

0.1 when assayed as described in Example 21.

75. The heterodimeric protein according to claim 73, wherein
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said first CH3 region has an amino acid other than Lys, Leu or Met at position
409 and said second CH3 region has an amino acid other than Phe at position

405, such as other than Phe, Arg or Gly, at position 405

or

said first CH3 region has an amino acid other than Lys, Leu or Met at position
409 and said second CH3 region has an amino acid other than Tyr, Asp, Glu,

Phe, Lys, GIn, Arg, Ser or Thr at position 407.

76. The heterodimeric protein according to claim 74 or 75, wherein said first and
second polypeptides are full-length heavy chains of two antibodies that bind different

epitopes.

77. The heterodimeric protein according to claim 76, further comprising two full-

length light chains.

78. The heterodimeric protein according to any one of the preceding claims 73 to

77, further comprising the features of any one or more of claims 2 to 58.

79. The heterodimeric protein according to any one of claims 74 to 78 for use as a

medicament.

80. The heterodimeric protein according to claim 79 for use in the treatment of

cancer.

81. A pharmaceutical composition comprising a heterodimeric protein according to

any one of claims 74 to 78 and a pharmaceutically-acceptable carrier.

82. A method for inhibiting growth and/or proliferation and/or for killing of tumor
cells comprising administration of a heterodimeric protein according to any one of

claims 74 to 78 to an individual in need thereof.



