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Bl SPECI FI C ANTI BODI ES AND METHODS FOR PRODUCTI ON
THEREOF FI ELD OF THE | NVENTI ON The present invention
w0 edoatiesss o novel nethods for the producti on oPCT/DK2008/000124
bi specific antibodies and to bispecific antibodies
obt ai nabl e by these nmet hods. BACKGROUND OF THE
I NVENTI ON Human i nmunogl obulid G (1 g3 anti bodi es
exi st in four subclasses with distinct structural and
functional properties. 1gG are conposed of two heavy
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eltﬁgso&)ﬁ@gn&@e ofhe ihtkr- h@§vyb§\%rh (ﬂﬁ&ﬂﬂ\ﬂb EB&Tdsf’rﬁV@béén jR@RES (6, 7).

that human | g& antj bodi es, unlike othe
Hoy{gme!, 45t 0% 2BenRd A6 PEsenfE hesEy ntsE %l(“;ﬁ'“ disulfide bonds
(6] B}, eiumtdn y@tsvexidt aantetrgeers Int sohattonf cunedtibdraf two Ig heavy and

twgeig‘%mcﬁigrngvgg J&H{H?Jtﬁh lf&'%nr%a%b%b eﬁi mlv\%aflgs pwéhfté Q’glatively

‘ecause cannot cr OS
stroag um\or@waleetd'mtqmﬂqr§ beineen é%lcﬁ? GATRIRE PRA Efeenthe CH1
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i val en in inter ons W ant i gens

g scp el desited Dal Mottty RRedEaR fbstRied Ruse
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er ar m [
T )
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an%gﬁsaf’ﬁr %)nt el l%s%r Q@Ehegé %Qér%mﬂ%c riaﬁ‘é§9§ent Broposed that IgG4

molecules in serum can exchange half-molecules (i.e. a molecule consisting of one

heavy chain and one light chain), resulting in the generation of bispecific molecules,
which cannot crosslink identical antigens (3-5). This process of half-molecule
exchange is also termed “Fab-arm exchange” herein.

Bispecific antibodies have interesting potential as therapeutic drugs, since
they can be used, for example, as mediators to retarget effector mechanisms to
disease-associated sites. However, one of the major obstacles in the development of

bispecific antibodies has been the difficulty of producing the materials in sufficient
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di sease-associ ated sites. However, one of the major

obstacles in the devel opnent of bispecific antibodies
whamshesss t he difficulty of produci ng the nmat ePCEDK2008/000124

sufficientquality and quantity by traditiona

technol ogi es, such as the hybrid hybridoma and

chemi cal conjugation nethods (210). WD 2005/ 062916
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hi ghly efficient half-nol ecul e exchange and thus form

SUMBARY OF THENINVENNION Wi t hout concomitant formation of
aggregates. Accordingly, in a first nmain aspect, the
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Specl ers fromsal first bind |n
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specific theory, |eved that two regions of an
IoGHtike &6l TRAPB an i nportant inpact on its ability to
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&r'en I'n the core- egion o
bond lissdriegatiai, rod antl bodi es having a CPSC

d) obtaining a bispecific antibody.

Without being bound by any specific theory, it is believed that two regions of
an antibody have an important impact on its ability to undergo half-molecule
exchange.

Firstly, the ability for half-molecule exchange may be influenced by sequence
differences in the core-hinge region of the molecule, since antibodies having a CPSC
sequence in the core hinge region, such as IgG4, exchange more readily than
antibodies having a CPPC core hinge sequence, such as IgG1l. Without being bound
by any theory, it is hypothesized that the CPSC sequence results in a more flexible
core-hinge and the possibility to form intra-chain disulfide bonds. Remarkably, the
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sequence in the core hinge region, such as g4,

exchange nore readily than anti bodi es having a CPPC
W@ or8/138yje sequence, such as 1gd. Wthout beP@ODEOWSH00124

by any theory, it is hypothesized that the CPSC

sequence results in a nore flexible core-hinge and the

possibility to formintra-chai¥h disul fide bonds.

Remar kabl y, thestructure of the core hinge is sinmlar

to the active domain of protejin-disulfidei somerase .
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DESCRI PTI O\l THE FI GURES Figure 1. SDS-Page anal ysis

of PuPi¥Yed"f ecombi nant 1gG@ and | gGA.
d) selecting a bispecific antibody mixture having the desired property.

BRIEF DESCRIPTION OF THE FIGURES

Figure 1. SDS-Page analysis of purified recombinant IgG1l and IgG4.
After purification, the Betvl and Feldl, IgGl and IgG4 antibodies were analyzed on
non-reducing SDS-PAGE.

Figure 2. Bispecific IgG levels in nu/nu Balb/c mice at different time
points. The amount of bispecific IgG as determined in the heterologous cross-linking
assay was plotted versus the amount of Bet v 1 specific IgG as determined in the Bet

v 1 binding test. Data from IgGl and IgG4 containing plasma samples are
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After purification, the Betvl and Feldl, 1g@ and Ig4
anti bodi es were anal yzed on non-reduci ng SDS- PAGE.
woe@anes323s Bi specific 1gG levels in nu/nu Bal bPCT/DKe@®8/000124
at different tinme points. The anmobunt of bispecific 1gG
as determned in the heterol ogous cross-Iinking assay
was plotted versus the anobunt 9f Bet v 1 specific 1gG
as determ ned in the Bet v I binding test. Data from
and 1 g4 containing plasma sanpl es arere esent ed
remrys%ﬁ% byy?m 8YabRis @PBS%%er%btrOésnpfﬁé%%&&? Yv f‘ (daghed line
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represent SEM é l\/F osp ific ross i ng_actiyity
coypled Sesharashy mose SAEaC bRetAeH ﬁ.rﬁ@d‘eﬁty eiraragt the
ratfie betivebnt the F@howtht bf ra:dmlpbeield Beptidr beend by wmssdinkhasmd. total
Ig%/—gi'tg%sipﬁ%' {1 r‘%o cgrqg fé{rJ tli'\g g%ga,ngégr gﬁ’%ﬁrﬁg)ar'shr%pFQEhtOSEM

e amoun ] € 1 bound by
cr oSure AKSEg aaﬁUStscﬁfdP'ngﬁ'F@FHY'tY i grerine PRSI ect
f or pid3mact 1@apl§\rd|9£mpfat tﬂ%h FrbimO& nkt?fsé doe@d esendn M mix was
Ure S O specific acti
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contal nrn bi ndi n ny
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of THY. e Emag%' J]‘Qiggivilngwnaf% BIBY8 Lot drales TONOMEN | C.

dlrrerlc an regat G elute at . 110and84
m | Exchange of gG4 and IgGl was evaluated by mcubatmg chimeric IgG

mixtures in whole blood, blood cells, plasma and serum for 24h at 37°C, after which
bispecific activity in the heterologous cross-linking assay (Fel d 1-Bet v 1) was
measured. Blood was obtained from two donors: A (black bars) and B (grey bars).
Bispecific activities were determined in mixtures supplemented with chimeric IgG4
(panel A), chimeric IgG1 (panel B) or without the addition of IgG (panel C). All

presented data were measured after 24h of incubation at 37°C.
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respectively (data not shown). Figure 5. Exchange of
I gG i n whol e bl ood conponents Exchange of Ig&4 and
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exh%b ?dg%)%%%gr]t‘é\%é hslﬁ \Fflb!ﬁnd r@gtllvg@o Bmb&ht &dded558) or

Bi specific act|V|ty in the
het diare §oEethresydeimedinted sxchangerafi1964_Bet v 1) was

neaSH&Lﬁb@tlgﬂh%ﬂng@&Béfvlllgﬂ4 kN rivktukesOnwitigr éyeshigr spurified
t

K
ergBrosdhesdiPagisab Bmes) FhoreliNEE peidpldh T BRIE 3 Bodies
wigeielesd no Fhigneciéici8y viasyolireoeyit for thedinbtwe efxtieakafel dfotypes. As
cob g éh%nﬂﬁ:lé@@t ?%uu%g W RebMted! %%Bgemhom )éhucﬁﬁ)%y’é@bt {bpen

uri er throc tes cl ose
sYbsla 1 Bt pHrophediseiner e, BRe! SrRssiad PYEotast Mo b gkciic 166
(swfmr Eu&&r lbu}s lbésrpasit f-arﬁjetcy dopiscabbsessteembms. t he mi xture
o t 1,50 rol, antibody m xtures
‘-?uﬁ% reen %ep‘%é? W {"ngé% erythrocytes (open
syrrtﬁxlclsyéngeThePW 106 g6 hdwbie &ari)hd9ad X orey| b@’ﬁb@ﬁﬂ dgG4 in the
pr@?@fn@@n&agﬁce‘gg lpr‘eﬁaqgﬁﬂ fIi;G4| fackSP3s) R %K/altlétreﬂ by measuring

represent range of | cate neasyrenent ur
OTBEEHS A6V B (PPEL) HWPESC\E?%SW@O&W” 5 Be e g(eva?filﬁ‘é half
mblaﬁﬁaes il g&del(Arveys badsdtedrfcbnt g concenhatipm ezgempeecmf: IgG (as
X§1ese?d :J]r rtﬁl acl([‘-_]rtololgggs4 c(r(@sg%lﬁingagé)ayy\@%de%@ %&ﬁrqalbé(xpected
concentration of bispecific IgG if the exchange of IgG half molecules is random and
complete. The exchange was expressed as percentage of the maximal exchange,
being 100%. In panel B Fel d 1 bivalency in time is depicted, which was measured in
the homologous cross-linking assay. The concentration of bivalent IgG was

normalized by setting the concentration of bivalent IgG at t=0 at 100%.

Figure 10. Exchange of IgG4 by erythrocyte lysate

Exchange of IgG4 half molecules was evaluated by incubating a chimeric 1gG4
mixture in lysate from erythrocytes at 37°C. IgG4 was incubated with increasing

dilutions of lysate. Bispecific activity in the heterologous cross-linking assay (Bet v 1-
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bi specific activity (panel A), bivalency and antigen

bi ndi ng. The exchange of 1gG half nolecules in panel A
woa®sassul ated fromthe concentration of bi spRPCT/DKe008/000124

I gG (as determned in the heterol ogous cross-Iinking

assay) and the maxi mal expected concentration of
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mepstrediiThe @xehengp of %@4 \haﬁnplé¢CL'dﬁ51W@9r eAlgUatpe IEofy t% wsured
cof@ntrfied 'd?nbu_%ectfi&' ﬁg@éhsﬂ'Hété?ﬁﬁﬂédewﬁ@hee@eiéﬁalbgous cross-linking

) 3ndihe B expedfeotaR g s tiheste JGhi e igiange of

asgqy) @nd fe graxing! expeds
IgG2. haBShhomeedieat isdraedarhaamge completeATIESdxohehigat was expressed as

pe?aéﬁlgg@%wé %4%1 @%rﬁngpls%wé gsoonas eval uated by

%ﬁ%’s resence of increasi ng
conE®@Nre 48 ObFSBSPIeﬂﬁtﬂBS?‘ﬂﬁr!ﬂ? OfMQG%b?'éd't‘@&c't"ieFre

pOI m§§4 ?v%gph&t%at@%tr\ﬁltlﬁj IGRM(0.5 ) BRd @ﬂﬁde@&%hthl ﬂﬂﬁdt?gataﬂcbn a
ic activi was neas e _exchan

SURBTIRX PSSO WaEhc HER ufiEk 8 Geomie Alagur g n HALE uni

(Acershant BiasdienesfUdpsslpeSivkden)| TG Heafsaatiotethe rradentrationeof Bet

v {1@%&1’ i 131%0(2)*2 WisORSasukdikihng %ﬁﬁ&é’r} Flﬂ@ﬁt t:bg JH?:lXﬂth:]oncentratuon

centration of |s ecl
of biepReifig oG el g§4Befay f1 frrdlve%slm%tgrm@e? ahg'zﬁTPsw 1'Fel d 1 cross-
Imﬁnﬂﬂms%ye calib&tioX @ anig ol BXPFReSRE tAs monomeric, dimeric and

aggregated IgG elute at 12.1, 10.3 and 8.3 ml, respectively (data not shown).

Figure 14. Temperature dependence of GSH mediated exchange of
IgG4. IgG4-Betvl and IgG4-Feldl mixtures were incubated in PBS with GSH at
indicated temperatures. At t=0h (grey bars) and t=24h (black bars) concentrations
of bispecific IgG4 were assessed. From these data the fraction of bispecific 1gG
relative to the IgG4 Betvl concentration was calculated and expressed as

percentage. Error bars represent range of duplicate measurements.
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per cent age of the maxi mal exchange, set at 100%

Figure 13. SEC of GSH nedi at ed exchange of 1g&4 half
wodsaw3ss | g4 was i ncubated with GSH (0.5 mCEDE2008/000124

subsequently fractionated on a Superdex200 col um,

which was run at 0.5 m/mn on an AKTA HPLC unit

( Amer sham Bi osci ences, Uppsal & Sweden). In the

fractions the concentrati on of Bet v 1 speci fic 1gG ()

was _easure ant| bi test and t

Con WS dor daed: exrais feuipisd bt gabepdf tediine gaents.
IgdetBetvii wed lgG4tAetdiBat PBS 1wl indullated os shie nikiesgncasefayifferent
aggﬂés {%@%h@&(}g"fex‘c&t%%)‘lfm ﬂﬂsatrwlﬁg ctohééntratlir?l o{ Bet v 1

and ‘aggregated 1gG el ute at
svsoﬂel%dvas rmegfured: ins fec BeW | iy bindingzasaeY 286 dli)coneanyiatign of
bls"p@aﬂa_ @ﬁ@@wfa@trHé@sud@ﬁﬁﬂﬂﬁnmet@fogG&'lc@ﬂJhalhﬁ@ aexneepd ©BBet v

1) 366 insrrtase pabishrte By o 1t LS Beal foncspicgtion was
calatilatedOSt{rglasd/errar s aardeden §BM (cbicalekedfagrs khree measurements.
CONGRALL 36! BfthafbeRrTafy hlinfard ek YRtiGodis skl om

thesé data raction of bispecific IgGrelative to
t he (FYEP4BeP9/1¢ehEERT PatanCc IgGl-EGFamigures grere incubated

at BYPC @GSt ABhUR 100 ANIGSH. E@ﬁmesbaéra thlegpr as.aarcatreartgﬁe pbints.
s.Figure 15 964 exc n

duplicate asur nt
TP Bl SEPRfer DO EalieT AESRYENS.® PO Hert g
indige®ds ¢ diptical @BSityete40hoobaseal m@svmemt e@‘eﬁ@ef%matlon of
b,gyegﬁgtgaymrgngbg@gg reduci ng, except GSSG) for 24h

he concentration of Bet v 1 specifi %
neadBt &FH-desendensafient axphprgh A 18edad ”&PfEIJrFrféf 1g64-C520 and
IgG@IEGFHWa@tm@Ba@E for 2pecatl 37°C| with varsentasonsed GSH bhiendicated.
ss-Linking assa F 1 .
Tt P B B RN F SiollSe N R Rt <1 2 0dv R s me optica
dehg@ Bet05 nooirc plotted tanotheviexis iscailmgaserem@nhief dnel farmagien of

Elﬁc tggbﬁ%qzﬂtanggg@ggl culated fromthree neasurenents.
gure Exchange of ful Ié&:‘human | g& antibqdi es

USI ﬁﬁ) @%ql n'(egbatngeﬁcl'égggqu 4cpplf mglecules is influenced by the
coh@%er@l@éd HheEkdaktion, Xdndr @sumseinecultnuihetiech &fre@f@e 293) at
0.5 mM GSH. Sanpl es were taken at
Iower cafoncfe%tr&vonso nts. The formation of bispecific
ant |(Bbﬁ5éismMQteﬁE%<§bﬁfm 4fig@4 dalhidmeledylesLis SigheryagQissmM GSH

thgmgﬂgmwgsphefoptl cal density at 405 nmas a
neasur enent of the formatjon of bi
it (66 B8 ec{an) o Gap ELEBUE RN ELECHAR G B IGAEDR0 bY

ESRTCOFUMas kpdayeinetip? Arahgc4 gB4uEeGvas Wasibbtredufoat2adhdéws in the

b%%'nclg g&tr) §79r3¥.‘ek& gPP%?rH %MOE§HOfaft§$'_\leﬂ§h 'tﬂg'a(h%tbg es were

ron o I'speci IC anfi bodi es was neasured in
deglysegytahp ¢ WitE| ANS®se fh@domel realpad@’nye's?tsaf thesesyifingsantibodies

we?le %Eeteﬂur@a b ESIYTOK inSasd SpéctrlRatH). &MBRh & thd@econvoluted ESI-
ornmatl o

TOF spectra. Datg are representative of 2 experiments.

Figure 17. Rhesus monkey IVIg participates in Fab arm exchange of
recombinant human IgG4 antibodies.

A) Mixtures of two recombinant human IgG4 antibodies (IgG4-CD20 and
IgG4-EGFr) were incubated with GSH for 24h at 37°C, in the presence or absence of
purified rhesus monkey immunoglobulins or human 1VIg. The formation of bispecific

antibodies through Fab arm exchange was measured in a sandwich ELISA.
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bi speci fic CD20/ EGFR anti bodi es. (C) GSH nedi at ed

exchange of 1g&4 half nolecules is influenced by the
waeommpomsat s used in the reaction, and occurs i PCTDKR8®00124

medi um (Freestyl e 293) at | ower GSH concentrati ons.

(D) GSH-nedi at ed exchange of 1g&4 half nolecules is

higher at 0.5 mM GSH than at 3 nmM GSH. (E/ F) Detection

of Fab arm exchange between | g&4- EGFR and | g&4- CD20 by

ESI - TOF mass spectronetr G4 m xture wa

ncatati e B EPEDIHE HEabs it STHIOHE HEGSSRAD and
Ig6HEGEF) Werk inddbatd, wigl GeH fahR4th at BEeGut tHEophesshcamir @bsence of

or P PRULEI Pty FRGR &  2 REaEAL St Sl
framuseverpe enimate  soprceShlsarindicated He R?é@ﬁh%&?lsmoédwmwbﬁg The

fortRRoh! 6F bisBEFIRERITIRARE ORERIGAL Fate afth ekcRXRRI WHBMiasured in a
Figure 17. Rhesus nonkey |IVlg participates in Fab arm

Sa%%'ﬁ'éﬁblé%f reconbi nant human | g& antibodi es. A)
M xtQ)r @ixtwes tofotwoe ezotpbirant  hucrann Ig@Gantainddidso (liges- CD20 and

Igéi—%@%{)%’% |ﬁ%ate%1%nt#%ﬁ)fow55|$ af E?‘l{’p% 9’% Wegehc?%_l gﬁ)%nce of

resence or absernice of puri
anr ¢xsesss (indipdcey in r@ﬁmﬁ\é‘@seﬁwﬁ myifige dhigprATZEs/| RpboFRHecynomolgous

mér@ég’aﬁér@é‘ aRé shlr}%pﬁ%JdogloBGﬁdst@Qur@(S atsbﬁ@diéﬂied:&bp&éﬁﬂheses) or
excnan

rwgion, GRS BiralREPAL AR o e AEHISE DOTEE TPyt Etsggroe wes
measdredg 4 a6Ew)ch BeISA. i ncubated with GSH for 24h at 37C,
In S t
R e L S G A
CH3remo8everal animals (source also indicated in

par ¢Huhe $€SESAmENIBTEY hiF tnoléblefedichBh§@Bf 2§G1 mutants

oottt dhe; okt SRNRH Eneneleh G R SRR ghctenge from

diffeeerantyiGlamutamterevas tepBad asing Bodi. Es1 @hd G0- @P2GSAnExchange was
tegtgﬁs,ﬁg gfo\n@\;,ﬁ 'n’i‘iQH}P@st ed with GSH for 24h at 37C, in

sence or "absence of an excess (indicated in

par é@@‘hésf glgy Vtsfw'Hu}guGﬁuaeaetahMﬁmce@d asdgEa Nt in the figure)
cynagel ecremrmrvhwxgdw s&vand (Mdicatd asmgaagitpbul i ns

The 196F aded CoBF LB T rROL TP TR e dUGE R 3
excﬂa@]gea febdl GHadaGEed vith l9GlandeivdhCEBIEA) Bndjcated 18, 19G1-

@gl on sequences Under | i ned sequences

Nigd
re resen? t'he CH3 <I:1
IgGl a-feld1l CPSC- CH3( gG4) ‘with a-betvl IgG1 CPSC-CH3(IgG4)) (indicated

as IgG1-CPSC-CH3(IgG4))

(B) The effect of GSH concentration on the half molecule exchange from
different 1IgG1 mutants with IgG4 wt molecules was tested using 0.5 and 5 mM
GSH. Exchange was tested using the following mixtures:

- IgG1 a-feldl wt with IgG4 a-betvl wt (indicated as IgG1)

- IgG1 a-feldl CPSC with IgG4 a-betvl wt (indicated as IgG1-CPSC)

- IgG1 a-feldl CH3(IgG4) with IgG4 a-betvl wt (indicated as IgG1-CH3(1gG4))

- IgG1 a-feldl CPSC-CH3(IgG4) with IgG4 a-betvl wt (indicated as IgG1-CPSC-
CH3(G4))

- IgG1 a-feld1 R238Q with IgG4 a-betvl wt (indicated as IgG1-R238Q)

- 1IgG1 a-feldl K292R with IgG4 a-betvl wt (indicated as IgG1-K292R)
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Figure 19. GSH nedi ated half nol ecul e exchange of 1gQd

mutants (A) The effect of GSH concentration on the
whaioB/1nBbEcul e exchange fromdifferent 1gE@ nUPENDE2008900124

tested using 0, 0.1, 1 and 10 nM GSH. Exchange was

tested using the following mxtures: - Ig& a-feldl w

with 1g&4 a-betvl wt (indicatéd as 1g&G4 W in the

figure) - 1gd a-feldl w vvithIgG4abetvI wt

di cated S d
L DT Eetoapamihibe gyt aested o Jed - opefl
CH3 (d@Cd-Feltd PB2310%dth agde b wetv@HBY( (igiibred anhG1aP3ABLAS

nge% Gi ey fe@ Q%K@_@%%t& 9;664 gl 9@;@@\‘%&&9&4%5 WhEDcpsc-

IgGIKZQPQC CH3(1g#4)) (B) The effect of GSH
Con@am sa&amt W?thtIB%4rbabétviTWt %Hic&eeé@ha@@ﬁ from

ferent mut ants with
. eh T 475k 98 GStt oot Shlafile MARECIe Erdgnoe from
ugiffegnt NeGf ohltanisngasntadtad asing- 0I5g&hd & M AiSHA Exehérige was
t ' d as 1gd) - 1gd a-feldl
Cf%%d ust%ﬁ t&@/{ﬁ)w W\?‘I&?&I\?\? (1 ndi gat Zed asgl a - CESC) -
| gGloGL ﬁéﬂdl wemMathl 19Ga )a- thh“@@@'cateﬁéﬁ\lgng (i ndi cat ed
a-S h&ﬁ aGI{ @%M.th-lgbﬂq bétvi ebdt (iGE’.SQee@Id%(IbGG@Psmt h

- bet vl
I gGIIg(é\1 ngﬁ\é’ll ﬁﬁé@fd’ i"’ﬁ Saalbgté(tlv&P Hn%%a%t‘é%l 3351961
| gGcHBRAgB®) - 1gd a-fel dI K292R with I g&4 a-betvl wt
n i Lo
( I Gié(?f"%efgld?%*@;&%H > )ew tHaS lg%'b];%gégsé_@ﬁ[ﬁégﬂﬁ(mdlcated
a f@FéISDGPQE%@qM 19G|4@)G4 a-betvl wt (indicated as
| gCrad B2 341 szg@w@-lﬁgelﬂﬂ b&EPBR2K8P ZiRdivhtel ak 3§81-R238Q)

o 1 3eah iR g Bl e v e e e B gy

(©) 1Jheadélte Q300E \M%Hgsmraelmtw QBD 2 (indicathe abagG1-Q302E)

?glsﬁiéldi gsf[@l?]? Iﬂgﬁlgewftﬁ ?gg% %Jé’l%ZSLQ%ICgﬂé&B%EtI?GWZSL)

15; Bt RECIBIGPB A 2RI RO 5 Doy GPOG-HABR R Hkcolge 0 1961

| gGcpacheigpky Wt (indicated as 1gd) - 1gd a-feldl

GETEUNNCNE O TR ) Rl

(i ndiigued @0. A8 0.5§GMM GSH,| IgGK4 )molecules with a wild-type (1gG4)
core hinge participate in Fab arm exchange of recombinant human IgG4
antibodies, whereas molecules with a IgG1 core hinge do not. (A) Mixtures of
two recombinant human IgG4 antibodies (1gG4-CD20 and 1gG4-EGFr, as described
above) were incubated with 0.5 mM GSH for 24h at 37°C, in the presence or absence
of an excess (50 and 100 micrograms/ml) of Tysabri. The formation of bispecific
antibodies through Fab arm exchange was measured in a sandwich ELISA. (B)
Mixtures of two recombinant human IgG4 antibodies (IgG4-CD20 and 1gG4-EGFr, as
described above) were incubated with 0.5 mM GSH for 24h at 37°C, in the presence
or absence of equimolar amounts (10 micrograms/ml) of Tysabri or Mylotarg. The
formation of bispecific antibodies through Fab arm exchange was measured in a
sandwich ELISA

Figure 21. Half molecule exchange of IgG1-CPSC constructs with

additional mutations at position 292. Half molecule exchange from different IgG1
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- 1gd a-feldl CPSC-CH3(1g4) with 1gd a-betvl
CPSC-CH3(1g4) (indicated as 1gd-CPSC-CH3(1g&&4)) -
wo g@/1893fk] dl R238Q with 1gd a-betvl R238Q (i Pdi/DER@E/000124
as 1gd-R238Q - 1gd a-feldl K292R with Igd a-betvl
K292R (indicated as 1gd -K292R) - 1gd a-feldl @BO2E
with 1gd a-betvl @BO02E (indidbted as |1gd - @BO2E) -
| gd éfel dl )F’328L vvith IgGI a- betvl P328L (i ndicated
as | P328L el dl CPSC- K292R wi
midop RS ESs K%g%ﬁg i e ‘el chang gy s teﬁsgft“ﬁf@%gf following
mik@ieds:a-fel dl wt vvlth lg&A a-betvl wt (indicated as

g re | ecules with a
Ggg,?flng é%)lgétér% Pg* par |C|F%Ga52 in Fab arm
exch@ﬁlgéF&ﬁpﬁédﬁWbﬁgﬁérﬂDaﬁGﬁ%('r‘g@lteﬁ@ﬁll%b“lcg§c) wher eas

Dl ggd 088 \WH g4} QQntrFO'ig?’GfWDgﬁil-dﬂldm (icavbat WEeSIgG1-
of two reconbi nant human 1g&4 anti bodi es (1 g&- CD20

and FGE9SEBFr, as described above) were incubated with
0- 5 1600 -G dPeC-@HB{IgR4) 3WEh  IgG1-AB8{IRSSeCitH IgF4)alfivdiceted as

Thew%ie)ég E%,_(%f(%?)d 100 micrograns/m) of Tysabri.

I'on speci fic anti bodi es through Fab arm
ex c haPeFSEPSHERES8Re Vithn TaG3AMBAFRIC-RRBSA, (ipggated as 1gGl-
M XidpseRBBQYWo reconbi nant human |1 gG4 anti bodi es

| nc&%%f[&%g \ﬁ%{s]ﬁ @%m@ﬁ 1?73;9%}%& A{i@ge%pm%‘cﬁ?eg‘r"%rxgm cpsc-

prex@ezR) or absence of equi nolar anmounts (10

m Cr G{-3PB /Pt QZE@QP@blofDth{‘:Q{)ZQZYnglcg@ﬁr@.tlb@@ -CPSC-

specrfic anti throu ar m exchange "was
rreaé@ﬁé\‘i) in a sandwi ch ELI SA F| gure 21. Half nolecule

exchgapergfcPbaGl2ooPrCRIEAL 7TDE-CPsRiKD2Rdibichtedads 1gG1-CPSC-
mut af :‘325? at position 292. Half nol ecul e exchange from

di f & lgd mutants was tested using 0.5 nM GSH.
Exche®neFsarPStastodw usitnggGhe’FHEPSWKEG2W Xindicated as 1gG1-

IgGIC th 194 - 7D8wt (indicated as 1gd) -
"%E?ég&% with 1gd-7D8-CPSC (i ndicated as

| gglg@pg@ @Spw@f%t@qﬁlerP 1@302E (indicated as IgG1-CPSC-
IgGI 36DBy CH3(1gG4) (indicated as 1gd- CH3(IgGA

( | ndggggggpcigc%%ﬂ %%?(fggﬁgﬂ?é %%‘f 7PEESL (.§8: S (a%s)gl%)l CPSC-

| gA@P32819- CPSC- R238Q wit h | gG 7D8- CPSC- R238Q

(i—n(ﬂ;é@-tzﬁg \Aﬂ%vii!l'glgGllJDS wt (indicated as IgG4)
The formation of bispecific antibodies through Fab arm exchange was measured in a
sandwich ELISA.

Figure 22. Core-hinge stabilization protects IgG4 antibody
therapeutics from Fab-arm exchange in vivo. (A) Detection of Fab-arm
exchange between 1gG4-EGFR-CPPC and IgG4-CD20 by ESI-TOF mass spectrometry.
An IgG4-EGFR-CPPC/ IgG4-CD20 mixture was incubated for 24 hours in the presence
(F) of 5 mM GSH, after which the antibodies were deglycosylated with PNGase F and
the molecular weights of the resulting antibodies were determined by ESI-TOF mass
spectrometry. Shown are the deconvoluted ESI-TOF spectra. Bispecific EGFR/CD20
antibodies could be detected when 5 mM GSH was used (incubation without GSH or
in the presence of 0.5 mM GSH did not result in bispecific antibodies (data not

shown)).
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CPSC- R238Q) - 1gd -2F8-CPSC- K292R with

| gd - 7D8- CPSC- K292R (i ndi cated as | gd - CPSCK292R) -
WO g@@B8A B8 CPSC- K292Y wi t h | g@ - 7D8- CPSC- K292Y PCT/DK2008/000124

(indicated as |gQd - CPSCK292Y) - 19gG 1-2F8- CPSC- K292F

with 1gd -7D8- CPSC- K292F (i ndi cated as | gd - CPSCK292F)

- 1 gd - 2F8- CPSC- K292W wi t h | g@®!- 7D8- CPSC- K292W

(indicated as 1gd - CPSC K292W - |9d - 2F8- CPSC- BO2E

with 1gd -7D8- CPSC- QBO2E (i ndi cat ed as |1 gd - CPS OZEL
(B) Cirg@s OBt CPECIP30BEe Weteh'Weregd wB- Ebedpaiures (300 lig of
eachNdf @@@MDQS/IbgGEdﬁﬁgﬁﬂBaS@)des) | BGA-CHEB/MGMEGFR and 1gG4-

cate f 0 f
coliebt chAd bR a8 AT, O Bleadilc sPUERAL RS olowed over
time asdigeahtified oysELAEM alhp@_flcsamtlbpdlgaM@nguar@(ﬁlpé-qsir\gg@ in vitro
ex%ﬁ ek 'aﬁﬁﬁé&r}n%lﬂ%e&gtr@f&&@é Qélta'[}%ﬂﬁ.ly réd?@ieﬂp%h%sﬁﬁqmues
-arm exchange in vivo. Detection o Fa-aN
°fe§9é'ﬁa'ﬁ§ér BRaRkEsd P@@a%@éwe%@t? gBREPPShtsyyNo  bispecific
ankibbdid$colma sise ae@eﬁeao.ﬁemylgmmmem GRPQG4-CD20/1gG4-
O m _xt ] X

OB oM ostE IHEBE B¢ SRby ey budiine) ano

remseﬂtslegwy'c@s?isaf e0We/MIPNGase F and t he nol ecul ar

wei e9§ EDS aFRSeichbRg e df IOXREImutaN @ e @IRe ned by
ESI - mass s ectronetr

Sh the, d

o1 MErap o CRAC TR e RE R CESEP R bl b s ™

Ghie denplet e/d%r\ehmeﬁ atMnGShtedaﬂmusmjnt(SI e bt metiowidf hspecific
n t

SRR R IR e R PSS e S

(A= 4§Jbea fQ@ﬂthlﬁblgﬁé{%b?Wﬂéﬁt(é@'wqdrﬁsalﬁ ody
[:nl fgygg)é f@%@QG\atr@trpfgcﬂIa&BEthfwﬂ(%M@G@ﬂ EGFR (open
o OBFE e re Conen Sk Ea, QT H IOF 6 83 SGHE
ant |Ibod|ae‘e|dwasscf olth dy®4latheerl CGOEndinateduaGdi ed by
FE! 354 BLRRECHRCGy %&0938&1%&% (HHRAL d<chregi ng_an

ro exchang e m xt ure erence Dat a

p0| Agg4 ﬁe‘pidésfé’mc W%FQG“%IVPVAIQ%@ (Tdiqagret ot RHEC
nMeasiypél 2at cERahkdiated ab rarﬁemrﬂhge@fmmtsnts{\b

bi fi d
S5 i RS 5 55, P el rom cvrc

mitaxtsuwes tes'ﬂae Ldetged:tt]oom DD@nu.M GSHt Hchmwaywas gested using the

fog(g,ghg )ftﬂ{e{sdotted line) and represents serum | evel s of
&

ure 23: Fab arm exchange o
Cxxdoriipaatdd th\)’é'Fh 19Ge- bRHV%tVl}r(éBd'cé‘fed@@@Gﬂ’bt ant

ant ijgadlia&re|dweitenit tgdrs-eenatwtI HdicatddaligG4mM
- IgG4 a-feld1 CGHC with IgG4 a-betvl CGHC (indicated as CGHC)
- IgG4 a-feld1l CGC with 1gG4 a-betvl CGC (indicated as CGC)
- IgG4 a-feldl CPRC with IgG4 a-betvl CPRC (indicated as CPRC)
- IgG4 a-feld1 CPHC with 1gG4 a-betvl CPHC (indicated as CPHC)

DETAILED DESCRIPTION OF THE INVENTION

Definitions

The term “immunoglobulin” refers to a class of structurally related
glycoproteins consisting of two pairs of polypeptide chains, one pair of light (L) low
molecular weight chains and one pair of heavy (H) chains, all four inter-connected by

disulfide bonds. The structure of immunoglobulins has been well characterized. See
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GSH. Sanmples were taken at indicated tine points. The
formati on of bispecific antibodi es was neasured.
wez@kangss was tested using the foll ow ng m xt UPEEFDK2008/000124
lgd a-feldl wt with 1gd a-betvl w (indicated as
lgd) - 1gHA a-feldl wt with 1g&4 a-betvl w
(indicated as 1g#) - Ig& a-fleldl CGHC with | g
a- betvl CGHC (indi cated as CGHO) - 1gA a- feI dI CGC
with g4 a-betv é i ndi_cated as r?)
forpireRIgS Feﬁ"ﬁitﬁ“wtﬁ'hlr‘i"?j‘@ &ty Eere Wi &wc%ﬂdead -gaven Press,
N. QPRQBQ)) (19§4Bdeffypledth REANG GNIaIH’]tyb@GMk/ &- dvetpriseCPHE heavy chain

é rﬁ%tgr? g?tﬂ)si\%'_lg)he én'fggg $(H g—&%ﬁd@ﬁéa&aﬂalﬁ%n@ém region.

Thcdw@emmau icomstant nenien Rrpicallyris eREREsRTECT therh OOt &R £H2,
andPeH3 B4 @dIidtt! Bfinl t\f;ﬁ’caap |9an{ﬂﬁlsg§|df aEn@haa% %ﬁable reglon

tested using the tg % q
(ahreHotRgrer s Yo oY Pl RCIPE halg Gogesey RsidThe Tiont enain
coBsthed digionttypically ik gthpesdiedfvdnedontaindC.c The o, asd Mg Bdgiors may

T

magy hgmyaele@natgje @ﬁpquemg@md@rff@rrmof@:pq@tqml{mdq:fg@g loops), also
te%n%@&dﬁpl@%@@g(:ﬁgét@ AhiBfhgaegeRREDRs)| Hedrspersed Wﬁth@@@i@ws that
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The structure of h

AUAQ ARG 8PFLBEe °§eaefp8Pt'$%§?aa’(n8%nq%ﬂn g’r?ﬁncfra?‘y‘j\ﬁ%ﬂhgrnm%/ acids
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|
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derxgt?\;evo iﬁw rethereg |c|'\\l\ﬂiasClghe ability to specifically bind to an antigen
under typical physiological conditions with a half life of significant periods of time,
such as at least about 30 minutes, at least about 45 minutes, 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, 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 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 Fc-mediated effector activity). The variable regions of the

heavy and light chains of the immunoglobulin molecule contain a binding domain
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may be hypervariable in sequence and/or form of
structurally defined |oops), also terned
weompliersent arity determning regions (CDRs), PCT/DK2008/000124
interspersed with regions that are nore conserved,
termed framework regions (FRs). Each VH and VL is
typical |y conposed of three CRs and four FRs,
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reF?dm?% thex BBy @459?66%%”%!9'"&6{0&‘“6%'9?“ %”trﬂf-ﬂ@ %Pg fgements)
pr@h@éﬂ' bﬁ,ané kn5wn6tecl7n|@LEe nacle ad argymetic cleagageapyptidehsynthesis,

angJ]efc?rﬁtP %r{tl{?&nm;{%ﬁ Ar¥ a&%‘ ' n%g ge%#ﬁge% c(aﬁl'b%gsae%g raﬁ”y Qof%e.

nodhatterra "y enrdqumasws@@nw 48 §Bendadda inglede antibodies
ha@mg' mgﬁlekﬁrﬁdécfﬁgtahﬁ) rédi6ns2dr Va8 Trodi) ﬂbﬁ%n@eﬁﬂln’%ﬁrﬁﬁn@h@lﬁbuhn

for the antibody to recrU|t an Fc-nedi ated effect
segeences-t [Ie Nurpan gapaginscoftaginration maydnHy Wmé[}?da“r‘i' geridues
not hahdoge®f byt hIQJmaﬁTugHBgihoéJudmmurmglo@ulurh eseqopb@isn (@g., mutations
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re I ons res (
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seqbenceb assi cal pathmay of conpl enment activation. As

I ndi Cat’lgoqat%g \ﬁ%boa agetfs'gh %‘i’éip,ogyin%rd@& o liéfljrecgsan antibody
which is substantially free of other antibodies having different antigenic specificities.
An isolated antibody that specifically binds to an epitope, isoform or variant of a
particular human target antigen may, however, have cross-reactivity to other related

antigens, for instance from other species (such as species homologs). Moreover, an
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otherwi se stated or clearly contradicted by context,

i ncl udes fragnents of an anti body that conprise a
worzaoatiesdsdr wi | dt ype core hinge regi on and r et BETYDKh@8/000124

ability to specifically bind to the antigen. It has

been shown that the antigen-binding function of an

anti body may be performed by flfagnents of a

full-length anti body. Exanpl es of binding fragnents

, sdvmthnthetr "anti body" ing¢lude, .e..q.
'SCE? gn?”@’ gYa@ﬁEn € sypireRely J5 \?gl ‘gtﬁ?“ chg‘é'ﬁ%r{Paste”g and/or
chemivalsi 3 nge tevboBatEert rof ginee peeseiti inkediopy aacodibinakiph @é “isolated”
499 ifi (A0 e SUAbiAd BB W H-defined
mgidé%gglngétéqtolaﬁsmaq % 5‘ N ﬁlpﬁé t‘{}@éénegm ng of antib odye, ne
com@éyt'@rol | ectively and each i ndependent|y are uni que
f eattneasrdé "HdRoPERS &iMtibbdV EsH fradhockxBI bhtﬁbdﬁlg composutlon as

o e B o, SR BB PR bl bl Becur
cogpesitibn.obl neineepml safibad s comprsiticdedispaisya Bloglal binding specnflClty
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anﬁﬂgl' QQ ad3 tgﬁﬁﬁéﬁ\t: %%L%@nhﬁﬁ%s%sgc'en%mé ESHBNERRY a Fddhan heavy

term "human antibody", as used herein, is intended to
chaw&rwgemw%ugf&chﬁ@wmg% ifatsddo gRdmeEwrelizgg; cell
reg'ﬁ@nﬁséﬁehér\éﬁd ﬁ:hEaOférnl‘munmﬁldlg@r nih ithe aoﬁmxnagl leubinding of an
ces humen, ant.i bodj 1h t y
an?ﬁg#y :}8 gmpﬁedee(]él rmi e-rdesaln eenS tﬁlg%%a@]‘ g § b.ﬂ)ﬁ%ﬁ \Nﬂﬂ gﬁ affinity
cogrespdniding uomTKmoglalamlHIllor{ Mmu@ﬁcwh(@ @Out ﬂere at P"oh‘f§5 such as

ab'om hgdugest 1BYs, rAREOTHT M bE @es§P%P'aBbt9t thalged}e&eﬁ I'eE‘s when
tro or by somatic nutation in vivo

deferpipedipnieh ingkANce sHSface %@S%%EFSH@%FASPR) EHHP'Q%'%ﬁcPééwre
3000 ihgelmes @amid bradamsgennasittieciyaGBRirsletieeatibedyl @k itheadnalyte,

anfgrbolr% t%ethg pre%getg} I’?Jd m%%mehn%E%h%ﬁ?r%ﬁ&?Shﬁﬁ%éE% that is

ave een rane
atéwum@sd lower,’ SUS'@IaaﬁbtﬁaﬁntQoof@Uiylowe'aéoru@@énﬁé?te'F?ﬁt 1080 fold

IO\'NQII %Ug?gs ta@ Iééast Qlp,d0d B det, b@dynéﬁéﬂc@hatl [Bast 100,000 fold lower
substanti al | %& ree of other antibodies

the #ip D DI B 8 SBETPFEN PEGIEMAS o BPAt Bgpeim) other than
tharnirédedelynitdibbntse@cirfd clabély-rélatedsartigeanThepamopa, with which the

afhr%%fl el |sVo%hér‘?Jb%t af, tﬁa&ar&'tﬁé“aﬂﬂb&g”%‘ tﬂa@rvﬁ%othe Ko of the

0Ss-reactivi
arrt@p@u 6dVEa?m|¢Vgéﬁ‘§t i, 6he PRgRasivce Mghbreerdfis). @ﬁ@éh%émount with

whish e Qﬁn@ﬁﬁ'tﬁ@ aRGg& RASer tMBR @R Bffinit@MbiS® hah-8fecific antigen

anti bod \P/ ]nqvj icﬁbstantlally free of other cellular
AR Pe At KPSty 9%°r emicals. In one enbodi ment of the

pr esmatteirnViejit(se), as osmbherainj oefesfto "thg alissb@ation rate constant
of a particular antibody-antigen interaction. Said value is also referred to as the K

value.
The term "k," (M x sec?), as used herein, refers to the association rate

constant of a particular antibody-antigen interaction.
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nonocl onal anti bodi es having different specificities
are conbined in a well-defined conposition. The terns
w0 psocd3ehal anti body” or "nonocl onal anti bodyPCT/DK2008/000124
conposition” as used herein refer to a preparation of
anti body nol ecul es of single nolecular conposition. A
monocl onal anti body conpositi dh displays a single
bi ndi ng specificity and affinity for a particular
epi tope. Accordin , the term"human nonocl anal I
antlﬂg "“réPeﬂy)gagdﬁFgﬂgﬁﬁgsrﬂ%?gﬁé§?%émﬁoggﬁ§\Squmb”um
cohstank ot [sgpeiaildn a&itlbydwiahngl;emateeaqtani abl e and const ant
regipns ger V’eqﬂhz‘an WHOR R RS, nie'fcg’g %W”Q&BBQHAH Bquilibrium

sequences. monocl ondl anti bodi €S
cop#ael eft 2 @atigular RYHRAOIAIIRAIRArACHRD aae s abtsmeemv dividing the
K, @p&ﬁ@di froma transgenlc or transchronosona

nonhuman such,as a tr eni c ng. a
gencﬁ?e“sésﬁb‘?’?'gf n'éogpﬁuﬁ%fﬁrsh{eoas" %ﬂ'&“ﬂoq(ﬁ arsll'ggd?lsé {af%'gmgtance
1961 gdGZ; higiGa, 9GS elgAf llg;l'edort toMInthakmiw reneddedebly depyy, chain
the term "binding" in the context of
Coﬁ% Hﬁ%gﬁ ﬁkﬁég an anti body to a predeterm ned antigen,
t ypiTbalernn |%P't89%| MEPTH RIOLPIN SRtesTinant F%Pa&?r?fé@%%g'ﬁ@'“g to

ant Qnt;'rboﬁp ‘Eblt@&@u&su@ﬂy’%ol\b&r of gﬁﬁacesgﬁahpia@s &hiomble&xﬂeﬁ shth as
r es SucC

T e e e B D e g
strtmytdrajrcharea:tearrsbes sasr Welk @s sipedfio nharge wharacteris@pR)Conformational
antder?J?\Qernfglgﬁ(aﬂoﬂaﬁfﬁid%%Qra?e %Qgpgdlgh%tdrlH NEREL tHeShiRGing 6 the former

he anti body as the_anal yte,
DUk et B daster o o 'wa@@r%ﬁeﬁ%ea dgRtigeh S eHS apNe epitope may
coﬁfdcrllsé” Eerﬁ)OTarcEjS p@ﬂdué’sg diecay Kiovblhed ins thé biedisy (also called

I 1
mHEEAREREE HBATTE 060 PPN ST cRRe A i, whieh
ard (ob Ofrekcoy dnvabwesr in frer bindggarsoeh aats dreiagt acld gedesf whigh are

ef#eg’éf\@egy bl Qed by tﬁé sh&dificany %ﬁt@ér}:‘]gineﬁgt &p’@ldeqm SORFIVidrEs, the

g. A, casel n er t
amppe e SrsidiaE T Herfoetpriat of the éP?F'fFQI'\éP%Pe&rR'”‘ﬁ'é?] peptide).
The mnméat naveinh anhi@bn taneibedyf isntdeyives ffoomles pasticular germline

SR e S8R Thob Torlh Doty 3t Rto IR oo

seggeriveghlfgr dmetende (b)’ 'ft\ﬁ@n'ztﬂge aartmmﬁger\m t’ﬁOW@I €Ayl human

n-?rmr'oﬂlobh’hrf Bénésh& BNLEQERNG S h@‘ﬁ@rﬁ nhh"@ﬂoﬁlbﬁjlfhf éérfél kbfary, and
non S&td fic anti gqyn ly élé q

wheseig thﬂ{@lqc npumRra antg f)a E§Stu &1 ﬁgfrélaﬁ at 875&9; %, for

inétandd@ |16kss 9604, 3Lt Bs baleastcaNs t fantnstfnca ap deabt Qﬂiﬂ’oaor such as at

nt d ti. N i
Ie?séfng/?e%n I Igrg%?rh onégé %8(5' (de tosﬁ]ega%ﬁglrouch{(gqcﬁl} ﬁﬁe encoded by
thg egertrjine imsnunoglgbhlé aene. Férf'@a“g: m@%“a%é‘@éYhtchﬁ'ﬁ “cor3, a

th""f"grieantlbody derived from a particular human germline sequence will display no
more than 20 amino acid differences, e.g. no more than 10 amino acid differences,
such as no more than 5, for instance no more than 4, 3, 2, or 1 amino acid
difference from the amino acid sequence encoded by the germline immunoglobulin
gene.

The term "bispecific antibody" is intended to include any antibody, which has
two different binding specificities, i.e. the antibody binds two different epitopes,
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constant of a particular antibody-antigen
interaction. The term"KD' (M, as used herein, refers

WO 008he9383 ssoci ati on equilibrium constant of aPCT/DK2008/000124
particul ar anti body-antigen interaction. The term "KA"
(M1), as used herein, refers to the association
equi l i brium constant of a parﬂﬁcular ant i body- anti gen
interaction and is obtained by dividing the ka by the

used herei " sqt " refers to t ,
1SRG FEOBTY, obl e 2 P Sehar b ED gbge' Phgonty. g derent
tadggGantidegB, | gA, 1gE, or IgM that is encoded by heavy

Cha'A@ &Qgsﬂdégih HGOLOh 9&RREr e rbRFdMo BRI ikMRGhe E@Iaﬂlﬁlch is
protei n deferm nant capabl e of specific bindin
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anaraQWétrngpHaEesrmlmmnaﬁnesneedmras BEnlargGingtinalcetidlipalude a cell
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m&'ﬁﬁ&%@fQd's%bhfpé"aholﬁﬂbntpﬂgﬁ@clérr%e@ %htmgyh&hﬁﬂ)hhﬂ gfrﬁmlocytes

hdi n fornmer but not th tter
mass celife 2pf é’ééerE‘éS ofonefe RfAR PN 95YS §6ﬂ’r\?%§1f%ec' e r%‘iﬁpf%rﬁénd carry
oum%wecﬁﬁmlalﬁrhﬁrﬁa actiensaQh domserﬂtuteﬁmelmtseam leffectar odlv sckapable of

m%%g\g Enncq)olag)d(egclaé el'll_ﬁgr c%&%ﬂ Ef g@éﬁpg\ﬂ%nﬁatgial killer

her am 0O acCl eSI
cehotcaphible off | lyndummalﬁ\%ij: i Fort héarbwlﬁdlnﬂ@ocssﬁﬁéfh masrephges, which

exﬁ&'sg FEI@%P@ H\@%lv\@@'lﬁgp&ff% elih& ot téf@étycem Qﬁh%@es}éﬁtlﬁ@gntlgens to
specifically antigen binding

othgfecoRACRBNtE Al $he JBIMYO. Sy ety Pﬁ%ﬁ“dmet% il ﬁﬁ?tnrerea?"ttaﬁ&'gens
InSpaR Embadimgntdnbh geactor rei ngyperbbdedse Asargseantipeneirrtarget

ceﬁl tF exgres£|6rp%gya Ip§rt|c?|%p|-¥§ orboglgffe%topageﬁll r?\gy%;e rel%ulated by

Sequence obtai ned
hu@ymlefmtgsq ﬁg:h tegresttokinesuFRI e mple, ﬁXB@qﬂ@hQEECYRf &ps been found

to'%%@%‘%la@é’d b?ﬂ%@l‘f@ﬂoﬂg( ﬁFNfﬁl’lﬁgﬁﬂ" @-d@PU$ﬁis(‘eﬂhélydeagaxpressmn
human i nmuno

I
ngTRARSGER BUGIONS GO P BTy SRS GRENR BraIS erutastpr cell
cah pmagoctdse oo dhse iastasdet boagdn @QPtargatcallas at | east 95%
for . %&%Erﬁ&i&e r%tfertL,egjéo}hg%@mﬂéﬁﬂtlgﬁ é\i |ne@ﬁ‘&ct%:\)/ZO/qamfoglrmt of a

i nstance a or such as at |eas
thergeeutically agtivegemmound pat@ewfe% @Weat'?’hé"tﬁﬁ’ﬂﬁeu%?@ﬁ%l of easing,

an?_é?ﬁkb%fh@eaﬁé‘&%% ebé/dléa@ﬁg qeirHHg) Bemptomyedisdasé statgene.
ypi ca

out si de_t h
ant |'°15‘oo‘§f¥e&'éY‘? EUPF oFﬁE% rS’p‘??\r/ gﬂﬁé\‘fnt%HV@eWﬁ?es and for
pesiedsl ehtimewidckssdig [ib aaghirve potesir¢d ther@geusiniresuitad\ herapeutically
ef%c{g\% EL5&8GhtSer & gntlt{b(ay'méyevgrga&c&g r@nﬂonf%c@?é guch as the disease

erences, suc I nst ance no
stafer 20 Isaxy and veeight of she iNdiyiduab andithe @PHitverfdhe antiRash toiplicit a
de@ﬁéd‘?es@@hsﬂa DB ARG GideAC AdBErdp¥utidafy @eettvien®Emount is also one in
WhIC arrlwggtlo?uk(): !)r detrimental effects of the antibody or antibody portion are
outweighed by the therapeutically beneficial effects.

The term “IgG4-like core hinge region” refers to a core hinge region in which
the cysteine residues are significantly more susceptible to reduction and/or disulfide
bond isomerization than other cysteines/disulfide bridges in the antibody molecule.
Thus, for antibodies having an IgG4-like core hinge region, reducing conditions can

be found under which the cysteine residues/disulfide bridges in the core region can
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gene. The term "bispecific antibody" is intended to

i ncl ude any anti body, which has two different binding
waep@siliesities, i.e. the antibody binds two di PEEDERG08/000124

epi topes, whi ch may be | ocated on the sane target

antigen or, nore comonly, on different target

antigens. As used herein, thelferm"effector cel

refers to an inmune cell which is involved in the
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vegna el € Siife SR S B P et o e
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T i A
intechplbmenecsiesfbyt melwemﬁhﬁeregymt e@m e.or b¢)|t¢$(§¢Cth replacing the CH3

oftaPEiBGQrvmecﬂBt ans 'r&ﬁ@r?’ and Pest AFE@RRRMA! URIRE Bhe @Aditions given in

féctor cel gocytose a target antige
Examplget 3 ér |32 'I{ﬁé"xéﬁ‘iﬂg@s@ ehpepreda tB%f?t“PcﬁF"&' g'ﬁEﬁf?ql?H mpecule

|nt@fé°ca6ﬁ50£reCfeH1edTEFySr b%rﬁﬁlgphr&tgﬁh bye OHBnDégid)n fragther s CEAchgion
cyt ne F 8 [
er%\e aé.lal,% Fcfglenpm affov{m rﬁ& Sﬁéc' 3ée aggaRtH? |oa from

up-reg ron
IgG4 apdtbotindly, GSFIg%lnse éﬂﬁamgled reaopbeﬁruewralhrc?@agreéo theeCH3

reétfl&tn c&f%bﬁ %Cé ' ?‘Hot'é’ tRdn FBYH sReasd Rebreahbs 919/@' |B§r§tlca| to the
ar gets. fector cell can phagoc 4

seﬂ'é%rﬁétOfaWFl 5'@1”1 r6pioq qfalagst 'E%qQ’er aﬂﬁg‘?ﬁh ef Pe?'%n { the

prédeat asHrbi ridy @t ddaiitiodf oraditeeddtioetyibeca @B uediorofvhgh structurally is

noE hleorsérjl H’F | (\SMI?% F]é/gtl ‘%C&I I\é%4 Bﬂpﬁ#;nsqmﬂgr IIUH& dia F&%‘?gcterlstlcs in that

nven bsSé of ‘easin )
it acesesqtuwgwmse @lnacﬁr@amaﬁgi (eémqpemgfﬁ'cém@me on tog ﬁa@élon of

d|§ﬁfﬂfee§)nd£‘r&r cg\taﬁ@ﬁtdrvs‘@atﬂgth@ﬂlcovéléfteihferil'@aw cIﬁ’dTl'ﬁ)lH)Bhds such as
fective, at dosages and for E'?*H‘Eds of

saH@e@g%wth PthenReRtEGE CAMRESY & Fs'paéUW@C\desse&H?"cwf the

CHh e¢agoe WRor cedahplee f dre CgG4rbka@bi3ntegain eam aata budgtedelpGl CH3

reégr b Yin %%8{ ghg g)rtrgoieagﬁwﬁ{ 34 qgs é'éest 91% (yré G?ﬁv%@veﬁt Al Bter-half-
sex, he lelduaf and t

m@ib¢u|¢ W%ﬁr"'%'h@@fﬁ'@hbb@!ﬁ 'PQ?nethBQEtd of deisted-ed r es ponse

in the (e WédMahg éortdwnape&t i Ee@luhug eérﬁmhméat"arméfﬁ to a
is also one in wr%tom i mental effects

Coaﬁd't'?'ﬁé’raﬁﬁ‘t F%vdwn@pt érlllt %9 Sﬁg?tﬁ’% slieea cystelne resudue in the

core-region of an antibody, is more likely to become reduced than oxidized.

The term "reducing agent" refers to a compound which reduces molecules in
its environment, i.e., which changes molecules in its environment to become more
reduced and more reducing. A reducing agent acts by donating electrons, thereby
becoming itself oxidized after having reduced a substrate. Thus, a reducing agent is

an agent which donates electrons. Examples of reducing agents include dithiothreitol
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out wei ghed by the therapeutically beneficial effects.
The term"1g&4-1ike core hinge region” refers to a

W@ 008/1i383)e regi on i n which the cysteine resi dBEEDE2@S/000124
significantly nore susceptible to reduction and/or
di sul fide bond isonerization than other
cystei nes/di sul fide bridges i A8the antibody nol ecul e.
Thus, for antibodies having an IgG4-1ike core hinge

regi on, reducing condjtiaons under
(Df e BFSEaRToRENaNSi &M%tg/‘& stﬁ‘l‘qgfy&@ag% 865§§arl"ﬁ‘et h%“tg‘@m”e nd
sodiegi borohydrizie. iedue echbadidnetbsegedntihy agenrtndags dios gbhpdse an
en? dge with core hinge cysteines in another

-nol ecul e, while keeping other disulfide bridges

in t'Risuléide ibopd forarationh sefgrnter Hie RIAETSRIOLPIPEE Eﬁ"é'e”t bond

bet\&@eaicﬂwo FRfeisRit iRBné @%wb ip6E pesicRsNIWAGR i$ e€Hedtatized as
.be an 1 g&4 core hinge region or a core hinge
%e uence of an anti body of another isotype in which
one "Disulfide bpnolréhetomt refére tCRRE psagee At dedving hedigdiide bond,

th&%?y P&uﬂﬁ@ ,P%g(ggmtgagc%ié -84 Yrodp9).2 serl ne, such as a

The term " 9@4 l'i ke CH3
r engbﬁ terrp "disg!fide pasdt |sgpeifq@é|obr geferm Ty 5B|e>@5?ng(enof disulfide

boh&é BétSveteﬁ’ diffekdie cpﬁginea i t‘hb sh&fﬂn@edftdumldetnmntjhe CH3

" reqion WhIC '
func |°6‘%’\'él‘?§"'fé‘2eu b\?ﬁﬁje ?m?rgseas egg Oteg';r}so el Litalyze the
|afmnabnmnaﬂmyﬂemumv@benpnnwnsth|s context, neans that
the. (683dn aﬁlnredﬁl:trenl %hénougeQQth@ oREExPBf Aedu88#! of disulfide

does not” tormstable inter-hal f-nolecule interactions
brigges fftﬂaﬁ%tth%rﬂeé‘ﬁraé't’ dpisethPRtIof /°'h%HC1h aeoleexthaes By - les3 than
2981 feesCHBal el O6F e spediedb@istieige extidays riepihacsdigidnhendergo
E}% of an 1g&4 with that CH3 region and test for
re ﬁﬁhge under the conditions given in Exanples 31 or
I f exchange is observed, then no stable

Agg&er?#@gnm..%eu{seof n%%aem.ens are formed. For

regi on re
whi ¢ qegcréﬁaaﬂ%we dF i P ORPIN FHPREY S8 Wﬁeﬂéﬂ”fcr";%ﬁ‘fs %bﬁ” ex vivo
m&K6H #5tGAe a8nératibiBof £gispecifid atibbg¥said\metiodi cogipyisingrihe steps
fIgG;4 i ke CH3 region may be structurally simlar to
the CH3 region of 1g&4, e.g. nore than 75% such as
nor @) trvayidionos fitkerantibedy havieha Sk linsing specifisiy.CcpBerein said

f.rgteaitmed Plorh83s aFlaYEXfike CAB rbgI6H- | i ke CH3 region in
resent cont ex %qln addi ti on orﬂjicﬁrnatlv

be. &) CHEVRg: &Pk AR L1 Py S5On Mg SR iyt
diféris fiogbain fiodt Higdidg sirdfichaswsersinl s‘aild fenoat iaotibddy comprises an

har a ri cs in that it does not conprise any am no
Ig§4q'e?%§'8§%é whi ch participate in the formation of

di s f indebasiadsaidrfirsb\ande Aecopd  antiadiesn rgethsyaprgdsr reducing

cohBiti6hs WBRYYalbhaihe Henffs i8URE Bk Rimbé rBFibsl8eund@igh Misulfide-
ot her peptides conprising an identical amno acid

bogd (tPEREBaB?™ RE CH3 regi on. For exanple, an |g&-Iike
CH3 o) egtaming amidpecific antitaidgd | g CH3 region in which

one IRr%;ﬁ?%f%rrl%gC%ﬁ%@o%wgn{ etﬁle df‘d'@ts a%gagecaﬁ(? ajnﬁﬁ&!li(\-_(se%se&] in the

nt er
methods of the invention are monoclional antibodies. Monoclonal antibodies may e.g.

be produced by the hybridoma method first described by Kohler et al. (14), or may
be produced by recombinant DNA methods. Monoclonal antibodies may also be

isolated from phage antibody libraries using the techniques described in, for
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CH3-CH3 interactions have been changed or del eted. The
term "reduci ng conditions"” or "reducing environnent"
WO 2odns93sd a condition or an environment in WhPCHYDK2008/000124
substrate, here a cysteine residue in the core-region
of an antibody, is nore likely to becone reduced than
oxi di zed. The term "reduci ng agent" refers to a
compound mhich reduces nol ecules in its environment,
EXB@BESEWEY\%E?OQ el ugg% anﬁjdﬁrrg(lrs%%r Ieg(t}lg} SMc?nnoﬁongpgqq) dleg may be
obtayeett frero tegy Isyitaldeaeurng Eluector @n&nplehmpeworl@égowwges may be
obkiﬁéﬂ fro@X h&&?ﬁ@ﬂe‘fv‘ér&aﬂbrﬂ%ﬁw&ﬁ&gﬁu@Bsdéh§'bl5@ir%d from mice

a reducing agent 1Is an agent which donate
img|usized 3HE awaﬁgﬁ@gf Bteresta fe nataageem forim el Gls expressing the
antlgéhb® iy Qirtaek ( &Tg)wuclﬁeraeiairﬁrﬁedhh@ﬁﬁ|ant|ggi15t)9inn£est Monoclonal

antg?(ﬁ%@%]:a:? 151‘?50 e c?tytgltngg rf';l‘om hﬁ%l \ hderlogd fr%ﬂ'udarﬁ%%ldﬁr&pressing

e.” T one “enbod Phe 1 educi n
cek!:la)e’smmvumcmpvnnses an nephyman MBS Ferd Qﬁorﬁjs ogs, primates,
eugornatlon refers to the process of formng a covalent

ond between two cystelnes esent in one or
pol ﬂljé}ﬂsl g@godlwﬁp%hthpsa%tmg ff@dmé{gntaonsls g human antibody.
Hunrkirs hdriodendl o BakiaRiti$C iredted raberise thnérheeq:)rusmSSraoégemc or

tr%nﬁqwarvrlngr onﬁaldnhnsé‘l l rrgﬁ% Bglq? of ﬁrﬁq{ eér/n I'TII : Su]l.y)fggenh Q%ﬁwg\Pthan the
m¢l§em$tezaﬁudntran@eemsartddraﬁd@wma@@@ rgice dcudefmige referred to

heP@HCé% I#lﬁ»ﬁﬁ(@ﬁ‘ncedbfﬁ(f ‘melcecy*éﬁ%'cﬁ dncCare tdiRcPIM HreRed to

di sul fi de bonds. 'Protein disulfide bond
heﬂ%%ﬁ%r%§€§emF€P€? to proteins which catal yze the
i sompei I-Ilﬂ‘hAtDmndlfsed¢®Ué|ﬁ$ de hbmad simmunuigtdbelim sgené Nainiloci that

en%oo% I fr{rggrng e i Suléog Wjﬁp aHée\ae ady ‘(h hg%ﬂglﬁxnnrﬁllmoglobulm

| oNn O ans t ener
sefieanses, hagetheoyiths tarhetad mtetégortsrfant magtivatethe %@@%Mﬁ Hpapd K
ch9|'n 1b&K$7). hRBordi 4439/“ thd fhi &Pt E%,Qduéécﬁé&pfrééiﬂ)nbéﬂ Hee® IgM or k
n

he sol ution u o red
oo theRRRES FofMTE R e RREER SFPBR AR a0 fightychein
trdnsgates mandergs pest switdtend ane sdmetic meltationstot gereraeteshigh affinity

hu%%hi)%%‘éﬁ%a‘q&%ngﬁgﬁﬂ@&dlgnég 2@) bfh%pﬁl%' illagloﬁrgf' h&% mice is

risin rovid
depgribed  iandelBddip ﬁ%\fw?ﬂg a fﬁeﬁs?'s%l%l?}é“ Bg@l 1U|50|5t 9825 Us

5, a@ﬁ{fe nusaisteF3 481, o8t ishadyesopnpsi s&y7797] 968 - bjdee, 063 US

LrLen. ) hradll ngeacse6ond AN £OSY oB7VAG 85735665 wo
94/25585 WO 93/1227, WO 92/22645, WO 92/03918 and WO 01/09187.

The HCo7 mice have a JKD disruption in their endogenous light chain (kappa)
genes (as described in Chen et al. (26)), a CMD disruption in their endogenous heavy
chain genes (as described in Example 1 of WO 01/14424), a KCo5 human kappa light
chain transgene (as described in Fishwild et al. (25)), and a HCo7 human heavy
chain transgene (as described in US 5,770,429).

The HCol2 mice have a JKD disruption in their endogenous light chain
(kappa) genes (as described in Chen et al. (26)), a CMD disruption in their
endogenous heavy chain genes (as described in Example 1 of WO 01/14424), a KCo5
human kappa light chain transgene (as described in Fishwild et al. (25)), and a
HCo12 human heavy chain transgene (as described in Example 2 of WO 01/14424).
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differs fromsaid first binding specificity, wherein
sai d second anti body conprises an 1g4-1i ke CH3

WO e@80m35x) i ncubating said first and second aPtCT/DEANS8500124
t oget her under reducing conditions which allow the
cysteines in the core hinge region to undergo
di sul fi debond i soneri zati on, g&d d) obtaining a
bi specific antibody. In a preferred enbodi nent, the

Fir st tr?enQMSr%SE?&dstﬁé? Q\%dén%% 2l rhudeNEBEGIRASHAE GERE has
|bo Nbﬁ%gl naF

i nvention are ‘onal i es.
bearmhptmg]yg@yslﬁgysrgptgd @@%grquclécpw etral. {%ﬁ@rqndotﬁg endogenous

mJ@E m@g(f it gQr?esﬁéd B&ash komdQhb&ly Sisrtﬁblted éél-ééscrnséd mil‘i’xample
uced reconbi nant DNA

1 oIS Y s S Berr e brraeea TR FRRBd Sah E B dypnssene,

KdoSbéﬁﬁ:lemled;llm@shhﬁad tee@hni2g)uethisl eswise Isedini also carries a human

he%%&%gr%c lé%%r}:oﬁ‘fggeéd of(&ég @%%M h’%%ﬁe\%nta’rhCF (SC20) as

AHT ant i Tes nay be obtained from an
de@mﬁﬁéb?é“%@@%éé78Thus for exanple monocl ona

ant 'SBQQb&‘%emUmtlﬁeéém'ﬁSBGQc fn’ﬁn&ﬁhﬁy kbl'el ls;keems gPfh@ PR B®ridomas
fromnmurine s s obtaj.n

that aeEisEe Bumap Ho%ﬂtai”BE?\é'Bﬁ‘ a?Cﬁf‘Jé?geg% We%nimwgetcawe%es Fuch

tra‘nege’nla)ﬁorc—ehlhﬁn expnas,snanghtrhan antmale norpprisiing as wpkedE, nucleic

aci se uF fleddf:n al%t% ?lrégggﬁ %ga cﬁ:ﬂ u&ﬁninoct'ne |me¢1&8§t non-human
cl'ona ﬁtl é e

no es may obt ai ned from
antiwals Paohvesanséadarenith pamoamqrﬁéwe%ﬁrpﬁoéw H§lei%ePqid sgguences,
anlj RR&I fikeZ Qe aamrﬁat l@at&@@ohﬂh@ﬁiﬁei&g]'mbﬁtlcﬁucﬂ as rats,
OgS rrmat es . t he nt
of #HE%PH\VE)HPPSWSI Qr a?oﬂﬁﬁ’ﬂﬁl z?ﬁﬁg%dd to I—B?mlﬁeﬁong?:rl] orPa?Sent
imantioloati @gibddies osedinnthy [iyesege ne/eattlcmj oug;natg‘nq fremsleeri species
maW alkd @Q?QH&%EW%@?&}: ?{]Jg)‘n'tﬂg ggﬁéliaﬁo@t)f LRRhEUREIhuman

?/St emra € npuse system Such
mqmraﬁlsgreﬁ 26t SRS 6 HEAMSERNG (RSSO ETRIASIA0HED (dgRVPES liht chain

sef@fnéd &t InBerBS @hB Pradlittdnb offi the antibdély! M ce,recoverable form
thec[gfsrgr?\r rhgcg’{g%f:té ar{.}?u&lﬁh% t%%rléslggﬁtﬁ/;&\éoc]t%tlor? ]ucnerq'ugl%ma‘is an?l?]ed idd may

. nouse contai NS
bei produved liro Bukiracayered fnamj theanilk ¢fagoats @gvies:rmﬁln%amramgw See

fol HEBRAC68 4Ys BN BB, 7@31@'8% Jd gbtso Ghaiznq g a@gbsﬂaul in

Sequences t Oget her \N| th t ar ete nUt ati ons t
i naEbithen dupRe B IBYeFBPedies g?l(?el("séﬂd'i‘ An§ BEqseletlr?)/enUon may
be&fe@\@l‘dﬂémg{ryugﬁ hl|§plm'-$ﬁ3eebéhlhmléguésedmmﬁﬂngswmmsIlmi‘tamﬁn, phage

dlﬁn%yr B%chlér‘apﬂl Iﬂ rdbosomapdq”gﬁgfezmd oth%@hrﬁ ésoﬂyné I?gchmques

W T3V ai n transgen
walinklemgoincthasart smdttbhlrngilmm nsﬂﬁmtqsmnmbatfmmﬁcw to additional

m&ERRLAL ﬁjch'agrhﬁ‘ﬁ{u%/' MbtuYatiIATes sh@Geckni H&H&%EW'known |n the art
(se(rj}en}olr?r?sctiénecsé r(ef 2-7 8 an-crjh30 F()phea%{élrdallgpI aoyr;, 25 (E'b(g\{:,}gpnm d|splay), 31-35
and US 5,733,743). If display technologies are utilized to produce antibodies that are
not human, such antibodies may be humanized.

As explained above, in some embodiments, the first and/or second antibody
used in the method of the invention is an IgG4 antibody. However, the antibody used
in the invention may in principle be of any isotype, provided that the sequences in
the CH3 region allow half-molecule exchange. For example, the antibodies used or
obtained in the method of the invention may comprise any of the constant region

sequences shown in SEQ ID NO:19-22 (outside any specified mutated positions).
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described in detail in ref. 21-25. See also US

5, 545, 806, US 5,569, 825, US 5,625,126, US 5, 633, 425,
wOR08/,17883 650, US 5,877,397, US 5,661, 016, US PCT/DK2008/000124

5,814,318, US 5,874,299, US 5,770,429, US 5, 545, 807,

WO 98/ 24884, WD 94/ 25585, WO 93/ 1227, WD 92/ 22645, WO

92/ 03918 and WD 01/09187. The?lico7 mice have a JKD

di sruption in their endogenous i ght chain (kappa)

g_enﬁ—'fw% a%ng”eesg’t%hg, ithen n?eth?a:é of Qr? }r)Ventr’}org\@e fs‘r;t and/or

dis ren o enous
sed@rsicamtn:@dquorrﬁmamb eCPPCo$eqv@1®1mlttl¢2@)'e 'Wgt‘écxﬂglqi?u rpnother

nﬁerlt' g?h% flpﬁaérﬂi/(;rr ?ﬁﬂ:%%@%ti()@@y desprid elgeiﬂw irg&likd\Wotedhinge

, a HCo7 human heav intra
re@ag Brgs%aamé‘u i ﬁO”US eMbPMas) saiqf ? ﬂ%\e}’é’dé Is an
andib&dyd vBiIcH pdohfisédN a tdxg K§C eétdmgeenaumel ¢cgélth|rtd'eanelg|o(nka\{b1pe¢m X1
angene (%S adn(elsgr{\i%\%eadcu énpd%U%Qd %Ba .(1@% areahog\ggth (prollne In

SGeRD e d
angteer erbe@ulmnntExaml férst amﬁ/qmse)@ngwmdv aISKénsameh?ah which

coKﬁaPiQ?s !a'(g(m’c %p@Pgﬁ EelRHEN fh (@Scdﬁiéﬁﬂfg'ebﬁglohnwﬁémg dan be

, I2 ransgene
an(vaaéma%ée'fi.eefeﬁpt o Bl 8 o e Gay o 7% fsf AaRpecond
anfiuGLisHnr #itibody Waicedogpesaus CSPOSEPIR [MRRC| CHRT, CEIC or CPHC

se Qne(:enlwa %hﬁbgoern igsdzor%é%ﬁuﬂmy agtl)\%r&gyc%daﬁug%%ﬁg 'n%?/q‘o}' IQxample

he endogenous nouse heavy cha
begettredlhfag bbééﬁ WQQ@QWGQ‘FVSGIWU‘@PE’G imshegei§cri bed in

Exar‘ﬁﬂ'e%h&tc@gf mygé/tﬁﬁ Y will BE Yuided H§ thd HdiredGifettiof Surittions,
hunman lg aln tran as descr

SUFth asi ‘é%ﬁ'wc&? aP’ gy, i APEE  Bnrlan; pfpst eie 8% 1062,
IgGa/ lahesSIgg4h(wane. heHEQ thal: 119r27)s EHithenw$ dhe fmongodigt chain

o&% ﬁhr gﬁggﬁgg%r RS e s Jeﬁc?fq}esﬁlec’d 4Rs ‘Efa%?@fjad Entibody

plenocytés ese trarisgeni c
forrage methgsrasant inpentipamayhpe by Eeed PVt W%@@F@Fé 'Fﬂir?d‘ﬁmp'ef
ar{%@%@h@ﬂﬁbe a&dd |hQ?é Bres@RCAVEHLRE that Wil drighdMWigM, 1gG1 or IgG2
ni ra n|
G BenTIR UL RoBET ATEO0h ob BF JEFEnhuRTRiEn o Zhyp: the
effeeguefoneionodi tig: botibeligsr e sheopreskntaimviebtiely maye e i ghangesd by
isétgyeeg\& kcq’\rhg {(])OQ gh%mfbcﬁnllé@i Sigég aﬁ;@ﬁ fd@rﬁi\eﬁféegr MM Qntlbody

nore target-encodi ng nucl €i ¢’ aci'd sequences,
fopweriqus éherpReuticaises-addi t i onal features of the present

i nVQthn@rémHﬂdrméhtnﬂﬁoﬁﬂsOB@d/oﬂEecbﬁh )éﬁhl@cftarl usaBtih bieg in@sntion is

o o ol RSP R D) HF ne Pl A8 ooy o
thsmaenemwnawlabsanbboqwﬁﬂmm&Uéd transgenlcally t hr ough

t he generati on of another non-human mammal or plant

that is transgenic for the inmmunogl obulin heavy and

| i gHp weasRbediganeiediegneied af dhe "awat'a? FEHFRANGPr second
artBBdyARbMPAEES d 1864 ergviegdh) eudhosdithe 1gG4 CH3 region having the

sequence shown in Figure 18 (SEQ ID NO:22).

However, in another embodiments of the method of the invention, the first
and/or second antibody comprises a CH3 region of a non-IgG4 isotype, wherein the
CH3 sequence is such, or has been modified such, that it does not comprise any
amino acid residues which participate in the formation of disulfide bonds or covalent
or stable non-covalent inter-heavy chain bonds with other peptides comprising an

identical amino acid sequence of the CH3 region.
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therefrom In connection with the transgenic

production in mammal s, anti bodi es may be produced in,
wapasnessyvered from the mlk of goats, cows, PCT/DKR@8/000124

mammal s. See for instance US 5,827,690, US 5, 756, 687,

US 5, 750,172 and US 5, 741, 957. Further, human or ot her

anti bodies to be used in the pfesent invention may be

generated through di splay-type technol ogl es

i ncl_udi n Wi t hout i tation, age a

ot FByiraRol: dpi oty hthsb SshafPlo ey S sk aparor secons
antieedyncapuBses asCig) regah ha\qugshe/\@éduehmm shcwvrt meFlarnte BhESEQ
D'\ i@swrievm tﬁrﬁkﬁ§%§?nm§¥ oeEn SR &5tria® oRE G (h@R the

uration C

as arfinit mat ur at i on,

folloutitha g e Cith wibakiUFioRs BRYE t?%ntrﬂ@deaﬁrg (8hig RO@?“OP fSB4RRE deen
reﬁl@éed K/GIn48) 2R @O ik pbagen dBs phalgen 2Blaced bpsantd); Lys (K) in

pobBERABY 3 BEeraeB PGt PY 20 ot Bl inosipl RO Vas besufertaces

byaGle (Bptand Pra () is positiemB2® bak beenmeplabed bubein(laed. As
explal %Qeﬁ%@&%boh%&@%e?@%dz@r%%n& aidbbiy %&mﬁﬁéﬂsq CH3
second ranti b used i'n th he i nvention

regipn Ngag et ﬁwayce Fothevern Figvee AR(FHRAY N e R Ly (K)

in baél@cm zmhmednneﬂétdacbwA@ (. of any isotype, provided

t he seq) in_ th e
haI 1'1 I‘?BP@@UI (%enﬁgthe osg_%géorgs'eggmfﬁé adty %)mdpnses a CH3
regise daving ot sequedcd a5 shownnetFrayde éB (PH@ IDrNFénlﬂ)ohutWrem the
Ly%&%Pﬁ'g%@tu@ﬂ&Qthag B@erp%ﬁatc@@t)y FF?IQ(WPOISW@:‘?CES ShOWn in

OU si de any
posil® PBALET fuithsr emoé'ﬁéenéfnt@@(ﬂrﬁte?ﬂd/ i '°’elcf'1'5,-j‘]iJ Fr%tt'tf%'d cgfnprises a
Cl-tj”lﬁt‘egidﬁtvlﬁﬁuirig)fhe §Cd?!ﬁeiﬁder§d sIﬂ:MH o Figeeongl (SFQ Ibady: 20), wherein
ri ses P se t [
th% o F99n e?,rso (iznnénn%"# t%t ({P‘%and;ngrnbs(g’g%h 79 o‘PQBe a)f the
foloarimg poEe 2o $@@4tUItlpk%hm feeelmrn@fte rAEgi(Bhin ﬂrﬁlt'oéﬁéﬁmaé bee”

replBceRONEGH! dM@?mgﬁ)sm poditih bi76 $bs BBEH /Y, Ia%@@@?d/aﬁﬂi)* bedyk) in

I's an anti bod ic rise CXi X2C s
pofian 2P B°h PRIV PRSFORY AhEPeian J2) Bt oo Gaf 1D baF replaced
byaGIu B); amidPro PP)OMipdsitiot B4 has beerdrel@ced by hed (Lot h

pr Ol I ne reijerrlgd %%ogﬁen%nﬁgq‘tgfedg”dm%ﬁ&hgndc érﬁtﬁ}odeggllngﬁses a CH3

secon ant’1 bo rises
regipn @Wag:tlseaéﬂmm@e asnshome ig Jrq&lrﬁ 1RGBER 29 Z%QP%’EW 6{3 (R)

m?@ﬂtlmzﬁmb{asﬁ&éﬂﬂ'eé@t& sxe@piq)f or proline. | na
urther enbodi nent, said fjrst and/gr sec d ant| Og|¥tibody

is 4R anfurHsay Pl WS
cobipREes @G oagidBPhityise thie berpience aheshaon én Iﬁlgmge 1Be(§|EQnID NO:
] BB 5P SR SR St S0P ) e )
poshlenéﬁﬂ hayheercraplased 7 Leg btlype typically will be

gui dr@nbdhet ARG ThiREin®drt edHeTirst sHtpbi Sdtdnd %Hﬁ%d&&o@%ses a
CI-If?gd@ug(l:otr{ S&ngo]r:rbe?%qlu\éht | gﬂovtrggleﬁgurgen?%@? Béﬁ@pﬁf) wherem
thd THD Yegidn therbeeh me|MIsarthbt ghe ahabre or all 10 of the of the
following amino acid substitutions have been made: Arg (R) in position 285 has been
replaced by GIn (Q); Ser (S) in position 314 has been replaced by Asn (N); Asn (N)
in position 322 has been replaced by Lys (K); Met (M) in position 327 has been
replaced by Val (V); Lys (K) in position 339 has been replaced by Arg (R); GIn (Q) in
position 349 has been replaced by Glu (E); Ile (I) in position 352 has been replaced
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constant regions, kappa or |anbda, may be used. | f

desired, the class of an antibody for use in the
w@e@samsss nventi on may be switched by known nepdiDdK2008/000124

For exanple, an antibody to be used in the present

invention that was originally lgd or 1g& may be

class switched to an 1 g4 ant P ody of the present

i nvention. Thus, the effector function of the

by% l@odmggﬁffnhz&&ﬁ orarfs%eﬁgs 5&\4%@@5@5& B égm fbﬁ@g@d% %ﬁsntlon
366g@s bleg?\reﬂ'@c@d tzerwrgm a<'h'td| krady) frbpoa/cm ﬁ%h@%@e&rf@akap%d by

LeU3ES- n one enbodi nent, the first and/or second

anti bod e n the tion a fu

ant ll%aaiﬁefg?reﬁ cibaRE CRBg AL Fr pbBORseipyses o c3
regiec baddn@bid Srodynaf ast dhewnniv Eigure h8 (SERI LD HCar? 1anvhdyeidyArg (R)
in FEW%S h:;s eﬂr}gplgm d/ﬂérlb) of the nmethod of the

nvent1 on, st and/ or Second anti body conprises
an Iy @@r@meﬁé @mb@ﬁ'm@&ctﬁeé@sttwé/qrgseaowttb@av SR MRESFS fgtH3
reélble hﬁ\ﬂﬁé}J a:&@q%bm::) dholwngh FRyutd 18§ %@2 MDNEDZZX) wherein Arg (R)

th
 PRYGHT PRt RECH Pl S0 o (OhcBRuPEn () Toay a7 4 been
regladeiddyrlegi(@h of a non-1g&A isotype, mhereln the CH3

Seqyge %Cﬁrﬂhér SHBBdinRht Bﬁ%héoﬁr%ﬂwd@% tfh'e(%ﬁvérmah sdi H?#rst' dntibody

does not onprise any am no aci d residues V\h
CORFisSCH &5’?@ N ihe Keref RGMIGIAN 8P APBATTSS R Eﬁ%%keoFm region
an@ GMar&Rtsar se&bﬁ@aﬁtltﬁm @ovlsedtani GAPETin tB@\eyreChiagd region and

bonds w o] eptides conprising an identica
O aa{‘cﬁtggﬁ éoe%oof‘ the CH3 region. For exanple, in

one further enbodlnent hereof, the first and/or second

ant i\0ody GREPEbES irf aQF@mr §§He9tn thévh%tlbhereﬁ%uﬁﬁgﬁ e*Svivo
shown in Figure 18 (S 19), wherein the

methed i tha gerrsatomefd P'F%‘%f'fscoaftt!t?af’y Rl @Fth?srce"wf'swéhe steps

off ol l owing ami no acid substitutions have been made: Arg
R) _.in i.tio 8..ha e re
(D) ) RrEnbieolsS oY BRER PCRREEERRY slchi ungSh soic
firgtigntibedyposnrisen ap 9aGhike Eéémem@pl aced by Arg (R) GI n
(Q) b Ebr@xﬂ&'nb'z?@eg@% Qﬁ%o@?%v‘ir@o'aaé‘&gn@)blrglﬁb @Eéolﬁc&l?dwhlch

O o B SR e 5SS Bl rcs

Igamikdady regiopr i ses a CH3 reglon havi ng t he sequence as

Sho mcub;blgblrsalc}SﬁrgtS%Qd P ced %'%b'&g\ggeg%%l e"yl:?no(at'() re'd[]cmg

p03| beén re
coedutmﬁ whish | allphethﬁuquttemﬁdm dhe §@@o‘ﬁdg%tﬁ¢9'%§?y ue@ﬁfsia |d$%l§ ide-

boﬁdgbﬁuﬁggmgnaHQV|ng t he sequence as shown in Figure 18
I D NO gt wherein the Lys (K) in position

292%89“%%9@#’@5?% SRy r (W or Phe (F).

In one embodiment of the method of the invention, the conditions in step c)
are chosen such that no significant reduction of isomerization of disulfide bridges
outside the core hinge region occurs.

In another embodiment, the reducing conditions in step c) are conditions that
stimulate the intrinsic activity of the core hinge region to perform disulfide bond

exchange.
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I n anot her further enbodinent, the first and/or second
anti body conprises a CH3 region having the sequence as

W@ b@sn14383 Fi gure 18 (SEQ I D NGO 20), wherein tPeT/0K3008/000124
regi on has been nodified so that one or nore, or all
five of the of the follow ng am no acid substitutions
have been made: Arg (R) in pogf‘ti on 234 has been
replaced by Gn (Q; Mt (M in position 276 has been

ropracar By sPtedyor e (ent o ST H Sidtes 18208ED or -
red i gaageot. b;n wartr(eE)emt@nmn@rtosteP)c) cwww‘r::tth@hdcstzm ofoan agent

se*%@t%@ ﬁ?@rﬁltﬂgegqlom c&r?s%tl(\g)of bﬂ.lta?thWn@f erd adingManfibiRaitoel, beta-
he first and/or second antibody conprises a CH3

m?ré@‘?tar?t'l*ﬁé\?fﬁ@dfﬁéea%%ence as shown in Figure 18 (SEQ
| D oné@mbodintaneion th(&r g\e(HB)i dfth@ @siehtian tB84oha@straten of said

e T h >t L e B el Bl B Bhreratea nistep.c)
eqqalCye areqpiotm erlggthlahe t@anc potgstia h@.mf?rqtﬁd Fhthrf@'CEL%" of
gltg%grie[?_urmg tr?eoaond%% @eﬁrlﬁé@ |r( B)anh;ﬂe RS lchQf é’q%él fba%r more

een repl aced q Eﬂl)% Sth
regueing,iban, 'ihéﬁle‘é%'&otBV'aLé’Enf(rﬁsed t1»’,110& rﬂl‘élroffgﬁ.‘t Fthione, eg equal
toerepodiorenedudite tham,sthanddor metadratd ganerdted ybyc didpmiise of

gl %g%HS nler 2%60%%?"@ Vﬁeoﬁgﬁ%r%ﬁ'%}f@%?gtt%% ﬁjile"}@%ok rﬂ)o{:éngglr Een]e?’ated
bYrﬁaumm etiglutathipes, urder the gpditony d%ﬁcr'bquﬁxamée %lf t he
fol lipw ﬂgg@ﬂéﬁ%oa%&tsu@téﬁc@hﬁrst{& ngd b%e&.r(w%dgenst%guch
een repl ace n er
th%%g“e r?F%dé‘%t?fit@Mé%& 5H‘é{'§°%88’h”?%"ﬂl'%é%e(? ‘st Asn (N); Asn
- édVal it6) @osiotd eetlLding thas, treeredorHoaaeidl lgyndryted(t) 1 MiztoM of
b
{%h.an% LR%%P ga nggé gaés iy rrrgmasgl Yuckeds 1\:%1! t-%F more
redg@ng Wapo’iﬂetf’ﬁw Mgntrﬁégewetﬁdrwpl%mowfel athpone, ?—l@ equa'
to( lor Hr®OShLdiRY tBar, hs reeen ;roe@%tece&baerav& KyV)50 /l\ﬁlgroM of
tion 365 has beeH ace

glétﬁgh'q% S 9 EIHaLED RdorBdER t’&@eg“%ffdﬂsrmf%'?' ge{tgrated
byRy.D n{NPpf bintaphisnd,iuore3the doagitiveedescapécipeikainple 8l ant) .
ls qu,ga oefo?rlﬁgsd r&m&%&%ﬂﬁ ghe h‘éd )l rp%{enﬁgfj Qﬁergt.eegoﬂyd 1 M of

nprises a i on havi the sequence as

gltstﬁmmeu trnqer gfm gondifionsEesqriye Ezemp'em%e reIFh 3aEguRIRpP, Phless

re&Q:%]\Cgt 3R, g#5rehas pb@ﬂﬂalrgﬁhbﬁﬁ@dj beO@lrﬁM((@)glutlathr@ qulaldto, or
referre rst an nt

B L e S e e e e el e

Figure 18 (SEQ ID NGO 21), wherein Arg (R) in position

285 hag, S&Iﬁ%m a‘/ﬂ'ﬁéﬁielnythgfn'st( QUbofaO%ané) cbbt deBuence in the

position been repl aced by
core hinge region and/or the second antibody has a CPPC sequence in the core hinge

region, it is preferred that the redox potential of the solution generated in step c) is
equal to, or more reducing than, the redox potential generated by 1 mM of
glutathione, e.g. equal to, or more reducing than, the redox potential generated by 2
mM of glutathione, such as equal to, or more reducing than, the redox potential
generated by 4 mM of glutathione, e.g. equal to, or more reducing than, the redox
potential generated by 6 mM of glutathione, such as equal to, or more reducing than,

the redox potential generated by 8 mM of glutathione, e.g. equal to, or more
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| n a further enbodi rent of the nethod of the

invention, said first antibody conprises a CPPC in the
W@ 008/1383)e regi on and conprises an | g&4-1i ke EBH3DK2008/000124

regi on and wherein said second antibody conprises an

CPPC in the core hinge region_and conprises an

lgA-1i ke CH3 region. As expl &Pned above, in a main

aspect, the invention relates to an ex vivo nethod for

neration o ' nt.i-b h

reélbcrﬂ?rtgl h etﬁdoe(tpe&%rgb? %%ﬁ at)erdog\( Onﬁg%/\oq‘ ?I%lc hlgﬁ%’i %gd&r/ the
cohgdiVionsgdescrihadsin Ebamdleniij speC| ficity, wherein said first

ant ighody,GRA¥EAMER, HEChsrckk@atdiSof 681 FBdudilg agent is such
providing a second antlbod¥?haV|n second bi ndi ng

th@ﬁ@%lr?qoéﬂo&e%i' ehrhgispiubip 9 %ﬁﬁegagaterpu 4% binding
speeqﬁamm ¥ nwlaerrecuumr@anhen,seeowedoﬁrmbtekmdyg@mn@ed $ys1 aM of

! gG4 atﬁgnone I ?gf toC)OIJ %olf' apédﬂglaéaf:han 'trmét reﬁgg potentlal

sec n ant oot oget her "un condi tl
whi gRnerbtegviyt aenrd;oﬁtgeltﬁtesanﬁnswqhea%mtel ke rfgenw@gree\ac'% than,

undex R ek PatdntidehaReak§ QYR inkpbi r%ﬁtathﬁ&@e d)g. al #d), BE more

bi f t
P EoRSEb o s Bty S5 SRS Pl o s o

choggualsucbr hivaé rémjcsiggﬁrnlam thentedpe hotdntiengererated by 8 mM of

i Sogﬁﬁzét%%tnl °r1e f eguaﬁ u% fi g'e hdge%nggt ﬁ"aqe tRQereQQJE epotential

hi n regl oh otcurs. n anot her e

r edgenergtesondi 19 ond h Qilﬂtéﬁ’ Qi)e all"ejeéofr’?él FQWSO”ﬁhﬁ?SC”bEd in
Sti r@gg,ab@ hengntrinsic activity of the core hi nge

regi on performdisulfide bon

fur teﬂ%? té’rrt%d'F?Feﬁ‘? ugingtthani Hire kg °5np° §$téag %?Perca&&)lbysley of
t he gmﬂahhtdnen sofh asreaqliat Itangoagsﬂt redlicing &hényr tHeeredox potential

L, .St t {
cor SEdrER by 108 folt EF ERALARRE | DEaP i) bt e T @b AR, the
L- cyedoxinpentiai ﬂm%@tﬁﬁ @thélme’ét‘J&ﬁ%ﬁh@&St o- et hanol and

cysteam ne. | n one enbodi ment of the nethod of the
i nv nt| on, the cons)(fe trat cp‘ sai d reducj

agent
suchM RSt EPRRETPEHo '@ﬁho | OTofet 'ﬂee%t(?lnu#eSnc MpriseS the
in@batsrabe daid rensibegies )n ke prpaericet of, redncaribgletatieidoe ifergat least 1

hoLF) %ucrL'AS fgregp aQtOE%LFsal @eﬂ?ra@tlgéi:t@hgurg] %&%sogt Ieast 10

I one un er t he condltlons described in Exanple
h°9t[5 atqfempesatetrel 20 6 or Mrorfoteh eE®dcFng than, the redox

pot @lﬁ‘td irtig@nemsb@shebly of Ghal medbl odf meutrﬂtehﬂldmet,heec®dltlons
cha%ﬁep as%%c)géres%:cpntl&%gf%ﬁ%rn&a rﬁ)ra/é, sucﬁ as%dv%(r egg}oll (_9 . fewer
than 2%, such as fewer than 1% of the antibody molecules in the resulting
composition are in an aggregated state, as determined by size-exclusion
chromatography as described herein (wherein a peak eluting earlier than the
antibodies of the starting material is indicative of the formation of aggregates).
In one embodiment of the ex vivo method of the invention, the method
comprises the addition of a protein having protein disulfide isomerase activity, such
as PDI. In another embodiment of the ex vivo method of the invention, the method
does not comprise the addition of a protein having protein disulfide isomerase

activity, such as PDI.
In one embodiment of the ex vivo method of the invention, the method does

not comprise the addition of living cells or cell extracts.
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gl ut at hi one, such as equal to, or nore reducing than,
the redox potential generated by 0.1 nmM of
w@bwsatgsdne, under the conditions described i PCEREAPISH00124
31. | n a further enbodi ment, the concentration of
sai d reduci ng agent is such th t the redox potentia
of the solution generated in ?ep c) is - equal to, or
nore reduci ng than, the redox potential generated by 1
m croM of gl ut at hi one under the conditions described
in Exanpl e 31, such as equal to, or nore reducing
t has exhlained bV dheirstandgrasendaelipdsy used iR Ereovedtod of the

m\fﬂnHBﬁtom‘é?nﬁ bifdifg sP&tiity! Qe. andr@ff&'el:\@@ldl%pfég H‘@ﬂnubl@eany
redox potenti al ener at ed i one,

m C
compintiad o GASTE G Roreed fag Lf&?rﬂag Relfal P dBgipod of the
inyEDtiemt Tliu‘d rrgmreﬂ aeeler’my)n()s blavhvhatf lirgitet &t haong onlynisher different

anti Bgdlg Q sttérgﬂ gt%PEII bl%@lsl @h J) o?’]the E’Mntl hsmqu%o be
a4 SRR he Ntk

peg‘erreqecat @I@h bshrqe mrofmcgﬁ utaawtmdmse aana*@rt'rtmem@f@ﬁa'. t Jrorsgich an

entiRfrhéR e ehd E‘orﬁﬁ@ﬁﬂneol&émeal'lﬁrbté’jﬁd Wi ahe trleth8d of 8SFention will

reduci t ha redox potential generated by 100 niV
cogfainyp Bp’g?'ﬁY 8&%’5%6&35@”{80‘1' | ess reducing than, the

redax opetenbadihemieofettet ewtiog dfStheMneéntiin tt tﬁ'rs!srmtlbbdm has

blr?d’]rgﬁj &%JIEE%FIS% E(?IF B? tLﬁ\B?tcel@rbﬁfgt?desubﬁsas ergggcerbBZ

ce regli on an he secon
erbBi.| o689, WBEC-4 CPRE @?@erﬁ%‘rl ﬁ%%é’rc@(@ﬁﬂoﬁg@" rtBgi Benaling
coh{ploh(@nt@ro@ftﬁé @eéietllt Jé@éptbh&:lﬁﬂﬁaoéfr QDV@bﬂtlnaéndﬁlﬁert é}ﬁbodlment the
ol u enerate
AR e e BT ot BT ar gl o e Pygapech as
erbB1,gdroB2t érbBBeerb84gMu€gLalD1 Y, CR20, rﬁﬂ‘bor €40GB5ngnd Hansecond
an‘: B&ﬁf %99)5 Mgegbéc%atgef%?raatt onb)éeli2 %ﬂf sQErH“aét @b@@eerbBZ

ucli ng the redox

erpiy, éﬁW"aqu{fehe?%%%cF[{%P @Dﬁmf(ﬁxcﬁlsut at hi one, e.g. equal
to, 1Rk fiRKE érﬁlﬁ’d&mérﬁk thafisst bRbdd9dR% apb@nd bpdcificity for erbB1

t t at hi : | to,
anfiaPeFanf aPr s WiPo SoeRS e raPe  Sener at ed by 8
mV af agbtiieaembodielent. the fesmaitlbpdy hes aninding dpevifieify for CD19
antdhﬁgse(}fgl)hﬁ aﬁﬁg&:ﬁl r%gtae&ﬁél% S&"]‘Pc&@tf&dcﬂb 10 mM of

I one, under condi tions described in l e
35 Ing fyrthes %%‘Pd"@ﬁﬁbah%ﬁf an%@féﬂvcftﬂ%@eww'as.Saﬁc'fdﬁ'tyg% §D38
anﬁ&ﬁ@@#cﬁbﬁd agepddyl r&sﬂmhdlh@abet:;iﬂt&yrf@mépot ential of the
sol yti_on gener.at ed P,,.C
r edjeiaﬂgevgﬁgr{[hetr &' bro gdoxn%ptg eﬂﬁ t'bgael’agésa% %5] dg-')? %%rr'fw fty for
Cf anyl uh\teasemr@rm\tlbed\ghaseaqQ@Idlnlgﬁpeclf*CIWD‘peCX@&I%c| ng than,
the In%ﬁeeﬁepeﬁqgea.h@ht gefe AbRdd Y tre .Imrqfongmét rwshbm%dy has

such as equal or nore reduci ng than, g
a B'@P@ﬁt%pSF'f'@%’n@Fét%h?ﬂF”lF PR RRrag! al“hnacfHEher e'a odiggat the
firt0 antbodOR &S éelﬁiblﬁmggspfeblﬂﬁty tfére ar gatbaggpit @fid¢roadganism and the

segonde t|beo(élyq¥as blrrm[lng spg |Péi§/t Fgro%eeﬁg&gpcéew protein, such as CD3,
CD25, CD28, CD16, CD89, CD32 or CD1.

A bispecific antibody can also be used to target a chemotherapeutic agent
more specifically to the cells on which the agent should act. Thus, in a further
embodiment of the method of the invention, the first antibody has binding specificity
for a tumor cell or tumor cell protein, such as erbB1, erbB2, erbB3, erbB4, MUC-1,
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equal to, or nore reducing than, the redox potentia

generated by 8 mM of gl utathione, e.g. equal to, or
woes/118diici ng than, the redox potential generBCEOKRY08/000124

10 mM of gl utat hione, under the conditions described

in Exanpl e 35, and equal to, g | ess reducing than,

the redox potential generated By 1 M of gl utathione,

such as equal to, or |ess reducing than, the redox

cdi! %@%Q kogum ﬁ&',tR[% n%ythgé%gcre daOJtm%d}‘y”h%% hj @R&nﬁ%‘%ﬂ&ﬁ for a

chbmotﬁﬁnNMbtagmutathlone In one enbodlnent of t he

met rFQF{hQrferQesérUMeﬁHIﬂ-ﬁQ,of%h%tlﬁﬁdycﬁimrﬂegﬁ&ré@@y mcludlng in a
i ncubation of said antjbodies in the presence

bispegific aptiRadyt2apiAdian &Pty on aea%rt"“lprﬁ ?sFOréftf&fwcssS%?" half-
hf@tnab&%broﬂorl@@dlnﬁ in€luding o MAd¢pekitiasantibodno W Bindisy cipecficity for

serum %Sn%lg%prg% lflr{ﬁ fgllt%‘n%r%rﬁm%@ﬁtu hgfr{\gtg?dt fF tﬁ@‘n@entmn the

S er enbo
firgsf antipedy maemindirg spegidicid frdia twner eﬁﬁ'o@rewm% f@!'éﬁof@)n ér'éh as

erS8'C NerbBAL edb@¥e &rdsaamu%s CQE@ hC@QO f epe rort¢)¢I.rR55%d ¢heJsecond
fewer than 2% such as fe '1% of the an i bady

a”HB‘P%’crﬂﬂse%b'inH'”?ﬁBe?%‘étdlf? iy °86|’?b‘2§§'|”t PYN BRrETYA Ay
aggregedoad ihdihe,spadfidgt eanmaikebdysad ze-tergel i amtibody to a

spg{]ﬁ%H&ngg&F% b@%n%ﬁﬁ?%e?anf égt;u{ehsér\gﬁ% %H\]erﬁ o?ﬁ?d(method of

ear the start
thmrtvgntl@n, the firsigintiaedwasobinding spesifiiflyi fenagpmor cell °r tumor cell

prétgﬁhf edal @S)erbB 1) &BE2 e&rBes emBh, Pluct hecexo, v, rmjzheld CXCR5
t he |nvent|on e add|%

ang theosesoRd rAUEREY &aét%qﬁ”‘i}‘%ﬁf’?‘fﬂpé‘éty B el Bebe Oy s =

trssuthrimer #DVer groteiranot her enbodi nent of the ex vivo

et m@gdpq{ tg%e cméegikhlﬂg’slqgﬂﬁawe&ghOGe qg@& tQQEr ?%oidsﬁotting

t he |on o rotein disu
fagtersnisy asearaewlaw|d@§/reds Bitth CRSChE)-. qunew'énﬁo'afﬁmmc tibody

hat/fh@ aeﬁfrst/ bM@mB& Q@ﬁ’cnt@ffort S eurhév@Ntanan, sdcbed Bﬁﬁiﬁ@%pd@ﬁﬁty for a
bl I g‘i{};fgn C)EC:I lll viag elnl ? g g us ;stop tumor
%E’t F% Oéfﬁf”zgl & ecloting tr°| 2haeE I?Jr?d P
grawathi. b’@dy, s ecfurthett lembnwitrieot obfthe h&ethndelﬁtth@nnv:hnttlbe,r thenfirst
angb&w l[l‘% &R&Iﬁ%fsbgdlﬁ Yy fbr §tunb6r'@ll@rfttn¢|5?9éll SREiIPRESh ab efbB1,

|nat|on pecificities can

be
erbi FHB3,SHrP A1 HHCTin G0 CO2R ERE ARSI B R eecond antibody

hals %Vtﬁlﬁmh@gpec-ﬂttfty lﬁﬁ'tél;ﬁ}dtéhﬁ invevettd BBod Slo&lng( suithtas! tisgué edtor.
avl n

mat Plﬁértlgerﬁm%odt?ﬁ%ts ﬁ%%%%gt??%ltggnwsén?n ge% F\d thlbody is
linked pe raf amnmulingi sekectedr ﬁ,semotthengrpep aondigodi efs aasytstoamtagﬁgt a

raﬁrg{sg{opgj [LroHrLﬁ_;u&rhd% euhodi réeﬂatxané ng SRMRSI 4 icRdokine and
ned in é) d) of ‘the neth of invention wWll
1g. Such compound may make killing of target cells more

complement, such as
effective, e.g. in cancer therapy. The compound may alternatively be coupled to the
resulting bispecific antibody, i.e. after the half-molecule exchange has taken place.
In a further embodiment of the method of the invention, the method
comprises a further step of bringing the composition obtained in step c) to non-
reducing or less-reducing conditions, in order to stop further half-molecule exchange.
This can be done by various methods known in the art, e.g. dialysis of resuiting
composition or size-based chromatography to remove a small molecule reducing

agent.
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contain a plurality of bispecific antibodies. | n one

enbodi nent of the nethod of the invention, the first
wa@nishosy3 has bi nding specificity for a tunor PEI/DKowW08/000124

tunor cell protein, such as erbBl, erbB2, erbB3,

erbB4, MJC-1, CD19, CD20, CD4 CD38 or CXCR5 or for

the signali ng conponents of tﬁ@ B cell receptor, CD79a

or CD79b. | n another enbodinment, the first antibody

has bi nding specificity for a tunDr cell or tunor cell

protein, such as erbBl, erbB2, erbB3, erbB4, MJCI

CD19n aQReen f@tieremimdIRent ofrthe meshek ebine Iamriti@adyﬁehrﬁultmg

buskHeEllﬂk régtd%?zgéf' Jrg;‘sggBﬁ(llztaQrbyg)eﬁ'f‘éﬁwng%el:ﬂ-enm:é?tc%s@rhnﬁ rbfatf.ﬁe two

, CD20
nolbEGLIFS, s RPYAERS et i Hish SXChAiER S Wi 5 & piopecic
anh&dealsbiubdédlganaweﬁétﬁ iuBidéry cdraiitions b Blichasdint higo Se0difidns, where

thgngrlgth 9¥ ?d otpéméet hen%?r%%l fh%ﬁlntuy%fiu% (ﬁ{ag%eb 'Hﬂ.u hg in one

andther” efbodi TRt rst ant
ensedirnénitctheynétopd ofire Iamt'ph@@éawdhamrﬂmﬁéyem@fs a

a) RihBRhi 3y %Rﬁgjhf'\klﬁ ttb{e EPteitERth tHe Hﬂn@e fagidMealg. using compounds
enbodi nment , t anfl body has bi ndi ng

cogﬁg}gnq P"élefri)'dffo?ucﬁrﬂg IssR'siRido %’@BEU anti body has a
b)bihediically spestifnkiigt §f fher cachid drdte rsidenctetiresnor thé alf-molecules,

n@lgdéy%%%te %;‘ga%?gllo@gg tg/ ere'aa?' n opltﬁ]éj mn)éde groups with

Spécitic Second ant i bod
SUB?MGIlCWgSé'pE@'F,fer@htay aflipineciiorsazider anot her enbodl ment
orOf the method of the invention, the first antibody has

R I C b N e AR L L

debéritdidnig Mgrelarfti ati dly (36)r (iecopadrated etmreinntC raferegea)i, $on exeinple

us WBfoer%teog%%gl%FEHebf%ﬁywna%glﬁéﬁg{ia%ﬁ@Fée%ég& g%%]CZBrNC?QQ)'
mg in A rsb AnteIy Wit 56 thesesnd BBMAdan al so be

lﬁ@héngﬁﬁtltﬁ)dQW%?@Sﬁﬁ@%é&ﬁﬁ@@ﬂﬁibdﬂ?[e houl d
| on | C ent shou
BB sy apbopy R S R TS P RS ot had- of
- Y232Ciim trenfirstoamtibiobe withr3s239&nn ithrosbrohdisntiiiaddi ng

| .
sucEI”f‘ tr&! e %%%&fbo@g%mt%ﬁgg in tr%rsgkwsnt%hl, Cgrl gt e'cho

- L@BAC iy t"@%@%armﬁ’edr WithS238Rdn He Se0n,2HR9d% bi ndi ng
- BIeCiih tHd firdt diboay ermber@mecsnca@ﬁmodyjiurt her nor e,

db
- RO Tk sk ool B, F7 R Bl Sng St ¢ Y
spednfa mrtryerfaspeca, $ter inveptigt e¢lates Ftorstammedn@epecg'@r antibodies
ob'Pélhédb lof %bfg?ry% 89“9!)&“91@( b%eh’ﬂﬁi'sug'gng)y' 5‘ny€l op'tﬁ@fﬁﬁﬂefe' &ross-

speci |C|ty or ‘serum al bum n.
"nmegneth?ﬂ%dqsewq?eﬁb%ﬁrbodu ment of the method of the
I NVeRbh@IMbss tdFewhether or not the resulting bispecific antibody has been

stabilized by cross-linking, the method of the invention may, in some embodiments,
comprise a further step of purifying the bispecific antibody. Mixtures containing
bispecific antibodies can be purified using standard chromatography techniques, such
as (but not limited to) standard Protein A chromatography, Protein G, Protein L,
cationic/anionic exchange chromatography, size exclusion chromatography,
hydrophobic interaction chromatography, thiophilic chromatography or using ligands

designed to capture IgG molecules (Protein A mimetics, Llama Vuy ligands and the



10

15

20

25

30

first antibody has binding specificity for a tunor

cell or tunor cell protein, such as erbBl, erbB2,
w@ewB319383 bB4, MJC-1, CD19, CD20, CD4 or CXCRSPENOKR18/000124

second anti body has a binding specificity for a bl ood

protein, such as serum al bum n A second bi ndi ng

specificity can al so be used 29 target an antibody to

a specific tissue, such as brain or liver. Thus, in a

hkeF) &??%ﬁ'gggoﬁ?nﬁggmﬁtwﬁfﬁa tﬁ efgc):rg‘f ?u&at{eg % nv rtgc]ard 'tecthm ues
sudredd sait-inducesy pree'bitatmndtamrmpnusn@hlpasteé,r a;:BIItloneqftﬁmamc solvents

(DﬁIEBB?béhﬁ{o%B Wﬁg pH 1 Qon-£diRO po%r@r(P%%leﬂ@ daiyb&). 1

second ant’' b bi ndi ng ecificity for a brain
anghgt é?‘iﬁ'”geﬂbﬁu'é?é Wa‘?%?%?'iepntooﬁ” ratien &%c#nws& &FiRg membranes
a||?@|h§%ﬁ%elnt@t|8ﬁlc‘dﬂl’tde bgG?‘hﬂgcdélﬁcﬂcfnhtﬁmét)bnGaﬂ dnethase dedhaiques
ar get 0pd clotting. factors i ire ,
MY E’g rc?fqu'é%‘fq%npurﬁ xsgﬁ‘pf'c angl |ys tggflL i cowé eng?f‘ Ebrtain
miktavésngpan sfill cantalsi tiidl m?gergpisﬁl r‘ﬁplccl!lys fiext ta ﬁﬁarhtﬁpe@l& ntibody.
Ad?ﬂgné p%?lﬁ@é}g)n@t&g' rﬂg ﬁ'%cﬂef r‘eﬁlﬁré’d fd)ﬁep%reme c]~Ts) bﬁb&ﬁﬁc‘ dHlibody

actor coul di rect | ood clottin tunor,
frophihe Rarept mwea%m] molggyles. This °H"8rer$1et?e %%‘o%n Pﬂéﬁfftcatmn
byOf)lnEIlhg éﬁi‘i lendionf udidte ahnwﬁﬁit\}' aoluntrh doif Itlﬁ6tﬁrﬁnbnnbmdysd’eamcuty

eC|f| [ for .at
ol 2oL A gy TPV o By PR, B8 b
SpEidy . EDamrefemd cﬁmt(gmnmtamdparh@ﬂ@rewbﬂd narﬁﬂe'b\o‘aycwa%“%mg

hap'b@gh NSrfSREEd, fth@'ﬁu)’uﬂéé?fonas RioRE RinBed BRIt thit BreBst further
lotting such tissue factor. | n further

haErfb‘Eiﬁ‘f%ﬁ’E%‘aEb?e tSH@“ ?%whfqdaﬁ'”gtcﬂ’éd'?'??sst and/ or second
ant Thedyuahstyl, iqusty bied pueinpoypdrifeel) emsedificr antibblies can be

anglggeu us 9 O(I)lzt nenlgioa‘]:egm?al(‘tgéh%aff&csuglg%ﬁtabsgrbance mre]agsurements

1 Ol SO
HPC§E®|§D$9PA@E,CMW§MA§§ WCRR:UH‘#F e(hfepﬁrtlcgqrclnte&gst@rg‘ technlques

thatUel SQPRGYERE bid¥ciflBKRtidddids] g Qhe 'ball‘éﬂl@tlg@ %dl&cul‘@@r €xamples
fective, n cancer .the

ef
of ZghuFerapiayes 9'9%@% Sgpriedet to) ifle ek ﬁF?ﬁg 3“%55@& eftrqmetry
(EsniMAody allowidg ragHie acdubate Bapdration ecd ldeteetiahahie rhalscules on

thn% %ESQ oPl ﬁ%r%e and{khamgég td?;gr b%m?ds?@lﬁbtypf)f E blgigécm?:darﬂfbody

a further
Ca'blbﬁ rﬁagssen;geq HENG SIHIESIV fPfdhfofé'ﬁtaW'ﬂ‘é'dg PRsaytfepnets uskhd for instance

ELmrmU%Jiﬂac@rplbé?ﬁzﬁ re QRN YSLION OBib i ORS , IntdHPbEetry t OELFIA,
stop furt her %’& nol ecul e exchange. This can be done

FREY |éf[f§°‘a}ﬂ51t §"kAown in the art, e.g. dialysis of
r esuh t orreg eotivpiosert dwalf omotkicale- ba@edgehmavmb&)gzeafphyed under

coﬁcﬁ{@?\: LCerdt ?[{)%g fcgmla%&‘l;”o? ‘BQHE%Q%MWJ&@” st onte i?f the

ment o of the 1 nvention
twp @@Ugensﬁ lbﬁesq%cﬁem%a@ﬁtep seRfides antibodies pgains @gtipens X and Y.

If %hﬁ@ééﬂs%r@rrﬁ@@ﬁhﬁ@'an@&@és‘é -Jf laRkiboty &airisb@ntiaqdh X, such as a 5
foIE\a;leléfﬁes{;‘gi?f)léﬁfiltJ {?Eissxctgagirp r?léear]tantc]lgogl né( agalﬁgthaenrtlbgé p H%écome
bispecific (i.e. recognizing antigens X and Y).

This procedure may be followed by purification of bispecific antibodies on
matrix-immobilized antigen Y and affinity column chromatography. The bound
antibodies are highly enriched for the desired bispecific antibody. The unbound

antibodies against antigen X may be used to repeat the cycle above.
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anti body is subsequently used under conditions, such

as in vivo conditions, where the anti body could
wordenwse undergo hal f-nol ecul e exchange. ThuBCT/DR2@8800124

enbodi nent, the nethod of the invention conprises the

further step of: a) chenicall% cross-linking the

cysteines in the hinge region”Ye.g. using conpounds

cont ai ni ng nal ei m de, such as bi s- nale|n1dohexane b)

cheni cal | [ 0SS- nk|n of the carboh , -

si de” ¢t %?%Bﬁa‘i“ﬂ‘e Nt H’bFéC“aP% n ".'"°¥'5 reﬁ“'ﬁ%druthﬁaﬁ'%’ec'f'c
anbikodies cambé otdseiekedys descobed amveofol!dmngalcuthydlecross linking,
nogrﬁétﬁﬁ’ze\qﬁé ibsdtbd @ %ecd'upl?iéd lfﬂoﬂk@fa%rhzé&%htllﬁﬁiqu ér‘?@rmmg an

razide, or c) Cross- i n asynmetric
adﬂﬁtoﬂé'd%@@f‘%y%e?@i'%@“th@”t ‘ﬁ@e@t—@‘g ?’E@P% agém@t a%t@en 7 followed
ydstsstbhbttbadoﬂ AntiMzr @dawhmgtarmulbod;( 362inétl AFRGNHpPMhAbEIdzdieatigen Z

B FAEHPEC e BEETE P B oo
th@ﬁesl@dlahattlllxedﬂmapstlﬂanmhlﬂwddy wi th K275C in the second
ant ifRQflYey é:n fmﬁasehﬂodlmgggb%ﬁk ﬁ@@HoQ%X‘chWﬂanKgﬁaﬁe'rﬂethod

t he second anti b in the flrst ant |
comPERES3E7 (UTERET HEP e BIETUIZRS gy Tesultips Soiepacific CfeHbodies for
thérapédticautiel Doig yoivbititesBR3 9écm utatidneof setberupbeatidallh @fgctive amount

3 in.the. first ANt d i S .
or YA Plspagn¢ ch a8 st hch et It Rc R yse,
patﬂirellas'e?ctbaide éaﬁnabwgfal sugtp Iy OtriaMendys admirjstrafian body

with V280C in the second anti body, - V280C in the

first antlbody with K275C in the second antj bod In a
fur thed %@'b%’c?sf’ef%ethien\?éﬁ'tti‘%nrqj%tle%\ttQSa't &Xst"é{BNP??@a for the
gehkspien iof & cbusaetuncbmtnmay,odziidamread)dmorrmbtag nad ke phpf:

cross-|lin
cr oszl A |5' e %%&gﬁ%@ggg\flggé @%g\?gd”@;%écﬁﬁg wherein said
firgthasttibedy eemprigestenePRCesaauenseginihe sers finge éﬁﬂuqrb@myamég,m CH3

reQi8RN stablllzed by cross-linking, the nethod of the
I nvention , I n sonme enbodi ments

1 o) HrOPAPBY 9860t B HICE oA TE 2odReP DAY IiA SPERTALY which
difteratfednnisaig flostsipieding ispecfidityb edhessn caid deecopliantibodd agsipniges a

CP?’E%%?@%\%F9%1&%%"(99%9923@&?9#&1%{9% oCﬁyFébl(ﬁ"lS a(mGUt not

mat ogr aphy, Protein
G R oneitating gad | et andnpenene axiediegetogether under reducing

coﬁﬁ‘nﬁ@ﬁ@m&ﬁ %FPIBM, thel c%@teﬁ*?é@I iHEh® Qo@hﬁlﬁg@tr@g}éra@@wndergo disulfide-
bOE\H/ Ehobl C i nt eraction chromat ography, thiophilic

B8¥ A 90r using Iigands designed to capture
| gGdypbetnihes b(slaeotleamnb@dm nmetics, Llama VHH |Ii gands

and g el ) in é‘te:?erg ghé/n nt K RSMEEMT SRieBANNBRIN the
preci pi tat éd usi ques
concentration of said agent is such that the redox potentlal of the solution generated

in step ¢) is equal to, or more reducing than, the redox potential generated by 1 mM
of glutathione, e.g. equal to, or more reducing than, the redox potential generated
by 2 mM of glutathione, such as equal to, or more reducing than, the redox potential
generated by 4 mM of glutathione, e.g. equal to, or more reducing than, the redox
potential generated by 6 mM of glutathione, such as equal to, or more reducing than,
the redox potential generated by 8 mM of glutathione, e.g. equal to, or more
reducing than, the redox potential generated by 10 mM of glutathione, under the

conditions described in Example 35.
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such as salt-induced precipitation (ammoni um
sul phate), addition of organic solvents (DVSO
weetwanoi3y3 changi ng pH or non-ionic polyners PCT/DK2008/000124
(Pol yethyl ene dycol). In another setting, mxtures
can be applied to filtration techni ques using
menbr anes al | owi ng concentrat?bn of the 1gG nol ecul es.
Combi nations of all these techniques may be required
to purify a bispecific antibody to full honogeneity as
certain mxtures may still contain the parent 1gG
nol écud &erthextaspextt hise binegpdion f fetatesttobadgompxsitioni geraprising
bi HE i‘i%b&‘?&o‘ obtRsy th Pgiﬂe RS dn§ PrithErhethdd SFaREGRleftion as
speC| ic antl y fromthe parent nonospecific
desqjibedbreedul es. This could e.g. be done by purification
by binding and el ution using an affinity columm for
the fir t bi ndi_n [ oIIo bi . .
el h Vg e Y AFOHA et B abl Mlsbét BBecric
anbbmﬂuwgugp@anpdgGyhkeﬁHérpwem%rred enbodi nent, in
par ?ﬁ GHE %Fnb%ﬁﬁbrﬁosé:i@%mi&ﬁiy Sipiied 'oﬂg'oﬁ‘gwba{?PP@eé%auences in
per forme the purification is done under conditions
the pere NI98VEHONS ur t her hal f- nol ecul e exchange, such as
nonid eghithdry e&majdirrtermnga.dﬂmuqmptdohmnsqyainet yrango CX;X,C
urit purified) bispe |f|c a
sei?ieé’lcf/%é thé i“Rg Lmﬂ?irﬁg'oBi SCRem cél J[ ﬁiggubgesgnﬁ%ﬂ"m acld,
pravicl hanX eante¥saneawt hotd, prplmeSEC,  SDS- PAGE native PAGE

and 1RB- {iRhEr efdbolflent, Céé'i@fhé Qﬁtﬁfo%\?tcoﬁffpeiséseGMbﬂW@ CX3PC or
that can discrimnate bi specific anti bodies fro

CPiah SHAVEDERS e EUIedunORSERIAG: MEeTH™ SuEH PR PURGH gxcert
fo(gretinedot limted to) IEF, clEF, CEX and Mass

spect rometry, | .

SPEGh CATRLRY ARSL enhDEhe 814 WD, N Xe 2GR LRLG cor
CPSEC, ERBE geCBRfdsenueneassn tiBuedre hinggiragioRpeci ficity of the

bi specific antibody can be assessed using a variety of

di fferent bindin for ts usi_ng for instance

ELI $ASORE AMbsdy EF'{% s%?%ﬁ%‘éga(@g?sy,l the gfﬁ%%?g/r“ the
seil:dﬁdeiriﬂ:er@_jm’( rsyof i)Eb:lFIIdG4 fsefybe, BBkreirGyhreoSHAIBEquence is such, or
has Jeggcrgaﬁpérd Luéi]i Lt |?'Et38§“ gp%m#@l %nmhﬁﬁiib&d Qé&@@é@gﬁhich

ned under conditio avour
paftmrrm urorih@fform@igecwf digulfige ibBOYE ek caYalett ¥dstablsi pycovalent

inteR e Ei'ibﬁntB/Mndéim}'itrg%ﬂ%roﬁedtiabﬁrc@ﬁntprisﬁgrarﬁX@éﬁﬁEﬁ amino acid
consi der antibodi es agai nst antigens X and Y. | f

segYe e RHE'S SHHEAVY ned usi ng an excess of anti body
agaimsinea‘ntthgeamh(odismohtmed Bhef Oitstl apEdbe pecdr@ €dB degion

hag)ﬁﬁgﬁq%'ﬁgg‘gs %][10\91]1 | n ﬁ@hi@ §|:9’Q 3§ %61519)3Wh'e%q}.’heYCi4‘3Yl)rlegion

I Speci gni zi n anti gens
ha¥ tpeen mogif@d @péh#e@nebé fﬂ@ieIQS\'AiEQJIfOHS?W'ﬁH AiPe aeifl GHbYkutions have

beBh SR8&:f Ay &0 irb@géiﬁé?n QB8 MRl beten P@mmkebltiie@irarmi gasp D) in
pogirtli(cj)n %f:’ifQIhra]ils E)Xer?icf)elp aced %y G%T?ﬁ)o%sa%ym posu%on %gg%as been replaced
by Arg (R); GIn (Q) in position 302 has been replaced by Glu (E); and Pro (P) in
position 328 has been replaced by Leu (L).

In another further embodiment, said first and/or the second CH3 region has
the sequence as shown in Figure 18 (SEQ ID NO: 20), wherein the CH3 region has
been modified so that one or more of the of the following amino acid substitutions

have been made: Arg (R) in position 234 has been replaced by GIn (Q); Met (M) in
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anti bodies are highly enriched for the desired

bi specific anti body. The unbound anti bodi es agai nst
w@risgerssX nay be used to repeat the cycl e aboRET/DKn008/000124

case stabilization to prevent exchange in vivo is

required, the bispecific antibodies can be

cross-1inked as described abové. Follow ng chenica

cross-linking, non-stabilized antlbodles can be

oo 8 SRR L BT P ) B 608 8 eptces
byatgi (ROd\Glaga) mstposmdm gesa rasfmbhmac@yb\al&@r(pl,im Bfo (P) in
po@%%h3%4%§g% @EBnggnﬁagalnst mat ri x-i nmobi | i zed

suc col umms

chr df‘r@t\(ﬁﬁrf'aﬁ'?ﬁf)embﬂﬁ’é“%nﬁb%u'ﬁ% AL the et e - HorRgignRas the
sebjlidhcd &8ishedn $i ﬁ@h}d e (ke apeo: 216, \aﬁérbh(lﬁy‘ CH3 megA has been

furth b
m?%(e/%fciy gwte{nﬁgorr@?%ﬁ&%tfwgigféeméq fzrmr}oh%ﬁjc? gy sﬁlt%tfons have
bebommadeatrq (R)tih@osiism P85 hgs beepreplated balin Hakdises ($)on position
31&‘%5%@”#&&3#%%&’&% (%)ngp(m)slﬁ%oglblgn 395 M4k %Eér‘?ﬂep@gcea by Lys

herapeutical | tive anobunt of the bispecifi
(KanVEbOdY iy Ho%f?”a%ﬁ]eB‘E%b%l TRPiasRd tha‘fa' |(¥)'slt}'5t(5%l”é ppgpon 339
hal WEBA rétsigcediBy AQI(R).CAINIQ) Sl pbabcbre34® haBeaitePlagbd b @ (E);

m.ni stratio fyrth t
N A R e
replecest by Hen(H)f Phe lF siperdsftion 366t hdsoleRen realadedrby Ayt (Y); and Pro
(Pﬁ%skt%‘nr@stﬂéé b%EﬁPéplé%fed bPLeRl(OV1 di ng a first antibody

aving a first binding specificity, wherein said first
ant iIBGAEVED ABHTIEs S5bdiore0 %oﬂﬁw/?r (NEIREC & hragpn of the
antiogdyosr tha thvantidg 4nQg84 e egionb) provi ding a second
ant i body having a second binding specificity which
differs fromsaid first binding specificity, wherein
sai dnsaceneh duthdyoebpectoripydnsion rglaGRP® seqempestidm sugk as a
ph%%gcelatlegeccfn%sﬁﬁna%%n{d}%p%ﬁc raﬁ*ﬂ:b@ﬁ]es adtdtre) |nvent|on or

i ncubating said first and second ant| bodi es, togeth
bispegiEiF aPB‘b‘IPé‘?-"n‘(j’t?,“B?ﬂjP'E pRACabR Ay 9T Ghe RS hod, gk ¢ Renipn as

detstrﬂ)eﬂa'feeelhlfmg&ser&yga afedicamentesuglo adiferulidel ke omdiicament for the

trﬁg%r%n}? bﬁ%kceg%’r uﬁ‘?&loﬂg d%@gsae' ning a bispecific antibody.

raduci n agent has been added
wherleian teh@n éwﬁ@%n@&‘rpatiti, nveﬂtlosar tesgéntthe susguefha tgegtposition

coﬁ*b@nsfn@%e@@& %th@ﬂlesoéf tthQQnﬁéﬂtMﬁ'dPrblsgﬁelﬁE %hﬁgodl@s Stt8Ped or
1S equ or nore

al re
jpale [ 2n gt APecBYo8 AMITDF DY SRS nne Brgperatigyof 2
médicaneént fax the tedtraemtgf ichaaer ot ndedtiodorispaxteent i al
generated by 2 mM of gl utathione, such as equal to, or
nore reducing than, the redox potential generated by 4
mM dhegneihed Bf bednvastign caralsp begised o peie@ RagHWErhgnteresting

ort Qf?&tlv& h@ribasi®%ns of target binding specificities. For instance, using the
method of the invention, a set or “matrix” of different bispecific antibodies can be
made from a set of antibodies having different binding specificities. The resulting
bispecific antibody set or matrix can then be tested for a desired biological property
to select the best combination.

Thus, in a yet further aspect, the invention relates to a method for the
selection of a bispecific antibody having a desired property, said method comprising

the steps of:
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potential generated by 6 mM of gl utathione, such as
equal to, or nore reducing than, the redox potenti al
w@emsnasesl by 8 mM of gl utathione, e.g. equal POI/DER008/000124
nore reduci ng than, the redox potential generated by
10 mM of gl ut at hi one, under t condi ti ons descri bed
in Exanple 35.1n a further ass ct, the invention
relates to a conposition conprising bispecific

ant i ?gpdv?dﬁn ts@f Q?gnt od%@t h%@ﬁl &cp%nﬂggd\})ﬁnast Q% fﬁ%rﬁqgrget

of FAE T NVERTioh as descri ereln.

mai APecHsiy @nd hereim gagh @fﬁl’?oﬁéF%ft‘@fe“,seF@ndﬁGﬂé'&iF é?ﬂ*'écreglon,

bi SB?Wcﬁb&w@r‘édch%ﬂ daﬁ:‘d £ o?\gﬁtllb(ﬁ%\}dtk@n@"i& antibody of
regi ant i

ons. sai
onesﬁ'ﬂ f%o “WC”% W@n&% W{‘s ak@”%o?eé‘eﬁqﬁée r&gi § ar]t'bOdy
n anoktoess, embreth et mixsak dostatns batiffereonpispesdis aphigody,
e h [ gkpn §J2;
X1 Sha X0 AR REREng feck (6 SRS BORUER IR WL res
X2 freperyt anfbt h prol ine. | n a further enbodi ment ,
sai d) thectiatd BgsheifcURBbbGLSIH@NR HalingWhe GES3RA abp@RXSC
sequences in the core hinge region, wherein X3 can be
any amino acid except for proline. In an even further
Steprbddh tenmetisal dbevet ¢amobly pedonpredsas pravusly degoriigsPehove for
St%PﬁC CRPC or CPRC sequences in the core hi nge regi on.
9 some enbodi ments of the isolated bispecific
anti body, the first and/or the second CH3 region is of
In @n8@ATHbdiFfent, IOk ViRSired\hrop&iytd thetectdd is agtienad Kilbng uch,
or has been nodified such, that it does not conprise
any amino acid residues which participate in the
Refferem@es on of di sul fide bonds or coval ent or stable

1. hony %@epsleerﬁ tnt@rvg}?%\éyé‘eﬁ RnBONAS M L&, vRINNeI983. Serologic

pept i S conpri si ng an i1 d ical amno acid sequence
?

of eprectHgf F%@‘i §ntibediesy e Pf?JPTQ?Qr'"éWBﬁth@nfest"ﬁ%fréaf‘ IgG4-
t he rédtrigbd adxpbmde. UenasooreD: (7}18 r egi on has the

2.8(:"(:“'“:"n clee{a%eecrj.]3 I n FI gé‘w% a¢1§E§ ;etg)1986 Serologlc

wher' &} r'eg |on "had een
or @epastobf ideet amilbo@wm@l égﬁﬁ@nawﬂe%ﬁb@t $m@|lt,| rmm@rqﬁ:zwtétmg

beer}nmaﬁs co.ﬁb@xé&ué sa me&mbmo@&&é‘p\@& ﬁ}%%ﬁuﬁ&@ba%és

by An (Q; osition 239 has been re ace
3.py GFRHYTERN, i]_y§ S/Rﬁ‘ Fﬁeﬁ goéqurqm‘ SoR Y28 QRoshy 'fe‘gl é’@eand R.
by A galbB)se. B99.(Ngrmiahhipasn irhoon&@fdébutia Ghemspeeifit ait dds two

gf%r%@antuﬁ rgc%:)rrﬂgmgnlzg))sitieg Iprgﬁbr;&lé)d} 9'§2.§9§1.as been

4.rep|AaIberse R. C., and J. Schuurman. 2002. IgG4 breaking the rules.
Immunology 105:9.

5. Aalberse, R. C., ). Schuurman, and R. van Ree. 1999. The apparent
monovalency of human IgG4 is due to bispecificity. Int Arch Allergy Immunol
118:187.

6. Schuurman, J., G. ). Perdok, A. D. Gorter, and R. C. Aalberse. 2001. The

inter-heavy chain disulfide bonds of 1gG4 are in equilibrium with intra-chain
disulfide bonds. Mo/ Immunol 38:1.

7. Bloom, ). W., M. S. Madanat, D. Marriott, T. Wong, and S. Y. Chan. 1997.
Intrachain disulfide bond in the core hinge region of human IgG4. Protein Sci
6:407.



10

15

20

25

30

35

I n another further enbodinent, said first and/or the

second CH3 region has the sequence as shown in Figure
wa20083E33 D NO. 20), wherein the CH3 regi on haBChHBER008/000124

nodi fied so that one or nore of the of the follow ng

am no acid substitutions have_been made: Arg (R) in

position 234 has been repl aced? by dn (Q; Mt (M

i nposition 276 has been replaced by Val (V); Lys (K

in positio S. bege I d.b ;

511 SO o St NI e F bl Aeainl SETber NG - ’
(P) Burtopod987.ofhe3 ututinrs cordemmatiops alfetde apbtlesses LOf . hynpang 19G
yet dgwéaeﬁ% QQ%WMM 84 Qn'failraﬂgl@‘idr/aQrscfaR@ruﬁgﬁfdﬂzs Mol

region_has the sequence as shown in Figure 18 (SEQ
| D Koymupe)24:§hErein the CH3 region has been nodified

9.S0 Dleag, oN®.oNylIEDIYE sofrsadnee ofarkihge M. oldicatj Bad awi InoLieg:i 2D04.
substjtutions hav X ( 5
has 5&& ﬁo? epr]dag %g'ca “n%?%ﬁ? @L}n?an( @Ga nrhaﬁ*g@Hemg %?’4 from

has UDelemfladeqsllaw@@rewpﬁ@nt@he BigkeghnoNjpa/ #quégn%4ooﬁ61322

100as M%?é?ﬁ‘ aﬁ@@hé“%%bsk?%ciayﬁwa@ﬂﬁ)acolw 26Mag n posi :l on ggg
i on

has been repl aced n p
L1nas PRI ACBINOARD (HPAIGH (9, 711 BOSRETShPERS N
has (bes=)) repl aced by Gu (E); He (lI) in position 352
12020 A3 HEEL AT B ol e po1 B8 <§€§ in hosition 366
13has Kbb@metraépl%ge@wqu off froteing of EnEnupe eglew)lnmﬁei&o&h FérPublic

375 Haggkh @@ﬁncer ﬁ@ﬂl&%@ﬂ'\sgyutéﬁb'f Kdalth, BEthasdL W (fLogt)her
enbodi nent , e st ang/or the second CH3 regi on of

1"’t he KaRler BBEI'y Nﬂt“ﬁe@r A%2Al93A is an 1 g CH3 region.

151 N @acky@netfal; Naerre 35pe624-62S9tL) on rel ates to a

16COMRASKI LOf, ) SHENaRP AaPlal BBGIdGal composi tion

mpri si ng bls ecl |C_ah the invention or
17b| sﬂ}e@bqu,cN a?ttﬁ' bdatuse 36Ht &Hon@TP 01998bt ai nabl e by any of

18t he | pREdrg N, Qﬁantdbsoli BW%EIHQ\@n@? PRERRICHIBEE 1 0erai-nof progs)
use as a nedi camen as_for use
19f or LPRRErgy ReAeeiis2a D c';WEeé'P ReV: Imwﬁ’ﬁi %E §§ 222?555.)
20an efaeding, . tahe iLomtzpe,dy., ArimWentAced. $@ (6t 6361@6t(1BOU3e
10f @ra@emp%t Li e Qnglééhé&a@h%%gﬁ? %2 EUMI es of

véntion I speci fic ant | es_obtai ned or

22obt &heabl- &t By I@Fﬁf”@ﬁ”‘?h@“fﬁﬂw%‘/ 8f64he> MA@ i on for
23t he TpeReRERLI, ANIAMuACIMBSR, CaTedodbquodse treat ment of

24 oSt ELR S B e ERad EPL Be L ,

251 nt Eiskwild,ND. atral.eNbBce Bioteabootognas 8)4‘%85# (x996y et
2601 R BRECUIASH! [ £Boa il (s8shance. using the method

i nvention set or "matrix" of different
27b| s poepentoorrRtiabodi Mel- Bigh 222, A&HEMHMdm a set of
2gant |\B9§h£$etfhﬂlVN€ngQ|chft 1o, 30bndoyw) specificities. The

' eSLHanes gnd Plucthau, PNAS USA 94, 4937-4942 (1997)
30. Parmiey and Smith, Gene 73, 305-318 (1988)
31. Scott TIBS 17, 241-245 (1992)
32. Cwirla et al., PNAS USA 87, 6378-6382 (1990)
33. Russel et al., Nucl. Acids Research 21, 1081-1085 (1993),
34. Hoogenboom et al., Immunol. Reviews 130, 43-68 (1992)
35. Chiswell and McCafferty TIBTECH 10, 80-84 (1992)
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bi specific anti body set or matrix can then be tested

for a desired biological property to select the best
we@oeobiingsss on. Thus, in a yet further aspect, tPEI/DK2008/000124

invention relates to a nethod for the selection of a

bi specific antibody having a desired property, said

nmet hod conprising the steps o??a) provi ding a set of

antibodies wherei n each anti body has a different

tar i £ n ere ti body conprises

36an ?F acﬁﬁk¥éﬁ Pljr(\eMgbtechncu |§g each antrEody :
37of §arrd1>r<sm Rofsednati ajoaﬁJ@s Mmetcwaanlgmngr Adakarpiedy negnual (third

sai dqgigh), %ﬂﬁépﬁradw%sgL&%mbﬁylw@é thus generating a
set of antib %é?éh?' in each_m xture

38¢ onfrkkerdass, ypp '19%$ §B%€Y§P@)aﬁﬁ 868y, c)

39aS S ayiGigotidtal.r sl it Anggg €in.oimrauidl.bgx]y 781 xt ures for a
gi ven desired property, and d) selecting a bispecific
anti body m xture having the desired property. Step b)
Theerpresest mehtion dbturidec divstretedely Brentetowiag mxayiptagswhyich should

nogﬁé%ﬁs@ﬁl@d%Q(Ptyr@hé(ermlﬁﬁdap c). In one enbodinment, the
desired property to be tested is tunor cell killing.

ces 1. Aalberse, R C, R van der Gaag, and J.
Exéhﬁk. uwen. 1983. Serol ogic aspects of g4

anti bodies. | . Prolonged i munization results in an
Exag®ie 1 @mnvpmtid@sm@mses agd PERamblificationp2. 2. van

15567550 bouts eispl8ho 14 4 o O B85
(Maartskéro dThes Netherfasdsad Prlmnmpee&:ﬂpsqlmd ity Ho@mign&00 pmol/ul and

e u I I
sté{%mgs%%’% d.\ &é‘@ﬁﬁﬁf@nﬁﬂl PER anm@%\féﬂcﬁmﬂ%ﬁn&e}s |§”§H§? bglow For

an .
PCR, F‘ifUT\‘;‘é\t?P@)od’l‘i‘\tStﬁ't YONA- arPOIVHi?ﬁaﬁQ Etragagansr sAmsirggm,  The
Ne%m’rmﬁbs)hwwmsémh@hdlth@ niahufagtresp @ctriucdonsi tEablaseaction

iffe t..antige | n
B ESO y BL LTRPE PR oo, AT O 8o,
6.7 g®o! bfr @qtmthg fariverd mré@vetsmnﬂmrog@o n19%f gengnic DNA or 1 ng of

pla%m @Qfl‘wﬁ@'anﬁa 1 Gnit of- Pfgﬁlﬂ%l‘a‘@”ﬁ@tstaaﬂ@l\ﬂ pM?ﬁHe%&@ in1&&9 reaction

par ent nonoval encY F b H
buﬁﬁgﬁ%{ﬂpﬁ?%wf}f) Pqlyperasen nAia|t8§ag)yo u[r.meuﬂf 2O 14 g! §%7'eacé|ons were
caStdaubutn®iith d. TGradiedt TRerrdadycleA.96D(Whaatimiagr BicametraR. G&attingen,

Gé%%lapy%r ESng 2aogﬂ‘—'cy(;weprogram: denaturing at 95°C for 2 min; 30 cycles of
95°C for 30 sec, a 60-70°C gradient (or another specific annealing temperature) for
30 sec, and 72°C for 3 min; final extension at 72°C for 10 min. If appropriate, the

PCR mixtures were stored at 4°C until further analysis or processing.

Example 2: Agarose gel electrophoresis

Agarose gel electrophoresis was performed according to Sambrook (37) using
gels of 50 ml, in 1 x Tris Acetate EDTA buffer. DNA was visualized by the inclusion of
ethidium bromide in the gel and observation under UV light. Gel images were
recorded by a CCD camera and an image analysis system (GeneGnome; Syngene,
via Westburg B.V., Leusden, The Netherlands).

Example 3: Analysis and purification of PCR products and enzymatic

digestion
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I nter-heavy chain disulfide bonds of g4 are in
equilibriumw th intra-chain disulfide bonds. Ml
wo povenod3ss88: 1. 7. Bloom J. W, M S. Mdanat , PCI/DK2008/000124
Marriott, T. Wng, and S. Y. Chan. 1997. Intrachain
disul fide bond in the core hi nge regi on of human | g4.
Protein Sci 6:407.8. Gegory, K. G Davis, B
Sheth, J. Boyd, R Jefferis, C Nave, and D. R
Bt Mok Ty el P ARLB IR S LE e e
Pugifiedtion dfig( @agen; aa Wcaubua, |Ln95®nuah¢a§ethvﬁﬁn¢ﬁmﬁmct# 28006),
acgo4‘di$\§1to fhe %Hgﬁactlurer stsWHﬁ)nsYIso%tea_m wWBs dﬂﬂi"n&héh by UV

Vol och, L. Ling. . Detection a
spaﬁaq%?ev ?fki’t‘ihSrﬂ“B'f‘tyt"Y?é F5ehma ﬁd P\jéﬂarﬂé? ﬂe'r%?cgeaﬁ%res'm
fromtunpur/elfn edRrceot |d1gH$t|bmrp&06qu£rwmbaSHpsratBﬂ diye @baroke gel

Sy B OER oML (09 18 e
EDTRagdarosg/ geledhe dzﬁldede&agrmvewapreéglged fom, tf(qggger)d negovered
usgaotth@' GARRA @@x&acw kit BoRlgen 1 BRodu@@A 288571 )( 18&FAind Io the

bat et al uences of Proteins of | munol ogi cal

m‘?rWlf%ﬁt‘é@fs "??FFHCtF—_‘H‘% Public Health Service, National
Institutes of Health, Bethesda, MD. (1991) 14. Kohler

expinle 5 IR0 o 0 B U b R 50" © 2L
Bi o|0pt|2@2den§$nngglzcle|g;ggpf wWas d@'@ﬁbl@p@ usNg q;ﬂ\langrop ND-1000

Sp'é'&tr&ﬁr%t&ﬁ&er BRBgdv9iré ]Sg%ﬂke 1Baarksanb ahg, Ndherdmadpadordihg to
ntal Phar maco 101

e SasulAgEk s s ek Epdeofic Dol Haid By apgpsis o
thel 3ptical #8n<ity ) aitCESOI-la'ndpmg ODEsonmanmit EoSheghnl) NrorAlinsamples,

thé\I C(f'fe lCh%. n.% éIC %@s%v%ﬁ (:I &5 &sedTa%yJ Rferetce, €1
P UC kCI % ?1 %g

el c esear C - 6295 (11992) 22.

Chen J. et al. Internatlonal Innunology 5, 647-656
Ex@l&ﬂa)s &%stﬁél%r’l Eﬁﬂy:ﬁ& digestiohs | mmunol . 152, 2912-2920
(1994) 24. Taylor, L. et al., International Inmunol ogy

6, ®estrioBdn (b2 Prhes 2:51d Eumﬂmmémts ®ereepbizlined MatrumMew England
583 SR B8 i ol 3800 B B1ET 0 Bl 8
th@msinufagurer'8@strictinoy.)

DNA (100 ng) was digested with 5 units of enzyme(s) in the appropriate
buffer in a final volume of 10 pl (reaction volumes were scaled up as appropriate).
Digestions were incubated at the recommended temperature for a minimum of 60
min. For fragments requiring double digestions with restriction enzymes which
involve incompatible buffers or temperature requirements, digestions were
performed sequentially. If necessary digestion products were purified by agarose gel

electrophoresis and gel extraction.

Example 6: Ligation of DNA fragments
Ligations of DNA fragments were performed with the Quick Ligation Kit (New
England Biolabs) according to the manufacturer’s instructions. For each ligation,

vector DNA was mixed with approximately three-fold molar excess of insert DNA.

Example 7: Transformation of E. coli
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28. Vaughan et al., Nature Biotech 14, 309 (1996) 29.

Hanes and Pl uct hau, PNAS USA 94, 4937-4942 (1997) 30.
wearshiedpsand Smth, Gene 73, 305-318 (1988) 31PCBDERG08/000124

TIBS 17, 241-245 (1992) 32. Cwirla et al., PNAS USA

87, 6378-6382 (1990) 33. Russ%l7 et al., Nucl. Acids

Research 21, 1081-1085 (1993),"34. Hoogenboomet al.,

| mmunol . Reviews 130. 43-68 (1992) 35. Chiswell and

f. | BT,
(100, PYRTFET o Buadubion (GpRak 9 1) K DRRERULEh i) was
tra@tsfoamed 2000 sl Shat RHIA-Bhi /Y. MACh*ébarlatWEﬁ%mugi coli cells
(Ir(\mthé e@l gfiedd, Ofhe N@Jeda&ylmdlh@#bnglzadlw) algig/ thY @8st-shock

m%%gd,Z%oggn ag% Vag'aae%?r%gzic%érer S 1@%@& onsy, e Ifé&ycg%( wzﬁr‘e plated on

LutisvBenahi (LBY agd7 Blatésecoptagsieg 50 iy/ehbimpitiliin Pﬂanes fvere incubated

forl 16- Lfgwaaetaezd % §1a%tér .La @s%&%ﬂg’éﬁu%n\{m' ch_shoul d not

be const rue m ting. EXAMPLES Exanple 1:
A i gonucl eoti de pri rrers and PCR anplification
E)Qm;ﬂersacdce@émdg omuaemrsanwmsgavm zed and

qua% qegﬁldggqgnlﬁ%%g%]gglﬁg&egl %rr] res nce oﬂﬁ%‘-{? &qy&aining the
depinexl seqdeneexd vist orlety ACR- @mcth%Hgtﬁtarﬁaq Nisterl MixPER E@iegen;
pré@&%‘jﬁ?gb?g )pgr\dm{esab;ﬁ[ﬁilp\é/cg"?or@\%lr@\gnd Fr@\r/erEQBnmers (Appendix 1).

nerase (Stratagene,
Semquemms WeE 'rq@f'héwcgﬁegythv%%o ub etpete é'arfmd (GuEted briefly in
2 AN Aetdmar s@ld BgiturdCbh@iiben E&tBpan@adtih @he TACR mix. PCR was

t al . Roch ' tics, .
oo BL A R TR TS TE el BRENE sDPIOBMA S, corrpron
at B%dC rfev &5 s@inpBbmycles 047G farf 3Q) e RSEC INA3Qsed ang 7@fC for 2
midl @&Md% ARG dxrbtbidn Ofp %‘fl{;ﬁutﬁppgtr )Zthﬁﬁﬁbﬁop% the PCR

pol ynerase in PCR reaction uppl
migBIrgmeesEyel it 4 ¢ ontl Aty RS dectm@%%%t i ons

vvere carried out with a TG adient Thernocycler 96

AL T b1 IPBIR 15 SREH RIS, SRR U5 N9 2

a2naruri 2 mn;
cycIPwm@fﬂ D@)@ON@&)ISO@@E%@QHW 'é ‘81!) QiutRS lgﬁ"’aﬂjﬂ@nﬁo“?\(ﬁ'rng kits from
QidgIat &ﬁl‘ré l?eu@ﬂ@!ea{}hleﬁ@ethm%ﬁﬁta‘éﬁ&)im b tBE ra&Sufacturer's
and 72C for m n; final exten i op_at

mﬁtrurct'afpspr@;sr%'f DISSHE ABRRRIF G S SaPleCQrgp e e A Fispeed
Plasatidl IMalkuKit {prodacta y2463) @F aphiSpesiPlagmidBiadigit €p@duct# 12643)

wa/éggsre%sq:og maﬁelI ?c%ﬁer %%g%ri(?%lréparation (£ 2 ml culture) a Qiaprep Spin
Miniprep Kit (product# 27106) was used and DNA was eluted in 50 pl elution buffer
(supplied with kit).

Example 10: DNA sequencing
Plasmid DNA was sequenced using standard procedures known in the art.

Sequences were analyzed using Vector NTI software (Informax, Oxford, UK).

Example 11: Transient expression in HEK-293F cells
Freestyle™ 293-F (a HEK-293 subclone adapted to suspension growth and
chemically defined Freestyle medium, e. g. HEK-293F) cells were obtained from
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Agar ose gel el ectrophoresis was performed according to
Sanbrook (37) using gels of 50 M, in 1 x Tris Acetate
waEDs1m3s3 er. DNA was vi sual i zed by the incl usPOND&ER008/000124

et hi di um brom de in the gel and observation under W/
light. Gel images were recorded by a CCD canera and an
i mge anal ysi s system (GeneGné®e; Syngene, via
Westburg B.V., Leusden, The Netherlands). Exarrpl e 3:

i cat 0 duct S
B BB S Ehl 87 S B BREEES Bgflidvsino 293tecin
(Ifvitemge@et s was carried out using a M nEl ute PCR
Purification Kit (Q agen, via Westburg, Leusden, The

Net her | ands; product* 28006), according to the
Exaale 42¢ Goastructing of pTomity A veshos ferths\gxRigssion of variable

hedvithafr AGidys W&lﬁﬂ@&dﬁﬁsmm of Rantanaid@s was

e LR LR g o vt o 5
tersalpm at edP&¥ vagalposer@éGGégeethf ophdEeduendze. (gee \ipfele below),
anBﬂl‘)Il g{)h‘?e ESABRRNESnoNRE %op§t§§te orUst e Reab¥o HairS of 1G4 and

e EDTA agarose ge eS|red fragnent was
integdicing dsyitadia f?‘%”%jé’l” gFﬁf F%cae@f'%d%?s.t% HBMRi A xprepsion
ve&l pPEEb. magldfnw Bﬁlbglé@ agerrCrpfragiment” wad Qhitified ateotloheadyinto

a rer.s,instructi.on
pE%ah?Pf Fﬁasagﬂ B&I!(Iip Wt %vas Weggegcvtvfhog?éggpg&% écoRf followed by
hegleingtivatioh ofithd edstrickien @szm dbe #ERE dewcipsiwng digested HindIII
anhla@gg?(ppfd}l@wégogysmggtt rARRRLASRt 8F theS 8&Actidrf eenzymes and

Sci ence, Maarssen, The Net her| andsﬁ?qAaccordl n
depgsphryiation of Ehe WQFJ&Q’T&% Wit Rbri a'E?JWEé%'i‘P?%[ﬁt‘Efﬁ %&gwed
bymerastr @thchiyataomal yrsi theof pHobghadgdel c dhe dapG#t ragBight atand  the

pEFQQann}I]&&%oR%QO n']w?rﬁ/ ea'i:%dl] g?gtlo(%é(ﬂezjl'isgagé{ aﬁg tr§ % into
commetent MACHS -TL" celisetloyitregerix Argk elopes Rest @r0w|'@h3@ﬁ§y>ﬂﬁ§m'd

DNH 9Bstisdad Resrh 'd shbPRuRGeYNES rAnd P&e’éﬁfétlmrﬁe‘étlwrr&/ealed a
obt ai ned from New En | and B ol

paBPTTEEPIRSRR (D) HEUSONDS (9 AR '%% ﬁagfusfétdyﬂa&%emp&?%a Ygtor
Pldshed DRALT-Gro ttupedores iwest trarstdrore . in DINSa(TIGCE. m\]n)amtaslgsmld DNA
w%'gﬁ&%g %nWtﬁ?cénsmé%me?ré cﬁ?&%@%&_‘@e trjééhé:%{%ﬁgl Pl f’me' RAL&t and
ongeqienes was dennghtade dgeitispr chaegenom@ég@q (ghgnev\;gpr@ the Genbank

dat%b@aﬁﬁé}t a\‘t":oﬁw hﬁ)dﬁ@@ﬁ’iﬁ?re RFRAeREPAT g&ﬂéh? ﬁ'ﬁéseaditmemrﬁélinare
0 ments requirin 0 St ons
or e oA aPngE sEre s 0 4Rt BeShaRIdP TR, The

pldsufid eas nemeti @fp@Gat ur e r equi rement s, digestions were

per(gg&gelql ;iﬁ%gggédeglcésy I f necessary digestion

products Led by agarose gel

Name Oligo Sequence

VLexbetvlirev AGCCACCGTACGTTTGATTTCCAGCTTGGTGCCTCC (SEQ ID NO:1)

VLex betvifor GATGCAAGCTTGCCGCCACCATGGAGTCACAGATTCAGGCATTT (SEQ

ID NO:2)

VHexbetvirev | CGATGGGCCCTTGGTGCTGGCTGAGGAGACGGTGACTGAGGT (SEQ
ID NO:3)

VHexbetvifor | GATGCAAGCTTGCCGCCACCATGAAATGCAGCTGGGTTATCTTC (SEQ
ID NO:4)

VLexfeldirev AGCCACCGTACGTTTTATTTCCAACTTTGTCCCCGA (SEQ ID NO:5)
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el ectrophoresis and gel extraction. Exanple 6:

Li gation of DNA fragnents Ligations of DNA fragnents
wowees/1psss orned with the Quick Ligation Kit (Ne@I/DK2008/000124

Engl and Bi ol abs) according to the manufacturer's

i nstructions. For each ligation, vector DNA was m xed

W th approximately three-fol d39mI ar excess of insert

DNA. Exanple 7: Transformation of E. coliPlasm d DNA

Ve m Q%'ﬁ%é@'\é'@?e%ec“ SR A TR A B AGE RO, (SEQ

or MACH—I WIRNmapetent E. coIi cells (Invitrogen

Pr ad~

Vﬁs)éﬁf%%ock rgésﬁﬁaé accorg;T ?gqﬁéeﬁn'%%u@a‘d&%?gf& BAGT (5EQ
instructi oréDI\NEXi cells vvere pl ated on Luria-Bertani

\Qge%ﬂeld‘iﬂﬂ' wtak Et&ECEECA%GEAWG‘WAWA?CATCCTC (SEQ
ates were I ncu ate or 16-18 h at 37C until

bacterial ¢dP&A:85 becane eV| dent. Exanple 8 :

1GEA&HRDAT CTT@Q@A@TC@GTGGCGIGCWMTE@H@?C@Q m NO:9)

coloni-es were screened nracsance

IGGHeReAt ng e eay 5%%%%%@*%?\?@9“659 <%E%TB§W%°>

RhOEKHA1ISt ar| TeErMWASTeCTGAGTAGATGEIGEEA(SERQI oD i1 )

’)n')/l/”:\ AN ho Anner ~nne f or

RéFFﬁb u..\ y C TFGF)CAQ@I wtCT:jrcﬁgFjgﬁ @E?&E e“EI f|‘2-(3ht Y

ShotigPred3 W| t hT@A@@scrﬂTcpApma@\crrcpcmme tRER 1Y NOf13)

br'f LlfjpsMglgnagc 'T&A@%&’dfg&&kﬁfcdﬁ QKC?ATAﬁét?%ArA‘r‘%:@GV'\rAGGgATCAACG

TGr adi ent WIﬁ?éﬁﬁﬁE%@E@rIDQ‘@ 48}l ng a 35-cycle program

dematuration at 95C for 15 mn, 35 cycles of 94C for
30 sec, 55C for 30 sec and 72Cfor 2 min; foll onwed \)i
Examplgal3:ctlosing of theeyprigble regions,pf the Mpyse anti-Betvl and

amppelartibodiédie PCR m xtures were stored at 4C unti |

To%rf %%S%Q%R&pg%gilr fg L?rg c9§>'f1r0@ kgétvl 2 BF Brg?& Fegfﬁi:?gé’%e %yBRﬁoma
celimFor fehlt: edtprier 31 Fomersf.i 3& and mre'?ﬁld}slqmet‘l’ﬁ? fremi refni 3gwith

th&| hﬁerK/Oth(é%Qn QUSRI kl_lilzrugﬁlenLel*l@ﬁh@l‘]and@)‘eaccordlng to the
I'ands according to the manufacturer's

m?%‘i’ﬁ“ﬂf@f?@ ocokor pul k pl asm d preparation (50-150 ni
cul ture) 5'- mth@omldﬂn@p&r&d DRIAageNA)Mak i RNE twdspipoehacéd from

ap:plirzo@(ﬁ%gtegruﬁ) k& § IelgN/El L?sl?@ g]e'\éb‘/?AR‘lKhi\Cé Qbﬂﬂ%ﬁph |%%t$f_h3put (BD

rraII asm d preparation

Buw|eng¢se)clq1teyapr4@pnter@| Yiew, mes\v epSA t foflpwing u ther rnamﬁe)turers
rmgmused and DNA was eluted in 50 ml elution buffer
o PR i, . TR B PR RSB BB ercm. o
this FRFUWNUrbo®t Aetsart DNA polymerase (Stratagene) was used according to the
manufacturer's instructions. Each reaction mix contained 200 pM mixed dNTPs
(Roche Diagnostics), 12 pmol of the reverse primer (RACEG1mm1 for the VH region
and RACEKmm1 for the VL region), 7.2 pmol UPM-Mix (UPM-Mix: 2pM ShortUPMH3
and 0.4 pM LongUPMH3 oligonucleotide), 0.6 ul of the 5’'RACE cDNA template as
described above, and 1.5 unit of PfuTurbo® Hotstart DNA polymerase in PCR
reaction buffer (supplied with polymerase) in a total volume of 30 pl.

PCR reactions were carried out with a TGradient Thermocycler 96 (Whatman
Biometra) using a 35-cycle program: denaturing at 95°C for 2 min; 35 cycles of
95°C for 30 sec, a 55°C for 30 sec, and 72°C for 1.5 min; final extension at 72°C for
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Sequences were anal yzed using Vector NTlI software
(I'nformax, Oxford, UK). Exanple 11: Transient
wexpsasssdn i n HEK- 293F cells Freestyle(tm 29B8cFHDK2008/000124
HEK- 293 subcl one adapted to suspension growth and
chem cally defined Freestyle nmedium e. g. HEK-293F)
cells were obtained fromnvit ﬂ@gen and transfected
according to the manufacturer's protocol usi ng
1 293fectin (Invi tJ o%en%. ExanF 12: Con stlree i on rofis onal
Ot € reacUgR PLYIUCHY WEKSERRS S B%8TE TR HBICR HERT Y
%ChrE agaregs gelsand tairtadewitivreshidint begiidey BFndsuefeline| gpBct size
we%QMer%g San'dﬁﬂla Medwid Q%édh’l’@ﬁ’%é%h@e Mindthe Qiaexil
vol unt eer and used as a tenplate In primers
ge| extrrsbine Bt (Qif@ePs4gene2r (see tabl e bel ow),
anpldef KoRged PER GRGHIeAtsCWGRNO Riled BYNS tLambinr 297 O haabatidrewith

d
205 @I‘%f)r/qu?al I glst 83948@ gfaéqn ﬁgk“il‘]n Inggli)swc}ngurl ﬁd usung minielute
cobxpise$BdgeEn) vAGitad EﬁEE@’aarT(entsn\za*eBﬂ@TQﬂguné)s)he FF‘EE""FB@HY vector
(PFJn?eQ;Hngsm\@aﬁ'\eOP&Ewre@as@%c@roﬂ)@%n‘l rilf %ﬂOF:E@ %Ilcgvhhé the

roduc est ed
mATACTBE ByOtAERt 2 Hh g% £, Bgatigh ’B‘P‘“trﬁéf"arseté?rﬁf‘lfme(qrf”t° OnesShot
DHBWTYRRSmpéteet [EEEDi dnvieogan) msmdueg&mt sy Mmpplmﬂc;/argjal plates.
FOE ggrea‘,:eftc%qngahr%\émdvyvﬁg% coz%n esI ea tf!) v r?JI \(/)Ih Qee%ue{‘n%es were picked
andegbe dnsefts agare rreavénchd sﬁra ﬁqﬂuaemawrrveafp%@sw%ssef the VH and
vu‘ e# 'B@mda#by gRRAtini BAGt I/ NJ:98 Md tbCardkhasPRREARA. arht® acid
ment and the pEE6. 4Hi ndl |1/ EcoRl

Seﬂ%eﬁﬁ%"sﬁ%g S arestePirtrd 'BrSE\QeIrDe Pildat¥dind transfor med
[ nto conpetent MACHL-T1R cells (Invitrogen). Three

nes r j d plasm d DNA was i sol ated
O?H%nc\gﬁ%eﬁvqc wt%irsle"ﬁ.j‘gﬂm_) . Restriction digestion
mkCéwemre@wég\mﬂqéﬂmsgéeinbns@ﬁ@?lﬁctaﬁ@frhkctt%ws*%w vpigridpatgntr

d Kt 8EeB Ly 1418s1EsR8LaR eh/RGaqtBltasdri d DNA from
Y P\i\ﬁ'@&c | ones waéhtsrgnsfaofﬁggﬂ?ér?%D}—/qugr R E.coli and

plasm d DNA was isol ated and the constructs were
Vicsslende Betse (SEQAD NOalg)si s of the insert and one

mg%qpc{%ﬁlf‘g ré\%ﬁgquéﬁ% ﬁpétg\? s‘f‘&l(agq(av@a\gmaglﬂbqg&gﬁdywastrrtgvp

ase, apart from-sone
dF@Gi‘rgﬁ@ﬁdam\:@yq?ﬁwla'h\tcﬂéhﬁtpqu%%té'ed‘i fferences are
presumabl y either pol ynorphi sns or sequence faults in

t he Genban nce. The plasm d was named pTon(A.
V"\'éﬁ?“ée"fea':pfﬁf'irgg%§e¥&1§f?c S¥Exanpl e 13: O oning of the
maegyii ibbtatdvbgn\areapabell kg apvdsoasgysitsyBat wh Ikanpdqglewigeinpnngrty
T, ﬁNASr\ig@;, reRased from
yn %{ﬁagﬁ}gq%ﬁg{%@%ﬂsg%%%%I'r"st (Ee dl gﬂnouse hybri doma
cells (For Betvl: clone 2H8 fromref. 38 and for
viF&ddliencelFer@1 ¢SEQIboNDI): 39 with
mesqtqvimslifwvsgtcgdivmtgspssltvtagekvtmsckssgslinsgngknyltwyqgkpgqgppklliywas
tresgvpdrftgsgsgtdfsitissvqaedlaiyycqndysypftfgsgtkleik

Example 14: Construction of pConG1fBetV1: A vector for the production of
the heavy chain of Betvl-IgG1
The Vy coding region of mouse anti-BetV1 antibody was amplified by PCR

from a plasmid containing this region (example 13) using the primers VHexbetvifor
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the RNeasy kit (Q agen, Westburg, Leusden,
Net her| ands) according t o the manufacturer's

w@e@Botwhs 5' - RACE- Conpl enmentary DNA (cDNA) of PERMAK2@S/000124
prepared from approxi mately 100 ng total RNA, using
the SMART RACE cDNA Anplification kit (BD Biosciences
Clontech, Muntain View, CA ¢8A), following the
manuf acturer's protocol. The VL and VH regi ons of t he

Fel b
ant oo bt g e SEBTR Breko R mhep S8 I s Rigap 109
anues ireeld Kazakosadjungret 0 hehH feagofeat twasegel spurifisd rancit ¢|@Imi into
pC%@ﬁﬂO“@%" It§ 0 thd )ﬁ’CﬁO&B@tflc@%‘#ldztﬂg g RE 8. 408 des &vg‘écmﬁested

nosti cs reverse pri
W'Wdﬂ'”@ﬂbaﬂﬂ—ﬁ?@gi”GrP“é'ﬁﬁd ‘RACBKIPEIt aPHéhQ/BC?’“éé]lf%ﬁ)'“”dJIHZApaI
d@%ﬁié'd Rl Mexe (iddodd %d(traﬂsanﬁﬂ'tDlhtdWrBet&ﬁthl-QBﬂTIﬂ\éells A clone

walseﬁ% I\Q;scgg Hﬂg%“ %ggotrlegg)ms nsaze a%d t%gecoé?e%%%qg% was

coffraiedr biaié p)askiid weainamBNACoTE AfFetvdse in PCR reacti on
buffer (supplied with polymerase) in a tot aI vol une of
. PCR reactions were carried out wt
EWMHl%FWHHPﬁBE?(ﬂf@c%W%ﬁ ha'ﬁcrssrrofﬁétths)vrangwf the
|.935cﬁym6fumr am denaturing at 95C for 2 mn; 35
e el i S BT By AR s
contemid othispr redieet s(emleleséﬁar asiad ke ag'éme§e \gexbetvifor and

VL@J(kﬁe‘E\HrQ@hﬂer&ﬁéngoghnt%bl% %t?@goﬁgl%sol%g cBfingan@ ﬁfo@kﬁeﬂand an
th ethidi um broni de. the correct size

'deéb{<°¥arko?ﬁqt’ﬁeceg 1 P tHet DRACHRRCTUGPRILS Vtah peffcdiested
withORIROHE akié BaiVItdne flrified| Theg@l fragrhe@cdndcthe IpCan(a@page#Ihi)ndIII-

%lj%gerg’sg%aﬁ %erg\/%:\;\e; I{gﬁl%g%ghﬁm\@%ﬁ@édﬁ@b Sgppt)én@mllgo 'ﬂ"‘e coli.
A Alopei wag) s¢eteli epnidinieg ) theneorpest i insestl sirei ARd i @auenRce was

cofEiMN$hic QRN as Aathad beshkidr/{.r agment s were cl oned
into the pCEMIeasy vector (Promega) using the pGEMI

easy vector system| | kit (Pronega), follow ng the
Examiplé ars: UCaistBudtiost of pTomG4Betol: Aheedtogdiorn time praduction of

eShot DH5aTlI R conpetent E. Coli
th%@%ab{'?ggené Xln*é&ﬁée); on LB/ /| 1 PTG Xgal pl ates.

FoufTo donsfeyat actmt%r for eygpreakipR of Bshdniasd, she KHfrgpiopHRf BetVl

wa\!,[l'l:lm \% pﬁ(ﬁﬁ@@ n P&S tﬁl\ﬁ I'er oPrHle %ﬂd HPEbNGRBet VIS Qlets d‘@&t@d with
uence

The d
S B S B Sk BERE SER L E pfmn
anti hehedpThine@4Hiadiil RApaIC digested ueneswerfe Feted aadetramrgborotesidinto
co eéEngl-Bal\QR é'e?s anctlo]ng wyﬁség&ggr&ﬁtaﬁﬁrﬁd’ Ithé %Qc]t nQ;ert size

and the sequence was confirmed. This plasmid was named pTomG4Betvl.

Example 17: Construction of pConG1fFeld1: A vector for the production of
the heavy chain of Feld1-IgG1 .

The V4 coding region of mouse anti-Feld1 antibody was amplified by PCR from
a plasmid containing this region (example 13) using the primers VHexfeld1for and
VHexfeld1lrev, introducing suitable restriction sites for cloning into pConG1f0.4 and
an ideal Kozak sequence. The VH fragment was gel purified and cloned into

pConG1f0.4. For this the PCR product and the pConKappa0.4 vector were digested
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nmkcswi f 1 mavvt gvnsevqgl qgsgael vkpgasvkl sct asgf ni kdtyi h
wkqr peqgl ewgri dpatgntr

wQ dpRiiggEat i t adt ssnt ayl gl ssl t sedt avyycasf r pgy abdy/DEa@8500124
vtvss VL sequence Betvl (SEQ I D NO 16):
nmesqi qaf vf vf | Wl sgvdgdi vimt qshkf45rst svgdr vsftckasqdvftava

wyqgkpgagspkl i ywastrrtgvp
drftgsgsgtdytltissvqgaedl al yycqqhf st ppt f gggt kl ei k VH

witoHEGTF ed BhetarbUmeion: Ty ati ey a00hs R R i ilPeT
digdskeg yegtyy lveane geatnplangltrtay\sformed into competent DH5a- T1R cells. A clone

z?é”@%E&E&aéolnla\{:%&S&EW{FF&&@?%E&?‘%?&VEM& afhe! LaPV&s T AMNBRET was

F
co&@%%wﬁfﬁﬁ%?@@mwmgﬁggﬂéh agekvt )rrsckssqsl | nsgn
akny! t wyagkpggppkl | i ywas
tr t 1dfslt | f . [
R p e T
lighdrchiaireofFeldact i on of the heavy chain of Betvl -1gd

TheTVE' VoQb(ﬂg rr%@ioﬂ”m%ﬁs@‘%‘r\ﬁe FRRh aRfod, R84 'M[‘flehﬂaﬁom a
% froma plasmd containin

PIERE IS (81 179/ PnEBPPIRoRs VeRREDEVPTTr St eRadlror and
VLVHemeetwhmteoducln@t duadblei ragtristior abelsefor elshinig GhticopCaikDes and an

r, cl.onin n ' ,
ool legEACRndd e PERba: 4o e Prbr8BB0, § UM pere gigestes
With@dHC@nGBS(WMand:mﬂfteﬁl The MefrmRerpterr@p REeGKaRRa0.4HindI1I-
Bsﬂ@p&@gﬁoe&oﬁlﬁgﬁeqrga%rﬁld%&%ﬁirﬁﬂd%tbt%oﬂpeﬁnt bHBAG 1R E. coli.

urif The VH fragnment and
RGVPD SIS Fentaipe HeyeeTed VTt cﬁ’zew@P% P g3fiaugnee was
coandnetd anhisfptasrad wiasthamed maenkkfddiDHSa- TI R cells. A
cl one was sel ected containing the correct insert size
and the correct sequence was confirned. This plasmd
ExgmplgatdComtnatian of | pPTomGhfsidl A: veias fey the pyodpction of

thaﬁ.@gl@%?,\ékn oi‘\réla%tf&Gi or ghe production of the |ight
chai_n of Betvl The

ant i"BIRPSHES 2BFPF i %'_e’?p?%%ﬂ%g b 'geé‘?ﬁn@ré:p rﬁ ﬁegg ?’hvé Feld1
wasedomnl (neptorpGe. EQ) this i pipniGre apd |p¢en€§1f\/£®atbe~taré fdigestaudwith
H@(&%XQ@J X}J&gleé(nd f Fe?%}é&%ﬂggl%ghttsapérg ?%E'ﬁ‘i P8d L, &Ragment

%@I nto and an | Kozak seq uénce.
anfhghepoFompeHdingl Aﬁal @rsést,s@ovﬁ(&ﬁpuer%"%e@ (ﬂ“dv\HP@Sformed into

co%p@%&#—lwzﬂ dll@d&dlor@da%&ilﬂtegﬁ@ln%umé itieel corFé Miert size
men an a n S
angaBE SR REREP? oAt T PRASI LI RP T b oL e

DHs5a T 1R E. coli. A clone was sel ected containing the

E %6@ 0: (ﬂﬁ%ﬂu&i(ﬁ\ faglqt Igcnfy émggﬁﬁl Wo%r'ﬁ@pressnon
asm med pConKBet vl .

of 2F8 IgG4 and 7D8-1gG4

Expression vectors for the expression of HuMab 2F8 (IgG1-EGFR) and HuMab
7D8 (IgG1-CD20) were constructed. The VH and VL coding regions of HuMab 2F8
(WO 02/100348) and HuMab 7D8 (WO 04/035607) were cloned in the expression
vector pConG1f (Lonza Biologics) for the production of the IgG1l heavy chain and
pConKappa for the production of the kappa light chain, yielding the vectors
pConG1f2F8, pConG1f7D8, pConKappa2F8 and pConKappa7D8. The VH regions of

pConG1f2F8 and pConG1f7D8 were removed from these vectors by a HindIII/Apal

t



10

15

20

25

30

35

Exanpl e 16: Construction of pTontABetvl: A vector for
the production of the heavy chain of Betvl-1g&4 To
W@ owstiIasss a vector for expression of Betvl - | gedr/DKh@8/000124
VH region of BetVI was cloned in pTont4. For this,
pTom and pCond fBetvl were digested with Hindlll and
Apal and the rel evant fragmenf‘% were isolated. The
Betvl VH fragnent and the pTom&H ndl |- Apal digested
vect or. _were 0 ed f [ 0 e L
aigsear prd i M s, PRI AR BodRe bR eroMRR Hesuttin i
PToDEARER aihBEIG41DErespRELivpl. sequence was confirnmed.
This plasm d was naned pTorrG48etvI Exarrpl e 17:
Construction of pCondfFeldl: A vector t he
Exgpitle 27 Brediictionoh Bstyt 198G 1n BP9, Fﬁ@“ﬁﬁel gnd Feld1-
IgGQd::W(f}ahﬁi@hOExﬁfesﬁmlﬁm KEKi293F clllsant i body was
i I
exé\ntn cfj efs\géerljas Hdﬂ%ﬁ‘ ﬁorR ﬁ§£ﬂn@§/§b&g @ gk%t%g\site%ig [l’?&gl'é?&ant
hewalenﬂféllldhtr ehain |\1¢t:l'r00det|H|E§ 293t el esings 29 feqtinopccgrding to the

mgsnggaucgkggé nr%tr‘dﬂﬂ&%so%r"@eft\t@ fg@lndp@?\Glé@@ll é(j?ﬂlzﬁgonITBetvl were
men Wwas an Cl one

et e

FeldCag&appaidond 1 redt oamd/\mcenlslwey@st\edw tbexdresdéd.| Famdre/lalgG4,

pT§%§4E§1%fah§|dpc8FF elﬁ'v\{e"r Q&’ E§1e1gG1-EGFr PonGif2Fs and

vecto were |
pCan@maf&mrmqexm@%e@ oFﬁfelgéi‘}rE@'Hs@TquﬁzZ%f?ePn% pCanKappa2F8

wed Oef‘eh%ﬁ@éswl Qib‘i’edgGPJ@D@bm BOotdE759r gaﬁ@t pCBﬁl@ptpaM)ge were
and the correc irme is pla

copEe A BESHEPEBaR M G P kR P e o peted.
pConKFel dl : A vector for the production of the |ight

Exsnﬁ;gzgf pﬁﬁ.lféiLt.IF%ff\fgg1% ¥4 SAliBBafTauUse anti- Feldl

froma asmd containing this
r egilgfml ere%gﬁﬂ @tmpleayveﬁg PUREedPY REOtein Y HUPEY ErPBAtogRRPNY-
Th¥/lei Bk GHer RipernatintO didfd ABersdidvabh . z@gwdj@w@m fitdrefollowed

f | KO. 4
oA B, R CHET D EBRERAA b 4o HET G el ang Suton o
thel Ig® tithd0. Wi M kitkk adHiNaQkhdbHBSi We ah!dtqowa$ fm@ddlafléhe ngatralized
wnl.chr 5‘94*%“& H%PCHI-IF ngg?ﬂ%ﬁw”ﬁ%ml 13.BshMsodiLgesti®hate, 140

or were transforned I nto conpet en
m'TJ)H!?é:',TEL'R 4 (BolBraum, @ispribepiriherdandst offteodiepimi PRINRIRR Were
st FiR&kd iobees b. i | ne dé&ﬁuieh@ﬂltére@dﬁmrawﬁ of tHef puriied IgGs was
de-é?hirﬁ%l @S%ﬁh%@msg‘g g%r aFn%eSl 56“"‘ l w?hﬂ%:d proteins were
anplyoetlioyt 5D8-PAGEL i, W@a.vype@tramtrwfanlﬁéflmoathmS-To

construct a vector for expression of Feldl-1g&4, the

VH regi on of Feldl .
Example 23: SDS-PAGE analysis of purified IgGs

After purification, the Betvl and Feldl, IgGl and IgG4 antibodies were
analyzed on non-reducing SDS-PAGE. The Bis-Tris electrophoresis method used is a
modification of the Laemmli method (Laemmli 1970_Nature 227(5259): 680-5),
where the samples were run at neutral pH. The SDS-PAGE gels were stained with

Coomassie and digitally imaged using the GeneGenius (Synoptics, Cambridge, UK).
As can be seen in Figure 1, Betvl and Feldl IgG1l showed 1 major band

representing the full length tetrameric (2 heavy and two light chains) Feldl and

Betvl IgG1l molecules. Betvl and Feldl IgG4 showed to have, besides the major
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was cloned in pTont#A. For this, pTonm4 and pCond f
Feldl were digested with HindlIl and Apal and the
WO edosua93s3 fragnment s were isolated. The Feldl WWCT/DK2008/000124
fragnent and the pTonGAHi ndl || -Apal digested vector
were |igated and transformed into conpetent DHda-TI R
cells. A clone was sel ected céﬁt ai ning the correct
insert size and the sequence was confirned. This
asm d nm, L 5
P retel i, B B o o P et pmoupt ot half
m@xm@s(seowmmeaw@an@me é\@m Chl.)l gG4 Expression vectors
for the expression of HuMab 2F8 (I1gd -EG-R) and HuMab

7 a - CD20 were cons e VH and .VL codi ng
xRS B B SR b Zibeus o AR AT 0o, W
04/ 6R&e60/Hu Beibs wicered waeks hbagexperessied o Yalotvathe exchange of

Ig?godna(ﬁ f Jlé'c%%a 'I%emn'g&l %ge)r fr%usg{f mpg Ogé{-PE,l |t0fof tthg Central

heav ai n an ctlo
LabWétQ(mmH“ﬁ'l Gasilite KHFrﬁChtleéF deer‘i'@erﬁﬁ‘éS)\/éM dfﬁ@t in filter- t°P cages

ﬁmﬁa@rf%&fooe%@déa R iR KAPRRBESmanY WeRNKRPOREDBy the
The VH regl onts_q?igg_,oCont F8 and pCond f 7D8 were

Utrechibaiyers 'GSOMBPE®BY a Hi ndl |1/ Apal di gesti on
and dhimsaid adibodies vaarHladd'iuhltt,émoiallntrdpgﬁshmﬂythmGZISammes (75-

echo r i.ng F d 2T¢
10% E &I Il‘evgf:ml& ég s 2|Ig ng%gﬁé% 8@% on O?E\%get \" 72 (gours after
adg@mlsqraqogneﬁlooﬂeqlqﬂ cqllg@pd ghaemaémdqqn@mn@qulq and F@%ﬂfuged for 5

m.ﬁﬁ@%%&lomwgrtokﬁb?%ﬁa%laa@ehl fPoriteilD ki sBfa WBE StdPe@ AHICETPC for
uct s

t fecti | t
celEERp N & PIGHE BRal U ALe rorERe 3k IR i ng
293fie ¢his rexpertroenti thg exoharige ofemhirherit 1gGer haf molecules (n=2) was

cobpSFgUGitA exch9hg S8t Mt r%(ﬁ‘ mo@@@ﬁrﬁ%)"lwﬁﬂf:@s of Bet v 1 and
nKBet v p‘ﬂgs

_ wer e coexpressed. For Betvl -
Feptdrapegfic ontibadies dtnikeeto@4) W@r%a@a@ié&régg%&he foige at a dose of

6008lgd130b Qg of ep&PASE el @b cifinghtiboaykihelod! Ll per fouse.

F TopEAFel d
o eGP P bR P ELe b FRot | PU SEaiPodisyets mepred
in dinel aptﬂngmKapqyaQFﬁsstwﬁpehso@thasseobarTﬁms WQ@mE@Fa’ced with 0.75

1 d n) in
m?%‘?'ﬁt%ﬁw%@%&%@ﬂ@%ﬁﬁggﬁﬁ ;%ggsxgéfp%a% SweBEn) in 750 i

PB§0WW§§§§'HP'3F38Pte|dg‘@§h &pggm |5\ﬂ9n1943f X8 Sﬁédﬂkaé%%ﬁoe 1%
Tvx}@hQOCWDr(B%Qd/V)ENmH)hﬁ tR2 pr&denid ot &Pi-mibeletl Beng' 1a00d*?1-
| g nd | g4, an [ [
s Bl el 1 Rraneh St oo B aelL it bo i dpes
sueplpmlen@uawttlss QA/b%eTWeen -@P eahdo 0 5% (W/@ONﬁM)dmI%@mount of

ra%ubg&ﬁ'lrty bt)QMl %ﬂ/ekﬁﬁ th@%@“oﬂgt O raRioactVity k8 'vﬂas%é‘é%h#é@in The
Protein FF, GE Healthvcare) and el ution of

cojirentragion of\/pgq Y rlqu Febdd- %qc I% was cpledlatgd using Wéréﬁed Iget v
spedhiedhtidodieg orerél Wal kgetfic antibodies as a standard (range 0-200 ng per

test as determined by nephelometer). The concentration of bispecific IgG was
measured in two variants of the heterologous cross-linking assay. In the first assay,
plasma was incubated for 24h with Sepharose-coupled Bet v 1 (0.5 mg) in a total
volume of 300 pl in PBS-IAT. Subsequently, the Sepharose was washed with PBS-T
and incubated for 24h with '?°I-labeled Fel d 1, after which the Sepharose was
washed with PBS-T and the amount of radioactivity bound relative to the amount of
radioactivity added was measured. The concentration of bispecific IgG (Bet v 1-Fel d
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with 2 MTris-HCl, pH 9 and dial yzed overnight to 12.6

nmM sodi um phosphate, 140 nM NaCl, pH 7.4 (B. Braun,
w@s®g/1T9383 Net her | ands). After dialysis, sanpl eBCTOKR008/000124

sterile filtered over a 0.20 nM dead-end filter.

Concentration of the purified IgGs was determ ned by

nephel onetry and absor bance af®280 nm Purified

protel ns were anal yzed by SDS- PAGE, | EF, Mass

ect nal I

] LSRR Bt oA P o
obB’emad framdpdrréledl Fel IdgG blrahmg rgGa Iarﬂwetf@e:@@saw@véel d 1-Bet v 1
crcﬁ;@fh n)(%@ciacg(/‘ltyn Az rn?éia‘dﬁr‘eﬂgn %nﬁ%ocgaﬁe Eﬂsﬁngﬁéﬁlarose coupled

el eCtrOp OreS| i cation
rFel SbhnkP > met Al EILIQBﬁLﬁ‘F IBeﬁ_gﬂ@Tﬁﬁtcat[]@nggg?rsgggl)specggolg%(Fel d
1-Bdtey @) tWie @&imlt@;s uyiBg @urified Bét nauspealficpiyG the SBSIdPAGEEMe

el s th Coonassie and digitally inaged
Cu%’& \A\%ﬁFvéebmﬁ te\%) (Synoptics, Canbridge, UK). As

can be seen in Figure 1, Betvl and Fel dli A showe
mej & Fisainel 2 Hisr exssprtyatipnt efebipRRdificl lay(fel tdeg‘raa"ﬁé’r Lk is( Q'Otted

veRRi8 e @Jl‘fieﬁﬁﬁékldri &‘h‘:‘eéﬁ‘agﬁ:)lglﬂhg Egdsdit d&f&ﬂerﬁ&trﬁé pbigfs. No bispecific
an e

| e
toB R SR oI Pt Y s B RO e h PR e rIe megdpoed
withol IgGal eAftsulzshamhe ageranaiont of obispediffardbéd ubves (naxamal and
coRlBEndABRY Yo BB Qchgn Age bi fipechai n) . Exampl e 24:

val uati on o mol ecul e exchange in mice Fi ve

nu/ nu Bal b/ ¢ mce 6 8 weeks of age were sed t
t he IR g Sre fyampting) f Wﬁ?eétflfﬂ Bymarrg 61'640&%\‘*‘&] in’ time.
Bldﬁﬁﬂlﬁednﬂlﬁbcﬁbsbﬁfpéal@ﬂ inlEiirte iofthd plasrce f rade ibpdotadavithy gixtures of

) n&' n'% blll Ethh(erE ‘ﬁgtr ac-{nﬁ ||39| l_:jaan#\%)( olF%mloétrBO%
i 08 1 e epar

cages w
afuer Bi3 Qans IAtwbaésapémtﬁerﬁteguweaf@oms@pb{@§ B«;;tVi h‘éd Uts%fﬁkdl are

exkiHnG8E Shnb¥indMisoBd oﬁhﬁ' g 4ceer th"aﬁ‘%nng&ﬂlé@wnpbe incorporated in
ant i bodi es were_adm C(Rg{ergd [ n raperjtone

| A
the, HRpREC (rastion gfenr3ndRe} @7 P egf eXCBANGE {] adlf- %%o%.es) A
ramduti $ab é&nh@@hm@n@btwaemeumaﬂ afidunts afllgGH-BetvatandrigG4-Feldl,

wo%I %% ?@ﬁ %Qr# %e%{)h%xm’?al?é; fi%lf:qgt 94e”'18<94 Vﬂ'\@lleéulég]%cqumng

centr nutes a 0 separ ate
bispleei§ ety ﬁ“iscm?qrémlfsa 2(pifeldecesa f @ﬂoadégloa?' lggg directedragainst an

wréﬁ@@ﬂt”&rﬂ@%h qmg@i g@ﬂ&ﬂag@nfrﬁﬂeﬁhtf —IEGFar&hhmyZGB)dwas injected in

s EREFISE " AL oT S T LTOF BuCReBg " R 14k competed

withothp ayeeeratibn bf Béle 1 Fetthabigpecitit 19GE hal f nol ecul es (n=
3). Mxtures of Bet v 1 and Fel d 1 specific

ant 'Ip%'o%r(éxgglmgﬁt 8’9}@@ 3 rtfgue %%menhﬁahﬁé Qﬁas’i’f% Eaﬁples were

mce at a dose each anti
tegtpe dpr .tee'am"b\bda})cr?%% 'E%orarwo 58 'eﬁo%?é@'e BFhrr 10 Sepharose-
imébdiead IFat HO]l’]SIt (WasBBtmd/ tﬂatOﬂheHﬁbnéi;pﬂaan rebissrdinking activity was
decreaseb<30|‘;"l1I neusce o d m%ﬁ an equal mixture of IgG4s but not IgGls, indicating a
loss of monospecific cross-linking activity. A maximal reduction of ~50% was
reached after about one day. In mice dosed with the additional excess of irrelevant
IgG4, monospecific cross-linking activity almost completely disappeared with similar

kinetics.

Size-exclusion chromatography was performed to exclude the possibility that

bispecific activity observed in the mice dosed with IgG4 was the result of IgG
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in the antigen binding test. To this end, plasm

sanples were incubated with 0.75 ng of protein G
wGephatsse (Arer sham Bi osci ences, Uppsal a, SwePE€nDKRe08/000124

750 m PBS-1AT (PBS supplenmented with 1 ng/m 1VIg,

0. 3% bovi ne serum al bum n, 0.1% Tween-20 and 0. 05%

(W v) NaN3) in the presence offt125| -] abel ed Bet v 1 or

1251 - Iabel ed Fel d 1 for 24h. Next, the Sepharose

S su ement ed

209 ke o -5 SO 'y PURERE]E BATRE R B £=24m) was
fraciidnazaed b \a $upebirx2@0 celuatn, wiet whiché&ebhddunndiog 1gG and Bet v 1-
Fegﬂdll 8‘%% linlid Iéﬁj%ge %ﬁs#@@%fl@fra&fbﬁs C%‘%epﬁ)rr@tdgoiht%t)dles

speci G was cal cul ated usin
elyad iif joag DBé‘f wthla §%¥é@ﬁ"¥ﬁ zfola%%m?e% Yy Which gprresponds to the
re€RB6h MokinRNéf MOfiresiARGR Theart@bbgbliaBgev A-RO@ ngrogetinking

8 5 R T AR Ay SIRBETE v
ashafated WithonsnamerssidG. Akithe riasdagontaining thesnfa ne Betay dafel d 1
cr%squ%vﬂtﬁﬁlggﬁe%gntf Rforeaciohiti o%em},%rlﬁﬁleé Slgtthl fesktions no

in a total volunme of

hetgzalopans crﬁpo@éwe@ﬂtwv wap anegspisdgete Wﬁé§h%ﬂ§?hed Wit h
PBS-T and i ncubated for 24h with 1251-| abeled Fel d 1,
Exainisle 2581 iEvblddtbnSﬂpémge\mwmshem«vietmoﬁBesoTnamlentS)

t he amount of radi oacti vi té bound rel at :lve t

the |
anoGRimeic PRHPRAIRS NFre YT X8 e gL PIRIHET yeéncugﬁtgg with whole
bl &) tddtidr édlls 0 plasrha lorsqeeannf iocink B gbtaethev exichBiede ddtjvitwasf whole

a a sing the calibration curve of the Fel d 1
bl%dlﬁg'ln B'?%‘st% whi ch was obtained frompurified Fel d 1

bi ndn rtglsr PYREriment they @xehang (Pf aleGdy hate Maleculegayas, eyaluated in

wf?‘cfl@%?o&)d' ﬁgmnﬁv@ﬁééltﬁyt Mloﬁ@sdoﬁ’f&%lsug%ﬂdlﬁﬂ id whigh [tAé endogenous
rocedur e usin har os e

oiSgieF S| o 0 Ger BETUNSS DY REPLEREHDr GEI By ond 93¢ warml,

rebpezpedy ). | Wholg Gol¢dek wad dstmtad vin1yacntesnears | supblatnedteds ity TFPI

(TE%'&A Féc@g' I%%ﬁ\/éey IJnhﬁJT(%ghfowaCﬁ}(g\Ct@?o%tlﬁﬁ aﬁq%glllé S@J’#ornia) in a

rve as
ﬁr@bn@@mn’c@atioon%f%uéq@ﬁ% fBNdel gellg Fed @'afﬁlégtewwe 15>b‘ia§'ed by
ceﬁirﬁ&éaﬂ@anSi; Sthdid %o@onﬂﬁnkflﬂﬂéroﬂa&forBQ\tasVwlasl‘bzldndl Bghes with
differe
oRsR VA e b iphS) 8 Biseskénly” BslRengpa in
OfitondrheSerucewdositdinatthy ing®atingdvthete Rdbd frhe gipsnepattaioar with
d&f cEl/ac'tBF%rfédi 846@99 WES, LRy mth @mdg&ga %ﬁaeewa%dspmeandown

ange of I'n Figure ormat i on
Tﬂs. @@a@nqeu & IaGfda!firgetacyles was Pm\%eﬂ RN |6ﬁ@par§dstﬁé£?ﬁfe|xeha”9e
ofa@th Mt @5leanes Hsedl cbitrdli the bisod tbﬁn;mlaﬁmae ako I’rmchBated in the

abBFéc&e%flc%r‘eerﬂcegrgEEt%o\q|e[9y§laecaqllgngrwga Q%ﬁgles xglr F %repared in

PESO% after 1-2 days incubation (note: if equal anount s

o Of“tﬁ@}e\a‘nc 396k { S RHHe) B RXAE Ao i Ml

f-anti bodies w |
| ﬁc&efédr]am-?ﬁ' i |I]gG1 (10 pg) and Fel d 1 specific IgG1 (10 pg)

These antibody mixtures were incubated with blood, blood cells, plasma or
serum in a total volume of 100 pl (final concentration for each antibody was 0.1
pg/ml) on a horizontal orbital shaker (125 rpm) at 37°C. Final hematocrit in the
incubation mixtures with whole blood and blood cells was around ~40%. After 24h
the incubation mixtures were centrifuged for 1 min at 2800 rpm in an Eppendorf

centrifuge, after which a sample of 10 pl was drawn in 500 pl PBS-AT (PBS
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the bispecific fraction after random and conpl ete
exchange of hal f-antibodies). A random Fab arm

we@kangss bet ween equal anounts of | gG4-Betvl BOTDK2008/000124
| g&A-Fel dl, would be consistent with approxi nately
hal f of the 1g&4 nol ecul es acgui ring bispecificity. As
a control, a 20-fol d-excess of’an additi onal g4
di rected against an irrel evant antigen (1g& generated

t ANt | 0
R S A L, 0580 i (o
NaNs). eﬂaewéﬂﬂwarg@bre@nf)e@@dsam,td’i 4l°ﬁe gener ati on of

Bet \ﬂlspgﬁhggctmhﬁrkﬁg' FdiG 1 86ty 1| BB a@XRPT W@measured in

igure 3B e sane nurine plasm sanples were tested
th? 6Ptef<|>i@$qUSa°5?qs nfiNgAsER b SI8- thleresPach SRTRIB AESINCRERd G 241
wiffeb.50mg IephSepbacaied nembitinanedelFell id & totht volarsie fobBOA pi in

PB%ecreé ﬁggpiﬁ?gr%érgteg vﬂhoﬁsﬁg#/hwnlﬂ/gﬁ ?;EBéeqtuEXtI)Wat?\e Se harose
wasyvashed WIth(RES-Tiandiicaubiteg far PAf with HdeheigsbBetry d, after which

th€ ' phatos8KL AT washdd ivfith Pésffa)éh@&her&ﬂbmﬂ M r&fioacd0¥ bound
was reached after about m ce dosed with

relafke HHdREmAYAE °E5?€é’§§t"6'fyo"i‘drdleg Vy@éé‘i‘ﬁ“?@éﬂ nonospeci fic

cross-linking activity al nost conpl etely di sappeared
Wi t hin Siguird arbidpeniét iactvityIs Tepresaniters ao nerchntegebognd [fhlylabeled

Befqs lpthﬂr\p?éj dEt%rrﬁ?ﬁ%h qqechte h%t@gﬁﬁb@ l:r‘ogé/ Ilﬁlth% assay. Bispecific

i specitic activity observe m ce dosed with
acr'gm's\m@qaﬁ@erfeg the eghapgreahicdyhall Briecyies: whighrgsgyrimarily
obE@rrve(? v &h@l@rm@cﬁfancastrm aiglllbéﬁgﬂ'@d)rlem( dhalerblédd ¢I~Tg2551)) BiRcific

rac onat.e uper aex co whi, c F
ot R 1g e g An VBEE 750 o MRl pl8? Ry o
likedy resxp lmireeslLhyetdhei factt thet frr det debwigr, freetiondentlopemnmis HgG4, whlch can
al&nﬁé QQ&Jaﬁ%@%eﬁe' dHdRAShRR&E WdahaftiboBieSNls Q) Idh%l:nu BPesent

corresponds to the retention
SoﬁTe mﬁ@ﬁcev'rvg@s 7i52 OH%ﬁr\é"rdo'I”d’é*?iﬂ? it S|y, P thbs %.Ct""ty was
mGdholB&et thdki di@edetiiin ivhvlerBidodlahe ohBCslightly heyheamean background

Ieveé,atg:ean ?37({ ndl |ghatwn%3g%r?éa?rﬁa%d ?)I/ %%S%t ngcq?gqgisx&g&tu\p@?n Optimem.
Ncc bispexiifit agjivisy a@momr\@étmvany Fethe dnmbetl@@scqntwmnsglgGl (Fig.
5b§CAI's?f'rt Yheeshtidl feEhdtionevatheuf Elﬂﬁ\teh@%ﬁiltb&ﬂes A BRpéd¥id Rivity
eluted fractions _no heterol ogous cross-|i nki 9
wagcohserey (s TreaSErEcIveiar £NRsratedaRmny WaEx%ﬁ?Eﬂ megdo exclude
thE‘bakshtalitvQﬁatdﬁs@dflhw&gatyacbslewddynIthe e mebvaedhe result of IgG
conponent s C, e
agg’u gg?qrbeﬁ | %/‘H %‘é&% ed%\%l PL% edwg\?e\%lt 5 bI 80 tlo ?ted on @
SypeederR0® colgenu @iteo WhinheBeli yat kinding Ieﬁca(ﬁ‘én@@ ‘aétfﬁhdc § cross-

ImengWB@lﬁer@anéHiun(éanﬁ@‘?ﬁtcﬁans Fa d Ii'lftncﬁ?ffﬁﬁﬁtﬂﬂ%@s difkd in one
ua

exchange of 4 half pol ecul es wa d k
ook GO . GHFTNAY NEHIMEng! B'GaH o, S eatangs t dnasretagtion
volunge endagemetis 1gG. The heterologous Bet v 1-Fel d 1 cross-linking activity
was detected in the same fractions indicating that bispecific activity was associated

with monomeric IgG (data not shown).

Example 26: Evaluation of blood cell mediated IgG4 exchange activity

Chimeric antibodies were mixed and subsequently incubated with three
different types of human blood cells (i.e. mononuclear cells (MNC), erythrocytes and

platelets) to investigate IgG4 exchange activity.
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pl asma | evel of g4 was determ ned by nephel onetry
(being 346 and 554 ng/m, respectively). Wole bl ood

wor®sasal ned i n vacut ai ners suppl ement ed wi t hP@FPK2008/000124

(Ti ssue Factor Pathway Inhibitor from Chiron
Corporation, Emeryville, California) in a final
concentration of 40 ng/m . Bl 48d cells and plasma were
obt ai ned by centrifugation of V\:hO| e bl ood The

I 1 t
CF e plond FeorR . SRmg PR o S it 1 oy eppining
vapmﬁslmspefntdledulbsleq@‘ttlynemtrlf'&‘@eumnvv&srcgtbt (aEihallemadw Fine Chemicals,
uagggygg\{v%@ggggggt@meg | %olgée?mdﬁg&weggpew%pn?&ﬁﬁnem

sepInp fige wHbuSpnaten @@wog%@r@@c Hafdethsriapgapeffr fuse. Freshly
puﬂ‘ﬂé@ 6thﬁ¥éc*@§ af¥ @|ab@ét@ctpm&méﬂﬂodmcélhﬂeﬁxﬁmrtment

bl
of epe ] 4575 AEEBSAEPT R U RO Ry Aot S ere

alsoresiEpdindes] inOpginfaph biter bejnamesingidd Emesi kit addgonwelatelets were

t v 1 specific g (10 and
SUEQ?P%E%Q ith (fﬁM %uc y 2. Bet v 1 spec:l??Z: I

(10 Th)ex& GJFe‘I’f EFGI‘ Efiéé"“?‘?‘é’ asg\eps eYgurgs and e%qé“pare‘? to the
ex@fdrigB fl Yo K&IE rdfecWRE ETHe P IGHE Antibddiesohdtes leaoptepared in
PE ell's, plasma or serumin a total volunme of 100 m

final concentration for each anti body was 0.1 ng/m)
on aBétor i spexifid Ig6AHILO alb) shdikelrd { spEificdap4 410 BFC. Fi nal

hema%?&{) agpé&.éﬂagll(rﬂwe%h@ﬁem %Eygcﬁ& ngt;wl je bl ood

and was ar ound ~4 8
i ncUbass c?r‘i‘“ﬁ?%t JF@‘g-"ﬁ%r\éer@erﬁ'?crule‘ifﬂed"'tﬁ“orl %Xlrch nMQFS'Zé‘O@‘lo
erWﬁFdeﬁesafﬁ Eppoi potéleentd totalg@lunad benow\lm (fimabcamapiration for

0 B
c=ff ety f KB bl 2 el oy OB IR 57, aner
480,108 Yochition Mak(BYs weBargiitetiope far smar @d2800f roreipexskrpendort
ceﬁinfé‘g% ﬁte?p@ﬁicﬁ' & @fidiideyid ip GNasF%lFavdn ln Bﬁio Yil PBS-AT (PBS

cross-1ink |n% E':(l)CtIVItr%<= was neasured in o
supelegrepied gty Ot SOVINE N aARERp. 011r(°tTWe§” &Qs%ﬁ? 0.85% (w/v)
Naﬁé@nmaewpmerﬂcsltmad afinéeesarghatwdoth 0.5 ny

(S] r

VOIpIEamgggf %gﬁg\}&me(?e Eeg%p‘p B%?O 1P§'§L génlgrr&%gﬁztﬂ/n%gt ) measuﬁred in
the hetgfeibgquyl qyss- |&Kb‘®eﬁft§éhtlln)lh'5t maseqam@is avaggRcuRataddgr 24h
wd’M er R?t%ée}hﬁfb?gicewg@gic@gb?{am?*@l Wit i 4 2&br {abaked 386ty in

ose
PRS- RESTAD NP TTEd UL 1 U9/ Y R Tin g PERCUET G T8 Jepaarose

waWakhied afith REE-Daot i ivdubyteaidide d4adthmBd datretet Bétnv Ej giierewhich

thg ?Ar?g.ego%fdvgag@%héfdd gyﬁh' %Btierp mﬁaeﬁgegmeé tPEF @gasaggs.ty bound

det er m ne
refatige pretheran o asragiogsivity arided yragdReapured specific

act ifyirtgurd 8 b’i’sp@@ﬁ@ HEtﬂ/ltfy% sﬁm 68X pbBARgeboligf3#°1hiabdled Bet v
nol ecules, wWas primar é/
1, which was determlned int etero ogous cross-linking assay. All three cell types
were able to induce bispecific activity. Some bispecific activity was also observed in
Optimem serum free medium, but this activity was much lower than observed in the
presence of blood cells. None of the tested cells was able to exchange IgGl half

molecules.
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observed in whole blood and the cellular fraction of
whol e bl ood (Fig 5a). Bispecific levels in the
w@edoBakws3 fracti on were even hi gher than i n whpCEDK2008/000124
bl ood. This is nost |ikely explained by the fact that
in the cellular fraction endogenous | g&4, which can
al so be exchanged with the adg%d chinmeric 1g4
anti bodies, is no |onger present. Sone bISpeCIfIC

oA ARG F e R o B
|
bl oed, rﬁéﬁi @@Llyarﬁllbbﬁi@§ Werd her al‘td']ﬁfbs@@felﬁﬂ thu@aie@V\ﬁiEh three

dlffﬁrir?tupgl ?l(;{eﬁ\?{]ﬁngw{mr?alsqoog] a%g%dqu S?(%IG aﬁtrrl]nee Bgcells or
hybhsana® do investigate® fgddhexdhacgsadtivins cont ai ni ng | gd

(Fi Q?ellﬁme J#%g%foomggebyp (EI% rﬂtlpé#%@@nlté%fb% %geﬁ%ﬁt Group of

chi meéri c an I'es no 'bispecitic activit

Saphwin} was cheseq. asse FOUrce o8 ks ol @mbﬁmwwﬁmypw&gce an

anBed T e&teRde tighiBkdr] Waee Bbl%lrféﬁsﬁ’tbrh'thé tayitdimatuni ﬁd%légﬁcfwlf@'oup of
result .o

activity observe
Safgetncirestibn Ekon2 1t B ook, LS il e
Neth:a’mhyis wells cdils actre ovzabertithorne &infes pettd BB, 040ter ofhiei theadelle were

re%ﬂggm1 he Pgsl blndlng lgG and Bet v 1-Fel d 1
S were neasured in the fractions. Fel

d
1 b.Thmqafghamg.cgdeﬁééﬂaé‘l mpleguiph WeR e vakiakedpy [ncybating an IgG4
anﬁS%@ﬁr?wix@tﬁ\*eVdéhéiB%goéf Batd: 9 sﬂéclflc\/\i@mf'(_lz_ﬂﬂj) raaapanlda ;*.pﬁ’eciﬂb&gG4
retentjon va r e. heter
(2ot e TS esPuet (Pl 16 S0y (9 iLe et SRLEgregpven
24xhe’ SeKreelfs; 26%1 @ msurimed B aztls ngztmf hybggmroas inca satel vnlturye of
50‘@1S fﬂ?ﬁgcg{é@ﬁtg ‘M Fop dZBR! ?ﬁ%{)d:y JNQQqu?g}/ dﬁQltn aSHSWR)wtaI orbital

Uatl on o

Shé&%hélf?g';e FRE i i’/‘i By EhiAfsF i @0 aiWPl Béﬂl Yé’§ v(l@PBatl'ﬂ”xé'&thé’ﬁ?f were
eﬁﬂ#*ﬁ@@‘aglﬁﬂﬁhﬁml aft(aﬂ@ﬁ_trﬁﬁ i érhE[iﬂéth@f@élﬁtfrlﬂj’gémaftélymiﬁ:h(ﬁ sample
upan i . e. nmn , .
wabs onp O RS E s, el R i o By seffigsoumin, 0.106
Tveeot2@mye @05 You (W ). W)esajhwgﬁwém@ran dw_ergsﬁmrs additor
was B‘igp@&ﬁc F&l\ﬂyhﬁgaﬁ'élr@j £.@Rt 3i1NiB8s- N@&ﬁé’&%?) @88 measured in

subsequent centrif d in Percoll armacl a Fi ne
theheterelagays wawk@g aﬁﬁ@déﬁ)thtsc?SF%ﬁa lgfilegiongeere incubated
fot 341 AltRd. sl\/h&@ssewmséesu;sa@medwbmnmumm s estanvdluree of 300

o o SHSSARERTAL L EUbRORE R e o BP DR SG RattRhy, ne
Sepharoet efas v(q@hm/wateoPasyTtane nBtU(Qe@dGet r24rRe~et@ FdHabeled Bet v 1,

ftggw&nﬁi@tSébﬁ"nar%@Q %sﬂha%a GviPpBs-Fethdf thearhdWht of radioactivity

ferent anonynpus donors, These cells were al so
boﬂégﬁ%‘é\ﬁﬁ@d ?ﬁ”@ﬂ?‘i ?Féﬁ?'é??té/#tyﬁéﬁ?fbwﬁém‘?éa‘”g times. In
addllh IFjure plbastpehet sctivetlyds Ship@l esrpericettaye bburdd*fiMabeled Bet v

aci 82?65 (;.l;:gre |?123( ar eq&%m"’gﬁg exc%gﬁ%é&g#g ?ng\@ﬂ'gfe fceII types

werelaékeub@scha'ﬁlge I@@‘l haivmedecaiesi bodi es ni xtures were
prepared in
Example 28: Evaluation of IgG4 half molecule exchange by erythrocytes.
Chimeric antibodies were mixed and subsequently incubated with human
erythrocytes to investigate the exchange of IgG4 half molecules. Erythrocytes were
purified from a single donor and stored at 4°C in SAGM (Saline Adenine Glucose

Mannitol) buffer. Before use the cells were washed three times with PBS.
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PBS: -Bet v 1 specific Ig&4 (10 ng) and Fel d 1

specific 1g&4 (10 ng) -Bet v 1 specific 1gd (10 ng)
wa@rasHed3ssl 1 specific 1gd (10 ng) These anti bPAl/DK2008/000124

m xtures were-incubated with 1.8xIO 4 M\Cs, 4. xI O 8

erythrocytes or 3.5x1 0 4 platelets in a total vol ume

of 100 m (final concentrati ofOfor each antibody was

0.1 mg/mm) on a horizontal orbital shaker (125 rpn) at

37C. After 48h the incubatio 1 Xt ures re .

cent? {his FERSTBRNEL g YEAR 0SB0 SRR A TRl B dRa SPRPared with
th@mthérfgugef Igt.eAlsohitiod eaxch‘;-mg‘pl ef ©dG4L0n nthe wareselrcawsf Excess

e TR

PBRrer e stored i f necessary, at 4C. Bispecific activity
(1. @et Fq|sp@c1ﬁ% Bris 4 .Jg)lcarnas-ef 4 un.theagT 8fd4 i fig)) was |
measur e 0 r oss ssay.
i Beb e d specic Taioteclel 09 Teba fiapesie WELORT TR b, 5 g
Sepisat odespeoifipllg@4 (¢ ohifiehdnt sieeificdgG4 i(f 1g) Bod dlrelevant 1gG4

ngegﬁgf&fa\ﬂ%gg qié géjg?BS | AT (PBS- AT suppl enented with

quently, the Sepharose was washed
wi t Aheseamixtanied waie ibakpds §ith 2aRhRRcYtss 12 5PS| yBRIEBENISS: With

(yso/l (mt)t RENVAI &Ebtélhﬂ)(lj@ﬁ@b&floe Qi (@5l \ha&iaefinwab PRHdT~40%)
radi oact 1 vi re

anﬁrﬁlamqus'ﬂm Hibe; 91 oy oxaoea GShatulef (2 VB s A

indcdbeds perei daings dlot ewithrpcytes siemawendkifuped (:anit ageabémrpm in an

Epg%gr?cloﬁl FQ’S g Bgitteélwrwch‘@s%pl\é’a& ﬂ?klﬁm e wh in t5|@@ ul PBS AT

etero cross- |1 nking assa hree cel| f
(PR sePRipMEnted Wiy Qcke kﬂosb‘éc‘ieﬁ"ﬁ Ao Oyt % Jyygn-20 and 0.05%

(w?’sl')s RaRi)f |S‘an6\:ﬂésl Weky steed aétS@POhﬁ@cﬁr‘éedweﬁﬂfrﬂgt bISPE0IfRe atimity,
free ne activ ower _tha .
oSy 708 o esT g b S S0 e $8Re BitHlres L aleBHhupated in
PBSestredt eotthrocxtes able t o exchange 1g@ hal f
m)I %Q\%lsegf Bxagp] %m%?ng Q@o‘d%&'@&e%eéﬂ% ﬁ?(m%ag&g;eﬁybmdmg
| e

human and muri ne cel l[ines Chineric Ig antib

tester’® thisxerd: m%%yetﬁjmweﬁ el 3t P‘n PIYiFiBeG Sepharose
(Adief's‘h@ﬁﬁBibsdE@icbs |Udﬂ>e8|a( Sw@deri)'luhimﬁo BPBS0AK(RESAT 6lrniigmented

wn%elélzlﬁg/x f\}la)e in tﬁg ?se% bfzkldlggggt%%? ' riv‘?osrt b%ﬁ’"t ﬁext the

e ac ( rovid
Sephe*ommage\nasf.hleéswm &BEoTn(FF&;%éaIPRiW@tstNIBT OSe?ﬁqIWQﬁ?P 20 and

0.4%3 (W?@Sﬁﬂ\lﬁ%na tRO UFoBnObf Iob ARty Kol S‘relaf’l)/e,bfd d@@ﬁount of
whi ch produce an anti-C_esterase i nhipbjtor,

ragBR G FORPG MR I B T PR T e ‘Poup lpfpeciiic 1gG was
calRartEd tsindSpenfss Benv HEbe(iB0 3R)ibadiéd ss westandaradiirange 0-200 ng

peI rt]e{;:%tera% rr‘éuen%t q%gnep-lﬁgl%ﬂu%geé s;fe{lfﬁ v(\:ﬁ‘l/ \hﬁ'ne%)!gﬁrl% fe using Fel
d peand Bet v 1 specific antibodies was measured in the Feld1-Betvl cross- linking
assay. In this assay, IgG containing sample was incubated for 24h with Sepharose-
coupled cat extract (0.5 mg) in a total volume of 300 pl in PBS-AT. Subsequently,
the Sepharose was washed with PBS-T and incubated for 24h with '**I-labeled Bet v
1, after which the Sepharose was washed with PBS-T and the amount of radioactivity
bound relative to the amount of radioactivity added was measured. The
concentration of bispecific IgG (Feld1-Betvl) was calculated using purified IgG1-
Betvl as a standard (obtained in Bet v 1 binding test using Prot G sepharose).
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resuspended in PBS. The exchange of 1g& half

nol ecul es was eval uated by incubating an 1g&4 anti body
worRossarssxonsi sting of Bet v 1 specific |gG4 (PCHDK2@8@00124

Fel d 1 specific 1g& (2 ng) with the aforenmenti oned

cells. The anti body m xture was incubated with 24x1 O 5

HEK cells, 25xIO 5 murine B célls or 2I1x105

hybridorras in a total volume of 50 m (final

congent r at| f h
or i5aiadr Brantcaciahendron 188" elfrodite Hedinkp  Brcfegoe are
prmdtezmmot behangabh1§@h haif xholredeswere abeerved fiudbel presenge of

r{ﬂq@cﬁ ézﬁggre SNt %agwdé;{cf\a%n g& haftf F’rﬁ)recules was

e was drawn i n PBS-

| emen
ORISR BtV B oRE DeiaF: ol BEA! Ao EoR FRERTRD Al 1004 Feld1
ard eREén g, \at 6N % oS&reotgea mwe hatfahabedied wilebe sRarmyprated

in %%@ggqcﬁh%?%ébéé& €F%n€¥mt S!%tir(:a:el cgangtetha%—aJhtibodies). In
thmetesemaogfoepgesx oedevianth kiGry amawo gxchandei of lg&4alialf molecules
L &rdd, lv&mého@sinvﬁﬁ%ltm%ébézp%gteﬁ‘ch@%e%ft BetQ, 5 dWd Fel d 1

#o ar osé- coupl ed reconbi nant d1linatota
PRS0ty eeleyant Fﬂ%§'4em*°{tf55§ W@a‘aﬁr@%maéd’%mfﬁed to
exdluB®tHd pds¥biidy thStibspetifanddtiyity bbserbapihane $gGaasx was bredresult

d bat ed _f 4
o Y Do ACAIBA Bk B A28y it Bt o
a 3mrd¢1@0&mglsumn aftter adhichalel idvi thjndinsutad ped Bet vel-Te) ¢ heross-

Im%ﬂg 4p& vﬂafre ks QRatih thd Yraé\‘i’cg'%d F¥YESP 1 BRI Sﬁhbddle@, éfutgéllrre one
ISP ecific aCt|V|ty i s shown asé%ercenta

pei'QB’I”“T SpEatentiogeyolyme” ofupilél? s Y eF?ff‘??@B’g‘f%t‘l ﬁEe retention
voll@iee bo hgomsric 195SThd nkuencgogmsaslet VAlLHrel lar £ ecrasstinking paesivity

we bl e exc S
waévc[a %%cg AI onEhgfsalmeﬁQ%%l %g%? tgglg )@L(%ﬁ ifft acblg?f?'mlseasg&mted
witdy poheroeryt s, (dél@l s ishewant | bod| es were m xed and
subsequent|ly incubated with human erythrocytes to

i nV@ﬁtthQ&petIi&@x@?éﬁbémﬁelgGﬁ IhagGﬂndl@ufesW@aiﬁ‘degﬁ)ciated with a
d %throc%/% r1e Eﬁ“ i.ed frloma S|tn 2 donar nq
e§t8red" at'VAE'VYn 'SA i/ AR 'ucC:ch)saeo Am tor) Ve®
mémsfifeer Alrﬁeza%moeredselmm fekdl s biveleacyvweh obseried & thenkg&l mix,
wh\@r%gg PBR ok Rk S B8P &: g'smrervtegel’n Qﬁgheﬁg%&f Thlg%dmaoﬁ is in

ecul es was compar e e exc q
agpgement (Witd 1 pRxigel N3 He/of; tWOt%erste@%ﬁdaO'GFu e Ebed ina 1
tol I &@J.cevwbxd@% wBé r@&'@itﬂdat(ﬁ‘dblvgg@cyf Bl tHMJ@ mix with excess
o ures prepared i,n PBS: Bet v.1, ..
'rr%‘p“é%']l% %(’e‘f %@hﬁb)(m%rﬁc( )IEe‘f"R ‘21'538%%.% the I?ﬁ P Tbéﬁ'i'ty of
relBeridisaliors pétyvcf hembig@us( Halfryplesniés kBet Ljor sl fspecifign the
pr%s%n&g%f g@es%rﬂeleﬁ@ﬁ?tq &hélg%leeélegnﬁhe $efdngthedu@RBGH fivalency

I rrel evant g
was not the result of loss of antigen binding during the incubation, because the

antigen binding was only slightly (~10%) decreased after 72h of incubation (data not

shown).

The exchange of IgG in PBS (supplemented with 0.05% (w/v) NaN3) was also
evaluated to investigate whether 1IgG4 half molecules can be exchanged
spontaneously. The set-up of this experiment was similar to the exchange in the
presence of erythrocytes with the exception that no erythrocytes were added. No

spontaneous exchange of IgGl or IgG4 half molecules was observed during the
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specific for antigen X (80 ng) These m xtures were

i ncubated with erythrocytes in PBS supplenented with
wQO208xa3% v) NaN3 in a total volune of 100 m PET/DKR008/000124

hemat ocrit was around ~40% and subsequentl|y incubated

on a horizontal orbital shaker (125 rpn) at 37C. At

i ndicated tine points the eryﬁ?lrocyt es were

centrifuged for 1 min at 2800 rpmin an Eppendorf

_centrif

8R4 RS A (Bt SATaREEL FiE 8 GoReyovetl Bk

waal diseived i0.theolge@eenix2@hwhdvds 8I580pfeveny dMadBYhe irGabasioaswith
r&ﬁfo%yégof\lgddeﬁﬁaégo?%\% c%%ﬂsgﬂleg'(ﬁlﬂﬁﬁ'tﬁé Gncubation in PBS

i ty, bivalency and antigen binding a control
(figure 9Bane ni xtures were al so i ncubated in PBS without
erythrocytes. Levels of Bet v 1 binding antibodies
Ex&file P92 EvaRatioh fRyGIEXdRInge bwemhtmte Iy'Eaté hi s
end, sanples were incubated with 0.75 rotejn 55‘
SeplFhireats 96k aKibefies oueice xR AP psts q“ dEljbtRd with
incF84kin diftisions AT etytBScyAE Ipdapel Emmﬂhdicﬁcbsvwérh idolangA rftonh \dl lggalthy

th
B LSS0 AR L P R ke Bt -
hemiatoeriD of BOTARecT DOFambysTe0BENy whreNadebipd hieet titaes with PBS-
%D@’BE sgf)pl@%@h%%kﬁ/ b@SO/KJQMM N=RI ﬁEhd’?esh@pénlaﬁd WWHer wuth a

of radioactivit P/ was neasur e e CO
vojmeghat ywas twgdeldsh %hqrgf@am&e %Oéwemoatﬂéedsti%ﬁ%&“g &r 8&65““5
unBfiited edythipegiellyat@whs bquisientas achetaodard 30?/:ﬁnge 0- 200
ggt ﬁ'\ﬁ/{ateé(gl tnng%Soder%bgrI{%IP%gleBMIeQE&Fe%/%FEe%I E\éﬂ%uﬁ&i@ gﬁ (igG4
angipedy mulmuwmqnbgmgegf Beisv hﬁa%‘%fl'ce@q‘*n(ltll'@ gnd| el dBesRACific 19G4

(1%99%&' sk mré&ﬁﬁyaﬁ/repéreﬂ I\}slates(sﬁﬁﬁ@b‘\enﬂegca\nﬂ'pP‘B@Mﬁid@Qo a total
was i ncubated for 24h wt

h |
voRtY SEA0F NPT g CORET ot A SO SBGORY ay 10 wifh. At
m&?Ba‘Bed\”ﬁmeSpkhseweafrhbly wdshdra®e fhaan abe invabativs medinPBIAT (PBS

sugg?men%ﬁ t%U}%,a %gw osrerl?rﬁréllyﬂn]in é%?(l 'TkN%E —lig%dar%eé Og%l(w/v)

he arose was was
NatNa)atcam@mre bisPecfii Qﬁ'dttY \Bampleron e stereds if pecaseary het 4°C

anDWidpebfic basliQacki Bid v 13¥lad Yass-masd bty Y ks measured in
concentration of b| S

f Fe
thg SPREEPISIBE TRToH B TP S st eI Sl o R ipcubated
f0|( i aiithel 5img Bepharode- boumthdnlgrdhe@tratqslmg telabvol@ne of 300 pl in

{Aqa{F%%GAT SH%A: érg}e'r[itgd 'gﬂﬁapé}hh%fb%d B%ut—:”@y the Sepharose

oCyt e- are prese

W@x‘&i’ﬁé‘ﬁge"“ﬁf PBYT AN sUbPERCLOI245 WiELS db'ée?'%a'e'u ¢ 1y R&er which
thB! &PBFRe Ofvaf WHshEE Ydigs PBBIE AASthabeuburtasf Madibactivity bound

rekaagggg % %ET}%@% of r?é'%ﬁggﬁty gﬁgﬁfﬁw\ggi’ft%sé%&lva'ggsﬁfo%genéra%on of
bipgGfic Fgt dBetar &-Fekd hange dalcabtennsing3Hewcalfbratien curve of the Fel d
1 bi&ho BEL VivhiRR Was 3BEdiRed &R pikifidd RS d NGIRGRG RIS

In Figure 10 generation of bispecific activity in time is shown as percentage
bound !%°I-labeled Fel d 1, which was determined in the heterologous cross-linking
assay. From these data it is evident that lysate of erythrocytes contains exchange
activity. Highest exchange rate was observed in undiluted lysate, whereas higher
dilutions resulted in lower exchange rates. Practically no bispecific activity was

observed in the control incubation in PBS.
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in the bispecific fraction after random and conpl ete
exchange of half-antibodies). In the presence of
wWe@esa 353 rel evant 1 gG4 al nost no exchange of POGHKRaN000124
nol ecul es was neasured, which is in line with the
expected exchange of Bet v 1 and Fel d 1 specific IgG4
wth irrelevant 1g&4. Size- exePusi on chronat ogr aphy
was perfornmed to exclude the possibility that
:Ne:%req%l—%*ﬁ_llsg)gchrontﬁ/to%rgﬁﬁ %g 6)Ireﬂ‘{){~lnqu L(gg%cé@gxth\éﬁpzbg%{%iﬁg that
bispdcifiguactitityt inda¢ed maenfthresytedsate dvasnthe BEpE 0fl %@ G@gregation

(F@Qtleum Fof bg pwﬂogg‘ fr?lncgbék oAl mdkig W&Gpr%ﬁgreaectonystmg of 10

crossli nk e neasur [
i pator # GHRING-GIG 1D b5 Fef B BRITBBEESng1 Bt e iprase vsate,
wfﬁkﬁﬁka%dd’plé&né’rﬁécﬁﬂ&h eBSydiden® fafal vt ofl L00whi Thiis mixture was
._correspo e i,.0 I
i RateReR ot b0l A par e, Whignofo (PR ofBRHTE b Sslpdfaexzoo
colotni. In tthe izestionst Bett\ed HindinthdoG @ne fer dct-Pehy | ﬁreﬁfcb@‘ﬂmglgG

wetrg %ea@lar?geﬁg\{élsgotg%%| W'ltti(ncifﬁ@é aﬁt$l§d?ﬂésa®§@ Mbiéﬂjrémﬂoﬂﬁﬁrdnﬁlgen
r e excC e

oiTENG ) SIS el BRSOV et T B GG, Safarose

(Abevshla N Blpsciditces £ 8ppdali, SSwerienplie 769 HINPBHBAT (RASHatppdemented

wngﬂ )l( %ér%? I\Y@bg'ﬁgﬁ%%ﬁgéeﬂnﬁf%ﬁ nfme eld/lJGfWeQﬁ] 29fan%e(5 Og%l(w/v)

Serve
NaNeHu’ClUFQ)IﬁW@;ﬁnGﬂSQﬁ  etabelsd ebefey ]1 fprt'?'l‘@ IWI mWSemﬁrgse was

warsﬁswmth %sns(pe@, ﬁ@b@ﬁ{éﬂ&td Wikt B. 1oh & weBX-20RInd &XoEvRa N @Ry )aaN;)
fferent H)gG4 nol ec mxe

a“ﬂsth%ﬁﬁ’é’é‘f%af rack B U R B ot 'V%.t%gh%ﬁfey“f}‘n“ rﬁé@?‘%&‘ify added

wadl measdrbd exnea:snd:ehtrehe:vajﬁt Bétg@41 vspscific Jo@rwis-80Rbilated using

puVYﬂ&frBeksv qu pécﬁlct ibo Ws 31?54\&4% ngd eBYiUo' HJ]; 5‘%‘%'@& as

hono ous

detgreinied o) n¢nh WtﬁﬁeE%‘éfé‘Ceiﬂtr@%‘e%fsb'?HeF@Fé%rﬁte |4 1-Bet v
1 BRk{-inBhEGHias,) WhemshéRad i eﬁiwtetéaalogcsusbmad ﬁlrlﬂ@lyg w@y In

o ebice oA 3t b B A s e ca
exthcty i Which~FEO%)1 aegeads @desahnt, én amtal(yblumﬁcqumq pinin PBS-IAT.
Suiggc{)u%[\ﬂﬁeth%h mrci?g%se%gg‘\%}] ?ltRfPBISg'E‘aha ﬁ%ated for 24h with

nt ed 05% was al so

5 \kﬂqe Bet vol.i aftassyhighttie s%ebweﬁe MFEAwaRief WiE? BGrieégnd the
anﬁkﬂﬂt ke @&@B@W%&Jﬂ@%%ﬁl@@%| the dAeurredr tHAidaktivity added was

U I qﬁ?&g@%@gawr{ ﬂafr éﬁ?ggg%}g% § ? vnlatwaes Y &rael Gising
thelsymhroanwesn werve aadoed.in kae §piomt1ahledlug testc whishevast obtained

frolnggh é&@éll Bﬁ\hfngrﬁgjg;cul es was observed during

ncu ation In t 37C a5 is denonstrated Fig
9A. Bebwev drindiag patibedissy PERTd Wage Rsak rlY @i rﬁt%@wé@e of
~10.& mI\MWhﬁ‘dh YirFespbrsd uartaaer@terﬂlummrﬁ@ef imusobatic agGWiFfgh11).

Th& u%tﬁr@%[gﬁgs %ﬁ - El blag & }2 e]iaﬁreoa%fgn [9 ing acgw%y wwg e?gc?gd’ Yne ghe same

fractions indicating that bispecific activity was associated with monomeric IgG.

Example 30: Evaluation of IgG4 exchange activity in dialysed erythrocyte
lysate

Erythrocytes were isolated from a healthy donor and stored at 4°C in SAGM
(Saline Adenine Glucose Mannitol) buffer with a hematocrit of 60.7%. To obtain

lysate the cells were washed three times with PBS-Azide (PBS supplemented with
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(figure 9B). Exanple 29: Evaluation of Ig&4 exchange

by erythrocyte |ysate Chineric |g&4 antibodi es were
worRoosd1snsl subsequently i ncubated w th increasP@mDK2008/000124

dilutions of erythrocyte |ysate. Erythrocytes were

i solated froma heal thy donor and stored at 4C in SAGM

(Sal i ne Adeni ne @ ucose Manni Bbl) buffer with a

herratocrlt of 60.7% To obtain Iysate the cells were

hed thr e tines with PBSAzi de (PBS suppl e ted
o 41 v b AR W0 Reses s Bt i VPR TEY i Rresfold
highet thas thi a/blwmsoftt\h/e sfavhge buffneThdrbfare, tundilwtet enmghmicytehgsate

w%te%{lf\l/ef%npw g%emaﬁftn@ of §§%| ﬁ’artq)rf’%é ngg %&&'QI&Q&Y%&M& PBS-

was equi val ent hemat ocri t

cHsiigge dislysisgghaare ?ﬁ?ﬁ@é‘ijfr@? figeceddat kRt @Eoffy. Ultrafiltrate

wds%tg?laéd D cetitrifug §¥orAéH i dpodlyly S8axil sHte irC 8 AhridonTate@f(3.BedD cut-
ffX 1 specific 1g&4 (1 ng) and Fel d 1 specific IgG4 (

ng) with 50 mM of freshly prepared |ysate
(suppe eanehmtngel_oﬂilgm PBRE/ Arieddes waa eveluatedvioy inrebaingl @ 1gG4
an%& rﬁ%l?l’g (tB%f 031 sﬁeqmgqghﬁ?b'soﬂg)oén@?&m ﬁ'gbé@ﬁ)éjl@d’@ﬁ) 5 pg)

| cate olnNnts a sa
withy Geghih erepatadoeit IsPeYie krseie %SJ'APF dintesed dbiﬂt%ﬁ%w@dat 37°C.
Todl VaI1Uhe3 %6 BOAH meutsioHva) bolfil Resulting¥nTavgigsr 2dhcamdation of 10

pg%aﬁ%r gé}:%\g tébNgltybﬂ‘I%% PO”O\PIIaI'%gSElEg'gIIénS Htescvlv%rleiegg tBi*e\S{jlﬁé%cll Ilutathlone
(Gab) ifwdnt \Sidrina e GluBese-§-phoFste oKG161f’|) cme- NARRH n@potit fiiom tRpkhe).
Th@@eS cg'ﬁmdg%ér@ di E%I@%t ﬁ"lr Q!at%g Yepore " RS -akeP l§4ﬂgofaﬁ1%@B/atlon a

IS assay, sanple [utions were incubated f o
sac_vwhe R #ragnerary t%wﬁ\a@a&@@ i ip PEE-AJi (PER Sé'RP'F%Pt‘%drfN'H‘ 0.3%
bol/dkakervu@l WBaNah, I0DLMTweeen-BBSahd\T0. OP%S(\NR/)S NppL)enenneskure

bse ent har ose was
isiet e S ML hir BRGNS B gzephar
125Bispetitt edivity|(i.€. Agl daf-Bet vihire$s-litkinaSegsivéiy bwes weegsured in
th%@@@%’odﬁu@Qrg)s@SlnIm@né%éJ‘Qnefﬂﬁ%gaypfsaﬁéf@ @Rklohy 'vJeVe lncubated

und tive amount of radi oact i VI t ?
foraddh MEAsUPERI SERBOERHERMIPH LR ORER i SpEa! 4O ”F@@ eBRH! in
PB%- IATF@BsdAﬂ);umena&ba witd edug/sil MYld) hsubseqgubmtit, itha Sepharose

w%%lr'lvgavs ur Iﬁ&] C#:IE- Pgdncijgg{égcrgrgﬁl?%t& le Ig%levépéeto\pga!a@&dwmch
the erephartose rwast Washkgse elithi EBS&Jt |av¢ ttyeuqrmwrwreofu sadippstiMitiy pound
rellﬁ\r/é:%@%%myeﬂraﬁ%%&n} @hrlqed \AFglméisJﬁedV\h' ch was
determ ned in the eterolog?éj CI‘OS%HH %at e){1 db
Fr of'e F¥€2Nd& 2yt WE'S QTRsEsft “{th4be PiFRgt'i- gftivity generated by
freshlytphéptyd BSateqmatsle 23. exchange activity. Hi ghest

exchange rate was observed in undiluted |ysate,
whereas higher dilutions resulted in lo

r &xebandy seuriceal | y no bBupelentént acti yi t yExehanggagtivity

Tty eggtT ot Tngubation 10 PBS ST Ze{excliusiony
chr onat’ aography was perforned to excluge the

podipiysad ysate hat - -

Dialysed lysate Ultrafiltrate +
Dialysed lysate G-6-P, NADPH, GSH ++
Dialysed lysate G-6-P -
Dialysed lysate NADPH -

Dialysed lysate GSH ++
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bi specific activity induced by erythrocyte |ysate was

the result of 1gG aggregation (Figure 11). For this
WERO$B53 an i ncubati on m xture was prepared cPOEDERI08H00124

of 10 ng Bet v 1 binding 1g&4, 10 ng Fel d 1 binding

g4 and 50 m erythrocyte Iysate whi ch was

suppl enented with PBS/ Azi de t85final volume of 100 m .

This m xture was incubated at 37C for 24h, after which

10 Beplfs BiSeT Y hoRD R B ACURR TR gy R e
ergtloosyte lykates. ExyBangs ectmms:ﬂ diatsed emghocyie [Bate wad compared
w@‘ ri}%snlg ?I%i)bké%d'lﬁé e\’\%lglyg&aﬁyl/gau% W& Enﬁpléﬂgﬁtggnwmh ? Ol of

es were i ncubated w't

ultsefdtraten F@a@@@ﬁwtﬁ@nmfr@r% ﬁaHﬁBF'd@@p&ﬁ!‘eg'ereUbH% 1 mM and
0.SwlaRdpdchivelp0 M PBS-1 AT (PBS suppl emented with 1

ng/m 1VlIg, 0.3%bovine serum al bum n, 0.1% Tween- 20

and 0.05% (w v) NaN3) in the presence of 125I-1| abel ed

Bet Frord theme @t it iSesvident hieatSbp eativitie ovaytivasttedysate was lost

aﬁP P TyéNi %%d&%plﬁ & I@r‘gté/‘ﬁrééeorgd ]t?{% Té%%hg%ofo@ rédla%eoéa/& This

e anount radi oacti vi
reaéq é?@%tqdotﬁaﬁéiué'ﬁﬂﬁ?w%? g %“B%tﬁtm é&?ﬁevaamt which is
esb@RRUfRAne Eﬁ@aﬁ@@&%ﬁtldﬁr&t&mﬁ aofoniinewt & I&B@Qbfhedn\bcg@d in the
rei%f Icgcgtld e!sc%élgedg%'lsgulﬂg% ag;e( ( aHdg)%Baré%(S)xud%?gﬁ l§ cl:'e%l_{lred for the
exdlw@em‘frIeG4U;alfnvplhelleﬂrélﬂwer%foremfereeon@-éaﬂwrat (©16-Bf NADPH and
Gé?—\)s&ecﬁé fridox @Qe(Were- adﬁ@éi t&i dﬂa‘ly@%& Wsale € P98stldaltkivAGther these

activity) was neasured het er ol ogous
copYPgYRds LR gstass aRe er%hatnﬁ?sa%%y Thy %&?ngs Jlyity could be
restBeddb @t €b-PONADPR Whd fGSQi ey suppleatenset cayeftieed Isatation of

ich Fel t
o AT St o Sl b OR0-0E, RUERER el I rcnance
a@ephuas)wtqmébvv§§lﬂedufvw<tthYFEB§-PI'OaHéIDPlrhcubat ed for 24h
with 1251-1abeled Bet v 1, after which the Sepharose

Exispiea3iedevaiubtiBRSof ﬁéﬁh t Ra1f ariBleéule! ekaRBMRCtby i feduced
bound relative to the anount of radioactivity added

Hf¥%sured. The concentration of bispecific 1gG (Fel
d 1-dB@hertc %%tlﬂ&ﬁescﬁlefeuhﬁie%dah@|sﬂgséqh€nt$,ami:u5i§tbd bwie iréduced

oG RAP D g B g Batrgnge B InheT rptstliegr g Tsiome-

Altiiahg Sthg-oaist M) cNas Solwkdiiredatien befioee pgak Wit h a retention

vol l’mqhgfe r%?lm%n{ﬂthe w&&%?%g%rlgé[?q{%n%%c&@? Wkt %ﬁda@éﬁ by

vol une of noneri c et er ol gous
ingubatimpen g4 @ngbedy m Wﬁgcoﬁé'ﬁ"?ﬂ £ Balay loenesifi éaG‘i* {1 tuﬁé and

Feb ANE shdchifet Ig@as(1i gl i EF@SM&Z@J‘ aéntbllnfr@eGslfl Ia@ 3aeti thbl}/mmtuon
ssoci at al ua

veling e ‘DR oL A 1eg) AR DR e 0, g A AeEh Fioocy.

Atlipgiedted time points a sample was drawn from the |ncubat|on mlxture in PBS-AT
(PBS supplemented with 0.3% bovine serum albumin, 0.1% Tween-20 and 0.05%
(w/v) NaN3). Samples were stored at 4°C for measuring of antigen binding and
bispecific activity

Levels of Bet v 1 binding antibodies were measured in the antigen binding
test. Samples were incubated with 0.75 mg of protein G Sepharose (Amersham
Biosciences, Uppsala, Sweden) in 750 pl PBS-IAT (PBS-AT supplemented with 1
pg/mi IVIg) in the presence of *’I-labeled Bet v 1 for 24h. Next, the Sepharose was
washed with PBS-T (PBS supplemented with 0.1% Tween-20 and 0.05% (w/v) NaN3)
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Erythrocytes were isolated froma heal thy donor and

stored at 4C in SAGM (Sal i ne Adeni ne 3 ucose Mannitol)
whodoBar93ds t h a hematocrit of 60.7% To obtai n PgERAKR008/000124

the cells were washed three tines wth PBS-Azide (PBS

suppl enmented wi t hO. 05% (w v) NaN3) and resuspended in

water with a volume that was P@o-fol d higher than the

vol une of the storage buffer. Therefore, undil uted

th te |
andsbe St 6 e YN A L Dol Hplaeb pocec
wass iregsuredli Fihg soscambrabipane Betsset tspefifiofuPi was salc@lagdk Dsing
pu?'ﬂgd cget)\z IUL[Sch{c !arﬁtfb%(jﬁes"\@s aoﬁgﬁdﬂ&d(frgﬁ’gecgfﬂdb' Fb‘%ﬁéﬁ"t@@t as

di al ysed |ysate 1n an Am con
de&rwne%n@t@mﬂjmoth EROseMERtoNNRS RigsriEis Tgdi-e. Fel d 1-Bet v
1 @ﬁb@% Hﬁﬁuﬁ@fa@b(wty‘)cwl&ah‘ieagnéﬂ ih @R h@fﬁrblb@@l}é troxd-lilend Beday. In

speci fic cific

A (0.5 F I
eSS g STPIF APadRT PRl B B feodt syt tiied cat
extrialt, @ WﬂICH“‘-yEdel bytigengs (ppesent, )in attowaolum eff 3%UUWEPBﬁ‘IAT
Su%@& chile U@t éé?ﬁfamé v’é& Wasﬁe%smtlta ipRg-1 I'éma |F\éd’ﬂ>§£ed for 24h with

,concentration o for each antib
Hdabelnd Bt Su]ppﬁl'fEfﬁe‘H'f”Eh \X}é? Sepghygse r"‘@éu‘fﬁ%ﬁﬂ‘eﬂl‘i‘ﬁ‘f%tpﬁﬁ&énd the
anﬁﬁf')offréelﬁhc@vﬁm?bou@d UueRfive Gopthesgpabent( 6 edidacavity hadiHwas

bot h Roc
b 556 TR0 RonfG5Sesi TR PG 00 (1 8L i v
thelisanm dBlitpatio euivacagbssed dm tig Bel v 1PBSIAT teﬂth'Ch was obtained
fror BRLGEE &1 thp, qgg% bovi ne serum al bum n, 0. 1%

ween- 20 and w v N3) to neasure E
act ilgiFtgpre $§r¥b‘l‘ee§°L!K/%‘?se° s@%ﬁ Sifdigted RELREESP Ig At h?ﬂ molecules
arBiped¥estelii EroactHewe ldyta(it iscledrehatdigG4Bedf rVioI]zcuIes are exchanged in

th SoS lé nk gi ?rcm:tthl\sflet rlrwgl’?t gf)ec%éirg&ih t\DSs observed between
R &8 B 8b G ™ ay,

eross=1S assay
0.8 anpllemdfi Gaitl|a®d§1w®5@emﬁ@n%('e%p%bwvaE4hanﬁﬂ r@ft@r Q4hglsm9 0.5
mﬁqﬁys\rose coupl ed cat extract in a total volunme of 300
in PBS-IAT (PBS—AT suppl emented wi t h1nm/m 1VIg).

Subs uen ose was, wash
i nc “Fén é‘ 9S\5 B éé‘faslpa?ﬁfé’frgad x‘i/“‘% t f?oss'%”'gy that
bisifeci6ih atﬁrﬁtysagsleamdsae‘temaisrvva@h@dedmxdmaﬁ’%ofr IgGfdwas ghe result of

Igar%%p%ﬂaﬂgn (ﬁQ' Q?Ctﬁgyltlgg pORILeE £ & %u"é’@f B& \t/'lemﬁﬁf%'%m and

oact | Was neasur e e excnan
Fe} évlepﬁ‘dmﬂ@Gécﬁ*Baﬂgaﬂf fRahhantipedp) yﬁ%melP%teadﬁt'mP%ymM GSH in
pmmﬁa@tm& Rixtlireeginblyvaumpanedi) wsamuba'tablae PpCFabbeh, after

f t bi
o et 1 TS0 Sk LSS R o s v s
biaditg ¥gG wndfFetd al-Beted lecrpshilindys &G yera e\ewalg'edoﬁpfav ddbinding
an\MbBE\Fg r&&tjgldy P'o ﬁﬁag&ﬁ lvy§fr"t €. ret@h%ys\%%éﬁ@\‘t evl% ml, which

enment ultrafiltrate, Fin
coprsReNE rt%fheowgerts@n@@m Ofrmmm%mdgéslh%\@?t@f@%% Fg! 4 1-Bet
v MABdInRinG aatW ity wapaeretreeliy the same fractions indicating that bispecific

activity was associated with monomeric IgG. The generation of bispecific 1gG4
molecules in the presence of GSH was found to be temperature dependent, as.

exchange occurred more efficiently at 37°C than at 4°C (Fig 14).

Example 32. Generation of bispecific IgG in the presence of other agents.
IgG1-Betvl and IgGl-Feldl or IgG4-Betvl and IgG4-Feldl were mixed at a

final concentration of 10 pg/ml for antibody and incubated with reducing agents in a
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Fromthese data it is evident that the activity of

erythrocyte |lysate was |lost after dialysis. Addition
wotooahteatiltrate restored the exchange for a PEr/DE2008/000124

part. This result suggested that during dialysis a

conmponent (<3.5 kD) was lost, which is essential for

t he exchange reaction. Such a5Zonponent is likely to

be involved in the redox cycle, because dISU|fIde

torgi(:yggw&; g]chCOT Iglobz ‘%ggfﬂ%ﬁb%&t?{é]% fgllle}rx{sg%:ca(rg?%s Eested (final
cofi@tragien Oins induBatiorP, MIMADE} anysteBtd) vads tfitven rfédlr_m)a €¢1Q1 auM),

dltﬁ’eotcﬁreﬁgd@‘fzn sdﬁrcﬂ‘LyB?(ﬁ‘gdl géaﬂl‘ﬁ ? mEIQ:\é étgé'rqo@ (Wﬂ@g Qﬁag from

S could restore e exc nge activity.
Biorag (&Q@ i gandaetidized glutasUiPRe lﬁ@%@eﬂ@ﬁé&aﬁ pf tyegpamel of agents

%N&;éiy%gﬁbad@ﬁ{ge v&mapénem&seeréw@@i IR siga?wm?(oo @M). The
S¢ esence S

el el Ty bR R R ARl y e S L BRI, i
wHESH; heb(bil)spexdifidlg GGedhcentoatioNABRIFe nfeesnyside FRILre E&iahom khey the
ad tmh%%éﬂ%rf %Ell' ?e‘a%ﬁ %)égll;@rlg@t héf df o Hm'b&&rl%' Surified

I'meric anti re m xed supsequent

IaGtdebdt ead igBh- F.e@duwéa syffisteat 1e dH%UCGG@JD affa echange and the

geh@MﬂSﬁ |oﬂ§ts§e<§nh§‘lcﬁ§ﬂ5 hareerat, heGapbaid rdaalieguha&sindG&Ed in the
é I%ngl t rich, St. Louis, MD was solved in water

cogiep d%%l”? n this experinment the exchange of | g+
hal f nol ecul es was eval uated by incubating an | g4

Ex%m |)Q%dsv ﬁﬁ{.n%égﬁﬂnw Rdad 19&433{t.%d$e§9%gf¢§HAlzgdG: (

ecCl
contla® %nq?goem@“aFDéfgégGi‘&@ér a!‘%éﬂiﬁf‘aﬁgghw?& pi¥ed RAY infypated
witH ceaskl § ite@l velumel dMaImIC FaeRbhahtrafiorobf 28cHTghtiBodlyOkas 50

od d I
R b U LB I s
378G piot e@dbnamt] sanples Ove&eo @ewn ne B%ﬁf A a dnighn thep (biygpecific 1gG
cox%i%ttggs 04 ReQ2%d W v) NaN3) . Sanples were stored

or measuring of antigen binding and bIS ecific
act iBisPegific @¢idyity wes gglermingd HF'ﬁal%ﬁa"é‘ﬁ“?‘ihb@dﬁés g assay an
ELmacaguaEeepbnemet br-aid, IFgemanbatﬁE(éhDGetrﬁa‘ty) vBamphees overréght with 1

ug(%ﬁgﬁﬁwg%e QE%Q%%E'QQQC edtr £|?)l}|§l‘l (%)ﬂ%&$%?%@h93’§885 at 4 °C. The
plRBY-as Afash B3 tMesswpprmSe% Taieen 20 (R i Samples) werg dilHied in
PBQ']@%G‘%C@SM (PEAB) aln@bf?rbl%?lerB&I tU tﬁefﬂflsg%atel\@do ulrREN). After

epharose was washed_w th PBS su enented\Mt
'n@bfb}er*rﬁ/éawpﬁtﬁ shiked @fs%m %Qa oot PO NIRRT 2B ()
saﬁ@ﬂiﬂsoﬁ@'blddslchweh(ﬂmldhé elatd ivee V\taehéd'm tiamasuwyith PBT. Next, 100 pl of

th[%g%u%g %tn V.é.%%ip%drﬂﬁrﬁj%%%g ﬂﬂ% {/J eS-g%q lcﬁﬂ% urla%%fngpgn%fanti—

S ecCl usi
CRR20]argibedy f7D§, éﬁmmb@)date%u@@'w BB%W&? adqqrda@fgﬂemwbza@@ PRT for

9P RlindtES bt 8Slate shaker (300 rpm). The anti-idiotypic antibody was discarded
and the plate was washed 3 times with PBT, followed by the addition of 100 ul/well
of a HRP conjugated goat anti-mouse IgG (Jackson ImmunoResearch Laboratories,
Westgrove, PA, USA) at a 1000x dilution in PBTB and incubation at RT for 90 minutes
at a plate shaker (300 rpm). The detection antibody was discarded and the plate was
washed 3 times with PBT. A 50 mg ABTS tablet (Roche Diagnostics GmbH,
Mannheim, Germany) was dissolved in ABTS buffer (Roche) and added to the ELISA
plate (100 pi/well). The ELISA plate was incubated for 30 min (or longer if desired)
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determ ned by nephel oneter). The concentration of

bi specific 1gG (i.e. Fel d 1-Bet v 1 cross-1linking
w@edsaiey) was nmeasured in the heterol ogous  PCT/DK2008/000124

cross-linking assay. In this assay, a sanple was

i ncubated for 24h with 0.5 ng _Sephar ose-coupl ed cat

extract, in which Fel d 1 antP8en is present, in a

total volunme of 300 m in PBS-IAT. Subsequently, t he

o SR S5 50 TEE M Ay RS Rhsftn voo

stopped waitthdd0 wl tdxaRB8eid @irdlet lde Iaamuﬁeelzﬁ Gerdiapdl tev iweyl. The
ELE%JB&J @Lsaregva% %Tofoﬁ hE AR befe Fe%QEB%Eb ?Fé’e é’cdfgﬁdnm inan

asur e e concentration of bispecific 1gG
ELIﬁPSLD'Btﬁre@dqr) was cal cul ated using the same cali br atl on

Cur \F%U% IEK%OWE th?&blaﬁ‘CIfM énthGEh/E@ZDQﬁihboM?ﬁ ﬁi;'mw&n time
url
o L B Bt DTk S AP Bt o

in tbé exbaeres, af G eBanbed. exEnanget ﬁleseotdattcar iin & QﬁlmJeealof IgG1
anti P@JC%Q %%héﬁhfthé@#e%d@e%? aBE&ncexeaapged in the pr esence

i's experinent optiml exchange

obs dPvEPIFE: EeAVEATIC ARE09 FEERHTEARTE 5}&%@09%)&%%@4 half
mdleQ¥4) A domaeitefioafdueve 3AIESHS(018-1000D piv) GGkl.used to analyze

o< U LEDR P PREE, B8 TSR 4, B Lo
vohintee rof GSthimeihaht adcentehiangef efch| g@bmswahéior egmw the final

coh%ﬁtr%ﬂgﬁ %Q%ts'l-lqner(el:ésgndléaotéd lrFﬁlﬁuFJ"héB PrHPRS@ured Wik iHélBated
binding 1g&4 and Fél_d 1 bindin

1
at &y° 6ff°"e§6'h agftse we\vssdf?weuaaﬂBédAw ppwiecti t W‘t%ﬁaef'ﬂc IgG
con!?&‘ﬁfcfabﬂkewer'éhhsaﬂed ure (final voI ums 100 m) was
i ncybat e t 37C for, 24 0
fra q B%d]t%d 00" aSﬁlﬁg? ex @8@ . ngen otm w’?r g?:ltf mOIGCUIe
exBwtnge. To Expldrerdowg@aetin mpqﬂemtSBétﬂuean ttﬁo@%HWw@?tﬁ@ 19G4
halfHbILENIE NBRSHE EekchBSde Wad t&'t&fiirnngréBH k%@mn‘i‘»sar‘i‘d BF&Qn free

in one peak with a retention_vol ume ﬁ%
cheicPE JBTIERS Pisdtie (FEEBMS o3 VoPLATEIo0r ™ 'H%e‘?IBEoﬂgétf°ge"
Cofpati@t)eriol wgousurce that i Beis tisslectwsse | impkiumg GSH-mediated

Ctr{g\éloc}éur\él%i |9\‘ﬁ£r‘38%ﬁdcob&n‘i£‘éo§sagﬁ% a&gj)oﬂsﬁépgfss(ﬂ’ur{@that

bisSpécifirc ac nonone
th¢rgGs ahh@ptg@werlatq%hﬁtﬁﬁ'atﬁdsw halt malgsylenpicbanges s incubation
W|§jl"2§ nﬂ\gggtﬁ%rlﬁ?fre@@dhw&mfeia@%ahge E’r%ttvsﬁﬂiﬁp@f ][Saﬁmlf(ﬁgure 16D).
enden as . _exchan nore effjci
SoRH Hiruig 5 dopa SaH o EATChgY 08¢ Gadhotedl B o 1Fin tne
abbérgieedr priesercg@fi GSH rmdperwaafam:e befmadsherecageatrg . (ESI-TOF MS).

Fn‘hg% ga%tuylgs ac{&ﬂta'iu?%]'#ﬁ)' g‘r?/;%f Jfg%c'hB%BY I!Joc%nqx/e}‘tg%gﬁ%l)wlated

were m xe centration o
ovarnigtiomthahdHi Mtalyeasiddse fh(Ptoé'@I%c'?'ﬁ@“%Eéﬁt“&- iBY, aflgtesg, The

NetriBs P fsantbidd wereA@%ElFteJ bRMNGRIduithaurdLe pwhtees, agERIdS USA)
W|'\c,\l4ear eBE}-leCSSt eld7ug'rf1 Iﬁ’]lx 50 mm column at 60 °C. Five pl was injected and eluted
with a gradient from 5% to 95% eluent B. Eluent A was MilliQ water (Millipore
Synthesis A10 apparatus) and eluent B was LC-MS grade acetonitrile (Biosolve,
Valkenswaard, The Netherlands). Both eluents contained 0.05% formic acid as
organic modifier (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. In
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concentration in incubation mxture): L-cysteine was

fromSigma (100 MM, dithiothreitol (DTT) was from
wE2@saw3fd0 mMV), b-nercapto-ethanol (BME) was PCDDK2008/000124

Biorad (100 m\V) and oxi di zed gl ut at hi one (GSSG, note

that of the panel of agents this agent is not

reducing, while all others ar8&9 was from Si gma (100

mV). The m xtures were incubated at 37C for 24h and

sanmpl es were dr in PBS/ AT, i t . . .
eaphanaae] 715001 RO B sts Aok dre ALy ot win 5 fups mix
(Adifens I’Temotdgais shetaaddiat, iUSA).oflassSideatra etehe decopdtalotarigby using

L A L S e

3.2(Pruksx¢hange and the gener atl on of bi specific | g&. |
n C@@JF@&BE sH&N@ltmecﬁbfrh&eé'lﬁc\hélghtg)bfw@sﬂdbﬂﬂﬁ@dﬂmkD) and

ISR 48 (G ARG IO Rd) HiF (O8RS e obooe presence
of IGEBA{REP205F)) h@veveGra remdpéakGaiti-@-mase rerrespredingutid a Fab arm
exEIl;]aq‘\ é‘trﬁgegﬂlé rlzg?@é_rlehn(lﬁstﬁkﬁ Vl%l HH@e|0,fna7'|5 %rre{p‘oﬂ@éd to the

concentrati on ch anti i nal

expefieemasarf 8t bFPeSHiq JsEGFRIC aFHBOqﬁngvlq&?%@rmfé?f@ the peak

heightd At @d fis 3pgéetfz0lit 24tndapel é?samt@ﬁ tm&r ehelragpecifiv antibody
eCI fi C concen‘%ﬁaz%t ons

re%?’é"t?ﬂsggu?\g’g tﬁ%ltgtﬁgc,alg‘ﬂ’%ds Py §h XYLt &y a random
exuisangg whichanedenedreqellib8am viAtrin Rhihgugssay an ELI SA pl ate
(G einer bio-one, Frickenhausen, Germany) was coated
overnight wth 1 nmg/m (1 QO rrvaeI ) of reconbinant
Examplaci4-| Relyrloaghimmyytogielmtins, frogs Rhtesys gnonkey (gnpdqther
spéResyagdieitipatel MEFabl ahmPRRtRang® ob Feemnbidant Alihan 1gG4
%’% es were diluted in PBT/0.2 % BSA (PBTB) and
a8 e¥%rred to the ELISA plate (100 ni/well). After
i ncMiettiresofawoarepbrabipasthakean (BB antiradidsoiig@4 GR2ALANGsIgG4-

Etﬁﬁ z!sonfb’%ﬂmo@&)"'ﬁgre( iRddbate AR @gstw @4%@@#@' ﬁdu@r&esence

e was washed tines wt
or %e?ﬁﬁu% Pyfigd. framat%?@“ﬁﬁﬁ@é“ 6H%ﬁ“5a'ﬁf’i“ffd€1y(62?32d§¢\‘BF"2ees
(2, (@Urfo&fbigbdsagxahkks/ts tmoam i hor€D2£hcar$W|r’(E:)d)y Aid8an IVIg. The

fou%aﬂog €s?ﬁcmct aerggba |e§1 tp aL{ge Sarg) g glg%g'en\&%@%r%Qw%td in a
sapgwich | BHGAY pisc deneritieddyabpee o“idsiéa)ndléd g0dt, t mebhil aanel sheep

.mvmog@ﬁmﬁg wrk kdB&d WithR ;P% fol lowed by the addition
of 100 mM/well of a HRP con ate oat anti - mpuse |

(Jadlesen ! TsRasHbebdIeEs PEBkD PR CeaI RS gagbare to
hudSh) pél‘]?clc&lallﬂﬂ@&nd@lbmthin@I’(I\'!IQ) PBHF‘Bnaaitﬂllti/ rroublaidit (Ihe akcHahge of

Fa%e% gs?loliﬂ‘rl trﬂllét eeScB :‘:t{un%np a%g%og’géagﬁr vi r%o tpm ?re%m\%e of reduced

on an I'scar ded and
glytattng. zhrtsurn@@smatha PETPonent Of Hyespsmva@ﬂ'@huhoRéé'ﬁ'élpates in
Fab #ONO&hfge. @ABdds immunoglobulin, presumably rhesus 1gG4, can exchange
Fab arm with recombinant human IgG4.

Figure 17b shows that polyclonal immunoglobulins from several other rhesus
monkeys inhibit the exchange of Fab arms of the recombinant antibodies in vitro in
the presence of reduced glutathione with different potencies. This means that the
component of rhesus immunoglobulin that participates in Fab arm exchange, is
present in different concentrations or that the component is not present in all Rhesus

monkeys.
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Mannhei m Germany) was dissol ved in ABTS buffer
(Roche) and added to the ELISA plate (100 m/well).

WA b@SHLI3SA pl ate was i ncubated for 30 min (or PONDERNSHN00124
desired)at RT on a plate shaker (300 rpm covered with
alum num foil and the reaction was stopped with 100 m
oxalic acid (R edel de Haen SEBl ze, Germany) per well.

The ELI SA pl ate vvas left at RT for 10 rrinutes before

t 405
i oD B SR ety ey S Peddfint BeRy &gy 6 Fhoniey
spacies tmtbers dh(mwmdee,mympmlgep@nas' welumtmmnnmlowmes from horse

anﬁ‘u&MH f?lhf%ft thﬁ@%cl%%é of R EQ%O%Q'&J%IB h§ntparr@t%§@|€§m vitro in

bsénce, of H.  Fab arm exchan
they Presseesy of r?ﬁtﬁe%giatawnsfw'ﬁgeffea?ﬁt. RRSEAGES: TRiS %ﬁérr’s Fiipt the
cobrp@n@iteHRt Garttipabdts eNESH ermG&tI.haﬂ'gb exptesest trhehedynepaties at

range of H nediat ed_exchan e of I I
P roMRRER AT aboin 8 b sty ool Bl Ry e or
theisachange ah&bly ze'nex)& Wenrsombipent ampediasdn |viGH iredey pr\ﬁeerree of
re@gég%hﬁ idnBGHRALRE sMbkd). GSH in a total volume of 1

concent ration of each antibody was 50 nmg/m ;
the final getratlon of

ExamRIE A5 B MRS EE TR R e SEA R P e Heriaih Taypents
and m?eragIgfeﬁ %Eaﬁwtgrvﬁ%@ rItwébef%% AG1 WthVH €464 B6re-hinge (IgG1-
iC concentrations
creghy S ub Cp Jar s it aren s HahT TRt and 1 Cpsc-
CHHQIgEBIl)J e exchange. To explore how reacti on conponents
I nf 'é&%”&?ec@?je ePIE&Ié %{a@d Jeg% IH@J éu é%hg mutatign in the
exchange exchange Was i ‘n" P8 serum ana
hipgeopllgl ¥ reiag reﬁfeﬁwstl pyBedef ilnad antaRipie( (28ef§po2dy EU
nu@ﬁﬁé’f'lﬁ§$ﬂf%ﬂt|5&fv é‘rﬂInchEiCQslldlIéIstTlﬁbggéh‘l@%@iﬂbﬂtﬂagﬁﬁjmﬂet' 241 in

th%é@?éﬁnﬂ?%ggéﬁéﬂahg‘bgr iiﬁ} “§5§ lf{)g%ﬁQ r{ﬁmrduggsutlon in the CPPC

cofeShingesequencal) | Mntagehic gpumterﬂ,e‘@)wardi ahd wanersd, yeré designed with

VetchtNTtI F\ggz%chsloan optimumin GSH nedi ated 1g4 hal f
ecul e exchange, as incubation with 5 nM GSH clearly

r es 228 Muk PripgEr: 8R@HBMYE22hat with 0.5 nmM (Fi gure

16D)p226s MuX bHiner-8f sSEQGH-sB3 and | g&4- CD20 was
i ncybated for 24 h in the absence or presence of GSH

and | RiadSudwenmesF rass spect ronetr (ESI-TC]: MB). Fijf
i a?nﬁT'@%Tge“&ﬁ‘%‘M‘F SRS oA TR T e AT AR T 2o

degl yc I at ed over ni ght wt h 1 mM Ngl yCOSI dase F
( Ro¢HE*4S Myseei-Bs NL BV, Al nere, The Net herl ands).
Sa I5ef§T ATE TR AL oA geet e el oA T DPLOCAR 4%t er 3,
MIford, USA) wth a BEH C8, 1. 7r 2. Ix 50 mm col um

at EWigkehange\aitendiragtas Mirageness éfgg?sé'laﬁﬁgé‘aewwﬁﬁ uged to create

th@hadicntrda Mo Tie S&Ymelase Bhailredetit® (RCRY) MScolvkibed Qf 5 pl
pE\E@(EFra &é\{lvllllilyﬁrteemplate (~35 ng), 1,5 ul mutagenic primer-forward (~150
ng), 1,5 pl mutagenic primer-reverse (~150 ng), 1 pl dNTP mix, 5 pl reaction buffer
(10x), 36 pl H20 and finally 1 pl Pfu Turbo DNA polymerase. Then the mix was
applied to the PCR: 30” 95°C, 30" 95°C (denaturating), 1' 55°C (annealing) and 17

minutes 68°C (elongating). This cycle was repeated 20 times.

—
<

DNA digesting and ligation was used to create CH3 domain swap mutant
constructs IgG1-CH3(IgG4) and IgG1-CPSC-CH3(1gG4). Digestion reactions to obtain
CH3 domains and vectors without CH3 domains were as follows: ~1500 ng DNA
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Synt hesis Al O apparatus) and eluent B was LC- M5 grade
acetonitrile (Biosolve, Val kenswaard, The

wokikardsnds). Both el uents contai ned 0. 05% f oP@T/DK2@8@00124
as organic nodifier (Fluka Riedel-de Haen, Buchs,
Germany). Tinme-of-flight electrospray ionization nmass
spectra were recorded on-1inefbn a m crOTOF(tm) nass
spectroneter (Bruker, Brenen, Germany) operating in

the posifive | de., | h 00-500
B OB LR LGRS A0 e, 2O, v
SallAgnd én0 dddednol agbiesie Fand ail ClraubatiddSA) 378Eder QQechNrPawaS

oG8 ATSIRHELNL o 1 B T S G e v

adgded t aag e'r‘@UbaSeQ'S ?tBr 261 Yor BQyurfEagmeEntsh NRse t pueftieqtpd to gel
eldPoBRoHedE owaliog hhSroed gélg%@memﬁi%nﬁdé(w}a@ﬁ&ts were cut from

th%ggﬁ%ﬁer Fiﬁl‘a[VH') etglgggérﬁ{:gls%qpv%%éﬁunc hgﬂﬂ ﬁéﬂgath)rr]ﬁqt Smeerll&am)

The@REpeakt WatltSaaDindekick conteispd hafsh GHB doraiFalfragment was hgated

>|nt%x§é@@g% oY %%'E'cﬁe%%@%ﬁ—@ fohBwing BrQ}eduTQ'e 1n9|V?édec§SDNA

respon expected nass ecific
(Sa'MSaDEEFWeeB@oP%ﬁTﬁl%W”d RSOV ERSO o (A SRA0E inert, 4 u
Lid¥eé-ghbredf otheqddSappactirakt it @uotal b@iené iohaed. Ligation was
the b| S §p| fic anti body represented 50% of the total
E/) mass in the mxture indicating a random
excrm\mgelga#tloc\k(usmao”&wd aed iiindIH) ianehligation wagssewiq seplace the

h&f B bé:q} Y & R antiBBHEOG R BiHei Jf HEE 1L RIS We, following
VH STy o o,

her species) participate in Fab arm
a %Wﬂﬁ%\?f@ée%‘re P%é%‘ﬁﬁl nant human |1 gG4 anti bodi es.

M XtAlHo?%n@ﬁgGMﬁwdteﬁQ@Vé@l rady: 15G#e22Bpedv. antthisoditast, the hinge

TR i A i B ) 9% o
praltmaemtgﬁlof:orpuhmbe)edsntmmgl gbuageresfsr avasr peréarged using the
Jégﬁ%\%xée (P91 SQ@%(W%%Q%KESIS %PQQPE dite nﬂﬂ'n"éﬁe\t‘&am, The

ons, horse and sw ne or hunan IVI he 'f
Nesheriangplageprding ?fﬁda?@gaﬁtwr%agw'rsﬁw &@ﬁﬁwga Juied the
intfBARXbE Of b IbileéntSad@Wwrobl el tSAC&"EanGISQIdCbSd.HahlﬂIEQeneSIS Briefly,

s 0ok, @aBidp pufan s, uf 3R ucRBtlie S9SRGURAG0B Wb, 1 v
ohghmtmﬁﬁayl’rpwm(éﬂ%upmoﬂni)nbgﬂ dBuP inmx, & ehRaicksalgion, 1 pl

plmn pohvabedid | mngghﬂ’)budd'eﬂfnb@b Vi) pEN bhRicktion entitled
|I|tyt0|nh|b|ttheexc e,
RGBTSR A AT BRSNS [Nt (P8 BERh s filed on
28 REWIQO06 GROIDK (Geawntab) Thnd 1B @hsitraatF aNAgopomeate wére mixed
in ah:eﬁtll%ollu Fél‘%ﬁ%“h'a?nr{)hﬂﬁcﬁ &/'itﬁlap?érgﬁlehpT %Pwo@y{j@r 96 (Whatman

ange resuna esus
Bipmena, @gﬁtt@g@maﬁg@nany, product# 050- 01) using an 18-cycle program:

denaturing at 95°C for 1 min; 18 cycles of 95°C for 50 sec, 60°C for 50 sec, and
68°C for 10 min. PCR mixtures were stored at 4°C until further processing. Next,
PCR mixtures were incubated with 1 pl Dpnl for 60 min at 37°C to digest the
pTomG42F8HG vector and stored at 4°C until further processing. The reaction
mixture was precipitated with 5 pi 3 M NaAc and 125 pl Ethanol, incubated for 20
minutes at -20°C and spun down for 20 minutes at 4°C at 14000xg. The DNA pellet
was washed with 70% ethanol, dried and dissolved in 4 pl water. The total 4 pl

reaction volume was transformed in One Shot DNH5a T1R competent E. coli cells
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Fab armw th reconbi nant human 1 g&4. Figure 17b shows

t hat pol ycl onal i mmunogl obulins from several other
wo b@sus3nbnkeys i nhibit the exchange of Fab arPeT/DK2008©00124

reconbi nant anti bodies in vitro in the presence of

reduced glutathione with different potencies. This

means that the conponent of rBeésus i munogl obulin that

partici pates in Fab arm exchange, is present in

different concentrations or that the conponent | S
(Inyiteeqeny Brefaa) ThepNerogEanishIae5EdIpp ofgr &€ 18 %fﬁ%ertsh'ﬁftruc“ms
(1RGP e xt fﬂmgrvmé @hutkd os LbngBesanie(Ld) agérhgatessokiining 50
oo RESHERRSPRRR poRl TREDAES, cE Y IOTRLARHE o5l Boctero
coem@h@ﬁga;nefewﬁan arrrs of the reconbi nant antibodies in

V' kft@r sdted Sy BY ESERCECOnd RAHE @quﬁbé'ﬁé%tshhlﬂm@sm ihRhe loss of a
f erent got encies. This ans

X A b ST 1asaBlaler BE s JECiEGs RO BR hytgtion wes
cohhﬁ‘&ﬁj spelNESseatJerdjlrfg‘ eTe rhedko ifc ant urantanbmls ext@E anytations were

intrroaJJ (E tﬁ o'J;eab o F Sﬁﬂw@?@% ﬁﬁ’%és” ré;u%qcéaoaﬁé faEF tgPQoMéﬁﬁ any

exc an e o0 e reco nant anti | es
additiona mutatlhre,s ghe Siaplcongrust s ced eyl ATeaHizb#e2 BHAeY- not
SO e CXanpi € 35, Hal f Tl Qﬁgoes%mge o hinge
SHEEPESH &Y U ERIFATB CEEA GEA TG CUUASS TAA GCCANC EER GG UEICESC
( e nd2493¢ wth an g4 core-hinge (1gd- CPSC) and
SEYBPrESRe @0 MY dCCNRPCAREcETTS GCrIAZ c At d IGETGEBEATGGGGG |
(sedip §OSEH3( 1gHA4) . Site directed nutagenesis was

used to 1ntroduce a P228S nmutation i n the hinge of

| gg Ré&th{bﬂwtaﬁggh@dd@s @orﬁfﬂneéé don8&u@s tv@?@'tr%h@ie(\t%zgxpressed in
rerers (0]

E
HEKG S Gl T anis e BoaPiet JACSS S Roies D eNPEygs (Coring)
witkabes FectintgpnvithggenpasltransfbetionIrédgenn. SEQ | D NO 19

(thitd BR&W.L{;%.M# he L@Pgﬁf.&@ ﬁtuB‘éJ‘&e(ﬁ%Qé@féC%ﬁ ‘expression

Mut ageni c reverse, were desi
mediym, GEBE ﬁn\nrrpgeaxu%r@e@atmo) were suitaied pyithn@ A M Gt at 37°C

foNG4%2 aR@2§§nMéC§I_ T\Qéﬂem‘éﬁfavﬁa lﬁEﬂﬁﬂTNQnZ&/hREZ&& Mﬂi)specmc IgG
rimer-
co R RATCY FE RIIEA S MBS RIS - R
- CTd9GA &4e0T ygyrOyahgn gEAYEgTgQAgTTTTgTCACAAG- '
QuI qé@{]gr}gﬁl%ttvﬁt@ig@‘c& _gayragenesis kit (Stratagene)

- IgG1 a-feldl CPSC with IgG1 a-betvl CPSC (indicated as IgG1 CPSC - IgG1

CPSC below)

- IgGl a-feldl CPSC with IgGl a-betvl CH3(IgG4) (IgGl CPSC - IgGl
CH3(1gG4)) .

- 1gG1l a-feldl CPSC with IgG1l a-betvl CPSC/CH3(IgG4) (IgGl CPSC - IgGl
CPSC/CH3(1gG4))

- IgG1 a-feldl CH3(IgG4) with IgGl a-betvl CH3(IgG4) (IgG1l CH3(IgG4) -
IgG1 CH3(1gG4))

- IgGl a-feldl CH3(IgG4) with IgGl a-betvl CPSC/CH3(IgG4) (IgG1
CH3(IgG4) - IgG1 CPSC/CH3(1gG4))

- IgG1 a-feldl CPSC/CH3(IgG4) with a-betvli IgGl CPSC/CH3(IgG4) (IgGl
CPSC/CH3(1gG4) - IgG1 CPSC/CH3(1gG4))
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the pEE-Qd - CPSC nut ant .
(PCR) mx consisted of 5 M pEE-d a Betvl

WO 20081814363

(~150 ng),
1 m dNTP m X,

(~35 ng),

5 n

DNA

The pol ynerase chain reaction

1,5 m nutagenic primer-foPGEDE2008/000124

and finally 1 m Pfu Turbo
mx was applied to the PCR 30" 95C, 30" 95C

(o1 dnober gy Cree Ry WE R ke 8 g lerh bl e -

di gasG4mg and ligation was used t o create CH3 donain

ks e

dondhAgesanis S\P@b’?ért

1,5 m nutagenic prinmer-reverse (~150 ng),
reaction buffer (1),
3pol yner ase.

36 nl H20
Then t he

stion reactions to obtain

atypn

S% %:g;%q WtCH:%(I g&) and

HheseHo HoREPRENoRS R GSH). hal

mdIedI©Wrchard® 8Ecurg WDBH\(OEEE# Ghe Eﬁl’ﬁbﬂd;espﬁﬁtaﬁs @Bsﬁsmdmge and

bogm@nﬁﬁesﬂb %ﬁj&gﬁfat“ ag {ﬂgi%?#e 8913235E S it Incu

xch ﬁ&%.})&cu rs

betweer341 IgGANAcIaage p@ntamlr@daralmﬁildlmgee@dvﬁgﬁﬁ VEO“Q'ECU*ESO

—ef ore 1 mn Iﬁ‘i”vbDi culuI Gj W{I JIII VF ?dl Ju{gG?EPsWa add
and i ncubat At 37c'Por were subég E%ﬂ
to gel el ectroohore5| s _on 1Co é&%{}ggé) eI s wjth | SPeC/erslecs)
1g@tvti di um|bromt de. [Fragments|were cut From t he gel
Igéﬁnw'er Hiravioret [ight, and|[dissplvedjusing a DNA
i on kit (CAversham)+ The-pEE-A-w—Sal-H/-Sanrbl
lo§u@Rdes4t ont ai ned ||gG4 CH3 domain) fragment” was |l i gat®ed
1gé1deéc PEE{A -Wwt  and| pEE--G - CIPSC usi ng fol | owi ng -
procedur¢—I nt—tenptate D (Sal 7 Sapbt—drgested
?qEE— -w and pEE-|d -CPSC), |5 m “Sall{SanDl indert, 4
CPRY/3(g%Pe-it buffer, 9 M HP!O and 1 |igase iln_a
Ig¢4cnzadpnaml umre of 20| M .+ Ligation was stopped affter 5'.
DNA—drgeshingdT (UST g Apal_and Hi ndi 1) and i gation
was usgdhhQ k&R ace the VH domain of the bet v 1

nmut ant“mq JexRQrﬁjge‘?Ssox")“h that of pEE-&-a-feldl w,

foll Wg t?r procedure as above. Al so, one IgG4
mut e~ aée'"?ﬁéese (4- S228Pnew. I n this mutant,

hi ngéej effest é’lﬁlqﬁ"kéﬂnwtﬁaéﬁﬂ‘ 25 Hyg balf implegye ﬁégﬁ"%rfrom the

dife8nt PREdntd @Bs tdeted UsivFQ, DR, NQindl 90 NN IGSH. [Exchdnge was tested

Ej'{@gtﬁ ﬁg)re hi n e’)., Site-directed nmut agenesi s was
UGS FHOY MSTRYUeRe Qui ckChange | | XL Site-Directed

Mut dgemesel 1 KyttwitiStaGett agetvé wtAnst er dam The
Net Hgéh%ﬂr@%ﬁ vﬂ%e{ﬁjdluga -beni g manufacturer’s

i nstructi ons hi s net hod i ncl uded the introduction of
a-silpehe- féB@ter(fsﬁmﬂFh gGla-pefvd GPekn for successf ul
nut agenesferil dBr3(Rfday with 1glG1 kOvetv E@BB(19G4puf fer, 1 n

M e e e M

oli
dNTFoniGSH @npént@uiook spltatli M, the resulty tfigviel 1pAoeaniipredHdiose

ddstitbddhndle) AtARs Gt ResH | RalPFoidRR! ke@ahed Rt bikh &den in the
reaction containing IgG1 a-feld1 CH3(IgG4) and IgG1 a-betvl CH3(IgG4).
Size-exclusion chromatography was performed to exclude the possibility that
bispecific activity observed after GSH mediated exchange of the appropriate IgG1
mutants was the result of IgG aggregation as described in previous examples. The
heterologous Fel d 1-Bet v 1 cross-linking activity was detected in the fractions

corresponding to the retention volume of monomeric 1gG.
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"Reconbi nant nonoval ent anti bodi es and net hods for

production thereof", filed on 28 Nov 2006 (RO DK
w¢Smanpss) ) and 1 m PfuU tra HF DNA pol ynmer asECT#KR008/000124

mxed in a total volunme of 50 mM and anmplified with a

TG adi ent Thernocycl er 96 (\Watman Bi onetr a,

Goet tingen, Germany; product*®#50-801) usi ng an

18-cycl e program denaturing at 95C for 1 mn; 18

I f _95C f .600C 50
oL Lo e s SUBCH % ool 0 o
to prcrzegs ina-mdliecues, RTR-lifectesidess wereeintrndudsdtietd tWEtCIhBlOf IgG1
at os%nl‘, tF%.r d@f’gr g/véaetn % 1 I?qFégs&hEJ‘@{Z@anﬁﬁgf@ 02E or

ector and st ore her processi
P3P 8la dpytarons kfttun?f@f%végfebrt@cﬁ'-:& Bt NQ: 17 twers 'ﬁ’fméuqvgN&A%‘e CH3
do%ﬂw 325;(3‘711 usihdaeplci-whauhated dr PEE261 Wit UFESd atas- 2 Qerfiflate,

m nut es t 14000x e
baﬁ'@‘l’ |ye$ a&%r'&g%ﬁgﬂvew%qﬁeo?’@% e'f%%ﬁof“u Aol 4P 3%0 kRS e inco
thel ICsiSadovain ioh IgG INCPS@ ueing thd @EE-G1aCPSLC hetvil e EEd@L-CPSC feldl

aSEQeH'LHFat ?cnﬁ{l.@éd@& drind efoﬁﬁé}t:l aﬂh"‘r’é@erg—é Rvér@ RS L& with

[nvitrogen, Breda, The Netherla 2
Veskos oY1 él |Aﬁga'156 lt%élufﬁéfﬁ*ﬁﬁ‘”éetsﬁﬁ iregted rﬁ%‘ftﬁﬂ%rtqsﬁd‘ét (Str tagene) was
usbd RY ickdRQ R coMdBaticts. CR%hd)rﬁbM@tﬁtearﬂlbaHEd fedn lthigdeacdistri@niwere

LB | at e
b R B e A TS g 125
erleanmgers alCocuh@nwgh m&mlreﬂndémgenmaﬁeﬁfa@&@emrﬁggfm}i The
fo|f09J r%qymleg?eéw mrl)ﬁ@gmzsrﬁ.‘@)%&@? @:ré@sltyl'le r@@ﬂ'et)(pfferé’;s:t)hemedlum

estion was | sal a o
Glﬁﬁeﬁpv'ﬁr@%'a@éw% o MR GBS Wﬁh s °E onfitt frelf ﬁy37 C for

24PN dSREAPRRCN &G drdwn GNPBS-ATS inn@hitinwan{tedpecific BG concentrations

WAk roduced t he | e HC codi ng region
W%??éﬂ'ﬁéﬁéé{?sgh rer\{'é’tusgé?]rp\éfg any addi ti onal
mut dgGbadeldThve ViltntaJIG4ca3h@tM‘t uét(ingicgtadzasddGl in Fig 19B)

DTO'n[;é? E&é%@%ﬁ%%l@\%.thﬂ%@a@b&awtmncew %SlgfsliQﬂﬂSU"Iﬁ$% 19B)
constructs were transien ressed ?HE %G?' 8%565
30 2 B I e BT S e o5 f961-ERb{G in
erl Wrs (Corning) with 293 Fectin (Invitrogen) as

tra n I Wiy tyre

uan? ‘aeanthp%ggn§ g}%ﬁe"é’@% 2%?%@%%3 nd?éamd as IgG1
rredﬂ!?ﬁﬁ/@lﬁ@@ InRig 1PBYen Cor por at ion) were i ncubat ed

Wit ri%§1 LM 1GBey with Ggbara-B4ty 1 and (indibake sVIRGE --I3BGNIn Fig
in PBS-AT, in which the (bi)specific 1gG

con&@ﬁ?ratl ons were neasured as described in previous
exarr@d;es;-fadu gEBbrawital IdG4vd-betivil hwtl (jedicated etsvligGAEK292R in Fig
feIdI w with g4 a-betvl wt - 1gd a-feldl

dgw?th |gd a-betvl CPSC (indicated as | g@ CPSC -
|gGIg@Dg@‘eﬂy§| QWZE with IgG4 a-betvl wt (indicated as 1gG1-Q302E in Fig

19B)

- I1gG1 a-feldl P328L with IgG4 a-betvl wt (indicated as IgG1-P328L in Fig
19B)

- IgGl a-feldl CPSC/K292R with IgG4 a-betvl wt (indicated as IgG1l-
CPSC/K292R in Fig 19B)

- IgG4 a-feld1l wt with IgG4 a-betvl wt (indicated as IgG4 in Fig 19B)

- IgG1 a-feld1 wt with IgG1 a-betvl wt (indicated as IgG1 in Fig 19C)
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- 1gd a-feldl CPSCwth Igd@ a-betvl CH3(1g4) (194
CPSC - 1gd CH3(Ig4)) - 1gd a-feldl CPSC with Igd

W@ 281 W35CPSC/ CH3(1gA) (1gd CPSC - 1gd PCT/DK2008/000124
CPSC/ CH3(1g4)) - 1gd a-feldl CHS(IgG4) with Igd
a-betvl CH3(1g&4) (1gd CH3(I - 1gd CH3(1g44)) -

lgd a-feldl CH3(Ig&) with I @ a- bet vl
CPSC/CHS(IgG4) (1g@ CH3(I1g&) - Igd CPSC/CHS(IgG4))

Pl ffﬁ?@é S%D g&%éﬁ@%&%&% thaes @1 as9561-cpsc in Fig

CPS@HCH3(1gA))- 1gd a-feldl CPSC/CHS(IgG4) wth I g4

a-b / I Q(Elj(; I -
a- bgéﬁ\’q §m%§lgng%§/\§g qIN bg%’%gtvrleg@g%%?hgb\%%ed 5 fect
und&H3Gesie Aihi¥tro condltl ons (0.1 mM GSH), half

nol ?gcl;li 8- ftemlmsgmrﬁﬂ [rel i3] Mtlrelng thrhebéxmtbclwgc;mM(m)esnd.cated
contain in oth anti bodi es contain an
IgG&’SII? c%?_g}?%?g%) '”%gq ?&?bol ecul e exchange occurs

bet \lg@h agfieldilgRZB8M etk Ub6 1 cobetal 23§Qalindicp@d B Agel-&3d8Q in
| 9G4, | ecul es: - = no exchange + = exchange occurs

= Ii'r%\l\%gedgoexchan%wjaﬁo Bl ank square = not tested The

ef f dg¢1 Bffeldbif283 tleﬁf-uaot?ﬁ%hK? Hﬁ‘l"FatﬁBIaé&QFF’eKzng in Fig

exchgcge fromthe different nmutants was tested using

P st AR M g PG OR  FREY gigbee b

a- b&tvloat - 1gd a-feldl wt with Ig&4 a-betvl w -

I G | t | e in Fi
9 I?d fa%%h%g??wﬁwh IBGllgaq)et@I *@gtkgl_ (i %’@SE d akqgin P3éBL Fig

a félgﬁp CPSC/CHS(IgG4) vvlth a bet vl IgGI
CPS@E&H3 (b GAPE CRE28Stk CyB1enbetat iGPSE/KED2RAifkidakdd dhimG1-

res%gm;aéglmﬁ %confi rmed those descri bed above.
g | ecul e exchange was al so seen in

t he Ig@hetfeldh vaorithalaGdragbéty Gwt indishiid asHBGH(TGHY 1A%

I gGTh@'rQﬁIIﬁél sh%gl Itggl)nder the tested in vitro conditions (0.5 mM and 5
mM GSH), half molecule exchange occurs when both antibodies contain an R at
position 292 (Fig 19B+C). An R or Q at position 238, an Q or E at position 302 and a
P or L at position 328 do not influence the inability of and IgG1 to exchange half

molecules in this experimental set up.

Example 36. At 0.5 mM GSH, IgG4 molecules with a stabilized, IgG1-like
core-hinge do not participate in Fab-arm exchange reaction of recombinant
human IgG4 antibodies.

Mixtures of two recombinant human IgG4 antibodies (IgG4-CD20 and 1gG4-
EGFr, as described above) were incubated with 0.5 mM GSH for 24h at 37°C, in fhe
presence or absence of an excess (10, 50 and 100 micrograms/ml) of Tysabri or (10
micrograms/ml) of Mylotarg. Tysabri is a commercially available humanized 1gG4
antibody containing a wild-type IgG4 core-hinge, while Mylotarg is a commercially
available humanized IgG4 antibody containing a stabilized, IgG1-like core-hinge. The
formation of bispecific antibodies through Fab-arm exchange was measured in a

sandwich ELISA as described above.
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Si ze- excl usi on chromat ography was perforned to excl ude

the possibility that bispecific activity observed
w@rien1GSH nedi at ed exchange of the appropri at BCT/D&R008/000124

mut ants was the result of 1gG aggregati on as descri bed

i n previous exanples. The heterol ogous Fel d 1-Bet v 1

cross-linking activity was defBcted in the fractions

correspondlng to the retention volunme of nononeric

" e?g@ﬁ;g% gﬁgts]h Ys %mtng ﬁ% [{q'esenée %Pgﬁ eXQeStS St %b#%@a‘?\ge of

PR 10 ex
Fahakhs nbt@outmbmwg@ﬂzq &l E@%laﬂub@'ﬁﬁe\fvés inhtbiteduced

| nt I t+HRO Soft Bt f
G@lgtg% Ze83s @ws E?t i th(% rﬁ"egérﬁg of 5\8 fé@'(lzoé;s ﬁfg ;@ﬂb\”ﬁ%t not

?%&rl%ﬁ'&a”@ﬁtﬂ?ﬁéPérWéf"éFh? Gecgmy e ﬁBZ 7oy %%Ffea”t'md'es was
|nh|ﬂ|téd)duced in the CH3 dorml n of 1gd@ using pEE-d-w a

Bet 1 |
bas|¥r§f| le%lagesdéscr IYBgd'I uotvgot li\/l/g%ta@c\;/ E%C%%EF\U‘ the Fab arm
exphargeiredctisnsand| tbat & stabdlided ddGil rikke cerrehigpl daesrapthpasticipate in

FaIJQaQn SRR desinigr IBerB EBndRiodsFwiterd 8tsvimmossip iFaddd: CPSC

feldl as a terrpl ate. In short, rrutagenlc priners,

fo d

EXRRAIRC 2710 ol R IERAIR LA 08, P 288 Eh SRR Eugts, with
additiondlagetatjonsast position @92r eat e t he const ructs.

o SR BR300 e G S SRS A B Do
(sfecitie] fos EQFRYt @8l {OJNA}7 0 (spaciflRtoriD26):| @nigsitewish an 1gG4 core-
hi&g@@@é{‘—%ﬁ%&? l?\ﬁg’ ch8donthi n( bRy HL?%Q)(IQ%SI élﬁ?@&é@)cédoofbc—; 1-

oW ng m xtures of unpuri

CPS& i @d (QFI‘ EXBRCES 'Z%h'éliﬁrf%ggl?’dﬁg'ﬁ%d’if dﬂ?l was replaced by
th&dBEF gt & RER.. GORPRIBkEDT theefolowing Ldaatste@kthmeFscpsc

e Ly MRl Tt e
an\dmCHf-ﬂBSQBSG(II'QSG@eSCH bed i n previous exanpl es eje

t t
@fgé difen é‘&ﬁs%f rﬁ?ﬁﬁ Kb92"ﬁ ktéﬂﬂcir%‘ &‘?jogg of MP328L
m%qaﬁan%@?ééEasIDl ey 1opaere 'ﬂtrtriilgfel@@e CH?&@“%{‘ Pl the pG1f-
ZF@H%I < ¢éﬂ:ﬁg) gg‘li hD$%@t %ggﬂm&sl V\Ibas(damﬂlaﬁaﬂah‘lbae above. In short,
- I N -
BT Breret Surar f b u e ianey e YRk T e 10
QuickcRrampel 9iB)-diredtgd matapehasis m:%@amgene) ¥Gs Bbsdsety|cregte the

Co%tgggtgat ed as 1gd-R238Q in Fig 19B) - 1g@ a-feldl
Rwth Ig& a-betvl wt (indicated as IgGI K292R i

Fig RPQ‘B)"b'”a'I‘rg@t'de'leéleﬂm @@QEO\/\F?‘I’FW Y& ey W{pressed in
HEM D93 GalLth 3l GSOvel(BPIEtesi INUNQY or in 125 ml erlenmeyers (Corning)

with 293 Fectin (Invitrogen) as transfection reagent. The culture supernatants were
subsequently dialysed against PBS and concentration was measured by
nephelometry (see above). The following mixtures of unpurified buffer exchanged
antibodies were incubated with 0.5 GSH at 37°C for 24h and samples were drawn in
PBS-AT, in which the (bi)specific IgG concentrations were measured as described in
previous examples:

- I1gG1-2F8 wt with IgG1-7D8 wt (indicated as 1gG1)

- 1gG1-2F8-CPSC with IgG1-7D8-CPSC (indicated as IgG1-CPSC)

- IgG1-2F8-CH3(IgG4) with IgG1-7D8-CH3(IgG4) (indicated as IgGl-

CH3(1gG4))
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19B) - 1gd a-feldl P328L with 1g&4 a-betvl w

(indicated as 1gd@-P328L in Fig 19B) - 1gd a-feldl
WORBBNKBSPR with 1g&4 a-betvl wt (indicated aspCThOK2008/000124

CPSC/ K292R in Fig 19B) - 1gA4 a-feldl t with 1g4

a-betvl wt (indicated as g4 in Fig 19B) - 1gd

a-feldl wt with 1gd a-betvl ® (indicated as I1gd in

Fig 190- 1gd a-feldl CPSC with Igd a-betvl CPSC

SRS P BTG, Ul B S o o

| gGIgGCIEBEGAHA(IgF))y 19C) - 1gd a-fel dl

CPSUEIBEL ALl W deh A 1Behoiod CARERAGRE |i8tthed. a5 1961-

cated as Ig
a-f EPEC-RRBEYYD wi t h IgGI a- bet vl R238Q (i ndi cated as
| QGI BZ&SQGPBCH{@Z&Q@h rgd19mb8-arbel o2k MARawdtds IhgE CPSC-
é K292R (indicated as 1gd-K292R in Fig 19C -
IgGI bl dl @BO2E with Igd a-betvl (BO2E (i ndicated
as [1g&-268FTPECHHRRY gvittO9G 1- 7D CPSE-K20RYI(inPR2'®M asi Igk1-CPSC-
| gGy @ p)etvl P328L (indicated as IgGI P328L in Fig
190 g a-feldl CPSC/ K292R wi
CPSEIRESIR FoRASF SO Gt CEPERPRIE SRR fi7g 1961CPSC-
IgGékzng: ldl Wt with g4 a-betvl wt (indicated as

SRR T 3 AP BR g, ot

m)I EPeCeK292hange occurs when both anti bodi es contain
pos:?\?é‘i 2P§§dﬂst0<5‘3o’—2%2l~ (rFig%lQLBe“@bsc%BoBEQTnan?éd as 19G1-CPSC-

I on 23 Eat position 302 and a
at pOY2E] on 328 do not i nfl uence the inability of and
| gQ1gt 0-2e8atraagEs28alWithGaczb B EPE0-PERBIS (iedioated raaMigall -CPSC-
set ng )Exan'pl e 36. At 0.5 MM GSH, 1g&4 nolecules with
a st f“ru zed, Igd-like core-hinge do not participate
in Eaﬁ4dmeémﬁ61®@é-?[é8awt(i0¢1C@ﬁd eedéafrbi nant human | g4

ant iFkRj?dﬁ?Sshows that under the tested in vitro conditions (0.5 mM), half
molecule exchange occurs when a CPSC hinge is present and an R at position 292.
Additionally, the results show that a Y or F at position 292, but not a W, also
facilitates half molecule exchange albeit to a lesser extent. An R or Q at position 238,
an Q or E at position 302 and a P or L at position 328 do not influence the inability of

and IgG1-CPSC to exchange half molecules.

Example 38 IgG4 molecules with stabilized CPPC hinge can Fab-arm
exchange in vitro (with 5 mM GSH), but not in vivo

A mixture of IgG4-EGFR-CPPC and IgG4-CD20 was incubated for 24 h in the
presence of 5 MM GSH and evaluated by mass spectrometry (ESI-TOF MS). Fifty pl
samples containing 200 pg/ml of each antibody were deglycosylated overnight with 1
ul N-glycosidase F (Roche Diagnostics NL BV, Almere, The Netherlands). Samples
were desalted on an Acquity UPLC™ (Waters, Milford, USA) with a BEH C8, 1.7pm,
2.1x 50 mm column at 60 °C. Five pl was injected and eluted with a gradient from
5% to 95% eluent B. Eluent A was MilliQ water (Millipore Synthesis A10 apparatus)
and eluent B was LC-MS grade acetonitrile (Biosolve, Valkenswaard, The

Netherlands). Both eluents contained 0.05% formic acid as organic modifier (Fluka
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M xtures of two reconbi nant human 1 g4 anti bodi es
(lgA-CD20 and 1 gA- EGFr, as descri bed above) were

w0 p@sba3ssl with 0.5 mM GSH for 24h at 37C, i n PEEDK2008/000124
presence or absence of an excess (10, 50 and 100
m crograms/n) of Tysabri élo m crograms/m) of -
Myl otarg. Tysabri is a corrmer Bally avail abl e
hurranl zed I gG4 antl body containing a wild-type I gG4

ore-hin I
RSGIERT PER| GESanFBRY QTSR A e BTHRPI il 2aton mass
spéafd wéneKﬁcm’dédaohl-lhngen alinerd TORTAMass spdctipnepperc(Biruker, Bremen,

Ge%lngh%ogrheqéﬁjgﬁ géﬁvéaréﬂ feabang %a%%ngg§\§u5 esho-£06d m/z

escrlbed above. ure
scalp aasiinterriady s%'é%@tﬁé Vit E%W”E)GC@Q‘S(A@FG”W%W'O%% Isréﬂifec'ara
USfAf)t Mabs §E56E§ra0\t\le|teh@ecbﬁ%]métirw1t15|@29e Mb@hnﬁﬁ?fEhntropy aIg%rlthm
ant| t t t
wiihes B atpRaeks S solu e Y. SR RRE i et ar g,
exc fmoge 20A dhaiys ahats inothet breserse oefb maivhtGIED20new depG¥ith an
mtgﬂ{ﬂw&@'rﬁiﬁs%ﬁeg o tt—s% FabMrh b%bﬁ@é&%ok@@& aEMéa’f?rQé (145.7

not ot ar tICI ates I n arm exchan
kDadathe @ﬁvenaa%aqrr%pg'ﬂ%ﬁsh hed exnegtsd maR% ot She-Bintge “anti-

E@ﬁf’@Dmént%gv | 16 B@b@c|ﬂlmarﬁmbdabaatewéame~mﬂm GSH or 0.5 mM
VITro con 1 0 re used Ex

st o2 6Pt B arOe B e ienee’ adnaery bR, 3 1wt
likad diPPC Offiage mmﬁaal ge3- |&<le pUSi teigion 2P bSj madertot @xchange half-

B E 6 AR o 08Ty e 25,2

37Qspec:| fic for CD20) an 1gd with an 1g& corehinge
(| &b -Li§CVhandr Fuw afchiexditumgk rof sMepbinzddatiihge mutant containing

o d.l S / i . .
AT e s TR Tk s o
mixepeaced lg@E4t¢R0CHEIth eff@INEGIR,| JAA%-EGFRhi l0G4eE@FR-&8P¢ ninto
m"%ﬁ\]prj%* é&g_ré&eccﬁ"ocﬁdr QS%?IeQ%EreZEWnSQt dfeddent’ PBAEHEInts and

bIWIfIC Zapg@pjg@ @qg( @4§nt5ﬁa |ﬁ§lflsgt§8%:§g§fr®q§(:t%ve) using in vitro
exShirged wardures (REGBEGFKAGRRCDLDY 3Y ref&k28a staK@BAY (QBO2E

o LU, PSSR A5l GEpOS e

injeGlel -With8 GPSOresorestainioy wvildguee é@fﬁ‘} ynoiecules JE9 G EGARb Rispecific

anhbgdléshWefre JEHE@%BleCmpH&fﬁlre% con®diNRg Chijdsth BULISS €3G4 (1gG4-
wer e desi Vect or |ckc

n
aFRe Q2 a5 J660 MOIEHE OB (B PROR P S Lo o Ths
indiEfas ehat lREreciingd stiabillisationgreventnBy@4 kbt arbodxasnfe anvivo, , but

arg n\%l? ableotgséxrcHg%g% N %oFeE&Q? iineOi(/l)y(al?WgﬁSV?eegaA Aot rule out that
low-level exchange below the level of detection (<8% in 72 hrs) of hinge-stabilized
1gG4 does occur).

This suggests that bispecific antibodies containing stabilized CPPC hinges can
be obtained by Fab-arm exchange in vitro. After subsequent specific purification of
these bispecific antibodies, these antibodies will remain stable (i.e will not Fab-arm

exchange) upon injection in vivo.

Example 39. Fab arm exhange of CXXC-mutants
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HEK 293 cells in 3 m, 6-wells plates (NUNC) or in 125

m erlennmeyers (Corning) with 293 Fectin (Invitrogen)
w@g008n893s3 ecti on reagent. The cul ture super nat BOT/PKAHBH00124

subsequent |y di al ysed agai nst PBS and concentration

was neasured by nephel onetry (see above). The

following mxtures of unpurifp@d buffer exchanged

anti bodi es were incubated with 0.5 GSH at 37C for 24h

and_sanples were drawn in PBS-AT, in whicht

( bi )Tﬁfaéiﬁ"ftY do| grehaRfc &7t PETF &ﬁsa%@P@'eﬁecggma@ ggrious CXXC-

melEsS o7 theatdré Ringe awdsaEsteeXEioBowing AXXG-mBHH8 wdre wittdduced into

Ig#%%et ;\8.81 \éﬁﬁgé#hgeﬁ%:ﬁelgﬁ%i%ﬁa)ed|feéb%grﬁt_ﬁ§§én€’a§cte%rqlaues as
desqyiBled 2PBveCH3 (1 gG4) with 1gd - 7D8- CH3(1g&4) (i ndi cated

as kﬁg.. CPSC_l&%)Jéncbg@sCr%QT&P%&H@(SUQ%)E i¥drhérase, PDI)

| Gcsbrees A gaoAt o Hav elhusies redsBSmpaieprah 1 n 1 ga
7D8c@?6(@ecR238@e(SendemtoéGoaBa lg@)- CPSC- R238Q) -

e e o e I ooy

wi t fihe ftlowirmgmBrges Kﬁmleéua@ab@%efeue%@smw@te

at 37°@&hd 35%@?3@?5&%% iMipBY-AT04d dlf?@gn%m%tween 0 and 24
(indjcated as - CPSC-

h, WPtWh'ICBC& e7t%)_s£{g¢§ r@@z‘iﬂi‘f‘?r}’&ﬁt'é’af q'éergsmﬁaﬁre as 8escr|bed in
pré&Roe-¢28PpWs: - |1 gd - 2F8- CPSC- (BO2E wit h

SR RS G R 2o
(+ ndeGhedaldaytivg lgépgdngz wi (ingicatedrs 1g64 i Fig 23 and 24)

| 9G4gdA8-r¥ 1 (Mt wih esGAS-beB/AQGHT gindiddied ROWWEHAALFig 23 and
under the tested in vitro conditions (0.5 mM), half

mol €Ul e exchange occurs when a CPSC hinge is present
and Igev Rfaltjlmmﬂ Witlo lgGB&-betAd diGQ Gnditdtyd as BECrie§igl 23and 24)

Sho‘f’ ?Qtfeﬁlﬁi \Eltl‘r?“ig §'b%{ﬁncg&2(|npl:'$te5‘%2 C@RWm @"9393 and

faciPTtates rml ecul e exchange albeit to a | esser
ext@ﬁi An R or Q at p03|t|on 238, an Qor E at

posir§tHa-f32 @Mt witl 1464 b-batv1PORHE (i0dictdd a8 TPAItin Fig 23 and
|an2 nce the inability of and 1gd -CPSC to exchange

hal #*fol ecul es. Exanple 38 g4 nol ecules with
st abhe iresdts ORREe 12i3h govesairthFagreatimes xolfah gemi exchidnge @ccurred

of %m&&%ﬁ@ a mBQit od J‘Ié; M 1VQréhiigst I"-Hbearﬁ'f exhange of

was | ncubated for 24 h
angi @dles containing a CGHC motlf was as effective as of IgG4 wt antibodies. Fab

arm exchange also occurred of antibodies containing a CPRC motif, albeit somewhat
slower, and to a lesser extent also of antibodies containing a CPHC motif.

Also, the effect of GSH concentration (1 to 20,000 pM) on the ability of these
mixtures to undergo Fab arm exchange after 24 h incubation at 37°C was tested.
Fab arm exchange of CPHC-, CPRC- and CGHC-motif containing antibodies as well as
IgG4 wt antibodies was found to be dependent on GSH concentration (figure 24),
with an optimum between 100 and 1,000 pM GSH. .



presence of 5 nM GSH and eval uated by nass
spectronetry (ESI-TOF M5). Fifty ml sanpl es containing
wQodsig3nd of each anti body were degl ycosyl at eBICT/DK2008/000124

overnight wwth 1 m N-glycosidase F (Roche Di agnostics

NL BV, Alnere, The Netherlands). Sanples were desalted

on an Acquity UPLC(tm (Waterg0) MIford, USA) with a
BEHC8 1.7mm 2.1x 50 mm colum at 60 OC. Five m was
ij@ﬁted and eluted with a gradient from5%to 95%

t B. Eluent Awas MIliQwater (MIIlipore
Synt hesis Al O appar atus) and eluent B was LC- M5 grade

acetonitril ve Vi :
LR R Y! é%dgéathg‘g f? eeﬂ?%k'con \gi?ﬂ)g%jeﬁ'wg%?t? Yii 2219, dngfhod
compriongdm steppai:f i er _(FI ukaRi edel - de Haen, Buchs

sp eg?wavidim_zj et -ahtib&t n&lics tar%prbﬁﬁdlrigdf»lpe%ﬁkit NwASeM said

ra were recorded on-line on a mcr mass
f'@p}’é‘é‘f’?‘?ﬁﬁ"é@”%ﬁ?ﬁﬂ%@“ lile EREREIeRr many) operating in
t he bB)C]ﬁb‘l?ld‘wg a &Bcdﬁhldentlﬂodv Iﬁﬁﬁr’ﬂg ansdcysd Dindind BPeFANY which

dif?%&& frlorenn%alc].\fva b| nor’ oel g&dfé ﬂts%gj %é%v‘d g@ﬁ%@;%g’?ﬂsgs an

IgGglike @ééaﬂgﬂgm,ut ed by usi ng the |\/B.XI mum Ent r opy
al gy i |F£U'Bat|V\‘@ Q‘d 'Iﬁ'stpra?n\'ﬂ' dedni Srh:lﬂaafe@%lebh%\* Slﬁﬁd@' reducing

sof twar e 2A s
coREOT HEIEH GUOBTthS HRIECEF b B oROt 4 Erafe Undergd Hisulide-

bohalighieidatadre an@s s correspondl ng to a Fab-arm exchanged

nol ezoktalggﬁg %?%ﬁcmr?hbody The novel mass

correspon e expected nass of the bispecific
anti- EGFR/ CD20 anti body No bi specific antibody peak

aﬂ\‘ée@f S 0WRehoB CofGRInP 1, WherdiMsEaHiMBNtIBRS CsHpase8d CPPC
shown). This indicates that a nutant contai ni ng an

Seﬂb‘iﬁcel'?ﬂ@co@b’@ﬁr%@ and a | gG4-1i ke CH3 region can
be made to exchange hal fnol ecules in vitro at higher

3. %H %&?98%&% gp%\l\%‘fﬁ tﬁé %%HSBQPC@J ﬁ'ng Wﬂerl:eaﬁ’ﬁggg%rg’csantibody

et her m exchange o
cogpaibey ¢rzEQ§54h'|”‘i¢g@r¢ﬁ]'PaﬁtreQi@ht aining an 1gd like, CPPC
hlnge andaIgG4I|keC|—l30(:curs |n vivo, we injected

: e’Egi‘)ét oF ta&%w ik and 'g‘?he'g(e%’gg%lﬂé%a%_t%%&s an
armamp)) e/s\ncm/ammpdusen/va @t Xgli fséqueem irt theeequeihings regn, wherein X,
an?l)(srzzgﬁlbteg?\é%g{}ﬁ 98'&1 eﬁ'om&?th%g ﬁmahé (b:(F‘l gre| dbt @ol:l'sero(lﬁé

using in vitro exchanged m xt ures
(1gA-EGFR/ 1 gA- CD20) as reference standards. Fig. 22B

s.Sﬂme& Iub@tmé@h@cpef:i:lfainﬁ 4ammiemdiss|a fappeabedy iis ah ketibbdyodhich
or mce m xt ur cont al ni n
cogER=4,B1obN 26 eI erry ' BRI AApl nelp il o par be

anyrei@he etid lekeept formirgline: es cont ai ni ng hi nge-stabili zed
lg&A (1gG4- EGFR-CPPC) or 1gd@ nolecules (194 -EGR)

((symbols not shown in figure)). This
6. The ex vivo method of claim 5, wherein ‘said first antibody is an antibody which

comprises a CSPC, CPSC, CRPC, CPRC, CGHC or CPHC sequence in the core hinge

region.

7. The ex vivo method of any of the preceding claims, wherein said first antibody

comprises an 1gG4 CH3 region.



i ndicates that core-hinge stabilization prevents |g&4

Fab- ar m exchange in vivo, , but are not able to
wezx@sangss hal f nol ecul es in vivo (although we PENDKOQ108/000124

rule out that |ow |l evel exchange bel ow the |evel of

detection (<8%in 72 hrs) of hinge-stabilized |gX4

does occur). This suggests théal bispecific antibodies

cont ai ni ng stabilized CPPC hi nges can be obtai ned by

Fab- arm exchange in vitro. After subse nt specific .
5. 508 £ MR PERROBIO! RECLCBIEpLEr Fi BRaTHA BT B 2N REetomPrises
a aﬂn Fdyoeh efsa woh-IgG € satype stvadiemd thie. @GH3dduenat is Bath, armas been

i(ijasr&gﬁ) ?ﬁ%%ﬁ%aeghgtcédtn%ﬁk%nv' no Eéém eg%vhic!i_ﬁ rﬂfiﬂgte in

to exchange
th%lfoﬂfmabfm ahdisblode égn%wtf@wﬁlﬁﬂgorvﬁa%em@nexx@ﬁt'n¥e§ hegvy chain

bohBEWRATRNEH PaIRidRa2orBaSifE an Tléhtical wongtidCedue®d bf the CH3
were introduced into 1g&4 bet v 1 and 1g4 feld 1,
reiefng site directed mutagenesis techni ques as

descri bed above: - CGHC (active site sequence
! t
5. 053501 50 LR U L SHLDL B GBRIARE o oEince o

shfwn emiSE@iIP NPRED (wmremmhﬁgéﬂ%r@qweri@é Q?P”@@‘i’q figdasq e pne or

m?ﬁ'ﬂ@tﬁ%%iIbWﬁ'igsér‘i'iﬁioS&ﬂﬂﬁméﬁtlﬂieﬁf hb&bﬁdeérﬂﬁiahémnr@ (R) in position
| Or eaoxi Xt U

233 e et S aREP Y, HBD% AP U PO Bon PR Beersirelaged bv ol

(Epaysl (&3 invpbsitidn 282 Has HEBS—réﬂTataEtd e Afae (RIMIGIN i(A% poipasigon 302

hap%'éx\i? Izg)ceﬁgbg/ &t (@% L0y i3l 8N i P&sidid 2%3?«5:4 bidh feBf@ced by Leu

oncen neasured as described I n previous
(Lexanples: - 1gd a-feldl w with |gd@ a-betvl w
(indicated as lgd in Fig 23 and 24) - 1gA a-feldl w

G4 a- bet v i cated G4 in
e, f Ger” gebisel e B FRCEGCR . BELY Poekb 252 R beer
re;@lacudiit!;a«r@c(Ras CGHC in Fig 23 and 24) - IgG4 a-feldl
CGC with g4 a-betvl CGC (indicated as CGC in Fig 23
and 24) - 1g4 a-feldl CPRCwith |g4 a-betyvl
11¢ Thelpe atvédn%F§°¢PR@\i of gaigs A3ogner %Mhere'ﬂgé&i %i*% Eﬁgtﬂ” has the

@Péﬂ@e\éﬂsts'hohg(ﬁ‘i sfqbﬂi Mb: GBHEUY whetietrattral 8S(KERIHGosilod 292 has
b 23 aqgl %@ﬂT rZ Sy tgF(fi gure 23) showed that over

B KEP2GY of r%é 8h5Hge occurred of antibodi es

containing a CGC notif or a Igd@ core hinge. Fab arm
12.e)ﬁ'h@r1=.g<evi9(§ method of claim 8, wherein said CH3 region has the sequence as
shown in SEQ ID NO: 20, wherein the C,3 region has been modified so that one or
more of the of the following amino acid substitutions have been made: Arg (R) in
position 234 has been replaced by GIn (Q); Met (M) in position 276 has been
replaced by Val (V); Lys (K) in position 288 has been replaced by Arg (R); GIn (Q) in
position 298 has been replaced by Glu (E); and Pro (P) in position 324 has been
replaced by Leu (L).

13. The ex vivo method of claim 12, wherein Arg (R) in position 234 has been
replaced by GIn (Q).

14. The ex vivo method of claim 12, wherein Arg (R) in position 234 has been
replaced by GIn (Q); and Pro (P) in position 324 has been replaced by Leu (L).



anti bodi es containing a CGHC notif was as effective as

of 1g&4 wt antibodies. Fab arm exchange al so occurred
wo@tooant3bddi es containing a CPRC notif, al bei tPEDDEMISN00124

slower, and to a | esser extent also of antibodies

containing a CPHC notif. Also, the effect of GSH

concentration ( 1t o 20,000 M® on the ability of

these mi xtures to undergo Fab arm exchange after 24 h

i ncubation at 37C was tested. Fab arm exchange of

CPHC-, CPRC- and CGHC-notif containing anti bodi es as
13W8hk eaSivbGfhvl opakinb 02 wserdmsaliffvdndbitbutiehsdepe bdeminade.

on GSH concentration (figure 24), with an optinmum

bet ween 100 and 1,000 nM GSH. CLAIMS 1. An ex ViVvo
larethlecek figo nidtbogjehelait i®%rwhsfrein daidsplEgiregien das ithe ggguence as
sh?ﬁi'nqn @bhl%dNéoqﬁr\'Nﬁér@% tHaecid RRForPhas l?éen%@d’ﬁé’d B8 ttfht one or

Irst anti b avi n first bindi ng speC| I Cltig{
maeeRtcing fthg TPIGNaR éﬁt’”‘béﬂ? suBHHSHiIsshays ReseATpigAEHEY) I
pdsQ@)thS Hap b@érovemhcag b& cae«gqnolseamm poshgitia\a1rghaa beet oeplaced

ifi CI | ffer |
'L‘de'\ﬁgp‘irgé\@ P pgis er 2 %ens%% Cé‘égg‘%sagﬁt el gﬁ) in position
32‘70mqsrbeee§elalaceldglmvbll We: cra(K)egipesitior P39 hes ba@ﬁ Fﬁj"%faij &y Arg
Rl GRE @ﬁﬁ' p§§ﬁ@r‘pg4@ﬂ5é BQ&H Pe%latc@%yhﬁm Ebn@h%f(l)r RB&EItRE 352 has

condi ti'ons %_ztel nes in f ﬁ% A’H Ph

beeagrolAcad by Ymdélkgérgd P@u'ﬂ PPHB AB° NEDRET 593 acen 2y %lr\%)y €

(Flt ositicrg 386 hias eh freplasat bpdgly (Y)2.anBhRroe®) \n wositiet 1338 has
of cl a| m, 1 Lev\lrk?;]ei n said first antibody conprises a

be@ﬂﬁﬁpg%e&fé’ i'Ai the core hinge region. 3. The ex vivo
nmet hod of any of the preceding clains, wherein said

f"ﬁ’%t eR NV oD REYh JO B £l S1 62 N HEH Ar‘gk@R)Ciﬂr Sositidhd@85 has been
gion. 4. The ex vivo nethod of any of claims 1 or 3,

reRﬁé‘F‘%PY]GE‘aQQ) first antibody is an antibody which
corrprl ses a CXi X2C sequence in the core hinge region,

1 r el n )Slo 910)82 oF %llg r (5| he@ghSQrgaﬁigdm p%s@chndQQS trﬂétbeen

ar & 1ot CbGth VI VO
reoface,d ay @n(Q)whed Bion(P3 an G0$ﬁqus¥7-’afr*ﬁsl ttf@ayewiéceérPValrﬁw %bdy
whi ch corrpri ses a CX3PC or CPX3C sequence in the core
hi_nge regi on, renXBCanb 0 _aci d except
19 Jr s oiBeingl SrHaE Aoy GG S s e R e GRS TR
said first antibody is an anti body which conprises a

Z&SIF?]% %xq? meg%jdcof a(I:PyFigl; clmglq qto@%é@ﬂ%%ﬁrst Qniltpcﬁiy is an

core
IgG4 antlbody

21. The ex vivo method of any of the preceding claims, wherein said second antibody

comprises a CPPC sequence in the core hinge region.

22. The ex vivo method of any of claims 1 to 20, wherein said second antibody

comprises an IgG4-like core hinge region.

23. The ex vivo method of any of the claims 1 to 20 or 22, wherein said second
antibody is an antibody which comprises a CX;X,C sequence in the core hinge region,
wherein X; and X, can be any amino acid, provided that X; and X, are not both

proline.



region. 7. The ex vivo nethod of any of the preceding
clains, wherein said first antibody conprises an g4
weRiBsnegsdn. 8. The ex vivo nmethod of any of clBCTYPK2008000124
6, wherein said first antibody conprises a CH3 region
of a non-1g&4 isotype, wherein the CH3 sequence is
such, or has been nodified suéfd, that it does not
conprise any am no acid resi dues whi ch participate in
the formation of disulfide bonds or covalent or stable
non-coval ent inter-heavy chain bonds wth other
24papt i etedve omgshods bhglamm 23d emereimlsaidnsesoncdrentbakyge eancantibody
wHich Eol?lfpﬁ = a’.g(%_ggr CI%QCE%SU@?&W\ wR Bt hﬁ]‘ae%gl&h a4 HBrin X can

region has the sequence as shown in
begmy aminerid egcepifirREPENS he CH3 regi on has been
nmodi fied so that one or nore of the follow ng am no

id bst t t
252 I,f'%gw}ss%l&]]e %cgpgglg %); &%nre(lrb)sald secg?%)a}nml)oragpg&n ér&ﬁ)ody
wii@Ocdnasisbe e ICSPEPLRBE@d-RPE B GPRCEequence it Fl)e fone btﬁ‘gf—‘t"?gjw

292 has been replaced by Arg (R) An (Q in position

302 has been replaced by Gu - and Pro @
26p88¢ £X SivoIneshad 8 Haveef tf‘%ﬁr%?&%'ag Eif‘"fﬂéu”*(e[?'” 5305, sefong aibody
coip¥ied @i Iy@A o3 edgidnm 9, wherein Lys (K) in position

292 has been replaced by Arg (R). 11. The ex vivo

nmet hod of any of clainms 1 to 6 or 8, wherein said CH3
27t Shecex hixs mbthod exfLanycel dsimshbvin 2 \@ReinDaigseqand gijibody

co%ﬁ%@é QCT—IB@e&Xﬁ' of @nohﬁg@@%‘o_lyp@nwggr% iM@e AeLfqueeas eteh, or
he ex vivo net hod of 5’{NF| rH
hag be\ﬁﬁefr‘@ﬁ\jl\%ie%éf’%!“ ciast F% 15 f10R% N0F (HRMPERR ERY 2 HEC AftnfFsIdues
wHith SE@Clp@td\l@a tRO, fornttloni of tiselfidltibonegiwncdvaknbeerstable non-
cogﬂ?rht |n§eglh‘33% ! hﬁ‘ in %n dso\r/wtﬁootﬁer %eé)té'lﬁgsng%gﬁ%%gr% l[iglé\ﬁ:tlgg amino

Mtut'ions nave
acjgossigtérme df 3de ﬁHQ regem replaced by Gn (Q) Met (M in
position 276 has been replaced by Val Lys (K) in

t 288 h b I dDb
28 T o T HASO GO PepMaued B B %g%oh rgdnbeboeBse 2
shbWn PO SEQI I@nN6249hﬁBer’9®em’nerCBfﬂ cegeth ns heen r(1tb_()|f|ed1§) thBhene or
mor)e(e &'tﬁ%ﬁ'@%« an% rkc))céc?d Eﬂb]s tut%?%gv%@érgga& }\R; (I'Rh) in posmon

pPosSI t een rep
23& has been h@l@ja@d Q}'I GﬁnthiZASR/\Mr'élms'AP@ Zég)haﬁ ﬁ’eﬁ'béﬁﬁ!qcéﬁ by Gl
3d,shas |h§:%9m6€@|9§0r%@ Ha¥n Gleﬂaée@) by ARl (RY: GIGRD) | llrlﬂ posmon 302

e e T AR kU b FBEc o o

(Lpubstituti ons have been nade.

29. The ex vivo method of claim 28, wherein Lys (K) in position 292 has been

replaced by Arg (R).

30. The ex vivo method of any of claims 21 to 27, wherein said CH3 region has the
sequence as shown in SEQ ID NO: 19, but wherein the Lys (K) in position 292 has
been replaced by Tyr (W) or Phe (F).



16. The ex vivo nethod of claim8, wherein said CH3

regi on has the sequence as shown in SEQ I D NO 21,
wob@saiesss he CH3 regi on has been nodified so tPEl/DEA@S/000124

or nore of the of the follow ng am no acid

substitutions have been made: Arg (R) in position 285

has been replaced by Gn (Q: %er (S) in position 314

has been replaced by Asn (N); Asn (N) in position 322

R R T AR IR R
shbas iHSEQ IDed az@;dwireifrthe (FRY3; reGlon Hag)beien mastified esmt@tigne or
(ﬂ% Sof ARE s tﬁ@:ﬁg@gﬂwc}?‘mgo az(ljz-)subﬁ@utd Hale RR2eh trhae: 3% (R) in

as been rep in position 3
Poﬁ'§§"b@énh?feﬁ’le%e’ﬁplﬁ‘}eﬂbg Iy ¢ Q)Ph'get(ﬁ;' ) iith Pﬁé'gp'eu%?ﬁ" QB% been
re;|31§§edb®9\Vbl repl @,@Qd) m/paéytron(z@& haﬁmeﬁgsplérar?)d byPAfAAR) § GBIN(Q) in

een re e e
poﬁ'é'f’ﬂg%%o'? ctPeaﬁ"n\pef% é(r%' ap’(z Rje iR poBPY |'°onn¥%§&§' as been
replaseddselreur(épl aced by A n (Q. 18. The ex vivo nethod
of claim16, wherein Arg (R) in position 285 has been
replaced by G n (?); and Pro osi tion 375 has
32hdés Pepivaceateyg detlaim 3L Mererhe‘\fex(p i) PAFEICAOtPbMas been
refb&@dByl@n (gherein all 10 substitutions have been nade.
20. The ex vivo nethod of any of clains 1, 3 to 7,
wherein said first antibody is an 1g&4 anti body. 21.
33Thieesx viveometiodoef déinardy, ofherdie Avp e@edh mepsiioni 23 has been
reavaséaﬁawcuﬁqbq SREHRAPRM ,5&%\« 332@%@5@@& r@plézea’@y%g yence
€ core hinge region. . The ex vivo net hod
any of clainms 1 to 20, V\,herel n sal d second anti body
34C TAPEK SRS nddthbd 6Hclbibk @1, aatieeeihial dioe sabstioution? havd beeremade.
vivo nmethod of any of the clains 1 to 20 or 22,
wherein said second anti body is an anti body which
35cdhprexsaée metodofClaiogdanekerein sdice CH3rreginn ge the geaience as
shmﬁ @B@%b l@@dzi(zwﬁ@@mb@nem AR JAhRedn n%d:?Nédj&dtﬂah%he or
are not both proline. 24. Th!?d&;j’ Vi VO

Xl ot
mee &I the f 3Be Folluing Aming acd SHBRHELANS; 58 ‘3?1 ‘br g (R) in
poam‘bh Qed)hay\:bé@hrdpdmfﬁdi bg eBn &Q)PSRPCS pin @Eﬁﬁﬁ:%e@aebem raplaced

nO(RIZrEsn (Jt Ipogg r9922 W@%é&én{}héfgc&av Rk @‘t MQ{QW)OM position

Xce
32<7| raasmezs remmﬁdeme@;la(Vdi, kxscldndn ansitigndyo has Beeraraplasedpy Arg

(R?\‘hGﬁﬁh((ﬁ bdi§&S 340 ﬁ&DSéenGPe%GcedCBPGuD(E)CﬁB@I)sIﬂqjéeuﬁaﬁ 35D has

besper@ﬁééeﬁrbac” oo Pt o o3 HeeueoRaoay oty Pre

(FT aipbsis@s 366 hbg GéelChiBplaewgi by Tyr (Y); and Pro (P) in position 375 has
been replaced by Leu (L).

36. The ex vivo method of claim 35, wherein Arg (R) in position 285 has been
replaced by GIn (Q).

37. The ex vivo method of claim 35, wherein Arg (R) in position 285 has been
replaced by GIn (Q); and Pro (P) in position 375 has been replaced by Leu (L).

38. The ex vivo method of claim 35, wherein all 10 substitutions have been made.



27. The ex vivo nethod of any of clainms 1t o 25,

wherein said second anti body conprises a CH3 regi on of
wW@2008n193§534 i sotype, wherein the CH3 sequence PGI/PKeH8/000124

or has been nodified such, that that it does not

conpri se any am no acid resi dues whi ch participate in

the formation of disulfide boA®ls or coval ent or stable

noncovalent i nter-heavy chain bonds wth other

epti des conpri si an identjca 0 d Seq
30biihe e B TERCGRT ShygPt B ok P0G 7, ot Y et Riospcond
antibedyeis AndaG4l aflitbdyegi on has t he sequence as shomn in
SEQ I D NO 19, wherein the CH3 regi on has been
nodi fied so that one or nore of the follow ng a
4058 hejex Miyetnethed shdaifny € Bewherelueid fifsy a('ﬁﬂéaoqufomlﬁ%% dRPPC

in ¥|3<_8 c&%shlh@@'i“edl&plaﬁ@QGmesQ &h (634-1iAs gHBDegioR MSW?érQI’m said
een re 0sitio
se59 HELoDLA TR 204D RS- Rynog Roplpny foBBiididoc
lik8@2i3hragiobeen replaced by Gu (E); and Pro (P) in
position 328 has been replaced by Leu (L) 29. The ex
vivo met hod of claim 28, wherein Lys ( in positi
419 Ghe jexsvi v BIethaspefaaydofifre Arecedivg, caipts: W'i‘éreé& 98 fsst antibody

anBBdrkad etorrdnt®bd¢ istd ABmad abttbody, wWherein said CH3
regi on has the sequence as shown in SEQ ID NO 19, but

wherein the Lys (K) in position 292 has been repl aced
42byrh@yax iy nmathdhef @Ry o81he Prasedirg \dajosnwhergih tfe edngitions in

stgp7c) \é%eEﬁds@n Ss%kﬁj t%‘t‘gné SRR aMe R dLBSorS BA KB RRiz&ATorS BOWRUIfide

wherei'n the CH3 regi on has been
br'ﬁeeﬁ Pyteide she ?QTSth"@ﬁée%'P“ ﬁﬁ?”és of the of the follow ng
ami no acid substitutions have been nmade: Arg (R) in

pasition 234 ha een Iaced b o ( '
43p3§?ﬁ" VS et of s of t:r% HEe %@KC‘%FS' E“ae;*e“ﬁ/%ep( % cqfprises
thpedditiorpnf 2 8Riuhiag agertn repl aced by Arg (R); Gn (Q in

position 298 has been replaced by Gu (E); and Pro (P)
in position 324 has been repl aced b Leu

L
44e Thg a0V IYR RGP D Pf @MVaf rﬁ"@lp"eme?gepﬁ rtefgﬁ?‘ SHEp ©) Compr'ses
th@QfiditioANof234 dieat Berobtedepbraced byouf tonsPing 38: glthathiexe, L-

. d . of .cl
vt T IRE R St S WIRh G d Shbalioe {7 "

position 324 has been replaced by Leu (L). 34. The ex

45V MO emwaqqet@igd oF @I'aﬁrh 33 .or WhehRERirAiHNe doh¥dhtration of said agent is
substitutions have been

sl Ok o Pofabe) R ToEs o8 B LA Th Pl e o more
reﬁ&l@mﬂ itine SEQx| hdtddial Gkperateer by 1 iveoCHE gla@gttoomehasch as
equglepo rdkglieegecﬁlging%gn,o{h% Qldox potential generated by 10 microM of
glutathione, e.g. equal to, or more reducing than, the redox potential generated by
50 microM of glutathione, such as equal to, or more reducing than, the redox
potential generated by 0.1 mM of glutathione, under the conditions described in

Example 31.

46. The ex vivo method of claim 43 or 44, wherein the concentration of said agent is
such that the redox potential of the solution generated in step c) is equal to, or more
reducing than, the redox potential generated by 1 mM of glutathione, e.g. equal to,

or more reducing than, the redox potential generated by 2 mM of glutathione, such



nore of the of the follow ng am no acid substitutions
have been made: Arg (R) in position 285 has been

wo epBacB®B by An (Q; Ser (S) in position 314 PEEFDER@S/000124
repl aced by Asn (N); Asn (N) in position 322 has been
repl aced by Lys (K); Met (M in position 327 has been
repl aced by Val (V); Lys (K) i position 339 has been
repl aced by Arg (R; dn (Q) in position 349 has been

E) . 352 :
o, bR dob VAP e (e B FeldEan SR RB BE S o
glutetplicresd. gby:qtl:hﬁlso (dﬂ)moﬂéhed@dﬁ)g fhanpthei relonp@estidi gsneyatad by 6
mi1€R AGEISY gs\ﬁ'éh (9 eQL%FQ.Io P50 n{oPe), ré&cpﬁsiﬁaho'ﬂhé?’?éjotlaﬁotentlal

been’rep I'acé he ex vivo et haod
geperatef 358 fﬁHe‘?feQ"htam“g"e( ®)9- .%usbfsq F GRProgsdyring B@@nthe redox
pofé?fﬁﬂaﬁ@@ﬁ’erbbédq)‘ﬂ 10QnM 3f . gldtahigie, Winder ré RoaditdnC desarbed in
E reln Arg (R) in position 285 has been repl aced
XBSVD@ and Pro (P) in position 375 has been

r epl aced by Leu (L). 38. The ex vivo nmethod of claim

4735?he WREHB! Hetb oﬂ-@laﬁ’r“h§to|rt4@t Wﬁ@r%lm@l\éecohﬁﬁgra%ﬁi%f 38d agent is

ex vivo met hod of claims 1

suglzs thama? é@qexwtwt@ée%m ngtioa&&yefaéedaw TeR) ﬁrﬁqlus'o@y or less
red@inglth@n Etherediéx parbmeHl geheratedi by 1L Mosf g2ytatkieteesuchsas ehual to,
orIJ%Sésrtsﬂuacgrt}gld&%g%%h%?rgeé)I( §o epf’i Meﬁgak&éb?og e opgl[]%ﬁhlone equal
towreess redscingltteoc thedredox pw@dyalwmanat@e@' hﬁ"@ﬁ@'ﬂﬁ@th'wee

core "hinge region and conprises an |g&4- |ike CH3

ion. 41. The ex vivo nethod of any of the precedin

48c| PR, vivhareshad efapry P tnet Prargdingb 9 i Y SFes Sr P §)e6%ﬂ'%'ses
th@Mcub&ibn défsaml dntivadieant theqitysend@ of Addaceakglutattiomefdnad least 1

of of .the C [ e n
houF]s Sstu)é(h ag)foraF]tepeg oggnnougsucéna ﬁgtatme;aesg%gﬁ?é@ s&c@l 9§ gé R3St 10
houedatct tempeoartures‘@frﬁé)r Czatherg, sfchdisd €i de bri dges

out si de the core hinge region occurs. 43. The ex vivo

t hod of f th di I [ t
4% GBS dko FRnGhal EroRT S & HEdae SR sgBRE ey ek et 40%,
suh 4o fevidritaan 6%, any. felvet tranm%ecadthrey felvai tten Mhef eheantibody
m@%%%sf%éﬁ%?%&%%@%o%@g agrQEHf |9%no{?lg?ébn?&e&£ Sel ect ed

ORS ISt I one, Lcysteine,
dithiothreitol, beta- nercapto ethanol and cyst eani ne.

5045'hemev|\‘fd(m‘étﬁﬂél Wrﬂoﬁ Ak p@é@bﬁﬁb%l@l& &ﬂmpﬁkﬂ@' @lelfukther step
concentration of Sa‘at@m gent S SucC

of JEBGI H cBPPPREOR GP IR NP at ol fFoup g ey ias. in order

toatppafiurther, haf-motscelerexdissigeg t han, the redox potenti al
generated by 1 mcroM of gl utat hi one, such as

51. The ex vivo method of any of the preceding claims, comprising the further step

of stabilizing the bispecific antibody, preferably using a method selected from:

a) chemically cross-linking the cysteines in the hinge region,

b) chemically cross-linking of the carbohydrate side-chains on the half-molecules,

and

c) cross-linking of asymmetrically introduced cysteines in the CH3 region.

52. The ex vivo method of any of the preceding claims, comprising the further step

of purifying the bispecific antibody, preferably under non-reducing conditions.



equal to, or nore reducing than, the redox potentia
generated by 10 m croM of gl utathione, e.g. equal to,
w@rosn1953 educi ng than, the redox potential gePer/aKees/ 000124
by 50 m croM of gl utathione, such as equal to, or nore
reduci ng than, the redox potential generated by 0.1 nM
of glutathione, under the conditions described in
Exanpl e 31. 46. The ex vivo nethod of claim43 or 44,
wherein the concentration of said agent is such that
the redox potential of the solution generated in step
53¢ rhé &£x adppametrod crfrannmrfehe edas:edlng ctdiras, canmisiradide further step
of Rgﬁrﬁﬁétkrﬁnthg%‘é % JBX didd! iHtAb I'Hh‘aﬂ’ﬁace‘ét@al c%%%!;rtron
re re ng th e redox potenti al
fm@@ﬁé%@ﬂ@@“%y 2 nw1of glutathrone suchas equal to, or
nor e reducing than, the redox potential generated by 4

|.ut at hi one, _e. nor.e [
S 4R, X0 PSP Brohtl L ened sy WhghaHe et ancioay
haglumrctmdwsméuclt\s fioha &smencrll ort tomow rceHrmr@ernedum ag erbiBdnerbB2,
erbBE e'rt%jﬂp"llkml e@éi@'crﬂﬂ“%b% e€pDyr BxEis of fod |clrbt7§£ 3t eB9ob.
e.g. e or ‘'nore’reducing than, .the redox
potential generated by 10 mM of glutathrone, under the

55C Ofh@i & Q/ﬂﬁa ﬁiﬁSde bediaim 2 anpéreind3the 4dcondhantidsdyihae binding

mef ho n145 or 46 rein th c '
sogheigen T’ QI Eivat cohESRTRh 8F AR B3, Goes,
MUGIUED B9, GBateiCient GXERSt ep c) is equal to, or |ess

reduci ng than, the redox potential generated by 1 M of

gl ut at hi one, such as equal to, or |ess red

Stk by 0RO IENR 81 ciTlepkt BOCT 10D T BRUGH e hiecing
spedfialy fbPerbBl an@3Be E&BHE langbddyaias at thheding dgecifaiy éontdrbib2.

generated by 15 nM of gl utathione. 48. The ex vivo

nmet hod of any of the preceding clains, wherein step c)
57c ofter £ esva Imethart ghadldionSéf whereth e iflsgdpetibady hasea binding
sp@&ﬁﬂ&%ﬁcﬁig EFF@H%CQMJEI%HMQ'HQS fa‘%rnd?ﬂg $RitityLfon @Rs,

suc for at least 2 hours, for at least 5

hours, such as at |east 10 hours at a tenperature of
5820fBe0Ex MVE meghieth o cla3MCs4,4 YherEive tiex fivsty entitetdi oltbsof  binding

t r d r h

seltsiBa £ 1. SnE ERELDEnF oy PR S Adnd SYBTnck PR RIS

fewer than 1% of the antlbody nol ecul es in the

59’T efdl bk %&%H@ﬁ’&d for Qna.w €41 Wharkirnges eggct sm.rﬁrdat gas B0binding
<ot i Y RS e P toend Supe o p G R T emas

conposi tion obtained in step ¢) to non-reducing

60(.: %%Ietxl \ﬂ\r/‘c? glétﬁolcﬁgfjgﬁy chlgﬁr%ol tU§3hWhe|:@|]\ ftl?mhs@(‘a%iﬁody has a
éexchange. 51 e éx vivo metho any of the

bipdieg srticifigity faiianmatheanmis nisrapgaatenf ur t her step of
stabilizing the bispecific antibody, preferably using

616.1 Tﬁgtegov?vosr%let %tdeo c‘arir%ng4 or 60, wherein the second antibody has binding

specificity for an effector cell protein, such as CD3, CD25, CD28, CD16, CD89, CD32

or CD1.

62. The ex vivo method of claim 54, wherein the second antibody has a binding

specificity for a chemotherapeutic agent.



a) chemcally cross-linking the cysteines in the hinge
region, b) chemcally cross-1linking of the
W@ 20080I9pas at e si de-chai ns on the hal f-nol ecul eBCT/AKA008)00124
cross-linking of asymretrically introduced cysteines
in the CH3 region. 52. The ex _vivo nethod of any of
t he precedi ng clains, conprisﬁﬁg the further step of
purifying the bispecific antibody, preferably under
reduci n ondi.tions_53. The X, ny. .
6 o?H} Che® &V&:’gaﬁ% g & 5§’c‘6vrr1‘%rre|m3| ng ?cﬁgd ?ﬁ??ﬁ%’r ?\é? gpgmdmg
spetififity fonl aabliond) pr¢temr @gch B 1sgrum @ﬁ@muﬁ,l or arfrgibaupteln, such as
véﬁﬁgnﬁopgaggqgggg*cal conposition for therapeutic use.
54. e ex vivo nethod of any of the preceding clains,
wherein the first antibody has binding specificity for
64 tHenex viel ﬂne@bdtdfrﬂl)dimﬁeh,l wpeiretie ssdoal amsibedyoBhs a binding

bhB bB b
sD%(gﬂéj fé’?%fpé? EEEE} a\’ééjrIn CIO?Eégg ngg%gﬁ'ss\qla?\:};gaﬁep?ﬁogr of

claim54, wherein the second anti body has bi ndi ng
6 PRR & Q/Ivbymte%d aoftéHVJBf ggé bre@édk;ﬁélwl\?&%e\khe@rrpﬂ%' first and/or

such as erbBl , , , CD20,
o690 BRtIRoRYRE Ik torLComIPOYNY 5 ISEEHJEPTBIENG (9594 gopsisting ‘of: a
cyvdtexieiageith@ ﬁadfo&bto@ﬁt ahodyrupas drud) sudhrag sExand;i T icytpkine; a
faor erhBl and t S ti body has a bi ndi ng
Chgpé)c':(infelac?fjtcy? or eé]F’ %%RggﬁaThe ex vivo nethod of claim
54, wherein the first antibody has a binding

6§ p@r? ek Gl d Yneft%d @191@85#1&9@0@ %ﬁ QANEispetiADBEbAARS s@id method
bi nd |nq specificity for CD20. . The ex vivo nethod

cogtPrising the S#PS Rhierei n the fir st antlbody has a bi ndi ng
spedd)f previtingf @ firdEl¥htiaody hheing ec 6rstl bamtindooplcifltitg, aherein said

g S aEy BB st PR BT e dorq o et ApER 1S chs
regioeci ficity for CD38 and the second anti body has a

b' ndd)nﬂroﬂaﬁ@]' g'ééh&r)ﬁ faﬁflb@:gldravn@é) a $EBN8XDINAING 568&1"@@ which

of cl ein_the
s o o gt BREEPISPERTG SIPe P apHOTH S Sntsody BRiphses <
CRACCIeqOegann s cdbd hingh eegmn and on eG4 Ot 3 oégicrh,ainch 54 or

h
Specwﬁ:léé’em% Ea.&eﬁgpdar%”‘éé&%%’rahﬁ%d%s”%d%%er underCE)eéjucmg

fector ce rotein,” such
cogitigns @Hit, al@m@we aEEesdpdhe gerachinge gegion e usgergo\distilfide-
bdwatikeerbtich aingn 54, wherein the second antibody has a

bi nd] S eCIfICIt for chenot herapeutic agent. 63.

The Aé)f’%\rﬁ @Bg raré’t'sr?Sﬁl' F”tétfoglym 54, wherein the second

anti body has a binding specificity for a blood
Su‘l‘l’\heéilwvg‘ ll‘r?é? &P 0B 8568 F/nglenv |no§;'te|§l cpraatleau&ﬁé)'éﬁérﬂ has been

as trans errin or a liver pro
added wherein the concentration of said agent is such that the redox potential of the

solution generated in step c) is equal to, or more reducing than, the redox potential
generated by 1 mM of glutathione, e.g. equal to, or more reducing than, the redox
potential generated by 2 mM of glutathione, such as equal to, or more reducing than,
the redox potential generated by 4 mM of glutathione, e.g. equal to, or more
reducing than, the redox potential generated by 6 mM of glutathione, such as equal
to, or more reducing than, the redox potential generated by 8 mM of glutathione,
e.g. equal to, or more reducing than, the redox potential generated by 10 mM of

glutathione, under the conditions described in Example 35.



64. The ex vivo nethod of claim54, wherein the second
anti body has a binding specificity for a protein
WO pwsl1vsd3 i n bl ood clotting, such as tissue fartDDK2@8/000124
The ex vivo nethod of any of the preceding clains,
wherein the first and/or second antibody is linked to
a conpound sel ected fromthe dPoup consisting of: a
cytotoxic agent; a radioi sotope; a prodrug or drug,
such as a taxane; a cytokine; a chenokine and
conpl enment, such as Clg. 66. An ex vivo nethod for the
68y Aneisalbtedrbigfecdicinsipedy bbtainedtarbabtiginatdaibs tretrhettiod of any of
IS e steps of: a) providing a first antibody
thﬁﬁ&?égﬁg@@fﬁgt bi ndi ng specificity, wherein said first
anti body conprises a CPPC sequence in the core hinge
69 &8 iigMatai gispekifi 4rtibehi3 corRBHighiy twd) 1gEaoedt HYregionecond
anti body having a second binding specificity which
differs fromsaid first binding specificity, wherein
70s dhel bispedifid aamdclycmfwaamnfpﬁ ivgesein tOPRAIbatyu@mEisEn onder two
r &4 CH3 region, and c)
CF%ECUEU #ggmstglg d fi rg% gér%’(ﬁngecond anti bodi es toget her
under reducing conditions which allow the cysteines in

71t hie GMpBCiit BS@bdd?QifQﬂhlh%QJ nelergn thé %blh[ﬁdcﬁ}e&wrﬁhilses one or two
rizati on, talnn

sQ a bispecific dy
C%)?Z Wea?sv'lnv%‘en%){ f Jfggf ree1°h %hg'ée,m &g ¥ Can %% mino
acal, pegvidEdrigateXyeattd Xraese Inet botaddethewher ei n t he
concentration of said agent is such that the redox
potential of the solution generated in step c)
72eanalb'9cpéclf'%|a“‘ﬂ‘?ﬂdé of i SRy Whesein t{‘ﬁé‘”\?"é?ﬂyxc%aﬁr@ﬁ% Paf or two
OrO&F ApRCL Byquentdd pf thel dok@hiigenegior, Ghe@gUal chope aihy amino
Eﬁée re u0|nﬁ than, the redox potential generated by 2
PSP IPLP R A one, such as equal to, or more reducing
than, the redox potential generated by 4 nM of

Tgte Eb‘ig?)'eeﬂganﬁ S é&w@re.ﬂ‘%ﬁ@ aﬁﬁg&ﬁ) nprizad oné B? two

otentla ener at ed %Iutathlone such
I SO MR
potentlal generated by 8 mM of gl utathione, e.g. equa

g'}t;gr lisPeaic anﬁgurﬁ\ﬁfg?rﬁv Beiahdleed §619% RALAI kAU first and/or the

I one, "uhde
secmnidcltiB meg;ordesscfra ineq- 19<ﬁ4 sokyRs) wheeilghe fH3isegpenceds such, or

hald| %@ﬁ%gdlﬁe@%quqyt RhioRk %Q c@r’i’rpﬁ&t Qh)n%mu% aMdtrﬁﬁdues which
nmet hod precedi n SO

n . ed
paaq'cgtbaé%.'? 6 e ‘E”i‘?ﬂ?(ﬁ'yOfc B'ﬁlp'PF%.bﬁﬁd% 6 CPlﬁﬁ”tl o shaplgg o cSvalent
infe@Gle@NS chaifl. bohde Wikls peledrf peptiies i dodyisioh ad adentie8, amino acid
se\é\@gf{cglo i e@H?%d&de conpri ses one or two

75. The bispecific antibody of claim 74, wherein the first and/or the second CH3
region has the sequence as shown in SEQ ID NO: 19, wherein the Cy3 region has
been modified so that one or more of the following amino acid substitutions have
been made: Arg (R) in position 238 has been replaced by GIn (Q); Asp (D) in
position 239 has been replaced by Glu (E); Lys (K) in position 292 has been replaced
by Arg (R); GIn (Q) in position 302 has been replaced by Glu (E); and Pro (P) in
position 328 has been replaced by Leu (L).



CPPC sequences in the core hinge region. 71. The
bi specific anti body of claim®69, wherein the anti body
w@ompnisss one or two CXi X2C sequences in the POT/BK2008/000124
hi nge regi on, wherein X1 and X2 can be any am no acid,
provided that Xi and X2 are not both proline. 72. The
bi speci fic anti body of claim &9, wherein the antibody
conprises one or two CX3PC or CPX3C sequences in the
core hinge region, wherein X3 can any anj no_acid
6e BB PSRRI FOPO e of FEI Th HRCBBCTEi EoaAd BbAYE GPeond CH3
regibAihEs B seqberceias sho@nanSERAdYNCOLYr s etheosie Lps (K)o position
CPSC, CRPC .0 RC sequences in the core hinge
29?§1§sgﬁen TEplacE &Y Aréﬁ@?l fic anti body of any of clains
69 to 73, wherein the first and/or the second CH3

77 ef@nb%]sﬂe%ufl@fan@ibWbI‘ e ﬁ@t\ytﬁlﬁemV\ﬂE@rﬁt@ ahdy®r @h@ second CH3
sequence IS such has been nn(# i ed such

regigR R Ghe GBS &5 SHPWAT rFBP dGel. ciegrppne s () i
popidibh 202 pas eeemreblaeed by mMat (WhorolPhediFsul fi de bonds or

coval ent or stable non-coval ent inter-heavy chain

bonds with other peptides conprising an identica
78arfinacbispsicic santjedc ef steim hed, QMpreiagingrfirst7gnd/prghe second CH3

reabﬁﬁﬁg'tﬁéﬁ]%e@%t@ggﬁh%n Gh JEQ 1B NOMTRY, @iHRrdiR@hé |CL.3treg|on has
an or e secon sequence a

beFR TR ANBISE P° HHEPS: 7 ‘PR B HIBYT G TG t5GLA vocLtons
han® tiebm edadSOAt'dwR) 0 Esiion rABdehasf bdehe’eblal:éCbW G 6@); et (M) in

po%@gg 2%8 % 'bgéﬁ J' %Fé%eggv%apgﬁ)h L??% m’%’ogl i 5)288 'F\a?ggért I’ébrbced

een re OSI
by2Ag Hﬁs GhedR) e ppediet 28 P@FLPeeE)repleg%d P\K)G'H' rﬁE)po%ndt i’ren(") in

pog@.anh@s hBS8Berl Ripl26€8y ¥y fng (R); G n (Q in position
02 has been replaced by Au (E); and Pro (P) in

p03|t|on 328 has been replaced by Leu (L).76. The
7%iThpeassdecific antibddydyf dbint |74 mhégsin Winge(R) m pbsitidri 284 has been

reﬁ%g%@% {S%e(ﬁ%econd CH3 region has the sequence as shown

19, but wherein Lys (K) in position 292
has been replaced by Arg (R). 77. The bispecific

SOaﬁ{h'ehﬁﬁiéc@if: aW:le)dV Zﬂclameﬁﬁl\/\fhet'd”he Akrd (8} r|1n’:1t36|sf|t§1)clin lztée has been
seco e he . se ce as_ s wn .l.n
PR GRS o By SO e PR

been replaced by Tyr (W or Phe (F). 78. The
81b|ﬁ¥e§lsgicﬁlcag”t'b9&d36f fairh! 7, %R&em"@\%r fisP ahf@r fthe Second cH3

e second reglon has t he sequence as shown
reBIAN 20 1 SRRYENS 2 FHENE R SR TONDr2lg MO THAS S dad region has
beR thédiféh §d)tﬁa|ﬁ&ine05'ﬂan@rfe drothe cﬂifthé h&lovfing B@irfooddid wubsgitutions

am no aci d sub é tutl ?@y en , é i .
hayg begp 6?1“%3 r%Z PeRey '°é1p aced E‘f/e f{%?'a&j %WD%' R/pg?rn(s) "
position 314 has been replaced by Asn (N); Asn (N) in position 322 has been
replaced by Lys (K); Met (M) in position 327 has been replaced by Val (V); Lys (K) in
position 339 has been replaced by Arg (R); GIn (Q) in position 349 has been replaced
by Glu (E); Ile (I) in position 352 has been replaced by Val (V); Arg (R) in position
365 has been replaced by His (H); Phe (F) in position 366 has been replaced by Tyr
(Y); and Pro (P) in position 375 has been replaced by Leu (L).

82. The bispecific antibody of claim 81, wherein Arg (R) in position 285 has been
replaced by GIn (Q).



posi tion 276 has been replaced by Val (V); Lys (K) in

position 288 has been replaced by Arg (R; An (Q in
w@oaBiives 298 has been replaced by Gu (E); anPCHDE2(0BN00124

in position 324 has been replaced by Leu (L). 79. The

bi specific antibody of claim74, wherein Arg (R in

position 234 has been replacellby Gn (Q. 80. The

bi specific antibody of claim74, wherein Arg (R) in

posi tion 234 has been replaced by An (Q; and Pro (P)

in position 324 has been replaced by Leu (L). 81. The
83biTep axtdpieci€ic antibdiydyf dbintiBa) mhekin whe(R) in positidni 28% has been

e wn

ey R S oL R g e SRS By A

nodi fied so that one or nore of the of the foll ow ng

842ha Gispetilc %Hb%dyt oft 4riN6F Haves Geed 78RUABereid the st iad/or the
0S “%A on 285 §€£§H3re laced by An (Q; Ser (S) in
g%j 30??93°f4'sﬁ8 9 reYP%ced by Asn (N); Asn (N) in
position 322 has been replaced by Lys (K); Met (M in

85P9RL Blsggc@g%ntﬂ)%ﬁy Re&Ry B?Hilalﬁ'%eéb WB‘V@‘M&M‘I thé%@qt.(e'ﬁ):eé (5ht5|de

posi t been’ repl aced by 9 (R; (g
the geriethinge g pedde thedthtegioared a(‘l’f)°ty%sedqcf q fﬁom the
gréSidnsRING RIJEAS IdEENg6Bph@tgh.by Val (V); Arg (R) in
position 365 has been replaced by Hs (H); Phe (F) in
position 366 has been replaced by Tyr (Y); and Pro (P)
86i. A rasinadenihicd Eompasitibe eomprgihathecbispecific@ntibydy FanyTHeglaims
edtogeeci fic antibody of claim8l, wherein Arg (R) in
position 285 has been replaced by Gn (Q.83. The
bi specific antibody of claim81l, wherein Arg (R) in
87PIRé tbrApostin drataiMesYor agd aceehddicaflent.(Q ; and Pro (P)
in position 375 has been replaced by Leu (L). 84. The
bi specific anti body of any of clains 69 to 73, wherein
88t Hinef carsposiiod/ of cleime 8SetoonuseCra ar egicamert far thgGgeatppnt of
cah&gi on. 85. The bispecific antibody of any of clains
68 to 84, wherein the sequences outside the core hinge
regi on and outside the CH3 region are of an isotype
sgsejsecdsfeal Higpebirit fwtlgdid),{lpbtemeﬂicﬂ't bbtginablel gGthe hgBod b&By of

Cla['rﬂé 1 tg% or%Se blsgn%lﬁégﬁ% o? gnl\y SPHP.F&' éé &%§%W@%§#eggratlon

b1 speci of 'C
of Blreedicameyy iferi tha t(ﬁatfﬁemeﬁCBl@Cefor use as a nedi canent.
88. The conposition of claim86 for use as a
medi cament for the treatnent

i SR (or ARE (SBBG5PD B & HREOF EPSTnHBY 40 3, SegY Property,
saltehBthdd ebmaryingthe steps of:

a) providing a set of antibodies, wherein each antibody has a different target
specificity and wherein each antibody comprises an 1gG4-like CH3 region,

b) incubating each antibody of said set of antibodies with another antibody of
said set under reducing conditions, thus generating a set of antibody
mixtures, wherein each mixture contains a different bispecific antibody,

c) assaying the resulting set of antibody mixtures for a given desired
property, and

d) selecting a bispecific antibody mixture having the desired property.



clainms 1 to 67 or the bispecific antibody of any of
clains 68 to 85 for the preparation of a nedi canent
wo oros8t1kwss3 r eat nent of cancer. 90. A net hod f orP€TBK2008/000124
sel ection of a bispecific antibody having a desired
property, said nmethod conprising the steps of: a)
provi ding a set of antibodi es82wherein each anti body
has a different target specificity and wherein each
anti body conprises an lg&-|ike CH3 region, b
9% AbayaeThaY o i 301 HB?!%'%FteQag)dh@’é?g Sfte a"r‘itﬁ“B‘%?dee&he further
propdriiesaaroddiided ortstdpochyin @fairead @ 6t under reduci ng
condi tions, thus -generating a set of antibody
m xtures, wherein each mxture contains a different
92iTBp aet iddeof HHAIMIAORY, 9 1¢ Whaesin §aif gesiFre RraReity isitymeecelpkilling.
anti body m xtures for a given desired property, and d)
selecting a bispecific antibody m xture having the
desired property.91. The nethod of claim 90, wherein
step b) having one or nore of the further properties
as defined for step c) inclaim2 to 67. 92. The
met hod of claim90 or 91, wherein said desired
property is tunor cell killing.



