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THE | NVENTI ON The present invention relates to novel nethods
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Human i mmunogl obulin G (1gG antibodies exist in four subclasses with
di stinct structural and functional propérties. 1gG are conposed of
two heavy chain-light chains pairs (half-nolecules), which are
connected via inter-heavy chain disulfide bonds situated in the hinge

ccn i TP AEBES ANt Okrhfipk b HRosPeriBh RhBbe o

di sul fide bonds located in the hinge region. 1g&4 nol ecules exist in
forms in VIEED OF THRINENHOMN none of the inter-heavy chain disulfide

bonds have beeg, %ereg&\q r‘(vgntloz-?]relalfg%\ﬁ%(/?l n%étﬁ&ﬁn&%bé d@lf:tlctnh@f HApe&fce

or presence of 't di sul onds . human | gG4s
exi st as tastipegdigsrandite bisepdficiapHbederaEain @fthﬁﬁﬁ)m OH%avy and 15 two

| i ght chains, as common for i mmunoglobulin G nolecules, due to
relati\gel wmuemy.smmscmsalmmmrer actions between the CH3- domai ns

and bet ween t hEH%ﬂPl |8'w%uno? ﬁbuq|tnne ﬂlsgn 49nt|b @és &Oﬂ" goqp:{ulﬁé@%e?m'wder

non- r educi ng ¢ covalent Fy associ
mol ecul es diitestogiuatusal@od dentbaral Paerettiasy [afis Ase E@F@Sﬁi’ REEYOReaHM &NF8T s

such as ShgnPAEné %a;r?)(haﬁ—%dtecb%g) bagigh kd?@V\&’bnﬁéﬂte&eNeerﬁbr-yMScﬁd’lﬁt

h g4, a odi t G
a0 o0 S - B ARS8 o DD B
ser umter i madcurrrfamms gadh giffendy the abigsice & @"?ﬁ@ﬁffef plethedntergenvy Fi@('ﬂhuse

it cannot d?imlﬂoﬂhs tom.-m wmnéﬂégmnd@gcw&mekg@em& fhuBehd @nahitry
nonoval ent

i nant | rqduc i ntr
behavi ng b‘?"i‘i'ﬁf lé‘?‘?% PE/”?'W qu?eeWﬁe(’ft 68% q‘)—ﬂ ‘ﬁ L}flﬁ e gaevr?gnefgfor%& @h@
basi s of tHwesenhsepedive ohthe dbterttasr beasenqgrob Prese interneiain ¢eifidedioadul es
one heavy Chary '*”a“nﬁyd“‘g%ﬁ?%"“sﬂfg s P e LB ona ot of
bi specl¥i oLt a8 Fhi m85 ﬂofm?@}’ﬂ%@?sb h cIpdec’rl1 Gluc?}% d%ﬁ?? rgltﬁ‘tss)
(3-5). Th|Sropgomescsva}énthaﬁefacnomsabem@erexwéhgeiorr@lﬂal@6 i?@éWﬁ%UtheFfé*tbl arm

exchange” her&if qoARRE $PE Dy Gp@ﬂbérﬁaﬂh@& BRee roRt-8diRFgl AEdReREL Rk al
as therapeutic drugs, since tBe can

nedi at or s ™9 PEYLY ’S?t'VeF?SQE‘?tB nglﬁ‘:@?ﬁ;a§%oc5£%85§§m§5§rdé?cg?é§ 1z€
sites. Howsreminaioe aodlydheichvap SPSTHSFEL6l ®s in the devel opment of

bi SpECéq I c ant '1?951;' een rﬂﬁ§wrbﬁ>‘?@e\;é?§ ﬂhﬁsfth&mu%nQBG@%meguﬂllh@ other

materials in sufficient u
t echnol ogi W&, subtlesieadebe E}“?a'B?rloda'ﬁS}tb‘?’Pla‘g'hjr‘ﬁ‘ ‘Hrﬁ'?:fgrcf’ﬁ% sc“éﬁ EH‘(SHF gtgi"'la%n
met hods ( 1@nd that serumWRri2@0BUrOGLB# @esa mrdistatephifidd antigent hecause it

formati on nn@ér&sw IWhlng';J-U%ﬁ ‘é!er%?n 9&\&39@9@@% &n&fonh@%oh&a‘l’én‘t"?l i‘),

m ce. Further nor e, 5 escri bes
two | 9G4 arEPBUIEIEY RIS 198 frariss SRR gAY Sharrscars raa’i n
Vitro 2% aag@khn@)bohfee Hasiads theset dsedvationat itomsdfeeprivehssed thahduGar e

capabl e of 8@?%&_:{/\%955% Qa,g %&é’haﬁ% hae Hﬁ){ech@é"’%vﬁ Ta mblechl@ oM nQ%@ Bne

denonstrate ether th eseﬁgar oduct% are al(%g at es
or bi speci Mgayy SHID BBEPRS Iairhaif haesHtEadn She PO iPbRe W s Tider
t he condit weBs dsa66t. crosslink identical antigens (3-5). This process of half-molecule
exchange is also termed “Fab-arm exchange” herein.
30 Bispecific antibodies have interesting potential as therapeutic drugs, since
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25 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.

30 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 seguence, such as IgG1. Without being bound
by any theory, it is hypothesized that the CPSC sequence resuits in a more flexible

35 core-hinge and the possihility to form intra-chain disulfide bonds. Remarkably, the



I n another main aspect, the invention relates to an.isol ated
bi speciflc anti body obtai ned or obtainable by the nethod of the
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said set under reducing conditions, thus generating a set of antibody
mixtures, wherein each mixture contains a different bispecific antibody,
25 c) assaying the resulting set of antibody mixtures for a given desired
property, and
d) selecting a bispecific antibody mixture having the desired property.

BRIEF DESCRIPTION OF THE FIGURES

Figure 1. SDS-Page analysis of purified recombinant 1gG1l and IgG4.
30 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

35 v 1 binding test. Data from IgGl and IgG4 containing plasma samples are
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Figure 10. Exchange of 1gG4 by erythrocyte lysate
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mixture in lysate from erythrocytes at 37°C. IgG4 was incubated with increasing

35 dilutions of lysate. Bispecific activity in the heterologous cross-linking assay (Bet v 1-
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purified rhesus nonkey i munogl obulins or human I1VIg. The formation
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a sandwi ch ELISA. 8 B) Mxtured of two reconbi nant hunman
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the hal f nE\BivaD%&HJ: @D?J%B?@Qﬁtugoﬁ%@ different 1gGL nutants wt h lgHA wt
nol ecul es tested usin .5 and 5 mM GSH, Exchange
using the foll o @Hrﬁnﬁq atregsexchange of IgG4 haif molecules qs IF\#? enced E)y (%he
20 components used in the reaction, and occurs in culture medium (Freestyle 293) at
lower GSH concentrations.
(D) GSH-mediated exchange of 1gG4 half molecules is higher at 0.5 mM GSH
than at 5 mM GSH.
(E/F) Detection of Fab arm exchange between IgG4-EGFR and IgG4-CD20 by
25 ESI-TOF mass spectrometry. An IgG4 mixture was incubated for 24 hours in the
absence (E) or presence (F) of 0.5 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. Data are representative of 2 experiments.
30 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
1gG4-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

35 antibodies through Fab arm exchange was measured in & sandwich ELISA.
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(A} The effect of GSH concentration on the half molecule exchange from
different IgG1 mutants was tested using 0, .1, 1 and 10 mM GSH. Exchange was
tested using the following mixtures:
- IgG4 a-feldl wt with IgG4 a-betvl wt (indicated as IgG4 wt in the figure)
20 - 1gG1 a-feldl wt with IgG4 a-betvl wt (indicated as IgG1 wt)
- IgG1 a-feldi CPSC with IgG1 a-betvl CPSC (indicates as IgG1-CPSC)
- IgGl a-feldl CH3(IgG4) with IgGl a-betvl CH3(IgG4) (indicated as IgGl-
CH3 (1gG4))
-~ 1gG1 a-feldl CPSC-CH3(IgG4) with a-betvl IgG1 CPSC-CH3({IgG4)) (indicated
25 as IgG1-CPSC-CH3(IgG4))
(B) The effect of GSH concentration on the half molecule exchange from
different IgG1 mutants with IgG4 wt molecu[és 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 19G1)
30 ~ IgG1 a-feldl CPSC with IgG4 a-betvl wt (indicated as IgG1-CPSC)
- IgG1 a-feldl CH3(IgG4) with 1gG4 a-betvl wt (indicated as IgG1-CH3(1gG4))
- 1gG1 a-feldl CPSC-CH3(1gG4) with IgG4 a-betvl wt (indicated as IgG1-CPSC-
CH3(G4))
- 1gG1 a-feldl R238Q with IgG4 a-betvl wt (indicated as IgG1-R238Q)
35 - 1gG1 a-feldl K292R with IgG4 a-betvl wt (indicated as IgG1-K292R)



25 two reconbi nant human | g&4 anti bodies (1 g&4-CD20 and | g&4- EGFr, as
descri bed above) were incubated with 0.5 nM GSH for 24h at 37C, in

t he presernae2008183ence of an excess (50 and 100 m cr ogepRE0IE M0l
Tysabri. The formation of bispecific antibodies through Fab arm
exchange was neasured in a sandwi ch ELISA. (B) M xtures of two
reconbi nant human | g&4 anti bodies (1 g&48CD20 and | g&A-EGFr, as 30
dﬁscri bed above) were incubated with 0.5 mM GSH for 24h at 37C, in

t he presence or absence of e anounts, (10 m_c I /ml) of
Tysabri or Myl BCrfeidtfe?a26, Iggﬁad?a%‘%tp(&ﬁ"%e@ aér{?{sggﬁsgé thrz)ugh
Fab ar m exchaniys lviateldteriear edh ilgGaa-arvd wit ¢ indiktie@As IgG1-P328L) Fi gure
21. Hal t nol ecyq ?*85‘?'&9&%??@%&1@9@9 £8881 rMCE:éd:&’MtéJ' asg@fepstonal
mut ati ons at position 29 nol ecul e exchange from di f?erent | gG1
10 nutants wasKt¥¥ed using 0.5 nM GSH. Exchange was tested using the
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| g3 - CPSC20B02E)gc1lgEL=-2HA14RFC- P328L wi t h | gGl- 7D8- CPSC- P328L

g'sn?'gc ted as | oG . CERGERR8 i §81258, Mo Wd (hd S L8 ro6sAd! cat ed
- IgG1 a-feldl K292R with 1gG1 a-betvl K292R (indicated as IgG1-K292R)
- 1gG1 a-feldl Q302E with IgG1 a-betvl Q302E (indicated as IgG1-Q302E)
- IgG1 a-feldl P328L with IgG1 a-betvl P328L (indicated as IgG1-P328L)
- IgG1 a-feldl CPSC-K292R with IgG1 a-betvl CPSC-K292R (indicated as IgG1-
20 CPSC-K292R)
- IgG4 a-feldl wt with IgG4 a-betvi wt (indicated as IgG4)

Figure 20. At 0.5 mM GSH, IgG4 molecules with a wild-type (IgG4)
core hinge participate in Fab arm exchange of recombinant human IgG4
antibodies, whereas molecules with a IgG1 core hinge do not. (A) Mixtures of

25 two recombinant human IgG4 antibodies (IgG4-CD20 and IgG4-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 IgG4-EGFr, as

30 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

35 additional mutations at position 292, Half molecule exchange from different IgG1



The formation of bispecific antibodies through Fab arm exchange was
measured in a 25 sandwi ch ELI SA Fi gure 22. Core-hinge
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The formation of bispecific antibodies through Fab arm exchange was measured in a
25  sandwich ELISA,

Figure 22. Core-hinge stabilization protects IgG4 antibody
therapeutics from Fab-arm exchange in vivo. (A) Detection of Fab-arm
exchange between IgG4-EGFR-CPPC and 1gG4-CPD20 by ESI-TOF mass spectrometry.
An IgG4-EGFR-CPPC/ IgG4-CD20 mixture was incubated for 24 hours in the presence

30 (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

35 shown)).
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or W) andanélbml%tio%chaﬁ riegestest é?n%her I@&ﬁ&PZOﬂHQHEﬁ@ﬁtanéhT&ﬁﬁ CRAPE9SAT
regi on typiaraldpec r&x@@éépl'rhé @etedfioromngit dﬂtflﬁla%ay@hs indidge¥tdated M) and

regi ons be further_s i e nto regions of hypervariability
(or hyper\/é?’reﬁwts serr%mll%vﬁg:’ c&ﬁlﬁgﬁ %’lﬂ be hypervariabl e in sequence

and/ or 1% or m of F@vrm%i (Fak dryn Mansa of §¥¥Eymutanig ovartimer e
Cgﬁpl emi‘nt ari twaﬂ@rfeerdﬂdcmmmuagt f@nsbo(d@Rsére ihdlbeteg par s2d wit 0.3 egd 035
that are erved, .terned fra egj o n
VL is typl \g/’ %8’§e% ta'?en At 'enéj'%@sw Dfr% H%Rgfm?m%ﬁ?g%p¥ﬁfg
am no-ter mmlbgdiemmmwdeﬁmhﬁ[]@e WoF \’teF\téd fehg mfﬁ@"ﬁ'm@rxm'?ﬁl CDR1,
F]BZ CDR2, FS&I MIdfﬁéw(tﬁeﬁeﬁé%@tvﬁln&)(hwdlciaé@laﬁeddm tgg nﬁnben Rgd
of am acid re e y t he met ho
descrlﬁ‘gd in K&?ﬁsﬂ ?%gﬁ WpUgFrll%JG‘{ﬂl%gtvﬁl)”r%'ngmategas sgﬂ; t he act ual
l'i near ani no-addGsedeleh€eHofwith Ipepeitety IkHComiares Fseiclor
addi ti OHE:Q am n «ﬂQJff@I& @@trwetmgdl?dlagﬁt\hoc@: ﬁrlsm&aft@msrtlgs@f gr i nseLti on
into, a or 0 var | mai r_exa eavy chain
vari abl e donai 59%9*?’%@?6%‘3‘”5% ?c%b?"ge%ﬁir&ﬁggg@?'aa‘feér@sé?w@r esi due 52a
accor di ng t o-Kdba4 y-felfit EPHE adhdees eyl OPHCODARatgAds CAYel ted 20
[(egl d;Jﬁ’@f (for 'ﬁb%?@ﬂ&%é%{éiﬂﬁ%d&%a arfBichdnge Becxxci.ﬁutaae@or dl ng to
abat) after heavy resi bat nurber | i
resi dues may bg ﬁeﬁff%rcrmoﬂ ﬁ&?”cﬁnﬁ?'ﬁé’no'&n ?b% y'BY “3 rﬁ%nﬂe '}.%t a%xxc
regi ons of mhenti egy tefed hons dqteeABAODIM ﬁéHaﬁWH@oﬁththSth usinaritiar d"
Kabat numbgfi&dng gﬂgﬂ@@ge The term "anti body" (Ab) in the context of

t he present |nvent|o efer n nol ecule, a
fragment of an F’ﬁ’nﬁrﬁ‘g Hﬁﬁ’ltﬁﬁggb é’(‘?‘il’l%é”t (W‘Categé’ ?Q%f[)l ve of either
t her eof§ whi eh 1has a{féiel abiithtlyG4 e-bepaotf(inditkiey abilgfédt o an anti gen
under typical ph¥s ‘a%l@g'c@;ﬁl: v@ﬁ?ﬂgbk 'a%&%vl%éﬁt @nd?@eltéd éd deHof

significant per| ods ? % é) m nut es, at
| east about 45 H?ﬁatfé'gl C&F Vf‘@a@fsq‘é‘b?ﬁﬁ‘fl %%% Aditated 35 C¢Yast about two
hours, at | eastigabatitidi GERC ittiIgG4 atbetvddPRCdIndigated ah@BR@) at 30

| east about 12 zgea'%%emfﬂaeuém% D845 SHeRVt dPRCindRBRUtas4BHaPUr S OF mMDre,

about 3, 4 5, nore dayS, etc., or any other rel evant

functi gpal defl n sufficient to induce,

pr onot 38 ﬂUEED %ﬂ%*%ﬁfﬁyfﬁ gaﬁﬁvt &Fogl cal response associ ated
wth anti bgdﬁnmoadl ng to the antigen and/or tine sufficient for the

anti body to recyyl tean e ROALRE: CLherter RCiti b T arathe

regi ons of the chai e I nmuno
nol ecul e coMecepreieins bprﬁgﬁ:ln@ ofj oM@ pairs of polypeptide chains, one palr of light (L) low

molecular weight chains and one pair of heavy (H) chains, all four inter-connected by
35 disulfide bonds. The structure of immunoglobulins has been well characterized. See



13 that interacts with an antigen. The constant regions of the

anti bodi es (Abs) may nedi ate the binding of the i munoglobulin to

host tisswas2mg/1foasst ors, including various cells of thect/poRwso@mYSt em
(such as effector cells) and conponents of the conpl enent system such
as Cqg, the first conmponent in the classical pathway of 5 conpl enent
activation. As indicated above, the teri@anti body herein, unless

ot herwi se stated or clearly contradl cted by context, includes

fragnents of an anti bod t co t ore
hi nge regi™®h 8RS E‘fréjiaﬁyef’ﬁg BT“P? f‘g ngg%;] C’a‘f"fyzr\ﬁ ﬁ‘g '%ER'EP el
antigen. IN.YhA$8h@dnl)s Bowfly, tdach hedve QbmntgwnaihlIﬂd¢mgl$mn&@|f@ﬁvvothaam

anti body nay.he rég%rpgrbmmm H&¥eih %@@H%P"vﬁ) gﬁd a3 h‘fewyl cHa%n&B&aﬁﬂtégQﬂdy
Exanpl es of I ndin

nment s enco Easse gg? he term" tlcm y"
i ncl ude, €h§. he?‘("aﬁ‘aj“zc LA YRR cYHS é?er"bsie HHee Feay
conpri & ngandwoHFattach rl@gtrmhals typictleds rpmariskdsoff &1lgbt bhadind yeriattie tregion

hinge regigpy Al cr%a@n WG of' wgmga.gﬁf @héﬂ?'a&{s@dnlt)‘edlﬂﬁlﬁgq hwam n
t he nmeani n ? ant i , col ectlve4 ent

are
uni que fea&omté%t rggiop ﬁ‘@*fﬁ#'ésse Prigeq RS9 &hﬁlﬁl\fﬁl aﬁ‘g dlrﬁ‘%ﬂse'ﬁ%y
bi ol ogi calbepruapear dubeisidadh thtal tagidnis \of hhierwadrsab:lue,!rI(@uhcbdu@rahideegcrﬁodhltmat
the term %5\} ggg%peruma%ﬁeslno%ﬁﬁérfcb%dﬂ)trhgrw“o?%tru@clusaﬁy 'dQﬁrlqug s), also

pol ycl onal anti onal ant| bodi es (mAb ant

pol ypelft i degnedsepstplefaentaitigieieEm s 1581 S-Rive 'HF?ﬁS&ﬁTS%a" rﬁe?’ ‘efd’}hég
and anti baogy ridragorstinged) edraied| fragndvivek abiidrist (FRE)0 Esprewi and A liy tipicaty t o
the ant! 0eR,30ld el AhdGhd fofagr&ﬁgltaﬁ»)anagd f@nqoxmscéemn&nee RO

t echni que, “such as enz Yma ¢ cleavade @‘F?e synt hesi s
r econbi nartervigeh i Gadelowigs aider: Fdy CRRLgERerciRed TR AC %5@%&%9’50
i sotype. (12)). Typlda@y twee mumberranofadntind edy Fesidues ustd rhgiveismerfosmned by

Ot endgd | Be MiGhHAG AN R KBS (YU oA ARlr A & LARSHB A PRIAPS

derived from hiunan g I n sequences hunman
ant i bodi eseroifio tasid ?Wé'ﬂﬂel #ha n%??t‘ij%@l‘al)’déf’“é?ﬁ‘ rfeW%rc P 2T 85V 3
encoded bycohriesind@gr @l 4 BRorkdNMgN6R | 0@ bnddrtiors egojemFasSor €DRY.of theitvatiatoas

| Nt r oducedy Daid 3800 Hie. Sa' ﬁegoaea%ﬂ TG ARRNERY hihBe ¥shER g%n%d

somatic mu atlon I n
used her eiifisery §repigge IS%@ éﬁ@é@jﬂﬁ & KARaty aBerrsidye fi2ed YmCla eRd dsrrted
sequenges @ebiasedod metantd eesgipesrisbaeszy, aﬂmheretmmdim@mo abati) ester

such as a mus%ﬁaln?‘%reﬂ&l%ghzgﬁ'ﬁé kg&t%nme#ﬂig@ﬂeﬁie [ dlletRifleRres

An "isol at'&d " antq b used herein er to an
ant i body whigiveni @wt@e@stban@ligamﬁsyt £t ceOigiFs ot Renolas |°56Bﬁ E89YPRGE 17§ the
di fferent afibb@ERiteaSRERdd"Oldbbiesumiiiied Slat@d anti body that

specifically b|1nd3 tO a‘?‘l@lbg Jo \XB@ in th%%n(%&p of'the/ EQ’{Ptmv%[ﬁtuﬁw r%ﬂarr% lt&Hlll ar

human target anti ave Cross- her
rel at e 351murtgehq§uhnf d‘ﬂOIﬁfw@b aﬁc@agm% ot Iver ispEeegebufing u’@ﬁ'e‘a‘ﬁers iFect es

POWDl 0]95) %ME@QVWEIH'@F‘ thekdof] aa.kathgfl traentauﬁhmotys JiBifidaty Sibstbadt draigky
ree of ot and/ or che Nt
of the pre‘é'gi{’?f pr‘ﬁ?gﬁﬁ‘fsbog%'cﬁ E%nrgt')tioﬁat“i"tgna of lmh% Ofss'?m%agﬂgnr%g? gjﬁaﬁ%
ant i bodi essushasray lefist fabpetn30 gpyutes: |a<§|ktalsé§b%ﬂfe4506\ﬂ’t§’ﬁ$edt jegstgabout one
We' | - defi nﬁ‘{ﬂlrcé’ﬂgﬁ'abblﬁrtwo?sb% beleB® ab@Dﬁ;fbﬁ} anak, a’lﬂ?dsb@ﬁbﬁt 80ours, at
" monoc i bo Si t as_used herejn refer to a

pr epar éé) Jﬁ alhtt ’%B /> nagﬁoiétc%‘fjggurf)far %Y Iaé)o?rtl) R YA S AR T
monocl onal 5 a61t7i drodyrecionp cbd-1 proayditigsl ra*ysaréz fgickignadly setinidngrispéich i2gi t y
and affini £3hnf1é3rsu@|c19ﬁtr Ed Qr\ﬂu@é ﬁ'BthH)eenhéﬁ@eoréj\'df‘tm Moddlé’t@ é Qihl}%lolbglﬁan
nonocl onal antib % gd I ch gntbl %odléas ryl ng a.si g}Fm o H)
speci fi ci t (FSRMPR Fs1RElFErd gt aRo5K " Hify OC%'ﬁs?n " P ?OWE Jer FVed fr
human ger nthereatibedyuteagtroty @i fe- rsehpxemeégctormwmﬁﬁfre yaviable| regigms of the
anti bogi esp,JRy He IGRNERARLEr e VGBSO MMHCGR doRtGlnUsl @t dth BdérBbih

obtained froma transgenic or transchronosonmal nonhuman ani mal, such



25 the predetermined antigen or a closely-related antigen. The
anount with which the affinity is lower is dependent on the Kb of the
ant i body, Wzdggy@igg,ywen the KD of the antibody is very pewniidogbooks,
the antibody is highly specific), then the amount with which the
affinity for the antigen is lower than the affinity for a
non-specific antigen may be at |east 101900 fold. 30The term "kd"
(sec-1), as used herein, refers to the dissociation rate constant of
a particular antibody-antigen | erac Sai d. val u

referred ttBetaltersrés ﬂ(‘yétpta“ Q'gtl he'cS% a#t{sg‘f"ésr Rl e %tbﬁﬁ'ei (Ebs‘%e"&ayl)
as used henadiate thefténding of trhe lraswsngl@tlummrtorfaﬁsetléwstcan&ad@fs dncluding
pal’tl cul ar, QH']E] d Bpdve ﬂ{gﬁﬁﬁunwé éVs&rna@stuh@@s effd@or cells) a@&rﬁ;ﬁ)ﬁ@’r‘ltsﬂ‘%e

as use ereln, refers t he dissoci ati O{'I II bl’I[um onst ﬁAt
of a partl@mpﬁne&hﬂ’%ﬁﬁf“gﬁt&?é&ﬁ trﬁﬁ e e classieal PRRY Y
(W), & usegldieneiativateher/s tralidated asfs@mtaelt@nneefmbloﬂ\brhanmc@fngﬁ%nt

f t n b 3 an
of V?dpgrg 'tcﬁwé@[ gﬁaﬁgeeaogry %Qﬁy %ﬂtrhm&@aawlcmeﬂnd a@de@ trédrﬁ@fé ky

Fo't he AT e SomREFS & YtFiSR of HETHHEE T GEE TTdem et G el
| gD, 1 9gA, thgbecifaaiy ighd td thatantisesrencoded by heavy chain constant region
genes. The term [epjl gps%owﬁ‘%ﬁ{tsthg aﬂEr%énebuﬂd:ﬁ'&?&{cﬂbméﬂBn %ﬁm‘ab%eﬂ«f be

specific binding to 1 % t opes usual y onsl sft "
sur f act gresuisrmes bufragaeBudfes fdl ﬂgtasangh?% Bxemgss of ’%‘-?"&Pé‘ s
chai ns anderidsipassyd hakia tpeaeint Pantibbdye endiidee e g Grl )zﬁrtagnnenusr ahich are
character l%\t!?:{i Cn% fragf?‘uex\@léo@ﬁ5|n€%6 thffrgaﬁérgg ﬂrl:f"}cé 8|rsu|§(§é 9r$dge at the

Conformatlon nonco t1ona es are distlnguish e
that the biingsi 1egiop oAlEheegh GHeeiragsanthefe %ﬁ%fal'\ét%@#eq withigdhe meaping oF
presence OdntBEMALLy ddlectiobly @nd sachTihdepepddntperemeyqubSeatoresof s madend

acid rgsi dues 8#“8%‘& yr}f_{ %Yf%lr%/rﬁdbsblg?lgé?epr?ﬁé?géfqgﬂi%ﬁl‘?/ Glals89should be

i munodom nan er am no aci
resi dues, Wtﬁﬁpoér éharﬁothedl‘f‘?féfbtalﬂyb?qWO‘F\FéH sRecifipd Bherdissg, iy drluges
am no aci dygiR$ndastbMaieeN nadneciehdl eatibudby (Dhook edttibydyt e spgebfidesal |y

t bi ndj ti.d i n. ot
W thin e FbotpRTRE ol 28 #P@éﬁig A Brd rilecgoh el

pept i
As used hevetdining ahmwm tarRPRENY ibid @einp \FEHOSTY GtiogN B'agwcfmgaken )
gernl i pg S@rqu;eétﬁay iahy thew@nédnbrdy, $&h ltenzyiastid cleavage, Syepticasughest,

human i Mo r&ge |nant%ecﬂlﬁ|%ﬁﬁe§dﬁ aLBEook tggﬁeq'?teméa‘l‘ Hgggggs%lnogs ofype.

transgeni c® T YT e a ge Screeni ng
a hurman i munodiheser ‘H‘l'-&g@ﬁ@ﬂtlbﬁf\’aﬂs usgA dreie igin “ldﬁ‘ét%@F'éE? aefibedigan
anti body i gavitlg VR@blk HQ%onasmhreaisnatiedveasiondbimart gernibe imsiuasgebutib

I t 96% h I t 97 h
e at | oastoUSNET duR TR TRoaes o e ARRAN Fef I BRI g PRl

sequeng® engodetdby hm@ug@nnﬂﬁw@fnﬁmmmwg@ﬁum rPegeanses Tgq§i-c AMUtgrions
out si del t h%ﬁr%@@c%?zf by hﬁ?d&n@@te @eb%ﬁﬂta@@fjésﬁoﬂ)wtdﬁdirl tuegbriatio mudation in
particul ar er ence i sp| re no
aci d di ffef”é% éer th‘ﬁgerr%rg V\#ilf?d i Mo AC| @antgo sePBtﬂ@?er%g%gm
such as nointode anhtmq!les infyghicti ﬁ@f{a‘w@éeﬂ@@g deivedt Ten the ggrmie ¢fr anptheki no
aci d di ff erepreuibh QPRARE saiH 8D aafbikes fACHEA @BRaOBRoUNdMerrgaEwmrkne

i mmnogl obulin q%ene The term "bi specific antibody" is

i ntenddd t #9UAEAde any antibody, which has two different binding
specificities, An 8solathe aatibddyddgs bseddiereinoisdintendedin refgyi topegntiboty

whi ch may Qﬁich%@b%nﬁﬂlytﬁ& §%Fertaﬁflg&ﬂes@%ln@%f@ént dﬁﬁ@@u@ﬂﬁ&lﬁﬁh&s on
different target an

cel | " refef8 $¥PteHh al“r‘%?ﬁethﬁtef‘?ec\‘;\ﬁ?@ﬁb‘i‘% E%%FB‘E‘H’E hSDF%@ :fi ar'%w BFLO!

phase of apaitinwamRiIMESpmes entiges rapp beweler.ohavh erosergrrctivityeto other related
35 antigens, for instance from other species (such as species homologs). Moreover, an

20



5 and activation phases of an i mune response. Exenplary inmune cells
include a cell of a nyeloid or Iynphoid origin, for instance

| ynphocyt &go t®wsreidzgas B cells and T cells including cytatibiksodosels S
(CTLs)), killer cells, natural killer cells, macrophages, nonocytes,
eosi nophil's, pol ynorphonucl ear cells, such as neutrophils,

granul ocytes, mast cells, and basophils!4 Sone effector cells express
specific Fc receptors and carry 10 out specific |m"rune functions. In
sonme enbodi ne n effector ce b e..of

ot body- dRREh bR mapecsParayrl: FFE Aottt e L. pr e
Killer celdemgalpalsl @ﬁeoémbmidu@'rtng tbﬁﬂ)meserﬁomveeﬁm @mhmﬁewf é'§0fat8d'
macr Ophagerﬁonowehéi BB EiS BaviRaieRnt BYAcRds iake SHBRBIhEd G Kivdiidgnad
target cells and npresentl ng antigens to other conponents of the

i mmune sy<PERPSY™ binding to cells that present antigens. 15 In sonme
enbodi fent s, anhetérest noroebhal reayibpdvd goc'\manedorzel taatipmty compiogition‘ops

target cels dmee.ﬁxr@feese an%aeumraﬂ grwbaay Frﬁﬁemsaar @a‘nf_;ecmrecelg.t |
my be reguFate hunor al ‘ga rs SUC as, C

T e o omposity I ashsRaL AT Ba TP B on SsPYSP STl W St TePen o
(1 FN-y) anshdoaffifiyCEr. a Tirrgcurmhenitoeel éxqrdisgy,ofhei remedsewnt enoclonal
cytotoxic ﬁ?if]bdy drePd g%%o@&aﬂkﬁg ikgld §:n§|gablﬂc‘ﬁﬁg tg ?écﬁiﬁt§ wH¥h have

ef fector cel Y

Ocan phagocytgse or et an r a
cel|. 10 variablg, gng rF@Fﬁta“tr SFEMS tdB”‘fel‘iie?@HhW%f'r QF"”H'I‘? F“'Bﬁnc’@ﬂt”@{ﬁr?l ve
amount of wqtdreeapeetiwadn pnoactdnak agithmpies ndayobe tdeperpredsent Hyhxidomed on
with the RM‘(IB‘IOI%QIUQJS §§Séeng)bta‘%@|ﬂ'&ﬁ %ttlranggerﬁé B:e%héagro%s&ﬁﬂ%%ﬁ%é}g

(curing) synptons or disease states, fective anmount” refers to
an anount aé‘F‘F@cF‘HC\Veas %fraa%agéaoeﬁdh%vg 3295”‘3'8? iCBYErigRo pihygan heavy
necessary,chtb tetbgeeand adigat ¢rath trireyaps Gised to s irhortalizédhemilapeut i cal |y

effectjye am)ugtg @edaﬁbréﬁt E@og&m ﬁ'{ f@ﬁeﬁcg,llt Lo tHea6hahg (§ch,{1 as

t he di sease st sex e individual, and th
ability ofarttfh@dVaﬁmbowd%tsrr@r%.%ﬂt'aefae@P*Febr 1% S INGNg; ithhan affinity
i ndi vi dual Gorpes;tdnerngpetatuocalaébyutefd’emtorwas,amnu at absutallo$aM onss, rsuninibe h

any toxic gf, ﬂ‘i@ﬁ%pﬁ&k hduE CloSo M \t%%s,a&l st?ﬂ@ymﬁf 1A LS ERQdNsQRLS ON

are 300ut wel era eutica benefi ci al
The term’ 4eg@zrurrqd@ feweamerfg'éfaﬁeeeﬂﬁwn fegqanee ScE’RéteéBﬁ’féO%'ﬂaeB“r\@@? on
in whizh tiocHstehdre sREI theastiganeastignidane ant Ity abtiedg ws ceptahdle, t o

reduction a d%f{s gﬁ%yea&%rrmé‘c&’? t@%ﬂ%nﬂhza% déff? J&%F&%Q@P‘ to a Kp that is

cystei nes/di"su
ant i bodi esatHeasF my-fald "P‘@‘Gﬂfsq‘th@é a¢ fneet Hiogl! ‘?‘e‘%j"r t instasge t 'ﬁ@‘“é@ﬂ?ﬁ‘i"i’ ons
can 35be figwad subles aveiag1d,0@0 e IRieRefor @taide st tHastik 60,0 fid dges in

the core rlﬁ\gn a?fath &’ bth’ {Ié% eﬁq S%QQ\C!%S ﬁ&%%ﬂ%ﬁglt lé/ﬁ‘\f QE{Qrﬂ cg\;}lé'%g"’ de

bridge wt ano
keepi ngp otth'erpr@ﬂesﬁtjwfiedeanﬁﬁf-‘fdg"ee cIOﬁelVﬁeat&ﬁﬁnB@%w ThA@MOHE: Wikhahigh the

anti body sigimiet Mn@vérné a6pendERr oreka iyl of th@ Bntile®4 - 4o thet wadrethlai KRG the
regi on may h| e regipn . h' f
an anti bod?ﬁtggf’gy Kot eErOWS{tEEi")tt y‘ eelar?gg\%a%cﬁ%oqr;@ %%Eﬁﬂe %?%@t&g‘fc&m
CPPC sequeviieh the fo!retvcfer éﬂ&%@ﬂ@fﬁlﬂw‘a\se'b@é'h t'FﬂJ@fﬁt"é\ﬂforé "@” SPECifie Fhigpme,
such as a fy g&b@@a@fm%e@omo CPSC The term"lg&4-1ike CH3

reglon int ntext ot t appli ¢ on ..

regi on>%hi ch | s P4ERt |l&'al(seflg) F% ere'f1 Fef‘aéi% the d's%c'gﬂén IILa eegon%t
CH3 r egi onofwhparticylar dngihedy- @mmehynte@eﬁwalsemvaﬂt@ A aingﬂfeEPEB t? é@FQ?nkoff
Functi onal {30 equival ent, in thi s cont ext, nmeans that the CH3

region, simlar_tog the re 0
i nteer - hal f - mol 081%™ nf(gr_@b f‘gﬁ‘?gﬁs g%ﬁeﬁ?’o'ﬁ% tto heblassogg"bém rate
i nt er - hal f camstaetefl egartigular aglibety- a(ﬂtlgerr ofirefiiopan e. g. be tested by

replacing the CH3 of an 1g&4 with that CH3 region and test for
exchange under the conditions given in Exanples 31 or 32. If exchange




The term "reduci ng conditions" or "reducing environment” refers to a
condition or an environnent in which a substrate, here a cysteine

resi due i g f@g/8@8Rr e-region of an anti body, is nore |p&gbirdogodeeqaone
reduced than oxi di zed. The term "reducing agent” refers to a
conmpound whi ch reduces nolecules in its environnent, i.e., which
changes nolecules in its environnment tolbecone nore reduced and nore
reduci ng. A reducing agent acts by donati ng el ectrons, thereby

becom ng itself oxidized after hayi.n red Str.
reduci ng agent 't %’%n'? aVch'HsSﬁ 'ﬁg‘ﬂ er@ 8%?0 %Soc’ n E‘F“ns%r’%dfn
reduci ng agestérg of acplaucteiadamtmocj‘k-hmegemohteramor( DTT), mer capt oet hanol ,

cysteine, thio te t t
bor ohydr | de. | %L%ﬁ%h—gnlgédmnﬁﬁwb’é@he&mj r8feRd Behe MC:SM B&ilibrium

an enzyme, constant of a partigglar AnFipegy- %‘Eﬁ‘q ?rﬁgr(é‘lélt?%oaﬁ‘%% BPté"frﬁg 8 ‘{‘H’i rTB“ocess

of form nk,ayeevial ent bond 5bet ween two cysteines present in one or

two Pol ypepti dﬁé us%'h‘e\r@r‘l Swé%@“‘?&bé% 15?‘1% |mn§mo§!obulln c[ass %for th%H&J' de

bond reducti on rs éj ul q]
t her eby rd88it l95g- 196 VJ@Gf‘hF‘iﬂ ’@F‘oﬁ?fs ‘(r I§M éﬁ%tu'ﬁ ncoded By hedl§ ¢ MThe

term "di subohstale rbgiadgermeneri zati on” refers to an exchange of

disulfide 10boqq§pegﬁlt“\gﬁ?d?)ed}n %?Bltotﬁé(a&ghﬂiﬁ%t c‘apﬁ:le oftJEJ@aﬁLhHM hy rg of

di sul fi de bond tern disul I sonerases" refer
prot ei Ws vt @mibedy-akritraes HEHally JRBFist, ot chsfgr%rfpé'iﬂsf?d@f’ﬁss%% Sﬁ’fﬁ as
proteins. amino acidsNer Siggni didec @héing eddctduelly hahe spesfad thrme tdimensimeex t

of reduct 'SQRJC@Ea[%érg/l:Jel‘ ilfesP é %f?%ﬁ%@ﬁ?ﬁ’c LRde 9%’95&@"5‘: ¥s. |C§>§§)rr§1§@cn1allo%

such as | ess an 152% or | ess than 1% of F
speci fi ed AN eglt?a?Staﬁ% disHpqnishes ity H?f?ért@%bﬁ”@'ﬂﬁcf? ity former
Aspect s aruiterbesh mest & Bt ihheeipresentd ohdenaturing solvedls. Tias epitdpednay

Sone: b5 r3rer e yier affCRhyed, et cid 88, 1f; BEchridgnall s
conpri si ngnwogqr@pgnt component of the ep1 ope) and other amind acu:l residues, which
are not directly invotved in the binding, such as amino acid residues which are

effectively blocked by the specifically antigen binding peptide (in other words, the

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

20 As used herein, a human antibody is “derived from” a particular germline
sequence if the antibody is obtained from a system using human immuneglobulin

sequences, for instance by immunizing a transgenic mouse carrying human
immunoglobulin genes or by screening a human immunoglobulin gene library, and
wherein the selected human antibody is at least 90%, such as at least 95%, for

25  instance at least 96%, such as at least 97%, for instance at least 98%, or such as at

least 99% identical in amino acid sequence to the amino acid sequence encoded by

the germline immunoglobulin gene. Typically, outside the heavy chain CDR3, a
human antibody derived from a particular human germiine sequence will display no

more than 20 amino acid differences, e.g. no more than 10 amino acid differences,
30 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,



of : a) providing a first antibody having a first binding
specificity, wherein said first anti body conprises an Ig&4-1ike CH3
region,  wo2008/1193530) providing a second anti body havi pgr/8xsREON4
bi ndi ng specificity which 25differs fromsaid first binding
specificity, wherein said second anti body conprises an Ig&4-1ike CH3
regi on, c) incubating said firstéand second antibodies

t oget her under reducing condltlons whi ch all ow t he cystelnes in the
core hlnge on. to upder I i a )
obt ai ni ng ‘& %?@5&8???%p% r9 %%t%k%? rg%Eagm’pre er%%ﬁ$ rh@ﬁ%%ﬁ?
the first targgt svgend antlbodles used in the nethods of the invention

are nonocl onal agnjskdadieas thé/taéml"mioraganw RS dMBiynrBur: cénewmao@wced
by the hyhri i rst d‘_ESCl’I bed

er
o oy cautahiBH ¥ T5h 8PSt Ble SEEL BT rbreP ool o bonle ™
al so bé 35ind@ktitatidn Phanes pharyienmuyrts igsrbysé. |Ebﬁ@piaeslrru%tmgetlmleclv@%hn¢lhues
descri bed 4en, m¢e%d o.l%@m@mh@m, g’ﬁ%k&%@@!yﬁph@&ytes((l;ﬁah 8l cdvraks Takual -

(16). Monacl o n bt ai ui t abl e, source.
Thus. 1o B &Yook aal Uik K08 St Prghise KAy PR
hybr i donmasngroepas.egsihophits meelymerphphusitiac clscelch s obttapnidel Q‘raromqwie@e

i muni zed WA Qel%naﬁdqﬁésgﬁm&sogorhé‘%ﬁéc%&tcellg &[prés@%b%c' r@cé‘pﬂfrﬁrhﬁﬁ cdr

expreSS|ng t he antigen on the s a nu ng
o ot Tgorpub oo PRLre TG dR P BRI Ay RreD o= daban
from hybr iiddring ai*enbndsede;fendnnta:mt!mlarocbyotempttseﬁsl?@@ @e¢h| gs @f natwrli killeed

humans or @pnciyy I |n§ BOERN BS Eddnsple, d%ﬁmcyﬂffs' rm';c?&)haﬁésc wﬂléh one
enbodi ment, the antl bo%eg the | Entl on is ant.i bod

n
Fnan TonGEPEHS IR DO SPe e Rt gBlRct el ure g deens &0
transgeni otisr dorrpnsetts ohtbeomedunaisggeTapr Yindigg parcels thét preserh@nBgens.
| MuNe, 53 S, & e Adrfistirhdid] atn'@fe%l—'%él ?ra)é§tp%5'boc 9@ attéu%@§gﬁ’dq_|ﬁ o@'%grge

transchronmosomi ¢ mce include mce referr her ei’n
and KM i Bl Flees BERIETSIP) §f, aaPﬁEF'Céﬁaé F&%ane%ri ff%‘?t?/r e BRY &8 ‘Ee(‘-J“Eﬁ'é"rdel?Vn as
" t r ansgenitmmurad ddctort SlitteaHyidkinesDEs exaopit aexrsesaioh wirioyRI imesi heayl fotxd i n

gene m ni l,ggj, Jphr%bul?fEGQ{;ijﬁte%iro%a‘f fz@ﬁ%%}éﬁ@lc&lﬁ%@ ewaﬁeaq Mpreddish K

| i ght chain i nmuno i n sequences ether with target fg
mut at i ons 'PHERSEP H&'CQVFQF%’E'%E"E"WEV 856‘6’5@6&{5@ ﬁe%ﬁﬁal’(‘sf:l:f’é‘?‘?’is I%b? e(c"f?)ce”
Accor ddinglaan phiigocposeoreiydd é)targatednmdarenprgsseilon of nouse IgMor K

and i n 1 esponser g JAFRLEZAL kONne ! B hat @M GR darh WIRBNRCBRSuANGs |4 O

chain 20 transgenes, undergo c ass sWwtc and somatic nmutation to
generat e HhgRPFicRIN; dciv carapeurg ef Frersasset B‘H%’P log ity O 8 iPEPOEe 97 59 The
preparati CHmaIif)raHuM%remn@gEonS‘adi%mgl(bﬁdlg) synolebas br dipeasebtatddl - 25. See

5, 789, 650, Us. &r7stRys Sk Byepiad ek sty WRodeRy Pl

5,770, 2@29 pe[,sd%ofggge 89‘:}855% t9gchigsna de%dz@e@gy%gggg_llt \M%@P?ﬂ‘fﬁ Y wo
92/ 22645, &f:td2/ £3Qh8 cand aMND A,/ B9 Baty according ta'lfte:td'rfeﬂcmscﬂael‘taseesa

. 11(D disr ?;E%Eé‘;’d"éhk& "aﬁé[?lm %@Qﬂ@ﬂ%%%l QH& tr%haﬁialﬁy nggﬂ%b&g'ﬂ@%u&@é

descri bed tion in their endogenous
heavy chaid¢sigReheesPrqnas ”@JIE‘?C'F‘F"M@Ha]r A tESt"éH%%a' gfectiys ampuntd2alFo oge ko5
human kappaitH ghi tehaidr ddtamegenerféds ofdareranbibetyi br Bhstusly| sbresn ake

(25)) ’SOa ndou?wé?'gcf%?j b@%ﬂg&epaep%\dé{cally beneficial effects.

The term “1gG4-like core hinge region” refers to a core hinge region in which
the cysteine residues are significantly more susceptible to reduction and/or disuifide
bond isomerization than other cysteines/disulfide bridges in the antibody molecule.
Thus, for antibodies having an IgG4-like core hinge region, reducing conditions can

35 be found under which the cysteine residues/disulfide bridges in the core region can



30chain transgene (as described in US 5,770, 429). The HCol2
m ce have a JKD disruption in their endogenous |ight chain (kappa)
genes (aswidespsided in Chen et al. (26)), a CVD di SrupbdObKIedsAIdEsr
endogenous heavy chain genes (as described in Exanple 1 of WO

01/ 14424), a KCo5 human kappa |ight chain transgene (as described in
Fishwild et al. (25)), and a 35HC012 huhan heavy chain transgene (as
described in Exanple 2 of WO 01/14424). WO

2008/ 119353PCT/ DK2008/ 0012
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ani mal s, Nwiith W@'fﬁn&lgnary' SdABIRR tepaerxe@.i Q:H%Ui?ég‘f‘dnc FaREdnally
sequence co in or expressi on of anti bod % E gntlo £
non- hut¥an e&HiV?r‘ﬁPts'%E%‘W‘t‘?x‘ﬁ'afﬁgﬁrl?ctf‘%‘dthﬁnct"ﬁ FSH‘B”'o?mH?frtB 4 é et Bdi ng
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used in thep ntion, or antibodi es used resent
i nvention %@Pdﬂ%ﬁi%é"ﬁ%@?'ﬁ%@“% ﬁ‘?&f%sexﬁth’s’/‘g'élug‘é)er ke @%W&Paf diyen in
t ransgeni cabkiyples lg100gB21 Neeghasgels ossenfedatteEnher stedle- miereifraseale or

pl ant ‘Hﬁatm*&%c{ %%%%9?{9%% fEQJr g fe N t!ﬂ@%ﬂ’f‘regﬁﬂw yatﬂeda khehigighai n

sequences erest |on (o} ant | g recoverable
f or m t her efi@his 9aHaBosifigenti ’Br?"ﬁ)f‘”t"ﬁ hafemel petes EARISp SO?i&é"?l "gRoR from
mamal s, agthbagtbemnathan20Ge-IiREe ati3cedioh Mmayabe strataaiy sichiltr tmthet ¢3

Tk of 99348, EWEs, 8T LIS IR oo Res, hidhe LR 30ACIHRAG B2 D0,

7471, 9 her, human
or ot her aeaienseicssthe &%FWdOF FHQ%e"‘CrYfeéé"erﬂ” f9RAeiHe 'f‘|3 r‘fﬁ%}‘”bé" the
gener agged 5rQ§éaugaht§ht$r£Hyayaa&p@1 begitunedtiogy @8 ,a CHECtegbh ehichvettubous!ly is

lim tation, phadg di.shl; Waoh 8f q@;%@%&l gﬁrp|la4wun&.bpa%ﬂmteﬁgt§pkra%at ﬁgd

ot her technlques using t
resul ting irgPescaltesmpese By duibsjoerstcbrsidgesantick iPafiaiPairall HP&IPEIRIOR Gt h
as af fini tysumdeWoatié 0N covd®nt UE krable Glanicgudent anter-nedvly doaiovironids) stitfeasir t

(see for instance ref i I
(i opl ay) . 509068, ioxEeneblied Wil BUARR LB peid B bR UE
Utiliz2 teHPregiveFonmxrbpgi s Igﬁé‘d’k‘ar%ﬁn'@ﬂ'oﬁm?ﬁnbe aueHeEdt 1963 dr i3
may be hungpicZed- wiﬁ@ﬁﬁn@&ﬁ"n&lr@%ﬂm&b@m@,reﬁldiheSCHﬁEt eﬁbmdblmtrssntérhe!f—

first and/ or sec g‘g ed OA; 4. the invention is
an |1 gG4 an?"P'SB"g?BH V\gvrétFrac e%aaﬁ P%en Eg% fe | nvention may in
princi pl e be ofThanierins egpring meoditiensd ?fhafte‘jt"ﬁ@g mu@*m&% i"Afefhdo aH3
region al | gRdh for el @ﬁrﬂb@m@ﬁ@nh%ﬂ@w a@@nbst@t@ﬁﬁér@ a theeidnteshndiiesheised
or obtained in the nethq f . th e| S of the
const aft r&YF 6?9'%5@@&[?@%%“@ SIRTER |Gr'%y Cpﬁeh%?ufg%ln ?SI de any
speci fi ed nut atTéd tposrededing) agent” refers to a compound which reduces moiecules 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

35 an agent which donates electrons. Examples of reducing agents include dithiothreitol



21 Thus, in one enbodi ment of the nethod of the invention, the
first and/ or second antibody conprises a CPPC sequence in the core

hi nge r egivan2e0b/egs3ot her enbodi nent, the first and/ or pegdRthogidoiRa0dy
conprises an 1 gG4-1ike core hinge region. For exanple, in sone

enbodi nents, said first and/or second antibody is an 5 anti body which
conpri ses a CX3X2C sequence in the corelhinge region, wherein X1 and
X2 can be any am no acid, provided that X1 and X2 are not both
proline. not her enbodinent, said fir and/ or seco nti body. is
an anti bocf@.r%n ﬁrCEBWﬁn&Pg‘ﬂ's C?%@Péq'é’lgfyﬁ%@c YEFATHEe %’]Htaﬂw’é‘e(:o?%

hi nge r egisodipmviresteidridX3ncan epodimenanthacedusing aggteresfnot cgnplisera®, | n
a further g li ment, said fi rst and/or second 10 antibody is an

anti body which_conprises a PC, CP CaHC or CP
sequence in theD’&‘HE‘F H‘?Wi’g@”?%ttj’i"oﬁe FthB EBR&%C?%Q%S@{‘B% anﬁcivﬁkepl'i;ﬁ%"drray
f or exdnplbetvrenitwb rgstaioes pleyergiin eneior bed paymptidese méghgs weliemakirrsis | n
the art. «g g« The choice of |sotype typi caIIy V\A|| be gui ded by the

desired effector f uncti ons, af. i nduct i ' or ac Yfl

ADCC. Exenpl ar yPirdits prg r&?‘éCt'P@G‘f erFé%ﬁhe REC§35 63, “'eqnpe Fd}dﬁ? td§ebé’“§ g.
SEQ | D NOti&eB@)esulting Imemvoahiok dreugsupBith gtougéit chai n constant regi ons,

kappa or | anmbdg,. gBY, P #gRIpordf ls%éﬂl%ggn FMSQB%SEREa% andikhesy

for use in the present Invention m g {)a/ nown net hods.

For ex@rrplbé’”dfali’ﬁt‘é{ﬁ?rl Herent st ot q‘ﬁs?%@'”ﬁl"g BH9s P8Rt i on that was
originally | gMPprbg@El denifibg Gontaigorberasdsd sefesWiot ptobeing evhith tayébize the
ant i body qgcfrﬁépgatﬁg eﬁ%&hiﬂh@‘é@rﬂs'n‘?ﬂrotgﬁg’s the 20 effector functi on of

the antib i nvention may be changed X i sot yg

swi tching to, eN@s'gmgfmfg@uct'?rg@hen| 63, |”¢ftﬁ°n%r9f pYation gidisyhdy gm
anti body fiergaaimeantsthiah geapalyt less thaes0%, such as less than B¥%e eaniisditnemt |

t he fifst (0] n o i d ent L.an

ful -|L5ﬁgt%”;’t%t (g A 1o B B DhefRBOghllnd Briglo bRt underge
anti body dRd¥EoRhe invention used is an antibody fragnent. In
one enbodi nent of the nethod of the invention, the first and/or

d ant h the 1g&4 CH3
"eaion naviTacin A kSRR bPlE EEED ) CoE D Nov22).

30However, in éﬁéﬁ*ﬁé‘Pe‘éﬂ%& 'ﬁeah@@t W'”t%ée%ﬁhﬁd'b”eﬁ\“ort FRAtEIPERRt POfYO t he
first za:nd/ rAEth6@ RPNk gdtietdtiod wf 6 OPediieamtidodii3aiiegitbod aimpisngnhd geds

i sotype, V\,Qerel n the CH3 sequence is such, or has been nodified such,
that it does not conprise any am no acid residues which participate
in the formati @ Peviding alfrstdentived §2\79 @oial BiREIng sPeqifigy e wherein said
non- coval et ain&b@fy—d’@ﬁfpvyedlélﬂligﬂ4bmadﬂ3\ﬁégldih ot her peptides conprising

an 35i denti cal | f or
exanple, in one furt?ﬁg Cgrgéj%gﬁ%dﬁe?ate\’g% 9%&5@%’9?”% sﬁ% et e"&’;'?)'%rg
ant i bodfy cbifiess fremssaid @HBb'r“é'@El SRediisY nyharpia 5§\§'oﬁ§é‘ﬁ?§’@”&'§°‘§’n‘6’\ﬂﬁ?”ﬁ?ﬁ an
Fi gure 18 158EGe @Hm&g.a@) wherein the CH3 regl on has been nodified

EgeﬁlhﬁgdgneA:‘)rg rceubgtm szmtdf PrsL g%;mgin econ né)nt%ééi ﬁ:ﬁge%ﬁ%' Eﬁaeg‘%d!] ge
Asp (D) i reopdispns whlc@:-a@omafse @é&ﬁhﬂ&sepltb%é@rewnqa E?Q(OE)tO LLW@FQ()I@}SU
position Z&Qdmehgﬁmnr@rm aced by Arg (R; Gn (Q in position 302
has be r epl a ro (P) in position 328 has been
repl acdd by Led t)E’}lnEng @ b'gpe)cmc tdb preferred enbodi ment, the first
and/ or second éﬂta l@migrr@cbﬁmbp@wma @B@rﬁfegﬂ‘é)ﬁem@i aryibewies seefidhdee as

zggwﬂ i anrin&‘HB@s &lgf&hé %Bgltlidg é\@m&gilon%ﬁ{@d&s LMSrgc(cf@\al alrﬁbdédiespraé\} b![gﬁn
as been r e r . . n.an e
first and/lberpré’ C(?ﬁg’ygtﬁ? %5@&@"‘%0%}{5??%&55%3%9? glj Flle vilgingﬁ?hor, may
sequence als: showeed hy Fegunténabg E(f\SE@lelt@dNOMOm@)lonab@DtIW@Semﬁv tdre Pgs
(K) ingposidi@nd 284 PRebsfiboigPltAsRd by (¥nruePhgestided In) for

ngl Ythe _
anot her further enbodinent, the first and% or second anti body



20by Gu (E); and Pro (P) in position 324 has been replaced by Leu
(L). In a preferred enbodi nent, the first and/or second

anti body cempioksessza CH3 regi on having the sequence aspstrortoos/H00124
Figure 18 (SEQ ID NO 20), wherein Arg (R) in position 234 has been

replaced by Gn (Q. In a further preferred enbodi nent, the first
and/ or second anti body 25 conprises a BH3 regi on havi ng the sequence
as shown in Figure 18 (SEQID NG 20), wherein Arg (R) in position

234 has been r%gk%%?s%'? a3 Bs{ Qo M?ch epgfﬁ ))Tlvioﬂ?cﬁ&\%il 5@@%&%@%5{\}%% he

been repl aced®
first and/cbtairesdioandamnsiitablgysoursepTiusefer axanmie reqjioglanal RaLPasiestpRy be

sequence abraifENMorh E*icQJH{ae pl&uaée%ﬁ%ﬁ%ﬂﬁe s%ﬂe)nc B/\Béﬂléaibfhmea&rdnhm@ﬁ
regi on has been no t he g?ih t he

ol oni maSarRed it A HutRy o Toreh i RlE Riradt onfdsMsplddfin

posi ti &n 2885g¢masn Heanripesplonsadcisy agdrencging geﬁnt(gsy of mteyest Mobsriapal

has been raﬁab@cﬁédnwa@%emame&&fbn( N)bﬂdenﬁ@aérwe@m&’nzanti’b:—bay@@@ss.ng

repI aced ? Kn)ér' %yﬁwré% | tion | Sh a [ s Isacqrgla Val
Coe oy Yeirtili R T S D L

35p05|t| oret@49 has been repl aced by Qu (B); Ile (1) |n positi on 352
has been repl aGRGne 2tk (hY) antmogy(dﬁ)thénnmabﬁ iR sﬁﬁamaﬁt.men

replac ] en. re

g e A M PR P T e
| n a pr ef granechrembsediahenite, catriieg frarts of thediuorandmowne segtern yaidigr henprd ses
a CH3 5reghQie Q%{brﬂgsﬁﬁ‘%&ﬁﬁw&ﬁi @%émmﬁsdlﬂc H:@iﬁ@ud&sm(cgggﬁerlr@i O
21), wherein Ar EOSItlon 285 has (bfﬁf (ﬁ% Iﬁe[c‘f % A é‘ﬁ
In a pref é}EF%le 3 r{%@éib and i mice reshreive - fod "boay* eorptY ses
a CH3 regitereihaviepsgdndc weglience as shown in Figure 18 (SEQ | D NC
g_ﬁzj P‘r"'f(;SeE S') nl ﬁ&g%gl-lﬁmﬂ\gﬂnﬂg@ Ebﬁ@anggﬁn ht]ﬁt?ghﬁl%nf@%lﬁlﬁeéienlé)’m@nﬂu(@)a&

ace

a further RHEE HEFRTHPSY Hémﬁ%tsrﬁa & af‘?’léﬁl‘"ﬁ‘\‘?eﬁ '?%nclhag‘a(rﬂ%‘r”?qgjs‘ltb”“”
anti body ceenyperices sogettEPR@hitargeted rogedorisi thgtenatigate thaandogemqusivs@s! @n
| g&A-11i ke LB 15&?4% nA@(Qﬁjd méwrtﬁé%.@éﬁﬁ@@gn&@fﬁe@%yopﬁame ROSordl

CPPC in the core regi on and ri ses
15 g @xmsa?%eomam@'zaf'ﬁmat el agfﬁea*e EtgthE?Vﬁv%rfﬁ g P s
to an Ex urarsgerethatiefgor clissesvwienieg atd comatic autstispée igénerataritigrhar@yity

said meth n(#?%”ﬁb’d éIFMOEIPI%|SJn%B§dI&f {17-20). The preparatlona))f ﬂ[fﬁ)ﬂ(b dhigd i@
0}

first anti avin i rst _bi_ndin SpeCIfICI whe ai d
20f i r st arﬂE'ISHB’(S9 BoRpeil SBsTehn 2F g&4-IFKkRSTH rseﬁ"isdﬁpe Us 5,569 835’) us
provi di ng gezecmduantjeBddyshad rp78s,65consl HBAUBRY $pedidaidgilty Wi ch

differs fr%é@isd bsr§t87£>ba§" g %p%uzbcw 5, Yedcy Nwdaiod; 880N o

ant i bod i sés an 23 i ncubat i ng
R R A L L DA
whi ch al | ow t hahe Webe rfi@shava at K@ daougtidaiingleir egiogenoue lightdbaigdkappa)
di sul fi de-genes {as described in Chen et al. (26}), 2 CMD disruption in their endegenous 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
30 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

35 HCol12 human heavy chain transgene (as described in Example 2 of WO 01/14424),



bond i soneri zation, and d) obtaining a bispecific

ant i body. I n one enbodi nent of the method of the invention,
t he condi twonmsuidsstep ¢) 30 are chosen such that no sp@nbib@etiorzs
reduction or isonerization of disulfide bridges outside the core

hi nge regi on occurs. I n anot her enbodi nent, the reducing
conditions in step c) are conditions th#) stimulate the intrinsic
activity of the core hinge region to performdisulfide bond exchange.
24 In a t her L: ' [ . i ses
the addition of! Gor QndiabaBulihhe Hlaobdiful RKERE kaibe [RHERNH oERTRES
conpri ses beRe ha@ervopeity BiEruRkpdasedfscréder de(Ban £ 8m(Eheryr B8 5 ERATEPST i ng
of : glut atdﬁ@@aeawcﬁﬁsﬁﬁg@e‘as dedrhihadbday gousyl disrb?hamerdeﬁﬂb@j et thanple and
cyst eam ne. i . . ] i e
concentr af\ll %ﬁbgfoqztgﬁlg%d‘tgﬁ Qée éa%ae"ﬁl? Sf'ggé E@ﬁmﬁ hkgk’%telﬁdeh@%géc]éigg%%eg%t i al
of t he Ssoll§ohoms gessdbest @oﬁ?"!"?’”gteéﬁ*-c()zﬂ-sThﬁqrtﬁ‘a‘Fset graip plsprspEier @ditEnaty
than, the HegdOhapOk&RthramogeRetodipReeddf chrafdbob 1affraghiehaidd @aeousmder

t he conditj on e i ip Exanple 31, such as equal to, or nore
reduci ng tqiggcﬁﬂ%’eghnz\ﬁée%g%{%g't ential generated by 10 m croM of

gl ut at hi one, eSgleneyiss|from thesetrafoens Mice BaiBe HERS AN erBlfd PEHYRAS
pot ent i Sl t_ﬂ&%@l’:ﬂ'ﬁi@l%rﬁéﬁ ;5an§ioaémwttaédi@d ?&aﬂdmg(lﬂavellfkldﬁdﬂn ascheiqual sten,  or
nore r ucl n t han tereoxpote_tia ener ea. . (0] \
o ut at i ot gnraren R DA Hrbd) HAERR AN o pptleuciic | |
a further asidrsdignsatcoding dorcexncaspion &f polbagi used ¢ Fedioesnign.atniuman

such that dnheais adery tRARALH dith@he R encs@ tarbétaihcOBRNE had Bladid s&fueices) S
15- equal t ha he redox tiggtenti al generated by

tQ, or nore redugi.n t .
1 nicroM 691”8(5}[‘%15'% Ri% ﬁ'ﬁﬂ%é?aq't'rﬁﬁog%‘ﬁ O EVHERr i bed i n Exanpl e 31,
such as equal tomaor mppgdonpeduciamgionhlaantitddiesr kddr pwsdeiit ithg present
gener afsed iRendibh, br GhaDERSs (GbyirpENRI RERNt RwBnticR#Riinatify e dTMérespecies
reduci ng than,I tHe r edox potent] a“ r;gene@%ﬁjed b a0 Dﬁlacr?]M of  +uman
gl ut at hi orf8 YRS A8 <Seiad FergensABrash Bt ae et BNl 2o Penahy
pot enti al rgammeltreda@Othpt G. tansvedé fogl tedrimuwnael obulindesavy lsad dighidéeirons

?ﬁscri 3ed deBudrt &Rk Entdlest MY prddBc®RURE the, aribohPSs & edusienbid feHh
e redox

otential generate 1 Mof glutathione under.th
e o1 oncPerEENm Buerr Ao anithe windet alt Bia a Prapilg Enpiagtfes may
reduciafy thHeampduchein; eddrecperethfroral thgemidr cftgeakshgows00or everonagmatsabed one

equal to, @FfinkiBs& UL \wey @80, 1URE 754,887 nRdO%sMeILAld @ sganesat ed by 15
mM of gl ut at hi gne. 25 I'n :fp“d'e”boé' ment, wherein the tfl r st
anti body has atPRS BURELACEIER 2 PHRYEd MR ﬁi”ﬁﬁ%'”r@ﬁi%ﬁse%@}’%’} opfaay
second anttiebgrayrabaisthao gRRIB P duen tshidtodidse incbidaghvitymit diggiaten, phagd s
preferred gihal, tdev-EAR0IR0tEMNHRI digbiay, HRid RhdHcb DR iqUes) /AL QEkhhusd ep

c) is equal to, or nore reducing than, the redox, potenti er at ed
by 1 A of eI p R @t Ereg LU a0ie My SYREE Hy SGHTE | he
redox pot enstuadtiogesuen at ediniby mdtuvbdiont, agburhaetiingues asuedl! laoweadutle 2o,
or nore re(gé{é:{’opgn&mgg?ﬁ ?g, ﬁ%gWS@?E%E'ﬁplagﬁnﬁ éﬁb%%nbéf d‘f]spféw,ojl-?ﬁ

gl ut at hi one, e.g. egu D, Or nore réduci ng t han, . the r_e(a,oxth
potenti al [EE 2347 B3 § dapiaytenaleaieh PEHE 2o orPradics quoNEs a5 @ Sor e
reduci ng trwamhpmbheuciedaibopet enlyibalhugenieedt ed by 8 mM of gl ut at hi one,
€. g. eﬂj"al to, Agrexﬂigfn@d agg’ve, 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. Far example, the antibodies used or
obtained in the method of the invention may comprise any of the constant region

35 sequences shown in SEQ ID NO:19-22 (outside any specified mutated positions).



reduci ng than, the redox potential generated by 10 nM of gl utat hi one,
under the conditions described in Exanple 35. In a further
enbodi nentwo tdagneencentrati on of said reduci ng agent i pcEbRives@i24t he
redox potential of the solution generated in step c) is 5equal to, or
nore reduci ng than, the redox potential generated by 1 nM of

gl utat hione, e.g. equal to, or nore red%ﬂgi ng than, the redox
potential generated by 2 nM of gl utathione, such as equal to, or nore
reducing than, phe Jf s’ RRLGLL R (AeRRERLCS BX Ay abbol ugl phabitane.
e.g. equal to, P ore re e redox potent’ial generated
by 6 nV ofsegif!dt%:ttlhp@néom@ﬁéﬁ aa‘gppclwqé%fﬁalmttbe o hipgeersaiiudl RGO Aan,

t he redox d&%@iﬂﬁén@' th@eﬂﬂ@tr ahd76r Bacofid Mtibddyodoipaicéy emdgGe-lige caqutahgd 0,

or nore reduci n%é x?rH%Ie iJéec?gn[eedoxbo%ot(._‘enrtlé’l alg fgrgpg gﬁcpydsé,%bgm f an

gl ut at hi orf&9"°% i N degcrived Th and equal
to, or 9 esstibetuehioly cerhenses tahféxzﬁéa@sausmeelﬁtthalt"-o'rgelwmeafe@dmbyfh&rem f

15 gl ut at hin@ne, canusd aRp affiakcid Oprooiﬂed €5at ), efHdCX N gret idNbotit hbeohhedm(

pot enti al erated b l.ut at hi one
reduci ng ta%ﬁﬂ’ eb 6?)'?1\4 s aﬁg'd jenerated" E%@S m%!“ %ﬁt'blog?atlhl one.
In one enbmmpneafsta 61‘<3P63h@ Eeh eeaushce WethPrW@rlhfP@mFeGSf{nerﬂmé')e'rb?Snfﬁﬁ ks

t |het '[20 ' %9%“1@&@%%%@! fr ﬁ%ih@%'@@rmé}‘ drhsdprheseaienint anddtsrend
gluta one

urs, such f a g.
Por attll cacebshBap ot teierasict <3t 0B et Trhgreafipten® !
20C or rmr@gusmehn e @7Chinge region. The abdvgrdepeibed mybafione Maydpr expaple

met hod of Jhgrbdieenby 9&-@%&?@@9@@@@9@&&mﬁ&anmltnes&ep c) are such
that fewer than 10%

such as fewer t| Hﬁﬁh‘)l%%Fs"P’Wé té'?i\‘fl\éfﬁ%d“ﬂg/g‘?rﬂll' é‘%q.ll? g‘ ‘%S'feh ffegcorf cpons
conposi ti cuciaree COTC auaig; egacdtysnadRCC.abedwiasy ridobgusiye 19G1, IgG2

Si ze-exg| Ughan 4RANQERLQ 3RNYS®RS Iﬂers@rmtml BRie®l & (HehpaBam |.§huoaa4m
eluting earlier than the antibo

teri
"ndi cat| veoBHoTHEIPGH T 1670 ag@?aéfg%ﬁueﬁgﬁ P eRse NP e RPN ne
ex Vvivo nebhosk of the Ipeesientyiemn¢rition, mavhiee smeitdhed by 300\c@nmtm0§esi:qrrﬁe<ampley

addi tion of, 8.} & J%@M%Me%"r&%ﬁﬂ .Hvéik.émﬁat%sbﬁaﬂam@ﬂ eg@illaﬂzwz

h PDI | t enbodi
e on Mok e A G L B g TERA LR A o Bl T '“zs?“(éfanp;fﬁﬁs the

havi ng2@r odftsictor diisutloh i af ethi sRiBodiese oB b piesgnt isugrtiioasmPDIbe changed by
| n one enbodi mentiAihghee §X a¥ 13!, rigéilqee;@fzgéhlergbnmntéeo@r 1dMéntiBREI0d
o}

does 35not conpri se ghe addition ['i vin I's'or cell extracts.
26 %V@%FQ%%%”HBB% the first and second antibody used in
the method of trhent ewbntiment, dhé fist andiobsevdndgntipdy usddcinttie invertionié nd

di fferent ?Pﬂmt@ §‘tﬁ ankiBod¥ TAGhEthEr AR OBnGbr SRERH Bhtidal @8

can be used as starting material 1n the nethod of the 5 invention.
The ne?%odthéﬁn“ieﬁv‘é'h%ﬁeﬂr'ﬁ asandibedy 134 1ti ted to having only two
different antibodies as starting material. Thus, the nethod of the

i nvention may qhsogebe%b%g{nte%rs?% g{}uoﬁm'f?ﬁe ve%net@Flﬂspgg&ﬁgs&%nd

startlng mat er an e I ment e COHEOSItIOﬂ obtained in
step d) ofarttr!?ed\fré?fﬁ%ﬁeafaﬂuIﬁ%rﬁ%wgm PUD AT RENOG* (3 eiep hayina the
bi speci fi csegutndecdowsin Aflra 1enee@mbudiazmnt of the nmet hod of the

I nvent !36’” the I-ic!vJe%r, %%Lgﬂgyeﬂgédimgnts 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

35 identical amino acid sequence of the CH3 region.



bi ndi ng specificity for a tunor cell or tunor cell protein, such as
erbBl, erbB2, erbB3, erbB4, MJC-1, CD19, CD20, CD4, CD38 or CXCR5 or
for the sivgwmalog/mgsgonponents of the B cell receptor, CGEFRpxksuos/6dorlb.

I n anot her enbodi nent, the first anti body has binding specificity for
a tunor cell or tunmor cell protein, such as 15 erbBl, erbB2, erbB3,
erbB4, MJC-1, CD19, CD20, CD4 or CXCRS,2%and the second antibody has
bi ndi ng speC|f| city for a tunor cell prot ein, such as erbBl, erbB2,
er bB3, erbB4, . C f r
embodi nent , thg@u"rfC ’f‘dé'fp(':?[;t)n‘tnl CD?”rthéesc,:Dgn agéme;eﬁéct e f'rsk %n?/m%%%ﬁl
and the seobimlyaaetipheeha BH3 raglm hwrﬁﬂgtf@w@wnceuaﬁfhpw ineFigEz. 19(HER

anot her enbagh:MB)! whird@ dhi 33 Rplbh hagBebramoaifibi BEl MY cHBRR infdre iof Yhef Or

CD19 and t second an eC| icit

In a furt ﬁ%&’wgr%ad‘al“?@ﬂ? su?sﬁ\é”t'lo E?Vebnr?tel Hb%y grbpo i"H%%%g[S)%. city
for CD®8 aemladeddysie 6)d Aap{Podysitiens23p basmﬁnge@qyeébf'ﬁm t5); B6r(KTm34.
I'n an eVGrboEuHBrt bes haesm@ﬁ“r%d bl ey {F)F &ln @)t B&ﬁ\bnm has bedithiePiced

specificit ant | hod bi ndi ng

speci fi ci t%’ Q'%FE)C%%%?'” pomt‘on ggiﬁ‘?ﬁ %‘ﬂ%&é b?@ﬁ‘f i3"‘81‘ the method of
the invention, I herefferresieratmcllrbemythhéﬁtanmondewgd gplétidy icemnpnyses @riHs

pat hogeni Gedp,¢ H%@ﬁ@'s@&]ant@as&sﬁownt H?fgu%@(@m Noi 18, Whérsh 1§81k pody
has a hindin ecl fici t%/ E‘ t?al\ ni ¢ mcroorgani smand the
second%ant'? B 5 erd TBF REFhGPEpRL Y |r@|(% for an effector cell protein,
such as CO3, 30 eébber €PRGIMSP1Ehe UBB9Nd/CD32cond aBDbody comprises A CH3

bi speci T 1 Goa1 hmlﬁjgyth%as@q@éné@a@éqdw%eﬁl thgret & % b OSB! haraRedh tite

agent nore specifica he cells. on gent shoul d act.
Thus, in &Yf 'H@PS’%%%% ri‘iaérli’feerbfepfa}‘i% Préir‘f{o((‘f'%cf‘lr pﬁé'%l nvention, the
first antibodyIhastherrfdithe epmdintant, thy fFgsrang/ o semnd Getibodg rcotarisss el |

prot ei 1% hre@%nq{apﬁé th€Y Q@%nceeééjg?bwne&%re WQS%Q IDzl\?O %9whg%p
CD4 or he Second ant | body |n|21gha{? ""? tyfor a
[

chenot her éb%lﬁ“ﬁcreﬁ'ﬁérﬂas been modi I?Gr?%@aﬁ(?f’% o JBY'G %f’f 0
anti body raljowrey ahihereid shiystitutiohsi davegbeen neadei 8[pe®) fin nosammlzsadyns deen

binding sneghididitein (a; RS 1 HORABH 878 hod Qeni BILARGG VAP RNUMR r 5
life may be EP I nc

ng in a |s ecific anti
bi i e S RIERPR 29T o5 ieh CeR orse S B UGB ™ e ery 3P e be éwaﬁf%m
of t hezometdyaslu 0f); ahe Pion(WPe i position BR€ hés bexh replbdedagyehds). bi ndi ng
specificity fo'in %&&%@rﬁudlrﬁémt Wfrst(\a%&)dQé&trlg'aﬂtlbo%wébm?:ﬁsegrab(,aia

erbB2, erbB3, he second

ant i body rrs%w%hﬁwam%@egtp%? £ SO P OuEe B 65 15 NP ef R, watrel At (Bbr um
al bum n 10 pésisecrrachadibadn regplaspiby Ginail)y can al so be used to target
an antibody toa ?%ﬁh% hggréfhﬁﬁo M RS tRE 3 %d}drvgéconéf héhiaboaﬁ a

further enbodi nen e invention, the first antl body
has bi4rdi fgmMepeasi 3 iCEBtIiPnhayng G%FE%F‘F‘* 2t ShaiRol TIre 16rGERITR NQuch
as erbBl, mnbBReredr ABIR) @ bidkionMIS-Has Kelah Gepl&dsdhy GBDA Q)Y ar@@laapamd

t he second a‘%ﬁ??ﬂ)ﬁa?@&n%a &glbpg_ﬁggm ficity for a brain protein,

such as 15% ransterrin or Mbr eover, a second
bi ndi ng speci f ¢ pegtherfrther %@ﬂ"m‘%ﬁtt ‘é‘f-‘gf@%t WAL SRRV REPHFS 2 0 a
particul arCI-dﬁEdgl’o&dﬂa&Ian:h@fse@iéht@ﬁs siiwn BXEOPE a8 GEDI DpReei £i) whetdihody

havi ngza fh[st, bl %gdnnﬁassgg gh&g {;%&@&Wmo@sufl@ngo%fscﬁ&% qhe

bi ndi ng” speci fici f or actor cou irect b
clotting tfellevingamine aa!ﬁcﬁumtﬁ%t'@ﬁ opva ’Eﬁ?ﬂrma% At At POSﬂ*ﬂﬁ‘3285|'}?Sé’ee”
further enﬁépﬂtéﬂetm GRf(Qh heerE) hOﬁosQfontjla Ha@\b%éiﬁ repaced b¢ abih (8); ant(Npody
has bi ndi n ci fLgi for t ch
ne erbbi | BrpREo" dpge tePhafhbolfiiy ER oM in Gt S Bl ool
the secondreaineaddnaVel ids Las BOrd ippgtiannas *faisdlief”}' reniced by At @i)nGI”n(\%l"%/ed

in bl ogd cldatibhngs nes 6Berdfplat&sbiechaghone (1h h pesitloRes2asb edemBiplagef
the invention, the first and/or second antibody is



25 linked to a conpound selected fromthe group consisting of: a
cytotoxic agent; a radioisotope; a prodrug or drug, such as a taxane;

a cyt oki ngyo sog/@ski ne and conpl enent, such as Cq. Sechprogousnd
may nmake killing of target cells nore effective, e.g. in cancer

t herapy. The conpound may alternatively_be coupled to the resulting
bi specific antibody, i.e. after the hal #3 ol ecul e exchange has taken
place. 30 In a further enbodi ment of the nmethod of the invention,

the met ho%ﬁqg[r@rél AP ih gsé.mrséstﬁa@ R DEIDGL BY G PRDAS I p&dtion

obt ai ned n-reduci ng or | ess-reducing conditions, in
order to 6B Beehieplared by hy @bu?’lé’ "R ¢ R esitiah P> g%b??@ "GRREIRY

various neeheds known in the art, e.g. dialysis of resulting

conposi tion or s} e %?e%e&nézomngmtfﬂgrﬂ?SQQX?}ops%c%ﬁ@‘é%fb&?%%né@laml e

reduci ng 35agen an even er e imen
met hod Sof redien hawirsihe GRIUENFRaT BOWNLT RGUs S &EFPN Gt ol A59 &)
st abi | i zedn bysitRerIa8rak Beedreplaedd @,ad;lnC(Qmss | i nking of the two

nal 1 - 1l €CU 25y L MSeRLRYENN Ntk A ol HTHBAT S5 ANAR USRS e

bi specific 5ant] %8 sequet use er _con ions, such as
in vivo cop@pn hawirg thﬁm@l@nﬁ%s @nwnb@ag@%%lﬁ @E@tlﬁ’é}'%@é WRereingw9 (R)

hal f - nol ewbss.@smt@m& beehTeSlaceldbyORIR (ONbadi Frenp) intjreitior 35 thaobedrhe

i nvent{ mori sef_ﬁ t(ge further step of a) chem' cally cross-1Iinking
the cy &EI ﬁ%§ Y8 i nge region, e.g. usi ng co npounds cont ai ni ng

mal ei m de, suclﬁn a§urbﬁ%r-¢m¢0éifﬁ¢f@@ﬁé&€aﬁ@th°ﬂ05)t %Hé’ﬁi‘f@d‘l I59'ddrF%¥s%‘t'PPﬁ*ﬂ<| ng

of t hg cardripyisisad epsd geteh@rd15ingd rédigh hadl Eorftlses dh @§G4-BkegCHY irégion
per i odat e

wWith sui tfgfyﬂ aéfr%l(%)gatfjlslg&oﬁe:ntlggd acoiggpaa’(:t I glnnerj%ltlﬂﬁﬁr é)g?eHX\gg r&[l&'nugﬁ

cross- | i nkdomgriefs andgfAfrdike CHAl¢gien: nt r oduced cysteines in the CH3

regi oms €. 9. as 15described in Merchant et aI (36) (incorporated
herein by reference xanmpl e _usi n 0 nor e I ng
conbi nat i ons (f‘éfeé‘f’%wgg a[b8"'e$ ED B'aNOaT% W E'On re?%é ?0 ok Oelx Nl
ant i body vmethoK®r 5i@ Gwem’i@n@éemegfm @fﬂil@d@h’ 53*92892504 ‘FP“‘L‘H*E@'“EFF%WPS
antibody wgth K2755 in the second anti body - ¥232C in the first

At body w th Easgedie BE-SERBR BRI g B0and BT Hpel
ant i bozly vﬁrstmrﬁﬁdmonwrrséﬂaarsm§éﬁﬂe &Hﬁlrﬁn@i’y
b) providing a second antibody having a second binding specificity which
differs from said first binding specificity, wherein said second antibody comprises an
1gG4-like CH3 region,
¢) incubating said first and second antibodies together under reducing
25  conditions which allow the cysteines in the core hinge region to undergo disulfide-
bond isomerization, and

d) obtaining a bispecific antibody.

In one embodiment of the method of the invention, the conditions in step c)

30 are chosen such that no significant reduction of isomerization of disulfide bridges
outside the core hinge region occurs.

In ancther embodiment, the reducing conditions in step ¢) are conditions that

stimulate the intrinsic activity of the core hinge region to perform disulfide bond

exchange.



L234C in the first antibody with 5237C in the second anti body, T277C
inthe first antibody wth V280C in the second anti body, V280C in
the first _anti body wth K275C in the second anti body. 25In _a furthe
aspect, tﬁﬂ)ywvgﬁﬁion relates to stabilized blspeC|f|cP%HPFH%ﬂW@§“
obt ai ned or obtainable by cross-I|inking nethods, e.g. by any of the

t hree cross-1linking nethods described afpve. Regar dl ess of
whet her or not the resulting bispecific antibody has been stabilized
by cross-linking, the method of the invention may, in sone

enbodi ments, 80acwther ieswodinfeot vfitbe inveertone btepu) icbppriges theeadditigneefisf i ¢
anti body. é]'tjr{gﬁntc qﬂtaafhﬂhﬂgenmoaﬂ%'tut@p @%Hﬁﬁ%s@ﬁe ﬁ@dﬂtichﬁofmﬁrdgfehted

t t t
PR R A AR e e

cati oni c/ anerodpte-etheatiandeysteanain®t ogr aphy, size excl usion

chromatzogr aphy v, BydEr.ap 1319: dr 'Eﬁeeﬁq%%h%@ tmnoémfoggfr@%uqen&rm.m slaioc

chromat ogr aphy or using gands desi gned to capture m) eCI)I|
(Protein Ae‘i’ﬁcﬁ’étqgégt is EPcé‘rFﬁaVIqu "?q"@eﬂ%"é" 2 theaetut Rré'?e in step ¢

Al t er nat i gy, tof e rh@® metixding esnc aime bedopr mtenyiat atmﬂa&asm’gl gtigredfard
techni quey&yﬁ%n@%nﬁait 3 c&%ﬁa?%w%éc%éd)l ol Bl ATITNLLDS D BARE)e

addi ti on organi c so hanol gﬁ)
non-i oni c "B@CVWE':F‘Q” (tF%F%F’@t‘ Ryteatial sepgratse)dy § rf”'é‘f?('ﬂ eql“t OPF'nEJQ equal
m Xt ur@s aan obematw|rtcﬁdlnb0trfahJ tthatieddx tpetdnhiziogeseratet ngy rdNomicnis o6

allowing ConsERkE a;dcms uslns dGfR @%ﬁgﬂg%anC&mmtdoma%en%ted

t hese techn I a bi speci fic_antibody to
full hormd%)’rféiﬂwafsg*‘ééwod‘ien“'?ﬁekfrl?r‘é@d‘ﬁﬁ@ﬁ tihed ipREmne fhe parent 1gG
nol ecul es next 14 @ fuRGebeBpatméite tisa toreestyatioAdsti daidoremilicipyiabéitciatsudn
Steps my Hle Bk ide R ARG ALherkian PLspeeil i c antibody from

t he parent nonospeci g Fg be done by
puri f i that |'o¢ﬂufbt0rb3f BengdieAgriRn B! the Eﬁ‘i‘%§P¥?@t‘%{rﬂe§F % Py Lcwicthth °f or
t he H rst dmteﬂhrd?@ Lﬁlfa@cﬂhfa iconditionk @leb@ived irbxabripnds 1 Guemes edlluat tQpr udrag |
an affinit ol um [ e re
enmbodi ment'%dﬁ'Cln utg??'l tgu éa%x\ﬁﬁ%ﬁg% e%{g@dggl ﬁ)(?rr%%é:fsl\4 ?ﬁ %%tath dhe, EB QJ,LFJ
per f or ned, ot s pare fre@ustngoans tHen@den ofentigh gereaied Phafiﬂ p’?'ér\?&ﬂmof

further had;utam;ﬂr@pg&ca RXGhangLor :&u@reamrm)gmap,emﬁeem modrdiat peresated
15The a“& I(;% nB\gu l I tilhlandurpc‘ér %}%eycog{jltlglpyé)ésyi%q)in qﬁpﬁgb 'aqld

antlb using rou tec nlques such
as absor ban@ﬁeﬂh@ést&r eﬁéprsredﬂmsﬂ@n Shs- rFﬂNEp"tﬁ&tﬂqiv@”P'R@ Bndt M

RP- HPLC. Qjm@acﬁctrieq,tﬂdarr tHe"Hoﬁﬂla&‘ts @seride@ORExgHpIE AN atichCRNedibSRY blesat e

blSpECIfIC nti bodi e mthe ren f .such
t echni ques” a'fcé g(gﬁf‘ %‘8 tenérgfl%e)'nef &QEEE’IE{E%?%P@L: Eﬁ&ﬁé@%l &, o
spect r onetless r2@ucingE8pn, tl‘%ﬁ'ﬁd’_‘i[‘ijlo)< potghtia\gengrater i Lp el efigltadhie®par at i on
and dej#ction of the nolecules on the basis of ~charge and/or mass.
Dual b|nd|ngse0|f|c e bispecifl Y, S

using a vari et t?“fdﬁ?%'ﬁt E?rﬁbh ?1"% argtsgn 'bf°o¥ ?g %ﬁse%ﬁ%%%l ﬁ:c ance
ELI SA, RM coBel hmaeeeqmnamwwrtbg WQT’Q@W@F"R}"BS BiCBE¢ sgpeengerip é'?er “roheeey,

DELFI A, FREgion Elie pr%éh‘&@ tﬁé’lQhé\'récﬁ§%ﬁﬁﬂal A2hé s&ﬁlﬁ:negéh@ﬁtélflﬁtsted‘l@ i€
nmol ecul e exch

r.conditions tha
f or mati on Waﬁltg ‘E:lr%/‘?rﬁ @H't“i T?o&ha@s tgiar eg?’éd)ogé% ng?"eé%eéo Y HMV%
anti gess oc_[]tuuamlmeestg effigi texamoreredoong fder tfﬁﬁ?ﬁmﬁiahWﬁf%‘td by 2

antigens X.angk o guta‘:l'flor@(%h?rng§ ehSal RB! bPHvRE ré’cﬁkiﬁg tBén e@h@ﬁ‘é&oﬁfwtent:ai
ant i body agalns

Xxcess
excess, ?“EE?FE% a{ﬂ‘t"ﬁ&%ﬁ%@"’a&a‘? HS?QUQL % BBHV’WYFWUF |ng %lgco%ée redox
30bi speci fpcﬂ;er@tiaj generated gnb M gf @lntekigenes sichaasdgy! to, or more redplging than,
procedure elasx ﬁtén%ﬁeert%yatpaﬂﬂyfsqaw gngrfathbshecsf bguaanb bpdhgs on
matri x-i nmobi 11 zed ant | gén Y and affinity columm chromat ography. The
bound antibodles are highly enriched for the desired bispeciflc



30 In case stabilization to prevent exchange in vivo is
required, the bispecific antibodies can be cross-|linked as descri bed
above. Foll ow ng chem cal cross-1linking, non-stabilize I i es
can be puP’Y? ?(@ﬁ%ﬁf‘%m stabilized antibody by perform ngggﬂﬂg%nggﬁqo%al
exchange reaction with an excess of antibody agai nst antigen Z

foll owed 5 by absorption of anti-Z contzg ning anti body agai nst

matri x-1imobilized antigen Z (such as by affinity col umms

chromat ography). The non-bound fraction then contains the desired

st abi | i zededicepetbpi,i theartdppetpntial generatefirbyah0 avé@f flytathiene, eyrsied thfent
of the nmetpediss &B&;bb&‘%ﬁ@lah% 35; he met hod conpri ses t he further step

of formulating_the resul eC|f|c anti bqodies f
therapeutic usé aThfthere ?Jﬁ%?qg@ '?Fec‘f”(g?'ﬁ{ﬁt'ﬁf'l grfagif re&”‘t”ﬁ%?%%”etd 8 1y
ef f ect i ve thatnbetedok pbtleetudmoﬁpmomtlcn aenerygedyn $tep ansaqueous sol ution

that ig sui tabtﬁuafn 95, HUNBR MS&ind mapathtel@att@tsotgmat abh@atkarby 1 mM of
par ent er aI sSucC as I nt ravenous adm ni strat 1 O

further aspect gluggiions,y &t ﬁ?ﬁaréq ated"¥H r&ﬁucé@(g Vi Wet FREe* s orte”tt'ﬁe
15gener ati on obergerities peci fmicofagittathiuly, swwhiad eneeltodotrys: iedhving thiae

steps of: the re@},x BStQHﬁét“g@lgeré‘teE'bK(%t mﬁrﬁf'glﬂﬂgﬁﬁ onavé, Bge@af ll.or %F more

bi nding specificity, erein sald first antlﬁg rgiogp SeS h PC
sequence in théedé'ﬁ'f’é ”I’ﬁ”m@fé‘E TeEeF BTSRHTY 9SNFT R "él—rlg giuG i8né, siich 5
b) prowd di ng aegetasdoranticbredyciiatiangthe redoopdeliahdiengaiegdyi § imtd oY

whi ch 20di fferglutgtg%gahqj féqrug,t ttp' Bdine SREGH Gchéry th\éhﬁ‘éd%k npo'iéHtQt
second anti body conprises a t(guence int cor

e
and an | gG4 CH3ersgiednby dﬁde of glutathyone, dipgsy |”heg R ‘?'Eloqﬁl gstcr'%%jld n
second anti bodiegsmpieget srer under reduci ng conditions which allow the

cysteines i n_tgg a?f%g? .gt-gerea&gt Othahoménpe%gqao@én%gt %trtteatp@rw 1 M of

i sonmerization al ni bispecific anti '&g
Prefertbly, i noktapiops. aJCFe%ﬁJEW?g tagéhtesﬁd§dlff€égnt"§&dé FRASePFhentizk
concentrati on ebknéated BgeO e of Whhathhvae dgoel ropdoXegsotedntin@ithanf thde

sol ution gener %G%Qr?o&n%lo&ggpaiéd:ﬁ%e%ﬁqh Jr QrtRhiof@r € reducing than, the.

redox potenti al er | utathione, e.g. equal to, or
nore reduci ng than, the redox potential generated 30 by 2 nM of
gl ut at hi one, su@h,nas.enmuanhentaaf tiog nieetiogl sfetia dhvegtibmastep theompibex the

pot entﬁ(? | ﬁgurt])g gp SQX antibad e%fln QL%H;)%SQIHC%”&’ 3915&11 éﬁlﬁh‘@tgonEQOr of 13RI £

reducing t edox potenti a ener at e é g ut at hi one,
such as edifars, tSGCh GF f?mé‘te'e?sécﬁjﬁ‘i’%g ¢ ﬁaﬁ"’ at feast ednrp GEheT 4f least 10
gener at ed Imarsfiatrﬁ\:ﬂea-fpegﬁttu-teaﬁbo‘tmer méregsuce@Eal?°c.o, or nore reducing

than, the r e‘dO)i pOtf ' al%&%ﬂﬁ@toefdﬁhgyrgétglom:(oﬂchegikwr@tgh' %econl(mféjﬁg

t he 35cond|t|ons descrlbe
aspect, t hehopeiviereron relsueedat B?Weﬁr EBRpIOSh 1 5ueh aéfﬁﬁﬁrlt'%&lrhﬁ%b?%?é‘iefl c
ant i bogh esihabt Bl nedctplas ofeivai et @vbyf any @ftibbdve nmddoted iaf tehessulting
| nvention %%p%giﬁgéi la?r(?ad irr\]ef‘:\ i Qggregated 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 methed
30 comprises the addition of a protein having protein disulfide isomerase activity, such
as PDI. In another embodiment of the ex vive 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

35 not comprise the addition of living cells or cell extracts.



5 In a further main aspect, the invention relates to an
i sol ated bispecific antibody conprising two Ig&4-1ike CH3 regions.
In one e Lhen said anti body conprises one or two ces
in the cmngb§3?egi on. 10l n anot her enbodi nent, sai gﬁ%‘?@%@%‘i
conprises one or two CX1X2C sequences in the core hinge region,
wherein X1 and X2 can be any am no aci ds provided that X1 and X2 are
not both proline. In a further enbodi nent, said the
anti body conprises one or two CX3PC or CPX3C sequences in the core
hi nge regi on, wherein X3 can be any am no acid except 15for proline.
Icgpfén g\égg fur texl.aé@np@én%paﬁdwemhe fﬁﬁidiw_dad&t:?]r@%iyibsw_ el S@$heOmethat of e

, | sequences i . r regi LN me
enbodi nent'gvegﬁg g ﬁ@’ef é"oﬁ'gfj @8%8%{;@31 f'?’c&aﬁtdlﬁ%é ;EEp[E ﬁ%sf ?@gﬁ H%Frjl%’/ %rrﬁpt he
20 secondo®HBatienypbspackicies gambe UFeEas iswptingheatafifeineihg MefeoEas the
sequence iigvehteM. THeIm&Red BE eRemmAli & iatd $odGititet RBthalihg d@RStWOdifferent

conprise any,apino acid residu whi ¢h parti.cipate i e ration
of i sul f 1 AECRFASS S SRERE oFisy Sy B eﬁ‘é’r‘?-%o_% 8 ”t‘ﬁt"ﬁt%%\?ﬁggv_ﬂif
chai n bondsrfairedd otitherthigepet deerec enfiroidissngs afattingnipeespl- ak recacid
sequence QfnpdapndakiBihk eDhPBsitiaP bBtaPRe ih edphey oftrRogietieatof tifeheet will he
first and/or the se ont% " e% _gndihas t he sequence as shown in
Fi gure 18 CBEH 3 BUREY A &PeelifetEPR° ®he CHB regi on has been nodi fied
so that0 one or Imone egfootiment of kenwmnethodnifribe davedtisubie ifreit 3nsiigdhave
?g)en_ rrade:birtﬁ_rngg (;;E%)?fgkﬁ, I%}Eh t,0Br 288 oh@&‘g@regéll pRBdiRcak’h taéK)Qb_Bl,( @bB_zf_sp
In position a e re ce )/ U : yS LN, pasitl on
292 has beeéﬁB}'eﬂﬁQ%eﬁuéﬂbyg 9] ((p%%' %41'1 ?'%8 Pﬁ%ggll’_t?ro{?réaﬁ Sr'é?{‘sa "Teen
repl aced byr@onentEpf thendl cBi ceceRtpr,i EP{AsE £R7PD328 2hetbehembodimpitaderl by
Leu (L). Ifs @8RBGS ndLbihiiRy SR RENY tunSeH @il fok kghordldl Rbtell) 8uareopnd
CH3 regi on has the seguence as Uschlc;vxg 14;0%}%[”%418 éﬁ? | D N}? 20%
wher ei 1P t HEPERErPRA i &P I £5P84 MUC-LeW r &448 + 8P U5t S8 of
t he _of t hea_mfti:bbdyohbmginam'g npeeifidiy ®nbes turhert redinpro8imastsh b&,seﬂrbﬁéderbBAr g
(R in posihbon s vves: keas, coR), 2padikkcn (Q; Mt (M in 32
position 276 has been repl aced bﬁ Val ﬁg b%/s %’K)d' I n %0 L.tion §t§18
has been repl adead fyFneR=goeginentgthe (16 2M9Pog 8P f SIN0HESPRAL YU+
repl aced bandGhels¢dupd amtitddPhas § Fpding spadfictty &m eB®2. has been repl aced by
Leu (L)g In a yet,fiet hRbosARAdieRte atbly hid SbirdPg/ PEcifidi§ rseeons
CH3 region has the ] o
and the second antibody has a binding specificity for CD20.
In a further embodiment, the first antibody has a binding specificity for CD38
and the second antibody has a binding specificity for CD34.
In an even further embodiment, the first antibody has a binding specificity for
25  CD4 and the secand antibody has a binding specificity for CXCRS5.
In another embodiment of the method of the invention, the first antibody has
a binding specificity for a pathogenic microorganism. In a further embodiment, the
first antibody has a binding specificity for a pathogenic microorganism and the
second antibody has binding specificity for an effector cell protein, such as CD3,
30 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 erbBi, erbB2, erbB3, erbB4, MUC-1,



5 sequence as shown in Figure 18 (SEQ ID NO 21), wherein the CH3
region has been nodified so that one or nore of the of the follow ng
am no aci ti ons have been made: Arg (R) in p as
been repl g‘(/:(zgﬁ@'ﬂgég Ser (5) in position 314 has %%’hﬁ%bg%ﬁyglﬂ
by Asn (N); Asn (N) |n position 322 has been replaced by Lys (K); Mt
(NI') in position 327 has been replaced  Val (V); Lys (K) in
position 339 10 has been r epl aced by Arg (R) Gn (Q) in position 349
has been repl aced bel %%; g osj tion % has

o veet iPigarBee, oaprctedS i BeSPiartmnBEtv S BBaAnd SHERN By H s
(H); Phe (d?}:mbﬂhemsmttclaganiﬁﬁﬁ has been repl aced by Tyr (Y); and Pro
(P) in positiog r%’?ﬁmgiaes sQﬁﬁPh§nF%%?§Q al¥bdd§Undy-be altered b :nclud[ng lhrb an

even further e and/ or the second glon of
the 15 antiiepeeilc Fiibpeea bindBgsPeRfict fop se5¢m PEsRiny E‘@u*%ﬁa““’ sefum halfyy g
even f Wt hiss mag peqgirplohdudetit inondinglirat e&ptmﬂaamtwpmsa binding spedfititagora

phat Teceutyeral SBATRESHLL IR CAHE ShABHRLARRGHS kel drineliBaneh, bhe

i nvention or bispeciflc I es talned or o talna any of
t he met hodirgfanti H@dyi Pﬁﬁe?if‘ﬁ"b% sereifisly fqastiMmases!! I9e fener ‘Feﬂrpr&'@@ gucrias
medi camenterbBIy GRbES &rfE3, USEBA MUC-0pdD T nEDHo, fabd srheXTRSeatdrewrt seabnd

cancer or anpf)(?c&tﬂagléso ﬁ@e%%9EC|%y for a blood bidtdH SBUP L farhheaspect

i nvention Te mposSi tion conprising bispecific
anti bo® es of ﬁh#cp?ﬁléﬁ‘ﬁl'“@ns%pf'ﬁ?ysEPé'cP‘F? deatiernigd aé@to"’d‘t antiady g a
obt ai nabl epbyrictudfsutihes sainhwdvet Thlsein nfvemkd enbddinerithod tipr eambabi on

Of o2, 2med SANERor! B hDESER) AENb ARy SARGRRY B J AEGPLLPHSAepeapes.

The net ho e fnvenfion C ect particu
i nt er est i rRjotsin. ckdheet PRBlcEWBENSPPINY DBt MdF JeCPAPNEPERy "CD4 or cxcrs |
speC| fici tgnesthnggcommshﬂme hd$Sh Ngndide sperifiang fof at hainl proedt, euth & set
ma_fgl xtr F nor elrve ogmﬁpem fic anti bodi es can be 30 nmade from a
set of “ant| B34l '€ ferent binding specificities. The
resul ting bi spé@r&folver ameca@fwmées specifigityrer Reansedhientarmet tlogd tpthing a
_?_ﬁ5| red bigkog @Jala plyf@:@%rrtdésﬁ'&l 3@& @€ tactidie Flwséxam@leblanaf&;p@mc antibody
us, e he.invention rela or
the sel ecﬂ'l%wg(?ffur%t nJ’ cpo |‘(::ttyan ?tt)lf)m ] gap%a 53 E%md g geg‘%tp%;
sai d net hdIﬂOQﬂoﬁp‘ﬁlnglf?@OBQ% dise@ pgroqgf clottleg; to &) tttstwvnaaqi ﬁ@fJSastsettwaPr
ané i 3h02b eSgroWthe ITRLg) iRas Rureiet i hadyinkas oalt@ls.l G&fe}&lﬁcﬁlnbf tharigedntispetiel firgt t y
an erein each anti rises an i ke
b) i ncubaﬁ"ﬁg @h@ﬁ rﬁblgo%ggcpggl flg%ua r"§()ert(:e £r Elur]{??rbcgg'_%t&vmg% gﬁas 5t bﬁl
ant i body @frb%lecib%?eterltﬁ'ﬂdéw&bd@mgm§58@rn@i>1 PORECRY AU thyeieernst IMGOdY set
gf anti ]{JO%SQEBMSL?Q%.:W.M%% aroeaﬁmmwd Wlﬂ?@Qﬂﬁtﬁhg’)%u@t &5 tisbed Rbtor.
i specific anti ssa e resulti se n
m x!toures for al ?Vgrﬁ' &Eﬁb"a %9{8 mventmn the E'%t apée{of Seconé Et?%éem fic
ant i bo2hy nh'nkecultte ahawipagnd beleded i’rp@dthsrq;w £9nsisti0BoE 2 l§yt0t0Pf*Ct 39E"%et hod
above can rlaeoe%t;élr Hgﬁjocﬁﬁg RF Q¥ Sk a@lese&arkeeda 2)1eNiRe; f@"chéﬁ@@né?)md In

ck)lnlel IerrIgOdlcrg%r;])sement sucgSI r&q psruglp%tgr% oun rggy tmea§<t qﬂhng oft Harget ceﬁs more

effective, e.q. in cancer therapy. The compound may alternatively be coupled to the
resuiting bispecific antibody, i.e. after the half-molecule exchange has taken place.
30 In a further embodiment of the method of the invention, the method
comprises a further step of bringing the composition obtained in step ¢} 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 resulting
composition or size-based chromatography to remove a small molecule reducing

35 agent.
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¢) cross-linking of asymmetrically introduced cysteines in the CH3 region, e.g. as

15  described in Merchant et al. (36) (incorporated herein by reference), for example
using one or more of the following combinations (reference to SEQ ID NO:19}:
- D282C in the first antibody with K275C in the second antibody,

- D282S in the first antibody with K275S in the second antibody,
- Y232C in the first antibody with $237C in the second antibody,
20 - ¥Y232C in the first antibody with D239C in the second antibody,
- ¥232C in the first antibody with E240C in the second antibody,
- L234C in the first antibody with $237C in the second antibody,
- T277C in the first antibody with V280C in the second antibody,
- V280C in the first antibody with K275C in the second antibody.

25 In a further aspect, the invention relates to stabilized bispecific antibodies
obtained or obtainable by cross-linking methods, e.g. by any of the three cross-
linking methods described above.

Regardiess of whether or not the resulting bispecific antibody has been
stabilized by cross-linking, the method of the invention may, in some embodiments,

30 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

35  designed to capture IgG molecules {(Protein A mimetics, Llama Vuy ligands and the
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10 by binding and elution using an affinity column for the first binding specificity

followed by binding and elution using an affinity column for the second binding

specificity. In a preferred embodiment, in particular when no chemical cross-linking

has been performed, the purification is done under conditions that prevent further

half-molecule exchange, such as non-reducing conditions.

156 The quantity, quality and purity of (purified) bispecific antibodies can be
analyzed using routine biocchemical techniques such as absorbance measurements,
HP-SEC, SDS-PAGE, native PAGE and RP-HPLC. Of particular interest are techniques
that can discriminate bispecific antibodies from the parent IgG molecules. Examples
of such techniques are (but not limited to) IEF, cIEF, CIEX and Mass spectrometry

20 (ESI, MALDI), allowing highly accurate separation and detection of the molecules on
the basis of charge and/or mass. Dual binding specificity of the bispecific antibody
can be assessed using a variety of different binding assay formats using for instance
ELISA, RIA, Surface plasma resonance (SPR), Bio-layer Interferometry, DELFIA,
FRET, ECL, Gyros and AlfaScreen.

25 in one embodiment, half molecule exchange may be performed under
conditions that favour formation of bispecific antibodies directed against one of the
two antigens of interest. For example, consider antibodies against antigens X and Y.

If exchange is performed using an excess of antibody against antigen X, such as a 5
fold excess or 10 fold excess, most or all antibodies against antibody Y will become

30 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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van Ree etangibodics9@b bAl dressgink&D 3 YescAlidst #i0e S3Bodieg Gheokaletrosatlinking38
Al l'ergy C'A stA g hiib s il 8e HIRAR ﬂaﬁngtas.rk\éem.e&hyl@ Bw&m{g an
ol les

|IIustrate oW ng exanpl e shoul trued
as furt heradpit‘ﬁﬁqlleﬁ@“a”@@?\ﬂﬁlﬁswib @x"é‘ﬁ?ﬂséﬁf“t'@q"g@ﬁlﬁ‘ﬁ @f&ﬂqeaez E?ﬁ?‘?‘ﬁﬂ s
and PCR ampl afisbpaibh @R anti-Z cont&hing aamtibbdyohgatiest pnatnediremekilizzdsynticghe st zed

and_quant i L], g by, JeAagen Bl SShl S LA BRe- oI, DehRihandlains

Primers were m)I/pI store
summary ofthapesinpdriagiigedHEReefie FRPOSYi mers is given bel ow. For PCR,
Pf uTur bo(r) HotﬁbareberDNﬁtrﬁabwﬁﬁmla&et fSihe abareh of thAnsveatiod nbhe Ringthdd

net her] andafohes HRCA,ALC U 39 e u¥a%ﬁ%gfﬁ9ﬂ#%ﬁﬁ%%fsgécifiéqgﬁt{t}dﬁfeg q9s-

Each reactl 0 m X cont al ne nosti cs,
Al mer €10 THBeRBEUE Usedks) COW&?”?ESpWﬁlfOVBFJ'afS'BP 19 & eerprsiEry eHRdiVESRAUSE
primer, 10 tAg bRbegRN@tibodyDINAerDEquEo g sdiiticpl tshiscsulbbife anrchumamide, of

PfuTur bO( art|cu¥ Stsf?iEatble or PQ'?IL s‘agﬁa R gﬁo[@ h%ﬂai%ﬁ fer (supplied

wi th pol yrrerase ato uneo reactions were 20
carried out with a TGr adi ent Ther nocycl er 96 (What man Bionetra,
CGoet ti ngen, Genmyortnesiaageca, 8- Gyehtenprelléand adematvivoi mgthatl B5Ehd or

2 mn; 530%%8 3n off% Biage emfzc an ec)dye&ﬂd %691%(1%9& ,Q%,?Qg,lf%f}#eg(;g anot her

speci f mn; final
ext ensi on at 72@: PFQ)’r*d”]EDarﬁ"ﬁ antﬂw@upbawpﬁ pofiret, bipdiag peseififtyt wherginaic

stored at 6 aHabbdy EdaidriRes a appd Y&Juen& in RROERS Hirlgd region and an 19G4 CH3
region,
by providing a second antibody having a second binding specificity which
20 differs from said first binding specificity, wherein said second antibody comprises a
CPPC sequence in the core hinge region and an IgG4 CH3 region, and
c) incubating said first and second antibodies together under reducing
conditions which allow the cysteines in the core hinge region to undergo disulfide-
bond isomerization, and
25 d) obtaining a bispecific antibody.
Preferably, in step c) a reducing agent has been added wherein the
concentration of said agent is such that the redox potential 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
30 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
35  conditions described in Example 35.



25 Exanple 2: Agarose gel el ectrophoresis Agar ose gel
el ectrophoresis was perfornmed according to Sanbrook (37) using gels
of 50 m, 20108%19]':{3i s Acetate EDTA buffer. DNA was Vi spadbiarsfoidhe
i nclusion of ethidiumbromde in the gel and observati on under
light. Gel inmages were 30 recorded by a CCD canera and an i nage
anal ysi s system (CGeneGnone; Syngene, vi3 Westburg B.V., Leusden, The
Net herl ands). WD 2008/ 119353PCT/ DK2008/ 000124 36 Purification
of desired PCR fragnents was carried out using a MnElute PCR
Purification Kit (Q agen, via Westburg, Leusden, The Netherl ands;
product # 28006} aat@tHedi agettp thienvemnod aelktasetd S icomboesitgini orreprising
| sol at ed i £ : i
asseased Dy e Bl e e bl O e s Bk o
di gesti on C‘é?@%@@bgrewsre separated by agarose gel el ectrophoresis
(e.g. when nultiple fragnments were present) using a 1% Tris Acetate
EDTA agar ose gel . i.re a . I and
recovered usi ng'J' tath?%EAeErﬁé'flél&é{t’ gﬁ%%’g}t‘%ng |gﬂte§?c(% ga%ggrﬂart%fg%%?’gn
20051), acebpeYTgmPEsohBvOEIFGf ke {CHPErIIQ"S nstructi ons. 10 Exanpl e 4:
Quanti fi cati on1®bndbRbsyimeM, SpiaCintib&dyOfynprises one @ptwoc@PClensericys of
nucl ei c act'béjgor S der;t_, qornn‘i ned usi ng a NanoDrop ND- 1000
Spect r ophot onet er gle gen Life Science, Miarssen, The Netherl ands
accor dithg to t e Fneier aembedipers, | spid AREPYYNSOMMHESDRIE BnE%ht Pati%n
\&%2688615Urs;@éué?hfe@nﬂtr}é%ix&eQfli:ngikx'Ste{@emppﬂwiefeai xdaﬁsi%yﬁncﬂ) aay \;ﬁﬁﬂﬁhﬁﬂ‘ﬁ( one
nmunit = or ml es, the buffer in ich the
nucl ei c acﬁr%d?ﬁg%ﬁgiasng)(%ﬁz\?é%n%'\:/}gthuérg' as a reference. Exanple 5:
Restriction enymegudheesrnbasiment, said the antiRedy £PRPTEA WBA LY FES Cafth or
suppl enent@xueLaueRdtediimar dof® Andevegiong waadin20Biaa by (FBevesdiy exdvi
USA) oy. Fer net as (Vilnius, Lithuania) and used according to the
manuf att ur'@r P8 st r uct i ons. DNA (100 ng) was digested with 5
units of enzymé(s) evan tfirehes mpraogimeat esalsu@ Ttibody ROrEPHSER e \AH|TRE-=6F 10
pl (react i@cy BhbtTBSCAET Rq8&REEM tHP cote hadgRepsi.at e) . Di gestions were
i ncubated at the recommended tenperature for a mninmumof 60 25 mn.
For fragments requiring double digestions with restriction enzynes
whi ch invol ve ilmsenpatibbiimehisf df ahe ispleteddrigpetifie anbodeqitie festeneir the
di gest 3PnSsWeicCciPe FdeRn B G Samregth adotype, WheRRCEE MY scdLgREtid aith, or
2;? ?ggt iso agebe%ilil rrhgdiﬂee% stw).l%h,atgll%{ ﬂst?oegenlot %(lme'ngrllsléoaoﬂk}ogrﬁfﬁb Sac%nlgsigt?és 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.

25 In one further embodiment thereof, the first and/or the second CH3 region
has the sequence as shown in Figure 18 (SEQ ID NO: 19), wherein the CH3 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

30 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

35 have been made: Arg (R) in position 234 has been replaced by GIn (Q); Met (M} in



30 Exanple 6: Ligation of DNA fragnents Li gati ons of DNA
fragments were performed with the Quick Ligation Kit (New Engl and

Bi ol abs) agsangilgst 0 the manufacturer’s instructions. pdEhkfesH0124
| igation, vector DNA was m xed with approximately three-fold nol ar

excess of insert DNA. 35 Exanple 7: Transformation of E. coif 37
Plasmid DNA (1-5 pl of DNA solution, tyfdcally 2 pl of DNA ligation
m x) was transfornmed into One Shot DHSO T1R or MACH 1 T1R conpet ent

E. coli cells (lLnvitrogen, a, T rl ands; product#
12297- 016)PoBEPhE7E Wes %atre@?fﬁg%‘fﬁ’@ ﬂ’sd“fsa@gdﬂ %‘?Sﬁﬁ’”t;’%’-”?’l‘?égee“ replaced
nmanuf act urgrAg (RS GmUEY)i ion®sitidie2es heelbken ventaed bat@d (Bh and Pro (P) in
S5Luri a- Berptoglm)n g%ﬂ]as ﬁl 46(_@& 89 E_glpp:t)al ning 50 pg/m anpicillin.

Pl ates were 1 ncu 37C until bacterjial col onies
becanme evi dent In E%Sﬁﬁ‘r@e%em@ﬁtdl"@%ﬁl $Rif Brst BaY/Peinesec¥l I E8'°oBy e
Bact er isal seglheviaé as shvrein Fojuee i@ (SHPID Nhe 2y, edersrettef CHAepon has been

Eg?g?;?[rgqnwﬁde%oowg? §|I|% ?Id %?eqb'fetrﬂg & rtl\(g‘%j ﬁo(l:IGvQJng Wi IECC&IH %ht&git&tﬂﬁs have

appr opr i atk&eh siefar %Fga{ﬁéi‘“rfé\?@f’% 8?)?‘??@?’%‘ e CF?QHH@J” i‘?)' Sgéf@df‘ agsition
col oni es v@EKBehakibget Feplacaiphasch (M) Asra(N)0n pbsiirpEd2t leasttiepn aepthced big et

briefly ins g‘%&%@g@%b RE2bE bR Ley IBHANER HGSHPBEAGLGsd 1

t he PCRmx ycl er 6u5|ng
a 35- ciicl eaposer aﬁrPl'aCG‘éhéﬁ[ﬂ @i 6l B imposfe F4GrhagHepi F\ep'aS'Sd 8Y G4 of
94C for 30Gles@rin @Eﬁoiﬁ @52 R8s 1506 rapleked 24 Via0(V)2 ARG (R) i pbditinesb5inps aeéi nal

extensi on S['E*;E(aa edoi& i5 { nPh%t FZ%C osLt ona:%%rl%grﬂegﬁ ?ep[%clgg b@’ﬁ'ﬁ]rﬂ)xta% ®Fo

wer e st ore unt ana gar ose ctr or esli
Exanpl e 9: (PPIFBMUG“ @Rﬁxh@%bﬂeat"ﬁﬁﬁ:eﬂrbdﬁﬂPE(L)col | cul ture 20PI asmi d DNA
was isol ated fneah Everﬂ@%eﬁéﬂnﬁdﬁfrﬁ&tu&bri@stté‘r\&/ofr(Dlhd SbmyCK3 tjidnraithe

Q agen}é\élr%&t%‘eg} t}l.é Tnv?rﬁlon 1€ ’]:I&EAEC*I\%I% BI ands), according to the

manuf a Ions. u asm d preparation (50-150 n
culture), either a H Speed Plasm d Maxi Kit (product# 12663) or a

H Speed Pl asm dnMndivefi furthier @ﬁb&i #nletGidd )relvBs 18S € tompositi@adukh sead e

pl asm d t 2 2 - Ki
Cor oduct & Sty e sofefiedty ratind spRRE o LE RRERdE br
(suppl i ed bisrehifik potjbodies higined PO obPIAbS dyLFEH O Hif method of the '”Ve“PP’éé?n d

DNA wagy Seéﬁééfﬁé@dwek@h ﬂﬁ @& andanekipneecdutiess khawe ak B hidcaatent f3Ghe
Sequences were nozlat ncserm_m skng v Vect or NTlI software (Informax, Oxford,
r

UK) . Exanptl gupEn I ent expressseﬁ%er? i n HEK-293F cells

In an even further aspect, invention relates to the use of a composition
comprising bispecific antibodies of the invention or bispecific antibodies obtained or
obtainable by any of the method of the invention for the preparation of a

25 medicament for the treatment of cancer or infectious diseases.

The method of the invention can also be used to select particutarly interesting
or effective combinations of target binding specificities. For instance, using the
method of the invention, a set or "matrix” of different bispecific antibodies can be

30 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

35 the steps of:



Freestyl em 293-F (a HEK-293 subcl one adapted to suspension growth and
chem cally defined Freestyle nmedium e. g. HEK-293F) cells were

obt ai ned ¥ ®ios/V¥9553008/ 119353PCT/ DK2008/ 000124 38 | nvi p¢RERMoFN124
transfected according to the manufacturer's protocol using 293fectin

(I'nvitrogen). Exanpl e 12: Construction of pTonb4; A vector for
the expression of variable 5 heavy chai¥ regions with the constant
regi on of human | g64 Genomic DNA was isolated froma bl ood

I f I d
 Gigenezt “and®) RAIgRRGo PLatEaP HEIRh AR altcBel Tat HurBRELIS,

genoni ¢ const agrecifigiyl 1 wiereihgateipodhenmpriess qrg’@@‘*dﬂfé Hatre@efuci ng
sui tabl e restrpLihb@Rting b&h afn@ibo@,l SaliGet Bt shtlbb@egrammahbotaer amb@,ssri on
10 vector pEES. d(L nza Bi oI o) Mwn I%:S; f(ra;geggtent Nas gprln bc? and
cloned into pEERI £ FgIPeY HFQY Fodlict SMas-di%gested W

Hi ndl | B and Ecmturesmitewe@a@‘ymweaﬁ Ctiarrmaw\vlé&er@h b@ﬁequ@”ﬁ*é%CIle ction
enzymes. The p&@séyhﬁ@c{h@r rad@Ring | g€ sdreshtidold | rhikuuaerd férC aRiver Qlebiauyed
by heat inactivati the restriction enzynes and dephosphoryl ation
of the vector P& Bﬁﬁ%rﬂ“dwth shrinp al kal i ne phosphatase, followed 15
by heat i nacti dpssleghingof btsneclfmmpwmmmre Taang g@mesirﬁmremrtmnd t he
PEE6. 4H ndl | 1 / EcoRl dephosphoryl ated vector were |igated and
transforned ipnto co ent MACHL- T1R eI I n Thr.ee cl ones
wert dlomsten Bl & SRREINGE PO fageT SBRR e PPNl Live o

(1.5 m). sRest)riction digestion revealed a pattern consistent w th
the cloning of the g4 fragrrent in the pEE6.4 vector. 20 Plasm d DNA

fromtwo clones was tra in DHSO T1R ol i Iasmd DNA
was i sol atIB(?”%lﬁ'@b?‘II'@e%toﬂéet‘I)eﬁE? PRRRTE Ii?% ﬁﬁ&”@@qﬁegﬂ‘él "4nal ysis of

the insert and one clone was found to be |dent| cal to a genomc Ig4
cl one {5 opdeenGEnbank database, apart from some n1 nor differences in
introns. These differences are presumabl

y ei t her %/Hno{#g ns or
sequence flaul t 83lPFsenB- EenBanR" K& IBRBe 2" He VI8 1§ 5
pTontA. Tabl e &spepsi wfelgGs}eamnenm&s INZrader@ed gmnﬁeqawcees\n_eexben\lbﬁev

AGCCACCGTACGTTI&@II Cad. 220 | D NO 1) VLex betvlfor
GATGCAAGCT TGCCGCCACCAT GT CACAGATTCAGGCAT T (SE I D |
VHexbet vl reev CECOTSREL SUCHREEHLC~EE: %ﬁ@?ﬁg%(sséﬁq e
NG 3) 20 aspects of IgG4 antibodies. II. IgG4 antlbodles form small, nonprecipitating
immune complexes due to functional monovalency. 7 Immunof 137:3566.
3. Schuurman, 1., R. Van Ree, G. ). Perdok, H. R. Van Doorn, K. Y. Tan, and R.

C. Aalberse. 1995, Normal human immunoglobulin G4 is bispecific: it has two
different antigen-combining sites. Immunology 97:693.

25 4. Aalberse, R. C., and J. Schuurman. 2002. IgG4 breaking the rules.
Immunalogy 105:9.

5. Aalberse, R, C., 1. Schuurman, and R. van Ree. 1999. The apparent
monovalency of human IgG4 is due to bispecificity. Int Arch Allergy Immunol

118:187.
30 6. Schuurman, J., G. ). Perdok, A. D. Gorter, and R. C. Aalberse. 2001. The

inter-heavy chain disulfide bonds of IgG4 are in equilibrium with intra-chain
disulfide bonds. Mo/ Immunol 38:1.
7. Blocom, J. W., M. S. Madanat, D. Marriott, T. Wong, and S. Y. Chan. 1997.
Intrachain disulfide bond in the core hinge region of human 1gG4. FProtein Sci
35 6:407.



VHexbet vl f or  GATGCAAGCT TGCCGCCACCATGAAATGCAGCTGGGTTATCTTC (SEQ I D
NO 4) VLexfeldlrev AGCCACCGTACG iii | ALTTCCAAL.1 i i GICCCCGA (SEQ ID

NO. 5)  VOwRPRR4L353PCT/ DK2008/ 000124 39 VLex fel dl f Opcr/mpra008/000124
GATGCAAGCT TGCCGCCACCAT GGAATCACAGACTCAGGTCCTC (SEQ | D NO . 6)

VHexf el dl rev CGATGGGCCCT TGGT GCTGECT GCAGAGAAAGT GACCAGAGT( SEQ I D NG 7)
VHexf el dl f or GATGCAACGCTI GCCGCCACCAT%%AGCTATATCATCCTC (SEQ ID
NO 8) | GHAgene2r TGAGAATTCGGTGGGTGLI I ATTTCCATGCT (SEQ I D NG 9)

| Gigenel, Ol ACAACCT TACCAT COOECATARA R@L\A ABARC f SER LR AR
Burton. 1987, The solution conformations of the subclasses of human IgG
deduced from sedimentation and small angle X-ray scattering studies. Mo/
Immunol 24:821.
5 9, Deng, L., D. Wylie, Y. S. Tsao, B. Larkin, M. Voloch, and W. L. Ling. 2004,

Detection and quantification of the human IgG4 half-molecule, HL, from
unpurified cell-culture supernatants. Biotechnol Appl Biochem 40:261.

10. Marcin and Zhu (2005) Acta Pharmacol Sin. 26:649

11. Fundamental Immunology Ch. 7 (Paul, W., ed., 2nd ed. Raven Press, N.Y.

10 (1989))
12, Chothia and Lesk J. Mol. Biol. 196, 901-917 (1987)
13. Kabat et al., Sequences of Proteins of Immunological Interest, 5th Ed. Public

Health Service, National Institutes of Health, Bethesda, MD. (1991)
14. Kohler et al., Nature 256, 495 (1975)
15 15 Clackson et al., Nature 352, 624-628 {(1991)
16, Marks et al., ). Mol. Biol. 222, 581-597 (1951)
17. Lonberg, N. et al., Nature 368, 856-859 {1994)
18. Lonberg, N. Handbook of Experimental Pharmacology 113, 49-101 {1994)
19. Lonberg, N. and Huszar, D., Intern. Rev. Immunol. Vol. 13 65-93 {1995)
20 20. Harding, F. and Lonberg, N. Ann. N.Y. Acad. Sci 764 536-546 (1995)).
21. Taylor, L. et al., Nucleic Acids Research 20, 6287-6295 {(1992)
22. Chen, 1. et al., International Immunoclogy 5, 647-656 (1993)
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RACEA mml TCCCTGGGCACAATTTTCTTGICCACC (SEQ I D NO 12) Short UPMH3
TGAAAGCTTCTAATACGACTCACTATAGGEEC (SEQ I D NO 13) LongUPMH3

TGAAACGCTT CACTATAGGGCAAGCAGTGGTATCAACG CAGAS ke

NO 14) Ex%-(rﬁgge . Coning of the variable regions ong? e mg%j@emu
anti-Betvl and anti-Feldl antibodies Total RNA was prepared from -
0.3x105 (Betvl) or 0.9x105 (Fel dl) nous hybridoma 5 cells (For
Betvl: clone 2118 fromref. 38 and for Feldl: clone 4F7 fromref. 39

with the RNeasy kit (Q agen, Westburg, Leusden, Netherl ands)
accor di ng 3o t K‘ércﬁﬁrﬁ&f‘ éb?h‘-?g@r) Netyse BtogeéBll.&sW’GBi
5' - RACE- Carrpl esentaby, el eDNARo@f MERRAIavagoriree palabarafarpmanual (third

appr oxi mat el y %nggaggs%gpnmmpabeg 0B SYART RACE cDNA

Amplification Ki 0oScl ences Clton ech, Muntain View, CA,
USA), fol 138w nikkerdaagmyaniRectairkio2S Mo 0edP): 2FRE20L and VH regi ons of
t he Betsvl 3@hd Helzedot anili basby). weerey amplinimuad!. By, PEGR. For this
PfuTurbo(r) Hotstart DNA pol ynerase (Stratagene) was used according
to the manufacturer's instructions. Each reaction m x contained 200
PM i xed JNFMsesEst inveRSioRds Mirehpn dbsiratey byithe Solowingr exemplesalits gawd mer
( RACEGA mMinof B cérideuddby Rghemninitig RACEKnm for the VL region), 7.2
pnmol UPMM x (UPMM x: 2pM Short UPVH3 and 0.4 pM LongUPNVH3

ol i gonucl ;‘é%phﬁﬁ)Es 0.6 pl of the 5 RACE cDNA tenpl ate as descri bed
above, and 1.5 unit of PfuTurbo(r) Hotstart DNA pol ynerase in PCR

ti ff | i Lt h I i I I f
bl - 20eR eatts §5.ERRep Eedlid wist S0q PER iRt Ther mocyel or 96
(What man Bi onmetrigonudiebtintg mindds eyed ynfriedigédatid dlanafiadriynigogen B&Cehor 2
mn; 35 cyeleS O 7R GudiRdindnSBimeRs Ra% Lifondd it4%0 & dod Bhol/Bl arkst ©
T 758 or

m n; final' extension a
stored at -20°C. A summary of all PCR and sequencing primers is given below. For

PCR, PfuTurbo® Hotstart DNA polymerase (Stratagene, Amsterdam, The
15  Netherlands) was used according to the manufacturer's instructions. Each reaction
mix contained 200 puM mixed dNTPs (Roche Diagnostics, Almere, The Netherlands),
6.7 pmol of both the forward and reverse primer, 100 ng of genomic DNA or 1 ng of
plasmid DNA and 1 unit of PfuTurbo® Hotstart DNA polymerase in PCR reaction
buffer (supplied with polymerase) in a total volume of 20 pl. PCR reactions were
20 carried out with a TGradient Thermocycler 96 (Whatman Biometra, Goettingen,
Germany) using a 32-cycle program: 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.
25
Example 2: Agarose gel electrophoresis
Agarose gel electrophoresis was performed according to Sambrook (37) using
gels of 50 mi, 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
30 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



40 10 min. The reaction products were separated by agarose gel
el ectrophoresis on a 1 % TAE agarose gel and stained with ethidium

brom de. Bansips@fozdshe correct size were cut fromthe gpéﬁnﬁmsfgﬂfﬁ4m

was isolated fromthe agarose using the Q aexl|l gel extraction

(Q agen). 5CGel isolated PCR fragnments were A tailed by a 10 mn 72 C
i ncubation with 200 pM dATP and 2.5 uni 3 Anplitaqg (Perkin El ner) and
purified using mnielute colums (Q agen). A-tailed PCRfragrrents

were cloned into the ector (Prone u3| n . MI_ easy
vector system F‘I’“flfP‘i’ongger?g&‘?écxfffﬂgmﬁg n§®% F& 'é%f jf'géﬁe PCR

pr ot ocol . PRrifiatiof KitH@iduegatia Blestiviisd, Met&dwsﬂteri\&mmr@ndsedvromm SHEBHot
10 DHSOTIR RGNS LS The Ena@QulfalctLﬁrér'%V|nE{r9&%HQ %BQte@' @N.@%a@.nqdaﬁéﬂm WPTGE

Xgal plates. Four, i1nsert containi nge col oni es for the VH

and VL sedAEHRSRNENE tis el ardster 4 Boasarase et e<§'€aﬁ%rﬁ8%d The
deduced am no aterdathety)efireor afigastien \Wrbdud WereokeBetted tar eggpseemel n

SEQ I D NO )R ) ar e
depicted in S | D @@7 angqﬁg}@@ggrﬁéﬁtgge%%rgse?@g#\%@%@/ qfrlsﬁ\%&tg‘:e

15): m kcsﬁWﬁf?ﬁaFPéﬁxﬂebv%e‘i’Fa‘”Fd EGEE] W(Spg’ét’eécﬁf%‘&tt%%éfg n?"%) Eff?/‘ier‘?ﬂ/w

kg rpeqg lwewaghe iQApaligGalt Extraction Kit (Qiagen; product# 20051), according to the

ydpkf qgkatjtadi-ssatantiilssid sedt avyycasfrpgyal dywgqggt svtvss 20 VL
sequence Betvl ?ﬁEQI D 140:16):

nesqi g&f vf vfl w sgvdgdi vnt gshkf st svgdr vsf t ckasqdvf t avawyqqgkpggspk! iy
wast r rtgvpzxdhfpﬁgsgqghduﬁtaticemmdyangm:thseﬁmpt f gggt kl ei kK VH

sequence Fel d1 4 flnzj)cl i + d D D-1000
25mgwsyi i | fivat t‘gavhs vyl E'C Vkp Wasi S ne USI v?/rr]r% N cr\i r pgggl ew

i gei npnngrs(p?CWRmeﬁﬁtq %%981‘ q—laf§§§t€a qarssen The Nether ands) accordmg to

nsl t sedsawyy aanhofatinkee's fimsygogs] THe @A conchiitra e ek cecdsaded by BEE$ Bf

NO. 18) _

mesqt qu el F PWE" engé}/ \S?T‘P)qgt 23 rg (gréeegvf ?TBchistsqssPl Hlm?l ny "tsﬁ/;/n Eﬁpgqp
<

pkl 1i ywas tBOPYEs Y paEh thists yes digeobed éfiaﬂdé%%ﬁ/% $EFGsgt ki ei k
Exanpl e 14: Construction of pConGlfBetV1l: A vector for the production

of the he ,%gp{igg ?Ltb]?é%t?xlenkg%naﬁstm s The VH coding region of

nouse anti by PCR 35froma plasnmd
cont ai ni ng thi &egtﬁ&tdaneﬁﬁfmapm l.@ﬁpléiﬁérﬂ*sg wdie qutdiner $ro}q44¢péhetu§a£.w

41 and, .V etvjrev, 1ntr Cl restric

Sl oni B9 1 HgssseEto M A o Hridet Relofe” BB e 136 Sfrordlia o
was gel plrhéfriaedfaamcbrglnmhl@sthnﬁto pConGlf 0. 4. For this the PCR product
and the pConKama%éoV@;t@gs u@éﬁeddm% & it\Mok f@nﬂlrﬁa ﬁf‘%e%ro;ﬁﬁda

purified. The Vr ra fO 4H|nI ted

Dect or werBAEs fid SEIARPTTS ol Bl (e P O SUCa Saarie ot hee R ERRr.

cl one was ByedsHctederontediamdng thheecormesied |t¢rse¢r‘atus¢ f aminimhe efofG ect

sequenge Was. GeRfidgiRdes FHLSing! asubled awRstidrawith RERREFBEhes which
involve incompatible buffers or temperature requirements, digestions were

performed sequentially. If necessary digestion products were purified by agarose gel

electrophoresis and getl extraction.

30 Example 6: Ligation of DNA fragments
Ligations of DNA fragments were performed with the Quick Ligation Kit (New
England Biclabs) according to the manufacturer's instructions. For each ligation,
vector DNA was mixed with approximately three-fold molar excess of insert DNA.

35 Example 7: Transformation of E. coli



Exanpl e 15: Construction of pConKBetvl: A vector for the production
of the 10 light chain of Betvl The VL codi ng regi on nouse
anti - Bet ViygnjokpReys was anplified froma plasmd cont ab@f/ﬂﬁ%dﬂﬁbﬁfolza,
region (exanple 13) using the priners VLexbetvlfor and VLexbetvlrev,
introducing suitable restriction sites for cloning into pConKO.4 and
an i deal Kozak sequence. The PCR produc? and t he pConKappaO.4 vector *
were digested 15 with Hindlll and BsiW and purified. The VL

fragment and t I si W _di Lie C

ligated and tr E%g'ggo @gg?fgt% °E§ﬁges !U@ %Calge%’ If(il 6{&1 Pgat‘ﬂwm neowas
sel ected Gmﬁ@rmemgﬂtph@n%o?hoéc%5m§3er Pr MAGH-BnHL"t Frnrabete c solvrs!ls
confirmed.iltksyeR) @%dTM@memﬁd@@w@a& \4I229261@xa4mj @helﬁeat~shock

Construction uct heavy
chan of  BEEpRe fEaRG 1 HeygahEirdla ibrotiEp NG Pl B B nbRY O
Bet vl - ISQG4-,urlB+$ertUH (Leyaan pteftesBenVAining §0 @fnbnleajnmwhpmnm weppncyiited
pTonA ang,pfnnghfaBated uMebsctalifesbass Mchhe el | and Apal and the
rel evant fragnents were isolated. The Betvl Vry fragnment 25 and the
pTontAH ndl I | - Apal digested vector were |igated and transforned into
conpet ent EES(@IF 8RSceslehing of picterénl\alordes BCPE® contai ning the correct

insert size an@aét@ﬁa]%ﬁ#l%@%r%&e@r@af fof 'eréjpre}_éﬂé d?l\/@&msdcdﬁf?esmﬁ ed

To et v vect or
Do iR seteae aUP CRB ST A RSRLT Prge M R (faghElyry
coding r eg:rmduct:# 2050 aadtthe Epprdpriziatforivedy ansevarspl arimess (AgpePAR Hr om

a plasm d Lcantai éalo%stvménérﬁg'te&h@@mm £ grle‘alpéﬂ@ mamﬁ)uaﬁéarmreay in
VHexf el dl for and VHexfel dlrev, Introducin U|ta restriction sites

{or choni iy BaopEBRBEFe Aol AR FBaIc NP L BB LR e Ch) n:
fragment wasfogedd pitir & TGexddiemhUhahroneter9ftusing SCoryBefrdogtamFdenatitedornt he
PCR praduch qaed e 91@”33391%9 of 9\4@@?&@0%%&65@%%&3@@@% 720C for 2
2008/ 119353PCT/ DK2008/ 6001 H ndl 11 and_Apal and purif

The VH fr dBRet R4 oY Re'FCsHEIe! ﬁtﬁPr?élllplm'ﬁ\&'él72dF APBIPP{REL G0 %e”re
| i gat ed andixtur@nséresteed atrd e oinpeteistbyRidabsd §& etwtrbghordsic| one was
sel ected containing the correct insert size and the correct sequence
was confirmed. This plasnid was named pConG fFeldl. 5 Exanple 18:
Const r uct |W“&eﬁ€8mﬂcﬂ°‘“ ',&"!Pé!ﬂ“ofl"‘”f‘(ﬁ‘ P suBt%duct i on of - the I ght
chain zf Fel dl Plasmid DNAves \Rolatedlfrog E.egli aoituresissingutibe fdllowiab ddts from
anti body V@agé%mka iveSluds! @ sae;plﬁw&hé}%ﬂh@' Qeaaaj tostr{eqqsmac@&wml e

13) using FI’I mers VLCeéexfel dl'f or and 10 Vi exfel dlrev, Introducing
sui tabl e r'@%‘leC iensi SR SHtkeR2IBH RIERHPYHRY %bsop@%rﬁ(ﬁu"&)'aﬂﬁ‘eérf’ FEpeged
Kozak sequested M’EhlemPCﬁRoqn.rcDidllQGﬁ:ﬁmd at hiepge@dte<arip 801 Kit@atdort #nWEasd 3)

di gesteda\(l)wégfr_fn ?fF ;pé\v%gge B Shga %qepa;q%nv(g fzr,ggeamre)aadq:%&%p Spin

pConKa .4l _ vector were ated_‘and transformed
o CBpiaiter s iRt 27 ) ios Aved apfbDNARS B BeP RS et ho
correct insefdieswar kand t he sequence was 15confirmed. This plasm d
was naned pConKFel dl . Exanple 19: Construction of pTonAFeldl: A
vector for the production of the heavy chain of Feldl-1g64 To
construct ExageriedO: PHA sayepsi®Bon of Fel dl-1g&4, the VH region of

Fel dI Plasmid DNA was sequenced using standard procedures known in the art.

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

Exampie 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



20 was cloned in pTont4. For this, pTont4 and pConGlf Feldl were
digested with H ndlIl and Apal and the relevant fragnents were

i sol at ed. wWHeokgledss VH fragnment and the pTonGAH ndl | | - ppahksiegemiAd
vector were ligated and transforned into conpetent DI-150-T1R cells.
A clone was sel ected containing the correct insert size and the
sequence was confirnmed. This plasm d wa% nanmed pTonAFel dl . 25
Exanpl e 20: Construction of antibody expression vectors for the

expressi o 2F8-1g9 ession vectaors faor .
exbr 6551 ol gTosvi s g A R TR AR LT YErRar TR
const ruct géhvitideenVH and VL codi ng regi ons of HuMab 2F8 30 (WD

02/ 100348) and HuMab 7D8 (WO 04/ 035607) were cloned in the expression

t af (L Bi ol f the |
Shai 1 and TETIALS A8ACPBRr RS RIAI B BRCLOR P i SAPIaegiet AfArRbIE
yi el di rig tHeavy ebtioregp@sn@th S consCantCGEIRIDGT pComkKighh2F8 and
pConKappa7D8. EagonyE E{I\ﬁgh&nﬁo!%d ?rgﬂnﬂfogfgarﬁﬁg oP S0l PEndVBLeR as a

renmoved fromthese vector

2008] 11938 SPRTIeDRoBUEFOBIR A APHSERF g IO RSEsArefes e pelow)
Hi ndl | | / Apaiplidlirgegteecbmplaia(@énaraic tanstamtegioni afighe mepviorGi? FBIgg4dand

pTon(A708 |ﬁt?<§tﬂ|€i§%_' éﬁ?t%ﬁfle restr:ctuﬁ%@ﬁ&l ?‘r)r2<=’:|h')r1r||§)dr Ot Citnke ORaRfnalst ke8GR
Betvl -1 g4, Fel

ransi ent e pression 1 n
K. Do AsfoE pEES.4 (Lon PiRBaRES THE Koo FATRE IS BIFIE M Eor iUy by
cot r ansf eqitEag. Forethisethe iRt privéay yvaa mithebtied vtithciiad il st E@RS, fioltowdidkby293F
cel I's usi aé%éétﬁ%oe%ﬁ%w{e&h& neﬂzm& WHE@&A VEREF Wad a&ésséacmlh&@ﬁ

For Betvl - ?%4 KBet vl were coexpressed
Bt vl <1 GOy FoPis BRI gHedyRY RSk KBRTROr @ Chox BREehe SRgmes oand
Fel dlI - I gGldeppdsphésiiaabtlbf thn deqGofidrednd withvash gme @t iesissphatdser followed

Fel dI - 4 64:!\/ %gé%%gﬂé\gkloﬁn%f p@%“'ﬁfr%%ﬂlaté/@r eTﬁé)eﬁgQir4esf$§g%enEO%nd the

| gd - E wer e coexXpressed.

a
| 9G4~ EGFr pEg%H@d?ﬁéc%ddwmmﬁéﬁg%@? et JRBPE R irapsgprmed into
| g3 - CD20, copipetealMZAD81-antcquComikiappen) DBhrae tieneoeap gesseid LBRoY plasmid

| g&4- CD20, %ﬂs%gﬁ?aaggwp%%ﬂ é@ﬂZQB ﬁrﬁgcaséﬁ&%ﬁ%gesm r@garzalae

22: Purlflcalono rg g
ant i bodi ePatEFe CpFistE é’&”byheprc'ﬁf“éﬂ rPf A& fioGhi FF3PmeRE did %@Eéfyﬁy"ecﬁfﬁe
cell cad t W &nfd pRA IR WS clordsewdd irarareechedte DHBo-012B.cpiVarttepldsreiddbNA

filter, QH %&ec@gﬁné 8%%[1&&& \ﬁer? Mkl BY ShdlieAc Mt of the AL Ond

FF, GE He *hvCar e
one clone was found to be identical to a genomic 1gG4 clone from the Genbank

database, apart from some minor differences in introns. These differences are
presumably either polymorphisms or sequence faults in the Genbank sequence. The
25 plasmid was named pTomG4.
Table 1: primer sequences

Name Oligo Sequence
VLexbetvirev AGCCACCGTACGTTTGATIICCAGCTTGGTGCCTCC (SEQ ID NO:1)
VLex betvifor GATGCAAGCTTGCCGCCACCATGGAGTCACAGATTCAGGCATTT (SEQ

1D NO:2)
VHexbetvirev | CGATGGGCCCTTGGTGCTGGCTGAGGAGACGGTGACTGAGGT (SEQ
1D NO:3)
VHexbetvifor | GATGCAAGCTTGCCGCCACCATGAAATGCAGCTGGGTTATCITC (SEQ
ID NO:4)

Viexfeldlrev AGCCACCGTACGTTTTATTTCCAACTTTGTCCCCGA (SEQ ID NO:5)




20 the 1gGwith 0.1 Mcitric acid-NaOH, pH 3. The eluate was
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Gss,
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(n=3). M XT‘%HL@%C"‘HF”B%’P“\FOH and Fel d 1 specific antibodies (1gGL or
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int he pr é@én%‘éTlﬁPo@mtStPQM%BOIB@F"E\?e {Swptagens) wast5ef é’ﬂc‘igfg'Pg d° fh? or

24h. Next , mbhgacb@phariageichas. \Eash edadioh hnRB&n'fauﬁeRBSDQ&JI\&umxh@rmﬁPEd

wi t h 0 % -Et\’\@h Dsggdp%g ), 19 ré%l(rwltﬁ%] ré%%l-\é%)prﬁﬁbﬁ’ (F( dGalmHm‘orQﬁe VH reglon
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cal cul at edarddsb.aguNpUbhdireth3Batgonudecsipesid.é @l anthidodhes cONARemptite as
specific ant| bcogl
. %SCT' e
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R 8ifer) SR O hUAR S PO RS ol Rt

Ic 1gG was

react|on 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



30 neasured in two variants of the heterol ogous cross-1inking assay.
In the first assay, plasma was incubated for 24h with

Sephar osewgpups/pdsdet v 1 (0.5 ng) in a total volune Oﬁcﬁ%oﬁémohﬁ:t
PBS- TAT. Subsequently, the Sepharose was washed with PBS-T and

i ncubated for 24h with 1251 -1 abeled Fel d 1, after which the
Sepharose was washed with PBS-T and t hettanount of radi oacti vi ty bound
relative to the anmount of 35radioacti vi ty added was neasured. The

concentration of bispecifl Bet v s cal cul gt ed
el gt he 1DATR o TeatER, froBchT e aoparied oy HPITER Y TRLPORIFEH fs
obt ai ned f% OWEpagardse el Bed sthirkdbwitid etigdivrh gBmida. Bareissédbadoasdasjzerel
d 1-Bet V&&E&%ﬁodh iﬂe@ar@%b‘ﬂ%é&@&ié@@ﬁbﬁ@:ﬂe'a@aréséud”ﬂd @ QiaexIl
procedure usin ar ose- coup ed rFel 1 (0.5 ng) and 125I-1 abel ed
Bet v 1. 'ﬁ%e"érd‘ﬁ%‘rhtr(&’?%ﬂ ‘of blspeC|f|c | gG (Fel d 51-Bet v 1) was
cal cul &t ed usi Ggl ipalated iPCH fBgtnevtslvapeciafleccby kG e 2 $¢ amdisartion (vetime
curve as ijy de'BFl ahh u%tg Q@dp)itaq (Perkm Elrderr') Ehrglé[lﬁﬁe% L88g minielute

concentration o ISP eci otted vers

t he concerfPEVE dﬁ’aé?”)Bé‘f taUEleg?‘ ﬁrgﬁ'i‘?ﬁnt? d@r%ltd"d?q‘ f’%‘r‘ B?FWéeaﬁ‘bP’ﬁ‘it%r No
bi speci f i qPlogfegsassiod ke \pSEMITnedsh eventioc esystermell ik t{Prohg@ﬁJ rfolicegng bhe
contrast tp nmggtﬂr%epr%%ad %R\Mf e hghtn Jhﬁarwgs‘l{}a:’i#&rr%@nﬁtroaér\é%ﬂopf

bi specific max| na corresponde an exc 0%
In Figi¥re %ﬁﬂﬂl’e(ﬁ%ﬁ’%&’ttu %EO‘be"HFrg%eé’@laPF P'atefhem LPG el P 498helatern
time. Bi st finsertaththinod] esitappeasesehch fortthereH iand Vheepleasssavené pirkake

injected wk Qplemré&lﬂ{ %@reoéeqhg%d tﬁjéalgl:edl %@no a}ffgtsla?nmnﬁ&egﬂ fhk &/H and

reactivity achievin ter 1-2 days

i ncubat i orYl( Pfo?%t’“’llaf"eeédtﬁa’l 'rh%@n]i% N&r13 god-1e el hefefyfed- 3Bing) acit e
exchanged,segienicésadf FoldD/abe odpidtdeinl SFGADBaL 1Y ahali.- anti bodies will be
incorprated in the bispecific fraction after random and conpl ete
exchange of hal f-anti bodies A random Fab arm exchange between equal
amount s ofYH geaneBse Petuh(SEQER NSSLE):  woul d be consistent with

appr oxi rfatrﬁikcywhﬁinfav(?ffgvhﬁeqih@éelﬁ?g@ﬂﬂlsﬁ&smmmymgqrpaéggI@m@ﬂdg&t@mtci ty.
As a contr 4 directed agai nst
an irrel e\)(aﬁt aka%g)adtssmial‘/%g@&atag yc? &d?gg %g%%%b tJli%l:r anti body 2F8)
was injected in mce together with Ig&4-Betvl and | g&4-Fel dl . The

excess2g I nal sagudhcd g%m@gameimdm\is)h the generation of
Bet v1- Fel dl - bi I
S:m\; m,l(ral ne aiq%&?vgiwlsgvd cﬁkf%qutl@mgtgggtd?%ﬁ ‘%8& deq da?%wlﬁm%@rrtg\rbe

cross-|i nmr&ws@dv%@r@acﬂlngwh@tmé‘ggqik!@kt o Sephar osei mobi I i zed Fel
d1. It was found that t he rmnospe0|f|c cross-linking activity was
decr eased \h_gsm c%cd %gEtd; m xture of 1gG4s but not |gGls,
i ndi cating FO&E 8 Cl ross linking activity. A maxi nal

r educt?%on rogwsvsl@@at@tdm\fﬁl@areg@ebrk%ﬁaﬁ»éﬂscémmﬁsmﬁ@huwrpgna'emge@pm@d
with the agdidi@nabkexepsgindtsebsa o) amrmbestOgduviranospeci fic
cross-linking activity alnost conpletely disappeared with simlar
kinetics. 46 aggregation (see figure 4). For this purpose, a plasna
sanpl e (dréwsequentcePeldl (§5Q ¥ NOt1®hat ed on a Super dex200 col um,
after whi Crhedﬁ&iv[rﬁlsu%m}%b&guiogmtdsggé.a@QQe;a@rhsdksaqslzrlighqkehyilwﬁqquzg@qdpksnwa%g

| gG di ti bodi | ut ed
ot e arh P e r Ay arinassr rsteBk Y 3 oh' correaponds Lo
t he

Example 14: Construction of pConG1ifBetV1: A vector for the production of
the heavy chain of Betv1-IgG1
The Vu coding region of mouse anti-BetV1l antibody was amplified by PCR

35 from a plasmid containing this region (example 13) using the primers VHexbetvifor



5 retention volume of nononeric 1gG The heterol ogous Bet v 1-Fel d 1
cross-linking activity was detected in the same fractions indicating
that bi spegd bjognAedsl vity was associated wi th nononeri Cpdffkadeflodota
rigGl containing plasma no Bet v 1-Fel d 1 cross-linking activity was
present before fractionation. Also in the eluted fractions no

het er ol ogous cross-1linking activity wasdheasured (data not shown). 10
Exanpl e 25: Evaluation of exchange activity in whole bl ood
(conponents c_an wer | xed and subs tly
| oubat ed i MHexBRbY o5 BOHUBP SOl LR oG U aEralobF-OuBH i BOOCHO

i nvest i gateed tadneided chrankseqchta/i the \H freboleet bhood pwidepomdntsied ihp
thi's experjcgrei okh@oreméa@%aoﬁma&%ne%é pam;@%%ce@ vias: ﬁmld@ésﬁéa I n

15 whol e bl ood fromtwo heal t onor s

endogenou<h 4R 3ng\ARe! g7d W‘ﬁ%ﬁdvﬁ@ Vdéfaémﬁ“ﬁ%’t‘.iﬁ%‘ﬁ pﬁ%’b%’é? 3H¥5‘VHP§/ AE’TJIel ng
346 and S5igepgd ivestor esiedightied @hy Jrandféroled ilocothpelzst pisFcai Hemlls. i clone
vacut ai neng,sSUpl &meit&lin ehia IcFFz.Jct ([E@e&s dee Fagt fle E’@fmwa.aéqumé bi,d<0r

from Chi ron Corporation, é fornla) in a final

concent r atPYRMEE- Ubs pIif wagp ?S‘Gd 88?‘?%1%?‘78 ‘pl asma wer e obt ai ned by
20 centrifugation of whole blood. The cellular fraction was washed 3
times wt e e s P g&%
subseqluen'?sl %éérggl ghﬂé%'m% o I;l'(%rem gvelr lﬁvg\}\%gpo t‘g'?ﬁ"g d |nn?:fu héatl ng
whol e 191 odtg Fﬁh%f“gﬁfefﬁ"’vacut ainer with clot activator for 30 min at
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20 No bispecific activity was observed in any of the incubations
containing 1gGl (Fig. 5b). Also in the control incubations w thout
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49 Exanple 27: Evaluation of 1g&4 exchange by human and nurine cell
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i ncubat ed wé bdashfEge different cell lTines (i.e. Human EFphisholbddnay
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analyzed on non-reducing SDS-PAGE. The Bis-Tris electrophoresis method used is a
30 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

odies were

Coomassie and digitally imaged using the GeneGenius (Synoptics, Cambridge, UK).
As can be seen in Figure 1, Betvl and Feldl IgGl showed 1 major band
representing the full length tetrameric (2 heavy and two light chains} Feldl and
35 Betvl IgGl molecules. Betvi and Feldl IgG4 showed to have, besides the major



Bet v 1 specific 1g&4 (4 pg), Fel d 1 specific Ig&4 (4 pg) and
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52 incubation in PBS at 37C as is denonstrated Fig. 9A. However, sone
background was observed in the 1g&4 m x, which was al so present
during thevo fwsrb@sszon with erythrocytes. No decrease obCHDNAOSMOY24VAS
observed during the incubation in PBS (figure 9B). 5 Exanple 29:
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The exchange of IgG4 half molecules was evaluated and compared to the exchange

25  of IgG1l half molecules. As a control the blood samples were also incubated in the
absence of chimeric antibodies. The following antibodies mixtures were prepared in
PBS:

1. Bet v 1 specific IgG4 (10 ug) and Fel d 1 specific IgG4 (10 pg)
2. Bet v 1 specific IgG1 (10 pg) and Fel d 1 specific IgG1 (10 pg)

30 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
pug/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

35 centrifuge, after which a sample of 10 pl was drawn in 500 pl PBS-AT (PBS



25freshly prepared |ysate (Table 2). Exchange source Suppl enment
Exchange activity Lysate ++ Dialysed |lysate - D alysed |ysate

U trafiltrkad eootnighssl ysed | ysate G 6-P, NADPH, GSH ++ Dpal/piamshaosat e
G 6-P - Dialysed |lysate

47

supplemented with 0.3% bovine serum albumin, 0.1% Tween-20 and 0.05% (w/v)
NaNs). Samples were stored, if necessary, at 4°C.
Bispecific activity {i.e. Fel d 1-Bet v 1 cross-linking activity) was measured in
the heterologous cross-linking assay. In this assay, a sample was incubated for 24h
5 with 0.5 mg Sepharose-coupled recombinant Fel d 1 in a total volume .of 300 pl in
PBS-IAT (PBS-AT supplemented with 1 pg/mi IVIg). Subsequentiy, 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 radicactivity bound
relative to the amount of radioactivity added was measured.

10 In Figure 5 bispecific activity is represented as percentage bound **°I-labeled
Bet v 1, which was determined in the heterclogous cross-linking assay. Bispecific
activity is a measure for the exchange of IgG4 half molecules, which was primarily
observed in whole blood and the cellular fraction of whole blood (Fig 5a}. Bispecific
levels in the cellular fraction were even higher than in whole blood. This is most

15  likely explained by the fact that in the cellular fraction endogenous IgG4, which can
also be exchanged with the added chimeric IgG4 antibodies, is no longer present.
Some bispecific activity was also observed in plasma and serum, but this activity was
much lower than observed in whole blood and only slightly higher than background
level, being 1.7%, which was obtained by incubating the IgG4 mixture in Optimem.

20  No bispecific activity was observed in any of the incubations containing IgG1 (Fig.
5b). Also in the control incubations without chimeric antibodies no bispecific activity
was observed (Fig. 5c). Size-exclusion chromatography was performed to exclude
the possibility that bispecific activity observed in the IgG4 mix was the result of IgG
aggregation. For this purpose, a sample (drawn at t=24h) was fractionated on a

25 Superdex200 column, after which Fel d 1 binding IgG and Bet v 1-Fel d 1 cross-
linking IgG were measured in the fractions. Fel d 1 binding antibodies eluted in one
peak with a retention volume of ~12.9 ml, which corresponds to the retenticn
volume of monomeric IgG. The heterologous Bet v 1-Fel d 1 cross-linking activity
was detected in the same fractions indicating that bispecific activity was associated

30  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 1gG4 exchange activity.
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Sephar ose (A”Efar%B@Jiﬁc activity (i.e. Fel d 1-Bet v 1 cross-linking activity) was measured in
the heterologous cross-linking assay. In this assay, a sample was incubated for 24h
with 0.5 mg Sepharose-coupled recombinant Fel d 1 in a total volume of 300 pi in
PBS-IAT (PBS-AT supplemented with 1 pg/ml IVIg). Subsequently, the Sepharose

25  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 radicactivity bound
relative to the amount of radioactivity added was measured.

In Figure 6 bispecific activity is shown as percentage bound '*°I-labeled Bet v
1, which was determined in the heterologous cross-linking assay. All three cell types

30 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 IgG1l half
molecules.
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1 binding test, which was obtained from purified Fel d 1 binding rigG.
In Figure 10 generation of bispecific activity in time is shown as percentage
30 bound *5I-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

cbserved in the control incubation in PBS.
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~12.6 mi, which corresponds to the retention volume of monomeric IgG (Fig 11).
The heterologous Fel d 1-Bet v 1 cross-linking activity was detected in the same

30 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

35 lysate the cells were washed three times with PBS-Azide (PBS supplemented with



10 Reconbi nant anti bodi es from these constructs were
transiently expressed in HEK 293 cells in 3 m, 6-wells plates (NUNC

or in 125wg eghesgzeyers (Corning) with 293 Fectin (I npethRIBEMo0TS
transfection reagent. The followi ng m xtures of unpurified antibodies

(Freestyle 293 expression 15 nedium G BCO I nvitrogen Corporation)
were incubated with 0.1 nM GSH at 37C f® 24h and sanpl es were drawn
in PBS-AT, in which the (bi)specific 1gG concentrations were neasured

d bed. i I | dI th | tvl
W TG Dk A N PP g BRv B, P R e 01 OEME B RS R b
| gGL a- bethidheCPEE ti¢ nalireabetheasorbgr3iufEPRIBerefdrgGlndIRST ehehimajte Sk
a-feldl %@ glﬁbﬁe&t&t@% ﬁenba%eér’é %@c{a' Q%Lf £He9§ht&ﬁ§§d.alyk%ﬂé§(aé§64))

| gGl a-fel gGl a- bet vl
S PSe OB GENS 3 oS HeT APPSR e [ ekDse Eer UehPlsn

(1 gGlL GH3(wagGhjained by ERniCFiRiatigCde) Nont didhised - fsetedih aCHBGitaqyGider \iB.6 kDl qyGl
a-betvl CRSC/ CH3(1g&4) (1gGl CH3(1gH4) - 1gGl CPSC/CI—B(IgG4)) 30-
IgGlafeI CPSC/CHS(IgG4g with a-betvl |gGl CPSC/CHBIQ{ %Gl
CPSC/ C1- 13(|| gG}ilye eth@@_e Cﬂ‘%f(l al@})l?s wggnevaluated by incubating an IgG4

2008/ 119336y DK2O08 (B 01 L 4p&Bicl IgGA (a5f @) dhd EBISCA Gre(ifiglety (M a hg)l g4

?' g‘zt ://vlt Wil B3k et SR 95 ke 1ysh@FhsWiy bO84 ePfEhio43S DREW Mod h
g 10  Total volume of each incubation was 50 pl resulting in a final concentration of 10

ug/ml for each antibody. The following supplements were used: reduced glutathione
{GSH} from Sigma, Glucose-6-phospate (G-6-P) and NADPH (both from Roche).
These compounds were dissolved in water before use. After 24h of incubation a
sample was drawn from the incubation mix in PBS-AT (PBS supplemented with 0.3%

15  bovine serum albumin, 0.1% Tween-20 and 0.05% (w/v) NaN;3} to measure
bispecific activity. Samples were stored, if necessary, at 4°C.

Bispecific activity {i.e. Fel d 1-Bet v 1 cross-linking activity} was measured in
the heterologous cross-linking assay. In this assay, sample dilutions were incubated
for 24h with 0.5 mg Sepharose-coupled cat extract in a total volume of 300 pl in

20  PBS-IAT (PBS-AT supplemented with 1 ug/ml IVIg). Subsequentily, 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 exchange levels were compared with the bispecific activity generated by

25  freshly prepared lysate (Table 2).

Exchange source Supplement Exchange activity
Lysate - ++
Dialysed lysate - -
Dialysed lysate Ultrafiltrate +
Dialysed lysate G-6-P, NADPH, GSH ++
Dialysed lysate G-6-P -
Dialysed lysate NADPH -

Dialysed lysate GSH ++




The results showed that under these in vitro conditions (0.1 nM GSH),
hal f 5nol ecul e exchange occurs when one of the antibodi es contains

t he CPSC Ry@pemsapdspot h anti bodi es contain an | g&- | i kKpefbiRao0dh®Pa4
hal f nol ecul e exchange occurs between an |1 g&4 nol ecul e contai ni ng an

I gGl hinge and Ig&4 wt nolecules: 1gGl w 1g&A w 1gGl CH3(1gA4)
| gGl CPSC 1 g61 CPSC/CH3(1g&4) 1gGL wt 5 I1gA w - +

Table 2. Overview of factors that restore bispecific activity in dialysed
erythrocyte lysates. Exchange activity of dialysed erythrocyte |lysate was compared
with freshly prepared lysate. Dialysed lysate was supplemented with 5 [3l of
ultrafiltrate. Final concentrations of G-6-P, NADPH and GSH were 5 mM, 0.1 mM and

5 0.5 mM, respectively.

From these data it is evident that the activity of erythrocyte lysate was lost
after dialysis. Addition of uitrafiltrate restored the exchange for a large part. This
result suggested that during dialysis a component (<3.5 kD) was lost, which is

10 essential for the exchange reaction. Such a component is likely to be involved in the
redox cycle, because disulfide bridge reduction and oxidation is required for the
exchange of 1gG4 half molecules. Therefore, three “co-factors” {(G-6-P, NADPH and
GSH) of the redox cycle were added to dialysed lysate to investigate whether these
compounds could restore the exchange activity. The exchange activity could be

15  restored if G-6-P, NADPH and GSH were supplemented together. Incubation of
dialysed lysate in the presence of separate factors revealed that the exchange
activity was restored by GSH, but not by G-6-P or NADPH.

Example 31: Evaluation of IgG4 half molecule exchange by reduced
glutathione

20 Chimeric antibodies were mixed and subsequently incubated with reduced
glutathione (GSH) to investigate the exchange of IgG4 half molecules. GSH (Sigma-
Aldrich, St. Louis, MO) was solved in water before use.

In this experiment the exchange of IgG4 half molecules was evaluated by
incubating an IgG4 antibody mixture consisting of Bet v 1 specific 1gG4 (1 ug) and

25  Fel d 1 specific IgG4 (1 pg) in PBS/Azide containing GSH at 37°C. Total incubation
volume was 100 pl resulting in a final concentration of 10 pyg/mi for each antibody.
At indicated time points a sample was drawn from the incubation mixture in PBS-AT
(PBS supplemented with 0.3% bovine serum albumin, 0.1% Tween-20 and 0.05%
(w/v) NaNj). Samples were stored at 4°C for measuring of antigen binding and

30  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 yl PBS-IAT (PBS-AT supplemented with 1
pg/ml IvIg) in the presence of '*I-labeled Bet v 1 for 24h. Next, the Sepharose was

35 washed with PBS-T (PBS supplemented with 0.1% Tween-20 and 0.05% (w/v) NaN3)
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and the amount of radioactivity bound relative to the amount of radioactivity added
was measured. The concentration of Bet v 1 specific IgG was calculated using
purified Bet v 1 specific antibodies as a standard (range 0-200 ng per test as
determined by nephelometer). The concentration of bispecific 1gG (i.e. Fel d 1-Bet v
1 cross-linking activity) was measured in the heterologous cross-linking assay. In
this assay, a sample was incubated for 24h with 0.5 mg Sepharose-coupled cat
extract, in which Fel d 1 antigen is present, in a total volume of 300 pi in PBS-IAT.
Subsequently, the Sepharose was washed with PBS-T and incubated for 24h with
125I_jabeled Bet v 1, after which the Sepharose was washed with PBS-T and the
amount of radicactivity bound relative to the amount of radicactivity added was
measured. The concentration of bispecific 1gG (Fel d 1-Bet v 1) was calculated using
the same calibration curve as used in the Bet v 1 binding test, which was obtained
from purified Bet v 1 binding IgG.

In Figure 12 time courses of GSH mediated exchange of IgG4 half molecules
are presented. From these data it is clear that IgG4 half molecules are exchanged in
the presence of GSH. In this experiment optimal exchange was observed between
0.1 and 1 mM GSH and highest exchange (~90%) was reached after 24h using 0.5
mM GSH.

Size-exciuslon chromatography was performed o exclude the possibility that
bispecific activity observed after GSH mediated exchange of IgG4 was the result of
T9G aggregation (Fig. 13). For this purpose, a rmixture of Bet v 1 binding IgG4 and
Fel d 1 binding 1gG4 (10 ug of each antibody) was incubated with 0.5 mM GSH in
PBS/Azide. This mixture (final volume 100 pl) was incubated at 37°C for 24h, after
which 70 pl was fractionated on a Superdex200 column. In the fractions Bet v 1
binding IgG and Fel d 1-Bet v 1 cross-linking IgG were measured. Bet v 1 binding
antibodies eluted in one peak with a retention volume of ~12.6 ml, which
corresponds to the retention volume of monomeric IgG. The heterologous Fel d 1-Bet
v 1 cross-linking activity was detected in the same fractions indicating that bispecific
activity was associated with monomeric IgG. The generation of bispecific IgG4
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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medi at &d exie hagage isofiott feduapprwipkei @t ethegGlre) was from Sigma (100 pM).. The
mixtures were incubated at 37°C for 24h and samples were drawn in PBS/AT, in
which the (bi)specific IgG concentrations were measured. Figure 15 shows that the
addition of GSH or other reducing agents (but not of GS5SG) to a mixture of purified
IgG4-Betvl and IgG4-Feldl was sufficient to induce Fab arm exchange and the
10  generation of bispecific IgG4. In contrast, no bispecific reactivity was induced in the

control IgG1 mixture.

Example 33. Exchange of fully human IgG4 antibodies using GSH.
1gG1-CD20, 1gG4-CD20, 1gG1-EGFr and IgG4-EGFr were mixed and incubated
15  with GSH in a total volume of 1 ml. Final concentration of each antibody was 50
pg/mi; the final concentration of GSH was 0.5 mM. The mixtures were incubated at
37°C for 24h and samples were drawn in PBS-AT, in which the {bi)specific IgG
concentrations were measured.
Bispecific activity was determined using a sandwich ELISA. For this assay an
20  ELISA piate (Greiner bio-one, Frickenhausen, Germany) was coated overnight with 1
pg/ml {100pl/well) of recombinant extracellular domain of EGFR in PBS at 4 °C, The
plate was washed 3 times with PBS/0.05 % Tween 20 (PBT). Samples were diluted in
PBT/0.2 % BSA (PBTB) and transferred to the ELISA plate (100 pl/well). After
incubation on a plate shaker (300 rpm) for 90 minutes at room temperature (RT),
25 samples were discarded and the plate was washed 3 times with PBT. Next, 100 pi of
the mouse anti-idiotypic monoclonal antibody 2F2 SAB1.1 (directed against the anti-
CD20 antibody 7D8; Genmab) at 2 pg/ml in PBTB was added and incubated at RT for
90 minutes at a plate shaker (300 rpm). The anti-idiotypic antibody was discarded
and the plate was washed 3 times with PBT, followed by the addition of 100 ui/well
30 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
35 plate (100 ul/well). The ELISA plate was incubated for 30 min (or longer if desired)
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there is an optimum in GSH-mediated IgG4 half melecule exchange, as incubation
with 5 mM GSH clearly resulted in lower exchange that with 0.5 mM (Figure 16D).
A mixture of IgG4-EGFr and IgG4-CD20 was incubated for 24 h in the
25 absence or presence of GSH and evaluated by mass spectrometry (ESI-TOF MS).
Fifty pl samples containing 200 pg/ml of each antibody were deglycosylated
overnight with 1 pl N-glycosidase F (Roche Diagnostics NL BV, Almere, The
Netherlands). Samples were desalted on an Acquity UPLC™ (Waters, Milford, USA)
with a BEH C8, 1.7um, 2.1x 50 mm column at 60 °C. Five pl was injected and eluted
30 with a gradient from 5% to 95% eluent B. Eluent A was MilliQ water (Millipore
Synthesis A1Q apparatus) and eluent B was LC-MS grade acetonitrile (Biosolve,
Valkenswaard, The Netherfands). Both eiuents 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

35 spectrometer (Bruker, Bremen, Germany) operating in the positive ion mode. In
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of bi speci I'es through Fab-arm’exchange was neasured I n a
sandwi ch BINt#RAies- descri bed above. 66
Mixtures of two recombinant human IgG4 antibodies (IgG4-CD20 and 1gG4-

EGFr, as described above) were incubated with GSH for 24h at 37°C, in the presence
or absence of purified immunoglobulins from rhesus monkeys (6x), chimpanzees

20 (2x), cynomolgous monkeys, Baboons, horse and swine or human IVIg. The
formation of bispecific antibodies through Fab arm exchange was measured in a
sandwich ELISA as described above. Additionally, goat, rabbit and sheep
immunoglobulins were tested in this assay.

Figure 17a shows that rhesus monkey polyclonal immunoglobulins compare to

25  human polyclonal immunoglobuiins (IVIg} in their ability to inhibit the exchange of
Fab arms of the recombinant antibodies in vitro in the presence of reduced
glutathione. This means that a component of rhesus immunoglobulin, participates in
Fab arm exchange. Rhesus immunoglobulin, presumably rhesus IgG4, can exchange
Fab arm with recombinant human I1gG4.

30 Figure 17b shows that polyclonal immunoglobulins from several other rhesus
monkeys inhibit the exchange of Fab arms of the recombinant antibodies in vitre 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

35  monkeys.
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Quickchange site-directed mutagenesis kit (Stratagene) was used to create
the pEE-G1-CPSC mutant. The polymerase chain reaction (PCR) mix consisted of 5 pl
pEE-G1 a Betvl DNA tempflate (~35 ng), 1,5 pl mutagenic primer-forward (~150

25 ng), 1,5 pl mutagenic primer-reverse (~150 ng), 1 pl ANTP mix, 5 p! reaction buffer
(10x), 36 pt H20 and finally 1 ul 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

30  constructs IgG1-CH3(IgG4) and 1gG1-CPSC-CH3(IgG4). Digestion reactions to obtain
CH3 domains and vectors without CH3 domains were as follows: ~1500 ng DNA
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al gor i 2hmintsbdiction sf Pkt each Minbhsifab sdreah yui sifddssiof muwapenesis. Briadly,
(Bruker). 5 pl 10x reaction buffer, 1 pl oligonucleotide S228Pfcorrect (100 pmol/pl), 1
oligonuclectide S228Prcorrect (100 pmol/ul), 1 yl ANTP mix, 3 pl Quicksolution, 1

plasmid pTomG42FBHG (50 ng/ul) (described in PCT application entitled
“Recombinant monovalent antibodies and rnethods for production thereof”, filed on

25 28 Nov 2006 (RO/DK (Genmab)) and 1 pl Pfulitra HF DNA polymerase were mixed

in a total volume of 50 pl and amplified with a TGradient Thermocycler 96 (Whatman

Biometra, Goettingen, Germany; product# 050-801) 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,

30 PCR mixtures were incubated with 1 ul 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 pl 3 M NaAc and 125 yl 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

35 reaction volume was transformed in One Shot DNH5a T1® competent E. coli cells
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t hese bi spgtRy B9 cellst'n boal.el welhagtes AMUNGO AT &% 13\? ! er”éﬁ'ﬁ‘FYﬁ%t(%‘Pﬂ‘@gll
w |l not Fﬁfh'%We@ﬁﬂtﬁﬂ@@ﬁ;eﬂ)ﬁ@mrahﬂhﬁﬁhlr@ﬁgehﬂ vivo. Exanple 39. Fab

arm exhange Of O’Wrﬁgap%&ureg of urgmrsﬁ%&%irtgolaie% (tFyer?tSR’[éa)ﬁggaE&gf%sgap

arms of ant|b0|esc al nin
was t et ednedive, SHIUIviiEPI Wﬁtioﬂbw\ﬁ@r@CWW%\dﬁ'&Q& it 65T g&47 et v
1 and | gGkof ei4dl bnd USini}esS inlefe ohrﬁmt.adpmm\ageme\smh ttée h(tigpesricasgG

descri bed abov ‘63n5 \%gél%e(ag%a é%fj%&%ﬁ%p Sl[eé bed for

pr ot ei n-di sufenhrade- I soner escrl bed to have
di sul fide redud@fﬁ‘bﬁ‘f‘?j@% é’htvitBII‘.)G“ @Pﬂ@l(‘*‘éore h| nge sequence of CGorilla
lg&4) CPHC (aqggy@.f@ui At aﬂﬂm@mgbdﬁsml bed for human thioredoxin)

T g 0% 09 Tt 18Ry Xpst Yilr 1oR T PRI PRAL Y QHELE LRTHRRLRE Wik O- 5

0 at 3 erent
t| mepoi nt s bet\ﬁé’éﬁ beloyhd 24 h, in which the (bi)specific 1gG
concentrati ons 1ye{ es-faRAS Wped @fh dRGEr bived 1i THPIIGE4 O YURERXERPE €S 1gG1

CH3(IgG4)) .
-~ IgGl a-feldl CPSC with IgG1 a-betvl CPSC/CH3(IgG4) (IgGl CPSC - IgGl
25 CPSC/CH3(IgG4))
- 1gGl a-feldl CH3(IgG4) with 1gGl a-betvl CH3(IgG4) (IgG1 CH3(IgG4) -
1gG1 CH3(IgG4))
- IgG1l a-feldl CH3(IgG4) with IgGl a-betvli CPSC/CH3(IgG4) (IgGl
CH3(IgG4) - IgG1 CPSC/CH3(IgG4))
30 - IgGl a-feldl CPSC/CH3(IgG4) with a-betvl IgG1l CPSC/CH3(1gG4) (IgGl
CPSC/CH3(1gG4) - I9G1 CPSC/CH3(1gG4))




|gGl a-fe
24) 1 g4

and 24) 15v0 rog€ahoassf el dl
CGHC in Fig 23 and 24)
(indicated as CGC in Fig 23 and 24)
CPRC (indicated as CPRC in Fig 93
CPHC (indicated as CPHC in Fig 23 and 24) The
FRb8EIcp¥ehAng

or a lgGl core

a- bet vl

with | g4 a-betvl

?(_? %SQ el JHOE\?S‘?:/ Elti'?(ﬁ

di es cont ai ni

results (
occurred

| di
a-feldl

figur

of an o)

w with 1gGl a-betvl
w with g4 a-betvl
CGHC with g4 a-betvl
CGC with g a-betvl
| g4 a-feldl
and 24) 20lg4 a-feldl

| g&4 a-feldl

e

wt (indicated as IgGL in Fig 23 and

wt (indicated as g4 in Fig 23

CGHC (PomibEzn®thozs

CPRC W

CGcC
th g4

05

Fab arm exhang®%f“anti bodi es containing a CGHC notif was as
ef f ective as- ofigdafhetts2anrrchogitiemGahab 25ar m exchange al so occurred

of antibodies containing aq

a | esser

extent als

0oO0

ant %

R e

odi es contal ni ng
Al so, the reflteis exshangSHpcEWR V8D rrae b sy antibgdigp c

s qh DRl

CPHC

CSPENTS ohpio,  o
B pIE P MeILRid ity

of these Mol WhBSodic@ tunetan 0o Fda-@entex.chgagRalaft@scuRd elchiang beduirson

at 37C was_tested. b arm ex e of - r C-not i f
cont ai ni n}eg‘ﬁ?elnba&}fgggmé%c\?\}glcaﬁggﬂgoﬁngtg ?\ﬁﬁggﬁﬁ do%dq]"g%ggleq aund_ta be
dependent| on GSH conceméiat i pn B4 vgur ¢ 24HG1 Wi tjh Igdi CBgst i inum BeElt ween
100 and 1,000 pM GSH. 70 CLAIMS 1. An ews(d640 [net hod f drersdaeiz(igGa)
generat i r}gé)j -a brspecific anptibody, sard nmethqd conprisiing the steps
of : avﬁ provi-di-ng—aftlrst—anti-bedy—haviRg—a—rst—birading
speci ficit¥%*"whereipn sai'd fifst antibody conprilses an I g&-like
regi on, 1gG1 CH3(1g8y) provi di ng|a second|antibody |havi ng a [second
bi ndi ng s cgllicfp'icci tyiwhichh differs fromsaid T11ST DL ndi ng R
speci fi ci py—wherein sai-d-setond—antihody—econpri-ses—anr—hg&i—tke—H3
regi on, |Gt + * : M
CPSC/CH3(IgG4)
1gG4 S228Pnew - +

10

15

20

25

- = no exchange

+ = exchange occurs

+ = limited exchange (~5%)

Blank square = not tested
The effect of GSH concentration on the half molecule exchange from the

different mutants was tested using 0, 0.1, 1 and 10 mM GSH. Exchange was tested

using the following mixtures:

IgG4 a-feld1 wt with 1gG4 a-betvl wt
IgG1 a-feld1 wt with 1gG4 a-betvl wt
IgG1 a-feldl CPSC with IgG1 a-betvl CPSC
IgG1 a-feldl CH3(IgG4) with IgG1 a-betvl CH3(igG4)
IgG1 a-feld1 CPSC/CH3(IgG4) with a-betvl IgG1 CPSC/CH3(1gG4))

For GSH concentrations up to 1 mM, the results (figure 19A) confirmed those

described above. At 10 mM GSH, half molecule exchange was also seen in the

reaction containing IgG1 a-feld1 CH3(I1gG4) and IgG1 a-betvl CH3(IgG4).
Size-exclusicn chromatography was performed to exclude the possibility that

bispecific activity observed after GSH mediated exchange of the appropriate I1gG1

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 IgG.



c) incubating said first and second anti bodi es toget her under
reduci ng conditions which allow the cysteines in the core hinge
regi on towomnehes/gesdi sul fide-bond isonerization, and  PCT/DK20a$/000124
obtaining a bispeciflc antibody, wherein the sequences outside the
core hinge region and outside the CH3 region are of an isotype
selected fromthe group consisting of | , 1g& and 1gG3. 2. The ex
vivo nethod of claiml1, wherein said first antibody conprises a CPPC

sequence in thg ?a%aﬁfymnm%aas%@&gsgqthL%féorﬁéngéaﬁamg @ tn@ i f

t he preceding f rrses_an
| gGA- | i ke te exehanganbr-melgrides: 19G4-Hireeregiduss wase ﬂfﬁqua%ﬁddf'wafﬁ? CHP otf%iins 1
gﬂi ) C\/\herael pasiGian<d tHak rcsﬁerats&uﬁmk_;ms ad 1§04, | tmdyRme IK282RYPQIEES oA

se C core ni , I
oy am no 2R st ? GaiRbeiay <RE o U B noleY it ol SELHE
ex vivé nalohei oflo6H aisingPEEeNERBes i H of PEEGLa: ? 1’56'0‘5 HES aaF?“ﬁ?‘ﬂthody
whi ch corrm’ag.@aa@ B §X3ed Gl ARfreSRH WaROER iruthiieh @as elsbiimgriutaigingn,

wh X d |
e o1 X3 81 U STt el B IR eclieces e
conpri ses aa a@@ﬂ@atm@omgwmmﬁfd @ﬂ-@“@@&d@ﬁéé‘%'?ﬂ%‘%“’bor e

hi nge regivbeor 11 ABRINEX 10 yfickeRire dit@ldiradtyd AutddaReddy IGE Etiatghent Rivass,
wher ei g] said,first

a ri ses The
ex vivd mefRbeP STea'éene" o@”%ﬁéc%pr ARy anhgé%d'esq"“%m tggge nStrlz%s ‘s'%lred
013 regi orirdnaisnthhexmsesjaeirc HEG 293 I@@Nﬁn‘nl-’nmS@NP-b plases {HUNGher i 125t Mk
CH3 regi onrRAseReenchPi) ieg 503 rhalh ORGiItagerD4EL ahsfédion fiahdepwi Tig:

am no aci ubsti tuti ons_have b 0si t.i on_ 8 has
been repl 3‘8 Wy N “ﬁ%‘ﬁ‘f'(e%)afl“ﬁ‘“% (ﬁeg%&%ﬁb%aeg PheeR" r'epl aced
by G u (E)GIBLYAnYipgdmCpegiaticrorvee Indulisteedth 9.8ptrat et WHA@th("ﬁ)for Gn
(Q i n15p0524'§1'a99 sgggleg%ré)@f%@nﬁ@%%@dm% @ Me((ﬁ)spe@iﬂ@hdﬂ' EoncEDrations

p03|t| on 328 has En resp aced E{\(’ ?%?3 . The ex vivo nethod of
claim8, WREREISASY§S a7 R55ord B 8rsiosn © 'Ffas been repl aced by Arg
(R). 10. The eGVavadet wivkl1gs§4 axhstvbivt Cihdicared @s 1aF 160 Figh®fei n sai d
CH3 regi on has §de, ﬁﬁ%@ﬁ?@w%lgﬁl@ﬂﬁetbﬂwgﬁ% ERedNGX 1gE9 -cHBdtin \WMyerosh n

the Lys (K) in_positio
11° The s vivabSbeisit SHOGR RO s ﬁ%&ﬁwﬁé'nﬁfaﬁ‘ﬂegﬁ?ﬁﬁag&%ewe. '
said Q83 regi omighes®)t he sequence as shown in SEQ ID NO 20, wherein
the CH3 regionhas ab@@@ AR/ ELRE S0 HRRtg@N &Rkt IONe (iRdicdtbe 20f 1gtshe
foll owi ng am no_add substituti ons have been made: Arg (R) in position
234 has been r &pPH (B B 1(95] Met (NI) in position 276 has been
repl aced by ValiggMp:feldy R2680 with Juedi a-bemi 288 indirstddeanlatd pRag@dnbyg Ar g
(R; Gn (Q in gsmion 298 has been replaced by Qu (E); and Pro
(P) in 03|t|on34has been repl aced eu (L), 12. The Vi V.
o ho?ht ol 2 maafmér@%wgy{eﬁfqne%agvtt@ra#?a%amﬁﬁ*gigék Rfced
by Gn (Q. 13.19Bhe ex vivo nethod of claim 11, wherein Arg (R) in
position 234_h di0 ikl
324 has been rg%?gggfgid%;@ Eggqgt?yg&é]bé@emgg%vﬁ%% éré;%%oldQ%cI aﬁ;
11, wherein al I'9ve substitutions have been made. 15. The ex vivo
met hod of any Q§G1i hefepn egdi ngthcligidnas bdtvi ovt6{indMutede by 1g@I-83ZBL3nridgi on
has th% sequenggeas shown in SEQ ID NO 21, wherein the CH3 region
has beeéen m)dlfleg so that one or nmore of the of the foll ow ng ani. no
add substituti dggl a-feldl CPSC/K292R with IgG4 a-betvl wt (indicated as IgGl-
CPSC/K292R in Fig 19B)

- IgG4 a-feldl wt with IgG4 a-betvl wt (indicated as IgG4 in Fig 19B)

35 - IgG1 a-feldl wt with IgG1 a-betvl wt (indicated as IgG1 in Fig 19C})



72 have been made: Arg (R) in position 285 has been replaced by Gn
(Q; Ser (5) in position 314 has been replaced by Asn (N); Asn (N) in
posi tion $aRdogsiokmen repl aced by Lys (K); Met (M in posbKieosoodizd
has been replaced by Val (V); Lys (K) in position 339 has been
replaced by Arg (R); Gn (Q in position 349 has been replaced by Gu
(E); lle (1) in position 352 has been r&placed by Val (V); Arg (R) in
position 365 has been replaced by Hs (H); Phe (F) in position 366

has been repla r

repl aced by 'Leﬁg%YqL ¥e’;]}1/gpg 'thg@ew v%t‘grgcﬁ g(&g%ﬁt‘aal m]?%? é\%ﬁgrlﬁﬁﬁnArg
(R) in positioh9285 has been replaced by Gn (Q. 17. The ex vivo
net hod of clai égdﬁa -FARETCRiIgAE O with) a6 P&l icPis(138%) hiagicheens ngpi-aced

by An (Q; 5{&%%&5}'8#8%100-5'“ on 375 has been replaced by Leu (L).

18. The ex VIV aim15, wherein all 10 substitutions have
been made. -19IgGRhefeidd URSEACHHIIRAY with [afRY adfetthePSS/ &G Crdivares!
wherein said sggprd-estid/OPsE4F AR | ggb a CPPC sequence in the core

whorei n Sai o s Kot Reats “Bomet ecti g nfiphdds LofPagda o

region. 21. TKe ®£)vivo nethod of any of the clainms 1 to 18 or 20,
wher ei n sai d_ segOnd it kBOHYvitrSIgaN aditt ek RMHAGHLBQRTNEE SRIIZR iRXIX2C
sequence in the core hinge region, wherein X1 and X2 can be any an no
aci d, 1|9r ovi ded®at X1 and X2 are not both praline. 22. The ex vivo
met hod of cl-ai fyGAL a-feli R IQS0PE géthd g6é cobrdviaRBPYo dipdiceed s da®1-9385E whi ch
conpri sgs a CX3RGoeh (Cj:PX3C sequ]ence |n|the core hinge region, V\/nerei n
X3 can be any amno a or pro

oF ol i m 21, W er P L alb Ok TR GRIaie B aRs i b
conprises a CSPEC) CPSC, CRPC or CPRC sequence in the core hinge
regiong 73 fogs1T£1?ei§f<c¢@dﬁ92§ﬂht\kmﬂlg%fz By PEPSdIR 205G R0 £ REDS,
wherein said second a conprises an 1gG4 CH3 region. 25. The
ex vivo net hod“6f %392%1“ Ft'ghig%)l ains 1 to 23, wherein said CH3 region
has t he sequentgGas fatownwitinIGEEQ-b&VNGL (ihdicatathes &iGH it 1393 r egi on

has been nodi figd 80L Qﬁéw néﬁap&ndé?rtﬁe efstédhﬁ Vitpd k%.tiwsqmsnemaaqu 5
substitutions have een %0 f f itio

238
repl aced HYMEH ) pif 'ﬂg'ﬁaﬂeb)"-x‘fhﬁ“ °Hb§”tbbé’8ﬁs rCQBﬁaéfbg'Ei B9t au
(E); L3os (ge€kitiom 2pp$Hid iloB+Q0O2n Ras Cbeteumsnepmaeeah Qyor Arag poRYion B 2_d® i n
position 30g. Dag p%aan ra%@'d@% hmeﬁeutheﬁ)\ab.npef 2h8 1682 c&. @x@eﬁgé hap

328 has been repl aced by g he ex vivo nethod of claim
25, wher ei ROIBGUES(RFNiE ﬁxasemema ?Ft2‘92 has been replaced by Arg (R).
27. The ex vivo nethod of any of clains 19 to 23, wherein said CH3
regi on ha e ey r dike
Lys ( i flE’%J(?)rg'? ?ﬁ %g Sﬁ}sﬁbeen i%gﬁﬁ‘?é%jégf)mm@;:%%mm %dli)é)

The exe%i vepranttingridaiat Pariisipate wrabef‘waﬁ%aﬁ% jPBPfigEePhipant
sequence AurbBRIHGH anBbedieR) NO 20, wherein the CH3 region has been
modi fied so t h%sxt&[e% ot wm%c%n%'&ahpgﬂggn tl_&_%l gl%tlog\é’% S%G‘ar&lﬂﬁ %' I%G-ﬂr

substitutions have position

repl aced bSSFG 26 ‘éﬁ”b%‘i’o(’mw‘?"ﬁ ‘%%?tﬁ‘ é}'ﬁhé’T% ”Wh@sﬁé@'nz’qfhe?ﬂgc@d”ﬁf}e val
(V); Lys (pfpsdnBe postisehor2B8xbas (b&esn areiploaceidrdgyanis/ g )(dR)TysaBrror (Q) i n
posi tigp Zé%émhas 2%@ do{)ﬁ%e‘%&dﬂ;&b@éﬁ (%nmé'agl fwa.:gﬁ’)e HhRpsh tihep

324 hasS been of cl a| m
28, wher ei aﬂtm@y Ewalﬁlﬁgﬁow‘i PR 1994 cheeshipefe ivileghdetaw Eya eIl
30. The eXawiiade ARhALLdOgGE laatitvds ontalheiged mawzgd(@)smmema&rmnm TR84
has been r ced d bee
éprngtbon ﬂlb gispeg%c(%lbor? Qs ttFB@gh( E%% h %?ér‘a?ﬁg %ér%eﬂﬂﬁed fhel

repl aced VIV wherei n all
five subst$amd\bflcbr$51%eﬂeb‘e@ﬁd APQRYE:



74 32. The ex vivo nethod of claim 24, wherein said CH3 regi on has

t he sequence as shown in SEQ ID NO 21, wherein the CH3 region has
been nodi We@ebigo19s3sat one or nore of the of the foll owroyprERGOSIE00aEd
substitutions have been nmade: Arg (R) in position 285 has been
replaced by Gn (Q; Ser (5) in p05|t|o€ 314 has been replaced by Asn
(N); Asn (N) in position 322 has been r Iaced by Lys (K); Met (M in
position 327 has been repl aced by Val Lys (K) in position 339

has been repl a%@grebi(m(a‘gi%ufsa)wat @ ﬂﬂe(pgsehﬂe m E*c@& §I‘4‘%/5I39§ eb%ﬂge of
repl aced (1 OSI tion 352 has rlefﬁener ep aced by Vval

b
(V); Arg ( '%? 2[TRs éfo%tff?faﬁ*b% go TiE’e'?FFFéB‘i’bé’é@a% Phe (F) in
position 366 hagulec20B rsepivacket ibyth&yprefeviye ofired &coss P) Twabpo@ut inon
375 has b pl ) f
32, whar o o R B o e e R P G
34. The ek"'VPFFtS’ met hod of claim 32, wherein Arg (R) in position 285
has been repl acets byictien t6£) Tysabd, ElntOnc(tR)aylotarqoq:aruqnpxamssﬁahlea&bbm

repl aced be\écﬁa%gs %Qa |0|$gnd I@?a%ﬁbﬂizé@lﬁ%@?@c&fe hmg%'d&ﬁaot emeasat@ .ral !

10 substitutio ve been 36 vivo nmethod of claim1
or 2, wherfePrraxehanpe §odeiit ViBBEYEitRsrreesl-a "ebPEHHUtaYe core hi nge
region and conprises an Ig4-1ike CH3 regi on and wherein said second
anti body dbmprplee87anH@PP@adlexuldcexdmoghi pfelg@CERCandnstungtsi sdth an
1 gGA- {4 keadq_ﬁ'oﬂé?gl'u%tlon§2t pddifioR993i VO nethod of any of the
preceding clains, wherein said first anti body and/or said second
antibody is a Sirmiten tarfekropid)3s, tg8e 106k mesend vereneedolh BIth abyneifZtthe

precedi ng Ghiidor WA ha pt:&ﬂ;m(stph@mor GD@@)eBnQéGﬁt}th @hQges csuch

t hat no si n|f ucti o r. isonerizatjo r

bosi do ¢ HE e e RrRad P S Bt Shagf ARl Qha (gl oRess
of the pr e‘d’@@rﬂ@(m% fse. c\mértatmmswlépﬁ the chhpdaes fohd vwasdierieerd Bf a
reduci iy agemis redndR - 103HE s Yés\é@ecm?st ih@@ol@i‘wn@dﬂ'}z’or@fruétb%dlf Qﬁiﬁﬂisﬂg

claim, WSLEReLar, SLESIPLLIE (DR Rl L A0S 2 SR RLAEY

bet a- mer capHecaf-AAKOPSC- @hﬂiGé)/steam ne. 41. The ex vivo nethod of
claim39 or 40,5uw4yau@ratn hb@s@or»@@ﬁ r RbdAN @592$alk(i9@@ert§3dz§ suqimlhat

or more. 1 dEHEH GHAREe IRAE dab e ERal GE Py’ R o

gl ut at 2l onzF8CR3C end Sp@ftid8CPEC wnstnmtse treedallyi ag debritred aimwr éagtort,

potential genesat &%@a& t%Qmmj%ﬁ@M\@Fsegh%aﬁeabQébew.trevgctoramanldvme 1090
nor e reduci n than h‘ﬁ r edox o ent 'Eult (generat

m cro
gl ut at hi orfICks{RIFC agteadjiRgted; B aé'fa’“?ﬁfr gaee t‘ﬁ%’% us?dnéc’ Cé?f(’f&%e
potenti al c@estercm ed by 0.1 nmM of gl utathione, under the conditions

described in Exapphgnat- antlﬁtgilesTfiﬂﬁnQKes\é'c\ﬂﬁstmsh\gg'eq'ar@’eﬁﬂ@e%ﬂe%’éd410

wherei n the concentration sai d I q o!

Dot ent a1 1K PR% cali e Bl Gatels Bkt AUING) 2p Ty 25 £l iGATeV S (Bring) e
reduci ng twign293 Rectindtfoitrquet ead trahsfeptine redgeot. bire tultdvk stipeghattats weone,
e.g. equal SUBF qtugﬁ \;mélgiygeeoduﬁdar]Qtt h3§§ amﬁ'e iRttt emé al‘negﬁfr‘@f apgd

by 2 nM of |one such as ec? or nore reduci n %he
redox pot emﬁprafpm@%éﬁ%q gpvey Uhentol w”fwuftaf% Srigpugfiesd b‘gf:ﬁJaETXC ad‘ge

nor e r educaniigodianeretihe@ bated exthpnt @sH @l 37ge ferzh edd symblereod drawn in

gl ut atfy ongys #HGH A%k ecngmpg inQfod B Eert AU AlrelHEflyrdaR dLEREd in
potential generat ed b ? ut at hione, e.g. equaT to, or nore
reduci ng tﬂ’f&WOUSt?i@”WLfﬂox potent| al generated by 10 nM of gl ut at hi one,
under the condilgGpass desth iPEd7be wExadipdted 3bI1gGi143. The ex vivo net hod

of claim4l or g% w@%agtonm@efs)ag%ag&g]ka.@&e@& ﬁggsldc;wnt s such

t hat the redox in step c)
equal to, or-|dgst PE%‘GE‘?H@G‘E)haW'thtHQGFJH@){C*‘B’&Q%M él“dkj@'ﬁ@r aatsedfgﬁ 1M
of gl ugmt hi one,cHauRlzags equal to, or |ess reducing than, the redox



47. The ex vivo nmethod of any of the preceding clains, conprising the
further step of stabilizing the bispecific antibody, preferably using
a net hod sebewsemsssrom a) chemcally cross-1inking ther/oksiogbmwes in
the hinge region, b) chemcally cross-linking of the carbohydrate

si de-chains on the hal f-nol ecules, and _¢) cross-Ilinking of
asymmetrically introduced cysteines in fhe 0-13 region. 48. The ex
vivo nethod of any of the preceding clains, conprising the further
step of purifyi i y n

SLop, o, Ur VAR ShECH RSk S AEsuroestecalcH dRticyes s

pr ecedi ng cl ai ﬁ%Gl EBHpF3ilae i he further step of for rrul ati ng the
resul ti ng bi spegsf-pEs-apdd-RREEGE SHittIoG &-7pi8aTRSEcRAMBNC dindicatmposs tigom- f or
t herapeutic usep ﬁ (?) ex vivo nethod of any of the precedi ng

cl ai ns, vvherein? Bd St antibod}/ has bi ndi n eC|f|C|tyfo

tumor dell or AYFDPFEEPICKPIARVH) LaQicPBICPRY 5%?2, @ndigated a5 1gBY: C'°§FI)B4
MJC- 1, CD19, Cia262r)CD38, CD4 or CXCR5 or for CD79a or CD79b. 51. The
ex vivo nmethod.9 1 t | ng
specificity Tor %1 ?tﬁg?&é?& é/\\'A(;‘rﬁ'gt Lf{r(ilznlrﬂfc\se rot%?@tdop%géghﬁggcsgrdggt,
erbB2, erbB3, &RBB4, MJC-1, CD19, CD20, CD4 or CXCR5. 52. The ex vivo
met hod of cl ai y&Orvbeseknoirhgit igaat 7EatPIm /Y9 dFa@Endicatiidnadi lag1-CPSC-
speci fié:l ty for 22% Bl and the second anti body has a binding
speciflcity f of¢ B2. 53. The ex vivo nethod of claimb50, wherein
the first anti Bo@l2RaSPECHRIRW ng'“ép@@ilf"@r@%ﬁcf'é?gz@bl(@d&ﬁifdt Re ¥&dond
anti body has adpkadizagwspecificity for CD20. 54. The ex vivo

nmet hod of cl ai i r st ) :
specificity To?%%ﬁ':gvgggfﬁ%ose\g%& GZL %E#%O%E%ﬁ %d;%l gec(ip |Cci ty
for CXCR5. 5830k ex vivo nmethod of claimb50, wherein the first

anti bogy has_ at&@ﬂd#@ﬁpmgzéu Wikt Yod107D€E8E-aREbL (reiiceeRiondganidrsady
has a bi ndi ng %ggg'_ icity for CD34. 56. The ex vivo nethod of any
of claims 1 to Mwherein the first anti body has a binding
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62. An ex vivo nmethod for the generation of a bispecific antibody,
said nmethod conprising the steps of: a) providing a first
anti body MN&wR981E333 r st bi ndi ng specificity, wherein sBCTIDKRa0s006124
anti body conprises a CPPC sequence in the core hinge region and an
lg&4 CH3 region, 78 b) provi diélsg a second anti body having a
second binding specificity which differ$*fromsaid first binding
specificity, wherein said second antibody conprises a CPPC sequence
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bi specific antibody of any of clainms 65 to 69, wherein the first
and/ or the second CH3 region has the sequence as shown in SEQ I D NO



74. The bispecific antibody of any of clains 65 to 69, wherein Arg
(R in position 234 has been replaced by Gn (Q. 80 75. The

bi speci f i vapwshbeds of any of clains 65 to 69, wherei nPET/QKELM@000Mm4
posi tion 234 has been replaced by Gn (Q; and Pro (P) in position
324 has been replaced by Leu (L). 76. The bispecific antibody of any
of clainms 65 to 69, wherein the first a#%/or the second CH3 region
has the sequence as shown in SEQ ID NO 21, wherein the CH3 region -
has been nodi fi I f.0l 1 ow +NO
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for the preparéﬂ on of a nedicanent for the treatnent of cancer. 81
84. A et hod- f G4 HréeldleC@C witb Ag®T a-getyil FEdirfdicetedratsi A6y Floadd ang 28)
desired properiyss $adigh BBROQHN GIPEILaHALPRESIRAGRS RfcPreah FRY B¥hsH Ng
a set of antibqdies, wherein each antibody has a different target
specificity and*her ei n each anti body conprises an Ig&4-1ike CH3
regi org0 and wh&GA arfaidie CBRQ wehdesd ebebildePHChigndiretad dsi GRYIE in & dhaethd
outside the CH3,yegion are of an isotype selected fromthe group
consi sting of IﬁG, | g&x2 and IgGB, b% | ncubat i ng each S\nti bodl_x %f
said set of anfMHEIFESTRFTGRBVHEMavEhBEY bt FOAT SErangRgerTe
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one o, mre Of AlsBEnE Wk RHWBRENLESorPE t2hid38dM) /R thE BRIitG o iHasC! @i M
© " 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
30 1gG4 wt antibodies was found to be dependent on GSH concentration (figure 24},
with an optimum between 100 and 1,000 pM GSH.



86. The nethod of claim84 or 85, wherein said desired property is
tunmor cell killing. 'IPl.-.."13711X a" aii P31. WD Sequence
i sting.ST25 SEQUENCE LI STI NG <110> Genmab A/ S <120> BI SPECI FI C
ANTI BODI ES AND METHODS FOR PRODUCTI ON THEREOF <130> P/ 31. WD <160> 22
<170> Patentln version 3.3 <210> 1 <211> 36 <212> DNA <213>
Artificial <220> <223> priner <400> 1 agccaccgta cgtttgattt
ccagcttggt gcctcc36 <210> 2 <211> 44 <212> DNA <213> Artificial
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CLAIMS
1. An ex vive method for the generation of a bispecific antibody, said method
comprising the steps of:

a) providing a first antibody having a first binding specificity, wherein said
first antibody comprises an IgG4-like CH3 region,

b) providing a second antibody having a second binding specificity which
differs from said first binding specificity, wherein said second antibody comprises an
1gG4-like CH3 region,

¢} incubating said first and second antibodies together under reducing
conditions which allow the cysteines in the core hinge region to undergo disulfide-
bond isomerization, and

d) obtaining a bispecific antibody,
wherein the sequences outside the core hinge region and outside the CH3 region are

of an isotype selected from the group consisting of IgG1, 1gG2 and IgG3.

2. The ex vive method of claim 1, wherein said first antibody comprises a CPPC
sequence in the core hinge region.

3. The ex vivo methed of any of the preceding claims, wherein said first antibody
comprises an IgG4-like core hinge region.

* 4, The ex vivo method of any of claims 1 or 3, wherein said first 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.

5. The ex vivo method of claim 4, wherein said first antibody is an antibody which
comprises a CX3PC or CPX;C sequence in the core hinge region, wherein Xs; can be
any aming acid except for proline,

&. 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 IgG4 CH3 region.



<220> <223> primer <400> 2 gatgcaagct tgccgccacc atggagtcac
agattcaggc attt44 <210> 3 <211> 42 <212> DNA <213> Artificial <220>

<223> primer <400> 3 cgatgggccc ttggtgctgg ctgaggagac ggtgactgag gt42
<210> 4 <211> 44 <212> DNA <213> Artificial <220> <223> prinmer <400>
4 gatgcaagct tgccgccacc atgaaatgca gctgggttat cttcd4d
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8. The ex vivo method of any of the preceding claims 1 to 6, wherein said CH3
region has the sequence as shown in SEQ ID NO: 19, wherein the CH3 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 (@) In positicn 302 has been replaced by Glu (E); and Pro (P) in
position 328 has been replaced by Leu (L).

9. The ex vivo method of claim 8, wherein Lys (K) in position 292 has been replaced
by Arg (R).

10. The ex vivo method of any of claims 1 to 6, 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).

11, The ex vivo method of any of the preceding claims 1 to 6, wherein said CH3
region has the seguence as shown in SEQ ID NO: 20, wherein the Cy3 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 repiaced by Glu (E); and Pro (P) in
position 324 has been replaced by Leu (L).

12. The ex vivo method of claim 11, wherein Arg (R) in position 234 has been
replaced by GIn {Q).

13. The ex vivo method of claim 11, wherein Arg (R) in position 234 has been
replaced by GIn (Q); and Pro (P) in position 324 has been replaced by Leu (L),

14. The ex vivo method of claim 11, wherein all five substitutions have been made.
i5, The ex vivo method of any of the preceding claims 1 to 6, wherein said CH3

region has the sequence as shown in SEQ ID NO: 21, wherein the CH3 region has

been modified so that one or more of the of the following amino acid substitutions



<210> 5 <211> 36 <212> DNA <213> Artificial <220> <223> pri mer
tiag.z.,neta Iwe,ni az 411 p31l. WD Sequence |isting. ST25 <400> 5
agccaccgta cgttttattt ccaactttgt ccccga36 <210> 6 <211> 44 <212> DNA
<213> Artificial <220> <223> prinmer <400> 6 gat gcaagct tgccgccacc

at ggaat cac agactcaggt cctc44 <210> 7
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have been made: Arg {R) in position 285 has been replaced by Gin (Q); Ser (5) 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 repiaced 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).

16. The ex vivo method of claim 15, wherein Arg {R) in position 285 has been
replaced by GIn {(Q).

17. The ex vivo method of claim 15, wherein Arg (R} in position 285 has been
replaced by GIn (Q); and Pro (P) in position 375 has been replaced by Leu (L}).

18, The ex vive method of claim 15, wherein all 10 substitutions have been made.

19. The ex vivo method of any of the preceding claims, wherein said second antibody
comprises a CPPC sequence in the core hinge region.

20. The ex vivo method of any of claims 1 to 18, wherein said second antibody
comprises an IgG4-like core hinge region.

21, The ex vivo method of any of the claims 1 to 18 or 20, 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,

22, The ex vivo method of claim 21, wherein said second antibody is an antibody
which comprises a C{PC or CPXsC sequence in the core hinge region, wherein X3
can be any amino acid except for proline.

23. The ex vivo method of claim 21, wherein said second antibody is an antibody
which comprises a CSPC, CPSC, CRPC or CPRC sequence in the care hinge region.



<211> 42 <212> DNA <213> Artificial <220> <223> priner <400> 7
cgat gggccc ttggtgctgg ctgcagagaa agtgaccaga gt42 <210> 8 <211> 44
<212> DNA <213> Artificial <220> <223> priner <400> 8 gat gcaagct
tgccgccacc atgggatgga gctatatcat cctcd4d <210> 9 <211> 32 <212> DNA
<213> Artificial <220>
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24. The ex vivo method of any of the preceding claims, wherein said second antibody
comprises an IgG4 CH3 region,

25. The ex vivo method of any of the claims 1 to 23, wherein said CH3 region has
the sequence as shown in SEQ ID NO: 19, wherein the CH3 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).

26. The ex vivo method of claim 25, wherein Lys (K) in position 292 has been
replaced by Arg (R).

27. The ex vivo method of any of claims 19 to 23, wherein sald CH3 reglon 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).

28, The ex vivo method of claim 24, wherein said CH3 region has the sequence as
shown in SEQ ID NO: 20, wherein the CH3 region has been maodified 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).

29. The ex vivo method of claim 28, wherein Arg (R) in position 234 has been
replaced by Gln (Q).

30. The ex vive method of claim 28, wherein Arg (R) in position 234 has been
replaced by GIn (Q); and Pro (P) in position 324 has been replaced by Leu (L).

31. The ex vivo method of claim 28, wherein all five substitutions have been made.



<223> prinmer <400> 9 tgagaattcg gtgggtgctt tatttccatg ct32 <210> 10
<211> 33 <212> DNA <213> Artificial <220> <223> priner <400> 10

gt agaagctt accatcgcgg atagacaaga acc33 <210> 11 <211> 26 <212> DNA
<213> Artificial 7:3Egn-aCl301C SEOVEtc:..-e)13343#01_, 41 P31. WD
Sequence |isting. ST25 <220> <223> prinmer <400> 11 tgttaactgc
tcactggat g gtgggaz26 <210> 12 <211> 27 <212> DNA <213> Artificial
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32, The ex vivo method of claim 24, wherein said CH3 region has the sequence as
shown in SEQ ID NO: 21, wherein the CH3 region has been modified so that cne or
more 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 Giu (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).

33. The ex vivo method of claim 32, wherein Arg (R) in position 285 has been
replaced by GIn (Q).

34. The ex vivo method of claim 32, wherein Arg (R) in position 285 has been
replaced by Gln (Q); and Pro (P) In position 375 has been replaced by Leu (L).

35. The ex vivo method of claim 32, wherein all 10 substitutions have been made.

36. The ex vivo method of claim 1 or 2, wherein said first antibody comprises a CPPC
in the core hinge region and comptrises an TgG4-like CH3 region and wherein said

second antibody comprises an CPPC in the c¢ore hinge region and comprises an IgG4-
like CH3 region.

37. The ex vivo method of any of the preceding claims, wherein said first antibody
and/or said second antibody is 2 human antibody.

38. The ex vivo method of any of the preceding claims, wherein the conditions in
step ¢) are chosen such that no significant reduction or isomerization of disulfide
bridges outside the core hinge region occurs.

39. The ex vivo methad of any of the preceding claims, wherein step ¢) comprises
the addition of a reducing agent.



<220> <223> primer <400> 12 tccctgggca caattttctt gtccacc27 <210> 13
<211> 31 <212> DNA <213> Artificial <220> <223> priner <400> 13

t gaaagcttc taatacgact cactataggg c31 <210> 14 <211> 54 <212> DNA
<213> Artificial <220> <223> priner <400> 14 tgaaagcttc taatacgact
cact at aggg caagcagt gg tatcaacgca gagt54 <210> 15 <211> 137 <212> PRT
<213> Artificial <220> <223> anti body variabl e region
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40. The ex vivo method of any of the preceding claims, wherein step ¢) comprises
the addition of an agent selected from the group consisting of: glutathione, L-
cysteine, dithiothreitol, beta-mercapto-ethanol, and cysteamine.

41. The ex vivo method of claim 39 or 40, 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 microM of glutathione, such as
equal to, or more reducing than, the redex peotential generated by 10 microM of
glutathione, e.g. egual 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 condifions described in
Example 31,

42, The ex vivo method of claim 39 or 40, 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.9. equal to,
or more reducing than, the redox potential generated by 2 mM of glutathione, such
as egual 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,

43, The ex vivo method of claim 41 or 42, wherein the concentration of said agent is
such that the redox potential of the solution generated In step ¢) is equal to, or less
reducing than, the redox potential generated by 1 M of glutathione, such as equal to,
or less reducing than, the redox potential generated by 100 mM of glutathione equal
to, or less reducing than, the redox potential generated by 15 mM of glutathione.

44, The ex vivo method of any of the preceding claims, wherein step ¢) comprises
the incubation of said antibodies in the presence of reduced glutathione for at least 1
hours, such as for at least 2 hours, e.g. for at least 5 hours, such as at |east 10
hours at a temperature of 20°C or more, such as 37°C.



<400> 15 Met Lys Cys Ser Trp Val Ile Phe Phe Leu Met Ala Val Val Thr
Ay 151015 val Asn Ser Au Val Gn Leu Gn An Ser Ay Ala GQu Leu
val Lys 202530 Pro Gy Ala Ser val Lys Leu Ser Cys Thr Ala Ser Ay
Phe ASn Il e 354045 Lys Asp Thr Tyr Ile H's Trp Val Lys An Arg Pro
Gu Gn Ay Leu 505560 Page 3 !'aze-Cl%r"a: Nfitativfel 1L: am P31. W)
Sequence listing.ST25 Gu Trp val Ay Arg Ille Asp Pro Ala Thr Ay Asn
Thr Arg Tyr Asp 65707580 Pro Lys Phe G n Ay Lys Ala Thr Ile Thr Ala
Asp Thr Ser Ser Asn 859095 Thr Ala Tyr #geu G n Leu Ser ser Leu Thr
ser Qu Asp Thr Ala Val 100105110 Tyr Tyr cys Ala Ser Phe Arg Pro Ay
Tyr Ala Leu Asp Tyr Trp Ay

45. The ex vive method of any of the preceding claims, wherein fewer than 10%,

such as fewer than 5%, e.g. fewer than 2%, such as fewer than 1% of the antibody
molecules in the resulling composition are in an aggregated state.

46. The ex vive method of any of the preceding claims, comprising the further step
of bringing the composition obtained in step c) to non-reducing conditions, in order

to stop further half-molecule exchange.

47. 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.

48. The ex vivo method of any of the preceding claims, comprising the further step
of purifying the bispecific antibody, preferably under non-reducing conditions,

49, The ex vivo method of any of the preceding claims, comprising the further step
of formulating the resulting bispecific antibodies into a pharmaceutical composition
for therapeutic use,

50. The ex vivo method of any of the preceding claims, wherein the first antibody
has binding specificity for a tumor cell or tumor cell protein, such as erbB1, erbB2,
erbB3, erbB4, MUC-1, CD19, CD20, CD38, CD4 or CXCRS or for CD79a or CD79b,

51. The ex vivo method of claim 50, wherein the second antibody has binding
specificity for a tumor cell or turnor cell protein, such as erbB1, erbB2, erbB3, erbB4,
MUC-1, CD19, CD20, CD4 or CXCRS.

52. The ex vivo metheod of claim 50, wherein the first antibody has a binding
specificity for erbB1 and the second antibody has a binding specificity for erbB2.

53. The ex vivo method of claim 50, wherein the first antibody has a binding
specificity for CD19 and the second antibody has a binding specificity for CD20.



115120125 G n Ay Thr Ser Val Thr Val Ser Ser 130135 <210> 16 <211>
127 <212> PRT <213> Artificial <220> <223> anti body vari abl e region
<400> 16 Met AQu Ser Gn Ile A n Ala Phe Val Phe Val Phe Leu Trp Leu
ser 151015 Gy val Asp Ay Asp Ile Val nmet Thr Gn Ser H s Lys Phe
Met ser 202530 Thr ser Val Gy Asp Arg Val Ser Phe Thr Cys Lys Al a
Ser G n Asp 354045 Val Phe Thr Ala val Ala Trp Tyr Gn Gn Lys Pro
@y Gn Ser Pro 505560 Lys Leu Leu Ile Tyr Trp Ala Ser Thr Arg Arg
Thr Ay val Pro Asp 65707580 77

54. The ex vivo method of claim 50, wherein the first antibody has a binding
specificity for CD4 and the second antibody has a binding specificity for CXCRS5.

55. The ex vivo method of claim 50, wherein the first antibody has a binding
specificity for CD38 and the second antibody has a binding specificity for CD34.

56, The ex vivo method of any of claims 1 to 49, wherein the first antibody has a

binding specificity for a pathogenic microorganism.

57. The ex vivo method of claim 50 or 56, wherein the second antibody has binding
specificity for an effector cell protein, such as CD3, CD25, CD28, CD16, CD89, CD32
or CD1.

58. The ex vivo method of claim 50, wherein the second antibody has a binding
specificity for a chemotherapeutic agent.

59, The ex vivo method of claim 50, wherein the second antibody has a binding
specificity for a blood protein, such as serum albumin, or a brain protein, such as
transferrin or a liver protein.

60. The ex vivo method of claim 50, wherein the second antibody has a binding
specificity for a protein involved in bicod clotting, such as tissue factor.

61. The ex vivo method of any of the preceding claims, wherein the first and/or
second antibody is linked to a compound selected from the group consisting of: a
cytotoxic agent; a radioisotope; a prodrug or drug, such as a taxane; a cytokine; a
chemokine and complement, such as Ciqg.

62. An ex vivo method for the generation of a bispecific antibody, said method
comprising the steps of:

a) providing a first antibody having a first binding specificity, wherein said
first antibody comprises a CPPC sequence in the core hinge region and an IgG4 CH3
region,



Arg Phe Thr Ay Ser Ay Ser Ay Thr Asp Tyr Thr Leu Thr Ile Ser
859095 Ser val A n Ala Qu Asp Leu Ala Leu Tyr Tyr Cys Gn Gn H's
Phe 100105110 Ser Thr Pro Pro Thr Phe Ay Ay Ay Thr Lys Leu Qu lle
Lys 115120125 <210> 17 <211> 138 <212> PRT <213> Artificial eCIIM
r: Etaa4El Rl 13 areeEDAL a. ta P31. W Sequence listing. ST25 <220> <223>
anti body variable region <400> 17 Met Gy Trp ser Tyr Ile Ile Leu Phe
Leu val Ala Thr Ala Thr Asp 151015 Val His Ser Gn Val Gn Leu Gn
Gn Pro dy Ala Qu Leu Val Lys 202530 Aro Gy Ala Ser Val Lys Leu
Ser Cys Lys Ala Ser Ay Tyr Ser Phe 354045

b) providing a second antibody having a second binding specificity which
differs from said first binding specificity, wherein said second antibody comprises a
CPPC sequence in the core hinge region and an IgG4 CH3 region, and

¢) incubating said first and second antibodies together under reducing
conditlons which allow the cysteines in the core hinge region to undergo disulfide-
bond isomerization, and

d) obtaining a bispecific antibody.

63. The ex vivo method of claim 62, wherein in step <) a reducing agent has been
added wherein the concentration of said agent is such that the redox potential 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 & mM of glutathione, such as equal
to, or more reduclng 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. An isolated bispecific antibody obtained or obtainable by the method of any of
the preceding claims.

65. An isolated bispecific antibody comprising two IgG4-like CH3 regions, wherein
the sequences outside the core hinge region and outside the CH3 region are of an
isotype selected from the group consisting of IgG1, I1gG2, and IgG3.

66. The bispecific antibody of claim 65, wherein the antibody comprises one ar two
CPPC sequences in the core hinge region.

67. The bispecific antibody of claim 65, wherein the antibody comprises one or two
CXX.C sequences in the core hinge region, wherein X; and Xz can be any amino
acid, provided that X; and Xz are not both proline,



Thr Ser Tyr Trp Met His Trp Leu Lys Gn Arg Pro Ay Gn @y Leu
505560 Gu Trp Ile dy Qu Ile Asn Pro Asn Asn Gy Arg Thr Tyr Tyr
Asn 65707580 G u Lys Phe Lys Thr Lys Ala Thr Leu Thr Val Asp Lys Ser
ser Ser 859095 Thr Ala Tyr net G n Leu Asn Ser Leu Thr Ser du Asp
ser Ala val 100105110 Tyr Tyr cys Ala Arg Arg LeU Thr net. val Qu
Ser Phe Ala Tyr Trp 115120125 Ay Gn Gy Thr Leu Val Thr Phe Ser A a
130135 <210> 18 <211> 133 <212> PRT <213> Artificial <220> <223>

anti body vari abl e region <400> 18 Met Ggu Ser G n Thr Gn Val Leu Met
Ser Leu Leu Phe Trp val ser

&8. The bispecific antibody of claim 65, wherein the antibody comprises one or two
CX3PC or CPX3C sequences in the core hinge region, wherein X3 can be any amino
acid except for proline.

69. The bispecific antibady of claim 65, wherein the antibedy comprises one or two
CSPC, CPSC, CRPC or CPRC seqguences in the core hinge region.

70. The bispecific antibody of any of claims 65 to 69, 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 Gln (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).

71. The bispecific antibody of claim 70, wherein the first and/or the second CH3
region has the sequence as shown in SEQ ID NO: 19, but wherein Lys (K} in position
292 has been replaced by Arg (R).

72. The blspecific antibody of any of claims 65 to 69, wherein the first and/or the
second 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).

73. The bispecific antibody of any of claims 65 to 69, wherein the first and/or the
second CH3 reglion has the sequence as shown in SEQ ID NO: 20, wherein the Cy3
region has been maodified so that one or more of the of the foliowing 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).

74, The bispecific antibody of any of claims 65 to 69, wherein Arg (R) in position 234
has been replaced by GIn (Q).



151015 Ay Thr Cys Gy Asp Ile val Met Thr Gn Ser Pro Ser Ser Leu
Thr 202530 Val Thr Ala Gy Gu Lys Val Thr Met ser Cys Lys Ser Ser
G n Ser 354045 Leu Leu Asn Ser Ay ASn G n Lys Asn Tyr Leu Thr Trp
Tyr Gn Gn 505560 .4i3t71_,Al -#7dE).1?...131:1;13;Eg 7.1.: Z. 41
P31. WO Sequence listing.sT25 Lys Pro Ay Gn Pro Pro Lys Leu Leu Ile
Tyr Trp Ala Ser Thr Arg 65707580 A u Ser Ay Val Pro Asp Arg Phe Thr
Gy Ser Ay ser Ay Thr Asp 859095 Phe ser Leu Thr Ile ser Ser Val
Gn Ala Qu Asp Leu Ala Ile Tyr 10010510 Tyr Cys G n Asn Asp Tyr ser
Tyr Pro Phe Thr Phe Ay Ser Ay Thr 115120125 Lys Leu GQu Ile Lys 130
<210> 19 <211> 330 <212> PRT <213> hono sapi ens

75. The bispecific antibody of any of claims &5 to 69, wherein Arg {R) in position 234

has been replaced by Gln (Q); and Pro {P) in position 324 has been replaced by Leu
(L).

76. The bispecific antibody of any of claims 65 to 69, wherein the first and/or the
second CH3 region has the sequence as shown in SEQ ID NO: 21, wherein the C,3
region has been modifled so that one or more 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 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).

77. The bispecific antibody of claim 76, wherein Arg (R) in position 285 has been
replaced by Gin (Q).

78. The bispecific antibody of claim 76, wherein Arg (R) in position 285 has been
replaced by GIn (Q); and Pro (P) in position 375 has been replaced by Leu (L).

79, The bispecific antibody of any of claims 65 to 69, wherein the first and/or the
second CH3 region is an IgG4 CH3 region.

80. A pharmaceutical composition comprising the bispecific antibody of any of claims
65 to 79.

81. The composition of claim 80 for use as a medicament,

82. The composition of claim 80 for use as a medicament for the treatment of
cancer.

83. Use of a bispecific antibody obtained or obtainable by the method of any of
claims 1 to 64 or the bispecific antibody of any of claims 65 to 79 for the preparation
of a medicament for the treatment of cancer.



<220> <221> CONFLI CT <222> (239)..(239) <223> x at position 239 is D
or E <220> <221> CONFLI CT <222> (241)..(241) <223> X at position 241
Is L or m<400> 19 Ala Ser Thr Lys Gy Pro Ser val Phe Pro Leu Ala
Pro Ser Ser Lys 151015 ser Thr Ser Ay Gy Thr Ala Ala Leu Ay Cys
Leu val Lys Asp Tyr 202530 Phe Pro Qu Pro val Thr Val ser Trp Asn
Ser Gy Ala Leu Thr ser 354045 Gy val H's Thr Phe Pro Ala Val Leu
Gn Ser Ser Ay Leu Tyr Ser 505560 Leu ser ser Val Val Thr val Pro
Ser ser Ser Leu Ay Thr G n Thr 65707583 Tyr Ile Cys Asn Val Asn Hi s
Lys Pro Ser Asn Thr Lys Val Asp Lys

84. A methad for the selection of a bispecific antibody having a desired property,
said method comprising the steps of:
a) providing a set of antibodies, wherein each antibody has a different target
specificity and wherein each antibody comprises an IgG4-like CH3 regicn, and
wherein the sequences outside the core hinge region and ouiside the CH3
region are of an isotype selected from the group consisting of IgG1, IgG2 and
1gG3,
b) incubating each antibody of said set of antibodies with another antibody of
sald 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 antlbody mixtures for a given desired
property, and
d) selecting a bispecific antibody mixture having the desired property.

85. The method of claim 84, wherein step b) having one or more of the further
properties as defined for step <) in claim 2 to 64,

86. The method of claim 84 or 85, wherein said desired property is tumor cell killing.



859095 Lys val GQu Pro Lys ser Cys Asp Lys T HS %ﬁg%?s@lﬁ g?‘ﬁ‘&‘gﬁ
cys 100105110 Pro Ala Pro Qu Leu Leu Ay Gy Pro ser val Phe Leu Phe

Pro Pro 115120125 Page 6 P31.w0 Sequence |isting.ST25 Lys Pro Lys

Asp Thr Lea Met Ile ser Thr Pro @ u val, Thr cys 130135140 Val Val

Val Asp val ser His GI u A%% Eﬁ&sﬁgﬁgﬁl isFangprrd2 i\sn Trp 145150155160

Tyr Val Asp Gy Val V a Lys Thr Lys Pro Arg Gu

165129145 @rMaaprysTyr Asn Ser Thr Tyr Arg VaI Val Ser Val Leu Thr val

Leu 180185190 Hs G n Asp Trp Leu Asn d s Au T s Lys Val
ser Aé%P”lQ%%@@WCL%TIRP‘SIﬁ_segNEPIMET'ﬁDé BF% PROGICHN |1 ER'#% ﬁle Sgr Lys

Ala Lyso,d /319215220
<160> 22
<170> PatentIn version 3.3

<210> 1

<211> 36

<212> DNA )
<213> Artificial

<220> )
<223> primer

<400> 1
agccaccgta cgtttgattt ccagettggt gectcc 36

<210> 2

<211> 44

<212> DNA

<213> Artificial

<220>
<223> primer

<400> 2
gatgcaagct tgccgccace atggagtcac agattcaggc attt : 44

<210> 3

<211> 42

<212> DNA

<?13> Artificial

<220>
<223> primer

<400> 3
cgatgggccc ttggtgctgg ctgaggagac ggtgactgag at 42

<210> 4

<211> 44

<212> DNA

<213> Artificial

<220> .
<223> primer

<400> 4
gatgcaagct tgccgecacc atgaaatgca gctgggttat cttc - 44

<210> 5§

<211> 36

<212> DNA ]
<213> artificial

<220>
<223> primer
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Gn Pro Arg Gu Pro Gn Val Tyr Thr Leu PrfW%?ﬁg Rers fmggﬁ‘g‘%
225230235240 xaa Thr Lys Asn G n val Ser Leu Thr cys Leu val Lys Gy
Phe Tyr 245250255 Pro ser Asp Ile Ala val Qu Trp Gu ser Asn Gy Gn
Pro Gu Asn 260265270 Asn Té/ Lys Thr Thr Pro Pro val Leu Asp Ser Asp

s Phe 275280285 A3 uWGrfﬁqlé%}CeLlﬂsstL@QrSTH? val Asp Lys Ser Arg
Trp g a@c aGcéftﬁ?tQt@tng:?ai%@ V@kcf e ser cys ser val nmet Hs §gu Ala
Leu Hs Asn H's Tyr Thr 3053103153 G n Lys ser Leu ser Leu Ser Pro

Gy L s 325330 <210> 20 <211> 326 <212> PRT <213> hono sapi ens <400>
20" AF&L92er6 Thr Lys Gy Pro ser Val Phe Pro Leu Ala Pro Cys Ser Arg
1510 %ﬁerDN r ser u ser Thr Ala Ala Leu Ay cys Leu val Lys Asp
Tyr 2D8530artificial

<220>
<223> primer

<400> 6
gatgcaagct tgcecgccacc atggaatcac agactcaggi cctc 44

<210> 7

<211> 42

<21Z2> DNA

<213> Artificial

<220>
<223> primer

<400> 7
cgatgggccc ttggtgctgg ctgcagagaa agtgaccaga gt 42

<210> 8

<211> 44

<212> DNA
<213> Artificial

<220>
<223> primer

<400> 8
gatgcaagct tgccgccacc atgggatgga gcetatatcat cctc 44

<210> 9

<211> 32

<212> DNA .
<213> artificial

<220>
<223> primer

<400> 9
tgagaattcg gtgggtgctt tatttecatg ct 32

<210> 10

<213i> 33

<212> DNA

<213> Artificial

<220>
<223> primer

<400> 10
gtagaagctt accatcgcgg atagacaaga acc 33

<210> 11

<211> 26

<212> DNA

<213> Artificial
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.42Cri,, , f1Eri CaTer 0151, zOV p31. W0 Sequence™ 1 Stinge S5 heTtr oo & i =2
Pro Val Thr val Ser Trp Asn Ser Gy Ala Leu Thr Ser 354045 3y Val
H's Thr Phe Pro Ala val Leu Gn Ser Ser Ay Leu Tyr Ser 505560 Leu
ser Ser Val Val Thr Val Prg _Ser Ser Asn_Phe Gy _Thr Gn Thr 65707580
Tyr Thr Cys Asn Val Asp H B4 Slg%er§§r1lé':’stﬁ"§'1‘ﬁ¥rzls_ys Val Asp Lys
859095;0Lhr Val A u Arg Lys Cys cys val Gu Cys Pro Pro Cys Pro Ala
Pro 1@8b05ddihePro Val Ala Gy Pro Ser Val Phe Leu Phe Pro Pro Lys Pro
Lys As(b}1§%20125 Thr Leu net Ile Ser Arg Thr Pro Qu val Thr Cys Va
Val er HHs Gu Asp Pro Qu val G n Phe n Trp
Tyr g%ftaﬁs%pg%%g&ﬁé%g%¥gé% 0 Val du VvVal Hs Asn Ala Lys Thr L;é/E Pro
Arg Qu Au G n Phe Asn

<210> 12

<211> 27

<212> DNA .
<213> Artificial

<220> .
<223> primer

<400> 12
tccctgggea caattttctt gtccacc 27

<210> 13

<211> 31

<212> DNA

<213> Artificial

<220>
<223> primer

<400> 13
tgaaagcttc taatacgact cactataggg c 31

<210> 14

<211> 54

<212> DNA

<213> artificial

<220>
<223> primer

<400> 14
tgaaagcttc taatacgact cactataggg caagcagtgg tatcaacgca gagr 54

<210> 15

<211> 137

<212> PRT

<213> aArtificial

<220> i )
<223> antibody variable region

<400> 15

Met Lys Cys Ser Trp val Ile Phe Phe igu Met Ala val val 11'2r Gly
1 5

val Asn Ser Glu val GIn Leu GIn GlIn Ser Gly Ala Glu ggu val Lys
20 25

Pro Gly Ala Ser val Lys Leu 28r Cys Thr Ala Ser g;y Phe Asn Ile
35

Lys Asp Thr Tyr Ile His Trp val Lys GIn Arg Pro Glu GIn Gly Leu
50 55 60
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165170175 Ser Thr Phe Arg val Val Ser val ngﬁfﬁrf\%?i\%@ﬁ%fd@ﬁ%:izﬁ
Trp 180185190 Leu Asn Ay Lys Qu Tyr Lys cys Lys Val Ser Asn Lys Qvy

Leu Pro 195200205 Ala Pro Ile Qu Lys Thr Ile ser Lys Thr Lys Ay Gn

Pro Arg G u 210215220 Pro G.n val Tyr ijr Leu Pro Pro ser Arg Au Gu

nmet Thr Lys Asn 225230235243 r?eﬁ'éé/"cge 1914091 cys Leu Val Lys Gy

Phe Tyr Pro Ser Asp Ile 245250255 Ala Val Qu Trp Gu Ser Asn Ay Gn

Pro elw tAsnvaAsalylwiglyle Aty p260265B0GcThrasRr thiPaog Met Aspu Asp Ser Asp

Ay 8&r Phe Phe Leu T Ser Lys 275288285 Leu Thr Val #5p Lys ser Arg

Trp Gn Gn Ay Asn Val Phe Ser Cys 290295300 P31.W Sequence

li st bRY 153 2heSETR VY 1Bt AT Shd Al ke AdbsTHSBetHiserTagh Thr G n Lys
Ser Leu 85 20 a5

Thr Ala Tyr Leu GIn Leu Ser Ser Leu Thr Ser Glu Asp Thr Ala val
100 110

Tyr Tyr Cys Ala Ser Phe Arg Pro Gly Tyr Ala Leu Asp Tyr Trp Gly
115 120 125

Gin Gly Thr Ser val Thr val Ser ser
130 135

<210> 16
<211> 127
<212> PRT
<213> Artificial

<220>
<223> antibody variable region

<400> 16

Met Glu Ser GIn Ile GIn Ala rPhe val Phe val phe Leu Trp Leu Ser
1 5 10 15

Gly val Asp G%y Asp Ile val Met ;ISW GIn ser His Lys gge Met Ser
2

Thr ser ¥§1 Gly Asp Arg val 28r Phe Thr Cys Lys Aga ser GIn Asp
4

val Pge Thr Ala val Ala Tgp Tyr GIn GIn Lys 250 Gly GIn Ser Pro
5 5

Lys Leu Leu Ile Tyr Trp Ala Ser Thr Arg Arg Thr Gly val Pro Asp
65 70 75 80

Arg Phe Thr Gly Ser Gly Ser Gly Thr Asp Tyr Thr Leu Thr Ile Ser
85 90 95

ser val GIn Ala Glu Asp Leu Ala Leu Tyr Tyr Cys GIn Gln His Phe
100 105 110

ser Thr Pro Pro Thr pPhe Gly Gly Gly Thr Lys Leu G1ﬁ Ile Lys
115 120 125

<210> 17

<211> 138

<212> PRT

<213> Artificial
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305310315320 Ser Leu Ser Pro Gy Lys 325 <2155 A “<HIHHBE 7B EELZ4a
<213> hono sapi ens <400> 21 Ala Ser Thr Lys Gy Pro Ser Val Phe Pro

Leu Ala Pro Cys Ser Arg 151015 Ser Thr Ser Ay Gy Thr Ala Ala Leu

Gy Cys Leu Val Lys Asp Tyr 202530 Phe Pro Qu Pro Val Thr Val Ser

Trp Asn Ser Ay Ala Leu THi31sWy S83uguB dsEinadSTRbs Thr Phe Pro Al a

Val Leyp G n Ser Ser Ay Leu Tyr ser 505560 Leu ser Ser val Val Thr

Val _tgg&segnts%dﬁ%rmeqég-,mr G n Thr 65707580 Tyr Thr Cys Asn Val

ASP H s Lys Pro Ser Asn Thr Lys Val Asp Lys 859095 Arg val du Leu

Lys ¥0>Pr& Leu Ay Asp Thr Thr His Thr Cys Pro 100105110 Arg cys Pro

Qu EEP Gl’rysTr%egerQ?rAﬁQ T (Bg %h@r%ﬂm @8 THOATY g'ligr‘ ASp

val His Ser GlIn val Gln Leu GIn Gin Pro Gly Ala Glu 58“ val Lys
25

Pro Gly g;a Ser val Lys Leu 28r Cys Lys Ala Ser Ggy Tyr Ser Phe
4

Thr Ser Tyr Trp Met His Trp Leu Lys GIn Arg Pro Gly GIn Gly Leu
50 55 60

Glu Trp Ile Gly Glu Ile Asn Pro Asn Asn Gly Arg Thr Tyr Tyr Asn
65 70 75 30

Glu Lys Phe Lys Thr Lys Ala Thr Leu Thr val Asp Lys Ser Ser Ser
85 g0 95

Thr Ala Tyr Met GIn Leu Asn Ser Leu Thr Ser Glu Asp Ser Ala val
100 105 110

Tyr Tyr Cys Ala Arg Arg Leu Thr Met val Glu Ser Phe Ala Tyr Trp
115 120 125

Gly GIn Gly Thr Leu val Thr pPhe Ser Ala
130 135

<210> 18

<211> 133

<212> PRT

<213> Artificial

<220> .
<223> antibody variable region

<400> 18
Met Glu Ser GIn Thr Gln val Leu Met Ser Leu Leu Phe Trp val Ser
1 S 10 15

Gly Thr Cys Gly Asp Ile val Met Thr Gin Ser Pro Ser Ser Leu Thr
20 25 30

val Tthr §1a Gly Glu Lys val Thr Met Ser Cys Lys Ser Ser Gln Ser
5 40 45

Leu Leu Asn Ser Gly Asn GlIn Lys Asn Tyr Leu Thr Trp Tyr GIn GIn
55 60
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115120125 Cys Pro G u Pro Lys ser cys Asp TAT Pro Pro Pro Chepr o R Lot
Cys 130135140 Pro Qu Pro Lys Ser Cys ASED Thr Pro Pro Pro Cys Pro
Arg Cys Pro 145150155160 Ala Pro Qu Leu Leu Ay @y Pro Ser Val Phe
Leu Phe Pro Pro Lys 165170175 ProqLésceAsp Thr Leu Met Ile Ser Arg Thr
57

Pro du_Val .Th s Val 14518 StARS: ST, js Au Asp Pro
adu g;yﬁ P&) nG1?5hé1%50 %}'08 ngg;r %ﬁ_&gg T)S\/l-HITré‘gg)ia égr SrﬁF ég‘g P
’?l ,halti-2-74*11aad- MERsi i 8teeta: 2.41 P31. W Sequence |isting.sT25
Val Asp Ay Val GQu val Hs n Ala Lys Thr Lys Pro,Arg Qu Gu
210265056 (5T Yo PER SBeATTERE BHE GygsGar aTErcal il AR8u Thr Val Leu
Hi s 225230235240 & n Asp Trp Leu Asn Ay Lys GQu Tyr Lys Cys Lys Val

Ser Asn Lys 245250255
Phe Ser Leu Thr Ile Ser Ser val GIn Ala Glu Asp Leu Ala Ile Tyr
100 105 110

Tyr Cys Gin Asn Asp Tyr Ser Tyr Pro Phe Thr Phe Gly Ser Gly Thr
115 120 125

Lys Leu Glu Ile Lys
130

<210> 19

<211> 330

<212> PRT

<213> homo sapiens

<220>

<221> CONFLICT

<222> (239)..(239

<223> X at position 239 is D or E

<220>

<221> CONFLICT

<222> (241)..(241)

<223> X at position 241 is L or M

<400> 19

Ala Ser Thr Lys Gly Pro Ser val Phe Pro Leu Ala Pro Ser Ser Lys
1 5 10 15

ser Thr ser Gly Gly Thr Ala Ala Eﬁu Gly Cys Leu val %gs AsSp Tyr
20

phe Pro Glu pro val Thr val Sser Trp Asn Ser Gly Ala Leu Thr Ser
35 40 45

Gly val His Thr phe Pro Ala val Leu GIn Ser Ser Gly Leu Tyr Ser
50 55 60

teu Ser Ser val val Thr val Pro Ser Ser Ser Leu Gly Thr Gln Thr
65 70 75 80

Tyr Ile Cys Asn val Asn His Lys Pro ggr Asn Thr Lys val Asp Lys
85 95

Lys val Glu Pro Lys Ser Cys Asp Lys Thr His Thr Cys Pro Pro Cys
100 105 110

pro Ala Pro Glu Leu Leu Gly Gly Pro Ser val Phe Leu Phe Pro Pro
115 120 125
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Ala Leu Pro Ala Pro Ile u Lys Thr lle ser Tﬁ—%ﬁ?%%{s { F@'ﬁ#@@’ﬁ“i‘z&
260265270 Pro Arg Qu Pro G n val Tyr Thr Leu Pro Pro Ser Arg Qu Gu

Met 275280285 Thr Lys Asn A n Val ser Leu Thr Cys Leu Val Lys Gy Phe

Tyr Pro 290295300 Ser Asp Ile Ala Val Qu Trp Qu Ser Ser Ay Gn Pro

G u Asn Asn 305310315320 TRAL-WQ PERHENCEN}TISSABY 15745 Met Leu Asp Ser Asp

Gy Ser Phe Phe Leu 325330335 Tyr ser Lys Leu Thr Val Asp Lys Ser Arg

Trp Gr$ FBonuysl ¥spAShit duem@d@3d 52p0aRhehseroQylas &&T TWalcysbt His G u

Ala Leu18Ps Asn Arg Phe ¥ G n 3553603654Pys ser Leu Ser Leu Ser Pro

Ay Lys 370375 <210> 22 <211> 327 <212> PRT <213> hono sapi ens <400>

22 Aygn sah v ady 2B serPafs g8 Al pRNG1IPRATLEY: Ahé ABROTGYS Ser Arg
15101585 150 155 160

Tyr val Asp Gly val Glu val His Asn Ala Lys Thr Lys Pro Arg Glu
165 170 175

Glu GIn Tyr Asn Ser Thr Tyr Arg val val Ser val Leu Thr val Leu
180 185 190

His GIn Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys val Ser Asn
195 200 205

Lys Ala Leu Pro Ala Pro Ile Glu Lys Thr Ile Ser Lys Ala Lys Gly
210 215 220

GIn Pro Arg Glu Pro Gln val Tyr Thr Leu Pro Pro Ser Arg Xaa Glu
225 230 235 240

Xaa Thr Lys Asn Gln val Ser Leu Thr Cys Leu val Lys Gly Phe Tyr
245 250 255

Pro Ser Asp Ile Ala val Glu Trp Glu Ser Asn Gly GIn Pro Glu Asn
260 265 270

Asn Tyr Lys Thr Thr Pro Pro val Leu Asp Ser Asp Gly Ser Phe Phe
275 280 ‘ 285

Leu Tyr Ser Lys Leu Thr val Asp Lys Ser Arg Trp GIn GIn Gly Asn
290 295 300

val Phe Ser Cys Ser val Met His Glu Ala Leu His Asn His Tyr Thr
305 310 315 320

GIn Lys Ser Leu Ser Leu Ser Pro Gly Lys

325 330
<210> 20
<211> 326
<212> PRT
<213> homo sapiens
<400> 20

Ala ser Thr Lys Gly Pro Ser val Phe Pro Leu Ala Pro Cys Ser Arg
1 5 10 15

ser Thr Ser gau Ser Thr Ala Ala Leu Gly Cys Leu val ;gs Asp Tyr
25
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Ser Thr ser Gu Ser Thr Ala Ala Leu Ay OsHEFEVAR R SRR De@iL2sS
202530 Phe Pro GQu Pro Val Thr Val Ser Trp ASrl Ser Ay Ala Leu Thr
ser 354045 Ay val H's Thr Phe Pro Ala Val Leu An Ser Ser Ay Leu
Tyr Ser 505560 Leu Ser Ser val val Thr Val Pro ser ser Ser Leu Gy
Thr Lys Thr Page 10 P31. W3196@ 58a¢aack| kisitngd $T25 65707580 Tyr Thr

I r T I ¥$§.-859095 Arg
Al pggr%@sgragwm IE;H‘? \6%04? ot X9 ﬁ\gﬁs R 00109110
Gu Phe Leu Ay Ay Pro Ser Val Phe Leu Pile Pro Pro Lys Pro Lys

115120125, Asp Thr |eu g Thr Pr hr cys val val
val ?Lg‘b %1%6 Hep® Iprgeé”GiVﬂ1 a"-“ @é' *#r s (9] qa?u Bhe Asn Trp Tyr
Val

Leu Ser Ser val val Thr val Pro Ser Ser Asn Phe Gly The GIn Thr
65 70 75 80

Tyr Thr Cys Asn val Asp His Lys Pro Ser Asn Thr Lys val Asp Lys
85 0 95

Thr val Glu Arg Lys Cys Cys val Glu Cys Pro Pro Cys Pro Ala Pro
100 105 110

pro val Ala Gly Pro Ser val Phe Leu Phe Pro Pro Lys Pro Lys Asp
115 120 125

Thr Leu Met Ile Ser Arg Thr Pro Glu val Thr Cys val val val Asp
130 135 140

val Ser His Glu Asp Pro Glu val GIn Phe Asn Trp Tyr val Asp Gly
145 150 155 160

val Glu val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gln Phe Asn
165 170 175

ser Thr Phe Arg val val ser val Leu Thr val val His Gin Asp Trp
180 185 190

Leu Asn Gly Lys Glu Tyr Lys Cys Lys val Ser Asn Lys Gly Leu Pro
195 200 205

Ala Pro Ile Glu Lys Thr Ile Ser Lys Thr Lys Gly Gln Pro Arg Glu
210 215 220

pro Gln val Tyr Thr Leu Pro Pro Ser Arg Glu Glu Met Thr Lys Asn
225 230 235 240

GIn val Ser Leu Thr Cys Leu val Lys Gly Phe Tyr Pro Ser Asp Ile
245 250 255

Ala val Glu Trp Glu Ser Ash Gly Gin Pro Glu Asn Asn Tyr Lys Thr
260 265 270

Thr Pro Pro Met Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys
275 280 285

Leu Thr val Asp Lys Ser Arg Trp GIn GIn Gly Asn val Phe Ser Cys
290 295 300
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145150155160 Ay Val u val H's Asn Ala Lys Tﬁ Lys

Adn
Hi s
Asn
Lys
Gn
Val
ser
Leu
val
Ser

Phe 165170175 Asn ser Thr Tyr Arg val

val

G n Asp 180185190 Trp Leu Asn Ay Lys Au Tyr

Lys Ay Leu 195200205 Pro ser Ser

Bys 4

Asn Ay Gn Pro Gu Asn Asn Tyr

R0 Fods

VaI

1

ser

Phe

Gly

Leu

65

Tyr

Arg

Arg

Cys

Pro

145

Ala

Pro

val

Ser Val

Ile Gu Lys Thr
Ay An Pro Arg 210215330%yS§aesnsed 1$t0a9-ST9? Thr Leu Pro Pro ser

Tyr 300 ser Asp 245250255 Il e

pro G¥y

r

AYS

G

nmet Hs Au Al a
<210>
<211>
<212>
<213>
<400>

Ala ser Thr

Thr

Pro

val

50

Ser

Thr

val

Cys

Pro

130

Glu

Pro

LysS

val

21
377
PRT
homo

21

sSer

Glu

35

His

ser

cys

Glu

Pro

115

Glu

Pro

Glu

Asp

AsSp

sapiens

Lys

Gly

20

Pro

Thr

val

ASn

Leu

100

Glu

Pro

LYyS

Leu

Thr

180

val

Gly
5
Gly
val
Phe
val
val
85
Lys
Pro
Lys
ser
Leu
165

Leu

ser

Pro

Thr

Thr

Pro

Thr

70

Asn

Thr

Lys

ser

Cys

150

Gly

Met

His

o AG

E%fﬂ&ﬂjiiaﬂﬁ

Leu Thr Val Leu

Il e Ser

Lys Cys Lys val Ser
Lys Al a

NNV ywegleﬁ'l SRy lMs 2RPR3923R2HL AR T@rrb'i\‘za!&{ss%'ér Less Thr cys Leu

a val3a@u Trp Qu

Lys 260265270 Thr Thr

Pro Pro val

Pile Phe Leu Tyr Ser 275280285 Arg Leu Thr
Gn Ju dy Asn Val

Leu H's Asn His Tyr Thr

Ser

Ala

val

Ala

55

val

HMis

Pro

ser

Cys

135

ASp

Gly

Ile

Glu

val

Ala

ser

40

val

Pro

Lys

Leu

Cys

120

Asp

Thr

Pro

Ser

Asp
200

Phe

Leu

25

Trp

Leu

ser

Pro

ASp

The

Pro

ser

Arg

Pro

Pro

10

Gly

Asn

Gln

ser

ser

90

ASp

Thr

Pro

Pro

val

170

Thr

Glu

Leu

Cys

Ser

ser

Ser

75

AsSn

Thr

Pro

Pro

Pro

155

Phe

Pro

val
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Ala

Leu

Gly

ser

60

Leu

Thr

Thr

Pro

Pro

140

cys

Leu

Glu

Gin

Pile ser

Pro

val

Ala

45

Gly

Gly

LyS

His

Pro

125

Cys

Pro

Phe

val

Phe
205

Leu

Thr

val

Thr

110

cys

Pro

Arg

Pro

Thr

190

Lys

Ser

15

Asp

Thr

Tyr

Gin

Asp

95

Cys

Pro

Arg

Cys

Pro

175

cys

Trp

Arg

Tyr

Ser

Ser

Thr

30

Lys

Pro

Arg

Cys

Pro

160

LyS

val

Tyr

290295300 Cys
G n Lys Ser



305310315320 Leu Ser Leu Ser Leu @y Lys 328 =& BEISES.EGG1 2%

: P31.WO Sequence listing.ST25
val Asp Gly val Glu val His Asn Ala Lys Thr Lys Pro Arg Glu Glu
210 215 220

GIn Tyr Asn Ser Thr Phe Arg val val Ser val Leu Thr val Leu His
225 230 235 240

GIn Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys val Ser Asn Lys
245 250 255

Ala Leu Pro Ala Pro Ile Glu Lys Thr Ile Ser Lys Thr Lys Gly Gln
260 265 270

Pro Arg Giu Pro Gln val Tyr Thr Leu Pro Pro Ser Arg Glu Glu Met
275 280 285

Thr Lys Asn GIn val Ser Leu Thr Cys Leu val Lys Gly Phe Tyr Pro
290 295 300

Sser Asp Ile Ala val Glu Trp Glu Ser Ser Gly GIn Pro Glu Asn Asn
305 310 315 320

Tyr Asn Thr Thr Pro Pro Met Leu Asp Ser Asp Gly Ser Phe Phe Leu
325 330 335

Tyr Ser Lys Leu Thr val Asp Lys Ser Arg Trp Gin GIn Gly Asn Ile
340 345 350

Phe Ser Cys Ser val Met His Glu Ala Leu His Asn Arg Phe Thr GIn
355 360 365

Lys Ser Leu Ser Leu Ser Pro Gly Lys

370 375
<210> 22
<211> 327
<212> PRT

<213> homo sapiens

<400> 22

Ala ser Thr Lys Gly Pro Ser val Phe Pro Leu Ala Pro Cys Ser Arg
1 5 10 15

ser Thr ser g%u ser Thr Ala Ala Leu Gly Cys Leu val g%s Asp Tyr
25

phe Pro Glu Pro val Thr val Ser Trp Asn Ser Gly Q;a Leu Thr ser
40

Gly val His Thr Phe Pro Ala val Leu GlIn Ser Sgr Gly Leu Tyr Ser
50 55 6

Leu Ser Ser val val Thr val Pro ser Ser Ser Leu Gly Thr Lys Thr
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P31.w0 Sequence 1isting.ST25
65 70 75 80

Tyr Thr Cys Asn val Asp His Lys Pro Sgr Ash Thr Lys val Asp Lys
85 g5

Arg val Glu Ser Lys Tyr Gly Pro Pro Cys Pro Ser Cys Pro Ala Pro
100 105 110

Glu Phe Leu Giy Gly pro Ser val Phe Leu Phe Pro Pro Lys Pro Lys
115 120 125

Asp Thr Leu Met Ile Ser Arg Thr Pro Glu val Thr Cys val val val
130 135 140

Asp val Ser GIn Glu Asp Pro Glu val Gln Phe Asn Trp Tyr val Asp
145 150 ) 155 160

Gly val Glu val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gln Phe
165 170 175

Asn Ser Thr Tyr Arg val val Ser val Leu Thr val Leu His Gln Asp
180 185 190

Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys val Ser Asn Lys Gly Leu
195 200 205

Pro Ser Ser Ile Glu Lys Thr Ile Ser Lys Ala Lys Gly GIn Pro Arg
210 215 220

Glu Pro GIn val Tyr Thr Leu Pro Pro Ser GIn Glu Glu Met Thr Lys
225 230 235 240

Asn GIn val Ser Leu Thr Cys Leu val Lys Gly Phe Tyr Pro Ser Asp
245 250 255

Ile Ala val Glu Trp Glu Ser Asn Gly Gln Pro Glu Asn Asn Tyr Lys
260 265 270

Thr Thr Pro Pro val Leu Asp $er Asp Gly Ser Phe Phe Leu Tyr Ser
275 280 285

Arg Leu Thr val Asp Lys Ser Arg Trp Gln Glu Gly Asn val Phe Ser
290 295 300

Cys Ser val Met His Glu Ala Leu His Asn His Tyr Thr GIn Lys Ser
305 310 315 320

Leu Ser beu Ser Leu Gly Lys
325
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