READI LY | SOLATED BI SPECI FI C ANTI BODI ES W TH NATI VE | MMUNOGLOBULI N FORNVAT
FI ELD OF | NVENTI ON [ 0001] The i nvention concerns antigen-binding proteins or

ant i bodi esohaw/nsg79ket er odi mers of heavy chains, i.e., twoTiuspaogioebul in
heavy chains that differ by at |east one amno acid, that allows isolation
of the antigen-bindin rotein based a_differential affinity of an

i nmunogl obul i n heavy Dr\LYih%obATr’BgﬁlﬁgﬁcwcMTA?Q(?'E%mnogI obul i n heavy
chain toward an affini WT"'%—H}{F'WQﬁbQﬁH% FORMAEoncer ns

anti gen-bi ndi ng proteins (including bispecific antibodies) that have 1gG
CH2 andried® oemvgTIioN h different affinities with respect to Protein A

t hat al I ows rapid isolation by differential binding of the I regions to
Pr ot ei nl0R01BREGRURD CpUE07S ar)&wen%m"@sprate@smﬁlammmhaym hq%ifpé'mﬂr%s

carryi ng raankihnes, Pb. HM&I%@@%\&W ﬁa/avfy%alasttreart dffer BY ki B84 .0nd3 2R hei@s the
CapaCI t to 1nter act wth he i nmune ystem vi a nmechani sns that are

ant i genthphrlepeitpiaiion %ﬂﬂr@e?m -8ipging m@@@ hssed egipchiferemiat alfiaith '@ for cancer

are nongg Iobam IcR8in Hnt @Ch6dfidded ﬁ&gte@nﬁnmeglobmh@wcwm&ladray
overexpressed on the _targeted cancer cel When such anti bodi es bind tunor

cell's, @méfilmﬁar;?agﬁﬂitgaé?'Wﬁﬂﬁ‘%%@%@ﬁﬂ@rﬁ”t'@%ﬂ Pinpiae PESiEine §Rfleding (ADCC) or

conpl enﬁ%eoﬂ%%ﬂg@d?és) Gyt PO igd EW2EHIOH3S (dgfoRs Wﬂ%ﬁf%'ré/nt sERRRengus cells
of ten devel op nechani snms to suppress these normal i nmune responses [ 0003]

In r eceﬁ@@p%éﬁ Broteif f\dh@tsa”ﬁy@éam%@ﬁ'aaﬂraéy fHEfgrangal ALY Batd bR Pitke
t her apepit&sat hat have nore than one antigen binding specificity, e.g.,
bi specific antibodies. In the case of cancer therapies, nulti-specific
formats could all ow the possibility of using, e.g., one specificity to
target BAEKER@ENPe to a tunor cell antigen, the other specificity to

trigger @ ZEnrpt%ﬁ stap@Fnuit% %n o?lu@é @éf@'i f?hﬁq&&bhﬁﬁ sﬁg&fﬂﬁty%’rsat em

Bi speC| t1 bodi es may a se as rogate | nds
t wo- conipegeéat\tha@t es vl ﬁetheccape@léfdpmter@ybw@h@etlma’cunarséstﬁ@r\mn‘ieyh%&tws/at ed by

thei r ngtyralaoli b%ﬁmge Bni. tM%ﬁg};n renfly F%% §5Ib§|9§l thQ9BLRRE 1R GApONeENt s.

[ 0004] Nunerous have eve he art to address
t her apemnml@mghmmﬁieﬁlwfgc’f&ﬂmﬁme@flﬂyemﬁ)ﬂhémﬂeé@lwliv lpvergkerepsas &l thdi ng

specifi félrg%étg&caﬂggfa@énl ¥AhSHG RN v :S&dc"éseﬁmé Mr@ep?rtg% maP@ligueshiBb@)-ei ns that

are easy to produce and puri ossess favo le 1n"Vivo praoperties,
e.g., pHenandedideidai eysotapphopbiCa) @rp@mplﬁmehhti@ﬁﬁ@ant cytotoxicity (CDC).

Unfortunately, cancerous cells often develop mechanisms to suppress these normal immune
responses.

[0003]In recent years, efforts have been underway to develop antibody-like therapeutics
that have more than one antigen binding specificity, e.g., bispecific antibodies. In the case
of cancer therapies, multi-specific formats could allow the possibility of using, e.g., one
specificity to target the molecule to a tumor cell antigen, the other specificity to trigger a
response that is not normally available to the immune system. Bispecific antibodies may
also find use as surrogate ligands for two-component heterodimeric receptor systems that |
are normally activated by their natural ligand when it binds to and brings together both
components.

[0004]Numerous formats have been developed in the art to address therapeutic
opportunities afforded by molecules with multiple binding specificities. ldeally, such
molecules should be well-behaved proteins that are easy to produce and purify, and
possess favorable in vivo properties, e.g., pharmacckinetics appropriate for an intended
purpose, minimal immunogenicity, and, if desirable, effector functions of conventional

antibodies.



pur pose, mnimal inmunogenicity, and, if desirable, effector functions of
conventional antibodi es.[0005] The nost strai ghtforward way of producing a
bi speci f iwoantwisoy (expressing two distinct anti bodi esPCh/us26n0/0¢0028 cel | )
gives rise to nultiple species, because the respective heavy chains form
bot h hono-_and heterodi ners, but only the heterodiners are desired. Al so,
the | i §PPOBITHe st straighifonyandenayiiprodusie s RisRacHicany bodye¥prassing il es of

f or mat gdiR@tanabdfEPh a%?ng‘#é‘@él?%%e& hes & rI%FR‘EieE‘éEEubQ k&@cﬁlﬁ&é BBledpRY¥fiAr €

descri bed bel ow. [0006] One format, used Bi specific T cell Engager

(Bi TE) ﬁBYYe@West"@%E@h hemg:- a”%?ﬁero@“erét bLﬁIO”'Y(t298§99rQ§*mefsﬂr§é@%’ﬁdy Today
10: 123 Aysk2 ¢ ikght érﬁj ﬁ@a%?‘éhéms ﬁia@ﬁb'aﬁ lrﬁiﬂﬁkdbn\é@y a@é\%re\cl "eQQMBI@E of RfhMts tRAduUl es.

An scFv consists of an antib %ﬁc ain variable regions
fused @t&@mat tpleé‘ﬁfeélséhqsier?k‘ét?‘emm %ﬁer@eﬁféwmde% 8IPglodppr opri ately and so

that t *[Godiﬂ@n%ﬁérn%%s%% B@ﬁec@f%ﬁ“@éu%r@&geg@”r E)%ﬁbJLﬁe§@@€aé §NAIMHSEL WO

scFv's of different specificities in tandemon a single chain (see FIG

1A) . TH¥ 8/ 60RP] Gugdlisenvepr Eadar d 85 281d 2pf o dei beseshorosingieicbeinlveraif t h t wo
copi es RfmhEsSANBndMRRLY AR YRSiEabl &h BRHRYs libR a%@q{etawehanﬁ D&ridpidker

configuration s’ designed to ensure correct pairing o respective |ight

and he#&sgonsfuserkvia pdeppieTinemivinchiasnaglly ﬁ%foécéwgwnaa@lx aad/a@.t@gté@ First,
scFv mplecid &5 b’?‘rﬁcﬁth@%@ﬁét@‘éﬁt@éﬂ A BRIEN cdneRERREY th Qs FIY GUftRentANd al t hough

t he i nmunogenicity of Sckv Iinkers 1s reputedly low, the possibility of
gener atSPecificiesiibiiides ayapingle caaipi (T E'&nﬁéﬂ Heis confisyrasion pradhelesiience of an

Fc por tp‘r&ﬁhch&h SthiolEkul&s \R/HH %co%'ie%%f%@aﬁné Héav?tecrh!alﬂ‘\}éﬂ%le rédién VRI'y short,

and this necessitates the conplication of frequent repeated adm nj strations
or contaidiahluermémiE bites Foiovradion isaRsnetitn anpguse C@nﬁ@t@%ea@éth@fremcm ighs o

i mpl i eyl hea@bsfiee of Fc-nedi ated effect or functions, which may be
beneficial 1n sone circunstances. [0008] A second format (FIG 1B) is a
hybr i d [890H The (EEE tnmabhasatevatahdishdratacgnt FiseidgchVvaneleewes ere nofprigus for

modi 1| S8 ey SORYFELEN Ao BIRSEhInA AR bAIchkiF Bf QTSRS ARKOLBEG, ©

Li ndhof e Int |sformat a
nmouse m;mefe persitdity aft 9ang@ibg antibasirpagginst pEotu eathot bgetlwépuh dhehe same cel |

(e 9., Bbdheroran Fa epgrtew.ﬁ)% BitE irQ a‘PEIsB‘P@ak@mE'sgl%Wﬁalf-ﬂé vgg £BAi Hrered CHO

el ls). Because th chai ns of each antibody associate preferentially
WI th t s neeaﬁylt%ﬁethescomph@ﬁemof fegurnt éepeeée@@%wmémtwnﬂw gentidugys nct speci es

of ant 399&% G %;ﬁﬁnésﬁﬁéﬂ% ﬁ’% abks8fcd HRANARY LY Apligd) f%%édlated :

het erodi ner o two ant |es conpri si ng one Leavy t chain pair of
each, &§sdel nstipgsviviich H@Nrbeﬁ@nﬁﬁﬁ@h"bﬁ@“ewf@ﬁé%ﬁqeéd het er od| mer can be

easi | y(g??'(?& fA see@o{»é %&EGOF?GW tué‘h%y? @f%ﬁobééa%&ﬁét%rﬁ%ﬂ%@@ﬁd} Qnfrotein

A are rent romt arent al ant
relies on a modification of conventional Protem A affinity chromatography (see, e.g.,

Lindhofer, H. et al. (1995) J. Immunol. 155:219-225)). In this format, a mouse I9G2a and a
rat IgG2b antibody are produced together in the same cell (e.g., either as a quadroma fusion
of two hybridomas, or in engineered CHO cells). Because the light chains of each antibody
associate preferentially with the heavy chains of their cognate species, only three distinct
species of antibody can be assembled: the two parental antibodies, and a heterodimer of the
two antibodies comprising one heavy/light chain pair of each, associating via their Fc
portions. The desired heterodimer can be easily purified from this mixture because its
binding properties to Protein A are different from those of the parental antibodies: rat IgG2b
does not bind to protein A, whereas the mouse IgG2a does. Consequently, the mouse-rat
heterodimer binds to Protein A but elutes at a higher pH than the mouse 1IgG2a homodimer,
and this makes selective purification of the bispecific heterodimer possible. As with the BiTE

format, this hybrid format has two monovalent antigen binding sites.



does not bind to protein A whereas the nouse | g&a does. Consequently, the
nouse-rat heterodi mer binds to Protein A but elutes at a higher pH than the
nouse | gG%@ 2hovmsdiiorer, and this nmakes sel ective purifi caCrars2e/oddves

bi specific heterodimer possible. As with the Bi TE format, this hybrid
format has two nonoval ent antigen binding sites.[0009] The di sadvant age of
t he nouf®GAThedispventagetdfdhe tersaisehylirid is theo hetrusar,is hon-hsmbh Kels yikélp

i i i . i coyl.d have del eterious
0 oy oke e eSO A Ay USSR LA
t her ape(f-¢.c HAMFS DO AARA] redctfamsirang/or eé@ralied thecthampititobs- i nt o- hol es” (FI G

10, h i ed prior .art as, entjally useful for the

or oduct Fan I GHEEHRSP it ed st Bansit ATERBE) Fesbeft fagissed i e

st r at egyriontateasHoterdiatly osefulddr thewraiutiidroati ispeaifie aemﬁid:me(usdvét@ntgwg ong a
C ' N compl eneptary "hole. " n produced in

Phe samy S2ff O i 8Bt o REbola B RE M Riat e Rrbarroigele one &

het er odPiegkding dtrieér, anddine bibapa complsmebianadweci atienrprodudelien grgaRrReterd

"knobs" ;i : i N ST of coarrect |ightheavy chain
pai r i ngth\aglr%g\é% r é‘gsggg%%@r tgﬁcr)ecfgri%hga é?%”ﬁ@%?%’&”?‘?{af ath?\v&aﬁl?‘g‘?‘@ ! . by
speci f i @¥ocesomefitherpbiogeredektobsavit ihglengleaiedsholbO0 Issieshe cehranttytant age of

this f hSint t . i - v St can.result in.
product | o) of B Pafing € aa S8R LB oy SR 8N ekt dpe s
necessi Ptsnoy identisel lightiehdincati on steps. This difficulty is exacerbated by

i oy e nearly . identical to the desired

speci ool s e FRRIAT Bt L S0E STk o Bl e Piethagh fnoc
pot ent i Rliobyctios of msignifigenti amount chwrsiesittee hurhaﬁi';r@nes tW@M@éQ@tiﬁ@@(ﬁfh?ﬂObS" and
" "o f orel gn . . 1 There remains. a need for a
oi spoci 7L CAR s, °F A eSO DG ety BY Bl o he i Een PO "B Festone,
t hat m aremezeysideotinal tr thaldesiodd s{pfeeieeliirsmdwmftiagiesrdﬂ?&ﬁte'sogﬁé eagi_ﬂt‘@red !?z}lfﬁhEF

SCRI P, =_Fl 1 FILG illustrates three bispecific
gﬁt i bod’;rf‘rl"%*rs nﬁ?t}!#ﬁ?'&)b%@e%gg?'g’] BECRYY t%Erﬁ‘aﬁa"é‘%“s(Pé‘? ing fb%)knﬁggsaé‘-dRat
Hybr i d; "hated’ infr@juc€rfoteigni seinoetdmses with a common i gh]'E I(;hai n. [00141: EI G 2
i dification.. . i t . Fc regions o unan
oG (R s 5ANG T o &grREre ooy aia o Pikua fe raggpestc
modi f i carpiicationé Bhataminahieemedroe olepr dsientissdvantagts aentiektipdbspeci fic
anti body. [001 5] FIG 3 illustrates an alignnment of human CH3 domai ns

wth e ore Ao ThEMGBRES odi f1 cat i on, as vel I as oG, 008 6]

FI G 4 [00d8kFIa. Pilnkeatas Aredbipecifid #tBodPforha@! gt isNpetfic B SReFighis

ant | bOnglelsE); (%r)](RX\on-urs]g-Rat Hybrid; and, (C) Knobs-into-Holes with a common light chain.
[0014]FIG. 2 illustrates the FcAAdp modification: (A) Alignment of Fc regions of human
IgG1 (SEQ ID NO:1) and IgG3 (SEQ ID NO:3), showing boxed FcAAdp modification; (B) a
schematic representation of an FcAAdp bispecific antibody.
[0015]FIG. 3 illustrates an alignment of human CH3 domains (employing IMGT exon
numbering and EU numbering) of IgG1, 19G2, and IgG4, with and without the AAdp
dipeptide modification, as well as IgG3.
[0016]FIG. 4 shows a Protein A column trace for isolation of bispecific antibodies, showing
an elution profile utilizing a step gradient.
[0017]FIG. 5 shows IL4-Ra and IL-6Ra BIACORE ™ binding profile of eluted column
fractions from the chromatographic separation shown in FIG. 4. Antibodies in fractions were

captured with immobilized anti-Fc antibodies, and then soluble IL-4Ra or IL-6Ra were
assayed for binding to the captured antibodies.



an elution profile utilizing a step gradient. [0017] FIG 5 shows |L4-Ra
and |L-6Ra Bl ACORE(tm) binding profile of eluted colum fractions fromthe
chr omat ogvaphiwiss®par ati on shown in FIG 4 . Antibodi esPCh/Use@o#@Rs wer e
captured with i mmobilized anti-Fc antibodies, and then soluble IL-4Ra or

| L- 6Ra assa ed for binding to the captured anti bodi es.[0018] FIG 6
shows a\fﬁl ?"Fﬂé‘ﬁ EPA R Plenaic mWIIGFQDKUBCM@m}meth aamlbodyqd_y6RA/IL-

(1L 6RO amAAd oFRRMAR (ORRy e L SEPLUE RO yam 1 9GL ant Tbody

with wl guence ecific
ant i bod?eql{@@@; (IQ]4H¢ILGR)7amd ausmtrcamoepbédnfmmb@dy a CD20xCD3 DAdp bi specific

d llin illustrates st ander
ol (2808 TSI hes Mgk O TR b REsB DRSPS B SeP I & el BOdyIng 0021
FI G 9 sbeays results for expression experinents using ]Eil Lfter enéI nc
het d stern bIot of pH separation o eterodi nmeric
meggzg/ :I,Q%gﬁgﬁ#ﬁmﬁr b BRI FEIL(2RPYfebag asray hétdbe FEROXCPYRAPTTTK;
Panel Bbispésfiesmibblipt of pH separation of heterodineric mg&a/nl g&RaTTTK

from ho ric mg&a and honodimeric | g&aTTTK, IP = input; FT = flow
t hr oughf&(%ﬁ%%egcﬁwg’smws(ﬁlrﬁxpgsspﬂ expjmertts Using Hiffesant elFisthetarodiz@rarM Na

citrat ePaﬂeiM Merﬁﬁléof’bb{ sEEaranﬁP&g{é@?rS& H‘Fe'rlg?njéé%\m&aﬁﬁ@t ory 1M NaCI

57% pH 5 + 43% pH Citrat M NaCl
2.6). [ wg?wr@m'q@% ﬁde§@m9@'@§rlpigé$2@«PérrTfﬁKaPam@wemn@fothepner odi mers of

mut ant h&ﬁ?ﬂ:dﬁ\/&%efe%dﬁé#t@ﬂi&fzﬂﬂwﬂﬁmmﬁnpﬁo Fedrik ﬁﬁédfae$ Q(e g., mgRa

andm | g3 usin construct uct 4:1. Lane 1:
IFNAngP FfN%@al TJEL P T fypet; £T:= ﬁlwmughg@@a* BEadARAvdsy GRaFBT;pH.ane 3:

| FNARL- 17953@1 4 mn&g @HWI_NS 01@861 i NW?Z’O@? AOE%%IO Q%aﬁ’/g%rgsed

Lane 5: e nventivon |

at | eas?'tr?tﬁ E)M Naﬁh%%ﬁﬁ)?ﬁrfg‘??t%mﬁ 2B FS bhd elutioCHD miaNy civhiw, h M bast ant
domai n pleguynces that differ by at |east one amino acid in a bispecific
antigen n rotein. The at | east one amno acid difference results in
an i npr Hﬁ’@t%i t‘ﬁg I1Bt”9=‘3’ﬁr6teﬁ§€ﬁf%[?éﬁql frsmation ef mtedodinzaus of thndigD‘Zeroaa::e results

in a difofarm drdleteddd; hb?syof%xxéch@o%gs g}n B E} | n%%ﬂwc housll%lg EN%&aaf finity

agent . %0024] In one aspect, an a g prote 'S pro
conpr i stHgtractFNAR2 &ﬁ@ﬁtwcb@@@ﬁm ﬁoIL?p@rit EFMR%—IIgéBZ{aIIFNARM@pemhede

conpri SiNFARLIGEILNNARTI S aTHE; CadeEsMERAR 18654 TFNAR IR RA Y 4.
IFNAR1-lgG2a:IFNAR2-1gG2aPTTTK; Lane 5: IFNAR1-gG2a:IFNAR2-IgG2aRF.

SUMMARY

[0023] The invention is based at least in part on employing two immunoglobulin CH3 heavy
chain constant domain sequences that differ by at least one amino acid in a bispecific
antigen-binding protein. The at least one amino acid difference results in an improved ability
to isolate the protein, because the difference results in a differential ability of the CH3
domain sequences to bind an affinity agent.

[0024]in one aspect, an antigen-binding protein is provided, comprising a first and a second
polypeptide, the first polypeptide comprising, from N-terminal to C-terminal, a first antigen-
binding region that selectively binds a first antigen, followed by a constant region that
comprises a first CH3 region of a human IgG selected from IgG1 (SEQ ID NO:1), IgG2 (SEQ
ID NO:3), IgG4 (SEQ ID NO:5), and a combination thereof: and, a second polypeptide
comprising, from N-terminal to C-terminal, a second antigen-binding region that selectively
binds a second antigen, followed by a constant region that comprises a second CH3 region

of a human IgG selected from IgG1, 19G2, 19G4, and a combination thereof, wherein the



region that selectively binds a first antigen, followed by a constant
region that conprises a first CH3 region of a human |gG sel ected fromlgQ
(SEQ I D Noo2pro/isg@ (SEQ I D NO 3), 1gG&4 (SEQ ID NO 5), and/ts2eiombionstion

t hereof; and, a second pol ypepti de corrpri sing, fromNtermnal to

C-terninal cond antigen-bin regl on that selectively binds a second
ant i gensegogpwi@gw C&”@B‘%‘%ﬁ %m"dfﬁ@@ Bhihehygt uessiselivewtes kindivmef e r egi on
of a husesont@biBedresih edplotammal g3 , 19g&, 1g&4, and a conbination thereof,

wherein cond eqgi on conprises a nodification that reduces or
el i ni na[i@ heley" d”f“ﬁfg DESSRRNCERS drgien PPMRTISEE BN &SR Medii@61by n one

embodi menGT e&dﬂﬁn@ﬁﬁ@ﬂ@ £3ER bR UONTRE). Slﬁ%némegérﬁb%mgm (ﬁ?etée%BPlcg BY;a! MGT

exon nunberin EU nunbering). 1n another e e second

CH3 r egfeé"tLPnf Hg?‘?{éro”}?{i 7 965 "@dé’Gﬁt'WdH\"ﬁTcé@qFoW EWMAT:spagBFemyodivents| n

speci f i thearbost OBBISgion REcEREQATHNCEBQ IBINOD, SEQS@ l@@t4egn<§ 5eq I%%?D NG 2,
and SEQ | D NO. 6. [0026] In one enbodi nent, the second CH3

I D
rsggl on E@"’%ﬂ BrAng sRRAGMeR. hasaseNel3 (s s HoNe pedifieddumant @t (So@HPi ses a

Todi {1 CRODRawet Radatbnlas b b dicatish I\ﬁé&ﬁb@é&%@grﬁgr\?@égﬁqs.ét%g'\é{f/@‘ggsbyKEEJ)N
E/(S)(Y)g/l?] al?%'\zﬁ%‘l%awn)éﬁ“” Q%V%?éé'M@T E50Fegh B, INBBHE OB MDA Medndiunan

)4 d furth ses a nodification selected fromthe
L?%p(f&mﬁ:ﬂ? éf %243 u[<52ﬁ|r g(r)lgp{/|82l (I MGT; N384S, K392N, and V422l by
EV) . 8)2% T'I”r?“@r?én@l%%it nféﬁtsecqnﬁi&fé%mma l@:mm@g]odmed $ufraong @2 mmi? eg
h I r ecte
flrjon?nnt hlg@‘]ﬂr)(()aﬁ%@uup cgllr;]%sr:%stl nlseéié‘%ofdﬁlcém{se?&[ﬂ% féﬁﬁ%{;g%g&é%ﬁﬁ% 'nggg’nd Va2l
(1 MGT; Rnd &@éh@;'\"@lzzélg&ﬂsv%m ard ygRe| wAYQ and V42ﬁ| by EU). [0029]

| t at C
'32q82ﬁc§’?2§? iR lemibofnertineRBRr Gif: foofch FRIs fAJRLR hBh | GLRERE v
| g, [NOFane féWéef@ﬁﬁ@CIEWWOdtﬂh@th@I%i%mfmmlthse gmomhwmlmglogehmr?rgrergna
&2, ousdwkean 9, REsk (v cahl YRr BBt AEsBR LS TUbHIa oI

CHL donmi n and a donmai n, Wherein mai n -a omain are
i ndepenfd&f; )E%%@e@”tde\d‘*a‘?ﬂ byEhe group consisting of a human 1gG CHL or CH2

or 3 CHUSZIHTRRe caEach e B SR Y o HinPuE M TBR iRt AP MRS TgeoriaGe ©
domai n Qfﬁwgotmpfﬁa@ﬁ?wmmrfaﬁﬂﬁumn llg@rzlhd:rgéieﬂlgﬁs andlhumemigJGJ, gG3/1g&4 or a
o OSSP B RGE oS ORGR R, 558 TG g
domai ndg&f eanvidhi antigeogiendiog protein further comprises a CH1 domain and a CH2 domain,
wherein the CH1 domain and the CH2 domain are independently selected from the group
consisting of a human IgG1 CH1 or CH2 domain, a human IgG2 CH1 or CH2 domain, or a
chimeric human/human IgG1/IgG2 or a chimeric human/human IgG1/19G3 or a chimeric
human/human 1gG2/IgG3 domain or a chimeric human/human 1gG1/19G4 or a chimeric
1gG3/IgG4 or a chimeric IgG2/IgG4 domain. In a specific embodiment, the chimeric
IgG1/19G2, 19G1/1gG3, 1gG2/1gG3, IgG1/IgG4, IgG3/IgG4, and lgG2/IgG4 domains are non-
immunogenic or substantially non-immunogenic in a human.
[0031]In one embodiment, the antigen-binding protein further comprises an immunoglobulin
light chain. In one embodiment the immunoglobulin light chain is selected from a human
lambda and a human kappa light chain.
[0032]In one embodiment, the first and the second antigen-binding regions each comprise
at least one CDR, in another embodiment, at least two CDRs, in another embodiment, each
comprises three CDRs. In a specific embodiment, the CDRs are from an immunoglobulin

heavy chain. In another specific embodiment, the heavy chain is a human heavy chain.



or substantially non-imunogenic in a human. [0031] In one enbodi ment, the
antigen-binding protein further conprises an i munogl obulin light chain. In
one enbodwoento/tsh2i nmunogl obulin Iight chain is sel ect @dTfusemoa4tosran

| anbda and a human kappa |ight chain. [0032] In one enmbodiment, the first
and the_s nd antigen-binding regions each conprise at least one CDR in
anot her [%ﬁ%&ﬂ‘i GRerfmbogimend e fitshgniiemshinging medtrheompsisbo difirat frimueegitbulin

conpr i skSavy Rh&R VeRRSe dbMaf, BREHe!detofdTRARERRHd: Ja-g@@&_ Al& 4 Lagnan .
[ mn*rEnogJ ogzl [ n] heavyechaia.n. In aengt%_er sgeci [ ?:ngteng'g [ rreﬁt, t%_e %avy chain
is a hufRRUTRSiRPY It heav . chainaTiahla deméinenbodi ment, the first antigen-bi nding
regi on UBA s éntddldnt] tﬁBMFk?Qh&’%'ée’&oﬁt?ﬁNMu&dg;%bﬂgP{ ﬂ%érﬁbéh%inqgarﬁ?blg’ and
the second antigen-binding region conprises a second | munogl obul'r'n heavy
chai n vERMPt aredperiendeftyceisctadframe nearse diatevamstar habbit, meenkendapeheng econd

i mrunogh @k femAgavy chain variabl e domains are independently sel ected from
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hunman FIR0BE]la onerembodiandny, theifiest end thermenoRMHQ@FHbulimheny cbaibodiiasat , t he
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plh;;te '] ré(}ﬁ ;grggl}'rsp?e(r%%5| ngﬁgﬁ%'ﬁg\gﬁlr%!?'?gﬁ)e% egt SWEO?'H}enﬁé%ecWr(}%/q eﬁf%evar d an
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variable region genes. In another specific embodiment, the one or more human
immunoglobulin variable region genes are present in the non-human animal
extrachromosomally, as a replacement at an endogenous immunoglobulin locus, or as a
transgene randomly integrated into the genome of the non-human animal. In one
embodiment, the first and/or the second antigen-binding regions are obtained from a
hybridoma or a quadroma, in another embodiment from screening immune cells of an
immunized non-human animal using cell sorting.
[0038]In one embodiment, the antigen-binding protein is a bispecific antibody. In one
embodiment, the bispecific antibody is a fully human bispecific antibody and has an affinity
for each epitope, independently, in the micromolar, nanomolar, or picomolar range.
[0039]In one embodiment, the antigen-binding protein is non-immunogenic or substantially
non-immunogenic in a human. In a specific embodiment, the antigen-binding protein lacks a
non-native human T-cell epitope. In one embodiment, the modification of the CH3 region is
non-immunogenic or substantially non-immunogenic in a human. In a specific embodiment,

the modification of the CH3 region does not result in a non-native human T-cell epitope.
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another specific embodiment, bystander celi killing in the assay is measured across a
concentration of bispecific antibody of about 10 M to about 107 M.

[0043]In one aspect, a method for making a bispecific antibody is provided, comprising:
obtaining a nucleic acid sequence encoding a first immunoglobulin heavy chain comprising a
first variable domain that recognizes a first epitope, wherein the first immunoglobulin heavy
chain comprises an IgG1, 19G2, or IgG4 isotype constant domain, or a chimeric isotype
constant domain thereof; obtaining a second nucleic acid sequence encoding a second
immunoglobulin heavy chain comprising a second variable domain that recognizes a second
epitope, wherein the second immunoglobulin heavy chain comprises an IgG1, 1gG2, or IgG4
isotype constant domain, or a chimeric isotype constant domain thereof, that comprises a
modification in its CH3 domain that eradicates or reduces binding to Protein A; obtaining a
third nucleic acid sequence encoding an immunoglobulin a light chain that pairs with the first

and the second immunoglobulin heavy chain; introducing the first, second, and third nucleic
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hydrolysis of a second messenger; cause proteolysis; cause redox signaling; cause
translocation of a protein to a cellular organelle (e.g., to the nucleus); cause the receptor to
aggregate (with itself) to form homo- or (with other receptors) to form heteromultimers; or
cause the opening or closing of a transmembrane channel.

[0049]In one aspect, a method for making a bispecific antibody is provided, comprising:
isolating a bispecific antibody of interest from a quadroma, wherein the bispecific antibody of
interest comprises a first heavy chain that is an IgG1, 1gG2, or IgG4 isotype, a second heavy
chain that is an IgG1, 1gG2, or IgG4 isotype having a constant domain that comprises a
modification in its CH3 domain that eradicates or reduces binding to Protein A, wherein the
bispecific antibody of interest is isolated using Protein A.

[0050]In one aspect, a method for making a bispecific antibody is provided, comprising a
step of isolating from a disrupted cell or a mixture of antibodies a bispecific antibody having
differentially modified igG1, 1gG2, or IgG4 CH3 domains, wherein the differentially modified

CH3 domains are non-immunogenic or substantially non-immunogenic in a human, and
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(e.g., phosphatase activity); cause phosphorylation of a lipid to forma
second neseengersi7oeause hydrol ysis of a second nessengePCTABRGIO/040028
proteol ysis; cause redox signaling; cause translocation of a protein to a
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modi fi e[r00i5§]l?1 omgleingo%dﬁ'@éntt, t% d%re%ltlal%/ r'ncr)]cei’ fieE Eladmgrpr(ﬁelaﬁaelldtgse ateaa;glzl %f about
4.2, whereas the unmodified binding protein elutes at a pH of about 3. In one embodiment
the differentially modified binding protein elutes at a pH of about 4.5, whereas the
unmodified binding protein elutes at a pH of about 3.5. In one embodiment, the differentially
modified binding protein elutes at a pH of about 4, whereas the unmodified binding protein
elutes at a pH of about 2.8-3.5, 2.8-3.2, or 2.8-3. In one embodiment, the differentially
modified binding protein elutes at a pH of about 4.2, whereas the unmodified binding protein
elutes at a pH of about 2.8. In one embodiment, the differentially modified binding protein
elutes at a pH of about 4.4, whereas the unmodified binding protein elutes at a pH of about
3.6. In these embodiments, “unmodified” refers to lack of a modification at 435 (EU
numbering), or lack of a modification at 435 and 436 (EU numbering), on both of the CH3

domains.



metal. In a specific enbodinent, the ionic nodifier is sodiumchloride.

[ 0053] In one aspect, a binding protein conprising an Fc, wherein the Fc
conpri seswa@20iws179CH3 dormain that is nodified as descri ped/usesiiosoand a
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The light chain constant region comprises one domain, CL. The VH and VL regions can be

further subdivided into regions of hypervariability, termed complementarity determining
regions (CDR), interspersed with regions that are more conserved, termed framework
regions (FR). Each VH and VL is composed of three CDRs and four FRs, arranged from
amino-terminus to carboxy-terminus in the following order: FR1, CDR1, FR2, CDR2, FR3,
CDR3, FR4 (heavy chain CDRs may be abbreviated as HCDR1, HCDR2 and HCDR3: light
chain CDRs may be abbreviated as LCDR1, LCDR2 and LCDR3. The term “high affinity”
antibody refers to those antibodies having a binding affinity to their target of at least 10° M,
at least10'% M; at least 10™"" M; or at least 102 M, as measured by surface plasmon
resonance, e.g., BIACORE™ or solution-affinity ELISA.

[0059] The phrase “antigen-binding protein” includes a protein having at least one CDR and
that is capable of selectively recognizing an antigen, i.e., is capable of binding an antigen
with a Kp that is at least in the micromolar range. Therapeutic antigen-binding proteins (e.g.,
therapeutic antibodies) frequently require a Kp that is in the nanomolar or the picomolar

range. “Antigen-binding protein” also includes a protein comprising a first and a second CH3
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(FR) . E&ePNA% %\ﬁlﬁe'\?n P@t%rbﬁ'b't%@d @metha@éle@bﬁscfan@teﬂromanpmﬂun@admd from

am no- tﬁnﬁ'ﬂr@@ ah‘@s@ﬁ”bhﬁéﬁ%'(ﬁ&ém- BHSorhéL) Elg%ﬁfsvmeké?mr{égpcﬂ%ggﬁdes cﬁ%he dlgﬁal

FR2, 4 (heavy chain vI at
HCDR2 a#8 fqlm:@'yneipaq*ﬁs féﬁfa(POrﬁanBR@ rﬁﬁ%ptwecan@ﬁévﬁ Qitedi9and compRIENt, WEDFR and

LCDR3. th i i bodi es havi ng
a bi ndltngﬁ%%rﬁﬁr?%yntggt ﬁ\equr@b%g?sgwdo%&g%equgggé&& 9|n&§9$gce%fbgastl o0 M at

| east 1UOV60]1 e rirass bispasific atibpdy Npcladesnasaaniibedy g@paﬂﬁcﬁf@e@cp\r%mwng
resonangg.or fndle epu%ﬁ%%%@emlc ?ﬁt é)%glegtg‘eﬂg'raﬁ\j Eérﬂbr@é t@bldﬁf%rer[tq)\géxgl chel Phr Sse

“antigen-binding protein” inc rotel n havin
t hat | sWithagrabheasyt chan émmfwgllwbln@la@g iffeireny e@ﬁomﬁm—ﬂg@ OnltW@dlffer%\t capabl e of

bi ndi n%@i@cmﬂ@é {egfnaﬁ‘ﬁfg%ndaor%‘?tﬁ@é’émé ﬁ"\o?etcu!ee(@%I dritnd ngg]a%% range

Ther apeutic an en-b rotelns ) ‘herapeutic es)
fr equerh'mﬁcrﬂé@ntlwyas Rartarbéﬁ of|%!acthlmblniah'ag@mﬂ@fsre@t emlto@epu(@tmbmtope ange.

" Ant i gefsioRdicBo Ry, QEgbﬁ‘mlt)ﬁbﬁtﬂe king hy schampf %@'fl%t%@@@f wil :ég?@raa)’ %égt and a

second CH3domal n as descri herein | rst
recogni l?@%ﬁ“ﬁmorpré'ﬂfée&rM@Fﬁ?ﬁ)@bﬂé@m’fuw 'qV\iegélmh the etigity of e flds(bhaaw

wher ei nepiaherof iheStcdH P iioPe Mnd ViR 4. eﬁ%lt@b@rgggﬂi%ﬁy@fﬂet esfgond

protein or ligand recognition domain each | ndepen recogni ze the sane
pr ot ei rANGPOYY GRARE orvihetsgfist K difsredigaiosk(et heorsthinsapestr @ diffefﬁﬂtlﬁrgfém or

each i rglepesRentibddidLENIH %@dé‘ o dxlaBipRN by QBP}E%@ Rav 'cgé\ﬁgtha hgﬁ@ém l'e of

such protein is an inmunoadhesin, conprising a fusioh protern tero- or
homo-) Hifarent apfierss of thnea o PYssh: iFoesxaspPie Hulckinesid sequenaes erogBdy pept i des

that comuy §ﬁ’at1@véW&&{ueﬁ%ﬁﬁﬁ@&o@ﬁz@dlﬁérgﬁt%xtﬁﬁ Qﬁ@ amg"gﬁ{ Sntahhe
|Igand Conponent conpri ses an am no aci d sequence t I nds a receptor

[0060] PEfEs§hicduisleiqrcihErIUENeesRtcPBInE WiiTerert Ih@@é/sc%‘@ﬁ‘ wta@bm@x@apam e of
sel ect ig(gh ¥ebidhdedgarl M@e%reégérder‘n gRER %?éxpr&s%@%'xﬁwhﬁjnagibb@ﬁqggg?r%ﬁﬂ% al 'y

conprise two different heaV}/ chains, with each heav aln s ically
bi ndi ngYRicaliPispesitinantiisry Hpeivg hervy chans sacrdnaving @rﬁe hrsveehais £ORs, g

ant i gensllovld BNNLBEAATE dHRlBRE) 8 d18t BomaiRNa hil§e SREBI2 ka8 Bhd al(‘fHIfjl
domain, and an immunoglobulin light chain that either does not confer antigen-binding
specificity but that can associate with each heavy chain, or that can associate with each
heavy chain and that can bind one or more of the epitopes bound by the heavy chain
antigen-binding regions, or that can associate with each heavy chain and enable binding or
one or both of the heavy chains to one or both epitopes.
[0061] The term “cell” includes any cell that is suitable for expressing a recombinant nucleic
acid sequence. Cells include those of prokaryotes and eukaryotes (single-cell or multiple-
cell), bacterial cells (e.g., strains of E. coli, Bacillus spp., Streptomyces spp., etc.),
mycobacteria cells, fungal cells, yeast cells (e.g., S. cerevisiae, S. pombe, P. pastoris, P.
methanolica, etfc.), plant cells, insect cells (e.g., SF-9, SF-21, baculovirus-infected insect
cells, Trichoplusia ni, etc.), non-human animal cells, human cells, or cell fusions such as, for
example, hybridomas or quadromas. In some embodiments, the cell is a human, monkey,

ape, hamster, rat, or mouse cell. In some embodiments, the cell is eukaryotic and is
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bi specific antibody is capable of selectively binding two different
epitopes (a first epitope and a second epitope), the affinity of the first
heavy chawo 2bwvisitye first epitope will generally be at [PERAIS2@004G008 t Wwo oOr
three or four orders of magnitude |ower than the affinity of the first

heavy chain for the second epitope, and vice versa. The epitopes recognized
by the sflegeaiomihaiiowsagelsarche (@a. QO KaneXBr1 1:LHOT VegamEHQArged (e. g.

on the @aggec@s 7, r@hﬁél%él@%r&r@kﬁe'k%e%?é §PREkbLS z%ﬁéﬂélf li\psr 988 MiBcwRde, for

exanpl e, nbi nin V%ﬁc ains t FECO%HIZE erent epitopes of the

sarme an‘f'?*@eBHK)FblleL@ BAWVBLS. &61a308dB ﬁ@@si‘ﬂeﬁ@ddign@l‘l’@é\)wudwél n
var i abl gagd GRABSidb M), CoepdiYszesth fif liesi2 f&!ut 3PeR, Ris-d AP BBEs@IL | gen

can be fused to nucleic acid sequences enco ferent heavy chain

const antetdebiRL angel EH 0§@qa%m@@éoreeaﬁe!b@r@@(meésam@ ¢all lge cletived frere
eXPr S SESaBFendATBRQIEAD Uk 's&nlelea%dm%w me%é;yo%@%?bbf&g%éﬂegwa@mgdy has

two heavy chains each having three heavy chain
(N-t er nf-Bad ratialcefl iatiexeeyses rre! aormiery aPRRAE™ llcH2 domai n, and a CH3

domai n, [088Y] Bk bWQ@WMén‘E‘ar‘t;} aﬁémsahlﬁ Redifidt oBtht A& ¢eRs not4sonf er

antlgen blndlng specificity b assocrate With each heavy chain,
or that20iaA agseatence %Cﬁﬁecb%)tih NhEgIo peidisanrenaect eh arganem'immuaegiolslin mor e

of the &RtARRSORRMNT; @)’mtahﬁﬂ‘\?%ﬁm% Ansi ﬁzgelér?]fdt%'frégné\l\ﬁ)gk @g%ns n that

can assocjate with éeach heav In an nable ing or one
t he hea\@jiabledreian eba g cpp hl@éYthVatﬂ eipenmyrogBylimmelecelere. yc@hlantlbqvcw udes

any Cel&rat’h@éll r'e%eﬁtl# t abbBRIQh LEXRESRRI 1) fo@e&% fgbL BaftinBUEh &L et hd
RS Ak i

sequence. Cells incl ude t hose of roka yotes a aryote SI ngle cell or
mul ti pl'€8epn9ged Baptearagpetegquente 3490' f0§§¥3emmg kyfa !IB'VQ:OM maBye Bl dellor epp. ,

(St rept 01;&9!3%%Qﬁ’ue,c:lr@&rﬁst)ancé’sy(%%})a&t§bb@3§:ed[!ﬁs cé#@@@x’wco‘&@{i lbz 'twygtaﬁ\‘x% cel | S

g. . cerevisiae, S. Pas oris, P. methano pl a
cel I's, y99580gesdell] gersling SeCISFﬂ@S) et 2re not penrtighions (aus- !hrﬁﬂﬁewwraﬂgséct ceI I s,

Tri Chomu&%;@acﬂd{ sec?fer cd) bd?@ﬂa &H-hﬂﬁurb@ﬂh g@ c&flucRic m&%é Se O%s (8! |

fusi ons such as exanp hybri domas or quadronmas. In enbodi nent s,
the cel®SylkofEplicingar Comﬁkfé\,@ thas%queﬁaﬁ%teeg Vilad re@fﬂhiﬁﬁtig@tmf@rm a heavgone
errbodl f@f&tnSCDRB)e cell is eukaryotic and isselected fromthe follow ng
cells ]( ., CHOK 1, DXB-1 1 CHO Veggie-CHO, COCS (e.g., C0S-7),

r et i nal [096B The\mése ‘tieavy, chaindheryinfreunpglobibeayy heB” ERNASs KBR 293, NMDCK,

HaK, BH g.
I i il e S Y B R T P
cel | SFWr@/'Semﬁ@f'erUO@@B@E’&V}S@WW&rla@@l domaBRL Haavycaslain VWQ@&@)WQ
nyel oma,ge4d bhrééji’i@%{vy%ﬁéh Ctﬁ%daﬁ?d 1‘6 IL'R rr%gnsd%l'%éagthgfvﬁgé fkcfegr ement i oned

cell. In sone enbodi nents, the ce rises one or nore viral genes, e.qg.

a reti mapgwents of hgque@bgmés@ésieapmm &D@%a@d EBs.and conpiERtiony theyecte ) .

|[ 22?3L§2&gﬂm%a§ﬁméﬁp% &BRRY the YaliRiEasthAh Worh 8HePlinal Rc-tdhRirkgrn " COR
CH1 domain, a hinge, a CH2 domain, and a CH3 domain. A functional fragment of a heavy
chain includes a fragment that is capable of specifically recognizing an antigen (e.g.,
recognizing the antigen with a Kp in the micromolar, nanomolar, or picomolar range), that is
capable of expressing and secreting from a cell, and that comprises at least one CDR.
[0064] The phrase “Fc-containing protein” includes antibodies, bispecific antibodies,
immunoadhesins, and other binding proteins that comprise at least a functional portion of an
immunoglobulin CH2 and CH3 region. A “functional portion” refers to a CH2 and CH3 region
that can bind a Fc receptor (e.g., an FcyR; or an FcRn, i.e., a neonatal Fc receptor), and/or
that can participate in the activation of complement. If the CH2 and CH3 region contains
deletions, substitutions, and/or insertions or other modifications that render it unable to bind |
any Fc receptor and also unable to activate complement, the CH2 and CH3 region is not

functional.
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amno aci d sequence encoded by a nucleic acid sequence of an organisnis

i mmunogl obulin genes that normally (i.e., in a wild-type aninmal) appears
bet ween twO 2broanseiser k regions in a variable regi on of aPCIgistolons@heavy
chain of an i mmunogl obulin nolecule (e.g., an antibody or a T cell
receptor A CDR can be encoded by, for exanple, a gernline sequence or a
rearrané@ﬁﬂFcﬁﬁ?@@fﬂgﬁg@d‘sﬁq&éﬁ@@e @ﬁdlflcﬁtmﬂswwr@gld@yllmdmame or a

mat ure Bck@lny vier@thk m&dificatibis SR ofd bEM é’jh%%ﬁﬁ fL(rf% i&h of tLQ'iom@hn %
T

can be encoded by two or nore sequences : hat are
not cont§ @uﬁ‘@@f'f@ogs that gffegt Rgnir émdmmj@%ln hlndllnelaod amsma#d(ﬁﬁuand/@) Clﬁlﬁl are

conti guguRith)n Such n‘?&:‘tflcap l!ﬁ&!ﬁdéi%hga@%'t’fmﬁg fo h% follo% ré)g%dtlﬁgés(%l %aggfl orm a

splicing or ‘connectlng sequénces i nation
heavy cﬁwﬁn@ms)therﬁdowgm nef@repm@s%u ﬂh@éevng:WaannmmLmlogrbbahTmmgtaobul in heavy

chai n" jdydudes 2%@ Mﬁ“éﬂ@gis‘bbﬂéé &52%@2 é’ep%g%%af 8 %osgﬂé’%&e from

any organi sm and unl éss ot herw'se sp eC| es a eav
vari abl é7% @88 483, kB2\ABOC AR, 1290612926189% Q@én&%ﬁ@% r&97u2es, 1301 e@théaﬁWOthal n

CDRs angod @y R @?9'9%53181%26%220% déﬁ(k:soﬁ%l el Jégeg?%':s%?g??z”?? of3heavy

chai ns include CDRs i'ons trereo I tal
heavy cBal $3hai3d, BaY.I3Mi PR BHe 368 BoDHIAB9BHMBAT (3&20&7$\|-3t7ér3ﬁ6nél78t3§30

Cterm I I yge 2 a I
functi oﬁzél b??%%%?gg‘%a%geg\?g L{C)I%aﬁ?’léjll4ﬁ:§|| ﬁ%‘é%@%%&ﬁ%%@%&?ﬂ?@ A(;'l]éjpabl e of

spemﬂﬂ:%‘?ly recogni zing an antigen (e.g., recognizing the antigen with a

i that i s _capabl e of
expr o550y "@A’E&d TahBle, 2RI Bl ofyBbGETR: Bl B0 £ 7k Pabli%ne Cor
[ 0064] ThE eﬁhﬁ%@m% Qmﬁﬂ%ﬁdrﬂanlgﬂ bakb*ﬂlél as companedersthahe séamehFe&pnﬁalrsq:gem f | C

ti bod; fadh Q
aast PR e bR R oA H S o G Eh Bt £8P, ¥
"functi @ha?l50;?@ﬂt41’2§r69 gr éfas iy 258 (e QCIHZY/EHN OCIHB 2|56ge on St¢reilt) a2 a6 (Bqu a Fc
r ecept 06/Ri€/en-or 4 I &H qifilatiBl af F2Bandiorag é@gp‘iﬂ% Bl Bk SRARIOI (AN OF

that can participate in the activation o CH3
regi on @&mralner aj@loém"mﬂ@@ at 266G end/pud2B 08 2 naoification ais’ﬁ)r?tqr@ﬁg (@p., 608Er

difi I and unabl e
modi f i f@%‘%@iaoﬁr?pwé ngﬁ?ﬁ&hﬁﬂ éx&wg)@é) s mmé}%nac'ax cEﬁqﬁ §&§H&§L @Ehdvabsg
funct i offdl 43450651 W%ﬁmdﬁlcﬁ@omﬁﬂ%m@%éﬂagc&aﬁil) %drao’iﬂSFl(?@t ,IMBO8F) n

d
or e opoadinfe TRt AU A MK @ d MATHIHIIE AN GO BD03 S bnd08s Of
af fect EcHRIYndPHG, a”F*@IQﬁEbinﬁdlflqiﬁjloan@i25@@%%&2& m0ﬂélcatmmdb@r T2BQQawi vity) .

such o134 M sindiBCoEIR0a RitkioR é@go‘?,ba bfsdepd Lo, the Tol ow ng

nodi fi cati ons and conbi nations t ce to EU nunbering of
an i mulf9§7bms phiassiietiamedifier” includes moieties that reduce the effect of, or disrupt,

non-specific (i.e., non-affinity) ionic interactions between proteins. “lonic modifiers” include,
for example, salts, ionic combinations of Group | and Group Il metals with acetate,
bicarbonate, carbonate, a halogen (e.g., chloride or fluoride), nitrate, phosphate, or sulfate.
A non-limiting illustrative list of “ionic modifiers” includes beryllium, lithium, sodium, and
potassium salts of acetate; sodium and potassium bicarbonates; lithium, sodium, potassium,
and cesium carbonates; lithium, sodium, potassium, cesium, and magnesium chlorides;
sodium and potassium fluorides; sodium, potassium, and calcium nitrates; sodium and
potassium phosphates; and calcium and magnesium sulfates. “lonic modifiers” include
those moieties that affect ionic interactions that, upon addition to a pH gradient or step, or
upon equilibration of a Protein A support in an “ionic modifier” and application of a pH step or
gradient, results in a broadening of pH unit distance between elution of a homodimeric IgG
and a heterodimeric IgG (e.g., a wild-type human IgG and the same IgG but bearing one or

more modifications of its CH3 domain as described herein). A suitable concentration of an
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region: 238, 239, 248, 249, 250, 252, 254, 255, 256, 258, 265, 267, 268,
269, 270, 272, 276, 278, 280, 283, 285, 286, 289, 290, 292, 293, 294, 295,
296, 297,w2810/3072, 303, 305, 307, 308, 309, 3 11, 312pCINB20180$02820,
322, 324, 326, 327, 328, 329, 330, 331 , 332, 333, 334, 335, 337, 338, 339,
340, 342, 344, 356, 358, 359, 360, 361 , 362, 373, 375, 376, 378, 380, 382,
383, 38‘2Dni<8|8|6¢iﬁ®883n BgdeteBnBed 1 #s cdrd@ntragtickGempldPi8y the3melGBymad I stéB5,

437, gl‘ pgrrélcﬂ(grlmtf]'\%?h m[:%ggﬁlg CER en%mbpion?mo&%r BXtIIW?ﬁ%alledn}ﬂhiE%Eéé) the

bi nd| ng -con n and ex anced serum
hal f - | |fTeéCP(®bat@<mmTfé1HSWt0thrwa®amte Fc-containing protein w thout the

reC| ted@ggy‘-ﬁf &gg&% aplt)chﬂﬁdm'&%ég gagg%%ﬁb%%dn /'ﬁ;ﬁt s Séotn'?g%ﬂt r%g%ngg g , g

or T) saudeddoirére agy prgShI@thEd Dniess dthervose spaviiddfinaatesdninen k4@Ba andl/ or 433

250 andPSPeE T <GeRE, BonPclara (/B fomalt Soffop g 06 B ihoshaR) | “ana

434, | nC@Retahéfoteiraanerk e regwhsf ucla$s athevase snm:rﬁueds@eaewﬂﬁb ful] eg1gth M428L)

and 4341 mc 4$Pon{r9rq|n]:)'t8 i 4! c%rb%%% oy sI a( - &maj 5a?l|r?clud%nd a 308F
(e.g., I'cati on; 4 Fe. g., and a rgg e.d., 334Y)
modi f i cliR1 @rDR1aF12523D%ER3 @rEIR325164 (ande ligh2 Bl2avh 28ETant @nchalb 8E)ht cbaing i cat i on;

2 2500 pod. 4281, Tad) ) athen ud ”%a & Bb seldbedbh] RRURL: 08
SRR EpPues et

m)dlflcatlon (e.g Fase qonit
i ncI udefgstrmlset¢lwbarttlbam Seledwebf ttolved bf N&anttgfet\ bmdlr@l Iotept ,Smﬁahlestipbmffains

(i.e., napaéthfoww)saa 9@|a%nf ﬁetdeafs%&ée%ﬂ@ fQ?@%%Lt B@%@%&agge-n?g%eg'u pfrodi fiers”

|nIude i nations o oup I
met al s &hiairs 1ae&ttstmgeantlbp@sahfhm@rw(®/et wamre&he@)h\ahefgém ight ghaing tid ol de or

fuori dedstaRliilyAhiEriaRNARARE b }%hﬂﬁ‘ {A S prf0ahddItd, AwnddaAdH higihue 1ist

of "ionic no iers” includes assium
sal t s ofntigeetadang m@téingmsarﬁ@blgbgm%ammrt@iLtdarﬂtn@eethets:anlhlrtdwnﬁm b@mji um

. . ) : " d
ragnos! SIoREf e &2 HAThE B BB Ll b O S AR Bl ST e
cal ci unﬁoﬁﬁﬂlﬁteemramdmlcmﬂ@m rpeei ssntendghospeeat ﬁ999 arudomalamtherﬁanadef f

{ hat t
ot o1 HPRetpPERge’ LBl TR legh irons ApgHE, haBRG-E beuEE B F Lpon

equi | i bni@hidechtoohean P19699|cnm13$upport in an "ionic nodifier" and appl | cation

of ap radlent results;nabro den| t dlsta

bet weer 007 ST E P Bre B R 30 e et SRR i toshes P

Wi | d-t yB celitrean hhg Ghdengbrichsassaavetchig Gy whdreipehe hogeioneidaequ@ice ofadi f i cat| ons
e concentrati

an | oni S SHEPPU PR ERERE AR TEpniEa by BlebReATRA R0 h-aRBFYRY « he
sane cothamCDRHr $Reseqoenap) adine ntasssiwitbhaédni® celbisinogidentivaéttthahudaicakid" i oni ¢
modi f | ege"quglpéei ih tr% g%)e(fl Bﬁér tgt‘agég\sv@é}ﬁr?g isﬁch as, for example, a difference in a CDR
or framework nucleic acid sequence between a B cell that has not undergone class-
switching and a B cell that has undergone class-switching. “Somatically mutated” includes
reference to nucleic acid sequences from affinity-matured B cells that are not identical to
corresponding sequences in B cells that are not affinity-matured (i.e., sequences in the
genome of germline cells). The phrase “somatically mutated” also includes reference to a
nucleic acid sequence from a B cell after exposure of the B cell to an antigen of interest,
wherein the nucleic acid sequence differs from the corresponding nucleic acid sequence
prior to exposure of the B cell to the antigen of interest. The phrase “somatically mutated”
refers to sequences from antibodies that have been generated in an animal, e.g., a mouse
having human immunoglobulin variable region nucleic acid sequences, in response to an
antigen ’challenge, and that result from the selection processes inherently operative in such

an animal.
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reached at a given pH step or pH gradient. [0068] The phrase "light chain"
i ncl udes an i nmunogl obulin I'ight chain constant regi on sequence from any
or gani smweandioasi®3s ot herw se specified includes humanPkagsaoiandooeanbda
| i ght chains. Light chai n variable (VL) domains typically include three

| i ght CE@n CDRs and four framework (FR) regions, unless otherw se

speci f i EP71EERRPhpS vagaklg dpmaisy: dickides ghtaminmasid sealande st af r om ani no

'I[:eermCIglliﬁan%Z- b@%%%?ﬁéﬂv@%awa{ gmge%'d@sﬁ&:ﬁg}éﬁ@@lgHg{e% (!)I%inﬁ Li ght

chai ns #RAP acihyepiensaide geqense frAMsNterréndl tﬁbﬁ f¢rm\:majd@@%aﬁ@erm%gndlcath@t do
not sel ERY, gBRY, FRNEIHA vets bR FRa! A%ar%%%ﬁ ARt ihgERes s BiauRld Pound

by the antigen-binding protein. Suitable I alns Inc e those that

can be PHIRIFS F%bwfg@wé@m’f%g Cﬁaqam@aﬂéomgt( Mﬁ%ﬂmhy”lwsgrglmébﬁta shért chai ns
in exi sgtruegiraMheRMtihel el SHde@SarkWahnddtd &Y b @Rufle bBnd b% #N%Q?ﬁ a 188 oftz;1e

| i ght chai ns do not substantially interfere wwth the affinity an
sel ect i UPtRPtR e @nd Aseail bRtAGh®R) domai ns of the anti gen- bi ndi ng prot ei ns.
Sui tabl e Iight chains include those that can bind one or both epitopes that

are DoumbbYaiecRlARBRINS Wi ins AALETe Bliigags | gen-bi nding. protetn.

[ 0069] rase "m crono range ten mean 1-999 m cronol ar;
t he phr E9§53] Tramioveitens hlaa@ge\/elop&d mmwmauhaﬁaﬂnb]h&%cmmom@mrchahhe

ot 9 I 0070] Th
Bmgig ngg/ cﬁfq H iar}téﬁ MR e?ie&g reofteé'?grf’éjé'? a3|o§ Sﬁﬁ%ﬁ%%t 8% s]equeﬁ_ce
froma tBedeMih hthmn msodmdnnmeetscl ass-swi tching, wherein the Rupl eic aCIbFe
bl chain varia
Scavencloon el SIINGSL SN hARAAI RS FoB14bE %, 1y S s R | 201

B cell thst mausajmnmrc@lsst@esnet mthElod:’rafdlrdASlemtepStQ@r_\tlalﬂy baas& ﬁ)@]lceihep“ or kt 0
ranewor

o\ SVLEY O EL B Bl GEETBLR = S wHEER i Soperl
cl assswisedliomyowedraghybridel Howhadr, Alemugh ter gonenadsas 3t ur hamaR G
SOt Skl U 8Ll RIS BRLERSR e RIS A e T o
i n B cedriodgEGHdernanatenodimens mthng@@ reRtnl redel| preeerenmcmewraa@soﬂ mﬁ&mrgrfegtr)rerﬁcgf
tg gr? Ins)g Lg(?hg\z%? Bg%g'vggﬂ@%? P o?na'a}’ eégsc%f]t?{ gu ?”&der@eﬁgg'aﬂl%éé i ellflﬁ?ﬁ% Ncell to an
ant i gercirgfmstaneese®ty., i&d:ietrcm frort lgeadraciae). oﬁ\om::tlodalsegd;lﬁd;aglendmb@ ars® b;ere f)lm : get e
cor r SPRRRLER, DGR AL FERNENSES bl RHROTAS gDty 0!
f r om arthé bthér egbcldsaes. hiaweuildeam lepeprefeadieel in noraa Cadfurrmbncee Got,to eqi s havi ng
gﬁn'an i6?@%5?1‘39loPmélfLIplg&%rﬂc‘:iQ!egaJsg% B&eﬂtlaqlm%acct 85 'egec%or unc %%g In response to

[0075] The inventors have therefore devised a “minimal” format that exploits a fortuitously

simple determinant of Protein A binding. It has been reported (Jendeberg, L. et al. (1997) J.

Immunological Meth. 201:25-34)) that the inability of IgG3 to bind Protein A is determined by

a single amino acid residue, Arg435 (EU numbering; Arg95 by IMGT), which corresponding

position in the other IgG subclasses is occupied by a histidine residue. It is therefore

possible, instead of IgG3, to use an IgG1 sequence in which His435 is mutated to Arg.

Thus, a single point mutation in 1IgG1 should be sufficient to create the different binding

affinities amenable to a new purification scheme. This modification will be referred to as

IgG1AA, to denote its inability to bind Protein A (and, similarly, IgG2AA and lgG4AA—or

more generally, FCAA).

[0076]However, the specified point mutation introduces a novel peptide sequence across
the mutation, which could potentially be immunogenic. The point mutation could, in theory,

be loaded onto an MHC class || molecule and presented to T cells, and consequently elicit
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antigen challenge, and that result fromthe selection processes inherently
operative in such an aninmal.[0071] The phrase "variabl e domai n" includes an
am no aciwozenusn®e of an i nmunogl obulin |ight or heavyPchaiseoiovwes i ed as
desired) that conprises the follow ng am no acid regions in sequence from

Ntermnal to Ctermnal (unless otherw se |nd|catkg§ , , FR2,
CDR2, FRBIMesrespenpe. Ao qyqid this|nifad orrdicartidenapigtiens 58(?(4%%(5% sequence

Capabl en@rfrbér@rlgngg?ﬂY@Bp b? IM@"WE’ér?Qe uSkITBFHR ViR se \éft% E@Wtﬂgvr@lnﬁ Bf tbet a

sheet structure ta sheets are connect di su |de bond

bet weendEriad; '%ui‘enﬂﬁa' 59 tﬁ?r%ftig%%ﬂ%?esﬁ#@e% aAfd woslddberafosebe expretad to[tg072)
Bi speci fmrﬁurf&‘tﬁjd&@ﬂ'rﬁkﬁsr%t hebbdiclthed Wdfa K430 Reghanz s[hgr‘}?pé!otra_ EavaliMgat Or S

have deyel oped a novel format that conbi nes a conmon aln strategy

wi th an’f RisSENEIRME: ot “e{‘aééree&fernpétewhﬁtmlﬁdw%mwaﬁéaﬂi dnesqehbing t hat
can be P& Wi Déhdéuer@nLaérté/ Q@ngomﬁmgﬁ’ear W‘Sb]g 12?9@225%@;}‘ 1y eviously

noted (L. ndhofer | munol 2 that because

human | §eeP H*Sé%u‘fﬁ*eﬂ“' Q%SWHHCWSG PF‘Y)Pfe‘ihﬁ residyes taatrforntheric darnreymtﬁéfaesee@

t oget heg rsVuntlrllfelyatbyn@ﬁeﬁé\ﬁrt%@%rnﬁﬂb@%f R8BI &GS $H|§Q1Ep%§§§§rdufbtr@n purification
strategy simlar to the one used for nouse-rat hybri However, al t hough

the seq tedgs "G 148y (W@W"P@G'W%WW@ W‘bﬁ@%%n’ala@g@a@t it is
not kno&mh@@‘ﬂeﬁt%qhédﬁﬂéaﬁgn freigear Fg'G@n§néPf 305k rno’ré?@r’n Aadskogd form

het erodi mers with eg . even nerely preferenti ormati on of honodi ners
woul d_heRfgeacaseipapieddoG AR 1@ AAsioaBny oG 4dd\dof shoue withswiletyph dtmrodgGrer

under. cerb abhaf JebLIRANSERe & Fige ér?dvﬁﬁ%mib"r SR8 BUABL AR e fdd! LT onal

modi fi cations may al so be necess to cohpensate for erence
bet ween"teEMBnge regi on of | g&3 and those of the other subcl asses.

woul d r i

or osenc a7y EiF Ap A ipalih SO AU BRT B refles Borbbgila efﬁrra@r Bor

funct i omsdinfe00TSlacdhe ﬂha\Feon)p moldiﬁirzetrdnheuem«etyetodﬂynf@redvrm thérfonne®dn' off or rrat

t hat ex fQrtuitqus si npl e dete nant of Protein A bindi

nae. beahr s enlitecBt e ity L il Fegieifbe Melirare biteahonet h. 201
: 25- 34) dndirteated feformabs Wiet MgGﬁAA@KBnd RGairpdp Hﬁa@/tt% ébvéntage&%t iBAuARAs by a

single i due, 9435 (EU nunberi ng a’b | MGT), which

cor oo oMM NR BLF P GHISHNE (e efar opp e SRR A g 8o eoigbs lasPeeispssed
hi sti di [0078p6isdkhary, tthé §|sbét¢ﬁ<§§rﬁrb@d)p@$rﬁétme%cnBé@éb%@g rr%iudlegﬁo Fﬁt?boﬁ%@ an

| g@ sequence in which Hi s435 is mitated to Arg. a single point
mut at i o AT @peditdythpt wee ersams light chain.arhesgia ﬂrehéc tﬁgrqnecrf@ne opthedi iag

af fini tm@&f@f@ﬂﬁ@F@AA RrifVWsSdIFId. D8Rt jt9BorF f will be
referred tcl) as 1gd , tro (Senote |t2 I nab .@P?ﬁ?tﬁ?ﬁ‘ﬁ%&%@”ﬁ?and

siml arGW' ocpyg@;gg)ﬁ\h%@theg@r@@h@re its favorable properties, including a low propensity to
aggregate, in vivo stability, minimal immunogenicity, biodistribution properties similar to

those of antibodies, good pharmacokinetics, and, optionally, effector functions. Methods for
isolating such bispecific antibodies are provided that are relatively rapid and simple in
execution.

[0079] Bispecific Binding Proteins With Modified Mouse 1gG CH Regions

[0080] The inventors have devised a method for readily isolating a binding protein
comprising an immunoglobulin heavy chain (or functional CH2 and CH3-containing fragment
thereof) that is heterodimeric with respect to one or more amino acids in the CH3 domain. A
careful selection of modifications of a mouse IgG CH domain and application of a particular
separation technology confer the ability to readily isolate a binding protein comprising two
differentially modified mouse CH regions from homodimers and from heterodimers that do
not contain the modifications.
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nore generally, FcDA). [0076] However, the specified point nutation
introduces a novel peptide sequence across the nutation, which could
pot ent i alW9 2bw/ismanogeni c. The point nutation coul d, | RCThESeN/ 040928 | oaded

onto an MHC class Il nolecule and presented to T cells, and consequently
elicita |rmune re onse. To avoid this pitfall, adlpeptlde mut at i on,
H435R/ Y. eMihieg; COPBBTY aYremenst am)hreqnn@et 2RPed54, Hind 256sand i ng

sequencg IysﬂwetahQSS' &MH & dy REatiP AblefT AL 'M?)rﬁ(s:% igéﬁ% ;ﬂt?‘ IS@&th%V\}evg} cgrfltra’nges

(see FIG 2A), and t herefrore be expe nmuno cal
"i nvi si Biffgrent testdygs at &hﬁ@ posjjinms dwie thesexaeptionaf i @2 kspasitionp 6 ladeQS&)val | abl e

for preagntdlisORd2a ahdo®ldisd whi torltﬂéte /@anf%Pé?ﬁl'éﬁiPm%&?@f%@?%ﬂPe}é% gput ant

still does not bind Protein A (Jendeber nol ogi cal
Met h. 28M° Mouseslgiss incp mgthgd for ﬁ@km@@@mtl@@dyﬁmtas heferagivasriatot heawlqhdlesany of

the residuasohfenh difRfdRtbNSofeh ﬂ'b%fﬂg' dMapitAthe LIossQJch 'a%h?éugle r%{ %\/g%n -

interfere with the formation het eér odi ners. hi s

desi gnatiégregtal pl“{:}@ln Apiagigtion %ﬁﬂ?mes'ﬁ ApYisgd fpat ?@@Mdpady gmmwp ofand FcDAdp).
Pl aCemEﬁﬁ)dKﬂfed h@t@rd@!wﬁ@nﬁ?drﬁ@nmhéé R hQRodifhel Q\ﬁegerli ﬁw@é&%&?ﬁlg@ﬁ

i ndi cat FI in the sequences denoted 1Ig
| g@DAd@Vh'%%ﬂMd mntﬂwnm quite twRFKIY hifi A, rcg@omAh@nalhnn@é@wmée@use@%t | as

hl gG3, 5Inewoa|e1elrwﬁ1%o§é@rge’2%”&% h&gro@m%r%klld’wgmﬁb'ztﬁgffo Joloka¥ 1eT‘J1 spelfpdp

nmodi fi catjon does not include an he resi dues bel| eve ormthe Fc
di mer i AMEPARERVING a dierepiDiasyY nwaee&le éwﬂa@sbmwéamemtynﬁ erf.ere wth

the for g@2aotartde Q@ir@is@_@hﬁ@%@tab?@@)@#@s%l&nr@sf%g ethpl §§th®ﬂe khal t_can
evs

| i kely be incorporated into other engl neere or DAdp and
| ngAdbe%ﬁg}C%ﬁeWQawh?%e@%@f the IeGaiakliresiang i fwﬂlf@ld tp h%dteﬁfoeehmnnah‘etmct i ons

(or |aC;KroiehﬁA%ﬂfd)nga&e?Q@dlﬁér@dl%fsz@aﬁm%/%fwetohfﬁe @éﬁaebH%s'oﬁem d&@hb,t[ 0078] In

sunmary, fpeC| fic anti body fornmat describ above~inclu
ant i bod?&stagtial gty Wtéérf%rrﬂro’@b‘e%ﬁ“id(ﬁnhant‘m faréreedtfm aa¥reen of ghtunotedified wher ei n

t he Fc ly©2hGAd af meNeePh cohem béré’é'aw sbtbdliton B RERRdPndi9aRte(S€8 FIG
2B) . ﬁ)g%gﬂfl guration is that of natural human anti body, and shoul d

t her ef 0 'érvér'i)‘fssemh%maﬁtﬁea’b?@i@@ﬁ'! wesrein aginalgi Git regidroad aorfapdimsi ty to
aggr egagdnprisBs WeVrﬁoéﬁ&pCH'réylon mﬁﬂir@g%l aé "SRR @YF 'tﬁ%}??f dintd QS ttlgérPun

properties simlar to those of antibodies, g§oo F racoki neti cs,
opt i onalPyse lgFred fegion igeadifingsto Cmﬁ%@arf!@ﬂaﬁ%@haamdg atsl&ﬂthLbarsqmemphs c

ant i bOddEQBmﬂﬁ&nﬂ@P‘ébl@@thf%% th@rg%dpeécﬁakisvﬁoé{f BPF @530, i’@é&‘é@#%%ﬁ?“t hon.

[ 0079] %@pemflc Bi nd |2%Prote|n |ed Mouse | ,
[ 0080] AR PRI 24 " Rat Td 894 52§63, arist 2RSH: £35R paadBoF 25261 %&4Tn@561T bi ndi ng
pr ot ei N435MYBhd 356K 2@QTI PBHIN 084 P BBK NudHRE UK GBBE TDatO 2 5hYNs440D8E T Fdgkand
G- C0n£35lRmarr1] 456”9 and, }135R In a specific embodiment, a particular group of modifications is

made, selected from the groups consisting of: M252T, S254T, S256T: M252T, S254T,
S256T, 1258K; 1247P, M252T, S254T, S256T, 1258K; H435R, H436F; M252T, S254T,
S256T, H435R, H436F; M252T, S254T, S256T, 1258K, H435R, H436F: 1247P, M252T,
S254T, S256T, 1258K, H435R, H436F: and, H435R.

[0083] Heterodimeric mouse IgG-based binding proteins can be used for a variety of
applications. For example, they allow for a method of isolating bispecific antibodies with
mouse constant domains, wherein the modifications do not interfere or do not substantially
interfere with binding of the antibody to one or more mouse Fc receptors, such that the
antibody can participate, e.g., in ADCC or CDC and also bind two or more epitopes on the
same or different target.

[0084]in one aspect a method for isolating a binding protein comprising a first mouse IgG
CH region and a second mouse IgG CH region, wherein the first IgG CH region is modified

(but not the second IgG CH region) so as to reduce or eliminate protein A binding affinity of
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thereof) that is heterodinmeric with respect to one or nore amno acids in
the CH3 domain. A careful selection of nodifications of a nouse 1gG CH
dormai n arioapplist®ki on of a particul ar separati on techneCogis2aioni@est he
ability to readily isolate a binding protein conprising two differentially
nodi fi ed nouse CH re&gl ons from honodi mers and from heterodi ners that do not

cont ai "¢ fist eEPS ieCatt 6raion begrt thewiesend gapse lahCtifegisntaidieseipiis i ne at
247, a diddirkPsrofeh @m&@%e a2k birdid rﬂ&@ty tﬁﬁ't%n@ds' ¥ flsD&piRbe 2A8 a LK only

vveakly t dél{)rotel n A se | g&a and I'g&b, however, contain different
resi dudd’ QWHﬁg’éhﬁfo@N% %ﬁ%co(’ﬂnef’ﬁoﬁehe exception of IgGZb positions 256 and

258), qodssﬂweﬁe ka3ainRAd t@meuméatmldoeg AoP4IRt 8} Hocd: nolPlsf 65%&@]‘-19 éﬂtéry

nodi fyi ng regions of two nouse 1gGs in a neth maki ng a
ant i bodwt'%@ffm@ Qié'?eeb'a@n%fqtenﬁ%an ﬁ@aﬁ?ﬁ@p&ﬁaiwmb@'@@ﬂ# the binding f er enti al

pr ot ei rprcﬁemldamdﬁgeé:éla{oemcstrdrﬁhgﬁnéreas?ém dRBreatdd Bady fo metbmo%d’\ﬁ%teu@

dlfferentlal protein A isolation schene is devised that allows Tor ready
separ at'? 8R F6fe%ePiRSdi fi ed het erodi mer from any nouse | gG honodi mer, whet her

it is EEOUQGIPH“OH@Em‘BBdlh%ﬁ tKé"#ﬁlehcéﬁBHlo‘éth%l@pby c%é'ﬁl stbsteh tbé%é!ter%e al |

to protein A), or a honodiner of nouse [g&a, a use GZb,
or a heéearphaliife ahthe kjtding PipEhin Fmouseamprsingnasive pessise iFoyR racebiody haV| ng

two_di ffareat,Heambush Al va@raoﬂ!ageg%m eerr&ggna ngb mgdrﬁgwtf?&l &s9-

| g&a, can be expressed in a sultable expression oys t he
heavy dhamediéezfisences, wherein only one of t he IgGZa CH regions is nodified

tor edL[ﬁﬁS'P{ln %é %@rlﬁweﬂt W;eo%g{:l Pcé%oﬁ d%g A& ach%[’)g{ &O‘%et%%ﬁ 4 %tlgbglalr?(he only

one of egi ons w |b| a subs |n| protein
A, and samym laﬁlf Ilfb@tﬂwefmmdmgiplfot&umnaa ohiopres thaf ccanpnmamdeblaeemérg@?aataned a

modi f | %Jsg%\ gHSd |EW%%Imtﬁe%g\fF£ yeceﬁt% %I’? 0 O;{P n r%c%agr as gmhgt : Otg\l Ter .

[0082] In var enbod wher &1 gﬁ on of an
Fc di neperrespmpringesnditgepnotedi thiatldcikSHhe egidifitatiovher eas the other CH of the Fc

di th Th | G i i dified t
o ©1 o POFELA PREEREPTR T i 2 ar SRR Eng® ple inrrady on Slibct e
f rom t kellgooandiffeanst mbieing. of bnéé&li?odlaﬁzﬁﬂ'théaﬂirdt é}ﬁtﬁfe ad® e, sedbdd epitpe T, and

258K; 247P. 252T,  254T, . 256T ;'1L' 58K: 435R and 436F; 252T, 254T, 256T,
435R. ShadsERr andap onjhg samb cgltor g spme pietein. y 1y 436F: 24t P, 252T, 254T,

256T, 26889]i4 3hRemabdinddt e M@ceﬁBfSBseleﬂte@ fﬁmﬁélhfghcafmqiil reeéﬁtor alow
sel ect ed fromthe grou

par ti cul., ar r o atjons is made,

consi st %f; ‘pl\ﬁfgoéﬁ”‘gtgﬁ'%” l@)?’:%"?"% dingsg Afe S?%C@?torl‘sz%?@teq ’%WP,
M252T, oS@M%oréBﬁ@Fﬁoué@S&% HASRR, Fd#ﬁl3§|ﬁaou@853§rRll§%5fﬂa_use?ée§§Tl alMs Rk,
HA36F; IWP52T, S254T, S256T, |258K, H4A35R, HA36F; |247P, NMeH2T, S254T,

s256T, FrP8¥kandia ssrbingiasibereshdin 3-ppesiic entgaentidhe Fodesrpiards sriemied
| 9G basgeh SH6H M&reRst Al FERM, RBuMBREI R a RuMal E&IRNIBCE human FeyRIIC, a

human FeyRIIB, a human FcyRIHA, a human FcyRIIA, and a combination thereof.

[0090]Immunogenicity

[0091]One advantage of many embodiments of the invention is the ability to employ the
modification(s) to make a bispecific antibody that is both readily isolable based on differential
binding to Protein A and is also non-immunogenic or substantially non-immunogenic in a
human. This feature makes such embodiments particularly useful in making bispecific
antibodies for human therapeutic use, and in making immunoadhesins, e.g., that are non-
immunogenic or substantially non-immunogenic (employing human binding moieties, i.e.,
human receptor components and/or human ligands). This feature is associated with
bispecific antibodies having CH3 domains with the HO5R/Y96F (IMGT numbering)
modifications of IgG1, 1IgG2, and IgG3, and those CH3 domains that contain further

modifications that result in the position being modified reflecting a wild-type sequence of a
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applications. For exanple, they allow for a nmethod of isolating bispecific
anti bodi es with nouse constant domains, wherein the nodifications do not
i nterferevonotasmde substantially interfere wth bindi ngCofusete/oames body to
one or nore nouse Fc receptors, such that the antibody can participate,
e.g., in ADCC or CDC and al so b| nd two or nore epitopes on the sane or

di f f er efifferentlgetisotymogtus| #ithengh thepsedificatineishud ffund i seluet assgciateliwithi ng

rot el F se 1gG CH
Fegi on. "aarclat [ Rlybd the TRURE begere AL oA AR TBHE sedond 1 g6
CH r egi Biyeres efs qlﬁfﬁf?@dG@éSQiYPGeIah@rihﬁiar‘@dlﬁﬁabipmlmn%ebmnﬂ@dw@ @flfnmmnto;z;ermq(‘;I t he
first an
wher ei rrz&;éﬁgﬁh?%“%ﬁ‘grg% |'Cﬁq£:'8%%ol %Otegglb%qﬁ %F%tnggméagmhgs%nﬁ_' 'erérﬁ%%gp “bi nds a
first epiendigs serdentedesetiacaly mﬁnﬁgelﬁfbﬁ@t th\/h&ﬁqmmdsste:hsmrmmtlm vope.

ubst arnts STy SRar TEE il PRl 6THOBR (GE aDRbeRd g O0n Fo.

s

recept dfnmq”t"?g@ﬁé V@%H‘iefﬁ@fg betheuifgpledinrpdirentef thedovgmtipses a nodi fi cati on

t hat ”]_@092 ﬂ@soﬁlsp&@frc%%e iéd Lie r&yd% hatt%an%hnrqmgo r%gﬂgbbg%ln?zﬂ!ly or does

receptor. 086] In one e od| rre catlon oes not a

not sudwammmog?mam@humﬁ@ vthr reApera L their heayf chahecdistadi dgnangtiei n InRﬁ
nouse V, Fc as
Compar o e e ) B8 DD PR ey ol Lo Y RC o,

[ 0087] 'Fﬂquﬁ@aé‘?ﬁ%@?h@h&hat "Leﬁ@”Sn*ﬂ@lCflffftramtiad)ﬁfﬂd@egfth@healyt@lanmondtaes not

subst a f a nouse
hat oo R e T S PRRE, G ook By e BhBh Tt s R

r ecept dhesedisgieseddiergio Rin &Wﬁmmm@mwnﬁbab@@evm antipodp thaéspamdi ng bi ndi ng

I rst
o ) g g P iy W SRS e
di f f er ofét hpyieg é'ffﬁf@nt@”ry reerifiasinedy ﬁ’@c’NUS Istzhleurhart 916 1e (G2 pel g onireismg@ond
epi t opecias @orqbwtﬁét%'ahpﬁgég HeorRe FOhSWI%Q%O%EIa{IO ok T hr?ar?@(ﬂ%r e%t?l it %hy [ 0089]

I n one enmbodi nent, recegt or 1s Selected rorh a hi
r ecept cﬁons'étSI%\?\?%HafIY ﬁfl Q%? CFféh&@ ewing modiisatiensiFc RASR | ar @5@@111! Y9ar daMﬁ&Fdl ment ,

the FCc H@aRpPhey IS selected fromone or nore of a nouse FcRn, a nouse FcgR,
a mouse Fcg RI'I B, a nouse Fcg RIIl, a nouse FcgRIV, and a conbl nation
t her eof[pOQg]TéWes%wCﬁlp @nihasiRsi ave skpeatérbiors naeemuOgEsic sBlsebstedtidlpnom-one o

e e oIS e AR R ORI SO o W AR @

t her eofiso ?ms nqtrhwoq@h%tqa}ny significant degree.
[0094]In particular, the FcAAdp modification is expected to be immunologically “invisible”
because the binding groove of MHC class [| molecules accommodates a 9-mer that
comprises the major determinant recognized by variable loops of the T cell receptor, so that
peptides lacking any native 9-mer subsequence would appear uniikely to elicit an immune
response. However, peptides longer than 9-mers (usually about 13- to 17mer) are bound by
MHC class Il, and it is possible that protruding segments may potentially influence binding.
Therefore, additional modifications (over the FcAAdp modification) that eliminate longer non-
native sequences may further reduce potential for immunogenicity. One specific example is
the modification V422 (EU; V82l by IMGT numbering), which extends the length of the
minimal non-native peptide from 14 to 39 residues in IgG1AAdp, and to 43 residues in the
analogously defined IgG2AAdp. Another example is the modification L445P (EU; L105P by
IMGT numbering) in IgG4AAdp, which extends the length from 10 to 14 residues.
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[0091] One advantage of many enbodinents of the invention is the ability to
enpl oy the nodification(s) to make a bispecific antibody that is both

readi |y iwolatwsitsased on differential binding to ProtePOTAS20M0/04®2%| SO
non-i mmunogeni ¢ or substantially non-immunogenic in a human. This feature
makes such enmbodi ments particularly useful in making blspeC|f|c anti bodi es
for huM@W95h%hmpEu®kmeuge and |n maki ng i munoadhesi ns, that are

bi ndi
o et | c0RBf e ShafubRe ARELR A B a%‘ﬁ#@ﬂ%ﬁoavoﬁvéﬁ'%ﬁ%ﬁ%aﬂ%é’ﬁp S This
f eat ur erecsptas FoBNawbidh vsi thbught w%rés]!oonahﬂe w&@dnmlndgaa/pm%n@betg sd@ﬂﬁha}m’gg\n t gnd
d ns. of . L
:Egs?ﬁm&%ﬁoélhéﬁgﬁaw% a| i 'n%elvﬁcerﬁ nQ:; 15O %(rgém{‘rfga & E@(ﬁq?fel n the
posi t i oniskbahegossikditf thatltheddinet prapgsed bmerlecbomxdpﬂve?wege@e@mm?dirfmfeetgfmé | ;tggd
f nd i u
| 208 PenoBlioaR! s WMo e I0SL b RICO0 2 Rhec AT A RUTRULF 35

h the partrcular ent!cal
with a Nmarh thet ofiper ls@qub@aﬁeef(abwwlzi ﬂeys&)n'Soh‘@CEd Botayiseaffeatid mnbesmefl cation

5 0L SAASGLEN bOclnd FIRGOSL arenmbSLAN Bl Le, Lamunggent c. 1L 15 al so

possi bl e that a e on 1's no 'S sequence IS not
| ocal | yohadwatdkietic voalpsiy hanshione thettheseem saltlife wbthef § G ar Ay 1 mudodmm

equal | i b ion HI5R er )

mon; mrn ot ontreciatE bR B B b E) PRGN Grsirre o e Bwent i on.

[ 0092] |§IﬁuéAdmmtﬁélonhaetlwradvbu’rd'gesf ablatingr Rroteied birkitg \aitie 90 prdseriingogeni ¢ or
substaqgﬁ%’l |h¥lfrlf%rbfl nogenic in a human, with respect to their heavy chain
const ant dona nonet hel ess bear one or nore differenti al

modi f i d&ﬂ%}l‘eccofdntgh,e irhezeygmbddiment emispaditic dmmhrbmdmsg:;bmcﬁ:mg pRoviasi tfwiatgat ion
t hat nt affinit t n const an omai ns
et ¢ Sk Bed BoiMhla LAk s8N Blod i e ShAL 0. Eonslianl, dom
conpr i seotelmodeplalissthosedcdienetic proflaequisent itd th:elﬁnﬁmmp‘éant,ant@@w -BhaipgCi LI c
ib i bstanti,a eni ¢ in a human
o 0Bt hol o QAL IMACAER S oL oIS AN LR OB T,
chai ns angbedyhenmvideg@at cohg;mes ar lgIGJ@A/IgGmetesmdigeac %mmltmb t hat t
I f nment ,
coni s hglRE aftidc et h A RIhgtis B S hliepe & 208 25 BERRI BF "L osr
and Y96#rot Mard hgh@ehamg)olsp{aﬂmgapt'bbey thaspeﬂmérwcseammnbachuﬁeotapresee;aptect ﬁd to
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same as that of the bispecific antibody wnthout the IgG1AA modification (i.e., an IgG1
homodimeric bispecific antibody).

[0098]Immunoglobulin Heavy Chains

[0099]Immunoglobulin heavy chain variable regions that can be used to generate bispecific
antibodies with desired characteristics (e.g., desired specificities, desired affinities, desired
functionalities, e.g., blocking, non-blocking, inhibiting, activating, efc.) can be generated
using any method known in the art. The desired heavy chains can then be constructed by
cloning nucleic acid sequences containing the variable regions in constructs having the
desired heavy chain constant regions described herein.

[00100] In one embodiment, the first heavy chain comprises a variable region that is
encoded by a nucleic acid that is derived from the genome of a mature B cell of a first animal
that has been immunized with a first antigen, and the first heavy chain specifically
recognizes the first antigen. In a specific embodiment, the second heavy chain comprises a

variable region that is encoded by a nucleic acid that is derived from the genome of a mature
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conprises the major determ nant recogni zed by variable |oops of the T cell
receptor, so that peptides |acking any native 9-ner subsequence woul d
appear urwpkeloistm™2elicit an i mmune response. However, pEpUSA@s/oh@rger t han
9-mers (usually about 13- to 17mer) are bound by MHC class Il, and it is
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gd@ [0097] Accordin % i n one enbodi nent bi specific antigen-
pr ot ei "h§&YY 5P8iDi ded M harressnpe phesuitgbledight ¢fm1| on of a CH3 donain as
descri bed herein, wherein the antigen-binding protein displays a

phar machgl-mgjl C gm{]h,l,g%gguq“yggl@bhgg} t he sane bispecific antigen-binding

protein that™ | acks t I'on the CH3 domain. In one enbodi nent, a
bi speci 004 Oéht [ bolﬁlype@lcmrmvwiedccnmmS;rcglmprheseﬁ cleding @ﬁalrelaé‘édugﬁlwo different

heterod bi specific serumhalf-life
that i sé a { 01%%0 Wﬂgﬁ?% antg&{\s)zar?mo&e ea%%d?‘)'aéeg%ﬁﬂa%ey 67N BHOYEN Bef ol d

hi gher samamlight bhapéaifligot camnnsbmyugtldmmcms/aﬁéuﬂeramsenstgb&motr@a{s).bmtvaﬁét rises
an |l g ot herw entic but. comprises at | east
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[00105] In approach, a hght chaln can be selected by surveying usage statistics for all
light chain variable domains, identifying the most frequently employed light chain in human
antibodies, and pairing that light chain with the two heavy chains of differing specificity.
[00106] In another approach, a light chain can be selected by observing light chain
sequences in a phage display library (e.g., a phage display library comprising human light
chain variable region sequences, e.g., a human ScFv library) and selecting the most
commonly used light chain variable region from the library.

[00107] In another approach, a light chain can be selected by assaying a phage
display library of light chain variable sequences using the heavy chain variable sequences of
both heavy chains as probes. A light chain that associates with both heavy chain variable
sequences is selected as a light chain for the heavy chains and allows binding and/or
activation with respect to both epitopes.
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[ 00102] I nmunogl obulin heavy chain variabl e regi on sequences can be

bt ai tho nawn Jn the art, e.g., by phage display, and

geqﬁleﬂg@gqggrg%/ngéhﬁ%%ér}g%ga/ngg("%gggﬁﬁﬁebrifed to make nucleic acid constructs

to be j[0idd]to nTred ﬁdmpcﬁgiod§aﬁﬂﬁrﬁd1:ddg a@@yzﬁwiar@gnh%fﬂaawk%%@anle- géb -
hai ns. Wi t. di.fi - ns as descri be erein, and plac i

gﬁa\éip?ggéﬁ%ﬁﬁvg@hagﬁﬁzﬁl’ Eﬁﬂ%ﬁ%ﬁ@h'?éﬁo?@“%%@?rir‘a‘ﬁ Restard apgdparlie of naki ng

t he headgmaihsi In,soenegembddiméfte hgmgz %ng@adﬁﬁs iﬁ?l_ﬁdﬂé ih@tbé ga\gb@héa\&hﬁbm- _ LOOtlag]

| mmunogl obul i n Light Chains 1 spe i ¢ anti bodjes conprising

neavy oEHE PHECHLCRIRFEB TG00 e CRRC EpNFURES Seom BT PEEPUR

ant i gensgquanesiinrsenessamhbaodiingots ale Sk dieh eoinBedallg Afuitaal humkh mhBogédtan! i ght

chain (] I abl e and constant domai ns).

AR Rt R TR IR A L

vari ety r&9% YRR AP LRLIPEUW RSB ns t hat

can pai sequetdes).wn soeagmbodiments the human variable and/or constant regions may include
amino acid residues not encoded by human germiine immunoglobulin sequences or
encoded as the result of recombination and/or splicing for example in the CDRs and in
particular CDR3. Human antibodies are not intended to include antibodies in which CDR
sequences derived from the germline of another mammalian species, such as a mouse,
have been grafted onto human framework sequences. Those antibodies are referred to as
humanized or chimeric antibodies. Human antibodies do include those comprising
mutations, e.g., introduced in vitro by random or site-specific mutagenesis, but the mutations
are preferably non-immunogenic in a human.
[00112] The methods and compositions can be used to make chimeric antibodies,
preferably non-immunogenic in a human, or of low immunogenicity. Chimeric antibodies are
antibodies in which one of a heavy chain variable region or framework or CDR or heavy
chain constant region or domain are from different species (e.g., human and mouse, or
human and primate). In some embodiments, chimeric antibodies include antibodies having
a heavy chain variable region of non-human origin (e.g., mouse) and a heavy chain constant

region of human origin. In some embodiments, chimeric antibodies include antibodies
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chains of differing specificity, while not interfering or not substantially

interfering wwth the selectivity and/or affinity of the heavy chain

vari abl e worraimiswiseh its target antigen. [00105] | n apprcadlis2oi@/okioght chain
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Si

(i.e., in ico as well as wet assays). [001 10] Anti bodi es and Bi ndi ng
Prot ei 1801d8h11] ITsemesmpwsgindnim shaantibvdieh adsneutelipag ehthddasl y useful in

aman donpiat SRRl S8R cdrebie o HeBRERS Ruilion B BT BT oo
i ncl udeanfigez e biekgioabatizi yNedterlinng aniilzisiies iaciddtrasy thehaipon bonstgant  donai ns
Ser Ve PSR SEi B8 O AP 4 RGNS B GO TRugRRT o

vivo and in vitro. Examples of neutralizing antibodies include an antibody to a protein ligand

of a biological receptor that prevents the ligand from binding the receptor, or an antibody to a

biological receptor that prevents the receptor from binding its ligand, where ligand binding in

the absence of the antibody causes the receptor to effect a change inside of a cell.

Determining whether an antibody is a neutralizing antibody generally entails conducting a

functional assay wherein the antibody’s effect on the biological activity of the antigen is

measured.

[00115] The methods and compositions of the invention are also useful in a variety of

applications for antibodies and other binding proteins. A short description of some useful

applications are provided here.

[00116] Bispecific binding proteins that comprise binding specificity toward a tumor

antigen and a T-cell antigen can be made that target an antigen on a cell, e.g., CD20, and

also target an antigen on a T-cell, e.g., CD3. In this way, the bispecific antibody targets both

a cell of interest in a patient (e.g., B cell in a lymphoma patient, via CD20 binding) as well as

23
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domain that is i1dentical or stanti a nt| ca urran (e
mouse) rﬁtﬁﬁhro@arb'tmtam?tgbbmheﬁ@n@emm@e bawd?gahhlacMﬁ or ch| merl c
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and nethods "are for ure
embodi raghyate namatafsf@gulatyr-smmmede algnallmgdg resoT i msemme)pmrssmnrcen akt er ati ons

in one nﬁ’ademﬁ% &4 ih I&%tcah%%%ch%e\/?%mhgr%eth% éetg Lty of Bred hb%felngnt |h8en as

nanonol ar or conol ar ran P84
conpar éePressien inymssan |balabbleveiewhereahe tengetH echyort dlﬁereha@dds tRepression in

al ter atdfso'a(gs)can'%fefatcﬂtetlé!d Wﬁh Hrbt‘s%eéxﬂé 'opt ﬁ’t ep?otg‘?t ag% na?ida%t;q cRIlY bm"cjtlmtg‘fibI €
di

met hod known 1 n
moiety and an antn FeID1 bmdmg mouety such that the lgGR!lb is clustered only in the

presence of FelD1, in order to down-regulate an immune response to FelD1. Repression in
trans, e.g., can be achieved with a bispecific binding protein having an anti-BTLA binding
moiety and a binding moiety that specifically binds a tissue-specific antigen of interest, such
that clustering of the inhibitory BTLA molecule occurs only in the selected target tissue,
which potentially addresses auto-immune diseases.

[00120] Bispecific binding proteins that activate multi-component receptors can be
made. In this design, two binding moieties directed to two components of a receptor bind,
cross-link the receptor, and activate signaling from the receptor. This can be done, e.g.,
using a bispecific binding protein with a binding moiety that binds IFNAR1 and a binding
moiety that binds IFNAR2, where binding cross-links the receptor. Such a bispecific binding
protein can provide an alternative to interferon treatment.

[00121] Bispecific binding proteins that transport binding moieties across a semi-

permeable barrier, e.g., the blood-brain barrier, can be made. In this design, one binding
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t hat  exprdigmMeisthanda g@migmnletyh@ a;aedoald@ntdﬁngdnele&arﬂﬁwemlnbodyAk/érfw!egh targets

m ght Q’B&%ﬁr&\chx@%s\’tb%‘éﬁ#\é{ uH¥te R1RE hoﬁ (Ftéa{n%e a}c 'E%Blbequ gg%nﬁléff‘wwng?q]gjsaq <

blndlnq roteins are€ selected suc

tar get 'Mthisway rtbe gandeeys. | asveftector ai toyinf . dpliveredve nmaargawcarnd bgrthdi gh
nanonnhgﬁmgaﬁbanaqugggﬂhundred nanonol ar KD, e.g., 500, 600, 700, 800
nanonol ar). ‘In this way, prolonged target blndlng is favored only in

si t uat |[QH§26qur e lectfmlftdmggm)@lrarmatmavptm imuietigs eact brunsiasan ¢gtdgion] 001

t hat
%8] Bi S(Q%C' hi1G sbh D gomE Rt n%' DEHLRRY &%Bfoﬁfsucmhat an?/ltvog pro Ielﬁtnlwo?etles
In
can be brought in each other’s vicinity in the context of the Fc. Examples of this design

include traps, e.g., homo- or heterodimeric trap molecules.

[00126] Nucleic Acids

[00127] Nucleic acid sequences encoding monoclonal antibodies can be obtained by
any suitable method known in the art. Examples of suitable methods for obtaining
monoclonal antibodies (and their nucleic acid sequences) include, for example, by a
hybridoma method (see, e.g., Kohler et al. (1975) Nature 256:495-497) or a phage antibody
library (see, e.g., see Clackson et al. (1991) Nature 352:624-628).

[00128] In various embodiments, the immunoglobulin heavy chain variable domains
are derived from nucleic acid sequences of a genetically modified animal or a transgenic
animal. In some embodiments, the regions are derived from an animal that comprises a
human immunoglobulin minilocus. In some embodiments, the regions are derived from mice
comprising one or more extrachromosomal nucleic acids that comprise one or more nucleic

acids encoding immunoglobulin sequences. In various embodiments, the animal can have
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sane target, each at a different epitope of the sane target, can be nade.
This design is particularly suited for maxim zing the probability of
successf Wwbyolwseweng a target with bindi ng protein. MilpCiTglSeoiesswagel | ul ar
| oops, e.g., of a transnenbrane channel or a cell surface receptor, can be
targeted by the same bispecific binding nolecule. [001 19] Bispeci fic

bi ndi ng®FrBtRENESFHEN MBIk hEUHP aeiF savanges cinganeg  and

acti vat@nfegaéity ané lemaﬁ&&ﬁﬁrlééfs h'uFﬁﬁHr‘i@htsdkﬂﬂ\axldn@gletr@gb%Hucﬁelé Bejlymune
suppressi on can be made. Repression in cis can be achieved where the

t ar get SSE4HENER: 'Pﬁ@”@aﬁ@oe'émms PEPPRESPYITEI toiahle seanensesdbiPe¢ed where the

t ar get serasRlirdéntslbbtharcaRy af@lidhd ch AR REGSH 88hueRc&d, 3nd ®r s@bme Qr‘?\Bo&?ﬁ'\eﬁﬁh' eved
wi th a bispecific binding protein having an anti-| | b _binding noiety and

an ant i YRS SPMBIISRA MYNOTRISIANt E@an seRHeNasse 1N g ered @b%q'ftﬁgﬁteﬂ@wuéﬁicy in

the pregensuehcdsedr®&uerivddtrddh 8@fouse il@MBh bR cRbES %u!sé"’ﬂyé\&‘/ dheRRRRgket O
FelDl . Repression in trans can be achieved wth ieem fic

bi ndi nggeBFéle%mﬁmﬁzi\WH@hteﬁ‘i‘a@n"ﬁ”a%‘?lg BN SPRITPRYS ﬁﬁY%‘P‘?ﬁ”arﬁB'aae%WH'ﬁi H&aRDi ety

that speeif tigah LaridbldgsnedsdghventicaraiNRfi &Hztn FeHab@egbrefsehMeffseSt , such that
cl usterfpaggﬁ; the inhibitory BTLA nol ecul e occurs only in the sel ected

t ar get wHP éﬁmﬁﬁm%'ir%ﬁ% thytals agd speurcasrarredalived emsnaived® 120]

Bi specidritccené Beldued aWéPﬁrﬁélnf’m bihat eA6bdivahe, W'nhbléféo.elmp%%néé’scﬁ%% wedcan be
made. |.n this_desi wo binding noieties directed to two conponents of

recept dFP"BPRET C@P%gfsarl FMrat that haskesp spmupigad with a0 anEoey efriateiasy from t he

recept qoo13ey s ¢ (o) wth a
B g ey o e uI et 5t Rl Bl e FRAR?

wher e EMRINRY BeoEth Rrimess tipdudieg Bsesamplsisets cé dED%m%@ﬁefn”mem rh!matng pr ot ein

can pr aéhiips@bndbt SHRALR Y6inig, brrao%gtfaﬁ{%u&ﬁ@e%t ment. [00121] Bispecific
bi ndi n% 8rot eins that transport binding noieties across a senm perneable

barri er Y., tHeveisetoginmersarthe ismunnaiobon healey. cheim tehinblediesiains, one
bi ndi ngi?@bl@r‘i\bédtﬁoﬂqﬁ it 368 bt émgﬁlm%ﬁtﬂatt I’{a%rbséeﬁw n‘?mﬂﬂ ZEH %Mkwaar a%%h&?&# ve

barrier; the other Lljalnlng nol ety targets a nolec erapeutic
act i vi tijteregherasienample. @apg@uwwnltr@osg@rwrtgﬁnemmpmmﬂed aaunalvd imm@eaeot

nor mal lyythith@%EHRA otfhﬁ?]rgétr(ﬁl & g@o%;n?'tﬁ'éjamnapi?stﬂgghlfede% cp'arl:% 1’%%:‘%%8' nis

useful for bringin erapeut?cs to fissues t peutrc al d not
ot her vma@&g%%rca}wnU%%EC!éﬁaﬁqﬂﬂ&aﬁ exireasdle forgedf thegantigen)p amnn@&emrmnaltto

trans p%hﬁer@otalﬂqﬁx%%gtréébohﬁ%%&ié}% IuRE ng@ﬁ}e i:éf%gﬂg;‘h'tﬂg ahn%l transferrin

receptor to transport a ra eu I C across rain barrier. [00122]
Bi speciopfienaly Hﬁmﬁ@a’ﬁr‘@tté? aellst h@@ sereerispthetcelis teddenyifntsiaetivitgsvithibe speci fi ¢

cell's Qhtigs dnd/HREShtRATY %/matmgrh Myiés Q&ﬂ'sgahengggtk%& ?r‘#ﬂo@g Jfpi ety targets

a cell surface protei'n(e. ceptor IS rea i'nternalized into
t he cevmmumol@ﬁ“ﬁéﬁﬂ@biﬁmw el isoppakie g@tegowmmthemgqemwaen pleo¢@inrihe wher e

bi ndi ngopext fanidntibahelih YbRk PHRLRhdhtd aatildiSs bb &it heEaRE UG afidnaet:
B cell of the immunized animal is used to make a hybridoma, and a B cell expressing an
antibody that specifically recognizes an epitope of the antigen is identified and nucleic acid
sequences that encode a variable region amino acid sequence that recognizes the epitope
is identified and/or isolated.
[00132] In some embodiments, the nucleic acids are derived from humans, non-
human primates (e.g., apes such as chimpanzees), monkeys (e.g., cynomologous or
rhesus), rodents (e.g., mice, rats, hamsters), donkeys, goats, sheep, efc.
[00133] In some embodiments, the heavy chains comprise sequences that are
derived from human cells. For example, human fetal cells exposed in vitro to an antigen and

placed in a suitable host animal (e.g., a SCID mouse),
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[00123] Bispecific binding proteins that bind a surface receptor of a
phagocytic immune cell and a surface nolecule of an infectious pathogen
(e.g., aweastiwsi7opacteriun), to bring the infectious pacmageeojomoehe
vicinity of a phagocytic immne cell to facilitate phagocytosis of the

pat hogeT %exa | e of such a design would be a bispecific antibodiy that
target s (04 or McEwoe ABPedMeBtsalie ncisi 2piqarh dtjducgiotoatelBissei fi ¢

bi ndi ng vpetert. evdrsort h%tud@a%ee%lnﬁé'tﬂlg‘?ﬁﬁs Vc%@?nﬂﬂl F'etrrogﬂﬂs%e nQQﬁFQEnagJeHQ

noi ety and a non-l1g noiety as second bi ndi ng noi et

var i abl 8S3EFIhvIes ?&%Vﬁ‘éﬁjei'ﬁﬁ@ Bﬁ%l@éd%ﬂv@dwmmsml ety is an
effect of0@135 t OXiMsdrhdlk@BodiMeAR, fRe-nukbRid R res%ngm ah%QB%S%ISBgactofan

effector or foxin) is delivered to the tar et he™an
vari abl 8" PERIFSIPN (U089 'rﬁ%@mpwmﬁﬁﬁdthﬁ@xpmﬁen Nscfphatcohaw@tnw noi eti es

each bouaaorttaatadbntaﬁhsr£9ﬂo%téreopgrablyaimkwtéﬁ%‘%@fé ée%'u héégofa}nt t§ g CH3
er's

region) such that any two protein npieties can I N eac
vi ci ni t Y Metisleiriesrausnce planteeest Sxaappblewf being I@kl@redm ngler smﬂab@e traps,

e.g., hesmtitiods ihekeaifaH é@lr'&p?és@t@n%&t%%x%nsti&@sléﬁlmHHS’é Rl Be ggm[e30127]

Nucl ei ¢ aci d sequences encodi ng nonocl onal anti bodi es can
any sui F@lﬂnéeﬁegwaww&mentﬁtha gnhance t@mawl@@owamtrpam@smtmmopf or

obt ai ni BgRRERCpRMe At Ehad @%hsﬁﬁaﬁ%ntMaﬁcu%‘Hu%hﬁl1%%'sde1e°1ﬁ ?ﬁg@é i ncl ude,

for exanpl e, ri doma net hod (see, e. er et Nat ur e
256: 495%’??) S%%/C@”ﬁﬁgwc&ﬁt"Pﬁ%ﬂlgﬁnqiﬁedlea@gnlf(ogve%teséwognologfea;n@ at&kson et al.
(1991) Bejuenees3dgedins f28) prokggét@&péré‘to?@%l‘coqﬁ s&ﬁ?%ﬁﬂ\vﬂgg Shts, e

i mmunogl obul i n heavy chain vari ab donmi ns are rom nucl eic acid
sequengﬁ’éor%?s'oé‘ ‘(féfﬂ%%/ FUAPTSE SipaeHts é’tﬁtamwduéﬁme@mf’%ﬁ@geﬁr examplerd . | n some

enbodi Wﬁﬂ@kﬁryoﬁid"@odr@t@f@éb’?a@? ﬁni@%rtb‘éee@kérg@m ﬁ‘r@nﬁa@rmm s REEMBOGRIhAeS a human

i mmunogl obul i n .m ni | ocus n sonme enbodi ment the regions are dérived from
m ce coffA TSNS frced “ﬁ’ﬁﬂ%ddéti@ﬂ“roééﬁr%ﬁ'i%@ﬁmndﬁe%ﬂ dih ethge padbodientsconpri se

one of ErEssGE FdtcaE st RARISI AniPIAaGEh PR HeS odnquntL‘,a“ ous
enbodi nents, the animal can haveone or nore unrearrange man

i m"runog‘?’%?ﬁsfoﬁ’ IRINOVESE KR fNREAYE @898 n sone enbodi ments, the ani mal
conpris 1|36]THn | InGHdmeCdrab dYiv@ts afeCormedth (H@§v>}1%lirﬁr'1&léo%lhg séag@elﬁ%géégod BNt s

sone e i ments human heavy chain vari abl e sequences
bot h he%M/ eSAMe vegter- ErRame Gabedinratssa havycehein rustbid acic sepiepndedd miiphts

furt heFcHéﬂﬁﬁUdléi@ﬁmb@Q&Ebn%@'%?eﬂfnérercﬁl%é’@aﬁ@q &BPelﬁé) Tka%n‘?oo%lﬁﬁéﬂt . heavy .

enbodi nent , the nucl ei c acid sequences are derive nouse i n
endogenBiFY MARIGa4HE 5694 0K8F And arghivhaingesleicsasishesniuenemare| dnghe samai n

vari ablwcggne segnents have been replaced with human

[00137] In some embodiments, the nucleic acids are expressed in a cell that
comprises one or more nucleic acids from a virus. In specific embodiments, the virus is
selected from adenovirus, adeno-associated virus, SV-40, Epstein-Barr virus, a retrovirus, a
lentivirus, baculovirus, coronavirus, herpes simplex virus, poliovirus, Semliki Forest virus,
Sindbis virus, and Vaccinia virus.

[00138] Host cells are cells that can be transformed to express a nucleic acid of
interest. In various embodiments, transformation includes changing the nucleic acid content
of a cell such that it contains exogenous nucleic acids (e.g., a nucleic acid not found in the
cell in nature, or one or more additional copies of a nucleic acid corresponding to a nucleic
acid sequence found in the cell in nature). The nucleic acid content of a cell can be changed
by any suitable method known in the art, e.g., by integrating the nucleic acid into the cell’'s
genome or by placing it in the cell in an extra-chromosomal or extra-genomic form. In some
embodiments the nucleic acid content of the cell can be changed such that the cell

transiently expresses the nucleic acid of interest, or the nucleic acid content can be changed
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heavy chain variable gene segnments and |ight chain variable gene segnents.
[00129] In sonme enbodinents, the nucleic acid sequences are derived from
nai ve B owoRopelsi®2of such an aninal. In other enbodi meRCs/USLII6/0mwes ei C
aci d sequences are derived fromB or T cells of an animal that has been

i mruni z%g i.th,an antigen of interest, [OOlSOt] I n various enbodi nents, the
nucl ei ¢ A& aggﬁtf@ﬁé{%’ APRTFERT PEdUelelAdEe iafempt. almpiontasmepdimentsvihe h

ri mer s chamgd iudiengtid @nteax anpk e el RtishMeHIRBEN@ERLE dRIJ-GEr S, that conprise
gne or nore FR, joining, or constant sequences. [00131] In various

enbodi the i munogl obul i n heavy chain variabl e domains are derived
from ng‘jﬁéﬁ:g]aci ddsdptinghtheBisnecifip Antigan-tiedingiPratei zed with an antigen of

i nt a g @i 2 - ' enetically npdifjed
LT SOt MM IMRACSENS AT D VTS
ani mal N84 hettampisgeaie radg t@ao]lcatwarhlm_ctnhegagar}-?mp%prﬁgusnir:igmn;elmfdg
di Si - :
e g0 B R AR o <EP g by bitheB M o B 84 8 5hEniRegs gpoviom the
ani mal , aéﬁfﬁfaﬁaWI%?PﬁW_ﬁ@m-t alizing the celji s} ?gcei f::][ e_ezl ngng?ercies%isat iong .
i i f tivi - : .
R Y T
i s capabRéngeng E@%’grﬁhzmﬁbattbl@gn@ﬁ’totglem (niness ep)g(g)cagil cfrm Hlidr?ey gﬂﬂhgﬁ@g%{nggt . 4
i bod i L , ,
ant bl ) SR SRTSB e SEHlo A8l B R e
expr essArframa éi'Nl‘tP[ﬂ)nyﬂQwatm@feganﬂ irgtatat q«meea:w%rga pflﬁst?w]%ﬁﬁlegomgn \?3??2 EI .
b AL T : . . va
oai o are oI 26 AT OBHEL Bhd R0 b SRUTRATE oY e S B 1 11 ed and/ or
i sol at edOUpIPIS] hemodiee (Sewbiidhefat &‘,al.t(?ﬁ:ﬁjtftréfﬁire:ntugﬁszgeégf)arr&égﬁé% vg (er gm
cynomo 2%’32’53??‘”‘?%@@@ ofndies ERTE R It T hafgPele) eurﬁs%w@yf, e
CFeA s R e i A L Mk
t ar . . | e, _
Zgggggg@gw\??t ro mggﬁai‘ﬁ% %{ggﬂgngg%lgavgheeg alpr?“%qoéotﬁetpﬁa?@g ﬁaéq "ani mal (eag. »
a SCI D huedinel Ton3u)lg@h heenelimabuayingtnodgGl hfammiamsqraamls écgar%ﬁcaésl BL¢ oduce
i nt [ . e 0 :
1 A M A A by
vi r usesMosiigaionAs invERgralionny that @pd e sH g{;ﬂﬁfﬂ?ﬂwelrdﬁpee@oﬁmg@mgﬁduggg: fﬂct e
[ some aebanr ae P FPabierdh BRIGRh ARy B YERt BPu P TN or t nat
cont ai ndfferepseonns deerogbinabffigientitnlnelietroa shtisfantaly akparatibrdofag HetlRewliREr
| Nt er esfrorfi Whomodimer using the Lindhofer method. The difference was not reproducible in a

predictable manner.

[00143] The variation in chromatographic behavior was observed in chromatographic
runs that employed a relatively substantial ionic strength contributed by the buffer strength
needed to maintain the particular pH step or gradient. But satisfactory separation was not
achieved by adding an organic modifier (1-propanol). Instead, somewhat surprisingly, for
some chromatographic runs the addition of 0.5 molar to 1.0 molar ionic modifier (e.g., NaCl)
drastically and unexpectedly improved separation of homodimeric IgG1 and heterodimeric
IlgG1. lonic modifier addition broadened the pH range for elution (1.2 pH units with ionic
modifier, but 0.2 pH unit without ionic modifier) such that a pH step gradient could
successfully separate the two species. In other runs, however, satisfactory separation was
achieved with NaCl concentration of only about 150 mM (see Example 4). In order to
ensure that satisfactory separation can be achieved, in one embodiment isolation of the

bispecific antigen-binding protein is made in the presence of about 0.5 to about 1.0 molar
ionic modifier.
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that the nucleic acid sequence of interest is capable of being expressed
under suitable conditions in a suitable cell. Expression vectors or

const r uctwoearn/isn®ude | eader sequences, enhancers, proRoTAS2&0ss®As s t hat
enhance transcription or translation, transcription stop sequences,

splici ng ﬁg% ences, transcription- enhanC| ng introns, |RES elenents, marker
genes, g i on LEGEENENs N necesrndimert a metgdifarisepastitgs blslpemﬁd: ag}gear s,

| seaspsic t r&
erhod gt i nG. cxpr oooran aeerm il P PR AN Bhg Hro bipiP AR o o

expr essi SHcr'qegrheé%{%r?ﬁF@”S%s Pl ?wiodm@;ﬁewfégcadlempertab Ip\;eslenmefobrt@ma

Kk trha d
addi t1 on of'fwélﬁ"ﬁ‘i?r P T e T e T S

i nduced "UPYAF piffgrengs, betwsea edition fionha Bratein A suppsireare gEto medites
expr essiand ahSgG NEteERHmBYasiidRARES ﬁérléufnq:&h%%H:s[ch%ﬁ@ho% QuoarE e”bed' ments,

one or m)re heayy chaji n nucl eoti de sequences are on t D5 8REDIC
sone end g AIMRNG they oRISAQIfas s Br eﬁ%l%?@%@@’t&%@ma@a@et aldo aboutgha mofaal n

nucl ei ¢ lraamdh@%%@@ﬂ@émb@dlﬁieﬂt HLiohB nﬁ&b‘?ﬁe?@”‘ﬁﬁé/éarﬁtapé conjxé%nﬁgf‘?one&%% tgﬂs(;g% ent wo

heavy challg\ nh‘%l ei ¢ acid sequences and chai i-nucl ei ¢ acid
are on ttch% U Fe DB or . [00137] In sone enbodl ments, the nucleic acids are

expr ess§@b146]a celd ofd@hbSHABAt u ! ma virus.
In specifi ngbOdl ment . the vi rﬁ%ﬁorﬁé‘ﬁwsog[ﬂem ds%ﬁr gJPng}éfgjgﬁ’gvfgfnﬁg € fonic

adeno- a8¥gliea&satiaf a8 aikSW%@et%BE@@F'halB@reaﬂ\mmetsl araf arlasalognn rlos, spacific
| enti vi éuﬁodlb@ﬁﬂhlﬁé/éaﬂﬂ§a c%rr@@@éﬂ't btk alR8MBGRetS dTRhEHAfhd %%?kﬂ’ quirus,

Sem i ki [ t vérus Si ndbi s virus, an accinla Virus. G4bst ceIIs
are cel N? | 4G CaEle MaRkt &t Arepedifts embadinentathesalt & reseit dt aindiartesest . | n

var i ousalssthod, 8 b, otg! 8lRshof gati on i ncludes changi ng the nucleic acid
cont ent [(g% cel | such that it contains exogenous nucleic acids (e.g., a

nucl ei c Inot FownscemipdimentcisklpH gragiantis épmoarbooanCBrg wbe ubsidiats, gnal
copi es ahotRe i uc ids ence found in
p otBerBHB RhirferRGlofh &&Ju'f BERAY é;b%coﬁ n{ nfde a@%ﬁ%ﬁr%@ﬁqﬁ@eefrﬁabﬁgh d by

the cell in nature) The nucl el c aci
any sui PEBHES OrAPOHiRH Ko aisketificembodiment the mduemtlegrllabarrg}adilbﬁt nucl eic acid

to th I t h I
or - oxtr o aemim ¢ ponerodtiel B chhradietds b avent 148G SEbARER of ¢ ho

cel | calfepeeteomheryerrisesenplyingto Bheqwékbrlatewrmuislmtblyrrﬁ)(pdjlﬂﬁdr@t&dtéﬂﬁ pucl ei c
aci d of pBSleERSther &rtaﬁlg%uﬁ&cdrq}gﬁldfig's o??%oﬁtpgfggtgbe uﬁp@éﬁ(ﬁ%@ { hat the

cel | stabl¥ expresses nucl ar ¢’ aci g i nt frént s,

the chafRfatPH 4g?er@é9i”o°"i:6|3t @maboyf pitl Het. cleld spesific e tinemht, whestep fbeamk bH

di vi des4 2[ 00139] Isol ating the Bispecific Antigen-binding Protein
[00148] In one embodiment, the bispecific antibody comprising the heterodimeric IgG
CH3 domain elutes from the Protein A support in one or more fractions substantially free of
non-heterodimeric IgG. In a specific embodiment, the eluted bispecific antibody fraction(s)
comprise less than about 1%, 0.5%, or 0.1% of total protein by weight that is non-
heterodimeric antibodly.

EXAMPLES

[00149] The following examples are put forth so as to describe to those of ordinary
skill in the art how to make and use methods and compositions of the invention, and are not
intended to limit the scope of what the inventors regard as their invention. Efforts have been
made to ensure accuracy with respect to numbers used (e.g., amounts, temperature, efc.)
but some experimental errors and deviations should be accounted for. Unless indicated
otherwise, parts are parts by weight, molecular weight is average molecular weight,

temperature is in degrees Centigrade, and pressure is at or near atmospheric.
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[ 00140] Once a suitable set of nodifications were sel ected based on the
information herein, attenpts were nade to isolate the bispecific

ant i gen- bwoadorgisproot ei n usi ng net hods known in the art. PNEMSR10ap@Ry i Ng
publ i shed nmethod did not, in every circunstance, provide a satisfactory

separation. [00141] Li ndhof er et al. made a bispecific antibody with a
het er odPP51c hezﬁ)‘?”‘rﬂﬁ%%‘?’ﬁ&@i"ﬁﬁ”ﬁ‘ﬁgaﬂbﬁw Anfigen 'g' GBI Pr ot ei n A

(mouse p Gﬁﬂand @t%‘as%ae(cyth%hmofkﬁowan@lbéd[é@&f r(Jn@etn |bg6)|sotmd ofdlegasaf ul Iy

separated the rat/nouse heterodineric |toeC| ic antibody froma quadroma
m xt ur dL-éRappd see soaisat hdiRar Aed light CH?'H‘E?@ differedpypisiorpaginadicElit 4or om

neutralg Fr%s&th @xﬁerﬂﬁbn@ %W@al%@%a@ﬁ{eqrgﬂgéw oﬁﬂg ahilfiN4Ra @Hlkﬁid?l%oﬁlafb@ 5.8 to

3.5 to elute the nouse/ nouse honodi irer. Li ndhof er et
Pr ef er ¢prlpedd Wielbr dghtrobsinyfrase &g IhERAZN Hfﬂ%ﬁamrh“qﬁfh@fﬁn%bm%nq f&t‘k r’r‘&&se

quadr o Ad $atahfN_-2Ra ks fri C
ant i bodi esmgq% lt@@atslbgéf‘t"% Jfg%%c%)asgﬁ%cgm%ﬁgowélﬂ The Li ndﬁof e?ﬂg:glﬁ)r pach

fai | ed andéhe ar'pipltr%%ﬁ beRvy spanaNIibe saine tmt Ch@ﬁod\Cﬁ%rﬂmstomea{Wavvg

hetero r | aidpsoihiak., WHPdibask kadifidauén f or the
fact tﬂg%r&o?\%@g¢t%d§%s ngcg‘ﬂéaqgg}r%a%s ?o%t a?ned an 'E&%SR/ Y4éé5F d? pepti de

modi f i d‘ﬁﬁ%ﬁ%f’ﬂbemﬂmmpbmgmfo@mﬁj that in a linear pH gradient, the

di peptl i fi t K t di mer
Pt HRIE | SRR SR BB Gt RiR e, G rberD

achi eveandi- lsmalgémmﬁqavsepanam Okl e d irenditiouidmpedigmdiom ?ﬁlésﬁéﬁ?lﬁdl mer
using the L| of .er th er 0 a

pr edi ctvgﬂflsé’ Eeﬁle? Pr(fwg@ﬁg ro%%?og%éh&a %@Pl%a%@ tHE [I’roEe%)A%% i \{g(ﬂ’h&éﬂ!

ion I n chromatograp ehavi or was
obser vemhpematﬁmtmﬁa}@n@phmxturmofshohmatanéhpiemmea thel %Lﬂtwed/%ﬁ panfosedtht i al
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heterodimer. The peak eluting at pH 3.0 could bind only IL-4Ra, and not [L-6Ra,

corresponding to the expected anti-IlL-4Ra homodimer. This establishes that a
heterodimeric bispecific antibody could be effectively isolated using Protein A

chromatography, with a simple pH step gradient.

[00153] Example 2: Pharmacokinetics of FcAAdp Proteins

[00154] To test whether the FcAAdp modification affected the pharmacokinetics of a
heterodimeric Fc/FcAAdp containing molecule, mice were injected with the purified
heterodimeric species of anti-IL-4Ra/anti-IL-6Ra described above, and concentrations of
human immunoglobulin in serum were measured over a period of 28 days (FIG. 6; Table 1).
The serum half-life of the heterodimer was about 10 days, similar to that of the wild type.

This establishes that the FcAAdp modifications had no detectable effect on serum half-life.
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ionic nodifier.[00144] Accordingly, in one enbodi nent a nethod for
separating a bispecific antigenbinding protein conprising a heterodineric

| gG wi t h woeomhgiT™2conpri sing a nodi fication as descri bedThiSe@iog00eonpri ses
a step of enploying a pH gradient in the presence of an ionic nodifier. In
one enbodi nent, the ionic nodifier is present at a concentration sufficient
to nexilAP?5k he pH di fference between elution froma Protein A support of
an 1 gG honodi ner and ant et eLpi TET as descrifed herein (i.e., with CH3
nodi fication(s)). In a spnt?’i‘ "é' rfcn%(ﬁe,tﬂgig onk¢{ nodifier is present

at a concentration of about 0.5 to aboutTepted Halfdife | h another specific
enbodi ment, the ionic nodifiBrugs present afPaSkoncentration of about 0.15
to about 0.5 nolar. [00Q145] In one enpodi (A¥Et+sSdne ionic nodifier is a
salt. In one enbodi ment], therroRLCagOdi figr.ois a.salt|of an al kaline netal
or an al kaline earth tad 6ai"dai"' ger a—specific enbodi nent, the
salt is a chloride saltl b SiH/ArRSE 4l° dr-an alkaline earth metal,
e.g., NaCl, KO, LiCl, |CaCO4RVECF2R |In alGpPeei tit enpodinent, the salt is
present at a nolarity af aboufcQ+P510. 6, 0.5 038 0.9, or 1.0. [00146] In
one enbodi nent, the pH 'gradtent—s—fromabout—pH-3-9-10 about pH 4.5, in
anot her enbodi nent from about pH 4.0 to about pH 4.4., and in another

enbodi ment about pH 4.1 to about pH 4.3. In a specific enbodinent, the

gradi e i l'i near gradipent.. [0 A ne dinent .. the pH gradient

is a sﬂbB@ﬁﬁdi e:g‘x.a"f'@ﬂegné's@ﬁﬁg%%%nk%g‘qﬁf"%& &g"r“}‘%‘@s applying to an
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anti bo raction(s) . rise less. than 0) . t ot a
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skill in the art howto ke d .

i nvent i b1t (R & %\ﬁ&%ﬁtqugﬁ%maﬁ%dt%‘dﬁhﬁﬁ‘ SRIefeypate forvﬁ{‘a?d%awga‘i #entors
regar d furd. eid cdiifvwené then.spliftd ardoscdranatioh oM 5 eidé/mLoarensuadiitacaLBELY.- Wi t h
respect ) L Qe M 21dHEL .8 Aiclio AR YNt ainb A 3L S 25§ 1d the bioassay.

On the day of the bioassay 2 x 10°/mL CD20 expressing target cells (Raji) were labeled for

A=A~

30 minutes with 8uM calcein-AM (Invitrogen). Washed target cells were added to the
activated hPBMC cells at a 1:10 ratio of target:effector cells (220,000 total cells per well) in
200 microliters total volume with the indicated amount of antibody containing supernatant.
Cells were incubated for 2 hours and supernatant collected and fluorescence was quantified.
Cytotoxicity was measured by calculating the ratio of the specific fluorescence to the
maximal fluorescence. Neither the CD20 antibody alone (using the anti-CD3 light chain) nor
the anti-CD3 antibody could provoke killing of the target cells; even mixing the two reagents
had no effect. However, when all three components were co-expressed, significant killing
was observed, indicating that the effect was due to the heterodimeric bispecific species.
Based on the estimated amount of bispecific antibody in the transiently transfected CHO cell

supernatant the ECs, for this effect was estimated to be about 15 pM.
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but sonme experinental errors and deviations should be accounted for. Unless
i ndi cated otherw se, parts are parts by weight, nolecular weight is average
nmol ecul arweenghisi7seenperature is in degrees Centigrade, pPamaSpriessuwee i s at
or near atnospheric.[00150] Exanple 1: Bispecific IL-4Ra/lL-6Ra
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3.0 (FIG 4). BIACORE (tm analysis shovved that the flowthrough materi al

could bind soluble IL- 6Ra, but not ted (FIG 5 F t
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3.0 co a and not |L-6Ra, corresponding to the expect ed
anti - | Lhuéiea Hmmmlg@m#meraﬁlratghe@qdma bingr@nem@sh megdess BIreyssed f i ¢
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anti -1 LNe(GRapSlaﬁtﬁ) ahﬁsﬁlRantdbé&QrmMes@dmhoméateeamd 1dbNeBhirHs?. plobe efution
started with an isocratic elution with 100% A in the first 20 min followed by a quick switch to
100% B at 20 min. A linear gradient to 33.5% C and 66.5% B was then initiated over the
next 10 min; the concentration of 33.5% of C was maintained for 20 min until the complete
elution of the first peak (Fc/AAdpFc). A linear gradient from 33.5 % C to 100 % C was
followed for 30 min. The flow rate was kept 250 microliters/min and the chromatograms were
detected at 280 nm by a UV detector. The higG2 Fc/AAdpFc eluted at pH 4.5, whereas the

hlgG2 eluted at pH 3.5.

[00162] Example 6: Protein A Separation of a Differentially Modified higG4 Fc

[00163] Differentially modified heterodimeric human IgG4 (Fc/AAdpFc) and an unmodified
homodimeric IlgG4 (Fc/Fc) were first enriched by a bind-and-wash process through a protein
A column (rProtein A FF, GE). To further separate higG4 Fc/AAdpFc from hlgG4 Fc/Fc, a
step-gradient elution was performed using a SMART™ system (GE) as follows. The solvent
system consisted of solvent A (PBS, 1X), solvent B (20 mM sodium citrate and 1 M NaCl, pH
5.1) and solvent C (20 mM sodium citrate and 1M NaCl, pH 2.8). The elution started with an
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human i mmunogl obulin in serumwere neasured over a period of 28 days (FIG
6 ; Table 1). The serumhalf-life of the heterodimer was about 10 days,
simlar twotheyisefo2the wild type. This establishes that PCHASECIDAD28

nodi fications had no detectable effect on ser um hal f-1ife.[00155] [00156]

Pr ot 00157 It was found
tEﬁ:[m ![ ﬁé&ﬁéﬁ%ﬂ@ﬁgwﬁ&@%%%ﬁ? 'ﬂ?ﬁ' é%gﬁaﬁﬂq bgéﬁ’df%ht 7° B ¥Pr essed
with t hemlm/@Hnee(f leddiendfo 30% Koamt §G96 B wad theg )nitnéd omlﬂlvé{l?]é@?ro aik;ithody, e\g/as

ht n was en co- express
\?\: It IhI e?? hgcrén?r ﬁgér{;% W%D%g%g n?%@gwgi%goﬁmnt%gﬁhﬁwm%@ B hRBSY chai n,
or bot h PR&a(RE/ ifes A ITieer greslleht irorg Sm%eﬁtopl@gl% ﬂwwfo%vt\gétfﬁfso fmﬁl kThlel o0
t termne ability to ki
oxpr ecs o e I3 ReBER RE S By P oG Py St e daiecrme 2B A b o
act i vat &ty ddtedios TmemgGwm@ﬁ}ZBelbwcbﬁ abbut\iH 4 aBerRks t ndrRodIRUF Slutedhi Ity
units ma g r(Ig % P s, then added and the cells were I ncubated
for an a qu gra feé ° %Pgtnﬁ%'ﬁga%lzl% were then split to a concentration of
0.5 x 106/ nL and an addl tional 30U IL- 2 added. The cells were then

: RS“E?E%%%{?‘?"&%%’?T@B” S wp o e MERTRAY nig] SR o

for 30 Q'f\f/ﬁr?waémMOé'ti'Féé?t@rqx#vmemmmtth@@a)rgDzwwme(aanMgéda amell dns Werlel
added tQnﬁqb&ﬁ@&ﬁém%%nbg’ﬁl\ﬁ?% LN%E%% p%re?te& rat pro qin %Pz ffector cells

220, 000 total cel er mcr0|te with the
|(nd| cat B@SERDBIAR C@Jﬂmar@ﬁf@it@w J@ntsaivnnmsmnpwamanmw @eslsl s )weuiffer inqedat ed

for 2 hew socid chdResned Wﬂa@léﬂj §qf g rang é%de}f\%?eosdgencl?r?%a qﬁ@ﬂ\?q(& p?-id

totoxjcity was neasured by cul’at’i ng
ﬁ/ugr e)s“%éhc & BiXeH &amiie wad baundandyeashedin H*BStahebuﬁdsreAK:DQ@teaMasb@dN t@l one

(using &tgn anH ofGB WHi llﬁt@@ﬂs%cm@ng%[ﬁ?tI'gp&ﬁ%@'&&@%ﬁd%ﬁgglﬂhgarg; ?\ég:(e

killing of the target ce even mxin
Howev er 9ragigehirein loH 4?2 éepid 8rfpeinted tise enedineriespi-asBed jg&i gni fi cant kil ling
was observed, indicating that the effect was due to the heterodineric

i n,t.he est] ed amount of bispecific antibody in
Pltht?(r::a soﬁgﬁ %'% !’fng?%ga'é’& A&E\U%X&?waeéfﬁﬂ?'lﬁﬁ? ;Pﬁ@%gﬁmsf or th| s effect
was est[Q@dﬁé‘]ﬂTh@thmgbﬂuﬁty bba ﬁ%bﬂ@é@ﬁ]sogf@mp%ﬁt? ar(]atnbl kal a Aec:pn

fied Bispecific CD2
[888(1:|5gi C%%'@P%é%?@%ﬁé Z%M W*?Q*@ﬁ?sfoe%vﬁr@ﬁsoﬁ‘smm@nebmonsrwﬁxarrpl e 3
wer e subgtedtresl Bia@o%T-ts&saayéta@éécﬁLm!bTrMnPthﬁa?H@E aphy, utilizing a step
gradi e ion. The step gradi ent was prgduced by varying
conbi nﬁi’f’aﬁél 'F'ef[mBCBEPPMP%fh('Atedzt?Xw &M 2)i ahiralhayinglan daiBle;coppleB ati- B: 20 mvi

Na Gt r@n&a hlél\vﬂ\m&@hagem)"v\%sae§% @a°ptt5r@ vQﬁ(ﬂg%%ﬁttﬂW‘@& RES el§c recg;?t Tﬁé 2 as
respectively. Protein fromthe peak el Ut wa
t hen ug’glé]dpwmg hls ~tagged Fc receptor ectodomains were bound to the surfaces of dn‘ferent antl-
penta-his-coated CM5 chips: FeyRl, FcyRITA(R131 polymorph), FcyRIIB, and FeyRIIB (each
obtained from R&D Systems); and ReyRIIA(H131 polymorph), FeyRIIA(V176 polymorph),
and RcyRINA(F176 polymorph) (each made at Regeneron). Antibodies were passed over
the surface at three concentrations for the high affinity receptor FcyR1 ectodomain (25 nM,
50 nM, and 100 nM), and at between 5 micromolar to 39 nanomolar for the low affinity FcyR
receptor ectodomains, and association and dissociation rate constants (ka and kq) values
were determined and used to calculate equilibrium dissociation constants (Kps) for the
antibodies. Binding studies were performed at room temperature using HBS-T buffer at pH
7.2 Kps were determined for a control antibody (hmAb), an anti-CD20, and anti-CD3Adp
modification, and a CD20xCD3Adp bispecific antibody. Kp values for the anti-CD3Adp
antibody revealed no significant differences in binding to any of the Fc receptors tested as
compared with unmodified higG1 isotype antibodies (Table 2).
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inacell killing assay as described in Exanple 3 . Target cell killing was
observed at an EC50 of 3 pM(FIG 8). An additional cytotoxicity assay was
per f or redwvotzvoisemwanm ned the target specificity of the ebgarseed/okioz$ing. In
this experinment |abeled target cells expressing CD20 (Raji) or w thout CD20
(293) were incubated with activated human PBMCs. Each target cell type was
added to the assay either alone or in conbination wth unlabel ed target
cells of the other type. In all cases the CD20 expressing target cells were
killed specifically with an EC50 of 3 pMwhile the CD20 negative cell |ine
was not killed. [00160] Exanple 5: Protein A Separation of a Differentially
Modi fied hlg& Fc [00161] Differentially nodified heterodineric human | gQ&
Fc/ DAdpFc and an unnodi fi ed human honmodineric | g& Fc/ Fc were first
enriched by a bind-and-wash process through a protein A colum (rProtein A
FF, GE) 03'{@9{ urther separate hl g& Fc/DAdpFc from hl g& Fc/Fc, a
step-gradient elution was perfornmed using a SMART(tm svstem(C;E) as

foll ows!{ The solTablt2. SK§(mmmmcﬂhgdfafg$AbythéyR EBﬁ)dola@mssol vent |B (20
nmM sodi gmrcitTate and, I v NaCl and—sot v sodiumcijtrate
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100% A iin t HECR; r st R foll %OE%; d qui®R3-bfi t ch | tRispEOHior®28KCRB i n.
A linear gradient tp 33 (J)C angﬁ\“{% % B Medp tioveodimer f | atAee Hateodintes rext
10 mi n; [thegg entyati gmot 33.5% ?’: was mgiqpt ai ned for %é’{ln unti{l the

conpl et e—elutton—of -thefi+rst heak (Fet-DAdple)——Atinear—gradi-ent—frem 33. 5

% C to 166TRHASRIAD fol | b#8R fof 3073 n. |The fI58®& rat e |was kep¥8250
m cr ol it%ﬁﬂé:wm@w t he glar omat Ogr g4p Vier e deu@qt ed att 280 nmpby a W
det ect or—Thehl-g&2FcfDAdpFe—etutedat—pH4: whet eqs the—hjg& etutied at
pH 3. 5. | [ 001%B|'BExanpl e36% pr of ei d-58%9Separ atlbﬁ bt a Differedtfally
Modi fi edeJFgﬂ:ﬂ(\/ﬁ(ZGI DOlGCﬂmDi fferentdaml |y modi fa1ed het er odi mera4g hunan || gG4
Fc/ DAd ! Ao ed homogireriic 1 &, GFCr o) were st enrijched
l(3y a bi rﬁgﬁﬁﬁ}g&nc ) roc Bf hr ||ahgéx‘anﬁr fmg A r‘ZnI ||rmj(n|3r ot 362 A EE_\GE).
To further FseRdiBat e| hl 93510@0/ D4\dpF¥c1710r om hl gG£0Bc/ Fc, a st ep-33Padi ent
el ution was perforned using a SMART(tnm system (C;E) as follows. The sol vent

system consi sted of solvent A (PBS, 1>% sol vent mV sodium citrate
and 1 MOUEED] Examplers: PM”@SP\‘/‘@HPC%O(Q '%ﬁﬂcsftydh'aﬁﬂé dt‘é‘Fsﬁﬂ MigeNaCl, pH

2.8). T r ti AWM, the first
20 mn @ﬁgﬁhgEQ%%&E@@WS‘%}%@E@%%% §€ IHBQQH%WEHE[)'%Qﬁea% ag}?adl ent to
50% C asrdib609ai isntitlhdy rélaied icanteds tanemQDﬁelgﬁee(td a@-h 3 IgGié\dponcent r at i on
of 50% of C,.was maintained. for tjon of the
Piror oRmSae ik BRBHRRES ol Opl B Rl g FE WG S 6 4 ¢ s

f ol | owepfaoemat afinmusd re Rhvotly o s adknigenek BBtR28 el VildHydecars) mraRnanidet he
chromat 0or ane, WRLe et &Sl et 2 8% oRtaining C57BLE (75%) and 129Sv

(25%). Cohorts contained 4 each of either WT or hFcRn mice, except in the case of one

cohort of WT mice receiving an lgG1 isotyped matched control antibody in which the cohort
contained 3 mice. Mice received 1 mg/kg of an isotype-matched (hlgG1) control, anti-
hCD3xCD20 IgG1AAdp bispecific, anti-hCD3 1gG1, or anti-hCD3 IgG1AAdp homodimer. All
test articles were administered subcutaneously. Bleeds were collected at Oh, 6h, 1d, 2d, 3d,
4d, 7d, 10d, 14d, 21d, and 30d.

[00172] Serum levels of human antibodies were determined by a sandwich ELISA. Briefly,
a goat polyclonal anti-human 1gG (Fc-specific) antibody (Jackson ImmunoResearch) was
coated in 96-well plates at a concentration of one microgram/mL and incubated overnight at
4° C. After the plates were blocked with BSA, serum samples in six-dose serial dilutions and
reference standards of the respective antibodies in 12-dose serial dilutions were added to
the plate and incubated for one hour at room temperature. After washing to remove

unbound antibody, captured human antibodies were detected using the same goat
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FcgRl

ectodomain (25 nM 50 nM and 100 nM,

and at between 5 mcronolar to

39 nanqoo4p4) for the low affinity FcgR receptor ectodomains, and
association and dissociation rate constants (ka and kd) \/Mre
det er mi nﬁablaﬁdwleae(ﬂ% Baraaieder Emeneiqmalfhebsmwf@hsg@%lmwtm indiseant s ( KDs)
for the 5 gdi ef. gng ;g tpdies were| perf@ornmed at roogycenperature
usi ng |H fer atAmpiRory2 KDs wefte deter d&% or nti bod
(hmAg) ; Béﬁ %. kﬁe 20 "EM ant--CEb3bdp—rodh .ﬁm. b)f. ﬁ‘gg%@@? 3Ddp Y
bi spedi fic anti body. _CR3YGPARs for the anti- § anti Hdfy ¥ e¥%8al ed no
si gni fji cant di ffﬁjrence@[jg,n bi ngding 4o any 01‘1 1he| Fc reqegt40.r56 fested as
conparjed mFcRnun ot sotype—anti IEb \uauu 60] [00170]
Exanplie 9: Phar mccﬁ@% HBf a Bi'speci 1U1hlf'l f%é |§4§?1 ce
[00171] The phar rrac@ﬁnnetmggcl par ange rat e16f1 :bB$)pec fnez arta7-0¢2CDB/ hCD20
| gG@ DAdpantibody angd.i ntibody, retated conhial S (agd b -, gG and
anti-HODB | gGDAdp BB3xCB26" 4 42%°0b o8 B3 LNy
NFeR CD3 4 77x22 652 +16.5
e CD3AAdpAAdp 4 9.9+134 70.4 +15.4
Control hlgG 4 16.1 2.7 131.3 =204

[00175] Example 10: Large-Scale Isolation in Low-Salt Buffer
[00176] A bispecific CD3xCD20AAdp antibody was isolated according to the invention from

a large-scale culture. Briefly, a CHO-K1 cell line expressing a bispecific anti-
hCD3xCD20AAdp (modification on the CD3 heavy chain) antibody were cultured in an 11-

liter bioreactor. Cells bearing the bispecific antibody grew to a denisty of about 8.25 x 106
cells/mL, yielding about 250-350 mg antibody/L. In contrast, a control anti-hCD3 antibody

yielded about 1

00-150 mg/L.

[00177] Antibody was isolated on an MabSelect SuRe™ resin (GE) (20 cm bed height, 1
cm ID) equilibrated with 10 mM sodium phosphate, 0.5 M NaCl, pH 7.2, clarified cell culture

loaded to 19 g/L, and the column was washed with 3 column volumes of 10 mM sodium
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honodi mer) were determned in wild-type (W) mce and m ce honpbzygous for a
repl acenment of nouse FcRn with a hFcRn gene (hFcRn mice). WId-type and
hFcRn m cwoweroesi™eom cr oss-bred strains with a backgroumrdTasntaiomiongy C57BL6
(75% and 129Sv (25% . Cohorts contained 4 each of either WI or hFcRn m ce,
except in the case of one cohort of WI mice receiving an 1gd isotyped

mat chedhespttate 0. Mt NafddyH i7r2, ibliowRd bhe washer £ cobimryaienesofdCcaM ggdain

receiv Leet = hhCD3xCD20 | gG
DAdp bf‘;’ggi%ﬁé?ﬁ" P (N R e e P e Al |

g
test arlPPET&sTheemencspatific srteLB30 suiteasy ahdedi st pH 3RI, abgragdhebiserdifisantd at

Ch, 6h, C,JESJ% ?é 2dp offs 4Qd, 14d, 21d, and 30Qd. [00172] Serumlevels of
h CcH20D toH 4. ;
human antibodi es re efZ rmned by a sandwi ch ELI SA. Briefly, a goat

pol ycl onal anti-human 1gG (Fc-specific) antibody (Jackson | munoResearch)
was cod0edi7e]nEtmpiel: [Hedddivedrotein aritletion af MuusefHaedimersogitMild prand

i bat i t 4 C, Aft th | at bl ocked with, BSA
sl od0PABEEALRE s et vrareth siedSieRir A P Breesion ERATER o TR U
r ezp_ectliflgatRa(rjomrmdziWSndi AurhZn CRNER S @ FIGAR 2N éxﬂbb@ﬂ%rmbﬁﬂirﬁfdﬁadwﬁ@a&hé pl at e
and i ncubat e or 0 r,0 t | Af t i
nboundy Bt Ut BaTH T T ARG FEng it Bttt b MBI ET A he cane
ﬁoat pol rgmﬁnaimw%s Hfmmnkg@(ﬁtrf?ﬁcfﬁsm@ca'eﬂté @jth @qnéltmﬁtyhmm)dsfjth@a\ked with

orseradi sh peroxi dase ac n.l d I
S mon e eap BRSSO a0 R AR D0 UMY
manuf aab MreemA p@iieamenaatd @0.mIARSD IPbaaieeA Rlus15épimbolumine (Trecopded on a
R R B e oh e b
No si grifioaantultdie iediamogasiasuigiwitetheiFrotemeA sesirufor halnfindtes et obmt he f our
sPgni £ enseies SPERalmBs dare M BEChECH R S il R RS P 1L oady
rmdi fi ngﬁa@ug vasnel em&édimrtrymmwﬁ_l»dimﬂtcitdawmﬁmr cbigtaihirfgf 6\ dlace Ehireag!mihas _
e LR R R S e e A A T R S S
E:I()gil;a]rfmtibdfmamideﬁbcmcpw Viestern Elesm’ah&iaare shown in Table 3 . [00174]

5 e 10: Large-Scale | sol ati in. Sal t ,Buf f 00176] A

bi speci[f’lﬁﬁg xﬁﬁ?ﬁ‘ﬁA@F@WFf@%@@Hﬁ%ﬁ?ég[bglf"gdhg\c%%?)%?ﬁ%g?poaer%tﬁ([a i nve]nti on
from a naadrgeinzeabivicitybeibed stBr mafdny migG ZZH K hoawldimdrs pewikiype 8§ @Ba a

DD b B S SRy ! 1 cation on the €3 heavy chain)

[00182] Example 12: Preferential Heterodimer Formation of migG2a Mutants over
Isotype Heterodimers

[00183] DNA plasmids were constructed for mammalian expression of the extracellular
domains of human type | interferon receptors (hNIFNAR1 and hIFNAR2) with C-terminal
mouse Fc (mlgG2a or migG1). Mutations in the mlgG2a sequence were introduced using
site-directed mutagenesis. The mutants are TTT = M252T, S254T, S256T; TTTK = M252T,
S254T, S256T, 1258K; PTTTK = 1247P, M252T, S254T, S256T, 1258K; RF = H435R, H436F.
CHO-K1 cells were transiently transfected with the expression constructs. The ratio
between IFNAR1-mFc and IFNAR2-mFc was held at 4:1 by transfecting cells with 4-fold
more hIFNAR1-mFc expression plasmid (hnIFNAR1-mlgG2a) than hiIFNAR2-mFc (migG1 or
mutant mlgG2a). Culture medium was collected 4 days after transfection and mFc proteins
were detected by Western blot analysis.

[00184] The result shows that heterodimer formation between mlgG2a and migG1 is much

less efficient than that between wild type migG2a and migG2a mutants (compare lane 1 to
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liter bioreactor. Cells bearing the bispecific antibody grew to a denisty
of about 8.25 x 106 cells/nL, yielding about 250-350 ng antibody/L. In
contrast ,wa2oemitsiR anti - hCD3 anti body yi el ded about 10@cTAG20mg/oi0024 00177]
Anti body was isolated on an MabSel ect SuRe(tm resin (GE) (20 cm bed
height, 1 cmID) equilibrated with 10 mM sodi um phosphate, 0.5 M NaCl, pH
7.2, cllanssfd ted S HIE. QI Huieto PohddtNABT conguct: IFAMRZ qoastEet s URas tvashed
with 3 V, . T eqale) ; M NaCl, pH 7.2,

foll owenq ﬁgm;nmggﬁég?f @Tdc%?%r[gn@%%nes g?tmg%&%@%ﬁi um phosphate, pH 7.2
(no NaCl). Antibody was eluted with 40 mM acetate, pH 3.0. [00178] The
nonospeci fic anti-CD30 anti body eluted at pH 3.6, whereas the bispecific
ant i hCD3xCD20DAdp el uted at pH 4.4 [00179] Exanple 11: Selective Protein A
Eluti on of Mouse Heterodinmers with MId pH [00180] CHO K1 cells were
transiently transfected with expression constructs for human | FNARL

(hl FNAFM) and human | FNAR2 ( MFNAR2) extracel lul ar domain fused with a wild
type or a nutant (TTTK or PTTK) nml g&a Fc. The ratio between hl FNARL- nfFc
and hl FNAR2-nc was held at 1:1 by transfecting cells with equal amounts of
the two expression plasmds. Culture nmediumwas collected 4 days after
transfection and subjected to Protein A purification using 0.2 m _ NAb
Protein A Plus(tm spin colums (Therno Scientific/Pierce). Briefly, the
colums were equilibrated wwth 1x PBS, pH 7.2. One ml of CHO Kl culture
medi um was i ncubated with the Protein Aresin for 10 m nutes at room
tenperature. The colums were then washed three tines with 1x PBS pH 7. 2.
Bound proteins were eluted with 20 nM sodiumcitrate buffer containing 1M
NaCl. Three elutions were carried out using 0.4 nL of elution buffer with
decreasing pH Proteins in the different fractions were detected by Wstern
bl ot analysis. [00181] The results show that wth pH gradient elution, it
is possible to separate heterodinmers of wild type and star nmutant m gQ&a
from honodinmers of wild type mg&a (see fraction E 1 on both gels of FIG
9). [00182] Exanple 12; Preferential Heterodi ner Formation of m gQ&a

Mut ants over | sotype Heterodinmers [00183] DNA plasm ds were constructed for
manmal i an expression of the extracellular domains of hunman type |
interferon receptors (hl FNARI and hl FNAR2) with C-term nal nouse Fc (m gQ&Xa
or mgGl). Miutations in the m g&a sequence were introduced using
site-directed nutagenesis. The nutants are TTT = M252T, S254T, S256T; TTTK
= M2H2T, S254T, S256T, |258K; PTTTK = 1247P, M52T, S254T, S256T, |258K; RF
= H435R, HA436F.
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CHO-K1 cells were transiently transfected with the expression constructs.
The ratio between | FNARL-nFc and | FNAR2-nfFc was held at 4:1 by transfecting
cel | s wi two4efoolsa7oaor e hl FNARL- nFc expressi on plasm d ( RCENARIOMI@BRa) t han
hl FNAR2-nFc (nm gGl or nutant ml g&a). Culture nediumwas collected 4 days
after transfection and nFc proteins were detected by Western bl ot analysis.
Eﬂ00184]NHEhc§ ¢leioed isshows t hat heterodi mer formation between m g&a and

gGl is much less efficient than that between wild type.n g&a and nm g&Ra
nut ants (conpar eg‘f‘gﬁ%r‘lcﬁrf‘Srl'%R'@%e 'Ctaﬁ%ge%g‘n\éﬁ'@pr¥85n.’c %grést”i@(j of 4:1 | FNARL
construct: | FNARZ scoBS{ paGiie WBmpHSIBY ftdtn NBERhiREIRO JhePXHEES fifdt ephtdpd-t ype
| g&a construct ngnI Iﬁey%%lerei merﬁ)t . Vg'at. is cl ali me% i se:. 1. ’An( hgy(tar%di meric
bi speci fic anti geindibpredierythat eriestively dinfsra iyptrpitope. andmmiungglopeliypept i de
conprising, fr Oﬁb@%sttaﬁ{t R thaPedmirRb8hnrdt.cHB fdglobtof @MUnRRabERA]daeedr €gi on
that selectively binds a first e% tope, an i mmnogl obulin constant region
that conprises afremrige!.dpR2r &yl l§F40fN%h human 1 gG selected from1gd, |g&,

d | g+, d, b, d I ' i SiF f \ '
S ter i mal & tsoBSRE RSB Ranil e JE B AL i D BB L second
epi tope, an i muspigipekhitdimg egisttastseteelianbinbdat seoorpl ¢Btese arsecond CH3
region of a humﬁn%%&aﬁ?@uﬁﬁkggstgrg?%iéﬁﬁa})c&rg%esfagsgec%Q%HS‘Q@@Bﬁ!opat he

second CH3 regio Ses “a no ati‘on uces "or éerim nates
bi ndi ng of the sacoadd@Gi8ecldctsairamtigGRr lgGRI andAlgG2, whEtedn thespewid €d3pr ot ei n

f clai , Wh inth ' : ] Se . [
uman 19 heavy G giseS R SUCRRRL AR S ¥es A RTRRET SRANYRRRE, 1 €

ecl urt her
conprising an i meeetogl GiiiomaihitgRtoteiha@i.n. 4 . The bispecific protein of
claim3 , wherein the i nmmunoglobulin light chain is a human | nmunogl obul in

) . [ h
light chain2 5 . Tradispeaiferiofqitofiiaiiel. WNereie g firstrolxpratids #na e SPF and

the segg;gge@ggﬂa@p@}nggggﬁ@aq%amgumn | g@ heavy chains. 6 . The
bi specific protein of claim1, wherein the nodification is selected from

the group cénsi sfThagispecifiaprogsiRof @aich 1, yrttes Roapdsios B immuheg|oVBT liefion
nunber i H%njsystem or (a) 435R, and (b ) 435R and 436F in the EU nunbering

systemc The bispecific protein of claim6 , further conprising one to

five nodifiqati omheBRpesiti€protdin sl difig Yinepeis esinthindglonllidight cAAMsA4S, 52N,
57M and 821 in the II\/ﬁ;T exhon
n light chain.

human immunoglobuli

5. The bispecific protein of claim 1, wherein the first and the second
polypeptides are eac'h human IgG1 heavy chains.

6. The bispecific protein of claim 1, wherein the modification is selected from the
group consisting of (a) 95R, and (b) 95R and 96F in the IMGT exon numbering system, or
(@) 435R, and (b") 435R and 436F in the EU numbering system.

7. The bispecific protein of claim 6, further comprising one to five modifications
selected from the group consisting of 16E, 18M, 448, 52N, 57M, and 82l in the IMGT exon
numbering system, or 356E, 358M, 384S, 392N, 397M, and 4221 in the EU numbering
system.

8. The bispecific protein of claim 6, wherein the CH3 domain of the bispecific
antibody is non-immunogenic or substantially non-immunogenic in a human.

9. The bispecific protein of claim 7, wherein the CH3 domain of the bispecific

antibody is non-immunogenic or substantially non-immunogenic in a human.
10. A method for making a bispecific antibody, comprising:

a. obtaining a nucleic acid sequence encoding a first immunoglobulin heavy

chain comprising a first variable domain that recognizes a first epitope,
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nunbering system or 356E, 358M 384S, 392N, 397M and 4221 in the EU
nunberi ng system 8 . The bispecific protein of claim6 , wherein the CH3
dormai n ofwoOhe1isseci fi ¢ anti body i s non-i mmunogeni ¢ or PsThst@vi@bks y

non-i mmunogenic in a human. 9. The bispecific protein of claim7 , wherein
the CH3 domain of the bispecific antibody is non-i nmunogenic or
substantially nomhaﬁmmhfg@ﬁi inhunoglobuliaeavyGhain aetrrises #vlGiakd Gy oA

bi specific antibogys & oﬁ ﬂ%ﬂt d"%namObt aining a nucleic acid sequence
encoding a first Fnmuno %eavy chain conprising a first variable

domai n that regogsbtdikinga sfeder‘id n@mlé age selegrek rntdding b sstoridnmunogl obul i n
heavy chain conprises i t ant dgmal n;

I , 1 g&2, or 1.gXA isotype. )
obtai ning a secodﬁ‘%nep@f’ﬁ'ﬁ"aqﬁaﬂy§8§f0§ﬂ@8”%‘ﬂ%8§@ﬁ8‘%&3§@§§ MRS gl obul | n
hea;/y Cha:,\ﬂ COWprr'eﬁcbgTﬁlze% a&%@:@ﬁ@lepﬁ&fpieabheredul’faisécdr’fdamn’fmggbum%aaysecond
epi t ope, erein the secon chai.n c rises an 1ga@ ,
| g&2, or |gA |SO?V%CW§F%ﬁmﬁ39§Qt%éQG€@ F§8§St5mﬁg’§? r?%’éfi on ig its
CH3 donmi n that ecroawbr@aé anaificasiuiees dHhdomgnttioatieratieites & reducesbt ai ni ng a

third nucleic aci eq encodi ng an i mmunogl obulin a light chain that
pairs with the fllgln%ﬁHQP§% Second i nmunogl obul i n heavy chain; d

I ntroduci ng th% féﬁté&fwmg%@ﬁ?@gtﬁ lé@gczﬁrl'eager{lg%lngb&n@‘éh %ﬁgﬁ&ﬁ@&ﬁﬁ diigho a

manmal i an cel | ; e cell to express a bispecific antibody; and,
f . isolating thecfmrstﬁsétmawscfv@riheB@é@%ﬁ@é&cerﬁﬁ mﬁéuréﬂﬁ'%u{'@ha?vyt%ém

bi specific anti bod 0. b| d.Protei 10, wherein
the nodificati é ‘i Eé(fjrsit Sc?ﬁ?qoh(?nah)r pnuc?geﬁé;?% uefn?%% %SR, and (b)
95R and 96F in thraavhwh‘[é’l‘alemh nunberi ng system or (a ) 435R, and (b ) 435R

and 436F in the EU nunberi nl? system 12. The nethod of claim11, further
conpri si ng one & olloiing the GRF focaPresss FenesicaatibedynAbhe group consisting of

3565, 358M 3843, 9808 MsdeCtnahthesy Bt R FECRIBER kEHSHCRRgET 1
met hod of cl ai m 1tb,binheroggimAt he CH3 domain of the bispecific antibody is

non-i mmunogeni ¢ or substantially non-immnogen . 14, Th t hod
of claim12, 1werBﬂ%m@H@d@rﬁ@aa@&&%h%?'”tf%"%ﬁ@%%éng? éelaﬂgsgaag}hggrou% e

consisting of (a) 95R, and (b) 95R and 96F in the IMGT exon numbering system, or (&)
435R, and (b") 435R and 436F in the EU numbering system.

12. The method of claim 11, further comprising one to five modifications selected
from the group consisting of 16E, 18M, 448, 52N, 57M, and 821 in the IMGT exon numbering
system, or 356E, 358M, 384S, 392N, 397M, and 4221 in the EU numbering system.

13. The method of claim 11, wherein the CH3 domain of the bispecific antibody is
non-immunogenic or substantially non-immunogenic in a human.

14. The method of claim 12, wherein the CH3 domain of the bispecific antibody is

non-immunogenic or substantially non-immunogenic in a human.

15. The method of claim 10, where the bispecific antibody is isolated on a solid
support comprising Protein A.

16. The method of claim 15, wherein the solid support comprises a Protein A
affinity column, and the bispecific antibody is isolated employing a pH gradient.

17. The method of claim 16, wherein the pH gradient is a step gradient
comprising one or more pH steps between pH 3 and pH 5.

18. A method for isolating a bispecific antibody, comprising:

isolating from a disrupted cell or a mixture of antibodies a bispecific antibody having

differentially modified 1gG1, 1gG2, or IgG4 CH3 domains, wherein the differentially modified
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non-i nmunogeni ¢ or substantially non-imunogenic in a human. 15. The net hod
of claim 10, where the bispecific antibody is isolated on a solid support
conpri si NyORnwIT2A. 16 . The nmethod of claim15, wher ecm/usbh@osadors
support conprises a Protein A affinity colum, and the bispecific antibody
is isolated enploying a pH gradient. 17. The nethod of claim 16, wherein

t he pH Gradomains iage morsinepunpgadic onsukstansiells NeryinvRBNegenieoh @ hyrast éfﬂf% bet ween
PH 3 ang, pkh $ne ﬁn%?nflcé%\o Lopd if Qrblshéa%t@&r'\tmgdfr‘mﬁh%F}%@érgﬂlﬁweﬁg%bg\%ﬁam
conprising; iso oma di sr or m xture of antibodies a

bi spemdomstaahltegbod%%awqmgr@ﬁ Iﬁ@reemchffanenwl@ﬂm!tv fasdrolg@ A, andgpbispecificgGs CH3
domai ns,, W? l%lét&?frgllnftﬁ@&@ﬂ%'té%l deyf TR rﬁwlxﬁﬁ@‘é‘gsé@(g@ﬁ@ﬁﬂﬁﬁy@foﬂpf&élwnOgen' c
or substa non- 1 nmmunogeni ¢ 1 n a human, wherein t'he nodification
results in a193| SpeE héoabt d:\hmdya \MHelfelﬁoheh@modIerrBfﬂhe hesradimeti@heavgonst ant

regi on whose nononers ha eren affi n|t d the
bi speci $PD SREARLERYIANdS Ia 391& E%S hgl WUBWS {:tg? Fetgroﬁrﬁgr'%%%g
based ofhairt Gonefaht Rigion i§ @mddifeideiumah. 199 co?ﬁpesmgbhn@tiimn‘atxcm aélacte@ fromtee ei n

one nononer of nme i-n_con man
Toa G e TR el e aHeP o HRe A R M b ey e shep

regi on drS(aaHmisfaredbhlumBRlagGIYmeﬁmﬂ'tellz"rtgnamh@mqsysm on selected fromthe
group consisting of (a) HO5R, and (b) HI5R and Y96F in the | MGT exon
nunberi ng sy2ft em Ther metaoy of@lainR] 9. afhereinthe medhiee Bwaan s Urther qoanmtees
nuber i D, SshRIN sefddtedin ﬂ%&?@@'p Bdnsttity '?5\‘ B9sE WheneiNzsshrs s di47ne dnBuman

| gd@ further conprises a i cation sel ected fromthe group consi sting of

D16E, L8| edMGTke@R nUyHRINg Ayidervs?|D39E: hedaMiYS&hen F3RNDETS Yy 289 st em
or D356 3p8MEUNSBARrink392m. V397M  and V4221 in the EU nunbering system
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