PATENT ATTORNEY DOCKET P1935R1 DATED MAI LED: SEPTEMBER 1, 2005 EXPRESS MAI L
NO. : EV 38 655897US ANTI - FC- GAMVA RI | B RECEPTOR ANTI BODY AND USES THEREFOR
Thi s applwoabeemssss a non-provi si onal application fil edpromdseo3/H3GER
1.53(b)(l), claimng priority under 35 U.S.C. 119(e) to U S. provisional
application Serial No. 60/606,851, filed Septenber 2, 2005, the entire
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| nvention The present invention pertains to anti bogipsrNRFIDOCREAEPBsR] | Y
bi nd human FcgRUB over human FcgRI I A, as wel hr#EpUiSpLED’ SEPPESIEI 1 2005 es.

Background of the Invention An antibody bi ndsgkprivsaAIANIRD. AN 3863580 AlS Zes
it hQy preventing it frombinding to its endogenous target (e.g. receptor or

|l igand) or by inducing effector responses that lead to antigen renoval. To
efficiently renNE-BEQGAMMieBUBREGEPTQRANTHRADYANDUSES T LFQR ant i body
shoul d exhibit both high affinity for its antigen and efficient effector
functions. Anitbodies having nultispecificities (such as, for exanple,

bi speci fi c dFifii dpptiiatier) isamen-peeisignalfapplicatieti fHed wgec iR frb AB@N(), slriming
synergisti.c res I 1 § i : § ) Qr filgnctions are
nedi at 9%105@ ué’ﬁergﬁ?? %?d@f‘%rt!ég?goﬁf(’@ﬁ#"? %%P g}caﬁsce??gﬁ%%g@g&%i vided into two
catl@gor$epembérl), 2@F5 e eutire fontants o ndichhgherehy drcatnoragdiyrefersacebi ndi ng of

anti body to an antigen (these functions involve the participation of the
conpl ement cascade or Fc receptor (FC@)_ bearing cells); and (2) effector
functions that operate independenfield efitheveRfiR bi ndi ng (t hese functions

confer persi.steng i N 21 oY= P o i habnsn BORIIR Ofet O D
p The rp@esgnt%veﬁtlﬁhtn é{_@ﬁ%& foﬁnﬁ%ﬂbgthﬁpﬂ&@feh%y%m Huf®: F@,‘RlﬂBth 0 be

transferred across cel arriers by transcytosis). See, for exanple,
War d anghnan@ciRIIA, B9 961] asTises faptose aptibadimanol ogy 2: 77-94. Interacti ons of
anti bodi es and anti body-antigen conplexes with cells of the i mune system
cause such responses as, for exanple, antibody-dependent cell-nedi ated
cytotoxicity (ADCC) and conpl enBadkgrmswnd efithetinveptignoxi city (CDC) (revi ewed

RV ch et aioh A B i e e Rt a1
2000, Seidegmeus29@etddg.SecepBeerlissed)Pe by wdegnaniiscirpiginoniss 41t lepb@ynésrect or
funct i op Y aDIrD il Prehl3be hivd: BB affzed16relsREERE 86dye P RGBANANANAT DOdY,
y thheir specifici or i mrunogl obulin jsotypes: Fc

r ecept oeshispedi iglaffuity foyiG atiginrodcdisicar alfepter Bpstons 1 SUBIREHIRISFC receptors
o on. T e B B G B e B o e B obod) . FogRIl
(COHER) , camperranipRDbr sy GDAigic regarsss FogRiRlepigsRs i s encoded by two or three
genes that uﬁqt%og9 eﬁéctt&rfﬁ}ﬁ{ii)ﬁé%ﬁjh@ﬁated by an antibody Fc region. Effector functions are

divided into two categories: (1) effector functions that operate after the binding of antibody to an

antigen (these functions involve the participation of the complement cascade or Fc receptor (FcR)-

bearing cells); and (2) effector functions that operate independently of antigen binding (these

25  functions confer persistence of antibody in the circulation and its ability to be transferred across

cellular barriers by transcytosis). See, for example, Ward and Ghetie, 1995, Therapeutic

Immunology 2:77-94. Interactions of antibodies and antibody-antigen complexes with cells of the

immune system cause such responses as, for example, antibody-dependent cell-mediated

cytotoxicity (ADCC) and complement dependent cytotoxicity (CDC) (reviewed in Daéron, 1997,

30  Annu Rev. Immunol. 15:203-234; Ward et al., supra; Ravetch et al., 1991, Annu. Rev. Immunol.
9:457-492; and Ravetch et al, 2000, Science 290:84-89.
Because Fc receptors mediate antibody effector function by binding to the Fc region of the
receptor's cognate antibody, FcRs are defined by their specificity for immuﬁoglobulin isotypes: Fc

receptors specific for IgG antibodies are referred to as FcyR; Fe receptors for IgE antibodies are

35  FceR; Fe receptors for IgA antibodies are FcaR, and so on.



spicing, thereby leading to nmultiple transcripts and the existence of a
broad diversity in FcgR isofornms. The three genes encodi ng the human FcgRI
subcl ass wbegrlegsskcgRl b, and FcgRIc) are clustered in Pegiuseo0sm2mk81 1 of
the long arm of chronosone 1; the genes encodi ng human FcgRIl isoforns
(FcgRIla, FcgRiIb and FcgRHc) are in region | g23-24; and the two genes

encodi ng hursn FRARLLL of 58 RilcbeaNtle i AR il @DB4C EURIRCRA2), Bnd RGRAN | 422,

FcgRIIC is forme fom an 'unequal genetic cross over between FcgRUA and
FcgRI | BCD#6)d Bea&iyR ksbehfs it breodedthyawe bt thieagenee fiabindetzo lientse RN t he

cytoplasm c region of FcgRUA. FcgRI I A encodes _a cept or
o R A

t 1 ans mMeas AR e THEH O BeneAbilcBlih € th¥ AliaNFGRDéubt e (FeBR, FARfEnad BiyRE) piese t 0
hi gh responder (HR) or |ow responder (LR) nol ecul es that d'ffﬁcry n their

abi Bi t yluserediimegion G1217hef thaftorgaim R CmeFRIGTS lrfflegens sacoginghapan am no
aci ds corres in it 460k By 0880 Hugfn

vari ant %Of?fénawﬁ[}%hi’%%?@&@%za%é%%?ﬁ%%%%dﬂ 1B 1 cg%g chR(’IIi-Ir[BBZ di ffer by
a 19 amcRIEEHRIInaAFcyRINb) are tlgerey inopgias h28. HoMdiChis SirmEE FRNABINCIPRIGR B3 i s

identical to FcgRHB2, b ks, 1n mat.i on. f or, i J

pept i d#EREIE Icg’é%‘g‘ﬁé ?W?eé&tcﬁ@g F“édc%cﬁ%ﬁﬁsangrcgnséﬁftssog ﬂiﬁr}%%r?ér%ﬂ%ﬂsrﬁégé %%‘E?\Fu[gl r

af fini ta}{dﬁfgrcytloglgmgg@fgnoepbmg_ a high affinity for 1gG Ka =108-109M
(Ravetch et al, 2001, Ann. Rev. I nmunol_ . 19: 275-290% glan. bi ndltrmnorreri c
1 g&0 | n conticREA cRog A raaHBeHEIRIPIPOREFRE Ale e ‘feaﬂgvé PR ity for
nmonomer ﬂc&]ﬁli/[ﬂ%h{éﬁlaﬁ(ﬁ IJ&'% MhiRavehe t?egf?(gn. qﬁhlelli§ Wiafts of fiB Gl A/ gdnBlgBe aied to

effectiv meric 1 mmune conpl exes. The different FC%R zubtypes
are exprigssgondm (AR dréeverespandér (LRYmalscylesdhat diffsrin theurayliy topindleG. T8¢ 4 |

N cel 0 o %F%’Jﬂé‘f RerRH AR in (e AR BorrQbntinE 8 Rctibnt 37 GpBeSssed on

NK cel | a les to this receptor leads to ADCC activity
t ypi cal FegRIMBIgndatd pliceHarians FayRHBILI BYREB? and it vRUWBY: Jievikidwit anldiefREB2 wher eas

FcgRI HA is found on Grophages, nonocytes, .n i J 0 s, and
= S pbtivayiad agmoraaneRondn e RUSHTLY pteih S Rl e pSind a5
af fi In: tﬁcyﬁﬁBZ,%ﬂEE@gﬁfﬁnﬁaﬁﬁi ﬁﬁqletﬂa&tifzallﬁgnammeﬂgse clesipd ditgt ed FcRs, and are
usual l'y co-expressed on the sane cells, EcgRLI ngo A q)sg i
expressed st Fsrigteplospraaliosiftioguiphsd 5 e §E“8W§?f&é§‘c§?@i?’(h 163 lée%flﬁlsn?y and
platelets, While.s -1 X SSuh ey, Offg- 35 2bowal chfnisd S
(I\/antziftgF}"sC%l’vﬁlB.—;Q @?ﬁa@g‘%@f&/’%ﬁr%%f S e a, H
etal, 2Q68Qmedic 185 Ol comegyFcyRiHcime iR IIANen b sslatildly 3vedller 3iB)ty fdEaronemertpl e,

human FcgRI I B receptor is distributed predom nantly, on cells, nmyeloid
celals, IaﬁiongfM:g Raxetqhres ¢letsepra)) and ondypitegact %ff"f,cﬂ‘ze@o%{th @BE‘&?E‘% 584 89) .

FcgRI I A and Fc J.sof ar ontain ver e : r; ipNs
(appr oSy ooy iieh SoRor B BegreAbE o Sh BB S LOEr Friiadin KATR

cyt opl agWi & al, 8GR Rey. [haadi.sgi57 a9 Fot example, dilj FeRdns ésexarsssed or NMiatellhg
receptors” (FegRLIA) and "inhibitory, ] V. (O . cgRip
recept o?‘s“d‘z?%é’gg"ft\l.'?ﬂ‘@%si B 1sar§:ce£Ec1r ?fi‘?‘éi * r%ﬁér‘%%g%ﬁ%ag lcg]ﬂ% gfsﬁééeg%:'t %I‘\Iljrgigﬁkwg?gfe ptors
cont ai Nis@oukd oalyioA@edRiphils, wheraaRegRIBiACK fdupd o hneoﬂas@dmamcmatnﬁ@r@? keler f

(L TE s S0 B3 Bt Sl PR L B ERE b oasigieon o

monomeric IgG are the most widely distributed FcRs, and are usually co-expressed on the same
cells. FcyRII (encoded by CD32) is expressed strongly on B cells, monocytes, granulocytes, mast
cells, and platelets, while some T cells express the receptor at lower levels (Mantzioris, B.X. et al.,
1993, J. Immunol. 150:5175-5184; and Zola, H. et al., 2000, J. Biol. Regul. Homeost. Agents,

30  14:311-316). For example, human FcyRIIB receptor is distributed predominantly on B cells,
myeloid cells, and mast cells (Ravetch J.V. and et al., 2000, Science 290:84-89).

FcyRIIA and FcyRIIB isoforms contain very similar extracellular domains (approximately

92% amino acid sequence identity) but differ in their cytoplasmic regions, leading to functional

differences as “activating receptors” (FcyRIIA) and “inhibitory receptors” (FcyRIIB). FcyRI and
2



activate a variety of cellular nediators, such as P13K, PLCg , and Tec
ki nases. The net result of these activation steps is to increase

i ntracel IwbanoseBessum r el ease fromthe endopl asm ¢ reti earuse@soses1 and
open the capacitance-coupl ed cal cium channel, thereby generating a
sust ai ned cal cium response. These cal cium fluxes are inportant for the

X0CYt g Qoo HnEARLERE Sen® LA 105, R6ivAlga0eyHaShRsn ADSC

r esponses nd-activation of specffic nuclear transcription factors.
Cel | ul amircesjsoinsesoregiatekitsybasedtaciatiphgotH§FaMyinghe Gl SOBYY he

i nhi bi t.or RUB r . ' - i ;

r egul atL]?l %To a Lfefl?/eggr?%%&rrcg{éagg}rﬁggsrt rdggﬁgbﬁgfsfé ngﬁla&g{e;%sgjlv};&?h@{rgp?hati ng

| 9G nedivitoeth efibgof ol mvdikats oah (FRIFES BHC, Jnd/Tecdenasgs; TARRR FesREQt | munol .

19: 275- 230 LR oo RYE Ml PR AL bifcibRirdibAL mithe GRS SiEHeliABuRT

actrvat 8 feceptors w rnhibrting FcgRII B receptors via an antigen-19G

ant i b;)d;omsrmﬂ npencbepbetai@eeyplédnalcanmehaies], tRsghytaeherating\ sugginegcaledigp o

supra)._ Crosslinki f T i i i t ’

R R A S

EI‘ ﬁ_r 0si nagmgesis, ADCO raspamesnadiabtivatian efspeoifia velemcrpsarptionfeepBasmi ¢ domai n.
is "activation" of FcgRlIB..nitial i | £ RIB

SH2- cont ai n?‘;edﬁpaﬁaeéi’%né Sq%&ﬁ%g%&%ﬁ%@%%ﬁ%ﬁ l[r) at %Esig??héﬁrlﬁg?%sﬁ P catal yzes

t h?_ ohyflféwpw@ %lﬁtgffnaintbﬁzn?ce pbpesipkerilndeiatae) refilgiod oPrdatianivespersy tpesboldnaphg

activation of . . and . Tec ki ) : ' e ' | ci

i melEREN B TR et a ey E AL, | I L AhAL REE S channel

Wi | e FegRibB1netsardo et Sy mgusioh AMisohbamistigking of apaYalingeFeR@pt or s

(Daeron, M et al 5, lInmunity 3: 635 - .646).
negat i v_%’ltlilmpg’ﬁﬁlﬂff“@gr&g?éﬁoé? ViE gt %rgllgﬁrg?%l arlllgg%(g%lﬁjﬁ%e g&%il% (?’ge’ tﬁﬁ g%@ﬁml t gf
gg— ﬁgﬁ@ﬁ%m@ a&,egooé @hpra)p Oadsklfnkingtof enl TAMIchBginin@acteetng rece@@9leadsittmunol .
; - 4. . Antibodies th bi nd .FcaRl | : [
- 13, o g ng hisphon gy Tn P B SR or F G Yo D SRS B REE) BT
L {mulnol q(r{%x@%h -'&%g@ﬂ?@ Zytol:fl’hﬂlﬂégdi(dn@i. "His “atth@86)” df FMpRIGE pgiates Feciitnzd: of & eennman
al , ) mmunol .. :1243-1 o lerin o | .
150: 1793310 SH2@RtARing FPOéIEOAPS’IY%*féé@BC' - Fﬁ"’&%ﬁ%&ﬁ@f %%’99) %’%?;%g%der man ot al
(1 é 292238 dg(ggsgmfgtrl]e{j MT??%?%‘??%B?JP’QPKFWY- pTele\tlic)rgtacta\lati@Qﬁf(l’.Lﬁ%}ind Tearunol .
: - ; | . .Publicat.io '
Febr uar %65 a@@@ﬁﬂgatﬂgé}.‘%ﬁuﬁtﬁlpﬁ?“f e Bu’f ﬂﬁk?teé]téyclélgfl%\& c%&%é&?%@%lg i a!to ggl | shed
fSIO?ﬂZ‘l( ;Eﬁ%fléei@ﬁcelé’eiﬁth@éhahﬁ@.U?@de P(%\&U@Me@z&i%lﬂr@&&slTDAM—dmintadiir[@ctb‘fatihgE duri ng,
, allergic reaction (von n ...D. et al, 003)..Cl i ni
Exper i mesaeniors tecram M 6y 192§(’27’?“”1138§£%§7€)9‘.6)’ﬁé‘@ﬁlfe‘i%’e?‘é&@ tg? ‘s‘eg%%\’/e‘/l B:agﬁl “
shown t .l GERFbr Widsie &idsel (RIMKPE-Lit inte ettroMifRTKOfnedigteRinedinedugh t he
FcgRI I B I'TI M donmai n (Daeron, M et al &(%14%2%)94?%% Clin. Invest. 95:577-585;
. -1658

Mal bec, prolifegition (Malbecy §gs? ah. 1999 ol ); and Tam S.W et al.
(2004) Al | er gyiibich (it B30 FeyRATY:idpRE 105e bdeadesspibeai ifii Iamhdyyer bl r(Ed86uran FcgRI | B

St 7R it s RO WRAT S et H TR e LTS ovi des
an anti ggp.Rideisng 106! GRaRkn¢ealq 1980t Mbiotyniha 8 $23et5i Metino dynhd8993) J.
Immunol. 150:1794-1803. Weinrich et al., (1996) Hybridoma, 15:109-116; Sonderman et al.,
(1999) Biochemistry, 38:8469-8477; Lyden, T.W. et al. (2001) J. Immunol. 166:3882-3889; and
International Publication No. WO 2004/016750, published February 26, 2004. The high-affinity
30 IgERI1 receptor, FceRI, mediates signaling for antigen induced histamine release upon binding of

IgE during, for example, allergic reaction (von Bubnoff, D. et al., (2003) Clinical & Experimental

Dermatology. 28(2):184-187). FcyRIIB receptors have been shown to interact with and inhibit the
activity of FceRI through the FeyRIIB ITIM domain (Daeron, M. et al. (1995) J. Clin. Invest.
95:577-585; Malbec, O. et al. (1998) J. Immunol 160:1647-1658); and Tam, S.W. et al. (2004)

35  Allergy 59:772-780). Antibodies that specifically bind human FcyRIIB are needed, not only for

research, but also to manipulate FcyRIIB and FceRI activity to treat disease.
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human FcgRI I B. An antigen bindi ng pol ypeptide or antibody of the invention
bi nds human FcgRIDB with significantly better affinity than it binds to

ot her hurso 2p@g289s6and i n some enbodi ments i s essenti al pgTarsadmsA31281
cross-react with human FcgRTI A In some enbodi nents, an antigen binding
pol ypeptide or antibody of the invention that selectively binds human
FcgRI 1 B conprises at | east one@mﬁg{.yeoicm@qn(,émdrpody Conpl ementarity -
determ ning regions of SEQ I D 5, and 6, and in _further
enbodi nent s Tkearmpnucmqmovacta@ ai extigyn bihdingpdyyRgtidsfor gmofpthmgsiectivelybindsng 3

and/or .t he f B lvition BinfHukdd® FeyRIB
enbodi rPEH’P%L“ ygﬁifBaﬁdpn %m § dn?%]%%ﬁ%ento?lbgﬁﬁg%}ﬁ%rtl seg&gﬁe or more whi ch
| s a vamlmﬂgnlfmantb}rt&tterafﬁmtyehzoﬂt tihds tODiRer hyfnasECYRs Bopide sonk, empodigienty is 5 and

ich v ant h s at east 85% at |east 90% at | east
95% ateSTeB'gaéityuﬁaﬁ/e OC{OSF_é%Et‘st?‘%Bh@ “or alsﬁqeast 99% ani no aci d sequence
identity vm tIh smneemlvodm mfam@mmmm}’@(gelomdy af theginveptiogthats - and 6,
In furth rrents r Qf. ti body
bi nds. FEGFITR T RO RS, SR b Bl Gt o o i D
appr oxi erteﬁhmm@tre@@asaf SEQﬂDIN!Ds lag. 3, éeﬁstan@ ﬁ@ﬂmfmﬂtﬂ prabegimas, egnRyisesife | east
10-f ol e t 1PAdY-4 4 \and or
FcgRl | ea\\%‘ihlalé‘aa%Rﬁ (Tq SE§ I%gﬁgsggtézh 3ﬁ%§/ OE%I%E é’thginc(%%lgs()f?ggct with human
FcgRl | A6. Thifurfher ¢htendinesmizoal anshody, ofan 1mnm@aqnmnmnn@orgmr9§83§ maEhéy2 ant i body
of the |nven ion co e rj ab h Darhe REQ 1kdax NO 7
and/ or UPTGhET rgon@gﬂég?gggegﬁﬁﬂg ﬁlz\/é 4% én%6d9m|3n Some enbodi nent s,
an ant i §056 abicmul B5, 90 tlast SOt atdwsw%aﬁ'ﬂﬁ@b?ﬂ% @Fleﬂ&‘iég%n‘?ﬁé‘hleﬁ%W%@mg‘oﬁﬁﬂocl onal
A ¢ DO oS RTRY i B & B8R oo EUBRHZEABRY | Dads B AT RGN of 2

nmonocl o umani zed anti bo I'n some enbodi ments, an antigen
bi ndi ngerptaidinpept id earmnt amgerbludn}mgmolxmeuderw anitpdhbings ey B Fethep ASEBnal |

chi tis ng%rApéggrr%{eW b§ % i fbxﬁl@télﬁ&qéﬁtsz oM, of ERYDBIM, 9t elreseof, is

der edt%lar om an uce rom a doma cell |ine_having ATCC
accessi fol, aUadséIO-féTdAawleaSlSD fOMﬁﬁaj@rﬁhamlthmﬁf%tYp% pthepy P for SFYRITR: WIB‘H?gjl es of
the i nvetrhtbe?n 8l g%m&%%&g e\é’b t\ﬂththlﬂﬁlgaﬁf’@ﬂkmc 18 RlrtlePSHhRAin®hts, an
chem)theraetlc agents in ho dt treatnment of a di sease or _ disorder
treat edalmgert hedlnglmlmeuda a apfhodl G%Fi}e @Ve%lﬁ% AN SESRlsaYY ‘é’ag‘gvéﬁf © dqpein
i nventi f ankk shodhe®-gonpri sing an anti body or
ant i gengﬁﬂ%%ggﬁ d%g!&ﬁ%ﬁgh%%}tﬁﬁglgdg%ﬁ velf)igbl nds FcgRI I B, including those
des20i bed abbwemeambocétms@t&@n@n%@tlPtﬁé’@?P@}b’Pe& fig ‘@fé‘ﬁ“‘l?ﬂdﬁﬂf g IEMPBER | de t hat
speci fi &%Hc%ngf e{ﬁqﬁoc@na aﬁ&ér‘(@%hﬂ&i o2& Bithfized SMMIIRADr F&@Ethent b BGHRlonal,

|

enbodi nen specr'tic antibod |es conprise a var| ant é%/ hai n hldnge
regi on phlmalptatbrlh@m@mmdrﬂnébmheév&on@r‘?&ibﬂdlﬁlie%térlafllaﬁ%‘%ep WQ%&’@@OIY PQB%%H apjibody

ant i bodigg. of eﬁtiraﬁ 1ha1\{(ﬁ£§ h@ﬁbcﬁﬁlﬁ 3B, midhnbBE Bﬂdﬂtl@femﬁﬂ Blhth)b&btﬂgr I mmune
responses and suppressi ng hi'stam ne rel ease, for exarg ﬁ a Ir@Le(g Wi th
al | er gy fraaswmhere%fnld deisefl Ameaniagiibody prodessd frempdtyPHHRACe 1:11“? “ig i on,
bi speci fa&c%ss?o'ﬁ%hﬁl@?f‘ﬁ% &d14the invention are useful foractivating FcgRIIB

receptor 1n mamalian cells by coaggregating the Fcg I§IlB re&epﬁor with an
Antigen binding polypeptides or antibodies of the invention areadministered wit

therapeutic antibodies or chemotherapeutic agents in methods of treatment of a disease or disorder
treated by the therapeutic antibody or chemotherapeutic agent.
The invention provides isolated bispecific antibodies comprising an antibody or antigen
30  binding polypeptide that selectively binds FcyRIIB, including those described above, and a second
antibody or antigen binding polypeptide that specifically binds an activating receptor, such as FceRI.
In some embodiments, bispecific antibodies comprise a variant heavy chain hinge region incapable
of inter-heavy chain disulfide linkage.
Bispecific antibodies of the invention are useful in methods of inhibiting immune responses
35  and suppressing histamine release, for example, associated with allergy, asthma, and inflammation.
In some embodiments of the invention, bispecific antibodies of the invention are useful for
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activating receptor in a cell. In sone enbodi nents, the manmalian cells are
human cells; in further enbodinents, the human cells are T cells, B cells,
mast cel IWQ 2b@agdsbl s, antigen presenting cells, macroplragas2@3dsnst

nonocyt es. For enbodi ments invol ving general |TlIM protein-nediated

i nhi bition, such inhibition typically occurs in T cells, B cells, nast
cells, Q@iﬁ;@@lyﬁcmr@%égﬁatih ARMoRSSRNS b}n‘gqagﬁb%aﬁng e B ATPREGRR Withian Whi ch
inhibition is nediated by FcgRIIB, such inhibition typically occurs in nast
cel |'s, BANTEHTEEPoRd GhnpOBs embedigents thegnanpalign gellsare hygep sgliaigdurthehd B

cell's. LRb&HHE HRAdAROS areht RE D il i dePOHhBohiR] antif& frévanicam, ar e
useful for inactivating, inhibiting the activity of downr egul ati ng

. or
expr ess PafropfagesfadioE mafocy e st smbodugent gkl ving senes! MM pipiew-mmdétad | s

i nhi bi t gfhiond@wn [Iﬁﬂiﬂo%ttﬁﬂaall? b&ulsTRiTRENY, BRI, mdQWaCEdbL QRd hntRbsal |y
occurs in manmal i an nmast _cells, bas_olﬁ),hj_l’s, and ant |Pgen resenting cells. In
an aspe@eseriipgcdllyy Eerbpdieaes ipaideshibitien waedigaddn nﬁwﬁisgqlﬁghlhlﬁom sol at ed
ant i huFegpaRINR RN iin AT CeIR MasdPhaP 8 deh preaiitihOQAY, thdhoRNALIBRE, btPh
carrier. I n_another enbodinment, the invention enconpasses a conposition
conpr i sPelly- s smbpdiamcaintispRitcpibadish Hie Igriéonars ussfubfss Eretvatingat i body and
an i sol anegiid acligly &k bReYeulding S8kdtsion 8 thOFQRT RREJiorh whCGifohBleantih huFc

eRl _bispecific antprq¥ to antl-%?E anti body in a conbinati on conposition

i s Headivhichfethdivinhibiied s downresigied: thedrhibitipeordgypiseylationynically PSPURi B hi n t he

range f LamnRARR QX Bl Sda¥opRild) dndlankiBenRenthng cIike anti bodies of the
conposition can be nonoclonal, human, humani zed, or chineric antibodies. In

anot her aspe&t 20 3PRe BTSN FIEHBRSRISH  SYBPOsition e RS istngag iselfedaatiof treati ng

an i mmu B@Fc?}kﬁ?faﬂ@hpﬁdﬁRﬁbiE&Bm Lmtib)éd;aﬂl_rﬁi phbusdaB&utiogl ciie@Mh hn&ﬁkéF@ﬂEﬂdirBérﬁlpt i - huFc
eRl bispecific antibody. 1n an enbodi nent the mammal _is_a human patient,

. [ Tl :
such as 1 IGAENT SHSQTRAFIES P FOTROSHOR FORRTISRE 3B frelated ntiRuEyREPgrit-beficsBt der |

ast e aRpécc auiihddg AR® A i8dlated htiABR bRV E NR AsifBRMo of tRehiFeR ARARH- ¢ met hod
further COf‘rﬁl‘l ses_adm ni stering to a manmal experiencing. an jnhmune

di sor defuFegRl bisnegifiggntibady foagti-1g antifodydR @ corbindier5PRPSHIoBAS KW ani ne
r el ease detbiincdFér ea it RIThSa86 sl tyeHiG wekiin thd SReCHdvh SppadXirha4Y.00f1 t6 he

invention. In a still further embodinment, the anti-huFc gRIIB/anti-huFc eRl
bi speci Y& 1-ahie bRt the ompRsitiaR pasyPe;naongelnaki human. dymppz HfiCon with an
anti - | gentdtiehody, where administration is separate in tinme or

Si taneous. I n _an enbodi nent, the anti-H?E antiboq§6%s a. nonocl onal
ant FBody. | nIBA0eHeT $1BFCtARRIBERTHENRCOPPASSes AFCrIPGREICAPRI b (Fedtioe SO IPMPYIE ) . 1n a
still fdisb@ér ievhadini®py adniihicteiSpeaiihiEcyRIBIAAMYFRT BidicificShigiodyl Inhn

conbination with the anti-IlgE anti body as part aof a therapeutic_ treatnent
for an GRBBIHG AR FUPHEP RS S5 g Pman et i nege of fratmegt for an
t her apeulidrgic ARGUER Athmarud/oe inflaembiicp &€ kfdtier anbidiady, thesthadputic mERodl
separa;g%% fronL%;o at the sane tinme as .the.anti-I%E anti?o%¥. I.n anot her
embodi mBHUS” PHEMHP BB YIES S PHBYY SPerERUNS TS S Arse i
ant 2podyr mmeeddd ifihibiSdresfaibtadiind bR ass A ariti-WaFcyRAIR/ s - IFcsRitbispedifiic antibody of
anti-huEcgRI | B/ anti - gp Rl bi specific an 'q%ﬁ¥ to anti-LgE.anti.bo in a
cormbi natFQh BT A BE Lo PURSPRGr et STy pf e o e RS or
the invention is administered in combination with an anti-IgE antibody, where administration is
separate in time or simultaneous. In an embodiment, the anti-IgE antibody is a monoclonal
antibody. In a further embodiment, the anti-IgE antibody is Xolair®. In a still futher embodiment,
30 the bispecific antibody is administered in combination with the anti-IgE antibody as part of a
therapeutic treatment for an ongoing immune disorder (for example, as part of the same therapeutic
regimen), where the bispecific antibody is administerd separately from (not at the same time as) the
anti-IgE antibody. In another embodiment, the bispecific antibody of the invention and an anti-IgE
antibody are administered at the same time. A useful ratio of anti-huFcyRIIB/anti-huFceRI
35  bispecific antibody to anti-IgE antibody in a combination administration (whether administration is

performed separate times or at the same time) is readily determined for each patient. For purposes
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performed separate tinmes or at the same tine) is readily determ ned for
each patient. For purposesof the invention, the ratio is from approxi mately
0.01: 1 t owdQO06I0289%d any useful ratio within that range astdstesmsred for a
patient. Useful ratios may be, for exanple, 0.05:1, 0.1:1, 0.5:1, 1:1,
1:0.5, 1:0.1, and 1:0.05, although no useful ratio is excluded which may be
det ermi pgd 11Rf ntﬁﬁlatﬂgﬁiﬁp 1s(:ﬂrdrﬁ'hﬁb%x1r¥1§919@'0qqe§ 1007 ndl Y Gl @4tioachiit thanal |y

provi dés 1'sol ated nucleic acid encod ing the antibaod a vec st cell
conpr i singgat detrmived fos i patiest. dUsefh Eatias WY ProEPT Xamilt ONg: laf L1And-s 80]d§' (gﬁprl si ng
cul turing, L1e:.HB8 ks hnél%ful%fo'l?é}éiuhyd whibl bhEbe GRS by gaderia¥igicling t he
ant i boc}y 1fromthea}'n culture (e.g. fromthe host cell or host cell
cul t ur eechreidiagm) . Bri ef Descrl ption of the Drawings Figure 1 is a schematic

r epées ent at I'I?l@ &&Fntﬁ)n%a&ﬂl&ﬁll%gl nldg é&lgtfad ﬁ*ﬁle@&ﬁﬂﬁem@&ﬁng BOLRBED] dedit oheavy

| i nés between s and the two CH2 donmains. V is variable
donai n;hoft cel capupmising thtat m@m 3¢id, pndsg laﬁt!%d ot grakinggnantihedy Frraiing ceiunng &ief o
heavy I hg tht RRibBAsEf6th iR GofieameulinegRIFA ( SEQ
| D NO Ogtcnnalﬁ %ﬁ% I’BZ > ng am nlo a}gl d squences Figure 2B

shows tftm&nhw@cqihqrdio@e@ih@m@rmdnm@gR| | BI (SEQ 1D NO 11). Figure 3 depicts

an alignnent of native sequenﬁﬁepyg&qpmdfmrfvﬁn s€gi on sequences. The
sequences are native-sequence hunan ( SEQ Ef% non- A al ‘Dotype

natliove- sequéfigee humnhqr@@rqps@@tatpnmm% TgCh Pl ide bRfis e pERTatid PY 3 (SEQ

I D NO d Skl d
a bar }%ﬁhﬁ%w n‘%etn i ngsa?'gléga? @gﬁ%ﬁ%&ﬁ%@gﬁ ant |aglgd?|§s%gblgg@rﬁﬁﬂ§:égg IO\éI =

rel ati v@nftat Gﬁi[aﬂmlF&tangfdrAgbtwﬂal@TdH@tﬁndsgcﬂl heliV}TQIFQIiﬂon proteins. Figure 5

shows bi ndi Lfic nof thenant i bodi es
to CHO cell ggé'ﬁg%géss% g’é?ﬁlxﬁ U &’R& at| Ve t?@gﬂgﬁ)s expr essi ng
GPI - huReyRRBIE\(SHE IUNes 0pafinp h&s e&qhexhemmlglgemﬁhomsmc agimovasgl segreng ¢fdi ng  of

various anti -F(iﬁgRll (CD32) MAbs to GST-huFc gRHB, GST-huFc gRHA(HL31), or
GSTEhuFCTR RS BINOI-qure 10 depicts the amino acid sequences of |ight

and heavy Chﬁgﬁlé 3%5%%&9&1&@3% oaﬂzqtivb@ame&éﬁmzarﬂanuﬁm@mceegldmseq&nsdsomhet hat
| oc

5A6 does not hexaner 0 hu A and H5A6 es bl ock
bi ndi ngseafenEBAIY @E"%@ﬁ‘é‘ﬂ‘é‘? ‘Hf‘mgﬁb(sg?nﬁlﬁ@ 33 gupPe ni%ve ¥ &S ggn)t S

i ndir eCﬁulﬁaﬁ%@m 080y Qat@e@éﬂu@@:ealﬁﬁhhlym (SEQ mmav/mo mdnam\tersveleﬁ@g RITA
expressi ng 62 erythrol eukem a line (ATCC No. CCL-243). Figure 17 shows

effects ‘{Sllianli B RLSH)-i nki ng to activating receptors neasured
quagyy i tati Vehguﬂayt PRIVRLEK b BE: @dphhhdidaing REativebiedisgof dntibudies td 8STepFaREBant i - Fab

Western blot results for nti-F R I B) an
relative to GST-huFcyRIIA arE)dS GST—%&FCI?EﬁPfugmn pgte?nst c9 ) and

Figure 5 shows binding specificity by immunofluorescence binding of the antibodies to

CHO cells expressing GPI-huFcyRIIB relative to CHO cells expressing GPI-huFcyRIA.
Figures 6-9 present binding affinity curves for binding of various anti-FcyRII (CD32) MAbs
25  to GST-huFcyRIIB, GST-huFcyRITA(H131), or GST-huFcyRITA(R131).
Figure 10 depicts the amino acid sequences of light and heavy chains of monoclonal
antibody 5A6.2.1.
Figures 11-15 show that SA6 does not block E27-IgE hexamer binding to huFcyRIIA and
5A6 does block binding of E27-IgE hexamer binding to huFcyRIIB.
30 Figure 16 presents indirect immunofluorescence binding analysis of 5A6 MADb on native
FcyRIIA expressing K562 erythroleukemia line (ATCC No. CCL-243).
Figure 17 shows effects of FcyRIIB cross-linking to activating receptors measured
quantitatively by blocking of histamine release.
Figure 18 depicts anti-Fab Western blot results for p5A6.1 1.Knob (knob anti-FcyRIIB) and
35  p22E7.11.Hole (hole anti-FceRI) antibody component expression.
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p22E7.1 | . Hol e (hole anti-Fc eRl) antibody conponent expression.Figure 19
depicts anti-Fc Western blot results for p5A6. 11. Knob (knob anti-FcgRUB)
and p22EAvOD2oddai2e9s6hol e anti - FceRl) anti body conponent exprss@sosi2sti gure
20 depicts anti-Fab Western blot results for expression of antibody
conponents with wild type or variant hinge sequences. Figure 21 depicts

ant| - Fc Vestarf f QbicfsGitlL rclibh vPLARSLPES 2L 1AGIADY 20 FHRIB) A W th
wild type or Yarian i nge sequences. Figure 22 depicts isoelectric

f ocusi pEREMEI ¢ Golsfant K tibodyEpRpPRENt $RPREHO5 A6KNnob and 22E7Hol e at room

tenperatur e, el ehewhgah St tRualBlexbREsicn dFlafitifods corpogedtewri
depi cts chlsll*%?egﬁ%ﬁlcﬁ%ol um flowt hlrloughsxi)f or 5A6Knob/ 22E7Hol e

bi spepi\ﬁi]dcypeZZE?rH@t@pg%n@es%Knob anti bodi es. Figure 24 isoelectric
focysi ng a”%’g%%fﬁ &%@%ﬁéﬁ@ewest%&ﬁﬁméﬁm £ B PAGID O ABlly 23fFdmehte withx t ur e
or

heated to 5 0 mnutes. Fig. 25 depicts a nucleic acid sequence (SEQ
| D NO: 36)d tgpecwctanegt hihge safideatasne phosphat ase pronoter (phoA), STII signal

sequence and; | il SRH1ER 85 A6knBOMETHSL, thixghsAedbn of t he
5A6 anti bod%lé'llgféfg%%& S'ep?égtlglgﬁghﬁﬂcl eiy?: acid seguence‘n'(JSEé | D NO 36)

encodi ragd 2 Hullkat roanetepharepisatiddee mixgnpheaed (pHHR)Or IHICE| gnal sequence and

the entire (Marl - B thiob £ ForGR@KRoWE2H7ele2 2E7
ant i body. Flﬁg{g{r‘%%?%%bcl ct gﬁg@%ﬁfgﬁ%fgggg:ﬂd stequ%ﬁcoe (SEQOI D NO 37) encodi ng

t hd Ol adtispeifieri2AB7H@¢.dad HA6Kiek agihofdiesi gnal sequence and approxi mately 119

am no aci ds gf L bg; a&g’ heRY ¥nM@id @Bliexdeabiyinie, thies Aokhonaid body. Fig.
28 depicts aﬁ%uﬁ%:%}sgaém OosquencgS (SEQ I D NO 38) encoding the |ast 3 am no
aci ds OREfHele Sifthrediegerbio S§€yfige HOBIN4HS approxi mately 123 amino aci ds of the

nuri ne neavygyariable adRaL Ridloghdies ARRYTANDIPElodif] Ou HeSii Phentai3d

provi de ELI resufts illustrating the dual bin |nl% S $Cltiﬂ'§taﬁ{ t?f’ 3

5A6/ 22 ERomptg@hed)s SHIl sigea sdquence ard the grfire fraHiiieang £0 ?ﬂg BEHR T 1% e
rel.gase oA data illustrating the ability of the 5A6/22E7

bi slggcitP‘?gggﬁgtﬁ%ogy' to crosslink huFc gRIIB tgo huFe eRl . Fi upgles %gfsei S a
gr aph of ELIE&%@Plaiﬁaﬂéd?lé?@ééeélu%%s)&?&Np@@Eﬂ§ H%?’Pﬁltkfﬂr‘f% PRERESg of
| nhi bi t} 204, 98 v RAUCRELRIaSd AT EARe (valigas fdiconsRit ddndhies) Bt Ry FUBL
cells b%/rg{%?'gf(ﬁqubjéti orslggéi %%6/0225 bi specific antibody with huFc eRl ECD
and huPbgREBmEBRY- Fi gure 35 incl udes graphs of FACS data for the binding

of SA6/22E7 Fiig.sﬁc%gfcizs% mAtic RAE Yequnck (SEQ IR NOBTS etbdifiy the 1883 ariBDacidlof
huFcgRI I B ECDt o L- huFc eRl +FcgRI I B

ELIZA hihs S3Hisizaalsequencsdand appsgripaely i3 a i ﬁg‘lﬁi!éﬁs‘?féﬁ lﬂélrn%h%%w :V%rgi%é‘%&"%ﬁ’ °
of the 5A6 antibody.

Fig. 28 depicts a nucleic acid sequence (SEQ ID NO:38) encoding the last 3 amino acids of
the STII signal sequence and approximately 123 amino acids of the murine heavy variable domain
of the 22E7 antibody.

25 Figures 29 and 30 provide ELISA results illustrating the dual binding specificity of a
5A6/22E7 hingeless bispecific antibody. :

Figure 31-33 present histamine release assay ELISA data illustrating the ability of the
5A6/22E7 bispecific antibody to crosslink huFcyRIIB to huFceRL

Figures 34 is a graph of ELISA histamine release assay results demonstrating blocking of

30 inhibition of antigen-induced histamine release in RBL-huFceRI+FcyRIIB1 cells by preincubation
of 5A6/22E7 bispecific antibody with huFceRI ECD and huFcyRIIB ECD.

Figure 35 includes graphs of FACS data for the binding of 5A6/22E17 bispecific antibody in
the presence of huFceRI ECD and huFcyRIIB ECD to RBL-huFceRI+FcyRIIB1 cells.

Figure 36 is a graph of ELISA histamine release assay results demonstrating blocking of

35  inhibition of antigen-induced histamine release in RBL-huFceRI+FcyRIIB2 cells by preincubation
of 5A6/22E7 bispecific antibody with huFceRI ECD and huFcyRIIB ECD.
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i nhi bition of antigen-induced histam ne release in RBL-huFc eRl +FcgRl DB2
cells by preincubation of 5A6/22E7 bispecific antibody with huFc eRl ECD
and huFcgRDR2BIGECERSEI gure 37 includes graphs of FACS dat acfrars2adsestzsndi ng of
5A6/ 22E7 bi specific antibody in the presence of huFc eRl ECD and huFc gRI I B
ECD to RBL huFc eRI+Fc gRII1B2 cells. Figure 38 includes graphs of FACS data

illustrati nQﬁ%'r%'n&Qdé@ a%ﬁ@éf%%lé‘s cﬁkﬁ@@cﬁé f)lh@m@ﬂﬁﬂ@%ﬂbﬁs@@ﬂlﬁ@nhbom huFc
eRl cells by huFc eR bot h. ECDs %ﬁgll gure 39 includes

gr aphs tef présacs 0@&@@831113@@@?(&1@43% EGPlt‘hBBBWWﬁM &ci fic anti body

bi nding to gl brSrADs BuRTueRingfibking W6 AGRE ByifgeBfic or  bot h
ECDs. Fi gurel%%lu(sg?g;%dgé@e?dbr aphs of FACuS dalt a_il Inll%st rati ng glikﬁ(:kl ng of

5A6/ 2zeﬁt1tndspe@1ng|t@RBhﬁm%8§rcq@is bt eRIP G huRenR B R4 ke RSB 1 cel I's by

huFg eRl dsBr EeDor IRt 1R s BTbdiHeRr 4Ad20mThisdeisic gr aphs  of
FA data il I%}E%J?%tnlglﬁh S%r%c ki ng_of 5A6/22E7g bi sp ég?. fic ant| b b| nding to

RBL hul:wu@ﬂt/bmdﬁxg toRB equygﬂliBscelbbeEesRé ﬁﬁDEwCY%HB@%Pt Sor both
ECDs. Fi gurezdg gtéluaésagt’ nobe #Ldsﬁﬁtﬁtlﬁstt@ oJ]{ﬁngﬁSﬁ6@§E’BMsp’e&$1U| ts

denonstrating tion antly%en i nduced _hi_stanm ne_rel egﬁ)u qf BL huFc
eRl +Fc agFi’bd(BlblrEietglte RBY: hgﬁmm‘v“c 1B cellshychugeaRL Fo&y hufcvRYB PRRqt
concentjé@% Jons. Figure 43 is flow cytonmetry dat a of SA6/ 22E7 bi speci f| C

anti bo I'nding to RBL huFc eRl +Fc gRHBI cells. %ure 44 a gr aph of
ELI19A h| st anffigwe fbinghides saaphapf EP&W%IHH%%%‘?IP%{W}%& ARRPBT 'P’FH?ﬁl 16f

ant i gen; gmg ,tgté RAT RPE RS BBl by WFeFaRICH, GufpR IBRECDS bt oty
5A6/ 22E7 peci ic antibody at subsaturating concentrations. Figure 45 is

flow cyEdaetry data of 5A6/ 22E7 bispecific antibody binding to RBL huFc
eRl +Fc gRHBZmcal s i Srii of EAR A BisthhAWr sk OBy rb!suﬁ@ﬂeindhfstrdtﬂﬁgnﬂﬂbﬁt[oatdf on of
5A6/ 22E7 blsp cific antibody binding to RBL hu%@% IBceIIs
RBL huF@tléﬂ-m@t,%@ Ristamfinegelpass in Biple hybse iRy Fer RALEH <51 DAY é"sp chr e 47 is a
gra %mg&@pd@gdbfsét&agjgdo;;%ﬁat l@yel s detected by ELISA in cell culture nedia
of RBL eRl FceRl + FcgRDDBI cel |'§E and XI}BL Fce + FcgRI | B2

cells over tﬁeurgéée%ﬂ%wtm%@é@% S(PPE bispeeile ARy Ripding 8@‘% t he
presenc&}ggmgpm@@q Lfis. bi speci fic antibody indicating that the anti bodi es

were not depleted. Figure 48 is a graph of | | s detect LISA in
cel | cul t ur eFigwgid4 ioF srmly of FE &R b léfétmngfelmtaﬁﬁ% “ﬁigﬁa‘ﬁﬁfttﬁgin ‘tés% and RBL

FceRl +arﬁ%&ﬂnh§%d‘ﬁ%tahﬁn&¥l@£se‘iﬂ‘ﬁB§ ﬁmﬁm«ﬁmngmnmsmmmmmpmm ment with
IgE in the presence or absence of bispecific antibody indicating that the

ant 2®hodiibodyest subsatraenBe@datigsS-gur es 49 and 50 present flow cytonmetry data
for | gE-i ndupggeuBhest aftbRdtryatalof 8R6/22E7 bispecific antibody binding to RBL

huFceRI+FcyRIIB2 cells.
Figure 46 is flow cytometry data of the titration of SA6/22E7 bispecific antibody binding to

RBL huFceRI, RBL FcyRIIB cells, RBL huFceRI+FcyRIIB1 cells, and RBLhuFce+FcyRIIB2 cells.
25 Figure 47 is a graph of bispecific antibody levels detected by ELISA in cell culture media of
RBL FceRI cells, RBL FceRI + FeyRIIB1 cells, and RBL FceRI + FcyRIIB2 cells over the seven
day timecourse after treatment with IgE in the presence or absence of bispecific antibody indicating
that the antibodies were not depleted.
Figure 48 is a graph of IgE levels detected by ELISA in cell culture media of RBL FceRI
30  cells, RBL FceRI + FcyRIIB1 cells, and RBL FceRI + FeyRIIB2 cells over the seven day timecourse
after treatment with IgE in the presence or absence of bispecific antibody indicating that the
antibodies were not depleted.
Figures 49 and 50 present flow cytometry data for IgE-induced upregulation of FceRI
surface expression in RBL FceRI cells.
35 Figures 51 and 52 present flow cytometry data for IgE-induced upregulation of FceRI
surface expression in RBL FceRI + FcyRIIB1 cells.
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surface expression in RBL FceRl cells. Figures 5 1 and 52 present flow
cytonetry data for 1gE-induced upregulation of FceRl surface expression in
RBL FceRIwe 2bagR845B 1 cel | s. Fi gures 53 and 54 present flPowusgaosnet2sy dat a
for IgE-induced upregul ation of FceRl surface expression in RBL FceRl +
FcgRI I B2 cells. Figure 55 presents flow cytonetry data show ng effect of

bi speci fic qfi‘%ﬂ[égqgﬁn(i O pEQWYRIMIEhdaQiforigR Rldusddripasgalatorpoféserion in RBL
FceRl cells after renoval of IgE. Figure 56 presents flow cytonetry data
showi ngueiceerpression b] RBle EeaRl ¢ FewRiBHER/ISf or downr egul ati on of FceRl surface

expr essi on i@y RBs FeRRk fowiGORBY dfgHowinafetfast of Bipacdic aafibddgbor Fi gure 57
presents flow cytonetry data show n thgﬁﬁ&fect of bis gfiigéi c anti body on

downr eglewareigplptionfof FerdRRpurage £ERissien gy peils BT TRRQS cgRI 1 B2 cells

after r e”DV%%L% 54 nggsenﬁiflgwrczﬁmééy Bka HORSRNIRTf BeRcdataatnidy IGRNA expr essi on
of huFceRla, FcgRI1B 1, Fcg

, F 11 B2, huRPL19 (contr , .and rat FceRl.ai n mast
cel | s RRwntngMedm of Ferdd isgifage expressiop ERR Bl FoeRiyr FﬁYFéﬁ@&e 1&%%?—‘2#@10"8‘&1?5 '
(desi gnat ed ﬂgﬁs Qs £1085 toBRED Whis SIRwinttEIERdcBat tespbdific 4miesdygmat ed
huFcGRHb2) and on

uman basophils fromthree dif ent donors.. Eigure 62

pr esentdowngssilatien GceRd SB‘EF%CWXI?T?FSWHF‘I:]%B%H‘E%RE ﬁ&@@ﬁﬁ%@@aaﬁ*&%%@?% ease in
pri mer'y humsg Basansy brsciaer boRbl beari dhesaildr uReBRl FEFamI; - FoeR
bi specific an IbOdi/ﬂ A6/ 22E7. Figure 63 grgphl cauIéJ %/%g resegl%g:\xﬁkg
cyt et FoyREBR AuBRbIG (sentioheansfraidicERlgan pag Geltsihlohudi %ﬁﬁ“ﬁtﬁ i agul ation
of | gE&kﬂ%ﬂﬁﬁc@Rﬁ‘F@ﬁl@Wefl@@@siﬁiﬁ&ﬁ%ﬁﬁd(ﬁ(ﬂﬂ1)71 aRRBRBEREFRER - FogRj81 BBs cel | s when
anti- FcgRIIB-anti-FceRl bispecific anti bodly 3@6/ 22E7 is added at day zero,
day t hr@lesignaeed dnkcGRITHR) and;og umag haspphals Sppdhipe diPreRt GO% s s avs i n whi ch
| gE/ anti gen- hg&l@ 68 PrefitsQKiuRe of Bl Ba§ & WCIRBLi-[EBefiuced Hragiht BRagsh| s was
i nhi bited by the anti- FcgRI|IB-ant] - FQEIIBI %%ge%i fi .ant.#'iboq%od'SAw 22E7. For
each baprimgirsprmanhesengidnyasgrhibicshy thagafly Fork g F@‘E)Q'?SPS% “MGrey bars;
ant{genslgbp; bi specific antibody (NP(II)-OVA +IgE + BsAb), light grey
bars. Figure 65 presents the results of assa in i I antd gen-i nduced
ar achi doni ¢ Higig 63 @%%@lysfﬂ?rﬁﬁﬁptétﬂf’ﬂﬁyﬁﬂwe‘%iatﬁgﬂfng\ﬁﬁfggeﬁl (%E{SR&?%C] s was
iDghi p: t g{q%gay Ml%“ﬁfbtghl?tidzxﬁg?’éﬂ-ﬁrdﬁ&ﬁﬁigfﬁﬁfacb egfesioh iCRBIDFELRY dhFc P2 2E7 .

taile scription 1. Definitions er, r.s cert ses in
whi ch i aeHs der @dip BHEES -8 TR ‘?%??ﬁ@ﬁfl‘&}bf’@g{’?%g@ 1&%%‘1%%3%‘{3 2%5@ d? P‘F%mmti on
and orggm dysdwnction. An allergen is any antigen that causes allergy. As

o RS e 0 LS MR Rl Sl pplipy such
central pERIe HofRibd @Ngives BhidRETIBI the ankig FoyRIIBhansifFcERI Higpecific antibody
5A6/22E7. For each bar graph: antigen/IgE alone (NP(11)-OVA + IgE), dark grey bars;
antigen/IgE + bispecific antibody (NP(11)-OVA +IgE + BsAb), light grey bars.
Figure 65 presents the results of assays in which IgE/antigen-induced arachidonic acid
725  cascade stimulation in RBL FceRI + FcyRIIB1 cells was inhibited by the anti- FcyRIIB-anti-FceR1
bispecific antibody SA6/22E7.
Detailed Description
L. Definitions
Allergy refers to certain diseases in which immune responses to environmental antigens
30  cause tissue inflammation and organ dysfunction. An allergen is any antigen that causes allergy. As
such, it can be either the antigenic molecule itself or its source, such as pollen grain, animal dander,
insect venom, or food product. IgE plays a central role in allergic disorders. IgE high affinity
receptors (FceRI) are located on mast cells and basophils, which serve as antigenic targets

stimulating the further release of inflammatory mediators producing many of the manifestations of

35  allergic disease.



receptors (FceRl) are | ocated on mast cells and basophils, which serve as

antigenic targets stinulating the further release of inflanmmtory nedi ators

pr oduci ngvoange/mgosshe mani f estati ons of all ergi c di seasecirgiosadsesed

i nfl anmati on occurs when antigen binds to the IgE anti bodi es that occupy

the FceRl receptor on mast cells. Wthin mnutes, this binding causes the

mast cell topdeghany nﬁgrﬁmat[oﬂlo%ﬁé REerClikd Uindd E&ﬁl@lgﬁﬁiﬂtlﬁﬁiﬁhsaﬁaﬁb(&upy the

Subsequentlf e degranul ated cell begins to synthesi ze nd rel ease

addi ti 6@1 reweptmatmn@t chdls.nWithin mintes; gas prpdingscagses WS mpasteel 19 Rie: an

initial 3 | & de%%%{%d BaIBEdefis tAdYEthedianaa| ar

secretf cB SIF Ce md‘Pfg;‘ﬁ%‘éeg{éteoggs%%?ﬁﬁé@ € "owed by a Tgﬁ.\?v hours |ater by
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respecthﬂewtheﬂ'ﬁém%@émr t structures and three-di nensional confr gurations
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generally, for exanple, in Abbas et al, 2000, nol ogy,
3th ca. ackbscawmeodiherbey B aTE R omAIty BBF THGEF BT Rz ovutns 1V

been described: IgA, IgD, IgE, IgG and IgM. These may be further d1v1ded into subclasses
(isotypes), e.g., IgG-1, 1gG-2, IgA-1, IgA-2, and the like. The heavy chain constant domains

corresponding to each immunoglobulin class are termed o, 5,¢,vand pforIgA, D, E, G, and M,

30  respectively. The subunit structures and three-dimensional configurations of the different classes of
immunoglobulins are well known and described generally, for example, in Abbas et al., 2000,
Cellular and Mol. Immunology, 4th ed. An antibody may be part of a larger fusion molecule,
formed by covalent or non-covalent association of the antibody with one or more other protein or
peptide.

35 The terms "full length antibody," "intact antibody" and "whole antibody" are used herein
interchangeably, to refer to an antibody in its substantially intact form, and not antibody fragments
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formed by coval ent or non-coval ent associ ation of the antibody with one or
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capability, for exa
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i nvol vetbtdins of least eng é@ﬂ/?%‘ﬁ‘@i‘qfn%ﬁt el pifhe funeiiong 8°ff“§ S?%“r“aé%’s %?‘ tﬁ%té’c? 1Bed
herein. ghih &Q&nﬁﬁ@@ﬂhd&?ﬁﬁbo@nAﬁBﬁtib@@ﬂﬁaérﬁe@géf&m inGNEpI ing Soramisaatuffieent
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half life modulation, ADCC function, and/or complement binding (for example, where the antibody

has a glycosylation profile necessary for ADCC function or complement binding). Examples of
antibody fragments include linear antibodies; single-chain antibody molecules; and multispecific
30 antibodies formed from antibody fragments.

“Antibody-dependent cell-mediated cytotoxicity” and “ADCC” refer to a cell-mediated
reaction in which nonspecific cytotoxic cells that express FcRs (such as Natural Killer (NK) cells,
neutrophils, and macrophéges) recognize bound antibody on a target cell and subsequently cause
Iysis of the target cell. NK cells, the primary cells for mediating ADCC, express only FeyRII,

35  whereas monocytes express FcyRI, FcyRII, and FcyRIIL FcR expression on hematopoietic cells is

summarized in Table 3 on page 464 of Ravetch et al., 1991, Annu. Rev. Immunol 9:457-92. To
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(Addison’s disease); diseases involving leukocyte diapedesis; central nervous system (CNS)
inflammatory disorder; multiple organ injury syndrome; hemolytic anemia (including, but not

30  limited to cryoglobinemia or Coombs positive anemia) ; myasthenia gravis; antigen-antibody

complex mediated diseases; anti-glomerular basement membrane disease; antiphospholipid
syndrome; allergic neuritis; Graves’ disease; Lambert-Eaton myasthenic syndrome; pemphigoid
bullous; pemphigus; autoimmune polyendocrinopathies; Reiter’s disease; stiff-man syndrome;

Behcet disease; giant cell arteritis; immune complex nephritis; IgA nephropathy; IgM

35  polyneuropathies; immune thrombocytopenic purpura (ITP) or autoimmune thrombocytopenia etc.

12



conpl ex nedi ated di seases; anti-glonerul ar basenent nenbrane di sease;
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cancer, | Meldef@3fcfloma of the lung, squamous carcinoma of the lung, cancer of the peritoneum,

hepatocellular cancer, gastrointestinal cancer, pancreatic cancer, glioblastoma, cervical cancer,

ovarian cancer, liver cancer, bladder cancer, hepatoma, breast cancer, colon cancer, colorectal
30  cancer, endometrial or uterine carcinoma, salivary gland carcinoma, kidney cancer, liver cancer,
prostate cancer, vulval cancer, thyroid cancer, hepatic carcinoma, and various types of head and
neck cancer.
The term "chimeric" antibodies refer to antibodies in which a portion of the heavy and/or
light chain is identical with or homologous to corresponding sequences in antibodies derived from a
35  particular species or belonging to a particular antibody class or subclass, while the remainder of the

chain(s) is identical with or homologous to corresponding sequences in antibodies derived from
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class or RURCI A% 3: pad l 5 DR PR laSQBr stugﬁas@ %'VJ%{I%Q frhdindnfl@Rkickal with or
honol oé?)us correspg i ng sequenc I n anti bodi es derived fromanot her
speci esa.nmirodiwl S0 hgngragthme)drﬂutth@desmmblﬂeﬂyaléﬁafs% (e, oupramplesU-SaBatgieNo. a5

f ragment 0 ' A Q&sEP%A%*HS?i bggshe desired

bi ol oglq'cggp%7 I}%\c/l\??% ‘%ﬂlséggp §4 PZ%%%P © ) 211 816, 567 and
Morrison etals usasﬂl&ﬂqm IﬂuaﬁxpreNamls “cefidadell 18@»” aﬂ@ﬁlﬂl@m}t@gﬂe 6@55) As used

her ' | ons "Th%E‘Qh W& “taidrbilagis” afee used
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"tr ansf“framsﬁnmsd cealla’dmbludeﬂls pmnmeuba@t pedtanil qeliuieselerived tharefram yitkqybjeawd cel |
and culd u er' e Oby hhi®e prEBAY i@htda Ansf ers.
It is gfsoelﬁun ee]rfg dtte{;hgtﬁ“al n%%ggﬁ%a%aaﬁégﬁ Y reg?se yflllde;ltl cal in
DNA cordéAtontehnalut o dbdibérhte prinadvertent natiiienst émtalmtoa@wh@ haygithesdmepr ogeny
that have the s W LRHiBRY te¥stmBPeehGrERARE Il Whete) t he
origi ngffnilcuo? P%l?ll(s) 1c;fﬂ§%ﬁtk%§‘sc§ére89flf§%@ (f(ggl Mﬁ%rre Sd| glt i %ct desi gnat i oens are
i ntlé)ndehls,uncttdevi/gﬂaltloimear@in@adedf it omtl beradeag famdlg contelie expr essi on "contr ol
sequences” NG 8 rAGC BTN, YeduBlicel ReBXDFG IR XBreiorAN
operably Ii nﬁ1 c‘fg(ﬁrg%‘f%n sé%ﬁ%ﬁgeg&l%nra parti cuec{zlalr Cﬁost eo%%am sm plEI'he contr ol
sequenc#sn bpratblylisked l«l)dllaﬁ)ﬁleeuehcﬂr in g paigrlgrdtostsorganism. Shbg ApRte! seapRureRdhat gre

pr onot € HerdE JYRAGRr, BAbhally bh BREATR Rl 4 2Si t €.
Eukary oﬁu}t%b?%%ofﬁgﬁ%&ei%r\%gﬁ%%é utclluag g pr ormdt%ers ypo%den§®§t| on 5| nal s,
and en halwscamsbmdfmg glfes Bukpayoticicellsaraknown de wilisa PORferA @Ry aflepdpionsientls.

treat men th a therapeutic antibody. This includes chronic and acute
dlsorders or dlseases i ncl udi ng those pat hol ogi cal caonditions whi

predi spose tA&diserderiks anp cerdisionithay wendd bﬁf}?ﬁtﬁﬁ@"ﬁttfﬁﬁﬁleml‘ﬂth@ﬁ%eféﬂ?ﬁ%‘b‘?“ﬁg?ﬂy t he
di sor de’[’kﬁé ﬁlcﬁﬁél%ﬁ{onﬁ m@gcu%&&%?glsgds&eﬁ&ﬁdmmo eq%u.{hﬁﬁ)@@lal' cdhdtiord&mehn” i s

defi ned herelrn as region of a transmenbrane pol ypeptide, such as an
FCR, t heredifposethe mannallal todhegdigoeder in qppgiop efirane 'ePEOCP@E%p‘g%?lGOIB?f 19480RT L% used
to descy I%Q_Enﬁngﬁg&pg or that binds to the Fc region of an anti body The
preferred FCR1s a native sequence human FcR Moreover err e FCR is
one2@ hat bi ndis “extratefidandarmas dy defiedbarein 2y belepiion 9f aéf?asmf‘ﬁ% gﬁ PRt or s of
the FcogRly a lﬁythaﬁglgxtgﬁg% Hgubcl asses, including allelic variants and
alternatlve y spliced forns of these receptaors. O her udi.ng t hose

to be i dent i ThedgrmisiFe Frechior qF FCRA AR UeSIdD AR E RSAICRRPIY H@t ‘i’lg‘?srf? *}E?ﬁre@%}r ei n.

The term al.50ndd C*rh@ﬁéfeﬁmmgaﬂat% sERERRhEMan FRERMotcbat, alpsefé:eﬁmanas ble for
the transter of rraterna IgGs to the Tetus (See Cuyer et al 197%

| nmunol onelthar b8y amlel atibadyt(a gammayggeptorandji mecepgas of 4y FoyRT, FoyR

25  FcyRII subclasses, including allelic variants and alternatively spliced forms of these receptors.

Other FcRs, including those to be identified in the future, are encompassed by the term “FcR”
herein. The term also includes the neonatal receptor, FcRu, that is responsible for the transfer of
maternal IgGs to the fetus (See Guyer ez al., 1976, J. Immunol. 117:587 and Kim et al., 1994, J.
Immunol. 24:249).

30 The term “Fc region” is used to define a C-terminal region of an immunoglobulin heavy
chain. The “Fc region” may be a native sequence Fc region or a variant Fc region. Although the
boundaries of the Fc region of an immunoglobulin heavy chain might vary, the human IgG heavy
chain Fc region is usually defined to stretch from an amino acid residue at position Cys226 or from
Pro230, to the carboxyl-terminus thereof. The Fc region of an immunoglobulin generally comprises

35  two constant domains, CH2 and CH3, as shown in Figure 1. A “functional Fc region” possesses an

“effector function” of a native sequence Fc region. Exemplary “effector functions” include Clq
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The term"Fc region” is used to define a C-termnal region of an

i mmunogl obul i n heavy chain. The "Fc region" may be a native sequence Fc
regi on orwea 20@wi289%6 Fc regi on. Al though the boundaries eCTiuseoosm®3reyi on of
an i nmunogl obul i n heavy chain m ght vary, the human |1gG heavy chain Fc
region is usually defined to stretch froman amno acid residue at position
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t he ani Acnady Aloypefkaietee S@ﬂueacqﬂwmae@wqrsaﬁm nativersaguenes. hungn {88 Braggietice
human Fﬁncfr%ﬂ'v@&ﬁu«%(:@hlﬁﬁ&ﬁv?%(}ﬁpc £l h“é@w@u AN kG LG ARt &eé&qﬁence hurman

| gd@ Fc region (non- ElBa/pes native sequence human 1g& Fc
r egil®n: “YraientFs remen| eAmprisss Anaming mad reauinsgthaidifiern fromamate ssaugnesrfcaegioman

| 9G4 Fc b GHuOBr AfoaltBhl “ASin S RidHnedifidarBP CHhERMHHAL ARL SartaBESREion & Vari ant
Fc region" conprises an amno acid sequence that differs froma nati ve

sequenc BayEat leay Perpio 9414 subetitgfongpmpasesio agybve sgarenes Fedpgiomerde fiedsat i on” as

herein ?e%fdnrb?gpar&ﬁteanéf&{dkz a3l an hERHoPE GBI, REYEb&Hk ohEB3bor? PR afHloNRidaci d
substitution conpared to a native sequence Fc region or to the Fc region of

a par enfUbsHieRS Ay frogrRbonzpe Faabeut fivg ?m@}@é‘ﬁ*ﬁlsébmwl@ﬂﬁI&BB%RV%?%‘CQCS Fabout ten

am n9 aedofhneBSthé FatebRASf the bark (it ARERRP UTheQRBark P ?égwﬂtcaﬁ hSesARAINR: a%satd
substitutions in _a native sequence Fc region or in the Fc retgwgn of the

par ent 8Pty Withrenaliug searrroiec reeigh a1/ arthga &'s éfgsona)f 2 pEgE gyt 0%,

i dent i t Yoaphive a@leﬁb%hbdﬁ%@ﬁ%ﬁﬂ?tﬁ} Shefevith€Ginavt A NA4QboltbE% i@Rifhdr&aton of a
parent antibody, an have at |east about 90% identity therew th, or
@/3@%‘1

have at | easthasgn{F sy etheryise pdigatef, refprsdo huspam Fe (FoRIH e s

ot her wi Hec Lesl ljiﬁq% o I B%IL’AH i de
encodedﬁglf;}l’e?ﬁ u(r?}aﬁblKE gﬂaltégcne a éc}l aﬁ%(ﬁlél‘?eg I%Hggggil sl}ﬁ)r?gtt@IF te H

FcgB0 | AFcdiich 2F-argliriHel; vaauants thleteed. |Tﬁlemmaaﬁt@HMEm6¢ctwiﬁmg”meﬂc5nIgﬂt :lmA is an
"activating' FcR and .c ept or. LI os ne-base tivation
ot 1 PR e I e R PRARDGPA Sk BB s RS 358 10
FcgRI | Amiost pitferesd Haaizh FA#RI@OMumm H*n@l]tAhe;ommmimg ae mdmsacidemmenoefof SEQIDD NO 9

or allegcvalantsth _ef | der d.l.ow
FesponddO PR BT RSP sl Hieh apohedh gD RRE et o gl
ot her w saianndieeat.ed, refers t o a pol ypept i de encoded by the human FcRI I B
gen and in hudes IS #l mte RHBI (s?H 5 R B3, and
a1 o var | kY € FEAEP " el et PGS § BB PRGe FeR
r ecept OhuhfatcREBYead, Afid ﬁl@luﬂm A RERRIEH to tBerymﬁB N@crasey] FEYRNB3I dddeneliot i f
(I (FWx YxxL/V)(Sathish, et al., 2001,
variants thereof. The preferred FcyRHB is an 1nh1b1t1ng FcR receptor that contains an
immunoreceptor tyrosine-based inhibition motif (ITIM) (I/V/LxYxxL/V)(Sathish, et al., 2001, J.
Immunol. 166, 1763) in a cytoplasmic domain thereof. The preferred human FcyRIIB is human
30  FcyRIB2 (huFcyRIIB2) or FcyRIB1 (huFcyRIIB1) having the amino acid sequence of SEQ ID
NO:10, or SEQ ID NO:11, respectively, and allelic variants thereof. The FcyRIIB1 and B2
sequences differ from each other in a 19 amino acid sequence insertion in the cytoplasmic domain of
FcyRIIB1, LPGYPECREMGETLPEKPA (SEQ ID NO:29).

An “FcR dependent condition” as used herein includes type II inflammation, IgE-mediated

35  allergy, asthma, anaphylaxis, autoimmune disease, IgG-mediated cytotoxicity, or a rash.
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| munol . 166, 1763) in a cytoplasm c domain thereof. The preferred human
FcgRIIB is human FcgR B2 (huFcgRHB2) or FcgRIIB 1 (huFcgRUBLl) having the
am no aciwozeguessse of SEQ ID NO 10, or SEQ ID NO 11, pcedse@sioseBy, and
allelic variants thereof. The FcgRIIB 1 and B2 sequences differ from each
other in a 19 am no acid sequence insertion in the cytoplasm c domain of

FcgRI TBI , LP YPE MGETL PEKPA. ﬁlgﬁﬁl’ ition"
as used her Pg?(f?‘%%santd yaat f] %e{)ﬂg%lﬂ%%l%%em Agllinggﬁﬁg{%gfg al t'Vm(ﬂgi,%last hma,
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meani ng” i's”1TTustrated or “exanpl e, Janeway et
al, 199(9407L4muﬁmn181m31s@gq/l 19917eJ|Immumd Wk«t@rﬁ@ﬂ%@@lt h and D sease, Elsevier

Sci Ltd.., Bl rvartarf 41
1800, ol v T Syl B R A 1

def i nedaragiehtival aﬁter denhage secﬂuen@'s raniimﬁodunmg a@saﬁnmssalmt@asleqwéhﬁ:e vari ant
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on fecendsar 10, 1991. The term host cell"” (or "reconbinant host cell"), as
used herein Ef S % tcc):el‘f‘a(ﬁe recoh ant Hst cgl??rés ggeg%gfeﬁlal‘elféfs @ldRfigdinRr is
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pol ynucben tgenéac;alls altdredaor @ ca@bbmb bmgrgenglca&yﬁlt@redr byiarediction qf a8 BEFFRPUB e
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subj ectp%elrulc rogeny” ot such Because certain
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t he thin the scope of the term "host
cel |" amfluerees, fiehiogeny'thigmeot ieface be identisalltp gt patent qeld uparg s inelHdad vElit ess

one or H%rsg(i %5?1 %g,g oes'{ée “le?s%éﬁ&&{?r functions. Preferably, the cells
eas cg

express at pertorm ADCC ef fector function. Exanpl es of
hunan | eukocyﬂmantdﬁfactorwds”aﬁrelemﬂ@mﬂr el expresspas PpRe ACRbIYPETRIHERECT ear

cel I's (EIBN%}ns Pt Rl plSIcbhSh o (N 1666 - S ERDGRMHESDAYSRERK Fhedoncel | . and

neut r ophi I's bel n? preferred The effector ceI | s
may20e Esohgesed himonteekonyied thet nedintecDCE dcludy periheral YleosmenondeapfelivaMTs

(Peri ph 15}?1\/1(:?%?(981 RARKS k&ﬁrm&ﬁ)'ctﬁ cﬁ&oﬂ@%émsb%h Rek&inds; witheBMEZad" f or ns

of non- hunan muri ne) anti bodi es are chineric antibodj es that
cont ai nNﬁmlﬂ’eﬁln&ecfee;Eé’hQﬁchtﬂeéd mepbe Balaisd ﬁ‘ﬁW%I}?’HYFn%S’Z;}’fC&th‘T SXAMPIEFOR he

most. pa 19&9&% GHuBlc B 2d JESRHHREhAbI | Ns (1 eci pi ent
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are repl aced “Hymrm@d’éltpeles Pﬁlmmhaﬁﬁ? e ﬁ\%&‘?‘Plﬁ’BP‘EH’PbﬁF‘B?plﬁff are B FIf ARE eci es
( d 0 QS) r %tt LRy hinfiHG @ecﬁénc@qgﬁ\?ed floff nonhBRRA tmrinoPOBIN LA ME n¥etparthavi ng t he

humamzed antibodies are human immunoglobulins (recipient antibody) in which residues from a
hypervariable region of the recipient are replaced by residues from a hypervariable region of a non-
human species (donor antibody) such as mouse, rat, rabbit or nonhuman primate having the desired
specificity, affinity, and capacity. In some instances, Fv framework region (FR) residues of the

30  human immunoglobulin are replaced by corresponding non-human residues. Furthermore,
humanized antibodies may comprise residues that are not found in the recipient antibody or in the
donor antibody. These modifications are made to further refine antibody performance. In general,
the humanized antibody will comprise substantially all of at least one, and typically two, variable
domains, in which all or substantially all of the hypervariable loops correspond to those of a non-

35  human immunoglobulin and all or substantially all of the FR regions are those of a human

immunoglobulin sequence. The humanized antibody optionally also will comprise at least a portion
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specificity, affinity, and capacity. In sonme instances, Fv framework region
(FR) residues of the human i nmunogl obulin are replaced by correspondi ng
non- humarwoesecdduzess Furt hernore, hunmani zed anti bodi es mrgTASAWSI0SEST esi dues
that are not found in the recipient antibody or in the donor anti body.
These nodifications are nmade to further refine antibody performance. In
general of émmhﬂagmuziﬁ doithi B8EY (.|t pi&@YRIat S/ HRHRS ARk RdbMlid Hor Qfrhat | east
one, and typicalTy two, variable domains, in which all or substantially all
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Immune and inflammatory diseases include: rheumatoid arthritis, osteoarthritis, juvenile

chronic arthritis, spondyloarthropathies, systemic sclerosis (scleroderma), idiopathic inflammatory
myopathies (dermatomyositis), systemic vasculitis, sarcoidosis, autoimmune hemolytic anemia

30  (immune pancytopenia, paroxysmal nocturnal hemoglobinuria), autoimmune thrombocytopenia
(idiopathic thrombocytopenic purpura, immune-mediated thrombocytopenia), thyroiditis (Grave's
disease, Hashimoto's thyroiditis, juvenile lymphocytic thyroiditis, atrophic thyroiditis) autoimmune
inflammatory diseases (e.g., allergic encephalomyelitis, multiple sclerosis, insulin-dependent
diabetes mellitus, autoimmune uveoretinitis, thyrotoxicosis, autoimmune thyroid disease, pernicious

35  anemia, autograft rejection, diabetes mellitus, and immune-mediated renal disease

(glomerulonephritis, tubulointerstitial nephritis)), demyelinating diseases of the central and
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chronic arthritis, spondyloarthropathies, systemc sclerosis (scleroderm),
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ﬂg as di sease; autoi nmuhe or i nminenedi ated skin di seases |nclud|ng
bul us

ssreipcdfiseassiagudipg ek exiestioniind s nessuahastdiRtssct dermatitis,

psoriasis; ald;QtdiHereil, FRASES itEdadites S i Rate PdnkiBE Glitke mitldtliled fat REBRIC
dernatltls vernal conjunctivitis, eczem, food hypersensitjvity and

urti car fig; "binfiwe demea; fﬁﬁ@@&%@ESE@mﬁﬁépFHWbﬁ@ﬁ%ﬁnaé‘@B%Pﬁ%é%@Fﬁ@fpneunonla

i di opat @hz@n@wﬁpﬂ@@fe&wfﬁ&ﬁb@ o%ﬁﬁm%fﬁ%?ﬁ@ﬁlﬁi dohdthd: MorRAR USRS, the
transpl antati on associ ated di sease including graft re*ectlon an

gr af t - vEPswReadkssins emaRIHS & fusies of e gdheein SO ALidSequends Wi hrfh‘hﬁifé’é?jjl’%%ql‘i‘\g
designatgsimepy thlag@l Yehed thish HOARIGH RSoghlimh aﬁmmlﬂgsﬂemﬁmgai mbﬂgngmcemfran of a

het er ol ogous "adhesin" protein (for exanpl e, Ece ptor, nd or enzymne)
with t haldpregeos kreﬂ:melpwﬁé a%#ﬂ*dﬁlﬁiﬂﬁﬁ&lﬂfaﬁ%wr%ﬂh %Hg%ea?ﬂn%

St r uct Ug@inhdogldoliln EJHBMR ABAARIA $EJREnce e hrﬁﬁu@aﬁl&b‘éh%r@f%rabl?&leﬁﬁﬁﬂ&’ﬁhﬂylam no
acid sequence wi.th the desired hinding speC|f|C|ty tpat Jsggyper t han t he

ant i gen °F BesgH 1B SHIGH TBTHERSRGSSS oerlighe GRrTeeomtsEhPRRrTdiet BY Fofeinn
ant i bod¥hboma®grabsy. saetfsmh@geuﬁnam@mlzc@nlgsmwmgin@mtmzm 6ganst ant domai n
The |nnunoglobulln const an uence in the i oadhesin

38 or abl y\dIAFaq RGN § ofe TRiga: bosh NGAHAE0Y SOREIH ni oot Boma

i MunoadhasdnBit of AiRAHuS] AGird MRS CRGINDNSt ob@tmﬁm hitedl émylrafmﬁnem A
chr omat ogr ap Li n rk et al

See, .for exanmpl e, Met h.
62: 1- 13maIf<ﬁlalh Yiap i pce n@‘@g‘%%“co‘ﬁ SfAREYHCHSES foeté‘?waﬂ%‘Bg‘?]?’t Fﬁm laﬂade
separ at efzyasl/mermdnes @meds?@} pfd’tﬁﬁﬁcaolﬁ@ﬁml Siidinaeéous k@uteatlu sahe amml mesmeent . »
Cont am nant _conpopnents. of jts natura nviro eri.a at wou
interfef W‘EW&‘PEE‘?\&E{@*@%({@P PR yu‘geég“ PE?““?P{@’ agreﬁlﬁe%fﬁi% a{Hd may
i nchside LQWZ}VIﬁ&BQd hﬁ&ﬂﬁmpﬁzferm;dm&etﬂ&m 9p%aiyezvam QQJ)UtS adegresosufficiineionvbeei s

sol ut es di nent anti body w || rlf ed reater
han oY)t Y- Rk e oo Ly R Sy R gt el et
pr ef er abt 8) Eﬂl{dmotgbl&[ty QQS’DB&DA\@ gider, recﬂlﬁ)ngto@n@rdhglhgeorﬁlhfoﬁs wsirgrGookmssiddt ai n - at

LS?ﬁLi ﬁ ' Eglpg %glggéfllg%rtsta{nw&so%tedoal;ltﬂljo%gl ?I{C?u%es t%e anQ%ogyCzlnqwttf quﬁﬁg rr]gc%mg%an%s e of a

cells since at least one component of the antibody’s natural environment will not be present.

30  Ordinarily, however, isolated antibody will be prepared by at least one purification step.

An “isolated” nucleic acid molecule is a nucleic acid molecule that is identified and
separated from at least one contaminant nucleic acid molecule with which it is ordinarily associated
in the natural source of the antibody nucleic acid. An isolated nucleic acid molecule is other than in
the form or setting in which it is found in nature. Isolated nucleic acid molecules therefore are

35  distinguished from the nucleic acid molecule as it exists in natural cells. However, an isolated

nucleic acid molecule includes a nucleic acid molecule contained in cells that ordinarily express the
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or (3) to honogeneity by SDS-PAGE under reducing or nonreduci ng conditions
usi ng Coonassie blue or, preferably, silver stain. Isolated antibody
i ncl udes wbeo@nsdsedy in situ within reconbi nant cel |l s sCmas2@5/082ast one
conponent of the antibody's natural environnent will not be present.
Odinarily, however, isolated anti body will be prepared by at |east one
purifi Ca%lg 0 wht&Peor p e, %E&gc A EbRL e ﬁ?ﬁ gcﬂ%&‘émaﬁo&aﬁoﬁdl@fé&h@ﬁ&n aci d
mol ecul®™ tHat s’ i-den separated rom at | east one contam nant
nucleldhaefmmndkeﬂule mnth which it is ordinarily associated in the natural
source of t b & empliE i il hafBlsCH € 1S
ot her than Pﬁl?%ﬁ'?ﬁgéfgﬁﬁég%%lﬁf&gndﬁﬂaﬁ §§ ouﬁ l?%%%gture | sol at ed
nucIe|dmm%adogm%ﬂbmﬁe@lmheméﬁ@nem@féﬁénsmﬂmg@ﬁ§ﬁe@wiﬁeﬁvmwe nucl ei ¢ acid
ul'e as eer%(nI %o%oélpnaﬁlgﬁtf%@ agg%eh fereiQUENES an ﬁﬂbécﬁ%‘b@ﬁd@ﬁl fiopGl ei ¢ acid
cule |nc es a nuclerc acid nolecule contained | I's that
or d| narpobylamonmfmtanhmamonbgﬂlywmm@dw&@ﬁ e andbtidual artiibodiescompesing the
mol ecule is.in a t [ uthtf QLN aky B prafiyf al cel l's.
The t erfeP¥ AL aﬁf"d&%@l@g% RLSQ%% dﬁ% 119 F%gé&;&etdt as rr{a%%'a S5 nel udi ng
humans, mmowsnouhtsr B/Empcldm@sntlbacheb a@%lhlshly brecifincbeingistia¢terbapringifa single 40RGEHR | on,
the manpgl a human L 35s Mseehiharei n refers
to an aﬁfl e“%b%alﬁgﬁlgﬁ%%ﬁgg%S%ﬁ ﬁkgﬂaogﬂgugpﬁg%t?a Sé hﬂ%nggneous
antl(bodunelsde diff@rent apfifedien diractad wadinst diffetsoidictesminentp fepEonses). ¢4k moBesinat i on are
| dent i Calip EXGERTclale A0S WRLE alBhi A dVnOGRNES RO RMER dfiScibhal may be
pr esent moa nocl ona ant| |es are highly specific, being
direct enidlagea thsd;haaacsr ofitheardgihbdycps heing ghtained mei? mésigptiadly hpmogegeUs ast to
convent i ona KPR &LuIrR8$rddi@ on oy Bk GaiHoMy bnsdyude
di ffereft a ?l{(%%atl\{%si gl reésf}%{og)gg%ﬁhsg{ti gagf%er e%tsplf det ernm nants0 € }Int gpes)
each nopeigdubnaiethadt Fdzr@d@mpls, tleii m@@ﬁb@&@dﬁoﬁ@ﬁ topeaipqdgn accgulprgeit a on the
ant gen%reseﬁfm%ggl #n% be HQ&%& g\ﬁkrldd@%&m ttdagcnﬁgtpﬁyai@(gl"ﬁ‘é'r P41, 19, ant i body

ein al ne roma su tial honbgeneous popul ati on_of
antl bodNesre 220495, 9r mey bt ma@ye@mmbrr@etd?l‘é&m ds senfpr srame UdRaset Ne

anti bodxg gys&?yma{ﬁgg&aéai almsschﬁd ma§f so %@a@de@fmmﬁagmﬁ@sddsa NBlari@sing0di €s

to be used’1 n accordance present invention QX made by the
hybr i dothe tehstitrss déscribad inlElacksop eg. b199 KoMarwie 362:62-628129¢ aﬂfw @ d9%56- 495, or

may be g%z#ynﬁ%f’%’f ?@(r&alm@ met hods (see for exanple, U S Patent No.

4,816, 5 monocl onal “anti bodi es” | so be isolated from phage
ant 2body | i bTkg berpclenplrpgtipadies beemapqstfeellwésle¢q ‘Tsaigperip” tiBedisSon et at, 1991,

Nat ur e éﬁ'}%ﬁﬁ%ﬁob@ﬁ )?rpghllt\!ﬁﬁ F§rt1§ﬁ oftthe hekBhd/or 1iMR chaiBisQdlentida? Zith 84 - 5 97, for

exanpl e e fronocl onal _anti bodi es herei n speci fically include ' hlnerlc
ant i bodbesol¢gonmierogrwpuditsienuaneesihinshodiesslsriyeddrrat P SRRFPS g ‘Ef WEE ght

chain ig, dﬂgﬁh!apﬁlub\é‘@l}l $as9 br HBHRs OBl Shel PSR S5 1O eﬁblﬁ(g lsﬂaueaaam drn
anti bodi e erived froma particul ar_speci es or bel on (bal)ogartl cul ar

ant i bodjomdlegsys rcosatpePdasseqyiFsdn Higo leisr HeidForB mOESRe ggsto
| depg i c Ql#otﬁ’é'r Ldtin8ly HTRl MBS, 4sQuelQk HESRARDS BEhSAGLARES 86 mn@ aﬁfh'ey badbies
derived from anot’her species or bel on% n%q to anot her a E)]Ir? ggy Na s or
subcl as the dasirediologigal sciisigh@ht - Fatspt Ny A5 16017 Bt Igeisong 4 404 @3 exhi bi t
Acad. Sci. USA 81:6851-6855).
A nucleic acid is “operably linked,” as used herein, when it is placed into a functional
relationship with another nucleic acid sequence. For example, DNA for a presequence or secretory
30  leader is operably linked to DNA for a antibody if it is expressed as a preprotein that participates in
the secretion of the antibody; a promoter or enhancer is operably linked to a coding sequence if it
affects the transcription of the sequence; or a ribosome binding site is operably linked to a coding
sequence if it is positioned so as to facilitate translation. Generally, “operably linked” means that
the DNA sequences being linked are contiguous, and, in the case of a secretory leader, contiguous

35  and inreading phase. However, an enhancer may not have to be contiguous. Linking is
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the desired biological activity (U S. Patent No. 4,816,567, and Mrrison et
at, 1984, Proc. Natl. Acad. ScL USA 81:6851-6855). A nucleic acid is

"oper abl ywbizndeadgdseas used herein, when it is placed intoTastasosizenal
relati onship with another nucleic acid sequence. For exanple, DNA for a
presequence or secretory |eader is operably linked to DNA for a antibody if
It s e%&cl%ﬁlﬁﬁﬁgd BPlitiBf RRERefRiehk (Lh@kioR &ibds] FlsRARSs dohok BEstS§aMEId on of the
anti body; a pronoter or enhancer is operably |inked to a coding sequence if
it aff e@h%()_ntl%@)tlﬁﬁ BHRBIOFS qs_ﬂmkms Y# ugedan %Céﬁfdéﬁ%é}thé?nv_éntfqnblﬁ%fl%e-bi nding site is
operably i niggond Burfose O] aSBRHERGtdal cnfpodiBor® S bifel RN hdReedls@itable
facilitate translation. Generally, "operably |inked" means that the
sequenc &y adwinisgyationri & ghagymsl. eenseipbudlpgnang FHUS, the conROsiips sambe wedivdiediior y

| eader, gGONL LOHQWR: A InfmmSR NS EoRE 8RR ProtiR WEKEEompdRitieh RANRE! subRMed @t have
to be contiguous. Linking isacconplished by |igation at convenient

restri cPhor mire pyificptiongy élatipn depsdwchnibet centpinantsy fehwishtingsripgatitidiseot i de
adapt or g,.pf elltk'ﬁg@ﬁa%e BLS skREfkd (RerdCdR! daiefely Whd fhafRR¥aREI @RBbsidmAact i ce. For
t he purposgs erein, a "pharnmaceutical conposition” is one that is adapted

and sui cemprises e thaupeutic pratein prske nhemepceiigay| accepplecraier r dluptindfe  Thus, the
composi Ebrﬁ}%bsﬁﬁﬂ iRudS SRriteQnll HEFbe BofHifRES Phtna L&Al f8pardtiont € &R ln

Moreover, the protein in the conposition has been subjected to one or nore
pur 1@i c &arodetaibelogiol ati on steps, such that contaminant(s) that m ght

interfere W bt hiicbiR"aP eitlciefc MR Ha¥A iRGEMnS QBRI REEH rdrfi86 BEIRER of _
Ceneral ly, the pharnaceutical conposition conprises the therapeutic protein

and a phafepidesalippnlengh.ae¢ Bstude PR Acd RNy Bie ngelpqiidat canPhe conposition is

usual |y g8:8fibdricleftfliel B oRlebtideR Hhddiffa tucl AL B G8ILL | ador MEERRIGAE, PAS are
described in nore detail below "Polynucleotide," or "nucleic acid," as

used i nSeEHaHgewn by meepetaed e s aplypgr By INART BNAPOlierass o) s yphetisny

| engsh, a06hn. W%&ﬂﬁcl%e%‘? cBMNP¥ise HRifed ahQ&lele fuch 3 mBBylated nucleotides and
deoxyri bonucl eotides, ribognucl eotides, nodified nucl eotides or bases,

and/ or theiapalagsa oyesentomodification fsthe atceotifpatrugtuss oAy be Auparise Pefee P o a

pol ymer 2Q¥mbiNAr &k pEY¥ReR Thy fRGERE oOuckedtids SNbdiRtclGptt€BEAdnOticlebtide
pol ynucl eoti de may ¢ ri.se nmodified nucl eotides, such as met_hgl ated

(0]
nucl eot icerBRongRig AiRalypuckiesficoay be furtr sodiiied aifs gyathesist Ushat Y CHEEHGR PUBL i de

st r uct URBRRYORE f pEPal heHHRabA iR IR, R &:aMmpRS'TaED] sybdiktutiohef feloy lfe of THee
sequence of nucleotides may be interrupte -.nucl eot'hde co oqéants. A

| by no
pol yHucraglyectaipemaclrideherh %ﬁﬁi‘iall"&é{%ite‘&f“ﬁ%‘f“%% yﬁaﬁﬁ@}%? SUch éh [ggx
conju ? atthdawith ﬁﬁbh&g{a)cﬂh_&hges Q@. Q.,eﬁl?thleﬂSSp%nafé@,Cijhf)%pﬁ&igb@ﬁs, phﬂ@)h?lﬁﬁdatésp ro
exanpl e, "caps", substitution of one or re of the natur b occurring
nucl eot iCRREAMAFS HC-A AL ‘g‘@fge‘ii H’Elﬁlg‘?fdﬁ“g'eﬁlﬁgﬁé’r%mt?si’ B@Fﬁ@ﬁ%& W%tﬁs’ 8@3 * for
exanpl e thdshes@inthd fentkine hatfegedd sich AK dg@sarfie, roteifgblzy hugdreaploging taatbodies,
phosphotri esters, phosphoam dates,. carb tes, et %‘;‘;% and . wit h charged
1 nkagesiErd peptieh AR b dees b REEARBrUAE: Al B o5 Hibae
conbai Nicb@aip@p GMtord . £ rh@8ls, radicdti aSmet{lq boK soxplatye Métals &itd)s thoe: (@ntaining
nucl eases, . toxins, antihodjes, signal peptides, ply-L-lysine, etc.), those
With i n@ﬁ?@%ﬁf@ﬁ%wﬁm@‘%geda‘&fﬁ%ﬁs ﬁ%‘?" %@%ﬁﬁ?‘& 1c “é‘flgl.c)a?hf’ﬁ@easc 18 ni ng
chel at orgmb@fied form@dfaheSpolynacdt@miels). iRirth@! alySf the by dioxyl @dugasbidinerilyptesdns in
etc.), those containi nc%
the sugars may be replaced, for example, by phosphonate groups, phosphate groups, protected by
standard protecting groups, or activated to prepare additional linkages to additional nucleotides, or
30  may be conjugated to solid or semi-solid supports. The 5' and 3' terminal OH can be phosphorylated
or substituted with amines or organic capping group moieties of from 1 to 20 carbon atoms. Other
hydroxyls may also be derivatized to standard protecting groups. Polynucleotides can also contain
analogous forms of ribose or deoxyribose sugars that are generally known in the art, including, for
example, 2'-O-methyl-, 2'-O-allyl, 2'-fluoro- or 2'-azido-ribose, carbocyclic sugar analogs, a-
35  anomeric sugars, epimeric sugars such as arabinose, xyloses or lyxoses, pyranose sugars, furanose

sugars, sedoheptuloses, acyclic analogs, and abasic nucleoside analogs such as methyl riboside. One
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al kyl ators, those with nodified |inkages (e.g., alpha anoneric nucleic
acids, etc.), as well as unnodified fornms of the pol ynucl eotide(s).

Furt her, woyoafo2sdse hydroxyl groups ordinarily present iPaTiUSR00SOgERSE My be
repl aced, for exanple, by phosphonate groups, phosphate groups, protected
by standard protecting groups, or activated to prepare additional Iinkages

to additjgna &)h&yﬁddfe%f Gifsee Iggy FEBYpIRRd 69 RSl € Bnklifly S6Upsd TRse RSO | d
supports. The 5 "ter al can be phosphoryl ated or substituted

wi t h aniiriées gpups ﬂw,cbuwp pptdgm@d&u gmhesdiaente yhesein P]P‘Bfﬁlilaie B &pRged ) bon at ons.
Q her y&f 9(%&&@?#@& QitiRSat G { cymzz(%az@en tp@@ﬁ@ﬁa@@k@fc@&mm gr oups.

Pol ynucl eoti1 des can al so contaln anal ogous orns of ribose or deoxyrlbose

sugar s f'frmaegtad")ga N@rcé lepaf ReprdRuis independsntdyy K or subgtityfgd prgrnsybstituied aligsl @-20
2' -G msbm()bﬁonaﬁy sdiAlihy/dn etter 1O Bk Lz, 21, AkenPZ ERRsalkyD ORGoalieAyIDAGYAdyIC SUgar
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phosphodi ester |i1nkage may be replaced by alternative_ linking groups. These

al ternative ['Phgonageciifelipsusphidreitlezendselty rafews toghorty geppiabysipge s i ments

wh 5 . t
15 et RGBS B
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cycl oal kyl c oal or araldyl. t all” I'inkages in a pol ynucl eoti de
need be |dent §$0n$ ﬁﬂ@@@ﬁﬂﬁ ﬂH@%ﬁﬂP%P?dﬁ%§ﬁ®PP ﬂ?ﬁ“%ﬁﬂu%ﬁ??ﬁﬂ@P%otldes
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synt het Fellusimpmbtane et thetmner mambragesrdiot inger aﬁﬂﬁut%&eﬂﬁé@é%%fm aLyoies o5 's

L haps abg}étsuc%o{ﬂe ﬂ%@l@&ﬁh@@& shdh als R thundgiéoulif i or Héakzﬁ@l&'ﬁp bRRepteris and
"pol ynucl eot 1 d are not nutually excl usjve. escrlgﬁlon abgﬁg for
S.

pol ynuc p@&t?dde@ thespegilagn th%hrequmtwoaﬁﬁlﬂ% F P %wt%lt%? mgdHtc Taot

" Secr et i)@Rids badadd b%ﬁﬁgjfe&@@on $dnal LA mSEUIRBERNoTs @S B Bodt GelB, dHukdy@hay aci d
sequencé encoding a short signal peptide that can_be used {o direct a newy

synt hesbe BEPEERYs-SIHdgTe Si&‘i‘f‘]eﬂeé%‘ies PRFS Ry BolRRsPHER g e fEEPethecoriop 8P t he

i nner  MeggRERRSare fypRaliprb Rtk tlﬁ@ﬂuﬁk&&ﬁnﬁ%ﬁbF&gﬁb‘@uﬁﬁ to[bE @XREYE, @ﬁimAs such,
the protein of interest such as the imunoglo i

l.in 1igh chaln
pol 9% e plypirally eemoed copwmrticalfsoPet Hren Biasynthesis Ahchiecierin ?ﬁ@ﬂ&fﬁ@& fcg Ccells or
into t h@yt@ﬂhfin‘ﬂ I"EnuSREY dighal JpBdesSis 88Rlly P& Pldséle et Prdiyin hiduaecr Et i on signal

sequence may be endogenous to the host cells, or e exo enous,
i ncl udi ng S|&ﬁ%@“ﬁéﬁﬁ?&égmﬂﬁﬁﬂ9@mPo“Pﬁ@IB8@%5@$€PHE“%8Fgédg%ﬁfg

Secr et | QRIiEEel aGRIMEMEBEIA! 6 dny Rigloalor Merpzhﬁﬁe&ﬂtsu@tnaf1M1gaﬂﬂ ROy amld’akts of a
pol ypeptide to be expresgég and are t |caII ﬁ@q zymatically
bet ween 2PYEYHE Reerte binpeadding of 30‘??“8?130 %g ??6’1"%// B@&go "t“h@ncagt opl asm
Thuss 1 el gRaticanemicludes mﬁdmgsséqhényesrfﬁﬁn lh)g’aﬁ@eﬁﬁi thé Bbode-IRhtidred picites.n
product. The tern1 recep%pr blndlgg anmai n" ‘% ﬁ% ed %q'de3| nate native
ligand for aASeEEpEE™ 2 HEPRiAg ey BaheePa ¢ FEEGre M BFaghg ’rS%%? on or
deri vat ioy @is@flerShl€ Mamakl Wigh br pgétipose t@dhB iiRghs@br dlmt Exempmxy thatapaneic r ecept or
bi ndi ng ar?ttl)l;oldles 1ncluzle t%e 52% I;U‘?tls— O{/hdﬁlg gntlbo )! c\>/fethe| 1|119 ntlon and tf)és blgp%]:nlﬁg Iartlt{-o n. anbng
FcyRIIB/anti-FceRI antibody of the invention, as well as antibodies including rhuMAb 4D5
30 (HERCEPTIN®) (Carter et al., 1992, Proc. Natl. Acad. Sci. USA, 89:4285-4289, U.S. Patent No.
5,725,856); anti-CD20 antibodies such as chimeric anti-CD20 “C2B8” as in US Patent No.
5,736,137 (RITUXAN®), a chimeric or humanized variant of the 2H7 antibody as in US Patent No.
5,721,108, B1 or Tositumomab (BEXXAR®); anti-IL-8 (St John ez al,, 1993, Chest, 103:932, and
International Publication No. WO 95/23865); anti-VEGF antibodies including humanized and/or
35  affinity matured anti-VEGF antibodies such as the humanized anti-VEGF antibody huA4.6.1

AVASTIN™ (Kim et al., 1992, Growth Factors, 7:53-64, International Publication No. WO
21 :




ot hers, specifically includes binding sequences fromligands for the
above-mentioned receptors. As used herein, a "therapeutic antibody"” is an
anti body wbabodmseshfective in treating a disease or di secuas2éos/oaizennal
with or predisposed to the disease or disorder. Exenplary therapeutic
anti bodi es include the 5A6 anti- FcgRUB anti body of the invention and the
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bacterial origin of replication and episomal mammalian vectors). Other vectors (for example, non-

episomal mammalian vectors) can be integrated into the genome of a host cell upon introduction
into the host cell, and thereby are replicated along with the host genome. Moreover, certain vectors

30  are capable of directing the expression of genes to which they are operatively linked. Such vectors
are referred to herein as "recombinant expression vectors" (or simply, "recombinant vectors"). In
general, expression vectors of utility in recombinant DNA techniques are often in the form of
plasmids. In the present specification, "plasmid" and "vector" may be used interchangeably as the
plasmid is the most commonly used form of vector.

35 An antibody that “selectively binds human FcyRIB” binds to human FcyRIIB with
significantly better affinity than it binds to other human FcyRs. In some embodiments, an antibody
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type of vector is a phage vector. Another type of vector is a viral vector,
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(RIA). As Esed herein, an anti body that "antagonizes binding of an Fc

region to human {JcgRI I B i W th the binding of an Fc

region (for exarﬁf’l e, tﬁéOdl%&?%%néo(?&tgﬁzg{nvﬁ%&g‘dy, such as 1gG or
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(i) FcyRI| B 8pfublg @imSOFHRITE oh fragientsalidrtdB, aptiofallggomudatedttd etheoholecofss.icemal | y

conjugated to other nolecules, can .. . . . .
be used as immunogens for generating antibodies. Example immunogens include fusion proteins

comprising an extracellular domain of FcyRIIB1 or FcyRIIB2 with a carrier protein or affinity tag
25  such as GST or Hisg. Alternatively, or additionally, cells expressing human FcyRIIB can be used as
the immunogen. Such cells can be derived from a natural source or may be cells that have been
transformed by recombinant techniques to express human FcyRIIB. Other forms of human FcyRIIB
useful for preparing antibodies will be apparent to those in the art.
(ii) Polyclonal antibodies
30 Polyclonal antibodies are preferably raised in animals by multiple subcutaneous (sc) or
intraperitoneal (ip) injections of the relevant antigen and an adjuvant. It may be useful to conjugate
the relevant antigen to a protein that is immunogenic in the species to be immunized, e.g., keyhole
limpet hemocyanin, serum albumin, bovine thyroglobulin, or soybean trypsin inhibitor using a

bifunctional or derivatizing agent, for example, maleimidobenzoyl sulfosuccinimide ester
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( Acgg © mprcefe?arb yS cS nzains one or more substances that inhibit the growth or survival of the unfused,

parental myeloma cells. For example, if the parental myeloma cells lack the enzyme hypoxanthine
guanine phosphoribosyl transferase (HGPRT or HPRT), the culture medium for the hybridomas
typically will include hypoxanthine, aminopterin, and thymidine (HAT medium), which substances
prevent the growth of HGPRT-deficient cells.

30 Preferred myeloma cells are those that fuse efficiently, support stable high-level production
of antibody by the selected antibody-producing cells, and are sensitive to a medium such as HAT
medium. Among these, preferred myeloma cell lines are murine myeloma lines, such as those
derived from MOPC-21 and MPC-11 mouse tumors available from the Salk Institute Cell
Distribution Center, San Diego, California USA, and SP-2 or X63-Ag8-653 cells available from the

35  American Type Culture Collection, Rockville, Maryland USA. Human myeloma and mouse-human

heteromyeloma cell lines also have been described for the production of human monoclonal
25
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25 In a further embodiment, antibodies or antibody fragments can be isolated from antibody
phage libraries generated using the techniques described in McCafferty et al., 1990, Nature,
348:552-554. Clackson et al., 1991, Nature, 352:624-628, and Marks et al., 1991, J. Mol. Biol.,
222:581-597 describe the isolation of murine and human antibodies, respectively, using phage
libraries. Subsequent publications describe the production of high affinity (nM range) human

30  antibodies by chain shuffling (Marks et al., 1992, Bio/Technology, 10:779-783), as well as
combinatorial infection and in vivo recombination as a strategy for constructing very large phage
libraries (Waterhouse et al., 1993, Nuc. Acids. Res., 21:2265-2266). Thus, these techniques are
viable alternatives to traditional monoclonal antibody hybridoma techniques for isolation of
monoclonal antibodies. :

35 The DNA also may be modified, for example, by substituting the coding sequence for

human heavy- and light-chain constant domains in place of the homologous murine sequences (U.S.
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anti bodies are t ca hunan
ant i bodimsthog, ﬁh%ﬁﬂ‘éqﬁc% e Yaopble derpan el radent beTLI yeres! aﬁ*—’@fh%?"&‘f%s are
substi t et PenbEShiRS fifiIGHH RgAHSesS TheBurhdh se@féndfwﬂfﬁdih is tlosesex anpl e,
rodent anti'bodi es. The choi ce of human vari abl e domai nsc,i ‘r%‘? Jr%ght and
Gy

heavy, wbthbeodgadythpmacaentsdrag therwrib frame el (Eﬁ“?tff’rl)th%l?‘g%anfzg fant to
redgge antio@Ni Lol ASE5SH; BlothR f K€ 1997, £.akdieBlol,186:001)] Ahother method uses

a particular framework derived from the consensus sequence of all human antibodies of a particular

subgroup of light or heavy chains. The same framework may be used for several different
humanized antibodies (Carter et al., 1992, Proc. Natl. Acad. Sci. USA, 89:4285; Presta et al., 1993,
J. Immnol., 151:2623).

30 It is further important that antibodies be humanized with retention of high affinity for the
antigen and other favorable biological properties. To achieve this goal, according to a preferred
method, humanized antibodies are prepared by a process of analysis of the parental sequences and
various conceptual humanized products using three-dimensional models of the parental and
humanized sequences. Three-dimensional immunoglobulin models are commonly available and are

35  familiar to those skilled in the art. Computer programs are available which illustrate and display

probable three-dimensional conformational structures of selected candidate immunoglobulin
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erent anti gens e such nol ecul es norma only bind two
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BsAbs comprise a first binding specificity for FcyRIIB and a second binding specificity for an
activating receptor having a cytoplasmic ITAM motif. An ITAM motif structure possesses two
tyrosines separated by a 9-11 amino acid spacer. A general consensus sequence is YxxL/I(x)6.

30  gYxxL (Isakov, N., 1997, J. Leukoc. Biol., 61:6-16). Exemplary activating receptors include FceRI,
FcyRIII, FcyRI, FeyRIIA, and FeyRIIC. Other activating receptors include, e.g., CD3, CD2, CD10,
CD161, DAP-12, KAR, KARAP, FceRIl, Trem-1, Trem-2, CD28, p44, p46, B cell receptor,
LMP2A, STAM, STAM-2, GPVI, and CD40 (See, e.g., Azzoni, et al., 1998, J. Immunol. 161:3493;
Kita, et al., 1999, J. Immunol. 162:6901; Merchant, et al., 2000, J. Biol. Chem. 74:9115; Pandey, et

35  al., 2000, J. Biol. Chem. 275:38633; Zheng, et al., 2001, J. Biol Chem. 276:12999; Propst, et al.,

2000, J. Immunol. 165:2214).
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30  arm. It was found that this asymmetric structure facilitates the separation of the desired bispecific
compound from unwanted immunoglobulin chain combinations, as the presence of an
immunoglobulin light chain in only one half of the bispecific molecule provides for a facile method
of separation. This approach is disclosed in WO 94/04690. For further details of methods for
generating bispecific antibodies, see, for example, Suresh et al., 1986, Methods in Enzymology,

35  121:210.
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sys2@m cel | s Theanihodien ol heduisp TUERsIqnIpay S0 QBMPUSSE 73106 BERYY © r t r eat ment
of HIV Eﬂfrrﬁ)fetdsggscﬁw iq Mle@o%ﬁgl SR RS/ 1@%@’35@5 ﬂﬁaﬁ@c&Be@ﬁﬂ@@)}% Ahblb(ﬁlie@conj ugat e

anti bodi es may be nade using any conveni ent cross- |ln{§1 ng(?rre t hods. Suitable
cross- | PORITEEa@Et Beayy ehajs|cPrREGA altqatioRof gfrlpast o JIsyitdeIQrRMESERG® f of

exanpl e esidie, WRnREdt Sty Mane AsifidSis B38habRloP gt taldisalf1de Iihleige.Oln 0dé aspset] | NKi ng
t echni ques. ‘Anti bodies with more than two VE| encLég are al so enpl at ed.

on
For exapa eysteine(ss ek fheihengs freiom ol thedieavy shae (Bse gk & JIAR E810G Q%FB‘E Putt et
al , 2499 erein ab ARt hinké fogidA® and Miy) aditoh N9 B e&Fervddtth ay/ AiirigaledsHNi nge r egi ons

In some aspects, such immunoglobulins lack the complete repertoire of heavy chain cysteine
residues that are normally capable of forming disulfide linkages, either intermolecularly (such as
between two heavy chains) or intramolecularly (such as between two cysteine residues in a single
polypeptide chain). Generally and preferably, the disulfide linkage formed by the cysteine

30  residue(s) that is altered (i.e., rendered incapable of forming disulfide linkages) is one that, when not
present in an antibody, does not result in a substantial loss of the normal physicochemical and/or
biological characteristics of the immunoglobulin. Preferably, but not necessarily, the cysteine
residue that is rendered incapable of forming disulfide linkages is a cysteine of the hinge region of a
heavy chain.

35 An antibody with variant heavy chains or variant hinge region is generally produced by

expressing in a host cell an antibody in which at least one, at least two, at least three, at least four, or
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The antibodies of the present invention may also conprise variant heavy
chains, for exanple as described in Application Serial No. 10/697, 995,
filed Cctwbenosdsyse003. Antibodies conprising variant heavyseaiosestonprise
an alteration of at |east one disulfide-formng cysteine residue, such that
t he C%/StEI ng residue is incapable of formng a disulfide linkage. In one
aspec aid c ne(s). h t hus,
O L e et
may additibodp ﬁdoinyhdalmsr @fle Exmdsstoo ofisaid zmtlh@ﬂé'l(?é%bé from p polypieieodprEpding ¥ych
resi dudeipi D anidy elfer IR AR ERT A b RpSRMIACHBRSEGE
€s, éelther
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S wo SYst el Laue {alﬁ %LWQM% Ghad n) .

r aISF‘X‘i‘l Shd E‘iu FEMRBIA VY uef g)f o fo}nrre the cyst ei ne
reS| duaés) oﬂeh@sttemeSofahmeaMt Knmgeereglom Em@bépl@dl mcméb@ﬁf@marg afdéﬂ‘lmdﬁégléﬁgéul fide
& subst ant i 3 PTGLEr GheelGE Barhl cPFRaRkn Bt eRPhin i it Boknddul L 11

ica

char actie¢apstlé efslisnffide ﬂlekagerfmma@mbmﬁlarﬂv tOIﬂreéfﬂwea?mtﬁ;meS@eftCﬂh‘?ﬁheﬁ‘é‘g exyided| y, the
Ly BB S ARE S Reds PP ROICECA (hRL e Ehcploblin pages
varlitantexhmpleylghivail hef lock a/kingeargiohibnigracty @gtaﬁ% aj gxtepdisayyzhpip dﬁ?‘é‘&ﬁ%\g‘iﬁﬁby
expr ess(%ne%ﬁl gmg' erglgosd rne%‘?s by )%'i] (31 §t§f?eq36f e h%%ﬂalﬁganlb%me@@ fhcappblelogast two,
at | eas east our et ween t el even inter-heavy chain
ﬁlo s ;n 1; | tmﬂidemm@eforamm?mwmm efithe ianehtioreipeg dsiglosandt sehitanilIyetFom t he

e & HOHG e
encodi nge'é’tlrcl’ ﬁp ?ﬁgl%of&%fq egﬁk’ﬂ% Eltdél?/)% g%lﬁpgl?tl{bg?ﬁgﬁlgg\%%rgntmgea\%g%:a%lal n wth
reduced di suHéavgehain mkggystempsem well knowngn thewe csisigscribdote examyplés i1 §2b4ht i body
fr ofp t hf‘99rfo’§g%u%§JeL ogé}gigﬁlls, %{1 lﬁlgﬁ) 8'1%&'&&"' S5k dRs sk £ makd M, tRaehbhreavy
chai'’n conpri I nge re gl on of an i munogl obulin heav chai n,
wher ei nofanngje eptdines varias yispeaiing omfheghras@nd stickeps of g eoglobylin pes, §°rreéﬁﬂlél?’ed
I ncapab%ane\?a {436 %ﬂ&n%gﬂo%“ 4{%1'}2?@ (bﬁ%@gﬁahsﬁlhg Y Wt S@mpRNMhinGRaleexs, t hat
any cysterne’in-an I mmno eavy chain can be rendered .incapable of
di sul f i the Hingakesyeines grerpaparaer bystiwieipkaingsy andghesp aremorply Ppetdey Hdeifescr i bed
her ei n, o%fu@%ﬁaﬂéa& am%}a?élldﬁ@hv?kﬁa%{ ﬁ\tlht%o%@@ﬁr DQfificubRe §lt®@bﬂ Stab@euce the

bi ol ogi C unction © mmunogl obul i n. For exa gM and I gE | ack a
hi n2fe r@g]ucbmhuntmtlg(é%@ht contama i hinea pysteines. dSERlotLoBREs h1 B’Bﬁea‘?yﬁtemﬁi fA%ast one
(in so odi, r%tfl%mé,%lclygteﬂés the cysteines of the heavy chain can be
rendere | ncapa of disultide |inkage fornmation hods of t

i nventi on soAtesrdingly niethods aktheigyensign iCAe Rrasying ’é‘d’dl‘,’étcﬁ gn ‘;5‘?”6‘}“86]10@@1“

functi OEEQ{’/Cﬁahﬁ a 1}{ggb§dagt 1R 1B8ior, hBerd Bt TR0 dpitiah ofBeRiriasdtindehe heavy
chai n. al %gﬁstel nes are well known jn the art, as .described,

for ex arqgioe is nelirder@ébmaP ormingediaedsdinkaee lioFane e hepvy shathio PRI

I ntgg es grith a ﬁgt& IeBain &Fotn® a Bﬁ%&aﬂ{‘a&lb@aﬁ%dy, hrfigredtBHRR thdntiBodyFRNCHS hest nes
varies depending on the class and subclass of imunogl obulin. See, for
exanpl ecellaneway, 1999, | mmunobi ol ogy, 4th Ed., (Garland Publishing, NY).

For exanpl e, AB AHARRLOEGRESs inkBe thofROhefey- le@étfle§ oﬁﬂ eyskapdbatradey t wo

prolines, and these are nornmally paired with t
1ncapab1e of forming a disulfide linkage; where from about two to about eleven cysteines are

—

rendered incapable; and where all the cysteines of the variant hinge region are rendered incapable.
30 Light chains and heavy chains constituting antibodies of the invention as produced
according to methods of the invention may be encoded by a single polynucleotide or by separate
polynucleotides.
Cysteines normally involved in disulfide linkage formation can be rendered incapable of
forming disulfide linkages by any of a variety of methods known in the art, or those that would be
35  evident to one skilled in the art in view of the criteria described herein. For example, a hinge

cysteine can be substituted with another amino acid, such as serine that is not capable of disulfide
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counterparts on an adj acent heavy chain in internol ecul ar disulfide

| i nkages. O her exanples include human I g& that contains 4 hinge

cyst ei neswol2g@d2895at contains 11 hi nge cysteines, and | @Gt/usha@s/osat ai ns 2
hi nge cysteines. Accordingly, nmethods of the invention include expressing
in a host cell an imunoglobulin heavy chain conprising a variant hinge

region, ere, at one c isgchl ender ed
i ncapafbPRIBF ‘?“Blf’ﬂ]aﬂg ‘%bs‘téﬁlté%nl éréf‘h EJ 13; Q&d@ovﬁ%&ghﬁ‘%gﬁ%ﬁg l(ig@%lSECht 0

conpl exs ke direaedi ingtagenedivofithd mlcfewamdase@xememgmﬁmgl the hingd rogion el iptadip, and
recover| éed u?aé)&a t?c%d%c/luf § Og{idte osgg Ll sarfdrddk! AaE, 1980, aRdipent s i ncl ude

t hose WH tei nes are rendered i'ncapabl e of form ng
a di suldibaieg:|A Dibageiry Mlaewaé 2t @i, e(brbuttechmuqs(ﬁorabmmtmélaémuw@@%% are

rendered i.ncapabl wh I M3E je
are’r er?d"élIP@I&% EEF%E’BI“E udﬁfﬁklfees%wgl F%)%ﬁa%elgggﬁtc a?&r?g Qg\ggﬁ ??Etﬂ\e‘%ge region
e

ant i bodhesoded fdr kiR ciysisiantd ibe sutastufed ddaplectd actb@rcddqmgfom the sHbptHBg SME0 ag

i nventi a_ si.n te

pol ynuc %&%‘él??eo?f%sﬁa%ﬁﬁ@ggh%a}ed IP% avleﬁgljo‘?é gh ?@3?% tlhg% p?ﬁﬁﬁrgatge formation
can be arnﬁlaa@rse@end‘eﬁ,amhls @ariaﬂolefreglmsragd fe mqhehlc@eaSI dppleaid®@e by any of a variety
of - met hods Iklﬁa{}?tB%eB#) cfwgnt dhlor ctyse cz}nrb%tde%@w A a%iﬁ'cﬁfe’ﬂgn &aﬂb@ne skilled

in the art i terPadestcri be erei n. For exanple, hi nge
cysiioei n&hiedddl Hyetaﬁuzbs tmtemladnmgyhecammmsesuchm s dixedtes] mufpgenesissof él@rquﬁlélct hat is

not capable of di S g lgmget G tfal s Bbedd e%ugﬁl&dbiquéhgﬁugﬁﬂcl% tR&hi eved by

st andar&f* ﬂ'éeeﬁ?e&co nrques, such as site directed nutagenesis of
t he nucieRiribed i S‘}mﬁ)eﬁpkendeSmo@th@gteﬂh@qum hg@m@@h@ﬁl ipawmoglebwlig Y@ apdi f i ed.

Sui tabl e techni ues .i 0 ncod&839,
Vol ecul Sregie oA fi P A0 SRR e R A0ihcll e ies for
ge ner at hinge ragioi mwlmgh@d:vdbm for vhetChstanw/@zrhe avedifiefl frgslefedg iThis ofigRnugigetide can

ynihesizi n, o dil 14 A 9QHG hERBLAS oﬁ@g&ﬁ&g&%gﬁro@lﬂ 2BodyA8hRfkes S { he

el née D8 su laced with a codon for the
substl tvetrﬁblamagmlsa:m&se@en@smsmgmmeeot| de can then be ligated into a

vector backb n?]g cBl F:Eer l clagngo%ep?&mgz? R gkﬂ&b%rcgz% fnl%)%(/zzﬁ’ &AMeBy€S, Suc h as

variable regi'o sequences, as appropriate. In anot hér enbodi ment, a
hi nge cyst ei hﬁsomaﬁmbeziudaitebgdemfmnhbodaﬁ?|Oﬁthdélvé@tioé3r@fecfﬁﬁn‘15‘éls’é‘§fﬁ eved by

st andar d A Sl Ao QE{VR# Osngte% gg 'réf&?e?l 'to 59%0@;%@ hbi8s"dhdi 85V Rd sagirgemnesi s of

the nuclBPE AL G5 ce e Ing t hinge region that is to be nodi fi ed.
Sui 2b| extdrfacébricgree s fmmemm@nﬂmbeem@géqrhﬁé@ qligorserimtigzn K g prefrred EeTHCS

e ! SRS Tl Dloa IEARL A1 B0nAA of ATHABS o abhlif harmhbiRNito hi nge
region | FAcH Resi z| ng an I4}{_\‘g§onuc eot’i de conprising. a gcﬁglence t hat

encodes h@leﬁlmg@on@glthﬁflﬁﬁdqmnwf e seqyeRng hagheen RSP 81EAYY OB odi f i ed

i's del eLs rmatl-l:nh f%oﬂ&dlﬂ&@@g%; é}gﬁlpféaplefchﬁﬂ D8, h9gﬂaNﬁdre|E3(§t@chﬁoMg3}i;tl@67baCkbone
conpri sing Ot her appropriate antibody sequences, such as varlg fe?éfregl ons

and Fc é&nu él?roesera@ss"awmooqﬁwma@ by re«plaicmg siprliap agid sidgehafs domd 8°usi ng
"pr B§ u b%f B0 Eif b&§&p&&%l{hﬁag§gsﬁcﬁtcﬁﬁﬂs (e.g. tyrosine or tryptophan). Compensatory

"cavities" of identical or similar size to the protuberances are optionally created on the interface of
the second polypeptide by replacing large amino acid side chains with smaller ones (e.g. alanine or
threonine). Where a suitably positioned and dimensioned protuberance or cavity exists at the
interface of either the first or second polypeptide, it is only necessary to engineer a corresponding
30  cavity or protuberance, respectively, at the adjacent interface. The protuberance and cavity can be
made by synthetic means such as altering the nucleic acid encoding the polypeptides or by peptide
synthesis. For further description of knobs into holes, see U.S. Patents 5,731,168; 5,807,706;
5,821,333.
In some embodiments “knobs into holes” technology is used to promote heterodimerization
35  to generate full length bispecific anti-FcyRIIB and anti-"activating receptor” (e.g., IgER) antibody.
Tn one embodiment, constructs were prepared for the anti-FcylIB component (e.g., p5A6.1 1.Knob)
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In sonme enbodi ments, bispecific antibodies of the invention are forned
using a "protuberance-into-cavity" strategy, also referred to as "knobs

i nt o hol e80 2wévarsser ves t o engi neer an interface betweemrca/udseomsiiead second
pol ypeptide for hetero-oligonerization. The preferred interface conprises
at | east a part of the CH3 domain of an anti body constant domain. The

"knobs,i nto hoI e e FREQ been
reporté’?ﬂ “l“é’ T’yk"roé %tap?%@géor ma i on grgghgr?g%thﬁg?{% SeeHl%P%?lt tea>>zig:1rn)l e,
Mer ¢ halplzzmllaﬂlolc) tyIfkBodubiag the Ehdt otwatime [16§9S, LBE6SAAHOTEB 11)1 anotfgrot uber ances”

are cons cte acin he
i nterf 55’2? ‘ﬁfﬂe]ﬁth%on%’(tﬂcgstarep%m?geé%mthe an%r%cﬂﬁFar gg g"ftgé g%%?ﬁlsﬁ?gmg tyrosine
or t ry@ﬁ@dhﬂﬂéa“lﬁdﬁ’fmﬂa&hmyﬁé Ecaeglbn,esd the fanti-EER dosmbnent (e-imi | ar si ze to the

protuber nally‘ rea f, IJag-edﬁl%gond
pol §peﬁ’@?ﬁgﬁg gByg’t&o Mg §E00 Y E%loggngﬁr%%w%g?%goy\?ﬁ% smal | er ones
(e.g. alisalkdichetin <bﬂ1hdepm¢eﬂﬁr)as disthesedbaMswhard el af., 88 uprre dr iaRES-daigBtisi oned
protub anc i i the interface of either the first or
second 68119383 1§%\15 8%?7§6§5%E?’33/?3tnecessary to engineer a corresponding cavity
or prot uber angeeral ﬁﬁ(hect o ptqiaymg abeté¢rheultioeacentths preutfegaes-intheavilY ot uber ance
and cavity can be nade synt hetic ginb herdgucl eic acid
encodi r‘?&a%/ R PBIYHS 6?‘%? 8y %6 %tgg(gspgeﬁt sﬁﬁd@d&ltggéﬁcgr tn%ler descri ption
of 1|©not;ﬁ>1ypelﬁtm1elﬂfmkm be&ezﬂ!tetdd Boml%atoegmsl 1®lyn8dledligs fo HC@B2, PM@GI%‘C%% 833. In
sonme enbodi.ne nto T QndPSR e
het er ocfieﬁoé’fjlpﬁlg?'l‘%eﬁm %ené:(ééﬁlé% a?ecor}dtﬂ% ypigpq%gpﬁ %aglséf)%l(s:all ?r% gﬁgntl -FcgRl I B_and
anti - qmﬂymeléwttdg to @xceqdettor davite The polympBiRies aretexbigebpd, ejther e ot
construc Wer e prepa SAE hbE cdis, wiPAG.
11. Knob eCOVEL, chtléeﬂ%n%rcr%ufltﬁ)mei{tﬁgg;tﬁgfu%stchlg:luit IH)V§BI o tces v(\:/ fegi on, and
t he antneedvgﬁana pufeage, follewed by foaRdEpn of Lthq:terpmgylmemlin@a@%Prﬁbodfrn@ltS sl e
68 [ 368 RAbibo@Pnstructs are
]%tar gaa%efr %1’ fg?l e% éhm?ﬁ'&%& anu‘b&gﬁ?&(%?ﬁgplé‘gﬁi@@c & tll‘k'())|g ?’hel nt r oduci ng
a "hol " nutatsboa emmcmnmtts aithodieneidhe preget ltlY?@U@lh‘tqmbijﬁmeltﬁ’rﬁe K¢ (e.g.,
p22E7. 1 Kno TeQbidnBcifid shtib6diés€gi on such as
by the p trate E?r]é’% %@%%quégﬂﬁgl?%}%&g?gdﬁe t[l)r?gggedﬁrpeéldl slcl (;sed by Mer chant
et al., (1998), supra, or in U S Patents Patents 5,731, 168; 5, 807, 706;

5,821,333. A general mgjhod Wl 3RAL LAB AdTREAHPNESIVMER6dUST NG the
pr ot uber ance-i nt o- cavi ty strat egy COI'TpI’I ses expressi n‘g in one or

separ at e hosTheiayangon alsquspyidasdiokind relynpsleqsidesgooning the pntbedienss 1FI9¥Y hat  has
beeg al { de%lﬁ dref bR %@ﬁbs%e‘ﬂg b&ﬁﬂnsﬁ@ et naatdiries, iy REERseneednafusbier @asce, and

a second pol ynucl eoti de encoding a second pol ypeptide that has been altered
f r om t heroductign pfdhe gwiboditse| eoti de to encode the cavity. The pol ypeptides are

expressed, eF&*}&forﬂbﬁlaﬁt FOERA JteRtantsldy, wcﬂﬁuéle&meﬁcwdmg tHeh@tibelyér onul ti mer
fromthe host cell culture, or in separate host | s W;Fthh r;I.\F‘A‘é IIrgry and
puri f i ciaplpies and igsartedai WPk‘@Plﬁﬂ?qt‘HﬁoﬂPmﬂf}’iéloﬁ’égé?‘%aﬂoﬁﬂ °D

embodi ”@J{abrregsloﬁ h@Nﬁ%ﬁ@d’dﬂ@ﬂlé dnﬁgcg fiOreBBE ibotated hdlsédueied Gsugdontatiynal f OI’

exa bispecific antib Iyn sone enbodi arlﬁengf%mdm nt i bodi S of th

pr nt priopaABres i BT XeBRls| I?Yélsﬁlgl?H%é‘dFWfdﬁ PFRYPEEP g spocitically to genes

encoding the antibody. Many vectors are available. The vector components generally include, but

are not limited to, one or more of the following: a signal sequence, an origin of replication, one or
more marker genes, an enhancer element, a promoter, and a transcription termination sequence.
(i) Signal sequence component

30 The antibodies of this invention may be produced recombinantly, not only directly, but also
as fusion antibodies with heterologous antibodies. In one embodiment, the heterologous antibody is
a signal sequence or other antibody having a specific cleavage site at the N-terminus of the mature
protein or antibody. The heterologous signal sequence selected preferably is one that is recognized
and processed (i.e., cleaved by a signal peptidase) by the host cell. For prokaryotic host cells that do

35 ot recognize and process the native antibody signal sequence, the signal sequence is substituted by
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strategy with variant hinge region constructs to produce hingel ess

bi specific anti bodies. B. Vectors, Host Cells and Reconbi nant Met hods The

i nvent i orwal2e@/q8wei des i sol at ed pol ynucl eoti des encodi rgTiuseotansi2Bodi es as
di scl osed herein, vectors and host cells conprising the pol ynucl eoti des,
and reconbi nant techni ques for the production of the antibodies. For

reconbi hant roductlon t j t he
ant i booayp"”nkaq/Oth Pate 4 §hRd elsénlgcger(?%g e?ﬁ%ée g@;rng% %{%‘%@%vd}eilgaiﬂg‘?a@;ﬁf %rt her
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i MFe
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I eader Sperﬁﬂﬁng’lﬁaﬁefr fcﬂ&iﬁg aid RentbheofRagrksseal Ebgnahbumés) (Brobeamdiukifensifst i t ut ed

f @éﬁ i nvertase | eader, a factor |eader (including

Sacl: ar Qﬁ’iﬁz Kl uyver omyces a- fact or | eaders), or acid phosphatase
| eader, t he Gi) al @v@wr@lzu@@awmmenzl eader, or the signal described i nWD
90/ 13646 mral i an ¢ Ssi 0 vveI I
as viral sec P@&?‘WS@&&E&I"“’P%?“E Pj‘g' ?uﬁleg?chaélr% 36 uegce% %ga%%%ﬁ%slgﬁa
avai | ablgreplith® DR dr @foreSsgiobted h&€ calls OGer[emjllyoln clo&mlglvgatbre dns sgquesercis e thatarre t 0
DNA encodl the antib .. L n anot he nent L ipodi es
can occfi® Pgthf’P(ECt%V? Beé’f&%‘?ﬁng‘?pe?‘%gh%%é{le & &Homosam?lﬁ%l\r?%‘%g@ én%glggs];or%ﬂfs ?eqw re
t heapr e&@ﬁ&ﬁo@ﬁr @eﬁlbﬁabmmeﬁlhcgﬁ@g seg@ncn Sash saquehden aeamli kopwt fopp varieaty othat
regard, | Mo obylin light and _heav ¢ and
assenbl 8B Xg ’rﬁ“Hl)’HEstef‘o OHg%ﬂﬁfﬁ%’gFé{‘B“ ?lioﬁls V\ﬁl % ?ﬁgﬁgggﬁa}}lg?ﬁn rtain
host st GainiSedafi@) bactsamBhe2 ;IlmllchngmislsultableBosﬂeam and)zaqmuswrdengm ®Hl48sm
conditions that are f for fide bond .for rrat
o ¢ ¢ PO St O P ) 4GS s e atah Rt BhEy
( Pr oba @{&d)rigintblf tdpUatiod 9&5pon€i&liﬁ10t ﬁ&ﬁe&ﬁﬁm}nn(nla&an@xp@ssmmfecmsmﬂhe 8%40 on
Cont nes or1g1n may typically be used only because it contains the early promoter).

(iii)  Selection gene component

Expression and cloning vectors may contain a selection gene, also termed a selectable
marker. Typical selection genes encode proteins that (a) confer resistance to antibiotics or other
toxins, e.g., ampicillin, neomycin, methotrexate, or tetracycline, (b) complement auxotrophic

30 deficiencies, or (c) supply critical nutrients not available from complex media, e.g., the gene

encoding D-alanine racemase for Bacilli.

One example of a selection scheme utilizes a drug to arrest growth of a host cell. Those
cells that are successfully transformed with a heterologous gene produce a protein conferring drug
resistance and thus survive the selection regimen. Examples of such dominant selection use the

35  drugs neomycin, mycophenolic acid and hygromycin.
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Bot h expression and cl oning vectors contain a nucleic acid sequence that
enabl es the vector to replicate in one or nore selected host cells.

Gener al | Woi2noeoi28956ng vectors this sequence i s one that pemaisb@s/os1281 vect or
to replicate independently of the host chronpsonal DNA, and includes
origins of replication or autononously replicating sequences. Such

origin of remRErIERRTY srlbls B A i AR s chauses. The
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repli cadmﬂﬁmﬂmmlm&@hte, msthed)ke.needed for manmal i an expression vectors (the
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colnt alt Neudtusigy Aol ilenragdoenanalis octi@renedinon thel @otaab ethetiexaer Mty pi cal
sel ection genes encode ei,ns_t hat bR t
or ot he‘ior[lpg'i%tfvﬁ@ta%qn&g?ﬂgﬁ%&cﬁ‘ FPpmpnr?teef)h%%tccgﬁ%gJ ‘{VL %gx at eEis %)r? 1t%e%Cl Irlgﬂ(}:lgc: |C?1e
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ar {ﬁst %{r@fﬁhhet dcn‘r Ca-trhﬁsﬁdrme@bﬂtg DNz’osquemQEtSIeschhmannbOéyw&@B%DHFRWQt@&nsf or med
Wi a er uc Bel d
t hus sufifi3pe™ ?rﬁg Sq H%%I%u%easlaﬁue&g Stl& K ﬁ gﬁﬁgaéé:ﬁ[gdegﬁ?g%%ﬁse (Sé)%lec‘tglleoﬁnuse
; Eet g lr3 lu@ﬁceﬂlleg@m?th imnmedigme Emmmog 2 @elatwldaamfomg setaeipblenmaties sUrles @k anpl e of

i e sel.ec narkers le th
i dent i f PEAPFER Slg a%“ lc 3¢ afn?ﬁ%{mt 0t a 8 °ﬁ§hﬁe‘(‘%§t§i Iﬁ%ﬁ I\E\Jdgbg?([:@gc?d ©
such as DHFRA sumomsdieﬂ@nlgemﬁgeusemeyeawm@hrrghg@nnpresqmw th¢ yeastmlaém&‘é%ﬂ/
ol bogyralanB Ly RESTAERT o A SRS SR BUARAG e AL kit o mutane
sel ect i gmigefyeasalekifg the thiligemgioki i ypyphen foraxample ah TCE Not 44076 peRiF O mant s
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ant agon LP a7 TRl 3R DML RO WP L R Eh & G bty B Q‘*’%"T‘Et&"‘i‘f
enpl Oyeﬂrowslei dm@ffe}ttlvnemeronmﬁ@rrdetwfargyra(l@@aﬂe@by gphen defeotmen?t i n DHFR
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contain rans or co-transformed wth DNA sequences
enc2@i ngumsb Q@é@ﬁﬁr 3Ri6RD- armpmw%bmqu plasridseringdhe kP 8eteabl e mar ker

SUN RS M DRAAMRRR igol RANATRANKS RORLRIRSE: AR pRER chfecRLAGE o0 by el

growh in ne m-contarnin n agent for the sel ectabl e marker
such as tramsfanmtivmgit y(d;osardmpceamastbu Altéroatively can exprassinmpritern fdaggepls, or 418.

See U S. Pat I n yeast
>’ the PTG e bt OurAnosh S A8 . Ak, MR 4RR R Bire 990, 7, YETSTo,

Nat ur e, Bmcw)agy 18n1:35t Spblegaié-copymrpissionavestols dortseesetianel KSHIS [§POTBPIRAR ant
str nNOBf %bs%ﬁltm algltﬂ ki §9 indﬂ&nﬁtg{rgﬂ‘ng o I%l%fvgrro%%és Ravea¥B HheRN AR 0sE P see XRBIY: €,

AT
al., 1991, Bio/T echnology, 9:968-975.

(iv) Promoter component

Expression and cloning vectors usually contain a promoter that is recognized by the host
organism and is operably linked to the antibody nucleic acid. Promoters suitable for use with
30  prokaryotic hosts include the phoA promoter, $-lactamase and lactose promoter systems, alkaline
phosphatase, a tryptophan (trp) promoter system, and hybrid promoters such as the tac promoter.
However, other known bacterial promoters are suitable. Promoters for use in bacterial systems also
will contain a Shine-Dalgarno (S.D.) sequence operably linked to the DNA encoding the antibody.
Promoter sequences are known for eukaryotes. Virtually all eukaryotic genes have an AT-
35  rich region located approximately 25 to 30 bases upstream from the site where transcription is
initiated. Another sequence found 70 to 80 bases upstream from the start of transcription of many
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Jones, 1977, Cenetics, 85:12. The presence of the trpl lesion in the yeast
host cell genone then provides an effective environnent for detecting

t ransf or maiDI2006/(2g95gr owt h i n t he absence of tryptophan. Scmiusasosp31281
Lew2-deficient yeast strains (for exanple, strains having ATCC accession
nunber 20, 622 or 38, 626) are conpl enented by known plasm ds bearing the
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other g S?%’(ﬂsﬁdie?:ovérﬁ%)n]%"é’}n?ﬁ%l Orﬁas%EﬁOTvéaéles ?Icalirl?/Xléursag%zrﬁ%ggg%fsb{%%gﬁg%&e
dehydr ogpamssB viexal ndagecferpyly Ginate VitecHr (SYRY) fiswe hetplobgpirohanuoiloki nase,

gl ucose- 6- phosphate isonerase, 3-phos I S e ki nase,
tri osepW8§‘8E‘5& %g"r @%ﬁ%‘%?é%?"‘%fh%%’bh%‘g‘ﬂ“ﬁ gg)glcé)ﬁ} %grﬁe&?%ggglﬁgﬁéﬁ%ﬁkﬂ%%ﬂ?{%se. Ct her
yeaxl ppondedsush pihioeks @¢ @npatile with ehefrostrel] eysemsavi ng t he addi ti onal

advant age of _franscription control 0 Iid: Qs 22648 NE
pronoter r egfrh%%mn]’?'@& %fec%%q “ye %?gg%%lé gfezc%‘ltkg%g@?%%ﬁr one a% aci d
phos phateasietionfeghroahit wBo emzamebe S¥4bdiahorgin of eplicaiian: dhe immediath edrlys m
met al | ot hi onei | ycer al dehyde- 3- v dr BEGestBddn€NZYy Mes
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Ye enhancer.s. al so dvant I it yAnti bod
. Y EFSHEm R RIRERE U A y
t rg%icr ?’?f?(ir(% l?c}og‘#l\l}e[’gé 'g)ra %ntl Iﬁoﬁh%nfgf%%? aXn ﬂﬁggﬁadclzggloh Slesg cont r(g)? l'ed, for
exanpl epatbt No. 4,601,978. See also Reyes et al., 1982, Nature 297:598-601 on expression of human B-
interferon cDNA in mouse cells under the control of a thymidine kinase promoter from herpes
simplex virus. Alternatively, the rous sarcoma virus long terminal repeat can be used as the

promoter.
30 v) Enhancer element component
Transcription of a DNA encoding the antibody of this invention by higher eukaryotes is
often increased by inserting an enhancer sequence into the vector. Many enhancer sequences are
now known from mammalian genes (globin, elastase, albumin, o-fetoprotein, and insulin).
Typically, however, one will use an enhancer from a eukaryotic cell virus. Examples include the
35  SV40 enhancer on the late side of the replication origin (bp 100-270), the cytomegalovirus early
promoter enhancer, the polyoma enhancer on the late side of the replication origin, and adenovirus
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pronoters obtained fromthe genones of viruses such as pol yoma virus,

fow pox virus, adenovirus (such as Adenovirus 2), bovine papilloma virus,
avi an sarwormoomi2gess, cytonegal ovirus, a retrovirus, hep&CrtisseoBosi2sus and
nost preferably Siman Virus 40 (Sv40), from heterol ogous mammal i an
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25  sequence are preferred. Alterations in the TIR can include, for example, alterations in the number or
spacing of Shine-Dalgamo sequences, along with alterations in the signal sequence. One preferred
method for generating mutant signal sequences is the generation of a "codon bank" at the beginning
of a coding sequence that does not change the amino acid sequence of the signal sequence (i.e., the
changes are silent). This can be accomplished by changing the third nucleotide position of each

30  codon; additionally, some amino acids, such as leucine, serine, and arginine, have multiple first and
second positions that can add complexity in making the bank. This method of mutagenesis is
described in detail in Yansura et al., 1992, METHODS: A Companion to Methods in Enzymol.,
4:151-158.

Preferably, a set of vectors is generated with a range of TIR strengths for each cistron

35  therein. This limited set provides a comparison of expression levels of each chain as well as the

yield of full length products under various TIR strength combinations. TIR strengths can be
37



in which the quantitative ratio of expressed |light and heavy chains can be
nodul ated in order to maxim ze the yield of secreted and properly assenbl ed
full | engwb 2aewi2kesdi es. Such nodul ati on i s acconpl i shedPoy/useomsios@seous! y
nodul ating transl ational strengths for |ight and heavy chains. One
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bedet er fhipdid, bweéiwaﬁmlﬂwuﬁlgaﬁﬁaéulé&lpﬁ@s%|llé’?ff"!f@r\’i%1 (et Balishepit st l§ene as

descri bﬁg%sgd 58661 I, F%margpaaslz@zpnmgsgpp'éeud%nas Nan o5 p. &40i23 aamd Simmons

et al. ["hmuno Met hod pur pose of this

i nvent i Sineptariyeest @n@teéﬂeérfarols@@w@qﬁt ig Erastindt K%rFIC@ 5} 4‘56)’r)aétlh?"rg¢l}l9Fh§F pair of
TIRs w Etm}rflﬁ NR G PleBSE &merzm@c@x séﬂ- Adm@h Wishepuyice wrersgis N is the

relative strength of ght chain and ‘Mi he rel ative TIRstr th of
heay chuiable. Flose e)s@aw}ﬂsere 1{1@@1@%&&1@@&1;%% &@aa@o prsEerabbdonibe BrHes Q‘
relati V@ec;reltﬁnﬁﬁrﬁaﬁ @ﬂ%ﬁht@(ﬁf @&%&tl@éngﬁﬁesldng Radisdal ﬁot@%ﬁl@ﬁlﬂﬁlﬁ!oﬁkﬁn@ﬂﬁsﬂlbbﬂﬂeat I ve

TIR strength of about 7 for_ heavy chain expression. Base

t r ans| aiticomatated it &p gﬁEl]*FUétB‘i?p Brokaigptic ltoﬁ‘ée@%@w AP GoRMIS, IB‘%I&T"“%S F?stﬂ%lr e sel ected

to be caphigdh dnfl/ot DEtBXRE R Vector constructs of the invention. (vii)
Sel ection and transfornati on of host cells Suit bI e hogt cells for cloning

or expressi n§p addaioprgprokaryies. kel BisMiFEbES SHC%?SJ RS J10gt JIEEt Weast , or
hi ghgr @M&ﬁl@éﬁhﬁg‘%@&lﬁes@l@l%ﬁcfstsquanﬁi%li{/féncoﬁiﬂgt\@&bﬁ SaRKNOW9deE Berbidiad, bi S

pur pose 1 nclude Archaebacteria and Eubacteria, such as. G am negative or
G am pogpqmn%bagplg%yﬁagng thegrpgst commonly used among lower eukaryotic host microorganisms.

However, a number of other genera, species, and strains are commonly available and useful herein,

such as Schizosaccharomyces pombe; Kluyveromyces hosts such as, e.g., K. lactis, K. fragilis
(ATCC 12,424), K. bulgaricus (ATCC 16,045), K. wickeramii (ATCC 24,178), K. waltii (ATCC
30  56,500), K. drosophilarum (ATCC 36,906), K . thermotolerans, and K. marxianus; yarrowia (EP
402,226); Pichia pastoris (EP 183,070); Candida; Trichoderma reesia (EP 244,234); Neurospora
crassa; Schwanniomyces such as Schwanniomyces occidentalis; and filamentous fungi such as, e.g.,
Neurospora, Penicillium, Tolypocladium, and Aspergillus hosts such as A. nidulans and A. niger.
Suitable host cells for the expression of glycosylated antibody are derived from multicellular
35  organisms. Examples of invertebrate cells include plant and insect cells. JNumerous baculoviral

strains and variants and corresponding permissive insect host cells from hosts such as Spodoptera
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exanpl e, Enterobacteriaceae such as Escherichia, e.g., E coli,
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antibody producing cell. The term encompasses progeny of heterohybrid myeloma fusions, which

ceIIs(

are the result of a fusion with human cells and a murine myeloma cell line subsequently fused with a
30  plasma cell, commonly known as a trioma cell line. Furthermore, the term is meant to include any
immortalized hybrid cell line that produces antibodies such as, for example, quadromas (See, for
example, Milstein et al., 1983, Nature, 537:3053). The hybrid cell lines can be of any species,
including human and mouse.
In a most preferred embodiment the mammalian cell is a non-hybridoma mammalian cell,
35  which has been transformed with exogenous isolated nucleic acid encoding the antibody of interest.

By “exogenous nucleic acid” or “heterologous nucleic acid” is meant a nucleic acid sequence that is
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25 1) an energy source, usually in the form of a carbohydrate such as glucose;
2) all essential amino acids, and usually the basic set of twenty amino acids plus
cystine;
3) vitamins and/or other organic compounds required at low concentrations;

4) free fatty acids; and
30 5) trace elements, where trace elements are defined as inorganic compounds or
naturally occurring elements that are typically required at very low concentrations, usually in the
micromolar range.
The culture medium is preferably free of serum, e.g. less than about 5%, preferably less than
1%, more preferably 0 to 0.1% serum, and other animal-derived proteins. However, they can be
35  used if desired. In a preferred embodiment of the invention the cell culture medium comprises
excess amino acids. The amino acids that are provided in excess may, for example, be selected from
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25 The antibody composition prepared from the cells can be purified using, for example,

hydroxylapatite chromatography, gel electrophoresis, dialysis, and affinity chromatography, with
affinity chromatography being the preferred purification technique. The suitability of protein A as
an affinity ligand depends on the species and isotype of any immunoglobulin Fc region that is
present in the antibody. Protein A can be used to purify antibodies that are based on human Y1, Y2,

30  or y4 heavy chains (Lindmark et al., 1983, J. Immunol. Meth. 62:1-13). Protein G is recommended
for all mouse isotypes and for human y3 (Guss et al., 1986, EMBO J. 5:15671575). The matrix to
which the affinity ligand is attached is most often agarose, but other matrices are available.
Mechanically stable matrices such as controlled pore glass or poly(styrenedivinyl)benzene allow for
faster flow rates and shorter processing times than can be achieved with agarose. Where the

35  antibody comprises a Cy3 domain, the Bakerbond ABX™ resin (J. T. Baker, Phillipsburg, NJ) is

useful for purification. Other techniques for protein purification such as fractionation on an ion-
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samples of the expressed proteins can be compared for their quantitative intensities on a Coomassie-

stained SDS-PAGE. Alternatively, the specific band(s) of interest (e.g., the full length band) can be

detected by, for example, western blot gel analysis and/or AMES-RP assay.

C. Pharmaceutical Formulations
30 Therapeutic formulations of the antibody can be prepared by mixing the antibody having the
desired degree of purity with optional physiologically acceptable carriers, excipients or stabilizers
(Remington’s Pharmaceutical Sciences 16th edition, Osol, A. Ed. (1980)), in the form of lyophilized
formulations or aqueous solutions. Acceptable carriers, excipients, or stabilizers are nontoxic to
recipients at the dosages and concentrations employed, and include buffers such as phosphate,

35 citrate, and other organic acids; antioxidants including ascorbic acid and methionine; preservatives
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For mi aetireh e FEoRar PR P a0 Bl Mo CRLARE &' 7

M xi ng taftheradthériyatc dganti Sugh itoiecalesare adtable gresent of copbimiatign njatreupthatonal

phy %ﬂ(; %1 cial L.y .acce Otealg%e e%arri ers, excipients or stabilizers (Rem ngton's
Pha pottls For G BFHOSCINERISA” Ot 11 on.  Osol . A Ed. (1980)), in the form of
| yophi |i zed ﬂblbauivaﬁrigmdkentsnnaaquebaSntsappasitih onsocapanbapeaizdefoe ewamipler by

eXC|p|ent { |ze [ and
concent r a[lclbrafﬁtslonstec r‘ugyes C?r 1n"f5l rpacm.\0 % d}%l)%B %og}_tlé)ﬁ %a%h%nﬁﬁ (ﬁ%mte{}g cQRﬁ%Q ?1? ate,
and oth %Elawgmmapsmm aig POI&Nmbirllxlmb&mt}éatc)nmbmdapn@e,agapgmtyglg m@p@@h drug

met hi oni 2 [l ye t

chl ori de; F‘ﬁ’g&zﬁ ﬁgnle&(ﬁqm ’Islg3 Oé&i 9@%@ % gi&%&éﬂ?lé%?[gﬁ%nbenzepﬁgm um

chl 80i depd pdwmplsqlesb)urtlylmamoelbdmpyd Sukle whioliquesdrk disclpwd #bBagngach as net hyl or
propyl raben ; exanol ; 3-pentanol; and

m cresol) ar’ acemlcgllastae%fe9 16th e§1§1 Ig%fpgAsE(f?ﬁgdnggbout 10 residues) antibody;
prot ei ns, suéﬁhe&smbnmt«abemsnd for irg@taeadiministeation mrst o sevlouThings readlidr ophi | i ¢
pol yner%céo?rggﬂsl?eﬁb ?tééYbrﬂ%{o%gﬁ E:Qlik $RP8on ABLBAGACH dS such as gl yci ne,

gl ut am ne I ne dine, arginine, or |lysine; nonosaccharides,

di sacchari de§ustaneﬂ-mieh@rpr®arabmwnhydle@sepﬂmél Sidiablg elgimld@ﬁ susiaiigAaelease or

dextEi n SHERSE. Mannitol,
tre gl o] éep%?ﬁé%&%ﬂggmg %%&%&%%S%?gﬁlﬁt@%?oné suc é?ics soérlg%n? nmet al
conpl ex estﬂ(@ygwhlcthatme@ti@llmtb@ém}l e shappd aniplay, 6.8 fibms. Pomiceocansiiea Examiles such

as TV\EEI}& tslma’med—release matrices include polyesters, hydrogels (for example, poly(2-hydroxyethyl-

methacrylate), or poly(vinylalcohol)), polylactides (U.S. Pat. No. 3,773,919), copolymers of L-
glutamic acid and y ethyl-L-glutamate, non-degradable ethylene-vinyl acetate, degradable lactic

30  acid-glycolic acid copolymers such as the LUPRON DEPOT™ (injectable microspheres composed
of lactic acid-glycolic acid copolymer and leuprolide acetate), and poly-D-(-)-3-hydroxybutyric acid.
While polymers such as ethylene-vinyl acetate and lactic acid-glycolic acid enable release of
molecules for over 100 days, certain hydrogels release proteins for shorter time periods. When
encapsulated antibodies remain in the body for a long time, they may denature or aggregate as a

35  result of exposure to moisture at 37°C, resulting in a loss of biological activity and possible changes

in immunogenicity. Rational strategies can be devised for stabilization depending on the mechanism
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PLURONI CS(tnm) or pol yethylene glycol (PEG. The fornulation herein may al so
contain nore than one active conpound as necessary for the particular

i ndi cat i onohedangstssseat ed, preferably those with conpl emPoTArSg0EOBiI28i ti es
that do not adversely affect each other. For instance, the fornul ati on may
further conprise another anti body or a chenot herapeutic agent. Such

nol ecul.es are_suita resent td ffective
for thd"Ri¥HoE¥ Eixﬁlpglﬁ’dg N a%ﬁ'rl%gaté |vcglgilmrlﬂgg’?seés(a gﬁrésa tﬁg@iﬁgﬁr églggg&resﬁ% ?Oe{%ped in
m croc afﬁﬁwnen mir@phrieddistlade meamaﬂ% stdlv;llze@auear}\/f&taphjﬁveﬂ by meddyiag syhyeyyl

i nterfaci ol atlo r. or

gel ati Sr’r‘?‘{??g%é’égeﬁné fzSPE‘cPC@ Sm”f”res W r!)ﬁn%g% at e %@%angggiggléﬁgﬂit@

I es pectaddigivas, aiddecadping gﬂ;ahﬁ«dpq]gnﬁmhatmeqowpsys@léns (for exanple, |iposones,

al bum n m crospheres, microemulsions, nano-particles and nanocapsul es) or
in macroemul sions. Such techni ques are disclosed in Rem ngton's

Phasmaceuti cal Sci ences 184 h eNon-TmaPMIUSCSGfOYE&AI(@QGD) The formul ations
to be used f ean?b h%‘%{Ue gth ﬁ&d%'ﬁﬁ aflﬁﬁlt}sﬁlﬁirfﬂcétﬁm agé'ﬂt SInithis hRR&k, Y
acconpl i shed & rou steri tration nenbranes.

Sust ai nie arl't$b¢38]$ anqnolabmd@n la@q)isi nhase sheh ﬁ@bﬁeﬁﬁ‘ resiy pr Hisr BADES 4F1R$ wethegs

SuSt Al G HBLE0 i BEORR LA BB AEbULS, SERIRANTRARLANETRATARE 1R hndeh! d
hydroph ners containin nt 1 body, matrices are in the
form oftosbla@mﬂ!ilbdamdltbd@éter the glpport is[washed oyithrgi seitabdeagelyantdhat wilbrepIoss of

0 Ols]y( Iznsﬁ g%}an%J y}Z ?lﬁthfa a 131%& the at e}%ig gxo@&' tH@aﬁlttlgénSto b0 %ﬂﬁjx{ffége\lvﬁcl( foesuRtame! e,

0) acr y(Vvinyla coho1) ol yl acti des
(U.S. Fammobmmd a;tmmy Fis)ly, th@mpgrm m@sh@fl W@amth%seﬁaé& sq V%}Hdsugh as glycine
et hyl nada M@{lggﬂg} nyl acetate, degradable lactic
aci d- gllillg% PG am%tg]gﬂgﬁg%érs %&h as the I? RON DEPOT(tm) (i nj e%t abl e

ni cr ospher esToampbadydnayfalsb e tseful srdisengpiscsiays ede fef EEHFORFHRIFSSIRAEL PRupr ol i de
acet at egrrt é}p(gf nqtgﬂeé‘t iP5 [‘601}'10 §e’lT§>’tﬁE&§ Yo k'érwh' Fo@&égiostﬂé‘y&bﬂlﬁatﬂ% MREnSib&diCch as

et hyl ene- |ny acetate and lactic aci ycol1c acid enabl e rel ease of
ol ¥cul esichlyr wihbe labeBd with ¢ sleteeiehie mpigtyh ;N%F@@%‘P Lbgls Pféé‘;f?élablf’ Shishsan ¥r shorter

tinme pe%g@&%ééﬂ lgtg%q&wv@ﬁgegtéggﬁésbodl es remain in the body for a |ong

tinme, e nature or agng ? [gsult of exposure to noisture at
37C, resul ti GyyRadioiotbmwssudfashisol 6gi callaed i Vi the apitognesiblabeled B S i n

i mmunogeni ci drhe% 3tah@D,
dependi ngomo%o%g%usm th%{égllméﬁe%\@etgﬁg%egﬁl I‘E—ﬁ? ’Qgéoqn%%%g’”i’”g‘ g)%%gg}rl ér-fglgat i on

nmechani €nliges edils Edv Bileg litersdience, Near hork ey ¥prkePubs o) ferraraplerot hr ough
thigsdisul fide inter t y be achi eved by nodifying

sul ?%ydr {oaReY § ues Iﬁ%}’@lﬂ&ﬁus I?gzs?lﬁ%ﬁ%t%g%ﬁ&g@?%?c solutions, controlling

noi st ur e conthé Mqoraasannlgbdmpbmmlateerﬂadﬁlaﬁs @@leﬁle&&?b?féblpﬁaceérﬁé’élﬂfl c

pol ymer ,MRLEIX OB duli ﬂpﬁenv%vemgn gh‘ﬂs@ﬁﬁﬁé fiyddethrih @hd TH&s Red ilbody The
ant i body faYehelnventlon e used as ana finity |f|cat|onaent In
this pr @\zaelalsl¢ Thedlvmrtseepbldheld @nbmﬂ\@mgaieé éfdﬂl@)ﬁnté?o%lllﬁ% gqfﬁ%@lqé‘&% s
Sephade%gt s Br§ I;r L2 z%rlmngzgllc? y, RBRETor ek FIFBERQHS: R bé qlenme dsﬂlgtahe art.

The Frze antl bo tacted with a sanple containing the antigen
fluorimeter.

(c) Various enzyme-substrate labels are available and U.S. Patent No. 4,275,149 provides a

review of some of these. The enzyme generally catalyzes a chemical alteration of the chromogenic
substrate that can be measured using various techniques. For example, the enzyme may catalyze a
color change in a substrate, which can be measured spectrophotometrically. Alternatively, the

30  enzyme may alter the fluorescence or chemiluminescence of the substrate. Techniques for
quantifying a change in fluorescence are described above. The chemiluminescent substrate becomes
electronically excited by a chemical reaction and may then emit light that can be measured (using a
chemiluminometer, for example) or donates energy to a fluorescent acceptor. Examp}es of
enzymatic labels include luciferases (e.g., firefly luciferase and bacterial luciferase; U.S. Patent No.

35  4,737,456), luciferin, 2,3-dihydrophthalazinediones, malate dehydrogenase, urease, peroxidase such
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to be purified, and thereafter the support is washed wth a suitable
solvent that will renove substantially all the material in the sanple
except thwoanw/gesset o be purified, which is bound to thecirmsedsiosrzed
anti body. Finally, the support is washed with another suitable solvent,
such as glycine buffer, pH 5.0, that will release the antigen fromthe

anti body. The _ anti bo 0..be usef agnost i c as for
det ect | HGOBKRHRISH g%?@?ogn@f RRPIoPPIE ﬁ‘f Péggf t|°%Hasspeg(l,ucf3 e ce1SIP’S yrgl ssues,
or ser Ukchhgde GidASR084.1 glucﬁb@@é)dldh@é Igﬁlﬁ\ﬂosetohﬁaﬁrﬁndlgmdyset@qphoslﬂiatey will be

| abel ed with a detec Numer ous

are a ich can
be genelehydrgseyrssl b@tarowf{lla O’?H@esf S GG ae{'fié(a tﬁlimé gxidasg), Yaﬁ;é’ 8?%%@%%2 pes, such
as 35S, mitfperokidide, andthe 188 0Tt Brlidues fdreodiatibOelyymesto hatidodisehre desatibed it he

rad|0|sotoeu5| t he technjques. desgri bed, i rent Protoco

mm#nol Gpylivege! eti‘o‘grfﬂr'g ?tﬁ’gr??E?zygie'AIEg Og\#?nélilga eﬁfo‘glu Ser Lgﬁz 2° New
Y0r K, l\mﬁhumﬁésay M&hadswﬂﬂz)fm ©01. Iaxaphe] Havih Vadkisp atideinioprearNdve
measured usi 2@ scintillation counting. (b) Fluorescent |abels such as rare

earth chekaf?e@7060 B im chel ates) or fluorescein and its derivatives,
rhodam ne anﬂxdn{p%s@ﬁéﬂzyﬁé-lsmﬁ&ate catsiydtiond indl8defon exangiiy coer yt hr| n and Texas
Red are avail able, The fl uor ce%sbeﬁﬁs E\?(p be con}:de ated | Ehe ant i body
usi ng the tebhni qescradidipes PEHRCS PYOTESRBFE* mmno ggy, supr a,

f or10exapmBesor FJ.¢loFRspBEN R dAmiteeORDRG 3, 5650 taminatyy Bbehtidine hydeoabtorid¢ c)

Various enzyme-substrate | abels are available and U S. Patent No. 4,275,149
provi dedMBYevi ew of sone of these. The enzyne generally catalyzes a

chem cal al tgy at i gRaIBE phdiphfise QARG rarasNinsplicaylephbiphite enehrdysogemiasur ed usi ng
various techni ques. For exanple, the enzyne may catal yze a col or change in
a subst PREE G ch can be measured spectrophotonetrically. Alternatively,

the enzyme ngy al Bﬂj-gauktﬁ)sfdageqse;@elr)aah@rchmhﬁganhambnme@cg-nufophml -B-D-
substrate. Techniques for quantifying a chan}gf rescence are

flu
deshY i bedlacssisigee) omriioregsaigisyhsitn dgrctnfomnbslidery - @ﬁ@ﬁ‘g? el ectronically

excited by aNﬁB&%@&heﬂeﬁ?ﬁﬁe‘-s‘ﬁBﬂﬁfé@:oﬁiﬁﬂlaﬁ(ﬂl@ Bre%%ﬂabielt@fhbsetshﬁlbd thahke e Foeasur ed
(using a chem | um noneter, for exanp energy to a fluorescent

accept of gereseheyiewsof dfese ey rat Fatent %(%‘ef‘%% h‘tﬁaﬁeg 1§§§q erases {e.g., firefly

| uci f erase aggmhfsdaht ﬁlbel|1§lﬁ&]f&ﬂf§&gughie§w1tﬁ)ﬂ{e%ﬂﬁbd89 THe sicaﬂedéﬂﬁan wﬂltbel ferin,
2, 3-di hydr opht hal azi nedi ones at e_dehydr ase

F O% nas d eg dn ate Wit
suchas RW#S ef wEeeHeHBIgss faa@élemszﬁ@ orgxpmple the HBadyAp Be ednjle
b- g8d actREh dathy oFind BRI BrbASiegdries OZMPEs mERioadPdbbetecan bt cageated @iy , gl ucose
oxi dase, gal actose oxi dase, and gl ucose-6- ﬁqulﬁia% deh dr ogﬂeate w}th the
het er oc §EfRcOTFige d%%?l?tgﬂ%‘?iisé%le‘iﬁlﬁ%‘&é‘bavédd‘a“@ Tt 8%&38 IRk
| act opepQito@pm8his HAGEQR RRMKY] Aeshitivaydo £d[l%vé inld&ect tagilmtiepueshd lavel wghfhegat i ng
enzymes to antibodjes are, descrjbed i Q‘T ? (hvan )et al l\ﬁ% § gesntf or the
Pr epar afitiRdsh theprihody I%WPJ“g?}Hic/W%ﬁfrﬂﬁ agien {o- M ARt e ™ assay, in
Met hods ¢ ij pBs &ﬂ@ﬁémme(nﬁéne& abé@ﬂgwﬂﬁgﬁ&ﬂwhh anVati-NMpRa kmtﬂa)ody (%cge,dﬂmr:mgopn ess, New
York, 73:147-166 19812 Exanp ? (f nzyire- Lébgt ra (llnatl ons i ncl ude,
for 2% X aﬁ?ﬂb@dy) Thus, indirec conjugauon of the abe the antibody can e ac 1eve
In another embodiment of the invention, the antibody need not be labeled, and the presence
thereof can be detected using a labeled antibody which binds to the antibody.
The antibody of the present invention may be employed in any known assay method, such
as competitive binding assays, direct and indirect sandwich assays, and immunoprecipitation assays.
30  Zola, Monoclonal Antibodies: A Manual of Techniques, pp.147-158 (CRC Press, Inc. 1987).
The antibody may also be used for in vivo diagnostic assays. Generally, the antibody is

labeled with 2 radionuclide (such as ""'In, *°Tc, **C, 11, %1, °H, **P or **S) so that the antigen or

cells expressing it can be localized using immunoscintiography.
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1) Horseradi sh peroxi dase (HRPO wutilizes hydrogen peroxide to oxidize a
dye precursor (e.g.,orthophenylene diamne (OPD) or 3,3 ,5,5 -tetranethyl
benzi di newbydecekdseri de (TMB)); 2) al kal i ne phosphat ase PCARS20051051281

par a- Ni t rophenyl phosphate as chronopgeni ¢ substrate; and 3)

b- D- gal act osi dase (b-D-Gal) wth a chronogenic substrate (e.g.,

p- ni trophenyl - b- Dgal act osi dage) oy, iy UseaeP tife Sxtiboly at e

4- et hyl unbel i feryl - b-D- gal act osi dase. Nunerous other enzyme-substrate
conbi nat i ons(ihr e Bedicingithébitoyy activideof ERIRIBSG D3 aBk Huterering wigrangbegadr al
review gf .t hese, see U S. Patent Nos. 4,275,149 and 4, 318, 980. Soneti nes,

the label 1s indirectly conjugated with the antibody. The skilled artisan
wi |l be awar & aspthermitodisnent terantrieR IFFoamtibedyi ie¢d-arninistered wWitha thogapawice, t he
anti pody can be conj ted wth biotin an

cat e%or |X%e§1 o] Qlfagﬁeet FésH%%h g ocf)\#\ﬂg THEVE & gﬁ' E%rae%%lﬁﬁ%’ga%p%&%%ﬁ ag}\;/'?lgs?errfd t8r Vi ce
versa. Bininnil ©iblds [Sebadihs wWeFyRIIB, thatetdi pievantth gt HeyRIIB tnfediated hietlibidanoflae
conjugated with the_antibody in this i.ndirec nner.. Al ternativel to
o ova A TERpT o b Bty BB O G fa PR Re AHURY. T HERIT body
I's conj yhakahempbiticanstoal s PHBatieRdr b Bunr antigQ @ adhingndriANg avd-Fé/ReBdiff f er ent
types of | abels nentioned above is conjugated with an anti-hapten anti body
(e.g., Heirerioporiihemtrypayntiseangbody saTanessCyOBRIGET Yi-BRot {82 apel with
t hej@ant bhadyy.can be achieved. In another enbodiment of the invention, the
anti body need not be | abel ed, and {he presencge tBer eof can be detected

usi ng a | abellBET2RSHES BHRGIGHT BHOGST ALIeate AescairdiaBagyDave RernRvl s 9nhs ¢ he
present ahRyRAFARatiRY: J7Q verid OEeadch 1dideRaNsRr. A8E ayanipdd,hod, such as
conpetitive binding assays, direct and in uech sandﬁn cpl assays, and
i mnop%%@@ﬂ@%‘%@%é@@c Brgim{ Gengpisel sdp usaf {9 5GP sl yrp al of

Techn:c qmsmw(ﬂﬁ&iﬂ&&bﬁ CReeREDSEC.) Ishsed talalsaZ}netamec %Mri&ﬂ&(}d&ncﬁi&?ﬁd? Isodbe )
use or_in_vivo diagnostjc assays. Cenerally, t nti iS. e W t
2 Fa ommetrst e Entaet et T aanaael ot Hed Thopdod afippoRes ! O

t hat t heo @dat ingefatRbr&ed dascee X RRIRSSH, @ rhdch@adinstier thaatadnt afetndssbyngl

i mmunosci nti ography,.E. In Vivo es for the ti bo i ), Redyci .

i nhi bi t&WO%%fgI W'%d%“fq@&eq&ﬁfi %8 SEERrEaEIent 1Pt g PRFq 2 P%\d"’ésﬁ%"ﬁb%z%sﬁ’:‘&

bi ndi ng sbile @& Npdrti@dTakH sFRBlivendsk 6f alibodyfigergiylchBbamtribbied v thsrecruitment of
co-adm ni ster Wi fh a therapeutic ent to ephance functio t he

t her apeWBneaegéﬁtPﬁ A%P“éﬁ%“@%%&et %llntzé‘&lf at{jf?ll‘flﬁg?’ée’ ggﬁé'ﬁﬁs tdgp‘g%lettag’ %fo%an’mal

t o bbockahg&vbiinde, mg38-d46c GRILABR G (Oefadhymah) (SeanitedhginEg ipRh laBi-fgidinabety

i nhi bition of agléeiﬁmmne response. This results in enhanced cytoxicity of an

| gG t he PSRt P 25h#Fhody. For exanple, where a therapeutic antibody is
speci fic for FeyRIBMexgtisedailymploidat myedtid hidagacells, batdt olrsatgdl Kilker oéllst he

;2;’??: IU%E(} YSVI ! ?qhg)gtﬁryggéebtg% g\yﬁén e?c':ggailtgf Ecy?{%lij c%g,%r g{%%ﬁ?i%ﬁibﬁ %Ey(iiﬁl %fggéimg the

which would otherwise activate macrophages, natural killer and mast cells. Inhibition of FcyRIIB,

25  (e.g, blocking Fc binding to FcyRIIB) attenuates its inhibitory effect on immune effector function,
thereby assisting MADb therapies. Ravetch, J., (W001/79299) described a method for enhancing the
cytotoxicity of an anti-tumor antibody by reducing the affinity of the Fc region for FcyRIIB and
thereby limiting SHIP-mediated inhibition of cellular activation.

In one embodiment, an antibody that selectively binds FcyRIIB is administered with an anti-

30  tumor antibody in a mammal in need of such treatment. Selectivity for FcyRIIB is desired so that
the immune effector response activation by other FcyRs, including FcyRIIA is not impaired. By
failing to cross-react with FcyRIIA, the inhibitory function of FcYRIIB is more efficiently blocked,
thereby further enhancing the effect of the co-therapeutic agent.
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Ther apeutic anti bodi es, a nunber of which are descri bed above, have been
devel oped and approved for treatnent of a variety of diseases, including
cancer. PBa02e06za27pd56, Rl TUXAN(r) (Ri t uxi nab) (1 DEC Phar nl Eemarst@sh3i2Bnc. ) i s
used to treat B cell |ynphomas, AVASTIN(tm (bevaci zumab) (Genentech, Inc.)
is used to treat netastatic col orectal cancer and HERCEPTI N(r) (Trast unab)

(Genentech, JInc L, a8k doQdy sused to
treat net astfﬁtofl?:grﬁt?%ﬁgetnpﬁg h?%%gﬁ?ﬁ%ﬁa Qe%l ani sns S%or treat nent of
cancer ymahllto PRAOKHhARBSE Igmtmth@dies:sh&i@y@lwheglthkmhhmnymffemaf FeRiIBrmg. not be
conpl etely understood, at |least in sone cases, a portion of the

ef f ect | (PEfragBleggnh armqg%@ypr%?raw can be attributed to the recruitnent of

i mrune ef f eC(t(z:? rof ED&%&Z%}H&LM‘Q BEmiry 6t FRRIIB2 %Qggrlé@dtwh @l%dwmnmreceptor
6: 313- 31" 4, ynes et _a

re Medici 446) . 1(QJ_AI R(r)
(o8l i zurab)MoEenkHREB SN befo: ﬁ)gg‘iegat%‘ﬁ Wit YatieR g é‘?ﬂv‘*‘%‘&fecet? LY 0P At
al ![ er gi Iecﬁghnli—iﬁﬂ&)daﬁf)l@ tl@@é&l&&‘ﬁﬁ@en@@cebﬁémmthah@h a@fmitpredeﬂtorrferalg‘é (lgERk)S but
not on natural

er cells and f[: L['?n CBJ tto recept Sonr0 h%t%n activated,
FcgRI | B'ERR; FarBHAesdipa @kit feptpiesiC CYE‘?@R f 2518 rfcﬁﬁ O ¢ Ut ot herwi se
acti vat &aﬁfﬁ § SR RASSREmbAAL proRtinskiithl setivatingladiivisy for ehisne effad:tmbleskpom@ aod FcgRI DB,
(e.g, blocking Fc binding to Fé %é attenuates it 1ono?Pc'R@ th%}feCt on
i mune ermEse r ITAMAativaen mofs BEFHIBIS ALV R ONRE S8 1TET B pi%e S el
(WORL/ 7229RIng 983 Hihi AMeRluates BRI A s balivern ltlamghmlg: atchﬁtmy teoémom cTé yatgf an
anti-tunor _antibody b redﬁ)é ngpéhe af | m{ |on fnorThlgchl | B

and theF%’B;‘FBII}aF’rP‘{’tbﬁij‘ ?Siset1 5 uo(I:lé)fF Ar ac P SN, 1 n
one enbpdiRMBNEcepR habbéRgatiddhedly &ahleﬁi‘meﬁeédyor boaggegﬁceg Rbd B-liggted)dmitni st er ed

with an antitunor antibod need t

Sel ect | PPERFCeIeBIOTSE RIS P Ost?g%‘?'%gig%/lt(h&tva? ne eﬁ‘ggtags? En%ltclagsmponse
activat an p&»énmgh@fne kizgdes (PTKRY, khbﬁlcwmo‘.’gm?@anlb@ phmvh:ryﬂpadrﬁbb By failing to
cross-react, wt t he.i nhibj.t unetion, o re

o 75 onrtepropytek BoipEmatytyt Mot B i BRSSP ch o

co-ther ﬁ(ﬂ?@lfob[ﬁlaﬁge—@hosblﬁht@ﬂ&n& nﬂﬁmtsrmam-triggeecaamﬂqmrﬁrgﬁ&i&t@ntancb@ﬁylaof t he

i nvention I s admnister t Iock i i es,

t hor eby PBIERERGPEHE 4 fil BT By aPr et s VB Ra s ds aria i 4 28, ead
enhanci agzz Bi9ve| Narprrepd§3f B3Rt Tiemet ffdpt 1EmmmCalglumhﬂxm ztndrpyevamttsummeﬁ of Fc

gRI | B: regation with activat g J.eceptor: v RIIBcan be
co- aggr éﬂ?&fl‘g‘g g&ﬁ’f“ﬁ WhIGhPEYEp(s CRlpiugl (%elp dtentrlf’ o Rcept lg?ss eggc]lﬂg& g,

non2d i Mphdgdeyt@xaRPIOESandtchekite ﬁe&éalse (:Ratrett@eﬂ at ,élﬂéqhthaem(eBlﬂQ)M &%étwghsoafef inity
receptor, f I ER or .Fc IR | t
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of murine B cells or mast cells and a monoclonal antibody (rat G4.2) that cross-reacts with both
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30 According to the invention, a hetero-bifunctional antibody comprising a monoclonal anti-
human FcyRIIB Fab and a monoclonal Fab specific for an activating receptor is prepared by
chemical or genetic engineering methods well known in the art.

The therapeutic potential for such a bifunctional antibody would include attenuation of
signals involved in inflammation and allergy. When activated by IgE and allergen (via the FceR),

35  mast cells and basophils secrete inflammatory mediators and cytokines that act on vascular and

muscular cells and recruit inflammatory cells. The inflammatory cells in turn secrete inflammatory
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ot her receptors expressing a phosphorylated | TAM (activation notif) and by
i ndirect association with protein tyrosine kinases (PTKs), the FcgRIIB ITIM
can be phwepbawvoi@ted. The phosphoryl ated FcgRI I B | TI M Petruseaos/ osizer SH2
dormai n cont ai ni ng phosphatase SHI P (inositol polyphosphate 5'-phosphat ase)
and inhibits I TAMtriggered cal ciumnobilization and cellular proliferation
(Daero WA nol . 169,
1647 g&lgt%)rs a.ﬂrc?%?rgbtl 1ah(§rf3é gbllg gggcoﬂ\!ﬁuﬂg ogésﬁgesulaggglé?n%lgét{ﬁgubl ok

cal ci umnﬂmﬁmatxonaﬁ‘@nmwémm@umf&pﬁéﬂh Bl inghves repsiadell gfivation pvidesévent s
calciu HRCC, and
cyt oki % r eas‘gﬁ[ ?a?{g\%?eg ql?galéﬁéh&%%ggg{ Sci E?}%éetﬂglmt%ﬁg&w% lggértﬁlﬁ%tugh sone
FcgRJ TBesmdiea tAsdieksiribedkabous, 2 bifenesipiah gntivagy ity compaandangmibadiic disement. The
arr est RIS HEREA i hway .
Act ?Jflat ?’%rr?gf;? étlé&g‘%ﬁ%%% hﬁ%l to‘raifllhg?:t vs?ltgflaghas bggﬁ%g%rg%htmaﬁg ]eﬂa%ls&f ndi r ect
crossl i kaaxaglpdﬁanﬁh@&ICdﬁdﬂloumyl IgBitiennatep aki-mpdiattdpctivpitonreadhe NBLEPA an
associ a%%qlt%&tliy ng receptor. Indirect crosslinking reagents include
avidin rotinylated nonoclonals, polyclonal antibodies specific for the
Fc portion oﬁddnmnahblﬁmmm @nmdweg@l@lwdeﬁum@nev@t:emttbOémucgl@prw\m ch forns an
I mmune hat 4 I sReptng. Most
experi n%%%{la%nst el's ﬁ%gf@?&%Q@r&ﬁgﬂasﬁ&%&ﬂ;}ﬁ{sﬁ%&%ﬂ%el l's oanmast cells
andl@ nanibodoordtagmentithroedy, that hindGn @yivating recetersisvaled én: gsthgne (mangelRnghanti-ne
FcgRI | ?ﬁ[ﬁ' ! @ CD23

het er o- DI gunc IOnFﬁ@%ﬁlﬁrﬁé@;lo@%ﬁgé%ng{SiﬁcéFogF%{)iﬁo%{ﬁélﬁgtfuhaﬁ}{¥ ucr)fnn ():gRI | B Fab
and a nuwooktoidakthiligand prstanfi¢ Bptsorythematests (eanpelgnal et FogR1E Egatndd by
chem cal, 5 GaEh!s specRLNRGR Mol %isfzﬁl%ocmhﬂ anmfamen F&(}Rtxﬂnesae%dﬂhe

t her apeuti c potent functional antib i ncl ude
atten u amom\ﬂ@ﬁl Eabgpegifes forvial %dmmnq HediaehHEmPACIAPRENA] qh@%"@"\}o YHekis g8d | vat ed

by F ammt or r‘rgﬁ gegﬂhe(r}{dtcﬁug A&nbGERI antlniﬁr?ﬁanwm R aSQRAdb BALHELS:

i nf ors and cytokines that act on vascul ar and nuscul ar

cell s af FmeR:IHlﬁCD 16)rerr ICRM gl cb@paesand Pirsratiyg colififrraviegionad prishymant yr n
secr et e gL /RARITBhe & MRS GHaPED sﬁé?:q”lcr fgpilﬂwﬂahbétﬂfﬁl@%ﬂmtn&ﬁ’ymﬁé@ﬁﬂ Subuhif) oft

conti nui ng process resul t|{;g | ong-1astin mmation. Consequent!y,
means oflpbadintegtin seynit.gE2 binding @@F‘lﬁ’hgf’ith?;sé Fﬂonﬁfé?‘}al/%’ct’lb%e%raﬁ@f’f&%“s a

t her apeytbnRRR HRBA:s iPwhit &k Rehal el g1, EHS §aScdny, nhdab&idsUiinirGillehe
initiation of the inflammtory response. escri bed above, a bifunctional
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disorders and/or autoimmune diseases such as those identified above.

inhibitory function is accomplished by a bispecific antibody of the invention that directly cross-links
FcyRIIB and an activating receptor or by an antibody that indirectly cross-links FcyRTIB and an
activating receptor.

30 In some embodiments, the antibody of the invention inhibits activation-associated
degranulation. Inhibition of activation-associated degranulation is associated with and can be
measured by suppression of histamine release. In some embodiments, the antibody of the invention
inhibits histamine release at least 70% relative to total histamine. In further embodiments, inhibition
of histamine release is at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, including

35  each successive integer from 70% to 100%, wherein 100% reduction of histamine release is

equivalent to background histamine release.
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access port, for example, an intravenous solution bag or vial having a stopper pierceable by a

hypodermic injection needle.

The invention further provides an article of manufacture and kit containing materials useful
30  for the treatment of cancer, for example. The article of manufacture comprises a container with a
label. Suitable containers include, for example, bottles, vials, and test tubes. The containers may be
formed from a variety of materials such as glass or plastic. The container holds a composition
comprising the antibody described herein. The active agent in the composition is the particular
antibody. The label on the container indicates that the composition is used for the treatment or
35  prevention of a particular disease or disorder, and may also indicate directions for in vivo, such as

those described above.
49



is sustained until a desired suppression of disease synptons occurs.
However, other dosage reginens may be useful. The progress of this therapy
i s easil ywoonidagesd by conventional techni ques and assapsT/Ush@sast28body
conposition should be fornul ated, dosed, and administered in a fashion
consistent wth good nedical practice. Factors for consideration in this
context incl Rartlcul ar d Rasddirddl ar
mammal bei ng erei(eta? ﬁld e tlon(ioglﬁlngeg?h coném %}f‘dg%gig% %ﬁgg%n SQ&)& @ﬁg latl ent, the
cause ocfont;imemglabuffedeft ,maly tigttsr ineludd otbieiniajesipls doﬁirablhéroaqemmneme ap@usspd of
adm ni strati.on and drAGHAr S known
to nedi ¢4l ad inf lufhg%ﬁtg“?rgo%wﬁ &m&ﬁ]ts %qms e?%léﬁa%)’rﬁlg? f ect |a\g%g‘g%8unt ' of the
anti bodiyxsthmudsxefadm ni stered WI Il be governed by such considerations, and is
the m ni num amunt ;neces VE [Welak:) tf g, di sease or
di sosmd The ' &h mpb r(%rr?etén m%[ll%cg&%sefgg%%thlggng euR{oor rruglﬁat ed with one
_(I)_ L o ][ ]emﬂgnmnatsrycmﬂ (e@),tlhny(ou;sﬁ)chdhman Bigeatipn @{rﬂd @h@ﬁlgln,tsndl agnkmn@@rd M}flaﬁest |b o) 3
e effective suc epen 1REPKALL Kfpant i body
present Ao T tﬁ‘?%l?ﬁ% efetl)nn(fanbgw?&mgg‘%&td? soér) er o%?egt% Hﬂé and ot her
f act or Sardi-@lblnasueahtatbbv&antiﬁh«ae er ar atig €A aitibgdy yeltas IGAME, 2za0ve3.dos ages and
W th admp J atl.on rout [ o dy R 11049 9% of
t he her éfig’# or eaggnts G trea o o%%%’ggé%%ﬁ@rﬁg%ecg {I:lgtgogltvﬁgl tgél) com}r s:fgtnl}%lns
gengy al Bybreir eDMAaoEj elgnmtmtrexatﬁ, andiéSAIlﬁmvnqngsteaméal enti-inflamoessdpgwt , for

exanple, an intra sol.ution ha havi n gPi erceabl e by
a hypodMors thag ‘?ﬁeé’g lgﬂ%f’feaémeeageﬂtﬁgl 19 o%h?remtnﬁl aﬁsor%%gl @‘8% an article of
manuf acdfi@orngl iksutin Cmirteaised fbguermt@dhal&kes anaégEjfor hghmg, hetl 0Dd &4 foe poriefis,
cancer, for e i rtic ufatue [i.ses a container with
a | abel w%?ﬁ%ﬁqngadgﬁfoé{“ ?OP%@}&{%““ f&ang‘%"%%stet les, vials, and test
t ubes. The c;mﬂmme Shafaymiblationds suitebly admmatexcdraloog yithbfn pfiidcEiré ahamsefeh as

glass o | asti.c. cont ai n S &S 0 n_.¢ ti body
oot bluPgBranf aeoth oL Bitpdi orethind Rond BB RS iyt B {otbflodaCud™.

ant i bodyre uidte thrabgilatiap ghxb@semmabahmrprelfanmlycaa@emthaMOIehneefcxmdw_ols‘;lltﬁoon is used
];Tg.; ;ngﬁrﬁﬁﬁsge g{elé\nsal:ir} %élﬁvees%tlo yIfu 124 cifks Bﬁorgll h?ﬁ(l()ﬁﬂcegﬁcs ’chcyal?sert and

ons in vivo ose escrl above The
kit of tdeeetiomuiingulioby dxarppmar@es Exatmalc:somltaile ghybunifies glititided alatﬁivbméndhla second

cont ai ne [ SI n\.gen%ancel fm S glthl yorfau% ﬁ]ﬁ sénaﬁklﬂg%u Jg%{gu e%rl al S

desi rabfaédl??“ °B’s BEhERIPEr & User standpol nt | ng ot her buffers,
di | D@nt ginclfidihg metﬁqrmmeaadlph@forsyn)lan@;wzolamnbdpmékwgbaa REZVERTM t h i nstructions

f or use, rg?{az?neglgggmf’ PT 18—rse tSrl‘tl ag%t %{i& 8&1%}}12 lg‘id§ ﬂ@?}?ﬁd ﬁg @Aﬂ.‘ g&rﬁ[ﬂé st h e

i nvol VEI(r% ocyte hesi on, "m gration
and act muaéaroaaeptau:{rhwahlnrtlhledctfautmndardratShlaletplr@elmdd | upus, the anti body here| n
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- 3. Addpanenmally,agenasalbf orally rady lanngothdnetfm@rqﬂteaﬂ\ﬂ%t PIPfeéabIYnthéé%inﬁHﬁtiQﬂn Wi th
t he2§ nti SQJ qu orglrroth f:d}%l(é{’gpqe MICRONASE™ tablets (glyburide) marketed by Upjohn in 1.25,

2.5, and 5 mg tablet concentrations are suitable for oral administration. The usual maintenance dose

for Type I diabetics, placed on this therapy, is generally in the range of from or about 1.25 to 20 mg
per day, which may be given as a single dose or divided throughout the day as deemed appropriate.
Physician's Desk Reference, 2563-2565 (1995). Other examples of glyburide-based tablets available
30  for prescription include GLYNASE™ brand drug (Upjohn) and DIABETA™ brand drug (Hoechst-
Roussel). GLUCOTROL™ (Pratt) is the trademark for a glipizide (1-cyclohexyl-3-(p-(2-(5-
methylpyrazine carboxamide)ethyl)phenyl)sulfonyl)urea) tablet available in both 5- and 10-mg
strengths and is also prescribed to Type I diabetics who require hypoglycemic therapy following
dietary control or in patients who have ceased to respond to other sulfonylureas. Physician's Desk
35  Reference, 1902-1903 (1995). Other hypoglycemic agents than sulfonylureas, such as the
biguanides (e.g., metformin and phenformin) or thiazolidinediones (e.g., troglitozone), or other
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(1997). %er t hi azo gl nedi ones that are stronger insulin-sensitizing
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Material s The foregoing written specification is considered to be sufficient to enable one skilled in the

._.

art to practice the invention. The present invention is not to be limited in scope by the culture
deposited, since the deposited embodiment is intended as a single illustration of one aspect of the
30  invention and any culture that is functionally equivalent is within the scope of this invention. The
deposit of material herein does not constitute an admission that the written description herein
contained is inadequate to enable the practice of any aspect of the invention, including the best mode
thereof, nor is it to be construed as limiting the scope of the claims to the specific illustration that it
represents. Indeed, various modifications of the invention in addition to those shown and described
35  herein will become apparent to those skilled in the art from the foregoing description and fall within
the scope of the appended claims.
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The foll ow ng hybridoma cell line has been deposited with the Anerican Type
Culture Collection, 10801 University Blvd., Mnassas, VA 20110-2209 USA
(ATCC) : Hybnrpaborzsdsint i body Desi gnati on ATCC No. Deposit pDatus200s9RI9B1 5A6. 2. 1
PTA- 4614 August 28, 2002 This deposit was nade under the provisions of the
Budapest Treaty on the International Recognition of the Deposit of
M croor gani S LQJntl{)lb\?ﬂlP"érrPQéﬁx)llgtm&)%t&ﬂt by REQERAYS ﬁle@afémﬁﬂlgeexﬁi%]%i. 3flePNS
t her eunder apes re yC} 'S assUres mal nt enance  of able culture
for 30 gheahdsmf hmmhbe dasteued s Hmjtiog itte, scapie@f thésl invenfipie %llqerab’éﬁ‘ pdpetepivai | abl e
by ATCC and subject to an agreenent
bet ween %enen ﬁnetd?l%%ﬁ]a% d&)%%(l%ﬂg%l c{ﬁdgggz‘%%nsce(a) that access to the
culture will be avai |l abl e during pendency of the patent application to one
det ermned by tHb ConmEsynpleer to be entitled thereto under 37 CFR 1.14 and
LfC 122, ghfl %Hé.\ P&&ll?l&ﬂpogegsﬁl{) ha b @J&t&artliﬁg ?e\é@ﬂté)ﬁgld Hulén FEyRIfIe public
of the cul ture s eposi t e irrevocab ¥ renoved upon the granting
of the @uatlmry re?r¢peorhgs highly domplogns pprteisersicp pf hamelewy drahesedig Faser iVat i f
the cul e rﬁﬁo 0 HGR gﬁlb tamﬁlla(&%gm%ﬁe[lg@g aR€3 biddh QSmﬂﬁss tdQusdcieRaigsld | vat ed
under suitablie conditions, 1t pr onpt % repl aced on notification
with a mioadslaakanébidiasbingfoothiumara FeyRIUY andrHisYR I af Imgspspra) ansfoodihidaideposi t ed
cel | 11 BRckiSalYnds PoRENEAAGH bURHRASnd uk bA&AGE AP IARLIGEC b aRI T on I
contrav fion "o e rights grante der the aut ority of any governnent
in Hcoddaade with its patent |aws. The foregoing witten specification is

considered tg, tﬂ%_ﬁ%tﬁfl ésca.'n& Br?m ﬂgnése FOREIESIK hl!lrhﬁlqzclyﬁﬂﬁ %d%éﬁeratlﬂ EAGS 1 ce

t he i nventi on. resen nve onis not to be N'nmted in scope by t he
cul t ur ehefepdEYRBB ], wlestwedifieally apiod i FoBIB mny dr iserehapgcaplyrefpaedicds a singl e
illustr PR&s, B ridEm, 8, ¥0y-’nH, s R ot 86R. | S
functi 0%41?93 %ﬁlﬁgg hgﬁt IS \?\A&?‘ghl n tﬁgagcopeyo th ?s i n\(/:{ént i ((;nIE The deposit
of mat ePpeificdleld vearigweare designgton By the additienrfagmss] bid- e -2t I HiR Pl en

desgg i p%{; NELEh BcG@NAaed td ﬁnﬂaﬂ daay; aI:&Ri fhaf B@m&chta a}ﬂy agdriaeo &f any
aspect o f11e invention, Inc t he best nopde thereo nor is it to be

constr uE@bRéqueRI% FoHRd, TeHR. IgEé?p%chg FereRlaedicsRiat o t he specific illustration
that it reprasgpddes okf Al the aﬁ&e‘ﬁ&&nﬂ&@ﬁééﬁ@&eﬂ Oiter BY ndnR€orl &Ry, B 1 N

addition to those showi and descri bed herein will becone ap pareehuto t hose

ski | | edprependies “anti™ fortbrictard proseib gefiasty cefe ¥ FRIEnMHEERef't - ViR Phe scope

of the gppapdad ]ﬁ&t@ih% dE8Enakda\es Mitel £Biti0h bf EOIS tdMBE Broteit Aaymeld g FeFRIDDECDY
reference to the follow ng exanpl es. They shoul d not, however, be construed

as POmi ?Pl‘}r“gexﬂ?ﬁéﬂ%&@ﬁ‘éméﬁﬁ iBfeEest wéma@ﬁd SSPPHVELY & ’&Plﬂﬁi“e"a&ﬁ?f’“ﬁaf At

Citati oRREMhONSE LRSI MinRl28d ¥RESSHIN “bdiger porated by reference. [11.
Exanpl es Al though functionally opposed, human FcgRII A (activating receptor)
and human FcgRI I B (inhibitory receptor) are highly honol ogous proteins
(regions of honology are boxEtAMPLE 10/ Matbfihls sttdMehodsg i n about nine am no

acids in the I gGI and % bi ndi ng domai ns. Commercially avail abl e
Materia

Reverse transcriptase-PCR was performed using GeneAmpTM from Perkin Elmer Life

25  Sciences. pGEX-4T2 plasmid, Protein A columns and reagents, and Protein G FcyRIII: columns
and reagents, were obtained from Amersham Pharmacia Biotech. Ni-NTA columns and reagents
were from Qiagen, Valencia, CA. Centriprep-30 concentrators were from Millipore, Bedford, MA.
SDS-polyacrylamide gels and polyvinylidene difluoride membranes were obtained from NOVEX,
San Diego, CA. FuGENE® 6 was obtained from Roche.

30 The cDNAs encoding extracellular and transmembrane domains of human FcyRITA
(CD32A; Hiss; allotype), FcyRIIB (CD32B), and FcyRIIA (CD16A; Val,sg allotype); and glucose-
6-phosphate-isomerase (GPI) isoforms of FcyRIIB, and FcyRIIA were provided by Dr. J. Ravetch
(Rockefeller University, New York). FcyRIIA-Arg;3; allotype and FcyRIIIA-Pheisg allotype were
generated by site-directed mutagenesis (31). Sequence information for: FeyRIIB1 (SEQ ID NO:11)
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nmonocl onal anti bodi es bind both human FcgRI I A and FcgRI I B. A nonocl onal
anti body that specifically binds FcgRI I B woul d be useful, and the

addi t i onavoabida2s9s6t o bl ock 1 gG bi nding is al so desirablpeT/useooshai2Bkanpl es
and supporting figures, FcgRIIB is human FcgRI I B, and generally refers to
human FcgRIIB 1, unless specifically noted. FcgRIIB nmay be inter changeabl y

referred to as Fc B, Fc hEcRI

FcgR2B, 18 BSY RS abl%%w&%ﬁon %‘f@g& Fé’?‘{ ggl?(gan pan %aetéqfcgensgtg Iggroby t he
adgl ti ?NpmlwzﬁtmbmHM(sm mNO®)m@Acms1ﬁcm|NM67dveaﬁﬂ FeRIHtwon FceRl
and refers t uman I nt erchangeably referred to as
FceRl, ‘ﬁ%fglﬁfsgatﬁ—‘eéﬁﬁlon Ni| ,—OF@BQWSSéche R or FceRla. Antibodies of
any of OIt he amﬁXﬂﬁdjaAm‘u(EWBSO‘tﬁil&ddﬁﬁi Binstned heemh@mal Camiaitie, CAr Agéhedy al |y, by
prepnln "anti at ed otelnatl e n

ant i2 Ig‘@ 2L pvas Obtalﬁgtoff EP% % aorbr oﬁ%ogle%?%rg %tglln gf\%&éﬁ by the
addi ti Ofa)u@a‘vmgahmte@ Fokpe(afi- B&mmmamu-feylgu) Ermgﬂr& @tE@@RIIDet’rdrsNbdzpmsm ng

protein te I f
Phe. pr oharAoand: IS Bh P TRE Tulie T b el B et Pt £
1.0 MatesT aﬂltﬁ)oaﬁﬂasl‘fhirﬂﬂﬂﬁﬁecﬂluabofdﬁirles‘ inal Anﬂ@@@rmalmweat@omtq@habee PR, Was

per f or 853 & %J?%B%fﬂ epﬁrkﬁglegbrﬁé Life Sciences. pGEX-4T2 plasm d,

Protein ot€in G FcgRII1: columms and
reagent s, WeEEISAhjlabs) e ekangile, Awec® haxisd?h alaws,cvae Sitoheidiom Qfalgdbiineol urms and

reagent a al enci,a, . CA nt L a wer e
Fr om M Nereptfe Ipdurls Rl saas sepy it F HabAb R b aE Pt DB 12

dio fl uor édﬂl?n alLHRmaABe4), Weveen 20D, dlrine@0X - ﬂﬁmwmagleﬁé}mnm@@@sen@MeﬁuGENE 6 was
obt ai ned from Roc

dormai ns oGPl R TR CChE PR el n S gt Boprap probRREHRAET 210
FcgRI | | A(el(e@ai:ﬁ%gmh/eﬂtl&ﬁusaMCDt ﬁn@)avuhmdldqlawdmlﬂeekeﬁ(Ppido%ﬁﬁa%)@@tesfmm iaxwe (GPl)

i sof pr 0 d Fc RI | A
( Roii%e?@ﬁ%ﬁp H’g Eﬁef@mh R oid %{'\’% Iﬂ?(zﬁg gﬁ‘edjm a? y% 3‘5%5@{%&%%‘&5‘2\1 Phe’s
al | ot ypeonjgaed @eaube? frbgnabnbyf g)mtaaudhumacF(ebl’)zmpt:a‘geIgé‘s Wsre(OBtaml)%d frgmd eckpere

f RI
No: N BB Steare g P SRR ) PRty Sl e AR o ROREES1 08,
FcgRI | AR@&B@epavm HRP snaslfram etblma: BodlirmperMdannpmes Zgmad. BYIB sesgre (Frod #wo
| sof or ”3‘}\/{@& ndf@f @ 9 rltop Fo% t10n Pr%g Q%Q‘P%?:go WQ é@;ﬁ Bl(ﬁ&tLaQ&%r}AHOQ‘ nas

obt ai ne Juf &8 atl onal c21 was
obt ab neéntf-mouse BES-Pharavegenas Mnedéronnhu@iogm@hal@nhbbow’éél)v%\’éa@b ned from

the foll sour gﬁ; ) t g
(anti-F é%di%& SIE O ecli gr)g(m% és%;ﬂul T%: & es, iny %o(lé%lg ¢y, m@llgiﬁla%)hrtrl] or Og?ﬁul in)
from Be ektlrmnus@dgﬂ}{PEro,r FRatesceld ‘tomug@% Wk Pbtam@’tbra ﬁDi ee o Srankipml

Labor at ?\ﬁ! es Inc. Anti-GST-biotin was Genentech clone 15H4. 1.1.

Flow cytometry was performed on a FACScan™ or FACSCalibur™ flow cytometer from

25  BD, Franklin Lakes, NJ. Absorbances were read using a Vmax plate reader from Molecular
Devices, MountainView, CA. Histamine ELISA was performed using a Histamine ELISA Kit
obtained from IBL Immunobiological Labs (Hamburg, Germany), distributed by RDI, Inc (NJ).

1.2 Producing GST - Fc Receptor Fusion Proteins
The cDNA for FeyRI (CD64) was isolated by reverse transcriptase-PCR of oligo(dT)-

30  primed RNA from U937 cells using primers that generated a fragment encoding the a~chain
extracellular domain. The coding regions of all receptors were subcloned into previously described
pRK mammalian cell expression vectors (Eaton, D. et al., 1986, Biochemistry 25:8343-8347). For
all FeyR pRK plasmids, the transmembrane and intracellular domains were replaced by DNA
encoding a Gly-Hisg tag and human glutathione S-transferase (GST). The 234-amino acid GST

35  sequence was obtained by PCR from the pGEX-4T2 plasmid with Nhel and Xbal restriction sites at
the 5' and 3' ends, respectively. Thus, the expressed proteins contained the extracellular domains of
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JW8.5.13 was obtained from Serotec Inc., Raleigh, NC ELISA plates, for
exanpl e, Nunc(r) maxisorb plates, were obtained from (Nal ge-Nunc,

Naper vi | | w0 2bdsy0289Bsssue cul ture pl ates nmay be obt ai ned, pCorusecsanpi2elr from
Linbro or Fisher. Bovine serumal bumin (BSA), Tween 20(r), Triton X-100,
EMEM (Eagl €' s M ni nal Essenti al Media, ionomycin, protamne sulfate and

- phenyl d . i om Si gma
(St. Loﬁﬁgl éh%g)ﬁ?s%%?‘! : taV| g#lﬁgﬂgﬁ[g t§ éaas)@l)l 1?]6/(%?'1'8%‘(&{#&5‘351%%%@8%‘%5% Ow\?\/er e from
Pi er ce FR&UKfIsIN, deB)IA Mot2d 6rFedREB, el 9% FaddBAY @blb?lt(r%smuri nmbgelnblgd?

ant i bod)ﬁgﬁaqg'ﬁ%&;e, and peroxi daseconjugated F(ab') 2 fragnent of goat
anti-hu " 2-specific 1gG were obtained from Jackson | mmunoResear ch
Labor at ori es Playigsls weredsansied®al intodeoadpmbariras-cansjourgat uehap ewbwyionic Gdneyscetlr om Bi o-

cubst r bt By o or Bl Bl el B, DNATIOERTR. Teg R Y B20b. 01
wer e fr Snpdbiatenks weadailladtat 32 hoﬁhalftemhmmmﬁsger}ll_ﬁ@délmﬁn esdmmrsuygésnantmﬂal ned

f A al b bt d
o oS P b Bt ) S W Pl s Bt
anti - WDlH’&Eeth\QErPﬁlrﬁfed By umke&sm‘xﬁlomacam augaNeNTmcleomﬂb@amdmﬂ buffar BD

Phar magen nklln n a
FACScan FEf™ ?Hﬂ&f@{e%dpﬁ 6’%%89‘%/ Bt gt ‘%be““f—‘ K Ef“?eﬁnsL%eﬁees N
Abs @0 balaﬁzﬂﬁzeﬁ\ﬁzli e-zoa;a&bs;ﬁmmr;aaﬁdﬁagelp ltrams&rfee adeiyvinytidenvhlifeotilaneDewices,

Mount ai n\/&l CA. tH| stam ne eDe r rrednceciéaé‘g‘ |C%ttam ne ELI SA Kit
obt ai ned™} PEHTEP Srimi, FIBTISE |68%Hre li’_rg% RoUF REny) i stri buted by
RDI, | neox(fbﬂr)anoxiwé?s d?amdu@bmﬁﬁ'ﬁlsrnglﬁmrﬂemmtcdnnalﬁaz lz(oemtlFR‘o@RBJ IVs3 (Bhe cDNA f or

FcgRI S b S@,Lranger S CR of o o(dT rimed
A o0 RSP R Y PIGY GRS GBRERARL B G  EineBlibliOue o Pl
a-chain deoeﬁmﬂasdejylahi;oaptmd@mmm ufing ex:tnﬂuangcoeﬁi@ems gderdfed &y Iammeeelptcomgosmrle
subggoned into previously described pRK mamral i an cell expression vectors
(Ea B al ., 1986, Biochenmistry 25:8343-8347). For all FcgR pRK

pl asm ds, thd.xr aPsodadop ZoRIEBwhiibodiesacel I ul ar domains were replaced by DNA
encodi ng a QY- Hi t The
234- am no aci}%lil geIﬁ%S r?%lglc\i\a%{rsgag glutnbg %E%ﬁ élhgﬁﬂh% r&%&gﬁ% pl asm d
Wi t h Nhekneanell agbiast Fpﬂﬁwmﬂ&‘r fesivbrepot@inst BALBIC napdw@e lremdmzednedpémtpadel y.
Thus, the o | of t he

a- chal n“‘fthezxe% ?lefcﬁRﬁé ﬁ boxy ge% ér%?eq ﬁlopﬁh%@%h}@%?&gﬁﬂ%} acid
posi20i o%m%g%lllmma@c@ﬂcdlsmemﬁd infey §RL Hﬂtzerﬂﬂergzx’@ l%édFWWBonglh 95;
FCORM, cmgl ?Sc!elg P r? srlllﬂr@e?ec?ed In@%ogg z?i c?llhgﬁ}a} 711719}?&% ell Bba§l‘g! g§1\/Iwer e

t r ansf eé) & adénovirus-tr ryonic k cel |
li ne 293d$jyppd‘éllé721r&apﬁ@splsrat Erepma) rpivltangiimapp{Gonateln 9ed hypridoms90, DNA Prot .

Eng. Tech. 2 RV ersion
to serumfr eg%&’%%lf gneégﬁg'r# %?r?s@to gltszi(if\/?é I]teﬁegﬁogﬁlsz)% pﬁ%iﬁ % aggltog{rﬁan%t bovi ne
i nsul i nmgmhig/PBSt g 7 Huwn:oatpdmscb ELESAnplatgnigr 18(13@@ ap éﬁeﬁkﬁ@s were blocked

25  with assay buffer at 25 °C for 1 hour. Serial 3-fold dilutions of antibodies to be screened and control

antibodies (10.0-0.0045 mg/ml) were added to plates and incubated for 2 hours. After washing

plates with assay buffer, IgG bound to the receptors was detected with peroxidase-conjugated F(ab’)2
fragment of goat anti-human F(ab‘)z-specific IgG or with peroxidase-conjugated protein G. The
substrate used was o-phenylenediamine dihydrochloride. Absorbance at 490 nm was read using a
30  Vmax plate reader.
14 Primary Screen for FcyRIIB Specific Antibodies
In a primary screen, supernatants containing antibodies expressed from the hybridoma sub-
clones were screened for positive binding to FcyRIIB-Hisg-GST. Antibodies reactive to FeyRIIB-
Hiss-GST by ELISA were rescreened for binding to FcyRIIB-Hise-GST and negative binding to
35  FcyRIIA(R131 variant)-Hisg-GST and FcyRII(F158 variant)-Hiss-GST by ELISA.
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Proteins were purified by nickel-nitrilotriacetic acid (N -NTA)

chromat ography and buffer exchanged into phosphate-buffered saline (PBS)
usi ng Cernwoipusans®® concentrators. Proteins were anal yzedTars2ebs208P281
SDS- pol yacryl am de gels, transferred to polyvinylidene difluoride
menbranes, and their am no term ni sequenced to ensure proper signal

sequence cl eavage. Re tqr .conf t i
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nmwas re Si n te.re , ' cgRI I B
Spelt 1 ety uheler PP RRoe oy saf siinERlaty BRISRTHORIEC L Dodi es
tex er g s efbrésﬁHiggS’rGth_lfhylimB _chtl;afgze suBHO | coltses pivesing GRIrhaBa@dLA: dresylisgre SpBartip ndi ng
o] - H SA- ..Antibodies reactive to FcgRI CBH S6- GST by ELI SA
rescreeRh]élg\m\g&}g% ﬁoﬁstrrlugasfo FcgRI I B-H s 6-GST and negative bindi %g to ere
FcgRl | A( R13 AddisipiaBEISAHMsdife GBTis dhdufehiRiFgurs 58 Faguresrftd prjest Godsy by
ELI SA. ximatel v.50 ant| i Wgﬁ f £ @ gy screen f
furt he'rb\gﬁlﬁgy33%?’%&01{1).1%9%03%%\%%?9& gr een orb%g%glgtloéﬁ%?é%a i]gﬁ’A(fﬁ?ﬂi‘ %odi es In gr
E ecg? ?gRyF@erm&mls’ln, hgagmumamma.eAT@isenég@ engcifi foreribt ahd wpRi f i city
y A, e i Lz &9 t essin
gl ucos e-lSGrP%E'c}%Oprth?lrog'osrr‘&ek?a?e ?@F%Hu%eée (I%ch'I ?%JI koé%ﬂag% t@RFF;g sE:_I %A was
per f or nbaF@RUBdbswr inFegiread du cortradt, the £GO0 of Hrembe&idifer indingiokiSJare 4. In

Figure 4 -a [ i ndj ' i fadi; ' ' '
i 1 PR A / {5 okt RFHRGnOT GdenaRRDAd8S) i O
GST- huF_cg]EﬁYFEﬁg_e?Sa?l \%éea{éo %ﬁu@ﬁ%ﬁlleﬁand GSIT- ﬁ%lgc gRII'] tYf usﬁ)n )plr ot ei ns.
Ant i bodi2esghDiFigsA8). 5H 1 and
25 ' 1.6 Antibody Expression and Purification
Antibody 5A6.2.1 (herein referred to interchangeably as 5A6.2.1 or 5A6) was selected for

ascites and purified using protein G chromatography (Amersham Pharmacia Biotech). DNA
encoding the 5A6.2.1 was isolated and sequenced using conventional procedures. The amino acid
sequences and CDRs of the heavy chain (SEQ ID NO:7) and light chain (SEQ ID NO:8) are
30  provided in Figure 10. The heavy chain CDRs are: DAWMD (SEQ ID NO:1),
EIRSKPNNHATYYAESVKG (SEQ ID NO:2), and FDY (SEQ ID NO:3). The light chain CDRs
are: RASQEISGYLS (SEQ ID NO:4), AASALDS (SEQ ID NO:5), and LQYVSYPL (SEQ ID
NO:6).
The putative binding epitopes for 5A6 monoclonal antibobdy include amino acid residues
35  K158-V161 and F174-N180, where the numbering is indicated for FcyRIIB2 in Figure 2A
(FeyRIB2, SEQ ID NO:10). The FcyRIIB1 and FcyRIIB2 receptors have structural domains
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6A5 sel ectively bind GST-huFcgRI I B over GST-huFcgRUA and GST- huFcgRl
fusion proteins. Antibody 5B9 binds both GST-huFcgRUB and GST-huFcgRHA
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F(ab)z, 5A6 Fab, mIgG1 (control) , and SB9 (anti-FcyRIIA/B) were prepared in assay buffer at
25  various concentrations from 0.01nM to 100nM. The antibodies were added to individual wells and
incubated for 1 hour. After washing plates with assay buffer, detection of E27-IgE hexameric
complexes that remained bound to FcyRIIA or FcyRIIB in the presence of competing antibody was
performed. Detection involved binding to the IgG1 portion of E27 a peroxidase-conjugated F(ab’)2
fragment of goat anti-human F(ab’)z-specific IgG. The detectable peroxidase substrate used was o-
30 phenylenediamine dihydrochloride. Absorbance at 490 nm was read using a Vmax plate reader.
Figure 11 shows that 5A6 does not block E27-IgE hexamer binding to huFcyRIIA as indicated by
the continued binding of E27-IgE hexamer to FcyRIIA with increasing concentration of competition
antibody (5A6 MAb, 5A6 F(ab)’, 5A6 Fab, mIgG1, and 5B9). Only antibody 5B9, known to bind
both FcyRIIA and FcyRIIB (see Figures 4 and 5) was able to compete with E27-IgE hexamer
35  binding. Figure 12 shows that SA6 does compete with E27-IgE hexamer binding to FcyRIIB as
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affinity for nononeric g3, consequently, Igd@ binding is assayed using a
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shown in ng to FcgR shown in Figure 15 is
not and affinity for FceRI was verified.

2.2 RBL cell lines
RBLAS cell line, derived from parental rat mast cell line RBL-2H3 (ATCC# CRL-2256),

expresses the a-subunit of the high affinity human IgE receptor (FceRI). (Gilfillian AM. ez al.,

30 1992, Immunology, 149, 2445-2451). RBLA4S cell line was transfected by electroporation with a
cDNA clone of full length a-subunit of human FcyRIIB1 (Muta T, et al., 1994, Nature 368:70-73.)
which had been subcloned into a puromycin selectable expression vector (Morgenstern, J. P., et al,,
1990, Nucleic Acid Research, 18:3587-3596). Clones were selected in 1uM puromycin and
analyzed for FcyRIIB cell surface expression by immunofluorescence staining with anti-human

35  FcyRIIB monoclonal antibody, 5A6.2.1. The selected sub-clone was designated RBLA48.C 4.
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\(ml\/leh hrigtatd@e BLISMORk.ONned i nto a puronycin sel ectabl e expression vector
enstern..J . P._ et al.. 1990, Nuglei i . : 7-3596) .
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addi ti orll_a}H)(y depicted in Figure 17. The RBL48.C. 4 clone was incubated in a
“Trat bottom mcroliter plate in assay buffer (EMEM (Eagle's

96 wel |,
M ni mum Essential Mediumwith Earle's BSS) with 2mM L-gl ut am ne,

EXAMPLE 3.0 Producing Bispecific Antibody
This example describes construction and purification of bispecific antibodies having a
variant hinge region lacking disulfide-forming cysteine residues ("hingeless"). Construction of
25  bispecific antibodies having wild type hinge sequence is also described; these antibodies can be used
to assess efficiency of obtaining various species of antibody complexes.
3.1 Construction of Expression Vectors
All plasmids for the expression of full-length antibodies were based on a separate cistron
system (Simmons et al., 2002, J. Immunol. Methods, 263: 133-147; Simmons et al., U.S. Pat. No. 5,
30  840,523) which relied on separate phoA promoters (AP) (Kikuchi et al., 1981, Nucleic Acids Res.,
9: 5671-5678) for the transcription of heavy and light chains, followed by the trp Shine-Dalgarno
sequences for translation initiation (Yanofsky et al., 1981, Nucleic Acids Res., 9: 6647-6668 and
Chang et al., 1987, Gene, 55: 189-196). Additionally, the heat-stable enterotoxin II signal sequence
(STI) (Picken et al., 1983, Infect. Immun., 42: 269-275 and Lee et al., 1983, Infect. Immun., 42:

35  264-268) was used for periplasmic secretion of heavy and light chains. Fine control of translation
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5A6 antibody to a plasmid compatible for generating the full-length antibody heavy chain-light

chain (H/L) monomeric antibody. The construction of this plasmid involved the ligation of two

DNA fragments. The first was the pVG11.VNERK.Knob vector in which the small EcoRI-Pacl

fragment had been removed. The plasmid pVG11.VNERK.Knob is a derivative of the separate

30 cistron vector with relative TIR strengths of 1 — light and 1 — heavy (Simmons et al., 2002, supra) in
which the light and heavy variable domains have been changed to an anti-VEGF antibody (VNERK)
with the “knob” mutation (T366W)(Merchant et al., 1998, Nature Biotechnology, 16:677-681) and
all the control elements described above. The second part of the ligation involved ligation of the
sequence depicted in Figure 25 (SEQ ID NO:35) into the EcoRI-Pacl digested

35 pVG11.VNERK.Knob vector described above. The sequence encodes the alkaline phosphatase
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25 (ii) Plasmid p5A6.22.Knob.Hg-
One intermediate plasmid was required to generate the desired p5A6.22.Knob.Hg- plasmid.

The phoA promoter and the STII signal sequence (relative TIR strength of 2 for light chain) were
first transferred onto the p5A6.11.Knob.Hg- plasmid to generate the intermediate plasmid
p5A6.21 Knob.Hg-. The following describes the preparation of the intermediate plasmid
30 p5A6.21.Knob.Hg- followed by the construction of p5A6.22.Knob.Hg-
p5A6.21.Knob.Hg-

This plasmid was constructed to introduce the STII signal sequence (relative TIR strength of
2) for the light chain. The construction of p5A6.21. Xnob.Hg- involved the ligation of three DNA
fragments. The first fragment was the p5A6.11.Knob.Hg- vector in which the small EcoRI-Pacl
35  fragment had been removed. The second fragment was an approximately 658 base-pair Nsil-Pacl

fragment from the p5A6.11.Knob.Hg- plasmid encoding the light chain for the chimeric 5A6
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sequence depicted in Figure 27 (SEQ ID NO 37) into the Mul-PspOM di gested
p5A6. 1. L. VG | . H Knob vector. The sequence encodes the last 3 am no acids of
t he STIl wognalo2ssquence and approxi mately 119 am no acipd3/uskooshegi2aur i ne
heavy vari abl e domain of the 5A6 anti body. p5A6.11. Knob. Hg- The

p5A6. 11. Knob. Hg- plasm d was constructed to express the full-length

chi meric 5A6 h|n el ess ob heavy chain/light (H L ric

ant i bod§tib oﬁ%eT]E?d ird P%‘ffl%‘hh%ﬁo‘ﬂf aﬁ‘la%ﬂ%“&la&??(/%ﬁ(g\})élﬁg '?ar%@o%g?@ggﬁof two DNA
f r agme fagmenkenekdtsEtiorh IRGTENL2 Wasplhdngd, MSAG thelfblidkniap piwesor , from above, in
which the small PspOM -Sac fragment had been renoved. The second fragnent
was an approxi mately 514 base-pair PspOM -Sacl| fragnment from p4D5.22. Hg-
encodi Nng app ouAREEGRARGIA AT OWAETTURCOAGAT TIGETA%G@GY chain in which
thestwo hinge cyssepnmpsdiawe been converted to serines (C226S, C229S, EU
nunberi ng schene of Kabat, E.A et al. (eds.), 1991, page 671 in Sequences
of proteins Pt ANNCEOARIATHCATITETRSICAATAGAAAADACGAA NI H, Bet hesda MD.).
The plasm d p4D5.REBQHONG:g8)a derivative of the separate cistron vector with
relative TIR strengths of 2 - light and 2 - heavy (Sinmmons et al,

| mpunol . Methods, 263 147 (2002)).in which.the | y'
vartPabl e dondieRées W&V&Hﬂﬁﬁ{% Hh Eiat{‘%)?)f 6\t ek ﬁ%ﬁé’“ N tlgljt}%)lt anﬂaeﬂﬁe t Wo
hi nge GyshfhE -h@ﬁﬁanbaerheaqr(\saﬁm@d et d., Sehionesl. Méilﬂﬁs 26@212398)17 (2008)) B asmi d

v5A6. 22. Kno i nt er iate asm d. was u Iy he
desi r ed"HgH ‘g E@tl@%lﬂ?a var ﬂfnﬁms ﬁ)‘aﬁ’ﬁg SRAE I %3#&gndgsgﬁggé§($ Fﬁb%d nal
sequenGg whichloat twe @inkb B/ stdifies hadelbeaf cadveited td Seghes (€BAHHC200e first
transferred o t% %?} BSAG 11. Knob. Hg- plasm d to generate the internediate
pl asm d pSAG‘? 815 The foll owi ng describes the preparation of the

i ntigr medi at eTipd ﬁsmdwpﬁékﬁnétaibtedmmo&dge tHed sl $pguenke--oohstelyte Tl of

p5A6. 22. Kno ed. t roduce
t he STI ﬁtregﬁ”tg ﬂ€?8§ S 31‘8%"8 & ﬁ?? eTg‘?“i"&Set Osf?rgglrsl g% l‘g@‘&? &%Qﬁ,%& e ‘ilgﬂm éﬁ)qt% chai n.
The conBNAURizneits.0fheffirfiGvaR the. plﬁn-‘uélil Kyeb.Havuictoe th Which thle gagll B@?I@ﬂuft h ree DNA

fragment s. irst fr ich the
smal | %ﬁﬁfeng?fgfbeefnrrglaﬂsée t ‘}ﬁ A C%n n rogtr}rlig)\?ﬁ%m}"f#e segpoggml? i rrg%%ée\%gl\ghan
appr oxi pai-®iyl f&@&emﬁm thap TH N2 He-Rashid asragalmgnmewomnmchetlcp@w@rrrmlalqu@rob. Hg-

R R e R T e o e e

fragrrenﬁeagﬁagﬁ@t ed from t he pI Hl 22. Hg- pI asm d, using the foll ow ng
primers: 5 .. (X3 AACITCTCCAGACTTTGGATAAGG (SEQ I D NGO 27) 5' -
AAAGGGAAAAT CEAT TTEREBEAAT AR AKAACHAA (SEQ I D NO 28)

Two intermediate plasmids were required to generate the desired p22E7.11.Hole.Hg-

plasmid. The variable domain of the 22E7 (anti-FceR1) chimeric light chain was first transferred
25  onto the pVG11.VNERK.Hole plasmid to generate the intermediate plasmid
p22E7.1.L.VG.1.H.Hole. The variable domain of the 22E7 chimeric heavy chain was then
transferred onto the p22E7.1.L.VG.1.H.Hole plasmicfi to generate the intermediate plasmid
p22E7.11.Hole plasmid. The following describes thle preparation of these intermediate plasmids
p22E7.1.L.VG.1.H.Hole and p22E7.11.Hole follower by the construction of p22E7.11.Hole.Hg-
30 p22E7.1.L.VG.1.H.Hole ‘
This plasmid was constructed in order to tral‘:lsfer the murine light variable domain of the
22FE7 antibody to a plasmid compatible for generating the full-length heavy chain/light chain (H/L)
monomeric antibody. The construction of this plastﬁid involved the ligation of two DNA fragments.
The first fragment was the pVG11.VNERK.Hole vector in which the small EcoRI-Pacl fragment
35  had been removed. The plasmid pVG11.VNERK.Hole is a derivative of the separate cistron vector
with relative TIR strengths of 1 —light and 1 - heavy (Simmons et al., J. Immunol. Methods, 263:

133-147 (2002)) in which the light and heavy variable domains have been changed to an anti-VEGF
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The plasmd p IH .22.Hg- is a derivative of the separate cistron vector
wth relative TIR strengths of 2 - light and 2 - heavy (Simmons et al, J .
| munol . Wbthadegssa63: 133-147 (2002)) in which the |igrcTamsdoosmanzgl

vari abl e domai ns have been changed to a rat anti-Ti ssue Factor antibody in
whi ch the two hinge cystei nes have been converted to serines (C226S,
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smaf1 E&D O}_B‘aec dr&?%‘%&ﬁ%&a@ egln&?‘gerrz%gé%“b%{ 6 plasnid pvd 1. VNERK. Hol e

i s a derivat pRE7dfl. HdeHgeparate ci stron vector with relative TIR strengths
of 1 - Iight - (S ) B ; 7
133-147 (200 ?9%2#7\}\}.?@%\/%@F| ght o “ﬁéel%‘{/%_exarn a f“é“é%{%‘?ﬁg‘%ﬁéég@ been
changedhingeless HakrtlieaWrtHEafightnbay (ANERKyméTinapdy hdhe spaptarctipnelihs plpssid 73665,
L368A, %%91@%@ thf: Ng{tﬁsﬂ BPhwoTINA Ifraigljg@rgy "fhe Bi-QLachoobagyi1 Hée 66l 8BdnitH@98) ) and
all the contro ed above

ements descr . The Second part of the ligation
i NV vedmill BpOMIeSat T éragraent battheer egpiorede dlhie secrndypareof 2 IRy W 8RO 36) i nt o

the E i . | in xim
ol U S8 et i

sequence ‘encodes the al : tase pronoter (p
sequenc &7 haming hadsef therhampy hedva phain mrvdhichdhes tvaringd SHBGRRS PaYs RERR CUNEHA 1Df t he

22E7 antihodirop2ebsoshl. Hol e

25 (iv)  Plasmid p22E7.22.Hole.Hg-
One intermediate plasmid was required to generate the desired p22E7.22.Hole.Hg- plasmid.

The phoA promoter and the STII signal sequence (relative TIR strength of 2) for light chain were
first transferred onto the p22E7.11.Hole.Hg- plasmid to generate the intermediate plasmid
p22E7.21.Hole.Hg-. The following describes the preparation of the intermediate plasmid

30 p22E7.21.Hole.Hg- followed by the construction of p22E7.22.Hole.Hg-

p22E7.21.Hole.Hg-

This plasmid was constructed to introduce the STII signal sequence (with a relative TIR
strength of 2) for the light chain. The construction of p22E7.21.Hole.Hg- involved the ligation of
three DNA fragments. The first fragment was the p22E7.11.Hole.Hg- vector in which the small

35  EcoRI-Pacl fragment had been removed. The second fragment was an approximately 647 base-pair

EcoRV-Pacl fragment from the p22E7.11.Hole.Hg- plasmid encoding the light chain for the
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plasm d encoding t I kal 1 ne sphat ase pr er (p % and STn si gnal
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chai n. e construction o 22 --involved the ligation of three
DNA f r agment Smaitiseals synthesis ofdlmantibodigssverteargsglzmizusing thpplesmpgs pSpddtl &mobn whi ch
the s ma‘lfér production of knob anti-FcyRIIB monomeric antibody and p22E7.11.Hole for hole anti-FceRI

monomeric antibody. Each plasmid possessed relative TIR strengths of 1 for both light and heavy

25  chains. For small scale expression of each construct, the E. coli strain 33D3 (W3110 AfhuA

(AtonA) ptr3 lac Iq lacL8 AompT A(nmpc-fepE) degP41 kan®) was used as host cells. Following
transformation, selected transformants were inoculated into 5 mL Luria-Bertani medium
supplemented with carbenicillin (50 pg/mL) and grown at 30°C on a culture wheel overnight. Each
culture was then diluted (1:100) into C.R.A.P. phosphate-limiting media (Simmons et al., J.

30  Immunol. Methods 263:133-147 (2002)). Carbenicillin was then added to the induction culture at a
concentration of 50 pg/mL and the culture was grown for approximately 24 hours at 30°C on a
culture wheel. Unless otherwise noted, all shake flask inductions were performed in a 5 mL volume.

Non-reduced whole cell lysates from induced cultures were prepared as follows: (1) 1
ODggo-mL induction samples were centrifuged in a microfuge tube; (2) each pellet was resuspended
35  in 90 uL TE (10 mM Tris pH 7.6, 1 mM EDTA); (3) 10 uL of 100 mM iodoacetic acid (Sigma I-

2512) was added to each sample to block any free cysteines and prevent disulfide shuffling; (4) 20
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roomte
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heat ed figing 4 spluytion of 1X NET (150 mM NaCl, 5 mM EDTA, 50 mM Tris pH 7.4, 0.05% Triton
100) plus 0.5% gelatin for approximately 30 min — 1 hours rocking at room temperature. Following
the blocking step, the membrane was placed in a solution of 1X NET/0.5% gelatin/anti-Fab antibody
(peroxidase-conjugated goat IgG fraction to human IgG Fab; CAPPEL #55223) for an anti-Fab
30  Western blot analysis. The anti-Fab antibody dilution ranged from 1:50,000 to 1:1,000,000
depending on the lot of antibody. Alternatively, the membrane was placed in a solution of 1X
NET/0.5% gelatin/anti-Fc antibody (peroxidase-conjugated goat IgG fraction to human Fc fragment;
BETHYL #A80-104P-41) for an anti-Fc Western blot analysis. The anti-Fc antibody dilution
ranged from 1:50,000 to 1:250,000 depending on the lot of the antibody. The membrane in each

35  case was left in the antibody solution overnight at room temperature with rocking. The next

morning, the membrane was washed a minimum of 3 x 10 minutes in 1X NET/0.5% gelatin and
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The menbrane was bl ocked using a sol utiagn of EE (Cé]@ n}vl NalﬂO mM
EDTA, Solldwsthangbadyhomadimor gpsogspp petdayosed a&eéﬁsugf’  feRiop &f % HoPor

appr oxi mab &l Vodfe MilreyRABRAMERY LAEHE NblA vt RN R IRShaEl BieRI a:dﬁbbdl}O\Moﬂg t he
bl ocki ng step, the nmenbrane was placed in a solution of I X NET/0.5%

gellat i rtharedicefadmpest hh Gyt cha fsaleiedad tor e hipol antebo /o anPB@YfaP‘éélﬁhaﬁ to human
| gG Fab; %@Fﬁfaln 223) for an anti-Fab Western bl ot analysis. The anti-Fab
ant i bocfin i'on anged from 1:50,000 to 1:1, 000, 000 deﬁ)endl ng aon the | ot
of anti body Singiledy, ttant & Westetreblaratskasre sheyen ip g1 snddheylsard e B | x

NET/ 0. 5% | LeGrfisact i on
Yo hurse et R blaeg PRt Aihe BRI 53Rk SO R B 1608 ind EARIBTS

anal ysi stibddyen ame il aﬂtthaholb buitFeeRT antiiodn inrlamey@ dTHerasti Fr: ap by @ topable 950, 000
de%ndl g g%ht chaﬁ 0. 204 st e cf?zﬁﬁlx not B clBMREANE nédBRCH s£A&, es left in

t heanti dtion overnig roomtenperature w th rocki ng The next
mor ni ngexptdsaomdmmlmmebwggmsdﬁe]@ la theidafesiamad thedregvytlighiFhinin WecigsndYt RONET/ 0. 5%

l T cS (& S1. 1 h
gel atin hgguﬁlfjlgl?%% duibo @% oguﬁe%?éc{zs B3 theaQrdtM Tk ﬁ"? 2R iR (MideQr) . The

protein ant1-Fab anti body and t anti - Fc antl body were
vi sual |lzeadyclm|m@teét¢éfcsh1@rhn|@hamtnﬁ@iREBBnm0éz anEde hlstagtit FogRI atibodyf ol | owed by

PO e 1 AR oh B e g Pk ) AR PG BliBbai ol LS
ant15 FceRl) @t prody aibopdespstierpbeained Sleonenpriessioh gfuthe p386- 1IrKe9b afﬂéveal t he
p22E7.11.Hole constructs were the fully folded and assembled heavy-light (HL) chain species.
However, in order to facilitate the method of preparation herein described for the bispecific anti-
FcyRIIB/anti- FceRI (5A6/22E7) antibody , the hinge sequence of the two heavy chains were
modified by substituting the two hinge cysteines with serines (C226S, C229S, EU numbering
30  scheme of Kabat, E.A. et al., supra). Hinge variants are also referred to below as “hingeless”.
Plasmid constructs were prepared for the knob anti-Fcy-RIIb (5A6) antibody and the hole
anti-FceRI (22E7) antibody comprising hinge variants having C226S, C2298S substitutions. Two
plasmid constructs were prepared for each antibody. One construct had a relative TIR strength of 1

for both light and heavy chains and the second construct had a relative TIR strength of 2 for both

35  light and heavy chains.



expression of fully folded and assenbl ed heavy-light (HL) chain species for
the knob anti-FcgRUB antibody in lane 1 and the hole anti-FceRl antibody in
| ane 2. TWe 2aewi28458b anti body has different affinities Pam/usedososest
vari abl e domains of the light chain. The anti-Fab anti body generally has a
| ower affinity for the heavy chain. For the non-reduced sanples, the

expr essi on h Lesu j L B y-1ight

chai n speci (eléh q‘ﬂ@f %%clﬂ%?ﬁénfbﬁﬁ bf"z%gﬁégﬁ?‘gﬁg’%%@ E%é)l{lorlrée%]%s%gg?es is

det ect %EBodcy]ngZEhﬁll m?leﬁtmb hﬁgasasgmnﬁcyamyandhomm@ﬁm 11.Ksotolig- ymi hs mal |
proportion of to an cie e

f ol di ngPAt2 aI%@B]&f%r)ya“g hﬁ%/l}?jeaotf“fﬁefes’f @Wﬁﬁ@%ll’%@%ﬁ%ﬁﬁggﬁﬁzﬁ% pe?n es i s not
favor edy,287 a2 HeRHE) Wire ﬂlblee)lpﬁ’&kddﬂ’tdﬁmhaf respretivekgtashiidsrms tiestiilond hbwin dbles.

ant |5- Fc R!)I Blantlebsody and etghe cllg ﬁlgy%?\é-jﬁ?g gerr 4 ohrﬁt anfi- SeF RI

ant iPbodyhole6ell by pates Mt eI a¥TpTTaS oY RS 1M Gt et ™ Y or the knob
ant i - FcgicleB v@ﬂﬂtthéjébdﬁ/anﬁfhdmbﬁmaﬂ'&hﬁlgaéﬁ zlnt156dy93|RH g@m'antbhudyan Fsiconjugatédy, t he
anti-Fc Western | results are shown in Figure 19 and they al so reveal

the exptébeyglgsepe ‘?*EHOV%/ f ol ded and assenbl ed heavy-1light (HL) chain species

for the knobTgunti-Fa6 §Rktei tidtirdshmdhte mmamagﬂrean dnd they Holwer sagmﬁﬁoanth eRl
anti body in | ane

The .anti not .abl e t i chain,
and theﬁn@F%VP@e‘ftH’é?qlqlbﬁﬁndé‘Ffﬁ hg’loéalﬁ a"&g@w{%a ﬁaﬁbls'peflﬁsef%ﬁ%ﬁ e u%ﬁ *sanpl es,
t hey X pLRSIEy R hofAehc AttbbPEMAAGAR str@gthst-9 fbﬂ’hghhﬂlaﬁﬁnédtfmdmmyf chhinge
heavy- || ht chai n s§e0| es, but not the full Bl(fn(?t] Ve%hgb%dgtfih o}lrllng
speci esin F@rz anf gherglehéngaless apiFeaRT mapameriFngbagy ity HEegPes L&Y Hstavy
chain da{aﬁ%ad fqureaJyhﬁalhmbalﬁBt Mﬁmgﬁhjtﬁeanimdaww@mmotﬂam@@ﬁo@v anti- FceRl
ant i body. pressi on of 5A6 Knob Hin

Vari ant Wﬁ’[e?&?d'dfhé §°1¢H%a‘}5‘rqs??ﬁ}b9’ il tl?ﬁ’)‘é?”yhé’b @%{Sébalﬁ B‘feéi’ieﬁ 4 g}er‘%%og’ Pt lggm on of
the p5AG,L hhnggﬁ%banﬁ@@y RABEAtody (1ER B 26@hS Iol6rhé&icHEL Bolt hidgdless yti-FeRded and

assenbl ed heavy-lig (HL) chain species. However, in order t({) fa(il litate
t hel et prstodst (ze ébah%ltth%fﬁ afier BiR-ugesthy Pt mghep werhpn afsdpsreased ol 10

FCRI | B aihd sntifi%8 %ub%éfﬁls%?f%@m RinitROLYY diffetReyvaihble BorbaMIEiIRichi cHai‘memﬂV\D
heavy chains were nod bstltutlfr]rg the two ha@q (i%stel nes

ser i nesegepiipbas %Q‘Z@ISffHEU f?fd%%‘éﬁa}%ﬁ‘ag’c Fente Bpn-jedigdl sampplcs, g FXRypssiog g ra)

H nge valhadsddffBullis e H8ERIh 8fltht BedI@ligHY oASin spHcieg @uesd the fill-Raghd
constructs were prepared for the knob anti-Fc 8’5 (?éFHQSAES ant i body. and t he

hol e aneptibpgemecieses prgsuli at the sySTSIGRSE fhe P1Rge RISt hete e g

C229$ s Hhﬁat&kéhis%ﬁe fo di@%]zﬂid%§MlyQﬂlﬂ&tHebl@t-lsghv\§ﬂg chéi€ pciesifok each eamh
anti bod One construct had a relative TIR strength of 1 for.both Ilght and

heavy chegbriingsless andcxRED der bdpkingaiest anizhceR! putbgips, whep the WOMISHEXIWS2 £ or

bOt h li g{@co%ﬁe&"ﬁ%éﬂne@% d%%nm%n KReDaRRIR EeGiRink Bbr diBht 200 Hyav( tliadmapbA6. 1
. Knob asm d hol e "anti - FceRl anti body (p22E7. 11. Hol edﬁct?%?knob

h| ngel eg@reamfmpcbtoﬂ (orthe Fedeesd sampless i heavyidiatslliag et shaipss A bb. Hg-),
and the ﬁ%ﬁer%&fﬁ&%ﬁ'w& “SEIRT aRHIRO ATIRSndr PSR the dubntiiRk 6didgvy afad

p22E7. 2 were then expressed fromtheir respective plasmds as
des29 i béghtivbaiad in detbusadevhentis| relativel TIR|sirengths grajpyreaserd EpmL &2 separ at ed by

SDS- PAGE, tr %ﬂﬁﬁaﬁ’l&f tﬁgarItOFJWIe{té}ﬁ Blok kAR En F%Gxg 21 show significant improvement in the
folding and assembly of the heavy-light (HL) chain monomeric species for both the knob hingeless
anti-Fcy-RIIB and hole hingeless anti-FceR1I antibody when the two heavy chain (HC) hinge
cysteines are converted to serines and again when the relative TIR strengths for light and heavy

30  chains are increased from 1 to 2. The anti-Fc antibody is not able to bind light chain, and therefore
the light chain is not detected. For the reduced samples, the heavy chain is detected for the different
anti-Fcy-RIIb and anti-FceRI antibodies. The increase in the quantities of heavy chains is detected

when the relative TIR strengths are increased from 1 to 2.
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detected with the goat anti-human Fab conjugated anti body and goat
anti-human Fc conjugated anti body descri bed above. The anti-Fab Wstern

bl ot resuwWo20@esshown in Figure 20 and they show a si gRCTiusaws/08129r OVenent
in folding and assenbly of the heavy-light (HL) chain species for the knob
hi ngel ess anti-Fcg- RUB nononeric anti body (relative TIR strengths - 1 for

| i ght chain gnpd 1PL9ﬁcd&€;@8ﬂbzs%@éfﬁ&ntﬂb9dﬂc@& omennd the hole hingel ess
anti-FceRl nononeric antibody (relative R strengths - 1 for light chain
and 1 for he&dsp ehalliaiengypt pbziﬁ@mspmrlheda?e@é ifgrictional bippscifip aptibpdiss Yessueghay bl ot
resul ts,ghQw @ &%ﬁﬂﬁ%ﬂb@dﬂeﬂ%vfn@'a%ﬂlt fiade éﬁ%ﬁﬁ?«ﬁe)écrfbfed tfReheavy-1i ght
(HL) chain species for the nononeric knob hingeless anti-Fcg-R 1B

anti body (| ade 3) Eati@rion&ondirshepiie HL hoI e hingel ess anti-FceRl antibody
(lang 6) whepdhep k8l ﬁatsﬂe\(ﬁs ya@e@&x{d%ﬁ%ﬂ&dfnps vé)llnggktd( /@pqhsﬂﬁéfl\yat&lﬂ@djﬁkteﬁr e

increased from1l1l to 2. The anti-Fab antib erent affinities for

di f f er efxPH Aith HCA. cgutmfized apd the ﬁ@ema@mdlasrnrdpch Hmnsgbthbrpallertyvah%usaend@d\er

af fini ty, § 010 Joifndi®RY Muﬂ?e?gﬂﬂhﬂfs% ﬁlﬁytfbﬂQBﬁﬂQﬁh%?%&ﬂk@'@&p%ﬁmtaBﬂ%taﬁfé@r essi on

of each antibody results in the detection of the heavy-light chain speci es,
but not fallewinzsentifugpéamnThinstemhueprerepiedicese. as a result of the conversion of

the hinge cygheindqsoit Belﬁ{e&zésflﬁ‘e% res‘u'&%&‘edq{ig—%%lufﬂeé?@r{ﬁe LAIRLANE R R | N the
fol ding and assenbly of the heavy-1ight (HL) chain species for each of the

kno#0 hi ﬁ@bldéwte&M|pa$e@tmwcw@m@Imr @é«ét@ggilcah The fpermatand yiap kindieds when
the t wodi Qg EXSkRhizS are converted to serines and agai n when the
relative TIR strengths for |ight and heavy chains are increased from1l to
2. For the rd8aewamnaEanpres evalppsedhynRs pohcitanidegel ¢leciiepharesis (RDS-FAGE)

det ect egn(f W’"est&rﬂ%lo@g ffansa Eorﬁﬁﬁng El@gm@elapm@d%t@my' (. & C&%Bld ﬁﬁreéptaﬁ)&lh &-thel N€

increase in the &Rantltles of heavy rg ht chains is detected when the
rel ati vEolrrRasyeigh of psingp beﬁvhﬁlﬁéb@éﬂlgm‘é’fﬁ wegs ppoledsi nj | ar |y, the anti-Fc

Wesigrn bl ot 2r¢$&‘l}l;lg,4]ﬁmj§l(g,l,|5,§agg rapiyhOw si gni ficant inprovenent in the
fol ding and assenbl t he heav -I ight (HL) chain nononeric species for

both the knoBbap %B%HWS.W% i B 2R PeoSer HrkbedsMiHipprrrer

ant i bodyqash epptdifindt P 2308a ¥¥adS Pé%' 10 1%47G) THé RSQurE ¥l firkE fordli e 70ABYE LIS, t O
serines and agaln when the relative TIR strengths for Ilght and heavy

chai ns HiedeidseHevulda sqtloandthe goomatypgonrse pLirdhebradynuds trpisferst tobl e t o bi nd
l'i ght caﬂbmato%a&ytdaﬁfnﬁ{mrshmBhds&mcemﬁls@m) san@%slﬁ@wgmwttz%ufre?e reduced

sa es,_the heavy chain is detected for the different anti-F R Ib and

ant £0 Fc BRY - abs srbemmwas tepelytechysingant gradiens indmiictates0- 4 Nach by f%%,rhérhﬁs is

det ect egtaMii@ BufliddGvak adljagtédvc@ pHib, Fzma t}fe%mtéﬂsfoaﬁ&l uynﬁl@ma@bnfmmﬂz Bt 3. 4
Purification of bi specifi¢c antibhody conponents Ease and efficiency of

obt ai ni ng pur FFCEPS AL adisied Foi angi2bhwes by eddifienioh v afd Kisbaser then

assessedemmatelae,y(sqystm]zg{d@akabodl es having a variant hinge region as
descri bed above. 1, ExtractionfromE.coli paste Frozen E.coli paste was
t hawed and sugpen&‘éﬂo’?ﬁ“ “’?56%%?“@6‘? distilled water, adjusted to pH 5

W ths HO , cenhrS-$dpgadse RREIGWT® SHARANAREARM BidiEidncds Gas &iiﬂmrzﬂ@d)mbm pel | et
\(Ng?i :]Efrgx%g e%gﬁ/ﬁl\/ﬁé}% i’gﬁérglggﬁqﬁs qut%%cg)T Lv];se c[illu?é[d V‘%Ell 3191 egusall Qo ume 819 lytron
equilibration buffer, and loaded onto the column. After washing with equilibration buffer, then with
25mM MES pHS.5, the column was developed with a linear gradient of 0 — 1M NaCl in 25mM
MES, pH35.5. Fractions were pooled based on SDS-PAGE analysis.

30 4. Hydrophobic Interaction Chromatography
A HI-Propyl™ column (J.T.Baker) was equilibrated with 0.5M sodium sulfate, 25mM MES
pH6. The S-Fast Flow™ eluate was adjusted to 0.5M Sodium sulfate, pH6, loaded onto the column,
and the column developed with a gradient of 0.5 — OM sodium sulfate in 25mM MES, pH6.
Fractions were pooled based on SDS-PAGE analysis.
35
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follow ng centrifugation. This step was repeated once. The insol uble pellet
was then resuspended in 5 - 10 volunmes of the same buffer, and the cells

di srupt edwbyo@aes@ge t hr ough a m crofl uidi zer (M crof | uiPdiraspoosHERs1
supernatant was retained follow ng centrifugation. The supernatants were
eval uated by SDS pol yacryl am de gel el ectrophoresis (SDS-PAGE) and Western

bl ots, and those gont aj.ni the i - d anti body (i.e. a band
correspondi ng to the n‘% eeégngugrongéri%%%o%{)a?%gesi ngl e heavy chain plus |ight

chai n) wer e TedcRiopy?™ dRratt @iohw# cohdentmatedus@igradiemtrFrrdp KM 1Phe pool ed

super nat ant re.adj usted. to m(ﬁ -M.LLi.pore) were
added (‘%?ﬁbﬁng?(tigﬁé{“éﬁo?i’ i degénétgg% B%erafgea F?’?Gear)g éll% g‘lﬁ%@ lljaﬁégh\t?vgdg Ebsti rred
for 23 eqﬁiizrakﬁgtwi& @M Gccinlte ob g higtidiowmd. 1M Ne€l, pHE, and i colmnsuper nat ant
pour . T eads wer.e transfer PNgmat ogr aphy col urm (Aner sham
Bi osci e‘%’é{%lgpegﬂg%? ,Fraacho Sm‘%éﬁ%aﬁemﬁjgﬁ%d%%%%ﬁ?h s ‘buffer pH7.5. The col um
was then eluted using a pH gradient in 50rMcitrate, 0.1 M NaC buffer. The

starting buffer s adj usted to pH6 n e | by |i near
dil ution wi S pH\é\Q’Bﬁf‘?@ro?A hodd Componcils g”%%ﬁehs{%g&et% Cé&@gJaE%g 2M ur ea by
addi tion of B sirdlar @Gnichot idestichi stnealingemetteds hug slewdbdsybe BBSbEMCEVRIARY pool ed.

3. Cation change. Chr t ogra An -S- E ol um

(Arer sHEHSH Guaranie s e B A OB B Y=t e s oalsy BB e 'S
Er ?fﬁEp(&dﬁpgﬂ?rﬁ cgwdﬁ)eqbbﬂbwwﬁmmnih Vartaetchingetrbgiemasalgscaibedabovre of equi li bration
uffer, an oa nto the : . ' ' i lhhkbration
buffer, t henAP§ n%&ﬁ’ﬁf K@?nﬁélgkg{mf %‘g%géeuyﬁx%ﬁ%gﬁgg\?ﬁﬁh—o%gﬁo\l}wlt h a linear

% r gdl ent of Durifiel WAKEGHb dnd 22BHIAIMESYy gidby/light fhraiomerensriqentidogieondd mbsed on
DS- PA nNalVSHS- dr ophobi .

ngml\D/lr O%E%tpﬁs Eﬁﬁlﬁ\ﬁ;ﬁ g%s(}: a gfﬁﬁgkgggﬁl??gggﬁzﬁ %&g%yog g'érihtej er sul fate,

VERixp6 wad then st SCICcfor 1 minuek tealt oundiszapeaipgigmperapresngs dgidvedm

sul fate rongﬁlfs’ | gr?gded <2 Bk 9101[1!1 d%?rliblég?c)r tﬂggﬁﬁﬁgﬁ{ﬁm&ey e41QR§Go My L2012

gra enfroBfigIEunE ARy S BRSO AL e , pH6. Fractions were pool ed
based 0RioBIFORAGE).dhekywhlsd dntibodsi was tieuchijsitestio @halysipde dePAPRitSThe

H - Prop ilséetc{%ﬁh! uate pool was concentrated using a CentriPrep(tm YMO

concent rator con), and | oaded onto a Superdex(tn) SX200 col unm (Amer sham
Bi osci ences) Aegjwiit efiispeaficiyi t h 10nM succi nate or 10 histidine in 0.1M

NaCl, pH6, and the, golum | oped at 2.5m /m Fractions were pool ed based
on SDS-PAGE. 5.5 i)nngajfjl rllcdgg%{g%ﬁnti body Conponents to CGenerate Bispecific
Ant 2®odi es Twonsiediantipody twas varidied pctespesifia by apphyiesiamplys frsteledriafosisiescr i bed

ag;ew’ 2 }Qis. l%evg&é%}loﬁ g}ﬁ{;ﬁlo%yeﬁias iagl s wihife!hkS28F Bl 3RELHITdE 9.18NtHebOdi es.
y chai’ns of the anti bodl es and anti body
bispecific 5A6Knob/22E7Hole antibody has a pI of 8.67. Figure 22 shows the movement of the
5A6Knob, 22E7Hole and bispecific SA6Knob/22E7Hole (before and after heating) antibodies on an
isoelectric focusing gel (Invitrogen, Novex pH3-10 IEF) after staining with Coomassie Blue. While
25  there is some annealing upon mixing at room temperature, the heating to 50°C appears to promote
completion of the process. The appearance of a new protein band with a pI in between that of
5A6Knob and 22E7Hole verifies the formation of the bispecific antibody.
2) Affinity column analysis
The behaviors of the 5A6Knob, 22E7Hole, and bispecific 5A6Knob/22E7Hole antibodies
30  were observed on FcyRIIB affinity columns. A human FcyRIB (extracellular domain)-GST fusion
protein was coupled to a solid support in a small column according to the manufacturer’s
instructions (Pierce, UltraLink™ Immobilization Kit #46500). 5A6Knob, 22E7Hole, and bispecific
5A6Knob/22E7Hole antibodies in PBS (137mM NaCl, 2.7mM KCI, 8mM Na;HPOy4, 1.5mM
KH,PO4, pH 7.2) were loaded onto three separate FcyRIIB affinity columns at approximately 10-
35  20% of the theoretical binding capacity of each column. The columns were then washed with 16

column volumes of PBS. The column flow-throughs for the loading and wash were collected,
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conponents described bel ow contain a variant hinge region as descri bed
above. Annealing hinge variant 5A6Knob and hi nge variant 22E7Hol e - Met hod
1 Purifi eslo20@Kn8d56and 22E7Hol e heavy chai n/ | i ght chai nPomruse®si0s1281
antibodies in 25 mM MES pH5.5, 0.5 M NaC, were mxed in equal nolar ratios
based on their concentrations. The m xture was then heated at 500C for 5

mnutes to. 1 hour. This anneali eratuyre was.derived fr L mel ting
curves ‘fﬂ“g’ei’legt?é‘fl GongeRared BRrOF gt h@?gﬁ@geéﬂ?qnan@gaﬁ Gt rs%_ ) %ﬁ )al |
1997, JBaciebnceia@ in the3 %M 28uBSYvas Mbredimmdesbrdviar S yanpasbuffeemds ubj ect ed

to anal ysjs to det ] its bjispecificit nal ysis of bis Lcity 1

| soel ec%ll}a Yé@@cﬁ%'ﬁé&h@ﬁé‘gf’%ﬁi” gﬁ%"?&&éﬁ%‘i@)v@ﬁ Ifr%!%l&%glégsB"l’eéeptga%%?{r%:&%yy :
appl Yi Ngrs@Mb&SbylflirbtiGeh &0 NOEWSL PY 6) ahd/sibbed wWithen2AG Ko Jg6t | body
has a pi of 7.13 while the 22E7Hol e has a pi of 9.14. The bﬁlsrﬁtgim fi.c
5A6KnobFaIEmRiske conpgasestAptiedy (GABPEIJF82%Y. The agtipody ponds sttt st enent  of
the SA6KRQODAMGARATR:En RO BleaECH i lG LARKROR Bkdited ardrhaftuaioand af ter

heating) anti bodies on an isoelectric_focusing Pgel I nvi trogen, vex
pH3- 10 | EF) Hheresults phihisiapg)yshi armshons rmkigne 28 e CWHI% ifipfepalunuyshe

anneal I pe; 4 gAgﬁﬁgb%?tﬂt?Jﬁg LROI: 5 KBRS AL EBole bidfeciRAhliRGy { The2BBIAPPears to

pronote conpletion o process. The %P%ear ance of a new ({)_r ot ei n band
with a pitibpdy shenldBew thriaggh asfs sbawkindbewned- Theirrloplantibadydptected B or nat i on of

t he is9&%@@_2?%&9Q%yecifg)laléfiﬁdi&itehﬁs&ggi . anal ysi s The behaviors of the
5A6Knob, Hol e, and bi specific 5A6Knob/ 22E7Hol e anti bodi es were observed
on FcgRHB af Thatiehgviers pfithp 8 A6Kndhy 2 Hitegdad bisppcabic ?‘%@QOP/@F%?H%?’%?@@SGST

fusion magglsé.ﬂe MRS vGIUHRER d6fnif SRindnd 181 RRRA laffinity oIS R ay 60 bidparedd@or di ng
to the manutacturer's instructions (Pieéerce, UtraLink(t | mobi | i zation

Kit #4680d asiseiverhaboye foy s FsyRIER affipity grdeps- {The E%@fkﬁ@é‘}%?%?%?@“ ti bodi es

in PBS (]3f WE%OE AtibOAY £8hs A6 R DNEZHRPAntibbd P MUIAZRAoK artlbddyZhomier e
| oaded onto three separate FcgRIIB affinity colums at ?K%EEOXI tely 10-
Pdegi*inms” wer e

2004 %f flaw thrpesbr begked|antiody Heierteddp deiSty Kaeb/ 2 Holegpihady
then waghedinmdg h 16 col um volunmes of PBS. The colum flowthroughs for the

| oadi ng and wash were col |l ected, combi ned, and co ra proxi mately
10-fol d i n CAmnedlinghmesyaripetSooknek ard hings Ear(aﬂﬁ?%ﬁ%e E&@ﬂ“@g"‘hcent rate in

the same vol 4B MBS ddaposkintsitigbe 2mf SAKNob i 2K 780R) Fakphefidilk teskribudd
anal yzed by SDS-PAGE (I nvitrogen, Novex Tris-Adycine). The protein bands

were trab®ferred to nitrocel lul ose by electroblotting in 20rM Na2HPO4 pH

6. 5pp0and pr oG naletddirddd R formkbd 8 Andedngha BOITS taxd At weln] wgas efb st | body

( CAPPELL#55223). The_ anti body bands were then detected using Anersham

Phar macitien Braiedon 2Eeiqusihaees o ®br ding to the manufacturer's instructions.
The results @hgiriod) ET@R) 3 5OWRY/L hoftbigeHceni@Rodict herekogBinkdinaf f i nity

colum should retain the 5A6Kno i body. and. th 6Knob/ 7/Hol e
bi speci ftotal Vﬁlf‘ﬁqe 196&1@)“1 811% s%@%&)&ﬂ\? E\Jlagf)b&fer, agljustecF to%’f‘)‘miéfI tris, p%127|.':5.

The monomeric antibodies were annealed by heating the mixture to 50°C in a water bath for

25 10 minutes, then cooled to 4°C to form the bispecific antibody.

Analysis of bispecificity

L Isoelectric focusing
Analysis on an isoelectric focusing gel (Cambrex, pH7-11) showed formation of a single
band at pI ~8.5 in the annealing mixture, corresponding to bispecific antibody (which has a
30  calculcated pl of 8.67). See Figure 24.
2. Purification on a cation exchange column
A 5ml CM-Fast Flow column (HiTrap, Amersham Biosciences) was equilibrated with a
buffer at pH5.5 (30mM MES, 20mM hepes, 20mM imidazole, 20mM tris, 25mM NaCl). The
annealed pool was diluted with an equal volume of equilibration buffer and adjusted to pH5.5,
35  loaded onto the column, and washed with equilibration buffer. The column was developed at 1mi/m

with a gradient of pH5.5 to pH9.0 in the same buffer, over 30 minuets.
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antibody should flow through as is shown in Figure 23. The |ack of antibody
detected in the 5A6Knob/ 22E7Hol e bi specific |ane indicated bispecificity.
The behawvonsosi2stsie 5A6Knob, 22E7Hol e, and bispecific PAGKsemsA2E3HOI e
anti bodi es may al so be observed on FceR affinity colums. IgE fusion
Effi?lml Ey ??l um may be prepared and utilized as descri bed above for the
cg af fi I in the
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nas éor med b¥h u?ll? 2l bfrlgls%& naaqgg:’t o G (Ad/ I{H@Bﬁg o%@%ﬁm@fls A6, then
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ant | boaPl- iy & allen P G, AR b T a0 B ey Bt

e mxture to 50 in a water. bath for
10 ni nuﬂﬁsgnatblu\empmmmlp@@sm&ﬂ@ 5@6/22ﬁ7rhlﬂpmfl¢)¢lélb@h¢sfqeé°f@?ﬂ 'P%‘?iﬂ?»‘e kpebipysi s of

blspeC| i,Cit

el | ( G e S e R e
annda@al i ngermangaablmefcrmdrtesqobﬁdq ng to bispecific antibody (which has a

cal cul at ed pba%lbﬁ%n%%ﬁ) t?ofljﬂglﬁgEﬂlﬂnge?ess l?!sﬁ'eb&ib ﬁﬁiﬂo@f‘toqﬁl’*@ymm exchange

colum A 5nm Trap, Amersham Bi osci ences)
equi | i biG8Tedd WiichRIBEGRHEE éligEa@cepqqsfugoe)s*@ﬁmmestratzwwéée‘gﬂh ‘?WWH’?“EQZ ol e,

20 e PN 10150088 0, Bk A0Syl 6, Mt alueide! vl ure

er an .5, loaded onto the colum, and
washed WeiRIRHis-GSDi@PBHPHOTA f 'Elue plath was:mShqrmW\bbaléB% @1@1@9&@&\”5@ ofass with a

ar agg © ni)fcyg% énkngIS ”&r_z we \ll}g wlie v&sﬁé&qpr%m%mm $85/0.60¥% F['V@@EN@) Nyefgmbsaab4-ons

revealed t A6 was el uted ahead of the

Qg; f;od ITgE fvas ﬁaﬁr@dsn Ehleluegtmuffsc@ome\fi TrigHEY. pEH S, hrmrMdNaGld3% hyeen-
I Ni
e G R RN T g PR

t 0o denpnrsF¢ pdrtorbAGAAIEthe tmhntfbé«ﬁezn 5AG PAT228] &neh injhgleg visldgyieditge digpaeiipody .

ISZQE{QIZ égﬁ? zly?%%éngﬁﬁn an I I§' ;‘Img%é'éyﬁl %%ggw 55 ﬁgrﬁ?a 4{) fﬁédsﬂle% '? g@sliﬁrr; géggbs ures 29
and 280. EsA6(5A) Muklel abdABIEB)MAD. After washing the plate three times with PBS/0.05% TWEEN%
serial dilutions of the three 5A6/22E7 BsAb, SA6 MADb, and 22E7 MAD were prepared in ELISA
Diluent buffer and added to wells at 100 pl/well of each dilution. The plates were incubated for 1
hour at room temperature. After washing the plate three times with PBS/0.05% TWEEN®, 100ul of
1p.g/ml huFceRI-ECD-Fc was added to each well and the plates were incubated for 1 hour at room
25  temperature. After washing the plate three times with PBS/0.05% TWEEN®, 100 pl of 1 ng/ml IgE-
biotin was added to each well and incubated for 1 hour at room temperature. The plate was washed
with PBS/0.05% TWEEN® and incubated 30 minutes with 100 pl/well of 1:2000 Streptavidin-HRP
in ELISA diluent buffer. After washing with PBS/0.05% TWEEN®, the plate was incubated 5
minutes with 100 il TMB substrate. The reaction was quenched with 100 ul/well stop solution and
30 the plate read at 630 nm on a 96-well plate densitometer (Molecular Devices). Results show IgE
bound in wells containing the SA6/22E7 bispecific antibodies. The bispecific antibodies: 5A6 (A) +
20F7 BsAb, 5A6 (B) + 22E7 BsAb, and 5A6+22E7 hingeless knob-hole BsAb successfully bound
to FcyRIIB-GST and IgE-biotin. See Figure 29.
A complementary ELISA experiment was performed as follows with results presented in
35  Figure 30. ELISA plates were coated overnight at 4°C with 100 ul of a 1 pg/ml solution of

huFceRI-ECD-Fc in PBS, pH 7.4. The plate was washed with PBS and blocked with 1% Casein
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designate two protein preps of 5A6. 5A6/22E7 bispecific antibodies

descri bed bel ow are knob in holes heterodineric antibodies with either wld
t ype hi ngeoanocanesshi ngel ess. Bispecific antibody is intecthsegsablzgl
referred to as BsAb. Dual binding specificity of 5A6/22E7 hi ngel ess
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Bob; 580 e ot g TS ot G PREPRRGe (LR U 5, o

PBS/ 0. Gbfée TMEEM PBSSO5%afWHEN®! 10004 obf ug/lm@ arlthﬁr&"éb@l\ﬁ/\@i @ﬁeesmach 8AE MAD

and 22E7 MAb we ared in ELI SA nt S at
100 i/ %Ilqcubﬁte‘%fgﬁﬁﬁﬂf L RUPPBE PR ’Hf g&w?ﬁw{sﬁﬁ%g{%ﬁ m%}f(b at room
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PRS0 A St REifivag b wldh
PBS/ 0. 0 /ﬁ %C e bﬁhfas HRE mﬁ??ﬁﬁg%ﬁgﬁ? 2y Hlﬁg'eles i$pREifi tigs,

, m nut es
subkt r ai!@ﬁﬂiﬁ"ékmc@é@ﬂq %We%%%@yﬂ%swllwoﬂ%toﬂf%& chfl%fpa“é%lc n and t he
plate rg ﬁ %Q gin on a 96-wel | plate densitoneter (I\/bl ecul ar Devi ces).
Resul ts show I bound in wells containing the 5A6/22I§é %é)ip ific ]
ant i bodi es F?@hwfélmfdlf‘feﬁ for hethiekesaimsats aspgeseisd in Fisyipes “pa sAEEE + 22E7

BsAb, ap Tﬁéﬂ%ﬁﬁﬁc R 1e53 HiRQRI-BOIDEF RS Allefiue6ess bull by sheam)d+ PIF7 and .
FcgRI | B—GS |1:L biotin. See Figure nt a(rg‘y l SA experi nment

was per $466 fd 2E7hgierlsndisppalic g8bediess ICE)?@%Z@WFE‘EFF?F@@&W 1“’rll’:“f_‘l’rq‘ pl at es
wer £y coale LVabnidhh Tatie 40C With 100 M of a 1 ng/m sol ution of

hcheRI -ECD-Fc in PBS, pH 7.4. The pl algr a@s washed wi th PBS and bl ocked
wi th 1% Casei nbl ocker in PBS': The wel F&%ére waMetrthree tines with

PBS/ 0. 05% TE¥Mdes for FEIRIB-GIT(#mONS [0T 1GH06AREH6r RiFsFEIGECD Fc anymbod| es, S5A6
anti bodiles, or 22E/rghtidopdy were prgpared in ELISpulisbuent buffer jpnd
added t‘%ﬁﬁf@%ﬁﬂt’v%‘mhg@ each phALRLL®Mhobheil@lyt Bmeser € | ncubat ed
for 1 hoWheah)HepM T enper at ur g5 2Af t er| spgsA)-AQEY:he pl ate tboee tinmes|with
PBS/ 0. 0%5%x§ 7)., FCORHB- H $6:0 GST |veaw @udeH7t o each webisat 100 i of 1

mg/ M i npkAye presence of 10 ng/m of (@p4pl gG to bl ock FcgRI I B-Hi se- GST
bi ndi ng t5g6lfg):porti on of the teshognt|if@dn): huFceRl - ECD- Bseadtd secopdary

S5A6 (B): 1.4e+07 5A6 (B): 1.0e+07
22ET7: 1.0e+05 22e7: 2.8e+06
BsAb-knob in hole, hingeless BsAb-knob in hole, hingeless
5A6+22E7 hingeless Knob-hole: 23 5A6+22E7 Knob-hole: 76.5
EXAMPLE 5.0 Properties of 5A6/22E7 Hingeless, Knob in Holes, Bispecific Antibody
5.1 Materials
25 In the previous examples, FcyRIIB referred to huFcyRIIB1, one of three human FcyRIIB

splice variants. In the remaining examples, FcyRIIB1 and an additional splice variant, FcyRIIB2 are

utilized and are so designated.
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anti body (anti-GST-biotin) and incubated for 1 hour at roomtenperature.
After washing the plate three tines with PBS/ 0.05% TWEEN(r), 100 ml of 1
ng/ M antwoGEk/d28w6i N was added to each wel |l and i ncubatea/usesosh3tzeur at
roomtenperature. The plate was washed wi th PBS/ 0. 05% TWEEN(r) and

i ncubated 30 mnutes with 100 m/well of 1:2000 Streptavidin-HRP in Elisa
di luent buf f efg F3igk ch%%pé 29191 nsfﬂytclanf %Qf QE&SI\OEEAN(J rbgion §PRENPIRND Was

incubated 5 mnutes wth strate. The reaction was quenched
with 106Ni¥opkgap, ansansigeny @ncm hwndalaF@ feaiop) 5&1@%@6 regiongBHWAM I3 @51 t s show
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| C 50 values for the results shown In ur es are provi in
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(A): 5. 3ekB@bMRd (B W&hﬂ%ﬂ&hré@@sﬁ& Bio, tlaat%éi@]ﬁal?t@ﬁ% p%t}ﬁﬁ'tﬁérozg . 2.8e+06
BsAb- knob in hol e, hlngeless BsAb in_hol e, hingeless 5A6+22E7

hi ngel edectiRbBCIRbIeaes 3ilabketion BP- %ﬁ@fedh GPAA ofghesfuftJergtbibrman eenps Waser t i es of

SA6/ 22E{ididne@]nesthe rdiO Rl vt idiRltRs sinBiy P BCofnbmakdt widPAVRES UniBlagr i @l s 1 n the
previ ous exanples, FcgRIIB referred to huFcgRIIBI, one of three human

FcgR! | BRibsspraal Bpliy Sedeace) forpllp i donhisistionicsgrtratsiaaprand opregpiesseon f Gyrizeass.

addiisi onglne Bles!cﬁﬁudﬁ%”f 'tl@riﬁethoﬁ%g RABara Erﬁnsblﬁdubh #9fovaded bal &, SO
desi gnated. JW3, 5. 13 i meric_ant dy consisting of a nopuse variable

regi on speci fPCtl ﬂ?@«‘rkawgmsﬂfr\“é%gﬁérlo%@ vaefﬁﬁeafésﬁ)onaﬁecatﬁmﬁhqr@éa@étreg. on.
The var lzﬁmﬁ%ems%& @atequmhéh gﬁcdsg ﬁotyﬁp@sa%m&uﬁ a‘u%to ?cﬁ%ﬂﬁgglu&%ne)

cross-react with human | gE portion of bi nds speC|f|caIIy

to huFc feR hawy. Geltssvarptrarsfeaigd ih ewgéfe%ﬁ@msgvct%%m FuGENfeadpultged i ved

cell lings days at 37°C, 5% CO2. Cell culture supernatant containing retroviral particles was harvested

20  and filtered through a 0.4 micron filter. Sterile protamine sulfate was added to a final concentration
of 10 pg/ml, and 4 ml of supernatant was used to infect approximately 1x10° RBL cells by spin
infection at 32°C for 90 minutes, followed by continued culture in retroviral supernatant for 3-4
hours at 37°C in 5% CQO,. Infected RBL cells were recovered, transferred to RBL medium, and
expanded for sorting. Positively transfected cells were identified by FACS using 22E7 and/or 5A6

25  antibodies to detect human FceRIA and human FeyRIIB, respectively.

The resulting cell lines were designated as follows: RBL huFceRI cells surface expressed
human FceRIa; RBL huFcyRIIB cells surface expressed human FcyRIIB1, RBL
huFceRI+huFcyRIIB1 cells surface expressed human FceRIo and human FcyRIIB1; and RBL
huFceRI+huFcyRIIB2 cells surface expressed human FceRlIo and human FeyRIIB2.

30 Biotinylated 5A6/22E7 bispecific antibody (knob in holes, hingeless) was prepared by
coupling a 20x molar excess of EZ-link™ NHS-PEO4-Biotin (Pierce, Rockford, IL) to bispecific
antibody in PBS.

The huFceRIa extracellular domain (huFceRIo ECD) was produced by subcloning into a
baculovirus expression system and purified using CNBr-sepharose linked column and sephadex size

35  exclusion column. The huFcyRIIB extracellular domain (huFcyRIIB ECD) was produced by
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Bi nding of JWB.5.13 to huFc eRl upregulates its expression and |oads it
with antigen-specific IgE RBL-2H3 (ATCC# CRL-2256) cells expressing

FceRl a, twe 2e0czzkasni t of the high affinity human | gE r eeeptuseoososi2eRl )
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ouplin ar _exces PE ce,
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expression s @bﬂ%‘nd purified using CNBr-sepharose |inked colum and

sephadeXRe §f'bn col um. The huFc gREDB extracel | ul ar domain (huFc
gRUB ECD) wasehs wetd tredbdwdswiicNionpirgoli(NPf-cauirgated pYelzns (89 tilhQV Abiw6 t ag

wi th subse nt,.e n I kAU huFcgRHB

£CD was BT Abtioy Kt S fr PRE BB B ah e e B e T O of

t he 5A6/RAfiohiaspeatcll Hegramtatibodhstanoncorlbss) ofRBIhufFcegl RBL or huFcgRI 1 B2 to
25  huFceRI+huFcyRIIB1 cells, and RBL huFceRI+huFcyRIIB2 cells, with or without bispecific

antibody, by NP-(11)-OVA and TNP was tested over a range of antigen concentrations from 0.0001

to 10 pg/ml. Following incubation, the histamine level in the cell supernatants (cell culture

medium) was measured by ELISA as described above. Total histamine levels for the cells, to serve

as positive controls independent of activation, were also obtained by either lysing cells with either
30  Triton X-100 or triggering total histamine release by stimulation with ionomycin. Background

histamine release by RBL cells was also obtained. Histamine release levels were quantitated by

ELISA using a Histamine ELISA kit (KMI, Diagnostics Minneapolis, MN).

Results of the Histamine Release Assay are presented in Figures 31-33. Histamine release

is expected to be increased in the presence of hIgE (JW8.5.13) and NP (11)-OVA antigen (“NP”),

35  unless specifically inhibited. Figure 31 presents histamine release data in RBL huFceRI cells at

varying concentrations of TNP or NP (11)-OVA. In RBL huFceRI cells, histamine release is
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huFceRl on a cell surface was denonstrated by sel ectively bl ocking
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.. Suppress o bi hi st am ne
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purification using Miltenyi magnetic bead separation (Miltenyi Biotec, Auburn, CA; see, for
example, Kepley, C. et al., J. Allergy Clin. Immunol. 102:304-315 (1998)) by incubation at 37 °C

for one hour followed by centrifugation to pellet the cells. The supernatant was retained for

‘-f

analysis. Basophils may be isolated by standard procedures such as those described by Kepley, C.L.
30 etal., J. Allergy Clin. Immunol. 106(2): 337-348 (2000). Enriched basophils may be further
purified by magnetic bead separation (Miltenyi Biotec, Auburn, CA; Kepley, C. et al., J. Allergy
Clin. Immunol. 102:304-315 (1998) and/or by flow cytometry sorting (Kepley, C. et al. (1994),
supra). Goat anti-human IgE was obtained from Caltag (Caltag Laboratories, Burlingame, CA,
USA). The isolated basophils, co-expressing huFcyRIIB and huFceRI, were incubated with anti-IgE
35  (goat anti-human IgE (Caltag Laboratories)) or with the further addition of SA6/22E7 bispcific
antibody for one hour at 37 °C. A 1:100 dilution (by volume) of goat anti-IgE was used to stimulate
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further incubated for 1 hour at 37°C. Cells were activated by incubation with NP-conjugated

ovalbumin for 1 hour at 37°C. Activation-associated degranulation was measured by quantitating
30  histamine release into the cell culture medium using ELISA procedures described generally above.

The dependency of histamine release inhibition on human FceRI and human FeyRIIB co-

crosslinking by the bispecific antibody of the invention is shown in Figure 34 (for RBL

huFceRI+huFcyRIIB1 cells) and in Figure 36 (RBL huFceRI+huFcyRIIB2 cells).

Binding of bispecific antibody to RBL-derived cells was also assessed in the presence of

35  huFceRIo ECDand huFcyRIIB ECD using flow cytometry. The cells and materials are as described

above. The cells are harvested and sorted into aliquots of 10>-10° cells. The cells were washed and
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cells are harvested and sorted into aliquots of 105-10 cells. The cells

wer e washesgniapigraf pethdifdedd in FACS buffer (PBS with 2% FCS). The cells were
washed a secofidseldipRinRl demonstrate that inhibition of histamine release is dependent upon co-

crosslinking of cell surface FceRI and FeyRIIB since no inhibition of histamine response was

observed upon preincubation of the 5A6/22E7 bispecific antibody with 10-fold molar excess of

30  huFceRlo and huFcyRIIB extracellular domains. Under these conditions, binding of SA6/22E7
bispecific antibody to the cell surface was completely blocked, as assessed by flow cytometry.
Preincubation with lower molar ratios of huFceRI ECD and huFcyRIIB ECD (2:2: 1, 1:1:1, or
0.1:0.1:1 huFceRI:huFcyRIIB:bispecific) led to incomplete blocking of 5A6/22E7 bispecific binding
to RBL cells and incomplete inhibition of histamine release. Therefore suppression of histamine

35 release in mast cells requires crosslinking of cell surface FceRIa and FcyRIIB.
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Cat i os. 4t T EUERES Rl SHOPROEC G Bk e o backarepnd RyéhffopSieed By
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bi speci f| bi ngjgk, %ng ?‘kfhi alpd i nconpl ete inhibition of histam ne
rel ease’ ﬁi %8&5 859 67 hi st amine rel ease in mast cells requires
cr oSl i nki ng Fafw Qﬁdrhet@ufuﬂ&@ of figeRiaanibodclgmlihGio WRL huHeeR-I+huFeyRIDB 1 dvidst am ne
rel ease 1&{ hulé‘gglﬁ-gtnEZ:c&Iﬁﬁ Is 1nﬁ1cgtnc1i hat%dl}ﬁ1lagtsa§19a%%§ pstrgaac':}ledo art] %pproximately 2.5
wg/ml of bispecific antibody. Figure 46 presents titration by flow cytometry of bispecific antibody
from 0.1pg/ml to 2.5ug/ml across four RBL-derived cell lines, RBL huFceRI cells, RBL huFcyRIIB
cells, RBL huFceRI + huFcyRIIB1 cells, and RBL huFceRI + huFcyRIIB2 cells. The solid peak
30  corresponds to cells bound with biotinylated bispecific antibody. Titration of bispecific antibody
binding to RBL-derived cell lines indicates binding of the bispecific antibody to RBL huFceRI +
huFcyRIIB1 cells and RBL huFceRI + huFcyRIIB2 cells was decreased at lower concentrations of
bispecific antibody and undetectable at less than 0.0025 pg/ml. Bispecific antibody inhibition of
RBL histamine release as shown in Figures 42 and 44 was maintained at concentrations of bispecific

35  antibody below binding saturation, using two different concentrations of NP-antigen stimulus.
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I nal ngrewneﬁzﬁﬁch%l&f‘aghﬁ&t %C@Bé}\%lgmg Bhhah 1 g /%\I%H; l%%%%ﬁd%@ #idh, firBYHRs an

43 respectively, while histarine rel ease an bi specific anti body
bi ndi ngddygimeRBlurshiRbesing thatthreagmis B2e v dppletpdsirgsp thespll efturamerdiyiyr E¥ala4 and

45 1 espgelk g@%e%i -s%rﬁHQ RiRRHORT e H%t%ﬁﬁgd%? flo®l SRR Osibeskarkifsdligyel s is

denonstrate I specific antibody concéntrations greater than 0.0025
ng/ nL i huhat IsERBRltdg I RboratRries) afrmayRiemy! all &csRY regeptompp isprieRioodehurec gRI |1 B2

cel{s. Flow Ltz | fuphd jif bfova FREAY 405N dBiggkciie alilod
huF(i:§eRI +hch%)é)RF\§;I)I fonieh %ﬁ%ﬁg&ég@ﬁgﬁ%’gﬁﬁ B gRI | legglgl e T na et ed ¢ hat

bi ndi nghasarowktaction Aeh-mdvcsd apregnlation oh FeeBk purircerprepsion leyglnin Zopmpespfdthls | ¢

anti body,r ERBMIE 2860 Pidusesublahd@bd, Al RY shinf¥s SHRBIMRIFCYRIGhuiReTi fi C
ant i bodl;/{uﬁrom P).glasr‘r%om tgﬂézu. Eﬁ /m acrolss Sf oﬂr RBL- deri ved 1é:e?,l | i nes, RBL

huFc eReellsetsisBowRBLignasSy rrd B ddqweyer. migecifig paihody decraaspd dhprgsfest af gkl s, and
RBL hUF‘ﬁ¥x_%§11?tf6nKlg&?cogd?&ésﬁﬁ@mub&mlﬁkﬁhu%m@m%kz s@hfle@spands to cells bound
I N

with bio ated bispecific antibody. Titration of bispecific antibody

bi n&® ng helseRBihuERRITPR gellsap phovinde Eignisg P2 9% bi ndi ng of the bispecific

anti body to RBLfWF6r dpkcific iR Belloevh® g@itbnRBEr Binbeal 6FlE wab biks g RHB2
cell s was decreased at | ower concentrations of Dbi se}em fic ar&tl bﬂ% and
ARt G

undet ec mgpfuEedayity regilts shoyp Figerss Sty /- nfcelis ao Ry ¢ls Wahyar i on of

RBL hi SWH?lf}%/rﬁﬁhmaga.aﬁ;qu@%s ihQn Fh@bd 88 offe _@élﬂ;uﬁére\fﬁbﬂiulﬁﬁiﬁ_dtfabm&d_ at

concentrations of bispecific_antibody bel ow bindi r]% sat‘;r.at 1.9n, LE?)I n??[ t wo
S

di f f er edpwrisgHIEion mas PRsAYed by flgpy sYipreann dieinrespre onatsense Shiishepiic appdy dis o
FceRba $us hagf 74P S&1-HdvMRY BIFS Bispecific antibody had no effect on FceRlo,

downregulation in RBL huFceRI and RBL huFceRI+huFcyRIIB1 cells, as shown in Figures 55 and
56. However, the rate of FceRIa downregulation was increased by bispecific antibody in RBL
huFceRI+huFcyRIIB2 cells as shown in Figure 57. The experiment using RBL
huFceRI+huFcyRIIB2 cells was repeated, but SA6/22E7 bispecific antibody was added in the
30  presence of IgE at zero, three or four days (see Figure 63). The results show that the bispecific
antibody decreases IgE-induced expression of FceRI in these cells. It was also discovered by these
studies that the huFcyRIIB1 isoform does not downregulate huFceRI expression.
These studies indicate that the bispecific antibody can decrease the surface expression level
of FceRI on mast cells and basophils upon co-crosslinking FceRI with the B2 isoform of FcyRIIB.
35  RT-PCR data of huFceRlIa, FcyRIIB1, FcyRIIB2, huRPL19 (control), and rat FceRla, mRNA
expression in mast cells: RBL huFceRI (designated huFcERIa), RBL huFceRI+FcyRIIB1 cells
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Downnodul ati on of FceRl expression |evels on nmast cells and basophils is a
means of reducing nast cell and basophil sensitivity towards

ant i gen- iworoeed?289s6i vati on and i s one nmechani sm by whi clrCa/ush@sapest i c
agent could have a beneficial effect in asthma or allergy. The ability of
the bispecific anti body to nodul ate surface expression |levels of FceRl was
assesse r I ' oM, ion
expor | MR R R g e e

f ol | owi bgophibdeduthes diffeRht donfis dRiak-inEBTdRR @nt@n@IORIEFWBﬁcBéRndrH Rl | B2

absence it S Relich B BBl B0 o Bfed e bRGT Bl ol B 0RO

and 4 Sdﬂemhttmatdomlfmmﬁ bbp@ pasopHilis cve@mqlzb@tjfyora hep miyef biapd weing magietins

r emad nch et eq u

det e tlg Paﬂﬁ‘faﬁ ‘gésig SO h1li’%’s8ﬁi%n§§t R/Eée ngﬁ F ftg‘?l%)ﬁ%grggg\gn s were
not dep b&bﬁéd ﬁsﬁlingNéheyT@erhhl l@tL(Qiagéna TiedbiloWwing; pmaér/plrcﬂned:tsusaﬂ faedd timeRTace
human F I d.by flow cytonetry using an anti body agai nst
human |§§Ea(1%v§%§ ‘{Jlmf[nﬁ 8fies) after saturation of all FceRl receptors on
ice wwth U266 IgE. Flow cytonetry dat a'IﬁlﬂécheRI upr egul ation is shown in
F| gure 40 _CA B: S DC: 'FI c—ant i henl\: h an

upr egul atpage! |ECETd:sGFT G0 ECT, ST EA\CQT%G BT ) D.%@:‘I@f RBL hilFC
eRl cells, as sH&&HETY ETRHGTS T85 AGH GIF TARIARG BELEERIDNQdSpn hyEd
eRl +huFc gRI | Bl |@edbes, A SHEWACE AGA JIGFeSCE T FRASATC HEHESEQ ID NOdAbdi i ¢
anti bodly decreas@drviand ext aigr SffcFeaRIGAN AAFUSER MONIBON co- crossl i nkijng
huFceRl haRgRIBIFC RgRirkdB32ctn ¢ar 2asagpl era® fTdRBEANUFSERIINOH®) gRI | B2 cal | s
as shown in Fi gupese53 AeM && cthecetTeel cakh hrspewt fd GEQDINDAY) on
FceR! agownr egul dtH a1, @1 Tet TeROMAl ek LoE dis @l SPQBasigd with resullts
shown 'ﬂfgaggﬁp%ﬁﬁe cER SR PG RBEs CEld SRS CUREG IR TOr 7 days |with
L g/ Poie B T, THETCHESIR it Bl (GliF T Rpadyut T UTe Tenum

I 59 Aaown o —at+-6hR NS . AReEarvad "IN T AT A, A h
o e S B E BUL  gRy pe eer
Bi specilfic anti QOMEYIBACCHD G SR GO RIS T BaS R
and RBIL_huFc eRI|HwiEc JRIBARCCETE HAG SCANERE AAP IJQ&&E%$HW3%6 However
the rafe of FceRFadewir@@@uTERi BHL \GOS AGAr S8k St ThFChi & 6870 ID NOAMD i body i n
RBL hufc r&RbsRIURRegROB:E elThsCaS AHOWTTI ATE TRE @TSSEQHENSSer i nent _usi ng
RBL hufc eRl +huRergfsl | BRaceth scvasocepeat @al; Antt THACARR EXCTHISEQADING:26)

anti body was added 1n the presence of TgE at zero, three or four days (see

F 63). Th | t how t h f tib d
oE WP nauces S satwhionabenb TSt BB st e S B Rrs by

HAO

these stoidl hRﬁaCRtM@tehNEC( Blb@@feﬁlrsﬁnﬁl;IMg ﬂretmfl@mnegut)eamﬁmamm eRl
expr essi on. ese_ st |. €S at the ecCl ti an.
decr eas &'preL sBER 5&@“‘8&%%@5‘?%% ° %Fxlﬁﬁsé?é mglﬁm?ﬂaéé o E}if P58 %H“‘oasophi l's

upon CoOgHREIHSLKihe Gerh_'&@tFﬂtedeﬂiﬂy bihie ngeblﬁefaﬁﬁtﬁiﬂjbfo dosgEbRate FGE:—RE’@Rfadat a of
huFe eRlegpws!:s?o%l?gJEls ]\'Nherllz (c:o cI::\;loéstked to E{PIR}I%Z(m ot alcgs 'metibds ofit smg%l?eRa!n%—

15  FcyRIIB-anti-FceRI bispecific antibody of the invention particularly useful for treatment of patients
experiencing a disorder for which inhibition and/or downregulation of FceRI provides relief from
such disorder.

5.6 The Bispecific Antibody Inhibits Cytokine Release in RBL Cell Line
The release of cytokines MCP-1 (moncyte chemotactic protein-1), IL-4 (interleukin-

20  4), and TNF-o, (tumor necrosis factor-o)) was inhibited in the presence of anti- FcyRIIB-anti-FceRI
bispecific antibody 5A6/22E7 as demonstrated by the following assay. RBL cells were transfected
with cDNA encoding huFcyRIIB2 or huFcyRIIB1 and huFceRI and cultured according to the
procedures described above in this Example 5. Cells were stimulated to release cytokines by
exposure to nitrophenol (NP)-conjugated ovalbumin (NP(11)-OVA) and an IgE (anti-NP human

25  IgE) as described in this Example 5 for the histamine release assay. The SA6/22E7 bispecific
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expression in mast cells: RBL huFc eRl (designated huFcERI a), RBL huFc

eRl +Fc gRHBI cel | s(designated huFcGR bl), and RBLhuFce+FcgRI 1 B2 cells
(desi gnatwa 2nesF€¥Rb1 b2) ; and on human basophil s from t hipeg/usedoses 28t
donors. Real tinme RT-PCR identification of FcgRIIB 1 and FcgRI |1 B2 i sof orns
was performed on nRNA prepared from purified peripheral blood basophils

from th ﬁ)oﬁ% 5 1A tohEBR s&lﬁﬁl&ra‘éac&%&ﬁﬁu&{ é?ﬁﬁ%?éc'uﬁxh YR RartRe oﬂToPd from

100 M o usi ng nmagnetic bead dpurlfl cation man baso
198

i sol at i e#vhlef the cxfokinespfiiyteresyRpperioppediay fellosis or thescymeﬁ)?’%lpﬁfeéfd M- E@nd
RNeasy ( gmh Wr&erHetéﬂeH ubibd 2880lyte RARAfQ k*t%@ﬁeaa m&&rMREﬂQ%&@i@qﬁ_ﬁﬁe for real

time RTPCR anal S|sarellsted|n
CTC AAGChﬁ@wm;lerm( 8o Bat NG almlzeywwre@cte@uanmﬁéa@@ TNEwriphaBFISAcdt ACT GTC
TTC AAC I ‘mp&%ﬂ Tl CAA ATG CC
(SEQé\|A Da@u(fﬁﬁ@leor%vl\}alh?cmge%)s “P{r%%ns ﬁ%aé% AAT s%gﬁ 8 5}% o huFcgRHBI
Rever semam@:rctumrls g CATp. Meﬁ@@emsfhvre(sgmor @tw@e rilez)se prlél'r‘alecel GA GAC CCT
CCC TGA/ d T GAT CT
(SEQ 1 D" %%?1 lﬁiu;EFﬁchﬁ PEREARY eai]tlz E%%QS i Bt e APRpE SR ﬂEQ ID NO
19)  Pr olyensfon@d vabAuFqTRIBA@n G cARIC Raomagt sﬁ@ cmgkme)remye wesriplbited iIGhe GAT TCT
CAT G CCA G
aCT TCTPf'%G ¢ g@é‘%&%@i I%Jr%"ggoﬁ&gyml&f ba“kAW@eaB@%% AAGQ%CE:’C%@( SEQ | D
NO: 28) mdvibwigd and mmwﬁwerwer@@@f Arhagman Fetrcuitas (dark BEe) | D NO 24) rat FceRl
Reverse: GEGsGTA %@Bﬁé& (%T-Il-ztzgdghﬁ%s%yntfzéggnu Rewg}e%?)hap hWBRic ANGA TGA GTG
TCC TTT GAC AGT TGA AA was anhal yzed on the ABI

PRI SM r yrerpoleQadifrieed [ ect i on System usi ng Taghan(r) One-Step RT-PCR
Master M x (Appli egeBios¥sbeMked RliaRMdgipl B KAk, REuding @le%réa@@ded
protocol. Both Bl and B2 isoforns of chRI IB are expressed in hunan

basophi lo& soueslled Gpriarmedt; igllarematerg npdiatorssachiasiivianipa frem mas gelly, (hegrodugiion

bi speci fof Gra@fiddnROM 4@ itd QMIEREN B &- fﬁ&ﬁlelc%%&ac Bie@XRFQ8& R @rds@gﬁhathe n
co-crosslinked to FcgRHB2 in cells makes nethods of using the anti -

FcgRI | Baphithe prdapionisnd fskeaseraf eytalipgsigdighearkinge Hrerlemed BrdiparrcdePafty usef ul

for treghpRenheRfupBRtipsitks “ﬁéﬂ@%rém%%bfaqnewm%Qaayeh%ugw F0Mnihaikd diot i on
and/ or dovvnregul ation of FceRl provides relief fromsuch disorder. 5.6 The

Bi speci fiPers/Ane prekiyesiang pismokines aredslayed el 9do Phbaws). @siof theibady” THee| ease
of cyt okgheRRMisMeRrefercdRNG Yiletr&hRPME AGd é&cAAl, Prétiubes tHibe ndwly-forfbdnGhh@beyN-

20  mediators—prostaglandins, thromboxanes and leukotrienes—which are collectively known as

eicosanoids. The release of metabolites of arachidonic acid was monitored to test the ability of the
the 5A6/22E7 bispecific antibody to inhibit this downstream effect of exposure to allergen. RBL
cells were transfected with cDNA encoding huFcyRIIB1 or huFcyRIIB2 and huFceRI and cultured
as described above in this Example 5. The arachidonic acid cascade was stimulated by exposure to

25  nitrophenol (NP)-conjugated ovalbumin (NP(11)-OVA) as an antigen in combination with an IgE
(anti-NP human IgE) as described in this Example 5 for the histamine release assay. Quantitation of
metabolite leukotriene C4 (LTC4) was performed with an EIA kit (catalog #520211, Cayman
Chemical Company, Ann Arbor, M1, USA) according to the manufacturer’s instructions.
Quantitation of metabolite prostaglandin D2 (PGD2) was performed with a MOX EIA kit (catalog

30  #212011 (Cayman Chemical Company, supra).according to the manufacturer’s instructions. The
results in Figure 65 show that in RBL cells expressing huFcyRIIB1 and FceRI, arachidonic acid
metabolism, as evidenced by the production of LTC4 and PGD2, increased with time in the presence
of IgE plus antigen, but not in the presence of an irrelevant antigen (TNP(11)-OVA). In the
presence of 5 pg/ml of the 5A6/22E7 bispecific antibody, arachidonic acid metabolism was

35  inhibited. The same results were obtained using RBL cells expressing huFcyRIIB2 and FceRI (data
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4), and TNF-a (tunor necrosis factor-a) was inhibited in the presence of
anti- FcgRIIB-anti-FceRl bispecific anti body 5A6/22E7 as denonstrated by

t he fol | owmbrgocaes®wy. RBL cells were transfected w th cDRATAse@dionesl
huFcgRI I B2 or huFcgRHBI and huFceRl and cultured according to the
procedures descri bed above in this Exanple 5. Cells were stinulated to

rel ease N U O A e G
(NP(CILI) - %ﬁk%n es@¥es gﬂlrtl5 Sl(%{alelPﬂ nanﬁgl d[)eascrlg}1 1Ehl n tHI’S:II s Exanple 5
f or theleﬁiﬂamth‘@CSRblblms@cas@@?Y The 5A6/22E7 bi speci fi canti body was added
to the text | 95 1ibiR0e 2R U caPBLGE41 on and
quantitati on%éppeacﬁg%?e%tfﬁgﬂgg&gé?nels % nl nceerest f/vas perfornmed as foll ows
for the cytoki nes Hyfmap h@@rrefslow degred mashepll (huBMYEY surgivplds induced by Agrine
Beadkyt ¢ {ed S0 st8nval the FHRRL R
Char#ott%svﬂt%m\}k&%{}?%@ (f wgé detected US| ngean anlt?glt-!r’agt TNF
al pha Ekugg Hcrfprnadcﬂmdﬁmgemaﬁomiﬁélc mg@ﬂfamt@meﬁrlls@l)%*t)mﬁqb@@d frPe assays
vwere perf &ﬂ‘%&tﬁfgfﬂgm@z Ui e TRERGLUIERT USA). NEIUR! ch b e 64

depicts t ere or cytokine releasé in RBL cells tranfected with
huFcgRI |d@®rawete el FeaiRvo vabltshm SmPra® sesum-free wedivmi(gibeg akk Cplgie Rpfengel | s

transt elﬁ% oh. E\ﬁkg‘?@ﬂéﬁ Jcoﬂﬂal?l rg 5'30 n%‘?ﬁl) 8321280 b nﬁ)vah@gﬂelg%eﬂ el ease

was i nhi prese ce 0 2E7 speci fic an body
| i gho befaost)r (SGIhet Byl oMlat’rﬁeellrfélr‘e‘@éé/awsesﬁétbyllwﬁ%ﬁ/ﬁédﬁ\%ﬁdmlﬁ@r eased over

a peri o% ﬁﬁ%,ﬁ%l tsﬂg&fﬁlﬁ tBh/B i Jfg {u,w t&ﬂé{yqutbﬁééén Dékezlsfﬂ‘&dé pRcific

Ant i bod ynt SI S an ease of "Arachadonic Acid ne abolltes in
RBL Cel IFrankieLakes NIy €§ahodenthe followingdast ¢onflitipest 45 StemRroB|needivghalens. (2eésponses,

| net udl APy hﬁhﬁﬁﬁes@ég@fm%bb@gg/mmea bl MR mRi G RAlakor S such

as histamne from nast ce roducti on o arachidonic acid and its
conver sisa/m{RE-5onawsg IgEdmtl@I\B)dgmlioﬂﬂl apiihein (SFES7, Sigar als Lois MQdiHNdi ns,

and j5he @fsqamt,@%d?u% S%Eﬁﬁ%gﬂé?lf JENLRKISPES, AR sFSERPlENaStukE 8 lrhimed

nedlators are rel eased di ately upon exposure, whereas ei cosanoid
nedi at orSPEr €5 deimdy A6/ 22BTbkeyilis @ntvhoﬁnt Gl upyival paymenitosgddor\hdaxs Hiesthend
chenoki N&ga 6 vféal &Xtﬁgng 1%9@ | gelR vs‘»e9e I%élmlaﬁaw &:37 @hesc@tdé e phastef gnse

mechani sns, referred to as the arachi donic acid casca produces t hree

newl y- f crtimecherwern 4anhi 6y aﬁ@dhea%%@ﬂmt@% ft&@lrlamplhglrwwﬁr“@ﬁﬂﬁ%&wé Ahg

| eukot ri gnes s enibiBot & kB Gl N8l ¥ thROWShoRS IR HPR AR 65% = Fhendselg@re Of
net abol i tes of arachi donic_acid was nonitored to test the ability of the

t he 28A6/ipdigte thatdpwhition of tag e RbEsePias astiyHy BY eropsninkingoviirats By HIBIeSeRr of
exposur %sfn% afhde® !‘F‘lgzﬁillB -BRLFGRI bispelBi @ndtoay mhdat Brind Ioh-i6dab RRgRUbLNY

huFcgRI I B 1 or huFcgRI I B2 and huFceRl and cultured as described above in
this Exdww@b@ewewaieam%me&am d cascade was stinulated by exposure to

ni t rophenol (ﬂ@hb&z@@‘)éégﬁﬁﬁ‘dﬁ % Quaﬁauaédyﬁéélddaco@we @sc oﬁiﬂﬁth@en |n
conmbi nation with an Q%E anti - human 1 gE) as described in

)
for the Tnufagifefad pe &?éoazg%t%n obths i yeptian; éwcsfn%fla‘w&m“&q R‘b‘teP'il

(LTG4) vasbPehdearimma: dbirin@odehid shirk arfdGaslop theipdRich, the 1@@Ml&ﬁes@é§m tEe’il
Conmpany, Ann Arbor, M. USA) according to the manufacturer's instructions.
Quant i t AaBhhesringtist appetdefe prost agl andin D2 (PGD2) was performed with aMOX
ElA kit (catal og
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#212011 (Cayman Chem cal Conpany, supra) .according to the manufacturer's
instructions. The results in Figure 65 show that in RBL cells expressing
huFcgRI | BvO 200502895€¢ Rl , ar achi doni ¢ acid netabolism as ecirdse@sd3trglt he
production of LTC4 and PGD2, increased with tine in the presence of IgE
plus antigen, but not in the presence of an irrelevant antigen (TNP(I
|)'O‘/A)Wﬂ@L,&ﬁf- presence of 5 ng/m of the 5A6/22E7 bispecific antibody,
arachi doni ¢ aci'd nmetabolismwas inhibited. The sane results were obtained
using RBL cells expressing huFcgRI I B2 and FceRl (datanot shown). These
resul ts denopst 3 o | AL [hs\i@é; iSsticnfitRb ligde, by t he
anti - ch%l I%—ﬁtgﬁﬁe{aﬁ&g%}ﬁﬂ)ﬂ]g%nggggﬁqﬁgé (z)allnti qu;?.gﬁg.ls aﬁg&%iogaeci fic Anti body
| nhi bi ts fogefivadnsis§DReselectd fromsthegrapaiconsisagiolh SEQ TRAYQ: b gé‘r’ Pv8d Onast cel |
(huBMV) Lvial . 1S : RS To test whether the 5A6/22E7
bi speci fi%Héa]t%ﬂtni\{%bagg%ﬂ?Eﬂ%ﬁ%ﬁg}ﬁg%}g{l surr\%%\%gf, the foll owi ng assay can be
performed. Human henmat opoi etic progenitor stemcells (CD34+) were obtained
from Al l cel | gnd Sabdh 8fisth BRNRI FolyRblidedr latiboli)- 6 c1BRI 1K @h&¥in tlohealyIhhin The
cell's fromeach of three donors were cultured twg weeks in &e&%&-%(r)
ser um f r eEDReaf Bprpticenbigdioe polyreptide grantipdy epprise AFREP Y& h 20y U, CA,
USA) cont &igY af/dr sed Ob0:30 ng/m ), 1L-6 (at 200 ng/m) and stem cell
factor (SCF, at 100 ng/m ). Mast cell survival was assessed by

Annexi n/ 7- AAD (7- Ami no- Actinonmycin D) staining (BD Pharm ngen flow

CKt o;relt Iry3.ki trhe B616(O Antldl S KaMS O Polfppadasntiboly andimmn, kakeis, thdNikht LIGH) und?r)
the following test conditions: (1) StenPro(r) medi ne mPro(r
medi um + SORAGF the a‘PtLge@PmQ’(‘.‘}ép?llﬁ?erg?fl&‘? f—%?ﬁgﬁéo%weggﬁm)w,ah?@%r o(r)

medigim + NOWhiddor SEE- 1 Noweuse | gE anti - DNP nonocl onal antibody (SPE-7,
Sigma, St. Louis, MO, USA), (4) StenPro(r) nmedium+ 5 ng/m boil ed,
denatured SPE-7, and (5) StenPro(r) nmedium+ 5 ng/m SPE-7 + 5 ng/m

5A6/ 22E7 i spaeisbiaed amigehbidying fellypeptide ariaudhhodpaclaomi, wbereth thermtigh days aft er

the initial tw-, we cul furin eriod, |l s [ | ' 0C, 5%
c2 duri nﬁlnﬂﬁlﬁﬁ%ﬁ%’?g%‘?f aﬂ{lboéiytclg%gn Set a%goa}fma%mgt?ggg%ﬂgﬁ%rgg{g% ar2‘t¥11<'§1)rt of
the test actillkeguenegof S0 ID Bax¥i val was determ ned. The average percent
inhibition of cell survival for three donor cell sanples was 65% 9. These
results indicate that inhibition of the FceRl receptor activity by

cross- | i nki nGhwistlatet husigee GIREDB pelypappdorr andhady obelaiamt, wheepghg @Egent i - Fc eRl
bi speci fi g, [ L.ohi Bi. |, 6 = L ; qRpne
mar P eI PR Al T b
provi de a acidrgjuetce ofi¥EQ P piA:®dn of t he manufacture and use of the
conposition of the invention. Since many enbodi nents of the invention can
be made w thout departing fromthe spirit and scope of the invention, the
i nvent i on 6r e Jihgisslajed antigsn bindingpolypapsiineranibody shelagel Wherem thy s An

i sol at ed gpiQeRiyBigads &%ﬁ@é@%ﬂ%ﬁ&@ﬂeranmtdcmeqheﬁ&grsm&orm)sax and@ast one,
two, three, tour, five, or six selected fromthe group consisting of:
SEQID NG 1, 2, 3, 4, 5 and 6, wherein the anti body sel ectively binds

FcgRI | B r ecepth@hatigen binding polypeptide or antibody of claim 1, wherein the antigen binding

20 polypeptide or antibody is a monoclonal antibody, a chimeric antibody, or a humanized antibody,

or a fragment thereof.

8. The antigen binding polypeptide or antibody of claim 1, wherein the antigen binding
polypeptide or antibody antagonizes binding of an antibody Fc region to FcyRIIB.

9. The antigen binding polypeptide or antibody of claim 1, having the binding characteristics
25 of an antibody produced from a hybridoma cell line having ATCC accession number PTA-4614.



2. The isolated antigen binding pol ypeptide or antibody of claim1l1, wherein
the heavy chain CDRs of the antigen binding polypeptide or antibody

conpri se \8AQuD28B361 and/ or SEQ I D NO 2 and/ or SEQ | D Nec3/us3005/hbesi sol at ed
antigen bindi ng pol ypeptide or antibody of claim1, wherein the Iight chain
CDRs of the antigen binding polypeptide or antibody conprise SEQ ID NG 4
and/ or SE .Ianll\Jaa %@t eff o’f“%?ﬁ%’%%@aﬂ a%tibo Q%ﬁ%ﬁgﬂhéﬁﬁﬂlnggﬂ&&%s@dsr&ghrp 9

pol ypepti de or antl erei n“the antigen |nd|n8 pol ypepti de
or ant i bogyibedyrpedwsekiran hbgvridowh e¢lhlinedeiinp A& Clanesstiorcomber BT 4dokh am no
acid sequence of SEQID NO 7. 5. The isolated antigen binding pol ypeptide
or antibody of claim1, wherein the antigen binding polypeptide or antibody
conpri seslla Apdgotatedirntitody or putiseebidding pelyecofiey fragmsat th‘?fe@?r/ﬁfﬁ cadfremgequence
of SEQ | : I i I el ol ypepti de or antibody of
claim1l, q}\ﬁgig?%%lﬂéggﬁﬁ%éﬁég?% %gﬁldélg%gllb%ppg% ?glépor anti body conprises the
am no acid sequences SEQ ID NGs:7 and 8. 7. The antigen bindi ng pol ypeptide
or anti bogy Al dfkdwnilhibifh PoyRIM AR éﬁ'siﬂgl.l ng pol ypeptide or antibody
is a nonoclonal antibody, a chineric antibody, or a humanized antibody, or
a fr agmenbinding Fed¥IB with appatigaathinging nelwaptisy op#tiPpdpef 489dr anti body of claim
1, wherein the antigen binding pol ypeptide or anti body antagoni zes bi ndi ng

f ti body F ' to FCgRHB. 9. The [ bi ndi | tid
ant | body &1, dhemihad Stem 4G sbREmeRRTh gt e epur e B B AR gy

produced fg/mmagachyiy.i doma cel | 1ine having ATCC accession nunber
PTA-4614. 10. An isol ated antigen binding pol ypeptide or antibody having the
bi ndi ng characteristics of an anti body produced froma hybridona cell line

havi ng ATCL aceeb&l direftbhBRer a Bldsd6ddsordet in Anaradlcatmedsignt i body, or antigen
bi ndi ng pol ypeptide fragnent thereof. . produced.froma.hybridona cell |ine
havf¢1g ATCC gl:g }SE?H“%%%%PG‘%‘T@t%&h{HBTﬁ P&Xpeﬁgfl%%@b&l}" B\C/\%;’Imé)gﬁfagﬂuﬁg

FcgRI | B aggenyiahy conpri sing: binding FcgRIIB with an antigen bi ndi ng

pol ypepti de ntibady of claim.1l. 13. The t.hod .cl.aim 12 wherein
FcgRI I B acti ff‘ n’s“e&B%iﬂaé‘&ﬁ?‘é‘%‘@d“%"&%ﬁ?‘gd’év\g“ﬁ%bé’g’h?%ﬁﬁ“ﬁgl' FcgRI I A activity.
14. A nethod of treatnent of a disease or disorder in a mammal conpri sing:
a) adm ni stering a th i . -bi ndj . i.de, antibody, or
chermt hor Spely TS EhaRR e Bk GaT vl REkREl RRCHRERHEEE, 0 ol ypept i de
or ant i boddmiofstratiogiofird antigén bindingpdiymtpade ar pesthoingf deidilsease or di sorder in a

manmmal conprising the adm nistration of an antigen bindi ng pol ypepti de or

anti body of claim 1.
15 16. An isolated bispecific antibody comprising:

a) first antigen binding polypeptide or antibody of claim 1; and
b) a second antigen binding polypeptide or antibody, that specifically binds an activating

receptor.

20 17. The isolated bispecific antibody of claim 16, wherein the second antigen binding

polypeptide or antibody binds FceRI

18. The isolated bispecific antibody of claim 16, wherein the second antigen binding
polypeptide or antibody is a monoclonal antibody, a chimeric antibody, or humanized antibody,

25 or fragment thereof.

19. The isolated bispecific antibody of claim 16, wherein heavy chain CDRs 1, 2, and 3 of the
first antigen binding polypeptide or antibody comprise the sequence SEQ ID NOs:1, 2, and 3,

respectively.
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16. An isolated bispecific antibody conprising: a) first antigen binding
pol ypeptide or antibody of claim1; and b) a second anti gen bi ndi ng

pol ypept iwo 2006/@8456body, that specifically binds an act ipcatise@snarept or .

17. The isol ated bispecific antibody of claim16, wherein the second
antigen binding pol ypeptide or antibody binds FceR. 18. The isolated

Ol Speci T Goaihd Q&ig‘x%%ﬁ {2 afickfly ol ARSIy 106 QRétn BBRL 90N o DK A
polypeptl ona antl i meric antibody, or
humani zed fmmanttggdjpl,ndmg Pfﬂtya@ﬁtémr amlqu@ eémprise theFhgueness SEOAR N§Y: dpecpd pc

anti body of claim 16, wherein heavy chain CDRs 1, 2, and 3 of the first
antigen blnglng ol ypepti de or antibody conprise the sequence SEQ I D NGs:

1, 2, and 3, respectively.20. The isolated bispecific antibody of claim 16,
wherein i htl“h&lli‘@l @%ﬁ%%f&m@ood%ﬁclém% $R&eih 'tl{esffrst%{?ﬁ[%eggﬁ‘ldﬁg Bgl'yﬁkgmde

pol ypept i e or anti conpri se the sequences SE 6,
respect i vel gutibady coppsis¢sgolagetdeldamainlesyy ¢ maﬂ‘?tfipﬁﬁiﬂg'afb?méq’ %ﬂlciﬁe%enc‘?/\ﬁer ein the
first anti 8¢l ng pol ypeptide or antibody conprises a variable domain
heavy chain conprising an am no acid sequence of SEQ ID NO 7. 22. The

i sol ated bispecific antibody of claim 16, wherein the first antigen binding

pol ypept I 48 Ghe ﬁ&’éﬂe@gﬂyec%rﬁﬁf%oﬁ%& Aai¥alel @mr&nmrfﬁrktﬁndlgeﬁ IBindﬁlE@bl@?é‘{ﬁH@r i sing
an am no acid sequence of é? 23. The jisol ated hi speci
f

) ti body
of clai m 106 antflRdy eqmpriserer Yapiphle dompiy b%ﬁcltﬁ%m@@mﬁ% RS RSP A Sf‘&PerﬁﬁPf%“gﬁy has
t he bi ndi ng gdgracteristics of an antibody produced froma hybri doma cel
| i ne havi ng ATCC accessi on nunber PTA-4614. 24. A nethod of treatnent of a
di sease or disorder in a manmal conprising the adm nistration of an
ant jpody of3. anyisehtcd bﬁbéﬂfﬂc@mﬁ%y oftlainS18, #h&elin eSPeGinfigen bﬁidtﬂgkp@liyeptlde

conprising: a i rst en bi ndi pol. tide ar duced
froma hyd¥i y gas|the tPli“ﬂ ‘%&Wtﬁ‘ésuﬂ nae %@g gwﬂuﬁﬁﬁw qﬁfﬁi" 4%31‘%{13

f ragment Uﬁﬂhg@ﬁ(fﬂkaﬁm&hmﬁﬂ&iBTAMBUbOdy or a humani zed anti body, derived
fromthe first anti body, or a fragment thereof, that selectively binds

FcgRI I B; and b) a second antigen binding polypeptide or antibody that
speci f i cald4y Abnetisd @nreatehivataidisgase ecdipirder in 2Gamihhlecompobiag e bi specific

o ooy o SRk ERn AT P 5 PSP AL, L o, Pl ypepti e o
anti body,
15 25. An isolated bispecific antibody comprising:
a) a first antigen binding polypeptide or antibody produced from a
hybridoma cell line having ATCC accession number PTA-4614 or a fragment
thereof, or a chimeric antibody or a humanized antibody, derived from the first
antilSody, or a fragment thereof, that selectively binds FcyRIIB; and
20 b) a second antigen binding polypeptide or antibody that specifically

binds an activating receptor.

26. The isolated bispecific antibody of claim 25, wherein the second antigen binding
polypeptide or antibody is a monoclonal antibody, a chimeric antibody, a humanized antibody,

25 or fragment thereof.
27. The isolated bispecific antibody of claim 25, wherein the first antigen binding polypeptide

or antibody, or fragment thereof, comprises heavy or light chain CDRs of the antibody produced
from a hybridoma cell line having ATCC accession number PTA-4614.
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or fragment thereof. 27. The isolated bispecific antibody of claim 25,
wherein the first antigen binding pol ypeptide or antibody, or fragnent

t her eof , wonpea/eescheavy or |ight chain CDRs of the antiPbodg2@sosizeed from
a hybridoma cell |ine having ATCC accessi on nunber PTA-4614.28. The

i sol ated bispecific antibody of claim25, wherein the first antigen binding
pol ypepti i p¥els - . L. : hd ght
Chal b CDRS o 1 B g P [ “na o SRR B0 ¢
nurber PTAr 46ibddy, 20fragTitest theropfacamapbrisshoawiand bigltshaib GBS of the pafibad5, wher ei n
the first I . t ; qﬁgﬁ nti body, or fragnment

t her eof , ipg%‘#agﬁc%ﬁ?'@@59%?%%%?@%@%%@%?%t gﬂg'roup consi sting of Fab,
Fab', Fab2, Fab'2, Fd, Fd', scFv, ScFv2, dAb. 30. The bispecific antibody
accordi ng 4y0 ' A= i5V @hd Rh®od|, or BAgh&EtHeREEPT OF .
31. The bf%bgg%?P%kiﬁ??%ggfﬁ%¥ﬁ%ngﬁg%%f?&%gggkﬁﬁﬁhe I % rec%ptor is FceR
32. Yhe bicspesend angibedyt pifergipentithereodi inpn @tibogydragmenicsplected framp therfouBody i s
coval ent | y, boun °fﬁ$$ ' $RC oA, ARt EPAdMy, 3R, dhpe bi specific antibody of
clai m 16, erefn the first and sécond antigen bi nding pol ypeptides or

anti bodi es are covalently bound via a linker conprising at |east five am no
aci ds. 34.30Thge bRk lahtitod R AcbRRithto Ohint | @ Wkbb R thd A TAinp rdcBtodis sPREI fi C

anti body conprises a variant heavy chain hinge region 1 ncapabl e of

i nt er - heav§°€®&i n disul fide |inkage. 35. The bispecific antibody of claim
16, wherein the first antigen binding pol ypeptide or antibody, binds human
FcgRHB and denonstrates |itt .0r__no_bi.ndi to hu gRIT A 36. The
bispecifiéﬂaﬁPFBﬁﬂ§ﬂﬁﬁn@¥ﬂyﬁ%§§F‘V%@?%PﬂgFﬁgEﬁfﬂﬁwg?ﬁﬁgireceptor is an I gE
receptor. 37. The bispecific antibody of claim?25, wherein the activating

{740 anti Bodge Pessehvareriey 9! 980N phePRudatindoak i Tigty sHRGFLR (1e

bi speci f i cseedildiabitdy.of cl ai m 25, wherein the first and second antigen

bi ndi ng pol ypepti des or anti bodies are covalently bound via a |inker
conprising at least five amno acids.40. The bispecific antibody of claim
25, wher ei 38. tThe bbpesifechfibady afitlpiboly whereip thefiost and sespidantigtndandngchai n hi nge
regi on i ncapahl i [ - i i : Ik T i specific
i body oRou s iThhcs ARABUERGDEH ) b Lo Ee e o

anti body, #idsds human FcgRI I B and denonstrates little or no binding to
human FcgRIT A 42. A nethod for inhibiting an i mmune response in a manmal
conprising adm nistering a bispecific antibody of c|laim16. 43. A nethod

f or 18uppr e¥siThg bhipesifierrinieody of daige! G yhereindeduspififinauitodnirmpessadpdiée in a

heavy chain hinge region incapable of inter-heavy chain disulfide linkage.

35. The bispecific antibody of claim 16, wherein the first antigen binding polypeptide or
antibody, binds human FcyRTIB and demonstrates little or no binding to human FcyRIIA.

36. The bispecific antibody of claim 25, wherein the activating receptor is an IgE receptor.
20 37. The bispecific antibody of claim 25, wherein the activating receptor is FceRL

38. The bispecific antibody of claim 25, wherein the first antibody is covalently bound to the

second antibody.

39. The bispecific antibody of claim 25, wherein the first and second antigen binding
polypeptides or antibodies are covalently bound via a linker comprising at least five amino

25 acids.
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manmal conprising adm nistering a bispecific antibody of claim 16. 44. The
met hod of claim43, wherein the histamne release is associated with

al I ergy, wethosn28®ws | nfl ammati on. 45. A nmethod for acti pariusgoosogR2Bi B in a
mammal i an cell conprising: a) contacting a cell expressing FcgRIIB with a
bi specific anti body according to clainms 16; and b) coaggregating the

FcgRIIB a i er eby
ot vati ngor i Rk bl GFRERES, ek b BT Bl B e ™ ot n
recept or dxeamgrch&ehmge tegiaMimepablea iintey- hmyrywhmndlﬁulﬁflf%bnlﬁéft hod of clai m 46,
wherein the activating receptor is FceRl. 48. The net hod of claim 47,
wherein the coaggregation of FcgRI I B and FceRl downregul ates .t he expression
of FceRI 449 Therhiepepibit Wigstbodyf oftflaiing? Aghersi the &irsh 2qtigen biafipg PalyeePidecd| | s or nmast

cel S 50-andhigy AR pGRAB A BomMRELE! R0 S0 bl t@n@nmmmel I's.51. A
1ting expr

met hod of ssion of receptor in a cel
adm ni sterl ng to a cell conprising said FceRl receptor and chRI | B receptor

an effectiye Ae}ﬂahﬁdtfo%hlBiﬁﬁgQIﬁﬁlﬂﬁlﬁief $spordB i Dasimefcombaling dninibringlhe net hod
of claim45, wherein the cell is a cell of a manmal experiencing a disorder

relieved Byspreifis BiibpdypfRITE@R expression in the cell. 53. The nethod of
claim5b52, wherein the disorder is a chronic disorder. 54. The net hod of
claim53, wherein the mammal i s a hupan he, met hod of cl ai. m 53,

wher ei n t HE- di Behegder SuBPrEssHg LIRS 1§ sg'asqoglaﬁggg’ytpgﬂ HHHESIBROYES Li ency;

rheumat oi dnAfibdlchibpisingSMBliiringlabpecife Hitibedyrdfobits 1¢.SLE) ; di abet es
mellitus; multiple sclerosis; Reynaud s syndrone; autoinmune thyroiditis;

al l ergic encephal onyelitis; Sjorgen's syndrome; and juvenile onset
di abet es. 46 .Thd- hﬁthd&bﬂtﬂlﬂm@rﬁ, wheadinthé hijstandisr release tihwsavetddod thatibgncetdhmahe
tre%rrent .0f a chronic disorder associated with FceRl activity. 57. A

d for™ ¥ PPYPi ng FcgRIIB in a manmal i an cel | conprising: c) contacting
a cell expressing FcgRIIB with a bispecific antibody according to clains

25; and d) a IE@Q g receptor with the
bi specific 53%11%%50@& ?cl%gatfgﬁ%cﬁc I vaaﬁnng t%ﬂ gédlr?l?(p?{é{ng% The net hod of
claim57, wherein the acmtawaganql mm@mgﬁcﬂ&ﬂﬁwihsaésspamﬁcr mibadt acoating g

moti f. to claims 16; and

b) coaggregating the FcyRIIB and an activating receptor with the bispecific
15 antibody, thereby activating the FcyRIIB.

46. The method of claim 45, wherein the activating receptor comprises a ITAM activating

motif.
47. The method of claim 46, wherein the activating receptor is FceRL

48. The method of claim 47, wherein the coaggregation of FcyRIIB and FceRI downregulates
20 the expression of FceRL

49. The method of claim 48, wherein the cells are B cells or mast cells.

50. The method of claim 48, wherein the cells are human cells.
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59. The nethod of claimb57, wherein the activating receptor is FceR . 60.
The nmet hod of claim59, wherein the coaggregation of FcgRII B and FceRl
downr egulwbeasodtessexpr essi on of FceRl. 61. The net hod ofCtits2onsdIi28wher ei n
the cells are B cells or mast cells. 62. The nethod of claim61l, wherein
the cells are human cells.63. A nethod of inhibiting expression of FceR

receptor i cel | dm nistering.t . I Sd I I

oot or e TietprSlonas Ll fcbiibin §OHPE) Rl Blelo EAR

ant i body ebmptisngraRFceRleceptoeamiBichREB odceptbranafsdtive wmen ofithe bspesefld i s a
cell of a | .experi encing a disorder relieved by inhibition of FceRl
expr essi Oﬁnnﬁ’bn@&?ﬁgﬁ%% {é 65. The nethod of claim®64, wherein the disorder is
a chronic disorder. 66. The method of claim 64, wherein the manmal is a
human. 67.5, The. e 0P8 Him b Al Sime WAL 88l SGn MR eldSkichind i@ Cl er osi s,
| eukocyt e adhesi on defi ciency; theuratoi d arthriti S; system c | upus

er ythemat aeliesed ISLiB)ibitidh affeeREexpessdiort inghe ¢l ti pl e scl erosis; Reynaud's
syndronme; autoi mrune thyroiditis; allergic encephalonyelitis; Sjorgen's
syndrone; and juvenile onset diabetes. 68. The nethod of claimb57, wherein
t he met hod3eRhametbsd efnkimpSeavheesin thedisgrdetip a alrenigliseflefer associated with
FceRl activity. 69. A conposition conprising an anti-Fc gRIIB/anti-Fc eRl
bi specific antibody and a pharmaceutical carrier for therapeutic use in
conbi nat i oft- \Iilmetaﬁdaﬁﬂlalm|559*§ﬁﬁl?%wﬂwlmhum%5 bi ndi ng pol ypepti de. 70.
The conposition of claim@69, wherein the anti- FcgRIIB binding region

oo b o Dot eiig? B ebigh o i e GG oG 3R o 1o
conposi t i aRfieitncg| AbumA8d budiritR sy seitiaps eftheitoant(SLE)) Habausinedittys; or - anti - 1 gE

bi ndj ng pol ypeptide.. 72. The c ositi.on of clal.m .wherein the.anti-IgE
ant ?@ody tbelf seisrpiis Z‘ewgwﬁfg@ﬁp%%ﬁlw’ﬁe By %?e%gi? She Byt :
anti -1 gE agjbighodyndrsm&ahajuvérile.ofdt didbdést conpri sing the conposition of
claim69, further conmprising a |l abel indicating that the bispecific
antibody is for admnistration in conbination with an anti-I1gE anti body or
anti -1 gE kiendihagetholl yHagiddewlicpein tHeendthodznimmpds tief treatnient ¢f\a, cheppicithserdend/ or

i nflammation | ?da‘mactixzi . The kit of claim74, wherein the manmal is a
human. 76. 25K o ¢1%1" 75, wherein the administration of the

bi specific antibody is separate fromthe anti-IgE antibody or anti-IgE

bi ndi ng pol-ypept.i ot } f i m}ﬁif . the adm nistration of
t he bi spegf%7f %:B%dﬁgﬁ%g%w?@ég:icﬁgﬁ glnae%%@n\%\i} atZl%elt1 he éﬁirlrllgni'st rati on of the

ant 151 gE anti body or SarspitadtigEa o¢lhesipregsinoFsyBEBtWithe bispecific antibody according

to claims 25; and

d) coaggregating the FcyRIIB and an activating receptor with the bispecific
antibody, thereby activating the FcyRIIB.

58. The method of claim 57, wherein the activating receptor comprises a ITAM activating

20 motif.

59. The method of claim 57, wherein the activating receptor is FceRL

60. The method of claim 59, wherein the coaggregation of FcyRIIB and FceRI downregulates

the expression of FceRL

61. The method of claim 57, wherein the cells are B cells or mast cells.

25 62. The method of claim 61, wherein the cells are human cells.
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78. The kit of claim 74, wherein the anti-IgE antibody is Xolair(r). 79. A
kit conprising the conposition of claim 71, further conprising a | abel

i ndi cat i ngot2h@to28956¢ bi specific anti body and anti-| gE antchadgoosniesti -1 gE
bi ndi ng pol ypeptide are for the treatnent of allergy, asthnma and/or
inflammation in a mammal . 80. The kit of claim 79, wherein the manmal is a

human. 81..,The tfwd &l gexﬁrgmm% el récgn&oﬁnta'cel Stk DRto hetio! a1 7 (1)

82. A met (§3d dretbdd 1sin
ant i - FcgRidBmanding fatiRER biespper piid IicyRHB irdvepbyr anrﬁfﬁt:amblamnmt@ﬁthmbwhecsfw anti-IgE

anti body or ti-l.aE hinding pol ypeptide to a manmal experiencing a
di sorder <8f ]gogjf'@&cl%f%%‘t he group consisting of allergy, asthma and
i nfl ammation. 83. The nethod of claim82, wherein the adm nistration of the

bi speci fi 4arﬁu|3 rl%gt%Xd c(iiantngj \@lﬁ}:%ém th%gﬁl iggtc 1pa£ymagﬁmﬁ@( eneﬂc!'r_'ngbd g

pol ypeptide i's sep ara clarm 82, erein the

adm i st ra‘clue(yndbshnhllhmobloﬁﬁelil ¢xpeessiont inteecbelland t he anti- 1 gE anti body or
anti- I gE binding polypeptide is sinultaneous. 85. The method of claim 82,
wherein the manmal is a human. 86. The nethod of claim82, wherein the
anti -1 gE &t Tbonythod ofakaiin (Hgwhassim e gisorden iy p elyonig dispiderxo| ai r (r) .

66. The method of claim 64, wherein the mammal is a human.

67. The method of claim 64, wherein the disorder is atherosclerosis; leakocyte adhesion
deficiency; rtheumatoid arthritis; systemic lupus erythematosus (SLE); diabetes mellitus;
10 multiple sclerosis; Reynaud's syndrome; autoimmune thyroiditis; allergic encephalomyelitis;

Sjorgen's syndrome; and juvenile onset diabetes.

68. The method of claim 57, wherein the method enhances the treatment of a chronic disorder

associated with FceRI activity.

69. A composition comprising an anti-FcyRIIB/anti-FceRI bispecific antibody and a
15 pharmaceutical carrier for therapeutic use in combination with an anti-IgE antibody or anti-IgE

binding polypeptide.

70. The composition of claim 69, wherein the anti- FcyRIIB binding region comprises at least
one, two, three, for, five, or six CDRs selected from the group consiting of SEQ ID NOs:1, 2, 3,
4,5, and 6.

20 71. The composition of claim 69 further comprising an anti-IgE antibody or anti-IgE binding

polypeptide.
72. The composition of claim 69, wherein the anti-IgE antibody is Xolair®.

73. The composition of claim 71, wherein the anti-IgE antibody is Xolair®.
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74. A it comprising the composition of claim 69, further comprising a label indicating that the
bispecific antibody is for administration in combination with an anti-IgE antibody or anti-IgE

binding polypeptide for the treatment of allergy, asthma and/or inflammation in a mammal.
75. The kit of claim 74, wherein the mammal is a human.

76. The kit of claim 75, wherein the administration of the bispecific antibody is separate from

the anti-IgE antibody or anti-IgE binding polypeptide.

77. The kit of claim 76, wherein the administration of the bispecific antibody is simultaneous

with the administration of the anti-IgE antibody or anti-IgE binding polypeptide.
78. The kit of claim 74, wherein the anti-IgE antibody is Xolair®.

79. A kit comprising the composition of claim 71, further comprising a label indicating that the
bispecific antibody and anti-IgE antibody or anti-IgE binding polypeptide are for the treatment

of allergy, asthma and/or inflammation in a mammal.

80. The kit of claim 79, wherein the mammal is a human.

81. The kit of claim 80, wherein the anti-IgE antibody if Xolair®.

82. A method of treatment comprising administering an anti-FcyRIIB/anti-FceRI bispecific
antibody in combination with an anti-IgE antibody or anti-IgE binding polypeptide to a mammal

experiencing a disorder selected from the group consisting of allergy, asthma and inflammation.

83. The method of claim 82, wherein the administration of the bispecific antibody and the anti-

IgE antibody or anti-IgE binding polypeptide is separate.

84. The method of claim 82, wherein the administration of the bispecific antibody and the anti-

IgE antibody or anti-IgE binding polypeptide is simultaneous.
85. The method of claim 82, wherein the mammal is a human.

86. The method of claim 82, wherein the anti-IgE antibody or anti-IgE binding polypeptide is
Xolair®.
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