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OF ANTI - FC RECEPTOR BI NDI NG AGENTS Rel ated Applications 5 This

appl i catW&P1{0818§ conti nuation-in-part of U. S. Serial No. OBCBEFUWE8 | ed
on July 30, 1999, which is a continuation-in-part of U S. Serial No.

09/ 188,082 filed on Novenber 6, 1998, which is a continuation-in-part of
U S Serial No. 08/661,052 filed on June 7, 1996, now issued as U.S.

Patent No. 5,837, 243,p 08/ 484 172,
entitled "Therapeutic %grrpg)u%ﬁdg npr |Isﬂeg&?$qg\pwpgi§]};8§e%t or

Anti bodi es" filed June ANTREE RECEPIOR BINDINGACGENRTSeach of the
af orenenti oned applications and all references, issued patents, and

publ i shed patent applications cited therein are incorporated herein by
reference, Background of the Invention 15 I mmunoglobulins (1gs) are
conposed BelatehAppHeationsd two |i ght chains, each of which contains an
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ability to bind to di'fferent Fc expressed on ditfferent i mune (effector)

cel | s I0Fr Adtihedies/fHed (wept, 1993.90hy eﬁrhecmeasoﬂmhrcahhmren&num 2690)

Muri ne ant odi.es re di.rec 25 a t FECRs have been nade
oo 0. o mpetialitias A B Ve Biiedie vBh QLPGThen PokAL FIVERGES FEe |
Recept or Stifefdin hfTHARPbRR HebeiSb9 RefbitfBN Mononucl ear Phagocytes and
I nternational Patent Application Publication No. WO 91/05871 entitled

Monocl onal  Anti body Specific For |IgA Receptor). 2 4 E E B 2004 WO
01/ 09186 PCT/ USOO/ 20158 2- Murine nonoclonal antibodies can be useful as
human t he Bapks MENBPEn produced free of contam nation by human

pat hoq%ns suc hlr%ﬁiu}xggemgeﬁ)r%t(llgs) areocromq:%ggdﬂ' of two heavy and two light chains, each of

which contains an NHj-terminal antigen-binding variable domain and a COOH-terminal

constant domain responsible for the effector functions of antibodies. The COOH-
terminal domains of Ig heavy chains form the Fc region and are involved in triggering
celhlar activities through interaction with specific receptors known as Fc receptors

20 (FcRs). Fc receptors for all Ig classes, or isotypes, (e.g., IgG (FcyR), IgE (FceR), IgA
(FcaR), IgM (FcuR) and IgD (FcdR) have been identified. The different biological
activities of antibodies of different isotypes are based in part on their ability to bind to
different FcR expressed on different immune (effector) cells (Fridman, W.H. (Sept.
1991) The FASEB Jounal Vol. 5. 2684-2690). Murine antibodies, which are directed

25 against FcRs have been made (See e.g. U.S. Patent No. 4,954,617 entitled Monoclonal
Antibodies To Fc Receptors for Immunoglobulin G on Human Mononuclear Phagocytes
and International Patent Application Publication No. WO 91/05871 entitled Monocilonal
Antibody Specific For IgA Receptor).



i munodefici ency virus. However, use of murine nonoclonal antibodi es2itrfEB 2004 -
sone human therapies, have resulted in the devel opnent of an imune
responseVe@IONE 5 "forei gn" murine proteins. This responsePCEESHEONSS er med
a human anti-nouse anti body or HAMA response (Schroff, R el al. (1985),
Cancer Res., 45, 879-885) and is a condition which causes serum sickness
i n humans and results in rapid clearanCe of the nurine antibodies from an
i ndi vidual ' s thculatioq | mune response in humans has been shown to
t
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the pot eetmbhdwn 1©lbeGigkingi bt henQritBRRAD IR ddhsBHRBRNA6AMLRRe t he murine

("foreign") variable regions. Wnter (British Patent Application Nunber
GB21d8s3ammumeglepvliess a process for altering antibodies by substituting

t he conpl enent@rj Ly, 1 N [ egi ons 25.wi.th those fram anot her
spoci oo T o 1GebpbutRt BN LRSI IR dter ARitshe o PR R r | ne
vari abl e subgiteihghpagifid SmAiundg IFOMAT1e@iuHs fRA bROHECIEs WithdRsumdBlodulih ndi ng
properties (for instance to a human pathogen) into human heavy and |i ght
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elicit a considerably reduced i nmune response in humans 2 4 F E B 2004 -3

conpar ed <pbinsd vath diegamplssantasy beavaand light ehnin koenostaet daphaing B6® nuri ne

conponen Er.gr, @ﬂﬁ@}{q' e of t |tered antibodies in
circul at :;*%(r)]thg %)S%,: g.ag}pntrs ToC a i)% sel'to sn.r}i?stﬁute e imuint doRsiaht region
domains to create a "chimeric" antibody which may be used for human therapy. A

chimeric antibody produced as described by Neuberger et al. has a human Fc region for
20 efficient stimulation of antibody mediated effector functions, such as complement
fixation, but still has the potential to elicit an immune response in humans against the
murine ("foreign") variable regions.
Winter (British Patent Application Number GB2188538A) describes a process
for altering antibodies by substituting the complementarity determining regions (CDRs)
25  with those from another species. This process may be used to substitute the CDRs from
the murine variable region domains of a monoclonal antibody with desirable binding
properties (for instance to a human pathogen) into human heavy and light chain Ig
variable region domains. These altered Ig variable regions may then be combined with
human Ig constant regions to create antibodies which are totally human in composition
30 except for the substituted murine CDRs. The "reshaped” or "humanized” antibodies

described by Winter elicit a considerably reduced immune response in humans




natural human anti bodi es. However, as stated by Wnter, nerely repl ;;clﬁ %B 1004
the CDRs with conplenentary CDRs fromsnother antibody which is specific
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presenting cells can be administered to a subject to stimulate an immune respense (See,
e.g., Internartional Patent Application Publication No. WO 92/05793 enutled Targered

Immunostimulation With Bispecific Reagents).

Summary of the Invention

The present invention provides recombinant and chemically synthesized
multispecific molecules which target immune cells. The molecules are “multispecific
because they bind to multiple (two or more), distinct targets, one of which is a molecule

on the surface of an immune cell, such as an effector cell and/or an antigen presenting
cell (APC). Preferred immune cell targets include Fc receptors, particularly FcdRI and
FeaR.

In one embodiment, multispecific molecules of the invention include molecules
comprised of at least one portion which binds to 2 molecule on an effector cell, such as
an Fc receptor, and at least one portion (e.g., two, three, four or more portions) which

binds to a different target, such as an antigen on a tumor cell or a pathogen. Therefore,




PCT/ US00/ 20158 t hese nol ecul es can be used to induce effector 24 FEB 2004
cell-nmediated elimnation of a target. In a preferred enbodi nent, the

mul ti spe®q 9¥0% ecul es conprise human or hunmani zed anti bog¢EBsdoPo1ss

anti body fragnments) as binding specificities. In another enbodinent,

mul tispecific nolecules of the invention include antigen 5 "nultinmer

conpl exes" conprised of nmultiple (i.e.; fwo or nore) portions which bind
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anti gen bsntitedicARE. anibedefragment hatandmb apadifisiean be used to 10 induce or
enhance an i ne response either in vivo or in vitro against a normally
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cell, for; bi speci fic nol.ecules or fusion proteins. In another
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of the bifregniegtsy pebinting specifitigegpeci fic to an Fc 2 4 F E B 2004
In another aspect, the inventiop features methods for generating multispecific
20 molecules. In one embodiment, both specificities are encoded in the same vector and
are expressed and assembled in a host cell, for example, as bispecific molecules or
fusion proteins. In another embodiment, each binding specificity is generated separately
(e.g., recombinantly) and then chemically conjugated to one another via e.g., sulthydryl
bonding of the C-terminus hinge regions of the heavy chain in the case of antibodies.
25 In yet another aspect, the invention features multispecific molecules, also
referred to herein as “antigen multimer complexes™, which comprise two Or more
binding specificities linked to at least one antigen. The binding specifities bind to a
component on the surface of an antigen presenting cell, such as an Fc receptor, which is
capable mediating internalization of the molecular complex when bound by the binding
30  specificities. In a preferred embodiment, the molecular complex comprises three or more

binding specificities, and at least one of the binding specifities are specific to an Fc



WO 01/ 09186 PCT/ USOQO 20158 -5 Receptor (e.g., FcyRl or FcaR). In a 4 FEB 7004
particularly preferred enbodi nent, the antigen is non-i mmunogenic %/\/nen
adm ni st WPdd/0pr86unconpl exed form The invention al so featuresusbbods for
i nduci ng or enhanci ng an i mune response against an antigen in a subject,
by adm nistering to the subject an antigen 5 multiner conplex of the

i nvention. The invention further inclddés methods for i mmuni zi ng a

subj ect, by adm nistering to the subject an antigen nultinmer conplex of

t he i nverkeceptor (g +FaBéer FeeRholnecpdrisulafly prederraisenbddiment, e andperbie used
inmultiple. i not-herapi es. based .on their apjlity to cause effector

cel | - rred?‘gﬁ'elgmk%g?r%W&Fg?‘g?’ﬁﬂftere G“BBF‘T’EPIWWQ}%%H cul ar enbodi ment, the
nmul ti speci fi ¢ Treliswatits akad i i E:]EI . . h of a
variety of tunor cells. Br ?%%‘iﬁrsg?gﬁil%%fé}nmg?abﬁlgp awE’Rgg’ﬁ |ggl\r4% 1 shows
t he nucl &PPEL agawSkar antiget inla seijeantesdminiaenias oithoisutjedt Be aliigige 15

regi on, ofmqt.rr;]upani ed E R a.ntigﬁdy, H22. [A] that was altered to
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recogni t itheningemigonces for the indicated restriction sites. 20 Figure 2 is
a schematic representation Olf tp@eheav_ chai n- EGF fusi on expression
construct pJ ‘g?'sﬁﬁcﬁ??r‘Bo@C‘i’ &s of Wepryeatipe 2lsa spbe psestinaruliplet he generati on
of anti-I % hhd i I § e Figure 4 is a
schenmat i cﬁ%uggggeag{egt%e%%gﬁ h?fﬁ%ﬂ?ﬂr)\fg %y?%#gc[pc%rc&g's%%{};ﬁgggﬁ?%f)r 1apgek ng

t he aléki eellsyy lofa patteubarwenbiodsderftcthy ninddgiet ific-méelpéley dmlbediseMdkifiast or
fusion pr o%}.ei n. 2 F E B 2004 WD 01/09186 PCT/ US00/ 20158 -6 Figure 5 is
a graph, "WRPIEfhe growth ghavanen o wewepells | ntensity (MFI) an indication of

t he bi nding of various concentrations of epidernal growth factor (EGF)
fusion protein (H22-EG- fusion) and the fully humani zed bi specific (BsAb)
H447 to BeefDeseniption of the Drawings

Figure 1 shows the nucieotide and amino acid sequences of a portion of the hinge
15 region of a humanized Fcy RI antibody, H22. [A] that was altered to produce a
truncated single-sulfhydryl version [B] and then altered further to engineer two unique
cloning sites [C]. Underlined nucleotides indicate changes from the previous sequence.

Overlined nucleotides are the recognition sequences for the indicated restriction sites.

20 Figure 2 is a schematic representation of the heavy chain-EGF fusion expression

construct pJG055.

Figure 3 is a schematic representation of the generation of anti-Fc receptor-
ligand bispecific molecules.
25
Figure 4 is a schematic representation of the flow cytometric assay used for

testing the activity of the humanized Fc y receptor- epidermal growth factor fusion

protein.




(EGFR) expressing 1483 cells. 5 Figure 6 is a graph, which plots the“ FEB 2004
bi ndi ng of various concentrations of the EGF fusion protein or the BsAb
HA447 to WO/ s in the presence and absence of nurine ®aTEss0R0TISE25,

whi ch binds EGFR 10 Figure 7 is a graph, which plots the anti body

dependent cytotoxicity (ADCC) resul ti_r}g_ fromthe binding of various
concentrations of the EG- fusion protein, BsAb H447 or the H425 anti body

to A431 cells._Fi e 8is a.aba raph_whi ch plots the ADCC resulting
fromthe bi ndiﬁ&u%g’sfﬁgr vhigh B‘:?‘%MG%Fhlpr@smeﬂma:rmrdr(l\iﬂiéwmé@nni body
in the praskheRdfy JRAhBudtaR ' L0 2.8 erum (HS) or
medi a cont ai ni ng ag fab lf‘rjagmegltmo ql'tsﬁgg@c%ﬂarl (r:epgg"’rmt rﬁ({ﬁ?ﬂ‘-&%&/‘s’ﬁ‘ﬁﬁ&teﬁ%gure

9 is a sdHEReEGE fasiagranhthefinlysamidnigeditiseoifieBEA RS HY4 2R BGPtpRe! | s 20
cul tured 'fn}l:ltfge Bres,ence of various anmounts of EGF, H22-EG-, the Fab

f ragnment (E #Xpresppe 43 celly the F(ab' )2 fragment of H425 (H425
F(ab')g). Figure 10 shows the ami no acid sequence of the H22Fd- HRG fusi on
protein. 25 Figure 11 is a histogramindicating the percentage of specific

PC-3 or SKBr - Fighuertois aqehph, kitlidh plots'ths bindidgdofvaabud edbtaions of thk rese
cells with . interferon-y-treated nonocytes and a 1:3 or 1:30 dilution of

super nat 4H%10R PEMEIRAE thiBs Al 447 s prddl stlisgindhe pregenchendghseice dfusumme
pr ot ei n. aggﬂo(lgy ﬁ‘éSZ}Q{R]%h\é%&]é@ﬁﬁSG PCT/ US0O0/ 20158 -7 Figure 12 is a
gt n )

di agramindicatin e percentage of PC-3 tunor cell lysis in the
presence of nonocytes and in the presence of various concentrations of
H22- bonbesin  fusion protein concentrations. 5 Figure 13 is a schematic

r epr eent at i orFignret’his agrepk. axhicnglotsithe amtwdy dspahdtmreytat@stiongADEE) act i vi ty

of BsAb t it her.by. the o-PDM or e nmet hod, Eiqure 14 i
O ranh, Tl SaPBHANRE bt bl EorkchRlioRt oF e H R o o Al g DTNG
derived BHAY ¢rdlle Ha2EG@batiydo a3l cefixpr essi ng A431 cells. 10 Figure 15 is

a graph, which plots the anti body dependent cytotoxicity resulting from
t he bi nding of o-PDM and DTNB derived BsAb 447 to A431 cells.

Figure 8 is a a bar graph which plots the ADCC resulting from the binding of
15 EGF fusion protein, BsAb H447 or the H425 antibody in the presence of media alone,
media containing 25% human serum (HS) or media containing a fab fragment of the Fey

receptor antibody m22.

Figure 9 is a schematic diagram representing the number of viable A431 cells
20  cultured in the presence of various amounts of EGF, H22-EGF, the Fab fragment of H22
(H22 Fab), or the F(ab'), fragment of H425 (H425 F(ab")2).

Figure 10 shows the amino acid sequence of the H22Fd-HRG fusion protein.

25 Figure 11 is a histogram indicating the percentage of specific PC-3 or SKBr-3
tumor cell killing resulting from incubation of these cells with interferon-y-treated

monocytes and a 1:3 or 1:30 dilution of supematant from myeloma cells expressing an

H22-heregulin fusion protein.




Figure 16 is a flow chart that depicts the construction of trispeci fi+d £B 2004
anti bodies. 15 Figure 17 depicts the transformation of a bival ent,

bi speci W@ 0AMBHody into a trival ent, bispecific antibody.PCA{eS20t8ent ,

bi specific conjugate is reduced and mxed wth o-PDMtreated 520C9 Fab’
resulting in the TsAb. Figure 18 depicts a bifunctional
fluorescence-activated cell sorting assay for HER2/ neu (panel A and EG-R

anel B ure.19.is a gr.aph pl ot s the binding of various
((:gncent I‘?’;ltl onf@'&e lgr’ﬁ?ﬁ‘é‘ﬁvm gﬁdiq%BPéAg@M“‘GPm%% t%‘”ﬂ%&‘i’@%ﬂ hysisipghe pvean

Fl h
hat e Prorl e shich Mgk B ERE Oy o ol bl R Apesl, =0

si mul t andaried protain eonbeseattbesendent fashion. Figure 20 is a graph that
shows the TsAb bound both EGFR on A431 cells and 25 soluble FcyR
simul taneously in a dose-dependent fashion. The assay is simlar to that

used isn Fi gur i ho e TsAb X H425x

52009, and thgxéﬁ%g19%@&%35888“%@@8%%@%Iﬂ%wo"@rﬂ%]%ansayxﬁ'\c%?&f SKBR- 3

cel | s butestihg tidsAkivithVB2BXAb K42 penonmed sitHer bYaid ®PBDM 0PGR M TIABI Ao f

anti bodi es were incubated wth SKBR-3 cells 30 and pre-activated PMNs. 2

4 F E B 2004 WO 01/09186 PCTI USOQ 20158 -8 Figure 22 is a graph that shows

 nduci ng’ ADCC R TAI3 T £ERPE PR e HEREY ol s bt Gho (BN o By
was per f @B NE déiwd BI A 440 IR FRand ?@yi&%ﬁéﬁé? %thr c¢dk, Figure 23 is a

flow chart for a whol e bl ood nodul ation ‘assa and the 5 results
fromlthhe assay (panel B). This trival ent ant i body rapi dI y nodul ates FcyRl

from the surf nonocyt es.., Fj nel shows, the am no acid
sequence of oI Egl‘%%g’iaﬂ W'é’ﬁ]&Blﬂ%H& d&naaFHﬁE %tm’%)‘yé‘ﬁ&ml’?ﬂt ant
(TT833) tﬁ%&z@ﬂi&%xﬁ&ff%ﬂf&-@@ﬁ\h@ﬁé Dmsén@d'B%A% 41'7495@311 cBlts.an H22Fd-TT
fusion protein igure 25 panels A, B, and C represent flow cytonetry
anal ysis results shogirag6 ida flawrcham thahidgiag the deakipRtdi 88 G sperificH22- TT833S

to Fc7RI "E ﬁqal ve W37 cells, respectively. The dashed |ines represent
negative DR the solid lines denote

15 Figure 17 depicts the transformation of a bivalent, bispecific antibody into a
trivalent, bispecific antibody. The bivalent, bispecific conjugate is reduced and mixed
with o-PDM-treated 520C9 Fab' resulting in the TsAb.

Figure 18 depicts a bifunctional fluorescence-activated cell sorting assay for
HER2/neu (panel A) and EGFR (panel B).

20 Figure 19 is a graph which plots the binding of various concentrations of
antibody, either BsAb or TsAb, to target cells. Mean Fluorescence Intensity (MFI)
increases as Ab binding increases. It shows that the TsAb bound both HER2/neu on
SKBr-3 cells and soluble FeyRI simultaneously in a dose-dependent fashion.

Figure 20 is a graph that shows the TsAb bound both EGFR on A431 cells and

25 soluble FcyRI simultaneously in a dose-dependent fashion. The assay is similar to that
used in Figure 19.

Figure 21 is a graph that shows the TsAb, M22 x H425x 520C9, and the BsAb,
M22 x 520C9 were capable of inducing ADCC of SKBR-3 cells but the BsAb, M22 x
H425, was not. Various concentrations of antibodies were incubated with SKBR-3 cells

30 and pre-activated PMNs.



staining with the fusion proteins, and the dotted |ines respresent fl{sf%ﬁ’ﬂﬂﬂ‘
protein_bindin bl ocked by nmurine mAb 22 F(ab')2. 15 Figure 26 is a
schemat M® W8 m show ng the nmean fluorescence intensity PEEYSIHIONSE fr om

i ncubation of various anpbunts of the fusion proteins MDXH210, FAb22-

TT830, and Fab22-TT833S to FcyRl positigee W37 cells. Figure 27 is a
graphic representation of the proliferation of T cells incubated wth

irradiated no : I cent rat i, ons T7 Fah22:- TTS30, TT,
or 120" TT47 ToRbei aatE AR Ba BREIAT neol B 1Blost £3HG8, AHARBELR: he
present atM2ihx bf4265heere ddpabld dfapdudiyg ADTUE o£RA9 1 feelidhasheRERB g2 kO TT830.

Fi gure 28 raﬁresents a histogram showing the proliferation of T cells

i ncubat ed20GP+ WasT@3dhe assey o@s prIfermedis2DsiTiles tannerd thvissadimiigo2yt es,
prei ncubat ed qf. W th. satuyratin unts aof , mAb 22 F(ab ior to
addi tion of t %rég‘ggtgél‘% hﬁ‘ﬁ&%ﬁ%“ﬁﬂ@@%ﬁ mﬁ’?’dlﬁ“@“ 3%y ééﬂ%&éﬁ?g‘g the

hi st ogy a9 WoRPiHe R atr : l.S.1 40 nocyt es
and Fab22- TT830 ai %gsﬁﬁn(gédei%s%magﬁn%ﬁ% a?ﬁ’?ﬁy %%gagﬁgs"gﬂ%aé@% 5??'}081) or
pr esence thf surfpG: oPménéeyiesB 2004 WO 01/ 09186 PCT/ US00/ 20158 -9 Figure 30,

panel s A and %1 ar§ graphi c representati ons show nfg the concentration of
| FN-y (panel AYSWRd4 nang! Apshosys thy amino aeid seqyenerefnligoneclaotidss ercading ur ed

for 2 day ' ' centrati.qns of TI830 .or
Fab22- 11550 B FEPEDY oS ritithy Y PF 3 EORIRA P8 JPhne  H 4§ iferam
prolifer af ao H2AFd T Thision froteficubat ed wi th nonocytes and vari ous

concentrations _of TT833S, Fab22-TT833S, or TT830. Figure 32 is a graphic
repr edent at i of'@He LA Papfin;, Beand Conpresent flow ¢ygomeney haal ysis fesults showangs wi t h

TTeaas . PAvRc oy MRS ERELRTRR 20 vl sl 1o Rl Resiitur BOAE Setlmi o ¢ on
- of proli frespaétively. Ofhe dash&d iiﬁes!r&ﬁrﬂﬁ%} ﬁﬂgafti% cOniS Shik il IR HnaRd

nmonocyt es, preincubated overnight wt various concentrations of TT833S
or FAb22-sEngag withAhe fuswnPptoiemsaand the dgnadiinespesresehi fugionheotpindbindiagat i on

of T cells incubated fo s wth nonocytes, which were first
i ncubat e&’?‘wﬁ‘?‘ﬁg%ﬁ%@" b§2ﬁg§¥)g- (Pre-pul se) and

15 Figure 26 is a schematic diagram showing the mean fluorescence intensity

resulting from incubation of various amounts of the fusion proteins MDXH210, FAb22-
TT830, and Fab22-TT833S to FeyRI positive U937 cells.

Figure 27 is a graphic representation of the proliferation of T cells incubated

with irradiated monocytes and various concentrations of TT830, Fab22-TT830, TT, or
20 TT947, showing that the fusion protein Fab22-TT830 enhances the presentation of the
Th epitope by about 1000 fold as compared to TT830.

Figure 28 represents a histogram showing the proliferation of T cells incubated
with TT830 at 1000 nM or FAb22-TT830 at 10 nM and monocytes, preincubated or not
with saturating amounts of mAb 22 F(ab")2 prior to addition of the T cells and the

25 antigen.

Figure 29 represents a histogram showing the proliferation of T cells incubated

with monocytes and Fab22-TT830 at 5 nM or TT830 at 1000 nM in the absence

(control) or presence of IgG.



15 then incubated overnight with 10M TT833S or 0.1}i M Fab22-TT833S (Lhd£8)1004
pri or to addition of the T cells. Figure 35 is a histogramrepresenting

t he conoeotrasigen of interferon-y (IFNy) and IL-4 in thersupsoomzuasst of

T cells cultured with nonocytes and TT830, FAb22- TT830, TT833S, and
Fab22-TT833S. 20 Figure 36 is a graphiq)representation of the

proliferation of T cells stinulated for’ ™ one day with nonocytes in nedium
alone, with TT833S, or with Fab22-TTS33S and then restinulated wth

nonocyt es and KiaviedQspasiicd wnd B, jasheraphic Tageentasions shpwiag the conpeiitialien ng

or aphi ¢ TP BGReas oL g eRs S bleahe RSt L T SeUn OIS Grmgl &
chai n bi %@?Hohg?% AW aFS ud Bl R s U A 838 o5 GG S TER3Y for an FcyR

(H22) and one ng specifticity for a carcinoenbryonic antigen (CEA
(constructs 3Xhigaer’13R3 praphicirepreaertaporedapiaingcrtha pioliferatiemsDUicelys a si ngl e
chai n anti body havi ng one binding specificity for an FcyR . The coding
regi ond an@lh#%ééwﬂ% FeneeRes 281d Yarioup gorgentratienst drT 33?%\5}""%?—')“&3%5%& tion

to the valcl-]i e regions fromthe heavy (VH) and light chains 2 4 F EB
2004 WO O 186 PCT/ US00/ 20158 - 10 (VL) of the antibodies, the proteins

encoded by theFgue®sk b gedphiceprdsemadon 6f de peflifedtion bf TeeKs My Gba&t foyc) and
to a hexa-histidine peptide (H6). Figure 38 shows a histogram i ndicating
the |evel2 @YSWHUTﬁéfQ)?ndtm@“%qﬁﬂjb pregneabed ovirsightwith yanenscenrayrations of

H22- ant i -mgncoded by the expression constructs 321 (321-A5 5 and
321-B4) a 3 (323-B2 and 323-C4) and the single chain H22 anti body

encodegl by t hEgGRITBSEE HGraphidrepradentaion aﬁthﬂ?éﬁﬂﬁﬁﬂhilbﬁi&i dTRRslifkiatioirbl SA.
(0]

Figure 39 shows the nucleic acid sequence the single chain humani zed
anti-Fc T RellsaneitistrdyfonAdaysieith HIi83 00 anonegyien pee! wd@veyighiaithucl ei ¢

acid. Fiqure 40 shows.the LC i ce of the single chain

bi speci f?vc?nf(‘.‘}s mcgeﬁ?téonﬁggmgg%gr g?‘:l?g?'rs@%gggm ficity for the FcyR and
one bi ndi ng spﬁgmfe:wigx HiRbgrafElpRBchiingaheflolferitd b SEIBNRGbaREFoler by
the nucleic acid. Figure 41 is a schematic representation of the formation
of nul ti ndaysedtpheneytesmabish wero firsrinqubpted Withb! T830Agné howrs|(Prexuused andin

0L 998, FSAUAE2 Bl R TR ST SEE KBS TR bt '
mul timer gqameofihe anene). Figure
Figure 35 is a histogram representing the concentration of interferon-y (IFN-y)
and IL-4 in the supernatant of T cells cultured with monocytes and TT830, FAb22-
TT830, TT833S, and Fab22-TT833S.

20 Figure 36 is a graphic representation of the proliferation of T cells stimulated for
one day with monocytes in medium alone, with TT833S, or with Fab22-TT833S and
then restimulated with monocytes and various concentrations of TT83( for two days,
indicating that TT833S and Fab22-TT8338S do not lead to T cell anergy.

Figure 37 is a graphic representation of two expression constructs encoding

25 single chain bispecific molecules having one binding specificity for an FeyRI (H22) and
one binding specificity for a carcinoembryonic antigen (CEA) (constructs 321 adn 323)
and one expression construct encoding a single chain antibody having one binding
specificity for an FcyRI. The coding regions are under the control of the CMV promoter
(CMV Pr). In addition to the variable regions from the heavy (VH) and light chains
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42(b) is a graph showi ng that incubation with M2 F(ab')3+ results in up

to 50% reduction in CD64 expression on the surfaces of nacrophages in a
dose dep¥Rd39186f ashi on. Figure 43(a) shows that high titePSTaisooz01ss
M22-specific antibody were generated in 20 all of the CD64 transgenic

m ce i muni zed three tines, conpared toytheir nontransgenic littermates.
Fi gure 43(b) shows that i mmunizing Fcy (CD64) transgenic mce with as
little asy943pHi tinmer. conplex still |leads to a detectabl e inmune
r espons e.%v%) é ﬁtr 1S %‘(’%fs APRARS E%PQE‘EP%HW? CONSHNeTs arenfasqdimaiertides ponse

of FcyRl frdBerlc (cLapeRnits aHeda-RRRE] | gy ce as judged by anti-520C9
and anti- M2 ti_ters.?@25 Th_(_z;,l m'?:e mrngrh%ﬁ\%gnﬁgg with a Fab' fragnent of a
muri ne ant i bodygurs 38 Ghows o bjstertamt indiaathi2theUd el BEFinGiRBIV Ge sifl@ i 45( )
shows a en OF an eﬁﬁr efaﬁ]on_\\ﬁt or encoding a genetically |inked

mul ti mer CERPPELRUEATES Tif 4780t - Aeneaded by db expsessionicoustrusisci?d (MBRAS sFv
regi o5 Lihakerlp4g .30 38911 9eH 2 LALigen. compl ex) - Fi gut e 45(b)
is a draw ng of f?he 3otresuf%§§%%)4?|§ﬁ%ﬁ‘%s %?gigam%apméodg "’?g?fifd WO

01/ 09186 bpUT ¢BBGLACDS]225-C2Fagieasutéd by bRphafic BLAK showing the ability
of M22 Fab x %122 Fsg é%NBZ and H22sFv-H22sFv-32. 2sFv-gp75 nul ti ner

conpl exes to Bi§He 8 sheyijhedyurleis aoid psguanes ofithelsigleichaiahmaianizad kot-FcFi gur e
47(a) sh . n_expressi on vector, encoding a genetically linked 5
mul ti mr?gan%fﬂég?@géttal R _scﬂlﬁi"°§|§9‘xf‘j€§ib§r{_§e pisieacidoget her to an
antigen (H22(F?gﬁreaotsh@@@zh@muklemqi&ﬁﬁmkgesé)ofgﬁ% QHélgﬁﬁZig%})s\&gaﬁ@ drawi ng of

the resulting nmultinmer conplex. Figure | g ng the results

of a I8 neialeruboimping onesinding apedificingfor b2F 7RI and bR2sibd g BFcifiih) foper and
H22 Fab2 qultiper. Results are shown in terns 10 of binding inhibition of
an |v22-p%@%ﬁﬁﬂﬂ“%%?ﬁ%&c%wpﬁ%bythsrlrtwc}ma;.ld-Fi gure 49(a) shows a

map of an exp L @R ; ' a genetically linked multiner
conpl ex cont a?ﬁﬁ%g? kller%e gl—igfﬁgﬁ%q#sgaﬁlr%ﬁf) gﬁﬁeitﬁ%ad%f’é)féﬁ'}ﬁ‘émﬁ PPN 2 ( 3x) -
anti gen made upef modniple b’ fragrgertelididp ansnfigdll awi ng of the resul ting
protein. Figute 50 is a bar graph show n%é_;he ability of an H22(3x)-CEA
mul timer 15 EWEWSE 842} 5 3 naporeducing SDSaPAGE: ged showing e pRrificd MR R@bDD ot her

mul t jBer nifERLEKER 1) and a chemically linked M22 Fab’ multimer complex (lane 2). Figure
42(b) is a graph showing that incubation with M22 F(ab’)3+ results in up to 50%

reduction in CD64 expression on the surfaces of macrophages in a dose dependent
fashion.
Figure 43(a) shows that high titers of M22-specific antibody were generated in
20 all of the CD64 transgenic mice immunized three times, compared to their nontransgenic
litermates. Figure 43(b) shows that immunizing FcyRI (CD64) transgenic mice with as
little as 0.25 mg of a multimer complex still leads to a detectable immune response.
Figures 44(a) and 44(b) are graphs showing the immune response of FcyR1
(CD64) transgenic and nontransgenic mice as judged by anti-520C9 and anti-M22 titers.
25 The mice were immunized with a Fab’ fragment of a murine antibody, 520C9, coupled
to a M22 multimer complex.
Figure 45(a) shows a map of an expression vector encoding a genetically linked
multimer complex containing two H22 sFv regions linked to one M32.2 sFv region

linked to an antigen (H22(2x)-32.2-antigen complex). Figure 45(b) is a drawing of the

30 resulting multimer complex.



Figure 51 is a schematic representation of the production of anti -CI38[§FEB 2004
(14A8) HuMAb fusion nol ecul es. PJZ906 (14Afd-EGF) and pJZ907 (14A8

L- chai n)\Wa@i@9186 0t r ansf ect ed by el ectroporation i nto NSO RCT/HS0R0SS
selected in nedia containing both 418 and hygronmycin. PJZ909

(14A8sFv-EGF) was simlarly transfect and selected 20 in nedia

containing 418. Cell |ines expressi ngqf ‘usion protein were subcl oned by
limting dilution cloning. Figure 52(a) is a graph shovvlr{:g bi ndi ng (as
measured by f IIdBHEPE dnePangraph showipgtherbiiprof M&W@ et MBé aBbF- R on

const r nct R LERRF 12 AR p 1 R RorpNereatg R Bl sHREn Y 28 goat

ant i - humggddcdGhiEaRtizZatonn) ugated to phycoerythrin. The fab-2 fragnment of
14A8 (a human nonocl onal anti-FcaR anti body, also referred to as 14. 1)

whi ch does notFigumitdia) skivs avap af s dxpresstamtacadr.enboding 2 g&rizficallslndied t hat
fusio pr cit ei ns and commer. ci al Ié obt ai ned EGF conpete for hinding to A431
cel | s “wi fRulLmer pspriex pontaning yua B2 shigeions lipked gether to@nantiggy 01/ 09186

PCT/ USOO’ ﬁggj d
by flow c??%ﬁ%t).an lhg]ﬁ%é? 3@1@%':__;?3;?3%{ C%Hspdr UCE lgk‘ H]gug@'}lq@l e lli[lgl on
protein bmuﬂdxc'teorhﬂ&? cells was stained with goat anti-human | gG Fab 2

conj ugat ed toPPhycoerythrl n. The fab-2 fragnment of hupani zed mAb H415,
which is specilfgées8is eraph showmeybetesals eferhinding COMPEIANAS T USNEs hows

bi ndi n 3 erl ment was
dloneI i g gbn%ﬁ@e‘?ﬁﬁsgglfgrc}gg&qﬁ&%tdWg)r}ﬂg?@% #ciu%tgggvsgp %p I{é

conceny rﬁlbﬁnﬁng)i‘nhilﬁ&ﬁﬁ&ﬂ/mﬁﬁéz &guéaﬁé b¥ Rlsé maRichérky to inhibit

t he binding of 14A8fab' - EGF ( 3 nM H22 fusion protein was as

control . mAb Higurei4At shews ToER of Fe yRIEssian ictor eneadingegenstiephylinked U937

Ils. f
orot o n- M fomgel S RaPAArBrE T 4% CaRF RN b e HeB 222080k 0y s were
done Wi t infipen ﬂﬁuﬁﬁérlceﬂ:pi@(gr F@ir@@(%ﬁrsja&lrﬂwﬁa@d;m&'r@ﬂ:lﬁﬁg p}i}i&&t or to target

ration (for nonocytes and effector cells included
fresh m)nocyt éﬁgwﬁgm @bmb Sh@mih(eﬁbgw efantlax(Bxhﬁ?&A/myh@n@l ood

(Flg e The fab-2 f ment. of 14A8 was used a control 15 Figure
55 Pol% gam H“%HH&FWF}B”SW@ of ESYRicompared; tg ¢F Halitcrasr cogyplexes.

Figure 5] is a schematic representation of the production of anti-CD89 (14A8)
HuMADb fusion molecules. PJZ906 (14Afd-EGF) and pJZ907 (14A8 L-chain) were
cotransfected by electroporation into NSO cells, and selected in media containing both
G418 and hygromycin. PJZ909 (14A8sFv-EGF) was similarly transfected and selected
20  in media containing G418. Cell lines expressing fusion protein were subcloned by
limiting dilution cloning.

Figure 52(a) is a graph showing binding (as measured by flow cytometry) of
14A8fab’-EGF fusion construct to EGF-R on A431 cells. Figure 52(a) is a graph
showing binding of 14A8sFv-EGF fusion construct to EGF-R on A431 cells. A431

25  cells were stained with goat anti-human IgG Fab-2 conjugated to phycoerythrin. The
fab-2 fragment of 14A8 (a human monoclonal anti-FcaR antibody, also referred to as
14.1) which does not contain EGF, was used as control. Figure 52(c) shows that fusion
proteins and commercially obtained EGF compete for binding to A431 cells with an
EGF-FITC conjugate (7nM).

30
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Figure 56(a) is a bar graph showi ng that 14A8fab'-EG- (I g/m) fusion

protein- nediated cytotoxicity of A431 cells is inhibited by the fab-2

fragment WHOMMS Figure 56(b) is a bar graph show ng t hatPQLESWR18gf (1

Ag/m) fusion protein-nediated cytotoxicity of A431 cells is also

i nhibited by the fab-2 fragnent of 14A8 5 (40 g/ml). 20 Figures 57 is a

schemati c representatlon of bispecific S|ngle chain fusion nolecules, 931
varlable | i ght and heavy chain

and 934, and t nt Hu

regi ons of 14. g%@‘%ﬁr '\fgg@d‘“f’% 5@%@5@1%@89@1 flavacogmetry) ¢fr)
const ruct r L C

don] ugat e34‘é‘;§£%é”§@ff'?§“’°§o°%‘£ﬁ“§@%§?e&3§ ST R BRI Y 144
and 3F2 ( awiredMERPggat asietuman 185 FabQidonjtggatednb phlcodritine ThOEaH-2i s a bar

graph sho screeni ng (bindin assays for fusion proteins 931 and 934
expr ess ed\gll“ﬁg‘F 3?48@9&?3 “é@b@f‘g%t‘&]i’iﬁh 1pspepdiesior EG LR, wavused @y comtetlr y

Moubated Th o LEfHE g o PSR BR80T PR L Dl t AR 1BF Tusi on
pr ot ei n V\/&Sperﬁﬁbmlﬁiaedbﬁiinthymm aﬂmm%tmp%qaé 530}, lex 1 V@ jsab- 2

conjugated to gaycoer thrin. 2 4 F E B 2004 WD 017091 CTlllSCOn0158 13
Fi gure 59CpNcengatons of 18A8sy-EGbware aysesed oathyisiabilof td nnmh)rnhplbmdmgmf 931

and 934. e.done with an incubatio eri od of
16-18 0 anirais BRFR G HERSEY B R ottt den et cqnbiabrhb BB at | on
of 100: 1. ¢fy C ng transfected (931 & 934)
and unt ran%ggg?égﬁk%gﬂlgt%gﬁé?gﬁ&l@ Iflg??n%%% *at e specific lysis. Figure

60(a) 10s a gr apigushihisograpingtiovgng doserdependeds fldorl prAWiSHeAREd Y) Of
si ngl e-chai n fusio r.otei ns 931 and 934 to W93 7 cells. An fab' fragnent
of 425, afYOR¥qLY E%i{ﬁ 1 eels-irhromivm aelepsstaspyavane gone with an ingabateed as a

t T i h
Lo o oo SR SR and U B8kl R BRRE R pinbied o PR 1 1
showi ng bil®@tl nghé aﬁfemmamsmthmedfﬂe@uvmbeﬁe& (Brgwefs4(H), FRs eFiglre J4¢5)

proteins 93 nd 934 to SKBR-3 cells. 14.1 fab-2 was used as a negatlve
cont rol . whelehlood (Flewrs fkel Hhestabe ﬁ#&?ﬂ@l&fﬂASW)US%mnﬂml Fi gure 58

bi i g (8. mesiurer By o L Bbne e PR i Fil S ARERR Tloon protei n
934 to A431 ceFigure I8 (apisPHALEIPE ShoWing thiRNFABRR SRIE (MEY/mAF fusion protein-
mediated cytotoxicity of A431 cells is inhibited by the fab-2 fragment of 14A8. Figure
56(b) is a bar graph showing that 14a8sfv-egf (1 ng/ml) fusion protein-mediated
cytotoxicity of A431 cells is also inhibited by the fab-2 fragment of 14A8 (40 pg/m)).

20 Figures 57 is a schematic representation of bispecific single chain fusion
molecules, 931 and 934, and their parent HuMabs. The variable light and heavy chain
regions of 14.1 and 3F2 were used to generate the 931 and 934 (W/EGF) constructs.

Figure 58 is a schematic representation of a chemically conjugated bispecific
molecule, made up of the the fab’ fragments of 14.1 and 3F2 {anti-HER2), used as

25 positive control.

Figure 59(a) is a bar graph showing screening (binding) assays for fusion
proteins 931 and 934 expressed in transfectoma supernatants as measured by flow
cytometry analysis. Transfected (931 & 934) and untransfected (NSO) supernatant was
incubated with either SKBR-3 or A431 tumor cell lines. Binding of fusion protein was

30  detected by staining with goat anti-human IgG fab-2 conjugated to phycoerythrin.



shown in Figure 60, except that A431 tunor cells which over-expresszll'kﬁgB 2004
EG--R were used. A fusion protein consisting of the sFv fragnment of 14.1
fused t WECHBE used as a positive control, and 14.1 fabPOIH80020WSgat i ve
control. Figure 62 is a graph showi ng PWN (effector cell)-nedi ated
cytotoxicity of 20 SKBR3 (Figure 62(_61@3_and BT474 (Figure 62(b)) tunor
cells by single-chain fusion protein 1. Chromumrel ease assays were

done with_an incubation period of 16-18 h and an effector. to target
ration of 188G >P(b)is a bar grape shpyang MG analysisial fesienprorans 93] apd 934

experinme [- Qur | i . (sefefiec | ) - nmedi at ed
vt ot oxi o B EIERE dsSR e SR B She BRI AN B BT AN w1 ) oo
cell's by dfagr¢mohadytest BMINo tpot SKB3 1 A48y @by 6T 160: EaTEMBEEYS Vere .
done with an incubation period of 16-18 h and an effector to target
ration ofkillgg: vas dezeciedfusingtransieciedddl b figgand watransigctest (NSO)sypematant
experigren'go. 2 % F E.fB |I2004 WO 01/09186 PCT/ US00/ 20158 -14 Figure 64 is a
gr aph depﬁ d{"fch e?ﬂ%lé%yis‘ﬁbdy dependent cytolysis of SKBR-3 and BT-474
tunmor cells byripQledtri)AbaRephefbwhiR! tindiiE ¢hemesulds 1 floWeioaRtry) SER2/ neu x
anti - CD39 bi spe?i fif{:wrgol e%ﬁe (14?1%I X SHES)%as rrea@ur ed by 51@ rel ease.
Fi gur e 65single-ghgindpdionipwitans 9 4nde?3dno iUE3F cefle pAndalitfragpient pE425, e SKBR- 3

S R ERSIY NI A T
Fi 66-HeSq: h LCE] i L Sy BT-474
gure SRR IEpLalt IR, | Rorariiduriosenentcni G 1

t unor No n anti - el x anti-CD89
bi spetd f | contrsh| Bigutest0(d)s 3 grapB.sh@wingatsinding oy weashyed Hyrflove bpanetryL6F
Detailed Description Miltispecific nolecules The instant invention

rel ates t3nglechapifHeipn Pmn%ﬁ’elnar@a?wo SKRRekseellad 144 fakrf tras yeed 352

nol ecul es I i:me : : e Iy et Lakc"
because th {’ﬁ?%%ﬁfog’efnlﬁl T pFLng:E V\h%é%lr);g &ﬂ@&})tﬁfér% ?%ﬁ'{h%ﬁg?gel:%%@pggg a(!;)f

whi ch i s gpailieduka positivé bentgoly f ace of an immune cell. In one enbodinent,
mul tispecific nolecules of the invention include nolecul es conprised of
at | east one pbiurest iniaigsephyshawing bindingdpemgpsired by flow cytometry) of single-

15 chain fusion protein 934 to A431 cells. This experiment was done the same way as
shown in Figure 60, except that A431 tumor cells which over-express the EGF-R were
used. A fusion protein consisting of the sFv fragment of 14.1 fused to EGF was used as
a positive control, and 14.1 fab-2 as a negative control.

Figure 62 is a graph showing PMN (effector cell)-mediated cytotoxicity of

20 SKBR3 (Figure 62(a)) and BT474 (Figure 62(b)) tumor cells by single-chain fusion
protein 931. Chromium release assays were done with an incubation period of 16-18 h
and an effector to target ration of 100:1. 14.1 fab-2 was used as negative control in each
experiment.

Figure 63 is a graph showing monocyte (effector celi)-mediated cytotoxicity of

25 SKBR3 (Figure 62(a)) and BT474 (Figure 62(b)) tumor cells by single-chain fusion
protein 931. Chromium release assays were done with an incubation period of 16-18 h
and an effector to target ration of 100:1. 14.1 fab-2 was used as negative control in each

experiment.



on an effector cell, preferably an Fc receptor, and at |east one po“'iFéR 2004
(e.g., two, three, 20 four or nore portions) which binds to a different
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used herein toAMiéssperifie rediecutdsl tispecific nol ecul es of the present
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not limted to antibodies, antibody fragnents (e.g., an Fab,
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but are nivehtidh inelldé endletuldRompHEBNGZA JedsCONSBIHISA whithBR 10 a molecule
on an effector cell, preferably an Fc receptor, and at least one portion (e.g., two, three,
20 four or more portions) which binds to a different target, such as an antigen on a tumor
cell or a pathogen. In another embodiment, multispecific molecules of the invention
include antigen “multimer complexes” comprised of muitiple (i.e., two or more) portions
which bind to a molecule on an antigen presenting cell (APC), such as an Fc receptor,
linked to one or more antigens. These multimer complexes target antigens, such as self-
25 antigens, to APCs to induce and/or enhance internalization (endocytosis), processing
and/or presentation of the antigen by the APC. Therefore, these molecules can be used
to induce or enhance an immune response either in vivo or in vitro against a normally
non-immunogenic protein, such as a self-antigen.
In particularly preferred embodiments, multispecific molecules of the invention

30 inctude human or humanized (chimeric) antibodies or antibody fragments which bind to

an Fc receptor, typically FcdR (e.g., FedRI) or FcaR. The multispecific molecules
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embodiment, the binding specificities include one or more antibodies selected from H22

20 (ATCC Deposit No.CRL 11177), M22 (ATCC Deposit No, HB 12147), M32.2 (ATCC
Deposit No HB 9469), and antigen binding fragments thereof, each of which binds to
FcyRI (CD64). Humanized antibody H22, and its murine equivalent, M22, provide the
advantage of binding to FeyRI outside the natural ligand (IgG) binding site and, thus, are
not blocked or competed off by endogenous ligand, when administered in vivo. In other

25  particular embodiments, the binding specificities include one or more antibodies
selected from human monoclonal antibody 14.1 which binds to FcaR (CD89) and
human monoclonal antibody 3.F2 which binds to HER?2.

The term "antigen-binding portion” of an antibody (or simply "antibody

portion”), as used herein, refers to one or more fragments of an antibody that retain the

30  ability to specifically bind to an antigen (e.g., an Fc receptor). It has been shown that the
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in the same manner as are intact antibodies.

20 1. Multispecific Molecules Comprising Antigen Multimer Complexes Which Target
Antigen Presenting Cells (APCs)

Antigen multimer complexes of the invention inciude multipie portions or
binding specificities which target a component on the surface of an antigen presenting
25  cell (APC cell surface component), linked to one or more antigens. The multiple
binding specificities can bind to the same or different epitopes on the APC cell surface
component, or to different APC cell surface components. In a preferred embodiment,
the multimer complex includes at least three binding specificities for APC cell surface
component(s). Suitable components on APCs for targeting include those which, when
30 bound by the binding specificity, mediate its internalization, so that the antigen linked to

the binding specificity is efficiently internalized and presented by the APC.
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an animal (e.2., mice transgenic for human FcyRI) with APCs and determining cell
surface components bound by sera taken from the animal, e.g., using standard (e.g.,
20 Western blot) assays. These APC cell surface components can then be tested for their
ability 1o internalize a compound which binds to the component.
Accordingly, in one embodiment, the multimer complex includes contains at
least one antibody or fragment thereof (e.g., an Fab, Fab', F(ab")y, Fv, or a single chain
Fv) which binds to an Fc receptor, such as a human IgG receptor, e.g., an Fc-gamma
25  receptor (FcyR), such as FcyRI (CD64), FeyRII(CD32), and FeyRIII (CD16). A
preferred Fey receptor is the high affinity Fey receptor, FcyRl. However, other Fc
receptors, such as human IgA receptors (e.g FcaRI) also can be targeted. The Fc
receptor is located on the surface of an APC, e.g., 2 monocyte or macrophage. Ina
particular embodiment, the multimer complex binds to an Fc receptor at a site which is

30 distinct from the immunoglobulin (e.g., IgG or IgA) binding site of the receptor.
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which are not normally present in a host and, therefore, should elicit an immune
response by a host’s immune system, do not. In other words, they “escape” recognition
20 by a host’s immune system. Such antigens include, for example, certain tumor antigens
and pathogenic (e.g., viral and bacterial) antigens. In these situations, it may be
desirable to modify the antigen in a way that induces or enhances its recognition by
immune cells, so that the antigen or cell/organism which produces the antigen is
eliminated from the host. In other words, the antigen is modified so that it is no longer
25  recognized by immune cells as a “self antigen.”
Antigen multimer complexes of the invention can be prepared by chemcially
linking one or more antigens to multiple (two or more) binding specificities for a
component on an APC, as described herein, using standard cross-linking reagents and
conjugation protocols well known in the art. Alternatively, the antigen multimer
30 complexes can be recombinantly produced as a single fusion protein, also as described

herein.
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are capable of autonomous replication in 2 host cell into which they are introduced (e.g.,
bacterial vectors having a bacterial origin of replication and cpisomai mammalian

20 vectors). Other vectors (e.g., 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 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, "expression vectors”). In

25 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. However,
the invention is intended to include such other forms of expression vectors, such as viral
vectors (e.g., replication defective retroviruses, adenoviruses and adeno-associated

30  viruses), which serve equivalent functions.
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target effector cells, for exanple, to cause effector cell-nediated
elimnation of a target «cell, pathogen, allergen or other entity.
Accor di nYPPI/086 | nvention provides, in another aspect, aPOUUSOEESSficC
nol ecul e conprised of at |east one portion which binds to a 25 conponent

on an effector cell, typically an Fc rggeptor, and at |east one portion
(e.g., two, three, four or nore portions) which binds to a different
target, such n_antigen on  a tunor cell or a pathogen., An "effector
cel ", as use?ﬁﬁgfren?nref ‘gl?’gl sa“‘t‘b‘)séﬁamﬁ{;ﬁw&& host eglE)jas usedhar@pisr  cel | s

express SprRfddd e rEfr (L el RESWARS LRESHbRYL ny 8{{1‘&5 nctions. For
30 exanpl e, nonocytes, macrophages, neutlrop}hﬁ%Pgegg%ggéén rpﬁe%:#cel l's, which

express Fey®ucednll shewrkbe anderstoed|tha ducintehnt redpesddd o rifel hotglylh thar get
cells and pre ent‘iE.ng aﬂ:biﬁgenlilﬁltgo 2 4 F E B 2004 WO 01/09186 PCT/ USOCQO 20158
21 ot her R RRECISE OB BRRFRecay of swsh arelis Becaysricerain niplifRtionecause

t hey &l € mAXRK : ft ell types, are. preferred
trigger targetcgls?lgérﬁc%gﬁ%?}? E%ut)ﬁﬁ@%nl? ieg)tﬁg}xﬁgtra g‘%‘\’/grr ?ry‘ﬁrﬁg"&'ﬁfg@@%ﬁ?&of a
par ti cul anclirpidgeny may abf, ércfaot. bedddnticainote paantcall st By HUNRERNed REhiar S
such as cytokines. For exanple, expression of FcyRI has 5 been found to
be up-redPh SeRGObIPeiEErhast ¢sll” pamsed areiv- y) . This enhanced expressi on

i ncreases the 1 Y 0 cyRl cell s, agai nst. targets.

Mul ti speci fic @rﬁofggtég’f‘“elgm%‘?dc‘ﬁﬂ%‘?sggeft‘ﬁ% "E’é‘f"d’rc"’z?é’r:&‘éed:&?\}&t"ﬂfﬁ T §Rhanse o
bi ndi ng isteRwlifdtizn} preewingRodipreseataibh ehadhmtheh ®y an GRAFRAL S ﬁé?@. an
effector cell, such as an Fc receptor. In one efbodi ment, the bi nding

specilfi ciARC) Agspriinglydthp presantdnyension fuher poovadesiaboetod pAigdecibg pe. g. , Fab’

or singl i V. vi ousl.y described herein. In.a particular
enbodi m&*r;\%trlﬁ J}?Ln% %n%'}rﬁ'%%y@%)r 3 g%%%?“f’?té%ﬁ?éﬁta Sf‘é""ﬂ[]ﬁ‘&ﬁ‘i'n"ﬂ?'s}?“gﬁ%%ni zed"
(i.e. desibjeet shreffectvduiont afhh BAGYen RulkintAs Rl Fbﬁ%rﬂe,@ﬂ%ﬁgﬁ of a
conplenmentarity determ Qi ng region (CDR) derived from a non-hunan

ant i body Myli@ehenmplen cae ialssered tp induger apvinueurepespichsecagaynsoé sélfze

- humani ze i . .g... a human Fc. receptor). 15 The humapi zed
ant i bodyqﬁgget"é%%s%hdégl&\?godg’f]}lg?ﬂsémﬁ{ﬁ?%’ffﬁgﬁg%%ﬂ }“H%Jﬂﬂ'f NS 1OCBRMCRI ng

por t i16ns aAfimhii@e aépbhRAigaiiel Mt@e&rsﬁcﬂ%&mc}%ﬁ?ﬁ S0 ¥nt a0l €,

i.e. having heavy and |ight chains or any fragnmen thereof, e.g., Fab or
(Fab') 2 PREGEEWAS SPhbk thaantigedyndltimeheompleyestadsoacah ibg lusedcdsaianciaes toheavy
chai n di OB Frun Y m ni mal fragnent thereof such as a Fv or a single
chain 20 cons%rel%[b\é%is described in Ladner et al. (U S. Patent No.

4,946, 778, issued August 7,

II. Multispecific Molecules which Target Effector cells
20

Multispecific molecules of the invention also include molecules designed to
target effector cells, for example, to cause effector cell-mediated elimination of a target
cell, pathogen, allergen or other entity. Accordingly, the invention provides, in another
aspect, a multispecific molecule comprised of at least one portion which binds to a

25 component on an effector cell, typically an Fe receptor, and at least one portion (e.g.,
two, three, four or more portions) which binds to a different target, such as an antigen on
a tumor cell or a pathogen.
An "effector cell”, as used herein refers to an immune cell. Specific effector

cells express specific Fc receptors and carry out specific immune functions. For
30  example, monocytes, macrophages, neutrophils and dendritic cells, which express FcyRI

and FcaR, are involved in both specific killing of target cells and presenting antigens to



1990), the contents of which is expressly incorporated by ref er ence. frhi8 2004
humani zed anti body or fragnent may be any hunman anti body capabl e of

retai ni Wp dlgeiduman CDRs. The preferred human anti body i PESWEEIIBr om
known proteins NEWM and KOL for heavy chain variable regions (VHs) and
REI for Ig kappa chain, variable regi ns 25 (VKs). The portion of the
non- human CDR inserted into the hunan©anti body is selected to be
sufficient for allow ng binding of the humani zed anti body to the Fc

r ecept or Othgy C@mcrﬁe@ﬁseﬁg]qdmmvwww b@@ef@t&l@ﬁdﬁyaRnb@ﬁvﬁeﬁbe)aafport i on of
the COR jnto t ant i d testin bi ndin acity,of the
created ?%Wﬁ%%ﬁ?@%‘a“- crthqr}%% 5@ éc‘ﬁﬂté'p%aeerﬁr ﬁgeﬁ I%Btﬂrgﬁﬁﬁ%éﬁ? Bgtrtff assay
(ELI SA) . indedtidn. BVBred 084 thAQxPads0i84 8Fa BQH/CMI%Q)%@% effééioftdll & tehe CDRs of
a particular human anti body may be replaced with at |least a portion of a

non- humaregGlaikddsy lumhoralSfaowroiuchae cfibkihe oot afpi, agmessidri ¢f AtgRI hasunman
CDRs. It is only necessary to replace the nunber of CDRs required for

bi ndi Ag besh foed teuheaup-regulatad: bhybottyfetan gdnenEIFNey)e pihdy enhancedrexhressinn CDR
derived froma 5 murine nonocl gnal__anti body (mab), mab 22. is described in
|nternatrnarrareseh%eﬁetoxwlve&wgﬁrﬂmllrw@m% 8RS WD 94/ 10332, the

contents of Wy Ghealific rffc%lhé’ulwr cH?Jrgétee‘?fec Tt gﬁs aQé’oﬁeeSFréS&G&n%Ige mab 22

anti body is specitic to 6Ce escri in U S

Pat ent  NepecHictfed,dd bdrtions iich ﬁﬁ@ﬁ@ﬂb@h &enﬂ-@@gm effé&orc‘dém aithssah Fohi ch  are
al so expressly incorporated b reference The hunmni zed mab 22 antibody 10

pr oduci nij’célém Ilnrqmemdmsﬁ ¢ dthding ?zm@,ifAmérlS pravidey py acantibpdy ocol | ect i on

on - 38y eMRBogd wabRin S Be SR natL N AR AN aaRtiudaR e Rg oSS! on

capabl e pinic gt @tbsmeht, tHeadtibody HOAHiibady ﬁﬁgﬁem%mhu%aﬂhtdﬂody Wi th
a CDR derived froma non-human 15 anti body. Wnter describes a nethod

whi ch rmadi-ebderineddram 2 bumsarastibedy. hutrhavingeay 1eaam p%an eka ggmplemeptagdent

t UK._Pat at.| GB 2188638A, &g h 26, 1987
e oon: Setbehigigpbn CEBRYSRHEDFR 7ich g antiopf” R horhB Blng D, P01
CDRs naysdiectéPl pre@de Yhdcihdig o RIIAAPRY dn6ibbay ﬂJrle.cgo RURINEAF cdRcdptdrd -

di rected nutagenesis as described in International Patent l'ication
Publ iléat ThehpoanigedantibodyphesCDRs erived fromadonHuman andliodnandidei es to Fc

Recept or lsen];a?mng portions of the antibody molecule are human.

The antibody may be whole, i.e. having heavy and light chains or any fragment
thereof, e.g., Fab or (Fab'); fragment. The antibody further may be a light chain or
heavy chain dimer, or any minimal fragment thereof such as a Fv or a single chain

20 construct as described in Ladner et al. (U.S. Patent No. 4,946,778, issued August 7,
1990), the contents of which is expressly incorporated by reference. The humanized
antibody or fragment may be any human antibody capable of retaining non-human
CDRs. The preferred human antibody is derived from known proteins NEWM and KOL
for heavy chain variable regions (VHs) and REI for Ig kappa chain, variable regions

25 (VKs).

The portion of the non-human CDR inserted into the human antibody is selected
to be sufficient for allowing binding of the humanized antibody to the Fc receptor. A
sufficient portion may be selected by inserting a portion of the CDR into the human
antibody and testing the binding capacity of the created humanized antibody using the

30 enzyme linked immunosorbent assay (ELISA).



| mrunogl obul i n G on Human Mononucl ear Phagocytes. In addition to an 24 FEB 2004
anti-Fc receptor portion, the nultispecific nolecules can conprise an

"anti -t VGHPS6ti on", i.e. an antibody, a functional anti BEESON2QAENt or
a |igand that recogni zes and bi nds a pathogen (e.g., virus, bacteria,
fungi), a pathogen 25 infected cell, a-gancer or tunmor cell (e.g., breast,
ovarian, prostate, etc.) or other unwanted cell in a subject (e.g., a

human or ani maltp% ﬁ()])Ir a tigen or modified form thereof. Additionally,
the target porttb ‘ﬁ‘ﬁ& rd Reghlardumanasgibedy Bgyiba seplasedamith afdeast ap

preferred | Hena I ge an_be used to.stinulate the
I mmune sygmcﬂfgg{r&exam?%?ﬁi%BP%OQ%cgéhgﬁbc%Sr%% @e TR aézg?iwd S ) depl ete

anti gen i hutae CIIRC It (5L0ndy hedessand replaté BRtnumbiEd b8 CDR sReg kit bAbinding
preferred enbodi nent has an antigen that is attached to a multival ént

nol ecul e €bkediumanized qnabady- PR Enmiccepen . A 2on-henEnECDR @i veDiroty/ 209186
PCT/ USQOr 58 -23 1n peci fic.enbodinent of the invention, the

nul ti sgem e o né)g&ngfi%nzl??f) §¥ h’&gba? mﬁ‘ﬁggﬁa. esgribeq i"bH’r’nﬂ'_"‘E‘é‘?f‘aggalﬁﬂﬁl i gand
that i nt engplisatitnt FubBcsInads! Wo 9471 6830! @kQbhfts vhRdi iRty ilBrdorgand

binds a protein, e.g., a surface protein on a target cell, such'as a
cancer cehgreirFpyerfederenng. [Thgamabs22) antibadye isl spgeific 3o the Feeeeqiorand farthér ias
growt h or | tival ent pol ecule

5 dif iati f . F , §
can conpr .dg%“éﬁé g}rﬁgeh’ %ﬁbpﬂﬁrgﬁﬁgﬁa&sg"h §%(ﬂ6‘1g’§_ ee‘] ‘bigg%{éh‘b[é?ft‘?’ﬁﬁ opwhich
modi fi ed LRIRG Bghesss iRARARRADY rbﬂ%%&écmgguﬁﬂhﬁi%@maﬂ 95%@% dv €: 9., an

epi dermal growt h facf?olﬁ recepto n ano preferred e I ment of the
i nventlilon pradueinigicgh tide mas deosited atrhpintkeicas Tybe fulthertdRiction on

gastri n-rﬁjeeas' nrg ﬁgg i d a]ééERP), l.itorin, neuronmedin B, or neuronedin C_
The sequeRC¥EMBFr %EB or g designation HAO0ZAG R4 and has thejagcagsian npaERAt No.
5,217,955;1ihe content of which is incorporated herein by reference. The
|l igand can also be a nodified formof any of these peptides. The

nmodi fi cation ca#mamiboépsa e mohanizedbytdng nicthed tviich id eapaae 6f RphdingGut Or
not affec{ the hinding to a receptor. The nodification of the |igand can
al so t r andgagraparHongba DR oa bpmapaniibodywitha CDR derived, from aaon-hymag

i nhi biyk rgfk t ' I ol [ fenati The 1 di fication of
the 11'gand ey JPlt et B £ nffiog ek ineF taNsE o htGe? e M

modi fi cat antibadiesaif theeprssenoiivemion @k Patdnt Applicatipe GH 2 13868RAdfiEaR Of the
I nvention, a nultivalent or bispecific nolecule conprises an antigen. As

used her eMarch #& Y987 hibesoniegisrpf Whiehhis expsessintrrosoraied by mefaesnre The
T 0 9en hlimSH CTRAE bereblRARAh ndh-Rfah' (R LsiRg of SBRICRBRRL Su2 DSt ance:
directed mutagenesis as described in International Patent Application Publication
20 Number: WO 94/10332 entitled, Humanized Antibodies to Fc Receptors for
Immunoglobulin G on Human Mononuclear Phagocytes.
In addition to an anti-Fc receptor portion, the multispecific molecules can
comprise an "anti-target portion”, i.e. an antibody, a functional antibody fragment or a
ligand that recognizes and binds a pathogen (e.g., virus, bacteria, fungi), a pathogen
25 infected cell, a cancer or tumor cell (e.g., breast, ovarian, prostate, etc.) or other
unwanted cell in a subject (e.g., 2 human or animal) or an antigen or modified form
thereof. Additionally, the target portion may comprise or be directed against an antigen.
A preferred embodiment contains an antigen that can be used to stimulate the immune
system, for example, in instances of chronic infection, to deplete antigen in the
30  circulation, and to treat tumors. A particularly preferred embodiment has an antigen that

is attached to a multivalent molecule containing an anti-FcR antibody.
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itself) bi [ -presenti cell. ILn som
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Der matléphagdifitados af ihedigind &l Besan(ddaition, 8 dBREbA, GiubstitdBor NP ROSI @ (Abrosi a
artemisfolia; Lolium(e.g. Loliumperenne or Loliummnultiflorum;

Cr ypt oner F%?d(f {or shavlras WJ@Q?CIﬁ- Alternaria (Alternaria alternata);

e e S SRl o B R A BRI

Pl ant ago ¢empriscPlanahdgm. |Asnmed heve) theHarh CimigeA™ means any natural or synthetic
immunogenic substance, a fragment or portion of an immunogenic substance, a peptidic

20 epitope, or a hapten. The term “antigen” also includes substances which are non-
immunogenic in uncomplexed form, but are immunogenic when complexed. The term
“uncomplexed” includes substances which are not linked to form a molecular complex
of the present invention. The term “complexed” includes substances which are linked to
form a molecular complex of the present invention.

25 In one embodiment of the invention, a bi- or multispecific molecule is employed
to target an antigen to the cell to enhance the processes of internalization and
presentation by these cells, and utlimately, to stimulate an immune response therein. In
a specific embodiment, the bispecific binding agent specifically binds the antigen (either
directly, to an epitope of the antigen, or indirectly, 1o an epitope attached to the antigen)

30  and, at the same time, binds a surface receptor of an antigen-presenting cell which can

internalize antigen for processing and presentation. In another embodiment, the antigen
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i ni ot r QP i T BRARA B Bule ol Stie Wrer il Qe (OMdont can be
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(e.g. Parietaria officinalis or Parietaria judaica); Blatteila (e.g. Blattella germanicay;
20  Apis (e.g. Apis multiflorum); Cupressus (e.g. Cupressus sempervirens, Cupressus
arizonica and Cupressus macrocarpa); Juniperus (e.g. Juniperus sabinoides, Juniperus
virginiana, Juniperus communis and Juniperus ashei) Thuya (e.g. Thuya orientalis),
Chamaecyparis (e.g. Chamaecyparis obtusa); Periplaneta (e.g. Periplaneta americana);
Agropyron (e.g. Agropyron repens); Secale (e.g. Secale cereale); Triticum (e.g. Triticum
25  aestivum); Dactylis (e.g. Dactylis glomérara); Festuca (e.g. Festuca elatior); Poa (e.g.
Poa pratensis or Poa compressa); Avena (e.g. Avena sativa); Holcus (e.g. Holcus
lanatus);, Anthoxanthum (e.g. Anthoxanthum odoratum}; Arrhenatherum (e.g.
Arrhenatherum elatius}; Agrostis (e.g. Agrostis alba), Phleum (e.g. Phleum pratense);
Phalaris (e.8. Phalaris arundinacea); Paspalum (e.g. Paspalum notatumy, Sorghum

30 (e.g. Sorghum halepensis); and Bromus (e.g. Bromus inermis).
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bacterial, viral or parasitic in origin. Oten, the antigen will conprise
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anti gen- prgs]enéli ng cel Fs in cugt glr]%?rpﬁ%ﬁ%ﬁ’c}g%ﬁr)gsgteg]rgtcabélg‘qu'%g%rng%"epar at ed

and puri fdeecbasé hyperseasitieiny irbd audgectTMaisde hé@niplishddwhee#p dfpecifie binding
mul tival ent nol ecul e con&r' sing the 5 antigen or the cells can be exposed

to the arR&CHETPRRSERSIRERD I§E Pinding allergea befare thsialleraea bindsvp JefF en imagt ng

specifici ' . ' - enting.cells wll

o ocess fon drbesdihf. diieed Seuuchill B LEGIANY SRV RLPRAREPED ielhn. n

sti muk@t i AMitidr)@s £ Bdshi of GRELRS dllRigehNEHATO alffe PAT IcBMolerdf @RANOD Of this
i nvention can be used to enhance or reinforce the immune 10 response to an

anti gen. dtsrgemmaspbeinduted which sderferey with dpE-enddiated type i rexationsntToddrarsfer oni ¢
i nfections, ,such as.hepatitis.and AlDS where th i ded,.i mu systemis
unabl e tocahok{?eafﬁ%ﬂéh*ﬁgg”ﬁ#é'ﬁﬂggﬁ. ‘P’EC_ &W“B?‘E%Wﬁgléggﬂ ipdipg, o aﬂﬁé@f’m&nt of
the acut eyssig@@iRes 6f allergtnabitRRiaaBweLihdh Hose BiiniQfuskdMune response

agai nst the 1nvading organismmy be necessary. 15 The nethod can be used

to reduce the hoomegasesnitimporberdegurible tb ¢anple substance whizhdcweakdy or

oepokt GRORERE SR ATRPHAI - PHPEIRE: RO EoHDSBAR oA G GERBIAEh ey such

Sﬁzinr ?Elaea;na% 1??; ﬁhﬂﬁ?g%é B{O(t)ﬁ{l];(lﬁ.g.t, a\WactleRARohiAT P SdmTRGFBh! Yn fifesd rabl e
instances, the bispecific binding reagent can be made to bind an epitope of the carrier to
which the substance is coupled, rather than an epitope of the substance itself.

The antigen that can be linked either directly, or indirectly, to a multi- or

20 bispecific molecule of the invention can be soluble or particulate; it may carry B cell
epitopes, T cell epitopes or both. The antigen can be bacterial, viral or parasitic in
origin. Often, the antigen will comprise a component of the surface structure of a
pathogenic organism. For example, the antigen can comprise a viral surface structure
such as an envelope glycoprotein of human immunodeficiency virus (HIV) or the

25 surface antigen of hepatitis virus. In addition, the antigen can be associated with a
diseased cell, such as a tumor cell, against which an immune response may be raised for
treatment of the disease. The antigen can comprise a tumor-specific or tumor-associated
antigen, such as the Her-2/new proto-oncogene product which is expressed on human
breast and ovanan cancer cells (Slamon et al. (1989) Science 244:707).

30



host such as is the case for allergies. Methods and uses for using biz-[' E)EB 2004
mul tispecific 20 nol ecul es conprising an antigen or conprising an |igand,
e.g., anvQAVMH8Yy interacting with an antigen, are furthePCORISCM2MSR] i n
t he published PCT application PCT/US91 /07283. In another enbodi nent of
the invention, a nultispecific nolecul,g conprises an antigen that has
been nodified, such that its effect on T cell activation is nodified upon

25 presentati | fied antigen to the T cell by an antigen
presenting ceﬁﬁ??ﬂl% g‘ﬁaﬁe[}t% é:F F?ﬂ%ﬁ/ﬁé‘pf’%a{]’gd’f”‘%Han"’l’%‘cﬁ’t‘hgﬁb@t‘YQ‘%ﬂ‘i on of one
or nore anlaalaclde Pvemidde MHedRultitatnt MolSMUE 25566 dseagh Ilaﬁ‘gﬁnégaﬁxlig?% b to

stinulates T cell proliferation, can result in an antigen
sti nul at @4gra-pregeaning gellsanicohiurien dmoemoanepgynticells be sEparaied anSypokifieddi fi ed

pepti des e L med red, Peptide Ligands (APL). Accordingly, such APLs
can be 38%h %&%3{@80@: iﬁ“e ‘gbia@?mﬂ“ ﬁﬁi"isggﬁéé mulievalent seqlede primprisingithel east
one bbndamepenng thd tdlsicin bOExpdsb®idr i i a1 Ad1ES

mol ecul es by anti genspr_esen)'fpi ng E:etw?“é eﬁgg&ﬁ%?]@&%{fﬁ%tﬂélﬁﬁ%G

PCTI USO0h2018 8 binziingspscidiaitaforahe autigEnc dlatgeted 4itigoh Prdsb @it ¢ vaf] the T
cells m inphibited g;} anergi zed. Accordingly, admnistration to a

be
subj ect B ST PE5RARE PEESAY eBISCIREET Spikere( A fierstimulation, daselds t er ed

pepti de Q{n@glregﬁﬁécg@qhy\mz%tnor mally stinmulates T cells, but which upon
nmodi fication induces anergy of the T cells, and (b) at |east one

anti - FcyRl aniTheowyhd ofithis imestibh cinbe wsdd ¢ exiznoé of RiFbRBGR Hmbhie Subj ect
to the antigen. Thus, such nmulti- or bispecific nolecules can be used to
tol el ﬁz ereép‘g‘?fﬁjt%ﬁ aptigey. % 9F Pxamplesthemethednis valualje fordbe teatment efethsoniThus,
dependi ngif&Richb &y ' 4 f, Lhe invention proyide

met hods f or inc’%egg%gngﬁgﬁﬁﬁn?rjuﬁieﬂsﬁé{s%%g’gﬁm%dgg JTBY nﬁysﬁ%’nésne'é"??ﬁ ¥Yen whi ch
st i nul at edergomethelisfecaom It han alsw beitdedrin dHeseapnomti dielse amtdhaslsesfopr reduci ng
an i mmung response, ei.ther 10 _by inhibiting T cell stimulation or by

i nduci ngmg‘ffiaoﬁy“w reipfpreerpent of immpge Tespqnse peainstithe inveding erganism may deul es

of the igaetdalon may al so include an "anti-enhancenent factor (anti-EF)
portion". The ™anti-enhancenent factor portion" can be an anti body,

func#$onal anfThbuodshodreagrensedao reduce gandbst bAantiendsquiRdas obiid gen and
t her eby re§ul.ts in an enhancenent of the effect of the anti-Fc receptor

porti onnliﬁp FHE g therapguticimyyne fesnonssor injipstanggs whem Higrhostdaes nphct or
o O AR RAAIPL 0. LOAERD SN LB o0 S0
and an deweriophiaffestintdofeacandre gapeciallyrdesiratile hihea shetatigeidlisitheic @M thet ar get
host such as is the case for allergies. Methods and uses for using bi- or multispecific
20 molecules comprising an antigen or comprising an ligand, e.g., an antibody interacting
with an antigen, are further described in the published PCT application
PCT/US91/07283.
In another embodiment of the invention, a multispecific molecule comprises an
antigen that has been modified, such that its effect on T cell activation is modified upon
25  presentation of the modified antigen 1o the T cell by an antigen presenting cell. Allan et
al. have in fact shown that substitution of one or more amino acids of a peptide that
stimulates T cells, e.g., stimulates T cell proliferation, can result in an antigen which
fails to stimulate the T cell or which induces anergy in the T cell. Such modified
peptides are termed Altered Peptide Ligands (APL). Accordingly, such APLs can be

30 linked to bispecific or multispecific molecules having at least one binding specificity for

the FeyRI. Upon phagocytosis of these molecules by antigen presenting cells and



antigen is particularly useful where the target cell undergoes antigé@n FEB 7004
nodul ation or antigenic variation (e.g., as has been described for

certai n wenasdses (such as 20 trypanosones). Alternativel ypCctAs00/20158
anti-enhancenent factor portion can bind an entity that is different from
the entity to which the anti-target or_anti-Fc receptor portion binds.

For exanple, the anti-enhancenent fac‘t%I"portion can bind a cytotoxic

T-cell (e.g. via CD2, CD3, CD8, CD28, CD4, CD40, ICAM1 or other immune
cel | t hatpresestations 1¢ i cghs, theprobéesatibn ofithnd cells papde inlghitebor arlergitel get ). 25
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assenbled in the sane "host cell.” This net is particularly useful where
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described in Exanple 2 2 4 F E 0 2004 WD 01/09186 PCTI US00/ 20158 - 28
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mul tival ent, ant | hodi es _.are, for exanpl escribed in U S. Patent Nunber
5, 260, 203‘,’et"L5J; and B’ﬁé{“é“ﬁ‘{mﬂﬁﬁﬁé’F""%if‘ﬁg@?‘g‘%‘g;ng“éPC‘P&?BhW“IkIE‘ﬁIS%‘;P%S;es%'%eI?&

U S. Pkat 'nMHﬁ;)@éT M d3R3ufen : 1,513; U S. Patent
Nunber 5, l6 786; U.CS. Pa?ent ohh%gﬁa%;ggﬁ%rgg%?{ef%ag%tent Nunber

5, 258, 498; andTh¢ Bultispeeie, mitinisaent5nel8AIGSH. thd thvBntixeh mgy efso itduds angl e

chain nolgcules to thelr specific targe an. be confirmed by bispecific
ELISA as GBDSPPRSEmER Rgr %P&r%‘bé@%ﬁfﬁlﬁ%ﬂf@%ﬁfw C1LRY ISP i ci ty

of a nul ttéaﬁgtfbbgy,mﬁamhﬁmﬁ%dpﬁagﬁaﬁmq m@ﬁ)‘é@ﬁﬁh?h&’a@ﬂﬁig’e?\%& esul ting

proteins or peptides conjugated to one anotfher. For exanple,
hunmani z edthareby besdite ;1 aagnhbrceren; afthe effeatiod tisudritial dregéptbopatiing oofhetang- C 15

term nus hinge regigps,of.the two heavy chains. |n.a particularly
pr ef e e iSRRG he "$nfizeTERERIS Gl RORIa 628 PG 300 cTBFIAFTPTAN odd

nunber  of 54t f AYAENValeAShENESe cHRBHESHARN ¥nti- 2Rt PRl thhDif@ o WA R
cell antigen and an anti-enhancement factor portion that binds to a different target
antigen is particularly useful where the target cell undergoes antigen modulation or
antigenic vanation (e.g., as has been described for certain parasites (such as

20 twrypanosomes). Alternatively, the anti-enhancement factor portion can bind an entity
that is different from the entity to which the anti-target or anti-F receptor portion binds.
For example, the anti-enhancement factor portion can bind a cytotoxic T-cell (e.g. via
CD2, CD3, CDS§, CD28, CD4, CD40, ICAM-1 or other imnIune cell that results in an
increased immune response against the target).
25
Methods for Making Multispecific Molecules

The multispecific molecules described above can be made by a number of
methods. For example, both specificities can be encoded in the same vector and
30 expressed and assembled in the same host cell. This method is particularly useful where

the multi-specific molecule is a (ligand) x (fab) fusion protein as described in Example 2



The bispecific nolecules of the present invention can be prepared by 24 FEB 2004
conjugating the anti-FcR and anti-target portions using nethods described

in the YWORLMRIEG Exanple 20 or those well-known in the arpcthsooenanpl e,

a variety of coupling or cross-linking agents can be used for coval ent

conj ugation. Exanples of cross-Ilinking Egents I nclude protein A

car bodi i m' de N-succi ni m dyI -S-acetyl - ? | oacet ate (SATA), N-succi ni m dyl -
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et al. (Science (1985) 229:81-83), and Aennie et al. (J. Inmunol. (1987)
139:  236PmPIe twoyligapds. eMU&,tW}mmqlwgﬂ@g@ntagoéaeeuekmaanmomulresoswcc

bot h 2 4 F EB 2004 WO
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The bispecific molecules of the present invention can be prepared by conjugating
the anti-FcR and anti-target portions using methods described in the following Example

20  or those well-known in the art. For example, a variety of coupling or cross-linking
agents can be used for covalent conjugation. Examples of cross-linking agents include
protein A, carbodiimide, N-succinimidyl-S-acetyl-thioacetate (SATA), N-succinimidyl-
3-(2-pyridyldithio)propionate (SPDP), and sulfosuccinimidyl 4-(N-maleimidomethyl)
cyclohaxane-i-carboxylate (sulfo-SMCC) (see e.g., Karpovsky et al. (1984) J. Exp.

25 Med. 160:1686; Liu, MA et al. (1985) Proc. Natl. Acad. Sci. USA 82:8648). Other
methods include those described by Pautus (Behring Ins. Mitt. (1985) No. 78, 118-132);
Brennan et al. (Science (1985) 229:81-83), and Glennie et al. (J. Immunol. (1987) 139:
2367-2375). Preferred conjugating agents are SATA and sulfo-SMCC, both available
from Pierce Chemical Co. (Rockford, IL).



system These transgenic nmice, referred to herein as "HuMAb" nice, cdriBifhl00¢
a human 20 i mmunobl obulin gene mniloci that encodes unrearranged human
heavy (wangsogissand x |ight chain i mmunogl obul i n sequencesciyogettws Wt h
targeted nutations that inactivate the endogenous and x chain | oci
(Lonberg, N. et al. (1994) Nature 368&2 74): 856- 859). Accordingly, the

m ce exhibit reduced expression of no IgMor K, and in response to

i mruni zation, the introduced hunman heavy and |ight chain transgenes 25
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Acad Sci USA 90: 3720-3724; netits 4: 123;
Chen, J. re@nalonal(zﬂr@%ﬁy EvBQ@HoldR c. @Zthe8%dar'ﬂtsamlahonelbhylﬁidiza(nb994) J.

| munol . 1 291 nberg et al 99 Nat ure 368(6474): 856-859;
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and Lkﬂ"lbemg;ocltbna(zﬂ:ﬁ%)iy Aambe dinployed\egd virfsLor onbogendSfamsddrimationbfBl d, D. et

al . (1998} ture Bi ot echnol ogy 14: 845-851, the contents of all of which
are her eBY™PRISorated by reference in their entirety. See further, U S.

10 Patent Nos t and
GenPharm | nt eTr.h%a{75 tro na‘?gn f‘lﬁg s5;3515‘at ent E](o)arﬂ‘% J@E@S%%???ﬂe%mrﬁgﬂf .
| nt er nat |H15r’midoi?mt;irodla:tnbnm ﬂh&noum 98624888 estytilishédspreckdure. letﬁrﬁu:ﬁﬂatnoﬁ998

WO 94/ 25585, ?(gu shed Novenber 1994; WD 93/1227, published June 24,
1993; WOF§9P ] teghmap w%*eﬁﬁérm@ymzeﬂig@@oww/ 91 are kneym B hed

Mar chy 519’thél'§192Fu§1ﬁt?P%u§% @5%1%%1 leﬂonﬁf a?nﬁ Pﬂsf_@b@ %tﬁléé‘?éée Liggor por at ed

by reference int ter atlv nsgenrc mce
descri bedknownExanpl e 2, can be used to gener ate fully human nonocl onal
anti bodi es. Tq gene atg g y human nonocl onal anti bodi es, m ce can be
i mmuni zed wi t Hna preferred embodiment, human monoclonal antibodies are generated using
transgenic mice carrying the parts of the human immune system rather than the mouse
system. These transgenic mice, referred to herein as “HuMADb” mice, contain a human
20  immunoblobulin gene miniloci that encodes unrearranged human heavy (p and y) and x

light chain immunoglobulin sequences, together with targeted mutations that inactivate
the endogenous p and x chain loci (Lonberg, N. er al. (1994) Nature 368(6474): 856-
859). Accordingly, the mice exhibit reduced expression of mouse IgM or k, and in
response to immunization, the introduced human heavy and light chain transgenes

25 undergo class switching and somatic mutation to generate high affinity human IgGx
monoclonal (Lonberg, N. e al. (1994), supra; reviewed in Lonberg, N. (1994)
Handbook of Experimental Pharmacology 113:49-101; Lonberg, N. and Huszar, D
(1995) Intern. Rev. Immunol. Vol. 13: 65-93, and Harding, F. and Lonberg, N. (1995)
Ann. NY. Acad. Sci 764:536-546). The preparation of HuMab mice is described in

30 detail Section I below and in Taylor, L. et al. (1992) Nucleic Acids Research 20:6287-



purified or enriched preparation of the desired imrunogen and/or celZlésFEB 2004
expressing the 20 desired i munogen, as described by Lonberg, N et al.
(1994) MO WW®I868(6474): 856-859; Fishwild, D et al. (199%QT/Aiséoaoess

Bi ot echnol ogy 14: 845-851 and WO 98/24884. Preferably, the mce will be

6- 16 weeks of age upon the first infusjon. For exanple, a purified or
enriched preparation (5-20 g) of HERZ/1Yéu antigen can be used to inmunize
HuMab m ce intraperitoneall in the event that immunizations using a 25
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To generate fully human monoclonal antibodies, mice can be immunized with a
purnified or enriched preparation of the desired immunogen and/or cells expressing the
20  desired immunogen, as described by Lonberg, N. et al. (1994) Nature 368(6474):
856-859; Fishwild, D. et al. (1996) Nature Biotechnology 14: 845-851 and WO
98/24884. Preferably, the mice will be 6-16 weeks of age upon the first infusion. For
example, a purified or enriched preparation (5-20 pg) of HER2/neu antigen can be used
to immunize HuMab mice intraperitoneally. In the event that immunizations using a
25 purified or enriched preparation of HER2/neu antigen do not result in antibodies, mice
can also be immunized with cells expressing HER2/neu, e.g., a tumor cell line, to
promote immune responses.
Cumulative experience with various antigens has shown that the HuMAb
transgenic mice respond best when initially immunized intraperitoneally (IP) with
30  antigen in complete Freund's adjuvant, followed by every other week IP immunizations

(up to a total of 6) with antigen in incomplete Freund's adjuvant. The immune response
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(Sigma; the HAT is added 24 hours after the fusion). After two weeks,

cells amOaunsfked in 20 nediumin which the HAT is repl a®Ped/uGo0i3015%,

I ndividual wells are then screened by ELISA for human nonocl onal |gM and

I gG anti bodi es agai nst the desired imuynogen. Once extensive hybridonma
growth occurs, mediumis observed usually after 10-14 days. The antibody
secreting h br | domas are, repl atg&hgscreened again, and if still positive
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are then ture troto genera smal anount s ant dy in tissue

cul ture destribed belowy,mdanice withautfivlent Tieers bekaaieinuA endploblilinggainshean
nonocl onal anti bodi es, sera frominmmuni zed mnmce can be tested, for
exanpl e, wr@umnomemqﬁuw&rcﬁmwr Mpcat@s babeosiefbtnérevwowraly Witle desi red
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for 1-2 hours at 37C. The 2 4 F F B 2004 WD 01/ 09186 PCT/ USOQ 20158 - 32

pl at es arwtigers Heod exdmple FROLa0E Bvelan HuMrdnmicecafithe HE Oiand HCQdastramst i - human
| gG Fc- sg%e)si fic l? a/cl onal reagent conjugated to al kaline phosphatase for
1 hour af*B7TC™RPYEFY washing, the plates are devel oped with pNPP

substrate (I rgyehduse %%ﬁ@s%&ﬁ%eﬁtbe%lat@é aftPRs&PPrith PEET &) ARbkse M Ce
whi ch develop the highest titers will be:used for fusions. 5 An ELI SA

assayllas migdena eadidlineased vpon amsi@rdomomeis tThe sesubing Hybridbmbs caothres be t hat

h t t t he des d hat bi nd
w o Ty GHreRot e piodub oL R SR A YRR T BRI SHEE S fur ther
char aCt ershﬁqsm@'@' spRnRNSmiphBEHEAR S h%mdn%ﬂ%lcé/\é}'e%s&ﬁé Bh&sixtinNfhe

reactivity of the parent cells (by ELISA), can be chosen for making a
5- 10 vi alnuodlet ofRIM633AgR.683 aonscintt)ngjmoamnﬁfdpmawﬂ1$J()Qsﬂ)C@0CBb—rE%Dbmthon. To

i f I bod ih d : | ect ed
Pybr i domsb b BHOD Lelf BiP R EUPTITBAGA FolCy 1 BRo SRRl -
ant i bpgly g, ?meéJ Bf@ixb&ﬂrecl&ﬁ@%d@i%@ﬁ‘&ée&ﬁ@ nfidrh béRERthe2rtds $QRACEIRNE at ed
before affinity " chromatography with protein A-sepharose (Pharnacia,

Pi scat awa3erurhl))8% B35 @dndiGnesbmedis. 1 ovhec@6EN)y4 giM Leglewmmophomdsi s and
Sof ut | on TeBE e b AV GelrHE ks S AEYRS daHs arkt Smielpiocthanct. 56"
units/ml penicillin, 5¢ mg/ml streptomycin, 50 mg/ml gentamycin and 1X HAT (Sigma;
the HAT is added 24 hours after the fusion). After two weeks, celis are cultured in
20 medium in which the HAT is replaced with HT. Individual wells are then screened by
ELISA for human monoclonal IgM and IgG antibodies against the desired immunogen.
Once extensive hybridoma growth occurs, medium is observed usually after 10-14 days.
The antibody secreting hybridomas are replated, screened again, and if still positive for
human IgG monoclonal antibodies against the desired immunogen, can be subcloned at
25 least twice by limiting dilution. The stable subclones are then cultured in vitro to
generate small amounts of antibody in tissue culture medium for characterization.

To characterize binding of human monoclonal antibodies, sera from immunized
mice can be tested, for example, by ELISA. Briefly, microtiter plates are coated with
the desired immunogen (purified) at approximately 0.25 pg/ml in PBS, and then blocked

30 with 5% bovine serum albumin in PBS. Dilutions of plasma from mice immunized with

the desired immunogen are added to each well and incubated for 1-2 hours at 37°C. The
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if the sBPM{%YP%uman nonocl onal antibodi es bind to uni que PCTUSMSR08es on

t he desired i nmunogen, each anti body can be biotinyl ated using

comercially avail able reagents (Pierce, Rockford, IL)_ Conpetition

studi es using unl abel ed nonocl onal ant izbodi es and biotinyl ated nonocl onal

anti bodi e be rf.qr Sin | SA plates coated with the desired

i m*runogens laafsé%%ées‘gr ]'%gdv 1§blg§§n” weﬁflg'f‘g nFgebassvRh g goagaR Ehupn st Bet ed
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| sot ype ofﬁpqr il#c?lj(,adoant i §g@%£h@?§?§%§&€ﬁ8%%§‘ﬁs gorqgg)ﬁg?rin'@(& I}%fl s of
ni crol i t ewagiling.dke platesiaee doyvataped withpNPP ghistraef(1 anf/inl)) Wra Andlgzeday ©Di ght

at 4C. Aft l n ith 5% BSA, .the plates are reacted with 10 pg/m of
nonocl ona?te‘g]r#%ﬁiz}% fsgﬂ%ﬂlyaﬁwﬁw ¢h devsiqnide beghestghers vaill berised fr fusionser at ur e
for t 30 houns. . eacted with either .h n 1lgd or

humanwlggM specf@iE(:I:ﬁlggt XF%{ %Oﬁ%%a%%? ggié%g' Eﬁéﬂpfﬁrfg’é?m—}?ggg?’?ﬁgi ne

phosphat athet sheny pasiti edrepetivigswitiPihaidesir@d RudeNdleAP eI bARAEMAN MoV BRE vith
descri bedléi%Fov,& In order to denopnstrate bi ndl'r;dg of npnocl onal anti bodi es

to |ive clshaviditstedhy dpsired Hamyeeganawil bavsubelgaed ard further chasactarizetl. One

recept or, d. Briefly, 5.cell |ine X Lng the
oo Feq | Sohe e BB badRL MR Rllins BelsfisiVip 360 rvunests B ELIAM i (1
vari ous ceamtendhosdn fonsnakingrnaoledabl 8ahk BRdES - 14D RBInG It AhiBbdyg 0.1 %
Tween 80 and. 20% nmouse serum and i ncubated at 37C for 1 hour. After

washi nf, PHHICHEN| s are reacted with Fluorescein-|abel ed anti-human |1gG

ant i body under . ondi ti,ons as, the prinar nti pody staining. ,The
sanpl esycan beTét ?gfl @%ﬁn%ymgﬂ?%%%aﬁ ami'ﬂ?‘ﬁﬁs‘s%aﬁﬁéﬂ% qa5§‘F?ﬁ€’ b"fﬂge“a*ﬁﬂggﬁcﬂe
scatter phylpiioliassah Be gRive BNwaLINeY Hikklffask/¥or AldnBLdALI MGbodSSay USi ng

fl uorescence. m_croscopy may be used (in addition to or instedd of) the
flow cytRHfEtqalions Sapemnatants sar b fillered nad nonkenated byfoasaffimtyr i bed above and

i ned ] . Thi thod al | i sual i zat i f
Chaivi duartiomplodeRs iAol S A% BhainiSs, Botcafivay. S EHER 188 Fot he
densi 1y Obe éHeeke by gﬂfélecﬂ@p}h'dﬁﬁﬁﬁlaﬁcgﬁ@h\ﬂéﬁﬁhn%cgqliqhiﬁ é}g&n%giagﬁﬁtd nmunogen

can be further tested for reactivity with the desired | mminogen by
West er n bensuss mgity.BThebufjer selitionsan bacxchangeahmnto PBS, and the concentration

can be determined by OD,,, using 1.43 extinction coefficient. The monoclonal
antibodies can be aliquoted and stored at -80 °C.
To determine if the selected human monoclonal antibodies bind to unique
20 eprtopes on the desired immunogen, each antibody can be biotinylated using
commercially available reagents (Pierce, Rockford, IL). Competition studies using
uniabeled monoclonal antibodies and biotinylated monoclonal antibodies can be
perforﬁxed using ELISA plates coated with the desired immunogen as described above.
Biotinylated mAb binding can be detected with a strep-avidin-alkaline phosphatase
25 probe.
To determine the isotype of purified antibodies, isotype ELISAs can be

performed. Wells of microtiter plates can be coated with 10 pg/ml of anti-human Ig

overnight at 4°C. Afier blocking with 5% BSA, the plates are reacted with 10 ug/ml of
monoclonal antibodies or purified isotype controls, at ambient temperature for two

30 hours. The wells can then be reacted with either human IgGl or human IgM-specific
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cells expressing the desired i mmunogen can be prepared and subjected to
sodi um dodecyl sulfate pol yacryl am de gel el ectrophoresis. After
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cells expressing the desired immunogen can be prepared and subjected to sodium

Exarrpl es

dodecyl sulfate polyacrylamide gel electrophoresis. After electrophoresis, the separated
antigens will be transferred to nitrocellulose membranes, blocked with 20% mouse

20  serum, and probed with the monoclonal antibodies to be tested. Human IgG binding can
be detected using anti-human gG alkaline phophatase and developed with BCIP/NBT
substrate tablets (Sigma Chem. Co., St. Louis, MO).

Therapeutic Uses for Multispecific Molecules

25
Based on their ability to bind FcR bearing immune cells and specific target cells,
a specific multispecific molecule can be administered 1o a subject to treat or prevent a
variety of diseases or conditions, including: cancer (e.g., breast, ovarian, small cell
carcinoma of the lung), pathogenic infections (e.g., viral (such as HIV)), protozoan (such

30 as Toxoplasma gondii), fungal (such as candidiasis); an autoimmunity (e.g. immune
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exanple, an effective anount of a nultispecific nolecule, in which the

anti -t amye01/0384 i on recogni zes 20 a pat hogeni ¢ cell coul d peraleizossgount
necessary to elimnate a tunor, cancer, or bacterial, viral or fungal

I nfection. The effective anobunt for any particular application can vary
dependi ng on such factors as the di sedde or condition being treated, the
particular multispecific nolecule being adm ni stered, the size of the

subj ect , thombdrytopemiaguintura afid syeedicdapsy. The eandiget it meNiealeft @ndispar y

skill in%éhq%)jart can e iri_cazllly 25 determ ne the effective amount of a
parti cul ¥r2dRiPEiEHeRioPIYachifiasy P daghinaie asubjaeiarginist iafdctign by duerget cell.

experiment ati Q. ,cd Be oM ' i bs further illustrated,by, the

fol | owi ng exar?r(%l “esjﬁrr’!‘?bﬁ??g@ k’ %msEga‘%ﬂc})éﬁagéouggo%%nn@pf?férbatﬁgjull‘ﬁfp?ﬂg? "T"ll‘iﬁzl[ei ng.
The contaantte adninisierddabarsabresby BRNFH0AE thaPallews tRRAbleSRE] BRReR M PUb! i shed
patents, cited throughout this application are hereby 30 expressly

i ncor porigicddediherapeutieefiest. Preferredaoptea 0f4dmidigia®alisgduRCiiUSRO 20158 - 35

Exanpl e |.e 1. Production of Bispecific Antihody. Conpr.iSj Muri ne or
Humani zed ég‘gﬁa?ﬁ%%i‘ 13 agﬁg‘%’l)‘f ' 3“"'?’8&5 EO&F Fﬁ&’é"’eﬁ%ﬂ“ﬁﬁ'ﬁ“ﬁ%ﬂi’]ﬁ%er 2 neu
Ant i bodyin)éenes{sabakafidhl, ieeh@hohd Gardttdral Y RberiRRea! L DOHRS
( mAbs) , l\/jg{g I\/EZ. 2 and 197 wer e Spl?rifiraed flr%g‘r% hyg@i %g%ng)eﬂ’péetggat ant by
i on exchaitgbor parobminadhrayshgr aerhtibtees infusidkd) hunman anti-H V-1 1gG@ mAb, was
purified fromhyhbri doma supernat ant .protein A affinity chromatography
( Phar maci a. g}‘%‘g[‘%gﬁ rRBU})%C'éIﬁ(faBQF a?‘i}'{‘!’g‘f‘%‘te & conpBCLPnWith @ geposi t ed at
the forerjiaaRackvinealfsiciigbICRhiRE ! iA ! i Rogkville, M
20852, oﬁn Ju?cy 1, 98C7égnd has bee(r% %%ﬁ%éi@g%iﬁﬁmﬁgﬁﬁ%ggggyon No.
HB9469. aréer@abile canrige'ss Titendwudrto neclndedubsmnddSEhdt ceAGE cBadididhfisdd witha non- 1 g
synt hesi zing |ipne and vvaalaﬂ‘s)ed for the expression_of reconbi nant mAbs.

[

NSO cel I'BURSPRARTFIOISTUIERC iBHoBvERs mplegule toperemalts Bdendsd fundtighs ( FBS,
G bco,  Ralaphgi¥s of'dubh barrieBRe13dL Soldi S B vaHE Fdpersion media, delay agents,

emulsions and the like. The use of such media for pharmaceutically active substances

15 are well known in the art. Any other conventional carrier suitable for use with the
molecules falls within the scope of the instant invention.

The language "effective amount" of a multispecific molecules refers to that
amount necessary or sufficient to realize a desired biologic effect. For example, an
effective amount of a multispecific molecule, in which the anti-target portion recognizes

20 apathogenic cell could be that amount necessary 1o eliminate a tumor, cancer, or
bacteral, viral or fungal infection. The effective amount for any particular application
can vary depending on such factors as the disease or condition being treated, the
particular multispecific molecule being administered, the size of the subject, or the
seventy of the disease or condition. One of ordinary skill in the art can empirically

25  determine the effective amount of a particular muitispecific molecule without
necessitating undue experimentation.

The following invention is further illustrated by the following examples, which
should not be construed as further limiting. The contents of all references, pending
patent applications and published patents, cited throughout this application are hereby

30 expressly incorporated by reference.
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20 carcinoma cell |ine which overexpresses the HER2/ neu protooncogene
(ATCC, Rockville, MD) and was cultivated in Iscove's Mddified Dul becco's
Medi um @ldBPMe1séa bco, Grand Island, NY). W937 is a nonocytgigusehngdsi ne

t hat expresses FcyRJ and was obtained from ATCC and grown in RPM 1640
plus 10% FBS (G bco, Grand Island, NY). 25 doning Mirine |Inmmunogl obulin
V Regi on Genes Cytoplasmic RNA from th& fruri ne hybri doma 22 was prepared
as described in Favaloro et al. (Favaloro, J., R Treisman and R Kanen
(1982) Transcription maps of pol yOERa i fic RNA: anal ysis by

t wo-di nensional Si gel mapping. Meth. Enzynol. 30 65:718). The Ig V

regi on cDNAs were nade from RNA via reverse transcription initiated from
priners E nd FOR as,.gescr.i.bed i.n Internationgl Patent 2 4 F E B
D004 WoESEBE e AErAERY SHERBeE a8 Ansifady X FORTEAS EHAE 6F Nunber v
94/ 10332 Haivhhhized, Humani zed Anti bodies to Fc Receptors for

I mmunogl obulin G on Human Mononucl ear Phagocytes. The cDNA synthesis was
per f orsmed undéekntihadieksSpeciforfor andirsResipner 46DanAid-verr 2uer Aatibody

transcri ptase (Life Technol ogi es, Paisley, UK). The VH and VK cDNAs were
anplified 5 by PCR, (Olandi, R, D H Gussow, P.T. Jones and G Wnter

(1989) (d oni NGond MBRLARieRULd N vari abl e domains for expression by the
pol ynmeri se charmTeactromn), —Proc. Natl. Acad. Sci. USA 86:3833), using

the cDNA pri neTHe dnti-RgRE fohotlohdl anBbBEA M ARS, MEBBIEH samddegerdrbed in
I nternational Patent Application Publication Nunber WO 94/10332.
Anpl i fi e@urfed fom/kytmidamasuperpatant beipn exchangd chromatographylaad&vB3sequenced

by t di deox { ng,,.J7. DNA pol. ynerase. ( Phar naci a Pi scat away,
Ny B bR T B B ¢ SRl e RO P PR R e BBl g of
muri ne Vaff@gtyodhrbiNatog iy %ﬁ&h?ﬂs&ﬁ%@,ﬁ]%ﬁﬁé&mﬁétwﬁ. M»D Shlags were
placed in close proximty to the termni of both M2 V region genes. For
VH, a 5' dppeditediat theagmericag TyRs (ulurs Cokeanenel 2301 Perkiawnl Drive Raeckeiliened

muri ne VI y ' | . BACK and YH. (ld.). For Vic a5 P
Va1 " ¢ SR Rom Jy't s A B o 4 EhRind with ATEG ASigmI® rur  ne vk
gene by BE469. ng priners VKIBACK and VKIFOR (Id.). In some instances,
theselspri mers changed one or nore am no acids from

Cell Lines
The munne myeloma NSO (ECACC 85110503) is a non-Ig synthesizing line and
was used for the expression of recombinant mAbs. NSO cells were cultivated in DMEM
plus 10% fetal bovine serum (FBS, Gibco, Paisiey, U.K.). SKBR-3 is a human breast
20 carcinoma cell line which overexpresses the HER2/newu protooncogene (ATCC,
Rockville, MD) and was cultivated in Iscove's Modified Dulbecco’s Medium (IMDM,
Gibco, Grand Island, NY). U937 is a monocytoid cell line that expresses FcyR1 and was
obtained from ATCC and grown in RPM-1640 plus 10% FBS (Gibco, Grand Island,
NY).
25

Cloning Murine Immunoglobulin V Region Genes

Cytoplasmic RNA from the murine hybridoma 22 was prepared as described in
Favaloro et al. (Favaloro, J., R. Treisman and R. Kamen (1982) Transcription maps of

polyoma-specific RNA: analysis by two-dimensional S1 gel mapping. Meth. Enzymol.

30 65:718). Thelg V region cDNAs were made from RNA via reverse transcription
injtiated from primers CG1FOR and CK2FOR as described in International Patent



20 those naturally occurring. These V region genes (ChVH and ChVK) wdriefEB 2004
cut wwth the appropriate restriction enzynes and cl oned i nto ML3VHPCRI

and M 3WkK8ORlo9gkd.) which contain an Ig pronoter, signal $equaeLoERd
splice sites- The DNA were excised from ML3 as Hi ndlIl-BanmH fragnments

and cloned into the expression vectors pSvgpt and pSVvhyg contai ni ng human

| gd, (Takahashi, N. et al., (1982), SBéucture of human 25 inmmunog)obulin
gama genes: inplications for evolution of a gene famly, Cell, 29:671),

and humanAfgippaots Gnbbcation NuthietreO R/A332kntlled, HidaBRedd mnedi-hwen and
nouse kap‘?a irmunoa[gobul in constant and J regi on genes conserve honol ogy

in functRERAITSRYHBRIEO-IeIIN Goom Haman Megoguc! igoclri. The DNAFEB 2004

VD 01/ 09180, BATMRQOHEAIOB.;LT (QaRShUCt;Cn. of, Hupizer Antibody Cenes

Two humanized heavy chal is wer & COnstTut "B uman  VHS
of NEWM tdiscyiptise (Rife Technalbgies AMBidley, &K)d IRMWIGNAE VOf cHNR s Widrd £9b6RePT @
human _nycl oma i mrunogl obulin, (1gG New), Bi ochem st y, 16:3412), and
KOL, ( Mar oyaP CRMOmangi, Ry D.H(Giinew) Pdr Jatealahd g Apinter (1 289) p€lomidtg and at omi ¢

e g RS B B B
humani zedprob a4, Aalnsses sdesd: &) fis MFDNH; rUSEQH%Sﬁ%&\gﬁh protein REl,

(Epp, O et al, (T974) CTystar and nolecul ar ure di mer
conposed V2BAEKvanddV KI7TBASHE bs descrobed indnBantiondidnsnt prpplicitionAkiblichitn  J.

10 Bi och 45: i.L.h so framewor k regi on (FR) _changes. The

modi fi caﬁﬁ‘mew@bﬁ% 142" Amplified %’ﬂrb@dxvetd?ﬂgﬁnwwmenﬁ%iwedomoﬁﬂ hn
subgr @¢ip dnd RREEHEEH ; I - F 39, ul 04, GIn105 and Thrl 07
with 38 g 504,*‘é%ﬁﬂ‘d%@éﬁ%ﬁg‘f%?fﬁ%ﬁﬁ‘%%&h?ﬁf?ﬁgﬁ? 1% s changed
to Leud thsecmoeaypydtiate a Pvull restriction site. DNA containing the NEWV

VH and REl V. FRs with irrelevant CDRs were 15 cloned into the vectors M
3VHPCRI and ML3VKPCRI (Favaloro et al. Supra). DNA encoding the KOL VH

vas construct g debl EfinhicSRIHEN balesPCRS, USI N _

ol i godeoxyrib am no acids and irrel evant CDRs.
The constructFo feilaat eboning ofadriheVaedibs UNRCRIto efbre SpsiEmeydrk Heateligpt | des
wer e nt hesi zed to encode the mAB M22 CDRs 20 which were flanked by

nucl ed? | RAES d575 RlagreraciRge PEImEY e thererrrai ofthath MR Yiaesion eags. Yot based on
NEVWM  t heypr L REpS LiRGludef sl 0k S8 AddRcafinds 2 FIS2d mubing %/BH Eé‘n% by

PCR using VHIBACK and VHIFOR (Id.). For V. a 5' Pwull site and a 3' Bg/ Il site

were introduced into a cloned murine V. gene by PCR using primers VK1BACK and
VKIFOR (1d.). In some instances, these primers changed one or more amino acids from

20  those naturally occurring. These V region genes (ChVH and ChVK) were cut with the
appropriate restriction enzymes and cloned into M13VHPCR1 and M13VKPCR1 (Id.)
which contain an Ig promoter, signal sequence and splice sites. The DNA were excised
from M13 as Hindlll-BamHI fragments and cloned into the expression vectors pSVgpt
and pSVhyg containing human IgG1, (Takahashi, N. et al., (1982), Structure of human

25 immunoglobulin gamma genes: implications for evolution of 2 gene family, Cell,
29:671), and human kappa constant, (Hieter, R.A. et al., (1980) Cloned human and
mouse kappa immunogiobulin constant and J region genes conserve homology in

functional segments, Cell 22:197), region genomic DNA.



Arg7l since these were likely to influence antigen binding, (Chothia;€gg 4
and AM Lesk (1987), Canonical structures for the hypervariabl e regions
of i munaybebedises, J. Ml. Biol., 196:901; Tranontano, Apc&tusdoroiss
(1990), Framework residue 71 is a major 25 determ nant of the position and
conformati on of the second hypervariable region in VH domains of

i mmunogl obulins, J. Ml. Biol., 215:175f.- For the humani zed V., nurine

am no acid Phe7l was simlarly included as a residue capable of affecting
affinity, (Fodlomstrdctiomuy Hamdlkzet eliibéd082)es Anti body framework residues
affecting the _conformatiqn of the hypervariable |oops, J. M. Biol.

224: 487. No nurlivfehymanzed heges chaansiwgre copstiugtiddind rwert basé@on dman Vigs

A i godeoxy§ NRRRC! h.d ere 5. - phosphorylated and, with the M 13

uni ver sal }S?or war d(g‘?ﬁr‘%@gﬁaﬁﬁa&aﬁéﬁ“‘% 6&'? ﬁ%qp%ﬂﬁ%ﬂta'&?er dhresedfdRatoned in 2
4 F E B 2a94lonOrbil8IIRCTLES0)20 102 Besi ' [ Ly ning
M 13 ssDNgg?e | ate. The DNS[évas e&%%&éﬁ%ﬂ&ﬁﬁmﬁ?qu%&@ﬁm
pol yma|5asé"%’UHFQ%CSY%QIWT@MEMIQQWM @loenie nanid]s dPihe aedt 0. 5 U T4 DNA

| G BRL, .Grand I|sland, .. The nutated strand
or o o1 ent PBFRYCLIEhY FFleatiE Kiaos B ieEhohmhE FameDrhOA 71 88 ng M3

reverse seguRitiohND MEl BRY. 121W6oh The HuMaH P]}lgh ) ans w Epgl and
Bi ol abs, Beverly,” VA" and Was thenc anp{lllli?l e tgc?lla Su‘iclnr‘{éygr(?frﬁhﬁll 13

f orward ahumeeBencrelqnes potesn RPI(&pp,t O BAL \(B$740Wrystil 4nd rRsiedhldr sdeedd ndl | 1,
cloned int RIY/‘ﬁ%‘eB and triégje %%: rafted nmutants identified bﬁl DNA
sequenci ng* @ AT EBRased 4l dhey P%P‘Pﬂé%@ﬁﬁﬁi%’@c'\}'om@gﬁ@nm&E,éﬁeﬁuenced
in theor gMdhest ¥s: l cenqf spuriaus nmutati.ons. RF DNA
rom e SchER Xoi1P, wan el FarlelSrPRARITE RO ritith TR iR P hitea
into pSVgpiadeto MmekEhg \AEbriuiARIbr¢ §Fichl Of hurh BibekAPRA2EAASLAM T €gi ons

added exactly as described for the construction of "the <chineric antibody
genes. 157Piisemsnt ol hadd Leut94. dmt05and Thabowith has39, MEbH4HGAVOS(dadg) and

light (10 hal N, e%Rr i,On vect or, re digested with _ P vul, ethanol
preci pi ta%ggd] "gh?“a‘.’a;?ﬁg ’\ﬁ%“iwﬁ% awdiﬁﬁ%‘% tO@%)@g}Oﬁgte(alﬂtyllgegtgmo%pee

har vested by cBINA cétgiairgane NESSMOPGRARRET'Y, OFRs T DYEMAREIR S Rilre Lh the
DNA in_a 0.4 cmelectroporation cuvette. After 5 mn. on ice e cells

ver e gPveflopediniyihg vsetoseM»VEPCRYan¥M BOIKPCREGEFRaRidrs ef 1. BuraRAUNA

Mel vill e, mgh.a | ated further, for 15 in. on.ice. The cells were

al | oned t 9 regig\t}g? k@%ﬁéﬁﬁ%‘ﬁﬁ%ﬁ‘é’%ﬁ@? O'%F@“ﬁ‘ﬁlﬁl feRs, using
oligodeoxyribonucleotides encoding KOL FR amino acids and irrelevant CDRs. The

constructs were then cloned into M13VHPCR].

Oligodeoxyribonucleotides were synthesized to encode the mAB M22 CDRs
20  which were flanked by nucleotides corresponding to the human FRs. For the humanized
VH based on NEWM, the primers included murine FR amino acids Phe27, 11e28 and
Arg71 since these were likely to influence antigen binding, (Chothia, C. and A.M. Lesk
(1987), Canonical structures for the hypervariable regions of immunoglobulins, J. Mol.
Biol., 196:901; Tramontano, A. et al., (1990), Framework residue 71 is a major
25  determinant of the position and conformation of the second hypervariable region in Vy

domains of immunoglobulins, J. Mol. Biol., 215:175). For the humanized V., murine

amino acid Phe71 was similarly included as a residue capable of affecting affinity,

(Foote, J. and G. Winter, (1992), Antibody framework residues affecting the

conformation of the hypervariable loops, J. Mol. Biol. 224:487. No murine FR residues
30  were included in the KOL VY. Oligodeoxyribonucleotides were 5 - phosphorylated and

with the M13 universal forward primer annealed to the human V region genes cloned in



was then made selective by the addition of mycophenolic acid (0.8 ud/ZmEEB 1004
and xanthine (250 g/m). Aliquots of 200 | were distributed into 96-well

pl at es. Wwotoew9dsf urt her 10- 12 days, cells fromthe wells pofgodioigst he

hi ghest | evels of antibody neasured by 25 EL1SA were sel ected and cl oned

by limting dilution. Antibodies were %ﬁri fied fromovergrown cul tures by
protein A affinity chromatography (Boehtinger Mannheim Lewes, U K.)
Concentrations were determ ned by nmeasuring A280nm and confirned by ELI SA
and SDS- PAEEN reagfiqns poaimgrMA@) S@émmlﬂﬂmm%&maxwﬂﬁeﬂdd%afeﬂr
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MO that witnBahHédndHikdlt clohed fifo Ml JthdatipRCDRE AR SBRGIsfientiHieatiyng of

t he test s via their Fc portion. Bound 22 mAbs were detected wifh
per oxi dasth¥f apBIeBENgoat anti - human kappa chai n anti bodi es (Sera- Lab,

Craw ey Down, ~ | enedi.am pe. .Fl uorescei natj.on af Anti bodies
T The. pHor A elpéfUbolalle e SRECHAIR P Reaione SerE RETIR RS embeny
Na2CQB).  iéknsurehe absents of $purioay atddint FREDNATr i Bhe SRinfirhd bpnedds Was
di ssolved_ in DVBO at a_concentration of 2ng/m . Forty .tg of FITC was

added f odigesied with HingHdandBamtll, elaned intcp$égmdr SV hygendbuman EGIraom

t enper at . f rescei nat mAb S separated. fromthe free FITC by
o 28 chr S kifa oSG ECRBIRS bR By GrSH el P une s ich e ST (e o

pr epar ed chinfsfich@Bdodygesesl Whol e venous bl ood. Wole blood was diluted
with RPM containing 5% dextran at a ratio of 2.5:1 (v/v). The

erythrocytes were allowed to sedinent for 45 mnutes on ice, then the

cell S5 N the %%BFJSP:%% %}%’ P\zlzvr%}i?aﬁon of Recombinant mAbs

Heavy (5 pg) and light (10 pg) chain expression vectors were digested with
P wul, ethanol precipitated and dissolved in 50 ul water. NSO cells (1-2 x 107) were
harvested by centrifugation, resuspended in 0.5 m} DMEM and mixed-with the DNA in
a 0.4 cm electroporation cuvette. After 5 min. on ice the cells were given a single pulse
20 of 170V, 960 uF (GenePulser, Bio-Rad, Melville, NY) and incubated further for 15
min. on ice. The cells were allowed to recover in DMEM for 24-48 hours. The medium
was then made selective by the addition of mycophenolic acid (0.8 ug/ml) and xanthine
(250 pg/ml). Aliquots of 200 pl were distributed into 96-well plates. After a further 10-
12 days, cells from the wells containing the highest levels of antibody measured by
25 ELISA were selected and cloned by limiting ditution.
Antibodies were purified from overgrown cultures by protein A affinity
chromatography (Boehringer Mannheim, Lewes, UK.) Concentrations were determined
by measuring Asgony, and confirmed by ELISA and SDS-PAGE.
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25 transferred to a new tube and pelleted by centrifugation. The residual
erythrocytes were renoved by hypotonic lysis. The remaining |ynphocytes,
nonocyt W& ®m@sfeut rophils were kept on ice until use in praEUsmressays.
For some experinents, neutrophils were separ ated from nononucl ear cells
by ficoll hypaque (Pharnmacia, Piscat a\r{ix@y gradi ent separation. To
up-regul ate FcyRl, neutrophils and nondnucl ear cells were 30 treated with
cyt oki nes. QJIEQ&M% of mononucl ear cells were incubated at 37C, 5% CO2 24
FEB2004 WO 0 5 Maerurgieey obAsigbodyBinding 48 hours in teflon dishes at 4

x 106 cells/ %n rymal . human. .seru ype., AB (' Si gna,
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Neut r ophqsesa Wens ECrG\elflld)UD&dnf UK $&h 501N bicdAMenaR Bl pH 9.8. AhMphte aRdi a

(G bco, Grand Is|and wWith 50 ng/m G CSF (Kindl'y provided by R Repp,
5 U. of Herkasgwith I%Bﬁérgn}i falewedby tHRdditionl ¢id-splublid asioBypratmiet ry~ Cel |

bi ndi pg assa erf nmed, usi.ng_96-well mcrotiter plates as

previ EUSTVS’S{Bg\é\g I’qF))( @ﬂﬂ"@’“ﬁlﬁﬁm@lF% ang/brman deMIheayy ¢hainiisEe t hat

b| nd to S E ar, tri ger rece tor .f nctlon
) gk %@E‘WP‘?“E}SF@%‘ JrandiEr Rl SR et ChersapreoppS oy

cont & i g vRRE/bY DIBBAaA Seed. M%H&%&i@é&a] HadiadBuabadalo 2.0 X 107

cells/m with PBA. FITC | abel ed and unconjugat ed anti bodi es were prepared

in PBA. Eatolnsba(xaﬁ 22)or cantrolndps (2t thyn addbdhintenpraenvenf dkedkdp.2 10r hunman 15

IgG(lOg/g gma, St. Louis, MO (25 1), or PBA (25 1) were addedto

t he 1) bﬁmﬁn IgG! antrhodicsf(Sigmmen, St dus; M@) eet erintaitesk) lighthohaing tant i body

was i ng,.t he 3t| vvit PBA. The
cel gﬁmngpfﬁg }l'g?ed)m Stp?ﬁfm%“*dsﬁéjéﬁgairﬁ B'gﬂgfd"é I ICP£§§ i %’Bgﬁ%scence
was anal yaedietstte B@l@b@d&xﬁa@é{ld&%@ﬂ gomACRInarith %%:@%ddi& (Skgcedur e
BsAb were constructed using the nethod of Gennie et al, (dennie, MJ. et

al ., { hagBravEydpewmtl &n) anddo-pherybanediaénof  bi speci fi ¢ F(ab’ garma)Z

anti body containing thioether-linked Fab' gamm fragments, J. |nmunol.
139: 2367). mAbs 22 (both murine 25 and humani zed) and 520C9

(anti - HER2/ nemuoamb,hgﬂb,egfmm,dwsoduced by in vitro
15 The pH of mAb solution was adjusted to 9.3 by the addition of 0.1M NajCO3.

Fluorescein iso-thiocyanate (FITC) (Sigma, St. Louis, MO) was dissolved in DMSQO at a
concentration of 2mg/ml. Forty ug of FITC was added for each milligram of mAb and
incubated for two hours at room temperature. The fluoresceinated mAb was separated
from the free FITC by G-25 chromatography.
20
Preparation of Blood Cells

Buffy coats were prepared from heparinized whole venous blood. Whole blood
was diluted with RPMI containing 5% dextran at a ratio of 2.5:1 (v/v). The erythrocytes
were allowed to sediment for 45 minutes on ice, then the cells in the supernatant were

25 transferred to a new tube and pelleted by centrifugation. The residual erythrocytes were
removed by hypotonic lysis. The remaining lymphocytes, monocytes and neutrophils
were kept on ice until use in binding assays. For some experiments, neutrophils were
separated from mononuclear cells by ficoll hypague (Pharmacia, Piscataway, NJ)
gradient separation. To up-regulate FcyRI, neutrophils and mononuclear cells were

30 treated with cytokines. Cultures of mononuclear ceils were incubated at 37°C, 5% CO,



cultivation of the respective hybridonma cells. The antibodies were 74 FEB 2004
separately digested wth pepsin to F(ab')2, and subsequently reduced to
Fab' by ”(‘gbiﬁ of 10 mM nercapt oet hanol ami ne (MEA) for FETHINALESS 5t
30C. The Fab' fragnments were applied to a Sephadex G 25 col um
equilibrated in 50mV Na Acetate, 0.5nWyEDTA, pH 5.3 30 (40 .

Ot ho- phenyl enedi mal ei m de (o-PDM 12nm\V) di ssol ved in di nethyl formam de 2

bat h vias - RadB i ket S 108 Rl i AT sS e 2 57% et B
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with 25 nmM i odoacetam de. The bispecific F(ab')2 was separated from

unreacted Fab's and ot her products by a Superdex 200 (Pharnaci a,
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at 37C sugerréaéapés %ﬁre collected and_analyzed. for radioactivity.
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from the wells by washing the cells 3 times with PBA. The cells were fixed with 1%

paraformaldehyde. Cell associated fluorescence was analyzed on 2 Becton Dickinson
FACScan.
20

BsAb Coupling Procedure

BsAb were constructed using the method of Glennie et al, (Glennie, M.J. et al.,
(1987), Preparation and performance of bispecific F(ab' gamma)Z, antibody containing
thioether-linked Fab' gamma fragments, J. Immunol., 139:2367). mAbs 22 (both murine
25  and humanized) and 520C9 (anti-HER2/neu) antibodies were produced by in vitro
cultivation of the respective hybridoma celis. The antibodies were separately digested
with pepsin to F(ab')2, and subsequently reduced to Fab' by addition of 10 mM
mercaptoethanolamine (MEA) for 30 minutes at 30°C. The Fab' fragments were applied
to a Sephadex G-25 column equilibrated in S0mM Na Acetate, 0.5mM EDTA, pH5.3
30 (4°C). Ortho-phenylenedimaleimide (0-PDM, 12mM) dissolved in dimethyl formamide
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oxygen - radical production in polynorphonucl ear | eucocytes, Bi ochem J.
216: 459W0 w9dT86cel | s 30 were cultured for five days in RPWcThERN/20188bcCo,
Grand Island, NY) with 10%FBS 2 4 F E B 2004 WD 01/09186 -42

PCT/ USOQ' 20158 (Hycl one, Logan, UT) in the presence of 100 Um IFNYy
(Genentech, S. San Francisco, CA t 6 %lnduce differentiation and increased
expression of FcyRI. On the day of the experinment, these differentiated
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| um nonePEPaEALI0D Pf the utedat Eabimalgmidewapedded e 1es520€8dabt orghe of
super oxi A= : onds, .startin i di at el
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| unm nonetencentrated anparmtroden 16 uRaahgl ColuficdgaicarDIcGh&RBlah ki 10 FCYR
with M2, H22 or 197, each was used at a concentration of 10g/m . The

mAb
product i gHnisPn chasmsr §all A4 Mifes b8 howrs thet wes adiusied 1@ Orwithut MsTrisvAb M2,

MB2.2 an e various.copncentrations ta estahlish fhe
dose-r esg{oéﬁlgiz’\%‘%'g'sg %gf’ﬂ’g@gegr“%ki‘%%‘ ’%‘F“Sﬁh"é&hﬁg’ﬁ?’“%@% ‘?’Q m'%’re?’g!@ #:Sar”:[ Regi on
Cenesl 020 aliglated @ith 05 NG abeiamidy. EPRIBghe IR PR Widichaana RN usi ng
prinmers specific for nmurine heavy and kKappa constant regions and were

anpl i fi ednppciedRabl and othpepradudts baSuperdex 290 @hermaws PidcapmiagelNd) based on

sequence i_gna nd/or 5 sequences of mature V regions. PCR
productségﬁwéelﬁ\éﬁ(hﬁgfg ]endi)lglg'zes for VH and Vic were obtained using the
SH2BACKJCG | FOR and VK7BACK/ CK2FOR priner 25 conbinations. Amplified DNA
was digested with apBropri ate restriction enzynmes, cloned into ML3 and

the sequence iAntihodhDeapandent Calkvlatdtiainticiod(ADGE at | east 24 i ndependent
clongs: The daduq Rt AR Ik BreS S RS b2kt SR ST RBR T, Wo%e 29

used as targets for lysis by cytokine activated neutrophils (see preparation of blood

cells). Targets were labeled with 100 puCi of 31Cr for 1 hour prior io combining with
neutrophils and antibodies in a U-bottom microtiter plate. After incubation for 5 hours
at 37°C supernatants were collected and analyzed for radicactivity. Cytotoxicity was
20  calculated by the formula: % lysis = (experimental CPM - target leak CPM/detergent
lysis CPM - target Jeak CPM) x 100%. Specific lysis = % lysis with antibody - % lysis

without antibody. Assays were performed in triplicate.

Superoxide Induction

25 U937 cells were used for measuring the ability of H22 to trigger a superoxide
burst via FcyRl, (Pfefferkorn, L.C. and G.R. Yeaman (1994), Association of IgA-Fc
receptors (Fc x R) with Fce Rly 2 subunits in U937 cells, J. Immunol. 153:3228; Hallet,
H.B. and A.K. Campbell (1983). Two distinct mechanisms for stimulating of oxygen -
radical production in polymorphonuclear leucocytes, Biochem J. 216:459). U937 cells

30 were cultured for five days in RPMI-1640 (Gibco, Grand Island, NY) with 10% FBS



and 30. The 4 N-termnal residues of Vic are encoded by the VKBACK pr”'na[rE.B 2004
2 4 F EB 2004 WO 01/09186 PCT/ USOQ 20158 -43 The M22 VH and VK are

menber s YL Wi0Pi8he heavy chain subgroup 111D and kappa subgcqiksbrosikabat ,
E.A et al., (1991). Sequences of Proteins of Inmunological Interest, 5th
Ed., U S. Departnent of Health and Human Services), respectively. Apart
fromthe residue at L97, the ami no acid2sequence of the M2 VK is
identicalﬁh’océ;haé from5 the murine anti-1gG mAb Al 7 (Shlonthik, M et

al ., Vari neefyogan, S i thegsehce L1006/ oIV he -

aut oanti bodi es. (rheunmatoid factors). 11 Conparbiaggdr}\eﬂoefgﬁcﬁ};%%ﬁ%céscgéri ved
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I 11) t hanwith QOB 66V, (THERNs S i e how this difference
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VH i nch udefiyx { ffecelinintliz PBSewiprisesnidesith unmzacgmimm 814G1,orny KOL VH

wi th no rine FR 3rri no acids. Both 15 humani zed VH were partnered with
the sane aﬁi"ﬁ&aﬂf’\} Qrgaren 4 £digmaght Lonisi MO HEs wipgenihe yeledsetdfe hunani zed
mAbs was jnitiall sessed b | SA neasuring the binding to FcyRI/IgM
heavy chagluﬁ'%']{oh@iet)%o@?(?f 'é?%ﬁs.wel%ég t9 10RBlwekp teRetion sedution contAiRED. IMMmAD

had the sarmindl(Sighnoses.ouhiendy. OB S%Q{Wﬁj{a??}% Sidfpa S |“¥W= apd oo

exhi bited an approximate 5- fold | ower a a 20

nonspeci fdithehmuiirMRZ.G122, Al 9% badvpRicédiatthe ARAneheRE BB OhdbE: Hgﬁ@ pzed
mAbs }(@/agtpw a the Fv pgrtj on rather than througﬁ t he jl;tg:'df(;/[nal i i Iiag
addi tion

© SRRAGEUS I oL PRI OREfRHIROXide e revmadk peery 361 td 40 seshds Qatingdi Ng
affinity hhase : I i topes i ch. m ght provoke an unwant ed
i munol og]i cal r“ggg%ﬁ%‘g‘.;’g%c:a‘@a&\ﬁﬁﬁﬁﬁf‘gi%W%{“ﬁw %ﬂﬁto@dnmez, was
t her ef or dumnoph®se T of @ngatd QLSS AL HEld ' i ngi ngy .
charact eristics, Funct oﬁ;lal Char aeé]?g% Fgéaé[e?%n%?rbmg%lﬂgleW‘BM%%’ bi ndi ng

exper i merHZ k93, grehinoAbeas uisedes taalohbeiltratibg of POGI i CThe pRadcidmet ype of
the H22 anti bag%. 1F;}S;iegheral bl ood | eukocytes stained wth fluorescein 30
conj ugat SYPFBRIG N FYFseGas TRemtoredifos 3B aniniieshMrth M2t M32charsl 1 %swevet h

appr o} Maddgéd/atdafioliE&RneSfthtions to establish the dose-responstveness of superoxide

production.

Results

Murine Ig V Region Genes

20 - Ig V region cDNAs were prepared from M22 hybridoma RNA using primers
specific for murine heavy and kappa constant regions and were amplified by PCR with
the additional use of a series of primers based on sequences of known signal and/or 5'
sequences of mature V regions. PCR products of the expected sizes for Vg and V.
were obtained using the SH2ZBACK/CGIFOR and VK7BACK/CK2FOR primer

25 combinations. Amplified DNA was digested with appropriate restriction enzymes,
cloned into M13 and the sequence in both directions determined from at least 24
independent clones. The deduced amino acid sequences are shown in SEQ. ID Nos. 29

and 30. The 4 N-terminal residues of V. are encoded by the VKBACK primer.



WO 01/09186 -44 PCT/ US00/ 20158 104 binding sites per cell. In contr€§thB 004
| ynphocytes or unstinulated neutrophils had little or no specific binding
(Tabl e WOooruMsée 1: Specific Binding of H22 to Monocyt es Pmusdecolss
Monocyt es Lynphocytes PMNs M2210, 000a<1000<1000 H2210, 500<1000<1000
aAntibody sites per cell, average of duplicates To denpnstrate that the
H22 binds to FcyRI at the sane site as"™M22 and that it also 10 binds as a

ligand at the_Fc,bindin mai n, conpetition experinents with two anti-Fey
R nurine rrAbTFi/ﬁgigﬁH %%Eg?@?edﬂﬁﬂaﬂﬁGmmns@?aw@wm&wwm.

Unconj uggf § ABBaC 'vglggl £ it her the binding of
fl uorescei atse I?/Qgg ’o(r %?tﬁg;%'gégﬁ’ngggy‘ el {Profeins &l OE) ! s human
| gG whi cinterastufatiet, U8 Departinsistiof¢Hezith@ad lunttyRirvicds, RyRestad. Abhe
anti-FcyRl antibody M32.2 15 which binds to a different site on FcyRJ

t han M2fromfhe eesiduienyt LY, the aminp aqigrequsnce ofithg M2951y isndsntidabte thaidiime t o

ith t - . di ti.on , the inhi pjti f  H22-FITC by H22
oo not ettt A% AL HGhinil . £05 . VENaRleh@0n Staepesiary | or
FCyRI  bi mgtifig IgMantitioG\nb a6 a@tbakiPvbdidsdtheuktdtoid PctdY®211 MpARbE of ©

conpete for Fc nediated binding to FcyRl by a 20 fluorosceinated human
| gG . Thigbridepiasiderived bidmopotysadcharidehetimulhgorrandoeroidary plotei?2  but not M2

bound to. t he Fc.bindin ) FcyRI. This is consistent with the
ability WW“’@W’&SW—%{%& 1gG | antibodies, but not nurine 1gG 1,

to bind FcyRI  with high affinity. Since the humani zati on of M2 was
primarily to increase its imunotherapeutic 25 potential, the binding
acti Dty of HMEmapizad noidyioad Ieind! Chiumicienzabwt bfratie Bimding r ophl i ls  was

determned in r nce of human serum_ H22-FI TC bound with sim | ar
affinity to ]ﬂ}ﬁ\’ﬁjﬁf mrsaéeﬁ molaey( Beered @ umaaysubeprpdlvdnnser um
I n cont rl%SItIEWME{S‘E%) (human subgroup II). To see how this difference might affect binding,

heavy chains were constructed based either on NEWM Vg including the murine
residues Phe27, 11e28 and Arg71, or on KOL Vi with no murine FR amino acids. Both
15 humanized Vy were partnered with the same REI-derived humanized light chain.

The affinity of the humanized mAbs was initially assessed by ELISA measuring

the binding to FcyRI/IgM heavy chain fusion protein. The data showed that the KOL

VH/REI V. mAb had the same binding as the chimeric mAb whereas the NEWM

VH/REID V. mAb exhibited an approximate 5- fold lower affinity. The low binding of a
20 nonspecific human IgG1 mADb showed that >95% of binding of the humanized mAbs

was via the Fv portion rather than through the Fc domain.

While additional changes to the NEWM FR would be expected to restore binding
affinity these could create novel epitopes which might provoke an unwanted
immunological response. The KOL Vi3/REI V. mAb, designated H22, was therefore

25 chosen for further examination of its binding characteristics.

Functional Characterization of mAbH?22

A series of binding experiments were performed to establish the specificity and
isotype of the H22 antibody. Peripheral blood leukocytes stained with fluorescein-
30 conjugated M22 or H22 demonstrated specific binding to monocytes with approximately



2 4 F EB 2004 WO 01/09186 PCT/USOQ 20158 -45 nedi ated binding of an 94 FEB 2004
irrelevant human 1gG FI TC was conpletely inhibited by human serum

Li kew seWO-R29m$6TC bound with simlar affinity to | FN-y-trqai49Gsoo2015s
neutrophils in the absence and in the presence of human serum

Col l ectively, the data denonstrated tI)fgt H22 binds both via its V regions
to a site distinct fromthe Fc bindingdoémain and 5 via its Fc region to
the Ii ganmﬁ%ngj ng. domai n, of FcyRI. The fornmer binding activity

effectively GUEPEGHESPSEHboRvIGoOMIask kemehastten wmanstingGatbd newrophils had
Activity r t,napplication of anti-FcyRl antibodies for
i nmunot he?gg?gﬁgg?%ﬁ%%ﬁgé@el opmelr‘t of BsAbs which |ink FcyRI-bearing
effector cells to a tunor cell, a virus, or avirally-infected cell. Such
BsAb have,{_ ?en devel oped with M22; therefore, a conparison was nade of
the abili ?5’%11: PReFifip Binding of HAR to BmocytB0COxM22) and a correspondi ng
H22 BsfAb (520C9xH22) to nediate cytotoxicity. These BsAbs consisted of
H22 or M22 Fab' chemically conjugated to the Fab' of an anti-HER2/ neu

ant i bodyf Af&iKoa«0CI), ap e S T for—the—eitestor—eceld trigger
nol ecul §_FCyRl 9and t he Mto?}ﬂ re%\ﬁti ge n?yegh%%fsson L PM¥S- der i ved |and

H22- der i[Wdd2BsAbs was [doneo®y ADCC  aS$gyp. VE22- 4 gm@z-derivcd BsAbs
medi at eq—the killing HER2/ neu overexpressing SKBR-3 cells. B¢pth the
nuri ne 4d#%hunani zed BsKhS0kxhi bi t ed] sioad ar T evel 5 Pdod YST S 20 ¢f antigen
bearingltarget—cells lIn addition, bbth BsAb retai hed ADCC activity in the
presence of human serum while excess M2 F(ab')2 resulted 1n conplete
inhibitiq i.lling. .,Taken together these results show that the H22

Bs Ab- | ndug%‘g{’?d séu‘isesipg‘g%‘df“é%“tgqeﬂpgaa?ﬁthe M22 epitope and that the ADCC
is FcyRl specific. Finally, the ability of H22 and M22 to stinulate

super oxi de production by the 25 nonocyte-like cell |ine W37 was

eval uat edlo demynswhicahat theH32 binds he FERIR eaihe kit bd $122%nli Btk Yso | Nduced a
very | ow | evel oxygen burst, presumably because it is unable to

crossid i bradsias aligapd ethe Bt tindingidomainHowepesition A invdRitsoRith 8o eigFey | i nk

FcyR by i nell i d ¥ia jts Fc domain and, additionally, as an
ant i body RVIPJ&&?I] s é@s(h&lzn gi‘gﬁz'gsm%ﬁgﬂ%fﬁmé" wegs perdermefl. super oxi de. 30
2 4 F E BIntdfifhgated H22 and M22 competed equivalently for either the binding of

fluoresceinated M22 or fluoresceinated H22 in the presence of excess human I1gG which
saturated the Fc binding sites on FcyRI. As expected, the anti-F cyRI antibody M32.2
15 which binds to a different site on FcyRI than M22 {Guyre, P.M. et al., J. Immunol.
143:1650) was also unable to compete with the M22-FITC. In addition, the inhibition of
H22-FITC by H22 and not by an irrelevant human IgG1 mAb confirmed the specificity
of FeyRI binding via the V regions of H22.
H22, but not M22, was able to compete for Fc mediated binding to FcyRI by a
20  fluorosceinated human IgG1. This experiment demonstrated that the Fe portion of H22
but not M22 bound to the Fc binding domain of FcyRI. This is consistent with the
ability of the Fe portion of human IgG1 antibodies, but not murine 1gG1, 10 bind FeyRI
with high affinity.
Since the humanization of M22 was primarily to increase its immunotherapeutic
25 potential, the binding activity of H22 to monocytes and cytokine-activated neutrophlils
was determined in the presence of human serum. H22-FITC bound with similar affinity

te FcyRI on monocytes in the presence or absence of human serum. In contrast, the Fc-



WD 01109186 PCT/ USCQ 20158 -46- Exanpl e 2: Generation of a Functional 4 FEB 2004
H22- Epi dermal Growt h Factor Fusion Protein Materials and Methods 5
Expressivwa ovoetsér s and cl oni ng Expression vectors for the genwso@mk®nes

of the heavy (pSvgpt) and light (pSvhyg) chains of H22 are as descri bed

in International Patent Application Pug%i cation Nunber: WO 94/10332
entitled, Humani zed Antibodies to Fc Reteptors for 10 | munogl obulin G on

Human Monon clsz\ﬂri £hag cytes. For the Fab-ligand fusion construct, it was
unnecessaf§aipEd nunRe pian inelgyenidnaman Ieof TiChwaneampletshainhibitedbahumant he

sequonces oyt LT e Haa oo R i il 5Bt & Dabrieeeied nen OB
sites, on@elabschbeandin'tRO pREENE SR hukh @&qm%lle@{?%l%,gﬁe ?%Q%kﬁjoﬂﬁ}ate

downstream of CH3. Using the BamH restriction sit encocﬂ ng the
const ant anidZhbinde bethrnapita¥eadgions & 4 sitendistiredfroar the Fo bimdingldMigainaady CH |
and nost aof the hinge. To do this, the_pollymerase chain reaction (PCR) was
utilized Vb itEAGreRIes tq he higand bindingfomain of FayRé Bbefgrmeh hindinig aogiviapt wi t h
the alterat) ' [ Qur ~Jhe constpuct shown in Figure | [(],
“consi sti nég}-égﬁogytoﬁgﬁs 5% ?%f#oggrb?ﬁckg 59 u%slg{c;'gm downst ream of the
cloning restriction sites, Xhol and Notl, and upstreamof a BanH site
whi ch was used to clone the new PCR generated CH fragnent downstream of
VH, was used tfwnaigneidctivimesl Ha2Bsdbprotein constructs. The cloning sites,

which are |ocated downstream of _nps f the hinge . in order to retain
flexibility b%ﬁe‘g’ﬁﬂf“ﬁé appficafion Ofﬂjahw?ﬁ&ﬁﬁk%?s %ﬁ%@@h@@pv ASWEt DNA

encodimg i . t he 25.si ngl s.residue has been
ot ai oq Frelepmett QAL il FERI-dPnf PRI BeheTs T nERe Sl PG

f or mat i ororef vigillyenfectedaetC Suets Bs AblAa v teed idpe:1épea Wil 8110s tnesrBreappl i fi ed by
PCR to have a Xhol site on the N- term nus and a Nod site on the

C-t er mi nUROTRRTEPR Was Hiafg of wigiability ahide Mdhantinwimor E$Abr(52069xMR)wnd a eadi ng
f i nt } i d .H22 _h hai n. 30
{r uncat e FrSETERIEE BER 0o B R e TR AR B Rt o

(EGF)  weof H2#t e M2 Fab'aheinblATERjus A ROES FakDk ¥n BIWA HETEHHé:Nshifbagy 53 ani no

acid 2 4 F E B 2004
15 (520C9), and thus were specific for the effector cell trigger molecule FeyRI and the

tumor antigen.

Comparison of M22-derived and H22-derived BsAbs was done by ADCC
assays. M22- and H22-derived BsAbs mediated the killing of HER2/rneu overexpressing
SKBR-3 cells. Both the murine and humanized BsAbs exhibited similar levels of lysis

20 of antigen bearing target cells. In addition, both BsAb retained ADCC activity in the
presence of human serum, while excess M22 F(ab'), resulted in complete inhibition of
killing. Taken together these results show that the H22 BsAb-induced lysis is mediated
through the M22 epitope and that the ADCC is FcyRI specific.

Finally, the ability of H22 and M22 to stimulate superoxide production by the

25 monocyte-like cell line U937 was evaluated. M22, which binds to the FcyRI only by its
V regions, induced a very low level oxygen burst, presumably because it is unable to
cross-link the receptor efficiently. However, H22, which can cross-link FeyRI by
binding as a ligand via its Fc domain and, additionally, as an antibody via its Fv,
induced a more substantial release of superoxide.

30



WO 01/ 09185 PCT/ US00/ 20158 -47 residues of mature EGF out of the 74 FEB 2004
appr oxi M@f$diYo O residue precursor was cloned beginning with Asn 971
and endi ng W|t Arg 1023 (Bell, G L., Fong, N.M, Stenpien, CWPWZ“‘SS
Wrnmsted, MA., Caput, D., Ku. L., Urdea, MS., RaII, L.B. &
Sanchez-Pescador. R Human Epi dermal -@soewt h Factor Precurser: cDNA
Sequence, Expression In Vitro 5 and Gene Organi zation. Nucl. Acids Res.

14: 8427- Bédtapit 286. GenErdil, EWE 5110503)
is a non-1 g synthesi zi ng I@ﬁ?ﬁl&né\fan@at%&rﬁgﬁg&%pégygnﬁo "§Pns' ion
prot ei ns. Pmuteinf i nal expression vector, a pSvgpt 10 construct with DNA
encodi ng H22 Fd fused in frame to EG-F (shown in Figure 2) was transfected
by el ectroporation using a Bi oRad Gene Pul ser to NSO whi ch had been

pr evi ousl yiafransdiRoliegiowd th the pSvhyg construct containing DNA encodi ng
H22 |ight— charm —These pol ypepti des were expressed by an I g pronoter and
| g enhancer present in the vectors, and secreted by the mAb 22 heavy
chain signal peptide |located on the N 15 term nus of the constructs. One
or two days af ewqmqrmrwmﬁdonmgophenol ic acid and xanthine were added

to th di t t hat. t |
cgl Omeege vvle?e ?s@?%’?‘g{j\’&% s {1 i&%%?%%‘ 81‘: oélFS Bfm%ﬁ%d\gp%nﬂi@ﬁ grow ng
denonst r agpS¥ hyRy chzinsA. H%E’% dédcrBéd Qﬂn%hizﬁan%l(lsﬁt&ﬁ% ichfiéh PiadicEdn

f usi on proteln wer e subcl oned and expanded. The fusion proteln-expressing
cl one was Number f¢@ 9&!‘1’@%2 eDitladn fé«]mmrzed Avobodiee o Bnfetepeors gper nat ant  was

clari C urlflcalon perfqrmed by

af fi nrl? ”ﬂpgnng‘g’g?a Z‘ﬁ""gﬁrﬁgﬂf‘i ﬁ%&f& Rﬁ-af Weglasﬂ teapd fusyny rm

(Ster Ogenﬁ)nsﬂ'ﬁctGQWaS lﬂﬁﬁ’eceﬁﬁ}y to Eh@r Ql'ériigfh'l %u?r PhEHE h@ﬁﬁr &gm Y& Yihe

SDS- PAGE on_a 5-15% acryl am de gradi ent gel under nonreducing conditions.
Figure 3 C%I @é&k&@@m@ns haﬂotpésemmawd)mdﬁeptahed withehetdding sfjuanes of-C
receptor- n pr teins, Bispecific, fl cytonetry 30 To show t hat
t he fusion %Q‘?EI n e%‘é?’ f’b"‘iﬁmtﬁoﬂ 1}?&“}9&4{”[&&‘}% ofi¢dn fegAgtron between

si mul tanevHSArM CHI fdne\theccyth St dovRESAY o130 ). In
thi's assay 2 4 PEE 5004 V601 SRR P HEY S ogﬁ%%g’ggﬁ“gﬁcm el

NA encoding the constant domains were replaced by a truncated version encoding

onty CHI and most of the hinge. To do this, the polymerase chain reaction (PCR) was
utilized to engineer the new C-terminus of the heavy chain fragment with the alterations
shown in Figure 1.
The construct shown in Figure 1 [C], consisting of a translation termination

20 codon downstream of the cloning restriction sites, X0l and Notl, and upstream of a
BamH1 site which was used to clone the new PCR generated CHI fragment downstream
of VH, was used to generate the fusion protein constructs. The cloning sites, which are
located downstream of most of the hinge in order to retain flexibility between the Fd and
ligand domains, was used to insert DNA encoding EGF or other ligands. Also, the

25 single Cys residue has been retained from the previous construct to allow conjugation
for the formation of dimeric molecules.

DNA encoding the ligands were amplified by PCR to have a Xhol site on the N-
terminus and a No/l site on the C-terminus of the coding region, and then inserted in the
proper reading frame into the same sites of the newly engineered H22 heavy chain

30 truncated fragment described above. ¢cDNA encoding epidermal growth factor (EGF)
was obtained from the ATCC (#59957). Only DNA encoding the 53 amino acid



di fferent concentrations of H22-EGF fusion protein or the bispeci fizcl' FEB 2004
anti body, BsAb H447 (H22 X H425, a humani zed version of the nurine

nonocl oM® 0:P86body MA25, which binds EGFR at the |igand RITUSHGOESt e (E.
Merck) was incubated with A431 cells, a cell line which expresses the EG-
receptor (EGFR) (ATCC, Rockville, I\/D).4 fter 5 washing, a supernatant
containing a fusion protein consisting of the extracellular domain of

FcyRl and the Fc portion of human |gM was added. Finally, a Phycoerythrin
(PE) - | ap&siduesiphpnatare EGF outefithe appreximediely 1200 sesiduegredvasor masdlosed nct from

that b by - mAD. d T t.h | by FACSCAN.
At or nat e i ASh 978 anIAERe wIIEAEE) O S IE FanE Y s SlerPiethol o
nurine mAY M2 érimstdds MeA) Caping DLK DI INdURGE0(M OSREI OF B WSSORKEs-PERhdbrnvas

detected by PE-1abeled anti-human 1gG ADCC ADCC nedi ated by the fusion
pr ot ei n WAsHumaeEpidasaal ¢yowgh Hadar Ryecwdser: c B aSeqpugncel lixpeakign In Vitro

over expressi Il line, A43 .1 S us S, tar for lysis by human
15 nmonoc 3‘5@%’6@&?‘8?‘1"& ﬁfﬁt’%ﬁ%&fﬁnﬁ%@ﬁ“@d%éﬁ hours. Targets were
| abel ed with 100 pC of 51 C for | hour prior to conbining with effector

cells and antibodies in a U bottommcrotiter plate. After incubation for
5 hours at 37@gwewsiarat ants were collected and anal yzed for

di oacti vity. Oyt ot.oxi Cit | the f la; %.lysis =
o iSO B BB B iy Sestgu P sad. cr
X 20 100%@&@@&*39&?5&%?5 ofthhoeé)ﬂfxéﬁh @:a%m L) hm%%ff%% @[‘)‘%C‘ﬁ‘\gﬁ?%ﬁ) ar ed

anti body. The abili usi On protein to
wi t h 16at combstrideevitheddNAoincodinBd 2. Fd filsed asBaye vaBGEl(sloweinfRigure@) wast he

presence of 25% hunman serumto de sirate that 1gG or_ other factors

P ound v FRNSEER S PR PYaRBE S HAREIOR peCep T plee e NS Chich ted bestbog, 25
Resul t s Puti:f I i : leﬂ@ i

t ransf ect%%bl\g)mm?ﬁ%aﬁgecﬁgggggh%gsﬁfég%ﬁ&%t{g%nctoggd#gg%uct gﬁcgggféoﬁn%%\ﬁé}gtl ected

for resi sthaincélese pyigpgrndas hiee axpretsahbly 2n B fromoer 200 4¢ ¥ihatdérGHds8nn in

PCT/ USQQ 20158 -49 xant hine re expanded and the fusjqn protein_ was
af fi ni ty-PEFPHP ety U Mhaf BAvY et sig peptidedecatedputhe l-um

(St er 9gengrmtae b donditts. TR RUbbda§Pafter transfection. mycophenolic acid and

xanthine were added to the media to select for cells that took up the DNA. Individual
growing colonies were isolated and subcloned after binding activity was demonstrated

by ELISA.

20 Purification
Cells expressing the H22-EGF fusion protein were subcloned and expanded.
The fusion protein-expressing clone was expanded and grown in spinner cultures and the
supernatant was clarified and concentrated. Small scale purification was performed by
affinity chromatography on an anti-human kappa chain affinity column (Sterogene.
25 Carlsbad, CA). The purified protein was analyzed by SDS-PAGE on a 5-15%
acrylamide gradient gel under nonreducing conditions. Figure 3 is a schematic

representation of the generation of anti-Fc receptor-ligand fusion proteins.

Bispecific flow cytometry

30 To show that the fusion protein is capable of binding both FcyRI and EGFR

simultaneously, a flow cytometric assay has been developed (Figure 4). In this assay



protein was anal ysed by SDS-PACGE. The purified protein mgrated at gnA FEB 2004

apparent nol ecul ar weight of 50-55 kDa, indicating that the fusion

prot ei n W@ 0pdYiBéssed as a 5 nononer, not a disul fide-I|inkegcrhssroidsn
addition, a band was seen at an apparent nol ecul ar weight of 25kDa and is
probably free light chain. Binding specificity To denonstrate that the
fusion protein could bind FcyRI and E®%R 10 sinul taneously a bispecific
FACS assay was devised. Figure 5 shows that both the chemcally-Iinked,

f ul I y- hurdfiféremiccoBseraténT of HZ2 EGRnfuisiohqy&lein o thidBfRpecifhiriibodpBsARde as

descri bed, J lLowi ng Exanple 3, and the H22-EG- fusion protein bound
EGFR on %? (bgﬁéwéﬁ » SlIEREedreeyRen of themurinsguenagional antibode MESSendent
f ashi on. wiha&, i.f4 Ci . t.he fusi ot ei.n s denon ated by
the ability oﬁ%%éti ﬁge‘str?iﬁeﬂ‘%%‘d%&%‘?m %%&-M?’g@ ‘PS?%?B%‘YI%QQRV‘%A?}% c¢llsyand
bi ndi ng sictR lineovhichépréssés s BGF ﬁ&ﬁk@i (EGFRYTAT OC, R ville WIDYI AR | OUS
concentrations of either the BsAb H447, or of the H22-EG- fusion protein
ver e iPncOtishiag, aFunsIarE certpining sfusiontoteirmnpisesg oftbe extracalislandsmaih an

excess of F/n%ﬁ Fi guFe 6 ,shovvi that binding of both the BsAb and the

fusi on pPbt SIRT apdrBe FrRomwion of hutralehd waseadgeds t Fineling Rieoespwinf(PE)-t y of

t he fusi nat.eh B, Lor . EGER .The abiljty of the fusion protein to
medi at e X%&%gm]géga{%?b e bU‘?i; ﬁ&' @A.Dg% S(‘,‘gltﬁaé ‘%@S'ﬂ’ﬁ Mﬁ‘ama Byt es

cul t ur ed 2D owaP4ddde@U The cElid Ve RRESHR r ' iadinghd ect or
cells. Figure 7 denonstrates the V\/ngyl%g@g%Fiﬁ%ﬂﬁ'&%?@lﬁg?&gﬁlngﬂé7 (H22
x H425) &AEFR wes bleskahbypexaess () 00pgital) echoltomari flemenoest(El Mekd)0dndA431

cell a lgirglure?f d%en%nst,rat es that while ADCC nedi ated by the whole

ant i §8dy PR af BiALRT Thsion protein yasdetested by Pisiabelpd ambhamae Gt ed by t he
fusion protein was not inhibited by human serumand, in this particular
experinment, fusion protein-nedi ated ADCC was 30 enhanced by human serum
These resul tsA¥PgGort the clinical utility of these nolecules 2 4 F EB

2004 WO 01/09186 _PCT/ USOJ 20158 -50 by denonstrating th%t t he fusion
protein was capdbCdngshated by thefusior Rraseiavenssietesnined usipgla’d Crkiling i n t he

F f f | ld b t.in vivo.
G onth 1 GR ahe b EaBls el B8 B ATH, S SRt efrae 451 BR By et s
to stisMuhithnBc e bl furéd i oMt er GRIFR-) T8 2 S5 RE € SPack &6 GRIAGSelEPvith 100

nuCi of S1Cr for 1 hour prior to combining with effector cells and antibodies in a U-

bottom microtiter plate. After incubation for 5 hours at 37°C supernatants were
collected and analyzed for radioactivity. Cytotoxicity was calculated by the formula: %
lysis = (experimental CPM - target leak CPM/detergent lysis CPM - target leak CPM) X

20 100%. Specific lysis = % lysis with antibody - % lysis without antibody. The ability of
the fusion protein to mediate ADCC was compared with that of the respective BsAb.
The assay was also performed in the presence of 25% human serum to demonstrate that
IgG or other factors found in human serum will not inhibit fusion protein-mediated
ADCC.

25

Results

Purification

NSO cells expressing the H22 kappa chain were transfected with the H22-EGF

30 heavy chain construct and clones selected for resistance to mycophenolic acid and



it, EGF also can-act to inhibit gromh of tunmor cells that over-exﬂr‘ﬂe%%B 2004
EG--R (Barnes, D. W (1982) J. Cell Biol. 93:1, MaclLeod, C L. et al.

(1986) YO UBAOU86 physjol . 127:175). The ability of EGF andP¢HESEEIISEGH
fusion protein to inhibit the growth of A431 cells was exam ned as
follows. 10 2 x 104 A431 cells were added to six well plates in conplete
nmedi a alone or in nedia containing various concentration of either EG,

H22- EG-, _the. Fab fragnent o 2, or the F(ap')2 fragpent of H425. Viable
cel I's wef@m @ﬁﬁ'feé?ie’ﬁ%i’ng?‘} %‘é‘I/%?ZH%i% p{@F‘ﬂd”asé‘? ROBYH gntherne anal yses
wer e per Liemeiar s a - n i ations.
L R R R R R S e
and H22- pE@#n svagandlyscaitiyl YDSFAAGEL dtheqetrilfied pemeih rigraediass appmemdent

fashion. On the contrary, _the F(ab')2 fragnent of H425 which had sone

i nhi bi t ofPleratar wei 18§P§-5§tmﬁ~ igHEShtrthe fusion RIRKIR Kexprpsed@agnent of
H22 had i Ahi A V)t Thus - ' bind to
bot h %cy%&ngﬁgy%g:é [sllﬂhu dtteal%gas @1}4}'2%7 aldrqgibglaflib%%gvgg%:eeb%te n%rf%é"%:cu e had
fol ded prmpeiulay veight lbAdskiba ahdlstedbitie ek Gxhddbdaidy required to bind both
receptors at the same tinme. Furthernore, H22-EGF inhibited proliferation
of the EG--R expressing tunor cell line, A43 1, indicating that, simlar

to EGF, theeﬁ%—ﬁé@%@n protein is capable of signaling through the
EGF-R H22-E : tes potent killing of A431 cells in the presence
of FCyRl expr qesichdnS{1€ 8l ihe2Rsiofl Protein'd¥ud bifld FcpdaiBeGrReS bot h
cytotoxic and cytostatic effects on EG--R expressing cells.

Adni ni0st sesleneafsiyHpBispeaific 6 AL Ssasspewns bawisadg Bighrenbshomis| thatibetuthe i n
recrui tment of the body's natural Bg{xt otoxic effector cells to nediate

ki l'ling &herpisglly-linksd. fellgi-humpgized BefbiHA47 (H2R (@si- eyl by &Hi25 hiyduch was

cyt ot oxi i LS. rmre, . |
St on A as ffL1tb0s LWL ROy EXAoBI S AREXAORR S £ AT RS RE bl

ef f ect or BGHAR 8n RS WENLAhINOIIMLFERT simMltaledQs1h i & B6de-depan@at faRT0h- t UunDr
immunity 2 4 F E B 2004 WD 01/09186 PCT/ USOQ 20158 -51" by secreting

i nfl ammat ory dye&khiespesifeivrofshe fusimregroteny wandemomstratedibyghe ehibity fnt i gens
L0 ¢ B (SESEHL 5T, SFS AL, PoRiFAA S, B e ¢ he
HER3 and priizkith o7#i226UHE 35 bﬁ‘aﬁr{'g. Of aridi@¥Bncentrations of either the BsAb H447, or of
the H22-EGF fusion protein were incubated with A431 cells in either the presence or
absence of an excess of M425. Figure 6 shows that binding of both the BsAb and the
fusion protein were inhibited by M425, demonstrating the specificity of the fusion
20 protein for EGFR.

4DCC

The ability of the fusion protein to mediate ADCC was analyzed using A431
cells as targets. Human monocytes cultured for 24 hours in the presence of IFN-y were

25 used as effector cells. Figure 7 demonstrates the whole antibody, H425, the BsAb H447

(H22 x H425) and the fusion protein mediated dose-dependent lysis of A431 cells.
Figure 8 demonstrates that while ADCC mediated by the whole antibody is inhibited by
25% human serum (25%HS), ADCC mediated by the fusion protein was not inhibited
by human serum and, in this particular experiment, fusion protein-mediated ADCC was

30 enhanced by human serum. These results support the clinical utility of these molecules



receptors may form heterodiners with HER2, a nol ecule which is 74 FEB 2004
overexpressed in sone breast cancer cells. The affinity of HRG for HER3
and HERMWOW#H02B6es significantly when these nol ecul es fropchesermdsser s
with HER2. This exanple 10 denonstrates that a bispecific nolecule,
conprising heregulin and a binding specificity for the FcyRl inhibits
gromh of a tunor cell |ine and nedi at¥% fusi on protei n dependent
cytotoxicity of these cells in the presence of FcyRlI-bearing cytotoxic
ef f ect or byedempnstatingthat the fegen protefinvianrapabiet «fi killing EGRIsVerexgiredingn t he
sanme manney, as the. H22-EG- fusjon protein described in Exanple 2.
Briefly, SGehENER IORA PESERS Hd vRbexpressmg affestprenlls af wonldde prsentanvivoFcy Rl
mAb, H22, was fused to cDNA encodi ng the EG-F domain of the 132 form of
HRG. The am no acid sequence of the H22-HRG fusion protein (SEQ ID NO 4)
i's shown in FiGremeh dhibildty propestieo/HIL EGE £aRpls&ns @M no  acids 171-239
of the heregulin 132 shown In U S~ Patent Number b5, 367, 060. O her
portions of hetepuehEGiscts fsstigulate gsowbrafinommalakells thacexphes egpepions for
nol ecul e t . di scl.osed in S, Patent Nu  5.367,060 can
al so be 3%5%%@%%3?@“%%‘&@%@1 ?ﬁ&“"’é%ﬁlse“s’%‘i %ng-sggfv%;;?@%g Bemest ect ed
into a mEMaTREHII CEl Beolpo®Y| Bsl.dod Canst sciafs '.td‘klﬁphg Gt PE7.¢94L ai ni ng
DNA encodi ng the H2Z2 kappa |ight chain. The Tr(esu 3 '%p??{}éi n was
expr essed hgrédBYPhEGHF andghe bizgtﬁﬁﬁwﬁxs;onmremin fodinigbittthegrondt ef A4TbedlBi Ns a
free Cys res| [ hi nge region of the H22 Fab conponent. Fl ow
cytonetrfagé&%ﬁ%v?ggsﬁﬁngﬁ’ his fusion protein was able to bind to the HER2
QVer expr essi N # WA 43PELs Wirb 8ddediBRndvelfSiale il ; sing
cells. To test the biological activity of ?ﬁe IEIZE%QIEQCEE%%@%Q%ISO ein,
super nat apfdia ¢qniginingevanpes ensentedtion ofxpher RGRFIRESFT the iFab fragmiest of Was
dil uted ee f ol hirt nd. added to PC-3 cells or SKBR-3 tunor
cells exﬁfgsg{ {li‘ge Fﬁ@%,éﬁgﬁ?ogﬁgﬁgoeﬁgﬁfeﬂﬂ WEFC PSS SIS ESEYED AN ysiigat ed
monocyt es hamodyloalerd?. The h&lydesRNOpMiGel 9n LapEaL :
01100186 PG | Uo0H 50158 25 e b Theaﬁmncfc%tﬂégpd\%rﬁggggéﬁgg Wi th
| FN-y andtapardidgyigtiensel | s were | abeled with 51Cr as described in Exanple
2. The % of specicific |ysis s.calcuylated as, indicated in Exanple 2.
The M9sul vs andeprulis Aty K Y. These Fous et BLEPE oA A2 abou
45% of SKRRSsigRiikantB hibed SelkPRMith A9YEE RGerehlliioR On n

g i E 5 egﬁt egﬁ ok gnf‘%ﬁsﬁq’#ﬁf’)s fusion

incubation 5 of the cells with'the supernat ut ed
prot ei n itheF(ebd3ragroentrof §142SKARcIBhad svore iokibitsryeautivive dhlgtae Righusi on

concentrations and the Fab fragment of H22 had no growth inhibiting activity.

Thus, H22-EGF 1s able to bind to both FeyRI and EGF simultaneousty,

20  indicating that the molecule had folded properly and had maintained the flexibility
required to bind both receptors at the same time. Furthermore, H22-EGF inhibited
profiferation of the EGF-R expressing tumor cell line, A431, indicating that, similar to
EGF, the H22-EGF fusion protein is capable of signaling through the EGF-R. H22-EGF
also mediates potent killing of A431 cells in the presence of FcyRI expressing effector

25 cells. Thus, H22-EGF mediates both cytotoxic and cytostatic effects on EGF-R
expressing cells. Administration of H22-EGF to a subject having a tumor will result in
recruitment of the body's natural cytotoxic effector cells to mediate killing of the tumor
cells by potentially three different modes - cytotoxicity, growth inhibition, and
phagocytosis. Furthermore, in addition to cell mediated cytotoxicity of the tumor cells,

30 the effector cells recruited by H22-EGF may also further augment anti-tumor immunity



protei n dependent cytotoxicity of these cells in the presence of 74 FEB 2004
FcyRI - bearing cytotoxic effector cells. Thus, the results of this exanple
show t NnMOWUW988% i - FcyRJ- heregulin fusion protein can nmedCaVEs08a0158t unor
cytotoxic activities under physiologic conditions and 10 indicate that
such a fusion protein will have therapeutic utility in the treatnent of
various cancers. Exanple 4: H22- Bonbedi-n Fusi on Protein Mediates Tunor
Cell Killing The H22-bonbesin fusion protein was constructed simlarly to
t he H22- bFecrdibng méammapery cgiakinks sudiobbyl paitessing ddavperesenting tunte ahtgdssi n i s
a short Pe@‘ti de éflﬁ ?m' e acid residues), instead of anplifying cDNA
encodi ng " bOMSESPYFS (1§ PCR t echnol ogy, ~DNA ol i goners encodi ng the sense
and anti-sense strands of bonbesin were hybridized to create the coding
region. The am no acid sequence of the bonbesin peptide fused to the

car boxy| Eemdplefi:t hd22eHepeguliai(M22fgg30% Fuidn Pibicho Medistet Tanicd!Calv ng: 20
-d n-AS\rgK,ﬁu-G y-Asn-G n-Trp-Ala-Val-@y-H s-Leu-Met-Ay (SEQ ID NGO 5)

whi chcofYe¥8onds to amino acids 2-14 of bonbesin (Anastasi et al. (1971)
Experientia 24 2 0n:gl Lt i ne residu t he
car boxyl end %F“%’%?’g)‘6@&‘3?)3%595‘%’%29‘&61?%‘8%35‘23%% %\%’é‘? 5?)‘p|ﬁ!|;11§ 0grtl 5%t hat
did not aceptoe mey futin heabaiatkrs MR HERS ti ikl¥cule Mhsch i bvérexfredsedii € on the
N-terminus and a Not! sjte on the C.termnus such that it could be cloned
i nto theSeme brrashspneds sells. ks digity Af BBE& tor HiRandddBRAerreasesthe bi ol ogi cal

activity _qf-: - [ ' rotein on. cell killing was

i nvesti ggﬁéﬁfﬁgﬂﬂ@s@ﬂ%é‘g (():yeﬁ:ﬁ%rg’? r°§ﬁ%&"%z@‘ﬁé?%ﬂﬁ n fusion
30 prigt eidemonddratefthat,a H?@eaiﬂcuﬂ@ieme,ldoﬁ}ﬂﬁ@ﬁl iHe e oRAARRS b Bir gifitper e

| abeled with 51Cr 2 4 F E B 2004 WO 01/09186 PCT/ USOQ 20158 - 53 and

i ncubat edionthe ReyRdnokipite groswbl of a turnerscetidine end rratdiatessfusibn pRReih depodepr ot ei n,
and fusion praotein dependent |ysis was determ ned as_descri bed above. The
resul t's, CEREMCILY of thesgselds inthe pregencs b Feridtbeariag extptpaic effsctas cedle | ysed and

that the | evelmQf . i i riional |l iLh the
anount of fusiTcl)]% Hpirzgigeglg ul%%%8L¥§dt§Hg aggé’g%%@%gﬁgsn 5?’6’1@“&‘%“‘5%%vi ng H22
as one biHXBGF dmdidr yrodeinl désSibédNIxango S| Boiefty, gehomPPDRA émdbiifig the
Repository) as a second binding entity were al so produced. Exanple 5:
Produkét i &d feagnging pfela,tmmuze,drmnﬂ%ul%bmﬁb, o2 \was fuseditodfiencetling\thei Bfakly

domain of the B2 form of HRG. The amino acid sequence of the H22-HRG fusion
protein (SEQ ID NO: 4) is shown in Figure 10. This fusion protein comprises amino
acids 171-239 of the heregulin 82 shown in U.S. Patent Number 5,367,060. Other
portions of heregulin B2, as well as portions of other heregulin molecules, such as those

20 disclosed in U.S. Patent Number 5,367,060 can aiso be used. The resulting H22Fd-HRG
expressing vector was transfected into a myeloma cell line previously transfected with a
vector containing DNA encoding the H22 kappa light chain. The resultant fusion
protein was expressed predominantly as a monomer, even though the protein contains a
free Cys residue in the hinge region of the H22 Fab component. Flow cytometry

25 showed that this fusion protein was able to bind to the HER2 overexpressing tumor cell
line, SKBR-3, as well as to FcyR-expressing cells.

To test the biological activity of the H22Fd-HRG fusion protein, supernatant

from the myeloma ceils expressing this fusion protein was diluted three fold or thirty
fold and added to PC-3 cells or SKBR-3 tumor celis expressing HER2, HER3, and

30 HER4 in the presence of IFN-treated monocytes at a ratio of 100:1 monocytes to target



10 Fragnents Materials and Met hods Expression vectors and cl oning 1k FEB 2004
Expression vectors for the genomc clones of the heavy (pSvgpt) and |ight
(pSVhygwochiamwrss of H22 were as described in International geate&ioro1ss
Application Publication Number: WO 94/10332 entitled, Humani zed

Anti bodies to Fc Receptors for | munogl obulin G on Human Mononucl ear
Phagocytes. For the Fab' construct, r®2was unnecessary to alter the |ight
chain. For the heavy chain, however, the CH2 and CH3 20 donmi ns had to be
renoved waifshrcel)y. aRRANYAIR 1R WeRE Fedl Wath Safd | ctor
cont ai ns t o BanH| si_tesfi,Sh one in the intl‘rrgﬁ?gg?v\ﬁe}en gﬁ%‘ﬁ&%—&?‘ﬂ\éﬁd t he
ot her | with > Yenassieserthed an Egpmpleldsi Floe Vel spacitificrigsis mias thlomaridtaes, DNA
encodi ng. t.he. const ant ai ns were replaced by a truncated version

encodt nongiiais A Bipte ZOHR SRutSEe prebrued gyl i B rendisudigere it

chain r ezt 95% OPSRBRBE|14dnkinBeS absut 298] BepES 08158y e P %%ﬁéﬁbﬁh‘én of the
I [ d’ur e P gure

heavy chain fragnment with the alterations shown 1n 1 [B]

shows5t hef the cellsavitlothe shpemafenedibtédhfal. a truncat ed singl e-sul f hydryl
version. Expregssi.on The nurine nyel omg NSOéECACC 85110503) is a non-lg
synt hesi zi ng 1 PRLISIOPIStsin phubiisgroweh ol BRsE lusporarells ard mediates fasion 2

ant i body ' o) ectof,,.a. pSVgpt cans ct.with DNA
encodi e P el SEBIEASH O AE%\eRn rne Perethin T Ak bt oo
01/ 09186 Rk W0/ PRASRE T8bIS AR S Pelm OB repeOlng, Rl ot
chain by electroporation using a Bi oRafg ngﬂagg ?gt;\. he@léere clﬂnypse“ﬁrt'i des
wer e exppregechnoypediate lagtigumoptydotoaitchctigitizs haderathysiplapietdnditibnk Agd vect or s,
and creted t%]}/ th@bng\g. 22 hea&’_ chain signal peptide |ocated on the
N-t ef i HRdicete tia suchn Bisiqnapretenyil bave;therapenpis wiflite in the sieatmsst phyarious
mycophenghi&sacid 5 and xanthine were added to the nedia to select for
cells that took up the DNA. Individual grow ng col onies were isol ated and
subcl oned after FcyRl binding activity was denonstrated. Purification 10
The single sylfhy formof the H22 anti body and the whol e H425 (anti
EGFR) ar#’faﬂ@’ J'V\B%X%TB&!RR%H' Bysipm Fyptein,Megiates Tumar Gl Kilingespect i ve
transfected NgQ pooldohbelRtubiis Broteih ik dohbiithi W siiighy i ne 12 BEF Y
chromat ography. The single
15 fusion protein described above. However, since bombesin is a short peptide (14 amino

acid residues), instead of amplifying cDNA'encoding bombesin using PCR technology,

DNA oligomers encoding the sense and anti-sense strands of bombesin were hybridized

to create the coding region. The amino acid sequence of the bombesin peptide fused to

the carboxyl end of the heavy chain of the H22 antibedy is the following:

20 |

-Gln-Arg-Leu-Gly-Asn-Gin-Trp-Ala-Val-Gly-His-Leu-Met-Gly (SEQ ID NO: 5)

which corresponds to amino acids 2-14 of bombesin (Anastasi et al. (1971) Experientia
27:166) and contains an additional glycine residue at the carboxyl end of the peptide.
25 The oligomers had overlapping ends that did not hybridize but instead created sticky
ends for a Xhol site on the N-terminus and a No/I site on the C-terminus such that it
could be cloned into the H22 heavy chain expression vector described above.
The biological activity of the H22-bombesin fusion protein on tumor cell killing
was investigated as described above for the H22-EGF and H22-heregulin fusion

30 proteins. Briefly, PC-3 tumor cells bearing bombesin receptors were labeled with 31Cr



sul fydryl formof the antibody H22 was purified by ion exchange 74 FEB 2004
chromat ography using Q Sepharose foll owed by SP-Sepharose (Pharnaci a,

Pi scat aneg 01409186 The purity of the 15 single sulfhydryl forcr/osoowrzeessH22

anti body was assessed by SDS- PAGE. Ceneration of bispecific antibody

(BsAb) BsAb was constructed using the gethod of Gennie et al. (G ennie,

MJ. et al., (1987), Preparation and performance of bispecific F(ab'

gamma) 2, aati t{%d% cqontai nin 2Q thioether-1linked Fab' gamma fragments, J.

| mmrunol . ,2N4 3eFubalse withyran 2nd vgnoyyenncopistigan ef Hedduspon prowingadpepsi n

pr ot eol Y{,S 4 . i f H n e Fcab' )2 purified by

i on exch%lggh @ﬁ@%‘ﬁ%ﬁ"ﬁ‘ g%ﬂgss%dgn{&%&\?\g%%% g%%gbcﬂ’f' fﬁair%s‘ugg, Shg‘Fm 20 mM

mer capt odh Fanomé 4B indic{td/A) theotargdOcelisiusé BSedhnBhig: thinéveFabiardet 8ANREES Were
applied to a Sephadex G 25 colum equilibrated in 50mM sodi um acet at e,
0. 5nmM 25 1Bg5FRes prapsripnalicviththe prpopraffuser piotein eddddde thoassdM  12mv)

di ssolyed in ipethyl. for pam and chilled in a |/ice bath was
added é(/one haI@s%Iﬂaﬁ%g‘s?‘ 8“"5k@-ﬁf"ﬁ%ﬁ%&?tftﬁ@ﬂ%ﬁ%qg’rg OHIMH &5 on
i ce. The gl (ATBISER dPosieoryRss 4 fRBnd SRRl {v DM on Sephadex
G 25 equili br(at ed. élpr? 50mMM Na Acgt ate, ga%%m\ﬂegg'll'%ﬁgﬂ&g% (40 . For

preparation of the BsAbs, the H22 Fab'-nal ei m de 30 was added to the H425
Fab' at 1.2.1.nolar .ratio..the reactants,. e concentrated 2 4 F EB
2004 WO FoopBns stRsBeSEE Apithomict Hropy fpaied Rumanied ng vol ume
using a Digfbgayrenbrane in an Am con chanber (all at 4C). After 18 hours
the pH was adjusted to 8.0 with 1M Tris-HCl, pH 8. 0. The mxture was then
reductd with JOomgmeRrs (30 minutes, 30C) and alkylated with 25 niv

i odoacet am de. The bispecific F(ab')2 was separated fromunreacted Fab's
and 5 other products by a Superdex 200 (Pharmacia, Piscataway, NJ) col umm
equi | i br af1g€rikIR andBRthddsspeci fic flow cytonmetry To show that BsAb

generate € thod as well as that generated by 10 the DTNB
met hod are capabl e of binding both FcyRI and EG-R sinul taneously, a flow

cytonetric ass has been developed (Figure 13). In this assay different
concentrati on&éﬁ—'ﬁﬂ-@—?—@ﬁ—%&ﬁw egt M&re incubated with A431 cells, a cell
line phi ch expgsssnvBGoRTor teGeRBhRY cléfS R b | 331

AP n f r e i heﬁ%;@%m"@écel | ul ar

=331 O
supernatant contalning a fusion proteln consistin e ext

domai n of(pS¥LRL) chanks ohH2Ewvepoat descrited ih Unmmatighdl \Batent Appliaitied Wi t h
Publication Number: WO 94/10332 entitled, Humanized Antibodies to Fc Receptors for
Immunoglobulin G on Human Mononuclear Phagocytes. For the Fab' construct, it was
unnecessary to alter the light chain. For the heavy chain, however, the CH2 and CH3

20 domains had to be removed and replaced with a termination codon. The heavy chain
vector contains two BamHI sites, one in the intron between VH and CHI, and the other
just downstream of CH3. Using the BamHI restriction sites, DNA encoding the constant
domains were replaced by a truncated version encoding only CH1 and most of the hinge.
To do this, The polymerase chain reaction (PCR) was utilized to engineer the new C-

25 terminus of the heavy chain fragment with the alterations shown in Figure 1. Figure 1

[B] shows the alterations for generation of a truncated single-sulfhydryl version.

Expression :
The murine myeloma NSO (ECACC 85110503} is a non-Ig synthesizing line and

30  was used for expression of the modified H22 antibody. The final expression vector, a
pSVgpt construct with DNA encoding H22 Fd was cotransfected with the pSVhyg
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15 the cells. Finally, the cells were incubated wth a FITC | abele
anti-human I gMspecific antibody. The cells were then anal yzed by
FACSCAN.WODEE918Bs Ab- nedi at ed ADCC was det erm ned using a 5pCraisoétolsg
assay. The EGFR 20 overexpressing cell line, A43 1, was used as targets
for lysis by human nonocytes culturedg'rn y-interferon for 24 hours.
Targets were labeled with 100 G of 51Ct for |. hour prior to conbining
with effector cells and antibody in a flat-bottomed microtier plate.

After i nEOBEUChEPTdnIngIN G srsoding 3422 light shainbarelectroperstion hsing & BaoRa

o Y72 GenipulsBE| PREE'Rl ookl el ok b9 2ntlE piimit i W stliceny -
target | esdsesiRMtheXvd@@i¥panditcrRRAINIERE MAIS DS haa? dhxﬁxi%m} ;E%tﬂ@qacta&%n- %

lysis without antibody. 2 4 F E B 2004 WO 01/09186 00’ 20158 - 56
Resul t s HifrNftermipnpal Neoorgncts. dneorgwordaps dottensfection, nyeophanobated H22

heavy chgj struct t he .i ntact chai n construct. C ones

sel ectsed%gﬁggglsnles ea’ﬁé@‘r‘}‘t%&"?ﬁ}%{}‘ﬁﬂ@ﬁisﬁ? EC‘ESHP‘%?]%% 19k PR DR e expanded
and the ' : 164k rnat ant. b Sephar ose fol | owed
by SP Se piaV oLl BN RLENSHEC WHARARE sB0 BRI e ¥ ol SHEREATEY Vs
anal yzedway d&iSnftfdiéd. The purified protein mgrated at an apparent

nol ecul ar wei ght of 50kDa, indicating that the protein is expressed as a
nononer, not a 10 disulfide-linked dinmer. Construction and

characteri zatigp,of . .a, BsAb conposed of single sulhydryl H22 linked to
Fab' of H425 MR) A BsAb was constructed where the single

sul f Rpdryl  f orTheGingtR 2ulfidrjiifotne df the HIbSankiBedy 2k thE haERE2 Pfantid25, a
humani zed_anti - EGFR mAb. The BsAb was generated using o-PDM as a |inker

by the nE(Hdt aptibesdyHsrepraduced by(igviarmeuwtivavion of she mebpective 88®fected NSO

P ti ce of bi i fic. F(ab' 2 ti pod
contai i SO PR 1R QRGP DloRATA aiifiny A RmafERPHY Lo THRGINE 130 2367)
The act i vulfydrof foki o thEsAbodR$122 witiell Oy WL HRRSTA BN lapRy EHNB

met hod using Fab' fragnents nade 20 from pepsin digestion and Treduction
of whol e Q-Bepharese felovied by SB-SepharostPbermnBici Piscaaivdy BV Hd The pRityanfdheEGFR

si mul ltSangﬂlléfel Qﬁliﬁy&l‘ﬁ %“1% 31‘ the 'l:-ﬁgsan?iggc@/ wg\:liaassst(:jsggd gf'\ gDS-PAGE.

Generation of bispecific antibody (BsAb)

BsAb was constructed using the method of Glennie et al. (Glennie, M.J. et al.,
(1987), Preparation and performance of bispecific F(ab' gamma)?, antibody containing
20 thioether-linked Fab' gamma fragments, J. Immunol., 139:2367). The F(ab')) of H425
was generated by limited pepsin proteolysis in 0.1M citrate buffer, pH 3.5 and the
F(ab')y purified by ion exchange chromatography. The mAbs were reduced by addition
of 20 mM mercaptoethanolamine {(MEA) for 30 minutes at 30°C. The Fab' fragments
were applied to a Sephadex G-25 column equilibrated in 50mM sodium acetate, 0.5mM
25 EDTA, pH 5.3 (4°C). Ortho-phenylenedimaleimide (0-PDM, 12mM) dissolved in
dimethyl formamide and chilled in 2 methancl/ice bath was added {one half volume) to
the H22 Fab' and incubated for 30 minutes on ice. The Fab'-maleimide was then
separated from free o-PDM on Sephadex G-25 equilibrated in 50mM Na Acetate,
0.5mM EDTA, pH 5.3 (4°C). For preparation of the BsAbs, the H22 Fab'-maleimide

30 was added to the H425 Fab' at 2 1.2:1 molar ratio. The reactants were concentrated



Figure 14 shows that both the o-PDMI|inked BsAb and the BsAb nade b@‘EEQZM4
DTNB net hod bound EGFR on A431 cells and soluble FcyRl sinmultaneously in
a dose- wemendmat fashion. 25 The ability of the two BsAbspChUSeu2Ms8 ADCC
was anal yzed using A431 cells as targets. Human nonocytes cultured for 24
hours in the presence of IFN-y were uggg_ as effector cells. Figure 15
denonstrates the two BsAbs nedi at ed dose-dependent lysis of A431 cells in
a conparabl e fashion. These results denonstrated that BsAb generated from
the truncedegnitzgggp fths startinglygipme ysinggfDipflo mgmbrangjagndimicop chamby EGFR

b AR N e T
o bl Sty i £5,0 8 B Ap VAP SR SB35

f rom hybrindlo fetloaesanitel Tht bipedifio Fer0h angeepaited fromogireqiod Kabadnduci a.

Pi scataway, NJ) and 520C9 was further purified by protein A affinity

chr ona$ ogetaphgrodwmisbyra Supcrdexk 20Q(Rhaapaciniscaianasg, Mgs:opmm ¢qustibmatedrin 10
hybri doma guper natant by protein A affinity chromatography (Pharnacia,

Pi scat avvaf}, "NJ). The M22- and 520C9- producing nurine hybridoma were
described previously (Guyre et al., (1989) Mnocl onal anti bodi es that
bind to distinct epitopes on FcgRl are able to trigger receptor function,
J. Immunol . 148ispeciig Bowrpemetryr ankel et al., (1985) Tissue distribution

3. Biol. RoapolesnRBaN: BIAL EERcista P o PRI RS i Lo SR °dic‘és’f
851105Q3) .4 = | Z} 40 [
Che  Rmaie TN B e s SX 0 6t B B ARIRY B HOFR SfliHoRI N AOR' 07 2

nmouse NDEAGmeRR) asedy hds®@dyn Beveldpd gFighitel 139 Ir thés dssayaiiffaaecohkeritranivayor k
resi dues on | oop_ confornation, Protein Eng., SKBR- 3, (ATCC,

1: 773).
Rockvi | | eof tipywa Bsdbs vers imgubatedwith Ad3 h 6ells. a eell ling ngcbrffé?feé#é tesbPEsses

he HER2/ A i L a b
Squanous FatnBhBORREPARN AR, o hibrS bonatiiies ol priBhcofu IR
MD) were ﬁ'léletxitz?{ﬁé)l%id'&n{a?rp&‘ﬁym Maslink FRGoRnTtoman 1HAN 48 hetabdaMvithd beo,

G and | sl and, . .
15 the cells. Finally, the ceils were incubated with a FITC-labeled anti-human IgM-specific

antibody. The cells were then analyzed by FACSCAN.

4DCC
BsAb-mediated ADCC was determined using a SIcr killing assay. The EGFR
20 overexpressing cell line, A431, was used as targets for lysis by human monocytes
cultured in y-interferon for 24 hours. Targets were labeled with 100 pCi of >1Cr for 1
hour prior to combining with effector cells and antibody in a flat-bottomed microtier
plate. After incubation for 16 hours at 37°C supernatants were collected and analyzed
for radioactivity. Cytotoxicity was calculated by the formula: % lysis = (experimental
25 CPM - target leak CPM/detergent lysis CPM - target leak CPM) X 100%. Ab-
dependent lysis = % lysis with antibody - % lysis without antibody.



25 Neutrophil preparation Neutrophils are separated from nononucl ear Zcfefﬁ%m"
by ficoll hypaque (Pharmacia, Piscataway, NJ) gradi ent separation. To
up-regulWOd1PI18% RI, neutrophils are treated with cytoki nesT/Useokesphi | s
are cultured for 24-48hrs (37*C, 5% C02) in AIMV nedia (4 bco, G and

I sl and, NY) containing 2.5%normal hu serumtype AB (Sigma, St. 30
Louis, MD, 50 ng/m G CSF (Kindly provided br R Repp, U of Erlanger,
Ger many) Eanﬁ 100 IRUmM IFNy. 2 4 F E B 2004 WD 01/09186 PCT/ US00/ 20158
-58 Cont et hod BsAb were constructed usi ng the nethod of G ennie et
al (dennie, MJ. et al., (1987), Preparation and performance of

bi specific F(ab' ganma) 2, antibody containing thioether-Ilinked Fab' gamma
fragments, J. Pmmificudion, 139:2367). mAbs M22, 520C9 5 (anti-HER2/neu, 33),
and H425 (anti -EGFRR anti bodi es were produced by in vitro cultivation of
the respecti veVRPsells diere casransfected with(the tryncaséd Ha2 heawyt Ghairgonsienda and

I, i lysis in 0. 1Mcitrate buffer, 3.5 d
Phe  Feap P tnact RabSEctRBPCIBEC Clénel St Bried (5 HsGig B Hagontaicatd s
wer e 1 edusckanthieolere diparitiddiahil 8 @breRDwAMpER CPRbRAhO AlRHATR By ) for

30 mnutes at 30C. The Fab' 10 fragments were applied to a Sephadex G 25
col um eqtArhaigs fallowed byRvBepharesefion exchaggesehib BB Arapby Fhe pudfiyd

Ot ho- phe [ mal ej_m =P 2 .Adi.ssol ved., in. dinmethyl formam de
o P MRYlAGEL el SO PRLE, @Rﬁ%&%&&?‘&ﬂ’e‘“?ﬂ?@%ﬁ et ot he
mur i ne 22m5abﬁ1aﬂwesghnsummgiﬁdwmﬁ%m tHetpRStefillis ek Bresstdtis BaRondME: ShdTlade vas
then separated fromfree o-PDM on Sephadex G 25 equilibrated i n 50nmM Na
Acet al®, displfdesinkedsiimerpH 5.3 (4C). For preparation of the BsAbs, the M2
Fab' -mal ei m de was added to the H425 Fab' at a 1:1 nolar ratio. The
reactants were concentrated under nitrogen to the starting volune using a

Di af | o menbr an€oisfrueioNdhd htr&oesRfion 6| Bsab bmpbled Hshile SimHaNFs the pH
was adjusted to 8.0 with IMIris-HCL, pH 8.0. Tne mXture Wwas t

en
reduced with 1HR/inkeA 1o Fabhe/iPs(and®EGFRINd al kyl ated with 25 v 20
i odoacet am de. , T, bi speci fic E(ab' as se ated.fro eacl.ed Fab's
and ot her pro%u%?‘aéb BSE/‘P 5or§h'agﬁggé@%§e f‘ﬁﬁ%ﬁﬁ&@?"gﬂvﬁ% t%‘?’? ﬁﬁﬁc‘iéﬂl um
equi | i pr ahedab fraghleasoMaaEs, AbRLREd aAi-EOF K RBY. - THOBs A5 s MokrdteP20C9 Was

made in a simlar fashion except that 520C9 was used instead of H425.
using 0-PDM as a linker by the method of Glennie et al. (Glennie, M.J. et al., (1987),

Preparation and performance of bispecific F(ab' gamma)Z, antibody contatning

thioether-linked Fab' gamma fragments, J. Immunol., 139:2367). The activity of this

BsAb was compared to one generated by the DTNB method using Fab' fragments made

20 from pepsin digestion and reduction of whole H22. To demonstrate that these BsAbs
could bind FeyRI and EGFR simultaneously a bispecific FACS assay was devised.
Figure 14 shows that both the 0-PDM-linked BsAb and the BsAb made by the DTNB
method bound EGFR on A431 cells and soluble FeyRI simultaneously in a dose-
dependent fashion.

25 The ability of the two BsAbs to mediate ADCC was analyzed using A431 celis
as targets. Human monocytes cultured for 24 hours in the presence of IFN-y were used
as effector cells. Figure 15 demonstrates the two BsAbs mediated dose-dependent lysis
of A431 cells in a comparable fashion. These results demonstrated that BsAb generated
from the truncated, single sulfhydryl form of H22 was capable of killing EGFR-

30 overexpressing cells in the presence of FeyRl-expressing effector cells.



Trispecific anti body conposed of M22 x H425 x 520C9 was nade in t\/\oﬁthgqgﬂ[,
25 (Figure 16). In the first stage, M22 was |linked to H425 as descrT be
above twaomtss the M2 x H425 BsAb except that rather t mrr/esdor2ords
reduction and al kylation, the reactants were treated with DINB to bl ock
the remaining free sul fhydryl groups. _The bivalent BsAb was purified by
gel filtration on a Superdex 200 col unmi,” reduced to F(ab')2(SH and m xed
inal:1nolar ratio with o-PDMtreated 520C9. The resulting trispecific
30 F(ab)3 was purified on a Superdex 200 columm. The TsAb was anal yzed by

HPLC size_2 4, E EBR2844 MO 09186 PCIL/ USOQ 20158 -59 excl usion

chr omat ogxih%rg%?—dﬂsi Ré“‘g“%k‘%ééfd"%&?ﬂfgﬂ"‘” $® Haas, Japan). Using the sane
procedure as above anot her TsAb conprising n22 Fab' x 32.2 Fab' x n22 Fab'
has been constructed. 5 Bispecific flow cytonetry The TsAb can bind to
EGFR andMa@rRils sidiMethadeously or to HER2/ neu and Fc.y, Rl sinultaneously.

Either, A431 cells (high EGFR-expressing cells) or SKBR-3 cells (high
HER2/ éeu-expressi ng cells) were incubated with various concentrations of

BsAbs (M2 X cBRP%:ds %d%:%oé’iejﬁg@),_ﬁ()gzg, m§k.h§xéké;and9@$1 x HA25 x 520C9.
The cells wer bl e FcyRI.

Sol ubl e FcyRI Mi2reohidri@ 008 svetle pexfiatifro hiybriddina 3dgerhatdfi bahioa lexthangs FcyRl  at

a site that is distiphct fromthe 22 hinding_site. _The cells were then
anal yzedgb"?“@}i@@im (B%‘avl 1SRt WY, Nlgpd 82%? s Syrthen purified by pigigin used

t j < | Chi t i) - wer e
"abel eq oIy ghRec Rl Phbfe R bl ALGEy 10K B3 welpuiBEO B0 |
neut rl@phhyisridomh suptimaadi Bsprioteia ALhffiaity @Riomatogrhpiyc(Phpintdcta, PiSchRivay,

i ncubation for 16 hours at 37C supernatants were collected and anal yzed
for radPShclhaMey: and 320CG% PEQdupingdaumng nibridema were dersribed pigrviously, | ysis =

i M |l ysi - | eak
CoMy . 1008 Soie i) Mdodfshal Sitolte il bl sumtunhopfbar e IBRE | 7
ant i body ablass aygpereceptpefuhaior® d. Imntuiclpl 43R 16850HEE R Friviiek) leadil, gpogssay The

M2 x 32,2 x MR2 BsAb was used for nodulation of FcyRI on nonocytes in
whol e 2315516 digributian ghlrsgst sanser-aspoeiates aptgons defingd by Eyvacelorsl 1 ow chart

(see 5 IUhfbRis) 1. Bifl RULRnéSRIHINE 427 24d) ST FkrinYrh i AR Of this

BsAb decreased tte Fcy
(ECACC 85110503) is a non-Ig synthesizing line and was used for the expression of the

humanized mAb, H425 (Kettleborough et al., (1991) Humanization of a mouse

monoclonal antibody by CDR-grafting: the importance of framework residues on loop
conformation, Protein Eng., 4:773). SKBR-3, (ATCC, Rockville, MD) a human breast

20  carcinoma cell line that overexpresses the HER2/neu protooncogene, and A431 (ATCC,
Rockville, MD), a human squamous carcinoma cell line that overexpresses EGFR
(ATCC, Rockville, MD} were cultivated in Iscove's Modified Dulbecco's Medium
(IMDM, Gibco, Grand Island, NY).

25 Neutrophil preparation

Neutrophils are separated from mononuclear cells by ficoll hypaque (Pharmacia,
Piscataway, NJ) gradient separation. To up-regulate FC-YRI, neutrophils are treated with
cytokines. Neutrophils are cultured for 24-48hrs (37°C, 5% C07) in AIM V media
(Gibco, Grand Island, NY) containing 2.5% normal human serum type AB (Sigma, St.
30 Louis, MO), 50 ng/ml G-CSF (Kindly provided br R. Repp, U. of Erlanger, Germany)
and 100 IRU/ml IFN-y.



expressi on on nonocytes to approxi mately 50% of the level prior to BszA(b['[:B 2004
treatment. 2 4 F E B 2004 WO 01/09186 PCT/ USOQO 20158 -60 Results
Const r ucM®W/QA¥ bi ocheni cal characterization o the TsAb TsSPOT/uss0/20t88e
according to the flow chart depicted in Figure 16. In the first 5 stage of
the procedure, M22 was coupled to H425,_treated with DINB, and the

resulting bispecific F(ab')2 purifi ed5§y' gel filtration. In the second
stage, this bispecific F(ab')2 was reduced and m xed with o-PDMtreated
52009 Fab' reshPtiuggliommetiodrsah, Mp2 x  H425 x 520C9. This TsAb is

depi cted schematj in. Ei 17, In.this fi . Fap' -A t
V25, rabr o5 r ensaBerd el Singne iibuiod o (IERhIE Sl Benmies Mol g ( B
FACS) To (1980)Prémiaicnhak geiriiane, oﬁl@%e&ﬁk'%@‘ garﬁﬁﬂ@i ’anﬁi?éﬁ\;dcgg%ﬂﬁq{icim

and HER2/ neu sinultaneously a bispecifi ssay was devi

I c FA
assay is Wngstherdinked FpbraemmafagmentsH. jumanolRA 39E1360). enABs BROVE200%at  bot h

Si mul ¢ AnctETER R eGSR ERb T GER) Bibosies wees P9 uasoyn s,

doncent oy, oo e e I blibrha BN IR B A S e, coul o
s i et i g et T
schemat i c%'f"ﬁf%i ‘ﬁﬁ@ﬁ%’?ﬂfglg. qﬂi’“’é‘ﬂﬁ’éf]’}@b ‘26‘% NRdsandrid 2 pwens r‘c’ch’éembgnd t he
o i t aneguafgreh oE LA SR udharR: DR ATer EEomigiss Y T iy

gener 0 edfrapgtritgivetecappligd ad a Be;ka)ﬁdd:bﬁ R3S VuNRGuAibrElein S0 1 Acetate,
concentrations. ADCC 25 The ability of the TsAb to nedi ate ADCC was

anal yzed @8mid EREmeaH SRAR®Q). oPrthe-phemdéredimaeinidg et BDMjuZRM)diséohadhi | s
cul e b Foidn e Phe B Sn e o Ao Bt it o
L0 ot o s At Bl 15 e PRI B, 11
the 30 Bsthbn s¢yamied famSrecom@® DM on BephadersiD St quilibysidin GOmMIKBR-Acettd, | S,
wher e?§ t(?.gmﬁ %Tﬁi pAIf-I 5F.3E(4°BC)2. Olf.)(ﬂ_ preparation of the BsAbs, the M22 Fab'-maleimide
was added to the H425 Fab' at a 1:1 molar ratio. The reactants were concentrated under
nitrogen to the starting volume using a Diaflo membrane in an Amicon chamber (all at 4
°C). After 18 hours the pH was adjusted to 8.0 with IM Tris-HCY, pH 8.0. The mixture
was then reduced with 10mM MEA (30 minutes, 30°C) and alkylated with 25 mM
20 iodoacetamide. The bispecific F(ab')y as separated from unreacted Fab's and other
products by a Superdex 200 (Pharmacia, Piscataway, NJ) column equilibrated in
phosphate buffered saline (PBS). The BsAb M22 x 520C9 was made in a similar
fashion except that 520C9 was used instead of H425.
Trspecific antibody composed of M22 x H425 x 520C9 was made in two stages
25 (Figure 16). In the first stage, M22 was linked to H425 as described above to create the
M22 x H425 BsAb except that rather than a final reduction and alkylation, the reactants
were treated with DTNB to block the remaining free sulfhydryl groups. The bivalent
BsAb was purified by gel filtration on a Superdex 200 column, reduced to F(ab")7(SH)
and mixed in a 1:1 molar ratio with 0-PDM-treated 520C9. The resulting trispecific

30 F(ab)3 was purified on a Superdex 200 column. The TsAb was analyzed by HPLC size



WO 01/ 09186 61 PCT/ US00R0158 M22 x 520C9, did not. These results 2 4 FEB 2004
denonstrated that the TsAb was capable of killing both HER2/ neu and

EGFR- ovewexqureesssi ng cells in the presence of FcTRI - expr essPOHUSBIIUES or
cells. The trispecific antibody descri bed above included M22, the nurine
version of 5 the anti-FcyRl mAb. Such _a trispecific anti body coul d be
constructed using the single- squhydr?P formof the humani zed anti-FcyRl
mAb, H22. The only difference being that single-sulfhydryl formis

secret ed ewclasid dmomawgmgmmg@f TSHB80Geolubody oJoTHeass Japgh)e-Usng thaydr y|
formis purified rom | ture ernatants utili exch .

chr ommt oG AMHBFOLE FER S RAPWERT T FosnRir B ap el Toad o EeS Kaned Rt bas

Pi scat awayeen!@nNdctedONCe the singl e-sul fhydryl formof H22 is purified,

the creation of a trispecific antibody using this reagent would be
identical to that described above using the F(ab')2 fragnment of M2.

Exanple 7: Enhanced A t| gen Present ation with H22-antigen Fusion 15

Protei As This &UHS Y At es that (a) antigenic peptldes genetically
grafted onto

significantly ﬁggggﬁﬁ%gpggt g?rgﬁgknfgdg Rﬁlg%ﬁ%@%@%”g‘#‘% ? anti gé:ﬁ and T
cel I sti nRI aimdnnensparkither a40h ecAnthigleBGARresaing c£lis) or SKBR-mnelhagoni stic
pepti des a'netl caIIy grafted onto the constant regi on of an antfl FcyR 20
are signi /meyrexpeeseingicele) wese IngHb3EE Wity varigyy qongsntiatiens ¢iRs ASnpar ed
to the erhs I

ef fecti veM?%?rzggsbngk F%Q{\?ﬂ% pe&hsgjgish{g%aﬁgljgg@ pres%érﬁ:f'tslvlr’%ecel | s

(APCs)10i nweakhed 2ad Ghet inbutizged with the soluble/BLRILSoltible rFap?auimdmgr%hn delscte@5
Mat eri al s and Methods Reagents AIMYV (GE'BCO G and I|sland, was used

as cul t ur @ theaAbse- 2Rk nwBIchBtedsd o Rt amiis thatis Aigine fompthe Aéeumﬂe
CHEM CAL e and | owendotoxin F(ab')2

f ragnent (q);? ng\l%‘gé@l%%ﬁggpﬁﬁdngg%nd the 24 FEB 2004 WO 01/09186
PCT/ US00/ 20158 - 62

ADCC
15 Either SKBR-3 cells or A431 cells were used as targets for lysis by cytokine

activated neutrophils. Targets were labeled with 100uCi of 31Cr for 1 hour prior to
combining with neutrophils and antibodies in a U-bottom microtiter plate. After
incubation for 16 hours at 37°C supernatants were collected and analyzed for
radioactivity. Cytotoxicity was calculated by the formula: % lysis = (experimental CPM
20 - target leak CPM/detergent lysis CPM - target leak CPM) X 100%. Specific lysis= %
lysis with antibody - % lysis without antibody. Assays were performed in triplicate.

FeyRI Modulation Assay

The M22 x 32.2 x M22 BsAb was used for modulation of FcyRI on monocytes in whole
25 blood. The assay procedure is shown in the enclosed flow chart (see Figure 23A).
Figure 23B shows that treatment with 10pug/mL of this BsAb decreased the FcyR1

expression on monocytes to approximately 50% of the level prior to BsAb treatment.



bi specific Ab, MDXH210 (consisting of Fab' of humani zed Ab 22 cheni galfER 2004
linked to Fab' of anti-Her2/ neu tunor Ag mAb 520C9) were provided by
VEDAREX, W\NB1/09186Annandal e, NJ). The universal Th epitope ofpdifuscbRofsd- 844
(QYI KANSKFIG TEL (SEQ ID NGO 6), termed as TT830 hereafter) (Valnori D.

et al. (1994) J. Imunol. 5 152:2921-29) and the nmutant formof this

epi t ope, TT833S (QYI SANSKFI G TEL (SEQ PP NO 9), lysine at position 833
changed into serine) were synthesized and purified to >95% by

PEPTI DOGERESMISO (Livernmore, CA). Another universal Th epitope of TT,
TT947-967 ( FNNFTVSF WLRVPKVSASHLE (SEQ ID NO 12), referred to as TT947
hereafter), (>80% pure) (Valnmori D. supra) was used as a control peptide

in the study. ZOnGRARIBhGhElbokneRk) ARG DYIBN | FGd Al Ntravenous
injection (IVI) Was—us . s The nonocytic
cel | 1ine, U93TsAlvwiasmadkprasdiag tthyRlow vast aiatdaoribheMd Ne HosATCC. The
nmet hodsof %n‘?féﬁti ng $4+, gepti de TT830-specific T cells was noditied
from a” prEEoUSPY PPLEdF Y42 Yas cownied tood425T trepied ivFithe DTNG; lahd Klieresulting
(Gossel i np; : b - ..149:.3477-81 Brief.ly, maponuclear
cells m?bélg?%aqéfti(ggﬁ ?%nng %de%ﬂgirhé?n% C}Bg}’e &P 5‘%“9@?‘? }6}5196%3&5(3@30 x 106
nononuc| ewns edhded andrmixsd with! @PBM-&&@(@SmC@Fatf\lré\éu}{icx;gZ‘iﬁ‘?ﬁé'ﬂX‘f; 0 io x OPM

TT830. Afﬁg%stg%@f d%,s' incubation at 37Cin a 5% 20 1 ncubator,
non- att ac ¥ Py ThisrLsépds depieted echematinalhein Biguead. Hy thiasigiregFithes f | ask

I X with E ffered 40. specific_T cell col onies

t oget her f\kP% m'g 2|ej|’ gﬁ:é)n}ﬁéﬁf%ﬁtéﬁgﬂr@%ﬁ:ég'Frfgl?rﬁéenﬁ 2I969-Fifty M of AIMV
plus 20 Um of human [1L-2 (I MMUNEX, Seattle WA), and | m (2% final
concentration) _pooled human serum were added back to the flask. After

10- 14 days of Bisdug Badds®ion time, T cells were 25 harvested and dead
cells were pel.l.eéed t hr ough 1gi col | Hiéa ue, yielding a highly enriched
popul ation (95 DESPOBTalR thal the EpAb, MAY XIS ¥ $20CH, cevlddindTheyRT apél | s wer e
confi r meddER2R8u bkl : [ s shown . in Fig. 3. Lar
quantities %fz}h_ ngﬁggglaﬁlg‘gus\i/\}gé 2’-%‘%?% ?gggfarg%% aé"’u‘{:ec‘)"psﬁ%‘r Z-BF?gfﬁc'ﬁgenglg
col d aggrsehematinaliyrén Rigire [8&rfizae 18 sHowethabboth (AOB8Ab Eekdd HERDHRE bn
101: 1%) z§?f21']j_:!ch resulted in 80-90% purity. 30 Both nonocytes and T cells
were fto Re? calks gnd saluplsFoyRY simaltamasuslydn welose-dépendertt dashiam cTheon

ggr mal Iy @JAt?erﬂ @QZB,hfe\ﬁ%%tedz neléligFibE: sli:’gnz.'a?(l)rf1 thisvgsgyltl)v%?%%df rCaTn/,c:.vieJ % 0720158

ﬁg t he

concentrations. To demonstrate that the TsAb, M22 x H425 x 520C9, couid bind FcyRI
and EGFR simultaneously a similar assay was devised using the EGFR-overexpressing
cell line, A431, in the case. This assay is depicted schematically in Figure 18B. Figure

20 20 shows that both the TsAb and the BsAb, M22 x H425, bound EGFR on A431 cells
and soluble FeyRI simultaneously in a dose-dependent fashion. The BsAb, M22 x

520C9, generated negligible signal in this assay over a wide range of concentrations.

ADCC

25 The ability of the TsAb to mediate ADCC was analyzed using either SKBR-3 or
AA431 cells as targets. Human neutrophils cultured for 24-48 hours in the presence of
IFN-y and G-SF were used as effector cells. Figure 21 demonstrates the both the BsAb,
M22 x 520C9, and the TsAb, M22 x H425 x 520C9, mediated lysis of SKBR-3 cells,
whereas the BsAb, M22 x H425, did not. On the other hand, Figure 22 demonstrates the

30 BsAb, M22 x H425, and the TsAb, mediated lysis of SKBR-3 cells, whereas the BsAb,



Ag presentation assay In proliferation assays, T cells (5 x 104), 24 FEB 2004
i rradi ated nonocytes (3000 rad, 105/well), and various concentrations of
pept i dewkrec®1§ausi on protei n Fab22-TT830 were incubated tmygeUBa20is8 a

final volune of 200 pl/well in flat-bottom96-well tissue 5 culture plates
for 2 days. 10i (I C/well) 3Hthym dine was then added to each well.

After incubating overnight, plates wet@® harvested and counted in a i qui d
scintillation counter. T cell proliferation was expressed as the nean

count s/ miM23 ePRPCH; did mok eThase pisulis tderponsuSizd Barcthg ToAbdvasRMp4bTe ofkillmgand

nonocyt e i A ubtracted fromall the data pQints. .

Exper i rreﬁ)tolﬂ Wy%ﬁm%ﬁg%f&m& £4/S0B 1 prerence 9bF o3 PEISENE epor t ed
by Sette egfecidt cel(sDe Magistris (1992) Cell 68:625). Briefly, for

i nhi bition assays, irradiated nonocytes were treated with various

concent r at i onsI'eftnifecif338@body BedoPiBed BB Sncvded MRt the 20iMe WEB36h @ind T
cells were then added. After a further 2 days incubation, T cell

prol i f2r db¢ ei-hiedklreabuSueh ayispedificiapibodybesdd be ponsprueted psing itheysingle-

experi ment i rradi ated nocytes were pulsed with 20 nM.TT83Q 4 h_ prior
Lo 15 t neuliiuiy] Bt thenimpmecznud oRI A Ry a2 oererdy defermpoedieing dbatni ght
i ncubat i Qe culBRid f@ﬁﬁfsk WEcTolo Vo BRILY; funt.her . ayg.| pbation, T
cells were gst is‘?mﬁﬁ}a'ltn? W th chr r gagi gﬁgdf‘%ﬁ%né%tggE%%gﬁu%ggggﬁgr:ﬁ%}é
Fab22- TT88HEBydrgl fotmdapurifiedt Humrcattuss dupematant utilizirgaioh erRctavge  Fi col |

cytes and various__concentrations of

Hypaque, and restiul ate i th nono ent r
TT830 for! TERGEEPAY LaTe _%pg@thP?Oé? lred oSt erhareedBhamasi. Pieataway,
| NCOT pOT 340Dk z%ﬁ@g@h@m@e%fo?mﬁgpaﬁﬁ%&w Ghaldi 89 fi§RgAL 6 Was

pl otted. sone cas ercentage 0 nhrrbition was ca at ed by

t he for mantibod® usihg thit feagert wohldbdidentidal b that désBibedidtoive asihE B F(ab"),
~inhibitorX 100. Al ] _experinents were repeated at |east three tinmes. 25
St ai ni ng W@FBW onetry Staining procedures were adapted fromthose
previ ously described (Gosselin E.J. et at. (1990) J. |mmunol.
144-1817-22). Briefly, to individual wells of a 96-well plate at 4C, 30 |
of RPM + 1ny/ nExddgde Zont Ehlamegd dnftigen Rieseniatioreinvich H2baARtigdiBBlsiofrab22-
TT833§ or the BsAb MDXH210 at varying concentrations. After 1 h

i ncubd®ion at 4 30 C, pl B¥¥eMer e centrifuged, the supernatants discarded,

%64 i th- P/ B0k SRl P e OO SR B ) Ll
of FITC the constant region of an anti-FcyRI antibody are significantly more efficient in antigen
presentation of the antigen and T cell stimulation compared to the antigen alone, and (b)
that antagonistic peptides genetically grafted onto the constant region of an anti-FcyRI1
20  are significantly more efficient in inhibiting T cell stimulation compared to the
antagonistic peptide alone. Thus, such fusion proteins will effectively increase the
delivery of peptides to antigen presenting cells (APCs) in vivo and will be useful in

various therapeutic methods.

25 Materials and Methods

Reagents
AIM V (GIBCO, Grand Island, NY) was used as culture medium. Tetanus

Toxoid (TT) was purchased from ACCURACTE CHEMICAL CO. (Westbury, NY).

30 Stenle and low-endotoxin F(ab'); fragment of mouse anti-FcyRI mAb 22 and the



| abel ed F(ab')2 goat anti-human 1gG (JACKSON | MMUNORESEARCH LABCRATﬂ?IFE§,m4
I NC. West Grove, PA) followed by three washes with PBS/ BSA and

r esusperti@@1/PH8PBS/ BSA contai ning | % par af or mal dehyde ( KOPékusRomsst er ,

5 NY). Cells were then exam ned by FACScan (BECTON DI CKI NSON & CO.,

Mountain View, CA), and nean fl uorescegge intensity (MFl) was neasured.

Cyt oki ne nmeasurenent Supernatants werée“€ollected fromthe 96-well plates

of Ag presentation assays 10 after 2 days stinmulation and frozen until
used. Th ‘?@G@ﬁ%'ﬁf’\’lpﬁﬁ%ﬁ%{ﬁwaxw@ dfiFadi oftesmanizdnd 25 cveaticallBlaged sl by

oorchased T BERTE NP EAR TRALGA0L e eremrp ek 68 M ARF, TG T or red
accor di ndAmeardate, PRt TROLnRERYI T’E‘gpi%etohq TTREaGLY Qﬁhﬂ%ﬁﬁzﬁ% i on of
|

H22-TT pegtide fusi on proteins in order to’generate fusion pro
Fab22- TTd35QNPa 63 2enmrgi3e I Ta3Pritehafier) (Malrmar O keglt {1968) EnGafinBy each

ti t i i nto_t he_hj ion ~Tn the h
Chai n ot Hasar 28 i g ISRRGT 95° tpienr. RO BB RANS KGR EhATEQe]
forth bellpw0?9), @sme%ﬁ)bgﬂoﬁ!aés%h%ﬁ%%%ﬁ%@%ﬁ%@s%ﬁ @é’@ﬁﬂg umani zed

by grafting its CDR regions into uman 8 and
G azi ano “R>¥#by BEPRIDOGEDIEC)CQ. (Livermoot, CADAAIREGpPR23%] Th EPRoITESSi on
vector f ) f _the heavy chain Svgpt) of HZ2 was 25
o 1 en ATHIRETF ﬁﬁm gﬁ#g}{?kfvstﬁrﬁéﬂeé&ﬁ@ IDe hDereferreddolas TT947

mol ecul esereafter) N CASG | ) BanHl , fragnent, of this
vect or cont ai nlil)_l;](g%%l%l , F’l)l (r?g"‘z’?‘"—?:ﬁ%r%%@’t )S/;&% élﬁ%-#]%eae?oélgokﬂ?ﬂ%%gﬁ’a%&‘fiycl oni ng
si 't esl{{ s éeonmnergiady 2y ailwide hursan 166 forihavensutafedtios (V) wad udGn blo%kihg
generate the.vector pUC 19/ H22CH 1(X+N). This vector was used to clone

ol i gonuc®BB ¥ Sequences encodi ng TT peptides, as described below. 30 2 4
F E B 2004 WD 01/09186 PCT/ U500/ 20158 -65 The ol i gonucl eoti de sequences
encodi ng the tetanus toxin (TT) peptides were designed to have a Xhol
site on the N{edsnminus and a Not|l site on the C-terminus of the coding

region (Fi gur%_h24A). These ol igonucl eoti des were synthesized and purified
by ¢ monocytic cell line, U937, which expresses FcyRI, was obtained from the

15 ATCC. The method of generating CD4*, peptide TT830-specific T cells was modified
from a previously described protocol for TT-specific T cell lines (Gosseiin E.J. (1992) L.
Immunol. 149:3477-81). Briefly, mononuclear cells were isolated from peripheral blood
using Ficoll Hypaque. 150 x 106 mononuclear cells were stimulated in 50 ml of AIM V
medium with 10uM TT830. After three days' incubation at 37°C in a 5% CO,

20 incubator, non-attached (mostly non-specific cells) were removed by washing the flask
1X with 10 ml of HEPES-buffered RPMI 1640; specific T cell colonies together with
adherent monocytes remained in the flask. Fifty ml of AIM V plus 20 U/ml of human
IL-2 (IMMUNEX, Seattle WA), and 1 ml (2%, final concentration) pooled human serum
were added back to the flask. After 10-14 days of total incubation time, T cells were

25 barvested and dead cells were pelleted through Ficoll Hypaque, yielding a highly
enriched population (95-98%) of viable CD4+, Ag-specific T cells. The T cells were
confirmed to be specific for TT830 peptide as shown in Fig. 3. Large quantities of
monocytes were purified from leukophoresis packs using the cold aggregation method

(Mentzer S.J. et al. (1986) Cell. Immunol. 101:132) which resulted in 80-90% purity.

30 Both monocytes and T cells were frozen in aliquots for future use and were shown to

function normally after being thawed.



GENOSYS Bi ot echnol ogi es (The Wodl ands, TX). The synthetic 74 FEB 1004
ol i gonucl eotides 5 were then annealed and ligated into the cloning vector
pUCL9/ HMTPMEMEN) . Cl ones which had incorporated the codiRgrEsMaersses for
TT peptides were screened by restriction mapping. The BanH fragnent

contai ning CHl, hinge, and TT830 or TJI83 3 S was then cut out of pUC 19
and inserted into the expression vector which already contained VH The

final expressipn construct of H22 heavy chain fused with TT 10 peptides

is shown in Fﬁ%@l@ﬂﬂﬁﬁﬂﬂﬁgﬁﬁﬂéssion of the H22-TT fusion proteins The

murine nyel ong - ' | 2 l;i ne and was
n f@ﬁﬁ%sﬁ?_{% %1?%?]%%(5 kS0, Heinddy ﬁ%ﬂwgst (? b%%ad

r
used for expression of the usi on’proterns. tells were
15 transflédwetl),ntitvatibes adeygations bbpertids T8N Figsi b prokdiZ FAE 22T T830ai n
codi ng sequence. The H22_Ii?ht chain expressing NSO cells were then
t r ansf ectkede wicubatedtogeiisr isa final volwne of 20gxéwellint a dottamnrficrgell issuei22

H chai_n Fd seqTenc fgfed in frane to %he TT..codin& sequences (Figure
24B) . °A EPERsPIRenior B days, 10l Copyesiiac Hohymishieg wesithepaddedie eerhrwelbar ry

QUL e WD SRBLA BRI Lol haRte8 B0 LA inGGnil scintaflRy S 20

after transfection, I'c aci xanthi ne (2.5

g/ m;  SkGdhgr VBrell prdifetation Waeexeised £0the aleas Cobitanih ECPMPbSthrdel ch had
successful ly taken_u t he exBression vectors. |ndividual colonies were

i sol at ed "pisals drolPh BagkarenndhCBM (T\selly ang moppeytes wvithous Ag) peas suhtepsted t o

FcyRl on - fle . . ow. cytonmetry. The .positive
col oni s i A 8 ddin B HE TRBBHERh AR APt EUSR B e SERRC! e
Fab220TT pletee slnrapoied ibp Sefit endl. (DPMaiphRI 599 CeNesstei33 2BHidM3 Gof USi ON

protein and cl one pM4d expressing the Fab22-TT833S fusion protein were
expanded RHbERasTayporafidlednoRAcylss werhseateshwith yameissongengradensdffiled and

concentr . ifi | 3 for by, .af fLpit
ohr ot oap 38 e PARIL TTEMCofthiahl CRRM FTHES il BRI SETRRn 8L ALY )
01109186 fieHer(2 90 RtLbBion & celiaprylfemtioh was hehOiedg¢ Jdsanbedabgvadinepre-gel

under non-reducing conditions showed that fusion groteins were >90% pure
and had ®ulsnecxpaimgatsdradigtedggongoytes sveesqpidtadaith 2¢opit ETE30cbhpaet toat i on

s Al el 06 Yo PP PRI §5380: BI0M AR5 A LA e SREH O O
cells were then added. After a further 2 days incubation, T cells were stimulated with
irradiated monocytes and TT833S or Fab22-TT833S for 1 day, recovered after
centrifugation over Ficoll Hypaque, and restimulated with monocytes and various
concentrations of TT830 for 2 days. T cell proliferation was then measured by the

20 incorporation of 3H-thymidine and the average CPM of three replicates was plotted. In
some cases, the percentage of inhibition was calculated by the formula: % inhibition =

(CPM 0 inhibitor-CPMinhibitorYCPMpg inhibitors 100. All experiments were repeated at

least three times.

25 Staining and Flow Cytometry

Staining procedures were adapted from those previously described (Gosselin E.J.

et al. (1990) J. Immunol. 144-1817-22). Briefly, to individual wells of a 96-well plate at
4°C, 30 pi of RPMI+ Img/mi BSA containing one of the proteins Fab22-TT830, Fab22-
TT833S, or the BsAb MDXH210 at varying concentrations. After 1 h incubation at 4°

30 C, plates were centrifuged, the supernatants discarded, and the cells washed three times



5 Results H22Fd-TT uni on proteins bind to U937 cells The ability of 2tHEB 2004
H22 fusion proteins, Fab22-TT830 and Fab22-TT833S, to bind 10 to FcyRl

was exanwedd/oissst . A previously described bispecific Ab. Mapi/Edder20ydai ch
contai ns the sanme FcyRI -binding conponent (Fab' of humani zed mAb 22)
(Valone F. H et al. (1995) J. din. F%hcol. 13: 2281-92), was used as a
positive control. Binding of fusion p dfeins and MDXH2 10 to U937 cel | S,
whi ch constitutively express FcyRI, was nmeasured by staining with

FI TC- | abewih PBSABS Alat 4ffe.cCeilcwemrthénimaobdtgoanch viawolh /Gyl oFBITY- As

i ndi cat ed, | Lgures 24A and 24B, fusion proteins Fab22-TT830 and
Fabzz-TTﬁééegg&’x’az ssatagg%anﬂgGi(AAQK&&hélmmsaﬁam simlar to

VDXH2 10. b ATod) i i letely b y murine
anti - unact Pond T ORI I5C B! B0 B e AR Bt PP IS Ut on
prot ei ns 4mirrefusp@ided 20 PEIZIRIA zermﬁumgommaﬁfsinﬁhlmgae RODARSRARElepN Of 7T
pepti dg bﬁﬁrogéooo old. The fusion protein, Fab22-TT830 was used in Ag
pr esent at gisyereitheyerapnngdiey BAESHan (RECTON RICKBYSONTEICID, when
expressedy n . 0p . of H22.  coul effectively presented
by no nocSI‘tVf ] gm{am%% F:tc@b%nsd lﬁgééneﬁ?(g?'scﬁgcesl%e\ﬂﬁ#’f ﬂ“‘t‘ﬁ ke isial sl e'%about
1,000-fold | ess Fab22-TT830 was required than TT830 peptide alone to 25
achieve the sanme |level of T cell proliferation. In addition, Figure 26
shows that- t heCygkine measuremeniof Fab22- TT83.0 was about 10, 000-fol d nore

AR AN o T T UL KAy 1 s
Mol ecyp ar e lzgiasA's Bhulafish m&eat@gl hdeY 19k ﬁ%@ﬁ?ﬁ%@f;_g R fde t O

TT830 peptide. Another antigenic epl t ope, St FIFT at e
the 30 T wmelples, waenidasuredby sfifid BEISK.CRBEEirWrQhéSH@\Q' Fdrfdl 1 Of-sJeb8RO
peptide. These results thus 2 4 F E B 2004 WD 01/09186 PCT/ 1JS06t 20158 - 67
provi de cFelA weiedurehased Gem FHARMINGEN SaplisgadCAn ELS Acansaysawerer egi on
of H22 c A n ecificall resented. Bl ockade of Fcy_R
on rmnoc%@@%gg‘?%%%?&éggﬁ%egﬁ%ﬁ%@ %"ﬁéeoy%ﬁ é‘g"&ﬁ{"‘é&i on 5 by the

H22Fd- TT~fusi on Protein To directly determ ne whether the enhancenent of
pepti de presentation throuzgh the use of the fusion proteinis

FcyR 1tredi at edGengraiieme /522-FE nomtideyagion prordigy Rl on

In order to generate fusion proteins Fab22-TT830 and Fab22-TT833S, synthetic

oligonucleotides encoding each peptide were separately engineered into the hinge region

in the heavy chain of humanized anti-FcyRI mAb 22 (H22) according to the method set
forth below.

20

Expression and cloning vectors

mAb 22 has been humanized by grafting its CDR regions into a human 1gG1

framework (see above and Graziano R. F. et al. (1995) J. Immunol. 155:4996-5002).
The expression vector for the genomic clone of the heavy chain (pSVgpt) of H22 was

25 modified to allow incorporation of the coding sequence for other molecules, in this case,
the TT peptides. The BamHI fragment of this vector containing CH1, hinge, and newly
engineered Xhol and Notl cloning sites (see Figure 2) was inserted into the BamHI site
of pUC19 to generate the vector pUC19/H22CH1(X+N). This vector was used to clone
oligonucleotide sequences encoding TT peptides, as described below.

30



Ag- presenting nonocytes was bl ocked by treating nonocytes with mAb 2221' FEB 2004
F(ab')2 for I h prior to the addition of Fab22-TT830 or TT830 pepti des.
Enhance®@01/6918fhept i de 10 presentati on by the fusion prot epaTossmbssogat ed
by mAb 22 F(ab')2, whereas presentation of TT830 was unaffected (Figure
27) _ The fact that the binding of mAb %f F(ab')2 to FcyRI did not lead to
an enhancenent of the presentation of free peptides inplies that binding
of mAb 22 to FgyRl alone did not alter the functional state of nonocytes
in a way that BihelEosyclaglids sequencas ernedingiibe tetanue toxin GREgeeptifestwere pept i de
to 15 antj...E 2 pears .t 0,,he necessary. for the olhserved anci ng
effects odr? S‘ngg’r lgéggﬁat}é?@osﬁt,e 2 l}%"g%’éqﬁ’wa”% a%ﬂg SR ﬂﬁﬁ&@'tmg@rﬁﬁg Son is
probabl y cadingsiebion@Figatd 24A £ MThesA6li goHt b Bdds W Syl anfpianaepEnt of e
tide presentation by H22 isﬁnot af fected hy St he gir;hesenceaDZg of human | gG
Under phy@ERBOSY RBioteshndlogiesiThe Wrediangs At )biThidispothetimsligonoéle&ideRl i s
saturated by, 1 gG which bl.ocks. efficient target] f to this

rec ep?gor Ve 5’1‘%‘?“%&'@\@@8@ gﬂcﬂ;{ & e u’ﬁé::lq{’@"ﬂj%‘i‘i“ifé{ﬁé)&éﬁ%?%ﬁ)- tdoRss gger
FcyR f unghitipRad facbhkat@® 1R %oRinddeqicRcdYor ¢ ' l'i gand

bi ndi ng domai n. Therefore, fSncnItéi o%s tcri grger éﬁgﬁ%sgﬁé%%;@ergg%guch as ADCC,
phagocyt gsitactaerdmappipg e JbnBatmfragnennaintaining CH B dhinpe, pkd/FT8300gH cal

| evel s of (Gosselin E. J. pra, Guyre P. M (1989) J. I mmunol.

193 1650- GH5 35 Bt phBUCT R AL inaeriRtBiabs e ashesiom YeRioT MSID pept | de
using t heykhs) eshBhed $H) THREERA eig IF 3 | hegr e
28), sugges%@ng t hat H22- based feu%i %%nm%?gﬁéﬁg@ggg%%@ﬁ] %‘?&e&’ﬁ]\%‘rmy

t o t alyetpepages idehovgs irt BighoyB.in vivo. 2 4 F E 8 2004 WD 01/09186

PCT/ USOQx 20158 -68 IFN- y and 1L-4 production is increased foll ow ng
H22Fd- 7T fusion Protein-enhanced A presentation Upon activation, T cells
not only undergg, &dsQRads X BB TRsib proliferation, but also produce
cyt oki nes suchma%g IS1-I\I- yﬂdn{?i == {Ju E’%E‘??ytheir effector function of B 5
cel | di ffer entThet monnangyelomead §OEGAICC/851110507)Raa nolg EynthasikificliierandR. A
(1994) Cell 76:.241-251). erefore, the production of IFNy and IL-4

fol | owi ng¥asped e&H’eﬁ?‘S{‘é‘}ch @%ﬁﬁé&owoml@%énﬁaﬁ&ﬁcvl&swﬁam ned. As
showny § N GingRERS ViSRS veQ8f fork ibh i els vere
enhanced by Fab22-TT838’f§‘;’e}l§ge\’g§}a{ P)f %‘Eﬁéﬁ%"’g‘g? hg?&h%é%ggﬁgesnﬁégﬁ{ons.
However, The HR2Bghtehperéxpessing NSCecedls vane ther mlanéfocted with kheexpression

vector construct containing the H22 H-chain Fd sequence fused in frame to the TT

coding sequences (Figure 24B). A BioRad Gene Pulser electroporation apparatus was
used to carry out the transfection employing 200 v and 960 yFarad. One or two days

20  after transfection, mycophenolic acid (0.8 pg/ml; SIGMA) and xanthine (2.5 pg/ml;
SIGMA) were added to the media to select transfectants which had successfully taken up
the expression vectors. Individual colonies were isolated based on the binding activity

of the culture supematants to FcyRI on U937 cells as demonstrated by flow cytometry.
The positive colonies were subcloned by limiting dilution.
25
Purification of the Fab22-TT fusion proteins
Clone pW5 expressing the Fab22-TT830 fusion protein and clone pM4

expressing the Fab22-TT833S fusion protein were expanded in roller bottle cultures.
The supernatants were clarified and concentrated. Small scale purification was

30 performed by affinity chromatography on an anti-H22 affinity column. SDS-PAGE



10 production (about 20-fold) was less than that for T cell prolifer2t4i 2004
(about 600-fold). Thus, Th epitopes expressed in the constant regio f
anti - FcyRIO 918922 can be effectively processed and preseri@gutinoysEan

nonocytes, |eading to enhanced T cell activation and cytokine production.
15 Presentation o APL, 7T833S and Fab22-7T833S ails to stinulate T cell
proliferation Peptides containing one"8  "two am no acid changes from

native T cell epitopes, terned Al tered Peptide Ligands (APL) by Allen and
cowor ker sanahiAoTisen Ot remiamiste igeadiery @al wider npairédiRinga@nditivhs shded that

ant agoni s¢s. faor T. cel | Jhvatio ette et al. (1994) Ann. 20 Rev.

| mmunol . %‘3‘:"&%51“5’#% \5%\%%% Pfe %’E'.h(a?me'fclriwﬁ to a asiexyeeted.

Recogni t | Pratei® EorfBhtrYonSkPaCdehd i CR in_sqgnme cases
triggered partial signal tregér@a%g??]oiryggﬁr? ﬁ‘(f)ée%u gt-‘lje"én PG 19 HAFYY i on of T
cel | st i negdesfidiem odfJgQSkperaht3.gen (Evavlioid et al. (1994) Proc. Natl.
Acad. §ci. U S A 91:2300), T cell anergy (Sl oan Lancaster et at. (1993)
Nat ure” 363: 156 and Sl oan-Lancaster et al. (1994) J. Exp. Med. 25

185: 1195)Red®its (1 11) nodul ation of Thl/Th2 differentiation (N cholson et

al . (1995 tmmunity 3:397, Pfeiffer et al. (1995) J. Exp. Med. 181:1569;
and W ndhagen et al. (1995) Immunity 2:373). Partial agonists have been

shown to stinu iﬁ,e some T cell functions such as IL-4 production by T
cell's, but notiéghddd fusionpreoteins bindyo HPST céléy ati on (Evabol d et al. (1991)

do not tr1 gger e abilidr R PSRRI o RB EgRR LT ibetieids. kind TR
2 4 F1E BodQORI W& NdnidBHrsP QI/pH%Q s &égriﬁépbipﬁgciﬁcajﬁg,ml\%\?{bd?ﬁ}ig‘pcs

antagonists to inhibit T cell proliteération 1 nrespo

tide amhiajenthassmerFeRIitisdisatse t e g .
pepti de tajpesnthasamearey ig@LdBFonta 1B @Qﬁﬂa?ﬁz%d(Nna??F %ggz%&&e;lél% ?JS "

(1992) Cell & 68:625 and Ruppert et al. (1993) Proc.

90: 2671. erﬁl-él%‘%éa&p&&x@ﬁﬁﬁslﬁ%ﬂw%m us¢rbapepositie: CHR&dB Bindingaott agoni st
peptide for. T cel | i T of. tetanus toxin and Fab22-TT833S fail
to stinul {ﬁflgn?mgglnf' m%ﬁ@#’%ﬁ%&a‘?ﬁﬁg elis.MRigh comstititiyigheexpoess e, avasdoses
as hi gh apeakQRdHV dtQhind WHPIIT: 22 - 3S sy gni ficant
proliferation OWTT8318gspe§f i@ggbrc%de%é%m%@pﬁésfgg@gw Lﬁ#asm# ﬁ%ﬁ”cat es t hat
changlhg dyyermetry. 1 &s selidated inFignosi 24iA0andSRIB, diisiom prolel830ab2REPTd Wearl | Ni nat ed

7550 and SPTIS5aR et e el 673 Spkecicommdeat momrraibalasioMBRIIOce! | 5,

T cell  The binding of fusion proteins was completely blocked by murine anti-human FeyRI

mAb 22 F(ab'),, demonstrating the specificity of fusion proteins for FcyRI.

20 H22Fd-TT fusion protein enhances presentation of TT peptide by 100-1000 fold

The fusion protein, Fab22-TT830 was used in Ag presentation assays to
determine whether the Th epitope, TT830, when expressed in the constant region of
H22, could be effectively presented by monocytes to autologous T cells. As shown in
Figure 26, about 1,000-fold less Fab22-TT830 was required than TT830 peptide alone to
25 achieve the same level of T cell proliferation. In addition, Figure 26 shows that the
presentation of Fab22-TT830 was about 10,000-fold more efficient than the presentation
of the intact TT, suggesting that the enhanced presentation of Fab22-TT830 did not
merely resuit from higher molecular weight nor increased sfability of Fab22-TT830 as
opposed to TT830 peptide. Another antigenic TT epitope, TT947, failed to stimulate the
30 T cells, confirming that the T celis were specific for TT830 peptide. These results thus



proliferation in response to TT830 was inhibited by TT833S in a 7 4 FEB 2004
dose-dependent fashion, showi ng that TT833S can function as an antagoni st
for TT8WOMMRISEic T cells (Figure 31). 15 Fab22-7T833S i scatuso@amss 100
times nore effective than TT833S in inhibiting T cell activation This
exanpl e conpares the relative efficiency of TT833S and Fab22-TT833S in
inhibiting T cell proliferation in resf) nse to TT830. As shown in Figure
32, Fab22- TT833S was about 100 tines nore effective than TT833S in

i nhi bi ti neroViAg3kapevidericethaa {Thd:pitoped dxpprsedd inahatomsant Tdpion 6£HYB 64rsbd hat

t he APL, 'I% 8335 when gx [essed In the constant region of mAb H22, can be
correct | yESHHVEY PRd speg f‘{)? I¥PESeMeEdd by APC.  The increased antagonistic
efficacy of fusion protein Fab22-TT833S on T cell proliferation probably
reflects nore efficient Ag capture nmedi ated by FcyRJ as conpared to free
peptides. 25 |BlkkideiopFcB] b HEhdcyRS UbMRAHR 1S SnitaREALRD OfMfehibhi on or
T cell receptor binding rather than for ass I I ndl ng.

ant agofi sk e B4 13t fupipp pTaIB33S and fusi on protein Fab22- TT833S ni ght be
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' ' | : : PCT/4IS001 20158
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68: 625- 634}-presenténg mpendoytesechs bldukad &y peaiingeimionbeyaed with ¢h.abh DD REbIY i 1St
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i nhi bi t orD PSRy at%“rm HJab2 ]3¢ erTTEAQ Reptidest Enbancement ¢fineptifgiC

bl ockegs ] f ' WAl T TR I,S inmulated T cell
prol i ? gr a%i?%)gﬁgm%\gb gr%%@%ito}é%éb@rg{n‘g%y%éééa\?\%r%g%’t??bsiezd?%%ﬁ n“]éhu%%ars)t imal (20
nM TT830prksntatioh of TTEB0 evas hri&fBR tddqFiziunel2 M. tThe\WE 16htaES bindirigbfirhgb apsence
of conpetition from TT833S. The APL, TT833S or Fab22-TT833S, was then

i ncubat edF(abiz t¢ FemBlI gidaoplead ¢elameniwogtmeent o thegpre seulttitiph off fifee pEptides

Respondi ng T. cell s. re adde and their proliferation was neasured as

descri be '6\'5/2’.at E‘x‘)ﬁﬁgtﬂf&@gbga%f:%?&d?lf"i‘%ﬂg nph aligrehe fupctional staaefe pl ays a

m ni mal rgbfo GRh walRtRdi! ' RQ@S% L1 phieblt FQULE S Thus,

the inhibiti (;:r}l’;égppearag tée e Igurl Se{é t géhggnp—rg?{&?%g’n]ﬁ%ggé Efglglpﬁpt?%égpt or
15 anti-FcyRI Ab 22 appears to be necessary for the observed enhancing effects on Ag

presentation, suggesting that the enhanced presentation is probably a result of efficient

Ag capture through FcyRI.

Enhancement of peptide presentation by H2?2 is not affected by the presence

20 of human IgG

Under physiological conditions, the ligand-binding domain of FcyR1 is saturated

by 1gG which blocks efficient targeting of AgAb to this receptor. A unique advantage
for using derivatives of mAb 22 to trigger FcyR1 function is that Ab 22 binds to an
epitope outside the ligand binding domain. Therefore, functions triggered by mAb 22,
25 such as ADCC, phagocytosis and Ag presentation are not inhibited by physiological
leveis of 1gG (Gosselin E. J., supra, Guyre P. M. (1989) J. Immunol. 143-1650-55).
Similarly, the enhanced presentation of the TT830 peptide using the fusion protein
Fab22-TT830 was not inhibited by IgG (Figure 28), suggesﬁng that H22-based fusion

proteins is also an effective way to target peptide Ags to FeyRI in vivo.



rather than for MHC Class Il binding. Presentation 9L TT833S and 74 PEB mlﬂ‘
Fab22- TT833S fails to stinmulate the production 15 of IL-4 and | FN-y" Dby
celI's | nWSH9486r cunst ances, APL can stinulate T cell cyt okHaRUSN0ALESt | ON
but not proliferation (Evavold B.D. and Allen P. M (1991) Science
252:1308-1310). To determne if prese_n[%{lj ion of TT833S sinulates the
producti on of cytokines, the |evel of -4 and I FN-y in supernatants

obtai ned from presentation assays was determ ned. 20 As shown in Figure
34, both TT833 andihobprodygtien igdnereptect follewingd12F&TT fasiaat i ng | FN-y

and | L-4 produg}ion, cells. Presentation o 778335 and Fab22- TT833S
does not |ead b . Iceae,b resguigl] and co-workers reported that
i nteraction of UpGR astithicspTeeAPhot\diiy aﬁde%gél%n&l]exg%ﬁ%gﬁ%%%%]Ef?ra?}oﬁ,el |

anergy (Sl oan-Lancaster J. et al. (1993) ture 3

Sl oan- Lanbusaler prddues cyadkinésl 8 as IFNFpaad [Vertto ¢k8A 1HA O AR ThnctidR of B
experi gen}:%LdiJ%Chem simlar to theirs was used to determ ne whet her
at

presen reppgygmandogocyle a¢i vakigs éPapl 381 E. aad Seder, RAA. €1999nCelh Fi gur e
35, wh [ | d,aft ' bat | ith APC and TT833S
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2004 WD 01/09186 PCT/ US00120158 -71 wt one. erefore,

ant agoni sy aniled gnodttivh feveliewerg@nhinced b PabPEPTRIE e8hRiMly #5uboptimal
Fab22-TT833S, did not cause T cell anergy. Furthernorye, tﬁe samg

per cent agSedPnceptratipas. Heweyes, indhesgexpgipeiadhe entoneanennt foranytokitlet ur es wi t h
no peppid " - 11833S. .S ti,ng that presentat] of
Tre53 L al By i aBoft 20 ERH3Ges e L 87 elittol o eboon s Rrield

i mrunogeni i ty This, THEpRBp&TeYes2RPM : r | | geni c
peptides to FcyRl usi r?g@an a%-Fcy&Pé%%g%%éﬁ(g#gsﬁﬁi %g%qalglﬁir]gan

i ndi cat esbe pifectivabyhproesssashans teentes byi humananorssites, leading fpénhdeced Isaa

vacci nes fcgrv, €. ?n iFf ect idous di seases and cancer. ENngi neering peptides
into the 2BNPANEIYEHRKIAE PEIAUEBOM MmN mAb t.hat are specific for particul ar
APC surface nol ecul es represent a general approach to increase the
antigeni c potency for peptide-based vacci nes. Mreover, the observation
that e FcyRI Presention ofAPAgETRISSiandRep2 AT 85 38\ ks k£ stimaR! T degrr at i on of
TT830-specific "_I;”}:ferlalmsmeven when APCs were first pulsed with native

Peptides containing one or two amino acid changes from native T cell epitopes,
termed Altered Peptide Ligands (APL) by Allen and coworkers, have been shown to be
agonists, partial agonists, or antagonists for T cell activation (Sette et al. (1994) Ann.

20 Rev. Immunol 12:413 and Evavold et al. (1993) Immunol. Today 14:602). Recognition

of APL by specific T cells through TCR in some cases triggered partial signal
transduction and resulted in (i) inhibition of T cell stimulation by superantigen
(Evavlold et al. (1994) Proc. Natl. Acad. Sci. U.S.A. 91:2300), T cell anergy (Sloan-
Lancaster et al. (1993) Nature 363:156 and Sloan-Lancaster et al. (1994) J. Exp. Med.
25 185:1 195), or (iii) modulation of Th1/Th2 differentiation (Nicholson et al. (1995)
Immunity 3:397; Pfeiffer et al. (1995) J. Exp. Med. 181:1569; and Windhagen et al.
(1995) Immunity 2:373). Partial agonists have been shown to stimulate some T cell

functions such as IL-4 production by T cells, but not others such as T cell proliferation
(Evabold et al. (1991) Science 252:1308). Partial agonists also can induce anergy.

30  Certain APL do not trigger any detectable signaling events upon interaction with TCR,



peptide, a situation conparable to that which would be encountered iA REBv80
when 15 attenpting to aneliorate an autoi mune response show that targeted
present ¥Q BHOWBS ant agoni stic peptides can be used as Ag- FEWU$I00158

t herapies for disorders, e.g., T cell- mediated autoi nmune di seases.
APL-based treatment will provide an anpyi gen-specific immunotherapy for T
cell nedi ated aut oi mmune di seases such as rheumatoid arthritis and

mul ti pl e, scl er.osis. Fa.rcilgerm)re, g}se of a fusion protein having one

t he .
bi ndi ng 3t @pdWIciop;as J G}, aniaeesirte whibiLT Gelhproliderapprcin rPspoRssa/ildy)
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excessi vgfpie%m%ﬁdgﬁggglﬁgg?év&ﬁ% édglgduse ﬂ'ﬁa?drﬁ 8% gg%ﬁaﬁgﬁg%ghﬁi(wm%ﬂg%
di sor der §3:6%5 amtiBoppayt etretli (093 froci Natk Azadr . UTAWS;2d7he i nventi on
provi des net hgods for ir‘g%txi ng various inmungl ogi cal disorders, b
providing a HESKSATRI ﬂﬁgﬁ'ﬁﬁ thah theepgpiade B R8T 1o An gnagenistaepde for T
antiggns I i o Sdeh ATl 8% > k I cell-proliferation
and/ o? cfﬁi]o |lnge§g{gragtolfzn, ort V\I/ﬁiagﬂ%?%%ﬁ§%3nsgta§§°iStrllr_nPEaéeT%lgel I's. 2 4 FEB
2004 VO Brbfii8Ga&éh, PAT S1es@ImBiERR 307 evdnat iiBbed a8 hidialoh Y kor S 1ig38 afhai n
anti-FcyRl -anti-CEA Bispecific Ml ecules This exanple denonstrates that a
r econbi namiM orFab22ITTB33Enad signifietm prsiifectibs of TTSPO-spdcifi P céliywmay zed
ant i -Fcyl? anti hody. fused to an antj-carcinoenbryonic (anti- 5 CEA)
ant i body°pseryedp dppsingicalss tbat shaneingyyine W@ sainet pesitio 833 pfehg FT830 5

o1 spoci 1 PP REEERKE TN b OBt WAL T SR bR DR S en SRR ne
bi ndilng TIPEEhid TTEIZS weret dimuktaneBusiapetseomed b TUSIWspeprERi T tedist ¥ cblpr

carci noenbryoni.c antigen (CEA) that_ were p:}%par ed. The am no acid
sequencePwiferominggarqnse to TTHY) warimhibited by Fd18888 ina fpse-dependestA encoded

Fusi on: prapsmrbait g £ERoys bl sl S MbleBhly 6P 7gERERMTRA 7,

si ngl e c(Rigoreridh.ecul e H22-anti - CEA encoded by construct 323 differs from
the fusion protein encoded by construct 321 only in that the VH and VL
chains of H22 were switched. 15 A mammulian expression construct encodi ng

a singl e chal o 1hadys N9y g, I0Fiimi AS)e e SRESI FH AT nh g TR

(consfruct 22 atso— et single
chai n anti body¥ dell acgvmrembed by construct 225 (SEQ ID NO 14)

This example compares the relative efficiency of TT833S and Fab22-TT833S in

inhibiting T cell proliferation in response to TT830. As shown in Figure 32, Fab22-
TT833S was about 100 times more effective than TT833S in inhibiting TT830-
20 stimulated T cell proliferation. This suggests that the APL, TT833S, when expressed in
the constant region of mAb H22, can be correctly and effectively presented by APC.
The increased antagonistic efficacy of fusion protein Fab22-TT833S on T cell
proliferation probably reflects more efficient Ag capture mediated by FcyR1 as compared
to free peptides.
25
Inhibition of T cell activation is mediated by competition for T cell receptor
binding rather than for MHC Class Il binding.
The antagonist effects of APL TT833S and fusion protein Fab22-TT833S might
be through competition at the level of MHC-binding or TCR-binding, or both. To gain

30 insight into the mechanisms involved, "pre-pulsing”" experiments, first described by



and the nucleic acid encoding this single chain antibody (SEQ | D N& 4¥38 2004
are shown in Figure 39. 20 Each of these constructs were cloned into the
H nd |1 Iwernd/oXisal sites of pcDNA3 (InVitrogen), from whi chceasoes®mssn is
driven fromthe CW pronoter. Each of these constructs also contain a

nucl ei ¢ aci d sequence encodi ng a pepti?l@ fromc-nmyc and a hexa-histidine
peptide, which were used for purification of the reconbinant protein from
the cell gulture. The c-nyc tag corresponds to am no acids 410 to 420 of
human c-r%é‘e?\i‘d(CEv‘&Wké'ts (ReMagistgs M. et al. @3 P92) Gilb6R:6355-8B4)0wereThe ant i - CEA

singl e chal [ Vool €L 1T E-23. is fur describ | sey et

al . ( 199% .rﬁI:IErIﬁTIII}]I%I exp R%Tﬁ%‘ﬁ'gsewwg aﬁﬂﬂs&ﬂgé@ IOZ:I‘“‘IAI"% g%S ﬁancet
343: 455. ifhke shsefitcofcdoniprifibs BB the i-,ﬁg/-‘f d the single
chain H22l anti body wer eﬁaIIsed in tbi ghh%&gggg?}@%’égﬁ%%%e gﬂf ol | ows.

ELI SA pl angagoatsts s aoepure 3dHW blbckeBEAvarld be le&etrivadk éthibitinp ah8mBBA.
Super nat ant s ofd e,.cel Ié transfected wwth the 2 4 FEB 2004 WD 01/09186
PCT/ vSdo I HHged J el praliferation. Ag-riaseAting monsryigt wererpalsed i hetipogimal

f I o I I
1 om 008 T Ant) DAoL ATe 1By TG R Mt Class At Benb et Mo

det ect ed doynpeticionh om0 TT833 3. MEheph BL SBT883 ordiak 22 TTE3 phossibé R ubAR)
conj ugat ed. Igﬁtayt ant'l-human 1g devel opnent wi th PNPP, and reading of the
plate 5 il Msgrepylssdmongeyiesionpn additienad 16 de Responding T seliswee: adiipd

resul ts ijpdi : | I 0. bi,.specifdc H22-ant] - .ol ecul es
encoded bd&qctgﬁg?I%@%‘l@%ﬁﬁg%@?cggﬁ%rwgg I?B%‘(I:ey ngen éerd‘:"ﬁII CCEA%I'H%S ot her
hand, 1@ hewlséra MleCedkadéBRyaa mikigwy rdl€ M agBstoifer&nsi4susit] iRRDited does not
bi nd both_Fcyrl_and CEA, as expected. 10 Exanple 9: Targeting CD64 (FcyRl)

to | nducdFigiae 83)- Erimsntbe inibitige appaarsse &s i resplteftompetiven foriTorell qceptaker t 0
determn e OW ' .normal | y non-i mmunogenic 15 antigen (e.g.,
a self a(raItaIIIégﬁIaﬁtf% WBEI%}I?@E%RI) can overcome i munol ogi ¢ non
responsi veness in vivo, several nultiner conplexes containing such

antigens linked to F(ab')2 antibody fragnents directed to Fc receptors on
antigen pr ese.r&ﬁeﬁﬂfﬁfﬂﬂﬂ ﬁﬁﬂ &S apd Epbt2eT7 3338 fodstostinadatd dwgrogedianel ow. | n
parti %II ar, mgﬁLE;glnnaswlygv%,ocréﬂpunan CD64,

In some circumstances, APL can stimulate T cell cytokine production but not

proliferation (Evavold B.D. and Allen P. M. (1991) Science 252:1308-1310). To

determine if presentation of TT833S simulates the production of cytokines, the level of

IL-4 and IFN-y in supemnatants obtained from Ag presentation assays was determined.
20  Asshown in Figure 34, both TT833S and Fab22-TT833S were ineffective in stimulating
IFN-y and 1L-4 production by T cells.

Presentation of TT833S and Fab22-TT833S does not lead to T cell anergy

Allen and co-workers reported that interaction of TCR with some APL-MHC
25 Class I complexes led to T cell anergy (Sloan-Lancaster J. et al. (1993) Nature 363:156-
159, Sloan-Lancaster J. et al. (1994) J. Exp. Med. 180:1195-1205). An experimental
scheme similar to theirs was used to determine whether presentation of TT833S could |
also cause T cell anergy. As shown in Figure 35, when T cells were recovered after
incubation with APC and TT833S or Fab22-TT833S for 1 day, 2 days, or 4 days, they

30 responded to subsequent antigenic challenge as well as T cells which had been incubated



as well as their nontransgenic littermates, were immuni zed with the 24 FEB 2004
F(ab')2 fragnent of 20 the nurine anti-human CD64 mAb, M2 (produced by

t he hybwadewasisavi ng ATCC Deposit No. HB-12147). The m cepromiuUsotrt@ds seven
days after receiving their fourth biweekly inmunization. Upon anal ysis by
ELI SA, three of the six transgenic m'cz but none of the six
non-transgenic littermates, exhibited ]gni ficant anti-M2 Id specific
antibody titer. This antisera was M2 specific and did not react with

ot her murviteAFES 2emg. pbhfrefare. the agtagenist. meesghigdtvia thawist pfreither pepidesadeneof t he
M22 Fab' idugce,.nore effi.cient internalization of antigen d,

t hus, enho\zg%%ié’g%m égg dﬁ‘ri BRPER ?Sﬁﬁ aﬁ?{gya%@{tﬁ?}'ﬁﬁ’é‘?’ 1he,$3mq BICEIREE A ne
response,vigblk i d#hs Batohit $0%6) WELreEairedRLALMIRr B Eh n Fgﬁthﬁ%,' ZPih3RQ4,h

chem cally and genetically and tested. These nultine conprise 30

anti gens Qaﬁ_lgﬁéﬁsb@geeﬁéin'g ¢ladt Ipyesentatienl of GT23 Fglad didhof dicredst drceAc
receptgraﬂbi nding 2 4 F E B 2004 WD 01/09196 -74 PCT/ USO0On0158 agents) and
addi t i On&1@%% Fab' nol ecul es. The final multiner consists of several

mol ecul ar spectgRsy ; i s j ' g., 2 or
nore) and one or %D%tlgg??gg%n@%gﬁtggé Hfﬁéggce@%pg%%é%@légypuri fied by
si ze exclugeting astigehid peiptifes 16 cpRPADEY aphvti-FEyriasibed-batdisPndroglipws a
schematic representation for the 5 devel opnent of such chemcally Iinked
nul t i mer iiadicaied that suehi fysipg pro@insivihbe ysefylfonperitidecbasad vacrines foree.g., pr epar ed
by i ncubatj ' of, Mp2 ith a.20 l.ar. excess of succinimdyl
4-(N-mal e P?ﬁggg‘lrfrsl(etﬁ%# %cafg Icgﬁc&'aﬁgglll’?c%%e%@gfsa’fléo '?’éﬁﬁ@)tar&t‘%mb'}ﬁ (lrpe nper at ur e
for 2)fhoufinanhae Ylarke wasific BDNLHcll AIOAPClshFadenblcbhledrdppPhiaXgeneral
F(ab')2-SMCC, by G 25 c?ﬁéorrat ography. Antigens with free 10 teérigiol (SH)
groups weapereagh éelincrease e pRRseRicpoyShOpeptidesbasedivarpings. rati o. The
resul ting thngIE)e was in%ubat ed 'gl\éerni ht at roomtenperature., The

reaction was Boyen s ATAIPHRP tibg EXRI-BregtestraurRonistic pepudrinpibied
resulti ngprsﬁm&%t&mfsoeyeaiﬁe ?tiﬁupyv | AP Y S SN RA0RE O4K gRibe 15 M22

F(ab')2+ -- antigen nultiners enhance/induce an i mmune response Figure 42A
shows a nmptidedustiuagerSiafatdbie gahacwhich iwouhdbeerndohmtettdVR 2ivollaan ) 2 (| ane
1) ang the chem cally-linked M2 Fab' nultiner (lane 2). The mnul tinmer

consi $? e AUEMRIDG P ameligypte 4ol mBMOE LeSPPRYS sBewhatiarepted prosentapenpl ) 4

F(ab')5, fﬁ-ﬁ@é%n)s@c peptides can be used as Ag-specific therapies for disorders, e.g., T cell-
mediated autoimmune diseases. APL-based treatment will provide an antigen-specific
immunotherapy for T cell mediated autoimmune diseases such as rheumatoid arthritis
and multiple sclerosis. Furthermore, the use of a fusion protein having one binding

20 specificity to an FcyRI and a peptide which is a partial agonist of an antigen involved in
immune disorders characterized by excessive immune responses will be useful in
treating such immune disorders by inducing antigen-specific anergy. Thus, the
invention provides methods for treating various immunological disorders, by providing a
method allowing for increased antigen presentation of antigens, which either stimulate T

25 cells, block T cell proliferation and/or cytokine secretion, or which induce anergy in the
T cells.



and hi gher nol ecul ar wei ght nol ecul es. 20 To determine the ability7 FEBRES
F(ab')2, conpared to the multinmer, M22 F(ab')3+, to nediate

i nt er nal WBIeM8of hunan CD64, various concentrations of eipdEUsioMdrss
F(ab')2 or M22 F(ab')3+ were incubated for two hours w th macrophages

i solated from human CD64-transgenic mce. human CD64 surface expression
was detected by the FITC- I abel ed anti-Human CD64 mAb M32. 2 (produced by
t he hybri doma havi n? 25 ATCC Deposit No. 9469) which binds to a site on
human CD64 whi éhampledi:st iFutctionahSingheChEiA A1i- FOpel-afd- R WisdeRiicl IUT €
42B, incubation with the EFFF!(?abI )2 did not result in significant
reduction of human CD64 fY8ifft%e surface of the nacrophages. However,

i ncubation wt : ; | ed t.0 up.to 5Q% reduction jn _human
CD64 expr essi o?nrhiknr&a os%%lﬁ%npsﬁﬁgﬁ?a% §§ Oing)br{’.mﬁr?ésﬂ?ﬁ%l ISt ‘gﬁ“’c'ﬁ@eiﬂ(]ﬁb' ) 3+
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2004 WD 0TE®@I a86baiyTisdn@ble 61 ERding 5o FuyRIneyd 18)0Ai ments were perforned to
determne if rrghdul atlon woul d _occur in_ vivo. Human-CD64 transgenic m ce
were inj ected WEURE &7 {3feichpmaticreprespptation ppmamigaiiah e Spressioh &dmeduane hour

| ater. Su j was_significantly 5 reduced on

it cu at | S BRI IOl e it c5inatts 30 4 30 hulavins aoe dimcyne

i mmuni zedsrei S d&mlm b hat ton of surface hunan
ICD64 exp?rgssm ?repr esented i nt eﬁ%gglgg%act%#%? C%rﬁg'%‘%%%'a'ﬁf“&anig%g with
the F(ab'{GEAnthat wexerpreprined. abid arhinoGitideeqaencelof thel i goRe BR N1 &&tthin

nont r apsgeni c. i r mat to geperate an_anti-M2 idiotype ("1d")
respoﬁ:@e ar leg?iegﬁ'ggn?"ﬁ%F%gF‘g copstmct Hd (VER 1) M- )16} andithe mutleicrer was
next st udicedlenchim PhuSida WMotk (K rates th igh titers
of M22-specific qrgtj%od.y vvewrg% géne%@ﬁéﬁﬁ\sgﬁmg?&?%‘@%ﬂi ﬂ'e

CD64- t r antigrssific single chgin=a@pcilerhi2aianaeCE AreaeodedByScohRucd 3D THMTkZ@drh ON)
with the pultinmer, hut no 2- specific antibody was generated in any of
the nont r TRSGIT Rrorth eadkilet 38 copdfit Sekonisiimahas e K and O ctiis of #2ans
response werelRui@ReS064-t ransgeni cs that was elicited by 15 the M2

F(ab' )3+ nultinmer was signficantly better than that elicited by the M2
F(ab' }2. All oA mdremalian expressiomonimed endodéng £5RSR ¢BSANAAGLERMRIving one

i mruni zatj.ons were_ required (three versus four) to generate an immune
response TIRGHASBSHCHY for thekcyRE(¢answest 235) wanplas petparedt Mae B &l These

results ds%HPé'h%E btk &P@E cfieﬂg aEt?l:%dy%f tiznrcrzgécd by construct 225 (SEQ ID NO: 14)

and the nucleic acid encoding this single chain antibody (SEQ ID NO: 13) are shown in
Figure 39.

20 Each of these constructs were cloned into the Hind I1I and Xbal sites of pcDNA3
(InVitrogen), from which expression is driven from the CMV promoter. Each of these
constructs also contain a nucleic acid sequence encoding a peptide from c-myc and a
hexa-histidine peptide, which were used for purification of the recombinant protein from
the cell culture. The c-myc tag corresponds to amino acids 410 to 420 of human c-myc

25 (Evanetal. (1985) Mol. Cell. Biol. 5:3610). The anti-CEA single chain antibody,
termed MFE-23, is further described in Casey et al. (1994) J. Immunol. Methods
179:105 and Chester et al. (1994) Lancet 343:455.

The single chain bispecific molecules H22-anti-CEA and the single chain H22

antibody were used in binding assays, performed as foliows. ELISA plates are coated

30 with CEA and the biocked with 5% PBA. Supematants of the ceils transfected with the



conpl exes lead to better internalization of an antigen via human CD&4,FEB 2004
resulting in an 20 enhanced anti gen-specific i mune response. In fact, the
dat a showg dieefgsgure 43B denonstrates that imunizing hu

CD64- t ransgeni i(?kirri ce with as little as 0.25 ug of the rrulntB?TmfyrS(}qsf%ﬂllﬁ

| eads to a detectable i mMmune response in nost of the mce. It is difficult
to observe a potent inmune response to7dany tunor-associated antigens
since the imMmune systemis often tolerant to these antigens. In order to
25 det er ntomstrutie ehending the singhgclRire hotecnles (@drsiectPirs) Wek Mg iCtha plai@en to
human CD64 resulted in an imune response to this antigen, a nodel

anti gen, $deblEEbYR¥ledfrir(sepentatanttfeorm&iOSeamsbdrvts] w@iis|deacritied atyyve) 529C9, was
coupled to e 2 multiner, After i ni zation of either human CD64

t r ansgeni %ddtg?q T%f%‘ﬁﬁ%@ﬁ%ﬁ’% '“Cf‘gg?oé’r‘?zfg]?“eglfmﬁb‘t‘ﬁ akplinepposphatage t it er s
and anti - ilolafed, i R | . en of
Caht i e el e AR B Ve €A PNPEVghd RHlfie 3f e Y

anti - 52002 43eb8mm.- M2 titers. None of the seven i nmuni zed nontrangenic
mce 2 4 F E B.2004 WD 01/09186 PCT/ USOQ 20158 - 76 devel oped neasurabl e
titers to eit h&Pe EsBisArs prasgnicg an Fignessds. jEheresisdndicata that themnglg chadwupl i ng

a normal | y._noQe | } rotein to man CD64 t Lt

i nt er nal i'éz{ls c%éﬁ%’%ﬁ%%ﬂ‘% l%cr'il? ?Sgeé]ﬁoc}?rﬁgjgecfﬁ)??‘ﬁ'&t%gql %‘%@3&%"4 g‘“ﬂ Fodlent

| Mune r esRPOEA. (Gh B othef Rihd) Whe sidEN @halh HIOMHABoMAAcSRaWY dohatucieys opi ng
immunity specific for the idiotype 5 expressed by surfacelg on B cell

| ynphoma desinet biand bodekkytlcanddCBAL as expected.el | - specific i mmunity. The
exanpl.e denonstrates that a specific anti-520C9 Id response can be
readi 1Y elicited by directing the 52009 idiotype to human CD64. The

quality of theg] .re n { LV igen rticularly, . a tunor-
associ at ed or Mﬁtigggﬁa@&negg" g%q’ﬁ{)g‘ﬁ“éﬂﬁ“ ag%ﬁ?"aﬁaﬁ? 1‘%9%‘? t he
response. T helper 10 cPldcesdinyand@Peesediatigied i nto Thi and Th2 dependi ng
on the type of cytokines they secrete and also the type of help that the

provide to B cells when stinulated. Thi cells secrete IL-2 and | FN-y when

stinul ated and usuall y .st.i ate B | s,.to.secrete antibod of .the Ig&Ra
i sotype. Th2 cells b’ecrfl %&tgake_rﬁmhen\aﬁq%qr@rema BT Zergm EPGal Iy

sti mul gt e, Biepl Al ‘ = o dn
gener:!ﬂg, @rrﬁlg%ﬁé%g'l’gggfgﬁ%hgtel i ev%ﬁél?ggglt:‘#ga %a%l?v g{?ghggﬁn ﬁ‘?’g)}@gﬁ'}ﬁ%f t he
i Mune r exsppnseentssr imadvo] bveca Inhwtimet oruplates coh@indimgsuchlantigens lihked toi t er of

OO S Akt Fr Sl S oS eSS "
prepared and tested as described below. In particular, mice transgenic for human CDé4,
as well as their nontransgenic littermates, were immunized with the F(ab’)2 fragment of

20  the murine anti-human CD64 mAb, M22 (produced by the hybridoma having ATCC
Deposit No. HB-12147). The mice were bled seven days after receiving their fourth
biweekly immunization. Upon analysis by ELISA, three of the six transgenic mice, but
none of the six non-transgenic littermates, exhibited significant anti-M22 Id specific
antibody titer. This antisera was M22 specific and did not react with other murine

25 antibodies.

To determine whether multimer complexes of the M22 Fab’ would
induce more efficient internalization of antigen and, thus, enhance antigen presentation
and a stronger anti-M22 Id immune response, multimers of the M22 Fab’ molecule were
synthesized both chemically and genetically and tested. These multimers comprise

30 antigens which can be chemically linked to 22 F(ab’)2 (or other F¢ receptor binding



I muni zed human CD64-transgenic mce with 520C9 coupled to the M2 2 4 FEB 2004
multinmer. The data shown in Figure 44B denonstrates that both a strong

| g3 as woé1/ém8@ strong 20 IgQ&Ra ld-specific titer was el ilgé'ltlﬁgoono 58
denonstrating the ability of this nethod of imrunization to activaie both
a Thi and a Th2 response. H22sFv- H22sFv-32. 2sFv-antigen nul ti mer induces

i mmune response Figure 45(a) shows thé4map of a vector encoding a
genetically-linked 25 multinmeric, targeted antigen. This vector encodes
for a prdesnts)and additienat B2 Fab'gnolsules.r Dhe hudTenhingwkr abidists 5EFerapnt i body,
H22 (produc\ed lb t he bri doma havi ng ATCC Deposit No. CRL 111/7), and
one sFv reg CSHa'\\‘/?Qfﬁ‘]eé 3t GORYGINB 2. 2mubliple 33 Fake drme gegh 2 or ntove)and ant iogen.
The resulgbRRtankidsy et - H22sFv-32 2sFv-antigen (shown in

Fi gure 45(b) %m f"??’ g%% e g&%ﬁﬁ’ﬁ‘?%"’%%&@%ﬁ“’a@ SF exgision pt affinityng

t her eby idhderoetog@thphpifdesatd. ZRigiend IVihaws AGERGR41i R g%erhgntgoé.lrﬁg tor. 24 FE
B 2004 V\%ﬁgé{ 09186 PCT/USOQ 20158 -77 The F22skv- FD2eFv- 32,05 v-antigen
mul ti mer OREIFAL QfsSuRl Chammically hpirsl myltimerit targbamigenant i gen) as an

antigen for nog enic mce. It was_ found that this

: | | ra y
fusion protein ﬁ%@?@%‘esgﬁs %ﬂq‘z‘ﬂﬂsweéﬁﬂnﬁpﬁ’ifﬂdﬁsm?‘ma@ﬂ&g[ﬂbiﬁtqfd‘d-?%f t he
recept or .witsa 2Dawslar éxcéds@fseccfimid) QOiNG b M22Fab x
MB2Fab and 5 geneti cal l ;-I isnkedmlll ZSFV-aJZahZés{IEE/CEdS?]?%g%-%E% f%‘eerl\lgzeach i nduced
i nt er nal iFZERPIItESMEE) By roomempenatiye fm hperrs. oF e SMYC addiréhevedfromanpl es

then meodts e B pblenr Elar 2 GE 1y kS omatoranis! Rovieshs wihdee a4 C
and sknphisel (HPonM weeddid GAREN FERIERRICCHA  PAIBLLON RS

calculated by the formula: [1-(Ml of ‘sa of “‘contro
wher ei n FFUIRRg WEgwrerwasdnaubewd coeinight msicoyh tehiPRedind- IhtireRfloRinagds Fc Rl
wth affis{y' %ﬁédgg'rag&(iinnal elglf a ual. to H22Fab2-anti en Figure 47(a) shows a
map of a vebror’ encBBARG EsT pkirdnacstagids and the sesuling conjugaterpasyryifiedgi ons
genet i calbly\widel exREicnQUFIHARS rhphyan ant i gen. The resulting fusion protein,
15 H22sFv- H22sFv- anti gen (s%own in Figure 47(b)), is capable of binding to
two FcyRI nol ecules. This fusion protein should have greater affinity for
FcyRl; <t hap 51,0 praoteins, consisting of just one H22 sFv. The ability of
this lr?ul 2F b2 Lantign FEREreTS "E‘v-'z'-' Ueh P dTiare rafporseso i nduce greater
I nternal i zati giggt 4LASKERS 8 RLRS t _plal Y. h L whet her
the H22sFv- IjZZS%:l\i/r- anti gen fﬁg?é‘?\d%&é@ Ph'@éggl CBB{am%ﬁE %m{-wd F22

F(ab’)2 (lane 1) and the chemically-linked M22 Fab’ multimer (lane 2). The multimer

consisted of several molecular species representing F(ab’)3, F(ab’)4, F(ab")5, F(ab)6,
and higher molecular weight molecules.

20 To determine the ability of M22 F(ab)2, compared to the multimer, M22
F(ab’)3%, to mediate internalization of hurnan CDé64, various concentrations of either
M22 F(ab’)2 or M22 F(ab’)3* were incubated for two hours with macrophages isolated
from human CD64-transgenic mice. human CDé64 surface expression was detected by
the FITC-labeled anti-human CD64 mAb M32.2 (produced by the hybridoma having

25 ATCC Deposit No. 9469) which binds t6 a site on human CD64 which is distinct from
the M22 epitope. As shown in Figure 42B, incubation with the M22 F(ab’)2 did not
result in significant reduction of human CD64 from the surface of the macrophages.
However, incubation with the F(ab’)3% at 370C led to up to 50% reduction in human
CD64 expression in a dose-dependent fashion. Incubation with the F(ab’)3™ at 40C did

30 not lead to a reduction in human CD64 expression, demonstrating the temperature-

dependence of this phenomenon.
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20 to FcyRI with greater affinity than a single H22sFv-antigen fusion), a
conpetition experinment was perfornmed. WI937 cells, previously treated with

| FN-y t oweyuiaeag expression of FcyRl, were stained with a?&%éopﬁ@ﬁsmz
and phycoerythrin conjugate. As shown in Figure 48, the conjugatée was

I nhi bited by various concentrations of H22 Fab, H22sFv2-EGF fusion
protein, or H22 Fab2. As al so shown in7¥tgure 48, H22sFv2 25 EGF bi nds
FcyRI with an affinity approximately equal to that of H22Fab2. It has been
previously shown that H22 Fab' and H22 sFv have simlar affinity for FcyRl
(Goldstein et _al. (1997) J. Imunol. ). 2 4 F E B 2004 WD 01/ 09186
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results are 10hshlility ofhuraguEB66&andgepierdndiidnyrandgficHRRINBeCEA gethedatB ot
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nonoval enf 4 F@Y.Pela S XeIRpPss afiss thrpe rmBupizations withitke MR20F(ab33DI es
to | FNgy- S ' ] - git her ne,, hour . Qr
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wi t h MB2. @ MZPGpecificeantibbdy wetd génetatedi il aHadPiRShukse CDWRLiYARdeRlY dhgescan.
15 Exarrplf_ég:,Huma_n Anti body Fusion Proteins Directed to CD89 (FcaR) and
Tunor Ant {95k ipmugized three mEes {26 pp/ immgmization Mith the dpaltimer, taaoMBrty of
Tunmor Cel e 1.0 ' i_nvolae th roducti.on_and . .

char act er%%gﬁao?\ﬁtg:lf()h g&%e%ﬁe?%&?% aﬁ%s‘%foﬁec%oﬁlsnfg?%ﬁ?fl ¥ i PITHGS, YRTRREPY oct or

cel | medi sibkirikith+10)g Thé irunwme respirss EMphasCDEg-ranSFenRRABR s difdd i) . The
constrgct %?i &ﬁl uge EGE linked to an anti-CD8B9 (anti- FcaR) antibody (ScFv
or FaB®) . thepkd2ds bab)3{ yaultimes  warc signfieantly abester Hbar fthatc elagitefl ubi ithe 1422

F(ab’)2. All of the multimer-immunized mice responded and fewer immunizations were
required (three versus four) to generate an immune response immunizing with the
multimer as compared to the F(ab’)2. These results demonstrate that the Fab® multimer
complexes lead to better internalization of an antigen via human CD64, resulting in an
20 enhanced antigen-specific immune response. In fact, the data shown in Figure 43B
demonstrates that immunizing human CD64-transgenic mice with as little as 0.25 pg of
the multimer still leads to a detectable immune response in most of the mice.
It is difficult to observe a potent immune response to many tumor-associated
antigens since the immune system is often tolerant to these antigens. In order to
25  determine whether directing such a normally non-immunogenic antigen to human CD64
resulted in an immune response to this antigen, a model antigen, the Fab® fragment of
the murine monoclonal antibody, 520C9, was coupled to the M22 multimer.
After immunization of either human CD64 transgenic or their nontransgenic
littermates, both anti-520C9 1d titers and anti-M22 1d titers were assessed. As shown in
30 Figure 44A, seven of eight immunized human CD64 transgenic mice developed both

strong anti-520C9 and anti-M22 titers. None of the seven immunized nontrangenic mice



of CDB9 expressing cells that have been targeted to tunor cells. Clhdof EB 2004
(FcaRl) is a receptor which binds to the Fc portion of IgA the nost 25
abundant ' he human body. CDB89 is constitutively expresse rimarily
on cyt o?g%léogﬁ‘ﬁmne effector cells including polynorphonu %é'gsq?’gﬁ%%cyt es
(PMN), nonocytes, nacrophages, neutrophils and eosinophils. Both

Ag- conpl exed and nononeric I gAl and IgA2- bind CD89, suggesting that the
receptor may be saturated w th nmononeric IgA in vivo. Cross-Ilinking CD89
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receptor for epidermal growth factor (EG-R, c-erbB-1 gene produc
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normal cells such as keratinocytes and hepatocytes, the over-expression
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the t i ey ap el ude a mb specific for EGR-R
one of Ot e FYESE e SRR ETHIRA % ibndind pee Greo Snokitsaivir or o
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This mAb, 14A8 (also referred tgdyas 14.%, rb|gnds o] an)ég%:llt bg%%gt S

di sti Act Pelisied tnstumgalsitheieeliplariara ofithe immeneiespange whereahTh2 ¢alist o tri gger
effector ' he-ant.| bo ercomes the patential bl ockage of
the |i gan%”@ﬁ%{aﬁ%hglﬁp}ﬁ égj‘sgﬁc B{ rgg#R@/'F%’ﬁ‘Pantm}" of either the Ig%l or

the 19G2a isotype, was examined using isotype-specific developing reagents after having

immunized human CD64-transgenic mice with 520C9 coupled to the M22 multimer.
The data shown in Figure 44B demonstrates that both a strong IgG1 as well as a strong
20 1gG2a ld-specific titer was elicited, demonstrating the ability of this method of

immunization to activate both a Thl and a Th2 response.

H22sFv-H225Fv-32. 2sFv-antigen multimer induces immune response

Figure 45(a) shows the map of a vector encoding a genetically-linked
25 multimeric, targeted antigen. This vector encodes for a protein with two sFv regions
from humanized anti- FcyRI antibody, H22 (produced by the hybridoma having ATCC
Deposit No. CRL 11177), and one sFv region from antibody M32.2, all linked together
1o an antigen. The resuilting fusion protein, H22sFv-H22sFv-32.2sFv-antigen (shown in

Figure 45(b}), is capable of binding to FcyRI at multiple sites, and thereby induce

30 internalization via aggregation of the receptor.



nononeric I gA. Here the fab' and sFv fragnments of mAb 14A8 were fumkgmm
EG-. In 25 brief, the 14A8 hybridoma cell |ine was obtained fromH
mce i i ith soluble CD89. The v-regions were clon i =PCR
fromRNA'I ggﬁﬂ ed fromthe cell line. DNA sequenci ng anal §€T@§P‘Q€‘é§red
that the anti body consists of the 30.3 VH with DN 1 D segnent and JH4
J-segnent, and the L 18 Vk with JK3 J-Bkgnent. Using DNA encodi ng the
vari able regions fromthe fully human anti-CD89 mAb 30 generated fromthe
HuNMAb- Mouse( t Mhe HIPFROMY sFSh ORF Plagti S Siu & v dsURsde Rk mEEH cific
mol ecul es_(BM5) were constructed and %%(pressed. As éiownﬁ Igure 51, 2 4
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14A8 (anti-CD89) was fused via a flexible peptide linker to EG-, a |igand
f or EGF- ReyRhéeTheastudybives peefiirored byfaddition bf A@mpiee (el RN-9rgtedNb9ThadlRCt er i zed
usi ng RT-PCR and DNA sequenci ng. The Fab fusion construct was nade by

i nsert i ndonahgryp BRA- iFeyBI expressign wasthom messitrod by statmngéetly witheHebbtd of

human | nd, hi n ions fused to .10 .EG: . |4A8 VL S

i kewi sgﬁ‘égﬁéé&l ﬂP%“faaﬁggﬁgs@mn'ew&mna&y&ﬁ@ EV ﬁﬁ?léc?lhep‘ifﬁ%% t he
human CL ni®ifion wheakatad e I0mit [@LMBRS S%EQMFPBP&?)%B?§ 1gg%i, ngl e
chain fromone vector. As shown schematically 1 n Figure 51, Z9

( 14AF 1 Ecrhereim MFlng pean flpowsg:nice oitersity. wer e cot r ansf ect ed by
el ectroporation into NSO cells, and selected in nmedia containing both
(418 and hygronycin. PJZ909 (I|4A8sFv-EGF) was 15 simlarly transfected and
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constructs, sUjgiradfa)shofs £alap ofh%&oﬁméﬁ-@idmsfbﬂﬁaéinﬁﬁﬁeﬁiprbﬂtﬁﬁ run
over a protein L  colum, .and approximately 2 g purified protein was
| oaded o4 ¥ vAcqigns genedcalinanked together io\ae Antigeay diba gesahing fusion prteinng
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molecules. This fusion protein should have greater affinity for FcyRI than fusion

proteins consisting of just one H22 sFv. The ability of this multimer to bind to bind two
FeyRI molecules may also induce greater internalization of the receptor.
To test this hypotheses, (i.e., whether the H22sFv-H22sFv-antigen fusion binds
20  to FcyRI with greater affinity than a single H22sFv-antigen fusion), a competition
experiment was performed. U937 cells, previously treated with IFN-y to enhance
expression of FeyRI, were stained with an antibody H22 and phycoerythrin conjugate.
As shown in Figure 48, the conjugate was inhibited by various concentrations of H22

Fab, H22sFv2-EGF fusion protein, or H22 Fab2. As also shown in Figure 48, H22sFv2-
25 EGF binds FcyRI with an affinity approximately equal to that of H22Fab2. It has been

previously shown that H22 Fab’ and H22 sFv have similar affinity for FcyRI (Goldstein
et al. (1997) J. Immunol.).



As shown in Figure 52 (A and B) and Figure 53, flow cytonetry exper rerftBs?004
confirnmed that the antibody fragnent and the EGF portion in these BSM bi nd
speci fi cablogodbmet heir respective cell surface receptors. Fi

shows 14A8fab' 25 EGF fusion protein binding to EGF-R on Aﬁﬂ%eoﬁﬁéé%

Fi gure 52(B) shows |14A8sFv- EGF binding to A431 cells (stained w th goat
anti-human | gG Fab-2 conjugated to pha&oerythri n). The fab-2 fragnent of
14A8, which does not contain EG, was used as control. Figure 52(C) shows
t hat the HAREVINAIsdm- B2 BFeICRA dialiceanbRhalizaliby oPPL,giined EGF conpete for
binding to A4i% cells with an EG- FI TC conj ugate nM . Figure 30 53(A)
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fusion (%3 nM . HZZSE - EGE fusion qugotei n was again used as control. mAb
H22 bi nds”t%§81E88UoN eLiprse)kevRl giofscaiesnt Fc receptor on U937 cells. Effector
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fab-2 fragnent of 14A8 (40 pg/m ). This denonstrates 20 that the cell
| ysis™by the fusion proteins is specifically nediated by binding to CD39.
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and Tumor Antigens (e.g., EGF Receptor) Promote Cell
Mediated Cytotoxicity of Tumor Cells
The following studies involve the production and characterization of bispecific
20  fusion constructs which induce effector cell mediated killing of tumor cells expressing
EGF Receptor (EGF-R). The constructs include EGF linked to an anti-CD89 (anti-
FcoR) antibody (ScFv or Fab®). Therefore, the constructs activate the effector functions
of CD89 expressing cells that have been targeted to tumor cells.
CD89 (FcaRl) is a receptor which binds to the Fc portion of IgA, the most
25 abundant Ig in the human body. CD89 is constitutively expressed primarily on
cytotoxic immune effector cells including polymorphonuctear leukocytes (PMN),
monocytes, macrophages, neutrophils and eosinophils. Both Ag-complexed and
monomeric IgAl and IgA2 bind CD89, suggesting that the receptor may be saturated
with monomeric IgA in vivo. Cross-linking CD89 on myeloid effector cells by mAbs

30 specific for epitopes within or outside the ligand binding site stimulates degranulation,



genetic neans linking EG-F to the Fab' or sFv fragnments of 14A8, expgq‘sg@'mml,
the constructs in mammalian cell culture, and purifying the constructs to
near hor’rng ' using protein L chromat ography. These f usi i_ps are
m nimal |y |%&%’geni c in 25 humans because 14A8 is fully h&#&ﬁg@)ﬁ@sg(}: IS
of human origin, which may enhance the therapeutic efficacy of the fusion
proteins. The foregoing studies also déd@enstrate that these fusion
proteins, 14Afab'-EG- and 14ASsFv-EGF, are capable of binding to both
CD89 and Efferfki@xpilQss, seerefiSh bBinfla R i ; -
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Generation of Fusion Constructs

To generate bispecific fusion proteins, HuMAb-Mouse™ technology, as
20 previously described herein, was utilized to generate a completely human CD89 mAb.
This mAb, 14A8 (also referred to as 14.1), binds 10 an epitope that is distinct from the
Fc binding site while retaining the ability to trigger effector functions. Thus the antibody
overcomes the potential blockage of the ligand binding site caused by saturating
monomeric IgA. Here the fab’ a.nd sFv fragments of mAb 14A8 were fused to EGF. In
25  brief, the 14A8 hybridoma cell line was obtained from HuMAb mice immunized with
soluble CD89. The v-regions were cloned using RT=PCR from RNA isolated from the
cell line. DNA sequencing analysis revealed that the antibody consists of the 30.3 VH
with DN1 D-segment and JH4 J-segment, and the L18 Vk with JK3 J-segment.
Using DNA encoding the variable regions from the fully human anti-CD8%9 mAb
30 generated from the HuMAb-Mouse™, antibody fusion proteins which function as

bispecific molecules (BMS) were constructed and expressed. As shown in Figure 51,



25 fragments of 14.1 and 3F2 were |inked by disul fide bond using st angagBi2004
chemi cal cross- linking procedures to generate this bispecific nolecule.

The si ngive ocledge bi - and tri-specific nolecules (931 and 9
produced by transfecting NSO cells with plasmds (e.g. }%%J"%g?sshom

in Figure 51 for anti- CD89 x EGF fusions), and sel ected in nmedia
containing &18. Cell lines were screefi@d 30 for the expression of fusion
protein and subcloned by linmted dilution cloning. Finally, fusion
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(931 & 93®NAaﬁdlemmaarGIt egi@d TINSQ P fiRRINRbRI wh@al%@*;?&ée&&eﬁkmg&
| ysis. éE%VShOWS bi nding activity of purified bi-

tri- speC| ?’B efdor. Aysshoxrmschematically wo Biguce 5 1.PIZO06 OL@*fd{E@FIMQ

receptor 2 p‘ggllgt 425 (ant. - whi ch
doespnot )Plglz?l-%pbgw?slégﬁ’ﬂ wascogé% édQ %éﬂﬁ(@ﬁ)ﬁlfc(}‘e‘ln E%PCHCHA%Q anlt i - CD89
(Fab') x selected HEﬁEd(aEahta)mﬂﬁ]bﬁda@Allsyanamy@}@ﬁlycﬂpl pmgf(llﬁAgy@ggy:ﬁ@ hown

in F| fgﬁﬂ as a positive control. Figure 60 IS e sane as
Fi gur YeBE‘t‘Pé r?é'fisslicﬁfeﬁ Hgmélameﬁxmngéimls QenrlmugbpcprmngRz

receptor )fuéi@ﬁ plofih Gidre mmfr@@b? hHI ARG tlocr)lfclgrmlg (PD%un%'nhal l%usdgn 14.1, was

used as a
constructs, supernatant of cell lines expressing fusion protein was run over a protein L

column, and approximately 2 pg purified protein was loaded onto a 4-15% tris-glycine
gel under reducing and non-reducing conditions.
20

Characterization of Fusion Construct Binding to Tumor Cells

As shown in Figure 52 (A and B) and Figure 53, flow cytometry experiments
confirmed that the antibody fragment and the EGF portion in these BSM bind
specifically to their respective cell surface receptors. F igure 52(A) shows 14A8fab’-

25 EGF fusion protein binding to EGF-R on A431 cells. Figure 52(B) shows 14A8sFv-
EGF binding to A431 cells (stained with goat anti-human IgG Fab-2 conjugated to
phycoerythrin). The fab-2 fragment of 14A8, which does not contain EGF, was used as
control. Figure 52(C) shows that the 14A8 fusion proteins and commercially obtained
EGF compete for binding to A431 cells with an EGF-FITC conjugate (7nM). Figure

30  53(A) shows that 14A8fab’- EGF fusion protein binds to CD89 expressing U937 celis
(stained with goat anti-human IgG Fab-2 conjugated to phycoerythrin). The fab-2



negative control. Figure 61 shows binding of the 934 trispecific cc;n%ﬁ%gqm
to A431 cells. 25 This experinent was done the sane way as shown in Figure
60, excappofdsaggt unor cells which over-express EGF- R wer epdsgdooidgisi on
protein consisting of the sFv fragnment of 14.1 fused to EG-F was used as a
positive control, and the fab-2 fragnent of anti- CD89 anti body, 14.1, was
used as a negative control. 2 4t td ~$lo004 WO 01/ 09186 PCT/ USOQ 20158 - 84
Ef fector Cell-Mediated Lysis o EGF-R and HER2/ neu- Expressi ng Tunor Cells

Si ngl e cHhwigmeni of hamaanized rgpe H4liScwhithes speeifio 28 EGRIR, 934)sedlas commile t est ed
for their. abili 0 di I ysi.s (ADCC)  of EGF-R and )

HER2/ neuF&sHbs Eé@ﬁbowg'fmf %fgéﬁe"s—tﬁh fusian preteiasiso bindsdp(dd8 bxpeessing .
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and an ot e R R o e n e il aSi ARYREAS fiept o

100: 1. Ttiravadels conic¢nttangny\oi] 4X8sEeLROF werdigséssad frabdiesbiligd ikhiGdde and

untra sfgct ed (NSO _supernatant to nedjate ggecifi_c Lysis. As shown in

Fi gur dn)g ol IR A tEGE Susion B3 M hsHasFadEGE fusion o®iein was 9grin usrsdi at ed
cell lysis (A f nocyt P nd , whol e_bl ood. In_ghese. studies,
chrom um® 8‘#’8&’3&%5@’2‘%@5& %@%&W’t%‘hﬁgrqnﬁgﬁB%FFP@FIO?)Qg?g&e]&ﬁ 16-18 h
and an effector (nonocytes, PWN) to target (SKBR-3, A43 1) ration of
100: 1. Tunor cell killing was detected using transfected (931 & 934) and
unt r ansf éffeerdr OB ediaped Lpsis af EGiFoR lepteatieg Speor ells | ysis. Figure 62 and
Figure 63 show.,effector cell-nmediated |ysis of SKBR-3 ce|lls Figure 62(A)
and Figure 63%&5"‘)”“&1‘1’6’%"&?&“ y$ie) *’(sFﬂyél?PEhmdéj‘a'a‘?ﬂihﬁ:ﬂ@&#E ‘59"%53“8 by 15
pur i fied 13ABGHREFRGioRl GRS fiedi 3 bt EGE- of - PMNs
and nonocyt es, respectop\‘/:e y. éhr%mﬁgﬁgééeé?ﬁecalggéi’ggy;sk\%nggﬁﬁoﬁeh%\;ﬁrth an

i ncubat i eelipenth pdrifiéd CB8%&xhressingl palymetflanticlkeart (PMIN) Bakodyeds] mbn@dyte00: 1.

The fab-2 f,i:a@[ﬁm of. anti - CD89 ant| bg‘%}/, 14. 1, was used as a negative
control PhwRgkErPlegdetfeionrells jna desgrdepepdenhmanRsred cheni cal |y conj ugat ed

bi speci fic nolgch : ' | Qi
cross-1linked Fab' bg’ﬁg’ﬁg#&%ﬁg‘éﬁéﬁ@ﬂ as ‘gggg‘i‘:‘eﬁ&@g‘%%ﬁg ﬁtlgc.‘:\ﬁ"ai n
ant i bodi esoteins medide] Gddtosicily 98A48 b odls usiigShonodtest(S$AR PMNS (54B3GnMi | | i ng

W th ]épolg*ybB rphonucl ear  (PMN) cells, nmonocytes and whol e bl ood of "Cr
| abel ¥d : blogd (5489. Spromiyimareieaseassayepess done path apiesubaten perigdfat i on at

3 7C, h - il )k ' | ' f "Cr
t hg gy de&g?ﬁ W D¥ectdiSh lLargétt Az;&ﬂ(feé@aggag:gf{%amﬁyoﬁ% YShg ©

rel eased into t ture supernatants. s was cal cul at ed
as t he afahi?fraghehuniord A8elvhs lisgd as comrdl h@ sphewe hicBigafe 54)@4A8fab’-EGF

fusion (1 pg/ml) (56A) and 14a8Sfv-EGF fusion (1 pg/ml) mediated cytotoxicity of
A431 cells is inhibited by the fab-2 fragment of 14A8 (40 pg/ml). This deﬁnonstrates
20  that the cell lysis by the fusion proteins is specifically mediated by binding to CD89.
Overall, the foregoing studies describe the generation of fusion proteins by
genetic means linking EGF to the Fab’ or sFv fragments of 14A8, expressing the
constructs in mammalian cell culture, and purifying the constructs to near homogeneity
using protein L chromatography. These fusion proteins are minimally immunogenic in
25 humans because 14A8 is fully human and EGF is of human origin, which may enhance
the therapeutic efficacy of the fusion proteins. The foregoing studies also demonstrate
that these fusion proteins, 14Afab’-EGF and 14A8sFv-EGF, are capable of binding to
both CD89 and EGF-R expressing cells. Importantly, the studies further demonstrate

that, in the presence of CD89-expressing immune effector cells, these fusion proteins



bi specific nmolecule - tunor cell |lysis wi th polynorphonucl ear cel | 4§
As shown in Figure 64, bispecific nolecule 14.1 x 3. F2 nedi ated cel
killing wobkMMasef both SKBR-3 and BT-474 tunor cells expr ' / neu
in a dose dependent fashion. In addition, as shown in FiguﬁéﬁgégmmEB?

bi specific nolecule 14.1 x 3. F2 nediated_cell killing by 30 nonocytes of
both SKBR-3 and BT-474 tunor cells expTé%sing HER2/ neu in a dose

dependent fashion. In _both cases, addition of 10 g/m of 14.1 Fab' 2

conpl et el ynglige kbbing of EGEFR poemexir GingQRRISsf £ATdc LB R M3nnd5 TARGE el t he

tunor cel l;s.. m._of the hispecific lecule 14.1 x 3. F2,

denonst ratlfsﬁg%#]%]%o F‘é@ﬁ%‘i‘: dngléei TeRICT Pﬁg’gﬁ}ésm?ﬂ%i ated exclusively by CD89
binding to the effector cells. Figure 66 shows that bispecific nolecule
14.1 x 3.F2 also nmediated cell killing by whole bl ood of BT-474 tunor

cel I's expressi dgeppfR/ heBispedifidesd TrispepificMoleciRs ToAtiniRgE @nan t he
foregoisng studi es describe the generation of bi- and trispecific
e

nol ecul’es cont ai ni ng humehntibedic Binding Rertioodirscted b CRS9r(§caRpghé chain
and Fab' fragnments). In i ti,on. these | es denopstrate that these
bi- and trispecific nolecll &s Aéﬁggﬁf F"\‘/%? @%F%@%W‘mﬂ%&lh%ﬂwp%a l's
expressing HER2/ neu and G} Mddated Cytb@x iGN cals ector cells.

Equi val ents Those skilled in the an will récognize, or be able to

ascertai n usi ndhsdohevagtstidiesipvelve theenpdudtivanhd thaacteriariyn of bispedifiat s t o
t he speci f} i of t.he.invention 5 descrihed herein. Such
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E B 2004 exPéssidy Eb@ﬂﬂcehto_r (Et}plfé)%ﬁy(;r'%@hﬁ.]ﬁ:&is% o2 lo°a eoFRgii;ﬁetbi nds

bi nding specificity which is an anti body or ragment ther

to an Fcabispedfic consinuisdncledoa tuinian diongcRsiCintii CD8Y (a1 K& R)2ndBodyant | body
or fragne (i_P‘ther}.%Bt tr}at I nds to_an EGF receptor S GFR) or to a HERZ
recept or ?# PRI/ FRRL) e 1933 14¢1. liked topnhurean manerlenst abHIERS dntibadnuman

anti body @$c.H/AHE® ’f_tf f T i.speel fic l.egu laiml.wherein
said fir s?s and sec?tﬁcrj %Fé\dg@nas 3?;)26;0?‘% tgllsﬁ%ég@c %orngm”%é'ﬁcg'fc}egéﬁ? sils figyanti-
CD89 (ScFv) x anti-HER2 (ScFv) construct, fused to EGF. These constructs activate
15 the effector functions of CD89 expressing cells that have been targeted to tumor cells.

They aiso provide the advantage of being fully human.

Generation of Bispecific and Trispecific Fusion Constructs

Figures 57 and 58 show selected bi- and tri-specific molecules of the invention
20  and their parent human antibodies (HuMabs). Figure 57 shows single-chain (ScFv)
bispecific fusion molecules, 931 and 934, which are the same except that 934 includes
EGF, whereas 931 does not. The variable light and heavy chain regions of 14.1 (anti-
CD89) and 3F2 (anti-HER2) were used to generate the constructs. Figure 58 shows a
chemically conjugated Fab’ anti-CD89 x anti-HER?2 bispecific molecule. The fab’
25  fragments of 14.1 and 3F2 were linked by disulfide bond using standard chemical cross-
linking procedures to generate this bispecific molecule.

The single chain bi- and tri-specific molecules (931 and 934) were produced by
transfecting NSO celis with plasmids (e.g., pJZ934) (as shown in Figure 51 for anti-
CD89 x EGF fusions), and selected in media containing G418. Cell lines were screened

30 for the expression of fusion protein and subcloned by limited dilution cloning. Finally,

fusion protein was purified by running supernatant of ceil lines expressing fusion protein



3. The bispecific nolecule claim| wherein said first and second bi ndi ng
specificities are covalently linked. 4. The bispecific nolecule clb 2004
wher ei nwWapbhhosage sai d bi nding specificities are human ant ipbqdi®g

fragments thereof. 5. The bispecific nolecule claiml wherein the ant| body
Is a single chain anti body. 6. The bi sgecific nol ecule claim|1 wherein the
anti body fragnent is an Fab' anti body fragnment.. 7. A bispecific nolecule
conprising a human anti body or fragnment thereof which binds to an Fca
recept or pvénagreteit b chldimn 8nd hehicgigisbpoximaebud g 6PpRifled piotem sritodl €

chain hu nti body or fragment thereof which binds to an Fca receptor,
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r ecept or redubimgeionditions.east one of at | east one of said binding
specificities is a human antibody or fragnment thereof. 10. The
mul ti §peC| fic nolecule claim?9 wherein sai d first, second and third

bi ndi ng C%F&IJICII'[I |speC|f|c
nol ecul e=¢€ i

speci ficitiesFaw d?tdmélr)ﬁﬂhé @sséd I:@&ha?imérrze%ﬁﬁﬁﬁgom@ 'bf%d t&%pecﬁ“@

mul ti specific nolecule claim9 wherein each of"sald first, second and
third bmedeawtess Fegure SB(A) Sbgwabmdhmmmmueﬂedf ﬁsmmrprﬁneagnnn'assfedlmmeof

speci {1 ol Ui eerer Caiz SiefamRugedreed olSPL SurmeBohRt <i g &

humanoantirichpstyd WithfiheNSKBRLY 6F 823 a_hunman
ant i body (;:r fragmsnt1 t her eof whi ch “Q?dr?ggel?gﬂggs ﬁ%ﬁgegg%%%fﬁg{a%hg&%(}: 15.

The nul t I@pslclerr:ted hyoitainimigevith goaraitithwhan kg(‘nfabhkcdnjumcd te phocutrahdnt hird
bi ndi ng ﬁgxle In(l: Hglu?es Séa(b? &%Qgigtlagt%lfrlo}/n trans?eclcd cells (931 and 934) also

mediated cell lysis (ADCC). In these studies, chromium release assays were done with

an incubation period of 16-18 h and an effector (monocytes, PMN) to target (SKBR-3,

15 A431) ration of 100:1. Tumor cell killing was detected using transfected (931 & 934)
and untransfected (NSO) supernatant to mediate specific lysis.

Figure 60(A) shows binding activity of purified bi- and tri-specific molecules

(931 and 934) to U937 cells (through the CD89 receptor). The fab-2 fragment of
antibody 425 (anti-EGF-R mAb), which does not bind U937 cells, was used as a

20 negative control. The anti-CD89 (Fab’) x anti-HER2 (Fab’) chemically coupled
bispecific molecule (shown in Figure 58) was used as a positive control. Figure 60(B) is
the same as Figure 60(A), except that binding to SKBR-3 cells (through the HER2
receptor) was tested. The fab-2 fragment of anti-CD89 antibody, 14.1, was used as a
negative control. Figure 61 shows binding of the 934 trispecific construct to A43] cells.

25 This experiment was done the same way as shown in Figure 60, except A431 tumor cells
which over-express EGF-R were used. A fusion protein consisting of the sFv fragment
of 14.1 fused to EGF was used as a positive control, and the fab-2 fragment of anti-
CD89 antibody, 14.1, was used as a negative control.
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16. The nultispecific nolecule claim 14 wherein the first and second
bi ndi ng specificities are single chain antibodies or antibody fragnents.

17. A useoeoisasbi specific or multispecific nolecule of any l.ai s
1-16 for inducing effector cell-nediated cell killing of g@?ﬁ]@@ﬁa@éﬁ‘l

characterized by over expression of EG-F 2 4 F E B 2004 -88 receptor (EGFR)
or HER2 receptor (HER2/neu). 18. A nol®cul ar conpl ex conprising: a) two or
nore bindi ng specificities for a conponent on the surface of an antigen
present i dgfeeter Cellddetlintpd dysis eAEG Fok endHARP nell- ERressit® ToabACRiNdi ng
specificities .V\,herei.nbsai co ogent medi ates 1 nternali zatiton of said
nol ecul ar con‘&"@{e SR b 30 H"Bg‘}')% G mofichies kY3 kprcb934) cilsoi were tesged fohe

nol ecul akheOiEMit to Aedtdi@idN i L6 cO conprises three or
more bindi ng stge?:i i gtﬁégsl}%ﬁ § !Bg@ dﬁo@gﬁ %%J@Eﬁ%( ey JPIE3FIng fyrher
wher ei n selisinghepliesepce peefifédtar delles Chaymiuhs f1aRe 28aY RRAdME with ANt i gen

bi ndi ng f.ragment thgg}gof. 21. The nol ecul ar conpl ex of any one of clains
- wiisPertprgeriod of 16J8ch 51d angffectasi(monneytsp PMIN) t targes ($XBR3,t 0 an Fe

receior, ; .antr senting.cell., 22. The no | ar _conpl e
of ol ai man Y hoR S P08 e AL IGO0 ER g g et B 908 25,
The ol eoud antransfepted (NSD) shymiriatd:t.to Wiftk Bplifc 95isRE Shéiln fAFidufy Ndi ng
speci fi c&éép%ssu conprises an anti body sel ected from H22 (ATCC Deposit

No. CRLI tppsfscted colls (98B and 934) mediBRd zell NERGABRPGSbf No.
1413 946 ' | adi fragnents. thereof. 24. The nol ecul ar
conpl ex ﬁmgﬁggsmﬁwgﬁye‘?!é@glbg%dd Iﬁiﬁ%éf ﬁ‘é‘ak‘zﬁe@l’??’b‘*‘? irégasﬁiaﬁs@yf ¥etthe sanme
epi t de débneswithl an dldubstivn RO VFTHAB Ynd é’ff&;cﬁgn%%éytes, S&’?{N?é‘ m?%ﬁ J 1

i es bind to

nmol ecul ar ml ex _of claim 18, wherein said binding specCificiti
di ffer enﬁSlgﬁRt%ﬁés"lbfaﬂgap& 10| Tymor acld kidbngwas detect26 usip eransfeaed (281

conpl ex hd ks re] ai.d binding specificgitjes bind to different
cel | sur%EJ a%%)%%%oneﬁfég&dwcﬁﬁgp%?%ﬂupg?e ﬁﬁﬁ?@kﬁ%jﬁs’él aim 18, wherein
sai d antigen FigusebPaidFighte®d dho® dfe@ttR cell-mediated lysis of SKBR-3 cells
(Figure 62(A) and Figure 63(A)) and BT474 cells (Figure 62(B) and Figure 63(B)) by
15 purified single chain bispecific construct, 931, in the presence of PMNs and monocytes,

respectively. Chromium release assays were done with an incubation period of 16-18 h
and an effector to target ration of 100:1. The fab-2 fragment of anti-CD89 antibody,
14.1, was used as a negative control in each experiment.
In addition, purified chemically conjugated bispecific moiecule 14.1 x 3.F2
20  (Figure 58), containing two cross-linked Fab® antibody fragments (as opposed to single
chain antibodies as in the 931 and 934 constructs), was tested for ADCC killing with
polymorphonuclear (PMN) cells, monocytes and whole blood of *'Cr Jabeled SKBR-3 or
BT-474 human tumor cells. After overnight incubation at 37 °C, the amount of tumor
cell killing was determined by analysis of *'Cr released into the culture supermnatants.
| 25  Specific lysis was calculated as the amount of turnor cell lysis in the presence of the
bispecific molecule — tumor cell lysis with polymorphonuclear cells alone. As shown in
Figure 64, bispecific molecule 14.1 x 3.F2 mediated cell killing by PMNs of both
SKBR-3 and BT-474 tumor cells expressing HER2/neu in a dose dependent fashion. In
addition, as shown in Figure 65, bispecific molecule 14.1 x 3.F2 mediated cell killing by
30 monocytes of both SKBR-3 and BT-474 tumor cells expressing HER2/neu in a dose
dependent fashion. In both cases, addition of 10 pg/ml of 14.1 Fab', completely blocked



consisting of a tunor antigen, an autoantigen and a self antigen E§ e
nol ecul ar conplex of claim 18, wherein said antigen binds to Fc?F% EB
The nol gy gonpl ex of claim28, wherein said antigen c i

ant i body sﬁqected fromH22 (ATCC Deposit No.CRL 11177), %ﬁgﬁ?§@%8?%Eposit
No. HB 12147), WMB2.2 (ATCC Deposit No. HB 9469), and antigen binding
fragments thereof. 30. A use of a nole&utar conplex of any one of clains
18-29 for inducing or enhancing an inmune response agai nst an antigen in

a subj ectADGC. ofAhmmmfceHs hpﬂ@xgﬂhhmfthéﬁiﬂpedéﬂefxncélébﬁl@ﬂel&f3 Epai ms 18-29 for
i mruni zi ng a subj ect. use.of an antigen which is linked to two or

more bin eﬁﬁ)@%@gﬂhﬁ tﬁ“igé?dfcép kﬁh“& Yitp srediatedexalurively by &8 9dfindingtaant i gen

presenti h t|o e ti bound
by t he br{ﬁ%?ﬁ%&%ﬁggy?ﬁ% v&sr}lhgic}:P %%eﬁlg conrme 5r‘|énn93§?£%’ ?ﬁmﬁ‘ﬂ of an
anti gen tnﬁnacrmag\byml@mes@afBrrmmh}norZéns%@%&% R BReu Hedgsee of claim
32, wherein the antigen is linked to three or nore binding specifities.

34. The udspersentfaghign32, wherein said binding specifiti es conpri se an
anti body or a e blndl t .t hereof. use .af claim 32,
wherein said arl?l‘t' r%lgidg NHRTATR B %’ﬁsﬁ% gﬁgﬁ%?ﬂle’(aﬁeﬁf?b{? f"l\sé’eﬂg% of claim
32, mer&h@le@tﬂéﬁcdﬁxhﬂ@%uh@n%zﬁ@bﬁﬂl éﬁtmﬁuieegmerue ﬁ%&ﬁ&h%ﬂ{ a  tunor
antigen, an autoantigen and a self antigen 4FEB2004 01/09186 -1

SEQUENCE fragamenpets kil adylitions dlzase gxarhples demonsitratetha0the SEHERARBIFpei fiEOVPOUNDS
COVPRI SES ANTI | ND NG A S <130> - 043CP <140>
09/ 523, 278° e‘éfﬁigffef@ﬁglz digR Kifpgs Préspig 99 uEGF-R in

10 the presence of effector cells.

Equivalents

Those skilled in the art will recognize, or be able to ascertain using no more than
routine experimentation, many equivalents to the specific embodiments of the invention
15  described herein. Such equivalents are intended to be encompassed by the following

claims.



<160> 19 <170> Patentln Ver. 2.0 <210>1 <211>24 <212>DNA <213>NUsm?sllcptr[}.]|§Um
<220> <221>CDS <222>(1)..(24) <400>1 act cac aca tgc cca ccg tgc cca r
H's Thr Cys Pro Pro Cys Pro 1 5 <210> 2 <211> 27 <212> DNA <213> Mus
muscul us <220> <221> CDS <222> (1) (18) <400> 2 act cac aca tgc cca ccg
tgaggatcc Thr His Thr Cys Pro Pro 1 5 <210> 3 <211> 42 <212> DNA <213>
Mus nuscul us <220> <221> CDS <222> (1)..(33) PCTIUSOO 20158 24

We Claim:

1. A bispecific molecule comprising a first binding specificity which is an antibody or
fragment thereof that binds to an Fca receptor and a second binding specificity which is an
antibody or fragment thereof that binds to an EGF receptor (EGFR) or to 2 HER2 receptor

(HER2/neu), wherein at least one of said antibodies is 2 human antibody or fragment thereof.

2. The bispecific molecule claim 1 wherein said first and second binding specificities are

genetically fused.

3. The bispecific molecule claim 1 wherein said first and second binding specificities are

covalently linked.

4. The bispecific molecule claim 1 wherein both of said binding specificities are human

antibodies or fragments thereof.

5. The bispecific molecuie claim 1 wherein the antibody is a single chain antibody.

6. The bispecific molecule claim 1 wherein the antibody fragment is an Fab’ antibody
fragment..

7. A bispecific molecule comprising a human antibody or fragment thereof which binds

to an Fca receptor, linked to EGF.

8. A bispecific molecule comprising a single chain human antibody or fragment thereof

which binds to an Fca receptor, linked to EGF.

9. A multispecific molecule comprising:
a first binding specificity for an Fca receptor;

a second binding specificity for a HER2 receptor; and



27 2 4 F E B 2004 WO 01/09186 -2 <400> 3 act cac aca tgc tcg agc ctp 4dx@ 2004
ggc ggc cgc tgaggatcc Thr Hi's Thr § Ser Leu Hs Ay Ay Arg 1 5 10
<210> 4 <211> 300 <212> PRT <213> I\/ué muscul us <400> 4 Gu Val G n Leu
Val GQu Ser Gly Ay Ay Val val An Pro Gy Arg 1 5 10 15 Ser Leu Arg Leu

Vel Ao & G | {irabhaaeiorofety Pred e @ ool ol 58 40 48 Al n ¥ﬁﬁ e sor
or DY S RBerelth G ofdbr difEastbf 4Biq8haNE kpecifinEs S rnPanTntipl e

Asp Ser re G u Asp Thr Gy Val Tyr Phe Cys 85 90 95 Ala Arg Gly
Tyr T ﬁjﬂ?’“’ﬁgerg)ﬁ Ay Ala Met Asp Tyr Trp Ay dn 100 105 110 Gy Thr

Pro VaI Thr VaI Ser Ser Ala Ser Thr Lys Gy Pro Ser Vval 115 120 125 Phe
Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Ay Ay Thr Ala Ala 130 135 140

&gg ?6%1@/8 tree m(ispeYiicABledé clalif 9RiRr&h Yai sty fcond ind/MirdIRhding 45 150

specificities are genetically fused.

11.  The multispecific molecule claim 9 wherein both of said first and second binding

specificities are human antibodies or fragments thereof.

12.  The multispecific molecule claim 9 wherein each of said first, second and third

binding specificities are human antibodies or fragments thereof.

13.  The multispecific molecule of claim 9 or 11 wherein said third binding specificity

comprises EGF.

14. A multispecific molecule comprising:
a human antibody or fragment thereof which binds to an Fca receptor;
a human antibody or fragment-thereof which binds to a HER2 receptor; and

EGF.

15.  The multispecific molecule claim 14 wherein the first, second and third binding

specificities are genetically fused.

16.  The multispecific molecule claim 14 wherein the first and second binding specificities

are single chain antibodies or antibody fragments.

17. A use of a bispecific or multispecific molecule of any one of claims 1-16 for inducing

effector cell-mediated cell killing of a tumor cell characterized by over expression of EGF
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175
185
195
Asp
Hi s
Thr

Leu A n Ser Ser Ay Leu Tyr Ser Le.ug&?_er Ser Val Vval Thr VvVal Pro 180
190 Ser Ser Ser Leu Ay Thr @n Thr Tyr Ile Cys Asn Val Asn H s Lys
200 205 Pro Ser Asn Thr Lys Val Asp Lys Lys Val GQu Pro Lys Ser Cys
21 Thr Thr Ser Thr Thr Ay Thr Ser
Leuq'eée%gD ig%ﬁgé M&%ﬁz Val Lys Cys Ala Qu Lys G u Lys

Phe Cys Val Asn Ay Ay Gu 245 250 255 2 4 F E B 2004 WO 01/ 09186

PCT/ USOQ' 20158 3 Cys Phe Met Val Lys Asp Leu Ser Asn Pro Ser Arg Tyr Leu

Cys
Val
290
Arg
15

Lys 18260 2GR 1&lr s plfg,pc it Phe Thr Gy Asp Arg Cys @ n Asn Tyr
Met Ala 275 280 2857 Ser e Tyr Lys Ala Qu Gu Leu Tyr A n Lys Arg

295 300 310> o graddre b!a{’dmgggplaaﬂici?ﬁ’{ f&?al&mﬂ\iﬁénﬂmﬂﬁalsmm%feﬂanﬁgeﬁ n
Leu dy Asn An Trp Al a Val y His Leu Met 15 10 <210> 6 <211>

<21%xedRRIng cell; and
b) at least one antigen linked to said binding specificities, wherein said component

mediates internalization of said molecular complex when bound by said binding specificities.

19.  The molecular complex of claim 18, wherein said complex comprises three or more

binding specificities.

20.  The molecular complex of claim 18, wherein said binding specificities comprise an

antibody or an antigen binding fragment thereof.

21.  The molecular complex of any one of claims 18-21, wherein at least one of said

binding specificities binds to an Fc receptor, (FcR) on an antigen presenting cell.

22.  The molecular complex of claim 21, wherein said FcR is an Fey receptor or an Fea
receptor.
23.  The molecular complex of claim 18, wherein one or more of said binding specificities

comprises an antibody selected from H22 (ATCC Deposit No.CRLI 1177), M22 (ATCC
Deposit No. HB 12147), M32.2 (ATCC Deposit No. 1413 9469), and antigen binding

fragments thereof.

24.  The molecular complex of claim 18, wherein said binding specificities bind to the

same epitope of said cell surface component.



<213> Mus nuscul us <400> 6 G n Tyr Ile Lys Ala Asn Ser Lys Phe Ile & fEBg0lé
Thr Qu Leu 1 5 10 15 <210> 7 <211> <212> DNA <213> Mus nuscul us

<400> 7 tcgagccagt acatcaaggc gaattccaad ttcatcggca tcaccgagct ctga 54
<210> 8 <211> 53 <212> DNA <213> Mus nuscul us <400> 8 cggtcatgta

gttccgctta aggttcaagl agccgta .qc act ccq. <210> 9. <211> 15

L1 5o PR 519 A e G B IR i Bisiy SRPTicis B0 o pe
lle Ay . . 15 24 FEB2004 WO 01109186 PCTI USOQ 20158
-4 <210glftegEJgéjf%e%é)Z%g@fﬂguﬁf& CE’E?? “Nus nuscul us <400> 10 t cgagccagt
acat cagcgc gaattccaag ttcatcggca tcaccgagct ctga 54 <210> 11

26.  The molecular complex of claim 18, wherein said binding specificities bind to

different cell surface components.

27.  The molecular complex of claim 18, wherein said antigen is selected from the group

consisting of a tumor antigen, an autoantigen and a self antigen.
28.  The molecular complex of claim 18, wherein said antigen binds to FeyRI.

29.  The molecular complex of claim 28, wherein said antigen comprises an antibody
selected from H22 (ATCC Deposit No.CRL 11177), M22 (ATCC Deposit No. HB 12147),
M32.2 (ATCC Deposit No. HB 9469), and antigen binding fragments thereof.

30. A use of a molecular complex of any one of claims 18-29 for inducing or enhancing an

immune response against an antigen in a subject.
31. A use of amolecular complex of any one of claims 18-29 for immunizing a subject.

32. A use of an antigen which is linked to two or more binding specificities for a
component on the surface of the antigen presenting cell which mediates internalization of the
antigen when bound by the binding specificities for inducing or enhancing presentation of an

antigen by an antigen presenting cell.



7 4 FEB 2004
<211> 53 <212> DNA <213> Mus nuscul us <400> 11 cggtcatgta gtcgcgctta
aggttcaagt agccgtagtg gctcgagact ccg 5—%O<-210> 12 <211> 21 <212> PRT
<213> Mus nuscul us <400> 12 Phe Asn Asn Phe Thr Val Ser Phe Trp Leu Arg
Val Pro Lys Val Ser 1 5 10 15 Ala Ser Hs Leu u 20 <210> 13 <211> 913
<212> <213> Mus cul us <220> <221> S.<222> (11)..(913) <400> 13
aagctttl::)gl@c ag’g‘eaé%"‘?%’s“bgé: Viﬁbe[re‘ﬁ e%‘@%ﬁé%ﬂ%%ﬁ“ﬁ’&éﬁ@“&%@ 49 Met Ay
Trp Sers@éf’ﬁt{else Ile Leu Phe Leu Val Ala Thr 1 5 10 get acc ggt gtc cac tcc
gat atc caa ctg gtg gag agc ggt gga ggt 97 Ala Thr Ay Val H's Ser Asp
Ile An Leu Val u Ser Ay Ay Gy 15 20 25 gtt gtg caa cct ggc cgg tcc
ctg cgc ctg tcc tge tcc tcg tct ggec 145 Vval Val Gn Pro Ay Arg Ser Leu

Arg Leusfer Qhs uSesf 38im FEwiSrdin §Qd%§1}§c§9g %ﬁcfﬁ%i@s @%hgﬁ%%iﬁ)g%% e tac

atg tat tgg gtg aga cag gca cct gga e Ser Met
Tyr Tr paMedendistifd Fradnentth&esd Y

35.  The use of claim 32, wherein said antibody binds to an Fc receptor (FcR).

36.  The use of claim 32, wherein said antigen is selected from the group consisting of a

tumor antigen, an autoantigen and a self antigen.



74 FEB 2004
50 55 60 aaa ggt ctt gag tgg gtt gca acc att agt gat ggt ggt agt tac acc
241 Lys Gy Leu Au Trp Val Ala Thr Ile Ser Asp Ay Ay Ser Tyr Thr 2 4 F
E B 2004 9186 PCTI USOO' 20158 -5 65 70 75 tac tat cc tg
aag gga %ﬁ@%{ gca ata tcg aga gac aac 289 Tyr Tyr Pro Asp F%@Psslg_ys
Gy Arg Phe Thr Ile Ser Arg Asp Asn 80185 90 agc aag aac aca ttg ttc ctg
caa atg gac agc ctg aga ccc gaa gac Ser Lys Asn Thr Leu Phe Leu G n Met
Asp Ser Leu Arg Pro Qu Asp 95 5eQuI@5 BBTIaGec ggg gtc tat ttt tgt gca
aga ggc tac tat agg tac gag ggg get 385 Thr Ay Val Tyr Phe Cys Ala Arg
Ay Tyr‘lil‘%Pr Medareryring-ue@3p-Ala 110 115 120 125 atg gac tac tgg ggc caa

gggacc c 4 t rTrpGIyGInGIy
Thr Pro %ﬁ“%ﬁf %QM%%%D @o»%ﬂ?s:%gé %ﬁ“ 1%.% ggc ggc tcc gga ggt gga
ggc agc ggaggg ggc gga tcc gac atc cag 4 Gy Ay Ser dy Ay dy Gy
Ser G y16y mYoGeyaer Asp lle GI n 145 150 155 ctg acc cag agc cca agc
agc ctg agc gcc agc gtg ggt gac aga gtg 529 Leu Thr A n Ser Pro Ser Ser
Leu Ser:ifdao08es23varsdy Asp Arg Val 160 165 170 acc atc acc tgt aag tcc
agt caale@t 2609~ Ct3t<’510tac agt tca aat cag 577 Thr Ile Thr Cys Lys Ser Ser
G@n Ser Val Leu T Ser Asn G n 175 180 185 aag aac tac ttg gcc tgg

tac caq %’g é?% %89gt aag get cca aag 625 Lys Asn Tyr Leu Ala Trp Tyr
an 7°Lys Ala Pro Lys 190 195 200 205

<160> 19
<170> PatentlIn Ver. 2.0

<210> 1

<211> 24

<212> DNA

<213> Mus musculus

<220>
<221> CDS
<222> (1}..(24)

<400> 1
act cac aca tgc ¢ca ccg tge cca 24
Thr His Thr Cys Pro Pro Cys Pro

1 5

<210> 2

<211> 27

<212Z2> DNA

<213> Mus musculus

<220>
<221> CDS
<222> (1})..(18)

<400> 2
act cac aca tgc cca ccg tgaggatcc 27
Thr His Thr Cys Pro Pro

1 5

<210> 3

<211> 42

<212> DNA

<213> Mus musculus

<220>
<221> CDS
<222> {1)..1(33}



ctg ctg atc tac tgg gca tcc act agg gaa tct ggt gtg cca agc aga 673 4 &R 2004
Leu Ile Tyr Trp Ala Ser Thr Arg Qu Ser Ay Val Pro Ser Arg 210 215 220
ttc agc gt agc ggt acc gac ttc acc ttc acc atc ag Phe
Ser Gy ggjrm@g%%er Gy Thr Asp Phe Thr Phe Thr Ile Ser Seﬁ’cg.%so%ésﬁ%
ctc cag cca gag gac atc gcc acc tac tagc.tgc cat caa tac ctc tcc 769 Leu
A@n Pro Qu Asp Ile Ala Thr Tyr Tyr Cys H's A n Tyr Leu Ser 240 245 250
tcg tggoae@ ttc ggc caa ggg acc aag gtg gaa atc aaa tct agc tgc 817 Ser
Trp ThetRvwe @y @cntdd ypofhertlysc ale @ chkerdagsatSar Ser Cys 238 260 265
tcg adgérgifes dgoe %gsggtSeagleeUgatls dtley gbgAgec gca gaa cag aaa ctc 865 Ser
Ser Adyl!dy Ay Ay Ser Asp lle Ala A% Ala Gu G n Lys Leu 270 275 280
285 atc tca gaa gag gat ctg aat ggc gcc gca cat cac cat cat cac cat 913
Ile nglg,q;(}u Asp Leu Asn Gy Ala Ala Hs Hs Hs Hs Hs Hs 290 295
300 2 4.k ERy2044 WD 01/09186 6 <210> 14 <211> 301 <212> PRT <213> Mis
nmuscul4gs 2 PGRTUSOQ 20158 <400> 14 Met Ay Trp Per Cys Ile Ile Leu Phe Leu
Val Al@i13hrmModl ausldmru&d y 1 5 10 15 Val His Per Asp Ile @ n Leu Val Gu Ser
Gy dy dy val val Gn 20 25 30 Pro Ay Arg Per Leu Arg Leu Ser Cys Ser

Ser Seri0@ y! Phe Per Phe 35 40 45
Glu Val Gln Leu Val Glu Ser Gly Gly Gly Vval Val Gln Pro Gly Arg

1 5 10 15

Ser Leu Arg Leu Ser Cys Ser Ser Sexr Gly Phe Ile Phe Ser Asp Asn
20 25 30

Tyr Met Tyr Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

Ala Thr Ile Ser Asp Gly Gly Ser Tyr Thr Tyr Tyr Pro Asp Ser Val
50 55 60

lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu Phe
65 70 75 80

Leu Gln Met Asp Ser Leu Arg Pro Glu Asp Thr Gly Val Tyr Phe Cys
85 80 85

Rla Arg Gly Tyr Tyr Arg Tyr Glu Gly Ala Met Asp Tyr Trp Gly Gln
100 105 110

Gly Thr Pro Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val
115 120 125

Phe Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala
130 135 140

‘Leu Gly Cys Leu Val lys Asp Tyr Phe Pro Glu Arg Val Thr Val Ser
145 150 155 160

Trp BAsn Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe Preo Ala Val
165 170 175

Leu Gln Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro
180 185 190

Ser Ser Ser Leun Gly Thr Gln Thr Tyr Ile Cys Asn Val Asn His Llys
195 200 205

Pro Ser Asn Thr Lys Val Asp Lys Lys Val Giu Pro Lys Ser Cys Asp
210 215 220

Lys Thr His Thr Cys Ser Thr Thr Ser Thr Thr Gly Thr Ser His Leu
225 230 235 240

Val Lys Cys Ala Glu Lys Glu Lys Thr Phe Cys Val Asn Gly Gly Glu
245 250 255



Per Asp Asn Tyr Met Tyr Trp Val Arg A n Ala Pro Gy Lys Ay Leu 50 EIBF%Q)ZUN
GQu Trp Val Ala Thr Ile Per Asp Ay @y Per Tyr Thr Tyr Tyr Pro 65 70 75
80 Asp Sewovabolsys Gy Arg Phe Thr Ile Ser Arg Asp Asn Per pyfubsirhoge 90
95 Thr Leu Phe Len A n Met Asp Ser Leu Arg Pro G u Asp Thr Ay Val 100
105 110 Tyr Phe Cys Ala Arg Ay Tyr Tyr3-Arg Tyr Gu Gy Ala Met Asp Tyr
115 120 125 Trp Ay @ n Ay Thr Pro Val Thr Val Ser Per Ay Ay Ay Gy
Ser 130 135 140 Ay Ay Ay Ay Ser Ay Ay Ay Ay Ser Asp Ile dn Leu
Thr @ %ysl%ﬁ gf%b ;’1255]‘3?655%&9%% Sep Pt SEélfflge%Y’Allgus%is ¥ dy Asp Arg
Val Thr Ile Thr 165 170 175 Cys LyS Per Ser G n Pér'°val Len Tyr Per Per
Asn G RybYysrcAsBn BIL pr;les@mls;iym& sed HAcTi BfyEy Ll Gt bys Pro Ay Lys
Ala Pro Lys LewsLeu Ile 195 20gh 20 yr Trp Al agfer Thr Arg Gn Ser Ay
Val Pro Ser Arg Phe Per Ay 210 215 220 Per Ay Ser Ay Thr Asp Phe Thr
Phe Threek| BeP@yr Res Alau Gl rs1Rr beu 285 @30L28%:240 A u Asp Ile Ala Thr Tyr
Tyr Cys H&%I n Tyr Leu Per2¥er Trp Thr 2430250 255 Phe Gy G n dy Thr
Lys Val Qu Ile Lys Ser Ser Cys Per Ser Ay 260 265 270 Ay Gy Ay Ser
Asp Ile,AhaAla Ala Qu dn Lys Leu Ile Ser Qu 275 280 285 2 4 F EB 2444
WO 01/ G§186 SRCT/ USOO 20158 - 7

<212> PRT
<213> Mus musculus

<400> 5
Gln Arg Leu Gly Asn Gln Trp Ala Val Gly His Leu Met Gly
1 5 10

<210> 6

<211> 15

<212> PRT

<213> Mus musculus

<400> 6
Gln Tyr Ile Lys Ala Asn Ser Lys Phe Ile Gly Ile Thr Glu Leu
1 5 10 15

<210> 7

<211> 54

<212> DNA

<213> Mus musculus

<400> 7
tcgagccagt acatcaaggc gaattccaag ttcatcggea tcaccgaget ctga 54

<210> 8

<211> 53

<212> DNA

<213> Mus musculus

<400> 8
cggtcatgta gttccecgctta aggttcaagt agccgtagtg gcoctcgagact ccg 53

<210> 9

<211l> 15

<212> PRT

<213> Mus musculus

<400> 9

Gln Tyr Ile Ser Rla Asn Ser Lys Phe Ile Gly Ile Thr Glu Leu
1 5 10 15



AQu Asp Leu Asn Ay Ala Ala Hs Hs His Hs Hs Hs 290 295 300 <216>FE§51004
<211> 1679 <212> DNA <213> Mus nuscul us <220> <221> CDS <222>
(11).. (1eaPd1/69489> 15 aagcttcacc atg gga tgg agc tgt atc atichll%g hzt"psttg
gtg gcc aca 49 Met Gy Trp Ser Cys Ile Ile Leu Phe Leu Val aQPr f5 10
get acc ggt gtc cac tcc gat etc caa ctgagtg gag agc ggt gga ggt 97 A a
Thr Ay Val Hs Ser Asp Ile @dn Leu Val Qu Ser Ay Ay Ay 15 20 25 gtt
gt g ca#éet Jscfgc cgg tcc ctg cgec ctg tcec tge tcc tcg tct gge 145 Val Val
dn Prqjg [S&rg Ser Leu Arg Leu Sex Cys Ser Ser Ser Gy 30 35 40 45 ttc
att ttc) r%f‘;‘cmaactult ac atg tat tgg gtg aga cag qca cct gga 193 Phe Ile
Phe Sex p n "Fyr Net Tyr Trp Val Arg G n Ala Pro Ay 50 55 60 aaa ggt
ctt gagshgg @t gca acc att agt gat ggt ggt agt tac acc 241 Lys Ay Leu
G u TrpcYabcdod JdHtchbOycSghaATRa MtGhcgh dWccdidcboegid 75 tag tat cca
gac agt gtg aag gga aga ttt aca ata tcg aga gac aac 289 Tyr Tyr Pro Asp
Sex Val Lys Gy Arg Phe Thr Ile Ser Arg Asp Asn 80 85 90 agc aag aac aca
ttg ttc<@Py ¥aa atg gac agc ctg aga ccc gaa gac 337 Ser Lys Asn Thr Leu
Phe Le{é@@ Met Asp Sex Leu Arg Pro Gu Asp 95 100 105 acc ggg gtc tat ttt
t gt gca<%§§ c.lac, tat agg tac gag ggg get 385 Thr @y Val Tyr Phe Cys
Ala Arg y Tyr 1'lsyr B\rgTyrGIuGIyAla

<400> 11

cggtcatgta gtcgeogetta aggttcaagt agcegtagtg getcgagact ccg 53

<210> 12

<211> 21

<212> PRT

<213> Mus musculus

<400> 12
Phe Asn Asn Phe Thr Val Ser Phe Trp Leu Arg Val Pro Lys Val Ser
1 5 10 15

Ala Ser His Leu Glu
20

<210> 13

<211> 913

<212> DNA

<213> Mus musculus

<220>
<221> CDS
<222> (11)..(913)

<400> 13
aagcttcacc atg gga tgg agc tgt atc atc ctc ttc ttg gtg gee aca 49
Met Gly Trp Ser Cys Ile Ile Leu Phe Leu Val Ala Thr
1 5 10

gct acc ggt gtc cac tcc gat atc caa ctg gtg gag agc ggt gga ggt 97
Ala Thr Gly Val His Ser Asp Ile Gln Leu Val Glu Ser Gly Gly Gly
15 20 25

gtt gtg caa cct ggc cgg tCC ctg ¢gec ctg tec tge tec teg tet ggce 145
Val Val Gln Pro Gly Arg Ser Leu Arg Leu Ser Cys Ser Ser Ser Gly
30 35 30 45

ttc agt ttc agt gac aat tac atg tat tgg gtg aga cag gca cct gga 193
Phe Ser Phe Ser Asp Asn Tyr Met Tyr Trp Val Arg Gln Ala Pro Gly
30 55 60

aaa ggt ctt gag tgg gtt gca acc att agt gat ggt ggt agt tac acc 241
Lys Gly Leu Glu Trp Val Ala Thr Ile Ser Asp Gly Gly Ser Tyr Thr



110 115 120 125 atg gac tac tgg ggc caa ggg acc cog gtc acc gtg agc tzngEB 2004
gga ggt 433 Met Asp Tyr Trp Ay Gn @y Thr Pro Val Thr Val Ser Ser y

Ay 130 deiddsggc ggc tcc gga ggt gga ggc agc gga ggg 9gcpOB@siorsiLC
etc cag 481 dy Ay Ser dy Gy Ay Ay Ser Ay Ay Gy Gy Ser Asp Ile
G n 145 150 . 155 ctg acc cag agc cca-agc agc ctg agc gcc agc gtg ggt gac
aga gtg 529 Leu Thr G n Ser Pro Ser Ser Leu Ser Ala Ser Val Gy Asp Arg
Val 160 165 170 2934 F E B 2004 WO ("1/ 09186 PCT/ USOOR®158 -8 acc atc acc
t gt aagatcc Cft caa at t tta tac %gt tca aat cag 577 Thr 55 Thr Cys

tat ga §ﬁ§
Lys gé? Ser V Yg’ rg e hr ?’r!ser 1 aag aac tac
ttg gcc tagy cag cag aag 00%59 aag get cca L s Asn Tyr Leu

Ala Trp Tyr Gn dAn Lys Pro Ay Lys Ala Pro Lys 190 195 200 205 ctg ctg
at c t aegt GRg0sar kes wGl tggtgadat £ic gt YO cC€aA0EcAGR26dax Lewr Leu e
Tyr TrpeAllysHesn Thr Augriid BeSerlnGhgr Wabh R0LSeraddr gr21u2ddp 220 ttc agce
ggt agc ggt95agc ggt acc gad®ftc acc ttc acclabc agc agc 721 Phe Ser Gy
Ser Ay Her Thr Asp Phe Thr Phe Thr 1le Her Ser 225 230 235 ctc cag

cca ga ctita t aF aPad ¥t 829 AEITEY L& G n Pro
du q“?%”i@ %‘;r g I-%g’ %yﬁ m AER U YEePt D AGY 250 tcg tgg
acg ttc ggc caa ggg acc aag gtg gaa atc aaa tct agc tgc 8]1 Her Trp Thr

Phe a )ﬁtgdch:é/c -Elaﬁ c!-@(.scé./@lgg@ dbcl L(ﬁ; Ig)f@ géragg’gcg%%azcﬁﬁ 26p33 cg agc
gga gy€efQGpl0ir ags ©@ai cal CiaamrChep vagy Q&gvbcts@ggegmy%ﬂa Ser Ser Ay
Gy Ay Ay Ser Asp 13ce Lys Leu G n @A Her Gy Ala 140

ggc ggc tcc gga ggt gga ggc agc gga ggg ggc gga tcc gac atc cag 481
Gly Gly Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Asp Ile Gln
145 150 155

Ctg acc cag agce cca age age ctg agc gcc age gtg ggt gac aga gtg 529
Leu Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly Asp Arg Val
160 165 170

acc atc acc tgt aag tcc agt caa agt gtt tta tac agt tca aat cag 577
Thr Ile Thr Cys Lys Ser Ser Gln Ser Val Leu Tyr Ser Ser Asn Gln
175% 180 185

aag aac tac ttg gce tgg tac cag cag aag cca ggt aag gct cca aag 625
Lys Asn Tyr Leu Bla Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys
190 195 200 205

ctg ctg atc tac tgg gca tcc act agg gaa tct ggt gtg cca agc aga 673
Leu Leu Ile Tyr Trp Ala Ser Thr Arg Glu Ser Gly Val Pro Ser Arg
210 215 220

ttc agc ggt agc ggt agc ggt acc gac ttc acc ttc acc atc agc agco 121
Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Phe Thr Ile Ser Ser
225 230 235

ctc cag cca gag gac ate gec acc tac tac tge cat caa tac ctc tcce 169
Leu Gln Pro Glu Asp lle Ala Thr Tyr Tyr Cys His Gln Tyr Leu Ser
240 245 250

tcg tgg acg ttc ggc caa ggg acc aag gtg gaa atc aaa tct age tge 817
Ser Trp Thr Phe Gly Gln Gly Thr Lys Val Glu Ile Lys Ser Ser Cys
255 260 265

tcg agc gga ggc ggg ggt agce gat atc gocg gocc gca gaa cag aaa ctce 865
Ser Ser Gly Gly Gly Gly Ser Asp Ile Ala Ala Ala Glu Gln Lys Leu
270 275 280 285

atc tca gaa gag gat ctg aat ggc gcc geca cat cac cat cat cac cat 913
Ile Ser Glu Glu Asp Lew Asn Gly Ala Ala His His His His His His
290 295 300



270 275 280 285 gaa ctt gtg agg tca ggg acc tca gtc aag ttg tcc tgcz taE%B 1004
get tct 913 Gu Leu Val Arg Her Ay Thr Her Val Lys Leu Her Cys Thr Al a
Ser 290 79® B@@Y1%gc ttc aac att aaa gac tcc tat atg cac tgqpcrgseggisag
ggg cct 961 dvy Phe Asn Ile Lys Asp Ser Tyr Met H's Trp Leu Arg A n Ay
Pro 305 310 315 gaa cag ggc ctg gag tgg®att gga tgg att ga= cct gag aat

ggt gat_.1009 Qudndy Leu Qu Tiplle Ay Trp lle Asp Pro Qu Asn Ay
Asp 320 0O act gaa tat gcc ccg aag ttc cag ggc aag gcc act ttt act
aca gac< 97pgrfhr Gu Tyr Ala Pro Lys Phe G n Gy Lys Ala Thr Phe Thr Thr

Asp 3355340 BdonmacafugC tcc aac aca gcc tac ctg cag ctg agc agc ctg aca
tct gag 1105 Thr Her Ser Asn Thr Ala Tyr Leu G n Leu Ser Ser Leu Thr Ser
du 3504385 B60 365 gac act gcc gtc tat tat tgt aat gag ggg act ccg act
0gg ccMetaleiIBe SASEyThileAl de V@b Hhya LeyrvalyslaAshr@ls Ghy Gllsr Pro Thr Ay
Pro Tyr 370 375 380 tae ttt gac tac tg@oggc caa ggg acclacg gt~: acc gtc
tcc tce\,%gt 1201 r__Phe As N dp Thr. Thr VaI Thr Val Ser
ser oy 388 sa0 e gt ety o] 5erg°gla 5 Bac ot bl oot gge. goa
tca gaa aat 1249 y Ay Ay Ser y Ay Ay Gy Ser Gly Gly Gy Gy Her
G u AsmeA0@14054440; 2e¢ HEBL2¢G%E. MQ @aéos%xsﬁep@mmzpm -9 gtg ctc
acc cag tct ccasgca atc atg tct sgca tct cca ggg gag aag 1297 Val Leu Thr
G@n Ser Pro Ala Ile Met Ser Ala Ser Pro Ay G u Lys 415 420 425 gtc acc
at a accsqxgésngisngtyer dge Ts@aT%tVagtarqa@tintﬂal@ atg QGaclsggli3d4s Val Thx Ile
Thr Cys Ser>Ala Ser Ser Ser %al Ser Tyr Met HP% Trp

Glu Trp Val Ala Thr Ile Ser Asp Gly Gly Ser Tyr Thr Tyr Tyr Pro
65 70 15 80

Asp Ser Val Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn
8BS 20 95

Thr Leu Phe Leu Gln Met Asp Ser Leu Arg Pro Glu Asp Thr Gly Val
100 105 110

Tyr Phe Cys Rla Arg Gly Tyr Tyr Arg Tyr Glu Gly Ala Met Asp Tyr
115 120 125

Trp Gly Gln Gly Thr Pro Val Thr Val Ser Ser Gly Gly Gly Gly Ser
130 135 140

Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Asp Ile Gln Leu Thr Gln
145 150 155 160

Ser Pro Ser Ser Leu Ser Ala Ser Val Gly Asp Arg Val Thr Ile Thr
165 170 175

Cys Lys Ser Ser Gln Ser Val Leu Tyr Ser Ser Asn Gln Lys Asn Tyr
180 185 190

Leu Ala Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys Leu Leu Ile
185 200 205

Tyr Trp Ala Ser Thr Arg Glu Ser Gly Val Pro Ser Arg Phe Ser Gly
210 215 220

Ser Gly Ser Gly Thr Asp Phe Thr Phe Thr Ile Ser Ser Leu Gln Pro
225 230 235 240

Glu Asp Ile Ala Thr Tyr Tyr Cys His Gln Tyr Leu Ser Ser Trp Thr
245 250 255

Phe Gly Gln Gly Thr Lys Val Glu Ile Lys Ser Ser Cys Ser Ser Gly
260 265 270

Gly Gly Gly Ser Asp Ile Ala Ala Rla Glu Gln Lys Leu Ile Ser Glu
275 280 285



430 435 440 445 ttc cag cag aag cca ggc act tct ccc aaa ctc tgg attgt &€ 2004
agc aca 1393 Phe dn @n Lys Pro Gy Thr Ser Pro Lys Leu Trp Ile Tyr Ser
Thr 450 49® 01@0186cc aac ctg get tct gga gtc cct get cgc ttc matruspeosyt

gga tct 1441 Ser Asn Leu Ala Ser Ay Val Pro Ala Arg Phe Ser Gy Ser Ay
Ser 465 470 475 ggg acc tct tac tct ctc’aca atc age cga atg gag get gaa

gat get dy Thr Ser Tyr Ser Leu Thr Ile Ser Arg Met Qu Ala Qu Asp Ala

480 48 9 t G 1gc caa ¢ agt agt tac cca ctc acg
ttc gg?Gl%S%‘}i%?ag&m i\%ma Ybs %95 ﬁﬁqﬁ{ Ard %%rl Ser Tyr Pro Leu Thr Phe
Gy 495 500 505 get ggc acc aag ctg gag ctg aaa Cgg gcg gca ggc tcg agc
gga ggc 1585 Ala Gy Thr Lys Leu GQu Leu Lys Arg Ala Ala Gy Ser Ser Ay
Gy 510<805 B0 525 ggg ggt agc gat atc gcg gcc gca gaa cag aaa ctc atc
tca gaa< ag 11@:?3 Ay Ay Ser Asp lle Ala Ala Ala Gu A@n Lys Leu Ile Ser
AQu 36 540 gat ctg aat ggc gcc gca cat cac cat cat cac cat
tgattct%t?g1 1'8Po™ K3 "Peu Asn Ay Ala Ala His His Hs His Hs H s 545 550
<210> 16,,,s211> 553 <212> PRT <213> Mus nuscul us <400> 16 Met Gy Trp Ser
Cys Iledzllg ¢u Phe Leu Val Ala Thr Ala Thr Ay 1 5 10 15 Val H's Ser Asp
Ile Arndeet Mal),.Gikeder Ay Ay Gy Val val Adn 20 25 30 Pro Gy Arg Ser
Leu Arg Leu Ser Cys Ser Ser Ser Gy Phe Ile Phe

<400> 15
aagcttcacc atg gga tgg agc tgt atc atc ctec tte ttg gtg gcc aca 49
Met Gly Trp Ser Cys Ile Ile Leu Phe Leu Val Ala Thr
1 5 10

gCt acc ggt gte cac tcc gat atc caa ctg gtg gag agec ggt gga ggt 97
Ala Thr Gly Val His Ser Asp Ile Gln Leu Val Glu Ser Gly Gly Gly
15 20 25

gtt gtg caa cct ggc cgg tcc ctg cgc ctg tec tge tec teg tet ggo 145
Val Val Gin Pro Gly Arg Ser Leu Arg leu Ser Cys Ser Ser Ser Gly
30 35 40 45

ttc att ttc agt gac aat tac atg tat tgg gtg aga cag gca cct gga 153
Phe Ile Phe Ser Asp Asn Tyr Met Tyr Trp Val Arg Gln Ala Pro Gly
50 55 60

aaa ggt ctt gag tgg gtt gca acc att agt gat ggt ggt agt tac acc 241
Lys Gly Leu Glu Trp Val Ala Thr Ile Ser Asp Gly Gly Ser Tyr Thr
65 70 75

tac tat cca gac agt gtg aag gga aga ttt aca ata tcg aga gac aac 289
Tyr Tyr Pro Asp Ser Val Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn
80 g5 90

agc jag aac aca ttg ttc ctg caa atg gac agc ctg aga ccc gaa gac 337
Ser Lys Asn Thr Leu Phe Leu Gln Met Asp Ser Leu Arg Pro Glu Asp
95 100 105

acc ggg gtc tat ttt tgt geca aga gge tac tat agg tac gag ggg gct 385
Thr Gly Val Tyr Phe Cys Ala Arg Gly Tyr Tyr Arg Tyr Glu Gly Ala
110 115 120 125

atg gac tac tgg ggc caa ggg acc ccg gtc acc gtg agc tca gga ggt 433
Met Asp Tyr Trp Gly Gln Gly Thr Pro Val Thr Val Ser Ser Gly Gly
130 135 140

ggc ggc tcc gga ggt gga ggc age gga ggg ggc gga tcoc gac atc cag 481
Gly Gly Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Asp Ile Gln
145 150 - 155

ctg acc cag agc cca agc agce ctg age gcc agc gtg ggt gac aga gtg 52¢
Leu Thr Gln Ser Pro Ser Ser Leu Ser ARla Ser Val Gly Asp Arg Val
160 165 170



35 40 45 Ser Asp Asn Tyr Met Tyr Trp Val Arg An Ala Pro Ay Ly 4%E2@Su
50 55 60 Au Trp Val Ala Thr Ile Ser Asp Ay Ay Ser Tyr Thr T
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Gy Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn 85 90 95 Thr Leu e Leu
Adn Mt Asp Ser Leu Arg Pro Qu Asp Th#-dy Val 100 105 110 Tyr The Cys
AIaAra% Tyr rAr%TrGIuGIyAIaIVEtAs Tyr 115 120 125 Trp Ay
dn Cr rﬁ°8 gé 23%r Cvazgfsg ;F/)tea t@ aSaat <30 $3% 140 dy
Ay y 8 Vol yeaty s Aab e T% rTh#n &R 145 150 155
160 Ser Pro Ser Ser Leu Ser Al a Ser Val p Arg Val Thr Ile Thr 165
170 175Cysc ltps S&F g&elegd FaSRhkgValg LY C‘Qgr Ee&ctAg& Gah LyssAsn Tyr
180 18&ys186n Tyu WA ATs XopyTy:AcdnG1h LS PL0c V@taAbg, e Lys Leu Leu
Ile 19 200 205 Tyr TryesAl a Ser Thr Ar goGlu Ser Gy Val 2Bso Ser Arg Phe
Sex d 210 215 220 Ser Ay Ser Gy Thr Asp Phe Thr Phe Thr Ile Ser Ser
Leu G PF9PFbI 95tam(923%a02u0° @cti #Ips ecAl aotThrto Toaa g a@ys W73 G n Tyr
Leu Sef'séf s T ngzfﬁ}aZ@Br pasts “WPeGBF yed RLxGVyL THie fssAval Qu |le Lys
Ser Ser Cys Ser Ser y 260 265 270 éy Gy Ay Ser %Z}sa Ile Lys Leu Gn
An

Se%téaaﬁcﬁﬂdi g%éjgb@LbégaEgt acc gac ttc acc ttc acc atec agc age 721

Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Phe Thr Ile Ser Ser
225 230 235

Ctc cag cca gag gac atc gcc acc tac tac tge cat caa tac ctec tec 769
Leu Gln Pro Glu Asp Ile Ala Thr Tyr Tyr Cys His Gln Tyr Leu Ser
240 245 250

tCg tgg acg ttc ggc caa ggg acc aag gtg gaa atc aaa tct agc tgc 817
Ser Trp Thr Phe Gly Gln Gly Thr Lys Val Glu Ile Lys Ser Ser Cys
255 260 265

teg age gga ggc ggg ggt agc gat atc aaa ctg cag cag tct ggg gea 865
Ser Ser Gly Gly Gly Gly Ser Asp Ile Lys Leu Gln Gln Ser Gly Ala
270 275 280 285

gaa ctt gtg agg tca ggg acc tca gtc aag ttg tcc tge aca got tct 913
Glu Leu Val Arg Ser Gly Thr Ser Val Lys Leu Ser Cys Thr Ala Ser
290 295 300

ggc ttc aac att aaa gac tcc tat atg cac tgg ttg agg cag ggg cct 961
Gly Phe Asn Ile Lys Asp Ser Tyr Met His Trp Leu Arg Gln Gly Pro
: 305 310 315

gaa cag ggc ctg gag tgg att gga tgg att gat cct gag aat ggt gat 1009
Glu Gln Gly Leu Glu Trp Ile Gly Trp Ile Asp Pro Glu Asn Gly Asp
320 325 330

act gaa tat gcc ccg aag ttc cag ggc aag gec act ttt act aca gac 1057
Thr Glu Tyr Ala Pro Lys Phe Gln Gly Lys Ala Thr Phe Thr Thr Asp
335 340 345

aca tcc tce aac aca gec tac ctg cag ctg age age ctg aca tct gag 1105
Thr Ser Ser Asn Thr Ala Tyr Leu Gln Leu Ser Ser Leu Thr Ser Glu
350 355 . 360 365

gac act gcc gtc tat tat tgt aat gag ggg act ccyg act ggg ceg tac 1153
Asp Thr Ala Val Tyr Tyr Cys Asn Glu Gly Thr Pro Thr Gly Pro Tyrx
370 375 380

tac ttt gac tac tgg ggc caa ggg acc acg gt: acc gtc tce tea ggt 1201
Tyr Phe Asp Tyr Trp Gly Gln Gly Thr Thr Vval Thr Val Ser Ser Gly
385 3590 395

gg9a ggc ggt tca ggc gga ggt ggc tct gge ggt gge gga tca gaa aat 1249
Gly Gly Gly Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Glu Asn
400 405 410



275 280 285 Arg Ser Gy Thr Ser Val Lys Leu Ser Cys Thr Ala Ser Gy II.D%% 004
Asn 290 295 300 Ile Lys Asp Ser Tyr Met His Trp Leu Arg A n Gy Pr 8
Gn Ay wW891/8486315 320 Leu Au Trp Ile Ay Trp Ile Asp Prgcﬁ%}goéﬁasgy
Asp Thr Au Tyr 325 330 335 Ala Pro Lys The Gn Gy Lys Al a r e~ Thr
Thr Asp Thr Ser Ser 340 345 350 Asn Tiy- Ala Tyr Leu G n Leu Ser Ser Leu
Thr Ser G u Asp Thr Ala 355 360 365 Val Tyr Tyr Cys Asn Qu Ay Thr Pro
Thr ) Pro Tyr Tyr The Asp 370 375 380 Tyr Trp Ay Gdn dy Thr Thr Val
Thr Valgt% cS FCG CG’y‘W@I th 385 BY909395 A00<246BBROD429WD 1327 09186
PCT/ USOG 2 1¥g Jlegy Sershta @e% BYy GoyyGky yvSer G u Asn Val
Leu Thr 410 415 Gln Ser Pro Ala 1le Met'?Ser Ala Ser Pro Gly G u Lys
Val Thrgtl:lgcc 429 a{gSt,f@ggg'%cQﬁc %ggg %ﬁ g SerngEIm er %/bt H s
Trp Pheral ™:Crne Th35cAdCeddhalysr B &3y vdNrse e’f‘y MR e LYSs IT%H Tl‘p Tyr
Ser Thra38er Asn Leu 45@3455 460 Ala Ser sty Val Pro Al a Ayg Phe Ser Gy
Ser Ay Ser Ay Thr Ser 465 470 475 480 Tyr Ser Leu Thr Ile Ser Arg Met
A u Al &6 $RIASPS A2 P¢a 9FhracFyrct 485 #B0cU95afystOyprstGhgr Gea AngeSer Ser
Tyr PrdPEetr TRt P& U%/GAYaThGI yerrire BOOLe0Tre1Dd Yyr[8aF ®u Leu Lys Arg
Ala Ala Ay Ser Ser dy Ay Ay SEF 460

tec aac ctg gct tet gga ghc oot geot cge tte agt gge agt gga tot 1441
Ser Asn Leu Ala Ser Gly Val Pro Rla Arg Phe Ser Gly Ser Gly Ser
465 470 475

ggg acc tct tac tet ctc aca atc age cga atg gag got gaa gat get 1489
Gly Thr Ser Tyr Ser Leu Thr Ile Ser Arg Met Glu Ala Glu Asp Ala
480 485 480

gcc act tat tac tgc cag caa cgg agt agt tac cca ctc acg ttc ggt 1537
Ala Thr Tyr Tyr Cys Gln Gln Arg Ser Ser Tyr Pro Leu Thr Phe Gly
495 500 505

gct ggc acc aag ctg gag ctg aaa ¢gg gcg gca gge tcg age gga ggeo 1585
Ala Gly Thr Lys Leu Glu Leu Lys Arg Ala Ala Gly Ser Ser Gly Gly
510 515 520 525

999 ggt agc gat atc gcg goc gca gaa cag aaa ctc atc tca gaa gag 1633
Gly Gly Ser Asp Ile Ala Ala Ala Glu Gln Lys Leu Ile Ser Glu Glu

530 535 540
gat ctg aat ggc gocc gca cat cac cat cat cac cat tgattctaga 1679
Asp Leu Asn Gly Ala Ala His His His His His His
545 550

<210> 16
<211i> 553
<212> PRT
<213> Mus musculus
<400> 16
Met Gly Trp Ser Cys Ile Ile Leu Phe Leu Val Ala Thr Ala Thr Gly

1 5 10 15

Val His Ser Asp Ile Gln Leu Val Glu Ser Gly Gly Gly Val Val Gln
20 25 30

Pro Gly Arg Ser Leu Arg Leu Ser Cys Ser Ser Ser Gly Phe Ile Phe
35 40 45

Ser Asp Asn Tyr Met Tyr Trp Val Arg Gln Ala Pro Gly Lys Gly Leu
50 55 60

Glu Trp Val Ala Thr Ile Ser Asp Gly Gly Ser Tyr Thr Tyr Tyr Pro
65 70 75 80



515 520 525 Asp Ile Ala Ala Ala Qu G n Lys Leu Ile Ser Gu GQu
530 535 540 Ay Ala Ala His His Hs Hs Hs Hs
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