W0 01/09186 PGT/ US00120158 THERAPEUTI C COVPOUNDS COVPRI SED OF ANTI - FC
RECEPTOR BI NDI NG AGENTS Rel ated Applications 5 This application is a
continuation-in-part of US. Serial No. 09/364,088, filed on July 30,1999,
which is a womMN8Mtion-in-part of U S. Serial No. 091188PCBHSPOLEE on
Novenber 6,1998, which is a continuation-in-part of U S. Serial No.

08/ 661,052 filed on June 7, 1996, now i ssued as U. S. Patent No. 5, 837, 243,
which is a continuation-in- part of 08/484,172, entitled "Therapeutic
Cenmpounds Conpri sed of FpkRAPEURSCTOMPOLNBREOMEREED OF! ed June 7, 1995.

The entire contents of each of the aforenentioned applications and all
ref erences, issued patent ANTHREC RECEPTORBEYRENG %ations cited

therein are incorporated herein by reference. Background of the Invention
15 I mmunogl obulins (I1gs) are conposed of two heavy and two |ight chains,

each of whi ﬁm&ﬁ%gﬂ.lﬂﬁﬁ@ﬂ N142-term nal antigen-binding variabl e domain

and a COON-t ant domain responsi ble for the effector functions
of anti bodi es. THEhiCPPHeation isH coatimutiominmartalf U.$) Seda WNo. 091364688 Sledonhe Fc
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|l gA (FcaR), I?M ch'@R) and Igg)%'éFwR) have been identified. The different
bi ol ogi cal  ar{ungi7; 1996, now issve SeBatest N §.831243: whish isasentingationsiised i n

part on thei ar?ﬁ? ' e e @g&"n s PNREl rent

I mmune (effeétor ds{:‘iglx’llzé)(eﬁirlﬁngﬁm%éé pt .Egafgéﬁgéﬁgﬁﬁiggﬁé&b%ﬁrnal Vol .
5. 2684- 26M90) Antibodies®filed e 295, Thientinre contenthi of eached tHeafagraentioned-cRs  have
been nade (See.e.g. U. Patent No. .4 954 617 ti,tle nocl onal

At bod es. TePREEiat s ERRBEES e BB B0 mro s PR eRPIGB DR S b
Phagocytes gfirl 4 Bicoipblated Abrefibyadfereagtp| i cat i on Publication No. WO

91/ 05871 entitled Monocl onal Antibody Specific For |IgA Receptor). WO

01/ 09186 PCT/ US00/ 20158 -2 Murine nonocl onal anti bodi es can be useful as

human t her apgut.i cs q_ be. produced free of contam nation by human
pat hogens sugﬂ%—mﬁﬂ@!ﬂ@or human

15 Immunoglobulins (Igs) are composed of two heavy and two light chains, each of

which contains an NH)-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
cellular activities through interaction with specific receptors known as Fc receptors '

20 (FcRs). Fc receptors for all Ig classes, or isotypes, (e.g., IgG (FeyR), IgE (FceR), IgA
(FeaR), 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 Journal 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 Monoclonal
Antibody Specific For igA4 Receptor).



I rmunodefi ci ency virus. However, use of nurine nonoclonal antibodies in . -
sone human therapies, have resulted in the devel opnent of an imune
response to the 5 "foreign" nmurine proteins. This response has been terned
a human anéopovesse anti body or HAMA response (Schroff, BT/@800/20158 ( 1985),
Cancer Res., 45, 879-885) and is a condition which causes serum sickness
in humans and results in rapid clearagce of the nmurine antibodies froman
i ndividual's circulation. The inmmune response in humans has been shown to

be agai nst both, t.he vari.ab n he .con nt regi.on 10
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ant i bodi eproduted fevedfporRamibitionsbytifiiniah phihogens pcdi ak it Hepatdtisoghaban i n r egi ons
from one species w th i mmupogl obulin_ regions [rom anoj. her speci es.
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et al. has a _human Fc regiaon for 20 efficient stimulation of antibody

medi at ed enyrine@ptibodies Sompndndividusl's sirculatign dbe fmmung tesponssin shes| | has

the pOtemt%e@x'nsﬁo.@m‘?{)B@ﬁéﬁﬁb&ﬂ?ﬂé%ib@éﬂﬁ%@g&n&aﬁ%@@&%&m& the nurine

("foreign") variable regions. Wnter (British Patent Application Nunber
GB2188568 Ammumeglobulies. a process for altering antibodi es by substituting

t he conpl enent gy ty,.de ] Ning, redi ] tPgﬁ fyr.om anot her
species. This M@Wﬁ%&%&oﬁygﬁgigég%%%%gwﬁr roﬁf"t e nurine -
vari abl e rsapitiniting@pecifitsimiiunaglobulinregiond fra bhdspapiesvvitin imiaanaghiblilin bi ndi ng

properties (for_instance tp hynman pat hggen).into.h n heavy and |i ght

chain I g H&iPReHRm aRelher SPElEs: Fﬁ’f?geﬁ'ﬁ'eé'e& 'Et_é"r"é’ﬂer?‘é"'\lllﬁg?%g?témr egions may -
then be cogfiifasbnWid. PCTREBESN00392y deBdibas A proBs WherebPthe compRmaitidydodi es whi ch
are totally "human in conposition 30 except for the substituted marine CDRs.

The " r 88hahsevy anglightehainvasiakle demainyefAndg molpsyle fiogpepespeigsaibee i cit a
consi der abl o'W Ind EBRRHMndBRP BERG ahd'tiEHIOhiER 16 Rhdthll QA FERUSOO! 20158
another species. This process may be used to substitute the murine constant region' -
domains to create a "chimeric” antibody whiéh 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



conpared,to chineric anti bodi es because of the considerably |ess nurine
conponents. Further, the half life of the altered anti bodies in _
circulation should approach that of natural human anti bodi es. However, as
stated by Wobpgoigenerely replacing the CDORs w th conpl enpaiakdoreidgs from
afnot her anti body which i-s specific for an antigen such 5 as a viral or
bacterial protein, does not always resu#t in an altered anti body which
retains the desired binding capacity.”fh practice, sonme amno acids in the
framework of the antibody variable region interact with the am no acid
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human | g varg ' | : g antigen
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Her eroant | bodies Wth Dual Effector Functions; and International Patent
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Publ i cati on No. WO 9.244{8!)57 3 entitled Targeted Immunostinmulation Wth

Bi speciic Ré&@@m‘)“.“g ‘S%ﬂ%ary of the Invention The present invention
provi des tpeconbi BigpcifidpholebRled, (.| HetePoubtiRITdsY @taprisings dh htBPEfebdpter DI ecul es
whi ch target imune cells. The nolecules are "nultispecif c" ~because they

bi.nd to nul tRoioa apd aanti-targst portionhaye beea formayatasiand vendahesaperinally, &g a
l ecul e 25 ' Ll . sugh.: N
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i ncl ude Fe rleenptionatPatem Alpplication PyblieatitirNoa M0 905871 ehtitiedtrBispecifiodi nment ,

mul tispecifig nolecul.es. he lnvention include nol | es, conprised of at
| east one p ?7'8??%4’5%”’%*‘ #&EF@%“Q' %’f"é’%’l’ @"Joﬁgwgﬁa? g%{p%ppggfqn, Msuch as

30 an Fe 15 eqapligion NoOWE 91/60360 extitled BRpécift ReaBerils for M¥PS Thebdppr Inf our or nore

portions) which binds to a different target, such as an antigen on a tunor
cell or a paadditigebispesiic mplsewles, which recognize antigens and antigen presenting cells

can be administered to a subject to stimulate an immune response (See, e.g.,

International Patent Application Publication No. WO 92/05793 entitled Targeted
Immunostimulation With Bispecific Reagents).
20

Summary of the Invention

The present invention provides recombinant and chemically synthesized
muitispecific 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

25 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 FeSRI and
FeoR.

In one embodiment, multispecific molecules of the invention include molecules

“comprised of at least one portion which binds to a molecule on an effector cell, such as
30 anFc 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,



WD 01/ 09186 PCT/ US00/ 20158 -4 these nol ecul es can be used to induce .
effector cell-nediated elimnation of a target. In a preferred enbodi nent,
the nultispecific nolecules conprise human or hunani zed antibodies (or
anti body weefesisg S) as binding specificities. In another pemviosab2orsst

mul tispecific nolecules of the invention include antigen 5 "nultinmer

conpl exes" conprised of nultiple (i.e., two or nore) portions which bind to
a nol ecul e on an antigen presenting ciﬁ? (APC), such as an Fc receptor,

| i nked to one or re antigens, Thgse nul.tiner ml exes_ target_antigens;
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bi speci fic_nol ecul.es or, {‘Fglfi on B oteins. In another enbodi ment, each

bi ndi ng s pERRYRogeRic Proteiy spchasa sel Wsfately (e.g., reconbinantly) and then

chem cal |y conjiaaéiRet dspect e invtatiGefeattred nfulspecifit mbl¥aleswhickondi ng of the
C-term nus hinge regions of the heavy chain in the case of antibodies. 25
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multispecific molecules comprise human or humanized antibodies (or antibody

fragments) as binding specificities.
In another aspect, the invention 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



30 specificities. In a preferred enbodi nent, the nol ecul ar conpl ex
conprises three or nore binding specificities, and at | east one of the

bi ndi ng specifities are specific to an Fc -WD 01109186 PCT/ US(Q(c)n0138 -5
Recept or (®waonosfd6yRl or FcaR). In a particularly preferredl/g§i9ea15dent, t he
antigen is non-inmunogeni c when admi nistered in unconpl exed form The
invention also features nethods for inducing or enhancing an i mune
response against an antigen in a subject, by admnistering to the subj ect

am antigen the, i nvent ion.. The_invention further

i ncl udes mmﬂ@r%&@WWFﬁﬁ?\&ném plagly prefpred l@F@r'ihﬁgmlﬁS“fshe subj ect

an anti gen pa-fndiio mﬁ%ﬁﬁmst&x@@xﬂxﬁx‘é&%k%foﬁ@' ti specific nol ecul es of

the invention also can be used in nul éﬁp | mrunot her api es based on their
ok

ability to causeThefitestion alsafentures tietho indu¢ingyorenhangingap immoneel |s. I n a

particul ar e ecul o to kill or

i nhi bi t the%%\g\‘ll%%p ‘aé‘a\‘/‘g?éﬁué%s‘gﬁ ? iﬁ‘?’?g‘g@s@“gé%g’ﬁ%g?lon of the
Dr awi ngs SFi mﬂtﬁn&cahﬂwoﬁmemnuﬁoﬁonmvaﬁﬂnmmnaamnseﬁfude&ﬁes of a
portion of e hinge 15 region_of_ a humanized Fcy Rl anti bod H22. *[ Al
that was al JE"F‘ 536%%@@“@““45‘%5&!@65@%%16?‘?%9’&% %¥n [B] and
then al teregefimfchfigt to engineer two unique cloning sites [C]. Underlined
nucl eoti des | nd| cate changes fromthe previous sequence. Overlined

nucl eoti des are Mhelsnmdicgmldmba0§$qmnmwalsorcanheusedlmmdn§d restriction

sites. 20 FiLgure tic.representation.of .t av I n- EGF
fusi on expr€ssr 'boﬁhe'%nbﬁiﬁgﬁ qf?ffé%%‘@' ﬁ?@ﬁﬁf@g‘%" 11-§eg@ﬁ§§§ﬁ%é(rtg§ esent ati on
of the grneesllsi bia prticuliirembedimetegat Bluttishécifiidolbiudaeen bd wedtlI@ ot €S. 25
Figure 4 is_a,schematic represent ation of the flow cytometric assay used

far testi nipbitighegropth ofp varicty pEtumgresliszed Fe v receptor- epidermal growt h
factor fusion protein. WO 01/09186 PCT/USOQO 20158 -6

Brief Description of the Drawings

Figure 1 shows the nucleotide and amino acid sequences of a portion of the hinge
15 region of @ humanized Fcy Rl 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 pJGOSS.

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 Fe y receptor- epidermal growth factor fusion
protein.



Figure 5 is a graph, which plots Mean Fl uorescence Intensity (MI) <an
indication of the binding of various concentrations of epidermal growh
factor (EGF) fusion protein (H22-EG- fusion) and the fully humani zed

bi speci f iwo oBeids) HA47 to EGF receptor (EGFR) expressi nBCIMS®20B| s. 5
Figure 6 is a graph, which plots the binding of various concentrations of
the EG- fusion protein or the BsAb 47 to A431 cells in the presence and
absence of murine antibody Mi25, whi ch bi nds EGFR. 10 Figure 7 is a graph,

e, ot *var FIR 4 B AR RERY Rt il bt 1A et Fithibga’ | o ¢
the HA25 i’wtﬂetmdﬁf né&v#&%@gédnﬁahfbgﬂipid&mbgrﬁwﬂxf faabr@(}i-bfnsldm'&ptbétenpl ots thﬁ
ADCC resultin romthe binding o EG;_ fus Bs H447 or the
H425 ant i KBd3~ g‘f"“%@éi"sﬁ%ﬁ% %ﬁ’ghﬁﬁéﬁﬁ@reﬁmﬁ 25% hunan

serum (HS)(E@'S r&m qgg&ng\g a fab fragnent of the Fcy receptor antibody

nR2. Figure a sc ematl c diagramrepresenting the nunber of viable A431
cells 29 cultured in the presence of various anmounts of EGF, H22-EGF, the

b f f h
E?ab' ;g)grreglt 98F¥%6E%l{ﬁ'@°g%?oﬁsal Emg{ngg’a&é}\ce 0 &&Wf usi on

protein. fﬁﬁoﬂfbﬁtﬁﬁoﬂtﬂe B§A1ﬁHh4‘BtoQ¢g43&rébll§1dlﬂWres&gcdm absehcneaﬂmgmeof specific
PC-3 or SKBr-3 tunor cell killing resulting fromincubation of these cells

Wi th i nt ergntibesy-N425, whichpindsEHR t es and a 1:3 or 1:30 dilution of

super natant from nyel oma cells expressing an H22-heregulin fusion protein.
s p "W 01/09186 PCTI USOCQ 20158 -7- Figure 12 is a diagramindicating the
per centlege of Figge 7 iswgraphe wWhichyplats the anti ygpmémmmmé% NEEY and in the

f t
Conoent r at o SR i FRRAHL Rt A ollenk AR BRSO (i iTRARIPRRRG ' [,

cyt onet r i CHasB6\the H4ZS dntibodyite #i4Bhgelishe activity of BsAb 447 gener at ed
either by the o-PDM or the DTNB net hod.

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 Fcy
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 supernatant from myeloma cells expressing an

H22-heregulin fusion protein.



Figure 14 is a graph, which plots the MFl of various concentrations of

o- PDM and DTNB derived BsAb 447 to EGFR and FcyRl expressing A431 cells.
10 Figure 15 is a graph, which plots the anti body dependent cytotoxicity
resul ti ng wigaweisge bi nding of o-PDM and DTNB deri ved BsAbcrgsSoor20158431
cells. Figure 16 is a flow chart that depicts the construction of
trispecific antibodies. 15 Figure 17 picts the transformation of a _
bi val ent, bispecific antibody into a 7trivalent, bispecific antibody. The
bi.val ent, bispecjfic _conjugate,is reduced and m xed wth_o-PDM{reated

d
52009 Fab' resulKigyrg 17 is 4 diasramm jndicating the perpentags of PC3 tympr ¢ellvsis igiba
fl = i i s d EGF
uor escenc%%ke YEthGfbc el Andﬁﬁﬂfegﬁaﬁégﬁv%{o% conb g@ﬁ;?fh@%ehb&ln and EGFR

(panel B). 20 Figure 19 is a. gra ots t ndi ng of various
concent r at i Eisingroteingoncentthjions2i t her BsAb or TsAb, to target cells. Mean
Fl uorescence Intensity (MFl) increases as Ab binding increases. It shows
that the TsAb bound both HER2/neu on SKBr--3 cells and sol uble FcyRI

si mul t angpusl y i Figared$€u thaRAREPresbMatn T thdflkéyRomélrié sssdy wedf? t hat shows
t he TsAb bound both EGFR on A431 cells and 25 sol uble EcyRl sinultaneously
in a dose- diasingbe activit pf Byf\b 4 zcnerated either by the pADM gr tha RTNBmethod.n Fi gure
19. Figure 21 is a graph that shows the TsAb, M2 x H425x 520C9, and the
BsAb, M2 x 520C9 were capabl e of inducing ADCC of SKBR-3-cells but the
BsAb, M2 x HAZFEiguredd isvwography/subich piotcthe dMH of edriconieonoéntmtionsiof diPEEM wer e

i ncubated wth SKBR-3 cells 30 and pre-activated PWNs. WO 01/09186 PC

T/ USCa/ 20158ud BTNB;dstiyed BsAb;dd7 1o EGER and FeyRI expaessing Ad3hreells.  \p2 x H425x
52009, afifd the BsAb, M2 x H425 were capable of inducing ADCC of A431
cells but the BsAb, M22 x 520C9, was not. The assay was performed in a
si.mi |l ar manner aEigwied Sasagyph, whithglotothe amibgdy depeiientcytotdxicity reswlting f or a

16l 100 Rl K HBSSEND e ek Rr G AT, o P, 2ss
surface of nonocyt es.Figure 16 is a flow chart that depicts the construction of trispecific
antibodies.

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 ceils. Mean Fluorescence Intensity (MFI)
increases as Ab binding increases. It shows that the TsAb bound both HER2/neu on
SKBr-3 celis and soluble FcyRI simultaneously in a dose-dependent fashion.

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

25 soluble FeyRI 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
1425, was not. Various concentrations of antibodies were incubated with SKBR-3 cells
30 and pre-activated PMNs.



Fi gure 24, panel A, shows the am no acid sequence of oligonucleotides ,
encoding the wildtype (TT830) and nutant (TT833) tetanus toxin peptides.
Panel B is a diagram of an H22Fd-TT fusion protein. 10 Figure 25 panels A,
B, and Cwepymsssnt fl ow cytonmetry anal ysis results show POT/USK26I58g of
MDXH2I O, Fab22- TT830, and H22-TT833S to FcyRl positive U937 cells,
respectively. The dashed |ines represgnt negative controls, the solid lines
denote staining with the fusion proteins, and the dotted i nes respresent
fusi on protei nﬁ%nggman%;p@ﬁmhwstgym@ N3 B ShZanslfe Bl © 20 5 -a
schematic diagra e nean uor €scence intensity resulting from

i ncubat i onNM22 x HA25 wese euplhlﬂoﬁndﬁcinghﬂ)camfmmcdisémnﬁembmxFAb22- TT830,

and Fab22- 3Sto F 05|t 37 cel. Fi 27 is aphi c
repr esent aﬁ;gﬁ ¥3s Re &’F%lfﬁwugfm?s%laf?q"?fg WYW@ﬁ%lr radi at ed
nonocytes and 03 lscmwaia&%ﬂ DOWhole blodd &fdulatiPabday(p&RPA) drd ther 20
TT947, showi ng that the fusion protein Fab22-TT830 enhances the

pr esent &t i resultsfiroirthe asshy @ncl@emymwmnﬁﬁéy fapidly modwatepEeyBE from TT830.
Figure 28 e{rﬁse%%a stogram showi ng the proliferation of T cells
I ncubat ed C iOOO nM or FAb22-TT830 at 10 nM and nonocytes,

prei ncubat ed orFigat 24,vyahé1 K 3howsahé ﬂﬁmamrsécfueﬁée dPdligahtickebtides ercodingor t O
addition of the T cells and the 25 antig gure 29 represents a

hi st ogr am @ﬁ&ﬂflﬁ'@e (RE839) W‘P@F‘&KTBW3M¢“F“§EQXF‘EPQPH€?§b§?@éI ifa disgiBhocyt es

and Fab22- {'@3@2@3 ﬁﬂ%ggm{'[ﬁw at 1000 nMin the absence (control) or
presence o e s *0 1109186 PCT/ 1JS00/ 20158 -9- Figure 30, panels A

and B, Wre gr arihgm’e 26 panetoht Bitand Ggeprbsent fiay cytemetonamalysisagsubinshotving-N- y :
(panel A) n | L-4 I [ e I t of cel l | t redfor 2
days with 'ﬁ&ﬂ 8§’P’@3§ﬂ® EQZFJ@E@&H@%'@@%@#? 'E(;?YR{H%‘S‘U 3193 seiBo" T30,
Figure 31 *é%e@u@]dﬁpm&dakmflﬁgﬁ%ﬁﬁdnﬁﬂegdﬁw &Jntrb, th&Solidrines dedo@t i on of T
cells 5 incubated with nonocytes and vari ous concentrations of TT833S,
Fab22- TT83sainingwithptlrg fasion protéins, and the dotted lines respresent fusion protein binding

blocked by murine mAb 22 F(ab"),.

15 . Figure 26 is a schematic diagram showing the mean fluorescence intensity -
resulting from incubation of various amounits of the fusion proteins MDXH210, FAb22-

TT830, and Fab22-TT833S to FcyRI positive U937 cellis.
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 éells and the

25 antigen. .

Figure 29 represents 2 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.



Figure 32 is a graphic representation of the proliferation of T cells

I ncubated for 2 days with TT830 and nonocytes, preincubed overnight with
various concentrations of TT833S. 10 Figure 33 .is a graphic representation
of the persgghbhipodsl bition of proliferation of T cells inpgraisoshkoisyr 2 days
with TT830 and nonocytes, preincubated overnight with various
concentrations of TTS33S or FAb22-TT8335. Figure 34 is a histogram
representing the proliferation of T celFS incubated for 2 days with

menocyt es, which _were firs |nc ated th TT83Q for 4 hours (Pre-pul se)
15 T hen | nc EHERCI, BRRRE GHLBArS Fota PR hobing dhY Seatepssion 355

(Chase) pri gy .yégaﬁl 4 aﬂﬁlﬂhr@%@ B) inthd sb exﬁét&iirﬁgﬁié@tﬂreﬁdoﬁ%%al N the

representlngt tratio Phierferon -
super nat ant with ﬂiomyﬂesandtnauwsednmtrbumnﬁm%&r 8aks29TEB30, FAb22- TT830,

TT833S, and Fab22;TT833S. 20, Figure 36 ntation of the
proliferation of 18 5a §W’Wﬁ:’§¥ '&Bﬁag%@gmﬁf ﬁﬂﬁg@ @SI in medi um
al one, Wi §h- i{dBaRSwitR modbdykesaad vaiohd ot entARbhns 6fl*rq*essse$amui-ms§ oM th

nonocyt es and various concentrations of 11830 for two days, indicati ng
t hat TT833S BXd0Fab22- TT833S do not lead to T cell anergy. Figure 37 is a

hi | |
Charn bi speci 11 c FIFER s bt FEERT bR IRMahon YUl PilutinedThi 0L 2
(H22) and Mybwﬂtﬁrm‘gmsmﬂandnocytesj pfeicubedaaemighpwilbvarions coneertiagens of CEA)

(constructs 'ﬁ@% dn 323) and one expression construct encoding a single
chain anti bo Advi ng one binding specificity for an FcyRl. The coding

regions ape underpidgie3¥io R gfaphic ¥éprésmatidorit R inhibiti of Prolifetafiogili tion to
t he variable regionhs fromthe heav é\g/Q | i ght chains V\D 01/ 09186
PCT/ US00/ 2016 eelis incgbated fpr & days mathalkss Banocyley ppinsubdtedsovermighiaithby t hese

e hi st ci TaopHBbertidhs BPPHLS or EABEATEME. £O V0D Fam i ndi cating the
| evel of bindi ng Ridurd 3eis ahtsgiganttegiesenuh'g thepedliferationalf Fealleincutided fort2 - CEA
(325-B2 and ETSWEA moRNRREHENG: HOF S HERP DB TED S0 TIPS e
const r uctys22fed ﬁaﬁmﬁabvaﬁigmﬁﬂurw pysizssweq i pabﬁi-ﬁesss (Chase) prior to
addition of the T cells.
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 TT830 for two days,
indicating that TT833S and Fab22-TT833S 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



Figure 39 shows the nucleic acid sequence of the single chain humani zed .
anti-Fc yRl antibody and the am no aci d sequence encoded by the nucleic
acid. Figure 40 shows the nucleic acid sequence of the single chain

bi speci f iwo 109188l ecul e havi ng one binding specificity foPCHE®ORBBR and one
bi ndi ng specificity for CEA and the am no acid sequence encoded by the
nucleic acid. Figure 41 is a schematigJsepresentation of the formation of
mul ti mer conplexes nade up of nultiple Fab' fragnments |inked to an

antigen. KR 4 ] | - &q‘:‘c@ | qpuri fied M22
F(ab') 2 ﬁﬂ%ﬂ? %@?lkiﬁlgg g%lﬁgg&écﬂ%rﬁﬁgglcﬂ | n%ﬁ%ggb i@gﬁﬁdfgrul tinmer
I(;?mgl ;aé (Ifmnﬂ;-ﬂ)rc(&mmra?dmgg/dxp-lﬁzidh:gemﬁe(ﬁkﬁ)wang t hat !ncubatiﬁn Wi tp M22
a + results in_u 0 o redyction,i . expressi on, o e surfaces
of macrophages ’igﬂrezsscfgg‘@s ﬁgﬁ@ﬁﬁgﬁ?‘&cﬂﬁﬁ%ﬁY‘gg?Bﬂ‘ﬁg‘gfg?ﬁ)w@%%W hat high
titers of pipeificvRblebiles BZY-PAEA WREGIed B BleRikPidssich coRbinidts| 320321085 CD64
transgenic mce i nmuni zed three tines, ared to their nontransgenic

li tternfat @asd 3H-Béyand 333 B323Bband 328L4) Pﬂiﬁ%ﬁngm@hﬂém‘? aptipyely en¢adgdy s geni ¢
' ith ' Igg;m ' I till leads t
(rjnetcgc\tMabl ﬁyiﬁhngrr{o#é&drcgé%zggséé | gu%%ﬁ%gﬁ%ﬁicf %‘%&) e;rz Igrgphgas?\ovmpng t he

i nmune r espons Figafe FcshBivs the @i atid aepgnct of tixnsinglechaimrenegeized anti-Ee  as
j udged by anti-520C9 and anti-M2 titers, . .25 The, mce, were i muni zed with
a Fab' fr aBhawibody and the aming agidiseqnsase ensodsdyy thepmslepeid o 4 M2 nul ti ner

compl ex. i gur gihal ) sisho R mckRAcR sefitnt Ui g ctihhifeciBBCO0 ng 2

genetically lin mul t 1 mer conpl ex containing two H22 'sFv regions |inked
t 0 one10/BZndecilehavingiona bindinglspetificity dor the'Fdy8E and st iritling specifieiyfor gen

conplex). FEigure 45(b) is a drawi n the 30 resulting nmultinmer conplex.
"P{ 01/09 B3¢ ?ﬁxfggquepiﬁenggcﬁaﬁwgtwqcémgcg;r graph showi ng the :
ability of M2 piake X1 iaZchentatis rdffdertdtibn ofidt Toimatiés 6f Mulbite? edmipl@RES mul ti mer

conpl exes to bind to FcyRl efficiently and  induce internalization. Figure
47(a) shovmads umedmyltinlg @ﬁwthé%ﬂnég%di ng a genetically linked 5
! Lanr © P! g R3(®) i8 b Ron-FelBcibR SDS PACIE G Shswih} RGishdadss F@pn3 o an
15 multimer (lane 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 gencrated in
20 all of the CD64 transgenic mice immunized three times, compared to their nontransgenic
littermates. Figure 43(b) shows that immunizing FeyRI (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 FcyRI
(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 muitimer complex.



(H22(2x)-antigen nmultinmer conplex). Figure 47(b) is a drawing of the
resulting Itimer conplex. Figure 48 is a graph showing the results of a

bi ndi ng conpetition assay using H22 Fab', H22sFv2-EGF nultinmer and H22
Fab2 nul ti RpyedBasul ts are shown in terns 10 of bindi ng ipefushdaesss of an
M22- phycoeryt hrin conjugate by these nultiners. Figure 49(a) shows a map of
an expression vector encoding a geneti ﬁgl ly Iinked nultinmer conplex
containing three H22 sFv fragnents linked to an antigen (H22(3x) ' anti gen

mal ti mer conpl ex ure 49(b¥‘ Is .a draw ng of ‘the resultln grotei n.
Figure 50 is a bERYE @ &Hﬁ.ﬂbﬂlﬁ&ofd\&%ﬁﬁb ’6:%& #dtimer 15

conplex to i I mer
conpl exes. %ﬁ“@%ﬁ%ﬂﬁ tggj?{%%ﬁR{se’e(%stqa fggggg#'&tl gﬁﬁor o%%%:di i on of
anti - CD89 (Mﬁ&émteﬁul&%oﬁu& on rml ecul es. PJZ906 (14Afd-EGF) and pJZ907
(14A8 L-chain) ransf ect e by el ectroporatign into O.cells, and
sel ected in medi rﬁ%?hq‘r@aﬂm a@s&’iﬂ“&ﬁ&"ﬁg@reﬂ %13'3% p linked

(14A8sFv- ﬁ%ﬁmmm%mm&e&ﬂ%ﬁgmmﬁmgfe& Rke& g iﬁﬁll a contai ni ng

(A18. Cell I1nes expressing tusion proteln were sugg oned limting

di l ution cl H22(gx)-antigenmulidengompiexd. I;'Jllgaqsm@l)mdtqmbgnﬂﬂhnges(ﬂaag measur ed by
fl ow cytonet %mOf 14A8f ab' -EGF fusion construct to EGF-R on A431 cells.
Fi gure 52(a)“51%r showi ng bi ndi ng of 14A8sFv-EG- fusion construct to
EG--R on A431 ceFig&re 4ﬁ4§3§,gr3§h shiomling hefesultstofa bidingicbip@itioh agay usiigiman | gG
Fab-2 conju ated tg{ﬂg%y %ythrln The fab-2 fragnees?itsof 14A8 (a human
monocl onal Fap's WEEGERpultimes an rWraP%H“’{‘H‘e&s DAVYLIR I®8s not
contai n R ,of B gxngmxa&aqammphy&aﬁ 5&9% ﬁm&n&#s'on proteins

and conmerci al | bt ai ned EG- conpet € INng to A431 cells with an
EGF- FI TC conj ugaFigu(cAd) shas m/wgmm@?#mﬁmmmllﬂl@ude

53 .' h h ' f
22 . 2 SR RS D B B B S HRBTRE N s
cells was &hﬁgdneﬁiﬂﬁméﬂtogpﬁtk) aTigt'treM(b'piﬁaldﬁnEg?&'-tﬂe resuifidggmbteid. t 0

h th T f f t of h d h f
phycoerythrin. “The afy:2 i1 aoept of umRe! zed el A4S MBigh 15 speci fic

15 complex to induce internalization of FcyRI compared to other multimer complexes.

Figure 51 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 monocional anti-FcoR 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



5 Figure 53(b) shows binding of 14A8sFv- EGF fusion construct to W37 cells.
The experinent was done in a manner simlar as in Figure 53(a), except
that various concentrations of 14A8sFv-EG- were assessed for their ability
t o i nhi bi wotoneoleé ndi ng of 14A8fab' - EGF (23 nM. H22sFv- PGEUSHEIS pr ot ei n
was as control. mAb H22 binds to CD64 (Fc'Rl), a different Fc receptor on
U937 cells. 10 Figure 54 is a graph shpw ng dose-dependent fusion .
protein-nmediated cytotoxicity of A431 cells. Chromumrel ease assays wer

done with an ingubat,i . peri,o f 16-18 and N n fs% to target
rati o\rllvI (for n'[)ng;léwég@%fm&&%nghwﬁ&g Pa?ﬂ?”e#%e%‘%’%’g{) S |§£I uded f?esh
nmonocyt es (FAgbEEGE figsion cotithit (oRTI3TcellsH Husion paitein bbwidao 019D Eellsagur €

54(c). The fab-2 fragment of 14A8 was used as contraql, Figure 55 is a
bar graph &insdmithgoataatishugan{gG F#‘%Fﬁﬂ?@?@ﬂ?@}‘-“f’@'ﬁ‘?‘“ﬁ Ef”@‘g%G(a) is a bar

gr aph Showﬂﬁqg,ggﬁizgéﬁé}giﬁﬁhﬁﬁilé,%m&{ g fﬂéstbﬂtfi‘(gig-lkg%b fised B EimRbEd

cytotoxicity s I's Inhibited by the fragnment of 14A8.
Fi gure 56 Figuré $3(b) shaws binding of hédAssky-EGTafusion aoustructdg 937 cglly/ khe f usi on

protein-nediated cytotoxicity of. Ad31 cells is .al iLphibi.ted by the fab-2
f r agment ofxﬁwntﬂgs%ﬁfﬁ?fn% '%Aﬁf%ssmglfgulr%gaza)s'é’??gwa%qggrr'&e‘%resent ation of
bi speci fi ¢ cahdegirationsaf IMAS4EV-BGF weat Ssesk&ifor it ability 1 3rhibiathe bindingrof par ent

HuMabs. The vari abl e li%‘%r and _heavy_ chain  regions of 14.1 and 3F2 were
used to gerldA8fb’-EGE (3% nﬁzwx-Fﬁ&V@w POt pas e contrel; aabHaRbinds 5

schematic re t ati On. ' | kugat ed bispecific nolecule,
made upI of t?ﬁﬁ?ﬁﬁwﬂ%%ﬁ%&gﬁgﬁﬁ%ﬁﬁﬁgﬁﬁﬁg@ (an!t i E)HE::\>2|), used ag 25
posi ti veo cont r olFiguré $ais@ grdphahowing doseaicpaxientifuddroproein-mediatedi ng ( bi ndi ng)
assays for fusion rotei 1 and 934 expresseq in transfectom

apot nat anGoRNGE A AaLenp CHRRSEyEEHe ARP S EIF Jase it SLARIAITLA (031 &

934) and Unjerigdef RF1 €N add\BHlg a5 HRHBAD Mdbet Wifoni(foF HoaAbGks\thd MBY)oer  SKBR- 3
or A431 tunor cell lines. Binding of fusion protein was 30 detected by

st ai ni ng wi 108:1gJ&e effeqtor aglisiant h Fnonoeyas; ( (2% PYINs(Bigaa 34(n. WO

01/ 09186 PC L/ %%ﬁ? - i ' I ﬁ:?d&%s%&%';”g ADCC _
anal ysi s o%nplﬁﬂ?%n pro le%ufle;ﬁéé;lqg%%b‘%&hegﬁ?%%gﬁn‘?ge ease aséays wer e done
wi t h an15ncubat iFigurpsy isadaograpibcongparingithd results infRigwesdd(@rteocyt es, PMN) to
target (SKBR 3, o3l bl n Bk Shoh Bowing thal TPASES EGF (1 pg/m) 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 ug/ml) fusion protein-mediated
cytotoxicity of A431 cells is also inhibited by the fab-2 fragment of 14A8 (40 pg/ml).
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.



i dl.ing was detected using transfected (931 & 934) and untransfected (NSO
supernatant 5 -w nedi ate specific lysis. Figure 60(a) is a graph show ng
bi ndi ng (as neasured by flow cytometry) of single-chain fusion proteins
931 and 93WO®MOUBE7 cells. An fab' fragment of 425, an aPETUBMERIIB p

whi ch does not bind W37 cells, was used as a negative control. The

chem cally linked bispecific (14.1 x 3R3). shown in Figure 58 was used as a
positive 10 control. Figure 60(a) is a graph show ng binding (as neasured

by fl t ' ' ' ' %ﬂdm t o SKBR-3
cgl I s?wlz?/l _?(Wééa&?éﬂﬂg?hﬁ%h%%@%s&o?&%@ﬁﬁ%ﬁ% em ga ?'yol I nked
bi speci fic (Chiorium rélease asdapyweere doriel with #n inéabation perigd bl 61 Bllaralsana positi ve
trol. Fi 61 i how ng_ bi ndj by f
cytonsty) aftegprigrasestesBHRD i rinet GRS SrAfh uEn HHBS Fhmat vl T <
experi ment- aminglQReddidiedIBME miRfecitd é%gm%‘d ﬁdﬁhﬂ%ﬁa@@wmﬁﬁﬂm&mt AA31

tunor cells whicCh over-express the R were wused. A fusion protein
consi sti ng demefiatespecifiqlxgisrent of 14.1 fused to EGF was used as a positive

control, and 14. 1. e i V. . Fi | ph show ng
PMN (effector ceh%“?ebn%(%?)gfae%%g%ggbé@@ %‘?lne?gmg&%&g%og tf?gp‘gg( a)) and
g474 (Fi gulr@xgﬁia?ﬂhin)fuiimmmefxsg%am&%iﬁmww ed@mhnnﬁabsmemgmzfsi,m 931. ) .
romum rel ease says one with an_incubation period o -18 an
an effector ?‘H‘?E(%a;gé’?‘x‘? ﬁ%ﬁ"ﬁ“mfﬂﬁq ‘3!.937_1‘21’.“% Vyag jysed aﬁé§°§i’§8‘&i"°&§°’r’né‘g‘§t i ve
control in %&Bicmwm%aBﬁpéciﬁcﬁwalscspﬁthb@n%ﬁgﬁefsswﬁseaqs ggayimet e
(effector cell)-nediated cytotoxicity of 25 SKBR3 (Figure 62(a)) and BT474

(Fi gure &0( epntrely FigureGd(d)ds bgraph shgingdinding (asimeasnred py Sowicytograry) athr oni um
rel ease ass I | i | Fil O - nd an
ef.fector t oa%%rlegje r%ﬁ?‘gﬁrw{oe#lgfgg%qik*(gg' gge\;\lé's F4ugigggzg“s'é§lg§a?%ve control

I n each expegativerbntrolMTHS thémsitAly 1kdd bisyecHid Q145Bx 3FA)4hdvwginRiguvél 58 wass gr aph

depicting the anti pody cle‘Penden]ts cytolysis of SKBR-3 and BT-474 tunor
celI's by pol 3EABUSHATEACELY ©BIPS nedi ated by a human anti- HER2/ neu X

anti - CD89 Dbi specipigyre §Dis @ gHpR shoWinglbikdir a@meaﬁ&d’%ﬁﬁw by} 6F singhd-ease.
Figure 65 is a raéph depi %ﬁpn theé.alnti%gdy dependent Lgﬁ%ol y%i s of SKBR-3
and 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 SKBRS3 (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 cell)-mediated cytotoxicity of
25 SKBRS3 (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.



5 BT-474 tunor cells by nonocytes nediated by a human anti-HER2/ neu Xx
anti-CD89 bispecific nolecule (14.1 x 3.F2), as neasured by -"C rel ease.
Figure 66 is a graph depicting the anti body dependent cytolysis of BT-474
tunor cewbaubgisehol e bl ood nedi ated by a human anti - HERRPCR&S0020458t i - CDSO |
bi specific molecule (14.1 x 3.F2), as neasured by "Cr release. 10 Detail ed
Description Miltispecific nolecules_Tge instant invention relates to
reconbi nant and chemi cally synthesized 15 nul tispecif i c nol ecul es which

target inmmune Cgblhs 64 {1 rﬁﬁi&?{:‘uﬁéﬂﬁraﬁnﬂéﬁ&ldeb&ﬁ@ﬁ'c?& sis PSRUIES 1€y bi nd °

to multiple (two or rmre tinCt targets, one |ch|s a nol ecule on
the surf acBTef74aumonvelisiby polythorphonucicar @Hblmtdm@dtby arhyinan stpeHER%lemﬂ ecul es

of the inven include mol egyl.es rlse by 3 I one portion which
binds to a%&?@gp < 'Bﬁlece“fl?ggtl 3@% gfe blltcy an Fc receptor, and at
| east one portlpi@meassgsagthdepidmgmea&ﬂbémepafdeimymlyswwsmnﬁd ch bi nds

to a different target, such as an antigen on a tunor  cell rqﬁpqpat hogen.
In anot Her BIrf74dwmerpells %F‘PF%“E@E F'Ffi@tel‘f’g’lyé‘élh‘% apti-HER2/neR xantir i ncl ude

anti gen " MU mGiBdi QRS 3 PN maRredby el kitplse, (1. .. two or more)

portions e on an antlgen presenting cell (APC),
such as an Fc rE:geptﬁérl:;agﬂaphdmbtmg thnwtlbmdyrﬂcpeld&mmyms of Ble4H thmbt i ner

conpl exes t et .antigens, ..su sel f y 0 induce
and/ or enh&%[?g’yi‘YW erﬂg?‘{]ri’sq'?s%(ﬁp’(% 3%@@“ sﬁ gb§9 ﬁpgécb‘)

present at i gspicehilet(nel amng,agmmmy&m;remr efore these mol ecul es can be
used to induce or enhance an i nmune response either in vivo or in vitro

agai nst1® normal ly non-i mmunogenic protein, such as a self-antigen. In
particul ar 'I)ééaﬁfeﬁf]feﬁigﬂio‘i‘n”bom ments, nulti speci fic nol ecul es of the

I nvention n or hunanlzed (chimeric) antibodies or antibody
fragment s whi chMtisgedific molecules receptor typically Fc8R (e.g., Fc8RI) or
Fca. R The nultispecific nolecules 'W 01/09186 PGI/ USQO/ 20158 - 15

additionally include one or nore binding specificities, such as a |Iigand
and/ or anot her Themmamamdnhadyelaws tardcbmbiﬂyntfandghmﬂca,llymthésidcdnds to an

AR R TY T M AL T e
because they bind to multipie (two or more), distinct targets, one of which is a molecule
on the surface of an immune cell. In one embodiment, multispecific molecules of the
invention include molecules comprised of at least one portion which binds to 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 corﬁplexes_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 include human or humanized (chimeric) antibodies or antibody fragments which bind to

an Fc receptor, typically Fc8R (e.g., FcSRI) or FcaR. The multispecific molecules



genetically expressed as fusion proteins. Mreover, because they target
effector cells, 5 e.g., via Fc$R or FccR, they can be used to induce
effector cell (e.g., PWN,, macrophage and nonocyte)-nedi ated killing of
target (e.woowosser) cells or, if linked to an antigen, BEIUBW20E8d to
ehhance antigen presentation by antigen presenting (AP) -effector cells
(e.g., dendritic cells). As used herei mgs o0 descri be the nmultispecific

nol ecul es of the present invention, 10 the terma portlon whi ch binds to"
i 8 used int I b " Bot h of
t hese ter msear éljta gnérl%dewg‘trglgr% ?{%E"%s?fmgé@%r #L%h aﬁ)ﬁ%‘“ d %&%yan 'I?l%rh bind to
a target eplkﬁﬁﬂﬂantﬂibd;desﬂmb&bcﬁagmedewﬁchbhﬂhmdntigéiﬂmmlﬁffd:ranwgét bi ndi ng

speC|f|C|t|es |nclude an ound capabl e of binding to a.target epitope

i ncl uding, I56H (&-fot tumo IHESPRCIHP ﬁ”‘é‘ﬁ%'i“%hﬁﬁ iegiheligked0e g an
Fab, Fab’ F gefidtically Eﬂén'es% aefléioaq,!r&eﬂé Iﬁbéb%rﬁ)é):alﬁé‘ﬁlxeﬂaf%ﬁ Lfeeok batseof (e.g.,
pepti de, chenlcal organic mnetics which mm c"' the binding of an

anti body 6r m;vbecbmbrE@tmmwcm&aﬂsa&toenMeﬂmﬂomegiPMN;| body fragnents
i nclude, but are not limted. to Jpurj mani chinmeric),. sipgle
chain, and hﬂ&ﬁ?&él"lﬂ‘?&? Seedbie i RS e e l%ii?ebfflmifﬁ]fg

particul ar RHaRel g‘ehﬁﬁsﬂlg,sm{ P,lgg mor e
ant i bodi es sel ec d from H22 20 C%&%%om t lg& 1177 (ATCC
Deposit No. ‘afféctopaells fe.g.\dendritic Deposit No HB 9469), and antlgen

bi ndi g 11 GTeNt L BET filin SRS o EbRER R s TSR o0 200

anti body H22, I ne equl val'en dge of
bi ndi ng 110 thﬁhnaapaudewhhbbindsbr&lusbdgma(xgegﬂyumhmwmsi‘mﬁdxﬂgld t hus,

are not bl ocke c,p t off b enous en,adm ni stered in
vi.vo. In ot HPF @Wpfﬁ g’ﬁ?"& g‘Pﬂ% fﬁ*ﬂt‘rfg@%wegéewhceﬁl es include
one or nore wikh Hﬁﬂ'tﬁmﬁ%ﬁpﬁsﬁ@d&sfdeﬁﬁﬂbm‘ﬁﬂétamﬁw fh@s’é‘ oﬁf&nh BowiNdidgt- 1 whi ch

binds to FcaR (CD89) and human nonoclonal antibody 3."F2 which binds to
HER2. The t eipsifieities indudesiny apmppupd eanablg of bindiag ttamatgbtﬁwommclgémgalbyt

ant i body t natt FARE toenfBodiSoaaRl Ameh I CF tor iy YO, Mab G, B C 01 2"

(e.qg., an5Fcchamdtvytmmt himeltics ﬂlasoﬁie.gmpemﬂmhemmal ah&erg\fﬁk: imhess Shich

PCT/ USOQ 201, 8. s e di .ng func can, be

per for med by °gr+€?1€ &‘Bg Qanfaﬂ{)l?odygﬁ éyaﬁ?ﬁ“lﬁ?@ “%%Efrf’ﬂggid'eéfn‘f)l ndi ng

fragments eng@iBRBsHathents idtiude,BiCark ﬁbﬂﬁml@d&ttb fffine, humanized (chimeric), single
chain, and human monoclonal antibodies and fragments thereof. In a particular

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 FecaR (CD89) and
human monoclonal antibody 3.F2 which binds to HER2.
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



bi ndi ng portion" of an antibody include (i) a Fab fragment, a nonowval ent .
fragnment consisting of the VL, VH, CL and CH domains; (ii) a F(ab')2
fragnent, a bivalent 5 fragment conprising two Fab fragnments |inked by a
di sul fi dawboimbess at the hinge region; (iii) a Fd fragmePET/EM9LIS8| ng of
the VH and CH domains; (iv) a Fv fragnent consisting of the VL and VH
domains of a single armof an anti bodyg-(v) a dAb fragnment (Ward et al.,
(1989) Nature 341:544-546), which consists of a VH donmain; and (vi) an

| sol at ed &R@Lﬁﬁﬂ%ﬁﬁaﬁ&%%ﬁm&% rfFnéd Wy Pragnfetsion & FilRleggthal t hough

the two donmarns e Fv fragnent, VL and VH, are coded for by separate
genes, t hamtibaty. Exapplesiefhindisg fragmentsoasetsinpassad withim thgdermp\antigesynt hetic

i nk t hat. bl ol t . . ' ' L in which th

W and v i ptsnyof 5 piehoRy eROE (1R ER Felal o RURVELE st LT n S0 0
FY (?igééi"%ﬁm"ﬁhﬂﬂ‘m’ﬁm ’(?L ﬂdld'CHILLJSA 8. gg)%mb%& S ’ﬁnmeﬂqd Eu'St 025Et
al . roc.. . Acad.. Sci . - 5879- L, Su i n chai n

ant i bod$ esfragmentgomprisiag fwe Eap g?&?“%'é‘ lm‘ibﬂb%tg’é%%g?ﬁ%‘iﬁ_eﬁt ﬁ‘ﬁ@‘s"cgg ??ﬁ?on;

"ant i gen- hiadi %#%ﬁf&oﬂﬁgtf@ of #k VREhOHY domBfSAiv) AIFvIRGneht RATRINES are

obt ai ned usi‘ng co nti1onal = techni ques known to those with skill in the
art, and tdfahd VhgndNHsomainsof psingledurh of anjanitibpdyy (ViadAt-fagment(Wardaer as are

i ntact anti,bogd] 20 Yt cific. G I Sh DQ: lygen

Ol £ rer BTN ot 4 HiseE Wb oSt Som R PR AR
mul timer ceylidudtariof dédrmininy fgion{CDR).CFurthenmort falthbwghithe twoadumains of bi ndi ng:
specificities which target.a corrpoegsfnt on the surface of an antigen

pr esent!Pngthe F% fragment, Wioand VH, are gpded far Ryoypanfe genes, ?%‘F?B(?eﬂ%“%n '& mor e
antigens. Bt R dLbo i kEd thatlehsblesGRd B tindde ak RSingRNME. Or

di fferent l:egmtg(l%{‘opes on tdﬁlgp,%ﬁgﬂggfeﬁﬁﬂscﬁfr%ce corrpoﬁient, or to different APC
cel | surf apmetetmeheinie mhich the\WVh apd ¥Hoegions rairtto firmemenovaleptanolequleser  conpl ex

i ncl udes at, | east .three.binding. | f4: Gl L , f.age
conponent ( OWR Y ?15%]1’ ghaé&(;#rr‘g%%gﬁt %gg%"kﬁ@sey #’F(;flgt%g%dgz%l%gfinz gl%%g’e&tghos e

whi ch, wheﬂu_ﬁﬁhmammnaem.nﬁpdgﬁcsWiﬁi%ﬂ?-ﬁ&sﬁeah;&@g’h@ﬂn- S .
o 1 cl i | uibhtics 7 oo Bendi e R cobiphasreD P Sagse =g pBg e Y 'S
PCT/ US00/ 28dsfi6n" of bfl af¥ibod§ cThdse amibddy frgménty dit sRainedyasingvonsentibhalg cel | " or
"APC' refers to an immune cell _ capable of internali zi ncgeeggffoprocessi ng an

i 2|1 cap
anti gen, stechnigies knownytorthese ydtheskill in sheragt, and the fragments are s utility

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 include multiple 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 fo the same or different epitopes on the APC cell surface
component, or to different APC cell surface components. Ina preferréd 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.



are presented on the surface of the cell as AMC-conpl exes, in a manner
capabl e ‘of 5 being recogni zed by the inmmune system (e.g., class |l-NMC
restricted helper T |ynphocytes). The two requisite properties that all ow
a cell to iwownlpme as an APC are the ability to process PCHUSMR20S8d
antigens and the expression of class 11 AMC gene products. The best
defined APCs for helper T cells includgsmononucl ear phagocytes (e.qg.

nmacr ophages), B | ynphocytes, dendritic cells, Langer hans cel | s of the skin
and, in 10 humans, endothelial cells. In a preferred enbodi ment, the APC
cell surface conponent targeted by the binding specificity is an Fc

receptor, typi calakysddtifein, fHeaérai ‘Qn ﬁ?%en gm&mFeEIi’wl“APc"mmw diEifimuaé t he
|nvent|on the mul tiner coanex i nc es tiple binding, specificities

(e.g., two 6Flrelle opinsrmalighg pnd proesssiog mmnesn,mﬂewsr%@ﬂmm@ﬁsem
epi topes 15 dbrbeih on SRR LE I Lol o MACKHIAEY of P %:rn@ﬁéarégfr gl tiple

bi ndi ng specificities arget the same epltope However ,
ot her sui5a%mg&mgmﬁdbymﬁmweﬁm(@udassﬁrwmwhmg@t ed. Such

corrponents be | i ed, .f.or exa i mal (e.g.,
ni ce transg M?Wﬁ a‘%&%ﬁw% él?’? Turface
conponent s hmm:@mﬁaé@sé:ﬂb@%stw{ﬁg&wambms@o@fcmnﬁ{egaﬁdard (e.g.,
20 Western blot) assays. These APC cell surface conmponents can then be

tested for tmeduets. Zhe bastdefined ARCefonhelpard oflle nalydemanemyrledr Phageryt®o t he

t. | ud
component . AGRSskdplaien 1 ARSaERRORLIRT el Bl BB of TR, U0
F(ab') 2, 1&v humanﬁemdortlghelcellsal n Fv) which binds to an Fc receptor, such as

h I gG t F h FcyRI
(CDod), FoyRI | ( CPbepierTRR e RprY, @%@@f%?i{”ﬁge%r‘éﬁ%%}é@égﬁ tor is the
high affini tﬁn&ﬁ?@'sp&ﬁ?ﬁﬂrtlgﬁn Faeu&or, RN Fo/R O ORCin JRfRARPT S Such as

human | gA receptors al so can be t ar get ed. receptor S
| ocat ed on tdnﬂwdmehmféhmvmon\m multigper commwl}dee myitiplehindiphage. In a

L ot an ABRARRIL e, A ol O RS ol Wi 1o i GRRRY
bi ndi ng $5t onGHeyRN AleBREPIP the M@n%{&ﬂm:ﬁ%ﬁﬁm&gé%mfmﬁ@s whieh ef ore,

the binding of the nultimer conplex is not blocked by physiological levels
of ° i munogigeishe sams epivpsion FoRl. However zasher avitableAR(ealisndade sompongntsi bodi es

are descri be:ﬂso can be targeted. Such components can be identified, for example, by immunizing
an animal (e.g., 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 to 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 Fcy receptor, FcyRI. However, other Fc
receptors, such as human IgA receptors (e.g FcaRI) also can be targeted. The Fe
receptor is located on the surface of an APC, e.g., a monoc;rte 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.



in PCT application WO 94/10332 and U.S. Patent No. 4,954,617, the teachings
of which are fully incorporated herein by reference). 5 As described in

t he Exanpl es herein, particular hunmani zed and nmuri ne nonoclonal anti-

FcyRl ant wametiessséand anti body fragnents suitable for use ROT/US0e20158 | gen
mul timer conpl exes of the invention include, but are not limtd to,

humani zed anti body H22 (ATCC Deposit.ig- CRL1 1177), its nurine
counterpart, M2 (ATCC Deposit No. HB 12147), and nurine M32.2 (ATCC

O oo TR bindie VAL bR chiABlL: Wi biSAkea ) chl GOBERU s drhese -
i ncl ude Olndnmfunogiwxmnanl’ne@ﬁad huﬁhﬁzddenﬁql:‘cﬂhmogmlo"nal mlbudl&darhdés%nber? refers

t

capabl e of TECTgpRdiH N2 b s, Reiem e, ABYE1 7 hesbachints REMERR | rruine

response, M@ﬁmarp'&a@éalﬂ @}‘e@g,céjn’rune response). Antigens 15 include
"sel f antigens' aut oanti gens" which are normally present in a host, and

whi ch nofmal |y eﬁ@‘dﬂ%ﬁlb@ﬁﬂ(ﬂlﬁt plastharein, partipdardwintapized andanyringet  (because t he

i Sor der o, TATPHOB St 7 R R R Rpemr e bl fodkor e Rlgen. ©

therefore, mlifmbrcomiplékes ofdfie inVeRtioR inchie st & nbt/lnﬂxtﬂlﬁﬁ hmﬁamiemaﬂebo‘ayst em do
not. In other words, the escagw recognition 20 a host's inmune

Cystem SudR2ATCSCepon o SR 1L TP, s mmpnesousemers, M2 (FHC DRRasiaNes and
pal hogen o a7, W AN PRATEC Hebot N4 9800460}, s LR SEmiiglibies, |1

may be desir to no anfigen in a way that | nducé&s or hances
its recb@;nlﬁagmenﬁyafﬂlemmnbodmsl | s, so that the antigen or cell /organl sm

whi ch produces ant i m nat e rom ot her words,
the antigen is h@"guf’f' g’?gexﬁw%&tﬁﬁ'fwﬂmﬂ ?‘f% ‘Qﬁjgﬁ’iﬁfﬂc 8 °BS°5 mrune
cells as a &ehﬁng%ﬁél'gﬂﬂe m At Ee@®, s Mbdd HereR, réi&m&iﬂiy&ﬁol&fulé@% ipPot€eiAf | on can
be prepared b miwally | i nki ng one qr nore antlgpns to nultl(ﬁ)le (two or

more) bi nd.ma frate; etts) Wigieh i capable of being respeniped Ay an immugeeall G-ped

herei n, US'dile%%ﬁﬁ‘Hﬁﬁﬁh&é@%ﬁse' é&KhﬂﬂTE&ﬁ%ﬂﬁ&d%ﬂ&m&&Eﬁdﬁgﬁt AQRgdk Ot 0col s
wel | known in the art Alternatlvely t he antigen mul ti nmer 30 corrpl exes can

be recohbi riagiudey self antigers] on Sautpantigeys’ewhigh prs moymally presentan a bossndescr i bed
herein. W)W&?&oﬁ&ﬁﬂé ﬁ&gﬁél%ﬁﬁnune 1'&ponse from the host (because the immune

system recognizes them as “self” and not “foreign”). In certain disorders, antigens
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 ahost’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 antigenis -
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.



Accordingly, in yet another enbodi nent, the present invention provides a
nucl ei ¢ aci d encodi ng an anti gen nultlner conpl ex. Typically, the nucleic
acid is operatively linked, within an expression vector, to a pronoter and
ot her genewigpr/aersegul at ory sequences which control expr esnd:'nusunmishe

mul timer conplex. A nucleic acid is "operably linked" when it is placed
into a functional relationship with angpher nucleic acid sequence. For

i nstance, a pronoter or enhancer is operably linked to a coding sequence
if it affects the transcription of the sequence. Wth respect to
transcription regulatory sequences, operably |inked neans that the DNA
sequences bei ng Abdbhﬁdglﬁ,@yét@x@héﬁe&r@ﬂ@h&n@ﬂdpﬁb&ﬁﬁﬂeﬂﬁmsﬂdgsato join two
protein coding ,regions, contjiguous and in _readin anme. For, switch
sequences, " &p pig Afid epcofling an ARfigeR muliumer ﬁ&‘!‘l’lﬂ‘re'rﬁé‘ifg&fg%éu ‘\'ea"“%’épabl e of

effiect | N0 S bhdridlvelyIRRED il A bxpreQifor i), 1 8 blooter afiPothaGfinetRl €1 1, 1

I ntended to to a nucleic Id nol ec capabl f transporting
anot her rfuc ll'@gutatam sefuenseswhicincantrohexprassiemof thevtnsliimeOremplen oA oficleid &cidect or i s

"pl 1 d" \ t I d b de I to which
2t onal BNRPERIRIREE" Wi LB S G rarbrREe RSP s R U 1) ©
vector, \Aheéxalséqwﬁkél Fbﬂnahncal\ioprslﬁ&meahﬂ%&r ib6perdbiyplirik@d tod cvdinge Vi r al

genome. Certain vectors are capable of autononpus replication in a host

cell into \Aﬁ?‘@ﬁﬂ‘i"%‘}a@‘?"é‘ the,ranseriptien of e gequmesaW@rmsapﬂ%Mthaw ng a

bacteri al gﬁ’ﬂaﬁb g ,@P:q Bfttedaf - O her
vectors (e g. ngg e%l sona ?érh% I an vectors’)sﬁcan |S§tgg egﬁl) nto the

genone ol0a chntxguousedntl, wiepndcessary ¢h join two proteio coding tcgsons,cemigpoumid frhereby are
replicated _al.on t he ost NONE, reave n_vectors are
capabl e of &?ardg’éﬁzﬁﬁ ?‘ﬂ 'é’g br‘?p?f?blggﬂ%? %"W%m EREYRT R Sper at i vel y
| i nked. Suchapmﬁto:ﬁeﬂ’emgswmm;ﬁaﬁm her ei n as "reconbi nant expression
vectors" (or sinply, "expression vectors") In 25 general sxpre55|on

vectors of utili &9 1eFm rEchRbrsRd m*gﬁm%@égf%?é"b@?’éﬁ“ molecule f or m of
pl asm ds. eablIwB df the n§m&hﬁé&b9ﬁdtoﬂha§ﬂh5ybeépﬂnkeae%9{y¥wHPY be used

I nt erchan plasmd is the nost conmmonly used form of vector.
However, 15t wgctomehplnsmd'f,svhmhtrefﬁa@da titsulan doubiestranded DN A inopfinge mibichf

XPI eSSi 0N Vg6 DS 85s Ml Bl a0l Syl P hGRU Blgflel ect i ve

retroviruses enovi ruses an VI T USES ich serve
equi val ent fwhesdin ﬁdﬁlonﬂlﬂbm&@ibﬂﬁ niy be lighted iiblthS viral 2énome. Certain vectors

are capable of autonomous replication in a host cell into which they are introduced (e.g.,

bacterial vectors having a bacterial origin of replication and episomal 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.



The term "reconbi nant host cell"” (or sinply "host cell"), as used herein,
is intended to refer to a cell into which a reconbi nant expression vector
has been introduced. It should be understood that such ternms are intended
to refer woormomsy to the particular subject cell but tPCHESERYSRNy of
such a cell. Because certain nodifications 5 may occur in succeeding
generations due to either nutation orpgenvironnental influences, such
progeny may not, in fact, be identical to the parent cell, but are stil

i ncl uded withi gy, "é&ﬁﬁﬂné?xfthﬁﬁ%eﬁ LoPim g,sdhoﬁgg a@%séﬂ%?exﬁ‘% ein. Antigen
mul timer conplexes of t I nvention can used t0 1 nduce or enhance

i nt er nal i dstended fo efeo temeiligtoavhichs rcambinait expressioarvectot hagbeerby an i nmune

| 10 AP t t
o ovi des IHTRRbRRd oy e SRS Wankuct Wi ird Sbed A SRLAA DB T o,
anti gen i paictldPiubjekt dell bAOHGILNS prbgenlyiod sich achE Bedabseaitainmadificadénsve anount

of an antigen nultimer conplex, Faor exapple, an antigen Ig}lglél ner conpl ex
can be hdmayiosewinenceesdinggenerations due io ritheraaysatinnor spviranaen pEneesnt i gen

(1 ncl udi ”%uéﬂ#@%ﬂ%a&%ﬂ%xﬂ%béﬁ%ﬂ%l%% Biferft Beli, BILRE stV RERER willin O
enhance 15 an | ne redponsé agai nst an antigen, such as a tunor antigen
or a corrpalmbpemﬂtheamenmﬂtdat@ﬂhasmdb@ch, t he antlgen mul ti mer conpl exes
al so can be usE\n?as v cines g e ﬁgun ze.a hog t lI}/UItl ééflc

Mol ecul es whi c PFF IR 8 ‘“VSB“W %Bsgg ‘Hng S of the

i nvention ﬂdeﬁﬁhiaﬁsh, Ssiigemd pRserigtion@f el atigen bﬁﬁxgﬁkimﬁfefcelﬂ@g snel l's, for .

exanpl e, to cause effector cell-nediated elin nation of et cel |,
pat hogd®, fh?¢)ewgewd@leo%*ﬁ@ressﬁﬁ‘te9u°m@Eg?f@WQe§anfq#p |°I§ T provi des, in

anot her ?H&ﬁ ik A4S fneOne porti on
whi ch bi nds tongag5 corr%%nentéa%)éri1 an ef Pgﬁlg?%é&wta%ﬁ%dn@qin%c

recept or, smhjdctan effective amoentofan angigeq mulfimer comlext‘r‘m@aampm astigamor e

porti ons) .ch_ bin t a tunor
cell or a rﬁ@bﬁ% °qu%n agggf‘g{é%%r ce 1&&%@%&@%% §ns@'3§£:{§§é?§8?0 an i mmune

cel . Specintigen (ﬁdﬁnglnmomﬁgmsmme@uaﬂbynﬁxmﬁm systerapyiootosenbargecar ry out

speci fi ﬁ I mune functions. exaﬁrirlp m)no tes, macr'f_e@g%%es,

neut r ophi | % IIRPNG Z5TANISE pgAInS ﬂ gﬁ%rﬂ"c‘, SP9F 2 camRo 2 are

i nvol ved b}&‘hﬂ{bg ) ASREEN, iue@nkgdnlmmemeimhmaegalgﬂdahmmapwmnmg anti gens:
PCT/ US00/

to WO 01/ 20158
immunize a host..

I1. 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 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.

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



-21 other conponents of the imune system Thus, FcyRl and FcaR, because
they are expressed on each of these effector cell types, are preferred
trigger targets for use in the invention. Mreover, the expression of a
particul ar WaR/M9B6an ef fector cell can be regul ated by hBGHVEN2PEEt or s
such as cytokines. For exanple, expression of FcyRI has 5 been found to be
up-regul ated by interferon gamma (I FN.g}.-. This enhanced expression

i ncreases the cytotoxic activity of FcyRl cells against targets.

Mul ti speci f| S i | nor e

bi ndi ng spté%ﬂ?a%:n |3§°§%p%&#g%%&}i%%§%% %‘gﬂa cbh&rr%%ﬁgﬁ’f%yg% an effector
cell, such esprasgedion eaclesfaldseeffector cellpesyne raferrdd, trigdeetabgesdonge dpthei ficity

i s provided, by an ti body or 10 anti body fragnment .g., . Fab' or single
chain Fv), Qvg’g’ﬁiq"ﬁ" &Wﬁaﬂ"lﬁéi’%‘ﬁﬁ‘.‘h‘q% nﬁﬂfgﬁ"tgiﬂ"gﬁa‘é%odi ment, the
anti body or e@ﬂfa %p{;aﬁ ' . ' aﬂ'liﬁ@ | y E.@rvderived
froma humaF] an%e?%ggbu’inf) u %vspﬂlggggﬁplgggétﬂoze’f)ort|’gir(1&%fgm§°£g g?rsent arity

det er m nisngbéeagound t4 6&hp-regelated B4 itdrfefdnigafitin (ENEF)) FHi dobfifbed edpr@sip@r t i on
being selected to provide specificity of the humanized antibody for e.g.,
a human Fc #steases thecytoxsicustivinuofdiciBlagllsagainsiyangetlsas CDRs derived from a

non- human antib nd.4 he Ly £V QOkL .oN h ' . ol ecul e are
human. The anti g@élfg?%il °bné°k\3/§nqlgﬁg§%h%?%g&ﬁ§f7l nrgc%}_llgé‘a\y% ogen%%c% gﬁ@‘%‘g‘;i ns or any
L rag rr:s nt ] t"hﬁbiﬁeﬁics 6r ;ﬁmionEa&h;chrbir(dgab bbrﬂpdtkﬁgimﬂteffeéf&&:leﬂ{mﬂbﬁ% Feu L t her f may
e a light chain qr eavy. chain dinper, aor any mni ra nt thereo
such as a FFFcﬁ?m"a?%P"r‘Fg‘Fé"’é’r’i%ﬁnﬁ thepinding Preifigity s proyided X)%‘Haqt’gg%'dﬂ ner et al.
(U.S. Pafgenbnduddy fagifie (e .,’Fabsérléﬁ{éle%‘}iﬂﬁ%_rhés u%%@@deseﬂi&d%&efn.em of whi ch

i's expressly incorporated by reference. manized antibody or fragment
may be any hirtielarembodiognt, thepatihody of antibodyt frigmentis humamenis "hopraizedhe

f d h ' ' ' ' oL for
Peavy chai niagsriE bOR Lhulsin SN bl e APRUR . BORLELESpIAARG | |

i 25 (iatkisnini ioACDRY derbdied from armn-hiaham miiboly, itegeetiontbeingt 0 t he hunan
;ﬁtg: EBZy i S:Fﬁel .ec?ge-g@f?g b}suf €' cient .fqr allown | bi.ndi n ct)lfg th )
hurmni zed aRTCHGHY PIoyide SReciicity oFtbe hiynanized utihody fortr. & MIPER B RO
sel ect ed| S0y The'mBfidniZed aftid@y hasCTDRY detih&d frdaiRa hbd-RurhdPankibé W ind @it | body and

testing the binding capacity of the created humani zed anti body using the 30
enzyme | i nkemaining prstensiof the ptihedy molecylgage 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).



WO 01/ 09186 PCT/ US00/ 20158 -22 Al of the CDRs of a particul ar human

anti body may be replaced with at least a portion of a non-human CDR or
only sonme of the CDRs may be replaced with non- human CDRs. It is only
necessar ywo 01/0%8§8l ace t he nunber of CDRs required for bi nBFHYS00@PISEhHe
humani zed anti body to the Fc receptor. A non-human CDR derived froma 5
murine nonoclonal antibody (mab), nah 32, is described in International .
Pat ent Application Publication No. WO 94/10332, the contents of which are

fully incorpora ' : }BE%@%E@ ' [ ecific to
the Fc receptor}s‘g%g‘hpﬁfrgHerfl%?bsa{&gg‘tscrl Eeﬁzpﬁd LS. Pa gﬁ%@%ﬁ%@i 617,

i ssued Seppertibe bf dnonlBihihn CDR ocanly sorhsofthe GHRsmayde eepidced withporss| y

i ncorporated b ference. -The hunmani zed nmab 22 | body. r.oduci ng cel |
li ne was dgb‘B@%’?éﬁs'a{‘ 1% PR AGFETFRAN Eqﬁﬁ“f‘ﬁ’F °@*¥Eﬂ'¥?ﬁ%‘ﬂ’m‘ﬂ%emer 4,
1992 under of (e hi@ahiskatintibsiy 10 MR Felrtceptorl Aaonihimad CORSErVEd fom aCRL  11177.

n anti body can be humani zé any et hod, ich is capable of replacin
Al ti body be h d by y t hod, which pabl f pl g

at | east aupior mopecleral antibofy Gmab), mah2a isiesaribedin InfematianabPterter i ved from a
non- human ,15.. ] <\ ' ia&hﬁ:ﬂ? dto

pr epar e t héS pﬁﬂ%&%}l’ze %gtﬁﬁﬁé'yg?g@%%?ep‘%gggﬁp ?iq’rllﬁvggnt i on ﬁﬁ%%?egnt

Appl i cat i oherein b3/ lr8fefented, THei hab22cantibddyris bpe2ific td i Fr receptor amdrfurtheirds of whi ch

w th non. ndveoebRL S b SR clstied Selember T oA PE SRS BEHEER ¢ s
descri bed i 14 &preadly Ridadpoldid B refbiRide. TThe hamariuddl habdd aiibady Nurmber: VO

94/ 10332 entitled, Humani zed Anti bodies to Fc Receptors for | munogl obulin

G on Huh@in prasiucing c¢lbline wassigpesitedat the AmerieantTypn Cplswaﬁioafmon-pe recept or
portion, the, aibda I?fﬁblgnggr, Db b HAR2C10 Rl hFpe e lthinol €RE°!

portion", i AN Aantl tiro ant ragnment or a |igand
t hat recognily®¥s and binds a pathogen (e.g., virus, bacteria, fungi), a

pat hogen 25 infected, cell cancer,,or _tunpr .cell, (e. reast vari an,
prostate, etc.)i&mﬂp?ércaﬁhﬁ d(‘?&ﬂ‘yVﬁg&gd’s“‘(efﬂf}%‘gfapggr.eﬁ?fepgacwg n or -
‘ani mal ) or jgddt APeriiGest HCDRM: hinash dntibody Wwitlea EDR defidlell frorn aabhhumie t ar get
portion may conprise or be directed lgaﬁrinmt an_antige A preferred

embodi it aedbady; Yéinigr desaribeg ammethpg W pebe used o Rye nthﬁp e i rmune
- iS%S{ ﬁgl f OranB¥GHR oF the feskRIARRESSUK PAS Npphicdtioh &H 21886380 filainet e ant i gen
-March 26, 1987), the contents of which is expressly incorporated by reference. The
human CDRs may be replaced with non-human CDRs using oligonucleotide site-
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.



30 circulation, and to treat tunors. A particularly preferred enbodi nent
has an antigen that is attached to a multivalent nolecule containing an
anti-FcR anti body. w0' 01109186 PCTI US00120158 -23 In a specific enbodi nent
of the i nvewtbowd1sst he nul tispecific nolecule contains a PCE&ASEN20188e | i gand
can be any ligand that interacts with a nolecule. In a preferred

enbodi nent, the |igand binds a protein42$;g}, a surface protein on a target
cell, such as a cancer cell. Preferred ligands include ligands to
receptors, such bdin gi rentiation factors. For, e le, a

mul tival ent nol e?ﬁ?g‘;eg%%g)nprl se&ié% lg‘()mgg}rl’ﬁg mu@‘%\?\kt% n*oééé:%ﬂ c‘?rc,ét‘fijt(ig)qr%s gt | east
a portion orkgmdli Thelibahdtdn behay ligmdaiap ildrgctowith H tmdleadle) ich prefelred 1 eceptor,
e.g., an epidermal growh factor receptor. In another preferred enbodi nent
of the invemt_rogﬁven?,ﬁ%é mhra&% prgtelin gy, 2 SURCP a@,teﬂsg%ggt sndchane
gastrin-rel egatdigelR Mbfefed ligii helubd K@hidto ra8MbRRL Bs Howforn€ur onedi n C.
The sequences of the peptides can be 10 found, e.g., 1h US Patent No.
5,217, 9555 tdiffercntintion factofs. \for exaniple, & mudtivatentmneldcylecapicompsise anepilemmate. The

| i gand can al so a nogdihfied form of of ese tides. .The.

ol 11 cat | orP RN aeieh BEQUaR ATty gt s SoBEEHLRRIR Y, or no
affect the Ridpbr)@g.] s epideBfif Ricdth fattoe radstor 116 adotien pRfericd embbdimest ofan al so
transf orm an_agoni st ingo an antagoni st, such that the |jgand inhibit

rat her than ¢ inygptionethe figand s 3 smalipeptide, suchns bombesigpgastingsleasing eptidehe | i gand

can be an ag@ﬁf‘)ﬂﬁméﬁ nebAbdiN B, pfneattiinlct!t hme%lgscﬁ ofﬁiggéﬁtim%@ of at
| east one am no acid. In a specific enbodi nent the 1nvention, a
mul tival dft fonnd)iegpdr UfS. LatemtNoc 61247,9%5 thercostent ofiwhixh tis igeorpordted beyeid biner ei n,

the term"antigen” ns_an atur al nt hetic...inmunogeni,c substance, a
fragment or f?g% ‘nﬁ?ﬁl%‘?f%ﬂgbﬁém%ﬁgeﬂﬁg?h%e@& °5thf)s§|8ﬁr’lﬂdg%nh?0 epi t ope, or
a hapt en. Thgodifitafionead ingreise bilding tb the lretdpior, Sedickabiading W n6t ufREr@hd10N
i mmunogeni ¢ j.n_unconpl exed forg;@gbu_t are inmunogeni c vv#ben conpl exed. The

S

term "unconPiP@Rgtpa eerptarq ie wogifeanan esthafisen cap st Eansform ag agonst i m a
mol ecul ar  cogplseagoni ,f&h&agmegga%dmu@muef&mg&m&&e&qﬁ& iSxXEhe | NCl udes

substances whichare |inked t orma nol ecul ar conpl'ex of the present
i nvent i orl$ 2@odificasion of the digtndwan bo#n additionndetation,s substiitionoer arul t i specific

nol ecule is mki%%gof&q?ats@&g%gﬁonacg‘ntigen to the cell to enhance the

processes of ‘Irnternaltzalron an présentation by these cells, and
utlimately, to stinaspeific enbotitief thiciRPeiios, alnRativilent od Bispecific molecule

comprises an antigen. As used herein, the term "antigen” 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, to 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



a specific enbodinent, the bispecific binding agent specifically bi-nds the
antigen (either directly, to an epitope of the antigen, or indirectly, to
an epitope attached to the antigen) 30 and, at the same tine, binds a
surface memeymomss of an antigen-presenting cell which canPCI/USBRMER| ze
antigen for processing and presentation. In another enbodi nent, the antigen
WO 01/09186 PCT/ US00/ 20158 -24 is |ILpked to the nmulti- or bispecific

nol ecul e and at the sane tinme binds a surface .receptor of an

anti gen- pr; [ s or B ed; L gk SW arfalese bi - or

mul ti speCil???%?%@&%gh((g}gﬁteﬁﬁgﬁ?kgﬁ%?w%rﬂgw ti speciﬂ‘?siégg nmol ecul e, itself)
bi nds t he receptor pf an antigen-preseanting gadh - Thegessptor-hipding| domponent of these birtoances,

bi ndi ng of _the ecul e oeeur i t hout.. t he.nol ecul e tially being
bl ocked by™HHEPe Fd’?"g?c“}els(ﬁ‘éﬁg‘“ @‘Fwi'f?é m“ﬁ%‘@%%‘?%?‘?‘%x‘lée’é“?@&?‘}‘ﬁ?“ﬁ argeting of
the anti g%c?brbhﬂleraﬁ@ﬁiﬁéseﬂﬁﬂghenpln daenefinaameed, dihdbig of feymdledulegi cal | evel s
of the.ligand and the targeted regePtor wll remain capable of binding the

| i gand &ndoocusxithgy theymoleple substantially-heingocked by the natyral [igand dor the A
"al | ergen” r sa%;_m MeTell: _ G Or
asthmatic rfré%;ﬁ)(gh?gta?%ﬁla{’ S s{(l:epti %%ﬁ%ﬁ%ﬁgﬁc&eﬁﬂhe I ??{)@Wb&ﬁg‘%eﬁ{grﬁggns S
enor nous aphysiolgicahlevelsief tholigand and the sageted zeceptor, will iémaih capabldef dust, fungal
spores a rugs .{e.g. nicillin). Exanples of natural, aninmal and plant
al | er gensnﬁ’i‘ﬂ‘g‘r‘%gﬁh ‘g?“gﬁﬁ%mgﬁlgﬁ'i fic to the foll owi ng genuses: Canine
(Cani sfam liar i@ﬂdtypmaﬁ%&mhﬂ@mﬂ&rg@. G\n "BRérpEi" QEBR IO Ststah@thatae) ; Fel | s
(Fells domesticus); 15 Anbrqsia (Anbrosia artenisfolia; Lo#élljm (e.q.

i

Lol i umifer eaniaduse an aliqrgieprasthmatic sespegse in esusprtitierspbictt G hedisbofallegeisaponi ca)
. Al ternar 15%Psﬁl&@mah@n&dde%ﬂaisﬁ},sec&&%s,ae andei Fugpdl $poRQS) ;

Betula (Betula verrucosa); Qlercus (Quercus alba); Oea (Oea europa);

Artem sia éotkdragsi(sigapenisilijn) iExpmples afmaturel, tnimgl and|plant allergensiincde at a) ; -

Pari et ari . 0. Pari | ' I. Is Lk 4. j udai ; Blattell
Coro°" Bl roteits e fotheoliButh RoBLe. Taie (Gl 015 P2 B8 B TE
(e.g. Cupr mmwoﬂﬁgqﬁdes\(agenamaﬁppagﬂmgbﬁmgj;ﬁgi (a‘ali.?dab_w@]m)essus '
macr ocar_pa).; ,Juni perus.(e. g... Juni es, Jupi,perus,..,Virqginiana,
Tuni porkss. Uskiits Gty blle Lo ts SThaier Retorge SiBa psrnt o)
Chamaecy patisprarmerfh (CHpAomPRYAionica) PRliernaria (AlRFrablaiterindtal;4lger; ks Pl anet a

americana); ~Agropyron (e.g. Agropyron repeafs}%'_ Secal.e (e.g, Secale
cereal e); Winus gufirosd: 6‘?‘"@&3?‘?%&%”2@3%&"?’@ Q"e[ﬁ‘éf’ﬂbf’);i(‘ye‘(@l@ Dactylis

gl omer at @) uyu b5t Urbmiskr (Arrehf Rl vVilgdrS); Pidnftied (e £ PlantSzHlanceolatay; Parietaria

(e.g. Parietaria officinalis or Parietaria judaica), Blattella (e.g. Blattella germanica),

20  Apis (e.g. Apis multifiorum); 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 glomerata); 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.g. Phalaris arundinacea); Paspalum (e.g. Paspalum notatum); Sorghum

30 (e.g. Sorghum halepensis); and Bromus (¢.g. Bromus inermis).



Poapratensis or Poa conpressa); Avena (e.g. Avena sativa); Holcus (e.g.

Hol cus | anatus); Anthoxanthum (e.g. Anthoxant hum odoratun); Arrhenatherum
(e.g. Arrhenatherumelatius); Agrostis (e.g. Agrostis alba); Phleum (e.qg.
Phl eunpr at wweetygs1ssPhal ari s (e.g. Phal aris arundi nacea); PrepuSenzo1ss. g.
Paspal um not at un); Sorghum 30 (e.g. Sorghum hal epensis); and Bronus (e.g.
Bromus inerms). "W 01109186 PCT/ 1180_%2_0158 -25 Many all ergens are found
i n airborne pollens of ragweed, grasses, or trees, or in fungi, aninals,

h dust, f opds. . As | ot LAt | i stant t
p?lcj)tS gol ;f ic glr gegﬁniﬁl.le’ﬁng?%ﬁ%% n&ﬁ};l?%‘?%ré"ﬁlggsg éagltv%/?gé‘érﬁrﬁ%ss;:% “%P%Br ’?’o | gE on
mast cells ok, a6 Bolse duit) @ feddy. 484 Slafi)thdy bt RélativelRaRMtaxXi S

hypersensitivity reaction. Wen at |east 5 one _specificity of the
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! . ; at . _ A e T eeEpr
can” " decr eacanphild s PLARR il is hreliliin YeBREE, Wi BIBA 19 200

can decreas persensitivity’in a's
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result of digdeereise RopeidehSieif in b Subjéct RIhidisabenspligfied Wieh ke Bigghaﬁ@mﬁeingo the
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reacti ons. TSFcampates foran IgE-bindingraliereembefors yhe allgngen higds igdekvos & magtonpet es

with I gE for, fhi.nging | gl : ntially
'over than (TseEieihi Aely RAAGH plpbaBiit) SAZwl | e SERRRGHBIATI ®, |
coupl e a1gubudtition,as WidsGlf of direé@ripidilrgd toFtyR OEdMte 00T cdlDRPIEOBReC i N i tS own
right (such as a hapten) to a, carrier noplecule, such _as a large

i munogeni ¢ 34FgeRMAY peinduced which interferey withyleFrmediated type reacionsy olmncs n ¢ hese
i nstances, tdgbPhRBRplsheEbPBstiIeGRARG o fg;ﬁﬁ i pi t ope of
the carrier to whi cﬁl t he substﬂ@éﬁ%e I's cou Ied?ﬁtrla ef&?ﬁgﬁﬁﬁgﬁ‘?t ope of

t he subst anowsingideses of allprgen swhstagtiailytlonaer thamthdse ciurenklp dsedi t her directly, or
indirectly, to ayzoulti-_Qr. ' Lfd.C | ecul e of .the inwention can be
sol ubl e or parti (I:Illj gﬁegzse?,gt%%/%%?ﬁ@oiﬁog ‘Ir;ﬂ?ea% F%cﬁta‘%h,'cml'sgg\f[lﬁ?y epi t opes or
bot h. The5 ardntigeic o atndntigdniccin s oovh right (ith a9 hipddn) & 4 ¢afridr inole@tilegsuth Of t en,
the antigen w || c,org)ri se.a corrponené of‘[he_ sgﬁf ce. st(uctlure of a

pat hogeni ¢ JF3AESIHMYBgEenEAIAtSInde-8; Acte 5Em) BB e 1361 ol surface
structure  Shgdhcas thdBisBEid MAAnEHeHERPER LS hadfo UM E kplopBuFadhiret NCY Vi rus

(HV) or the
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 ovarian cancer cells (Slamon et al. (1989) Science 244:707).

30



25 surface antigen of hepatitis virus. In addition, the antigen can be
associated with a diseased cell, such as a tunor cell, against which an

i mmune response may be raised for treatnent of the disease. The antigen
can conpmwae/ssunor - speci fic or tunor-associated anti gRGT/USHMBMSES t he
Her - 2/ new pr ot o- oncogene product which is expressed on human breast and
ovarian cancer cells (Slanon et al. (3089) Science 244:707). 30 WO 01/09186
PCT/ USOQ' 20158 -26 The cells of a subject can be exposed in vitro or in
Vivo to the muird %k 8l subjit &n'te@Rpdbd b Vitrb BY Vo8 the AVt | VAl ent

nol ecul e can be used to target an antigen to antigen-presenting cells in
cul ture. molaecniss ofithe inventione [The nmltévalegpmoketwld canbt ysed foftarget anfantigangat i ent

bl ood. The_cells are t hen _expose Lo a nmul .itvai%ent nol UI§ cof\g%isi ng the
5 ant i gen 2BYBePRESEMES LI HUEy FRURPCPEPFRY %?‘55??‘“?%3@? B W% h a

mul ti val effonitiestblcod. IThY céll afe thewehposedIp @ endliivaldny mbletult BEmprisingdhe .
Targeted antigen-presenting cells wll_ process the antigen and present

f r agnert s aBiigenier the celly gan be exposedito the antigenytogether witha pultivalentmgleqyle et ur ned

to the paty| : ’Eﬁéc‘i‘ﬂ@? , b S ol V | § hance or

rei nforce%ﬁgé?%ﬁlg Ore gic‘)rn';slé(}“tﬁl k%n?gg%%%@%gﬁsﬁg%p lg',vmt?he method is

val uabl e fprocessithe antigent ansipiresehit frdgmenis on theirf sarfaceo After stimlatzon, thepells t i s and

“AIDS, where the un idﬁ{j igwne systemis unable to overcone the infection.
It can al SB°BRHER P PRI cat ment of the acute stages of infection when

rei nforcement qhe ingthed of thésipvdtion dgibenséd folRahdndy afteinorey e ity be
necessary. 15 The nethod can be used to reduce the dose of antigen required

to obt & n respopiede armtigen.okorexamplpdhr methpdinaluable dordhreeagpent Af ¢hiiGnces when
the host idﬁ?tsucﬁfs%%gﬂﬂils%dhﬁﬂcbfﬂi&tﬁbMd'iMuﬁe benfRuhstidho Al though

general |y desirable, t l'owering of effective dose ‘can be especially
desi r abl e onkxeome the inflectioge it dan also ke used dn thisdreatimsnt ofshedcutgstages afhe case for

al l ergi es.. Met hods, and. uses I. i i - Or. i ific. Lecul es

corpr 51 ndeHoR e aRa e o il Haploss Sttt I SRR bigknisy ol 18

i nteracti ngceswdry.n an antigen, are further described in the published PCT

R e O T SR
protective or therapeutic immune response or in instances when the host does not

respond or responds minimally to the antigen. Although generally desirable, the
lowering of effective dose can be especially desirable when the antigen is toxic to the -
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 to 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 that has been nodified, such that its effect on T cell activation
I's nodified upon 25 presentation of the nodified antigen to the T cell by
an antigen presenting cell. Allan et al. have in fact shown that

substituti Qfipplgepyge Or nore anmino acids of a peptide that pcpiospodossses T
cells, e.g., stinulates T cell proliferation, can result in an antigen
which fails to stinmulate the T cell or_which induces anergy in the T cell.
Such nodified peptides are terned A te4%ed Pepti de Ligands (APL).

Accordi ngly, such APLs can be 30 linked to bispecific or nmultispecific

nol ecul es hawesagatian tp deslls, SicareoliferationofdheT cellsanayberighibitediopaneggired. Upon

phagocyt osi s, jmi . ' ' C 01109186
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anti gen whi dwomoﬁﬁicmpnép@mmogﬂ@ | gells, apd, {b) ghleeshone AvrF crdiAntibedyt i on

i nduces agergy resfugwm{{m%ﬁy%ﬁ@domgfoseich&%é gs‘n.m-sﬁayﬂmi@a;i body 5

will result I'ninduction o ance e subj &ct to the antigen. Thus,
such nul ti - hispecific syoteciiles canrbe uslid tderizan stbjean seaivaristytaflantigens; €., 9ulo} ect to a

vari ety of ant.igen e.q.,..auto- antigens.  Thus, .d ndi ng on t anti gen
Uaed: T he. matHEAS. Shus AebediGE it s Aitsed prdee MEDRALE topviRiieh BiotidRgan

| mmune r espof&@Rodsifordncreddihg af lirfiiuie reshdhbed €], B isi3 of lahtigeh Whith sfimufa@dsiTs, and
the invention also provides nethods for reducing an_ i nmune response, either

10 by i nhi bi9eflh gt thednyention alse provides metheds forreducinggn immppg regronsey gither ce| | s,
Th |t e ' : ' i | so incl ud
e m Iiape@liljllﬁﬁlng?lc%ilgﬁhﬁ on@!b?é%n@i%%%elr%ﬁ_tﬁémgﬁfs' on may al so I nclude

an "anti-enHhancene actor (anti- ant i - enhancenent
factor portion" &emultspeifiamuithiaiint mélecuddsiof thelimantionooayalforiagjnde®n or a

| i gand that binds to an antigen d .thereby results in_an_enhancenent of
the effect ofa“{‘]'ﬁ@ha&ﬁet‘?epf:%m%@gﬁpg? PUBPR ¢ (ﬁfe )éarnuqu,gang?ﬁl?m f@g’f&?‘ag{l BBrtion.
The "anti - enkamcaiiily, fudciodsl aRGbddy Gragmerdr b ligwhd Wikt biadd ®@BRAMen@hd @ tar get .

A mul tival ent .npl ecul e conpri si ng% an anti-target _portion that hinds to one
target cel | theraey rgats imep "gg‘“ ieament of the sHestohthe pa-F oreceptorpoBionof the aglings to a

di f 1 er entyst Agef porddhl iﬂsnadtéexmrcah&ukﬂcwo%ﬁ*%bm%?gm@pm&et cel |

under goes antigen nodul ation or antigenic variation .g., as has been
descri bed f otargeerA muliivplantasdlecads comprisingian a0i-targgypmntimdhat dinds Wi anetargeti vel vy,

h I -enh ! ' bi nd Lentity..th | s diff
from the ont FRVREE A tpeshalctoll 15 woisn g ERLo Rl 1) onbi nas

antigen is particularly useful where the target cell undergoes antigen modulation or

antigenic variation (e.g., as has been described for certain parasites (such as

20 trypanosomes). 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, CD8, CD28, CD4, CD40, ICAM-1 or other immune 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



For exanple, the anti-enhancenent factor portion can bind a cytotoxic
T-cell (e.g. via .CD2, CD3, CD8, CD28, CD4, CD40, ICAM1 or other immune
cell that results in an increased i nmune response against the target). 25
Met hods W@ ONMBEg Ml ti specific Mol ecul es The mul ti specPFIESHEPER | es
descri bed above can be nade by a nunber of nethods. For exanple, both
specificities can be encoded in the s28e vector and 30 expressed and
assenbled in the sane host cell. This nmethod is particularly useful where
the nul ti -weife.l Albspetifiemblecult 6f the (dve@inttan ¥lsb bék sinklé Thélh bizpeifid N as "
described in Exanple 2 WO 01/09186 PCTI USQ0/ 20158 -28 bel ow. (/A bispecific
nol ecul e omolesile, isughastaisinglechaindispecifie antibofy, @ single glvain bispepifie poleculenp| ecul e,

nol ecul e co%rﬁgﬁﬁgglgﬁgh@#ﬁgiw%gﬁd ant1’bo ;ﬁgng anl | a&ng?hrggeglhsi ngl e
chai n bi spemirfisingnwb tigaride Mubivplentmolgculescah alya helsinglvighain molesules ol ecul es
can al sQ be single chain nol.ecul.es or. 5 .may,cC rise at. l east two single
chai n ndl e’BﬁY%‘ggp"ﬁﬁP{}SﬁéW"oﬁm ¢ Shitn mplgcyles. MT‘R%?&R'W&% “8hti bodi es are
for exanpl guRraleht JaBbdied aké for esd¥ibEl & U'S. aientdidabel)s 360,207 1681t  Nunber
5,455,030; U.S. Patent Nunber 4,881,175; U.S. Patent Nunber 5,132, 405;

) 5 )
U.S. Pat enPatent Number3.655,030; U.S. Batent Nuymber 4,884,455 UsS. RatentNawnber) 5 pat ent
Nunb 5,0 : ' 5 N .
S aop Shibas &ﬁﬁgp%%@mseM% 13° U8 PafbiPufiBy 54787860 PathiiTDET

5, 482, 858. the singl & chai'n nolecul'es To their specific
targets caNuinberc0if3i658e 1).S. Patehti Nweber 5i258 408; 2Ad 8KkS. Pateot Nipeber i54#82/888.Exanpl es

herein., Alternatj vel each, specifi.ci of .a nultispecifi.c nolecyl e can be
gener at@q sepgﬁ‘&ﬁ'@%’fﬁﬁa‘“ﬁﬁé‘g?‘gé‘tﬂ‘?ﬁ%‘%‘;‘S‘f %‘Teﬁ@t‘:ﬁ%%%bﬁégn%rgﬁjaugat ed to
one anot he%bilglggciﬁcqgmsnlaeﬂesm&dhuuﬁrﬂ)&e@]eam&bhodi es can be conjugated vi a

sul t hydryl bonding of the C 15 term_ nus_hinge regi ons of the two heavy
chains. In a paN'“FfEﬁ}V&MWb%@?‘&&f%WBBHP‘?F%Fﬁ'P‘?m‘S%@“ 8ERETRehi on i s

modi fied t ﬁﬁfglﬂx{atﬂ@r_lg g fils oP peptited doYfHgitkd {0t GhGifier. BbET €7 aDI Y - oOne,

prior to conjugati on. I'speci fi1¢c nol ecul és of the present invention can

be prepar eéexample; twp bhurpanized antihpdies gan bervppiugated viashlfhydryd bending ofitht:6- usi ng
nmet hods, descri bed. | ' ' I 20, - in the
art. Folrsd exanp "gg‘“ﬁgb"'g}‘?‘%{’fﬁ‘% c}%&mb?n %ﬁ%ggﬂ?%%wgr}lbmw’

the hinge region is modified to contain an odd number of sulfhydryl residues, preferably

one, prior to conjugation.
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 orthose welll-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-1-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 Paulus (Behring Ins. Mitt. (1985) No. 78, 1 18-132);
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).
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agents can be used for coval ent conjugation. Exanples of cross-Ilinking
agents include protein A carbodiimde,

N-succi ni m dyl - S-acetyl -t hi oacetate (SATA), N succini m dyl -

3- (2- pyri dwoteitobise) pr opi onat e (SPDP), and sul f osucci ni m dpeT/US00/20158

4- (N-mal ei m domet hyl ) cycl ohaxane-| -carboxyl ate (sul fo-SMCC) (see e.g.,
Karpovsky et al. (1984) J. Exp. 25 Med.,9160:1686; Liu, MA et al. (1985)
Proc. Natl. Acad. Sci. USA 82:8648). Other nethods include those described

by Paul us (Behri | ns, tt. (1985 4 18 8- 132) repnan.et al .
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fragnent s3 eelpw. Nethods ferdnakingfully bireanménorionkiantibrfdies kiso hedwown in theki ng
humani zed antj hodi es..ar.e known in t art. and ate descrihed in detail in
he. exanmpl oot Dt s kTR bkt By Siiehlh ol RENEE oS booi s
al so are knaiéhoclondl Atibody inethbisiogy 5] the eehded oafatib SelPiybeidizadbnby a variety
of techniques, including conyentional _nonoclonal antibody pethodol ogy

e.qg., the sttashaigueolibohisrand Milstein DNawredSoa#95dA975) c Although somaticeg| er  and

M | st ein, N%P%ﬁzg?i —iye err@&{ : &ﬂg‘m ﬂ.eﬁm? l.di zati on
procedures are pre g??ég&rés%m ?"g, ot_le?é?{ﬁ'?{ac ni ugétgrpagrgﬁ%&oduci ng 10
nmonocl ondf anenioglodal antibodjp earcheimplaeid e.gg viral\or padogenic ransfogeation df Bansf or nat i on
of B |ynphqgc tgs.teThe preferred animal system for preparing hybridomas is
the nuri ne %W s"I—lybridomat production in the nouse is a very

wel | - est abl i shed The prefirdd Enimalsysiinddr préparing hybridemksis @itdnirfeipstemies for

i sol ation of _i nuni zed spl en&cyt es for fusion are known in_15 the_ art.

Fusi on par t idyt$idoma produgtion in,ae mousegaa vers welestaplished mrpesdussy Lewawiztionar e al so
known. In a ﬁ?&t@é&i&ﬁ%cﬁﬂf@%‘f&ﬁ?&laﬁdﬁ%ﬁﬂmﬁaﬂé&kfﬁg@ég@?&'m &S kithm igener at ed

using transgenec mce carrying the parts of uman |1 Mmune systemrat her
t han t he 1froubeart.sEusios partrign:(c &., musins gryelomaeeltsy and fosion procedures Aralson as
"HuMAb" m Cino&QNt ain a human

In a 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 2 human

20 immunoblobulin gene miniloci that encodes unrearranged human heavy (i and y) and x
light chain immunoglobulin sequences, together with targeted mutations that inactivate
the endogenous p and x chain loci (Lonberg, N. et al. (1994) Nature 368(6474): 856-
'859). Accordingly, the mice exhibit reduced expression of mouse IgM or «, 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. et 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. N.Y. Acad. Sci 764:536-546). The preparation of HuMab mice is described in

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



20 i mmunobl obul in gene m niloci that encodes unrearranged human heavy (g.

and y) and x |ight chain immunogl obulin sequences, together with targeted
mut ations that inactivate the endogenous and x chain |OCI Lonberg, N. et
al . (19909186 368(6474): 856- 859). Accordingly, thef 02958 bi t

reduced expression of nouse IgMor x, and in response to |rrrrun| zation, the
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821-830; Tuaillon et al I nmunol 152: 2912-292 Lonberg et al.
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I nt ern. Resfall of wnith@i-eheb&bb mcbﬁ:ordﬁéi}lﬁj&efefd&edinrtbeu &mraytdSéecfﬂﬂmr,gJ.SN. (1995)
Ann. N. Y. Acad. Scj
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i ncor por atigerikokdt ESCPEE N, §,545 80720 StaBt & al. Sﬁn?erﬁdﬁbﬁél?bbhddu& Né§ Pat ent
Nos. 5, 545,806 and 5, 625, 825, Dboth to Lonberg and Kay, and GenPharm

| nt er nat i oWS) 98/24884, rublished onyunes 1 5A98SWO 9442 §$mb119élpdhlpvembenﬂ%r nat i onal

oubl { shed RETe0 Rt bbARA 1 3, | Y O B3, Bbuditd Dol 642700
?SQ 22645 ?Bj‘rgmm&mmaMmmmamnvﬁewmmfameWhmhw g/a[) ch 19,
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anti bodi es. To generate fuI | y human nonocl onal anti bodi es, m ce can be
i nmuni zed #tibedies- ' : '

To generate fully human monoclonal antibodies, mice can be immunized with a

purified 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
08/24884. 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



purified.or enriched preparation of the desired i munogen and/or cells
expressing the 20 desired i munogen, as described by Lonberg, N et al.
(1994) Nature 368(6474): 856-859; Fishwild, D. et al, (1996) Nature
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hybri donas caspepsiens off eplersc lyephecytds dront inenymized uidel aperfusdd taohé-sieth-thepeci fi c

anti bodi es. For e a.Sigle cell suspensions  of eni hocyt es
From i mmun; 2R S ReE AL R nes S Giaeshoteh m Rl oA TCEr CRE KD RS: b
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f ol | owed By fallewsd tiadwo wsek ingphation inselegtive sadipe cataining 209nfetal Glang 20% f et al
a ore 38" UnBerfd Hg30%33" Coiflbhcd Mieath, 5 Yrifen BOERS, W 1-ibline, f !
L~glutamine, 1 mM sodium pyruvate, SmM HEPES, 0.055 mM 2-mercaptoethanol, 50
units/m! penicillin, 50 mg/ml streptomycin, 50 mg/ml gentamycin and 1X HAT (Sigma;
the HAT is added 24 hours after the fusion). After two weeks, cells are cultured in

20 medium in which the HAT is replaced with HT. Individual wells ate 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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ChioTe 00 @bk ditehRinkd 8) 8L, diff PASbRRRGTRAIEREL Mhefhordofity. 1) H uted
antibodies can be aliquoted and stored at -80 °C.

To determine if the selected human monoclonal antibodies bind to unique

20 epitopes on the desired immunogen, each antibody can be biotinylated using
- commercially available reagents (Pierce, Rockford, IL). Competition studies using
unlabeled monoclonal antibodies and biotinylated monoclonal antibodies can be
perforfned 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. After blocking with 5% BSA, the plates are reacted with 10 pg/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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s, bu
rezctivity with the desired immunogen by Western blotting. Briefly, cell extracts from

cells expressing the desired immunogen can be prepared and subjected to sodium
dodecy] 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 IgG alkaline phophatase and developed with BCIP/NBT
substrate tablets (Sigma Chem. Co., St. Louis, MO).

Therapeutic Uses for Mudtispecific Molecules

25
Based on their ability to bind FcR bearing immune cells and specific target cells,
a specific multispecific molecule can be administered to 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 autoirmunity (e.g. immune
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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 to eliminate a tumor, cancer, or
bacterial, 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

- severity of the disease or condition. One of ordinary skill in the art can empirically

25 determine the effective amount of a particular multispecific 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.



enul sions and the like. The use of such nedia for pharmaceutically active
subst ances 15 are well known in the art. Any other conventional carrier
sui tabl e for use wi'th the nolecules falls within the scope of the instant.
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patents, cited througho ttbhis application are hereby 30 expressly

i ncor por at ed by Méﬁ@‘—"%" ! 01! 09186 PCT/ USOO120158 -35 Exanpl es

Exanpl e 1: Produgy, fohblafrivoalds gadks %@rm Bt gi\tw or
F?:Z Specific sl?ﬂ Z nvne?e
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HBY%469.
15
Cell Lines
The murine 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, Paisley, U.K.). SKBR-3 is a human breast
20 carcinoma cell line which overexpresses the HER2/neu 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 FcyRI and was
obtained from ATCC and grown in RPM-1640 plus 10% FBS (Gibco, Grand Island,
NY).
25

Cloning Murine Immunoglobuiin 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). The Ig V region cDNAs were made from RNA via reverse transcription
initiated from primers CG1FOR and CK2FOR as described in International Patent



15 Cell Lines The nurine nyel oma NSO (ECACC 85110503) is a non-lg .
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Enzymol . gthsiptash Rlife TRAndiogivs, Peiglep/ UK AR Vg ard VR IDNAsever:iMplified rever se
transcription initiated fromprinmers Cd FOR and CK2FOR as described in

| nt er nadi obPCRA EIendivR), 1 ATy Jorgsand Gn Y¥nter 8RN (Gaming; o

Publ i cati og, el inf§ i boiGHlerAR dnbindbRBok)Y FC
Receptors o*%ﬁog O%%%%ﬁélr%?&ﬂ%hﬁ%om onutc’?g‘gr Phagocyt eg.) The cDNA
synt hesi s Rms. Natl. AcadiSdi. WSAc86:3833) aising theaINA primers ins¢ongert wdh U MMLV r ever se

transcri pt Lfe i es, .Pai.s UK) o T H . wer e
anplified gﬁ@&bg&m}%ﬁ;ﬁéﬁ% &?smlﬁ #Pi%!ﬂﬂ%l Plg.te?PgH%ﬁn @&g%u i / nt er
(1989) (O wpinber WOIMITBIL ORtpiified Vijiank | & DDIMRwvers pluifiedculpneiaioM1)y t he

pol ymerase chain reaction), Proc. Natl_. Acad. Sci. USA 86:;3833), using the
cDNA pri0rered sequenser-ley the didepxy methegesiog 1Y {DNRAghmerase ( bhed in

I nternatio atf\?%)ﬁﬂltl).Appl i cation Publication Nunmber WO 94/10332. Anplified
VH and VK weré purified, cloned into ML3, 10 and sequenced by the

di deoxy nethod using T7 DNA pol ynerase (Pharmacia, Piscataway, NJ).

Construction of Cg,y,,r;,g[igncoﬁ%,;,gg%;%%?éenes

To facilitate cloning of murine V region DNA into expression vectors, restriction

15 sites were placed in close proximity to the termini of both M22 V region genes. For
VH, a 5' Pstl site and a 3' BsfEIl site were introduced into a cloned murine VY gene by
PCR using'VHlBACK and VHIFOR (Id.). For Vyc a5' Pwll site and a 3' Bgl II site
were introduced into a cloned murine Vy gene by PCR using primers VKIBACK and
VKI1FOR (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 M13VKPCRI (1d.)
which contain an Ig promoter, signal sequence and splice sites. The DNA were excised
from M13 as Hindﬁl-BamHI_ fragments and cloned into the exi)ression vectors pSVgpt
and pSVhyg containing human IgG1, (Takahashi, N. et al., (1982), Structure of human

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

functional segments, Cell 22:197), region genomic DNA. .
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(119G New), Bioghem str : 34 ,_and . Marquat, M et al., (1980)
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human Bence-njasia¢smpkeghe Vi detBhin moEptypicd.of buman subgrogf i andOngltled and nol ecul ar

orotei n el rpfemelar TEAEST0n iy lo3 Gnd TP BIE) RIS RIS ERECC ey
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Thr 107 with Lys3®NAggntzining e NEYM Vg and KE§ Yoo FRs with irelevadt CDRBYEr was
changed §9 lefdiid inflo BESRASONABYHRCRY hd M1BYKPLRY (Bfaliid & al. Supra). DNA

encoding the KOL Vj was constructed by a series of sequential PCRs, using

oligodeoxyribonucleotides encoding KOL FR amino acids and irrelevant CDRs. The
constructs were then cloned into M13VHPCRI.
Oligodeoxyribonucleotides were synthesized to encode the mAB M22 CDRs

20 which were flanked by nucleotides corresponding to the human FRs. For the humanized
Vi based on NEWM, the primers included murine FR amino acids Phe27, 1128 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 Vi
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



DNA containing the NEWM VH and REI VK FRs with irrelevant CDRs were 15
cloned into the vectors ML3VHPCRI and ML3VKPCRI (Faval oro et al. Supra).
DNA  encoding the KOL VH was constructed by a series of se uentlal PCBs,
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t he extensi I gation m xture using reverse sequenci ng pr| mer 5 with
U Vent Dmmmmmmlmgﬂ@wxmmmer thy congryction @ ftheés t hen
arrpllfled wﬁﬁl%gi%th ML3 forward and reverse prinmers. Product DNA
was cut fndl 1, cloned into M3 and triple CDR-grafted
mut ants i dent ified by DNA sequencing. IV113 clones containing the humani zed
V regions were sequenced, | 0 to ensure the absence of
spuri ods nut ati < : | ones was digested with

H ndl'll and Bafﬁﬂavyeé Q@%ﬁdllgﬁmmﬁgj@aam%@s%c@ﬁdew@% or

Pwul, ethanol precipitated and dissolved in 50 pl water. NSO cells (1-2 x 107) were
harvested by centrifugation, resuspended in 0.5 ml 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 170 V, 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 dilution.
Antibodies were purified from overgrown cultures by protein A affinity
chromatography (Boehringer Mannheim, Lewes, UK.) Concentrations were determined
by measuring Aogonm and confirmed by ELISA and SDS-PAGE.

B



human kappa constant regi ons added exactly as described for the
construction of the chineric antibody genes. 15 Expression and
Purification of Reconbi nant mAbs Heavy (5 g) and light (10 g) chain

expr essi oNwpashaks were digested with Pvul, ethanol precpgrtstoesisand

di ssolved in 50 | water. NSO cells (1-2 x 107) were harvested by
centrifugation, resuspended in 0.5 m Mand mxed with the DNAin a 0.4
cm el ectroporation cuvette. After 5 min. on ice the cells were given a
single pul se 20 r’PF er, Bio-Rad, Melville, NY) and

i ncubat ed furt he==2 Rent gy HE8el s were allowed to recover in
DVEM for 24-48 hydiills Semigestitat Platd\@ére CORLH Wi Boad ERihatGghantib&iigddi tion
of mycophenolic acid (0.8 ug/m ) and xanthine (250 g/m ). Aiquots of 200
i were di stSetackabdCrapiay RpvmudlK.) gt 30 el bigrbamatebuffen; pHO6. Mhe plate wasys, cel | s

f the we, A% 3 N ' | f ihod d by 25
L1 S vir o okl S008I RuBLEREP e i Boor sl SRR ER oL Lo o
puri fi ed sf r s diiRtracelthMf @snddy ofHutial FoyRS 288 hinbad 16M KatPemEFAPhy

(Boehringer Mannheim Lewes, U K.) Concentrations werée determ ned by
measuri ng AgRIgnobtained froovtfansiemsly tapsfEttedIBO8 nellsIDE-cRpreision\WEteIWaXKisly

PG' T/ uS0012015. - 1 SA f Me t Ant i.bod | [ Th |1 f
a m clrjot ?t emﬂﬁﬁq '@'zﬂb%’aﬂ Eﬁdg %@g "-’S’I%H‘Iﬂabﬁ%}{‘@a@ﬂlt ingodi ste\ (%e(r)a
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bl oeked with 1% BSA and followed by the addition of a soluble fusion

protein 5 cgwellphinmy gl aritibodizs (ISagmi St Lauis,ddOhthat aitained-alightchilns tnd  human
R T
Massachuset {ygre@eRetedwithip&Bkitlade 1ab8Ra z64 antifihman Eé?gﬁ gﬂﬁimabodzes (Séracont r ol

.2 p.

mAbs were then added_in the presence of excess g/well) human | gd
ant i bodi es ‘La GmwlexsPown.diKo and/mphenylenedigpingi ned 4 | i ght chains to 10 bl ock
t he non-specific binding of the test mAbs via their Fc portion. Bound 22
mAbs were detected wth peroxi dase-I|abel ed goat anti-human kappa chain

anti bodi es (Ser aF?u&mkcg(nﬁlngme, U. K.) and o-phenyl enedi am ne.
Fl uorescgl nati onpof AL, DRI §tion was adjusted to 9.3 by the addition of 0.1M NayCOs.
Fluorescein iso-thiocyanate (FITC) (Sigma, St. Louis, MO) was dissolved in DMSO at a

concentration of 2mg/ml. Forty pg 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 0of 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 hypaque (Pharmacia, Piscataway, NJ)
gradient separation. To up-regulate FcyRI, neutrophils and mononuclear cells were

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



15 The pH of mAb solution was adjusted to 9.3 by the addition of O.M
Na2CO3. Fluorescein iso-thiocyanate (FITC) (Sigma, St. Louis, MJ) was

di ssolved in DVMSO at a concentration of 2ng/m . Forty p? /EJS@/ZIE was added
for each ‘MPI“I'P*‘@?‘am of mAb and incubated for two hours al roomtenperature.
The fluoresceinated mAb was separated fromthe free FITC by G 25

chromat ography. 20 Preparation of Bleddl-Cells Bully coats were prepared -
from heparini zed whol e venous bl ood. Wole blood was diluted with RPM
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NJ)  gr &di Unef Eslapgar2Geroany)pad 380 Flmlat e FcyRI, neutrophils and mononucl ear
cells were treated with cytol dnes. Cultures of nononuclear cells were

I ncubat ed $7C, 5% CO2 WO 01/09186 pcTI US00/ 20158 -40 for 48 hours in
teflon dishes at 4 x 106 cells/mM of RPM containing 2.5% normal human
serumtype AB (Sigma, St. Louis, M) and 500 IRUn IFN-y (R&D Systens,

M nneapol i s, Nl\ﬂ_@!mmm s were cultured for 48 hours (37C, 5% C02) in
AIM YV media ( a2 wth S50 Bkl b1 ovi ded
by R Repp, 5 U o@nﬁ% er n%any anéd 500 I RU/ mex% (ﬂféFI o?/yv
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pl ates as previously, 10 descrj bed, [(Guyre \ nocl onal
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receptor fyaeled9apBS, pH m&ﬁkmm Dp/mBSEA and0.05% NaN, (RBA )5 antbadiustedashed i n
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2.0 x 107 @teJZDsﬂllmcequﬂ RBPFIFII@CI‘IQ%% mnmsetsﬂfe@gé@awmi bodi es were
prepared in FBA;  BBAS cbfdeb L, HibbBPEY phy2nd hhmaShrbl 315 OF Hilhd2S 0) . OF

human
15 IgG (10 mg/ml, Sigma, St. Louis, MO) (25 ul), or PBA (25 pl) were added to the

microtiter plate, and left on ice for 45-60 minutes. Unbound antibody was removed

from the wells by washing the cells 3 times with PBA. The cells were fixed with 1%
paraformaldehyde. Cell associated ﬂuox_'escence was analyzed on a 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 fragtnents, J. Immunol., 139:2367). mAbs 22 (both murine
25  and humanized) and 520C9 (anti-HER2/ne) antibodies were produced by in vitro
cultivation éf the respective hybridoma cells. The antibodies were separately digested
with pepsin to F(ab"), 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 50mM Na Acetate, 0.5mM EDTA, pH 5.3
30 .(4°C). Ortho-phenylenedimaleimide (o-PDM, 12mM) dissolved in dimethy] formamide
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15 The HER2/neu over-expressing human breast carcinoma cells, SKBR-3, were

used as targets for lysis by cytokine activated neutrophils (see preparation of blood
cells). Targets were labeled with 100 uCi of 51¢r for 1 hour prior to 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 radioactivity. Cytotoxicity was

20 calculated by the formula: % lysis = (experimental CPM - target leak CPM/detergent
lysis CPM - target leak 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 FeyRI, (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
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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 regidné 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 expeéted sizes for Vi and V¢

| were obtained using the SH2ZBACK/CG1FOR and VK7BACK/CK2FOR primer

25 combinations. Amplified DNA was digested with apprdp'riate' 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.



15 added at various concentrations to establish the dose-responsiveness of
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| muni zation, J. Exp. Med. 165:970). 10 Humani zed mAdbs and Initial
Characterization of their Binding M2 VH FR showed greater honol ogy (79%
to KOL (funman suBgimanigedmABs aid dnitial Chardc)lohedtion Yy thelr Bimdings ubgroup 11). To see

how this difference.mght affect binding, _heav I NS were ¢ truct ed
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15 humanized Vi 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 FcyR1/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/REI V. mAb exhibited an approximate 5- fold lower affinity. The low binding of a

20 nonspecific human IgG1 mAb 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 Vi/REl V,( mADb, designated H22, was therefore

25 chosen for further examination of its binding characteristics.

Functional Characterization of mAbH22

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
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equi valently for either the binding of fluoresceinated M2 or

fl uoresceiam{imy@a&ﬂepcabevﬁ@wa@@icﬁﬁes excess human 1gG which saturated the
Fc binding sites on FcyRI. As expected, the anti-FcyRl antibody M32.2 15
which binds to a different site on FcyRl than M22 (Guyre, P.M et al., J.°

| mmunol . 43: 16 I ] -FLTC. In

addi tion, -{’l%%nlmﬁ%%? %‘?g? ?bﬁgg{aﬁ?ﬁ@? %tegﬁ%%@%ﬁ %{31 %%tl #éroel evant huma

| g@ MYy Csndsiak BBgand B tHeFRbiddirp doynain, competition experiments with two anti-Fcy - :
RI murine mAb (M22 and M32.2) and a human IgG1 mAb were performed. '

'Unconjugated H22 and M22 competed equivalently for either the binding of
fluoresceinated M22 or flucresceinated H22 in the presence of excess human IgG which
saturated the Fc binding sites on FeyRL. As expected, the anti-FeyRI antibody M32.2
15 which binds to a different site on FcyRI than M22 (Guyre, PM. 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 FcyRI 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 IgGl. This experiment demonstrated that the Fc portion of H22
but not M22 bound to the Fc binding domain of FcyRI. This is consistent with the
ability of the Fc portion of human IgG1 antibodies, but not mﬁrine IgGl, to bind FcyRI
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

to FcyRI on monocytes in the presence or absence of human serum. In contrast, the Fc-
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of FcyRlI binding via the V regions of H22. H22, but not M2, was able to
conpete for Fc nediated binding to FcyRI by a 20 fluorosceinated human 1gG
1. This experinent denonstrated that the Fc portion of H22 but not M2
bound to t W #mwetsendi ng domain of FcyRI. This is consi st eRCTAIS20tS8e
ability of the Fc portion of human 1g@ antibodies, but not nurine 1g@, to
bind FcyRl  with high affinity. Since tfae hunmani zation of M2 was primarily
to increase its inmunotherapeutic 25 potential, the binding activity of

H22 to nonocyt nd,.cyt.oki.ne- aci. v rophlil . ned in the
presence of e&??zerﬁé%drllfﬁ\;?foaﬁﬁeﬁﬁlaﬁ%“ﬁ%%ﬁ%} ':}ﬂ"‘% |?ﬁ"|'p$%°1§¥\®?lﬁ?°? gtl/’%‘pgohmﬁcle on
nmonocyt es i Refulie Lﬁk@ﬁ&DHQZ—PIT@B&ﬁﬂQﬁth%fmi!l&'Hﬁh@%m-h&m&&éﬁﬁls it he Fc

b' axr 09186 PCTJUSaanalss -45 nedi ated binding of an irrel evant hunman

| gG FI TC wadhedhsgrce aed ip thapvesoncead hiyparsermn. Celiactivaly, theidats demonsytedr| TC bound
wWith simlar bl F - ed. . L1 ke e and in
the pr esencetbag E’F%%%bétgrv ﬁ%%‘?@ggg‘ﬁa\?sé‘%%‘?‘ﬁg‘g h’atp%hg}élﬁ%'agtd é‘géggﬁ dat hat H22
bi nds bot# Wigitd Fsreploh 8O0hOTigant Bindingidofald oT FeyRI! Thé b 8ndise Lkiviy ng domai n
and 5 via its Fe region to the |igand binding domain of FcyRI. The forner
bi ndi ng act ieﬁeetyvelye?vp@emwyoW%Mhaw?séﬂy bl ockade of human |gG .
Functional Activity of H22 BsAb The forenost application of anti-FcyRl

anti bodi es for inmunotherapy is the 10 devel opnent of BsAbs which |ink

FcyRl - beari ng ef (Fasé¢tionalote¥iviyy dfdi28 Bsdbor cell, a virus, or a
virally-infected cell. Such BsAb have_been devel oped with M22; therefore, a
conpari son was nddefssmeskappligation of antiFeyRL antibodigsor immyratherspxps the 20coxMp2)

and a cQjre ' ' C. i city. These
BsAbs cogéi sﬁ%%&ﬁ%@%& ﬁ&g%ﬁ%%@%ﬁ%ﬁ g%)e%g ﬁogaat%é}er'g} ‘fo%l’gk’eﬂsFab' of an
ant i - HER2/ nesr aafrailpindacteliTell. SRR Bs A havk Hebnidevalopal widew2d; thertfore, ahe ef f ect or
cell trigger nmolecule FcyR . and.the, t r anti . ri n qf

V2. der | uoq comes as FAdef sy of e W anf Rimdifhan TR 0
H22-deri ved BaéondiReHas BSAE (320694 HIN G MédidtEEHHALity) VIHE BN ADS Sbidited SKBR- 3

cells. Both the murine and hunani zed BsAbs exhibited simlar |evels of

lysis 20 of dAtResM23Fab ichemicallyFoniugated i9 the FebefenentyHERG e amibody r et ai ned
ADCC act ilg | t(deéb),t arxllﬁ thus were specific for the effector cell trigger molecule FcyRI 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/neu 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'); resnlted 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 FeyRI 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 FcyRI 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



presence of human serum while excess M2 F(ab')2 resulted in conplete
inhibition of killing. Taken together these results show that the H22
BsAb-i nd is is nediated through the M2 epitope ghgh he ADCC
is FcyRl %g‘SEM?% Finally, the ability of H22 and M22 to st%‘iﬁn&fnas?e

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

eval uated. M2, which binds to the Fcﬁg?r only by its V regions, induced-a
~very low | evel oxygen burst, presumably because it is unable to cross-link
t he receptBxampleiZ ci GnnérynonioﬂQF@nqﬂoHSQHZMpmmammbsﬁamomFuﬁoy Rl by '
bi ndi ng ai, a ligand via its Fc domain and, additionally, as an antibody via
its Fv, ind ¥4 a nore substantial rel ease of super oxi de. 30 W 01/09196
PCT/ US00/ 20158 -46 Exanple 2: Generation of a Functional H22-Epi der mal

G owth Factor Fusion Protein Materials and Methods 5 Expression vectors
and cl oni iYjatesigls andMethodsect ors for the genonic clones of the heavy (pSvgpt)
and light (pSvhyg) chains of H22 are as described in International Patent
Application Publication Nunber: WO 94/10332 entitled, Humani zed Anti bodies
t o Fc Recept or Expressidiivectonuamdgloding i n G on Human Mononucl ear Phagocyt es.

For the Fab-1i dfu5|o struct., it n ter the |ight
chai n. For the §P’ﬁs£ g\ﬁﬁ% 1bf:ir?ges\'\@he“h ﬁ’?@ﬁaa% had to be
removed ar@svnyg)%ﬁﬂﬂs ofﬂ}m m dmiibaa iblntereKion Patent Amc&ﬂogaanﬁﬁcauzﬂne heavy
chai n vector contai ns two ites, one in-the_intron_between VH and

CHI, and tlﬂ\‘!ﬂbﬁrhwp %k@%ﬁ%@éf@mwdmb%ﬁﬁgce?ﬁ@@m restriction
sites, BN@( 519919# oh Mamah Monbiicléd? Wﬁéb%_rfl@@ MFor RFa84#Rendfisin t r Uncat ed

ver si on enco on CH1 and nbst of Inge. To do this, the
pol ymer as ecomktmcn 11rwomnmasm)ﬂtmbe light chaine eEbrttl!; heayyi ¢hebsy heweven the

C-term nus.Q nfra wn in '
Figure 1. T %ﬁ@?ﬁﬁniﬂﬁxﬂ Fg@%‘é Tﬁiﬁaﬂ%}:‘g‘!ﬁé?‘g@%&%?céﬁqr ansl ati on
term nati ofhe hE&dﬁOMddOy\ﬂﬁixf \&ﬁtﬂi\' oéntdihetwol BumHIGitess 6he indlie iotrorsbereasn Xhol - and
Not |, and VﬁSt ream

tge other just downstream of CH3. Usmg the BamHI restriction sites,
15 DNA encoding the constant dqmams were replaced by a truncated version encoding
only CH1 and most of the hinge. To do this, the polymerasé 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, X%ol and Notl, and upstream_of a
BamHI site which was used to clone the new PCR generated CHI fragmenf 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 XAol 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
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BanmHl site which was used to clone the new PCR generated CH fragnent
downstream of VH was used to generate the fusion protein constructs. The .
cloning sites, which are |ocated downstream of nost of the hinge in order
to retain ¥erogibigki ty between the Fd and |igand donmi ns, pemyescemenst o
insert DNA encoding EG- or other ligands. Al so, the 25 single Cys residue
has been retained fromthe previous congiruct to allow conjugation for the
formation of dineric nolecules. DNA enttding the |igands were anplified by
PCR to have a Xhol site on the N- terminus and a_Notl site on_the
C-terminus oesidues ofwareEGR g7t e the approximately marr@se@emcﬂnﬁ@r wascinped readi ng

f to t H
t ;3::?61![ gdof rl%gﬁl%ﬁ‘ dglls%gr%?ggén& %ﬁvr% qg%g i g Ié%ﬁ%%%ﬁ"é‘ry sgér?@ f act or

(EGF) was OltMi, Mmimbtedy A h CapE T, K#HQQB:?!):a S| mmam@ammgpew ani no

ot oxi mat o 3 Y30 HSerel P ks Frepiaer A St RRPREIORE Ni%Rn 671 and

endi ng W 5h- Hd@Gehd idn. Nl Aadfnéwu Pd4M-s4¢ﬁtmben 'Vl M, Wornmsted,
MA., Caput, D., Ku. Urdea, MS., Ral .B. & Sanchez- Pescador R.

Human Epi der mal Grovvth Fact or Precurser cDNA Sequence, Expression In Vitro
5 and Gene O gani ; Nucl . Acids Res. 14: 8427-8446,1986.). Expression
The nurine nyel OM ECACC 85110503) is a non-lg synthesizing line and
was used for exprﬂﬁsﬂme afyelola NSOS(EOAQC aslel'omz) iskhmonfI Bpithesiempding amh

vector, a pS construc wi.t h DNA enc H22 Fd fused | frame to
EGF (shown i ¥ Q%tgée’samwago the fysion prqteips. %Wﬁ%?rhmﬁ r$§‘ a Bi oRad
Gene Pul ggr é&s&b%gnmmaﬁadxggﬁm Fﬂ’ﬁﬁé’d ﬁ%ét& EG'FS(%%%HF%HE Was pSvhyg

construct contal ning DNA enco ht chain. These pol ypeptldes wer e
expressed bytransfepigd gY M@Pmaﬁmuﬂl@aeﬁm GeneftulseriotNSOwhielhkad\beent or s, and

secreted by gggJ Pgﬁ@ 15
term nus of #‘E@ ‘E:%ﬁ#ume@wt&%e}%os&h%\o aycg%%e ran‘l'g?gd1 Hﬁ?ﬂgﬂ
mycophenol i cclmim. mmmypapﬁdaéwaemprssaﬂbjeﬂlg@mrmdlmw@rmmxﬁor cells
that took up_, the DNA. | ndivj.du ql oni s V\BI’ sol at.ed. and
subcl oned af?’@?’%?’?r&?‘ﬁf@?ﬁdivltﬁvnﬁgﬁgﬁzwgﬁg? 'S& éﬁ%uri cation
15 terminus of the constructs. One or two days after transfect:on. mycophenohc 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




Cel | s expressing the H22- EG- fusion protein were subcl oned and expanded. .
The fusion protei.n expressing clone was expanded and grown in spinner
cultures and the supernatant was clarified and concentrat ed. Small scale
purifi caMoP/ON8E performed by affinity chromatography SCTHFUMPE human
kappa chain affinity colum (Sterogene. 25 Carlsbad, CA). The purified
protein was anal yzed by SDS- PAGE on _ag%- 15% acryl am de gradient gel under
nonreduci ng conditions. Figure 3 is a schematic representation of the

t tometr
90 To- s holbisaf SpkrtiGRsh P imar #8D pidiih B R bRbRIATauEey, Bk OV, DTE 1Y
EGFR Si MHU4A(HIE Hy 25, a}ﬁﬁrmnized/vemm of the mayrrionecldmhmttbed;el@@ﬁd (Figure

I'n thi 01/.0 .186 NS00/ 20 -48. diff trati
of 12 Ecbich BN BT e Tgand WadipE S e Mercio et potpecamAt e, o5 3
HA25, a h Bﬁﬂlnﬂe@«ﬁin&%)@kééﬁbs%e Ed;preewwmemqmgcakommemm Nfeb, which

bi nds EGFR at the ligand binding site (E k) was incubated with A431
cells, 5 amg,aummwmmesmW@ewmmﬁ the e(rmﬂa;lar(dma@

ok | Syebiok il b SolBR oo ot S BALE i B g 00 P10t "
human | gM %ﬁdg@z 25:'ﬂih@binu F@,RPQN&é?értH&mdlaxx{cP@mtﬂa@mh% ok (32.2),

t hat blnds a5|tet I's distinct fromthat bound by mAb 22, was
added. ThéZ,omsladdwer'léletcﬂlﬂwmﬂieyMM by R6SSOAN. Mitesnativelyy/inding t9 ndi ng t o

S0 bi nd ng R G0 By Sresty (el Whele ButndBah 15 EoMIGT Ay Lot t - hunan.
119G APCEindiNof HeAlD 8f MsioR ProteiEwhs Eet ted by FERlabelvdantidrinfin TpGed using a 51C

killing assay. The EGFR overexpressing cell line, A431, was used as targets
for lysis by human 15 nonocytes cultured in y-interferon (IFNy) for 24
hour s. Targets% | abeled with 100 itG of 51 C for 1 hour prior to
conmbining with ctor cells and antibodies in a U bgottommcrotiter
plate. After i mmemnteﬂbyﬂﬁﬂmmrmoain\m@lempmﬂdlu&lm§ Cokilling col | ect ed and

yei £ ey T ROER olasipbresa Btteed ¥ 08 0 e BBl )

| eak CPM rﬁim% é&&‘iﬁne&mef-m‘térfer&mmmffom H&UrS Teirgdis werk ldbelY with%0bysi s
Wi t hout anti bod?/ The ability of
puCi of S1Cr for 1 hour prior to combining with effector cells and antibodies in a U-

bottom microtxter 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 td'mycophenolic acid and



the fusion protein to nediate ADCC was conpared with that of the respective
BsAb. The assay was also perfornmed in the presence of 25% human serumto
denonstrate that 1gG or other factors found in human serumw || not

i nhi bit fusioon/oprset ei n-medi ated ADCC. 25 Results Purifi BETUS200880 cel | s
expressing the H22 kappa chain were transfected with the H22- EGF 30 heavy
chain construct and cl ones sel ected fqr4 resi stance to nycophenolic acid and
WO 01/ 09186 PCT/ US00/ 20158 -49 xant hi ng wer e expanded and the fusion
protein was afjf.nit uri,fjie rom the . superpatant. an anti-human kappa
col um (Ste%@ﬁ%%&%ﬁ%ﬁ%gsﬂgmbﬂ?%&”%?‘mﬂ%am ®anal ysed by
SDS- PAGE.  Thipepratant drgh datiQufial ki cohufifh (SlerciBne? CRALAN ICA)TOhe pukifid Wei ght  of
50-55 kbDa, indicating that the fusion protein is expressed as a 5 nononer,

not a di sul Proin wanaelysed byeSDS-PAGEd dibe purifiedprotgindgnigrated abamapparedtn  appar ent
nmol ecul ar ' : .S RO r ' : | j.ndin
speci fi ci t\;/\%l‘g& gprr%ﬁl Lite'y ??%jta’ IPﬁgam ls%#%ﬁﬁegrﬁsg?deér%{é{gdgP’gir%lser??slgcyR? and

EGFR 10 s3 mmdnaimen net aydisulfidednked diimer. AAGEditiss aybaidwashesn stad apparagir € 5 shows
that both the_  chem cally-]inked, fully-humani zed BsAb H447 (H22

(anti - FcyRI F%%B’?’FEW#@FPW‘SW @hé@e‘ﬂ@éﬂ%d in the follow ng Exanple
3, and the H22-EGF fusion protein bound EGFR on A431 cells and sol uble

FcyRl simltaneously in a dose-dependent fashion. The EG-R-specificity of
t he fusion protemstrated by the ability of 15 the nurine mAb,

Ma25, which bind GFR at. the._li.gand bi ndi Si rasl O, ibit fusion

protein or H22 x%?g%o ﬁﬂa,tﬂﬁgt_he\t}%pq%gwggﬂggm lchgtr‘FQd “Si ther the BsAb
HA47, or10f sidniifindddsly BGlspédifid PACH k@hPivis IRIsed.| RiguRH shbwihbtbofidddé cells in
either the presence or absence of an excess of Mi25. Figure 6 shows that

bi'ndi ng of _Isberhicallyelinkedifullynbhmanized Badb B4 b (HEe(mnti-FoRE % HARSH which was 25,
denonst rati ng & DeaRBR%h i dk BfioWing EiambleS, 25 RO 1D BIGH flsibe profeti tduna APCC

EGFR on A431 cells and soluble FcyRI simultaneously in a dose-dependent fashion.

The EGFR-specificity of the fusion protein was demonstrated by the ability of
15 the murine mAb, M425, which binds EGFR at the ligand binding site, to inhibit fusion
protein or H22 x H425 binding. Various concentrations 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.

apcc
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



The ability of the fusion protein to nedi ate ADCC was anal yzed usi ng A431
cells as targets.. Human nonocytes cultured for 24 hours in the presence of
|FN-y were 25 used as effector cells. Figure-7 denonstrate pgsﬁlnole
ant i body WQPB09186 ne BsAb HA47 (H22 x H425) and the fusibht ’ﬁ?‘@ PR medi at ed
dose-dependent lysis of A431 cells. Figure 8 denonstrates that while ADCC
nmedi ated by the whole antibody is inhsguted by 25% human serum (25%1S) ,
ADCC nedi ated by the fusion protein was not inhibi ted by human serum and
inthis p%ghkﬁuﬁaau@wmmm phdisth Was BipabRiof &g 30 enhanced
by human seérum These results Support the clinica utlllty of tﬁese

nmol ecul es céiis, dehGR e Grdscide EB RIS Bressirigefiegtor exils las woalklibe gresém iz tile f usi on
protein was capabl e of killing EGFR-overexpressing cells, even in the
presence of FcyRl-expressing effector cells as would be present in vivo.

G owt h inhi bi tQ;,ng,r,gmgﬁﬁ:gﬁoginew&]ﬁ@g %@feg;sei ns 5 Al though EGF acts
to stinulate g nor ma express receptors for. it, EGF '
al so cah act t AlthaughEGF aetpinrstimylate grawth of siprmal cells thas epressreneptoss oo

(Bar nes, lof Fg,’fb t 1986) J.

Cel I. Phy5| #a&%fgﬁ%%l@1 abr i %‘Eﬁ%ﬁ%’ﬁ?&sﬁﬁﬁ&@ L?él on protein
t o i nhi bi tD MthmpNthchmlAﬂBL MadLlesd, (Wasetakams&)eﬂ CeR. Rhykibb127:125). 2 x 104
A431 cells_we ates i.n _conplete

medi a cont'gieﬁg”i‘&' ‘(’/éf‘g% ‘36??8%%%@8@ YW'FFBHB“ g@lﬂm‘ﬁg??é&‘omﬁﬁe Fab
fragment Qfas ekbdine®@ss follews(ab' ) 2 fragrrent of H425. Viable cells were
counted after seven days using henocytoneter. The anal yses were

perford®d in damuﬁaﬁ"é aﬁléswameé@a&%ehsesmco@nmmﬁ@mpm ons. 15
Th | t Ihes t EGF and
Hzg réai srlﬁgdgﬁggl canﬁ?y [ nﬁk%‘ .Eﬁng:'d Pfenhr owt l{i%sgbg’guslée epen e{n‘%}af ashi o(rjlIn )

On t he corl2foythe P(dbé)z E@M af Hd2fg méable odllshmv2Sconhied laftérasdvenalays usinig bi t ory -
T h)
and EGF si mﬂdhﬁnﬁwﬁdms. 20 i ndicati ng t hat t he nol ecul e had fol ded properly
Same {ilfe. Fur FerBlteere PR P ¢ s U NG PP MG R
expr essi NOp&H Wighiffesidy lhmead cbtt rowth ek craaé iéindenPlashish. DA B chitrary, -'
the F(ab")2 fragment of H425 which had some inhibitory activity only at high
concentrations and the Fab fragment of H22 had no growth inhibiting activity.
Thus, H22-EGF is able to bind to both FcyRI and EGF simultaneously,
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
proliferation 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
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EGF, the H22-EGF fusion protein is capable of signaling through the EGF-R
H22- EGF al so nedi ates potent killing of A431 cells in the presence of .
FcyRl expressing effector 25 cells. Thus, H22-EGF nediates. both cytotoxic
and cyt ost apbeumideect s on EGF-R expressing cells. Adnm ni $icriseesnss
H22-EGF to a subject having a tunmor will result in recruitnment of the
body's natural cytotoxic effector cells to nediate killing of the tunor
cells by potentially three different notles - cytotoxicity, growh

i mhi bition, and phagocytosis. Furthernore, in addition to cell nediated
cyt ot oxi ci t \bycsecreting inflammatory| cytokine@didrdy pidcessingrand piekenting tmor tuetipeinsy

H22- EGF may Al f gnent anti-tunor imunity CVO 01/09186

PGT/ USOQ 201 gﬁgqrgﬁé’ci)t{/&eé%e??'eti ng i nflammatory cytoki nes and/or by
processi ng and presenting tunor antigens to tunor specific T cells.
Exampl e 3: HR2- I—ﬁr egulin_(H22-gp30) Fusion Protein Mediates Tunor Cell 5
Killing Herg%‘&f” ¢ HREp 2 Heregulin (H22rep3f)) Kusion BrotsinMadipterTumer €elll es. Bot h
of these s5reagmpfeors may form heterodimers with HER2, a nolecule which is
overexpressed 1n sone breast cancer cells. The affinity of HRG for HER3
and HER4 i ncr eas &sregulinyHRG)daaligandfwcthe HER3 andrHERS miobeulks. OBoth of iesedi ner s

wth HER2. This, exa e 10 denonstrajes.that, a bispecific nol ecule,
conpri sing kﬁ#e mﬁmﬁﬁmﬁﬁmﬁ%ﬁl‘%%‘é?ﬂwwﬂew fh ’cslﬂ’é‘"F%%Tﬁseqclﬁhi bits
growt h of a somébfeaqt@hrcet delle. TRCLAEE GHHRG fo HERD A8 BERYInGaRgNdent
cytotoxicity of . these cells in the presence of Fc%%glg-zbeari ng cytotoxic

ef fect or celSsuficeptly when these molcles from heferodinmgrewith cEhisexampled in the

sane nmanggr 5 | | A ahed iR, Briefly,
genoni ¢ DNA %ﬁlgg%‘?tneé Ht%ﬁaeﬁgé.égﬂlrég’!“?%é‘%rﬁen Rl SRekliciy a&%ﬁ?‘@% 22,
was fused t docthélRc)Ri inbitiits grovit ofFunidecall lineQhd ind@iads fukioh Proddin tPendekhe ami no
aci d sequence of the H22-HRG fusion protein (SEQID NO 4) is shown in

Fi gure 10. THotoxiqityioftheps cslivintheprageneesef F o hearingeytatiexic effec@seellss t he
heregulin 82 sho £hHn. | [ or.ti ons of
e PFZ ggrﬁ%ulﬁ%ﬁ& prhl?éméf ern%é%%cg the s%nuﬁnaé\ﬂ%eag ?he

heregulin 82, as we ortrons o I'n nole such as
t hose 20 di JE325EGH fiisionpreein Bescribed ifiErdmyple 3, Bfidfy) génordeDNAssmcddingthed. The

| Tne. pr o9 o §Pepied:p FUBRBEFARIAR B Ml 2, b o iGN BIPECiREHR BGF T he. 22
kappa |ight dhinbf theB2 forRe ot HRG! Thé/ShiR0 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 82, as well as portions of other heregulin molecules, such as those

20 disclosed in U.S. Patent Number 5,367,060 can also 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 cells expressing this fusion protein was diluted three fold or thirty
fold and added to PC-3 cells or SKBR-3 tumor cells expressing HER2, HER3, and

30 HERA4 in the presence of IFN-treated monocytes at a ratio of 100:1 monocytes to target



protein was expressed predom nantly as a nononer, even though the protein
contains a free Cys residue in the hinge region of the H22 Fab conponent.
Fl ow cytonetry 25 showed that this fusion protein was able to bind to the
HER?2 ove?"@(?)‘(oéloséi ng tumor cell line, SKBR-3, as well asPEHUSMSBxpressing
cells. To test the biological activity of the H22Fd-HRG fusi on protein,
supernatant fromthe nyel oma cells esgaressing this fusion protein was .
diluted three fold or thirty fold and added to PC-3 cells or SKBR-3 tunor

cells exp i - ' resence of, ] EN-treated
ooyt o6 "t soul, TR aopbloii ettt Wi o) sl fhe Bl R0 et e

PCT/ USOQ' 28th35Cr asi@scriberbin Exainple. 2. Thhe %ofispevicifie lysiy was cakalated ayvi t h | FN-y and
the target cell.s re.l abgl ed ith 51 Cr  as, described in Exanple 2. The %
of speci cﬁ%@%ﬁ%@%ﬁ%ﬁ%@@ﬁe %senﬂmaﬁ%@dli T he-resplts indicate that r esul ts
are presegbeil45% of SEBRS célls andlp t6 850t 19% 0P BCOPlefls hlddsed cbadn®f SKBR3

cells and up to about 49% of PC-3 cells.are |ysed upon inhcubation 5 of the
cel I's wi t Rf thegellsitythe supsmatant ditued 33folds| d. This fusion protein inhibits

grow h of SKB I I&Fiijl- . i | on rotei n. dependent
cytotoxicity o tsh}ég%pce @ﬁ&%%rog§§%&§W¥g9%@3ﬁﬁa%§ toxic
ef fect or pmitdin depthidemt cytdiexitity off thése @tlls ih itife pResdnde! of

. ; . . . , cytloxic
anti-FcyRl -heregulin fusion protein can nediate anti-tunor "cytotoxic
activi ti esffegteraellss Hlhup.dhexgsults©f tis exampls show thizd an andi-EqyRé-hedegutlinfusién a f usi on

protein w . eIt | | Lity.i.n.the treatirent of..varipus cancers.
Exanpl e %@%&%&g}% n - ugfog ﬁﬁé’iro Lcgit""é‘l&rll‘hﬁ’iesd"n ffé’glﬁlﬁﬁgﬁc °%‘h'°’ﬁiaf’ ing The
H22- boltbe $ndicafeutbatsuchpr fosien provehs wilbigsve theedpeaticsitility irthe/tréabmddi 6f VA2RuEGE 15
fusion protein described above. However, since bombesin is a short peptide
(14 ami no“®%E¥d residues), instead of anplifying cDNA encoding bonbesin -
usi ng PCR technol ogy, DNA oligoners encoding the sense and anti-sense
strands of bonbesin were hybridized to cr eate the coding region. The

am no aci &xanmele dnc HiA-Bembesin Futien RroteiniVMediatey Tumor €elliKillingar boxyl end of -
t he heavy chai I gﬁgéﬁ ' Walp

-G n-Arg- Leu- G%Q%%%%m% gﬁfgf - a?%%%%de%t&%@eﬁwa NG 5)

whi ch Bor fusiqeanelsintdgscribedabosie;i deweven 4inoé bambrisings a softpeptidex(l4 edinal . (1971)

Experi ent h&d 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 antibody is the following:

20

-Gln—Arg-Leu-Gly-Asn-Gln-Trp-Ala-Val-Gly-His-Leu-Met-Gly (SEQID 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 NoA site on the C-terminus such that it
could be cloned into the H22 heavy chain expression vector describéd 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 51Cr



27:166) and contains an additional glycine residue at the carboxyl end of
the peptide. 25 The oligoners had overl apping ends that did not hybridize
but instead created sticky ends for a Xhol site on the N-term nus and a
Nod site OWOOMSS t er mi nus such that it could be cl oned FGRESHORYSED? heavy
chai n expression vector described above. The biol ogical activity of the
H22- bonbesin fusion protein on tunor cghgl killing was investigated as
descri bed above for the H22- EGF and H22-heregulin fusion 30 proteins.
Briefly, PCygihtiHaledWith!nforldEAtd 4l vRGSR SRt ABADSID-HbE plothSafd With 5 1
Cr WO 01/09186 PGI/ US00/ 20158 -53 and incubated wth nonocytes and vari ous
concent r at i fusiongroteinBependeéns lysisrvens determinetoas desesibeshaborve t Bien ghatant | ysis

was determ s .deseribed abgve nesuyl 0 LN _Fi e.l2,

i cat e ¢ nutFiERe 12gEne B8 FRBHRL oo Bl s pati W ok B B i o cer

lysis i ncraresasespropoionaliynith the winbint b Rusidfiproddin eddell esthedsspy.ot ei n added to
the assay. 5 Fusjon proteins having H22 as one bindi n? entity and CD4 (Al DS

Reposi tory) or BysionprpteinphavipgJd22 4seng binding gntity apd, §DA IARSRerositqry orver e
al so produceg Ezﬁ?g)k%o : LR ' | S lﬁ&ﬁcf di es From Modi fi ed
Humani zed EE!{ZP ody 1 %Foa é%g%hﬁa%ggggﬁgﬁgﬁt 0 ksngi(‘)Expressi on vectors

and cloning 15 Expression vectors for the genom c clones of the heavy

(pSvgpt) and, light (PSYh | NS.0f _HR22 were } bed. i

| nt er nat i onMﬁéﬂt %Sﬁ/}‘&g’)éﬁ%?%Fpeﬁﬁbﬂgﬁ?‘?‘wfﬂﬂfﬁ'eﬁﬁ%%ﬂﬁgs2 entitled,
Humani zed AxXntibedy €s to Fc Receptors for | munoglobulin G on Hunman
Mononucl ear Phagocytes. For the Fab' construct, it was unnecessary to
alter th¥1ight Fragmentscor the heavy chain, however, the CH2 and CH3 20
domai ns had to be renoved and replaced with a term nati on codon. The heavy
chain vector contains two BanH sites, one in the intron between VH and
CH, and t hdarrialsand Methoddownst ream of CH3. Using the BanH restriction
sites, DNA encoding the constant donains were replaced by a truncated
version encoding only CHL and nost of the hinge. To do this, The

pol ynmer ase chai nExmrasioneciérSGh) cloing utili zed to engi neer the new C 25

term nus_of the heavy, chain fragnent with the alteratjons show in Figure
1. Figur b1 Expression vectors for the genomic clones of the heavy (pSVgpt) and light

(pSVhyg) chains of H22 were as described in International Patent Application
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 CH1, and the other
just downstream of CH3. Using the BamlH! 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



[B] shows the alterations for generation of a truncated single sulfhydryl.
version. ression.The murine nyel oma NSO (ECACC 85110503) is a non-1g
synthesizing line and 30 was used for expression of the LE H22

ant i body w?ﬂb‘“’l‘?‘nal expression vector, a pSvgpt construggp&b%ﬁﬁm
encodi ng H22 1d was cotransfected with t he pSvhyg WO 01/ 09186

PCT/ US00/ 20158 -54 construct contaifndg DNA encodi ng H22 |ight chain by-
el ectroporation using a BioRad Gene Pul ser. These pol ypepti des were

expr essed chbystrat cbgtatvﬁnymNArenecmﬁng H2Zhgin chain by pleetsopotation utihga BaoRadr s, and
secreted by the 22 h chaln si gnal, . pe ide Iocat 0, t he

N ter i nudear PRS- dBremolReRtidee e sRPRed B g8 e pompie fd 18 eBmnes:

WCOphen0|pi'&e1ﬁ%§1e5e&&g arAREBE by B n AW Real P chdif siBRfl peptide 1&%@% for

cells that took up the DNA. IndiVvidual grow ng col onies were isolated and

subcl oned tbﬁmsunmnfﬂnsucnnﬁmlgwa@m of ™o daygafter sensfectiontrayropleneli¢ acdidit j on 10

E(h;R)SI 2 t %8 U| ft@ére praggélj{:‘ggkbyglﬁan{é\%g ro cpe?lgl vg@khpg}e%eerggsgcg ?Ctel )

transfect qﬂdxbi‘é&l ihg coldiies Wikré solid dnd 'siliclciidd BfterFepREBifdiAg &dtivityi t Y
chromat ography. The single sulfydryl formof the antibody H22 was purified

by i on excvas opstiateat ogr aphy using Q Sepharose fol | owed by SP-Sepharose
(Pharnmacia, Piscataway, NJ). The purity of the 15 single sulfhydryl form of
the H22 anti body was assessed by SDS-PAGE. Generation of bispeciftic

anti body ( BsAb)PuBfiédtionas constructed usi ng the nethod of Gennie et al.

o 38mm) 2, @%Pﬁ“ﬁ%&?‘ﬂi"gﬁlﬁﬁéﬁ)"?ﬂ#ﬁgg? el A B MR IR Bt e

f ragment s, EGFR) dRib&H were éﬁﬁu&a@ﬁ)n vz?;b‘éullﬁ@ﬁdbn)off tKH‘reéﬂé&ﬁre\tﬁﬁstSﬂ) ed by
limted pepsm proteolysis_in 1 Mcitrate buffer, nd the F(ab)2
purified ol $oﬂ%§d’¥ﬁé’“€ﬁ?43%?‘8’§%ﬁ@nﬂrﬁ Fﬁ&f?g‘%@fe ee‘éﬂﬂil"ed by addition

f
19r as(r)renmtvls v@a@iﬁ%l e adgme(ﬁg’ PAthfitge Shroiffogrshf ufife

um equi || br ated i n 50nmM
sodi um ace@t&eahar@em bEIS?#Sep&!PSs (Bha(rmg)ta, P@f—‘ﬂhwapﬁghywth m de

(o- PDM, .12 ?_j sg ( ed in a

- et han(}FI | L%%Sl{l%§%gﬁ)g'ﬂggg1 one voﬁ%ﬁrue &P%%S%dé
Generation of bispecific antibody (BsAb)

BsAb was constructed using the method of Glennie et al. (Glennie, ML.J. et al.,

(1987), Preparation and performance of bispecific F(ab' gamma)Z, 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(abY) 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, 0.5SmM
25 EDTA, pH 5.3 (4°C). Ortho-phenylenedimaleimide (o-PDM, 12mM) dissolved in
dimethyl formamide and chilled in a methanol/ice bath was added (one haif volume) to
the H22 Fab' and incubated for 30 minutes on ice. The Fab'-maleimide was then
separated from free 0-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 a 1.2:1 molar ratio. The reactants were concentrated




the H22 Fab' and incubated for 30 m nutes on ice. The Fab'-nmal ei m de was
then separated fromfree o-PDM on Sephadex G 25 equilibrated. in 50nmM Na
Acetate, 0.5nM EDTA, pH 5.3 (4C). For preparation of the BsAbs, the H22
Fab' - mal ei mae/08Bswas added to the H425 Fab' at a 1.2:1 nBCEHUSR018. The
reactants were concentrated WO 01/09186 PCT/USOW158 -55 under nitrogen to
the starting volume using a Diaflo neniyane in an Am con chanber (all at
4C). After IS hours the pH was adjusted to 8.0 with I MTris-HC, pH 8.0.

The m xtur : § | %M) (R ' ER micod Banttilf

al kyl at ed W%%@%gfo@%oi o%g)%g gar%&gee{m e %lﬁépem ﬁ[{% E% a%mjcggwas Separ at ed
f rom unr eacigtiatfad). safen d8 Bourthl @H wesQdjusted 1dB/0 FitPURETHENCE 8 & hEHenBCI &,
Pi scat away, NJ) columm equilibrated in PBS. Bispecfficfiow cytonetry To

show t hat Bswisturpewasrtbengeduoed witle 1 @mMINEALBhmihutes, J08C) andsilkytated wigh2k at ed by

10 the DINB. hod are.capahle i ndi ng bot Rl _an R

si mul taneou%’l‘r@fio‘gmﬁ?%%de' iﬁ}“%ﬂﬁé"r“? {‘%pezggg?a ﬁgﬂt}}sgﬁx’aé‘w&?@%@gﬁ(‘ ﬁ‘%ur e 13). In
this assay et plogidts BoaSipaide D0D(Pharmtitial Piscataniy, BeF\bsiuig eguilibigredai ed with
A431 cells, a cell line which expresses the EGF receptor (EGFR). After
washi ng, a ?ﬁ%r nat ant -.containing a fusion protein consisting of the
extracel lul ar domain of FcyRI and the Fc portion of human | gM was incubated
with 15 the cells. Finally, the cells were incubated with a FITC | abel ed
anti - human | gM s Bépedificflovasytaneonly. The cells were then anal yzed by FACSCAN.
ADCC BsADb- nedi at.ed, Al det er m ned ' 1Cr killing assay. The
EGFR 20 overexp&gg‘?‘ﬁé%%\%% qef‘?fgt,e% efwgn%gogésggﬁﬁ#\at&%ge@gﬁxy ysi s by
human noReCWhEHTRE!hdifdtrd dApibid Sididisy Kt FQRI ddH BOER Simuliied@dy? aWne | abel ed
with 100 gC of '"C 5for | ﬁour prior to conbining with effector cells and

ant i body i n catonfetric asesy havhegn developed diigurg] Bt In thisfassey differambeancentrations 16 hours

at 37C super . f ol | [ Ve ALy .
Oyt of oxi o1 1 b BB e BlchabiaihaPRis 308 WERF ind ok BRARICHHGY, 5 o
- .target | eakcepisbMRERR) @dtet whshingsa Sipiinatahtaonteiningadisicprpteds chfisting A
dependent lysis = %lysis with anti bodﬁ( - %lysis without, anti boql%. WO
01/ 09186 PCthesximaceilulandomain of FcyRI and the Fc portion of human IgM was incubated wi

15 the cells. Finally, the cells 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 S1Cr 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 uCi of 31Cr 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.



-56- Results Purification NSO cells were cotransfected with the truncated
H22 heavy chain construct and 5 the intact kappa chain construct. C ones
sel ected for resistance to nycophenolic acid and xanthin anded and
the prot eWR®BY8%yrified fromthe supernatant by Q Sephg oseﬁFﬁF owed by -
SP- Sephar ose i on exchange chromat ography. The purified protein was

anal yzed by SDS-PAGE. The purified pr-&ein mgrated at an apparent

nol ecul ar wei ght of 5CkDa, indicating that the -protein is expressed as a
nmonomner, nResudts10 di sul fide-linked diner. Construction and characterization
of 'a BsAb conposed of single sulfhydtyl H22 |inked to Fab' of H425
(anti-EGFR) A BsAb was constructed where the single sulfhydryl form of H22
was |inked to pagiddafodab’ fragnent of H425, a humani zed anti - EGFR mAb. The
BsAb was generd Uusi ng o-PDM as a |inker the nethod of Gennie et a

(dennie, MJ. usoapllswmgwfecwwhmw %mﬁhﬂme@sﬁﬂﬂbﬂépemflc

5. ool e rya@ gt tORAAL Uik M EH bR o R Rop BRIl 00N =

gener at ed iy tanthinefidide asqiahdaﬁmﬂhham&ahwa‘snpagﬁmiﬁmﬂwchwerﬁﬁmﬁbp@-pep& n

di gestion redyction, o ole H22. To de nstrate t BsAbs coul d
bi nd FcyRIg ogfpslrh:r%s%a'mw%w?age Tepatogeain, (ke puREEt qovt ced
Figure 14 § é@c\bySﬁS— e';ﬁhﬁéhﬁ%éhxﬁ tbd\& aBoppuréiRde by the.

DTNB nethod bound E on Ad31 cells and sol ubl e FcyRl sinultaneously in a
dose- depemoblasulat weightnf 50kBa, dicating that the proteimis expressed AH2 MOBOIME MW Re ADCC

was ana{yzaﬂuﬁuﬁqké%‘ﬁ&i ells as targets. Human nonocytes cultured for 24
hours in the présence of IFN-y were used as effector cells. Figure 15

denonstrates the two BsAbs nedi at ed dose-dependent lysis of A431 cells in
a conparabl e faghi on. Thes- results.de D el rated from
the truncated, f § oo rampased ‘ ling EGFR 30

over expressi ng ggb hﬁkeldrjo mpopmgﬁmﬁ.ijﬁcle - expressing ef fector cells.
VWO 01/ 09186 PCT7TU8007 20158 -57
A BsAb was constructed where the single sulthydryl form of H22 was linked to
15 the Fab' fragment of H425, a humanized anti-EGFR mAb. The BsAb was generated
using o-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)2, antibody containing _
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 digestioﬁ and reduction of whole H22. To demonstrate that these BsAbs
could bind FeyRI and EGFR simultaneously a bispecific FACS assay was devised.
Figure 14 show&s that both the 0-PDM-linked BsAb and the BsAb made by the DTNB
method bound EGFR on A431 cells and soluble FcyRI simultaneously in a dose-
dependent fashion. |

25 The ability of the two BsAbs to mediate ADCC was analyzed using A431 cells
as targets. Human xﬁonocytes 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 FcyRI-expressing effector cells.

P N T et e s



Exanpl e G Production of Trivalent Antibodies Materials and Methods 5 Cell
| i nes and anti bodi es. M2, 520C9, H425. SKBR3 and A431 M22 and 520C9 were -
purified from hybri donma supernatant by ion exchange chronmatography
(Phannaci ayo Rimvesst away, NJ) and 520C9 was further purifi ®CTRIS0020838in A
affinity chromatography (Pharmacia, Piscataway, NJ). H425 was purified from
10 hybri doma supernatant by protein Aﬁ‘_fi nity chromat ography (Pharnmacia,
Pi scataway, NJ). The M22- and 520C9- producing mnurine hybridoma were
descri bed previously (CGuyre et al., (1989) Monocl onal antibodies that bind
to distinct epitopes on FcgRI are able to trigger receptor function, J.

| mmunol . 10&@&6‘50-pﬁﬁﬁhﬁﬁ{mamﬁmibod{e&%& Ti ssue di stribution of
breast cancer-associ ated anti gens defi ned by nonocl onal 15 anti bodies, J.

Bi ol . Response Modifiers, 4:273-286). The nurine nyel oma NSO (ECACC
85110503) iwt hesi zing | ine and was used for the expression of
the humani ; (Kettl eborough et al., (1991) Humani zation of a
nouse ndnocl onal anti body by CDR-grafting: the inportance of framework
resi dues on | oop Pr ot e n 4 BR-3, (ATCC,

Rockville, ND) ' ME40E0% 2 AW PR ARLt over expresses the
HER2/ neu pr ot 0ONEBRORAS20C9 e fidd'Wdach bxﬁ@ﬁxk\éﬁ{lehﬁm jon @xchbRN squanous
carcinoma cell line that overgé%resses GFR TCC, {I\?@:kvi 1 gl,igél\/[)) wer e

cul tivat ed dbromategsaphy {Phopruacia, BiscaevayeNdoind SEREH was fugthaypified by msoteigy and
I sl and, NY) . ' PRA: i R Ny ed from
nononucl earAggq%ftgg y !% [ g}g#?ygypaéﬁé’%%}?%ﬁ', Hh% Q%sg}ugi%ay ) gradi ent
separ at i10n. hybridatpa supgmbtantdy peotéin A affinity chpdmhdtsgraphs (Pliapadoba) Pistdtéwaycyt oki nes.
Neut r ophi | re,.c ur 24-48hrs (37C .5% C02). in_ AlMV nedia (G bco,
Grand 1o amiD: TS Mg Ap: phodici e PYRIRHA SERARTPBLPRORY gna, St . 30
Loui's, MO, (GugreltllTl(19895 MonddiéralinyibeieMha BihdRb didindiefiidpeson RERF&LaNger,
Cermany) and 100IRU m ITENy. WO 01/09186 PCT/USOQ 20158 -58- Conjugation
met hod able to trigger receptor function, J. Immunol. 143:5, 1650-1655; Frankel et al., (1985)
~ Tissue distribution of breast cancer-associated antigens defined by monoclonal
15 antibodies, J. Biol. Response Modifiers, 4:273-286). The murine myeloma NSO

{(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 FeyRl, neutrophils are treated with
cytokines. Neutrophils are cultured for 24-48hrs (37°C, 5% C03) 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, Gennany)
and 100 IRU/ml IFN-y.



BsAb were constructed using the nmethod of Aennie et al (Aennie, MJ. et
al., (1987), Preparation and perfornmance of bispecific F(ab ganmm) 2,
anti body containing thioether-Ilinked Fab' gamma fragnents

| mrunol . , WOPLOME¢) .~ mAbs M22, 52009 5 (anti- HER2/ neu, )PC‘T&F&W%!M%%
(anti-EGFR) anti bodies were produced by in vitro cultlvatlon of the
respective hybridoma cells. The F(ab'.)sg.of each. antibody were generated
by limted pepsin proteolysis in 0.1Mcitrate buffer, pH 3.5 and the
F(ab') 2 pur|f|@ tib? hefib@nange chromat ography. rrAbs M22 and H425 were
reduced to Fab’ of 20 mM ner capt oet hanol am ne (MEA) for 30
m nutes at 30C. Bs‘lzkbewﬁ'abbnsmctéd wsing:the methed of Gigphieetialt(GlenniseMkaeiat., G- 25

col um equij.l ted | n m\/l Na Acetate, EDT . 3 (40).
Ot ho phantiok R, Biefie SRS Of L3eyife GO Ry SoP o rrai le
and chill edumeallmlﬁawmehtsmsmaﬂdaq 1890%6hahAbymi2RB2DCt O the

muri ne 22 Fab' and i ncubated for 30 m nutes on ice. The Fab'-nal ei m de was

t hen seéar tanBdHERZrs 33 cand HA3% (ayi-EGER Y M%ﬂé@tﬂdmﬁr@t'@w’% 50MM Na
Acet at ﬁ{fﬂ% qﬂe@SAb the M22
Fgg arrgl eim geaﬁ%gﬁgﬁbggﬁﬁtv h %ﬁ%ﬁsr%; &Sméagéa%ﬂ alelbotd?r ati o. SThe ©

reactants gmemtedbydMadq:emhmtblys:snnﬂﬂM;ehatebuﬂrepHBérmdﬂgR(ab')gme using a
Di af | mb b Af t 18 h t he pH
who. ad] st BUTHS by g e bipes prepremREly. Babs 2 e Blizs pesResiet 8 akS ' [ eqlre
wth 10mM Al %}n&?ﬁ%ﬂ%a&%@alﬁﬁ&lmﬁin%m@m%r%mn&ésﬂ!b@ THeggRCet am de.

The bi speci b')2 as separated fromunrfeacted Fab's and ot her

product® bfragmeupwenapplitdo ¢ BephadercG-25 coivmnequilibmted iy J0roM Nahcatatei | i br at ed

i Far 1 Dome oI ah i lS SeRpimytpmtla i e Seeh e oo 1
anti body cei@ipReR Rimikide ¥ind ¥hilfedin 2 24 mKiGe btk %as didbd\ons halgeslumep ( Fi gure

16). In the first stage, M22 was |inked to H425 as descrijbed above to

create t he to the mugine22 Eaband ingybated for; 30minytss erice FhaFakmealeimide wasict i on and
alkylationg, (fmpp gr@@ﬁaﬂfﬁée owmoaseﬂ%as&@az%q.@m&eam S0 A€ Mi ni g

free sul fhydr oups. The bival ent purified by gel filtration
on a Sumarc)@mMGBDmIpwﬁﬁ (féﬂlhqbrdparaﬁémbft)xém&l)s tham2rﬁah1enialemxde 1:1 nol ar

ratio with o-P QCo he.resul eC|f| b) 3 was
purified ofvas ﬁ‘giﬁ%gz‘& REl %é““f’six‘ﬁ‘ “6‘%‘ i ze WO
01/09186 Pqﬂdé&@ﬁﬂtﬁ@ﬂt@ng vSlfime using a Diaflo membrane inan Am1con chamber (all at 4

°C). After 18 hours the pH was adjusted to 8.0 with IM Tris-HCl, 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")) 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.
' Trispecific 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 coluinn, reduced to F(ab")y(SH)
and mixed in a 1:1 molar ratio with o-PDM-treated 520C9. The resulting trispecific
30" F(ab)3 was purified on a Superdex 200 column. The TsAb was analyzed by HPLC size

26 o g SR QY I SRS et



excl usi on chronat ography using a TSK 3000 colum (ToJo Haas, Japan). Using
the sanme procedure as above another TsAb conprising nR2 Fab x. 32.2 Fab'
x m22 Fab' has beeh constructed. 5 Bispeciftc flow cytonetry The TsAb can
bind to EGRoefehigec ¥, Rl sinultaneously or to HER2/ neu ancdmusoositiiss

si mul t aneously. Either A431 cells (high EGFR- expressing cells) or SKBR-3
cells (high HER2/ neu-expressing cells) were incubated with various
concentrations of BsAbs (M2 x 520C9 0¥ W22 x H425) or with the TsAb, M2
x-H425 x 520C9. The cells were 10 washed and then incubated with the

sol ubl e Fc. yexRlusioseliromategtaphy, waingts TREK 30 Owabimie(Tolo Bans, Japanh Hsing @e. 2- FI TC

ol s vore (iR PRl Bt ofye bl Syt RinepiSg s Foh 307 0a8 LBRPEhAST 1 1°

cells were t&eﬁimuﬁmdgets for lysis by cytokine activated neutrophils.
Targets were |abeled with 100G of 51 C for 1 hour prior to conbining
with neutrophils and antibodies in a U-bottommnicrotiter plate. After
incubatiog for 16:heLksagh oidmersPEr Natants were col l ected and anal yzed for
radi oactivity. al culated by the formula: %lysis =
(experinental CPNh2dsAb cartjed tol EGHR QAW gRY amgmdsbmrm@m/neua\ddéz | eak

CPM) X 100% f = ti hod t t

ant body.  AdyEgsr iyl Fifler Adt caliSin ok Biespte e\ AR alshgoay The
M2 x 32.2 X mmﬁeumpmmgdmﬁgrwmwb%wdeﬂm%nmﬁmﬁmmwm in

whol e 25 bl ood The ass procedure is_s in the enclosed f]low chart
(see Figure %) Wgzéﬁi’éhmthﬁa@s‘ﬁb QA% HE23x 23000 odhreelisiveri s BsAb

decr easedgt A f the
fovel g “‘?%35%"’ *3\*5’ ‘%’?fég%‘%ﬁ? Rt % SRREHEEL ShnB BRI KirBRlaShal o | | 0
Const r uct i onwitl thAbi B2HEFCorllictclindsdlty Rirat zaitc that i fistinee frimAle 22hiidingsitenade

according t heflowchart depi Figure 16. In the first 5 stage of
t he procedur ‘ﬁﬂi %@?&ﬂﬂﬁggygﬁ%&treat ed with DINB, and the

resul ting bISpeCIfIC F(ab')2 purified by gel filtration. In the second
stage, this bisp%:,!ééc F(ab')?2

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 calcuiated 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 Dblood. The assay procedure is shown in the enclosed flow chart (see Figure 23A).
Figure 23B shows that treatment with 10ug/mL of this BsAb decreased the FcyRI
expression on monocytes to approximately 50% of the level prior to BsAb treatment.



was reduced and m xed with o-PDMtreated 520C9 Fab' resulting in the TsAb,
M2 x H425 x 520C9. This TsAb is depicted schematically in Figure 17. In ~
this figure, Fab'-A represents M2, Fab'-B represents H425, and Fab'-C
represent WOPHBHE8S 10 Binding (Bs FACS) To denonstrate t hACTUSOZPR®,  \po x
H425 x 520C9, could bind FcyR and HER2/neu sinmultaneously a bispecific
FACS assay was devised. This assay isggepicted schematically in Figure -
18A. Figure 19 shows that both the TsAb bound HER2/ neu on 15 SKBR-3 cells
and sol ubl gehfgy Rl sinul taneously in a dose-dependent fashion. The BsAb, |
M22 x H4257—generated negligible signal in this assay over a w de range of
concentrations. To denonstrate that the TsAb, M2 x H425 x 520C9, could

bi nd FcyRl  and, EGER si mul,tancousl.y,a simlar S was devi sed using the
EGFR- over expr e grifpiictipn dhd bid emice] charact ”—“(—'%i&é&’rhis assay is depicted

schematical l'y imiwmd&%ﬁgwtﬁeﬁ&wzmb%@edtmmgbm hiR filgAb and the
u

Ay
BsAb, M22 x HA25, bound EGER on A431 cells and sol uble FcyRI .
si mul t aRectiagepf the procedure. ME2 wasieavpled o Hi2h treated with RINBvand jhe respltiag,

gener at ed ool ' j ' S | '

doncent  at P oeet R IR, DU by g el itk S5 el HE BRI Ry o

anal yzed uwasmgdused bt miBk@Rith o DMAGAted SR0CS Fabs rasaiting insthe Tty M2t r ophi | s
cul tured fgr,24; tsed .t he.presence. of . |EN- F were, used as
ef f ect or cgﬂ?éx 572‘1%53?‘3“%&&5%%@?5%%@'%&@%@3’5@5 ‘gWQIE ‘i' 2009, and
the TsAD, fépresentsM22, PabSE Riphese®HY2, fld FabsCeptbsentéBRoGo.cel |'s, whereas the
BsAb, M22 x H425, did not. On the other hand, Figure 22 denonstrates the 30

BsAb, N®2 x H425, and the TsAb, nedi ated |l ysis of SKBR-3 cells, whereas the
BsAb, 'WO 01/ 095,@5;,,%@_‘/%9/ 20158 -61 M22 x 520C9, did not. These results -

denonstrated t was capable of killing both HER2/neu and
EGFR- over expr esEd degnonstrates thanthe TeAln M22X0HE29% STOG0REoubdbing FeyRIgnd ef f ect or

cells. The Lspecific anti bod . bed above | n¢luded M2, the nurine
versi on of R sugptanep Wgﬁéﬁ‘%%(hE?s?*\"?dg(Yls?ic $assaygaderiged d be
const r uct esthesititglly BEFigkd §8.4- Figutt 1 0 ¥EUWH thit @6kt TSAWbRHERIERRAu 8t | - FCYRI -

mAb, H22. The only difference being that
15 SKBR-3 cells and soluble FcyRI simultaneously in a dose-dependent fashion. The

BsAb, M22 x H425, generated negligible sfgnal in this assay over a wide range of
concentrations. To demonstrate that the TsAb, M22 x H425 x 520C9, could 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 FcyRI 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
A431 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,
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single-sul fhydryl formis secreted as a F(ab')2 fragnent of this antibody.
The single- sulthydryl formis purified fromculture supernatants utilizing
i on exchange chromatography using Q Sepharose foll owed by SP-Sepharose
(Phannaci awa@ewsaway, 10 NJ). Once the singl e-sul f hydr ylPCRZIS/29158H22 | s
purified, the creation of a trispecific antibody using this reagent would
be identical to that described above u_séln_g the F(ab')2 fragnent of M22.
Exanpl e 7: Enhanced Antigen Presentation with B22-antigen Fusion 15

Proot ei ns Thi X e rates that (a nt i i eptides netically
grafted ont oﬁzfﬁgfﬁcégggqéﬁp% ?rdeﬁlﬁtgfde’gﬂns&ﬁ%ep?}ffig’%ﬁ%éﬁt“gbgm ﬁf’gﬁﬁmg

si gni f i cant |betMER/6éd dndiBORR-bveréXptesgfifcells irethe Pictdrcd bf BLRI-Bfralibg gen and T
cell stinmulatjon cognpared to-the antigen alone, and (b) ' that antagonistic
pepti des gerfeftertelly grafted onto the constant region of an anti-FcyR 20
are significant!| oW sBediid ArtibSaY des@ited R -'cmgh | ] conpar ed
to the antagonistic peptide alone. Tﬁglg(’%?tc gl@bﬁegﬁ%‘%{'eﬁé&\% I

ef fecti vedy theumticyRI tmiad. Sdeli a trispecifief antibalyicdeld be comstruttedising thesingle-ng cel | s
(APCs) in vivo and will_ be useful in_various therapeutic nethods. 25

Mat eri al s arfdifipeley Jern bupanized aptiForRl @AREH22 GThnenly diffsredce being thats used

0
as culture rgﬁ%zéig%’ il | : d_fLrom . ACCURACTE

CHEM CAL CO. S %lgr m@fssgé‘g%gg%%ﬁ)a}’ﬁﬁg}é F‘gém}?}éslg t{b(()’%fnﬁf(s e)'2 f ragnent
of nouse antsulflsiyiiformtis pRfifiedfilorh altudGs a8 ati jopexohafpt58 - 62
T e Lol e B A B B
linked to = by
MEDAREX, 16NGVJ). Ohesaest x&mlmgl i 029 94 pfied NhEQEARASS Rlrispekific! 1 830- 844

( QYlI KANSKFI G TEL (_SE%i D NO 6), termed as TT830 hereafter).(Valnori D. et
al~ (1994) Jutibodyinsing thisreagent would bo identigatitorthat daseribest abbus weingfthe Fiab)epi t ope,
TT833S ( QI {ideMBL (SEQ ID NO 9), lysine at position 833 changed

i nto serine) re synthesized and purified to >95% by PEPTI DOGENI C CO.
(Livermore, CA). Another universal Th epitope of TT, TT947-967 (FNNFTVSF.

VERVPKVSASHLE ( S@ar'ng%e I}lO quggdncgéa Lg{igre%q’rtes?en?asiio-xllnl\;vgitAJsz-antigen Fusion
15 Proteins

This example demonstrates that (a) antigenic peptides genetically grafted onto
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-FcyRI

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 Sterile and low-endotoxin F(ab'), fragment of mouse anti-FcyRI mAb 22 and the



hereafter), (>80% pure) (Valnori D. supra) was used as a control peptide.in
the study. 10 Commercially available human 1gG for intravenous injection
(I'vVl) was used in blocking experinents. Cells The non ' | |ine,
U937, whWONBUBE¢ esses FcyRI, was obtained fromthe 159'%‘@58"”%%@ met hod of
generating CD4+, peptide TT830-specif ¢ T cells was nodified froma

previ ously described protocol for TLgzpecific T cell lines (Gosselin E. J.

(I 992):L [Immunol. 149:3477-81).. Briefly, nononuclear cells were isolated
from peri gagicfic A4, MpIXHEE {eenﬁgtﬁglokpw_Bmuﬁanizkmml&eﬁicaﬁwm&ak&ar celI's
were stinmulated in 50 nMl of AIM mediumw th 10M TT830. "After three days'
i ncubat i oFathef @ticierd/ngu SagordE m4b SCH) avers provided byt MEDAREX.RE: | v

ﬂEgEép g ﬁ:‘ %@%W' \fg{f %f%ﬁ?#g%%ﬂglﬁg%ﬁ% gé oget %%lr:ﬂvl\nwk 0 aglT1 h e(r)fe nt
T D ) ot ity it Do it
serum wmgﬁ?&@em@hgmé% ePWP%%@%ﬁW&%( ubat i on
Lime, T ot ND: 05155 BOitiGhH 3 Enihid 688 Sbri) éve WS4 hid askbdioPUOn i col |

Hypaque, yielding a hé%hl };.': enriched popul ation (95-98% of viable CDA4+,
Ag- speci f #85% by PEPTIDGGENIC €6 (Idvemmore, CAInAnotheriniversebThepitopé 0T .or TT830

pepti de a j ' tyh b . ERNoevi urified
From I oukapnorog] ERE s RYARVSASILE Srruino: VRIS RAR4LC ' 675
et al. (1A9&eaftets(+80% pore)d(¥ValmotD. skiprk) wak used ak & sontiob geptide 80th®&tdypurity. 30
Bot h nocytes a T s were frqQzen in al.i quot or futur se and were
chown T Chmmersily srafahs umag i@ fonjatrayenoys 4 o TRt 00/ 20158
-63- Ag pegseinledtsi oOn assay In proliferation assays, T cells (5 x 104), )
i rradi at ed 'nonocytes (3000 rad, 105/ well), and various concentrations of
peptide TT830 fusion protein Fab22-TT830 were incubated together in a
final volume of,£00 I/well in flat-bottom96-well tissue 5 culture plates
for 2 days. | (I pCG/well) 3Hthym dine was then added to each well.
After incubati THe meascyti¢tdll line] U937 whithexpressechdyRI] was dbained frem ther a | i qui d
ot L L iR ofpesang Ui, brlt Tl SRR SIS ASablf ™"

(@] ~ )]

_ from a previously described protoco! for TT-specific T cell lines (Gosselin E.J. (1992) J.
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 ina 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 harvested 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 monocytesand T cells wére frozen in aliquots for future use and were shown to

function normally after being thawed.



replicates SD. Background CPM (T cells and nonocytes w thout Ag) was
subtracted fromall the data points. Experinents with APL were done
according to simlar 10 protocols reported by Sette et al. (De Magistris
(1992) Cel WOgBAHB6) . Briefly, for inhibition assays, irrBeh/Es08@808%nocyt es
were treated with various concentrations of TT 833S or Fab22-TT833S _
overnight. 20nM TT830 and T cells weregihen added. After a further 2 days
i ncubation, T cell proliferation was neasured as descri bed above. In "pre-
pul si ng" experi LEadiat ed nonocytes were pulsed with 20 nM TT830 4 h
prior to 15 the%‘érri%ﬁngﬁl% —+BM TT 833S or 0.1M Fab22-TT833S. After
over ni ght i ncubakipostiferdtioncazsdys, Theelle (3 h£0F),drlatiisted Abheeytea (3000 tader 2 days
i ncubati on, cells were stitulated with, J i ated nopnog, nd TTS33S
or Fab22- TTéé-séggjf)oqndfaﬂ%W,°°?°§8%%@P%§A£§P?@rﬁgé§g‘ﬁ’%ﬂﬂﬁ’f‘iq%?ﬁ%féql’%ﬁ col |
Hypaque, an ol Bobiflerdh & t ol tto?tPﬂ% :atlons of
TT830 for 2%(5%?/2 %ch%l %rroll era%n&\%aogﬂgﬁég{nrgéggﬂred g”a?f%%hézo
i ncor por & i eltuds plates fon 2 Aaybl 1o gCinvell BBibiheaidisd Wasaher dddettoetddl vietlat es was
plotted. In, 6 some cases, the percentage of inhibition was calculated by the
formul a: 9% AT BFybatipg overy § Wete parvestedapd consiadiin a Hgwdsgimtdlation bi t or X
100. Al CXBeikdfeR el HiiftrdieR Yak Efpradled ds Bt heah b il [@PM) SPumbedl NI NG and
'u#g @ﬂ)r Y aeg‘?‘?%%tols\@§ [

flow Cytonetry Staini procedures were adapte previously
descri bed ( GphigaésinSE Backgeound CPM (Ta8lly andl mdnocyteswithoutl Ag) w8 5abt@pted Brief l y,

to individugl l.ls.of a 96zwel.l plat 4C. 30 Al ..of RPM + | ng/ m BSA
cont ai ni ng gﬁ‘?&‘v@fd’??fgawgg%ngggtifqﬁfggdmﬁg%?fcﬂg§?§f ¥ the BsAb

MDXH210 B} htotolGerond bySéttict SlnDe Mibdithis {1962) Quill 8825 Britfly %080 C, pl at es
were centrituged, the supernatants discarded, and the cells washed three

»

times W01/ nRssaYEdrRdiated manocylsy Weke tisatehwith various copcentratipnsof Iy o ¢ hen

| noubat ed 1 @had okl PT#BSHveriiL| 2081 FISEG and FRElEE fhaddBa 8B ANt 1 - Nuren
1 gG (JACKSON | MMUNORESEARCH L ORATORIES, INC. West G ove, PA fol | oned by
t hr ee washe$urthier hdaysgicbationzheelk preliferptoniwas measEBSaRRscribedshove kng'predo

EACScan ( BERTRREERPRE s i Sbrogited Wre pUSLA S ST 180 EHBRAES oY e
i ntensi tys ( el addiies oNMERIMITITE33S o 0. OVITRLIERESH3S MAHer overnight incubation, T

“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 =
{CPMy, inhibitor- CPMinhibitorY CPMyo inhibitork 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 pl of RPMI+ 1mg/ml BSA containing one of the proteins Fab22-TT830, Fab22-
TT8338S, or the BsAb MDXH210 at varying concentrations. After 1 h incubation at 4°

30 C, plates were centrifuged, the supemnatants discarded, and the cells washed three times



Supernatants were collected fromthe 96-well plates of Ag presentation
assays 10 after 2 days stimulation and frozen until. used. The |evels of
IFN-y and 1L-4 fromthese sanples were nmeasured by specifi W . Ab
pairs forWPOR¥EN- vy and | L-4-specific ELISA were pur chaé’&]‘ﬁ*‘s RM NGEN
(San Diego, CA). ELISA assays were perforned according to the protocol '
provi ded by the manufacturer. 15 Genedti on of H22-7T pepti de- fusion
proteins In order to generate fusion proteins Fab22-TT830 and Fab22- TT833S

synthet i C wo) PASMIG £95¢.IOBNERGE el InchBAEd RRH Wi JEHITwER BRFERICE! ¥
engi neered 1nhto the hinge region 1n the heavy chain of humani zed

ant i - Fcy R labeidal BXgb'}lgoat antidwman Lgfg (TACKSEN ORESEARSH h bel ow. 20

Expressi o | OIS, | ting its
COR T ogi orsABGRGIRIER,INT SPisP R, £ 85w e06 B TR S PR 19 12,

al . (1995) anll. reduspenaed in PBS/BSR Corififiibg 1% parafomigidehydé (RODAKS Rochiester, t he

genom ¢ cl one of the heavy chajn \Vgpt (fied to allow

i ncor poPat N&K G?nst%e@&ﬂFWE@CRYeéfg S@B@ﬁ&l&@%@%§% 4% this case,

the TT pepi i dfism Vi d fbAPfRRL Ghbrity GUFDwas Ab@tdd. Ng_CHL, hi nge,
and newy Mgngl ne%;?\g’d@% 'lfgnd Nod sgl c():ﬁi ng g?ltggsg(vgee Figure 2) was
inserted into the BanH site of pUC 19 to generate the vector pUC 191 H22CH

1(X+N). This ve&t OE. was useed lto cl one oligonucl eotide sequences encodi ng

TT peptides, a w. 30 WD 01/09186 PCT/US00/ 20158 -65 The

ol i gonucl eot i desRAWBAGFEreRliedtd foinlike 96 wall plates ORAP peichtatioapssages wer e
designed to have a Xhol site on the N-termnus and a Noti site on the

C- t er i ¥us after 2tdaps stinaiation and Gpzan okl wigde Therlgyels qf {ENzy adilbedfiem thsts des wer e

synt hesi zed and purified S B h SS. wodlands, TX). .

The synt hef?“épq?ﬁ ‘Pﬂﬁﬁﬁﬁu’é"&%ﬁm&&'t eﬁﬁgﬁgeﬁggﬁﬁ%yﬁég?% nto the -
cl oni ng vegLIgA Wekelpdast@iflorm PHARMINIGEN:(San Disgo/ICARELISA@ssys atred t he

codi ng sequences for IT peptides were. s reenegmlt} restriction mapping. The
BanH fragmﬂ@éﬁ'é%ﬂﬂ?&fgtgﬂ%?mmlr@%‘?deg them TT833S was then cut out
of pUCI 9 and inserted into the expression vector which

15 - Generation of H22-TT peptide fusion proteins
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
mADb 22 has been humanized by grafting its CDR regions into a human IgG1
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
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al ready .contained VH. The final expression construct of H22 heavy chain
fused with TT 10 peptides is shown in Figure 24B. Expression of the 1122-7T
fusion proteins The nurine nyel oma NSO (ECACC 85110503) is a non-Ig

synt hesi zi'wp duosssé and was used for expression of the H22PQIVUSMZDISS
proteins. First, NSO cells were 15 transfected with the pSvhyg vector
containing the H22 |ight chain coding ,%ﬁguence. The H22 |ight chain
expressing NSO cells were then transfected with the expression vector
construct containing.the H22 H chain Fd.sequence fus |n f.rame to the Ti'
codi ng sequencesﬂ#&ﬂ?‘gl‘?ﬁ sfeq%nﬁ?soeﬁﬁ%fm&ﬁﬁ%f’% -é’?““gg’éil’eﬂ’gse&r"é?‘f on

appar at us Wdgsigri¢d @shdve a 06T $ite @t ithe XM eerinfrl Gh®£ No® Sitesihe Citaghid@f theand 960

| Farad. One or two days 20 after transfection, mnmycophenolic acid (0.8 g/n;

SIGVA) and xedingregion(BiguredaA) Thesepligopyclegtides wereismthesized and prified o sel ect
transf ect an@mﬁg’ ?&hﬁtﬂ&g‘?’ epxjtJ ?&]E&?é : LRRBsALECt Or S.

| ndi vi dual co om‘gés]B%ere |so%3?iéﬂwgg%%@§bn .Eléhetg n m%ﬁlgittﬁllb@?%d)ég of the
cul ture slupeversthemimnedled dad\lightedintd A8 Floning vectarspUHEIIHEAOH (&N o yClotes W
cytonetry. h sitive oni.es were sub ned, by limti di lution. 25
B 11 cat | oFURE g pisopedsa e senses (0 1 PeEMm WIREFER R a1 g ¢ e
Fab22- TT830 réstfdtion mapsthe TheBiehHI fRBMeRt\BntaRiid IS hitige,labe TF8Par- TT833S
fusion protein were expanded in roller bottle cultures. The supernatants

were cl ari f iTd@33hwaciberca ontof pHC1Sand ipsested, into the exmression vemorghichs0 per f or ned

by affinity y Jor i o ﬁg%"ﬁfﬁ

W01/ 09186 ﬁ%&%&%@gg 'Iﬂ%'g aﬁ%f}%/gss'log%é?ﬁjéétg? t%g/ohg%]rv;‘}@% e gradient gel
under noi@ r geptideniy shomdintRigmms24Bhowed t hat fusion proteins were >90% pure
and had a nol ecul ar wei ght of 50 kDa as expected. Protein concentration

was determ ned by absorbance at 280 rimusing the extinction coefficient
of 1gG Fab' =1.5ZxprassBaviftie HALHisidn prokt®ison proteins bind to U937 cells

The ability of the HZZ Tusion proterns, Fab22-TT830 and Fabh22-TT833S, to
bi nd The murine myeloma NSO (ECACC 85110503) is a non-Ig synthesizing line and

was used for expression of the H22-TT fusion proteins. First, NSO cells were
15 transfected with the pSVhyg vector containing the H22 light chain coding sequence.

The H22 light chain expressing NSO cells were then transfected with the expression
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 pFarad. 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 supernatants to Fc'th 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 pWS5 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 to FcyRI was exam ned first. A previously described bispecific Ab,
MDXH210, which contains the sanme FcyRI -bi ndi ng conponent (Fab' of

humani zed mAb 22) (Valone F. H et al. (1995) J. din. 22281-92),
was used ¥QOUMFsiti ve control. Binding of fusion prot ef?g,ggor?gafl\%xmlo to
U937 cells, which constitutively express FcyRI, was neasured by staining
with FI TC—I abel ed goat Ab specific fob6human | gG and flow 15 cytonmetry. As
indicated in Figures 24A and 24B, fusion proteirns Fab22-TT830 and

Fab22- TT8 dslyiociu5-10% la&&lénnd& gradiemt gal witlsenahenpdurirgydonditiomssshowedrthiatar t o

VDXH210. The bi ndi n si on of e by muri ne
ant i - hunarfusen; rﬁﬂ%ﬂ’ﬁ" ?@gﬂm&g‘f‘ﬁ%ﬁﬂ%%hg&@k%ﬁc st of fusion
proteins f H?&ansy%omusmhamgmewmaﬂon of TT
pepti de by 1000 fold The fusion protein, Fab22-TT830 was used in Ag
present atlaonffiasstagfslgﬁé'ab'd’el@?m ne whet her the Th epitope, TT830, when
expressgd in the constant region of H22, could be effectively presented by
nonocytes to autologous T cells. As shown in Fi gure 26, about 1,000-fold

| ess Fab22Reklis30 was required than TT830 peptide alone to 25 achieve the
sanme level~of T cell proliferation. In addition, Figure 26 shows that the
presentation of Fab22- TT830 was about 10, 000-fold nore efficient than the

presentation % Qi,@,g:?m]“fmﬁmqyymg]lst hat the enhanced presentation
of Fab22-TT830 esu rom her mol ecul_ar._wei %ht nor

i ncreased st abiThetpility ofithe)H22 (pr%ns,@'pws 30gnd Takd3- 18385 de binl ot her
antigenic T tope, IT alled . confirm ng
that tH@ Tt }é’T{ w%%xém igﬁ % fevfo J;l)’ {)IS%F méc'rrkﬁbég@»-r&élgﬂ* whic hus WO

01/09186 S;F.kauﬁ, Rrﬁﬁdlage&h eﬁd(emoemﬁ@m&nmm)wawﬁmnes
expressed In e constant ion of H22 can be _effectively and
speci i cal eal (9952 htGlin. ch a’&?@lx??):mwdﬁﬁnaeimwam o &inding ofho

enhancenent, of A resey, e _H2 1. o directly
det erm ne %!ﬁ Wg‘gﬁ@%mmi%@%fmgﬁﬁwc e 6?%“%’%@5?‘?’3%%&%% t he use
of the fusihREuRdYyStdinihSwith FRIC-Tibeled pexl Abtspewﬁmr himdndpG2nd N8GO0 t 0 FcyRI on
Ag- presenti ng nonocytes was Ql oc b e
E( ﬁb ) 215 ofytpmety. s indicatgd § ggﬁéi‘?ﬂ%%ﬁ s ?W@%‘%?E%b“ﬁigy dest |
nhancenen b& GeuniQo 0983 841 h @bseépdnident mimh@_inila® teMDXKZ 0abr ogat e
by mAb 22 E?QE § V\/nereag

The bmdmg of fusion proteins was completely blocked by murine anti-human FcyRI

mADb 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 enMced presentation of Fab22-TT830 did not
merely result from higher molecular weight nor increased stability of Fab22-TT830 as
opposed to TT830 peptide. Another antigenic TT epitope, TT947, failed to stimulate the
30 T cells, confirming that the T cells were specific for TT830 peptide. These results thus



presentation of TTS30 was unaffected (Figure 27). The fact that the binding
of mMb 22 F(ab')2 to FcyR did not |lead to an enhancenent of the
presentation of free peptides inplies that binding of mAb 22 to FcyRl

al one di d Redesddeisg’ the functional state of nonocytes i nparassoriolsst
enhanced Ag presentation. Therefore, |inkage of the peptide to 15
anti-FcyRl Ab 22 appears to be necess +é7 for the observed enhancing effects
on Ag presentation, suggesting that t enhanced presentation is probably
a‘result of efficient Ag capture through FcyRI.” Enhancenent of peptide
present at i orpréwidé-tiear exidense that Tieepitogesexpteled jor the eonstant i2gion bf H2Zean begG Under
physi ol ogi cal . condi ti.ons e |igand-bi ndi ng domain of FcyR is saturated
by 1 gG whi cﬁ%?%@gsangfﬁcﬁc a gti ng of AgAb to this receptor. A unique
advantage for using derlvatlves of mAb 22 to trigger FcyRl function is
that Ab 22 binds to an epltope out5| de the | i gand bi nd| ng domi n.
Ther ef ore, funct iBieekaderq R 0Cyres hihe guftenceme 12 pyese

Ag presen ati) |nh| blged by phy5| ol ogi cal - I eve S of I gG(GosseI in
E a—-L%agéw&éW | munol . 143-1650-55). Simlarly, the

enhanced pr esent Aol diectlyf deten@int WhetheBéntdcerfeht @ peftiie prisération tidbaghn

Fab22- TTS30 was not inhibited b\éng (Figure 28), suggesting that H22-based

fusi on pr otthe nss of thefhision proteinfis dm@ﬂ blwmapfﬁbzm83m Fano FcyRl in
vivo. WO 01/

I ncreased- %E%ovﬁnﬁghgg%%%%ésﬁﬁgfeg%y %ﬁsangergg‘ﬁ%p %’Q?er?t’ ation
Upoln ?ct | vath pror t;&' ﬂleallidlﬁormﬂFgmﬁ-ﬂsmdﬁk ﬂ‘g‘@Bﬂ:ﬂ»@ﬁdds Eﬂmamofjﬁupﬂmh
proliferation, yt al so_ produce c I nes su and IL-4 to exert
their eff@ctHFseP'GH‘?}’cIi’yo‘ﬁ ggmBP?t?Pél"%s r?gaéﬁde’ﬁt’?‘giif%#gkd Ayt e activation
(Paul W E. RBEESE TT830 fvas (kBB Fodure 2796 TR fhacidBdothe HIRBAESGH LD 23 he
production of IFNy and IL-4 follow ng H22 fusion protein- enhanced Ag

present at i onF(‘aJa{}gtei‘emﬁlldethothadmrm\mﬂxamexﬁe@uﬁbsp@mwamlom@pepmdeh | FN- y and
ot I R 1 SHAD 1 ISR Hlops i ot o, Br LB e o

subopti ma e
enhancenent ﬁl@ﬁo ?ﬁé&ﬁﬂ‘d\ﬂ@tﬁﬁeHl'iaﬁl@é&C(F?:Qseﬁﬁﬁ&&'tﬂ%@fé@'lﬁkaé%?tﬂeepiﬁndeh@n t hat

for T cell proliteration (about 60 Thus, Th epitopes expressed in
t he constlant antictyyRh Abf22appearsio ymemmmmabsmed 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 H22 is not affected by the presence
20 of human IgG
Under physiological conditions, the ligand-binding domain of FcyRI is saturated
by IgG which blocks efficient targeting of AgAb to this receptor. A unique advantage

for using derivatives of mAb 22 to trigger FcyRI 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
levels of IgG (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), suggesting that H22-based fusion
proteins is also an effective way to target peptide Ags to FcyRI in vivo.



be effectively processed and presented by human nonocytes, |leading fo .
enhanced T cell activation and cytokine production. 15 Presentation of APL,
TT833S a -7T833S fails to stimulate T cell proli ept i des
cont ai ni n‘g 8%@9% two ami no acid changes fromnative T ckﬁ%"?{a gg’es
termed Altered Peptide Ligands (APL) by Allen and coworkers, have been
shown to be agonists, partial agoni sté8- or antagonists for T cell
activation (Sette et al. (1994) Ann. 20 Rev. Imunol. 12:413 and Evavol d et
al . (1993) | MMupal y anbidlaypréduction )s inktessed followdiy HRSFFEfbibnsPeci fic T cells

through TCR in Sone cases trirggered partral signal transduction and
resul ted in (i)presgir-enhanced Agipresemtation st i nul ati on by superantigen (Evavlold

et al. (1994) ' y (Sl oan
Lancaster et aﬁﬁ&%fg?@%do ﬁe?féngﬁ%h{g%be%d}l%q%} )ﬁ)%ﬂ%%lctgé g‘r?b}eotlwﬁi&( 1994) J.
Exp. Med. b@talsdProdudOSnokines sich as)IFNEydmli AL4a0 exeirt théid éffdetor diriction 6fB i at i on
(Ni chol son 1995) . | munit :397; Pfeiffer et _al 1995) J. Exp.

Med. 18%: %sgbdlﬂ“%ﬁ@“\ﬂm andmenpcxte Va‘m{l Rk . | Entrd-Sedsr, R 476994 hi al
o oduct | on $aA 20, THAURrs the B & 1 Hind 18 Uit 2o Ao iR 'L

(Evabol d eenlahced Ajtésentatiorewasexamitied 338 shovwiinRigiress23anard28Bobath INw1 | nduce
anergy. 30 Certain APL do not trigger an det ect abl e S|gnal i ng_events upon

i nt er act i oiiand Mn# preduction layels yver 95%??3‘“% a ppboptmalf unct i on
as TCR ant éxFP‘J; nbht' to wld-
type pepti %g%g%%}lg%t%&gn Qgg}g}tlﬁgfseg 'géﬂfg ant agonl st S ?% %&agi stris et

al . (1992) prdittiongahosp20-foid) was issethan giat for T cell mfem:mabmsou-fomad ' Sci .

USA 90: 2671. This e | e denpnstrates that the pe

ant agoni st peptﬁf@ f@?&ppes;:xg@pqe é‘b‘a‘f" &Pa{)&‘é’%& 8%&?5 ”&nd

Fab22- TT838Sefférkively 9r&éss£a&natpees&te&t hm%ﬂhbx{oegsnea é&exﬁaﬁ&ﬁm&l Figure
30, even at doses aS high 00 p.Mfor TT833S an M for Fab22- TTS33S,
no signifi mnmmmmdu@wmsso specific T cel I s was observed. This
I ndi cates that changing |lysine to serine at position 833 of the TT830
peptide elimnated T cell reactivity of this T cell epitope. Additionally,
when pelfti des 10reSas@®nafdPLITIS33S MEaléiZ{mBﬁﬁfedu&lsamym%Mled to

TT830-specific ro?: elnlmsdn T cell

Peptides containing one or two amino acid changes from native T cell epitopes,
termed Altered Peptide Ligands (APL) by Allen and coworkeré, 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.

25 185:1195), 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,



proliferation in response to TT830 was inhibited by TT833S in a
dose-dependent fashion, show ng that TT833S can function as an antagoni st
for TT830-specific T cells (Figure 31). 15 Fab22-TT833S is at |east 100
times norevwdf®esve than TT833S in inhibiting T cell acPCVHSIEAISEN| s
exanpl e conpares the relative efficiency of TT833S and Fab22-TT833S in
inhibiting T cell proliferation in resgonse to TT830. As shown in Figure
32, Fab22- TT833S was about 100 tines nore effective than TT833S in

i hhi biting - St : 14 ' ' Thi s that the
APL, TT833S@%§2§‘%‘3§°§%%£§%§ ‘%%’ﬁgﬁlaéﬁ? %"2’{5‘%’%"6; mﬁﬁ%ﬁﬂg’%ﬁ% an be
correctly atyge péptide tntigeh yndoare thas talidd M RARGEgonisth (De Magistais echl (h992YyCell St i C

ef fi cacy of | 0 rotein FE - TT833S,0 .cell rgliferation probably
reflects mﬁ%gg?‘géﬁougﬂ?tﬁﬁl'égg%ﬁ?r@c' éf%dgﬁyﬁééfﬂl&szt conpared to free
peptides. 25 | nhigd éﬂaﬁﬁilleem'Bnﬁﬁltésﬂﬁ@ﬂmb\&éﬁﬂd@m%mm%@ﬂisbgqpﬁw‘r' tion.

for T cell receptor_ binding rather than, for M;|C C ass H binding. The

ant agoni $t eslfepitope BFS3ARS teempsEingnd Fah22: 10i833% ildp stirmalpte I cp833S ni ght  be

hr ough he J eyel C. bi ndi bot h.
gai n 0 nErRh: & chee i Bhe e e M O MRRrERS A e o ¢
first describgfeopyaid6©rs99 1 Qidnffichdlpiiniaationtor TTE50-sRkiR OGRS was Wor ker s

(DeMagistris, MT. et al. (199 Cel I 68:625-634), were perforned.. This
exper i ment abbsseed.i Fys indicates thatehanging lyIiFgRGprinaat posidon §331fibedT838 11 in the

absence of copmpetition. fr the.lnhiL,biton (TT833S),..an hus. . only TCR

ant agoni sts i .‘mﬁtﬁ?i-c%a%ﬁ'gg%ghs‘t\gﬂll e&“ﬁ%’ éﬁdé@f‘%&}éwﬁﬁn ??ﬁfi%i ting
agoni st ) sTTe30 4daT8I3Sabre sinfiuahdoRsf piesehtedAg THBXB QLo T calls)Trpll s ver e

pul sed with sybopti nal 20 n TT830 for 4 h to allow TT83Q to bind with
MHC O ass | Proliferation inyysspansstoJiT 83Q wapinhibitedhy TT834S foypdosedependentip - T7833S or

Fab22- TT833§,xhidRShbWinp tHaf E PPN fflktidh ds A althdmBtifor TFSIRERENRE TellOr AN

additional 16 h.  Responding T cells were added and their proliferation was
measur ed as (BgweBdlded above. Even under such conditions 10 where NMHC

-
-

bl ockade plays a mnimal role, T cell proliferation was still inhibited
15 Fab22-TT833S is at least 100 times more effective than TT833S in inhibiting
T cell activation '

This example compares the relativé efficiency of TT833S and Fab22-TT8338 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 FcyRI 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




(Figure 33). Thus, the inhibition appears to be a result of conpetition for
T cell receptor rather than for MHC Cass Il binding. Presentation of '
TT833S and Fab22-TT833S fails to stimulate the production 15 of 1L-4 and

| EN-rby ™@R1#%386 n sone circumstances, APL can sti nul at ePSVURIN2OL%t oki ne
production but not proliferation (Evavold B.D. and Allen P. M (1991)

Sci ence 252:1308-13 10). To determ R&0kf presentation of TT833S sinul ates
t he production of cytokines, the level of IL-4 and IFN-y in supernatants
obt ai ned fSeaBhADcdWEkeR (DEMagisteis, MYIS eVi S(196X) Telli68a925-634), Aereshown in Figure

34, both TT833S and Fab22-TT833S were ineffective in stinulatin | FN-y and
| L- 4 pr odretrformedy This %‘emmtﬂﬁﬁge&#&wwom%ﬁ%@tﬁh@d%%(T—'lpssgés does not

lead to T : - td er acti on of TCR
w th soms SBH SRREE ey Bnf i B RIDKGH (TS PRI phE . oy 1R

( Sl oan- Larmsagbmists but net pure M T bgkerbimoulddbe2fiactivedn inbibitingigonist- Lancast er J.

et al. (1994)  J. . .180,1195-1205). An experinental ,sche simlar
to thei & s Mﬁ%ﬁxﬁ@r%ﬂ?négmfm '%9”85@?&‘5 Bﬁls%f#]wwgg"ﬂgﬁl d also
cause T ceR0 nM)ATSS0 fo3t hstd aUbw TS50 GLbid With MHE Clabs H6h the ab&hee éfecovered
after incubation with APC and TI833S or Fab22-TT833S for 1 day, 2 days, or

4 days, t heoppstiionsizers Td833S. oThele JUSAIS ankabdenTiT833S: was hepincubatede| | as T
I I's whicl. ' 156 Hﬁ@ =ik t h APC
gleonz. Thg%ﬁglrgg%e.ﬁﬂséédgﬁta oni g%/%g%ye@ent ec!E\C/ilyg t egﬁg‘é&g léeiath ¥eyir pepti de
al one or dmlilér proBfétiBon siasimeasured as desciibaibove ey ynddr suchivonditions, t he sane

per cent.age of ' T cells (about. 50% .. was..recovered fromcultures with
no peptllﬁdeg’f,‘)e"ﬁ’éjfs‘ggkgwe Pgﬁﬁ @?t;rg}e’ g?@’be@fﬁ“’f‘% s'gl’ g'i’g’ﬁtf‘gt i on of
TT833S al sEiglirél33)0trhird) Gedmsibitidn Gpehrs to BeRictult dhompbsm\foi T 6¢ll tebeptor -
| mmunogeni city is _increased_hy about 1000 fold by targeting antigenic
pept i des tBthetthan fosMHEE Class i tindizgy R mAb 22- based fusion protein

i ndi cates that such fusion proteins will be useful for peptide-based

vaccines for, e.g., infectious diseases and cancer. Engineering peptides -
i nto the const afnesestatigh oSTHEY33S and\Feh?a-THR33S fadls tostipndatethe praduetion parti cul ar.

APC sur fsace nmol egul es 1TERLGs tl a general approach to increase the
ant i gerf’c poter@ﬂ#@ﬁ-ﬂﬁé&ed vacci nes. -
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 supernatants obtained from Ag presentation assays was determined.
20 Asshown in Figure 34, both TT833S and Fab22-TT833S were ineffective in stimulating

IFN-y and IL-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 ClassII 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



Moreover, the observation that the FcyR -targeted antagonistic peptide
inhibited proliferation of TT830-specific T cells even when APCs were
first pulsed with native peptide, a situation conmparabl e to that which
woul d be ewoonesmsed in vivo when 15 attenpting to anel i oPET/ESWR0EEt 0i nmune
response show that targeted presentation of antagonistic peptides can be

used as Ag-specific therapies for disorders, e.g., T cell- nediated

aut oi nmune di seases. APL based treatment will prow de an anti gen-specifi c
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antagonistic 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.



15 A manmal i an expression construct encoding a single chain antibody havi.ng
one binding specificity for the Fc7Rl (construct 225) was al so prepared.
The amino acid sequence of the single chain antibody H22 encoded by

const ructWoOIHONYEGQ | D NO 14) and the nucleic acid enco8FHYSMRAOLSsi ngl e
chain antibody (SEQ ID NO 13) are shown in Figure 39. 20 Each of these
constructs were cloned into the H nd-l72L and Xbal sites of pcDNA3 :
(InVitrogen), fromwhich expression is driven fromthe CW pronoter. Each

of these const | S Pufi@ithai | _?-Ei?ﬁ_ . ding a
pepti de from C-Exuﬁ X aﬁnﬁexa-aimél ° m?%'gtf) [ e,ﬁ/ﬂ%cﬁv\'éfgﬁﬁcsed for
purification of the recoMuleemles protein from the cell culture. The c-myc
tag corresponds,to anno, aci ds, 410 to 420, of human c-nyc, 25 v et al.
(19655 Not ol TS pEple st i Fciibingie ot Singh ahiin mleciigly
ternmed MrEsopdyising alhidaliéd ARSEGRPERibbAY fRSENS 1 munol .

Met hods Ec79: 185§aand Chesters%'? al . ?%94) Lgﬁ%g?kgﬁé&%@@orx}%g&g}mngl e chain
bi speci §i cCBA) antibbdysisid@beruf binding taFcyRIlaad & @BAe chain H22 anti body were

used i n binding.assays, rformed as follows. ELISA plates are coated 30
with CEA and t ég‘B'Fg%PFé’o&Wc resentation) of ammaliane SHINSOREINE ¢ r ansf ect ed
with the ~efRodidg B Hicinbid SHal méldcul (conéBPuiPIAInH 32S) lﬁ%@@h@?ilx}%i'flg single

chai n nol ecul es” (transfectonas) were added to the pldtes, ™ so
FcyRI / | gM speéi§icigefon thedicyRE and onébigding spesificity dor caminoembrjesic antiges above) was

added and findi was_det d_by incubation he pl ate 1 1 h

al kal i ne- p%ﬁgﬂq%eé‘”’%%?z’ﬁj taggius&léepced?ftfnem cfﬁﬁfe%\‘}el opment with
PNPP, 30d moReileH22fantiJOEADébded bY cohst 40320 YSEQIID N1 6) @i the fudki€ pr esent ed
in Figure 38, The results indicate that the single chain bispecific

H22- ant i - oM srepdipg thisTugiqp prptein GEQHNND: (o) are shopmain Higyret0siThe bot h FcyRl
and CEA et Wale ] ' SHtrhd qﬂ,ﬂgd by
construct Cgis ﬁicggdeégécr?g?qﬁ?lﬁég bot hﬁgc%t&g%dgeﬁ? as egg%gte ) Exanpl e
9: Tar get i thg figbgvprowimencaded by constracs 32 hanlyin tatthe ¥H adtVigehainsof H22ssi ng and
Present atiagre!s@it&;eggr to determ ne whether directing a normally
non- i nmunogéeni ¢

15 A mammalian expression construct encoding a single chain antibody having one

binding specificity for the FcyRI (construct 225) was also prepared. The amino acid
sequence of the single chain antibody H22 encoded 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 III 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 follows. ELISA plates are coated
30 with CEA and the blocked with 5% PBA. Supernatants of the cells transfected with the
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15 antigen (e.g., a self antigen) to human CD64 (FcyRl) can overcone

I mmunol ogi ¢ non- responsiveness in vivo, several multinmer conpl exes
cont ai ni ng such antigens linked to F(ab')2 antibody fragnments directed to
Fc. recept oryoUeedet | 9en presenting cells were prepared angci/8sdoR6isss
described below. In particular, mce transgenic for human CD64, as well as
their nontransgenic littennates, were kgnunized with the F(ab')2 fragnent
of 20 the nurine anti-human CD64 mAb, 2‘(produced by the hybridonma having
ATCC Deposit No. HB-12147). The mice were bled seven days after receiving
their fourt hconsirpierncodingihg singlerchain malgryles Graasfocipmas) yere addpd tothpplatesst t he

Si X transgeni, ] LX, nop-transgeni ¢ lLifternmates,

exhi bited si l'f}ér;ﬂﬂglk ggyrﬁl }féﬁfﬁ &%g“a?afgt ég@éﬁ#?ﬂs ﬁtﬁi ngy&tq‘f‘fbg? ?‘tmf’ﬁfg'asant i sera
was M22 spechdded afadbinding wasdetéotedty inéublricn ifde platés with alkalindphéiphitee. To
determ ne whether pultiner conpl exes of the M22 Fab' woul d_ induce nore

ef ficient i nf@Pxronjugated gnat anti-bimand e, devslopmeptivithFNREs ard readingefithe plate
present at ispn 4 AR%sBnSLr ONger anti-M22 Id i nmmune response, nmultimers of the
M22 Fab' nol ecul e were synthesized both chem cally and genetically and
tested. These nul Thewssults exppesented ®Figune 38)cTie: reduits indivate thet thelsinglechbihy | i nked
to 22 F(ab')2. (or_ other F eceptor bindjng WO 01/09186 PCT/ USQ0/ 20158 -74
agents) and gﬁéﬁﬁ%ﬁ%‘@@éﬂ'&%ﬂ‘eémag‘{wﬂqmém?Hﬂ%r"é}d@m&s of
several — nol geHCRA. DRk Gferthi, teWHoRl dhainH22 antibddy (drcBded bg%oﬁala:«.t_ﬁsm
(e.g., 2 or nore) and one or nore antigen nolecules. TheSe species may be
purified by doesmothiod tisth&FoyrbandaTBA, s expectethr omat ogr aphy i f desired. Figure
41 shows schematic representation for the 5 devel opnment of such

chemcal |y Iinked nultimeric target antigens. Chemcally synthesized

mul timers were prgm@sv:by TabSeting (O (Eé,aﬁ'? )o%naﬁcé\ﬂ%.%/or\mfmn@e ighnl ar
excess of succinim - (N-nmal erm donet’hyl ) cycl ohexane-1- carboxyl ate
(SMCC) at room t enper at ur e Progessimghand BreséatationSMCC was renoved from the
resulting conplex, F(ab')2-SMCC, by G 25 chromatography. Antigens with free
10 thiol (SH) groups were added to the M2 F(ab')2-SMCC in a 1:1 nol ar

rati o. The resulting Iuordertoaiewnnink whethat diftcingermohgdlly mb-ihaRBdgeaitper at ur e.
The reaction was stopped by addi ng an excess of iodoacetam de and the

resul ti nglTolntiggadeevaselfisntigen} ochumsn CH64LFeyRD) can pysecosterimmunelggiapny-.

responsiveness in vivo, several multimer complexes containing such antigens linked to

F(ab’)2 antibody fragments directed to Fc receptors on antigen presenting cells were
prepared and tested as described below. In particular, mice transgenic for human CD64,
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 Fc receptor binding



15 M2 F(ab 92+ -antigen nultinmers enhance/induce an inmune response Figure
42A shows a non-reduci ng SDS- PAGE gel containing purified M2 F(ab')?2
(lane 1) and the chenically-linked M2 Fab' nultimer (lane 2). The multiner
consi st ewapf/amser al nol ecul ar speci es representi ng F(alPQTAISOMRHBS ) 4,
F(ab')5, F(ab')6, and higher nol ecul ar wei ght nol ecules. 20 To determ ne
the ability of M22 F(ab')2, conmpared+4Q the multinmer, M2 F(ab')3+, to
nmedi ate internalization of human CD64, various concentrations of either
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human CD64 fromthe surface of the macrophages. However, incubation with
t he F(&b' #eawloamemxﬁ@qhéaemtsalébph@l@dMm@mmngwshumsm CD64 expressi on
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was significantly 5 reduced on circul atlnng)noc ytes fromthe M22 F(ab') 3+,

but not0 t fol{BH) srewvyczeaddﬁm o M2 Fi(abi- Cﬁtm\ndsl mybbtaﬁesmd that the
duct li zat i f
[ﬁe“?eLZBte%@ 3 B ot FRfod e RSB b SRR M Aol 20 On ©

CD64-tr anstgppuddwadding emexcessof. mﬁoacemldmdahessulbng]mmgatevas purifsedt | - V22

i diotype ("id" onse fte three i mMmuni zations with the M2 F(ab') 3+
10 nul ti mBY SERE E{" ? 3f‘he data shown in Figure 43A denonstrates
that high titers of MR 2- speC|f|c antibody were generated in all of the
human CD64- transenlc mce | |zed three tines (25

g/lm'rulrﬁz gb, : FIpInmyne Zesponse anti body was

generated in apagu&fz;zmaowaha@ﬁa%ﬁg snypw(m R L SRaihiRR P22
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 human CD64, 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 CD64 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 to a site on human CD64 which is diétinct 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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simlarly (n=10). The i mune response in human CD64-transgenics that was
elicited by 15 the M2 F(ab')3+ nultinmer was signficantly better than that
elicited by the M2- F(ab')2. Al of the nultinmer-imunized m ce responded
and fewer iw' ions were required (three versus four)pdpusigReisgt € an
I mune response}oiﬁr@rghuni zing wth the nultiner as conpared ]{o t%g Ef(r'gb' ) 2.
These results denonstrate that the Fab' multinmer conplexes |lead to better
internalization of an antigen via humar7&€D64, resulting in an 20 enhanced -
antigen-specific imune response. In fact, the data shown in Figure 43B
denonstrates that imruni zi ng human CD64-transgenic mce with as little as
0.25 jig of the tinmer.still |eads to, a,detectable. ipmne yresponse in
nost of the mi ce_.IEru | SPEFPTYET _p?’%’rﬁlﬁgg’r‘??éerﬁ‘mﬁdg@ﬂ “l‘?"r‘?ﬂlﬂ?@k{% dfise to
many tunor - agHe.CHahANCDED irhtPfic Mide WRrd MR cled WM it MIETFHIF)D&riNR t ol er ant
to these antigens, In order to 25 determ ne whether directing such a
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littermates, both anti-520C9 Id_titers and anti-M2 ltg ti frs were
assessed. As “XHERIAR represeiedinismmalization of the (reppter aleng it Frf‘r(}iil)%eﬂ’“mﬁf"ﬁ'n CD64

transgenic mce : d : s t . None
T o o g i cotcRpil AR

of . the seven immuni zed nontrangenic mce -76
devel oped neasantah22 idiptype £14°0 resporise ntG2iee iromunizativRe with tes22 F(ab’)3+
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shown t hat vel opi ng .i nity specific fqor the jdiotype 5 expresse y
surface Ig OMEL&W&F%%%X%KE% ”%’H?P’P‘B%°wa_ﬁ’btﬂ§n‘f‘f‘lpﬁ%rbugé? MZsecific
| muni ty. Theyazmnﬁhﬁoa;ewgae?&aﬁiﬁ B oﬁti%pmsgcﬁ@ﬁmémﬂn%rﬁﬁaponse

can be readily elicited by directing the 520C9 idiotype to human CD64. The
qual ity of t Knilaphi(nrd0). éBsdmmame respensg in dnmam CDGétransgenics thatiwas ljcited bynor -

associ at efk oty Vifal (40€0 €. ' ant, as . ' t he
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rovide to B_cell en stimulated. Thl cells . . . )
P req'au'eclS (tme versus rpélurfl 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 mode] 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 14 titers and anti-M22 Id 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



secrete IL-2 and | FN-7 when stinmulated and usually stinulate B cells to .,
secrete antibody of the 1g&a isotype. Th2 cells secrete IL-4 and IL-5,
when stinulated, and usually stinulate B cells to secrete antibody of the
lgG | or wayé1/eom6t ype. In general, Th I cells are 15 bel IRORAIS0DR018% | nul at e.
the cellular armof the i mune response whereas Th2 cells stinulate the
hunoral arm The titer of 52009-speci_f7é(_: anti body, of either the 1g3 or
the Ig&a isotype, was exam ned using Tsotype-specific devel opi ng reagents
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e
resul ting feailyiciidbydifctitgABs SroCRRRypels hasky cPBAi gen (shown in  Figure
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i nduce 30 i nt erFhgianality obthe InmupggsRogsa todgiveh aptigen; partigwlasly a ty@on 1/ 09186
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internalization of FcyRL The study was perfornmed by additjon of sanples to
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the IgG2a isotype, was examined using isotype-specific developing reagents after having

~ immunized human CD64-transgenic mice with 520C9 coupled to the M22 muitimer.
The data shown in Figure 44B demonstrates that both a strong IgG1 as well as a strong
20 1gG2aId-specific titer was elicited, demonstrating the ability of this method of

immunization to activate both a Thl and a Th2 résponse.

H22sFv-H22sFv-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
to an antigen. The resulting fusion protein, H22st-H22sFy-32.2st-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.




Figure 47(a) shows a map of a vector encoding a fusion protein made up of
two H22 sFv regions genetically linked together to an antigen. The
resulting fusion protein, 15 H22sFv-H22sFv-antigen (shown in Figure 47(b)),
i's capable Qfodihp@sng to two FcyRl  nol ecul es. This fusi onp®t/péermsshoul d
have greater affinity for FcyRl than fusion proteins consisting of just
one H22 sFv. The ability of this m“tinﬁz to bind to bind two FcyRl _
nmol ecul es may al so i nduce greater internalization of the receptor. To test
thi s hypot heses, 'é{eé'f whﬁﬁiher t he H22sFv- H22sFv-anti gen fusion_binds 20
to FcyRl with gre 225K -H2zsFy-3212shv-aotigen giultiney yermade Usngapuanegpdn) | a
conpetition (B8 | aHEen PR ) LS s ted with
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ang Ehycge; y fdund thacshisj fusiar poteinAﬁndschymf df&i&hgwgeixﬂ&cesﬁﬂl&nﬂmﬁugﬁtf the Was
inhibite y various concentrations of H22 Fa H22sFv2- EGF _f usi on

br ot ei 1, s e 4 Shervicalbed YBaFat s Do EeD wMIRHR Binds
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(CGol dstein EtyRll The stedy/Ayasperfommed by eddition/ € sarhple® oTENRCTdatdBQOT0ERS - 78
H22sFv- H22sFv- H22sFv- CEA i nduces internalization of Fe yRI f Figure 49(a)
shows a map &% 2dhopsat 3 Colird caprswisadvas than meamed by staining peltstdthHumeant ai ni ng

t hree- H22 sF (%lr_gﬂ?e% ' t ' ' ' H22sFv-
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i nked 5 wi hindtlatiordwiszdklated by the forasilzo fil -(VIBL ofi samplaMEFTdf bortd])Fx 460%wi t h
high affipit du . t he Lrival ent binding of three sFv nol ecul es), and
shoul d al 50 f("é‘éfamﬁ\‘}%ﬁégﬁfm VERCRREF (S Hn by aggregation of three FcyR
nol ecul es. The ability of the genetically-linked H22sFv- H22sFv- H22sFv- CEA
fusion to induce internalization of FcaRl was tested as previously
descri bed, adi22sfva-antigar binds Rl with affinitapproximiately sguél Aah2catipény, t he
H22Fab- CEA di d nog. i Lpternali zation at sim.l ar concentrations,

i kel y because it ‘g'lr'{‘% Zéﬁrglr?cv)')égﬁ%aﬁt ?/v?cgor 8%1‘%1‘”.’5 owgﬁﬂ%a‘%élgotf 2 f or med
by addition #R223Bviiegioas genetidally Yinkedeggettdr id-af Aitigen The rendting WisibRpiotegn,f or
either one hour or overnight at 37C. FcyRl expression was then neasured by
st ai ni ng ¥el H22sKyrii2skpantzex(shown by Figre 47(b)y is sapable of bindigg twel EstRher e

anal yzed by %%Scﬁég”rhis 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

k)

FcyRI molecules may also induce greater internalization of the receptor.
To test this hypotheses, (i.e., whether the H22sFv-H22sFv-antigen fusion binds
20 to FeyRI 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 FeyRI (Goldstein
etal. (1997) J. Immunol.).



15 Exanpl e 10: Human Anti body Fusion Proteins Directed to CD89 (FcaR) and
Tunor Antigens (e.g., EG- Receptor) Pronote Cell Mediated Cytotoxicity of
Tunmor Cells The follow ng studies involve the production and

char act ewoaan9186 of bi specific 20 fusion constructs whPCR/USPRIEB ef f ect or
cell nediated killing of tunor cells expressing EGF Receptor (EGF-R). The
constructs include EGF linked to an.ggti-CD89 (anti- FcaR) antibody (ScFv
or Fab'). Therefore, the constructs activate the ef fector functions of

CD89 expr i | Vi e ted unor cells. CD89 (FcaRl)
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PCL17US00/ tiyalsns bindimg %fdlp@? meleculesy, and shapld-alsg %todiwmrfmemﬁﬁﬁeny

cyt oki nes end osis. CD89 may, therefore, be a
clinical I %@%‘% M gg‘%Rl?recep on cytotoxic inmune effector cells.

Menmber s of therttewmlry oghegédenéamgtlmked HeBPVA22EPNHRYSFRACEA Risivaitee- Ki nase
|l inked 5 receptors which have been reported to be over-expressed during
t he devel indneerintemplization pHoyRE waetested amewmbbtescnﬁedmﬂ@ermts ¢rei s t he

receptyr LRbmiR ‘f‘%ﬁﬁ?ﬁaﬂ%%%'aﬂ tﬁﬁiélg%l"ag(n@gf no?{ngfhgé kB gduct) . EG-R

I S over-expresse st a rmrs about one third of

breast angimildP¢onddhtiations] kel b ithinds o alditie 36 BEVRI nlh@ﬁﬁﬁ@[esw&f t he
prostate, kidne bl adder, lung, brain, pancreas, and gastrointestinal 10

system Dperfinmed bnadditionsf saramplessp IFNH’-W@@@M*%W Q;Hsgmirmc tingfor eithet s such as
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rmy be. s B ou SO BR A et Bt e T B e TEE o r occed
therapi eswith M322-FITGfofonetoup @610, iafd sdnfplestiidre ddaly2ed ByFACScahne |1 gands for
t he relceptor such as EGF. EG- is a nodul ator of

Example 10: Human Antibody ._Fusion Proteins Directed to CD89 (FcaR)
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-
FcaR) antibody (ScFv or Fab’). Therefore, the constructs activate the effector functions
of CD89 expressing cells that have been targeted to tumor cells.
CD89 (FcaRlI) 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 polymorphonuclear leukocytes (PMN),
monocytes, macrophages, neutrophils and eosinophils. Both Ag-complexed and
monomeric IgA1 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,




cel| division and differentiation functions of various cell types
expressing EG-R. EGF 15 is a 53 am no acid, unglycosyl ated pol ypepti de
whi ch contains 3 disulfide bonds, and is proteolytically processed froma
1207 am no ?ﬂﬂmﬁﬁ@cur sor. Generation of Fusion Construct spdusnaeisst e

bi specific tusion proteins, HuMAb-Muse technol ogy, as 20 previously
described herein, was utilized to generate a conpletely human CD89 nAb.
This mAb, 14A8 (also referred to as 14.‘f?,‘ binds to an epitope that is
di-stinct fromthe Fc binding site while retaining the ability to trigger
ef f ect or f r asuperisic ralase, seeretianraf inflacymatasy gytokiness endoeytpsis andiphagociiogisk age of

the |igand bjadi Sj . ' [ MGt ere the fab'
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the 30.3 W roicbs Qlcr o€ 6 poRitho kb SEARERE Luridd e Ahtobrh e W Lh JK3

J-segment. Using DNA encoding the variable gions fromthe fully human
ant i - CD89 mAari@® carsesr Onethembernf thisfamilylistheneeeptor for epidermalgigwth fastesn
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the Fc portion of human 1gA (FcaRl. CD89) at an epitope that is distinct
fromthe Fc GReeRsoftherastate,kidney, pladder,lung, brain. parcsas, gpd gastrpin i ons, and

an arm whjgh sﬂugﬂsm@n&hﬁ eRRleAR T Re rf&BﬁB%xstn?ccﬂo%alrc is Keathodples Whi Ch
I s overexpresSed on various tunor cell " lines. To 5 make the BSM Fab or
sc- Fv f r agnemtd hdpatesytesi thedvéreaxpiessBROsHEGHaB ohuwaet cellmay befuseful for e pept i de

|l i nker to EGR liga ol..EG-R. The riahl e reaions, of 14 wer e
cl oned and CHEP%858%°§1§°J;‘ #&‘eﬁg QF"]BE%?; °'B§|ﬁ‘°§aglfﬁg‘% fnﬁlg}lfaeﬁ'%gﬁcx isi on
construct wagorEGIBRDyr one sftht lipahdd fohthe\fbtepldf such 43 BOF. BGIDis @ asidalatoyeft or
contai ning the ¢DNA of human | gG_  CHL and hi nge regions fu o] 0 EG-.
1478 VL DRA (febdvsicand g%?fﬁ@? {0 fuactipns %ﬂ%%‘%@’?ﬁf"%ﬁ%?%dht EHing the
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a single chain fromone veCtor. As shown schematically in Figure 51,

PJZ906 ( 14Af grateuiyticaliyiprocessed from a 1207 amino acid precursor.

/

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 to 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’ z;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-CD89 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,



pJZ907 (14A8 L-chain) were cotransfected by el ectroporation into NSO cells,
and selected in nedia containing both (418 and hygronycin. P3Z909
(14A8sFv-EGF) was 15 simlarly transfected and selected in media containing
(418. CeWod1/00188 expressing fusion protein were subcl orRETSPRUHM ti ng
dilution cloning. To purify the fusion constructs, supernatant of cell

| i nes expressing fusion protein was Jggh over a protein L colum, and _
appr oxi rrately 2 g purified protein was | oaded onto a 4-15%tris-glycine
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d 14 d
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protein binds to CD89 expre55| %U%? cells st ai ned wi,th goat anti-hunman

| gG Fab- 2 conj thetabhfusi iade by inyetting 82 ﬂ@ ,“!59%6

PCT/ US00/ %Q%rééxon @é:&m&mg the EDNWGHukH 158°C gxohéﬁééb%i fic for
EG--R, was used as control Figure 53(B) shows that 4A8sFv- EG- fusion

pr ot ei H) alE6F. HAABVL: BN&Dss likewise insemtes inlg3®@ Expression veTtoecansgining thent was done
|13 MRS P Bl e 26 g 5B vk B HAALER SSGRETr 21O

of 14A8sF Wer € assess for §i ndi ng of
14ASf ab' - kchiin fromi one vedlar. nMshoWRﬂdEm:aﬁﬁﬂyimEngm sp;mom(maﬁ-sgm mdused as

control. | nds to CD64 (FcyR a dlfferent Fc rece r on U937
cel I s. ﬁiﬁfsﬁ&ﬂﬁm éﬁ“&'ﬁ@tﬁéﬁd&@ gﬂ ‘%a Cel | s :
Chr oni um rsgle@ias rhéud tontamgsaomwmqggfdﬂm mtm qmsmmgms EGF and
.10 14A8sFv- EG- fusion constructs nedi at ed S&GCIfIC sis of

expr es$? ngimilasly transfestedsang; selgetpd in medigicontagming. ﬁ’rses(éqnﬁg‘ef)ﬁmﬂﬁhonucl ear
(PMN) | eukQgyf Grdteid WeHe Sibicfomed by limiting dilution cloning. To purify the fusion

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. Figure 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 cells
(stained with goat anti-human IgG Fab-2 conjugated to phycoerythrin). The fab-2




or whol e blood effector cells in a dose-dependent manner. As shown in

Fi gures 54(A), 54(B) and 54(C) and Figure 55,14A8 fusion proteins nediated
cytotoxicity of A431 cells using nonocytes (54A), PMNs (54B), and 15 whole
bl ood (54C) wodifeslss UM I el ease assays were done Wi th an i ncypgeggdonRoiger i od of
16-18 h and usi ng an effector to target ration (for nonocytes and PWN) of
100:1. The fab-2 fragnment of 14A8 was used as control. As shown in Figure
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of human origin, which nmay enhance the therapeutic efficacy of the fusion
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proteins, |4Afab'-EG- and | 4A8sFv-EG~, are capable of binding to both CD89
and EG--R expressing cells. | nportant I y, the studies further denonstrate
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f usi on protelns VIO I ate k||||ng of EG--R

nedi
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rono e Xi,C unor s e follow ng
studies i nvo? %%fﬁtt?”%l%’a%%o %}’r‘*ﬁ?‘gﬂa&'&h on of bispecific and
trispecific nol eq«sshsm/mm@urwshmgse(fﬂ)aﬁas::(cgaidﬁgﬁedsaugdﬁbidnl ing of tunor
cell's 10 expressing EGF Recept or éEGF R) and/or HER2/neu (also referred to

as HER2). Therotefsapndiatedicytotaxicdy efAF3! oot peingmanasyich o4t %ﬁéé? amd i - cDs9
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human nonocl onal anti-HER2 antib

16-18 h and using an effector to target ration (for monocytes and PMN) of 100:1. The

fab-2 fragment of 14A8 was used as control. As shown in Figure 56, 14A8fab’-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 demonstrates

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



(ScFv or Fab'), referred to as 3.F2. The trispecific construct included the
bi specific anti- CD89 (ScFv) x anti-HER2 (ScFv) construct, fused to EG-.
These constructs activate 15 the effector functions of CD89 expressi ng

cel | s thavobhuasessbeen targeted to tunor cells. They al soPQT/US0028158he
advant age of being fully. human. Generation of Bispecifrc and Trispecific
Fusion Constructs { Figures 57 and 582show sel ected bi- and tri-specific
nol ecul es of the invention 20 and their parent human anti bodi es (HuMabs).
Figure 57 shenskil EER éﬁgg@@n%m 31 and-
934, whi chrﬁare {(ﬁlg{é?grre exlg{e}er%é?ﬁg%m%%}ll§?ﬁ%?ég ef’ %f?gsngggipdoes
not. The Wmswﬁdsqucmummm@mmoquns of 14.1 (anti- CD89) and
3F2 (anti-HER2) were used t-o generate the constructs. Figure 58 shows a
chem cally conjugated Fab' anti-CD89 x anti-HER2 bispecific nolecule. The

fab' 25 fragnerBxample 114. BispecfiSinid TrispectiicMeNcilys OontainingHuland usi ng
standard chem cal cross- |inking procedures to generate this bispecific

mol ecul &. The singl e chafntibpdy Mmﬁ‘w@p@tmem €D8? FeaR)and and 934)
were produced b transf | 934 as
P ’ HftloP il @, BOH Rl liAF iR prolin” ), |

shown in Figure 51 for an n medi a
containing 418. Cell | |GeBMﬁine¢cymﬂdty3ﬂ"ll‘mortMsexpreSS| on of fusion
protein and su b Jmted diilution clo naII ion protein
was purified b?ﬁﬁegﬂ @%ﬁ%w&@&wew%mmaﬁﬁ%%% g? on protein
"0 WO 01142486, eEiﬁI&dd‘&QQ!e?%ﬁﬁ induBSefER¢Rir céll bR Hllllingc(ﬁ'ltﬂﬁ& figl then

| oadi ng approxurately urified protein onto a  4-15%tris-glycine

gel und@r WMB@F&}CM(EQ cRe)mg/oe pw(aiso glered®asEBRA)r The  purifi ed

pr edom nan rinme h S rs under
reduci ng c%’ﬁ%?cﬁsctfﬂgs @E@?‘ g}"f‘% '8? a'%’l Eﬁgﬁéanﬁ Ptcgﬁ‘gg'?tg"’ Mol ecul e
Bi ndi ng t o(SERWBY¥ Fdbe), fe&tﬁhwnmﬁkﬁﬁo%&muﬁﬁﬂn&&mﬁha{tmm dtébolty Ndi ng of
the bi- and tri-specif nol ecul es. Figure 59(A), shows binding to tunor

cell's of f(%Fbwfﬂb&e{ﬁf?ﬁ@du?na%%%s?@épmﬁcgafwwawvﬁeé therhispecifigaptirg (931 &
934) and upbe(ScFor 86i-HBRO(SVPEImRRIR HisedSESP, Thésd RaisBictdhdvaki t her

SKBR-3 or A431 tunor cell lines. Binding of fusion protein was
15 the effector functions of CD89 expressing cells that have been targeted to tumor cells.

-They also provide the advantage of being fully human.

Generation of Bispecific and Trispecific Fi usion 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-HER2 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 cells with plasmids (e.g., pJZ934) (as shown in Figure 51 for anti-
CD89 x EGF fusions), and selécted 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 cell lines expressing fusion protein




then detected by staining with goat anti-human 119G fab-2 conjugated to
phycoerythrin. As shown in Figure 59(B), supernatants fromtransfected
cells (931 and 934) also nediated cell lysis (ADCC). In these studi es,
chrom um r g,8g5@1Ssays were done with an incubation per ipegaRboZoessl8 h and
an effector ?rmnocyt es, PMN) to target (SKBR-3, 15 A431) ration of 100:1.
Tunor cell killing was detected using téansfect ed (931 & 934) and
untransfected (NSO supernatant to nedi‘dt’e specifiec lysis. Figure 60(A)
shows bi ndi ng activi t% of purified bi- and tri-specific nolecules (931 and
¢

934) to U937Pvexs proteinlhealunyh andikerdpaling appeqrinoatyly 2 Hgofpunficd mretaigrantna of

220 nedat i e Dorey e el 0tk bR binf cfftinghl rhpuRonalfl, VOOV, OF

coupl ed bi qqmﬁedp:edomhmlylaea@&hﬁ\&pemds Wwhichudiescofdjeduamoniaals aklep posi ti ve
control. Figute, 60 s the sane as Figure 60(A), except that binding to
SKBR- 3 cel | $® {tieffe HER2 receptor) was tested. The fab-2 fragnent of
anti-CD89ganti body, 14.1, was used as a negative control. Figure 61 shows
bi ndi ng of the 934 tr| speC|f|c construct to A431 cells. 25 This experinent
was done t heClhue cale BindingoiptTumaBCelisumor cell's  whi ch

over - express EGH ed, f si r.ot.el ti .Of t e sFv
fragnent of 14. ﬁ“‘ﬁ“@%‘&“’tﬁ gﬁ—"%ﬁggoc[? é%ebéﬁ%%‘ﬁlﬁ% %Irba&f‘rsg “Mand the
f ab-2 fragnafélesilesa Figure SO08Pshow bindily to ththod celld@ds fusivh Prodsinsin I&ewﬁm
control. WD 01109186 PCT/ USQQ 20158 4 Effector Cell-Mediated Lysis of

EGF-R and HERPerAziant E@P&@M&Wﬁ%@ patransfected ENSQ)superpatant wagy
tri-specifhi GnomhRE wnﬁ%nﬁe?%kmﬂoﬁwl t%&oceﬂ?i'h@s tadifglof fAkion %&iﬁh{w&b' lity to

medi ate cell Tysis (ADCC) of EG- R and HER2/ neu- expreSS| ng cells in
t he presencethcxfdmedw@mm@W@g®mﬁwﬂwmcm&¥émwmmW|th an 5

(SKER 3, | AdAYESvadt eI, ARl bR Rl RIS E R M. LSl hg.

ts:)g(r:ls;egt Ieds’ﬁgﬂatﬁwgﬁ?s( g hﬁiﬁsﬁ!ﬁrs peﬁlg?gnts fv?dgér:dm sf:agt gd
ifi ySi u

cells (931 aﬂﬁ’d"%ﬂ?”ﬁ?ﬂ?ﬁ?’g’c{@f dla9§?fé“‘%’ meageytss. PhgdreetdS é&ﬁ&s and

whol e bl qed. AddY) Hﬁ%ﬁ%fﬁmdlﬁﬁnoreamm F’WaE@ét@tﬁ&Fus Fgemlézg@ gpe with an

i ncubation peri od of 16-18 hand. an effector (nonocyt es M\) to target

(SKBR- 3, A43anduntransfesied GNSQpwpernatant towediate specificilysing was det ected usi ng
transfected (931 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, wasused as a
negative control. Figure 61 shows binding of the 934 trispecific construct to A431 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.



& 934) and untransfected (NSO supernatant to nediate specific |ysis. .
Figure 62 and Figure 63 show effector cell-nediated |lysis of SKBR-3 cells
(Figure 62(A) and Figure 63(A)) and BT474 cells (Figure 62(B) and Figure
63(B)) bwooldowerri fied single chain bispecific constructPCTAB0/24188 t he
presence of PMNs and monocytes, respectively. Chrom umrelease assays wer e
done with an incubation period of 1Gg348 h and an effector to target ration
of 100:1. The fab-2 fragnent of antl-CD89 anti body, 14.1, was used as a
negative gg ‘ ) b ecikd Fgghem cal Iy

conj ugat et { ontaining two
cross-|inked F&nglcelm:llned;dthrwguﬁnmle@alss &3@@3@%4)@&9% testecfoqi

W th ol BRBABnERE ik GRGE TRk R o

| abel ed SEBRithe preséhte 6Féffdawaalst ORI miGR relRaseAbdags wsré%ﬂs ﬂﬁn an Ncubation at
37 C, the anount of tunor F'. cell killing was determ ned g anal ysi s of

“Or r ePealnevbatipn periadof 46118 élraéd %Mﬁ@ﬁ@%")’tﬁ%"w&tﬁ tanget (SKBRs3.nas
cal cul ategy %‘@ rhtdbn R TBOL T%oiééf“i&lfxgg{whs héfé-'ﬁe% dgﬁgmr piﬂ%ﬁ@??& s gt he

bi specific l'ecul e - turmr ce s wth p ear cells al one.
As shown and unfransfectedd¥; tmmuhawspeelﬁi:zlysis AsShdiﬁlmé‘ngmeed cel |

ot il o i S L SRR =2/

bi speci fi gmofSdyRs WNNE 4ndlwiold blodd. nﬁﬁh@ie%ﬂ:di‘e@'dhrdﬁhﬂﬂn'rélﬁasb!ssaﬁmocyt es of
both SKBR-3 and BT-474 tunor cells expreSS| ng HER2/ neu_in_a dose dependent

fashi otf. Aepegwthandaeubationpesiod phH-48 h and Wffﬁct%fmqnpcma’m) temtet ely
bl ocked / P@m E@di by 1
tg;)(r:ﬂ eof V%%&B%?sgg%ﬁ??{% ecul e 14. en)ﬁ? , er?tbér‘listrgtl ngecﬁﬁa(t ta)r/get ed-

cell kill &@mmmﬁcmmm@m@tm@m@s@mm@ to the effector
cells. Figure hat ki ecul e, .14. I so nedi at ed
cel | killing b&%@@“ﬁ? (BB Sl d@éﬂ‘;mwfp%@w $HER2/neu in a
dose 5 depﬁgﬁeﬁn(ﬁ)aam-‘igme @qsnahd BT#’maceile(mgne 6B andiFigare@a@B)) bpe t he
gener at d, tri s 1 fic es co uman nonocl onal
anti bo eQ“’(‘{ ’l%‘?%'@‘“sqmﬂ’ﬁ W"‘F‘g% Péh" %fg‘?f‘lé) éga“ {ENgHFYi on, t hese
exanpl es JQapRASEy ACRrontidth rd16ae Ssshys-wedd\dorle WithAGhdubstion 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 molecule 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 labeled 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 supernatants.

25 Specific lysis was calculated as the amount of tumor 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 fashioﬁ. In both cases, addition of 10 pg/ml of 14.1 Fab', completely blocked




mol ecul es effectively nediate killing of tumor cells expressing HER2/ neu
and EG--R in 10 the presence of effector cells. Equivalents Those skilled
in the art will recognize, or be able to ascertain using no nore than
routine expedoiiigedt i On, many equival ents to the specific mmusdesorss s of
the invention 15 described herein. Such equivalents are intended to be
enconpassed by the foll ow ng cI ai ns. 01/09186 PCT/ USOCO 20158 -86- ||
11 W Caim | Li~~"1 1L~ 1rr=rm 1"1 Ms- 1. A bispecific nolecule

conprising a,fd |nd|n for a receptor . and a second
bi grd)i ng s;g)ecﬁhcréf G oy llﬁ&?ﬁg}ééé’&ﬁ?eb‘@e‘i’gcﬂ? °B‘F§§Eé‘|3f*f% mol ecul e claim
| wher ei n t hgerhdrs@dtind oht EfEeRaCtel kiMiig \Was MeiRAdd dxeiubivay b?@@%ﬂﬂid&(‘té' ly

fused. 3. The bispecific nolecule claim1 wherein the Tirst bi

speci ficity theeffectorxglis figuse 69 showsshat blgm;ﬂcrm@lmw 143 Fzmsomeﬁpm fic

ant 1 body or - SAUEBRSY Findle a3 BB bty M 3R ng HERTRRY laugfe, 1) 47"
wherein tle déﬁendmdﬂshxsna single chain antl body. 6. The bispecifi c

nmol ecul e claim 4 wher he ,anti fra ment i s an_Fab' _ antibody
fragment.. 20 7. ‘hﬁf arestipg F%%eﬁ? © eageﬁ?@“%fgrbélaﬁdmond bi ndi ng

speci ficity nﬁ%ﬁé&&ﬁ xﬁ&fhw&n rfoBt ISR GhtiBoRie BhOhMthS sifi 1 PhdiPaddFaf hUTAN

anti body or fragnent thereof which binds to an Fca receptor, linked to
EGF. 25 9. Afibgmenss)i I asditiohctbese exasmpigsrdeionsjrate thitniisebie hnd wispecifien ant | body
or fragnent of ece .. A
bi specific nﬁogegu se°f§°\§ﬁp°?’r’s??%‘§‘gi‘“;"9gr°3?“‘8§ cgﬁ EQB%I%? }f(‘fl“ ?rglﬂi

receptor 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.
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30 and a second binding specificity for a HER2 receptor. This Sheet Has
Been Replaced I [LIITLi THITHI 1 ITHITT PIHMIIITTZi(liitiliil WO ul ro9t 86
*¢c L MS* PCT/USOO 20158 -87- 11. The.bispecific nolecule claim10
wherei n tW@0ANN8E and second binding specificities are BenEsealssy fused.
12. The bispecific nolecule claim10 wherein the first binding specificity
Is a human 5 anti body or fragnent thggeof. 13. Thme

claim 12 wherein the antibody is a single chain antii muln"m:n

bi speci fi aweClsmy! € cl aim 13 wherein the anti body fr lua ,

anti body fragment. 15. The bispecific nolecule claimI0 fheteih the *second
anti body or antibody fragnent is a human anti body or anti body fragnent. 15

16. The bi,speci,f,i. laim.15 wherei.n the.antibody is a single chain
ant i body. 117 - frissnsPR Betbelt S BbBbing s M5 e srifiun e rerBbdy
fragment iand 8Sechadbindiag specifichp f 2h/BGFMptor18. A nuul tispecific mol ecul e
conprising: a first binding specificity for an Fca receptor; a second

bi ndi ng5 specificity for a HER2 receptor; and 25 a third binding

specificithy fo ~E£ﬁ;r ; B ikt | fhe. ol ecul e claim 18
wherein tr?é fi &?gssecgr@&ﬁgﬁlﬂgwgﬁi ng s%gm ?‘%lﬁltn?}ég are genetically
fused. 30 sp@ificities aragdeneticpllyfuséds nol ecul e clai m 18 wherein the first binding
specificity is an antibody or antibody fragnent. This Sheet Has Been
Replaced 111111121111121121211211211111111

3. The bispecific molecule claim 1 wherein the first binding specificity is an

10 antibody or antibody fragment.

4, The bispecific molecule claim 3 wherein the antibody or antibody fragment is a
- human antibody or antibody fragment.

15 5. The bispecific molecule claim 4 wherein the antibody is a single chain antibody.

6. The bispecific molecule claim 4 wherein the antibody fragment is an Fab’
antibody fragment..

20 7. The bispecific molecule claim 1 wherein the second binding specificity

comprises EGF.

8. A bispecific molecule comprising a human antibody or fragment thereof which
binds to an Fca receptor, linked to EGF. |

25
9. A bispecific molecule comprising a single chain human antibody or fragment
thereof which binds to an Fea. receptor, linked to EGF .

10. A bispecific molecule comprising a first binding specificity for an Fco receptor

30 and a second binding specificity for a HER2 receptor.

This Sheet Has Been Replaced
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WO 01/09186 C L MS pCT/US00120158 _-88-. 21—Fhe-mnul ti specific nol ecul e

cl ai m 20 wherein the. antibody or_.antibady ft : nt is a human anti body or
anti body fragment. 22. The mult MHMH | &Q‘E‘Jcl aim 21 wherein the
antibody i Sy djesigs € chain 5 antisBsddyel R | ti specipdgusohass! e

claim 21 wherein the anti body fragnent is an Fab' antibody fragnment. 10
24. The multispecific nolecule claiml f/\_,herei n the second bi ndi ng
specificity is an antibody or antibody fragnent. 25. The nultispecific

mol ecul e cl aim 24 erein the anti.bo or .,antibody_fra n is a human
anti body or Hnt i G‘Bg@‘s?‘?cﬁn% F".“?el‘ga‘%l. ""I*}?é"“?'r’E’thJﬁgsé FeLe R&ule claim25
wherei n the apLibedVrd sendtically'fils€d.Chai n antibody. 27. The nul tispecific

nol ecul e claim 25 wherein the antibody fragment is an Fab' 20 anti body
fragment.. 28. The nultispecific nolecule claim18 wherein the third

bi ndi ng specjfi ci . CORr i : . ' WL s

conpri si ng: Cfgf hur?&% blg c@o@g%}%%gg@]@?ﬁéf ?fﬁ%‘%ﬂ??‘?ﬁ*{ﬁl‘ iﬁcétg‘? % %ﬁgllrl]a%Fca
receptor; 5a dnib&ly oz fiaghad yhessof.f r agment t her eof which binds to a HER2
receptor; and EG-. 30 30. The nultispecific nolecule claim?29 wherein the
first, second and third binding If specificities are genetically fused.

Thi s Sheet Has Begg bﬁﬁ&kﬁ&ﬁ&keédlé claind 12 wiehditNtRahtitlddyid 4 sidgté diafhl | 1111111
1111111111117111 WO 01/09186 * ¢ L M'S. * PCI/ US0012015

antibody.

10 14.  The bispecific molecule claim 13 wherein the antibody fragment is an Fab’
antibody fragment.

15.  The bispecific molecule claim 10 wherein the second antibody or antibody
fragment is a human antibody or antibody fragment.

15
16.  The bispecific molecule claim 15 wherein the antibody is a single chain

antibody.

17.  The bispecific molecule claim 15 wherein the antibody fragment is an Fab’
20 antibody fragment.

18. A mubltispecific molecule comprising:
a first binding specificity for an Fca receptor;
a second binding specificity for a HER2 receptor; and
25 a third binding specificity for an EGF receptor.

19.  The multispecific molecule claim 18 wherein the first, second and third binding
specificities are genetically fused.

30 20. The multispecific molecule claim 18 wherein the first binding specificity is an
antibody or antibody fragment.

This Sheet Has Been Replaced
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-89- 31. The nmultispecifrc ;’@I ecule claim?29 wherein the first and.second

bi nding specificities are ,I m bodi es or anti body fragnents.
1 _ ed cell killing of a tunor

32. A nethod of inducing ef |
cel | 5 cwera®essi zed by over - expression of *EGF recept or ,PCIHFINRSSHg
contacting the tunor cell wth a bispecific nolecule conprising a first
bi ndi ng specificity for an Fca recept88r- and a second bi nding specificity
for an EG- receptor. 33. The nmethod of claim 32 wherein the first and

second bi pgi NoTHeREtiSPesift nidTecle cldi 20 LeheRiis BRGhifibody P kitibelif frdgerenet i cal Iy
fused. 34. The nethod of c]aim 32 wherein the the ?,I rst binding specificity

of the biisgdwimanantihody eeantibodyfragmemtran anti body or antibody fragment. 15
35. The nethod of claim 34-wherein the antibody is a single chain antibody
or an Fab' antibody fragnent. 36. The nethod of claim 32 wherein the the
second bi 22li ngTispediispecific ynodéculerpiaimil ptereif the antboely id ®singlephaises EG-. 20
37. A thog g‘fl I nduci ng effector cell-nediated cell killing of a tunor

cel | ha ‘i zed by over-expression of EG- receptor or HER2 receptor,
conprising contacting the tunor cell with a bispecific nolecule conprising
a human anti body or_. fr%grrent thereof which binds to an Fca receptor,

| i nked toZEGF.T{aan spegifigmalesyleniaim2d whergin thefntibady fragmentipen Babdd cel |

killing OLMﬁmﬁ#ﬁB@n&ﬁll characterized by over-expression of HER2 receptor,
conprising contacting the tunor cell a bispecific nolecule conprising a
first binding specificity for an Fca receptor and a second bi ndi ng

i fjci f R2 tor. ,30 i.Ss Sheet Hag,B R d 11111
101 465 B 1 i el e gt Ryt 6 oo pG B AT EAIN 55 - 00-
antibody or antibody fragment. ' :

25. The multispeciﬁc molecule claim 24 wherein the antibody or antibody fragment
is a human antibody or antibody fragment.

15 | '
26.  The multispecific molecule claim 25 wherein. the antibody is a single chain
antibody.

27.  The multispecific molecule claim 25 wherein the antibody fragment is an Fab’
20 antibody fragment.. |

28.  The multispecific molecule claim 18 wherein the third binding specificity

comprises EGF.

25 29. 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.

30 30. The multispecific molecule claim 29 wherein the first, second and third binding
specificities are genetically fused.
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39.. The nethod of claim 38 V\hEl’—%i-—ll-l—h&-i-&:S-t-@-l’--S&COﬂd bi ndi ng specificity

is a hunman anti body or fragment nmet hod of claim 39
wherein the antibody is a single E ﬂ m M a Fab' 5 anti body
fragment. 4lqoflodt&t hod of i ndum medi at ed fé‘/ésolffhdlkd ng of

tunor cell characterized by over-expression of EGF receptor or
receptor, conprising contacting the tug¥ cell a multispecific nDIecuIe
conprising: 10 a first binding specifit y for an Fcct receptor, a second"

bi-ndi ng specificity for a HER2 ceptor., and a third binding specificity
for an EGF r%cepﬂi??m“lf?l’e %WZQ:WB?’W&‘?MPWW%B‘ ingst, second

and third b"?gd’ﬁa“&%@*“fq’%&éﬂa‘@“gﬁ?@{|a§?€n‘{dﬁa§#.‘§ﬁ?c' fic nolecule are

genetically sed. 43 erein the first or second
bi nding specificity is a human anti body or anti body fragment. 20 44. The

met hod of cl.gj m 43 N.the antibo £ chain an body or an
antibody fra ?\ m@’mi?#f “8{“3%&?%?‘5{5"%}%’@“’? d bi ndi ng
speci ficify dhampriizdbyotr-exprbsidfof BEFREMsE, wmﬁdaﬁgebﬂt&tﬁghﬁqﬁﬁ&r cell
cell-nediated cell killing of a tunor cell characterized

over - expr esswitha bispeeific m@whqgmpomnﬁzmst bindingtspecificity th’q:ransFlcq geceptonandct i ng

the tunor ce S nprising: a human anti body or
f ragnent theiréeegcfndﬁle: #%gﬁgél tgp%nﬁéﬁée% éptor; a human anti body or
fragment thereof which binds to a HER2 receptor; and 30 EGF. This Sheet
Has Been Ren%ﬁace& RN I 1] 1111111111731 1111 W001109186 PCT| USCQ 20158
-91 47. A hg method,of glaim 32, wherein the firghand spropd binding sprcifigities of the

speci fi cijpi eﬁsﬁe&ﬁc%&&ﬂﬁ%ﬁe&ﬂlﬂ Riedur face

34,  The method of claim 32 wherein the the first binding specificity of the bispecific

molecule is a human antibody or antibody fragment.

15 35.  The method of claim 34 wherein the antibody is a single chain antibody or an
Fab’ antibody fragment.

36.  The method of claim 32 wherein the the second binding specificity of the
bispecific molecule comprises EGF.

20
37. A method of inducing effector cell-mediated cell killing of a tumor cell
characterized by over-expression of EGF receptor or HER2 receptor, comprising
contacting the tumor cell with a bispecific molecule comprising 2 human antibody or
fragment thereof which binds to an Feo receptor, linked to EGF.

25
38. A method of inducing effector cell-mediated cell killing of a tumor cell
characterized by over-expression of HER2 receptor, comprising contacting the tumor
cell a bispecific molecule comprising a first binding specificity for an Fco: receptor and a
second binding specificity for a HER2 receptor.

30
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of an antigen presenting cell; aMant igen |inked to said
bi ndi ng specificities, 5 wherein jmlﬂm lates internalization of
sai d nol ecul ar conpl ex when bound'® mm“”mrspeci ficities. 48. The
nol ecul ar W& of claim 47, wherei i shi d"conpl*ex conprRGRAISER01eR: Or _
nore binding specificities. 10 49. The nol ecul ar conplex of claimA47,

wherein at | east one of binding specifd0cities binds to an Fc receptor )
(FcR) on an antigen presenting cell. 50." The nol ecul ar conpl ex of claim 47,

wher ei n saggl biTlda'Mm&m%twmi@mt%ﬁsec&&Eiﬂdﬁgf%ﬁée&f&&yﬁya an antigen -
bi ndi ng frg ment thereagf. 51. The nol ecul ar conpl ex clarm 50, wherein
said antib %Pmtﬂnﬂ dy; 5 fepgment thereefent or (FcR). 20 52. The nol ecul ar conpl ex
of claimb5l, wherein said FcRis an Fcy Receptor. 53. The nol ecul ar

conpl ex of claimb52, wherein said Fcy Receptor is FcyRI. 54. The nol ecul ar
conpl ex of 4&| ai Fhestigthothefioldim 39rveherein themeatilnidy d9a single ohliimantibodpeerFdb? ci ti es
conpri Sgs %}{b%ﬁ%hé"’d sel ected from H22 (ATCC Deposit No.CRLI 1177), M2
(ATCC Deposi . 2147), M32.2 (ATCC Deposit No. HB 9469), and antigen
bi ndi ng fragnments thereof. 55. The nol ecul ar conpl ex of claim47, wherein

sai d bi ndi specificities bind to 30 the same_epitope of said cell
surf ace co%oneﬁ@%@ﬂ@?ﬂﬁffm/%mdmﬂhlb@ &t tumioecellp| ecul ar

conpl ex of j | [ ' r;ggag LELci L ind to different
epi t opes 019 sal zﬁ?’fe‘%ﬁr ﬁé@@%?ﬁem .%?Pﬁ%ﬁ%'%ﬁﬁtggé?@ﬁ% l ex of claim
47, wher ei rontagtidg Hienunoncel pamilfispecific ewldouledomprisifig:di f f er ent cel | surface
conponefjts. 58. Ilj-"hsia ,rrgilgecul ,c?rrpl ex of claim47, wherein said antigen is
chem calVl y 1 i nk@frst inding specicityforgnFeeascepteniti es. 10 59. The nol ecul ar

conpl ex of cl ai Fudfnd HAEEEigRcERIP R HIES vebhdrBGANDI Nant |y fused to said

bi ndi ng specificities.
a third binding specificity for an EGF receptor.

42.  The method of claim 41 wherein the first, second and third binding specificities
15  of the multispecific molecule are genetically fused.

43.  The method of claim 41 wherein the first or second binding specificity is a
human antibody or antibody fragment.

20 44.  The method of claim 43 wherein the antibody is a single chain antibody or an
antibody fragment.

45.  The method of claim 43 wherein the third binding sﬁeciﬁcity comprises EGF.

25 46. A method of inducing effector cell-mediated cell killing of a tumor cell
characterized by over-expression of EGF receptor or HER2 receptor, comprising
contacting the tumor cell a multispecific molecule comprising:

a human antibody or fragment thereof which binds to an Fco receptor;

a human antibody or fragment thereof which binds to a HER2 receptor; and
30 EGF.
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60. The nol ecul ar conpl ex ;" Wherein said antigen is a tunor
antigen. 15 61. The nvol ecul ar nof claim59, wherein said tunor
antigen is froma canc" ﬂﬂ‘lmﬁm m t he group consi sting of breast
cancer, sa%ﬁpd\m,mgar ci B HEBRG, OVsal kan  cancer. 62. The pptmgdahdissconpl ex
of claim 47, erein sald antigen.is an autoantigen. 20 63. The nol ecul ar
conplex of claima47, wherein said anti %:]n is a self antigen. 64. The

nol ecul ar conpl ex of claim47, wherein”aid antigen binds to FcyRJ. 25 65.
The nol ecul ar. conpl ex ﬁf claim 47, wherein said antigen conprises an

anti body sdect &dme ROBPleR PemPTisBoSsi t No. CRL11' 177), M22 ( ATCC Deposit

No. HB12147), M2.2 [HATCGRRPASkdbi : lﬁ’%. i aing
fragnents thereof. 3#66. Thg%bedg&g?ga%ﬁggénig?%%rg?&n alx?#g?t,‘ eregi n said
antigen conprises antofxmdmtign30GentingTell abdposit No. HB 8696) or an antigen
bi nding fragment thergof. L 11LI1LI1L1134LT0 010 M Il 11 JH.* CL MS W
01109186 PCT/ USOQ 20188  -%¥agpne antigep df'%?a“?P?BG‘BFFW’d{;““éﬁhanci ng an

i nune r espoereiRgid dtpodént itdials intérialatici dTis&a molaRPEInSHIAOWRANT Ni steri ng
to said subject a np|ecular caonpl ex, such that the an inmune response
agai nst sai choupd byysid bindingsnecifighieect i s enhanced or induced, wherein said
nol ecul ar conpl ex conprises: 5 a) two or nore binding specificities for a
conponent on the surface of an antigen presenting cell; and b) at | east
one anti gen 48 nkditie mplesalaricdniphek of glaip 47, Wherein saibcompléxamomprises shirek @ronponent
medi ates internali,zation.of said nol ecul ar conpl ex when bound by said

bi ndi ng spec‘f‘?ﬁegf"fi}”@ss?eci%f‘%e@ The method of claim67, wherein said

nmol ecul anggconpl ex conprises three or nore binding specifities. 69. The

met hod of claim67, wherein said at |east one of said binding specifities
. 49.  The molecular complex of claim 47, wherein at least one of binding specificities

binds to an Fc receptor (FcR) on an antigen presenting cell.

50.  The molecular complex of claim 47, wherein said binding specificities comprise
15 an antibody or an antigen binding fragment thereof.

51.  The molecular complex of claim 50, wherein said antibody binds to an Fc
receptor (FcR).

20 52. The molecular complex of claim 51, wherein said FcR is an Fcy Receptor.
53.  The molecular complex of claim 52, wherein said Fcy Receptor is FcyRIL
54. The molecular complex of claim 47, wherein one or more of said binding

25 specificities comprises an antibody selected from H22 (ATCC Deposit No.CRL11177),
M22 (ATCC Deposit No. HB12147), M32.2 (ATCC Deposit No. HB 9469), and antigen

binding fragments thereof.

55.  The molecular complex of claim 47, wherein said binding specificities bind to
30 the same epitope of said cell surface component.



15 binds to an Fc receptor (FcR) on an antigen presenting cell. 70..The
nmet hod of claim 67, wherein at |east one of said binding specifities
conprise an anti body or an antigen binding fragment thereof 20 71. The
net hod ofVQPOMR670, wherein said antibody binds to an FcPEFHEER81S8(FcR) .

72. The nmethod of claim 70, wherein said Fc receptor is a Fcy R receptor.
73. The method of claim67, wherein eB2-or nore of said binding
specificities 25 conprises an anti body sel ected from H22 (ATCC Deposit _
No. CRLI 115867) , The fholesilaXonipdenaficlainia7, wikreih4aid bindiiy spedifidifiés bimptosi t No. HB

9469), and.anti %e.n bl‘rgl%iéag 1fr ment s thereof 74. The nethod of claim67,
wherein sdl '%e‘B‘P Biopgs “ths CEPRRORHLt he sane 30 epitope of said cell
surface conmponent. | ililj-r1r1arttil 1y 111111 E M WO 01/ 09186 PCT/ USQO

0158 -94 75. The nethod of claim67, wherein said binding specifities bind
to differeXf ébpnwéglawm%pf@@mﬁuwm@swmﬂpw @tiesiind t9et hod of

clai m 64 §qﬁag Is chemcally linked to said 5 binding

speci fi CI tres. _}:gll e ?r‘g{'%&gﬁ%f claim 67, wherein said. antigen is

r econbi nantly fused to said b| ndi ng speC|f|t|es 10 78. The net hod of
claim 67, i d ant antigen od of claim
67, wher ei sal gﬁ’? flafiﬂ“b‘é’ht YI‘T’B%‘ﬁmsmé Wésaﬁﬂﬁ@ym Qim 67,
wher ei n sadamaﬁa,hg@amﬁ&nas sel f antigen. 15 81. A nethod for immunizing a

subj ect, conprising adm nistering to the subject an effective anpunt of a
nDIecuIar conpl ex conprising: a) two or -nore binding specificities for a

componggt gy tm ?’d{lécﬂ&?co lexf &Q&'tﬁe&h& ?iﬂtah{i' Hcom!?iﬂ&h g'u&g at | east

one antlgen i 0 sal |n spéci ere sal nponent
medi at es i totsaidbirldingspedcificitds. sai d rml ecul ar corrpl ex when

60.  The molecular complex of claim 47, wherein said antigen is a tumor antigen.

15 61.  The molecular complex of claim 59, wherein said tumor antigen is from a cancer
selected from the group consisting of breast cancer, sarcoma, carcinoma, and ovarian

cancer.

62.  The molecular complex of claim 47, wherein said antigen is an autoantigen.
20

63.  The molecular complex of claim 47, wherein said antigen is a self antigen.

64.  The molecular complex of claim 47, wherein said antigen binds to FcyRI.

25 65. The molecular complex of claim 47, wherein said antigen comprises an antibody
selected from H22 (ATCC Deposit No.CRL11177), M22 (ATCC Deposit No.
HB12147), M32.2 (ATCC Deposit No. HB 9469), and antigen binding fragments
thereof.

30 66. The molecular complex of claim 47, wherein said antigen comprises antibody
520C9 (ATCC Deposit No. HB 8696) or an antigen binding fragment thereof.,
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bound by said binding specificities. 82. The nethod of claim8l, wherein
sai d nol ecul ar conpl ex conprises three or 25 nore binding specifities. 83.
The net hod of claim8l, wherein at | east one of said binding specifities
conpri se apodidoissody or an antigen binding fragnment ther @gfustdhrobss. The
met hod of claim 83, wherein said anti body binds to an Fc receptor (FcR).
F1I111111223111J1 11111 itllil C L WO (ky/ 09186 PCT/ USOOR0O158 -95 85. The
nmet hod of claim 84, wherein said Fc receptor is a Fcy Rl receptor. 86. The

met hod of clgi m ' f, i.d binding. cificities
conpri ses an@ént %}%ﬁ@@ﬂdg@g&ﬁ% “?A”i%g“ %ﬁ’g‘%"é’?‘i*’%%b“g%m %, w2
Nt i gen binding 11 aameets. ther eal. 87 Tha notnod of clalm Bl her e
anti gen bindin ragments thereaqf. 87...The method of ¢lai m81l, wherein
sai d bi ndi nd™&PBe Fqsp‘glséggamsm“{a&tlgﬂ’én§%‘1’r§“r]’3%?steﬂb@%q ordnguged, Bhereiflr f ace

conponent . 1gid8folechite coBpIBONRised: ai m 81, wherein said binding specifities
bind to different epitopes of said cell surface conmponent. 89. The net hod

of claim81, wherein 8aid twetor gore bindingspesiBeities/for & pdmpbnens o dhecurfa® bi ndi ng

specificities. 90. Th laim8l, wherein said antigen is

reconbi nantly fused tgf%%ﬁggﬁ%sgﬁ'%cg%gﬁfities. 20 91. The met hod of
claim 81, wherein sai¥b) antitsast ons amtigen! litked ad did/bifding Bpecifitities, et hod of claim
81, wherein said antigen is aegiaaut oant{'zgen. 93. The net hod of cl aim 81,
wher ei n sai dVBERIR § qup%"'@é‘} tes inteyaahizationepf gaid meleclareamnlex wheBuci ng or
enhanci ng prigagdbpldidhin@he acifittiegen by an antigen presenting cell,
conprising contacting the antigen with the antigen presenting cell,

wherein ﬂae antigen is linked to two or nore binding specificities for a

¢ o_rrpo nent orggt he The method of claim 67, wherein said molecular complex comprises three or

more binding specifities.

69.  The method of claim 67, wherein said at least one of said binding specifities
15 binds to an Fc receptor (FcR) on an antigen presenting cell.

70.  The method of claim 67, wherein at least one of said binding specifities comprise
an antibody or an antigen binding fragment thereof.

20 71.  The method of claim 70, wherein said antibody binds to an Fec receptor (FcR).

72.  The method of claim 70, wherein said Fc receptor is a Fcy RI receptor.

73.  The method of claim 67, wherein one or more of said binding specificities

25 comprises an antibody selected from H22 (ATCC Deposit No.CRL11177), M22 (ATCC
Deposit No. HB12147), M32.2 (ATCC Deposit No. HB 9469), and antigen binding
fragments thereof.

74.  The method of claim 67, wherein said binding specifities bind to the same
30 epitope of said cell surface component.
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surface of the antigen presenting cell which nediates internalizati.on of.
the antigen when 30 bound by the binding specificities. | Il11li
1121ffiliji 112(1 .1111121 C L WO 01/09186 PCT/ USOQO 20158 -96 95. The

met hod ofWQ@PH#9$604, wherein the antigen is |inked to thr BETHS00REIE bi ndi ng
specifities. 96. The nethod of claim 94, wherein said binding specifity
conprises an antibody or 5 an antigem4hbi nding fragnent thereof. 97. The
met hod of claim 96 wherein said anti body fragnment conprises an Fab'

fragment ofs an 1ik\ndiABTRRIm 610w9§emwﬁbiiﬁinﬁ‘%$e&ﬁueﬁ|bﬁid%%ﬁ‘feréﬂi'er ein said

anti body binds to an Fc receptor (FcR) he nmet hod of cl ai m 96,
wher ei n sagpitopestof gaid c¢lhsunfaee eamponenti gen. 100. The method of clai m 96,
wherein said antigen is a self antigen. [1ILILE TEEEEE FEEEr terenr e 1enl
CLMS

76.  The method of claim 67, wherein said antigen is chemically linked to said
5 binding specificities.

77.  The method of claim 67, wherein said antigen is recombinantly fused to said

binding specifities.
10 78.  The method of claim 67, wherein said antigen is a tumor antigen.
79. The method of claim 67, wherein said antigen is an autoantigen.

80.  The method of claim 67, wherein said antigen is a self antigen.

15
81. A method for immunizing a subject, comprising administering to the subject an
effective amount of a molecular complex comprising:
a) two or more binding specificities for a component on the surface
of an antigen presenting cell; and
20 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.

82.  The method of claim 81, wherein said molecular complex comprises three or

25 more binding specifities.

83.  The method of claim 81, wherein at least one of said binding specifities comprise
an antibody or an antigen binding fragment thereof.

30 84. Themethod of claim.83, wherein said antibody binds to an Fc receptor (FcR).
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85.  The method of claim 84, wherein said Fc receptor is a Fcy RI receptor.

86.  The method of claim 81, wherein one or more of said binding specificities
comprises an antibody selected from H22 (ATCC Deposit No.CRL11177), M22 (ATCC
Deposit No. HB12147), M32.2 (ATCC Deposit No. HB 9469), and antigen binding
fragments thereof.

87. The method of claim 81, wherein said binding specifities bind to the same
epitope of said cell surface component.

88.  The method of claim 81, wherein said binding specifities bind to different
epitopes of said cell surface component.

89.  The method of claim 81, wherein said antigen is chemically linked to said
binding specificities.

90.  The method of claim 81, wherein said antigen is recombinantly fused to said

binding specifities.

91.  The method of claim 81, wherein said antigen is a tumor antigen.

92.  The method of claim 81, wherein said antigen is an autoantigen.

93.  The method of claim 81, wherein said antigen is a self antigen.

94. A method of inducing or enhancing presentation of an antigen by an antigen
presenting cell, comprising contacting the antigen with the antigen presenting cell,
wherein the antigen 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.
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95.  The method of claim 94, wherein the antigen is liniced to three or more binding
specifities.

96.  The method of claim 94, wherein said binding specifity comprises an antibody or
an antigen binding fragment thereof.

97.  The method of claim 96 wherein said antibody fragment comprises an Fab’
fragment or an sFv fragment.

98.  The method of claim 96, wherein said antibody binds to an Fc receptor (FcR).
99.  The method of claim 96, wherein said antigen is a tumor antigen.

100. The method of claim 96, wherein said antigen is a self antigen.
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