MODULATORS OF P-SELLCTIN GLYCOPROTEIN LIGAND 1 Field of the Invention The
invention relates to conpositions and nethods for controlling imune 5
responses. Background of the Invention The control of unwanted i nmune
responses is a critical issue in the treatnent of diseases such as

i nfl ammat ory di seases, autoi mmune di seases, transplant rejection, 10
allergic diseases and T cell-derived cancers. The activity of overly

aggressive T cell b t Lol .nnnunosuppr essi on or by the
i nduction of innu38@§@F6§¥6ﬁ¥35ﬁ#%%g%3%$tﬂ%Eaae%o'%fﬁgﬁﬂﬂédfagv Istate
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i mnunosuppr essi on, which decreases the imune response to antigens,

usual ly requires the continued use DI negication. In 15 organ
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as T cell-depleting agents (e.g. CD3, CD4, 20 CDS), or as inhibitors of the
cytokine signaling or the co-stinulatory pathways of T cells (e.g. CD25,

137-1, 137-2, CD152, CTLA4) have,dely gi % E{fgftiveness in reducing
t he incidence of rejection mﬁth*ﬁg%ggﬁ' SAREShELY s or toxicity. Sone of
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or outside a cell influence the |[|ife and deat e ce nti bodi es
agai nst Tted@mpces Jofaereeipiieftnilas asiwh wisreRhs ifiorn@9/s@GDO 5 mMY = 43 kD),
TNFR2 (MW = . {MV = 45 1cD) and CTLA- 4 = 33 kD) induce the
apoptos?gﬁgf%gm%&%ﬁgﬁg t%ﬁ%HQEQEﬁ%wy%@ﬁFHPmﬁﬁﬂﬁh&%km%k?%§§&ﬁ-% (1996); Lin
et al. J.inmunekpontdti H88ewf)salBéduirtRBe Rhudd useNAthEBeadibh: 348-

15 organ transplantation, T cells play an essential role in the immune response to

alloantigens. Current immunosuppressive regimes commonly involve the use of
corticosteroid, cyclosporin or rapamyecin, which block the transcription of IL-2, a key
growth factor for T cells, or inhibit 1L-2 dependent proliferation. However, a number
of monoclonal antibodies which either act as T cell-depleting agents (e.g. CD3, CD4,
20 CD8), or as inhibitors of the cytokine signaling or the co-stimulatory pathways of T
cells (e.g. CD25, B7-1, B7-2, CD152, CTLA4) have demonstrated effectiveness in
reducing the incidence of rejection with limited side effects or toxicity. Some of these
agents have been shown to have some degree of success in treating autoimmune

disease and in prolonging graft survival.

25 Apoptosis is widely believed to be of vital importance for maintaining the
proper function of the immune system and a major mechanism to remove unwanted
cells (Kabelitz et al. Immunol. Today 14:338-340 (1993); Raff, Nature:356:397-399
(1992)). Various signals originating from either inside or outside a cell influence the
life and death of the cell. Antibodies against T cell surface molecules such as Fas (or

30 CD95, MW =43 kD), TNFR2 (MW = 75 kD), CD2 (MW = 45 kD) and CTLA-4



350 (1995); Lai et al. Eur. J. Inmmunol. 25:3243-3248 (1995); Mdllereau et
al. J. Immunol. 156:3184-3190 (1996); Gibben et al. Proc. Natl. Acad.
Sci. USA 92:811 5 815 (1995)). Attenpts to use Fas and TNFR2 nol ecul es to
control unwanted T cells have been hanpered by the fact that these two
nol ecul es are expressed not only on immune cells, but also on several

ot her inportant organ systens like liver. This expression pattern
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oxpr essed i enfifperid B9 o8 S BuBeR b RGP A RaCeageor e - The

sel ectin framhycatRNsiiatsd ddfseftrglRdiBatihpolidhiSR o NOMENASIEDP%r. FR2P,  GWP140,
and PADGEM), E-selectin (also known as ELAM I arid CD62E), and L- selectin

(al so knoWprEsionmeinpotlapsplLiy mits A 'ileraaﬁ@il(mil@tmfﬂ'fbfethsmtmt| ns are 20
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G R BT B e SO BT G ek €l T opeat
(SCR)10 doei (18930 Bnbegnus et 4. I MislegfcallOberhiirg QOpi @By 45@pUloabpry proteins,
followed by a transnmenrbrane domain and short cytoplasmic tail (Siegelnman

et al., Sciencgele@#s; Iillﬂe@Erﬂdﬂch(nl@zﬂ%)obLﬂ@S(k@ s@perfdmily PRhibeRSird @48z 1055
(1989); Tedder et al 25 Med. 170:123-133 (1989); Johnson et a
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Bevi | acqua et I nvest. nerinic et al.
Nat ur e 2smdamehmggsl()mm)r)rammsg@be@990)5019@04@ leelﬁtap(p%@) Blybedicstli nct

speci f_l (o] C surfac receptors (Bevil acqua et al J. din.
| nvest. S?% @7@53@? ‘%@a‘e 1"@@@)’“‘?@@%@“ oBRFFl H{peag'eﬁlbaﬁis if anpthpieidhegpp)

3: 701- 710n413888 i nrBeES ﬁtﬁd 184:1048- 1055
(1992): Foxal | e’{Pla 0 @i}fexcnt cJ%KlQﬁk@%mﬁhQQhﬁéﬁnd R&ZpotpEn

The selectm fdmlly consists of P-selectin (also known as CD62, CD62P,

GMP140, and PADGEM), E-selectin (also known as ELAM-1 and CD62E), and L-
selectin (also known as LECAM-1, Mel-14, LAM-1, and CD62L). The selectins are

26 highly homologous, composed of a 120 amino acid N-terminal lectin domain, an
EGF-like domain, a variable number of multiple short consensus repeat (SCR)
domains homologous to those found in complement regulatory proteins, followed by a
transmembrane domain and short cytoplasmic tail (Siegelman et al., Science
243:1165-1172 (1989); Lasky et al., Cell 56:1045-1055 (1989); Tedder et al., J. Exp.

25 Med. 170:123-133 (1989); Johnson et al., Cell 56:1033-1044 (1989); Bevilacqua et
al,, Proc. Natl. Acad. Sci. USA 84:9238-9242 (1987), Bevilacqua et al., Science
243:1160-1165 (1989), Bevilacqua et al., J. Clin. Invest. 91:379-387 (1993), Camerini
et al., Nature 280:496-498 (1989)). The selectins have overlapping but distinct
specificities for cell surface receptors (Bevilacqua et al., I. Clin. Invest. 91:379-387

30 (1993); Feize, Current Opinion in Struct. Biol. 3:701-710 (1993); Berg et al.,
Biochem. Biophys. Res. Conun. 184:1048-1055 (1992); Foxall et al., I. Cell Biol.

2



117:895-902 (1992); Larsen et al., J. Biol. Chem 267:11104-11110 (1992);
Polley et al., Proc. Natl. Acad. Sci. USA 88:6224-6228 (1991)).
P-selectin, E-selectin, and L-selectin nediate the first

| eukocyt e-endothelial cell and platel et-|eukocyte adhesive interactions
during inflammtion (Bevilacqua et 5 al., 1993, supra). Al three

sel ectins have been denonstrated to participate in an initial "rolling"

i nteraction 7%95@9@@9%613&%%& afCHIMEE eHeMNAOL NE] d4um 1(1mqm9ﬂ)dmwa§r £t al .,
Proc. Natl. Acad. Sci. 7538- 7542 (1991); Ley et al., "Bloo

77: 2553- 2565Prqc1894) AcatbagsiSét 8ah224- 612”8(@19911)) | nvest. 92:2719-2730 (1993);
Dore et al., Blood 82:1308-1316 (1993); Jones et al., Biophys. J.

65: 1560- 1569 ( I9ed)ctinMEyaltain, etd dl-selecli rﬁ?&ii&teﬂﬂaﬁtﬂkﬁﬁﬁby@e&%ﬁﬁ)eﬁal

P-selectin n actiyvated. pl atel et.s.and endot hel cells, binds
to cerl sdetSREPEIafae R OF e T uleBtreu bRt RrERSGg (Rluacl 1 Chom
250: 9799- 98040931984 )3. A'Tﬁﬁre'e's@le@t’insd{avc bden (Eérﬁdnstl%ﬁ%p%@tﬂuﬁﬂeaﬂa aﬁl&ﬁa( 1984)).
E- selectin; expressed on ci/to ci ne-activated endot helial cel (e.qg.

after TNF-slfing isferaction of Bukemyltestwishagtbmtcg-@dpdalien (Bpmasdas @tefﬂl, surface
pr ot ei ns t in nyves! 00: 485-492
(1997); Bg{}? ct(ﬁlué‘%e#(%% [%Sﬁég;(;%%ﬁgﬁ(@bég&iepfgaiugﬂg?dg?l‘%ﬁgy@s} supra).
L-sel ecti mwm,mmmi aom ISt mvestk@mvessom g93); oreed di., Blsddace proteins
on sone endot heli | s and on ot her | eukocytes (Gallatin et al Nat ur e

304: 30- 34 5¢11988) 131@é¥%’3ét105¢8 et dl RGRBYs: TReV 5000 65T 1 dEopdasgdply, et al .
J. Cgpl. B0y 54311%‘534?’@%331% %]’GXF@E%M a%hgtl:d plaBlIOE *as&rbngd;gfggy o 8Res

Comm 20 174:236-2 I nvest
(1991); Spelig, biidset call syrfade ploltmmmminosmdﬁk(ﬂ;&@é{%mel( d@%991).)BioAlQhetrhr ee

oxpr ossi oA T PAE0H IR RekEara" P Binyt Geom i SAT- R LT cel 1S and

NI C cel |l Sse Rast, Eiﬁ@%e@foﬁuQpﬁ)hcu{&%hi/ht@@%h&ﬂﬁcl%ﬂ cB8Ge:ol e TNRAYHS &d for

binding to P-sélectin, E-5selectin, and L-selectin (MEver et al.,J. din.
25 | nvest IL- llsggwiatwpﬁoay 81&Litﬁ}'é2ﬁydsd¢) celheurfase @rtEGA OT oSt FrukATYtoN |s based
on the.di ery.t cel d/ o n d_t o undergo
apopt ESSI s%@;% Re” enga elrirleﬁ‘csst f(?cﬂzl?ﬁ_z;ggﬁlﬁzﬁ%} éggc ur%tolj” 816;11%%%3%1 PE8l ectin

QA ycopr ot Bechilddqgandatl 10BRG6Lpd).. LEckelih, dipplsald @nmeancli@cpaetbicdd @rly usef ul
for the treatnent of conditions associ ‘ated with an excessive or unwanted T
cel | cell surface proteins on some endothelial cells and on other leukocytes {Gallatin et al.,

Nature 304:30-34 (1983); Berg et al,, nmmunol. Rev. 108:5-18 (1989); Berg et al., I.

Cell. Biol. [14:343-349 (1991), Haliman et al., Biochem. Biophys. Res. Comm.

20 174:236-243 (1991); Smith et al., J. Clin. Invest. 87:609-618 (1991}); Spertini et al., J.,

Immunol. 147:2565-2573 (1991)). All three selectins have been shown to bind fo a

cell surface protein, PSGL-1, whose expression is largely limited to feukocytes, and in

particular T cells and NK cells. Posttranslational modifications of PSGL-1 are

required for binding to P-selectin, E-selectin, and L-selectin (McEver et al.,J. Clin.

25  Invest, 1997, supra).

Summary of the Invention

The mvention is based on the discovery that T cells can be depleted and/or
induced to undergo apoptosis by the engagement of the T cell surface antigen P-
30 Selectin Glycoprotein Ligand-1 (PSGL-1). T cell depletion can be particularly useful
for the treatment of conditions associated with an excessive or unwanted T cell-
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3 nmedi ated i nmune response or excessive or unwanted T cell proliferation.
For exanple, the depletion of T cells can cause the reduction or
elimnation of undesirable T cell activity or proliferation associated
with inflamuatory di seases, autoi mmune diseases, transplant rejection,
allergic diseases, and/or T cell-derived cancers. The 5 invention
enconpasses net hods of using nodul ators of PSG.-1 function to prevent or

reduce a T,&8hka Hﬁﬁjl'u%é ?egpr% %p@xéegﬁpg ?F\ﬁl\z@%ﬁitgﬁ lcc?%rcﬂﬁ'&@ﬁ&% 2 {) screeni ng

for nodul ators of PSGE ction n one e Irnvention features

a method afappkydntdepfption of Edulli cey @ude theedaductre@lbabmduiaﬁwﬂeuﬁ@fsﬂ@lﬂse in an
i ndi vi dual nmet hod | ECl udes the foI |l ow.ng 10 steps: selecting an

i ndi vi dual® %ﬁTQBgCHSQéal Bl oRRsrcialed Baibganmalagk déf’lea%qflﬂt?liﬂﬁﬁu@ condi ti on
charact er |d¥@@sel§)/tz ARPRACRFRIVE a@'élg‘i’@&ﬁgﬁsgg -Iid)%?lrl ceﬁecﬂz'n@kﬁga Lc%Hsn Ui

response; and adm nistering to the individual a conpoun at binds to
PSGL- 15 0n 1rdiEos andoagmsssd neetiodsall usingmardeiaiotsd PISGidﬁ figrodibntiberevonpound t o

PSGL- | d | duct th
Chat resu’t ST T Rgathiods Sad FReeopb BRI o et o SVGHENHG BF r bduci ng

a T cell - nmedivati@d of PRUNE] rigspense in the individual. The conpound used in
such a nethod can include an antibody or antigen binding fragnent thereof

that specifi calph ynbhspds, #1R iRRGkiod fodifle® P& SXANRH Ig?revéntﬂﬁg of %&%@H%da ts a

nonocl onal antlbod that specifically binds to In one
embodi nentelldisiet isaunarerrges inagn iaddiduabnhe sredpdofclades the $oleriing an

h bod l'i nki
of o ol ur sty YRR abt PRI SRBle A R e A0 B BRR AT O2F ) come

enbodi n‘enbmdlﬂidnedmdmd'ed rha@laﬂd:&&cstnﬁdkb@ uigahbe TedSpedibking ek a plurality
of PSG-1 antigens onh the surface of . the T cell, wherein the cross-Iinking

25 | nduce%eSP‘?ﬂf"s*?rtjjnaﬂmf”rSécﬁ@Hlﬁ%fhcdﬁdlﬁbﬁuﬁb\&?]omh%ﬁﬂdr@émltlés forPYGle-ldsat h of the
T cell. |mesamB.Lomodi ng d]_?elelﬁl?l?e gﬁ&ﬁ%%f'tﬁ%céolﬁg%nhqg PE@L ?‘M}QQC St eps (1)

sel ecting an individu I aghose havi n risk of
acquiri ngSlafW@@nﬁﬂtel ol mldacfa(atsegnat aﬂndnigactam pmtmsg llwemnlwny\mmdeah'l')f

cell - response; mnistering to the individual a
mul ti r| A O%I”ﬁ‘ﬁaeq{yrﬁ?&%tlﬁagl ualtn % ﬁg%?pw@idted mununmesponse;n the

individual,

The compound used in such a method can include an antibody or antigen
binding fragment thereof that specifically binds to PSGL-1. In one example, the
compound is a monoclonal anlibody that specifically binds to PSGL-1. In one

20 embodiment, the method includes an additional step of administering an agent that
binds to the monocional antibody and induces the cross-linking of a plurality of

PSGL-1 antigens on the surface of the T cell.

In some embodiments, the method includes inducing the cross-linking of a
plurality of PSGL-1 antigens on the surface of the T cell, wherein the cross-linking

25 induces the signal transduction pathway that results in the death of the T cell.

In some embodiments, the method includes the following steps: (i) selecting
an individual diagnosed as having or as being at risk of acquiring a condition
characterized by an excessive or unwanted T cell-mediated immune response; and
(11} administering to the individual a multimeric compound that binds to at least two

30 PSGL-I proteins on the surface of a T cell, wherein the multimeric compound

contains two polypeptide chains, each of the polypeptide chains including (2) a
4



30 PSG.-1 proteins on the surface of a T cell, wherein the multineric
conpound contains tw pol ypeptide chains, each of the pol ypeptide chains
including (a) a 4 binding domain that binds to PSG-I1, and (b) a

het er ol ogous am no aci d sequence, wherein the polypeptide chains are

| i nked via the heterol ogous am no acid sequence to formthe multineric
conpound, and wherein the binding of the nultineric conpound to the at

| east two BSdhrgldcodidh ia0Binds 1d PEGBUI, %ﬁ@ga)@fhetda@lo%&einhmb REUGBSuACcS Signal
transductlon pathmay that results in the death of the T cell, t her'eby

prevent i ngWhereit @ﬂe@@Imgp@ml@mm%b@lmét\edtherhm@og@@pme abid sedpence

i ndi vi dual _ n n ner.i c compound or a
heter o mul g e R A B R R bl el "Cont ai
P- Sel ect i ncoepdurddekiicdtdcastomaPHGor] 1&01%8@0—1&%1@!30&@1%@% fillieaﬂ aEnindub&rL£of , an
E-Selectin 10 extnﬁgellul r domain or a |. -binding fragnent thereof,

an L- Set ectishe! eRsqustien PHPRAY dytassHitpm ‘é}e ﬁgﬁlOit%l%ﬁlh&ﬁf?@gﬁémmlﬂlﬁer eof ,
an anti - PSGqdap b rody-m8diaRg I?§ﬁ-tm<]:rc% S'Iqécrf B{erl @1 t hereof, a PSGhl.

bi ndi ng pol ypeptide selected froma age |sp rary, or a

combi nation of '@Hé’mgftnﬁé}ﬁ AR Rmd }l_ggr g@‘ﬂ 1ﬁmﬁ%g‘§%@buﬁ$& i%' greric

conpound does not 1nclude an ‘anti - anti an an
fragnent thmﬁHMﬁmdwnH@HWSGEhﬂbMEmgdu%mmo@ogﬂmmaﬁwnmﬁmamﬂﬂSeE@mence can

optionally contain a cell s C recept or bi ndi e.g., an

P unogl SBEH Gy Ehar hPEbTeEametieh St e e b deltinment s, 't he

pol ypept i decieba@ing: RigieovaPetl L ypldankerla e theréBfSéH fid€cihi nked, via the
het er ol ogous ami no acid sequence to ornﬁ% tineric conpound. 20 In

certai n enfdgrenugionaeonehod- bhmdilmﬁmnaﬂlea@m an &tm}aPS@LeIpamfbody

d
compound vi'a T 1 RariPerteatE ciRaB aN ol dBn kB ki R T

cross- | i nkilnage dfspﬁymﬁabmﬂ ditaycofibinRSplofhnanfitgemsven the surface of the T
cell. In some enbodi ments, a method described herein includes a step of

sel ecting 25 an clcnﬁln\lﬂnﬂ:ldﬂlmdttﬁgﬂ@ﬁladnﬂ@ﬂkﬂ)\{lh}ﬁ@u@ﬂoé@ﬁ&'1Wmﬁé1ﬁﬁase I'n
anot her exgg? t.he nmethod includes a step of selecting an individual

di agno$ed A HAvPHBoGMON 9 AkbAraY Srgmanidbadends ta Pakdrher exanpl e, the met hod

includes a step_of selecting an
The heteroiogous amino acid sequence can optionally contain a cell surface

receptor binding region, e.g., an immunoglobulin heavy chain constant region. In
some ernbodiments, the polypeptide chains are covalently linked, e.g., disulfide

linked, via the heterologous amino acid sequence to form the multimeric compound.

20 In certain embodiments, the method can include an additional step of
administering to the individual an agent that binds to the multimeric compound via
the heterologous amino acid sequence and induces cross-linking of a plurality of

PSGL-1 antigens on the surface of the T cell.

In some embodiments, a method described herein includes a step of selecting
25  an individual diagnosed as having an autoimmune disease. In another example, the
method includes a step of selecting an individual diagnosed as having an
nflammatory disease. In another example, the method includes a step of selecting an
individual that has received or is expected (o receive an allogeneic or xenogeneic t
transplant. In another example, the method includes a siep of selecting an individual
30 diagnosed as having an allergic disease. In another example, the method includes a

step of selecting an individual diagnosed as baving a T cell cancer.
5



i ndi vi dual that has received or is expected to receive an all ogeneic or
xenogenei ¢ transplant. In another exanple, the nethod includes a step of
sel ecting an individual 30 diagnosed as having an allergic disease. In
anot her exanple, the nethod includes a step of selecting an individual

di agnosed as having a T cell cancer. 5 In sone enbodi nents, the T cell is
an activated T cell. In one exanple, the T cell is a CD4+ T cell. In

anot her exanpl 8n s&lﬂ@ eﬂ%bﬁ?xn&icntss 1k, % an(\a%HO tecl T R0, SF%) nﬂﬁ@ttﬁe Tt he

met hod includes a step o t éct |ng Re 'nunber of = T ce
b|oIog|cakmﬁampC@4ﬁékeﬁIﬂmamDHMEGHmQHmHHmabebeﬁnﬁﬁmﬁHécadnlnlstratlon 5 of
the compound (e.g., a multinmeric conpound) and conparing the results with

t he nunber of Tne@hbsmbndﬂumﬁndndnﬂhoﬁ@gmﬁmkas&pmﬂde&ak@@ﬁﬁﬁmnﬁhhef

i ndi vidual,,after the ,admnistration of the, 0 a multimeric
compound) .T §s é‘bﬁé SZ ngﬁﬁlﬁﬁg TSP ?et tﬁlée‘hfg?‘ﬁdléfa ﬁlﬁbﬂwg Cfé’l% ’El}t?pidB?m’é’é?té{?t ing a
bi ol ogk calyf pacthifotyd of %Ta GRIG Rk c@h@ms ald &Jﬁ%ﬁ@l the ?ég?ietwtﬁ‘ig@ fromthe -

i ndi vidual before the 10 adm nistration of the compound . 0.
nultlnerlcmcwﬁp@ﬁhdwmandS@@n@dnohgumhemnésukmsﬁmnt%eumhvhhdrd@ﬁﬁ&l activity

of T cells,in 0 taken fro t he individual after
t he adnlnPgP]H?F§Wn6$ﬂFh 6%8@@%3 "Ba?nw%F P??W%¢| compound). In sone
enbodi nent s, e adm nis rat S t he depl.eti on of. at .| east 15
T00 of a0t 1 vat Sas PR TR DRl B § Rel eRuthhites skt he

admi ni strat&ar offesdilstis a'fﬂsttm@logi%ﬁi QhihaRén Abml BaSIdiLAYE] 1R 1R0% 40%
50% or nore of the activated cells in the individual. In some

enboqﬁ@rentaémnt%ﬁ@tlamoif Bwnmouaﬁ(@ -Heh nbllhmmnfgcqma@n@man@ h@memngﬁrﬁet he
mul timeri ?esﬁgmﬂg %18%%?0?1?3&{]\?1 eIl%fl g%ecoﬁg C1c1> 01?:/%103]211161} c in/glbf %]&Tngel I's

inthe 20°1n t’er  expo dure to the an or an
f r agment tl’maﬁ&l@fduaraﬂdﬂehe arhiniswaribe oﬁtmmempdund (. gomluetmaaﬁh ments, the
adm ni stration |nduces the death of at l|least 10% 20% 30% 40% 50% or
nore of tFREENated T cells in the individual. Cell death can be
nmeasur ed at an¥ tinme, one, two, three, four, five, siXx, seven or
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nmore days afte %’)@b‘b%ﬂ]?%Pﬂ’ﬁnﬁsh@eé)ﬁtﬂl%éwloﬁrl3%115|”@8H> dpidiong It Kgefent
theregf of o4 NG 220 4 TIeBRY #1516 HRURY: In some embodiments, the administration

resuits in the depletion of at least 10%, 20%, 30%, 40%, 50%, or more of the

activated T cells in the individual.

In some embodiments, the antibody or antigen binding fragment thereof or the
multimeric compound induces the death of at least 10% of activated T cells in the
20 individual after exposure to the antibody or antigen binding fragment thereof or the
multimeric compound. {n some embodiments, the administration induces the death of
at least 10%, 20%, 30%, 40%, 50%, or more of the activated T cells in the individual.
Cell death can be measured at any time, e.g., one, two, three, four, five, six, seven ,or
more days after exposure to the antibody or antigen binding fragment thereof or the

25  multimeric compound.

In another aspect, the invention features a method of inducing the death of a T
cell or a natural kitler (NIC) cell. The method includes the steps of: providing a T cell
or NK cell expressing PSGL-1 on its cell surface; and contacting the T cell or NK cell
with a compound that binds to PSGL-1 on the surface of the T cell or NK cell,

30 wherein the binding of the compound to PSGL-1 on the surface of the T cell or NK



I n anot her aspect, the invention features a nmethod of inducing the death of
aT cell or anatural killer (NTC) cell. The nmethod includes the steps of.
providing a T cell or NK cell expressing PSG-1 on its cell surface; and
contacting the T cell or NK cell wth a conpound that binds to PSG-I on
the surface of the T cell or NK cell, 30 wherein the binding of the
compound to PSG.-1 on the surface of the T cell or NK 6 cell induces a

si gnal traogdiudidesn spabhm@sdbhn faesidit Bat rositiaen deatddtodf thb e cEnGeiNg or NK
cell. The conmpound used in such a nethod can include an anti body or antigen

bi ndi ng fré&dhent thereof that specifically binds to PSGL-1. In one exanpl e,
the 5 conpound is a nonoclonal antibody that specifically binds to PSG.- 1.
[n one enbodi mehkS CamROVRELRLIN ek aawshed candprelode @bﬁt@@ﬂb’@g apigennonocl onal

A 0%y bl 30 AERNe AP LR Ry b8: PROGLANAN SRlhpRl BRT L MSHee

the cross- l'ura |gens on Surface of the
T cell sor cNIﬁuB:elhﬂ is dmonmtéomﬂaotﬂlbmrthat sbheficabddd ted3Gies . tthené ol | owi ng
steps: (i) proyi cell expressing PSG.-1 on its

or NI{
cell surfad Odé‘ﬁﬁm? 'iqﬁe)meé]é%%%f&l(”%ﬁ@a e Oﬁ":‘t‘%‘llqmlérthe ‘I’\’R“‘é‘“éPP wnibody ¥l t i neri c
conmpound thatschi 1[151[51)1{1& Blhd 1@1@%0151‘{‘09 dﬁt%gdg]anﬂrﬂ&tﬁ:'eg'ﬁle%noss lhﬁqﬁ%{f pace of the

T cell or NKcell, wherein the nmultineri ound cont ai

pol ypept i dduiahb A PS@ad hubgershe thobyfreptoil de "Ebai osNKnefliudi ng (a) a bi ndi ng
domain that hinds to PSE@, 1, and (b) a heterol ogous am no acid sequence,
wher ei n t he 15 Ipohypapoiident bt nsthadendliddeable {dllaviesthedt: e(ﬁp;bmgmilimz &1t no

acid s quenge t he. und rein the bi g of the
mul ti ﬁ@l’l ctc h%@%ﬁ@f@x@t@ﬁ@g;{gé{ g‘secin l%tc\ﬁﬁng’% ] in%?ﬁtcé?il%u%ﬂ% Gﬁ“f ace of
the T cel INOkelNK @&l ﬂm]tﬂﬂ#ﬁ;%nﬁ)oﬁhﬂﬂﬁk bmHE ang bt iv@.ﬂPQ@thY‘@%t&h@&n results
in the death of the T cell or NK cel The nul tinmeric conpound can be a

honmo- nul t ithesurtece shideUnerlioer Pa{Kh‘@ilewbmemdhcnmtulinmmcr t@neomdaenthinsTive bi ndi ng

domai n ca I R- Se ct| n r,ac omai n a PSG.-
" bi ndi ng® ﬁ?’%t?r%ﬁ%h&%‘ﬁé?%%%fﬁ S ErEphEE bdins SEMREETA (bR GoTR i S
PSGL- | - bi mdidsgo PS@gnEmhdt(ﬂﬂ)arE@érol@ﬂ;ukmﬁﬁio&ﬁ:ﬁd$’b néxdel atetdiniar domal n or a

PSGEL- | - bi ndl cl:e ment thereof, an anti-PSG.- 1 ant i body or
PSGL- 1%bi A8 E’ngtr acglﬁ%ﬁ@fﬁt brlredofia the hseselpgenssanise peid seavinca i%ﬁé@eﬁ“@ll spl ay

multimeric compound, wherein the binding of the multimeric compound to the at least
two PSGL~1 proteins on the surface of the T cell or NK cell induces a signal

transduction pathway that results in the death of the T cell or NK cell.

The multimeric compound can be a homo-multimeric compound or a helero-
20 multimeric compound. The binding domain can optionally contain a P-Selectin
extracellular domain or a PSGL-1-binding fragment thereof, an E-Sclectin
extracellular domain or a PSGL-1-binding fragment thereof, an L-Selectin
extracellular domain or a PSGL-1-binding fragment thereof, an anti-PSGL-1 antibody
or a PSGL-1-binding fragment thereof, a peptide selected from a phage display

25 library, or a combination of any of the above.

The heterologous amino acid sequence can optionally contain a cell surface
receptor binding region, e.g., an immunoglobulin heavy chain constant region. In
some embodiments, the polypeptide chains are covalently linked, e.g., disulfide

linked, via the heterologous amino acid sequence to form the multimeric compound.

30 In some embodiments, the method includes an additional step of contacting

the multimeric compound with an agent that binds fo the multimeric compound via
7



25 library, or a conbination of any of the above. The heterol ogous am no
aci d sequence can optionally contain a cell surface receptor binding
region, e.g., an inulunoglobulin heavy chain constant region. In sone
enbodi ments, the pol ypeptide chains are covalently |linked, e.g., disulfide
| i nked, via the heterol ogous am no acid sequence to formthe multineric
conmpound. 30 In sonme enbodinents, the nethod includes an additional step of

contacting, 15&‘&015%&&4 :ﬂ‘r?mb%l @ﬁ%ﬂﬁ%{&g ra)g'{i {20 A9&Mwk ?Bf Qgﬁﬁiﬁlt gsthe

mul timeric conpouid vi a ogous am no ac e and i nduces
cross- | i nPiSad.-bhntaeapk an dld duyfaot of BBGLeell. anti gens on t he surface of the T
cell. In sone enbodi nents, the nethod includes a step of inducing the
Cross- IinkingIm&maeahUmﬁkhhw e fRBGhd ihchidts genrp obmdubimeshit tage of the T

cell or cel wher ei e_cross-1linking_ induces_ the signal
t ransduct it 8H“§QFHRQVQNH§FB§§QU §“$%wpﬁéh68%§Fﬁ0§§“¥%%e#ﬂ%ﬂgﬁmgr NK cel |

In song em@@n{@]@t&os@fhnﬁﬁfg'}ﬁ@&eg %‘fecsrlhpa‘? ‘Eirdﬁlﬁ{u@h&l pﬁiﬂ%ﬁ)& bnat ?&hite {nstp
Il n anot her

activated T ce I n one “exanpl e, Is a

exanpl e, dinsh 9F tel T calisoraVK cB8+ T ceII. 10 In sone enbodi nents of net hods
descri bed herein, the nethod includes a step of assessing the viability of
the T cell or KNKsaed émbddicntsiod nutinidacicsarfpedibtteit, ige Toolipoamnattfeted.T, a

mul tinmeric ts o ods descr,i erein, the
ot hod 1 nefbabn cebiple” 5E TR aN o TR MRl by AP ORE Yoot SEhE T cel | o
NI C cell affgerythe contacting with the 15 conpound (e.g., anmultineric
conpound). In sone enbodi nents, the nethod includes inducing the death of

an acig vated T geld embdd"m@ﬁ't@%'f'ﬁfctlﬁﬁi@%%@onb%@ﬁeie’iﬁ/ SR IeholiSAlHI&RS: fegret hod
of screening for a nodulator of PSG.-1 function. The method includes the

steps of : opwewsidigile wabibly okepleesdl gV ocibslte: the santebiengswith e of the cell;

contactin sub ance; and neasuring the viability of
t he cell g%%@ﬁmﬁgéﬁag%?u Cﬁg %@PPm%nth the test substance to thereby

determine if tﬂlesognecsém Léibmen $ o?meﬁlo%s csclilljb%é ?15{(:(1)1{ tlﬁ:sl%th%dfnlljc%ées a step

of assessing a biological activity of the T cell or NK cell after the contacting with the

15 compound {¢.g., a multimeric compound).

In some embodiments, the method includes inducing the death of an activated

T cell.

In another aspect, the invention features a method of screening for a modulator
of PSGL-1 function. The method mcludes the steps of: providing a cell expressing
20 PSGL-1 on the surface of the cell; contacting the cell with a test substance; and
measuring the viability of the cell afier contacting the cell with the test substance to

thereby determine if the test substance is a modulator of PSGL-1 function.

In one embodiment, the method includes the step of detecting the death of the
cell induced by the test substance to thereby determine that the test substance is a

25 moduiator of PSGL-~1 function.

In one embodiment, the test substance is an antibody or antigen binding
fragment thereof that specifically binds to PSGL-1. In one example, the test
substance is a monoclonal antibody that specifically binds to PSGL-1. In one

embodiment, the method includes the step of contacting the monoclonal antibody with



I n one enbodi nent, the nmethod includes the step of detecting the death of
the <cell induced by the test substance to thereby determ ne that the test
substance is a 25 nodul ator of PSG.-1 function. In one enbodinent, the test
substance is an anti body or antigen binding fragnment thereof that
specifically binds to PSG-1. In one exanple, the test substance is a
nonocl onal anti body that specifically binds to PSA-1. In one enbodi nent,
t he net hodan agdudes biri (sthepnafockant atibbigathadoeRab aned-ligdhi bpdy with 8
an agent that bingi t?uthe monocl onal _antj body and induces the

cross- I|nkPﬁﬁd5?° Shiat arigeps of peepripcophiigedls on the surface of the cel

I n one enbodi nent, the nethod  includes the step of inducing the

cross- 1 i nking Sf one ‘f)‘l“h?CB’I“F’E%/théfm"FﬂS@_mﬂ‘:méﬁtT’@éﬁ‘s} dandusangstlie preseligkinghe

cel |, whergpnpfhgi0HeP8all Plﬁtt{&ﬁns oh th@@HHQ@e d6e ?{%9 nﬁler&ﬁ a@stﬂbjs%_ll'ix g]lgf at hway

that results 1n the death of e cel I'n one e is an
acti vated Mdoedslthe bignaltenekstph g¢tthaE ﬂiétlmlth in tsheaieﬁD@-ftﬁE aél | . In another
exanple, the T cell is a CDS+ T cell. In one enbodi nent, the nethod

i ncl udes the stépomfmnhmumaMtmpﬂh@Hbabkad@uﬁﬁfrtﬂeshoﬁmnﬁemp&$ﬂmsnbstance

and fornula ubst ance in e tlca Iy accept abl e
carrier. H%ﬁ%ﬁﬁgg+ cilmﬁﬁ‘ﬂeﬁﬁgﬂkrgﬁ%fggﬁﬁ@ g Eﬁ? containing: a
conmpound that i nds t he surface of erein the
bi ggi ng of the ﬁb‘?ﬂ?o‘ﬂﬂlb"djt‘a %F%@imi %jrfnt‘]hlée%‘g}Fﬁ%:@éje}éitallpﬁét‘*rm\égﬂut(| nduces a

signal trapseugd @ﬂhQ%Sh%ﬁtahé’@‘éﬂdrf@ﬁﬂulﬁﬁng td ttfigusieach 05 the T cell; and
instructions for use of the conpound to treat a condition 15 associ at ed

with atf expleswpeaitigallypmapieeld cairiesl | nedi at ed | mune response or  excessive
or unwanted T cell proliferation such as inflamuation, autoinmunity,
transpl ant rej eltdnother aspeal, Herigiantiondetitticon ,kltmonauﬁl?nget donganmoérhatl n one

mbodi ment t t hat bi t t
Teast two BT TAE: B ekl e RllouOe e SRS Ol frmoviED -

nul tineri cps&@mqmmu RO RN AT cE VIR VPO P A] denSNRLBS parBdah nek rd8s
pol ypeptide chains including (a) a binding domain tha% bi nds to PSA- 1,

and (b) a 14 dh et lpgbing Ta‘%ﬁ”n@%@ﬁ@“@éﬁﬁén@é of Wiveosipound b ol ysepditigs chai ns
are |ipgked .\t heinehekolo90us u A8 3¢Ll mediated immune response or

excessive or unwanted T cell proliferation such as inflammation, autoimmunity,

transplant rejection, an allergic condition, or a T cell cancer.

In one embodiment, the kit contains: (i) a multimeric compound that binds to

at least two PSGL-1 proteins on the surface of a T cell, wherein the multimeric

20 compound contains two polypeptide chains, each of the polypeptide chains including
(2) a binding domain that binds to PSGL-~1, and (b) a heterologous amino acid
sequence, wherein the polypeptide chains are linked via the heterologous amino acid
sequence to form the multimeric compound, wherein the binding of the multimeric
compound to the at least two PSGL-1 proteins on the surface of the T cell induces a

25  signal transduction pathway that results in the death of the T cell; and (ii) instructions
for use of the compound 1o treat a condition associated with an excessive or unwanted
T cell mediated immusne response or excessive or unwanted T cell proliferation such
as inflammation, autoimmunity, transplant rejection, an allergic condition, or a T cell

cancer.



sequence to formthe nultincric conpound, wherein the binding of the
multincric conpound to the at |least two PSA.-1 proteins on the surface of
the T cell induces a 25 signal transduction pathway that results in the
death of the T cell; and (ii) instructions for use of the conpound to
treat a condition associated with an excessive or unwanted T cell nedi ated
I mrune response or excessive or unwanted T cell proliferation such as

i nflammation, AUiRiaBREBOE the ik¥RNSRIANL: il BlERlh e AByIBLAESOT GegONndi ti on,
or a T cell cancer. 9 An advantage of the inventionis that it can |nduce

the depl e@h@ar Bre imlecdionf aporipssy int heelisrvdtsn omsofe apoptoged uhwafiet et | s

W t hout c ted unwanted or For
exanpl e, ?@%@?}%%gﬁﬁg%%ﬁ%%t 599 e eqdnt AT SEParth Ilnéﬂd‘frbcm HHUPE‘B Igfﬁgﬁ’ﬁp?%f an
ant i - PSGLah iahitidbadyf aarand-FaI-i ﬁﬁﬂibdﬂy@@ﬁﬁuﬂﬂ%éﬂﬁ%m ReE hercabad Red@es not
result in an unwanted elevation in the | evels of 1‘l | ammat ory cyt oki nes

such 8s FPesnciiespNEn an YRy antad slerdiondaimicsele oéfnﬂaﬁ@nmwecnttqﬂ@nea gichhat it
causes thgS eQI Q%?ﬂég al cells by the use of agonistic conmpositions that
i nduce apoptosis o cells. Accordingly, the invention provides for

active immunos URRHE? %H\ya%tz{gto? H{isimr;&tuﬁﬁ ﬁ}gﬁﬂ chgas Itl%/ce(‘leﬁj?cmogmli]| c:&ﬁg [es sion

that results fromusin It ons Stic

ant i - PSGLtE wmabf b@ﬁnﬁ& @i mam:agomlasmdnce&qiepbis& el edlsi McboRign@ntsy t hat

act by binding i mune receptors and g}geventl n& i mmune activation nedi at ed
R

by such PEERBIOPEYIIRRGUHENY GlVAMORYRPET fracademice hanstae it al | ows
for the tﬁﬁxﬁ@ﬁéa‘ﬁﬁp&{ss&&l aak }esuliéﬁéﬂrutsﬁ@f%n& Qhﬁhe TO nggﬂ.} 0S€ expression

is largely limted | eukocytes, and~in par |cu cel®8 and NK cel I s.
Ther ef or e”ﬂli@gilenamrﬁm@uﬁ’ﬁisLdembbodJ&dOMQomsge neludld selectio fngientslidze
significant ve i s of othe cell ch as ljver cells.
The t ar geti' bé%éqdl% g%nug %ﬁ@i%aﬁlgﬂ’ e ?PPWBP%/E‘FHW%%W‘@@“TC{ P3N nvol ved
in transpkgnbati on rejection) for sel ectl ve depl etion, w thout
significantly inducing life- 20 threatening system c cytoki ne responses and

damagi ng ot her AQE@@NaEMt@OBS thieSn@nfl6s Htﬁgt i¢ aﬁé@gr&%&m@uﬁfv o% cell
I mrunosuppr essi ve agent . Onl'ess otherw se defined, all technical and

sci ent5 f i irfees pEoteis (ﬁbrlewﬂiom@iussmn is largely limited to leukocytes, and m

particular T cells and NK cells. Therefore, the compounds described herein generally

do not mmduce significant levels of apoptosis of other cell types such as liver cells.

The targeting of T cells and NK cells (an important CD3” cell type involved in

transplantation rejection) for selective depletion, without significantly inducing life-
20 threatening systemic cytokine responses and damaging other organ systems, is a

desired characteristic of an immunosuppressive agent.

Unless otherwise defined, all technical and scientific terms used herein have
the same meaning as commonly understood by those of ordinary skill in the art to
which this invention belongs. Although methods and materials similar or equivalent

25 o those described herein can be used in the practice or testing of the invention,
suitable methods and materials are described below. All publications, patent
applications, patents, and other references mentioned herein are incorporated by
reference in their entirety. In case of a conflict in terminology, the present
specification will control. In addition, the described materials and methods are

30 illustrative only and are not intended to be limiting.
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t he sane neaning as comonly understood by those of ordinary skill in the
art to which this invention bel ongs. Al though nethods and materials
simlar or equivalent 25 to those described herein can be used in the
practice or testing of the invention, suitable nmethods and materials are
descri bed below. Al publications, patent applications, patents, and other
references nentioned herein are incorporated by reference in their
entirety. |In caS¢hafeduesnid idtniaged @ithe mobogyn wilhiee piesentronspeci fi cation
wil | contrgoll. I.n)‘g\%dj td&?n'é_.t_he descri bed materials and nethods are 30

i 11 ustrat i PRSP ARSI S HRAON WEERPA™ be liniting. 10 Other features
and advantages of the invention will be apparent fromthe follow ng
detail ed description and the clains. Brief Description of the Drawi ngs 5
Fig. 1 depicts the results of tipe-course _experinment that investigated
when activated T cells acqui r%&@i@%ﬂ@@ﬁ«w@an anti-PSG.-1

nonocl onal antipody).- nedj ated apoptotic signals. Fig. 2 depicts the

resul tsbnof cel Ip@ui/fia@étsﬁel%ﬁs% 13 HAC-5AYST PR BBt ivedisand Wiem t he
anti gen reg@ghi ol and i i ) [ - ession
o the PO et ot e A P (P P RS P B3

cel I s, andupli@edepygotiFiignala depi cts the expression of the PSG-1 antigen
on CD4+, CDS+, and CD4' S, and CD4-8' thynocytes. Fig. 5 depicts the

| evel s of |L-2 Beoddaedsile mwixedlcpiphdoypteotanylldtishendshmgmodicipkeen cells

i solated from TAB4 (or hanster -treated Balb/c mce as the responders
and 142- mi%Srt &H n&’ﬁ%@%?@éﬁuyﬁ 448059 stinulator. Fig. 6 depicts

western bl ot anal yses .denonstrat.ing th proteins inmunoprecipitated
with t“‘ﬁe TAB4 %Ei 33@%%}88 }?@5‘81?5%18885?1?3@(%@)13?“188% &plgen GD4avaeqlshl e

anti - PSGL-(hantridepdycrans gBrupreghgarding of T cell lysate with anti-PSG.-1
20 anti body can deplete the proteins recognized by the TAB4. Fig. 7 depicts

the percentage 9f Sudty iREXGFAEDR of the FRBLA 6,1 ) eiygd a skin
graft fromBalb/c m ce and \;\{gre treat ed v%ﬁfh gﬂh%ﬁ?‘}i @§&¢%§éﬁ¥?body
CD4"87, and CD4°8 thymocytes.

Fig. 5 depicts the levels of IL-2 produced in mixed lymphocyte culture using
15 spleen cells isolated from TAB4 (or hamster Ig)-treated Balb/c mice as the responders

and H2-mismatched C3I spleen cells as the stimulator.

Fig. 6 depicts western blot analyses demonstrating that (A) proteins
immunoprecipitated with the TAB4 antibody can be recognized by a commercially
available anti-PSGL-1 antibody and (B) preclearing of T cell lysate with anti-PSGIL.-1

20 antibody can deplete the proteins recognized by the TAB4.

Fig. 7 depicts the percentage of surviving grafis in C57BL/6 mice that
received a}-skin graft from Balb/c mice and were treated with an anti-PSGL-1 antibody

(closed diamond) or a control antibody (open square).

Fig. 8 depicts the time course of the percentage of apoptotic T cells following
25  the treatment of activated human peripheral blood mononuclear cells with an anti-

human PSGL-1 antibody.

Fig. 9 depicts the incidence of diabetes in autoimmune non-obese diabetic
(NOD) male mice that were treated with anti-PSGL-1 antibody (closed square) or a

control antibody (open square).

It



(cl osed dianond) or a control antibody (open square). Fig. 8 depicts the
time course of the percentage of apoptotic T cells followng 25 the
treatment of activated human peri pheral bl ood nononucl ear cells with an
anti- human PSG.-1 anti body. Fig. 9 depicts the incidence of diabetes in
aut oi nunune non-obese diabetic (NOD) nale mce that were treated with
anti-PSG.-1 anti body (cl osed square) or a control antibody (open square).
11 Fig. 10 depimwgs sotfae;bi mding: D- sel.ecti - S td : L-
selectin to m)PE‘Cs"e1 0adc%? %C\?éaﬂtﬁggn%mgée?{@gé%iﬂsssa@dlﬁf EASl-aliefgl& %Jgg?c%e%ﬂg&?nducti on
of apopt osneusohicirmislel agltsi vated T cells by nmultineric forns of E-sel ectin
(Fig. 11A), P-selectin (Fig. 11B), and L-selectin (Fig. 5 11C). Fig. 12
depi cts the i ndugt i bih-101C dgpopttvsirsludfonmdiapepasitiol atoede dctbakddsl beliswivt ro by

the cross-1inking.of a_soluble P-selectjn-Fc fusion protein. Detajled
Descri pti SRR OETTIO LTt | bat s il HoduPb g dti strig e cel |
activisy Qycynmodul ating the function of PSG.-1 nolecules residing on the
surface of a T cell. Engagenent of PSG.-1 with agoni st conpositions

descri bed her e} qan gRUSS: {lRictiFEBE ﬁ%{g%is@f 1{0&:@'&&@\!@6@#%@?& paugce T cells

to undergo apoptosis. These agoni st npositions are therefore useful as

t her apeut by tagentsslifiorg eonsalobleiPaspiéctindienfesiveipatteid. 15 condi ti ons such as

i nfl ammat ory di seases, autoi mmune di seases, transplant rejection, allergic
di seases, and/or T cell-derived cancers. The agoni st conpositions arc al so
useful in causing the depletion of T cells from any biol ogical sanple where
the presence or activity of T cel Dstailgd bescripgisisr ed. 20 PSA.-1 Protein
PSG.-1 is a cell surface adhesion nolecule that is expressed on

neutrophils, ThandeBidynphecidlds mdliods el hmdumingdytaissctigapdyi tic cell's,
0111ty t B ELFRRE T Se SRt o e e S HHE D1 | PFG of
| eukocyt egneayehigr @MEktnal i 2ndsitdgpeXtibAY &S8tibQ herein can cause the
depletion of T cells and/or induce T cells to undergo apoptosis. These agonist
compositions are therefore useful as therapeutic agents for controlling immune-related
15 conditions such as inflammatory diseases, autoimmune diseases, transplant rejection,
allergic diseases, and/or T cell-derived cancers. The agonist compositions are also
useful in causing the depletion of T cells from any biological sample where the

presence or activity of T cells is not desired.

20  PSGL-1 Protein

PSGL-1 15 a cell surface adhesion molecule that is expressed on neutrophils,
T and B-lymphocytes, NK cells, monocytes, dendritic cells, and primitive human
CD34 hematopoietic progenitor cells. Through its ability to interact with selectins,
PSGL-1 mediates the rolling of leukocyles on the endothelium and the exfravasation
26  of leukocytes mto inflamed tissues. PSGL-1-mediated binding of T cells to E- and P-
selectin, or migration, is differentially regulated. For instance, the appearance of CLA
(cutaneocus lymphocyie antigen) epitope is thought to be induced on T cells
undergoing natve to memory transition. Only activated helper 1 but not helper 2 T
cells express functional PSGL-1 and it capable of migration into the inflamed arca of
30  the skin.

12



25 of | eukocytes into inflanmed tissues. PSG.-1-nediated binding of T cells
to E- and P- selectin, or mgration, is differentially regul ated. For

i nstance, the appearance of CLA (cutaneous |ynphocyte antigen) epitope is
t hought to be induced on T cells wundergoing native to nmenory transition.
Only activated helper 1 but not helper 2 T cells express functional PSA-1
and it capable of mgration into the inflanmed area of 30 the skin. 12

PSGL-1 is a si aP®HUCH R atshabmitiatthAenspPBeifetGRbIlY sialydivd, aheshyltdic psy| at ed,
and sulfated to bind P-selectin. The PSG.-1 nolecule exists in isoforns
char act er | #8180 bidk F-eplaitn. dEpr RO raelyeds gristsiin ofrmmsslipfagterionl &Y t es at
their N-tepm.n., jRestli I l.ood:, Bycell s; hoi d cel
[ines, andail@?r{l%\l}% ?%é%%ﬂ?@z%#ggl tlgﬁ%ﬁ%%‘&f&gﬁggu% %2@3 H‘?'(\Ig%{mléﬂ'eg%ﬁggs simlar

| evel of P@Slphéral Yetd TomidyB aeltd, isatgaidlcdtidines, didsphayo activhisdgieriphahl f or m of

PSGA.-1 and, bin idly to.P-selectin, Such _activation-dependent bindin
ot vi 1 el ¢l Sisteds SLie Tt Boplek oves s Gouvaed daellagroman |
modi fi cati gRetio:ABosagesicad 1hya eheVATAY «d BYElsPf ??Asipilgg%t%qlﬁaepen ent

fucosyltransferases activities in activated T ce i'soforms al so
show di f f ebiating attiafyfippeary (e be bresltef differanid] EostOrasdkaatal modHdrationst ance,

human T cells exhi.hiting, the A:posi tive isoformcan tether . and roll on
born £ antt BeSAdbt 0 P OLRRRA AR R TeSe iliidee the cLa
epi tope omdcyivRbdl deDs. PrS@LeCisbfbrmbulsh Besval fBereindimee,ab 1PSReth 48 -

P-selectin is contingent upon the presence of the term nal decapeptide
that c@nt aickstip-nFednsipnesshwean fesilyedsbifiog thaCE Atiosiiverisdfore cathicdoni ne

resi due f L 1.ONo. \ P - ein_ ¢ repar.edq. by,
reconbina%#d%égﬁggéhg%ﬁﬁgﬁ)%§G£P§§$§ &ﬁ%ﬁg ﬂ%F%@%ﬂ%gékgiwgﬁ%ﬁg%%%%ﬁom

bi ol ogi calepitapesiiigbindiorfesdeddinn &k th89{dre, bindih@bePHGTantdre spleagduzed in
prokaryotic or eukaryotic cells, either in vitro or in vivo, Nucleic acids
encodi ng PSENENEURPHEe pEsantes thekarbe hdarergidadaticantar thiise tyrpsiae ei n

(see. e 0o ERORATE 65 GRE3HONDNRING,J O AR SRRy © of @ nudl eic 20

acid encoding a PSGE-| pol ypepti Ant I bodi rected to PSA.-1 are al so

wel | gnown and, an; be,usef chobe BHELEE 6ALLOMRhad RE A ee, &9,
Herron et al. (2000) ci ence ?%ﬁ %; 58%?%4@% :%‘8@@?%@53\&%8%@5805) and/ or
used i n nethdog adedioce iPHEd - | pesteinrfronPBiEloglcal sndieridl heér redesbiniabelS G- 1
references_i.ncl udibn _bdut Jat Jim’ted to Sal a et . o .

protem can be %10 uced m prokaryolic or eukaryotic cells, either in vitro or in vivo,

Nucleic acids encoding PSGL-1 can be used for recombinant production of the

protein (see, e.g., GenBank™ Accession NM_003006 for an example of a nucleic

20 acid encoding a PSGL-1 polypeptide). Antibodies directed to PSGL-1 are also well

known and can be used for purification of the antigen (see, e.g., Herron et al. (2000)

Science Jun 2;288(5471):1653-56;, WO 00/25808) and/or used in methods described

herein. PSGL-1 is further described in references including but not limited to Sako et

al. (1993} Cell 75:1179; Vachino et al. (1995) J. Biol. Chem. 270:21966; and

25  Veldman et al. (1995) J. Biol. Chem. 270:16470.

For recombinant production of PSGL-1, the simultaneous expression of both
PSGL-1 and its modifying alpha (1,3) fucosyltransferase, Fuc-TVII, may be required
for the functional expression of PSGL-1. In addition or alternatively, recombinant
production of PSGL-1 may be accompanied by co-iransfection with a nucleic acid
30  encoding PACE for removing the propeptide and/or or a nucleic acid encoding

tyrosine sulfoiransferase.
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al . (1993) Cell 75:1179; Vachino et al. (1995) J. Biol. Chem 270:21966;
and 25 Vel dman et al. (1995) J. Biol. Chem 270:16470. For reconbi nant
production of PSA.-1, the sinmnmultaneous expression of both PSGE-1 and its
nodi fyi ng al pha (1, 3) fucosyltransferase, Fuc-TVII, may be required for
the functional expression of PSA-1. In addition or alternatively,

reconbi nant production of PSG.-1 may be acconpani ed by co-transfection
with a nucleic Lk n I P ' tide:and/ or or
& nuci el o aci d Sueait ng T Lor e KA Er pa TR 284 b08LPA PRORH SRGNT)

ant i body cam beluysed maeiigolatyeelnigbepupidsying aPS@E-1 aotcigerny., T edimn

bi ol ogical , naterial . Any.cell type expressin PSGL- 1 otein,.e.g., T
cells derqe{}é‘@%P%’rﬁ”dﬁaf(’h(ﬁi"h/P’d%uilcegﬁmg i I‘%ecfii%%,so%%"ng_ eﬁé‘éﬁnas a source
of the prah@chpurifitNCRe piitbihiced be LRI IRLALAER &@Hetﬁ@dé_*a%%séﬁbse%f}é%ih.ety of

: b
met hods as described herein. 5 For exanple, the purified PSG-1 protein can
be used i doapxamplyi the pugEe@BRGOF] produdubat by wsedfin REGL vt eneehicdn on T cel |'s

or as an i nogen . repare antibodi es directed against the. protein

At poc RS RehR AT TBMEAA B s SE s PSSR P B rent s or
anal ogs t higeeell hegian theprodsed to generate anti bodi es useful in the nethods
of the invention. As described above, PSA.-1 pol ypeptides or peptide
fragnents thereof can be produced by reconbinant techni ques or synthesized
usi ng solid phase synthesis nethods. The reconbi nant PSA.-1 pol ypepti des
or a peptigdei-Ps@penhibhgeeof can be used as an 15 i nununogen to produce
anti-PSG.-1 antibodies. In addition, an anti-PSA.-1 antibody, such as the
TAB4 nonocl onalpsant-ii etyepCdn (BeintatithgkRic AklighidiPoR8@eul thd@lryBgpid de,

e.g., a PSG-1 polypeptide inits natural conformation,” which can then be
used as aMsidimpsBE el andibpdise ussuladdia methalls ahthe iPsGHIn adsidsedibed. An

20 ant bofy? INES Chpoar ¥ PRAT of el RReR < ers B L isdBrars? e "ant s bocly

that "spebfiboail yechhindss' ot@nhepiasd ituyd lidgiab@emih&@iOnethddPSGe 1
pol ypeptide, will not substantially recognize or bind to other nolecul es
in a sanpFEompHat Pgﬁg—] AVRERElgS or A peptide Tragment thereof can be used as an

15 1mmunogen to produce anti-PSGL-1 antibodies. In addiifion, an anii-PSGL-1

antibody, such as the TAB4 monoclonal antibody, can be used to purify a PSGL-1
polypeptide, e.g., a PSGL-1 polypeptide in its natural conformation, which can then

be used as an mumunogen to produce additional anti-PSGL-1 antibodies.

An antibody of the invention can be a monoclonal, polyclonal, or engineered

20 anfibody that specifically binds to a PSGL-1 polypeptide. An antibody that
"specifically binds" {o a particular antigen, e.g., a PSGIL-1 polypeptide, will not
substantially recognize or bind to other molecules in a sample. Thus, the invention
also features methods for identifying a test compound (e.g., an antibody) that binds to
a polypeptide of the invention by contacting the polypeptide with a test compound

25  and determining whether the polypeptide binds to the test compound (e.g., by direct
detection of the binding, detection of a competitor molecule which disrupts binding of
the test compound to the polypeptide, and/or detection of binding using an assay for

apoptosis-inducing activity).

In general, PSGL-~1 polypeptides can be coupled to a carrier protein, such as
30 KLH, mixed with an adjuvant, and injected into a host mammal. Anlibodies produced

in that animal can then be purified by peptide antigen affinity chromatography.
14



al so features nethods for identifying a test conpound (e.g., an anti body)
that binds to a polypeptide of the invention by contacting the pol ypeptide
with a test conmpound 25 and det erm ni ng whet her the pol ypeptide binds to
the test conpound (e.g., by direct detection of the binding, detection of
a conpetitor mol ecul e which disrupts binding of the test conpound to the
pol ypepti de, and/or detection of binding using an assay for

apopt osi s- |nducﬁh@ﬂhéw¢wﬁ®y9usmﬁt@Bmek&hnbPSﬁtmﬁup@bym@pﬂmﬂﬁ&ﬂman be

Chicted | heSTal hogbeRR of r it e e b oo o B iean 1§ hon-
be purifi ednimalpephideeabditt,iges, afiddai désy aﬁfaw&%lﬁ@ﬁ}{wm% tﬂcft' CB@B(; icular,
vari ous host aninmls can be i nmmuni ze injection wt

polypept|dé“@ﬂoﬁﬁn%ﬁ%ﬂﬁ@ﬁpﬁuWﬁ%ﬁﬁ%ﬁ@ﬁ@%@ﬁ@b@ui@b@ﬁ@nprenpimyb@chdst
ani mal s; i n , ats |ous adj uvant s
5 | NEldes Eﬂgpélﬁ EOlMIg% ang %&ﬁ@u&e gﬁimeu@l Sessl%B ﬁ‘g 3 UERER Jo 1 the host

that can be wused't P ogl Cal®
speci es anhlydmxnliuctel ﬂécd:a{cewndh&taﬁpysmntas (:eonplighep@rdhic paosp] et e), mneral
gel s such as al.um num,k hydroxi de, surface active substances such as

l'ysol eci t WPHYABIr BRIy g s ions deyhale Brwet kapaqyaes, ausi dinigiepheichns,
keyhol e | i pgghtidNeNRENRADRan @H}%ﬂh@ln‘bfu@@ kbdc IFCE‘%H{[ gﬂgldt%llgg§1£¥| human

adj uvant s i nclude BCG (baci l Cal nette- ryne erium
parvum Pdf@@hdﬁ@&ﬂ@ntp%EGMe§oawénhmeﬁm@ememﬂsn@ogﬂhatspﬁ&h@hniefant|body
ined in the s ra of ed ani mal s.

nol ecu| es e. i nmuni

Ant i bocﬂ esénrv]m%%)%fmo pcig ﬂv"éﬁﬁ %’ﬁu%lﬁ"élrl@ it &4 ﬁé‘ﬂﬁ&f@mﬁ‘&iﬁ? PBE#'S-ant i bodi es

and, in additi nocl.on antlbod i zed or chlnerlc anti bodi es,

singl e chain ‘%t‘nt lbgp S‘gnhlf—‘glﬁ F Prgyned @efo QPP Yeipyphenbedics 4.l ecul es

produced usidiipnambabclofRNRHEBSd &N hlinbhidédor &én&@@%hﬁﬂ?&s ﬁﬁglb%ﬁﬂhes whi ch

are honogeneous pépul ations of antibodies to a particular antigen, can be
h

prepar ed véthglieh&apSegmenisol §ﬂbé@)ﬁlaﬂl@snt@tesﬁnn(biefdﬂahméuccdmmn@taah?ﬂltar d
hybrldonaﬁﬁ see, for exanple, Kohler et al., Nature 256:495 |
1975]; Kohl Eﬁggf}ﬁg??&f&Fur J I'mmunol 6:511 [1976]; Kohler et aI . Fur J

! nnnun,gl 6: 29%\/[&1}(%;(81 FM%%% wkl[ncg a?(:{ Iicglléq%ejleous popupa%ons OFiRpdlgs &nd T

Cel | Hybridouras sevier
particular antigen, can be prepared using the PSGI-1 polypeptides described above

and standard hybridoma technology (see, for example, Kohler et al., Nature 256:495

[1975]; Kohler et al., Bur J Immunol 6:511 [1976]; Kohler et al., Bur J Immunol

6:292 [1976]; Hammerling et al., Monoclonal Antibodies and T Cell Hybridomas,
20 Elsevier, N.Y. [1981]).

In particular, monoclonal antibodies can be obtained by any technique that
provides for the production of antibody molecules by continuous cell fines in culture
such as described in Kohler ef al., Nature 256:495 (1975), and U.S. Pat. No.
4,376,110; the human B-cell hybridoma technique (Kosbor et al., Immunology Today

25 4:72[1933]; Cole et al., Proc Natl Acad Sci USA 80:2026 [19831), and the BBV-
hybridoma technique (Cole et al., Monoclonal Antibodies and Cancer Therapy, Alan
R. Liss, Inc., pp. 77-96 [1983]). Such antibodies can be of any immunoglobulin class
cluding IgG, IgM, IgE, IgA, IgD and any subclass thereof, The hybridoma
producing the mAb of this invention may be cultivated in vitro or in vivo. The ability
30  to produce high titers of mAbs in vivo makes this a particularly useful method of

production.
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In particular, nonoclonal antibodies can be obtained by any techni que that
provi des for the production of antibody nol ecul es by continuous cell |ines
in culture such as described in Kohler et al., Nature 256:495 (1975), and
U S. Pat. No. 4,376,110; the human B-cell hybridoma techni que (Kosher et

al ., I'mmunol ogy Today 25 4:72 [1983]; Cole et alL, Proc Nall Acad Sci USA
80: 2026 [1983]), and the EBV- hybridonma technique (Cole et al., Monocl onal

Anti bodi es and Gancebddder @iysloMdp mdﬁoclbhaﬁ%nub&ﬁes a@@estgd?fo? 2831 ) . Such
anti bodi es can be of any i nununogl obul in class including Ig IgM I gE,

| gA, 1gD alﬁ%ﬁbﬁye@m@mw Wﬁéﬁe@bblotrmzmymmmmanpn @nlat}wlmgytsmadatrﬂb of this
| nvention H@l)ﬁ Mz'n\;/)?et gs dés l\)/écf ﬂ[ﬁo xgsrugél%é}?{ VSEIBFBa aqj)l L Eﬂ‘\{ t30 to produce

high titers of s TPV Vo met hod of

product i Omi)ealﬁgmi%cﬁiﬂiﬁwﬂdnmp@ yoGonadre Q6 MDNAEE RRaAHANTARHQSEs -are
tested for s%e0|f|c PSG.-1 recognition by Western bl ot or

i mrunopr ecipiPedies Giat nd iy died WL eaHae en thasurerssol s beelbeagmi €D3as
described . ég@ﬁ@%btgéd iet éﬂaﬁﬁ &&5598FF%%“59ﬁ5yﬂ53§§k5'Ca"y recogni ze

and bind to are Uset nvention “5 anti bodi es
t hat bund;ﬁﬁxnmebﬂs@ﬁ&l antlgen on the surface of a T cell, e.g., a CD3+
cell, and induce the depletion and/or apoptosis of T cells in an individual

are partlcuIarﬂyumﬂbémbsmﬁhﬁn&ﬂﬂ”hﬁé&@ﬁﬂ@a@pbﬂcﬁaemnaﬁ@ﬁme&ﬂﬁﬁkeg as part
of a therapeutic reg é% reduce or elimnate_an undesi rabl e
i mmune r eégé ¢ 05§ W“ﬁ? a3 d@%ﬁb R CSESPRO ST riHehes ¢ Es‘ﬁgrﬁ%@lat%som at ed

wi th gendijfinaps 1§§156hsea§ssb&fa e@r{‘ﬂgf nkiitfHnS RIS nig%?{fxﬁdﬂw seases,

transpl ant rejection, | ergi c di seases, and tancers).
Ant|bod|e§uam®0maadmb&m&§@mwﬂamagscﬁ@emﬂaguaﬁsa¥c$an@ﬁh&ﬂmﬂxﬁhe ability of

di dat d,to .bind ddi t tec es e el oped
?orC?Relp?o@ﬁ%ﬁFgﬂwg?dm§ﬁ$%gw}@3ﬁﬁ?1%859§§“ngf§h(bgﬁF?§Bﬁ ulyo @yoc Rbtl

Acad Sci UbiVi8atd c68pdund (3984 to eyberger et al ., Nature 312:604 [1984];
Tal ceda et al., Nature 314:452 [1984]) by spI|C|ng the genes froma nouse

anti body nol ecus Qddlfmx@ﬁéﬂlﬂﬂ{de@ﬁ@v@(ﬂiéd%ﬁth% l%?&luchgh EY “é}ﬁ%ﬁ@@z‘it:%dﬁéé" genes
from a human anti body nol ecul e of appropriate biological activity can be
used. 1A (Morrison et al,, Proc Natl Acad Sci USA 8§1:6851 [1984]; Neuberger et al., Nature

312:604 [1984]; Takeda et al., Nature 314:452 [1984]) by splicing the genes from a

mouse anttbody molecule of appropriate antigen specificity together with genes from

a human antibody molecule of appropriate biological activity can be used. A

chimeric antibody is a molecule in which different portions are derived from different

20 amimal species, such as those having a variable region derived from a murine

monoclonal antibody and a human immunoglobulin constant region.

Alternatively, techniques described for the production of single chain
antibodies (U.S. Pat. Nos. 4,946,778, 4,946,778, and 4,704,692) can be adapted to
produce single chain antibodies against a PSGL-1 polypeptide, or a fragment thereof.

25  Single chain antibodies are formed by linking the heavy and light chain fragments of

the Fv region via an amino acid bridge, resulting in a single chain polypeptide.

Antibody fragments that recognize and bind to specific epitopes can be
generated by known techniques. For example, such fragments include but are not
limited to F(ab")2 fragments that can be produced by pepsin digestion of the antibody

3¢ molecule, and Fab fragments that can be generated by reducing the disulfide bridges
of F(ab")2 fragments. Alternatively, Fab expression libraries can be construcied (Huse
16



chinmeric antibody is a nolecule in which different portions are derived
fromdifferent 20 ani mal species, such as those having a variable region
derived froma nmurine nonoclonal antibody and a human i mmi unogl obul i n
constant region. Alternatively, techniques described for the production of
single chain antibodies (U S. Pat. Nos. 4,946,778, 4,946,778, and
4,704,692) can be adapted to produce single chain antibodi es against a
PSGL- 1 pol ypdpticidece 046: 275 agstinto diher epfd aikbeaSi nghefichanmwfandidopdkes are
formed by k%ﬂ%an t he hga%¥.and | ight chain fragments of the Fv region via
an anino a ?BlﬁgﬁgﬁéY“Wé UHEHRGSRGFEISH ngl e chai n pol ypeptide. Anti body
fragnents that rec ize and bind to specific epitopes can be nerated by
known t echni queé}ltig%‘ﬂe%?@éﬁgﬁﬁ’é‘}mg{f@ﬂ?Wﬁléﬁh%q'ﬁti@oﬁﬁblp@é%a%uF01a@@nh?g%> linited
to F(ab') 2nfohagpRNt.stitdads w@ana f@&n@ﬁ%&tﬁﬁgﬁ%f&%ﬁ% gbg'csl%ﬁ{éragn f the

anti body 30 nol ecul e, and Fab fragnents at can be generat e y reducing
the di sul f deabrsddPestzend, Beafiand 20k fad idmitsularAPler Alas, iGedify., Fidphexpn eSsi on

l'i braries g .constructed (Huse 16 et .al.., Science 246:1275 [1989]) to
ol Pow 1 api G Deaealyt PTG REi GRsBbHO LS T ARS THRSREATS wi ch 1 he
desired sprekitici (QfecrAhi DestuRsGaDe: IRYTaNZ8ch DY, Pat hedss knowns i n the
art. For exanple, nonoclonal antibodies wth a desired binding specificity

can be condy ?@3)55%/5)5 humani zed (Scotgene, Scotland; Oxford Ml ecul ar, Palo
Alto, Calif). Fully human anti bodi es, such as those expressed in
transgenic aninmals are also features of the invention (Geen et al.

Nature Genetics 7:13 [1994]; and U S. Pat. Nos. 5,545,806 and 5,569, 825).
10 Mul ¥ MWM%H@@%I timeric conpounds that bind to a plurality of
PSGL-1 proteins on the surface of a T cell or NIA cell can be used to

i nduce apopt osiMujtpngrivecogmionndstthel bipfa i peraldty c6RPGlnt podeinabnsheat | east

Lo PO Y RSB L0R oD o RRCIO kM Gsc O MRS LIS GO IR GO (1) 2

bi ndi ng domai n I nds Bus ami no acid

sequence. rhultigenecahpodndrdridifestilease orppsRgcRiddsathg. ahcl 6agt two different
PSG.-I proteins on the surface of a given cell. However, a nmultineric
conpound &% ypatide chains contains (1) a binding domain that binds to PSGL-1, and (ii) a

15 heterologous amino acid sequence.

In general, a multimeric compound binds to at least two different PSGL-1
proteins on the surface of 2 given cell. However, a mullimeric compound can be
formulated to have 3,4, 5,6, 7, 8, 9, 10, 11, 12, or more distinct PSGL-1 binding
domains, thereby causing the multimeric compound to bind to 3, 4, 3, 6, 7, 8, 9, 10,

20 11, 12, or more different PSGL-1 proteins on the surface of a given cell.

A binding domain can contain any amino acid sequence (or any antino acid
sequence with a modification such as, e.g., glycosylation and/or sulfation) that binds
to PSGL-1. The binding domain can correspond to either a naturally occurring or a
ron-naturally oceurring amino acid sequence. For example, a binding domain can
25 contain the PSGL-1-binding domain of a selectin (c.g¢., P-selectin, B-selectin, or L~
selectin). A polypeptide containing a PSGL-1 binding domain of a selectin can
optionally include: (i) an extracellular domain of the selectin (e.g., P-selectin, E-
selectin, or L-selectin); (ii) a calcium dependent lectin domain of the selectin (e.g., P-
selectin, E-selectin, or L-selectin; or (iii) a fragment of the extracellular domain of

30 the selectin (e.g., P-selectin, E-selectin, or L-selectin) that mediates binding to PSGL-
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fornmul ated to have 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, or nore distinct PSA-1
bi ndi ng domains, thereby causing the nmultineric conpound to bind to 3, 4,
5 6, 7, 8, 9, 10, 20 11, 12, or nore different PSG.-1 proteins on the
surface of a given cell. A binding domain can contain any am no acid
sequence (or any amno acid sequence with a nodification such as, e.g.,

gl ycosyl ation and/or sulfation) that binds to PSG.-1. The binding domain

can corresponddiiofish ARke ﬁtatﬂﬁltﬂ'j}roﬁ&llﬁ‘ing%ﬁﬁﬁé Log s&{}u ﬁcespgr% Mbllreaélnlliﬁ .
occurring amno acid sequence. "For exanple, a bi glng omai n-can 25 contain
t he PSGL- Eclsi ¢hdinge cdortmiimrafuced 8w e attumilyeocgurrine-IsEbledtiinfinEdsmhgct i n, or

L- selectin)..A polypeptide containing a PSA.- 1 hindi domai_n of a
sel ectin 5%%111“% 1@()’%%%’&3;‘“?'2% PHEe-ng Fﬁq%ﬁﬂceetgﬁ?lﬁf?@?sﬁlﬂ"q%aﬁ‘%?ﬁ fighctioche
sclectin [@r@xamfleSehOGhdphide Ban %itﬁﬁtahrhmigé aé—iﬁ%%&pfe%&% fhhi binldd do PS(F:E'— €i um

dependent lectin donain of the selectin (e.g., P- selectin, E-selectin, or
L-sel et i and 1o lggst $9%al8$raiven?S%efortd8és elenneddd buy aff (@omedxtraoél 88 t he

o nai ng 1 S oS RARIGE, L RRUES Rl SRR LE ERF g am o aci d
sequences depdirlcf lctid @orddth B0a saledith GlaNBeslce@ M&lidih! duselciint or a

naturally occurring PSG-1 binding domain, resulting in a non-naturally
occur ri ng (didqdegant abihe pefareulapgepan ofiarglasyn (use Psslectindgsclestanpt e, a

pol ypepti ge.. i.[: A i: N0, asd & e t Qi PSA.-1 5 and
P R et e S e e e
extracel | vhdagendosrecmiqficsacas deastd 0 iGoduce dResgdséaibiamuckisdi@gtduincor
L-selectin): (ii | ci ym dependent. lectin domain of a selectin (e.g.,
b scl ot | feoghiged 5%@&21, bl&?’m&dgﬁa&W}A%blﬂéﬁng ApmAIns Cag HisHtbedestethe
extracel | gdraheid @B oWinPioSBGLH B ol mobilkragIRal i Br PE'G;‘LQi %ﬁgfrl@’ or

%
L-sel ectin) that nediates binding fo 38&- 1. Standard nol ecu bi ol ogy i0
mut ageneskyfacectinicgied Wadinpdomsedcanmlintansdu dlee R¥@hgdsniling domanuef ei ¢ aci d

sequence _encodi P -1 _bindi ng,.donmai n. di fi.ed hindi domai ns can
hanhe’: nEPRESPE, P iy b A O R e ARG pre B It s o
PSGL- 15 or alPaGlrolacdNsdqienceshitiae® 0P S&ICelahd iPatRbRER MG, dONBOHYCasR bS50

contain the PSG-1 bindi g{& domai n of an anti-PSG.-1 antibody or a
pol ypept | 4&odesBeekld the Bath- phiagesdiospiing! ia mrtaP§GLlot antitislyn aani no aci d

sequence 15@215%@%1@%@&*9%@?ﬁ%?’%@%@%}ﬁh‘gﬂ }ast 80% 85% 90% 95% or 98%

i denti cal an anti-PSG.-1 anti body or a

A PSGL-1-binding domain can contain an amino acid sequence that

corresponds fo a PSGL-1-binding fragment of P-selectin. An example of a

20 polypeptide chain (of a multimeric compound described herein) containing such an
amino acid sequence is a recombinant mouse P-selectin/Fe chimera (availtable from
R&D Systems, Minneapolis, MN) containing the following componeats: (i) CD33
signal peplide (Met1-Alal6); (ii) mouse P-selectin (Trp42-Ala709 of extracellular
domain); (i) IEGRMD (SEQ ID NO:1); and (iv) Human IgG1 (Pro100-Lys330). A

25  second example of a polypeptide chain containing such an amino acid sequence is a
recombinant human P-selectin/Fe chimera (available from R&D Systems,
Minneapolis, MN) containing the following components: (i) human P-selectin (Met1-
Ala771, extracellular domain); (i) IEGRMD (SEQ ID NO:1); and (iii) Human IgGl
(Pro100-Lys330).

30 A PSGL-1-binding domain can contain an amino acid sequence that

corresponds to a PSGL-1-binding fragment of E-selectin. An exampie of a
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pol ypepti de sel ected froma phage display library. A PSGE,; 1-binding donmain
can contain an am no acid sequence that corresponds to a PSG.- 1-bindi ng
fragnent of P-selectin. An exanple of a 20 pol ypeptide chain (of a

mul ti meri c conpound descri bed herein) containing such an amno acid
sequence i s a reconbi nant nouse P-selectin/Fc chinmera (available from R&D
Systens, M nneapolis, MN) containing the follow ng conponents: (i) CD33

si gnal peppqlﬂmmlh‘/m:hmAI(@ﬂ eﬁx)mltl(rmarbc mqn@&n@d%hb@d harcif] et @indil gosi0R anf

extracel |l ul ar dorral gg g:%fh E éSE% ID NO_1); and ‘g %&ﬁ#mn g
( Pr ol 00- Ly&B8621d8cq8eres I ifcaRpanemgyse %??@@ﬁt‘il‘d}@eﬁl{é Hiini ng such
an am no agkgh §yes@é!§§‘@@mh§ap%hs rz@memtaﬁmg HHR “Pnge&ﬁ &adﬁéf e)cfp

(avail abl e from R&D Systens, = M nneapol i's, tal OWI ng
conponent sE-s¢liediirhiviel -1Po§El, @E&lamﬂ(llvedtbnlamle(ﬂYﬂEGléM‘D (ai{dlgﬂlall‘é@ Id,o(mm)l n); (ii)

ngw?rﬁ)ls%g} MR%OWL&%}PL aHHTT#ﬁé”égﬁ%éggﬁﬁﬁﬁﬁ?m go'rA\r esponds

to a PSG.-ékanpidwh dyeblfsaae ohai®tolaBelerth Bn aﬁﬂlﬁﬁ@@mcﬁeﬁéc ida 18
pol ypeptide chain (of a multinmeric _conpound described herein) containing

such an dRfHePiERG! %@adﬁfé@cim& cehiseBy Hghte muwlaﬁyeﬂcé@u n/ Fe chimera

Componont S EBolE S EhEn: MABRARR Bl O RBLPE S REh ML M
| EGRVD ( SH@o51D, Nﬂrﬂ@cilu(ak dothain);HuiBERGR YEL (IHD o0 L2ys@Bumang 1 v) H ITHH TH

ami no ot dPEugadeeg Desns (1 BaBbrRaCERIRROR el ot i ni Fo_ohimera.

(avallablefro Syst e M.nneapoli.s, M), containing the foll ow ng
conmponents: (i) E%Eéﬁ}lélr@é}ge@lﬁ*%n CNREQRLPP 3B BBLNG3T SeBIENeR WAt domai n); (i)

| EGRVD (S d
[ -1 HH - I( HEQ(% (%HF%D@N%MQ?U %b%%@rﬁd%%fjﬁg Séﬁ%’@% E&élg%glggﬁ%oafl ﬁnan( :a\r%) no acid

sequence thapepiody clesperidsnilomariPSGDp bursi dtdczm!gsdﬂrea;gn}acmﬁanmmb-sse]h ectin. An
cxamle o ROLNBSELLIE LRI oL 5L ULBRLE, comound, doper bed herel
L-sel esti WD KBieAR] Mit@apbhabi®) Eqfiing the following components: (i) mouse

L-selectin (Met1-Asn332, extracellular domain); (il) IEGRMD (SEQ ID NO:1); (iii)

Human IgG1 (Pro100-Lys330); and (iv) HHHHHH (SEQ ID NO:2). A second

example of a polypeptide chain containing such an amino acid sequence is a

recombinant human L-selectin/Fe chimera (available from R&D Systems,

20 Minneapolis, MN) containing the following components: (i) human L-selectin (Met1-
Asn332, extracellular domain); (i1} IEGRMD (SEQ ID NO:1); (iii) Human IgG1
(Pro100-Lys330); and (iv) HHHIHH (SEQ ID NO:2).

A multimeric compound can be formulated as a homo-multimeric compound
or a hetero-multimeric compound. A homo-multimeric compound contains only
25  polypeptide chains that have identical PSGL-1 binding domains. For example, a
homo-multimeric compound can contain polypeptide chains containing identical
PSGL-1-binding fragments of P-selectin. A hetero-multimeric compound contains
polypeptide chains that have different PSGL-1 binding domains. For example, a
hetero-multimeric compound can contain a first polypeptide chain that contains a
30 PSGL-I-binding fragment of P-selectin and a second polypeptide chain thal contains

a PSGL-1-binding fragment of E-selectin.
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15 R&D Systens, M nneapolis, M\) containing the follow ng conponents: (i)
nouse L-selectin (Metl-Asn332, extracellular domain); (ii) IEGRVD (SEQ ID
NO 1); (iii) Human IgG@ (Prol OO Lys330); and (iv) HHHHHH (SEQ ID NG 2). A
second exanple of a pol ypeptide chain containing such an amno acid

sequence is a reconbi nant human L-sel ectin/Fc chinera (avail able from R&D
Systens, 20 M nneapolis, M\) containing the follow ng conponents: (i) human

L-selectin (Metdh tADN33As affld ASE SEQ I D NG

1): (iii) Human 1gG  {Prol GO ysg%wandrﬁ? % “(‘*1‘*%?[4@5%@6|sz) A

mul ti meri é{%’tﬂ’r‘}@blﬁmﬂl@@ﬁ dowl fegnenck af 8d redy ephderchamd ddsegisddcharein@iound  or a
ound contains only 25

het er o- rrul meric co

pol ypept i éle ﬁ{as]nomﬁgqf %%Sllqeci)gnorlaggf‘l umngoPrEB?”i‘lgAct&%P%O‘lq:or exanpl e,
a hono- mahfiadmid Ccq@enPOionthi ERGheCR Rtk AP N&M}bﬁ%iﬁ%ﬁl@%nﬁ%t@tﬁ'é ng

i dentical PSG- lblndlngfragrrents of P-selectin. hetero-rmultineric
conpound EBKPEHE chawsy Fapetamdienbs aire erraercraviao d¢1ﬁ$ eareertvaR8G-libkbi ndi ng

donmi ns. r : et [ G_conpoun contai.n a first
pol ypept i g% 'C %i?g@{l gte%(%ﬁ'feé%sp Oﬁ%@ g@&alﬂs b %?W&lﬁ?ﬁﬁi‘rgﬁ’imﬂ?g%qsel ectin
and a secmpicmm:llypﬁmmmaoglhaulﬁn Lt cBontahisnt 13giBSChidihinghEnd r agment  of
E- sel ecti het er ol ogous am no acid sequence can be any am no acid

sequence. Be% 1B eI LA e REP s dglis nee resLitn regfonyplégn dbredistrtions
descri bedcaﬁﬁ@jn@, does not correspond to the sequence of a naturally
occurring protein. A heterologous amno acid sequence contains one or nore
am nojaci ds Ul sdardl b doRghika0Ge ok, SnPRLIBERILAG.ENTNAS . For
exanpl e, the one or nore am no can-cova K> g., via a
di sul fi dehﬂtwnmges amhwe Z]MII mﬁpﬂlqedmn ahalcnstauﬁﬂemes(-am’r)élQmﬁlﬁn@ré'g&(ﬁlerc@ ogous

i de

sequence | S nununo Lin heav n constant region. D sulf

bondi ng %%‘“tla%‘é}f?‘??t&e"%‘gﬁg VB TCERG: ?‘inéélgd}féi“%e%‘éﬁ Sﬁ%ﬂbtﬂdi% t he
for mat i onrepfonacdiIBfilti6g o@gmlmﬁptlé@cﬂarhsaégﬁ' thé Féll LR rEePsHb ll'é)ﬁ"@gmrs o the

| i nkage of the pol ypeptide chai ns, het er ol ogous am no a sequence

can al so tedvitigl they at@rmhilqank@lultbmmmgum@yﬂmﬂw leayy chaiacomdtint seidmce
recepi;or hinging F& L&Nor Hﬁgﬂlgtrggml? ! ndcl1gs% I?xike?gan {? 51 éhC)an;Sp g hana bi ndi ng

antibody (e.g., an anti-Fc antibody) that specifically binds to the cross-tnlker binding

region of the heterologous amino acid sequence.

Screening Assays for Compounds that Modulate PSGL-1 Funetion

20 The invention also encompasses methods for identifying compounds that
interact with PSGL-1 {or a domain of PSGL-1) including, but not limited to,
compounds that induce T cell depletion and/or T cell apoptosis upon binding to
PSGL-1. Also included are compounds that modulate the inferaction of PSGL-1 with
transmembrane, extracellular, or intracellular proteins that regulate PSGL-1 activity

25 and compounds which modutate PSGL-1 activity.

The compounds that may be screened in accordance with the invention
include, but are not limited to peplides, antibodies and fragments thereof, and other
organic compounds that bind to PSGL-1 and modulate a biological function mediated

by PSGL-~1, as described herein.



regi on, cross-linking of the pol ypeptide chains and the cell surface PSA 1
proteins to which they are bound can result. An irmunogl obulin heavy

chai n constant region 15 contains an Fe receptor binding region. A
cross-linker can be, for exanple, an antibody (e.g., an anti-Fe anti body)
that specifically binds to the cross-linker binding region of the

het er ol ogous am no aci d sequence. Screening Assays for Conpounds t hat

Mbdul at e PSG.- 1Stﬁhﬁ@mp©m<mnﬂfhmcludv,dnm ammcmlhsrotcémcqmpaéww}lmi ieds f or

i denti fy| S a_.domai n of PSG.-1)
i ncl udi ng,” 1%3 h%‘#nﬁ WP%‘%‘: a3° u% ﬁ’b‘bﬂ?ld?”t“ﬂja‘to 1?‘?‘[%@?5@"*5’”&3?@ HTEB@%U on
and/ or T d#rdric@pQpiosias, maﬁelgsmg p@f;thcP@@enJe{ afN Qb uped

conpounds that nodul ate the interaction of -1 with transne rane

ext r acel | (PEroMymataskap @J@;‘élllllsm’éﬁﬂb?d@@ieﬁslatt Mmalw@gm oftle- PeiGr-1 actl Vi ty 25
and CO@pOL&BHﬁ Wl halﬂplg%cﬁ]e?]E%%Oercgta% Mlc&%lﬂf;rﬁgi Il(ﬁgﬁ?ili'tje é ltﬁlgl?}.

screened in a cor ance w mted to
pepti des, cdmdridbodirgsriatly dagaguress] dirdchidrndofprapdptotdigirari@s gam;fang@mounds
b

t hat bind ulate a bhiological function nediated y PSG.-

1, as desé‘??]tﬁs%?edgsﬂ? a?@g%‘@% ‘HH‘BB& s D tert foudelycloael, Brosodlendl) i ni t ed
to, pepti dgs: . t not

i Lo 1 o e oy By PR R and DL IR "S54 o2
[1991] ; H&@@mxewsepn ézbla,ly Kagoests 354 Pitopd BOE] g, fragunehtctitrionatat srakll

chem %ry rive g g|b ary made of D and/or L 5 configuration
ani no aci 8sg ph 5§’ﬂ)(?‘}éf)%ﬁln?o g¢"Cincluding, but not linited to, menbers of

random or parti IIy dege ect ed phosphopepti i braries; Songyang
e i LS R T i M e

pol ycl Ona[ncltlmrﬂﬂﬁhi@%k lnmﬂ&!el’mﬁx'néﬁ@aoaﬁi@tthﬁlb@lll@st R Sifect B Qawn;, cﬁ’rﬂ%é' ngl e
chain antibodi es, and FAb, F(ab')?2 ‘and ~ FAb expr essi on ry fragnents,

and epi toBébelnmomn,fasalgﬁeérﬁeémmﬁ eof), and small 10 organic or inorganic
mol ecul es. Gt her conpounds which can be screened in accordance with the
i nvention incfageusumagelngend sdapdhiredechnodopitd p@mmgarimmfrmh@wf es that

affecig anocﬁ'ﬁﬁdu\ﬁdg Yor ?lfxe mlezov nlcgm o% dpea% deutlfa a cggﬁm{u‘l s, ﬂm{]g{n modulatc

PSGL-1 expression or activity. Having identified such a compound or conposition,
the active sites or regions are identified. Such active sites might typically be a
binding site for a natural modulator of activity. The active site can be identified using
methods known in the art including, for example, from the amino acid sequences of
20 peptides, from the nucleotide sequences of nucleic acids, or from study of complexes
of the relevant compound or composition with its natural ligand. In the latier cage,
chemical or X-ray crystallographic methods can be used to find the active site by

finding where on the factor the modulator {or ligand) is found.

Although described above with reference to design and generation of
25 compounds which could alter binding, one could also screen libraries of known
compounds, including natural products or synthetic chemicals, and biologically active
materials, including proteins, for compounds which bind to a PSGI-1 protein and

cause T cell depletion and/or induce T cell apoptosis.

In vitro systems may be designed to identify compounds capable of interacting
30 with PSGL~1 (or a domain of PSGL-1). Compounds identified may be useful, for
example, in modulating T cell activity as described herein and thus may be useful for
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Comput er nodeling and searching technol ogies permt identification of 15
conpounds, or the inprovenent of already identified conpounds, that can
nodul ate PSGE.-1 expression or activity. Having identified such a conpound
or conposition, the active sites or regions are identified. Such active
sites mght typically be a binding site for a natural nodul ator of
activity. The active site can be identified using nethods known in the art
i ncl udi N i QEEXAT Bndilib FL0g, 4G N6&s,0f 20, pepti des, from
t he nucl qu i de sequences logy%%g(ﬁ%t?g\ﬁ@}i agls%xg%sr%gﬁ%r%l@taﬂﬁg Tﬁ‘f“””c%%?‘é&es of
the rel evammupomppoma w@rexcosivosi themted Theil peolifataubakudt gandamhRtbhe |atter
case, cherq'_ cal or X-_rra;/ crystal l ographic methods can be used to find the
active si tEOBM R ARErEcHon eHellpmis enditios, Aowdicatisangesr | gand) i s

f ound. Althoug,,hdescr.i Jedf bove with reference to design and gener ation of
25 conpounds whi'GRMBORISLIENE 8152y Wil iy deaily costnoynds def siodéeRSGLbY ari es of
known 5 conpound$rephRfl HIERGoRAL; QIUGLE, tigklLp chem cal s, and

bi ol ogical ly act?’i \?e n%t eri alos, 1??110 %@ ng’gr@i g?%@%”‘ftg?leg@rﬁl}gglﬁedtgamhi ch bind
to a PSGLcampewideindensmdittassied Torcelihe defficehi pmlandhenwbrétpendnies |
apoptosis; ln vitro systens my be designed to identify conpounds capable
of inter a%:ntt%rﬁ%t angd g HW? %&WSE?@EP% 48 Plpge}‘d%ﬁlﬁp RIbPC Bargved pndios Apiseiad &

i dent i fi ethermayttidR nusele | ThelfIGL %8RS scll BalRAYlREL NG, I achiMity as
descri bed _herein and thus may be _gsefgl for 21 th% ltré%ltjl%@niihcﬁ’&lco\gndi tions
associ at efrCiFEcRNIAR 283y e §6 FYBS Bituatinnaititpreradt Lo ereplioatageptidemune r es ponse

Oor exgessi M J T rol.iferation such as inflalL tion,

it of o oo B Bl ST P ek A GO0 ar s PoPPEP el |
cancer . Tiet gfirdcidlaataghs ilhbc asafyssitis e gl QbbRentidxGosmaydaithat bind to
PSGL-1 5 invol’ves)e r%par_j ng a reaction mxture of PSG-1 (or a domain

t her eof ) EHP'Phe& e beatilisddind Li nder conditions and for a time sufficient
to allow the t conponents to interact and bind, thus form ng a conpl ex
whi ch can be r EFDBIISErYsden de calycked ip hevarieoafi verysnifoat wxamplThee PSGL- |

speci es usafogan a0 SERSAdin0 AR LN, 0RF R 1L SET SR N assay. I

sone situations it is preferable t oy & pep nding to a
donmi®® ofpePB& oilfubiesedottm @ thetest aibegntsos atselidiphiscpal ipeptihdpsGt hat

?Lfsﬁ[ ?IS ngld){c%%c%%&)suﬂdncognr}) cx%% Sagghofgc? éne trlrlle(sgi'ig phasle%?te‘hlel Grlll 0 fIﬂ?E? J‘e?ugilio?lr.] Igf the
one embodiment of such a method, the PSGL-1 reactant may be anchored onto a solid
surface, and the test compound, which is not anchored, may be labeled, either directly
or indirectly.

20 In practice, microtiter plates may conveniently be utilized as the solid phase.
The anchored component may be immobilized by non-covalent or covalent
attachments. Non-covalent attachment may be accomplished by simply coating the
solid surface with a solution of the protein and drying. Alternatively, an immobilized
antibody, preferably a monoclonal antibody, specific for the protein to be

25 1mmobilized may be used to anchor the protein to the solid surface. The surfaces may

be prepared in advance and stored.

In order to conduct the assay, the nonimmobilized component is added to the
coated surface containing the anchored component. After the reaction is complete,
unreacted components are removed (e.g., by washing) under conditions such that any

30 complexes formed will remain immobilized on the solid surface. The detection of

complexes anchored on the solid surface can be accomplished in a number of ways.
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conplex, etc.) can be utilized. The screening assays can be conducted in a
vari ety of ways. For exanple, one nethod to conduct such an assay invol ves
anchoring PSG.-1 protein, polypeptide, 15 peptide or fusion protein or the
test substance onto a solid phase and detecting PSG- 1 /test conpound
conpl exes anchored on the solid phase at the end of the reaction. In one
enbodi nent of such a nethod, the PSG.-1 reactant nmay be anchored onto a
solid surace, thapcviduel ytrestimeerpzeddompbhelt is renlabelah chodatgtionyf be

| abel ed, ejther directly or indirectly. 20 In practice, mcrotiter plates
may conven%é%f??“ﬁ@”ﬁ%P%ﬁ?%%”%%eFﬁ@”@%ﬁhﬁOﬁﬁﬁgﬁﬁs“? ogRehoMaY e Bsponent
may be i mMpRlibidedoRymARRIZEY 8RR isGRY g!cef% ele@?,%ﬁﬁ&?&f@ﬁa}el M}Jfr\iec oval ent
attachnment’ may be acconplished by sinply coating the solid surface with a
sol ution ofsed hed@edceinpleaptenghyicd gn Ui swefacat ¢ g.ehying ametichmiobitbbded

anti body, bpref.er.ab a. ocl onal anti bod speci,fic .for the protejn to be
55 1 ot 1 PSEHE Ay RO B R Bt S S nf B etk o Ry b, The
surfaces ndpectip@ibple@pantiketily ROViRBGRRNELSEOLREIp kikigyddgr to conduct the
assay, the noninunobilized conponent is added to the coated surface

contai ni ng the angharet, eemeanedin bALSRInclhen b 86l MAsd SherPigt e,
unreact ed conponents are renoved (e.g by washing) under conditions such

that any 3J¥C@ipicaxesdiisuhaercogied corapaients; anbetnpleret dstectdse egoluisthgsur f ace.
The detect} e - n.the soli rface can :
acconplisﬁggﬂwﬁkghﬁg%gggﬁgﬁp%ggg%&ﬁgggﬁﬂé¥§u?hgogP§@f6@3ﬂ¥“%6ﬁgﬁﬂ%%biIized
conporént prsicjpre-thatel edipotihe tdeichot amrconipletalietmddmubidticaeghdon t he
surface igq#ﬁ tes. that c&nplgxes,mere formed. \Were the previously

non-i nni ob? Upadpasertc Pisihssthes cemparat of theappsshlticosnley pltectan be
used to dehhefMm)EXRS anchored on-the surface; e.g., using a |abeled
anti body 5 specific for the previously non-i mobilized conponent (the

anti body, in t%[lf!am;{fﬁggg)ée11-%s%&%£§a s&agilh;‘é R348 id A Eelldalaligted with a

| abel ed anti-1g ant ernativ a reacti can be conducted in a
| i qui d phageract wWigh PG 1. oFo tps odlctls lisephniated:st PEMIU Dy @aetlddies drponent s,

and c | exes, detected, e.q., usjng an.i gili ed antj body specific for
PSQ. - (:igrr))r glf“éﬁ lhezcnrggpggggjy P!ﬂ%{}éeﬁ%cg{q %‘é’“&? PF@? fan ge usc%. de 1 base§ assays

are particularly useful for evaluating the functional effects of a compound identified

by a screen described herein. For example, once a compound is identified based upon

its ability fo bind to a PSGL-1 protein, the compound can then be tested for its ability

to, e.g., induce T cell apoptosis in vitro or in vivo or deplete T cells in vitro or in vivo.
20

, Pharmaceutical Compositions

Given that an object of the present invention is to alter an immune response in
an individual, a pharmaceutical composition containing, for example, antibodies,
multimeric compounds, small molecules, or other compounds that specifically bind

25 PSGL-~1 polypeptides are also a feature of the invention. In a preferred example, the

compound functions as an agonist of PSGL-1.

Pharmaceutical compositions for use in accordance with the present invention
can be formulated in a conventional manner using one or more physiologically

acceptable carriers or excipients. Thus, the compounds and their physiologically



10 protein or the test conpound to anchor any conplexes fornmed in solution,
and a | abeled anti body specific for the other conponent of the possible
conplex to detect anchored conpl exes. Alternatively, cell-based assays can
be used to identify conpounds that interact with PSG-1. To this end, cell
lines that express PSG.-1., or cell lines that 15 have been genetically
engi neered to express PSG.-1 can be used. Cell based assays are

parti cul ar. f i | ional.effects of .a cqonpound

i dentifi edaw%ﬂyﬁgé Blis 00 s YR a8 ADGhA T aé’?&&ﬁ%ﬁ‘%‘?n%%é{a‘e{a&’é’ ound is

i denti f i edoblasetadnpaistratideis ability to bind to aPSGE.-1 protein, the conpound
can then be tested for its ability to, e.g., induce T cell apoptosis in
vitro or in vivitheaongephdtreaybeirhaiit® W bh@ntraliadnVhi¥@ation2, Hhatigaceut i cal
Conposi ti gnjs G ven tha} an object of the present invention is to alter an
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of the i ng¢emginers, with aa agdet mesedaterariieeontpoeitioaompotukt it €iiens as an
agoni st of PSC.- 1. Ph{ar maceutical conpositions for use in accordance with
the present P FRIEH: FYRTOEAN BRUFSRAHI AeRr 3equs #t PRHEIAYFRRREE usi ng one
or nore plysidegi 4aht ¥uclPkGapiallg, s@blliflSu@lor ef&'h?gnﬁ%: s/ us, the
conpounds and their physiologically 23 acceptable salts a c} sol vates may be
f or nul at edlicErRtiEgii the sttivainaisdippt ean/by ingtoyvdsf fornofat esnsdiftutaeniwith st r at i on.

The c o] ) : _ I for parenteral admnistration by injection,
f or e%?@gﬁ%{/ﬁ%ﬁﬁgg%ﬁﬁl )?elt’g%nfl)erp 3@%%%1?_ §80¢% Cl?%‘iedﬁfa' For mul ati ons for
injection 5 may be presented in unit dosage form for exanple, in anpoul es
or in nmulti-dose containers, with an added preservative. The conpositions
T ok Sl 8 Oy PRI TR S0 S SIVSLRTE G
stabi li zi hegpianibper di spersing agents. Alternatively, the active ingredient
can be in powder formfor constitution with a

Compounds such as those detailed in the screening assays described herein

15 may be useful, for example, in modulating a biological function mediated by a PSGILL-
1 polypeptide and/or for the treatment of disorders associated an excessive or
unwanted immune response, ¢.g., a T cell-mediated immune response. These
compounds include, but are not limited to peptides, antibodies and fragments thereof,
and other organic compounds that bind to PSGL-~1 on the surface of a T cell and

20 induce a signal transduction pathway that results in the death of the T cell. The
methods of the invention optionally include the addition of a cross-linking agent that
induces the cross-linking of PSGL-1 on the surface of a cell. The compounds
described herein can be used in any instance wherein the depletion or elimination of T
cell activity is desired. Particularly useful conditions that can be treated with the

25 compounds of the invention include inflammatory diseases, autoimmune diseases,

transplant rejection, allergic discases, and T cell-derived cancers.

Examples of conditions that can be treated with the anti-PSGL-1 compounds
described herein include, but are not limited to, diabetes mellitus, arthritis (including
rheumatoid arthritis, juvenile rheumatoid arthritis, osteoarthritis, and psoriatic

36 arthritis), multiple sclerosis, encephalomyelitis, myasthenia gravis, systentic lupus

erythematosis, autoimmune thyroiditis, dermatitis (inctuding atopic dermatitis and
24



10 suitable vehicle, for exanple, sterile pyrogen-free water, before use.
Met hods of Controlling a 'T Cell-Mediated | mune Response and Depletin =T
Cell Popul ati ons Conpounds such as those detailed in the screening assays
descri bed herein 15 may be useful, for exanple, in nodul ati ng a bi ol ogi cal
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apht hous tigsugersuch s bprg mewey draosileiteiicy, liver marspbnjatinotanthe i s, type |

di abetes, _jnfl tory bowel di seasgs,.ulcerative coliti stl.m a,

e o SaP TR bl S il B S Bt GRS sk o 1 s,
proctitiscelintt@lenipinbDASicuk 8RLOSYI/bEMRIIRInageact i ons, erythema 5 nodosum

| eprosum aut oi nmune uveitis, allergic encephal onyelitis, acute necrotizing
henor thagi ¢ enqephaligpaloiyhe ihtbRAh GeRkédialplotPT RBIESSH Ve Fensor i neur al
hearing |oss, aplastic anem a, pure red cell anemia, idiopathic _
t hr onbocyPRBEHIG, cith@|iy el vive; Las genaplesa bioktinad sanpsidstivehfroni ¢ acti ve

hepatitisy, %?M&Qzﬁ'og«ﬂg@ﬁgﬁ]eted of T cells in vitro by contacting the sample with an anti-
PSGL-1 compound described herein, optionally together with a cross-linking agent.
This method can be uscful, e.g., by allowing for the enrichment of non-T cells in a
20 cell population as well as by reducing or eliminating T cell activity from a cell

populatfion.

The following are examples of the practice of the invention. They are not to

be construed as limiting the scope of the invention in any way.
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syndrone, idiopathic sprue, lichen planus, G aves' disease, sarcoidosis,
primary 10 biliary cirrhosis, uveitis posterior, interstitial |ung
fibrosis, graft-versus-host disease, cases of transplantation (including
transpl antation using all ogeneic or xenogeneic tissues) such as bone
marrow transplantation, liver transplantation, or the transplantation of
any organ or tissue, allergies such as atopic allergy, AIDS, and T- cel
neopl asns such as | eukem as and/ or Iyngﬁgg@@§ 15 The nethods of the
invention can be used to deplete T celTs froma cell population, either in
vitro or in vivo. For exanple, a biological sanple derived from an

i ndi vidual can be depleted of T cells in vitro by contacting the sanple

wi th an artdamRSGley ther with a

cross-|inking agent ] LS ' ut, €. 9. ' ing for the
enr|chnenL;@E&hﬁﬁ;ﬁth@ﬁs in a 20 ceII popul ation as mell as by reducing or

elimnating T cell activity froma cell population. The follow ng are
exanpl s of thé Eﬁéﬁ{sp@eﬁofnomh@omzri\aetimctgma'sTgtelyrmch@iplmg tlewelonst rued as

| t h f t h 5 25 Exanpl Ex | 1

e, T kT b A A e i

Monocl onalimAnihbRedys: 5 145 M't@F%QéE ] hﬁn{&ﬂ%%@%hkﬁﬁ%km B%QF generat ed by
(0]

applying the well known cell fusion nmethods of stein ((1976)
Eur opean i%U$ﬁ%HPb*hmm@MEﬁhﬁ@@yﬂﬁm5$idwtgﬁdWﬂﬂp@@dunewaumybﬁndena secreting

desired a rom hans er injected with
Concanova?éthgg %’E;ib/c fételé??%%{% {5’0‘3 E‘ 33%853511%@4%“%083 FPg 1Y B sed with a
nyel oma cemiﬁboldyrsecfemg byindmal O antioheeylag66d 6t deNg wRybhisd@wadh: The two
popul ati on é cells were fused with _polyethylene glycol, and the
resultlngpgﬁf1%@89g§P8HﬂB?H§”€%ﬂm%gWéﬂ@dﬁpbﬁkﬂﬂﬁﬁﬁusﬁ%@%dga@bdkby standard

Li ssue_cuiopt eaptpadioPaea 9B IR 95 AL ABRAT A D 0 LEse, ot hods

secreted a nonocl onhal anti sl gha Einduce T

cel | apoptoobess methedst seoregidh nhepcbcémeal Inidieddys dégtenatadol ABRethar ehehile kecogni z Ed
by

induce T cell apoptosis in vitro and deplete T cells in vivo. The protein recognized by

15 TAB4 was designated T cell apoptosis inducing protein (TAIP).

C57BL/6J (BG) and BALB/c mice were purchased from the Jackson lab (Bar
Harbor, ME). Syrian hamsters were purchased from the Animal Core Facility,

National Taiwan University Medical College.

Concenirated culture supernatant of the TAB4 hybridoma was spun at 20,000
20 x g for 10 minutes and the supernatant was diluted at a 1:1 ratio with the binding
buffer (0.1 M sodium acetate, pH 5.0). A protein G column (approximately [ ml bed
volume) was washed three times with 3-5 ml of the binding buffer. The cleared
culture supernatant was loaded to the protein G column and the flow-through was
collected and reloaded to the columin. The column was washed with 6-10 mi of the
26 binding buffer and the bound antibody was eluted from the column with 5 ml of the
elution buffer (0.1 M glycine-HCl, pH 2.8). Each fraction contained 1 mi of the
eluted antibody and the eluted fraction was adjusted to neutral pH by mixing each 1
ml fraction with 50 microliters of 1 M Tris-IICl, pH 7.5. Fractions containing the
antibody were pooled and dialyzed against 2 liters of PBS, pH 7.4 three times at threc

30 hours for each dialysis. Protein concentration in the antibody samiples were
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15 TAB4 was designated T cell apoptosis inducing protein (TAIP). C57BL/6J
(B6) and BALB/c mi ce were purchased fromthe Jackson |lab (Bar Harbor, ME).
Syrian hansters were purchased fromthe Animal Core Facility, National

Tai wan University Medical College. Concentrated culture supernatant of the
TAB4 hybridoma was spun at 20,000 20 x g for 10 mnutes and the
supernatant was diluted at a 1:1 ratio with the binding buffer (0.1 M
sodi um aceteatravingavBh Q. pxécdaiwc%smféd rlmﬁﬂf&@l{iﬁﬁgﬁﬁé‘ﬁfoﬁm bro fin bed

vol unme) wa ?@ed three tines with 3- he™bi ndi ng buf The

cl ear ed U FRI At anes kal)- Ioaded to the protein G col urm and t he

fl owt hrough was coI | ected and rel oaded to the colum. The col um was
washed with 6-10 m of the 25 binding buffer and the bound anti body was

el uted frmth coI urm with 5 rri of the el utlon buffer (0.1 Mglycine-HCd,
pH 2.8). S AR 0A R AGsE Sh efl Abgehficanddt he

el ut ed5frq;q1tlfc M‘P&fla élsted to neutral pH by m Xi ng' each I m fraction
with 50 m'crofl M Tri s-HC, pH 7.5. Fractions containing the
ant i body were [ ed . a S Jte PBS hr ee
times at thr eemg(g‘ksﬁq e g]r %e%%h”e% ”gﬁﬁg iH%BL b@liaﬁlcb h%%%??‘%‘gﬂ(g%% > t he
anti body sent Elmméwetlﬂzﬁstdﬁleei’oﬂhwg tdidshertdago @"1@%1!%311%@%5ﬁfb‘e?@gsigﬁﬁ

Br adf or d u3|n e) gad Protein Assay (Bl O-RAD, Hercules, CA). Examle
2. Prepar 3‘3‘?8 e Ogﬁ‘u% r Synmekes CAhe SGwEEs Ve disedrded enddite aellpieBet and 5

Sal t Coor Ut o LBl e i O RiaR) B b Y BB AR o s or e
e super dor WHS@MQ??ZQWBW ool pol et s r e aaed I the

resi dugl Eﬁ% ?2 ig?ﬁjgﬂ TTP9% Bgﬂ}‘g I{Dﬂgwﬁgljy alo'lj‘ﬁlé1 ’@éhl?aé’rﬁlr@équfig 10 red bl ood
&?: |4$C . ( Rg@in?pﬁt%re:a?;ﬁ_ﬁggvslgy;u&ﬂ%n?gd\gitﬁ 9%! oqu d@ 4111(9&321@?3&1 %ﬁ%%%cp%{f ’{g)ﬁr a’E Or g om

t enper at ug 0T IFERS, d’ﬂql&@ri@hfpm"gldm@hp@dnﬁ noRPNHSSedﬁ[ime Teldoscanatgompel | et ed
at 200 x ) L and suspended in RPM neditun.
The concentﬂir\étgg;lgg g?aér}gg\?/l?gbcm@§{p 993 ' C%‘Bmil# HE ﬁﬁcﬂ‘)ﬁ?’@lﬂﬁé‘?e det er m ned
Wi th & hef@oyroigetSeientific Inc.) and Trypan blue exclusion.

The spleen cells were adjusted to a final concentration of 3 X 10%ml with
RPMImedium and Concanovalin A was added to a final concentration of 2
micrograms/ml to activate the T cells. The cell suspension was transferred to a 6-well
culture plate (5 ml/well) or a 10-cm culture dish (10 ml/dish) and incubated at 37°C,

20 5% CO; for 48 hours before harvesting, The activated spleen cells, including
activated T cells, were resuspended in 5 ml of HBSS and carefully overlaid on top of
a 5 ml 55% cushion of Percoll solution in a centrifuge tube. Care was taken not to
disturb the separated layers. The cells were spun at 1,900 x g for 13 minutes at 25°C
without the brake. The enriched T cells were collected from the interface of the two

25 layers, washed twice with HBSS, and were ready for experimenis.

Example 3: Apoptosis of Activated T cells

Activated T cells (see Example 2) were resuspended to a final concentration of
5 X 10° cells/ml in RPMI medium containing 5 ng/ml of IL-2, and treated with

30  conirol Ig, TAB4, or anti-CD3 according to the conditions shown in Table 1.
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15 (Canbridge Scientific Inc.) and Trypan bl ue exclusion. The spleen cells
were adjusted to a final concentration of 3 X 106/ with RPM nedi um and
Concanoval in A was added to a final concentration of 2 mcrogranshnl to
activate the T cells. The cell suspension was transferred to a 6-well
culture plate (5 nil/well) or a 10-cmculture dish (10 nil/dish) and

i ncubated at 37C, 20 5% CO2 for 48 hours before harvesting. The activated
spleen cells, including activated :,Cf@qm , were resuspended in 5 nil of
HBSS and carefully overlaid on top o a m__55% cushi on of Percoll

sol uti on [Eaparimenitarodnsge t ubelre@acetwas taken not to disturb theseparated
| ayers. Thegeleld@nwel e spun gtugm®nxedicf or 13 mi nutes at 25C wit hout the
brake. The enriched T cells \si@negl.bected fromthe interface of the two

25 layers, washed twice with 3I—@§§;A01@§gdﬁ%guﬁ@@d}y(aw_rm%%ﬂ%igmsnt s{ Exanple

3_AJppt osirg, [af “Acti vated T cglij } ted I cetts—Ss wer e
resuspended to a final conce%tjﬁﬂﬁ%?égmsgmﬁ(nm cells/m in RPM nedium
containing 5 ng/mm of IL-2, @an t ated with 30 control 1g, TAB4, |or

anti - CD3 wﬁﬁe—{—he» SssiTGh RGP oy padi-pamsterigy ARl E {1
Exper i rrer?&g'll\’)%%)é’ Pt eat ment si! URERLAYEDEEMP ol 3 ughl nl hanster 1§ 5 ng
IL-2 3 ug/m cross-linker anPimoayil¢Anti-hanster 1g) TAB4 3 ug/n{ TAB4
hanmster mAb 5 ng/m_ J1-2 , |3 uggildrossrlodsr hitiilody (ant-iloadyigiant i - hamster 1g)
Posi ti ve [&dfirglgbndeniighion obiteide@BBatedNrabemgimthe med2uig/ M cr 05s-11 hker

anti body (anti-nouse Ig) *: Final concentration of the deésignated reagents
in the nmedium After an incubation period of 18-24 hours, the extent of
apopt.osi s in eafitr arciubilsition\agodef eg-u n6ehs Uk RAchhEr #5oPRIBiARARLPSI s assay.

Thetreate?l cells were . )
cuiture was determined using the 7-AAD apoplosis assay. The treated cells were

5 transferred to FACS tubes (Falcon), washed twice with ice-cold FACS solution (1%
fetal bovine serum, 0.05% sodium azide in PBS), pelleted at 200 x g at4°C. The cells
wore resuspended in ice-cold FACS solution to a final concentration of 1-2 X 107
cells/ml. For staining, 0.1 ml of the resuspended cells were mixed with 7-AAD to a
final conceniration of 2 ug/ml and then incubated at 4°C in the dark for 20 minutes.
10 Finally, the stained cells were washed twice with ice-cold FACS solution,
resuspended in 0.5 ml of FACS solution and analyzed with B LSR flow cytometer

(Beckton Dickison).

Fig. 1 depicts the results of a representative time-course expertment that

investigated when activated T cells acquire sensitivity to TAB4 (anti-TAIP)-mediated

15 apoptotic signals. Mouse splenocytes were activated with Con-A and maintained in
IL-2 containing medium. Activated T cells were harvested, resuspended, and
challenged with TAB4 monoclonal antibody or control hamster IgG m the presence of
anti-hamster IgG antibody as cross-linker. The ability of TAIP cross-linking to
induce low level (6.5%) of apoptotic celf death was evident on day one. However, the

20 extent of TAB4-induced apoptosis increased from 17% on day 2, peaked at 52% on
day 4, and declined to 44% on day 6. The control hamster IgG did not induce specific
apoptotic T cell death, as compared with the cultures that received only IL-2. Anti-
CD3 (as positive control) induced apoptosis in 38% of T cell after 48 hours of

activation (data not shown).
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5 transferred to FACS tubes (Fal con), washed twice with ice-cold FACS
solution (1% fetal bovine serum 0.05% sodium azide in PBS), pelleted at
200 x g at 4C. The cells were resuspended in ice-cold FACS solution to a
final concentration of 1-2 X 107 <cells/m. For staining, 0.1 m of the
resuspended cells were mxed with 7-AAD to a final concentration of 2
ughnl and t_Een | ncubat ed at 4C in the dark for 20 mnutes. 1o Finally, the
st ai ned celH&K : itee T MR Antigar ndDidfeFACDiEeiut i on,  resuspended
in 0.5 mM of FACS solution and anal yzed with BD LSR flow cyt onet er
(Beckton Di cki séils WF!@g\NaSﬁlediE«MCGMLIatldﬁtﬁccﬁiam¢§s&ﬁn@h 1@9?&%1%%?}{@ Yfim

ce

time-cours nvestl gat ed when acti vated s acquire
sensitivit S O?gpﬁggﬁg 'IZId% 11"?1%‘.§§ DA &t 4 x 85t 4o oFAESdilgn@akonMbuse

spl enocyt e§hawedlk \mtteeaﬁgﬁdd&uﬁh CoNa A A | cont ai ni ng
medi um AcM;vaf ed T cells were har vestggsdsé@éﬁ%en%%COI&?‘?&“‘”&‘H&?ﬁbhged with

TAB4 nohoct OrfallsBhendadyl st aliawet phihe Irramteadecl{ OdHisiin atFYEC P FAR QRSB0

anti - hanst gfg | s- i nker ability of TAIP
cross-1inki ng %%@E%E@gg?{% PR a"? HABEHE, 8?6 QﬁﬂlmliOé%@elant@eéym aas

evi dent orncodéy! thell-}lg\aeﬂ @inal, cotnh@m adbn 8Xb %Bﬁmmfmx'%ﬁﬁed HA‘%@& g@hsagf’]ﬁg osi s

i ncreased frci)uI 7% an ﬁ) Kﬁg eaked at 52% on el to 44%
on day 6. EontiEgheyratedia # %%&@irauw% 1 Hoburboek. sﬁbma‘liscwelampmsatl c T cell

deat h, as @agpmqge W1k I al h r |ve only IL-2. Anti- CD3 (as
positive contr oll) i nduceto%iisg%lgd&t%lg?tgﬁf%“ﬁ@%@f OF spigPp of ¥St ercl@neour s of

act ID| V?fl or?o(‘kh‘%@léd aat-CEHomibod 282 Eg«a{]kpg@{@wcoﬁj&%%ﬁ%Qmaglfstetr ﬁ\g Kg@lﬁ iAnE i gen
in er S ed twice wi i ce-col sol ution
(1% f et al %{’)’\‘/‘Fgﬁgég% Eﬁ‘é/bé%ggf%%l&?ﬁﬂamgfwi—ﬁggyc -3rdtibpdin(2atg/@00 x g at

4C in a FACBQ ubsf i¢Fedle omCs in ice-col d FACS
sol uti on ?o a firggé& concent r at ?é&nﬁgh& ”")’%1 %Sﬁg% ?Eﬁmm&%&‘ﬁ - ni |

al i quot of ®PHE serdsEd catit @D 8. mnd cEﬂﬁSniekd@ﬁ;L(gE@HQaﬁﬂ)CD%ﬁuﬁ&ﬁé% for each

assay. Forz f Ional anti body or a control
hams%/er ¢ §%J{m)a1§ ?qugnﬁéglr?(@:%ﬁ Cfr}?f’t%% 10’2 ? Hfaciiep Bagperémay 2t H&Cdel | s and

the i xt @@BHWmthmdmhalFﬁdﬂ@t the GtaliRb c3fs WePUH, £ 4B rk. he cells
wer e vvash % nce with ice-caold FACS and thgn st%ﬁeﬁ% e%Yﬁmcff?ldf or spl een
cell's, cyt Fg ution, resuspended in 1 ml of FACS solution and analyzed with BD LSR

flow cytometer (Beckton Dickison).

Figs. 3 and 4 demonstrate by FACS analysis the distribution of TAIP antigen

on the various subpopulations of splenocyles and thymocytes. As shown in Fig. 3,

20 CDI19" B cells expressed low but detectable amounts of TAIP proteins on the surface.

Significantly higher amounts of TALP proteins were detected on CD3" T cells and a
fraction of NK cells. Most of the CD4*, CD8*, and CD4"g* thymus T cells expressed
significant amounts of TAIP proteins. In contrast, the TAIP proteins were expressed

only on a small population of CD4°§ thymus T cells (Fig. 4).

25 Tissues from B6 and BALB/c mice, including brain, thymus, heart, lung, liver,
stomach, kidney, spleen, and skin, were collected, fixed in 10% formaldehyde
overnight at room temperature, and embedded in paraffin blocks. Tissue sections, at a
4 um thickness, were prepared from the paraffin block with Leica RM2Z2135

microtome, spread in 45°C water, and laid on a coated slide. The slides were dried in

bl iel
30 37°C and were ready for subsequent experiments.
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90 conjugated anti-CD3 antibody (2 ug/nil), FITC conjugated anti-hanster

| g, and PE- conjugated anti-CD8/ CD4/ CD 19/ CDI | b/ pan-Nl Ul - A/ | - E/ Mac- 3
antibody (2 ug/m) in 100 ul of ice-cold FACS solution; and (2) for th}m
hs cells, FITC-conjugated anti- hanster |Ig, PE-conjugated anti-CD8, and
cychronme-conjugated anti-CD4 antibodies (2 ug/m) in 100 ul of ice-cold
FACS solution. The reaction was perfornmed at 4C for 15 30 mnutes in the

dark. Finally, d ned cell s shed twice with ice-cold FACS
sol uti on, resusSTcI)JgﬁSd(Z&cilEtH Ifri:l‘?l tl?n‘fu%sﬁ eﬁ%@%oCB??So%nwgrﬁ%wgﬁ%&%‘gmﬁoﬂlk‘W%E LSR
f1ow cyt ometyémet-Be@ktetrantl wkics actordifry gSstardiaarofo b AR efAfien Bieb RS

i on the various subpopul ati ons of

anal ysi s t@go dl‘lstr' ﬁ@ti on.of TAIP antigen

spl enocyt eV 4 wfnﬁll Weedonsprers pelisratef trepeha 10050 ethropl-B0%edthanogx pr essed
| ow but  detecdpiloe @PURLSH 0P ALE ] e S AGE, S.opi ficantly
hi gher amounts of0 TAI P protel ngs-éé\/\rgirlg{ Cg%ﬁec aecggrgﬁﬁ%%ﬁﬁggﬁnlogégg% 4
fractidon &MaNKBEedlkison. Nt folbwittpere@Dbhs weBBAl] patishn{CD44 &-huhiyimies bbxcel | s

expressedy, signi.kicant anmounts of TAIP proteins. In contrast, the TAIP

proteins \;\qé’?lesgg%%? j]sn_rsgié% W%ﬁlbil/océ(ﬁd Qyé‘i‘f}é‘f’ﬁm I“éiqeogﬁ%‘?m@@@_l@kn‘tghy_rrus T

cel I's (Fi uffé)(19%2%rhiabgdseScrhf)ToBOhaRd: %ﬂB{é}nﬂ&-gﬁye ('OPQ*’%%EL%;@E)@' n,
spl een, and skimn, ‘were

t hynus, heart L,un%, | 1ver, stomach, kidney,
col | ect ed D¢ blesking Ruffouy asicmsivae hydis APsvaemoinght hamtsterdgril LOfHeEntonr e, and
enmbedded | ffin.h Ti e sect.ions, at 4 urn thickness, were
prepared fr So?n@c{eﬁég E%Pé#t Ol%ESdB? 610%%\%;\%1?1}10(19 li'llggﬁf/@%@e‘ PRERLEUIR, spread in
45C weit er tengrathai(oh 40 @enaph@dTsE bdonTRereSkiies twREen giikedrisn 30 37C and
were read .fgr §Lllbsequent experinments. 29 Slides containing the tissue
par af fi n SEEFTHREN R FENUEER B @Ry arbody, eprtedigith 16250/ dibred alkaldes et hanol
series acgfPhNgel@nil-aR4365% 2ot LS n ddnal Lol 0Q%
et hanol . l5}‘1:'1h(§9$ectei olr@tgwer é’Br e ;Igtrlaglgsgécf I?h%éiﬁgﬁ‘ﬁ’é*%fo%%’ %Tﬁgrﬁg?l?glﬁ%ooéahanol -
85% et hanghu 70% stiasolerPBSis evdashdd fwicawath PBT, desiants Rgel, 0o sdrandand
protocol to. a5 final PBS %ol Lét'lon. The follow ng reactions were all

per f or med" i ROLTRifmith onBtafs MREAOE FFaie WaninEimgdwarh BFIBANRE by

i ncubat i n@btiRee Ed16SMLAUTESHIOAS e A OFRAKI HG LY { Faafl %t / serum
for 1 hour at _room t‘errperalturgm(or1 4C o&erﬁricg?ﬁ 1;% da%l 'eTE%)é(:EEIPHg&g}ueffer was
renoved aFhyhpginvitidiitalo st excasgezynR0Mbstidtatdobmiirated through the

PBS-ethanol-xylenes series, and mounted for microscopy.

The results indicated that the TAIP proteins expression were detected only in

bone marrow derived-tissues but not on the rest of the tissues tested.

20

Example 5; Cell Surface Biotinylation and Immunoprecipitation of the TAIP Antigen

5 x 10" RLA1 or NIH-3T3 cells were surface biotinylated in I mi of PBS
containing 0.5 mg/ml Sulfo-NHS-biotin (Pierce) for 30 minutes on ice. The reaction
was terminated by incubating the cells with 0.5 ml of Dulbecco's modified EBagle's

26 medium (Life Technologies, Inc.) for 10 minutes on ice. Cells were washed with 1 ml

of Dulbecco’s modified Eagle's medium once and with 1 ml of phosphate-buffered

saline twice.

Labeled cells were [ysed at a density of 5.0 x 107 cells/m] in cold lysis buffer
(1% Triton X-100, 20 mM Tris-HCL, pH 8.0, 160 mM NaCl, 1 mM CaCly) containing
30 complete protease inhibitor cocktail (Roche) for 15 minutes, and insoluble material

was pelleted at 10,000 x g for 10 minutes; these and all subsequent steps were
30



was added to the sections and incubation continued for another hour at room
10 tenperature (or 4C overnight). The sections were washed twi ce in PBS,

for 5 mnutes each, to renove the primary anti body, reacted with 1:250

di luted al kal i ne phosphat ase-conj ugated goat anti-hanster |Ig, and

i ncubated at roomtenperature for 1 hour. The sections were agai n washed
twce with PBS, 5 mnutes each, to renove the antibody-enzynme conjugate

and the copaforedet i) PasisdauebeRestubl thEGLRENAT plansithaligl e sol utl on at

room tenperature for 30 mnutes in the dark.” The séctions were washed
agai n wi t h*'PEEWE Vishet &l ekrisked prossime-Suthstasal meddhydtiatedeit Biaugh t he

PBS- et hanoj-;x ) i nd. hount ed for, mcro . The results
i ndi cat edoatoﬁg%%t@%gﬁlT I%%ﬁg%(i)"f gﬁ%?@%ﬁ%@ﬁ SPEHS WY &P %ge?‘g%f"é&agﬂﬂ% e pone
mar row derdupetatincgaesichutorreporaling fve5.0 €S’ @blish herd inseMasd Hemtedi 20

Exam ne 5: roCF-l I %%aa_ce\ Bi %ti n%ht,i on and | nmmuuopreciiitation of the TAIP
AntigeR DT RPEUSOeipfledwihddiHeofnadb T4 arcieChiromineyiat ed in 1 ni
of PBS caphaidtisatnm0-FduhdtibaSith F RN D0t (Bi 61.6e) 11 9% 30 m nutes on
ice. The reaction was term nate Slywr%ﬁnﬁgducggt“?lﬁ’émt\ﬁ% \ggeﬁhf:‘gfwglﬁqcﬁ.“@ahi | of
Dul becco' svasbuigfluéigr Eaf% Tsit@EXaE], Gom(MiTa-Tet pHE. ogi @smM Rec), ifigx1 10
m nutes on~jGe., Cells re.washed with, | ml f Dul becco's nodified Eagle's
nedi um ongjed(’gﬁé e Olvgyﬁ*‘m&‘)p%%H%Q-SBW‘F@Y%@mgé’éllffchecoﬂwﬂéég 2f@péted cells
vere | ysedaticad cfens ity MfC15 PRotsink Ofect@lalis hbihd to te G I g (1%
Triton X-100, 20 mM Tris-HC, pH 850C 1368 )nglM ﬁa(:le thﬁl’\vllg%a%ug?%%nt ai ni ng
30 conpl etd Hrbt wad@ simplietiufior. Elutdct mbteisRoahedpaiaied b 8 i MIIEBAGIN
i nsol ubl e gmteri-al was.pel l.eted at 10,000 x g for 10 minutes; these and all
subsequent H@P%&sﬁl{v\%{j\r’@ mtg CBEW%P}?B@{%{P &%Hlﬂﬁ’b‘?)- %%ﬁ&’ﬁf"e%‘i%ﬁ’z’teétf@bn, t he
| ysat e wabiopinglarcypbeitiad widrpeadihdaWot et i i@n! EMBACK 8 dnRLOL &L
G Sephar ose (,{Ai ner sham Phanpnaci a Bi otfau(;l )e t‘o Pquvae ng‘%ﬁgﬁ)@g?‘%c}?@z}l{jl y
bi ndi ng préfiePhshemdugticenee pappri®EN arldiaSdigquotisodfcidhe  super nat ant
(routinely corres ondi_glrg, to 5.0 x 107 cells) were incubated with 20 | of 5
protein G Seph&fé eVipH 1§a%téd31mlﬂﬂat13@ syrlafe prdfeinTwBY aonolbgGuf weighier mal
hamst of | SEaHRindld: P20 REUPRAHON: Aoy r Redtn .G oSS TASS 2R3, ashed fFour

in 373 cells (TAIP cells). In contrast, protein G sepharose coated with hamster

normal serum could not retrieve this 120-kDa protein. These results suggest that this

120-kDa protein is the antigen recognized by moneclonal antibody TAB4 on the cell

surface of T cells.

20

Example 6: Depletion of T Cells in vivo

To examine the effects of TAB4 on populations of T cells and other cells in
vivo, mice were injected with 300 ug of TAB4 or control hamster Ig infraperitoneally
and, on day 4, splenocytes, thymocytes, and peripheral blood mononuclear cells were

25  harvested for the total cell count and for the analyses of cell surface marlkers by
FACS.

For FACS assays, the cells were fixed with 2% paraformaldehyde at 4°C for
20 minutes, washed twice, and resuspended in ice-cold FACS solution o a final
concentration of 1 x 107 cells/ml. A 100 ul aliquot of the resuspended cells in a FACS

30 tube (Falcon) was used for each assay. TAB4 or control hamster Ig at a final
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washi ng buffer (0.05% Triton X-100, 50 nnM Tris-HCl, pH 8.5, 400 MM NaCl, 1
mvi CaCl2, 1 ng/m ovalbumn), twce with a simlar washing buffer,
containing 250 mM instead of 400 nM NaCl. Proteins specifically bound to
the TAB4 were eluted with 10 50 | of [IxSDS sanple buffer. Fluted proteins
were separated by 8 % SDS- PAGE and transferred to nitrocellul ose nenbrane
(M.Ilipore). Filters were analyzed for biotinyl ated proteins with

per oxi daseo@nfr st e vt 2R M nReR)s Anf: ‘?P(l elc&&n}hom inFig.
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20 minutes, washed tw ce, and resuspended inice- colo(I) Sorttlon to a

finali® coResnersd |na)|h 06 ul okFACS S@Gﬂkﬁl/%lﬂhﬂ&l&@&ﬁ\@lﬂ]l BIaLESGUddw oftoitiger
resuspend(%% lgtgn i :j\ FACS 30 tube (Falcon) was used for each assay. TAB4
or control Ranstef Q?Oél at a final 31 concentration oft ug/m were added to

dark.  The ?2?@5@%‘% S G Eevihe Ao gsoiod CEACY. srl medbbel wit he (1)
FI T con) uaat o0 ant s hant e R i tnas o et g BdReli) cores con
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15 of splenocytes. However, in TAB4 treated mice, there was a 62% decrease in the
number of CD3" T cells, a 50% decrease in the number of NK cells, and a slightly
increase in the total number of CD19+ B cells. The total number of thymocytes
recovered from TAB4 treated mice was only 48% of the level seen in control (52%
reduced). Moreover, except for CD4+ T cells, all other CD8+, CD4+CD8+, and
20 CD4-CDS- T cells were reduced, with CD4+CD8+ subpopulation being the most
profoundly affected (64.7% reduction).



cold FACS solution; and (2) for thynus cells, FITC conjugated anti-hanster
| g, PE- conjugated anti-CD8, and cychrone-conjugated anti-CD4 anti bodies (2
ug/m) in 100 wul of ice-cold FACS solution. The reaction was performed at
A4C for 30 mnutes in the dark. Finally, the stained cells were washed
twice with ice-cold FACS solution, 10 resuspended in 1,000 ul of FACS
solution and analyzed with BD LSR fl ow cytoneter (Beckton Dicicison). Four
days after. the injection, the percentages of CD3+ T cells in peripheral

bl ood | eukocytes (PBL) decreased from36. 7% in control mce to 4.1%in
TAB4- treated mce (Table 2). TAB4 treatnent caused a slight reduction in
the total nunber 15 of splenocytes. TAfHelé, in TAB4 treated mice, there
was a 629% CIICL,I ease in th\, nur\r‘hnr Of CD3+_T cell S, _d 50%decrease |n the

nunber of —and-a -slightly iSrP(LWase in_the total nunber of CD 19+
B cells. hunb®f of th?lﬁ*ﬁé?lt es Téebder gd HapbatiohAB4 treat ed| mi ce
was only 48% of the! |'agemeseantiamsteolst f ol 6528 rieduceq). Noreover, except
for CD4+ ' | otBer (CD8+93.8D4+CD8+,10and 20 Cp4dCDBI T CelTs Were
reduced, D8 subpopul ati on being t he nost pr of oundly af fected
(64. 7% r edUDBI ORklls 32 BABLE 2 Spigen [ X IP; Ko 1 rmar@@f\- ——Dbeptetion

Tr eat nent @@gs@gqg*tg tr7§@t ed "/953;;\ 12%q 23 19514 l-eneeytes; CO3i T
cell's _ 3P-8-26 72. %83 4172 9080 8] _cpa' NKi| 3. 6

4 3U€z| oodl_| n%lﬁ’)v:\-;rﬂé NG SRior mil TAB4- Depl eti on

2.4 1.80
Treat ment Hanster | g treated _( CD3 Y cells 36. 7% 36% 4. 1% 88. 8%
Peripheral Blood Leukocytes
No Normal TA-B4- Depletion
Treatment | Hamster Ig treated (%)
CD3" Tcells| 36.7% 36 % 4.1% 88.8%
Thynius
x 10° No Normal TA-B4- Depletion
Treatment | Hamster Ig treated (%)
Total 94 229 . 45 52.1
Thymocytes
CD4" 9.3 28.4 10.9 -16.6
CDS" 5.2 7.7 3.6 30.3
CD4' CD§" 73.8 182 26 64.7
CD4” CD§’ 5.6 10.5 4.5 19.3

5  (representative data from three experiments)

Example 7: Anti-TAIP Antibody does not Induce I1.-2 or TNF-alpha Secretion

Balb/c mice (H-2d) were intraperitoneally injected with 300 micrograms of’
TAB4 or control hamster Ig. Splenocytes were isolated 7 days after injection, and
10 used as responders in culture with mitomycin C-treated C3H (H-2k) splenocytes (as
stimulators). Three days later, the culture supernatants were harvested and the I1-2
content was measured by ELISA set (PharMingen). As shown in Fig. 5, the [L-2
production was suppressed in responder cells derived from TAB4-treated mice as
compared with that of control mice. The plasma levels of IL-2 and TNFE-alpha were
15 also analyzed and no significant difference was noted in the levels of IL~-2 {(or TNF-

alpha) in the sera of the control and the TAB4 treated mice. Since production of IL-2
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Thymus x 10 No Nornal TA-B4- Depletion Treatment Hanster Ig treated (%
To%/al 94 229 45 52.1 Th}nnocytes CD4i 9.3 28.4" 10.9 -16.6 CDSi 5. 257. 7
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b¥eE skin transplant surgery. Seven days later, a lateral flank of skin from
fully allogeneic mismatched Balb/cj mice (H-2) was grafted on the lateral flank of
the antibody pre-treated C57BL/6 mice. Seven days post transplantation, the mice
were again injected with 500 ug of TAB4 or isotype confrol antibody. The mice were

15 monitored every day afier graft transplantation. The grafls were considered rejected
when 50% donor skin was necrotic. The percent of graft survival is shown in Fig. 7
(n=8). The data show that TAB4 antibody {reatments prolonged the survival of the

allogeneic skin grafis.

20 Example 9: Identification of TAIP as PSGI-1

P-selectin glycoprotein ligand-1 (PSGL-1), also named CD162, is the main
P-selectin ligand expressed on leukocytes, including T cells (Sako et al. (1993) Cell
75:1179; Vachino et al. (1995) J. Biol. Chem. 270:21966; Veldman et al. (1995) 7.
Biol. Chem. 270:16470). Biochemical characteristios of TAIP, such as its molecular
25 weight and its tendency for dimerization suggested the possibility that TAB4 may be
analogous to PSGL-1. To investigate the relationship between these two antigens, the
following were tested; 1) whether the anii gen precipitated by TAB4 can be
recognized by a commercially-available anti-PSGL1 antibody; and 2) whether an anti-

PSGL1 antibody can deplete TAB4 from the cell lysate.
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to injected intraperitoneally with 500 ug of TAB4 or isotype control

anti bodi es seven days before skin transplant surgery. Seven days later, a
| ateral flank of skin from fully allogeneic msnmatched Bal b/cj mce (H 2d)
was grafted on the lateral flank of the antibody pre-treated C57BL/6 nice.
Seven days post transplantation, the mce were again injected with 500 ug
of TAB4 or isotype control antibody. The mce were 15 nonitored every day

after graft traﬁhﬁlldmcammfa lyEb@atgraahtisy a&er@xcmﬁ%bﬂis%% Ik 8GHEd 1ophen 50%

donor skl The_percent of aft survival i$ shown in Fig. 7
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et al. (1 (1995) . J. Biol.
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per f or med EhttedlﬁiotcﬁnsT h'ercl sypatied 0oL e SUMHBATE Ly @a&fesmé% a%%hchc%zl%%e
i ncubated w rotein G Sepharose preloaded with 10 ug of

anti - PSG_mfnﬁ’A‘Ble( cﬂt‘?ﬁ%‘“? fass ‘Fﬁ‘ﬁﬁr*IMW@éWOuSéWﬂhBlU@diSGICA)&lAarEmd- TAI P mAb,
TAB4, or 86 ke R it ft atl on for 4 hours at
4C, the beads wgl?]g Q\%ﬂﬁ aef{d "“rm?[ g1\3\? %lﬁgs(ﬁﬂ“d% ‘Y@r Y (0.05% Triton
X- 10075 SOCIMIIIinmae#d@hce @lﬂlal&dﬁcc,m\I)m\/‘ NaCl, 1 nMCaCl2, 1 ng/m 10

oval bum n), and twice with a simlar washing buffer, containing 250 mM

i nst ead of Surface biotinylated RLA1 T cells were lysed at a density of 1.0 x 10° cells/ml
in lysis buffer. The cell extract was incubated with 20 ug of antibody bound to 40 uf
of protein G-Sepharose at 4°C overnight. Depletions were done with anti-PSGL-1
mADb (ZPHI) or control rat IgG, with TAB4 or control! normal hamster serum.

20 Depleted lysates were further subjected to do immunoprecipitation with TAB4 or
anti-PSGL-1 mAb, respectively. Immunoprecipitates were separated on 6% SDS-
polyacrylamide gel and detected by fluorography. As shown in Fi g. 6, anti-PSGL-1
antibody can deplete TAIP protein from T cell lysates. In addition, proteins
immunoprecipitated with anti-TAIP antibody (TAB4) can be recognized by anti-

25 PSGL-1 antibody by western analysis.

Example 10: Induction of Apoptosis in Human T Cells by an anii-PSGL-1 Antibody

To determine the role played by PSGL-1 in the apoptosis of human T cells,
time-course experiments were carried out to investi gate when activated human T cells
30 acquire sensitivity toward PSGL-1-mediated apoptotic signals. Human T cells were

stimulated with phytohemagglutinin {(PHA) mitogen and further expanded in IL-2-
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400 mho NaCl. Bound proteins were eluted with 40 ul of 1xSDS sanple buffer.
El uted proteins were separated by 6 % SDS- PAGE and transferred to a
nitrocel l ul ose nenbrane. The nenbranes were i nunmunoblotted with
anti-PSG.-1 mAb, and reveal ed by peroxi dase-conjugated goat anti-rat 1gG
(H+L) followed by 15 chem | um nescence (Renai ssance, NEN). Surface
biotinylated RL5I T cells were |ysedat a density of 1.0 x 108 cells/m in
l'ysi s buf feentainihemeahln. exteaedd Mas)sivig: f y bound
to 40 ul _of pr (li)gfel n GSe arose at 4 H@%?%FH\%%&%@ ﬁglé% ﬁ@wﬁélra%gdone with
anti - PSGL ﬁ W@@mSﬁllmoﬁhFRMGmwcmﬂgﬁ‘g aww}iolahe'EAB4 or control nor mal
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acquire sen: :s)dl k}\%/)ftowa G- 1- medi at ed apoptotic signals. Hunan T cells
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expanged ¢ t I el |l s, were harvested
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adul ts, hepri or erl pheral bl ood nononuclear cells

(PBMVC) based™o lﬁzed(,%? &gkt IPQ?I réﬂﬁﬁtsqqivno Sengl Fer Lo sphejire OﬁFIQ@iﬂ(@Phannam a
Bi ot ech) . thdpercBRie Mﬁéa@ly%’bﬁ)%ﬁ& @le%tl;'d&eﬁhl: Y @LFK@JSTQCX 104 Qf%}%ﬁ_ G bcoBRL)

for 48 hours and subsequent mai ntai ned 1 n conbi nant 2 (5
ng/ m) t WrBRH YHBDRlsal ingon) ant! PIiPigsskess t he apoptosis- inducing ability
an anti-human PSG.-1 antibody, the activated cells were treated wth: (1)
1 ug #nil of theshemm PGS, sicanlindiogyoct by KAl his(BRoPhar Magen) pl us

antibody plus the crosslinker triggered significani level of apoptosis in PHA-activated

human PBMC (mainly T cells). The percentage of apoptotic cells increased from
8.5% on days 3 to 24% on day 8 in anti-PSGL] treated cultures. Neither 1sotopic-

matched control, nor the cross-linking antibodies alone, had any effect on these cells.

20

Example 11: Use of anti-PSGL-1 Agonist Antibody to Treat Autoinumune Disease

Non-obese diabetic (NOD) mice, a well-accepted autoimmune diabetes
animal, were bred under standard conditions. Spontaneous diabetes developed in the
NOD mice at the age of about 20 weeks. In the experimental group, the mice

26 received three doses of anti-PSGL-1 antibody (T AB4) intraperitoneally at 300 pug per
mouse at age of 14, 15 and 17 weeks. Two additional injections with the same dose
were given at the ages of 24 and 26 weeks. The control group was given hamster Ig
at the same dose. Mice werce monitored for glucose uria by Medi-Test Glucose strips
(Macherey-Nagel, Germany) twice every week after the age of 15 weeks. Non-

30  fasting urine glucose levels over 300 mg/dl for two consecutive measurements were

considered diabetic.
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10 cross-linker rabbit anti-mouse Ig (0.5 ug /m) (Jackson I mmunoResearch
Laboratories); (2) isotype control purified nouse Ig plus cross-1linker
rabbit anti- nouse Ig; or (3) cross-linker rabbit anti-nouse Ig al one.
After six hours of treatnment, the percentage of early apoptotic cells was
determ ned by FACS, staining with anti- Annexin V (BD PharM ngen) and PI
(Sigma). 15 As shown in Fig. 8, signaling triggered by PSG.-1 using an
anti-PSGL-1 anf'¥ Bl Bt Kig. P.hbABH GudiH $kbrl) iniilggbriednabgnidileant | evel of
apopt osi s i:h;PHA- I e human PBMC (mainly T cells). The percentage of
apopt oti c %%ﬁlﬁ%t%g%tgég%éof %fCP 8%ale§.“§§?) %%1(“529@1%‘1@’ dreslmgibn Thes/amarntin
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Non-ob%se di abetic (NOD) mice, a well-accepted autoi mune di abetes animal,
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NOD mice gt th ge of about 20 weeks. In the experinmental group, the mce
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36 As sho nogytesr fere paamalyzegn fihp ddy 2 sematerenstiyiedl e d
si gni fi cant® @ehadisern SOMRALEM W (A nti-body treat t. Thus an
anti- PSGL-1 anti bodg t?%gt ment . can él%a?r%agﬁ%ﬁgé/ggtqf&%f’fi%@fvagﬁ%ne T
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%t‘pc Gh %LB Q mple %I{i‘%”é%g )
ability of "Selectins (P SAMBE Y4 oblegd Bapicslls Hiafweresitiaater! yitly Gon A
for 3 days and maintained in medium containing 5ng/ml of IL-2 for an additional day.
15 The day 6 sample was derived from cells that were activated with Con A for 3 days

and maintained in Sng/m) of IL-2 for 3 days.

To assay the samples b.y FACS analysis, 2 x 10° cells per well from days 0, 2,
4 and 6 were incubated at 4°C for 30 minutes with 40 ul/well of mouse P-Selectin, E-
Selectin, or L-Selectin fused to the Fe region of human IgG1 (R&D Systems,

20 Minneapolis, MN) at concentrations rangimg from 20 ug/ml with two-fold serial
dilution to 0.156 ug/ml. Following the incubation, cells were washed with 1x
FACScan buffer (1 x PBS without caleium and magnesium ions from Biochrom AG,
Berlin and 2% FBS). Samples were further incubated at 4°C for 30minutes with 95
ul/well of anti-Thy1.2 and a secondary reagent (FITC-anti human IgG, which is

25 specific to Fe fragment, purchased from Jackson ImmunoResearch Laboratorics, Inc.,

West Grove, PA) at 3.25 ug/ml, and then washed with 1x FACScan buffer.

The results of FACSCalibur analysis are shown in Fig. 10. At 20 ug/ml,
binding of P-selectin to mouse activated T ceils increased gradually, peaked on day 4,
and declined slightly on day 6. Binding of E-selectin rose significantly from day 2 to
30 day 4 and then remained peaked at day 6. Binding of L-selectin to mouse activated T

cells was not apparent, and did not change through the activation period, i.e. from day
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bind to activated T cells, freshly prepared spl enocytes from C57BL/6 m ce
were activated and harvested at days 2, 4, and 6. Non-activated T cells
(i.e., freshly 10 prepared splenocytes at day 0) were al so anal yzed. The
day 2 sanple constituted 3 x 106 cells/m of splenocytes that were
activated with 2ug/m of Concanavalin A (Con A) in DVEM + 10% FBS for 2
days. Live cells were isolated by Ficoll gradient separation. The day 4
sanpl e was) whtzgicnathefre I i s j t for 3 days
and mai nt ai_ne,dgi n mdiﬁ{rﬁsggh%rg?%?ﬁg Lg%%{%@%g?yﬁfglg\fgrtﬂ%%%ﬁltkfvgnal day.
15 The day'Blaa#pngywis-sredtindd itk Hgand edilslat fatlisweee Aet dbtgihedwied h Con A
for 3 day nint.ained.in 5ng/m. of 1L-2 for 3 days. To assay the

sanpl es b?/O\lg%%gng%éﬁE}g%sz?P Qeghr%gﬂ%%ﬁnfs YRRV 1 acaRgEIes- 2, 4 and 6
were incubated at 4C for 30 mnutes with 40 ul/well of nouse P-Selectin, E-
Selectin, or L-Selectin fused to the Fc region of human 1gd (R&D Systens,
20 M npeapgl L .5;. M\, concent [ angi from20 ug/m with tw-fold
seri al dirt o O -0 “UIU" - EAP Y G Lt e AER B BHUED A realaly

washed w tktilaed FAGBRan buffer (1 x PBS wi thout cal cium and magnesi um i ons
from Bi ochrom AG, Berlin and 2% FBS). Sanples were further incubated at 4C
for 30ni nutes w&‘mwgﬁplaub(ﬁr?@!t\icwgas%&tbd ]Id?bﬁ'ﬁozuladﬂprﬁ-%ﬁ?a%%afgyat gﬁage”t

(FITCGanti human | whi ch is 25 specifi agnent, purchased from

ic to Fe
Jackson | HERY b REJERY el Cabisimiels blesked widh 1% M@Atat G7&Y &yr Pur@ind. 25 ug/ i |
and t hen dy W I =A n puffer. .The results of FACSCalibur analysis
are shom%ﬁ%&g@t&gp Lf&to Fﬁgg §§}‘}?F?‘lla’bf%&lSW& @10” bsogﬁ &2 £ 18/1l) ahiseae

act i vt ediepeelirs firtheaseth gt agisahiontal BRAK @AIOW cHaYasdhoroRd %%h%ﬁed
slightly gn da%%G._ Bi ngi ng . of E-selectin rose significant @ %,rom ay -2 to
30 ‘day 4 ARPReRIRdralRed ThenRed Garl wty agivagidetierigusly witlsEbedtfon to mouse
acti vat edioly a8l Se : ‘ li hange through the

activation 2p‘eﬁi od, b?@%dqﬂoo%%g%ﬂ%lg 11851}%8@3%@?0 %ﬁ@q%é‘%wg%gbser ved with
L- Sel ect i s¢ngdutdiope duepht: 1tR60 appiar mtinkewar Hdikegealdidpdiy: of L-sel ectin

|

concent r ST aLrer B hES ui BErTHE! Wil Arempnoyeiimecriitxpestment s, 5
E}z(an?bzlcs'?i \J/tir;né%t‘dﬂ_lL_lhtOe f?lrliSSQnﬁx‘a[dﬁln@fsulﬁééﬁénﬁgftvifiﬂl ﬁpgfigfn%f)lnﬁfgtaten(SIArlge ,g%amopt osi s
1:5000 dilution) for another 30 minutes at 37°C. In every binding reaction, each well
was washed thrice with Annexin V binding buffer. The color development was
achteved by incubating both 110 ul of Z-buffer mixture (54 ul of 2-mercaptoethanol
in 20mi of Z-buffer) and 30 ul of ONPG (0.04g/10ml) at 4°C overnight. The readings

20 of optical density at 420 mm were recorded.

Levels of selectin-induced apoptosis of Con-A activated T cells increased with
the increasing concentrations (from 0.063 ug/mi to 5 ug/ml} of P-selectin (Fig. 11A)
or E-selectin (Fig. 11B) fused with F¢ of human IgGl. The hamster antibody TARB4
induces apoptosis of activated T cells (see Example 1) and was used as a positive

25  control in these experiments. As negative controls, anti-human Fc, human Ig (Hlg),
and BSA did not induce apoptosis. No significant apoptosis was detected in the
presence of the L-selectin human Fe fusion protein (Fig. 11C), consistent with the

failure of L-selectin to bind well to activated T cells (Example 12).

In summary, a plate-bound fusion protein containing a PSGL-1-binding

30  fragment of P-selectin or E-selectin and human Fo fragment induced apoptosis of

activated T cells.
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A 96-wel|l plate (NUNC) was coated with 50 ul of anti-human Fe Ig at 20
ug/m in 1 x PBS at 4C overni ght, blocked with 1% BSA at 37C for '2 hours
and incubated with 50 ul of a selectin-human Fc fusion (from0.063 to 5
ug/m) at room 10 tenperature for 2 hours. In all experinental steps, each
wel | was thoroughly washed five tines wwth | x PBS. Then 2 x 105 T cells
activated previously with Con A for four days were added into each well
and incubated at 37C for 5 hours prior to centrifugation of the plate at
200 x g for. 5 mnutes at 4C. The resulting pellet <containing activated T
cel | s was LA8EB%Idd GipshLinkirexdfiBolatite BtleictnlcUtate Bbidomas t enper at ur e

for 15 mn with an avidin conjugate (SA-beta-gal at -
1: 5000 di l ulA‘{plgotr(l)%g’f%‘ldg§ Fﬁg&% mnutes at 37C. In every binding reaction,
each well was in V buffer. The col or

devel opnent Was)‘WO%tgﬁ|gjeé%/c’2l Sgﬁ S%EG‘&%H%"%})FH g‘ﬂﬁﬂ ngfweze Bistd &r thaifet ure (54
ul  of zineregaqmccfémmandgau As a&mlemﬁb@el@@f&ﬁrs)ozﬁﬂgd%?1Hqu 049/ 1

0
On) at 4C oyer Ig he readings 20 of optical densi Ioné‘f tﬁlﬂé EPn wer e
recorded. T@VEISWET 1%‘et 1%6‘?1PH3~‘3|Sﬁ@e%@opaapmbtcospsptohs GﬁﬁleiAfaaﬁitT vélsegh T cel |'s

i ncreased winkh m Q0. 063 ug/mM to 5 ug/m
of P-sel ectin (mehth@aé lﬁgﬁﬁ% rgllgz'd 1{1&?1 tﬁ ]Fllc‘) mPJ!il%)Wfthélwwmwmhmof hgman)

| gGL. The W‘l&ﬁﬁl@fébomﬁtanbddwélf%lg wmhmmd am@gmme%m%wqwél% @@g&}s&e' I's

(see Exanp as a positive 25 control int Xperi nents.
As negat i vAef%S%‘?Fﬁt?cgfgﬁSa‘?ﬁw”ﬁﬁ ravepeEcserteraiithg @Ivﬁbg@lm ofReeBSA flisthnnot

I nducercapgpbesi @.dilery) si@Ri(fiLamt BRe, el resence of
the L-selectin ﬁwman Fe f 155|ggn@):)rot e@ﬁp(%‘lll—jgn on %ﬁ%%ll%st E‘H‘fm \f\&t‘h t he
failure oflufagdicedi aﬁomtlbuanmvmemmomdaubstmamn;} b @@kéﬁm(a%amel e 12). In
sunmmary, Lake rot ei n ain a PSG.-1-binding 30

f r agment PBIP- slefeggttjilﬂgu{)elré B % S%Et“ic?lo iﬂﬁ%ﬁﬁ”lﬁkalﬁ}{@éﬁemﬁﬁhwwded

apopt osi s hofan&ct wadreld (THQF|nb§BS§ancEﬁ%%HBb8pté§’i Cross-LinJdcing of Soluble P
Sel ectin Fe Fusion Protein |Induces Anopt 0s1 s of Activated T Cells Muse

sel ectins (P- Sélnﬁﬂinixﬁsulﬁ-\ﬁ@b@ﬁﬁahﬁd fandle k-3¢ fused to the Fe 5
regi on, of Q{ H ?I as detailed aboveeto fgﬁ%icg%uﬁﬁg?%%%%er?um on

pr ot ei Ths Ofgmed forthe P-selectin-Fc fusion protein. In addition, consistent with the results

obtained for the plate-bound (multimeric form) of L-selectin, the soluble form of

L-selectin fusion protein did not induce apoplosis of activated T cells.

Other Embodiments

It 1s to be understood that, while the invention has been described in
20 conjunction with the detailed description thereof, the foregoing description is intended
to Hlustrate and not limit the scope of the invention. Other aspects, advantages, and

modifications of the invention are within the scope of the claims set forth below.

39



eval uate whet her the sol uble selectins can induce apoptosis of activated T
cells, an experinent was perforned as detailed in the in Exanple 13, with
the exception that the plate-bound anti-hunman Fe I g was omtted.
Negligible or low levels of apoptosis of activated T cells occurred in the
presence of the soluble formofP-selectin fusion 10 protein (a dieter)

al one (Fig. 12). However, upon the addition of a cross-linker (anti- human
Fe) the ap@ﬁmngﬁH§&;EV|ty i ncreased substantially, to approxinmately the
apoptotic | evel ced in the presence of the plate-bound anti body.

Nei t her anti - nor, ced apoptosis. Simlar
relsul ts Weria og'tj arg ﬁecglg% owﬁ\é nE% é é%ﬁlﬁglgg ?ﬁﬁil’ﬁﬁ i ETET“EP‘—’5§SRI\?{§P%1111|5

obt ai ned fagrindihigui:; teleahodedmapfigsg-on protein. In addl tion, consistent with
the results obtained for the plate-bound (nmultineric forn) of L-selectin,

the sol ubl e fomeikaing drinelvediadl DiabhsscaRs REALELPshEn N ot w&kg) gptosis of
acti va%ed T cells. Oher Enbodinents It is fo be u?]%erlsltoo %8%%8 Il?iwhl | e the

i nvent  on “R% “%‘é‘él??l%Fé%l?:’feFl@écﬂnl FoayivesRanericd willhedipeddetainced
descripti 9&;&,1&@@@ the foregoing descriptionis intended to illustrate
and not I|mt the scope of the invention. Other aspects, advantages, and

nodi fi cations n _the scope,of the clainms set forth
bel ow. 39 What @(Tinsjﬁl(r:ﬁ'ég ?allnrf’eﬁ%é %iﬂﬁ%l\%{nﬂhamgf CBP@\(?QN ﬁﬁb{“ﬂ)ﬁs F%ﬁd‘?ﬂshg aT

cel | - nedi &vel-Selmtin&iyegponseligand APSEDITY peliains oh g ABERedr §mf1' sing:

sel ecting n in ual .di agnosed as having or as_being at risk of

acquiring 161 8l t@BHHﬁ?’i“SHC EH P%‘B’t%“ﬁ%ﬁ%?”%holwﬁé@f}|0hem@,reaalmméﬂteed T
cel | - nedi pdiggkptidpdRgns Ecﬁﬁygﬁ?ﬁﬁ«?ﬁ Q@gmﬂfg%&#ﬁfl%dt%%og ?yg rs\(/}' i ?Ot oin

mul ti meri c conpound that i nds o at
Li gand 1 robgalogeys @rlmoeicrdsseqncmdaewhmﬁabe pofypapddecetains ar&\lhﬁlfc@i ¥la e

mul timeri J ses t epti.de chains, each of the 1o
pol ypeptlﬁté\lg@?ﬁgﬂg%%grp ﬁeﬂﬁelt‘%)o ° { ”1‘1‘6“’81’8?1‘&|°H“HPH%’%C1 bi nds to PSGL-1,

and (ii) a h S am aci d. sequence, wherein the pol ptide
chains are |i ﬁi&ﬁgdgmq ng ?81“?}58?}%0 SHRIPRIEAP dhesit densh b Pé&df m t he
mul ti mer igoeosPAUREsurface of the T cell induces a signal transduction pathway that results

15 1 the death of the T cell, thereby preventing or reducing a T cell-mediated immune

response in the individual.

2. The method of claim 1, wherein the multimeric compound is a homo-

multimeric compound.

20

3. The method of claim 1, wherein the multimeric compound is a hetero-

niultimeric compound.

4. The method of claim 1, wherein the heterologous amino acid sequence

25 comprises a cell surface receptor binding region.

5. The method of claim 1, wherein the binding domain comprises a P-Selectin

extracellular domain or a PSGL-1-binding fragment thereof.
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wherein the binding of the nmultinmeric conpound to the at |east two PSG.-1
proteins on the surface of the T cell induces a signal transduction pathway
that results 15 in the death of the T cell, thereby preventing or reducing
a T cell-mediated i mmune response in the individual. 2. The nethod of
claim1l1, wherein the nultinmeric conpound is a hono- nultineric conpound. 20
3. The nethod of claim1l1l, wherein the nultineric conpound is a hetero-

mul tinmeric compeume nithollde crhod1efenfliRivRdng wﬁﬁiﬁicﬂmgﬁg 5! Ei@-r ol ogous
am no acid _sequence 25 conprises a cell surface receptor bin i ng region.

5. The net hPectorexdaasiinlar dowtair @i nP$GEE- bbindingdragoreat thexofipri ses a P- Sel ectin
extracel lul ar domain or a PSG.- 1-binding fragnent thereof. 40 6. The nethod
of claim 1, wherein the binding donain conprises an E- Selectin
extracel | ul ar domain or a.PSGE.-1-binding fragment thereof. 7. The nethod of
claim 1, whereih Themgihadiongladodaivherconte bsekn gdorhain SoSetiestanr.-

extracell ol a _PSA - 1-bi ndi fragment thereqof 8. The net hod of
claim #eee}%cetﬁncqﬁﬁ%uggaﬁg??ﬂ&“%r‘?ﬁ? %@’&%P?@é TSEHCBNPP$8h  bi ndi ng domai n of

an anti-PSA.-1 anti body or a fragnent thereof. 10 9. The nethod of claim1,
wherein the binding domain conprises a PSG.-1.  binding polypeptide selected

f h di lib .. 10. The. met .of claim1, wherein th
e LS A 8, B B o P ot ng aci
sequence thinding tbdhbie ofeh GhPSICE-¢ QATEMNhr a ARrdehs thER& set hod of cl ai m 10,
wherein the coval ent |linkage is a disutfde |1nkage. 12. The nethod of

claim1, wherein the heterol ogous am no acid sequence 20 conprises an
i mmunogl obul i n heavy chain constant region. 13. The nethod of claim1,

furthao conpri si noncadsthéd f @RinDY, WRerbRnd BN ain comprises a PSGL-1
binding polypeptide selected from a phage display library.

10. The method of claim 1, wherein the polypeptide chains are covalently

- linked via the heterologous amino acid sequence to form the multimeric compound.
15

11. The method of claim 10, wherein the covalent linkage is a disulfide

tinkage.

12. The method of claim 1, wherein the heterologous amino acid sequence

20 comprises an imumunoglobulin heavy chain constant region.

13. The method of claim 1, further comprising administering to the individual
an agent that binds fo the multimeric compound via the heterologous amino acid
sequence and induces cross-linking of a plurality of PSGL-1 antigens on the surface

25 of the T cell.

14. The method of claim 1, comprising selecting an individual diagnosed as

having an inflamumatory disease.



an agent that binds to the multineric conpound via the heterol ogous am no
acid sequence and induces cross-linking of a plurality of PSG 1 antigens
on the surface 25 of the T cell. 14. The nmethod of claim 1, conprising

sel ecting an individual diagnosed as having an inflammatory di sease. 41
15. The method of claim 1, conprising selecting an individual diagnosed as
havi ng an aut oi nmune di sease. 5 16, The nethod of claim 1., conprising
selecting an individual that has received or is expected to receive an

al | . ogenei ¢ or xenogeneic transplant. 17. The method of claim 1, conprising

sel ecting an indiwvidual. di osed as havi an allergqgic disease. 10 1S
The met hod of 35aﬁﬁ?f¥“&%ﬁﬁ%@%¥h CQEWEEWﬁﬁa%Q‘ﬁiﬂhﬁvﬂﬂﬁ§ﬂdﬁﬁﬁﬁﬁﬂ§éd as
havi ng a Tacieklan eaaemund Siscakpe method of claim 1, wherein the T cell is an
activated T cell. 15 20. The nethod of claim 1, wherein the nethod
conprises detecting the nunber of T cells in a first biological sanple
taken fromthe individual before the admnistration of the multineric

conpound and coppahé ABHAS eIt $oMi BN B ccHHD; in a second
bi ol ogi cal sanpl e taken fromthe in%?di3ﬁaﬁc%pfbr%%ﬂgk%%lg§%b%1stration of

t he nul ti FREFIVEd ebiwpenerded RreceTvreamelidimdeiobr sbmigmdis tahgraitn t he net hod
conprises detecting a biological activity of T cells in a first biological
sanpl e taken fromthe individual before the adm nistration of the

mul timeric congound and conparing the results with 25 the bi ol ogi cal
activity of T ¢élTkeinpthad9éclond Ibrahpgiicabelsamplaa ihdikemafl diapnddbe as

i ndi vi duay, r.the admnistration of the nmultinmeric conpound. 42 22. The
met hod o?ﬁ%?%%%%%%n%ﬁgpgﬁﬁ'the adm nistration results in the depletion of
at legst 10%of activated T cells in the individual.

18. The method of claim 1, comprising selecting an individual diagnosed as

having a T cell cancer.

19. The method of claim 1, wherein the T cell is an activated T cell.

15

20. The method of claim I, wherein the method comprises detecting the
number of T cells in a first biological sample taken from the individual before the
administration of the multimeric compound and comparing the results with the
number of T cells in a second biological sample taken from the individual after the

20 administration of the multimeric compound.

21. The method of claim 1, wherein the method comprises detecting a
biological activity of T cells in a first biological sample taken from the individual
before the administration of the multimeric compound and comparing the results with

25  the biological activity of T cells in a second biolo gical sample taken from the

wdividual after the administration of the multimeric compound,



23. A nethod of inducing the death of a T cell or a natural killer (NK)
cell, 5 the nmethod conprising: providing a T cell or NK cell expressing
PSG.-1 on its cell surface; and contacting the T cell or NK cell with a
mul timeric conpound that binds to at |east two PSG.-1 proteins on the
surface of the T cell or NK cell, wherein the nultineric conpound
conpri ses two pol ypeptide chains, each of the polypeptide 10 chains
conprising (i) 2 bTiRdinBGodemiain i haheRingls agﬂirﬁs?t@%m;me@ﬁ‘é it He)deBletion
het er ol ogous _ami no aci d sequence, wherein the pol ypeptide chains are
li nked vi a0kt#hdeanet(% of ajoated Tagallsdn sk indisedpabnee to form the mul tineric
conpound, wherein the binding of the nultineric conpound to the at | east
two PSG@.-1 proteins on the surface of the T cell or NK cell induces a
signal transduction athm%y 15 that results in the death of the T cell or
NK cel | . 24. Th&.nbukbdepdodfl indusing 8 desthed eihcdlher andteriahidliecX¢gppbund is a
hono-  I.nul d. 20 25. The nethod of claim 23, wherein the
mul ti ner |1hgﬂ%ha% %qﬁP%H%hctero mul ti meric conpound. 26. The nethod of

clairn 23, mherel I s_am no uenc onpri ses a cel
surface receptdr’ “ﬁﬂ%a:ggég fggQ3g§ﬁ§¥ﬁm?ﬁzgﬁgtﬁ8anﬁfeﬁﬁgﬁﬁ52%HSMMerein t he
bi ndi ng donmai n conp |n cxtnﬁcellular

PSGL- 1- bi ndi ng TF& n%%ﬁwt %?gﬁf <£§If§ﬂl%ﬂ Hﬁ?ﬁﬁﬁmﬁF“@Hg#ﬂﬁﬁék%ﬁﬁEre|n t he

bi ndi ng ddemt m&pﬁ@msp@mﬁs drr thoeligedd o (BX T Tcar ok Nt adl], dapdin ey a
PSG.-| - bi ndi ng fragment thereof 29. The nethod of claim 23, wherein the

bi ndi ng domdfRcEsRpIPew! ernprises tvgepelgpemideschrize.edariy Péﬁled@i{iﬂlcntl@@ a
PSGL- 1, bi ngking c&ﬁﬁgé’{?g Qgﬁgﬁ{cﬁ%ﬁ?rg%%} t%}ll% d{&ttgl ?%Cﬁf '(q}]gﬁe&e%% in the

bi ndi ng domain co ing domai n

anti body @emigo hridgeprhcd, Iméﬂe&n'mi thelpodyptidd. bl&uum?ztlb(lldl\éﬁ vialiad etadiogser EI n the
- 1 binding polgpeptide sel ected froma

bi ndi ng donmain ¢ ses
phage di Sﬁfné&l,o qug%nce to orm t 1¢ multimeric compoun

wherein the binding of the multimeric compound to the at least two PSGL-1
proteins on the surface of the T cell or NK cell induces a signal transduction pathway

15 that results in the death of the T cell or NK cell.

24. The method of claim 23, wherein the multimeric compound is a homo-

multimeric compound.

20 25. The method of claim 23, wherein the multimeric compound 1s a hetero-

multimeric compound.

26. The method of claim 23, wherein the heterologous amino acid sequence

comprises a cell surface receptor binding region.

27. The method of claim 23, wherein the binding domain comprises a P-

Selectin extracellular domain or a PSGL-1-binding fragment thereof.
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32. The nethod of claim 23, wherein the polypeptide chains are covalently

| i nked via the heterol ogous am no acid sequence to formthe nultineric
conpound. 15 33. The nmethod of claim 32, wherein the covalent |linkage is a
disulfide |I|inkage. 34. The nmethod of claim 23, wherein the heterol ogous
am no aci d sequence 20 conprises an inmunogl obulin heavy chain constant
region. 35. The nethod of claim 23, further conprising contacting the
multineric co s Q.th | timeric co nd via the
heterologous gg?ﬁgﬁ%@@gﬁgggkgﬁgghaaém% %%é%mﬁ?%ggnwpﬁfpﬁﬁmﬁgybﬁpIurallty
of PSGL-1 Seltitgensraosiinl@Tionhen st PEGE- Dhiddhe; Faghld: in36of, The method of
claim 23, conprising inducing the death of an activated T cell. 44 37, The
nmet hod of claim 23, wherein the nmethod conprises assessing the V|ab|I|ty
of the T cell or NIC cell after the contacting with the nmultineric

conpound. 5 38.29TMEhdwmtinod o@Elaﬁh@BWrB&euM@'bﬁidhg cﬁlﬁnﬂﬁtoﬁﬁflih% [i ses
assessi nggsaW bi ol ogi cal activity of the T cell | < cel ter the

cont acti ng®HFHER hacawaridegiaiizor BREbunbindge ﬁ4agnp<qntt Utﬁmmfrl sing: 10 a

mul timeric conpound that binds to at |east two PSGA.-1 proteins on the
surface of a T cell, wherein the multineric conpound conprises two

pol ypeptide chains, each of the polypeptide chains conprising (i) a

bi ndi ng donai n dthakhesnetiied pbclamses. whergindhe binding dretan obmgmm ani no aci d

sequence. ELehotNEAOhYREALLASPERRL NS, ke i inked vl @ Lhe heter of ogous

am no acid séquence”to iéfei n the binding
of the multineric conpound to the at Ieast two PSGE.-1 proteins on the
surface of the T cell induces a signal transduction pathway that results

in the,death ofy,t structl f.or use.of the nultjneric
conpoﬁnd to tré%thﬁm}#&ﬁgé?loﬁll J#ﬁ”?ﬂﬁﬁﬁﬁWﬁ?p' MR FPERESS & i on, an
al I ergi c ddnoditg polypestide stlecklraRGBEge display library.

32. The method of claim 23, wherein the polypeptide chains are covalently

linked via the heterologous amino acid sequence to form the multimeric compound.

33. The method of claim 32, wherein the covalent linkage is a disulfide

linkage.

34. The method of claim 23, wherein the heterologous amino acid sequence

20 comprises an immunoglobulin heavy chain constant region.

35. The method of claim 23, further comprising contacting the multimeric
compound an agent that binds to the multimeric compound via the heterologous

amino acid scquence and induces cross-linking of a plurality of PSGL-1 anti gens on

25 the surface of the T cell.

36. The method of claim 23, comprising inducing the death of an activated T
cell.
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37. The method of claim 23, wherein the method comprises assessing the

viability of the T cell or NK cell after the contacting with the multimeric compound.

5 38. The method of claim 23, wherein the method comprises assessing a
biological activity of the T cell or NK celi after the contacting with the multimeric

compound.

39. A kit comprising:

10 a multimeric compound that binds to at least two PSGL-1 proteins on the
surface of a T cell, wherein the multimeric compound comprises two polypeptide
chains, each of the polypeptide chains comprising (i) a binding domain that binds to
PSGL-1, and (ii) a heterologous amino acid sequence, wherein the polypeptide chains
are linked via the heterologous aminoe acid sequence to form the multimeric

15 compound, wherein the binding of the multimeric compound to the at least two
PSGIL-1 proteins on the surface of the T cell induces a signal transduction pathway

that results in the death of the T cell; and

instructions for use of the multimeric compound to treat inflammation,

autolmmunity, fransplant rejection, an allergic condition, or a T cell cancer.

20
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