MODULATORS OF P- SELECTIN GLYCOPROTEIN LIGAND 1 Field of the Invention

The invention relates to conpositions and nethods for controlling i mune
5responses. Background of the Invention The control of unwanted

i mmune responses is a critical issue in the treatnment of diseases such as
i nfl ammat ory di seases, autoi mmune di seases, transplant rejection,
10al l ergi c diseases and T cell-derived cancers. The activity of overly

nduction of | mitaPERAERREDE RS ELERINLYTIPROTIN LICANI L5 ¢ wher e

the i Mmune systemis nade unresponsive to an antigen, whereas
i nmunosuppr essi on, whi ch decreases the i nunune response to antigens,
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transplantation, T cells play an in the i mune response to
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I L-2, 5a Ig-@@ogge@wt h factor for T cells, or inhibit IL-2 dependent
proliferation. However, a nunber of nonoclonal antibodies which either act
as T cell-depleting agents (e.g. CD3, CD4, 20CDS), or as inhibitors of the
cytokine signaling or the co-stinulatory pathways of T cells (e.g. CD25,

B7-1, B7-2, CD152, CTLA4) havengq_g%gﬁ{d@}ttﬁ\éihﬁ,gﬁtgﬁltiveness in reducing the
rde e

incidence of rejection with [imted s ects or toxicity. Sone of these

agents have begg sReWhRwhAYE IBARRC ARF6REs Rfa éﬂffé&lﬁ%&i& 'i@é&&%&&g .
aut oi mmune di sease and in prolonging graft survival. 2§ optosis is wdely

bel i evedof disprsensuchias iflammaeradiseasts putpmimua dissages, trengpiap esjedtionct i on of
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Vari ous &hlgnabﬁltmllb@bﬁﬁiﬂnﬂﬁosfu?apfﬁsﬁbﬁ beby thieShalRtieh P uAS0gicse! | 1 nfluence
the life and death of the cell. Antibodi es against T cell Surface nol ecul es

such as FI&pest Boererssss definedes a oty Wi I /skep) is Bl (MW = 45 | cD)
and CTLAhﬁresponsive to an antigen, whereas inmmnosuppressiou,ﬁwhich decreases the
immune response to antigens, usually requires the continued use of medication. In
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 rapamycin, which block the transcription of IL-2, a key
growth factor for T cells, or inhibit IL-2 dependent proliferation. However, a number
_ of monoclonal antibodies which either act as T cell-depleting agents (e.g. CD3, CD4,
20 CDS), 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 effecté 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



(MV= 33 IcD) induce the apoptosis of T cells (Gsborne, Cum Opin.

| nununol . 8:245- 248 (1996); Lin et al. S. Imunol. 158:598-603 (1997);
Zhang et al. Nature:377:348- 350 (1995); Lai et al. Eur. J. I mrunol.

25: 3243-3248 (1995); Mollereau et al. J. Inmunol. 156:3184-3190 (1996);
Gi bben et al. Proc. Natl. Acad. Sci. USA 92:811- 5 815 (1995)). Attenpts
to use Fas and TNER2 nol ecules to control unwanted T cells have been
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Hynes, Cell 156 : ) u ell,type often
bi nds t o™ ANot her %S d&égslg(@r%s% ﬁ Q(éﬂaelggoég&éﬁgg |1ﬁ%§}vgnt{“%l(§|| type,

form ng @{ﬂrésgmﬁqyaﬁemqm@ﬁlamlﬂmts the thei’apeutscei@@ltwbnfmlésys t&ensi sts of
P-sel ectin_(al so_known a E-selectin

(al so kn%’!mlogfbes é@gaq@wﬁrae(:ﬁal ﬁg@ggﬁﬂgﬁg—@géi%@m ]ﬁf‘et:fﬁll- gt@l I@F&I\/{f\?ﬁ :457-L ECAM 1.
Mel - 14, T ]
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to those foun ment regu ory p :
transne rmajm eladeagmif adlmsmnsimmulmmpmaaﬂpmamm the Snterpetiomof klikkadyies Sci ence

243: 1165 72 (198 56:1 5 1055 98 Tedd t
al ., latfg%ﬂ%eweiﬁi%@% ews@etlle TEHTE atyx ]dcw%u @661035 3044

(1989) | Skl 69A 9 (1987)
Bevi | acqﬁgi\bgiteﬁgmpg%%%n}égm%lg%lﬁ% 1%()?)%?%1‘119@6 Bevi lgg%u%?gg% A

ai ms | n@%ét (19@2))3%9 @Bésu(nlmgkpule@arqmrcﬁﬂwy}mofaﬂn blndﬂapunethmmgﬁMQS
(198 el ectlg ({1 ovgrllglio’Bir}g but ﬂtstlnct ec1f|C|t|es for cell
surface ‘PB e&Beo"?‘Bm(s e e elpe, yrmpga ligapdseceploi ira 79 387 30(1993) ;

Fei ze, Curren i,ni.0 ruct. .Bi ol . 710 et al.

Bi ochem Bi optﬁ’%el??&&ar@:ﬁWnsi%ﬁoﬁgﬁgﬂei%?lc((’]]g%“, éslj‘—(gég%lagfi J. Cell
Bi ol .  1GK1189%; 20LP ADSIRY), Elelezah (&ko Rhown ds EBAQK-1 seHeIM6 7arﬂdlﬂﬂ4 11110
(1992); Polley et al., Proc. Natl. Acad. Sci. USA 88:6224-6228 (1991)).

P- sel ectsatectig(algp é’@@\m as BRGAM-d eMett1AnLADEil aand €RE2E). (Ehe selectins are
b By eRRARNALLAL S8lidosalde PLAY Shiil doRH NGB ALARPAYRaih " 20T ONS
uring inf

acqua’ et
EGF-like domain, a vanable 11umber of multiple short consensus repeat (SCR)

domains homologous to those found in complement regulatory proteins, followed by a
transmenibrane 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 (1939), 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., J. Clin. Invest. 91:379-387

30  (1993); Feize, Current Opinion in Struct. Biol. 3;701-710 (1993); Berg et al,,
Biochem. Biophys. Res. Comm. 184:1048-1055 (1992); Foxall et al., J. Cell Biol.
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5al ., 1993, supra) Al three selectins have been denpnstrated to
participate in an initial "rolling" interaction of |eukocytes with
activated endot helium (von Andrian et al., Proc. Natl. Acad. Sci. USA

88: 7538-7542 (1991); Ley et al., Blood 77:2553-2555 (1991); Abassi et al.,
J. din. Invest. 92:2719-2730 (1993); Dore et al., Blood 82:1308-1316
(1993); Jones et al., Biophys. J. 65:1560-1569 (1993); Muyadas et al.

10Cel | 7 9 el 19994971 actiiovay: edupd at el ets and
endot hel ?Ifé% ?ﬁﬁl(ﬁg 23?}3%'3%% Jegtd}g%@gsgt%?gsqo%\ n%st@)teukgjl(r:yt es

(NI cEver agtPrat. Natl AcBid.dci. (v 882304-9299(1380%). (1984) ; Hsu-Lin et al., J.
Biol. Chem 264:8121-9126 (1984)). Eselectin; expressed on
. cyt oki ne- act i Padebadtiniglotibein, ahd Eaklestif megiaxe it thest [qScpieshdotbelidll - 1

stimulation for 6-8 h urs |nds .to ce urf ac r ot.ei n nDs

eukocyt edl g ReElaogooah adhegive i reS o Btine 1By g B3 Hed)

Bevi | acqyp @93% ra) 128 fared blﬁééims ReVd baaWsthodbirabd to ga?Bdpats &Dé@hmal
L-selecti i, "éxpréssed on nost |eukocytes, binds to cell surface proteins on

sone end (jztoﬂiaig"ahtewhbrs oflnukasytes it adtizated epdaethelivma (Yo ARdrian eipl.,  Nat ur e

304: 30-3 1 Ber, . 8 9 rg et al.
J. Cell. é%%Bai%ﬁa‘gl%g %%%SW% 1?%@ Pig %lé) o‘f:%e%@ 5'gghgs Res.
Comm 20 1794)1 3&5%&%tﬁﬂ%9©lln ﬁ%gtmzemm-mol(wﬁ)g Dord cﬁ\aE§Bloo&7 609 618
(1991); ini et al . Immunol . 147; 2565- 2573 t hree

sel ect i n§’ﬂé0&-1ﬁé@(\19§ﬁb\mﬂfﬁ@tbﬁ rRioplaysal. St 15690}5?58& %”Hias P5d- 1, whose
| | d
NC odi 1 s AR LRE A orL Siheli, SHERRNG 9??“%%@“%“3%5‘?“5%4???%& or
gi5lndi ng balfbﬁﬁ{b@@bémsu)rﬁcipdoﬁﬁlhﬂcﬁhnﬁﬁlﬂenhk@g’teedils/icﬁvéﬂ\&tﬁlzef Beol. é:hem.]. bC1 i 3.
nvest ra myar i s based on
the di sc8§@|9999ﬁ§94 %9@&] Ifﬁsut,léﬂe %}cﬁt@b‘e %ﬂ(ﬁqﬂ@qzﬁ E{P%gé)doé]o under go
apopt osi elpymt fgg%l%g@%?gg@q&fachb&e& eﬁ@dthelﬁ‘# EEBGE. gar&%ﬂ?NFPal pOgel ectin

G ycoprotern cell depletion can be partl cularly useful
for the ﬁi:dasttmmnatlcnffecémdwuns)rbm@segdﬁ surgeprothinaon exastlovkeayter unwanted T

Cell-y  (McBveretal, . Clin. Tvest. 100:485-492 (1997); Bevilacqua et al., 1987, supra;

Bevilacqua et al., 1989, supra). L-selectin, expressed on most leukocytes, binds to
cell surface proteins on some endothelial cells and on other leukocytes (Gallatin ef al.,
Nature 304:30-34 (1983); Berg et al., Iimmunol. Rev. 108:5-18 (1989); Berg et al., J.
Cell. Biol. 114:343-349 (1991), Hallman 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 toa
cell surface protein, PSGL-1, whose expression is largely limited to leukocytes, 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 invention 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-
3



medi at ed i mune response or excessive or unwanted T cell proliferation. For
exanpl e, the depletion of T cells can cause the reduction or elimnation of
undesirable T cell activity or proliferation associated with inflammtory
di seases, autoi mmune di seases, transplant rejection, allergic diseases,
and/or T cell-derived cancers. The 5 invention-enconpasses nethods of using
nmodul ators of PSA.-1 function to prevent or reduce a T cell-nediated i mmune
§eSpons e A inind LIS b SR ASHA LR PRI SR RES P L1 funct ! on.
In one aspe@t e 1nvention ures a4 wetnod o FeVEtT ng” or reducing a

T cel | - megina$ledhé deplogor €SPoslBeah Bawse tharthdubibipdr eliﬁkiﬁat[fﬁicfﬂldldbﬂﬁdbwes the
foI | ow ng 10 steps: selecting an. individual diagngsed as having or as being
f

ri sk CGH@ﬁﬁYlFY propralifesationiasensiaseavith t‘éﬂ%‘@ﬂtoﬁyd’é‘?ﬁsﬁ ABOPERngr unwant ed

T cell - diyidual a
corrpouncrzlrE %h%%g’gfa!rl}% tgej‘s@?%ﬁ%ﬁ cacﬁgeieag%f EItffc Ep%Qecf%ﬁc%\%]eFél n the

bi ndi mg ofvehtien e;msp:qmsnds hetHeS60f ﬂsmgmtoki&lamrsbﬁEBGﬁil funetidn teprkvénrduces a
signal transduct] pa?ig 8%/ that results in the death of 15 the T cell,

t hereby BFEUEGR? gcet%rm AL ITgURe TeSRRSE 25 26 S thodnad scPepB e in the

i ndi vi duglodulators of PEEL.COAREHRE used in such a nethod can include an

anti body or antigen binding fragment thereof that specifically binds to
PSGL-1. In on

specifically Einds §%&ﬁ%&hﬁmﬁﬁ&ﬁR%ﬁga%%n%ggﬂﬂﬁﬁggﬂﬁ1n gfﬁggﬂxgalncludes an
addi ti onedll- smdiat@finanhmamatoam mgnandixghat. Thametyiod dscludestthe follomaeg onal

anti body and i ces t ss-lin of a plurali of .PSG.:1 antigens on
the Q0 t SEE elGeHBE o adfyi6h Hhaenodt o aSine Yulte Bibireh HeC0f #aE A | ol udes
i nduci ngcéﬂa@u&{ SifPadidMeh BY affexdeshivb bRl nted TREELINddiABY gfRBe ON the surface
of the T cell, wherein thée cross-linking 25 induces the signal transduction

pat hway Faspenseeand administariag telthetindiytdughe cqmpeynd that binds tpPS&Hmd canbodi ment s,
Lne ot ngg 4 agkudess LOR | ALLRWGSEERTnd LA fAGL bRg2nohad vi dual

di agnose aV|ng or as U|r|ng S on

char act efirfed olf yhedD celkiasds\eesi@ial tianainbesh gathehy i eisalieih thededik of esponse;
and (ii) admnjstering to the individual a nultineric conpound that binds

to af®| estl ¢skbt ef@eh;swvetmﬁg@f Bdysing? T pell-sandisdedingpung respaaise in ser ei n t he

mul ti merj ng ound contains two pol ypeptide chai ns;, each of the
pol ypept i chains including (a) a binding domain that binds to PSG.-1,

and (b) a het ehorLaaBhmA0%h dfthd MARHFL&Linc B E bl Aakypgpt | de chains

are |linked via the ﬁetero l'ogous 'am no aci d sequence to-"formthe nultineric
conpoundbinding fwipemeit thetdud tﬂmt wpkcnficadify bidnks thlStGInCﬁar e omoeample the t he at

| east two PSCL-1 rotei s on th urface. o he T uces a 5 signal

t 1 ansductoBRP B4R (ko B SrBGlubmsto FREL. cB e« her cby
prevent i pgbSdineRe wed Itteth%d Tndt@lds nfiRdiiabag stéﬂwh%nﬁﬁﬁfaﬁag €n 'ageﬂt ligatl Ndi vi dual .
The nultimeric conpound can be a homp-multineric conpolnd or a hetero-

mul ti mer bmdstmtbmmmwtphel Hitihdingndioducas tb@nrogqalmlanalolf ¢ pbodlityiof a P-Sel ectin
extracel b ng fragnent thereof, an E-Sel ectin
extracel #gb h%eflho% he Suféfﬁ_ éh%:lﬂgphg fragnent ther eof an L-Selectin
extracel | ul ar dorral n r .a fragnent thereof, .an anti-PSG.-1
anti body or alPS& Eim H’ieﬁtﬁ%?&b%ﬁ#nfﬂlg ucing Jargtoss-Hiiking A2 pol ypept i de

sel ect edpfukQiy af PRa@el Sitfgehayn tHeluphye oflthe & A MHBRAIH @8 cRfssamkikf the
above. In certain enbodi nents, the muf tirneric compound does not

i ncl gde wquegstthe signgdEmsducsinn Pb@w%hata@ﬁuéﬁﬁtlﬁl Hedigatrefghehicelthat binds to
PSG_- 1. The heterol ogous am no acid sequence can optionally contain a
cel | surface Hetosps enbadimdnisgthe orsitiont Illelugest?&rfoﬂwmrﬁtﬁgsobﬁlwlcptﬁ‘gavy chain

const ant an 1n%1v15'ual Idtagnosed as having or as being at risk of acquiring a condition
characterized by an excessive or unwanted T cell-mediated immune response; and
(1) administering to the individual a multimeric compound that binds to at least two
30 PSGL-1 proteins on the surface of a T cell, wherein the multimeric compound

confains two polypeptide chains, each of the polypeptide chains including (a) a
4
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sone enbodi ments, the polypeptide chains are covalently |inked, e.g.,
disulfide linked, via the heterologous am no acid sequence to formthe
mul ti meric conpound. 20l n certain enbodi nents, the nethod can include an
additional step of adm nistering to the individual an agent that binds to
the nmultinmeric conpound via the heterol ogous am no acid sequence and

i nduces cross-linking of a plurality of PSG.-1 antigens on the surface of

the T celfinghb dSRHER, GERAREIBHSHL-2, ﬁﬁt(gpﬁlhstﬁﬁ%golwmﬁ@séqnsﬁdéges a step

of selecting 25 an individual diagnosed as having an autoi mune disease. In
anot her ewbarpinghe pélgpentidaclaing eteldked siaghepetefolegoue eminnpachsdqneliogi dual

di agnosed Vi ng..an . nfianunat o

h di gy her,,. le, th
et hod i n@%ﬁ’a‘é eqn L&E“Sfcog’@%% Jh é*’é’ﬁ}elsmﬁ%f%\%madﬁn%g %étr&}ﬁltélgléﬁgge?veé gr is

expect ed ¢npRaEe iy Ben]eabl (OGIBIHI-1 Protsiad of eeduefabe antRl gyl inditegnot her
exanpl e, the nethod includes a step of selecting an_individual 30 di agnosed

as havi ncpigl spnsiugiien pathway that regulimigithedeaiiabibe d, collhthersby peryenties udes a

step of select ] i ndi i ' . ' T cell cancer. 5

In sone e%gﬁcrlﬁ%g?ellﬁgéﬁtgg |S%E8§§?}%62@Mmg%ﬁ?l. In one exanple, the
Tcell is a” + T 1. | -he - LL 0SS + T cell.
I n sone enbodi enl%uslﬁﬁ? Hé: Cr?em%’gga ?ﬁ?ﬁ%@@ﬁ%‘%@%ﬁgg"g@’é‘é‘l‘"}s"ﬁg ‘e nurber of
T cel | s imuRirdricsonipoehdgThabindmgploemaiméarvgtionatly émtiindiPvEelaain bef ore the
adm nistration 5 of the congound (e,g.. a nmulti rr%ri c._coppound) and

conpar i ngeX¥teclivar dopainpr H L~ Irbinging frement thereof; g BrSeleedhd bi ol ogi cal
sanpl 1 Al ywherad -4 | :0f the conpound
(e. g.,?o a mu {:nf:l%@%(fgﬁ%g’ln%ﬁg)@ﬁ 1 Rﬁgg%ﬁ%gg%ﬁﬁz%{?ﬁg%?hod i ncl udes a
step of dettectiluig denkiinbogyPSal.- kbinduig fyagmient theeddfsan antiaP§GLStanibodiygi cal

sanpl e take t.he. i ndi vi dual bef .10 ‘adm ni styation af the
conpound (& B OE TP dinaareEiett Hstidy S | Cunpas PsPriide ettt Eom €1 ¢ he

bi ol ogi CalthageHisﬁia Xib?iry:rol(%?é&ﬁbihﬁic@lc&%ﬁ?@@tﬂéja@:bﬁﬁi cal sanple taken fromthe
i ndi vidual after fhe adm nistration of the conpound (e.g., a nmultimeric

conpound) . | n SRR BIEMHIRBLE, the BRlRHS It @Bed #51UhdISdd 4h due depl etion
of at |east 1510% of activated T cells in the individual. In some

enbodisre PSGLtlrantihody o a1t ardtbiody fragment that binds to PSGL-1.

The heterologous amine 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.

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
inflammatory disease. In another example, the method includes a step of selecting an
individual that has received or is expected to receive an allogeneic or xenogeneic '
transplant. In another example, the method includes a step 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 having a T cell cancer.
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results in the depletion of at least 10% 20% 30% 40% 50% or nore of
the activated T cells in the individual. In sonme enbodi nents, the

anti body or antigen binding fragnent thereof or the nultinmeric conpound

i nduces the death of at |east 10% of activated T cells in the 20 individual
after exposure to the antibody or antigen binding fragnent thereof or the
mul timeric conpound. In sone enbodi nents, the adm nistration induces the
death of at least 10% 20%. 309 9 9 f ciiyated T cells
Ththe indivi Hame "cﬁ’?‘ﬁ‘g‘ééé'tsh&égné@e{% f’rI?ag{:s{?l}'ra‘{e)eré1 gPélgn@ ‘{“%%g‘f“ﬁgfeg@ 1gne, t wo,
three, fgalfisaf CUS+ TUeH, 1S andher, - ehedByell Rfat@DSeXpeture to the anti body
or antigen binding fragnent thereof or the 25 multinmeric conpound. I n

anot her aspeciy sdii€erhByERMehBNhE aRithdEiacaderd sieglodletedithgahaguhber dfeath of a -
T cell or a natural killer (NK) cell. The .nethod jncludes_ the steps of:

provi di nd cellyincefirst biolagicad s1mple iplreadiim feprdividpabbetprethe afmmisiratighe; and
tacti the T ' 1 ' 4 SG.- 1
'f ﬁg S r:‘gg@e(g’g mpﬂngdr{et%rarMﬁ}t&%{k%ﬁnﬁ&u@@c%er el'n 1?%@%%%@%&%¥£t he o

conmpound nh@bBSHT delBfin b Becomdrtislogicalf satripée tikeaefrbmdhe Mdividedl lafienitaces a

signal transduction @gt hway that results in the (}Iﬁgth of the T cell or NK
cel | . Thadasngmian of BEEOPIWOREE F-&- ABIHYRCUSHP IR Gde an anti body or antigen
bi ndi ng fragnent thereof that specjfjcally binds_.to PSGA-1. In one exanple,
the 5 conpound® $@l%efﬁh%meéﬁaﬁheéﬁtil%’&9{“flﬁsaﬁ S@b@@h‘ﬁ?‘&t&m @181085'3“& o PSGL- 1.
I'n one ephadi ] LRgl S €6m%he &ANiAG HRSL e nonocl onal
anti body wWith an %%%%aﬁ%??‘g?%lggl étdo ?eh%krmnocl o%a anti bo )5 and i nduces

t he a¢ 0Sadhimsiatgn of tte cimpoahd (sgoh nPBGheric coripgudy anhcarthparsygrthace of the T
cell or NK cell ., In ope.epbodine he met hod,incl.udes the follow ng
steps: (eesa%wtaiﬂaegblapom Vil el |“Fa§‘§?|5’flg§’§‘iqﬂ%‘°_ S B ¥ e el |
surface; gangdafvidubl SRRYBCIdNRidRBod oﬁﬁllelco@;?oﬁ@ @84.| a winltn@ignul timeric
conpound that binds to at |least two PSG.-1 proteins on the surface of the T
cel | or kempednd). wherein the nultineric conpound contains two pol ypeptide
chains, each of the polypeptide chains including (a) a binding donain that
bi nds to PSGIdsomanembbdimentse theradhoigisuaficarrendtsae il ioned at lgh8rei n the 15

pol ypeptide chaj.n e J.inked.vi.a .t he:h ,N0 i equence to
f orm't he 1% ?f?ﬁ“rh?“i‘c‘%‘?@&ﬁh%ﬁh ?Wéf%lrdgiﬁh W%&gﬁ%?ﬂgﬁ?@%&oﬁk,{ e whlgfr%tgoﬁ} c
conpound £Q1tk Aethaldepleast of #eBBE%12ENO106 0% B0% corshitica¢eheof the T cel |
or NK cell induces a signal transduction pathway that results in the death
of the TagiévatedF cplis indh¢ indipduakyl ti meri ¢ compound can be a hono-nul tineric

conmpound or a hetero- ] . . Lo
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. In 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  multimenc compound.

In another aspect, the invention features a method of inducing the death of a T
cell or a natural killer (NK) cell. The method includes the steps of: providing a T cell
or NK celi 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 fo PSGL-1 on the surface of the T cell or NK



20 nul tinmeric conpound. The binding domain can optionally contain a

P- Sel ectin extracel lul ar domain or a PSG.-1-binding fragnent thereof, an

E- Sel ectin extracellular domain or a PSG.-1-binding fragnent thereof, an
L-Sel ectin extracel lular dormain or a PSGL-1-binding fragnent thereof, an
anti-PSG.-1 anti body or a PSA.- 1-binding fragnent thereof, a peptide

sel ected froma phage display 25 library, or a conbination of any of the
above. They hehetod QQ&‘Pﬁa@d@u@ﬁo@ﬁétﬂw%ﬁﬁ?f&%@ltscﬁﬁh@@édﬂ‘ﬂBﬁtheYF cangrai a cel |
surface receptor binding region, e.d., an inmunoglobulin heavy chain
const ant celégi on. I n sone enbodi ments, the pol ypeptide chains are covalently
|l inked, e.g., disulfide |inked, via the het er ol ogous am no acid sequence to
< formthe nultﬂhﬁmpmmmanbuﬁddnsuﬁm31n§bnécanb@ﬂﬁn@n@SUdeﬁpnﬂaﬂE@U i ncl udes an

addi tion nt a th |.t ri und mnth an,_agent that
s, o bingine R et B ET sl SntelicAtly Bindih BSCARIP B Bk et e ST,
sequeRce 4, ohﬂﬂﬁ%@ﬁoﬂ%%ﬁrédtib%ﬂﬁﬂqa@fspe‘&ﬂl:lauyeiddk!'o BSGESG-hﬂon%nt i gens on the
surface of the T cell. In some enbodi ments, the method includes a step

of induc |en@>0ﬂh£@elk§,rtb%@£¢h|0ﬁ fngdasfa slempdiinoaiactipg Be DPEGQIOPah?ﬂtlb@éﬁ &idn t he
f f th s d th
A B e Y

cell. plurkityS?PEGERD agligean bs tiof supfatdofisie destirdrd@d chiérein, the T cell is
an actlvated T cell. In one exanple, the T cell is a CD4+ T cell. In

. anot her exanplig oné Babddigehl, thesmathcDBrcludes @ld followhlgstgRNgi) pibadingamt s of
nmet hods descri bed herein, the method includes a ,ge of ,assessing the
vi abitfi t pelbpr Niecell exprassing PRIGIcLion Ligeeld surface: %‘@r@ G?Iiltﬁ@fl% tﬂlﬁ Tig¢l %€ onpound

(e.g., a c&ﬁm'qﬂ AHRALL Qh[pgc at bihs SUT%: JE{;hods

descri be erei s a step o asse55|n33 Blologlca
activity gled sﬂrﬁee of the Tl cediror MK cell) w}adrelarthd m1trxmnmmm1mcbhtams éwd5 conpound

i( ﬁ dgc; ng PP t | r%1a51g? rrpl(1) g?ﬁ{ 9 S%)}HE equrlPsoigclnEmgs(é) a dem O?I(ljalrll 1%"[ udes

binds to PSGL-1, and (b) a heterologous amino acid sequence, wherein the

15  polypeptide chains are linked via the heterologous amino acid sequence to form the
multimeric compound, wherein the bmding of the mulfimeric 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 hetero-
20  multimeric compound. The binding domain can optionally contain a P-Selectin
extracelular domain or a PSGL-1-binding fragment thereof, an E-Selectin
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 covalenily 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 to the multimeric compound via
7



I n anot her aspect, the inwention features a nethod of screening for a

nodul at or of PSG.-1 function. The nethod includes the steps of: providing a
cell expressing 20 PSA.-1 on the surface of the cell; contacting the cell
with a test substance; and neasuring the viability of the cell after
contacting the cell with the test substance to thereby determine if the

test substance is a nodul ator of PSG.-1 function. I n one embodi nent,
t he met i : : I : | i nduced b
Lhe 1 os 8 RERMISKES il MERAEASL ARG, LS, AB8NR ofa bR | 090058 Y

modul at arS®L-1RSGkers dnithe bindate dftheofieekbodi nent, the test substance is an
anti body or antigen binding fragnent thereof that specifically binds to

PSGL- 1. | n ong ®x¥2ept@dirhds, thsihethodShdnds a seppofinteihothalcrasst i body t hat
specifically binds to PSG-1. |In one enbodiment

t t i ncl udes th
step of lﬁm%@fﬁﬂglaﬂiﬁ%OMH%‘Ige%‘?q@G&Wfﬁ\‘ﬂffﬁh%ﬂecﬁgg’ﬁwﬁ%jcbiungg toet he
TONOG! ONGhorBHhPOMY:. HREnE MINCESIHE REGT PSahd¥klathvPly Baiteitidlih e Of PSA-1 -

anti gens on e sur e cel ™ one “enbodi nent, the mnethod
i ncl udesddatteofsthe [l oofl or Nducdlhg t he cross-linking of a plurality of PSG.-1
antigens on the surface of the cell, wherein the cross-linking 5 induces

t he signal transdiechtedipatthobmetiods desesitied Berein, thedl’ cidbishnaftivdied €el | .

In one enbodi ment, the T cell .is ti ed cell. In,o xample, the T
cell is %@llcéamlere%%nluq% the, Tigg t%ﬁg%?gﬁﬁ?‘ﬁl&w £ GRpTPieaths TgHis T col | .

I'n one eppeditngsit, the method includes the step of manufacturing bulk

quantities of the test substance and fornulating the test substance in a

pharpgmceut i cat] 3 AGEARIRRL RS 6Peitis described hiinBRtAGho A FRAMEs 2kl
invention features a kit containing: a conpound that binds to PSG-1 on the

sur f ace afassesdingdld viaivi/ﬁémﬁthe Ttrellivr AN ngjl aitertthecardepiogrith ePSG.- 1 on t he
surface of the l cel | ilnduces a _sighal- transduction pathway that results in
the deat$PrgrounAde &, g GIGIUMENGCOMRYYRY i ons for use of the conpound to treat

a condition associ.ated with an excessive. or.upwanted.T ce] | di at ed
i mune respo i@"(‘}’r@ eé‘kt@élgg‘?‘y OEWeﬂ’r‘i\%ﬁﬁf%ﬁfbﬁE@%ﬁefn’ g}ec{P?tF’B?l éﬂcﬁ%%s SEEEH as
i nf | amTBy ¢ RGesspaYidBMBAIltiviry BNERI P 6rafE el After 8 cohlagfint ®itE@ndi tion, or

a T cell cancer. I'n _one enbodinent, the kit contains:. (i) a
nul ti5merdaenpomg de g 2 nidiimprindempeund). | east two PSG.-1 proteins on the
surface of a T cell, wherein the multinmeric 20 conpound contains two

pol ypept i de chedoms emebosimentts.ithe msthodiapluferdndrans tiejdeethofiangctivgted bi ndi ng
dormai n that..binds to PSG.-1, and (b) a heterol ogous am no acid sequence,
wher ei n t&"pol ypeptide chains are |inked via the heterol ogous anino acid

sequence to formithe nultineric .co , i - bl pdi e

mul tinmeric coﬁb?ﬁ? L& ef'%g‘ealfl’v?%tg’&%&\%%gIﬂé'%}-ﬁﬁggf%%%ﬁﬁlgé fg’g a?ﬁoeﬁiaﬁgr’l{‘]ace of
the T cebfpdmducacton? Theirgéabd ifchnrize det stqi gfaplonading hakll keprebdisg i n t he
death of the t cell; and (ii) instructions for. use of the conpound to treat

a condi tPYElaseniicardarantiithe eall expiasing begell JHlehPE P PsaRI% 2Rbdi at ed | mune
-response 1353@?&%%?63{%&11&0?{{1%@ Qﬂer-lzrloﬁ?ajc{ing Fi def 16t i8R tfhee to
utolmurtity, t

i nf| ammatron, ranspl ant rejection, an allergic condition,
or a T cglklebgatamine if the test substance is a modulator of PSGIL-1 function.

Int 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  modulator 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



An advantage of the invention is that it can induce the depletion of T
cells and/or the induction of apoptosis in T cells w thout causing an
associ at ed unwanted or harnful inmune response. For exanple, in sone

enbodi ments the admnistration to an individual of an anti-PSA.-1 anti body
or a multinmeric conmpound described herein 5 does not result in an unwanted
elevation in the levels of inflammtory cytol dnes such as 1L-2 or

TNF- al phan agent thAtahdab tadvendchgal attitddg ahdveltésohe c®sé-tiakinglofaauses the
depletion of T cells by the use of agonistic _conpositions that induce

apopt osi $hyplity SAIGL-1 aptgrmaicndhssurtage of Mgeslli on provi des for active

i mmunosuppr essi ve net hods rat her than passive 10 i munosuppressi on that
resul ts from Jsiong cabedigsat. $ag welbedperdndas dhpsstepoiindueng Bgsresstlinking

anti - PSG- i i ] kSt | t.5) that act
by bi nali 15 SRR SIS AR O Al erReLHet RN B e OCRAL ed by

" such seceapdks theAn@iah einsddstiomt pagevof thhtresulisvia thd death e théedll.it al | ows for
the targeting of a cell 15 surface protein, PSA.-1, whose expression is
largely |imtddohe chdbiment, ele Taecldlis an parhted T @il Tn osd bxxangile thiKTcel | s.
Therefore, the conpounds descri bed herein generally do _not induce

si gni fi c&all 13 @(814 beelhppnatesesmmie. s Tegl s 3 ¢PSE Lerdh as 1iver cell's.
The targeting of T cells and NK cell s _(an jinportant CDT" cell type involved
in transpl ant deioss cpbpdisiang tie mgthod dnclydss\ee HempBnpmHactying bk |

ST ani {1 CabhfidstG] G dublifice 3 WIREALEN MO 1Y SbERE: 4 Of dne T esponses and
damagi ng ot her organ systens, Is a desired characteristic of an

i mMrungs uphaassicutcalyenteptdiid essent her wi se defined, all technical and

- scientific ternms used herein have the same neani ng as comonly under st ood
by those of oridianathyr sdpedt] the invehBomfdatires avkit conthinirg: b cumpbimhthbel ongs.

Al t hough et ho n terigls simlagr or equiyalent to those described
herein cmc{?éog%éﬁf?ﬁg%i‘@“ﬁg%?f %g%ﬁ ‘t"g@?’i“ﬁge ﬁ'f“dlnrg_é) it VEHTR VR, Quitabl e
met hods GRS tha b tRE 8 RSCEIPREuRR! 0 maNhn AU droRiPRsthaPREGR!

applications, patents, and other references nentioned heré€in are
i ncor por an g deptly efftbe dimel; 4and ingtaictionhidruee 9f the gompeendsio treatoediidigen i n

term nol ogy, . the pnresent specificati i || rol. In addition, the
descrPoed i uth SRR EPR S aRL AR inse et bl Mot & o ot

i nt ended ekfedbRrelor Mntviafi@d T cell prolifera@ohencH sdhflimation mtbiantages of the
invention wll be apparent fromthe foll owi ng detail ed description and the
cl ai ms. BrepaHapasieetion.ap llegpia gpadiioaphyd 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 fo the at Jeast 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 to treat a condition associated with an excessive or unwanted
T cell mediated immune response or excessive or unwanted T cell proliferation such
as inflamimation, antoimmunity, transplant rejection, an allergic condition, or a T cell

cancer.



S5Fig. 1 depicts the results of a tinme-course experinment that investigated
when activated T cells acquire sensitivity to TAB4 (an anti-PSG.-1

nonocl onal anti body) - medi at ed apoptotic signals. Fig. 2 depicts the
results of cell surface biotinylation and inununoprecipitation of the
antigen recogni zed by the TAB4 anti body. -Fig. 3 depicts the

expression of the PSG.-1 antigen on spleen CD4+ T cells, CD8+ T cells, CD
19+ B cell s, 58! fili@thaftit AP iffuge GBI Eé?*r%u@f the PSG-1
anti gen on CD4 ARdadls %g%clﬁhemventm_l_,l thaf'it S8 iridh %hy e@yme)s Fig. 5
depi cts Arfudor] the Bidsclidn ¢ﬂapﬁp®meatu€e:dll$ withvutedusipgpinessptieted minwanedowsi ng 15

spleen cells i.solated from TAL34 hanst er ated.Bal b/c mce as the
B pondarTH B e e i GHIP e e roche Bl miRttisn © ©° R o
6 depi ctg WARA&ID oparpﬁntapgd}meaﬁmsapaﬁa fxﬁﬂlt’ixﬁgné béthpdiudh drag&tbﬂea Mrein

i mrunopreci pitated with the TAB4 antibody can be recognl zed by a

commer ci dues ypobreaill Ebdreunyrantedrdaiation imthedow)s ofiiaflguBnatory cytokincaguaf T cel |

| ysate wi tIE fm“H\lgS%ll 20 anti body can deplete the proteins recognized by
t he TAB4* epi cts the percentage of surviving grafts in C57BL/6

m ce that received a, ski m ce e wi'th an
anti - PSGL- 1 a‘%{l? SWV(‘E#E‘S%Q@% ﬂlgfr?ﬁﬁ%l} lsg‘bagdg%aﬁlﬁﬁtgf: aﬁ‘?@f ‘6{/{‘ %%&H’ square).
Fig. 8 d@piuss 6 4ddRistic BBmpOniSR thit ihdRecRPOSOHE T Rfls aRedr@inksy, fccel | s

following 25 the treatment of activated human peripheral bl 60d mononucl ear

cells wi mMGlﬁwnaﬁ@WﬁmTﬁ’ﬁ apigE s TpseRsive methods rgthenthge ppesive the i nci dence
of djabet =s | I ce that were
treaioed Wih Pﬁ’r %@ﬁi@re %bfg o 8198@12 I"ggtﬁémosmng trol anti body
(open S%ﬁﬁgﬁ%})ﬂsﬁc anti-PSGIFL gntlﬂdlhéhaﬁlaﬁtagohﬂsﬁc bilablicrglectin ﬁ‘ﬁ)gtﬁaltﬁ)-tﬁﬁl ectin,
E-selectin, and L- selectin to use activated T cells s. 11A-11C
depi ct ta¢k by binsing wemppe r&ﬁ%?fé@fqg P eRY S EIHRRG %Cé&‘féféonrme@meé baysu | timeric
forns oflegeﬁg)ﬁectl n (Fig. 11A), P-selectin (Fig. 11B), and L-selectin (Fig.
511C). 12 depicts the induction of apoptosis of nouse activated
T cells in vi fusion
protein. Det ag{l&gg%escﬁtla %?ﬁ%eh‘io%gxg%sﬁ%%tﬁ% ?H;An‘b%)%?t@r% el tbf;a E‘g% hods of
nmodulsat | smyfade pritdin A3 G4l whbse expression is largely limited to leukocytes and in

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

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

The targeting of T cells and NK cells (an important CDD3" 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 rnethods and materials similar or equivalent

25  to 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.

10



nmodul ating the function of PSG.-1 nol ecules residing on the surface of a T
cell. Engagenent of PSG.-1 with agoni st conpositions described herein can
cause the depletion of T cells and/or induce T cells to undergo apoptosis.
These agoni st conpositions are therefore useful as therapeutic agents for
controlling i mune-related 15 conditions such as inflammatory diseases,

aut oi mune di seases, transplant rejection, allergic diseases, and/or T

cel |l -derived ocatheefesturckhmdagdonitsies obthedsvdntionsvillbe aphsontufseh tHe i N causi ng
the depletjon of T cells fromany bioglogical sanple where the presence or
acti vi t y fgovringgefaile Qewtiﬂééﬁq‘é’&d%&PS&- 1 Protein PSG.-1 is a cell
surface adhesion nolecule that is expressed on neutrophils, T and

" B-1ynphocytes, NK cells, nonocytes, dendritic cells, and primtive human
CD34 henat opoi etic progenitor_cells. Through its ability to interact with
sel ectins, PSGL-1 nediates th@igfdPesprptiorofitheisawings on t he endot hel i um and
" the extravasation 25 of |eukocytes into inflanmed tissues. PSA.-1-nediated
bi ndi Ag of T dag{ kdemicteihegigenlivoé pdima-epurssrexppgment Hat inyestigated hemt i al |y

regul at ed..,: } : : rﬂ? f, .Gl yt te

anti gen) ddg%?%%%g%?f%@%brgtﬁtg ?%lgﬂﬁgai n u%gg a&%%@ﬁf@%’%@r& {g%@gaﬁgve to
menory t naaBated epoptédd sigredd.i vat ed hel per 1 but not helper 2 T cells express
functional PSA.-1 and it capable of mgration into the inflamed area of

30t he skin. Fig 2 depRS8hekehuitsaf selbbaface bivtinyaitiomaad imauspgedipitation v
sialylated, fucosylated, and sulfated to bind P-selectin. The PSG.-1

nol ecul e WiReIigER r5cegmaeGRY tieal-2Bt antibody. by different degree of

gl ycosyl ation and sulfation sites at their Ntermni. Resting peripheral

bl 00d0T and B &gl depigty fsirgperseian pf thedSGL-4 atigen o selepndelp 4t dtcels.per i pher al

5 bl ood '[31?@1_ ‘I‘%eﬁ%‘ﬁi‘ﬁf@k Bicg’}l%%di‘?dﬁéél of PGSL-1. Yet, only activated T
0

cells display a functional rm 51-1 and bind avidly to P-selectin.

Such activati gf; ] . hindi. ipd Y b Ul 't of
differenti al gg%?? ?ﬁﬁgﬁtﬁﬁ%‘gﬁé’g.ﬁ‘%igﬁsﬁ%%@g@%gg&’s’fte%g b)%ﬁ %I evat ed
| evel s ofCId Bhamd C3) STihgmeyyits. ansf erases activities in activated T cells.

PSG.-1 i sofonns al so show differential affinity to L-selectin and E- n)
sel ectin. For Higst depias theuawesis df el prodexdid inirhixed lyrhphdClil-gptisietsing | sof or ni

can tether. and rall. on bot - and P-sel ectin, ile. T cells expressing
pSCL 1 wipleaneeliaolePA Fi £ 4 GRhymiEts i B BAE Fife Sior ferapisre.
bi ndi ng @hd PEGishdtendd-SHk skl IR ab B dtin@ARbr UPON the presence of the

term nal decapeptide that contains three tyrosine residues for sulfation

and one threomnijpes d&ididuRstal bl #efsY adhaRtrainfBEGEy hoRRfRt € N can be
prepared by reconbi nant methods and/or by isolafing a native PSGL-1 protein

f r om bi oliogiveapreswitetedayith herlgddhiitibedy CREEE recognisedbya cemmiswighyoduced i n

prokaryotj c. ok euyk tjic cells. .either in vi Loin vivo.. ej ¢ acids
bncod g Paie SHERSHEH Sl g BalitBhekihe sr 3gelovisl ¥ B PEELS v C see,
e. g. ,20 CenBardkdhManczeREd BB pvtdind 200MzEDby e ‘BxBApl e of a nucleic 20 acid

encodi ng a PSG.-1 pol ypeptide). Antibodies directed to PSG.-1 are al so well

known and can Hg t§ e einfagsafbxﬁﬂivﬁﬂsg ifafs aDCHURD/6(:51R6 theg- -, Herron et
al . (2000) Science Jun 2;288(5471):1653-56; WO 00/25808) and/or used in

met hods deeseadsesdrimaadi from Bady/c migesandyvern dicaigd 56H Heenti- RS Ehflansheds

i ncludin hW.te i I 993) Cell 75:1179; Vachino et
al | (199%‘519%d 4 o‘f’l.ﬂ) ignq%ng%f?%ﬂfég%f&pgﬁgqy& &l dman et al. (1995) J. Biol .
Chem 270 164%%. 8 depicts the time course of the percentage of apoptotic T cells following

25  the treatment of activated human peripheral blood mononuciear cells with an anti-

human PSGL-1 antibody.

Fig. 9 depicts the incidence of diabetes in autoimmune non-obese diabetic
{(NOD) male mice thai were ireated with anii-PSGL-1 antibody (closed square} or a

control antibody (open square).

i1



For reconbi nant production of PSGL-1, the sinultaneous expression of both
PSG.-1 and its nodifying al pha (1,3) fucosyltransferase, Fuc-TVII, may be
required for the functional expression of PSE@-1. In addition or
alternatively, reconbinant production of PSG-1 may be acconpani ed by
co-transfection with a nucleic acid 30 encodi ng PACE for Lenoving the
propeptide and/or or a nucleic acid encoding tyrosine sulfotransferase. An
ant|-PSAL- 1 apty POEYiER thdRintREh kibulsd PlRfelti Kl skt Y@t Pefiborth 811 1 9N
from bi ol ogi ca rrateprl al. Any cCell type expressing a PSGE.-1 protein, e.g.,
T cel | s gensyvativiedm alisi ndi vidual or a T cell line, can be used as a
source of the protein. Once purified, the protein can be used in a variety
of net hods asFgesdiA-bed depicetir.induchon of xpoypdas of heugauactifated TR8GL b protei n
can be used.in.an in vitrpo screen of dul ators of PSG.-1 fupction on T
ol o° or mabniTis e Ak Goneeht Beptv: BRersBatte Bimeatoh selsdhh st ne
protein. AR} i-PSE.-1 Antibodies 10PSGE.-1 pol)peptides (or inmunogenic
fragnents or anal ogs thereof) can be used to generate antibodi es useful in
t he net hods of:t he 4i i 1 abnay vt | i des or
pepti de fragrrgvr% Is?“{iﬁgrgggl?é %ﬁcﬁlﬁg ﬂggﬁq’tf)y re%%(:tngi nanr%cﬁgéﬁﬁ?%es or
synt hesi betheusossginkolg af qpdvdgde ByastchiniFs fasohpadeinThe reconbi nant PSGL- 1
pol ypeptides or a peptide fragnent thereof can be used as an 15 i ”munogen
to produce anti-PSG.-1 antibodies. In addition, an anti-PSG.-1 anti body,
such as the TAB4 nonocl onal anti body, can be used to purify a PSG.-1

pol ypeptide, e.g., a PSG.-1 pol ypeghilakDesvrptisnnat ural conf or mati on, which
can then be used as an i ”Mmunogen to produce additional anti-PSG-1

anti bodi es. AThaiivelbeyisafiretied to medwids ofimodnlabieg 8 aellnstiviondy , pol ycl onal ,

or -engi neered .20 .anti bod eci fically.binds to a P -1 pol ypepti de.
o Sl DEaiag thedpaton L B AR et o ting & Be iRt aerel o, oy

PSG.- 1 palyneplhAs Pyt ) With agdisicanbatibis 4QEA8N KReilcakbithclug Ot her
nmol ecul es T a sanple. Thus, the invention also features nethods for

i dent i f ydepgetéon afSk cedia}apd@mahct@@g. cella ko wirder goayoptaskat Thssmagoniss a pol ypepti de

of the invention b ont.acting.th ol vpept i Wth a.test co nd 25 and
et er mi nPoEPOHTRATe FRETIG SR BePBriieR b b el R RGRREE. *° by
di re¢s dedpEfidRBueH ad RBaRindbRTiscd@lscaitbittindie dse:068) Glahdpdint FEjE@Al € Whi ch
di srupts binding of the test conpound to the polypeptide, and/or detection
of bi ndi Aderaisidisgases. anskéeryT peli-dempvasicansas-i hHeagangst sempesitigys arp glsgener al |
PSG.-1 p i . AR =T j as 30 KLH,
oxed w EPiRR ST REAcIRAEIUEL S Rofl A0 i B iRl Qe Pt ey 2o oo

pr oducedpresence or activity of T cells is not desired.

20 PSGL-1 Protein

PSGL-1 is a cell surface adhesion molecule that 1s 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 leukocytes on the endothelium and the extravasation
25  of leukocytes into 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
(cutaneous lymphocyte antigen) epitope 1s thought to be induced on T cells
undergoing naive to memory transition. Only activated helper 1 but not helper 2 T
cells express functional PSGIL-1 and it capable of migration into the inflamed area of
30 the skin.
12



in that animal can then be purified by peptide antigen affinity

chromat ography. 14 In particular, various host animls can be i muni zed by
injection with a PSG.-1 pol ypeptide or an antigenic fragnment thereof.
Commonl y enpl oyed host animals include rabbits, mce, guinea pigs, and
rats. Various adjuvants that can be used to increase the inmunol ogical
response depend on the host species and include 5 Freund's adjuvant

(conpl et e and pisag Qg ﬁﬁl%mdarﬂﬁﬁﬁhuﬁ%§p&:&ﬁ¢hl@%lﬂﬂdﬂﬂ§ﬁ%ﬁb§}bﬁé&>ﬁh@e surface
active substances such as lysolecithin, pluronic pol yol s, polyanlons

pept i des sulfited Erhing Peﬁﬁk@cﬂkei?h@ P&GILF hmeiechlér%w?alﬁllwfowwmﬁt%é hEnol .
Pot enti al ).

A Qu
- and Cory %fE‘?tz%ﬁﬁi?ﬁf’Enf\?u?X %\é]la%}n{[dls E Onaﬁtt% g@e{égﬁ%’lﬁg}e lrrne'[:l:ouse“ "

popul at i gﬁﬁ pRral oAt 2RO BYcellD] 19Bhald ctil Bheard ambalaaﬁﬁhtempédme&er a of the
i mmuni zed aninmals. Antibodies within the invention therefore include

* pol ycFondiloagk sellsarresasimnilar fevabef RG Yl ishatnactivaied(l edidiplaumani zed or |
hi ib | 2
£ r ngent dogie Ao fs of PROIL Lol Binf Gl B0 4ciEecind Hheh hORTERL op bR

15Monocl Qjﬁﬂlmgamivhgdpp@:s WBMemleomm@andmt—ﬁmm]dtmbmduﬁbaM| bodies to
a particular anti can_be_ prepare i ng .t he PSGA- 1 eptldes

descri beds ﬁ‘b%ﬁ?éte‘égﬁ ek’c"éti""’réé?vc?lsrﬂf@gﬁ%@éﬂé%%%ﬂg%ﬁ?%?é’@u ¥“exarrp| e, Kohler
et al. 495 d1.9% §n08f diferontiBUAthiRitl BTENRlechi BidEL 1976] ;
Kohl er et a*!té‘d’é@@lls %%goﬁfgn{gggkﬁl 07 ]1, erl-cijélrtr}rrer II’% et alec, Monocl onal
Ant i biodi esleetid Hordnéthndeyﬁunnmmgﬂs @@En'swthsrCmewu[vewiqm can tethelt n

particul ar ti i es obt ai n t hat
provi des aflglr(r’]if gﬁtﬁ)g%@@g% ??f%“awﬁ %@cﬁsﬁsrﬁﬁpé%sﬁ}ngg)%go lf‘orlllu Il lines
in cult Ureﬁltéﬁ%h]gﬁnﬁe@@éeli&ﬂn' FulRéhfe, %Emﬂl%of PRGLr 03081408 Ié 1975), and
U S. Pat 76,110; the human B-cell ri doma techni que (Kosbor et

al ., | mmenolinggpt Tedae zsesmcmf [ﬂleg@stjlmaldﬂ%p@fada that contaigs (Bree tysese Sci USA
00 202 LS8 o AT IR MR A IRLSAIRLE ©0 2. Nonoctonal
oG e o1 el L INORRL AL D, lambcloaniag 04 | 0% oA
i nvent i onsd@ihghenaivkBISGI-2 ¢roteinidni bicbogicad matstinl. Nlec@hbilniahtyPSiGL-ﬂo produce
high titer Stelct)lfcazrp‘béb?‘ocllurc]zec\l/ Iu¥ Oro{crgkgtslc (t)rhéui oﬁgrcteflsc lcjzi er z% V%Jffs oetgruzln vg%t hod of
product i d¥#° P prokary ary

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 (sce, e.g., Hetron 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 alternafively, recombinant
production of PSGL-1 may be accompanied by co-transfection with a nucleic acid
30 encoding PACE for removing the propeptide and/or or a nucleic acid encoding

tyrosine sulfotransferase.
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Once produced, polyclonal or nonoclonal antibodies are tested for specific
PSG.-1 recognition by Western blot or inmunoprecipitation analysis by
standard net hods, for exanple, as described in Ausubel et al., supra.

Anti bodi es that specifically recognize and bind to PSG-1 are useful in the
invention. Anti-PSG.-1 5antibodies that bind to the PSG.-1 antigen on the
surface of a T cell, e.g., a CD3+ cell, and induce the depletion and/or

apopt osi s of cel.dl s AN an i ndi vi e t ful . The
anti bodi es ca lt?ghigse%ﬁ lfaqibgg‘é?%‘lq%?}kg@{op%@? eo;%n(ﬁgj"ﬁft%gég‘ﬁt ?‘Jém tl‘l%eé}i me (e.g.,
to reducgofibicloithMaberial Anded] fypbbfreningePSeEpopoesinughTaslla T cel |

medi ated 10 i nmune response, associated with conditions such as

i nf | ammadeiveddone as sndivigualsr sriuerd! lines easkssused 2g aspiuss of thsjmgeteiton, al l ergic
di seases - kv ad“e'ﬁ' | : used in a
screeni ngnggg%‘gﬁ%%Itﬂr’?eéggﬁe?negﬁqln%a‘{ayéﬁl}s%‘§ 0 g?g%% i(szlg% g&gg%ﬂogﬁe ﬁt 0 bind to
PSCL-4. For addipld, tits purifiddriS(Ged meteii capdd uksed it dreinpimdeatenol of "chineric
anti bodi es" 15(Morrison et al., Proc Natl Acad Sci USA 81: 685%0%1984];
Neuber gepognlaggrs of Raeir lefugeporsem T oelinon as apJRIgAogen i Prepiig agiedies: 452

[ 1984]) | ok es froma nouse antibody nol ecul e of appropriate
antigen g%%%l %‘%‘:%;g}t%egg‘é%ﬁgr with genes froma human anti body nol ecul e of
appropriate biological activity can be used. A chineric antibody is a

nol ecule in which different portions are derived fromdifferent 20 ani nmal

speci es,éﬁﬂmw ng a variable region derived froma nurine
nonocl on human i mmunogl obul i n constant region.

Al ternatively chni . i : (011 {oy IR Ta]a IFOVAINSY chain

ant 1 B0 cs (P SCEEL POORERIAS TG kR tkale BiRmBh Rt bR G o e b
adapt ed fisedno @dikatesinfipbdicchsriful im el rhettlodssofdbaimehiian. PACtestriped ypept i de, or

a fragnent thereof 25 Single chai, nti bodi es e formed by.linking the
heavy an@queghpGEnhpolypeniliseft gepgﬁe?qzrgmp@ts,tlécﬁpgﬁpagibg pé?lcg%ﬁ%(hﬁ acid bridge,

resul ti nﬂacbﬂlgﬁbaﬁ% 9L q 65 yRALMPSPIsifEsolid phase AHihdIRANeth6RINERL S T hat
i

recogni ze an to specific epitopes can be %gner ated by known
t ecl unquesomboraneRAGH} epoiyperitides agmpeptideifraginenbistaof gabmptediasaiit ed to

F(ab' )2 f ts th . d b i.n di gestien,of th ti bod
R B R R TR T N o
di sul fi dgndyddgagrn et i PABK 2ndicr BB drSibodY, (dah hatus¥dtoypurifal PEGI-gSsi on

|'i braries can be constructed (Huse 16 et al., Science 246:1275 [1989]) to
al | ow r applapeiiticeasy 2ildéH-il ob@epide BtsAgRBal Rieriens VRigheM $ehi t h t he

desired gpacifiGhi¥imunogen to produce additional anti-PSGL-1 antibodies.

An antibody of the invention can be a monoclonal, polyclonal, or engineered
20  antibody that specifically binds to a PSGL-1 polypeptide. An antibody that
“specifically binds" to a particular antigen, e.g., a PSGL-1 polypeptide, will not
substantially recognize or bind to other molecules in a sample. Thus, the mvention
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. Antibodies produced

1uwsorin that animal can then be purified by peptide antigen affinity chromatography.
14



Anti bodi es can be humani zed by nmethods known in the art. For exanple,
nonocl onal anti bodies with a desired binding specificity can be
comercially 5 humani zed (Scot gene, Scotland; Oxford Mol ecular, Palo Alto,
Calif.). Fully human anti bodies, such as those expressed in transgenic

animals are also features of the invention (Green et al., Nature Genetics
7:13 [1994]; and U.S. Pat. Nos. 5,545,806 and 5,569,825). 10 Multineric
Conpounds In Matiich e, niaCioQORRW WiGTld datbebimadinizzddyiihjestidr withaf PSGL- 1

proteins on the surface of a T cell or NK cell can be used to induce

apopt osi & SG‘L’tl welipepiide ot ngﬁmﬁ@ag@e%‘dhﬁé% dusnealyrepleyaddwst t wo
| t bi ndi
- Bonar P o tolite AR, Bfod, BEPPLEDSHAFES, CRALARAAMA R cahbe O NI N9

sequence.used to mbn&a@e‘.henmlnunalogmhl esgmse depeng oul thk lnishsiscies aad idchaist t wo

di fferent_PSG._- 1. prot |ns on t sur% e of |ver}l ceII However, a
: rmlm‘-?enFée‘Eb’rﬁ?&d}E’ GATBLets B J ychasalgniogm g g9° 109, 11,
12, or mypargdi®d smetce%a@e éub@!aﬁéﬁs%gclg%!:di&ithiﬂ‘?'I&Qbﬁc%%'lé"'9 the mul tineric

corrpound to bind to or nore different
PSGL- 1 pqmﬂwnrrms,cpeptld@, gdﬁfmxlzseormf, ka’hgievlanpetélemocyamn apd dimgopigndlomai n can

contain d sequence (.0 a q enc w.th a

nodi f i catl% %nh %@Il Ib‘faﬁsolg g ggﬁ}r@ 18& g’ﬂ‘?‘f {E’l' aF‘fjlat bi nds to
PSG.- 1. {Héﬁa&bﬂ&nq:@ﬁﬁlnﬁl PIRCIARN REPETIES éleheuefckg@ﬁe@srp@pmaﬁbﬁsvofoccur ring
or a non-naturally occurring am no acid sequence. For exanple, a binding
dormai 18 cmtlb%unpépwe% hat a:scqent:@mﬁﬂn@ fhege hpingnuaizebpserisn (e. g.
P-selectin, E-selectin, or L- selectin). A polypeptide containing a PSG-1
bi ndi ng doni nﬁxﬁfb0§le§eﬂrlﬁm the igventiop thesefard igclpge pelgetongl a}ltlhodl@s(mdauel | ul ar
domai n of Q , r ctin); (ii) a
cal o um dOBRasReRFae e bIfbRAK &Ryl b iy

E- sel ect idatibedicd, Fak fiaginkii), F(@b i ﬁfagmelas,famagmamlesfprbdnfceen&mgaeﬂabuI ar domain
of 30the selecti n (e.g., P-selectin, E-selectin, or L-selectim that

medi at es BPRIPAYIPBIPSGL- 1. In addition to these naturally occurring

am no aci d sequences, one of nore am no acid changes can_be_introduced into

a nattral |y oduoRealonsl Pﬁﬁépdieswhmhﬁgc lefﬁﬁ%ﬂeﬁeoqsmmaﬁﬁas ol antibadias 194 ur aI ly

occurrin
pol ypept i ggfﬁ‘é;*ﬁgﬁﬁ %{Q%ﬂ gﬁf’éh] no aC| éﬂes%%@u%%gglwahiﬁ%éggﬁl agé\gjpl 5 and
is at | east s8dsrd3HYdA084ccBbdogp (sc0,30% e)dmmle,&adhlermtahyNﬂhre Z56)49%n

extracel | omai n of _a | ecti . ec ect , or

L- sel ect i[%%]'(ﬁf’glﬁaﬁ I’g%irﬁﬂ’é‘ﬂ lgée&fl ﬁggﬂ F,{Sgi%g ?11 > G é uélell n (e.g.,

P- sel ect igl9Xf1996 e HlalinerBhg bt 8€M&Idcbhal Mhtidddids)and T CAYPRBHIGhad he

extracel lul'ar domain of a seleétin (e.g., P-selectin, E-Selectin, or

L- sel28ct iFlyevigrall. FddP&tlbs bi nding to PSA.-1. Standard nol ecul ar bi ol ogy 10.
mut agenesi s techni ques can be used to introduce changes into a nucleic acid
.sequence encodilmgﬁ@uhscmotloqmwﬂwgmdmhmbedefé‘«iiéd abl?ﬁ@in@ud@imél ns can
then be test. 0 the d abi | lized
P 1 orptiags o e mpdlogfRior b PR by bitons el et ORI 2
contain tsneh BEserlbddl il K didercti AR Watfe 256: 45t 9PRIRndlUB PRy or a

pol ypepti de sel ected froma ;i)lhage display library, or_a 15 an am no acid

sequence 4H&:119; Hedumendsepll ybpdpmasteghniguesdiosberngt absbymogsloenbodayor 98%
| dentjcaly o oRe). PYechDbRR g ﬂB%[P%&gl A 02855 gﬁ%ﬁtaﬁd @QEERRdY or a

pol ypepti de rom a phage
hybridoma technique {Cole et al., Monoclonal Antzbodles and Cancer Therapy, Alan

R. Liss, Inc., pp. 77-96 [1983]). Such antibodies can be of any immunogliobulin class

mcludmg 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 mn vivo makes this a particularty useful method of

production.
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A PSA.- 1-bi ndi ng domain can contain an am no acid sequence that corresponds
to a PSG.- 1-bi nding fragnment of P-selectin. An exanple of a 20 pol ypeptide
chain (of a nultinmeric conpound descri bed herein) containing such an am no
aci d sequence is a reconbi nant nouse P-selectin/Fc chinera (available from
R&D Systens, M nneapolis, MN) containing the foll ow ng conponents: (i) CD33
signal peptide (Metl-Alal6); (ii) nouse P-selectin (Trp42-A a709 of

extracel | ul ar U%EQ ) n I gGl
(Prol00-Lys33 ngd%c%cﬁekb gldgxarrpl gl %&Sﬂ%ﬁ%‘g&gﬁ?&ﬁ coﬁt@al ni ng such
an am no P&Gid1 smgmnoe bir 3V estere bootivir mannmbqnmapnmcmeinabtsxsrwyl%tarcdlardmr a

il abl RE&D S foll
Componentaetoods o GraspEIe. S APSEIIe it GROYR BoAra Pt AALBPIE BRC dommi )¢ (1)
| EGRIM Dy é&?@:ﬂl@r&@ iée 2R dirld tb'P)SGiu'if%fb ﬁsﬁﬁlu{ﬁfe%%nbﬁsﬁ%mséﬂ%

PSGL- 1- bi hdi ng domai'n can contain an am no aci nce that corresponds
to a PSGantibchﬂlmhatgmﬁdE)Qh@HSGéf—l Eat@ln@@tthmsmeeﬁa&me& of.,a CIpbt ypept i de

chain (of ner.i c oun descr.i b n) (o30) such an am no
aci d seqé’@ﬁl i"%‘i eﬁbec%eﬁg:’lt r?bu%%nt%SI% 155“&?1 ?‘r@lugfa(rgval | abl e from
R&D Syst eamiculdiyigemp! i s, NN) cont ai ni ng the fol l owi ng conponents: (i)

nouse E-selectin (Metl -Pro557, extracellular domain); (ii) |IEGRVD (SEQ ED

NG 1); (iii) @h@%ﬁﬁlﬁb&&%@@ﬁ@é@%ﬂ%&ﬁ@@é as ?ﬁt@of hth)erdﬂeh&b‘k&g‘dm@?é%' D NG 2).

A second exanpl e of a pol ypepti de chain contai ni ng such an amno acid
sequence t9 sedaice exdimingiasn thieriable igenwetpInopse, éWhrﬁéraaT celb wiedigkdde from R&D

Syst | l; ; h
2 Sofbet AHTRET R iBs o4y R S St AR CRIBARRY. S 01 b Ko )
(ii1) hurB@ikaiehe 2edsts, Qrbﬁ@wth&Bﬁ@t)on ahekg(d d«i}ealsitﬂl,-lkitdl-ﬂ“(cSE@eh&d\lO 2). A

'PSGE.4 bi ndi ng _domai n_can contain an anino .aci d sequence -t hat_corresponds to
a PSGL- 1°BnGndnfipadaedieo An he user de aistrecning aseaiin ’é‘e%“fm%lﬁﬁcﬂ {IggpEade chain

(of a mul Bﬁcﬁﬁﬁtbﬁo Uned;ReSdded herein) containing such an amno acid

sequence 1S reconbr nant nouse L-sel ectin/Fc chinera (available from 15
R&D Syst ' v (i

mouse L- ié‘Fect. ABERRT RS AT R ARG B B MRS b 1o
NO  h3 (i(Moriddurannl | RyGi NafrAokd Gel YiS238)): 68$1r[d964]\1Nehb&ﬂg1biEdt al SHQuid NO 2) . A
' d h d
Seauence B2t ottt eimbvieie b ST TRel wiheeina e J8res 1 om rap

Syst ems, 2fisMRSRAR PhdiSoulddD rte hiktfch BfediMity 0k EeCOITR @BARFom (1) human
L-selectin (Metl Ash332, uext r%@g&u | ar gnalﬁ?l 1(qul I%G?ND%( SEQ In:[l) NO 1) ;

(iii) Hu radmmay@mlbmwcﬁygﬁamympaﬁd b(qlvglcalmu BEQCADANO 2) . A

mul ti meri d.can f gl d or a
het er o- mff' z}ng Bg%ynls <§1 }rﬁ ?%uqlﬁgrenr?&{r%%sr%%ﬁ% 01%?%%[@ rSrRtI y 25
pol ypgpt |aﬂﬁnﬂhﬁéd"é% &lvatas fiRee haﬁagtal@ﬁhbl@fﬁégmﬁd&malfftgndqmw For exanpl e,
a homo-multineric coggound can contain pol ypeptide chains containing

i dent i calm@mglonal gstihednend 2 higrah smypogoldingonptant 182108t er o- mul ti neri ¢
conpound cont ai ns pol f/pe ptide chains that have different PSG.-1 binding
donai ns. For eXiamtivelyatepnigres dasrribaddpr theaspdistipg ot singleshe®in a first

pol ypept i d&y chal @y & 8k 1SN L RI4BS78, 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 ¥(ab")2 fragments that can be produced by pepsin digestion of the antibody

30 molecule, and Fab fragments that can be generated by reducing the disulfide bridges

of F(ab')2 fragments. Altemnatively, Fab expression libraries can be constructed (Huse
- 16 |



30 PSGL- 1-binding fragnent of P-selectin and a second pol ypeptide chain
that contains a PSA.-1-binding fragnent of E-selectin. A heterol ogous
am no acid sequence can be any am no acid sequence. However, the am no acid
sequence of the pol ypeptide chains described herein does not correspond to
t he sequence of a naturally occurring protein. A heterologous am no acid
sequence contains one or nore amno acids that permt the |inkage of the 5
IOOl ipept i eteal.c Edbma%m?]?ﬁgmfmﬁ allbe Iﬁjﬁiﬂ @ﬂlea@’iaelﬁgﬁdaﬁ%mf g@n6eongioval Ient I ]y
ink, e.g., via a disulfide |jnkage, the pol ypepti de chains. One exanple o
a hetero?%ﬁb%%ggﬁﬁﬁﬂﬁhgﬁ?§ﬁ%ﬁﬂ$ 1 obul i n heavy chain constant region.
Di sul fide bonding bet ween Fc regions of two pol ypeptide chains can result
“in the formati6A0kIdies an fe hrwapigas By methodskpowadp thegwt. tpresampleput i ng t o

the link%@n@élaﬁa@ﬁn@ﬂﬂe@%ﬁﬂ ag@esﬁla&ib l'i]ngé érbgcfh%h%g& g&%lﬁm%fqizpﬁzs acid sequence

can also contarn a cross-I|1nker bindi gl on; ., a ce urface
“receptsor lobmahing (Segier, Stighndt Orfdd Mblegiaf Pan Apehlifp Bulhhwandi ndi ng
regi on, cross-linking of the polypeptide.chains and the cell _surface PSG.-1
pr ot ei ns ?8ﬁwﬂﬁéﬁuﬁhgyggﬁﬁﬁﬁﬁgﬁﬁﬁg r@%?ﬁ???“ﬁ%EWﬁgﬁﬁgﬁpgﬁh?f ®heavy chain
constant #oghh (HrehQR bR NS GHRIEE 9B P50 AU VS, P@ng.-s,ﬁnszﬁ%gs— l'i nker
can be, for exanple, an antibody (e.g., an anti-Pc antibody) that

speci fi caaddy5,00h85)t 0o t he cross-Ilinker binding region of the heterol ogous
am no aci d sequence. Screening Assays for Conmpounds that Mdul ate PSG.-1
Function 20The invention al so enconpasses nethods for identifying conpounds
that Interact with PSA-1 (or a domain of PSG.-1) including, but not
limited tMultgpepoUodsoundat i nduce T cell depletion and/or T cell apoptosis

- upon binding to PSG-1. Also included are conpounds that nodul ate the

i nteracti on of Ma8heric aonipoutdsathantend t@aapluaxyod ©8(GI k] proteios on ther acel | ul ar

proteins that r | at e -1 activi 25 and conpaunds i-gh nodul ate
PSGL- 1 acst“@r&c? 9ngll h OF: %%Hfﬁ&f?ﬁd@eé ?PQ’PQWPSBEOEE‘@ e ﬁﬁ?ccprdance with
t he i nvenhiRfnditCodPundsintAhEat@dst bhdbbBPehtRicR@Rtnk d@sch bk bodi es and
fragnents thereof, and other organic conpounds that bind to PSG-1 and

nodul at e RPlppapiide clerns donkrdns (Gra andingtdoenayy thastindg to BSGhds end hidd her ei n.
15  heterologous amino acid sequence.
| In general, a multimeric compound binds to at least two different PSGL-1
proteins on the surface of a given cell. However, a multimeric 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, 5,6, 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 amino 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
non-naturally occurring amino acid sequence. For example, a binding domain can

25  contain the PSGL-1-binding domain of a selectin (e.g., P-selectin, E-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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Such conpounds may include, but are not limted to, peptides such as, for
exanpl e, sol ubl e peptides, including but not limted to nenbers of random
peptide libraries; (Lamet al., Nature 354:82 [1991]; Houghten et al.,

Nat ure 354:84 [1991]), and conbinatorial chem stry-derived nol ecul ar
library made of D- and/or L 5 configuration am no acids, phosphopeptides
(including, but not limted to, nenbers of randomor partially degenerate,

di rect edy pﬁ}fé@&l &?mfhg&ﬂa'{tﬂ%gbﬁ%ﬁ@%gmf&g%%egﬁ%mesgﬂelor {Ona 993]),

ant i bodi es (1 ncl udi ng, ondl, nonoc
hunani zeakid @htnges daobey iitoduddd inferd matanally Dngjrﬂng B8 - hbhﬂhxgcﬂoamm,an d FAD,

F(abl) 2 and._FAh expressi I|bra fragnents, i e- bi pdi ng fragnents
t Eler ez)f ) res%ﬁ’@#ﬁﬁl“l"“d‘@ ﬁfyc ‘E?Wﬁ‘é‘?ﬂ € t%lr%t@l’j‘f; g§&?“ %%’dﬁ‘ CE%hpougds :
whi ch capobgmedie Qﬁ)‘iﬁﬂJ gna&s-ﬂaﬁ%@awahmmdgémeﬁeéta&mwﬂa%dm are not

limted to small nol ecul es that affect an activity of the PSG.-1
protesn, amhsdﬂé&asﬁ&il%l, &58%,&1000,. 95%@88%@@@@1 tq@ymfd (Y enextrigedfutaechnol ogi es -

permt entifi f 1 .of al ready

i dent i fi 8%“18’6’7# @mﬁ%t?ﬁ&%&&%’%ﬂb Sf”’@ %abl B activity.

Havi ng i dgqdnidbhiaeotiidingn 6PBEIIG @lg. 0BG, E%zechﬂa)rquew&m§4 dres or
regions are identified. Such active sites m ght ty ]?l caII be a binding site

for a nafit) aifragmeut efitbe exsfacaldelpydemainpie sal@s:iwée % @eléatﬁl, Wesalensims o | ed
ng net hads h n I mthe am no acid
usi ng ? Eﬁf]gl\églinfc@g}se,s %%n?lg{;ﬁ lltort‘géﬁg 1 %’t ﬁé?e%a?bmflo :

sequence he nucl eotl e sequences nucl ei ¢ aci ds,

or from siubenedis GoORLesean 6k ubémtonﬁiremwatchm@mdmleﬁmﬁmgqhbm withits
natural ligand. In the latter case, chemi.cal or X-ray crystall ographic

met hods €a6edie BIGLtobinding domwin Mogdiiedihindiny df”i“ﬁ’éPF fep HisB b tested he f act or
the ModufatRl: ki b3 BSGLAY gﬁoun RN BRACH LPecRbDYR Y Lh Tef er ence

to desigh and generation of Ich could alter binding, one
coul d al sefserefarcelli Brindiag dofnaiqmnmalszmqmmn(ﬂs: P3Giciludndigg detmairadf pr oduct s

R T e e e
depl €4 1 0By 8 PAcid eaﬁeﬁceihﬁeiﬂmsa@mx Sind is at least BO%6Y 85%99@%89%%@3/ be
designed -to identify conpounds capable of interacting 30 wit th PSGL-1 (or a

donai n oP8RSAentical taGberBEURdE bindier domain ofray aiie PHEE+ Lipntiady osranpl e, in
nmodul ating T cell t rein and thus may be useful for

t he trea?%]é’ﬂ pctb S(?geﬁ%dﬁ %gpgg%o%:g%{ig&gmpfh an excessive or unwanted T cell
nmedi at ed i mmune r, excessi ve.or o want ed. T cell i feration such
as inflammati P§§'§ F‘Hﬁ% qof/nal? FAnsT t%lﬂ 1%0 fmd RoLERS t?‘f‘“t‘(e)r gic condition,

or a T cebiresponésio. aﬁﬂf@mmlﬁ@mglf@gﬁ{ent JaﬁPasl&acy.ﬁ Al egarhpleiofient i fy conpounds
that bind to PSA.-1 5 invol ves preparlnﬁ a reactlon m Xxt.ure of PSG.-1 (or a

domah th‘élb’é@ﬂt}d%ﬁhéﬂt(ﬁéaﬁég'tlmé’é?rﬁ%ﬂ bedireiprentanagseth 20 t i ne
sufficie a&ékaigeﬁ&qsaw 3&3%}{33% bosewghﬁwc &v Adplelitihs formng a

conpl ex € renove tect Inthere ctlon m Xture. The -
PSGE.- 1 sa&ﬁ) é::yswﬁﬁpuv[mmamatsyhﬂépmmmmgbmmmlhm@mpmfemsh@)ﬂﬁ:&n| ng

f bl
cor  esponnipepdta Hstah 6k (iebis Fadeut hBbsbeRe st i n or
pol ypept a&%};&@a@mﬁé@iﬁﬁ (g@qm RLPST); 'aﬁdm@ }ﬁ&%ﬂg@ﬁ??&ﬁ)ﬁﬁ;ﬂwoﬂ @pel i ng,

isolation o resul ti npl ex, "etc.’) "can be util
scr eefi ngecasd aysnpkrofbeotypeptds dohin mmammg sscly ammmva;y@,ld F&qulemeaﬂpl e one

t hod t duc h | 1 t
ol ypept FFETOLET, LEARE 1 e RYLT ST o EHHADE T NEdd SIREBSt ance. onto a
solid phﬁ’ﬁﬁn@dﬁb@l@@ﬁﬁﬁ%xﬁﬂinﬁ%@h& féllcﬁﬁhg‘é@ﬁi@@ﬁé}ﬂs CQPRIBXEB-saleehPgs 10N the

solid phase at the end of reaction. one enbodi nent of such a nethod,
t he PSG_Ala%7éa@xtmwllmydm@alahdhbw ESI%Q dBING: I3 k8D, Hurnen 196d t est
conpound ot anchored, may be | abeled, either directly or

i ndi rect f Rf%b‘ﬁ”ﬁd}

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

corresponds fo a PSGL-1-binding fragment of E-selectin. An example of a
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20l n practice, mcrotiter plates may conveniently be utilized as the solid
phase The anchored conponent may be i nmobilized by non-coval ent or coval ent
attachnments. Non-coval ent attachnent may be acconplished by sinply coating
the solid surface with a solution of the protein and drying. Alternatively,
an inunobilized antibody, preferably a nonoclonal antibody, specific for
the protein to be 25 immobilized my be used to anchor the protein to the

solid s um@pﬁ)tidmﬁaﬁt(ﬁf aaptimaic degpueddeetibed hadim kostamig Sthrad. I n
order to conduct the assay, the noni nmobilized_conponent gi:lpz;la ded to the

coat ed sHRfACSIEINALARIETILRY TIRBDHHREhBLB BorpeHERt Chimeralaveyadle 49/ j on i s

- conti t1 oREISEREHE MRS AN 65l AR fofl fu g coBboHARN AOUROC 1 on the
sol i d suEfsabetin (MetldRtos67,i exracdlluboripheings(in ABOGEMD (SEQUHENSO); diisur f ace can
. companentumgngea! ReaPldysi i mkeornsHEEht SRS Bl Mselthn fhe sur face
component s oF BB B e o o 0 et oot

conpl exesecambiraneburoan EhvelestimFachimesa tvailabde figneR&EbSystanant i body 5
specific_f.or th revi oysl Ny bilized cor ent (1he anti y, in
turn, m lﬂ%eaﬁpﬁ%wc?rgﬂﬁr@&ﬁ%#’l iR %Oﬁ?vlepgs’ggﬁg‘gmvﬁn t S%eﬁ_%gt)@?egg' anti-lg
ant i body pro556, extAcbi@fRaddnyahY (i) AECEMDI (SECENNIE2); (i) uabhed Ig®1 a | i qui d
phase, the reaction products separated from unreacted conponents, and
conpli@exePraedEtyett0)eang. (iv) B SHRHBNPZed anti body specific for PSGL-1
protein, polypeptide, peptide or fusion 10 protein or the test conpound to
anchor any codpP3&bsl biodingdomainsesngonigin ahaEing ackbwdsercatidtbody specific
for the other c Q fi -1 [ o nchor ed

conpl exe&OHESPOnAS ta;%&é%'q_blp{i/ﬁg%%%ﬁwgé&L'Qapétﬁ{ Ade Ebed

i've ased assays can be used to identify
conpoundgokpaitiderdhana®f 2 whiltimBitoripouhd debdribed hereielohtaining suchhat expr ess

PSG.-1, or cell lines that. 15 have been_ge et"]'g/:f?al {_‘%ﬁlengl ngg{]e t o express
PSGL- 1 caminsacid seicnss i ApsoBb Rt BpUsa ] SelsatmFE Ghifpary iaBAYs togt

eval yati Cit A f -nifle GRB o inEd:ed creen
descﬁ?beg%ﬂﬁergglst%%h@l}yrlﬂ%x ?rlgsf g/,ﬁ%ﬁ)ggjugﬂ%onpogﬁﬁﬂ%s i genltgl%tfgl gzﬁltﬁ’g‘éﬁd upon its
abi lity feselctid (MethARSH2, txipacetleiandomaie); (GHIHERNILE (FEQ HaN®4 )it@dt ed f or

depl ote Rubunteah Piobd i 5onagf (i, A35RIRE GERIR D AasBel i one a ven
that an @RjRelk ofh dol\Pepli@S@Rin bdttafink fcl s AfindldcRl segliericenie response in
ﬁ, a pharmaceuti cal conposition containing, for exanple,

an individua ]
ant i bodi eecombpinant frewae Lesstastndeshimera (avatipble fiana REIYSYHEMEr conmpounds t hat

specifical.ly bi PSd - -' .S _

i Eveﬁ{’i oﬂj.lm%{%apgﬂgr@ © ?xggméé@%%@?oq’{uhg%@g 5126&1?]% @uncﬁﬁ_gélg%tﬂiagmg%oni st of
PSGL- 1. Rhasimeruhictilardonfang] (i) SRSRMID (SB@ IDriN@cplidpiomamig®l t he present
nvent] Or(]ProwO—Ly3330); and (iv) HHHHHH (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 examﬁle, 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

3¢ PSGL-1-binding fragment of P-selectin and a second polypeptide chain that contains
a PSGL-1-binding fragment of E-selectin.
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can be fornulated in a conventional nmanner using one or nore
physi ol ogi cally acceptable carriers or excipients. Thus, the conpounds and
their physiologically acceptable salts and solvates may be fornul ated for
adm nistration by a variety of routes of adm nistration. The
conpounds may be formul ated for parenteral adm nistration by injection, for
exanpl e, by bolus injection or continuous infusion. Fornulations for

I nj ection 5 MayhdaGoR/BEEALER dcltl hhdncHeHR8E al Phdiinoldfdd &XAGRIEE. 1N anpoul es
or in multi-dose containers, wth an added preservative. e conpositions
may t akeHsueher thermnins asid sparatoofthe polyptptoleschams desanibed bosin doegi |y or
aqueous vehicles, .and may contain forjmul atory agents, such as suspendi ng,
stabi | i ;P?ltgcoéﬁ’?ﬁﬁoélfi%‘dﬂéepsgﬁg‘?qﬁ’ﬁ Og_@é‘ﬁ?lgl%cﬂé i fny A @r%{_%?‘-\?e i ngredi ent
can be i RnRRWIRT schR6BelcBRLGRIHE L Hidr@AnMd i thitigeRltfhy BRLSL S 10T
exanpl e, sterile pyrogen-free water, before use. Methods of "Controlling a T
Cel | -dedpelypeptt plas-REeponswla fit @epirandrn gniindgedifds opovalehtdptink,Conpounds -

such as those detail.ed in the screening assays describ erein 15 may be
vaoful . Por VRIS okl o PIpgBRAC sty s SETals pEreclehfsdusi by o
PSGL1 pokajaenddislen antuasglbbilid avy cBah dBRdta rehi® ODIRI SdeAHARIAL €d an
excessive or unwanted inmune response, e.g., a. T cell-nmediated i nmune

r espons ebetwges Ec eagigispd dgo ipabipapiide ahigins gp regult it theifownatian ofeydiindds
ant i bodi gfragnents thereof, and other organic conpounds that bind to
PSG.-1 on e surface of -a T cell and 20 induce a signal transduction

pat hyay that yesyyts J fi: o T ho of the
i nve\rfl\?i on opt ?no%(glllnﬁoél {lorr%g?‘ﬂvg)gﬂﬁgie&%lgéllr%{{é?%en()fotﬁgEl’lgp %%gd_elrﬁ?l% n{‘*g‘g‘e agent that
i nduces hdterotogoas animkicidsajieitB@an hlsorohiatn somobatiskabimliegtdgionl Bg.,conpounds

descri bed herein can be used in, any_instance wherein the depletion or
el i mi nat # 6 Yirtape geqeptoz binding pejog. RePIBE gt 28Rt o §4elt yPindadi t i ons

that can e teal ekl HdibIARpRaRAIRIGhe EPSIEE SN bRfLHKC _

i nfl anmat 0ry di seases,” aut ol e di seases, transplant rejection, allergic
di seasesto windh Theyeird balexd capdesnidtn ddar isnmunoglobuiinadwpleshaih camstadit régims t hat can
be treated with ](t‘;?he ant | Bﬁg&- 1 .congfunds .ﬁ(agas_crige& herei n include, but are
not 19 ni tREPH EF SHERTRE DRSS TBRED- Ay TRFT HTST CPhRe-48E el diat oi d

arthriti zi;tiljoﬂy@é’]%L &n bReBERhSbSHyRtHaP Epdciffoal 19 DIRRAS THY drbdsSlinl@PdinagRy | ati C
30arthritis), nultiple sclerosis, encephalonyelitis, nyasthenia gravis,

syst eni cregigpuy thehsieipdosens gingno avid SiawpRATe thyroiditis, dermatitis
(including atopic dermatitis and 24

Screening Assavs for Compounds that Modulate PSGL-1 Funciion

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 interaction of PSGI.-1 with
transmembrane, extracellular, or intracellular proteins that regulate PSGL-1 activity

25  and compounds which modulate PSGL-1 activity.

The compounds that may be screened in accordance with the invention
include, but are not limited to peptides, 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.



eczematous dermatitis), psoriasis, § OgTen's Syndronme, Crohn's disease,

apht hous ulcer, iritis, conjunctivitis, keratoconjunctivitis, type |

di abetes, inflammatory bowel diseases, ulcerative colitis, asthma, allergic
ast hma, cutaneous |upus erythematosus, scleroderma, vaginitis, proctitis,
drug eruptions, |eprosy reversal reactions, erythema 5 nodosum | eprosum
aut oi mune uveitis, allergic encephalonyelltls acute necroti zing

henor r hagi ¢ eﬁ@@pmmadhywymluxbabma@e nol limisedto, Rﬁl@p@m\ﬁ& foensori neur al
heari ng Ioss a G anenla at
t hr omboc ¥ é?ﬂ%“%g %%1 'Il‘c}lgg gﬁg}lt%gt r?:;tr (f%tp%pﬁﬁgm c active

hepat i ti fbrafieg\EAGof 8l nsaﬁregﬁaeezqmur Hbagﬁémemsprau@e 354:ghemoplanus,
" aves' disease, sarcoidosis, primary 10biliary cirrhosis, uvei i1s

post er i ofnd ¢amtinateriali chpmisigdarived auileculag dibrary wigds 9 Dhgsd/onLsease, cases of
t |
11 coubsy Coitaeilion b 0 phbASRANE S AalS, (A 1Bl LSRR BB gfPO00CDR F,

t r anspl anf aéhi®n oo bakinlly degmeradd, dﬁrie&edlpho@hbpapgﬁeabmh; Smgpapitel al | er gy,
Al DS, and T-cell neo Iasms such as | eukem &%E?egd/ or nphomas.  15The

et hode GFITRET hUER: SR TR i Bt e . RobyqIhAt oo cgh

popul at i £8b sarrpl e

Feriveq PimafiedShildoiblc Mcaﬁﬂk%féfeéﬁ B S

cont act i R§bteRpresaomplieravry frhgraents ninid B@ELpelbmémg mgdledesbﬂedn@,chlﬂdesnmﬂn

opt| onal lé to et her with.a fﬁ’ oss-linking agent. This method can be useful,
ARG SRPTEBHC PRlECE F1 chment of non-T cells in a 20 cell popul ation

ool b et rn. g e Bn Ll s i
i nventi ofycrubie @it Qf%%of‘l?ﬁntb@ t@ﬁnﬁ?%ﬁﬂl‘d%l@@l&s‘ thaddrRgt dhatwagpewel the
invention in any way. 25 Exanples Exanple 1: Preparation of an Anti-T Cell

Apopt osi BSGhdupiotrn. Ps dessribed haie" ) Monocl onal Anti body 5A TAI P-specific
monocl onal anti body was generated by applylng the well known cell fusion
met hods of Kofbmpuentolelieg andseprchoizspctmolagieserdy ddensificetion ofirunol ogy

6:51]1-519 rod Q cr.et| sired. a bodi e

Ant i body- (%)Hrl CIS noé le@sellnfpm ri%%lqé)?a]é%as ¥ elremlgij%ceig mgomadts %n%a%%@’é?ti?n A (Con
A) - acti paGed Barbsnsplesvityl Belhgidsatified sivhd dbtrtpbuﬁd oy edmpmiteel | |ine to
forman 10 anti hody secreting hybridoma. The two popul ations of cells were

fused wi the asBys/EicRor wr@%&w Beh TUeE 2Pl ifes ﬁb‘g]étrfﬁ’P’BB@ﬁl $pfoduci ng cell's
were cl Oﬂﬁel e B: p oemaﬁ;r%@gamtf t&é‘é&e%raﬁ aém%d ugﬂg
hybri doma ge er ated according to t s secr ete a nonoc al
ant i bodymetheds gnave MaBA, in¢tlhding)fas emmlﬁe.tfmm Mot areing ackl deqwqamm aSis in
vit rgo angep(%%eé,eéomt e nuc{e%tildg sé/qlu\e/:x?ces OP nucﬁgzlgta(cafdrs] Jr%%ong é of ca/mplexes
of the relevant compound or composition with its natural ligand. In the latter case,
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 desigﬁ 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, inctuding proteins, for compounds which bind to a PSGL-1 protein and

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

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

21



15 TAB4 was designated T cell apoptosis inducing protein (TAIP). C57BL/6J
(86) and BALB/c m ce were purchased fromthe Jackson | ab (Bar Harbor, ME).
Syrian hansters were purchased fromthe Animal Core Facility, National

Tai wan University Medical College. Concentrated culture supernatant of the
TAB4 hybridorna was spun at 20,000 20 x g for 10 m nutes and the
supernatant was diluted at a 1:1 ratio with the binding buffer (0.1 M

sodi um a : i I . imtely. 1 bed vol une)
vas. wanis el B orilior SRR, 6 LRk EBPRREINRLT it el e

cul t ure Supenaetpnisc nasdessvect rvanbel Deel iolifdratee WBR a8 RahgarddnoW t hr ough
was collected and rel oaded .to. the colunm The colum was washed wth 6-10
m of t hAHOBBIINE, g speciion. amellgsgrandiionssay!l arlkcasicet ed from t he
colum with 5 F1 of .t he gl ution buffer (0.1 Mglycine-HCl, pH 2.8). Each
fraction cont aPhednciplgef Bie aspays e teddemiy sompoury thaidind wiRE&GEdact i on was
adj ust ed; : - M X ~ ‘ i: Lth 50 . m.croliters of
LM R e e g e A SRR Tor B aaP U sh e anc

di al yzedccagziung tunged donditioneindBBa tinke Shffcithrte allbwtes tvas chip@Rn&Qo hour s for

each dial ysis. otejn concentration in the antibody sanples were
det er ni n@ f%‘ftfﬂﬁ"§> [’w& %Pagféau%a a%%le@méacwné?earam@w trd/erdetertedBino- Rad

Prot ein tﬁés@%ﬁ&%mh@@swﬁi%etcﬁ%)ma canl Lendin Edﬁgﬁ%ﬁ@&gaﬁ%gfof a Muse

Spl een Cel |l Suspension and the Activation and 5 Enri nt-of T cells
Mouse spheeercoring assapr Fespnigsi®ationsat ishaoferabldial earpdeyla paptidesol ut i on ( HBSS) ,

gent]y mnced with a steril slip, transferred to a 15 m _centrifuge
tube1]0( C(r)gso '?1 éar%)’?ﬂén Osap(l??rrlnaé oggg&;e%ﬁlﬁ%# Posa l}ﬁtﬂgfoeggps RIPLSIL QpRPWREMUE was

di scar detlaaftbrif@ivastabesialth@hssip Sy st (S PERBBhd, ToldiRn o7 Mialiibyf f er by
gently tapping the wall. The contam nating 10 red bl ood cells (RBC) were

ysed byomldeq@ikganbeatilizedy of RBC |ysis buffer (0.6 MNEIC, 0.17 M
Tris-base, pH 7.65), followed by a 2 mn incubation at roomtenperature and
rapi d quenchi Hef sFFacHing assaysicanBscomiyeteddn by avietyof yealyb. aedxampROtne g for 5

i tes, i i i . Th trati d
1 abi & 108 B et bRV RRENE A VSGTER nif¥ein, RONERAGEy  onet or 15
(Canisr i dgetiGe befusiohiptotbmcr)thatest slibypace diisle seid phisk and detectingEGEP! een

cells V\ﬁ;rf a’d&)usted to final copcentration of 3 X 106/l wth RPM nedi um
and ConcdhSY SPTPROURALeTPITHES dnghered o1 thisobid Rbasef theisad ofthexepstionodrans/ m to

act i vat @neRebhdaRidt %gﬁﬁ)ed 58#hbd SHS PQG@-F&a\é@ﬁ%ﬂ&%ﬂ B? %&Hﬁ%@ﬂg Brye! |

culture plate (5 m or a 10-cmculture and

i ncubat etrfage, 3qtheaest $otnBoRnd, arhidBismotarchbetiomaybalateddd, sigher Bhectet i vat ed
spl een %%l'lafl C'gncl uding activated T cells, were resuspended in 5 mM of HVS
and car &f V Verlaid on top of a 5 nil 55% cushion of Percoll solution in
a centrifuge tube,. Ca n not to.disturb_ th S(stﬁgarated | ayers. The

cel € were s plﬂr?raeﬁﬁci’,nré’%ff’veggrd’tl%g?e % CHRYRHDEY Do widiee §elid paspr ake. The
enri chedht aaehdrsd ¥eporat hRGbedmbiodiMiZed Dy nBhaLLACH: dHicollignt WO
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  immobilized 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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25 |l ayers, washed twice with HBSS, and were ready for experinents. Exanple
3: Apoptosis of Activated T cells Activated T cells (see Exanple 2)
were resuspended to a final concentration of 5 X 105 cells/m in RPM

medi um containing 5 ng/m of LL-2, and treated with 30 control 1g, TAB4, or
anti-CD3 according to the conditions shown in Table 1. TABLE 1 Experi nent
groups Treatnent* Negative control 3 ug/nml hanster 1g 5 nem 1L-2 3 ug/m
cross-| i iWKgre ﬁretp'rbwioi;sl;(wu ~immabiized cdrghorEABis pee-lapeletl, thaBdtchborso®r mb 5

Qg/ntn ?lol | aqzﬁb}%ﬂﬁg@ﬂqdc e ﬁ;k%ﬁ'?cléenrldlggt%sl tlflgtd é/on(xpalexes_vpeare (gr?nredl %hefx)'g%h Live
previously non-immobilized component is not pre-labeled, an indirect label can be
used to detect complexes anchored on the surface; e.g., using a labeled antibody
5  specific for the previously non-immobilized component (the antibody, in turn, may be

directly labeled or indirectly labeled with a labeled anti-Ig antibody).

Alternatively, a reaction can be conducted in a liquid phase, the reaction
products separated from unreacted components, and complexes detected; e.g., using
an immobilized antibody specific for PSGL-1 protein, polypeptide, peptide or fusion

10  protein or the test compound to anchor any complexes formed in solution, and a
labeled antibody specific for the other component of the possible complex to detect

anchored complexes.

Alternatively, celi-based assays can be used to identify compounds that
inferact with PSGL-1. To this end, cell lines that express PSGL-1, or cell lines that
15 have been genetically engineered to express PSGL-1 can be used. Cell based 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 to bind to a PSGL-1 protein, the compound can then be tested for its ability

to, e.g., induce T cell apoptosis ir 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 composttion confaining, 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 thie present invention
can be formulated in a conventional manner using one or more physiologically

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



5ng/m IL-2 1 ug/m cross-linker antibody (anti-nmouse Ig) *: Final
concentration of the designated reagents in the nedium After an

i ncubation period of 18-24 hours, the extent of apoptosis in each culture
was determ ned using the 7-AAD apoptosis assay. The treated cells were 5
transferred to FACS tubes (Falcon), washed twice with ice-cold FACS
solution (1% fetal bovine serum 0.05% sodiumazide in PBS), pelleted at
200 x g T r in.lee: ion to a
inal conmshble s Rl olvRlRad 6° RARRIEr el e (AR o (7" e

r esus pendedesodladminigrationi xed with 7-A AD to a final concentration of 2
ug/ M and then incubated at 4Cin the dark for 20 mnutes. 10 Finally, the
~ stained cel | sTherenpaside hayliedformillatedifoeparahteraF AGBirsatativh ©F inje@sdsspended in -
0.5 n o%. FACS Isolljuéi on. and. anal yzed with BD LSR fl ow cyt oneter (Beckton

Di cki sonjor GEfgPIes DYHRYIFE FHCHINE OF ERMIIOUB InTUsipRpF eguftians fer injestor our se
experg nme i ! WAsH J -, UL e sitivity to
TAB4 (anﬁay$§?%s? fgég?‘{a?tgg&%‘égapopt’ g‘ﬁ%‘%ﬁ’ﬁé’? %@ﬁl&\/bd@lléjss%qgg\llﬁelﬁo@g?es wer e

act i vat edonkpinersCuith 2o addedraegstedtived The cobpdsitamstraaniakg suddfouns af\ct i vated T
cells were harvest«?q resu?&)qnded., aﬂd chal | erl)gﬁd wi th, TAB4 nonocl onal
ant i body> 'GP R IUHLHEY SRS 17 GO FHBRUR SERIGIes30d MR RRRtER | gG

ant i bodyfamulitayapbit keh.as Figheablinki itxbiglinEAhR/of BRBEriHgYskRg t 0 i nduce | ow

| evel (6.5% of apoptotic cel| death was evident on day one. However, the
20 ext enfiltgmatipgy, the aelivedoggdishioesind s in pewdsefpriforcariusiondeith 2, peaked at
52% d I t 9% ay 6. Th ontrol hanster 19gG did not
i.ndu@g s%ie{tglﬁ%ei‘geﬂ%l)egg oétx';l[glglle’ gtgﬁ% eg %’—%geswgg enéa(rfoera "WFth the cultures that
received only EL-2. AntiCD3 (as positive control) induced apoptosis in 38%
of T cell after 48 hours.of activation (data not shown). Exanple 4:

aened Sl bPRoditbneRY Solaldid [SHSRL 5T 3RKE Bag Dentering el 102,

washed twrce Wt roce=cold—FA Ot Y5 et al

sodi um aRémidations PBS) and spun at 200 x g at 4C in a FACS tube (Falcon). The
cells were resuspended in ice-cold PACS solution to a final concentration

of 1 x Compounds such as those detailed in the screening assays described herein

15 inay be useful, for example, in modulating a biological function mediated by a PSGL-
1 polypeptide and/or for the treatment of disorders associated an excessive or
unwanted immune response, e.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 2 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 diseasés,

transplant rejection, allergic diseases, 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

30 arthritis), multiple sclerosis, encephalomyelitis, myasthenia gravis, systemic lupus

<. efythematosis, autoimmune thyroiditis, dermatitis (including atopic dermatitis and
24



5 107 cells/mM and a 0.1 m aliquot of the resuspended cells in a FACS tube
(Fal con) was used for each assay. For surface staining, the TAB4 nonocl onal
anti body or a control hanster Ig at a final concentration of 2 ug/m were
added to the cells and the m xtures were incubated at 4C for 30 mnutes in
the dark. The cells were washed once with ice-cold FACS and then stained
with: (1) for spleen cells, cychronme- 10 conjugated anti-CD3 anti body (2
ug/ M), &ZEGatoosjdegadtitd), pathiasisa fEigeen's Byndsome, REokonflisepse.cpphthous

anti - CD8/ CD4/ CD19/ CD11b/ pan- NK/ | -.A/ 1 - E/l VI ac- 3 ,ant i bad ug/m) in 100 ul
of i ce- cBICE EAESSCUEPR VHEF: Eearﬁ@c?@)m?tg&{mt, }Sgﬂ?ﬁs‘ﬁ%beﬁtﬁss’}‘ﬁﬁ%éﬁ%_%%ﬁ’]oﬁ’ét ed
anti - ha”&fs@dfsei,gﬁce%ﬁh%%@iiﬂg%%a@ﬂl&rgi@%ﬁhnﬁ@&ﬂﬁﬂ&ﬂé Qs eidieabsd, ant i - CD4

- antibodies (2 ug/m) in 100 ul of ice-cold FACS sol ution. The reaction was
per f or nescletoda@al waginiisJgoetitin thalg dreptioms, lgpiory raversal tegctionpeer¥themaed cel | s

were washed twi.ce with ice-cold F Lt i . of FACS
- sol ut} on™ %&“%HS?WE%% %t?lﬁmﬁﬁmﬂgﬁﬁﬁs%%?%gteg?%g? %’WE@% %?Igg nﬁ&g?l%li%on) .
Figs. 3 aafodhssonsphabsmtby ifidgihizbilaysilprofiessiiesicndobinbimahhe@kingA | P
antigen on the various subpopul ati ons_of sp]enocytes and thyrnocytes. As
shown i nlass.gplastic paenammre pdgal] aemid, iHeRERIC FRDIGEY!AREESt abl e anount's of
TALP prot.ei : : Lol ki i : ( P proteins
vere et bEv S ERin T ebde Sefbun kil EAl aRL O AR BN el P o,
CD8+, ansgide¥ing idiopythitsspiue ibhean aprseGsaes’sdigrasd,iss@oidosispuritaaryof  TAM
proteins_ln caontrast, the TAI P prot EI.;ﬁ weﬁe expr egsed O%Mn a small
populitit i BaBt Clehasis. Welppgsteron BHpiStiig gng Yirosis sarplaigrus 1#85%nd BALB/ ¢
mce, inglydi bt ingERkblantatB8 usihf ¥REgensic IRERbgekdney, spl een,
and ski n?és\%g?gg%%P%%Fgé?% I glen((fhi nS 8101/oaf_or 1rlr_sxalll %Iehy_géleé_1 1over ni g%?t 1at room
t enper at tissmgs)amach esthbawdeadrew tipaspddrititionp liverkdzansnlasigtien, 9e8id ons, at a 4 urn

t hi ck , d f th affin,bl Wi ' 35 -
o ot onbn b gl g eragn PE1sE B Bt i B b U e B BEEP, hes ver e
dried i negdPnedplaspRdubieiclehiontivs hl/osyafipbamant experiments. Sli des

containing thé tissue paraffin sections were dewaxed and dried through a

xyl enes- 100% ghban@hods OF LIRS A&GRRLGaA Be LifdSbaRFRIAT pélt fesil cend were finally
kept 1n 100% et hanol. The sections were rehydrated through_a 100%

et hanol - po@Ystearh ailear i@ BYsocartiandio- Tovsstnplao biplsicesmple fadvaskiomn
according_tg. 5 1] : Lo ";g-rk[nlg 0w ng
reaction nﬁ[b%?‘zlﬁ‘gﬂl%%g?E(E)@ertgg%kycgllﬁﬁﬁlgfwggﬁa%ﬁgk%%@gtgci I %ﬁgﬂlﬁ&]di ng were
bl ocked P$GiAruhapong désaitied dersn, optivhaliystoigathbt with b rgpsklikerg agifb nor nal

goat serum for hour at roomtepperatur or. 4C aqverni ght). .The bl ocki ng
buf f er \/\EE‘SF@"?FE(?%%%”SP -%%}ﬁaﬁgwngﬁﬁﬁ@?%fm e :0268“'3{]‘? HA) was added
to the segi| 1#AChsAGLRAT RBuG AR b AHRMATIRE TRENLBEFiN P4 addelir 0OM 10
tenpgfat g?eb%ﬁa4c g\}‘erni g t).uTh% sect | orﬁéwere washed twice in PBS, for 5
m nut es pambatidm renove the primary anti body, reacted with 1:250 diluted

al kal i ne phosphat ase- conj ugated goat anti-hanfSter 1g, and incubated at room
tenperature for 1 hour. The sections were again washed twice with PBS, 5

m nut es each, to renove the antibody-enzynme conjugate and the col or

reacti on was dbedblbpedgaid dxaBEids/diiie factedhdithameestoin tThey ast natdom

tenperature for 30 minutes in the dark. The sections were washed again with
PBS to rEﬁﬁ%t%'ﬁgé%g]méﬁ%%/‘ﬁﬁs%@Séﬁf%ﬁ BveianBARY &%t hr ough t he

PBS- et hanol - xyl enes series, and nounted for m croscopy. The results

i ndi éated that the TAP proteins expression were detected only in bone
marrow derived-tissues but not on the rest of the tissues tested. 20
Exanple 5: Cell Surface Biotinylation and I nununoprecipitation of the TAR
~Antigen 5 x 107 RLd1 or NIEI-3T3 cells were surface biotinylated in 1
nil of PBS containing 0.5 ng/ mSul fo-NHS-biotin (Pierce) for 30 mnutes on
ice. The reaction was term nated by incubating the cells with 0.5 nil of
~Dul becco's nodified Eagle's 25 nmedium (Life Technol ogies, Inc.) for 10

m nutes on ice. Cells were washed with 1 m of Dul becco's nodified Eagle's
medi um once and with 1 m of phosphate-buffered saline tw ce.
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Labeled cells were lysed at a density of 5.0 x 107 cells/m in cold lysis
buffer (1% Triton X-100, 20 nM Tris-HCl1, pH 8.0, 160 inlVI NaCl, 1 nM

Cadl 2) containing 30 conpl ete protease inhibitor cocktail (Roche) for 15
m nutes, and insoluble material was pelleted at 10,000 x g for 10 m nutes;
these and all subsequent steps were perfornmed at 4C. For

i nmunopreci pitation, the |ysate was preincubated for 30 mnutes with 50 ul
of packed protein G Sepharose (Amershammbiar maci a Bi otech) to renove
non-specifically binding proteins. Beads were pelleted, and aliquots of the
supernatant (routinely corresponding to 5.0 x 107 cells) were incubated
with 20 pi. of 5 protein G Sepharose preloaded with 10 jig of inAb TAB4 or
1 9G fronpoghpRl: NAERI 8l orSGT MR NTIE APGHEAL RRchOPréelh @rafp the resin
was washed Tour tines wth washing baffer (0.05% Iriton X-100, 50 ni M

Tri s- HC1Mopbclgnsl, AtilodiynM NaCl, 1 ni M CaCl2, 1 ng/m oval bumin), twice with
a simlar washing buffer, containing 250 i nMinstead of 400 mM NaC .

Prot é ns specAfTaAH-$peciimunchdciortahantibaBat was igenarhiet &g applyinglifie &1l n of 1xSDS

sanpl e buffer. ut ed of ei re ar.at 8 % SDS- PAGE_and
- transfer] "f%elﬁé‘ﬂoad’é%‘?ffsdggéﬂ%ﬁpﬁﬁ&%(twI(&gggYIéYOP?‘?I! _ @F%aﬁér e anal yzed
for Dbi ot jywmhad18 Efﬁﬁ@l?ﬁto%r, HudRe BPHERE seQBIik oM fdd A dies{ Phar M ngen)
and devel oped wth the erni kuni néscence reagent (NENTm Life Science

Pr oduct shntipelysprodncing celisgfror2 a hamistepiiijegtedwitll Grmctaralipfof@innAi t h a

mol‘ecul ar_ wej of apprexi mately, 120-1(D was i.dentified by TAB4 in RL.1
Dol o gl a0 sgRed PRER AR fisddin MRS PR bl a”  I1 e st
protfl n fatkeahséRsitnLodRemy The tropbpilatiistlceBewe fused Withot retrieve
this 120-kDa. protein. These results suggest that this 120-kDa protein is

t he ant i gEncthrleng Blysel and theperadtmpantibady produging aghs warerdhenedeanfl surface of T
Il s. : et | | Sy i VY ine th
Lt o PP B indRp Bk e el DlybRne scacrlRaSATARE e

wer e i njechesd mdethdds3@Oretg aohodotBdnad antitadlyy ddsidratetlt RABH ghatnt4soddd fot oneal | y
and, on d 4. spl enocytes, th cyte nd peripheral bl ood nononucl ear”’
cells V\B‘PBX%FHﬁ?@éng%%&ST %"‘”{’ﬁéggg?éﬁe?e‘?qﬁsé’bﬁ?fﬂ TN facesniAed Yk es of

cel | jssurt A8 WRIdesRaBY TFATApohBtis e isim (iA1gycel | s were fixed with 2%
par af or mal dehyde at°_ 4C for 28_ m nutes, washed tw ce, and resuspended in

i ce- col d FACSCspbiiteh 986} shaB AL DA mfc%%&@bﬁ&ié%&goﬁﬁm %heXJ(a& 6na& (M - A 100

ul aliquot of the resuspended cells in a FA tube (Falcon) was used for
each assHgrbof ABH).oByromrhanoterh wiest mrchagedifrom e dalimal Core Facility,

National Taiwan University Medical College.

Concentrated culfure supematant 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 1 ml bed
volume) was washed three times with 3-5 m! 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 column. The colunin was washed with 6-10 ml of the
25  binding buffer and the bound antibody was eluted from the column with 5 ml! of the
elution buffer (0.1 M glycine-HCI, pH 2.8). Each fraction contained 1 ml 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-HCI, pH 7.5. Fractions containing the
antibody were pooled and dialyzed against 2 liters of PBS, pH 7.4 three times at three

30 hours for each dialysis. Protein concentration in the antibody samples were
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concentration of 2 ug/m were added to the cells and the m xtures were

I ncubated at 4C for 30 mnutes in the dark. The cells were washed once with

i ce-cold FACS and reacted with: (1) for spleen cells, cychrone-conjugated

anti-CD3 antibody (2 ug/m), FITC conjugated anti-hanmster |Ig and

PE- conj ugated anti- s CD38/ CD4/ CD19/ CD11b/ pan-NIC/I-A/ I -E Mac-3 anti body (2

ug/nt) in 100 ul of ice-cold FACS solution; and (2) for thynus cells,

FI TC conjistgmiiaed withithd @obédtre d&crible anﬁﬂﬁa%@iég%é BfdBad BRAcin

cychronme- conj u?at ed anti-CD4 antibodi'es (2 ug/n) in 100 ul of ice-cold

FACS sol 4539 B1gHAPeHerculss, @43 perforned at 4C for 30 minutes in the dark.

Finally, the stained cells were washed twice with ice-cold FACS sol ution,

- 10 resuspended in 1,000 ul of FACS solution and analyzed with BD LSR fl ow

cytoneter (Beckton Dicldson). Four days after the injection, the

per cent a P 2CIXepATa Vinugsaitileeneell Suspension enrkibe Wotivatid?Bing ;Jlec_rl_igzed

* from36.4£%i nteol;mce to 4.1%in TAB4- treated mce (Table 2).
treatsr?e Iﬁ%lﬁn&l oL T 2el ht reduction in the total nunmber 15 of spl rertr;ocytfes.

However, in T, treated nmice, there a.62% decrease in t nunmber o

co3+ T cel I's, 210 j%ﬁé'c‘?'%sdgﬁmffﬁe‘{l‘ﬁeg ]GRO S BalRiced AL Solyfan $S)ght | y

| ncr eas egdnlytrhigcéPivath artIe Eovet slig) 1 Qus Brre@ld $15 -ﬁﬂ%eﬁtﬁtﬁ%e %@Wsta ,f,

t hynocytes recovered from TAB4 treated mce was only 48% of e [‘evel seen

i n” cont raid spuRed 2w eden S mumHes Ve supgeaient Way digpdedranddhe sell pellet ot her

CD8+, IBitenAld if hFA: - o el uced, i t h CDA+CD8+
s ubpopﬁtgl Sh bl Ny Lﬁgtée m)lgi prugéloﬁﬁg{i@%ﬁﬁglgéggﬁ ‘Z@i j;ﬁ/% FERIERALRS . TABLE
2 Spleeernred bldi dstis TRBGY werd lyNeirbyathe Haditibe bf | gnl ARBIC 1ysis buffer (0.6 M

NH4Ci, 0.17 M Tris-base, pH 7.65), followed by a 2 min incubation at room

temperature and rapid quenching with 9 ml of HBSS. The cells were pelleted at 200 x

shrnehin)

g for 5 minutes, washed twice and resuspended in RPMI medium. The concentration
and viability of cells in the mixture were determined with a hemocytometer

15 (Cambridge Scientific Inc.) and Trypan blue exclusion.

The spleen cells were adjusted to a final concentration of 3 X 10%/ml with

RPMI medium and Concanovalin A was added to a final concentration of 2
micrograms/ml to activate the T cells. The cell suspension was fransferred 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 experiments.

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 [L-2, and treated with

30 control Ig, TAB4, or anti-CD3 according to the conditions shown in Table 1.
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treated Depletion (/0) Total Splenocytes 123 93.3 105 14.6 CWMt T cells
32.8 28.4 12.4 62.2 CDT CD19+

TABLE 1

Experiment groups Treatment*®
Negative control 3 ug/ml hamster Ig
' 5 ng/m! IL-2
3 ug/ml cross-linker antibody (anti-hamster Ig)
TAB4 3 ug/ml TAB4 hamster mAb
5 ng/m! H.-2
3 ug/ml cross-linker antibody (anti-hamster Ig)
Positive control 1 ug/ml anti-CD3 mAb
5 ng/ml IL-2
1 ug/m] cross-linker antibody (anti-mouse Ig)
*: Final concentration of the designated reagents in the medium.

After an incubation period of 18-24 hours, the extent of apoptosis in each

culture was determined using the 7-AAD apoptosis 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 at 4°C. The cells
were 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 concentration 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 BD LSR flow cytometer
{Beckton Dickison).

Fig. 1 depicts the results of a representative time-course experiment 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 in the presence of
anti-hamster IgG antibody as cross-linker. The ability of TAIP cross-linking to
induce low level (6.5%) of apoptotic cell 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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72.2 53.4 72.9 - 0.8 CD3- NNC+ 3.6 2.4 1.80 50 Peri pheral Bl ood
Leukocytes No Treatnent Normal Hanster Ig

10

15

20

25

30

Example 4: Expression of the TAIP Antigen in Different Tissues

Cells were washed twice with ice-cold FACS solution (1% fetal bovine serum,
0.05% sodium azide in PBS) and spun at 200 x g at 4°C in a FACS tube (Falcon).
The cells were resuspended in ice-cold FACS solution to a final concentration of 1 x
107 cells/ml and a 0.1 mi aliquot of the resuspended cells in a FACS tube (Falcon)
was used for each assay. For surface staining, the TAB4 monoclonal antibody or a
control hamster Ig"at a final concentration of 2 ug/ml were added to the cells and the
mixtures were incubated at 4°C for 30 minutes in the dark. The cells were washed
once with ice-cold FACS and then stained with: (1) for spleen cells, cychrome-
conjugated anti-CD3 antibody (2 ug/ml), FITC-conjugated anti-hamster Ig, and PE-
conjugated anti-CD8/CD4/CD19/CD11b/pan-NK/I-A/T-E/Mac-3 antibody (2 ug/ml)
in 100 ul of ice-cold FACS solution; and (2) for thymiis cells, FITC-conjugated anti-
hamster Ig, PE-conjugated anti-CDS$, and cychrome-conjugated anti-CD4 antibodies
(2 ug/ml) in 100 ul of ice-cold FACS solution. The reaction was performed at 4°C for
30 minutes in the dark. Finally, the stained cells were washed twice with ice-cold
FACS solution, resuspended in 1 m! 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 splenocytes and thymocytes. As shown in Fig. 3,
CD19" B cells expressed low but detectable amounts of TAIP proteins on the surface.
Significantly higher amounts of TAIP proteins were detected on CD3* T cells and a
fraction of NK cells. Most of the CD4*, CD8*, and CD4*8* thymus T cells expressed
significant amounts of TATP proteins. In contrast, the TAIP proteins were expressed

only on a small population of CD48” thymus T cells (Fig. 4).

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 RM2135
microtome, spread in 45°C water, and laid on a coated stide. The slides were dried in

37°C and were ready for subsequent experiments.
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TA-B4- treated Depletion (6/0) CD3+ T cells 36.7% 36% 4. 1% 88. 8%
X 106 No Treatnent Normal Hanster Ig

10

15

20

25

30

Slides containing the tissue paraffin sections were dewaxed and dried through
a xylenes-100% ethanol series according to standard protocol and were finally kept in
100% ethanol. The sections were rehydrated through a 100% ethanol-90% ethanol—
85% ethanol-70% ethanol-PBS serial incubation according to standard protocol to a
final PBS solution. The following reactions were all performed in a humidified box.
Non-specific binding were blocked by incubating the tissue sections in blocking
buffer (1% normal goat serum) for 1 hour at room temperature (or 4°C overnight).
The blocking buffer was removed and TAB4 or normal hamster Ig (1:200 dilution)
was added o the sections and incubation continued for another hour at room
temperature (or 4°C overnight). The sections were washed twice in PBS, for 5
minutes each, to remove the primary antibody, reacted with 1:250 diluted alkaline
phosphatase-conjugated goat anti-hamster Ig, and incubated at room temperature for 1
hour. The sections were again washed twice with PBS, 5 minutes each, to remove the
anfibody-enzyme conjugate and the color reaction was developed with BCIP/NBT
subsfrate solution af room temperature for 30 minutes in the dark. The sections were
washed again with PBS to remove excess enzyme substrate, dehydrated 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.

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

5 x 10’ RLA1 or NIH-3T3 cells were surface biotinylated in 1 ml of PBS
contaming 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 Eagle's
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 lysed at a density of 5.0 x 107 cells/ml in cold lysis buffer
(1% Triton X-100, 20 mM Tris-HCI, pH 8.0, 160 mM NaCl, 1 mM CaCl,) containing
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
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TA-B4- treated Depletion (6/0) Total Thynocytes 94 229 45 52.1 CD4+ 9.3
28.4 10.9 -16.6

performed at 4°C. For immunoprecipitation, the lysate was preincubated for
30 minutes with 50 pl of packed protein G-Sepharose (Amersham Pharmacia Biotech)
to remove non-specifically binding proteins. Beads were pelleted, and aliquots of the
supermatant (routinely corresponding to 5.0 x 107 cells) were incubated with 20 pl of
5  protein G-Sepharose preloaded with 10 pug of mAb TAB4 or IgG from normal
hamster serum. After incubation for 4 h at 4 °C, the resin was washed four times with
washing buffer (0.05% Triton X-100, 50 oM Tris-HCl, pH 8.5, 400 mM NaCl, 1 mM
CaCly, 1 mg/ml ovalbumin), twice with a similar washing buffer, containing 250 mM
instead of 400 mM NaCl. Proteins specifically bound to the TAB4 were eluted with
10 50 pl of 1xSDS sample buffer. Eluted proteins were separated by 8 % SDS-PAGE
and transferred to nitroceliulose membrane (Millipore). Filters were analyzed for
biotinylated proteins with peroxidase-conjugated Avidin (PharMmgen) and developed

with the Chemiluminescence reagent (NEN™ Life Science Products).

As shown in Fig. 2, a biotinylated surface protein with a molecular weight of

15 approximately 120-kD was identified by TAB4 in RL.1 cells (TAIP* T cells), but not
in 3T3 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 monoclonal antibody TAB4 on the cell

surface of T cells.

20

Example 6: Deulet_i:on 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 markers 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 to 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

s At
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CDS+ 5.2 7.7 3.6 30.3 CDC CD8+ 73.8 182 26 64.7 CD CD8" 5.6 10.5 4.5
19.3

concentration of 2 ug/ml were added to the cells and the mixtures were incubated at
4°C for 30 minutes in the dark. The cells were washed once with ice-cold FACS and
reacted with: (1) for spleen cells, cychrome-conjugated anti-CD3 antibody (2 ug/ml),
FITC-conjugated anti-hamster Ig and PE-conjugated anti-

5  CD8/CD4/CD19/CD11b/pan-NK/I-A/I-E/Mac-3 antibody (2 ug/ml) in 100 ul of ice-
cold FACS solution; and (2) for thymus cells, FITC-conjugated anti-hamster Ig, PE-
conjugated anti-CD8, and cychrome-conjugated anti-CD4 antibodies (2 ug/ml) in 100
ul of ice-cold FACS solution. The reaction was performed at 4°C for 30 minutes 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 flow cytometer
(Beckton Dickison).

Four days after the injection, the percentages of CD3" T cells in peripheral
blood leukocytes (PBL) decreased from 36.7% in control mice to 4.1% in TAB4-
treated mice (Table 2). TAB4 treatment caused a slight reduction in the total numbef

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 nurber 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 confrol (52%
reduced). Moreover, except for CD4+ T cells, all other CD8+, CD4+CD8+, and

20  CD4-CD8- T cells were reduced, with CD4+CD8+ subpopulation being the most
profoundly affected (64.7% reduction).

32



" wWas not

5 (representative data fromthree experinents) Exanple 7: Anti-TAW Anti body
does not Induce IL-2 or TNF-al pha Secretion Ball* mce (H2d) were
intraperitoneally injected with 300 m crograns of TAB4 or control hanster
I g. Splenocytes were isolated 7 days after injection, and 10 used as
responders in culture with mtonycin Ctreated C3H (H 2k ) splenocytes (as
stinmulators). Three days later, the culture supernatants were harvested and
the IL-2 content was neasured by ELI SA set (PharM ngen). As shown in Fig.
5, the IL-2 production was suppressed in responder cells derived from
TAB4-treated mce as conpared with _that of control mce. The plasma |evels
of 1L-2 and TNF-al pha were 15 al sotAB&B2Zed and no significant difference
d—in H-2 {or_TNFal pha) in.the sera of the control
Since. pr 29 | on of |1-2 is central tojthe
suN@mshow t HA-Bd- TAWRerletidn ¢ anti body,| such as
o Heawstgydg at e fleated | s| and(%6pnt rlol unwant ¢d T
ses W h ds t hpwe aspocipgt@d w th autoi' i mune
h rejectign. 5 Exanp]le S: Use [of an Antil- TAW
ant Jge ectfiion jo 4 ngz(«pm aimed—from Jackson
S—of e re sthetTz umen Acept-ofrazi n
.thszsig.,vﬁanséé Citly MIS Prii or tquin
reckfient! 57846 of ce HBr 2") vwere 10 injected
ant i bodi es seven
 ank of
ed on

. he | I'\\II'\I (o] n'F
CTrre TV T O

ted mce
of Xt0cel I|s, e re
n_be used |i hreatmyent t
i at €dtal nmine i2&%pon
Spiehdoyapgpl antati o
a3 P ement  15aspl
ORI TD B0 175 Feeks

7 %r\ ’_“” I

ct
i toneal | y
ore skim lellbpl ant

AfLe-n-ad—a

and the
activityl o
* TAB4, c3
cell - ned
di seaseg
Ant i body
Labor at g
mal eat e {
grafting
i ntraper
days bef
skin fr
the | até€
transpl g
i sotype

VA zed

wi th 500 ug of TAB4 or isotype control

Pari
m

o.a |othn, F-at-eral
|l||U||ya= u e“—'—2

ral flank P’éd ;%“‘LH\]@I de. Seven glays post
int ation, _the ug of TAB4 or

EER Tosellsht | 668% re ﬂSI%Dnl or%&S%\/ery day after graft
transpl antation. The grafts were considered rej ected when 50% donor skin
was necrotic. The percent of graft Thgmwkval is shown in Fig. 7 (n=8). The
data show thao® TAB4 apiol body N@@,ﬁpertsm_guonge@éﬂ@m%ur vivat—of the

al I ogengi ¢ skin gi afltegtme;’lp EH%fHQ{eﬂﬁ at i )of TAIP as PS@EL- 1
P-sel ecin LyLOPToTeigy TTgand-;55{PSC Tat €b the main

162 G-t
P- sel ect %gl expressed on eukoq udi Ng°T cH4 et al.

ll's (Sako
1993 (VCI I T blll f ot Cheml 270 21966;
S/el dm)an C*DZ?: { 1 95) écs erﬁ-ﬂﬁ

°ELe1

&
d)
<7

was _ar.aft
J

J:JJ

97n19§27m

|\.a||-

itcal
char act e
for di

J\J\l} I_l
TAISIQ' (N

mol e%ﬁl ar

25 vikHht

and its t

=rGD‘b+r @Qﬁ ‘

‘ugg&g ed

t he 1;§8$S| [«

i Lit96that

TABAL. hay

be anal og

PSGL- 1.

KPH# Vst §

gat 6.6 he

r el d0iSonsH

i p bébween

t heldes t

bndency
bus to
t he

anti gens

f ol | e ngepreseatdios datd frol) thabweddperinich®) ant i gen preci pitated by TAB4 can be

recogni zed by a comrercially-avail able anti-PSG.1 anti body;

an anti PSG.l antibody can deplete TAB4 fromthe cell

10

and 2)

| ysat e.

Example 7: Anti-TATIP Antibody does not Induce IL-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

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 IL-2

- production was suppressed in responder cells derived from TAB4-treated mice as

15

compared with that of control mice. The plasma levels of IL-2 and TNF-alpha were

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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RI41 T cells were lyse,clat a density of 1.0 x 108 cells/m in lysis buffer
(1% Triton X-100, 20 nmM Tris-HC1, pH 8.0, 160 tuM NaCl, 1 nM Cad 2)
cont ai ni ng conpl ete protease inhibitor cocktail for 1 hour, and insoluble
material was pelleted at 10,000 x g for 10 m nutes. These and all
subsequent steps were perforned at 4C. 5 The |ysate corresponding to 5.0 x
107 cells was incubated with 20 ul of protein GSepharose prel oaded with 10
ug of anisceBSfltothe sulivity olf Trvelld Rhtreskifadi¥viBaNa TRIP sRESEOantBAly, anti - TAI P
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with anti-PSG.-1 mAb, and reveal ed by peroxi dase-conjugated goat anti-rat

| G ( H+LExdmple@neidschyf ah AN EAIP AfitiDESERITESyéRINAIspEANR SiectVEN) - Surface
biotinylated 121,81 T cells were lysed at a density of 1.0 x 108 cells/mn
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ant i - PSche inmbﬂd}’bu@lyrecﬂ@d 78I méce [Beven ﬂequtmyumdpyanm theimicé he
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phyt ohemaggl utinin (PHA) m togen and further expanded In cont ai ni ng
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anti PSG'(nJ'Sj it PERREHSE TN hif: ody %reafn[féﬂtsngm ongeg a'xe stutvival of the

allogeneic skin grafts.

20  Exampie 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) J.
Biol. Chem. 270:16470). Biochemical characteristics 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 antigen precipitated by TAB4 can be
recognized by a commercially-available anti-PSGL1 antibody; and 2) whether an anti-

PSGLI antibody can deplete TAB4 from the cell lysate.
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Human peri pheral bl ood was taken from healthy adults, heprinized, and
enriched for peripheral blood nononuclear cells (PBMC) based on
differential density 5 using Ficoll-Paque Plus (Pharmacia Biotech). The
PBMC were activated with 1% PHA (Life Technol ogies, G bcoBRL) for 48 hours
and subsequently maintained in reconbi nant human 1L-2 (5 ng/m) through the
assay period. To assess the apoptosis- inducing ability an anti-human
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hamst er mgmdraneh dheanembtosss. wivk comneeotiethvith aet-HSerL-§imklmseduri a by .

Medi - Test _d.ucose strjps (Macherey- el , tw ce every week after
the age. BFeAs R el Hh L e T e CgH Lo SRS “over 300 g dl
for tyw gRNSBHHInEMEH HEiSmRpd SrpMpr e consi dered di abetic. As shown
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prot ecti on asseauRAfethyMEIREANIT elisanirk hadif 4 Ga1ITRF 1 POV ANyAft | PSCL- 1
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mAb (2PH1) 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 Fig. 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 westem analysis.

Example 10: _Induction of Apoptosis in Human T Cells by an anti-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 investigate 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-
: 35



To determine ability of selectins (P-Selectin, E-Selectin, and L-Sel ectin)
to bind to activated T cells, freshly prepared spl enocytes from C57BL16

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 DMVEM + 10% FBS for 2
days. Li yenisigldesnaig. iAgivaked dys @e%)ﬁdrv@tﬁian%&hﬁmréﬂ%o ith 4 day 4
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and jyncubated at 37C for 5 hours prl or to centrifugation of the plate at
200 x g for 5 mnutes at 4C. The resulting pellet containing activated T
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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

25  received three doses of anti-PSGL-1 antibody (TAB4) intraperitoneally at 300 pg 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 were monitored for glucose uria by Medi-Test Glucose strips
(Macherey-Nagel, Genmany) 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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15 tenperature for 15 m nutes and subsequently with an avidin conjugate
(SA-beta-gal at 1:5000 dilution) for another 30 mnutes at 37C. In every

bi ndi ng reaction, each well was washed thrice with Arnexin V bindi ng
buffer. The col or devel opnent was achi eved by incubating both 110 ul of
Z-buffer mxture (54 ul of 2-mercaptoethanol in 20nml of Z-buffer) and 30 ul
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_and BSA did not induce apoptosis. No significant apoptosis was detected in
t he p’?esence of the L-selectin human Fe fusion protein (Fig. 110,
consistent with the failure of L-selectin to bind well to activated T cells
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to appr ofor Balags ¥ud MeineARR Bitrhedilf \¢ehtat ndl Bf 1.8 1BF &ager&?o e
pl at e- bound_anti body. Neither anti hur?an c, human Ig (ﬁg , r?%ﬁd%gA i nduced

apoptosi 5ie 4y saspple ses devediiem spisibabwereactivated mithdlacA ifor- Fdaysusi on
protein as WehBida iR%\EA;g}nﬂ%%i&ffM%? S—sel ectin-Fc fusion protein. In
. .

addi tion, consi stent t he resul obt ai ned for the plate-bound

(multimeric f - i ol upl e § orm of L-sel ecti usi on

protein did nrgét; H%Sﬁgﬁ%eésagﬁ%%ﬁ#sﬁéc%gg%{ 1|S’\L/Qg)f Zg cleliiE@F’I g/!éll?rann 3'5% di ment s

It is totel Ginderstusded daleC foh0 midhies Witk 20l/0R] bEMAEEP-FiesGh Bed in
Selectin, or L-Selectin fused to the Fc region of human IgG1 (R&D Systems,

20 Minneapolis, MN) at concentrations ranging 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 calcium 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-anii human IgG, which is

25  specific fo Fc fragment, purchased from Jackson ImmunoResearch Laboratories, 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 cells 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
NN 3 7



20conjunction with the detailed description thereof, the foregoing
description is intended to illustrate and not limt the scope of the

i nvention. Qther aspects, advantages, and nodifications of the invention
are within the scope of the clains set forth below. - 40 - Wuat is clained
is: |.A method of preventing or reducing a T cell-nedi ated i rmune response
in an individual, the nethod conprising: selecting an individual diagnosed

as havi ng (9tiayp6. WBE REURS obdeRledHittAL SN Bodd DeCRBH HHod p&%ﬁ‘gé&} erized by
an excessjve or _unwanted T cell-nediated i nmune respons

adni ni st Bindig afBoithel Lsdicotinltesits ligamd! Simiariresudismpoealio bhainediwits t o at
| east t ot ej and 1 (PS roteins on the surface
of a T cé xfér §%§§%%lﬂ@t{$%{hﬁe@g?@chn%\g é (‘ﬂ)]ﬂ)‘% FIPSRE: t wo :

pol ypepti de chai ns, each of the polypeptlde chains conprising (i) a binding
domai n that binds to PSG-1, and (||) a heterologous am no aci d sequence,
wher gl B pept.i.de | terolooous amno acid
seQuenceﬁ.mm9§}¥.$ﬁzl“ CE TR et : : Rlosinds not

i ncl ude astiwinéd TRSE:-1 anti body or an antlbody fragnent that 15 binds to
PSG.- 1, wherein the binding of the nultinmeric conpound to the at.

| east two PSOh-gk. @él@b&tmcf) has sl aaanad ¢ 1G?a%u-ﬁﬁhl51}tﬁgggﬁteﬁ)ta si gnal

transducti on path results in the death o her eby
prevent i Wmbm } & #Hft® @Wemhtfbied{eét\ﬂdl 17 RS at 880bfos @ Hoarstdad i ndi vi dual .

20 2.Th hed, £ e|n 0 dis a
hono- mﬁ ?ﬁn&ér e g%%gggﬂgg Sél%ptl }%%glam&éef“aé h’&lt %JFQ) HTPPE nul timeric
conpmundeinperatire farPOhdnt.t i@l é}@eﬁﬁﬁﬁﬂu Bdps, each well was thoroughly washed

five times with 1 x PBS. Then 2 x 10° T cells activated previously with Con A for

four days were added into each well and incubated at 37°C for 5 hours prior to
centrifugation of the plate at 200 x g for 5 minutes at 4°C. The resulting pellet
containing activated T cells was incubated with Annexin V-biotin conjugate at room
15 temperature for 15 minutes and subsequently with an avidin conjugate (SA-beta-gal at
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
achieved 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/10m]) at 4°C overnight. The readings

20 of optical density at 420 nm were recorded.

Levels of selectin-induced apoptosis of Con-A activated T cells increased with
the increasing concentrations (from 0.063 ug/ml to 5 ug/ml) of P-selectin (Fig. L1A)
or E-selectin (Fig. 11B) fused with Fc of human IgG1. The hamster antibody TAB4
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 Fe, human Ig (Irﬂg),
and BSA did not induce apoptosis. No significant apoptosis was detected in the
presence of the L-selectin human Fc 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 Fc fragment induced apoptosis of

activated T celis.
38 -



4. The method of any one of the preceding clains, wherein the heterol ogous
am no 25 acid sequence conprises a cell surface receptor binding region.

5. The method of any one of the preceding clainms, wherein the binding
domai n conprises a P-Selectin extracellular domain or a PSG.-1-binding
fragment thereof -41- 7. The nethod of any one of clains Ito 4, wherein

t he bi ndi ng donmain conprises an L-Selectin extracellular domain or a
PSG.-| - bi ndi ng fragnment thereof. 8. The method of any one of clains Ito 4,

wherein the binding domain conprises a PSG.-1 bi ndi ng pol ypeptide sel ected

from a pmwmwwe precedi ng

~cl ai ns, er ?ci,s?s(; £.4R9 tjde chains are covalently Iinked via the :
het erol o ce to formthe rmultimeric conmpound. 10.

The met hod of ,¢claim9, .wherein th val ent_ ] inkage is a disulfide |inkage.
. 11. The net ho&ﬁglfseé?ﬁ’xg?btbq?ﬁ é§el‘f°|‘i’é" ﬁ?i@g@ﬁpnﬁ‘dcd’ﬁieﬁﬁgnlm@ie@%?dt%ﬂleﬁélt er ol ogous
am nos10 r8&bfl oS REHATRE ICATIRKEAIRASHET: foTIHR 9aLBR W18 @Fs‘g%ﬁ n@%ﬁ}r Gonst ant

region. 12. The nethod of any one of the preceding t'er
conpri si Yalaatgivicthes thorglubde sdlecting dinvindued apptasiparfiactitted Hicalls aho t he

mul timeri i he. het er gl.ogous _am n ci d_sequence and induces
cross-|i r?%i)ng o%qwégg?éﬂf?%ﬁg?cf? %e%al%é&%flﬁﬁﬁﬁgr%ﬁ’oﬁ“ cstficpleRtet the T
cel | . 15 tlicSplatechonnd hahainad Fy. 19 OMikkie mg@qwglﬂ RvERor WhGHGHD the
condition_is, an |nflannat02¥ di sease. 14. The nmethod of an ne of clains

1 to 12, ohadi@isd T erliscsramed wihe greaenca of Sierrelihle firmeafdeselectin fi§ion The net hod

of any ongeh EhHdFa ' thon i.s transpl ant .20
rejecti OE. 1é. %?an%%ﬁg%éb%%%o%%gﬂ (t)lﬁ Olgﬁ{il‘i%r(riélt'fntoﬁﬁ?ssaﬂ&ﬂé@ﬁnt he
condi ti ohuingn &) thklapomgbidc ditbégdacreastd subsimtiany e dppfoxaniMeBnige of clainms 1 to
12, wherein_.the c nd'tign i.s a T cell cancer. .

apoptotic’level induced in the presence of the plate-bound antibody. Neither anti-

human Fe, human Ig (HIg), nor BSA induced apoptosis.

Similar results were obtained for the E-selectin-Fe fusion protein as were
15 obtained for the 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 apoptosis of activated T cells.
Other Embodiments

1t is to be undersiood that, while the invention has been described in
20  conjunction with the detailed description thereof, the foregoing description is intended
to illustrate 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



- 42 - 19.The nethod of any one of the preceding clains, wherein the nethod
further conprises detecting the nunber of T cells in a first biol ogical
sanpl e taken fromthe individual before the adm nistration of the
mul ti meric conpound and conparing the results with the nunber of T cells in
a second biological sanple taken fromthe 5 individual after the

adm nistration of the nmultineric conpound. 20. The nethod of any one of the
precedi ng clains, wherein the nmethod further conprises detecting a

bi ol ogi.cal activity of T cells in a first biological sanple taken fromthe
i ndi vi dual before the admnistration of the multinmeric conmpound and
conparing the results with the biologiggé_activity of T cells in a second
bi ol ogical to sanple taken fromthe individual after the adm nistration of
the mul tinmeric ¥wpegdaithed®t. The net hod of any one of the preceding clains,
whereirn the admnistration results in the depletion of at |east 10% of

activated T cel{s i Q dfetBa beippbivihibltieHreduding 1 BRIRGGeDmmuictpbidginthie death of a
T cell or a natural killer (NK) cell, the nmethod conprising: 15providing a

T cell or NK celfividyg theagthn B8 on its cell surface; and
contacting the T cebdectg aiNidivighdl diagribsed as havihg ergebeing aoiskpiooquiringlat bi nds to

at | east two JD S &i&on%ﬁggc?ek%l?g%] &Q&sx&%&fx ePF oélhﬁedﬁte@ﬁ‘ltﬁun@fm%e;ca I,

wherein the multineric conpo A) conprises two pol ypeptide chai ns,
each of the pol$feptide chains 20 conprising (i) a binding domain that

bi nds to PSGL-1, anghinfihibtdring tothd indiaihaDOstinAdtic banpciddhasidois &g least toer ei N t he
pol ypepti de chaj re. |inked .vi US sl agldesnquence to
formthe nu|ti§%$§%ﬁﬁgﬁﬁ’ﬁﬁ”?“§ﬁ 1h@%Lﬂ?k§§ﬂ%§§§ no?g%ﬂh ugb an anti-PSG.-1
anti body or an @emilivene compoypdent that binds to PSG.-1 , 25wherein the

bi nding of the nult (Aer iSmeRERGSMEpbiEdd dhging bach BRBd polypetiddSins|

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 amino
acid sequence to form the multimeric compound, and

(B) does not include an anti-PSGL-1 antibody or an antibody fragment that

i5 binds to PSGL-1,

wherein the binding of the multimeric compound to the at least two PSGL-1
proteins on the surface of the T cell induces a signal transduction pathway that results in
the death of the T cell, thereby preventing or reducing a T cell-mediated immune

response in the individual.

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

compound.

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

compound.

4. The method of any one of the preceding claims, wherein the heterologous amino

25 acid sequence comprises a cell surface receptor binding region.

5. The method of any one of the preceding claims, wherein the binding domain

comprises a P-Selectin extracellular domain or a PSGL-1-binding fragment thereof.

6. The method of any one of claims 1 to 4, wherein the binding domain comprises

an E-Selectin extracellular domain or a PSGL-1-binding fragment thereof.



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.
23. The net hod of claim 22, wherein the multineric conpound is a hono-
mul ti meric conpound. -43 - 24. The nethod of claim 22, wherein the

mul timeric conpound is a heteronultineric conpound. 25. The nethod of any
one of clains 22 to 24, wherein the heterol ogous am no acid sequence
conprises a cell surface receptor binding region. 5.26. The nethod of any
one of clainms 22 to 25, wherein the binding domain conprises a P-Selectin
extracel lul ar domain or a PSGL- 1-binding fragnent thereof. 27. The nethod
of any one of clains 22 to 25, wherein _ype binding domain conprises an

E- Sel ectin extracel lular domain or a PSG.-1-binding fragnment thereof.

28. The met hod of awe@a&aafa@loaammaaxm Rhereivdhetigiing dolsin bimpieng donmain to

conprises an L-Se n ext e bi ndi ng fragnent
th(ranr) eof . 29. Tﬂ'é£ gé?"%ﬁmﬁ?eﬁ'gﬁ?"%ﬂ%mafp gegg]bﬁlgmﬁgagfne%% wher ei ngt he gl ndi ng

domai n conprises a PSG.- 1 binding pol ed fron1a hage

di splay |ibrary8 3@hempeedefinsee f’ia‘gﬁi?"o‘ﬁgi‘%‘?‘"%?Jéﬂ“ﬁ’tgd?'ﬂa'{‘f)"% Wner ein the
pol ypept i de chaipBSL-abiaditgpobpeptild seledtédfroach phiga distley vetyaol ogous ami no aci d
sequence to formthe nultimeric 15 compound. 31. The method of any one of

claims 22 to 309 wh %@iﬂ&h&@?aﬁ‘aﬂ@df%tpml:ddﬂﬁ ﬁﬁﬁls,lvﬂxeﬁm@le?pblbrﬁdpﬁtﬁ chdimdkage.  32.
ous am no

~The net hod of any one of clajns,k6 22 erol o

aci d sequence cafgrarly ligkpdy Wtﬁ?ﬁ'ﬁ'ﬁ?%%??‘ﬂ“‘h”@@\ffﬂ“?ﬁ%‘“%@g}ﬁ " e(rl'?egl on. 20
33. The net hod ofkomgoyndone of clains 22 to 32, further conprising contacting
the nultinmeric conpound with an agent that binds to the multimeric conmpound
via the het er ol QgousSThamEthsa oR6Elhifh 95 RN REEcoR linkald Gasdisaifidsiinkhdenki ng of a
plurality of PSG.-1 antigens on the surface of the T cell.

11.  The method of any one of the preceding claims, wherein the heterologous amino

16 acid sequence comprises an immunoglobulin heavy chain constant region.

12.  The method of any one of the preceding claims, further comprising administering
to the individual an agent that binds to the multimeric compound via the heterologous
amino acid sequence and induces cross-tinking of a plurality of PSGL-1 antigens on the
surface of the T cell.

15 13.  The method of any one of the preceding claims, wherein the condition is an

inflammatory disease.

14.  The method of any one of claims 1 to 12, wherein the condition is an

autoimmune disease.

15.  The method of any one of ¢laims 1 to 12, wherein the condition is transplant

20 rejection.

16,  Themethod of any one of claims 1 to 12, wherein the condition is an allergic

disease.

17.  The method of any one of claims 1 to 12, wherein the condition is a T cell

cancer.

25 18.  Themethod of any one of the preceding claims, wherein the T cell is an activated

T cell.



34. The method of any one of clains 22 to 33, wherein the T cell is an
activated T 25 cell and the binding results in death of the activated T

cell. -44 - 35. The method of any one of clains 22 to 34, wherein the
met hod further conprises assessing the viability of the T cell or NK cell
after the contacting with the nultineric conpound. 36. The nethod of any

one of clains 22 to 35, wherein the nethod further conprises 5 assessing a
bi ol ogi cal activity of the T cell or NK cell after the contacting with the
mul timeric conpound. 37. A kit conprising: a nultimeric conpound that binds
to at least two PSG.-1 proteins on the surface of a T cell, wherein the
mul timeric conpound to(A) conprises two.gal ypeptide chains, each of the
pol ypepti de chains conprising (i) a binding domain that binds to PSA.-1,
and (ii) a heter@l OUfidsmemBd sTenyAsnk of thepudampelainsheicrinthd tighop 6itigept i de chai ns

are linked via the hetero| ogous ,am_no .aci Xy) mul tinmeric
conpound, and (B?mer&é?e'ﬁﬁwgg‘ﬁ&?’??&%°f§ﬁe‘§h‘}&‘§§%ﬁ’g‘i§§n %S%Qyﬂgon?mgn ant i body
fragment that 15adwidudibefor tRSGinibiratinh oftes nmltinvsc impernd gndspmpasag el ¢ i neri c

conpound to the at.|e B Rend in RESB bR eRA sintp tikeh ke Of the T cell
induces a si gnalmﬁulru"'a"ﬂgi L?g%élagel‘rl pat F‘IV\llg. t hat r_gigﬂl ts.in the death of the T

cel I'; and i nstr dedividwksferghe adwissisatiop pghe AHYMEAE FMPOWEmound to treat
i nfl ammati on, )
20.  The method of any one of the preceding claims, wherein the method further

comprises detecting a biological activity of T cells in a first biological sample taken
from the individuat before the administration of the multimeric compound and
comparing the results with the biological activity of T cells in a second biological

10 sample taken from the individual after the administration of the multimeric compound.

21.  The method of any one of the preceding claims, wherein the administration

results in the depletion of at least 10% of activated T cells in the individual.

92, A method of inducing the death of a T cell or a natura killer (NK) cell, the
method comprising:
15 providing a T cell or NK cell expressing PSGL-1 on its cell surface; and
contacting the T cell or NK cell with a multimeric compound that binds to at
least two PSGL-1 proteins on the surface of the T cell or NK cell, wherein the
multimeric compound
{A)  comprises two polypepﬁde chains, each of the polypeptide chains
20 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 heterclogous amino
acid sequence to form the multimeric compound, and
(B) does not include an anti-PSGL-1 antibody or an antibody fragment that
binds to PSGL-1,
25 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.

23.  The method of claim 22, wherein the multimeric compound is a homo-

rultimeric compound.



20 autoimunity, transplant rejection, an allergic condition, or a T cel
cancer. 38. Use of a nmultineric conpound that binds to at |east two PSG.-1
proteins on the surface of a T-cell for the manufacture of a nedi canent for
preventing or reducing T-cell nediated i nmune response in an individual or
for the treatnment of inflammtion autoimunity, transplant rejection, an
allergic condition, or a T cell cancer, wherein the 25 multinmeric conpound
(A) conprises two pol ypeptide chains, each of the pol ypeptide chains
conprising (i) a binding donmain that binds to PSG-1, and (ii) a

het er ol ogous am no aci d sequence, wherein the pol ypeptide chains are |inked
via the heterol ogous am no acid sequencg;to formthe multineric conmpound,
30(B)does not include an anti-PSA.-1 antibody or an anti body fragnent that

binds to PSG-1,, an L Puididd 82, RinBith B mdfimbii@ofpbuhd B®Rdo-cONpound to the
at least -45 -2%mo B%%ﬁ¥§o roteins on the surface of the T cell induces a

si gnal transducmsimedsephRodyd-t hat results in the death of the T cell. 39.A
met hod according to claim1 or claim?22; or a kit according.to ¢claim37, or
use according & cirhe metR of mpdnenfbiaima At o Af rergia the Beteslogpa@iioi 28y wit h

reference to angmggﬂgqu;,p[@egmlﬁmdémbﬁdiﬂémﬁm invention illustrated in
r

t he acconpanyi ng aw ngs and/ or exanpl es.
5 26. The method of any one of claims 22 to 25, wherein the binding domain
comprises a P-Selectin extracellular domain or a PSGL-1-binding fragment thereof.

27.  The method of any one of claims 22 to 25, wherein the binding domain
comprises an E-Selectin extracellular domain or a PSGL-1-binding fragment thereof.

28.  The method of any one of claims 22 to 25, wherein the binding domain

10 comprises an L-Selectin extracellular domain or a PSGL-1-binding fragment thereof,

20.  The method of any one of claims 22 to 25, wherein the binding domain

comprises a PSGL~ I binding polypeptide selected from a phage display library.

30. Themethod of any one of claims 22 to 29, wherein the polypeptide chains are
covalently linked via the heterologous amino acid sequence o form the multimeric

15 compound.

3].  The method of any one of claims 22 to 30, wherein the covalent linkage is a.
disulfide linkage.

32, The method of any one of claims 22 to 31, wherein the heterologous amino acid

sequence comprises an immunoglobulin heavy chain constant region.

20 33. - The method of any one of claims 22 to 32, further comprising contacting the
multimeric compound with 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.

34, The method of any one of claims 22 to 33, wherein the T cell is an activated T

25  cell and the binding results in death of the activated T cell.
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35.  'The method of any one of claims 22 to 34, wherein the method further comprises
assessing the viability of the T cell or NK cell after the contacting with the multimeric

compound.

36.  The method of any one of claims 22 to 35, wherein the method further comprises
assessing a biological activity of the T cell or NK cell after the contacting with the

multimeric compound.

37.  AKkit comprising:

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

(A)  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 jinked via the heteroiogous amino
acid sequence to form the multimeric compound, and

(B) does not include an anti-PSGL-1 antibody or an antibody fragment that
binds to PSGL-1,

wherein the binding of the multimeric compound to the at least two PSGL-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,

autoimmunity, transplant rejection, an allergic condition, ora T cell cancer.

38.  Use of a multimeric compound that binds to at leaét two PSGL-1 proteins on the
surface of a T-cell for the manufacture of a medicament for preventing or reducing T~
cell mediated immune response in an individual or for the treatment of inflammation
autoimmunity, transplant rejection, an allergic condition, ora T cell cancer, wherein the
muitimeric compound

(A)  comprises two polypeptide chains, each of the polypeptide chains
comprising (i) a binding domain that binds to PSGL-1, and (ji) a heterologous amino
acid sequence, wherein the polypeptide chains are linked via the heterologous amine
acid sequence to form the multimeric compound,

(B)  does not include an anti-PSGL-1 antibody or an antibody fragment that

binds to PSGL-1, and wherein the binding of the multimeric compound to the at least
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two PSGL-1 proteins on the surface of the T cell induces a signal transduction pathway
that results in the death of the T cell.

39. A method according to claim 1 or claim 22; or a kit according ta claim 37; or use
‘according to claim 38; and substantially as herein described with reference to any one of
the embodiments of the invention illustrated in the accompanying drawings and/or

examples.



