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Provi si onal Application Serial No. 60/569,892, filed on May 10, 2004, the
contents of which are incorporated by reference in its entirety.
BACKGROUND Overly aggressive T cel | s often |l ead to unwanted i mune

responses, which, in turn, caus 'rl %IES?W ders, e.g., autoinmmune
di seases, transpl ant rej ecti on, o+t Seases, and T cell-derived
cancers. Therefore, control of the aggre55| ve Tcells is critical in

treating such disorders. The activity of these cells can be contained by
i mrunosuppr essi on or by i ndugiEIATED APPENCAQEOS! tol erance. An

alternative solution is induction of apoptosis, which is believed to be
i nvol ved in r dhivdpphcaiionataing pclentystoUSanoumm@l Applidayion GerialdNe.ve T ceI | s.

C1o02) STt bl gval 40 Al e ST AR o R T icomii e 867 ket Biafes Bo s

and t heiifg @ﬁféty,atl ves that induce apoptosis upon binding to P-Selectin

G ycoprotein Ligand-1 (PSA.-1) on activated T cells, In one aspect, the

i nvention features an i mmunogl obulin chain having three sequences that (i)
contain, respectively, RSSQSI VHNE%ZE RFS, and FQGSHVPLT (SEQ I D
NGs: 1-3); (ii) contain, respectively, . YI NGGSSTI FYANAVKG, and
YASYGGGAMDY ( Sm€xly BgdiessivedF 6glls dfteni Ipadcioninaianied imaame e¢spondey, whARSAVNSTYLH,

GSSNLAS, and QQYSGYPLT (SEQ | 7-9 iv) contain, res ectlvely,
AYYI H, \RINGEIET SORPIErHegrders e %@Wﬁﬁ) féi&@éy gralsm@t Tei‘??“i’?)ﬁ SEHF cont ai n,

respect i y&layes, BRSRBLINGNA hhEors. Mrapltbre, c&}ﬁfiﬂ OF%%%M vé Peld £2 ¢ H@%
13-15); or (vi) contain, respectively GLE, TYYADSVKD, and

(XESYVWFHMU(e%@ $uh NGwrdet$ Tiﬁ)actlﬁacd)f tbésetdalcls pa,nsbe- @eammeddad si x sets of

sequences corres onds t nre ht, or ain c ntarity

doter m MG TPEGERS <Ry g O ipmdaloen R o e BERSIN R us

t hose Ofln(ﬂlhﬁ:l%ﬁ oap&Rost Avhiclf13 Belierado %E%@Nddhﬁ@érﬁ@vﬂ@ﬁﬁ%bﬁ@djcélﬁ, the
including overly aggressive T cells. See, e.g., Kabelitz et al. (1993) Immunol Today 14,

338-340; and Raff (1992) Nature 356, 397-399.

SUMMARY
This invention relates to antibodies and their derivatives that induce apoptosis upon
binding to P-Selectin Glycoprotein Ligand-1 (PSGL-1) on activated T cells,

In one aspect, the invention features an immunoglobulin chain having three
sequences that (i) contain, respectively, RSSQSIVHNDGNTYFE, KVSNRFS, and
FQGSHVPLT (SEQ ID NOs: 1-3); (ii) contain, respectively, SFGMH,
YINGGSSTIFYANAVKG, and YASYGGGAMDY (SEQ ID NOs: 4-6); (iii) contain,
respectively, RASSTVNSTYLH, GSSNLAS, and QQYSGYPLT (SEQ ID NOs: 7-9);
(iv) contain, respectively, AYYIH, VNPNTGGTSYNPKFKG, and SGSPYYRYDD (SEQ
ID NOs: 10-12); (v) contain, respectively, RSSQSIVNSNGNTYLE, KVSNRFS, and
FQGSHVPWT (SEQ ID NOs: 13-15); or (vi) contain, respectively,
TNAMNWVRQAPGKGLE, TYYADSVKD, and GGSYWYFDV (SEQ ID NOs: 16-18).

Each of the just-described six sets of sequences corresponds to the three light or

heavy chain complementarity determining regions (CDRs) of an antibody that binds to




exanpl es bel ow. Shown bel ow are the |ight chains and heavy chain variable
(V) regions of these three antibodies (SEQ ID NGs: 19-26, the CDRs are
underlined and highlighted: SEQ ID NO 19 (PRT) and 27 (DNA) (Muse 15A7
light chain V region): 1

fTEAOGIW%Tﬁéﬁﬁ%é Pl %@J@ 15AFCAB § b FED Lt He G dbribedlinthdd L P V R
CEACHE belo®T GEMTRATEMCRUTT BENBATCAMICCREAAT AV) &idnslofM T Q

ATTTTGCGAERAGOEAAA
TPLS PV S L.G 1

TCTTaCA SRR BRI RATIS e ABRs e oot padhighlighted: ¢ ra
tit~PF WY 181

CTGCAGAAACCAGGCCAGT CTCCAAAACTCCTGATCTACAAAGTITTCCAATCGATTTTCT 61 L QK P G
Q S P KYEQID NORIfBRT) and £7 (DN Z¥ouse 15A7 light chain V region):

CEGGT COCAGAAGRE AT SoAGT A EGAGGRACAGATI TGACACTGAMGATSAGR - 81 G V P D R
FSGSGS' s EHFpT + NIS1 301l m P w I P A & 8§ 8 D
AGAGTGGAGGCTGAGGATCTGGGAATTTATTACTGCTTTCAAGGTTCATATGITCCTCTC 101 RV E A E

I ) S i = e Tgﬁﬁ@%ﬁ@ W}‘Ml FGAGT
SETQ I D;ﬁo P\‘?@ Rﬁznd Se "15A7 eavy chain V

L G

LEL

egi on) i1z 11TA‘W@AE¥EMEHIIME@ME&BE¥?M&AW CCAGTGTGAT 1
D S e

G G

R Ié‘lN S_ v \"“ , R 5 \ N 3@ S W v
CTCTCC.21 VQL VE S

L ]@ QC? G@P§C§Ggg G(G?%S;:rﬂl"CCA_AL?;}LCT(c':?’(C:TCc;r('13"%‘@‘1-\CAAAATTTTCT
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TGTGCAGCCTCTGGATTCACT TTCAGTAGCT T TGGAATGCACTGCCTTCETCACKLTCCA 41 CAAS G F
T F S W 1R:@QoACFCACRBACCTTCAGTGECAGTGGATCAGGGACACATTTCACACTCAACATCAGC

GAGAAGGGERET FHAGT GGGPCEEATACAT FAAT GBTECAGTAGPACEATCTFCFATECA 61 EK G L E
WV A W, R AéAGTG&\éG%TGAé&BITE Géﬁ ATT'Trﬂ‘I‘TAC‘l%%%TTCAAGGTTCATATGTTCCTCTC
AACGCAGHGAAGEGGCEAT | GAGACAAT CCCAAGAATACCEIGHICETG
_128"-+.3rORF T | SRDNPKNTLFL 301

CAAATGAG@AT MWWW?M TACTGTGGAAGGTATGCTAGT 101 QMT I L
RSEDT'A¥ V¥V ¥ccR Ts*

SEQ ID NO: 20 (PRT) and 28 (DNA) (Mouse 15A7 heavy chain V region):

1 ATGGACTCCAGGCTCAATTTAGTTTTCCTTGTCCTTATTTTAAAAGGTGTCCAGTGTGAT
1 Mm D §8 R L N L Vv F L Vv L I L K G VvV Q C p

81

61 GTGCAGCTGGTGGAGTCTGGGGGAGGCTTAGTGCAGCCTGGAGGGTCCCGRAAACTCTCC
21 v Q L VvV BE 85 6 G G L VvV Q P G G § R X L 8

121 TGTGCAGCCTCTGGATTCACTTTCAGTAGCTTTGGAATGCACTGGGTTCGTCAGGCTCCA
41 ¢ A A 85 G F T F 8§ P

181 GAGAAGGGGCTGGAGTGGGTCGCATACATTAATGGTGGCAGTAGTACCATCTTCTATGCA
61 E K G L E W V A e

241 AACGCAGTGAAGGGCCGATTCACCATCTCCAGAGACAATCCCAAGAATACCCTGTTCCTG
81 e

301 CAAATGACCATTCTAAGGTCTGAGGACACGGCCATTTATTACTGTGGAAGGTATGCTAGT
101 ¢ M T I L R 8 E D T A I Y Y C G R ¥ig=@

361 TACGGAGGGGGTGCTATGGACTATTGGGGTCAAGGAACCTCAGTCACCGTCTCCTCA
121 NiciiaTE e n ey S VvV T V § 8§




361 TACGGAGGGGGTGCTATGGACTAT TGEGEGT CAAGGAACCTCAGTCACCGTCTCCTCA 121 "G 7, WG
QGTSVTVSS2SEQIDNGO 21 (PRT) and 29 (DNA) (Muse 43B6 |ight
chain V region): 1
ATGGATTTTCTGGTGCAGATTTTCAGCTTCTTGCTAATCAGTGCCTCAGTTCGCAATGTCC 1 MD F L V Q

| F'SFdp
oA %b %QM MdS9 CC@&N ) _?Mouse 4386 hgrht chaanre%wnz C 21 RGENYV

LT (? S F)lAﬁTGqﬂTgTygngFG GETP@?E? CTTCTTGCTAATCAGTGCCTCAGTTGCAATGTCC

GTCACCATGACCT TTecAcTTACTTECACTE G TCEAG 41 VT M T C

+p' k, a, ~ 6‘1~RGA‘GGAGAAAATGTW’IEAQ}CAL‘8&TCCAGCAATCATGTCTGCATCTCCAGGGGAAAAG
CAGAAGT CAGGTIECEGT CECBCAAACTCTCRATI TATGECTICAFCGAAETTCCETICTEGA 61 Q K S G A S

PKLWIYG?241 ‘ 5
AAFCASCAGT® 81 VP ARF

GTCCCT(I}F 3 JYEs=S .‘:= bk AA Gl Cal L AT Lo Ll
SGSGSGTSYSLTIS )

GT GGAGCIBGALEH R EGCTAECTACTTATT #e R
AATY YIC? & §~3662 PFTCBEGFGCTGEGAECA 51 FGAGTTLE

L K SEQ N region): 1
ATGGAATé‘Jég Gt E:r%%c%q %&%&I&%Q%T%%ﬁ&% 1 MEWS WV
FLFLLSVTTGVHSE 61
SGPD¥'VKBEGAR VRI%S T12?’L v c S
TGCAACDGEICI@E@&EQ@IJ@QGE%&A@A@ATTCAU%TGAAGCAGAGCCAT 41 CKASG
YSFTMAVK@ S2He 181lT . E L K

GGAAAGAGCCT TGAGT GGATTGGACGT GTTAATCCTAATACTGGTGGTACTAGCTACAAC 61 GK S L E W
| GR S

CCGAAGT @%&Mﬁﬁb@ﬁ%@f@m&@&%ﬁ@%e 81 KAl L N

V D K S SiSaTecAaYedc30deeTroTrToTCTTCCTCCTGTCAGTCACTACAGGTGTCCACTCTGAG
GAGCTCCGCAGOCTGACAT ET GAGEBACH CLGUGGECTAT BACT GITGCAAGATCCEEATCC

61 GTCCAGCTGCAGCAGTCTGGACCTGACCTGGTGAAGCCTGGGGCTTTAGTGAAGATATCC
22 V. ¢ L 0 0 &8 ¢ P DL VvV K P G A L VvV K I 8

121 TGCAAGGCTTCTEETTACTCATTCACTGCCTACTACATTCACTEGGTGAAGCAGAGCCAT
41 ¢ K A 8 G Y 8 F T HEEV YR H w v K @ 8 H

181 GGAAAGAGCCTTGAGTGGATTGGACGTGTTAATCCTAATACTGGTGQ?ACTAGCTACAAC
61 6 K § L E W I G R VNP oiWmigoiggamingayng

241 C cgg@gpFC&AquCAAGGC CATATTAAATGTAGATAAGTCATCCAGCACAGCCTACATE
g1 PEERGEREEEIEE K A I L N V D K S8 & S T A Y M

301 GAGCTCCGCAGCCTGACATCTGAGGACTCTGCGRTCTATTACTGTGCAAGATCGGGATCC
101 8 L R 8 L T & E D S A V Y Y ¢ A R §fwssw

361 CCCTACTATAGGTACGACGACTGGGGCCAAGGCACCACTCTCACAGTCTCCTCA

ey T

120 Pl w 6 0 @ T T L T V S S




10l ELRSLTSEDSAVYYCARS361
CCCTACTATAGGT ACGACGACT GGGGCCAAGGCACCACTCTCACAGTCTCCTCA 12125 ' I"F: WG Q
GTTLTVSS3SEQIDNO 23 (PRT) and 31 (DNA) (Mouse 9F9 |ight chain V
region): 1 ATGAAGTTGCCTGTTAGGCTGITGGTGCTGATGTTCTGGATTCCTGCT TCCAGCAGTGAT

GrTTTeAT ARG LRI RIS R PR AN e 21 v L M T o

1‘ P L. S L_lprﬂ%gGETQ§qBG GST@TTGquFTGATGTTCTGGATTCCTGCTTCCAGCAGTGAT
TCTTGCAGATCTAGTCABGAGCAT TETARATAGT AATASASACACCTATTTAGRATGGFAC 41 S C .~ " W

Y 181 CLGCAAARREACCRACTCILERAARTECETERRCTAGRAAGITILEAACEATTTTCT 61 L Q
KPGQSWPRK LM 1Y@k » L s L P V 8 L G D Q A § I

ceeel) CCCAGACAGGT TCAGT GGCAGT GGATCAGGGACAGATTTCACACT CAAGATCAGC 81 GV PDR
FSGS 1@1 Tgér AGAGEATTS AATAGTAATGGAAACACCTATTTAGAATGGTAC

AGAGTGGAGGCT GAGGATE **u-'ek m“f“"‘”““ AT ;me e eaciad 101

RVE

D L GV M1Yct@eirACeEdQAGT -‘E(-‘\F.‘f.‘tmil( G E@MAA&%T’FTTCFI‘ GGGTK
b 1 SR )
L

1
GL

| K SEQ 19D NO 24K (PRT§ &hdS32 ( PDNA) ('l\/bTusé s Ere¥ region):
ATGCTGI TS 1 ML
%@%%TDV i’ Téb%dﬂehﬂl&'ahifé 'ﬁl%@@?@% A%E%&c

WV F F \VEY G T D

GTGCAGCTTGTTGAGACTGGTGGAGGATTGGTGCAGCCTAAAGGGTCATTGAAACTCTCA 21 VQL VE
T G G G I01\VAQDPICRAGGCECRCIRTETEHORIITTATTACTGCTTTCARGGTTCACATGTTCCOTAG

TGTGCAGCCHCTEGATTEAGCTT CAATACCAAT GECAT GRACKEEE GHTEEH 41 CAASG

F T F Nsgr, Neotrbecieabbedcckcorb8danTcana R
GGAAAGGGET TGEAAT GESGET GETGCCATAAGAAGT ARAAGTAATAATTATGCAACATAT 61 , -j"' W

VARI RSKSNNY A?241
TAT TCA GA CACCATCTCCAGAGATGATACACAAAGCATGATC 81 me3 WIrS t
% Qﬁm %p%ﬁx) %ﬁg\use 99 heavy chain V region):
1 ATGCTGTTGGGGCTGAAGTGGGTTTTCTTTGTTGT TTTTTATCAAGGTGTEGCATTGTGAG
1 M L L. ¢ L K W V F F V V F Y g @ V H C E

61 GTGCAGCTTGTTGAGACTCGGTGEAGCGATTGGTGCAGCCTAAAGGGTCATTGARACTCTCA
21, v Q L v E T G G ¢ L Vv g P K G 85 L K L &

121 TGTGCAGCCTCTGGATTCACCTTCAATACCA GCCAGGCTCCA
41 C A A 8 G F T F N I IR TEor

181
61

241
81

301 TATCTGCAAATGAACAACTTGAAAACTGAGGACACAGGCATGTATTACTGTGTGAGAGGS

101 ¥ L ¢ M N N L K T E D T ¢ M ¥ Y ¢ V R §

361 GGAAGCTACTGETACTICGATGTCTEGGGCGCAGGGACCACGETCACCETCTCCTCA
121 sy elEy w ¢ A 6T T V T V 8 8

As an antibody’s antigen-binding specificity is determined by its light and heavy
chain CDRs, the above-described CDRs can be used to generate antibody derivatives that

retain the antigen-binding specificity. Examples of antibody derivatives include chimeric




301 TATCTGCAAATGAACAACTTGAAAACTGAGGACACAGCGCATGTATTACTGTGTGAGAGEG 101 Y L Q
MNNLKTEDTGMYYCVR 361

GGAAGCTACTGGTACTTCGATGT CTGEGECGCAGGGACCACGGTCACCGTCTCCTCA 121 WG A GT T
VTVSSAs an anti body's antigen-binding specificity is determned by its
1ot andiBEAK nufifiai-Bd dhiodidsncAReY Furiidfdll it afe RS S Aol sEeHE0
generate antlbo y Ivatives t retain the antig i ndi ng speC|f|C|ty

- Exanpl edight claait i meg;onc{SEQ/Iﬁ N(De§5) el hedey c]lmmﬁ’rnegmné(SEQtH[bNm 26) ofrwmanl zed

ant i bodi.es their ctlo ui et l'i ght
chai n vmwﬂﬁ?g(légé R@ ﬁﬁ‘a §§m %%\ggqﬁgiﬂ%%ﬁ 'NO. 26) of
a humanegReided/ antibody, V\/m ch include SEQ ID NGs: 1-3 and SEQ | D NGs:
4-6, respectively: SEQID NGO 25 (hunani zed 15A7 light chain V region):

DI QUTQSPSSLSASVGDRVTI TCL . 5"L; R34 T,: WQXPGKAP KL L I Y SSRKFSGVWP S RF S

GSG  SGI; DFATYY i F KVEIK SEQ I D NO 26 (humani zed
15A7 hea%Jiﬁi\ﬁﬁ Lg) ﬁ%@&% %LRLSCAASGFTFS- 4:
V\X/RQAPG@EWML%quSVEWURE e e ST RN AASEARYV P
WGQGT L Vit § sidiee bl twoezadsgsi eaburesan i sol ated nucl eic acid havi ng a
sequence that encodes one “of the above-described i munogl obulin chains.

The term "anti body" or "inmunogl obulin chain" refers to an isolated

pol ypeptIut@IDING: 26 @uﬁ@hﬁt@@%AﬂlﬁeH}a&haﬁﬁﬁ r&f6R): substantially separated
from ot her pr oteins, |i S eic acids wt a, natural |y
associ at¥a-YHECHHRTFR Hsﬁé’*sc?a?ﬁl‘“%%?#%g‘?ﬁ? (PP 8O e BB RO Sy dry

wei ght FOFNARKNTE YR SILREEP TRV EpRaLs EWGRAHIVEVEd nu Ie| C aC| d" refers to a
nucleic acid the structure of which is not identical to that of any
naturally occurring nucleic acid or to that of any fragment of a naturally
occurrl ng gendns mvaniidnedleo feiuges a:nheoiatgd muelhigragidorayingoyvsaqeenckedhat exanpl e,

SN e T S A T R e

t hat pariméifunoglbbuliélen Iefdr@totdirﬁs@@uaa pelypeptidiei.of §pblypeptide thdiihaSbédn
naturally occurs; (b) a nucleic acid |ncorporated Into a vector or into

the gendHbgantialy sepasated Sioar gherorateinsykpidy.cnd nugleis acids with which it is
naturally associated. The polypeptide can constitute at least 50, 70, or 95% by dry weight

of the purified preparation. An “isolated nucleic acid” refers to a nucleic acid the structure
of which is not identical to that of any naturally occurring nucleic acid or to that of any
fragment of a naturally occurring genomic nucleic acid. The term therefore covers, for
example, (a) a DNA which has the sequence of part of a naturally occurring genomic
DNA molecule but is not flanked by both of the coding sequences that flank that part of
the molecule in the genome of the organism in which it naturally occurs; (b) a nucleic acid
incorporated into a vector or into the genomic DNA of a prokaryote or eukaryote in a
manner such that the resulting molecule is not identical to any naturally occurring vector
or genomic DNA; (c) a separate molecule such as a CDNA, a genomic fragment, a
fragment produced by polymerase chain reaction (PCR), or a restriction fragment; and (d)
a recombinant nucleotide sequence that is part of a hybrid gene, i.e., a gene encoding a
fusion protein. The nucleic acid of this invention can be used to express a polypeptide of
this invention. For this purpose, one can operatively link the nucleic acid to suitable

regulatory sequences to generate an expression vector.




manner such that the resulting nolecule is not identical to any naturally
occurring vector or genomc DNA; (c) a separate nolecule such as a CDNA, a
genom ¢ fragnent, a fragnent produced by pol ynerase chain reaction (PCR),
or arestriction fragnent; and (d) a reconbi nant nucl eoti de sequence that
is part of a I I -1 [ I I MaialNe

nucl eic acid %%@Qétﬁ?g@@ﬁ%ﬁ%ﬁ? F‘gﬁcg glr?qﬁ@gﬂggg%@%%%é@f%?%%%ﬁu?ﬁg of

t hi s i nwent toomhiclrgrhat been lmkedose, alsonmpalsn ob papaemoe rgplication oh mtegratiei ¢ aci d

to suitable . r tar equences to nerate an expressiqgn vectar. 5 A
vector rroarost BYE, Bidup B eRaS el osid Pl VTR Aoy R g o ner
nucl ei ¢ ind&itidn ifIWdtsGhuicleidh@sd RELTbrn sukeBle faNGpRlsSion 6ARRBBIH acdd{ranonous
replication or integration into a host DNA. Exanples include a plasmd,

cosmi d, hosticell Repferably. dhe vestarducladesohe ohimre ragulatary sequenctsupertiselyucl ei ¢
acid in formsui tabl e.for expression of .the nucleilc acid in a host cell.
B ef er at e O TRt R 1 Koy S RE Btefhsee Erafbifabhi il fedients

oper at i igitlde pioftcRéts tedhbfrs)usd 6iher &grébsDRGENRSIE:1EBelS (CX PpEsaRylafsAND! es
of a regulatory sequence include pronoters, enhancers, and other

expr essisEnabdnRegtlaloresasyences alsg inclyds thasecthgh ditecbepnsiiugire pxpressafidat or y
sequenc | L e -hat di k i i r i a
nucl eot i 8%822%%%@@&%‘; &BQII% Fls g%ﬂ{e isg%%%?%egem ﬁ (E:&1 %g}lﬁﬁg?oér%y&gﬁ%g‘w’f Of}%leduci bl e
sequenc aelesigi o suahesi exprasbion wedtonis baxqar @scinsidesaeiohoinchdinpahe dhace of the

to, be transfornmed and

consi derations includin he, chaqi ce .of the ost cell

the desihOébceEliarbsé@%flﬁrrg@%‘}d i CUEHEERETIAN (¥EL oA BEHCHEON Yetor GRiBRd i nt o
host celih§odiRe@IRIUES RIPR PBEREI 0% Weptifld 5f hAMANIHRA: TR fvddibgRidon al so
i ncludes a host cell that contains the above-described nuclelc acid. A host

cel | r efinelgdesa kst cadl thatcamtaianiha gbeve-dssogeadousletoatihg Adeyuetioefers to a
non- codi nﬂ] setguence. An exog:eaous seguence C be introduced into a cell
B @

by cal ciG SRt e EER T e e T THIEAE DRXT FHA"E FralF At e d*t PRRETEE i on, or

el ect r opefRnk®Ban Rintdh&@dRdla @8l dyaldieh PHEsIraRlRMsRLIGEDBAK D EHtran E.
coli, Bacillus subtilis, and Sal nonell a tyghl mur i ugzgabgeast cells (e.g.,

Sacchar angiiated traesfesrioni ereeleqiwpsiahion o Suidattanestyelisin yeterigl aplls (el s
(23 % S0 AT 0o SHURAMTL ) soE TIRASRL 8
an i mmunegvisiug dnd SthidoacoharbiySes fovehe), fdant cole(con/NiRbage tabdtastandel | in  a
cul ture under conditions &Dl%maﬁiggelﬁx e'r faggtiu%ré hOfbri?ior%?tlcglpl)f%ﬁ de 1(lancoded by
a nucl ei@ossypium hirsutum), an g y , CHO cells, and
3T3 fibroblasts).
To produce an immunoglobulin chain of this invention, one can place a host cell in
a culture under conditions permitting expression of a polypeptide encoded by a nucleic
acid described above, and isolate the polypeptide from the culture. Alternatively, a
nucleic acid of this invention can be transcribed and translated in vitro, for example, using
T7 promoter regulatory sequences and T7 polymerase.
Within the scope of this invention is an antibody. It is formed by a first
immunoglobulin chain and a second immunoglobulin chain, which contain, respectively,
the light chain CDRs and heavy chain CDRs of the mouse 15A7, 43B6, or 9F9 antibody
mentioned above. Preferably, this antibody is formed by the light and heavy chains of

15A7.




acid descri bed above, and isolate the pol ypeptide fromthe culture.
Alternatively, a nucleic acid of this invention can be transcribed and
translated in vitro, for exanple, using T7 pronoter regulatory sequences
and T7 polymerase. Wthin the scope of this invention is an antibody. It is
formed by a f @f‘{iﬂ agiobul i n chain,
whi ch cont ai nM réfa“gpectl ve%@ Sqn |gh?1%%%|ﬂr?1er Tﬁ&ﬂ% avy chal n CDRs of
t he nouswpedifiddl]ly %&BSgleomﬂ Gﬂ%@:ognﬂmbéa@andriamﬁhmﬂadeﬁtru@mtﬁ’beﬁmgahﬂweem hi s

SO LS ) iR Lt o

speci fi C@beb{p&%lﬂ%%heqtdnrhnq(:ﬁ%wd{ PteRilMinkh @G Mek deat SNAYT deNNt @R bR/E I NG W th
bi ndi ng bétween P-Selectin dycoprotein Ligand 1 and P-Selectin and, (ii),

upon bi rﬂmlmghm@ntpthsem@pdﬂbn@ ymﬁh@iléutmhtmgaﬁdieiec@n Glycopeeteindtigendrl cel |

speortioaly ity Sl e e GR drinityh@Bfon BERR SFRE apdpdag P hindS Y 1 nds
scope ofspkéifisallymeeitiing Acidgesidids!1 18106 RE matirt haaey PtSdéctiai Gigsopreeaci fical |y
to amno acid residues 115-126 of nmature human P-Sel ectin GX grot ein

Li gand Ligmdi-ePrbirgbly: the aatibedyduydsspaeibicalbeloiantipapeig residuenildd188i d
resi duegwﬁegpr%ﬁam%"{%ﬁd?é fcﬁfcém Yo alh&o%l:faq%sﬁn??%%b' eAl %Xoﬁs@ &y no acid

resi due conse sequence ‘anon test éd epi opes | ndeed,
mut at i orseqficreneamong atinestaf ephﬂopese Intiedematation of an¢ dr mesd dfiksscaliet bsires

anti body bjndjng. .In one exa this antibo Upor; 'ndin 1o
P- Sel ectdif Eeifenatalishes a@#ﬁ%ﬁp ipdigg. Olaf‘c?wgﬁéahl?ae 5, VPRIRIBLTE R deat h

of the qﬁslel\é@ﬁr?@rlyc-gpﬁﬁélh LigdhdOén ﬁ{%@h@ameem{}ﬂu@és thbseétmefaaetab@@ﬂé@s
mentioned i medi dtely above is forned by a I'Tght chain and a heavy chain

t hat confe¢lh, respectively, SEQ ID NGs: 1-3 and SEQ ID NOs: 4-6 (e.g., SEQ

ID NGs: 19 2 th . t, th
i nvention fgglg‘u‘?ré@se@{’?fgf"%ﬁ OWN%HHEEWHQQDHE%%‘IHS &enﬁﬂm eéﬂ?@ﬁ’e%dggllf The
et hod | ehesioga il @l A SR Ghiiend BoREinARKHRAERS SHasENbed 3ahove

with an activated T cell, in which binding of the anfibo y to the activated

T cell SEQAIRNO: &6 (digabRQ HMEORAAand 289 onPEQ 1D Osr sand 38t hod of
modul ating a th aci%hhe%gééf t%g 11&%&? features a method of inducing death of an

activated T cell. The method includes contacting one of the three antibodies described

above with an activated T cell, in which binding of the antibody to the activated T cell
induces cell death.

The invention also features a method of modulating a T cell-mediated immune
response in a subject. The method includes (1) identifying a subject having or as being at
risk of having a condition related to an excessive T cell-mediated immune response and
(2) administering to the subject an effective amount of one of the three antibodies
described above. An “excessive T cell-mediated immune response™ refers to a response
caused by an excessive level of activated T cells. An excessive level refers to (1) a level
higher than a normal level, and (2) a level higher than desired in an individual, even
though it is not greater than a normal level. Examples of the condition include an

inflammatory disease, an autoimmune disease, an allergic disease, or a T cell cancer, as




response in a subject. The nethod includes (1) identifying a subject having
or as being at risk of having a condition related to an excessive T

cell -nmedi ated i mmune response and (2) adm nistering to the subject an
effective anount of one of the three antibodies described above. An

" excessi yerl Is fR!shnaRA ALAACH ST hESREGSE] of BlcBhRmpRudi loGERRNSH caused by
an excessive level of activated T cells. An excessive level refers to (1) a
| evel hallggeneit lpancraogsoeigdtansglentt , and (2) a | evel higher than desired in

an individual ., eyen. though it is,nat eater. than a nornal, | eyel . Exanpl es
of the con t Tt GRE R mdr R fiineB ik eRiontnd S CHHRAE o coace.
an al | er ghc6mpheEaS Geschiption belst. | OfRP ERfure@ Dbjeciehhd advanP@esbEtation in
whi ch a subj ect has received or is contenplated to receive an allogeneic
or xenogéreition wihpanparent fiven thetdstailed desaiptionr nore enbodi ments of the
invention are set forth in the acconpanying description bel ow O her
features, objects, and advantages of the invention will be apparent from
the detail ed description. DEDBTADEEDERGAUMNGNI s i nvention is based, at
| east in part, .on an unexpected discovery that activated T cells can be

i nduced to unt@fgyeajiopisdesed. ahlgashan paploaddmsyPastadaiisrgveny theltachivaieds or
their defi i : 5 1 ' ' nd
deri vat %gélﬁaé%%ulgg?%ﬁg?ggl d??%a??%gﬁg gﬁ%’}:??e ngegssbg ob-cflltﬁg{lggf \E/lvllH ?%I dg% ¢t
excessi vibewdeumatawes ¢al P§GEel br hedictitvedd celisnufiee aetfpdits endderivatblek are

proliferation. Accordingly, the jinvention features pol tides fha
Pont ai n TH AP SRR GA £SO TR i< REFeT e | sellmedinte
ant i bodijgmuSre¥finse 88 TIHeAIRbEfeAfiodS encoding them Both the

i mmunogl obul i n chains and nucl eic acids can be used to nmake the above-

ment i oned antAeesddiaglya i ineenticatfestusss palypephidesabitatvntainm innmaneglobulithe

i nventi n,be obt ai as . _a. het | ol ypept,i de oy.a recomnbi.nant
pol ypep'fi ?@é%r ?%a rcglﬁglrgﬁgsrozggﬂﬁé#&ﬁ? aBngfggspt%F&E’h aﬁnuﬁ{?bcl %S RePENENC odi ng
it can hfehi Bs@cthe dmanebpebuil ehehsaCinitl&Oa6ids Bsh Be 14681t Mndkdlthd fove- €. 9.,
G ut at hi one- S- Tr ansf er ase GST% 6x-H s epitope tag, ML3 Gene 3 protein, or
an i mnfﬁ%‘ﬁl%@lapﬁb%%/%n Vgl¥@nst ant region. The resul tant fusion
nucl ei ¢ achd gafy e obPERILEET oF BednfElionah HBLBLSIY SPLARRNE" The
fusion protein can be”isol ated fom the

polypeptide or a recombinant polypeptide. To prepare a recombinant polypeptide, a

nucleic acid encoding it can be linked to another nucleic acid encoding a fusion partner,
e.g., Glutathione-S-Transferase (GST), 6x-His epitope tag, M13 Gene 3 protein, or an
immunoglobulin heavy chain constant region. The resultant fusion nucleic acid can be
introduced to a cell for protein expression. The fusion protein can be isolated from the
host cell by methods well known in the art. The isolated fusion protein can be further
treated, e.g., by enzymatic digestion, to remove the fusion partner and obtain the
recombinant polypeptide of interest. Alternatively, an immunoglobulin chain can be
obtained from a suitable host cell by activating endogenous expression of a nucleic acid
encoding the chain.

The amino acid composition of an immunoglobulin chain of the invention may
vary without disrupting the ability of forming an antibody capable of binding to PSGL-1.
For example, such a variant can contain one or more conservative amino acid

substitutions. A “conservative amino acid substitution” is one in which the amino acid




host cell by nethods well known in the art. The isolated fusion protein can

be further treated, e.g., by enzymatic digestion, to renove the fusion

partner and obtain the reconbinant pol ypeptide of interest. Alternatively,

an i mmunogl obulin chain can be obtained froma suitable host cell by

act i val IBQgqEnAeQaRQISy B ERTHoMR;Nesul HElifk & ARl siBRRAG! Fdxiig gFhai n. The

~amino acid conposition of an I mmunogl obulin®charn of the 1nvention may
vary wi tdnnind aciidsesighies hgving eiraibarlsideycheins hevabaeg definethini thodyt. dapabl e of

bi nding t0,PSG-1 For e l.e, suc variant can contain aone or.pnore

Conser v ERYESIIHE SERG 2L DRt tast SR (kB bR G ey Apidie

substi t WidcUhairs$e.8 Bspabtididig 16t AERidOuAMarhed po® sflild@hhids ;é?@.', gggidew th an

am no acid residuée having a sim|lar si'de chain, Fanmlies of "amno acid

r esi duesispareging ghitarningy sesindghrehninagyteaine, dyssmeleonpaar dide ¢hams4e.g.. These

Lo b LR R pRuRE R 0BG e Bab5: Peral b8l Bece i o
acid), uwshhedside RRAIAS (S8 dBrdohaieNSal(iR,; BoleudhyCdnd@romasdadaehang (c@l,ut am ne,

serine, threonine, tyrosine, cysteine), nonpolar_ side chains (e.g.,,

al ani ne,tyspsinenghenylalpsinge tryptophay bisHdinehr Brysne prodivéed manicssential anise A¢idni ne,
tryptop bhet [ ' i e [ val Ene,

S0l cuci o i EypRRE e RAR, FRRE Wi dofet BN Gesll; EPRhe

t r ypt ophame shieshagh faeijly. Ritegnatiaelyr adtativasgcaoieciagodided raraivilp aRap dll oresi due

in a polypeptide is preferably replaced with another am no acid residue
from t hdartdd ﬁ@@ﬂ?@t@%ﬁt tﬁ\lelaYﬁWPs ch gf By Fatyetion MURENPYhH @n@l i rS%ﬁtant

|t roduGfelaf@RPRl ordd@Adoshl o8ty BAkmle A AALKBERHEE o7kl nvent i on.

such as sat'urat i on nutagenesi s, ul t'a mut ant's can
scr eene® -1 tth edeabifyt variantsfoffthis vegtiomasdestiodbebayp abthe eafmplendThyp, 8o

PSA.-1 to identi varj.ants of i S. Invention,as rihed bel ow in the
exami edh exaate. (i 15 Elipirosiqlilin B Rohife SHOIPOR 7o Gty

cont ai NiiAgmEERbRINChaiAdlokANRES arikAFBNIBOAPUYOA S hai ns cont ai ni ng vari ant s
of SEQ ID NO "19. The above-described i munogl obulin chains and variants
can be used therabree-described irpodyogiebulin chaingaad vimantoean hesusge id make gres.  An

"antib i nt.act I . “« I . f ts th f h
o PR bAS 3ol 8 b TPUSSHER B Uy b PATHE EER a Sbog o
Ward, etwelleds. frdghR88)thd¥adfliniech a8 #ab, G4, FrAselBr (singtd ahainaintiBodypdnidepdy refers

to a protein or a &)rot ei.n conpl ex havi n% aspol ype&ot_i de variant_of this
i nvent i dAomain antibody; Ward, et. al. (1989) Nature, 341, 544).” A derivative of an antibody

refers to a protein or a protein complex having a polypeptide variant of this invention. An
antibody or derivative of this invention can be made by co-expressing corresponding light
and heavy chain CDRs-containing polypeptides in a suitable host cell as described in the
examples below. Alternatively, they can be made by methods known in the art of making
monoclonal and polyclonal antibodies and fragments. See, e.g., Harlow and Lane, (1988)
Antibodies: A Laboratory Manual, Cold Spring Harbor Laboratory, New York.

To make an antibody of this invention, PSGL-1 or its antigenic fragment can be
coupled to a carrier protein, such as KLH, mixed with an adjuvant, and injected into a host
animal. Antibodies produced in that animal can then be purified by peptide affinity

chromatography. Commonly employed host animals include rabbits, mice, guinea pigs,




anti body or derivative of this invention can be nmade by co-expressing
corresponding light and heavy chain CDRs-containing polypeptides in a
suitabl e host cell as described in the exanples below. Alternatively, they
can be made by nethods known in the art of making nonoclonal and

Ant ! bodi B0 AP R R oo e e e e HE B et o vor k.

To nmake depemhon thedysiodpeties snd imebwdt Fosund BS@jvaht @:pm'pﬂese ammt ingemplete)r agnent

can be coupled to.a carrier protei.n, ch as K m xed, wi n. adj uvant ,
Son D B Bl oAl REROSR: sl wds Sbhnehe St o oA “van
then be fonfd ;ﬁfciy(&y PeBRInidIR, FHphilied, bi enﬁﬂm&{gak%bpeqmpet%m&paxﬁn enp! oyed

host animal s i de rabbits, mce, guinea pigs, and rats. Various
adj uvant@nlﬁ:ﬂ@aheIwénUBquhb@dan gliiventsiackde BEG (hmxhbltb@mm Guedpomde depend
on the L She i.es and include Freund' s adjuvant (conplete and

i nconpl e eﬁlgpjaﬁ’ar&gfls such as al um num hydroxi de, surface active

subst ances suvd]ﬁ @sndl yEObRLes, hetemge@éouﬁ Bl atisls P itibdig HABEDES arePept | des,
oi | emul sions eyhol e Iinpet henocyanin, and dinjitrophenol. Useful human

adj uvant@esentinthe sgocf thsdmmynizedauhiscts e Manoeionyl modle@rmmgamﬁu um
parvum ?)h}é%oﬂé‘&*an%%{h%??d fﬁm&ﬁ&@é&%@{ﬂ%‘%ﬂ%m%uegﬂ}e% dj st dta?d“' body
'n I ] ects.

nol ecul resen € sera o ‘he i Ze Monocl onal
ant i bodlffy@ndbmam@anebgg Spapwy. Alokdaset af. (mi)bmmreQSGOﬁl% Kahler etdlar anti gen,

o (2oref T b Taggmoh d5S T kaanier el 4076) B 3#%@0155%925}%&9%& 8, 51
Kohl er &f erhl(n% Q) (@glgil\ffonohﬁﬁylnﬁﬁub ies2nd T ?él Jgi?&'&@éé ETEQVi%I‘ Nl (1981)

Monocl onal Ant i1 Bodi es an onas, I'n’particular,
nonoc| oralpagmuianodpes:lash amdaodiﬂsamm bel obbﬁimdwytaay: Itﬂuhqupe lﬂt‘e'aprq;)mdﬂmfdes for

th ti f b t | 1 |t
such' as Hepioatpip S BeE) mefefy bRGommEeahiiein e ipre sheHecleherighr | doma
t echni qug (f Koshet M. 48976, 115983 hurlalBL8Q] hyiRRithatec 2%ue@mo§b&tetaﬂ (1983983)
Proc. Natl. Acad. Sci. USA 80, 2026) and the EBV-h doma techni que (Col e

et al. (zoesw! Vedect, o’ﬁ&po}ﬁﬁhabdél%”é Paw Netlnderd. Sth Sﬂsﬁo A2gha thej s,
|I Egl udPﬁEgB?%%%oW&q%ﬁgﬁﬂ Q&Q Ie? glr?gr)%lﬁﬁ%l‘%{s@ép 1§&f e@# lah%ﬁec lhf/lgfl doma
produci ngletrdqgr_ mml Ig@sz.llncamp lm@@s S@cfh driti®odiey edit beodf amimpeunedlobuli@t ed in
vitro Orclésrs] mcludlng IgG, IgM, IgE, IgA, IgD, and any subclass thereof. The hybridoma

producing the monoclonal antibodies of the invention may be cultivated in vitro or in vivo.

The ability to produce high titers of monoclonal antibodies in vivo makes it a particularly

useful method of production.

In addition, techniques developed for the production of “chimeric antibodies” can

be used. See, e.g., Morrison et al. (1984) Proc. Natl. Acad. Sci. USA 81, 6851; Neuberger

et al. (1984) Nature 312, 604; and Takeda et al. (1984) Nature 314, 452. A chimeric

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

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

antibody and a human immunoglobulin constant region. Alternatively, techniques

described for the production of single chain antibodies (U.S. Patent Nos. 4,946,778 and

4,704,692) can be adapted to produce a phage library of single chain Fv antibodies. Single

chain antibodies are formed by linking the heavy and light chain fragments of the
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The ability to produce high titers of nonoclonal antibodies in vivo nmakes
it a particularly useful nethod of production. In addition, techniques
devel oped for the production of "chineric antibodies" can be used. See,
e.g., Morrison et al. (1984) Proc. Natl. Acad. Sci. USA 81, 6851; Neuberger
et al. ( . 1o d 452. A
chi meri cﬁ@%ﬁc}nb%éﬂ ?Igﬁ%oza%(?grg%ﬁeé m?(r)]r-g?\ﬁ? bﬁmgjfog ?gd gl%l'g: g%é%“tl P%%%Hegg}tgé‘g%ri ved
from di firementchanguenl Fosgpaaipds susufrigraents hohele haut iaregnat linaitddab) Eab®gi on

deri ved i | opal tj bod d a. i | obul |
Const ant e O PP OETERaGER §3 PeaghAlegtat o qoeRibaBap P eI AduCt | on of
single Cf?@énﬂbtﬁ{'ﬂlhmﬂib%h%eﬁéﬁf%d tyab@ind\Ge dislfﬂﬂr%ﬁ)ril@és &M af), P, can be

adapted to produce a phage library of single chain Fv anti odies. Single .
chai n anmuitjwdiessan pkso behisanizgd by methagls dascribed inytha wdahplgh belowairknpwagnent s

of the 10 .Fv region via an amng acid.bridge., Moreover, antibody fragnents
oan be dBihsat B Batpft, FboBBoRf Akt fifE aeMIOMEhe s AR bl O Die.
but are gagimértilly @dmbfized (Sdtdede, $dodgnE RS Oxiicid MakRcllgr, PaRAIANRS LN ) pepsi n

di gestion of an antibody nolecule, and Fab fragnents that can be generated

by redudiuily humeanized anfibesics, sachpsdhese erprgpseylin franggeaistagimalaare wakin ée can

al so be } . S i.bad. i bg. known in
the art .SQ r&eégglp‘?éfléwnggggf%gﬁggﬁfiabgglgg}sﬂ%uﬁégﬁggg i7’r féd (li(rqils'ng

speci f i didient Dae, 51645, 8@t £669,835)humani zed (Scot gene, Scotl and; and Oxford

Mol ecul ar, Palo Alto, Calif). _ Fully humani zed anti bodi es, such as those
expressed in OYsheghinithe stopfaf Suisinyentionds g methed ofdpducng 3@%05 aligied on

(see, e. e : : ks : .. Patient

Nos. 5. S0 06 Eany corBpira SR TUNE RifFR b0 ol (e iniffiod inio ACT ¢
met hod dfy ddnduoistengg de athbjedt imoeedtherd! arfeftetive ameuyt. of thyantiotdpact i ng

acti vat T cells w an.antibody of the invention.in vitro, d by

2 i s COPISHE 4 el oaE e M ROENY PR oY S B PRV ARA RSN e

ant i bodyrelafRditb 86 eRcds@ve 8r hnRAHtEHT Coll nRRlidtee Midih e sFohsBavd. NghtRRsbel ng at
risk for having a condition related to an excessive or unwanted T

cel | - nedfenug ramaveoinuryeriteasas, gausplat fegastion, allgtgie diseapes,ronh eellt oi rmune

e ek EORBLATTHECHEEb B o B ReR e e 575 R e B S s e
drugs i thdrggapy.

The term “treating” refers to administration of a composition to a subject with the
purpose to cure, alleviate, relieve, remedy, prevent, or ameliorate a disorder, the symptom
of the disorder, the disease state secondary to the disorder, or the predisposition toward the
disorder. An “effective amount™ is an amount of the composition that is capable of
producing a medically desirable result in a treated subject.

Exemplary diseases to be treated include diabetes mellitus, arthritis (including
rheumatoid arthritis, juvenile rheumatoid arthritis, osteoarthritis, and psoriatic arthritis),
multiple sclerosis, encephalomyelitis, myasthenia gravis, systemic lupus erythematosus,
autoimmune thyroiditis, dermatitis (including atopic dermatitis and eczematous
dermatitis), psoriasis, Sjogren’s Syndrome, Crohn’s disease, aphthous ulcer, iritis,
conjunctivitis, keratoconjunctivitis, type I diabetes, inflammatory bowel diseases,
ulcerative colitis, asthma, allergic asthma, cutaneous lupus erythematosus, scleroderma,

vaginitis, proctitis, drug eruptions, leprosy reversal reactions, erythema nodosum
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The term"treating” refers to admnistration of a conposition to a subject
with the purpose to cure, alleviate, relieve, renedy, prevent, or
aneliorate a disorder, the synptom of the disorder, the disease state
secondary to the disorder, or the predisposition toward the disorder. An
"ef f ectijugroRimU N u i f

pr oduci nléﬁra rredélmé(z)illnlin?/ desv?;{gblglger esuE"?PI1E%{§Q'[ﬁ ]P;ézfte gtghlsagltgngcg%@%? %19

di seasescneophséopathyaidiopatinc Ibdderadipad@d:sersfe sedsorineigal Iwanhg lass ap(asncl udi ng

rheumatoid arthriti,s uvenile rheu rthrltls hritis, and
psori at i TCRPLRM fedyC éll]ﬁ‘r‘ﬁwltar EB L%C O At P?tlf’na@[eg‘?ﬂ?a& heni a

gravis, @EymilembosiseHisnie layﬁ\l%e;ré@b@ay Steveﬁm&in@aswmdmﬂé QdidpathRspHR[ Mati tis
(i ncl udi n% atopic dernmatitis and eczematous derrmatitis), psoriasis,

Sj ogr en' lichey pianesiTavyso Hiseasedsasenidesis, apmanobnbam awhosiy, uiveitis posterior,
nct. I bet tory bowel
o oo ogntRL LGB EO A acP disk A eabec MR TR i GRTRBRE" ! L pue

er yt henatasplantatich &ﬁlﬁgeﬂ@nelc\bagbﬁbgehéw tiguRe} duich s beidiga6wWpt i ons, | eprosy
reversal reactians, ‘3:/rt hepa nodosum 11 | eprosum_aut oi mmune uveitis,

al | er gi ctraélﬁeléb%%&va %S@Ian?é@ﬂeOfﬁB%FfélﬂﬁpﬁnﬁPémﬁé’r%ﬁY REGFRET Uéﬂ@e@lﬁ‘agléi)at hy,
i di opat r r S I stic
anempa tyﬁglﬁ gé érl i aﬁhg?ré%gl%?aédd:’lgf%igat %HS&?[F%?%I SJ(}cﬁ{ezl)ﬁ[}gsrfli) a%%h?ﬁ iondritis,
Wegener' s ngar«mb amuivosxppxoaclhracthcrepantclcmmpbapah (4.£.5a cGhpusition datisiag

syndroneg, rye, chen pl an & aves' disease, sarcoidosis,

pri mary %WQP‘@‘/ Q:thb? I‘fﬁ}épgon)d%@ﬁlhﬂném?f%f &’FéPbJeCtl ﬂ{seé‘P%aﬂ Iyt Ianilbﬂfg' $ibrosis,
gr af t - Ve spenbPit a flefastuicsfR Sk ephblc’ @ik @pt ﬁﬁﬁrs%lo%ﬂc ol
transpl antation using all ogenel C or xenogenerc tissu suc as bone marrow

t ranspl a@dminisered dralleor by atrepémmus atfugion, ainjeéted or mnlﬂmtahswcumne@fsl)any organ
or tissue aIIe as _.ato and T cell neopl asns
such as P%?fﬂ'ésfﬁu o]tlma%ﬁﬂgnﬁgrap? goBﬁagiﬂ’ f‘flt%#%ﬂg ptgaegnelly. fifteanasallyy i
conposi tihRipasRichlly, idtr&RRROIN bOMtraMilidnAiRY an anti body of the invention)
is adm nistered to the subCL‘dect Generally, the antibody is suspended in a
phar maceut i calheydosegeaisauirtdedepands arthe éhfyce ofthy souse Q@ﬁ@mm%latlbméﬁe and
admi ni st I S | ant ed
neaaﬁgf)?{h@ bbby hdVe iy oML subfl y&hﬁ@sﬁ uBJa L of %ﬂy{

subcut aneous anusc ntr eca

i ntr ar ecuethteyared, mrge aandgexadthet, drmgﬂbe&t@eﬁmhlbistered Iahdi &@rﬁjﬁﬂgm&ﬁldfﬂxe
intratracheally intrapul ponarily, The dosage required depends on the
choi ce Giierdins PhygiantS laaq%:fwl%s@gaﬁrw the gange of U.01-100.0 mg/kg. Variations in

the needed dosage are to be expected in view of the variety of compositions available and

the different efficiencies of various routes of administration. For example, oral
administration would be expected to require higher dosages than administration by
intravenous injection. Variations in these dosage levels can be adjusted using standard
empirical routines for optimization as is well understood in the art. Encapsulation of the
composition in a suitable delivery vehicle (e.g., polymeric microparticles or implantable
devices) may increase the efficiency of delivery, particularly for oral delivery.

Also within the scope of this invention is a pharmaceutical composition that
contains a pharmaceutically-acceptable carrier and an effective amount of an antibody of
the invention. The pharmaceutical composition can be used to treat diseases described

above. The pharmaceutically-acceptable carrier includes a solvent, a dispersion medium,
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nature of the formulation; the nature of the subject's illness; the
subject's size, weight, surface area, age, and sex; other drugs being
adm ni stered; and the judgnment of the attending physician. Suitable
dosages are in the range of 0.01-100.0 ng/kg. Variations in the needed
dosage Q.b | i: f e | f I-f .ayai | abl e
and thgé ‘g\?aﬁa & %niﬁﬁ@? (fct?lgaea!rrllg ia}é{slﬁl\ggavag%{&bﬁ%@éﬂoﬁéegg%o@a%%&ml@ &%ﬁlo . For
exanpl e,agenal adm ni stration woul d be expected to require higher dosages

than adm nistration b I ntravenous injection. Variations in these dosage
level s can be jﬁ%@%é%*&@?%?ﬁ{‘%%ﬁﬁ‘@ﬁaﬂr@ PF’H‘Q%"@ Lo 9pEa8ki zat i on
as is wefobmy M%tiﬁé&%dnlﬂnis{}@aﬁﬂomeﬁlﬁhﬁﬁ%g l8hy AR oRdl Iﬁaﬁ?dsc %P@r?drﬁ ey n a

sui tabl e delivery vehicle (e.g., polynmeric mcroparticles or ant abl e
devi ces)camig formsulatsd an & hepsolef i gilewsaly oné taiddt ifgraorgl adpenisirativrarCapshles car al
delivery, Al.so within .the scope of this,jnvent.i,on ii.s a pharnmaceuti cal
compos: 1o8f% Ry Slshy bPFeRES ke -at el taR Buas e B B A R Botng. an
ef f ect i VEatdt® bt bedformtlatdil ih Reehtdaice witkecdnR¥@bnaL océﬁa@esrzﬂwoﬂ?ﬁ@dﬁﬂgc al
conposition can be used to treat di seases described above. The

phar macenixtess pithg comppubier withiarsolid cpusier aerba Iwbrisanty Eramples ¢f sglid si on

medi um cag'r%tagi At Behy ﬁl%l/} lpeql%lﬁ{e' a[lhe%gﬁlggﬁhblfx 85}98% F9& r}li’nis%er}gd il

i sot oni ¢ and” absorption del'&ying agent. prar maceut r cal  conpositton of
t he i nvefothof atard dhell ftablendrateapsulatentalnmg@ebinded) 61B., fadtosélbf manwndl, a

adm ni stration rof!;ltles util lei,ng conventi onal nethods. For exanple, it can

be for mAckveHong! fillgrapnd 4 wbleting agend e Fhe pharmgceulisplgonmppsitipn gan be

admi ni st efdﬁiihﬂf&reﬁg Eﬁeél pﬁ%ﬁé’ﬁl ronfy) Flﬁiaﬂlp%lychf%raf’éﬁgég{lqioisa}ge forms 'nlcﬂJ]de

phar maceutical [ y-ac e material s“such*as gel at or ce ose.
Tabl et s a@eousssofwions|isitenic saimar 6£4 glhicesevaitthe adive aptritporaithgrvadekinovas by

conpressi.n m xtyres of the conpositio ith a solid carrier and

| ubr i carRrapseerally e Ra e axcioikhl | Qelodebinsder Shehselbiine taral ¥eht oni t e,
The conm@®iahi 8 hdxe Faril B wid (REISR; Mo b8 LBH ddushhafRidBEal _%x&lﬁfe sspel | tabl et
or a capsule containing a binder, e.g., lactose or mannitol, a

convent idshsgryfafithetherapeticagenbl et i ng agent. The pharnaceutical conposition

b dni ni ' h . . f |
Gosage 1orms e PR bl bRl R hR i RS st et R B STl e o
t he actiieihageSik, .8l tiRtdxample belokn MBReflsn ey corgRiditiondhh Ve aa6ATbARs €

exci pient, Cyclodextrins, or other solubilizing agents well known to those
fam | i areblity o indecedeath ebartivated T gells yvidte. Jioniraive gtudisa) the cemppshen f or

can be injected into an animal (e.g., a mouse model) and its therapeutic effects are then
accessed. Based on the results, an appropriate dosage range and administration route can
be determined.

The specific examples below are to be construed as merely illustrative, and not
limitative of the remainder of the disclosure in any way whatsoever. Without further
elaboration, it is believed that one skilled in the art can, based on the description herein,
utilize the present invention to its fullest extent. All publications recited herein are hereby

incorporated by reference in their entirety.
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delivery of the therapeutic agent. The efficacy of a conposition of this

i nvention can be evaluated both in vitro and in vivo. See, e.g., the

exanpl es below. Briefly, the conposition can be tested for its ability to

i nduce death of activated T cells in vitro. For in vivo studies, the

conposi (ERAMPER 10 #éuleMbRstIonHI AritibodisTBA7 8386, and gFpse nodel ) and its

therapeutic effects are then accessed. Based on the results, an
gngrafionfant d .-} antibathésni strati on route can be deternmined. The

specific exa : “G | ow are to be construed as nere i | lustrative, and not
P tati ve oreterd Grlialsr e oL SRR EuR S R ieR el ar SRS bt e

W t hout spetifib@ly boRhab®hamb®RSGLLT (HCIPRI) ENREe RRIfiANS, dlcklies in the art
can, based on the description herein, wutilize the present invention to its

ful | est leyausiged with mgmbranedracter of Bdprastivied Bhman Tecelis pabsacrifinediopor at ed by
referengg, L tRGIE L ; | - Ant | bodi es
N R i s

tech _n} q meimenm{) for bﬁﬁdlgtiﬁ @é@&gné:t Gﬁ_aatlms(z’lﬁ%gﬁpgg?eﬁ %bmm 16an tmbf?wm? lptrcmlbing

speci fical.] y. bound to human - : re specifica mce were

i Pmu_ni _z@&tlww ek aAds g&?&_fi?-@ﬁpraﬁsurrsr@H&fqlbawdwh eptad HQ el
sacrifigede iﬁpti?@d}%ﬁ@élgné@!%dﬂﬁ’fﬁ@r Q}Lzehlagggslcﬁgé{tpggl tants fromresultant

hybri doma ce I Nnes were Screene or bin cells that stably
expressed hCBuBang thiedmes identBepweartus] 7ig1 5 Alhtn bdd 386, ahd in 128HFY. tTheh CD

162- i |1, t th t al | I . i dentified,
sube! onci KHAEIAHEPYEh LA L A e R PRt e o AR e Fhes
et |1 ot B2 ABAR OIS BB o128 AV T. R 08YEAGn 90

anti bodi es 15A7, 43B6, and 9F9, respectively. Imunoblotting assay showed

t hat t héka conldds defectaddyi anti-hfelP | Ghardibady fkrdrh PharMinger, Sae Disgat €d&)g - ccl\aAI s a
i h : by ant i - £ kpl.-1, P ,
B b ogo. | CAME TR RRES tinlid e RN G AP BR¥ e Beiy for chorr

abi | i ti @poptosik BHlaivated POEIRS ICHlOfe ptini@h8EontaGfthg fronblbhdl bBtiSH&r nat ant s
cont ai ni ng nonocl onal antibodies  secreted by the three hybridoma cel

|i nes wéP@ctedbyde thigs Bybridemp selbiings Wereapspeefvehoimcubated withettherean T cel | s
(Day 0) aQfivddh MirkdPT 364 S of B0 hefifltbSniRBY T 2hus BayHMOYE Rours,

The cells were then stained with ammexin V and subjected to FACS analysis. CD3-

positive cells were gated to ensure counting of either in vitro activated human T cells or
resting human T cells. The apoptotic cells were annexin V staining-positive. Table 1

summarizes the percentage of apoptotic T cells among all of the T cells scanned.

Table 1 Percentage of apoptotic T cells

Untreated Anti-myc!m128-9F9 |Untreated| Anti-myc m152-15A7 |1\’1166-43136
Day 0| 4.17 6.67 5.82 18.18 15.52 5.23 6.57
Day 7| 12.63 13.36 28.71 24.18 23.08 51.66 49.44

These result indicates that mouse 15A7, 43B6, and 9F9 antibodies (1) are hCD162-
specific and (2) can bind to human activated T cells and induce apoptosis of activated T

cells, but not resting human T cells.
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The cells were then stained wth annexin V and subjected to FACS anal ysis.
CD3- positive cells were gated to ensure counting of either in vitro
activated human T cells or resting human T cells. The apoptotic cells were
annexin V staining-positive. Table 1 summarizes the percentage of
apoptotic T ¢ f t age of
apoptotic T C1§H)SO%%?%%%?SE&%%tC?%%d%ﬁﬁA%Q ??g%%%gb%nﬂhepﬁb%gmz 15A7
166- 4313@onmyleer &liETPBMT). 31 82s fidind 8hat Shesantibodids 6nl§indidayg aﬁom@slsﬁl 13. 36

ot SF6. achnBe T UR b Bl R b SE T AN ot B RS RORRI N by nd Lo homan

activated T celd l&l@ﬂﬁhhﬂﬂd@lﬁd@;ﬂ@tﬂig)zﬁitﬁ)oﬂifes agth é{saérﬁﬂcm &elabk 1o BiduchOt
resting human T cells. 14 Apoptosis assay was al so conducted on

PHA- act madwonm’ffa@lubl@rfmn@r etﬂ@&@@ngmdbmzﬂoé@s uswslllygeulBNCy. |t was

ot i n ratebisOlIRRC ol YO BEFR-REER: Rt i BBl 7

cel | - deplseddiatgd side effods Ef‘ﬁeshl%ﬂ@d‘lata& hamkh PEREC v&&@mﬂbﬁr&i withi18Agger 2Queduct i on
of soluble factors. Thera y using such antibodies usually results in a

del et er i B2 hoprokl hrdewsiner Grekingsgnikassuppmatant wemdken detemmiingddy al so caused

ool ur o AR FRAGIEY GRS B0 %3 Ak, LI TR SE QNG IR CERIPRRC | (e
super nat(poasitinetantiole wWhile l8els dtekkse cFREied ﬁfoﬁbl A ARt §e1Q;fWérE'n3t TNF-a, and

| FN-y were produced in PHA-activated PBMC ositive control), while levels
of t heseletsetabig. nEese F%H%fawomféﬁ{abwtbgﬁﬁg Orﬂithtﬂ%léﬁf‘é‘épamsémgThese

results t resting

peri pherpgﬁeg‘lg{)o%gce}??}ss,’ t%gﬁh 5‘;‘%2‘ ﬂlélbnlgio%lo I%CC%III’I n?’gn and cel |

activation. SSincsthe Iabowﬁa@asenb&lsmtﬁbbélds wiéathreb_ln 1ﬁdu<s:eahaepfbmelfyctiv‘a€hdl619

apopt 03| s..of .activat.ed cel ].s without causing adverse effects on resting
b i b is

T or Weralsing §JV€‘5 ks agesting ber othgpipmunec md@emsrrguwﬁ kel y
to res U'therh% h %05 BARE BA KDY QAN 1{5;&1“43615&% & RYinthitfdeft

i mmunosuppr essant’ does. Epitope mappi hg of anti-CD162 antlﬁiogl es To map the
bi ndi ng apr€Bpes inmhunvruepresHATdoes3B6, and 9179 on human CD162, a

Epitope mapping of anti-CD162 antibodies
‘To map the binding epitopes of mouse 15A7, 43B6, and 9179 on human CD162, a

series of fusion proteins covering various regions of human CD 162 were expressed and
purified. Interactions between the fusion proteins and these monoclonal antibodies were
examined by Sandwich enzyme-linked immunosorbent assay (ELISA).

Briefly, fragments covering various regions of human CD162 gene were expressed
as fusion proteins with human immunoglobulin gamma 1 heavy chain constant region in
E. coli. ¢DNA encoding the human immunoglobulin gamma 1 heavy chain constant
region was amplified by PCR with primers having a Bg/Il site and a BamHI site. The
PCR product was cut by Bglll and BamH], and subcloned into a pET-32a vector
(Novagen) that had been digested by the same enzymes. Then, cDNAs encoding various
regions of hCD162 were amplified by PCR with primers having an Ndel site at the 5' end
and a Bg/Il site at the 3' end. The PCR products were cut by the corresponding enzymes

and in frame fused to the sequence encoding the human immunoglobulin gamma 1 heavy
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series of fusion proteins covering various regions of human CD 162 were
expressed and purified. Interactions between the fusion proteins and these
nonocl onal anti bodi es were exam ned by Sandw ch enzyne-1inked

i mmunosorbent assay (ELISA). Briefly, fragnents covering various regions of
human CRpAAZRSRR: NBIR iR $iSE88h, vasor! PRMRR REQIELERA c%sttﬁlcﬂb'ﬁrgz% listed

i mmunogl obul in ganma 1 heavy chain constant region in E cDNA
encodlngnﬂhékﬁhﬁaﬁﬂKﬁWQW@gbb@ﬁ%ﬁnﬂgaﬁwnehﬂhéawwﬂdhéln constant regi on was

anplified by r.s hav site and a BanH site. The

PCR product \,iéﬁg Nﬂﬁﬁﬁﬁpr’gﬁﬂ“%ﬁea ﬁﬁp?wg?ﬁned into a pET-32a vector
( Novagenjrot hatelhewhinlge eemdingestadoling:he sajervend yaber|rRéReBe peNAS encodi ng
vari ous [Er egildonsxpfesh€DlB219erizaangldsi | ed by PCR withl priners having an
Ndel sitezatisthe 5 end and a Bglll site af thead1i end. AbeoBCR products
were cutibysd he correspondi ng enzynmes | and hmidorane| f useoso t he sequence
encodi nggthe human i nununogl obulin gamma || hesamooi5 chal mexoenrst aht regi on
in the pET-B2a vector. Prinmers used I n each cmsiruct]i onamreesl i sfed in
Table 2,panmd t he sequences of the priners fareasiogted || n A@mdloe 3. | Tabl e 2.
Nanes ofsprdarers used in each experinent. [Foramuwphifyi ngaseguences
encodi ngsoForward priner Reverse priner cpliamopeessied mibe2 fragnents
42-119 ABIO0O1 AB1005 42-80 AB1001 AB1008 | 61a®290AB1003 ABWRO9 B1-119
Ab1004 ABiO05 42-70 AB1001 ABI1007 42-60 /AB1&boAB1006 &80 AB1002
AB1008 [605-A@6AB1002 Ab1007 42-319 AB1001] Abifab@:z 115- 126 0AB102R AB1023

115- 12661 oR1ABE6OM AB1025 regi on of cDNAs AB1024 AB1025
Vv region of ¢DNAs
light chain AB1058 AB1059
heavy chain AB1058 AB1060

Mammalian expressed hCDl62 fragments

1-119 AB1011 AB10Q13
1-319 AB1O11l ABl1012
110~319 AB1058 ABl1058
$4-148 ABLlO20 AB1021
112-222 ABl0O18 ARB1019
174-269 AB1016 AB1017
214-317 AB1014 AB10O15

Chimeric chains

15A7 light chain AB1030 AB1031
15A7 heavy chain AB1032 AB1033
9F8 light chain AB10O26 Al131027
S9F9 heavy chain AB10O2E ABl102%
43B6 light chain AB1(G34 AB10235
43B6 heavy chain AB1036 AB1037

Humanized chains

15A7 light chain AB1048 ABR1057
1527 light chain 1st pair AD10439 AB1050C
15A7 light chain 2nd pair AB1051 AB1052
1527 light chain 3rd pair AB1053 AB1054
15A7 light chain 4th pair AB1055 Abl1056
15A7 heavy chain AB1038 AB1Q47
15A7 heavy chain ist pair AB1039 ARB10490
i5A7 heavy chain 2nd pair AB1041 AB1042
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i ght chain AB1058 AB1059 heavy chain AB1058 AB1060 Manmalian expressed
hCD162 fragnents 1-119 AB1011 AB1013 1-319 AB1011 AB1012 110-319 AB1058
AB1059 94-148 AB1020 AB1021 119-222 AB1018 AB1019 174-269 AB1016 AB1017
214- 317 AB1014 AB1015 Chineric chains 15A7 |Iight chain AB1030 AB1031 15A7

heavy chaigrbAl;glaQizC}é@;,Um ppf |1 gNTchal N ABIRZA 3A131027 51 {39 fieavy chain

4- OO A A DA (ol mYal

AB1028 A ‘ﬁﬁ heavx aﬁllng&[ (..llidfl g ADJ.Ug:I- (—\EJ. 35,4386 h dvxﬁtdgl m—AB1036

AB1037 brentzet—chatns—15A7 Iight AB104 B10

att DIUS40 ADLIUOY 15A7 ht chain

1st pair AD1049 AB1050 15A7 light chain 2nd pair AB1051 A81052 15A7 |i ght
chain 3rd pai’[;alﬁg 053 A81054 15A7 Ilght chal n 4th pai r AB1055 Ab1056 15A7

heavy chain-ABYY38-AH HX P SHAY , AB1039 AB1040 15A7

heavy dhaié 2ngopaice AB1041 ABlO42 16 15A7 heavy chain 3rd pair AB}Q43

AB1044 | 2E587 heawysactrahTec4sdrcpanratARBOHscAB1046  Table 3. Priner segaences.
AB1002 | tatgagCATATGgattatgatttcctgeccagaaacgg 40
AB1003 | aaacggagCATATGgaaatgetgaggaacagcactgacace 41
AB1004 | aaccecctCATATGaccactgtggageetgetgcaaggeg 42
ABL0OO5 | gtggtcAGATCTtecatagetgetgaatcogtggacagy 43
AB1006 | GTTCCTCAGATCTTCTGGAGGCTCCETTTCTEGGCAGE 44
AB1007 | AGGCCCAAGATCTGGAGTGGTGTCAGTGCTGTTCCTC 45
AB10G8 | ggcteccAGATCTgtagactcaggggttccaggece 46
AB1009 | gtggtcAGATCTgtgactgecocecectectgeatococaggec 47
AB1010 | GCCAGCAGATCTTGCTTCACAGAGATGTGETCTGGGG 48
AB1011 | egeggatccatgoetetgcaactectactgtige 43
ABl012 | GCCAGCCTCGAGCTTCACAGAGATGTGGTCTGGGG 50
AB1013 | GATCTGctcgagCATAGCTGCTGAATCCGTGGACAGGTTC 51
AB1058 | agacaggccaccgaagggaacctgtccacy 52
AB1059 | cgtggacaggttcecttogatggectgtet 53
ABl0Ll4 | ccgoctecgagegecaagattaggatgge 54
AB10Q1S5 | cgggatecacteaaaccacagecatgyg 55
AB1016 | ccgetocgagtggtagtaggttccatgg 56
AB1017 | cgggatcaactcaacccacaggectg 57
AB1018 | ctgtgcctegagggetgtggttigagty 58
AB1019 | cgggatccatggagatacagaccactcaac 59
AB1020 | cgggatccgatgcaggaggggcagtcac 60
ABL1Q21 | ggcegteactegagttgtetgtgecte 61
AB1022 | TatgGATTCAGCAGCTATGGAGATACAGACCACTCAACCAgCA 62
AB1023 | GATCTgcTGGTTGAGTGETCTGTATCTCCATAGCTGCTGAATCCA 63
AB1024 | TatgGATTCAGCAGCTATGCCGGATACAGACCACTCAACCAgCA 64
ABL025 | GATCTgcTGGTTGAGTGETCTGTATCCGCATAGCTGCTGAATCCA 65
AB1026 | CTAGTCTAGATGACCCARACTCCACTCTCCC 66
AB1027 | CTAGTCTAGAATTAGCAAAGTGCACTTAGCATCAGCCCGTTTGATTTCC 67
ABLl028 | TAACATEcLagATGCTGTTGGEECTGAAGTGEE 68
AB1029 | GGATAGTCTAGAGGTTGTGAGGACTCACCTGAGCGAGACGGTGACCGTGG 69
AB1030 | CTAGTCTAGATGCGACACAGACACACTCCTGTTATGGE 70
AB1031 | CTAGTCTAGAATTAGCGAAAGTGCACTTTTTCCAGCTTGETCCCCCCTCC 71
AR1032 | CTAGTCTAGATGGACTCCAGGCTCAATTTAGTTTTCC 12
AB1033 | CTAGTCTAGAGGTTGTGAGCACTCACCTCGAGGAGACGGTGACTGAGGEtCe 73
AB1034 | CTAGTCTAGATGCATTTTCTGETGCAGATTTTCAGC 74
AB1035 | CTAGTCTAGAATTAGGAARAGTCGCACTTAGCATCAGCCCGTTTCAGCTCC 75
AB1036 | CTAGTCTAGATGGAATGGAGCTGGGTCTTTCTC 76
AB1037 | CTAGTCTAGAGGTTGTGAGGACTCACCAGCTTCCAGTGGATAGACTCATGG 771
AB1038 | TCTATCTAGATGAACTTCGGETCCAGCTTGATTTTCCTTGTCCTTGTTTTAAAAGGTGTCCAGTG 78
AB1039 | CCTTGTTTTAAAAGGTGTCCAGTGCTCGAAGTGCAACTGETGGACTCTCGEGCEAGGCTTAGTCGCAGCCTEG | 79
ABR1040 | CTGARAGTGRATCCAGAGGCTGCACAGCGAGAGTCTCAAGCTTCCTCCAGCCTCGCACTAAGCCTCC 80
AB1041 | GCCTCTGGATTCACTTTCAGTAGCTTTGGAATGCACTGGETTCGCCAGGCTCCAGGGAAGCGACTCGAG | 8L
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Name Sequence NO  AB1001 cccgggacCATATCGcaggccaccgaat at gagtacc 39 AB1002
t at gagCATAT(gattat gattt cct gccagaaacgg 40 AB1003

aaacggagCATATCGgaaat gct gaggaacagcact gacacc 41 AB1004

aacccct CATATGaccact gt ggagcct gct gcaaggcg 42 AB1005

gt ggt cAGATCTt ccat agct gct gaat ccgt ggacagg 43 AB1006

GITCCT (AR LT |@Aﬂmm@hﬁi@etm%TGdGMdTCGAGTCCCTTCCCTGGAGCC 82
AGGCCCA e *ESICCA NN ACTINacdiy ceABA M0 8rCTCCAGAGATARTGEC 83
ggct cCAGETGE tm@w@@ YHGRATT CAT HeCAECAEACCATFIGCEY GEGCATTATCTCTGGAGATGE 84

gt ggt cA A + GRA R RCT S TCARGGL TEACEAGE TRCTCRECEAGATATCCTAGTTACGGAGE 85

ABTOLE, AN L GEGTSRGT ARG T e AT AGCAC T CCL TCCGTAACTAGCATATC 86

ABT04 7 A CC T T ASASE T TR T CRGEAC TCACO T ARG ARACTE TR ACCAGGETGCCTTGECC 87
cgcggat G QT LT RaEbEeh & &l CTO?TATGEGT dE CTGGGTTCCAGEE 88
GCCAGCCU HetA ] lcboAACH GG T ¢ AT dais AnRr vRBAAT E B CCAATCTCCGAGCTCTTTG 89
GGT CT Catasgerg AAFRAGCTECT GAATTCESITEEACAGETAGECERCAGABIDESTCGGAGATTGE 90
agacagqdeatgRAGHRTARTEE FERTCA R CROACCIRETIL OTARGEATHRPACRICTATE ETCRRTHt gge gyt ¢t 53
AB1014 |<B48a2d @Mi}ﬁ%@zmﬁ@mﬁmmﬁsﬁmmm TLCARARIAGAIGITTC, o c cacagdial gg
55 ABI ¥ 1% T g’c'AATqB AR B e CCATCCAGGTTTAGTIGEE Y93

/ 2 G OCCARRCCORt e CCACTAAACCTGGATGRE 94
cgggat daagisza &ﬁ@ﬂ@ﬁ@@@@ﬁi@QT@KGCCG@G@A!:&T@‘@QA@(MTIT{&@@@QQ@W ggtttgagryg |38
AB1019 |cggomst [cratapgagar@cagaceamstcaacrBIcarABIR2 A ACAGTAATAGS 96
cgggat acgalyic a%fﬁ@WW@T&GBWGE@ACTAM?!LGA@WQMC@H@FWQ'GRAFGR ctgtgcctg %61
101022 PREAISRRAATICceoS < “ACTCAACCAGGA 62 AB1023 56

10924 59

GATCT g h b AR R SR UMGE‘%%AMG\(@/GL oA aTTTiaac 100

ENALSIA LSS A

Tat g GATTCAGCACCTATCCEEATACAGACCACTCAACCAJTA 64 ABTI025
GATCTgc TGGTTGAGTGGTCTGTATCCGCATAGCTGCTGAATCCA 65 AB1026
CTAGTCTAGATGACCCAAACTCCACTCTCCC 66 AB1027

UA&UA%TT@WME%%EM&I%¥J #5st8ed into Escherichia coli

strain BL21 (DE3). The transformed cells were harvested after 6 hours of IPTG (2 mM)

induction and resuspended in PBS. After the cells were sonicated and spun down at
14,000g for 10 minutes, the resultant supernatants were collected for purification of the
fusion proteins. More specifically, the supernatants were first incubated with protein G or
protein A beads for 3 hours at 4°C. The beads were then spun down at 3,000g and washed
with washing buffer I (0.05% Triton X-100, 50 mM Tris-HCI, pH 8.5, 400 mM NaCl,
ImM CaCl; and 1mg/ml OVA) and washing buffer II (0.05% Triton X-100, 50 mM Tris-
HCI, pH 8.5 and 150 mM of NaCl) for 5 times each. Bound proteins were then eluted
with an elution buffer containing 0.1M of glycine-HCI, pH 2.7 and neutralized with 1 M
Tris-HCI, pH 8.6. All purified fusion proteins were quantified by Bio-Rad protein assay
{Bio-Rad Laboratories, Cat. No. 500-0006) and verified by SDSPAGE.

A sandwich ELISA was conducted to study the interaction between the hCD162
fragments and each of 15A7, 9F9, and 43B6. 96-well microtiter plates were coated with
goat anti-human IgG (Southern Biotechnology, Cat. No. 2040-01) antibody (2 pg/ml,50
ul/well) overnight at 4°C. Plates were blocked by incubation with 0.25% of BSA in PBS
(150 pl/well) for 1 hour at 37°C. The blocked plates were then incubated with
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AB1028 TAACATt ct agATGCTGI TGEEECTGAAGIGEG 68  AB1029

GGATAGT CTAGAGGT TGTGAGGACT CACCTGAGGAGACGGTGACCGTGG 69 A11030
CTAGTCTAGATGGAGACAGACACACTCCTGITATGEG 70 AB1031

CTAGICT. AGAATTAGGAAAGT GCACTTTTTCCAGCTTGGTCCCCCCTCC 71 AB1032

CTAGTCT Ay W éAE‘}QS 3?hmﬁ§%@%3 62 (2 ug/ml) for 2 hours at
CTAGTCTAGA TGT GAGGACT CACCT GAGGA GAGG t ¢ B1034
CTAGTCTA@AWWEWG@T@O&@&TITQ’WA@@vm PB\‘Bmsanmg 0.05% of Tween 20

O A S LIRSS 8 £

CTAGT CTAmerhifed CAG L (hdeNThit bl iraiohad’l EMESwith PBEBLABRI of 1 to
TCTATCTAGATGAACT TCGGGT CCAGCT TGA TTTCCTTGTCCTTGTTTTAAAAGGTGTCCAGTG 78
A91039 3000 diluted goat anti-mouse IgG conjugated with alkaline phosphatase (Southern

GCCTGG 79

O B I
AB1040 %ﬁ% CTAAGCCTCC 80
AB1041 incubated for 1 hour at 37°C. Enzyme reaction was carried out by adding 50 ul of an

GCCTCTGGATTCACT TTCAGT AGCT TTGGAAT GCACT GGGT TCGCCAGGCT CCAGGGAAGCGACTCGAG 81
17 AB104gkaline phosphatase substrate solution (1 alkaline phosphatase substrate tablet dissolved

AB1045 T ACEATR AP T AR P AN AT AT N AP AREC 03

AB1044 QEMACGACPEAGHCANTIGATETGCAGSS ABABECTEIRGIFECCAT TATCTCTGGAGATGG 84
AB1045 GAATT GI. TTA.CTGTGCAA JTATGCTAGI TACGGAGG 85
AB1046 CTGTG%&R@&%W W&ﬁ%&!&@ﬂ&@@ﬂme 86
ABLOA7 AGGiehGh @ggazmmmmmmeﬁ%ﬁr GRUGHET  ABL048
TCTATCTAGATGGA CAGACACAATCCTGCTATGGGTGCTGCTGCT 88 AB1049
GCTGCT CradSt T2oraGIotach CTectansiECAGAT GARORAATTI agBAIGHCTIA Gosly boasl 050
GATCTGCA TAGT CCCTATCCCCTACA CCGAGATTGG 90 AB1051
AT ATCA AR I A B e R B R Gy ise 1 AB1052
GATGAGAA%HJW ﬁ@ﬁfllntli&ﬁﬁ al THeldpltbEB AT Rt OAEAGETHER Tési®iRes 1MBIPS3
GCACCCAAGCTTCFCATCFATAAA > TTCCAA CGATTTCTGGTGTCCCATCCAGGTTTAGTGGC 93

AB1054 GIRGAGsAmatiar

e A T R B s

between 15A7 and the fusion protein, indicating that the primary contacting domain of

15A7 on human CD 162 is located at or adjacent to position 120, and the residue Glu is
essential for the interaction.

Fusion proteins covering various human CD 162 regions were also expressed in
mammalian cells and were tested for their interaction with 15A7. Fragments covering
these regions were expressed as fusion proteins with human immunoglobulin gamma 1
heavy chain constant region in mammalian cells. First, the cDNA encoding human
immunoglobulin gamma 1 heavy chain constant region was inserted into a pcDNA3 vector
(Invitrogen). Second, cDNAs encoding various regions of hCD162 were amplified by
PCR with primers introducing ¢ BamHI site at the 5' end and an X#ol site at the 3' end.
These PCR products were cut by the corresponding enzymes and subcloned into the
human immunoglobulin gamma 1 heavy chain constant region-containing pcDNA3

vector. The name and sequence for each primer are listed in Tables 2 and 3 above.
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W AB1057 ACCCTCTAGAATTAGGAAAGTGCACTTACGTTTGATTTCCACCTTGGTGOCTTGACCG 97
AB1058 TATATCTAGAATT 98 A131059

TATAGAGCT CAAGCT TGGAT GGT GGGAAGATGGATACAGTTGGTGC 99 AB1060
TATAGAGCTCAAGCTTCCAGTGGATAGAC( O/ A/ T) GATGGGE C/ G TGT( T/ T) GTTTTGGC 100 The

above-descri b ' GRRSH; . ags"‘ﬂ? ichia
coli strain Eﬁez%& ?%%glj%&i}ﬁe trgalgfe %@ﬁ%ﬁﬁﬁ\ﬁﬂf@@%ﬁé&@%ﬁ vgg? e a??%irn?% hour s
of | PTG ¢2SrigellsibyduipefectamanR 08 IrspiergtadCatn NRBS| 16681087) fdllevieg | s wer e

i cated d t 14,00 10 m nutes, .the resul tant
Super nar SATERGiERE S eRen e droptre i Prlis Ve atPbit e IOW B FERNHR of i ns. Mor o
speci fi cahitogdd) €ab URE! IE350.1178). EBlicCerprdsSéd profeirak@d pititibd REPh Y& idd o'

protein A beads for 3 hours at” 4C. The beads were then spun down at 3, 000g
and wash¥Emdwigh BLIEs i the sgrne mapnar(d@soBud abpyon X- 100, 50 mM Tris-HC, pH

Ti vt on x- 100, TROEHAT A s ARG, P e V0 0 BRIl coch

Bound prwéreiabk tosiiterdcheithalsul7e Chekd kesas £t donster? Wiftethe ¢wattBdtNhd gpifdpéM of
gl yci ne- HCL, _}D_H 2.7 and neutralized with I M Tris-HCL, pH 8.6. Al
o

pur i f i ec®lfledy’os IgsatddichsceparEdefisddoite 1@ by Bio-Rad protein assay (Bio-Rad
Laborat or | €S, {3 thMhove MuOReaRNM AL Llildhds BYolaiAeh, /A ssandui ch ELI SA

was conducted to study t Interaction fagnménts and
each of bkih-dgleddemninséabef cadlifiohwdtdte miodifetiidredependéessiner £l thest ed wi t h

t ti-hun; ] S h Bi hnol , t.. No...204Q-01 ti bod 2
oTm 50 Anippaier by Gobier e aes et e ige 152 s Ridicaby b EltbettEton w b
0. 25% of | AFA ok, B3 BELPOW iR prop@ieslinO oPhindihE spddificiBl ALKEHtRInAt es

were then incubated with 18 fusion proteins containing various fragnents of
human CDRfisducime apopiosisfinactivasiil selis, they domticertwengh differenAiivewinsaghi ng 4

times with P t al, nin .05% of Tween 20 (PBST), the plates were

i ncubat Mﬂ%ﬁ&ﬁ’ﬂ@%ﬁ%ﬁ%ﬁfgﬁﬁlg ‘(2 gg/m) for 1.5 hours at room
tenperature. After incubation, the plates were washed 4 tinmes with PBST. 50
ld of 1 to 3000 diluted goat anti-nouse |1gG conjugated with al kaline

phos phatB¥ & MBRE2: &himegicsAntihodissdPA 7, d3B6, ausd IBD31- 04) was then added to
each veldy,ang Jeie: Pl B, VB, i ARPRLER LPbd iAlD Aly 37 Enzyme reaction
was carrted A0 & substrate

solution (1 ajDN.A aleco[dhél gdh@)t fﬁiﬁvil‘ﬁ’bl§ i MeUV) of
antibodies 15A7, 43B6, and 9F9 were amplified by an anchored PCR method. The 3'
primers hybridized to the C regions and the 5' primers hybridized to G tails attached to the
¢DNA using terminal deoxytransferase. The PCR fragments were cloned into a pCRII
vector (Invitrogen). Several independent clones for each chain were sequenced and
compared. A sequence represented by the majority of the independent clones was picked.
The translated amino acid sequence was then analyzed to confirm that the chosen
sequence possessed the characteristics of typical mouse light or heavy chain V region, and
belonged to a specific subtype. The complementarity determining regions (CDRs) were
then identified by comparing the translated amino acid sequences with consensus sequence
of each subtype. The name and sequence for each primer used are listed in Tables 2 and 3
above. The deduced amino acid sequences of the light and heavy chain V regions of
15A7, 4386, and 9F9 (SEQ ID NOs: 19-24) are shown in Summary.
Chimeric Antibodies
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in 5mM of substrate buffer containing 0.012 Mof Na2CO3, 0.16 M of NaHCO3
and 1 mM of Mg 2 at pH 8.6), and absorbance at 405 rimwas determ ned. It
was found that 43B6 and 9F9 were able to interact with all fusion proteins
containing residues 50 to 60 of mature human CD162, indicating that

epi topes of nefiidlyetldiy fdﬁxﬁrésﬂﬁ?&ﬁ%e%taﬁﬁ%ﬂése%D@M?ssenégdlﬁg thelp] i ke 9179

and 43136, 15A onI bound to the Tusion protein covering residues 42 to
319, butandodta neglems gé 1L oh7,3i386eand Yheeicrgnplified by KR uging pameisidiiededang t hat

t he epit was | ocat e n reS|due 19 to The | ocation
oot oS shinal BéelihSeque R iR S R b FE iRl %B‘F{Sftﬂé“‘ infilieed 15
126. Chamaesieds 20 Bethaiis of teiPCTaprod0sts,twisith $f: theh burB diyhaighed
interaction between 15A7 and the fusmnp{grotel n, in |cat| ng that t he

primary %@Wﬂé%tpi)fbglﬂéﬁeaied P, PMEAD 82, BriR¥ed westas Mpee speeifically. she Y
ad] acentre%&l A 31 5h2043 AR 6 d S/E}edsﬂﬁcﬁléh f#%o th%i% Hﬁ%g Tt he
i nteracti US on I’Of elrns"coveri ng varl unan 5 regl ons wer e

al so ex @ﬂs&ﬁﬁ@dontalne&ammmmmncek Iasldarséqmneemc&ﬁlirgdhé humbi&iht dhatrer act i on
wi th 15A7. Fragnents covering _these regions é%f{/e expressed as fusion

pr ot ei n§°Wt%rﬁf?ﬂJ%nTh‘?r¥ﬁr¥6@PEBQNA§ Ydrivhe> 13Bhaad/ Yl Chsts sebriereddptor egion in
mammal i %’Pasﬁﬁ& Ogv%fhvaﬁ orltd‘l?ﬁ%%f‘ﬁl%q Iagm hdd% B‘}blrtér.n T98yma |

heavy chain c regioir was I nserte Pito a pc

(1 nvi t r alpertpntaBedoredpectiDblfsthe homan hgawashatusonstagt egones bf IpCiH] 60GAvemd
arrpliflci\ %)y PCRwith priners introducing a BanH site at the 5 end and
an xhol 189fe at the 3' end. These PCR products were cut by the

cor respondi N gAY IRTbBNIdSRABEPRSS chﬁmoent«,mng PIARRIS WAREAOGA R Rt ddRvigama 1
heavy chain constant region-contal ning vector. The nanme and sequence

for each lpﬂﬂhélﬂllaﬁmddﬂ@ Rlasthid iTelT@S- 726EsxdTBe sipsyatants| of tig rapsfeatediescr i bed

g?/ml_r?:oi)%gﬁg rer(??z) %6% ? Iorrﬁ:ra\glﬁé%dxtra |ent }I/ transfectﬁldiac?g%I ea £ -7 cells

manuf actebiid t6 hgthafl €D Tﬁ@aﬁdt@ﬁﬁd@@tapdptaﬁk bﬁaommdgrwm in ul tra lowIg
medi um (| nwtrogen Cat. No. 16250-078). The expressed proteins were

purified andIsHg; found that ll chimesis BélﬁbEi}FSRaii%th)Wel Seind 3 Rarmd Y dwund bed

Fosi duestay PRy SRl on) 67 oh 43R R SBS0 T I N e
consi st emiicatinighthathkey @ednddrthe hdhan €RIEDeEnding ability specificity. Furthermore, it

was found that the chimeric antibodies induced apoptosis in T cells that had been activated

for 7 days, indicating that they retained this function of their mouse counterparts as well.
Humanized Antibodies

Mouse 15A7 was used to make humanized antibodies by grafting its CDRs onto a
human framework. To retain binding affinity and specificity, it is essential to conserve the
V region conformation when grafting the CDRs onto the human framework. To selecta
proper framework donor, the amino acid sequences of mouse 15A7 light and heavy chain
V regions were compared with those of 50 mouse antibodies that had been humanized.

It was found that a mouse antibody, mDREG-55, had high sequence homology to
mouse 15A7 V region in both light and heavy chains. Listed below is a sequence
alignment of mouse 15A7 against this mDREG-55 antibody (CDRs are highlighted):
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of 15A7 is |ocated between residues 115 to 126. All of the above results
indicate that the epitopes of 9F9, 43B6, and 15A7 are protein-dependent,

i nstead of carbohydrate nodification-dependent, since all three antibodies
bi nd bacterially expressed fusion proteins. They al so indicate that,

al t houghuigtt5 Affain Hi9gnnamd 43B6 show simlar properties in termof bi ndi ng
speci fi giteg-sand f unedrp@RsLsGlcrribaitd; Rtmsharédieactiigsgzed T cells, they
function through CBIiJT@IP%’Mde@%IIﬁSmQ& + BeanyCirdbuand shebave di fferentl y.
EXAMPLE 2527 Chi mer | ARl Dol @ sladdosditbGirnendodsd: & Qnisngs of |1 ght and
heavy chain variable regions of anti-CD 162 anti bodies” cDNAs encoding the
|ight ang. heavy cfmpapgééasaﬁmmg&% codbrs Aol 0" ant's@g%% 1pAY,
43B6, and 9F9 were, 9@43%555@91-1. nc gre(f +Ko . The priners
hybridi zed to the o re |SGSGTHF and the 5 %/KLELK ed to Gtails
attached t0 the CBNA USI NG term na deagcssr’%g%%r erase. The(sﬁ&ﬁ”f”?‘a&fr‘rents
were cloned into a pCRII vector (I'nvitrogen). Several independent clones
for eacﬁe?f’ﬁﬁhﬁnvﬁéfgé“‘%‘équenced and conpared. A sequence represented by the
maj or i t Y°BF Fhe | ﬂW%WPG%P%ﬁ@QS%%W@HEWLWIW ‘58§ anino acid
sequence was then FHAFFIEHTET CORPIFIF IR TES EHESen ¢ Sequere possessed
the chama®reri sti CYGFsCEaIPEURKLADERSET Y g RRVROYPEFFRRV A RS PN and

bel onged to a specific subtype. The corrpl ement arity det er ni ni ng regl ons
(CDRs) werre-sst hen rrdmmivasvigchvibyrconparirigssiesteamsirated amepan aci )
sequences with conﬁﬂam&ws:sﬂmemmumesfm&ach subtw@e..riee name and sequence
for eachupri mer us@eksaiBwtirSdvedrdebral BblreS@sfBbcdrsdgve. The segugsed am no

aci d sequences of the light and heavy chain V regi ons of 15A7, 43B6, and
9F9 (SEQ ID NGs: 19-24) are shown in Summary. Chineric Antibodies 20 To
gener at e vectMosseREEGXIH i€ a5hdibclaRIG 1Candibbdp oehigs I -Id¥A8, aneodi ng the VL
and VH regions of 15A7, 43B6, and 9F9 were anplified oy PCR usi ng priners
to i ncl sadeneereofamouse JAAT Vieddi Vie regiqnssyrse Iesaertiveky G, 3é)rﬂﬁ'ﬁ@QWQMYS| gnal .

Th o | duct
aht o veP YRR P UHIEER ool 31 Pl EindibediB GutRE S ould BREESSE, LV, *
pVgl , pmﬁnaxmzedpmﬂGvﬁi:ﬁhrDRmFﬁ) hp@bee‘n wabtrycted sngd/frame wgikosrqadaidsodf

15A7, 43136, and 9F9 were_ subcl o to_t he Ias d pVk. This
1. and \? reg?ons from a human anti ody al. Tﬁ'lerefopre to umamze mouse 15A7, the

framework sequences of human Gal light and heavy chains were used to replace the
counter parts of mouse 15A7.

The humanized 15A7 light and heavy variable regions were cach assembled by 4
pairs of synthetic oligonucleotides (~ 80 bases in length). The oligonucleotides of each
pair were overlapped by around 20 nucleotides. Nucleotide sequences were selected and
synthesized to encode the protein sequences of the humanized variable regions including
signal peptides. The assembling and amplification of the genes were conducted in four
steps: (1) the four pairs of complementary oligonucleotides were annealed and extended
with Klenow fragment in 4 separate reactions; (2) the resulting 4 dsDNA fragments were
mixed pair wise, denatured, reannealed, and extended in two separate reactions; (3) the
resulting two dsDNA fragments were mixed, denatured, reannealed, and extended to
create the final full-length dsDNA; and (4) the resulting DNA was amplified by PCR
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pl asm d contained a CW pronoter, and a sequence encodi ng the human |ight
chain constant region. The VH regi on cDNAs of 15A7, 43B6 and 9179 were
subcloned into plasmds pvgl, pVg2, or pVg4. Each of the three plasmds
had a CW pronoter. They also contained, respectively, the human heavy
chai n copgh ﬁﬂﬁlefsﬁg'ﬂﬁﬁi&é ah AGhi sﬂeQi@%othaéﬁgs TH@CR%&% wal then cut by
above-described |Iight chain-encoding plasm ds was co-transfected with a
heavy ch’émiaedmdrtccgnm ﬁsrrespecmmgesmdlp\él{. aiihpVgdpectomt dies, af t he
transfected. cel tﬁg re col ti bodkes in the supernatants

were andio§siogs c!i‘reret “ﬁ%“laF‘i“l”;? emf?eﬁl gerg pepsidstethduce
apopt 03'1ﬁip%ﬁaﬁtC¥He\@él%q'e§'i_dﬁ&|vlre% chidn g@@%aé ftfjthhgta&ftﬁ%; ol 150 6 AMEapodi es
made from 15A7, 43B6, and 9F9 boun Sp2/ 0 transfectants staBly

expr essiang DB Lomed beloware nl@gmmentmi?mamsal 158720 huelahized 15Ad |(Hatﬁﬁﬁg t hat

they retaine ity specificity. Furthernore, it
was fourfé® Pﬁﬁ?’ﬁf@@ﬁr&%‘%@%&aﬁ%ﬁ@% ?H‘E‘i?&lé%’e dapoptosis in T cells that
had been activated for 7 days, indicating that they retained this function
of their nmouse counterparts as well. Humanized Antibodies Muse 15A7 was
used t o ke Kirmaized anti bodi es b afting its CDRs onto a human
frameworR° T3 r et ATH B AGFRY AT IHE - o
conser vé°thie**V r dGHBR T LOATOIREE 1 i CERE=
f rameworkis2To sel eEPTEEPSPPSHERYTETCHIVENS, GWWPQKP$%§LWW%C| d sequences of
nmouse 15A7 |ight and heavy chain V regl ons were conpared with those of 50
nouse anPisgodi es tdiesrrdrsdictyERNshwrBmTZ SN EREwesTdouNd t hatsea oS en)
ant i bodysarDREG- 5 SsveriresdsdsgyhrLseepresnce viugx
both |i ghtsaand hEWWRm&SMFTLﬂSm%Fﬁ@%%WQEﬂQMnCe athgmmat 20f nouse
15A7 agai nst this nDREG 55 anti body (CDRs are highlighted): 21 Light chain
al i gnnentayy RREGL Bandd VL TQSPASLSVSLGERASI SCRZA- Q- SV , ~'

e

W@(PG(EP h(l-sgl Y) rSEHQLEéGGGQJIQ-Sa-G-EQEBZAgGF'M?. Pégt v
PKLLIY § mlL5AZ,, Dl LIMEQIPL SLPVS ”{%" 20

GIVOP A5 PEKGLEWVARTHET ﬁ
] PTAGlééé% Sl 47YL §§_L ) e .
G PARFSGSGSGTDFTLNI EED FEFRAE % 33) G+P
RFSGSGSGT FTLNI VE ED YYC P TF GGI Kg&l;q mmmmmmmm
REG-55 RFTISRDNAKNTL QMNSLRAEDTAVYYCAR Y DOV PBYWGOGTLVTVSS {SEQ ID NQ: 38)
mL15A7 RFTISRDNPKNTLFLQMTILRSEDTAT YYCGRYASHERERMBYwGoaTSVTVES {SEQ ID NO: 38)
HulS5A7 RFTISRDNAKNTLYLQMNSLRAEDTAVY YCAR AN S N NGOG TLVTVSS (SEQ ID NO: 26)

Plasmids thus obtained encoded humanized 15A7 heavy and light chains. These
plasmids were then co-transfected into COS-7 cells. The exhausted supernatants from
cultured cells were then collected. Humanized 15A7 in the supernatants was tested for its
ability to bind to CHO transfectants stably expressing hCD162 and to induce apoptosis in
the T cells activated for 7 days. The results show that it retains these abilities.
Preparation of Chimeric and Humanized Antibodies

Cells producing humanized and chimeric antibodies were generated. More
specifically, Sp2/0 cells (Sp2/0-Agl4; ATCC CRL 1581) were stably transfected with the
appropriate plasmids by electroporation using a Gene Pulser apparatus (Bio-Rad
Laboratories) at 360 V and 25 uF capacitance according to the manufacturer’s
instructions. Before transfection, the plasmids were linearized by digesting with BamHI

enzyme. All transfections were performed using 107 cells in PBS and 20 pg each of
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ML5A7 GVPDRFSGSGSGTHFTLNI SRVEAEDLG YYCE~QG *. rY, ~"-fY; FGAGTKLELK (SEQ I D
NGO 34) Heavy chain alignnment: MDREG 55

EVKLVESGGGLVKPGGSLKLSCAASGFTFST' -) (A, ' Y}q, +V+LVESGGGELV+PGGS
KLSCAASGFTFS++ M WRQ PEK LEWA 1+ G ST +Y ++VKG nil5A7

DVQL VES Ry @R ER RN CaRSEh e ST 1 AAMWBRAREX G RAYARWY. Jowarhifie P YAPK2i 2 $
MDREG- 55 RFTI SRDNARNI LYLQVESLRSEDTAMYYCAR; ; D KYLF2YWSQGTTLTVSS (SEQ | D NG
35) RFTISRDNG plajes. +Alne48 RSER R selerCvRmedBnDIMBESTH0%VSS ni SA7

RFTI SR LFL | LRSEDTAI YY $5 ~ ' SVTVSS .D r 36) M
BREG o5 T B REr il b g s Belemitnt) A i s bR lie gl T v enooe of
nouse 1%pplidd. ARGbOdY-FroGuans cMBMNerE S BaRAI 18 61 A4d BYexdniidRWAE Kre8dHc¥:

73.8% and 70% (framework only: 81.6% honol ogous to those of nouse DREGHS.
Humani z & apiedyss the-pubresws gt by Ed4SAonst ruct ed usi ng franmewor k

sequences of VH_ I egi g 2 ant | . Lherefore, to
humani ze nousltsac\){%gﬁi},guﬁ ﬁglre Cg];tg%év%rs %Zggéﬁgggﬁ%fmgﬁ%h%ﬁm |°F§%rt% dand heavy
chai ns wapenatastwiocedliepledc Antibedies auRt mitified by pasdagerovuaea cbbfdn ofhe humani zed

15A7 light and heavy vari abl e regions were each assenbled by 4 pairs of
synt het iSEaPS‘V‘E’QB?ﬁ?EP‘@EﬁlP@é epharpsg §-1y48 e Sl Waghge ﬁ)tlmeﬁﬁéc%w%mblnéoti des of

each pfauﬁewg[@o@ qfritatpﬁgpbo?xgﬁ{\gqfﬁg. , ﬁH%',f%bb%ﬁﬁ-Na{‘dﬂgimi@%lﬁgﬁ(ﬁgnces

were sel ected and synthesize encodé the’protein sejuences o
humani z ddmgéml QBA¢ and giashiag bufferdd (S5 %esrgom K- P 5D delel. TrAEChg3E/5landg and

anplifi [ of, .t enes wer.e conducted in.four st . 1 the, four of
conpl eranP it nacls B B iRBe ST M.t Bich i ly & DItk S eI hi ¢ h

Kl enow fNia@@BRind ICH éﬂ?@._@[ﬂd%ldhﬁﬁﬁiéd%%lﬁ)rrﬂsj}mlt pEW.&iNng 4 dsDNA
fragments were mxed pair w se, denatured, reannéeal ed, and extended in two

separ at AlfimiFmieasaremerts the resulting two dsDNA fragnents were nixed,

denatured, r I " ed t create the.finagl full- h dsDNA,;
and (4) the f%ggﬁgiag%ngﬁlﬂgfv\tgéEgﬁ%l'%s?r@)&dﬁg}o%&f%eﬂhaﬁgW%’Fgé ﬁgg nt r oduce
an Xbal astib&lied whetdatcemesd bmn@@mi{féaﬁaﬁlgt was then cut by Xbal and
inserted intqg the respective Xbal -di gested pVK and pVg4 vectors. Then, at

posi ti ons whéYleuserHeATves bietnaasd b eddnlopRubiedNHAB Pla kst KPigesee
consi deffifiechnology, Cat. No. 21217). Briefly, 0.5 mg (3.3 x 10" nmoles) of mouse 15A7 was

dissolved in 187 pl of PBS and mixed with 6.8x10™ nmoles of Sulfo-NHS-Biotin. The

mixture was then incubated on ice for 2 hours before free biotins were removed by

dialyzing at 4°C overnight against PBS. The Biotin-labeled mouse 15A7 thus obtained
was stored at 4°C until use.

Sp2/0 transfectants stably expressing human CD162 were used as source of human
CD 162 antigen. Biotin-labeled mouse 15A7 was used as tracer. Increasing amounts of
competitor antibodies (mouse, chimeric, or humanized 15A7) were mixed with 35 ng of
Biotin-labeled mouse 15A7 and incubated with 1x10° CD162-expressing S$p2/0 cells for
1.5 hours at 4°C with constant shaking. After washing, secondary antibody, Streptavidin-
PE (Becton Dickinson Immunocytometry System Inc. Cat. No. 349023) was added to the
mixture. After incubating for 45 minutes at 4°C, the cells were washed again, resuspended
in 300 pl of PBS-1% of FBS, and subjected to FACS analysis.
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inmportant, the Gal's residues were changed back into those of the nouse
15A7 (i.e., 162V and D74H). Listed below are alignnents of nouse 15A7 and
humani zed 15A7 (Hul5A7) agai nst nDREG 55, in which V62 and H74 are
underlined. Light chain alignnment: hDREG 55

DI QU QSPSSL SASYGDRY N Hod?thehdRr b EIK R tlﬁ%éom:entf@i‘éﬁ%f ifiée 15A7 was

DI LMTQTPLSLPVSLCGDQASI SC2~, , PC3WYL QKPGQSPKLLI Hu1SAY

DI QVIT QSPSEL S48\ Gl Thdsero f Qi c3BNBEN] 2¢(d t1 3 ARKEOKRESKAPRIAL | nEMEBEBRS
hDREG 55 G PSRFSGSGSGTDFTLTI SSLQPEDFATYYCQQ 47, -1, $FCQGTKVEI K (SEQ | D NO
37) syl epbresesstigely e roplts Apdicate hactheaimiderpimoriscehimerio; angy

Hul5A7 VEI . 5) Heavy
chai n al {ERAEAT A o TR W P SRR A P ) e~
T PTH# ISTAE 4D8Q ME G NIGREGSRKE SCARSCRAF BiinamiYROMPEKESIENA LY M‘K A A
Hul5A7 EVQL VESGGGLVQPGGSLRLSCAASGFTFS HWRQAPGKGLEWA q S: a7, , t EF hDREG 55
RFTI SRDNA MM&M?H@EWWWCAR ,p " CITY WBQGTLVTVSS (SEQ I D NO. 38)
mML5A7 RRTY RKNELELOVITT LRSEDTAI YYCGR3GQGTSVTVSS (SEQ ID NO 36)  Hul5A7
RFTI SRDM%MQWSERAEDTAWYCARJ - ~-5 { "+, . WBQGTLVTVSS (SEQ I D NO 26)
Pl asm ds t husCabpaitivadnelysioded chodmiddze dtully ATtetietioy amnuig theglvovehai ns. These

pl asm ds, wer.e .t hen co-transf.ected . into -7 cells. The exhausted
super nat%&iFS e mays aﬁﬁ@d&e&f&@p@ SRICEUT| ect ed. Humani zed 15A7 in

t he super nat anggeMasis b%ﬁj&%éﬂfafﬁﬂifg lighH bt BS GO0 1RinNHodt Qe fidaed ik 6. asdra&t ant s

stably expressing hCD162 and to i nduce apoptosis in the T cells activated
for 7 ddgsnvestgate whethesths tlage aptthodias preseat bigdinged &-sghactinte BSGL-PBr epar at i on

of ChingLie¢ and H i zed JAnti hodi es..Cel oduci ng hupmani zed and chineric
ont | boardaipg PErGHIRMBE PRbat e RRaria T RO R IhE s of
ATCC CRIthd Bdo antibodiest HPLy1,tkhawate blorl imtiabtidhel P-aglpetipandeRrSGIpl1asas ds by

el ectroporation uysing a Gene Pul ser apparatus (Bio-Rad Laboratories) at
360 V art§edss Epesuihgcsaniitbe according to the manufacturer's instructions.
Bef ore transf J 1] I €o/ 1 i %:Sbr% i i i bh Baml |
enzynme. All tﬁ%{ﬁéﬁggﬁgﬁlgw\/\%@ gh %aerv%@r%dp Hﬂ%ﬁfgi? cgﬁ*%ﬁl?}nﬂeg%%\mét%d 20 g
each of c@Btaining medium for 3 days. The cells were incubated with titrated 9F9, 15A7, 43B6,

KPL-1 (an PSGL-1 antagonist), or a control antibody (9E10) for 30 minutes, followed by

the addition of recombinant human P-selectin (1.25 pg/ml). Binding of P-selectin to
activated T cells was measured by anti-P-selectin-FITC analyzed on FRCS.

Consistent with previous reports, KPL-1 almost completely abolished P-selectin’s
binding to activate T cells at a low concentration (0.31 pg/ml). 43B6 blocked binding of
P-selectin to activated T cells as effectively as KPL-1 did, whereas a higher concentration
of 9F9 was required to achieve the same effect. Indeed, 0.08 pg/ml KPL or 43B6 was
needed to abolish 50% of the binding. In contrast, 5 pg/ml 9F9 was required. Moreover,
15A7 did not have any inhibitory effect on P-selectin binding even at 20 pg/ml
Surprisingly, it enhanced binding of P-selectin to PSGL-1. These results indicate that
15A7 and P-selectin bind to different motifs of PSGL-1 on activated T cells.

The fact that 15A7 did not compete with P-selectin for PSGL-1 indicates that in
vivo administration of 15A7 is not supposed to affect innate immunity by interfering P-

selectin-dependent recruitment of leukocytes.
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plasm d DNA. The cells fromeach transfection were plated into two 96-wel |
tissue culture plates. After 48 hours, a selective nmedi um (DVEM 10%

FBS/ hypoxant hi ne/ t hym di ne nmedi a supplenent) and |.tg/ m nycophenolic acid
was applied. Antibody-producing cells were screened and isol ated by
examning th icbgdy:d bt Uk quﬁ@g t ELI SA.

| sol at ed cel ﬁgﬂé\lxseq%gﬂg logtgﬁlélgﬁ ?)Ebge%lhén% P%eggedg# l(f‘g\}\ﬁeg c]?%fn%@a];] t he

cul t ur ectffestapéil AAT antibavhiss @oplhebtedercAmtmbedi dswarfosng theak fliesdtibydipmssage
over a colum of staphylococcal protein A-Sepharose CL-4B. After washing 5
times eé‘%n%et“ﬁ%soﬁi“%ag%%%%‘ﬁn ‘{fgmﬁ’é‘by&%‘?ﬁ‘?’gn X-100, 50mM Tris-HC, pH
8.5 400 MM NaC, 1 nmMCaCl2 and 1 ng/m OVA) and washing buffer 11(0.05%
Triton X-100, 50 nM Tris-HCI, pH 8.5 and 150 nMof NaCl), the bound

anti bodies were eluted with an elution buffer containing 0.1 M of
glycine-HCl, pH 2.7, and neutralized with 1 MTris-HCl, pH 8.6. Affinity
nmeasurenents Binding affinities of the above-described nouse, chineric, and
humani zed 15A7 anti bodi es were determ ned by conpetitive binding. Muse
15A7 was biotinylated by an EZ-Link Sulfo-NHS-Biotin system (Pierce

Bi ot echnol ogy, Cat. No. 21217). Briefly, 0.5 ng (3.3 x 10-6 nnol es) of
nouse 15A7 was dissolved in 187 | of PBS and m xed with 6.8x10 5 nnol es of
Sul fo-NHS-Biotin. The mxture was then incubated on ice for 2 hours before
free biotins were renoved by dialyzing at 4C overni ght agai nst PBS. The

Bi oti n-1 abel ed nouse 15A7 thus obtained was stored at 4C until use. Sp2/0
transfectants stably expressi ng human CD162 were used as source of human
CD 162 antigen. Biotin-|abel ed nouse 15A7 was used as tracer. |ncreasing
anounts of conpetitor antibodies (nouse, chineric, or humani zed 15A7) were
m xed wth 35 ng of Biotin-|abeled nmouse 15A7 and incubated with 1x105
CD162- expressing Sp2/0 cells for 1.5 hours at 4C with constant shaki ng.
After washing, secondary antibody, Streptavidin- PE (Becton D ckinson

| munocytonetry SystemlInc. Cat. No. 349023) was added to the m xture.
After incubating for 45 mnutes at 4C, the cells were washed again,
resuspended in 300 | of PBS-1 %of FBS, and subjected to FACS analysis. 24
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It was found that the hal f-nmaxi mum conpeting concentration of nouse 15A7
was 3.72 g/m while those of chineric and humani zed 15A7 were around 5.71
g/mL and 4.51 g/m, respectively. These results indicate that the
affinities of nouse, chimeric, and hunanized 15A7 are conparable. In other
wor ds, i ARPE Y Hifnhdetd Mbnbtahal 8htiBOAS FABYMBAinsE pfonfds PSGIQ{ M~ while
those for chineric and humani zed 15A7 are 2.62 x 10/ M1 and 3.33 x 107

M 1, respect i&stopociCoalpatibodoagassa mpaissPRGheT ABAowaapebyrsd $n thesnayrmaduct ed
to study.interactio ng..t he above- .descri b t hy ee nouse anti bodi es,
b 1. ihieab 6 dfhoR TeRTukd By BRANS 1 TRERLRETT call SopRINTD ARyt o
PSG-1 QRpRRSIT t&lkAGHESTo ddlerife]f it inferfordtewith BaldtgMekE@I mbhR HIwIee

anti bodi es prevent binding of P-selectin to PSG.-1, " binding of purified
hunan P-lsa@ldaneyss R-gelecding ¢ompaditipn eaplysis was prsersnaddd thenmenper siteidasie theof  t he
three angl j =+ KPL - A i : | .of .. P-sel et | nd
poc. 1 elSPhESbdih PP fos o B b T AR RN GhipE MGBE Sl 1 o6
PHA f or bindiay & maboseREGIL-dieved ai aicdricerativank aigh 8@0MRginUm f or 3 days. The
cells were incubated with titrated 9F9, 15A7, 43B6, KPL-1 (an PSA.-1
antagonist), or a control antibody (9E10) for 30 mnutes, followed by the
addi ti oge@AN [ Ny k : 1 4Bk NH P-selectin
to act irt\:/at e(J | gg S \%vahlg mas@??ﬁt@?ﬁgﬁﬁﬁpggg?{e{g?’%?E?’rr}@%%gﬁgzed on
FRCS. Cd8®il2tent with previous reports, KPL-1 al nost conpl etely abolished

o) e ARG froarRge enitbitdurdint nivet neOlucfRE P4 Bk e
ef f ecti veky, at Kol wdtdehaWReNERS. Bpbh 8hRkn raﬁ%gﬁg?érﬁ PRell Qhe PP Was

required to achieve the same effect. Indeed, O.( KPL or” 43B6 was
needed tindugbddeath obtsnastivated Tiselsli Gempetiticnamalysistyassogdudtedimghewsnnarqui r ed.

Mor eover,, S5A7 di d not, have any .i.phibitory. effect ,on P- t.in .y nding
bven ot dstrripihin BidnPg o ARG i B RldREY iorndifch Ry S TRF L g B
PSGA- 1. sdieese Tieawlind thet theéde@ntibadies HAvB Titdd) 6 dhry$ Riheitory effédi@nth@nfihf f er ent
notifs of PSGL-1 gn activated T cells. The fact that 15A7 did not conpete

with P- desedestinbindipg toduman PHal-dapwen atphe highest gonegntsgtinntesied 6t hg/mlbf 15A7
is not supposed to affect innate immnity by interfering P-
sel ecti n-dependent recruitnent of |eukocytes.

OTHER EMBODIMENTS

All of the features disclosed in this specification may be combined in any

combination. Each feature disclosed in this specification may be replaced by an
alternative feature serving the same, equivalent, or similar purpose. Thus, unless
expressly stated otherwise, each feature disclosed is only an example of a generic series of
equivalent or similar features,

From the above description, one skilled in the art can easily ascertain the essential
characteristics of the present invention, and without departing from the spirit and scope
thereof, can make various changes and modifications of the invention to adapt it to
various usages and conditions. Thus, other embodiments are also within the scope of the

invention.
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25 It has been reported that PSG.-1 is expressed at |ow | evels on
platelets. The effects of 15A7 anti bodies on platelets were exam ned. It
was found that the antibodies did not enhance or inhibit aggregation of
human pl atel ets. 26 EXAMPLE 3: Hanster Monocl onal Anti body TAB4 agai nst
nmouse PSGEAT As cnopViemais.ant i body agai nst nouse PSGL-1, TAB4, was prepared
in the manner simlar to the nmethod described in Exanple 1. It induced T
cell apoptosis in vitro and depleted T cells in vivo. To determne if it

interfered wijth bipdin t n se PSA - 1 and. npu R~ ect i,n,
conpetition aIr'laI ys[iglgm\/\n/g"s’g%%%uolrnrfe nlcr?n%ngmrgaﬁeﬁg?cqg’% SEQ ngﬁbﬁ'efbrret hod
descri be¥EQ D B@uglE SEQ 1D N@as 7{998R0 MhHDsTAB42 BED IDINO$ N30, ofrBBOE

P-sel ectin_ binding to nouse PSG.- 1 even at a concentration as high as

20. sg/ D QENBEES. 4. Mouse Monocl onal Anti bodi es 4B7, 5C4, 12E7, 14B3, 17E5,
and 18D12 Additional nonocl onal antibodi es agai nst human PSG.-1, 4B7, 54,
12E7, 14B3, 17E5, and 18D12, were characterized. Upon binding to an
activated T el |, Thedynnalioglabotinckain déealahn 6f whéreinatht inmmiadgldbwial dhain

Conpetition, a ' g .con, In the manner described in Exanple 2 to
det er m ﬁ@nﬁafnsmﬁhwgs ?rnﬁéiﬁgk](é% 4bgt ween PSGL-1 and P- selectin. It
was found that these antibodies have little, if any, inhibitory effect on

human P-selectin binding to human PSG.-1, even at the highest
concentrat i od. t estldunt imBaupoglopuliOTkERCENBODI MEhFISinAhE irnfhundgohdat ehags

di scl osed in | i fi1cati.o y onhined in any conbination. Each
f eat ureCHF@B’F%@%@W‘Iﬁdsﬁg’;dcg?’{’%ag?%ﬂgg&be repl aced by an alternative
feature serving the sanme, equivalent, or simlar purpose. Thus, unless

expressly stated otherw se, each feature disclosed is only an exanple of a
generic serids of Tegdmminegtobylin shain phelafne 3t whersin the srinuneglabdinechain

descri pt.i,00; @ﬁ%ﬁgﬂ] . .hthe art can easily ascertain the essenti al
char acttecpltgﬁscs de'%[;rders@ght i nvention, and w thout departing fromthe
spirit and scope thereof, can nmake various changes and nodifications of

the invention to adapt.it to various usages and condjtions. Thus, other
enbodi ments are al%gWWHYﬁWESWSB?m%H@gIObUHH chain of i | and a

second immunoglobulin chain also of claim 1, wherein the first chain, which is a light
chain, and the second chain, which is a heavy chain, contain, respectively, SEQ ID NOs:
7-9 and SEQ ID NOs: 10-12; or SEQ ID NOs: 13-15 and SEQ ID NOs: 16-18.

6. The antibody of claim 5, wherein the light chain and the heavy chain
contain, respectively, SEQ ID NOs: 19 and 20, 21 and 22, or 23 and 24,

7. An antibody that binds specifically to amino acid residues 115-126 of
human P-Selectin Glycoprotein Ligand 1 (PSGL-1).

8. The antibody of claim 7, wherein the antibody binds specifically to amino
acid residues 117-123.

9. The antibody of claim 8, wherein the antibody binds specifically to amino
acid residues 119-121.
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invention. 27 WHAT IS CLAIMED I'S: 1. An i mmunogl obulin chain conpri sing,
respectively, SEQ ID NGs: 1-3, SEQID NGs: 4-6, SEQ ID NGs: 7-9, SEQ ID
NGs: 10-12, SEQ ID NGs: 13-15, or SEQ ID NOs: 16-18. 2. The i mrunogl obulin
chain of claim11, wherein the i munogl obulin chain contains SEQ I D NGs:

1-3 or SEQ I QNCs: THk fhtibddy dP@lainiNRGLRRNE AititoaR) Lgao‘ﬁfbiﬁdiﬁ%m B.gclébgiein the
i mmunogl obulin chain contains SEQ ID NO 19, 20, 21, 22, 23, 24, 25, or
26. 4. Thlyconmigitohigendl (RSGhal)wnaeh activdted B;cellhisduetes thehdeatnofthe gétotatddi n
chain ng) ins SEQID NGO 25 or 26. 5. An antibody, conprising a first

i mmunogl oBul'in chain of claiml and a second inmunogl obulin chain also of
claim1, wherein the first chain, which is a light chain, and the second
chain, which is a heavy chain, contain, respectively, SEQID NGCs: 7-9 and
SEQ I D NOs: 10-12;A&€ fiiprygine depth elamactivaied T el inegmpriging gontestinghe

Fespect ruaryBo@L eint FRAR B &l 050 Wy G AEMHLERA R Tont 1 1
anti bodwctimiad ﬂiicaﬂsinchmediéeiﬂcaﬂ‘my abtﬁ)s}a&ni Toelhci d residues 115-126 of human

P-Sel ectin dycoprotein Ligand 1 (PSG.-1). 8. The anti body of claim?7,
wherein the anti body binds specifically to amno acid residues 117-123. 9.

The antibody f cl RigBikd MRERIA | iR e it IRG R idp ami no
acid residues 119-121. 28 10. T 1e antif)!m%15 %?ec alm 7,%@%%@6&%&
ant i bodythe methedlsongiisigpgt o P- Sel ectin  d ycoprotein Ligand 1 (PSE-1) on an

activated T-cell.. . nducxgs t.he. deat,h. of thﬁggﬁ%\ifivat ed ,.T-cel 11. A met hod

h. | .
of i nducing dAGtTVIBE oHORE, HAYIRE bringt pis Ve RORdiBTR Rt A

ant i bodyxedssital tllimblibied danAck rdpbRsk, dncel |, wherein binding of the
anti body to the = _
administering to the subject an effective amount of an antibody of claim 7,

13, The method of claim 12, wherein the condition is an inflammatory disease,

an autoimmune disease, an allergic disease, or a T cell cancer.

14.  The method of claim 13, wherein the subject has received or is

contemplated to receive an allogeneic or xenogeneic transplant.

15.  Anisolated nucleic acid comprising a sequence encoding the

immunoglobulin chain of ¢laim 1.

16.  Anisolated nucleic acid comprising a sequence encoding the

immunoglobulin chain of claim 3.
17. A vector comprising the nucleic acid of claim 15.
18. A vector comprising the nucleic acid of claim 16.

19. A host cell comprising a nucleic acid encoding SEQ ID NOs: 1-3, SEQ ID
NOs: 4-6, SEQ ID NOs: 7-9, SEQ ID NOs: 10-12, SEQ ID NOs: 13-15, or SEQ ID NOs:
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activated T cell induces death of the activated T cell. 12. A nethod of
nodul ating a T cell-nedi ated i nmune response in a subject, the nethod
conprising: identifying a subject having or being at risk of having a
condition related to an excessive T cell-nediated i mmune response, and
adm ni stigrLigng to the subject an effective anount of an antibody of claim?7.
13. The nmethod of claim 12, wherein the condition is an inflammatory

di sease, an autoi mune di sease, an allergic disease, or a T cell cancer

14. The neth of glaimil3, erein the.subjegt has . .receiyyed or
cont enpl at edozt%o rec e|al\l/°n1t %eil %ﬁAC,I{fadﬁlgf abern ngl n°8§é%%?%"t??-a;ﬁg%agﬁfﬂﬁt cfg’. % An
i sol at edlaiietlt] & iBsdctcadD BPh hiinigal&inseiuence encodi ng the i nmmunogl obulin

chain of claim1. 16. An isolated nucleic acid conprising a seguence
encodi ng the i mmunogl obulin chain of claim3. 17. A vector conprising the

nucl eic acid f clgai 1ai : I Sl . I .g; of
claim 16. 19.ﬁA ho@%er’%oéﬁdlc%f%lﬁl{%s%fﬁthglteﬁIﬁ%%:ﬁ%g?ﬁ{ %ﬁclggﬁlkgh%ﬁ%g F%I'NCB:
1-3, SEQID NGs: 4-6, SEQ ID NOs: 7-9, SEQ ID NGs: 10-12, SEQ I D NGs:

13-15, or SEQ.ID . 29 16-18. 20. The host cell {m1 ein the
col i s a badPer! df HegicEl cRmpEsize ACUFIELc agid fﬂcaﬁtngééiocﬁ 53 du s "or o
manmmal i @3 ¢glds. o2dg The host cell of claim20, wherein the nammalian cell

is a hybridoma cell. 22. A host cell conprising a nucleic acid encoding
SEQ ID NO 19, 20, 21, 22, 23, 24, 25, or 26. 23. The host cell of claim

22, wher ei | i i | L | L | I,
Cnsect col | B o el U 22 WSt o i FER beTesat el aedd cofir o
t he manpddt 3811, Galihseebcdll, BY Rhiaden@isakll. 30

24.  The host cell of claim 23, wherein the mammalian cell is a hybridoma cell.
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