Description TEM8 PEPTIDES AND VACCINES COMPRISING THE SAME Technical Field [0001]
CROSS REFERENCE TO RELATED APPLICATIONS The present application claims the benefit of
U.S. Provisional Application No. 601911.194, filed on April 11, 2007, the entire disclosure of which is
hereby incorporated herein by reference in its entirety for all purposes. FIELD OF THE INVENTION
The present invention relates to the field of biological science, more specifically to the field of cancer

therapy. In particular, the present invention %ﬁm peptides that are extremely effective as
cancer vaccines, and drugs for treating andjé mors. Background Art [0002]It has been

demonstratqqiIRPRPITIYES RN VATHINVES (COMPRISENEITHIPSAM T lerived
from tumor-associated antigens (TAAs) on major histocompatibility complex (MHC) class | molecule,
and then kill the tdrechnigal Bigld the discovery of the melanoma antigen (MAGE) family as the first

example ghJAfs, MROKSRerEREs(RYS RFEamdistoserEdcthrauoNsnmunological approaches (Boon

T, Int .1 Cancer 1993 May 8 :17/-8Q: ; 996 Max 1,
183(3): 725-9), andﬁ%%%%?‘t%é@ka g%?%%ﬁv%%%%@?zg%?% éc’ﬁ%%ﬁ%%ﬁ}éﬁ%éﬁ%ﬁs
potén

immunotherapeuff®rbdtd: @Géé’ﬂd@ﬁﬁiyaﬁgﬂ?of}??e_wufﬁ SCHER TR BAERCENG specific
anti-tumor immunerpsponSeseiNdY acfisdurt ot eviloprii bP@neest application of peptide
vaccination strategies: i VeHOUSH ofgancer (Harris CC, J Natl Cancer Inst 1996 Oct 16, 88(20):

1442-55; Butterfield L H et al., %@%%%%38&:&%8%%&@5&@%5 13t ARndlssers destiakug@neer Res
1999 Nov 1, 59(21): B554-9; van der Burg SH et al., JImmunol 1996 May 1, 156(9), 3308-14: Tanaka

F et al., Cancer RES T8t Beeny) 10 RABIGHUE, (he Prasent Mo Lelales iy Jan 18, 80(2):
169-72; Kikuchi Meptitiedrtha CanstenoySiitay s B8 H@renSocenen i Nrusdpr iraitgaider 1999 May
5, 81(3): 387-94). ddnléhiiew opaiesal. clinical trials using these tumor-associated antigen derived
peptides have be%agorted.&g‘o tunately, only a low objective response rate could be observed in
these cancer vac R [Belii F et al., J Clin Oncol 2002 , Oct 15,20(20): 4169-80; Coulie PG
et al., Immi0ABlReVIDEB P GotdagneREd RSB Roispirxidt eehopras $epLlab(9): 909-15).
[0004]One possibledaasaeardpipepiriivadackdfeficanyrcostdibedhatigessdT ddwherejtated

expression of hunﬁ%}d@é{hqﬁ&{ﬁﬂ@&@ﬁ&éb&ﬁ%@%&k TRISIEHIES SutRIkiIRESYsmwhishsfrequently
occurs in solid tumors and severely impairs T cell-medlatwwgi}%r rea%pgl)nésg,% (Cormier JN et al.,
Int J Cancer 1998 1R §1e/5¢H9VET g F#ﬁg}fﬁ’ﬁ’%fg{%ﬁ? ol Me .oo}gy 1989 Apr. 5(4); 118-86;
Paschen A et al., FhaCanosrctond My Havedses)diroogysl Braigh iBErRPESORRPPRRShocytes
(CTLs) are inducedsby:Ca/GRl (agciie tepgdting tompr: a33diafdaiti§eons, dheBOEgsd IErgcognize
the target cells whepn they Aot exaress;assufficigntANorHof ARARIRSH i wlesriess[9005] Tumor

angiogenesis is critically involved in the, ro}%e%smn of.tutanrotr% It has been already demonstrated that
an effective vaccirfd 45HiA&Y§ Flgﬁéiﬂ%‘é‘ AR b Heloped according to an endothelial

cell-based[8pprbachideargsargneisearal Shaciehinstes Priaetsrdseepii SWBEERG™M YU 2, as HLA
class | molecules asgpomicd OwiraagUiataer daverpaibelial détis M\l Sien all peivlerResa2005 Jun 1,

G5(11): 4939-46; IShigglibE\ o S19,CONCH L2000 QeLINATQUSBAL D OENST, Since these

therapeutic targets are tumor-independent depletion of va I jal cells in.the tumor
microenvironment%aﬁa'd@’@ﬁgg’gé)gugﬁﬁ dst‘?%?%@%%a@%ﬁ?#ﬁé@ l?r%-ﬁeihg%?t%arhor endothelial
cells are readily acésseedibgtighn PlapesiBssA W2 BryoksPehhy, Bad-&iea é%‘r@ﬂ‘i‘f%é@eﬂé‘ha{ge
endothelial cells withewhthe geneationsofangiohen titauksypet dh, LbditoRethBERW&ven a small

_”‘:mb?‘{‘r Otfhenﬂothde§jﬁbtﬁﬁ'ﬁﬁélﬁj?£§ﬁ€ ﬁﬂ@%ﬁ,‘iﬁ?&kﬁﬁ%@ 1@@%ﬁﬁ§t&f,km)€t'ﬁ f’@ﬁt?tcmala{ms&el 0
integrity, thus leading to inni or n rQus I cells n, :
arey g I}zcgadjgm g#gﬁ My 381 595!04%'388@6@0 Fa5man :?*dﬁﬁcer’}]/' Fébé%?l%%a

27-31). Therefore,aﬂu’nlfg _ od target for cancér immunotherapy. I order to
suppress tumor ar@ibﬁéﬁ%&%i%ﬂiwi%fﬁ%%}&%ﬁ‘f‘@ﬁ'ﬁWé%Bﬁ%%@%“é?f”ﬁﬁ%ﬁ'ﬁg@f%’et needs
to be selected amalag vad|eguias that dxeretatet do Anfgiogendsis oo Teliror endstvakiakitarkers
(TEMs) including TEM8»ba4s.Reanfonnd donbs spesificalhisale yatesein tupar-assnaigtesbezsiathelium

compared with norel (oo (51101 €Ll BSenGe £000 AR BaRRRITRL 1107,202) The

TEMS transcript w. ng and brain tumor and liver metastasis. Therapy targeting TEM8
is applicable to a WigscraEe-t tidlo 84 200 PEO WD HD5/048943 proposes the use of
vaccines compaisingGnyeoteivkneasingdhiiexttadet idek dbefiBiacyfcPEMBewithlesyacciteencoding
tumor-associated 3pligenqHeYENS, Bindea e ads i Ripuineenavidenseaitbabiherdroduction
of the TEM8-expressing vector resulted in the induction of CTLs against tumor-associated
endothelium, nor does it provide any information on the position of epitopes within the TEM8 protein.
Disclosure of Invention [0007] SUMMARY OF THE INVENTION It is important to improve the clinical
efficacy for cancer treatment targeting tumor 3 microenvironment, especially for those targeting tumor
angiogenesis. The present invention focuses on tumor blood vessels as the target for anti-tumor
immunotherapy. In particular, the invention targets the tumor endothelial marker 8 (TEM8) (GenBank
Accession No. NP_115584 (SEQ ID NO: 76) encoded by the gene of GenBank Accession No.
NM_032208 (SEQ ID NO: 75)), since TEM8 has been thought to be expressed in vessels of a wide

ranne nf fiimor twvpee The nrecaent invvention nrovidee TEMS nene nradiicte containinA enitaone nentidac




[0011]Moreover, the present invention provides methods for treating and/or prophylaxis of (i.e.,
preventing) cancers (tumors), and/or prevention of postoperative recurrence thereof, as well as
methods for inducing CTLs, methods for inducing an immune 4 response against tumor-associated
endothelia and also anti-tumor immunity, which methods comprise the step of administering the TEM8
polypeptides, polynucleotides encoding TEMS8 polypeptides, exosomes or the antigen-presenting cells

presenting TEM8,gol &ﬁ&%@?éqo%&h?&%@fm‘gsﬁ'%é&% Fiheinusaiiars [eAFddneddition, C Its

that target the present TENT polypepfides s the mmun

tumor- aSSOC|atecF“é't‘1(5‘B‘"fH’él{5?ﬂ°“ISﬁ% f‘?ﬁ ?eaéeﬂ‘i %? ?8%18?{3% l’?‘?@ltﬁﬁ? et the present
TEM polypeptideBlidkhie DT eisabf Mel Wéﬁiﬂﬁ%alé’@%ﬁ@fu§é4ési\7/§&ﬁng§5§§&r?s%%lné%? [00131ltis to
be understood thahhashoths eegoing GMmseteey ok ifpentinraowtheTfbllophngydstéiEbsgescription
are of exemp'”%%%%%'é nisnA0d At Tesirictys afHe doveitien o d@UB@&ﬁ@@‘F@iQﬁWOdimemS of

the invention. Brief Description of the Drawin (%14 1 F| ur icts phot owing the
results of IFN-gafiRgTEL S8 GHessll 3’%@%& i Wer e %C” pé?)l es%@rgl‘\‘;é(‘adtl afrog;lhh TEMS.

The CTLs in the wellepulasbers #5 and #6 stimulated with TEM8 A24 9 39 (SEQ ID NO:3) (a), #6 with
TEM8-A2fH@0Z)7 7 (St BnpiGEd)el i#Swiithl T EM8vAQ i 110 2T0R(SEQN |0 NODY.(K)hasdosith
TEM8-A02-9-337,(3 % Qetz%@d(ﬂm)at%ﬁ Yith (R MR AR2a92838 (iaftralidehad) dajidi Wlthh
TEM8-A02-9-278 0 1o wit
TEM8-A02-10- 26@*’@ ‘Bé) (B &h \%Oﬁ M%Qﬁﬁgseéo §a@§3E§Q Q‘%C;;%%ﬁf%%#( 21 showed
potent IFNgammé‘H?’@H%@W%ﬁ?ﬁ%&f?ﬁmﬁ‘éF&Bﬁﬁﬁl e?cﬁ‘@ i Eshireay's 5?[8 ¢ase of
negative data (nodowh-ieglistdmy indeibetiot sHbviW spebifit dRNCamerRaspidHubiioh ﬁifﬁfﬂﬁhe CTL

stimulated with TEYA3-A03:Ri200 IREQ. l@m{@aﬂ&kmimm@ti@lemwsm&amt oadis:@edviost of the
predicted peptides. sho%g Lol CTL m?uct@n t?ﬁﬁ froLng %&ﬁﬁ [ti RG] bripgiugtignivas focused

upon in this invention: esqu SPE'on ese |ture5| %? ted that the cells fro
Gur&

corresponding Wéﬂ"\ﬂ?é]ﬂéléﬁﬂéﬁﬁ@& f%“%fgt%ﬁ"é}?‘mfﬁqm@g Qﬂuﬁﬂé’?l Ve PEA ARG e fFN-gamma
production agalnsh&gahceﬁsmdhemmhmammaé@pmm&ﬁdy ac¢pgiehiyd the IFN-gamma

pLOdUCtiOt?l agam It b%l%ll‘lrtﬁé B%{H@f@ﬁrﬁﬁh W@M'Q@ﬁd{f&t@iﬁgﬂ@% arﬁemum‘graﬁ’\lhg 3) (@)
snowin e results. IS 0 a
TEMS- 22 4-9- 277\(/ %(61? @ 3) Rﬁg {)i{%%ff#. L&?[}g d[}{"éﬁh-{l%h/l‘?h@ %190?%\@%@11@1

(SE TEMS- 02 9:337 (SEQ

ID NO: 23) (d), TEWBbaDL gﬂﬁs esip ibinghs fyor e eg“@?é E IO,

TEM8-A02-10- 338f(SsE@1Iiﬁt®g@tY60)Uéd)3dTEg/l8 -he hidifies @Sm@m)w@r@a)c@ﬂ%(ﬁaﬂimm :

TEM8-A02-10-333 (ke b&¥Q:,68) (i) w:'tB1$mh@wﬂmatﬁht$enaswaneaamg@mmtgat CTL lines

established by stlTulatlogrvivIng gacinep O§nggg1%g t&ﬁyrgﬂ @ngggq;vlﬁﬂgqiggmgqgﬁp with
ta, It

the control. In contrast, as fypical case negatlv eC|f|c FN jamma
production from tH&f G?E‘If?lv\éfeg’tﬁ’ﬂﬁ’éﬁe?ﬂ’ ARRSCPERIBIEY Be £E %ﬁﬁ ﬁ% agalns

peptide-pulsed tardret oelislfledotheetigperesis'+" indicated the IFN-gamma production against target

cells pulsegith th@&ﬂ@f@ﬂﬂ@ﬂ%ﬂﬁnﬁﬂ%@wﬁi\){émdieﬁi@ngEbEBl g brarpfadidciidre against target

cols ot putsed w e ReRes: I 35 NR SdeRct NG UaRhs S ouNG gieRiabishon! o
ed wi

CTL clones stimula 4-9-277 ( SEQ ID NO:9) (b)
, TEM8-A02-9-33F(8Ed ﬂbahé‘;%ff(époﬁ’&ﬁs}}% %%&géé% ?5% @%Aﬁf%c%‘ rg?ﬁf\ﬂ “Rb2-10-265

(SEQ ID NO: 63) (@pi&Feddiohes mmsh@mbyagﬁmmmﬁwm%a&wrﬁébﬁﬂéea@%ﬁm&alfe&botent

IFN-gamma DdeUﬁ&@&i@@@@ﬁﬁd@ﬁﬁﬁk&@ﬂ&xﬁiﬂﬁ%@ﬁ@w@m Papiides/ 48948 ptyersbathe, No

IF-gamma produglion-wag;shou 3ga 5tﬁé&&téafa&aagttnymﬁmmg@mngmmmwres +
indicated theIFNgamma production against target cells pulsed WIth’\%/?HaB% %)tld and

indicated the IFN-§ASRIPECAFOA IR M AT R AR AR TS HOMSUR R ITRAM B |des Rg.-d1Figure 4
depicts line graphsushexidancs plifie: OMiodustivingoh gheindtHe eapirst Bal e eHIBYeRGKsly express
TEM8 and HLA-A%2402iek HLATA Q204 GRDr-aslisitransfriugdlnit toe dutklangtivifEMS gene or with
corresponding H uls ide. deriwed fram TEM8 were prepared as
control. (a) The C?Egﬂorll%gestwl? éﬁgﬁé with {BRI%%EG\\A@%% 277 (SEQ ID NO: 4) showed high specific
CTL activity againd?seiesuze| _fIAYSRER with both TEMS and HLA-A24 (black lozenge-mark). On

the other hayd7no sgm_ﬂ PR FPOEIfEIE THIENTItPMas detected against target cells expressing either

HLA-A*2402 (open tiangular mark), apbEME: (Gnea.Figlede élﬁﬂ baCTkalonaasiablishagnoith
TEM8-A02-10-265 (SEQ ID NO: 63) showed high specific CTL activity against COS7 cells transfected

with both TEM8 and HLA-A02 (black lozenge-mark). On the other hand, no significant specific CTL
activity was detected against target cells expressing either HLA-A*0201 (open triangular mark) or
TEMBS (open circle). Ifig.51Figure 5 depicts in vivo immunogenicity and antitumor effects of vaccination
using TEM8-A24-9-277 peptide. (a) In vivo immunogenicity of TEM8 epitope peptide was examined
according to the protocol as described in "Materials and Methods". BALB/c mice were injected with
Incomplete Freund's adjuvant (IFA)-conjugated TEM8-A24-9-277 (SEQ ID NO: 4) (MI-M5) or IFA only

(N1 and N2). In the figures, "+" indicated the TEN-gamma production against target cells pulsed with
neantide (hlarck barl and "-" indicated the IEN-caamma nrodiiction anainet taraet calle not niillead with



[0021]ll. Peptides To demonstrate that peptides derived from TEMS8 function as an antigen
recognized by cytotoxic T lymphocytes (CTLs), peptides derived from TEM8 (GenBank 7 Accession
No. NP_115584 (SEQ ID NO: 76)) were analyzed to determine whether they were antigen epitopes
restricted by FILA-A24 or FILA-A02 which are commonly encountered EILA alleles (Date Y et al.,
Tissue Antigens 47: 93-101, 1996; Kondo A et al., J Immunol 155: 4307-12, 1995; Kubo RT et al., J
Immunol 152: 394 3+3dn il fe it anpicang fof ihode A2deting tindr AQF dpientisia Foppdwederived from

TEM8 were 'de”t'f'eﬁ%%? esinEmAion.08 bainbindina afiniissie- Eieefmmaraw\ -A02. After
in vitro stimulation of T cel y dendritic cells ( Cs Ioadeé? EF@T}]% %geé)@g%%e

successfully est%l%@%lﬁ&éﬁ%ﬂ%ﬁﬁ@rﬁ foWing p ID NO: 3),
TEMS8-A24-9- 27%(@@@&3%@&;1@%@@1@@77&%@N@ 5 eresis- AgPe%37 (SEQ ID NO:

23), TEM8-A02-%338s(SEQol BiNQRSNSTEMBIN2D-25)8, (BEQTEMD2SDeT EMEIA02¢0-338 (SEQ

ID NO: 60), TEMZ-A o 0 {SFQHBNRVEE)
[0022]These estaéps%gsé%@r%%{sﬁow A[&]M%n%%épgﬂ%g% “ t%féq}l%%gtgta (9?5 %%}g pylsed with

respective peptidBEMPHESE PERIHESFHBHLRER TR TRt REME gﬁear?%l én fecognized by CTL and that
the following peptidpendingapitspelgse Pritiakest Plombraenayeted 651 ?B@N@&)d?bﬁi_‘}&
TEMS-A24-9-39 @gg@ya&,@“&}cﬁﬁmmwngma@mmmmms@mm@mm@@ ID NO:

9), TEM8-A02-9-33/(aER DN &%M%M% &%&ﬁ%@mmpprawgemmﬁedeﬂs (SEQID
NO: 30), TEM8-A02-

10-338 (SEQ ID NO: 265 S
TEM8-A02-10- 33@"(@2‘@% U885 60 ﬁ ?ﬁ%r% (r)msel IS over %)%%fﬁ lg%' in rlrt]%tsh[ecancer
patients, it is a gm@@@emﬁﬂﬁaﬁ&%th@ﬁa@%ﬁ%ﬁ%ﬁ% N2 BFiFSEd cPHORS BBYSEsent
invention provideg,fanRapspiidas(gepidesaifisisiingrefreiperamingmsidl Féé&lags)efand Qlecapeptides
(peptides consistig, of (g8 &%@%&g‘é@yﬁé)dehfa&rﬁmn@mmtﬁmxfmﬂmﬁwnm the

present invention, amino aci uencges onhapeptides o deca tld be selected from SEQ
ID NO:76. Thus, ﬁP@éEﬁFHWé’ﬁf’ Eﬁﬁ?ﬁf %Faﬁﬁl‘éo a{)%éj ptse)[r)t{:ill faving ccgﬁo?(% (S T cell inducibility,
wherein tlﬁéﬂﬁébtlde\e@ribn@sthm@ﬁﬁéﬁ%@ﬁﬁ@h@%l iP sl SR RERNdE B EFRYI he amino
acid sequence of BRI B/ &MQ:T e Mkasipiifioalistein saicheoanpbptiimendscahepiitention provides

peptides COﬂS'St"&%é%&}Fs SAmine ACi SRAHANRS m&e@%mﬁlnempeqﬁemf@ms 804, 9, 23,
25, 30, 60, 63 an 0024] Generallé; software r S nowz%allable ont Bg%nfctldsuch as

those described irfPIRESHIEE G UF PIEiFRhENSRY ef PRRYTYY: 163 E}?Sm% be used 1o calculate
the binding affinities trenecelscedibospbpgaey 8ﬁ§ﬁ@.@éﬁ@ée§rs4rr§’sﬁt’t3 B dfﬁ}g %}ﬁﬁfiég?lth HLA
antigens can be ragasiricl ks €XribeticfoiliexampepiiiPack érad Oy ettain hiempasohosns Jan 1,
152(1): 163-75; a%é&%ﬁ%‘%‘%ﬁ%& 5%996‘ 2001280 d81%2-8ladtbe, Redigds tae deieimaining
binding affinity is described for exam é]ou natqf Immunological Methods, 1995, 185: 181-190.;
Protein Science, 26BBI%. [FE43 }i%ﬂ% TeSent invention encompasses ptides of TEM8
which are §888%imin&¢hen bﬂﬁ@thﬁrﬂLtA%m@%ﬁst Pgﬁ%ﬁ?kﬂ?ﬁ»ﬂeﬁr%ﬁr%[ﬁﬁgmﬁb%gﬁﬁﬂ% Fidre, these
peptides of the presesdrinventiemgaelbesfhnkedndite Sdditiomgkting e acipersisiel peridesiong as the

peptide retains itsq T} ipduglbifity, %Hn%@&@%‘i with G hindusilitaaigdopexaniplecdasaihan
about 40 amino acids, ofteﬁéﬁﬁﬁﬁhaggnatgguidg arr}lerggn Cld u&llmﬁsa% mgtﬂ&gq&t&g&mgm acids.

The amino acid séﬁﬁ%(ﬂ'{}%s e baptdes cOnsistn e amino acid sequence selected from
the group of SEQ 4m1§@§f3964t19g23”‘2§'33’éﬁ0860@§%d 68 is not limited and can be composed of any
kind of amjooia¢ids 50 dangwscit Baesmeat ppair ithedBddd | il thei ity tlati o igfi el pipitiie. Thus, the

present invention gise; pioy| &R:%Q%i SIDAVING &l dosusib iy purhiehRRRRLsS the ansineacid

sequence selected from the rou s FEALR o0 £3 and %éO%G]Generally,
it is known that m&&ﬂlélé% oﬁ“e”’ Cr%ore%)lgr%l cl)eg%%tﬁ a protepr?%P ﬁot mfluerﬁc the fur:ﬁ;uon of the

protein, or in som@f%@@é@?@ﬁ@h?@ﬁ&@%ﬂ@%@?ﬁ@&iﬁﬂh%ﬁﬁsdﬂﬁé‘@ﬁé e BRSNS R P Mo dified
peptides (i.e., peptideswmpasediof arcamineetid fequencaenoukfudigsnqubstitiginecdp atding one,
two or several ami{?&ﬁ&@:%\?@ %&@ﬁeﬁﬁ@ﬁl@ﬁi%ﬁ@é@f@%@ﬁ@@ﬂf@bﬁm heeftikading deeratain the
biological activity of the original peptide (Mark et al., Proc Nail Acad Sci USA 1984, 81 5662 6; Zoller
and Smith, Nucleid &&i85°Res 1982, 10: 6487-500; DalbadieMcFarland et al., Proc N ci USA
1982, 79: 420bLY 3). MhieeY &b W@%Eﬁmﬁ%’ﬁ%ﬁ*%ﬁﬁ%ﬁﬁ%ﬁﬁ“&ﬁ&% p?fé’@ v’%hsg0 TL
inducibility of the priesepieirerentipnaaerbeursr ogetico pthkeatiinoHEEoRUMYASRIYTERAmIno acid
sequence of SEQ |R.NG: 3, @elf alRedR 30050634 EBLWhIRIRIORS, ittOcaTgeMemmone amino acids
are added andJor substituted. [0027]One of skill in the art will recognize that individual additions or
substitutions to an amino acid sequence which alters a single amino acid or a small percentage of
amino acids results in the conservation of the properties of the original amino acid side-chain; it is thus
referred to as "conservative substitution” or 'conservative modification”, 9 wherein the alteration of a
protein results in a protein with similar functions. Conservative substitution tables providing functionally
similar amino acids are well known in the art. Examples of properties of amino acid side chains are
hydrophobic amino acids (A, I, L, M, F, P, W, Y, V), hydrophilic amino acids (R, D, N, C, E, Q, a H, K,

S T and cide ~chaine havina the followina fiinetinnal aroirine or charactarietice in common: an alinhatie




(7)Serine (S), Threonine (T); and (8)Cysteine (C), Methionine (M) (see, e.g., Creighton, Proteins
1984). [0028]Such conservatively modified peptide$ are also considered to be peptides of the present
invention. However, the peptide of the present invention is not restricted thereto and can include
non-conservative modifications, so long as the peptide retains the CTL inducibility. Furthermore, the
modified peptides do not exclude CTL inducible peptides of polymorphic variants, interspecies

hogn?lfgu)es, andf&ﬁk%&%% 9&%&Mﬁmmi%%%té%t@mét}@%@ﬁ%ﬂﬁﬁ]ihwmmiﬂjﬂiwme, mmﬁn%diWH(add or
substitute) a small n er (for.example, or.several) or ercer s. Herein,
the term "several %& SC%A‘ I ge‘ai/v%efr3 gtﬁﬂ r?Jg Egic%%l,s%rrl%ﬁr%g@@&%&%@?@%@%&%@%@g%f amino
acids to be modiffagasie JEYEBUYNEREIeor B REPHITON BB REEPIRFPRIBHTSIE PESSTBIE to 5%.
[0030]Homology aEagsisighéhtdeseseaht pepticesyiliaMBeARDOURIIESCOID NO: 3), TEM8-A24-9-277
(SEQ ID N@14), TEMEARA: LOFR{ thiS RN oD TENBpARDDARY (Sm@HEN NMOi@R)ne
TEM8-A02-9-338 (SEQID NG 20 FEME AR 2LRSEQIEING30) TEMCAQRARAS (SEQ 1D
NO: 60), TEM8-A02-10-26 % ID NO: 63) and TEM8

| -@02-1}%—33%’5 IDNO: 68) showed that
they do not have Bighiffssnt hoMisgsahiy BEstRie S AL ROBEPFRINEnY BiherkSoWR BUman gene
products. This lowbrsfinéysossibilisingt agkimelvanseiundesired immune responses when used for
immunothexapy. Therefo. wise-dion thisspeass fihasenpeplhitas-ind wisénfamelbaiting tramunity in

tumor patients agaipst f| Me%al%e%%@qyfé@&ﬁaﬁ%%?'gg&;ﬂﬂ%'@ﬁ*%ﬂ@%}l}ﬁ%@Ije‘%ﬁgti@e of

immunotherapy, the present peptides are presentggwon the surface of a cell or exosome as a complex

with an HLA antigBf IFRBHORPE OIS R Te STNInaTs ?ﬁﬁepggiggggrhigh binding affinity to the HLA
antigen in additioBidg¢hBlestTFiptioncifiltlye Domwiregsthe peptides can be modified by substitution,

addition angh PHCN AL TP BN G EHEER IRATRIENR #biderindinG Al ElDIgedition to
peptides that are naturally displayed, smc& the reqularit of&he S uencﬁj\ﬁg p}%%t ths layed by
binding to HLA arﬁ?é@’n%nigyrrg% YAoWH f‘ﬁgnﬁgln%ﬁpfé@ﬁ, ﬁgﬁ%ﬁﬁ mmunogenetics 1995, 41:
178; J Immunol 19¢H mssessty pnechtilifitadistes M%W%Mé%l@ﬁ?é@ﬁ&%hﬁ?@cﬁfhé’b‘%to the
immunogenic pepligesoftheinyensbQ. FoNexéniple: peplideMtiaing (ARJHT EBQ AR NBIMding affinity
have their Second(ésrmﬁqvﬁﬁ'q*émmA@@-bl.ﬁm@@@mtym%% RReNialAniRG IESiNgEQ

methionine, or tryptophan, an ptide S i ' - I IS.gubstituted with
phenylalanine, le Br&%lgél)eﬁ%&gW@bi%@gnﬁgar%g?ﬁi%ﬁrgtjcaﬁglsgg{ggﬂa%fo‘%%ﬁ used. Thus,
peptides having tHREMRAG LR FG(RH 4B HEBEO) (B MDD TEM Y WMRctEm th &SR ino acid
from the N-termingg)ighsuhstiet WEMpheod ik eSBRABINEONtEthid nineyor togptophdn, and
peptides, and/or whereinfha Caei TRy issvbs v eshvihabeaianingoleusing, dsalavcine,
tryptophan, or methioning are enco sseéj l:t)yt et%gbsggttg X%ntgogé.wg Qg&kﬁgleaotr% 5%%’?1‘1’
peptides which seColtbaH t&c(l"&’;?o e KEEHInGS (S Sub° Shickted with leticine methionine, and
in which the C-terfimallafifb siémrigedBath RENGHPTARLTISERIRS LA eiss KepEstides with
high HLA-02 bindipgsaffinityet Thlls { jpeyiides’ havineiamd pbfhglamninwetich SEHuembediSEQ ID NO: 23,

25, 30, 60, 63 anqyaBwhetrinthe;secondeminareibiionadtedkigrmpiis wisuaiubadmih leucine or
methionine, and/or wherein the -tefrminus.is subst(iitllét?éz(livt\ﬂ%h Ylalin ofr leucine ae gﬂgqmﬂassed by

the present inventiIHAE IBLRTLTEH S AR B & MG Eed ot only Stthe terminal amino dcids but also at

the position of potaistias TEmied s grriisbEREdires st &gty dfe SEsAdShs IR &t that amino
acid substitutions jiralpepiide dan begequditpusedetidr tkanptheroriginabtide. exdrivplmdsrt, p53

Tk Hotimann et B e ooy munol
. K. Hoffmann et al. nmu e . . -4/, . 0. Dionne et muno
immunother. (200&%1%%%1%‘@1'%86%’50&5@%.gff'l}]g?lsnsﬁée‘?)lé. gﬁgsel{l rr?rgﬁjs[g% g&m rr%}?nélfu%ot Cg’ﬁﬁg (2004)
53, 307-314). [003BiFBRkE L BIE XS 3 HRIG RN @ %JBB‘%&H%%?H&W%B’M

C-terminus of the prospibpaEMMesASudh-ATGABEQ P2 pidtes (Wit High-A0A AT EPESHBIANY Kiffinity and
retained CTL indusifylity arenisa inchiges Kb erpiasens iventions (30341 biwwseey ivhem dog peptide

sequence is identical offi f i id apen us protein
having a different gFO%IQS‘%}eS pﬁ%se%(gglgg%ﬁ&a% §§?§%§ﬁﬁ%}%a?§z eé@(ﬁ?ﬁﬁ?{%é@?ﬁ%ﬁms
against specific sulisemtEEMERBE 19t Efh BPi§et i) éﬂﬂ‘ﬂgﬁé‘f*f‘mﬁ@rﬁ&% $8%¥chs using
available database®temaueitdihatitTs imevkitibtisbesdgursinoel gidhevpk ptidensnitdhiskotiedamino acid
sequence of anothetprofein. WA i Recames Apael Wiktie: Ronody aswches thpictheseexists not
even a peptide with 1 or 2 amino acids difference to the objective peptide, the objective peptide can be
modified in order to increase its binding affinity with HLA antigens, and/or increase its CTL inducibility
without any danger of such side effects. 100351Although peptides having high binding affinity to the
HLA antigens as described above are expected to be highly effective, the candidate peptides, which
are selected according to the presence of high binding affinity as an indicator, are further examined for
the presence of CTL inducibility. Herein, the phrase "CTL inducibility" indicates the ability of the
peptide to induce CTLs when presented on antigen-presenting cells. Further, "CTL inducibility"
includes the ability of the peptide to induce CTL activation, CTL proliferation, promote CTL lysis of

tarnat calle and tn increaace CTI1 IEN-Aaamma nrodiiction 1002RAG1Confirmatinn of CT1 indiicibhilitys i



12 invention. [0038]In addition to modification of the present peptides, discussed above, the peptides
of the present invention can be further linked to oth&r substances, so long as they retain the CTL
inducibility. Exemplified substances include: peptides, lipids, sugar and sugar chains, acetyl groups,
natural and synthetic polymers, etc. The peptides can contain modifications such as glycosylation, side
chain oxidation, or phosphorylation; so long as the modifications do not destroy the biological activity

of the peptides a%ﬁﬁégeﬁ@qlmrﬁlem! hess sindsoefimogifcations caibeBe R Ed terganier
stona it oy s Keho ol blos G paeniee

[0039]For exampfe 0 Increase the in vivo St ap
D-amino acids, arffitd@efd Hhinfietes orunnditared %ﬁ@ﬂﬂé@%@é&%@b@%hﬂﬁ%é@@opted for
the present polypeplicé s:ithiteestphidipyiak pqolpemtide” iadilmed sBayEN -rnmimnu proguaiovays. For

instance, peptidaggg;iandhy, gg&pﬂlgglg&[ padigysioRfs human plasma and serum, can be used to
test stability (see al., Eur J DrughMetab Phar 291-3

cokin 19 02
[0040]Herein, the é? 3trld1 urgf%ﬁiﬁp 1{ftegslerﬁ"t My é‘ﬁt.oﬁ"‘é’é‘% mi%osk%g%% g&:‘? eggg E’l{}ﬁﬁsum%%w(j S)" or
"TEMS polypeptld‘é(% TN M- @T@ﬂa@%ﬁ@ﬂ%ﬁ@i%@b@%%feé\%h@ﬁéﬁt@@dﬂﬁ@rmé?ﬁmn can be
prepared using walENToWIRtOcI@HES. FFoNExadiple, TitMiepiides 23 BEQ@IEpa ed Synthatitally, by
recombinant DNAﬂ?ﬁfﬂlﬂt@}’(ﬂﬁ@@EGQbSN@h%%cf@@ld&&femt%{ﬁﬂg@B;Pékﬂrﬁ@aﬁ%ﬂmﬁ’ﬁ"zed

individually or as Ion e eptid es isin 0 or more tides. The pe tld es ¢ nagre isolated
R R A St

ie., purlfled or |so?afe stan 1a y er n ura ) CCUI’I‘II’] I’O EIn ragments

thereof, or any otleFEHeRng B%M%r@%@?@@ﬂ]@?%ﬁﬁéggfw&@%%%ﬁ%ﬁwbe obtained
through chemical spaithesigdasis an phissketedied apealacith segiignes, "Foriekamypl ehcdRventional

peptide syntheswgmmg’gﬁmaﬁ@@a adepaddns thasyathesis a%%geaze(pe GRtidg Synthesis,
Interscience, New. Ydor Proteéns Vol. 2, Acade éfns

Wel® |\I rk, 1976; gu) Peptide
Synthesis (in Japanes aruzer%%lfmrl MRTE IV BE8IEE BhE e 'L{ "f%”égi 8%5’ §yﬂlﬂ%} Sis (in
Japanese), Maruzéi§-&J lg‘i%de%*mmmeﬁﬁmWﬁﬁ%ﬁk&@%@c@ﬂw%‘mﬁﬁ@ﬁﬁn Japanese),
Vol. 14 (peptide syelibésisynttipekausdy d88dss TEMYVELRHBA28824iitlor HIDABAMDROEG .(BOMerrifield R.B.,
Peptides Vol. 2, "%eh@ﬁheeeé%&%e@mthm m@g@a@&r@ﬁﬁ,cuexgpmdﬁnglﬁ% é&%m _
[0043]Alternativel e pr ent lg)exj())tlidles canlge %':H d.r([) M%S“ # knoyn netlc glneerlng
methods for prod cm%%]j1 RS e ﬁ}fl’o? acteriolo T?Q elds ggng rk-Curtiss
& Curtiss, Method&hh yh’i‘éﬂd‘ggf‘ Bﬁ?%@iﬂé{f&m&@éé @17 ,}ﬁgét, a suitable
vector harboring apoiyicucldoside enegaling m%@bmmmmdeemhwWMWSlme -84,
downstream of a ragudlaienynseaHaRserPHE SRR t@o%i%&ﬂﬂl%kﬁ@&ﬁ@m iRdreparad and

transformed into a smtpgle hos¥ elletTLh h(%str ecesglnlys ct1 en E{t&”&% duce the pe tlde@of interest.
The peptide can aCIl r%(]:fbce%f%n VItro a }BE; an |n Vitro tran sys fom
Polynucleotides ?ﬁyjﬁﬁé’géﬁ‘lf’%ﬁ@ﬁﬁ%@ glanﬁén}%h}a%ha’é%ﬁﬁéﬁ%ﬁé%

aforementioned p&jsddes éfahadpir@apbmﬁxeﬁﬁnaﬁhesagaoiadé@ﬁﬂmﬂslemmle@adewb@dtbm the
natural occurring TEMS mﬁﬁmﬂ%l&&m%ﬂg&nﬂm%@%&% Kéﬂ%@g&@l&a%))sﬁéwfmose

having a conserv E|X @O{jlfled cleotide se e t ereof. Herel servatlvely
CiIVl1 CC cd a alm %exiﬁ)res m 1) 8
modified nucleotide sequen e refersto s uence co |ca or essentl | entical

amino acid sequeﬂé?é@uﬁe%]ée(’éfTﬁM%éW@ﬁ of the genetic code a large number of functionally
identical nucleic abigsi@rigoae’ alnyidivenvpvoteimuRogénsianead thelvodorsf@GAf GCaBEG, and GCU

all encode the amiﬁ.&gqigpatameétnwpaﬁedeeramathmmgfe@meimqmwi&e fpageodon, the
codon can be alteggg ‘glg 20y e%f tQCQr ref'%péglnd|r‘liig(m_c))ldor(;lse Sce%cgbedl\ﬁ/ %Qgﬂt altg'ﬂﬂ'&ﬁ[ ne encoded
hic

polypeptide. Such nucleic aC|d vanations are "silent variaions, are one species of

conservatively modiied/¢anistisree B hydi s &E@HH@%@@WH@%%‘E@H&?@ peptide also
describes every pd&diie’\Sieh2VarisHahIDI Ny AuWEieMEdr Tire figkIN Watid-&hgimizeethatreach codon

in a nucleic acid (excepliAde ﬂwhmg’%ﬁfﬂmﬂbﬁ&h@@@Mﬁﬁdﬂ@éﬂe@f‘@ﬂﬂl@éﬂﬂﬁit@ﬁé{aﬁ&G which is
ordinarily the only gadon, for fryptapiy 3 P&P%’lh&ﬁ&o%ﬂn?nqato 'Qt%ﬁ%r%&&o naly den [slcn??l g%e&ule
a elIs| e

Accordingly, each silent variation o nucleic acid that encodes a pe pllc cribed in

each disclosed se¥{iBrREE PRRGHEL ‘Nﬁ‘é‘%@%@i‘%‘?ﬂé"ﬁﬁﬁ‘@ Bresarfinirh s et B‘? ¢dfdosed of
DNA, RNA, and denimanives: i febfhdeD NN pelsihblithcbild8 st f-Baz SR ER dOA4Twithaand G. and

T is replaced by UpiaariRNAd0Q46hTRe palynuciratideaththeypesantinrention.ern grgode multiple
peptides of the pf?éﬁ%g‘é@ﬂ“%‘ﬁ( Btﬁﬁl‘é@tgﬁé&%&?%‘é‘%&%‘”ﬂ@ﬁ\}%&“ﬁ%@‘ég%‘ § n@ﬁ@%“e” For

example, the intervening amino acid sequence camn provide a cleavage site me recognition
sequence) of the polynucleotide or the translated peptides. Furthermore, the polynucleotide can
include any additional sequences to the coding sequence encoding the peptide of the present
invention. For example, the poly-nucleotide can be a recombinant polynucleotide that includes
regulatory sequences required for the expression of the peptide or can be an expression vector
(plasmid) with marker genes and such. In general, such recombinant polynucleotides can be prepared

by the manipulation of polynucleotides through conventional recombinant techniques 14 using, for
avamnle nolvvmeracec and endoniicleacae [ONA71Roth recombinant and chemical evvnthacic



using PCR techniques or expression in suitable hosts (see, e.g., Sambrook et al., Molecular Cloning: A
Laboratory Manual, Cold Spring Harbor Laboratory, New York, 1989). Alternatively, a polynucleotide
can be synthesized using the solid phase techniques, as described in Beaucage SL & lyer RP,
Tetrahedron 1992,48: 2223-311; Matthes et al., EMBO J 1984, 3: 801-5. [0048] V. Exosomes The
present invention further provides intracellular vesicles called exosomes, which present complexes
formed between thgeiﬂee }lisdes of this invention and HLA antigens on their surface. Exosomes can be
prepared, for example by USIng tHE Mg detamitenied ayiHnSEIB AGH NI CHIEQIIX biayL)
Publications Nos. 1{¥744 540807 @ackivw099/03489 (amdh tam he Pienares WSiBgeABEg.0htaingd from
patients who are s@ti}eotﬁ_ﬂl_tﬂe‘atm'ﬁalm@‘qpmgyﬁeﬂ_g%o'[&%&ﬁo&gg@% f lghgss irev\égn}i?ncc n be
inoculated as vacciﬁgsvﬁm@gy&&@&lgﬁﬁqg%s 01:) mlls éyventlon. 0049 entype of I—fﬂﬁté: tifens
comprised in the camplexes g’}@gt match that of the su Jett rERURPIE tteathteme anef Sivereisation. For
example, for Japanese, HEAATICISAEHANY HPRINSBDESohenapropribte. (iheasaaiod a4 or
A-02 type that are FRJAR? 8xpiidesEdPamhohy the Japanese and Caucasian is favorable for obtaining

effective rdd@t§} an b SICRIPTIAODaNd - AR0Edipenge. Typically, in the clinic, the type of
HLA antigen of the gatigfhfggudiring treatment is investigated in advance, which enables appropriate
selection of peptide%ﬁg\&n ﬁ;gh levels of binding affinity to this antigen, or having CTL inducibility by
antigen presentation. ur&e?more?ﬁhﬁfﬂ%ﬁ% GStaifdJEHritesegnSwikghigke bimdésgoatfinititgand CTL
inducibility, substittRISH bristdispiast. 1, 2, or several amino acids can be performed based on the
amino apic[@!ékﬂenc’éhomhasn’@ttly@liytmﬁcyrﬂqgﬁ&I}{Lﬁip y@klp%g%ge&qggpgﬁgnc%aﬁgglo grSingt A-24 type
HLA antigen for th&%%gw}%gp&m%%i@@%tgng e peptides comprising the sequenics of SEQ

ID NO: 3, 4, or 9 fipd.use. whereas in case of using A-02 tyj5e HIZRPEA IR S<E eelnpasig the
sequence of SEQ:I:V ! ‘O:hffgégf,r%&%]ﬁ? BB g s %ﬁ@‘ﬁ@@élﬁﬁﬁu&mﬁgzemprmmng cells (APCS1
The present inventiti' 4188 [SistHecsidirs snhwifrieb cntrrioni phises formes ke bugan Hi.A antigens and
the peptides of thisdruveingomar isisLaace The ARGS %&Eiﬁgﬁ%ﬁagyd%%%gé%thg%%ptide_s of
this inventioo] of mtrpﬁqgmgu%@%%otgqﬁe%r}%og@_ ﬁere |1De[gt)tlde of this inverition in an expressible
form can be deriveg from .15 patients who are stibjec 0 treatMEAt ARLTBF Biedeshtivrihelitd can be
administered as vaccines by theniselvaLBCiRckbrBingt sl witotirid crisysimchaisigpthepeptides of
this invention, exoiFE® 16rtes/rstysell yTocetieinglwmivativetis, tNenpeesanicinyeption alseiniayides APCs

E)r;esenting the Eephifaﬁe_t:xictbtkqut@&ﬁﬂtg@ﬁ@@%ﬂéﬂé%ﬂ%fgg&eﬁﬁdéﬁggﬁ(ﬁi@aﬁgﬂsﬁg&% isﬁ%rguce_g by;
a) contacting the geeptitles &k ihs;; nverntion with S, or Introducing a po eotide
encoding the pepﬂg?; %?g.AEHé&%%%Q%%%%%% %E[B?thz O RBERhSRS IR ifeaRhtase particular
kind of cells and include DCs. Lalgerhand GATEPeHAL: St dgue U sute, basid dotiviatdd fucelts, which
are known to pres@ﬁt%éﬁiﬁ@’é@ﬂ%“éﬁﬂg’én@mﬂh,arcaéibsy@mm%ﬁg&g@@gpg@i@gq{by
lymphocytes. SingadO & anaprasgnaaﬁmg\e&imy&m&h%l;@y%%‘u%ﬁlﬁig%c'%g a%iﬁ?eg\mong
APCs, DCs find usgcRBoig é.Fg’Qﬁ&E(EE&E&H‘EQESHEJQ%%”&%%L%%?SHE@ example, an ARC CAf be
obtained by inducmgbl}])ﬁ%frq?ep%r!BhQ‘ral_blood mo_n’o'C_yies and t H’E_Sﬁtgl?ﬁh‘gl{’éﬁrﬁm@ﬁhg) them
with the peptides of this Invention i vitSTER 9R0 BT Nivécimnchrnpreptidoseithishaenton are
administered to tHe SERRE SRR ¥hsinpludinctivespeptidesiafiis inv@ntion are induced in the body
o, o nuepuon snan e nom e e B A CE MM REOIES O eeer
' I | .
HLA antigens and;fhe peptides of. this %tioir%nége %’gs‘fjgnt%?ég“.e/&wfra VR Bdrmisdddieng the
peptides &Bha invention to t ‘en,&:fﬁ?snto allow the APCs to present the peptides, the APCs can be
administered 1o thel SHETERE a8°ae aRohen Flsptiskesh SlaicihetisksVivndddministsatian SANGQAMRIise steps
of: a: collecting AP@Qaﬁng?nb@fhsmubm,d@ieﬁﬁﬁﬁ@@ﬁé@ﬁﬂgﬂy@ﬁi@ﬁgﬁagg%Qigﬁgg}}h E[Q&Ogeptlde and
c: administering tb@jﬂ@@ﬂﬂgﬂg@ﬁ@g]@lﬁ?ﬁléﬁ. g()%%%ggﬁ i§ul:Jbéetctd LOnO 421The_ first su Je%t and the second
subject cmgjtheﬁm&g(’l} é},/‘gggal ar cﬁ?n @e differe n&ﬁ&uai‘s.‘g f@?ﬁéﬁ%ﬁ?; according to the
present invention, use of the pep igeeéng t tﬁ?&@ﬁﬁb@%&ﬁﬁf&éf&ﬁn@@ pbegimizaeuticahsemposition
inducing antigen-BreS81tH ¢ SRR b HidRIegof bitlhee, dhergirese nkin e ationals o RtAMgis the peptides
of the present inv@réigipfdrelodpicing antigen-presenting cells. The APCs obtained by step b can be
administded 1p th@ispljagkas a vaccine. [0055]According to an aspect of the present invention, the
APCs have a high4ev TL inducibility. In the term of "high level of CTL inducibility”, the high level
is relative to the e\—%l %ﬁéﬁ‘é‘ﬁ%@%ﬁgﬁaﬁﬁwﬂﬁfﬂ% B8 i antigeh sanmitdnduce the
CTL. Such APCs ﬁa‘fé’fﬁb%‘%@%%ﬁ’)&%’f@f@mMﬁ@esdm‘beqofmamm/(a}éﬁgﬁ}g}d which comprises
the step of transferring genes comprising polynucleotides that encode the peptides of this invention to
APCs in vitro. The introduced genes can be in 16 the form of DNAs or RNAs. Examples of methods
for introduction include, without particular limitations, various methods conventionally performed in this
field, such as lipofection, electroporation, and calcium phosphate method can be used. More
specifically, it can be performed as described in Cancer Res 1996, 56: 5672-7; J Immunol 1998, 161.:
5607-13; J Exp Med 1996, 184: 465-72; Published Japanese Translation of International Publication

Noa 2000-E5E00221 Rv trancfarrina the adene into APC © the adaene 1inderaneac trancerintinn tranclatinn



(a) that is induced by the step of contacting CDs T cells with APCs presenting the peptides of the
present invention with HLA antigens, or (b) which is;transduced with the nucleic acids encoding the
TCR subunits poly-peptides binding with a peptide the present invention in the context of HLA-A24 or
HLA-A2. [0057]Such cytotoxic T cells can be obtained by (1) administering to a subject or (2)
contacting (stimulating) subject-derived APCs, and CD8-positive cells, or peripheral blood
mononuclear leuk N witrawit ' f the present invention. [0058]The cytotoxic T cells,
which have been |%%Ec%§§%}§é$nwmg{%§£§r#§%%§ SELH AR Frebit B‘?I%H?s"\‘ﬁ?f@ﬁfion, can be
derived from patielfs' WiTH ate &ferrrstrestinsatbardick-gradentibm @i cericheuadministered by
themselves or in coremingtivhHiithaditier @ragsyirckidimgsine Aapiides nidhisi VRO R gk LXQSPMES for

the purpose of regulgtinﬁ;ﬂﬁ@gtﬁs5Thg@bf§§ﬁ@@5§x@wtgﬁeggﬂ,s%ﬁgg ifigal:l)g%g%qﬂs dgﬁ)r%et cells
uctl

presenting the pepi s dpvention, or for le, the same peptides usedTor in on. The
target cells can b%%ﬁ?’?k{ea%g e§n ogg}%pu%%{ g%o%é W%P%}@?MFQ frapsfddBivers the TEMS

gene; and cells thA{PrEEEHSIPp ERitIEOB RN RUSheis hiodinga Biitsrfadt dudld stidfilatiotOby the
peptide can also séfife insvtargetswitotivade0T hyattadk GO 058 Vbt T 16alesantar{I CR) The
present invention pigaid¥nCites @RF0RBAsEANCAMBISIG MUElElE AC ing polypeptides that are
capable of forminqgﬁgp}&l{;@gé\ 1@%@@%% (TCR), a#?&%%%@dégg?%%?gg%%o gﬁe&%’he TCR

: | A

subunits have the,ability to form at "17-¢onfer specificity to T cells against tumor cells
presenting TEMS. ' -r%%;%ﬂ@&%&%ﬁ@&%m&ﬁé)n the art, the nucleic acids of alpha- and beta- chains
as the TCR subunliENftha4cii2irn{idad WitN@ri,or more peptides of this invention can be identified
(W02007/032255 ‘apsagan Bals b mminobsl 71, 3288 (2003)). The derivative TCRs can bind
target cells displayipg,thg (hEV @g}é@ﬁﬂvﬁ%hgg avidity, and optionally mediate efficient killing of
target cells presenlz' the TEM pg%u e In VIivo and in vitro. [0060]The nucleic acids encoding the
TCR subunits can ﬁc%%‘c?rg(@o( 8 HikiBieYbctors e.g. retroviral vectors. These vectors are well
known in the art. TH&ubEicl8cids GEQIDN&oOzomprising them usefully can be transferred into a T

cell, for example, aEMEh D260 dveniggequsly, the invention provides an offthe-shelf

composition allowj id-moedificat tient's own T cells (or those of another mammal) to
e Pl Ny

rapidly an ?fély produce modi aving'excellent cancer cell killing properties. [00611Also,
the present Tnvention protiHBLeed S Thsishraicd priparnsdficaRE ettt sgtnsharpecteiisacids
encoding the TCRP&sLWitS polyseptigeptidrat Birdeeothas kEMBnpeREdrReTENER AP MNQSn3ed 9, 23,

25, 30, 60, 63 anddininy Gk AR O bl LI SAISONERTLG Th s AlgiCapable of
n cultu

homing to cancersqggé&rwwﬂqm&g%ﬂgﬁ% nded by well know ing methods In Vitro (e.g.,
Kawakami et al., J &gsn ., 142, 3452-3461(1989)). The T cells of the invention can be used to form

0
an immunogenic co ﬁéﬁ"%’ggfﬁﬁmt@&ﬁﬁgﬁr the prevention of cancer in a patient in need of
therapy or protectiofEN$#02266/021 23H9 [D06R}Fevention and prophylaxis include any activity which
reduces the burderTeMBasminoa7mMEbplity Kemglisease. Prevention and prophylaxis can occur “at

primary, secondarmgtq@ggﬁyﬁ@ ?'ﬁ@'ﬁg" While primary prevention and prophylaxis avoid the
development of a d&:@ge éeéondar a tertlél%hevels of prevention and prophylaxis encompass
activities aimed at t e% i &?%ﬁ#&&%ﬁx bf the progression of a disease and the emergence
of symptoms as welF45ddiichgthe Regatidimipact of an already established disease by restoring
function and reducitighiispaserveiaseg eQmplicatigns. Alternatively, prevention and prophylaxis include
a wide range of prm@g@gm_%ifggggﬁwzaéﬁ\gggng the severity of the particular disorder, e.g.

reducing the prolifegati tas tumors, reducing angiogenesis. [0063]Treating and/or for
the prophylaxis ofi@r&ggﬁ%@q a@;& fﬁg%l@/@ﬂfﬂbf post- operative recurrence thereof includes any
of the foll stepcstieh BEVsk egleabsrernovaios earicenee baniehkitionfithegrowthgbeaacerous
cells, involution omtegreshiorphacdmmemdagusHRR SHERiSSIAN-and SHRPIESIONSE fopence of
cancer, tumor remamd@pepggqaggia;hagaﬁhigﬁgqgeo;mmeg%g;sﬁgiﬁf%cw eating and/or the
prophylaxis of cancer.g'éecreases mortality and improves the rognos@“ i Y9 ERRotls having
cancer, decreases the TevValS B IE-0515h APRBRSAT dres Bissd ohRd hilevratizederiteatidroymptoms
accompanying carig¥s. ibisumpieimedtioioArsinimpidsementes b ypisipades pstiligs sifestively
treating and/or thegprophyiaxis inchidedARENLNTS, 30U, OrMoreedHEHOROLstahle disease. [0064]1X.

enciothem compatbe b e e (OB RRC SRR RS LENShotte es desae:

endothelium compared with normal fissue (St Croix éta). _ _
1197-202), the p&ptdes of IR hRATEH SRS SRtiE braede Arsenigithecpramsdef 8ER bR used for
treating and/or for the prophylaxis of cancer, and/or prevention of postoperative recurrence thereof.
Thus, the present invention provides a pharmaceutical agent for treating and/or for the prophylaxis of
cancer, and/or prevention of postoperative recurrence thereof, which comprises one or more of the
peptides of this invention, or polynucleotides encoding the peptides as an active ingredient.
Alternatively, the present peptides can be expressed on the surface of any of the foregoing exosomes

or cells, such as APCs for the use as pharmaceutical agents. In addition, the aforementioned cytotoxic
T celle which taranet anvy of the nentidec nf the invventinn can alen bhe 1iced ac the activie inAredieant of



[0069]The present pharmaceutical agents can contain in addition to the aforementioned active
ingredients, other peptides which have the ability to igduce CTLs against cancerous cells, other
polynucleotides encoding the other peptides, other cells that present the other peptides, or such.
Herein, the other peptides that have the ability to induce CTLs against cancerous cells are exemplified
by cancer specific antigens (e.g., identified TAAs), but are not limited thereto. [0070]If needed, the

pharmaceutical aqgg@bofbﬂqe present invention can optionally include other therapeutic substances as
an active ingredient, S0 long asrthe lgﬁ&té%%%n&%g S hsanysRHm BraYdre peRsies

tumor-associated ENSSIHESiGhIGTamena dsibsreteagresriceter, ooty bk theyresSRQHEDPtdes. Far @xample,
formulations can iddhide ¥ntdnfhamhasory agents, pain killers, chemotherapeutics, and the like. In

addition tojpucldingetresiheyspeut STANGES | [ ent itself, the medicaments of the
present invention ﬁ{;\pﬁéﬁﬁ@ gtda&ni i?t%lggd ﬁg ¢ %?5" g%%%rﬁ%ﬁ%en ?;%V\S?}{ﬁ%tﬁse@é%sg FH0E other
pharmacologic agents. The amouifs o medic r%e?ﬁ%h&%H%ﬁ?&g%ﬁ%f%‘ﬁéﬁéﬁ%ﬁéﬁ&mple,
on what type of pHaPffiae8i8giticsduntronaaiievw seatitee atiddHss heiggndatsitcamithagscheduling and
routes of administréfioity {0 Hll‘s hwigenseunstensiaaskthal ireadiiDIRs g RAanLs Rartigularly
mentioned hereinathe phatmaceMticahagerts of iys.nven) n.include other a copyentional in
the art having reggga}i_cglihﬁg%ee fogrggl;i%(r? inﬁlggggﬁgﬁg%g%%ﬂﬁmgn%dgr% o%l‘?ﬁe?ﬁg}’t%g@resent
invention, the present pharmaceutical agente Can B iRtinadd i Xrivdscabsrafiretmreaind kits
containing materij@’ﬂ?éﬂfl karyaaingl thphedioies tehdifbri®f frewisSaseda benieated, e.g,
cancer. The articlé BBri&ftfabusehegnenaiLideaoantatnennianpopiie RiepenPlrmage yical

agents with a lababrSiitahlewania EhR Robyea.NiRlananghigpubes. The containers can be
apjel on the container snould indicate

formed fr ari erigls, such.as glass or plastic. The _ sl

the agentqlltsBb ugg\éd fﬁﬁ@gﬁﬁé%ﬁ&% eﬁ%oﬁsg?%?\%%fpﬁgﬁé"é%ﬁ’d’i‘ﬁ%‘éQﬂ@ﬁék&%éfé@eﬁdﬂﬁ@mbel can
also indicate direiBIE AStLENTHRSPSBRHdsPeRtijo0TaIN HelEiTibrntbidislzgntairtepaegesibed
above, a kit includiih &' Bhanrhedsliticaleafgeat ohphe leresent ibventionsad ARtonaib, fitthgrinclude a

secton_d Ic‘odnta?ne l:: MBS T Paghi RO &ﬁtﬁf‘ﬁl@ﬁﬁ tiE%'Mf??%@cﬂf??ﬁ?aﬂlll}{g_%f_\gt‘;ﬁ{‘e%{{%%%g{‘ Iudet ot?_tlatr
materials desira @&n@%gf%@nmeﬁ%a and user stan ng . including other bufiers, diluents, filters,

needles, syringes, and pac egrnrserl%%pvxln AP BF ARENGG s aHIs IS SR aked friemi the
compositions can?‘ff“d%8&@598@6?9%%{6@!%2&’@@@%tﬁﬁiﬁembﬁ&l's\noelimﬁteh aahcenbtain one or
more unit dosagecfgnpesebntainirigithef active igtesidohy EherpRek famion xR jaclydayetal or
plastic foil, such ag amblistenpasiiBerRackmy i ic8. ccompanjed. by instfuctions
for administrationinglﬁ) @%%r) %%]eutjsggltﬁ %ﬁﬁﬁgg}?{%{ﬁ%@%ﬁ%ﬁgﬁﬁ%gee?g%ﬁ%ﬂlél(\:’tlln ai;%’redient
The peptides of tm' ention can be saminicterad difSES LR SHS IR isedimdha genp of ¥5fdcessary,
that has been for fg d%ft%r?\;’eﬂﬁoﬁ%l%fﬁﬁj%ﬁﬁmethods. In the latter case, in addition to the
peptides 6#Rf invewtien]lyaitiels)excipiemsddiashbthatoarenasdinatio used {or Sds gan be
included as appropiiatgusikhont pasticsasHimitatiens. %ﬁ%c%&%%ncgﬁﬁieﬁge%ﬁ% glgrllized water,
physiological salifg,ppsphate, l]flf rpl% fl:tllfjlr% I{|Paigt anddstél%m Furthermore, t%e pharmaceutical agents
iz nSIoNS; preseryaRRREes (i fackaRtd sy fpamertare

. [ mon
can contain as necessary, s,tabllll%:ars, suspensions, pre

pharmaceutical afeRts'Y Hhid SroksIEEmes 8e Risaebssramecarssimppoges: (0076 Thapeptides of
this invention cartbié prégeaet matgmbiritiencasipk cemprisas v Rwmaseefipeptides of the
invention, o indutia Eibanuiar TrenPepHides asRe i cackialb ol KA PUgRISd I pach other
using standard teghnjgiies. E%&&%W%‘Saﬁf‘&@%&%@fg*&ag?be Cgle.m"?a gg"“ ed or expresseu as a
smglle .fusu.)n polyﬁeBtl%%éeque_nce. e peptlae_s mﬁ’he Fnb? aub‘% &4 b@ﬂne‘%‘éﬁ’ﬁg%r different. By
administering the peptids Bfdhid TRt Shtlohc 1S Hdptined B2e Hiesbhtdd aT uhighcdatisitycoynthe HLA
antigens on APCEMMEinETLef thetimysatifically readticdweiztOFIcompexiormaadsivggn the displayed
peptide and the Hibvamisigen %Qéﬂ%&%ﬂﬁ%fﬁﬁm{ﬁ%d@%&ﬁﬂ}ghﬂﬁéﬁ any of the Qg‘petig}es of this

invention on thei@@@ﬁyw%’a&egg%a%eg(py emovi APCS{%eé.)%%DCs rom t eseg,l"bjects, which are

stimulated by the E% tides of this'invention, CTL 18 hdSe A OYEELE BYPRRAR Mt ing these
APCs (e.q., DCsj1 Ot 63%?&%%@%d@§%§un, aggressiveness towards the tumor-associated

endotheliff?-éhn beipeieksdi 0027 FrilleplhanizachaticaldgentsifonsgaingRadigsrrayantion of
cancer, which compinsecipepiisieofthis invantiames EACHVE Harediantcan compiise.an adjuvant

so that cellular im@agnity, will; | effectively, or. they can be administered w&ﬁngﬁer active
ingredients, and Hggf&(l:%gﬁ ?ég%ﬁ?r%%%g%nﬁgﬁﬁ %?8%?&8%%‘&%@3%%%?%&@% a

compound that el IRAACSSHRESIN B PESTY AL A AMEIAR" Sotemspinelvadnidiiteted together (or
successively) with the protein having immunological activity. An adjuvant that can be applied includes
those described in the literature (Clin Microbiol Rev 1994, 7: 277-89). Exemplary adjuvants include
aluminum phosphate, 21 aluminum hydroxide, alum, cholera toxin, salmonella toxin, and such, but are
not limited thereto. [0078]Furthermore, liposome formulations, granular formulations in which the
peptide is bound to few-micrometers diameter beads, and formulations in which a lipid is bound to the

peptide may be conveniently used. [0079]In some embodiments, the pharmaceutical agents of the
iNnvvention comnrice a2 ecomnoneant which nrimece CTI1 | inide have heen identified ac anente canahle nf



The pharmaceutical agents of the invention can also comprise nucleic acids encoding the peptides
disclosed herein in an expressible form. Herein, the ghrase "in an expressible form" means that the
polynucleotide, when introduced into a cell, will be expressed in vivo as a polypeptide that induces
anti-tumor immunity. In an exemplified embodiment, the nucleic acid sequence of the polynucleotide of
interest includes regulatory elements necessary for expression of the polynucleotide. The
polynucleotide(s) | 0 to achieve stable insertion into the.genome of the target cell
(see, e.g.. Thomagﬁ}?ﬁpg ﬂc%%gcxgl%o%ﬂ%?agg}ef@é?u@%:%f)’f—r %]f%?” é%%%%lgﬁgﬂ%ﬂ%%o Blogous
recombination caSSEYRY feRiBiLjuicudables PIRRing: Bncigualiy simdgpamine addsig; wekbkpewant Nos.
5,580,859; 5,589,466 31802% 5665 T3 ALYIS, 3B6158¢ p&ib Ak anad N DA hsamples of
DNA-based deliveridechnpipgiasrneludey rmakead &bihiidagiiaied (OURIMGORIRE, DAY BEfP K

peptide-mediated)deliv, tionjc lipid- complexes,.and particle-mediated ("gene, 22 gun") or
pressure-mediateg’(j?esiifi/ge{%ly/s %?e@%gahpﬁlg [Egi’ﬁ?’ﬁ%‘ggbpﬁé‘éﬁﬁg‘gBéﬂjfﬁégﬁ%ﬁﬁd& the invention
can also be expreSS8H'dy i Al Bh i s ANk sA EXaln ls o usrest Rt ReeBRIndutigeattenuated
viral hosts, such ah#iadéinla i fowfoxat®hisapproaghidevdives hevse afivacdiniackirus] e.g., as a
vector to express aiRleetifeisaguancerathabercodeshenaplideatpgintesugtian g ahgst, the
recombinant vaccipia, yirss gmﬁ%gg éﬁ%i&ﬂﬁ?#fﬁ%“ir‘:uﬁ?fi}‘ﬁgd (ggdnt%refgﬁoelidts ar?éimmune

ni {

response. Vaceinia vectors and methods usetul in’imm ation protocols are descrlb tdgfﬂ?%gfg., U.S.

Patent No. 4,722.8%8 RABIASIIAR IS Bt @y sapife Elipuhaiatienhfonmeapetiors are described in
Stover et al., NatureAlBome3sd; Gbsisd(@:wide variety of other vectors useful for therapeutic
administration or iDMeRizadinED), alengidadiddeno-associated virus vectors, retroviral vectors,
Salmonella typhi \(gﬁgg]&%rqgﬁgcméiegﬁg h{l%x( xin vectors, and the like, will be apparent. See, e.g.,
Shata et al., Mol Med Today 2000, 6: 66-/1; Shedlock et al., J Leukoc Biol 2000, 68: 793-806; Hipp et
al., In Vivo 2000, &5%%%%%0‘8%?@%&5% of a polynucleotide into a patient can be either direct, in
which case the pdfiekpieugdinedily bspise tLio Metolymucel@diidéatiaeryifig vector, or indirect, in which
case, cells are firgbirmeatosmedanith theRplynve qolisielintergst in vitro, then the cells are

transplanted into E*??SQBHQ’(‘@-) Tﬁﬁggﬁﬁy&?pa%hoaches are known, respectively, as in vivo and ex vivo
gene therapies. [0 8§éFor géneral reviews of the methods of gene therapy, see Goldspiel et al.,

Clinical Pharmacy 15931 G aaMssBlopie ANH (A7S; BlothariiioroBioeng 79848) Tolstoshev, Ann Rev
PharmacdP¥&kicol $odB:agenravoly: mulifiam it cec 1098 ABRte826:3R: Morgan & Baderson, Ann

Rev Biochem 199@¢621 104:wibh, FendedniBiptpaiooiogy 329 iMaidh R 23D Metbeds commonly

known in the art of regambinapt DNAtech j also be used for the present invention are
described in eds. Auigﬁ;}&% al c%ﬁ%%%{%%gﬂg&%%%ﬁ@“@%f’é’gﬁf‘%8 rgmh W)l%’ V éect)ar%gf NY, 1993;

and Krieger, Genéhﬁ" gﬂBWprgﬁm%t%d%vaﬁs%ﬁmﬁﬁ% Iy, 1990.
[0085]The methodPerailiinipitidgion palyberphid vimtradtte intels s tiametysicin tray ehdus dhjection, or
such, and systemicEadsninistration or local administration to the vicinity of the targeted sites finds use.
The admipg ion f ing| istration or beosted by multiple admipistrations.
The dose Tg)%?g poéfﬁ%c%%%ée%{iﬂ fspggﬁ%bi%&égﬁgﬁogrhfeﬁ%ﬁgﬁ%%r%geg \r/vsi r{;%wle tﬁ%fl E’nnt'}%ﬂeotide
encoding the pepliaes B this fioh ¢8R BEAHLaGERP RPTIAEAF Qb ABFIM ACidsHeRER AR to be
treated, age of th&patispieweigisenn2iidavat agministidtidns exunplct3, @rfavisofitinariyedgl mg to
1000 mg, for examipienifQRidmg be HAFiBagafobexemplacQ lrépexantkmerapgcande administered
once every a few {0 ARES.EYELsEew months. One skilled in the art can appropriately select the
suitable d 0 23 ][90 61X. Methads (L;tging_the pentides, exosomes. APCs and CTLs The peptides of
the prese IRVention S5 BORIRRIB RS BRSO HHESpd e840 (REQ 15 Mduding APCs and
CTLs. The exosome¥ &t ABCEOIER BrasontinIEMdMedn B AIIS BB iNOindiucing CTLs. The
peptides, polynuckddes)2re3sMeE@ID ADCscarEsused-n pehinaiioNwihany other

compounds so loggRRIRALor \zeielfe! irGA L indlucibility. . of the
aforementioned pﬁiﬁaﬁ%@?@%kﬁjﬁf ﬂyﬁﬁ% @é%%ﬂﬁv%ﬁgggn cgja}lrg: Lgeﬁgg%%'iﬁ%cing CTLs, and in
addition thereto, those comprisi g%J @g%)h Qggﬁﬂ%@ﬁwe%ﬂaéé’ééﬁ QIR B884 for inducing
APCs as explainedegwoderia pwéeve dighifienndiheemtige wigresetiderdesiisd ABGshyThe present
invention providesthrethasendfumdn @ng ARG usNghaveapiidgorithis ipvantipmarapolynulceotides

encoding the pepligles: Lhe.indiet ribed abgve in section "VI.
Antigen-presentina% ceII;". This inygr%ga%?%it%%g;ﬁ‘gs&; %Qéﬁ’?g‘ g)%&edsuﬁlc?ﬁt%%&%ég%g%ﬁ tgés high level

of CTL inducibility” BSeinietRS R SI HIEH R Loh SH WIS HaHH B SRR s Bt T EMSB
Antigen-presenting cells”, supra. Preferably, the present invention provides a method for inducing
APCs with high CTL inducibility, wherein the method comprises the step of contacting the peptides of
the invention with APCs or introducing a polynucleotide encoding the peptides into APCs to produce
the APCs presenting the peptide of the present invention with HLA antigens. [0088](2) Method of
inducing CTLs Furthermore, the present invention provides methods for inducing CTLs using the

peptides of this invention, polynucleotides encoding the peptides, or exosomes or APCs presenting the
nentidece In 2 nrefarred embodiment the method comnricace the cten nf contactina CDe T calle with:



be used in the practice or testing of the present invention, suitable methods and materials are
described. All publications, patent applications, pateps, and other references mentioned herein are
incorporated by reference in their entirety. In case of conflict, the present specification, including
definitions, will control. In addition, the materials, methods, and examples are illustrative only and not
intended to be limiting. [0091] The following examples are presented to illustrate the present invention
and to assist one inary. skill. in making.and using the same. The examples are not intended in any
way to otherwise Isi;r%?t&%ﬁg%ég%%%efgtﬁ%%ﬁ\{g%?%h. [0092] EXAMPLES Materials and Methods Cell
lines A2 %bhom}lfeé{e‘w RFEEROUEPY.CBA PRt BRPABRSBEPIPeniassormtiotevsf 2
Epstein-bar virus i Eitasadd gositiveptumdth Boljihphaaygen Tehétdiode Ak binascBpbmadioblastoid
cell lines, COS7 amdiGdR6s MR ok s 00y HEK RS WRISRUChAS AL e ATGE. RLmalel,
mouse Iymphomacgghliggj mycy&;(‘igr p[HEr:chaaggS éo%Ce%ﬁps |[|:{rce genter for Biome |caf Research,
Tohoku University, [00 STgar_ldl ate SBIection of paptides dern et oM SRS gAY S 20-mer
peptides derived frSMAHERRS HhEFSHHER (9 prRiCY& Dhighes hiprina Afioio Imedditinesopepsidredicted using
binding predictionasefierardyBlvpASE(hitpes invedimmay. oiftnile. gapkmalbistblprindispriyed sjgorithms
h??B?ee; Sggfré%mbmfﬁfkﬁxﬁ@@e@b(islalfgéﬂy'ilﬁhilv%%qr%é%mé iﬁrf@z@?@‘; §UM§M§5@ K <)3t
al.(Bloo : " hese tide t e _Sigma (Sapporo, Japan

&@1@91957 ?9§ /41 Hef% )r?%eﬁ?mun(ﬁ ‘ﬁ"%{f ?gg ; 4%3)“ pirvel W&)@&Séﬂsﬁﬁgggﬁﬂh

according to a standard solid phase s esis method and pt

performance quui&legﬂpﬂ?ﬁfaf&@ll%f‘p‘ﬁﬁiﬁpﬁ‘t‘ﬂtqﬁ@ HURKICSS0% peititieh efideinyengsofitre peptides
were determined ByeanmadypeplideP Ei@ang higis$spedtdviettjnandiysis hiasppeativelynPaplisles were
dissolved in dime&w&gﬁgﬂg@m@@@@gﬁg@gj@w%gmgga%éqyg%%gqﬁegﬁ&gggﬁln vitro CTL
nduction Monocyserved iends el DS shwers ysed as aniden picsenti ol (apcs)
induce cytotoxic %?nghoc’yte g FL) responses against peptides Pt RedSHAS Y eukocyte
antigen (HLA). DS EKeSHclnisrY AR BERIPE e RicHetRIn{neaicaltisa I8 devtrabisincer Res

2003 Jul 15, 6304)sesh ThwB) pepistsifibaiiipgpbeiphdralablo sehmanenol§B) tells@RBMGsisolated from a

eparated by adhelnre A RTE e e D  E me the
iC 1] ure di icki |

mc?nocyte frgctiongrl%r?(}a}%h%n%@%gﬁgh%iﬁ%oﬁggﬁlgﬂg? ?é%geéuﬁ%drqé)a Y‘r%fﬁg Pé%?ﬁg%?‘isoi@o U/ml of

granulocyte-macrd 3&5"’80‘?6g&/@ﬁ?ﬁﬁﬁﬁ‘ﬂﬁ{j”fmp?Gﬁﬂi@SﬁF(Wﬁ}@éﬁ%ﬂﬂ%@@@wmﬂ-of

interleukin (IL)-4 (R&Daspstemhinpideaiitediom (Invitrogen) containing 2% heat-inactivated

autologouglea2im (Bsihdteerhaaypeiciwmcheaakingingyeed NG warshulned with 20

micrograms/ml of gach I [ eptides jn the presence of 3 micrograms/ml of
beta2-microglobulin for@é&g%%ggar%%%p nl%l%ﬁ{}ld\l)]l\‘ﬁ%c%hr%e & GURE PR Bppthred to

express DC-assotIXtae UL LAHEE BRI LS ¢80 UeeB a3 PERyges atith high HiadsOR, kindingir cell
surfaces (data notSHBWNT hThasetsieplidenmuisgdDiBsamére thenséqasivateBQYTMIONAIESC (MMC)
(30 micrograms/naciar0363ain) eielmikadiatachiROaralie Wil AUPRIRUEGRAE § cailsahtained by

positive selection yyi itive. tion, Kit nal), These cultures were set up in 48-well plates
(Corning); each ﬁ?ﬂ%ﬁ%@ﬁrﬁ%ﬁf%g iﬁi&g’p%lpt%re\%g ggﬁ’ﬁg‘;? xﬁ%ﬁég%ﬁulu% ﬁ‘%@gr\’&l{f’ﬁ Hg/ml of
IL-7 (R&D Systeﬁ YR AT UORRISFS Y 8 RERSERL AR VaHiee ubyiptionskasbeciitotis e
supplemented wittPlE 2 (GCHERON) wadineils bntebtratitie pbdadidipo@ndRyTRaredobditthe T cells
were further stimuiaeghiiit Seecaultalngess: ReptidenuIsad RE STREDE S NG RIERATEd each time by

the same way desgtj t ainst peptide-pulse CL cells after the 3rd
round of peptide %t??ﬁ%%%%(\)ér? %%Jlrzolvg ?Tﬁgtﬁgk%%qa%fi aﬂngg}aﬁ) ér?%%lrn ngéigt?’;[n é%mﬁ?@ 87 Umano Y
et al., Br J Cancef Qﬁbﬁﬁa&ﬁr?&Péﬁl?s%—moé%%%%ﬁa%}-ﬂ%?%ﬁ Retim GAIIBrARES 2994 Dt 15, 10(24):
8577-86; Suda T ErHmanastalr SEnaooeiME0D T8):1418(3) Watadabs. Debalnn€anse Caeie2005 Aug,
96(8): 498-506). 10MABbIGHNRxEISQOBIGCetwe0CHEIver DRxRRNGH igLjufs using the method

similar to the one desgribedv.Riddel, ég@@ﬂ?ﬂ(g@%%?l N Engl J Med 1995 Oct 19, 33306):

1038-44; WII Sgl% ei}a . Nat Med 19 , .,A total of 5 x 104 CTLs were suspended
in 25 mi of ATV-V/5% AS HIEGHGRT WitS RIHES BrtsHaA'S:Biigrebiashsid cel/anesterpgnnaetivated by
MMC, in the presBiidéeseufperjidesobeahtirodiS e onpiddonatitnbilgbdyL(R hatipxinhenlin®afigiay after
initiating the cultured r&2BWATL afdhcBvere-aadethioutha vy grsThe Alities were fed with fresh
AIM-V/5%agqmediing, cantaining:30 -2 0N 5,8 and 11 (Tapaka H et al,, Br | Cancer
2001 JanTS, 84?1 : 9&6%; UOTano ep léi{ %rggf% C%E%n%lesr%%{)&%g? 580@? 5’? ﬂw(tf&c(ﬁ?da N et al., Clin
Cancer Res 200 C

B 01 GISA{ W59 B8 SREE PR PA ARSI s MeREn5ide 11-9;
Watanabe T et al.. Cancer Sci 2005 Aug, 96(8): 498-506). [0096]Establishment of CTL clones The
dilutions were made to have 0.3, 1, and 3 CTLs/well in 96 round-bottomed micro titer plate (Nalge
Nunc International). CTLs were cultured with 1 x 104 cells/ well of 2 kinds of human B-lymphoblastoid
cell lines, 30ng/m1 of anti-CD3 antibody, and 125 U/m1 of IL-2 in a total of 150 microliters/well of
AIM-V Medium containing 5%AS. 50 microliters /well of 1L-2 were added to the medium 10 days later
so to reach a final concentration of 125 U/tnl IL-2. CTL activity was tested on the 14th day, and CTL

clonece weaere evnanded 1icina the ecame methnd ac deceribhed above (1 lchida N et al Clin Cancer Rac



I_Dosition Amino acid sequence Binding score Positive donor number Positive well number Positive CTL
line SEQ ID NO 446 WYSPIKGKL 369.6 0/1 0/6 1¥5VYCVGV1CDF 100 WI 0/6 - 2 39 CYGGFDLYF

100 1/1 3 277

[0035]

[0036]

[0037]

effects such as autoimmune disorders or allergic symptoms against specific substances
may be induced. Therefore, one can perform homology searches using available
databases to avoid situations in which the sequence of the peptide matches the amino
acid sequence of another protein. When it becomes clear from the homology searches
that there exists not even a peptide with 1 or 2 amino acids difference to the objective
peptide, the objective peptide can be modified in order to increase its binding affinity
with HLA antigens, and/or increase its CTL inducibility without any danger of such
side effects.

Although peptides having high binding affinity to the HLA antigens as described
above are expected to be highly effective, the candidate peptides, which are selected
according to the presence of high binding affinity as an indicator, are further examined
for the presence of CTL inducibility. Herein, the phrase "CTL. inducibility” indicates
the ability of the peptide to induce CTLs when presented on antigen-presenting cells.
Further, "CTL inducibility" includes the ability of the peptide to induce CTL ac-
tivation, CTL proliferation, promote CTL lysis of target cells, and to increase CTL
IFN-gamma production.

Confirmation of CTL inducibility is accomplished by inducing antigen-presenting
cells carrying human MHC antigens (for example, B-lymphocytes, macrophages, and
dendritic cells (DCs)), or more specifically DCs derived from human peripheral blood
mononuclear leukocytes, and after stimulation with the peptides, mixing with
CD8-positive cells, and then measuring the IFN-gamma produced and released by CTL.
against the target cells. As the reaction system, transgenic animals that have been
produced to express a human HLA antigen (for example, those described in
BenMohamed L. Krishnan R, Longmate J, Auge C, Low L, Primus 1. Diamond DI,
Hum Immunol 2000 Aug, 61(8): 764-79, Related Articles, Books, Linkout Induction
of CTL response by a minimal epitope vaccine in HLA A*0201/DR1 transgenic mice:
dependence on HLA class I restricted T(H) response) can be used. For example, the
target cells can be radiolabeled with 3!Cr and such, and cytotoxic activity can be
calculated from radioactivity released from the target cells. Alternatively, it can be
examined by measuring IFN-gamma produced and released by CTL in the presence of
antigen-presenting cells (APCs) that carry immobilized peptides, and visualizing the
inhibition zone on the media using anti-IFN-gamma monoclonal antibodies.

As a result of examining the CTL inducibility of the peptides as described above,
those having high binding affinity to an HLA antigen did not necessarily have high in-
ducibility. Furthermore, nonapeptides or decapeptides selected from peptides
comprising the amino acid sequences indicated by SEQ ID NOs: 3, 4,9, 23, 25, 30, 60,
63 and 68, showed particularly high CTL inducibility as well as high binding affinity
to an HLA antigen. Thus, these peptides are exemplified embodiments of the present



TYLLCPAPI 75 1/1 4 138 GYRTASVII 50 0/1 0/6 - 5 330 LFLLLALAL 36 - .. - 6 84 VFSTRGTTL 20
0/1 0/6 7 140 RTASVIIAL 11.2 0/1 0/6 - 8 277 TYIECPAP1L 300

{0038]

[0039]

[0040]

[0041]

{0042]

{0043]

invention.

In addition to modification of the present peptides, discussed above, the peptides of
the present invention can be further linked to other substances, so long as they retain
the CTL inducibility, Exemplified substances include: peptides, lipids, sugar and sugar
chains, acetyl groups, natural and synthetic polymers, etc. The peptides can contain
moadifications such as glycosylation, side chain oxidation, or phosphorylation; so long
as the modifications do not destroy the biological activity of the peptides as described
herein. These kinds of modifications can be performed to confer additional functions
(e.g., targeting function, and delivery function) or to stabilize the polypeptide.

For example, to increase the in vivo stability of a polypeptide, it is known in the art
10 introduce D-amino acids, amino acid mimetics or unnatural amino acids; this
concept can also be adopted for the present polypeptides. The stability of a polypeptide
can be assayed in a number of ways. For instance, peptidases and various biological
media, such as human plasma and serum, can be used to test stability (see, e.g.,
Verhoef et al., Eur ] Drug Metab Pharmacokin 1986, 11: 291-302).

Herein, the peptides of the present invention can also be described as "TEMS
peptide(s)” or "TEMS polypeptide(s)".

e i T tid

The peptides of the invention can be prepared using well known techniques. For
example, the peptides can be prepared synthetically, by recombinant DNA technology
or chemical synthesis. Peptide of the invention can be synthesized individually or as
longer polypeptides comprising two or more peptides. The peptides can be isolated Le.,
purified or isolated substantially free of other naturally occurring host cell proteins and
fragments thereof, or any other chemical substances.

A peptide of the present invention can be obtained through chemical synthesis based
on the selected amino acid sequence. For example, conventional peptide synthesis
methods that can be adopted for the synthesis include:

(i) Peptide Synthesis, Interscience, New York, 1966;

(ii) The Proteins, Vol. 2, Academic Press, New York, 1976;

(iil) Peptide Synthesis (in Japanese), Maruzen Co., 1975;

(iv) Basics and Experiment of Peptide Synthesis (in Japanese), Maruzen Co., 1985;

(v) Development of Pharmaceuticals (second volume} (in Japanese), Vol. 14 (peptide
synthesis), Hirokawa, 1991;

(vi) WQ99/67288; and

(vii) Barany G. & Merrifield R.B., Peptides Vol. 2, "Solid Phase Peptide Synthesis”,
Academic Press, New York, 1980, 100-118.

Alternatively, the present peptides can be obtained adopting any known genetic en-
gineering methods for producing peptides (e.g., Morrison I, J Bacteriology 1977, 132:
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349-51; Clark-Curtiss & Curtiss, Methods in Enzymology (eds. Wu et al.) 1983, 101:
347-62). For example, first, a suitable vector harboring a polynucieotide encoding the
objective peptide in an expressible form (e.g., downstream of a regulatory sequence
corresponding to a promoter sequence) is prepared and transformed into a suitable host
cell. The host cell is then cultured to produce the peptide of interest. The peptide can
also be produced in vitro adopting an in vitro translation system.

[0044] IV, Polynucleotides

The present invention provides a polynucleotide which encodes any of the afore-

mentioned peptides of the present invention. These include polynucleotides derived
from the natural occurring TEMS gene (GenBank Accession No. NM_032208 (SEQ
ID NO: 75)) and those having a conservatively modified nucleotide sequence thereof.
Herein, the phrase "conservatively modified nucleotide sequence” refers to sequences
which encode identical or essentially identical amino acid sequences. Because of the
degeneracy of the genetic code, a large number of functionally identical nucleic acids
encode any given protein. For instance, the codons GCA, GCC, GCG, and GCU all
encode the amino acid alanine. Thus, at every position where an alanine is specified by
a codon, the codon can be altered to any of the corresponding codons described
without altering the encoded polypeptide. Such nucleic acid variations are “silent
variations," which are one species of conservatively modified variations. Every nucleic
acid sequence herein which encodes a peptide also describes every possible silent
variation of the nucleic acid. One of skill will recognize that each codon in a nucleic
acid (except AUG, which is ordinarily the only codon for methionine, and TGG, which
is ordinarily the only ¢odon for tryptophan) can be modified to yield a functionally
identical molecule. Accordingly, each silent variation of a nucleic acid that encodes a
peptide is implicitly described in each disciosed sequence.

[0045]  The polynucleotide of the present invention can be composed of DNA, RNA, and de-
rivatives thereof. A DNA is suitably composed of bases such as A, T, C, and G,and T
is replaced by U in an RNA,

[0046]  The polynucleotide of the present invention can encode multiple peptides of the
present invention with or without intervening amino acid sequences in between. For
example, the intervening amino acid sequence can provide a cleavage site (e.g.,
enzyme recognition sequence) of the polynucleotide or the translated peptides. Fur-
thermore, the polynucleotide can include any additional sequences to the coding
sequence encoding the peptide of the present invention. For example, the poly-
nucleotide can be a recombinant polynucleotide that includes regulatory sequences
required for the expression of the peptide or can be an expression vector ( plasmid) with
marker genes and such. In general, such recombinant polynucleotides can be prepared

by the manipulation of polynucleotides through conventional recombinant techniques
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using, for example, polymerases and endonucleases.

Both recombinant and chemical synthesis techniques can be used to produce the
polynucleotides of the present invention. For example, 2 polynucleotide can be
produced by insertion into an appropriate vector, which can be expressed when
transfected into a competent cell. Alternatively, a polynucleotide can be amplified
using PCR techniques or expression in suitable hosts (see, e.g., Sambrook et al.,
Molecular Cloning: A Laboratory Manual, Cold Spring Harbor Laboratory, New York,
1989). Alternatively, a polynucleotide can be synthesized using the solid phase
techniques, as described in Beaucage SL & lyer RP, Tetrahedron 1992, 48: 2223-311;
Matthes et al., EMBO J 1984, 3: 801-3.

V. Exosomes

The present invention further provides intracellular vesicles called exosomes, which
present complexes formed between the peptides of this invention and HLA antigens on
their surface. Exosomes can be prepared, for example by using the methods detailed in
Japanese Patent Application Kohyo Publications Nos. Hei 11-510507 and
W099/03499, and can be prepared using APCs obtained from patients who are subject
to treatment and/or prevention, The exosomes of this invention can be inoculated as
vaccines, similarly to the peptides of this invention.

The type of HLA antigens comprised in the complexes must match that of the subject
requiring treatment and/or prevention. For example, for Japanese, HLA-A24, par-
ticularly HLLA-A2402 is often appropriate. The use of A-24 or A-02 type that are
highly expressed among the Japanese and Caucasian is favorable for obtaining
effective results, and subtypes such as A-2402 and A-0201 find use, Typically, in the
clinic, the type of HLA antigen of the patient requiring treatment is investigated in
advance, which enables appropriate selection of peptides having high levels of binding
affinity to this antigen, or having CTL inducibility by antigen presentation. Fur-
thermore, in order to obtain peptides showing high binding affinity and CTL indu-
cibility, substitution or addition of 1, 2, or several amino acids can be performed based
on the amino acid sequence of the naturally occurring TEMS partial peptide.

In case of using A-24 type HLA antigen for the exosome of the present invention, the
peptides comprising the sequence of SEQ ID NO: 3, 4, or 9 find use, whereas in case
of using A-02 type HLA antigen, those comprising the sequence of SEQ ID NO: 23,
25, 30, 60, 63 or 68 find use.

V1. Antigen-presenting cells (APCs)

The present invention also provides APCs that present complexes formed between
HLA antigens and the peptides of this invention on its surface. The APCs that are
obtained by contacting the peptides of this invention, or introducing the nucleotides

encoding the peptides of this invention in an expressible form can be derived from
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patients who are subject to treatment and/or prevention, and can be administered as
vaccines by themselves or in combination with other drugs including the peptides of
this invention, exosomes, or cytotoxic T cells. Alternatively, the present invention also
provides APCs presenting the peptide of the present invention with HLA antigens,
wherein said APCs is induced by,

(a) contacting the peptides of the present invention with APCs, or

(b) introducing a polynucleotide encoding the peptides into APCs to produce the
APCs.

[0052]  The APCs are not limited to a particular kind of celis and include DCs, Langerhans
cells, macrophages, B cells, and activated T cells, which are known to present pro-
teinaceous antigens on their cell surface so as to be recognized by lymphocytes. Since
DC is a representative APC having the strongest CTL inducing action among APCs,
DCs find use as the APCs of the present invention.

[0053]  For example, an APC can be obtained by inducing DCs from peripheral blood
monocytes and then contacting (stimulating) them with the peptides of this invention in
vitro, ex vivo or in vivo. When the peptides of this invention are administered to the
subjects, APCs that present the peptides of this invention are induced in the body of the
subject. "Inducing APC" includes contacting (stimulating) a cell with the peptides of
this invention, or nucleotides encoding the peptides of this invention to present
complexes formed between HLA antigens and the peptides of this invention on cell’s
surface. Alternatively, after introducing the peptides of this invention to the APCs to
allow the APCs to present the peptides, the APCs can be administered to the subject as
a vaccine, For example, the ex vivo administration can comprise steps of:

a: collecting APCs from a first subject:,
b: contacting with the APCs of step a, with the peptide and
¢: administering the peptide-loaded APCs to a second subject.

[0054]  The first subject and the second subject can be the same individual, or can be
different individuals. Alternatively, according to the present invention, use of the
peptides of this invention for manufacturing a pharmaceutical composition inducing
antigen-presenting cells is provided. Further, the present invention also provides the
peptides of the present invention for inducing antigen-presenting cells. The APCs
obtained by step b can be administered to the subject as a vaccine.

[0055]  According to an aspect of the present invention, the APCs have a high level of CTL
inducibility. In the term of "high level of CTL inducibility", the high level is relative to
the level of that by APC contacting with no peptide or peptides which can not induce
the CTL. Such APCs having a high level of CTL inducibility can be prepared by a
method which comprises the step of transferring genes comprising polynucleotides that

encode the peptides of this invention to APCs in vitro. The introduced genes can be in
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the form of DNAs or RN As. Examples of methods for introduction include, without
particular limitations, various methods conventionally performed in this field, such as
lipofection, electroporation, and calcium phosphate method can be used. More spe-
cifically, it can be performed as described in Cancer Res 1996, 56: 5672-7: J Immunol
1998, 161: 5607-13; J Exp Med 1996, 184: 465-72; Published Japanese Transiation of
International Publication No. 2000-509281. By transferring the gene into APCs, the
gene undergoes transcription, translation, and such in the cell, and then the obtained
protein is processed by MHC Class I or Class 11, and proceeds through a presentation
pathway to present partial peptides.

VII. Cvtotoxic T cells

A cytotoxic T cell induced against any of the peptides of the present invention
strengthens the immune response targeting tumor-associated endothelia in vivo and
thus can be used as vaccines similar to the peptides. Thus, the present invention
provides isolated cytotoxic T cells that are specifically induced or activated by any of
the present peptides. Preferably, the present invention provides an isolated cytotoxic T
cell;

(2) that is induced by the step of contacting CD* T cells with APCs presenting the
peptides of the present invention with HLA antigens, or

(b) which is transduced with the nucleic acids encoding the TCR subunits poly-
peptides binding with a peptide the present invention in the context of HLA-A24 or
HILA-A2.

Such cytotoxic T celis can be obtained by (1) administering to a subject or (2)
contacting (stimulating) subject-derived APCs, and CD8-positive cells, or peripheral
blood mononuclear leukocytes in vitro with the peptides of the present invention.

The cytotoxic T cells, which have been induced by stimulation from APCs that
present the peptides of this invention, can be derived from patients who are subject to
treatment and/or prevention, and can be administered by themselves or in combination
with other drugs including the peptides of this invention or exosomes for the purpose
of regulating effects, The obtained cytotoxic T cells act specifically against target cells
presenting the peptides of this invention, or for example, the same peptides used for
induction. The target cells can be cells that endogenously express TEMS, or cells that
are transfected with the TEMS gene; and cells that present a peptide of this invention
on the cell surface due to stimulation by the peptide can also serve as targets of
activated CTL attack,

VI T cell receptor

The present invention also provides a composition comprising nucleic acids encoding
polypeptides that are capable of forming a subunit of a T cell receptor (TCR), and
methods of using the same. The TCR subunits have the ability to form TCRs that
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confer specificity to T cells against tumor cells presenting TEMS, By using the known
methods in the art, the nucleic acids of alpha- and beta- chains as the TCR subunits of
the CTL induced with one or more peptides of this invention can be identified
(W02007/032255 and Morgan et al., J Immunol, 171, 3288 (2003)). The derivative
TCRs can bind target celis displaying the TEMS peptide with high avidity, and op-
tionally mediate efficient killing of target cells presenting the TEMS peptide in vivo
and in vitro.

The nucleic acids encoding the TCR subunits can be incorporated into suitable
vectors e.g. retroviral vectors. These vectors are well known in the art. The nucleic
acids or the vectors comprising them usefully can be transferred into a T cell, for
example, a T cell from a patient. Advantageously, the invention provides an off-
the-shelf composition allowing rapid modification of a patient'’s own T cells (or those
of another mammal) to rapidly and easily produce modified T cells having excellent
cancer cell killing properties.

Also, the present invention provides CTLs which are prepared by transduction with
the nucleic acids encoding the TCR subunits polypeptides that bind to the TEMS8
peptide e.g. SEQ ID NOs: 3, 4,9, 23, 25, 30, 60, 63 and 68 in the context of HLA-A24
or HLLA-A2. The transduced CTLs are capable of homing to cancer cells in vivo, and
can be expanded by well known cultring methods in vitro (e.g., Kawakamietal,, J
Immunol,, 142, 3452-3461 (1989)). The T cells of the invention can be used to form an
immunogenic composition useful in treating or the prevention of cancer in a patient in
need of therapy or protection (W02006/031221).

Prevention and prophylaxis include any activity which reduces the burden of
mortality or morbidity from disease. Prevention and prophylaxis can occur "at primary,
secondary and tertiary prevention levels.” While primary prevention and prophylaxis
avoid the development of a disease, secondary and tertiary levels of prevention and
prophylaxis encompass activities aimed at the prevention and prophylaxis of the pro-
gression of a disease and the emergence of symptoms as well as reducing the negative
impact of an already established disease by restoring function and reducing disease-
related complications, Alternatively, prevention and prophylaxis include a wide range
of prophylactic therapies aimed at alleviating the severity of the particular disorder,
e.g. reducing the proliferation and metastasis of tumors, reducing angiogenesis.

Treating and/or for the prophytaxis of cancer or , and/or the prevention of post-
operative recurrence thereof includes any of the following steps, such as surgical
removal of cancer cells, inhibition of the growth of cancerous cells, involution or re-
gression of a tumor, induction of remission and suppression of occurrence of cancer,
tumor regression, and reduction or inhibition of metastasis. Effectively treating and/or

the prophylaxis of cancer decreases mortality and improves the prognosis of in-
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dividuals having cancer, decreases the levels of tumor markers in the blood, and al-
leviates detectable symptoms accompanying cancer. For example, reduction or im-
provement of symptoms constitutes effectively treating and/or the prophylaxis include
109, 20%, 30% or more reduction, or stable disease.

IX, Pharmaceutical agents

Since TEMS expression is specifically elevated in tumor-associated endothelium
compared with normal tissue (St Croix B et al., Science 2000 Aug 18, 28%(5482):
1197-202), the peptides of this invention or polynucleotides encoding the peptides can
be used for treating and/or for the prophylaxis of cancer, and/or prevention of post-
operative recurrence thereof. Thus, the present invention provides a pharmaceutical
agent for treating and/or for the prophylaxis of cancer, and/or prevention of post-
operative recwrence thereof, which comprises one or more of the peptides of this
invention, or polynucleotides encoding the peptides as an active ingredient. Al-
ternatively, the present peptides can be expressed on the surface of any of the
foregoing exosomes or cells, such as APCs for the use as pharmaceutical agents. In
addition, the aforementioned cytotoxic T cells which target any of the peptides of the
invention can also be used as the active ingredient of the present pharmaceutical
agents.

The present pharamaceutical agents find use as a vaccine. In the present invention,
the phrase "vaccine" (also referred to as an immunogenic composition) refers to a
substance that has the function to induce anti-tumor immunity upon inoculation into
animals.

The pharmaceutical agents of the present invention can be used to treat and/or
prevent cancers, and/or prevention of postoperative recurrence thereof in subjects or
patients including human and any other mamimal including, but not limited to, mouse,
rat, guinea-pig, rabbit, cat, dog, sheep, goat, pig, cattle, horse, monkey, baboon, and
chimpanzee, particularly a commercially important animal or a domesticated animal.

According to the present invention, polypeptides comprising the amino acid
sequence of SEQ ID NO: 3, 4 or 9 have been found to be HLA-A24 restricted epitope
peptides that can induce potent and specific immune response against tumor-associated
endothelium. Therefore, the present pharmaceutical agents which comprise any of
these polypeptides with the amino acid sequences of SEQ ID NOs: 3, 4 and 9 are par-
ticularly suited for the administration to subjects whose HLA antigen is HLA-AZ4. On
the other hand, the polypeptides comprising the amino acid sequence of SEQ ID NO:
23, 25, 30, 60, 63 or 68 have been found to be HLA-AQ2 restricted epitope peptides
that can induce potent and specific immune response against tumor-associated en-
dothelium.. Therefore, the pharmaceutical agents which comprise any of these poly-

peptides that comprise any of these polypeptides with the amino acid sequences of
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SEQ ID NOs: 23, 25, 30, 60, 63 and 68 are particularly suited for the administration to
subjects whose HLA antigen is HLA-AQ2. The same applies to pharmaceutical agents
which comprise polynucleotides encoding any of these polypeptides.

Cancers to be treated by the pharmaceutical agents of the present invention are not
limited and include all kinds of cancers wherein TEMS is involved, including for
example, bladder cancer, brain cancer, breast cancer, cervical, cholangiocellular
carcinoma, endometriosis, esophagus, gastric, liver cancer, lung cancer, neuro-
blastoma, osteosarcoma, ovarian, melanoma, pancreatic cancer, prostate cancer, renal
cancer, testicular tumor or colorectal cancer (see Figure 5).

The present pharmaceutical agents can contain in addition to the aforementioned
active ingredients, other peptides which have the ability to induce CTLs against
cancerous cells, other polynucleotides encoding the other peptides, other cells that
present the other peptides, or such. Herein, the other peptides that have the ability to
induce CTLs against cancerous cells are exemplified by cancer specific antigens (e.g.,
identified TAAs), but are not limited thereto.

If needed, the pharmaceutical agents of the present invention can optionally include

‘other therapeutic substances as an active ingredient, so long as the substance does not

inhibit the antitumoral effect on tumor-associated endothelium of the active ingredient,
e.g., any of the present peptides. For example, formulations can include anti-
inflammatory agents, pain killers, chemotherapeutics, and the like. In addition to
including other therapeutic substances in the medicament itself, the medicaments of the

present invention can also be administered sequentially or concurrently with the one or

“more other pharmacologic agents. The amounts of medicament and pharmacologic

agent depend, for example, on what type of pharmacologic agent(s) is/are used, the
disease being treated, and the scheduling and routes of administration,

It should be understood that in addition to the ingredients particularly mentioned
herein, the pharmaceutical agents of this invention can include other agents con-
ventional in the art having regard to the type of formulation in question,

In one embodiment of the present invention, the present pharmaceutical agents can
be included in articles of manufacture and kits containing materials useful for treating
the pathological conditions of the disease to be treated, e.g, cancer. The article of man-
ufacture can include a container of any of the present pharmaceutical agents with a
label. Suitable containers include bottles, vials, and test tubes. The containers can be
formed from a variety of materials, such as glass or plastic. The label on the container
should indicate the agent is used for treating or prevention of one or more conditions of
the disease. The label can also indicate directions for administration and so on.

In addition to the container described above, a kit including a pharmaceutical agent

of the present invention can optionally further include a second container housing a
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pharmaceutically-acceptable diluent. It can further include other materials desirable
from a commercial and user standpoint, including other buffers, diluents, filters,
needles, syringes, and package inserts with instructions for use.

The pharmaceutical compositions can, if desired, be presented in a pack or dispenser
device which can contain one or more unit dosage forms containing the active in-
gredient, The pack can, for example, include metal or plastic foil, such as a blister
pack. The pack or dispenser device can be accompanied by instructions for admin-
istration.

(1) Pharmaceutical agents containing the peptides as the active ingredient

The peptides of this invention can be administered directly as a pharmaceutical agent,
or if necessary, that has been formulated by conventional formulation methods. In the
latter case, in addition to the peptides of this invention, carriers, excipients, and such
that are ordinarily used for drugs can be included as appropriate without particular lim-
itations. Examples of such carriers are sterilized water, physiological saline, phosphate
buffer, culture fluid and such. Furthermore, the pharmaceutical agents can contain as
necessary, stabilizers, suspensions, preservatives, surfactants and such. The pharma-
ceutical agents of this invention can be used for anticancer purposes.

The peptides of this invention can be prepared in a combination, which comprises
two or more of peptides of the invention, to induce CTL in vivo. The peptides can be
in a cocktail or can be conjugated to each other using standard techniques. For
example, the peptides can be chemically linked or expressed as a single fusion
polypeptide sequence. The peptides in the combination can be the same or different.
By administering the peptides of this invention, the peptides are presented at a high
density by the HL.A antigens on APCs, then CTLs that specifically react toward the
complex formed between the displayed peptide and the HLA antigen are induced. Al-
ternatively, APCs that present any of the peptides of this invention on their cell surface
are obtained by removing APCs (e.g., DCs) from the subjects, which are stimulated by
the peptides of this invention, CTL is induced in the subjects by readministering these
APCs (e.g., DCs) to the subjects, and as a result, aggressiveness towards the fumor-
associated endothelium can be increased.

The pharmaceutical agents for treating and/or prevention of cancer, which comprise a
peptide of this invention as the active ingredient, can comprise an adjuvant so that
cellular immunity will be established effectively, or they can be administered with
other active ingredients, and they can be administered by formulation into granules. An
adjuvant refers to a compound that enhances the immune response against the protein
when administered together (or successively) with the protein having immunological
activity. An adjuvant that can be applied includes those described in the literature (Clin
Microbiol Rev 1994, 7: 277-89). Exemplary adjuvants include aluminum phosphate,

45
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aluminum hydroxide, alum, cholera toxin, salmonella toxin, and such, but are not
limited thereto.

[0078}  Furthermore, liposome formulations, granular formulations in which the peptide is
bound to few-micrometers diameter beads, and formulations in which a lipid is bound
to the peptide may be conveniently used.

[0079]  In some embodiments, the pharmaceutical agents of the invention comprise a
component which primes CTL. Lipids have been identified as agents capable of
priming CTL in vivo against viral antigens. For example, palmitic acid residues can be
attached to the epsilon -and alpha-amino groups of a lysine residue and then linked to a
peptide of the invention. The lipidated peptide can then be administered either directly
in a micelle or particle, incorporated into a liposome, or emulsified in an adjuvant. As
another example of lipid priming of CTL responses, E. coli lipoproteins, such as trip-
almitoyl-S-glycerylcysteinlyseryl- serine (P3CSS) can be used to prime CTL when co-
valently attached to an appropriate peptide (see, e.g., Deres et al., Nature 1989, 342:
561-4).

{0080]  The method of administration can be oral, intradermal, subcutaneous, intravenous
injection, or such, and systemic administration or local administration to the vicinity of
the targeted sites. The administration can be performed by single administration or
boosted by mulitiple administrations. The dose of the peptides of this invention can be
adjusted appropriately according to the disease to be treated, age of the patient, weight,
method of administration, and such, and is ordinarily 0.001 mg to 1000 mg, for
example, 0.001 mg to 1000 mg, for example, 0.1 mg to 10 mg, and can be ad-
ministered once in a few days to few months. One skilled in the art can appropriately
select a suitable dose.

[0081]  (2) Pharmaceutical agents containing polynucleotides as the active ingredient

The pharmaceutical agents of the invention can also comprise nucleic acids encoding
the peptides disclosed herein in an expressible form. Herein, the phrase "in an ex-
pressible form™ means that the polynucleotide, when introduced into a cell, will be
expressed in vivo as a polypeptide that induces anti-tumor immunity, In an exemplified
embodiment, the nucleic acid sequence of the polynucleotide of interest includes
regulatory elements necessary for expression of the polynucleotide. The poly-
nucleotide(s) can be equipped so to achieve stable insertion into the genome of the
target cell (see, e.g., Thomas KR & Capecchi MR, Cell 1987, 51; 503-12 for a de-
scription of homologous recombination cassette vectors). See, e.g., Wolff et al.,
Science 1990, 247: 1465-8; U.S. Patent Nos. 5,580,859; 5,589,466; 5,804.,566;
5,739,118; 5,736,524, 5,679,647; and WO 98/04720. Examples of DNA-based
delivery technologies include "naked DNA", facilitated (bupivacaine, polymers,
peptide-mediated) delivery, cationic lipid complexes, and particle-mediated ("gene
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gun") or pressure-mediated delivery (see, e.g., U.S. Patent No. 5,922,687).

The peptides of the invention can also be expressed by viral or bacterial vectors.
Examples of expression vectors include attenuated viral hosts, such as vaccinia or
fowlpox. This approach involves the use of vaccinia virus, e.g., as a vector to express
nucleotide sequences that encode the peptide. Upon introduction into a host, the re-
combinant vaccinia virus expresses the immunogenic peptide, and thereby elicits an
immune response. Vaccinia vectors and methods useful in immunization protocols are
described in, e.g., U.S. Patent No. 4,722,848. Another vector is BCG (Bacille Calmette
Guerin). BCG vectors are described in Stover et al., Nature 1991, 351: 456-60. A wide
variety of other vectors useful for therapeutic administration or immunization e.g.,
adeno and adeno-associated virus vectors, retroviral vectors, Salmonella typhi vectors,
detoxified anthrax toxin vectors, and the like, will be apparent. See, e.g., Shata et al.,
Mol Med Today 2000, 6: 66-71; Shedlock et al., ] Leukoc Biol 2000, 68: 793-806;
Hipp et al., In Vivo 2000, 14: 571-85.

Delivery of a polynucleotide into a patient can be either direct, in which case the
patient is directly exposed to a polynucleotide-carrying vector, or indirect, in which
case, cells are first transformed with the polynucleotide of interest in vitro, then the
cells are transplanted into the patient. Theses two approaches are known, respectively,
as in vivo and ex vivo gene therapies.

For general reviews of the methods of gene therapy, see Goldspiel et al., Clinical
Pharmacy 1993, 12: 488-505; Wu and Wu, Biotherapy 1991, 3; 87-95; Tolstoshev,
Ann Rev Pharmacol Toxicol 1993, 33: 573-96; Mulligan, Science 1993, 260: 926-32;
Morgan & Anderson, Ann Rev Biochem 1993, 62: 191-217; Trends in Biotechnology
1993, 11(5): 155-215). Methods commonly known in the art of recombinant DNA
technology which can also be used for the present invention are described in eds.
Ausubel et al., Current Protocols in Molecular Biology, John Wiley & Sons, NY, 1993;
and Krieger, Gene Transfer and Expression, A Laboratory Manual, Stockton Press,
NY, 1990.

The method of administration can be oral, intradermal, subcutaneous, intravenous
injection, or such, and systemic administration or local administration to the vicinity of
the targeted sites finds use. The administration can be performed by single admin-
istration or boosted by multiple administrations. The dose of the polynucieotide in the
suitable carrier or cells transformed with the polynucleotide encoding the peptides of
this invention can be adjusted appropriately according to the disease to be treated, age
of the patient, weight, method of administration, and such, and is ordinarily 0.001 mg
to 1000 mg, for example, 0.001 mg to 1000 mg, for example, 0.1 mg to 10 mg, and can
be administered once every a few days to once every few months. One skilled in the art
can appropriately select the suitable dose.
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X. Methods using the peptides, exosomes. APCs and CTLs

The peptides of the present invention and polynucleotides encoding the peptides can
be used for inducing APCs and CTLs. The exosomes and APCs of the present
invention can be also used for inducing CTLs. The peptides, polynucleotides,
exosomes and APCs can be used in combination with any other compounds so long as
the compounds do not inhibit their CTL inducibility. Thus, any of the aforementioned
pharmaceutical agents of the present invention can be used for inducing CTLs, and in
addition thereto, those comprising the peptides and polynucleotides can be also be used
for inducing APCs as explained below.

(1) Method of inducing antigen-presenting cells (APCs)

The present invention provides methods of inducing APCs using the peptides of this
invention or polynulceotides encoding the peptides. The induction of APCs can be
performed as described above in section "VI. Antigen-presenting cells”. This invention
also provides a method for inducing APCs having a high level of CTL inducibility, the
induction of which has been also mentioned under the item of "VI. Antigen-presenting
cells", supra. Preferably, the present invention provides a method for inducing APCs
with high CTL inducibility, wherein the method comprises the step of contacting the
peptides of the invention with APCs or introducing a polynucleotide encoding the
peptides into APCs to produce the APCs presenting the peptide of the present
invention with HLA antigens.

(2) Method of inducing CTLs

Furthermore, the present invention provides methods for inducing CTLs using the
peptides of this invention, polynucleotides encoding the peptides, or exosomes or
APCs presenting the peptides. In a preferred embodiment, the method comprises the
step of contacting CD#+ T cells with;

(a) APCs presenting the peptides of the present invention with HLA antigens, or

(b) APCs which is induced by introducing a gene that comprises a polynucleotide
encoding the peptides of the present invention into an antigen-presenting cell. When
the peptides of this invention are administered to a subject, CTL is induced in the body
of the subject, and the strength of the immune response targeting the tumor-associated
endothelia is enhanced. Alternatively, the peptides and polynucieotides encoding the
peptides can be used for an ex vivo therapeutic method, in which subject-derived
APCs, and CD8-positive cells, or peripheral blood mononuclear leukocytes are
contacted (stimulated) with the peptides of this invention in vitro, and after inducing
CTL, the activated CTL cells are returned to the subject. For example, the method can
comprise steps of:

a: collecting APCs from subject:,

b: contacting with the APCs of step a, with the peptide:,
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c: mixing the APCs of step b with CD# T cells, and co-culturing for inducing CTLs:
and
d: collecting CD#+ T cells from the co-culture of step c.

Alternatively, according to the present invention, use of the peptides of this invention
for manufacturing a pharmaceutical composition inducing CTLs is provided. Further,
the present invention also provides the peptide of the present invention for inducing
CTLs.

The CD#* T cells having cytotoxic activity obtained by step d can be administered to
the subject as a vaccine. The APCs to be mixed with the CD* T cells in above step ¢
can also be prepared by transferring genes coding for the present peptides into the
APCs as detailed above in section "VI. Antigen-presenting cells™; but are not limited
thereto and any APC or exosome which effectively presents the present peptides to the
T cells can be used for the present method.

Although methods and materials similar or equivalent to those described herein can
be used in the practice or testing of the present invention, suitable methods and
materials are described. All publications, patent applications, patents, and other
references mentioned herein are incorporated by reference in their entirety. In case of
conflict, the present specification, including definitions, will control. In addition, the
materials, methods, and examples are illustrative only and not intended to be limiting.

The following examples are presented to illustrate the present invention and to assist
one of ordinary skill in making and using the same. The examples are not intended in
any way to otherwise limit the scope of the invention.

EXAMPLES

Materials and Methods

Cell lines

A24 lymphoblastoid cell line (A24LCL) cells were established by transformation
with Epstein-bar virus into HLA-A24 positive human B lymphocyte. T2 (HLA-A2),
human B-lymphoblastoid cell lines, COS7 and CT26, mouse colorectal cancer cell
lines, were purchased from ATCC. RLmalel, mouse lymphoma cell lines, were
purchased from Cell Resource Center for Biomedical Research, Tohoku University.

Candidate selection of peptides derived from TEMS

9-mer and 10-mer peptides derived from TEMS that bind to HLA-A*2402 and HLA-
A*0201 molecules were predicted using binding prediction software "BIMAS”
(http://www-birmas.cit.nih.gov/molbio/hla_bind), which algorithms had been described
by Parker KC et al.(J Immunol 1994, 152(1): 163-75) and Kuzushima K et al.(Blood
2001, 98(6); 1872-81). These peptides were synthesized by Sigma (Sapporo, Japan)

according to a standard solid phase synthesis method and purified by reversed phase
high performance liquid chromatography (HPLC). The purity (>90%) and the identity
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of the peptides were determined by analytical HPLC and mass spectrometry analysis,
respectively. Peptides were dissolved in dimethylsulfoxide (DMSO) at 20 mg/ml and
stored at -80 degrees C.

In vitro CTL Induction

Monocyte-derived dendritic cells (DCs) were used as antigen-presenting cells
(APCs) to induce cytotoxic T lymphocyte (CTL) responses against peptides presented
on human leukocyte antigen (HLA). DCs were generated in vitro as described
elsewhere (Nakahara S et al., Cancer Res 2003 Jul 15, 63(14): 4112-8). Specifically,
peripheral blood mononuclear cells (PBMCs) isolated from a normal volunteer
(HLA-A*2402 or HLA-A*0201 positive) by Ficoll-Plaque (Pharmacia) solution were
separated by adherence to a plastic tissue culture dish (Becton Dickinson) so as to
enrich them as the monocyte fraction. The monacyte-enriched population was cultured
in the presence of 1000 U/ml of granulocyte-macrophage colony-stimulating factor
(GM-CSF) (R&D System) and 1000 U/ml of interleukin (IL)-4 (R&D System) in
AIM-V Medium (Invitrogen) containing 2% heat-inactivated autologous serum (AS).
After 7 days of culture, the cytokine-induced DCs were pulsed with 20 micrograms/ml
of each of the synthesized peptides in the presence of 3 micrograms/mli of
beta2-microglobulin for 3 hr at 37 degrees C in AIM-V Medium. The generated cells
appeared to express DC-associated molecules, such as CD80, CD83, CD86 and HLA
class 11, on their cell surfaces (data not shown). These peptide-pulsed DCs were then
inactivated by Mitomycin C (MMC) (30 micrograms/ml for 30 min) and mixed at a
1:20 ratio with autologous CD8+ T cells, obtained by positive selection with CD8
Positive [solation Kit (Dynal). These cultures were set up in 48-well plates (Corning);
each well contained 1.5 x 10# peptide-pulsed DCs, 3 x 10° CD8+ T cells and 10 ng/ml
of IL-7 (R&D System) in 0.5 ml of AIM-V/2% AS medium. Three days later, these
cultures were supplemented with IL-2 (CHIRON) to a final concentration of 20 IU/ml.
On day 7 and 14, the T cells were further stimulated with the autologous peptide-
pulsed DCs. The DCs were prepared each time by the same way described above. CTL
was tested against peptide-pulsed A24LCL cells after the 3rd round of peptide
stimulation on day 21 (Tanaka H et al., Br ] Cancer 2001 Jan 5, 84(1): 94-9; Umano Y
et al., BrJ Cancer 2001 Apr 20, 84(8): 1052-7; Uchida N et al., Clin Cancer Res 2004
Dec 15, 10(24): 8577-86; Suda T et al., Cancer Sci 2006 May, 97(5): 411-9; Watanabe
T et al., Cancer Sci 2005 Aug, 96(8): 498-506).

Ex ion Pr ure

CTLs were expanded in culture using the method similar to the one described by
Riddell et al. (Walter EA et al., N Engl J Med 1995 Oct 19, 333(16): 1038-44; Riddell
SR et al., Nat Med 1996 Feb, 2(2): 216-23). A total of 5 x 10* CTLs were suspended in
25 ml of AIM-V/5% AS medium with 2 kinds of human B-lymphoblastoid cell lines,
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N-terminus of TEM8. Binding score is derived from "BINLAS". [0104]CTL induction with the predicted
peptides from TEM8 restricted with HLA-A*2402 or HLA-A*0201 and establishment for CTL lines
stimulated with TEM8 derived peptides CTLs for those peptides derived from TEM8 were generated

3;(;;?1 iirrllge (;obth?F%%gan‘n%@ ﬁﬁ%ﬁ!?ﬁ%k‘ﬁ%g@%@%ksii@'}@/M@rtlmﬂﬁfcﬁanﬂdmspﬂaif@@wsactivity was
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3), TEM8-A2X-9-§%‘%"@’€§‘§) ﬁtﬁ%} %ﬁf@&/&%%gz%t & E’Olvﬁl%qh%ﬂﬁ%@é% Méé%%\(%%%i %E ?s:zDQl\llg
NO: 23), 30 TEMbeABBUERIHSHEBTRS W5 B8 Witk fipsh %%5%(@%@%%%‘6}‘?‘@
TEMS8-A02-10-33B(SEQ 1D N@:dad), STEMB-ADLFad:R6H (SBIQBDIN@@3 AN IPEMEIA02-10-333
(Fi'ftge'r?n';' rc;: t6h8€) @ﬁ?s??n%%@e‘dew%tr Iﬁ@w@mam% uotien 8 opsPITRTechiaathescontimvells.
NG 4. #3 with SEONS 0 S E‘g%@bﬁ%ﬁgg Ig@%ﬁ%@ﬂ@%@%@é@gﬁg ‘%@8‘?5%?
30, #2 with SEQ 1B N%%@?%@%ﬁﬁ@%ﬁﬂé%@%é% RSB 8%0: 68 were expanded and
{0096]  Establishment of CTL clones
The dilutions were made to have 0.3, 1, and 3 CTLs/well in 96 round-bottomed
micro titer plate (Nalge Nunc International). CTLs were cultured with 1 x 10# cells/
well of 2 kinds of hurnan B-lymphoblastoid cell lines, 30ng/ml of anti-CD3 antibody,
and 125 U/ml of TL-2 in a total of 150 microliters/well of AIM-V Medium containing
5%AS. 50 microliters /well of IL-2 were added to the medium 10 days later so to reach
a final concentration of 125 U/ml IL-2. CTL activity was tested on the 14th day, and
CTL clones were expanded using the same method as described above (Uchida N et
al., Clin Cancer Res 2004 Dec 15, 10(24): 8577-86; Suda T et al., Cancer Sci 2006
May, 97(5): 411-9; Watanabe T et al., Cancer Sci 2005 Aug, 96(8): 498-506).
[0097)  Specific CTL activity
To examine specific CTL activity, interferon (IFN)-gamma enzyme-linked im-
munospot (ELISPOT) assay and IFN-gamma enzyme-linked immunosorbent assay
(ELISA) were performed. Specifically, peptide-pulsed A24LCL (1 x 10%/well) was
prepared as stimulator cells. Cultured Cells in 48 wells or CTL clones after limiting
dilution were used as responder cells. IFN-gamma ELISPOT assay and II'N-gamma
ELISA assay were performed under manufacture procedure.
[0098]  Immunogenicity of epitope peptides in BALB/c mice
For priming the peptide-specific CTLs, immunization was given using 100 mi-
croliters vaccine mixture, which contains 50 microliters of HLLA-A24 restricted peptide
and 50 microliters of IFA per mouse. The vaccine was injected s.c. into the right flank
of mice for the first immunization on day 0 and in the left flank for the second on the
day 7. On day 14, splenocytes from vaccinated mice were used as the responder cells,
and RLmalel cells pulsed with or without peptides were used as the stimulator cells for
IFN-gamma ELISPOT assay.
[0099]  In vivo antitumor effects
Vaccination was done on days -7 and 0 using IFA-conjugated peptide. On day 0,
126 cells (510 cells per mouse) were injected s.c. into the right flank of BALB/c
mice. Tumor growth was measured as the product of two perpendicular diameters (mm
2),
[0100}]  Results



established CTL lines. CTL activity of those CTL lines was determined by IFNgamma ELISA assay
(Figure 2a-i). It showed that all CTL lines demonstrated potent IFN-gamma production against the
target cells pulsed with corresponding peptide as compared to target cells without peptide pulse. On
the other hand, no CTL lines could be established by stimulation with other peptides shown in Table 1,
despite those peptide had possible binding activity with HLA-A*2402 or 1ILA-A*0201. For example,
typical negative dataiefiGnlés IpSROASE sHEHIAIes \EIERMSARREERDY (SEQ ID NO: 46) was shown

in Figure 1 j and [ L of re
screened as the %Ia:pijlsle?lggﬁ g‘ln ée}\ (g[&%ta%?'lgL ?1%—:'2 mgi%%?té%aﬁt%ﬁ%%éﬁfﬁgng@g?ﬁi against

TEMS specific peffigesf Wﬂ?iéﬁ*ﬁ%l”éﬁ@ﬂ %I%%%}@%gﬁlgﬂ PRy |on?ron% each CTL
lines as describedtiiliyneer tideiterhaof tarenid Sadricumitiiolis eratend PRGN Ak dducidrs from CTL

clones against tagg 643 pefassk nﬁmip@euﬁaefeﬂmem padiby IFhHgamsiKlISA @kay Botent

IF-gamma prodcligy W@fe dfftefmérgg RS TpsiarerialRg 1 SEQURNPiE, SEQ 1D NO
9, SEQ ID NO: 2 Ol\i1 Figure 3 LA][£6 Suecific CTL a ﬁsewty against
target cells endogiéF’fBﬁ Fﬁdﬁﬂ.ﬁ&“%ZW&‘FﬁL LY S SRR Shed CTL
lines or clones rawhﬁtlagﬁmmdtﬁ%elm@ptldewefw@/@émﬁm@d for their ability to recognize target cells

that endogenayslyrayrress TEM8 and HLAA*2402 molecule. Specific CTL activity against COS7 cells

which were transfgﬁgdﬁ%? ‘?oth th egld” Jeggrt m%ﬁwgeggg h”ﬁ &Pg(ﬁgz molecule genes (a specific

”an\ Vel iW) r\\ll’\v‘f\r\r\

model for the targetcell t-ehdogenousty HEM8 Y L‘-I-UL genes)was tested using
the GEL lines or clongg,taised bxngggr,@ﬂoon :ilgg“ﬁg@t de?%fé"?ﬁe aff%éf Feellspeaa7 celigmansfected
with either the full legath of TEM8 genes or HLAA 2402 re preptted as eppifel. Thevg TUs showed
potent CTL activity agalnst COS7 Cells transfected with tvotiber EMuemigHILA-A24 in fFigure 4a. On the
other hand, no sighificagat specifﬁcy@ﬂgﬂptivi y w@s detected againstdle cantrols. Funthermore,

established CTL linespfClo gﬁgalnst HiA-AZ resgfyicted pepiddes|were.also examingd for
their ability to rec ﬂiZggtalg t x,cubGLB!}u) I.Y%IIU ch“ﬁubiy EXPIESS TEM8 3T and HLA-A*0ZgT Molecule.
Specific CTL activity-against COETEAN  which-were transtected with-beth-the-fulHergth-of FEMS and

HLA-A*0201 moleculeXdenes waYYEERAE! The CTE lines oftlonds induced|by corresponding-HLA-A2
restricted peptide fverelilased as thepsdtor cellss)COS7 célls transfétted with either full 1éngth of
TEMS8 gene or HLA-A*%6201 lgenemveresused as gontrol. The CTLs stimulated with SEQ © NO: 63
showed potent CT acgyity chalglngQ@%7 ceIIs tg@nsfpcteq;wlth othgsEMA and HLA-A2 in Fipure 4b.
On the other hand;no bl&)lllllualll@m% aﬁlylty wWas gletected ggainst the controls: Jhus, these
data clearly demonstra od-th ID-NO—4-anrd-SEQ-1D-NO—63-were-naturalty-expressed-on the
target cells with HLLA- A?'gi402 orWWW‘ﬁbm mat®tule andvere i by the CTLs
Furthermore, it ind|catdétthat thE6¥EFRRR e ptides’Herived i TEM8%te epitope peptided®cauld induce
CTLs and it may be avaidlable toapphpthve: cancersvacdinesofor patientgwith TEM8 expressing cells.
[0107]IUD 11 Oll tof iv*ge Tm nuw&ﬁgnd& SEQ 1k NQ: 4 teBALB/c méce was performedito evaluate
the im- munogenicﬂy@ﬁvu eﬂ{ggﬂ tides After second injection of the peptide ¢onjpgated with
IFA, peptide specifie-CH—aectivity-was-determinet-by-Wh-gamma EL:%PU assay--Wier the
splenocytes harvested tfom the TR mice %glgpegsgsg/}as re Spg?‘;der gells-poter lF, gamma
production was specificdlly detetEeRirti§ure 58 1ENIganffha produlfon specific to <,F()‘5|r) O: 4
were detected from fowsof five mseNIsNTM3, M42and M5) Bt not in ééntrol mice (Ni and NZ) These
data indicated that|SEQ,ID NO: @Mspecii@ﬁﬁ _S against peptigde-pulsed target cells inivivo.
[01081Antitumor e eCI§9gr VchCﬂ&%E}QI@AQ EVB gRItope pepfide To ggamine the antitumeg effects
using the peptide, in-vive-anti-tumermedelwas-examined-using CT26 famor cettfines Aggninistration
of SEQ ID NO: 4 was p43?fnrmmﬂwvnsf}i\mp\'- agé% and-G1-26-colorectal-cancereells-were-injected
s.C. into BALB/c mice off®day!0. S0iekAwih apHarently ¥8uced in #e mice vaccindted®®t SEQ ID
NO: 4 compared with the controRWyiRevV(ERJure 5BY.0% showed the stati&ficall sigfiificant ditference with
suppression of tumor growth in the mice with vaccination using SEQ ID NO: 4 (P<0.05).
[0109]Llon{8I]t§8\} analysis of antigen peptides It was demonstrated that the CTLs stimulated with the
following peptides respectively, showed significant and specific CTL activity. TEM8-A24-9-39 (SEQ ID
NO: 3), TEM8-A24-9-277 (SEQ ID NO: 4), TEM8-A24-10-277 (SEQ ID NO: 9), TEM8-A02-9-337 (SEQ
ID NO: 23), TEM8-A02-9-338 (SEQ ID NO: 25), 32 TEM8-A02-9-278 (SEQ ID NO: 30),
TEM8-A02-10-338 (SEQ ID NO: 60), TEM8-A02-10-265 (SEQ ID NO: 63) and TEM8-A02-10-333
(SEQ ID NO: 68), This result may be due to the fact that the sequences of the peptides are
homologous to peptides derived from other molecules that are known to sensitize the human immune
system. To exclude this possibility, homology analysis was performed for these peptide sequences
using as queries the BLAST algorithm (http://www.ncbi.nlm.nih.gov/blast/blast.cgi) which revealed no
sequence with significant homology. The results of homology analyses indicate that the sequences of
TEM8-A24-9-39 (SEQ ID NO: 3), TEM8-A24-9-277 (SEQ ID NO: 4), TEM8-A24-10-277 (SEQ ID NO:

9),TEM8-A02-9-337 (SEQ ID NO: 23), TEM8-A02-9-338 (SEQ ID NO: 25), TEM8-A02-9-278 (SEQ ID
NO:- 20 TEMQ-AN2-10-22Q (SEO ID NO-: RO TEMQ_AN2-10-26E (SEO ID NO- &2\ and




[0112]All publications, patents, and patent applications cited herein are incorporated into the present
description by reference. 33 Claims [1]An isolated3a8onapeptide or decapeptide having cytotoxic T cell
inducibility, wherein said nonapeptide or decapeptide comprises an amino acid sequence selected
from the amino acid sequence of SEQ ID NO: 76. 121A nonapeptide or decapeptide comprising the
amino acid sequence selected from the group consisting of SEQ ID NOs: 3, 4 and 9. [31A peptide

having cytotoxic ﬁlymp
sequence selecteglfr

e %I’Oéj g'g'r pgp &%EE%JQ N(PEI\;iS

cyte (CTL) |ndu0|b|I|ty, wherein the peptide comprises the amino acid
40r9;and (b) SEQID NO 3,40r9

wherein 1, 2, or s \'ora. SPNO acIdS are SUBSHied-pr-added: 441Thc peptide-of-ctaim-3-having at
least one substitutionygglected f;,gmotngdgroupnqgﬂ@snnﬁﬁf‘v (a) hesesand agine aciddoam the
N-terminus is selected.fromithe group of phenylalanine, ¥#&sine, methionin ryptoplaan,iand (b
the C-terminal arrlnoogtgl IS selélcte cf'arorlg the%?gup of-gt&nyl Iani?l%t? %ucfﬁg?ig%lgtjcif%ga tryptoph(ar)1
and methionine. [b]A pgnapeptigaetdecapeplsis:gomprising of the gging acid-sequence selected
from the group ¢ sisg.i‘qg 0 DE&VNWL . {8633 PU, qﬁ and 68. [6IA peptide haying,g TL
inducibility, wherein-the-peptide CGmErises the-aminoracit sequence setegted fronTtifegrpupiof: (a)
SEQ ID NO: 23, 25,3860, 163 Br548-4d () BED 1D NO7 23, 25,-30,-60,63-0r-68 wherein-1, 2, or
several amino acidls a8 sulstHEBrREded. B P¢he pepide df claim 6 aving at least ¥ne
substitution selected frm the gsstp@shAsistingsofieta) the ®econd antifio acid from the Nderminus is
leucine or methionine, and (b) thestedewmingl amine gcid igvaline ordeucine. 181A pharnraceutical
agent _for treating am@mpn)g%ﬂfym rsigglgy:;/ar prq,ypntlon oT{pépsto perative recurrgnce thereof,
wherein the agent-cemprises-one-of more-peptides of-any-one-gf claims-tto 7, orapotygctectide
encoding the pepﬁd&ﬁlhe bt 13eH im-8-which-is-inte ndeﬂ for-the-administration
to a subject whose HI3&antigen'iFRARIA24| of43P7A-A02, ¥101Thhe pharmaceutical agentbf claim 9,
which is intended for treating cancexs{@¥]The phasnaceutidal agent &% claim 10; which is?4 vaccine.
[121An exosome that gresents qniits sigface azeemplex campriging a peptide of any {34 &ne of claims
1to 7, and an HLAT@MYGET ™ ¢ renrpar 73,358 o/ 0/8 - 13

329 ILFLLLALA 71.872 - - - 34

79 RMSFIVFST 71.796 01 0/8 . 35

302 GLSFISSSV 69.552 011 0/8 - 36

119 YMHEGFERA 63.000 /1 0/8 - 37

369 GLPKKKWPT 55.890 0/1 0/8 38

453 KLDALWVLL 50.843 011 0/8 - 39

112 VLPGGDTYM 46.451 0/1 1/8 0/1 40

328 LILFLLLAL 42.494 . - #

15 WLSLATLVL 40.289 0/ 1/8 0/1 42

324 ATALLILFL 37.157 - 43

322 ILAJALLIL 34,246 - . - 44

325 IALLILFLL 24,896 - 45

207 ALQGIIHSI 23.995 0/1 1/8 0/1 46

190 RIADSKDHV 19.213 0/1 0/8 - 47

223 ILAAEPSTI 17.736 0/1 0/8 48

104 QGLEELQKV 15.841 0/1 0/8 - 49

170 DLGAIVYCV 11.998 0/1 1/8 0/1 50
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[13]The exosome of claim 12, wherein the HLA antigen is HLA-A24. [14]The exosome of claim 12,
wherein the HLA antigen is HLA-A2402. [15]The exsome of claim 12, wherein the HLA antigen is
HLA-AO02. [16]The exosome of claim 12, wherein the HLA antigen is HLA-A0201. [17]A method for
inducing an antigen-presenting cell with high CTL inducibility by using a peptide of any one of claims 1
to 7 or a polynucleotide encoding the peptide. [18]A method for inducing CTL by using a peptide of any

one of claims Ito
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polynucleotide eng
polynucleotide enc

gene that comprise
antigen-presenting

endothelia in a subject,gomp

claims 1to 7, an im

the fragment. 1 SE
PEPTIDES AND V
<151> 2007-04-11

<220> <223> An a
15 <210> 2 <211>

[0104]

protocols as described in "Materials and Methods'

L.uc, VRere othod-comprises-the-step-of-intreducing-a gene
olyguﬁleotlde £0606lR0 @ p@am.e qf dity'Bfie dbslaitasul 1RO Akeem
An isQ egt%g cytotoxjc T cell viareh ta 9glS.RaY bf the Rept _de§(pf claims 1_to
cell that is indyced by usingrabgeptide of any one of cldims | to |7 or which
the suicleic aqitisensoding thes&CR subunits|polypeptides binding with a peptide of
coq@ﬁsg}‘ﬁyA- 24,05 HLA-AY; [22]AN igplated antigen-presenting cell
e e one oo o 7o
odin® the ped B A1) [ 4HR dentide of any orie of Flaims | to/7 o'a
odlﬁéFthe peﬁﬁ&@l’w‘{@rem éﬁ‘téﬁ?ﬂnfthempresentinq celllis induced by {htroducing a
DS asmolynuclﬁa’li'(@lie“@mzodlinglazpeptide&af any one®f claims 1 to 7|intgsan
cell;f24]A methpgiet inducingsan iImMmuyRe responge against.tumor-associated
n&p@]ﬁg{ggwstenrg_&gsaud Sypiectja va&glne comprising a peptide of
munologicalty-active-fragment thereof;-or-a-polty-nucteotideencoding-the-peptide or
=QUENCE LISTINE 2110~ BNCOIHERAPY. SCIENCE, INC.<120> TEMS
ACSINES AOVBRISHGG T8 AME 430> ONC-A0706P <150> U$%0/011,194
<168> 74 <1705PBEREntIn vEr&dN 3.4 2210>11 <281> 9 <212> PRT 4P13> Artificial
rtifically synthesiner peptidessequence <400> 1 Trp Tyr Ser-Pro lle Lgs Gly Lys Leu
9 <gek2> PR{tLNekpFSV 35242 1 63
111 KVLPgGDTYM 36.962 0/1 0/8 64
336 LALLwWFWPL 26.594 - 65
103 RQGLeELQKV 16.219 0/1 0/8 66
409 KLEKaKNARYV 15.580 0/1 0/8 - 67
333 LLALaLLWWF 12.019 1 68
83 IVFStRGTTL 11.757 0/1 /8 69
7 RALGIGFQWL 11.472 0/1 0/8 70
17 SLATIVLICA 11.426 - 71
305 FISSsVIITT 10.841 - 72
294 ALQVsMNDGL 10.468 O/1 0/8 73
321 SILAJALLIL 10.249 - 74

Start position indicates the mumber of amino acid residue from the N-terminus of TEMS.
Binding score is derived from “BIMAS”.

CTL induction with the predicted peptides from TEMS restricted with HLA-A*2402
or HLA-A*0201 and establishment for CTL lines stimulated with TEMRX derived

peptides
CTLs for those peptides derived from TEMS8 were generated according to the

determined by IFN-gamma ELISPOT assay (Figure la-i). It showed that
TEMSB-A24-9-39 (SEQ ID NO: 3), TEM8-A24-9-277 (SEQ ID NO: 4),
TEMS8-A24-10-277 (SEQ 1D NO: 9), TEMB8-A(02-9-337 (SEQ ID NO: 23),

", Peptide specific CTL activity was



<213> Artificial <
Val Lys Asp Phe

220> <223> An artificially synthesized peptide sequence <400> 2 Val Tyr Cys Val Gly
15 <210> 3 <211> 9 <212> PRT 8@13> Atrtificial <220> <223> An artificially

synthesized peptide sequence <400> 3 Cys Tyr Gly Gly Phe Asp Leu Tyr Phe 15 <210> 4 <211> 9
<212> PRT <213> Atrtificial <220> <223> An artificially synthesized peptide sequence <400> 4 Thr Tyr

Leu Leu Cys Pro

Ala Prolle 15 2 <210>5 <211> 9 <212> PRT <213> Atrtificial <220> <223> An

artificially synthesrmgogsﬁldﬁﬁ%q@@@:ﬁﬁé@%? @W@@Ws&@éﬁb@blgw 15 <210> 6 <211>

90 <212> PRT <2
The Leu Leu Leu

ML (RO B T A B S e BT 7 an

artificially synthe&f@é%@ﬁ%ﬂ@é@éd@ﬁ&b@%@@) demonstrated potent IFN-gamma productmn as

[0105]

[0106]

compared to the control welis. Furthermore, the cells in the positive well number #3
stimulated with SEQ ID NO: 3, #6 with SEQ ID NO: 4, #3 with SEQ ID NO: 9, #3
with SEQ ID NO: 23, #6 with SEQ ID NO: 25, #3 with SEQ ID NO: 30, #2 with SEQ
ID NO: 60, #5 with SEQ ID NO: 63 and #4 with SEQ 1D NO: 68 were expanded and
established CTL lines. CTL activity of those CTL lines was determined by IFN-
gamma ELISA assay (Figure 2a-i). It showed that all CTL lines demonstrated potent
IFN-gamma production against the target cells pulsed with corresponding peptide as
compared to target cells without peptide pulse. On the other hand, no CTL. lines could
be established by stimulation with other peptides shown in Table 1, despite those
peptide had possible binding activity with HLA-A*2402 or HLA-A*0201. For
example, typical negative data of CTL response stimulated with TEM&-A02-9-207
(SEQ ID NO: 46) was shown in Figure 1j and Figure 2j. As a result, it indicated that
nine peptides derived from TEMR were screened as the peptides could induce potent
CTL lines.

Furthermore, CTL clones were established by limiting dilution from each CTL lines
as described in under the item of "Materials and Methods”, and IFN-gamma production
from CTL clones against target cells pulsed peptide were determined by IFN-gamma
ELISA assay. Potent [IFN-gamma production were determined from CTL clones
stimulated with SEQ ID NO: 4, SEQ 1D NO: 9, SEQ ID NO: 23, SEQ ID NO: 25 and
SEQ ID NO: 63 in Figure 3.
ecific CTL activity against target cells endogenously expressing TEMS and HIA-
A*2402 or HLA-A*020]

The established CTL lines or clones raised against these peptides were examined for
their ability to recognize target cells that endogenously express TEMS and HLA-
A*2402 molecule. Specific CTL activity against COS7 cells which were transfected
with both the full length of TEMSE and HLA-A*2402 molecule genes {a specific model
for the target cells that endogenously express TEMS and HLA-A*2402 genes) was
tested using the CTL lines or clones raised by corresponding peptide as the effector
cells. COS7 cells transfected with either the full length of TEMS8 genes or HLA-A*
2402, were prepared as control. The CTLs showed potent CTL activity against COS7
cells transfected with both TEMS8 and HLA-A24 in Figure 4a. On the other hand, no
significant specific CTL activity was detected against the controls. Furthermore, es-

tablished CTL lines or clones raised against HLA-A2 restricted peptides were also
examined for their ability to recognize target cells that endogenously express TEMS



Val Phe Ser Thr Arg Gly Thr Thr Leu 15 <210> 8 <211> 9 <212> PRT <213> Atrtificial <220> <223>
An artificially synthesized peptide sequence <40038 Arg Thr Ala Ser Val lle lle Ala Leu 15 <210> 9
<211> 10 <212> PRT <213> Atrtificial <220> <223> An artificially synthesized peptide sequence
<400> 9 Itir Tyr Leu Leu Cys Pro Ala Pro lle Leu 3 1510 <210> 10 <211> 10 <212> PRT <213>
Artificial <220> <223> An artificially synthesized peptide sequence <400> 10 Glu Tyr Glu Phe Pro Glu
Pro Arg Asn LeuJa%@ s220pbl raldnid Bpadfe PR TactdiBrapaiificiaD8Z 20 Bs<@8 8- wimeartificially

synth d tid
e PP IEE R BARIE RV B( TR AR RR b AP ARB IR et hiaa 10> 12

<400> 12 Tyr TyF@RﬂGWeﬁgleW%?é%%%?)}ﬁgé’zg> % <%%%I§’I(BX D%HE (Igl()%f 51951 Q{lg%ﬁéﬁ gche\rtlfICIal

were used as the effector cells. COS7 cells transfected with either full length of TEM
gene or HLA-A* 0201 gene were used as control. The CTLs stimulated with SEQ 1D
NO: 63 showed potent CTL activity against COS7 cells transfected with both TEMS
and HLA-A2 in Figure 4b. On the other hand, no significant specific CTL activity was
detected against the controls. Thus, these data clearly demonstrated that SEQ 1D NO: 4
and SEQ TD NO: 63 were naturally expressed on the target cells with HILA-A*2402 or
HLA-A#0201 molecule and were recognized by the CTLs. Furthermore, it indicated
that those two peptides derived from TEMS are epitope peptides could induce CTLs
and it may be available to apply the cancer vaccines for patients with TEMS expressing
cells.

[0107]

Immunization of SEQ 1D NO 410 BALB/C mice was performed to evaluate the im-
munogenicity of TEMS epitope peptides After second injection of the peptide
conjugated with IFA, peptide specific CTL activity was determined by IFN-gamma
ELISPOT assay. When the spienocytes harvested from the vaccinated mice were used
as responder cells, potent IFN-gamma production was specifically detected In Figure
5a, IFN-gamma production specific to SEQ ID NO: 4 were detected from four of five
mice (M1, M3, M4 and M5) but not in conirol mice (N1 and N?2). These data indicated
that SEQ ID NO: 4 induced specific CTLs against peptide-pulsed target cells in vivo.

[0108]  Antitumor effects of vaccination of TEMS epitope peptide

To examine the antitumor effects using the peptide, in vivo anti-tumor model was
examined using CT26 tumor cell lines, Administration of SEQ ID NO: 4 was
performed on the day-7 and 0, and CT26 colorectal cancer cells were injected s.c, into
BALB/c mice on day 0. Tumor growth apparently reduced in the mice vaccinated of
SEQ ID NO: 4 compared with the control mice (Figure 5b). It showed the statistically
significant difference with suppression of tumor growth in the mice with vaccination
using SEQ ID NO: 4 (P<0.05).

[0109] OImo analvsis of antigen peptides

Tt was demonstrated that the CTLs stimulated with the following peptides re-
spectively, showed significant and specific CTL activity.

TEMS-A24-9-39 (SEQ ID NO: 3),

TEMS8-A24-9-277 (SEQ ID NO: 4),

TEMS-A24-10-277 (SEQ ID NO: 9),

TEMS-A02-9-337 (SEQ 1D NO: 23),

TEMS-A02-9-338 (SEQ ID NO: 25),



<220> <223> An artificially synthesized peptide sequence <400> 13 Leu Phe Leu Leu Leu Ala Leu Ala
Leu !_eu 1510 <210> 14 <211> 10 <212> PRT <2I3> Artificial <220> <223> An atrtificially synthesized
peptide sequence <400> 14 4 Gly Phe Gin Trp Leu Ser Leu Ala Thr Leu 1510 <210> 15 <211> 10
<212> PRT <213> Atrtificial <220> <223> An artificially synthesized peptide sequence <400> 15 Tyr
Phe Val Glu Gin Leu Ala His Lys Phe 1510 <210> 16 <211> 10 <212> PRT <213> Artificial <220>

<223> An artificiatiynsybesizens pspgd® sequidce <400> 16 Ser Phe Lys lle Asn Asp Ser Val Thr Leu

1510 <210> 17 <gdd= %Q) 623325' E@@Wé@@ual <220> <223> An artificially synthesized peptide
sequence <400> 17 Ar #ﬁ é&h‘%’ In Trp Leu 1510 <210> 18 <211> 10 <212> PRT
nt

<213> Artificial <§§% S|zed peptide sequence <400> 18
TEMEB-A02- 10~333 (SEQ ID NO: 68),

This result may be due to the fact that the sequences of the peptides are homologous to
peptides derived from other molecules that are known to sensitize the human immune
system. To exclude this possibility, homology analysis was performed for these
peptide sequences using as queries the BLAST algorithm
(http://www.ncbi.nlm.nih.gov/blast/blast.cgi) which revealed no sequence with sig-
nificant homology. The results of homology analyses indicate that the sequences of
TEMS-A24-9-39 (SEQ ID NO: 3), TEM8-A24-9-277 (SEQ ID NO: 4),
TEMS8-A24-10-277 (SEQ ID NO: 9),TEM8-A02-9-337 (SEQ ID NQ: 23),
TEMS-A02-9-338 (SEQ 1D NO: 25), TEMS8-A02-9-278 (SEQ ID NO: 30),
TEMS-A02-10-338 (SEQ ID NO: 60), TEM8-A02-10-265 (SEQ ID NO: 63) and
TEMS-A02-10-333 (SEQ ID NO: 68), respectively, are unique and thus, there is little
possibility, to our best knowledge, that these molecules raise an unintended im-
munologic response to some unrelated molecule.

[0110]  Finally, novel HLA-A*2402 or A*0201 epitope peptides derived from TEMS were
identified. Furthermore, it was demonstrated that epitope peptides of TEM8 are ap-
plicable for cancer immunotherapy.

Industrial Applicability

[0111]  The present invention provides novel peptides, which induce CTLs targeting en-
dothelial cells formed in a wide range of diseases associated with angiogenesis, and
which peptides are extremely effective as vaccines. The present invention also
provides pharmaceuticals for treating and prevention of diseases associated with an-
giogenesis, such as tumors, which comprise any of these peptides as the active in-
gredient. According to the present invention, the size of the peptide required for
inducing immunity is very small (e.g., 9 to 10 amino acid residues). Therefore, the
present invention is particularly advantageous in that the synthesis and purification of
the peptides can be quite easily performed.

[0112]  All publications, patents, and patent applications cited herein are incorporated into
the present description by reference.



Lys Tyr Pro Leu Asn Asn Ala Tyr His Thr 1510 <210> 19 <211> 10 <212> PRT <213> Artificial <220>
<223> An artificially synthesized peptide sequence335 Lys Trp Tyr Ser Pro lle Lys Gly Lys Leu 1510
<210> 20 <211> 10 <212> PRT <213> Atrtificial <220> <223> An artificially synthesized peptide
sequence <400> 20 Lys Asn Asn Gin Pro Ala Lys Tyr Pro Leu 1510 <210> 21 <211> 10 <212> PRT
<213> Artificial <220> <223> An artificially synthesized peptide sequence <400> 21 Arg Asn Val Asp
Arg val Leu Cys Ser Phe 1510 <210> 22 <21lci ¥ PRT <213> Artificial <220> <223> An
artificially synthesized peptide sequence <400> 5‘ r'Leu Asn Glu Lys Pro Phe Ser Val 15 <210> 23
<211> 9 €P12> PRT <2 3wldrifisiabpd0e or decapeptide having cytotoxic T cell inducibility,

wherein said nonapeptide or decapeptide comprises an amino acid sequence

selected from the amino acid sequence of SEQ ID NO: 76.

[2] A nonapeptide or decapeptide comprising the amino acid sequence selected from
the group consisting of SEQ ID NOs: 3, 4 and 9.
31 A peptide having cytotoxic T lymphocyte (CTL) inducibility, wherein the

peptide comprises the amino acid sequence selected from the group of:
(a) SEQID NO: 3,4 0r9 ; and
(b) SEQ ID NO: 3, 4 or 9 wherein 1, 2, or several amino acids are substitated or
added.

(4] The peptide of claim 3 having at least one substitution selected from the group
consisting of:
(a) the second amino acid from the N-terminus is selected from the group of
phenylalanine, tyrosine, methionine and tryptophan, and
(b) the C-terminal amino acid is selected from the group of phenylalanine,
leucine, isoleucine, tryptophan and methionine.

[51 A nonapeptide or decapeptide comprising of the amino acid sequence selected
from the group consisting of SEQ ID NO: 23, 25, 30, 60, 63 and 68.
[6] A peptide having CTL inducibility, wherein the peptide comprises the amino

acid sequence selected from the group of:
(a) SEQ ID NO: 23, 25, 30, 60, 63 or 68; and
(b) SEQ ID NO: 23, 25, 30, 60, 63 or 68 wherein 1, 2, or several amino acids are
substituted or added.

{71 The peptide of claim 6 having at least one substitution selected from the group
consisting of:
(a) the second amino acid from the N-terminus is leucine or methionine, and
(b) the C-terminal amino acid is valine or leucine.

I8} A pharmaceutical agent for treating and/or prophylaxis of tumors, and/or
prevention of postoperative recurrence thereof, wherein the agent comprises one

or more peptides of any one of claims 1 to 7, or a polynucleotide encoding the

peptide.

[9] The pharmaceutical agent of claim 8, which is intended for the administration to
a subject whose HLA antigen is HLA-A24 or HLA-AQ2.

101 The pharmaceutical agent of claim 9, which is intended for treating cancer.

11 The pharmaceutical agent of claim 10, which is a vaccine.

{123 An exosome that presents on its surface a complex comprising a peptide of any



<223> An artificially synthesized peptide sequence <400> 23 Ala Leu Leu Trp Trp Phe Trp Pro Leu 15
<210> 24 <211> 9 <212> PRT <213> Atrtificial <488> 24 Phe Leu Leu Leu Ala Leu Ala Leu Leu 15
<210> 25 <211> 9 <212> PRT <213> Artificial <220> <223> An artificially synthesized peptide
sequence <400> 25 Leu Leu Trp Trp Phe Trp Pro Leu Cys 15 <210> 26 <211> 9 <212> PRT <213>
Artificial <220> <223> An artificially synthesized peptide sequence <400> 26 Ser Met Asn Asp Gly Leu
Ser Phe lle 15 <210> {5 Lietn® 124 2> MR +218anfipdlicial <220> <223> An artificially synthesized

peptide seguence <400z 21 Ala kel Gliulip. SRR BINIR bitht 53107 A8 £211> 9 <212> PRT

{14} The exosome of claim 12, wherein the HLLA antigen is HLA-A2402.

[15] The exosome of claim 12, wherein the HLLA antigen is HLA-AOQ2.

[16] The exosome of claim 12, wherein the HL A antigen is HLA-ACG201.

(171 A method for inducing an antigen-presenting cell with high CTL inducibility by
using a peptide of any one of claims 1 to 7 or a polynucleotide encoding the
peptide.

[18] A method for inducing CTL by using a peptide of any one of claims 1 to 7 or a

polynucieotide encoding the peptide.

[19] A method for inducing an antigen-presenting cell with high CTL inducibility by
using a peptide of any one of claims 1 to 7 or a polynucleotide encoding the
peptide, wherein said method comprises the step of infroducing a gene that
comprises a polynucleotide encoding a peptide of any one of claims 1 to 7 into
an antigen-presenting cell.

[20] An isolated cytotoxic T cell which targets any of the peptides of claims 1 to 7.

[21} An isolated cytotoxic T cell that is induced by using a peptide of any one of
claims 1 to 7 or which is transduced with the nucleic acids encoding the TCR
subunits polypeptides binding with a peptide of any one claims 1 to 7 in the
context of HLA-A24 or HLA-A2.

[22] An isolated antigen-presenting cell that presents on its surface a complex of an
HLA antigen and a peptide of any one of claims 1 to 7.

[23] An antigen-presenting cell which is induced by;

(a) using a peptide of any one of claims 1 to 7 or a polynucleotide encoding the
peptide, or

(b) using a peptide of any one of claims 1 to 7 or a polynucleotide encoding the
peptide, wherein said antigen-presenting cell is induced by introducing a gene
that comprises a polynucleotide encoding a peptide of any one of claims 1 to 7
into an antigen-presenting ceil.

(24] A method of inducing an immune response against mmor-associated endothelia
in a subject comprising administering to said subject a vaccine comprising a
peptide of claims 1 to 7, an immunologically active fragmenf thereof, or a poly-
nucleotide encoding the peptide or the fragiment.



<213> Artificial <220> <223> An artificially synthesized peptide sequence <400> 28 Phe GIn Trp Leu

Ser Leu Ala Thr Leu 15 <210> 29 <211> 9 <212> PRT <213> Atrtificial <400> 29 Ala Leu Leu lle Leu

Phe Leu Leu Leu 15 <210> 30 <211> 9 <212> PRT <213> Atrtificial <220> <223> An atrtificially

synthesized peptide sequence <400> 30 Tyr Leu Leu Cys Pro Ala Pro lle Leu 15 <210> 31 <211> 9

<212> PRT <213> Atrtificial <220>==Q@&3=An tifigially synthesized peptide sequence <400> 31 Phe

lle LeL ?@p LXﬁc%%@Xp?%&’?Héf% 32 <211> 9 <212> PRT <213> Artificial <220> <223> An
synt

art|f|C| esized peptide sequence <400> 32 Leu Leu lle Leu Phe Leu Leu Leu Ala 15 <210> 33
<120> TEM8 PEPTIDES AND VACCINES COMPRISING THE SAME

<130> ONC-AD706P

<150> us 60/911,194
<151> 2007-04-11

<160> 76

<170> PatentIn version 3.4

<210> 1

<211> 9

<212> PRT

<213> Artificial

<220> ) ]

<223> An artificially synthesized peptide sequence
<400> 1

Trp Tyr Ser Pro Ile Lys Gly Lys teu
i 5

<210> 2

<211> §

<212> PRT

<213> Artificial

<220> . '

<223> An artificially synthesized peptide sequence
<400> 2

val Tyr Cys val Gly val Lys Asp Phe
i 5

<210> 3

<211> 9

<212> PRT

<213> artificial

<220> i _

<223> an artificially synthesized peptide sequence
<400> 3

Cys Tyr Gly Gly Phe Asp Leu Tyr Phe
1 5

<210> 4

<21i1l> 9

<212> PRT

<213> aArtificial

<220> i .

<223> aAn artificially synthesized peptide sequence
<400> 4

The Tyr Leu Leu Cys Pro Ala Pro Tle
1 5



<211> 9 <212> PRT <213> Atrtificial <220> <223> An artificially synthesized peptide sequence <400>
33 Lys Leu Thr Glu Asp Arg Glu Gin lle 15 <210> 34 <211> 9 <212> PRT <213> Artificial 8 <223> An
artificially synthesized peptide sequence <400> 34 lle Leu Phe Leu Leu Leu Ala Leu Ala 15 <210> 35
<211> 9 <212> PRT <213> Artificial <220> <223> An artificially synthesized peptide sequence <400>
35 Arg Met Ser Phe lle val Phe ser Thr 15 <210> 36 <211> 9 <212> PRT <213> Atrtificial <220>
<223> An artificially synthesized peptide sequence <400> 36 Gly Leu Ser Phe lle Ser Ser Ser Val 15
<210$537<231> 9 <212> PRT <213> Artificial <220>

<212> PRT
«<213> Artificial

220> .
<223> An artificially svnthesized peptide sequence

<400> 5

Gly Tyr arg Thr Ala Ser val Ile Ile
i3 5

<210> 6

<211> 9

<21?2> PRT

<213> aArtificial

<220> _ )

<223> An artificially synthesized peptide sequence
<400> ©

Leu Phe Leu Leu Leu Ala Leu Ala teu
1 5

<210> 7

<211> 9

<212> PRT

<213> Artificial
<220>

<223> An artificially synthesized peptide sequence
<400> 7

val phe ser Thr arg Gly Thr Thr Leu
1 5

«<210> 8§

<211> 9

<212> PRT

<213> Artificial

<220> )

<223> an artificially synthesized peptide sequence
<400> 8§

Arg Thr Ala ser val Ile Ile Ala Leu

1 5

<210> 9

<211> 10

<212> PRT

<213> artificial

<220> _ ]

<223> An artificially synthesized peptide seguence
<400> 9

Thr Tyr Leu Leu Cys Pro Ala Pro Ile ieu



<223> An artificially synthesized peptide sequence <400> 37 Tyr met His Glu Gly Phe Glu Arg Ala 15
<210> 38 <211> 9 <212> PRT <213> Artificial <220> <223> An artificially synthesized peptide
sequence <400> 38 Gly Leu Pro Lys Lys Lys Trp Pro Thr 15 <210> 39 <211> 9 <212> PRT <213>
Artificial 9 <220> <223> An atrtificially synthesized ?eptide sequence <400> 39 Lys Leu Asp Ala Leu
Trp Val Leu Leu 15 <210> 40 <211> 9 <212> RPRT <213> Artificial <220> <223> An artificially
synthesized peptide sequence <400> 40 Val Leu Pro Gly Gly Asp Thr Tyr Met 15 <210> 41 <211> 9
<212> BRT <g33> Artificial <220> <223> An artificially synthesized peptide sequence <400> 41 Leu
lle LeuwzPhe Len Leu Leu Ala Leu 15

<212> PRT
<213> Artificial
<220>

<223> aAn artificially synthesized peptide sequence
<400> 10

Glu Tyr Glu Phe Pro Glu Pro Arg Asn Leu
1 5 10

<210> 11

<211> 10

<212> PRT

<213> Arvificial

<220> _
«223> An artificially synthesized peptide sequence
<400> 11

Cys Tyr Gly Gly pPhe Asp Leu Tyr Phe Ile
1 5 10
<210> 12

<211> 10

<212> PRY

<213> Artificial

<220> . _ ) _
«223> an artificially synthesized peptide sequence

<400> 12
Tyr Tyr Gly Gly arg Gly val Gly Gly 1le
1 5 10

<210= 13

<211> 10

<212> PRT

<213> artificial

<220>

<223> An artificially synthesized peptide sequence
<400> 13

Ley Phe Leu Leu Leu Ala Leu Ala Leu Leu
1 5 10
<210> 14

<211l> 10

<212> PRT

<213> Artificial

<220>
<223> An artificially synthesized peptide sequence

<400> 14



<210> 42 <211> 9 <212> PRT <213> Atrtificial <220> <223> An artificially synthesized peptide
sequence <400> 42 Trp Leu Ser Leu Ala Thr Leu Val Leu 15 <210> 43 <211> 9 <212> PRT <213>
Artificial <220> <223> An atrtificially synthesized peptide sequence <400> 43 Ala lle Ala Leu Leu lle
Leu Phe Leu 15 <210> 44 <211> 9 <212> PRT <2)3> Artific a 10 <220> <223> An artificially
synthesizedePeptiderseduensa-<Ad0ahd tierLedAla lle Ala Leu Leu lle Leu 15 <210> 45 <211> 9
<212% PRT <213> Atrtificial <220> <223> An adlificially synthesized peptide sequence <400> 45 lle Ala
Leu Leu lle Leu Phe Leu Leu 15 <210> 46 <211> 9 <212> PRT

<210> 15

<231> 10

<212> PRT

<213> artificial

<220> o _ .
<223> An artificially synthesized peptide sequence
<400> 15

Tyr Phe val Glu Gin Leu Ala His Lys Phe
1 5 10
<210> 16

<2311> 10

<212> PRT

<213 aArtificial

<220>
<223> an artificially synthesized peptide sequence

<400=> 16

Ser Phe Lys Ile Asn Asp Ser val Thr Leu
1 5 10

<210> 17

<211> 10

<23i2> PRT

<213> Artificial

<220> ) ] )
<223> An artificially synthesized peptide sequence
<400> 17

Arg Ala Leu Gly Ile Gly Phe Gln Trp lLeu
1 5 10
<210> 18

<211> 10

<212> PRT

<213> Artificial

<220> 0 0 . - ¥
<223> An artificially synthesized peptide sequence
<400> 18

Lys Tyr Pro Leu Asn Asn Ala Tyr His Thr
1 5 10
<210> 19

<21l> 10

<212> PRT

<213> artificial

<220> ) _
<223> An artificially synthesized peptide seqguence

<400> 19



<213> Artificial <220> <223> An artificially synthesized peptide sequence <400> 46 Ala Leu GIn Gly
lle lle His Ser lle 15 <210> 47 <211> 9 <212> PRT <213> Atrtificial <220> <223> An artificially
synthesized peptide sequence <400> 47 Arg lle Ala Asp Ser Lys Asp His Val 15 <210> 48 <211> 9
<212> PRT <213> Artificial <220> <223> An artificiglly synthesized peptide sequence <400> 48 lle
Leu Ala Ala Glu Pro Ser Thr lle 15 <210> 49 <211> 9 <212> PRT 11 <213> Atrtificial <220> <223> An
artificiadfy SymtREsiZzed pijstide Segifeidd <¥60549 Gin Gly Leu Glu Gin Len Gin Lys Val 15 <210> SO
<2113 9 <212> PRT <213> Artificial <220> <2:b%> An artificially synthesized peptide sequence

<210> 20

<211> 10

<212> PRT

<213> Artificial

<220> _ _
<223> An artificially synthesized peptide sequence
<400= 20

Lys Asn Asn Gin Pro Ala tys Tyr Pro Leu
1 5 10
<210> 21

<211> 10

<212> PRT

<213> Artificial
<220>

<223> aAn artificially synthesized peptide sequence
<400> 21

Arg Asn val Asp Arg val Leu Cys Ser Phe

1 5 10

<210> 22

<21l> 9

<212> PRT )

<213> Artificial

<220> _ .

<223> An artificially synthesized peptide sequence
<400> 272

Thr Leu Asn Glu Lys Pro Phe Ser vatl

1 5

<210> 23

<211> 9

<212> PRT

<213> Artificial

<220> ) )

<223> an artificially synthesized peptide sequence
<400> 23

Ala Leu Leu Trp Trp Phe Trp Pro Leu

1 5

<210> 24

<211> 9

<212> PRT

«213> Artificial

<220> ) )
<223> aAn artificially synthesized peptide sequence



<400> 50 Asp Leu Gly Ala lle Val Tyr Cys Val 15 <210> 51 <211> 10 <212> PRT <213> Atrtificial
<220> <223> An artificially synthesized peptide sequence <400> 51 Val Len Leu Arg Lys Gly Tyr Asp
Arg Val 1510 <210> 52 <211> 10 <212> PRT <213> Attificial <220> <223> An artificially synthesized
peptide sequence <400> 52 Phe GIn Trp Len Ser L.en Ala Thr Len Val 1510 <210> 53 <211> 10
<212z2BRT <13> Artificial <220> <223> An artificially synthesized peptide sequence <400> 53 Ala
Len Len lle Len Phe Len_Len Len Ala 1510 12 <212> PRT <213> Avrtificial <220> <223> An artificially
synth@%ﬁ‘zéﬁ"péﬁﬂdb@e@&@n‘c%“<ﬂb%)>L%91 €4 eu Phe Leu Leu Leu Ala Leu Ala Leu 1510 <210> 55
<211> 10 <212> PRT <213> Atrtificial <220> <223> An artificially synthesized peptide sequence
<40032§%>Alazgeu Leu Trp Trp Phe Trp Pro Leu Cys 1510

<211> 9
<212> PRT |
<213> Artificial

<220>
<223> an arvificially synthesized peptide seqguence

<400> 25

Leu Leu Trp Trp Phe Trp Pro Leu Cys
1 5

<210> 26
<211> 9

<212> PRT

<213> Artificial

<220> i )
<223> an artificially synthesized peptide seguence

<400> 26

Ser Met Asn Asp Gly Leu Ser Phe Ile
1 5

<210> 27

<211> 9

<212> PRT

<233> Artificial

<220> ] -
<223> An artificially synthesized peptide sequence
<400> 27

Ala Leu Gly Ile ¢ly fhe GIn Trp Leu

1 5

<210> 28

<211> 9

<212> PRT

<213> Artificial

<220> _ )

<223> An artificially synthesized peptide sequence
<400> 28

Phe GIn Trp teu Ser teu Ala Thr Leu

1 5

<210> 29

<211> 9

<212> PRT

<213> Artificial

<220> S _ _
<223> aAn artificially synthesized peptide sequence



<210> 56 <211> 10 <212> PRT <213> Atrtificial <220> <223> An artificially synthesized peptide
sequence <400> 56 Gly Leu Pro Lys Lys Lys Trp Pro Thr Val 1510 <210> 57 <211> 10 <212> PRT
<213> Artificial <220> <223> An artificially synthesized peptide sequence <400> 57 Trp Leu Ser Leu
Ala Thr Leu Val Leu lle 1510 <210> 58 <211> 10 <212> PRT <213> Atrtificial <220> <223> An
artificially synthesized peptide sequence <400> 58 Phe lle Leu Asp Lys Ser Ely Ser Val Leu 1510 13
<211=40=<222> PRT <213> Atrtificial <220> <223> An atrtificially synthesized peptide sequence
<400299 Lgu Lgy lleled Ppe.Ley. ey ey Ala Leu 1510 <210> 60 <211> 10 <212> PRT <213>
Artificial <220> <223> An atrtificially synthesized peptide sequence <400> 60 Leu Leu Trp Trp Phe Trp
Pro Leu Cys Cys 1510 <210> 61 <211> 10 <212> PRT <213> Atrtificial

<210> 30

<2i1l> 9

<21l2> PRT

<213> Artificial

<220> . _

<223> aAn artificially synthesized peptide sequence
<400> 30

Tyr Leu Leu Cys Pro Ala Pro Ile Leu

1 5

<210> 31

<211> 9

<212> PRT

<213> artificial

<220> _ )

<223> An artificially synthesized peptide sequence
<400> 31

Phe Ile Leu Asp Lys Ser Gly Ser val

1 5

<210> 32

<211> 9

<212> PRT

<213> aArtificial

<220> ) )

<223> An artificially synthesized peptide sequence
<400> 32

Leu Leu ITe Leu Phe Leu Leu Leu Ala

1 5

<210> 33

<211> 9

<212> PRT

<213> Artificial

<220> ' _

<223> An artificially synthesized peptide sequence
<400> 33

Lys Leu Thr Giu Asp Arg Glu Gln Ile

1 5

<210> 34

<21i> 9

<212> PRT

<213> aArtificiai

<220



<220> <223> An artificially synthesized peptide sequence <400> 61 Thr lle Cys Ala Gly Glu Ser Phe
Gin Val 1510 <210> 62 <211> 10 <212> PRT <213> Artificial <220> <223> An atrtificially synthesized
peptide sequence <400> 62 Ala lle Ala Leu Leu lle Leu Phe Leu Leu 1510 <210> 63 <211> 10 <212>
PRT <213> Atrtificial <220> <223> An artificially sypthesized peptide sequence <400> 63 Val Thr Leu
Asn Gy Lys RrofPherSer Mal 15)0 HA r2k0p &4 rdil Ladkbred 2> PRT <213> Artificial <220> <223>
An artificially synthesized peptide sequence <400> 64 Lys Val Leu Pro Gly Gly Asp Thr Tyr Met 1510
<2103%88°<231> 10 <212> PRT <213> Artificial <220> <223> An artificially synthesized peptide
sequenge_s4007:6bekeusfla dewnieu EnpAlp Phe Trp Pro Leu 1510 <210> 66 <211> 10 <212> PRT
<213% Artificial <220> £223> An artificially synthesized peptide sequence

<210> 35

<211> 9

<212> PRT

<213> Artificial

<220> . ) )
<223> An artificially synthesized peptide sequence

<400> 35

Arg Met Ser pPhe Ite val phe Ser Thr
1 5

<210> 36

<211> 9

<212> PRT

<213> Artificial

<220> _ _
<223> An artificially synthesized peptide sequence

<400> 36

Gly Leu Ser pPhe Ile Ser Ser Ser val
1 5

<210> 37

<211> 9

<212> PRT

<213> Artificial

<220> ) )
<223> An artificially synthesized peptide sequence

<400> 37

Tyr Met His Glu Gly Phe Glu Arg Ala
1 5

<210> 38

<211> 9

<212> PRT

<213> Artificial

<220>
<223> An artificially synthesized peptide sequence

<400> 38

Gly Leu Pro Lys Lys tys Trp Pro Thr
1 5

<210> 39

<211> 9

<212> PRT

<213> Artificial



<400> 66 Arg GIn Gly Leu Glu Glu Leu GIn Lys val 1510 <210> 67 <211> 10 <212> PRT <213>
Artificial <220> <223> An artificially synthesized pep de sequence <400> 67 Lys Leu Glu Lys Ala Lys
Asn Ala Arg Val 1510 <210> 68 <211> 10 <212> PRT <213> Atrtificial <220> <223> An artificially
synthesized peptide sequence <400> 68 Leu Leu Ala Leu Ala Leu Leu Trp Trp Phe 1510 15 <210> 69
<2112220<212> PRT <213> Artificial <220> <223> An artificially synthesized peptide sequence
<4005%691le ¥l BHd Sé&i hivary CREThEathiPERL #518P49 805270 <211> 10 <212> PRT <213>
Artificiahg2205,<223> An artificially synthesized peptide sequence <400> 70 Arg Ala Leu Gly lle Gly
Phe Gin Trp Leu 1510 <210> 71 <211> 10 <212> PRT <213> Atrtificial <220> <223> An artificially

synth?é?zéﬁ%éﬁﬁdé@eq%@@’dﬁ 394 S8 Leu Ala Thr Leu Val Leu lle Cys Ala

<210> 40

<211l> 9

«<212> PRT

<213> Artificial

<220> o ) i
<223> aAn artificially synthesized peptide sequence

<400> 40

val Leu Pro Gly Gly Asp Thr Tyr Met
1 5

<210> 41

<211> 9

<212> PRT

<213> Artificial

<220> ' _
<223> An artificially synthesized peptide seqguence

<400> 43

Leu ITe Leu Phe Leu ieu Leu Ala Leu
1 5

<210> 42

<21l> 9

<212> PRT

<213> artificial

<220> . .
<223> An artificially synthesized peptide sequence

<400> 42

Trp Leu Ser Leu Ala Thr Leu val Leu
1 5

<210> 43

<211> 9

«<212> PRT

<213> Artificial

<220 . i )
<223> An artificially synthesized peptide sequence

<400> 43

Ata ITe Ala Leu Leu Ile Leu Phe Leu
1 5

<210> 44

<211> 9

<212> PRT

<Z13> Artificial



1510 <210> 72 <211> 10 <212> PRT <213> Artificial <220> <223> An artificially synthesized peptide
sequence <400> 72 Phe lle Ser Ser Ser Val lle lle Thr Thr 1510 <210> 73 <211> 10 <212> PRT
<213> Artificial <220> <223> An artificially synthesized peptide sequence <400> 73 Ala Leu Gin Val
Ser Met Asn Asp Gly Leu 1510 16 <210> 74 <2113 10 <212> PRT <213> Artificial <220> <223> An
artificially synthesized peptide sequence <400> 74 Ser lle Leu Ala lle Ala Leu Leu lle Leu 1510 <210>
75 <X %5540 <2121>:.DN,%\1<213> II;lIomo s(,lapients. égzsog Eg%% CDS <222> (144)..(1835) <400> 75
aattgc ccbgéﬂaﬁ%’c é(ébagg:Xg%gtgﬁééé%atggpadgaccc%cg aggaagggcc60 cgcggatggce gegtccctga
gggtegtge gadttcgcgg agecgtgggaa ggagcggaccl20 ctgcetctcee cgggetgegg gec atg geec acg geg gag
Cgg aga, 9¢g cte gaets 3, Met Ala Thr Ala Gly,Arg Arg Ala Leu Gly 1510 atc ggc ttc cag tgg cte tct ttg
gcc act ctg gtg ctc atc tge gec221 lle Gly Phe Gin Trp Lou Ser Lou Ala Thr Leu Val Lou lle cys Ala
152025 ggg caa ggg gga cgc agg gag gat ggg ggt cca gcc tgc tac ggc gga269

<210> 45

<21l> 9

<212> PRT

<213> Artificial

<220> o _ _
<223> An artificially synthesized peptide sequence

<400> 45

ITe aAla Leu Leu Ite Leu Phe Leu Leu
1 5

<210> 46

<211> 9

212> PRT

<213> Artificial

<220> . )
<223> aAn artificially synthesized peptide sequence

<400> 46

Ala Leu GIn GTy Ile Ile His Ser Tle
1 5

<210> 47

<211> 9

<212> PRT

<213> Artificial

<220>
<223> An artificially synthesized peptide sequence
<400> 47 '

Arg Ile Ala Asp Ser Lys Asp His val
1 5

<210> 48

<211> G

<212> PRT

<213> Artificial

<220 o ] )
<223> An artificially synthesized peptide sequence

<400> 48

Ile Leu Ala Ala Glu Pro Ser Thr Ile
1 5

<210> 49
<211> 9
<212> PRT



Gly Gin Gly Gly Arg ‘Arg Glu Asp Gly Gly Pro Ala Cys Tyr Gly Gly 303540 ttt gac ctg tac ttc att ttg gac
aaa tca gga agt gtg ctg cac cac317 Phe Asp Leu Tyr Phe lle Leu Asp Lys Ser Gly Ser Val Lou His His
455055 tgg aat gaa atc tat tac ttt gtg gaa cag ttg gct cac aaa ttc atc365 Trp Asn Glu lle Tyr Tyr Phe Val
Glu Gin Leu Ala His Lys Phe lle 606570 agc cca cag ttg aga atg tcc ttt att gtt ttc tcc acc cga gga
aca4k3Ser Prer@in diell Arg Met Ser Phe lle Val Phe Ser Thr Arg Gly Thr 75808590 acc tta atg aaa
ctg acg gaa gac aga gaa caa atc cgt caa ggc cta461 Thr Leu Met Lys Leu Thr Glu Asp Arg Glu Gin lle
Arg Gingly Ley 9406103 032 gaarkie £Ag agahatteldeqgadaa gga gac act tac atg cat gaas509 Glu
Glu Leu Gin Lys Val Leu Pro Gly Gly Asp Thr Tyr Met His Glu 110115120 gga ttt gaa agg gcc agt gag
cag att'fidttat tha aac aga caa ggg557 Gly Phe Glu Arg Ala ser Glu Gin lle Tyr Tyr Glu Asn Arg Gin
Gls( £2818013%1 ¢ 1AR145180 c1gaaygat/elu Asp 155 ctc ttt ttc tat tca gag agg gag get aat Leu Phe
Phe Tyr Ser Glu Arg Gl Ala Asn 160165 agg tct cga gat Arg Ser Arg Asp 170

«<210> 50

<211> 9

<212> PRT

<213> artificial

<220> . )
<223> An artificially synthesized peptide sequence

<400= 50

Asp Lteu Gly Ala Ile val Tyr Cys val
1 5

«210> 51

<Z211> 10

<212> PRT

<213> Artificial

<220> ) .
<223> An artificially synthesized peptide sequence

<400> 51

val Leu Leu Arg Lys Gly Tyr Asp Arg val
1 5 10

<210> 52

<211> 10

<212> PRT

<213> Artificial

<220> . . _
<223> An artificially synthesized peptide sequence

<400> 52

Phe GIn Trp teu Ser ieu Ala Thr Leu val
1 . 5 10

<210> 53

<211> 10

<212> PRT

<213> Artificial

<220> ] ]
<223> An artificially synthesized peptide sequence

<400> 53
Ala Leu Leu Ile Leu Phe Leu Leu Leu Ala
1 5 10

<210> 54
<211> 10



cca tce acc ata tgt gca gga Pro Ser Thr lle Cys Ala Gly 230 aac ggc ttc cga cat gcc Asn Gly Phe Arg
His Ala 245 cgc Arg 250 ycg cct atc tta aaa gaa Ala Pro lle Leu Lys Glu 285 atg aac gat ggc ctc tct Met
Asn Asp Gly Leu Ser 300 aca cac tgt tct gac ggt tcc atc ctg Thr His Cys Ser Asp Gly Ser lle Leu 315
320 ttc ctg ctc cta gec ctg get cte ctc Phe Leu Leu Lgu Ala Leu Ala Leu Leu 335 tyc act gtg Cys Thr Val
att atedag gaggtc lle lle Lys Glu Val 350 cct cca ccc cct gcc Pro Pro Pro Pro Ala 355 gag gag agt Glu
Glu Ser380 ééttadydad aag tgg cca acg gta Pro Lys Lys Lys Trp Pro Thr Val 375 gac gcc tct tat tat
got ggepraga ggc gtt gga ggc att aaa aga atg Asp Ala Ser Tyr Tyr Gly Gly Arg Gly Val Gly Gly lle Lys
Arg Mee 380385390 gag tl tyt tgytggaigad aaggge tce@eoagaa gaa ggt get aag ttg Glu Val Arg Trp
Gly G{Iyolﬁgs %W Ser Thr Glu Glu Gly Ala Lys Leu 395400405410 gaa aag gca aag aat gca aga gtc aag
atg ccg gag cag gaa tat gaa Glu Lys Ala Lys Asn Ala Arg Val Lys Met Pro Glu Gin Glu Tyr Glu
4154%@%253%8"@%0% it bay dtdecdeeghicc L&t Leu Asn Asn Asn Met Arg Arg Pro Ser 435440 cca
atc aag gga aaa ctc gat'gcc ttg Pro lle Lys Gly'Lys Leu Asp Ala Leu 450455 tat gat cgt gtg tct Tyr Asp
Arg Val Ser 465 gtg atg cgt cca Val met Arg Pro 470 cct cct gcc ccc atc tac act ccc Pro Pro Ala Pro
lle TyFsthF Prep510

<212> PRY
<213> Artificial

<220> . . _
<223> An artificially synthesized peptide sequence

<400> 55

Ala Leu Leu Trp Trp Phe Trp Pro Leu Cys
1 5 10

<210> 56

<211> 10

<212> PRT

<213> Artificial

<220> ) .
<223> An artificially synthesized peptide sequence

<400> 56

Gly Leu Pro Lys Lys Lys Trp Pro Thr val
1 5 10

<210> 57

<211> 10

<212> PRT

<213> Artificial

<220>
<223> An artificially synthesized peptide sequence

<400> 57

Trp Leu Ser Leu Ala Thr Leu val Leu Ile
1 5 10

<210> 58

<211> 10

<212> PRT

<213> Artificial

<220> _ _ _
<223> An artificially synthesized peptide sequence

<400> 58

Phe I1e Leu Asp Lys Ser Gly Ser val Leu
1. 5 10

<210> 59



ttc acc agg gtc aag aac Phe Thr Arg val Lys Asn 485 gcc tac cac acc tcc tcg Ala Tyr His Thr Ser ser
500505 cca cct cct gcg ccc cac tge Pro Pro Pro Ala Pro His Cys 515 520 aac1613 Asn 490 ccgl1661
Pro cctl709 Pro ccc ccg ccc ccc age gec cct Pro Pro Pro Pro Ser Ala Pro 525 acc cct ccc atc ccg
Thr Pro Pro lle Pro 530 tcc cca cct tccl757 Ser Pro,Pro Ser 535  ccc tcc cgc cct cct Pro Ser Arg Pro
Pro 555 6ca @gg cct tct gtc tagagcccaa agttcctget Pro Arg Pro Ser Val 560  ctgggctctc agtggtgata

accaacadtc g E_C acta agtgaaactg tttatctgaa tgccttcctg aaggaccttc aatgctgggg tcttctggga tcagaaactt
aagcdéacty afgatcaddflagteagatt caagatgcte ggtgaaatge cotctactce accectgtgce tecotggtgt tttgcaggta

<220>

<223> An artificially synthesized peptide sequence

<400> 59

Leu Leu Ile Leu Phe Leu ieu Leu Ala Leu

1 5 10

<210> 60

<211l> 10

<212> PRT

<213> Artificial

<220> _ .

<223> An artificially synthesized peptide seguence

<400> 60

ey Leu Trp Trp Phe Trp Pro Leu Cys Cys

1 5 i0

<210> 61

«211> 10

<212> PRT

<213> Artificial

<220> _ )

<223> An artificially synthesized peptide sequence

<400> 61

Thr ITe Cys Ala Gly Glu Ser phe Gln val

1 5 10

<210> 62

<211> 10

<21i2> PRT

<213> Artificial

<220> o ) )

<223> An artificially synthesized peptide sequence

<400> 62

Ala ITe Ala teu Leu Ile Leu Phe Leu Leu

1 5 10

<210> 63

<21i> 10

<212> PRT

<213> Artificial

<220> _ _

<223> An artificially synthesized peptide sequence

<400> 63

val Thr Leu Asn Glu Lys Pro Phe Ser val
1 5 10



caggagatgt accttcacac gaaagaaaca tatagccagc tcaacaggat tagaacaagt attctaaaaa gatattttaa
catctatcac tatgtctcat ctttccagtt ttggttggca attgccagaa ctctagaagg ggagaccagt ttgctgggtt gacccttggce
actttgccta acgggtatgc ttttccttgc agagaagagg atgccagtat aacaaatgat ttccagagac aagaaaatca tctaaaatgc
ctaggagcct caactitgga agaaggatgt aaattcttcc tgctaigitg agcatcagce cagacatgga catgttaaaa ttttccagag
aatatcacta 1845 1975 2035 2095 2155 2215 2275 2335 2395 2455 2515 2575 2635 2695 2755 2815
19 gttty ttigtitgtt ttttgttttt tttcttiggta aagccatgea ccacagactt 2875 ctgggcagag Ctgagagaca atggtcCtga
cataaj g:g a ﬁ{g:qgi%qcccccata 2935 aggcatgtgt gtgtataCaa atatacttct ctttggcttt tcgacataga
acctcagctg 2995 ttaaccaagg ggaaatacat cagatCtgca acacagaaat gCtCtgcctg aaatttccac 3055

catgctiady agiCacesea fitalceagg feittctaqa toigtitant cagtaaagee
<400> 64

Lys val Leu Pro Gly Gly Asp Thr Tyr Met
1 5 10

<210> 65

<211> 10

<212> PRT

«<213> Artificial

<220> o _ )
<223> aAn artificially synthesized peptide sequence

<400> 65

teu Ala Leu Leu Trp Trp Phe Trp Pro Leu
1 5 106

<210> 66

<211> 10

<212> PRT

<213> Artificial

<220> o ) _
<223> An artificially synthesized peptide sequence

<400> 66

Arg GIn Gly Leu Glu Glu Leu GIn Lys val
1 5 i0

<210> 67

«<211> 10

«<212> PRT

<213> Artificial

<220 ) ' -
<223> An artificially synthesized peptide sequence

<400> 67

Lys Leu Glu Lys Ala Lys Asn Ala Arg val
1 5 10

<210> 68

<211> 10

<212> PRT

<213> Artificial

<220> ) .
<223> An artificially synthesized peptide sequence

<400> 68

teu Leu Ala Leu Ala Leu Leu Trp Trp Phe
1 5 10



3115 tataatcact tgctaaacac tgggcttéat cacccaggga taaaaacaga gatcattgtc 3175 ttggacctce tgcatcagec
tattcaaaat tatctctctc tctagctttc cacaaatcct 3235 aaaattcctg tcccaagCCa ccCaaattct cagatctttt
ctggaacaag gCagaatata 3295 aaataaatat acatttagtg gcttgggcta tggtctccaa agatccttca aaaatacatc 3355

aagccagctt cattcactca ctttacttag aacagagata taaggggectg ggatgcattt 3415 attttatcaa taccaatttt tgtggccatg
gcagacattg ctaatcaatc acagcactat 3475 ttcctattaa gccCactgat

<210> 69

<21%1> 10

<212> PRT

<213> Artificial

<220> A ] )
<223> An artificially synthesized peptide sequence
<400> 69

I7e val phe Ser Thr Arg Gly Thr Thr Leu
1 5 10
<210> 70

<211> 10

<212> PRT

<213> Artificial

<220> _ _ _
<223> An artificially synthesized peptide sequence
<400> 70

Arg Ala Leu Gly Ile Gly Phe Gin Trp Leu
1 5 10
<210> 71

<211> 10

<212> PRT

<213> Artificial

<220>
<223> An artificially synthesized peptide sequence

<400> 71

Ser teu Ala Thr Leu val teu Ile Cys Ala
1 5

<210=> 72

<211> 10

<212> PRT

<213> Artificial

<220> ] )
«223> An artificially synthesized peptide seguence

<400> 72

Phe ITe Ser Ser ser val Ile Ile Thr Thr
1 5 10

<210> 73

<211> 10

<212> PRT

<213> Artificial

<220> _ )
<223> An artificialiy synthesized peptide sequence

<400> 73

Ala teu Gln val Ser Met Asn Asp Gly Leu
1 5 10



ttcttcaCaa tccttctcaa attacaattc caaagagecg 3535 ccactcaaca gtcagatgaa cccaacagtC agatgagaga
aatgaaccct acttgctatc 3595 tctatcttag aaagcaaaaa Caaacaggag tttCCaggga gaatgggaaa gcCagggggc
3655 ataaaaggta cagtCagggg aaaatagatc taggcagagt gccttagtca gggaccacgg 3715 gCgctgaatc
tgcagtgcca acaccaaact gacacatCtc caggtgtacc tccgacccta 3775 gecttctcec acagcetgect acaacagagt
ctcccagCct tctcagagag ctaaaaccag 3835 aaatttccag actcatgaaa gcaacCcCcc agcctctcCc caaccctgec

<210> 74

<211> 10

<212> PRT

<2i3> Artificial

<220>

<223> aAn artificially synthesized peptide sequence
<400> 74

ser Ile teu Ala Ile Ala Leu Leu Ile Leu
1 5 10
<210> 75

<211> 5540

<212> DNA

<213> Homo sapiens

<220>

<221> (DS

<222> (144)..(1835)

<400> 75

aattgecttcc ggggagttgc gagggagcga gggggaataa aggacccgeg aggaagggec 60

cgcggatgge gegtcoctga gggtogtyge gagttcgegg agcgtgggaa ggageggacc 120

ctgctceteee cgggcetgegg goc atg gec acg gcog gag C€gg aga goo ctc g%c 173
Met Ala Thr Ala Glu Arg Arg Ala Leu Gly
1 5 10
atc gge ttc cag tgg ctc tot ttg gee act cig gtg ¢tc atc tgc gec 221
1le Gly Phe GIn Trp teu Ser Leu Ala Thr Leu val Leu Ile Cys Ala
15 20 25

gyg caa g%g g%a cgc agg gag gat ggg gyt cca goc tgc tac g?c g%a 269
Gly Gln Gly Gly Arg Arg Glu Asp Gly Gly Pro Ala Cys Tyr Gly Gly
30 35 40
ttt gac ctg tac tic att ttg gac aaa tca g?a agt gtg ctg cac cac 317
Phe Asp Leu Tyr Phe Ile Leu Asp Lys Ser Gly Ser val Leu His His
45 50 55

tgg aat gaa atc tat tac ttt gtg gaa cag ttg gct cac aaa ttc atc 365
Trp Asn Glu Ile Tyr Tyr Phe Val Glu Gin Leu Ala His Lys Phe Ile
GO 65 70

agc cca cag ttg aga atg tcc Tttt atrt gtt titc €CC acc Cga gga aca 413
ser pro GIn Leu Arg Met Ser phe Ile val Phe Ser Thr arg Gly Thr
75 80 85 90

acc tta atg aaa ctg aca gaa gac aga gaa caa atc cgt caa g%c cta 461
Thr Leu Met Lys Leu Thr Glu Asp Arg Glu Gin Ile Arg Gln Gly Leu
g5 100 105

gaa gaa ctc cag aaa git ctg cca g%a gga gac act tac atg cat gaa 509
Glu Glu Leu GlIn Lys val teu Pro Gly Gly Asp Thr Tyr Met His Glu
110 115 120

g?a ttt gaa agg gcc agt gag cag att tat tat gaa aac aga caa g%g ' 557
Gly Phe Glu Arg Ala Ser Glu GIn Ile Tyr Tyr Glu Asn Arg GIn Gly
125 130 135

tac agg aca ¢goc age gt atc att gct ttg act gat g%a gaa Ctc cat 605
Tyr arg Thr Ala Ser val Ile tle ala teu Thr Asp Gly Glu Leu His



gcattgtcta 3895 atttttagaa cactaggctt cttctttcat gtagttcCtC ataagcaggg gccagaatat 3955 ctcagccacc
tgcagtgaca ttgCtggacc cctgaaaacc attccatagg agaatgggtt 4015 ccccaggctc acagtgtaga gacattgagc
ccatcacaac tgttttgact gctggcagtc 4075 taaaacagtc cacccaCCCc atggcactgc cgcgtgattc cCgcggccat
tcagaagttc 4135 aagccgagat gctgacgttg ctgagcaacg, agatggtgag catcagtgca aatgcaccat 4195
tcagcacatz4gtcatatgC ccagtgcagttacaagatgt tgtttCggcasagcattttg 4255

gaa gat ctc ttt ttc tat tca gag agg gag gct aat agy tet cga gat 653
Glu Asp teu Phe Phe Tyr Ser Glu Arg Glu Ala Asn Arg Ser Arg Asp
155 160 165 170
ctt ggt gca att gtt tac tgt gtt g?t gtg aaa gat ttc aat gag aca 701
teu Gly Ala Ile val Tyr Cys val Giy val Lys Asp Phe Asn Glu Thr
175 180 185
cag ctg gcoc cgg att gcg gac agt aag gat cat gtg ttt ccc gtg aat 749
GIn Leu Ala Arg Ile Ala Asp Ser Lys Asp His val Phe Pro val Asn
190 195 200
gac g%c Tttt cag gct ctg caa ggc atc atc cac tca att ttg aag aag 797
Asp Gly Phe Gin Ala Leu Gin Gly Ile Ile His Ser Iie Leu Lys Lys
205 210 215
tcc tgc atc gaa att cta gca gct gaa cca toc ace ata tgt gea g?a B45
Ser Cys Ile Glu Ile Leu Ala Ala Glu Pro Ser Thr Ile Cys Ala Gly
220 225 230
gag tca ttt caa gtt gtc gtg aga g%a aac g%c TLC cga cat goce cge 893
Glu ser Phe Gln val val val Arg Gly Asn Gly Phe Arg His Ala Arg
235 240 245 250
aac gtg gac agg gtc ctc tge age ttc aag atc aat gac tcg gtc aca 941
Asn val Asp Arg val Leu Cys Ser Phe Lys Ile Asn Asp Ser val Thr
255 200 265
ctc aat gag aag ccc tLT tct gtg gaa gat act tat tta ctg tgt cca 989
Leu Asn Glu Lys Pro Phe Ser val Gilu Asp Thr Tyr Leu Leu Cys Pro
270 275 280
gcg cct atc tta aaa gaa gtt ggo aty aaa gct gca ctce cag gtc age 1037
Ala Pro TIle teu Lys Glu val Gly Met Lys Ala Ala teu Gln val Ser
285 290 295
atg aac gat ggc ctc tct ttt atc tcc agt tct gto atc atc acc acc 1085
Met Asn Asp Gly Leu Ser Phe Tle ser Ser Ser val Ile Ile Thr Thr
300 305 310
aca cac tgt tct gac ggt tcc atc ctg gec atc goc ctg ctg atc ctg 1133
Thr His Cys Ser Asp Gly Ser Ile Leu Ala Ile Ala teu Leu Ile Leu
315 320 325 330
tTIC ctg ctc ¢ta gec ¢tg got ¢tc ctc tgg tgg ttc tgg <cC Cctc tgc 1181
Phe Leu Leu Leu Ala Leu Ala Leu Leu Trp Trp Phe Trp Pro Leu Cys
335 340 345
tgc act gtg att atc aag gag gtc cct cca €CC CCt gec gag gag agt 1229
Cys Thr val 17e Ile rys Glu Val Pro Pro Pro Pro Ala Glu Glu Ser
350 355 360
gag gaa gaa gat gat gat g%t ctg ¢ct aag aaa aag tgyg cca acg gta 1277
Glu Glu Glu Asp Asp Asp Gly Leu Pro Lys Lys Lys Trp Pro Thr val
365 370 375
gac gcec tcet tat tat g%t g%g aga gge gtt gga ggc att aaa aga atg 1325
Asp Ala ser Tyr Tyr Gly Gly Arg Gly val Gly Gly Ile Lys Arg Met
380 385 390
gag gtt cgt tgg gga gaa aag g?c tCC aca gaa gaa ggt gct aag ttg 1373
Glu val Arg Trp Gly Glu Lys Gly Ser Thr Glu Glu Gly Ala Lys Leu
395 400 405 410
gaa aag gca aag aalt gca aga gitc aag atg ccg gag cag gaa tat gaa 1421

Glu Lys Ala Lys Asn Ala Arg val Lys Met pPro Glu GIn Glu Tyr Glu
415 420 425



atggaatagg gaactgcaaa tgtatgatga ttttgaaaag gctcagcagg atttgttctt 4315 aaaccgactc agtgtgtcat
ccccggttat ttagaattac agttaagaag gagaaacttc 4375 tataagactg tatgaacaag gtgatatCtt catagtgggC
tattacaggc aggaaaatgt 4435 tttaactggt ttacaaaatc catcaatact tgtgtcattc cctgtaaaag gcaggagaca 4495

tgtgattatg atcaggaaaC tgCaCaaaat tattgttttc agcccgeatg ttattgtect 4555 tttgaactgt ttttttttta ttaaagccaa
- atttgtgttg tatatattcg tattccatgt 4615 gttagatgga agcatttcct

Ttc cct gag ccg €ga aat ctc aac aac aat atg cgt cgg cct tct tcc 1469
Phe Pro Glu Pro Arg Asn lLeu Asn Asn Asn Met Arg Arg Pro ser Ser
430 435 440

cce cgg aag tgg tac tct cca atc aag gga aaa Cctc gat goc tig tgg 1517
Pro Arg Lys Trp Tyr Ser Pro Ile Lys Gly Lys Leu Asp Ala Leu Trp

: 445 450 455
gtc cta ctg agg aaa g%a tat gat cgt gtg tot gtg atg cgt cca cag 1565
val Leu Leu Arg Lys Gly Tyr Asp Arg val Ser val Met Arg Pro Gin

460 465 470
cca g?a gac acg g%g cgc tge atc aac ttc acc agg gtc aag aac aac 1613
Pro Gly Asp Thr Gly Arg Cys Ile Asn Phe Thr Arg val Lys Asn Asn
475 480 485 490
cag cca gcc aag tac cca ¢tc aac aac gec tac cac acc tcocc tcg ccg 1661
GIn Pro Ala Lys Tyr Pro Leu Asn Asn Ala Tyr His Thr Ser Ser Pro

495 500 505
CCt €Ct gec ¢CC atc tac act ccc cca cct ¢t gog coc cac tge cct 1709
pro Pro Ala Pro Ite Tyr Thr Pro Pro Pro Pro Ala Pro His Cys Pro
510 515 520
CCC CCQ CCC CCC age gec cCt acc cct ccc atc ¢cg tec cca cct tcc 1757
Pro Pro Pro Pro Ser Ala Pro Thr Pro Pro Ile Pro Ser Pro Pro Ser
525 530 535

acc crt cce cot cct cocc cag get ¢ca cct CCC aac agy gca cCt cct 1805
Thr Leu Pro Pro Pro Pro GIn Ala Pro Pro Pro Asn Arg Ala Pro Pro

540 545 550
CCC tCC cge €ct cCt cca agy cCct tet gtc tagagcccaa agttoctgcet 1855
Pro Ser Arg Pro Pro Pro Arg Pro Ser val
555 560
ctgggetetc tcagaaactt caggagatgt tagaacaagt ctticcagtt agagaagagg 1915
agtggtgata aagcccactg accttcacac atictaaaaa tiggttggcea atgccagtat 1975
accaacaatc atgatcagct gaaagaaaca gatattttaa attgccagaa aacaaatgat 2035
gaggcaacta cagtcagatt tatagccagc catctatcac ctctagaagg ttccagagac 2095
agtgaaactg caagatgctc tcaacaggat tatgtctcat ggagaccagt aagaaaatca 2155
tttatctgaa ggtgaaatge agagttggat aagaaataca ttgctgggtt tctaaaatgc 2215
tgeettoectg cotctactce acctecatee ctggactttg gacccttgge ctaggagect 2275
aaggaccttc acccctgtge accacccaag aaagaggaaa actttgccta caactttgga 2335
aatgctgggg teoctggtgt ggtaagaaac tcaacatcag acgggtatgc agaaggatgh 2395
tcttctggga tttgcaggta cataaaaaat gtatggeatc ttttcocttge aaattcttcec 2455
agtttccaag tgagaagggg agcaggtgtt tactgatgga aaaggtatgt tgctatgitg 2515
atgtgtaagt gaaatcagtt gtgtgcaata gacaggggcg tattcatggg agcatcagcec 2575
agritctaaa acccacaggce catcagcage tagaggtggce tggetttgge cagacatgga 2635
ccctaaatca acagacaatg gcattgtcga agagcaacct gttaatgaat catgttaaaa 2695
atcaaggttt ggottcagtt taaatcactt gaggtatgaa grtiatcctg tittccagag 2755
ataaacataa gttgatcttc ccaaaatacc atcattagga cctatcacac aatatcacta 2815



atccagtgtg aataaaaaga acagttgtag taaattatta 4675 taaagccgat gatatttcat ggcaggttat tctaccaagc
tgtgcttgtt ggtttttccc 4735 atgactgtat tgcttttata aatgtacaaa tagttactga aatgacgaga cccttgtttg 4795
cacagcatta ataagaacct tgataagaac catattctgt tgacagccag ctcacagttt 4855 cttgcctgaa gcttggtgca
ccctccagtg agacacaaga tetctetttt accaaagttg 4915 20 agaacagagc tggtggatta attaatagtc ttcgatatct
ggccatgggtraacotaattgd 9vYortaactateat cagaaiggomagagaigate tigaagigic acatacactasaagtccaaac5035
actatgtcag atgggggtaa aatccattaa agaacaggaa agaataatta atgatas095 agcaaa agcccaat
A A A A et T e T A Lg Mt S tegac Alatgeagta
aaaagtetgt taatgcacatSREs rtytgygantgyagtyts tddatcaattgedrusttgatatcigaye tetéfitat5275

tatcatactc &%%fgga(‘gcga‘ﬁ ﬁ%%agg&q%gﬂagQﬂg%@ %%qaagetc%sﬁgatttccac

3055
catgcctagg actcacceca tttatccagg tettictgga tctgtitaat caataagecc 3115
tataatcact tgctaaacac tgggcttcat cacccaggga taaaaacaga gatcattgtc 3175
ttggacctece tgcatcagece tattcaaaat tatctctcte totagettto cacaaatoct 3235
aaaattcctg tcccaageca cccaaattct cagatctttt ctggaacaag gcagaatata 3295
aaataaatat acattiagtg gcttggacta tggtctccaa agatccttca aaaatacatc 3355
aagccagctt cattcactca cttracttay aacagagata taagggcectyg ggatgeatty 3415
attttatcaa taccaatttt tgtggccatg gcagacattg ctaatcaatc acagcactat 3475
ttocctattaa goccactgat ttottcacaa tcecttctcaa attacaattc Caaagagoecog 3535
ccactcaaca gtcagatgaa cccaacagtc agatgagaga aatgaaccct acttgcetatc 3595
tetatcttag aaagcaaaaa caaacaggag tttccaggga gaatgggaaa ¢grcaggyoyc 3655
ataaaaggta cagtcagggg aaaatagatc taggcagagt gccttagtca gggaccacdg 3715
gecgetgaatc tgcagtgeca acaccaaact gacacatctc caggtgtacc tccaacccta 3775
gccttctcce acagetgect acaacagagt ctceccagoct totcagagag ctaaaaccag 3835
aaatttecag actcatgaaa goaacccooce agectotcec caaccctgee geattgtota 3895
atttttagaa cactaggectt ctictitcat gtagttcctc ataagcaggg gccagaatat 3955
ctcagcecace tgcagtgaca ttgctggacc cctgaaaacc attccatagg agaatggget 4015
ccocaggeic acagtgtaga gacattgage ccatcacaac fgttttgact gotggeagic 4075
taaaacagtc cacccacccece atggeactge cgcgtgatto cogeggecat tcagaagttc 4135
aagccegagat gotgacgttg ctgagcaacg agatggtgag catcagtgca aatgcaccat 4195
tcageacatc agtcatatge ccagtgeagt tacaagatgt tgtttcggea aageatttig 4255
atggaatagg gaactgcaaa tgtatyatga ttttgaaaag gcotcageoagg attrtgttott 4315
aaaccgactc agtgtgtcat ccccggttat ttagaattac agttaagaag gagaaacttc 4375
tataagactg tatgaacaag gtgatatctt catagtgggce tattacagge aggaaaatgt 4435
tttaactggt ttacaaaatc catcaatact tgtgtcatic cctgtaaaag gcaggagaca 4495
tgtgattatg atcaggaaac tgcacaaaat tattgttttc agccccegtg ttattgtect 4555
tttgaactgt ttrtttttta ttaaagccaa atttgtgttg tatatrattcg tattecatgt 4615
gttagatgga agcatttcct atccagtgty aataaaaaga acagttytay taaattatta 4675
taaageegat gatatttecat ggeaggttat totaccaage tgtgettgit ggtrtticec 4735
atgactgtat tgcttttata aatgtacaaa tagttactga aatgacgaga ccottgttty 4795
cacagcatta ataagaacct fgataagaac catattctgt tgacagccag ctcacagitt 4855
cttgoctgaa gottggrtgea ccctecagtyg égacacaaga tCctctoctttt accaaagttd 4915



taaactcttc taactttctt ctttctgtga taattcagaa gatagttatg gatcttcaat5395 gectctgagt cattgttata aaaaatcagt
tatcactata ccatgctata ggagactgggb5455 caaaacctgt acaatgacaa ccctggaagt tgcttttttt aaaaaaataa
taaatttctt5515 aaatcaaaaa aaaaaaaaaa aaaaas540 <210> 76 <211> 564 <212> PRT <213> Homo
sapiens <400> 76 Met Ala Thr Ala Glu Arg Arg Ala,Leu Gly lle Gly Phe Gin Trp Leu 151015 Ser Leu
Ala Thr Leu Val Leu lle Cys Ala Gly GIn Gly Gly Arg Arg 202530 Glu Asp Gly Gly Pro Ala Cys Tyr Gly
Gly rge3asp92ag Tyadragafis 3540a5tREUCASPINNS BEt QY Set vl L ed HiscHIE Trp ABAGIu lle Tyr Tyr
505560:Rhe vak Glu i best Aladdis bysPhegle Rek Pracain b ArgMet 8307580 er Phe lle Val
Phe Ser Thr Arg Gly Thr Thr Leu Met Lys Leu Thr 859095 Glu Asp Arg Glu Gin lle Arg Gin Gly Leu
Glu GIG EEEIGHY LYLYH A1 651467 L ELAPRITBRPEIH3AERATATF MER IR Bly PREGIu Arg Ala Ser
115129425 &JuGin dlec Tys Ty &l ASR A G GiRa@iy Ty raArg Thghla e ¥ad 480135149 lle lle Ala Leu
Thr Asp Gly Glu Leu His Glu Asp Leu Phe Phe Tyr 145150155160 21 Ser Glu Arg leH.rAla Asn Arg
Ser AHGTALPIEE Gl AT3a7E U fég‘_’l%()affg&??/aalaéﬁ? Vel s K5 BHE Nsn GriThr Gin Leu Ala
Arg llecAla d801851900AsptSet dys Aspr blis val tRe tiera Mal caAgagasp Gy Phre Gin Ald Leu 195200205
Gin Gly lle lle His Ser lle Leu Lys Lys Ser Cys lle Glu Il 1 aG o Ser Thr lle
CyS A‘Eatéé?§%i{ucsae(%aﬁﬁ&eCé?ﬁ \?él%\e}glaagaa §¥agaatdyg SJT%L{@JBQE% %gggté!i%ﬂ l)l%?g

taaactcttc taacttictt cttictgtga taattcagaa gatagttatg gatcttcaat 5395

gcctctgagt cattgttata aaaaatcagt tatcactata ccatgctata ggagactggg 5455
caaaacctgt acaatgacaa ccctggaagt tgotttttit aaaaaaataa taaatttctt 5515
aaatcadaaa aaaaaaaaaa aaaaa 5540
<210> 76

<211> 564

<212> PRT

<213> Homo sapiens

<400> 76

Met Ala Thr Ala Glu Arg Arg Ala Leu Gly Ile Gly Phe Gln Trp Leu

1 5 10 15

ser Leu Ata Thr teu val Leu Ile Cys Ala Gly Gln Gly Gly Arg Arg
20 25 30

Glu asp Gly Gly Pro Ala Cys Tyr Gly Gly Fhe Asp Egu Tyr Phe Ile
35 40

Lteu Asp Lys Ser Gly Ser val Leu His His Trp Asn Glu Ile Tyr Tyr
50 55 60

Phe val Glu Gln Leu Ala His Lys phe Ile Ser Pro GlIn Leu Arg Met
65 70 75 80

ser phe ITe val rhe Ser Thr Arg Gly Thr Thr Leu Met Lys ggu Thr
85 20

Glu Asp Arg Glu GIn Ile Arg Gln Gly Leu Glu Glu Leu GlIn Lys val
100 105 110

Leu Pro Gly Gly Asp Thr Tyr Met His Glu Gly Phe Glu Arg Ala ser
115 120 125

Gle gln Ile Tyr Tyr Glu Asn Arg G1n Gly Tyr Arg Thr Ala ser val
130 135 140

Tle ITle Ala Leu Thr Asp Gly Glu Leu His Giu Asp teu Phe Phe Tyr
145 150 155 160



225230235240 Val Arg Gly Asn Gly Phe Arg His Ala Arg Asn Val Asp Arg Val Leu 245250255 Cys Ser
Phe Lys lle Asn Asp Ser Val Thr Leu Asn Glu Lys Pro Phe 260265270 Ser Val Glu Asp Thr Tyr Leu
Leu Cys Pro Ala Pro lle Leu Lys Glu 275280285 val Gly Met Lys Ala Ala Leu Gin Val Ser Met Asn Asp
Gly Leu Ser 290295300 Phe lle Ser Ser Ser Val llg{le Thr Thr Thr His Cys Ser Asp Gly
305310315320 Ser lle Leu Ala lle Ala Leu Leu lle Leu Phe Leu Leu Leu Ala Leu 325330335 Ala Leu

Leu Trp Trp Phe Trp Pro.Leu Cys Cys Thr Val lle lle Lys-340345350 Glu Val Pro Pro Pro Pro Ala Glu
Glu SserrG?ELbf\ur%I@KS@%@SB%S’%F 55%0%@52?@ I‘.‘gﬁ S@ IﬁsaLifi%l;r\éyﬁro Thr Val Asp Ala Ser

Tyr Tyr Gly 370375380 Gly Arg Gly Val Gly Gly lle Lys Arg Met Glu Val Arg Trp Gly Glu
385300395400 15,00y Ser ThE Gl Gl Gly Al | Yeheu sl bys,pla Lys Asp Ala 405410415 22 Leu
Asn An Asn Me ArgoArg Pro Ser Ser Pra#gg Lys Trp Tyr ser 435840445 Pro lle Lys Gly Lys Leu Asp
Ala Leu Trp Val Lou Leu Arg Lys Gly 450455460 Tyr Asp Arg Val Ser val Met Arg Pro Gin Pro Gly Asp
Thr Gly, At AGSATQ4A5480 Gys Il As-BRa ThisAra dakhys Asn Asn Gin Psg Ala Lys Tyr Pro
485490495 LelwvAsn Asn Ala Tyr His T8 Ser ser Pro Pro Préa®a Pro lle Tyr 500505510 Thr Pro Pro
Pro Pro Ala Pro His Cys Pro Pro Pro Pro Pro Ser Ala 515520525

Gln Gly Ile Ile His Ser Ile teu Lys Lys Ser Cys Ile Glu Ile Leu
210 215 220

Ala Ala GTu Pro Ser Thr Ile Cys Ala Gly Glu Ser phe GIn val val
225 230 235 240

val Arg Gly Asn Gly Phe Arg His Ala Arg Asn val Asp Arg val Leu
245 250 255

Cys Ser Phe Lys Ile Asn Asp Ser val Thr Leu Asn Glu Lys Pro Phe
260 265 270

ser val Glu Asp Thr Tyr Leu Leu Cys Pro Ala Pro Ile Leu Lys Glu
275 280 285

val Gly Met Lys Ala Ala Leu GIn val Ser Met Asn Asp Gly Leu Ser
290 295 300

phe Ile Ser Ser Ser val Ile Ile Thr Thr Thr His Cys Ser Asp Gly
305 319 315 320

ser Tle Leu Ata Ile Ala Leu Leu Ile Leu Phe Leu Leu Leu Ala Leu
325 330 3335

Ala teu Leu Trp Trp Phe Trp Pro feu Cys Cys Thr val Ile Ile Lys
340 345 350

Glu val Pro Pro Pro Pro Ala Glu Glu Ser Glu Glu Glu Asp Asp Asp
355 360 365

Gly teu Pro Lys Lys Lys Trp Pro Thr val Asp Ala Ser Tyr Tyr Gly
370 375 380

Gly arg Gly val Gly Gly Ile Lys Arg Met Glu val Arg Trp Gly Glu
385 390 395 400

Lys Gly Ser Thr Glu Glu Gly Ala Lys Leu Glu Lys Ala Lys Asn Ala
405 410 415

Arg val Lys Met Pro Glu GIn Glu Tyr Glu Phe Pro Glu Pro Arg Asn
420 425 430



Pro Thr Pro Pro lle Pro Ser Pro Pro Ser Thr Leu Pro Pro Pro Pro 530535540 Gin Ala Pro Pro Pro Asn
Arg Ala Pro Pro Pro Ser Arg Pro Pro Pro 545550555560 Arg Pro Ser Val

22

Leu Asn Asn Asn Met Arg Arg Pro Ser Ser Pro Arg Lys Trp Tyr Ser
435 440 445

pro Ile Lys Gly Lys Leu Asp Ala Leu Trp val Leu teu Arg Lys Gly
450 455 460

Tyr Asp Arg val Ser val Met Arg Pro Gla Pro Gly Asp Thr Gly Arg
465 470 475 480

cys Ile asn Phe Thr Arg val Lys Asn Asn Gin Pro Ala Lys Tyr Pro
485 490 495

Leu Asn Asn Ala Tyr His Thr Ser Ser Pro Pro Pro Ala Pro Ile Tyr
500 505 510

Thr Pro Pro Pro Pro Ala Pro His Cys Pro Pro Pro Pro Pro Ser Ala
515 520 525

pro Thr Pro Pro Ile Pro Ser Pro Pro Ser Thr Leu Pro Pro Prg Pro
530 535 540

Gin Ala Pro Pro Pro Asn Arg Ala Pro Pro Pro Ser Arg Pro Pro Pro
545 550 555 560

Arg Pro Ser val



