Description Title of Invention: CDCAI EPITOPE PEPTIDES AND VACCINES CONTAINING THE
SAME Technical Field WOOThe present application claims the benefit of U.S. Provisional Application
No. 61/074,062, filed June 19, 2008, and 61/197,599 filed October 28, 2008, the entire contents of
which are incorporated by reference herein. 100021 The present invention relates to the field of
biological science, more specifically to the field of cancer therapy. In particular, the present invention
relates to novel peptides that are extremely gffective as,cancer vaccines, and drugs for treating and
preventing tumors. Background Art [000311HA8SSEARP B bnstrated that CD8 positive cytotoxic T

lymphocy TLskrecognize epitqpe-nept ' fromthe mQs- ' i <J AAS)
found on ﬁiﬂ%h@ﬁ&%ﬁéﬁﬂwﬁ%%sﬁ(mm\@ mofécule, ard %mﬁeﬁ%mc% s. Since
the discovery of the melanoma antig€n VAN faggly B ibe Grstedfample of TAAs, many other TAAs
have been discovered, primarily through immunological approaches (Boon T, Int .1 Cancer 1993 May
8,54(2): 177-80; Bawihmigalditleéh Bruggen P. J Exp Med 1996 Mar 1, 183(3): 725-9). Some of these
TAAs are eargntly Tidetgeingrglinicalnavisispraarhastiaimigotherapeutisigiigatsn No.
[00041Identificatian,Qf N&ys TS EAPAPISRRINAUGING PPLROLARASAGEHS AN H4MAL Imeune

responses, warrants further development and ((:Jlinlc_al‘a_ g%cgyon of peptide vaccination strategies for
various types of c‘éﬂ‘é%‘}fiﬂE\WE%é‘,?j1%5%%%%&%@&‘:1 5 &Ct L6, 88(20): 1442-55; Butterfield LH et
al., Cancdfftad 193%eIpiicscBOMI3NIBNILLARs Wigdwehis i cbbatoganceicREs TOTF N6 Ta89(01): 5554-9;
van der Burg SH @fedtis]d drmuaek96 May 11it2649)h8308adinT anaka-Hetab, GarigeipRés 1997 Oct
15, 57(20): 4465-§; Fuile. T ehaly Wl CAACEL 199918018, 8062), I03-Yauisikuehh Metalk, Intl Cancer
1999 May 5, 81(3): 459-66; Oiso M et al., Int J Cancer 1999 May 5, 81(3): 387-94). To date, there
have been sever FP%‘HB‘rts of clinical trials using these tumor-associated antigen derived peptides.
Unfortunately, onlBackgrobjedtiketresponse rate has been observed in these cancer vaccine trials so
far (Belli Fr@jal., | GiROneal &0 QGthon 2A2) 446980k ulie %ﬁmwmmmg! Rev 2002 Oct,
188: 33-42; Rosenbe‘:_%SA et al., Nat. Med 200 foe ,}:]LO 9): 909-15). 100 51TAA]s vxh_ cp ar

IO e tINOr-as5s ocmtted atn{we s(f A s% oun

L recognize epliope peptides denvec
indispensable for pf“o Srai6n Bnd SUvivalor cancer cils are Valiant as argets for immunotherapy,

because the use 67 SuER RS (R HiHTee e Wb skib b ik B i e BEbHle BPancer cells
attributable to delettbn Sinctabiodiscoairgdovheregliation aftibAASVBS@Ecdnsdguereetoftherapeutically
driven immune selegtion. [PQAMCRCAL Gell-ghvisian.cyicdle,agseriated brwasidantifies as,a member of
a class genes thaitﬂ%re 1‘%98\’éP£%§§%‘3h"¥%r%%” %ythlae{ égt;%%%ﬂlgglq [%f I’))([: ¢ %?g:y L?:it(?q%g% efase El and

the others (Walker et &= Clrtit ancer Drug Targets é [).7 [ In"particular was
found to be associatelwhh estformbresM einitsticlaet o Bl ad Was tHErefdhesednsitieted a
functional homologue afyeasirNiufi2 (inCelldBiel @00k Jan 221bhb2AE )34960) gets.

[0004]  Identification of new TAAs capable of inducing potent and specific anti-tumor

immune responses, warrants further development and clinical application of peptide
vaceination strategies for various types of cancer (Harris CC, J Natl Cancer inst 1996
Oct 16, 88(207: 1442-55: Butterfield LM et al., Cancer Res 1999 Jul 1, 5%(13):
3134-42; Vissers JL et al., Cancer Res 1999 Nov 1, 59(213: 5554-9; van der Burg SH
et al., J Immunol 1996 May 1, 156(9): 3308-14; Tanaka F et al., Cancer Res 1997 Oct
15, 57420y 4465-8: Fujie T et al,, Int J Cancer 1999 Jan 18, 80(23 169-72; Kikuchi M
et al., Int J Cancer 1999 May 5, 81(3): 459-66; Oiso M et al., Int J Cancer 1999 May 3.
K1(3}): 387-94), To date, there have been several reports of clinical trials using these
tumor-associated antigen derived peptides. Unfortunately, only a low objective
response rate has been observed in these cancer vaccine trials so far (Belli Fetal., ]
Clin Oncol 2002 Oct 15, 20(203: 4169-80: Coulie PG et al., Immunol Rev 2002 Oct,
188: 33-42: Rosenberg SA et al., Nat Med 2004 Sep, 10(9}: 909-15}.

[0005] TAAs which are indispensable for proliferation and survival of cancer cells are
valiant as targets for immunotherapy, because the use of such TAAs may minimize the

well-described risk of immune escape of cancer cells attributable to deletion, mutation,



[0007]In addition, through gene expression profile analysis using a genome-wide cDNA microarray
containing 23,040 genes (Cancer Res 2006 Nov 1, 66(21):10339-48), CDCA | has also been identified
as a novel molecule up-regulated in breast cancer (W02005/028676), bladder cancer
(W02006/085684), esophageal cancer (W02007/013671), small cell lung cancer (SCLC)
(W02007/013665) and non-small cell lung cancer (NSCLC) (W02005/089735), the contents of such
disclosure being incorporated by reference herein. Expression of CDCAL was particularly up-regulated
in SCLC, NSCLEY At tuRssFEEn hd<S Mogh i aRisrsssibi aias Hidtelbielisse 8ptitedtis among 23
normal tissues. Fdgthienmore, down-regulation of CDCAL expression by siRNA caused cell growth

suppresgiondn CRCAL expressinghing cancer aell Iﬂm&%@@@@&%@%@%@@@&ﬁ%eﬂ together,
this data suggesfs, thaf CDCA || %;;%@9&’&%5?9&%% 'é/ ‘ée';ﬁgiq%l?c‘?ﬁ"’f‘? s Pﬁ%?@' Y Epitope

peptides derived from CDCA I'm licable as ancer Immunothera eutlcs for the treatment of a
wide array of caﬁﬁ%t%dm%h?w(%‘ﬁ'\\% ioh {do8 R predentshivelitiod 48 bdsed ifpart on the
discovery of the@ﬁﬁéﬂl@lm@pédpepﬁdegmhm maysserniedasithigetsofeirmet motherdpyl--Recognizing
that COCA | arecuiveguhate dhisr-adnel odaeiief-cancet typeshinelusling reast sancer (Riadder cancer,
non- small cell lypg;capeer, Sl eg(}l g cancer and esophageal cancer, the present invention
targets tﬂ é&jll division cycle associated 1 (CDCA I) é ID.NO: 35 encoded g%the gene of
(lienBan essiBANE NMMIAEEFY %E@Iﬁf)“ﬁ?)p' s PRETHAE BHARRITR BEiIEWAY CDCA | gene
products contairiiyEpitgsepeiptites thal etivis CTus gpaeifidd they doresdondmy#dlecules were
selected. Peripherat hioad mnmuel%ameﬂe(eBM@&%@E@E@Q@if@fmadaaalﬂayaMQtwere stimulated

using HLA-A2403 pindiag sanifate Replges dapued iamsGRe AluGilks fiahspecifically recognize
HLA-A24 p05|t|v?ﬁ%§6§ ILs uised with t1e respective candi ate e tides were established, and

HLA-A24 restrict ﬂ)ﬁd’ggﬂthﬁt” SA0CE potdit ANd50ed &’iﬁ%)uﬁ’éi ROSrEREs against
CDCA | were idepiflet. cEhedd hesuis ) dEvibivsratediliat Cpcadsistrongly dinrnsnoyeriig aind the

epitopes thereot-afis efferctve-targeis Horkitl mos-mmunatigrapy. {00 akAccordinglygitliganobject of
the present invegipp tQﬁ‘RY’:da%cPﬁJ%'é}l %P%KQQIE%H%U&B}H%&? Yellgs anamipg acid sequence

selected from amo ng QIDNOs: 3,4,1L.1 3. The present invention con emplates modified
peptides, having af & l’nlboﬁgf’cy té?é‘aﬁ?eﬁ@é%?@ﬁ’é (EYRoEE80R P1 PSS HEREERHIGEH one, two or
more amino acidSiaré substtbdrimebrporatetiod et drlatidetss@ long asthecatodiied peptides
retain the originahWCldgnslogilitigy, 10011]When administered to a subject, the present peptides are

especine peptdss The/Hore s an ollctof e skt AVELTOR 1o IOYE soteriresentng
colls and exoson AL BR QTG By oG BrEGE A pURL A M GEE g
antigen-presentii§celsrounIRaapeaRe: OMGE Tt r&p&n@s&mbmm the admlnlstratlon of
the present COGadmalPepides enfslynucleotide encoding the polypeptides, as well as exosomes
and antlg%ﬁtes t'ngeCEIF‘;]WQI'qCLQ; resent the CDCA% pd)l)[pegtld The¥eb re, it is an object of the
present invention rovide p armaceufi ical Agents eont ntaining tHe poL De) %gpo%‘@]e present
invention or poly’ﬁHE flera Sk cattingstHeas say W@H‘%é’ﬁ*@"@%o%hﬁ’é@éﬁé %ﬁl@&@ﬁrbs%@nﬁﬁg cells
containing suchraguthelt aciiveritgredients: The: pharmdiceiticak agents idhdder prasent ivention find

particular utility m{a&gmesw ngééllh@aﬁ further.obigct-ohthe Rieseat iuention ipReayide methods for
the treatment and/or tp(m %r‘Of éh di»‘?s%‘ﬁ@“?eg% Caﬂg% z( %%%’)D gr%ée?iw r;\%emg’on of

postoperative recurrence here as well'as me or in UCI Irg? ods fof inducing
anti-tumor |mml&r‘?ftﬁ)d?féméﬁ%é‘iﬁﬁ%(ﬁ@}@%tﬁeﬁéb*%f\a’d Miisterfiity (56 QBTRY: polypeptides,
polynucleotidestenteding GDCA papalypettides, lexosgmesas thetainiigerppopsentind-celis presenting

CDCA1 poIypemuéescqmepahatma%qw@e&mﬁb%tteeuwememerae@dﬁ%hm &ilLg of the
invention also find use gs vac @,%% nsgcan%efr Exa %s %f cancers conte %Iated by the present
d TR & F; ate

131 ﬂunug car e taine OHOF Were sty using
invention include, but are not |i reas cancer cance es&ﬁh@ eal cancer, small cell

lung cancer (SC@@‘} %&ﬂbﬂb%ﬁ& candisiaty Eﬁﬂ%%‘“i'ﬁ*(ﬁﬁﬁfﬁw’[@&)ﬁ thla ft) ther ﬁbéUé other
objects and featuresrofdiE iAvaRdipnswilldoeceme Iin prashdly idpparenpawhen dhetfdltowipg detailed

description is regg %Q@Bli&ﬂ@@lOﬁ(\!\’ﬂhﬁh@@@?&mWéﬁ&fgﬁgf&%@&%%@mn&ﬁm@9&6\{@;‘{1%3{&'[ is to be

understood that | %tggh;en{% eggén&)gggggnarxg%@fé A']V&Q;té%en% eﬁgllowmgﬁgaﬂed descrlptlon are
of exemplified el diments, and ot restrictive of the invention or other altetnate embodinients of the

invention. In par‘ﬁ?éh%?%n}é AR SABHTLCaRE I TSRStk Tt reme e Eerieiate fYt specific
embodiments, it will be appreciated that the de- scription is illustrative of the invention and is not
constructed as limiting of the



4 invention. Various modifications and applications may occur to those who are skilled in the art,
without departing from the spirit and the scope of the invention, as described by the appended claims.
Likewise, other objects, features, benefits and advantages of the present invention will be apparent
from this summary and certain embodiments described below, and will be readily apparent to those
skilled in the art. Such objects, features, benefits and advantages will be apparent from the above in
conjunction W|th the, AccompaARKIng e,xamples data, figures and all reasonable inferences to be drawn
therefrom, alone or with con |derat|on of the references incorporated herein. Brief Description of
Dravvmgs%‘é Blvaristis H8se; icﬁé arid 4 6t|c%fn%’ﬁ§”8f’tﬂbl%Y%%%Ht IRVERHGH AR SEC @B darent to the
skilled artisan uport%@ﬁ%idi@#&tt@ﬁld#*tﬁeébﬂéﬁ descriptiornroftlve figlras amanheldetailéd desctiption of
the present inventionianchite:preferred-embodiments: whieh-figd { Higure:l isceamposednef.a series of

photographs, (a)dsgt%Q&&'l%d@ét&%%@&@&r gﬁmm@ !51'-'§P@» L,ASsayNC:T1:s that were induced
with peptides derived from CDCA | Ls in well numbers #8 stimulated with CDCA1-A24-1 0-119

(SEQ ID NO: 3) (&1 (it BRI AT A 1588 SR T RO 4y 5 41 \Whae BE R44AS4-10-48
(SEQ ID NO: 11) peptidaswithi CHOAIARA T BLESEDIDYNO: 14) (d), #2 with CDCA | -A24-9-8 (SEQ Ill
NO: 22) (g)@nd #2 With\GDEAikeAI4: 56{SE Gt NEh AR (A showed patenblEN-gamosa,production

as compared with,the, é%P?PEQ&JE%&P%‘PHV%'¥x!>'%‘n%9éltf%§tzh%9 SREGEL @TFNtQ@éﬁmaﬂ%rPng&&‘?\%aga'”St
peptide-pulsed target cells was detected in the CTLs stimulated with A24-10-74 (SEQ ID NO:

2) (g). The cells irPtREFIE"GEAS adl With SHSELA mﬁt%SQIW‘BFé“é%%%&'?S &8ig5fish CTL lines. In
the figures, "+"indmweglmmmagémwmmmn@gmmt targut el opitdesd aviwethe appropriate
peptide, and "-indigatesiiier hihgammagerogidetiomagairst target cells not pulsed with any peptides.

Ifig.21Figyre s comnased ah & selles Afing.ay %F?Hﬁtt(a%) g&%ﬂ%ﬁﬁ%ﬁﬂi‘)ﬂ%ﬂ?ﬁe ults of an
IEN-gamma ELISA assay on CTL lines established with C [-A24-10-119 (SEQ ID NO: 3) (a),

CDCA 1-A24-10-385(SE BUBPRIIUS) (b CCPEKTUAS 421 091 (BESIBRE L (&5 IEDCAI-A24-10-5
(SEQ ID NO: 14) (d)sGDE A 1p4e0-8r¢SEM L DeNOYIHoh peysand S OO A APERBE{SEQ ID NO: 23)
(0 in the above IENgasmina ick| SAapsay! Hheresulth demonsiiaie ihaptinlinasiestablished by

stimulation with eagh geplidfe ﬁélﬁ%%ﬂtﬁf%ke&‘tf Er&%ﬂ%&ﬁ?%& PO %&98&8%%&%%‘1&%&9””” In

contrast, no specific IEN-gamma production against peptide-pulsed tar et cells was obServed in the
CTL line establ|sh"ed’“\ﬁltﬁ"é}5€ﬁf’i"’ﬂﬁﬁdf6 "‘72’%@?56&1‘5%@ j (gjj“‘ﬁ‘t’tﬂ%gf'é’ﬁiae%‘ WpitieY the
IFN-gamma prodgetidpnagdirsprarget eelie:puised withetheespproprisite: peptideliand utitidieates the
IFN-gamma produgticre§ against target cells not pulsed with any peptides. (fig.31Figure 3 is a line

graph depighing theEN; m@%%ggmggf‘%ﬁéﬁ?tﬂh&lﬁ’ﬂ? estahlished hydimiting.dilyton from the
CTL line stlmulategéylth SE he results demonstrate that the (TEL clon § established by

stimulation with SESHRB" %Iéxéh%Wé& DOtERR R YR A SPEEct "égréb?ﬁﬁg? Witk the control.
In the flgure '+ ingicates hreENeghenma srogl ctioncdydinsrtageinelid bl sedwithSEQ 11l NO: 23s
and "-" indicates theiENzgamma@raduciog, agaimshtanget celisiachgiitsad withiary peptides.

Ifig.41Figure 4 is g-fipe\qranb AeRicting, | ﬁuéte%aumm@cﬁw'm@ nstltlﬁemget&%uém@tn
exogenously exprgss CDCAT and HLA-A*2402. “Io e established wjth CDCA |-A24-9-56

(SEQ ID NO: 23) SR WRErRigIT $PELRiEEN SR t%a(g(é(n EOEFUERES aHSREEHANRH 53th cDCA |
and HLA-A2402 (kezekigd)thini eeritriast, Inedlgiificlhatspecific TR ativity alia s e teetat vagaimmst target
cells expressing eith@isHlaAcA*24Qh fisanplehar Gt Add(etecle). Besaripionehbmboadimenis:

(0016lAlthough any.methads and malerials sigilasor. %&%&V%k%%EQJQQ%&Q?%‘{QP%P%EUT can be
used in the practice or te Sgﬂg\,{?“(‘]‘ bodlm f{” ) of the presen ﬁgYp ntion, the preferred methods,

devices, and mat&ARi&'a SRR CRRTSHE RS rdsent materials and methods are
descrlbed{@ﬁﬂsito bénddereroodhthalthie presabiiaventddrrBorfifhteey e the palheaiursizes, shapes,
dimensions, materniats, imathppotogies: pibtaedlsy sic deegedled hptoinisassthesemay:vanywnh
accordance with rﬁltéwa}%%stmgﬁtﬂt@nﬁa@pﬂtmm%e% @l@%t&%a@%tetm that the

terminology used 1tn the descrlptlon is for the cr|b|n t paJtlcuIar versions or
embodiments only()lﬁﬁdl%ﬁbwmféﬁdEJ]f T Ve &gcog tﬁm%‘ree 3 mveé’ﬁ HWATER Wi be limited
only by the appen?j“éﬁ]félﬁﬁrﬁglbfmbwmeitﬁﬁtblsﬁﬁetéﬁea&ffhﬁmféﬁt‘iﬁn’f[ﬁ’é}teﬁtléﬂf PegeAtApplication
mentioned in this sp&eaiicatiantis specifically jaedrparatadibyhecference hefeirrireisaniiretyghHowever,
nothing herein is to e consirued as,ay gdmissionihatthe invention isgnat gatited f.antedate such

disclosure by virtue of priar invention.
y scnptP on 15 1ﬂustratwe of the invention and 1s not constructed as limiting of the



100181I. Definitions Unless otherwise defined, all technical and scientific terms used herein have the
same meaning as commonly understood by one of, ordinary skill in the art to which the present
invention belongs. However, in case of conflict, the present specification, including definitions, will
control. The words "a", "an", and "the" as used herein mean "at least one unless otherwise
specifically indicated. 100191 The terms "polypeptide”, "peptide" and "protein™ are used

interchangeably herein to 6 refer to a polymer of amino acid residues. The terms apply to amino acid
polymers in whiéh 8HEbr Yo SRiHE s re st i iva ey rediaitheravisnrattifa occurring

residue, such asmanheatifieiahchierajeal raimeticlef @icomespending naturalyeotouringaaminaiacid, as

well as to natur%iyz@@gyﬁgmgmmaamMMT&E%;%@Q@Qﬂ‘&zt@&m Ao agidias Used perein refers
to naturally occmwg{1 nt etic amjng aC|ds l.as amino acid analo S aﬂd amino acid

sm (m Wit D a m;}’i om ;s Summar
mimetics that Slmti b& unctlon O the natuPe?If OCCUI’I’In amino a%ldns ﬁatdura occurrlng amino acids
¢

are those encod&d* ﬁéﬁ%‘ﬁeﬁ@c‘ﬁ@l@%@%ﬂ}éﬂ é%?tﬁé%re“h%‘d]ﬁé@%ﬁje‘ﬁt?&n@%ﬁ&hhr‘f’%éﬂé‘“
hydroxyproline, GarmeraicadioxyglutdmatescandQhphpsphosérine):cThephrase:famine: acitd analog”

refers to compouRdgdhabhavedhesame basicrehemical srusietan alpbr-carben boynd to a

nydrogen, 2 calh@UAIR RN TG ARUR. AN B0 R dueup.2s 8 DAl peeing amino acid b
have a modified R group or mod fwe omoserlne ngrieucme methlonlne sulfoxide,

methionine metbi&E I3ESGHIPHOR B @E@Wéﬂﬂﬁo aC|d mimetic" refers to chemical compounds that
have difféfent Stl’llﬁit]t’ﬁs bytsititalr furictions tofgeneraleaniineaeio svij0RblAMinmAacids: may be

referred to here@mam@&ag@@mwﬁ@mm@ﬁ%&m WERRIR RLIR-ANEHELR SymbOlS
recommended bdy thf—%‘[‘ PAC hemical Nomenclzﬁure Cc%mm ssu% [00221The terms "gene"”,

SSGHRpLIOn ‘J esentpvention ang.is TCu ¢ ents
"polynucleotide”, AldTeotiger &h nuc ic acid™ are Us8d inter Ghangé%\ H&fein éﬁ‘d‘ unless

otherwise spemﬁ‘é}éﬁ&‘/‘mdlcated are referred to by their commonly accepted single-letter codes.
100231Unless dtiehligaaefinadthesternt caricent rdierstaptaneers @vetexpressing SIGA gene,

including, for e@mﬁlm@rﬁﬁ%@%q%@@bgd 8@@@&&?&%@8%&@@9@&5 Lh&eéiéw&icancer

(SCLC) and non: sm%b?ﬁ u ece? er (NSﬁ:ml 12 UnI%'U S 9 gﬁf nﬁ%t m "cytotoxic T
lymphocyte”, "cy&o&oxm celland "CTL  are u:Ise Ian ea ép and,oth I’WI especmcally

indicated, refer t6E&UD Ry 6F T iyhighbEfés tﬁaﬁaﬁﬁé%%cpbﬁﬁ@ r@ébdm@ihgf hoitdself cells (e.g.,
tumor cells, viru§iifadted’¢elis) ansHGdicg the) deathl efisuChCealls A200Reptkiad 11T oidemonstrate

Eféa_llflp%)tldest ?jef ived, frem, GPEAE Ayngtion as %@ﬂgg@@ rﬁ%%ﬁaﬁ%%glt(vﬁgt@t@é& it M@th'%%thes

pepti 35) were analyzed to dete ether they
were antigen egﬁc}?(%s res{)rlc'ted%é) %—f“%?@%[% III%%&% cor r%)on é%%ﬁ‘ﬁ? red ‘ﬂ[ﬁl V\heles (Date Y et
al., 'Tissue Anngéﬁ%%#g@%()f ﬂé@ﬁﬁﬁ%ﬁ@%ﬂ%ﬂ@ﬁhrﬁeﬁl@«w@da@@mwwgsﬁf%ﬁ% RT etal., J
Immunol 152: 391824411904} Candidatesiofh eA-AR4shindingdephiddsderived fiomCBIBAI were

identified based;pnthein binding atfinifies o HkArdRdk Aller initiestimulation: ot Terlls by dendriti

cells (0Cs) 1oade i) FSTRSPIER (el Wers ses I ESIaRlIschsing Spfy o e

target cells pulsed with the appropriate peptide, and "-"indicates the IFN-gamma
production against target cells not pulsed with any peptides.

[fig.2[Figure 2 is composed of a series of line graphs, (a) to (g), representing the results
of an I[FN-gamma ELISA assay on CTL lines established with CDCA1-A24-10-119
(SEQ ID NO: 3) (a), CDCAL-A24-10-335 (SEQ ID NO: 4) (), CDCA1-A24-10-48
(SEQ ID NO: 11) (L) CDCAI-A24-10-5 (SEQ ID NO: 14) (d), CDCA1-A24-9-§
(SEQ ID NO: 22) () and CDCA1-A24-9-36 (SEQ ID NO: 23) (D) in the above IFN-
gamma ELISA assay. The results demonstrate that CT1L lines established by
stimulation with each peptide showed potent IFN-gamma production as compared with
the control. In contrast, no specific IFN-gamma production against peptide-pulsed
target cells was observed in the CTL line established with CDCA1-A24-10-74 (SEQ
ID NO: 2 (g). In the figures, "+"indicates the IFN-gamma production against target

cells pulsed with the appropriate peptide, and "-"indicates the [FN-gamma production



7 CDCA 1-A24-10-119 (SEQ ID NO: 3), CDCA 1-A24-10-335 (SEQ ID NO: 4), CDCA |1 -A24-10-48
(SEQ ID NO: 11), CDCA I-A24-10-5 (SEQ ID NO: 14), CDCA | -A24-9-8 (SEQ ID NO: 22), and CDCA
| -A24-9-56 (SEQ ID NO: 23). 100261 These established CTLs show potent specific CTL activity
against target cells pulsed with respective peptides. These results herein demonstrate that CDCAL is
an antigen recognized by CTLs and that the peptides are epitope peptides of CDCAL restricted by
HLA-A24. 100271Since the CDCC ene IS ove expressed in most cancer tissues, including, for
example, breast cARCEr! BIETUET SR CE SSbpH g‘B&PSEH(@%*r small cell lung cancer (SCLC) and
non-small cell lungd leantdeERSCL it rapredepitsinggbod targanfor pavdistothelr sy Thudothe present
invention providescRppageptides(peptides;cansisting ofmineaminsacitwrsigaesanddecapeptides
(peptides 00”5'5“”&9%%@[@&8&9% esidies)-porrespending Ao, GT Lacngnized eritepas of CDCAL

Particularly prefeffed exg ples of nona eptides and decapeptides ¢f the present |nvent|on include
those peptides considting 67 Y& BRSiAb! \&%‘8&&&& AUH elcféd{W%ﬁ%ﬁb%‘é@” BYNB3, 4, 11,
14,22 and 23. [0028]Generaliyisufivhed ipfarrams iprese ity availibleconctils pulerdetitbudias those
described in Parkapk@etad. addmmugiokid® 9k JBN-Lahb( Blodoibacanberusad o ealgulata the
binding affinities b%%egﬂ @1'5 s peptides and HLA antigens in silico. Blndlng affinity with HLA
antigens can be measured as described, foroexample in Parker KC et al, hnmun%I 1994 Jan |,

152(1): 163-75; arldk (s Wﬁ%*k“ét”&é%ti) PYOBE 8§(§e‘i§‘7§ IV METTIES Sllﬂe?érmmlng
binding affinity is deseribeicxfmeasaiptapiessid]odrhatdimbindtodidaeMdthelyc1998) 18581 181-190
and Protein Scieneg2000;3:1 1838418465 HQUB, K@ PresealHIvapHap-eiiranINasaes peptidss of

CDCAlwhich are defegmingdio,Lind With ['5' %A}?@LQ@QMQSNLL@%USW %}&9@ J@@?wmmagiame
100291The nonapeptides and deca o%&ﬁtl es.of th e resent invention can be optionally flanked with

additional amino at®l FeEHILEEEE ¢ong <% ‘ﬂh&yp%h PR ARSI CHESheRl SR SE 08K BEPtides having
CTL inducibility aré&ltypicelifUie g8 shale abdup4o hfmirdeacids, often less than about 20 amino acids,

usually less than ab@gt;ﬂ;@ﬁmm@imdﬂim@ﬁmcular amino acid sequence(s) flanking the peptides

consisting ac{; seque ce,sel ctex from 3,4,11..1 and 23 are
o ity LU o AIBAG eI Mo Amare: 2 ?d%?ﬁh heletgndh £a AN 2
inducibility of the dﬁ@.ﬁawﬁ%ﬁu@eﬂﬁj«éwm E‘r‘é%’édtﬂﬁ\‘i@ﬁﬂb‘ﬁ%é&fﬁ ﬁbréemsrb’sbﬁ%s%vmg CTL

inducibility and an primmedeidibetiiencesseledtedons amony SEQiIBINOsySed, 1084022 and 23. |

-In general, the m%&ﬂ@@tie@temneﬂmmmqleqi@&i{b@pmtem iefluence tiarfinslion.etthe protein,

and in some cases wgrllte\{req e](r;pﬁ c{eutm gg fk’rﬂ%ﬂ%r g;;ghe oirlg nglrgéot%lg% |Er71_]f ct, mOdIerd peptides

(i.e., peptides compose an amino acwi geéence in whic one two or several amlno acid residues
have been mod|f|e*6‘ﬁ(‘|h€d‘§%‘§htﬂf88"“8&d%‘d Féf@%do‘fefﬁgeﬁe%eﬁ‘sr%‘fﬁﬁé}fé'd Yo angiginalreference
sequence) have beeniknewn:ioestainthedigliogical activity dictihe erigidak peptitle (Markret al., Proc

Nat! Acad Sci USAnlQ84y8i:icdaGR2h6 dé@iﬁﬁ@ﬂdsffmi@ib MNusigiconaids Res 182 rli0i10A84-R00;

Dalbadie- MCFarIaQ)g eel’}l%l)ﬂl ISR (%liyAgx?‘cp 1% intended 1o limit the scope of the present invention
which will be himited only by the appended claims.

(00177 The disclosure of each publication, patent or patent application mentioned in this
specification is specitically incorporated by reference herein in its entirety. However,
nothing herein is to be construed as an admission that the invention is not entitled to
antedate such disclosure by virtue of prior invention.

(00151 I Definitions

Unless otherwise defined, all technical and scientific terms used herein have the same
meaning as commnonly understood by one of ordinary skill in the art to which the
present invention belongs. However, in case of conflict, the present specification,
including definitions, will control.

The words "a", "an”, and "the" as used herein mean "af least one” unless otherwise
specifically indicated,

[0019]  The terms "polvpeptide”, "peptide” and "protein” are used interchangeably herein to



USA 1982, 79: 6409-13). Thus, in one embodiment, the peptides of the present invention may have
both CTL inducibility and an amino acid sequence selected from among SEQ ID NO: 3, 4, 11, 14, 22
and 23, wherein one, two or even more amino acids are added, inserted, deleted and/or substituted.
003!]Those of skilled in the art recognize that individual additions or substitutions to an amino acid
sequence which alter a single amino acid or a small percentage of amino acids tend to result in the
conservation of the properties of the orlgln’é{[amlno acid side-chain. As such, they are often referred to
as "conservative fﬁ}b[é)tl LP[‘I)(E)HQQ}O? ARG SI TG CAETHE 20 FO TN Aftér IS8 d brotein
results in a modfieidiprotein fhaxﬁﬁg}ﬁiﬂmaumﬁféﬁm@go’ﬂ@tb%éﬁ@ﬂgﬁm proteiret@sigervative
substitution tablescpravidiagdunciionalysimitarn ariae acids areiwel kknpwpindhe addzxamples of

properties of a”l%@&xﬁ%‘é ?&9%&@8@% [&PXQ?RR&RP&‘%@@Q&%@%(A& bkt My, msf;’ W, Y, V),
hydrophili cmlno cids(R, D, N. C, and S|de chains havm }eqfollowmg

F.QG
functiona ps bICHA &é’r’%‘ﬁ&?% OGS R lﬁf‘dhé(ﬁ{%‘g}% eHam (&' LAB}% YT'P95Y: a hydroxyl
group containingside-#hd&inatsyat] Sﬁ)ma@awmdavtmm‘oméwmgfsm&mawm %}MBﬂaT‘@blFﬂ)bxyllc acid and
amide containingusidierchaife (Rnhify. QYnaibase poniaining sidgichain M danthp abdian-aromatic

containing side-ghain.(fHndiu Yo Wi JB-RACIRR, Ha%ufc@i'&wmceﬁatzﬂsgmm%ﬁ@mg@&ﬁmmmno acids
that are conservative sgbstltutl ns for one an?ther 1) Alanine (A ine %6 ); 2 As{g}zrtlc acid (D),

Glutamic acid (E-3) REFERTRRIG) SENRAH TR T3 Wﬁm’fﬁ%?ﬁ’}“ ﬁgi FisbittiEine (1),
Leucine (U), Methiominecsnoiaineefen o) menyiaaiine i, rfreymmécmdr@m@bﬁaﬁm) 7) Saine
(S), Threonine (Tay amntS8)}Systeinad@) aMethigaine (Mdseereyg. «Cieightombyotaing ¥984).
100321Such copggrvatively, ma f ti‘@&@ﬁ?ﬁdﬁﬁ A AP cARSdered.ng ReRlidEs PEIhe. P present

invention. However, eptldeso epresentl vention a e not re\iﬁnct ther to and ca mclude
non-conservative*ioanicaf Snd LBTSHG Al 8“M8%|ﬁbe BB S e %t‘ﬁlgt P EERitity of the
original peptide SFUtHsmnotbe Mudifiedrpaphassanstil mirs el aora T conthysisle Phaphides of
polymorphic varifitseinterspeciestemilagues; andatieles offtiCGAils 100331 To retain the requisite

CTL indysipiy ong g madi sk A0d Arilion Ao sbsiie) dsralnmber for example. |
2orseveral)oras ercentage of ami o acids. e]rér% %Oem%éi ns 5 or fewer amino
s for exam i FalUE e B CEOT SR ALt Ao P RIS Ably 2096 o
less, more prefebainagsyoflesgieyeh more preferably 10% or less or 1 to 5%. 100341Homology
analysisjof referred peptidesmef theopresaasioventiotcGREALAMe12-139"(SEQRID ME:-3),

CDCA1-A24- 10613\%5@ﬁ@h‘@&gné‘)uﬁg%ﬂex&% ABREQIRMNE I CRGAT A24:10-5 (SEQ
ID NO: 14), CDCA 1-A24-9-8 (SEQ ID,ND: 22) and CDCAI -A24-9-56 (SEQ ID NO: 23), confirmed that

these peptldes égiﬁ]ont”ha’v‘é“sei tr‘ﬁ?‘caﬁt om%lfc“)%ye\%/wth peptides derived from any other known human
gene prodiets. TRUECthePERssing 6 thBse Peptidascy eEratiig tnRIoWR it Bs e ®inirhune

responses whenasednfdndmmtinatiherapy iscsignificantlydoneredcccordinglyl, dhese, pejptides are
expected to be hgghjyngﬁ%weﬁo(rg@g@ ncglderquM IRPARRETPRUSRSsAgRINSt CDCAI. [00When used in
the conte not era ides of the resen vention should be pr ented o the
surface ﬁact’ Il or Ké)‘??)ssE%trneé)%E re?eepé EI)(5 f'él%‘sealmé%]mL e With aﬁlﬁh& Ahtigen Ther ej? reltl its preferable
to select peptide§-tHat ﬁ@ﬁbﬁ?ﬂy‘}%ﬁ%@?ﬂg bie 186 hOSEEELs R Bl ?r]ﬁg BT kg S 11I2A antigen.
To that end, thespepiides «dh lberphocified oy subsfitbiion!, inseniongdeletiol aid/ar addition of the
amino acid residugs ta.yielgra-medifirr peptide Havinaimpraved;piaging affinity. In addition to peptides

that areF Sr':llly %lsfplaxgd since the regularity of the sequences of peptides displayed by binding to
HLA antigen J Immunol 1994, 152: 3913; Immunogenetlcs 1995, 41: 178; |

immunol 1994, 155 %Wj‘*ﬁ‘ﬁ HRLAFORED SIS ST St f P gl i i B ritPEaeR 6eF it Ao
immunogenic péptidesiafithe invehtioneHarléxampleditsmayvbé lesiabieAd Siigtiute@hésecond
amino acid fromyhg Nq&%%!ﬂi«'ﬁﬁé‘(ﬂhﬂ&e{%}ﬂﬁié?m@v WE@@J&‘;%QH‘&IW%HE%QY 1U1}é9tl%ph@QAand/ or the
amino acid at thgg teﬂnhnus v{xgltﬂr}rprﬁ Ial%r?]ltge J?H%n% & %hgrlgl dryptop gb\%g Qr methlgplne in
order to increase the HLA-A24 bindin aa?fmty hus, pe 1[ aving'an ‘amino acid sequerice

selected from afong!SEGFORISe: Behale ], I’l"ﬁ“ﬁ?f’éﬁa”zﬁ%émlﬁ%ﬁ Bagsnd diitho’acid from the
N-terminus of thenamind &cid¥8guzhde s the:SE@dD-NidsAsslbistittitedpwithighémylalainine, tyrosine,

methionine, or teypioRMaR; @ﬂﬂ&ﬁ%ﬁ%&ﬁiﬂiEhﬁt&ﬂ&fﬂlim@aﬂ%h%@miﬁﬁmdﬁ%ﬁﬁ%evﬁfﬁhe SEQID
NOs is SUbStItUtset%%FmP il op ¥I Ef slge’den Lle%PIF[y(ELr)]%id%ﬁtoﬁﬂapésgrp%?t 6,!0 sarv?e?en_

successtully established using each of the following peptides:



10 compassed by the present invention. Substitutions can be introduced not only at the terminal amino
acids but also at the position of potential TCR recognition of peptides. Several studies have
demonstrated that amino acid substitutions in a peptide can be equal to or better than the original, for
example CAP], p53,2,,,272),Her-2/neu (369,377, or gpl00 2,w2.17) (Zaremba et al. Cancer Res. 57,
4570-4577, 1997, T. K. Hoffmann et al. j Immunol. (2002) Feb 1:168(3):1338-47., S.O. Dionne et al.
Cancer Immunol n%%g %gr (gﬁ%Oﬁg%g@ﬁ%%d S. O. Dionne et al. Cancer immunology,
Immunotherapy (20 Z{)) AS - .10 The present invention also contemplates the addition of
one to two amino &dilisth the NladtioP EAEmATMIg of the described peptides. Such modified peptides
having high HLA afitigen: biriding-afficity aiie ¥€tairied CTL inducibility are also included in the present
invention. 100371 kigweyven whendhempeptida-seguence is identical to a portion of the amino acid
sequence of an en B%QQ%%Q@%X&% %%E{o;ggn having a different function, side effects such as
autoimmune disorders and/or allergic symptoms against specific substances may be induced.
Therefore, it is prefétable to first perform homology searches using available databases to avoid
situations in which(ibe sagquenéesef i pEptide Adatches the amino acid sequence of another protein.

When it bamlﬁs clegr framuthehaneiogynseasshesshatbereexists Holevena peptide withdl or 2

amino acid diferences as compare o the oblective peptide, the ofiectye peqiide can,be fodified in

order to increase it bindi ga A antigens, and/or' increase its CTL |n5ua<':ﬁﬁi§ﬁﬂg%<}ithout any

danger of such sidewrarid 638 sARAYRMEEEIHS HERARYMY RBIING SHSHY tdethEddRantigens
as described abovEate £xpected to be highly effective, the candidate peptides, which are selected
according {g pre§§£@%@fdftmt?i@g%@gsam-%?&ﬁedm%@ baAlerfirther, examinedsier the
presence of ca induclbify. Herein, he pirgee (G TL inducibiiy indicates fhe gbilty of he pepide to
induce cytotoxic Tﬁymprhdc'y[f“’eé (er‘Ls) when p'reserite‘é’%n an igen-presenting ce ) fyretrher, "CTL
inducibility” includésthé hwilky B tHe heplite e eI T A civVaRB R TLZORSliFERf AR pomote CTL
lysis of target cellspnandtiieriper&dse, GiElpléshgarmmanproducke no i 838G apéipmatieoof iy
inducibility is accognligbad Y, !ﬁﬁiﬂ%ﬂ%@@?'&%@&@ﬁ&ﬁ%@ (%%Bﬁd‘ﬂ%r&ﬂﬂgzmmﬁ%h{%@x@s”ﬂ%ns (_for
example. B-ymphocyies, macrophages, anddendritc cells (Bes) rmerepspedically DCs erived
from human periphéra '8%3581%5’ ﬁ’gn&éle(ar Ieul%o"é)ﬁeis, ang aker stimu a'tlo‘n'wlfh t eyp ptlofes, mixing
with CD8-positive ESHEPE@tRERRIEHLETIHY ¢ IENIGEHThEDRSRGERH HHYIPBIBAERY BPETL against
the target cells. AsptheideactioikSystaitheransgenid agimals thiat frd\feobeangprodtiQadDidiOxpless a
human HLA antigen (for;examplg~those described in BenMohamed L, Krishnan R. Longmate J. Auge
C. Low L, Pyms J. Diamand D 1, 4um Immuno) 2000 Ayg, S1(8), 76479, Relaied ftices, Books
Linkaut In&ucﬂo of (I'Il res_%’o"’ns’e y & niinimal epitope vaccine in LA 3115&6% 1 transgenic mice:
dependence on HISESETES IPRstial T{r) respnee) EaH hedsda?Hor Kkampta! thie 4efigét cells can
be radiolabeled withl;@tand $uehpanticyictdxicastivity warphe dal culatédAram zadioactivity released
from the target celig;,Aligraatiuglyy ik inducibility sandbs assresadiby-measking nbgamma
produced and relegscd fy Cll n the pregence pranigen:prepenting. cslls, A s) that garry

biti I- -gamma

immobilized peptides, ind visualizing the Inhibition zone on'the media using anti-117

monoclonal antibo@i‘é‘@f’if@@hdi%&@:aﬁg§dhlo}v%§<5}?ﬁ?ﬁﬁfg B IRt IBIY ot it Pébtides as
described above, itwvastdisdovexedithatthséohanihg highbinidin g Ninibpde. ARELIA antigentédid not
nec- essarily have high, Gl inducibiliyadioweuer, ofdhose: peptides identified:and assessed,

nonapeptides or decapepti ng the aming acid sequence. selected from among SEQ ID NOs: 3,
4,11, 14, 22 and 23 r\)/\t?((a?}eg Céuh ‘t’gl}exﬁfblt&"}peaéﬁ&eﬁ gir?}?i%hi []T }lln%lﬁ%itl\)ﬁﬁé‘ﬁeé%\}eﬁngsg %lg‘ﬁ" Bf‘nding
affinity to an HLA aHtgERCThBE4HE%e peptides are exemplified as preferred embodiments of the
present inMefifion. 1004 bdin@gditoritd dec:phioviedesorpetmodificationsythe @eptidds of the present
invention can also g lipkegdio.ather-auhstances 80ileRg@sdhe fesultinglinked peptiderietains the
CTL inducbility of fhe,grianal, Replide, Examplesiof syltable substancen. nglude, for, syample:
peptides, lipids, sugar and sugar chains, acetyl groups, natur)afland syntﬁetlc polymers, etc. The
peptides can contaiftifbififitatifhe SochasgR oSy IANBA Side LY dsia B BphogiHBRylation,
etc., provided the modifitatipasiddaethdestroy theubivlogicalractivity ok theoriginadipeptitées These
kinds of modificatigng.can-pe Rpdermedte conrfaradditigral funcians (¢.9:, targetingfunetion,and
delivery function) qr to séabgi;e tge poilﬁpeé) idfe.lg)gdf%llior examp&e, to,increase.the in viva stability of
. ., . HITITEeG an df e COT I8 O an A Of AMino acids, so 1()1’1 Y &k It Li()ﬁS not mpai
a polypeptide, it is known Iin the art to introduce D-amino acids, amino acid mimetics or unﬁatural
amino acids; this c8fidebt & ARG BE A IEHT 778 [l sERE pafy PEPitfds Y THE ARy B K

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., Fur J
Drug Metab Pharmacokin 1986, 11:291-302). [0043] The peptides of the present invention are
presented on the surface of a cell (e.g. antigen presenting cell) or an exosome as complexes in
combination with HLA antigens and then induce CELs. Therefore, the peptides forming complexes
with HLA antigens on the surface of a cell or an exsosomes are also included in the present invention.
Such exosomes can be prepared, for example using the methods detailed in Japanese Patent
Application KohyBPYf %&iﬁﬁ%%&sl%‘é‘rlf BIsG7 ARG INOTOIE84E° éﬁﬁ%%ﬁiﬁ%%’ﬁ&‘r’éd using
APCs obtained frofa(pHiérts who ate suBjeerdl3 1o treatment and/or prevention. The exosomes or
cells pi-esentina thepepiidess @t thedpresent nveatiomcanhedneaulated as vasetBesw108441The type
of HLA antigens qaptainedip e ahoveQ.- .65 Mmush Dateh thatolthe. subject reguiging freatment
and/or prevention, For examl%je,_m_ the J_apan?S(f a@gg}t#?tl_on, FILA-A24, partic rlar_hl(y HLA-A2402, is
prevalent and thetBFoHEWEN BERBPESHAR T N OP RSP dhEsE PAERE THE UL bf the A24
type that is highlyd@xgiressedhitdisgahe Japahese arelcCarisasiamisofavdrabldust oty effective
results, and subtypesituchi as Al4Qdalsadind, uskelypicalbydm the-chiniecthe typeeiHLA antigen of
the patient requiripg ftaairentis MYeSHIALAG IR AYRRSE WA RIABIES IS ABPIAPHALS Selection of

peptides having high Jevels of binding affinity to the particular antigen, or having CTL inducibility by
antigen presentatft F’?ﬁgﬁ%%%nrﬁé} %%é@A?Q%%@%L@%&dSH%ﬂ‘\?‘élgfdgé%éral’ﬂ&ell the
peptides having theidgindeatiRsedtiende: et cEd renbagioNts SEHOWDNO F30a Nafl Mq:205ghd 23 are
preferably used. 10044 kiErEncthe-peptides. of the gresanhiavehtioapcidasalshberdaseribed as
"CDCAI peptide(shQhiGRGA hAYYREPHGe(§laudiy Jmﬂﬁ%ﬁﬁ%{&oﬁiﬁfs%}a%és@f’e@k@?ﬁo&he_
peptides of the |nyenthrkg§n%ﬁ%§_ega e[ﬂ urfing,}w% ovx%techmques. orjexamplg, the peptides can
be prepared syntﬁgﬁ)@éﬂy, sing recombina fDNAtechind é‘i}rb?%%é%(iégleéﬁﬂﬂ?é)é‘?‘s‘f'ﬁ@ﬁtide of the
invention can be gytithasizedeihdsidisaliyidried Jodger puipestides composed of two or more peptides.
The peptiggscan behthenbaiteldtedeier qpuiitied, sa asitadesulstantially fieeraiother naturally

occurring host cell proteins anddragmRREs.iNereah M AN.0W0es chemigal subsiances-LQ481A
peptide of the present mv(gntlon can he obtained through chemical )ﬁ/g%heﬁs based on the selected

amino acid sequetide: EXampres bi'd (ﬁ\?gﬂ?%‘rﬁ%{‘f%%%ftf & RURHESIOhBTHEHATHAPEAR #2hakSted for
the synthesis inclab&n. A5)sPeptibry Sinthesisiiiteddeien cenNEw vErii IEOBBIEH Phe Prdteins, Vol. 2,
Academic Press, NewtYeorkod@itoti¢iy)' Peptida Synthesisofinapangsa)s Mamzem&ifielio75; (iv)

Basics and EXPe;EB‘WB %ﬁﬁ?ﬂ%m@&&%@%ﬁﬁgﬂﬁz&@ﬂﬂ@%ﬁ%)nM?gb‘l%g{? EQnel P8R (M RGvglopment of
ide

Pharmaceuticals (second vollime) (in Japanese); Mol 4. (pepide snihesis). flrokqua, 19t (vi)
W099/67288; an

Known i ainples
of properties of amino acid side chains are hydrophobic amino acids (AL L L. ML F, P,
W, Y, V), hvdrophilic amino acids (R, D, N, CLE Q, G, H K, S, T), and side chains
having the following functional groups or characteristics in common: an aliphatic side-
chain (G, A, V, L, 1, P); a hydroxyi group containing side-chain (S, T, Y): a sulfur
atom containing side-chain {C, M}; a carboxylic acid and amide containing side-chain
(D, N, E., Q) a base containing side-chain (R, K, H): and an aromatic containing side-
chain (H, F, Y, W), In addition, the following eight groups each contain amino acids
that are conservative substitutions for one another:

1} Alanine (A), Glyveine (G);

2y Aspartic acid (D), Glutamic acid (E):

3) Aspargine (N}, Glutamine (QY;

4) Arginine (R), Lysine {K};

5) Isoleucine (1), Leucine (1.}, Methionine (M), Valine (V};

6) Phenylalanine (F), Tyrosine (Y), Tryptophan (WY,

7 Serine (8), Threonine (T); and

8) Cysteine (C}. Methionine (M) (see, e.g.. Creighton. Proteins 19843,

{00321 Such conservatively modified peptides are also considered to be peptides of the



(vii) Barany a & Merrifield R.B., Peptides Vol. 2, "Solid Phase Peptide Synthesis", Academic Press,
New York, 1980, 100-118. 100491Alternatively, the present peptides can be obtained adapting any
known genetic en- gineering method for producing peptides (e.g., Morrison J, J Bacteriology 1977,
132: 349-51; Clark-Curtiss & Curtiss, Methods in Enzymology (eds. Wu et al.) 1983, 101: 13 347-62).
For example, first, a suitable vector harboring a polynucleotide encoding the objective peptide in an
expressible form (e.g downstreg%g‘gga regulatf%re\é_ SF%‘:G”CE corresrgfnding]to a promoter sequence)

. rEsbnt mventio ever Spept ¢ presenl myentpn are ot resyicie reio
IS prepared and trgns%rme Into a smtat%lre (?St cell. é),hOS ceh IS then cuf ure {0 prodﬁuce the

peptide of interest*Thepeitite: CaR-ar86 B Brediedt i ito edoptiny Bn meditieitPandtition system.
10050]1V Polvnuclestidesic THé. présent! inveintion:aiso: proyidies fa:polymucteoiide whiefréficodes any of
the aforement_i0neﬁ.@hp@s@ti@@%ﬁﬁ&h@@ﬁ%ﬂb&@%@%@gﬁgé&h@ inslude; polynuclemides.derved from the
natural occurring CDCA | ene gﬁ-ﬁ%@?{k{ﬁ% ssion No. NM_145697 (SEQ ID NO: 34)) as well as

Teles of CICAT

. THOIOEURS, o / ! .
those having a conservatively modified nucleotide sequence thereof. Herein, the phrase

"conservatiVely modified iiicisoige s&gtd hdBdefat tosegiehedS WHIkH erkbdis fdierticl/ ot
essentially identicalastiine acidhsBguetieesicberastapthel d2generasy) of thengépeticoagepé large

number of functiongliidgqiical puicleic.acids eneede amn g enPrteim koLRBanee thgeogons GCA,
GCC, GCG, and CCP all eljnﬁode the amino acid al ‘in% Thu§ at.ever gqﬂtio;a &vhere an alanine is
or r. § 10 i{ foral )5

. g CWE. ercentage gf amipo acy maodified is b © OF 1888, MOte .
specified by a codon, the codfol"can be altéred 1o any of the corresponding codons ‘deserived without

altering the encod &t i56)pedadeoSath f1geI8ie adig EitatidHE rdesiint aridtions,” which are one
species of [©oAservativelylmodifigdsvasigtioftsrddyeryiduciéihapidssequenadherein which encodes a
peptide also descrijgs £veryRossibe siteniryarRtinn@hine nuekeiq acid e pf rslinary skill will

recognize that eagc n,in.anucleic ac C , which is.ordinarly.the.only codon for
methionine, and T Ié(og‘v%éﬁﬁ] g}‘ggr?g}n i%e(ﬁoéﬂ3‘%0%%%#%&?8@1@%%&(r)?g/'rﬁed to yield a
functionally identicaPfdieéd- At EFiE @ach anditvanatidrto?-athidi&idiadi®irat encodes a
peptide is implicitly desearddet inleactpdisdlosediseuencenifiofs hbfhdopelytilepnidle déthvedoresent

invention can be campaaed At QN RivhaRd derivativestherent p%sQMﬁtF&@H@Q'M mposed of
fi

basessuchas A, T,C,and C..and T is re(PIacedd.b U.in an RNA, Jf100521T_ e .po%/nu eqtide. of the
. . rénelating dlmknown OF Uil Sére irppune responses w etn used.for Imy H%l() Her: 15 .
present Invention éan encade multlple peptiaes o e present invention witn or witnout intervening

amino acid sequeritBslifBRrVRER oM eSARIpIL - theShPePids R inRse et Rebisdrcasehn Brovide a
cleavage site (e.gelendymennecagnitionnseqeieree) Qhthe GoIMUcleotide or the translated peptides.

Fur- thermﬁy@gtpe pelyauclestde.caninciudeany Redifionalimesuenees iming Loding sequence

encoding the peptig’e f.the presen inv%nt_io,, Fo__r_.e_xampfe the gol nufclegfide_\ canb arecgmbinant
. shouid eg?esmﬁe on the strface of 4 cell )rdd umh e.gare era (\.)r RIS z%ct_om X Wit
polynucleotide that includes regulatory sequences required for the ‘expression of the Beptlde or can be

an expression vectBri{biashigy Wit §ivarker gé REs amdl s 9r geriekal lstidratbnibiant
polynucleotides cdithe prepargahizysthis ghdnigilatidimal poljnbtlevtides:thibughicodventional
recombinant technigyes.yusindfHRxample spRlymerasasant endanicleaseaddidd90pgiBoth

recombinant and chemical syntiesis echiiauies can be Usedto produce the palynuglestids of the
present invention. For example, a po‘ly‘nuc eofllde can proauce yplnsertlon INto an appropriate

vector, which can BePEkprEsBeR dhtras sraeratviiorptempata nbCE R TRV ItV BE WP ucleotide
can be amplified usingPGR dechniguibg ondixpression msehtablerhosty kseenaghnSambroskiet al.,
Molecular Cloning; £ LaboratanyMaeral.Cold Spiingrkiarhambaborasarny sNewoforkolid@ions
Alternatively, a po nu Igogﬁ_iglC can pd% t?y‘r)thgsizn(?d Lgsj%gitlg(%ﬁglj% gl&ggg Itgghni% es @%described in
Beaucage SL & Iyerﬁ , Tetranedron é’@ﬁ 4827 § 11 attl_hes et af ERB i%g ﬁ 3: 801-5. 10
4]V. Antigen-presditifil ey AP ey e Thi b S&l5t vEntion RS oG dhtigen: préséiting cells
(APCs) that presentecunmpieies formgdfngtiveere. Hirdsantigens ancktle paptides: of itverpiresent
invention on its suifage, JheARCe that.are obiained hyisantacting:thepeptidesobthsnaresent
invention, or introducggg the nuclgo_tides enco inqﬁhg R%Rtt)ﬁde(f‘ of yt%e present inven&io‘rhi_n,an
. e Tne. 1Y Orger 1o mncrease AL inding arfmity, s, {ides having

expressible form can be erl\_/edr rom patients who are subject 1o treatment ané’fé)rﬁ)greveg_non, and can
be administered adVABEIRSS By tHEHCEITES BT H S RIAS Nother druds ifichidifg e peptides
of the present invention;jreesemes aoroytotdXic tellS-terminus of the amine acid sequence of the

SEQ ID NOs is substituted with phenyialanine, tyrosine, methionine, or tryptophan,

and/or wherein the C-terminus of the amino acid sequence of the SEQ ID NOs is sub-

stituted with phenylalanine, leucine. isoleucine, tryptophan, or methiomne are ern-



[0055]The APCs are not limited to a particular kind of cells and include dendritic cells (PCs),
Langerhans cells, macrophages. B cells, and activgied T cells, which are known to present
proteinaceous 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. [0056]For example, an APC can be obtained by inducing DCs from peripheral
blood monocytes and then contacting (stimulating) them with the peptides of the present invention in
vitro, ex vivo or in V08 \iHehthe ‘6%"6‘&d’%‘ée%??ﬂegﬁpé%‘mq?ﬁ/éﬁi%%Vé’%ﬁ‘t’i Ridiered 4b™He subjects,
APCs that preseffitaspepticescoisthe plesarbinveitioncdrindiddd i thepodyofithepsdbiect. The
phrase "inducingsARG ingludes contactingaied atinghacealliwithibe peptidespebthe present invention,
or nucleotides engding e RERLdES: 1A RIeRRLINGRCR P Beasent complaxgs formed between

HLA antigens and the peptides of non face. Alternatively, after

&t(f &he resent invention on cell’'s surface.

introducing the pEAES 6 tHE BTBRLA Vet iSh 16 thd APLS 15 Alb% thd APEE {5TEEa he
peptides, the AP@sEaRibeddmiristbrdd t the $dfjett @slivaccinel: Forexdmpledhérex vivo
administration canuinghide stepsof: mocniieating AP Csframalirststdhpetuborgitagting with the

APCs of step a, yith.ihe-RsPidaAna ci@deinistering the peptide-loaded APCs to a second subject.
1005713@8%& s%ct and the seco’n? sub}le’ct may be the same individual, or can be 15 different
IS.A

individualld. Alternativelly S arG bt PSR St gk St e p Bt AL BrAHE e Bt
invention for manltaétoringcarphasmiaibeuiiceal bohnspsittonSndusiog Tastiepatigmevantingietlls is
provided. In additibn, ihegprasaninnuentionapiovidesaanethenoriprocessifon mrauiaetysing a
pharmaceutical %Qgggg%%{jgg_ucing antigen-presenting cells, wherein the method comprises the step
for admixj%ﬁr formulatin t_h%g ptide of the %rese,r]t inventjon with a pharmace,utiqql_lﬁ acceptable
carrier. RUNRHAr, the BIESEnt PUCTRGH IS5 SHOTH IS i B ABA BITHHY SISeATIAeHton for inducing
antigen-presentifR§iegiis. aftie ARceebptairer pirsaEp Fivraahdenddrifierettotite subject as a
vaccine. 1005814eeording to anaspeectafithepresefibinventiony thirohl Gg:havepachigh level of CTL

inducibility. In theu_ﬁ%&gm'H%@Mﬁh@é&%&@%@lqﬂ%&y;;,-érg@amg*a(>'%\<§'é§ﬁ9}mimgz level of that by
APC contacting with %%ggﬁtlde or gpég s which can not induce tge Such APCS having a high
a eaé r

&) LTy ahacoc a7 « - lTL.x - 3
level of CTL indd&ibi Ha'Bk red b sgsnﬂ%ﬁ%%j\’_ﬁﬂféﬂofﬁ%lﬁ& ISP AR Hfring genes
containing polynbfegticescifatiehanire thedieptitiss of thethresaneimWhtorn eaPesdtesitro. The
introduced genes-canteainibleforsuchBNAs heRNASs Examplesepraethnds tarininaueton include,
without particulayimitations, yaripusmethods;canveionally. perfermed,ndnis fgld. siehas
lipofection, electroporation a_ngl_callp un}f%%(;?iph?te eElj;Bg ‘catnybe; used. More s e(;l;g,ﬁyd it can be
performed as described in Cancer ReS 1868, '56-5672-7 3 ity 1598, 181 5607-13: F'Exp Med
1996, 184: 465-72¢PUBKSHE YapaneseeT reinsidtiod ot fhtérnational Publication No. 2000-509281. By
transferrifigikie gekiehintehAleiislcthe: gepaighdergoes: fransariptiohi] transiation.and suehiin the cell,
and then the obtained .PEQLEIRAS PEOEEFFAH oY M G GIRSS A QSFRS fiAnd nraceeds dbropgh a
presentation patggggxito q&e&gnt&egt;d%sh%g%g VI %\IIO{'[O.X\IQ T.cells A céﬂo'@hxm T cell |ﬂduced
against any of the pep’t’f’ges of the present ifven |olﬁi“s%relr?§?h%5’na‘sﬂtﬁ]elﬁt'r:ﬁuﬁfe r%‘sp%rnes)é“ Er’beeting

cancer cells in vifh Rad@Higacean béluisiebiVacisedninha pasuior simirdus i péptisesper se.
Thus, the presenbénidintyort disoqpraidde sisalatgtheytatxierpoaliadhdt Bre)spesificathniadweed or
activated by any.qfife-presanhpeplides,HA06e4puah cyiRiaxie.d callscambg ohiained Byl
administering het(p%%%gg TUQ% g{e;sgr}% ventllcgn_gg a su_b{ec%é l,;agytl‘ng ixgqgogl_pg ‘c(el(? from the
subject or (2) contacting (S imy‘latinlgj su jeé%]-(.ér?\l/ea’fklﬂ&)sngn -E)%SGI Vercefi§] F'(’5r‘§f:)]erﬁ(6heral blood
mononuclear leuReEHEShlviid With HHePpEPEHER of the present invention and then isolating cytotoxic
T cells. 10087he ¢ytotoxiethicells, Mhichihauébrendndpigd by stivulatiomigth-ARCs dhat present the
peptides of the praaenl-pveHIOR. FaMHRE AgEMRd fem RRTIeNES WhRIALS suhiectipHieatment and/or

prevention, and Sgrpdggcau%% IQS&S?C‘O{D X]EQEE E‘?}%gil%{ga 29%%‘, 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 1o express a human HILA antigen (for example, those described in

BenMohamed L, Krishnan R, Longmate I, Auge C, Low L, Primus J, Diamond DJ,



16 combination with other drugs including the peptides of this invention or exosomes for the purpose
of regulating effects. The obtained cytotoxic T cells a¢t specifically against target cells presenting the
peptides of the present invention, for example, the same peptides used for induction. The target cells
can be cells that endogenously express CDCAI, or cells that are transfected with the CDCA | gene;
and cells that present a peptide of the present invention on the cell surface due to stimulation by the

peptide can also Sgrve Pr%%%r t%{? t|v §1C7 &%taiglﬁd[ é)gz v EI:STB%% qr cegt%r i:nqrpL H'I;he present
invention also provides a compos ition co mn nuclelc Adias encodin at are capable

of forming a suburiit bf'& rsaémreéépwrrweﬁzmﬁw etHBE ST lusing @h@%% bfl%ﬁé%ﬁfe%umts
have the ability to ferm:T@Rs#hHE conter $pesificityl (M cellscagainst tumericélls presenting:CDCA .
By using the knowggmeﬂggdam the.ar QB&J‘%@G*@?'%}%@%@QQJ Qgt%@a&ﬂa{'@@ﬁ%he TCR
subunits of the CTL eﬁ with one or more p %ges 0 res ventr{op rﬁﬁqrdeﬂntrfred
(W02007/032255 ancl or éﬁ”éf““i“’ﬁ“ mn urr%o 7, %‘)? derivat vye s can bind
target cells d|sp|ayiﬁgﬁrﬁe\eeem&péﬁﬁeéwvrﬁdhr@hlarfrawdw@gfﬁé}hariylrﬁéelar@émm(éﬁwmrng of
target cells presentingiterCOC Antipepiidadn:inyedind APUilroh 400631 hediitieicpapidsenodding the
TCR subunits can Q%H%Q%éﬁﬁﬁrmém WRCLQLS; 9@;%5@)"!@&@&%9& R ¥ectays are well
known in the art. Tt e)nuclerc acids or the vectors containing them usefully can be transferred intoa T
cell, for example, a 1'céli from a patient. Advantageously, the invention provides an offthe-shelf
compositid® &l fdwing yaprt i sdieatvinefie Satie HH &R Y eelis pspthissevlarotrerhtfhial) to
rapidly and easily predligeymadified (haeellshayingiekcelient ansewceal Hilkng:prepeities: [0864]Also,

the present inventigg,pf W%h%ﬁ@r‘["hrﬁm%ﬂzweﬂ%ﬁ:@@y(# %ﬂﬁg%ﬂﬂﬂe\é"!mﬁhﬁé&#ﬁl@'c acids

encoding the TCR suetag ’IR %g @{ldes at Bm%égﬁhe CIIt)hCéA‘:1 n{}trdede\ ueS]nEQHee NO; s 3 4.11, 14,
22 and 23 in the con ex‘f SRR ﬁ‘he Réauced gs are ;‘ga"bfe 0 hom“ Ing o cancer ceIIs in
vivo, and can be e%ﬁﬁ%é@%ﬁ%ﬂ)knﬁv?m}éuﬁﬁr%rgdﬁﬁb%ﬁdﬂ%e‘rﬁ‘\ﬂ ‘(@@h}%@w&w BtlEeh g

Immunol., 142, 346713461L(HA89))s Wab iCeld bfiitiednvéniiomearHic\useddo. fons. amck@mmunogenic
composition useful,] fﬁ@@ﬂf@e%&xﬂb@rﬁé@\é%ﬁ'&@x Ridcéﬂﬁ&fdﬂcﬁspéﬁ'%tﬁfh%?%Oéﬁh@ﬁapy or protection

(W02006/(i8&3 1). 1 re(}/(entrlcpo and prog €~:Isa{,)r(! InC|l{J)95'.I n )Eact{h/ét)é -h ed#ces the burden of
mortality orm |d|ty Isease. reventlon ana] % XIS ca ccur“a era secondary and

tertiary preventlon‘I@@é%’“Wﬁ|Pé“1®r‘i’ﬁrh’i‘%ﬁré\/@ﬁﬁ’cwhﬁ@‘b?bﬁhvfa}&sl‘a%ﬂetﬁeiﬂé%%phﬁéﬁ‘t“ﬁ? a
disease, secondaneand teetArY. levelsbol prefdntioiriantbppophyiaxisEacompassacitvtiesaimed at the
prevention and pVC?QHME%X@;9@%“%;9&%@%9(%&!90 Qfg%rdﬁ@%&dﬁ[‘l@d#&e SNCTIRNGR. of.symptoms as
well as reducing the e % |€vue('|m aﬂc&o i arlgead%/ti e‘g’atdlrrlsue dmrsﬂe(ag,%&b ]restorrgg fuqctron and
reducing disease- fefated complications. ,&IternaDtlve y, prevention an proph faxis incliide & wide range
of prophylactic theTé%fé@a‘rh%‘”eHhat“aﬁ’e%’réﬁﬁg‘th%"é’e‘?)ér‘rwdé‘f’fhé‘baﬁi@ﬁlé?‘ﬁ%‘orﬂﬂér‘{ Egredieing the
proliferation and metastesis dfettimiors; sedusing Entiogenesise10Q661edting: af diod focdhens
prophylaxis of canggy @ paRa/REIhe RrsveRtion Al PeskRReRIVa JecuHencR fheress inglvdgs any of
the following steps,; %E&Q Eglst%rgd%aﬂ re ova5 of cancer cells, inhibition of the growth of cancerous
cells, involution or regression of a tumor SAGUEN Sf remission and s suppression of occurrence of
cancer, turtbt regreESicH SEF rédl et BB B astRIY PERESIVENy trOtHE Mo the
prophylaxis of cancemdedreasesmiartalitis.amd imprdves: g prognosis af individuells tawing cancer,
decreases the Iev%@égamaamarke@ram HJQQFE@&%@%M&%@&d@ﬁ%@ﬁ@@r‘@r?)lmp}ﬂméepude
accompanying cancer, w FOr exam Ie}l rielguctlpn or gnpr%\(a ment g Symptoms E{c(ngtlb e(s eﬁectlvely
treating and/or the proﬁh axisinclu 0%, 269%6;30% or more T gductron or stable

100671 VIII. Pharrﬁ‘a‘?fetﬁt%af“a*@éﬁf§56‘rfccﬁﬁd§ﬁléﬁ§m SHRcE @ﬁéﬁf‘ékﬁﬁ@%ﬁﬁ’@é’p@cmcally elevated
in several cancer typescinglading:hr&ast daree i sladdek caittsr, Esddhatigal cancer, small cell lung
cancer (SQxand nop:smallcelllung cangen (NRGh &k as-comparedwithmarmal tissue {Cancer Res
2006 Nov 1; 66(213 0339-48, W020() /028676, W02005/O§9735 W02006 /OBS%% %%02007/013665

W02007/013671), tﬁe“peB tic ggm&gt resen f}rcf\(/)egr?tfio"ﬁ%r} eﬁ/nucle%rﬁ es encoc e peptides can
be used for the tre#tH¥eAt %H?B?%%ﬁ‘h?lgﬁé"ofr BEERE oiihﬁj?ﬁ%‘rd%‘h’d’/%?‘fér‘tﬁ‘@%i:é%ﬁﬁ

postoperative recurnepes theneofu T s, theghresentiyventiongpreides: iifhibrmbeeutical agent or a
composition for treatjagaandéqaf%ma@rwm/@@segmnﬁereseaayreqrua@dreErerear@mria@}eh in

postoperative recufrence tlggrg f,w ‘r{cgh(mrgpg e$,9ne or mare ng} d@e%q of the present
invention, or polynuaeotldes encogl]D ent AIternatlver the present

es as an active i

peptides can be exPIES¥RYGH: tHE é&‘?fﬁ%@rﬁ?‘aﬁ? ‘b“F*fﬁe*f&ég’srﬁ’d@%%}rﬁé%@ﬁ%%hg &5 8R4 AP Cs for
the use as pharmaceutical agents or compositions. In addition, the aforementioned cytotoxic cells
which target any of the peptides of the invention can also be used as the active ingredient of the
present pharmaceutical agents or compositions. In another embodiment, the present inventionalso
provides the use of an active ingredient selected from among: (a) a peptide of the present invention,
(b) a nucleic acid encoding such a peptide as disclosed herein in an expressible form.



(c) an APC or an exosome presenting a peptide of the present invention on its surface, and 18 (d) a
cytotoxic T cell of the present invention  in manufacturing a pharmaceutical composition or agent for
treating cancer or tumor. 100691Alternatively, the present invention further provides an active
ingredient selected trom among: (@) a peptide of the present invention, (b) a nucleic acid encoding
such a peptide as disclosed herein in an expressible form, (c) an APC or an exosome presenting a
peptide of the present invention on its surface, and (d) a cytotoxic T cells of the present invention for
use in for treating ESHEPHFHHOR! e]‘f@@‘?@l&?@rﬁ%‘(ﬁ\?@’]ﬁf fhéEFeRERT H{}éﬁlﬁﬁﬂfﬁl &PpFdYides a
method or proceysstor mariiofactatingragisheceytioaiscomposition or agent for treating cancer or
tumor, wierein theimetpodrofprascessincludasdhe sieneffounulating a.phasmaceifically.or

physiologiealy asigRiable aITGE 20, ARvanaiEsient seleviod Tomamongs. (a)apspide of e

present mventlon ) a nucl eIC acid encod mg uch a tide as disclosed herein i n EXpI'ESSIb|e

(c) an APC or aft éx”bém%é)‘ﬁﬂé%ﬂ ing & peptide 617 Vﬁ?&éé‘h‘% hvshtseH oS ardLe 4id (d) a
cytotoxic T cellsfof thaprasentifpantisrnrascastives ingretiibats24 007 thatanbihely enbosliedent, the
present inventiopnalsg {pEoNigles @ agthackan process fafiatanutachiringraaharmacsutigal composition

or agent for trealingganaet oL WIeh Whereln e ety %%Q%ﬁﬁ&l%@ﬁgAb%étser%é%qmlxmg an

active ingredient harmaceuticall éﬂ hysiologically. acceptable carrier, wherein the active
j e

ingredient is selé}iv B8 IPORTONEE 18 ﬁd‘é"%ﬁ‘”{h‘g Hlsé‘hwﬁ\‘femmw ?B)*E%ieﬁlﬁ%‘FerbDamd encoding
such a peptide asWigetosed-herciespiessiiefoni 2y sisab Ushandfospmehsressintiig a peptide of
the present invemitgrRQitsastiiace] amdlicibility by antigen presentation.
[0045]  When using the A24 tvpe HLA antigen for the exosome or cell, the peptides having
the amino acid sequence selected from among SEQ 1D NO: 3,4, 11, 14, 22 and 23 are
preferably used.
[0046]  Herein, the peptides of the present invention can also be described as "CDCAL
peptide(s)” or "CDCAT polypeptide(s)".
{00477 HL Preparation of CDCA] peptides

The peptides of the invention can be prepared using well known techniques. For

example, the peptides can be prepared synthetically, using recombinant DNA
technology or chemical synthesis, Peptide of the invention can be synthesized indi-
vidually or as longer polypeptides composed of two or more peptides. The peptides can
be then be solated, i.e., purified, so as (o be substantiatly free of other naturally
occurring host cell proteins and fragments thereof, or any other chemical substances,
[0048} A peptide of the present invention can be obtained through chemical synthesis based

on the selected amino acid sequence. Examples of conventional peptide svnthesis
methods that can be adapted for the synthesis include;

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

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

(111} Peptide Synthesis {in Japanese), Maruzen Co., 1975,

(1v} Basics and Experiment of Peptide Synthesis {in Japanese). Mamuzen Co., 1985:

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

(vi) WO99/67288: and

(vi1) Barany G. & Memifield R.B., Peptides Vol. 2, "Solid Phase Peptide Synthesis”,
Academic Press, New York, 1980, 100-118.

f00491  Alternatively, the present peptides can be obtained adapting any known genetic en-

gineering method for producing peptides {(e.g., Morrison 1, J Bacteriology 1977, 132:
349-51: Clark-Curtiss & Curtiss, Methods in Enzymology (eds. Wu et al.) 1983, 101:



(d) a cytotoxic T cells of the present invention 100721Alternatively, the pharmaceutical composition or
agent of the present invention may be used for eithey-pr both the prophylaxis of cancer or tumor and
prevention of postoperative recurrence thereof. [00731The present pharmaceutical agents or
compositions find use as a vaccine. In the context of the present invention, the phrase "vaccine" (also
referred to as an immunogenic composition) refers to a substance that has the function to induce
antitumor immunit inoculation into animals. 100741Th hayr,ma eutical agents qr com ositions
of the present invé%ﬁ%é@%b%%?ép ] "trc%tfitgdtf’é%f%ﬁ&%r%r%ve%%&éﬁ ers %ar%%]orsﬁfnéﬁ 1o Egr}gvention
of postoperative retipFENESTAETRHT i SUPRTIS 6 Patiéhts UGG RGNA SHEAN P Sthethammal
including, but not limitethtoimouse prat; guineqa:pige rabbitpoat] deyysheemgoaty pigyicaitte;horse,
mo_nkey, baboon, @Qﬁ%!. Ghimpanzee; %@!ﬁ"ékﬂ!%@&«@?ﬂ%ﬂ@é%@'y@ ‘_QQH:@M&&E_T"%QE{, ,Agmesticated
animal. [0075]Acc%5g;_g)%tq‘thue K%Jg}as%n_t‘(!n\/ke_)npgp{ %[iygegtlga%% )aving an amino aci ' sequence
selected from amon 5 it “3 ACTEORA DS aRd 23 hiave Deen-found to be HLA- A24 restricted
epitope peﬁﬁa‘é}é or sandich fan induce potent and specific immune response. Therefore, the
present pharmaceutit¢al mgemnts whichindlodecaneof théseuplypeptides bavites the afiino #oid-
sequences of SEQHQ:I'NQ&? ngﬁiﬁlslm%e?p%e@aﬂ %3&&@39?!‘%&’4@%Lﬁ}é"&q)f&&@@tﬁgmgﬁ@t'on to
subjects whose HL A anligen > HEACAZY, I same, applics (o pharmaceiical qaetis o qompositions
which contain polynu?:]leo lides encodin %my of these po]lypep?ldes.(ib‘(?? tanc_ers or'tumors to be
treated by the phatmadeutitaragehtasoreshpuatisRe b e prisertifice Atisls i ietivfited and
include all kinds ofticanceiseo¢itumerswherein €DCikel ysninidive duinattiding dorexanbites oreast
cancer, bladder C&%%%én@é%ﬁ@ﬂ%@b&@@ﬁ%&m%JJ_Q%'&AHQQy%@ﬁ@Ea(_%E*n@a@f?ﬁs&ﬁf&f@&@'bﬁ@'HUr}g
cancer (NSCLC). Jﬁ(]) 71The pre pharmaceutical a or ositions can contajn. in addition

(71The ent pharmaceutical agents or composit
to the aforementionéﬂfdZ gi:eﬁ]\?édﬁ‘\(g?ggﬁlgﬁ 3% ‘Lé)r %’edpi%%es%v\l/ ich ﬁg?/%} he At Hifﬁ/iet%tif“nddﬁ]é}él&rl__s against
cancerous cells, offEFSFERMEEBOEHES Brteirginessiner heptidess bther etlls fiatprasnt the other
peptides, or such. Hemsinddéheecthéropepiidiesithal havethecabilityidornduce G ELsiagainstcdizderous

cells are exemplifigd by LANCEESREGHIC.AMIARRRE(E I midsPified TAAS YRR NAiNigG thereto.

100781If needed, th.%Pharfnaceu]t]ical a%a[]ts r compositi ns_of the present.invention,can op- tionally
. Wi fllt akt I'l.I%gt. e encoued L)%{ epu e, 1 NUC eI1C acid \’Z{H‘dtl()n% a{e Slieat . O
include other therapeutic substances as an active'ingredient, so’long as the substance does not inhibit

the antitumoral effSaE#f Rt abHFE HigRIGiERciBsg ! el tHEehr st B piideO R s mpieic
formulations can inciddeqanticinflaamabory agents,auaimikidlers; dhentetherapeuticd)anid:tne like. In
addition to including,ofhef, therapeutic.skhstances indhe-ngdicament disglt the medicaments of the

present invention ean,als be adminiefeied sefuentially.ar goncyrently wih (g one or mpre other
pharmacologic agenfs. The amounts of medicament and pharma é1og|c agent de end,?or example,

on what type of phafRaédisdie agERHEYigrary e o disesyd veirePthedted fed thecdéneduling and
routes of administratiororkI9itishiauldbécunid erstood: tiadt.iszaddikontoitheingredients: padicularly
mentioned herein, #he Hlarmaceuical ifaapts Ok cRpesitions.of thepiesentiayantion can include

other agenjs copvenfionalin e afhaying regerd e Iype of ormulatiry B uegien In one
embodiment th present invention, the present pnarmaceutical agents or
derivatives thereof. A DNA is suilably composed of bases such as A, T, C, and G, and
T 15 replaced by U 1n an RNA.

[0G52]  The polynucleotide of the present invention can encode multiple peptides of the

N

present invention with or without intervening amino acid sequences m between. For
example, the intervening amino acid sequence can provide a cleavage site (e.g.,
enzyme recognition sequencej of the polynucieotide or the translated peptides. Fur-
thermore, the polynucleotide can include any additional sequences 1o the coding
sequence encoding the peptide of the present invention. For example, the polynu-
cleotide can be a recombinant polvnucleotide 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 polynucieotides through conventional recombinant techniques

using, for example, polvmerases and endonucleases.



20 compositions can be included in articles of manufacture and kits containing materials useful for
treating the pathological conch of the disease to be,treated, e.g. cancer. The article of manufacture
can include a container of any of the present pharmaceutical agents or compositions with a label.
Suitable amtainers 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%%{eyenti%n f one $r more ¢o glitiq’qs( of the. disease. The I%bel\c n also indicate directions
for admint$lfation antl S6 5" TP AUHOA TS CORIATHE FOOLSEE BBy s KiPHaidingca
pharmaceutical agehtselegidpositibh itk pressisnidveriemesnaaptivraliyotirthianipelude a second
container housing-axphammadceuticalliraccepiabledident. i canifurthe pinclpdesethekdnaterials
desirable from a commergialand user.standpointingiuding otherbuffsrs. diyents, filters, needles,

syringes, and package inserts with instructions for use. %lThe“ harmaceytical agents or compositions
can, if desired, be BHEseeH TN ABELR 6 BTSDEHLEr HEURE WHIch-csus EortAll5HS S hore unit dosage
forms containing tHelagtvelyradichi-ahve e R eanakdr Esampie, ivehga & smetpor. piasti¢ #il, such as
a blister pack. Thegsack:oteeispenses peviee vandee accorypanricckbydnstibetions fasadministration.

(1) Pharmaceuticgl ageRis Ok CRMABSIIANSSRUANP %NS PRPUGES A3 62/ Igredient The
peptide of the preﬁgn%mvenpo#g%@tje %m;r_u ?rgd diréctly as a pharmaceutical agent or
composition, or it e %%Eétrs},'t S 6 ' formulated by convention formulation methods. In the latter
case, in aldifibh toYhépidgudeesspting pesept{aention, carriers, excipients, and such that are
ordinarily used for drugs-ean: bevinciud edasragppeo pringenaithautipadiculas fithijatiansefxamples of
such can-iers are gjgglized waier, Rhvsialegical saling, PhasPhale Rutier,culiue fuid. and.sych.

Furthermore, the pharmaceutical agents or compositions can contain as necessary, sta- bilizers,
suspensions, pre.'f‘f,%‘é’R}j;s‘t‘o[_‘ll‘%/té’S,%J _ﬁr" ggtgsa_t' %Iélhed"’gb‘}%f%%?eﬁﬁﬁgﬁﬁﬁ%%ﬁ%ﬁtﬁjﬁéHfsﬁberpggﬁiﬁtositipns of the
present invention 8&fnbenusedfsiaritiedhe apgarpesednwiDIT He peptitts b e fhessdny davemtion can
be pre_par_ed ina mm@m&ﬁaﬁbms&db@fmmm@@fenapnﬁ@s;eﬁﬂﬁ&ﬂresemﬂmmm)to induce
CTLs in vivo. Thepeplidg-copaination caniakedne formmel 8 coekiall L 6amhke soniasied ip each

other using standatrdjt_echpj ue sa.Fgr§xam le, t egpe tides can he chemlcallgl linked or .e‘xpressed as
a single fusion polpaptide’ daqidned” el’ﬁ‘?é)ﬁ%%;tf eSS e COMBIAtloR G5 tHe EaNE 61 different.
100851By adminié¢8fing the peptides of the present invention, the peptides are presented at a high
density by @h&sHLAERrtigRas o8 APTs| Hlan Cldrscdliat sipdcificelly seacilowadehtheicamplex formed
between the displayed neptidgand.the HLARIGEN BreRduees 2tAlerpival: ARC S Abatpresent

any of the peptides of the present Invention on thelr cell suiace, which may e abtained by stimulating
APCs (e.g., DCs) dérved from a st 'Jé@t With the pepﬁi es o ﬁwe"pre‘seh?ane‘ronh, may be

administered to tHPecti Hisd 4s b a6 CRHEard inBUdEs FetHE BE et hribdaggiedsiveness
towards the cancemeeltssdirs de(ncrehsads THeeydiiarnacepticah@gemser. compositions for the
tregtmt_antggogi(l)q)r prﬁYreé?&lPr{bféf GRNAGES @Jgt%waaw@ipw Rciuee @Eﬁ@ﬁi@%_ 9EFH)%@E¢§§Q_H”V9”“0“ as the
active ingredient, can alzo include an adidvant known 1o glfectiveyestaniisn gelldiar cent

invention in vitro, ex vivo or in vivo. When the peptides of the present invention are

? At

administered to the subjects, APCs that present the peptides of the present invention
are induced in the body of the subject. The phrase "inducing APC” includes contacting
(stimulating) a cell with the peptides of the present invention, or nucleotides encoding
the peptides of the present invention to present compiexes formed between HLA
antigens and the peptides of the present invention on cell's surface. Alternatively, after
mntroducing the peptides of the present 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 include 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.

[00571  The first subject and the second subject may be the same individual, or can be



immunity. Alternatively, the pharmaceutical agents or compositions can be administered with other
active ingredients or 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. Adjuvants contemplated herein include
those described in the literature (Clin Microbiol Rev 1994,7: 277-89). Examples of suitable adjuvants

include, but are not i limited t ng ng]‘%h hate al mlnur’g dro |de aum choler% toxin,
0L 1 1’\ Y. ackording 1o geeen m\?en !
salmonella toxin, and '{he fike. 100871Furt ermore, liposéme ulations, granular formulatlons in

which the peptide W§H§b‘8ﬁ8rtg‘?éwftﬁ‘i‘ér‘8?ﬁ§te}%fdfdﬁﬁ’étéﬁ‘ﬁ%’éﬂ%da’ﬁdl FestrAbi aﬂb%?ﬁ‘%’l%ﬁ a lipid is
bound to the peptidéuniay beiconyenienty usdis00Mmisbriesddbodirmheptsydiieplrarmaceutical agents

or compositions 05%“@;@@§%EH{WQ@Q9&EQ&Y{»MHEI% inglude agompenant.whishprimgs CTLs. Lipids

have been identified as agents ca able of pri CTLs.in vivo alnst viral. antl eps Far.example,
g ehfrea ese erein i}‘gz ?eha o “OTNPTises the s T admixing

palmitic acid residues can be attac mlg%he epsilon- an MINO groups of S|ne residue and
then linked to a pépt ae%tctﬁe%teéé‘ﬁf réﬁ/e!n%r}?fqtﬁe ﬁbYd%‘fé’d béﬁt?dé‘é‘é?f‘ﬂ%ﬁ%@yadhﬁﬁ%téfed either
directly in a micellesotgakticlesrinborporaiet vatoianlipgsprmeder &mpdsified i Gie pajewant. As another
example of lipid prining.qf @Tiﬁd‘ﬁ’éiﬂgQﬁﬁsegpﬁé@gdi%w@teinﬁemsaﬁ}tamed by step (b) can be
tripalmitoyl-S- glyc %ﬁ}/steerlg (56 &[l)élsghl gLPBCSS])ncan be used to prime CTLs when covalently
attached to an approprlate pepti eres et al.. Nature 1989, 342: 561-41. 1The method of
administraidndan tﬁér‘d?’at“t%tfade??ﬁﬁt{é’u aﬁéﬁwvﬁﬁ’fﬁﬁ\’/eﬁ}?&fs}) ﬁt]’éb‘tYGn* yeRies! 2h8 Systemic

administration or locakadininitratonmodthdhgileity] of i€ltandetdd!siteshd helathvehistrationecan be
performed by single-agministration Apbeasied; J@ymatlttee el @ti;gewm% dasasftheseptides of
the present |nvent &ﬁ (c(,flp Qel a}dntﬁiec% ap 591 gictcj 1}?&(.1 e @%%af (’39 3% (t? g ted age of the

patient, weight, me of administration, ’an and IS or inarily

example, 0.001 m@‘t@‘i‘b@@lhﬁ‘g‘“fd?%xa%ﬁfép @iflrlﬁtjf%lm %?@‘eaﬁd‘@aﬁ%epadr?ﬁh}%‘t’é’% E?H&e in a few
days to few monthsiQhelskjiteddasthetbrtpoasarappropriat ey sélect aisuitdbledoskic22:266901(2)

Pharmaceutical aggﬁ\ﬁ;% BRIMRGSHIONR £OBIAINNG NolyRUeieatidReasthe acthwingrediant.The

pharmaceuioal agepis,or compgsiians e AresenlL VeNIQN san alfo Conian. nclelo g

encoding the peptides %wlosedﬂhereln IN ah expressi orm. Herein, rase "in an expressible

form means that th%LBdfyhi’fgféé‘ﬁ’deel\%éﬁ"ﬁ’fﬁb’dué'é‘dHﬁfd“é}’déﬁ“ﬁ}iﬂ%@%%f’eﬁbdlH‘G?R/O\/agea
polypeptide that ingecés ahtiitumobdmpenionityd ke desexien plifiedembodifiEnt;thesAtidlelc acid

sequence of thedppiyﬂtme@ﬂde 06 intsesy mqlﬁdewaw@t@ryaalements pagmeryame;@pressihon of
the polynucleoti n otl n.oe egu =1 S e ns Ol'l into the
erLhe R Nu%'?n?e,m%i ?Qt% ﬁag(( ‘w?‘?e%hﬁ?'\j% g éﬁ_}?%ii’

genome of the target ce see, e.g omas apecchi 15%0r a de-
scription of homol5§BéY’ RIS SEERHAVELIGRY): 'G@s!EY, “Wb?'f’i’“@tlall %Bn%‘édlb% 247:
1465-8: U.S. Pateti:Nbsy5:$80;8591:5:6895466, 5804, 58653, 730145181 57 88,824051679,647; and WO
98/04720. Examptegq@tnlgd\gﬁ-@aﬁedydelMet;yntggéytglggles include "naked DNA", facilitated

(bupivacai ly ‘de jated) delivery, cationic lipid complexes, and particle-mediated
("gene gune))%ggr%rg;i? ‘ﬂrﬁp 1m§ﬁ| very (see, e.g., U.S. Patent No. 5,922,687). 1009The peptides
of the present mven%tdﬁi‘%ﬁ’r’f‘algdﬂel %@Z%@d%ﬁ/‘\ﬂi‘éﬁd"%ﬁ%ﬁ@ﬂ%ﬂ %@fb%c‘ﬁﬁ‘aﬁt‘ﬁ%%"&f expression
vectors include attéruatedchvital hostsicsyehras: vagehma orfewhpox T hiscapprieshanvelvesitiie use of

vaccinia virus, e. gmas,@weﬂt@m;exweaanudaopaaieenwn@@mmmnﬁe%me peRtidgs&pon

introduction into a,Agst, Ihe 1ecombInANtvaceiia,y r%% XRresses e, #Q& el Beptlgeffand
thereby elicits an immune response. Vaccinia vectors a methods usefu |n |mmun|zat|o protocols

are described in, &1§.POE ' PEREAENO. 4,722,848. Another vector is BCG (Bacille Calmette Guerin).
BCG vectoi§@re deseribedoie:stoler!tab. INakinenddt 351dab56s60in4 tvide Madistyt ohother vectors

useful for therapeett&adminiﬁtratiQndwu&]tmunmetidttesgmademamdfad@ﬂeaagedatedyirus vectors,

retroviral vectors, S glla, X Xifi hr tor. he. like, wijll be
apparent. See, e. %0% ?ﬂ Pfﬁlf'im (F %?)%%a%i%eelgaﬁ ;gs %Eiég Od? gc Lfﬁa& ei? oc Biol 2000,

68: 793-806: Hipp at 4, ‘tﬁ"tﬂ%‘%bt?%%%‘%‘ t‘)}‘fi‘dt)@%i‘iﬁét%ﬂ?‘otfa”ﬁo&\/ﬁﬁéféatﬁ“éifﬁto‘%isubject
can be either dire¢teiniwhichaoageithe: Subjéet is directly exposed to a polynucleotide-carrying vector,

or indirect{@ngvhich paseeelisare first meﬁfetmedaNIIMe@e}yﬁmﬂd&nﬁm@&m vitro, then the
cells are ”a”Sp'ag%?eQéHE% géf'c?é?% s}@g%‘%e%?n@&&{%cﬁﬁ%@[% resﬁ%ﬁ HVely, g% in vivo and

ex vivo gene therapies. 100931For general reviews of the method s ene herapy, see Goldsplel et
alL, Clinical Pharm&6JF9'ge3retsnaanstie: RFY SHA G Bﬂﬁﬁl@ﬁ?}’i@@‘f@bg?}‘% %(b‘ltét‘d‘“sﬁ‘ev 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



23 1993, 110): 155-215). Methods commonly known in the art of recombinant DNA technology which
can also be used for the present invention are descgbed 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. [0094jThe method of administration can be oral,
intradermal, subcutaneous, intravenous injection, or such, and systemic administration or local
administration to the \lICInI of }the}tar eted. S"teﬁ finds use.. g} ministration can be ertormed by
single admlnlstra‘tlon hoosted {yernujt’pt’éﬁé/t minfstad oﬁu elshee 058 Of ¢ %ﬁp’elﬁifﬁﬂ’aeotld‘e in the
suitable carrier otheems%nsfan&té&mmnﬁn@p&t%%teeﬁ@eveﬁebmﬁgﬁlté péphitiesat thespresent

invention can be adjeisteit appropriately mecdrdingite thediseaseiiombinireatedi-age efithe patient,
weight, method ﬁ%atntstr@tnnn@mtéwcna@nq1—:-%95@%@&'%%%%&9&%99@9@%sxamp'e 0.001
mg to 1000 mg, r§ %qm *1 m tp 10 r%n ’ 3 gan (?David inistered on very a few days to
once every few e skifféein t &é}%a? CAn Apprep (—ft@sgpec:ti Pﬁiet“%usltt [ §658" 1009511X,
Methods usina t%@il%@fpépﬂmsltéf&h@p%géh@mhtmﬁ%@péqyﬁ%t%ﬁtide@éhe@am@such
peptides can be usedJordnducing ARGCS andLTISTIThesekosomes and APCs of the present invention
can be algpdtsed fofinfuoing CJiLs Tk peptides, polynucleotides, exosomes and APCs can be used
in combination W|tth1a % other. com oun ds so Io as the comp ounds .do not inhibit their CTL

sent ipvenlion giso provi d CONl EQ;]U u)n amnpe nucleic acids e
inducibility. Thus, any e aforemen |on8d armadabticds tg S oFeBnipositionsd e Bresent
invention can beHﬁ%éﬁFPé‘rdFr‘fdh@intj-’ G@E‘glf‘e{ﬁd GFHBERIPWREete, tsdaarrtinding-Re pabtides and
potynucleotides canhodsalsoder usechfor. iMbeGifig ARGS @& disdussat ibetdiord 00F61{L) Method of

inducing antlgen&tﬁsewmleﬁuwtpgﬁ)dgmptesen&énysreenﬁwees meghgqg pfijaducing APCs
using the peptides pf the esent t|Event| on or al nu ctﬁq% encodin E ptl Cﬂlﬂe induction of
APCs can be per orr“rjfed} ésgrl abo€v%{|‘hesjec ion VA %tl‘é%n Sres('en ing celfs e present
invention also pré\lﬁwégwhﬁbtﬁoﬁlfeﬂqu‘fﬁmm H”é\t?n@%“ﬁ@h)fébemﬁ“@ﬂﬂ‘f?@u@%ﬂ&y,%e
induction of whichitragibé éw @lEamEricheddntestheritbnd ohivinAntigenasesenting €eds"”, supra.
10097Method of ipdyging ﬁaft@tdwtmerwewe @t%tﬁﬂtgtt@@t@@ﬁ%\éms wethads tel;dngiucmg Clts
using the peptldes t?(]; the qpéesent lnve ‘?ppl nucleofides e?COdméi xos%mes or APCs
ion

1o ld[f:(i ue O T.diﬂ’ eseill
presenting the pep 1'also rovt es me B cﬁjcmg Feinis using a

S. hresént inven
polynucleotide eNE6Uig 4 pﬁfypeptlde that is capable of forming a T cell receptor (TCR) subunit
recogniziiig @ complexof ithe péptidesdh thecpreSenttimvientiorband: fitcdnantigensiilateéerably, the

methods for induging, & T3S 24 GAMPEISE: @ﬁ*ﬁ@g QG RIER %@é@%ﬁ%qmt@w reRPRASISting of: a:

contacting a CD8- pgsmv T cell with an antl prefeptm %el /or g hat presents on its
o1 the ved ()ib COL dlﬂ lciﬂ‘) 61F€3 m O d
surface a complex of an HLA antigen and of the present Invention, an mtroducmg a

polynucleotide ef&edilg & péﬁ)pgﬁﬂh‘eftﬁéﬁ% gépﬁﬂté%f%}'nm?g% WW%Bﬂﬁﬁ“re‘EdﬁFﬂzmg a complex
of the peptide of thespréisant povemtionemth amplll Avadtigenointd aGB8 Ppasitive deltellb {00881 When the

peptides of the p()@%ﬁ%m\éﬁmﬂi@[mf@ agministered;10 ﬁr&u@@ﬁ{o&}ﬂfwﬁt@ induead inthg.hody of the
subject, and the streng p{\glte immune response targeting the cancer cells is enhanced. Alternatively,

the peptides and poTynucIeotl es'e codlng the peptides can be used for an ex vivo therapeutic

method, H\Wkich stibfechseiivel BEREANI CH8s-hositive 8ire SrearfsHar ArpiosatimaieRuclear
leukocytes are comtactéd stimutated)witheth€ Reptides pbiee prdsentirvetiominCGIEos And after

inducing CTLs, thesaatvatedian callsare returned o the suhiest farexample thesmethod can
Inc“:%e _the Stepst}?t]:ndmeg(alﬁcun LdeD%e 0 mstlﬁp e&)t Ld%bglo{] ‘9 H}n voltgntcpuzn eC esngxntge«ﬁ) a, with the
Pepuae., by well known culturing methods in vitro (e.g., Kawakami et al., 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 (WO2006/031221).

[0065]  Prevention and prophvlaxis 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 deve]apment of a disease, secondary and tertiary levels of preventi(m and



c: mixing the APCs of step b with CD g+ T cells, and co-culturing for clueing CTLs: and d: collecting
CDs T cells from the co-culture of step c. [0099]Alternatively, according to the present invention, use of
the peptides of the present invention fry manufacturing a pharmaceutical agent or composition
inducing CTLs is provided. In addition, the present invention provides a method or process for
manufacturing a pharmaceutical agent or composition inducing CTLs, wherein the method comprises
the step for admlxmig or for uéa{\téggetg}}e pep E%%grQJnthe resert\(t)lnvegn‘tﬁlg Xgligh a prtlatr Caceutlcally
acceptable carrier urthe e e present invention also prgwaesmfhe peptide ‘of the reslecfﬂ invention for
inducing CTLs. TH ek alﬁ é@ﬁé‘ﬁaﬁ?ﬁ%@l%Wétﬁ&&tﬁc?wf@f%%ﬁéﬂiﬁy%ﬁéﬁ 6‘8&7&“!3e%%%stered to

the subject as a vackine chhplARCst0Me mixed with thetiGDaRiFpTopblBuns atbdvéestep (& camealso be
prepared by transfergnggenes m@mt%&e presentpeptides into.the ﬁ%&e&%wéﬁge@bow in

section "VI. Antlgen opregentln 51 but are n. tI|m|§ed thfreto Acc rdin Y. APCs or exosomes
’ii” rolferation anc Hi'x SIS O THINOrs, rec ULH’E z,newz%
cells can be used To e‘" resent method.

which effectivel presents the presen peptides to
[0101]The ik |ng@ﬁéﬁ*ﬁﬁlé@-‘%?ef%‘ré}%ﬁféﬁlwﬁlU@fra%étﬂﬁé”bfé%‘é/ﬁt ﬁﬂ/é’?&i%ﬁtéﬁﬂ‘fo%%m one of
ordinary skill in makiagtardasingnthehsamieinthdexampies:die¢i notliptendesuirh anywyayaio otherwise
limit the scope of tR%alWa@Bﬁ@&hc%%@éﬁP'%ﬂ%@é‘rpélfqgéM@Q@ﬂﬂﬁl@@aﬂ@cl\dﬁlf&%% faeliilings orAC4
lymphoblastoid cell Ilne( &A%Al ECL “%{enre e%'g%% 415( ﬂe‘gl 5))4 trapeeﬁocglqn(artloq i\]/vilm %pﬁteln -bar virus into
HLA-A24 positive ﬁuman Iymﬂh didate seiedlion pep ides derived from CHEAL  9-mer
and 10-mer pept|o‘é‘?&!e%ﬁT}‘d}n‘@{)’é’%‘i‘tﬂ%f’blﬁbi“f&‘f\ﬁ‘A’%(*’E%‘Z‘WeFé%?éﬂ?&fe‘ﬂetﬁ%mgdbﬂﬁ‘érng
prediction softwarehtBiigkS!a it tpf funeey-Bimasssitnitudjovimolbipfhias ding)pwhick @garithms had
been described by;Rarkgr Kevigk @L&émmue@@%%ael@(@ n%@?n ferendiurushimalsetal.(Blood
209, 98(6): 187281, Lngse pepides were syihesized by American beplide Company Inc.
(Sunnyvale, CA) accor |ng {0 4 standarc sofla seys Hesis meI odand I{”u?ﬁ‘“ ed b()} réVersed phase
high performance Hﬁl)i?ﬂ"%?l*?ﬁél%ﬁt’@@?‘a’l‘ﬁhy‘(?-}pl“@)’ "Tﬁé%ﬁ‘}w PLODRAY AR fﬂf@i&éhf‘t%ﬁéf iHaugeptides
were determined h}d%na{y%lcaﬁ)%lBLﬁi(amdamasszspestabmefsyeamalyss respectively. Peptides were
dissolved imgtimethylsy n6hatored at -80 degrees C. 101041In vitro CU
Induction Monocy -de endritic ceI S (DC re, Use d.as anti resentin APCs) to
induce cytotoxic T Iympﬁg\(gﬁéi C}Cf’“i* EI)eFels(,mogcﬁg %L§)L§|Y s% e»af: Lcizl <t %F}gggnteé%rtl}ﬁuri%anﬁleuﬁécyte
antigen (HLA). Dd@%ﬁe&@‘é}rﬁe@h‘(‘eﬁ”m%% ﬁé"@é@&iﬁé@“&%e rectNarasatee sSediS Cadcer Res

2003 Jul 15, 63(14»4 1248k 8Bpegifivalty ( Nsfipkeral blopdrononuctear cells: (PBMEd})dsolated from a
ng;]mal volunteerI(tdieéw&*ﬂogemiﬁm%@%iﬁQHﬂDmk &'?@W@@/@QM@W@{W@%@ by
adherencetoap u ¢cton, Dickins s to enrich them as the rnonocyte
fraction. The monﬁ%@ﬁ}ﬁgﬁ’% Kc?ﬁ@qé@%véz cU’Itu ?r[l} %ﬁeﬁpre elﬁcb{’ei)tdfjied%)bfr Ipﬂ%ynu

granulocyte- macréb"r‘nﬂgiﬁ“é‘éﬂ‘dh&/“gﬂ I8 facibPY Bt EB Eyy RED Sy ste iy anariobo it of
interleukin OL)-4 (R&BrSystem). imAIM Nt Mediare(livitrO gendmomtaning i7¢tdeahtindciivated

autologous Sefumiﬁé@eqéﬁﬁ‘ih%ﬁ@ﬁ gboutyrepthecyiaking-ipauced Q%M&ﬂﬁ@rﬂ%&s@@h\%@ 20 micro

g/m1 of each of the L Synthe ey1 ap%p |de§0|pt&rg}e_e?r(exselglce of & ficro g mm of 03%2; croglobulln for 3
hr at 37 degrees SinAl fum. The generate cels aj ap e red 10 express erassSciated

molecules, such a"EE80 ﬂetseé eIBE ARB S R4S AT eI PERIHEt FAkE P (B4t HOEBHBWN).
These peptide-pulsephDEs iwerdsthan idactivatechbbyeMitomycin Ci{MME) (30l mickoveinl| foe 30 min) and

mixed at a 1:20 rajje wiltpapialagonsCRBE Teaclisirhiained by positive splectionawith,GL8Positive

Isolation Kit (Dynal Th S ere setup in 48-we I blates Cornln each well ntalned 1.5x
104 peptide- pulseé 2:D s% fis gggbg}l ce iis &ndl 10 hg/n 1“4 fES7TRED “é%/)gfienrﬁ in O 45'&9

AIM-V/2% AS me&“ﬁnﬁ"“ﬁf’r‘i‘ﬁ@é‘]aa%‘léﬁ%‘f”iﬁe‘séﬂ!ﬂlﬂﬁr %Wé%%f &ipp éh’?é?’fﬁéﬂiwltﬁ e Qlﬁ(eliﬂmon\l) toa
final concentratiorraf 20d B¥micOrs dayadiandnttdihet Dicblswene dérfurther stimedatedrwithithe
autologous peptidgrpuised DCs. The DC:5; were prepared each time by the same way described
above. CT test ainst peptide-pulsed A24LCL cells after th ound.of peptide stimulation
on day 21 ( aﬁzka g??a “Br %ar?ﬁé%b e em gl "84 5) 19514)1%%p U}Fﬁano%e%"glo%nj ancér 2001 Apr
20, 84(8): 1052-7: W?B&“Rf%%%ﬁi féffh"é’éfﬁter Res 2004 Dec 15, 10(24): 8577-86; Suda T et al.,

Cancer Sci 2006 May), O7(B)d4 o118 WatamaberFiet.al., Cancer Sci 2005 Aug, 96(8): 498-506).

{b}) a nucleic acid encoding such a peptide as disclosed herein in an expressible form.

{c} an APC or an exosome presenting a peptide of the present invention on Its

surface, and



[0105]CTL Expansion Procedure CTLs were expanded in culture using the method similar to the one
described by Ridden etal. (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 104 CTLs were suspended in 25 ml of AIM-V/5%
AS medium with 2 kinds of human Blymphoblastoid cell lines, inactivated by MMC, in the presence of
40 ng/ml of anti-CD3 monoclonal antibody (Pharmingen). One day after initiating the cultures, 1200f
IL-2 were addedﬁgowthe CU't,U!ﬁ.S;%h %ulturegs were fed with fresh AIM-V/5% AS medium containing 30
ILT/m1 of IL-2 off tA§E B 8RS i‘%f RBRAT P HmU8) cancer 2001 Jan 5, 84(1): 94-9: Umano Y et
al., Br] Cancer 2001:APpO0 i8S AOBLCPHIEKidapib Bloal o' GHANCEN epRes 2004 BéenS; 10(24):
8577-86j(Bada T at@inCancenSete2006Mayi @ o)h41h-2iMatanabhe: Tngtalis:CaneerSci 2005 Aug.
96(8); 498-506) 7101061 Establishment of CTL clones The dilutions were made to have 0.3, 1, and 3
CTLs/ well in 96 round-bot ome‘%ﬁmip(o titer plate (Nalge Nunc International). CTLs were cultured with
1 x 104 cells/ Well(-gf"zpﬁﬁxf S 8F HGMEAB-I)MBHSBlastoid cell lines, 30ng/ml of anti-CD3 antibody, and
25 U/m1 of IL-2 irffa totatlefc1otnerd aveof BIMAE Mediclvredhtating BuenSeso micrad! well of
IL-2 were added t@ the Arediunn k0 days ipieesonoaeaniia dinakgoaeentratiotivafch2as LI/ml IL-2. CTL
activity was testgglon.thg 14th day, and CTL clones were expanded using the same method as
described above (Uchida N et I.zéglin Cancer Res 2004 Dec 15, 10(24): 8577-86; Suda T et al.,
Cancer Sci 2006 5)‘},"@%33‘:"1?1— SWALSTABEY BYST®ancer Sci 2005 Aug, 96(8): 498-506).
10107]Specific CTr 8&iitlpr rerbRafiifesPe8mMeTTTL activity.interferon (IEN)-gamma enzyme-linked
immunogot(EL LSiROiE) edsayapedmNrgamina fernymedinked: imrnsdosorbeatsassay {lnl-1SA) were
performed. Spegifically, ReRIGRIRUISED ARtk dhnLOdyell) was Prenated: agsiimulatee cells.
Cultured cells in 48 w ﬁs were used %?ur(%sponder C ys. IEJ\II-i%am a ELISPOT assaglhand 'EN-gamma

ELISA assay Wetlrlg 'B’eef 8%’68%%“_ anu éc(f&t%p_ ﬁ?o.ég ur_él. Dic: T&%"éﬁé‘%&ﬁ% the’cells forcibly
expressing eithéPSEHbtHcEE IS rgaioverie) andcieAnazdion sthestebNAenBdding an open reading
frame of target geiaes giphiic’cAR4 wasamphiiedoy PCR. The PCR-amplified product was cloned into

PCAGGS vector. fhe PJéﬁiRiQéid\’&{&%ﬁﬁg%(ﬁ%tg(?»é}}]ﬁ?;&@%ZgW@@'ﬂéfem%t%%%&%%%%,
0 nwtro}ﬁfﬁng aﬁcordlnﬁ to the. manufacturer's
th

HLA-A24-null cell Ilcsw%ut@eg lipoleetamine 2000 (In Ing.to ! !
recommended préc edurés: Rff&%&%%?r%ﬁﬁ?% falfio aRSTedted A V& harvested with
versene (Invitrogenjsnddsed as the target cells (5 x 104cells/ well) for CTh activity assay.
101091Results PredictiancaidHl AA24 binding peptides derived from CDCA  Table 1 shows the
HI,A-A*2402 binding ReRtiges §EDCA I in order of highest binding affinity. A total of 40 peptides
having g%@gtial .LA-A%?L blngém ablll%were selected and examinged to %&tggmme the epitope

peptided. 28 [Tab e L2 L ATAS A Eisding o 3o dBHURA Hroy EOCAT S bSSHiSAiNG acid
sequence Bindir’i‘ﬁ‘%&%‘f‘é‘m”g a pharmaceutical composition or agent for treating cancer or wmor,
wherein the method or process includes the step of admixing an active ingredient with
a pharmaceutically or physiologically acceptabie carrier, wherein the active ingredient
is selected from among:
{a} a peptide of the present invention,
(b} a nucieic acid encoding such a peptide as disclosed herein in an expressible form,
(c) an APC or an exosome presenting a peptide of the present invention on its
surface, and
(d) a cvtotoxic T cells of the present invention.

{0072} Alternatively, the pharmaceutical composition or agent of the present invention may
be used for either or both the prophyiaxis of cancer or tumor and prevention of post-
operative recurrence thereof.

{0U73]  'The present pharmaceutical agents or compositions find use as a vaccine. In the
context of the present invention, the phrase "vaccine” {(aiso referred 1 4s an im-
munogenic composition) refers to a substance that has the function to induce anti-
tumor immunity upon inoculation o animals.

{0074} The pharmaceutical agents or compositions of the present invention can be used to



SEQ ID NO. 36 INPN PK I'EVL 300 74 N1YPLLMEGFL 300 RFTSGIINE1 25.2 3 335 KTEENSFKRL
17.28 4 432 KY1IDGIEKAA 16.8 181 KQLSDGIQELg

treat and/or prevent cancers or tumors, and/or prevention of postoperative recurrence
thereof in subjects or patients including human and any other mammal including, but
not limited 1o, mouse, rat, guinea-pig, rabbit, cat, dog, sheep. goat, pig, cattle, horse,
monkey, baboon, and chimpanzee. particularly a commercially important amimal or a
domesticated animal.

[UO73]  According to the present invention, polypeptides having an amineo acid sequernce
selected from among SEQ 1D NO: 3, 4, 11, 14, 22 and 23 have been found 10 be HLA-
A24 restricted epitope peptides or candidates that can induce potent and specific
immune response. Therefore, the present pharmaceutical agents which include any of
these polypeptides having the amino acid sequences of SEQ ID NOs: 3,4, 11, 14,22
and 23 are particularly suited for the administration to subjects whose HLA antigen is
HLA-A24. The same applies to pharmaceutical agents or compositions which contain
polynucleotides encoding any of these polypeptides.

[0076]  Cancers or tumors 1o be treated by the pharmaceutical agents or compositions of the
present invention are not limited and include all kKinds of cancers or tumors wherein
CDCAT is involved, including for example, breast cancer, bladder cancer, esophageal
cancer, small cell lung cancer (SCLC) and non-small cell lung cancer (NSCLCO).

(0077} The present pharmaceutical agents or compositions can contain in addition o 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
abitity to induce CTLs against cancerous cells are exemplified by cancer specific
antigens {e.g., identitied TAAs}, but are not limited thereto.

[0078]  If needed, the pharmaceutical agents or compositions of the present invention can op-
tionally include other therapeutic substances as an active ingredient, so long as the
substance does not inhibit the antitumoral effect of the active ingredient, e.g., any of
the present peptides. For example, formulations can include anti-inflarnmatory 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,

[6079] It should be understood that in addition to the ingredients particuiarly mentioned
herein, the pharmaceutical agents or compositions of the present invention can inciude
other agents conventional in the art having regard to the tyvpe of formulation in
Gguestion.

[OUB0]  In one embodiment of the present invention, the present pharmaceutical agents or
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[OOBT]

[OUs2]

[OUR3]

[0084]

[0085]

compositions can be included in articles of manufacture and kits containing materials
useful for treating the pathological conditions of the disease 1o be treated. e.g. cancer.
The article of manufacture can include a container of any of the present pharmaceutical
agents or compositions with a label. Suntable containers include bottles, vials, and test
tubes. The containers can be formed from a variety of materials, such as glass or
plastic, The Iabel 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 di-
rections for administration and so on.

In addition to the container described above, a kit including a pharmaceutical agent
or composition of the present invention can optionally further include a second
container housing a pharmaceuticaliy-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 agents or compositions can, if desired, be presented in a pack or
dispenser device which can contain one or more unit dosage forms containing the
active ingredient. 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 ad-
ministration.

(1) Pharmaceutical agents or compositions containing the peptides as the active in-
gredient

The peptide of the present invention can be administered directly as a pharmaceutical
agent or composition, or if necessary, that has been formulated by conventional for-
mulation methods. In the latter case, in addition to the peptides of the present
invention, carriers, excipients, and such that are ordinarily used for drugs can be
included as appropriate without particular limitations, Examples of such carriers are
sterilized water, physiological saline, phosphate buffer, culture fluid and such. Fur-
thermore, the pharmaceutical agents or compositions can contaln as necessary, sta-
bilizers, suspensions, preservatives, surfactants and such. The pharmaceutical agents or
compositions of the present invention can be used for anticancer purposes.

The peptides of the present invention can be prepared in a combination, composed of
two or more of peptides of the present invention to induce CTLs in vivo, The peptide
combination can take the form of a cocktail or can be conjugated o 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 the present invention, the peptides are presented at a
high density by the HLA antigens on APCs, then CTLs that specifically react toward

the complex formed between the displaved peptide and the HLA antigen are induced.
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Alternatively, APCs that present any of the peptides of the present invention on their
cell surface, which may be obtained by stimulating APCs (e.g., DCs} derived from a
subject with the peptides of the present invention, mayv be administered to the subject,
and as a result, CTLs are induced in the subject and aggressiveness wowards the cancer
celis can be increased.

[0086]  The pharmaceutical agents or compositions for the treatment and/or prevention of
cancer or tumor, which include a peptide of the present invention as the active in-
gredient, can also include an adjuvant known to effectively establish ceilular
immunity. Alternatively, the pharmaceutical agents or compositions can be ad-
ministered with other active ingredients or can be administered by formulation into
granules. An adjuvant refers 1o a compound that enhances the immune response
against the protein when administered together (or successively) with the protein
having immunological activity. Adjuvants contemplated herein include those described
in the literature (Clin Microbiol Rev 1994, 7: 277-89). Examples of suitable adjuvants
include, but are not limited to, aluminum phosphate, aluminum hydroxide, alum,
cholera toxin, salmonella toxin, and the like.

[0087]  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.

100881 In some embodiments, the pharmaceutical agents or compositions of the present
invention may further include a component which primes CTLs. Lipids have been
identified as agenis capable of priming CTLs 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 present 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. coll lipoproteins, such as tiipalmitoyi-S-glyceryleysieinlyseryi-
serine (P3CSS) can be used to prime CTlLs when covalently attached to an appropriate
peptide {see, e.g., Deres et al., Nature 1989, 342: 561-4).

{0089] 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 multiple administrations. The dose of the peptides of the present invention
can be adjusted appropriately according to the disease to be treated, age of the patient,
welght, method of admimstration, and such, and 1s ordinarily 0.001 mg to 1000 mg, for
example, 0.001 mg to 1000 mg, for example, (.1 mg to 10 mg. and can be ad-
mnistered once in a few days to few months. One skilled in the art can appropriately

select a suitable dose.
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[0090]

[0091]

[009Z]

(2) Pharmaceutical agents or compositions containing polynucleotides as the active
ingredient

The pharmaceutical agents or compositions of the present invention can also contain
nucieic acids encoding the peptides disclosed herein in an expressible form. Herein, the
phrase "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
polyrucleotide(s) can be equipped so 1o 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. 3,580,859 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
gun”) or pressure-mediated delivery (see, e.g., U.S. Patent No. 5,922.687).

The peptides of the present 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
1o express nucleotide sequences that encode the peptide, Upon introduction into a host,
the recombinant vaccinia virus expresses the immunogenic peptide, and thereby elicits
an immune response. Vaccinja 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 usetful for therapeutic administration or immu-
nization 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., J Leukoc Biol 2000, 6%:
793-806; Hipp et al., In Vivo 2000, 14: 571-85.

Delivery of a polvnucleotide into a subject can be either direct, in which case the
subject is directly exposed 1o a polynucleotide-carrving vector, or indirect, in which
case, cells are first ransformed with the polynucleotide of interest in vitro, then the
cells are transplanted into the subject. These 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 Pharmacoi Toxicol 1993, 33: 573-96; Mulligan, Science 1993, 260: 926-32;
Morgan & Anderson, Ann Rev Biochem 1993, 62: 191-217; Trends in Biotechnology
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0095]

{0056}

(0097

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 adrmanistration can be oral, intradermal, subcutaneous, mtravenous
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 polynucleotide in the
suitable carrier or cells transformed with the polynucleotide encoding the peptides of
the present invention can be adjusted appropriately according to the disease to be
treated, age of the patient, weight, method of administration, and such, and 15 or-
dinarily 0.001 mg to 1000 mg, for exampie, 0.001 mg 0 1000 mg, for example, (L1 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.

Methods using the peptides, exosomes. APCs and CTLs

The peptides of the present invention and polynucleotides encoding such 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 or compositions of the present invention can be used for
inducing CTls, and in addition thereto, those including the peptides and polynu-
cleotides can be also be used for inducing APCs as discussed below.

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

The present invention provides methods of inducing APCs using the peptides of the
present invention or polynulceotides encoding the peptides. The induction of APCs can
be performed as described above in section "V Antigen-presenting cells”. The present
invention also provides a method for inducing APCs having a high leve!l of CTL in-
ducibility, the induction of which has been also mentioned under the 1tem of "V1
Antigen-presenting cells”. supra.

(2) Method of inducing CTLs

Furthermore, the present invention provides methods for inducing CTLs using the
peptides of the present invention. poiynucleotides encoding the peptides, exosomes or
APCs presenting the peptides. The present invention also provides methods for
inducing CTLs using a polynucieotide encoding a polvpeptide that is capable of
forming a T cell receptor { TCR) subunit recognizing a complex of the peptides of the

present invention and HLA antigens. Preferably. the methods for inducing CTLs



15 29 432 KYIIDGIEKA 13.2 30 387 VYLRVTTIN 10.5 31 186 GIQFTQQSL 10.368 32 48
IYMR.ALQIV 9 33 Start position indicates the numper of amino acid residue from the N-terminal of
CDCAL. Binding score is derived from "BIMAS". [0111]CTL induction with the predicted peptides from
CDCAL1 restricted with HLA- A*2402 and establishment for CTL lines stimulated with CDCAI derived
peptides

comprise at least one step selected from the group consisting of:

a: contacting a CD8-positive T cell with an antigen-presenting cell and/or an exosome

that presents on its surface a complex of an HLA antigen and the peptide of the presemnt

mvention, and

b introducing a polynucleotide encoding a polypeptide that is capable of forming a

TCR subunit recognizing a complex of the peptide of the present invention and an

HLA antigen into a CD8 positive T cell.

[009K}  When the peptides of the present invention are administered to a subject, CTLs are
induced in the body of the subject, and the strength of the immune response targeting
the cancer cells is enhanced. Alternatively, the peptides and polynuclestides 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 the present invention in vitro, and after
inducing CTLs, the activated CTL cells are returned to the subject. For example, the
method can include the steps of:

a: collecting APCs from subject:,

b: contacting with the APCs of step a, with the peptide:,

¢: 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 .

[0099]  Alternatively. according w the present invention, use of the peptides of the present
invention for manufacturing a pharmaceutical agent or composition inducing CTLs is
provided. In addition, the present invention provides a method or process for manu-
tacturing a pharmaceutical agent or composition inducing CTLs, wherein the method
comprises the step for admixing or formulating the peptide of the present invention
with a pharmaceutically acceptable carrier. Further, the present invention also provides
the peptide of the present invention for inducing CTLs,

[0100]  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 Hinited
thereto. Accordingly. any APCs or exosomes which effectively presents the present
peptides to the T cells can be used tor the present method.

[O101] 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



CTLs for those peptides derived from CDCA1 were generated according to the 29 protocols as
described in "Materials and Methods". Peptide specific CTL activity was determined by LEN-gamma
ELISPOT assay (Figure la-f). It showed that CDC:Al-A24-10-119 (SEQ ID NO: 3), CDCAI-A24-10-335
(SEQ ID NO: 41, CDCA 1 -A24-10-48 (SEQ ID NO: I 1), CDCA1-A24-10-5 (SEC) ID NO: 14),
CDCA1-A24-9-8 (SEQ ID NO: 22) and CDCA | -A24-9-56 (SEQ ID NO: 23) demonstrated potent
TEN- -gamm r,c;)du ule oL o0 the control wells. Furthermore, the cells in the positive well
number #8 |mulat ’ AEASA10-119 (SEQ ID NO: 3), #1 with CDCA1-A24-10-335 (SEQ ID
NO: 4), #1 with CDGAILAES-10-48 (SEQ ID NO: I 1), #4 with CDCAI-A24-1 0-5 (SEQ ID NO: 14), #2
with CDCA -A24-9-8X(SEQn i NBs 122) @t di #2 (Withi CDCALsAR4 356, (SEQ 1D NG f@3)avere expanded

and established CTLjines.Slk.activity,of thoseAcT LJings was determiped-bx IEN-gamma ELBA

assay (Flgg(rﬁz g D. (!t §h \C/I\{egeliggtt“%II(C{‘TL‘Ilges,e{mqr}smgtgg gtent IFN-gamma production against
the target ce uls arget cells without peptide pulse.

On the other hand, HOETE s BEEPHESStEbIRhE DY Sir Ié‘?rﬁr’i’\ﬂﬁ’tl‘f’dﬂﬁé peéptidesydespite the
peptides had possibtelbindingnadtivity svitedilidnstZd02e FBINA&Nple, typical negative data of CTL

response stimulateg, WMQQ/M%A%MJ%@%QA@& N%%)m%sha%mﬂgmérgj@&%égure 29.
The results herein mﬁc%tegg |‘_ﬁ t',%ﬁg(ﬁj‘?[}ﬁ trprﬂ C}P}C }ﬁ(%?{]'{'f}’ I@#lech gotent CTL
0 L

lines. [0112]EstabI| hment nes against C CArs &cifi peptl clones were

established by limitit dcﬁﬁ‘t%n ﬁM@T Eﬁﬁﬁ%§%’%§’és‘€f?i’ﬁe“d‘?ﬁ‘ﬁf\h7§féHélé‘ﬁ?ﬂd‘ﬂ)ﬂe‘fﬁb‘&é" and
IFN-gamma produtharpfroninCTEuclonesafainstdarget cels pudsed soéptidiesweyetidatermithed by

TtEN ?a;mdmatlﬁLSISEﬁqa AieFole ﬁRfFJEéH am%mg@u%&gﬁﬁnﬁf@%mm&#ﬁmﬁﬁ iLcglongs |
stimulated wi in eCITIC ctivit NS rae Xogenouslv
ﬁ_lgg&‘%gq,% 4 utg/ (]le}% é)ﬁ) él%‘ﬁ_ ]ilne etery ne§ %V .-,md H ﬁﬂ? F

expressing cbcAlan eesta S raise ain tides were
examined for thelr‘Hb’lIW%“E@&B@WFZ%H&‘F@]@@’ée’f%’ﬁﬁ%ﬂ‘@bd?ﬁéd%ﬁ*%%% %@G B‘II:A A*2402
molecule. SpecificsCifbxativity S0amOCRET! eeds wdaith ihddectedwith both the fuII length of CDCA
| and HLA-RY12402 mglggw@gpqu@{ﬁggcmc model for the target cells that exogenously express
CDCA | and HLA- A%/lm 2 ( Qﬁ drje 1otlmua #Eﬁ%ﬁgn Iénegs%alsqqlp corresn ongl E peptide as the
effecter cells. COS7 cells rans ecte W eithe ength of CDCA' en SoF HEATAR2402 were
prepared as contrdIAFﬁ:F)lé‘UP@JH“ethét@ﬂi‘é‘sﬁﬂﬁma}ﬁéﬁy\fﬁfﬁgtbelﬁm‘ SR bIFEE P56t activity

against COS7 cellsehpressingdnotle DALY HDEs AveA82eQredhe vihenhdmnd;ibaisignificant
specific CTL activiywas-Aeteciad.A08ias th@aﬁ%@&“‘i@éﬁ ”Tby%mesﬁ%‘ﬂﬁi? glaarly, demanstiafe that the

peptide having the ami seqguence %(9 g’i (% aturally pr sented on the target
cells with FILA- 1v§ﬁ6%g?ﬁ°§cé’gtﬁ (e?%(r)l}é”f}suf‘e%dof LFnz"ed (;1 ¢ ii_te “emrde]slg @ﬁndlcatg > that this peptide

derived from CDCALrftay BéGppsticaie for %chpﬁﬁﬁﬁﬁﬁé?&dy"bﬁ?ﬁwﬁww183r§’é’er vaccine for
patients with CDCAdherepressingltaneorssut@llddHdiniclBeyieamBiysissoh antige peptidds:iThe Ms

stimulated with CD%%M%M&%SEQ &er%@»t@)an@@@d\wp‘é%ﬂ%@l(ﬁﬁé% IPNGs e CA
4241048 (SEQID N ) SOCARARER S0 EOIBNG.14). 60 A'ﬁﬁ%@ﬁt §§E&&%NO 22)

and CDCA1-A24-9 showe nificant & ecifi his result may
be due to the fact théitHe «§éhUéWc%é*6f’éﬁ@vl\ePkA12(Mrj‘ i‘i@%ﬁ@qwm‘%ﬂ “EBeRIMA24-10-335
(SEQ ID NO: 4), CD@ArdgehA2410:4B( SEQAD-N@1iH)1«C BOAdzARAsdi@+5 (SEQAD:NOIay4 );f

CDCA1-A24-9-8 (SEHRIADINQy &2 R0HfaceCAC-AL4-SuRBd RERIPMNGD: 23)1are-hamelagoys;to

peptides derived fr, %@i%g?}%ptﬁd{es it the presence of 3 micro g/ml of beta 2-microglobulin for 3 hr at 37

degrees C in AIM-V Medium. The generated cells appeared to express DC-associated
motecules, such as CDR0, CDE3, CDE6 and HLA class I, on their cell surfaces (data
not showny. These pepuide-puised DCs were then inactivated by Mitomycin C {MMC)
(30 micro g/ml for 30 min) and mixed at a [:20 ratio with autologous CDE+ T cells,
obtained by positive selection with CDE Positive Isolation Kit (Dynal}. These cultures
were set up in 48-well plates (Corning) each well contained 1.5 x ¥ peptide-pulsed
DCs, 3 x 105 CD8+ T cells and 10 ng/ml of IL-7 (R&D Systemn) in 0.5 ml of AIM-
V/2% AS mediom. Three days later, these cultures were supplemented with [L-2
(CHIRON) to a final concentration of 20 [U/ml. On day 7 and 14, the T cells were



molecules that are known to sensitize the human immune system. To exclude this possibility,
homology analyses were performed for these peptide sequences using as queries the BLAST
algorithm (http://www.ncbi.nim.nih.gov/blast/blast.egi) which revealed no sequences with significant
homology. The results of homology analyses indicate that the sequences of CDCA1-A24-10-119 (SEQ
ID NO: 3), CDCA | -A24-10-335 (SEQ ID NO: 4), CDCA1-A24-10-48 (SEQ ID NO: 1),
CDCA1-A24-10-5.(SEQ ID NO: 14 CA1-A24-9-8 (SEQ ID NQ; 22) and CDCA1-A24-9-56 (SEQ ID
NO: 23) are uniqaéfgﬁaﬂfﬁaﬁafﬁ i R s e AR e S
immunologic respgrsastobschte infekaedrrolscbsya 511k soncusidALHbYaIdRL-ARBabitope
peptides derived fkam CIDEAs| anerenidartifieddanthaamerstiatethtochel applicablefo Hcance s
Ihose derived rom COEA | Hich Inchcs poiont At noas Mot T B have
iv \ | which induce. ifi - Iy ‘ Y
applicability to a v%%fép gfrlé@(’)‘fac%ne&g‘tggﬁ."'gff(?ﬁ Rﬁ&f@ﬁﬁ? HS fﬂnﬁ’eﬁrf @eﬁgﬁn% 125 Pebtide
vaccines against Higegases 8896 dikted With ODOAY spatkeaheers, morepirtieiiaryige8ictiar tumor,
pancreatic cancegdgladder cancer, non-small cell lung cancer, small cell lung cancer and esophageal

cancer. 01dy¢k\Vhile-therdnyentionsis hegein described in detail and with reference to specific em-
bodiments thereof,

he 5111(; to be un ‘e;rsgglo | that t.h%.forﬁi olinglfd s?rigtipr(l igie‘x]em eIa_r)(bgVn(;ijl}(raxpl{;matory in

nature and is intended 0" IISHAIE 1Re ThYa IS AN s Preiet S bodimds il routine
experimentation, Bitlgkitfed ifMHearwil #ealif s dddmzE i valibus thandées and: maslititations
can be made therginewithout: degarting Freonttbe spirtand seaps ofthéigugntionethe rastes and
oy 010xic T Iymp o e e e B ence of
SF0 1D NO” 35 o GHEN b TIPS Ibaat BUPARICEBR i R GhAvER, A BStde 1
nonapeptide or déBBpBpEERS) {ORIe3 T ive ibtdtas Hestteref SR Tor g HvRereln tHéaseptide
comprises an amihe atitkseheroaseiectedrtom thagronpveonsisting okdSEQUND33, 4, 11,
14,22 and 23; angh¢h) SR, PN @357 6 ind41 22 40,33 SN b £ OF SRVEM] 3MING ;.

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}) 498-306).

(1061 Estehblishment 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 human B-lymphoblastoid cell lines, 30ng/ml of anti-CD3 antibody,
and 125 U/ml of IL-2 in a total of 130 micro I well of AIM-V Medium containing
5%AS. 30 micro } / well of 1L.-2 were added to the medium 10 days later so to reach a
final concentration of 125 U/mi 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).

[0107]  Specific CTL activity

To examine specitic CTL activity, interferon (IFN)-gamma enzyme-linked im-

munospot (ELISPOT) assay and IFN-gamma enzyme-linked immunosorbent assay
{ELISA) were performed. Specifically, peptide-pulsed AZ4LCL (1 x 10%well} was
prepared as stimulator cells. Cultured ceils in 48 wells were used as responder celis.
[FN-gamma ELISPOT assay and [FN-gamma ELISA assay were performed under
manufacture procedure.

[0108] Establishment of the cells forciblv expressing either or both of the target gene and
HILA-A24




acids are substituted, inserted, deleted or added. [Claim 41The isolated peptide of claim 1 to 3 having
one or both of he following characteristics: (a) the segond amino acid from the N-terminus of the
amino acid sequence of said SEQ ID NOs is or is modified to be an amino acid selected from the
group consisting of phenylalanine, tyrosine, methionine and tryptophan, and (b) the C-terminal amino
acid of the amino acid sequence of said SEQ ID NOs is or is modified to be selected from the group
consisting of phenﬂgla@% Ieuupe iIsoleucine tréql n and methioning éC@ im,; 51An isolated

encodifd dn open readin ﬁ'() tgreel oenes of
polynucleotide enco |n%ﬁﬁ$ep| eo ampone o) ims 1 to 4-TCB1A method for md‘ﬁcmg an

antigen-presenting el ngﬁ%‘l}ﬁ’ﬁir? C(ﬁj6FBHH§/"Bbﬁj%%‘évﬁfeblﬁ’ﬂ%ddygéﬁéfﬁg}%‘“§ﬁ9’br@%f claims
1 to 4, and/or a polymuciktotide asrsétdorthnin E18IvT .5y {ChaimtE] Eheepethodrof idlatmi6 2whidreifl said

method Comprise%%q;%m@ﬂﬂhﬁ erJI@wmﬁaa&u{a)i&mmimggm@gmw@semmg cell with a

peptide as set forth 29 gz%z?]; urﬂ IIEQ‘ 4% ysqx (Q%) Lzl*gztﬁr?e&%rq % m}/ 96%0t| 2 Set forth in
claim 5 into an antlgen presenting cel An isolatel antlgen-presentln ell that ‘presents a

peptide of any one'&d €&t ot |¥Fb‘1§?ﬁ1§‘i‘16f%ﬁ)lf§%ﬁ?‘?§c% e o Aty h%i’é?@ﬁﬁﬁﬂ cell of
claim 8, wherein stidicethisindiseed by the method of claim 6 or 7. [ClaimA method for inducing a CTL
by using: (a) lacﬂeptiﬂgmset forth in any one of claims 1 to 4; 33 (b) a polynucleotide as set forth in
claim (c) an antlgeqjgr acla(pry{q]g&eﬂ a}xng(%gn%nn xo m ie that.prese r;]s(ebegﬁp]tide of any one as set forth

in claims | to 4 on itS’surfac
Table | shnws the HLLA-A%2402 binding peptides of CDCAT in order of highest

binding affinity. A total of 40 peptides having potential HLA-A24 binding ability were

selected and examined to determine the epitope peptides.

[0110]



(d) a polynucleotide encoding a polypeptide that is capable of a T cell receptor (TCR) subunit
recognizing a complex of a peptide as set forth in agy one of claim | to 4 and an HLA antigen; or (e)
combinations thereof. [Claim | [IThe method of claim 10, wherein said method comprises at least one
step selected from the group consisting of: (a) contacting a CD8-positive T cell with an
antigen-presenting cell and/or an exosome that presents a peptide as set forth in any one of claims | to

4 on its surface,

d
forminga T cell rzﬁL

claim | to 4 and
wherein said age
as set forth in an

antigen-presentin
4 on its surface;

b mtroducmg a polynucleotide encoding a polypepude that is capable of
TCR) subunit recognizing a complex of a peptide as set forth in any one of

Adriigengriterde s detiElaim 12]An agent for inducing a CTL,

of: (a) a peptide

one of claims | to
bts any one of the

peptides of claim

I
11. !Claim 151A phar
t

of claims 10 or
the group

consisting of: (a)
polynucleotide a

at le s one peptide_asﬂséﬁtottnm

13 or 14; and (e)

st one
me that presents
5 set fort in claim

nt%@mmsésgar attivecingrbslientselectBefliomstivesgrolipedhsigiin
y one oifclaims |1 to 4Y (B idpliynucleptide addset forth in claim 5; (c
g cell @add/or an ext$ohi€ thak presents a peptide as set forth in any
and (dp;@pmblnatlon%heq@@fhﬁglalm 13]An igojated CTL which targ
to4 '-|-3 .%L%«la;llll Jl.41A }wggwl that |o+.|| 19) ng uy tiit |? Lﬁﬁ’r’leth
P loatt bre pptaR LS L}iw?«.”.f’f'; y-one ke S P S
set fci.: h-claim-5 ly ] Jdl@r_a&_exos&
r b 4 onlite' Surfac (d) 4dCTL a

combhifations hprA'n"f/,QKKiQDE«S 0.5 8

309 KLASILKESL 9.6 9

146 KSSADKMOQQL 9.6 10

48 IYMRALQIVY 9 b

183 DGIQELOQOSL 8.64 12

231 VSEREIQESL &4 I3

5 SFPRYNVAE! 8.23 14

394 INQETIOKIKL 7.82 13

322 DOIESDESEL 7.92 16

87 NLVTHLDSFL 7.2 17

368 QYKRTVIEDC 7 18

295 LYQKKIODL 360 19

278 IYGDSVIXCL 244 20

74 MYPHLMEGF 180 21

g RYNVAEIVI 150 22

36 VYGIRLEHF 100 23

422 IFINLKTAL 36 24

119 RFLSGIHNF 30 25

144 QYKSSADKM 273 26

418 KSQEIFLNL 24.192 27

197 DFHOQKTIVL 20 28

275 KYEIYGDSY 15 20

432 KYHDGIEKA 13.2 30

387 VYLRVTTIN 165 31

186 GIQELOOSL 10.368 32

48 IYMRALQIV 9 33

Start position indicates the number of amino acid residue from the N-terminal of

CDCATL.

Binding score 1s derived from "BIMAS",

CTL induction with the predicted peptides from CDCAL restricted with HLA-

A*2402

and establishment for CTL. lines stimulated with CHCA ] derived peptides

CTLs for those peptides derived from CDCA]1 were generated according to the



in combination with a pharmacologically acceptable carriermutated for a purpose selected from the
group consisting of: treatment of a cancer; prophylaxis of a cancer; 34 (i prevention of postoperative
recurrence of a n r. and binations thereof. 161A method of inducing an immune response again.st
cancer in a subject, said method comprising the step of administering to said subject: (a) a peptide as
set forth in any one of claims | to 4; (b) a polynucleotide as set forth in claim 5; (c) an

antigen-presenting cell and/or an hat Qre%e}glts[h eppdet set fort plan%/ e of claims | to
4 on its surface; (%dr)o al?d% éeé’g%ortlljﬁ a‘ﬁrﬁi 5““1 O(Fé)e ) CO aﬁ%hst ereof. f‘F‘]ﬁi g’171A

vaccine for mducﬁﬁtﬁ?ﬁi’Wr]MH?ﬂ?‘ﬁ %L@BB]@&“’%&H\%E&:‘&H(&QJ%‘& Siprh A actlve ingredient
selected from the GFYUp lcanidisting! Bft (aalp&jstide .43 et fortRdin @iy ord:of ilais 4 to 4; 04 a

polynucleotide as gk fanthyinsclain, 55 o) @mantigendasesenting. gellsang/on snvexosome that presents

a peptide as set f?r[p(l O%r}%l%gl@lrg?s 16034 on (l}%ﬁl&l’}(\af%n £Q) Q(C@['@EBS bfo;g n claim 13 or 14;

and (e) comblnatlonst ere aim he ”harmaceutlcal ag ent of or tFle vaccine of claim
17, which is form M%%H‘TBF%PQE%H Nfé‘tréﬁ%‘ﬁ"‘fbpé’éHﬁfé?ét%h%édﬂfli%&“éﬁhg8‘?‘1“‘%‘ BeRsAZy

thermore, the cells in the positive well number #8 stimulated with
CDCAT-A24-10-119 (SEQ ID NO: 3), #1 with CDCA1-A24-10-335 (SEQ ID NO: 4},
#1 with CDCAT-A24-10-48 (SEQ ID NO: 11}, #4 with CDCA1-A24-10-3 (SEQ ID
NO: 14}, #2 with CDCAT-A24-9-8 (SEQ [D NO: 22) and #2 with CDCA1-A24-9-56
(SEQ 1D NO: 23} were expanded and established CTL lines. CTL activity of those
CTL lines was determined by IFN-gamma ELISA assay (Figure 2a-f). It showed that
all CTL lines demonstrated potent IFN-gamma production against the target cells
pulsed with cosresponding peptide as compared 1o target cells without peptide pulse.
On the other hand, no CTL lines could be established by stimulation with other
peptides, despite the peptides had possible binding activity with HLA-A*2402. For
example, typical negative data of CTL response stimulated with CDCA1-A24-10-74
(SEQ ID NO: 2) was shown in Figure Ig and Figure 2g. The results herein indicate
that six peptides derived from CDCA have ability to induce potent CTL lines.

(01121  Establishment of CTL clones against CDCA L specific peptides

CTL clones were established by miting dilution from CTL lines as described in
"Materials and Methods”. and IFN-gamma production from CTL clones against target
cells pulsed peptide were determuned by [FN-gamma ELISA assay. Potent IFN-gamma
productions were determined from CTL clones stimulated with SEQ ID NO: 23 in
Figure 3.

[0113] Specific CTL activitv against tareet cells exogenously expressing CDCAT and HLA-
AF2402

The established CTL fines raised against these peptides were examined for their

ability to recognize target cells that exogenously express CDCAT and HLA-A*2402
molecuie. Specific CTL acuvity against COS7 cells which transfected with both the
full length of CDCAT and HLA-A*2402 molecule gene (a specific model for the target
cells that exogenousiy express CDCAT and HLA-A*2402 gene) was tested using the
CTL lines raised by corresponding peptide as the effecter cells, COS7 cells transfected
with either full length of CDCAT genes or HLA-A* 2402 were prepared as control. In
Figure 4, the CTLs stimulated with SEQ [D NO: 23 showed potent CTL activity
against COS7 cells expressing both CDCA1 and HLLA-A* 2402, On the other hand, no
significant specific CTL activity was detected against the controls, Thus, these data

clearly demonstrate that the peptide having the amino acid sequence of SEQ 1D NO:



[Claim 191The method of claim 16 wherein the HLA antigen of the ubje is FILA-A24. SEQUENCE
LISTING <110> ONCOTHERAPY SCIENCE, INC.;120> CDCA1 EPITOPE PEPTIDES AND
VACCINES CONTAINING THE SAME <130> ONC-A0808P <150> uS 61/074,062 <151> 2008-06-19
<150> US 61/197,599 <151> 2008-10-28 <160> 35 <170> Patentln version 3.4 <210> 1 <211> 10
<212> PRT <213> Atrtificial Sequence <220> <223> An artificially synthesized peptide sequence

<400> 1 Leu Tyr Pro Asn Pro Lys Pro Glu Val Leu 1510 <210> 2 <211> 10 .
23 1s natarally presented on the target cells with HLA-A*2402 molecule and is

recognized by the CTLs. The results indicate that this peptide derived from CDCAL
may be applicable for cancer immunotherapy, particularly as a cancer vaccine for
patients with CDCATL expressing turnors,

{G114]  Homology analysis of antigen peptides

The CTLs stimulated with CDCA1-A24-10-119 (SEQ ID NO: 3),

CDCAI1-A24-10-335 (SEQ ID NO: 4), CDCA1-A24-10-48 (SEQ ID NO: 11},
CDCA1-A24-10-5 (SEQ ID NO: 14), CDCA1-A24-9-8 (SEQ ID NO: 22 and
CDCA1-A24-9-56 (SEQ ID NO: 23)showed sigrificant and specific CTL activity.
This result may be due to the fact that the sequences of CDCAT-A24-10-119 (SEQ ID
NO: 3), CDCA1-A24-10-335 (SEQ ID NO: 4), CDCA1-A24-10-48 (SEQ 1D NO: 113,
CDCAL1-A24-10-5 (SEQ ID NO: 14}, CDCA1-A24-9-8 (SEQ ID NO: 22) and
CDCA1-A24-9-536 (SEQ ID NO: 23) are homologous to peptides derived from other

molecules that are known 10 sensitize the human immune system. To exclude this pos-

sibility, homology analyses were performed for these peptide sequences using as
queries the BLAST algorithm (hup:/fwww.nebinlm.nih.gov/blasvblast.cgiy which
revealed no sequences with significant homology. The results of homology analyses
indicate that the sequences of CDCAI-A24-10-119 (SEQ ID NO: 3),
CDCAL-A24-10-335 (SEQ ID NO: 4), CDCA1-A24-10-48 (SEQ ID NO: 11},
CDCA1-A24-10-5 (SEQ ID NO: 14y, CDCAL-A24-9-8 (SEQ ID NO: 22) and
CDCA1-A24-9-56 (SEQ 1D NO: 23) are unigue and thus, there is little possibility that
these molecules raise unintended immunologic responses o some unrelated molecules.

[0115]  In conclusion, novel HLA-A24 epitope peptides derived from CDCAT1 were
identified and demonstrated to be applicable for cancer immunotherapy.

Industrial Applicability

[G116]  The present invention describes new TAAs, particularly those derived from CDCAL
which induce potent and specific anti-tumor immune responses and have applicability
to a wide array of cancer types. Such TAAs warrant further development as peptide
vaccines against diseases assocjated with CDCAI, e.g. cancers, more particilarly,
testicular tumor, pancreatic cancer, bladder cancer, non-small cell lung cancer, small
cell lung cancer and esophageal cancer.

0117} While the invention is herein described in detail and with reference to specific em-
bodiments thereof, it is to be understood that the foregoing description is exemplary
and explanatory in nature and is infended to illustrate the invention and its preferred
embodiments. Through routine experimentation, one skilled in the art will readily
recognize that various changes and modifications can be made theremn without

departing from the spirit and scope of the invention, the metes and bounds of which are



<212> PRT <213> Atrtificial Sequence <220> <223> An artificially synthesized peptide sequence
<400> 2 Met Tyr Pro His Leu Met Glu Gly Phe Leu k510 <210> 3 <211> 10 <212> PRT <213>
Artificial Sequence <220> <223> An artificially synthesized peptide sequence <400> 3 Arg Phe Leu
Ser Gly lle lle Asn Phe lle 1510 Page 1 <210> 4 <211> 10 <212> PRT <213> Atrtificial Sequence
<220>

defined by the appended claims.



<223> An artificially synthesized peptide sequence <400> 4 Lys Thr Glu Glu Asn Ser Phe Lys Arg Leu
1510 <210> 5 <211> 10 <212> PRT <213> Artificial Sequence <220> <223> An artificially synthesized
peptide sequence <400> 5 Lys Tyr His Asp Gly lle Glu Lys Ala Ala 1510 <210> 6 <211> 10 <212>
PRT <213> Atrtificial Sequence <220> <223> An artificially synthesized peptide sequence <400> 6 Lys
GIn Leu Ser Asp Gly lle Gin Glu Leu 1510 <210> 7

Claims
{Claim 1] An isolated peptide having cvtotoxic T lvmphoeyte (CTL) inducibility,

wherein the peptide comprises the amino acid sequence of SEQ 1D NG

35 or fragment thereof.

{Claim 2] The isolated peptide of claim 1. wherein the peptide is nonapeptide or
decapeptide.
{Claim 3] The isolated peptide of claim 1 or 2, wherein the peptide comprises an

amino acid sequence selected from the group consisting of:
(a) SEQIDNO: 3,4, 11, 14,22 and 23; and
(Y SEQID NO: 3,4, 11, 14, 22 and 23, wherein I, 2, or several amino
acids are substituted, inserted, deleted or added.

[Claim 4] The isolated peptide of claim 1 to 3 having one or both of the following
characteristics:
{a) the second amino acid from the N-terrmnus of the amino acid
sequence of said SEQ 1D NOs is or 1s modified to be an amino acid
selected from the group consisting of phenylalanine, tyrosine, me-
thionine and tryptophan, and
(b} the C-terminal amino acid of the amino acid sequence of said SEQ
1D NOs is or is modified 1o be selected from the group consisting of

phenylalanine, leucine, isoleucine, tryptophan and methionine.

[Claim 5] An isolated polynucieotide encoding a peptide of any one of claims 1
4,
[Claim 6] A method for inducing an antigen-presenting cell with high CTL in-

ducibility by using a peptide as set forth in any one of claims | to 4,
and/or a polynucleotide as set forth 1n claim 5.

[Claim 7] The method of claim 6. wherein said method comprises one or both of
the following steps:
(a) contacting an antigen-presenting cell with a peptide as set forth in
any one of claims | 1o 4, and
(b} introducing a polynucleotide as set forth in claim 5 into an antigen-
presenting cell.

[Claim 3] An 1solated antigen-presenting cell that presents a peptide of any one as
set forth in claims 1 to 4 on its surface.

[Claim 9] The antigen-presenting cell of claim 8, wherein said cell is induced by
the method of claim 6 or 7.

[Claim 10] A method for inducing a CTL by using:

(a} a peptide as set forth in any one of claims 1 o 4;



<211> 10 <212> PRT <213> Artificial Sequence <220> <223> An artificially synthesized peptide
sequence <400> 7 Phe Tyr Met Met Pro val Asn Seg4lu val 1510 <210> 8 <211> 10 <212> PRT
<213> Artificial Sequence <220> <223> An artificially synthesized peptide sequence <400> 8 Leu Tyr
Gin Lys Lys lle Gin Asp Leu Ser 1510 <210> 9 <211> 10 <212> PRT <213> Artificial Sequence <220>

(b) a polynucieotide as set forth in claim 5;
{¢) an antigen-presenting cell and/or an exosome that presents a peptide
of any one as set forth in claims 1 to 4 on its surface;
(d} a polynucleotide encoding & polypeptide that is capable of forming
a T cell receptor (TCR} subunit recognizing a complex of a peptide as
set forth in any one of claim 1 to 4 and an HLA antigen: or
(e} combinations thereof.

[Claim 111} The method of claim 10, wherein said method comprises at least one
step selected from the group consisting of:
(a) contacting a CD8-positive T cell with an antigen-presenting cell
and/or an exosome that presents a peptide as set forth in any one of
claims 1 to 4 on its surface, and
(b) introducing a polynucleotide encoding a polypeptide that is capable
of forming a T cell receptor (TCR} subunit recognizing a complex of a
peptide as set forth in any one of claim | to 4 and an HLA antigen into
a CD8-positive T cell.

{Claim 12] An agent for inducing a CTL., wherein said agent comprises an active
mngredient selected from the group consisting of:
(a) a peptide as set forth in any one of claims 1 to 4;
(b} a polynucleotide as set forth in claim 3;
(¢) an antigen-presenting cell and/or an exosome that presents a peptide
as set forth in any one of claims 1 w0 4 on its surface; and

{d) combinations thereof,

[Claim 13] An isolated CTL which targets any one of the peptides of claims 1 to 4,

[Claim 14] An isolated CTL that is induced by using the method of claims 10 or
H.

[Claim 15] A pharmaceutical agent comprising an active ingredient selected from

the group consisting of:

(a) at least one peptide as set forth in any one of claims 1 to 4;

(b} at least one polynucieotide as set forth in claim 5;

(c) an antigen-presenting cell and/or an exosome that presents at least
one peptide as set forth in any one of claims 1 1o 4 on its surface;

(dya CTL as set fort in claim 13 or 14 and

{e} combinations thereof,

m combination with a pharmacologically acceptable carrier formulated
for a purpose selected from the group consisting of:

(1) treatment of a cancer:

(ii}y prophylaxis of a cancer;



<223> An artificially synthesized peptide sequence <400> 9 Lys Leu Ala Ser lle Leu Lys Glu Ser Leu
1510 <210> 10 <211> 10 <212> PRT <213> Artificjal Sequence <220> <223> An artificially
synthesized peptide sequence <400> 10 Lys Ser Ser Ala Asp Lys Met Gin Gin Leu 1510 <210> 11
<211> 10 <212> PRT <213> Artificial Sequence <220> <223> An artificially synthesized peptide
sequence <400> 11 lle Tyr Met Arg Ala Leu Gin lle Val Tyr 1510 <210> 12 <211> 10 <212> PRT

<213> Artificial Sequence <220> <223> An artificially synthesized peptide sequence <400> 12 Asp
Gly lle Gin Glu Leu Gin Gin S(éltj)i_%‘ﬁ‘v'fgi%ﬂ of postoperative recurrence of a cancer; and
(iv) combinations thereof.

[Claim 16} A method of inducing an immune response against cancer in a subject,
said method comprising the step of administering o said subject:
{a} a peptide as set forth in any one of claims 1 to 4;
(b} a polvnucleotide as set forth in claim 5
(¢} an antigen-presenting cell and/or an exosome that presents a peptide
as set forth in any one of claims 1 to 4 on its surface;
(d)a CTL as set fort in claim 13 or 14; or
(e} combinations thereot.

[Claim 17] A vaccine for inducing anti tumor immunity in a subject, said vaceine
comprising an active ingredient selected from the group consisting of:
(a) a peptide as set forth in any one of claims 1 to 4;
(b) a polynucleotide as set forth in claim 5;
(c) an antigen-presenting cell and/or an exosome that presents a peptide
as set forth in any one of claims 1 to 4 on its surface;
{d) a CTL as set fort in claim 13 or 14; and
(e) combinations thereof,

[Claim 18] The pharmaceutical agent of claim 15 or the vaccine of claim 17, which
is formulated for the administration to a subject whose HLLA antigen is
HLA-A24,

[Claim 19] The method of claim [6, wherein the HLA antigen of the subject is
HEA-A24.



<210> 13 <211> 10 <212> PRT <213> Artificial Sequence <220> <223> An artificially synthesized
peptide sequence <400> 13 val Ser Leu Lys Glu lle Gin Glu Ser Leu 1510 <210> 14 <211> 10 <212>
PRT <213> Atrtificial Sequence <220> <223> An artificially synthesized peptide sequence <400> 14
Ser Phe Pro Arg Tyr Asn Val Ala Glu lle 15%8 <@&ﬁEE1516<I% >N&O <212> PRT <213> Atrtificial
Sequence <220> <223> An artificially synthes%e peptide sequence <400> 15 lle Asn Gin Glu lle Gin

Lys lle Lysjhen 1588 <8z ARrR Kot cg123 PR T <213> Artificial Sequence <220> <223> An
artificially synthesized peptide sequence <400> 16

<120> CDCAl EPITOPE PEPTIDES AND VACCINES CONTAINING THE SAME
<130> ONC-A0BOBP

«<150> Us 61/074,062
<151> 2008-06-19

<150> us 61/197,599
<151> 2008-10-28

<160> 35

<170> PatentIn version 3.4

<210> 1

<211> 10

<212> PRT

<213> Artificial Sequence

<220>

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

Leu Tyr Pro Asn Pro Lys Pro Glu val Leu

1 5 10

<210> 2

<211> 16

<212> PRT

<213> Artificial Sequence

<220>

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

Met Tyr Pro His Leu Met Glu Gly Phe Leu

1 5 10

<210> 3

<211> 10

<212> PRT

<213> Artificial Sequence

<220>

<223> An artificially synthesized peptide seguence
<400> 3

Arg Phe Leu Ser Gly Ile ITe Asn Phe Ile
1 5 10

Page 1



Asp Gin lle Glu Ser Asp Glu Ser Glu Leu 1510 <210> 17 <211> 10 <212> PRT <213> Attificial
Sequence <220> <223> An artificially synthesized peptide sequence <400> 17 Asn Leu Val Thr His
Leu Asp Ser Phe Leu 1510 <210> 18 <211> 10 <212> PRT <213> Atrtificial Sequence <220> <223>
An artificially synthesized peptide sequence <400> 18 GIn Tyr Lys Arg Thr Val lle Glu Asp Cys 1510
<210> 1§2ﬁ%§>1> § <212> PRT <213> Artificial Sequence <220> <223> An artificially synthesized
peptide segyence;gt00> 19 Leu Tyr GIn Lys Lys lle Gin Asp Leu 15 <210> 20

<212> PRT
<213> Artificial Seguence

<220>

<2Z23> An artificially synthesized peptide sequence
<400> 4

Lys Thr Glu Glu Asn Ser Phe Lys Arg Leu

1 5 10

<210> 5§

<211> 10

<212> PRT

<213> Artificial Sequence

<220>

<223> an artificially synthesized peptide sequence
<400> 5

Lys Tyr His Asp Gly Ile Glu Lys Ala Ala

1 5 10

<210> 6

<211> 10

<212> PRT

<213> Artificial Sequence

<220>

<223> An artificially synthesized peptide sequence
<400> 6

Lys GIn Leu Ser Asp Gly Ile GIn Glu Leu

1 5 10

<210> 7

<211> 10

<212> PRT

<213> Artificial Sequence

<220>

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

Phe Tyr Met Met Pro val Asn Ser Glu val

1 5 10

<210> 8

<211> 10
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<211> 9 <212> PRT <213> Atrtificial Sequence <220> <223> An artificially synthesized peptide
sequence <400> 20 lle Tyr Gy Asp Ser Val Asp Cys Leu Page 3 15 <210> 21 <211> 9 <212> PRT
<213> Artificial Sequence <220> <223> An artificially synthesized peptide sequence <400> 21 Met Tyr
Pro His Lgyll\ggt GL;JRQ-::Iy Phe 15 <210> 22 <211> 9 <212> PRT <213> Artificial Sequence <220>

<213> Artificial Seqguence

<220>

<223> An artificially synthesized peptide sequence
<400> 8

Leu Tyr GIn Lys Lys Ile Gin Asp Leu Ser

1 5 10

<210> 9

<211> 10

<212> PRT

<213> Artiticial Sequence

<220>

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

Lys Leu Ala Ser Ile Leu Lys Glu Ser Leu

1 5 10

<210> 10

<211> 10

<212> PRT

<213> Artificial Sequence

<220>

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

Lys Ser Ser Ala Asp Lys Met GIn GIn Leu

1 5 10

<210> 11

<211> 10

<212> PRT

<213> Artificial Sequence

<220>

<223> An artificially synthesized peptide sequence
<400> 11

Ile Tyr Met Arg Ala Leu Gin Ile val Tyr

1 5 10

<210> 12

<211> 10

<212> PRT

<213> Artificial Sequence
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<223> An artificially synthesized peptide sequence <400> 22 Arg Tyr Asn Val Ala Glu lle Val lle 15
<210> 23 <211> 9 <212> PRT <213> Artificial Sequence <220> <223> An artificially synthesized
peptide sequence <400> 23 Val Tyr Gly lle Arg Leu Glu His Phe 1 <210> 24 <211> 9 <212> PRT
<213> Artjficial Sequence <220> <223> An artificially syntheS|zed peptide sequence <400> 24 lle Phe

Leu AsnJgklys Thr R R4 13 27387759 ShREST 2e P HepERde sequence

<400> 12

Asp Gly Ile GIn Glu Leu GIn GlIn Ser Leu
1 5 10
<210> 13

<211> 10

<212> PRT

<213> Artificial Sequence

<220>

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

val Ser Leu Lys Glu Ile GIn Glu Ser Leu
1 5 10
<210> 14

<211> 10

<212> PRT

<213> Artificial Sequence

<220>

<223> An artificially synthesized peptide sequence
<400> 14

Ser Phe Pro Arg Tyr Asn val Ala Glu Ile
1 5 10
<210> 15

<211> 10

<212> PRT

<213> Artificial Sequence

<220>

<223> An artificially synthesized peptide seguence
<400> 15

ITe Asn GIn Glu Ile Gln Lys Ile Lys Leu
1 5 10
<210> 16

<211> 10

<212> PRT

<213> Artificial Seguence

<220>

<223> An artificially synthesized peptide sequence
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<213> Artificial Sequence <220> <223> An artificially synthesized peptide sequence <400> 25 Arg
Phe Leu Ser Gly lle lle Asn Phe 15 <210> 26 <211> 9 <212> PRT <213> Artificial Sequence <220>
<223> An artificially synthesized peptide sequence <400> 26 Gin Tyr Lys Ser Ser Ala Asp Lys met 15

<210> 27 <§ 1>9 <§12> PRT <213> Atrtificial Sequence <220> <223> An atrtificially synthesized
peptide séé Ace & 00> 27 Lys Ser GIn Glu lle Phe Leu Asn Leu 1 <210> 28 <211> 9

Asp Gln Ile Glu Ser Asp Glu Ser Glu Leu

1 5 10

<210> 17

<211> 10

<212> PRT

<213> Artificial Sequence

<220> . .

<223> An artificially synthesized peptide sequence

<400> 17

Asn Leu val Thr His Leu Asp Ser Phe Leu

1 5 10

<210> 18

<211> 10

<212> PRT

<213> Artificial Sequence

<220> ‘ _

<223> An artificially synthesized peptide sequence

<400> 18

GIn Tyr Lys Arg Thr val Ile Glu Asp Cys

1 5 10

<210> 19

<211> 9

<212> PRT

<213> Artificial Sequence

<220>

<223> An artificially synthesized peptide sequence
<400> 19

Leu Tyr Gin Lys Lys Ile Gln Asp Leu
1 5

<210> 20

<211> 9

<212> PRT

<213> Artificial Sequence

<220>

«<223> An artificially synthesized peptide sequence
<400> 20

ITe Tyr Gly Asp Ser val Asp Cys Leu
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<212> PRT <213> Atrtificial Sequence <220> <223> An artificially synthesized peptide sequence
<400> 28 Asp Phe His GIn Lys Thr lle Val Leu 15 <210> 29 <211> 9 <212> PRT <213> Artificial
Sequence <220> <223> An artificially synthesized peptide sequence <400> 29 Lys Tyr Glu He Tyr Gly
Asp Ser Val 15 <210> 30 <211> 9 <212> PRT <213> Artificial Sequence <220> <223> An artificially
synthesi%ed peptide sequence’<400> 30 Lys Tyr His Asp Gly lle Glu Lys Ala 15

<210> 21

<211> 9

<212> PRT

«213> Artificial Seguence

<220>

<223> An artificially synthesized peptide seguence
<400> 21

Met Tyr Pro His Leu Met Glu Gly Phe

1 5

<210> 22

<211> 9

<212> PRT

<213> Artificial Sequence

<220>

<223> An artificially synthesized peptide seguence
<400> 22

Arg Tyr Asn val Ala Glu Ile val Ile

1 5

<210> 23

<211> 9

<212> PRT

<213> Artificial Sequence

<220>

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

val Tyr Gly Ile Arg Leu Glu His Phe

1 5

<210> 24

<211> 9

<212> PRT

<213> Artificial Sequence

<220>

<223> An artificially synthesized peptide sequence
<400> 24

1

Ile Phe Leu Asn Leu Lys Thr Ala Leu
5
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<210> 31 <211> 9 <212> PRT <213> Atrtificial Sequence <220> <223> An artificially synthesized
peptide sequence <400> 31 val Tyr Glu Arg val Thr Thr He Asn 15 <210> 32 <211> 9 <212> PRT
<213> Artificial Sequence <220> <223> An artificially synthesized peptide sequence <400> 32 Gly lle
GIn Glu L&Ligsln %Ser Leu 15 <210> 33 <211> 9 <212> PRT <213> Artificial Sequence <220>

<211> 9

<212> PRT

<213> Artificial Sequence

<220>

<223> An artificially synthesized peptide sequence
<400> 25

Arg Phe Leu Ser Gly Ile Ile Asn Phe

1 5

<210> 26

<211> 9

<212> PRT

<213> Artificial Seguence

<220>

<223> An artificially synthesized peptide seguence
<400> 26

GIn Tyr Lys Ser Ser Ala Asp Lys Met

1 5

<210> 27

<211> 9

<212> PRT

<213> Artificial Seguence

<220>

<223> An artificially synthesized peptide sequence
<400> 27

Lys Ser Gin Glu Ile Phe Leu Asn Leu

1 5

<210> 28

<211> 9

<212> PRT

<213> Artificial Sequence

<220>

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

Asp Phe His GlIn Lys Thr ITe val Leu
1 5

<Z210>
<Z211>
212>

29
9
PRT
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<223> An artificially synthesized peptide sequence <400> 33 lle Tyr Met Arg Ala Leu Gin lle val 15
<210> 34 <211> 1980 <212> DNA <213> Homo sapiens <220> <221> CDS <222> (301)..(1695)
<400> 34 gcggaatggg gcgggacttc cagtaggagg cggcaagttt gaaaagtgat gacggttgac60 gtttgctgat ttttgacttt
gcttgtaggt getccccgaa ctcgeegtcet tectgtcgge120 ggecggceact gtaggtgage gcgagaggac ggaggaagga
agcctgéig}%’é’agét?gaﬁci %t%c%f‘é&ﬂ%% %cgcgggc aggtgccggg acgetgggcee tggeggtgtt ttegtegtge240
tcagcggtaggaggaggcgg aagaaaccag agcctgggag attaacagga aacttccaag300 atg gaa act ttg tct ttc ccc
aga tat gef gila gghoag-al e1g aH349 MShEIHEdY 2oy SRIRAYETS AgidyEAsn val Ala Glu lle Val lle
151015 cat att cgc aat aag atc tta aca gga gct gat ggt aaa aac ctc acc396 His lle Arg Asn Lys lle Leu
Thr GlyAlzDAsp By Lys Asn Leu Thr 202530 aag aat gat ctt tat cca aat cca aag cct gaa gtc ttg cac atg

atc444 Lys Asn Asp Leu Tyr Pro Asn Pro Lys Pro Glu Val Leu His Met lle
Lys Tyr Glu I1é Tyr Gly Asp Ser val
1 5

<210> 30

<211> 9

<212> PRT

<213> Artificial Sequence
<220>

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

Lys Tyr His Asp Gly Ile Glu Lys Ala
1 5

<210> 31
<211> 4
<212> PRT

<213> Artificial Sequence

<220>
<223> An artificially synthesized peptide sequence

<400> 31

val Tyr Glu Arg val Thr Thr ITe Asn
1 5

<210> 32

<211> 9

<212> PRT

<213> Artificial Sequence

<220>

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

Gly Ite GIn Glu Leu Glin Glin Ser Leu
1 5

<210> 33

<211> 9

<212> PRT

<213> Artificial Seguence

<220>
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354045 tac atg aga gcc tta caa ata gta tat gga att cga ctg gaa cat ttt492 Tyr met Arg Ala Leu Gin lle
val Tyr Gly lle Arg Leu Glu His Phe Page 9 505560 tac atg atg cca gtg aac tct gaa gtc atg tat cca cat
tta atg gaa540 Tyr Met met Pro val Asn Ser Clu val met Tyr Pro His Leu Met Glu 65707580 ggc ttc tta
cca ttc ag t tta gtt act ca ttt ttg588 G Pro P er Asn Leu Val Thr His Leu
Asp Ser ﬁcﬁa? 8%@0%% fa?cgtgﬁ % tgqé% agléy a%cl% 8& gggﬁt ct(gef t cca636 Pro lle Cys
Arg Val Asio@sp Phe Glu Thr Ala Asp IIe Leu Cys Pro 100105110 aaa gca aaa cgg aca agt cgg ttt tta
agt ggc att atc aac ttt att684 Lys Ala Lys Arg Thr Ser Arg Phe Leu Ser Gly lle lle Asn Phe lle
115120128 eat yic agetgada ged ige cotigaalacgithe akpdaa ttt ctt tgg caa732 His Phe Arg Glu Ala Cys
Arg Glu Thr Tyr Met Glu Phe Léu Trp Gin 130135140 tat aaa tcc tct gcg gac aaa atg caa cag tta aac
gcc gca cac cag780 Tyr Lys Ser Ser Ala Asp Lys Met Gin Gin Leu Asn Ala Ala His Gin

<210> 34
<211> 1980
<212> DNA
<213> Homo sapiens
<220>
<221> (DS
<222> (301)..(1695)
<400> 34
gcggaatggg gcgggacttc cagtaggagg cggcaagttt gaaaagtgat
gacggttgac 60
gtttgctgat ttttgacttt gcttgtagct gctccccgaa ctogecgtet
tcctgtcggc 120
ggccggcact gtaggtgagc gcgagaggac ggaggaagga agcctgcaga
cagacgcctt 180
ctccatccca agyegoggge aggtygeeggy acgetgggec tggeggtgtt
ttegtegtge 240
tcagcggtgg gaggaggegg aagaaaccag agcctgggag attaacagga
aacttccaag 300
atg gaa act ttg tct ttc ccc aga tat aat gta gct gag att gtg
att 348
Met Glu Thr Leu Ser Phe Pro Arg Tyr Asn val Ala Glu Ile val
Ile
1 5 10 15
cat att cgc aat aag atc tta aca gga ¢gCct gat ggt aaa aac ctc
acc 396
His Itle Arg Asn Lys Ile Leu Thr Gly Ala Asp Gly Lys Asn Leu
Thr

20 25 30
aag aat gat ctt tat cca aat cca aag cct gaa gtc tig cac atg
atc 444
Lys Asn Asp Leu Tyr Pro Asn Pro Lys Pro Glu val Leu His Met
Ile

35 40 45

tac atg aga goc tta caa ata gta tat gga att cga ctg gaa cat
ttt 492 .
Tyr Met Arg Ala Leu GIn Ile val Tyr Gly Ile Arg Leu Glu His
Phe
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145150155 160 gag gca tta atg aaa ctg gag aga ctt gat tct gtt cca gtt gaa gag828 Glu Ala Leu met Lys
Leu Glu Arg Leu Asp Ser val Pro val Glu Glu 165170175 caa gaa gag ttc aag cag ctt tca gat gga att
cag gag cta caa caa876 Gin Glu Glu Phe Lys Gin Leu Ser Asp Gly lle Gin Glu Leu Gin Gin 180185190
tca cta aat cag gat ttt cat caa aaa acg ata gtg ctg caa gag gga924 Ser Leu Asn Gin Asp Phe His Gin
Lys Thr lle Vgéa Leu Gin Glu Gly 195200265 aat tcc caa aag aag tcBat att tca gag aaa acc aag cgt ttg
aat972 Asn Ser Gin Lys Lys Ser Asn lle Ser Glu Lys Thr Lys Arg Leu Asn 210215220 gaa cta aaa ttg
(cq Otggiktck aa-atafap 9ae- 29020 Glrlau bys heuSel Valval 8er heyLys Glu lle Gin
Glu Sefidgu 225230285 240 aaa aca aaa att gtg gat tct cca gag aag tta aag aat tat aaa gaal068 Lys
Thr Ly3 Yle i AspeSerrPio Ghullyssireskys Aso Tyr Lysi€dlu Pd626025% daalaty asa gat acg gtc cag
aag cttg%aa aat gcc aga caa gaa g_t7%1116 . 20

ggc ttc tta cca ttc age aat tta gtt act cat ctg gac tca ttt

ttg 588
Gly Phe Leu Pro Phe Ser Asn Leu val Thr His Leu Asp Ser Phe
Leu

85 90 95

cCct atc tgC cgg gtg aat gac ttt gag act gct gat att cta tgt

cca 636
Pro Ile Cys Arg val Asn Asp Phe Glu Thr Ala Asp Ile Leu Cys
Pro

100 105 110

aaa gca aaa Cgg aca agt cgg ttt tta agt ggc att atc aac trt

att 684
L%S Ala Lys Arg Thr Ser Arg Phe Leu Ser Gly Ile Ile Asn Phe
Tie

115 120 125

cac ttc aga gaa gca tgc cgt gaa acg tat atg gaa ttt ctt tgg

caa 732
H%s Phe Arg Glu Ala Cys Arg Glu Thr Tyr Met Glu Phe Leu Trp
Gin

130 135 140

tat aaa tcC tCt gcyg gac aaa atg caa cag tta aac goc gca cac

cag 780

T¥r Lys Ser Ser Ala Asp Lys Met GIn GIn Leu Asn Ala Ala His
Gln

145 150 155

160

gag gca tggsatg aaa ctg gag aga ctt gat tct gtt cca gtt gaa
gag

G%u Ala Leu Met Lys Leu Glu Arg Leu Asp Ser val pro val Glu
Giu

165 170 175

caa gaa gag ttc aag cag ctt tca gat gga att cag gag cta caa

caa 876
G%n Glu Glu Phe Lys GIn Leu Ser Asp Gly Ile GIn Glu Leu Gln
Gin

180 185 190
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Lys met Lys Asp Thr Val Gin Lys Leu Lys Asn Ala Arg Gin Glu val 260265270 gtg gag aaa tat gaa atc
tat gga gac tca gtt gac tgc ctg cct tcall164 val Glu Lys Tyr Glu lle Tyr Gly Asp Ser Val Asp Cys Leu Pro
Ser 275280285 tgt cag ttg gaa gtg cag tta tat caa aag aaa ata cag gac ctt tcal212 Cys Gin Leu Glu val

Gin Leu Tyr G| s lle Gin A u Ser 290295300 gat aat agg.gaa tta atc tta aag

09 200 LT TR D AT AT A o 11 L PAR oo, B Ty o ) Lot

3053103 329@5:19;33@? @aﬁlaﬁgggmé 9@# gag 1¢A 093 Cithpag paaig1aag:acid PR8Eu Asp Gin lle
Glu Ser A&Sp/Glu Ser Glu Leu Lys Lys Leu Lys Page 11 Thr 325330335 gaa gaa aat tcg ttc aaa aga

ctg atg att gtg aag adfgaa aaa ctt1356 Glu GliZBEn Ser Phe Lys Arg Leu MEt lle val Lys Lys Glu Lys
Leu 340345350 gcc aca gca caa ttc aaa ata aat aag aag cat gaa gat gtt aag caal404 Ala Thr Ala Gin

Phe Lys IIe Asn Lé/s Lg/s His Glu Asp Val Lys Gin
a aag aag tca Bt att tca gag aaa acc aag gt ttg

aat 972
Asn Ser Gin Lys Lys Ser Asn Ile Ser Glu Lys Thr Lys Arg Leu
Asn

210 215 220

gaa cta aaa ttg tcg gtg gtt tct ttg aza gaa ata caa gag agt

ttg 1020

Glu Leu Lys Leu Ser val val Ser Leu Lys Glu Ile GIn Glu Ser
Leu

225 230 235

240

aaa aca aaa att gtg gat tct cca gag aag tta aag aat tat aaa
gaa 1068

Lys Thr Lys Ile val Asp Ser Pro Glu Lys Leu Lys Asn Tyr Lys
Glu

245 250 235

aaa atg aaa gat acg gtc cag aag ctt aaa aat gcc aga caa gaa

gtyg 1116
Lys Met Lys Asp Thr val GlIn Lys Leu Lys Asn Ala Arg GlIn Glu
val

260 265 270

gtg gag aaa tat gaa atc tat gga gac tca gtt gac tgc ctg cct

tca 1164
val Glu Lys Tyr Glu Ile Tyr Gly Asp Ser val Asp Cys Leu Pro
Ser

275 280 285

tgt cag ttg gaa gtg cag tta tat caa aag aaa ata cag gac ctt

tca 1212
Cys GIn Leu Glu val Gin Leu Tyr Gin Lys Lys Ile GlIn Asp Leu
Ser

290 295 300

gat aat agg gaa aaa tta gcc agt atc tta aag gag agc ctg aac

ttg 1260

Asp Asn Arg Glu Lys Leu Ala Ser Ile Leu Lys Glu Ser Leu Asn
Leu

305 310 315

320

gag gac caa att gag agt gat gag tca gaa ctg aag aaa ttg aag

act 1308

Glu Asp GIn Ile Glu Ser Asp Glu Ser Glu Leu Lys Lys Leu Lys
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355360365 tac aaa cgc aca gta att gag gat tgc aat aaa gtt caa gaa aaa agal452 Tyr Lys Arg Thr Val
lle Glu Asp Cys Asn Lys val Gin Glu Lys Arg 370375380 ggt gct gtc tat gaa cga gta acc aca att aat caa
gaa atc caa aaal500 Gly Ala val Tyr Glu Arg val Thr Thr Ille Asn Gin Glu lle Gin Lys 385390395 400
att aaa_Ctt gga att caa caa cta aaa gat gct gct gaa agg gag aaal548 lle Lys Leu Gly lle Gin Gin Leu
Lys Asg fa Ala Glu Arg Glu % %405410415 ctg aag tcc gaa ata ttt cta aac ttg ct gct ttg gag
aaal596 Leu Lys Ser Gin Glu%e Phe Leu Asn Leu Lys Thr'Ala Leu Glu Lys 42042§§§Batac cac gac
ggt att gaa aag gca gca gag gac tcc tat gct aag atal644 Tyr His Asp Gly lle Glu Lys Ala Ala Glu Asp
Ser Typala losallesd3544044btgat gag aagaca gclhgap atgraapgoe agg £ig; tig a@aaie tca acc1692
Asp Gigtys Thr Alg &u Leu Lys Ary Lys met Phe Lys met Ser Thr 450455460 tga ttaacaaaat
tacatgtétt titdtdaatd gtugecatititabitt 1729 dtataljas abhaaXgtly h§cdastg§ hdglaréaga agtaccaaat

aatgttgh€4805 340 345 350

gcc aca gca caa ttc aaa ata aat aag aag cat gaa gat gtt aag

caa 1404
Ala Thr Ala GIn Phe Lys Ile Asn Lys Lys His Glu Asp val Lys
GIn

355 360 365

tac aaa Cg< aca gta att gag gat tgc aat aaa gtt caa gaa aaa

aga 1452
Tyr Lys Arg Thr val Ile Glu Asp Cys Asn Lys val GIn Glu Lys
Arg

370 375 380

ggt gct gtc tat gaa cga gta acc aca att aat caa gaa atc caa

aaa 1500

Gly Ala val Tyr Glu Arg val Thr Thr Ile Asn Gln Glu Ile Gln
Lys

385 390 395

400

att aaa ctt gga att caa caa cta aaa gat gct gct gaa agg gag
aaa 1548

Ile Lys Leu Gly 1Ile GIn GIn Leu Lys Asp Ala Ala Glu Arg Glu
Lys

405 410 415

ctg aag tcc cag gaa ata ttt cta aac ttg aaa act got ttg gag

aaa 1596
Leu Lys Ser Gin Glu ITe Phe Leu Asn Leu Lys Thr Ala Leu Glu
Lys

420 425 430

tac cac gac ggt att gaa aag gca gca gag gac tcc tat gct aag

ata 1644
Tyr His Asp Gly ITe Glu Lys Ala Ala Glu Asp Ser Tyr Ala Lys
Ile

435 440 445

gat gag aag aca gct gaa ctg aag agg aag atg ttc aaa atg tca

acc 1692
Aﬁp Glu Lys Thr Ala Glu Leu Lys Arg iys Met Phe Lys Met Ser
Thr

450 455 460
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tcatcagttt ttatacactc tcataagtag ttaataagat gaatttaatg taggcttttal865 ttaatttata attaaaataa cttgtgcagc
tattcatgtc tctactctgc cccttgttgt1925 aaatagtttg agtaaaacaa aactagttac ctttgaaata tatatatttt tttct 1980
<210> 35 <211> 464 <212> PRT <213> HOMO sapiens <400> 35 Met Glu Thr Leu Ser Phe Pro Arg
Tyr Asn val Ala Glu lle Val lle 151015 His lle Arg Asn Lys lle Leu Thr Gly Ala Asp Gly Lys Asn Leu Thr
202530 Lys s Leu Ty Pip ASpRIDLIS g Gl Lpu it e 554045 Ty et g Al
Leu Gin lleval Tyy &3y lle Arg Leu GIu His Phe 505560 Tyr Met Met Pro val Asn Ser Glu val Met Tyr
Pro His Leu met Glu 65707580 Gly Phe Leu Pro Phe Ser Asn Leu val Thr His Leu Asp Ser Phe Leu

859095 Proaite: Cyg g adpl AengAsy Phedzlgairda Fsptetcag £ yaPradOfd 85110
aatgttggct 1805

tcatcagttt ttatacactc tcataagtag ttaataagat gaatttaatg
taggetttta 1865

ttaatttata attaaaataa cttgtgcagc tattcatgtc tctactctge
cecttgttgt 1925

daatagtttg agtaaaacaa aactagttac ctttgaaata tatatatttt tttct

1980
<210> 35
<211> 464
<212> PRT
<213> Homo sapiens
<400> 35
Mﬁt Glu Thr Leu Ser Phe Pro Arg Tyr Asn val Ala Glu ITe val
Ile
1 5 10 15

H;s Ile Arg Asn Lys Ile teu Thr Gly Ala Asp Gly Lys Asn Leu
Thr
20 25 30

Lys Asn Asp Leu Tyr Pro Asn Pro Lys Pro Glu val Leu His Met
35 40 45

Tgr Met Arg Ala Leu Gin Ile val Tyr Gly Ile Arg Leu Glu His
Pne
50 55 60

T¥r Met Met Pro val Asn Ser Glu val Met Tyr Pro His Leu Met
Glu

Gly Phe Leu Pro Phe Ser Asn Leu val Thr His Leu Asp Ser Phe

Leu
85 90 95
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Lys Ala Lys Arg Thr Ser Arg Phe Leu Ser Gly lle lle Asn Phe lle 115120125 His Phe Arg Glu Ala Cys
Arg Glu Thr Tyr Met Glu Phe Leu Trp Gin 130135140 Tyr Lys Ser Ser Ala Asp Lys met Gin Gin Leu
Asn Ala Ala His Gin 145150155 160 Glu Ala Leu met Lys Leu Glu Arg Leu Asp Ser Val Pro Val Glu
Glu 165170175 Gin Glu Glu Phe Lys Gin Leu Ser Asp Gly lle Gin Glu Leu GIn Gin 180185190 Ser Leu

Asn Gin P is,Gin Lys . The lle Val %i Glu-Gly_19 2& 209 A nlier in Lys Lys Ser Asn lle
Ser Glu ﬁgﬁ?%ﬁ%%’é A\};anﬁz%ﬂé%%% ﬁJeLé;Jl} Eys é5u i% \?a?@al &r I'_CieeuuLy(/?Q’glu lie Gin Glu
Ser Leu 225230235 24014yg Thr Lys lle Val Asp Sen Bro Glu Lys Leu Lys Asn Ryrd-ys Glu 245250255
Lys Met Lys Asp Thr Val Gin Lys Leu Lys Asn Ala Arg Gin Glu Val 260265270

L%S Ala Lys Arg Thr Ser Arg Phe Leu Ser Gly Ile Ile Asn Phe
Ile
115 126 125

H%s Phe arg Glu Ala Cys Arg Giu Thr Tyr Met Glu Phe Leu Trp
GIn
130 135 140

T¥r Lys Ser Ser Ala Asp Lys Met GIn Gln Leu Asn Ala Ala His
Gin

145 150 155

160

G}u Ala Leu Met Lys Leu Glu Arg Leu Asp Ser val pro val Glu
Glu
165 170 175

G}n Glu Glu Phe Lys GIn Leu Ser Asp Gly Ile GIn Glu Leu Gln
Gin
180 185 190

Sﬁr Leu Asn GIn Asp Phe His GIn Lys Thr Ile val Leu GIn Glu
Gly
195 200 205

Asn Ser GIn Lys Lys Ser Asn Ile Ser Glu Lys Thr Lys Arg Leu
Asn
210 215 220

Glu Leu Lys Leu Ser val val Ser Leu Lys Glu Ile GIn Glu Ser
Leu

225 230 235

240

Lys Thr Lys Ile val Asp Ser Pro Glu Lys Leu Lys Asn Tyr Lys
245 250 255
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Val Glu Lys Tyr Glu lle Tyr Gly Asp Ser val Asp Cys Leu Pro Ser 275280285 Cys Gin Leu Glu Val Gin
Leu Tyr Gin Lys Lys lle Gin Asp Leu Ser 290295300 Asp Asn Arg Glu Lys Leu Ala Ser lle Leu Lys Glu
Ser Leu Asn Leu 305310315 320 Glu Asp Gin lle Glu Ser Asp Glu Ser Glu Leu Lys Lys Leu Lys Thr
325330335 Glu Glu Asn ser Phe Lys Arg Leu met lle Val Lys Lys Glu Lys Leu 340345350 Ala Thr Ala
Gin Phe Lys lle Asn Lys Lys His Glu Asp Val Lys Gin 355360365 Tyr Lys Arg Thr val lle Glu Asp Cys
Asn Lys VakGirely Lys Asg 37AB75380 GhnAla dal By GlidArgaval I Th-Jedsn Gnlu lle Gin
Lys 385380895 400 lle Lys Leu Gly lle Gin Gin Leu Lys Asp Ala Ala Glu Arg Glu Lys 405410415 Page
15 Leu Lys Ser Gin Glu #&®he Leu Asn Leu Lys Thitla Leu Glu Lys 270

val Glu Lys Tyr Glu Ile Tyr Gly Asp Ser val Asp Cys Leu Pro
Ser
275 280 285

Cys Gln Leu Glu val GIn Leu Tyr GIn Lys Lys Ile GIn Asp Leu
Ser
290 295 300

Asp Asn Arg Glu tys Leu Ala Ser Ile Leu Lys Glu Ser Leu Asn
Leu

305 310 315

320

Glu Asp GIn Ile Glu Ser Asp Glu Ser Glu Leu Lys Lys Leu Lys
Thr
325 330 335

Glu Glu Asn Ser Phe Lys Arg Leu Met Ile val Lys Lys Glu Lys
Leu
340 345 350

Ala Thr Ala GlIn Phe Lys Ile Asn Lys Lys His Glu Asp val Lys

Gin
355 360 365

Tyr Lys Arg Thr val Ile Glu Asp Cys Asn Lys val GIn Glu Lys
Arg
370 375 380

Gly Ala val Tyr Glu Arg val Thr Thr Ile Asn GIn Glu Ile GlIn
Lys

385 390 395

400

Ile Lys Leu Gly Ile Gin GIn Leu Lys Asp Ala Ala Glu Arg Glu
Lys
405 410 415
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420425430 Tyr His Asp Gly lle Glu Lys Ala Ala Glu Asp Ser Tyr Ala Lys lle 435440445 Asp Glu Lys
Thr Ala Glu Leu Lys Arg Lys Met Phe Lys met Ser Thr 450455460

Leu Lys Ser GIn Glu Ile Phe Leu Asn Leu Lys Thr Ala Leu Glu

LYS
420 425 430

Tyr His Asp Gly Ile Glu Lys Ala Ala Glu Asp Ser Tyr Ala Lys
Ile
435 440 445

Asp Glu Lys Thr Ala Glu Leu Lys Arg Lys Met Phe Lys Met Ser
Thr
450 455 460
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