-1- DESCRI PTI ON EPI TOPE/ PEPTI DE RECOGNI ZED BY HLA- A2402- RESTRI CTED Ep- CAM
SPECI FI C CTL AND USE OF THE SAVE 5 TECHNI CAL FI ELD The present invention
relates to epitope peptides recognized by HLA- A2402-restricted cytotoxic T
| ynphocytes, antigen-presenting cells and major histoconpatibility antigen
10 conpl exes; cancer vaccines or cytotoxig T |ynphocyte inducers

conprising these as an active ingredient; passive inmunotherapy drug for

epithelial cancers conprising as an ggidcwgpirngredi ent  such a cytotoxic T
| ynpocyt e inducer; cancer treatment or anelioration nmethods using these;
and net hods of quantifying HLA 15 A2402-restricted cytotoxic T |ynphocytes

speci fi ¢ to cangenspr, BACKGROMBOART 260! OF K6 nboy TRROSY @ { herehpal ter
referred to as "CTL"s) are considered to be an inportant facto
counteracting 20 cancers. “HHé&HFRET FERabioi/ BT CETESEeSMibi ti ng cytotoxicity
agai nst gunor cells at tunor sites of a cancer patient can be observed. A
tunor antigen, which is a nolecule targeted by such tunor specific CILs,

is broken do%FiNT¥2d: EEELDi nto peptides 25 (tunor epitope peptides)
conprising 8 to 11 amjpo aci . bi. . a n leuykocyte antigen .
(hereinafter referred to %g "HEA"fpg%ﬁ?anisggﬂ%ﬁ?%r C?s%@&&ﬁﬁ%ti@ﬁ?%%%?S
anti gen, antedégitiken presénfed?dn2thesisurdftace efytatbuior tel Lym@Adsytes,

recogni ze conpl exs i sing_HLA and the tunor.aptigen peptide, and

at t ack tunnr.'é%%bgfﬁggyékﬁé gﬁﬁgsre%%%nf¥%“¥hn%Fs %ﬁ%ﬁPﬁHﬂgﬁaéhyth%pH%ﬁﬂﬁ

anti gedls Hioplesersi ctdaomerHbAsc@iresceblt nebranecant i gaRsh@XpELSsRd @t s

al most all _cells, and are broadly classified into Cass | antigens and

Class |l antigens. YHL re@ggﬁ?&éﬁ“?ﬁﬁ%tﬁﬁ?xﬁﬁﬁﬁtepF?EP@B% PEBHREE 15y Y35

CTLs are classj fied asitfiasisll @ntdgenscondAsChassd At hgens: at€gredtient
such a cytotoxic T lympocyte inducer; cancer treatment or
amelicration methods using these; and methods of quantifying HLA-

15  A2402-restricted cytotoxic T lymphocytes specific to cancers.

BACKGROUND ART

Cytotoxic T lymphocytes (hereinafter referred to as

“CTL”s) are considered to be an important factor counteracting
20  cancers.

The infiltration of CTLs exhibiting cytotoxicity
against tumor cells at tumor sites of a cancer patient can be
observed. A tumor antigen, which is a molecule targeted by such
tumor specific CTLs, 1s broken down in a cell into peptides

25 (tumor epitope peptides) comprising 8 to 11 amino acids, binds to
a human Jeukocyte antigen (hereinafter referred to as “HLAY)
which 1s a major histocompatibility antigen, and is then
presented on the surface of a tumor cell. CTLs recognize complexs
comprising HLA and the tumor antigen peptide, and attack tumor

30 cells. CTLs thus recognize tumor cells through the tumor
antigen’s HLA restriction.

HLAs are cell membrane antigens expressed on almost all
cells, and are broadly classified into Class I antigens and Class
II antigens. HLAs recognized together with epitope peptides by

35 CTLs are classified as Class I antigens. HLA Class [ antigens are



further classified as HLA-A, HLA-B, HLA-C, etc., and their genes have
subtypes. For exanple, HLA-A is polynorphous and has A, A2, A24, A26,
etc. subtypes. E ILAs for each human individual are not therefore always
identical, and CTLs can even recogini ze these 5 HLA subtypes when

recogni zing a conplex of an HLA Cass | antigen and a tunor epitope
peptide. Further, epitope peptides capable of binding to HLAs are known to

have a peptd q , i .. (patterned seq ce) capable of binding to
one of eachfL%E/Ef;%‘%oiLtj ?Q%@édmacsorﬁ%nél’yﬁ%or%’i ﬁggc@ p%@cg‘ﬂd/aor?cga_%]??%tqegi‘?sof
CTLs, it i$ave esbempeal Forscez»kaemleperamaesisomxyn&nmgbbeall‘\rﬂa_t his Czap,?b}lzel of
binding to different types of HLAs for every patient. - Iis a nolecule
wi del y exprA?§$e§2§h Fké'sﬁ?}?%esof H@*&ﬁcgprcgfp‘f:é g’f’m@bi f%@fjé?ua&fiag?%_,ménd
acts as an tinetreroedi alyayf ondeen:€al Ci iidependenh esldn ta-«g]iniadhasion.

Ep-CAM Ls al so 15 known as ECP-2, 17-1A, GA733-2, or KSA. Ep-CAMis highly
e>F<)pr essi%ve b ﬁﬁﬁf]y??ﬁrd?@e”défﬁc\%ﬁl?%%‘ﬂn ¥ FTEUSL hiodt él‘oﬁ%a@fﬂféﬁ i pi - isigeh

as the |arggd At eshdNepiliepgspepead and pesky, é@%@)’pgééﬂgés &lSab1and
its expression is regional in nornmal epithelial cells. Further, 'since
tunor progredsiiad ditd BRRTAMIZ0 Expiresdiconhdevela coeplelda e sefihendet etiidn

of Ep- CAM expkesshod bsqudiehul A maker; for, diagngsi ng: m.ni ;
pr esent tuﬁto)é)fB met astas%% an icnaﬁ%r eéei (_:tél(ngla ﬁqag'?l ent&z prognosﬁg.tg’é;e)- 8,£M
is widely é¥peesdedardipaheerfwelinstucharn and ghnata ieoipepdf helial igelilss,
but | 51 @XPles8efl; L PCakl Yod fle 2S00 [ls CRLLS: 1 ANEN T Suo G CAML LS, 8N o ¢
i nportant target in imunotherapies and gen erapi'es w nono al
ant i bodi es binfong eikampliderienti sypepartt etlAshdbrt hecagmiatiistitati on of an

Ep- CAM speci fic nurine - apnocl onal , anti body, (desi gnated.as 17- 1A) to ]
pati ents whose tunor ﬁg@ g%e% ’3‘&%%%‘%%‘? 1o vE rﬁﬁgeﬁoo%f?}é%ﬁ“zfegaicﬁ e
prophyl axi saotedi sehbs mEt aptiagesiahndribat, 7andonsesutisvenryedfise@iediary
adm ni stration_was %{fecti Vi v(%!P rates._ It _has al so

been repor £8d PhAt “Ep: CAMSBESIFIE SromocPonat . aftittiiies d6sCatared 450
17- 1A B5 e ehbestiae Enp-peduci-ig,nmochabity, raie agd.t umgp-CeAUrI£Nga grhen
used for %gpgégg&kggi%atkgg§s gﬁ%&}sla& %iggéeSEégf %%QES&S' histological
origins such as the large intestine, lungs, head and neck,
mammary glands, etc., and its expression is regional in normal
epithelial cells. Further, since tumor progression and FEp-CAM
20  expression level correlate, the detection of Ep-CAM expression is
useful as a marker for diagnosing minimally present tumor
metastases and in predicting a patient’s prognosis.
Ep-CAM 1is widely expressed in cancer cells that
originate from epithelial cells, but is expressed locally in
25 normal cells. Given this, Ep-CAM is an important target in
immunotherapies and gene therapies with monoclional antibodies.
For example, it is reported that the administration of
an Ep-CAM-specific murine monoclonal antibody {designated as 17-
1A) to patients whose tumors had been surgically removed was
30  effective in the prophylaxis of distant metastasis, and that 7
consecutive years of administration was effective in improving
survival rates. It has also been reported that Ep-CAM-specific
monoclonal antibodies designated as 17-1A are effective in

reducing mortality rate and tumor recurrence when used for

35 treating patients with large intestine cancers.



-3- Furthernore, sone recent reports disclose the fact show ng the
possibility of cancer treatnments using CTLs targeting HLA-restricted

Ep- CAM For exanple, Patent document | reports that HLA-A0201- 5 restricted
Ep- CAM specific CTLs destroy epithelial tunor cells, but do not affect
normal cells. Patent docunment 1 discloses,a peptide consisting of the
YQLDPKFI TSI sequence represented by SEQ 1D NO 12 as an Ep- CAM 174- 184

epi tope peptide recognized HLA: , A02Q1- tricted CTLs, T-cel | )

response to Ep-CAMi's al somg%g'er \;"Se%&l n(%%g%g?l a%éc:]éoﬂasr gléﬁlsﬁ%gg?i ntfe%ecar%‘g}

patients wfhaddnaothe epessiiilitynofheaapyr tientadditti oninwhen.d argeeting

i ntestine cer i Sare. i muni zed w th Ep- CAM expressing reconbi nant

canary poxqéi%r E?se,seg}hgft?%gz-pc@y'speci fic CTL response is derived wthout

causi ng aut oi mmune Fd& respgrise. PAneng HhAzerdty pesrépoHA hassitla-anbiogens,

HLA- A24.is __expressed._the nost anmong panese peopl e. Consequently,

HLA- A24° rers?tsrtir&€§%§EBPdi eBi%ope “p iisd&es&r@yp%}ﬁ&l%ll?ldéélfnpéblcéllsr

cancer vacginesio Repordetkas suchiepidiope pepties carmehOr 1 20sex88pLe, as

follows. Patent docunent 2 discloses 5 types of epitope peptides,

consi sting FSPLEHE amih Hdd °deflEnc@UtidiSh FGI9enAf nbeRRG P tees bau 88

derived fram S8RTi2 44y amdaglem@tpé@lé}ﬁt%%ea@eﬁkéa&?ég@gﬁ%tdr Gt edaCTL
pe

epi tope peptide. 25 Patent docunment 3 discloses 6 types of epito
peptides, “E6ASIEE$ Mg Tk FéLami no aci d sequence containing 8 to 11 anino

aci d resi dues, derivedhnomARTA4 tymr. anati gen t el | ,
HLA- A2402-restricted Q‘I@L epi tég%-%s pept i éye.%ﬁ%a?gn?%gc(g&n%%&% gi%sgloéggsd?d
types of epPrépelpleptliides cangercpasistinghof doheoaniraoeaed dimegqueheeapy .
contai ni ng 18 t@qiticaM NPep a¢! e ckmgs derived from | uk_pr.ot ei ns
(tumor antigen proteins %%dgég%%/ fllﬁ gene %@ﬁ%&nﬁﬁqﬁ“e%g%r &¢Sed N 1 4P e
i ntestine wahtekP @ sxpvdssaad| reedribinamg caneey peklsiassamnti BEp-CAM-

HLA‘A2402'EﬁééffféGQﬂEFLrSQ£59£§ H%PtEg§13§§akﬁﬁ%ot%onkgu§fﬁé autolmmune

15 response.

Ameong HLA-A types in HLA Class I antigens, HLA-A24 is
expressed the most among Japanese people. Consequently, HLA-A24-~
restricted Ep-CAM epitope peptides are presumably desirable
cancer vaccines. Reported as such epitope peptides are, for

20  example, as follows.

Patent document 2 discloses 5 types of epitope peptides,
consisting of the amino acid sequence containing $ amino acid
residues, derived from SART-2 tumor antigen proteins as an HLA-
AZ2402~restricted CTL epitope peptide.

25 Patent document 3 discloses 6 types of epitope peptides,
consisting of the amino acid sequence containing 8 to 11 amino
acid residues, derived from ART-4 tumor antigen proteins as an
HLA~AZ402-restricted CTL epitope peptide.

Patent document 4 discloses 7 types of epitope peptides,

30 consisting of the amino acid sequence containing 8 to 11 amino
acid residues, derived from pS56luk proteins (tumor antigen
proteins coded by luk gene) abnormally expressed in large
intestine cancer cells and small cell lung cancer cells as an
HLA-AZ40Z2~restricted CTL epitope peptide obtained from a cell

35 line established from an esophagus cancer patient.



35 line established froman esophagus cancer patient. -4- Patent docunent 5
di scl oses 4 types of Pl-9-derived peptides, consisting of the amno acid
sequence containing 9 to 10 am no acids, obtained fromKE4 tunor cel

| ine-derived cDNA |ibrary as an HLA- A2402-restricted CTL epitope peptide
obtained 5 froma cell line established fyoman esophagus cancer patient.
Pat ent docunent 6 discloses 17 types of epitope peptides, consisting of

the am no acid sequengeRONYEERALG 95tqﬁs%gogggnq1ag?gés Qﬁfprgggﬁgfﬂ“%§WA
pepti des obtained froma 11 to 18 pul nonary adenocarcinoma cell line c
library as PERTHERAS A2802S 19 kestef ctletl @Hnepicichespoptricte whttaiinedyf Pormoa
cell line t.abl.i fao0 | er..pat.i ent t.ent. document 7
di scl oses gﬁﬁé%@f%igﬁgé%?iggﬂ@ﬁ%%% %%%%sﬁgESTSEQ) t%?Eb %h?%éﬁaeﬁﬁd DA
resi dues, Radrarpotf cvagdBl-@2402-bendi ng aco CRIA- A24: dpd Hhelo AR 2)h t amechas
a firstcco ved resi due. Y,..E, or Wtoward the N-ternminal, and a
second 5co§§§&V§dc%g%i§ﬁh§ %%t%;lf?hﬁgc)rqﬂ fowar FPPRE T SR AP L fer ei n
the first and secondaaemser viedumest dues atecsepsy ated byyed 0 oF rgsicdues.
As exenplifieg.ﬁbove vari.ous HLA- A2402-restricted CTL 20 epitopes anong
tunor - r el afSl “ARTT geh  hatie et | et 6 2C HOWRRAIE e SR8 BN % of0
turmor anti gensmyasi £sidigpedirng soRer i &d Aqgiicls 8bkgiAsy A W dualk..cagcer
pati ent and ?ach patient's | esion, and therefore further new epitopes are
expected PUHRIPECTITEFALSERR RBEL SiHReCt HEpTamt i vh By HR-GRY02-
epi t opEy peptideiceapahtg, Ofepll'tr&%bng pbpt 88e HLAn AZAQZ ot geul € has jnot 1)1}%_&

n Ic

been confirmed, there is dema for devel opi ng new cancer cell- speci
Ep- CAM epi £8p2P bt Hde oRapablad ofaliardibag iebtan HLA- A2402 nol ecul e, and

CoET P P N v 1Bl FRERT ORIk bt ehaethn b ERle o on
consists of 9 to 10 amino acid residues, has a motif capable of
binding to HLA-A24.1 (HLA-A2402), and has a first conserved

15 residue of Y, F, or W toward the N-terminal, and a second
conserved residue of F, I, W or M toward the C-terminal, wherein
the first and second conserved residues are separated by 6 to 7
residues,

As exemplified above, various HLA~A2402-restricted CTL

20  epiltopes ameng tumor-related antigens have been identified;
however the expression of tumor antigens varies depending on
histclogical origins, individual cancer patient and each
patient’s lesion, and therefore further new epitopes are expected
toe be specified.

25 Further, since CTL derivation by Ep-CAM epitope peptide
capable of binding to an HLA~A2402 molecule has not vet been
confirmed, there 1is demand for developing new cancer cell-
specific BEp-CAM epitope peptides capable of binding to an HLA-
A2402 molecule, and capable of inducing CTLs.

30
Patent document. 1:

International Patent Publication Ne. W097/15597
Patent document Z:
Unexamined Japanese Patent Application Publication No.

35 1899-318455



Unexam ned Japanese Patent Application Publication No. 35 1999-318455 -5-
Pat ent: docunent 3: Unexam ned Japanese Patent Application Publication No.
2000- 116383 Pat ent docunent 4: 5 International Patent Publication No.
W)2000- 06595 Pat ent docunment 5: Unexam ned Japanese Patent Application
Publ i cati on No. 2001-245675 Patent docupent 6: 10 Unexam ned Japanese

Pat ent Application Publication No. 2003-270 Patent docunent 7: Unexam ned
Japanese PatanrintAppkiueatt on: Publication No. 1996-500103 (claim 11, etc.)
15 DI SCLOSURE OF THE | NVENTI. ON PROBLEMS TO BE SOLVED BY THE | NVENTI ON

bj ects of the pr¥sERNVNGeHEPBRCH &aAtensr HvPdECELOANMubdpabpen pépt | des
capabl e of inducigigoHiAcAZ402-restricted cytotoxic 20 T |ynphocytes,
antigen-presenting cells and maj or histoconpatibility antigen conpl exes;
cancer vacdiiédtorceyrdtoxdi:c T |ynphocyte inducers conprising these as an
active gngredi entg, & GAMLSPes A& 1é%§9365ﬁﬁ§f'ﬁab§§ gﬁ%g%lec T

| ynphocyt es; passive | mrunot herapy drugs conprising's A yhphocyt es;
cancer tredtdvent dscgnerdndl:i orati on net hods using these; and net hods of

gquantifying epit j.al. ncer-specific HLA-A2402-restricted cytotoxic T
| ynphocyt es. W’@%éd%lg(éﬁﬁ%rﬁ Sﬁﬁﬁgl\ép% CI’—%trloé)c%iuégFﬁﬁtf%‘é Mbove
obj ects, the pregéntl-2avéniors predicted and synthesized 7 peptide

sequences i -CAM proteins by a bioinformatics approach to find epitope
BT dgﬂ%‘é"{‘ﬁ%g ©he abi || ty to bind to an HLA-A2402 nol ecul e,

pepti de sequerices
whi ch 16 the Unexamined Japanese Patent Application Publication No.
2003-279
Patent document 7:
Unexamined Japanese Patent Application Publication No.

1996-500103 (claim 11, etc.)

15
DISCLOSURE OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTICN
Objects of the present invention are to provide Ep-CAM
epitope peptides capable of inducing HLA-A2402-restricted cytotoxic
20 T lymphocytes, antigen-presenting cells and ma’jor

histocompatibility antigen complexes; cancer vaccines or cytotoxic
T lymphocyte inducers comprising these as an active ingredient; Ep-
CAM-specific HLA-A2402-restricted cytotoxic T lymphocytes; passive
immunotherapy drugs comprising such lymphocytes; cancer treatment
25 or amelioration methods using these; and methods of quantifying
epithelial cancer—-specific HLA-AZ2402-restricted cytotoxic T

Lymphocytes.

MEANS FOR SOLVING THE PROBLEMS

30 For achieving the above objects, the present inventors
predicted and synthesized 7 peptide sequences in Ep-CAM proteins
by a bioinformatics approach to find epltope peptide sequences
having the ability to bind to an HLA-A2402 molecule, which is the
most  common type in HLA-As {(more than 60 %) in the Japanese

35  population, and about 20 % in the European populatiocon.



nost comon type in HLA-As (nore than 60 % in the Japanese 35 popul ation,
and about 20 % in the European popul ation. -6- Wen predicting peptides
capabl e of binding to a specific HLA nol ecul e by a bioinformatics approach,
cytotoxic T |ynphocytes induced by such predicted peptides in reality
often do not recognize antigens conprisifgg such peptides. 5 Under such
circunstances, the present inventors found that CTL cl ones specific to two

out of seven predictregeepidepa ctRapt i g8s: astdaldapexhi bik C}yirqmiqn_cit_td' t:p
HLA- A2402 positive Ep- CAM expressing cancer cells, but do not exhibit
cyt ot oxi ci e LIALALRO ISP eRBgat Pye acinedplesnpticy oamradny, avtesiokitaret

i nhi bi tion3ssancdespnstpated hat,~it hes | ~PeRLd rocesse
and presented ascgantigens on.?tA?%&aoé fﬁéﬁ#%€2§%%$%£ﬁf§§§?%%vgiggncer%
cel | s. Consgeft Fgcogivese anidJepit opepapriadesicbanebeidsed as cancer

vacci nes for people i.ng - ) e prese I nyention.has been
acconpl?shed based Jﬂﬁﬁ%ﬂesg%ﬁbégﬁgﬁﬁﬁ%ggEgéngjbro@$§é%xirﬁ§%%5395ﬁ|é§und
epi t ope peptiadesTlandlare lddeeiflitemcl.twh pept ide sévanypont ofed lYpimped)

bel ow. 20 _ tide nsisting essentially of t i aci d _.sequence
representeg%%§§gggfﬁfgﬂﬁffﬁ ?%hlg% péﬁiﬁ&@xégﬁgysi?ngféggiéﬁéEHQ%}Qﬂ”ﬁIﬁ?“
am no aci d CAseguereestegr essnt ededyl SEQUD NO: n2t (8xheb MUt @ptotRealdide to
consi sting S Lally of an am no 5 acid sequence derived fromthe am no
aci d seque#@é_ggébgs %ﬁ%ﬁfﬂ%/cagﬁéflﬁ? 11 by addition, deletion or
substit@tion of one mrrdmne amchodaciadgect hennentiide haifng capala Qfteq
formng a ¢ lex with an HLA- A2402 nol ecule to be recognized by

HLA- A2402- Fgé ri EERS GRGOERI cPAPHARShoEY EesPBPCE Hithtt e 28dc hPF§¥pHeYt 65 30

(4) a nut aahtpgphis den GonsiEBUiongpessentd ald-yef pan; adQaeid seguence
derived fromthe am no aci d sequence represented by SEQ ID NO 2 by _
addi tion, deletion SSEEERELYi of e e GiPivspe PaptHeacials bat hisegepssi de

bei ng capabhkgcef $QEMNG FLOBRLEXe WA ng HLA-22402.
15 The present invention has been accomplished based on
the above findings, and provides the following epitope peptides
and the like.

ITtem 1. A peptide of any one of (1) to (4) below:
20 (1) a peptide consisting essentially of the aminoc acid
sequence represented by SEQ ID NO: 1
(2) a peptide consisting essentially of the amino acid
sequence represented by SEQ ID NO: 2
{3) a mutant peptide consisting essentially of an amino
25 acid sequence derived from the amino acid sequence represented by
SEQ ID NO:1 by addition, deletion or substitution of one or more
amino acids, the peptide being capable of forming a complex with
an HLA-A2402 molecule to be recognized by HLA-A2402-restricted
cytotoxic T lymphocytes or induce such lymphocytes
30 {4) a mutant peptide consisting essentially of an amino
acid seguence derived from the amino acid sequence represented by
SEQ ID NO:Z2 by additicon, deletlon or substitution of one or more
amino acids, the peptide being capable of forming a complex with
an HLA-A2402 molecule to be recognized by HLA-A2402-restricted

35  cytotoxic T lymphocytes or induce such a lymphocytes.



an HLA- A2402 nol ecul e to be recogni zed by HLA- A2402-restricted 35 cytotoxic
T | ynphocytes or induce such a | ynphocytes. -7- Item2. A peptide of either
(1) or (2): (1) a peptide consisting essentially of the am no acid
sequence represented by SEQID NGO 1 (2) a peptide consisting essentially
of the amno acid 5 sequence representedsby SEQID NGO 2. Item 3. A cancer
vacci ne conprising the peptide of Item1 or 2 as an active ingredient.

ltem 4. A chmger2.vacci rfe pefptlitieny 8, eirerein )t Be ¢ancer is an epithelial
cancer. 10 Item 5( A cancer ,\C/iacci ne of Item3 or 4, wherein the cancer is
sel ected from t he''gr ofip FE&HdFSt i T P ULBFgee I3 Edeil sl ankke s anipgngcid

cancers, breagtercaneepses@asid iy eapcensyobuccal cancers, pancreatic
cancers, esophagal_cancers, nasopharyngeal cancers, uterine cancers,
prostate cancers, ‘4dnd®g&dPBLEEd&orEaREans. esFentém by Afcanber avdoci meiof

any onesof ddfc3d LOppeMHICh bs sHSefhfigs. @ human having HLA- A2402 as a
| eukocyte antigen. Item7. A cytotoxi.c T |ynphocyte inducer conprising the

peptide of 1i&m31 or 2‘asaareacvievelnagradienting tem Bepiidytot oXiem T or

| ynphocyt e 4 nducegr ,of ; 44 ﬁtrﬂégzﬁeg%% is 20 used for human havi ng HLA- A2402

as a | eukocyte anti gen. pol ynucl eoti de of any one of (5) to (8)

bel ow. (5) &Eepolynucl edt icdeceonsastimyg @Ssknrdn &, whetet het baseansaquence

represente D 0 (6) a polynucleotide consisting essentially of
t he base %gt%lqug%icec%gf#ésent ed by SEQ ID NO 11 (7) a nutant

pol ynutfeotlitée bhat hybr icdinzes whthige pol ynael ®odide, comststd Ntheofcdhe
Eggfnse?ueq(‘ée Sgﬁggg@gn%ggm %XES(%SOF%DHPN%%% under_stri ng(;a,Lnt eC(?nEji ti onsc,er%nd
g for a peptrde” capa r T fex AkiEh 1RASRE Mk 459! :
nol ecul e tdubg 3ncecognitzedshy ddodoA2d027405t B LG oW OUMHG1T cancers,
| ymphocyt e% or ei Qﬂgc%a%‘égﬁs' yrépsrg)o%;ét gi (c8 nc:aérrmt ant pol ynucl eoti de that
hybr i di zes FERSY ' phag s, nasopharyngeal cancers,
uterine cancers, prostate cancers, and gallbladder cancers.
15 Item 6. A cancer vaccine of any one of Items 3 to 5 which is
used for a human having HLA-22402 as a leukocyte antigen.
Item 7. A cytotoxic T lymphocyte inducer comprising the
peptide of Item 1 or 2 as an active ingredient.
Item 8. A cytotoxic T lymphocyte inducer of Item 7 which is
20  used for human having HLA-A2402 as a leukocyte antigen.
Item 9. A polynucleotide of any one of (5) to (8) below:
{5) a polynucleotide consisting essentially of the base
sequence represented by SEQ ID NO:10
(6} a polynucleotide consisting essentially of the base
25  sequence represented by SEQ ID NO:11
(7) a mutant polynucleotide that hybridizes with a
polynucleotide consisting of the base sequence represented by SEQ
ID NG:10 under stringent conditions, and coding for a peptide
capable of forming a complex with an HLA-B2402 molecule to be
30 recognized by HLA-A2402-restricted cytotoxic T lymphocytes or
induce such lymphocytes
(8) a mutant polynucleotide that hybridizes with a
polynucleotide consisting of the base sequence represented by SEQ
ID NOG: 11 under stringent conditions, and being capable of

35 forming a complex with an HLA-A2402 molecule to be recognized by



pol ynucl eoti de consisting of the base sequence represented by SEQ ID NO
11 under stringent conditions, and being capable of 35 form ng a conpl ex

wi th an HLA- A2402 nol ecul e to be recogni zed by -8- HLA-A2402-restricted
cytotoxic T | ynphocytes or induce such |ynphocytes. Item 10. A gene

t herapy drug for an epithelial cancer cgynprising the polynucl eotide of
Item9 as an active ingredient. 5 Item 11. A reconbi nant vector conprising

t he pol ynugleenpder-efsthtiemed. tyemddic Attragshbposands Wwher eiimddhe  such
reconbi nant vector of Item 11l is introduced. Item 13. A process for
produci ng tHEPPRPYFHe of Item 1 or 2, 10 conprising the steps of

cul tivatingtéherdransf gr mgate of thimd2, dr@nd €0 | egli r@afﬂ?ﬁ%lﬁ%ﬁt' @%ne&r

Iltem1l or 2 fromthe culture. Item 14. An antigen-presenting cell which was
pul sed wi t ROTRELS Peptingeret vrtelrdtisie 2L [tem 15:s /m‘calﬁééﬁfeva@ﬂ%lent

conpri sj ngribg @Pt'genApﬁ%%%ﬂﬁﬁﬂgnLl@eE@Bk Q&m%%gggié e 5¥§Huéieot1de

|ngred| ent. Item 16. A cancer vaccl ne of rein t'he ‘cancer an
epi t hel i al o€ahem.%1tem 17. A cancer VaCCI ne of Item15 or 16, vvherel n the

cancer is §gérﬁc{§d fro}tp tg}% AQUR . GPNS i,St ng o arge | testjnal
cancers, lung cancers, br eant cgﬁégew Eell lr| c{&%ncer smgﬁuég I Vceéjr%’etr sO£
pancr eat i cItanckr sis eslm;nhagaédcancers nasopharyngeal cancers, ut eri ne

cancers, p canc and I I bI adder. cers. A cancer
vacci ne ofhg%%}a%%e of t% “9F to° Lb%n%gpl pﬁ%ﬁdﬁ? o? Ih%ﬂ favf ng
HLA- A2402 a@n;ariﬁukpd‘y‘tee sarpbget. clutleﬁnfé.chf\ i€y of:o%isFobnbygpbecyteni ngducer

conprising_the esentl of |tem1l4 as an actjve ingredient.
ItgrEI 20. %\%?/t%? C(? ?gl h?) ﬁ’ ugérem # T emFEWANENCT S U Red f or

treating arhemem havi ngn F&&Mr@%emk@@k@@m evaiiH @R pud@ekt @MBlend

maj or hi stoco t| bility antigen conplex conprising a mjor
hi st ocorrpaft"?ﬁbtf faﬁltfaéeﬁ,o%t%d t he peptide of

Item.lS. A cancer vaccine comprising the antigen-presenting
i5 cell of Item 14 as an active ingredient.

Item 16. A cancer vaccine of Item 15, wherein the cancer is

an epithelial cancer.

Item 17. A cancer vwvaccine of Item 15 or 16, wherein the

cancer is selected from the group consisting of large intestinal
20 cancers, lung cancers, breast cancers, gastric cancers, buccal

cancers, pancreatic cancers, esophagal cancers, nasopharyngeal

cancers, uterine cancers, prostate cancers, and gallbladder

cancers.

Item 18. A cancer vaccine of any one of Items 15 to 17 which
25 1is used for a human having HLA-A2402 as a leukocyte antigen.

ITtem 19. A cytotoxic T lymphocyte inducer comp;ising the

antigen-presenting cell of Item 14 as an active ingredient.

Ttem 20. A cytotoxic T lymphocyte inducer of Item 19 which is

used for treating a human having HLA-AZ402 as a leukocyte antigen.
30 Ttem 21. A major histocompatibility antigen complex

comprising a major histocompatibility antigen, and the peptide of

Item 1 or 2 or the tumor antigen epitope peptide present on the

antigen-presenting cell of Item 14.

Ttem 22. A major histocompatibility antigen complex of Item

35 21 comprising an HLA-AZ2402 molecule, a P2-microglcoblin, and the



I[tem1 or 2 or the tunor antigen epitope peptide present on the
antigen-presenting cell of Item14. Item 22. A mgjor histoconpatibility
antigen conplex of Item 35 21 conprising an HLA- A2402 nol ecul e, a _
(32-microgloblin, and the -9- peptide of Item1 or 2 or the tunor antigen
epi tope peptide present on the antigen-pgesenting cell of Item14. Item
23. A cancer vaccine conprising the major histoconpatibility antigen

conpl ex of defpemi2l o 22eds 1amachi v bhéNgnedkenint 1hbBM At NeCINGRT de
vacci ne of Item 23, wherein the cancer is an epithelial cancer. I'tem?25. A
cancer vacERESHF PRemMQIIGr 9eA PiferRT H'E Hellcahcékensl&el ected from the

group consiglngsof |ange intgstinal véc&r?@ncer&m{;&%%iance{ﬁe br%%étor
cancers, gastric cancers, buccal. cancers, pancreatic cancers, esophagal
cancers, nddéopRaEPyRyeHPilidanhceridgent ephpéesant ef sem ptlostatad? cancer sictarve
gal | bl adder; ,.¢apegrs. Item 26. A cancer vaccine of any one of Itens 23 to
25, which 1? i's used for treating a human havi ng HLA- A2402 as a | eukocyte
antigen. |tému274. A cytotaicerT-1apmphecytfe litrducer, corperiisi nget kencenj 0k
hi st oconpat.i.bi.|.i i conplex of Item?21 or 22 as an active
ingredigﬁtEEZSL?ﬁﬁﬁgg%#q%?%§?btoxic T | ynphocyte inducer of Item 27 which
is used fdtetr2ati ng & huamrehavizngihhA-A2402e@as 28 | eukgoyt ewpaté geN the

Item 29. A mmj.or histoconpatibility antigen conplex tetrapner conprising a
SE FSTRG | Gttt e CHO et aas0in0 | tbm 4- @t VGt aRa.

maj or hi st 66orpat i Bi PF
tunor BEhti gencepit openpeptanderpl esertson ddieerdd apis:@en- RIesenti ng, cekh of
ltem 14. Item 30. A cytotoxic T |ynphocyte which is obtained by
sti mul at i ng°BEF T phePABEE6UC | ifpREETT esCiRIRGdneCHiCHHsTe BRSTR)Ar weepd)
bel ow. (&) ckheepept i weeidind t inkeos, 2 BOo4icd he aRki-gen- preseming cekl of
Item 14 cancers.
Item 26. A cancer vaccine of any one of Items 23 to 25, which
15 is used for treating a human having HLA~A2402 as a leukocyte
antigen.
Item 27. A cytotoxic T-lymphocyte inducer comprising the
major histocompatipility antigen complex of Item 21 or 22 as an
active ingredient.
20 Item 28. A cytotoxic T lymphocyte inducer of Item 27 which is
used for treating a human having HLA-A2402 as a leukocyte antigen.
Item 29, A major histocompatibility antigen complex tetramer
comprising a major histocompatibility antigen and the peptide of
Ttem 1 or 2 or the tumor antigen epitope peptide present on the
25  antigen-presenting cell of Item 14.
Item 30. A cytotoxic T lymphocyte which is obtained by
stimulating peripheral bleood lymphocytes using one or more of (a)
to {d) below:
{a) the peptide of Item 1 or 2

30 (b} the antigen-presenting cell of Item 14
{c) the major histocompatibility antigen complex of Item
21 or 22
{d) the major histocompatibility antigen complex tetramer
of Item 29.

35 Item 31. A cytotoxic T lymphocyte of Item 30 which is



(c) the major histoconpatibility antigen conplex of Item 21 or 22 (d) the
maj or histoconpatibility antigen conplex tetramer of Item?29. 35 Item 31
A cytotoxic T |ynmphocyte of Item 30 which is -10- obtained by the steps of
form ng a conpl ex between a nmajor histoconpatibility antigen conpl ex
and/or a tetraner thereof and a cytotoxig T |ynphocyte by stinulating
peri pheral blood |ynphocytes using one or nore of (a) to (d) defined in

| tem 30, 5.80dihs@l &y NGné heGykot gxi qﬁo&n'iﬁﬁphé)c)é%ﬁgﬁégm5&%@%9”1)%]6&@Iogfe][n

32. A passive imunotherapy drug conprising'the cytotoxic T |ynphocyte o

| tem 30 or N3stasompplaidtiNgyi dgitedpentompleent3d/ oA pakst vand mihtokhér apy
drug of Item el npt h i Si.an Lt hel C I I t . A
passi ve in%ungﬁﬁé$g§§gdrag g#m%?g%§5% 0P933?9£§Hg%%?k5tﬁ§&§%%§%%liS%Hb%é
sel ect ed fAerPhheyipOupsigunsirst ing refrd arfgela)i ritestd)nale Carderis, Iteng 30,

cancers; bregst [S,..ga i ancers buccal .cancers, pancreatic
cancers’ eggghgag" éﬁlcgpg,%§%3g%%<éryﬁdg§P08¥§%eF§qndﬁé fﬁ%p&EﬁCers,
prostate canemsr87. and Al5 gatdbladdemmcancetSapy t emrd®. Acp@ssiyég  the

i mrunot her a dr u any,one, of |tens to0.34 which is used for a hunman
i o rackbabo Ee oL BBSETEE ob B promas B mANOG ofORUEHM T n
HLA- A2402- resir gt ed 20peys m@xixﬁandtymaggyaeﬁﬂi B¢ perépher alyHead, the

conprising the steps of nmking one or nore of the following (a) to (d) act
on peri ph&faFehl bod? (e&)lggﬁél%%p%%%%f ltem1 or 2 25 (b) the

anti geru present sng cel h gbaddem LombhGhotierdmi otillStoeompati bibi tyr angi gen
conplex of |[tem?21 or 22 (d) the major histoconpatibility antigen conpl ex
t et r amer Bhe¥?%ﬁn§ﬁ% Epger is selected from the group consisting of large

intestinal cancers, lung cancers, breast cancers, gastric cancers,
buccal cancers, pancreatic cancers, esophagal cancers,
nasopharyngeal cancers, uterine cancers, prostate cancers, and
15 gallbladder cancers.
Item 35. A passive immunotherapy drug of any one of Items 32
to 34 which is used for a human having HLA-A2402 as a leukocyte
antigen.
Tten 36. A method of quantifying HLA-AZ402-restricted
20  cytotoxic T lymphocytes in peripheral blood, comprising the steps
of
making one or more of the following (a) to {(d) act on
peripheral blood:
(a) the peptide of Item 1 or 2
25 (b} the antigen-presenting cell of Ttem 14
(c) the major histocompatibility antigen complex of Item 21
or 22
(d) the major histocompatibility antigen complex tetramer
of Item 29, and
390 quantifying cytotoxic T lymphocytes in peripheral blood or
cytokine produced by such cytotoxic lymphocytes.
ITtem 37. A cancer treatment and/or amelioration method
comprising administrating one or more of the following (a) to (d)
to a human having HLA-A2402 as a leukocyte antigen:

35 {a) the peptide of Item 1 or 2



30 quantifying cytotoxic T |ynphocytes in peripheral blood or cytokine
produced by such cytotoxic |lynphocytes. Item37. A cancer treatnent and/or
anel ioration method conprising admnistrating one or nore of the follow ng
(a) to (d) to a human having HLA-A2402 as a | eukocyte antigen: 35 (a) the
peptide of Item1l or 2 -11- (b) the anttqﬁg;presentlng cell of Item14 (c)
the major histoconpatibility antigen conpl'ex of Item?21. or 22 (d) the

mej or hi st oconpat i ldrley 2ABL§ @R, CAMPIEX ot BLT AMBF 113,0f 4l tem 29. 1tem 38. A
caLcer t r eat ment g? anelﬁora i on net hod gonpr|5|ng the steps of collecting

mononucl ear cel | f¥adticoRat ponh perdqseealibibl bpdarofigerhooapl pat d£nttdraviing
HLA- A2402 as- @9l eukocyte antigen, culturing the nononuclear cell fraction
with one or nore of 10 the following (a) to (d): (a) the peptide of Item1
or 2 (b) the anti{gén-gresentimgiceldcoobaktibin dy (a)t idwn Mgr@flex tetramer

hi st ocogpatbiflity,gntigen conplex of Item21 or 22 15 (d) the major

hi st oconpati bil ity anti gen conpl ex tetraner of Item29, and returning to

t he pati ent’tsmbBéod t hé. nemoruckeantaeht oﬁréméﬂﬂwiammomhmgbh@&t@6&B%ﬁ%iBg

' d /ar. tivated. 20 ltem 39. A nethod of inducing
Yot oxt ¢ Ty abROcyE oot LTSl AGHAHE FF &1 it ng ToE LoP RETE B ke Al
fol I owi ng (apotioofd) hireard daurant haying; HrA-A2402 as aa_lle%%%?ﬂeeaﬁﬁl&g&%ni
(a) the peptide of .Item1 or 2 (b) the antigen-presenting cell of Item14
25 (c) the maj or HirSPOEBAPELS BTN CARET gl oficdx oot Wi tlnend comez ()
the major hhst georPatndi )t ¥oanki gen conplex tetramer of Item 29.

(a) the peptide of Item 1 or 2

(b) the antigen-presenting cell of Item 14

(¢) the major histocompatibility antigen complex of Item 21
or 22

15 (d) the major histocompatibility antigen complex tetramer

of Item 29, and

returning to the patient’s blood the mononuclear cell
fraction in which cytotoxic T lymphocytes are induced and/or
activated.

20 Item 38. A method of inducing cytotoxic T lymphocytes
comprising administrating one or more of the following (a) to {d)
to a human having HLA-A2402 as a leukocyte antigen:

{a) the peptide of Item 1 oxr 2
(b} the antigen-presenting cell of Item 14

25 (c) the major histocompatibility antigen complex of Item 21
or 22
(d) the major histocompatibility antigen complex tetramer
of Ttem 29.
Item 40. A cancer treatment or amelioration method comprising

30  administrating the cytotoxic T lymphocyte of Item 30 or 31 to a
human having RLA-A2402 as a leukocyte antigen.
ITtem 41. A major histocompatibility antigen complex tetramer
of Item 21, wherein the tetramer is a complex comprising the HLA-
A2402 molecule, B2 microgloblin, and the peptide of Item 1 or 2

35 or the tumor antigen epitope peptide present on the antigen-



Item 40. A cancer treatnment or amelioration nethod conprising 30

adm nistrating the cytotoxic T | ynphocyte of Item 30 or 31 to a human
havi ng HL, A- A2402 as a | eukocyte antigen. Item41l. A nmgjor

hi stoconpatibility antigen conplex tetramer of Item 21, wherein the
tetramer is a conplex conprising the HLA; A2402 nol ecul e, (32 mcrogloblin
and the peptide of Item1 or 2 35 or the %unnr antigen epitope peptide

present ong Eggeﬁﬁﬂk?QQﬂjl%f presening cell of Item14. Item42. A cancer
vacci ne conEr|S|ng hi stoconpatibility antigen conplex tetramer of Item

41 as an aétf®ed? ngr edPemancerema&3ing Gamwénsvagcﬂﬁaéom1$tqnnm@ztlhmem9yn
the cancer .} s: o3 angRiLhelial, & g%fé e tg@1 aA\acly%%rjxaCC|ne of Item 42

or 43, wherein’the ancer 1s se r om t he group cons?s?lng of |arge
|ntest|naIIt@mn@érs | Bngacancerscchneast Thaced8, gasteic tancensgebugeal

cancer s, ngCééfghéil ncekggﬁesophagal cancers, nasopharyngeal 10 cancers,

Cd
uterlne cancer pros ate ters, and gall bl adder cancers. Item45. A

cancer vactiee ©f. any nnecaofcdrt enscdihd 0044 mhinch42i sowsafyl vfm:!retﬂheat:inég
human haV|n HLA- A2402 as a Ieukoc te anti 15 Item 46. A cytotoxic

| ymphocyt e g%ﬁ%%e+sc%ﬁﬁﬁq§ﬁdndipﬁe ﬁaPBPuBig?%%kﬁﬁkHQtﬁﬁ %%Fqgnﬁpﬁéﬁiéﬁﬁblex
tetramer ofahéem 4liundt eAnddrs A @yé@wanaefyrm a6yt e i pdyEeFs of Lltem 46
which is useful for treating human havi ng HLA-'A2402 as a | eukocyte

antigen. SO EPEECTPERCTRE-INVERFFORS ThESpPadent GweRtPon NRceowrhdssnepit ope
pepti des Wehgderare deniived faguEp- CAMJmmbecul es uidel y £xpres i?ghgader

epithelial cancer cells and can be recogni zed by cytotoxic T°lymphocytes
restrict ed“#§HA- A2402, which is the nost common type of human 25

| eukocyt e gt 0eNS anopg-Lhe. Japanese RePul,3t iR Fonsequent!y, @U&Hm

epi tope peptides can be used as cancer vaccines for treating w desp
HLA- A2402-posieedel huitan epiatheld ahweancbesin®RHER-BESCRI Bﬁl GN ﬂEulﬂﬂEyte
DRAW NGS antigen.

15 Ttem 46. A cytotoxic T lymphocyte inducer comprising the
major histocompatibility antigen complex tetramer of Item 41.
ITtem 47. A cytotoxic T lymphocyte inducer of Item 46 which is

useful for treating human having HLA-AR2402 as a leukocyte antigen.

20 EFFECT OF THE INVENTION
The present invention provides epitope peptides which
are derived from Ep-CAM molecules widely expressed on epithelial
cancer cells and can be recognized by cytotoxic T lymphocytes
restricted to HLA-A2402, which is the most common type of human
25 leukocyte antigens among the Japanese population. Consequently,
such epitope peptides can be used as cancer vaccines for treating

widespread HLA-A2402-positive human epithelial cancers.

BRIEF DESCRIPTION QF THE DRAWINGS
30 Fig. 1 shows the ELISOT assay evaluation results of a
polyclonal peptide-activated CTL cell line.
Fig. 2 shows the tetramer-staining results of Ep-CAM
peptide specific polycional (A) and monoclonal (B) CTLs.
Fig. 3 shows Epl73-specific~CTL-clone characteristics.

35 Fig. 37 shows the °Cr release assay showing the



30 Fig. 1 shows the ELISOT assay evaluation results of a polyclonal
peptide-activated CTL cell line. Fig. 2 shows the tetraner-staining results
of Ep- CAM peptide specific polyclonal (A and nonoclonal (B) CILs. Fig. 3
shows Epl . 73-specific-CTL-clone characteristics. 35 Fig. 3A shows the 51Cr
rel ease assay show ng the -13- cytotoxicijty of C27 (an Epl73-specific CTL
cl one) against T2-A24 in the presence of peptide Epl73 or control peptide
EBV- LMP419.cyiidtox3Bishows ¢he ahi bhior.) @6 apt ba L As )Glgnal
ant i bodi es ,O}Ej t he cyt%t oxXi Ci ty( of ltbf'!r)w Eys 7%2%1&??%ceggn%ﬁa%nse%%zg
agai nst a HIATASABDEPYS iafe PEBFEAR| el (PEY) coREgel 3@ mihioies AENe LMPA19.
cytotoxicity of C27gip.t o] A cef Ep: ahQ%se - h o] t ar.ge

i nhi bition assay. Ffég 4h§%o&§§§%e%g%&-%§£é%L p-"CAl gﬁ%ﬁy§F§_£ ?bﬂhgxs‘gms
t he cyt ot oXi¢ICCi e8a bf aphebEHERS-epethéi cytd0o:CRtitel one (IG27Epadatssicific

vari ousg canger ings.. BE RRYI NG. OUT THE .I.NVE The

pr esent i n\r/&g% icgﬁh{ssld escﬁgggﬁlfmi%%%%g 8\%1@&%@ (ﬁlledilf](‘)a’pgl}%ét‘ti de
Structure Peptides o0fgt héCistvernt itdr weretconfityed ©Q7benepht opeespept bdes
recogni zed GY oxic T.ly cytes [(hereinafter referred to as "CTL")
as a resul tE?}‘éifj'%s%r%e%&r(\ioﬁlg-[ﬁl& gﬁtlﬂlga%/aﬁ%%q ild]élé’lbéﬁl% He i t ope peptides with
reference to the HLAiPeptiseBi ndiengcrPoeMLtiensy Bhelpfosmatics &

Mol ecul ar Analysiswﬁecti n BINAS%, ghttp://binas.dcrt.nih.gov/nDIbLQ[hIa
bi nd/ i ndex. htnl ), whi*¢h i% SCHef Erencét St Fidresestichitgy Bl 1 dp@asdpiides
consi st ngcaf. 8lot® AP 7amapaiact dsz FadiNGaane LA AR402:i nding notif in

am no acid 25 sequences derived fromthe Ep-CAM protein w dely expressed on
cancer cells originating fromepithelial cells. Mre specifically, a

pepti de of st:he MoVentdronaRsyaRy ofr 1) h@elfrofel ow (1) a peptide

consisting essentially of the am no aci d.seguence 30 represented by SEQ I D
NO 1, The present invention is described in detail below.

15 (I) Epitope/peptide

Structure
Peptides of the invention were confirmed to be epitope
peptides recognized by cytotoxic T lymphocytes (hereinafter
referred to as “CTL”) as a result of screening potential peptides
20 to be epitope peptides with reference to the HIA Peptide Binding
Predictions, BioInformatics & Molecular Analysis Section (BIMAS),

{(http://bimas.dert.nih.gov/molbio/hla bind/index.html), which is

a reference site for searching epitope peptides consisting of 9
to 10 amino acids having an HLA-A2402-binding motif in amino acid
25 sequences derived from the Ep-CAM protein widely expressed on
cancer cells originating from epithelial cells.
More specifically, a peptide of the invention is any of
(1) to (4) below:

(1) a peptide consisting essentially of the amino acid sequence
30 represented by SEQ ID NO: 1,
(2) a peptide consisting essentially of the aminc acid sequence

represented by SEQ ID NO: 2,
(3) a mutant peptide consisting esgsentially of an amino acid
sequence derived from the amino acid sequence represented by

35 SEQ ID NO:1 by addition, deletion or substitution of one or



(2) a peptide consisting essentially of the am no acid sequence _
represented by SEQ ID NO 2, (3) a nmutant peptide consisting essentially of
an amino acid sequence derived fromthe am no acid sequence represented by
35 SEQ ID NO'1 by addition, deletion or substitution of one or -14- nore
am no aci ds, the peptide be| ng capabl e Q formng a conplex with an

HLA- A2402 nol ecul e to be recogni zed by H A2402-restricted cytotoxic T

| ymphocytes or m@ducgmﬁwmcﬂdxérmhﬁéyﬁ@@mdy peibd) cétp@wi@rgf ReRL:dE 4
consisting essentially of an am no acid sequence derived fromthe am no

aci d sequence r EPFRSBHLEHHyR E@‘Hﬂ%f@lﬁs@é&dkml@% refetatizen by HLI\-
substitution of 1008)0Fcs D& AM-DP,BCL AS. 1 @%pBSB%tQ§<9?HQQ1%%P%B' LA 10

formng a conplex with an HLA- A2402 nol ecul’'e"to be recogni ze
A2402-restrict edYEphetvxi® Prl ynphocytes or induce such a Iyrrphocyt es. In

th t v ecul ar chain in
\/\hleclhmz?egn‘:(%g grggﬁl%gglgtn ar b%x?/bgg%tl‘ f%aergsggtggggY (g]%ar{‘o WG F‘géiqdues
are joined by p@ﬁqudieceboiﬂ:tgveﬂ;ﬁfkmatid@ tanamat acthesaipmte:m&raatpr@@edted by

tid epti ncI u alts d . derivatives thereof inasmuch as
Itoﬁgi Ir e?)l ogcltol vgﬁées are jnot 8%@%?%%? at St C CER APl eSSt e PV 3BT Vs

i ncl ude those gfnuceseyrhaatce(hcmim dah{ectpem(lwlﬂsf@limbﬁ%&ﬁ%%l@&{f?%&h%@da
hosphonat ed, for at ed, I Pr ef erabl e salts are

hei d-addi t i o SSP‘E‘T?@ 6 @fﬁs%%‘ieﬁ?sm%quﬁa bePe HRAQGERIZGF BY aldhas- ,
phospharic aci dazwmlferml@%d cybdebtike 1ivRpheaR £ agt draddit kapnsal ts;

and form c acid- cetic acid-, propionic acid-, tartaric acid-, and Ilke
organi ¢ aci d- adaW&b?Fyt?flts 25 Pepti des defi ned in (1) to (4) are each

derived from Ep- CAM i ged ﬁn@éawgﬁed%@@h@%&ngeg'él&édtgu}lata'm&aof Loy
epithelial cells, and are recogni zed y HLA- A2402-restricted CILs or

i nduce or TkGHERacbPAL &N sUEEICTreni Thegefape, archesebopgpyiaess can be
suitably us@fh@mtChlihBAHEI NG REl YaLT 7Gi A4y peptide bonds.

15 In addition to the above-mentioned peptides, peptides
also include salts and derivatives thereof inasmuch as their
bicactivities are not deteriorated. Examples of such derivatives
include those glucosylated, amidated, phosphorylated,
carboxylated, phosphonated, formylated, acylated, etc. Preferable

20  salts are acid-addition salts. Examples of such salts include
hydrochloric acid-, phosphoric acid-, sulfric acid-, and like
inorganic acid-addition salts; and formic acid-, acetic acid-,
prepionic acid-, tartaric acid-, and like organic acid-addition
salts.

25 Peptides defined in {1) to (4) are each derived from
Ep-CAM widely expressed on cancer cells originating from
epithelial cells, and are recognized by HLA-A2402-restricted CTLs
or induce or further activate such CTLs. Therefore, these
peptides can be suitably used as CTL-inducing or activating tumor

30 antigens, i.e. cancer vaccines, for treating or ameliorating
human cancers having HLA~A2402. Further, these peptides can be
used for preparing various tumor antigen epitope-specific
peptides. Uses of peptides of the invention are described later.

The minimum number of amino acids in the mutant

35 peptides defined in (3) and (4) is usually about 5, and



30 antigens, i.e. cancer vaccines, for treating or aneliorating human
cancers havi ng HLA- A2402. Further, these peptides can be used for
preparing various tunor antigen epitope-specific peptides. Uses of

pepti des of the invention are described |ater. The m ni mrum nunber of am no
acids in the mutant 35 peptides defined i (3) and (4) is usually about 5,
and -15- preferably about 7. Maxi num nunber of amno acids is not limted
so long as pherqpeptiydencan be ego@hh 28tuRy ar HhAA2402; 1 SB&!:%?% C%}’
and is usually about 12, with nutant peptides conprising a out 91to ut
11 anino acids-B¥i A§ prefesiibide BnshehrerrEZasepli desHigarh e 2obt ai ned by
desi gn t he rsaQYEREES r d t f eferenetothe
above-nmenti oned HIE%?P%E% déle_llkglj'r%gl %éag%gd?%gﬁg §’l ]%]l tlﬁ%?efrom
t hose whi cHEHH i&éntakPyube® riat adpmiizedil byml-ﬂLoA«aA:ZAiGZbem@tpmaﬂe&db%Ls or

i nduce guch CTLs L 2 ve _Ep £pito p tldes can be

i dent i fi§ed, for exarrps[ i ﬁ\u@%ﬁ@ %ﬁlowsné:ar?e%o%% Jgffﬁ?ﬁg)é{ygg% 1GE 0l at ed
f rom HLA- AZ4QReposht Fye Ia)ldwFtZSfIOZabdnSusqpemdmfsl wiah RPM 64k anedi up:

cont ai ni ng B ncentration of 2 x 106 /nl. To
each cel | sat]?g)peng?ggp?i g 3’%%@ Jf“ W&gé e@éﬁ@“&%ﬁdlﬁ:‘éﬂt gcpeptides at
concent r at itdrreffrod ghode Mmusﬁeaéﬂmﬂml}artﬁ ireedbat £&y iny, @Lgoggwpubator
at 37 Cf(} IL-2 is added on day 7. Thereafter, A cycle of

S
stinul ation ebsutlﬁée%a rYdt'e \pENERdE NG S5 nul ati on by IL-2 is repeated

once alteek to i nducemﬁpa@&b’lzsp@ﬁﬁlhﬁé %Lémz%aiﬁoéé . 8ha% ned, by, ELI SPOT
assay (Kuzushi ma_K. et , The Journal i ni cal nvenstl gation,

(1999), Volldefﬁﬁfl%%ge%or f@@mﬁfv Y cthe \fisdtRednarmapiod he t hus- i nduced

epithel ial cancer- spefbhbey€dlssalasshhiuhaleg, bilho6pliope: sADdifate
pepti des. Usi ng the above peptide candidates, a pepti rary

pept i des cBRPr PEPRGPAHOU 20 REM HHI Aaiass s C@pﬁﬁh@squd) ‘coveanngetime at

entire Ep- GAM:PI Ot & dbntBLSRAT sassayi condu t hesj zed
pept i des and the peptr} des to \(/:\)hl ch lrtgshﬁr esggn%g%?eceﬂ% lXg‘l?oﬁt %ned
SO t hat? th§9dﬁﬂt?%%IQﬂ)phggﬁpﬁﬁ§§e candidate peptides at a concentratlon of

1 ug/ml. The suspensions are incubated in a CO; incubator at 37

a

°C for 7 days, and IL-2 is added on day 7. Thereafter, A cycle of
stimulation by the candidate peptide and stimulation by IL-2 is
repeated once a week to induce Ep-CAM-specific CTLs.

20 It is determined by ELISPOT assay (Kuzushima K. et. al.,
The Journal of Clinical Invenstigation, (1999), Vol. 104, pages
163-171; etc.) whether or not the thus-induced epithelial cancer-
specific CTLs are stimulated by the epitope-candidate peptides.

Using the above peptide candidates, a peptide library

25 of peptides comprising about 20 amino acids is synthesized
covering the entire Ep-CAM protein, ELISPOT assaying is conducted
to the synthesized peptides, and the peptides to which CTLs
respond are gradually shortened so¢ that they ultimately comprise
about 9 to about 10 amino acids to be used as epitcpe peptides of

30 the invention.

Further, with regard te substitution of amino acids, a
mutant peptide with an equivalent activity is likely to be
obtained if an amino acid with electrical charge, solubility,
hydrophilicity/hydrophobicity, polarity, and like properties

35 similar to those of the pre-substituted amino acid is substituted



about 9 to about 10 ami no acids to be used as epitope peptides of 30 the
invention. Further, with regard to substitution of amno acids, a nutant
peptide with an equivalent activity is likely to be obtained if an am no
acid with electrical charge, solubility, hydrophilicity/hydrophobicity,
polarity, and like properties 35 simlar_tQ those of the pre-substituted
amno acid is substituted -16- so as to conserve the protein structure.
Met hods forsd natsr eduebinge del alionsoraddi 44,08 u(Jencl uding insertions) and
substitutions are well-known, and exanples include Wirnmer's technique
(Sci ence, 219, 666 (1§EIOAS Forhénpepiicieoriel b iPRyemdd icarw Bénaseding
the_for”‘0Uﬁs%9ﬁ@bﬁ§?saﬂ&F§h5§34%bt95n9faﬁ?gﬁhﬂt%q8§n,pQA&Q&Q%kﬁ%% glycols,
lipids, and the |ike, radioactive Isotope derivatives and polyners, etc.
10 (11) PolyyrdeHeotiges: FhéqsdinyAuel édtiefecof 2He 6bAveh?3dn .codes for the
above eptide of t I 140N, ¢ i ifically defined any one. of
(5) to ?8) bel ow: (g@éa’ib‘pég’%&ﬁ%c gg@?%eﬁlc\%ﬁlggg i%%ne%%e‘ﬁ ﬁai({z;lﬁnylaéfa ?ﬁgnb%fse
15 sequenceomppeesent dth BAdSEQohDo NG d@;ha(i6)dea, poby pathebtricde lgansist i ng

essential |y .of ,the equence represented by SEQ D NO 11, (.7) a nutant
pol ynucl eo%illg)éd%ha‘%rp%;s/%ﬁ gil%eeé W ﬁO£Ctbvoﬁ ﬁr?ﬁ&loé& 5%51%%%‘@53 i°Mg of the
base sequemcéymepsesent.ed by SEQ 20 ID NGO 10 under stringent conditions,
and coding for a peptide capable of form ng a conplex with an HLA- A2402

nol ecul e to be recognized by HLA- A2402-restricted cytotoxic T |ynphocytes
or intluce (guchprdypphacyigsiesor (8) a nutant pol ynucl eotide that hybridizes
with a 25 polynuclegtide_consisting of the base sequence represented by

SEQ ID NO 11 under''§ PPryBHELRSRHIG iFndheanbvert He cisias &osf the ot vy a

conpl ex wi papanddldy AG02 ivehesuhe 411 e r@eeqRri 2841 BVdefined by any one
HLA- A2402- ro%st(gg céoed cytbotlom c T lynphocytes or induce such
2L OW S

(8)
(5) a polynucleotide consisting essentially of the base
15 sequence represented by SEQ ID NO:10,
(6) a polynucleotide consisting essentially of the base
sequence represented by SEQ 1D NO:11,
(7} a mutant polynucleotide that hybridizes with a
polynuclectide consisting of the base seqguence represented by SEQ
20 ID NOC:10 under stringent conditions, and coding for a peptide
capable of forming a complex with an HLA-A2402 molecule to be
recognized by HLA-A2402-restricted cytotoxic T lymphocytes or
induce such lymphocytes, or
(8) a mutant polynucleotide that hybridizes with a
25 polynucleotide consisting of the base sequence represented by SEQ
ID NO: 11 under stringent conditions, and being capable of
forming a complex with an HLA-A2402 molecule to be recognized by
HLA-AZ402~restricted cytotoxic T lymphocytes or induce such
lymphocytes.
30 Unless otherwise stated, polynucleotides of the
invention encompass both DNA and RNA. DNA includes cDNA, genomic
DNA and synthetic DNA. RNA includes mRNA, rRNA and synthetic RNA.
In addition to pelynucleotides having such base sequences, those
complementary to such polynucleotides, and double-stranded

35 polynucleotides are also included.



| ynphocytes. 30 Unless otherw se stated, polynucleoti.des of the invention
enconpass both DNA and RNA. DNA includes cDNA, genonm c DNA and synthetic
DNA. RNA includes nRNA, rRNA and synthetic RNA. In addition to

pol ynucl eoti des having such base sequences, those conplenentary to such
pol ynucl eoti des, and doubl e-stranded 35 pplynucleotides are al so included.
-17- The pol ynucl eotide of the base sequence represented by SEQ ID NG 10,

which is one of the pakyputigetidaes eodimg fon.the se@ﬂhﬂ@e agégré'?&%eé%?
repr esent ed | D NO 1, and the polynucleotide of the e sequenc
repr esent ed” %@/I éﬁ%q ‘Do WBACh sisufingh qfs thaeret yrwel emjllylﬁac tedindesoxodiag

for the am api@ci thciSEIURRGENEEPT BSENL O&Q}]Qbﬁ Sﬁg | BNO 2y, Partldlac!antt[

sequences of Ep- CAM gene obtained Tr unman arC|nona aSSOCIa
GA(7133 2 (S%%Sg{luoéeoégdea@f LiEr de@seNgielouende adep Seien tddShA. sm9;91®)Nc87(;91)

3542- 3546) wil0:nThes mihant palnyelen c%%tgsf' ”f%g%%? Fl 208 ﬁgwre any

of those usually conprising pr e

usual | y 45 frdycess m@@t@@@mw%$énnEﬁhEIFegDo% c?ﬂaqguﬁoéépfﬁg$ﬁgﬁ§ggﬁi517 O
i de of e e nucl eoti des .co

ggght 33 nd% eé#‘ EE&E§EH%§£§%¥%§pgw §%f8kpﬂﬁa[i@§Qﬁ&F§89I@Eth%e%.GA733

repr esent at (Szetlexarfpl etof alpol yruel eakicde pekecukes, Eﬁwanvtpyuie%n

hybri di zablg %h4 nol ecul es under stringent condltlons can

obt ai ned by the et hods descri bed in, for exanple, Mol ecular Clonlng A

Labor atéry Manual (Smmbrmmmamﬂ @ﬂlydﬂ&]kb@@degbbéf§ﬁﬁdnQnFQWpO nd0 (8) are
Laboratory Pres% | d S Har bor, New York, 1989), etc. In t he present
i nvention, E‘éirlné%ﬁ’ecB ?ﬁbﬁ%mngﬁﬁﬁép§ t'e, OFOWOK@xaﬂﬁﬁeprQﬂﬁiaﬁjwdQﬂl@ns

under whi choaepoBiti veuhyhy iali zat 1085 §i,gnae My isdi zaki pn.1 &, obsenyved yhen
heat ed at %%ﬁ p|n a s%l%?fon of 6 xSSSC 0. §'A)sﬁs and 5% %%fornaﬁf%o

and washed 'f P8 tRPEOPEPFHIE off othe ximem iz -0. 91U 8DSE at p6ByICIC TRt imatant

pol ynuc! eotdodes i 8f ng 7Aband 268);00%019@ 3peleatsd: By, conf iy g, fhat the

eptid expressed on the cel
Pep fg P Taking DNA. molecules as a representative example of

polynucleotide melecules, “DNA molecules hybridizable with DNA
rolecules under stringent conditions” can be obtained by the
methods described in, for example, Molecular Cloning: A
Laboratory Manual (Sambrook et.al. edition, Cold Spring Harbor
20 Laboratory Press, Cold Spring Harbor, New York, 1989), etc. 1In
the present invention, “stringent conditions” refers to, for
example, the conditions under which a positive hybridization
signal hybridization is observed when heated at 42 °C in &
soluticn of 6 x SSC, 0.5 % $DS, and 50 % formamide, and washed in
25 a solution of 0.1 x SSC and 0.5 % SDS at 68 °C.

The mutant polynucleotides of {7) and (8) can be
selected by confirming that the peptides expressed on the cells
having HLA-A2402 using known protein expression systems are
recognized by CTLs or have ability to induce CTLs by the methods

30 described later.

The mutant polynuclectides have a 37 poly A structure,
and the number of nucleotides of poly A of the polynucleotides is
not limited since they do not affect the amino acid coding
regions which act as tumor antigens.,

35 The polynucleotide of the invention can provide useful



havi ng HLA- A2402 usi ng known protein expression systens are recognized by
CTLs or have ability to induce CILs by the nethods 30 described |later. The
mut ant pol ynucl eoti des have a 3' poly A structure, and the nunber of

nucl eoti des of poly A of the polynucleotides is not limted since they do
not affect the am no acid coding regionsguwhich act as tunor antigens. 35
The pol ynucl eotide of the invention can provide useful -18- gene

i nformat i ogenbenipfepating t heeepijapernept i d8eofedh@pd NYEPLi Qo Usi NGhe
reconbi nati,on techniques. Such a polynucleotide can be used as a nucleic
aci d reagent VRt seANASF Y pbEYHHITESLPHe FeChNLNeS - ReB DI Nap®l Muttlsotike
reconbi nantaMegt Ofis@f dhe PLESENt 4OMENMdQR kS o 0Bt Al A %&H%?Q&EM@. the
pol ynucl eoti de of the invention into a suitable vector. . e vector
DNA can be suitably selected in accordance 10 with the kind of host cel
and purgos - PNAS y be those naturally present, or those
naturaffy 3%32%#%%%§¥5§#£%>ﬁpar%$§||y m ssing DNA from regi ons not
necessary for prol ifter areoenb Bearpl escobr verdt othBNAscdsreitudéntdosioon  is

originatin chro ._epi ».and.viruses.. More specifically, 15
vect or DNAng%£@%%§g¥hg§€P etV dtﬁggﬁg%ggF%%?%Fb(%§ﬁiQQFB‘Bﬁ@?@FPBpﬁg 8s,

t ransposons, syelastlepicsdmes PNRnsertion el ements, yeast chronosone

el enents, viruses ( . bacul ovi ruses, apovavi.ruses, Sv40,,

vacci ni avi r uses, adgﬁ vﬂﬁﬁggg, §Mfﬁﬁb§“£v$Yﬂ% P’ﬁ?gﬁﬁG?Qbﬂéb5¥F¥H§@§Fe
retrovilrusesth ettes )kiref @£, hand 281 xorhi pabess bhereof , vasdst hage deri ved
fron1genet£c el enen asm ds and bact eri ophages 1

ts ii pl (e.g. cosmd, ‘
~phar geni d, P8P ) NACEERLAEr PIERSPEssiYn VBEEBr S AANA AL BniHE SEREL OPEE c A the
used for bpesymiigsi zingstihg pemid degrof theediventi eae Theesechi nant
vector has _co s%ituent elements of a 25 gene sequence of object ° ‘
pol ynucl eoff Jéhe sgﬁﬁ@ﬂgﬁ§‘”%ﬁ%ﬁ&@ﬁgEWﬁﬁoﬁﬁﬁ%?éﬁl%ﬁp$%pFﬂéaPﬁ§hnﬁnd
control (efgompProi@bekonekl bagam@inehi nding 3ﬁk%se%er”‘ﬂ@k@r’sﬁadyﬁ%hally,
sequence, enhancer, .
15" wvector DNAs include those derived from bacteria plasmids,

bacteriophages, transposons, yeast episomes, insertion elements,

veast chromosome elements, viruses (e.qg. baculoviruses,
papovaviruses, SV40, vacciniaviruses, adenoviruses, fowl PoOx
viruses, pseudorabies viruses, retroviruses, etc.), etc., and

20  combinations thereof, and those derived from genetic elements of
plasmids and bacteriophages (e.qg. cosmid, phargemid, etc.).
Further, expression vectors and cloning vectors can be
used for bilosynthesizing the peptides of the invention.
The recombinant vector has constituent elements of a

25 gene sequence of object polynucleotide and gene sequences
encoding information on replication and contrel (e.g. promoter,
libosomal binding site, terminator, signal sequence, enhancer,
etc.), and can be prepared by combining these sequences by known
methods.

30 The polynucleotides of the invention can be inserted
into vector DNAs by know methods. For example, DNA and vector DNA
may be ligated at a specific site using a suitable restriction
enzyme, and mixed for recombination using the ligase. Vector DNA
can alternatively be obtained by ligating a suitable linker to

35 the polynuclectide of the invention, and inserting the



etc.), and can be prepared by conbining these sequences by known nethods.
30 The pol ynucl eotides of the invention can be inserted into vector DNAs
by know methods. For exanple, DNA and vector. DNA nmay be ligated at a
specific site using a suitable restriction enzyme, and m xed for _
recombi nation using the |ligase. Vector DNA,_can alternatively be obtained
by ligating a suitable Iinker to 35 the polynucleotide of the invention,
and i nser tipglihe leb9idpolyrsicd e@litde1bAl Ay as Pl 14 €1Q R SLEEpRA 108 ing
vector DNA neetin t he purpose of use. (I Transformant 5 The

t ransf or man h%ﬁ“?%>sﬁn9§n¥? n can be obtained by introducing the above
reconmbi nant vector, which contains the polynucleotide, to known host cells
such as, for_exanple, Escherichia col.i. (e.g. Kl2), bacteria belonging to
the genus BREOI@asferganty 114), yeastf (e.g.AHZZ?i |n§§E; CF:|S (gig. Sf
10 cells), animal ce -4 C Vero _cells, cells, . 2
etc. bysinom/nethods#ﬁfneg?g%fo é%bdggeﬁ%esﬁﬁﬁ?P? @? SaﬂepﬁodﬂﬁﬁPnﬁgn Y

i nt egr at i ontititosiugiotir otvsorkovs pmekﬂbabhetgﬁnetbmans&@bﬂﬂEE?Qdainﬁnti@
aut ononous [ stem usi,ng _an extranucl.ear gene is a sinpl e
enployablegﬂgghggiggﬁ%%??agg e#n%anec?8§ DNt U0t Scel FRBancFawle,
performed Bpdreandhid metihodse di.sckosed ibactbeia examplengMiecuhar genus

Cloning: A ratory Man Sanbrook et. al. Col d Spring Harbor o
Labora?ory]%ﬁggéggcéﬁngp&?kbthr58??t%b&?Y%#ﬁ??”lQSg%ﬁcét6@1Wﬁréesﬁecﬁﬁlc
exanpl &8 i nellude, cahdimem phosphatey20 cosansieet kony-DEARdext r aiygmedi;gtl on

transfection, mcroinjection, cationic |ipid-nmediated pransfectlonz
el ect ropol &tioR! StFafddddC¥onetaedape | oadi ng, bal listic introduction, and

infection, etc. 25 (M PRreqess fghokOdusicn 6PiLOPS PePLi des e psptife of
t he inventi,on can _be s,nthesized@by” knpﬁ% pe tldeﬁgynthe5|s netEodsgghch
as solid pHASEIPRPEIYE M) Mt KESPECRERPOHS, PEaidrEbdel Ukae Suehs haptiaidod.

synthesis met hed®nomous duplicate system using an extranuclear gene is a

15  simple employable method. The transfer of vector DNA to a host
cell can be performed by standard methods disclosed in, for
example, Molecular Cloning: A Laboratory Manual (Sambrook et. al.,
Cold Spring Harbor Laboratory Press, Cold Spring Harbor, HNew York,
1989), etc. More specific examples include calcium phosphate

20 transfection, DEAE-dextran mediation transfection, microinjection,
cationic lipid-mediated transfection, electropolation,
transduction, scrape loading, ballistic introduction, and

infection, etc.

25 (V) Process for producing epitope peptides

The peptide of the invention can be synthesized by
known peptide synthesis methods such as solid phase peptide
synthesis methods, and the like. Such peptide synthesis methods
include those disclosed in Peptide Synthesis (Maruzen, 1975%) and

30 Peptide Synthesis (Interscience, New York, 1996}, The epitope
peptide of the invention can alternatively be produced using
known chemical synthesis equipment such as peptide synthesizers
manufactured by Applied Biosystems.

Further, the peptide of the invention can be prepared

35 by a process comprising the steps of culturing the transformant



i ncl ude those disclosed in Peptide Synthesis (Maruzen, 1975) and 30 Peptide
Synthesis (Interscience, New York, 1996). The epitope peptide of the
invention can alternatively be produced using known chem cal synthesis
equi pnment such as peptide synthesizers manufactured by Applied Biosystens.
Further, the peptide of the invention capphe prepared 35 by a process
conprising the steps of culturing the transformant -20- of the invention
described alfowe antecolibectibngribes pepsidle ofd ddeddrvent itor fromithi o5
culture. S %g culturjngjﬁgn be,gerforned by subculture or batch culture
using a medi GntEUFLabE Fof tHeSheett® @1 . cQulturing can 5 be continued

until the peptide ofsidne dulverth@nchs BEOBHEEShdk & Hesinad punt;, b%%gd
on the peptide anount produced inside and outside the transformant, and/or
the CTL i ndUdtHgeanFtid @ RiieH sud tahée of ox Hevadwisénsethe pepliwengf cehe

i nvention pLOdYREed Yy &meiﬂ;%f&rdﬁ% %thi;metmégcoj;cfn I8, gsrﬂa%%gl Egtg

further purify the peptide of the “invention after ection fromt

cul ture nmedeartePupngurtat i lorsetarn behpepéprited Oy kowrartetdrodsirsich asd
nol ecul ar gj ck io a opmat ogr aphy,..affin
chronatogrggﬁé?d%ngﬁ€?€%£%%ronapggrgaﬁ?gytgg%n?ﬁ%e&?é%dﬁ%fﬁﬁFﬂﬁﬁg'lgkgfh

fracti oni ngsnears dagéd artsohsbidhe ypegitfitler erfceheusimgntdmmorireansel f Bye
and/ or alc I : h rification can be carried out based on

pepti de regggn?f?§%§ﬁ§%%%ngg%bkﬁi'induction by the peptide, nore

speci fikal |y for exdanmplies gifeNerapilel dobyrurChks. pd@iAlt enBatiepeliye bhethe
pepti de of.%he {nven%ﬁpn inl he _.cul ture r dkﬂg}can specifically be
absor pti on* T &égdvered Usitng® E8F§é?8n foprt A& TSR P ensEU iR ICRtaPR
produced based lon geh€cami=00 laei dsegueneensds t haidpeptibdensfeddg i nention,
and are specific to éhe am no acid sequence. 25 (VI) Antigen-presenting
cel I's The SHEPHRERHAELENt i ng*CRBI | ofXEMYchv enFERMAROIraphy, affinity

chromatography, and like chromatographic techniques; combinations

15  of fractioning means based on solubility differences using
ammonium sulfate and/or alcohols, etc. Such purificétion can be
carried out based on peptide recognition by CTLs or CTL induction
by the peptide, more specifically for example, IFN-y vyield by
CTLs.

20 Alternatively, the peptide of the invention in the
culture medium can specifically be absorption-recovered using
polyclonal or monoclonal antigens, which are produced based on
the amino acid sequence of the peptide of the invention, and are

specific te the amino acid sequence,

25
(VI) Antigen-presenting cells
The antigen-presenting cell of the invention is
obtained by pulsing dendritic cells, macrophages, B lymphocytes,
and like antigen-presenting cells with the peptide of the
30 invention. The antigen-presenting cell of the invention is

capable of expressing HLAs binding to the peptide of the

invention on its surfaces, and has the ability to stimulate CTLs.
“Pulsing” is not limited, and can be performed, for

example, by incubating such antigen-presenting cells in a medium

35 containing the peptide of the invention at about 1 to 10 ug/ml at



obtai ned by pulsing dendritic cells, macrophages, B |ynphocytes, and like
antigen-presenting cells with the peptide of the 30 invention. The
antigen-presenting cell of the invention is capable of expressing HLAs
binding to the peptide of the invention on its surfaces, and has the
ability to stinulate CTLs. "Pulsing"” is ngt limted, and can be perforned,
for exanple, by incubating such antigen-presenting cells in a medium 35
cont ai ni ng dtkaitpent i de abohiheshnventhen bayt . 0.q/ . -21-_about
20 to abont. 30 C for abour 30 m nut gés)gt_ aBbu8 Y] nhphPed Ol Mool o é*eoﬁla‘b'
pepti des recBii 2841857 PER: A0 Foregni et gy GTIA 24 02rresebycipre 8t edeon

the anti gentpresenpiagesedd dHJ%E@C§ntﬂ&%ﬂ”pf@@gngﬁﬂﬁmggiﬁrst%é%%Oteins’
cells

pol ypeptides or 5 peptides present in tunor ich are recogni zed by
tumor- specific CTLSTURRT f iifHeERFndaete CTL orgranidiact | vabeyEibisides  or
Furtheryg t i ;anti pept i;des. refer. 49 . pept.ides produced by the

deconposi tion éf‘thgﬁgﬁnnr éntige%& fﬁlgﬁn§$”€§|F§% ST PEptrady veiing -
recogni zed SBECCTLs, CThalucy Chrsheor Lamd-actiDsabe /Eitisacmherncl@Tpsesent ed on
cell surfaggscag,a f t.of: hinding.to an HLA_ nol ecul e. The epitope
sequence, deriveﬁ’fr%ﬁ%gﬁugﬁinggngld%%qﬂgggéQQ19§p afSF BRTYei! Bandhe
recogni zed degorpeer t spech f i the s rotarfuigther ihnduebngcor1act dya i tChks,

is referred to a 5t r tigen epitope (tunpr antigenic
deterninangf389n§?ﬁ?%&%%%%?gﬁégﬁFOn}nd? T ognize OLfERAs 2EbI bae i when
di sti nfui shreaegetd f bom ether ssubsiances, sangesfnr examah@inki nd, 19 HR8

t ar get mhi%glgéglsensed. In this specification, "CILs recognize tunor
cells or tunor aﬁ%igen epi t ope peptides” neans 20 that CTLs bind to hunman

| eukocyte antigens (IHeA) <pitbpBaDrsafidrgen RRRYLESS Ehseualy, T-lyinphocyt g
receptors. "Activate" nmeans to further enhance or stinulate a substance or
state wit 5988 t%i dlact i {FFYE oAPEEERON. P jesagnéapdr by CTimomrapecific

activat ed” cmeansrt batcKId sintiRlidganr2aceiFeciof SHeh as; & @ LNFeY 9L o
exhi bi.t. cytotoxicity against target cells they recognize en recogni zi ng
epito&éjpeBPmﬂ%Santlgen epitope (tumcr antigenic’ determinant).

In this specification, “recognize” means to sense and
distinguish target from cther substances, and, for example, bind
to the target which are sensed. In this specification, “CTLs
reccgnize tumor cells or tumor antigen epitope peptides” means

20 that CTLs bind to human leukocyte antigens (HLA) or tumor antigen
peptides through T-lymphocyte receptors.

“Activate” means to further enhance or stimulate a
substance or state with a certain activity or action. In
particular, “CTLs are activated” means that CTLs yield an

25 effector such as, e.q. INF-y or exhibit cytotoxicity against
target cells they recognize when recognizing epitope peptides
presented by HLAs,.

“Induce” means to cause a certain activity or action
from a substance or state having substantially no such activity

30 or action. In particular, “inducing antigen-specific CTLs” means
to differentiate and/or proliferate CTLs that specifically
recognize a certain antigen in vitro or in vivo.

The antigen-presenting cell with which the epitope
peptide of the invention is pulsed can be used as a cancer

35  vaccine. The antigen-presenting cell can be further used for



presented by HLAs,. "lInduce" neans to cause a certain activity or action
froma substance or state having substantially no such activity 30 or
action. In particular, "inducing antigen-specific CTLsS" neans to
differentiate and/or proliferate CILs that specifically recognize a _
certain antigen in vitro or in vivo. Thesantigen-presenting cell wth which
the epitope peptide of the invention is pulsed can be used as a cancer 35
vacci ne. Theocantigen- present i agcelilc candoe fayithen jusedef oFed 22-cHQ4Uci ng
CTLs specific to_epithelial -derived cancers, quantifying such CTLs in the
human peri phHéPaLLpRdducdt ETLevin) tivijiviman seséphpatl hlidads Abei gen Conpl ex
5 The mmj or histoconpatibility antigen conplex of the inventionis a
conpl ex between a major histoconpatibility antigen and the peptide of the
i nvention dM!fheMpi@inrigiacganatphi bidey pépuedeCpresent ed ﬁn an
antigenspresentin face. . i ch. . the .pepti t invention.is
pulsgd.SEO I n thegiﬁ@%%t?gi§§tﬁggﬁgﬁgﬁﬁgﬁ%%%%%ﬁga%hgﬁggéyc%h }Sén O%stge
mol ecul e t Ravepresents 4 heonpdpti detweengnimzebbyhistbeolpaphotyitey tamtd gén

| ynphocyt e ti.gen tor..and is_a human le 5oc te antigen (HLA).
recognizedaﬁggé%heﬁ&ﬁﬁgﬁmiﬁgjepi?ob%ve%%%?}d%g g € U@9r1§”%69§% ?5hto?e
speci fi cal bgptitie pejosnthicstoocanpatrithigentpranthgerny conplax fher eichaftien
abbreviateg to_as ?$ﬁKT) f the invention is .a conplex between MHC C ass |
human | euk gﬁtge%%{(béﬁjfﬁEA}“V%&%V€E§€dPBAS?3rget cel | surfaces which are
recognized toget her LWM&H@tﬂnwsﬂaﬁbapetﬁ@phhgerb%igEbééméﬁKhﬁﬂkiﬁyméﬁ%R%en
pepti de being 20 recogni zed by CTLs or capable of inducing CTLs. Such

conpl exes l?nc?uﬁgﬁﬁﬁggﬁ HUEHQ by ©E82t#i syl BBPFRAe Egecawndpee fre eTLT
epi tope pepuingesc@€ theapepti@dashokeSpeilhes Sid@s tl?, EReAM or ot @lupsn
and are antigenic determnants recogni zed by CTLs and that imunol ogically
bind to 25 8RKPGEYR r 6REREBR S %%Lgecqqnw@ég, CeTELRPY t opfdpepls depiarpe
able to epkptnate ganeel cells by directly attacking cells expressing

15 More specifically, the major histocompatibility antigen
complex (hereinafter abbreviated to as “MHC”) of the invention is
a complex between MHC Class 1 human leukocyte antigen (HLA)
expressed on target cell surfaces which are recognized together
with the epitope peptide by CTLs; and the epitope peptide being

20 recognized by CTLs or capable of inducing CTLs. Such complexes
include those bound by f2-microgloblin.

Ep-CaM-specific CTL epitepe peptides are the peptides
of specific sites in Ep-CAM proteins, and are antigenic
determinants recognized by CTLs and that immunclogically bind to

25 antigen receptors of CTLs. Further, CTL epitope peptides are able
to eliminate cancer cells by directly attacking cells expressing
Ep—-CAM molecules.

In particular, MHCs of the invention refer to complexes

between HLA-A2402 molecules expressed on target cells and certain
30  epitope peptide in Ep-CAM proteins recognized by CTLs, and
further may refer to such complexes with B2 microgloblin.

HLA~-A2402 in  the invention refers to an A-24
polymorphism, & subclass of Class I antigens, among human
leukocyte antigens, and an HLA-A2402 mclecule means an HLA-A2402

35 gene expressing product on an antigen-presenting cell surface.



Ep- CAM nol ecul es. In particular, ME-1Cs of the invention refer to conpl exes
bet ween HLA- A2402 nol ecul es expressed on target cells and certain 30

epi tope peptide in Ep-CAM proteins recogni zed by CTLs, and further may
refer to such conplexes with (32 mcrogloblin. HLA-A2402 in the invention

refers to an A-24 pol ynorphism a subcl_gg,_ of Class | antigens, anong
human | eukocyte antigens, and an HLA- A2 nol ecul e neans an HLA- A2402 35

ene expressing prod i~gen-pr i C _ f -23- abl e
aLA- A2482 nmol ecul es ggéeb%y%—%ﬁtﬂgo%oﬁgﬁégg% eg‘g%urgwl Bgﬁf‘?%‘?n?‘?cd?‘% S5 E
coi|l for HRAUAZ4IeZ dxpressilonre HbA- EA24;6>21mbeeu&aez&ﬁo@ze@lﬂ;maﬁ@ewoe@seﬂ}%}ly
transferri g i a. et cell, and, HLA- A2402 nol ecul es naturally
present on@él?)gze?{&gegg}l?g f?—%%(%]é/r ,QWEﬁﬁﬁgoEynﬁF%ﬂ%@”&g th& v ent-CoRt
enconpass tfata;gﬁem:@élanelnheamp(vm‘mmSncoﬁeddllésA%é@argpl@Cyi@aﬁt!\/%s Qfr Jelte
inventign ¢ e produced by. vyari t hods depending on their

consti tgentC%gllle%r‘rentgg{r%gﬁa’ né}’szébgéj%rrﬁ%nﬁewesf o‘?fpek%‘?rpiL%Ye%ﬁféﬁbrﬁﬂCr@Haﬁé
peptides offragechnyestd dkavlO cheAnA2402implrequbesoand; (32-m crogloblin in a
buffer such as Tris and the |jke, and incubating the suspension at about 4

to about 10 C for dfi8ut 24 t 6habotitvers iwgur san nﬂ%ﬁoﬁécﬁﬁt ety arvsr L OMEC
tetraner iseanhdukt id@ideiingon®h ex refi f oMk, sUb-LoRP! eXx85.,8ach coupr n

Ep- CAM epi t ope 15 d;{)%;ti dlggorecogni zlé:d byn CTLs and an H?_A- A2402' nonll'a?c.u?)g
(usual |y afoFE8dnP¥r oéﬁm%W@unéuwmmz%|wnéys Ah Mﬁglrﬁ«tetrmx@m,can
be obtag ne hebi ' . pod 1 X] str.eptavi din_an e ..

bi ot i ngﬂlJ at gc{lﬁ ?\L/ﬁ%h ?%1 _Iggji@%%lr% I\gr}gt 5 H]gf pé??g%%?lllvnellyr?) ‘%\/ﬁl&’dﬁ%trr é’%%l E&n Thes
obt ai ned byNdddifig ldkeo Bret inchradimg Fie esupeasConentri rabudf 4anoHsAout

nol ecul e, bKngi iotin,to,.such i.te after the formati on of I\/!—IC, and
t hen nixi nlgi)'O gj%:kg)prt la%\k/)i% :tnzgn?t‘—%)eo% ggi ﬁ??“é?ed MHCin a l: 4 ratio. Mre

Taner | ROL_ kb T ehar at Lon af. M . DB FLA AZ407 1ol el o hehuy chal na. and
?ggf‘?ﬁrérggFg@??ﬁ;@éf@?{)?%ggcesgijg'c_)'%plexes each” comprising Ep—&&l\y epitope
15 peptides recognized by CTLs and an HLA-A2402 molecule (usually a
B2-microgloblin-bound HLA~A2402 molecule) .

An MHC tetramer can be obtained by biotinylating MHC,

and mixing streptavidin and the biotinylated MHC in a 1 to 4

ratio. Alternatively, MHC tetramer can be obtained by adding a

20 biotin-binding site to a C-terminal of an HLA molecule, binding

biotin to such a site after the formation of MHC, and then mixing
streptavidin and the biotinylated MHC in a 1 : 4 ratio.

More specifically, MHC tetramer can be prepared, for

example, in the following manner. For the preparation of MHC,

25 HLA-A2402 molecule heavy chains and B2-microgloblin are produced

in large amounts by using an E. coli recombinant protein

expression system for MHC expression, and purified. An amino acid

sequence recognizing biotin ligase is added beforehand at an HLA-

A2402 heavy chain C-terminal. The purified HLA-A2402 heavy chain

30 and P2-microgloblin are each dissolved in 8M urea. Added to 200

ml of a refolding buffer (pH 8.0; 100 mM Tris-HCL, 400 mM L-

arginine-HCl, 2 mM EDTA, 0.5 mM oxidative glutathione, 5 mM

reduced glutathione) are 12 mg of the peptide of the invention

having the amino acid sequence represented by the sequence ID

35  No:l (RYQLDPKFI), 18.6 mg of HLA~A2402 heavy chains, and 13.2 mg



in large amounts by using an E. coli reconbinant protein expression system
for MHC expression, and purified. An amno acid sequence recognizing
biotin |igase is added beforehand at an HLA- A2402 heavy chain Ctermnal.
The purified HLA- A2402 heavy chain 30 and (32-mcrogloblin are each

di ssolved in 8Murea. Added to 200 m of ,a refolding buffer (pH 8.0; 100
mv Tris-HC1, 400 mM L- argini.ne-HCL, 2 r%/IEDTA 0.5 nmM oxi dati ve

glutath.io gI hi,.one) .are 12 of the pepti of the

i nvention %% v[?2 M%g%g%ﬁﬁgn acid %éeqb u) lpgpraesgn?éag%y "EH s%qfr%ﬁ@é‘uf?ﬁ 35
No: ]. (RY@I@EB@@) 1826 nvg}xotlrﬁLAsAZAOQri'E&avyncrm| barhandt la3. e ra2dreof
f32-m crogl obI i syringe with a 27-gauge needle. The
mxture s i’?%ﬁe(?nana%a f} g& aaatlé/f ggaFﬁ‘ﬂléS YRifCEPRedt At AUretien 28 to
72 hours ttiﬁﬁr onotléet hee f@rdiaty Onuﬁferl\/l-dﬁbntﬁi&lh@fm titng byf famcopkakni,ng

MHC |s a gJL_JentIy S5 dialyzed in a bath at a tenperature maintained at 4 C
for relHgEf ndt £ éjaﬂihdl%tt i f1 SETRAYBFUTanER HHe idicd ytedd r & of @i ng4

buf f er i s boneenttaiesk to. @ 0l dust NOI& Cetdd PraR 1hd MAd1iRRLE refoldin
Corporatlog gedford MA). MHC eluting with a ‘mol ecuar wei ght of about 45
kD is isol até Bylaepowwmﬁ% thronat ogh Hghy? USTHEF E0eBupér déi 12000HR

(Amer sham EbapoBsi 2orBi e -AByalopsaha SWeHEN) .3 dihus L%@'tﬁ%!rng;eELgSt

desired MHC tetraner. For the subsequent preparation of iotrnyla
biotin is BBURH £8 &Dspeci Fidasiere kif @@l HEAL ARIDZ ThedvyorehabmnzOnyt esihgal

by usijng bSQ% fhéifﬁﬂﬁ? ﬁﬁ“QAméEghahL@haPﬁgx é%%tecﬁrgﬁ%é§5%>%%égsaoﬁnd MHC

is purified by gel | tration ch romatograp usi ng
PE- | abel edtB¢§ é?ﬁf%ﬁln%f@ tivel @eil mard PﬁiﬁbéetEaIgene OR) and the purified

biotinylated MHC ar%‘%hgﬂwgléﬁgségugngnl%' A é%?onoﬂﬁg %gaéﬁyﬁﬁﬂékggﬁﬂ%nce

tetraner containing the am no acid sequenc represen
| D NO. | ( RYQDRKFIS hchiard \WasaesmcerlflwiﬂteaorfnlaecHLMA;?/\ngmea@*fy ahauh 480

concent ot -5 gt ST THYETRAA ARG PHRREFE B e
Cor pofat i omyotiandoumal ntiéd ned agiurd fﬁ'}edPr}e;SEIg\éat | MEIS rSi6 Bn as-HSRAia Ry aZH Kk,
EDTA, using Superdex 200 HR,

PE~labeled streptavidin (Molecular Probe, Eugene OR)
and the purified biotinylated MHC are then mixed in a molar ratio
of 1 to 4, and MHC tetramer containing the aminc acid sequence

20  represented by the sequence ID NO:1 (RYQLDPKFI) that was eluted
with a molecular weight of about 480 kD is isolated by gel
filtration chromatography using Superdex 200 HR, concentrated to
about 3 mg/ml using a Centricon 10 (Millipore Corporation), and
maintained at 4 °C. Preservatives such as sodium azide, EDTA,

25 leupeptin and pepstatin may be added thereto.

In each preparation step mentioned above, it is
desirable to purify the proteins and peptides to be used by known
methods such as gel filtration chromatography.

MHC of the invention can be used as a cancer vaccine.

30 Further, it can be used for producing epithelial cancer-specific

CTLs, and for quantifying such CTLs in human peripheral blood.

(VIII) Cancer vaccine, CTL inducer and gene therapy drug

Cancer vaccine and CTL inducer

35 The peptide of the present invention can be



25 |l eupeptin and pepstatin nmay be added thereto. In each preparation step
menti oned above, it is desirable to purify the proteins and peptides to be
used by known nmethods such as gel filtration chromatography. MHC of the

i nvention can be used as a cancer vaccine. 30 Further, it can be used for
produci ng epithelial cancer-specific CILs, and for quantifying such CTLs

i n human peripheral blood. (VIIlI) Cancer vaccine, CTL inducer and gene

therapy dr ugivanmtagevusiy- used- as Qﬁn%%EiV@Cthﬁeégghéj}f' dugere 35, I08; e
peptide of the present invention can be -25- advantageously used as an
active ingritfi ente ofn ad capeervaabwinethorpuseith a passive. i niunot berapy
W th a vaceiig.inthiis GRAGEL rHASCHR! RaVARDLE LD Qymans having HLA- A2402.
That is, admnistration of the pept|ae 0 e preSent’” 5 invention to a
cancer patient havi ngh# Al A2462masi st fadikoc ytfe trantpagen denducesh®r present

acti vat es - -restri 1 CTLs . that ,specifical cogni ze. Ep- CAM
therebygnaE%ﬁgéﬁégﬁoégfb%e%%ggefr5§FLSP{aﬁ€§?89af@$éé¥ﬁﬁglF | TahtRFCEIRd
| i ke di seasgsigdinncen@litssi nocancsrivaabkentisaane: @ -geeupiotcgel t81,4 hatya110

recogni zes two .qr. e tunor antigens, use of nultiple types of epitope
SRR Y addi RIS Get T fas ACETIAL BRKLEST by PRARINSE 6P a

pepti des as C
singl e typemfatepict opel pepiicdepiThEsial heandept bdes) ok tdhesdduent i on can be
used singly or as a conbination of nultiple (two or nore) types. 15 nRNA
of Ep- CAM cont ai ni ng°t'He® Jeptsi d& 6f FRE PaveHtticoRre & expresSedoehls udgt

cancer 1¢el Irddoaes 6B 6o b99&oréc@8ﬁmrLg%t§§bns,LQﬁ§AcﬁPQnﬁﬁ%éﬁbe'%ggﬁ%Sfi

intestinal cancer cell lines, gastric cancer cell |ines (MN28,
buccal can&&TE8EI HSRTESICEHIE  2) Caredstvasmhesr @t inaseshas eukemrienteal |

lines (K562)rreetC+ndl BXRre$sion 0k 1EP+CAM L$ @bﬁ@og S?é%ffhép Lﬁﬁ&He% e .
derived from patients with |ung cancerS, large intestin cancers, ‘gastric
cancers, bPER§idganetr §her ipyrialorcavces. UTher efogdy ¢heapept toebimft itche

present in%@ﬂ%h@@iﬁ?eu§@$d“off%Er&fe@§éég1 or areliorating

15 mRNA of Ep-CAM containing the peptide of the invention
is expressed in lung cancer cell lines (QG56, LU99, LC99A, LCl-sq,
LC65A and PC-9), large intestinal cancer cell lines, gastric
cancer cell lines (MKN28, MKN45), buccal cancer cell lines {HSC-
2), breast cancer cell lines, leukemia cell lines {K562), etc.

20  Expression of Ep~CAM is also observed in tissues derived from
patients with lung cancers, large intestinal cancers, gastric
cancers, breast cancers or buccal cancers. Therefore, the peptide
of the present invention is useful for treating or ameliorating
such cancers,

25 The peptide of the invention, alone or in combination
with wvarious carriers, can be made into a preparation. The
preparation may be in an oral or parenteral form. Generally, a
parenteral form is preferable. Examples of parenteral
preparations  include  subcutanecus . injections, intramuscular

30 injections, intravenous injections, suppositories, etc.

Oral preparations can be obtained by using
pharmacologically acceptable excipients that do not inhibit the
activity of the epitope peptide of the invention. Examples of
such excipients include starch, mannitol, lactose, magnesium

35 stearate, cellulose, polymerized amino acids, albumin, etc.



such cancers. 25 The peptide of the invention, alone or in conbination

wth various carriers, can be nade into a preparation. The preparation nmay
be in an oral or parenteral form GCenerally, a parenteral formis
preferable. Exanples of parenteral preparations include subcutaneous
injections, intranuscular 30 injections, dntravenous injections,
suppositories, etc. Oral preparations can be obtained by using

pharmacol ogi cal | y aceephabla)exglBhepte:dial do, nale I nfidiihebhe pyactjyity
of the epitope peptide of the invention. Exanples of such exciprents

i ncl ude st &ACHMREAPTIGILLY agtesealnggnesiumr B5tkaeariat ejotceliblbse, the
pol yneri ze 1.9, ackds, bum; tc, =265 P nt.er.al ratij ons.can be
obt ai ned bsﬂﬁgkﬁgyphggné%o oS%%EPP§ a%%%%%% Igﬁiaﬁﬁﬁerggéﬁgfidouﬂg¥mﬁﬁﬁrbit
the activilypmgflesheotpi tope peptidesof irhdupeeseateirnvestdiom dExamlkies of
such casri A ude,. r, i.um.chlori.de, 5 dextrose t hanol , ,

gl ycerol, %&rgg%b.gbﬁﬁ’er Jﬁﬁjcperré)pﬂr zﬁ?{sgns Uy ?ﬁf?lﬁt‘e‘%ra?orﬁ%?%%tﬁﬁﬁfgn,
wetting agewmtys fuehbbsidérersin etloumas, wetinehgehosst baul & € o, wredi ated
immuni ty, the epitope gept{de is(gref?rabl . used i,n conbination with a
suitable AGCUVARY: Thé peptWE-T t KEE VBN 6 cAA™HB t¥ed i a SREGPPE
10 or salt pepride Exanples: fefraphar mased ogicaldanaeceepbabl @igal ts  dinclude

salts of inonganic a%%gf such as hydrochloric acid, phosphoric acid, etc.,
and salts 6fIBVgahic FePLhER 88 ARet Vel Ay e ivsedciia, fetentThe

activiiy obrt hespeptbde. of HkhRpiaventd op£ahRE ogl8a al) ust-ed, by, or nuhati ng
t he peptide together wi th conpounds that, by thénselves or By I nteraction
with HLA- A286209aniadds the IFeCegRi-Ei orcisis t RBChepts dbyByodTisrianechddi es

that inmupabeghsald yad@cognize the ReRLLdss égégﬁgctégiéi K&ch as acetic
Antigen-presenting cells and major histoconpatibility 8 anti gen conpﬁexes
pul sed wit BCifle pepiarde afiehechresent invention can al so be

advant ageously usedag %%ﬁﬁ%“téaQ%§“gﬁe Lage 16O meOf: Ry eparald;on, Larggt
patients, target cancers, effects an
15 adjusted by formulating the peptide together with compounds that,
by themselves or by interaction with HLA-A2402, enhance the
recognition of the peptide by CTLs, antibodies that
immunologically recognize the peptide, and/or the like.
Antigen-presenting cells and major histocompatibility
20 antigen complexes pulsed with the peptide of the present
invention can also be advantageously used as cancer vaccines. The
form of preparation, target patients, target cancers, effects and
the like of such vaccines are the same as for cancer vaccines
comprising the peptide of the present invention.

25

Treatment method

The peptide, antigen-presenting cell and major
histocompatibility antigen complex of the present invention, when
administered to humans having HLA-A2402 as a leukocyte antigen,

306 induce or activate Ep-CAM-specific HLA-A2402-restricted CTLs to
thereby treat or ameliorate epithelial cancers.

The dosage of the peptide of the present invention
varies depending on the degree of recognition of the peptide hy
CTLs, and may be, for example, about 0.01 mg to about 100 mg, and

35  preferably about 0.1 mg to about 30 mg, on an active epitope



the Ii ke of such vaccines are the sane as for cancer vaccines conprising
the peptide of the present invention. 25 Treatnent nethod The pepti de,
antigen-presenting cell and major histoconpatibility antigen conpl ex of

t he present invention, when admnistered to humans havi ng HLA- A2402 as a
| eukocyte antigen, 30 induce or activate JEp- CAMspecific

HLA- A2402-restricted CITLs to thereby treat or aneliorate epithelial

cancers. T sRO®a0f st berpepti deof 1t heypresenti Nventig éariﬁts_ ,
dependi ng Q%Ejtiﬁe degr eg g)f rr ectggni tri gﬁl}‘of 'ut he pep?i de Ey @ﬁ‘i‘i andarr\r%/lsbe,
for exanpl &2rabsutudtall ygseeaissut oroondyyidl 35 Preter dbpynabautor0.themy
to about 3 n.an 11\, ist.ape -27- peptide basis per day for an
adul t huma%. hesgdgga%%%idnjtsgtrr\eflglléﬂ'can be suitably selected for individual
pati ents dependi ng ohlttchmatpwepese eof facnive stasatean. vAbtenmatdivelaan be

effectiye acci nation can be .5 hi eved by,introduycing, into the
pat i entiys Eﬁ%’é&%&g%ﬂrféﬁl gﬁ%}éﬁ?u%m%nlorht&%gl r B¢ Ilfanfy’rﬁc{’ﬁ%ﬁgt‘ﬁ C‘%'i'a?stlﬁée_na
separ at ed frcomntibéeapatdednt ' Srperipheralatbl gaé a}ﬁl@edr;;ulgtéﬁa%dtéggeﬁcﬁr&i{ W‘Ftﬁh
the peptide_ . of the present inyention to induce and/or activate s. The
cul tgrg co%ﬁllttli%1 s” %Wefhesratlhgﬁ@é?ﬂc@ﬂ?r%‘t‘}td%‘rsedoftoﬁﬁﬁéﬁﬁc%%}? 4 @sirtd dand

the peptidefoftidiepiaeant i ofveg@ibberseligahed spaasrt ActehalecTrs.  The
adm nistratigon of 108 to 1010 CTLs/day to an adult human. Such conditions

can be easiTy "HEEer i ed By si MIE t25t $he Sipseateasiane h ofy mpstycé ear

proliferaticenlabhhiit ¥he St A% JMntigfd %%%Eﬂtg@nPB¥aer@dg§ﬂxgﬂhi@8 as to
culturing. 15 The dosage of antigen-present i{pg cells 1s, tor exanple,
about 106 €539 edrigidasatisnd 9ot elffer &bl y C1I0 TGS e |ty day ,adudt bamaadul t

human. - Ef f 80k coaitolonaCenal Lan cal; A Sudie AGNLEVeHy DY AL oguetng.
to the patient's blood circulation, a co-culture of a nﬁnc.)nu ear ce
fracti on separhRReET r ot the prTPRetyts 20parifsretabnbl ebdlakyh t hech as

antigen‘pr§§§821éﬁkfﬁﬂﬂ,sngg Bgea&ﬁ§§QHﬁjﬂ&n¥ST£££{hg.

15 The dosage of antigen-presenting cells is, for example,
about 10° to 10° cells/day, and preferably 107-10% cells/day, for
an adult human. Effective cancer vaccination can alsc be achieved
by introducing, to the patient’s bleood circulation, a co-culture
of a mononuclear cell fraction separated from the patient’s

20  peripheral blood with the antigen-presenting cells of the present
invention.

The dosage of the histocompatibility antigen complex is,
for example, 1 to 100 mg/day, and preferably 5 to 50 mg/day, for
an adult human. Further, effective cancer vaccination can be

25 achieved by introducing, into the patient’s blood circulation, a
co-culture of a mononuclear cell fraction separated from the
patient’s peripheral blood with the major histocompatibility

antigen complex of the invention.

30  Gene therapy drug for cancers

The polynucleotide of the present invention
{encompassing the complementary strand) is useful as gene therapy
drugs for, for example, lung cancers, large intestinal cancers,
gastric cancers, breast cancers, buccal cancers, etc.

35 Fox cancer therapy, a vector containing the



The dosage of the histoconpatibility antigen conplex is, for exanple, 1 to
100 ny/day, and preferably 5 to 50 ng/day, for an adult human. Further,
ef fective cancer vaccination can be 25 achi eved by introducing, into the
patient's blood circulation, a co-culture of a nmononuclear cell fraction
separated fromthe patient's peripheral jbl ood with the ngjor
hi st oconpatibility antigen conplex of the invention. 30 Gene therapy drug
for cancer $ciRaupobynued eot i dee of ni e RILSEN HOVEDEL (ﬁ{kfﬁpdﬁ%&%' q,Lhe
conpl emsntary@?trand) i s useful ag gene therapy drugs yor, or ex?rrg]g]etfo
| ung cancersie Pafije Phtest ikfalircancersyd inastadld scanddrstedr fagt xanternrs,
buccal canggLs,-84¢. 33 For NCEIL, rany. vect or cohtaining the -28-
pol ynucl eot i,((jee' Cof the 1 ﬁl\?(e)n%k%glnclfré&yut%%ddﬁdecqfey l?éf%'odu@é% i'n gort " 6’6)&y,
or may be ildmisddceddi mao del | seloltdesct focbrf ridmsse hiomam té hbeceldas 1beifag
t hen retur to dy. .The vector_is not limted and can be sel ected
fromt h%se%%ﬂgwn tf(h%?gg)?usa 1llée}j fof- 5 gene tHEPEHy, §§8ﬂogjsrlf%‘9csr'ovi‘f?j%%‘§la
adenovi rus@srugasci mita . , vianuses, wietah , ranoogi riech £etr @rerusgsiare Such
pr ef er abl e.vi§ucszh viruse .ar%.repl i cati.on defective. The pol ynucl eoti de of
the present ‘i nvention 58t PRt ¢ S-nto cells by nicroinjection
techni ques in whichike pdlypedyniucleot hde iz epeapswt atiedchRian! iRASONR
and transferred. Thus, the cancer gene therapy drug of the invention may
be in any fJ'B?:H?dlf(Fl% poPymucteot i ol Bt CEREiGneRt drechnéfeesalinr eddnbi nbnt
vect or1@:onpaugm@@é&@d&olﬂén@ﬁ_b%@élhphﬁtéﬁ e h DNERLhOhng & YhhRPSPIEY.
encapsul ating the pol ynucl eotide of the invention, etc. 15 The dose of the
pol ynucl eoti de of tH&USnyvERET BANGRF | ¥3e ddsaRangron ehetldegieerdfion may
recogni tiope by Glhs, £ofmt h%h@eFﬁdlgﬁﬁucci@g@ngyotfheci‘Rpl XH%&A@P&A dg% 5Or o
exanpl e, a suitable dose for an” adult human is, on the basis of he”‘anbunt
of the pol JRteTebtalde VgsoeLi 6antati iy tie apilopelpeptiieleoDfthdhe ivenention,
about 0.1 g 20,49 @byt -100,004day ferabl y_ahou 0 .about 50
ng/ day. Such % dose céjr?%)be ggmgﬁi E?%&%&%%gge§€%¥§ ?gvﬁ%‘%y%‘%eom&r?@é 8\§/Sry
15 The dose of the polynucleotide of the invention varies

depending on the degree of recognition, by CTLs, of the peptide

coded by the polynucleotide. For example, a suitable dose for an

adult human is, on the basis of the amount of the polynucleotide

portion coding the epitope peptide of the invention, about 0.1 pg

20 to about 100 mg/day, and preferably about 1 ug to about 50 mg/day.

Such a dose can be administered once every few days to once every
several months.

The polynucleotide of the invention can be used in

combination with a cytokine, such as IL-2, or a substance that

25 interacts with the polynucleotide of the invention to thereby

enhance the expression of the polynucleotide.

(IX) Cytotoxic T lymphocyte

The cytotoxic T lymphocyte of the present invention is
30  obtained by stimulating peripheral blood lymphocyte using at
least one of (a) to (d) below:
(a) peptide of the invention,
(b) antigen-presenting cell of the invention,
(¢c) major histocompatibility antigen complex of the invention,

35 and



several nonths. The pol ynucl eotide of the invention can be used in
conbination with a cytokine, such as IL-2, or a substance that 25
interacts with the polynucleotide of the invention to thereby enhance the
expression of the polynucleotide. (IX) Cytotoxic T |ynphocyte The cytotoxic
T I ynphocyte of the present invention is.,,30 obtained by stinulating
peri pheral blood |ynphocyte using at |east one of (a) to (d) below (a)
pepti de of (e kaYSAt il obblp ANt DOMPT SHENLING £fbhox Oft iBEnbBY SO T Qe
(c) major histoconpatibility antigen conplex”of the invention, 29-
(d) major Hﬁ@?@ééﬁﬁatlblllty antlgen conpl ex tetraner OflthF hnventhon Ihe
CTLs of the inventi S uc 0 oc es
Ofhd S crid %g) gﬁ%%éﬁ%%n RE o P! BH1W%

together with at | east one of nedi U
preferablyF@énPBﬁﬁélHthﬁi§emmmpcateabbumﬂ3%ﬁ“mamhabouneésﬂoxabmui (84 days.

. bl t with the ne _
b st obompantr 1R shY OGO 55 A P maPPAy  Pip b b TS SNk ) 261
tetramer tsheneof37°¢ heo£Thbdst | ndusedrand conbhped witdy tﬁ@u’}éﬂ‘ézﬁg blood

tetramer. 10 Thu t he CIL i ara ed fromthe MHC or tetramer b
suitabl e % Hacy%%e0|'ﬁ ?&mugﬁ 80 bRe oBtsEiGed 1 # BeC @RI 1lby

t he f0||OWﬁnngéﬁp&b&pEQﬁ ﬂﬁbh@ﬂnaﬁﬁéﬂmﬁéﬁéﬁﬂéaﬂﬁ@l89 wvitiB” ePit-OR& theRkl-de

or antigen-prese |'s Lynphocytes separated from peri pheral bl ood
are cu?tuF@ﬁr?B et Het Q&%f+%|%§dB€EF|ﬂ%doﬁOWQﬂQanWéﬁblBﬂedﬁﬂgﬁvigéﬁram@r-

present® ngraek| stipsl@ad W bRphhe: peptide cHeNmAcCar ber digxide, J %ﬁ?gb@& at
about 37C for about 7 to about 10 days. Then, 20 preferably dafter I ng

IL-2, PHA ™§hPPSCD3 anti body or the I|ike, i ncubat i on is perfornmed for
about 7 to about 14 glays rheathereby. okl nulatg, ang: PIRld, T 613t ,.GThSe, by

the following preparation method.

15 When stimulating with epitope peptide or antigen-presenting cells

Lymphocytes separated from peripheral blood are
cultured together with the peptide of the invention or antigen-
presenting cells pulsed with the peptide, in & carbon dioxide
incubator at about 37°C for about 7 to about 10 days. Then,

20 preferably after adding IL-2, PHA, anti-CD3 antibody or the like,
incubation is performed for about 7 to about 14 days to thereby
stimulate and proliferate CTLs.

The stimulation with the peptide or antigen-presenting
cells, optionally followed by stimulation with IL-2 or the like,

25 1s carried out about three times to thereby obtain the required
number of CTLs.

The epithelial cancer-specific CTLs thus obtained can
be used, for example, in the form of a suspension in human
albumin-containing PBS or the like, as a passive immunctherapy

30 drug for epithelial cancer or the like. The form of the passive
immunotherapy drug is usually be an injection, such as an
intramuscular injection, subcutaneous injection, intravenous

infusion cor the like.

35  When stimulating with MHC or tetramer thereof




The stinmulation with the peptide or antigen-presenting cells, optionally
followed by stimulation with IL-2 or the like, 25 is carried out about
three tines to thereby obtain the required nunber of CTLs. The epithelial
cancer-specific CILs thus obtained can be used, for exanple, in the form
of a suspension in human al bum n-containjng PBS or the like, as a passive
i mmunot herapy 30 drug for epithelial cancer or the like. The formof the
passive i rangothebapyy diug disigysual Iy be an injection, such as an

i ntramuscular 1 njection, subcutaneous injection, intravenous infusion or
the |ike. 35 Wien stifRMGWHESwarE MeECasptedt famer pehepleofal- 30-00d sol atliecon
by stainin Y MIREY. rated.f per.i bl ood. o he |Ii.ke,
and react e(%av}\jilet'h a su%ﬁ%ﬁoecﬁﬁggn%r %tg %({)%18%% %ﬁhgggé%#%oq e?t; aﬂr:'lr%gé ar a%gﬁt
4 to about t25Cafrer aboaltoB0 4 acabbutit 6860 Hukeshodt i 3 tHokbexanpb aqni RBS:s A

| abel i ng dye, I,-TC E, is,_,added to the reaction. mxture to
stain tﬁe @Iﬁssﬁ{bégn%%tngﬂ;gﬁeq{\%% o]_!? MEHES S 8l eﬁ%eﬁwg, °fhé st dithed
CTLs are i sodatiedo obengeactiewciyttaret ek eftafhcrascopes sbgl ald ahdWHe
i mrobi |i zatj o VHC> 10 Usi a sterile plate with VHC or MHC tetramner
i mobi | i zeé)ron%ﬁ SM%W%%%, I gﬁ%ﬁ%%%rétslysepweét E42# et peri plgeal s bladed
are react etswhyyhat hrow naphidei:zedoVHi @fodMdpet.etraner in the plate at about

4 to about 25C for ahout, 30 to about 60 m nutes. After washing away ot her

cell's, whi MM&M@% epi thelial cancer-specific

CTLs repmi ning on theiplat @ areersuspepdedei nyarpewygedi ym Fhe e%!éﬁb?rléra'

cancer-specific CILs thus isolated can be stinulated with a T-ce

stimul ant, *BUEH &5?ArPantis cogtaner bewyohertes |sepage tefel Tokayetipheral

proliferatgibbg afdlseddtcd aai@]g{rr@ﬁé LA { G JPiddS § Afpa PESRANE: in the
p

i mmunot herapy 20 drug. <Use of magnetic beads> Biotinized repared as
descri bed Bbeve £% doowid 4 oto about 25°C for about 30 to about 60 minutes.

After washing away other cells, which are unbound and floating,

15 the epithelial cancer-specific CTLs remaining on the plate are
suspended in a new medium. The epithelial cancer-specific CTLs
thus isclated can be stimulated with a T-cell stimilant, such as
an anti-CD3 antibody, PHA, IL-2 or the like, to preliferate the
CTLs into a number required for use as a passive immunotherapy

20 drug.

<Use of magnetic beads>

Bictinized MHC prepared as described above is bound to
streptavidin-labeled magnetic beads to prepare a conjugate
{hereinafter referred to as “MHC-magnetic beads”). Subsequently,

25 lymphocytes are separated from peripheral blood or the like, and
the MHC-magnetic beads at a suitable concentration are added so
that the lymphocyte:bead ratio becomes 1:5-20, followed by
reaction.

When the test tube containing the epithelial cancer-

30 specific CTLs bound to the MHC-magnetic beads is placed in a
magnetic field, the CTLs bound to the beads are attracted to the
test tube inner wall on the magnet side.

With the CTLs bound to the beads being adhered to the
test tube internal wall, other cells are washed away. Thereafter,

35 the test tube 1s removed from the magnetic field, and the



streptavi di n-1abel ed nagnetic beads to prepare a conjugate (hereinafter
referred to as "MHC-magneti c beads"). Subsequently, 25 |ynphocytes are
separated from peri pheral blood or the like, and the MHC nagnetic beads at
a suitable concentration are added so that the |ynphocyte:bead ratio
becones 1:5-20, followed by reaction. V\gﬁtn the test tube containing the

epithelial cancer- 30 specific CTLs boundto the MHC magnetic beads is

pl aced in aupimBgnethect ket dhrithe. GTks  hou the b Liracied to
the test tube |nne|r}':.> \(/:val |, on t he rragﬁe? gd@?@' \)%t%ﬁ" ft%g)%éﬁg %gt%édm%eo t'he
beads bei ng® dffteredits-the test tube internal wall, other cells are washed
away. Thereafter, 3p,Lhg.t tube_ is renpved.fro he nmagnetic field, and
the -31- anti gen'-speclln i%p LéélJ”rale{{rnsﬁ:érllr?(:nc’gr isﬁef:ﬁgl%egritc’ugg‘u relss%clsaﬁg déd™ n
a new nedi g Sthiendpitedekith eahceymsipeoitd ctC@RLahbusshew! at egh can: 1 g3

stinmul ated w,t. T | hocyte stinulant, such as an anti-CD3 5 antibody,
PHA, | LZ%Z oér%'tlrt%)éj%lyi’kg?éHFo?]lShéer%rbyub‘? oﬁq?eeré:toe HREeRY BT PhE b2 B Muniglsy CTLs
required fomtyse asmaepassimeelmrgpotberapy Gaug:ve <Mehhas fomhhr gatding or

anmeliorati. ancers> The CTL of the. invention, when adm nistered to an
epi thel i al %ﬁ%ﬁ%@%&%ﬂmﬁ&dr ug, can 10 treat or
amel i orate the cancerhe Therdose v esnasmngat |,884S dependicag.qn the
pur pose of adm ni,sﬁrati on. For exanple, a suitable dose for an adult

human is alS8Ut-"£672t 0 aB6Et POEACRERI P8/ daypasdidepristemashy rabsuirugos ceo

about 1010 weeldltshdaywe Suchhra dgse-gal-pbe adm nistered once 15 every few
days to once every several nmonths. (X) Method for quantifying CTLs In
cancer therapy nanaggiferioss NeFbaP ngrapprisyricate dependfnantt cane grighougs
and chenot her apidHiW@satribni s kAPOrdant. o .20,k et her i.thelial
cancer-specific C_T|th are p?gsent in peFill%heraalS‘%lrt%\oﬁ%\égfé%slegh-%sﬁncﬁlr?liS%F
patients (pafipents wopht LBwetedahemunldy calbedddy cantepregddabigr abaneer

i 8
tissues, 10° to apbout 10 cells/day. Such a dose can be administered once

15  every few days to once every several months.

(X) Method for quantifying CTLs

In cancer therapy management, including appropriate use

of anticancer drugs and chemctherapy drugs, it is important to
20 know whether epithelial cancer-specific CTLs are present in

peripheral blood of high-risk cancer patients (patients with

lowered immunity caused by cancer cells or cancer tissues,

patients with complicaticns, elderly patients, infant patients,

pregnant patients). Epithelial cancer-specific HLA-A2402-
25 restricted CTLs can be quantified by the following method.

A method comprising the steps of causing any one of (a)
to (d) below to act on a peripheral blood sample, and quantifying
CTLs or cytokine(s) produced thereby in the sample:

{a) peptide of the invention,

30 (b} antigen-presenting cell of the invention,
{c) MHC of the invention, and
(d} MHC tetramer of the invention.

The obtained value is compared with a value quantified
by the same method except for using a solution containing HLA-

35  A2402-restricted CTLs at a known  concentration, thereby



patients with conplications, elderly patients, infant patients, pregnant
patients). Epithelial cancer-specific HLA- A2402- 25 restricted CTLs can be
gquantified by the follow ng nmethod. A nethod conprising the steps of
causing any one of (a) to (d) belowto act on a peripheral blood sanple,
and quantifying CTLs or cytokine(s) prq%gged thereby in the sanple: (a)
peptide of the invention, 30 (b) antigen-presenting cell of the invention,

(c) MHC of chheui aventi ofe ﬁﬂﬁ—z@&o%‘éé&%@ﬂ@ﬁ é?fci”ﬂ' rﬂ%eef&tr'a%rIonTbﬁf e

obtained value is conpared with a val ue quantl i ed b same
except for PasitAgeaasdtadchbwagpntai ni ng HLA- 35 A2402- restrlcted CTLs at a

known concentrati on, b the HLA- A2402-restricti ct

CTL concentrati on oﬁnkﬂ%ﬁ%'égﬁégeraféﬁﬁﬂgﬁf Jnd éﬁﬁA‘%ﬁZdﬁjﬁgﬁirlgfed
CTLs i nduced) byoora) omrrMNEDhuhe éa)ptod@cbdcnydykﬂkﬂne(s&npb@dmﬂﬁdJﬁmeUhe
CTLs cap be ugg%eéie Lo or exanple as follows. Wen using epitope

peptlde Lynphocy separateaw?ron1per|pheral bl ood are stinmulated with
the peptide of the invention, and the nunber of 10 the induced CTLs or the

amount of toklneﬁs) (whi ch encoqgasses chenoki nes), such as interferon-y
(IFNy), i produced by the CILs is nmeasured. A
specific nethod is d@ﬁ@hbb?des be's@s\ﬁ»arta@-léting e casergind. Y y @§O§t§' are

exanmpl e. <Quantjfication of intracellular |FNy-producing cel

Lynphocyt eSt§8phi e d Frionteripheids Ml dde aberenfiispendad |tﬁeRPMTliD@zI00f
medi umeont Ak Nk AGLALY6 BEINEN, 1S &FHEM Ao 1R, el cﬁ%‘iﬁgt(gﬁt'(%&f &%@Qa%@sgfa”d

the CTL epitope peptide of the invention is added at a concentration
mg/ m . Fur €herokEres)i.ntsateRFulate pfotain ﬁKEMsporuntahlémkxn olsutl aske,

Brefel din frod@-d$ tﬁfi% drels! 9@’99@9% cul tun %%e'cgf?‘cc é cﬂ:il dlsoxde%crlbed

i ncubator at 37C for 5 to 6 hours ter culturing I's” are
i mobi | i zed¢lowubjaddined the qea@raﬁéﬂ@@wn&abmhuzamma@ treatnent and reacted

wi th <Quantification of intracellular IFN-y-producing cells>

15 Lymphocytes separated from peripheral blood are
suspended in RPMI1640 medium containing 10% human serum at a cell
concentration of 2xl(}6/ml, and the CTL epitope peptide of the
invention is added at a concentration of 1 mg/ml. Further, an
intracellular protein transpert inhibitor, such as Brefeldin A,

20 is added, followed by culturing in a carbon dioxide incubator at
37°C for 5 to 6 hours. After culturing, the cells are immobilized,
subjected to membrane permeabilization treatment and reacted with
a fluorescent-labeled anti-IFN-y antibody. The IFN-y positive
cells in CD8 positive Ilymphocytes are quantified using a flow

25 cytometer or the like.

<Quantification of CD8 positive cells>

Labeled CD8 positive cells can be quantified by
following the above method of quantifying intracellular TEN~y—
producing cells except for using an anti-CD8 antibody in place of

30 the fluorescent -labeled anti-1FN-y antibody.
<Quantification of cytokine(s) (ELISPOT assay)>

A 96-well MultiScreen-HA plate (Millipore) 1is coated
overnight at 4°C with an anti-IFN-y monoclonal antibody. After
washing the wells with PBS, lymphocytes separated from peripheral

35 Dblood are inoculated into the wells. The epitope peptide is



a fluorescent-|abeled anti-1FN-y anti body. The IFN-y positive cells in CD8
positive | ynphocytes are quantified using a flow 25 cytoneter or the |ike.
<Quantification of CD8 positive cells> Label ed CD8 positive cells can be
quantified by follow ng the above nmethod of quantifying intracellular

| FN-y- producing cells except for using m%%hanti -CD8 anti body in place of

30 the fluorescent -labeled anti-IFNy antibody. <Quantification of

cyt oki ne( s)yi(FELLWSRIF assay 96- i SCr eens | at | lipore).is
coat ed ovepr ni %ht 51:{04?\% %’ﬁlgt:ﬁ %ﬁ(%\/ie%lllj%ftdrrg%o% gbn°gl%ogn?f1§%é€|‘%0ﬁf‘$%r§) .
washi ng t hefSkeld0s "gir - PES: themfhédyv sy sépar dthed pflrom per ipdteralwidh hinsod
are inocul nto.t he I Jhe, epi top tjde is -33- placed intq the
wel | s and gjﬁigﬁggggnhéoga %Q%-%Uba I%)Q(r) "g(?a[)%%é For “SY" htb‘?ﬁ%s?r rfeh«.ES”"tth
fol | owi ng danri-fhE-platidiits ssashedow Bh RBBut66nNkAHNtREN Ow D5V Jyesn-2Q.-and

react edcat r e ature Wt anti-1FN-y. rahbhit, serum for 90 m nutes
and t hen vm'lta}%%g%%io%?gagéa%gﬁlta%gee%o%tntsie-rrugbﬁﬂr ?gémg%%‘iesser}a%?lﬁ?r 9F -1 M
m nutes. Fwotherm, Oatebhtsodimumeet at@ubuf f5en) ( pHBNOY : €00 @l M-Nghino-9-
3-am no-9- ethylcarbazol e, (Si )_apd. 0.015% hydrogen peroxi de solution is
pl aced i nt c‘?%ﬁlﬁécaalf%‘ﬁa%d@%’&%ggd“ﬁ ¢ obim* é?ﬁﬁé%%”r PFEFIde swilHGites. iFhe
| FN-y spot placedviisital itzed aath£odptiedeWctBya at10 8481 eQ8cORIGHE CE9SCaRe.

<Met hod of quantifying cytokine(s) secreted in culture supernatant>
Lynphocyt e§“8Bp&F at ed 1% ofEPeY i phekal dlcoodianal i muspendedauntREM WiB40 a

medi uni€ontakpengedO% hunmassgpem at a 15 cell concentration of 2 x 106
cells/m, and the CITL epitope peptide of the invention is added at a
concent r at FHRLREA 1 ggfrﬂ QUENft IriTHY i§ylﬁék¥-@¢ bl i sexresedon i oxicddture
i ncubat or atipddEafoit> 24 to 48 hours. After culturing, the supernatant is
collected, and The TFN-y concentration in the supernatant is neasured
usi ng 20 a conmer ci aFphagareabl eepRrSPedi t freng. , pefuANtaEN gaboed ELESA

frO”‘ENDccgb&pended in RPMI1640 medium containing 10% human serum, at a

15 cell concentration of 2 x 10° cells/ml, and the CTL epitope
peptide of the invention is added at a concentration of 1 ug/ml.
Culturing is performed in a carbon dioxide incubator at 237°C for
24 to 48 hours. After culturing, the supernatant is collected,
and the IFN-y concentration in the supernatant is measured using

20 a commercially available ELISA kit (e.g., HUMAN IFN gamma ELISA
from ENDOGEN) .

When using MHC tetramer

Lymphocytes are separated from peripheral blood or the

25 1ike, and reacted with an MHC tetramer (fluorescently labeled
with streptavidin) at a concentration of 1 to 100 ug/m, at 37°C

for 15 minutes. The CTLs bound to MHC are stained by adding an
antibedy that binds to the CLT bound to MHC, the antibody being
tabeled with another fluorescent dye. The stained CTLs can be

30 counted using a flow cytometer or microscopy.

EXAMPLES
Hereinafter, the present invention will be described
in more detail with reference to Examples, but is not limited

35 thereto.



When using MHC tetramer Lynphocytes are separated from peripheral blood or
the 25 like, and reacted with an MHC tetramer (fluorescently labeled wth
streptavidin) at a concentration of 1 to 100 g/m at 37C for 15 m nutes.
The CTLs bound to MHC are stained by adding an antibody that binds to the
CLT bound to MHC, the antibody being |aheled with another fluorescent dye.
The stained CTLs can be 30 counted using a flow cytometer or mcroscopy.
EXAMPLES Hereinafter, the present invention will be described in nore
detail with reference to Exanples, but is not limted 35 thereto. -34-
Exanmpl e 1 BrapBasrs and cell lines All dono;sbmerﬁ ngdﬁ_fuIL% am?ge OfftPﬁ
research progr p e approved by the Ethics nmittee o e
Ai chi Caﬁggg @%gﬁgé%gérg%?in§$§%§blood sanples for testing were obtained
fromfive HLA-A2402A@ésd®m®BSheﬁkih@ddoﬁmlsyaﬁkam iorff @heedesEONSE Prodgham

t he perd pheral .blo npl es obtaln fromeach daonor, peripheral. bl ood
m)nolr[:uc'?g)a(rglkgeltl'S %gﬁ%%% méﬁng$8| (fh%08€@i$§c§PWmHEH§?t fgthai érechi
centrlfugaﬂaonerAC¢mmge ceétlpnﬁnaﬂnbnao@e&émﬂﬂdBBﬂdé %%sQQQBBQQﬁgkm%%l%ed
human Iungfcance epi dermoi d carcinoma cell |ine HSC 2

(JCRa0622) - &Pi d%%cel dﬂcpa?@ldrqgrrap&%’r?l § nd$ANKRYs dpIeRrRB025BYe ;nd INKRKNGS A

(JCRB0254) cagsanhumaprgasthiC (2aie8er&el h148q ! lsaﬁ%éjgd o%'ﬁa?;%ge"‘fg&’ndeach
carcinoma cell line CQ%CBZODM (JCRB0225 or as a

col or ect al “GaRter PEEFHP ¢ Tde Rt %Rﬁ%%&é@éffﬁ@#ﬂﬁheﬂﬁﬁﬁl Celdrebamolated
(Mnistry e Heabtnh, delp@lawrgaa@le%ﬂée%% stpiér@' | bank. ni hs. go.jp) . An
epi dernoi d carci nona cell ine LG 0455) as a human | ung cancer
cell line was 20 p%réﬁé%%dc$¥bn¢%#ﬁ%ﬂ%mﬁe@eéélHlb&nkﬂ e (JCR8GOB) | sswer e
mai nt ai nednifa@ 45% RBMA640 -¢ul tupe, ”EdWHﬂﬁgnq¥%£%%' E@nﬁ e Cgltuﬁﬁlon

medi um ( product of SI? whi ch was prepare I Ng a‘l i qui
Tine HSC-2 [JCRBO622) ; epidermoid carcinoma c¢ell lines MKN28

(JCRBO253} and MKN45 (JCRB0254) as a human gastric cancer cell
15 line; and an epidermoid carcinoma cell line COLO320DM (JCRBO225

or ATCC:CCL -220) as a human colorectal cancer cell line were

purchased from the JCRB Cell bank (Ministry of Health, Labour and

Welfare: http//Cellbank.nihs.go.jp). BAn epidermoid carcinoma cell

line LC-1/sq (RCB0455) as a human lung cancer cell line was
20 purchased from the Riken cell bank.

The LC/sq cells were maintained in a 45% RPMI1640
culture medium and a 45% Ham's F12 culture medium {(product of
Sigma), which was prepared by adding a liguid nutrition
supplement, comprising 10%FCS, L~glutamine, peniciilin,

25 streptomycin, and kanamycin. The COLO320DM cells and MKN28 were
maintained in a DMEM culture medium (product of Sigma). The K562
cells were maintained in an IMDM culture medium (product of
Sigma), which was prepared by adding a liquid nutrition
supplement, comprising 10% FCS (fetal calf serum, product of Life

30 Technolegy), L-glutamine, penicillin, streptomycin, and kanamycin.

Other cancer cell lines were cultured in a RPMIL640
culture medium, which was prepared by adding a liguid nutrition
supplement, comprising a 10% FCS, 2x107° M L-glutamine, 100 U/ml
penicillin, 100 pg/ml streptomycin, 100 pug/ml kanamycin, and 5x10°

35 > M f-mercapteethancl (as a complete medium).



suppl ement, conprising 10%CS, L-glutam ne, penicillin, 25 streptonycin,
and kananycin. The COLOC320DM cells and MKN28 were naintained in a DVEM
cul ture nedi um (product of Sigma) The K562 cells were maintained in an

| MDM cul ture nedi um (product of Sigma), which was prepared by adding a
liquid nutrition supplenent, conprising_10% FCS (fetal calf serum product
of Life 30 Technol ogy), L-glutam ne, penicillin, streptonycin, and
kananycin.  Qher caneer geldnddones gueree G url%ﬂoauéegpwllg@éo 1‘?%&1‘4‘%‘9
medi um whi was prepared by adding a liquid nutrition supplenen

conpri sing Qﬁ%@}a@&erzﬁéegrw Lyl ami"Tde ce100) U gd vingeriedills| pmes&nﬂﬂng
g/ m StrephﬁﬂyﬁLﬁhA§4ﬁk(Bﬂﬂdﬂﬁ%n%ﬁ¥%H@e and X107 35 . M (1 (ﬁﬁgcagtoe%§aggl
(as a conpl ete mediu - 35 he HLA- A2402 gene was |ntro uced i Tit o

174CEM T2 (¥&rleinar é}epﬁéﬁ@rp@@sqr&m a:e'h’fz cef4 gillisngecel balpussenti ng
an HLA- A24 bi nd-peptide el ferr T2 24 cell) as
pepti de- prgagﬂlentIlﬂi(rE:}lg\gfI g% ITs. o m%ﬁf el I s vvere %u Ouc“[re%cielgna@J HF9900m caft tire

medi um (| sdovesus todi fGJé:d:O[DuIM@ohsngemoamfetpﬂoduaf @fer@anQ)-gQQﬂéIﬁixﬁﬁ ng

v fet ol AT, Lealianae, RETLALD |Dedreptomeln, and GHE
59: 502- 511, (2002), AsmwokHdAnA2402 Mfﬁgahéweadm@s@ﬂﬂed:clﬂe gﬂgs@h AdPigens,
HLA- A2402- I 549 BOO76 e ne were infected wt
retroviruses ié‘%tr(l)co |1§\g gﬂ% 03" )flﬁﬁ %‘é@&éf%@%lé’é*t PRé iHfdctldde ¢l @n
the infect e&AQmeoeehégaN\Bf@ mei Nt amwbmns a conpl et JwBdi um £oNtRl NLNgG,
puromycin with a.final concentration of O. g/m, and desi gnated QGb6-A24.

Sinilarly, e VAfERtRdeEAG O LA P 408r e ﬁhl‘?ﬁdﬁfné@ PRtaceobpt eteferdicum

cont ai ni ng ceanenycime Whtbceed i pabeconaant ration,9f Q99 n %{)‘ plete
desi gnat ed A549- A24. 2) Peptide synthesis Potential HLA-A24 %2 drn

pepti des WERFHTERBARN N209( FVCOESTSA riirither a WBB@ll)COW@Eetraémmfpéd cmﬁ
conput er - bagegd, pr c t he pti de Bi ndi [ | L
Pr ogr ai(n baggg on taﬁrg’ll e(g%gﬂg 3%{1%(?9%%94 di slsg(!)[@%f% ot oFﬁﬁL,& q%@ﬁ?? &4
conpl ekes &@élllsab’leéeaﬁ“atlﬁéa%?qi digy de omgpdiete medium containing puromycin

with a final concentration of 0.9 ug/ml, and designated A549-A24.

2) Peptide synthesis

Potential HLA-A2402-binding peptides within Ep-CAM

20 (accession number: M33011) were identified by computer-basead

prediction according to the HLA Peptide Binding Prediction

Program based on the estimated half-time dissociation of HLA

peptide complexes available at the World Wide Website

Bioinformatics & Molecule BAnalysis Section (BIMAS:RioInfomatics

25 and molecular analysis section)
(http://bimas.dcrt.gov/molbio/hlambind).

Seven peptides selected based on the Ep-CAM epitope
peptide prediction results were synthesized by PepSet (product of
Mimotope). As necessary, the resultants were dissolved in 100 ulb,

30 of dimethyl sulfoxide, and further diluted to 0.1 M (pH 7.4) in
40% acetonitrile.

The production amcunt of each peptide was estimated to
be 1 pmol.

The seven synthetic peptides were designated Ep31l, Epl73,
35 Epl85, Ep250, Ep225, Ep296, and Ep304, respectively. Takble 1



Bi oi nformatics & Ml ecul e Anal ysis Section (BI MAS: Bi ol nfonatics 25 and
nol ecul ar anal ysis section) (http://b.imas.dcrt.gov/nolbio/hla bind).
Seven peptides sel ected based on the Ep- CAM epitope peptide prediction
results were synthesized by PepSet (product of M notope). As necessary,
the resultants were dissolved in 100 L 3Qs0f dinethyl sulfoxide, and
further diluted to 0.1 M(pH 7.4) in 40% acetonitrile. The producalon
amount of eaehspept i denwrsiesti patetid GeRRnteWIQE. 1 bg 5e¥eR synthetic
pepti des were deS|gH§?gd Ep31, g?%?B 3§R%5185 Ep250, "Ep225, Ep296, and
Ep304, respectively. Table 1 -36- shows the synthesized peptide sequences

of the Ep-CAMs. Table 1 Amino acid Amfacid Amino acid Peptide nane Score
0VFl i ncr ease Senuencer\os: t! ons--| nnrﬂ‘i 3, NYKL_AVNCE._31-39.9..120 85 E

3rn RYQ_DPKFd:pudb?ﬁﬁnclBl gunng gpid 102 /HBIP:SG‘ (RN, N\‘?IE“FP%‘B“S 1. 9358175 7D dpSKKADL

225-233 9f IABEES 256 2é’§§‘$ﬁ 108 B7NEE KYEKAEKEM-205-30 51083
| i fe D k. .1/ + Al et Hnmtiao hal f o

24 E . ENEEMGEL S0y ¥ 16 flptesi—5 ey Estimatefhatt i mipl-
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Separ at el yy,ouomBn 1 munodefici ency virus-T (H V-T) envelope peptide
RYLRDQQLL (de5|gnated ENV584, J. Inmmunol, 15 159:6242-6252, 1997: residues
584- 5925) ahd ERBVd@tientl frendy ane d19<;0<31dtlon from HLA~AZ4 molecules {minutes),

chtained by accessing the World Wide Web site BioInformatics and Molecular
Analysis Section (BIMAS) HLA Peptide Binding Predictions

P The synthetic peptides were evaluated for their binding activity to HLA-A24
10 rolecules based on an MIC stabilization assay. $MFI indicates mean fluorescence

intensity.

Separately, human immunodeficiency virus-1 (HIV-1)

envelope peptide RYLRDQQLL {designated ENV584, J. Immunol,

15 159:6242~-6252, 1997: residues 584-592} and EBV latent membrane
protein 2 peptide (EBV latent membrane) (designated EBV-LMP419, J.
Immnol, 158:3325-3334, 1997: residues 419-427) were synthesizead

as controls (Toray Industries research center company).

20 3) Cell staining and a flow-cytometry analysis

Testing Wwas conducted using an indirect
immuncofluorescent antibody assay using a monoclonal antibody
against HLA-A2402 expressed on the cell surface (product of One
Lambda, Inc} and FITC labeled anti-mouse IgGiab'), fragments

25 (product of ITmmunotech). MHC/peptide tetramer was prepared
according to the procedure described in "Blood, 98:1872- 1881,
2001, Science, 274:9%94- 96, 1996".

CD8 positive T cell line or its clone were stained with

phycoerythrin  (phycoerythrin: PE)-labeled HLA-A2402 tetramer



protein 2 peptide (EBV | atent nenbrane) (designated EBV-LMP419, J. | nmmol,
158: 3325- 3334, 1997: residues 419-427) were synthesized as controls (Toray
| ndustries research center conpany). 20 3) Cell staining and a
flowcytonetry anal ysis Testing was conducted using an indirect

i mrunof | uorescent anti body assay using a Jmnocl onal antibody against

HLA- A2402 expressed on the cell surface (product of one Lanbda, Inc) and

FI TC | abel edhantirifBuseplofiabyd2: f{A0MRRL S r2376PT oduet . pfy | nruinatechy.,
MHC/ peptide tetramer was prepared according to the procedure dESCFIbEé&In
"Bl ood, 98:A8WE/Ipdd3 teigpmerSei érce¢oRTAigag 96IV-1096Lpt B8 posi tENKESS4
cell line orr-dds-gliopg Yerg, siai_n i : r in (phycoerythrin:
PE)-IabeIedthA-A2402 tetramer -@%?O?%%?Qfﬁ?ﬁ§936¥%£krpeptide and Epl73
(referred to as HLATHER240PpEptyZ®etelr amelys isorotonhal néngitddV/- &e peptizde

and ENVS84 ferr tQ.. A A2402/, ENV584 tetraner). The .
fIom#cy?oné%%%ﬁgﬁafggi§R3$@t%gcg#gﬂgéﬁrcé?¥oééé§ %ﬁc ??F%ﬂ!(ﬁﬁc5kﬂ%%3 and
FACSCal i burCqproguct ehdBedtom, BkoKi nsoniaed Gerpanylelandesiat asiyehie re

anal yzed usj || Quest software. roduct of Becton, Dickinson and
Conpany) . Mﬁ) ggg%i%??%.?%ﬁ”aﬁgﬁng%B%6ﬁKfﬁ@mgﬁﬁVbation of the HLA- A2402
bi nding efficiency of the synthetic peptides, an MHC stabilization assay
was condu%kgg sjing. T2-A24 cells (cell line in which the plasmd

expr essi ng ~ﬁ£§§hbgiﬁ§téﬁhﬁé§ﬁﬁas transfected to T2[174xCEM T2: ATCC

accessi®n nunber: C@brl%%%]kv@gﬁgtﬂbﬂgofothéeHLA5A94@§EQP%&3§§ é%ﬁ%?ﬁ@n%@ et
al . (Bl ood, 98;%872- 1881, 2001). To be specific, each peptide wth a
concentrati®n &PC105YPHM s iHEGBEEEd atn 28€G ostEpihéErEiom APOY Lwas

RPM 1640 culhiineted®disuRyCont-aioni ng. 1his AZd. cel h$,£2%105, 6ol s} 0. L% FCS,
and 5x105 M (3-nercaptggthanol, folloméﬁ %y a fﬁrther Vﬁ%ﬂta%?gn aas§$§
for 20 3 hGHPSESAMH®r | ndlubdtd40r, celolsaniate HLweA2402t roisseuites wer ¢o

o) ey "o PR AGE TR onl L B0 A IR LI 8152

procedure of Kuzushima et al. (Blood, 98:1872~ 1881, 2001).

To be specific, each peptide with a concentration of 10
MM was incubated at 26°C for 16 hours in a 200 ul. RPMI1640 culture
medium containing T2-A24 cells (2x10° cells), 0.1% FCS, and 5x107°
M fB-mercaptoethancl, followed by a further incubation at 37°C for

20 3 hours. After incubation, cell-surface HLA-A2402 molecules were
stained with an anti~HLA-A2402 monoclonal antibody and the FITC-
labeled antibody of (3) above. The expression level was
determined by FACSCalibur and the mean Ffluorescence intensity
(MFT) was recorded.

25 The 3MFI increase was calculated by the following
formula:

SMFI increase = 100 x (MFI of group administered with
peptide - MFI of group not administered with peptide)/(MFI of
group not-administered with peptide).

30 Table 1 shows the results concerning the SMFI level
increases. As shown in Table 1, HLA-A2402 expression level on the
cell surface was increased for most peptides, which shows that
these peptides are bound to the cell surface, and thus MHC is
stabilized,

35 In particular, among  the above  peptides, Epl73



determ ned by FACSCal i bur and the nean fluorescence intensity (MIl) was
recorded. 25 The %WFI increase was calculated by the following formula:
%VFl increase = 100 x(M-l of group administered with peptide - M-I of
group not adm nistered with peptide)/ (Ml of group not-adm nistered with
peptide). 30 Table 1 shows the results cancerning the %Wl |evel

i ncreases. As shown in Table 1, HLA-A2402"expression |level on the cel

surface waspgk d ' : i S at,. .t pepti.des
are bound 15 PROTEST COrraeen-RRRubRES iC Tl S b e B oRL508
parti cul ar ,(EHABHdRERNe above péptiedesheEfdW8st 384 L {IRYQLDRKH )nehowed et:hed

hi ghest af {.i.ni.t or the HLA-A2402. Ep304 (EMGEMHREL), which showed the
| owest aff%ﬁi¥u¥t&%%€ﬁ§ﬁr§ﬁ PQ%ted to further experinents. 5 5) Production

of Ep- CAM peptide-specific CIL and cl ones thereof Peripheral bl ood

monocyte-deriyed dendritic cells (DCs) were produced according to the
procedut e gi—Eﬁﬁ3ﬁ3QﬁEhﬁ£~gﬁlgﬁﬂ#&ﬁﬁkgﬁifﬁiﬁbE994§§£¥§Eh6ﬂ§2§ﬁeﬁﬁﬁﬁﬁéLIy,
celI's adherent to pbasijiteMer 1ok inifloated-fis emQerddharnal bleads (pes)
nononucl ear cells of HLA-A2402 positive healthy volunteers, and cultured

in a RPM 1B2D€ nedriHfeeoRCaPRiIAGY 5% heldte | heets dohukanebl gdd sler ufy - 10

Ro/ mL  recophhdantfun@eolnabes! eukin-4 (hlL-4, product of R&D systens
conmpany), and 50 ng/nL reconbi nant human/ granul ocyt e- macr ophage 15 col ony
stinul ating factor {&cM CoECidisddet’ of CRRDS syadlenmentconpany)lastAft ereome

day ofjg ncy i [o/80y's IO I (hBrodu RPepr.oT e | NE. 5 m,
regongfkan¥pﬁ%%§ﬂ}t§%%@ ﬁg%ﬁggsgé§fé@f%%—g&%ﬁ#ﬁfggggpf%%gfi g? %%%rg%ggé,
Inc.), andr2spMveprpsakdhandd huE2qpr, oduct oflCayaaniiChemikeHll 1 Godpany) umer e

Parvest ed TorCCRE T E moRSey T b er T Vet ontieE: cobeTs TarmantfgeHs/ L
present ati ppcombinant human interleukin-4 (hIL-4, product of R&D systems =
company), and 50 ng/mL recombinant human/granulocyte-macrophage
15 colony stimulating factor (hGM-CSF, product of R&D systems
company) . After one day of incubation, 50 ng/ml, IL-1f (product of
PeproTech, Inc.), 50 ng/ml recombinant human/tumor necrosis
factor-a  (hTNF-a: product of PeproTech, 1Inc.), and 1 pM
prostaglandin E2Z (product of Cayman Chemical Company) were added
20 for cell growth. After 2 or 3 days passed, the cells were
harvested for wuse in a monocyte~derived dendritic cells for
antigen presentation.
The produced cells apparently expressed dendritic celi-
mediated antigens such as CDla, CD80, CD83, CD86, and HLA class
25 IT molecules.
Separately, using CD8 microbeads (product of Milteny
Biotec), CD8 positive T lymphocytes were isolated from the same
donors.
Subsequently, self-derived dendritic cells were pulsed
30 at room temperature for 2 to 4 hours with each of the Ep-CAM
synthesis peptides with a concentration of 10 wM in an AIM-V
culture medium (product of Gibco) containing 5x10° M p-
mercaptoethanol, followed by irradiation (33Gy).
The dendritic cells (1x10° cells} were then cocultivated

35 in a culture tube with CD8 positive T lymphocytes (1x10°



The produced cells apparently expressed dendritic cell- nediated antigens
such as CDla, CD80, CD83, CD86, and HLA class 25 Il nolecules. Separately,
usi ng CD8 m crobeads (product of MIteny Biotec), CD8 positive T

| ynphocytes were isolated fromthe sane donors. Subsequently, self-derived
dendritic cells were pulsed 30 at roomtenperature for 2 to 4 hours with
each of the Ep-CAM synthesis peptides Wwith a concentration of 10 pMin an

Al MV cultwn%r{&qj (produc ibc taj ni.ng 5x10 M (.3- o
mer capt oet handl , f(%I%Ig:))\/\/l[é{clllf1 % th{];r)bgr?fal | g?i%%“%%%()%‘%ﬁ"ﬁne %(;Oen% rliéling ¥ ERiLo
cel I's) wereékdish secunti Qat edy/mB5 iavcnbdukbhur ewtudpe With CHBopest t b¥e HaD

| ynphocyt es 6 -39- |ynphocytes), in_a RPM 1640 cul ture di um i
cont ai ni ng %ﬁ%#%nﬁﬁ%g%i’%d %necsr:u‘jmngéghnﬁfﬁfm?é%%iw Haman FRE99Yr suct
of R&GD sydtEnsyvecorpanydmpand .5 ng/ nL reconbi nant human | L-12 (product of

R&D syst.ens conpany) ¢ 5 After sevgin days of cultivation, the cells were
stimul afed by addi n§f15t 06 S5EHLI dE2ptl s8l sEMFLadtF vy der i 15l lceltare

prepared asstahRuateAl oI AdhiHAt NQToSeVes Qays QkeqCukh iFva 'ka“ed.tQ&?&ei'éisc
were stimulated 3 tines by thé sane Pprocedure. After each restinulation,

human recorfsiln&nt PFEP2T9® (b odiictveof TakEeRt Piiar fagélici cake Compatays Licd., )

was added tmitgiveianfi ndle cepeent rali-on et 20, -t§/ntimé§“ib§el¥he same
proliferating cells were divided into 2 or 3 tubes as necessary, and’
cul tured iHF°gerREsh cufflte medhunteohtrilfitigr20 nias/ mecofibibat THe 2

T-cel | 1specifibeity Was examed, by RAL,a 5 1 rder_ to_establish
T-cell cl ongs, limting diluti oncp I%EE%)JO l%%ﬁi%@?ﬁ’mﬂs}mgérf%?éneégé %ort&’l ng
to the met Bddedésépbed-onigerBireddon 98t 187 2881 nlandic200:]l yMoreliferating

speci fical |, 1RO o] - , i5i - | re seeded in a, 96-wel |
circul ar plcéétlée( liq?éQES?a%éd%%?f‘]g?ﬁe% I ??ant%ggg?]? n\é\gaggﬁ??%?%y’madﬂuﬁ%]gﬁfﬁﬂ
t oget her 201 wiat Arast i WCD31nvomedl snatordntirbodi €9 (B0t ngiIMJf, TpFaduct of Orth

Di agnostic Inc., | LTEe(égcé{fﬂgpec%§%9§t§e$ég égaﬁggehr%giEﬂfﬁkéfy%ssay.

15 In order to establish T-cell clones, limiting dilution
of polyclonal CTL was performed according to the method described
in Blood, 98:1872-1881, and 2001l. More specifically, polyclonal
CD8 positive T-cells were seeded in a 96~well circular plate (1,
3, 10 cells/well) containing a culture medium (0.2ml) together

20 with anti-CD3 monoclonal antibodies (30 ng/mi}, product of Orth
Diagnostic Inc., IL-2 (50 U/ml), 1x10° cells of y-irradiated (33
Gy) PBMCs, and 2x10? cells of y-irradiated (55 Gy} B lymphoblast
cells transformed by EBVs (cells obtained by transforming
volunteers' peripheral blood B lymphocytes with a 95.8-cell

25 (JCRB9123) supernatant).

After two weeks of incubation, the specificity of the
proliferated cells was determined by a CTL-CTL-killing assay in
the same manner as the method of Lee et al. (J. Immnol, 158:3325~
3334, 1897).

30 CTL clones were incubated overnight only in a 100 pl
complete culture medium or in a 96-well circular plate (300
cells/well) containing peptide of the same origin derived from
BEp-CAM or control peptide ENV584 at a final concentration of 2 uM.

The cell-killing ability of CTL cells was determined on

35  the next day using an inverted microscope. These clones showing



Gy) PBMCs, and 2x104 cells of y-irradiated (55 Gy) B | ynphoblast cells
transforned by EBVs (cells obtained by transform ng volunteers' peripheral
bl ood B | ynphocytes with a 95.8-cell 25 (JCRB9123) supernatant). After two
weeks of incubation, the specificity of the proliferated cells was

determ ned by a CTL-CTL-killing assay in,.the same manner as the nethod of
Lee et al. (J. I'mmol, 158:3325- 3334, 138 30 CTL cl ones were incubated
over ni ght %Mdk@mlégogb@lltﬁmbﬁw GHEL Ub@lﬁ@&' YL pr E' NG Rl Inovea
circular plate (300 | s/well) containing peptide o e same origin
derived fromtoEp- @AMSJGI @bhtwe pepti e atvc84 éESarﬂD@mIabcnf@ncentratl on of
2 ECM The cell-killing ability of CTL cells was determ ned on 35 the next
day using an inverted mcroscope. These clones showi ng -40- cell-killing
abilities danl yEWtﬁ?mpmsme@ witt hEEp- CAM were noved into a flask and were

proliferated as desgri PG ay of | FN-y at - bottom
96-wel | "Ml ti Screen-‘lﬁt\l—i&q 5\ at 8%¥pro§uc‘f’e%f ‘MH 5t Edr 63])at\?n Atﬁ”: C&F Nlose
nitrate fi IMihl\A/aT@oﬁeacteth tvhchOa gbibudbsanticddEN- Y inRnegk obed cantiirody o
(product o &D systens _conpany), and _incubated at 4C overnight. After

f
washi ng wi ﬂ*ﬁ*%hsof( phbspHatiaY b‘ﬂ‘?‘f%crléﬂlaé—alqrﬁé}?wyt h@rﬁldaﬁé Was Ao ckoesd arist h
culture 10 me at 234 C f@kpak SOUK. 4b@ &%l@rﬁt e well, T tﬁ% Geleys Pge

(5x101 cell % were pul sed with each epitope candi date synt et| C pepti

in 100 RL dPNRERIA6A0PHEEFTRA c%?w]tleﬂerhrngthﬁ tHh-20-21 96205 laRF s 05 o culture
(3- mer capt hanol + at-« t t : ( p ve
T cell s@sugggr%ggd(ja? ngz ng%d?zﬁﬁ{:%n'%l ma%lé éga/o %Sff T{J?X%%ﬁ sgggg]gd??o{éeach
wel | . 1x10feéps) pysrei velTedetitd viad wddors respodfdingseelhe iaepitiner e

t n rog ed
' Gupltcare FRons b BoMRLsad M@l O TEAREEE S0 o 85T 185 0%
i ncubat or, ﬁamarcemir@rgiﬂr;@lm@si;hedow t bRBS: toont Ay it @m@ﬁ%@mehxi(ﬁﬁ CD8-
Subsequent Ip)5519947é[c+ ongd 14 as@%'p%né@&' o R n?ergluplog%n(:BER%é;tZO % FCS were

15 seeded to each well.

1x10" CD8 positive T-cells were used as responding cells
when there were teo many spots to count. The entire measurement
process was conducted in duplicate.
The plate was incubated at 37°C for 20 hours in a 5% CO,
20 incubateor, and thcoroughly washed with PBS containing 0.05% Tween
20. Subsequently, polyclonal rabbit anti-IFN-y antibody (preduct
of Genzyme) was added to each well, left at room temperature for
9C minutes, and then exposed to peroxidase-conjugated sheep anti-
rabbit anti-immunoglobulin G (product of Genzyme) for a further
25 90 minutes. For wvisualization of IFN-y specific spots, 0.1 M
sodium acetate buffer {pE 5.0) containing 3~-amino-9-
ethylcarbazole (product of Sigma) and 0.015% hydrogen peroxide
solution was added to each well. After 40 minutes, the reaction
was stopped by washing with water, and the plate was dried. The
30 numper of diffused large spots was counted under the microscope.
The results are shown in Figs. 1 and 2.
Fig. 1 shows the ELISOT assay evaluation results of the
polyclonal peptide-activated cytotoxic lymphocyte cell lines when
CD8 positive T-cells of five HLA-A2402 positive healthy donors

35  were stimulated by self-derived dendritic cells pulsed by one of



of Genzyne) was added to each well, left at roomtenperature for. 90

m nutes, and then exposed to peroxi dase-conjugated sheep anti- rabbit

anti -i mmunogl obulin G (product of Genzyne) for a further 25 90 m nutes. For
visualization of IFN-y specific spots, 0.1 M sodium acetate buffer (pH
5.0) containing 3-am no-9- ethyicarbazole £ (product of Sigma) and 0.015%
hydr ogen peroxide solution was added to each well. After 40 minutes, the

reaction ves.siarped by, washijpg with water, and the plate was dried. The
30 nunber of diffused |arge spots was count ed under the mcroscope. The
results are shown iMsFigs He ameh 2frfingFig. showsthiehe tHel SOB gssdyive T-

Pymphocyte o 1Thas et P a0 R 05, BT Eh L B Vet T R RoabrHesioet ve
heal t hy donwy st185 amérfedsmmrﬂ aﬁ@wnytmldelder pmededeiﬂjﬂrcbrﬁe cofetdsh pA sed by
CC):BS 8]:)5| :1I1 veex?'cphecpq{ﬁdtseggf :évggﬁtﬁs&?i;}t@gg DBS?‘?E God h lchﬂE L@Om Fln‘%i.’%ol%\r,\%eor‘?’“etdhe
sti mul at ed pdadhaasel E:rd@u[tt\!f‘&h dendri-tiie gelds pul sedubyt iope Mtheaﬁlz@le

the 5 six pe idei, tﬁa T-¢ | i nes obtal ned fromfour donors showed
pr edom nant egrloé’u‘ PO BN I@ry spots by incubation with T2-A24 cell

pul sed by Epl 73. Thenh€Tlct neisabjsestedete ER258, 830 Ml ation jeht ained Ly om
the donor No. 3 specifically produceg | FN-y sp% by 10 mc&batl on Wrg[eh

Ep250. Fi g.fzprshélis t Heneet riddrer -3t atrdaid icedult spoddEpsCCAMFNpepificde by

specifig p@m@@b@@%nmm@@)@@(}onal CTLs. Fig. 2A shows that polyclonal CD8
positive T-cells stimulated 4 times with Epl73 were stained with
FI TC- | abel ed 15 anfilgcDg apb¢hodyhePrdtapaleads i ARA resnhiner of orfaiOAiMng

Epl173, or aeeniLol.peptide Og?g?@ﬁalgﬂﬁ%n%ﬁgﬁ% g?L%)y flow cytonetry.

The proportion of tetramer positive S anon CD8 positive
T-cells is shown asFagper&entsagesi ntihde u:mdanclpnght Cl%s shewhiva Fi-giellA,

k??;¥ ?pOtsEQ&Hﬁgtgg %ﬁStIMEs %Qtﬁb%ﬁﬁfﬁp were agggérQL&PFpﬁifgﬁﬁagg¥g384'

15 anti-CD8 antibody, PE-labeled HLA-A24 tetramer containing Epl73,
or a control peptide ENV584, and were analyzed by flow cytometry.
The proportion of tetramer positive cells among the total CD8
positive T-cells is shown as a percentage in the upper right.

As shown in Fig. 2A, IFN-y spot formation was not

20 observed in most control peptides, ENV584. After four
stimulations, the CTL lines established from donor No.4 were
specifically stained with the HLA-A24/Epl73 tetramer but not with
the HLA-AZ4/ENVS84 tetramer (37.2%:0.06% with respect to the
total CDE positive T-cells, Fig. 2A).

25 Fig. 2B shows that Epl73-specific CTL clones (C27), were
stained in the same manner as above. The proportion of tetramer
positive cells among the CD8 positive T-cells is shown as a
percentage in the upper right.

As shown in Fig. 2B, the intensity of tetramer positive

30 cells was equivalent to or higher than that of tetramer negative
cells by 2- to 3-fold on a logarithmic scale. The inventors
established a T-cell «clone, C27 from the limiting dilution
culture medium of the Epl73 specific polyclonal CTL line of donor
No. 4.

35 This research using tetramers shows that both polyclonal



stinmulations, the CIL |lines established fromdonor No.4 were specifically
stained with the HLA- A24/ Epl173 tetraner but not with the HLA- A24/ ENV584
tetramer (37.2%0.06% wi th respect to the total CD8 positive T-cells, Fig.
2A). 25 Fig. 2B shows that Epl73-specific CTl, clones (C27), were stained
in the sane manner as above. The pr oport__i&rl of tetraner positive cells
anong the CD8 positive T-cells is shown as a percentage in the upper
right. AS ShoWhdibdiiBnaZBeine-Lplensidyeah LeLIRRL BOsLEhYe, 30 GEl)s
was equivalent to or higher than that of tetraner negative cel IS by 2- to
3-fold on &fifdgatlt bedt mrabéorFThepeavisint dicy Hestabii3Had 78 Booellkxetone,
C27 fromthe limti i i lture mediu the Epl 73 specific

pol ycl onal CTL Ii neﬂgfg%%%%éﬂﬂmgp%ﬁuf?efﬁl %Cp}e:g%a?tg%n%“’si \ﬁ%r? etr amet s eRows
t hat bot h gebyckbnal C¥i42-ir@nd nmonochl onal Epl73-specific CD8 positive
T-cell s, have high- affinity cell receptors specific for HLA- A2402/ Ep173
conpl exes. Accordingly, Epl73-specific CTL clones were established from
this CTL | EmempheExanple 2 Properties of peptide Epl73 specific CTL cl ones,

part 1 7) CIL ASSAY The inventors_further exam ned whether C27 recogni zes
10 pepti de®: N Bkl orelata fdgr Fibechtngsmmedelll s in the

cont ext of 7HLAe24.ss@lir om um | abel ed cells were incubated with nonocl onal
anti bodi es specific_for any one of total HLA class |, HLA-A24, or HLA-A2
before addition of &27, lawvantses cfuribshy avagipedf ohrbbeat C205 wraffigesor

to target gé £ 9qof ﬁé%%aﬁ%ufs?&gﬁkegghjcéd((E’r?gtl‘%@'é&Qf & ¢ ahglgd wiihh

chromum (51Cr) i it of ‘culture mediumat 37C for 1 hour. In somg’

exper i ment §hej AOkerer tloHéPedZfy HLA restriction, a predeternined anount
of bl ocking anti body, WG 32, (aRkheHLALI1@SSwkle MA2ubated with monoclonal

antibodies specific for any one of total HLA class I, HLA-A24, or
HLA-AZ before addition of C27, and the CTL assay was performed at
15 an effector to target ratio of 10.

The target cells (PCY9 cells) were labeled with chromium
(*!Cr) in 100 pl of culture medium at 37°C for 1 hour. In some
experiments, in order to specify HLA restriction, a predetermined
amount of blocking antibody W6/32 ({anti-HLA class I), MA2.1

20 (anti-HLA-AZ), and All.l1 (anti-HLA-A24) were added to each well
30 minutes prior to the addition of effector cells.

The plate was incubated at 37°C for 4 hours, and the
supernatant was counted using a y-counter.

The percent specific °'Cr - release was calculated

25 according to the formula: 100 x (experimental release -
spontansous release)/ (maximum release - spontaneous release).

The results are shown in Figs. 3 and 5.

Fig. 3A shows the cytotoxicity of C27 (Epl73-specific
CTL clones) against T2-AZ24 at each indicated concentration of

3¢ peptide Epl73 and control peptide EBV-LMP419 determined by °*1Cr
release assay at an effector to target ratio of 1.

Consequently, Epl73-specific CTL clones (C27)
demonstrated a cytotoxicity against T2-A24 cells pulsed with
Epl73 at a low peptide concentration of 100 pM, while such

35  cytotoxicity was not observed with EBV-LMP419 (control peptide).



20 (anti-HLA-A2), and All.l (anti-HLA-A24) were added to each well 30
mnutes prior to the addition of effector cells. The plate was incubated at
37C for 4 hours, and the supernatant was counted using a y-counter. The
percent specific 510 - rel ease was calculated 25 according to the

formul a: 100 x(experinental release - sggﬁt_aneous rel ease)/ (maxi num rel ease
- spontaneous release). The results are own in Fi gls. 3 ;ind 5. F![g.23A .
shows the cytotoxi Cigty. oft ( 3- i fi.G nes) _agaips g

at each indiycat ed coEtrzlL%:ﬁéntJr %}Zion ogé fé%ggﬁ{itgqg Dl agﬁancgﬁg‘r]lg) p8 tltﬁ% _
EBV- LMP419 cdérépri agdy byt 5ECGr agréheaseassay cahcan @ffledtioesto target ratio
of 1. Consequently, Epl73-specific CIL clones (C27) denonstrated a
cytotoxicity against T2-A24 cells pulsed with Epl73 at a |ow peptide
concentration of 100 pM while such 35rayf®otioxicity was not observed with

EBV- LMP419(contTol peptide) w43+ Figr—pand-Tabte-2 show-the—-eval yati-o
results of 'Ehe cyt ot gx?ci ty) of Oéég? aggi nst varkﬁHagpégﬁ%r J bﬁ*ﬁ‘@&gﬁ
Tabl e 2 Oftgi-n—Ep—CAM-HEA-A24—(MFP)--—RT-PCR LUK Bncel s| + (-87.16 _1Lu99 lar
e cell caldinsraaters +(43.53)._PC9 _adenotarcinoma ++ + (73, 67)(8116)18
adenocar citnoma W9 (96 71) lapecdbardingma cel | _carcinoma + B. 67 H(EESA smal |
cell carcinoma C9 + (70. 56)dend@cinosmasuafous celd+ cancer| + 3. 2 (73679
adenocar ci noma H(IB09. 73) ASdABndddimganocar ci noma-N. D.5 265  (X@&7gquandus
cel | cancer + ¥B994A2 QIO6RALdelBeattdiiBiS CelT canger N'D. ] Gast FT@5pncers
MKN28 adehocar gigoNe + 1. Bfnail celi carcinomma + + (70.56)
LC-1/5q squatnous cell cancer + -(3.21)
A549 adenocarcinoma - +(109.73)
AS549-A24 adenocarcinoma N.D. - (2.65)
QG56 squamous cell cancer + +(84.12)
QG56-A24 squamous cell cancer N.D.
Gastric cancers
MEKN23 adenocarcinoma + -(7.67)
MNK45 adenocarcinoma + +(47.99)
Colon cancers
COLO320 DM adenocarcinoma - +(35.35)
Other cancers
HSC-2 oral squamous cell cancer * +(34.40)
K562 leukemia * -(5.23)
T2-A24 BxT hybrid cell - +(197.75)
5 DNotes:

#: The mean fluorescence intensity was evaluated by

immunofluorescence using HLA-A24mAb and FITC labeled anti-mouse
IgG antibody F (ab’); fragments.

P. Not done

10
Fig. 2 shows the evaluation result of the cytotoxicity
of C27 (Epl73-specific CTL clone) for eight types of HLA-A24
positive cancer cell lines and an HLA-AZ4 negative cell line as
target cells.
15 All cell lines expressed Ep~CAM, except lung

adenocarcinoma cell lines 11-18, COLO320DM, and AS49. HLA-AZ402
genes were transformed like a retrovirus into A549 and QGS56, and
the transformants designated A549-A24 and QGS56-A24 were also used

as target cells. The cytotoxicity was specified by *'Cr release



MNK45 adenocarci noma + + 47.99 Col on cancers CO A320 DM adenocar ci nonma
+(35.35) O her cancers HSC-2 oral squanous cell cancer +(34.40) K562

| eukem a - (5.23) T2-A24 BXT hybrid cell +(197.75) 5 Notes: a: The nean
fluorescence intensity was eval uated by i mmunofl uorescence using

HLA- A24mAb and FI TC | abel ed anti - nouse gG antibody F (ab')2 fragnents. b:
Not done 10 Fig. 2 shows the eval uati on “Fesul t of the cytotoxicity of C27

(Ep173-speci o GIL clanelcLor: &l oty Lypes, o, H.ArA24 2posi Liye qancen cel |

i nes and an HLA- A24 negative ce ’ne as tar t ‘15 I"i"nes
expressed BEPoCAM: @xtxngthm@llaaen©camcunnna elhatmmﬁﬁL&ﬂ&br8;e£ﬁk0320DNl

and A549. HLA- A2402 genes were ransfor us .into A549 and
Qe6, and the tran&forhan sldesﬂghate&igg }%5ﬁ;gn %LE%% Weld &rgst

used as taogetitelts. ldihe ceyietroxietlt yinas spacitived by-5y &y, raleasemngs-
assay each,effector:target ratio 1, 5:1) K562 is _a

typi cal® cePFofi REUIBALT t C%Q?W?aﬁﬁ#&lQRPFIEﬁcc%fléndA%a%ﬁﬁﬂ&1QQ?qﬁf cegd land

Tabl e 2, CZZn@EfWNI4Be|e}’Xgﬁ?é%rstlngt WG th@zl4un&@a@§e@mel! 1lowee§rPC%27
LU99, LC—l/sg and LC99A; 5 oral squanous carcinoma cell |ine HSC-2; and

gastric caREBPPERIAted fus trNgs tex prassd hdiidorR IHERS AR AV anER BRI CAMoat i ve

However , C%Elld§HH@§tE§§@@—m #ehd dezm@g%toﬂﬁmﬁﬁz@%ém%é nGAM,
negatlve cell lines (A549-A24 and COLO3 or HLA-A24 negative and Ep-

CAM posi ti ¢¥8McEPsititresadr] Egn€AVPRefatfAe realdt ivienes 1L 0666es ABAD,6,10.549,
e "R R e RS 8 S TR
to K562 wagepapive QG556 cell line QGb6 A24) C?7 killed the target cells.
The cytotoxicity to K562 was low.
These data demonstrated that Epl73~specific CTL kills
tumor cells expressing both HLA-AZ4 and Ep~CAM.

15 Fig. 3B shows the inhibitory effect of anti-HLA-A24
monoclonal antibodies on the cytotoxicity of Epl73-specific CTL
clones (C27) against the HLA-A2402 positive cell line (PC9).

The cytotoxicity of €27 against PCY9 as a lung cancer
cell line (HLA-A24 positive Ep-CAM positive lung cancer cell

20 line) was blocked by monoclenal antibodies specific for HLA~A24
or class I mclecules (W6/32) but was not blocked by anti-HLA-A2

monoclonal antibodies.

8} Cold target inhibition assay

25 Cold target inhibition assay was carried out according
toc the method of Arai et al. {(Blood, 97:2903-2907, 2001).
T2-A24 cells were incubated with epitope peptides Epl73
or EBV-LMP41% at a final concentration of 1x10™ M for 1 hour.
After several washings, the resultants were incubated
30 with 2x10' effector cells for 1 hour to yield a ratic of peptide-
pulsed T2-A24 cells to target cells of 40:1, 20:1, 10:1, and 5:1.
2x10° *’Cr-labeled PCY cell lines were added to each well.
The cytotoxicity was determined as described in the item
7) regarding CTL assays.

35 Fig. 3C shows the cold target inhibition assay results.



These data denonstrated that Epl73-specific CTL kills tunor cells
expressing both HLA-A24 and Ep-CAM 15 Fig. 3B shows the inhibitory effect
of anti-HLA-A24 nonocl onal antibodies on the cytotoxicity of
Epl73-specific CTL clones (C27) against the HLA- A2402 positive cell line
(PC9). The cytotoxicity of C27 agai nst I?_C;i%_as a lung cancer cell line
(HLA- A24 positive Ep-CAM positive lung cancer cell 20 line) was bl ocked by
nonocl onal anti bodi peci hi-c f = | - e ( .32) but
was not bl ocked by g%tl%g LA?EQ t%ngﬂgﬁﬁ%ﬁ% giletplctg%%?]ég E@% %@J{‘ﬁd&{ aér/gg“[e'o Oﬁb
i nhi bition Bsday 2810s| davargepuilphilbivt tonEpssay@asoecarbhedo butRacaarding
to the neth of . Ar.ai, et al Bl ood, , 97:.2903- 2907, .2001), T2-A24 cells were
i ncubat ed vvlptiﬁ ereﬁthS tﬁgptc:paérgl%%a eolredE% | 18416 eﬂl‘oﬁ)fi ngpe ordinate
concent r at isprefSenk$0-tbeMelootdxhoury oAfCEr s@veral MEsShANgs, péhentage.
resul tants re_i.ncubated 30 w 2x104 effector .cells for 1 hour to yield
a ratio of T\S%p"t%ipgn- &pﬁ%g%d‘s?hf’f-sA%geccéW%tc%lctl Yot CRRIT & dio40 899! 1,
10:1, and 5:1. 2x103 5lGreduabel e 7P@Rqcetéd| bpestvere radded tareach wald .
The cyt ot oxi Ci t.%‘waz det.en%mkned as described in the item regardi ng CTL
3E°5hdus hB!

assays. 35 EG* 81 d War'ge® PREPBIET of Tadealy’ Tesdeed. TuB24 n
Fig. 3C thelabschasawsiep@senhsptheq n-hahheegf pdd- %4 cell's (cold)
pul sed with Epl173(0) or control EBV-LMP419 (0) peptide to chrom num

| abel ed PCO cel |s (HOUF: FhéBeHitae cHepresenty apmainglt REkiwi yolofckez?
agai nst0 PC®yasara iPRILACRb 29RonSc THe: VPSR Gid h@@ﬁ d Ot QXL

W t hout a C(})/?d target. As aorrlegul t, C27- rredcﬁjafoe% C toit g%ll%}é?y Cg?gigi nésa%églgég
was speci ffeafty PRAEPBIEH Yoy itthel rédeesnsd ref-eBp 113t pUllded 1FReA24aveelas,
but was notxi-ahi bt ed Ry pes: el ated Lpepsi ¢ 7-nediat e

cyt ot oxi Ci ti/i agai nst Bcglwas bbfoc%edEJB%g%b%%gﬁf%-%li%f%ﬁ%%%ﬁ%%a?n the
anti body ofUESR?S-plil Bewcekdlsarget cells. Accordingly, it is
denonstrated that CTL cl ones have an excellent specificity for Epl73

spont aneously presented on the
15 Example 3

Properties of peptide Epl73 specific CTL clones, part 2
9) RT-PCR

All RNAs were extracted from a cultivated cell line

using GenElute mRNA Miniprep kit (product of Sigma). Gene
20  specific oligonucleotide primer was synthesized by Proligo

(product of Prolige Japan) for wuse in evaluation of mRNA

expression of Ep-CAM. Primers for use in RT-PCR were as follows:

Forward primer: ATGGCGCCCCCGCAGGTCCT {SEQ ID: No. 8)

Reverse primer: TTATGCATTGAGTTCCCTATGCATCTCACC (SEQ ID:

25 No. 9).

RT-PCR was carried out using a thermal cycler (product
of Perkin-Elmer), and the PCR products were analyzed by 1.5% gel
electrophoresis and ethidium bromide visualization.

PCR was conducted by 1 cycle of 94°C for 5 minutes; 30

30 cycles of 94°C for 30 seconds, 58°C for 30 seconds, and 72°C for

one minute; and 1 cycle of 72°C for 7 minutes.

10) Western blotting analysis

Western blotting analysis was conducted by sliightly

35 modifying the procedure of Schwartz et al. (J. Imunol, 165:768-



surface of tunor cells. 15 Exanple 3 Properties of peptide Epl73 specific
CTL clones part 2 9) RT-PCR Al RNAs were extracted froma cultivated cel
line wusing GenElute nRNA M niprep kit (product of Sigma). Gene 20
specific oligonucleotide prinmer was synthesized by Proligo (product of
Proligo Japan) for use in evaluation of nfigNA expression of Ep-CAM Priners
for use in RT-PCR were as follows: Forward priner: AT GGTCCT
(SEQ ID: Na.788) 2Bewerse pbigerspdiATCRATICAGII COCTATSEATGTGACG 4SEQ Dy
25 No. 9). RT-PCR was carried out using a thernmal cycler (product of

Per ki n- El mérES0aRE1phe PRER Pr dabict¥ gré/AHaryoletP by 1258 geptl 7.5, 5 m

el ect rophorgsi i di r Qp is 4 i.on. PCR-was~cond e 1
cycl e of 92%§?%F§ggn§%5%%§#ﬂgg %§6g§$§[egaéfég%égﬁbﬁ gﬁoéezgn@g,ﬂgﬁ%gﬁgﬁ’So
seconds, ard872¢ fropstens, mandt &, 8andMl mheclyd mefhZ2&s ¢ oforig Imi Miutes.del 0)at
West er n: bl gt.i n nakysi s. \estern blotting analysis was conducted b .
inghtI% Sénng?gyi%% tﬂ%M%f%%edurgnofo§%ﬁﬁarF eaegg?m%ﬁ? Iﬁ%%ol?zﬁﬁﬁ?VGS
-46- 778, 2000pnNbeelepeditfa cakbylvedl teliwraidirssckuedwan quadi Stsoladt izan
buffer (50 _mM Tri.s/ hydroch i.c.acid, pH.7.5, mM  nagnesi um chloride, 1
mM EDTA, 0BT FLEBATX. E%Oéé)(%ﬁcﬁﬂvl%upgﬁpi HI Og. f‘aﬁfﬁgp‘éi‘%i Hartdisr Gt
phenyl net haneddkf sbyt+PACGRIOr Pde)eiats 5ied€ HOottED dri it dsmobhlohdRmdm®rane
det erm ne the protei concentration, the dissolved_cells supernatant was
quant i t at edPaPeugt eﬂ@ﬂ&ﬁWOSF}286¥§%ObHﬁ?“%%Oa@ 8fC pPBEEN heas Wi-Ght H&S
added 10 0 12%:SDs:i RAGHOPGeiras aerel bliatk eddqon. an twambidoon- P menbr ane
(product of M IIipore%,‘and bl ocked at 4C overnight with PBS 10 contai ning
100% | ow fat dried REPKCRHE 0. 195 TweERIBBeSeal éhil ng Ailas Eduiddict etPsfittH can
Ep- CAM spegbhbelof®noehenaba@ntipkedyct proaducinefslahVi sien) Ide%@ét;dﬁ& eGlisng

was conducted with peroxi dase-conjugated sheep anti-nouse
conducted ~ with peroxidasé~conjugated sheep anti-mouse igG

(product of Zymed).

15 Proteins were visualized using an ECL Western blotting
detection system (product of Amersham bio-sciences company) .

Fig. 4 shows the examination results for Ep-CAM
expression of cancer cell lines by RT-PCR and Western blotting
analysis.

20 Twelve lines (80%) of 15 types of cancer cell lines
apparently expressed Ep-~CAM. The expression of HLA-A24 was
examined by Indirect Immunofluorescence testing using anti-HLA-
AZ4 monoclonal antibodies. Ten cell lines among the examined 15
cancer cell lines showed positive HLA-A24 expression.

25 As demonstrated by Examples above, the inventors have
obtained novel HLA-AZ40Z-restricted epitopes derived from Ep-CAM.
At least epitope peptide, Epl73, (RYQLDPKFI; SEQ ID: No. 1) is
capable of inducing CTL including a high affinity T-cell receptor
specific for HLA-A2402/peptide complex, and thus immunotherapy

30  using this peptide can be expected.

INDUSTRIAL APPLICABILITY

The peptides of the invention can be suitably used as a
cancer vaccine for a wide range of HLA-A2402-containing human

35 carcinomas.



(product of Zyned). 15 Proteins were visualized using an ECL Western
blotting detection system (product of Anmersham bi o-sciences conpany). Fig.

4 shows the exam nation results for Ep- CAM expression of cancer cell |ines
by RT-PCR and Western blotting analysis. 20 Twelve lines (80% of 15 types
of cancer cell lines apparently expreséed Ep- CAM The expression of

HLA- A24 V\Bf‘%ﬁ\ %ﬁgm ned by Indirect |munofl uorescence testing using

anti - HLA- #™ronocl onal anti bodi es. Ten cell Iines anong the exam ned 15
cancer cell |ines showed positive HLA- A24 expression. 25 As denonstrated by

Exanpl es O\Ae Pe I nv né&b? h@;/e | ned novel HLA- A2402-restricted
epi topes eri vgﬁ ¥ 3 I eas épl tope peptide, Epl73, (RYQLDPKFI;
SEQ ID: No. 1) il9 acapgbi@e o:ronsndma:nglgeﬁrelnmradlludoﬁg:kae kicghocatfiamity T-cell

receptor ific for HLA- A2 j .conpl ex, and thus inmunot her apy
30 using t%eoqgl%ﬁgﬁtfeer%saeﬁltﬁe eg &?gtad %?N STRI AL APPLI CABI LI TY The

pepti des of theld n\aepEboth:amnbessmh@aetﬂs)ﬁnis'a@dllasoa tipargenovacti ne for a

wi de rang 402- a 35 carcinonmas. -47- CLAIMS 1. A
peptide O]?s gueﬁ p%sre ?gg b?l a peptl de consisting essentially of the

am no acid sequence represented by SEQID NO 1 (2) a peptide consisting
essential Iy af cgﬂéez@n{!&%ﬁ@ oS0 gﬁC%PEeﬁéﬁﬂg ed BY-PFQ IR N 2. 2. A

cancer vaccine conprising the pepti aim1l as an active ingredient.
3. A cancextyigécinereofiagitai m 2, wherein the cancer is an epithelial
cancer. 4. A cancer vaccine of claim2 or 3, wherein the cancer is

sel ected fromthe group consisting of large intestinal cancers, |ung
cancers, bredstaganterascigasefiel didhcer ¥hepeiteditecsnpeps,is an

epitheiial cancer.

4. A cancer vaccine of claim 2 or 3, wherein the cancer is
selected from the group censisting of large intestinal cancers,
lung cancers, breast cancers, gastric cancers, buccal cancers,
pancreatic cancers, esophagal cancers, nasopharyngeal cancers,

uterine cancers, prostate cancers, and gallbladder cancers.

5. A cancer vaccine of any one of claims 2 to 4 which is used for

a human having HLA-A2402 as a leukocyte antigen.

6. A cytotoxic T lymphocyte inducer comprising the peptide of

claim 1 as an active ingredient.

7. A cytotoxic T lymphocyte inducer of claim 6 which is used for

human having HLA-A2402 as a leukocyte antigen.

8. A polynucleotide of any one of {5} and (6) below:

{5) a polynucleotide consisting essentially of the base
sequence represented by SEQ ID NO:10

(6) a polynucleotide consisting essentially of the base

sequence represented by SEQ ID NO:11.



pancreatic cancers, esophagal cancers, nasopharyngeal cancers, uterine
cancers, prostate cancers, and gall bl adder cancers. 5. A cancer vaccine of
any one of claims 2 to 4 which is used for a human havi ng HLA- A2402 as a

| eukocyte antigen. 6. A cytotoxic T |ynphocyte inducer conprising the
peptide of claim1l as an active |ngredﬁ%ﬂt 7 A cytotoxic T | ynphocyte

i nducer of_, claim?®6 cl §ru f%r T e y CHLAEﬁgﬁQ%M@§ %hleukocyte
anti gen. éa &'80Pynu5? &?l &"of any ‘on 1 {%3 fé) ber ow f%)
polynucleqkﬂdeuceﬂsts$amgfe$semt8akiwnohctheeba&eedsequence represented by
SEQ ID NO 10 (6) a polynucleotide consisting essentially of the base
sequence represented by SEQ ID NO 11. -48- 9. A gene therapy drug for an
epi t hel i allfcaRcercounprargi Ngecthe cqulnindobetté devlofiuclapmi @ ast anaactBve
ingredient. 10. A reconbi nant vector conprising the polynucl eotide of claim
8. 11. A transformant wherein the reconbinant vector of claim1.0 is

i ntroducedl.12. trapybuewstf ghepriodudiengethebpeptti decopr cdhignain é8np¥i si ng
the steps ;qf.,cul,tiyating the transformant of claim 11, and collecting the
peptide of claim1l fromthe culture. 13. An antigen-presenting cell which
was pulsed with the peptide of claim1l is pulsed. 14. A cancer vaccine

conpri si ng ;t heg éPéé&?sn -8 8B4 Nith L@l Béptﬁié&'o@ 1325 an agldM8ing
i ngredient. 15. cancer vaccine of claim 14, wherein the cancer i35 an

epi t hel i alth@aﬁéeﬁ?’s A CUATE EABERY VidGCitABT BF O Wl tmOf4 CoR 1 5L L iféfei n t he

cancer isco3ekeeted fHOMbREGOrOUR1GARSESEENG Ofe Langerd ntestinal cancers,
|l ung cancers, breast cancers, gastric cancers, buccal cancers, pancreatic

cancers, esophagal cancers, nasopharyngeal cancers, uterine cancers,

prostate Q@ncﬁﬁsan@%rg@remeﬁﬂﬂﬁj ©ANCERSeh Lias AuCaBEEK] MAGHN@epEiany one
of claims 14 to 16 which is used for a human having HLA- A2402 as a
| eukocyt e Canfitgdh. 1 s pulsed.

14. A cancer vaccine comprising the antigen-presenting cell of

claim 13 as an active ingredient.

15, A cancer vaccine of claim 14, wherein the cancer is an

epithelial cancer.

16. A cancer vaccine of c¢laim 14 or 15, wherein the cancer is

selected from the group consisting of large intestinal cancers,
lung cancers, breast cancers, gastric cancers, buccal cancers,
pancreatic cancers, esophagal cancers, nasopharyngeal cancers,

uterine cancers, prostate cancers, and gallbladder cancers.

17. A cancer vaccine of any one of claims 14 to 16 which is used

for a human having HLA-R2402 as a leukocyte antigen.

18. A cytotoxic T lymphocyte inducer comprising the antigen-

presenting cell of claim 13 as an active ingredient.

18. A cytotoxic T lymphocyte inducer of claim 18 which is used

for treating a human having HLA-A2402 as a leukocyte antigen.



18. A cytotoxic T |ynphocyte inducer conprising the antigen- presenting
cell of claim13 as an active ingredient. 19. A cytotoxic T |ynphocyte

i nducer of claim 18 which is used for treating a human havi ng HLA- A2402 as
a | eukocyte antigen. -49- 20. A mgjor histoconpatibility antigen conpl ex
conprising a major histoconpatibility-4htigen, and the peptide of claim1

or the t r_antigen epitope tide present on the antigen presenting
cel | of ol mP1as 31 PRt hi St Udonpat T B71 i 13/ Pafti GaRPEonptes B¢l ai m
20 conpr itsisngcanpitifciA24Q2 anol eyl endath2-paeriog! obl thaimnd drhehepepti de
of claim L%QrtggtEQgD% §nti%en Q%%}o%e gegtide‘:resg t.o0n t he

anti gen-presenting ol 1S3 CBF af 7 1'51° 22°° R canter “VaLET A conprising the
maj or hi stoeerpaindiddltly ofant agenl tonpl ex of claim 20 or 21 as an active
ingredient. 23. A cancer vaccine of claim22, wherein the cancer is an
epithelial cancer. 24. A cancer vaccine of claim22 or 23, wherein the
cancer is Zlsekevtedr firigrochergr Dupl iconsnst gerg ofnplargef i ptagist i28al cancers,

| ung cancecro%gﬁgggg tanc%rfﬁgﬁ§40g%calreic%l.g?n%eéf—'mi@f%%%’obfﬂpfearn%’ rp@ancreatic

cancers, eso (aga canqers, nasopnaryngea lcanceps, uterlne cancers,
prost at e ¢eEmters,camdagal Lbbadder Wwawvcepsti@h ohicaneerenacts pecotniny one

of clainms 22190 gﬁﬁuﬁg%%qﬁggny§§9(xhgroF;ﬁ%%hqug human havi ng HLA- A2402 as

a | eukocyte antigen. cytotoxic T- ocyte inducer conprising the

maj or histoconpatibility antigen conplex of claim?20 or 21 as an active

i ngredi entyy 2. o A Gt 040Xk G Tedyrmhocyt enl nducer 1ot 6Lam 26 whicgh i s used

for treatin%.a human havi ng HLA-A2402"as a | eukocyte antigen. 28. A nmjor
hi st oconp&PitBPET t PRI gEA EoNPL e L&t FANRT TOMHIEER NN & FHHj o -

hi st oconpatibility antigen and the peptide of claim21 or the tunor antigen
epi tope peptide present on the antigen-presentin% cell of claim13. -50-
29. A HLAZA2402¢3%&T iVECEH B yR bt OHaLE 721 yRiphicdyt éDghFéhcs 1s an

epithelial cancer.

24. A cancer vaccine of claim 22 or 23, wherein the cancer is

selected from the group consisting of large intestinal cancers,
lung cancers, breast cancers, gastric cancers, buccal cancers,
pancreatic cancers, esophagal cancers, nasopharyngeal cancers,

uterine cancers, prostate cancers, and gallbladder cancers.

25. A cancer vaccine of any one of claims 22 to 24, which is used

for treating a human having HLA~A2402 as a leukocyte antigen.

26. A cytotoxic T-lymphocyte inducer comprising the major
histocompatibility antigen complex of claim 20 or 21 as an active

ingredient.

27. A cytotoxic T lymphocyte inducer of claim 26 which is used

for treating a human having HLA-A2402 as a leukocyte antigen.

28. A major histocompatibility antigen complex tetramer
comprising a major histocompatibility antigen and the peptide of
claim 1 or the tumor antigen epitope peptide present on the

antigen-presenting cell of claim 13.



obtai ned by stinulating peripheral blood | ynphocytes using one or nore of
(a) to (d) below. (a) the peptide of claiml (b) the antigen-presenting
cell of claim13 (c) the nmajor histoconpatibility antigen conplex of claim
20 or 21 (d) the major histoconpatibility antigen conplex tetramer of
claim28. 30. A HLA-A2402-restricted cy?%toxic T | ymphocyte of claim 29
which is obtained by the steps of form ng a conplex between a nmjor

hi stoconpatibility antigen conplex and/or a tetramer thereof and a
cytotoxic a® lwﬂﬁhécyiéﬁanregtkmutami¢u}q¢@mﬁph@rbﬂmpﬂm0@©d WWh@hdcwtes usi ng

one or rmrc?ot%;ln(ag)b Ost(lquuﬂ%f hBegi%i’bKe‘%'ﬁi 0 234 Lon %glé‘é h%ngy!:?t oxi ¢

T | ynphocyte from t passive i rapy 7 g conpri si ng
the cytot oy Ff thﬁhbcytebeﬂowlain129 or 30 as an active ingredient. 32.

A passive |nnune;h%%§p¥eg{gﬂaqj ¢chai 31, wherein the cancer is an
epi thelial cancer assive |nnunotherapy drug of claim31 or 32,

wherein the cafidetthesageleotedepeomrhegrlogp cbashsti ng of |arge

i ntestinal Can&ﬁr%he|H99b§%ﬂ%ﬁ%%om?é@ﬁ&ﬁjQﬁnﬁﬁE§ eQQ§%&h%xC§PQ§&§mlbucca
cancers, pancreatic cancers, esophagal cancers, nasop haryngeal cancers,

uterine cafcéfs?iprostate cancers, and gallbladder cancers. 34. A passive

i mrunot her apy dryg @t ﬁ@?bf”ﬁié@%c@hﬁéf@bfi&t agglgéw"daﬁﬂl%xu§@%kgﬂ¥k a human
havi ng HLA- A2402 as a | eukocyte antigen. -5 . A nethod of quantifying

HLA- A2402-%feStALBt €8 cytotoxic T |ynphocytes |n perlpheral bl ood,
conprising the steps of naklng one or nore of the followng (a) to (d) act

on peripheral bl ood: {% the peptide of claiml1 (b) the antlgen-gresenting
cel | of clP&i-mP1844d)%4 rﬁﬁFBlClﬁ%tCaéeﬁﬁéwallw SRV EGet COrfpffex of clai m

which is obtained by the steps of forming a complex between a
major histocompatibility antigen complex and/or a tetramer
therecf and a cytotexic T lymphocyte by stimulating peripheral
blcod lympheocytes using one or more of {(a) to (d) defined in
claim 292, and isolating the cytotoxic T lymphocyte frem the

complex.

31. A passive immunctherapy drug comprising the cytotoxic T

lymphocyte of claim 29 or 30 as an active ingredient.

32. A passive immunotherapy drug of claim 31, wherein the cancer

is an epithelial cancer.

33. A passive immunotherapy drug of cilaim 31 or 32, wherein the
cancer is selected from the group consisting of large intestinal
cancers, lung cancers, breast cancers, gastric cancers, buccal
cancers, pancreatic cancers, esophagal cancers, nasopharyngeal
cancers, uterine cancers, prostate cancers, and gallbladder

cancers.

34. A passive immunotherapy drug of any one of claims 31 to 33

which is used for a human having HLA-AZ402 as a leukocyte antigen.



20 or 21 (d) the major histoconpatibility antigen conplex tetramer of
claim 28, and quantifying cytotoxic T |ynphocytes in peripheral blood or
cyt oki ne produced by such cytotoxic |ynphocytes. 36. Use of one or nore of
the following (a) to (d): (a) the peptide of claim1l (b) the
antigen-presenting cell of claim13 (c)Y5the major histoconpatibility

anti gen conpl ex of cl ai 20 or. 21 (d). the mmjor histoconpatibility antigen
conpl ex tettaneF e BP9 cPai o8 Y ob9 the prépar 537 'on SFJa ket €afedt for the
treat ment angherycaseli gratipaprof €aneer conpai fimanrhavi ags HLA- A2402 as a
| eukocyte antigen. 37. Use of a Eoggnu | ear .cell fractid n f%om peri pher al
bl ood of a huf&H Bk P8Rt Shdli Ty CHLAT AU 4 7] [1BLUKSEy e &fifi §en, wherein
the cell hasibpeenatubiaeded with one or nore of the following (a) to (d) :
(a) the pepti de%agf t%I@ai m g"cgb)oft h antigen- presenting cell of claim13 (c)

t he maj or hi stoconpati Blel'ljljtye ant fcg(aaﬁmcorrpl ex of claim 20 or 21 (d) the

maj or hi st oconpé@t)i lihlei byt agdn-gerseonphexcdlét pdnetairoflxl ai m 28, for the
preparation of i.C faar. th t.nent . | i or.at i f_.cancer.
&ﬂn%%e %%EQE h%sﬂ?ﬁSS?%ff%nyaj 6%%1g%§?§ﬁgplﬁ%)8? O a

-52- 38. Use of one or re o own he pepti de of
claim1l (B° rheZanti gen-presenting cell of claim13 (c) the mmjor

hi st oconpati bil ity .ant] I 2l ; h |
hi st oconpat i bi | e| t)y ta%t %ﬂggﬁr g%%logémgzé%%al%;@y %?tgé%ﬂg%c}%@le& Pe P

of claim 28, and
guantifying cytotoxic T lymphocyvtes in peripheral blood or

cytokine produced by such cytotoxic lymphocvtes,

36. Use of one or more of the following (a) to (d):

{a) the peptide of claim 1

(b} the antigen-presenting cell of claim 13

(c) the major histocompatibility antigen complex of claim
20 or 21

{d) the major histocompatibility antigen complex tetramer
of claim 28,
for the preparation of a medicament for the treatment and/or
amelicration of cancer in a human having HLA-~AZ402 as a leukocyte

antigen.

37. Use of a monconuclear cell fracticn from peripheral blood of a
human patient having HLA-A2402 as a leukocyte antigen, wherein
the cell has been cultured with one or more of the following (a)
to (d):

{a) the peptide of claim 1

{b) the antigen-presenting cell of claim 13

(c) the major histocompatibility antigen complex of claim
20 or 21

(d) the major histocompatibility antigen complex tetramer
of claim 28,
for the preparation of & medicament for the treatment or

amelicration of cancer.



for the preparation of a medicanent for inducing cytotoxic T |ynphocytes
to a human havi ng HLA- A2402 as a | eukocyte antigen. 39. Use of

HLA- A2402-restricted cytotoxic T |ynphocyte of claim 29 or 30 for the
preparation of a nedicanent for the treatnment or anelioration of cancer in
a human havi ng HLA- A2402 as a | eukocyte52antigen. 40. A major

hi st oconpatibility antigen conplex tetranmer of claim 20, wherein the
tetramer is a conplex conprising an HLA- A2402 nol ecule, a 132

m crogl oblith, Uardof henpept mdecod £ clrad fiol Lowitdelait umordant i gen epitope

pepti de present qntkge %?E%%§Qipr geﬁting cell of claim13. 41. A cancer
vacci ne conpris ng the® oconpat i blllty antigen conplex tetraner of

claim40 as an @otithe pngredi-entesedRind @dricerl vagenrne of claim4l, wherein
e e T S halky, BT RS Al A0, s AAGANGEE A YACEIT QT o 21 J00T O

42, wherein the cancer I T ect roup consrsting o rge
|ntest|naHNb@mcéﬁs | ung cancers, breast cancers, gastric cancers, bucca

cancers, pancr&ﬁtE%eCﬁQESE%njﬁ%QBH Q%i J?Q aaéggﬁanc ﬁ%QgﬁéirﬁﬂﬂPers

uterine cancers, prostate cancers, cancer
vacci ne oﬁﬂéﬁ&aéﬁe2%f clains 41 to 43 mhlch is useful for treatlng hunman

havi ng HLAA2402 §§e1§aﬂaeclii69(:¥§e HUJi98Rens OBsr Ahau Gyt 04O Lk hynphocyte
i nducer conprising the major histoconpatibility antigen conplex tetraner

of clai m 40™PABCYREEYiDrroXMBET PafipHoEyEelrt HfucET fof CEKAF T ABWAPER: i S
useful for treating human havi ng HLA- A2402 as a | eukocyte anti gen.

39. Use of HLA-AZ4(02-restricted cytotoxic T lymphocyte of claim
29 or 30 for the preparation of a medicament for the treatment or
amelicration of cancer in a human having HLA-A2402 as a leukoccyte

antigen.

40. A major histocompatibility antigen complex tetramer of claim
20, wherein the tetramer is a complex comprising an HLA-AZ2402
molecule, a P2 microgloblin, and the peptide of claim 1 or the
tumor antigen epitope peptide present on the antigen-presenting

cell of claim 13,

41. A cancer vaccine comprising the histocompatibility antigen

complex tetramer of claim 40 as an active ingredient.

42. A cancer vaccine of claim 41, wherein the cancer is an

epithelial cancer.

43, A cancer vaccine of claim 41 or 42, wherein the cancer is

selected from the group consisting of large intestinal cancers,
lung cancers, breast cancers, gastric cancers, buccal cancers,
pancreatic cancers, esophagal cancers, nasopharyngeal cancers,

uterine cancers, prostate cancers, and gallbladder cancers.

44, A cancer vaccine of any one of claims 41 to 43 which is

useful for treating human having HLA-A240Z2 as a leukocyte antigen.
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45. A cytotoxic T lymphocyte inducer comprising the majox

histocompatibility antigen complex tetramer of claim 40,

46. A cytotoxic T lymphocyte inducer of claim 45 which is useful

for treating human having HLA-A2402 as a leukocyte antigen.



