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‘SPECI-FI C CTL AND USE OF THE SAME 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 cytotoxhc T |ynphocyte inducers

conprising these as an active ingredient; passive immunotherapy drug for
‘epithelial cancers conprising as an @meirYpridQredi 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
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referred to as "CTL"s) are considered to be an I nportant

counteracting 20 cancers.>HH&HIAf CTLr AR dIPFoOFCTHE $3MH biting cytotoxicity
agai nstgtunor 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 J6WHNI@ATa KIEIUD i nto peptides 25 (tunor epitope peptides)
conprising 8 to 11 ino_acids, hinds.to a human | eukocyte antigen.
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such a cytotoxic T l1ympocyte inducer; cancer treatment or
amelioration methods using these; and methods of quantifying HLA-

15 A2402-restricted cytotoxic T lymphocytes specific to cancers.

BACKGROUND ART
Cytotoxic T Ilymphocytes (hereinafter xreferred 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, is broken down in a cell into peptides

25 (tumor epitope peptides) comprising 8 to 11 amino acids, binds to
a human leukocyte antigen (hereinafter referred to as “HLA”)
which 1is 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 Ciass
IT antigens. HLAs recognized together with epitope peptides by

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




further classified as HLA-A, HLA-B, HLA-C, etc., and their genes have
:subt ypes. For exanple, HLA-A is pol ynorphous and has A, A2, A24, AZ26,
etc. subtypes. HLAs 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 capabfe of binding to HLAs are known to

have 7 pepeldeaetuens somii L, ket ensied eequance) canatl ¢ bigind,to
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for 35 tre%ﬁ%@ sfgg” %Etsmg%§f1€d%gge Iégéﬁﬁgdnefgggcg%alous 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 Ep-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 is widely expressed in cancer cells that
originate from epithelial cells, but is expressed locally in
25 normal celis. Given this, Ep-CAM is an important target in |
imnunotherapies and gene therapies with monoclonal antibodies.
For example, it is reported that the administration of
an Ep-CAM-specific murine monoclonal antibody (designated as 17—
1) 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 antibedies 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, sonme recent reports disclose the fact show ng the
possi-bility of cancer treatnments using CTLs targeting HLA-restricted

Ep- CAM For exanple, Patent document 1 reports that HLA-A0201- 5 restricted
Ep- CAM specific CTLs destroy epithelial tunor cells, 10 but do not affect
normal cells. Patent document 1 discloses_a peptide consisting of the
YQLDPKFI TSI sequence represented by SEQ™ID NO 12 as an Ep- CAM 174-184

epi tope peptide reC@QQﬁK@&\Qt}%,HLﬁﬁm@OZL%%éFl‘EStEéﬁ%ﬁ& Chliscidsfelher espopse
on an arge

to Ep-CAMis al so observed in co ntestine cancer patients
who do not sheeliy dhempaasibilidyy of kanaddi treatmaniienubangeCTn éstrbneigancer
patients apeni .i%%gd it p- CAM expressi ng reconbi nant canary pox

virus, anti Ep- specific L response is derived w thout causing
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consi st i ngPEPttdfe SomSHSTaRY oojgéal?eﬁ@é‘[)%%f%%iﬁﬁjl@n&ﬁi EePErRISRtefe by dGES,

derived from SART:2 dsunpr paatAger LPrneuebpstgse drdlife A24Q21IAS bichied- CTL
epi t ope pegtl de. 25 Patent docunent 3 discl oses types of” epitopée
pepti des, ABOR5TASHHECEHEdtFE-Sani no aci d sequence containing 8 to 11 amino

aci d rgsi dues, derived.{{omARE4 LHMRE- F LOLELOS a5 1 1
HLA- A2402-restricted C%'L epi topg peptide. Pal%gn%tl%goggnent 4%{150& 5ses”

types of epRf@pelp@sitiidescand®r qoisiestsnghofde hetamereivei thsaqmidecepy .
??3;‘3: maz?llﬁ Ead%i(ﬁm %erﬁﬁiagrgreesj]ihc&ké%%ingercg%ggr L%?ﬂ&?c@ Lékrep rigrﬁ'n%inni ed
gen proteins coded by Tuk gene) “abnor y eXxpressed | n farge
i ntestine gahlzefp¢¥M sxpndssimg |resembihang cancer ol viras, aanti Ep~CAM-
specific CTL response is derived without causing autoimmune

15 response.

Among HLA-A types in HIA 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 2 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
ELA-A2402-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 p56luk proteins (tumor antigen
proteins coded by luk gene) abnormally expressed in large
intestine cancer cells and small cell lung cancer cells as an
HLA-A2402-restricted CTL epitope peptide obtained from a cell

35 line established from an esophagus cancer patient.




HLA- A2402-restricted CTL epitope peptide obtained froma cell 35 line
establ i shed from an esophagus cancer patient. -4 Patent docunent 5

di scl oses 4 types of PI-9-derived peptides, consisting of the am no acid
sequence containing 9 to 10 am no acids, obtained from KE4 tunor. cel
line-derived cDNA library as an HLA-A24Q2-restricted CTL epitope peptide
obtained 5 froma cell |ine established froman esophagus cancer patient.

Patent document 6 dirsebasesioblmk)Pes; Obi 8PIJRRE 4 PERLEAeSE CHNSE S G
the am no acid sequence containing 9 to 10 amino acrds, of PI-9-derived
pepti des oREREHES f r &R skingo of8 theulamdnar pobd esereersienormuteshlingi Ae toDNA
library asqgn jHkA-A2403-,10 | et o] [ obt ai.ned f a
cell line gsfﬁ% Pshegaffoﬁégéiﬁﬁg ggﬁgg%Eﬁak#gﬁf.ggg%egfh%é%ﬁ%g%g ?bﬂm

di scl oses aabepiyope peptiideldidirestonsistisCEl Opfiodd pepiialeacistained
resi dues, a i f ahl f. .binding to HLA- A24.1 (HLA-A2402 and has
a firs?§cogg§?vgga¥§'}gggdgggéﬁikﬁh LEPT\Y SRaPRAPHR ?éQ%ﬁﬁﬁpﬁgﬁ?%%hd a
second conserved ré&sitdae ofiofumdnt Weér dMdcivaed the Ceygsdn nad , opiebpkn
the first .and,_second cons%nved resi dues  are sqgarated by 6 to . 7. residues.

As exenpl i PRI APtV eSORHR00S AEATRS4681 R8s eridt Bgdesice XPisindpes dakBng

tunor - r el attedambhd gefisishave been-ddlentdd begtidss haweMaedt hexgXxPres $ion gof
t unor antiggis vari es depending on histological origins, individual cancer

patient an#UEBERCIPATENOAECIBEMDNCE Bl iMfer®idr 1PEREheds new Bph tAA#ds-ar e
expected twesbeisnaci fded. JUEbper, pshts Clotderbyat ogy, by, Epéét%‘igf' 9Rhtope

peptide capable of binding to an A- A2402 nol ecul e has not ye een
confi r med, SFhaPelsre drafdaf Bind evpsicesi Rgtiw -cancer cel | - speci fi ¢ Ep- CAM

gPi |t ggﬁcfﬁgt ic'%'E:. Cg%%‘gtgﬁt OfgcRiRghPY 7t Q1A A2402. Sl peul 8. -and Gapapl e
consists of 9 to 10 aminoc 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
residués.

As exemplified above, various HLA-A2402-restricted CTL

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

25 Further, since CTL derivation by Ep—CAM epitope peptide
capable of binding to an HLA-A2402 molecule has not yet been
confirmed, there 1s demand for developing new cancer cell-
specific Ep-CAM epitope peptides capable of binding to an HLA-
22402 molecule, and capable of inducing CTLs.

30
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DISCLOSURE OF THE INVENTION
PROBLEMS TO BE SQOLVED RY THE INVENTION
Objects of the present invention are to provide Ep-CEM
epitope peptides capable of inducing HLA-A2402-restricted cytotoxic
20 T lymphocytes, antigen-presenting cells and major

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 gquantifying

epithelial cancer—specific  HLA-A2402-restricted cytotoxic T

Iymphocytes.

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 epitope 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 Eurocpean population.




predicted and synthesized 7 peptide sequences in Ep-CAM proteins by a
bioinformatics approach to find epitope peptide sequences having the
ability to bind to an HLA-A2402 nol ecul e, which is the nbst common type in
HLA-As (nmore than 60 %9 in the Japanese 35 popul ation, and about 20 %in

t he European population. -6 5 10 15 Wengpredicting peptides capabl e of
binding to a specific HLA nolecule by a bioinformatics approach, cytotoxic

T lynphocytes i ndueegnbypsagittaredi 9§pgll@@§tl pie real igyhdahgentodognot
conprising such peptides. Under such circunstances, the

t
L?ZSEEL Zuenggﬁ{:gfncs fiothdrolaritlecly @ dwed ndpEBRELES t BPRNRRCHUt COTOsetes T
predi cted ephbRES,tdeptifRedagkUakly %&@u@&’ce&yﬁ%%e@ U LR ARRR2,

posi tive Ep- CAM expressing cancer cells, but do not exhibit cytotoxi C|ty
to HLA A2802nfkgErGAEE 1ganeR 1¢wly sompyEshes SL@hcﬁeﬁtlcé?rSQet i nhi bition

S et 2t o NUiak ene RLLARE R da% B oAU RC CRANA0] RISREN o

as antigens on HLA-A2402 positive Cancer
Consequent Ehatt RESe ctlaneepbpepef peptd deso cant bef usederasprexarm:@ld \amﬂopes

f I acc hed
bg;egegﬁ eP Egyi‘gove élééﬂgfz EXEQE nge aoééslré;/ é’ FSI Iﬁg'%l %%E@ Roosﬁ p Pdes
and the |ikKeM kekpredsiny pmrtdede c@fllanybaﬁedof not) ekni#) bdetawxi2@cylxoa

pepti de consi,ski essentl aII of the am no acid sequence represented by
SEQ | D NO ﬂ?ﬁh(%&gz BEFE &S o (feﬁ |Cﬁgl§ssent| ally of the anmino acid

sequent@ represent eduyhSEQ kD MIAd 2t{Bjed Hb AN £ RRPL 4 L1 L 0BGhSHd tihted
essenti al | %BF‘% am no ,25 acid sequence derived fromthe am no acid
se

sequence r W byPIEERS | DNGLFBy cRli PRER=SHRT etiP6h BFesed=ad t @i on
of one or @BEtegedddip rEHAS402 heodeptbdepbeingzarabl ecofcdoeaing. a conpl ex
with Consequently, these two epitope peptides can be used as
cancer vaccines for people having HLA-A2402.
15 The present invention has been accomplished based on
the above findings, and provides the following epitope peptides

and the like.

Ttem 1. A peptide of any one of (1) to (4) below:
20 (1) a peptide consisting essentially of the amino acid
Seguence 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 cépable of forming a complex with
an HLA-AZ2402 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 sequence derived from the amino acid sequence represented by
SEQ ID NO:2 by addition, deletion or substitution of one or more
amino acids, the peptide being capable of forming a complex with
an HLA-AZ2402 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 cytotoxic T
1 ynphocytes or induce such | ynphocytes 30 (4) a nutant peptide consisting
essentially of an am no- acid sequence derived fromthe am no acid sequence
represented by SEQ ID NO 2 by addition, deletion or substitution of one or
nore amno acids, the peptide being capable of formng a conplex with an
HLA- A2402 nol ecul e to be recogni zed by HLA- A2402-restricted 35 cytotoxic T
| ynphocyt e§ter 2nduce Busdptadeynphetytes.(1)7or| {BmM 2. hA pepti de OL ei t her

1) or (2): (1 eptide consisting essentiall the amno acid - |
ge)quencfa zepﬁe)se )gd %oy dIneD (f\@sj%t(lﬁﬁ aesﬁgf}#aﬁl‘,oﬁgi sthhgBEsengfrat y
of the am peqaenck repseguets® wepresentge: by SEQ ID NO 2. Item 3. A cancer
vacci ne conprising the peptide of Item1 or 2 as an active Item4. A

i ngredi ent . canég)r Fad§hitedsr PRt inghersicntinbleanderths apinheprid

cancer .5 10gk & rApeaBERteYaAGLish® ap @bh: Item 3 or 4, wherei n the cancer
is selected fromthe group consisting of large intestinal cancers, |ung

cancers, brE&Bt3cancerd, CEEaL (VECCARE eFeTP IO Cal thanpepside p¥ndteat icor

cancers, esophbagal. gancets -geq,qharyngeal cancers, uterine cancers,
prostate cancers, and gal I%’Téa]fgl er cancers. 15 Item 6. A cancer vaccine of

any one of Iteens- 3 to B ediadr iveccisedof oftan Hynmahehavn nghdHldana2402sasna

| eukocyt e Al A cytotoxic T |ynphocyte inducer conprising the
pepti de of g-P%{’él?ﬁ&rliaolr E%H‘gérén active ingredient. Item8. A cytotoxic T
| ymphoky/t eItaduzer of Atemdemhiairinge o20Idsed3for burmmineitavi RtheHcANA2402

RN R e e R ROREN G
lung cancers, breast cancers, gastric cancers, buccal cancers,
pancreatic cancers, esophagal cancers, nasopharyngeal cancers,
uterine cancers, prostate cancers, and gallbladder céncers.

15 TItem 6. i cancer vaccine of any cne of Items 3 to 5 which is
used for a human having HLA-A2402 as a leukocyte antigen.
Item 7. A cytotoxic T Ilymphocyte 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 NO:10 under stringent conditions, and coding for a peptide
capable of forming a complex with an HLA-A2402 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 NO: 11 wunder stringent conditions, and being capable of

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



sequence represented by SEQ ID NO 10 (6) a pol ynucl eoti de consi sting
essentially of the base 25 sequence represented by SEQID NO 11 (7) a

mut ant pol ynucl eotide that hybridizes with a polynucl eotide consisting of

t he base sequence represented by SEQ |ID NO 10 under stringent conditions,
and coding for a peptide capable of forgnng a conplex with an HLA- A2402
nol ecul e to be 30 recogni zed by HLA- A2402-restricted cytotoxic T

| ynphocyt edlioiA240Rduest simded yrphoeykas (1B) lamphbaptepolahudhaats destdmat
hybridi zes, with a gol ynucl eoti de consisting of the base sequence

repr esent etV IR'SEESSI D NO 11 under stringent conditions, and being capabl e

of 35 fornitign aoconpl ex wdrke arhdk-ApH2402u40! £6l eart 0 48 1HRAQENT Z8shd&yr - 8
HLA- A2402-restricted cytotoxic T |ynphocytes or induce such |ynphocytes.
ltem 10. ACYETE-ELREr 5py RAVGUCIRORRde fit HérmaP 2amibractégapingiaty cike

pol ynugl eotide 1af. |t em 9r8Soddh Akl Viedtddr @it sing Itth‘:ém];;:la\tﬁl-l'yrﬁcﬁ§89f@é hant

vector conprising the polynucleotide of Item9. Item12. t'ranst or mant

wher ei n t hef r&@@ni¥i-nant vector of Item 11 is introduced. ltem 13. A

process fof, groguci ng 4 he&rgggﬂf}%ﬁ L hEM. 5 Ortﬁé’ Cr?]ﬁ%rr%qggﬁjcsi‘;&ttoge_%%eps

of cultivating the transformnt tem1lZ,- a ol T'ecting the pepti of
ltem 1 or Ptdm orh tiseiptiteduaed.ltem 14. An antigen-presenting cell which was

pul sed wit pept i f ltem1 or 2. Item,15. A cancer ccine
Bormr 1 o1 g EHb Rt s gert: prasshe gt psofur MY wsPratgs ShntBEF, eor 2,
i ngr edifent conpreimith. tAecaneps wAcchne wftihtyemhdStrahef@imanthefcaneer12s an

cancer i o 6 GtaaFHO THe FGFBABCBRerSFt g 0r 21 gk i EuTTHE” 20 |
cancers, |Iigncdancer s, abraasigeaapessntigRsiceilt faNEeIwas OGRE GadEetBe
pancreati cpé:&_[\ic ersé,f %%8 hfg&l 2(:.ancer S, nhasopharyngeal
Item 15. A cancer vaccine comprising the antigen-presenting
15 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 vaccine of Item 15 or 16, wherein the
cancer 1s selected from the group consisting of large intestinal
20 cancers, lqng 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 1s used for a human having HLA-A2402 as a leukocyte antigen.
Item 19. A cytotoxic T Ilymphocyte inducer comprising the
antigen~presenting cell of Item 14 as an active ingredient.
Item 20. A cytotoxic T lymphocyte inducer of Item 19 which.is
used for treating a human having HLA-A2402 as a leukocyte antigen.
30 Item 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.

Item 22. A major histocompatibility antigen complex of Item

35 21 comprising an HLA~A2402 molecule, a fB2-microgloblin, and the




cancers, uterine cancers, prostate cancers, and gall bl adder cancers. Item
18. A cancer vaccine of any one of Itens 15 to 17 which 25 is used for a
human havi ng HLA- A2402 as a | eukocyte antigen. Item 19. A cytotoxic T

| ynphocyte inducer conprising the antigen-presenting cell of Item 14 as an
active ingredient. Item20. A cytotoxic_d_Iynphocyte inducer of Item 19
which is wused for treating a human havi ng HLA- A2402 as a | eukocyte

antigen. Bépdiemad. TAeiBjI0rohi St QGoNpPRL | Qunbky_a@l@&bg@negg EXpeRAPAS SI NY
a major histoconpatibility antigen, and the peptide of Item1l or or the
tunor ant i BERSEP C8pElpepitidEenyPsseptt big t9edl aht Feg@h-Idresenting cel | of
ltem 14. | 2 A nmaj or hi onpat.L bl ity anti.ger Egﬂple f ot 5 21
conprisingtgﬁﬁﬁ%k-Azzg% HDP%%%%E, aa?égéﬁ#%rogp%%g?gé anhd tﬁg%-Q pgp ?%e of
ltem 1 or PRigpoqdmwatihbiitntingewespicoopeepepf i Heem prlesent22or@st ke active
antigeq;prgﬁﬁggdfg%tqell of Item14. Item 23. A cancer vaccine conpri sing
the maj or stoconpatibility antigen conplex of Item 21 or 22 as an active
5 i ngredi eftem|24em 24.A Acgarmeervam@mdciene fof THame ] 3, wheheli ai aheheanasceisi s
an epithelijal Q%pCéh. Item 25. A cancer vaccine of Item 23 or 24, wherein
the cancef”i P Eefed FPSHi the group consisting of large intestinal 10

cancers, | Dbgncancers,Abreaskrcaneeiise St MkemCcaLens, JCChhe E£RACEERe
pancreatic cancers, e oph%ga cancers, nasopharyngeal _cancers, uterine

|
cancers, prostdtelt e hgoPab el FEidr CEDicELRY pfelr® Mteshérpl

vacci ne of camye e Dind t 88Bcedd,t CoddnstMib&herkd igadtsed fQhckieat ibigcal
human havi ng HLA- A2402 as a | eukocyte antigen. Item 27. A cytotoxic
T- | ynphocy @R ¢Htrc ePAROFRAT ST n§RRERES nafdPPiidtoconpatiti | ResoRmtygenal

conpl ex of cht@mL]l Qfte?ndS Ahcad,l VerbBghedi ellnce2Q, | 8 2855 AaRLALPXI C
T I ynmphocyte inducer of Item27 which'is
-~ 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 histocompatibility antigen complex of Item 21 or 22 as an
active ingredient.
20 TItem 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
Item 1 or Z 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 blood lymphocytes using one or more of (a)
to (d) below: |
(
30 (b} the antigen-presenting cell of Item 14

il

) the peptide of Item 1 or 2

(c} the major histocompatibility antigen complex of Item
21 or 22

(d) the major histocompatibility antigen complex tetramer
of Item 29.
35 TItem 31. . A cytotoxic T 1lymphocyte of Item 30 which is




used for treating a human having HLA- A2402 as a | eukocyte antigen. Item
29. A mgjor histoconpatibility antigen conplex tetramer conprising a major
hi stoconpatibility antigen and the peptide of Item1 or 2 or the tunor
antigen epitope peptide present on the 25 antigen-presenting cell of I[tem
14. Item 30. A cytotoxic T |ynphocyte whigth is obtained by stinulating
peri pheral bl ood |ynphocytes using one or nore of (a) to (d) below (a)

the pepti d@b@élrietcﬁ‘ﬁbﬂz Ahe? Sedd) ofrher@mtiingens pr. gmékn%&%bnofa | hefpd4
(c) the fa hi stoconpati bility antigen conplex of Item 21 or 22 (d) the
mej or hi st DtIHPATIBCEPLY L Ent Ao TR ckeBRAMRY 2 of et aamnr2g-hegsof t ahd 31,

1 A cytotoxi CofrbysPhocy e DimddRWH30 R C@tlﬁu%&? x%/) ?éﬁ h@fa&hef)%&@s of

formng a conp ex between a ‘maj or ~ hi stocorrpatl en conple
and/ or a t &YFRIRGYtEReiGoNgande ar cpene oxf c () Ith@cyd@fll:mﬁdstmnﬁltam A9,

e ag ! a1 AIBNORY AR AINA ANEHndIREE BLod Fnd Ocfifl ool ned 1

Item 30, 5 and i1sola |ngt e cytotoxic fom” ecorrplex I tem
32. A passi[tlenﬂﬁrunot Wéramasanug c olmpmirsithg rapg Ggmmoxmrnﬂris;mmhocyhe of
tem 30 or 3tl as .an.a t|ve| ssi,ve i,munot her apy

drug of It&ém3 tZQXl\ﬁner eVIth%Cey g’%l gFeﬁns3(§:1no p}ﬁt ﬁ@l?ga AN e NI e q 34 A

passi ve i niruerot3®r apy Mrpegssifvel tlem;aatl@éra?gﬁ/ drohebei ntéhe3TangRireis the
selected fromt hgﬁrou | arge intestinal cancers, |ung

consj stin
cancers, bF2AST cahé8r Ep Blé‘%ltjr&ilc %Qﬁ@@rs buccal cancers, pancreatic

cancers) esoghagal carmer;@,ssmasomﬂfrwm@@hpyar&%@s,ofltqrﬂeﬂﬁ GANGHT S33,
prostate cancers, and 15 gallbl adder cancers. Item 35. A passive

i munot her 8BS g6t Céﬁ(feﬁn:és otelacdeg pom thamngic Fonsisisw fadr laraanman

having HLA; A2492i 33 2aheukecylhg atigen, biemB3&anientt hgdsof: quantiiyi ng
HLA- A2402-restrjcted
buccal cancers, pancreatic cancers, esophagal cancers,

nasopharyngeal cancers, uterine cancers, prostate cancers, and
15 gallbladder cancers.
Ttem 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.
Item 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 Item 14
(c} the major histocompatibility antigen complex of Item 21
or 22
(d}) the major histocompatibility antigen complex tetramer
of -Item 29, and .
30 quantifying cytotoxic T lymphocytes in peripheral blood or
cytokine produced by such cytotoxic lymphocytes.
Item 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



20 cytotoxic T lynphocytes in peripheral blood, conprising the steps of
maki ng one or nore of the followng (a) to (d) act on peripheral bl ood:
(a) the peptide of Item1 or 2 25 (b) the antigen-presenting cell of Item
14 (c) the major histoconpatibility antigen conplex of Item 21 or 22 (d)
the major histoconpatibility antigen canmplex tetramer of Item 29, and 30
quantifying cytotoxic T |Iynphocytes in peripheral blood or cytokine

produced by such(isytiiedxing i hymphesdrRS ngl E8M 35 Aeganger treatment and/ or
anmel ioration nmethod _conprising adm nistrating one or nore of the follow ng
(a) to (d) to a'Rundi H%GpﬁghWWWl%latYer@wecaml@mf Jsepaflt he
peptide ofgftem 1l or 2 -11 (b) the antigen-presenting cell of Item 14 (c)
the major histoconpatibility antigen conplex of Item21 or 22 (d) the

maj or hi st oconpat®hi FieymandF gbhsteermminatibél i aveant Byef damerhe9.tatrene88. A
cancer 4 regkngnd, ofg anel i oration nethod conprising the steps of collecting
nononucl ear cell fraction from peripheral blood of a human patient havi ng
HLA- A2402 &tem 3%ukocyk ecamtdmydireatpentr pngatdle aradnuchettiod etdmpfriadhigon

with one o th ol | Qwi n to .(a) .the_peptide of Item1
or 2 (b) tHa%en ?PS%&%%@%%%‘E{%@ Rt opd Ry (fc%a‘%tf‘@“nﬁ? periphera

hi st oconpabibed idfy sahtingenpaonpltekaoingten2R 400 22 45 dkock/he a8 fen,

hi st oconpati bi | i

hstocorpat biL 1L ALk 820, SOMBLEx LeLLanet o Liem 20, pand relurning tc
| ynphooyt eshar goli lngdueed (andi®r (d) :
(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 n@jor 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 39. 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 or 2
(b) the antigen-presenting cell of Item 14

25 (¢} the major histocompatibility antigen complex of Item 21
or 22
(d) the n@jor histocompatibility antigen complex tetramer
of Item 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 HIA-AZ240Z2 as a leukocyte antigen.
Item 41. A major histocompatibility aﬁtigen complex tetramer
of Item 21, wherein the tetramer is a complex comprising the HLA-
22402 molecule, B2 microgloblin, and the peptide of Item 1 or 2

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




activated. 20 Item 39. A nethod of inducing cytotoxic T |ynphocytes
conprising adm nistrating one or nore of the following (a) to (d) to a
human havi ng HLA- A2402 as a | eukocyte antigen: (a) the peptide of Item 1 or
2 (b) the antigen-presenting cell of Item 14 25 (c) the mgjor

hi stoconpatibility antigen conplex of Ltgem 21 or 22 (d) the mgjor

hi st oconpatibility antigen conplex tetramer of Item29. Item 40. A cancer
t r eat ment pfes'ymllhgr@éiprbﬂrﬁﬁ;lamdlqzonpri sing 30 administrating the
cytotoxic nphocyte of Item 30 or 31 to a _human havi ng HLA- A2402 as a

| eukocyt e %1 r$/ | t & 930CHE nBFeFiNG s?%‘&%lhﬁfdﬂgblmﬁt ynbtqERat bl By

tetranmer &{tﬂgte%”bgﬂapléﬂaecr&ﬂﬂ&mEQeoEefEM'i bS &n COMRRX lﬁ?@&ié’h‘ng the HLA-
A2402 nol ecule, R2 mcrogloblin, and the peptide of Item1 or 2 35 or the

t unor antu%’é@meﬂ& 't ope pefANARE piaesdne of tiivemadfi geheredn presenshery ced | of

ltem 14, Ié@r@ A2neA SRNCHL-macci ne conprising the histoconpatibility
antigen conpl ex tetraner Cf I'tem 41 as an active ingredient. Item43. A

cancer vacktiamwe 4. |t e 42aneher giactithe cdncétems 425 fan dpi, t heldainc atioer .
| tem 44. er; v f-ltem,42 or cancer i s, selected
Aﬁéﬁggi %%ﬁegﬁeg ¥om the §P'EQPSlE§h%%r %ﬁﬁi &gﬁggFé f

fromthe gfoup CONSi St ng of "Targei
breast cancamissrsgasturicc caneerss, Hneeal ca@ﬁi&ﬁt@l’S,gaB&m@te@theﬁﬁﬂCbﬁécal
esophagal cancers, naso h néngeal 10 cancers, teri ne cancers, prostate

cancers, and'gaTbIR GBIy ot HBNARAL a rfBICSF &e i S BHZNYIBRHE o

|t ens 142 t carfderah)i Cliteksneiseddicelrer t peastdid hwamachayi %&L@a&%@&@éra
| eukocyte ant |I% 15 Item 46. A cyt otoxic T |lynphocyte inducer conprising
conp

the maj or“Hist atibility antigen conplex tetramer of Item41l. Item
47. A cytotest asl | ynphossHe i ReBeehe Obs | 48N &G WY Cltdi® 42 to 44 which

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

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

useful for treating human having HLA-A2402 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 DESCRIPTICN OF THE DRANWINGS o
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 polyclonal (A} and monoclonal (B) CTLS.
Fig. 3 shows Epl73-specific-CTL-clone characteristics.

35 Fig. 3A shows the °'Cr release assay showing the




useful for treating human havi ng HLA- A2402 as a | eukocyte antigen. 20
EFFECT OF THE | NVENTI ON The present invention provides epitope peptides
which are derived from Ep- CAM nol ecul es wi dely expressed on epithelial
cancer cells and can be recogni zed by cytotoxic T |lynphocytes restricted
to HLA- A2402, which is the nost common e of human 25 | eukocyte antigens
anong the Japanese popul ation. Consequently, such epitope peptides can be
used as cafivertaricditmestif 627t feat Epy73virdesfieatdTHLAL A0 22qzasisti T&~hRdan
epithelial r F | PT. OF TH W NGS, Fi ws the
ELI SOT ass%ﬁq/alcl'}\?/egtIpuﬁfaetsfg’gﬁgr%egtﬁet%s%%&R gpi?)%c\)llOyrclcc?ﬁ1 fopdptt -eati:gy\“/é\ij%@%ﬂ L cell
line. Fig. 2 shows Eie t@Br aiewsst chai aghilestdts efr&pr CAN peptimda-n24

speci fic paolyclonal, (A),.and.mnocl gnal (B). CILs. Fig. 3 shows .
Ep173-specW?¥%9 q%ﬂ%ﬁ%%%8ﬁé?3c98rgg?iEQ?OE%X¥§%fY 3K sHfusER W BPEFiféfease
assay showny d¢hene 1827¢yigtingtciat YIRiA LR (RBiEPIL sneqiifizC (£d4) cl one)
agai nst T2-A24 in the presence of peptide Epl73 or control peptide

EBV- LMP419. Fig. 3§3§T0\%§ SHEVE nHihi D OFosi eele OF G2t inHEke AR ser6aoef onal
ant i bodi esgen73 heyseyt BhOKLE| doL Pk at-Bet ERi3risReAl figsy 5 CTL cl one (C27)
agai nst a HLA- A2402 positive cell line (PC9). Fig. 3¢ 'shows t he
cytotoxicity of CQ2Fih théhpraseir £G&Fbappd 7ptiddkdnshyshe. col d t ar get

i nhibition assay. Fi 4cs t P - Sj - Q. ows
the cytotoxicities g?gihg E%?%%-E%gci F§%3§30§ﬁf§fﬁ%ﬁgeﬁ%2$§lggggﬁg fﬁg
vari ous cafi€erckuld (CRResagBEST VBDECFORDARRYLENGL OURSEHE | NVENTI ON The
present invention is described in detail below 15 (1) Epitope/peptide
Structure Peptides of the invention were confirned to be epitope peptides
r ecogni zedBBYT dyaldt 6RRCCARRYIHEh Ot @BE (IhermiTiafliter referred to as "CTL")

as a re_sult of Scre%ﬂén}grggénecntiln%!engfgrtlIidse%lescribed 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 HLA Peptide Binding
Predictions, BioInformatics & Moclecular Analysis Section (BIMAS},

(http://bimas.dcrt.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 amino acid sequence
represented by SEQ ID NO: 2,
{3) a mutant peptide consisting essentially of an amino acid
sequence derived from the amino acid sequence represented by

35 SEQ ID NC:1 by addition, deletion or substitution of one or




20 to be epitope peptides with reference to the HLA Pepti de Bi ndi ng
Predictions, Biolnformatics & Mol ecul ar Anal ysis Section (Bl MAS),
(http://bims.dcrt. nih.gov/nol bio/hla bind/index.htnm), whichis a
reference site for searching epitope peptides consisting of 9 to 10 am no
aci ds havi ng an HLA- A2402- bi ndi ng noti f~1i4a am no acid 25 sequences derived
fromthe Ep-CAM protein w dely expressed on cancer cells originating from
epithelial cel |BOTQHENSpacids cdiNey pertpépthalenmpicaphelé mierioronngsa any of

(1) to (4) bel oy, t] NS, Gb1 entially of the 1.no.aci d
sequence 30 repr%%léé}\xte %Eyé%gﬁ%%‘@tz @,gl%@eattge% | g nnlsziegtl HgH
essentially of Ak&0hmassracted saduweozec Tehymsentyedsbyr SEQUA® NOxh2, (3) a

nmut ant pepti de | St essentially of an am no acid sequence derived
fromthe am no g@@i‘%’&%%ﬁcérr epresented by 35 SEQ ID NO | by addition,

del eti dn ot4substitidritopept i dnecwrsist4ngoeesariing 1gcbdsan tde npeptide bei ng
capabl e of form n&fa comgl.ex i th a% HLA: A2402 nol ecul e to be recogni zed
by HLA- A2402- r &SF I EIRAEYTET oxi® FhryABRRR yAES SPANRReR & SrERented by

| ynphocytes, orsEp (#) w@:rubaniddienidngede08s] &t idig sassentb@ldny of ca8 &@ni no
acid sequence derived fromthe am no acid sequence represented by SEQ ID
NO 2 by additi dAOTHeMEIC0ACHRS s kst PeRt L8R tilvheapprblamee foamibgagi ds, the

peptide being C@&SM@ Qfi thOE M -2 400MRLEX i d R A : eguie to
be recogni zed b LA 10 lA2402-restri cted c (t:ot oxiocg'?kaf%n(g%g%%tdggko&% nduce

such a-V| ynphockt €42 -nastehet edvariatericp8pt inshamans or bihots wachndno acid

nol ecul ar chai n%jﬁﬁbkyg}jﬁlésq- am no groups and carboxy groups of adjacent

am no acid residues are joined by peptide bonds. 15 In addition to the

above- nenti oned peptiriegie papentesn, aepdidachentss saktisaanivalemiivat bebd
._hioactivities are not deteriorated. Exanples of

Such: der i JATTRED 7 chofhcin MR8, piRbLeT et annd et n L BHeR Yoy ed.
adjacent amino acid residues are joined by peptide bonds.

15 In addition to the above-mentioned peptides, peptides
also include salts and derivatives thereof inasmuch as their
bioactivities 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-,
propionic 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 CIL-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



car boxyl at ed, phosphonated, fornyl ated, acylated, etc. Preferable 20 salts
are acid-addition salts. Exanples of such salts include hydrochloric

aci d-, phosphoric acid-, sulfric acid-, and like 1inorganic acid-addition
salts; and formc acid-, acetic acid-, propionic acid-, tartaric acid-,
and like organic acid-addition salts. 2Eb+Peptides defined in (1) to (4)
are each derivyed from Ep-CAM wi dely expressed on cancer cells originating
from epitﬁéﬁ¥a¥a@é{ 1200UENd - aMeXiBEBgRHRST I RPRAAG2IS ést noTtlii€Bds  or
i nduce or &Hrtbes Actdneabepsush L se IQS&gx{P{e%r b&hgge[{%pp_%%tjgloggfs can be

sui tably used as CTL-inducing or activating tunor-30 anti géens, i.e. cancer
vacci nes, F8Ft¥iesd fdler 2adels orsarilay ahowmarl X amdeh smiaaritn gept AddR402.
Further, t ' a d.for_preparing, various tu antigen
epi tope-spteigli$l fggﬂ%de%%?algsg €5 ZJT% Ejgp‘?lf”p % ao%ldﬁhge%rﬁ@eqﬁeiftgﬁggi‘é' descri bed
later. The mi ni num néndlermufardnpapt atdls-an behebtatrart by35epepi itdrs defined

in (3) and i I a 5., and -15-, preferably about 7. Maxi mum
nunber of S%lé%%ﬁ(g%%J?sé%i gx%gitgg'#{?%n%(l@gllng&“?ﬁ% 4 P ESHEIICEe tRaklBe
recogni zedabyvemdiliAcAR40REA resiticet 8dnEThg MRGIicsibssaldng aboutly With

nmut ant peptjdes._conprising. about 9 to about 11 am no acids being
pr ef er abl e%hgresﬂﬁcﬁn %ﬁ’&ﬁt W%b%e i fEs achHa by dist diereanbyeddy FalrhRdi02equences

for HLA- A24082tbidxicngTmet bt sindiide kekRr €fee. to the above-nentioned HLA
Pept i df Bi nding Predjctions, and selectin therefrom those which can
actualty be recogni zEHA B 442APRg4bDTe rFéS‘[C%Nc' ERUt TR Peptifaducan fich CTLs.

10 HLA- A2493epost tdaye £Ep- %@@t%ﬁetﬂﬁpﬂﬂf&qﬁ Np0en 4 dentified, for
exanpl e, by the fol | owi ng method. ynphocytes are isolated from

HLA- A2402- posi ti ve abVfRRCCYARE 36 pesrledadh faoRFMALGWA Ogedbsit oentaaivdtng 10
% human segpHM absphdedl §nconeantrabi (. To,each cel |
suspension is 15 added oﬂe‘ of t gqu{atgggémgc%&%gg‘f‘{égpleopﬁ Jugag, Sgrum at
concent r at fofiebt concghiratitie afugpeniPdrislar &oi radbateld ismuspeAd2om niclibat or

at 37 1L f Qﬁdgdqﬁ%s ’ofalﬂﬁel éﬁgtépse—%ggggdg’pe dpaéﬁtédeghae{ eaafc;[o%rc’en@rggfcl)ne ooff
1 pg/ml. The suspensions are incubated in a COz incubator at 37
°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 epitope. peptides of

30 the invention.

Further, with regard to 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 aminoc acid is substituted



stimulation by the candi date peptide and stimulation by IL-2 is repeated
once a week to induce Ep-CAM specific CTLs. 20 It is determ ned by ELI SPOT
assay (Kuzushinma K et. al., The Journal of Cinical Invenstigation,
(1999), Vol. 104, pages 163-171; etc.) whether or not the thus-induced
epithelial cancer- specific CILs are stiiad ated by the epitope-candi date
peptides. Using the above peptide candidates, a peptide library 25 of
pepti des c5ﬁp?$s§9uf9§§86VeZFP%Nﬁqﬂ§e&@|§§r¢@$Q§¢ntheS|zed coverlng t he

entire Ep- CAM pr ot eb@chEll SPOT 18838404 Sdecl%@?wggedad&ﬁl %m%h Rl

pepti des, and the peptides to which respond are dusl
so that thé?sﬁﬁi% elayldcéﬁmtls@tla?bﬁuare 9~¢1d—amoun 1£hcammsnpaesds to be

used as ephggggd@qﬁﬁhggs Oﬁ@Cﬁ%ﬁiﬁ%eul tlogggF%EE nggﬁhth regard to

substitution amno acid pep i'val ent activity
is likety to be obt?faenpdptidearofartrhaoiammtmnt bagl eetudeanlinchae g rm of

sol ubility, aoph /h dr ophobi cj ol ari nd | i ke properties
35 sinilar '%%%52“% b?% F?FG#@%@ 'nB°;¥¥EP§EFQ§UB§¥P?ﬁ§ed 5 -16-
so as to cdlmﬁﬁﬂsne atdaiethEOREK@ stddiehut eve Maidiegs herivatiwdughag del eti ons,
addi tions % £C|Udl |nsert|ons) and substitutions are well-known, and

exanpl es HEr s techni que (Science, 219,666 (1983)). The pepti de
of the invention can be used in the.formof conplexes with addition of

sacch ddes et hylene glycols, lipids, and the like, radioactive
isotogL Alﬁgﬂﬁéégﬁé&ﬁ_Ebgiﬁners etc. 10 (I1) Polynucleotides The
pol ynucl eoti de of thgel ?Mﬁﬁd&%&%@%f géhé &8ROy &%%é ¢6,:0 &l §é *!aeqove

i nvention, and |Séﬁ£e0| i cally defined by any one
a pol ynucl BBPF e dnéhst Fﬂ@e%’@sﬁéht i2arl §s o‘-‘qumélbaééy d&f isegqubgcany one
represent edsb I .(6) a polynucleotide consisting essentially of
il £0Y5 eldw:
e base
(3) 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 ID NO:11,
{7) a mutant polynucleotide that hybridizes with a
polynucleotide consisting of the base sequence represented by SEQ
20 ID NO:10 under stringent conditions, and coding for a peptide
capable of forming a complex with an HLA-AZ2402 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-A2402-restricted cytotoxic T lymphocytes or induce such
lymphocytes.
30 Uniess 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 polynuclectides having such base sequences, those
complementary to such polynucleotides, and double-stranded

35 polynucleotides are also included.



sequence represented by SEQ ID NGO 11, (7) a mutant pol ynucl eotide that
hybridi zes with a polynucl eotide consisting of the base sequence
represented by SEQ 20 ID NG 10 under stringent conditions, and coding for
a peptide capable of formng a conplex with an HLA- A2402 nol ecul e to be
recogni zed by HLA- A2402-restricted cytetigd ¢ T | ynphocytes or induce such
| ynmphocytes, or (8) a nutant polynucl eotide that hybridizes with a 25

pol ynucl eoti de consis¢i pglwpfudikethdseosegtenbass epe@sanice d-dpyeSERked DbNO

11 under s o d|t s,. and bei_n a rmng.a c lex with

an HA A220%2 i diit 407 o D 6 ByS BeWrstoot i 861 ity Sgtotexi ¢ T

| ynphocyt esmmou rnchice $leqhend:eyrfpf1§?$¢n§s%&teao bpl esgo otiher wWicse , st ahgd, the

pol ynucl eot i f thg {J/ﬁv nti on enconpass both DNA and RNA. DNA i ncl udes
S

cDNA, genorf v okhge DR SENASIRRACS HERFEEsRRDY rHQa IanHOsy At het i ¢
RNA.  I5n agigi ¢H 0Ds t 8nBob¥nudleqidideschat e sushafap efcieq\':‘%‘cgﬁln$ hosgq

conpl enentary to such pol ynucl eoti des, and doubl e-stranded
pol ynucl eoP$ARNE deRresentRd R¥e$EQ 1P Nhe2 poismperssel d%ecﬁ«fellclﬁfé b&sEp-

sequence r@@ﬁ@iﬁﬁiQﬂtﬁine@Egiéﬁ)Hﬁaanlgar@@h5$b(f%?%QZEE%?Egﬁkéqgﬁy%ﬂqb Oéldes

coding for the am no acid sequence represente , and

pol ynucl eoﬁ$@1®f Theetbasd -sedironce Naspr edend edShy. SEQ IAD NB990], 85 ( Q\Ih; ch
is one of _pgj ucl eotides coding for the am no acid 10 sequence _

r epr esent ed égjl D NO 2, are partial sequences of Ep- CAM gene obt ai ned
from R®ran carci nonﬁhasmotarait epoantigentGAZ33d2fiqsralm, (B ehd aB) , abPsoc.

ol AR By PSRl T gy ot o
15 or nor epomnd preefusnably 23 @r Iemer anchadt isasaliny ths pegi@scdeeebi des
o e SR SRR e PELL SRS PRI oh Del Dvert P L ez
pr ef er abl ecomprising about 27 to about 33 nucleotides are preferable.

15 Taking DNA molecules as a representative example of
polynucleotide molecules, “DNA molecules hybridizable with DNA
molecules under stfingent 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” xefers to, for
example, the conditions under which a positive hybridization
signal hybridization is observed when heated at 42 °C in a
solution of 6 x S3C, 0.5 % SbS, 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 polynucleotides 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




15 Taki ng DNA nol ecul es as a representative exanple of polynucl eotide

mol ecul es, "DNA nol ecul es hybridi zable with DNA nol ecul es under stringent
conditions" can be obtained by the nethods described in, for exanple,

Mol ecul ar Coning: A Laboratory Manual (Sanmbrook et.al. edition, Cold
Spring Harbor 20 Laboratory Press, Col d&18pring Harbor, New York, 1989),
etc. In the present invention, "stringent conditions" refers to, for
exanmpl e, t 88 onditorBAsiomdethamhi BReRAaY t ithe hebitiagiezapephidsi gifal the
hybri di zat i 1S ; .CLp a ut i f X, SSC,
0.5 % SDS, %ﬂt@ﬁ&%ﬁ%&%%@%@{%?ﬁ%&%ﬁ% iR 5 o3 oRuil et B
and 0.5 % SBS kit wedCasThenuitednt apotl yrermjedt odestafid{rd) petgn(8)ectamce
selected by confirmng that the peptides expressed on the cells having
HLA- A2402 using known protein expression systens are recognized by CTLs or
have-abi | i {y1¥)o Rawbmbéngit svdiytdrhe net hods 30 described later. The nutant
pol ynucl eot i des hav? a 3'(%§#% A structure, _and the nunber of nucleotides
of poly A of the pol§Ruci® B0} s VSGEPT i fF t ddCsi FeRP ey TABEHG O A L8 ct
the am no astatireadityy integdadsnyhikd @eltyras b8Pl a0t | 98NS nAdRtIRE into

pol ynucl eoti de, of .the invention can provide useful -18- gene infornmation
when prepafi 1§ 13 SeEEPE PB¥pti de of the invention using reconbination

t echni ques. Such a prkyruelest hAde -~sanpbe nyslei G i t or
standard pol ynucleotide. 5 (I11) Reconbinggﬁgggc o%éTheeﬁtggﬁ%%%gﬁﬁggg%tor
of thetGre¥sht T dAnronti kostomedilnadd byrinsscodliciiag. t Necpot yiNAS eeyi de of
the i nvent{pgsd n it ct T t uj tably
-selected in acpo%ggﬁﬁzgygpﬁg%gﬁﬁfhegﬁiE%%EF ﬂ%@%ﬁ%&ﬁ& gygm%%£p§§g§oklﬁ§e.
Vect or DNAB2H®\PH¢ tHhésainmt ulhRl y Prasentregoent hosetnat neaddsamr esént but
with party 1.35| r.egl ecessar . proliferation
Exanpl es o?f%&ﬁﬁégd%%ﬁgg incl&g%glﬁgsgggg?€?$E§%r%%diyg%ni@?ﬁ%nﬁﬁﬁ%ﬁggFlng

epi sones, &pevichysmesomese spécpfieésal lapd viruses. More specifically,

15 vector DiAs _includé those derived from bacteria plasmids,

_bacteriophages, transposons, yeast episomes, insertion elements,
yeast chromosome elements, viruses (e.g. baculoviruses,
papovaviruses, SV40, vacciniaviruses, adenoviruses, fowl pox
viruses, pseudorabies viruses, retroviruses, etc.), etc., and
20 combinations thereof, and those derived from genetic elements of

plasmids and bacteriophages'(e.g. cosmid, phargemid, etc.).

=3

Further, expression vectors and cloning vectors can be
used for biosynthesizing 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 control (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 iavention, and inserting the



15 vector DNAs include those derived from bacteria plasm ds,
bact eri ophages, transposons, yeast episones, insertion elenents, yeast
chronosone el enents, viruses (e.g. bacul oviruses, papovaviruses, SV40,
vacci ni avi ruses, adenoviruses, fow pox viruses, pseudorabies viruses,
retroviruses, etc.), etc., and 20 conbi-A&ti ons thereof, and those derived
fromgenetic elements of plasm ds and bacteriophages (e.g. cosmd,
phar geni d, Pet¥ycleogifentnto ek preddrdpning toite &fdthe oreeipr dbBomeetang be
used for bigsyntheskzbagudde peptides of the invention. The reconbi nant
vector has constituent elenents of a 25 gene sequence of object
pol ynucl eoti de and gene sequences encoding information on replication and
cont rol (e( ) PRy {ibosomal binding site, termnator, signal
sequence, E%%HWCETT_FWCT%T and can be prepared by conbining these sequences
by known nethods. 3BeTheapsfymeitects dese of ntdrecion enir ope captdmddseyt ed
into vecto know nmet hods. For . exanpl e, and ,vector DNA nmay be
| i gat ed atngg§§%$¥Pb gﬁ eahgyﬁg]§x§ﬂpfﬁﬁ? & PFCtﬂ&HC en 10Znd i xed
for reconbpokriariessiidg,t heo | ilgase. Mest orcdNA  gaBhal 4&f naddvelkyahgie,
obt ai ned bg | i ating a suitable Iinker to 35 the polynucleotide of the
i nventi on, %ﬁﬁé%ﬁﬁﬂ%ti It h&S:99- Kol ynlect 6t ide HEACBIEHULEI chishi AENaeFt e

of the vectari DNA neely.nuritihe, pyepsse of 4@l Vinkeapstei pant. 3, Ther
transformant_of the invention can be obtained by introducing the above

r econtithante¥kdroranifiiilc Feldfit aieng -t KOS-polophdel ederdecelbskn6ip hediscel | s

such as, fefcexample, byEseheniethbascoli (e.g. Kl12), bacteria belonging to
the genus Bacillus (e.g. M114), yeasts (e.g. AH22), insect cells (e.g. Sf
10 cells), animal cén| §i@ ¢gof Cosod cadnes, shehblidel,l sa @HOhod! Ir gene),

etc. Dby KNowdmihQds. iheoVh oAl 96NG SEARL! Yend FEINGLS oL geRe
integration into a chronpsone is preferable gene trdnster et hod. n
aut ononousfAupihieraeosy stwrhigetag syatext nanug| ear egenaniclemr 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, New 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



15 sinpl e enpl oyable nethod. The transfer of vector DNA to a host cell can
be perforned by standard net hods disclosed in, for exanple, Mblecular

Cl oni ng: A Laboratory Manual (Sanbrook et. al., Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, New York, 1989), etc. Mre specific
exanpl es include cal cium phosphate 20 t+Zhsfecti on, DEAE-dextran nedi ation
transfection, mcroinjection, cationic |ipid-nediated transfection,
electropolagiﬁﬂ? PV Tt t9Tr ibefapEoreadang, cobledtsimiac tihet pesttde onf and
infection, tpéCindit(iMh Pragassid Q4 ippeduci ng epitope peptides The peptide
of the invention can be synthesized by known peptide synthesis nmethods
such as solid phaseSpeht Faeturing hesi Pergerddsmednidy t febdikereSoechbpephi de
synt hesi s heds ,dihgl yd e..di.sgl.as i p,_Pepti.de nt hesi s (Maruzen,
1975) and ggiPeptfﬁgﬂéy%tﬁgg?gﬁ(?éﬁéﬁégé g%%e?h$éﬁéaﬁn9?in9@%;“1%%8geﬁﬁ?ope
pept i d&® of beheonhirarsd ontéanthét pepatdeselfy the phodueesh usd NGroduaewnin a

chem cal s i S i,.p t _such pepti de synt hesizers manufactured by
Appl i ed Bi%gés %ﬁnfg%%ﬁﬁfﬂggfeahgnpgﬁﬁi&@p5Fg?h%m??RﬁnﬁFQﬂ?Q9§n1B§lﬁ?e65¢ed
35 by a prouessicarip itviang foheast £psndforc WhelidTng ihhgci fi@nsforimgnt wn20y of

t he inventkon desc%igﬁd abgve, and collecting the peptide of the invention
fromthis ctl PUre®tsieh EGFLORT nhlEaReBe Ferdor gl Byveien reduged baych

cul t ure usthg ardredowinsti éablie tfqr the host cell. Culturing can 5 be
contiqﬂfd until the Eeptide of the invention is produced in a desired
amount™” based on t hé“péft PAETaRDHE 1P ol miirddvande sepside ohethe

t ransf or mphvedidolarithe €Il oG nGRbihit ¥u1 W 13mOnep.f; 4 i ons
t he peptide of the Fhvention producedobylt %héu%¥@%§ 5%%%%% 2%%%6%?§F§§% It
i s preferabfR tR$ f GECReF™§AIr iy kRewpepdtdedsf sheh iasvenblemldt esieve

CO'|ECtiO”Cﬁf@ﬂﬁﬁd@%aﬁﬁké“re.IEH“‘““eﬁ%ﬂ%héécatiéHEoﬁE%%gggﬁgﬁégor%E%iRXt§”0““

met hods such as nol ecular sieve chronatography,” Ton C
chr omat ogr 8pAgmatecriephyy ardhrbiee cgreaphyogaaphid keatihh gras pgeaphinations

tEChnﬁHPeSbfcoﬁiﬂéﬁibhﬁﬂa 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 to 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 ng/mi at



15 of fractioning nmeans based on solubility differences using ammonium
sul fate and/or al cohols, etc. Such purification can be carried out based
on peptide recognition by CTLs or CITL induction by the peptide, nore
specifically for exanple, IFNy yield by CTLs. 20 25 Alternatively, the
peptide of the invention in the culturélrediumcan specifically be

absor ption-recovered using olxclonal or nonocl onal antigens, which are
produced baRedt oAC theakAPho38crd Seyueheet oB0t ménpept i te ebotheli hwenti on,

and are  spagbi | dligehnpeprld; addoneduans -aﬁA\ﬂp)ozélﬁﬁLi:Sé;E‘%{jé%aes%}ﬂﬁggrge' 's

The antigen-presenting cell of the i'nvention iI's tai ne
dendritic EefTeby maesephadesn tBel gnphoeytwsssenandgl ¢&ldl antrifgea- pr esent i ng

cells with the pepti f in |.O The_ ant.igen-presenti. cel |l of
the invention is cgggg?e %$Séégfeségﬁékkm S Hndingt o $%g”5%%F$%§ ofTt he
i nvention pePiidesupferses, landures tded labiwhitoh taresticudlgat ee€Thy. tifluksi ng"
is not |im y n be perfornmed, for_ _exanple, by .incubating such
antigen-pp%égn ?ﬁgqgg’rs ?ﬁﬂgtﬁgﬁi6ﬂgu§%(%%ﬁ¥§$ﬂﬁﬂa ?%ﬂjﬁgﬁtpa%sof t he

i nvention Bur@beyt tirbe Atgded miptiddsabemtr 20 tepabaus Bfbdader pgbent 30

m nutes to.about 1 nor anti gen peptides recogni zed by

hour. . T
HLA- A2402- ‘P‘%%?I?E?O&léﬁ&%grefaﬂige FiEYe b%‘ltplrgé@éntléd tHROE heehhti gelfhpepéhtrng

cel | surfapeind urdiogantgeps CEISr iHOUBEOEELAS, oNRYIPERE i ¥9S @D RERLI des
present in tunmor cells which are recogni zed by tunor- specific CILs, or

t
furtherd i nBEREEHERAS OF / §RdL adtirbaces CPSs.a FuRbWEE , of ukdndangi gen pepiides
refer to pepiéeles produced by the deconposition of the tunor antigens in
tumor cells, such pegtide _being recogni zed by CTLs, induce CTLs, or/and
activate CTLs, whenTP8 pPRLeinced sgaueets, suidnives agramr exul tamgfobi adidg to

an HLA nokegud:@-c The @pifaRs SGAURRGe. éﬁgi¥§%%Jﬂf%ghaQgﬁnlﬁﬁbfgéﬁ%cific
CTLs or further inducing or activating CTLs, is referred to as a
15 tumor antigen epitope (tumor antigenic determinant).

In this specification, “recognize” means to sense and
distinguish target from other substances, and, for example, bkind
to the target which are sensed. In this specification, “CTLs
recognize 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.g. INF-y or exhibit “cytotoxicity against
target cells they recognize when recognizing epitope peptides
presented by HILAs,.

“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 wvaccine. The antigen-presenting cell can be further used for



sequence in a tunmor antigen, and recogni zed by tunor-specific CITLs or
further inducing or activating CTLs, is referred to as a 15 tunor antigen
epitope (tunor antigenic determnant). In this specification, "recognize"
‘means to sense and distinguish target from ot her substances, and, for
exanple, bind to the target which are s8hsed. In this specification, "CILs
recogni ze tunor cells or tunor antigen epitope peptides" means 20 that CTLs
bi nd to huRBAYPeUbcyt@ient | GERSIEHEA) B? t upmFthedtindederpesst i demnickreugh
1 L YMPhOCYbaFELRALRT Such Aty AP thllP AN G EHAEL) GIhRRCe QF Stimilate a
substance or state wth a certain activity or action. Tn ’parle cul ar, "CTLs
are activated" neans that CILs yield an 25 effector such as, e.g. INF-y or
exhi bit cy [N st t.cells. they re ni ze when recogni zi ng
epi t ope pe% M%h %t PR lty .’--'-"-3'- }gto cause a certain
activity or action Theoma subbistesngatibal ethawntggstbsicaptical |y nenhsuch
activity §8 or, act i.on.a | n § rti CL{_: ar, "indyci n}g antigen-specific CILs"
means to differentl ate afalBrodridt i ate™eiPs FhdtocsprattPehity antdgspni ze
a certain andi gaa igepeiteoodr dhe vikentibg it igRN-PIRTeNMdgese!dpi Wbl
which the e ito(ge yeptide of the invention is pulsed can be 'used as a
cancer 35PVBEEThEToRE &Mt PHeAlprBE EHER TRES@SENE1RaNceLL fitiRse Foedhich

- 22- produehsgpégilisiespECthé CidwerRRihheli ghrderived cancers, quantifying
such CTLs in the human peripheral blood, etc. (VII) Mjor

Hi st octdfpatibility ARt itgén 1OgRprexN s Ui maijr MHissoseohpatihbiiltivt yardngegen
conpl ex of ikhe, idyeBLION r%d SPORLAX behueen 4 ;i Ofeéur%%ti%aﬂp%}' o |ty
antigen and the peptide of the invention or the tunor antigen epitope
peptide pré¥BRRedton &h anfi dempbeesbat fngigel | remedtacs tandihisha tiean
pepti de of I nt,| I d. e .Jnv iLon,..the_major .

hi st ocorrpatl %E???Waﬁ??g%%}é ﬁg ké?mﬁeéc%@# g Z%ﬁatﬂog]re ée“g%ﬁt smttﬁle Bg%t iGpa tope
recogni zedrpptades HywRBhscyte to a T | ynphocyte antigen receptor, and is a
human ;¢

More specifically, the major histocompatibility antigen
complex (hereinafter abbreviated to as “MHC”) of the invention is
a complex between MHC Class I human leukocyte antigen (HLA)
expressed on target cell surfaces which are récognized together
with the epitope peptide by CILs; and the epitope peptide being
20 recognized by CTLs or capable. of inducing CTLs. Such complexes

include those bound by P2-microgloblin.

Ep-CAM-specific CTL epitope peptides are the peptides
of specific sites 1in Ep~-CAM proteins, and are antigenic
determinants recognized by CTLs and that immunologically 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-A240Z2 in the invention refers to an B2A-24
polymorphism, a subclass of Class I antigens, among human
leukocyte antigens, and an HLA-AZ402 molecule means an HLA-A2402

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



| eukocyte antigen (HLA) recognized together with the epitope peptides by
CTLs. 15 More specifically, the major histoconpatibility antigen conplex
(hereinafter abbreviated to as "MHC') of the invention is a conplex
between MHC O ass | human | eukocyte antigen (HLA) expressed on target cell
surfaces which are recogni zed together -8t h the epitope peptide by CITLs;
and the epitope peptide being 20 recogni zed by CTLs or capabl e of inducing
CTLs. Such conpl exe¥sabhe| UH&‘QW fHley £82- algr BER o403, molecules

Ep- CAM spegirf{ £ allle RiH QPR REPLIFES it B8, PEPhL of . sRecific giies in -
Ep- CAM pr otﬁei ns, and are antui gen%fc dgog#mqﬁgntﬁgkrg%%%zniéz}gj&%%)%laﬁsﬁ%%d
t hat i munBEé¢s cepllarudiend frscedl aminrEssedcbpt bransferGiing. aFgehbeint&Th

epi tope pepti a _eLijm cancer cells, by directl tt acki ng
cells exprgésgﬁg @éég-’cﬁﬂﬁmﬁ%cglb%s. nrﬁ%lfepcéﬁle’lscﬁfag}‘lfa Pt eoﬁngéﬁgﬁ)n
refer to cosplexesFubidtamseHIA-A2ARZ20R0telts st el esseshtGRnt angehpsek| s
and cert ai i tope, peptide.in Ep- roteins recogni zed by CTLs, and
further na?r?%?eenr % 8" ugga‘g‘()rﬁc}\aé%ésogj W@%Lﬁ E‘Pi‘a‘%}:ﬁq'n. HLA- A2402 in the
invention refers toMAOsA-@4 thel ymav@hiion aasubsd assoalicEhass, | vartbasns,

anong human tI e kogléte élnti gens, and an HLA- A2402 nol ecul e neans an
HLA- A2402 %8 BRI hg Opr othRYT oRCRAT W9 Yeneperadifti ngné elmaysubtace.

-23 Usabl esbledA2402 ol egtigBe Arfispadhi- A% eeuUbL eSep puUrifled,f,rom
culture of E. coli for HLA-A2402 expressig\n, H%%—%402 rm?ecu es ?o?%'edly

expr esied BiATA%AIr aodienylas gend Patw.croglaplist beld ,bufdrHsAcA2482Tris
mol ecul es padufiad | vild esgi QRbuAk9RY @h&eﬁh erFsLiF?tnh%r’ a:ﬂbﬁ-EA%‘lA% gB!;SEU' es
eavy chains o A- 0

of the invention enconpass fragnents and
mol ecul es. 1RHGs fot alheut Riebi shoean’bégmreduced by various net hods

exampl e, suspendi g [he BeptLdce. O CRET nvakt| o CTT0° BLACAZA HBIEE N s
and P2- ni cFoE i Afi nfabubiercauglesas Teach andptheidg kep-@md iepdéubpéi ng
the suspengign g %Q%%bnézgg BPOHfLs 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, Dbiotin-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 P2-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-AZ402 -heavy chain
30  and PZ2-microgloblin are each dissolved in 8M urea. Added to 200
ml of a refolding buffer (pH 8.0; 100 mM Tris-HCl, 400 mM IL-
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



10 OC for about 24 to about 72 hours. MHC nmay be a tetranmer. MHC tetraner
is amltineric conplex of four sub-conpl exes each conprising Ep- CAM

epi tope 15 peptides recognized by CTLs and an HLA- A2402 nol ecul e (usually
a P2-m crogloblin-bound HLA- A2402 nol ecul e). An MHC tetranmer can be

obt ai ned by biotinylating MAC, and m xixg- streptavidin and the
biotinylated VHC in a 1 to 4 ratio. Alternatively, MHC tetraner can be
obt ai ned b9t addi-figcaogbildting- beéah npysit=idpo a Gytrengenatitef an Fil-fauge

nol ecul e, RLAG{HY kgt ify Lo, such; a S%I E?e frer %{/H% t?‘}rma;qtl on tO%‘E{MEgtuﬁg?e

then mxing streptavidin and the bi~ot iny ated
speci fi cal hyindHRedettan@r’ccdnrbes prepar edurkofto @xamRkechs nedhdtfiohl gni ng

manner. Fo he p ar 25 HLA- A2402 mol ecul e heav chai ns and
P2-ni cr ogl %%(Itzl n a?@gpr%fﬁggﬁn? nwgfﬁé affBUt 8 usi™iy ansSE. §quently

reconbinantiiplpieel nin exppessi a8 sy Sie@dﬁefrﬁtuwcmgiﬂ?tfﬁ%oo%t a&‘d"cpuféf' gg. An
am no aci d,_sequence re o%nl Z'cﬁ% i’[l n ligase is added beforehand at an

HLA- A2402"REEYy2 RIS RE Hareri eandLpbaodbzl wesl yradkaiango

and P2-m Cb@gf@:blisﬂ esceachrdissel vedli ns8 uae@em?@'ﬁ;% Q@Oﬁdllmlgg%%ﬂ
refol ding huffer pH8O 100 mM Tris-HCL, 4 - arginine-

EDTA, 0.5 FRFBXaaPy e B§REREE Hie, P@Cmﬂluitéag.c‘eutlgmtrm}ﬂome') warghtt 2ofy of
t he pepti dgpreftt he kDVQBtHQBlahéﬁ'Bgl%QQ %%Qaéf#gkiﬁﬂﬁgﬁ%ﬁrﬁéﬁgr%gﬁgéns

by the sequence ID 35 No:|l (RY ,
and 13:% nguRSwrisst 495 HRcrdgrsBham, Pl@@@ﬂfﬁd};ﬁ @sphgc}a By | Viopesaiat rSwadéﬁ)gauge

needl e. Thep gSthdr ayhat tenperature nmaintained at
.10C for 48 t??ﬂé{%&r@ t%ljlprcgecr%t%f:gdt eéf%?%aatml%on of WMHC. The refolding

buf fer contai ni ng VHCri s-heubselomreaent 5];3ﬁﬂ]3-13ﬁélgﬂztaﬁbnl nof babhl?j;eatécegu?%gt ure

el teslsh S GaedtionounaANgl . Bt AN o VLS AmdiRe

ool S ob el o,

oo S MBS 08 0 chroTH ooy, 5 g ey
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 amino acid sequence

20  represented by the sequence ID NO:1 (RYQLDPKET) 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.

Inu 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



t hus producing the desired MHC tetramer. For the subsequent preparation of
biotinylated MHC, biotin is bound to a specific site of an HLA- A2402 heavy
chain G termnal by using biotin |ligase (AVIDITY, LLC, Denver CO. The 15
bi oti n-bound MHC is purified by gel filtration chromatography using
Superdex 200 HR PE-I| abel ed streptavi di+25Ml ecul ar Probe, Eugene OR) and
the purified biotinylated WHC are then mxed in a nolar ratio of 1 to 4,
and MHC t ePfEARFaGHSHISAYNINSgdt e ami Betavid iseredimd 2 reprasent ethdoynthe
sequence | ( h ﬁﬁ?:ﬁ I d..wth | ecul wei ght of
about 480 Egy%g?sgﬁ%gﬁggél‘ééel%&% trh%trlggﬁ ‘gﬁ)fé\%n%t ga(r:n%h ey‘ uinrthﬁ &rdex
200 HR, cofieepiratied useblabbort Bmapsnhausngdgiia-Genaozicon 10 (M1 1ipore

Cor poration), and Lhtained .at 4 ' C. .Preservatives such ags sodi um azi de,
EDTA, 25 | eupepti nr{glhg gLeSps%gf“%ﬂl%f/atblé)naooiatafl%é?eﬁt&%el r?%e H&E5aPAt i on
step nenti oneedntbovetoi & imncdesigalikatt Gapunyf WIkhe2 pUDt g5NS and; tides
to be used_by. known. t hods such as gel filtration chromatography. C of
t he invent ?8%1%%{?1 b UEEF a8fa LancE tge\?ac@%é%\24%rlet§93ﬁfﬁ§’?‘?di t€ eatised
for produckpgcepiddialy akbeeaftiefe SpectAl,C +EIksny and Kk 84 cwcanﬁbéym& sygh
CTLs in hupan_peripheral blood. 35 (VIIl) Cancer vaccine, CIL inducer and
gene theragge?ﬂ?d%f Eatderavacditdednal cranssrfuees Thie plimsagesef t he

present invention cannbe e25s @Y%@ﬁ%oﬁuer&l?sﬁ%r%sia%r?ﬁﬁié@ dredigpt of

a cancer vaccine for use in a passive I munot herap a vacci ne.

can_(:e_r:LO valBrAgniZeUsat ©F GonuUrImSThAnthgerA- W0 Mhidtipls, types of
adri ni str abboroe! bbecpentide of Lhe.oresehlind Loysntion fo. acaneer .

f
pati ent having HLA- A2402 as a | eukocyte antigen Induces or aclivates
HLA- A2402- eEER¢T ctiean CBs ¢hat sbpHd fliveal lof repdtgpe zpePpid@AM Thiner, ebyie

T en! BSRELILE 40 ol sl AL oral A0 BLAS. et =g L,

, of multiple (two or more) types.

15 mRNA of Ep-CAM containing the peptide of the invention
is expressed in lung cancer cell lines (QG56, LU99, I1C99A, ICl-sq,
LCeSA and PC-9), large intestinal cancer cell lines, gastric
cancer cell lines (MKN28, MKN45), buccal cancer cell lines (HSC-
2), breast cancer cell lines, Jleukemia cell lines {(K562), etc.

20 Expression of Ep—CmM 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 various carriers, can be made into a preparation. The
preparation may be in an oral or parenteral form. Generally, a
parenteral form 1is preferable. Examples of parenteral
preparations include subcutaneous . 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.



10 recogni zes two or nore tunor antigens, use of nmultiple types of epitope
peptides as a cancer vaccine sonmetines has a greater effect than use of a
single type of epitope peptide. Thus, the peptides of the invention can be
used singly or as a conbination of nultiple (two or nore) types. 15 nRNA
of Ep- CAM containing the peptide of thed@wention is expressed in |ung
cancer cell lines ( 6, LU99, LCI99A, LCl-sqg, LGC65A and PC-9), large

i ntestinal cancer cEPFERPeEXL guapsretieamncerarelbe | i olmipwN2®y MINABY,
buccal cangg is - e e 11, lines, .leukem a cell
| i nes (K56§) %%Tgﬁcgl&géaéxﬂ?sggicgél%?i)%p?%%ﬁ?%alrtls}%gof)jger%oed ilrrllh#i”gcsuglé’e
‘derived frafripeiy emfs Wheh ¢éphiomancepsidéarge ititeespiraaénicanosiesitigast ric
cancers, b n s bu .cancers.. Therefore, the, pepti of, the
present i nggnt loecné:j‘i gﬁftrjse% f(()czﬁ‘%l’il %%Ié?i nt oSS me "PoRA i n@C’d’é‘E‘Eh Cg’jﬁéfé?i@f 25
The pepti ddeptredee ighrempilonglabtenel or DNSD,Costa.natba@antidh paddadds ions
carriers, & Pgrrﬁadeci rﬁtco.a $in? aration, . The preparation may be in an
oral or pafenteral Form teshe g e R G S o PR L &1 HrefSer 8bFe. as

Exanpl es otegateni.er al To prepaiabt Onscd NChiddea 84CULANAQYS, _ 41 €CieBSe
i ntranuscul ar 1.n] ectl | ntravenous | nj ecti ons, supposi tories, etc.

. 30 ns, . _
Oral prepaPgPfbfs Béegﬁ’f%ﬁhéd Wedusithg CorRimeddenogiedt | \2 acedpehbee
exci pi ent safihabartto Nohel pEpHide tdie trRCtinhY16h LHe BPILQRe spent ide el the

inventjon. Examples_of such excipients include starch, mannitol, lactose,
magnesiim ©35 S&léarka@. cefxamwias bl pharnzedl ariicad lyciadsephtblei salesc.

-26 Parent gpaludy epanaki s EﬁBrc?gnﬂ%t %lzﬁ!ﬁg %cﬂsiggy @Q@@Eﬁf@é? I cal Ly

acceptable carriers that do not Tnhibit the activi e epitope
pepti de of PhaePidsemcidny ehei onand Bl of oftgsnth eaidd enshi pcl adetmat er

sodi um chl grige,+ 5+dextr 9sey eifanol, glycerol, DVMSO etc. Parenteral
preparations nmay further contain albumin, wetting agents, enulsifiers,

etc. as required. Thestigmivate oél |theediattadiei nlntiey, ihhenteipin opg be
pepti dg i Sa@ﬁ@éi?écﬁ@yy f%%ﬁgléi[)lr?go ien%teipggdgvi Eggeath%lfj E&H’lecompounds 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, effeéts 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 HIA-A2402 as a leukocyte antigen,.

30 induce or activate Ep-CBM-specific HLA-R2402-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 by
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



‘adj uvant. The peptide of the invention can be used in a neutral 10 or salt
form  Exanpl es of pharmacol ogically acceptable salts include salts of
i norgani ¢ acids such as hydrochloric acid, phosphoric acid, etc., and
salts of organic acids such as acetic acid, tartaric acid, etc. The _
activity of the peptide of the inventiceilcan be 15 adjusted by fornulating
the peptide together with conpounds that, by thenselves or by interaction
W t h HLA- APl des itrgice Retre davedognian enludt hhmapept Thike dbqska(?jlél_sl,ntantrabgdl es
that imu ' | cogni tide. and/or. the like...
Ant i gen- prg%égltg% ﬁsghé:)é?oﬁg g%gé&rr%%:ke aniog?' g(l:g%r%%éfali BG5S 28R G8n OB o BT exes
pul sed wi t hutiesepedt edeinistieipnesent i Rven;i on c?n al so be t t
advant ageously used cancer .vaccines. The orm o reparation, targe

S, target caftree i

patients, target cahters 2erfedrs SHUCCHHhE | iRDEE sHehc i%Res Cafe Phe

same as foaclkkbmesl bracdeitresuctogprisidHdhearephtde pfoddecHR3I8Rion, a
i nvention. 25 Treat nent thod The peptide, antigen-presenting cell and

maj or  hi s8¢ i | FRYL antidgehCRonthax RSt NS eSERETRRO@NtIION, When

adni ni st er pat tente RS i PRYIAD Hlvd 2402 -astgde h@r%iﬁ%%e ?@PH_‘Q&'CE
or activate_ Ep-CAM specific HLA- A2402-restricted Ls to thereb reat or

anel i or at e®EpitPReFraFeRandavsNtive Hosdgeuct ene/peperdévate t BBLpr esBhe

| nventi on cysedes denendidia onside dednge ololecgatibon of tRsASRLLAE by
CTLs, and may be, for exanple, about 0.01 ng to abou 0 g, an _

pr ef erldbl ycabbutamg! kthey peptadeust Smwnmmnnacchweb@melcmﬂ:edzEopepL 1|:de
basi s per r . do e Lnhterval can b ui tably
sel ected fgﬁé{?inééi%%&g%%%??@ﬁ?gf d-lerg%nt(ﬁ ﬁlgcponbﬁse}&/aﬁ’ursﬁ?o_sa@ o%d%l% huftan?
adnmi ni st rafiom. @nddthansvetyn dfd ectisvéycadesrrmiaed nbyi omimsdr beesbs.

e AR T LB DR B PLBBE) RTLLOD, Buch.
peri pher al itteokwid-2ul hay ek togetihdnrimd houlherpegt i de
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 éancer vaccination can also be achieved
by introducing, to the patient’s blood 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 wvaccination 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 For cancer therapy, a vector containing the



of the present invention to induce and/or activate CILs. The culture
conditions, such as the concentrations of nononuclear 10 cells and the
pepti de of the invention, can be selected so as to enable admnistration
of 108 to 1010 CTLs/day to an adult human. Such conditions can be easily
determ ned by sinple tests. Substances-284h | ynphocyte proliferation
ability, such as interleukin-2, may be added during culturing. 15 The
dosage of Eﬁ%Y@%ﬁuﬁﬁé§@nF¢h¢h@eHm§eh§lomomaExhﬁpdexeCE&xnnntmm@uted1@ﬁto

cel | o1 day. caadpeet enably 807 A0 Fellelipn. oLof amaduly hugen, Eiect ive

cancer vaCC|nat|on can a be achi eved ucin
bl ood C|rth%tp@hlsabeon@uthemerebmrmamnn@nuhéebodpelITﬁéaeéttwrse@ahated

fromthe p S hera blood _with the a resentln ceIIs of
t he presen?ﬁm?g%en %%ngg d55288£%$ Fﬁ%mhFé?%%oﬁﬁﬁ |P§ 5ﬁﬁpg%n or
conpl X% i sgené or tiesuaamm, e, shcho a@o mgtdavlrﬁﬁai,pr%H@h@biﬂhéééﬁJ SR LGhERY
for an adult human,_ Further, 15glve cancer vaccination can be 25

achi eved byt T odutFay, Pﬁ?%gtw t ITEHCOYIRIMTY erecrgfesbler  Such
co- cul t ur evbfusedreiienuebeatacidd] dbraetiee. separated fromthe patient's
peripheral blood with the major histoconpatibility antigen conplex of the
i nvention. 30 Gene tH&r RRLYEVGY ePB%d%aﬁgP thh@rﬁéﬁyhudﬂé@mtaenoﬁmﬂhebe

present inventd@ited SREQYTRASIENG %&%ﬁﬂg@é@%@ré’eéﬁl@lﬂgg aﬁe fSI:H' A8

gene therapy. drugs for, for exanple, lung cancers arge in
cancerd Babrniclcotider k5 eremsulesndeis,a Bipoabne anckrsaneferrds. For

cancer therapy, a vegler gﬁguégdyeggggﬂg tﬁgr %J¥QH§e89t re of 1 lﬁpgvggf:gn

may be directly i ntroduce nto oduce
col | ect ed b?oﬁﬁaEﬁuhaﬁOﬁnth@thpbéyb@¢lgpuﬂdencﬁétﬂhmedntenthmab@ﬁgneTh&

t i e -C | ected f on1tho to be usable
for 5 gene: (2T "o UG 25 &Y Pai T obbe RUBMOIAIbALs ThcEimis Uiy dges,

etc., anong b¢@@mmmeﬁrmmpsu$&ﬁnﬁg(tu@r@bé&ﬂh&k&oﬂﬂd@hofvth@sﬁﬁWéﬁﬁion, etc.
repliqg;ion defecti%ﬁe 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 Uy
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. 7
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



The pol ynucl eotide of the present invention may be introduced into cells
by mcroinjection techniques in which the 10 polynucleotide is
encapsulated in a |liposone and transferred. Thus, the cancer gene therapy
drug of the invention may be in any form the polynucl eotide of the
invention alone, a reconbinant vector -@®# ai ni ng the pol ynucl eoti de of the
invention, a |liposone encapsulating the polynucleotide of the invention,
etc. 15 ThédHog@ler tihestssiopratieblide ehtiteni wweplewnn bedressr dependéng
on the degtge.afidecognition, by CTLs, of the peptide coded by the

pol ynucl eoti de. For exanple, a suitable dose for an adult human is, on the
basi s of the anount Thé tG¢E.spobynudieccotindentpmrtiien totlideg the epiltopeng

pepti de of ' nt.i.on bout 0.1 g,20 to aba 100 ng/ day, and

pr ef er abl yp%lf)%ﬂé}%eig%tl §°‘3b§ﬂp Y§Pak§Ie i H”;Eldégel‘g%?\t tfél%d#l dPst EPed

once every (fewinayERMIiGi0ncedeuRr yhice vierete i ihsonThen P Awuc setinde , of

the invention cagrpe used in conbination with a cytokine, such as |L-2, or

a subst anc@PHat37 %5 fogr &PqBEs Twiteh abREL pdty AarEeot Wien dperimbsratehilpod to

thereby ebpaptesiie exps essiiamiatetiha ol yrue! eptidle. ntb&dc AL T

| ynphocyte The cytotoxic T Iynphoc¥te of the present inventionis 30

obt ai ned b?nE%QQ%I%@Wﬁﬁ”@eﬂFﬁﬁéﬁéﬁ §¥O§Gfﬁyﬁﬁgo§9téSu§MH§”atOrlé&@ﬁamﬁe of

(2) to (d)chetay, (ak pent ideiluddie ahAVEBb N (AknaBhEdRR: RILSENLLAG, ool

of the invention, (c) major histoconpatibility antigen conplex o e

i nventitn, Thas dh¢ CFD- i gyenmgadedhisemcomp MiCopki thetannegdny comuliérble

tetramer ofethe;. i nvention The CTLs of the invention is induced by

culturing peripheral blood | ynphocytes together with at |east one of (a)

to 5 (d) in RPM l6dpeabiamhlyhi ¢hepCBLlecabl pecohtaimsi,hufitan ess@mpiy:, aby

about 37C:{Qédgggghiﬁ tBﬁggﬂgﬁﬁié_ggggodV%en peri pheral blood |ynphocytes
wtr1tﬁe, or

are stinulate i stoconpatibility

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 a 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 preoliferate CTLs.

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

25 is 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 immunotherapy

30 drug for epithelial cancer or the like. The form of the passive
immunotherapy drug 1s usually be an injection, such as an
intramuscular injection, subcutaneous injection, intravenous

infusion or the like.

35 When stimulating with MHC or tetramer thereof




antigen conplex (hereinafter referred to as "MHC') or tetraner thereof,
the CTL is induced and conbined with the MHC or tetraner. 10 Thus, the CTL
is separated fromthe MHC or tetramer by a suitable nethod. Specifically,
the CTL can be obtained, for exanple, by the follow ng preparation nethod.
15 When stinulating with epitope peptide®r antigen-presenting cells
Lynphocytes_separated from peripheral blood are cultured together with the
pepti de of fpelatrielyoRtainyi gen- presenting cells pul sed with the

peptide, in a carbo | OXI incu r a (G for _about 7 to out
10 days. Then, 20 p?l l‘-‘:’ﬁ1 %?é%%esafa[t% b%é)%rﬁggﬁ? gglapﬁﬁ%%hneﬁaic%gogﬁt Pﬁoggeor
the like, likeubanfiomebsteer vdtired fwaritabbdet cénteniabmiton] 4 flaysc t ort MECEbY

stinulate an roliferate CILs. The stiymulation with the peptide or

anti gen- pr g%‘gﬁ%‘ atcé’EPgtf %:c_ﬁ(? (?;E)é’lufcy%& IFSRedPByt sth égP‘é‘h W fHPPESD! or

the l'ike, i85 ifsrcaxeipte ouPBRbOUA LhbEBidd N@ge ! Ostdier @byroft abn bhe is

required ggg‘g(?r?of CTLs. ];he epithelial cancer-specific CTLs thus obtained
e o)

can be us O SENPIGCERN HEXF O It SHad0s pBRSFEHS | Pdde the MHC

al bum n- costaiMmicng:-RBSmet: . t hesudskguedsl @, PAESI \eal ABMNeTher apy 3QALyugyf or
epithelial cancer or the like. The formof the passive i munotherapy drug

i s usual | yUBENArR iT¥c Y bATC e P TagI8ROSEPRS-anuscul ar i nj ect i on,

subcut aneougsbmed 9 ihRbEAVENRYSH bRfMghon or the like. 35 Wen

stinul ating~with VHC Or tetramer thereof -30 <l sol ation by staining>

LymphotYt es are sepdpaiéd froftperiphalatebl wothor MiBe of | KEIC anﬁatrrealsted

wi th a suitghle; coneentratio C t ggggr ut_4 .to _about

25C for about&%b t o about GOQ%P%%%\AQS,:L%F)?{?%?%%% arrﬁlltg,Ei g%%“ %ﬁl_ glrfﬂ%g

dye, such hBsofd T orrepEtepswitiidde: tiompbel i pad tNHSh avi MHOr eet tanstraiin the

CTLs bound he, NHC or C tetranes ubsequently, the stained CILs are

i sol at ed BES_IQF]% %tf?%%tcy'qt (I\)élr_'?etagjlpugr thccr §:c03§g.u% 50%to' dort %60 Minites.
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 isolated can be stimulated with a T-cell stimulant, such as
an anti-CD3 antibody, PHA, IL-2 or the.like, to proliferate the
CILs into a number required for use as a passive immunotherapy

20 drug.

<Use of magnetic beads>

Biotinized 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



<l solation by imobilization of MHC 10 Using a sterile plate with VHC or
MHC tetranmer immobilized on its surface, |ynphocytes separated from .
peripheral blood are reacted with the inmobilized MHC or MHC tetramer in
the plate at about 4 to about 25C for about 30 to about 60 minutes. After
washi ng away ot her cells, which are unbeiind and floating, 15 the epithelial
cancer-specific CILs remaining on the plate are suspended in a new nedium
The epit hePRAEIRarmcidpectTies ©masninbusni slod atestt cabeberst swapeatded wnt h a
T-cel |l stipgulaptpe$ygh as an anti-CD3 antibody, PHA, I1L-2 or the like, to
proliferate the CTLs into a nunber required for use as a passive

i mrunot herapy 20 dfhg. epl;ldslaebialragaad:en—é;t@miizcBlCCE'tLlsnlt-z‘ﬁld NHG1prepaead as

bead
- con) ugat B0 ERUP AR S tRePoPr SAPRCGLTS \RATHIGRBL | EobbeR 4t a3 ©

e, ‘and. E“tlﬁﬁ%y'mc%m a“f“'ﬁi?aéﬁiﬁ?%‘i[)‘??r%?%ﬁﬁ?%2%?%&2?5@;5223 so
!tlhl':u(:a tﬁgdl ffh%ﬁo%ﬂ%”b@ ngelg'gﬁ%fbfzp(?oﬁé§ 35 ;2 RESSAER| SWBNerApscirgh. Wien
the test tuletkodtBimitigatiey OPiddeghbaht L) @hre3@>specific CTLs bound to
the MHC-magnetic beads 1s placeéd in a magnetic fiefd, the CILs bound to the
beads are attracted 1§ th Pésttlﬁ%gislvﬁgéwﬁval when t%@glﬁg@ﬁ@ﬂz@ de  wnt h
the CTLs begnghépidihecheads R@radher ed,tos{ hffHotHeRE L NG _
ot her cell sldare washed awa Ip('%hler eafter, p358t‘{1k§ :tLest Otl?b Pg rrg éﬁﬁr om
t he netfhet LESRT P, amgAdoraee -G WQ? specific CTLs remai ni ng :‘|nct he test
tube are suspended iq REW, ncer - Speci
t hus isol ated can bgestelonul a%% éJr&rﬁ Q ?g?iémﬁoc ee%§ FAuTa 1feh urﬁ’ogg ‘an
anti-CD3 Sfamdmbsdgtr#Han.| L-Bwor exmlla kea BOltd{ke]reebc;loqﬁaf oEofeaiat aduhe
CTLs into r for as a1 pa | mun er r
<Met hod fo?ua%ggglg né]&gl;Illi afrr(gl ior & OH& i‘gnce(f s/ay,"40d" PR ARKETY Boout

10° to about 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 chemotherapy 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 complications, elderly patients, infant patients,
pregnant patiénts). 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 guantifying
CILs 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 wvalue quantified
by the same method except for using a solution containing HLA-

35 A2402-restricted CTLs at a known concentration, thereby



The CTL of the invention, when adm nistered to an epithelial cancer
patient as a passive inmunot herapy drug, can 10 treat or aneliorate the
cancer. The dose varies anong patients dependi ng on the purpose of

adm ni stration. For exanple, a suitable dose for an adult human is about
107 to about 1011 cells/day, and preferafdy about 108 to about 1010

cell s/day. Such a dose can be adm nistered once 15 every few days to once
every sevefalCupting the) HAA-ABA02 vresjudnttibyedgCTTLsohaerdancennt bér apy

managenent ., . J jin r |t e use of anticancer drugs and chenot herapy
drugs, it %fg@%%g?ag%%?g gggh%HOM/mhether epithelial cancer-specific CILs

are present in peri fher HLAFADOR-abshirfibt ¢d SETIGaNGELCcHAt HE N5 kﬁahkﬁet%fmkth
| ower ed i it used b ancer. cells or, cancer tissues, patients wt
conplicat?gﬁg,t%lggrﬁf b tpgh?%ﬁﬂiﬁFﬁﬁPcﬁgtP%n? . CIhregRBNPS piHaERdd R,

Epi t hel5 al feanseryspeast 61 HwWA: .A2402- 25 restricted CTLs can be quantified
by the follow ng method. A method conprising the steps of causing any one
of (a) to (d) belowto act on a peripheral blood sanple, and quantifying

CTLs or cyfipkh nedisly Rpedusethddiaieby in the sanple: (a) peptide of the
invention,_EU”TBT_EHTFﬁEﬁTﬁTE§EﬁTThg cell of the invention, (c) MHC of the
i nvention, and (d) WCPPetY&Rfer sfPaFRLghvehtéon. PEhepktadi nedlved ue airs
conpared w quant.f i ; e e pt._.for i.0g
np W D M6 1G4 %%bAf%gtlgg EP.tﬁ@nﬁeg%éﬁﬂghaé%% L lon, HBL O?ion,
CT

sol uti on containi ng HLA- 2-restricted at nown ‘concentra
t her eby? - 3phe chnduged iGTg<t Ive HbA- AR40RE r oft cylotliictedd) CThhton cemtargtziser sof

the perip J d l e. The A- A2402-restricted CTLs induced hy one
or nore of El(?%rgzl’))klttp’o's%((%) %§ERC§ oJkr}hcr?er s‘(f)roBrY)d(lzJ[cE@JY)dy THETEFREIR F gde 11ke,
quant i f i edprodudeast exdinel €Ths {olhoamiredhens usparg fdpi mepro@Ped idisscribed

Lymphocyt eg. p&paralgdyf Lo B R Rl PlLo0d AL e

<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 2x106/ml, and the CTL epitope peptide of the
invention is added at a concentration of 1 mg/ml. Further, an
intracellular protein transport 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 TIFN-y positive
cells in CD8 positive lymphocytes are quantified using a flow

25 cytometer or the like.

<Quantification of CD8 positive cells>

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

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

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

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



stinulated with the peptide of the invention, and the nunber of 10 the
induced CTLs or the anobunt of cytokine(s) (which enconpasses chenoki nes),
such as interferon-y (IFN-y), interleukin or the |ike, produced by the
CTLs is neasured. A specific nethod is described below taking the case of
| FN-y as an exanple. <Quantification of~3xtracellular |IFNy-producing
cells> 15 Lﬁ@rrphocyt es separated from peri pheral blood are suspended in
RPM 1640 nBdicrA coritaitiiengeld9o hudanuberned dn & &8 1CO,concamtrat iaan 3PC
2x106/ m , Salls epf tide of .the  .invention is_ added.

concentr at ?(gﬁ %{?‘mhl ng/ m bﬁgﬁfet %gjrq,loggngi% ¥addl§ ﬁﬁggep%%t‘é?sﬁ‘et(f&’ﬁgbo%s

i nhi bi t or, cenehirdaigBribileldiTwean-20, i sndddea;tdd| dtowesbrbyc @iperatupg vhta
carbon di ogliﬁgrg_#ﬂ\}c_ubat}%.at 37Cc£ or tog 6 hours. After culturing, the
celI's are FHANDDITT 2e83PPEub} e d Yo e Mirahes pahe bt i wiith diearaarment
and redct etlaeldd aatfil-uablestc eni: bahel esrantior B diamdDodyurtie | BN yM
positive ceclll s in EOSi t'bvg %%rrphoc tes are quantified using a flow 25
cytoneter SY°THR | iKE L BuanPPEfehti ofPtht B8 posicentaield s> IzBéned®cos
posi tive cethgleamabelguastihhedahy of o1sovWhpg-dfis, ahave net hed Pion is
quantifying intracellular |1 FN-y- producing cells except for using an

anti - CD8 aﬂ{*? yIPHe plFhge Y6 153G cherg3dqfede stlentoon abetperatntte | N y40

anti body. gfQuaidd ficat,.o _+CV. i.ne . S )> A 96-wel.l
Mul ti Scr eeﬁ- HA pél at e.%%lll\e/ll ﬁﬁo rey s c&(g)%% e&gg%%%?%h?gét AR efih Wdﬁh a
ant i - I'EN- ySHeFRICICORAr BRETOUWPe .-After washing the wells with PBS,

| ynphocyt esysgpal at g g ar esei nr%%léldat eflni ntc%l
wel | s. The epitope f| aced 1 htothe—we ara—euHored—H
5% C02 i nc¥eg@ratamt37*C for 20 hours. On the following day, the plate is

washed with PBS co L0 . 05% Tween-.20, _and react ed at room tenperature
with anti-1FNvy ragglﬁ%ﬁ% rue% for{g%aﬁc‘ler?ut e5"Fhd Pﬁjéjrﬁ?lﬁﬁah pel?g]?ﬁcgas@r%

| abel ed ansuspersisict 1rgREVEL6Kermmnifior Qthtdimihegs.1oRuUrkben, £dn)yl Hodhum
acet atse. bu H 5.0)_.contaiping 3-ankno-9- ethyl carbazole (Sigma) and

0. 015 hy drchen areRr R SR trfors X 0 CelusfilY! SRV ot Ytlofs

, peptide of the invention is added at a concentration of 1 ng/mi.

VCulturing is performed in a carbon dioxide incubator at 37°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 like, and reacted with an MHC tetramer (fluorescently labeled
with streptavidin) at a concentration of 1 to 100 pg/m, at 37°C

for 15 minutes. The CTLs bound to MHC are stained by adding an
antiboedy that binds to the CLT bound to MHC, the antibody being
labeled 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.



placed into the wells and reacted at roomtenperature for 40 mnutes. The
| FN-y spots are visualized and counted with a 10 stereoscopic m croscope.
<Met hod of guantifying cytokine(s) secreted in culture supernatant>
Lynphocytes separated from peri pheral blood are suspended in RPM 1640
medi um cont ai ni ng 10% hunman serum at a345 cell concentration of 2 x 10 6
cells/m, and the CTL epitope peptide of the invention is added at a
concentration of 1 Rg/m. Culturing is performed in a carbon dioxide
incubator at.gsLCfor 24 to 48 hours. After culturing, the supernatant is
collected, and the IFN-y concentration in the supernatant is neasured

usi ng 20 altorimmogisabhg @kl lldike ELI SA kit (e.g., HUMAN | FN gamma ELI SA
from ENDOGEN). When i IVHC t et raner hocytes are separated from
peri pheral bl ood orA#ﬁe 9 "keS & ré‘é@eﬂw%ﬁ hogrjr%ﬂ—iéeﬁﬁ"t‘?%mgmm
(f1 uor éscenndly iltabgheposwi tippsbregt Byi dhe) mhiasCcoraaAttati 8p @hel Aienl00
[tg/m at g?' C fé)r 15 m utjﬁ%. TE]Fe CTLs bound to MHC are stained by addi ng
an anti bod§ tHat“Brds CHRLSERT BLRH FEPIEE, ToheftinrEousrdeibigiined

| abel ed wi Eho@nothes fHimemesoentpelyie-ivEnensbaimed foHessCansbe, 3Q£QHaLed
using a flow cgtorret er or mcroscopy. EXAMPLES ° Hereinafter, the present

i nvention GPRFPe deSEPT bEUS| RERbPRERR db IO t 3rmdicsr erit@ined EXanpl eschbut
s not || mibeer, Pethealn. b iRmhtcted) Donors BRfoelleld nes ALl
donors were made fully aware of the research program nd Tts purpose
approvidl byt hkcEhidedsdsmmeoradierdf cehbrifeddtioBancer Center. Peri pheral

bl ood sanples for tgsiing wel Is jve 5 htive
heal t hy donors after ?’n or me %@éﬁ?ﬂaprf%%m%%g%eﬁé%ﬁ\?g%ﬁ%g%sSgﬁpﬁes
obt ai ned f heRfReadAng deanesr peelbhéing; bhobdmamnepudérarid etdrs-iEBRMCeE10er €
i sol at ed line HSC-2 (JCRB0622); epidermoid. carcincma cell lines MKNZ2S8
(JCRB0OZ253) and MKN45 (JCRB0254) as a human gastric cancer cell

15 line; and an epidermecid carcinoma cell line COLO320DM {JCRB0225

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). An epidermoid carcincma cell

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

The LC/sg 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 1liquid nutrition
supplement, comprising 10%FCS, L-glutamine, penicillin,

25 streptomycin, and kanamycin. The COLO320DM cells and MKEN28 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, comprisingrlO% FCS (fetal calf serum, product of Life

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

Cther cancer cell lines were cultured in a RPMI1640
culture medium, which was prepared by adding a liquid nutrition
supplement, comprising a 10% FCS, 2x107° M L~glutamine, 100 U/ml
penicillin, 100 pg/ml streptomycin, 100 ug/ml kanamycin, and 5x10°

35 ° M B-mercaptoethanol (as a complete medium) .



10 by Ficoll density gradient centrifugation. A large cell carcinoma cell
line LU 99 (JCRB0080) as a human lung cancer cell line; a human epidernoid
carcinoma cell [line HSC-2 (JCRB0622); epidernoid carcinoma cell |ines
MKN28 (JCRB0253) and MKNA5 (JCRB0254) as a human gastric cancer cell 15

i ne; and an epi dernoid carcinoma cell 43fe COL0C320DM (JCRB0225 or

ATCC. CCL -220) as a human col orectal cancer cell line were purchased from
the JCRB Cel |l bank Th# ni A PR2402Heglenk, Waboudntnodudsl f aimezo  174CEM, T2

http// Cel | banke. 0, epjder noi,d £ ngma.cel | ine LG 1/s
( RCB0455) gs };e ualrrlicr\?% l’iﬁgéﬁﬁen‘ﬁgcro B F |1 Aeths G YaFEnEEE f%erﬁef‘%én‘% ken
cel | bank. aTh8LECAZH) L ebirslingr @empiiideai(hedelma fa 45 %RRM-E6400 eul t"apezs

medi um and 0% s.F12 cul ture medi (product o Si gma), which was
pr epar ed bgl/gjégcsi)i %Agga;{} ﬁpltcl]éledp N ceig]ﬁpl é'%é%fcﬂ c‘éjﬂ'r?)r‘i’ g HdyEed, 1n
L- gl ut & nen geMmMci thltyre25mstit@pt OmMgebie ' &Nchokianaay Cirhl behes COL RO

cells and MKN28 wer intained.in a DVEM cul ture_ medi um (product of
Si gma) . Th@r?éﬁ %rgl(lgjrsg%gr MR aPEed Of n f5R2 1 MERE B uPR Y et lRaEBReduct

of  Si gna) pemtd L @S sprepesgetiby addi o @ (HJraulde nyt rditd-Qp, suppl ement,
conprising 10% FCS (fetal calf serum product of Life 30 Technol ogy),

L- gl ut ani ne, peni cifFTHIIEOr &5t ofirci Fethat deataiperdn in Gimsuec dndenenel |
l'ines weresgubdargd i noaoBRPM 184@raC I EC S paLgd_py
adding a liquid nutri ?(I on I?su pl e%ngba%%ﬁlpér.&%g?ﬁg] %w%%gﬁg, l§§§0%§W9

L- gl utidhi nBLARRAQGwegapeve chP49 n (TARBOGH ) M cedtlr dpmenyeine, itFecRgAnvith
kananyci n, -@p,pPXd Q3 - " ( et ol S onpl .et.e nedi , ,-35-
The HLA- Azﬁogp%ene v?/gsépé?%rg%cﬂefgi ?\%EQQNZ%EI\%EF%%( ﬁéré?ﬁ% ifetreherenefrén)éadt o]
as a "T2 ceelly, Gheindgfeeted EGE6emdlly wreHedd4(2ek ndi ng pepbildee

her ei naf t e "T2-24 . cell") as_peptide-presenting cells
(ocha oo | el CERRELLARS ookt & sBRRL CRnBrEERRi® B P
IElul Ibeccoi sugrhn[i,ungnqlplrd@dﬁlgha‘oéd Ghbeeyazont alsgjzjigarl@% L gﬁ?l i}g@%@‘:ﬁggg TG
- gl ut n enicillin, streptonmycin, an . (product, o co). .
Acgor ?5219 %ljtﬁem?r% h%%lrhteasl&glgbé‘ﬁ‘ i%h ﬁ?n?gﬁgeAH‘FSb&Es?ontammg purcmycin

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

2) Peptide synthesis

Potential HLA-A2402-binding peptides within Ep-CAM

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

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 RAnalysis Section (BIMAS:BioInfomatics

25 and molecular analysis section)
(http://bimas.dcrt.gov/molbio/hla bind),

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 uL

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

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

The seven synthetic peptides were designated Ep31, Epl73,
35 Epl85, Ep250, Ep225, Ep296, and Ep304, respectively. Table 1




59:502-511, (2002), an HLA- A2402-negative QG56 cell line and an 10

HLA- A2402- negati ve A549 (JCRB0O076) cell line were infected with
retroviruses encodi ng HLA- A2402. In order to detect the infected cells,
the infected Q&6 cells were maintained in a conplete nedi um contai ning
puromycin with a final concentration of-3x6 !.tg/m, and desi gnated
QEb6-A24. Simlarly, the infected A549 15 cells were maintained in a

conpl et e neddwsmtdensanhhaglmd eeptide sequersceki nél tioorkenMat i on of 0.9

g/ m, and designated A549-A24. 2) Peptide synthesis Potenti al

HLA- A2402- bi ndi ng peptides within Ep-CAM 20 (accession nunber: M3011)
were identified by conputer-based predbtéion according to the HLA Peptide
Bi ndi ng Pfedictiom [Pr nbased_ on-therestinatedthat-f=tt+re—gdissociation
of HLA peptptleresny e%ﬁgsai | a 2’(23" t he %}&HEW de Viohitel %MFlincrease”

Bi oi nf or mpt1 cgp & VDI equkEAAGRT [y ST S33:26CtT oM ( BhMAS B of m{gnatTcs 2
mol ecul ar | anakysi S §e®ivonmkr (NT T pahgbhI MRS dCR/T. gov/ oI Pgo/ NT e DT gh - Sgven
peptides gel egped basavemmviiihe] EpifsAM epltop€g peptfi de pgedi cfion esut s
were synt hesi Bpd by |PepSekMOprioducisosd M not ope) .| AS ngcessary, H»he
resul tants weEgw»di ssaXMIEKAPEFL00 Pso26p of | di neidhyl Sultowgde, jand Tagrther
diluted tp_ 0. EpM ( pH KABKAEIKEM 40%2%meet onitril e Thg producti on anodnt o
each peptlLde ¥ms estl i BMERBIRED | be3®W3unol. The sevegn symt hetic pepisi des
wer e desi gnates: Ep31l, Epl73, 35 Epl85, Ep250, Ep225, Ep296, and Ep304,
respectively. Table 1 -36 shows the synthesized peptide sequences of the
Ep- CAMSY  Tabl E1m9&% t haef Hdive A saerdtimn fecmcileh-Api nerlaeilds a hinutes),

cbtained by accessing the Werld Wide Web site BioInformatics and Molecular

Analysis Section (BIMAS) HIA Peptide Binding Predictions

b . .
: The synthetic peptides were evaluated for their binding activity to HLA-A24
10 * molecules based on an MHC stabilization assay. 3%MFI indicates mean fluorescence

intensity.

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

envelope peptide RYLRDQQLL (designated ENV584, J. Immunol,

l§ 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 synthesized

as controls (Toray Industries research center company).

20 3) Cell staining and a flow-cytometry analysis

Testing was conducted using an indirect
immunofliuorescent antibody assay using a monoclonal antibody
against HLA—A2402 expressed on the céll surface (product of One
Lambda, Inc) and FITC labeled anti-moise IgG(ab'), fragments

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

CDh8 positive T cell line or its clone were stained with

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



Psequenceposi tionsl enScore%Fl increase E 1NYKLAVNCF31-39912085 E
p173RYQLDPKFI 173- 1819150102 E i asLYENNVJ | 185- 19397579

ELFHSKKVDL225- 23392029 EYYVDEKAPEF250- 2591019857 EKYEKAEI KEM296- 305108324
EEMCEMHREL304- 3129516 Notes: 5 a Estimated half-tine of dissociation from
HLA- A24 ol ecul es (m nutes), obtained by3aecessing the Wrld Wde Wb site
Bi ol nformatics and Mdl ecul ar Anal ysis Section (BIMAS) HLA Peptide Binding
Predi cti on§°ptatpEnGy fiimédc peptides arde @ﬂdﬁuat(edfipfed heia mmdlfﬂ@—%\ﬂzl
activity t 1 1 ecul es,pa stabilization.a

i ndi cat )és Qrfggﬁégﬁg?r%sg%ﬁ%e it e?\]!s)i t%?ﬂt%g%%?%?/g‘%,i hﬁﬁﬁklﬁ%ﬁﬁ‘ﬁgdmﬁéncy
virus-1 (H(vefyrrehvel epeapepli ¢ RY/ROOREL {easingnat ed ENV584, J. | munol ,

15 159: 6242-6252, 1 : i dues 584-592). and EBY | atent nenbyrane _protein
2 peptide (EBV | at eﬁ?gnefr%%%a%gfo egteréf gﬁa%JeHSJI:SBVS’%/I\/Ft}fQ, Sﬁéchf*mﬁ%]rl, was
158: 332%- 3834rid4993ut r esinyeBAGI 14D WRredsyht BesBaeton aSptoniinsehs ahdor ay

I ndustries_research center conpany). 20 3) Cell staining_and a _
f1 o cyt onetTy %ha ysTTy Téﬁ%iang "\ﬁé@ cBRALEEEY usiing aﬁe&ﬁgﬁl@%t software
i munof | uoriescentt astt ideedynaSERYkMSIRd add Rnal antibody agai nst

HLA- A2402 expressed on the cell surface (product of One Lanbda, Inc) and
FITC | abel ed anti-nouse | g3 ab')2 fragments 25 (product of |munotech).
VHC/ pept i dﬂﬂtegfgﬁ@iz\&gogrggﬁ‘&ed according to the procedure described in
"Bl ood, 98:1872- 1I88I, 2001, SCience, 274:94- 96, 1996". CD8 positive T
cell 11%e or its clbpe U\b‘?eegﬁhliqffédﬂmc_tﬂw_thﬂwﬂd‘eﬂ%ﬁ.ﬁl hitphye oef fidieney PE)
-l abel ed Hop- ARAD2 SpIdiARRE - 3ot ARIL, A1 NNOyER- CAMipERLLde AN, FRL7S o
(referred to as HLA-

conducted using T2-A24 cells (cell line in which the plasmid

exXpressing HLA-A2402 molecules was transfected to
TZ[174xCEM.T2:ATCC accession number: CRL-1992]) according to the

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

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

20 3 hours. After incubation, cell-surface HILA~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 fluorescence intensity
(MFI} was recorded.

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

SMEFT 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 3$MFI 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



A2402/ Epl73 tetraner), or containing H V-1 peptide and ENV584 (referred to
as an HLA- A2402/ ENV584 tetraner). The flow cytonetry anal ysis of the
stained cell was 5 carried out using FACSCalibur (product of Becton,

D cki nson and Conpany), and data were anal yzed using Cel | Quest software
(product of Becton, Dickinson and Conpamg- MHC stabilization assay 10 For
the eval uation of the HLA-A2402 binding efficiency of the synthetic

pepti des, ARYMHTKRIAbishiowati bhe assahestasifdiondycted s MIATR2AQZ. celphss
(cell line, i th pl as xpressi ng HLA- A2402 nol ecul es was

t ransf ect eébggﬁm@lM%&ﬁﬁT% “f‘?% %ei%"f rﬁ?ﬁ@éﬁwcﬁﬂaﬁ% )S%@&t&ﬁng
to the 15tprbeedwre exbekimasty e et al. (Bl ood, 98:1872- 1881, 2001). To
be specific, each peptide with a concentration of 10 pMwas incubated at
26C for 16 hours in a 200 pL RPM 1640 culture medium containing T2-A24
cell's (2x165 eeddisdrich % EETAMRpexh0=5peMATBTEaph@einaRg! cripldowed by

a further 1 ncubation at 37C Tor 20 3 hours. After incubatiomn, celt-surface
HLA- A2402 nol ecul esElrrherslaibleadwineroart enferimed.- Aendpionowdldsal (DCs)

ant i body aﬂgréh%r&ﬂ&edl | Bbebeds ant LBodheOln(2)abov & T&ﬁle%xpéﬁsgion k;glv)e'

was determ ned Cal i bur and n fluorescénce 1ntensi
was recordé@imm?l& ‘Iit'?é) (%3'!59 foEeease vvas cal cul ated by the foll ow ng

NP1 of "G op. not - adu el stared i O pept TRy ( VBT CBEICor bilp WO e HEeFer od

with peEpti élé?la‘G@l Tabbe Peshphsrahebilesdl m@nonncbaéam'r ngellhe WFIHIeVEl02

i ncr eases. I HLA- A240 ressi.on | ev cel |
surface was i ncreasedgjf-Iiifri\}j 2 Ulnteeﬁzt]‘ﬁlsélesEl @ﬁ VLR et r‘?‘atémﬁlrééﬂ‘g FESt e
are bound tontheie) | Ssur haae 1raéwtltd&lt%dl\/|-|&nh§n Sil%iaicﬂ | 286um35 10V pg/mt

particul ar e .above P, ti.de E -3 DPKFl) showed 't he
hi ghest af mP@Dﬂ?a&qt %“ﬁA—’N%fdf ?(E83g ? g’ uct 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, 1Inc.}, 50 ng/mlL recombinant human/tumor necrosis
factor-a (hTNF-a: product of PeproTech, Inc.), and 1 UM
prostaglandin EZ (product of Cayman Chemical Company) were added

20  for cell growth. After 2 or 3 days passed, the cells were
harvested for use in a monocyte-derived dendritic cells for
antigen presentation.

The produced cells apparently expressed dendritic cell-
mediated antigens such as CDla, CD80, CD83, CD86, and HLA class

25 II 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
lsynthesis peptides with a concentration of 10 pM in an AIM-V
culture medium (product of Gibco) containing 5x10° M -
mercaptoethanol, followed by irradiation (33Gy).

The dendritic cells (1x10° cells) were then cocultivated

35 1n a culture tube with CD8 positive T lymphocytes {ix10°



(EMGEMHREL), which showed the lowest affinity, was not subjected to
further experinents. 5 5) Production of Ep- CAM pepti de-specific CTL and
cl ones thereof Peripheral blood nonocyte-derived dendritic cells (DCs)
were produced according to the procedure of Dauer et al. (J. [mmol,
170: 4069- 4076). More specifically, cells3@dherent to plastic were 10
i sol ated from peripheral blood nononucl ear cells of HLA-A2402 positive
heal t hy volWfeker®esdndine ul t BPEEL G40 actRPME6 Af=diadi u:mntacuntLag niLng 5%man

heat - i nact d n 0 ru L eco t
i nterl euki %Yﬁ&%hls%EHB lr%lgd(t}gqﬁﬁi‘ %ﬁlngoyg’[ nb];.llyap _r%é:tng?fﬁLR&D
r econbi nanﬁYﬁt@m/@ﬂaﬁ@mcyam rmmg)’p:ﬁ[agecaaﬁbt@imm@tahnmi,all N ARRIO! of

hGw CSF, R&D s stem; conpany). After one day of incubation, 50
ﬁlg/ m. IL-1 # deu &t c%fnpa%épr oTech, Inc.), 50 ng/nL reconbi nant

human/ tlunor necr osi Bftdmctayren (IaiEIyE aofpr eduet vofi depr afrch,hNG. ) weahd 1
NM prosta Ian n E2 (product of Cayman Cheni cal Corrpany) wer e added 20 for
cel | growt dllt HYags 1adserert e -vallissdwseel —dairivest etbridar tise in

a rmonocyt ecders v Heul the cabdwe for agpbigen prgspolatigi., The prodeced
cells a);;par e&%%fﬁe%(%%essed dendritic cell- nediated antigens nsurz}eri?ylg gll?)l

CD80, CD83%Y HERE clcgdds 24219 gsieultesd Sepaibtsel by utshtteng sED8
es
m cr obeadspfpraguet, of Pl\ﬂtleEené’ackB' Qteg"c\lmu%oqps: %ﬁ%ﬁ}l VeéH@% t’[ : CI

i sol at ed from t he sane donors. Subsequent
vere pil sedPradGt ehofrkedpeParurecswricalt oC@ftnplfmyr s Mid.h esch @ffidédneto

CAM t opgensrati.g f E
EEI tur esyrg%li]ﬁ?r:%pﬂ}g%&tggﬁ?%%gg) ﬁc%%t %? nﬁlg ng? Ejf’%l yn%‘?%i:lp{%éiﬂ:ﬁﬁﬂol
fol | oned byel¥s agier i GiwiBBGiNLoTHe odeddrtibes ael h5cé§s<a]1q5 celd sulwaredt hen

[ 1x106
“35 1 ymphocyiaer 1 SoRBRF e P LR bRt B g L Bor Rtan

The T-cell specificity was examined by ELISPOT assay.

IIs

15 In order to establish T-cell clones, limitiﬁg dilution
of polyclonal CTL was performed according to the method described
in Blood, 98:1872-1881, and 2001. 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/ml), 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. Inmnol, 158:3325-
3334, 1997).

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

The cell-killing ability of CTL cells was determined on

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



bl ood serum 25 ng/nlL reconbi nant human 1L-7 (product of R&D systens
conpany), and 5 ng/nL reconbi nant human |L-12 (product of R&D systens
conpany). 5 After seven days of cultivation, the cells were stimulated by
addi ng 1x105 peptide-pul sed self-derived dendritic cells prepared as
above. After a further seven days of cudd4vation, the cells were
stinulated 3 tinmes by the sane procedure. After each restinulation, human
r econbi nantelL=Pihlgingprajuidétties TakedahRhamvdeedt iwdah EpAEaRY welrtd mpbveds

dded t I i tiqnof 20 . units/m . Activel roliferatin
gel?s mgregg¥§i%é%hﬁﬁéoggaggggg3ﬁ%§§fsgaﬁ%%é?%ﬁéﬁ?réWﬁg6%¥Wﬁ¥eg ih a frgs%

culture nmediumcontaining 20 units/nl of IL-2. The T-cell specificity was
exam ned by E assay. 15 In order to establish T-cell clones, limting
dilution SEne pérformed according to the nmethod descri bed

in Blood, 98:1872- 188%]1atncbi2QRl.9dvce 15pRAKE EALdNLHAD A IEONrodGDB of
positive T-cgils wer e se?ded ina 96-well circular_ plate (1, "3, 10

cel I s/ wel | JEEOMRE TP’ clittara Sridideseondiigte dgdrhens 2ooakach winbi 1603
nmonocl onal |, badi -BQm@q/ c h ' osid ¢ Inc,, .l L-2
(50 Um), IR celglﬁgio_f v ﬁo)é‘éficg?g%f(éggbc%%% PR T Reld Sysitereg
y-irradi at E8MPEEY IGy)argl |iywpphabtdsit 46l byernagist or AEdebywiEBvend celths PBS
obt ai ned byprhLk Q m I ' [ I cyt with a
95 8 col | B e Phatinty B B S s o i TRIBEI 5 o e
speci f1@i t pedfunhet 3’6l féerhattetircellhseads wetrer wiehed ty-224CFed CEL¢kkildi ng
assay in r . od of Lee et..al. (J. lnmmol, 158:3325-
3334, 1997%?%%%@?‘{% {Bgﬁess?%smewﬁltgﬁi %&Eag%]dt%eercna}ng%{%agﬁl ?YPFP%tJfoé”eP%lde
conpl et e caht dpe pRdoANREMII6(A BGHwal bosta iy walat @ 0866 s&k | simel b)
cont ai ni ngypeptide of  the same origin derived from Ep-CAM or contro

pepti de EN@E@ r%ﬁpecé)eﬁhﬁgf’lc g‘éﬁ?ﬁ”? g&%ﬁf&fmﬁe NWVPE TR REILES| | Lxk abDBrt v
of CTL cel bssiasvalel erafilseduspendal tine thexhedayn Unt@iaing nyers etts were

‘n1CrOSf§peSeg 8%%19%%% Swg P“ﬁng - 40-

1x10* CD8 positive T-cells were used as responding cells
- when there were too 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  incubator, and thoroughly washed with PBS containing 0.05% Tween
20. Subsequently, polyclonal rabbit anti-IFN-y antibody (product
of Genzyme} was added to each well, left at room temperature for
90 minutes, and then exposed to peroxidase-conjugated sheep anti-
rabbit anti-immunoglobulin G (product of Genzyme) for a further
25 90 minutes. For visualization of IFN-y specific spots, 0.1 M
sodium acetate buffer (pH 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 number 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



cell-killing abilities only when pul sed with Ep-CAM were noved into a
flask, and were proliferated as descri bed above. 6) ELISPOT assay of |IFNy
5 Aflat-bottom96-well MiltiScreen-HA plate (product of MIlipore Corp.)
with a cellulose nitrate filmwas coated with 10 ig/nL of anti-IFNvy
nmonocl onal anti body (product of R&D sysierns conpany), and incubated at 4C
overnight. After washing with PBS (phosphate buffered saline), the plate
was bl ockega@ht &f cillet e pephiedisum at 37C for 1 hour. In each plate well,

T2- A24 cells (5x104,_.cells re pul sed with_.each epitope, candi date
synthetic peptide 1M %]6 hﬁm%’FeﬁP%F%4glﬁédilﬂmW@8Ht atithrer'i rﬁj@%w?{%lﬁ.l’i%@s and
5x1 05 M ( Betbscapt devrhaHDA-A240Damdierper alcdl ehl 0BR8N et e Sst ikxhQR «ED8-
positive T, cel hs suspe ded i.n thg medi um_cont ai ni ng. 20 % FCS were 15
seeded to Bdch Gl Tt 1BErGY EDEePdEt ti% FollSe PUL SRR BY USRI @ asdp Gridithg

cells Hhesikheeptiwee, tae NBLIIPAiRek0 oBOHMhed TREERNELEL ABATY d
process was conducted in duplicate. The plate was incubated at 37C for 20

hours in aP5esempnargy prRdusaten, candFihor spots yowashedbatiitdn RBShe S-@i2di ng

0. 05% Tweere120pufihsequept by, polyclonal rabbit anti-1FNy antibody
(product of Genzyne) was added to each well, left at roomtenperature for
90 minutes, and thefhexpdseding prHuecigse-toonFpidft edt Shelsd iant i cbiraiineidt

anti-inmun bul i : odyct o n ) _fqr a furthe 90 minutes. For
vi sual i zat ?ghﬂof b]l’%I\I-Cégl/‘cgrfs?ﬁrﬁ:ec:l{ig’i‘c ép(??%%gjgf%%aysoé’?a%%% t st (%’Ilfl
5.0) cHht ailArAa BlamiwighoEp2bhy| car bazol e (product of Sigma) and 0.015%
hydr ogen peroxi de ut Lo ded _to each wel|l. After 40 m nutes, the
reaction was st oppggébybm&%\%%%ga%et ht e B g\r{l’fglflﬁ%gplrﬁﬁgl%so r iteg “Bhe
30 nunber peprtidé umEdilfacgeospotsalaandonmted daadecTt.ie m croscope. The
results are shown ip, Fi 9S,,

eval uation results o0t%thé é%ﬁg‘g&f (Zjﬁglgltge%%jrffg‘%?@%f Cg?glalp%%&?%;?ﬁ"cells
| ynphocyt e stéhiildtates 4wheimesCORi f10SEPLYE Tretel | saahnchi wei i ArARA020RASI | ve
gﬁgl E)Pi’fz 2228%%—81?8 WRL &y MUl €4, Y. S8 A 98 ved dendr Ic;[)}u(::aicneilnlgs plil“f%?d by
or a control peptide ENV5384, 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 1in Fig. 27, TIFN-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-A24/ENV584 tetramer (37.2%:0.06% with respect to the
total CD8 positive T-cells, Fig. 23).
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



each of the six peptides. As can be seen fromFig. 1, when the CD8 positive
T- cells of five HLA-A2402 positive healthy donors were stinulated by the
sel f-derived dendritic cells pulsed by one of each of the 5 six peptides,
the T-cell lines obtained fromfour donors showed predom nant production
of IFN-y spots by incubation with T2-A242<ell pul sed by Epl73. The CTL

| ine subjected to Ep250 stinulation obtained fromthe donor No. 3

speci fi cal pdphresacelondN-Fsbbt-sperifio ObSulpatsicnvai ThcEp2S0hakeghigdhshows
the tetra i ni r f _Ep-CAM peptj de i fi.c.palyclonal and
nDnocIonargﬁﬁféfﬂig%%ilzgég%éﬁg?%I?ggcﬁgf§dﬁ%ﬁ%ﬁgff29§22§3#ifeC?¥B FrES
stimulated 4 tinmes dedrEDGIY, Wepk73tHpaad v CHLFETEnéabeted odtmARkh=ED8
antibody,Ngg-lqgg!eq%§L§1A24 tetramer containing Epl73, or a control
pept i de” ENV5E84, “4rd -Wer e 8hal yzed by flow cytometry. The proportion of
tetramegy positive cells anong the total CD8 positive T-cells is shown as a
percentage_in the upper right. As shown in Fig. 2A, [FNyspot formation was
not 20 obB&FURtF in nost control peptides, ENV584. After four

stimul ati opgopthei STl bageidstiphhizsbedol ramuenaionds 4 weiey speci fically
stai ned w e - P . ] - A24/ ENV584
tetramer (3% 390P6B84with respect to the total CD8 positive T-cells, Fig.
_2A) . 25 Fig. 2B shoygt Bﬁ{rer%gs&ﬁmgf Pe)ngTn(éldo%%tqng%n&??y\efeecog%&al Qed
in the same manner as above. The proportion of tTetramer positive ceffs
anong tthe peEStidsitnardanecusly preshivwd @n &hepenctmtegef | tnumidre cepper in

right. As shown, i Fi 9 ﬁﬁh’A4¥; intensity of tetramer positive 30 cells

was equivalent to or higher than that of tetraner negative cells by 2- to
3-fold on a | ogarit@Gmanispalebeldd icateat orse estabbi-sbedviahT-ixgldc1ehane,

C27 fromt Lo ting dil.utio culture dium.of the_Epl73 specific
polyclonalgﬁﬁ{ﬁg%ﬁ%ggpe 5#6? fh&maq¥ ©35 gﬁito?%%éﬁ&bﬁlag?ng't@??ﬁﬁ%rsoghoms

that both pDRy&2 dmalore 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
(*'Ccr) in 100 pl of culture medium at 37°C for 1 hour. In some
experiments, in order to specify HIA restriction, a predetermined
amount of Pplocking antibody W6/32 (anti-HLA class I), Ma2.1

20 (anti-HLA-A2), and All.1 (anti-HLA-A24) were.addéd 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 -
spontaneous 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-A24 at each indicated concentration of

30  peptide Epl73 and control peptide EBV-IMP419 determined by °Cr
release assay at an effector to target ratio of 1.

Consequently, Epl73-specific CTL clones (cz2m)
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-IMP419 (control peptide).
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Epl73-specific CTL cl ones were established
5 Exanple 2 Properties of peptide Epl73 specific CTL cl ones,
7) CTL ASSAY The inventors further exam4sed whether C27 recogni zes
pepti de spontaneously presented on the surface of tunor cells in

A24 . FXGhr o anrd | Bdiellee? celtdvs ther esvailoubhabed rastht sronbctioaal
HLA- A24,
LA e S 5EF ST ed 885 15 an effect or

HLA cl ass |

Epl173-specific CD8 positive T-cells have high-
HLA- A2402/ Ep173 conpl exes.

fromthis CTL
part
10

t he

or HLA-

1

A2

to target ratio of 10 The target cells.(PC9 cells) were |labeled with
chrom um (51Cr) in 100 [LI of culturg nf mat 37C for 1 hour. In sone
experinments,_in order to specify HLA raete| tion, a predeterm ned anount
of bl ockihg antibody Wsf 32 (ar@rigiHLA cl gss 1), MABp-LARD| (aHLA= and
All.1 (anfi-HLA-A24) wefre added to each |well R¥PCOm nuteps prior to the
addi tion plugfchmetor celTls. The plate wgds 1 ncubated at B7C TQRSﬁl ours,; and
t he supef nat arnfoyas copnygd c%ﬁb£8m3n¥ ounter:— The pertent 3F lee 540r
rel ease wascdat ated—T25 a%é,bu ortthe—f-orrda: 103 "(" s Fraental
rel ease - spanﬁir"aus F Iea:]xﬂl. A.“ahlre'eﬂce spont The
resul ts akFe—showdinFigs. 2STQHECIEOMA; o | 3A shows the c t ot oYY of 7
(Epl173- specifi¥rL cl % BB AAPRIMAD-|A24 at each i nd| cat ed-@6fkentrafion
of 30 peptidelE®1Y3 and swelt eellicarpispmi dd EBV- LMP419 det br ni ned7®§6)51Cr
rel ease assay Idt-laq ef f pchquumbws ctlbeapedr rlati o of +1. Consequent ! @.21)
Epl73-specific A3HR cl ones (adehdparcifgnpnst|r ated a.cyt ot ox CTtyp@aigpt 12 A24
cells pul sed ws4dha2Ep17B aladehobRMhdEPT 1 € CONCRFF ationyof luq@QBj whitie
such QG56 - squamous cell cancer + +(84.12)
QG56-A24 squamous cell cancer N.D.
Gastric cancers
MEKN28 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 Notes:
®: 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-A24 negative cell line as
target cells.
15 All cell lines expressed Ep~CAM, except lung
adenocarcinoma cell lines 11-18, COLO320DM, and A549., HLA-A2402
genes were transformed like a retrovirus into A549 and QG56, and

the transformants designated A549-A24 and QG56-A24 were also used

as target cells.

The cytotoxicity was specified by

S1cr release



35 cytotoxicity was not observed with EBV-LMP419 (control peptide). -43-
Fig. 5 and Table 2 show the evaluation results of the cytotoxicity of C27
agai nst various cancer cell lines. Table 2 Oigi nEP- CAM HLA- A24 (MFQ)

RT- PCR bung cancers+(87.16) Lu99l arge cell carcinoma++(43.53)
PC9adenocar ci noma+++(73. 67) 11- 18adenocargi noma- +(96. 71) LCO9Al arge cel |
carci noma+- (3.67) LC65Asmall cell carcinoma++(70.56) LC- 1/suanous cell
cancer +3. 22sA5¥9aterachr oa‘ﬂﬁmﬁof 188gt3 Ab> A24@adenoz@s i nooaNLD. 2.:65 .

6uanous | . can QL+ amous cell cancerN. D. ric
Sglcers IVKKI%E% engacgtC #’B %&4@5&%&%@ &OnBGEQQ?h%Jé@FICﬁ?L tancers
COL®320 Dlvadenocar cAmOEH@m( 36n 36)g Ot heangangwrs HSCeZor @ff&gﬂ@@qgs ekt
cancer +( 34 % ZE@ kem a- (5.23) T2-A24BxT hybr| d cell-+(197.7 Not es:

a: The reah 9 AEBRET t§P Mad 1874l Hal ed-UsP- ﬁ@ﬁ&ﬁ%(ﬁd Lﬂi?cbé[&é’ﬁéé
usi ng HA- Az4mbqedithid TG dcabehgdcant i rimusesc-bgGaant fhedy; £ c(a?*fg:e)rz cell

fragments. _b: Not done 10 Fig, 2 shows the evaluation’result of
CytotOX|C|%9neS MKN4S expressing both HLA-A24 and Ep-CAM. However, Cc27

demonstrated no toxicity against HLA-A24 positive Ep-CAM negative
cell lines (A549-A24 and COLO320DM) , or HLA-A24 negative and Ep-
CAM positive cell lines or Ep-CBEM negative cell lines {OG56, AL49,

10 DMNKZ28). When the HLA-A2402 gene was introduced into the HIA-A24
negative QG56 cell line (QG56-A24), C27 killed the target cells.
The cytotoxicity to K562 was low.

These data demonstrated that Epl73-specific CTL kills
tumor cells expressing both HLA-A24 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 monoclonal antibodies specific for HLA-A24
or class I molecules (W6/32) but was not blocked by anti-HILA-A2

monoclonal antibodies.

8) Cold target inhibition assay

25 Cold target inhibition assay was carried out according
to the method of Arai et al. (Blood, 97:2903-2907, 2001).
T2-A24 cells were incubated with epitope peptides Epl73
or EBV-IMP419 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 ratio of peptide-
pulsed TZ2-A24 cells to target cells of 40:1, 20:1, 10:1, and 5:1.
-2x10° *!Cr-labeled PCY9 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.



of C27 (Epl73-specific CIL clone) for eight types of HLA-A24 positive
cancer cell lines and an HLA- A24 negative cell line as target cells. 15
Al'l cell lines expressed Ep- CAM except lung adenocarcinonma cell |ines
11-18, COL0320DM and A549. HLA- A2402 genes were transfornmed |ike a
retrovirus into A549 and QG&G6, and the4g-ansformants designated A549- A24
and QGb6- A24 were also used as target cells. The cytotoxicity was
specified by 510 rBlcdise -3¢4 absapbatieschrafiiceehos: tias gaimbeat rat{40o%,

20:1, 10, 1), - K562 i.s.a typical cell linegsensitive to natural killer
cells. As i%ﬁ‘g%}l)?\e]ﬂlsg B g pl%%leg ?}tb:ﬁpé?%ﬁs) VeT yCexteral BRXLMPEYOt o
llung cancer BEgl pepti ites RCHhrbM9Buml Cadd 5l @AY de$I9A (1h0B) '(l\)/lr< %‘A}fues%%ﬁfﬂ%e

carcinoma cell line HSC 2; and gastric_cancer cell |ines 5 expressing
both HLA- Aﬁﬁpﬁ%‘a‘%&-c%ﬁ PREELCLEp 70t defrbnddaised B t36xiaciRGrcagapast

HLA- A24 poshé i ofarER- GAVENEREd VRie eotbrbines [ A368:424 %‘id%??@@.m , or

HLA- A24 negative and Ep- CAM positive cell lines or Ep-CAM negative cell

lines (0G56, A549, A% INRSBYLL wWieH wissliptad AZYoot gimd twasokansbdBCR@dwaat 0

t he HLA- A24fegatd Q&HE line = 7 kidJed the. t

cells. Thgpc t ot cil:igl ty tgciﬁégz %J%%@%‘éﬁ%@ dgt%a elrjf?’ngfléa?%da’[?%géé

Epl73- specwlﬁscmltkwmssnot urrgribdgkebsbe xprressilagetopdpttldesA24 and Ep- CAM

15 Fig. 3B shows t inhibj-t . c f. anti-HLA- A24 ocl onal

anti bodi es on the E%dogtj’ox(‘?gi &%é(l)ﬁ%‘:%l %é-)qstﬁé%f:f‘% e ones W(aéz%loﬁéﬁ‘ijnst

t he HUIA A2Ep2apbstili-di2deldonioiciens PCaht iBhwy cyt OEOXT Tigim sefi G2T7dagairgst PCO

as a lung r | Jd.ine (HLA- A24 positiv p- CAM posi tive |ung cancer

cell 20 I?g%e §'vvas}&§<‘1ioé:c ed by ﬁg\néél 8%3 n%?ﬁa&t‘?gidit%tsﬁg‘éi lenedr NRTA- 224 or

class | notzcal esit( WBSAF ibtitywasn@plizociemthtbheansiy Hofedehtdmnag! enal

ant i bodi esSurBQ CCol % 5:ar et _i.nhibition assay 25 Cold target inhibition assay

was carried out-accorti™i “$o-She method of Arai et al. (Bl ood,

97:2903-2907, 2001). T2-A24 cells were incubated with epitope peptides

Epl73
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 Proligo 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 slightly
35 modifying the procedure of Schwartz et al. (J. Immnol, 165:768-



or EBV-LMP419 at a final concentration of 1x10-5 Mfor 1 hour. After
several washings, the resultants were incubated 30 with 2x104 effector
cells for 1 hour to yield a ratio of peptide- pulsed T2-A24 cells to target
cells of 40:1, 20:1, 10:1, and 5:1. 2x103 51Cr-labeled PCO cell lines were
added to each well. The cytotoxicity wast@eterm ned as described in the
item 7) ??ardl CTL assays. 35 Fig. 3C shows the cold target inhibition

assay resuf{%. -Z480)n FlP@IESCSP@QBfJGF&JcLYssa%me esemes thesolurdser inatao of
T2- A24 cel Pyl sed W ERdL 7 EBV-.LMP4 (O) peptide
to chrom n%?ﬁs%%%leﬂ)gg LF'>509 cgl I s (hot ﬁ(ﬁﬁ{g&gggl rat e $C raecplrdgspé)jﬁf 4 e PR,

cyt ot oxi ci hggndésiCR7 chdai hdé, F?CQ[MSE[H‘ADGDCB%I’@gﬁ;onF XIMGOQIOB@JN rl@(;@e@’awﬁ

t he cytotoi ity without a cold. t esult, C27-nediate

cyt ot oxi ci 5% REpsSpeg! vvaasnd s%eeg ?‘Y%aﬁ’@%}w FhrpetIhyHe Huosédel aF
Ep173- pul se%t TXAR4 30celdisntdyl wasiotoddahi bichedgbye AR el@afed JpepLides.
Thus, C27-nedi ated . ¢ totggl m%@g inst PCO was blocked 10 by anti-HLA-A24

monoc! onal CARTT HodF 18P §6F4 ?a?‘&%ﬁima&éPsta%\c‘&‘b?rdiW@F?d 2F is
denonst r at gdwhbatefgtin ¢Jr0D8s/hayenan @@sﬁigl & p ﬂxfl'&éé yfdxocrhe'ip£§aed

spont aneously resented on the surface o turm
Properti est9f %@ﬁqsdgAﬁgi7§r§5@éF¥ i ‘&el@r@l@rtéﬁ@son p?d)r tIm;zlon;OIRﬂE PERbARNE RNAS

ver e extra@%fgdﬁé@%é whuwfegd celd biBEredSipg 4‘%“%@&&@5@@%{“ BESP

kit (produc peci fic oli1gonucleotidé
synt hel ze@o%EfaPFé!@i §80° 1o dccﬂicfiréfidpiﬂblk g@dJQpéﬂ)TWQﬂfn @@e | n eval uation

of MRNA expressi onsé)éf %M ri £qUS€ P . lLows:
Forward primer: X ngr%éllé% o ﬁlgﬂ o C% erse prﬁpﬁglflc
TTATGCATT@X@N@QHMT@IM@F@&CC(RJSE@G% oR5 LNbV:LQJ)on RT mR wasecaing edasut

e 00 2 VELMCELP, o (P OBUELcs Slo PN NG FL ) 5nBDY ' DR TFORISMGES
wer e analyz

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 1lines
apparently expressed Ep-CAM. The expression ofr HLA-AZ4 was
examined by Indirect Immunofluorescence testing using anti-HLA-
AZ24 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-A2402-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.



el ectrophoresi s and ethidium brom de visualization. PCR was conducted by 1
cycle of 94C for 5 minutes; 30 30 cycles of 94C for 30 seconds, 58C for 30
seconds, and 72C for one mnute; and 1 cycle of 72C for 7 m nutes. 10)
Western blotting anal ysis Western blotting anal ysis was conducted by
slightly 35 nodifying the procedure of-&thwartz et al. (J. Immol, 165:768
-46 778, 2000). More specifically, cells were dissolved in a dissolution
buf fer (50CkMM¥i s/ hydrochloric acid, pH 7.5, 5 mm nmgnesium chloride, 1
mv EDTA, 0.5% triton X-100, 10 NM | eupeptin, 2.8 pM pepstain, and 0.85 nM
phenyl met hanesul fonyl fluoride) at 5 4C for 30 mnutes. In order to

determi ne flhe prbteéptidondeatnyatheomt te deossdl wed el | s supernat ant was
guantitated at a wa en%htof 280/ 260 .nm 130 g of 3Prot ei_‘n was further
added to 12% SDS- PAGE Protdinis WePelidit 65°56Rt Hhl hnbbi e B e A Sne
(product obeMithiparepresanded!iogkah ab ¥E: overnight with PBS 10 contai ning
100% | ow fat dried m%r and 0.,.1% Tween 20. Searching was conducted with an
Ep- CAM speci fic nonb o?léfep&ﬁ%i@bsawﬁﬁ%%é"?s%lﬁt{ $ifohlie AMNderdet i ng
was condugtgdentd epeeexhdasenf atigiaat gd: sheep anti-nmouse 1gG (product of
Zynmed). 15 Proteins were visualized using an ECL Western blotting

det ection system (prédlct BiatfePshbhidiGrséFEhoe seRNTaARY)Y ¢ gin 4mghows

the exani nakti@nsd@idesS dbOEvER- GAM BXPLASS . 10f 8%@' ' |
RT-PCR and Western blotti ngv analysis. 2 J‘E“X%'nge vlgl Flgﬁg(gﬁ%% r%%é‘[i]g&% %es of
cancerl®el FERi Hed'®x3 dppafehtignexisiesied &Ep-<OlvtiTheiexpriessionr afiold A- A24
was exam ppd,by,dindi reg %?ﬂ{| S testing using anti-HLA- A24
nonocl onal anrtli baodli es. T%n]bce ibtlégéﬁan%é%bejt%%%egg%mﬁ% §Om8%%evilltckbl I
| i nes showad PodTAd4PE HRAerle ebpibes seongnfsedd&yo HEAFAR 40P -y sEXx aopd @S

he .| ; i . | HLA- A2402- i it
above, feckiEn O s 13BrodPtdl N3d spavel Hhdy 43308 Lgeld 1 cted epitopes
(4) a mutant peptide consisting essentially of an amino

15 acid sequence derived from the amino acid sequence represented by
SEQ ID NO:2 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 a lymphocytes.

20 _

2. A peptide of either (1) or (2):

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

(2) a peptide consisting essentially of the amino acid

25 sequence represented by SEQ ID NO: 2.

3. A cancer vaccine comprising the peptide of claim 1 or 2 as

an active ingredient.

30 4. A cancer vaccine of claim 3, wherein the cancer is an

epithelial cancer.

5. A cancer vaccine of claim 3 or 4, wherein the cancer is
selected from the group consisting of large intestinal cancers,

35 lung cancers, breast cancers, gastric cancers, buccal cancers,



At | east epitope peptide, Epl73, (RYQLDPKFI; SEQ ID: No. 1) is capable of

i nducing CTL including a high affinity T-cell receptor specific for

HLA- A2402/ pept i de conpl ex, and thus inmunot herapy 30 using this peptide can
be expected. | NDUSTRI AL APPLI CABI LI TY The peptides of the invention can be
suitably used as a cancer vaccine for-asw de range of HLA- A2402-cont ai ni ng
human 35 carci nomas. -47 CLAIMS 1. A peptide of any one of (1) to (4)

bel ow. (1)PanguEpitiide wmesirst i kpadegaili atdncesk, t hesaphnoyageal Basegrmnce

. SE i id I.Std iall f th
o aci 0 - CHAEREE"F B SRR B Ly B DG Vo (S R ANt de

consisting essentially of an amno acid sequence derived fromthe am no
aci d sequence represented by, 10 SEQ ID NGO |_ by addition,. deletion or
substitution of ncear&errrﬁrﬁgxé n%fs aa?iydéinet RE Eiﬁﬂ‘%l Hé my "Edpapfe wied

form ng a £onpl exmaht Raviaty HIA-A2402 4®lLqQuheotprdesdiacedni zed by
HLA- A2402-restricted cytotoxic T |ynphocytes or induce such |ynphocytes
(4) a nmutant peptide consisting essentially of an amino 15 acid sequence

derived frpm they amtrcagcidrse _@%%ﬂ@@r%%@kegoﬁﬂrié%@ lhe eﬁtﬁd’e of .
addition, deletion or substitution of one or nore amno acids, the peptide
bei ng capa®l®fl Pér Al &Y ah cerprexingreriicat-HLA- A2402 nol ecul e to be
recogni zed by HLA- A2402-restricted cytotoxic T |ynphocytes or induce such
a |l ynphocytes. 20 2. A peptide of either (1) or (2): (1) a peptide

consi dt0i ngB essent | evtiaragtict Ae lymphocacs dindemuende alepme§emhédh bys SEGH D

ropr esent e by BE B NG S SRR B ke BB g tne pepti de. of
claiml or 2 as an active ingredient. 7
9. A polynucleotide of any one of (5) to (8) below:
{5) a polynuclectide 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 ID NO:11
(7) a mutant polynucleotide that hybridizes with a
polynucleotide consisting of the base sequence represented by SEQ
20 ID NO:10 under stringent conditions, and coding for a peptide
capable of forming a complex with an HILA-A2402 molecule to be
recognized by HLA-A2402-restricted cytotoxic T Ilymphocytes or
induce such lymphocytes
(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 reccgnized by
HLA-AZ402-restricted cytotoxic T lymphocytes or induce such
1ymphocytes.
30
10, A gene therapy drug for an epithelial cancer comprising the

polynucleotide of claim 9 as an active ingredient.

11. A recombinant vector comprising the polynucleotide of claim
35 9. | |




30 4. A cancer vaccine of claim3, wherein the cancer is an epithelial
cancer. 5. A cancer vaccine of claim3 or 4, wherein the cancer is
selected fromthe group consisting of large intestinal cancers, 35 |ung
cancers, breast cancers, gastric cancers, buccal cancers, -48- pancreatic
cancers, esophagal cancers, nasopharynged- cancers, uterine cancers,
prostate cancers, and gall bl adder cancers. 6. A cancer vacci he of any one
of clains 3 to 5 mhich is used 5 for a human having HLA-A2402 as a

Loukocyte. oL ) 9 o Fandi At ONhE L VIRIOGUL G NG C T BRUP! L8 A9aER 11

pepti de of cIa|n1 an active rngré

Iynphocytel$nHUU®ﬁuaEdclaln17 which is used for human haV|ng HLA- A2402 as
a |l eukocyte antigen. 9. A polynucleotide of any one of (5) to (8) bel ow
(5) a polynucleotide consisting essentially of the base 15 sequence

repr esent eﬁ3 by SEQpOCchE: 1 Fdrb) poatiyRuctiest ibdptrea@aSicst | s @ssentdal by
t he base uence r%gresentegg%aéaﬁI ID NG 11 (7) a nutant polynucleotlde
t hat hybrla? 4 Eh BoPyH itdgaEong | Bg g aopipreamas sdgdanés

repr esent egndyc38Qct26g! EhAQGHR iurdgr siZimgent: sopdid i1Rs o and,godi g for
a peptide capable of formng a conplex with an HLA- A2402 nol ecul e to be

recogni zed by HLA- A2402-restricted cytotoxic T | ynphocytes or induce such

| ynphocyt es4 ( 8) ﬁhfﬂﬁﬁﬁﬂbeﬁo$¥ggﬁhﬁ9ﬁfd%e&matWﬁﬂg{ q;ées?ed§%§ §E%3 | B*Ro

pol ynucl eoti de consisting o base sequence represen

11 undét sPeRtigEnicehdini by, 2and belsedcapable of fornming a conplex with
an HLA- A2402 nol ecul e to be recogni zed by HLA-A2402-restricted cytotoxic T
| ynphocytes or induce such |ynphocytes. 30 10. A gene therapy drug for an
epi thel i al lzance® compmt sianginhecopptisire) edtd detdfentaianchtdnganedtt bye

ingredient. ;11 A %%CQHbSQEﬂkg%%5&8&1§8€pr'5'”9 t he pol ynucl eotide of claim

15 16. A cancer vaccine of claim 15, wherein the cancer is an

epithelial cancer.

17. A cancer vaccine of claim 15 or 16, wherein the cancer is
selected from the group consisting of large intestinal cancers,
20 lung cancers, breast cancers, gastric cancers, buccal cancers,
pancreatic cancers, esophagal ' cancers, nasopharyngeal cancers,

uterine cancers, prostate cancers, and gallbladder cancers.

18. A cancer vaccine of any one of claims 15 to 17 which is

25 used for a human having HLA-A2402 as a leukocyte antigen.

19. A cytotoxic T lymphocyte inducer comprising the antigen-

presenting cell of claim 14 as an active ingredient.

30 20. A cytotoxic T lymphocyte inducer of claim 19 which is used

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

21. A major histocompatibility antigen complex comprising a
major histocompatibility antigen, and the peptide of claim 1 or 2

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



35 9. -49 12. A transformant wherein the reconbinant vector of claim1l s
introduced. 5 13. A process for producing the peptide of claim1l or 2,
conprising the steps of cultivating the transformant of claim 12, and
collecting the peptide of claiml or 2 fromthe culture. 14. An
antigen-presenting cell which was pul secbOmth the 10 peptide of claim1l or
2 is pulsed. 15. A cancer vaccine conprising the antigen-presenting cell of
clai m 14 aBrgperletiovesilhgpedikign 145 16. A cancer vaccine of clai m15,
wherein the cancer is an epithelial cancer. 17. A cancer vaccine of claim
15 or 16, wherein the cancer is selected fromthe group consisting of

| ar ge i nt est nal Acarders, hptdapmpat antkitsy bneagén canoplsx gdstcigincanters,

buccal can . .pancreatic rs, .esophagal ncers, .nasqgpharyngeal
cancers, u§%§$%ﬁ§9§an%3r§?ﬁb§%2ﬁgt %ﬁ%ﬁ@gﬁs,‘%n%%QQF?¥ﬁ%&ﬁF%lnca sthgg. A
cancer Yacpepeidd afly cdnémofl cdai o5 oi5 the Ifmwhi cntiisren2%episegel @ept 1AHMN

havi ng HLA: A2402 as | eukocyte antigen. 19. A cytotoxic T |ynphocyte
i nducer co é%?%%hé”i%@eaﬁ?Fﬁ%ﬁ?¥ﬁP§§gﬁf?%dxﬂéiPfoFléFEFHY14 as an active

ingredient. 30 20. A cytotoxic T Iynphocyte inducer of claim19 which is
used for'%éeatigg a_human havi ng HLA- A2402 as a | eukocyte antigen. 21. A
maj or hi st 68onpafi BPPFEY FRCFYBR CORPFexidnphe siagon bagfesompatibility

hi st oconpatibidéd yeorpteaens @ndd be Bepss des ofy ghak g L pfrcRi3R. OF the tunor
antigen epitope peptide present on the antigen -50 presenting cell of claim

14. 2220 A maj or hi stoconpatibility antigen conplex of claim21 conprising

an HLA- A2497, 10l goubgeed RRoBl £ 0kORITy 3nd e 5 pentide gl gl alm 1 or 2
or the tunor _ antigen epitope peptide present’ on the antigen-presenting

cel | of cl8pPitheliadzcapcerncer vacci ne conprising the ngjor
hi stoconpatibility antigen conplex of claim21 or 22 as an active
i ngredi ent.
25. A cancer vaccine of claim 23 or 24, wherein the cancer is

15 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.

20 26. A cancer vaccine of any one of claims 23 to 25, which is

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

27. A cytotoxic T-lymphocyte inducer comprising the major
histocompatibility antigen complex of claim 21 or 22 as an active

25 ingredient.

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

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

30 29. A  major histocompatibility antigen complex tetramer
comprising a major histocompatibility antigen and the peptide of
claim 1 or 2 or the tumor antigen epitope peptide present on the

antigen-presenting cell of claim 14.

35  30. A cytotoxic T lymphocyte which is obtained by stimulating



10 24. A cancer vaccine of claim23, wherein the cancer is an epithelial
cancer. 25. A cancer vaccine of claim 23 or 24, wherein the cancer is 15
selected fromthe group consisting of large intestinal cancers, |ung
cancers, breast cancers, gastric cancers, buccal cancers, pancreatic
cancers, esophagal cancers, nasopharyngé€al- cancers, uterine cancers,
prostate cancers, and gall bl adder cancers. 20 26. A cancer vacci ne of any
one of cl aPRELIBER] Jalogghi twmpkocyiesd Ysomat rest i oy aomammt héi nge  (d)
HLA- A2402 gs1@yi eukocyte antigen. 27. A cytotoxic T-1ynphocyte inducer
conprising the major histoconpatibility antigen conplex of claim2l or 22
as an active 25(¢hgrelk amptizl oA cyabt dxiox T | ynphocyte inducer of claim

27 which is used ¢for eat.i.ng.a _bhuman havi ng. HLA- A2402 .as a | eukocyte
antigen. 30 29. A Laj%ééﬁﬁg?g%gngg%?%ﬁﬁyF§Cfg%i8€ﬁé§8ﬁbﬂgx tetramner
conprising a naj 6g) hi shecompat itidticcympat 1igan tandnthgepepsipieofor ehaim 1

or 2 or theg,t 2a.ntigen epi t ope peptide present on the
antigen-presenti'ig cell of claim14. 35 30. A cytotoxic T |ynphocyte which
i s obtained by sthhulahérmbj&ﬁ:hﬂyﬁacbﬁgé@ibimﬂ%@dahxq%@gcggﬁﬁqégnﬁg%rgﬁgror
nor e of (aé toé%%g2 below. (e) the peptide of claimI or 2 (f) the

anti gen- pr Eeﬂ Cell of claimi14 5 (g) the major histoconpatibility

antigen conplex of claim 21 or 22 (h) the major histoconpatibility antigen
conplg? teéraner of claim29. 10 31. A cytotoxic T |ynphocyte of claim 30
whi ch 1& oBtai nell BYEOtNME SiTepymphorstsi a§ alebnpd@xvwibetiweien cbtmdped by

hi st oconpathbi didps ANtFLYRNG OFPLGR, 130 ef rARr. h and.a;
cytotoxic T !ynﬁﬁzcyte by g inufgﬁ?ng %EFY%%%r%J I§b§l$§§%%%§§F%§lﬁgyng
one or nofRtHCY aForpled) agef Phed | hettanian 30hewenk | soHatd ngytdieoxits T

cytotoxic iﬂﬂ@ﬂﬁﬂﬂﬂﬁyﬁf§féﬂaﬁhﬁggiﬁgnﬁgfyﬁheral blood lymphocytes using one
or more of (a) to (d) defined in claim 30, and isolating the

15 cytotoxic T lymphocyte from the complex.

32. A passive immunotherapy drug comprising the cytotoxic T

lymphocyte of claim 30 or 31 as an active ingredient.

20  33. A passive immunotherapy drug of claim 32, wherein the

cancer is an epithelial cancer.

34. A passive immunotherapy drug of claim 32 or 33, wherein the
cancer is selected from the group consisting of large intestinal
25 cancers, lung cancers, breast cancers, gastric cancers, buccal
cancers, pancreatic cancers, esophagal cancers, nasopharyngeal

cancers, uterine cancers, prostate cancers, and gallbladder

cancers.

30 35. A passive immunotherapy drug of any one of claims 32 to 34

which is used for a human having HLA-A2402 as a leukocyte antigen.

36. A method of quantifying HLA-A2402-restricted cytotoxic T
lymphocytes in peripheral blood, comprising the steps of

35 making one or more of the following (a) to (d) act on



32. A passive immunot herapy drug conprising the cytotoxic T |ynphocyte of
claim30 or 31 as an active ingredient. 20 33. A passive inmunotherapy drug
of claim 32, wherein the cancer is an epithelial cancer. 34. A passive

i mmunot herapy drug of claim32 or 33, wherein the cancer is selected from
the group consisting of |large intestinal525 cancers, |lung cancers, breast
cancers, gastric cancers, buccal cancers, pancreatic cancers, esophagal
cancers, na8bpPRESAgedPodeancers, uterine cancers, prostate cancers, and
gal | bl adder can - ssive i.mmungt herapy drug of any one of
clainms 32 to 34 ?%ls%}he’s%g%gégg ?gr&éﬂ%‘ur%ar?rhgvi ng HLA- A2402 as a | eukocyte
anti gen. 36. A mébhothofanguget+byssentiing- A2402:f egtarkinctied cytotoxic T

| ynphocytes in peripberal bl ood, .conprisi, t he steps of 35 _making one or
nore of the foll gé\} ngﬁf a) 1% ?k&jjs%oc‘%rg)ng’ﬁ -lgglb@fi HHerdan HPkdex(&f tlein
pepti deé of 2tlar @2l or 2 (b) the antigen-presenting cell of claim14 (c) the
maj or hi stocorrpa{(iPi H“ty antigen conplex of claim 5 21 or 22 (d) the mgjor
hi st oconpat i bi | i + ahP? gBA) TonPt ekCtERAHRE 11by 2Nkl gRD9CoEHE X UmTameIng
cytotoxi c &zl yrgphoeyt esniin peri pheral bl ood or cytokine produced by such
cytotoxic |ynphocytes. 10 37. A cancer treatment and/or anelioration nmethod
conprising admi APRRTERYIRG GHECBPzHOIR bimpiinsytes| owi pgrir)enad (dpotiooa
human  havigge Hfs | L1140 i : e peptide of claim1l
or 2 15 (b)pﬁe anﬁ%g)gﬁ-c%éeg%nti ng%%téislté‘%%é %%&P%gﬁt%%) t he maj or

hi st ocidhpatibility antigen conplex of claim 21 or 22 (d) the mjor

hi stoconpagybiliay antLgen copplex Lehyamer of chalm29.., 4 comprising
administrating one or more of the following {a) te (d) to a human
having HLA-A2402 as a leukocyte antigen:
(a) the peptide of claim 1 or 2

15 (b) the antigen-presenting cell of claim 14
(c) the major histocompatibility antigen complex of claim
21 or 22
{d) the major histocompatibility antigen complex tetramer
of claim 29.
20
38. A cancer treatment or amelioration method comprising the

steps of collecting mononuclear cell fraction from peripheral
blood of a human patient having HLA-A2402 as a leukocyte antigen,
culturing the mononuclear cell fraction with one or more of
25  the following (a) to (d):
(a) the peptide of claim 1 or 2
(b) the antigen-presenting cell of claim 14
{c) the major histocompatibility antigen complex of claim

21 or 22

30 (d) the major histocompatibility antigen complex tetramer
of claim 29, and
returning  to the patient’s blood the mononuclear cell

fraction in which cytotoxic T lymphocytes are induced and/or

activated.
35



20 38. A cancer treatnent or anelioration nethod conprising the steps of
col | ecti ng nononucl ear cell fraction from peripheral blood of a human
patient having HLA- A2402 as a | eukocyte antigen, culturing the nononucl ear
cell fraction with one or nore of 25 the following (a) to (d): (a) the
peptide of claim1 or 2 (b) the antigeni#-esenting cell of claim14 (c) the
maj or histoconpatibility antigen conplex of claim 21 or 22 30 (d) the

mej or hi st 88onpaki Bielthed &t i Hedndowpl exdteriamst Lofipleiaitms2%ommnd sing
returning isept.s.b h n r. cell ractiqn i_n_which
cyt ot oxi c %'&Piﬂn%r%%t;%gg glr%% +lg ucrtéad%éfggﬁ%rgg%c et &g %%.-F@SQCOS@. BRTARY hod
of i nduci ngaein®ttBR-82308 yap o dypudscebapanisigeg: admi ni strating one or nore
of the follow ng )1t O .10 a.human _having HLA- A2402 as a | eukocyte
antigen: (a) the(ﬁgogp hedé)(eg%lg?a?frn G 3 %r(%) the antigen-presenting cell
of claim 14 (c) (e tie anthishesonpaitibyl t&y1 aitt icggamcoppl ex of claim 21
or 22 (d) the major H}stoco{g}g%}i{bi lity antigen conplex tetranmer of claim
29. 10 40. A cancet Frealad STOIPE 4P 1 DH et Ho@eBo P pigof  claim
adm ni stragingrtdre cytotoxic T | ynphocyte of claim30 or 31 to a human
havi ng HLA- A2402 gs a |l eukocyte antigen. 15 41. A nmmjor histoconpatibility
antigen conpl ex @t rBherm8ior chisrRormpaiAbi by t At 1 avmspliex £ otoapbex
conprising an HL4¢ A24@2-m0l ecule, a (32 mcrogloblin, and the peptide of
claiml or 2 or the tunor antigen epitope peptide present on the antigen-
presentd ng cell of claim 14.

40. A  cancer treatment or amelioration method comprising

administrating the cytotoxic T lymphocyte of claim 30 or 31 to a
human having HLA-A2402 as a leukocyte antigen.

15  41. A major histocompatibility antigen complex tetramer of
claim 21, wherein the tetramer is a complex comprising an HLA-
A2402 molecule, a P2 microgloblin, and the peptide of claim 1 or
2 or the tumor antigen epitope peptide present on the antigen-
presenting cell of claim 14.

20 |
42, A cancer vaccine comprising the histocompatibility antigen

complex tetramer of claim 41 as an active ingredient.

43, A cancer vaccine of claim 42, wherein the cancer is an

25 epithelial cancer.

44 . A cancer vaccine of claim 42 or 43, wherein the cancer is
selected from the group consisting of large intestinal cancers,
lung cancers, breast cancers, gastric cancers, buccal cancers,
30 pancreatic cancers, esophagal cancers, nasopharyngeal cancers,

uterine cancers, prostate cancers, and gallbladder cancers.

45. A cancer vaccine of any one of claims 42 to 44 which is
useful for treating human having HLA-A2402 as a leukocyte antigen.
35



20 42. A cancer vaccine conprising the histoconpatibility antigen conplex
tetranmer of claim41l as an active ingredient. 43. A cancer vaccine of claim
42, wherein the cancer is an 25 epithelial cancer. 44. A cancer vacci ne of
claim42 or 43, wherein the cancer is selected fromthe group consisting
of large intestinal cancers, |ung cancérds, breast cancers, gastric

cancers, buccal cancers, 30 pancreatic cancers, esophagal cancers,

nasophar yn§€al cAnceitetoxirerT ndvenheeyse pnovtate wcamodssngartheyahbhbadder
cancers. 4f; LRERY i f_.any f. ¢l ai 42 1.0 .44 ichis

usef ul forﬁ%$§%ting%ﬁaﬁgﬁg%ggﬁﬁ'eﬂL%?%@%ﬁgtggrgmggu %é?fﬁﬂbﬁ??gen. 35 -54-
46. A cytotoxic T |ynphocyte inducer conprising the major

hi st oconpapybilify i C ex tetramer of claim4l..47. A cytotoxic T
Iynphocyteﬁ?hduc%rC%EE%gg?%1jgp%¥WQ9?q¥§e 5" I ?glci?ﬁﬁtﬁﬁg‘ﬁﬁﬁgh hdvi ng
HLA- A2402 aseful eltkodytetanyilg@man having HLA-A2402 as a leukocyte antigen.



