1 DESCRIPTION CDH3 PEPTIDE AND MEDICINAL AGENT COMPRISING THE SAME 5Technical
Field The present invention relates to novel peptides useful as vaccines against cancers high
expressing P-cadherin (CDH3) such as pancreatic cancer, cholangiocellular carcinoma, gastric
cancer, colon cancer, and lung cancer, and to pharmaceutical agents including the peptide for treating
and preventing cancer. 10 Background Art Pancreatic cancer accounts for approximately 2 to 3%
of all malignant tumors. Every year, about 200,000 people around the world die from pancreatic
cancer, and its death toll is the 5th largest in magmanttumers. In Japan, about 20,000 people die
annually. Risk factors for 15pancreatic cancer development include diabetes, chronic pancreatitis,
smoking, and the like, and family history has also been reported to be one of the risk factors. Various

attempts of early didgHadiE RaliebaASIMER ek dinyGrinprb (EPENR &% INaGRDES AdvEiging; however,

most of the patients are diagnosed at advanced stages when they show resistance to chemotherapy.

Thu§, thzgr ffi)ve-glgsr ﬂ:rvival rate is about 9.7%, and only about 13% even in surgically-removed
cases. 2 At i&€ancer results in the most unfavorable prognosis among digestive system

cancers. Due to This pli¢icultinisatiagnokitstirenevis! agradesalialtieaseiritits apidsnceroépdnghéatic
cancer aspreayse Piaanses fepths psRaciRIpai daveloRRe CoMtigs. Ao MHdisciplingry

treatments, primarily surgical resection, and other treatments such as radjotherapy and.chemotherapy
are bein§& Ffri’ecd)a%’gtc ﬁrha&}i?ﬂ% FRRRTEARRI IRGFRAST B 5t Qe the widha Rl therapeutic
strategigscarmgayeiphe veeoed:a@tmlangiocellular carcinoma accounts for about 10% of primary liver
canger, and is the second most common cancer, following hepatocellular carcinoma. It shows poor
clinical characteristics, and in many cases, the cancer is detected at advanced stages accompanying
lymph n%@gﬁ%@%, intrahepatic metastasis, and the like. The five-year survival rate is 30about
20%, and is 35% ingungicallyezrmaved sdoesppraxisnaesly @aor3 tndyf A14%alignaur gicadlys unievepved
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survival,many patients are already inoperable at the time of detection (rate of surgery: 66%,

noncuratitt AEget dBARIERIHIB ISt dhtieBtbaPartd SeRLincRD a e Apredlbnsidtith S1qsatrdits are
low, sandpthreestablistvaedivel épthetapy fodddipietak| eltasksy ahiratittiNgrudkncslr ativ eheeGRefigni cases,
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nations, such as Japan and China. Early detection of gastric cancer has become possible § the
spread dHipsBarahivsEeemin plegiudubrgiguaneBacdcdsm s imesing e aspestior edéhpiques,
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20 Pancreatic cancer results in the most unfavorable prognosis among digestive system cancers.
Due to this difficulty in diagnosis, there is a gradual increase in the incidence of pancreatic
cancer as a cause of cancer death, especially in developed countries. Although
multidisciplinary treatments, primarily surgical resection, and other treatments such as
radiotherapy and chemotherapy are being carried out, they have not dramatically improved
25  therapeutic effects, and novel therapeutic strategies are urgently needed.

Cholangiocellular carcinoma accounts for about 10% of primary liver cancer, and is the
second most common cancer, following hepatocellular carcinoma. It shows poor clinical
characteristics, and in many cases, the cancer is detected at advanced stages accompanying
lymph node metastasis, intrahepatic metastasis, and the like. The five-year survival rate is

30  about 20%, and is 35% in surgically-removed cases, but is very poor, only 7.4%, in surgically
unremoved cases.  Although surgical resection is the only therapy that can be expected to lead
to long-term survival, many patients are already inoperable at the time of detection (rate of
surgery: 66%, noncurative resection rate: 20%). Both anticancer drug sensitivity and
radiosensitivity of patients are low, and the establishment of a therapy for inoperable cases,

35  including noncurative resection cases, has been desired.

Compared to Western countries, morbidity rate of gastric cancer is high in Asian nations,



5Colon cancer is the second most common cancer in Western countries, and is the third most
common cause of death in malignant neoplasms in Japan. Gastric cancer and colon cancer are
treated mainly by surgical resection, and also by chelmotherapy, radiotherapy, and the like.
Immunotherapy that suppresses cancer growth by improving the immunity of the cancer patient
against the cancer is attracting attention as a novel therapy for metastatic cancer and intractable
10cancer, against which, application of the previously mentioned therapies is impossible. Lung
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proteins and pepftides derived t erefrom whic stlmu ate such immunoreactions that attack these

cancers, have bedRSFARGRES, SRR 1 WS RRS N JESTRIgEAS BERE HmBPTHnRIstHE RS are
now in pabgnesachiliAictapsobhadiecfléuiscerqpressed genthe Buntacenoéadleaticie ated vedissdy the body. It

30is efoE&%ﬁQ@é‘aﬁQ@ &ejkﬁhﬁféﬁé? ¥R %‘E‘%%&’&Pi@?ﬁ(ﬂﬁ%@!@ fed bM Qﬁ?ecf‘éé‘d'i% degradgation of

protemsfg;roduce In the cytoplasm or in the nucleus. On the surface of a normal ceII peptides derived
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destroys cancer ceﬁ sand supprt\ésses cghcer growt can be induced %out?ﬁaﬁ%mg normal cells.
Thitlis cahaldergacer immunotherapy using 5cancer-specific antigens. HLA class Il molecules are
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enhance,ai RN eagianAgainst tumess Mtigradyeiag s ious eyiakingsmshich activateatier
imrgj oG r%tueg]c}rcezgc"t?on that destroys cancer cells. Further, many tumor antigen proteins and
peptides derived therefrom, which stimulate such immunoreactions that attack these cancers,
have been identified, and clinical application of antigen-specific tumor immunotherapies are now
in progress.
HLA class I molecule is expressed on the surface of all nucleated cells of the body. It
30  is expressed on the cell surface by binding to peptides generated by intracellular degradation of
proteins produced in the cytoplasm or in the nucleus. On the surface of a normal cell, peptides
derived from its normal proteins are bound to HLA class I molecules, and the T cells of the
immune system will not identify them to destroy the cell. On the other hand, in the process of
canceration, cancer cells sometimes express a large amount of proteins which are hardly or very

35  slightly expressed in normal cells. When the HLA class [ molecules bind to peptides generated

by intracellular degradation of proteins specifically and highly expressed in cancer cells and then



Accordingly, if an immunothcrapy that targets antigens specifically and highly expressed in these
cancers is developed, such a therapy may effectively eliminate only cancers without causing any
harmful event on one's own normal organs. It is also3expected that the 15 therapy can be used for any
terminal cancer patients to whom other treatments should not be applied. In addition, by administering
a cancer-specific antigen and peptide as a vaccine in advance to persons with a high risk of
developing such cancers, cancer development may be prevented. Although there are various
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25  that mainly uses gemcitabine, and radiotherapy. However, many cases show resistance to the

treatment and have little cytoreductive effects, which is one of the reasons why pancreas cancer
is intractable. Accordingly, if an immunotherapy targeting an antigen that is specifically and
highly expressed in pancreatic cancer is developed, such a therapy may effectively eliminate
only the cancer without causing any harmful events on one’s own normal organs. It is also

30  expected to become a therapy that can be applied for any patient with terminal cancer. In
addition, since pancreatic cancer often recurs early after resection, the therapy is also expected to
be useful as a postoperative adjunctive therapy.

The present inventors previously conducted genome-wide gene expression analysis of

27,648 human genes by cDNA microarray analysis to examine their expression profiles in 16

35  pancreatic cancer cases, fetal organs, and various adult normal organs. As a result, they

discovered that P-cadherin (CDH3) was highly expressed in many pancreatic cancers, while it



20[Non-patent Document 7] Glenn, L., etal., J Cell Biol 139: 1025-1032 (1997) [Non-patent Document
8] Bauer, R., et at, Exp. Mol. Pathol. 81: 224-230 (2006) [Non-patent Document 9] Muzon-Guerra,
M.F., et al. Cancer 103: 960-969 (2005) [Non-paten#Document 10] Marck, V.V., et al., Cancer Res.
65: 8774-8783 (2005) 25Disclosure of the Invention [Problems to be Solved by the Invention] An
objective to be achieved by the present invention is to develop means to realize an immunotherapy
that suppresses cancer growth by improving the immunity of cancer patients against cancer, as a
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25  Disclosure of the Invention

[Problems to be Solved by the Invention]

An objective to be achieved by the present invention is to develop means to realize an
immunotherapy that suppresses cancer growth by improving the immunity of cancer patients
against cancer, as a novel therapy for metastatic or intractable cancers which are difficult to be

30  treated by surgical treatments, chemotherapy, and radiotherapy, which are used to treat pancreatic
cancer, cholangiocellular carcinoma, gastric cancer, colon cancer, non-small cell lung cancer, and
the like. The present invention provides identified peptides that are derived from proteins
specifically and highly expressed in cancers and are presented to killer T cells by HLA-A2.

This enables an immunotherapy that can be applied to about 30% of Japanese patients with

35  wvarious cancers that highly express CDH3.



methionine; (3) the peptide of (1), wherein the C-terminal amino acid is valine or leucine; (4) an agent
for inducing immunity against cancer, including one or more peptide(s) of (I) as an active ingredient;
30(5) an agent for treating and/or preventing canceryincluding one or more peptide(s) of (1) as an
active ingredient; (6) an agent for inducing an antigen presenting cell having cylotoxic (killer) T
cell-inducing activity, including one or more peptide(s) of (1) as an active ingredient; (7) an agent for
inducing an antigen presenting cell having cytotoxie (killer) T cell-inducing 35activity, including one or
more polynbaieqtdst ependimgbngReptide of (1) as an active ingredient; 6 (8) an agent for inducing
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presenting cell with the peptide of ) a method for inducing an antlﬁ;e resenting cell having
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of the immunized mice. As a result, the present inventors identified two novel CDH3 peptides
applicable to immunotherapy for HLA-A2 positive cancer patients. In addition, it was revealed
that CDH3 responsive CTLs induced by using these peptides had cytotoxicity specific to cancer

15 cells expressing endogenous CDH3 and HLA-A2 molecules, and that the CTLs recognized the
target cells in an HLA-class I-restricted manner. Moreover, it was also revealed that the growth
of tumors transplanted to NOD/SCID mice was significantly suppressed by intravenously
injecting CDS8 positive cells induced by the peptides (CTL adoptive immunity method).

More specifically, the present invention provides:

20 (1) a peptide of the following (A) or (B):
(A) a peptide including an amino acid sequence of SEQ ID NO: 1 or 2,
(B) a peptide including an amino acid sequence of SEQ ID NO: 1 or 2, wherein one, two, or
several amino acid(s) are substituted, deleted, inserted, and/or added, and wherein the peptide
has an activity to induce a cytotoxic (killer) T cell;

25  (2) the peptide of (1), wherein the second amino acid from the N-terminus is leucine or
methionine;
(3) the peptide of (1), wherein the C-terminal amino acid is valine or leucine;
(4) an agent for inducing immunity against cancer, including one or more peptide(s) of (1) as an
active ingredient;

30  (5) an agent for treating and/or preventing cancer, including one or more peptide(s) of (1) as an
active ingredient;
(6) an agent for inducing an antigen presenting cell having cytotoxic (killer) T cell-inducing
activity, including one or more peptide(s) of (1) as an active ingredient;
(7) an agent for inducing an antigen presenting cell having cytotoxic (killer) T cell-inducing

35  activity, including one or more polynucleotide(s) encoding the peptide of (1) as an active

ingredient;



of (I) to a subject; (20) use of the peptide of (1) for manufacture of an agent for nducing immunity
against cancer; and (21) use of the peptide of (1) for manufacture of a medicament for treating
and/or preventing 25cancer. Brief Description of the@®©rawings Fig. 1 shows the protocol for identifying
CDHa3 peptides recognized by HLA-A2 restricted killer T cells. (The day on which the spleen cells were
isolated from immunized mice is set as "Day 300"). Fig. 2 depicts a graph showing the result of
ELISPOT assay for 18 CDH3 peptides. ELISPOT assay was used to examine whether killer T cells
obtained §hofm ARuRURIZaRIIGE sRytdiSRROIKARLY TeRdE WHEMERHS MR MW FeRfd3 Prptides.ans
produce IEN-y. Killer T cells induced with CDH3-4 or CDH3-7 peptide specifically recognized BM-DCs
pulsed V\?‘l‘fﬁwfy © Bef)lé’ptides and produced IFN-y; however, killer T cells induced with other peptides

did not e iwit @OL s pevifis AT Ipéntidané rBsponse. Therefore, CDH3-4 and CDH3-7 peptides were
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activate%ggéﬂgh specific recognition of CDT-13 peptides. CD4-negative spleen cells showed 283.7
40.0 spots/well, in response to BM-DCs pulsed with CDH3-4655.663 peptide (left in A and upper in B),
whereas(léé%r?é\%ﬁlég??eﬁ@@ gﬁ%@fﬁén; TSRS HEE 6 BM PRSP pEbtitle pulsing (right in A
and bott()lﬁ)rarwemeanE’tha@m}ﬁﬁimiIaﬁypfébmdegmg/él§pkqeidceﬁ$1§)mwm 9.3 aBtzepots/well, in
resppnse;ty W&&%MB'%@@M%{R e i Zﬁé%@ﬁQE'@ﬁﬁQRg&WﬂQ\QQQWQQW?S they showed 42.7

2.5 spots/well, in response to BM-DCs without pe&t}l e pulsing ("bottom row in C) (P <0.05), The assay
was carfiéd) GUPEIEE SRANGHGH &P SRNRFRINGREN NG CATHRMIAE MEohre GFkpbled shedrigdhenesult of
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patients. A: de- [ve € ' P of HLA: sitive healthy
onors, A B B o DA e el
CD113-468Blg6melispes)orermtiganstsretings polvavrlsepdasneptrstesyayisdnet 0 datsamLa-A2
posiive,ahAgalgficienthpused or unpulsed with each peptide was evaluated by standard 51Cr release
assay. The CTIT. ibited cytotoxicity to.C -4655:643 (upper) or CDA13-7757.765. (Igywer
opeptice pene i a R RIS o R A e R elBe Er S
CDH3" Hirsppaidegf{dh colon cancer cell line HCT11 6, and oral squamous cancer cell line HSC3, as
well as to1 BPiNGdtedaHSs Mbithns i 8 TabHiAs#sdn bimaclRBhe reatip 6aneaiGelbling BANC1
transformec{.\(/lyithfIEIeé FDIIED ene. However, the CILs did not exhibit cytotoxicity to CDH3- HITA-A2"
cplide o | Su %‘ﬂ

human IVer cance lepl, PANC I, and
(19) a method for treating and/or preventing cancer, including a step of administering the peptide

of (1) to a subject;

(20) use of the peptide of (1) for manufacture of an agent for inducing immunity against cancer;
and

(21) use of the peptide of (1) for manufacture of a medicament for treating and/or preventing

25 cancer.

Brief Description of the Drawings

Fig. 1 shows the protocol for identifying CDH3 peptides recognized by HLA-A2 restricted killer
T cells. (The day on which the spleen cells were isolated from immunized mice is set as “Day
30 07).
Fig. 2 depicts a graph showing the result of ELISPOT assay for 18 CDH3 peptides. ELISPOT
assay was used to examine whether killer T cells obtained from immunized mice could
specifically react with cells pulsed with CDH3 peptides and produce IFN-y. Killer T cells
induced with CDH3-4 or CDH3-7 peptide specifically recognized BM-DCs pulsed with CDH3
35  peptides and produced IFN-y; however, killer T cells induced with other peptides did not exhibit
CDH3 specific CTL immune response. Therefore, CDH3-4 and CDH3-7 peptides were



25 CDH3- HLA-AZT human pancreatic cancer cell line PK8. C: CDH3 reactive CTLs induced from
PBMCs of HITA-A2 positive pancreatic cancer (PC) patients and gastric cancer (GC) patients
exhibited cytotoxicity to HCTI16 and PANC1/CDH3, but not to PANC1 and PK8. D: Inhibition of
cytotoxicity by anti-HLA-class | mAb is shown. After incubating target cells, SKHepl/CDH3 and HSC3,
with anti-HLA-class | mAb (W6/32, ITTG2a) or anti-HLA-DR mAb 30(H-DR-1, IgGT,) for one hour,

CTLs inducgfl fro PﬁMCs of healt{‘g/ doar;é%i lsi%i{lnu ated with CD113.-4655.663:§\IFeft, middle) or
CD143-77% .*7%’%%% B PRI FRULCS GRAP TN ) hto a8 &gk EReaHY gkt RS Ecispiitendsay)
and eytotoisity (feddlet]5 bepreleasmbssaypwerie Maredyontiyited loy W6/82; dautunabbys khidRr 1.

Fig. 5 de%@ﬁei@oYMRM%?H&%E%Q{{EX&t’%%ﬁaeiQ?Q&@ﬂ&%@@@&ﬁﬁ@@@@é@&%@éﬂ%&ﬁ%mer 35cells

transplanted into NOD/SCID mice. A: Inhibition of growth of a human colorectal cancer cell line,
FICT116 (&DA FePigisAba phy esigpislamio neDS e D thicklaReY asrydristene diNHeR i side of
the tamorfreadtider 25caimacoindey thrafigh sphidtitarreousitismor MpliiaiiodeHhuntamMGEkstreactive to
CDH3-45 6 i to - 7 ide re\jagr usly j ated. On day
14. CTLS%%F% %ﬁi%?fﬁ%ﬁ in tﬁ%%sg%yr‘gglﬁﬁg?gfﬁge}{g%ﬁ%m@gfgf?%ﬁegﬁg Eﬁéﬁu at%%u’ v%/ffﬁ"ﬁLA-Az
restrictedAPNISeprid & RS UBREW b RRIEFITeY. shamist 4dilmeés hsRDrShID rarRe tatvere
given twopaMmgistradions ipGRHp raactiMe T Tla {na HoteantrobGRB) Treells(n=7)spribBS, aoae (c,
n=7) on day 7.and day 14.are sho Téjmg) sizes are,expressed in 1 illimeters. .B: Tumor size
in each ngﬁ%Ulges o%vé?}l Sﬁltﬁs % E)W(?\lqé . 136Mgdgg(%osg%%lr’ri}%g%%?st%teo?%\gje?rﬁ(d)% pumsed‘? 1eﬁferms -a",

"an1 tand CIREB a& used Bt (AR apWan least bereasidiesshomeddidd spbéificaiiyvintidateasponse taunless

otherwisepigfined vathteghisal@pdi the; setaniific sarmscysedtieosin have e same meaairgicommonly

understo?%igg tplgs% of t%dgigr%gl gls%ll tiSn the art to which the present 15invention belongs. The
peptide according t5Yhe present inverition is an epitope restricted by HLA-A2 which is an HLA allele

generallyfaaddlinp Usptd see gneb Crtleasiag thopesakionsnSpecificdllyDdahdigaibs it binding
pelptidej ﬂ%ﬂg_/@gm@%&@fﬁﬁiﬁﬁ%@a@@?a@%ﬁ%mﬁ% ] $e1egl?@aqm% %Ifieixtjdm 'ij_A-tﬁZ-beée f
selecle epudes were e uate Vv testing w e iler S WQou el ced Iin the pody o
A R T a RGBT SR L A5 R R R b A ey
cells (BMsD@slepuistdewitimasseideedqieptidenkilber E-detfy eden nplused Wit COMB A(FHLEVLGAV
(SEQ ID '&3@@)@@#‘5’3{%&%1%@&1@5 IRNRiPNiherbady i e HAsAZ ransagnic

mouse. The killer T cells induced by these pepti e%showed an immune respapnse to BM-DCs to which

these 25 PEPHARY REFE IR GRS CRTE SRS Tes SN UISIINSHGRAARY, ihiehiasfedbahse to
BM-DC tdwhichithexheptictesywersinoy aol etk F-Hesesdspitsrgemonsifatesthat thevpeptides derived

from CDH ars:usalhas ReRldes fprinfhcind ampune eagion aopst GR1LG Aisenting cells,
and that t are HLA-A2 restricted ep%%)é)fgi)eptldes. CDH3 was highly

e peplides derived, from CDH |
expresseiRiNdstA e WMth Eriters sHERAS L FeaRET SsHdEK Sn SR RF @R oma,

gastric caneety colbiireaHEEr3 non+sihall eHANG] aDEE, tastibibar cander Hieavisal baneer,
OSteOSarﬁ%‘@}e&E’tdcﬁB&P%%H%Hé”@%ﬁcﬁ&%ﬁ@ﬂ!ﬁ%&%%ﬁ% %ﬁé géﬁé‘ﬁ' B RRIIEHOCTLs ig

immunotherapy in many cancers. 1) Peptides according to t resent invention and agents for
inducing PRARMIE AN i derEBEGh Hinfig thduisa s s mesa sedding cordiag! 1d’tne pledrcht
invertion (A efiercitheHiatawing peptidesncer cell line PK8.  C: CDH3 reactive CTLs induced

from PBMCs of HLA-A?2 positive pancreatic cancer (PC) patients and gastric cancer (GC)
patients exhibited cytotoxicity to HCT116 and PANC1/CDH3, but not to PANC1 and PK8. D:
Inhibition of cytotoxicity by anti-HLA-class I mAb is shown. After incubating target cells,
SKHepl1/CDH3 and HSC3, with anti-HLA-class I mAb (W6/32, IgG,,) or anti-HLA-DR mAb
30 (H-DR-1, IgGa,) for one hour, CTLs induced from PBMCs of healthy donors stimulated with
CDH3-4¢55.663 (left, middle) or CDH3-7757.9¢5 (right) peptide were added. IFN-y production
(left and right, IFN-y ELISPOT assay) and cytotoxicity (middle, >'Cr release assay) were
markedly inhibited by W6/32, but not by H-DR-1.
Fig. 5 depicts in vivo antitumor activity of CDH3 induced human CTLs against human cancer
35  cells transplanted into NOD/SCID mice. A: Inhibition of growth of a human colorectal cancer
cell line, HCT116 (CDH3", HLA-A2"), engrafted into NOD/SCID mice after CTL transfer.



9 (A) a peptide including an amino acid sequence of SEQ ID NO: 1 or 2; (B) a peptide
including an amino acid sequence of SEQ ID NO: 1 or 2, wherein one, two, or several amino acid(s)
are substituted, deleted, inserted, and/or added, andwherein the peptide has an activity to induce
killer T cells; (C) the peptide of (B), in which the second amino acid from the N inus is leucine or
methionine; and (D) the peptide of (B), in which the C-teiininal amino acid is valine or leucine. A
peptide according to the present invention is an cpitopc peptide having less than 40 amino acids,

preferabtm&%&ﬁ@a&@@mmiﬂﬁrﬁﬁiG&dﬁwgpﬁ@iérahIydgessatk@r@db%ﬁﬁﬂe&@mﬁmlmmamﬂdes the
amino acid se pce of SEQ | or 2, and. ha t|v duce klller T cells. Alternatively,
the epltoﬁpe pep q#ldesn%%iiﬁlr\{gluodgré\i%epﬁﬁé’%}%?p?ﬁ%@ amlno aclgg5 SqUBHES po]fdglgé BNo: 1 or 2,
wherein iotrey evensby sevaatedmiroradio(b3.drd baibstituteekwdetktadainge tetsamarotaded TAs long as

thed?ctlvwl%@omg@e klﬂéllls'rsﬁﬁllﬁd&WtHQ‘iliLKhﬁleri?@fe%THi@'Q %@gtﬂy@@i%wﬁ@@mﬁ?rtegl .
and/or ener rless refera amino. acids.or les re erably
amifo aids oL, BB PR aRe TG T REL ARt d 8 10 S Oy L et (e
peptidesGiElsiGing )amm@Oé@@ SedrestisésobtainBB Hylaiteingnthd or igimall amintaadit geqbences by
substitutigpy, dlelstion [nserio AR Addilignefone, BVauRl-sayaral RIINg-aifitaaiduas)are known
to retain Ol’lﬁlnaj biological activities (Mark DF et al., 20 (1984) Proc Natl Acad Sci USA 81: 5662-6;
Zoller M3 H‘g ith M, (1982) Nucleic Acids Res 10 6487-500; Dalbadie-McFarland G et al.. (1982)
Proc Nat] Acad Sci USA 79: 6409-13). Amino acid alterations preferably retain properties of the
orlgtpal W@@f@?@a%&@i‘?ﬁl%@@m@ﬁ of properties of amino acid side chains are hydrophobic
amino acids (A, LW. Y, V) hﬁ/drophlllc aming acids (R, D, N, C,E, Q, G, H, K, S, T), and
Side chains havitSBoAAG Hnchal COH LR BGEABIEL Aot O IS HREE SRt chains
(G, A, Vshedfihydiexiedroup-containing side chains (S, T, Y); sulfur atom-containing side chains
(©, 0 carboxyi el M ATdRHANANTILARFIBNAC D Ahhoasssaolaiing s chans (%

K, H); and aromatic-containing side chains ), where characters within the parentheses refer
to one leHBHCHERA RS a?mma%td@dgmw%&éféﬁwémﬂaméﬁﬂﬁé&ﬁé@ B W B RES# RAEntion
(imiunagesd @epéidagy.are nonapeptides (9-mers) or decapeptldes (10 mers). Herein, a peptide
having killer T ¢ i stimulates killer
T cells (cytotoxu(?[l lil%cg éﬁﬁ ggrﬁc%&g%%atﬂ%rgg%%%‘ gﬁlgﬂ%%%% %Y % ﬁf? e Ar’gnd killer T
cell- mduwﬂwg}a@tmﬁls%ﬂ%kel&rﬁﬁ?@raewfgéa@éﬁé@éﬁ%ﬁﬁﬁa@ﬁ&ﬁ#&@ @Pﬁaﬁﬁaw o&ieﬁﬂ%[@ AHH3 may
be alteregddyidates of HLA-A2 binding peptides derived from CDH3 were selected using as an index

their binding affinity to HLA-A2. The selected peptides were evaluated by testing whether

20  killer T cells would be induced in the body of HLA-A2 transgenic mouse by dendritic cells
derived from the HLA-A2 transgenic mouse bone marrow cells (BM-DCs) pulsed with a
selected peptide. Killer T cells were induced by CDH3-4 (FILPVLGAV (SEQ ID NO: 1)) and
CDH3-7 (FIIENLKAA (SEQ ID NO: 2)), in the body of the HLA-A?2 transgenic mouse. The
killer T cells induced by these peptides showed an immune response to BM-DCs to which these

25  peptides were added. However, these killer T cells did not show any immune response to
BM-DC to which the peptides were not added. These results demonstrate that the peptides
derived from CDH3 are useful as peptides for inducing an immune reaction against CDH3
presenting cells, and that the peptides derived from CDH3 are HLA-A2 restricted epitope
peptides. CDH3 was highly expressed in most cases with cancers such as pancreatic cancer,

30  cholangiocellular carcinoma, gastric cancer, colon cancer, non-small cell lung cancer, testicular
cancer, cervical cancer, osteosarcoma, and soft tissue tumors. This indicates that CDH3 is

useful as a target for immunotherapy in many cancers.

(1) Peptides according to the present invention and agents for inducing immunity against cancer
35  containing these peptides

A peptide according to the present invention is any one of the following peptides:



substitution, deletion or addition of one, two, or several amino acids. Herein, the Tenn 10 "several"
refers to 5 or less, preferably 3 or less, more preferably 2 or less. Further, since the regularity in the
peptide sequences having high affinity to HLA antigehs is known (Kubo RT, et al., (1994) J. Immunol.,
152: 3913-24; Rammensee HG, et al., (1995) Immunogenetics. 41: 178-228; Kondo A. et al. (1995)
J.bninunol. 155: 4307-12), the peptides of the present invention )(epitope peptides) can be altered in
order to improve their affinity to the HLA antigens based on the regularity. For example, peptides with

high HLA-2 binding) affipiycan besabianash iy r&@@&q&ﬁ@% seseasipmiee acidrom the N-terminus

with leucinc or methionine. SimiLar. , peptides with hig HLAmgﬁﬁgngy cgn ?so be obtained by

replacing the CASIRPRIBHIET AtH VRIR 5 esenacs P hde SRS e

peptide isrtheosaeneralsaanpartoidds) amind sidid sk gebiied ofsarieehdodeneddedr axbgdiroeis drotein

having a]g%f&[g@gg%c&@g,@qg gligelsistighds.aytoimmune disorders or allergy symptoms against a
c su

specifi stance can be caused. In order to avoid such side effects, an altered epitope peptide
shoald not be iddhudaF RAFCL ihd Lt e ffeifeae brRHRAF S SRITh D =S BRRIBE P ekt oF

necessarydiioaing;outda homology search 15using available databases to confirm that there is no

endogenous or expagpQuS rotaingYit & Aiierntiunclinnuhish, shans 10A% hamelagy with the

altered epitope peptide. By this process, risks caused by the above-mentioned amino acid sequence
alteration for incréRSRIARCBFURG AMIGH FHRA MY AN B SRIRASERSIIMBRS GG I T

cell-indueintmaatiidty peeferiabl aveisl @chn?OAdihougiciie alooy erdfsabilyddspeptides faidngbidd) binding
affipity t i e ' [ c [ ndi tides
se|S‘Ei‘te&ﬂ%@ﬁ?‘%ﬁ%ﬁfﬁ%ﬁ%ﬁs&%ﬁ%ﬁ%% T B R er 7
cell-indukifgraaivity. TR MR vEemeriEnns Berds Bay Beledpampsatidsinpladisgnatgan acid
presentirggtetsdevshp NmarMH Glantgem danexamplerB-ymphecies aroaatphages, and
dendritic cells), or 75more specifically, inducing,dendritic cells derived fr man, perigheral blood
ot O R B N R P P
positive B8IRbERd FREdueTiFPHEESRotSIstcd civiet e andpirsldsfgstecandly & AsaBnotrlsstetsss,

transgenigcaaiibaisi thaiex RSN RUMGHR pheftaBligenfasasesibeEs, foeexampieeBapohamed
L, etal., gZOOO%H m.i_tnmun .61(8): 764-79, Related Articles, Books, and 30Linkout) can be used.
the

ol
For examr|cr))llen,0 g a?f;eta(r:lqéﬁg &N Be radiolabeled by 5ICr or the like, and cytotoxic activity can be

calculated from tMerigdiperRtEies (fete 2sptdes mchding gatine [ksihsravriies b thacdipeetetisclis be
examinegriyhneashisiagi drbgy redusedipithieinager dumisbekiierahselladaitha Brearer Oldhe
the cultrS ALY G 0 SRRy oM LA Gl T M eesutt of
exa@Minatid o Breckiiist AeedISeiddeihg Hotvitr ofZellgyéiiided Shothdd. thi3heNvehtideschiseg high
binding affinéyste 406; afs ANHAGRIRIARYL G er al,. (1982) Proc Natl Acad Sci USA 79: 6409-13).
Amino acid alterations preferably retain properties of the original amino acid side chains.
Examples of properties of amino acid side chains are hydrophobic amino acids (A, I, L, M, F, P,
W, Y, V), hydrophilic amino acids (R, D, N, C, E, Q, G, H, K, S, T), and side chains having
25  following functional groups or characteristics in common: aliphatic side chains (G, A, V, L, I, P);
hydroxy group-containing side chains (S, T, Y); sulfur atom-containing side chains (C, M);
carboxylic acid- and amide-containing side chains (D, N, E, Q); base-containing side chains (R,
K, H); and aromatic-containing side chains (H, F, Y, W), where characters within the parentheses
refer to one letter codes of amino acids.
30 In a preferred embodiment, peptides of the present invention (immunogenic peptides)
are nonapeptides (9-mers) or decapeptides (10-mers).
Herein, a peptide having killer T cell-inducing activity means a peptide having T cell
inducing activity that stimulates killer T cells (cytotoxic T cells/CTLs).
In order to obtain peptides with high binding affinity and killer T cell-inducing activity,
35  the amino acid sequence of a partial peptide of naturally-occurring CDH3 may be altered by

substitution, deletion or addition of one, two, or several amino acids. Herein, the term



necessarily have high killer T cell-inducing activity. However, the peptides containing the amino acid
sequence of CDH3-4 (FILPVLGAYV (SEQ ID NO: 1)) or CDH3-7 (FTIENLKAA (SEQ ID NO: 2)) showed
especially high killer T cell-inducing activity 5As dest®ibed above, the present invention provides
peptides having killer T cell-inducing activity, more specifically, peptides including the amino acid
sequence of SEQ ID NO: 1 or 2, or variants thereof (i.e., amino acid sequences in which one, two, or
several amino acids are substituted, deleted, inserted, and/or added). The amino acid sequences of
peptides-centRiningrthe:pine ARING AP S5, Nard &fe?er%ly_agm%&hermfd%ﬁ BiRierRDly not
10identical to those qf other endogenous proteips. Especially, peptides with high HLA-A2 binding
affinity cEoRE R m?%&m&nﬁ?@ hREE MG MO B e SRR RS W SHEiRd o
methioniak, @A84 rIbinreplading $he3CHfeAAiRdmaminscadibyvitia Ak Hr lancinegenetidhel peptides of
the presenkinyenkaRdpay elnqedmsiatians s asaveneviRihaide. saaln X afion R
phosphorylation, unless the peptides lose their killer T cell-inducing 15activity. Other modifications
include, fEPESRMMSRYIGSSA MM E SRITE S BITEFINITPERIE RS S RS g torserense
serum haikliteofatitg. peptidesimple, Mettioeisviith dlbshi ki e, enbimdanyidtinyng e péptides of the
present RYERGO AL BARAISHALN Rl dnd REYMAAS SHARIGRI soRLhgIARE PaBiidia o)

Ical
recombinant peptides produce ene-recombination technology emic y-synthesnz d

: y . ) ! ;
peptidesPsPiitispradetahiEntion anipe dfmitesiredlsh l%‘?:@%ﬁié?%@%\ﬁ?ﬁ%ﬁ@ﬁl@ﬁl%ﬁﬁfﬁé@% methods
such as thefonot wéthoslitfiuiorésydimethyloxycarbonyl method) and the t-Boc method
(t-bytyloxycarbo od). T tid e presentinvention can alsp bhe synthesized utilizing
vaﬁlgtus commer%ﬁ/@fe[a%%ﬁcgﬁgggg%%pé § ﬁt%e%?é’g@%ég%ﬁesﬁ%‘ﬁt? es o tﬁgaﬁlrgg%{rﬁ? ﬁﬁ}é%ntion can be
manufacitfEenss PEEBAMIAEMPIofEi RSB EBaIHEIDNAR A adHcHR! Aurfsonds degiiericssdmsoding
the peptidlasipmvadaiisraekomngiegs thareeina wh ik dugingibenm inteca suitBd eI essHos&y1stem.
Expression, yeciorshised mavRreferabivns Aty vedior iatean e aulonomaushdublicated.in host
cells, or can Be incorporated nto a chromoBonts Brthe host celf%and contain a promo’ter on a
suitable fSgUeNEaRbKNEXPYPsioRDf & peptit eLEPeTil dSJeRessTTa s RNAPIs hhoimel eeyesardncoding

thel peptigenpf Hha1ppes et tbuen o Boedith ehar erkiead Ry dRiHe NG the sRNRNRHaNed R )¥Pression
vector into the t. The host. may be f bacteria t, animal cells and insect cells,.and
introduct@éﬁ%ﬂwg%%?gs%?gﬁhfggfg? t@%qﬁ%n% C!:Oagﬁ t‘)‘g%?rlﬁe%?%rﬁ Sgilr%pgﬁﬁ Q%Wn% C fques
dependifipeesshe e saesthbthehp absestirsrdivied, amenreed thisaeentqsaptiieiontiie rasesnintention
can be ispitiad Byriauiusing dheHransiarRant-arefisad Rs.sesaie e RPAVEG RIS RNy,
accumulating %Vglgg eptide in the culture, and collecting the peptide from the culture. When the

transformant s a prg aryote such as E. coil or an eukaryote such as yeast, the
20 Although the above-described peptides having high binding affinity to HLA antigens are

expected to be highly effective as cancer vaccines, candidate peptides selected using high affinity
as an index must be examined to see whether they actually have killer T cell-inducing activity.
The killer T cell-inducing activity can be confirmed by: inducing antigen presenting cells having
the human MHC antigen (for example, B-lymphocytes, macrophages, and dendritic cells), or

25  more specifically, inducing dendritic cells derived from human peripheral blood mononuclear
leukocytes; stimulating them with a peptide of interest; then mixing them with CD8 positive
cells; and measuring the cytotoxic activity against the target cell. As a reaction system,
transgenic animals that express the human HLA antigen (as described in, for example,
BenMohamed L, et a/., (2000) Hum. Immunol. 61 (8): 764-79, Related Articles, Books, and

30  Linkout) can be used. For example, the target cells can be radiolabeled by *'Cr or the like, and
cytotoxic activity can be calculated from the radioactivity released from the target cells.
Alternatively, the target cells can be examined by: measuring IFN-y produced and released from
the killer T cells in the presence of the antigen presenting cells having the immobilized peptide;
and visualizing the IFN-y production zone on the culture medium using an anti-IFN-y

35  monoclonal antibody.

As shown in Examples, the result of examination of the killer T cell-inducing activity of



culture medium for cultivating these microorganisms may either be a natural medium or a synthetic
medium, as long as it contains a carbon source, nitrogen source, minerals and the like that can be
utilized by the microorganisms and allows efficient ddlture of the transformant. The culture conditions
may be those usually used for culturing the microorganisms. After culturing, the peptide of the present
invention can be isolated and purified from the culture of the transformant using conventional methods
for peptide isolation and purification. Peptides including an amino acid sequence in which one, two, or

several %@HHQ&%MQE%@&&Q%M@Q&%@QM% H?ﬁd%‘f%i_@ﬁiﬁﬁkdté%é‘%% Qf@é@d@n‘&g lor2can
be appropriately produced o %t{ae.l[n&e% by person,skllle(;illnthe art%ased on the informatjon on the

ooty b v &lﬁ%ﬁ IROQR A e JFSESTDIRFRSIES CSPRURAINE the gene
encodingraipeptidesedhiehceaftainB 3 Anidbvadioh§e(isndP iNWhighootd) Hie o s ia amino acids

are sub @EG@DQ@@}Q{?) RSEHELsFRGARL addediintheaming.Reid Sequence of SEQ ID NO: 151 or 2
and has killer T cell-in u‘C|§n§§; ¥ can also be produced Et()ﬁ%ﬁany method known to a person skilled in

activit ‘ , . KNOW
the art, such as AelricaPSPRG s RTEtRNE HY iR e iffsi g RYdss AIERgALS ST For example, the
site-directédimiutatte nesistym etbhodsereiotlilyegprdtic ianigidiagring dechn iguié Scim ersefolfIEdQUBe it can

introduce@ specificmutation i ERSCific,RRSINR <L canbe;raries oHE aceerding o fhe methods
described in Molecular Cloning: A 20 Iabora%%z Manual, 2nd Ed., Cold S(grlng Harbor Laboratory, Cold

Spring HSBd ARt S abEreiAatBirTiedetndfirdd iole dNSRrEIBRiIAE S ARARTR TR REMIBFS tocols in
MoleculavBigiltgy . it piple meinb 38s JOBE YR W& Soos) 18841997 Halkbfaviapes dretéinadter as
Cuyrent s i I | Jlike. e- ri ides qf the present
inv{eErﬁtior?{%thgglﬁd% c%%%rﬁ ﬁ%r;l%tﬁyg f%%#%%%%@g %J&%rlhgs a-%](? %%%:/{,h I%%?I%%\?%)ngﬁgg %Epégr%% es%b'?herefore,
accordingj 18 iferpragsaimbe bt e BHESTRHREBMI foRA TP 2 aeih Sten te NoHRaRHS g itk
peptidesi@fdine presehtdpenNtad areprepisess THeCagenisi0ahnduciod Wirhualinobiheupigsent
invention can alsg,be preparsd:as & Mixed (eImulation by campining o, or mare enilope pepides.
Agents for inducing il Pnunﬁy ornriated by cpmqblnlné/ mul |p€fer_r1<|n SO peptlg?es gfcbeya COCKtail, or
may be FterRNOIdked osisakPhnsRarideitiguelesT Hie ppiriofes pesstides tallse Essibindddngy be
pepsdesabaving difgrenhaminatasid SROURNESSAakyed Dom the &R g6Mmer enmanda peptides
having agplieﬁg %Cisdw el?#ecgc%% lollgeer'vt(-%-)di frcoggscélifféar{l%trgﬁr_}]? S (y{yp%n gh% (P%ptides of the present
invention are administered to a su Jecfl, the administere peptlgeé)epre Se'nsely-presented on HLA
antigens of antig¢tbedsdntinbtenisg and wubségtiems thellgriideslief hhiptesedanypeiedicatyngith the

35complexedprmeshieiiveenihensdmipigieradpsniigrseanddhepilils antisensbaimindpeads

AIternativeI% bé/dcbontactin dqurnitc cetllshcolLected from a subject with the peptides of the 13 present
inventior (O Cy pu?’sﬁ%f\:ivi e 1886%55%?? (@ﬁ‘resent invention dendritic cells collected from a

suBjéct), the antigkenprelertimghesitsdppresentthicorrspridies oftibe qrebesymhesitishion their cell
surface gag e RRIRINGCLH3Y RAMINIBERING AR ANUORNFeSERtingERls back to each subject, killer T
cells are i duc%:?%cle‘l in the subject's body, anﬁ as a.resylt, immunify Sresponses to target C%S presenting
the pept A S HE BTG RO EAIT b B Gt M Lt Stohol REUVG) pretably
in vitro, thepadents for mekesing enomicgragainst sartbesiactotding govtwsesent invention can induce
helper T callsfilighJ £olimnpt gEpHes Shimmyageytes including these cells, thereby conferring
immunity againsg cancer,

Ty yag Iflcue peptides of the present invention can be manufactured as recombinant proteins by
obtaining DNAs having the nucleotide sequences encoding the peptides, or variants or homologs
thereof, and introducing them into a suitable expression system.

Expression vectors used may preferably be any vectors that can be autonomously
duplicated in host cells, or can be incorporated into a chromosome of the host cell, and contain a

30  promoter on a suitable locus to allow expression of a peptide-encoding gene. Transformants
having a gene encoding the peptide of the present invention can be produced by introducing the
above-mentioned expression vector into the host. The host may be any of bacteria, yeast,
animal cells and insect cells, and introduction of the expression vector to the host can be carried
out using any known techniques depending on the host.

35 In the present invention, the recombinant peptide of the present invention can be

isolated by culturing the transformant produced as described above, producing and accumulating



10(2) Pharmaceutical agents for treating and/or preventing cancer according to the present invention
(cancer vaccines) It was shown in the Examples that the peptides of the present invention can
induce cancer cell-specific killer T cells in vivo. Morédver, it was shovvn in the previous invention that
CDH3 was highly expressed in most cases such as pancreatic cancer, cholangiocellular 15carcinoma,
gastric cancer, colon cancer, non-small cell lung cancer, testicular cancer, cervical cancer,
osteosarcoma, soft tissue sarcoma, or such. Accordingly, the agents for inducing immunity including

the Deptiﬂg%éﬁtﬂ?@ 1Br§1%9d%ﬂﬂﬂﬁéelaHQf&cﬂ[@cﬁﬁ@@ﬁéﬁ%ﬁ@x@@fﬁf@@ﬂ&%ﬁﬁ;@&entS for treating and/or
preventing cancWhTh t |st t%y x|m|ct|n the aggtld es of {lhe nt invention, tf et er Wlth Hltable
adjuvant into the odly, Or attar p sing it eptlbles e an‘ﬁ@(e)ﬁa?(fpr argc |nsél%eﬁs guc as
dendriticcubliss tapdormatieckitigvikiieg thews! i mredrngintedsandyadtivatbe aanathesd thedremudtr antitumor

effects C%ﬁ%t@(ﬁ%ﬁiﬁﬂr Fylg?@agﬁ%%ﬁﬁﬁ%d&%ﬁ]ﬁsgﬁ%d%@ e pIRReAtiNYERRM ¢RO 10
inco por ted int sunlggée}rvec ors..Human antigen_presenting cells }grijendnéﬁ‘cel tc.) and bﬁctena

suc B 86‘6 e BU O &R 1 SPS PR By the e ebmbifs %’H‘&%r
such as wlwn ieovitu®than ffabe thgensmélynegt dtedDNAN25ka cudingrbeipeptidé Gktha jresent
'”Ve”t'o%@ﬁ%ﬁ@mvﬁ]é’s%q\?cﬂ YR VarGINRSIIRE T aRlipe-BRY R gYeBERG-DYMAR cancer. The

dosages and the administration methods fbr the cancer vaoglnes are the ame as those for usual

smallpoX FAdarReb B YRedianal methpdsforpeptisleds ?Egﬁﬁf%%’ﬂ 16%198e term "vaccine" (also
called immunog®erigtidesnpolsitiong) ae fensnio ;@is Hegtamce thathindiuwes Byditonser énahrumity acslsppresses

varjgus J0CancerswichAecHiated bl al Gy SINGHE IRNARESERE INUENEIOR, E&é{\fﬁlﬁ geSted
that the peptide including the amino acic se{ggence of SEQ ID NO: 1 or 2 is an HLA-A2 restric

epitope PEtRFELRECLFNAAHYS SFERG SHU<hBCIhE %‘?ﬁfﬁé vadpeHosmigR AR ﬁlfé%mmg cells.
Accordingly;dhe: pmdmgnhelaﬂmmsaimmwﬁ&mﬁﬂmmdﬂ@tdmm arfietitfenlipndun gydey using the

peptides.iclufid oAV BFid SEANENFE,01 Q0N BrauaRiadants beraal apipclude

substltutlonsgglg S ora tions of one, two, or more amino acids. ngeneral antitumor |mmun|ty
mc|udesal¢1é8fé%mﬁlmﬁﬁﬁuﬁ@?@§pa%§é@ adoripdisdions R ad saRrR PR RS RN ining
CDH3 expsessing hzal ﬂsﬂK&)Truéﬂcﬂmln@ﬁgaaborﬂye@atha&@aﬁmg@kz&MmQr&@oﬂtﬂn@mgrﬁﬁ)hl&@(pressung
cells; and (3} inqdystion, of anticanser Xﬁ%h{l ﬁ%‘é&“& PhENAPAIlG %Bﬁ&’g?& pduces any one

of these Immune responses t I’OUgh INOCuU atl to an anima elIs ermlned to have an
antitumoP HASRISHAIn RS AyaETRiet th‘ﬁé&f&tféﬁé@éﬁﬂﬂﬁ%ﬂéﬁﬁﬁﬁﬁ%&?ﬂﬁ@ﬁ@ﬁi%fé“‘éa% be detected by
observingtheetHag it dtitiguesnonsefal ibenimymuas sysiiuctoatbeepeRtidatinianhioss.a spedific example,
methods for detec % n?uctlon f klller T ells ar gvglét%ngwg A fger |%nﬁgg%5 negytt that invades a
living boay IS presen d Cface(f c?(é: ce sgoyt & action of 10al

antigen presenting cells g C). T cells

tha}QeSF}@b@m@@hMIDQégelﬁ@edlgdﬁﬁmfﬁ@gg,{m@ratory, Cold Spring Harbor, NY., 1989

(abbreviated hereinafter as Molecular Cloning 2nd Ed.), Current Protocols in Molecular Biology,
Supplement 1-38, John Wiley & Sons (1987-1997) (abbreviated hereinafter as Current Protocols
in Molecular Biology), and the like.
The above-described peptides of the present invention can induce immunity against

25  cancer, as also shown below in the Examples. Therefore, according to the present invention,
agents for inducing immunity against cancer containing the peptides of the present invention are
provided. The agents for inducing immunity of the present invention can also be prepared as a
mixed formulation by combining two or more epitope peptides. Agents for inducing immunity
formulated by combining multiple kinds of peptides may be a cocktail, or may be mutually

30  linked using standard techniques. The epitope peptides to be combined may be peptides having
different amino acid sequences derived from the same gene, or may be peptides having amino
acid sequences derived from different genes. When the peptides of the present invention are
administered to a subject, the administered peptides are densely-presented on HLA antigens of
antigen presenting cells, and subsequently, killer T cells, which react specifically with the

35 complexes formed between the administered peptides and the HLA antigens, are induced.

Alternatively, by contacting dendritic cells collected from a subject with the peptides of the



cells in an antigen-specific manner differentiate into killer T cells (also called cytotoxic T lymphocytes
or CTI.$) through stimulation by antigens, and then proliferate. Herein, this process is called
-activation” of T cells. Killer T cell induction by a spdéific peptide can be evaluated by presenting the
peptide on T cells using peptide-pulsed antigen-presenting cells, and 15 then detecting the induction of
killer T cells. Furthermore, antigen presenting cells have effects of activating CD4- T cells, CDS+ T
cells, macrophages, eosinophils, and NK cells. Since CD4+ T cells are important in antitumor

immunityQeHUMRhIBAR B RAYEIRe affert pEbiaRaRtide sREAE fValUBicd-aing.tberctivating

effects of these cells as indicators. Methods for evaluating killer T cell-inducing effects, wherein the
cilor T LR SR G R BT T LR Ah Rt LR RERL s TrE EoETE R i
the art. Amontiparntigdaipredentifigeedis by hined thB sadngestiler theselitigaeiprysdfents Tells
method {yRlvesa fiishepiaiing a tepkReptids viihD&s sasddnangoniagting taauRGmwithifycells. T
cells having eytotoxic effects on %%%(ﬁéézells are .(%%eﬂ%trﬁld fromthe T C(t-:alls conLgcte with DCs. If the T
cells shoFRSASTO A AERiET g YRR H NSNESHRAIINETARR SRS FIBFISEEN activity to
induce cytotoxic WleallssectivityrobkilleriToc pitefaghinst tairget the lig snis Hoastdwaorecatisgaiiybe

detected, for xamRiea 43iRgHY SIS AL piidabriaditingr salikasapdndicaieriternatively, the degree
of tumor cell damage can be evaluated r:ﬁglng 3H-thymidine ugé%lﬁeg f@c%g or release of lactose

dehydro§ErRs BRI RReXFIinER IR hsEnhaks Ty HEJSI H8 ffer T

cell-inducing activity are 30peptides having DC-activating effects and subsequent killer T cell-inducing

actyity. B}Wiﬂ?&c@&%lﬁ%%éﬁ%t#WH&&%Q‘%BJ/&%L%@&R%HQ%M@%@%W% Retisgiulas vaccines

against cancers presenting CDH3. Furthermore, antigen presenting cells that have acquired an ability
to induc& KO EERCEgHfistEahcers through contact with the peptide will be useful as vaccines
against cancer. Kdditichally idltae Exceliplthahhiahe pegtideac Ciitotmxicity iy aresertatiorlafpeptides

35by an '%&Pésﬁ%%@%S?J%ﬁ&aﬁc%ﬁ&%iv&ed BRGNS AGRINR SRS REESEOHRG GREF T he

method for treating cancer using antitumor immunity by antigen presenting cells and killer T 15 cells is

called cytOintiAbIRERpFXPressrd oMol cHreiPHRHyPRRAES B8R GhMIARGHTENIRY, efficiency of
killes T celléntetiofnoaie beneahanked-hycenmbining i @ilnality ehoepticexliaving differentalructures.
Therefore, whensimulaling DG VIR SR, TBNIENS. LS, AANNIAREQUs,R HaG AUy Of 5 more
than one type 'of peptide fragments. Induction of antitumor i ur%z y peptides can‘also be
evaluatednBrai¥enging et hssetisls ot R PEERFHr BYIGBHOR AGMREY Hrsbeﬁégfeéﬁaﬁ]ﬁ@,&wﬁén
antibodigsragainst peptidescatatinducaddn labioreiqnyyanjaaisydmenpepziddswithhtprpeplideseane when
growth, proliferation, and/or metastasjs of tumor cells a sulﬁgressegllgy thgst.danﬂpogi%s it is
determir?ggei%ﬁgf@h% Sﬁlé%)at{l’l e%éﬂaﬁlauég%elér?t%ernggﬁ ?r'h%&rﬁ%{/p _ m/%\r\ﬁlltumgr%n?muer?ity can bggr%nduced by
adfinistersaentnsecilsswitiae dredane relsntisnonidiidueidicof sstrordisrdrmnd assppied.
treatmenihand preventioamfeanerrrdiieals b aalbng CaTeeiher, R RI0GICRE B8Ry PRBIGERCES Ry
include inhibition of cancer cgll .%rowth regre sion fcancgr ceIII's_I and S%Qpression of. cancer cell
resenyavention can be d F?r}iqé‘atff' 1nfo S 1t%>le vectors.  Human antigen C;?resentm% cells
developMient. Decrease i mortality Lbrate of individuals who have cancer, decrease intumor markers
in blood (dendlrsiguagitonase.) and bacteria such as BCG Mycobacterium tuberculosis that are transformed
by the recombinant DNA, or viruses such as vaccinia virus that have a genome-integrated DNA
25  encoding the peptide of the present invention, can be effectively used as live vaccines for treating
and/or preventing human cancer. The dosages and the administration methods for the cancer
vaccines are the same as those for usual smallpox vaccines or BCG vaccines.
In relation to the present invention, the term “vaccine” (also called immunogenic
composition) refers to a substance that induces antitumor immunity or suppresses various
30  cancers when inoculated to an animal. According to the present invention, it was suggested that
the peptide including the amino acid sequence of SEQ ID NO: 1 or 2 is an HLA-A2 restricted
epitope peptide that can induce strong and specific immune responses against CDH3 presenting
cells. Accordingly, the present invention also includes methods for inducing antitumor
immunity by using the peptides including the amino acid sequence of SEQ ID NO: 1 or 2, or
35  wvariants thereof that include substitutions, deletions, or additions of one, two, or more amino

acids. In general, antitumor immunity includes the following immune responses:



detectable symptoms accompanying cancer are also included in the effects of treatment or prevention
of cancer. Such therapeutic or preventive effects of the vaccine against cancer are preferably
statistically significant compared to that of a control Without vaccine administration. For example, the
effects are observed at a significance level of 5% or less. Statistical methods 20that may be used for
determining the statistical significance are, for example, Student t-test, Mann-Whitney U test, or AN
OVA. In the present invention, the subject is preferably a mammal. Examples include humans,
noNn-human;RERRALESe Mt Al oG falnasem emeaitieD but ars el linitad; thereto. Peptides of

the present.inyention can he administered to a subject in vim or lvo. 25Furtheimore, (o produce an
oG GRS N T oLt 6 B ST AR s GRS BBt &

€ of the present
invention3jhadistitrecdmitioaacidt sgghercerod SEQD NO: 1 or 2, or nonapeptides selected from

variant peptides {gEgof  MaYRE Yeslle ind M ariPesdicalisthgRIese RidnveRIeR-prgwides

pharmaceutical agents for treating tumar or for preventing growth, metastasis, and such of tumors,

inclading BT B PP Epiiaak BE aEIpIs SRRSO AX AV G TIBHI PEPRAES B! the
present iffentiolnatepartididatiynuse fuhfortrediint) p asptidatierchn detccadlangiveeiulartbarcinoma,

gastric cgngey, £oloneANeer MORmMAlL el ing SROGR - iesticyiAs gancer, cervical cancer, and tumors

such as osteosarcoma and soft tissue safcoma. Peg; ides of the present inventi?in can be administered

directly to a subjEet S5 BEy RSt Aat seyoscRsiHAtRLOA 'By Brdiingly 267 WGIABARethads. Such
formulatifomneigaubstunke; ihaadditides tol ihia pbpdig éspoétbe @ 6séntaihy endi Bhe g drmheadical lyf

acqgptable @5{)&%@&% égipggﬁ%indﬁeaﬁgM?&%_ﬁ%@% Rharmaseulicel poe ke oL ihs RIGSHRL

invention may be used for treating and preventing various tumors. Furthermore, to, effectively
establisF eIt Ry Padiic ARRne A BErrtal inte bitlsmhacdadeleagdstsagrtradtidg and/or
preve nti.mgﬁpmgsdmQk@mpﬂﬂ@rgmai&x@bnﬁﬂq:gf @ﬁﬁpj&gsp Eﬁﬂ&h&t’ﬂp@ﬂﬁmtas .aHtJeveim ghmjientg.
Alternatiyell. (018 oMAOINL AR BECEACTMRAIGIAIBNALAH) e JRAIRHIRALR B AgAntitumor
agents. Appropriate formulations also include granules. Appropriate adjuvants are described in the
literatureS¥IoHHIEH Ryasesgn 902 sherepiieronibiclswsingepisdy nolssth prée et REfeRAEHE firtladed
incompletri-ewd scadivahitBa Gf kidbaDseldimyantatenibRMhtigapelysacthacids (RS} falum
adjuvant, silica adjuv. i uwols te, alum hydroxide, and,alumj assi e, but
are not Iitr)rﬁ%é%vf%éﬁréto. élﬁtjfgérfr%’qre, ipqsg(?ﬁr;fémgcrzfﬁa aa}t%gﬁgogs#gnélilélrg%}%ﬁgg%%in w %ﬁ%ug is
attached e Dbsaads aRoTET HAMEEROT SevenilyantEre s imoantrdndusmiss g s fthe msatdcto the

aforemeglippedRepiide s mayhedsed coenisniithMethatisaofatsataistration may be oral

administration, intraderrnal injection, s utanepus jnjection, 15intravenous injectien, Qr such, and
may include sysr}e{r%glzogar%fn?é/tar%ﬁgﬁi %glﬁc%:%?é: frir)illﬁls#:é% ﬁ%eecésr’ t‘ﬁ}ée g}aél% l}(rlrll%rr.IPCéﬁFhaéedose of the

pepfidesiofekedpresantendréintior s 4P 68 adjunsisenapereniingalysceerdmbkirtie @idese to be treated,
age and kaghy weighteiias-patierbimeattad.ef aginiskadtian dadrssghintinei foseréstusuiy 0.001 mg
to 1,000 r%nghgcﬁfx%ra?zl s,oﬁgslt %gt%%t}rg)goa test peptide with DCs, and then contacting the DCs with T
cells. T cells having cytotoxic effects on target cells are detected from the T cells contacted
with DCs. Ifthe T cells show cytotoxic activity against the target cells, it means that the test
25  peptide has an activity to induce cytotoxic T cells.  Activity of killer T cells against target cells
such as tumor cells can be detected, for example, using lysis of >ICr-labeled tumor cells as an
indicator. Alternatively, the degree of tumor cell damage can be evaluated using *H-thymidine
uptake activity or release of lactose dehydrogenase (LDH) as an index.
Test peptides confirmed by these methods to have killer T cell-inducing activity are
30  peptides having DC-activating effects and subsequent killer T cell-inducing activity. Therefore,
peptides that induce killer T cells against tumor cells will be useful as vaccines against cancers
presenting CDH3. Furthermore, antigen presenting cells that have acquired an ability to induce
killer T cells against cancers through contact with the peptide will be useful as vaccines against
cancer. Additionally, killer T cells that have acquired cytotoxicity by presentation of peptides
35 by antigen presenting cells can also be used as vaccines against cancers presenting CDH3. The

method for treating cancer using antitumor immunity by antigen presenting cells and killer T



20 mg, and more preferably 0.1 mg to 10 mg. Preferably this is administered once in a few days to
once in a few months, but those skilled in the art can easily select appropriate doses and methods of
administration, and selection and optimization of thdse parameters are fully within the scope of
conventional technique. The form of the formulation is also not particularly limited, and they may be
freeze-dried, or granulated by adding excipients such as sugar. 25Adjuvants for increasing the
tumor-responsive T cell-inducing activity that can be added to the pharmaceutical agents of the
present igyentycalieglude:Rasipdalgapponents of BCG bacteria and such including muramyl dipeptide
(MDP), ISCOM referred to in Nature, vol. 344, p.873 (1990). QS-21 of saponin r'?shiﬁs ibed in, J.
Immunol. vol. 148 $71%3 &@?}Sﬁ’ﬁ%%?ﬁ‘éte%% SRR A ﬁ%&féﬂﬁﬁ@?ﬁ%@ﬁ ??in{ostimulants
such as ledticaon 80shxofithm@dd Picibdnilivan alsmbey udedEislashwamgsli@ytekingsand:such that
enhancethe arelferationanc difierentation AL TaeHSeseRas Ib@nthitelotbolbsh dhifl @R FNF, as

well as CpG and fipopolysaccharldes LPS) that activate the natural immune system by binding to

Ides (
Tolldike PRCRSHEFS Mol W8 AREBUI R EAERISwhich activate NKT cells can also be used as adjuvants.
35Vaccine complasiticitsaff theiprese nmimverntidry ipcitidescanaipohe ot altnokd rynobsekilieg Theells.

Lipids hayg hach identiicd As-sHbsiances ihRHgRe a%@é%ﬂ(?i&%i%%%ﬁb&hﬁ%s 4ihgr example,

palmitic acid residues can be attached to the e-amino group and a-amino group of a’lysine residue,
and therPFRREGSE aiPHRRE AB SRR e aEGI TR pradEst IR D RCAtHS hiBdeBBapdeétean then be
administprelifeliseotly dmd @nynenstafiinebrpacatielisnte supyicateds particlanebcdiesLinisofeiaimmed
Iipq%omqhgtrtﬁgyg?{%@stiﬁgdge%m%@%mg er possible Sexample of lipid priming is priming with
an Escherichia coll (E. coli) lipoprotein such as tripalmitoyl-S-glycerylcysteinyl-seryl-serine (P3CSS)
when a covalen TR iR Seiblecdeptiddisieane ,aétaaﬁmgé@)ewa%a?@tsaz%@m.
Immunogeadinpeptidestahthense santinigriabl cattclsochedprssad dyofiahvectosiychasterial
vectors. E%%%{Hg'&ﬁaé?& QRUALR SXRIESSIRN YeLIors Inglusle,attanuated vinlence. vif %'sr%\%?Sts such
as vaccinia or fowlpox. For example, vaccinia virus can be used as a vector to express a nucleotide
sequencEgisesamaiirrpREcHe. By TirpaReing the s rdiriavelerierib viRRCTRISCHBSDEER Y

immsinogekic fiaptidesady & BXPERSSEGcan d dhisaeli G SuaioiMMALIE s BSPIRVEE atd redRdERMOSr Mmethod
using vaggjni ctors is described, for. example, in U.S..Patent,No,. 4,7 48, Bacille de Calmette et
Guenn (B R R S A e 8 SR L PS8 Nt o1
456-60. Avieliardianegtheb vactbesnsetsl Fopiperalbeu st esthohibe aderiny damnshézatienaiscluding
adeno apecader9-assecialedsyilE vetlesm pate vy alueatars iehidHae ks (Sadmanaiadyoni)

(2000) NIST FRA e § ke e SR o e TRl 0 ¢ 1 (5l580) oo Bt
793806 thatenpigls Iscedstcrzoon theiebstigabsigngicance aryfipeemiorelecSaffisotivelsinduce killer

T cells inagrbodyiatp patiens: tir@tigenic peptide is added in vitro to present antigen to cells
collected from a patient or tg cells of anpther person sharing a part of an HLA allele, (alto), and then the
by Rl b % e Rfor AERRgaeR

cells are administeFRHRE TR BRIFANCRATAERITEHY BICSES E'ior. ABHRA fter induction
of killer hewheinnvive b aEattisgsiTeipaptite dogheaiathmssperipttrabblond ipiphdestdwetal

culturing it in vivpgicelis iapRe-atmiisieiechiptheRatentBiravaseyiady Priasaliyiq e tumor.
Su E treatment by cell transfer has already been carried OL%'[ as cancer therapy.and is a well known
m e% od Emag]e 6§’et%i8ﬁ? §5 $Rdmppunogenic compostition tor treating or preverting cancer, an

immunogenic peptide of the present invention, that is, the amino acid sequence of SEQ ID NO: 1
or 2, or nonapeptides selected from variant peptides thereof, may be used.
More specifically, the present invention provides pharmaceutical agents for treating
tumor or for preventing growth, metastasis, and such of tumors, including one or more peptides
30  of the present invention as active ingredients. Peptides of the present invention are particularly
useful for treating pancreatic cancer, cholangiocellular carcinoma, gastric cancer, colon cancer,
non-small cell lung cancer, testicular cancer, cervical cancer, and tumors such as osteosarcoma
and soft tissue sarcoma.
Peptides of the present invention can be administered directly to a subject as a
35  pharmaceutical agent formulated by ordinary formulation methods. Such formulation may

include, in addition to the peptides of the present invention, pharmaceutically acceptable carriers,



Types of cancers in the present invention are not particularly limited, and specific 30examples include
esophageal cancer, breast cancer, thyroid cancer, colon cancer, pancreatic cancer, malignant
melanoma, malignant lymphoma, osteosarcoma, pHéochromocytoma, head and neck cancer, uterine
cancer, ovarian cancer, brain tumor, chronic myeloid leukemia, acute myeloid leukemia, kidney
cancer, prostate cancer, lung cancer, gastric cancer, liver cancer, gallbladder cancer, testicular
cancer, thyroid cancer, bladder cancer, and sarcoma. Examples of 35cancers for which application of

the preseg{fueation s Siatiecats.pyeosabhnRaRRICA Yl SAVGRine felanalarallinh cRigiRRmAqgastric

cancer, colon cancer, or lung cancer.” 18 (3) The Antibodies of the Present Invention The present

invention s FrER& AN RIRY BTN HHIER TE8B8Ehize a part of or whole peptide of the present invention
mentioned abovEwthamepitapefiantigely)catnb listatsdhdireoteduwa tykithniacs|sithat snaadduoted by in

vitro stimullation 4sleg rRE%%j%%QHE%W&IE:%%HMQﬂﬁ%%s‘lﬁﬁl}%&@%%é’@mﬁ&%t%ﬁd@g gepotent

antitumor activity than the antibodies. Furthermore, similarly to the p%;)tides of the present
invehtiofM ECSFRIBURRSIOF AR piXs dngTFiERon AHFTRAFSEN SRBROTHIPrBVMNgG and/or treating
cancers expdessirgEDWilashengas ¢hayredirinitbitihe activityoohieatsaneégpaniigen CDH3. In one

praCtica[f&éﬁnm?o&QQﬁBtiQ&%@J %P&ﬁ‘f%@?oQi%ﬁr8{a¥&?e@%%‘%%@£‘¥%‘&ié&%@¥ ReROMIpisigLed as is or

with a pharmaceutlc?di/ acceptable carrier ahd/or diluent, with an adjuvant if needed, by injection or by
transdertRII88a ?ﬁf‘ééﬁ%%ﬁélmmﬁeyByg%braﬁﬁ@nﬁ?l%‘h%ﬁﬁiﬂgﬁ%‘é@. Wdrlepecifically,
human sasempadoeiFriguean béjexempifiedtas s carden yoehto (EONMgrEpopahd RBSdisiled water and

sugh can,he exemplified. i t. 45T iRodies.o r 1t in ' al
Do S B R B B A e
art.  FBfsdmEe pelyintl hstriedicSietsHROBhHRMSEDY iormusoRs e rE S Species
with a peptidef ikeuprasenidnentivmasaniaptigaantcetiesting alaqchiram themawmealsnok tenavian
species,,and separating and purifying.antibodies from the collected blood.,For ample, mammals
e e R B B e a R L TR o
species ¢dmipstiennmad orethade e sirniom zafedcaralingiion MosElardg i esEQHR, and the

antigen gafbenddii)itesadef QL EXAURP B INAPEdBSEtEMR S A TniterA{bAl Ay Iéervalsinibeadese can
be, for exarpmg,tglpg{%(rinmately 0.05 mg to 2 mg of antigen per administration. The route of

administfation canbe swf)arbly selected from subcutaneous, 25intradermal, intraperitoneal,

intravenous, intrahrudesdaf dunmensidasionthamicserhnyentionotdiitadjwstethgronepoithbm.
Furthermegssdhe antigem cashe vsedabierdisepividg it weasuiiahle Rulisr, itex@niple, a buffer

comainng S aenionsl sevrk s 5 IR TS O Lo st

20 mg, and more preferably 0.1 mg to 10 mg. Preferably this is administered once in a few days to
once in a few months, but those skilled in the art can easily select appropriate doses and methods
of administration, and selection and optimization of these parameters are fully within the scope
of conventional technique. The form of the formulation is also not particularly limited, and
they may be freeze-dried, or granulated by adding excipients such as sugar.

25 Adjuvants for increasing the tumor-responsive T cell-inducing activity that can be added
to the pharmaceutical agents of the present invention include bacterial components of BCG
bacteria and such including muramyl dipeptide (MDP), ISCOM referred to in Nature, vol. 344,
p-873 (1990), QS-21 of saponin series described in, J. Immunol. vol. 148, p.1438 (1992)
liposome, and aluminum hydroxide. Furthermore, immunostimulants such as lentinan,

30  sizofiran, and Picibanil can also be used as adjuvants. Cytokines and such that enhance the
proliferation and differentiation of T cells, such as IL-2, IL-4, IL-12, IL-1, IL-6, and TNF, as well
as CpG and lipopolysaccharides (LPS) that activate the natural immune system by binding to
Toll-like receptors and a-galactosylceramide which activate NKT cells can also be used as
adjuvants.

35 Vaccine compositions of the present invention include a component which primes killer

T cells. Lipids have been identified as substances that prime against viral antigens in vivo.



30the antibody titer has increased, they can additionally be immunized with, for example, 100 pg to
1,000 rig of the antigen. Blood is collected from the immunized mammals or avian species one to two
months after the last administration and the blood chh be separated and purified by conventional
methods such as centrifugation, precipitation using ammonium sulfate or polyethylene glycol, and
chromatography such as gel filtration chromatography, ion exchange 35chromatography, and affinity
chromatography to obtain the polyclonal antibodies that recognize the peptides of the present
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25  adding the peptide to the patient’s peripheral blood lymphocytes and culturing it in vivo, the cells
can be administered to the patient intravascularly or locally to the tumor.  Such treatment by
cell transfer has already been carried out as cancer therapy and is a well known method among
those skilled in the art.

Types of cancers in the present invention are not particularly limited, and specific

30  examples include esophageal cancer, breast cancer, thyroid cancer, colon cancer, pancreatic
cancer, malignant melanoma, malignant lymphoma, osteosarcoma, pheochromocytoma, head and
neck cancer, uterine cancer, ovarian cancer, brain tumor, chronic myeloid leukemia, acute
myeloid leukemia, kidney cancer, prostate cancer, lung cancer, gastric cancer, liver cancer,
gallbladder cancer, testicular cancer, thyroid cancer, bladder cancer, and sarcoma. Examples of

35  cancers for which application of the present invention is suitable are preferably pancreatic cancer,

cholangiocellular carcinoma, gastric cancer, colon cancer, or lung cancer.



20 immunized using the peptides of the present invention, cells expressing the peptides, or lysates
thereof Antibody-producing cells can be collected from immunized transaenic animals to obtain
hybridomas by fusing with the above-described mydi®ma cell lines. Desired monoclonal antibodies can
then be produced from the hybridomas (W092-03918; W094-02602; W094-25585; W094-33735;
W096-34096). Alternatively, antibody-producing immune cells such as immunized lymphocytes
can also be immortalized using oncogenes to prepare monoclonal antibodies. Monoclonal
antibodies thus obtained can also be modulated using a gene manipulation technology (Borrbaeck and
Larrick, ) Therapgutic Monoclonal Antihodies). For example, 10 recombinant antibodies can be
prepareéigﬁg%ﬁﬂé’ gﬁ‘ﬁ 8%%&39?{ %@889 from antibody-producing cells such as hybridomas and
immunized lymphbeyteseinsey tingoit intdizceitabmubetoes addcransigotirnpthistinfeohodtoadells. The
antibodigsaf 406 MIRSGRLAYERIAR AN AISonBE AR i iRt Ah ferfiified antbodies spidpng as
they bin _?the peptides of Ih&vpf)'?rg]%gnt invention. The antl_l%é?% fragments 15can be Fab, F(ab-)2, Fv,
or a’singfé EhdifiFy (BERF i VG SHER GRS RSP RIRKP P Caihe R fiRed tBgether with
a suitablgchinkdr KHigstbratatcikoB8 e nno athtédtznh SondE AcB 5it H 87 88) aMdredspecifically, the
antibody fragmepis fiapRePERARH Y e atipgaetpacieswith an ez e eYnliRRIRARAhand pepsin
(Co et al., (1994) J Immunol 152; 2968-76; Better and Horwitz, (1989) Méthods Enzymol 178: 476-96;
PluckthUb SB! SRETEOT 1581 ot BER HIARFOI T B 497/81 BCH R SR CreBB IR IRES BHZymol
121: 652:6RinR as ssepuanatalibitliB8 Gr fidethoflth & nayranki?der66B193 Birth and palkes] (k89theTrends
Biofgeh Beddfed dr the HIBRALDOEIRS QLR E’l{@éf%rg}}l{%?%%?&%ﬁlh(hg%éé@%ft@%%%%d'es which are

obtalnec?by linking various molecules such as polyethylene glyco . The antibodies can be

modifiedPbyBRITGEHERMMrRIERTRIS GrEReARCAr SibtmEatih #haR FIHETEHRCRY fiRiectse ey
antibodiesuddtienprebenipiive ditonghehideshimesricantbodina yhotudinged watiakhle régin derived from
a non-h n-anti reqi [ ' - [
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Humanized,antibodies are,obtained hy substituting the CDR se region.of a human antibody
it a B R TR Gb) Saonoe 236,

1534-6). AccordirRjiyxesiplsarstyedosairmatipoditfssdibs dhtaiedi PydapipoaRS B BH OH8HM which
a smallesgegiarafithe &iman antiboeieis swbstibHad mithacarrespemnding rditnafthembmar origin.

354 complgte human antibady having & human variableedion inaddiion B ihe bman framework
hod, 21 sCreening

region and Constant eglon can atso e ?élpé)r%ré.yl]—l_lo% examp’lg In"an in vitro me
ca”be carragloumnasintls secbasoiaselibasiof Basrrpheescdisplayibgihdoarcastisbespfragments
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by introdycjng human immunoglobulin loci.into.transgenic animals whose en%o enous immunoglobulin
genes 36 BLUh BRI O KoM FInaAOmAREIES, R samploca e e s ehd dpe,
US5.56%82ky8eredls, 1 5/ 45050838, koS oUsSBeple,0reroximIthly Alibodies dnainbansggrated
above caReRuHfI8H. tohamegenaihaRYFaReRionab Melhads ievenindhesiashmiaablield. For
ex g]ple., ct:%rg?mo protein stepar:fltlon and urlflc%atlon methods can bte used.dThe a,EtIPOdle§ can be
Sepratdi G BU S B RO B AT 1 EDTAIEHES ARIGHIY 20 A by =
chromatbtigraphyo fittpationet them.  Furthermore, the antigen can be used after dissolving it in a
suitable buffer, for example, a buffer containing a conventional adjuvant such as Freund’s
complete adjuvant or aluminum hydroxide.
Immunized mammals or avian species are reared for a certain period of time and, when
30  the antibody titer has increased, they can additionally be immunized with, for example, 100 pg to
1,000 pg of the antigen.  Blood is collected from the immunized mammals or avian species one
to two months after the last administration and the blood can be separated and purified by
conventional methods such as centrifugation, precipitation using ammonium sulfate or
polyethylene glycol, and chromatography such as gel filtration chromatography, ion exchange
35  chromatography, and affinity chromatography to obtain the polyclonal antibodies that recognize

the peptides of the present invention as a polyclonal antiserum.



ultrafiltration, salting out, dialysis, SDS polyacrylamide gel electrophoresis, isoelectric focusing
electrophoresis, and such; however, separation and purification methods are not limited to these
methods (Antibodies: A Laboratory Manual, Ed Harldw and David Lane, (1988) Cold Spring Harbor
Laboratory). Protein A columns and protein G columns can be used as affinity columns. 15 Protein A
column can be exemplified by HyperD, POROS and Sepharose F.F (Phamiacia). lon exchange
chromatography, hydrophobic chromatography, gel filtration, reverse phase chromatography,

adsorption chrompRGERRAY 1 AMShaHaN sRBASHEXREANIfiIBELAS Sl aMIRIgsARhY Pihekshgnaffinity

h t hy (Strategies faor Protei ificati d Charact tign: A Laboratory C
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containing @, chlture, SURRrRAARE Af ARUbAdY-RraguUGINg &ells ﬁl)ﬂrHHﬁﬁf}@@ anfibedigsalginenaddad. In

the next step,.a secondary antibody having a detectable label and recognlzmé; the antibody whose
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enzyme substrates such as p-nitrophenyl phosphate can be use a reagent for detection. BIAcore

(Pharmaviykinaaptiss<ad &f abatidretheis fsify rfe sempldrediuvvant orbreupdiBodies of the
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exposmc};ﬂcancer tissue biopsy specimens to the "27 anti the present invention. Brior to
the step SrFERRAG Y6 PreNdatsg Eaisdbiislag#fe peptides of the present invention, subjects to be
effgstively treatepoass hgfreslictesfredanmedivitihtitihibest eatrberkby: sRddning ibleax & i of the
peptides of rgsent invention in the cancer to be freated Susing the antibqdie ftge. resent
ventot O e s S e
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applicable|sat iy berddingnpsis cout @lsetae ateest. sk elpam! Celsriddigaslotalisedbgreup of

mmunogytes nduding fhem , ., The present vention s also directed to.elpey T el ller T cells,
or group of Immunocytes mcluding them induced by i vitro stimulation using peptides of the present

invéhtiopredicaxamphectonaberehedivs adiidarpdcilicelly seecignine st whitidpeAbHerardskitd
lymphocitesabiarbinbbtating bysalesyies |ia sHuatennydaeasssinethdd peptides péjhges
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In addition to the above methods, immunized cells can be prepared by stimulating
human lymphocytes such as EB virus-infected lymphocytes in vitro using the peptides of the
25  present invention, cells expressing the peptides, or lysates thereof. Human antibodies which
bind to the peptides of the present invention can also be obtained by fusing such immunized
lymphocytes with human-derived bone marrow cells such as U266 (Japanese Patent Application
Kokai Publication No. (JP-A) S63-17688 (unexamined, published Japanese patent application)).
In order to produce desired monoclonal antibodies from the hybridomas thus obtained,
30  the hybridomas can be cultured by conventional culture methods or ascites-forming methods,
and the monoclonal antibodies can be purified from the culture supernatants or ascites.
Purification of monoclonal antibodies from the culture supernatants or ascites can be performed
by the conventional methods. For example, ammonium sulfate fractionation, gel filtration, ion
exchange chromatography, affinity chromatography and such can be used in combination as
35  needed.

Furthermore, transgenic animals having a group of human antibody genes can also be



immunotherapy. Also, dendritic cells which are potent antigen presenting cells can be pulsed with the
peptides of the present invention or can be genetically transformed to express them, which can then
be used to stimulate T cells in vivo or in vitro to indud& anti-tumor immune responses. Preferably,
helper T cells, killer T cells, or group of immunocytes including them can be induced by in vitro
stimulation using the peptides of the present invention and an immunostimulant. The immunostimulant
herein includes cell growth factors or cytokines. Tumors can be suppressed and cancers can be

preventedh angioedrea d@a/és@aa&%%ef elagrifveationkdars besiss Rk IRy AT RMINOEHES
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20  Emzymol 178: 497-515; Lamoyi (1986) Methods Enzymol 121: 652-63; Rousseaux et al.,

(1986) Methods Enzymol 121: 663-9; Bird and Walker, (1991) Trends Biotech 9: 132-7).

The antibodies of the present invention include modified antibodies which are obtained
by linking various molecules such as polyethylene glycol (PEG). The antibodies can be
modified by conventional methods of chemical modification known in the technical field.

25 The antibodies of the present invention include chimeric antibodies including a variable
region derived from a non-human antibody and a constant region derived from a human antibody,
and humanized antibodies including a complementarity-determining region (CDR) derived from
a non-human antibody, a framework region (FR) derived from a human antibody, and a constant
region derived from a human antibody. Such antibodies can be prepared by conventional

30  methods known in the technical field. Humanized antibodies are obtained by substituting the
CDR sequence region of a human antibody with a rodent CDR region having the desired binding
activity (Verhoeyen et al., (1988) Science 239: 1534-6). Accordingly, compared to chimeric
antibodies, humanized antibodies are antibodies in which a smaller region of the human antibody
is substituted with a corresponding region of non-human origin.

35 A complete human antibody having a human variable region in addition to the human

framework region and constant region can also be prepared. For example, in an in vitro method,



20administered to a subject, antigen presenting cells presenting the peptides of the present invention
on their surfaces can be induced in the body of the subject. Alternatively, after contacting the antigen
presenting cells with peptides of the present inventidh (or after pulsing antigen presenting cells with
peptides of the present invention), the cells can be administered to the subject as a vaccine by using
an ex vivo method. For example, ex vivo administration may 15include the steps of (1) collecting
antigen presenting cells from a subject; and (2) contacting antigen presenting ceIIs of step (I) with
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5672-7; Butterfield LH, etal., (1998) J. Immunol., 161: 5607-13; Boczkowski D (1996) J Exp.
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cells. In ex vivo grea?menpﬁ?e(fhm&s t aﬁ?ﬁ’iu %mcvcv dancer ce 1s(,—nr})resenf‘ng CDH3 in
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For exaranlemmegn@mo@k%&@Mﬂ%ﬁhﬁ@teaﬁ)ﬁfatog&]a}mﬂn@d ANHgeroRBSEItINGERMsdam a
subject; 2 conttactl tg entln eIIs 0 |thtt peBtlde cn‘ the a&)reseq}
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cells; and The antigen binding affinity of the antibodies of the present invention may be measured
using, for example, absorbance determination, enzyme-linked immunosorbent assay (ELISA),
enzyme immunoassay (EIA), radioimmunoassay (RIA), and immunofluorescence assay;
however, the methods are not limited to these methods. For ELISA, the antibodies of the
25  present invention are immobilized onto a plate, the peptides of the present invention are added,
and a sample containing a culture supernatant of antibody-producing cells or purified antibodies
are then added. In the next step, a secondary antibody having a detectable label and
recognizing the antibody whose antigen-binding affinity is to be measured, is added. After
washing the plate, reagents for detecting the label on the secondary antibody is added and the
30  absorbance or such is determined. For example, enzymes such as alkaline phosphatase can be
used as a label for the secondary antibody, and enzyme substrates such as p-nitrophenyl
phosphate can be used as a reagent for detection. BIAcore (Pharmacia) can also be used to
evaluate the activity of the antibodies.
The antibodies of the present invention can detect peptides of the present invention
35  contained in samples. Namely, the presence of peptides of the present invention in cancer

tissues can be confirmed, for example, by exposing cancer tissue biopsy specimens to the



(4) collecting CD8' T cells from the co-culture of step (3). CD8+ T cells having cytotoxie activity
obtained in step (4) can be administered to a subject as a vaccine. The present invention further
provides isolated killer T cells which are induced uskg one or more peptides of the present invention.
Preferably, killer T cells induced by the method of the present invention are derived from the subject to
be treated and/or prevented. They can be administered in combination with other agents including
antigen presenting cells or exosomes 30presenting one or more peptides of the present invention. The

obtained,kiigr /i iargrepatific friaget cells presenting a peptide which is the same as that used
for induction. The target cells are.those expressing CDH3 endogenously, or thpse transfected with the
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15  present invention, and these activated T cells can be effectively used for adoptive
immunotherapy. Also, dendritic cells which are potent antigen presenting cells can be pulsed
with the peptides of the present invention or can be genetically transformed to express them,
which can then be used to stimulate T cells in vivo or in vitro to induce anti-tumor immune
responses.

20 Preferably, helper T cells, killer T cells, or group of immunocytes including them can be
induced by in vitro stimulation using the peptides of the present invention and an
immunostimulant. The immunostimulant herein includes cell growth factors or cytokines.

Tumors can be suppressed and cancers can be prevented and/or treated by transfusion of
helper T cells, killer T cells, or group of immunocytes including them obtained as described

25  above into the body.

Helper T cells, killer T cells, or group of immunocytes including them, which can
suppress tumors as described above, can also be prepared using peptides of the present invention.
Therefore, the present invention provides cell culture media containing the peptides of the
present invention. Helper T cells, killer T cells, or group of immunocytes including them,

30  which can suppress tumors, can be prepared using such cell culture media. Furthermore, the
present invention provides a cell culture kit containing a cell culture medium described above
and a cell culture vessel to produce helper T cells, killer T cells, or a group of immunocytes

including them.

35  (5) Antigen Presenting Exosomes

The present invention further provides endocytic vesicles called “exosomes™ which



Relative expression Positive rate*(%)ratio (mean) Pancreatic cancer 16/16 100 1,900,000 Testicular
cancer 10/10 100 396,000 Soft tissue tumor 21/21 100 248,000 Cholanaiocellular carcinoma 19/19
100 3,600 Non-small cell lung cancer 35/37 23
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present on their surface a complex formed between a peptide of the present invention and an
HLA antigen. Exosomes can be prepared, for example, by methods described in detail in the
Japanese translation of Japanese Patent Application Kohyo Publication No. (JP-A) H11-510507
(unexamined Japanese national phase publication corresponding to a non-Japanese international
publication) and JP-A (Kohyo) 2000-512161. Preferably, it can be prepared using antigen
presenting cells obtained from a target subject for treatment and/or prevention. Exosomes of
the present invention can be injected as a cancer vaccine in a manner similar to the peptides of
the present invention.

The HLA antigenic type used in the present invention should match the HLA antigenic
type of the subject who needs the treatment and/or prevention. An example is HLA-A2, and
preferably, HLA-A2 (HLA-A*0201). “HLA-A2” signifies a protein while “HLA-A*0201"
signifies a gene corresponding to a segment of the protein (this term is used because no terms are

available at present representing segments of the protein).

(6) Methods for Inducing Antigen Presenting cells and Killer T Cells

The present invention provides methods for inducing antigen presenting cells using one
or more peptides of the present invention.  Antigen presenting cells can be induced by pulsing
dendritic cells induced from peripheral blood monocytes with one or more peptides of the
present invention to stimulate the cells. When the peptides of the present invention are

administered to a subject, antigen presenting cells presenting the peptides of the present

‘invention on their surfaces can be induced in the body of the subject.  Alternatively, after

contacting the antigen presenting cells with peptides of the present invention (or after pulsing
antigen presenting cells with peptides of the present invention), the cells can be administered to
the subject as a vaccine by using an ex vivo method. For example, ex vivo administration may
include the steps of:

(1) collecting antigen presenting cells from a subject; and

(2) contacting antigen presenting cells of step (1) with peptides of the present invention (or
pulsing antigen presenting cells of step (1) with peptides of the present invention).

The antigen presenting cells obtained in step (2) can be administered to a subject as a
vaccine.

The present invention also provides methods for inducing antigen presenting cells
having a high level of killer T cell induction activity. The methods include a step of
transfecting in vitro a gene including a polynucleotide encoding one or more peptides of the
present invention into antigen presenting cells. The gene to be transfected can be DNA or RNA.
As a method for transfection, various methods can be suitably used, which are conventionally

used in the art, such as lipofection, electroporation, and a calcium phosphate method, but not



95 73,000 Colorectal cancer 31/34 91 84,000 Cervical cancer 14/19 74 1,500 Gastric cancer 20/28 71

35,000 Urinary bladder cancer 24/34 71 30 Small cell lung cancer 3/14 21 7 Breast cancer 5/81
24

limited thereto. More specifically, transfection can be performed as described in Reeves ME, et
al., (1996) Cancer Res., 56: 5672-7; Butterfield LH, ef al., (1998) J. Immunol., 161: 5607-13;
Boczkowski D, et al., (1996) J Exp. Med., 184:465-72; and in the published Japanese translation
of W02000-509281. When genes are transfected into antigen presenting cells, they are

5  transcribed and translated in the cells. Proteins thus obtained are subsequently processed along
the MHC class I or class Il pathways and are presented, via the antigen presenting pathway, on
the surface of antigen presenting cells as partial peptides.

The present invention further provides methods for inducing killer T cells using one or
more peptides of the present invention. By administering one or more peptides of the present

10 invention to the subject, killer T cells can be induced in the body of the subject, thus enhancing
the immune system which targets cancer cells presenting CDH3 in tumor tissues.  Alternatively,
activated killer T cells can be induced by contacting antigen presenting cells from a subject and
CD8 positive cells with one or more peptides of the present invention in vitro and by further
contacting peripheral-blood mononuclear leukocytes with the antigen presenting cells in vitro to

15  stimulate the cells. In ex vivo treatment methods, the immune system which targets cancer cells
presenting CDH3 in tumor tissues in the subject can be enhanced by returning the activated killer
T cells into the subject. For example, the methods include the steps of:

(1) collecting antigen presenting cells from a subject;
(2) contacting antigen presenting cells of step (1) with the peptides of the present invention (or

20  pulsing antigen presenting cells of step (1) with the peptides of the present invention);

(3) mixing and co-culturing antigen presenting cells of step (2) with CD8" T cells to induce
cytotoxic T cells; and
(4) collecting CD8" T cells from the co-culture of step (3).

CDS8" T cells having cytotoxic activity obtained in step (4) can be administered to a

25  subject as a vaccine.

The present invention further provides isolated killer T cells which are induced using
one or more peptides of the present invention. Preferably, killer T cells induced by the method
of the present invention are derived from the subject to be treated and/or prevented. They can
be administered in combination with other agents including antigen presenting cells or exosomes

30 presenting one or more peptides of the present invention. The obtained killer T cells are
specific for target cells presenting a peptide which is the same as that used for induction. The
target cells are those expressing CDH3 endogenously, or those transfected with the CDH3 gene.
Cells presenting the peptides of the present invention on their surfaces by stimulation with the
peptides of the present invention, such as cancer cells from pancreatic cancer, cholangiocellular

35  carcinoma, gastric cancer, colon cancer, non-small-cell lung cancer, testicular cancer, cervical

cancer, osteosarcoma, and soft tissue sarcoma can be targeted for attack.



6 1 Prostate cancer 2/57 4 1,500 Renal cell carcinoma 0/20 0 0 Esophageal cancer 0/190 7 *
"Positive" means when relative expression ratio (cancer/normaltissue) is > 5. [Example 2] Selection of
a CDHS3 peptide repertoire having binding affinity to281LA-A2 Human CDH3 amino acid sequence
was searched using the BIMAS system, and 18 peptides were selected in descending order of
expected binding affinity to HLA-A2 (Table 2). 27 [Table 2] Peptides' positions Peptides' amino acid
sequences

The present invention also provides antigen presenting cells which present a complex
formed between HLA antigen and one or more peptides of the present invention. The antigen
presenting cells expressing one or more peptides of the present invention or nucleotides encoding
such peptides are preferably collected from the subject to be treated and/or prevented. The

5  peptides of the present invention, antigen presenting cells presenting the peptides, exosomes, or
activated killer T cells can be administered as a vaccine in combination with other agents.

The present inventions are further explained in Examples described below. However,
they are not limited to these Examples.

All prior art references cited in the present specification are incorporated herein by

10  references.

Examples

[Example 1]
15  Expression of CDH3 in malignant tumors
According to past cDNA microarray analyses, CDH3 expression was increased in
various malignant tumors including gastric cancer, large intestinal cancer, and such, compared to
expression in normal adjacent tissues (Table 1) (Nakamura T, ef al., Oncogene 2004; 23:
2385-2400; Kitahara O, Cancer Res 2001; 61: 3544-3549., Obama K, et al., Hepatology 2005;
20 41:1339-1348.).



Binding affinity scores CDH3-1 659-667 VLGAVLALL (SEQ ID NO: 3) 84 CDH3-2 629-637
QLTVIRATV (SEQ ID NO: 4) 70 CDH3-3 602-610 VVLSLKKFL (SEQ ID NO: 5) 65 CDH3-4 655-663

FILPVTGAYV (SEQ ID NO: 1) 49 26
[Table 1]
.. Relative expression
n Positive rate*(%)  ratio (mean)
Pancreatic cancer 16/16 100 1.900,000
Testicular cancer 10/10 100 396,000
Soft tissue tumor 21/21 100 248,000
Cholangiocellular carcinoma 19/19 100 3,600
Non-small cell lung cancer 35/37 95 73,000
Colorectal cancer 31/34 91 84,000
Cervical cancer 14/19 74 1,500
Gastric cancer 20/28 71 35,000
Urinary bladder cancer 24/34 71 30
Small cell lung cancer 3/14 21 7
Breast cancer 5/81 6 1
Prostate cancer 2/57 4 1,500
Renal cell carcinoma 0/20 0 0
Esophageal cancer 0/19 0 2

* “Positive” means when relative expression ratio (cancer/normal tissue) is > 5.

5 [Example 2]
Selection of a CDH3 peptide repertoire having binding affinity to HLA-A2
Human CDH3 amino acid sequence was searched using the BIMAS system, and 18

peptides were selected in descending order of expected binding affinity to HLA-A2 (Table 2).



CDH3-5 419-427 KLPTSTATI (SEQ ID NO: 6) 37 CDH3-6 564-572 VLN1TDKDL (SEQ ID NO: 7) 36
CDH3-7 757-765 HIENLICAA (SEQ ID NO: 2) 530 2.7CDH3-8

[Table 2]
Binding affinity
Peptides’ positions Peptides’ amino acid sequences ' scores '

CDH3-1  659-667 VLGAVLALL (SEQIDNO:3) 84
CDH3-2  629-637 QLTVIRATV (SEQID NO: 4) 70
CDH3-3  602-610 VVLSLKKFL (SEQID NO: 5) 65
CDH3-4 655-663 FILPVLGAV (SEQIDNO: 1) 49
CDH3-5  419-427 KLPTSTATI (SEQ ID NO: 6) 37
CDH3-6  564-572 VLNITDKDL (SEQIDNO: 7) 36
CDH3-7 757-765 FIIENLKAA (SEQID NO:2) 30
CDH3-8  187-195 AVSENGASV (SEQID NO: 8) 25
CDH3-9  152-160 SPPEGVFAV (SEQID NO:9) 25
CDH3-10 228-237 VLPGTSVMQV (SEQ ID NO: 10) 272
CDH3-11  500-509 TLDREDEQFV (SEQ ID NO: 11) 153
CDH3-12 419-428 KLPTSTATIV (SEQID NO: 12) 100
CDH3-13  440-449 FVPPSKVVEV (SEQIDNO: 13) 64
CDH3-14 66-75 FSTDNDDFTV (SEQID NO: 14) 50
CDH3-15 2-11 GLPRGPLASL (SEQID NO: 15) 49
CDH3-16 101-110 ILRRHKRDWYV (SEQ ID NO: 16) 24
CDH3-17 223-232 SVLEGVLPGT (SEQID NO: 17) 23
CDH3-18 655-664 FILPVLGAVL (SEQID NO: 18) 20

The HLA-A?2 restricted killer T cell epitopes identified in the present invention are
shown using underlines.

[Example 3]
First, dendritic cells (DCs) were induced from bone marrow cells of HLA-A?2 transgenic
mice by using the method described previously (Komori H et al. Clinical Cancer Research 12:
2689-2697, 2006). Subsequently, thus-obtained BM-DCs were pulsed with CDH3 peptides (10
10 uM), and then were administered intraperitoneally to HLA-A2 transgenic mice at 5 x 10°
cells/mouse.  After the immunization by administering twice at weekly intervals, mouse spleen
cells were harvested and used for detection of killer T cells. In order to exactly detect the
induction of killer T cells derived from CD8* T cells, spleen cells which were prepared by
eliminating CD4" T cells by using MACS beads after removal of spleen were used.
15 Figure 1 depicts the protocol for determining CDH3 peptides recognized by HLA-A2



187-195 AVSENGASYV (SEQ ID NO: 8) 25 CDH3-9 152-160 SPPEGVFAV (SEQ ID NO: 9) 25
CDH3-10 228-237 VLPGTSVMQV (SEQ ID NO: 10) 272 CDH3-11 500-509 TLDREDEQFV (SEQ ID
NO: 11) 153 CDH3-12 419-428 KLPTSTATIV (SEQD NO: 12) 100

restricted killer T cells in HLA-A2 transgenic mice. The day spleen cells were harvested from
immunized mice is set as “Day 0”.

Day -21: (1) Induction of bone marrow-derived dendritic cells (herein below, called
“BM-DCs™) was initiated by the addition of GM-CSF to bone marrow cells from HLA-A2

5  transgenic mice.

Day -14: (2) A mixture of three kinds of CDH3 peptides were added to the induced
BM-DCs. After two hours, BM-DCs were administered intraperitoneally at 5 x 10°
cells/mouse.

(1) and (2) were repeated twice at weekly intervals.

10 Day 0: Spleen cells were harvested from immunized HLA-A2 transgenic mice and were
co-cultured with BM-DCs, which were again incubated with CDH3 peptide for two hours, and
cultured for six days.

Day 6: To detect killer T cells which specifically recognize CDH3 peptides, T cells
producing gamma interferon (IFN-y) were quantified by ELISPOT assay after the antigenic

15  stimulation. CDH3 peptide-pulsed BM-DCs and unpulsed BM-DCs were used as target cells.

Investigation of activity of CDH3 specific killer T cells by ELISPOT assay:
To confirm that killer T cells specifically reacting with CDH3 to produce IFN-y actually
exist among these cells, investigation by ELISPOT assay was conducted. IFN-y was detected
20  using Mouse I[FN-y ELISPOT Set (BD Biosciences). When killer T cells (effector) respond to
stimulator cells (target) and produce [FN-y, IFN-y will be detected as red spots. BM-DCs or
CDH3 peptide-pulsed BM-DCs were used as target cells.  First, an ELISPOT plate (BD
Biosciences) was coated with anti-mouse IFN-y antibody for 18 hours, and then blocked by
using 10% FCS/RPMI for two hours. Effector cells (100 pl/well) and target cells (100
25  ul/well) were mixed and cultured for 22 hours at 37°C. The experiment was conducted at the
effecter/target ratio (E/T ratio) of 10:1. The plate was then washed by sterilized water, reacted
with biotinylated anti-mouse IFN-y antibody for two hours, and further reacted with
streptavidin-HRP for one hour. IFN-y positive spots were detected in substrate solution.
Autoanalysis software of MINERVA TECH was used for counting the spots.  As a result, CDH3
30  specific killer T cell immune response was observed for killer T cells induced with CDH3-4 or
CDH3-7 peptide, whereas no CDH3 specific immune response was observed for killer T cells
induced with other peptides (Figures 2 and 3).
The results of ELISPOT assay on killer T cells induced with CDH3-4 peptide (SEQ ID
NO: 1) and CDH3-7 peptide (SEQ ID NO: 2) are shown in Figure 3.
35 Killer T cells showed 283.7 + 40.0 spots/well in response to BM-DCs pulsed with
CDH3-4 peptide (SEQ ID NO: 1), whereas they showed 48.7 = 11.9 spots/well in the presence of



CDH3-13 440-449 FVPPSKVVEYV (SEQ ID NO: 13) 64 CDH3-14 66-75 FSTDNDDFTV (SEQ ID NO:
14) 50 CDH3-15 2-11 GLPRGPLASL (SEQ ID NO: 15) 49 CDH3-16 101-110 ILRRHKRDWYV (SEQ ID
NO: 16) 24 CDH3-17 223-232 SVLEGVLPGT (SEQD NO: 17)

BM-DCs without peptide pulsing (P < 0.05). Likewise, killer T cells showed 79.3 + 3.2
spots/well in response to the BM-DCs pulsed with CDH3-7 peptide (SEQ ID NO: 2), whereas
they showed 42.7 spots/well in the presence of BM-DCs without peptide pulsing (P < 0.05).

5 Statistical analysis:
Two-tailed Student’s ¢ test was used to evaluate statistical significance in the data
obtained by ELISPOT assay and in tumor size between the treatment groups. A value of P <
0.05 was considered to be significant. Statistical analysis was performed using a commercially
available statistical software package (SPSS for Windows (TM), version 11.0, Chicago, IL,
10 USA).

[Example 4]
Cell lines and HLA expression:
Human pancreatic cancer cell line PANCI, oral cancer cell line HSC3, and
15  TAP-deficient and HLA-A2 (A*0201) positive cell line T2 used for evaluating cytotoxic activity
were purchased from Riken Cell Bank (Tsukuba, Japan). Human pancreatic cancer cell line
PKS8 was kindly provided by the Cell Resource Center for Biomedical Research, Institute of
Development, Aging and Cancer, Tohoku University. Human colon cancer cell line HCT116
was kindly provided by Dr. B. Vogelstein, Johns Hopkins University (Baltimore, MD). Human
20 liver cancer cell line SKHep1 was kindly provided by Professor Kyogo Ito, Kurume University
(Kurume, Japan). The expression of HLA-A2 was examined by flow cytometry using an
anti-HLA-A2 monoclonal antibody (mAb) BB7.2 (One Lambda, Inc., Canoga Park, CA, USA)
in order to select HLA-A2 positive blood donors and target cell lines for cytotoxicity assays.
These cells were maintained in RPMI 1640 or DMEM medium supplemented with 10% FCS in
25 5% CO, atmosphere at 37°C.

Lentiviral gene transfer:
Lentiviral vector-mediated gene transfer was performed as described previously
(Tahara-Hanaoka S, et al. Exp Hematol 2002; 30: 11-17). Briefly, 17 pug of CSII-CMV-RfA
30  and CSIIEF-RfA self-inactivating vectors (Miyoshi H, et al. J Virol 1998; 72: 8150-8157)
carrying CDH3 cDNAs and 10 pg of pPCMV-VSV-G-RSV-Rev and pCAG-HIVgp were
transfected into 293T cells grown in a 10-cm culture dish using Lipofectamine 2000 (Invitrogen
Corporation, CA, USA). After 60 hours, the culture medium was recovered and the viral
particles were pelleted by ultracentrifugation (50,000 x g, two hours). The pellet was
35  suspended in 50 uL of RPMI 1640 medium, and 10 pL of viral suspension was added to PANC1
cells or SKHepl cells that were seeded on a flat-bottom 96-well plate at 5 x 10* cells per well.



23 CDH3-18 655-664 FILPVLGAVL (SEQ ID NO: 18) 20 The HLA-AZ2 restricted killer T cell epitopes
identified in the present invention are shown using underlines. 5 [Example 3] First, dendritic cells
(DCs) were induced from bone marrow cells of HLAA2 transgenic mice by using the method
described previously (Komori H etal. Clinical Cancer Research 12: 2689-2697, 2006). Subsequently,
thus-obtained BM-DCs were pulsed with CDH3 peptides (10 10i_tM), and then were administered
intraperitoneally to HLA-A2 transgenic mice at 5 x 105 cells/mouse. After the immunization by
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20 pg/mL of a candidate peptide in the presence of 4 pg/mL B2-microglobulin (Sigma-Aldrich,

10 St. Louis, MO, USA) for two hours at 37°C in AIM-V (Invitrogen) containing 2%
heat-inactivated autologous plasma. These DCs were then irradiated (40 Gy) and incubated
with CD8 positive cells. The incubation was carried out in 24-well plates, which were prepared
to contain in each well 2 mL of AIM-V supplemented with 2% autologous plasma, 1 x 10°
peptide-pulsed DCs, 2 x 10° CD8” T cells, and 5 ng/mL of human recombinant IL-7 (Wako,

15 Osaka, Japan). After two days, these cultures were supplemented with human recombinant
IL-2 (PeproTec Inc.) to a final concentration of 20 IU/mL. Two additional weekly stimulations
with the same peptide-pulsed autologous DCs using the same procedure were carried out on day
7 and day 14. Six days after the last stimulation, the antigen-specific responses of induced
CTLs were evaluated by *'Cr release assay and IFN-y ELISPOT assay. Various cancer cells or

20 peptide-pulsed T2 cells (5 x 10° cells/well) used as target cells were co-cultured with CTLs at a
suitable effector/target ratio to conduct ' Cr release assay by a known method (Komori H, et al.,
Clin Cancer Res 2006; 12: 2689-2697).

CDH3-specific CTL induction from PBMCs of HLA-A2 positive healthy donors and
various cancer patients by stimulation with CDH3-4¢s5.663 and CDH3-7757.765 peptides were

25 attempted. CD8 T cells sorted from PBMCs were incubated with autologous mononuclear cell
(monocyte)-derived DCs pulsed with each peptide.  After three stimulations, cytocidal effect
against peptide-pulsed T2 cells was evaluated by *ICr release assay (Figure 4A) and IFN-y
ELISPOT assay. CTLs induced from PBMCs of healthy donors exhibited cytocidal effect
against T2 cells pulsed with CDH3-4¢55.663 peptide or CDH3-7757.765 peptide, but not against T2

30  cells without peptide pulsing. Similar responses were observed regarding other donors. These
results indicate that these CTLs have peptide-specific cytotoxicity.

Next, cytotoxic activity of these CTLs against human cancer cell lines expressing CDH3
and HLA-A2 was tested. As shown in Figure 4B, CDH3 reactive CTLs stimulated with
CDH3-4¢s5.6¢3 peptide exhibited in healthy donors cytotoxicity to HCT116 (CDH3+, HLA-A2+),

35  HSC3 (CDH3+, HLA-A2+), and PANC1/CDH3 (CDH3+, HLA-A2+), in which CDH3 gene was
transfected into PANC1 cells; however, they did not exhibit the same effect towards PANCI



co-cultured with BM-DCs, which were again incubated with CDH3 peptide for two hours, and cultured
for six days. Day 6: To detect killer T cells which specifically recognize CDH3 peptides, T cells
producing gamma interferon (IFN-y) were quantifiedby ELISPOT assay after the antigenic
15stimulation. CDH3 peptide-pulsed BM-DCs and unpulsed BM-DCs were used as target cells.
Investigation of activity of CDII3 specific killer T cells by ELISPOT assay: To confirm that killer T
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CDH3-7 peptide (SEQ ID NO: 2) are shown in Figure 3. 35Killer T cells showed 283.740.0 spots/well
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showed Z%ﬁ-‘%%n%‘?@é&f&?" in response to the BM-DCs pulsed with CDH3-7 peptide (SEQ ID NO: 2),
whereas they showed 42.7 spots/well in the presence of BM-DCs without peptide pulsing (P < 0.05).
Statistical analysis: Two-tailed Student's t test was used to evaluate statistical significance in the
datpsobtainefira ikl SAQTAassay] aedriotiomor size between the treatment groups. A value of P <

0.05 was considered ta-be significant, Statisti lysi r i ercially
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[Examplé-Bstsficiragrass ﬁ[ggté;@ﬁg@gg@jﬂﬁ were incubated with 10 pg/mL anti-HLA-class I mAb

(W6/32) or with 10 pg/mL anti-HLA-DR mAb (H-DR-1) for one hour before the co-culturing of
CTLs and a cancer cell line for *'Cr release assay or ELISPOT assay, and the effects of mAbs on
20  CTLs’ cytotoxic activity or IFN-y production were examined by a known method (Gomi S, et al.,
J Immunol 1999; 163: 4994-5004). As a result, anti-HLA-class I antibody could inhibit IFN-y
production with statistical significance in ELISPOT assay for CTLs generated by stimulation
with CDH3-4¢s5.6¢3 peptide against SKHepl/CDH3 (Figure 4D, left, P < 0.01). It could also
inhibit cytotoxic activity against HCT116 in ’1Cr release assay (Figure 4D, middle).  Similarly,
25  anti-class I antibody could inhibit IFN-y production with statistical significance in ELISPOT
assay for CTLs generated by stimulation with CDH3-7757.765 peptide against HSC3 cells (Figure
4D, right, P <0.01). These results indicate that the induced CTLs recognize CDH3 expressing

target cells in an HLA-class I-restricted manner.

30 [Example 5]
Adoptive immunotherapy
In vivo anti-cancer activity of CDH3 induced human CTLs used for adoptive immunization of
NOD/SCID mice:
In order to evaluate the therapeutic effect of CDH3 reactive CTL administration to mice
35  that had been transplanted with CDH3 positive human cancer cells, an experimental adoptive

immunotherapy was done as described previously (Komori H, et al. Clin Cancer Res 2006; 12:



Human pancreatic cancer cell line PANC1, oral cancer cell line HSC3, and 15TAP-deficient and
HLA-A2 (A*0201) positive cell line 12 used for evaluating cytotoxic activity were purchased from Riken
Cell Bank (Tsukuba, Japan). Human pancreatic cangkr cell line P1(8 was kindly provided by the Cell
Resource Center for Biomedical Research, Institute of Development, Aging and Cancer, Tohoku
University. Human colon cancer cell line HCT116 was kindly provided by Dr. B. Vogelstein, Johns
Hopkins University (Baltimore, MD). Human 30 liver cancer cell line SKHepl was kindly provided by

Erof];ess‘y6l§9'%%@’} 0 @HW ﬁ#@ﬁﬁé'%l(g lin}@(’ é@l t %@@F%gp%glggﬁﬂfk%&&\gﬁég&&@med
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cytotOX|auylassay:sbébhwezéeﬂmwemeimyaintﬁmedrmﬁmmﬁm mlthMEMarﬁé)ﬁﬁmSurfblememed with
10% FCS P3A 53 692 maspliters! TE 1hETVehGR0R FansIffoL o ChSMMA Heclor-mediated

gene transfer was erformed as described ewouslyéTahara Hanaoka f Hematol 2002
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(Invitrogen Corpaoration, CA, U After 60 hours, the culture medium was recovered and the viral
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AlMV(Inwtr en) contai tiyate t ous plas ese DCs were then
irradiated %%n &/ %m maclztr}g(a%\é'cﬁ‘ W{%haélggioys v%%glﬁl?g Re el n%ﬁnw S czt;lr%égﬁ aﬁtt%lnatzlﬂ well
plates, vitieh ese @edpsrdoe e eohtiiM prraderindicedfiDSH Al veNs supplariBstatpuatd 299 &didlogous

plasma, thestesReptisddusad 8fsac 1Lk RStahgeltans, D nohHsakhetansesendmant IL-7
(Wako, 1505 lgpaml After two dat%%? Eﬁl;ultures were supplemented with human recombinant
ntration o

1L-2 (Peﬁl"o]?séc to arf]ﬁ%lt%%lr%é 0'1HfiL. Two additional weekly stimulations with the

sadfe peptide-pulsed autologous DCs using the same procedure were carried out on day 7 and day
14. Six daysafirmthe last stimulation, the antigen-specific responses of induced CTLs were evaluated

Dy BLCT release A At S5y, e presentnvaNioreidenn ad Coasin 5 (CDH3)/P-cadherin as a

novel TAA through cDNA microarray analysis of pancreatic cancer. CDH3 was strongly
expressed in pancreatic cancer cells and faintly expressed in ovary and mammary gland based on

25  cDNA microarray analysis. CDH3 expression was barely detectable in other vital organs.
Furthermore, microarray and RT-PCR data showed that CDH3 was expressed in gastric and
colorectal cancers as well as in pancreatic cancer, but hardly expressed in their normal
counterpart tissues. It was already reported that CDH3 was overexpressed in the majority of
pancreatic cancer tissue, whereas normal duct and acinar cells in pancreas showed almost no

30  expression of CDH3 by immunohistochemical staining (Taniuchi K, ez al. Cancer Res 2005; 65:
3092-3099). These results suggest that CDH3 could be a novel target of immunotherapy for the
above cancers, which target carries a low risk of inducing an autoimmune response.

The cadherin family is classified into various subfamilies including Cadherin 1

(CDH1)/E-cadherin, Cadherin 2 (CDH2)/N-cadherin, and Cadherin 3 (CDH3)/P-cadherin,

35  according to their tissue distribution. CDHI1 is the predominant cadherin family member that is

expressed in all epithelial tissues. CDHI is assumed to act as a tumor-suppressing factor that



20 peptide-pulsed T2 cells (5 x 103 cells/well) used as target cells were co-cultured with CTLs at a
suitable effector/target ratio to conduct 5ICr release assay by a known method (Komori H, et al., Clin
Cancer Res 2006; 12: 2689-2697). CDH3-specific GTL induction from PBMCs of HLA-A2 positive
healthy donors and various cancer patients by stimulation with CDH3-4655.663 and CDH3-7757_765
peptides were 75attempted. CD8 T cells sorted from PBMCs were incubated with autologous
mononuclear cell (monocyte)-derived DCs pulsed with each peptide. After three stimulations, cytocidal

effect a%ga’?ﬁW?Qgﬁ%%ﬁ&?%&%&&@&%?@awe? ]88, a5 3R A HI0 Ve M B RNIJFN-7
ELISPOT assay CTLs induced from PBMCs of healt%donors exhibited cytocidal effect against T2

cells pulskd Mﬁﬂé@n%ﬁ%@a%@é HeptiaLed ! EBHR 7787 298580 0e, Hul ABEEJRNLOPS 30 ¢ells

yvithout pépﬁd@@msi@Dﬁmdmmspnﬁsm@sechbée@weegawiﬂ@M@H@mn’ﬁhmwesuIts
indicate thak{0e$6 Sid e Daye iRRPIG SRAGTIGHYIRIQXIGIG: N ext YIRS CREMINANE 1AESEH TLS

against human cancer cell lines expressing CDH3 and HLA-A2 was tested. As shown in Figure 4B,

CDR3 réQ¥RAteent S SRrHORISHXAMR Eptigla688c8 8 Peifide Bxifibitddin nERRPERIENE &fotoxicity
to HCT Libe(GUHIBE HLAnS)is3pdrlSGRISDLE+, HIApR)nant BARGLEDEH 3 {GDEBsted
HLA-AZH), %‘é’ﬂl%%@d*e%%%ov}é%% FpiesRey tgo PANGLS L&%&?ﬁé’&g&%&‘%‘é ﬂ&@%%&%ﬁ(&b&fthe
same ef}ect towards PANC1 3 1 (CDH3-, HLA-AZ-- SKHep‘i.CDI13-, 1 LA_A%{)’ and PK8 (CDH3+,
HLA-A2DRsisiIsAnes RyshRtasios with eBReioestRhostpaiyfelBasmibas LirstGdemy towards
HSC3. hutnbictowaras: P AMGCE: RES @ SKBE. ST9ese aythtpyie:aictivitiesiiveraglesayeshfor CTLs

deriyed arigus cangcer patients (Kigure 4C), In arder to confirm whether. these ides cpuld be
e G B S PR
(CDH3+etat-Amoli B athal ity PP Gentd B aradsistected (ke SrepResiraslusdédustdrget cells.

As showreialfigdier ACer Gl Icidticedh g stimybatiomwiidChdda 460D GH 301 SeihkstYi3- K1 2f_755

peptide e (?i ited cytotoxicity againss 16, PANC1/CDH3, and SKHep1/CDH3, but not against
PANCl,af S hnep()g g%#?@’qéﬁ hﬁ?a olfvgegr' Sults suggest that these peptides are processed and
presented on thé\dipavevedesarsperieas When skt wbiketiie sasperseriate afl oS et ICHH3

reastive Ghlsinadiswataxicits Snerifir decaBBges aclls thatiexprassdvahiendogensys Ghid3 and

HLA-A2 mol%cﬂes. 5Confirmation of HLA class. | r str'ctié)rf: To confimi, whether the induced ?TLS
QSS1D1i1 YIS at Cancer ce E%aae 1m umt%/ l%eé() C etlon, mutzrigén or adown-re ation
could reBognlze arget cellsh an -class 1-restricied manner,’target cancer cells were incubated

with 10 [igidve asrtichistgeiensss lofmixbniwe/3dy ranither@ppg/mMiasedtprha- R dpAbt (HaDRmDyf eeldhe

hour beforgnthese-asiRgaf G Hes RpdiRSFcRhtadinesdor SiiH 1elease RS aY Pl EhRiRT assay,
and the sggzﬁis) of mADbs on CTLS' %}/ftotoxic activity or IFN-y production were examined by a known

method ’S?%f%ﬂ?‘?ﬂ%ﬁﬂ%ﬁ 589" 163: 4994-5004). As a result, anti-HLA-class | antibody could
inAIBit IFN-y profiuttiopresitht stakistioal SigifesantaicEoISHAOT hesanfon Ot 4 Yemmtatatd by
stimulatignwith CRIG3 76 116 BINMaRfisle AaaiastRIHERIEPHEIGUED; BftoBgRHdedt could also
B R A R S e A Dt i s 1
transgenic mice. Furthermore, the present inventors confirmed that CDH3 reactive CTLs were
generated from PBMCs derived from healthy donors and cancer patients by using these peptides
25  (Figure 4). These CTLs exhibited cytocidal effect not only towards T2 cells pulsed with its
corresponding peptide but also towards cancer cell lines expressing CDH3 and HLA-A2. From
the above, it is suggested that the present CDH3 peptides (CDH3-4¢55.663 and CDH3-7757.765) are
naturally produced by processing from CDH3 protein in cancer cells, presented onto the cell
surface together with HLA-A2 molecules, and are then recognized by CTLs.
30 The cytotoxicity of the present invention’s CDH3 reactive CTLs was confirmed not
only in vitro by >'Cr release assay but also in vivo by CTL adoptive immunotherapy.  As shown
in Figure 5, intravenous injection of CD8+ cells induced by the present invention’s peptides
significantly inhibited the growth of tumors engrafted into NOD/SCID mice, in comparison to
the control CD8+ cells and such.
35 HLA-A2 (A*0201) is one of the most common HLA-alleles in various ethnic groups

including Asians, Africans, Afro-Americans, and Caucasians (Browning M. et al. Immunol



25anti-class | antibody could inhibit IFN-y production with statistical significance in ELISPOT assay for
CTLs generated by stimulation with CDH3-7757-7653peptide against HSC3 cells (Figure 4D, right, P <
0.01). These results indicate that the induced CTLs recognize CDH3 expressing target cells in an
HLA-class 1-restricted manner. 30[Example 5] Adoptive immunotherapy In vivo anti-cancer activity of
CDH3 induced human CTLs used for adoptive immunization of NOD/SCID mice: In order to
evaluate ther j CDRH3 reactiye CTL.administration to mice 35that had been
e T L B T B L MM TR s
done as dEsEbEtplaURUSELl 6iAdHAA - AR dla Clih Diaied eR¥is 2 BoEpAiRnt RESS 260 e Briefly iTICTI
16 cells (tharlQ8eehsiRasitive farchetb ikAoASiang 9RPRHSHR I3 WeES-tneaidaied toyrher,

NOD/SCID mijce by hypodermic injection at the right flank. When tumar size hecame 25 mm2 on day 7
after tum%greiﬁoeélﬁlaﬁ%%(?%t%F el%éfi%ééﬁ Cgeptit ggé@%ﬁ@%%?%%%@é’iﬁ %??‘?’,%f-rg’ﬁ@%l?ﬁc CTL
line dr, agia FegativienedbntlolaJameest belldisreiyspenplatednvitiddlis- A he strictdd Hize peptide
(SLYNTYRT USRI BN darivediianntiveiiealthyaaays.srstsurrendedin g pL of PBS was

injected intravenously (4 x 106). The T cells were intravenously injected again on day 14. Sizes of
tumors w%?‘gcﬁ?%té%ﬁ%’a%ﬁ@ée SARACVitthted by measuring two diameters perpendicular to
each other using calipers. Two-tailed Student's t test was used to evaluate statistical significance in
tumor sizggy ANalue,efk1P-05 was considered to be significant. Statistical analysis was performed
USiHﬁ a commercjally available statistical software package (SES§ for Windows (I'M), version 11.0.
Corlffol HIV peptideZstinuibitd g tE AN HRIABI L RIbIOOH B XAy Ry 2ARaRASETARE S in vitro.
Tumor siZébenf tsaverindivickiekpnissiig bachcibLA-(Kurei bijuaind dneah siaadsiis gepiadian of tumor
sizes in GREHUHPIRIGHIESBL yeERYAUAIRALENR dreortoldicalaine and LBSaene .ol

exhibit inhibitory effect on tumor growth. The tumor Size in mice inoculate ( stimulated
CTLs waéi%rﬁ‘?%amw%aﬁ%mﬁ% RAPHPFIERP et atid Witthbo Rerst Plaviséptlse imbuswacDs+ T
cells or wiibsP BGatne R 500 hinfhesaresidty indicatathaneificasycef adoptivertsansfer therapy of
CDHg reacti [ 3+ human tumordn NOD/SCID mice. 2Q Discussion: In the
cur:l-éit s?:%n;lpqt?% %ﬁ%ﬁ%%?@%%%o%@%ge%%f%% légl hleli?r%‘B %Bﬁ%%%&ﬁﬁ?ﬁ%ﬁsogtng erFﬁsR}A through
cDNAMIdRYSHAY S SR sdriereamieeehesn CloHm gt sautyre shebuxaiadel lskmicremstivtracer
cells anddaitily @xpeesssidrinavary-atthamagnmacegirnd basrsd ianeRNAHCIRA B4 GaAY SIS HEDH3
expressi%Qewast'kj?agel edeextegcttaegltgoipmotgj%r vi'E[i{%\llecr)lrg,aé??LFurtshuermé)ref1 micrg?rra and RT-PCR data
showed that CDH3 wWas expressed IFgastre and co TR ERRrE S PIo& et KRS S eer,
but hardl9fe$%}§|}é§§é@ﬁﬁ their normal counterpart tissues. It was already reported that CDH3 was
overexpressed in the majority of pancreatic cancer tissue, whereas normal duct and acinar cells in
pancreas showed almost no




30 expression of CDH3 by immunohistochemical staining (Taniuchi K, et al. Cancer Res 2005; 65:
3092-3099). These results suggest that CDH3 could be a novel target of immunotherapy for the above
cancers, which target carries a low risk of inducing 8 autoimmune response. The cadherin family is
classified into various subfamilies including Cadherin 1 (CDH1)/E-cadherin, Cadherin 2
(CDH2)/N-cadherin, and Cadherin 3 (CDH3)/P-cadherin, 35according to their tissue distribution. CDHI
is the predominant cadherin family member that is expressed in all epithelial tissues. CDH1 is
assumed to act as a tumor-suppressing factor that Sp./regatively regulates invasion and metastasis of
cancer cells (Frixen li H. et al. J Cell Biol 1991; 113: 173-185, Berx G, etal. Genomics 1995; 26:
281-289, Oka H. etal. Cancer Res 1993: 53: 1696-1701). CDH2 expression is increased in invasive
cancers bnd CDA2aurieibliths folinvasdeiplenBimena by interacting with fibroblast growth factor

(FGF) re(%)%?fe@ﬂ@é@&%ﬁ#ﬁ ownstiaaLRIgRAliReINERIK- eital 1 Gancer Cell 2002; 2: 301-314).
The expression and role of CDH3 in cancers is poorl S 39 In a previous study, Taniuchi eral,
S0 e A S B BRI O P AL B Oichb D S BR et
invasivepessabfapancreadc carcebbytinedr alcfictgdwittsqut2d etnl amd dlad- tarhityh@ TRdtbe pRpatiahasCdc4 2
(Taniuchif; &lal fanaeERes fR8%ARI1IRFPF-39P9). Other previous studies suggested that 10 CD143
is also a factor of increased invasiveness and poor prognosis in breast cancer (Palacios J. eral. Am .1
Pathol 1995; 146: 605-612, Paredes J, et al. Clin Cancer Res 2005: 11: 5869-5877, Peralta Soler A,
etal. Carcer 199bh@pertRE312lARNh dnavbadomberiecoad ceri(StafahSsanthd/\N étahiduSlin l@ngot 2004;
223 &24%}%%%}0M¢n_previous reports are taken together, objective response rate of cancer
vaccines in 15clinical trials was low as 2.6% (Rosenberg S A, etal. Nat Med 2004; 10: 909-915). One
possibility is that cancer cells escape immunity due to deletion, mutation, or down-regulation of TAAs
as a condequendhopapridang-chductionlibeiapye Basedanl theistandpaintdliat turieaceells cannot lose
antigens which are required for turnorigenesis, CDH3 would be a useful candidate TAA for anticancer
immunotherapy. 20In the present invention, the present inventors identified, among the 18 candidate
peptidesiselectef by ARFOVRFHD Y G NSt KON SEL eI DEISNEATIPE pEFREEENINEN were
confirmeg danindiscem HA-eAdgresitiated mouse CTLs in HLA-A2.1 (HHD) transgenic mice. Furtheiinore,
the present inventors confirmed that CDH3 reactive CTLs were generated from PBMCs derived from
healthy donors and cancer patients by using these peptides 25(Figure 4). These CTLs exhibited
cytocidaPeffect bk AR tENATER T2 BRSO TRASER (Wit RE CHr ROSPIRIATIHLOPE St dRoBRIPaRsts 66t &fd s
cancer cghibnesexprassivgnaliiénand HLA-A2. From the above, it is suggested that the present
CDHa3 peptides (CDH3-46554,63 and CDH3-7757_765) are naturally produced by processing from
CDHa3 protein in cancer cells, presented onto the cell surface together with HLA-A2 molecules, and are
thefrecégnized by TFIsIBOTHC RSB BPIsECpFaStRl i s HibPriotBI43kidigelile CTLs was
confirmegkngh@hnhindtrathycodfpritpiease assarbpbatsr i) yiva i ChE adaptiveiipdisatherapy. As
shown in Figure 5, intravenous injection of CD8+ cells induced by the present invention's peptides
significantly inhibited the growth of tumors engrafted into NOD/SCID mice, in comparison to the control
CD8+ célls and fuchggBHirAndgc{pe-apantisenmecsentia hesBtheomeerittecakdiss) i various ethnic

groups  cell-inducing activity, comprising one or more polynucleotide(s) encoding the peptide of claim 1

25  asan active ingredient.

8. An agent for inducing a cytotoxic (killer) T cell, comprising one or more peptide(s) of

claim 1 as an active ingredient.
30 9. An antibody against the peptide of claim 1.

10. Ahelper T cell, a cytotoxic (killer) T cell, or a group of immunocytes comprising these

cells, which is induced by using the peptide of claim 1.

35 11 An antigen presenting cell that presents a complex comprising the peptide of claim 1

and an HLA antigen.



including Asians, Africans, Afro-Americans. and Caucasians (Browning M. et al Immunol 34 Today |
996, 17: 165-170). Therefore, the peptides identifiecsig the present invention which are presented to
killer T cells via IILA-A2 have a clinical application potential around the world, if their safety and
efficacy in cancer immunotherapy are shown in exploratory-medicine. Furthei. the identification of
peptides that are presented to Killer | cells via HI"A-A2, hearers of which are frequent not only in
Japanese hut also in people worldwide, is likely to lead to the development of pharmaceuticals for
cancer immunothcrapy applicable to about 30% of pancreatic cancer patients around the world.
Industriall&pplicablitynligetl preAchisgrediil X claiss 1 lalleledaiyiad iy dbpuh88%mfthd dapanese
population. When transgenic mice expressing human IILA-A2 are immunized with the CDH3 peptides
of the present invention, the peptides can induce cytotoxic T cells that recognize peptides bound to
HIA-A2 mdleculed TorHRIGRY iIPFHBITETES SiISRRI STt 18 TG B JESiBRE SO By ﬁarma%, se
peptitles eatiggrduce human cytotoxic T cells that damage cancer cells expressing 15complexes of the
peptides and HLA-A2 molecules. Therefore, the peptides of the present invention can be applied to
immunotherapy for pancreatic cancer, cholangiocellular carcinoma, gastric cancer, ¢olon cancer, and
non-smal fell lanbeReerTiF AL AR hosTive PadenisL FHusiae pbHides hHH bAPACHBR 1 mprove
patients’ QOL by suppressing proliferation and/or progress of such cancers. 35 CLAIMS 1.A peptide
of the following (A) or (B); a heptide comprising an aming,acid sequence. of, S NO: 1 or 2;
5(B) a peg ide cﬁnﬁ?ﬁ?ﬁé g%) glr%ﬁ]ﬁgngégﬁ %r(lalc%gr{%%sgp %%%BB%%}{? t,ov)\(/ Ceﬁ@ﬁe%nf, two, or several
amifd ackéls)ntecsubatiiitbs comptsin gt Healer Htdy, g sRHErsIthE peipiidEnas an activity
to induce siyetorigakiler) T cell. The peptide of claim 1, wherein the second amino acid from
the N-terminus is lencine 10or ethionine. 3. The peptide of claim 1, wherein the C-terminal amino acid
is valine or leucine. 4. An agent for inducing immunity against cancer, comprising one or more
peptide(s) ©f 15claimethad n ativenipgredisaen Breapntigentibhareagingtaiiobvésediing cancer,
comprising PRLJQEIMOESRERLIESLSIr R fbadnd Refamaative IpArpsientc RAGANAaeNh omingusiag &0

antigen PeSer RS Sh Ravnd SHeiiR tden T

17. A method for inducing a cytotoxic (killer) T cell, comprising a step of contactinga T

cell with the peptide of claim 1.

20 18. A method for inducing immunity against cancer, comprising a step of administering the

peptide of claim 1 to a subject.

19. A method for treating and/or preventing cancer, comprising a step of administering the

peptide of claim 1 to a subject.

25
20. Use of the peptide of claim 1 for manufacture of an agent for inducing immunity against
cancer.
21. Use of the peptide of claim 1 for manufacture of a medicament for treating and/or

30  preventing cancer.



cell-inducing activity, comprising one or more peptide(s) of claim 1 as an active ingredient. 7. An
agent for inducing an antigen presenting cell having, cytotoxic (killer) T cell-inducing activity,
comprising one or more polynucleotide(s) encoding the peptide of claim 1 25as an active ingredient.
8. An agent for inducing a cytotoxic (killer) T cell, comprising one or more peptide(s) of claim 1 as an
active ingredient. 309.An antibody against the peptide of claim I. 10.A helper T cell, a cytotoxic (killer)
T cell, or a group of im unocytes comprising these cells, which is induced by using the peptide of claim
1. 3511.An antigen presenting cell tH&PENEENtd STddidplex comprising the peptide of claim 1 and an
HLA antigen. 36 12. The antigen presenting cell of claim 11hic ) is induced by the agent of claim 6 or

7. 13. A 0Ss p s.a_comple mprising the peptide of claim 1 and an HLA antigen.
14. Thegk orﬂf&@%[@m&:{n?ﬁ@@ﬁ gﬁ[@@?@@lﬁA NEVWEAI)&ozol). 15. A method for
inducing an antigGOprHERARYINBCEENCEVItECcytotoxic (killer) T 10cell-inducing activity, comprising a step

of contacting thqwt@gﬁqﬁgpﬁntgpg ﬁﬂ{l( ith the peptide of claim 1. 16. A method for inducing an
antigen presenting cell having cytotoxic (killer) cell-inducing activity, comprising a step of transfecting a

polynucleotide encoding the peptide of 15claim 1 into an antigen presenting cell. 17. A method for
inducingla26ptotOBHS (kdiet) deedh campiising la steptofcenpiacting agellsuih the peptide of claim 1.
2018.A method for inducing immunity against cancer, comprising a step of administering the peptide of
claim Ito a subject. 19. A method for treating and/or preventing cancer, comprising a step of
administ{e}r%% th@‘jﬁ'é’b(?i_ﬁ@ Bf claim Ito a subject. 75 20. Use of the peptide of claim 1 for manufacture
of an agent for inducing immunity against cancer. 1.Use of the peptide of claim 1 for manufacture of a

medicarppggfor jre9fis. kel
<151> 2007-08-20

<160> 19
<170> Patentin version 3.4

210> 1

11> 9

212> PRT

213> Artificial

<220>
<223> An artificially synthesized peptide sequence

<400> 1

Phe |le Leu Pro Val Leu Gly Ala Val
1 5

210> 2

211> 9

<212> PRT

213> Artificial



30preventing cancer. SEQUENCE LISTING <110> NATIONAL UNIVERSITY CORPORATION
KUMAMOTO UNIVERSITY ONCOTHERAPY SCIENCE, INC. THE UNIVERSITY OF TOKYO <120>
CDH3 peptide and medicinal agent comprising the same <130> ONC-A0711P <150> JP 2007-213999
<151> 2007-08-20 <160> 19 <170> Patentln version 3.4 <210> 1 <211> 9 <212> PRT <213> Atrtificial
<220> <223> An artificially synthesized peptide sequence <400> 1 Phe lle Leu Pro Val Leu Gly Ala
Val 15 <210> 2 <211> 9 <212> PRT <213> Artificial <220> <223> An artificially synthesized peptide
sequenc€22890> 2 Phe lle lle Glu Asn Leu Lys Ala Ala 15 <210> 3 <211> 9 <212> PRT

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

Phe tle Ile Glu Asn Leu Lys Ala Ala
1 5

210> 3

Q11> 9

212> PRT

213> Artificial

<220>
<223> An artificially synthesized peptide sequence

<400> 3

Val Leu Gly Ala Val Leu Ala Leu Leu
1 5

210> 4

211> 9

<212> PRT

213> Artificial

<220>
<223> An artificially synthesized peptide sequence

<400> 4

Gin Leu Thr Val Ile Arg Ala Thr Val
1 5



+ <213> Avrtificial <220> <223> An artificially synthesized peptide sequence <400> 3 Val Leu Gly Ala Val
. Leu Ala Leu Leu 15 <210> 4 <211> 9 <212> PRT <213> Artificial <220> <223> An artificially
synthesized peptide sequence <400> 4 Gin Leu Thr Bal lle Arg Ala Thr Val <210>5 <211> 9 <212>
PRT <213> Atrtificial <220> <223> An atrtificially synthesized peptide sequence <400> 5 Val Val Leu
Ser Leu Lys Lys Phe Leu 15 <210> 6 <211> 9 <212> PRT <213> Atrtificial <220> <223> An artificially
synthesized peptide sequence <400> 6 Lys Leu Pro Thr Ser Thr Ala Thr He

210> 5

Q211> 9

<212> PRT

213> Artificial

<2207
<223> An artificially synthesized peptide sequence

<400> 5

Val Val Leu Ser Leu Lys Lys Phe Leu
1 5

210> 6

211> 9

212> PRT

213> Artificial

<220>
<223> An artificially synthesized peptide sequence

<400> 6

Lys Leu Pro Thr Ser Thr Ala Thr |le
1 5

210> 7

Q211> 9

212> PRT

213> Artificial

220>
<223> An artificially synthesized peptide sequence



15 <210> 7 <211> 9 <212> PRT <213> Atrtificial <400> 7 Val Leu Asn He Thr Asp Lys Asp Leu 15
<210> 8 <211> 9 <212> PRT <213> Atrtificial <220> <223> An artificially synthesized peptide
sequence <400> 8 Ala Val Ser Glu Asn Gly Ala Ser ¥al 15 <210> 9 <211> 9 <212> PRT <213>
Artificial <220> <223> An atrtificially synthesized peptide sequence <400> 9 Ser Pro Pro Glu Gly Val
Phe Ala Val 15 <211> 10 <212> PRT <213> Atrtificial <220>

<400> 7

Val Leu Asn |le Thr Asp Lys Asp Leu
1 5

210> 8

Q211> 9

<212> PRT

<213> Artificial

220>
<223> An artificially synthesized peptide sequence

<400> 8

Ala Val Ser Glu Asn Gly Ala Ser Val
1 : 5

210> 9

11> 9

<212> PRT

213> Artificial

<220>
<223> An artificially synthesized peptide sequence

<400> 9
Ser Pro Pro Glu Gly Val Phe Ala Val

1 5

<210> 10



¢ <223> An artificially synthesized peptide sequence <400> 10 Val Leu Pro Gly Thr Ser Val Met Gin Val
« 1510 <210> 11 <211> 10 <212> PRT <213> Artificial <220> <223> An atrtificially synthesized peptide
_ sequence <400> 11 Thr Leu Asp Arg Glu Asp Glu G Phe Val 1510 <210> 12 <211> 10 <212> PRT
- <213> Atrtificial <220> <223> An artificially synthesized peptide sequence Lys Leu Pro Thr Ser Thr
Ala Thr lle Val 1510 <210> 13 <211> 10 <212> PRT <213> Atrtificial <220> <223> An artificially
synthesized peptide sequence <400> 13 Phe Val Pro Pro Ser Lys Val Val Glu Val 1510 <210> 14

<211> 15> RRT <213> Artificial <220>

212>
<213>

<220>
<223>

<400>

PRT
Artificial

An artificially synthesized peptide sequence

10

Val Leu Pro Gly Thr Ser Val Met Gin Val

1

<210>
Q21
212>
213>

<220>
<223>

<400>

5 10

11

10

PRT
Artificial

An artificially synthesized peptide sequence

11

Thr Leu Asp Arg Glu Asp Glu GIn Phe Val

1

210>
211>
<212>
<213

<220>
<223>

<400>

5 10

12

10

PRT
Artificial

An artificially synthesized peptide sequence

12



<223> An artificially synthesized peptide sequence <400> 14 Phe Ser Thr Asp Mn Asp Asp Phe Thr
Val 1510 <210> 15 <211> 10 <212> PRT 7 <213> Atrtificial <220> <223> An artificially synthesized
peptide sequence <400> 15 Gly Leu Pro Arg Gly Pré Leu Ala Ser Leu 1510 <210> 16 <211> 10
<212> PRT <213> Atrtificial <220> <223> An artificially synthesized peptide sequence <400> 16 lle
Leu Arg Arg His Lys Arg Asp Trp Val 1510 <210> 17 <211> 10 <212> PRT <213> Artificial <220>
<223> An artificially synthesized peptide sequence <400> 17 <210> 18 <211> 10 <212> PRT <213>
Artificia

Lys Leu Pro Thr Ser Thr Ala Thr lle Val

1 5 10

<210> 13

211> 10

<212> PRT

<213> Artificial

<220>
223> An artificially synthesized peptide sequence

<400> 13

Phe Val Pro Pro Ser Lys Val Val Glu Val
1 5 | 10

210> 14

211> 10

<212> PRT

213> Artificial

<220>
<223> An artificially synthesized peptide sequence

<400> 14

Phe Ser Thr Asp Asn Asp Asp Phe Thr Val
1 5 10

210> 15
211> 10
<212> PRT



<220> <223> An artificially synthesized peptide sequence <400> 18 Phe lle Leu Pro Val Leu Gly Ala
« ValLeu 1510 <210> 19 <211> 9 <212> PRT <213> Atrtificial <220> <223> An artificially synthesized
peptide sequence <400> 19 Ser Leu Tyr Asn Thr Tyf Ala Thr Leu 15

213> Artificial

220>
223> An artificially synthesized peptide sequence

<400> 15

Gly Leu Pro Arg Gly Pro Leu Ala Ser Leu
1 5 10

210> 16

211> 10

<212> PRT

213> Artificial

<220>
<223> An artificially synthesized peptide sequence

<400> 16

Ile Leu Arg Arg His Lys Arg Asp Trp Val
1 5 10

210> 17

211> 10

212> PRT

213> Artificial

220>
<223> An artificially synthesized peptide sequence

<400> 17

Ser Val Leu Glu Gly Val Leu Pro Gly Thr



210>
<2115
212>
213

<220>
223>

<400,

18

10

PRT
Artificial

An artificially synthesized peptide sequence

18

Phe lle Leu Pro Val Leu Gly Ala Val Leu

1

<210>
211>
212>
213>

<220>
<223>

<400>

5 10
19
9
PRT
Artificial
An artificially synthesized peptide sequence

19

Ser Leu Tyr Asn Thr Tyr Ala Thr Leu

1

5



