DESCRIPTION FOXM1 PEPTIDE AND MEDICINAL AGENT COMPRISING THE SAME 5Technical
Field The present invention relates to novel peptides that are useful as vaccines against cancers
highly expressing forkhead box MI (FOXM 1), such ak biliary tract cancer, lung cancer, and pancreatic
cancer, and to pharmaceuticals including the peptides for treatment and prevention of tumors. 10
Background Art The number of biliary tract cancer (gallbladder cancer and cholangiocarcinoma)
deaths is on the rise in Japan, and 16,586 people died of the cancer in 2005. In most biliary tract
cancer cases, no subjective symptoms are prgsgytpnptirecgarly stages. Compared to cancers that
15form on the inside of the digestive tract, such as stomach cancer and colon cancer, accurate
visualization and diagnostic imaging of biliary tract cancer is difficult. Therefore, early detection of
biliary tract canceFavificiitP ANdEYeNTANEPREENOREM SIFaBCprvHIRESBYCahdLls MbdEectable when it
is found. Besides surgical therapy, radiation therapy and chemotherapy are performed for treatment of
biliary tract cancer, but they are not therapeutically effective, and 20 thus the establishment of new
thergpel}r@%ﬁ‘é‘-ﬁm urgently needed. Lung cancer deaths are also on the rise in Japan, and
62,063 people diEkgfrthencanceition2005esAt prese prHtdes chatcer ascilnsviorci@Odgahshe cancer
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detection of biliary tract cancer is difficult, and the cancer has often already progressed and is
unresectable when it is found. Besides surgical therapy, radiation therapy and chemotherapy
are performed for treatment of biliary tract cancer, but they are not therapeutically effective, and

20  thus the establishment of new therapeutic methods is urgently needed.

Lung cancer deaths are also on the rise in Japan, and 62,063 people died of the cancer in
2005. At present, lung cancer accounts for 19.0% of the cancer deaths in Japan, and it has been
the leading cause of cancer death since 2000. Smoking is said to be the main cause of the onset
of lung cancer. Besides smoking, inhalation of asbestos or radon gas is also believed to cause

25 lungcancer. Smoking cessation is encouraged and health checks are carried out as measures to
prevent lung cancer. However, although it is decreasing, the smoking population in Japan in
2005 is still estimated to be approximately 30 million. Furthermore, recently, it has been shown
that simple chest X-ray imaging and sputum test widely performed during health checks are not
effective for early detection of lung cancer, and thus they do not lead to reduction of cancer

30 deaths. Considering the above, the number of lung cancer deaths is predicted to continue
increasing in the future.

The symptoms of lung cancer include cough, bloody sputum, shortness of breath, and
chest pain, but in most cases, symptoms are absent in the early stages. When symptoms appear,
the cancer has already progressed in many cases. Therefore, more than half of the patients are

35  inoperable when the cancer is first discovered, and it is regarded as one of the intractable cancers.

The recovery rate after operation is not as good as other cancers, and the overall five-year



survival rate after surgery is just short of 50%. In recent years, the five-year survival rate for
early-stage lung cancer is increasing as a result of advances in multimodal treatment by radiotherapy,
chemotherapy, and such with surgical resection as the main treatment; however, improvement of the
therapeutic effects for advanced lung cancer is poor, and the establishment 5of new therapeutic
strategies is in urgent need. The number of pancreatic cancer deaths is also on the increase in Japan,
and 22,927 people died of the cancer in 2005. At present, pancreatic cancer accounts for 7.0% of the
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surgical resection as the central treatment is presently carried out, there is no dramatic
improvement in the therapeutic effects, and the establishment of novel therapeutic strategies is
urgently needed. Various factors such as lifestyle habits including smoking, obesity, diet,
20 alcohol drinking, and coffee drinking, as well as chronic pancreatitis, diabetes, genetic factors,
and such have been suggested to be involved in causing the onset of pancreatic cancer.

On the other hand, recent development in molecular biology and tumor immunology has
elucidated that cytotoxic (killer) T cells and helper T cells recognize peptides generated by
degradation of proteins that are specifically and highly expressed in cancer cells and which are

25  presented on the surface of cancer cells or antigen presenting cells via HLA molecules, and cause
immunoreaction to destroy cancer cells. Furthermore, many tumor antigen proteins and
peptides derived therefrom, which stimulate such immunoreaction to attack cancer, have been
identified, and antigen-specific tumor immunotherapy is being clinically applied.

The HLA class I molecule is expressed on the surface of all nucleated cells of the body.

30 It binds to a peptide generated by intracellular degradation of proteins produced in the cytoplasm
or nucleus, and expresses the peptide on the cell surface. On the surface of a normal cell,
peptides derived from normal autologous proteins bind to HLA class I molecules, and are not
recognized and destroyed by T cells of the immune system. On the other hand, in the process
of becoming a cancer, cancer cells sometimes express a large quantity of proteins that are hardly

35  orslightly expressed in normal cells. When HLA class I molecules bind to peptides generated

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



or nucleus, and expresses the peptide on the cell surface. On the surface of a normal cell, peptides
derived from normal autologous proteins bind to HLA class | molecules, and are not recognized and
destroyed by T cells of the immune system. On the 8ther hand, in the process of becoming a cancer,
cancer cells sometimes express a large quantity of proteins that are hardly 35or slightly expressed in
normal cells. When HLA class | molecules bind to peptides generated by intracellular degradation of
proteins specifically and highly expressed in cancer cells, and 3 then express the peptides on the
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antigen In various cancers. IS expressea In empryoniciiver, ana innormail a ult organs, It is
slighitly eskpressds inrasalbigesprsphsraiipradistonraeh tanberideadihex sobdOXNMd InfeetRank
thymus, ABeLEERHSNIOWEYEX)H00 HXPEESSIBMIGHE) isxfRBIssbabhdai¥sues of many intrahepatic bile
duct cancer cases. Similar to and in addition to intrahepatic bile duct cancer, FOXM1 was
found to be highly expressed in almost all the cases of lung cancer, bladder cancer, and
pancreatic cancer. Furthermore, high expression of FOXM1 was found in 40% or more of the
25  cases in a wide variety of cancers such as cervical cancer, ovarian cancer, malignant lymphoma,
breast cancer, stomach cancer, esophageal cancer, prostate cancer, hepatocellular carcinoma,
colon cancer, and chronic myeloid leukemia. These facts suggest that FOXM1 could serve as a
cancer-specific antigen in various cancers. FOXMI is expressed in embryonic liver, and in
normal adult organs, it is slightly expressed in the digestive tract such as stomach, small intestine,
30  and large intestine, thymus, and testis; however, the expression level is remarkably low
compared to cancerous parts.
Examples of the documents indicating that FOXM]1 is related to the onset of cancer and
the regulation of cell proliferation include Non-patent Documents 1 to 10. However, none of
the documents describes the use of FOXMI as a vaccine against cancer.
35
[Non-patent document 1] Yoshida Y, Wang I-C, Yoder HM, Davidson NO, Costa RH.: The



compared to cancerous parts. Examples of the documents indicating that FOXM1 is related to the
onset of cancer and the regulation of cell proliferation include Non-patent Documents 1 to 10.
However, none of the documents describes the usebf FOXM1 as a vaccine against cancer. 35 4
forkhead box M1 transcription factor contributes to the development and growth of mouse colorectal
cancer. Gastroenterology 132: 1420-1431, 2007. [Non-patent document 2] Gusarcova GA, Wang I-C,
Major ML, Kalinichenko VV, Ackerson T, Petrovi V, Costa RH.: A cell-penetrating ARF peptide inhibitor
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[Non-patent document 6] Wonsey DR, Folletie M.: Loss of the forkhead transcription factor
FoxM1 causes centrosome amplification and mitotic catastrophe. Cancer Res. 65: 5181-5189,
2005.

20  [Non-patent document 7] Obama K, Ura K, Li M, Katagiri T, Tsunoda T, Nomura A, Satoh S,
Nakamura Y, Furukawa Y: Genome-wide analysis of gene expression in human intrahepatic
cholangiocarcinoma. Hepatology 41: 1339-1348, 2005.

[Non-patent document 8] Laoukili J, Kooistra MRH, Bras A, Kauw J, Kerkhoven RM, Morrison
A, Clevers H, Medema RH.: Foxm1 is required for execution of the mitotic programme and

25  chromosome stability. Nature Cell Biol. 7: 126-136, 2005.

[Non-patent document 9] Kalinichenko VV, Major M, Wang X, Petrovic V, Kuechle J, Yoder
HM, Shin B, Datta A, Raychaudhuri P, Costa RH.: Foxm1b transcription factor is essential for
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development of hepatocellular carcinomas and is negatively regulated by the p1 tumor

suppressor. Genes Dev. 18: 830-850, 2004.

30  [Non-patent document 10] Wang X, Kiyokawa H, Dennewitz MB, Costa RH.: The forkhead box
m1b transcription factor is essential for hepatocyte DNA replication and mitosis during mouse
liver regeneration. Proc. Natl. Acad. Sci. USA 99: 16881-16886, 2002.

Disclosure of the Invention

35  [Problems to be Solved by the Invention]

An objective of the present invention is to develop a means for carrying out
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B, Datta A, Raychaudhuri P, Costa RH.: FOXITIIb transcription factor is essential for development of
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18: 830-850, 2004. 30 [Non-patent document 10] Wang X, Kiyokawa H, Dennewitz MB, Costa RH.:
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develop a means for carryjng out immunotherapy that.suppress ancer growth by ancing the
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cells by co-culturing them with human peripheral blood mongcyté-derived dendritic cells pulsed with

human FOXRIGSBPaRRS SHRFER RadetsPReEnias tikHIAG nfstis Witk 'or not there was induction of

killer T cells specific to each FOXM1 peptide was examined by detecting 7-interferon (IFN-y) produced

by the ki@g{elngqﬂ§ ?;\&U'V\{@efgefm[g&ggnition of the peptide 'presentec.j by HLA-A2 usjng ELlsPOT
assay. As a 20result, novel FOXM1 peptides that are %otentlally candidate target antigens applicable

to immunotheragyFrdtethsarisnes. prrriemiBracrd R M b ard dsapeesiahiiies Jorrdivd idhduced
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f”dog.er\%“%cf 8&“&'&%‘?&%&@%}%‘%&8%%l]?ssglﬂ@gdt@%t%&aﬂﬁd%gggﬁﬁi hglfd0AM HLA class
-restricted manner. ore specifically, the present invention provides the fo Iowmg.
HLA-A2 binding motif. Whether or not there was induction of killer T cells specific to each
FOXM1 peptide was examined by detecting y-interferon (IFN-y) produced by the killer T cells
activated from recognition of the peptide presented by HLA-A2 using ELISPOT assay. Asa
20 result, novel FOXMI1 peptides that are potentially candidate target antigens applicable to
immunotherapy were identified. Furthermore, it was revealed that FOXM]1-responsive CTLs
induced using the aforementioned peptides have specific cytotoxicity against cancer cells
expressing endogenous FOXM1 and HLA-A2 molecules, and that the CTLs recognize target
cells in an HLA class I-restricted manner.
25 More specifically, the present invention provides the following:
[1] a peptide of (A) or (B) below:
(A) a peptide including the amino acid sequence of any one of SEQ ID NOs: 1 to 3;
(B) a peptide which includes the amino acid sequence of any one of SEQ ID NOs: 1 to 3,
wherein one, two, or several amino acid(s) are substituted, deleted, inserted, and/or added, and
30  wherein the peptide shows cytotoxic (killer) T cell-inducing activity;
[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, which includes one or more peptide(s) of [1]
35  as an active ingredient;

[5] an agent for treating and/or preventing cancer, which includes one or more peptide(s) of [1]



[1] a peptide of (A) or (B) below: (A) a peptide including the amino acid sequence of any one of SEQ
ID NOs: 1to 3; (B) a peptide which includes the amino acid sequence of any one of SEQ ID NOs: Ito
3, wherein one, two, or several amino acid(s) are substituted, deleted, inserted, and/or added, and
30wherein the peptide shows eytotoxic (killer) T cell-inducing activity; [2] the peptide of [I], wherein the
second amino acid from the N terminus is leucine or methionine; [3] the peptide of [1], wherein the
C-telulinal amino acid is valine or leucine;  [4] an agent for inducing immunity against cancer, which
includes Qng ggmgrﬁ@@@f@q%(s) of [1] 35as an active ingredient; [5] an agent for treating and/or

preyenti g cancer, hich incluo!es one or more pepti of [1] 6 as an active ingred; 0t 6. an agent
o incucHL &7 gEh BAUSEIR L O A S SR I B MALLFTS b WhEiein said
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antigen-preggniieg: sl imaﬁk?maw daxicceiligh): TaethipdHGing Sastivily (wheheinsaishadenl
includes one or more pobmucleotide(s) encoding the peptide of [1] as an active ingredjent; [8] an
agent foemeféfmﬁhgrsw&?d%eg@aﬂé?#:%t@e?ﬁ@féwgwﬁﬂaﬁm% A W%@%&@ﬁoﬂe@of [1] as
an activexsrgredisntin@dangntibody against the peptide of [1]; 10[10] a cytotoxic (killer) T cell, a
helper T g8l Ol A IMHBOGYE L b’é@i&%"g}iﬂ?‘!—&*}j‘iﬂ&m%&ﬂe}@lﬂ%‘aﬂﬁ4@&%@8@1&&9%9%%%?98 of [1];
[11] an antigen-presenting cell'that presents a complex including the peptide of [1] and an HLA
antigen; PP ide(s) of [1] as"an active ingredient;
[9] an antibody against the peptide of [1];
10 [10] a cytotoxic (killer) T cell, a helper T cell, or an immunocyte population including them,
which is induced using the peptide of [1];
[11] an antigen-presenting cell that presents a complex including the peptide of [1] and an HLA
antigen;
[12] the antigen-presenting cell of [11], which is induced by the agent of [6] or [7];
15  [13] an exosome that presents a complex including the peptide of [1] and an HLA antigen;
[14] the exosome of [13], wherein the HLA antigen is HLA-A2 (HLA-A*0201);
[15] a method for inducing an antigen-presenting cell that shows cytotoxic (killer) T
cell-inducing activity, which includes the step of contacting an antigen-presenting cell with the
peptide of [17;
20  [16] a method for inducing an antigen-presenting cell that shows cytotoxic (killer) T
cell-inducing activity, which includes the step of introducing a polynucleotide encoding the
peptide of [1] into an antigen presenting cell;
[17] a method for inducing a cytotoxic (killer) T cell, which includes the step of contactinga T
cell with the peptide of [1];
25 The present invention also provides the following:
[18] a method for inducing immunity against cancer, which includes the step of administering
the peptide of [1] to a subject;
[19] a method for treating and/or preventing cancer, which includes the step of administering the
peptide of [1] to a subject;
30  [20] use of the peptide of [1] in the production of an agent for inducing immunity against cancer;
[21] use of the peptide of [1] in the production of an agent for treating and/or preventing cancer;
[22] the peptide of [1], for induction of immunity against cancer;

[23] the peptide of [1], for treatment and/or prevention of cancer.

35  Brief Description of the Drawings
Fig. 1 shows the results of ELISPOT assay and cytotoxicity test. CD8 positive T cells




[12] the antigen-presenting cell of [11], which is induced by the agent of [6] or [7]; 15[13] an exosome
that presents a complex including the peptide of [1] and an HLA antigen; [14] the exosome of [13],
wherein the HLA antigen is HLA-A2 (HLA-A*0201); T15] a method for inducing an antigen-presenting
cell that shows cytotoxie (killer) T cell-inducing activity, which includes the step of contacting an
antigen-presenting cell with the peptide of [1]; 20[16] a method for inducing an antigen-presenting cell
that shows cytotoxic (killer) T cell- inducing activity, which includes the step of introducing a
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30[20] use of the peptide of [ 1I] in the production o n agent for inducing immunity against cancer; [21]

use df the pept }dSXcEf‘fiilﬂ%t?f‘é maae%ﬁ%ﬂ%% %P‘lr@%@&ﬁﬁ?lﬂ%‘? Vefitihg géﬁcf‘éﬁa‘{?’ﬁdthe
peptide bfy[2ytdorxindyatien ofltnAilcitls againstahnctre [23kthel paptitie BE[SP @OF assaymehf atdi/or
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and breast cancer patients. Killer T Cells obtained by stimulation with monocyte-derived, dendritic cells

pulsed WRH BRHF RORRIESHEBtdd e e EREARSIEBHERIEPOT $dad falaakarfﬁﬁ@%ﬁ&ﬂ’eﬁhﬁqey react
specificaly. o Aot E peptites agich pusijuad] Halpeptidda thexprosssdvietivec el oface only when

5':9?('\"'&%‘?6&1%9%%%% ééﬁa%%%?%ﬂéﬁl{g%qﬁé@{i?\%f&&?e%%%”‘:tﬁ%ﬁ‘%@ﬁﬁ Wag ggamined by

CytOtOX'C'tiésd T2-A2 cells weré used as the target cells in the ELISPOT assay. T2-A2 cells are a cell
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[FN-y by recognizing the FOXM1 362- 370 373-382, and 640-649 peptides bound to HLA-A2

15  and expressed on T2-A2 cells. Furthermore, killer T cells from breast cancer patients that were
induced using the above-mentioned peptides showed strong cytotoxic activity against panc-1
cells, but did not show cytotoxic activity against PK-8 cells. Thus, the induced killer T cells
were found to show strong cytotoxic activity against cancer cell lines by specifically recognizing
FOXMI1 in an HLA-A2 restricted manner. From the above, it was revealed that the FOXM1

20 362-370, 373-382, and 640-649 peptides can induce FOXM1-specific human killer T cells in an

HLA-A2 restricted manner, and such killer T cells can damage FOXM1-expressing cancer cells.

[Mode for Carrying Out the Invention]
Unless otherwise defined, all technical and the scientific terms used herein have the
25  same meaning as commonly understood by one of ordinary skill in the art to which the present
invention belongs.
The peptides of the present invention are epitopes restricted to HLA-A2 which is an
HLA allele frequently found in the Japanese and Caucasian populations. Using the binding
affinity to HLA-A2 as an index, candidate HLA-A2 binding peptides derived from FOXM]1 were
30  selected. Killer T cells from two healthy individuals that were induced using the FOXM1
362-370, 373-382, and 640-649 peptides produced IFN-y by recognizing the FOXM1 362-370
(YLVPIQFPV (SEQ ID NO: 1)), FOXM1-373-382 (SLVLQPSVKYV (SEQ ID NO: 2)), and
FOXM1-640-649 (GLMDLSTTPL (SEQ ID NO: 3)) peptides bound to HLA-A2 and expressed
on T2-A2 cells. Killer T cells from breast cancer patients that were induced using the
35  above-mentioned peptides showed strong cytotoxic activity against panc-1 cells, but did not

show cytotoxic activity against PK-8 cells. Thus, the induced killer T cells were demonstrated



HLA-A2 positive and express FOXMI, and PK-8 cells, that are HLA-A2 negative and FOXM | positive,
were used to evaluate the cytotoxic activity As a result, killer T cells induced from two healthy
individuals using the FOXM1 362-370, 373-382, and8640-649 peptides produced 1FN-y by recognizing
the FOXM1 362-370, 373-382, and 640-649 peptides bound to HLA-A2 15and expressed on T2-A2
cells. Furthermore, killer T cells from breast cancer patients that were induced using the
above-mentioned peptides showed strong cytotoxic activity against pane-1 cells, but did not show
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an index, candidate HLA-A2 binding peptides derived from FOXM1 were 30selected. Killer T_cells from
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bound to HLA-A2 and expressed on cells. Killer T cells from breast cancer patients that were

induced tRIAE tRRIBEBMGaNTRIAbIEY PRBtidddsHolfEd Srsh Rl iR U gaindtisahis cells,
but did netshavtargipxiCvacidvtycagainst PK-8 cells. Thus, the induced killer T cells were
demonstrated S to specifically recognize FOXMI in an HLA-A restricted manner and show strong
cytotoxic activity against cancer cell lines. Accordingly, it was revealed that the peptide of any one of

FOXM1-883a7pspidgpoditbp yresmenpene 1 3 dassaisfes A3dag i gSn( @S RESEHY) (D NO: 2)),
and FOXMn64Q-6A9(EEMDLSTTPL (SEQ ID NO: 3)) can induce FOXMI-specific 5 human killer T

cells in an HLA-Q\Z re%tﬁlctoefcl[hnc)ann%%tqg\gegggh 1l§|IeI1er T ce(l)l r1[0d ?O\EV,OXMI-expressmg cancer

cells. FOXM1 Was%%ndﬁt‘o be Iéﬁfy expresse m_alﬂ?’n%nsﬁf aﬁ c?ses 0 ?ﬂ%ng cancer, bladder cancer, and
pancreatic cancé\simitatigadnshdinedhgivpmoarit apeiase bfienyercaheER fRrthembie, FFoXM1

was highly expressachipu@aicnpie Riche casesdaddem viniady af cancers S RsIcRIviaal3,
cancer, oyarian cancer, malionan ymphoma, breast Acagesr, siqmach caneer, esopngaed) cancer,
prostate cancer, hepatocellular-carcinoma, colon cancer, and chroriic myeldid leukemia. These facts
shaf¥ thaviroxMbaperidaishevestartppetar (Hauhbredbapdusingaiusgtzancers.

(C) the peptide of (B), in which the second amino acid from the N terminus is leucine or
methionine; and

(D) the peptide of (B), in which the C-terminal amino acid is valine or leucine.

Herein, “a peptide that shows cytotoxic (killer) T cell-inducing activity” means “a

25  peptide having T cell-inducing activity that stimulates killer T cells (cytotoxic T cells/CTLs)™.

The peptide of the present invention is a peptide (epitope peptide) having less than 40
amino acids, preferably less than 20 amino acids, more preferably less than about 15 amino acids,
and including the amino acid sequence of any one of SEQ ID NOs: 1 to 3, and showing an
activity of inducing killer T cells.  Alternatively, the peptides of the present invention (epitope

30  peptides) may include a peptide including the amino acid sequence of any one of SEQ ID NOs: 1
to 3, wherein one, two, or several amino acids are substituted, deleted, inserted, and/or added, as
long as the ability to induce killer T cells is retained. The number of residues substituted,
deleted, inserted, and/or added is generally five amino acids or less, preferably four amino acids
or less, more preferably three amino acids or less, even more preferably one amino acid or two

35  amino acids.

Variant peptides (i.e., peptides including amino acid sequences obtained by modifying



(1) The peptides of the present invention, and agents for inducing anti-cancer immunity 15including
thereof A peptide of the present invention is any one of(A) to (D) below: (A) a peptide including
the amino acid sequence of any one of SEQ ID NO$ 1 to 3; (B) a peptide which includes the
amino acid sequence of any one of SEQ ID NOs: Ito 3, wherein one, two, or several amino acids are
substituted, deleted, inserted, and/or added, and 20wherein the peptide shows cytotoxic (killer) T
cell-inducing activity; (C) the peptide of (B), in which the second amino acid from the N terminus

is Ifeucinﬁxeﬁﬁgﬁﬂypm CAMBs ?@fﬂi fﬁq}’e?]@g%ﬁgm’g‘(a)?an\"ﬁ‘i%m’ @nﬂi&fliia@l@éﬁiﬂ@ @fégt{;so\,/?gne
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cells is retained. The number of residues substituted, déleted, inserted, and/or added is generally five
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deletion, insertion, and/or addition of one, two, or sevéeral aming acid residues) are known to retain the

original BloldidaPastiepiairing Beahainy Rshh BroandacarLs GreyenaningBdsscir i fand
Smith MY(3982) Nctbia Acigsi iR dr paiediB ésbOthdatmdiatdd cbacanflatiab alki@k982) Proc Nat! Aead

Sci USA 79:6409-13 i i ificati I tal : ' f-the original
amino acid side%%%%rgﬁég%ﬁggdﬁ&%%ég tlegs%%%ﬁn?%r%P%égt gliggng%%%ggg%ﬂs%g\%vﬁ below:
hydroph8Biti dealriseroBasertigralfsnar) or degapeptisleqy 1 - hydrophilic amino acid side chains (R,
D, N C, E, Q, GItbiderSo bhitaindh ikl ehairis kiguibmdexfeffviingfanetiontlcgolis cin ghragtgristics

in commgn: aliphatic side chains.(G L.1.P)-hydr roup-c Tall i hains 1.Y);
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arboxylic acid- an ide-containi chains’(D, N,
E, Q); baskstaHiaiifg dige.dnsgrioRand/ pnaddii arofitie Mry-ebrrufithgaide afidins (errnythyy).
The chakagierscitie paestbasascshew, prefdeitey aadesoleasnineragitdserably two or less.
Furthermore, since the regularity of the peptide sequences that have high affinity to HLA
20  antigens 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. Immunol. 155:4307-12), the
peptides of the present invention (epitope peptides) can be modified based on the regularity in
order to enhance their affinity to HLA antigens. For example, peptides with high HLA-A2
binding affinity can be obtained by substituting the second amino acid from the N terminus with
25  leucine or methionine. Similarly, peptides with high HLA-A2 binding affinity can also be
obtained by substituting the C-terminal amino acid with valine or leucine.

When the sequence of an epitope peptide is identical to a portion of the amino acid
sequence of an endogenous or exogenous protein having a different function, side effects such as
autoimmune disorders or allergy symptoms against a specific substance can be caused. In order

30  to avoid such side effects, a modified epitope peptide should not be identical to the amino acid
sequences of known proteins. For this purpose, it is necessary to carry out homology search
using available databases to confirm that there is no endogenous or exogenous protein with a
different function that shows 100% homology with the modified epitope peptide. By this
procedure, risks caused by the above-mentioned amino acid sequence modification for

35  increasing the binding affinity to HLA antigens and/or for increasing the killer T cell-inducing

activity, can be avoided.



In a preferred embodiment, the peptides of the present invention (immunogenic peptides) are
nonapeptides (9-mer) or decapeptides (10-mer). 15In order to obtain peptides with high binding affinity
and killer T cell-inducing activity, the amino acid sedience of a partial peptide of naturally-occurring
FOXM1 may be modified by substitution, deletion, insertion, and/or addition of one, two, or several
amino acids. Herein, the term several" refers to five or less, preferably three or less, more preferably
two or less. Furthermore, since the regularity of the peptide sequences that have high affinity to HLA

70antigens is KNAWRKEHRAR Do 6¢ el SR peRidBdnalin %138%8%: Ramnensea Hiighsl-,
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caused. In order 30to avoid such side effects, a modified e_pltcf)ge peptide should not be identical to the
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inducing dg&gcrﬁt)ig ?%Irlltﬁt()je({ived from human peripheral blood mononuclear leukocytes; stimulating
them with a peptlge of'in e?/ést; then mixin%;hem with CD8 positive cells; and measuring the cytotoxic

activity towards thfgberalli s Brenslisn sysrsm! ahasyeiinatakihicelprdicne tivianaiLA
antigen (ad@ederevibedhin, fbpexamplen Seia phamed firttyal (R000) Alut g b MuRe! nBEE8Yaribd-79,
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showed particularly high killer T cell-inducing activity.
As described above, the present invention provides peptides showing killer T
cell-inducing activity, more specifically, peptides including the amino acid sequence of any one
25 of SEQ ID NOs: 1 to 3, and variants thereof (i.e., amino acid sequences in which one, two, or
several amino acids are substituted, deleted, inserted and/or added). Preferably, the amino acid
sequences of the peptides including the nine amino acids of any one of SEQ ID NOs: 1 to 3, or
variants thereof are not identical to those of other endogenous proteins. Especially, peptides
with high HLA-A2 binding affinity can be obtained by substituting the second amino acid from
30  the N terminus with leucine or methionine, and/or by substituting the C-terminal amino acid with
valine or leucine.
The peptides of the present invention may include modifications such as glycosylation,
side chain oxidization, and phosphorylation, unless the peptides lose their killer T cell-inducing
activity. Other modifications include, for example, D-amino acids and other amino acid
35  analogues that can be used to increase the serum half-life of the peptides.

Methods for obtaining and producing the peptides of the present invention are not



15peptide; and visualizing the IFN-y production zone in the culture medium using an anti-IFN-y
monoclonal antibody. As shown in the Examples, the result of examining the killer T cell-inducing
activity of peptides showed that peptides having highl binding affinity to the 1-ILA antigen do not
necessarily have high inducing activity. However, the nonapeptides containing the amino acid
sequence of 20 any one of FOXMI-362-370 (YLVPIQFPV (SEQ ID NO: 1)), FOXM1-373-382
(SLVLQPSVKYV (SEQ ID NO: 2)), and FOXM1 640-649 (GLMDLSTTPL (SEQ ID NO: 3)) showed
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techniques depending on the host.
In the present invention, the recombinant peptides can be isolated by culturing a
transformant prepared as described above, producing and accumulating the peptides in the
culture, and collecting the peptides of the present invention from the culture.
20 When the transformant is a prokaryote such as E. coli or an eukaryote such as yeast, the
culture medium for these microorganisms may be either natural or synthetic medium, as long as
it contains carbon source, nitrogen source, minerals, and such that can be utilized by the
microorganisms, and allows efficient culture of the transformant. The culture conditions may
be those conventionally used for culturing the microorganisms. After culturing, the peptides of
25  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 amino acids
are substituted, deleted, inserted, or added in the amino acid sequence of any one of SEQ ID
NOs: 1 to 3 can be appropriately produced or obtained by a person skilled in the art based on the
30 information on the DNA nucleotide sequence encoding the amino acid sequence of any one of
SEQ ID NOs: 110 3. Specifically, a gene that encodes a peptide including an amino acid
sequence in which one, two, or several amino acids are substituted, deleted, inserted and/or
added in the amino acid sequence of any one of SEQ ID NOs: 1 to 3, and showing killer T
cell-inducing activity can be produced by any methods known to persons skilled in the art, such
35  as chemical synthesis, genetic engineering techniques, and mutagenesis. For example, the

site-directed mutagenesis method, which is one of the genetic engineering techniques, is useful



10Expression vectors used may be preferably any vectors that can be autonomously duplicated in
host cells, or can be incorporated into the chromosome of host cells, and contain a promoter at a
suitable position to allow expression of a peptide-erdéoding gene. Transformants having a gene
encoding the peptide of the present invention can be produced by introducing the above-mentioned
expression vector into a host. The host may be any of bacteria, yeast, animal 15cells, and insect cells,
and the expression vector may be introduced into the host using known techniques depending on the
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antigen-presenting cells that present the peptides of the present invention on their cell surface
can be obtained. By administrating these antigen-presenting cells back to the subject, killer T
cells can be induced in the subject’s body, and as a result, immune response to target cells
presenting the peptides of the present invention can be enhanced.

25 When used in vitro or in vivo, preferably in vitro, the agents for inducing immunity

against cancer of the present invention can induce helper T cells, killer T cells, or immunocyte

populations including these cells, thereby providing immunity against cancer.

(2) Agents for treatment and/or prevention of cancer of the present invention (cancer vaccines)
30 It was shown in the Examples that the peptides of the present invention can induce
cancer cell-specific killer T cells in vivo.  On the other hand, it was shown in the previous
invention that FOXM1 was highly expressed in most cases of lung cancer, cholangiocellular
carcinoma, bladder cancer, renal cell carcinoma, prostate cancer, chronic myelogenous leukemia,
malignant lymphoma, cervical cancer, osteosarcoma, breast cancer, soft tissue sarcoma, colon
35  cancer, and such. Accordingly, the immunity-inducing agents including one or more of the

peptides of the present invention as an active ingredient are expected to be effective as agents for



formulation combining two or more epitope peptides. Immunity-inducing agents formulated by
combining multiple types of peptides may be a cocktail, or may be mutually bound 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 15sequences derived
from different genes. When the peptides of the present invention are administered, the administered
peptides are presented on HLA antigens of antigen-presenting cells at a high density, and
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(1) induction of killer T cells against tumors containing FOXM1-expressing cells,
(2) induction of antibodies that recognize tumors containing FOXM1-expressing cells, and
(3) induction of antitumor cytokine production.

25 When a particular peptide induces any one of these immune responses through
inoculation to an animal, the peptide is determined to have antitumor immunity-inducing effect.
Induction of antitumor immunity by the peptide can be detected by observing in vivo or in vitro
response of the immune system in a host to the peptide.

For example, methods for detecting induction of killer T cells are well known. A

30 foreign substance that invades a living body is presented to T cells and B cells by the action of
antigen-presenting cells (APCs). T cells that respond to antigens presented by
antigen-presenting cells in an antigen-specific manner differentiate into killer T cells (also called
cytotoxic T cells or CTLs) through stimulation by antigens, and then proliferate. Herein, this
process is called “activation” of T cells. Induction of killer T cells by a specific peptide can be

35  evaluated by presenting the peptide to T cells using peptide-pulsed antigen-presenting cells, and

then detecting the induction of killer T cells. Furthermore, antigen-presenting cells have an



In the present invention, the term "N accine" (also called "immunogenic composition-) refers to a
substance that induces antitumor immunity or suppresses various cancers when inoculated to an
animal. In the present invention, it was suggested tHdt the peptide including 15 the amino acid
sequence of any one of SEQ ID NOs: Ito 3 is an HLA-A2 restricted epitope peptide that can induce
strong and specific immune response against FOXM1-presenting cells. Accordingly, the present
invention also includes methods for inducing antitumor immunity by using the peptides including the
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Therefore, the peptides that show an activity of inducing killer T cells against tumor cells are
useful as vaccines against cancers presenting FOXM1. Furthermore, antigen-presenting cells
that have acquired the ability (activity) to induce killer T cells against cancers through contact
with the peptides are useful as vaccines against cancers. Furthermore, killer T cells that have
20 acquired cytotoxicity as a result of presentation of the peptides by antigen-presenting cells can
also be used as vaccines against cancers presenting FOXM1. Methods of cancer treatment
using antitumor immunity by antigen-presenting cells and killer T cells are called
cytoimmunotherapy.
In general, when using peptides for cytoimmunotherapy, the efficiency of inducing
25  killer T cells can be enhanced by combining multiple peptides having different structures.
Therefore, when stimulating DCs with protein fragments, it is advantageous to use a mixture of
multiple types of peptide fragments.
Induction of antitumor immunity by peptides can also be evaluated by observing the
induction of antibody production against tumors. For example, when antibodies are induced
30  against peptides by immunizing laboratory animals with the peptides, and they suppress growth,
proliferation, and/or metastasis of tumor cells, it is determined that the peptides induce antitumor
immunity.
Antitumor immunity can be induced by administering a vaccine of the present invention,
and the induction of antitumor immunity enables treatment and/or prevention of cancers.
35  Effects of cancer treatment and/or prevention of cancer development may include inhibition of

cancer cell growth, regression of cancer cells, and suppression of cancer cell development.



antigen-presenting cells, DCs have the strongest killer T cell-inducing effect. In this method, first, a test
peptide is contacted with DCs, and then the DCs are contacted with T cells. T cells that have cytotoxic
effect on target cells are detected from the T cells cbhtacted with DCs. If the T cells show cytotoxic
activity against the target cells, it means that the test peptide has the 10activity to induce cytotoxic T
cells. The activity of killer T cells against target cells such as tumors can be detected, tbr example,
using lysis of 51Cr-labeled tumor cells as an index. Alternatively, the degree of tumor cell damage can

be evaluptee-hsing Sl Hhymidinawriakaiactivity QitREh(actasedehyiiagenaseléaleasgoag an index.
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carcinoma, stomach cancer, colon cancer, non-small-cell lung cancer, testicular cancer, cervical
20  cancer, osteosarcoma, and soft tissue sarcoma.

The peptides of the present invention can be administered directly to a subject as
pharmaceutical agents formulated by conventional formulation methods. Such formulations
may contain, in addition to the peptides of the present invention, pharmaceutically acceptable
carriers, excipients, and such, as necessary. The pharmaceutical agents of the present invention

25  may be used for treatment and/or prevention of various tumors.

Furthermore, to effectively establish cellular immunity, adjuvants can be mixed into
pharmaceutical agents for treatment and/or prevention of tumors including one or more of the
peptides of the present invention as an active ingredient. The agents may be co-administered
with other active ingredients such as antitumor agents. Appropriate formulations also include

30  granules. Appropriate adjuvants are described in the literature (Johnson AG. (1994) Clin.
Microbiol. Rev., 7:277-89). Examples of adjuvants include Freund’s incomplete adjuvant, BCG,
trehalose dimycolate (TDM), lipopolysaccharide (LPS), aluminum potassium sulfate adjuvant,
silica adjuvant, aluminum phosphate, aluminum hydroxide, and alum, but are not limited thereto.
Furthermore, liposomal formulations, granular formulations in which a drug is bound to beads

35  having a diameter of several micrometers, and formulations in which lipids are bonded to the

aforementioned peptides may be conveniently used. Administration methods may be oral



5vaccine administration. For example, the effects are preferably observed at a significance level of 5%
or less. Statistical methods such as Student t-test, Mann-Whitney U test, ANOVA, or such may be
used for determining the statistical significance. 18n the present invention, the subject is preferably
a mammal. Examples of mammals include humans, non-human primates, mice, rats, dogs, cats,
horses, and cattle, but are not 10limited hereto. The peptides of the present invention can be
administered to a subject in viva or ex viva. Furthermore, to produce an immunogenic composition for
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Vaccine compositions of the present invention contain a component that primes killer T

cells. Lipids have been identified as a substance for priming against viral antigens in vivo.
For example, palmitic acid residues can be bound to the e-amino group and a-amino group of a
lysine residue, and then linked to an immunogenic peptide of the present invention. The

25  lipidated peptides can be directly administered by incorporating them into a micelle or particle,
or encapsulating them into a liposome, or emulsifying them in an adjuvant. Another example
of lipid priming is priming with an E. coli lipoprotein such as
tripalmitoyl-S-glycerylcysteinyl-seryl-serine (P3CSS) when covalently bound to a suitable
peptide (Deres K., ef al., (1989) Nature 342:561-4).

30 The immunogenic peptides of the present invention can be expressed by viral vectors or
bacterial vectors. Examples of appropriate expression vectors include avirulent viral hosts such
as vaccinia and fowlpox. For example, a vaccinia virus can be used as a vector to express a
nucleotide sequence encoding the peptide. By introducing the recombinant vaccinia virus into
host cells, the immunogenic peptides are expressed, eliciting immune response. The

35  immunization method using vaccinia vectors is described, for example, in U.S. Patent No.
4,722.848. Bacille Calmette-Guerin (BCG) may also be used. BCG vectors are described in



and more preferably 0.1 mg to 10 mg. Preferably, administration is performed once a few days to a
few months, but those skilled in the art can easily select the appropriate dose and administration
method; and selection and optimization of these pailameters are fully within the scope of conventional
techniques. The form of formulations is not particularly limited, and | Othey may be freeze-dried, or
granulated by adding excipients such as sugar. Auxiliary agents that can be added to the
pharmaceutical agents of the present invention for increasing the killer T cell-inducing activity include
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20  stomach cancer, liver cancer, gallbladder cancer, testicular cancer, thyroid cancer, bladder cancer,

sarcoma, etc. Examples of cancers for which application of the present invention is suitable

include biliary tract cancer, lung cancer, pancreatic cancer, and bladder cancer.

(3) Antibodies of the present invention

25 The present invention also relates to antibodies that recognize a portion of or the entire
peptide of the present invention mentioned above as an epitope (antigen), and relates to killer T
cells that are induced by in vitro stimulation using the proteins or peptides. In general, the
killer T cells demonstrate more potent antitumor activity than the antibodies.

Furthermore, similarly to the peptides of the present invention, the antibodies of the

30  present invention are useful as prophylactic and/or therapeutic agents against cancers expressing
FOXMLI, as long as they can inhibit the activity of the FOXM]I cancer antigen. In a practical
use, the peptides or antibodies of the present invention may be administered as they are, or by
injection with a pharmaceutically acceptable carrier and/or diluent, together with an adjuvant as
necessary. Alternatively, they can be administered by transdermal absorption through mucous

35 membranes by the spray method or such. More specifically, herein, human serum albumin is an

example of carriers; and PBS, distilled water, and such are examples of diluents.



and Hipp JD, et al., (2000) In Vivo 14:571-85. Killer T cells can be effectively induced in the body
of a patient by adding an antigenic peptide in vitro to cells collected from the patient or cells from
another individual sharing some of the HLA alleles (dllogeneic cells), and presenting the antigen, and
then administering the cells 10to the patient intravascularly, locally to the tumor, or such. Alternatively,
after in vitro induction of killer T cells by adding the peptide to the patient's peripheral blood
lymphocytes and culturing them in vitro, the cells can be administered to the patient intravascularly,

locally to the tumgye %tﬁ&&ﬁeﬁ#ﬁh&ﬁ%&@@%@%ﬁ@%% 1% RIEACY DR ERY @wmo%ncer
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(3) Antibodies of the present invention 25The present invention also relates to antibodies that
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known taviteosdsskilidpily tierdres increased, they can be addltlonally immunized with, for example,
100 pg to 1000 pg of the antigen. Blood can be collected from the immunized mammals or

avian species one to two months after the final administration, and the blood can be separated
20 and purified by conventional methods such as centrifugation, precipitation using ammonium
sulfate or polyethylene glycol, chromatography such as gel filtration chromatography, ion
exchange chromatography, affinity chromatography, and such, to obtain the polyclonal
antibodies that recognize the peptides of the present invention as a polyclonal antiserum.
On the other hand, monoclonal antibodies can be obtained by preparing hybridomas.
25  For example, hybridomas can be obtained by cell fusion of antibody-producing cells with
myeloma cell lines. Hybridomas that produce monoclonal antibodies of the present invention
can be obtained by cell fusion methods such as those indicated below.
Spleen cells, lymph node cells, B lymphocytes, and such from immunized animals are
used as antibody-producing cells. The peptides of the present invention are used as antigens.
30  Animals such as mouse and rat can be used as immunized animals, and administration of
antigens to these animals is carried out by conventional methods. For example, animals are
immunized by administering a suspension or emulsion of a peptide of the present invention,
which is an antigen, with an adjuvant such as Freund’s complete adjuvant and Freund’s
incomplete adjuvant, to the animals several times intravenously, subcutaneously, intradermally,
35  intraperitoneally, or such. Antibody-producing cells such as spleen cells are obtained from the

immunized animals, and can be fused with myeloma cells by known methods (G. Kohler et al.,



For example, polyclonal antibodies can be obtained by immunizing mammals or avian species with a
peptide of the present invention as an antigen, and collecting blood from the 5mammals or avian
species, and separating and purifying antibodies frotfi the collected blood. For example, mammals
such as mouse, hamster, guinea pig, chicken, rat, rabbit, dog, goat, sheep, and bovine, or avian
species can be immunized. Methods of immunization are known to those skilled in the art, and the
antigen can be administered, for example, two or three times at an interval of, for example, 7 to 30

days. The fosagean He.Jes s anleaPRiex@aiely 0.05 mg 10to 2 mg of antigen per
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the blood can be se I[‘grate d 20 and purified by conventional methods such as centrifugation,
preC|pltaﬁWﬁrﬁg?ﬁﬁ%{hhﬁBhﬁWgLWa‘E@% Bsyeiidenalghropresiomaring Jhy Serines ik Mration
chromategfgc@hyim@mﬁmimygﬁedhmmatography, affinity chromatography, and such, to obtain the
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e other hand, monoclonal antibodies can be obtaine Eé/preparln hybridomas. 25For example,
hybridoniEE Bk R hstRaih BApp el Tushsh &t BRbeeypredeterebrextstrmyaroripehifines.
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anipsals, pliagtiain istediorupfianiigens QI theges apinTalssisusrikad i bytphveTtipnasagtads. For
example aqlm?ls e immunized by administering a suspension or emulsion of a peptide of the

present nRFentlon hich is an antigen, with an adjuvant such as Freund's complete adjuvant and

Freund's incom p]@t@f defjtvareduseiecaniinaiel satibediehed sntenest ooy Slybriderpasdhas abkpined,
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from the Imenl%ggo%Pona? tq')no%lce%rc]:zg) fg ;Sjgxdlﬁlv éthml}/le Oe”c‘:%l?urlelssg elkr?a X\rllrt] cr)? %tskc]ng (G. Kohler etal.,
20  Purification of monoclonal antibodies from culture supernatants or ascites can be performed by
conventional methods. For example, ammonium sulfate fractionation, gel filtration, ion
exchange chromatography, affinity chromatography, and such can be suitably combined and
used.

Transgenic animals that have a group of human antibody genes can be immunized using

25  the peptides of the present invention, cells expressing the peptides, or lysates thereof.
Antibody-producing cells can be collected from the immunized transgenic animals, and fused
with the above-described myeloma cell lines to obtain hybridomas. Monoclonal antibodies of
interest can then be produced from the hybridomas (W092/03918; W(094/02602; W0O94/25585;
W094/33735; W0O96/34096).

30 Furthermore, antibody-producing immune cells such as immunized lymphocytes can be
immortalized using oncogenes, and used for preparation of monoclonal antibodies.

Monoclonal antibodies thus obtained can also be modulated using gene manipulation
techniques (Borrbaeck and Larrick, (1990) Therapeutic Monoclonal Antibodies). For example,
recombinant antibodies can be prepared by cloning a DNA encoding an antibody from

35  antibody-producing cells such as hybridomas and immunized lymphocytes, and inserting it into a

suitable vector, and introducing this into host cells.



19 Nature, 256, 495 (1975)) to generate hybridomas. For mice, examples of myeloma cell lines
used for cell fusion include, for example, the P3X63Ag8, P3U1, Sp2/0 lines, etc. A fusion-promoting
agent such as polyethylene glycol and Sendai virus48 used for cell fusion, and
hypoxanthinelaminopterin/thymidine (HAT) medium is 5used for selecting hybridomas by a
conventional method after cell fusion. Hybridomas obtained by cell fusion are cloned by the limiting
dilution method or such. As necessary, cell lines producing monoclonal antibodies that specifically

recognize the pepdes Bl NERERETHAEHRL AR be.OelAGALY ysion e pRilescl the present
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ascites-forming methods, and the monoclonal antibodies can be purified from the culture supernatant
or ascited 5GP Fﬁba%Frla?}ﬁ%fﬂdﬂ%ﬁ%ﬁﬁﬁ)&oﬁ%ﬁdﬁ?é@hhﬁ@@ﬁ%ﬁ%ﬁﬁ% bt heeite®ean be
performetbhyseanyeniiqnab st thiztiso dsat rexatop e, lapofronBind autfaté ficactio aatiphy cgelsfitiadion, ion
exg an O{Eatography affinity chromatography, and such can be suitably combined and used.
Transgenlc animals that have a group of human antibody genes can be immunized using 25the

peptides of the prasaatibdiptishthcamswsasiaesHiymaPadtinwg Bedanitbadise RrRaGBYRHB8UCing
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30Furthermore, Ehﬁt%ayqskéa abig PRSI EvENE QLI Iads i AT P bRgifscpruding puariable

immortaliged Agirg, enerase AemnaRchiseshitoakepar ativh ahmenastoaat eatibedieshuman 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
methods known in the art. Humanized antibodies are obtained by substituting the CDR

20  sequence region of a human antibody with a rodent CDR region having 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 a human antibody is
substituted with a corresponding region of non-human origin.

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

25  framework and constant regions can also be produced. For example, in an in vitro method,
screening can be carried out using a recombinant library of bacteriophages on which human
antibody fragments are displayed (Hoogenboom and Winter, (1992) J Mol Biol 227:381-8).
Similarly, human antibodies can be produced by introducing human immunoglobulin loci into
transgenic animals whose endogenous immunoglobulin genes have been partially or completely

30  inactivated (U.S. Patent Nos. 6,150,584, 5,545,807, 5,545,806, 5,569,825, 5,625,126, 5,633,425,
and 5,661,016).

The antibodies obtained as stated above can be purified to homogeneity by conventional
methods in the art.  For example, common methods of protein separation and purification can
be used. The antibodies can be separated and purified by a combination of column

35  chromatography such as affinity chromatography, filtration, ultrafiltration, salting out, dialysis,

SDS polyacrylamide gel electrophoresis, isoelectric focusing, and such; however, separation and



Monoclonal antibodies thus obtained can also be modulated using gene manipulation techniques
(Borrbaeck and Larrick, (1990) Therapeutic Monoclonal Antibodies). For example, recombinant
antibodies can be prepared by cloning a DNA encoding an antibody from 35antibody-producing cells
such as hybridomas and immunized lymphocytes, and inserting it into a suitable vector, and
introducing this into host cells. 20 The antibodies of the present invention may be antibody
fragments or modified antibodies, as long as they bind to the peptides of the present invention. The

antibody,{ragments rambs E%&m&eﬁﬁe%t@(&Lﬂg@o@t@nﬂfa&ﬁa\é}w@dﬁi@m Rfragmeenis derived
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methods known in the art. The antibodies of the present invention include chimeric antibodies
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a humarrantibedyalaoddhusedfized@nibogigshiyncluding a complementarity determining region (CDR)
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antibodies In which a smal?er r ion gﬂgﬂuman antlbodE IS substituted with a corresponding region of
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L E T e
antibodie¥esn @@W@%@ffmﬁmém@%m&w%m@gfbbuﬁrﬁt%mﬁm%éhéyéﬁre EfigsAalS whose
endogen@ug ey P agia N g enesebauriBeanipadijaliy addanaptetedyabsorbance or such is
measured. For example, enzymes such as alkaline phosphatase can be used as a label for the
20  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 the peptides of the present invention
contained in samples. Specifically, the presence of the peptides of the present invention in
25  cancer tissues can be confirmed, for example, by contacting cancer tissue biopsies with the
antibodies of the present invention.
Prior to using the peptides of the present invention in therapeutic and/or prophylactic
treatment of cancer, it is possible to predict whether the effect is promising in a test subject
before initiation of the treatment by evaluating the expression of the peptides of the present
30  invention in the cancer to be treated using the antibodies of the present invention.
Furthermore, since the antibodies of the present invention recognize FOXM1 peptide
fragments whose expression is augmented in various cancer cells, their application is expected to

be applicable not only in diagnosis but also for treatment.

35  (4) Helper T cells, killer T cells, or immunocyte populations including them

The present invention also relates to killer T cells and helper T cells induced by in vitro



30inactivated (U.S. Patent Nos. 6,150,584, 5,545,807, 5,545,806, 5,569,825, 5,625,126, 5,633,425,
and 5,661,016). The antibodies obtained as stated above can be purified to homogeneity by
conventional methods in the art. For example, com®dn methods of protein separation and purification
can be used. The antibodies can be separated and purified by a combination of column
35chromatography such as affinity chromatography, filtration, ultrafiltration, salting out, dialysis, SDS
polyacrylamide gel electrophoresis, isoelectric focusing, and such; however, separation and 21
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Killer T cells, helper T cells, or immunocyte populations including them that are capable
of suppressing tumors as described above can be produced using the peptides of the present
20 invention. Therefore, the present invention provides cell culture media containing the peptides
of the present invention. Killer T cells, helper T cells, or immunocyte populations including
them capable of suppressing tumors can be prepared using the cell culture media. Furthermore,
the present invention provides a cell culture kit including the above-mentioned cell culture
medium and a cell culture vessel for production of killer T cells, helper T cells, or immunocyte

25  populations including them.

(5) Antigen-presenting exosomes
The present invention further provides an endocytic vesicle called “exosome™ which
presents on its surface a complex formed with a peptide of the present invention and an HLA
30 antigen. Exosomes can be prepared, for example, by the methods described in detail in the
Japanese translations 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, exosomes are prepared using
antigen-presenting cells obtained from a subject of treatment and/or prevention. Exosomes of
35  the present invention can be injected as a cancer vaccine in a similar manner as the peptides of

the present invention.



treatment of cancer, it is possible to predict whether the effect is promising in a test subject before
initiation of the treatment by evaluating the expression of the peptides of the present 30invention in the
cancer to be treated using the antibodies of the pregént invention. Furthermore, since the
antibodies of the present invention recognize FOXM1 peptide fragments whose expression is
augmented in various cancer cells, their application is expected to be applicable not only in diagnosis
but also for treatment. 2? stimulation using the peptides of the present invention, as well as
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them (5§)An é)en presenting X0S0MEs present |nvent|on urther provides an endocyt ¢

vesicle caifsRPExs50FHe" a&kﬁlﬁrﬁfﬁﬁé@ém@bFpﬁbléﬁuﬂ‘lfoﬁeasc%plex formed with a peptide of the present
invention gnd @& tileintigen-presenting cells from a subject; and

(2) contacting the antigen-presenting cells of step (1) with a peptide of the present invention (or
20  pulsing the antigen-presenting cells of step (1) with a peptide of the present invention).
The antigen-presenting cells obtained in step (2) can be administered into a subject as a
vaccine.
The present invention also provides methods for inducing antigen-presenting cells that
show a killer T cell induction activity. The methods include the step of transfecting
25  antigen-presenting cells in vitro with a gene including a polynucleotide encoding one or more of
the peptides of the present invention. The gene to be transfected can be a DNA or RNA. For
transfection, various methods conventionally performed in the art, such as lipofection,
electroporation, and a calcium phosphate method can be suitably used, but the methods are not
limited thereto. More specifically, transfection can be performed as described in Reeves ME, et
30 al., (1996) Cancer Res., 56:5672-7; Butterfield LH, et al., (1998) J. Immunol., 161:5607-13;
Boczkowski D, et al., (1996) J Exp. Med., 184:465-72; and the published Japanese translation of
WO02000/509281. When the genes are transfected into antigen-presenting cells, they are
transcribed and translated in the cells. The resulting proteins are subsequently processed via the
MHC class I and class II pathways, and are presented on the surface of the antigen-presenting
35  cells as partial peptides through the antigen-presenting pathway.

The present invention also provides methods for inducing killer T cells using one or



30antigen. Exosomes can be prepared, for example, by the methods described in detail in the
Japanese translations of Japanese Patent Application Kohyo Publication No. (JP-A) H11-510507
(unexamined Japanese national phase publication édrresponding to a non-Japanese international
publication) and JP-A (Kohyo) 2000-512161. Preferably, exosomes are prepared using
antigen-presenting cells obtained from a subject of treatment and/or prevention. Exosornes of 35the
present invention can be injected as a cancer vaccine in a similar manner as the peptides of the

present inya0lPthe $3ptides dNBrEIbRABRIGEBIRIBAE weesinihaRrs SRt iBVaRIeD SR dnateh the
HLA antigenic type.of a subject in need 0{ thitre tmen{)and or revei{'l)on Fcér xample, the HLA
e G BT R SO0 HrAIESbI I hoAD A ARAE A2 AL trdta, whie
-(1-1LA-At@aeddingigrifissragessteortbspongitcta s egmentsehthe piokM | betause fsthes.lack of
terminology.fon GXxALESSINASELMRPS Qi hERIe Al 85 Bh kR MEROLS TRrdBdHEB%ells and

anti en-;éésenting cells and killer T cells The present invention provides methods for.inducing

antigen-preSaMiHE eefELERY B BhiRth e brone YepatrelshereRidse At MGRERH! ARG bYesenting
cells canbeiraiddedcdoyti&tontacthgrd bhiridcnoalisnind ooekifkory feerplierht bloggmorseytag with one
or more of;ihe, neptidssAhihaPIESERINVeRion 19, stEiale: the SeaitieGaliRuidhsr the mgptides of

the present invention are administered into a subject, antigen-presenting cells presénting the peptides
of the pri&&HIEiIFARSSHGASPERPARFROERA BRI teuBIP Bl 4 REBiSE At Batively, an ex
vivo methoaroag be usadatid whileh Aotidemiprésantigofels argaeantdtse d<bbvwilé the pepiidis of the

preggnt ﬁlg\érdgéqlﬂé%ﬁylgpg antigen-presenting cells with the peptides of the present invention), and
then the cells are adninistered to a subject as a vaccine. For example, ex vivo administration may

include thie SpalSStHTE entiEsnaRisENEREgEHsFeBRATHE 68fis from a subject; and (2) contacting the
antigen-prgsentiegmelis ahsien prastitiagpeplids ofdhe preseatiaveddiontierorulsingditton (or
antigen-pyy Sslgnqﬁg SRl ?E%Bn@%éﬂc%’%‘ 8@8{???19“&%&”%5‘%{&@8}’ ﬁ%ﬂﬁ#@s&@%@&ﬂ%‘izprese”ti“9
cells obtainedn step & chn e administered into’ a subjéect as a vaccine. . .

(3) mixing and co-culturing the antigen-presenting cells of step (2) with CD8" T cells to induce

15  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
subject as a vaccine.
The present invention also provides isolated killer T cells induced using one or more of

20  the peptides of the present invention. Preferably, killer T cells induced by the method of the
present invention are derived from a subject who receives the treatment and/or prevention. The
cells can be administered in combination with other agents containing antigen-presenting cells or
exosomes presenting one or more of the peptides of the present invention. The obtained killer
T cells are specific to target cells presenting the same peptide used for induction. The target

25 cells are cells endogenously expressing FOXM], or cells transfected with the FOXM1 gene.

By stimulation with a peptide of the present invention, cells presenting the peptide of the present
invention on their surface, such as cancer cells from pancreatic cancer, cholangiocellular
carcinoma, stomach cancer, colon cancer, non-small-cell lung cancer, testicular cancer, cervical
cancer, osteosarcoma, and soft tissue sarcoma, can be targets for attack.

30 The present invention also provides antigen-presenting cells presenting a complex
formed with an HLA antigen and one or more of the peptides of the present invention. The
antigen-presenting cells expressing one or more of the peptides of the present invention or
nucleotides encoding such peptides are preferably collected from a subject who receives the
treatment and/or prevention. The peptides of the present invention, antigen-presenting cells

35  presenting the peptides, exosomes, or activated killer T cells can be administered as a vaccine in

combination with other drugs.



The present invention also provides methods for inducing antigen-presenting cells that show a killer T
cell induction activity. The methods include the step of transfecting 25antigen-presenting cells in vitro
with a gene including a polynucleotide encoding on@®r more of the peptides of the present invention.
The gene to be transfected can be a DNA or RNA. For transfection, various methods conventionally
performed in the art, such as lipofection, electroporation, and a calcium phosphate method can be
suitably used, but the methods are not limited thereto. More specifically, transfection can be performed

as described in RegYRsMEiRE308h WHPHEr@RFAEREBoPhiBbcteloRBUHS HiEIEdakhpB Fbel (LR 98) J.
Immunoﬁé 161:56.07-13't Baczkowski D). et al., (i996 J Exg. Med., 184:465-72: and t'}?\e published
Japanes& ¥ENElatldh W%f(ﬁﬁ%f&fg@f RENHEYHRES Sre transfected into antigen-presenting
cells, they are tradsoribedrardfdremsiateddnithkeqeitsehpaasiching preteios postsddsaquehyly
processedivig.the MHC class | and class Il pathways, and are presented on the surface of the
antigen-presenting 35cells as partial peptides through the antigen-presenting pathway. The present
invention also provides methods for inducing killer T cells using one or 24 more of the peptides of the
present iBvantbss. By administering one or more of the peptides of the present invention to a subject,
killer T cglls.can beyinduced in the body of the subject, thus augmenting the immune system that
targets cancer cells presenting FOXML1 in tumor tissues. Alternatively, activated killer T cells can be
induced By S6lsciiamgt it mrertidainbat she wrdpdondhitvé 2ells from the subject with one or
more of the peptithesnofdtid presanicinvehtiaanFOXd] hncileyanolytacingnpetip BMIAN ogdtenarmduclear
leupeytss Wb e AIgrIRIERSAYROCHlR N IR iR SUTHIAC B colls, Ing Wua giapauic
methods, the'immune system that targets canfofer cells presenting FOXM1 in tumor tissues in a subject
can be augmented by returning the activated killer T cells into the body of the subject. For example,
the methods 10include the steps of: (1) collecting antigen-presenting cells from a subject; (2)
contacting the antigen-presenting cells of step (1) with a peptide of the present invention (or pulsing
the antigen-presenting cells of step (1) with a peptide of the present invention); (3) mixing and
co-culturing the antigen-presenting cells of step (2) with CD8- T cells to induce 15cytotoxic T cells; and
(4) collecting CD8' T cells from the co-culture of step (3). CD84 T cells having cytotoxic activity
obtained in step (4) can be administered to a subject as a vaccine.



The present invention also provides isolated killer T cells induced using one or more of 20the peptides
of the present invention. Preferably, killer T cells induced by the method of the present invention are
derived from a subject who receives the treatment &8d/or prevention. The cells can be administered in
combination with other agents containing antigen-presenting cells or exosomes presenting one or
more of the peptides of the present invention. The obtained killer T cells are specific to target cells
presenting the same peptide used for induction. The target 25cells are cells endogenously expressing
FOXMI, [qragglqs]transfected with the FOXM1 gene. By stimulation with a peptide of the present
invention, cells presenting the peptide of the present invention on their surface, such as cancer cells
from pancreatic cancer, cholanaiocelIulalr)ggrﬁmﬁn/é}\é{&@ach cm%%rﬁggﬂerXon-small-cell
lung canc®r; RadtiRhEIRQSTdEINcervical cARdE), SisosaEdma, and soft H§Ju&Earcoma, can be targets
for attack. 30The present invention also provides antigen-presenting cells presenting a complex

formed with ZAMILA4ENtIGEN and one BRAROPEIDF th8Fse p¥O ot the present #ention. The

antigen-presentin% cells e%<§ressing one or mare of the J:oe%]tidese\f)f the present invention or nucleotides

encoding sucﬁﬁ))[% ticfels 4 preferablywp&ﬁéafgﬁga j@Cf_) ho receivéS the treatment andlor

prevention. Tml&?ggldés_szﬁgthe preseﬂﬂ@@@g?r_l(gggg%y;g(g%zﬂ?r?eciilIioﬁresenting the peptides,

exosomes, or activ killer T cells can be administe ination with other drugs.

The present fnygntiogauitidee further dgsqripgagrwits refarenee:tp)the Examplgg below; however, it is not
to be construed as being limited thereto. All prior art references cited in the present specification

are incorpordiexMiepsio-a99eference SEHPMENIES (EXQMPIAT; Q) Selectiorbdf FOXM1 peptides that
show affinity to HLA-A2 Amino acid sequences of human FOXMI were analyzed using the

BIMAS systdfX¥hd32028Gpes that Al Bisdidied $5RNEMiddhg affinity t899LA-A2 of 20 or more
were selecte ab| PEPTIDE P FO - FOXM1 241-249 FOXM1 256-264
FOXM1 288-%@%&5#13@%0-299 F&%%&%g&éﬁéﬁ&ié- 64 FOXMT 362-370 FOXM1
366-375 FOXMi373:383H0XIVIl 374738 G VIE AP ALEFOKML 429-438-OXM1 545-553
FOXM1 571579 FOXN1 616-625 me%m- -669 FOXMT 661-669 FOXM1

702-711 FOXWIIT 13G8-BFOXML 719tGRBVRQXM L(FBQ TRANO: 11) 44
FOXM1 373-382 SLVLQPSVKV (SEQ ID NO:2) 70
FOXML 374-382 LVLQPSVKV (SEQID NO:12) 38
FOXM1 409-418 LLAEEGIAPL (SEQIDNO:13) 342
FOXM1 429-438 LLFGEGFSPL (SEQID NO:14) 255
FOXM1 545-553 LLFSEGPST (SEQIDNO:15) 47
FOXML 571-579 SQLSYSQEV (SEQ ID NO: 16) 26
FOXM1 616-625 KVGGIDFSPV (SEQIDNO:17) 40
FOXM1 640-649 GLMDLSTTPL (SEQID NO:3) 324
FOXM1 660-669 RLLSSEPLDL (SEQ ID NO: 18) 79
FOXML 661-669 LLSSEPLDL (SEQID NO: 19) 36
FOXM1 702-711 SLTEGLVLDT (SEQ ID NO: 20) 70
FOXM1 711-719 TMNDSLSKI (SEQ ID NO: 21) 71
FOXM1 719-728 TLLDISFPGL (SEQID NO: 22) 1047
FOXM1 720-728 LLDISFPGL (SEQID NO: 23) 28

The HLA-A2 restricted human killer T cell epitopes that were identified in the present

invention are underlined.



PEPTIDE AMINO ACID SEQUENCE NOAEASKEYV (SEQ ID NO: 4) YMAMIQFAI: (SEQ ID NO: 5)
RMTLKDIYT (SEQ ID NO: 6) NLSLHDKWV (SEQ ID NO: 7) SLHOMFVRET (SEQ ID NO: 8)
LLPRVSSYL (SEQ ID NO: 9) LITRVSSYLV (SEQ IB/NO: 10) YLVPIQFIN (SEQ ID NO: I)
TQFPVNOSLYV (SEQ ID NO: 11) SLVLQPSVKYV (SEQ Il NO: 2) INLOPSYKYV (SEQ ID NO: 12)
LLAEEGIAPL (SEQ ID NO: 13) LLFGEGESEI (SEQ ID NO: 14) LLFSEGPST (SEQ ID NO: 15)
SQLSYSOEV (SEQ ID NO: 16) KVGGIDFSPV (SEQ ID NO: 17) GLMDLSTTPL (SEQ ID NO: 3)
RLLSSEPLDL (SEQ ID NO: 18) LISSEPLDL (SEO ID NO: 19) SLTEGLVLDT (SEQ ID NO: 20)
TMNDS|_ SK1 %?E ID NO: 21) ILLDISFIDGL (SEQ ID NO: 22) LLDISFPGL (SEQ ID NO: 23) 77
[Examplt%]afﬂ Uction of human killer T cells by HLA-A2 binding FOXMI peptides (1) Blood collection
5Blood Jadysteen( 86 mthandrd] eollewstiésibyitihlinfekibia doadePKivbhrertadtsy individuals and TILA-A2
positive preast GRRGRERRRENtS who were undergoing treatment at the Kumamoto University Medical

School Hospital. Then, peripheral blood mongnuclear. cells were isolated using the Ficoll-Conray
denSity gradtent BAHRBH oo SEECPIFIOCES RS FReTtL (T U RS et al.
But J. Inamdihidl A32,232 61886 bpOB2 anCer(PitSepardtionaé @Rigrgositveceaiisnfronthedtipmearabisiood
mononuglgarcalls pad;inglaction FSIRAIT Celitn, peiREMInSRIIdR SRR TG KIS T elspigrginduced

from the isplated peripheral blood mononuclear cells. Killer T cells were induced according to the
report by KB 6 e FGRRrBYASHO, FR e e 1056188- S5 008} Orirst, CD8
positive ogilsiedthesthedphekalthiood monbnicebioelisnak B s8pantited2(6itly MACS. CD8 negative
cellgwere cultured for four days in the presence of GM-CSF (100 ng/mL) and 1L-4 (20 ngimL) for
differentiation into dendritic cells. Thereafter, OK-432 (0.1 KE/mL) was added for maturation of the

dendriticleLREPEIAtPRPL &R Pasity Fesknfiopepridrbere pla o nentsleas salthardindaetienial cells

were co-clilenrBdelith the CD8 positive cells in the presence of IL-7 (10 ng/mL). After two days of

co-culturing Withﬁ@%&ﬁ?ﬂg@%&%@&&% e QML) AR, AGPR N RUGENIG I FUHBIIR B

e
i [ %(ous CD8 negative cells was riﬁgfated three times at one week

dendritic cells derived l , ' ,
interval 1 ManEelFEsEde-sgetifit kinghsteandn eseardingtenhsrae DX meetifie/dlier T-cell

actidity b Kehl&E BT g8y lin. Cancer. Res. 12: 2689-2697, 2006).  First, CD8 positive cells in the

peripheral blood mononuclear cells were separated using MACS. CDS8 negative cells were
cultured for four days in the presence of GM-CSF (100 ng/mL) and IL-4 (20 ng/mL) for
differentiation into dendritic cells. Thereafter, OK-432 (0.1 KE/mL) was added for maturation
of the dendritic cells. On day seven, each FOXM1 peptide (10 uM) was added, and then the

20  dendritic cells were co-cultured with the CD8 positive cells in the presence of IL-7 (10 ng/mL).
After two days of co-culturing with the CDS8 positive cells, IL-2 (20 IU/mL) was added.
Antigenic stimulation with the dendritic cells derived from autologous CD8 negative cells was

repeated three times at one week interval to induce peptide-specific killer T cells.

25  (3) Examination of the FOXM/1-specific killer T-cell activity by ELISPOT assay
ELISPOT assay was used to examine whether or not killer T cells induced by the
FOXMI1 peptides produce IFN-y by actually and specifically reacting to these FOXM1-derived
peptides. ELISPOT assay was carried out by a previously reported method (Komori, H. et al.,
Clin. Cancer. Res. 12: 2689-2697, 2006).  As a result, FOXM1 peptide-specific killer T cell
30 activation was observed for the killer T cells induced with the FOXM1 362-370, 373-382, and
640-649 peptides (Fig. 1). Fig. 1 shows representative results of the analysis of FOXM1
peptide-induced killer T cells.

(4) Examination of the cytotoxic activity of killer T cells by cytotoxicity test
35 The cytotoxic activity of the induced FOXM1 peptide-specific killer T cells was
examined by a cytotoxicity test, using the HLA-A2 positive and FOXM1-expressing cell line



EL1SPOT assay was used to examine whether or not killer T cells induced by the FOXM | peptides
produce IFN-7 by actually and specifically reacting to these FOXM | -derived peptides. ELISPOT
assay was carried out by a previously reported metB8d (Komori, H. et u/., Clin. Cancer. Res. 12:
2689-2697. 2006). As a result, FOXM | peptide-specific killer T cell 30activation was observed for the
killer T cells induced with the FOXM1 362-370, 373-382, and 640-649 peptides (Fig. 1). Fig. 1 shows
representative results of the analysis of FOXMI peptide-induced killer T cells. (4) Examination of the

cytotgx (f)ﬁ%i\lité&ll(ﬁﬁt@|H&K%ﬂ%@gaﬁ)(/@&@&;@t¢))ﬁ>¢ﬁﬂ%%ﬁé@sﬁi/g@%@e@ﬁijﬁ]&\ﬁéﬁrt&&liﬂﬂé@&dfgxgﬂ|
peptide-specific Killer, T cells amjne a cytotoxicity test, using the HLA-A2 positive, an
Pt DS Lo 00 S0 B A e LA e S St e Rt i
cancer deyl dimePiirs micssieragkator CEle ciitvankitte rataset s sseyevey Rieraoan $BrusyB O RIS BOWsIy using a
eytotoxicityJasl ng%@%q@.%ﬁﬁﬁ%gla&gh IREIUD: r@d&f@gﬁ@%@w&\s pogrﬁnféaﬁﬁ, usingla
prevjously reported met onji, M. et al,.Clip, Cancer. Res. 10: 6047-6057, 4). As a result,

B A R B RS S G 51 SR SRAEE o e RHRA oD Icluced
with the FROXCRvBER BT D03V 3802416, 640-839, papideo@igentidesdirsgridl Applicability In the
present invention, cancer peptide vaccines that can target approximately 30% of 10Japanese cancer

patients with biliary tract cancer, lung cancer, pancreatic cancer, and such highly expressing FOXMI,
were de%@é@@i&?ﬁiﬁ?@ﬁ% FOXMI peptides that can bind to IILA-A2 and activate cancer
cell-damaging kilkethE pettenifithemffectinenesscpfitees FOXikA| thaptes g sppteditoakiflg 31%elfs by
HLfyA2 rapRs demongiatadsio firpsiationalmegicing, he AessiBiR. efclinicrly applying H?%hly

Caucasians may be improved. By identifying peptides 1 é)resented to killer T cells by HLA-A2. Which
is positiveRieeanESSANY b wigh trRaGlmSEy irdepk ptiaed Cabrspfiea et Gy BB i ately 300
of Japanerkapdtieetsanitlr celhclara dhiaphg hdy Bxgiess @ Moty atssstofitenyCCaddgstanideancer

patients 'pl%gented to killer T cells by HLA-A2 can be demonstrated in translational medicine, the
possibility of clinically applying to Caucasians may be improved. By identifying peptides
15  presented to killer T cells by HLA-A2, which is positive in Caucasians at high frequency, the
peptides can be applied not only to approximately 30% of Japanese patients with cancers that

highly express FOXM1, but also to many Caucasian cancer patients.



CLAIMS 1. A peptide of (A) or (B) below: (A) a peptide comprising the amino acid sequence of any
one of SEQ ID NOs: | to 3; 5(B) a peptide which comprises the amino acid sequence of any one of
SEQ ID NOs: 1 to 3, v'herein one, two, or several agfino acid(s) are substituted, deleted, inserted,
and/or added, and wherein the peptide shows cytotoxic (killer) T cell-inducing activity. 2. The
peptide of claim 1, wherein the second amino acid from the N terminus is leucine or 10methionine.

3. The peptide of claim 1, wherein the C-terminal amino acid is valine or leucine. 4. An agent for
inducing immunity against cancer, which compriggsagngsor more peptide(s) of 15claim 1 as an active
ingredient. S. An agent for treating and/or preventing cancer, which comprises one or more peptide(s)
of claim 1 as an active ingredient. 206. An agent for inducing an antigen-presenting cell that shows
cytotoxid (Kllsmptideelf-{Adwcil) delivity, wherein said agent comprises one or more peptide(s) of claim

lasan @At}\éep%m{@&%mgqs?nm@%m%ia@e&imm;@aﬁg%ﬂaoa;eggf@ing selisthaioshows cytotoxic
(killer) T cell-inducing activity wherein said agent comprises gne or mor I uﬂ oti eﬁ)s encoding
the peptid Bﬁggpaﬁﬁﬁlfcﬁscgﬂl%fﬁfeﬂﬁg?@&ﬁ&ﬁ@ SHNAGE @Xﬁ&ﬁ&f@%@ﬁl}o éﬁc ?k et) T cell,
wherein shigdgent compoises oné animoseipeptidesspaitolaimdtlasdnaetivd ingdadieddcd08nd\n

antibody\,@}gqgﬁttﬁg$aﬁfggd§l%§I@}i,ggtg,xgchﬁlg%tq{ggjp_igg%{%ﬁ'r 268U helper T cell, or an immunocyte
i e of claim 1. 30

population comprising them, which is induced using the pepti

2. The peptide of claim 1, wherein the second amino acid from the N terminus is leucine or

10 methionine.
3. The peptide of claim 1, wherein the C-terminal amino acid is valine or leucine.

4. An agent for inducing immunity against cancer, which comprises one or more peptide(s) of

15  claim 1 as an active ingredient.

5. An agent for treating and/or preventing cancer, which comprises one or more peptide(s) of

claim 1 as an active ingredient.

20 6. An agent for inducing an antigen-presenting cell that shows cytotoxic (killer) T cell-inducing

activity, wherein said agent comprises one or more peptide(s) of claim 1 as an active ingredient.
7. An agent for inducing an antigen-presenting cell that shows cytotoxic (killer) T cell-inducing
activity, wherein said agent comprises one or more polynucleotide(s) encoding the peptide of

25  claim 1 as an active ingredient.

8. An agent for inducing a cytotoxic (killer) T cell, wherein said agent comprises one or more

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

10. A cytotoxic (killer) T cell, a helper T cell, or an immunocyte population comprising them,

which is induced 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.



12. The antigen-presenting cell of claim 11, which is induced by the agent of claim 6 or 7.  13. An
exosome that presents a complex comprising the peptide of claim 1 and an HLA antigen.5  14. The
exosome of claim 13, wherein the HLA antigen is HBA-A2 (HLA-A*0201). 15. A method for inducing
an antigen-presenting cell that shows cytotoxic (killer) T cell-inducing activity, which comprises the
step of contacting an antigen-presenting cell with the peptide of 10claim 1. 16. A method for inducing
an antigen-presenting cell that shows eytotoxic (killer) T cell-inducing activity, which comprises the
step of introducing a polynucleotide encoding the peptide of claim 1 into an antigen presenting cell. 15

17. A met for inducing a cytotoxic (killer) T cell ich [ the st f tacti T cell with
ihe poptith SPEHIET PR TR R B ot DTG A R s SR inrises tho

step of administering 20the peptide of claim Ito a subject. 19. A method for treating and/or preventing

cancer, whiof, cougrises, Hoslenrehadmiistednsiienpentide plielain ditp PSWbig 120 40: dse of

the peptide of claim 1 in the production of an agent for nducing immunity against cancer. 21. Use of

the Beptide of claim 1 in the production of an agent for treating and/or preventing cancer. 30 22. The
peptide dficlEimekofonindiclidmdilinwherity thgdihst eanger.isA3LRhaheptide ST E8im 1, for treatment
and/or prevention of cancer. 1/10 SEQUENCE LISTING <110> ONCOTHERAPY SCIENCE, INC.

<120> FOXM1 PEPTIDE AND MEDICINAL AGENT COMPRISING THE SAME <130> ?NC-AO?lBP
15. A method for inducing an antigen-presenting cell that shows cytotoxic (killer) T cell-inducing

activity, which comprises the step of contacting an antigen-presenting cell with the peptide of
10 claim 1.

16. A method for inducing an antigen-presenting cell that shows cytotoxic (killer) T cell-inducing
activity, which comprises the step of introducing a polynucleotide encoding the peptide of claim
1 into an antigen presenting cell.

15
17. A method for inducing a cytotoxic (killer) T cell, which comprises the step of contacting a T

cell with the peptide of claim 1.

18. A method for inducing immunity against cancer, which comprises the step of administering

20  the peptide of claim 1 to a subject.

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

the peptide of claim 1 to a subject.

25  20. Use of the peptide of claim 1 in the production of an agent for inducing immunity against

cancer.

21. Use of the peptide of claim 1 in the production of an agent for treating and/or preventing

cancer.
30

22. The peptide of claim 1, for induction of immunity against cancer.

23. The peptide of claim 1, for treatment and/or prevention of cancer.



<140> PCT/JP2008/064437 <141> 2008-08-12 <150> JP 2007-214001 <151> 2007-08-20 <160> 23
<170> Patentln version 3.4 <210> 1 <211> <212> PRT <213> Artificial <220> <223> peptide vaccine
<400> 1 Tyr Leu Val Pro He GIn Phe Pro Val 15 21g> 2 <211> 10 <212> PRT <213> Artific a 2/10

SEQUENCE LISTING
<{110> ONCOTHERAPY SCIENCE, INC.
<{120> FOXM1 PEPTIDE AND MEDICINAL AGENT COMPRISING THE SAME
<{130> ONC-A0713P

<140> PCT/JP2008/064437
<{141> 2008-08-12

<156> JP 2007-214001
<151> 2007-08-20

160> 23
<170> Patentin version 3.4

2100 1

211> 9

<212> PRT

213> Artificial

220>
223> peptide vaccine

<400> 1

Tyr Leu Val Pro |le GIn Phe Pro Val
1 5

210> 2

211> 10

<212> PRT

213> Artificial



<220> <223> peptide vaccine <400> 2 Ser Leu Val Leu GIn Pro Ser Val Lys Val 1510 <210> 3 <211>
10 <212> PRT <213> Atrtificial <220> <223> peptide vaccine <400> 3 Gly Leu Met Asp Leu Ser Thr
Thr Pro Leu 1510 <210> 4 <211> 9 <212> PRT <§]’L13O> Artificial <220> <223> An atrtificially
synthesized peptide sequence <400> 4

{2202
223> peptide vaccine

<400> 2

Ser Leu Val Leu GIn Pro Ser Val Lys Val
1 5 10

210> 3

211> 10

212> PRT

213> Artificial

{2207
223> peptide vaccine

<400> 3

Gly Leu Met Asp Leu Ser Thr Thr Pro Leu
1 5 10

210> 4

211> 9

<212> PRT

213> Artificial

{2200
<223> An artificially synthesized peptide sequence

<400> 4

Asn Gin Ala Glu Ala Ser Lys Glu Val
1 5



Asn GIn Ala Glu Ala Ser Lys Glu Val 16 <210> 5 <211> 9 <212> PRT <213> Atrtificial <220> <223>
An artificially synthesized peptide sequence <400> 5 Tyr Met Ala Met lle Gin Phe Ala lle 15 <210> 6
<211> 9 <212> PRT <213> Artificial <220> <223>Q§ artificially synthesized peptide sequence <400>
6 Arg Met Thr Leu Lys Asp lle Tyr Thr 15 <210> 7 _Ii.)1> 9 <212> PRT <213> Artificial <220>

<210> 5

211> 9

<212> PRT

<213> Artificial

{2200
<223> An artificially synthesized peptide sequence

<400> 5

Tyr Met Ala Met [le GIn Phe Ala Ille
1 5

<210> 6

Q211> 9

<212> PRT

<213> Artificial

<220>
<223> An artificially synthesized peptide sequence

<400> 6

Arg Met Thr Leu Lys Asp lle Tyr Thr
1 5

210> 7

211> 9

<{212> PRT

<213> Artificial

<220>



4/10 <223> An artificially synthesized peptide sequence <400> 7 Asn Leu Ser Leu His Asp Met Phe
Val 15 <210> 8 <211> 10 <212> PRT <213> Artificial <220> <223> An artificially synthesized peptide
sequence <400> 8 Ser Leu His Asp Met Phe Val Q{H lu Thr 1510 <210> 9 <211> 9 <212> PRT
<213> Artificial <220> <223> An artificially synthesized peptide sequence <400> 9

<223> An artificially synthesized peptide sequence
400> 7

Asn Leu Ser Leu His Asp Met Phe Val
1 5

210> 8

211> 10

<212> PRT

213> Artificial

<2200
<223> An artificially synthesized peptide sequence

<400> 8

Ser Leu His Asp Met Phe Val Arg Glu Thr
1 5 10

<210> 9

211> 9

<212> PRT

<213> Artificial

<220>
<223> An artificially synthesized peptide sequence

<400> 9

Leu Leu Pro Arg Val Ser Ser Tyr Leu
1 5



Leu Leu Pro Arg Val Ser Ser Tyr Leu 5/10 <210> 10 <211> 10 <212> PRT <213> Artificial <220>
<223> An artificially synthesized peptide sequence <400> 10 Leu Leu Pro Arg Val Ser Ser Tyr Leu Val
1510 <210> 11 <211> 10 <212> PRT <213> ArtifigH:P<220> <223> An artificially synthesized peptide

sequence <400> 11 lle Gin Phe Pro Val Mn Gin Ser

Avrtificial

<2100
211>
212>
213>

<220>
<223>

<400>

eu Val 1510 <210> 12 <211> 9 <212> NT <213>

10

10

PRT
Artificial

An artificially synthesized peptide sequence

10

Leu Leu Pro Arg Val Ser Ser Tyr Leu Val

1

<210>
211>
212>
213>

<220>
<223>

<400>

5 10

11

10

PRT
Artificial

An artificially synthesized peptide sequence

A

Ile GIn Phe Pro Val Asn GlIn Ser Leu Val

1

<210>
211>
{12>
213>

<220>
<223>

5 10

12

9

PRT
Artificial

An artificially synthesized peptide sequence



6/10 <400> 12 Leu Val Leu Gin Pro Ser Val Lys Val 15 <210> 13 <211> 10 <212> PRT <213>
Artificial <220> <223> An artificially synthesized peptide sequence <400> 13 Leu Leu Ala Glu Glu Gly
lle Ala Pro Leu 1510 <210> 14 <211> 10 <212> PR{lp<213> Atrtificial <220> <223> An artificially
synthesized peptide sequence <400> 14 Leu Leu Phe Gly Glu Gly Phe Ser Pro Leo 1510 <210> 15
7/10 <212> PRT <213> Artificial

<400> 12

Leu Val Leu GIn Pro Ser Val Lys Val
1 5

210> 13

211> 10

<212> PRT

213> Artificial

{220>
{223> An artificially synthesized peptide sequence

<400> 13
Leu Leu Ala Glu Glu Gly lle Ala Pro Leu

1 5 10

210> 14

211> 10

<212> PRT

213> Artificial

220>
223> An artificially synthesized peptide sequence

400> 14
Leu Leu Phe Gly Glu Gly Phe Ser Pro Leu

1 5 10

210> 15
211> 9



<220> <223> An artificially synthesized peptide sequence <400> 15 Leu Leu Phe Ser Glu Gly Pro Ser
Thr 15 <210> 16 <211> 9 <212> NT <213> Atrtificial <220> <223> An artificially synthesized peptide
sequence <400> 16 Ser Gin Leu Ser Tyr Ser GIn GJyval 15 <210> 17 <211> 10 <212> PRT <213>
Artificial <220> <223> An artificially synthesized peptide sequence 8/10 Lys Val Gly Gly lle Asp Phe

Ser Pro Val

<212> PRT
<213> Artificial

220>
223> An artificially synthesized peptide sequence

<400> 15

Leu Leu Phe Ser Glu Gly Pro Ser Thr
1 5

210> 16

211> 9

<212> PRT

<213> Artificial

{220>
223> An artificially synthesized peptide sequence

400> 16

Ser Gln Leu Ser Tyr Ser Glin Giu Val
1 5

<210> 17

211> 10

<212> PRT

213> Artificial

<220>
223> An artificially synthesized peptide sequence

<400> 17



1510 <210> 18 <211> 10 <212> PRT <213> Artificial <220> <223> An artificially synthesized peptide
sequence <400> 18 Arg Leu Leu Ser Ser Glu Pro Leu Asp Leu 1510 <210> 19 <211> 9 <212> PRT
<213> Artificial <220> <223> An artificially synthegizgfl peptide sequence <400> 19 Leu Leu Ser Ser
Glu Pro Leu Asp Leu 15 <210> 20 <211> 10 <212> PRT <213> Artificial 9/10 <220> <223> An

artificially synthesized peptide sequence

Lys Val Gly Gly lle Asp Phe Ser Pro Val
1 5 10

210> 18

211> 10

<212> PRT

<213> Artificial

{220>
223> An artificially synthesized peptide sequence

<400> 18

Arg Leu Leu Ser Ser Glu Pro Leu Asp Leu
1 5 10

<210> 19

Q211> 9

212> PRT

<213> Artificial

220>
<223> An artificially synthesized peptide sequence

<400> 19

Leu Leu Ser Ser Glu Pro Leu Asp Leu

1 5

210> 20
211> 10
{212> PRT
213> Artificial



<400> 20 Ser Leu Thr Glu Gly Leu Val Leu Asp Thr 1510 <210> 21 <211> 9 <212> PRT <213>
Artificial <220> <223> An artificially synthesized peptide sequence <400> 21 Thr Met Asn Asp Ser Leu
Ser Lys lle 15 <210> 22 <211> 10 <212> PRT <233ppArtificial <220> <223> An artificially synthesized
peptide sequence <400> 22 lle Lou Leu Asp lle Ser Phe Pro Gly Leu 1510 10/10 <210> 23 <211>9

<212> PRT

220>
<223> An artificially synthesized peptide sequence

<400> 20

Ser Leu Thr Glu Gly Leu Val Leu Asp Thr
1 5 10

<210> 21

211> 9

<212> PRT

<213> Artificial

{2200
223> An artificially synthesized peptide seguence

<400> 21

Thr Met Asn Asp Ser Leu Ser Lys lle
1 5

210> 22
211> 10
<212> PRT
<213> Artificial

{2200
<223> An artificially synthesized peptide seguence

<400> 22

Ile Leu Leu Asp |le Ser Phe Pro Gly Leu
1 5 10



<213> Artificial <220> <223> An artificially synthesized peptide sequence <400> 23 Leu Lou Asp lle
Ser Phe Pro Sly Lou 15
10/10

<210> 23

211> 9

<212> PRT

<213> Artificial

{220>
223> An artificially synthesized peptide seqguence

<400> 23

Leu Leu Asp lle Ser Phe Pro Gly Leu
1 5



