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Description

FIELD OF THE INVENTION

[0001] The present invention relates to a tumor antigen, and more particularly relates to a peptide or a polypeptide
recognized by tumor-specific cytotoxic T lymphocytes, a polynucleotide encoding the peptide or the polypeptide and
a complementary strand polynucleotide thereto, a recombinant vector comprising the polynucleotide, a transformant
comprising the recombinant vector, an antibody against the peptide or the polypeptide, a compound having any inter-
action with the peptide or the polypeptide or the polynucleotide, a cytotoxic T lymphocyte inducer consisting of the
peptide and/or the polypeptide, and a pharmaceutical composition comprising the same, and a method for producing
the polypeptide, a method for screening for a compound having any interaction with the peptide or the polypeptide or
the polynucleotide, a method for inducing cytotoxic T lymphocytes using the peptide or the polypeptide, a method for
measuring the peptide or the polypeptide or the polynucleotide encoding the polypeptide, and a reagent kit used for
the measuring method.

BACKGROUND OF THE INVENTION

[0002] The immune system, particularly cytotoxic T lymphocytes (which, hereinafter, may be abbreviated to CTLs)
play an important role in the exclusion of cancer in vivo. Infiltration of cytotoxic T lymphocytes exhibiting a cytotoxic
activity against tumor cells has been detected at the tumor site of a cancer patient (Arch. Surg., 126:200-205, 1990.)
A target molecule (tumor antigen) of the tumor-specific cytotoxic T lymphocytes was first discovered in a melanoma.
A tumor antigen generated in a tumor cell is degraded in the cell into a peptide (tumor antigen peptide) consisting of
8 to 11 amino acids, which binds to a human leukocyte antigen (HLA) molecule that is the major histocompatibility
complex antigen to be displayed on the surface of the tumor cell. The cytotoxic T lymphocytes recognize a complex
consisting of HLA and the tumor antigen peptide, and damage the tumor cell. In other words, the cytotoxic T lymphocytes
recognize the tumor antigen peptide in an HLA-restricted manner.

[0003] HLA s a cell membrane antigen, and is expressed on almost all eukaryotic cells. HLA is mainly classified into
class | antigen and class Il antigen. The HLA recognized by the cytotoxic T lymphocytes together with an antigen
peptide belongs to class | antigens. HLA class | antigens are further classified into HLA-A, HLA-B, HLA-C, and so on.
It was reported that HLA has genetic polymorphism. The HLA-A2 allele, which is one of polymorphisms of HLA-A
subregion, is found in approximately 23% of African Blacks, approximately 53% of Chinese, approximately 40% of
Japanese, approximately 49% of Northern Caucasians, and approximately 38% of Southern Caucasians.

[0004] As used herein, a tumor antigen means a protein, a polypeptide, or a peptide, which constitutes part of the
tumor cell and is capable of inducing tumor-specific cytotoxic T lymphocytes. A tumor antigen peptide means a peptide
that is generated as a result of degradation of the tumor antigen in a tumor cell and can induce or activate tumor-
specific cytotoxic T lymphocytes upon being expressed on the cell surface by binding to an HLA molecule. In addition,
the site of the amino acid sequence which is capable of inducing tumor-specific cytotoxic T lymphocytes that is present
in a tumor antigen is called a tumor antigen epitope (tumor antigen determinant.)

[0005] In recent years, many genes encoding tumor antigens that can be recognized by cytotoxic T lymphocytes
have been identified from cDNA of human tumor cells (Science 254:1643-1647, 1991; J. Exp. Med. 183:1185-1192,
1996; J. Immunol. 163:4994-5004, 1999.) Some of these genes are involved in cellular proliferation and malignant
transformation, including HER/neu (Proc. Natl Acad. Sci. USA, 92:432-436, 1995) mutant cdk (Science, 269:
1281-1284, 1995) mutant CASP-8 (J. Exp. Med., 186:785-793, 1997) and so on.

[0006] On the other hand, a molecule such as a tumor rejection antigen gene and a T cell antigen receptor (TCR),
which are involved in specific immunity, have been identified in melanoma, esophageal cancer, and other cancers in
the past 10 years, and a specific immunotherapy of advanced cancer or metastatic cancer has been studied using the
peptide.

[0007] Now, in Europe and in the United States, cancer vaccine therapy has been developed in which cytotoxic T
lymphocytes are activated by an administration of a tumor antigen in a cancer patient. Results from a clinical test of a
melanoma specific tumor antigen have been reported. For example, administration of a melanoma antigen gp-100
peptide subcutaneously to melanoma patients along with administering interleukin-2(IL-2) intravenously gave a tumor
regression in 42% of the patients (Nature Medicine, 4:321, 1998.) In this way, by utilizing a tumor antigen as a vaccine,
an effective treatment against cancer can be achieved.

[0008] However, almost all of the identified tumor antigens are derived from melanomas. Tumor antigens derived
from epithelial cancers and adenocarcinomas, such as pancreatic cancer, which occur at high incidence rates, have
been reported for such specific immunotherapy only in a few papers. Pancreatic cancer is one of the largest causes
of death by cancer in the world and causes about 27,000 deaths a year in the USA and about 50,000 deaths in Europe.
The main factors causing these large numbers of deaths are lack of an effective therapeutic method, the difficulty of
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diagnosis, and the activity of this cancer. Only 1 to 4% of pancreatic cancer patients have overcome the disease, and
the incidence substantially equals the death rate. Therefore, a new approach of therapy, for example, development of
specific immunotherapy is needed.

[0009] In addition, in view of the diversity of cancer, an identical tumor antigen should not be expressed in the same
degree in all cancer cells. Naturally, cancer vaccine therapy by activating the cytotoxic T lymphocytes using one kind
of tumor antigen has a therapeutic effect on cancer having the tumor antigen. However, in order to induce and activate
the tumor antigen-specific cytotoxic T lymphocytes and obtain a high therapeutic effect corresponding to the diversity
of cancer, it is important to discover and use many novel tumor antigens in accordance with the diversity of cancer.

DISCLOSURE OF THE INVENTION

[0010] One embodiment of the present invention is a peptide consisting of an amino acid sequence according to any
one of those from SEQ ID NO: 1 to SEQ ID NO: 44 in the sequence listing.

[0011] One embodiment of the present invention is a polypeptide consisting of an amino acid sequence according
to any one of those from SEQ ID NO: 45 to SEQ ID NO: 53.

[0012] One embodiment of the presentinvention is a medicament comprising one or more of peptides or polypeptides
selected from the peptides, which consist of the amino acid sequence according to any one of those from SEQ ID NO:
1to SEQ ID NO:44 in the sequence listing, and the polypeptides, which consist of an amino acid sequence according
to any one of those from SEQ ID NO:45 to SEQ ID NO:53 in the sequence listing.

[0013] One embodiment of the present invention is an anti-cancer vaccine comprising one or more of peptides or
polypeptides selected from the peptides, which consist of the amino acid sequence according to any one of those from
SEQID NO:1to SEQ ID NO:44 in the sequence listing, and the polypeptides, which consist of an amino acid sequence
according to any one of those from SEQ ID NO:45 to SEQ ID NO:53.

[0014] One embodiment of the present invention is an anti-cancer vaccine comprising one or more of peptides or
polypeptides selected from the peptides, which consist of the amino acid sequence according to any one of those from
SEQID NO:1to SEQ ID NO:44 in the sequence listing, and the polypeptides, which consists of an amino acid sequence
according to any one of those from SEQ ID NO:45 to SEQ ID NO:53 in the sequence listing, for use in the treatment
of pancreatic cancer, colon cancer, or stomach cancer.

[0015] One embodiment of the present invention is an inducer of cytotoxic T lymphocytes comprising one or more
of peptides or polypeptides selected from the peptides, which consist of the amino acid sequence according to any
one of those from SEQ ID NO:1 to SEQ ID NO: 44 in the sequence listing, and the polypeptides, which consist of an
amino acid sequence according to any one of those from SEQ ID NO:45 to SEQ ID NO:53 in the sequence listing.
[0016] One embodiment of the present invention is a method for inducing cytotoxic T lymphocytes using one or more
of peptides or polypeptides selected from the peptides, which consist of the amino acid sequence according to any
one of those from SEQ ID NO:1 to SEQ ID NO:44 in the sequence listing, and the polypeptides, which consist of an
amino acid sequence according to any one of those from SEQ ID NO:45 to SEQ ID NO:53 in the sequence listing.
[0017] One embodiment of the present invention is a polynucleotide encoding a peptide or a polypeptide consisting
of the amino acid sequence according to any one of those from SEQ ID NO:1 to SEQ ID NO:53 in the sequence listing,
or the complementary strand thereof.

[0018] One embodiment of the present invention is a polynucleotide according to any one of those from SEQ ID NO:
54 to SEQ ID NO:62 in the sequence listing, or the complementary strand thereof.

[0019] One embodiment of the present invention is a polynucleotide according to any one of those from SEQ ID NO:
54 to SEQ ID NO:62 in the sequence listing, or the complementary strand thereof, wherein a polypeptide encoded by
the polynucleotide induces cytotoxic T lymphocytes and/or is recognized by cytotoxic T lymphocytes.

[0020] One embodiment of the present invention is a polynucleotide that hybridizes to the polynucleotide or the
complementary strand thereof under stringent conditions.

[0021] One embodiment of the present invention is a recombinant vector comprising the polynucleotide or the com-
plementary strand thereof or the polynucleotide that hybridizes to the polynucleotide or the complementary strand
thereof under stringent conditions.

[0022] One embodiment of the present invention is a recombinant expression vector comprising the polynucleotide
or the complementary strand thereof or the polynucleotide that hybridizes to the polynucleotide or the complementary
strand thereof under stringent conditions.

[0023] One embodiment of the present invention is a transformant transformed with the recombinant vector or the
recombinant expression vector, which comprises the polynucleotide or the complementary strand thereof or the poly-
nucleotide that hybridizes to the polynucleotide or the complementary strand thereof under stringent conditions.
[0024] One embodiment of the presentinvention is a method for producing the polypeptide, which comprises culturing
the transformant transformed with the recombinant expression vector that comprises the polynucleotide or the com-
plementary strand thereof or the polynucleotide that hybridizes to the polynucleotide or the complementary strand
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thereof under the stringent conditions.

[0025] One embodiment of the present invention is an antibody that immunologically recognizes the peptide or the
polypeptide.

[0026] One embodiment of the present invention is a method for screening for a compound that enhances at least
recognition of the peptide or the polypeptide by HLA-A2-restricted cytotoxic T lymphocytes, by interacting with the
peptide or the polypeptide and/or HLA-A2 to enhance, and/or the compound that enhances expression of the polynu-
cleotide or the complementary strand thereof by interacting with the same, wherein the method uses at least one
selected from a group consisting of the peptide, the polypeptide, the polynucleotide or the complementary strand there-
of, the recombinant vector or the recombinant expression vector, the transformant, and the antibody.

[0027] One embodiment of the present invention is a compound obtained by the method for screening a compound
that enhances at least recognition of the peptide or the polypeptide by HLA-A2-restricted cytotoxic T lymphocytes, by
interacting with the peptide or the polypeptide and/or HLA-A2 to enhance, and/or the compound that enhances ex-
pression of the polynucleotide or the complementary strand thereof by interacting with the same, wherein the method
uses at least one selected from a group consisting of the peptide, the polypeptide, the polynucleotide or the comple-
mentary strand thereof, the recombinant vector, the recombinant expression vector, the transformant, and the antibody.
[0028] One embodiment of the present invention is a compound that enhances recognition of at least one of the
peptide or the polypeptide by the HLA-A2-restricted cytotoxic T lymphocytes, or the compound that enhances the
expression of the polynucleotide or the complementary strand thereof by interacting with the same.

[0029] One embodiment of the present invention is a pharmaceutical composition used for cancer treatment, com-
prising at least one selected from a group consisting of the peptide, the polypeptide, the polynucleotide or the comple-
mentary strand thereof, the recombinant vector or the recombinant expression vector, the transformant, the antibody,
and the compound.

[0030] One embodiment of the present invention is use of the medicament, the anti-cancer vaccine, the inducer of
the cytotoxic T lymphocytes, or the pharmaceutical composition for cancer disease.

[0031] One embodiment of the present invention is a method for measuring quantitatively or qualitatively the peptide
or the polypeptide, or the polynucleotide.

[0032] One embodiment of the present invention is a reagent kit used in the method for measuring quantitatively or
qualitatively the peptide or the polypeptide, or the polynucleotide, wherein the kit comprises at least one selected from
a group consisting of the peptide, the polypeptide, the polynucleotide or the strain thereof, and the antibody.

[0033] One embodiment of the present invention is use of a reagent kit for a test of the cancer disease, wherein the
kit is used to measuring quantitatively or qualitatively the peptide or the polypeptide, or the polynucleotide, comprises
at least one selected from a group consisting of the peptide, the polypeptide, the polynucleotide or the complementary
strain thereof, and the antibody.

BRIEF DESCRIPTION OF THE DRAWINGS

[0034]

Fig. 1 illustrates that OK-CTLp (HLA-A0207/A3101) lyses tumor cells in an HLA-A2-restricted manner.

Fig. 2 illustrates that recognition of the human pancreatic adenocarcinoma cell line Panc-1 by OK-CTLp and in-
terferon-y production as a result thereof is an HLA-A2-restricted event.

Fig. 3 illustrates that OK-CTLp recognizes COS7 cells, in which each of cDNA clones 1 to 6 ((A) in the figure) and
cDNA clone 7((B) in the figure), obtained from the human pancreatic adenocarcinoma cell line Panc-1, was coex-
pressed with HLA-A2, in an HLA-A2-restricted manner.

Fig. 4 illustrates that cDNA clones 1 to 6, obtained from the human pancreatic adenocarcinoma cell line Panc-1,
are recognized by OK-CTLp in a dose-dependent manner. In the figure, (A), (B), (C), (D), (E), and (F) each show
that OK-CTLp recognizes COS7 cells, in which each of cDNA clones 1 to 6, having high homology with UBE2V,
HNRPL, WHSC2, EIF4AEBP1, ppMAPKkk, and 2-5 OAS3, respectively, was coexpressed with HLA-A2, in an
HLA-A2-restricted manner. The symbol—B— shows the amount of interferon-y produced by OK-CTLp, when the
HLA-A0207 gene was coexpressed with the each tumor antigen gene in target cells, —0— shows the amount of
interferon-y produced by OK-CTLp, when the HLA-A2402 gene was coexpressed with each tumor antigen gene
in the target cells.

Fig. 5 illustrates that OK-CTLp or OK-CTL clone recognizes five peptides derived from a gene product of the tumor
antigen gene 1 that is obtained from the human pancreatic adenocarcinoma cell line Panc-1, which has high
homology with UBE2V.

Fig. 6 illustrates that OK-CTLp or OK-CTL clone recognizes four peptides derived from a gene product of the tumor
antigen gene 2 that is obtained from the human pancreatic adenocarcinoma cell line Panc-1, which has high
homology with HNRPL.
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Fig. 7 illustrates that OK-CTLp or OK-CTL clone recognizes four peptides derived from a gene product of the tumor
antigen gene 3 that is obtained from the human pancreatic adenocarcinoma cell line Panc-1, which has high
homology with WHSC2.

Fig. 8 illustrates that OK-CTLp or OK-CTL clone recognizes two peptides derived from a gene product of the tumor
antigen gene 4 that is obtained from the human pancreatic adenocarcinoma cell line Panc-1, which has high
homology with EIF4EBP1.

Fig. 9 illustrates that OK-CTLp or OK-CTL clone recognizes three peptides derived from a gene product of the
tumor antigen gene 5 that is obtained from the human pancreatic adenocarcinoma cell line Panc-1, which has high
homology with ppMAPKkkk.

Fig. 10 illustrates that OK-CTLp or OK-CTL clone recognizes one peptide derived from a gene product of the tumor
antigen gene 6 that is obtained from the human pancreatic adenocarcinoma cell line Panc-1, which has high
homology with 2-5 OAS3.

Fig. 11 illustrates representative peptides showing that the tumor antigen peptides, which are derived from products
of the tumor antigen genes obtained from the human pancreatic adenocarcinoma cell line Panc-1, are recognized
by OK-CTL clone in a dose-dependent manner. Each of (A), (B), (C), (D), (E), and (F) in this figure shows that
OK-CTLp recognizes the peptides which are derived from gene products of the tumor antigen genes 1 to 6, having
high homology with UBE2V, HNRPL, WHSC2, EIF4EBP1, ppMAPkkk, and 2-5 OAS3, respectively.

Fig. 12illustrates that three peptides derived from a gene product of the tumor antigen gene 1 having high homology
with UBE2V can induce CTL showing cytotoxicity against HLA-A2* tumor cell from peripheral blood mononuclear
cells of a cancer patient. The symbol —B— shows the human pancreatic adenocarcinoma cell line Panc-1
(HLA-A0201/1101,) — &— shows the human colon adenocarcinoma cell line SW620 (HLA-A0201/2402,) —C—
shows the HLA-A2- lung adenocarcinoma cell line RERF-LC-MS (HLA-A1101/1101,) —A— shows an EBV trans-
formed autologous B cell (HLA-A0207/3101,) and—O— shows a PHA blast of autologous T cell
(HLA-A0207/3101.) These symbols are also used in the same manner in Figs. 13 to 17 described below.

Fig. 13 illustrates that two peptides derived from a gene product of the tumor antigen gene 2 having high homology
with HNRPL can induce CTL showing cytotoxicity against HLA-A2* tumor cell, from peripheral blood mononuclear
cells of a cancer patient.

Fig. 14 illustrates that two peptides derived froma gene product of the tumor antigen gene 3 having high homology
with WHSC2 can induce CTL showing cytotoxicity against HLA-A2* tumor cell, from peripheral blood mononuclear
cells of a cancer patient.

Fig. 15 illustrates that two peptides derived froma gene product of the tumor antigen gene 4 having high homology
with EIF4EBP1 can induce CTL showing cytotoxicity against HLA-A2* tumor cell, from peripheral blood mononu-
clear cells of a cancer patient.

Fig. 16 illustrates that one peptide derived from a gene product of the tumor antigen gene 5 having high homology
with ppMAPkkk can induce CTL showing cytotoxicity against HLA-A2* tumor cell, from peripheral blood mononu-
clear cells of a cancer patient.

Fig. 17 illustrates that one peptide derived from a gene product of the tumor antigen gene 6 having high homology
with 2-5 OAS3 can induce CTL showing cytotoxicity against HLA-A2* tumor cell, from peripheral blood mononu-
clear cells of a cancer patient.

Fig. 18 illustrates that tumor antigen peptides can induce CTL, which shows cytotoxic activity in an HLA-A2-restrict-
ed manner and in a dose-dependent manner, from peripheral blood mononuclear cells of a cancer patient. (A),
(B), (C), (D), and (E) in this figure each show that peptides derived from gene products of the tumor antigen genes
1to 5, havinghigh homology with UBE2V, HNRPL, WHSC2, EIF4EBP1, and ppMAPKKk, respectively, induces CTL
that recognizes the peptide in a HLA-A2-restricted manner, from peripheral blood mononuclear cells of a cancer
patient. The symbol —B— shows T2 cells in which the tumor antigen peptide was made to express and —0—
shows autologous PHA blastoid T cells.

Fig. 19 illustrates that gene products of the tumor antigen genes KM-PA-2 ((A) in the figure) and KM-PA-4 ((B) in
the figure), which were obtained from the human pancreatic adenocarcinoma cell line CFPAC-1, are recognized
by OK-CTLp in an HLA-A2-restricted manner.

Fig. 20 shows that peptides derived from the tumor antigen genes KM-PA-2 and KM-PA-4, respectively, which
were obtained from the human pancreatic adenocarcinoma cell line CFPAC-1(A and B in the figure, respectively),
can induce CTL from peripheral blood mononuclear cells (PBMC) of a cancer patient, which shows cytotoxicity
against T2 cells which have been pulsed with the peptide corresponding to the peptide used for stimulating the
PBMC (left-hand figures of A and B in the figure,) and an HLA-A2* tumor cell Panc-1 (right-hand of A and B in the
figure).

Fig. 21 shows that CTL, which was induced from peripheral blood mononuclear cells of a cancer patient by peptide
derived from the tumor antigen gene KM-PA-2 obtained from the human pancreatic adenocarcinoma cell line CF-
PAC-1, lyses tumor cells in an HLA-A2-restricted manner.
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BEST MODE FOR CARRYING OUT THE INVENTION

[0035] In order to identify a tumor rejection antigen gene and a tumor antigen encoded by the gene, which can be
used for specific immunotherapy for pancreatic cancer, HLA-A2-restricted tumor-specific cytotoxic T lymphocytes have
been established in the present invention that are activated by recognizing HLA-A2 and a tumor antigen peptide (here-
after, this cell may be called OK-CTLp) from a colon cancer patient, and genes encoding tumor antigens, which can
be recognized by these tumor-specific cytotoxic T lymphocytes (CTL,) have been isolated/identified from a cDNA library
of Panc-1 cell that as the human pancreatic adenocarcinoma cell line using the gene expression cloning method. In
the present invention, genes have also been identified, which can be recognized by CTL in the same way as described
above, from genes identified as those encoding the tumor antigen by the SEREX (Serological analysis of recombinant
cDNA expression libraries) method (Proc. Natl Acad. Sci. USA, 92:11910-11813, 1995.) In addition, based on the tumor
antigen encoded by the gene obtained, a peptide having the tumor antigen epitope has been found in the present
invention.

[0036] As used herein, a polypeptide means a long chain peptide of arbitrary peptides comprising two or more amino
acids bound to each other by a peptide bond or by a modified peptide bond. For example, a protein is included in the
definition of polypeptide herein. Moreover, a short chain peptide sometimes called an oligopeptide or an oligomer is
simply called a peptide herein.

[0037] "Recognize" herein means that a subject distinguishes an object from others and cognates it, for example,
binds to the object cognized. Particularly, in the presentinvention, CTL which recognize the tumor cells or the tumor
antigen peptides means that CTL binds through a T cell receptor to the tumor antigen peptides that are presented by
HLA.

[0038] "Activate" herein means to enhance or to make it work further a thing or a state, which has an activity or an
action. Particularly, in the presentinvention, activation of CTL means that CTL recognizes an antigen being presented
by HLA to produce IFN-y or CTL shows cytotoxicity against the target cells recognized by CTL.

[0039] "Induce" herein means to generate an activity or an action from a thing or a state that are in a phase merely
having the activity or the action. Particularly, in the presentinvention, induction of an antigen-specific CTL means to
make CTL, which specifically recognizes a certain antigen differentiate and/or proliferate in vitro or in vivo. In addition,
the inducer of cytotoxic T lymphocytes in the present invention means a medicament which changes the state, where
CD8-positive T lymphocytes specifically recognizing a certain antigen is absent or present in a very low degree, to the
state, where the cytotoxic T lymphocytes recognizing the antigen is present in a very degree.

(Isolation and identification of the tumor antigen gene, tumor antigen, and tumor antigen peptide)

[0040] In the present invention, OK-CTLp that was HLA-A2-restricted cytotoxic T lymphocyte described above was
used as an effector cell and tumor antigens capable of activating this cell were isolated and identified by using the
gene expression cloning method. In other words, cDNA of the human pancreatic adenocarcinoma cell line Panc-1 and
cDNA of HLA-A0207 were cotransfected into COS-7 cells, and among those cells in which the transfected genes were
expressed, the cells which enhance IFN-y production from OK-CTLp were selected, and hence, the gene encoding
the tumor antigen capable of activating CTL was identified. The method will be presented in more detail in examples
described herein. As a result, seven cDNA clones were obtained which were recognized by OK-CTLp in an HLA-A2-re-
stricted manner.

[0041] In addition, two genes, KM-PA-2 and KM-PA-4, encoding tumor antigens capable of activating CTL in an
HLA-A2-restricted manner were found in the same manner as described above from the genes encoding the tumor
antigens, were detected from a cDNA library of the human pancreatic adenocarcinoma cell line CFPAC-1 using the
SEREX method and already reported (Biochim. Biophys. Res. Commun., 281:936-944, 2001,). The SEREX method
is a method that can be applied to detection of a tumor antigen. However, among 1500 or more kinds of tumor antigens
detected by this method, those being identified as tumor antigens capable of inducing both cell-mediated immunity
and humoral immunity are only MAGE-1, tyrosinase, and NY-ESO-1. Thus, the tumor antigen identified by the SEREX
method cannot always activate CTL. The presentinvention first revealed that the tumor antigen genes described above,
KM-PA-2 and KM-PA-4, can activate CTL in an HLA-A2-restricted manner.

[0042] All seven cDNA clones described above, which were obtained from Panc-1 cell, contained a complete open
reading frame (ORF). The nucleotide base sequence of these genes was determined by the Sanger method (Chain
Terminator method) to estimate the amino acid sequence on the basis of the nucleotide base sequence. When a
homology search was carried out for these nucleotide base sequences and deduced amino acid sequences in an
existing database such as GenBank, it was found that these genes were cDNAs whose nucleotide base sequences
are novel, though they have high homology with genes as described below. There is no report on the known homologous
genes functioning as a tumor antigen. With regard to clone 3 among the 7 cDNA clones (clones 1 to 7) obtained, the
sequence of an initial clone, which was obtained by the gene expression cloning method described above, and has
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high homology with that of a gene of Wolf - Hirschhorn syndrome candidate 2 protein (WHSC2), was 25 bp shorter at
the 5'-terminal region than that of WHSC2, so that full-length cDNA was obtained from the cDNA library of the Panc-
1 cell by a standard colony hybridization method using the clone labeled with 32P as a probe. Hereinafter, the genes
of the Panc-1 cell, from which the above-described clones 1 to 7 were derived, will be called gene 1 to 7, respectively.
Also, the polypeptides consisting of an amino acid sequence encoded by each gene are occasionally herein called
gene product 1 to 7. Deduced amino acid sequences encoded by each of these genes are shown as SEQ ID NO: 45
to SEQ ID NO: 51 in the sequence listing, respectively, and the nucleotide base sequences thereof are shown as SEQ
ID NO:54 to SEQ ID NO:60 in the sequence listing, respectively. The above described genes 1 to 6 and the gene 7
were registered at the DNA Data Bank of Japan (DDBJ) of the National Research Institute of Genetics in June 12th,
2000 and August 2nd, 2000, respectively (Table 1).

[0043] For KM-PA-2 and KN-PA-4, the homologous genes have been reported as shown in Table 1 (Biochem. Bio-
phys. Res. Commun., 281:936-944, 2001.) The nucleotide base sequences of KM-PA-2 and KM-PA-4 are shown as
SEQ ID NO: 52 and SEQ ID NO: 53 in the sequence listing, respectively, and the deduced amino acid sequences are
shown as SEQ ID NO:61 and SEQ ID NO:62 in the sequence listing, respectively.

Table 1.
cDNA clone (gene) Polypeptide encoded by cDNA Homologous
gene
Baselength (bp) | SEQ ID:NO Amino acid SEQ ID:NO [GenBank
[DDBJ length accession no.]
accession no.]
1 1775 54 PP 1 270 45 ubiquitin-
[AB044550] conjugated
enzyme variant
Kua (UBE2V)
[AF155120]
2 2097 55 PP 2 589 46 heterogeneous
[AB044547] nuclear
ribonucleoprotein
L (HNRPL)
[NM_001533]
3 2243 56 PP 3 549 47 Wolf-Hirschhom
[AB044549] Syndrome
candidate 2
protein (WHSC2)
[AK001304]
4 831 57 PP 4 118 48 elF-4E-binding
[AB044548] protein 1
(EIF4EBP1)
[NM_004095]
5 2404 58 PP 5 779 49 partial putatibe
[AB044546] mitogen actibated
protein kinase
kinase kinase
(PPMAPKKK)
[A3242724]
6 6707 59 PP 6 1087 50 2'5'-
[AB044545] oligoadenylate
synthetase 3 (2-5
OAS3)
[NM_006187]
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Table 1. (continued)

cDNA clone (gene) Polypeptide encoded by cDNA Homologous
gene
Baselength (bp) | SEQ ID:NO Amino acid SEQ ID:NO [GenBank
[DDBJ length accession no.]
accession no.]
7 769 60 PP 7 216 51 clevage and
[AB046744] polyadenylation

specificity factor
(CPSF) [U37012]

KM-PA-2 2060 61 PP-KM-PA-2 634 52 KIAA0124 gene
[AB060694] [D50914] human
homologue of
mouse block of
proliferatin 1
(Bop1)
[BC005160]

KM-PA-4 1841 62 PP-FM-PA-4 142 53 coactosin-like
protein (CLP)
[L54057]

[0044] The nucleotide base sequence of gene 1 has high homology with that of the ubiquitin-conjugated enzyme
variant Kua gene (UBE 2V) registered at GenBank (accession no.AF155120.) The length of the deduced amino acid
(aa) encoded by gene 1 was slightly longer than that encoded by the UBE2V gene (3 aa in positions 109 to 111.) The
function of UBE2V has not so far been reported.

[0045] The nucleotide base sequence of gene 2 has high homology with that of the heterogeneous nuclear ribonu-
cleoprotein L (HNRPL) gene (accession no.NM_001533.) However, the deduced amino acid length was slightly longer
than that of the HNRPL gene at the N-terminal positions 1 to 31. The HNRPL gene product is a heterogeneous nuclear
ribonucleoprotein complex and provides a substrate for the processing events that the mRNA precursor undergoes in
the cytoplasm.

[0046] The nucleotide base sequence of gene 3 has high homology with that of the Wolf-Hirschhorn syndrome can-
didate 2 proteins (WHSCZ2) gene registered at GenBank (accession no.AK001304.) The WHSC2 gene seems to have
some functions in the phenotype of WHS, a multiple malformation syndrome characterized by mental and develop-
mental defects resulting from a partial deletion of the short arm of chromosome 4.

[0047] The nucleotide base sequence of gene 4 has high homology with that of the elF-4E-binding protein 1 gene
(EIF4AEBP1, accession no.NM_004095.) The product of EIF4AEBP1 gene is known as a translation initiation factor that
initiates insulin-dependent phosphorylation of 4E-BP1, making it available to form an active cap-binding complex.
[0048] The nucleotide base sequence of gene 5 has homology with that of the partial putative mitogen-activated
protein kinase kinase kinase gene (ppMAPKkk, accession no.AJ242724) registered at GenBank. The deduced amino
acid sequence encoded by gene 5 is 230 aa longer at the N-terminal and 258 aa longer at the C-terminal as compared
with that of the registered ppMAPKkk gene (its function has not yet been reported.)

[0049] The nucleotide base sequence of gene 6 consists of 6707 bp and has homology with that of the 2',5'- oligoad-
enylate synthetase 3 gene (2-5 OAS3 gene, accession no.NM_006187) with a total of 13-aa differences at positions
18, 159, 249, 287, 288, 316, 393 to 398, and 984. 2-5 OAS3 is known as an IFN-induced protein that plays an important
role in immune-protection against microorganism infection.

[0050] The nucleotide base sequence of gene 7 has homology with positions 3701 to 4463 of the Human cleavage
and polyadenylation specificity factor (CPSF, accession no.U37012) gene and the amino acid sequence is approxi-
mately 1226 aa shorter.

[0051] The nucleotide base sequence of gene KM-PA-2 has high homology with that of the KIAA0124 and human
homologues of mouse block of proliferation 1 (Bop1.) The nucleotide base at position 1466 of the KIAA0O124 gene is
guanine (G) and thus, the amino acid residue of the 465t position is histidine (H). On the contrary, in gene KM-PA-2,
they are adenine (A) and arginine (R), respectively.

[0052] The nucleotide base sequence of gene KM-PA-4 and the amino acid sequence encoded by the gene are
identical to those of coactosin-like protein (CLP.)

[0053] In order to obtain tumor antigen peptides from the above-described 9 genes encoding a tumor antigen, pep-
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tides were designed and synthesized based on the amino acid sequences encoded by the above-described genes.
For gene 7, the gene was regarded as a part of a gene consisting of a longer base sequence, so that the peptides,
which were derived from the amino acid sequence encoded by the gene (CPSF) homologous to gene 7, were also
designed and synthesized. It has been known that a tumor antigen peptide capable of binding to the HLA-A2 has a
motif (a specific sequence) in its sequence. Then, at first, the peptide having an HLA-A2 binding motif (a specific
sequence) was searched for in the literature (J. Immunol., 152:163, 1994; Immunogenetics, 41:178, 1994,) and the
peptides of 9-mer to 11-mer, which were different from each other and suited to the motif obtained, were designed and
synthesized based on the amino acid sequence encoded by the above described genes. Recognition of each peptide
by CTL was measured using OK-CTLp or several kinds of OK-CTL clones obtained by cloning OK-CTLp by the limiting
dilution method using IFN-y production from these CTL as an indicator. The OK-CTL clones are the cells recognizing
any one of the above-described genes 1 to 7. On the other hand, OK-CTLp recognizes any of genes 1 to 7. The results
revealed that OK-CTLp is a cell population recognizing various kinds of tumor antigens. Therefore, when the OK-CTL
clones were used to test the peptide for its ability to activate CTL, a clone was used which recognizes the product of
the gene encoding the same peptide as that to be tested. Forty four peptides (SEQ ID NO:1 to SEQ ID NO:44 in the
sequence listing; Table 2 and Table 3) among those synthesized were recognized by OK-CTLp or OK-CTL clones and
enhanced IFN-y production from CTL. Among these peptides, P1 to P5, P6 to P9, P10 to P13, P14 and P15, P16 to
P18, and P19 are the peptides consisting of a partial sequence of the amino acid sequences encoded by gene 1, gene
2, gene 3, gene 4, gene 5, and gene 6, respectively, and encoded also by genes UBE2V, HNRPL, WHSC2, EIF4-EBP1,
ppMAPkkk, and 2-5 OAS3 having high homology with each genes. On the other hand, P25, P26, P27, P28, P30, and
P31 are the peptides consisting of a partial sequence of the amino acid sequences encoded by gene 7 and gene CPSF
having high homology with gene 7. P20, P21, P22, P23, P24, P29, and P32 consist of a partial sequence of the amino
acid sequence specific to CPSF.

Table 2.
Number | Origin of peptide Position of amino acid Aminoacidsequence SEQ ID NO: in sequence
sequence listing

P1 Gene 1 43 -51 RLQEWCSVI 1

P2 (UBE2V) 64 -73 LLLLARWEDT 2

P3 85-93 LIADFLSGL 3
P4 201 - 209 LLQDWHVIL 4
P5 208 - 216 ILPRKHHRI 5
P6 Gene 2 140 - 148 ALVEFEDVL 6
P7 (HNRPL) 404 - 412 CLYGNVEKYV 7
P8 443 - 451 FMFGQKLNV 8
P9 501 -510 NVLHFFNAPL 9
P10 Gene 3 103 - 111 ASLDSDPWV 10
P11 (WHSC2) 141 - 149 ILGELREKV 11
P12 157 - 165 MLPLECQYL 12
P13 267 - 275 TLIRKERGV 13
P14 Gene 4 51-59 RII'YDRKFL 14
P15 (EIF4EBP1) 52 - 60 IIlYDRKFIM 15
P16 Gene 5 290 - 298 QILKGLLFL 16
P17 (ppMAPKKK) 294 - 302 GLLFLHTRT 17
P18 432 - 440 DLLSHAFFA 18
P19 Gene 6 666 - 674 QQLCVYWTV 19

(2-5 OAS3)

P20 CPSF 285 - 293 SLLYINQSV 20
P21 CPSF 250 - 258 KVHPVIWSL 21
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Table 2. (continued)
Number | Origin of peptide Position of amino acid Aminoacidsequence SEQ ID NO: in sequence
sequence listing
P22 CPSF 534 - 542 DMWTVIAPV 22
P23 CPSF 882 - 890 QLGQGNLKV 23
P24 CPSF 392 - 400 LLLKYTEKL 24
P25 Gene 7 1367 - 1375 TMLPHHAGL 25
P26 Gene 7 1296 - 1304 LLRRADFHV 26
P27 Gene 7 1401 - 1409 ELLNRYLYL 27
P28 Gene 7 1358 - 1366 LIMLQNALT 28
P29 CPSF 797 - 805 YQLPDWRLV 29
P30 Gene 7 1359 - 1368 IMLQNALTTM 30
P31 Gene 7 1358 - 1367 LIMLQNALTT 31
P32 CPSF 456 - 465 TQLATYSFEV 32
Table 3.
Number | Origin of peptide Position of amino acid Amino acid sequence SEQ ID NO: in sequence
sequence listing
P 33 KM-PA-2 29 - 38 LEWYDDFPHV 33
P 34 115- 124 FSGDVMIHPV 34
P 35 172-180 WAQEDPNAV 35
P 36 179 - 188 AVLGRHKMHV 36
P 37 326 - 335 RLWEVATARC 37
P 38 348 - 356 VAWNPSPAV 38
P 39 585 - 593 DLLQNPLLV 39
P 40 586 - 595 LLQNPLLVPV 40
P 41 612 - 621 VIFHPTQPWV 41
P42 KM-PA-4 15-24 NLVRDDGSAV 42
P 43 57 - 65 RLFAFVRFT 43
P44 104 - 113 VVQNFAKEFV 44

[0054] These tumor antigen peptides are presented on a cell surface by HLA-A2 and recognized by T cell receptor
(TCR) expressed on the peptide-specific OK-CTL clone. The peptides derived from gene 1 and UBE2V, gene 2 and
HNRPL, or gene 6 and 2-5 OAS3 are recognized by OK-CTL clone expressing TCR-Vp 8.1, TCR-Vf 3.2, or TCR-Vj
14. In addition, Peptides derived from gene 3 and WHSC2, gene 4 and EIF4EBP1, or gene 5 and ppMAPKkk are
recognized by OK-CTL clone expressing TCR-VB13, TCR-VB8.1, or TCR-VB18, respectively.

[0055] Two each of the OK-CTL clones that recognize peptides derived from gene 1 and UBE2V, gene 2 and HNRPL,
and gene 6 and 2-5 OAS3 were expressed TCR possessing different complementarity-determining regions 3 (CDR 3;
an element responsible for binding to antigenic epitopes on a groove of the HLA Class | molecules,) respectively. The
OK-CTL clone recognizing peptides derived from gene 3 and WHSC2, gene 4 and EIF4EBP1, and gene 5 and pp-
MAPKKk also expressed TCR possessing the different CDR3, respectively.

[0056] Moreover, the above-described 44 peptides recognized by OK-CTLp each induced HLA-A2-restricted tumor-
specific CTL in vitro from the peripheral blood mononuclear cells (which, hereinafter, may be abbreviated to PBMC)
which are autologous cells derived from a colon cancer patient from whom OK-CTLp was obtained, and/or from the
PBMC of HLA-A0201* cancer patients (pancreatic cancer, colon cancer, and stomach cancer.) The above-described
CTL induced from the peripheral blood mononuclear cells of the cancer patients lysed HLA-A2* tumor cells in a dose-
dependent manner. However, no lysis was observed in the HLA-A2- tumor cell RERF-LC-MS, and HLA-A* autologous
EBV-B cells and HLA-A* T cells stimulated by PHA, both of which are derived from normal cells. In addition, the above-
described CTL showed cytotoxicity in a dose-dependent manner against the T2 cells that were pulsed with the same
peptide as that used for stimulation.

[0057] On the basis of the examination described above, 44 tumor antigen peptides capable of activating OK-CTLp
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were obtained. Furthermore, it was found that these peptides could induce HLA-A2-restricted tumor-specific CTLs from
PBMC derived from patients of pancreatic cancer, colon cancer, and/or stomach cancer. In addition, it was revealed
that both the pancreatic adenocarcinoma cell line Panc-1 and the colon adenocarcinoma cell line SW620 are recognized
by CTLp and by CTLs induced from PBMC by the above described peptide. This result suggests that pancreatic cancer
and colon cancer have a common tumor antigen epitope recognized by host CTLs.

(Polypeptide and peptide)

[0058] A polypeptide according to the present invention is a polypeptide consisting of the amino acid sequence each
of which is encoded by the above described genes 1 to 7 obtained from the human pancreatic adenocarcinoma cell
line Panc-1 or gene KM-PA-2 or KM-PA-4 obtained from the human pancreatic adenocarcinoma cell line CFPAC-1,
and preferably, a polypeptide consisting of the amino acid sequence described in any one of those from SEQ ID NO:
45 to SEQ ID NO:53 in the sequence listing. These polypeptides can be used for inducing and/or activating CTL as a
tumor antigen. Moreover, these polypeptides can be used as a material for specifying a tumor antigen epitope to obtain
a tumor antigen peptide.

[0059] A peptide according to the present invention can be obtained by designing peptides, for example, which are
suited for the HLA-A2-restricted motif, based on the amino acid sequence of the above-described polypeptide, to select
ones recognized by CTL, for example, which activate and/or induce CTL, from the designed peptides. A peptide ac-
cording to the present invention may be the peptide having a property of a tumor antigen epitope presented on the
surface of an antigen-presenting cell through binding to HLA-A2 and recognized by CTL. The peptide consists of amino
acid residues of at least about 5 or more, preferably about 7 or more, and more preferably 9 to 10. Particularly preferably,
the peptide is one consisting of an amino acid sequence described in any one of those from SEQ ID NO:1 to SEQ ID
NO:44 in the sequence listing. These peptides can be used as a tumor antigen peptide for activating and/or inducing
the HLA-A2-restricted tumor-specific cytotoxic T lymphocytes.

[0060] For activating and/or inducing CTL, one of the above-described polypeptide or peptide may be used or they
may be used in combination of two or more. As described above, CTL is a population consisting of plural cells that
recognize various antigens, so that it is recommended to use these peptides preferably in combination of two or more.
[0061] Apolypeptide or peptide, which has one or several amino acid(s) with a mutation such as deletion, substitution,
addition, or insertion introduced into the polypeptide or peptide specified as above and is recognized by at least the
HLA-A2-restricted CTL, is also included within the scope of the present invention. A means for introducing mutations
such as a deletion, substitution, addition, or insertion is well known and, for example, Ulmer's technique (Science, 219:
666, 1983) can be employed. When introducing such mutation,in view of preventing a change of the fundamental
properties (such as the physical properties, activity, orimmunological activity) of the peptide, mutual substitution among,
for example, amino acids having similar properties (polar amino acids, non-polar amino acids, hydrophobic amino
acids, hydrophilic amino acids, positively charged amino acids, negatively charged amino acids, aromatic amino acids,
and so on) can be carried out. In addition, some modification can be made on these peptides to such an extent that
there is no notable change of their function, such as modification of the constitutive amino group or carboxyl group.

(Polynucleotide)

[0062] A polynucleotide according to the present invention is a polynucleotide consisting of the nucleotide base
sequence described in any one of those from SEQ ID NO: 54 to SEQ ID NO:62 in the sequence listing, which are the
nucleotide base sequences of genes 1 to 7 or gene KM-PA-2 or KM-PA-4 obtained from the human pancreatic aden-
ocarcinoma cell line Panc-1 or the human pancreatic adenocarcinoma cell line CFPAC-1 as described above, or the
complementary strand thereof. The polynucleotide may also be a polynucleotide encoding each of the peptides con-
sisting of the amino acid sequences described in any one of those from SEQ ID NO:1 to SEQ ID NO:44 or a polypeptide
consisting of the amino acid sequence described in any one of SEQ ID NO: 45 to SEQ ID NO: 53 in the sequence
listing, or the complementary strand thereof. Moreover, the above-described polynucleotide may consist of a nucleotide
base sequence of at least about 15 or more, preferably about 21 to 30 or more nucleotides, wherein the nucleotide
base sequence corresponds to a region encoding a tumor antigen epitope in the amino acid sequence of the polypep-
tides according to the present invention, or the complementary strand thereof. Selection of a useful polynucleotide and
determination of its nucleotide base sequence are possible, for example, by employing well-known protein expression
systems to confirm the ability of the expressed protein to induce and/or activate CTL.

[0063] Moreover, a polynucleotide that hybridizes to the above-described polynucleotide under stringent conditions
is included in the scope of the present invention. In the case where the polynucleotide molecule is a DNA molecule,
"a DNA molecule that hybridizes to a DNA molecule under stringent conditions" can be obtained, for example, by the
method described in "Molecular Cloning: A Laboratory Manual (Cold Spring Harbor Laboratory, 1989.)" "To hybridize
under stringent conditions" herein means that a positive hybridizing signal is still observed even under the condition
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in which, for example, incubation is carried out in a solution containing 6 X SSC, 0.5% SDS, and 50% formamide at
42°C and then, washing is carried out in a solution containing 0.1 X SSC and 0.5% SDS at 68°C.

[0064] The above-described polynucleotide can induce and/or activate the HLA-A2-restricted CTL, when it is ex-
pressed in cells having HLA-A2. In this case, the above-described polynucleotide has a poly(A) structure in its 3'-
terminal. The number of poly(A) does not have an influence on the site encoding the amino acid acting as a tumor
antigen, so that the number of poly(A,) of the polynucleotide is not limited.

[0065] All of the above-described polynucleotides provide genetic information useful for producing a polypeptide or
a peptide according to the present invention or can be also utilized as a reagent and a standard of a nucleic acid.

(Recombinant vector)

[0066] A recombinant vector can be obtained by inserting the above-described polynucleotide into an adequate DNA
vector. The DNA vector used is properly selected in accordance with the kind of host and the purpose of use. The DNA
vector may be a naturally existing one and also may be one that lacks a part of its DNA other than that necessary for
replication. For example, vectors can be exemplified as those derived from a chromosome, an episome, and a virus,
for example, vectors derived from a bacterial plasmid, derived from a bacteriophage, derived from a transposon, derived
from an enzyme episome, derived from an inserting element, and derived from an enzyme chromosome element, for
example, vectors derived from a virus such as baculovirus, papovavirus, SV40, vacciniavirus, adenovirus, fowlpox
virus, pseudorabies virus, and retrovirus, and vectors prepared by combination of them, for example, vectors derived
from the genetic element of the plasmid and the bacteriophage, for example, a cosmid and a phagemid. Further, an
expression vector and a cloning vector etc. can be used in accordance with the desired purpose.

[0067] The recombinant vector, which comprises the constitutional elements of the desired DNA sequence and a
DNA sequence possessing information relating to replication and regulation, such as a promoter, aribosome-binding-
site, a terminator, a signal sequence, an enhancer, and so on, can be prepared by combining them using well-known
methods. As a method for inserting the polynucleotide according to the present invention into the above-described
DNA vector, the well-known methods can beemployed. For example, a method can be used, wherein an appropriate
restriction enzyme is chosen for treating a DNA to cleave it at a specific site, and then, the DNA is mixed with the DNA
used as a vector treated in the same way, followed by ligating with a ligase. A desired recombinant vector can also be
obtained by ligating an adequate linker to the desired polynucleotide followed by inserting the resultant molecule into
a multi-cloning site of a vector suitable for a purpose.

(Transformant)

[0068] The DNA vector in which the above-described polynucleotide has been inserted can be used to obtain a
transformant by transforming a well-known host such as Escherichia coli, yeast, Bacillus subtillis, an insect cell, or a
mammalian cell therewith by well-known methods. In the case of carrying out the transformation, a more preferable
system is exemplified by the method for integrating the gene in the chromosome, in view of achieving stability of the
gene. However, an autonomous replication system using a plasmid can be conveniently used. Introduction of the DNA
vector into the host cell can be carried out by standard methods such that described in "Molecular Cloning: A Laboratory
Manual" (ed. by Sambrook et al., Cold Spring Harbor Laboratory Press, Cold Spring Harbor, New York, 1989.) Con-
cretely, calciumphosphatetransfection,DEAE-dextran-mediatedtransfection, microinjection, cation lipid-mediated
transfection, electroporation, transduction, scrape loading, ballistic introduction and infection can be employed.

(Producing polypeptide or peptide)

[0069] Using an expression vector as a DNA vector for transduction of the above-described transformant, a polypep-
tide or a peptide according to the present invention can be provided. A transformant, transformed with a DNA expression
vector comprising the above-described polynucleotide, is cultured under well-known culture conditions suitable for
each host. Culturing may be conducted by using indicators, such as a function of the polypeptide or a peptide according
to the present invention that is expressed by the transformant, particularly at least the activity to induce and/or activate
CTL, or the peptide or the amount of the peptide produced in the host or outside of the host. Subculturing or batch
culturing may be also carried out using an amount of the transformant in the culture as an indicator.

[0070] A peptide according to the presentinvention can be produced by a general method known in peptide chemistry.
For example, "Peptide Synthesis (Maruzen) 1975" and "Peptide Synthesis, Interscience, New York, 1996" are exem-
plified. However, any widely known method can be used.

[0071] A polypeptide or peptide according to the present invention can be purified and collected by a method, such
as a gel filtration chromatography, an ion column chromatography, an affinity chromatography, and the like, in combi-
nation, or by fractionation means on the basis of a difference in solubility using ammonium sulfate, alcohol, and the
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like, using a CTL-activating ability of the polypeptide or the peptide as an indicator. More preferably used is a method,
wherein the polypeptide or the peptides are specifically adsorbed and collected by using polyclonal antibodies or mon-
oclonal antibodies, which are prepared against the polypeptide or the peptides based on the information of their amino
acid sequences.

(Antibody)

[0072] An antibody according to the present invention is prepared by using the above-described polypeptide or pep-
tide as an antigen. An antigen may be the above-described polypeptide or peptide itself, or its fragment that is composed
of at least 5, more preferably at least 8 to 10 amino acids. In order to prepare the antibody specific to the above-
described polypeptide or peptide, a region consisting of the amino acid sequence intrinsic to the above-described
polypeptide or peptide is desirably used. The amino acid sequence is not necessarily homologous to the amino acid
sequence of the polypeptide or the peptide, but is preferably a site exposed to outside of a stereo-structure of the
polypeptide or the peptide. In such a case, itis sufficient that the amino acid sequence of the exposed site is consecutive
in the exposed site, even if it may be discrete in its primary structure. The antibody is not limited as long as it binds or
recognizes the polypeptide or the peptide immunologically. The presence or absence of the binding or the recognition
can be determined by a well-known antigen-antibody binding reaction.

[0073] In order to produce an antibody, a well-knownmethod for antibody production can be employed. For example,
the antibody is obtained by administration of the polypeptide or peptide according to the present invention to an animal
in the presence or absence of an adjuvant with or without linking such to a carrier so as to induce humoral immunity
and/or cell-mediated immunity. Any carrier can be used as long as it is not harmful to the host. For example, cellulose,
a polymerized amino acid, albumin, and the like are exemplified, but not limited thereto. As an animal used for immu-
nization, a mouse, rat, rabbit, goat, horse, and so on, is preferably used.

[0074] A polyclonal antibody can be obtained from serum of an animal subjected to the above-described immuno-
logical means by a well-known method for collectingantibodies. A preferable means is exemplified by immunoaffinity
chromatography.

[0075] A monoclonal antibody can be produced by collecting antibody-producing cells (for example, a lymphocyte
derived from a spleen or a lymph node) from the animal subjected to the above-described immunological means,
followed by introducing a well-known transformation means with a permanently proliferating cell (for example, myeloma
strain such as P3/X63 - Ag8 cells.) For example, the antibody-producing cells are fused with the permanent proliferating
cells by a well-known method to prepare hybridomas. Then, the hybridomas are subjected to cloning, followed by
selecting ones producing the antibody that recognizes specifically the above-described polypeptide or peptide to collect
the antibody from a culture solution of the hybridoma.

[0076] The polyclonal antibody or the monoclonal antibody thus obtained, which recognizes and binds to the above-
described polypeptide or peptide, can be utilized as an antibody for purification, a reagent, a labeling marker and so on.

(Screening and compound obtained by screening)

[0077] The above-described polypeptide or peptide, the polynucleotide encoding the same and the complementary
strand thereof, the cell transformed based on the information concerning the amino acid sequence and nucleotide base
sequence, or the antibody immunologically recognizing the same provide an effective means for screening a substance
capable of inducing and/or activating CTL, when using them solely or in combination with each other. The screening
method can be constructed utilizing a well-known screening system. For example, as shown in Examples herein, using
a system in which the activation of CTL by the antigen-presenting cells that are pulsed with the tumor antigen peptide,
is measured on the basis of the amount of IFN-y production from CTL. Addition of a test substance to the systemallows
one to select the substance inducing and/or activating CTL and the substance enhancing the induction and/or the
activation. This system describes one screening method, but the screening method according to the present invention
is not limited thereto.

[0078] A compound obtained by the above-described screening method is also part of the present invention. The
compound may be a compound enhancing the recognition of the polypeptide or the peptide by CTL through an inter-
action with the polypeptide or the peptide according to the present invention, and/or HLA-A2. Further, it may be a
compound enhancing the expression of the polynucleotide according to the present invention through an interaction
with the polynucleotide. The compound thus selected can be used in a pharmaceutical composition by selecting ones
having both biological usefulness and low toxicity.

(Pharmaceutical composition)

[0079] The polypeptide or peptide according to the present invention can be used for activating and/or inducing the
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HLA-A2-restricted tumor-specific cytotoxic T lymphocytes, as a tumor antigen or a tumor antigen peptide. In other
words, the method for inducing CTL, which is characterized in that the above-described polypeptide or peptide is used,
and a inducer of CTL comprising the above-described polypeptide or peptide are included in the scope of the present
invention.

[0080] The polypeptide orthe peptide according to the presentinvention, the polynucleotide encoding the polypeptide
and the complementary strand thereof, the recombinant vector prepared based on the information of their amino acid
sequences and nucleotide base sequences, the cell transformed with the recombinant vector, or the antibody immu-
nologically recognizing the polypeptide or the peptide, the compound enhancing the recognition of the polypeptide or
the peptide by CTL through interaction with the polypeptide or the peptide, and/or HLA-A2, or the compound enhancing
expression of the polynucleotide through interaction therewith can used a pharmaceutical composition comprising at
least one species thereof, when using them solely or in combination with each other.

[0081] Concretely, for example, medicament consisting of the polypeptide or the peptide according to the present
invention, and the pharmaceutical composition comprising the polypeptide or the peptide according to the present
invention can be used as a so-called anti-cancer vaccine. In such a case, in order to activate the cell-mediated immunity,
the polypeptide or the peptide according to the present invention can be used in the presence or absence of an adjuvant
with or without linking such to a carrier. Any carrier can be used as long as it is not harmful to the human body. For
example, cellulose, a polymerized amino acid, or albumin is exemplified, but the carrier is not limited thereto. A dosage
form is properly chosen from those to which the well-known means for preparing a polypeptide or a peptide are applied.
The amount thereof to be administered depends on a degree of recognition of the peptide by CTL, and is generally
0.01 mg to 100 mg/day/adult human body, preferably 0.1 mg to 10 mg/day/adult human body as an amount of active
substance. Such an amount is administered once every several days or every several months.

[0082] Alternately, an effective action of an anti-cancer vaccine can also be obtained by collecting a mononuclear
cell fraction from the peripheral blood of a patient, and culturing the fraction with a peptide according to the present
invention, followed by returning the mononuclear cell fraction, in which CTL are induced and/of activated, back into
the blood of the patient. Culture conditions, such as the concentration of mononuclear cells and the concentration of
the polypeptide or the peptide according to the present invention when they are cultured, can be readily determined.
Further, a substance, such as interleukin 2 (IL-2) having an ability to induce the growth of lymphocytes may be added
to the culture.

[0083] Inthe case of using the polypeptide or the peptide according to the presentinvention as an anti-cancer vaccine,
using even only one polypeptide or one peptide is effective as an anti-cancer vaccine. However, plural kinds of the
above-described polypeptide or peptide can be used in combination. CTL of the cancer patient is the population of
cells recognizing various tumor antigens, so that using plural kinds of polypeptides or peptides as an anti-cancer vaccine
may give a higher effect than using only one kind.

[0084] The above-described medicament, inducer of the cytotoxic T lymphocytes, anti-cancer vaccine and pharma-
ceutical composition are useful for treatment of a cancer disease such as pancreatic cancer, colon cancer, or stomach
cancer.

[0085] In addition, the polynucleotide encoding the polypeptide according to the present invention and the comple-
mentary strand thereof are also useful for gene therapy of a cancer disease such as pancreatic cancer, colon cancer,
or stomach cancer.

[0086] A method in which these polynucleotides are present in a vector and directly introduced in vivo, and a method
in which cells are collected from a donor followed by introducing polynucleotides present in a vector in vitro, can be
both utilized. Retrovirus, adenovirus, and vaccinia virus exemplify the vectors, and retrovirus-related ones arepreferred.
Needless to say, these viruses show deficiency for replication. The amount of administration thereof can depend on
the degree of recognition by CTL of the polypeptide encoded by the polynucleotide. Generally, as a DNA content
encoding the tumor antigen peptide according to the present invention, the amount ranges from 0.1 ug to 100 mg/day/
adult human body, preferably 1 ug to 50 mg/day/adult human body. This amount is administered once every several
days or every several months.

(Measuring method for diagnosis and reagent)

[0087] The polypeptide or the peptide according to the presentinvention, the polynucleotide encoding the polypeptide
and the complementary strand thereof, and the antibody immunologically recognizing the polypeptide or the peptide
can be used independently for a diagnostic marker and a reagent etc. The present invention also provides a reagent
kit comprising one or more containers in which one or more species thereof are present. For the preparation thereof,
it is sufficient to use a well-known means for their preparation according to each of polypeptide or peptide, polynucle-
otide, or antibody.

[0088] Diagnosticmeans for a disease related to expression or activity of the polypeptide or the peptide according
to the present invention can be carried out, for example, utilizing the interaction or reactivity with the polynucleotide
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encoding the polypeptide, by determining the existing amount of the corresponding nucleic acid molecule, and/or de-
termining a distribution of the polypeptide or the peptide in an individual living body, and/or determining a presence of
the polypeptide or the peptide, and the existing amount in a sample derived from the individual body. In other words,
measurement is carried out quantitatively or qualitatively for the polypeptide or the peptide according to the present
invention or the polynucleotide encoding the same as the diagnostic marker. As a method for quantitative or qualitative
measurement of the polypeptide or the peptide or the nucleic acid encoding the same, which are present in the sample,
a well-known method can be utilized. Radioimmunoassay, competitive binding assay, Western blotting analysis, ELISA,
and the like exemplify such a method. In addition, the nucleic acid molecule can be detected and quantified at an RNA
level by using, for example, amplification, polymerase chain reaction (PCR,) RT-PCR, RNase protection, Northern
blotting method, and other hybridization methods.

[0089] The sample subjected to measurement is exemplified by the cells derived from an individual human body
present in for example, blood, urine, saliva, spinal fluid, tissue biopsy, or autopsy material, and the like. The nucleic
acid molecule subjected to measurement is obtained from the each sample described above by a well-known method
for nucleic acid preparation. For the nucleic acid molecule, genomic DNA can be directly used for detection, or it may
be enzymatically amplified by using PCR or any other amplificationmethod before the analysis. RNA or cDNA may be
similarly used. In comparing with a normal genotype, a deletion or insertion can be detected in accordance with a size
change of an amplification product. Hybridizing the amplified DNA with the labeled DNA encoding the above-described
polypeptide can identify point mutations.

[0090] Detecting mutation of, reduction of, and increase in the polypeptide according to the present invention and
the DNA encoding the polypeptide by the above-described measuring method, makes it possible to diagnose diseases,
to which the polypeptide is associated, such as pancreatic cancer, colon cancer, or stomach cancer.

EXAMPLES
[0091] The presentinvention will be illustrated more concretely with the following examples, but is not limited thereto.
Example 1

(Establishment of HLA-A2-restricted CTL)

[0092] The HLA-A2-restricted tumor-specific cytotoxic T lymphocyte line was established from tumor infiltrating lym-
phocytes (TIL) of a colon tumor patient (HLA-A0207/3101, HLA-B46/51, HLA-Cw1) (Int. J. CANCER, 81:459-466, 1999;
J. Immunol., 163:4994-5004, 1999.) Specifically, TIL obtained from the colon tumor patient was cultured for a long
period up to 50 days or longer by adding 100 U/ml of recombinant human interleukin 2 (IL-2.) Every 7 days, a portion
of TIL activated by IL-2 was collected and cultured together with various kinds of tumor cells or normal cells to assay
its CTL activity by measuring the produced IFN-y and by measuring 5'Cr released from the cancer cells (J. Immunol.,
163:4994-5004, 1999.) IFN-y was measured by an enzyme-linked immunosorbent assay (ELISA). At day 58 after the
start of the culture, OK-CTLp, which is one of sublines showing HLA-A2-restricted tumor-specific CTL activity, was
obtained. OK-CTLp obtained is a cell population in which 80% of the cells have a phenotype of CD3*CD4-CD8* and
20% of the cells have a phenotype of CD3*CD4*CD8-. Using OK-CTLp as an effector cell and culturing it together with
various kinds of cells that are used as a target cell, such as a tumor cell, the cytotoxicity to the target cell and activation
of OK-CTLp were measured using the 5'Cr-release test and by using IFN-y production as an indicator, respectively.
The results are each presented in Fig. 1 and Fig. 2.

[0093] OK-CTLp obtained, as shown in Figs. 1 and 2, recognized HLA-A0201*Panc-1 pancreatic adenocarcinoma
cell, SW620 colon adenocarcinoma cell, HLA-A0206*KE3 esophageal squamous-cell carcinoma (SCC) cell and
HLA-A0207*CA9-22 oral SCC cell to produce IFN-y and represent sufficient cytotoxicity. However, no cytotoxicity was
shown against HLA-A2- tumor cells, such as QG56 lung adenocarcinoma cell, RERF-LC-MC lung adenocarcinoma
cell, and COLO320 colon adenocarcinoma cell, and autologous Epstein-Barr virus transformed B cell (EBV-B) and
autologous phytohemagglutinin (PHA) -blastoid T cells both derived from the normal cells. Further, OK-CTLp lysed all
of the HLA-A2* tumor cells tested (R27 breast cancer cell, HAK-2 primary hepatocellular carcinoma cell, SK-MEL-5
melanoma cell, and SF126 astrocytoma cell, which are HLA-A0201*, and HLA-A0206* PC9 lung adenocarcinoma cell,
and 1-87 lung adenocarcinoma cell and OMC-4 cervical SCC cell, which are HLA-A0207*.) The CTL activity was
inhibited by an anti-HLA class | monoclonal antibody (mAb), an anti-CD8 mAb or an anti-HLA-A2 mAb, but not inhibited
by other mAbs (Fig. 2.) This result revealed that OK-CTLp recognizes the above-described tumor cells in a HLA-A2-re-
stricted manner and shows cytotoxicity.

[0094] Meanwhile, the genotype of the HLA class | alleles of the above-described tumor cells has been disclosed
(J. Immunol., 163:4994-5004, 1999.) The serotype of the HLA class | of the above-described patients was determined
by applying a conventional method using the peripheral blood mononuclear cells (PBMC). In addition, the HLA-A2
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subtype was determined by a sequence-specific oligonucleotide probe method and direct DNA sequencing. The phe-
notype of OK-CTLp was analyzed by direct immunofluorescence analysis using anti-CD3 mAb, anti-CD4 mAb, or
anti-CD8 mAb (made by Nichirei) or anti-TCRaf mAb (WT31, Becton Dickinson), which were labeled with fluorescein
isothiocyanate (FITC). In addition, the antibodies used to analyze for HLA-A2 restriction and specificity of OK-CTLp
were anti-HLA class | mAb (W6/32, 1IgG2a,) anti-HLA-A2 mAb (BB7.2, IgG 2b,) anti-CD8 mAb (Nu-Ts/c, IgG2a,) an-
ti-HLA class Il mAb (H-DR-1, IgG2A,) and anti-CD4 mAb (Nu-Th/i, IgG1.) Anti-CD13 mAb (MCS-2, IgG2a) and An-
ti-CD14 mAb (JML-H14, IgG1) were used as an isotype-matching control mAb.

Example 2

(Isolation and identification of cDNA clone encoding tumor antigen)

[0095] A gene encoding the tumor antigen of the Panc-1 tumor cell recognized by OK-CTLp was isolated and iden-
tified according to the well-known gene expression cloning method (J. Immunol., 163:4994 -5004, 1999.)Specifically,
poly(A)* RNA of the Panc-1 tumor cells was converted to cDNA, and ligated with a Sall adapter so as to insert into the
expression vector pPCMV-SPORT-2 (Invitrogen Corp..)

cDNAs of HLA-A0207, HLA-A2402, or HLA-A2601 were obtained by reverse transcriptase polymerase chain
reaction (RT-PCR) and cloned into the eukaryote expression vector pCR3 (Invitrogen Corp..)
[0096] 200 ng of the above-described plasmid DNA pool or clones of Panc-1 cell cDNA library was mixed with 200
ng of the cDNA of HLA-A0207 in 100 pl of Opti-MEM (Invitrogen Corp.) for 30 min. 50 ul of this mixture was added to
COS-7 cells (5X103) and incubated for 6 h in a 96-well U-bottom type microculture plate (Nunc Corp.) for co-tranduction.
Then, RPMI-1640 culture medium containing 10% FCS was added to and culturing was carried out for 2 days, followed
by the addition of OK-CTLp (5X10%) to each well. After a further 18 h incubation, 100 ul of the supernatant was collected
and IFN-y production was measured thereon by ELISA. In this case, using COS-7 cells to which the gene had not been
transfected as a target, IFN-y production by OK-CTLp was examined and the value of IFN-y produced was subtracted
as a background from that of each measurement. As a result, seven cDNA clones were obtained, which enhanced
IFN-v production by OK-CTLp through recognition by OK-CTLp.
[0097] The nucleotide sequence of the seven cDNA clones obtained was determined by dideoxynucleotide sequenc-
ing method using a DNA sequencing kit (Perkin EImer Corp.) and using an ABI PRISM™377DNA sequencer (Perkin
Elmer Corp.) In addition, the amino acid sequence encoded by each clone was deduced from the nucleotide base
sequence. Also, a homology search of the nucleotide base sequence of these clones was conducted through accessing
GenBank. The results are presented in the above-described Table 1. With regard to clone 3 among the seven cDNA
clones (clones 1 to 7) obtained, the sequence of an initial clone, which was obtained by the gene expression cloning
method described above, was 25 bp shorter at the 5'-terminal region than that of WHSC2 showing high homology, so
that full-length cDNA was obtained from the cDNA library of the Panc-1 cell by a standard colony hybridization method
using the clone labeled with 32P as a probe.
[0098] AsshowninFigs. 3(A)and 3(B), clones 1to 7 were each recognized by OK-CTLp to enhance IFN-y production
of OK-CTLp. However, OK-CTLp did not recognize COS-7 cells to which HLA-A0207 cDNA and the cDNA clone used
as a negative control were cotransfected, or COS-7 cells to which any one of cDNA clones 1 to 7 and the cDNA of
HLA-A2402 or HLA-A2601 were cotransfected, and did not show the IFN-y production. When various concentrations
of cDNA clones 1 to 6 were cotransfected into COS-7 cells together with 100 ng of HLA-A0207 cDNA or HLA-A2402
cDNA, IFN-y production by OK-CTL was observed in a dose-dependent manner ((A) to (F) of Fig. 4.)
[0099] Expression of the mRNA of these genes was examined by Northern blotting analysis. The same expression
pattern was observed except for gene 5. These genes are expressed commonly in the tumor cells and normal cells.
However, expression levels in tumor cells such as Panc-1 cell, SW620 cell, and CA9-22 cell were significantly higher
than that in normal cells, such as the T cell stimulated by PHA and a B cell transformed by Epstein-Barr virus (EBV-B).
Expression of mRNA of gene 5 was barely detected under these experimental conditions. The reason may be that
expression of gene 5 is rare as proven by the fact that colony hybridization using clone 5 labeled with 32P gives only
3 clones from an about 1X108 cDNA library.

Example 3

(Establishing OK-CTL clone)

[0100] Since CTL activated by recognizing the tumor antigen is a population of cells recognizing plural kinds of tumor
antigens, the above-described OK-CTLp was subjected to cloning by limiting dilution culture (0.3, 0.5, 1, 2, and 4 cells/
well) to obtain an OK-CTL clone (J. Immunol., 163:4994-5004, 1999.) These clones are those having CTL activity
selected by culturing them together with COS-7 cells into which 100 ng/well of any one of the above-described seven
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cDNA clones and 100 ng/well of HLA-A0207 cDNA were cotransfected, or with the tumor cells, in a cell ratio of 1:1,
and measuring IFN-y production. Specifically, three hundred CTL clones were obtained from the parent line OK-CTLp
by a limiting dilution culture. Eighty CTL clones among them had HLA-A2-restricted tumor-specific CTL activity and
expressed the phenotype of CD3* CD4- CD8* and TCR of*. Among them, 2, 3, 1, 3, 2, and 4 CTL clones showed
reactivity to the COS-7 cells expressing clone 1, clone 2, clone 3, clone 4, clone 5, and clone 6, respectively. In other
words, it was revealed that the tumor antigen recognized by CTL differs in accordance with the CTL clones. Table 4
shows data of fifteen typical CTL clones. This suggested that OK-CTLp, i.e., CTL derived from the cancer patient, is
a population of cells recognizing plural kinds of tumor antigens.

Table 4.
cDNA expressed in COS-7 cell together with HLA-A0207 cDNA
CTL clone clone clone clone clone Clone clone no Panc-1
1 2 3 4 5 6 cDNA
(UBE2V) | (HNRPL) | (WHSC2) | (EIF4EBP1) | (ppMAPKkkk ) (2-5
OAS3)

2-2-H3 110 0 0 0 0 0 0 340

2-1-H12 134 0 0 0 0 0 0 264

1-2-D7 0 200 0 0 0 0 0 235
1-2-D12 0 >1000 0 0 0 0 0 >1000

4-1-H8 0 133 0 0 0 0 0 84

4-2-A11 0 0 100 0 0 0 0 725
0.5-1-H12 0 0 0 >1000 0 0 0 >1000

0.5-1-D6 19 0 0 118 0 13 0 448

4-2-B3 0 0 0 95 0 0 0 100
2-1-F4 0 0 0 0 >1000 0 0 >1000

0.5-1-H2 0 0 0 0 81 0 0 122

0.5-1-D7 27 34 0 0 0 110 0 304
0.5-2-A4 0 0 0 0 0 113 0 >1000

1-2-D1 21 0 22 44 0 61 0 78
2-2-B4 0 0 0 0 0 >1000 0 >1000

Example 4

(Preparation of tumor antigen peptide and its CTL-inducing activity)

[0101] Inorder to obtain the tumor antigen peptide derived from the seven tumor antigen genes, which were obtained
in Example 2 and can induce CTL in a HLA-A2-restricted manner, a peptide having an HLA-A2 binding motif (a specific
sequence) was searched for in the literature (J. Immunol., 152:163, 1994; Immunogenetics, 41:178, 1994,) and pep-
tides of 9-mer to 11-mer, which were different from each other and suited to the motif obtained, was designed and
synthesized based on the amino acid sequence encoded by the above-described genes 1 to 7 and the amino acid
sequence of UBE2V, HNRPL, WHSC2, EIFAEBP1, ppMAPKkkk, 2-5 OAS3, and CPSF having high homology with these
genes. The purity of the peptides obtained was each 70% or higher.

[0102] Binding activity of the peptide to the HLA-A0201 molecule was tested using a T2 cell mutant strain (Cancer
Res., 54:1071-1076, 1994.) The T2 cell expresses the HLA-A2 molecule on a cell surface without binding to a peptide,
because of deficiency of TAP. Specifically, the synthesized peptide (10 uM) and the T2 cells were incubated at 26°C
for 3 h and, subsequently, incubated in 5% CO, and 95% air at 37°C for 3 h. Thus, T2 cells, on whose surface the
peptide was presented by HLA-A2, were obtained. The cells were incubated together with anti-HLA-A2 mAb (BB7.2)
followed by staining with R-phycoerythrin linked F(ab'), rabbit anti-mouse immunoglobulin (Ig) (DAKO Corp..) Then,
the expression pattern was analyzed by employing FACScan (Beckman Dickinson Corp.), which resulted in confirma-
tion that HLA-A0201 molecules with the peptide were expressed on the cell surface.

[0103] In order to test for recognition of a peptide by CTL, the T2 cells previously pulsed with each peptide (10 uM)
was used as a target cell (T), and OK-CTLp or OK-CTL clone was used as an effector cell (E). The target cell and the
effector cell were incubated for 18 h, the supernatant collected, followed by measuring IFN-y contained in the super-
natant by an ELISA. In the case where OK-CTLp was used as the effector, an E/T ratio was set to 10:1. In the case
where the OK-CTL clone was used, it was set to 2:1 to conduct the test. On the other hand, in case where the OK-CTL

17



10

15

20

25

30

35

40

45

50

55

EP 1 306 431 A1

clone was used to test for the CTL activating ability of the peptide, the clone was used which recognized the gene
product encoding the peptide being examined. Using IFN-y production of OK-CTLp or OK-CTL clone against the T2
cells, which had not been pulsed with the peptide, as a background, subtraction was performed from each measurement
value. The results were shown in Figs. 5 to 10. Fig. 5, Fig. 6, Fig. 7, Fig. 8, Fig. 9, and Fig. 10 each show the result of
the peptide derived from gene 1 and UBE2V, gene 2 and HNRPL, gene 3 and WHSC2, gene 4 and EIF4EBP1, and
gene 5 and ppMAPKkkk, and gene 6 and 2-5 OAS3.

[0104] Moreover, the various concentrations of each peptide were used for incubation together with the T2 cells to
examine the CTL clone-activating ability, resulting in finding that the CTL clone can be activated by each peptide in a
dose-dependent manner. Representative examples of peptides derived from gene 1 and UBE2V, gene 2 and HNRPL,
gene 3 and WHSC2, gene 4 and EIF4EBP1, gene 5 and ppMAPkkk, and gene 6 and 2-5 OAS3 were presented in (A),
(B), (C), (D), (E) and (F) of Fig. 11, respectively. On the other hand, Table 5 shows peptides derived from gene 7 and
CPSF. In Table 5, the peptide derived from EBV and the peptide derived from influenza virus are positive controls,
which can activate CTL.

[0105] As the result of these experiments, it was revealed that the peptides shown in Table 2 described-above can
activate OK-CTLp and/or OK-CTL clone to produce IFN-y.

Table 5.
IFN-y production (pg/ml)
Peptide Concentration of peptide
0.1uM 1uM 10uM 50uM
Derived from
influenza 0 93 693 35

virus

Derived from 119 390 371 117
EBV
P20 344 643 0 34
P21 428 501 81 195
P22 254 1027 431 407
P23 6360 0 345 160
P24 728 | Detection limit or higher 103 2
P25 69 1569 25 122
P26 141 418 1239 0
P27 352 889 250 0
P28 898 Detection 0 144

limit or higher
P29 0 Detection 86 362
limit or higher
P30 88 7001 Detection Detection
limit or higher limit or higher

P31 443 | Detection limit or higher | Detection limit or higher 314

Example 5

(CTL induction from peripheral blood mononuclear cells derived from cancer patient by a peptide)

[0106] Among the peptides that were able to enhance IFN-y production from the OK-CTLp or OK-CTL clone in Ex-
ample 4, those from P1 to P19 were examined for their ability to induce CTL from peripheral blood mononuclear cells
derived from a cancer patient. The method for inducing CTL by a peptide was according to the well-known method (J.
Exp. Med., 187:277-288, 1998; Cancer Res., 59:4056-4063, 1999.)Specifically, autologous peripheral blood mononu-
clear cells (PBMC) derived from a cancer patient, from whom OK-CTLp was obtained, were incubated together with
the peptide (10 uM.) The cells were re-stimulated at day 10 and 14 after the start of culturing, using autologous PBMCs
as an antigen presenting cell (APC) which were pulsed with 10 uM of the same peptide for 2 h and exposed to irradiation
(30 gray.) At day 21 after the start of culturing, the cells were collected to test for surface phenotype. In addition, the
cells were examined for the recognition of various target cells, using IFN-y production measured by ELISA when they
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were cultured together with the target cells as an indicator. As a target cells, SW620 cell, CA9-22 cell, and Panc-1 cell,
which are the HLA-A2* tumor cells, were used. The result was shown in Table 6.

Table 6.
IFN-y production (pg/ml) from peripheral blood mononuclear
cells in recognition of various target cells
Peptide MFI QG56 RERF-LC-MS | COLO320 SW620 CA9-22 Panc-1
(HLA-A26 | (HLA-A11/11) | (HLA-A24 | (HLA-A0201 | (HLA-A0207 | (HLA-A0201
126) 124) [24) [24) 1)
P1 571 0 26 50 235 81 492
P2 607 0 0 5 53 0 0
P3 910 0 0 44 188 58 289
P4 1008 0 0 0 60 0 0
P5 637 0 0 38 500 96 638
P6 819 0 40 344 863 527
P7 783 0 0 0 344 0 54
P8 499 0 26 0 142 165 186
P9 832 0 27 0 194 98 339
P10 504 0 0 0 108 130 163
P11 1089 0 0 0 893 62 >1000
P12 780 0 0 40 46 0 197
P13 656 0 15 0 151 95 115
P14 591 0 0 0 112 184 265
P15 789 0 32 0 199 219 502
P16 887 0 0 0 0 147 113
P17 660 0 0 0 >1000 >1000 691
P18 657 29 0 0 >1000 70 >1000
P19 775 0 30 66 55 48 105
no Peptide 491 0 0 36 0 0 17

[0107] PBMC stimulated in vitro using P1, P3, P5, P6, P8, P9, P10, P11, P13, P14, P15, P17, or P18 among the 19
peptides recognized SW620 cells, CA9-22 cells and Panc-1 cells, which are the HLA-A2* tumor cells, produced IFN-
v in a significant amount. However, the PBMC barely recognized the HLA-A2- tumor cell. On the other hand, P2, P4,
P7, P12, and P16 also induced CTL recognizing any one of the HLA-A2* tumor cells. PBMC stimulated by P19 rec-
ognized not only the tumor cells expressing HLA-A2, but also the tumor cells expressing other types of HLA. IFN-y
production from these CTL was inhibited by anti-HLA class | mAb, anti-CD8 mADb, or anti-HLA-A2 mAb, and not inhibited
by other mAbs. In addition, when peripheral blood mononuclear cells (PBMC) were prepared from blood of two
HLA-A0201* patients (a colon cancer patient and a pancreatic cancer patient) to examine CTL induction by the pep-
tides, the same result as above was obtained. In other words, it was found that the above-described peptides can
induce HLA-A2-restricted CTL from the peripheral blood mononuclear cells of the patient.

[0108] Binding affinity of the peptides to HLA-A0201 molecule was expressed as a relative mean fluorescence in-
tensity (MFI) of the HLA-A2 molecule. The MFI of positive and negative controls were 898 and 490, respectively. It can
be supposed that binding affinity of a peptide to the HLA-A0201 molecule has no correlation with induction of CTL by
the peptide.

[0109] Moreover, CTL-activating ability of these 19 peptides was directly examined in a 5'Cr-releasing test using
toxicity to the target cells as an indicator.Specifically, the above-described PBMC, in which CTL was induced, was
further recultured to proliferate in the presence of autologous APC, IL-2, and a corresponding peptide. At about day
21 to 28 after the start of reculturing, PBMC was collected and cytotoxicity thereof was tested again by measuring IFN-
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v and by a 6-h 5'Cr-releasing test. The results were shown in Figs. 12 to 17. PBMC of the cancer patient, which was
stimulated by these peptides, lysed the HLA-A2* tumor cells. However, the autologous EBV-B cells and the T cells
stimulated by PHA, both of which were derived from normal cells and were expressing HLA-A2, and the HLA-A2- tumor
cell RERF-LC-MS, were not lysed. However, PBMC stimulated by peptides P14, P15, and P17 also showed cytotoxicity
to the autologous EBV-B cells. Moreover, PBMC stimulated by P19 showed high cytotoxicity to the autologous EBV-B
cells. In addition, PBMC stimulated by these peptides showed cytotoxicity to the T2 cells, which was pulsed with the
same peptide as that used for stimulation of PBMC, in a dose dependent manner. Typical examples are shown in (A)
to (E) of Fig. 18. From theseabove, it was found that the above-described peptides can induce CTL, which shows
HLA-A2-restricted cytotoxicity, from the peripheral blood mononuclear cells of the cancer patient.

Example 6

(CTL induction from peripheral blood mononuclear cell of patient by peptide)

[0110] For six peptides (P21, P22, P24, P26, P30, and P32) with a purity of 95% or higher among peptides from P20
to P32 derived from gene 7 and CPSF among the tumor antigen peptide obtained in Example 4, the activity to induce
CTL in vitro from human peripheral blood mononuclear cells (PBMC) was examined using IFN-y production as an
indicator. PBMC used was prepared from each peripheral blood of sixteen HLA-A2-positive cancer patients (4 patients
with pancreatic cancer, seven patients with stomach cancer, and 5 patients with colon cancer) and six healthy individ-
uals. Specifically, 1X105 PBMC was added to each well of 96-well U-bottom type microculture plate (Nunc Corp.) and
incubated together with 10 uM of each of the above-described peptides in 200 pl culture medium. The culture medium
consisted of 45% RPMI-1640, 45% AIM-V (Invitrogen Corp.,) 10% fetal calf serum (FCS), 100U/ml of human interleukin-
2, and 0.1 uM MEM nonessential amino acid solution (Invitrogen Corp.). At day 4 and day 7 after the start of culturing,
half of the culture medium was removed and replaced with the above-described composition comprising each corre-
sponding peptide. At day 10 after the start of culturing, the cells were collected and washed, followed by reacting with
T2 cells, which were pulsed with each corresponding peptide, to measure the amount of IFN-y produced.

[0111] Meanwhile, the above-described cells cultured for 10 days after stimulation by the peptide were further cul-
tured for 10 days. The cytotoxicity of the obtained cells against the Panc-1 pancreatic adenocarcinoma cell (HLA-A2)
was measured by the standard 6-h 5'Cr-releasing test in an E/T ratio of 10:1. The results obtained are presented as
% specific lysis (table 7). Together with this step, cytotoxicity against SSTW-9 tumor cell as the HLA-A2- tumor cell
was measured to use as a background that was subtracted from the above-described result.

[0112] As aresult, induction of HLA-A2-restricted CTL from PBMC by P21, P22, P23, P26, P30, and P32, which was
specific to each peptide, was observed in patients of 31% (5/16,) 38% (6/16,) 25% (4/ 6,) 31% (5/16,) 44% (7/16,) and
7% (1/16) of the above-described sixteen patients, respectively. On the other hand, induction of CTL by P21 and P22
from the PBMC of healthy individuals was found in 50% (3/6) and 33% (2/6,) respectively. However, the other peptides
did not induce CTL from the PBMC of healthy individuals (Table 7). The above-described CTL induced from PBMC of
the cancer patients by using the peptide showed cytotoxicity against Panc-1 pancreatic adenocarcinoma cell, and also
SW620 colon adenocarcinoma cell (HLA-A2/A24) and KWS stomach adenocarcinoma cell (HLA-A2), both of which
are the HLA-A2* tumor cells. However, lysis was not observed in SSTW9 stomach adenocarcinoma cell (HLA-A24),
which is the HLA-A2- tumor cell, or the PHA-blastoid T cells or the EBV-B transformed B cells, both of which express
HLA-A2 and are not the tumor cells. Recognition of the tumor cell by the above-described CTL was inhibited by anti-HLA
class | mAb, anti-CD8 mAb, or anti-HLA -A2 mAb, and not inhibited by other mAb.

Table 7
INF-y production (pg/ml) / % specific lysis

Origin of PBMC P21 P22 P23 P26 P30 P32
pancreatic 1 0 0 0 0 0 0
cancer 2 7 38/37 | 41/53 | 35/36 12 12
patient 3 0 0 0 0 0 0

4 543712 8 72/10 | 77/20 | 73/ 11 0
stomach 5 0 0 0 53/ 11 0 0
cancer 6 0 0 0 0 0 0
patient 7 0 0 46 /10 0 0 0

8 5 0 0 1 146 /18 0
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Table 7 (continued)

INF-y production (pg/ml) / % specific lysis
Origin of PBMC P21 P22 P23 P26 P30 P32
9 1500< /27 0 0 8 92 0
10 0 0 0 0 46/ 26 0
1 136/18 0 0 0 0 0
colon cancer | 12 0 92/28 | 71/18 0 0 57718
patient 13 0 179 138/10 0 41112 0
14 66/ 11 80/19 48 0 33/10 0
15 0 5 14 40/12 0 0
16 140 0 0 45 68 4
healthy HD1 0 0 0 0 0 0
individuals HD2 0 0 13 0 0 0
HD3 58 0 8 0 14 0
HD4 5 0 6 0 0 0
HD5 224 0 83 13 0 0
HD6 97 14 45 0 0 0

Example 7

(Isolation and identification of cDNA encoding tumor antigen)

[0113] From the genes encoding the tumor antigens (Biochim. Biophys. Res. Commun., 281:936-944, 2001), which
were detected by the SEREX (Serological Analysis of Recombinant cDNA Expression Libraries) method (Proc. Natl
Acad. Sci. USA, 92:11910-11813, 1995) and already reported, two tumor antigen genes, KM-PA-2 and KM-PA-4, which
can activate HLA-A2-restricted CTL, were found by using the same method as that of Example 2. Specifically, cDNA
clones each encoding KM-PA-2, KM-PA-4, KM-PA-5, KM-PA-14, KM-PA-15, or KM-PA-18 were packaged in pBluescript
vector, and digested by EcoRI and Xhol to insert into pPCMV-SPORT2. These cDNAs in various concentrations were
each coexpressed in COS-7 cells together with HLA-A0207 or HLA-A2402. Using the COS-7 cells as a target cell,
incubation was performed together with OK-CTLp. As a result, COS-7 cells, to which KM-PA-2 or KM-PA-4 was cotrans-
fected with HLA-AQ0207, induced IFN-y production from OK-CTLp, in a dose dependent manner of the gene ((A) and
(B) of Fig. 19.) The SEREX method is a method for detection of the tumor antigen. However, among 1500 or more
kinds of tumor antigens detected by this method, those identified as tumor antigens capable of inducing both cell-
mediated immunity and humoral immunity are only MAGE-1, tyrosinase, and NY-ESO-1. Therefore, even a gene iden-
tified by the SEREX method as encoding the tumor antigen cannot always activate CTL. It was first found that the
above-described tumor antigen genes, KM-PA-2 and KM-PA-4, can activate CTL in an HLA-A2-restricted manner.

Example 8

(Preparation of tumor antigen and activity for inducing CTL from PBMC of cancer patient)

[0114] In order to obtain the tumor antigen peptide derived from the tumor antigen genes, KM-PA-2 and KM-PA-4,
obtained from Example 7, different peptides of 9-mer or 10-mer were designed based on the amino acid sequences
encoded by KM-PA-2 and KM-PA-4 and synthesized by a well-known method, in the same way as that in Example 4.
[0115] The ability of the synthesized peptide to induce CTL from the peripheral blood mononuclear cells of the colon
cancer patient, from whom OK-CTLp was obtained, was examined in the same way as that in Example 6. As a result,
as shown in (A) and (B) of Fig. 20, PBMC that was stimulated in vitro using any one of peptides P33 to P41 (SEQ ID
NO:33 to SEQ ID NO:41) derived from KM-PA-2 and peptides P42 to P44 (SEQ ID NO: 42 to SEQ ID NO: 44) derived
from KM-PA-4, produced IFN-y through recognition of the T2 cells (left-hand figure of (A) and (B) of Fig. 20,) which
were pulsed with the peptide corresponding to that used for stimulation of the PBMC, and the Panc-1 cell (right-hand
figure of (A) and (B) of Fig. 20,) which is the HLA-A2* tumor cell. However, the PBMC reacted merely to the HLA-A2-
tumor cell.As a result, it was revealed that any one of the above-described twelve peptides can induce the antigen
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specific CTL from PBMC of the cancer patient in an HLA-A2-restricted manner and that the induced CTL can recognize
the above-described peptides to produce IFN-yin an HLA-A2-restricted manner. In addition, cytotoxicity of these CTLs
induced by the peptides was directly confirmed by the 51Cr-releasing test in the same way as that in Example 6. Fig.
21 shows a representative example of the result. As shown in Fig. 21, CTLs induced from PBMC of the cancer patient
by P35, P39, or P40 lysed Panc-1 cells and YPK-3 cells, both of which are HLA-A2* tumor cells. However, the HLA-A2-
tumor cell PaCa-2, the EBV-B cell line OKAB2, and the T cells stimulated by PHA, was not lysed. In other words, it
was revealed that the above-described peptides can induce CTL showing cytotoxicity from the peripheral blood mono-
nuclear cells of the cancer patient in an HLA-A2-restricted manner. Further, CTL was also induced by the above-
described peptides from PBMC obtained from the cancer patient, such as a pancreatic cancer patient, in addition to
the colon cancer patient from whom OK-CTLp was obtained.

Example 9

[0116] In order to determine the phenotype of TCR expressed on the cell surface of the CTL clone recognizing the
above-described peptide, total RNA of each clone was obtained from each 5X106 CTL clones, which were obtained
in Example 3, using RNAzol™B (TEL-TEST Corp.) cDNA was prepared using the SuperScript™ Preamplification Sys-
tem (Invitrogen Corp.) for first strand cDNA synthesis. Single stranded cDNA was amplified by polymerase chain re-
action (PCR) using one of the 22 different VB primers (V1 to 20) and 3'C 3 primers. PCR was performed for 35 cycles,
wherein 1 cycle comprised denaturation at 94°C for 1 min, annealing at 58°C for 2 min, and extension at 72°C for 3
min. The PCR product was inserted into plasmid pCR2 followed by transformation into Escherichia coli using the TA
cloning system (Invitrogen Corp.), selection of colonies, and plasmid preparation for determining the cDNA sequence.
[0117] As the result, two each of CTL clones reacting with the peptides derived from UBE2V and gene 1, the peptide
derived from HNRPL and gene 2, and the peptide derived from 2-5 OAS3 and gene 6, expressed TCR-V3 8.1, TCR-V
3.2, and TCR-Vp 14, respectively. In addition, CTL clones recognizing the peptide derived from WHSC2 and gene 3,
the peptide derived from EIFAEBP1 and gene 4, the peptide derived from ppMAPkkk and gene 5, expressed TCR-V[3
13.1, TCR-Vf 8.1, and TCR-Vp 18, respectively (Table 8-1 and Table 8-2).

[0118] Two each of CTL clones recognizing the peptide derived from UBE2V and gene 1, the peptide derived from
HNRPL and gene 2, and the peptide derived from 2-5 OAS3 and gene 6, expressed TCR possessing different com-
plementarity-determining regions 3 (CDR3) (an element responsible for binding to the antigenic epitopes on the groove
of the HLA class | molecules), respectively. CTL clones recognizing the peptide derived from WHSC2 and gene 3, the
peptide derived from EIFAEBP1 and gene 4, the peptide derived from ppMAPkkk and gene 5, expressed TCR pos-
sessing different CDR3, respectively. The amino acid sequence of each CDR3 is that shown with an underline in Table
8-2.

Table 8-1
CTL clone | Epitopes VB DR | JB Cp
2-2-H3 UBE2V 43-51 81| 21| 23 2
2-1-H12 UBE2V 43-51 81| 21| 23 2
1-2-D7 HNRPL 140-148 32| 11| 27 2
1-2-D12 HNRPL 140-148 32| 11| 27 2
4-2-A11 WHSC2 103-111 131 21 | 27 2
4-2-B3 EIF4EBP1 51-59 81| 11| 11 1
0.5-1-H2 | ppMAPkkk 432-440 18 1.1 | 141 1
1-2-D1 2-5 OAS3 666-674 14| 21 | 23 2
2-2-B4 2-5 OAS3 666-674 14| 21 | 23 2
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Table 8-2

CTL clone V3 Ds * Ch

2-2-H3 IYFNNNVPIDDSGMPEDRFSAKMPNAS SLGLAGGEQFFGPGTRLTVI. EDLKNVFPPE
FSTLKIQPSEPRDSAVYFCAS

2-1-H12 IYFNNNVPIDDSGMPEDRFSAKMPNAS SLGLAGGEQFEFGPGTRLTIVL EDLKNVFPPE
FSTLKIQPSEPRDSAVYFCAS

1-2-D7 VSREKKERFSLILESASTNQTSMYLCA SLDRSYEQYFGPGTRLTVT EDLKNVEPPE
5 ———

1-2~D12 VSREKKERFSLILESASTNQTSMYLCA SLDRSYEQYEFGPGTRLTVT EDLKNVEPPE
S

4-2-Al11 QGEVPNGYNVSRSTTEDFPLRLLSRAP SYGGGSSYEQYFGPGTRLTV EDLKNVEFPPE

SQTSVYFCAS T

4~2-B3 IYFNNNVPIDDSGMPEDRFSAKMPNAS SRVSGEAFFGQGTRLIVV EDLKNVFPPE
FSTLKIQPSEPRDSAVYFCAS

0.5-1-H2 DESGMPKERFSAEF' PKEGPSILRIQQV SPTELDTEAFFGQGTRLTVV EDLKNVFPPE
VRGDSAAYFCAS

1-2-D1 VSRKEKRNFPLILESPSPNQTSLYFCA GGSTDTQYFGPGTRLIVL EDLKNVEPPE
S

2-2-B4 VSRKEKRNFPLILESPSPNQTSLYFCA GGSTDTQYFGPGTRLTVL EDLKNVEPPE
S

INDUSTRIAL APPLICABILITY

[0119] According to the present invention, HLA-A2-restricted cytotoxic T lymphocytes can be induced, which makes
it possible to achieve a specific immunotherapy for pancreatic cancer, colon cancer, and stomach cancer. HLA-A2
alleles are found in 23% of African Blacks, 53% of Chinese, 40% of Japanese, 49% of Northern Caucasians, and 38%
of Southern Caucasians. Consequently, the present invention can be expected its great contribution to cancer therapy.
Moreover, the present invention greatly contributes to fundamental research on the molecule related to recognition by
T cells of a pancreatic cancer cell, a colon cancer cell, stomach cancer, and so on.
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SEQUENCE LISTING
<110> ITOH, Kyogo
<120> Tumor antigen
<130> GP01-1024

<140>
{141

<150> JP P2000-231814
<151> 2000-07-31

<1607 62
<170> PatentIn Ver. 2.1

210> 1

211> 9

<212> PRT

<213> Artificial Sequence

220>

<223> Description of Artificial Sequence:Designed
peptide having an ability to activate HLA-A2
restricted Cytotoxic T lymphocytes

<400> 1
Arg Leu Gln Glu Trp Cys Ser Val lle
1 5

<210> 2

211> 10

<212> PRT

<213> Artificial Sequence

220>

<223> Description of Artificial Sequence:Designed
peptide having an ability to activate HLA-A2
restricted Cytotoxic T lymphocytes

<400> 2
Leu Leu Leu Leu Ala Arg Trp Glu Asp Thr
1 5 10
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<210> 3

211> 9

<212> PRT

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence:Designed
peptide having an ability to activate HLA-A2
restricted Cytotoxic T lymphocytes

400> 3
Leu Ile Ala Asp Phe Leu Ser Gly Leu
1 5

210> 4

Q211> 9

<212> PRT

<213> Artificial Sequence

£220>

<223> Description of Artificial Sequence:Designed
peptide having an ability to activate HLA-A2
restricted Cytotoxic T lymphocytes

<400> 4
Leu Leu Gln Asp Trp His Val Ile Leu
1 5

210> 5

211> 9

<212> PRT

<213> Artificial Sequence

<2200

<223> Description of Artificial Sequence:Designed
peptide having an ability to activate HLA-A2
restricted Cytotoxic T lymphocytes

<400> 5
Ile Leu Pro Arg Lys His His Arg Ile
1 5
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<210> 6

Q21 9

<212> PRT

<213> Artificial Sequence

220>

<223> Description of Artificial Sequence:Designed
peptide having an ability to activate HLA-A2
restricted Cytotoxic T lymphocytes

<400> 6
Ala Leu Val Glu Phe Glu Asp Val Leu
1 5

210> 7

Q21 9

212> PRT

<213> Artificial Sequence

£220>

<223> Description of Artificial Sequence:Designed
peptide having an ability to activate HLA-A2
restricted Cytotoxic T lymphocytes

<400> 7
Cys Leu Tyr Gly Asn Val Glu Lys Val
1 5

<210> 8

211> 9

<212> PRT

<213> Artificial Sequence

<2200

<223> Description of Artificial Sequence:Designed
peptide having an ability to activate HLA-A2
restricted Cytotoxic T lymphocytes

<400> 8
Phe Met Phe Gly Gln Lys Leu Asn Val
1 5
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210> 9

QiDL 10

<212> PRT

<213> Artificial Sequence

<22,

<223> Description of Artificial Sequence:Designed
peptide having an ability to activate HLA-A2
restricted Cytotoxic T lymphocytes

<4007 9
Asn Val Leu His Phe Phe Asn Ala Pro Leu
1 5 10

<210> 10

211> 9

<212> PRT

<213> Artificial Sequence

220>

<223> Description of Artificial Sequence:Designed
peptide having an ability to activate HLA-A2
restricted Cytotoxic T lymphocytes

<4007 10
Ala Ser Leu Asp Ser Asp Pro Trp Val
1 5

210> 11

211> 9

<212> PRT

{213> Artificial Sequence

220>

<223> Description of Artificial Sequence:Designed
peptide having an ability to activate HLA-A2
restricted Cytotoxic T lymphocytes

<400> 11

Ile Leu Gly Glu Leu Arg Glu Lys Val
1 5

<2100 12

27



10

15

20

25

30

35

40

45

50

55

EP 1 306 431 A1

211> 9
<212> PRT
<213> Artificial Sequence

2200

<223> Description of Artificial Sequence:Designed
peptide having an ability to activate HLA-A2
restricted Cytotoxic T lymphocytes

<400> 12
Met Leu Pro Leu Glu Cys Gln Tyr Leu
1 5

<210> 13

211> 9

<212> PRT

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence:Designed
peptide having an ability to activate HLA-A2
restricted Cytotoxic T lymphocytes

<400> 13
Thr Leu Leu Arg Lys Glu Arg Gly Val
1 5

210> 14

211> 9

<212> PRT .
<213> Artificial Sequence

220>

<223> Description of Artificial Sequence:Designed
peptide having an ability to activate HLA-A2
restricted Cytotoxic T lymphocytes

<400> 14

Arg Ile Ile Tyr Asp Arg Lys Phe Leu
1 5

<210> 15

211> 9
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<212> PRT
{213> Artificial Sequence

<220

<223> Description of Artificial Sequence:Designed
peptide having an ability to activate HLA-A2
restricted Cytotoxic T lymphocytes

<400> 15
Ile Ile Tyr Asp Arg Lys Phe Leu Met
1 5 :

<210> 16

Q21 9

<212> PRT

<213> Artificial Sequence

220>

<223> Description of Artificial Sequence:Designed
peptide having an ability to activate HLA-A2
restricted Cytotoxic T lymphocytes

<400> 16
Gln Ile Leu Lys Gly Leu Leu Phe Leu
1 5

<2100 17

211> 9

<212> PRT

<213> Artificial Sequence

<220>
(223> Description of Artificial Sequence:Designed
peptide having an ability to activate HLA-A2
restricted Cytotoxic T lymphocytes
<400> 17
Gly Leu Leu Phe Leu His Thr Arg Thr
i 5

<210> 18
211> 9
<212> PRT
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<213> Artificial Sequence

<220>

{223> Description of Artificial Sequence:Designed
peptide having an ability to activate HLA-A2
restricted Cytotoxic T lymphocytes

<400> 18 :
Asp Leu Leu Ser His Ala Phe Phe Ala
1 5

210> 19

211> 9

<212> PRT

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence:Designed
peptide having an ability to activate HLA-A2
restricted Cytotoxic T lymphocytes

<400> 19
Gln Gin Leu Cys Val Tyr Trp Thr Val
1 5

]

<210> 20

21D 9

<212> PRT

<213> Artificial Sequence

220>

<223> Description of Artificial Sequence:Designed
peptide having an ability to activate HLA-A2
restricted Cytotoxic T lymphocytes

<400> 20
Ser Leu Leu Tyr Leu Asn Gln Ser Val
1 5

210> 21

Q11> 9

<212> PRT

<213> Artificial Sequence
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<220>

<223> Description of Artificial Sequence:Designed
peptide having an ability to activate HLA-A2
restricted Cytotoxic T lymphocytes -

<400> 21

Lys Val His Pro Val Ile Trp Ser Leu
1 5

<210> 22

<21 9

<212> PRT
<213> Artificial Sequence

<2200 .

<223> Description of Artificial Sequence:Designed
peptide having an ability to activate HLA-A2
restricted Cytotoxic T lymphocytes

<400> 22
Asp Met Trp Thr Val Ile Ala Pro Val
1 5

<210> 23

211> 9

<212> PRT

<213> Artificial Sequence

220

<223 Description of Artificial Sequence:Designed
peptide having an ability to activate HLA-A2
restricted Cytotoxic T lymphocytes

<400> 23
Gln Leu Gly Gln Gly Asn Leu Lys Val
1 5

<210> 24

211> 9

<212> PRT

<213> Artificial Sequence
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220>

<223> Description of Artificial Sequence:Designed
peptide having an ability to activate HLA-A2
restricted Cytotoxic T lymphocytes

<400> 24
Leu Leu Leu Lys Tyr Thr Glu Lys Leu
1 5

<210> 25

211> 9

<212> PRT

<213> Artificial Sequence

220>

<223> Description of Artificial Sequence:Designed
peptide having an ability to activate HLA-A2
restricted Cytotoxic T lymphocytes

<400> 25
Thr Met Leu Pro His His Ala Gly Leu
1 5

<210> 26

Q21> 9

<212> PRT

<213> Artificial Sequence

220

<223> Description of Artificial Sequence:Designed
peptide having an ability to activate HLA-A2
restricted Cytotoxic T lymphocytes

<400> 26
Leu Leu Arg Arg Ala Asp Phe His Val
1 5

<210 27

<2l 9

<212> PRT

<213> Artificial Sequence

<2205
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<223> Description of Artificial Sequence:Designed
peptide having an ability to activate HLA-A2
restricted Cytotoxic T lymphocytes

<400> 27 i
Glu Leu Leu Asn Arg Tyr Leu Tyr Leu
1 5

<210> 28

211> 9

<212> PRT

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence:Designed
peptide having an ability to activate HLA-A2
restricted Cytotoxic T lymphocytes

<400> 28
Leu Leu Met Leu Gln Asn Ala Leu Thr
1 5

<210> 29

Q211> 9

<212> PRT

<213> Artificial Sequence

220>

<223> Description of Artificial Sequence:Designed
peptide having an ability to activate HLA-A2
restricted Cytotoxic T lymphocytes

<400> 29
Tyr Gln Leu Pro Asp Trp Arg Leu Val
1 5

210> 30

211> 10

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:Designed
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peptide having an ability to activate HLA-A2
restricted Cytotoxic T lymphocytes

<400> 30
Leu Met Leu Gln Asn Ala Leu Thr Thr Met
1 5 10

<210> 31

211> 10

<212> PRT

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence:Designed
peptide having an ability to activate HLA-A2
restricted Cytotoxic T lymphocytes

<400> 31
Leu Leu Met Leu Gln Asn Ala Leu Thr Thr
1 5 10

<210> 32

<211> 10

<212> PRT

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence:Designed
peptide having an ability to activate HLA-A2
restricted Cytotoxic T lymphocytes

<400> 32
Thr Gln Leu Ala Thr Tyr Ser Phe Glu Val
1 5 10

<210> 33
211> 10
<212> PRT
<213> Artificial Sequence

{220

{223> Description of Artificial Sequence:Designed
peptide having an ability to activate HLA-A2
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restricted Cytotoxic T lymphocytes

<400> 33 ’
Leu Glu Trp Tyr Asp Asp Phe Pro His Val
1 5 10

<210> 34

211> 10

<212> PRT

{213> Artificial Sequence

<220>

<223> Description of Artificial Sequence:Designed
peptide having an ability to activate HLA-A2
‘restricted Cytotoxic T lymphocytes

<400> 34 :
Phe Ser Gly Asp Val Met Ile His Pro Val
1 5 10

<210> 35

211> 9

<212> PRT

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence:Designed
peptide having an ability to activate HLA-A2
restricted Cytotoxic T lymphocytes

<400> 35
Trp Ala Gln Glu Asp Pro Asn Ala Val
1 5

<210> 36
<211> 10
<212> PRT
<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence:Designed
peptide having an ability to activate HLA-A2
restricted Cytotoxic T lymphocytes
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<400> 36 .
Ala Val Leu Gly Arg His Lys Met His Val
1 5 10

<210> 37

21 10

<212> PRT

<213> Artificial Sequence

<2205 .

<223> Description of Artificial Sequence:Designed
peptide having an ability to activate HLA-A2
restricted Cytotoxic T lymphocytes

<400> 37
Arg Leu Trp Glu Val Ala Thr Ala Arg Cys
1 ‘ 5 10

<210> 38

211> 9

<212> PRT

<213> Artificial Sequence

<2200

(223> Description of Artificial Sequence:Designed.
peptide having an ability to activate HLA-A2
restricted Cytotoxic T lymphocytes

<400> 38
Val Ala Trp Asn Pro Ser Pro Ala Val
1 5

<210> 39

211> 9

<212> PRT

<213> Artificial Sequence

Q220

<223> Description of Artificial Sequence:Designed
peptide having an ability to activate HLA-A2
restricted Cytotoxic T lymphocytes
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<400> 39
Asp Leu Leu Gln Asn Pro Leu Leu Val
1 5

<210> 40

211> 10

<212> PRT

{213> Artificial Sequence

<2200

<223> Description of Artificial Sequence:Designed
peptide having an ability to activate HLA-AZ2
restricted Cytotoxic T lymphocytes

<400> 40
Leu Leu Gln Asn Pro Leu Leu Val Pro Val
1 5 10

<210> 41

Q1 10

<212> PRT

<213> Artificial Sequence

220>

<223> Description of Artificial Sequence:Designed
peptide having an ability to activate HLA-A2
restricted Cytotoxic T lymphocytes

<400> 41
Val Ile Phe His Pro Thr Gln Pro Trp Val
1 5 10

210> 42

211> 10

<212> PRT

<213> Artificial Sequence

220

<223> Description of Artificial Sequence:Designed
peptide having an ability to activate HLA-A2
restricted Cytotoxic T lymphocytes

<400> 42
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Asn Leu Val Arg Asp Asp Gly Ser Ala Val
1 5 10

<210> 43

Q211> 9

<212> PRT

<213> Artificial Sequence

<220>

<223> Description of Artificial'SequenceIDesigned
peptide having an ability to activate HLA-A2
restricted Cytotoxic T lymphocytes

<400> 43
Arg Leu Phe Ala Phe Val Arg Phe Thr
1 5

<210> 44
211> 10
<212> PRT
<213> Artificial Sequence

<220

£223> Description of Artificial Sequence:Designed
peptide having an ability to activate HLA-A2
restricted Cytotoxic T lymphocytes

<400> 44
Val Val Gln Asn Phe Ala Lys Glu Phe Val
1 5 10

<210> 45
211> 270
<212> PRT
<213> Homo sapiens

<400> 45
Met Ala Gly Ala Glu Asp Trp Pro Gly Gln Gln Leu Glu Leu Asp Glu
1 5 10 15

Asp Glu Ala Ser Cys Cys Arg Trp Gly Ala Gln His Ala Gly Ala Arg
20 25 30

38



10

15

20

25

30

35

40

45

50

55

EP 1 306 431 A1

Glu Leu Ala Ala Leu Tyr Ser Pro Gly Lys Arg Leu Gln
35 40 45

Ser Val Ile Leu Cys Phe Ser Leu Ile Ala His Asn Leu
50 55 " 60

Leu Leu Leu Ala Arg Trp Glu Asp Thr Pro Leu Val Ile
65 70 75

Val Ala Gly Ala Leu Ile Ala Asp Phe Leu Ser Gly Leu
85 90

Gly Ala Asp Thr Trp Gly Ser Val Glu Leu Pro Ile Val
100 , 105

Phe Ile Arg Pro Phe Arg Glu His His Ile Asp Pro Thr
115 120 125

Arg His Asp Phe Ile Glu Thr Asn Gly Asp Asn Cys Leu
130 135 140

Leu Pro Leu Leu Asn Met Ala Tyr Lys Phe Arg Thr His
145 150 155

Ala Leu Glu Gln Leu Tyr Pro Trp Glu Cys Phe Val Phe
165 170

Ile Phe Gly Thr Phe Thr Asn Gln Ile His Lys Trp Ser
180 185

Phe Gly Leu Pro Arg Trp Val Thr Leu Leu Gln Asp Trp
195 200 205

Leu Pro Arg Lys His His Arg Ile His His Val Ser Pro
210 215 220

Tyr Phe Cys Ile Thr Thr Gly Trp Leu Asn Tyr Pro Leu
225 230 235

Gly Phe Trp Arg Arg Leu Glu Asp Leu Ile Gln Gly Leu
245 250

Lys Pro Arg Ala Asp Asp Met Lys Trp Ala Gln Lys Ile
260 265

39

Glu Trp Cys
Val His Leu
Leu Gly Val

80

Val His Trp
95

Gly Lys Ala
110

Ala Ile Thr
Val Thr Leu
Ser Pro Glu

160

Cys Leu Ile
175

His Thr Tyr
190

His Val Ile
His Glu Thr
Glu Lys Ile’

240

Thr Gly Glu
255

Lys
270
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<213> Homo sapieﬁs

<400> 46
Met Ser Arg Arg
1

Glu Gln Arg Gln
20

Val Lys Met Ala
35

Gly Gly Gly Ser
50

Asn Ala Gly Asp
65

Gly Ala Ala Gly
Lys Thr Pro Ala
100

Val Val Glu Ala
115

Ser Tyr Val Val
130

Glu Asp Val Leu
145

Gln Ile Tyr Ile

Gln Lys Ile Ser
180

Ser Val Leu Leu
195

Asp Val Leu Tyr

Leu Leu Pro Arg Ala Glu Lys Arg Arg Arg Arg Leu
5 10 ' 15

Gln Pro Asp Glu Gln Arg Arg Arg Ser Gly Ala Met
25 30

Ala Ala Gly Gly Gly Gly Gly Gly Gly Arg Tyr Tyr
40 45

Glu Gly Gly Arg Ala Pro Lys Arg Leu Lys Thr Asp
55 60

Gln His Gly Gly Gly Gly Gly Gly Gly Gly Gly Ala
70 75 : 80

Gly Gly Gly Gly Gly Glu Asn Tyr Asp Asp Pro His
85 90 - 95

Ser Pro Val Val His Ile Arg Gly Leu Ile Asp Gly
105 ' 110

Asp Leu Val Glu Ala Leu Gln Glu Phe Gly Pro Ile
120 125

Val Met Pro Lys Lys Arg Gln Ala Leu Val Glu Phe
135 140

Gly Ala Cys Asn Ala Val Asn Tyr Ala Ala Asp Asn
150 155 160

Ala Gly His Pro Ala Phe Val Asn Tyr Ser Thr Ser
165 170 175

Arg Pro Gly Asp Ser Asp Asp Ser Arg Ser Val Asn
185 190

Phe Thr Ile Leu Asn Pro Ile Tyr Ser Ile Thr Thr
200 : 205

Thr Ile Cys Asn Pro Cys Gly Pro Val Gln Arg Ile

40



10

15

20

25

30

35

40

45

50

55

Val
225

Val
Tyr
Leu
Asn
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3056

His

Arg
Pro
Met
385
Asn
Ser

Asp

Leu
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210 215 220

Ile Phe Arg Lys Asn Gly Val Gln Ala Met Val Glu Phe Asp Ser
230 235 240

Gln Ser Ala Gln Arg Ala Lys Ala Ser Leu Asn Gly Ala Asp Ile
245 250 255

Ser Gly Cys Cys Thr Leu Lys Ile Glu Tyr Ala Lys Pro Thr Arg
260 265 270

Asn Val Phe Lys Asn Asp Gln Asp Thr Trp Asp Tyr Thr Asn Pro
275 280 285

Leu Ser Gly Gln Gly Asp Pro Gly Ser Asn Pro Asn Lys Arg Gln
290 295 , 300

Gln Pro Pro Leu Leu Gly Asp His Pro Ala Glu Tyr Gly Gly Pro
310 315 320

Gly Gly Tyr His Ser His Tyr His Asp Glu Gly Tyr Gly Pro Pro
325 330 335

Pro His Tyr Glu Gly Arg Arg Met Gly Pro Pro Val Gly Gly His
340 345 . 350

Arg Gly Pro Ser Arg Tyr Gly Pro Gln Tyr Gly His Pro Pro Pro
355 360 365

Pro Pro Pro Pro Glu Tyr Gly Pro His Ala Asp Ser Pro Val Leu
370 375 380

Val Tyr Gly Leu Asp Gln Ser Lys Met Asn Gly Asp Arg Val Phe
390 395 400

Val Phe Cys Leu Tyr Gly Asn Val Glu Lys Val Lys Phe Met Lys
405 410 415

Lys Pro Gly Ala Ala Met Val Glu Met Ala Asp Gly Tyr Ala Val
420 425 430

Arg Ala Ile Thr His Leu Asn Asn Asn Phe Met Phe Gly Gln Ly§
435 440 445

Asn Val Cys Val Ser Lys Gln Pro Ala Ile Met Pro Gly Gln Ser
450 455 460
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Tyr Gly Leu Glu Asp Gly Ser Cys Ser Tyr
465 479

Arg Asn Asn Arg Phe Ser Thr Pro Glu Gln
485 490

Gln His Pro Ser Asn Val Leu His Phe Phe
500 505

Thr Glu Glu Asn Phe Phe Glu Ile Cys Asp
515 520

Pro Ser Ser Val Lys Val Phe Ser Gly Lys
530 535

Gly Leu Leu Glu Trp Glu Ser Lys Ser Asp
545 550 '

Phe Leu Asn His Tyr Gln Met Lys Asn Pro
565 570

Thr Leu Lys Leu Cys Phe Ser Thr Ala Gln
580 585

<210 47
211> 549
<212> PRT
<213> Homo sapiens

<400> 47
Met Ala Ser Met Arg Glu Ser Asp Thr Gly
1 5 10

Leu Gly Ala Thr Asp Glu Leu Trp Ala Pro
20 25

Leu Thr Ala Ala Ile Ile Asp Asn Ile Arg
35 40

Ser Ser Ala Ser Leu Leu Thr Ala Ala Val
50 55

Cys Phe His Gly Leu Ser Ser Ala Val Lys
65 70

42

Lys Asp Phe Ser Glu Ser
475 480

Ala Ala Lys Asn Arg Ile
495

Asn Ala Pro Leu Glu Val
510

Glu Leu Gly Val Lys Arg -
525

Ser Glu Arg Ser Ser Ser
540

Ala Leu Glu Thr Leu Gly
556 . , 560

Asn Gly Pro Tyr Pro Tyr
575

His Ala Ser

Leu Trp Leu His Asn Lys
15

Pro Ser Ile Ala Ser Leu
30

Leu Cys Phe His Gly Leu
45

Ile Asp Asn Ile Arg Leu
60

Leu Lys Leu Leu Leu Gly
75 80
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Thr Leu His Leu Pro Arg Arg Thr Val Asp Glu Met Lys Gly Ala Leu
85 90 95

Met Glu Ile Ile Gln Leu Ala Ser Leu Asb Ser Asp Pro Trp Val Leu
100 105 110

Met Val Ala Asp Ile Leu Lys Ser Phe Pro Asp Thr Gly Ser Leu Asn
115 120 125

Leu Glu Leu Glu Glu Gln Asn Pro Asn Val Gln Asp Ile Leu Gly Glu
130 135 140

Leu Arg Glu Lys Val Gly Glu Cys Glu Ala Ser Ala Met Leu Pro Leu
145 150 155 160

Glu Cys Gln Tyr Leu Asn Lys Asn Ala Leu Thr Thr Leu Ala Gly Pro
165 170 175

Leu Thr Pro Pro Val Lys His Phe Gln Leu Lys Arg Lys Pro Lys Ser
180 185 190

Ala Thr Leu Arg Ala Glu Leu Leu Gln Lys Ser Thr Glu Thr Ala Gln
195 200 205

Gln Leu Lys Arg Ser Ala Gly Val Pro Phe His Ala Lys Gly Arg Gly

210 215 220

Leu Leu Arg Lys Met Asp Thr Thr Thr Pro Leu Lys Gly Ile Pro Lys
225 230 235 240

Gln Ala Pro Phe Arg Ser Pro Thr Ala Pro Ser Val Phe Ser Pro Thr
245 250 255

Gly Asn Arg Thr Pro Ile Pro Pro Ser Arg Thr Leu Leu Arg Lys Glu
260 265 270

Arg Gly Val Lys Leu Leu Asp Ile Ser Glu Leu Asp Met Val Gly Ala
275 280 285

Gly Arg Glu Ala Lys Arg Arg Arg Lys Thr Leu Asp Ala Glu Val Val
290 295 300

Glu Lys Pro Ala Lys Glu Glu Thr Val Val Glu Asn Ala Thr Pro Asp
305 310 315 320
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Tyr Ala Ala Gly Leu Val
325

Glu Pro Ala Leu Pro Ser
340

Val Pro Ala Ser Ser Tyr
355

Ser Ser Arg Glu Ala Ser
370

Pro Thr Leu Pro Ala Gln
385 390

Gly Leu Ser Pro Ala Thr
405

Thr Pro Thr Thr Pro Pro
420

Val Ala Met Val Ala Pro
435

Lys Lys Asn Leu Ser Leu
450

Met Phe Lys Thr Ala Asn
465 : 470

Leu Gly Phe Met Ala Gly
485

Asp Val Ile Gln Ile Lys
500

Ala Asp Gly Gln Gly Ser
-515

Met Asn Tyr Ala Thr Gly
530

Met Thr Asn Val Ser
545

EP 1 306 431 A1

Ser Thr Gln Lys Leu Gly Ser Leu Asn Asn
330 335

Thr Ser Tyr Leu Pro Ser Thr Pro Ser Val
345 350

Ile Pro Ser Ser Glu Thr Pro Pro Ala Pro
360 365

Arg Pro Pro Glu Glu Pro Ser Ala Pro Ser
375 380

Phe Lys Gln Arg Ala Pro Met Tyr Asn Ser
' 395 400

Pro Thr Pro Ala Ala Pro Thr Ser Pro Leu
410 415

Ala Val Ala Pro Thr Thr Gln Thr Pro Pro
425 430

Gln Thr Gln Ala Pro Ala Gln Gln Gln Pro
440 445

Thr Arg Glu Gln Met Phe Ala Ala Gln Glu
455 460

Lys Val Thr Arg Pro Glu Lys Ala Leu Ile
475 480

Ser Arg Glu Asn Pro Cys Gln Glu Gln Gly
490 495

Leu Ser Glu His Thr Glu Asp Leu Pro Lys
505 510

Thr Thr Met Leu Val Asp Thr Val Phe Glu
520 525

Gln Trp Thr Arg Phe Lys Lys Tyr Lys Pro
535 540
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<210> 48

<211> 118

<212> PRT

<213> Homo sapiens

<400> 48
Met Ser Gly Gly Ser Ser Cys Ser Gln Thr Pro Ser Arg Ala Ile Pro
1 5 10 15

Ala Thr Arg Arg Val Val Leu Gly Asp Gly Val Gln Leu Pro Pro Gly
20 25 30

Asp Tyr Ser Thr Thr Pro Gly Gly Thr Leu Phe Ser Thr Thr Pro Gly
35 40 45

Gly Thr Arg Ile Ile Tyr Asp Arg Lys Phe Leu Met Glu Cys Afg Asn
50 55 60

Ser Pro Val Thr Lys Thr Pro Pro Arg Asp Leu Pro Thr Ile Pro Gly
65 70 75 80

Val Thr Ser Pro Ser Ser Asp Glu Pro Pro Met Glu Ala Ser Gln Ser
85 90 95

His Leu Arg Asn Ser Pro Glu Asp Lys Arg Ala Gly Gly Glu Glu Ser
100 105 110

Gln Phe Glu Met Asp Ile
115

<210> 49
211> 779
<212> PRT
<213> Homo sapiens

<400> 49
Met Glu Pro Gly Arg Gly Ala Gly Pro Ala Gly Met Ala Glu Pro Arg
1 5 10 15

Ala Lys Ala Ala Arg Pro Gly Pro Gln Arg Phe Leu Arg Arg Ser Val
20 ’ 25 30

Val Glu Ser Asp Gln Glu Glu Pro Pro Gly Leu Glu Ala Ala Glu Ala
35 40 45
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Pro Gly Pro Gln Pro Pro Gln Pro Leu Gln Arg Arg Val Leu Leu Leu
50 55 60

Cys Lys Thr Arg Arg Leu Ile Ala Glu Arg Ala Arg Gly Arg Pro Ala
65 70 75 80

Ala Pro Ala Pro Ala Ala Leu Val Ala Gln Pro Gly Ala Pro Gly Ala
85 90 , 95

Pro Ala Asp Ala Gly Pro Glu Pro Val Gly Thr Gln Glu Pro Gly Pro
100 105 110

Asp Pro Ile Ala Ala Ala Val Glu Thr Ala Pro.Ala Pro Asp Gly Gly
115 120 125

Pro Arg Glu Glu Ala Ala Ala Thr Val Arg Lys Glu Asp Glu Gly Ala
130 135 140

Ala Glu Ala Lys Pro Glu Pro Gly Arg Thr Arg Arg Asp Glu Pro Glu
145 15Q 155 160

Glu Glu Glu Asp Asp Glu Asp Asp Leu Lys Ala Val Ala Thr Ser Leu
165 170 175

Asp Gly Arg Phe Leu Lys Phe Asp Ile Glu Leu Gly Arg Gly Ser Phe
: 180 185 190

Lys Thr Val Tyr Lys Gly Leu Asp Thr Glu Thr Trp Val Glu Val Ala
195 200 205

Trp Cys Glu Leu Gln Asp Arg Lys Leu Thr Lys Leu Glu Arg Gln Arg
210 : 215 220

Phe Lys Glu Glu Ala Glu Met Leu Lys Gly Leu Gln His Pro Asn Ile
225 230 235 240

Val Arg Phe Tyr Asp Phe Trp Glu Ser Ser Ala Lys Gly Lys Arg Cys
245 250 255

Ile Val Leu Val Thr Glu Leu Met Thr Ser Gly Thr Leu Lys Thr Tyr
260 265 270

Leu Lys Arg Phe Lys Val Met Lys Pro Lys Val Leu Arg Ser Trp Cys
275 280 285

Arg Gln Ile Leu Lys Gly Leu Leu Phe Leu His Thr Arg Thr Pro Pro
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290 295 300

Ile Ile His Arg Asp Leu Lys Cys Asp Asn Ile Phe Ile Thr Gly Pro
305 310 315 320

Thr Gly Ser Val Lys Ile Gly Asp Leu Gly Leu Ala Thr Leu Lys Arg
325 330 335

Ala Ser Phe Ala Lys Ser Val Ile Gly Thr Pro Glu Phe Met Ala Pro
' 340 345 350

Glu Met Tyr Glu Glu His Tyr Asp Glu Ser Val Asp Val Tyr Ala Phe
355 360 365

Gly Met Cys Met Leu Glu Met Ala Thr Ser Glu Tyr Pro Tyr Ser Glu
370 . 375 . - 380

Cys Gln Asn Ala Ala Gln Ile Tyr Arg Lys Val Thr Cys Gly Ile Lys
385 390 395 400

Pro Ala Ser Phe Glu Lys Val His Asp Pro Glu Ile Lys Glu Ile Ile
405 410 415

Gly Glu Cys Ile Cys Lys Asn Lys Glu Glu Arg Tyr Glu Ile Lys Asp
420 425 430

Leu Leu Ser His Ala Phe Phe Ala Glu Asp Thr Gly Val Arg Val Glu
435 440 445

Leu Ala Glu Glu Asp His Gly Arg Lys Ser Thr Ile Ala Leu Arg Leu
450 455 460

Trp Val Glu Asp Pro Lys Lys Leu Lys Gly Lys Pro Lys Asp Asn Gly
465 470 475 480

Ala Ile Glu Phe Thr Phe Asp Leu Glu Lys Glu Thr Pro Asp Glu Val
485 490 495

Ala Gln Glu Met Ile Glu Ser Gly Phe Phe His Glu Ser Asp Val Lys
500 505 510

Tle Val Ala Lys Ser Ile Arg Asp Arg Val Ala Leu Ile Gln Trp Arg
515 520 525

Arg Glu Arg Ile Trp Pro Ala Leu Gln Pro Lys Glu Gln Gln Asp Val
530 535 540

47



10

15

20

25

30

35

40

45

50

55

EP 1 306 431 A1

Gly Ser Pro Asp Lys Ala Arg Gly Pro Pro Val Pro Leu Gln Val Gln
545 550 555 560

Val Thr Tyr His Ala Gln Ala Gly Gln Pro Gly Pro Pro Glu Pro Glu
565 570 575

Glu Pro Glu Ala Asp Gln His Leu Leu Pro Pro Thr Leu Pro Thr Ser
580 ‘ 585 590

Ala Thr Ser Leu Ala Ser Asp Ser Thr Phe Asp Ser Gly Gln Gly Ser
595 600 605

Thr Val Tyr Ser Asp Ser Gln Ser Ser Gln Gln Ser Val Met Leu Gly
610 615 620

Ser Leu.Ala Asp Ala Ala Pro Ser Pro Ala Gln Cys Val Cys Ser Pro
625 630 635 640

Pro Val Ser Glu Gly Pro Val Leu Pro Gln Ser Leu Pro Ser Leu Gly
645 650 655

Ala Tyr Gln Gln Pro Thr ‘Ala Ala Pro Pro Pro Leu Ala Gln Pro Thr
660 665 670 '

Pro Leu Pro Gln Val Leu Ala Pro Gln Pro Val Val Pro Leu Gln Pro
675 680 685

Val Pro Pro His Leu Pro Pro Tyr Leu Ala Pro Ala Ser Gln Val Gly
690 695 700

Ala Pro Ala Gln Leu Lys Pro Leu Gln Met Pro Gln Ala Pro Leu Gln
705 710 715 720

Pro Leu Ala Gln Val Pro Pro Gln Met Pro Pro Ile Pro Val Val Pro
725 730 735

Pro Ile Thr Pro Leu Ala Gly Ile Asp Gly Leu Pro Pro Ala Leu Pro
740 745 750

Asp Leu Pro Thr Ala Thr Val Pro Pro Val Pro Pro Pro Gln Tyr Phe
755 760 765

Ser Pro Ala Val Ile Leu Pro Ser Arg Thr Arg
770 775
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<210> 50

<211> 1087

<212> PRT

<213> Homo sapiens

<400> 50

Met Asp Leu Tyr Ser Thr Pro Ala Ala Ala Leu Asp Arg Phe Val Ala

1 5

10

15

Arg Lys Leu Gln Pro Arg Lys Glu Phe Val Glu Lys Ala Arg Arg Ala

20

25

30

Leu Gly Ala Leu Ala Ala Ala Leu Arg Glu Arg Gly Gly Arg Leu Gly

35 40

45

Ala Ala Ala Pro Arg Val Leu Lys Thr Val Lys Gly Gly Ser Ser Gly

50 55

60

Arg Gly Thr Ala Leu Lys Gly Gly Cys Asp Ser Glu Leu Val Ile Phe

65 70

Leu Asp Cys Phe Lys Ser Tyr Val Asp Gln Arg Ala Arg Arg Ala Glu

85

90

75

95

80

Ile Leu Ser Glu Met Arg Ala Ser Leu Glu Ser Trp Trp Gln Asn Pro

100

Val Pro Gly Leu Arg Leu Thr Phe
115 120

Leu Gln Phe Arg Leu Thr Ser Val
130 135

Ser Leu Val Pro Ala Phe Asn Val
145 150

Lys Pro Lys Pro Gln Val Tyr Ser
165

Gly Gly Glu His Ala Ala Cys Phe
180

Asn Ile Arg Pro Ala Lys Leu Lys
195 200

105

(110

Pro Glu Gln Ser Val Pro Gly Ala

125

Asp Leu Glu Asp Trp Met Asp Val

140

Leu Gly Gln Ala Gly Ser Gly Val

155

160

Thr Leu Leu Asn Ser Gly Cys Gln

170

175

Thr Glu Leu Arg Arg Asn Phe Val

185

190

Asn Leu Ile Leu Leu Val Lys His

49
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Trp Tyr His Gln Val Cys Leu Gln Gly Leu Trp Lys Glu Thr Leu Pro

210

Pro Val Tyr
225

Cys Lys Lys
Gly Leu Ile
Tyr Gly Phe

275

Lys Arg Pro
290

Leu Gly Asn
305

Ala Ser Cys
Val Gln Ser

Leu Gly His
355

Ser Lys Ser
370

Ser Cys Pro
385

Val Pro Gly
Asp Arg Phe
Gln Val Lys

435

Cys Val His

215

Ala Leu Glu Leu Leu Thr Ile
230

Asp Ala Phe Ser Leu Ala Glu
245 250

Gln Gln His Gln His Leu Cys
260 265

Glu Asp Pro Ala Val Gly Gln
280

Arg Pro Val Ile Leu Asp Pro
295

Gly Ala Ala Trp His Trp Asp
310

Tyr Asp His Pro Cys Phe Leu
325 330

Trp Lys Gly Pro Gly Leu Pro
340 . 345

Pro Ile Gln Leu Asp Pro Asn
360

Leu Asn Ala Val Tyr Pro Arg
375

Ala Pro Gly Pro Thr Gly Ala
390

Met Ala Leu Asp Leu Ser Gln

405 410

Ile Gln Asp His Leu Lys Pro
420 425

Lys Ala Ile Asp Ile Ile Leu
440

Lys Ala Ser Arg Val Ser Lys

50

220

Phe Ala Trp Glu Gln Gly
235 ' 240

Gly Leu Arg Thr Val Leu
255

Val Phe Trp Thr Val Asn
270

Phe Leu Gln Arg Gln Leu
285

Ala Asp Pro Thr Trp Asp
300

Leu Leu Ala Gln Glu Ala
315 320

Arg Gly Met Gly Asp Pro
335

Arg Ala Gly Cys Ser Gly
350

Gln Lys Thr Pro Glu Asn
365

Ala Gly Ser Lys Pro Pro
380

Ala Ser Ile Val Pro Ser
395 400

Ile Pro Thr Lys Glu Leu
415

Ser Pro GIn Phe Gln Glu
430

Arg Cys Leu His Glu Asn
445

Gly Gly Ser Phe Gly Arg
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450

Gly Thr Asp Leu
465

Asn Cys Phe Thr
Leu Asp Glu Met
500

Pro Ser Leu Ser
515

Gln Phe Gln Leu
530

Leu Leu Pro Ala
545

Pro Asn Pro Gin
Gly Glu His Lys
580

Ile Arg Pro Val
595

Tyr Arg Gln Val
610

Ser Leu Pro Pro
625

Glu Gln Gly Cys
Thr Val Leu Gly
660

Thr Val Asn Tyr
675

Gly Gln Leu Arg
690

EP 1 306 431 A1

455

Arg Asp Gly Cys Asp Val
470

Asp Tyr Lys Asp Gln Gly
485 490

Arg Ala His Val Glu Ser
505

Leu Gln Phe Pro Glu Gln
520

Val Ser Thr Ala Leu Lys
535

Phe Asp Ala Val Gly Gln
550

Val Tyr Ser Arg Leu Leu
565 570

Ala Cys Phe Ala Glu Leu
585

Lys Leu Lys Asn Leu Ile
600

Ala Ala Gln Asn Lys Gly
615

Ala Tyr Ala Leu Glu Leu
630

Arg Gln Asp Cys Phe Asn
645 650

Leu Val Gln Gln His Gln
665

Ser Thr Glu Asp Pro Ala
680

Lys Pro Arg Pro Leu Val
695

51

460

Glu Leu Ile Ile Phe Leu
475 480

Pro Arg Arg Ala Glu Ile
495

Trp Trp Gln Asp Gln Val
510

Asn Val Pro Glu Ala Leu
525

Ser Trp Thr Asp Val Ser
540

Leu Ser Ser Gly Thr Lys
555 560

Thr Ser Gly Cys Gln Glu .
575

Arg Arg Asn Phe Met Asn
590

Leu Leu Val Lys His Trp
605

Lys Gly Pro Ala Pro Ala
620

Leu Thr Ile Phe Ala Trp
635 640

Met Ala Gln Gly Phe Arg
655

Gln Leu Cys Val Tyr Trp
670

Met Arg Met His Leu Leu
685

Leu Asp Pro Ala Asp Pro
700
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Thr Trp Asn Val Gly His Gly Ser Trp Glu

705

710

Leu Leu Ala Gln Glu Ala
715 _ 120

Ala Ala Leu Gly Met Gln Ala Cys Phe Leu Ser Arg Asp Gly Thr Ser

Val Gln Pro Trp Asp Val Met Pro Ala Leu

725

730

745

735

Leu Tyr Gln Thr Pro Ala
750 '

Gly Asp Leu Asp Lys Phe Ile Ser Glu Phe Leu Gln Pro Asn Arg Gln

-755

760

Phe Leu Ala Gln Val Asn Lys Ala Val Asp

770

715

Lys Glu Asn Cys Phe Arg Asn

785

790

Lys Gly Gly Ser Ser Ala Lys

Ala Asp Leu

Gly Asn Lys

835

Ala Cys Gln
850

Trp Glu Asn
865

Leu Asp Gln

Gly Gln Leu

Leu Ile His
915

805

Val Val Phe Leu

Arg Ala Glu Ile

Gln Glu Arg Gln

855

Pro Arg Val Leu

870

Ser Val Asp Phe

885

Val Ser Gly Ser

Ser Tyr Ser Asn

Glu Leu Gln Arg Asp Phe Ile

930

935

Ser Pro Ile
Gly Thr Ala
810

Ser Cys Phe
825

Ile Ser Glu
840

Phe Glu Val
Ser Phe Ser

Asp Val Leu
890

Arg Pro Ser
905

Ala Gly Glu
920

Ile Ser Arg

52

765

Thr Ile Cys Ser Phe Leu
780

Lys Val Ile Lys Val Val
795 800

Leu Arg Gly Arg Ser Asp
815

Ser Gln Phe Thr Glu Gln
830

Ile Arg Ala Gln Leu Glu
845

Lys Phe Glu Val Ser Lys
860

Leu Thr Ser Gln Thr Met
875 880

Pro Ala Phe Asp Ala Leu
895

Ser Gln Val Tyr Val Asp
910

Tyr Ser Thr Cys Phe Thr
925

Pro Thr Lys Leu Lys Ser
940
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Leu Ile Arg Leu Val Lys His Trp Tyr Gln Gln Cys Thr Lys Ile Ser
945 - 950 955 960

Lys Gly Arg Gly Ser Leu Pro Pro Gln His Gly Leu Glu Leu Leu Thr
965 970 975

Val Tyr Ala Trp Glu Gln Gly Arg Lys Asp Ser Gln Phe Asn Met Ala
980 985 990

Glu Gly Phe Arg Thr Val Leu Glu Leu Val Thr Gln Tyr Arg Gln Leu
995 1000 1005

Cys Ile Tyr Trp Thr Ile Asn Tyr Asn Ala Lys Asp Lys Thr Val Gly
1010 1015 . 1020

Asp Phe Leu Lys Gln Gln Leu Gln Lys Pro Arg Pro Ile Ile Leu Asp
1025 1030 1035 1040

Pro Ala Asp Pro Thr Gly Asn Leu Gly His Asn Ala Arg Trp Asp Leu
1045 1050 ' 1055

Leu Ala Lys Glu Ala Ala Ala Cys Thr Ser Ala Leu Cys Cys Met Gly
1060 1065 1070

Arg Asn Gly Ile Pro Ile Gln Pro Trp Pro Val Lys Ala Ala Val
1075 1080 1085

<2100 51 .
<211> 216
<212> PRT
<213> Homo sapiens

<400> 51
Met Lys Ser Ile Ser Leu Leu Arg Tyr Gln Glu Glu Ser Lys Thr Leu
1 5 10 15

Ser Leu Val Ser Arg Asp Ala Lys Pro Leu Glu Val Tyr Ser Val Asp
20 25 30

Phe Met Val Asp Asn Ala Gln Leu Gly Phe Leu Val Ser Asp Arg Asp
35 40 45

Arg Asn Leu Met Val Tyr Met Tyr Leu Pro Glu Ala Lys Glu Ser Phe
50 55 60
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Gly Gly Met Arg Leu Leu Arg Arg Ala Asp Phe His Val Gly Ala His

65 70

75 80

Val Asn Thr Phe Trp Arg Thr Pro Cys Arg Gly Ala Thr Glu Gly Leu

85

90

Ser Lys Lys Ser Val Val Trp Glu Asn Lys

100

Thr Leu Asp Gly Gly Ile
115

Tyr Arg Arg Leu Leu Met
130

His His Ala Gly Leu Asn
145 150

Arg Arg Thr Leu Gln Asn
165

Leu Asn Arg Tyr Leu Tyr
180 -

Lys Lys Ile Gly Thr Thr
195

Thr Asp Arg Val Thr Ala
210

210> 52

<211> 634

<212> PRT

<213> Homo sapiens

<400> 52
Met Ala Ser Ala Arg lle
1 5

Glu Glu Asp Ile Arg Asn
20

Asp Asp Phe Pro His Val
35

105

Gly Leu Leu Leu

120

Leu Gln Asn Ala

135

Pro Arg

Ala Val

Leu Ser

Pro Asp

200

His Phe
215

Gly Asp

Thr Val

Gly Tyr
40

Ala Phe

Arg Asn

170

Thr Met

185

Ile

Ile

95

His Ile Thr Trp Phe Ala
110

Pro Met Gln Glu Lys Thr
125

Leu Thr Thr Met Leu Pro
140

Arg Met Leu His Val Asp
155 160

Val Leu Asp Gly Glu Leu
175

Glu Arg Ser Glu Leu Ala
190

Leu Asp Asp Leu Leu Glu
205

Glu Tyr Ala Glu Asp Ser Ser Asp

10

15

Gly Asn Val Pro Leu Glu Trp Tyr

25

30

Asp Leu Asp Gly Arg Arg Ile Tyr

54

45
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Lys Pro Leu Arg Thr Arg Asp Glu Leu Asp Gln Phe Leu Asp Lys Met

50

55

Asp Asp Pro Asp Tyr Trp Arg Thr Val Gln

65

70

Asp Leu Arg Leu Thr Asp Glu Gln Val Ala

Ser Gly Gln

Asp Phe Phe
115

Ala Asp Lys

130

Ser Arg Met
145

Pro Arg Asp

Pro Asn Ala

Leu Ala Leu

195

Leu Leu Ser
210

Glu Arg Lys
225

Val Pro Ala

Asp Leu Tyr

Pro Glu Asp
275

Phe Pro Thr

85

Phe Gly Asp
100

Ser Gly Asp

Arg Ser Phe

Val His Ala
150

Pro Thr Pro
165

Val Leu Gly
180

Pro Gly His

Glu Glu Glu

Leu Ser Phe
230

Tyr Gly Arg
245

Leu Cys Pro-

260

Leu Ile Pro

Cys Gln Ala

90

Val Gly Phe Asn
105

Val Met Ile His
120

Ile Pro Ser Leu
135

Ile Lys Met Gly
Ser Phe Tyr Asp
170

Arg His Lys Met
185

Ala Glu Ser Tyr
200

Arg Leu Ala Trp
215

Leu Pro Arg Lys

Phe Ile Gln Glu
250

Arg Gln Arg Lys
265

Lys Leu Pro Arg
280

Leu Yal Tyr Arg

55

60

Asp Pro Met Thr Gly Arg
75 80

Leu Val Arg Arg Leu Gln
95

Pro Tyr Glu Pro Ala Val
-110

Pro Val Thr Asn Arg Pro
125

Val Glu Lys Glu Lys Val
140

Trp Ile Gln Pro Arg Arg
155 160

Leu Trp Ala Gln Glu Asp
175

His Val Pro Ala Pro Lys
190

Asn Pro Pro Pro Glu Tyr
205

Glu Gln Gln Glu Pro Gly
220

Phe Pro Ser Leu Arg Ala
235 240

Arg Phe Glu Arg Cys Leu
255

Met Arg Val Asn Val Asp
270

ProvArg Asp Leu Gln Pro
285

Gly His Ser Asp Leu Val
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295

300

Arg Cys Leu Ser Val Ser Pro Gly Gly Gln Trp Leu Val Ser Gly Ser

305

310

315 320

Asp Asp Gly Ser Leu Arg Leu Trp Glu Val Ala Thr Ala Arg Cys Val

325

Arg Thr Val Pro Val
340

Ser Pro Ala Val Cys
355

Leu Leu Asn Pro Ala
370

Gln Leu Leu Ser Ala
385

Ala Arg Trp Leu Glu
405

Leu Arg Ile Cys His
420

Arg Gly Asp Tyr Leu
435

Val Leu Ile His Gln
450

Arg Ser His Gly Gln
465

Phe Leu Leu Val Ala
485

Arg Gln Glu Leu Thr
500

Ser Leu Ala Val His
515

Asp Ser Lys Leu Val
530

Gly Gly

Leu Val

Leu Gly
375

Phe Val
390

Ala Ser

Gly Lys

Ala Val

Leu Ser

455

Val Gln
470

Ser Gln
Lys Lys

Pro Ala

Trp Phe
535

330 335

Val Val Lys Ser Val Ala Trp Asn Pro
345 350

Ala Ala Ala Val Glu Asp Ser Val Leu
360 365

Asp Arg Leu Val Ala Gly Ser Thr Asp
380

Pro Pro Glu Glu Pro Pro Leu Gln Pro
395 400

Glu Glu Glu Arg Gln Val Gly Leu Arg
410 415

Pro Val Thr Gln Val Thr Trp His Gly
425 430

Val Leu Ala Thr Gln Gly His Thr Gln
440 445

Arg Arg Arg Ser Gln Ser Pro Phe Arg
460

Arg Val Ala Phe His Pro Ala Arg Pro
475 480

Arg Ser Val Arg Leu Tyr His Leu Leu
490 495

Leu Met Pro Asn Cys Lys Trp Val Ser
505 510

Gly Asp Asn Val Ile Cys Gly Ser Tyr
520 525

Asp Leu Asp Leu Ser Thr Lys Pro Tyr
540
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Arg Met Leu Arg His His Lys Lys Ala Leu
545 550

Pro Arg Tyr Pro Leu Phe Ala Ser Gly Ser
565 ' 570

Val Cys His Gly Met Val Tyr Asn Asp Leu
580 585

Val Pro Val Lys Val Leu Lys Gly His‘Val
595 600

Val Leu Asp Val Ile Phe His Pro Thr Gln

Arg Ala Val Ala Phe His
555 560

Asp Asp Gly Ser Val Ile
575

Leu Gln Asn Pro Leu Leu
590

Leu Thr Arg Asp Leu Gly
605

Pro Trp Val Phe Ser Ser

610

615 620

Gly Ala Asp Gly Thr Val Arg Leu Phe Thr

625

<210> 53
211> 142
212> PRT

630

<{213> Homo sapiens

<400> 53
Met Ala Thr Lys
1

Val Arg Asp Asp
20

Gly Ser Thr Ile
35

Ile Gln Gln Cys
50

Thr Thr Gly Asp
65

Trp Ile Gly Glu

Asp Lys Thr Leu
100

Ile Asp
5

Gly Ser

Val Pro

Thr Asp

Ala Met
70

Asn Val
85

Val Lys

Lys Glu Ala Cys Arg Ala Ala Tyr Asn Leu
10 15

Ala Val Ile Trp Val Thr Phe Lys Tyr Asp
25 30

Gly Glu Gln Gly Ala Glu Tyr Gln His Phe
40 45

Asp ValvArg Leu Phe Ala Phe Val Arg Phe
55 60

Ser Lys Arg Ser Lys Phe Ala Leu Ile Thr
75 80

Ser Gly Leu Gln Arg Ala Lys Thr Gly Thr
90 95

Glu Val Val Gln Asn Phe Ala Lys Glu Phe
105 110

57
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Val Ile Ser Asp Arg Lys Glu Leu Glu Glu Asp Phe Ile Lys Ser Glu

115

Leu Lys Lys Ala Gly Gly Ala Asn Tyr Asp Ala Gln Thr Glu

130

<210> 54
<211> 1775
<212> DNA
<213> Homo

220>

sapiens

<2217 polyA_site

<222> (1775

<400> 54

atctcgeege
tcgggegagt
aggacgaggce
cgctctacte
tcatcgececa
tcatactcgg
geggtgetga
ccttecggga
acggggacaa
cccacagcecce
tcatcttcgg
cacgetgggt
tccaccacgt
ctctggagaa
agaagcctcg
gctacctggt
tctttgaget
gcecaccect
tccteggece
ccecctggtag
caagcccttc
geecccagtgg
cagccctgea
gcectagectg
agaggctgga
agagctgatg
ggtcatttgg
agggettttt

)

ggttcegeeg
ggccatggceg
gtcttgttge
gccaggeaag
caacctggtc
tgttgttgea
cacatggggc
gcaccacatt
ctgeetggtg
tgaagcccetg
caccttcacc
cacccteetg
ctcaccccac
gataggcttc
ggcagatgac
tgccaacctt
ggceecteca
catgacacag
ctccteagee
agaggaggtt
agtgtggctg
tctggggage
tactgacccc
tcceccaagg
acctcctget
tttccaatac
aagaggacac
tgtttigttt

120

135

ccctgeegee
ggcegeegagg
cgetgggecg
cgectecagg
catctcectge
ggggetetea
tctgtggage
gacccgacag
acactgetge
gagcagctat
aaccagatcc
caggactggc
gagacctact
tggcgacgee
atgaaatggg
ccctageece
gatggagagg
aatacttgag
acctgagttg
tacccactee
gegttgegec
ccccaggeac
gggaggetgg
atggtgaagc
caagtctaga
caagatgtct
ggtatccecet
ttttttaaag

geegeenttt
actggeeggg
cgcagcacge
agtggtgcetce
tgetggeceeg
ttgetgactt
tgeccattgt
ctatcacacg
cgetgetaaa
acccctggga
acaagtggtc
atgtcatcct
tctgeatcac
tggaggacct
cccagaagat
caaaccgaag
acatctcctg
ccactgattt
ctctatctge
ctgeacgeet
cagtgagttg
acctaagcegt
geaggtggac
tcagcagggg
cccctactte
tcacagggca
ctggeccagag
gtgettgett

58

125

140

ngcagagcge
ccagcagetg
cggggeecege
tgtgatcctg
ctgggaggac
cttgtetgge
ggggaagget
gcacgacttc
catggcctac
gtgcttcgte
gcacacgtac
gccacgtaaa
cacaggctgg
catccagggc
caaataactt
ccatctgceca
ggetgggeee
ttcatttett
aagcctgact
geegtecetg
cctetttece
cgtggagcat
agceccagee
tctgagggta
tctgetgece
cagcccctge
tatgtcagag
gtttaatgta

accggeccga
gagctggacg
gagctggetg
tgcttecagee
acaccccteg
ctggtacact
ttcatccgac
atcgagacca
aagttccgeca
ttetgectga
tttgggetge
caccatcgea
ctcaactacc
ctgacgggcg
ctccgagect
aattccagec
aggtacccca
ttttttttet
ctgcecagecet
cecegetggg
tectigtctg
tgttctgeca
accaccttca
gceggecaga
ccaccetgec
agagcatctt
aaggaagagt
aataatagaa

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
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agccttaata tcttttctgt aacacggagt aatattttaa tgtcatgttt tggatgtaca 1740

taatatattt ataacaaagc agcaagagtc tactt

<210> 55

<211> 2097
<212> DNA
<213> Homo

<220>

sapiens

<221> polyA_site

<400> 55

geegecatgt
aggcagcage
ggeggegsgag.
aagcggcetcea
ggageegesgg
cetgeetece
gtggaggect
caagcactgg
gacaaccaaa
atctccegee
atcctgaacc
ggeeetgtee
gactcagttc
ggetgttgea
gatcaggata
aaccccaaca
gggceccacg
cactacgaag
tacggeccee
gcegacagece
gtcttcaatg
ccggeggeecg
ctcaacaaca
atcatgcctg
gaatcccgga
cccagcaacg
gagatctgeg
agtgagcgcea
ctgggettce
aagttgtgtt
ctgagcagga
gatcttgtat

€222> (2097)

cgeggagget
cggacgagea
geggeggtee
agactgacaa
cggegeggess
cagttgtcca
tgcaggagtt
tggagtttga
tatacattgc
ctggggactc
ccatttatte
agagaattgt
aaagtgccca
ctctgaagat
cttgggacta
aacgccagag
gtgggtacca
ggagaaggat
agtatgggca
ctgtgcteat

tettetgett-

ccatggtgga
acttcatgtt
gtcagtcata
acaatcggtt
tgetgeactt
atgagctggg
gctectetgg
tgaaccatta
tctecactge
agacatttct
tecttttttt

gctgeeceegg
8CgEagECces
ccgetactac
cgeeggegac
cggeggeggt
catcaggggce
tggacccatc
agatgtgttg
tggtcaccca
ggatgactcc
gatcaccacg
cattttcagg
gcgggecaag
cgaatacgca
cacaaacccce
gcagcccecet
cagccattac
gggtccacca
ccececeacce
ggtctatgge
atatggcaat
gatggctgat
tgggcagaag
cgggttggaa
ctccaccceea
cttcaacgee
agtgaagegg
actgctggag
ccagatgaaa
tcagcacgec
ctttecttta
tttttttttt

gcggagaage
tcgggagega
ggeggeggea
cagcacggag
ggggagaact
ctgattgacg
agctatgtgg
ggggettgea
gcttttgtea
cggagegtga
gatgttcttt
aagaatggag
gcetctetea
aagcctacac
aatctcagtg
ctcectgggag
catgatgagg
gtgggeggte
cctceeccac
ttggatcaat
gtggagaagg
ggctacgetg
ctgaatgtct
gacgggtctt
gagcaggcag
ccgetggagg
ccatcttctg
tgggaatcca
aacccaaatg
tectaattag
tgccattttt
ttttttaaat

59

gecgteggeg
tggtgaagat
gtgagggegg
gcgecggeee
acgatgaccce
gtgtggtgga
tggtaatgece
acgcagtgaa
actactctac
acagigtget
acactatctg
ttcaggcgat
atggggetga
gcttgaatgt
gacaaggtga
atcaccccge
gctacgggee
accgtcgges
cacccgagta
ctaagatgaa
tgaaattcat
tagaccggge
gtgtctccaa
gcagttacaa
ccaagaaccg
tgaccgagga
tgaaagtatt
agagcgatgce
gtccatacce
gtgectagga
tgtttitgtt
gctaggtttg

getggageag
88CEECEBCE
cegggeeceet
tggeggtgga
gcacaaaacc
agcagacctt
taaaaagaga
ctacgcagec
cagccagaag
tetetttace
taatccttgt
ggtggaattt
tatctattct
gttcaagaat
ccctggeage
agaatatgga
ccceccacct
cccaagtcge
tggecetecac
cggtgaccga
gaaaagcaag
cattacccac
gcagccagec
agacttcagt
catccagcac
gaacttcttt
ctcaggcaaa
cctggagact
ttacactctg
agagtcccat
atttgcaaaa
tagaggctta

1775

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
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cttaacctta atggaaacgc tggaaatctg cagggggagg
ccaagattaa ccttcacttt taaaaaatta ttggacatgt
atacatttgg gctgeccatg tactcttgge ccatttecaat

<210> 56

<211> 2243
<212> DNA
<213> Homo

<220>

sapiens

<221> polyA_site
222> (2243)

<400> 56
atggegtcca
gacgagctgt

~atccgtctcet

aacatccgtce
acgetgceacce
cagctcgeca
tttccggaca
attttgggag
gagtgccagt
gtgaagcatt
cagaagtcca
aagggccges
caggegeect
cccatceege
tctgagctgg
gcggageteg
tacgcagcecg
ccctecacga
agctccgaga
agecgecececga
ggeetgagece
cctecggetg
caggcccetg
getgeccagg
ctgggettca
atcaagctga
atgetggtgg
aagtacaagc
gtgggggtee
ccceecgaggt
catttctctg

tgegggagag
angcgccgec
gctteccatgg
tctgetteca
tcecgegeeg
gcetegacte
caggcteget
aacttagaga
acttgaacaa
ttcagttaaa
cggagaccge
gectgetgeg
tcagaagccc
cttccaggac
atatggttgg
tggagaagcc
geetggtgte
gctaccttcee

cgcecceccage’

gceccacgtt
ctgccacace
tcgeccectac
ctcagcagcea
agatgttcaa
tggeeggete
gcgagcacac
acacagtgtt
ccatgaccaa
acgggacgat
cceceeggeceg
gggtatttgg

cgacacggge
cagcatcgeg
cctetegteg
tggecteteg
cacggtggac
ggaccccetgg
taacctggag
aaaggtgggt
aaacgcecetg
gcggaaacce
ccagcagttg
gaagatggac
cacggegecece
getgetgegg
cgetggeega
ggccaaggag
cacgcagaaa
ctccacgecee
ccecatettee
gccagegeag
cacgecctgeg
cactcagaca
gcctaagaag
gacggccaac
ccgagagaac
ggaggacctg
tgagatgaac
tgtgtectag
ggcttigeeca
ccgeeetget
ggcttatitt

ctgtggetge
tcectgetea
gegtecetge
tcggecagtga
gagatgaagg
gtgctcatgg
ctggaggage
gagtgtgaag
acgacccteg
aagagcgceca
aagcggageg
accaccaccce
agcgtcttca
aaggaacgag
gaggcgaage
gaaacggigg
cttgggtece
agecgtggtte
cgggaagceca
ttcaagcagce
gecgececaccet
cceceeggttg
aacctgtcce
aaagtcacgc
ccgtgecagg
cccaaggcegsg
tatgccacgg
aaccacctge
gcttaaagta
getgacccag
taaaatttta

60

gaaaggggaa ctgttatctc 1980
gaattttttt tttectggtc 2040

aaaattgttt

acaacaagct
cggecgeaat
tcacggecge
agctcaagtt
- gcgecctaat
tcgecgacat
agaatcccaa
cgtetgecat
cgggaccect
cgetgeggge
ccggggtgece
cactcaaagg
gceccacagg
gtgtgaagcet
ggagaaggaa
tggagaacge
tgaacaatga
ccgectecte
gcegeccace
ggegcgeccat
cgectetgac
ccatggtggc
tcacgagaga
ggcecgagaa
agcaggggga
acggccaggg
gccagtggac
ctcacagctg
accggatgge
cctgttttaa
atatgggttce

ggaaaat

gggegecacg
catcgacaac
ggtcatcgac
gctacteggg
ggagatcatc
cttgaagtcc
cgttcaggat
getgecactg
cactccceeg
ggagetgetg
cttccacgee
catcccgaag
gaaccggacc
gectggacatc
gactctcgat
caccceggac
gcetgegetg
ctacatccec
agaggagcce
gtacaacagc
acccaccaca
cccgeagacce
gcagatgtte
ggcectcate
cgtgatccag
tagcacaacc
gcgettcaag
geegteactt
ggacacctgg
gttctggatg
ttttttegtgt

2097

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
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gatttaagac
aaaaagttac
aatcttttct
aaggtggcac
gacggtggge
agttgtggac
attaaagtcg

<210> 57
<211> 831
<212> DNA
<213> Homo

220>

actttitgga
aacttcctaa
attttcecte
ggtggtactg
cttgteccet
atttaagaca
agcttttcta

sapiens

<{221> polyA_site

<222> (831)

<400> 57

gcggeagesc
agctgcagec
ggegtgeage
accccgggag
cctgtgacca
agtgatgagc
CgEgeCcegece
gagcactacc
tgaaagtgat
tcactcaggg
cactgatgca
agggccagga
tcgetgetgg
ccctecttee

<210> 58

<211> 2404
<212> DNA
<213> Homo

<400> 58

cacgcgtaag
acgctgatgg
gecggegeggce
gagccgecgg
cgeegggtge

agcgagaggt
agaccccaag
tceegeeegg
gtaccaggat
aaacaccece
cceccatgga
gtgaagagtc
aaggggcecece
catactggge
cacctgceece
ggagctgeea
agtggacaag
gggcgeaacce
ccaagagagg

sapiens

cttgggeccece
agcecegggeg
cggggeeeca
gcttggagge
ttctgectetg
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ctcaacgtta
ttttagtgac
gctggggcag
gggetgegee
gectgtgeet
gtctttgggt
aag

tecgegggtge
ccgggccatd
ggactacagc
catctatgac
aagggatctg
agccagccag
acagtttgag
tcagggectt
aggegtigge
ctectetteg
ccccaagggg
aacgaaccct
accccttect
aaataaaagc

tcgagggatc
cggecgeggee
gegetttetg
agccgaggeg
caagacgcgc

catttttgaa
agetctgeet
tgeectecta
agggacacce
geetgggagt
acctatttte

agcgcacagg
ccegeceacte
acgaccececg
cggaaattcce
cccaccattce
agccacctge
atggacattt
cctgggagga
gtgggetege
tgaacaccag
agtgaccccet
tcetteegaa
taggttgatg
caccttegece

ctictagagcg
cecegeggegea
cggegeageg
cegggeecege
cgectecateg

61

tgtagtaagt
gttagactct
ccccecagggt
gaccacacca
tttgtattca
attgtaaaac

agaccatgtc
geegggtggt
geggeacget
tgatggagtg
cgggggtcac
gcaatagccce
aaagcaccag
gtcccaccag
acaccccage
cagatacctc
gccagcacac
tgatcagcag
tgettgggaa
ctagggccaa

gecgecgaga
tggeggagee
tggtagagte
agccccegea
cggagcgcege

aaattaacca 1920
tactttttaa 1980
tgaggggace 2040
gagecgtggga 2100
tcttttgtat 2160
tatctgaacc 2220

2243

cgegggeage 60
gctcggegac 120
cttcagcacc 180
tcggaactca 240
cagcecttee 300
agaagataag 360
ccatcgtgtg 420
ccaggcctta 480
cctttetece 540
cttgtgectc 600
cctgcageca 660
ttccagecee 720
agctccctee 780
g 831

cgtceeegge 60
tcgggegaag 120
ggaccaggag 180
gceectgeag 240
ccgeggacge 300
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ccecgeegecee
gacgeeggece
gtcgaaaccg
aaggaggatg
cccgaagagg
cgcttcectea
ctggacacgg
aagctggage
aacatcgtge
ctggtgacgg
atgaagccca
cacacaagga
ggaccaactg
tttgccaaaa
tacgatgagt
gagtacccct
atcaagccgg
tgtatctgeca
ttcgcagagg
accatcgccc
aatggagcca
gagatgattg
cgtgaccgeg
aaggagcagc
gtccaggtga
gaggccgace
gacagcacct
cagagcgtga
agccceeectg
cagcagecca
gcecccacage
ccagcectceec
ctgcagecege
acgeceetgg
gtgceteceeg
cgtg

<210> 59
<211> 6707
<212> DNA
<213> Homo

<220>

ccgegeecge
ccgageccgt
cgeetgecece
agggggcegge
aggaggacga
agttcgacat
agacctgggt
ggcageggtt
gcttctacga
agcttatgac
aggttcteceg
cgccaccecat
ggtctgtgaa
gtgtgatags
ccgtggacgt
actcggagtg
ccagetttga
aaaacaagga
acacaggegt
tgaggetctg
tagagttcac
agtctggatt
tggeettgat

aggatgtggg.

cctaccatge
agcacctect
tcgacagegg
tgettggete
tgagcgaggs
cggetgeace
cegtggteee
aggtggggec
ttgctcaagt
cgggaatcga
tgccaccacce

sapiens

221> polyA_site
<222> (6707)
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agcgetggta
gggcacgcag
cgacggegge
cgaggcgaag
cgaggacgac
cgagetggge
ggaggtgece
caaggaagag
cttetgggag
ctcagggacg
cagctggtge
catccaccga
gattggcegac
tactcccgag
ctatgecttt
ccagaatgeg
gaaagtgcac
ggaaaggtac
gagggtggag
ggtggaagac
cttcgacctg
cttccacgag
ccagtggegg
cagcccggac
acaggetggg
gccacctacg
ccagggcetcet
ccttgeegac
geeccgtectg
tcctecgetg
cctceageeg
cceegeteag
ceceteegeag
cggeeteeet
tcagtatttc

gcgeageegg
gagcceceggee
cccagggagg
cctgageeeg
ctcaaggcecg
cgeggttect
tggtgtgage
gcigagatge
tccagegeea
ctgaagacat
cggcagatce
gacctgaaat
ttgggecteg
ttcatggege
gggatgtgea
geccagatcet
gatcctgaaa
gagatcaaag
ctcgeggagg
cccaagaaac
gagaaggaga
agtgacgtca
cgggagagga
aaggecaggg
cagecccgege
ttgcegacca
accgtgtact
gcagegecegt
ccgcagagcec
gcccagecega
gttceceece
ctgaagccee
atgccceccega
ccggeectee
tctecageceg

62

gagcceeegg
cggacccceat
aggeggcegec
ggcgeactceg
tggccaccte
tcaagacggt
tgcaggaccg
tgaaaggect
agggcaagcg
acctgaageg
tgaagggect
gtgacaatat
ccactctgaa
ccgagatgta
tgetggagat
accgcaaggt
tcaaggagat
acctgectgag
aggaccacgg
tgaagggaaa
cgceggatga
agatcgtggce
tectggecege
gtecgeeggt
caccagagcc
gegecaccte
cagactcgca
ccecggeeea
tgececteget
cacccectgee
acctgccacc
tccagatgce
ttectgttgt
cagacctgce
tgatcttgece

agccecegeg
cgcageeget
taccgtgagg
ccgggacgag
tctggacgge
ctacaagggg
gaagctcacc
gcagcacccce
gtgcattgtg
gttcaaggtg
getgttectg
tttcatcace
aagagcgtca
cgaggagcac
ggccaccteg
cacctgtggt
tattggggag
ccacgectte
caggaagtcc
gcccaaggac
agtggcccaa
caagtccatc
getgeageee
gceeetgeag
cgaggagccg
cctggecteg
gagcagccag
gtgtgtgtge
gggggeetac
gcaggtectg
gtacctgget
acaggcgecce
gcccececcatce
gaccgcgact
gageceggacg

360
420

480

540

600

660

720

780

840

900

960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2404
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<400> 59

cccaagtttg
ccgaggacct
ccagaaatcc
tggacttgta
cgecggaagga
gggagegegg
gcteeteggg
tcgactgett
tgegggeate
ctgagcagag
ggatggatgt
aacccaagcce
cggeetgett
acctaatctt
agacgctgee
gtaagaagga
agcatcagca
ggcagttctt
ccacatggga
caicctgcta
agggeCcceee
ctaaccagaa
gcaaacctcce
tgcegggaat
aggaccacct
tcttgegetg
catttggeeg
actgcttcac
gagcgcacgt
agcagaatgt
cggatgttag
caaatcccca
cctgettege
tgattctget
cagccectge
agcagggetg
tcgtgcaaca
cagccatgag
ccgetgatee
cagegetggg
atgtgatgcce
aatttctcca
gttcattttt
agggtggctce

gggaagacag
aggacctgge
gaaggceegeg
cagcaccceg
gttcgtagag
gggeegecte
ccggggeaca
caagagctat
getggaatce
cgtgeetgeg
tagectggtg
acaagtctac
cacagagctg
gctggtgaag
cccggtetat
tgctttcage
cetgtgtgtt
gcagcggeag
cctggggaat
tgaccaccca
ccttccacgt
gacccetgaa
ctcatgcecca
ggccttggac
gaagccgage
ccteccatgag
gggcacagac
ggactacaag
agaatcctgg
geetgagget
cctgetgect
ggtctactca
agagetgegg
ggtgaagcac
ctctctgeee
caggcaggat
gcatcagcag
aatgcacctt
cacctggaac
gatgcaggcc
agcccteett
gececaaccge
gaaggaaaac
ttcagccaaa
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gaactgcagce
cagctgggeg
ccagagcecct
geecgetgege
aaggcgeggce
ggtgctgetg
geicteaagg
gtggaccaga
tggtggeaga
gcectgeagt
cctgectica
tctaccetee
cggaggaact
cactggtacc
gceetggaat
ctagccgaag
ttctggactg
cttaagagac
ggggeagecet
tgetttetga
gctggatget
aacagcaaga
gceteetggee
ctgtctcaga
ccecagttcee
aactgtgttc
ctaagggatg
gaccagggsgc
tggeaggace
ctgecagttcce
gcettegatg
aggctcctca
aggaacttca
tggtaccgee
ccagcctatg
tgtttcaaca
ctetgtgtct
cttggccage
gtggeccacg
tgetttetga
taccaaaccce
cagttecetgg
tgettcegga
ggcacagctc

gceecteece
tggttcggag
gettececett
tggacaggtt
gegetetggs
cceegegggt
gtggeigtga
gggeeegeeg
acccagtcece
tcegectgac
atgtcctggg
tcaacagtgg
ttgtgaacat
accaggtgtg
tgctgaccat
gcectecgaac
tcaactatgg
ccaggecetgt
ggeactggga
ggggeategg
caggtttggg
gcctcaatge
ccactggggce
tececcaccaa
aggagcaggt
acaaggccte
gctgteatgt
ccecgeegege
aggtgceccag
agctggtgte
ctgtggggea
ccagtggeteg
tgaacattcg
aggttgegge
ccctggaget
tggcecaagg
actggacggt
ttcgaaaacc
gtagctiggga
gtagagacgg
cagctgggga
cccaggtgaa
attctcccat
tgegaggeeg

63

gtttcacgee
agccgggegs
gcatctgege
cgtggecaga
cgeeectggee
gctgaaaact
ttctgaactt
tgcagagatc
tggtctgaga
atccgtagat
tcaggeegge
ctgccaaggg
tcgeeccagee
cctacagggsg
cttegectgg
tgtectggge
cttcgaggac
gatcctggac
tttgectagee
ggacccagtg
ccaccecate
tgtgtaccca
agccagcatc
ggagctggac
gaaaaaggcc
aagagtcagt
tgaactcatc
agagatcctt
cctgagecett
cacagcectg
gcteagttet
ccaggaggge
ccctgteaag
tcagaacaaa
ccteaccate
cttceggacg
caactatagc
cagaccccetg
getgtiggec
gacatctgtg
ccttgacaag
caaggccgtt
caaagtgatc
ctcagatgee

acgegeggea
gaaaacgaaa
cgggaggeea
aagctgcage
getgetetga
gtcaagggag
gteatcttce
ctcagtgaga
ctcacgttitc
cttgaggact
tceggegtea
ggcgageatg
aagttgaaga
ttgtggaagg
gagcagggcet
ctgatccaac
cctgecagttig
ccagctgacc
caggaggcag
cagtcttgga
cagctagace
agagcaggga
gtccectetg
cgetteatee
atcgacatca
aaagggggcet
atcttcctcea
gatgagatgc
cagtttcctg
aagagctgga
ggcaccaaac
gagcataagg
ctgaagaacc
ggaaaaggac
tttgeetggg
gtgctgggge
actgaggacc
gtcetggace
caggaagcag
cagecctggg
ticatcagtg
gataccatct
aaggtggtea
gacctcgtgg

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
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tgttccteag
ccgagatecg
aagtctccaa
tggaccagag
ctggctecag
gcgagtacte
agctgaagag
aggggagagg
agcagggecg
tggtcaccca
agactgtigg
cggetgacce
ctgcagectg
ggccagtgaa
gatggacacc
tgtacatgtg
ttagtgaatc
atccagactc
tctatcctca
ctectetetg
tcccattgge
atctcatctg
gttttaaaga
tggatgcagt
ggatatggaa
cctctgaget
gacacagaca
ttggatgeet
agtttacaca
ttttetetee
aacaaccgtg
aggaggctct
gaaaacagaa
aggctggagg
tgtagccgaa
gccatcactg
acaaacatcc
tttcttagea
atgattgaat
ctgttgegtg
aagccactga
aaaccactgt
ccctecattat
ctagaacctg
cagaggacag
ttggtgctga

ctgettcage
agcccagetg
atgggagaat
tgtggacttt
gcceagetet
cacctgectte
cetgatecegg
ctecctacce
gaaggactcc
gtaccgccag
agacttectg
gacaggcaac
cacatctgcee
ggetgetgtg
agccctcage
tgtgtgagea
tgctetecca
catggtttga
taccaccact
cccatgcaaa
ctctecttge
tcagccacag
atggccaatt
agaggaaagt
aaaagaaggt
cggttgetag
gagggagttg
cttcatgaga
tcttgatget
taacatgetg
ctcagectgt
cctgacctca
agcactctag
agcagaaggc
tcagaggcca
ccccacatgg
atcagggatg
gaatctaaat
gggtgecaag
gatgagggag
acatccctte
taaaacttac
tgtcattctt
ttctetgeeg
ggcttctaat
accaacgcta

EP 1

cagttcactg
gaggcatgtc
cceegegtge
gatgtgetge
caagtctacg
acagagctac
ctggtgaage
ccacagcacg
cagttcaaca
ctctgtatet
aaacagcagc
ctgggecaca
ctgtgctgea
tgaagttgag
atgaggaaat
catgtgtgca
gctcacacac
caccagcectg
getgetteee
ttagctcaca
caaatctaaa
tcatttggta
agctgagaag
ggtggtacaa
gcttgeaggt
caggagagca
ggacatgcat
ggccteettt
gtggctecagt
agattctgca
ttetectetge
agtccaacaa
gaatcttagg
agaggccacce
gagagcagcc
acaaaactgg
geccagetgee
tacagccaga
tgccaggges
tgggtctate
tctgciccac
ctgctaggaa
ggagagaggt
tctttggete
acctgtgcca
agggcacctt

306 431 A1

agcagggcaa
aacaggagcg
tgagettcetc
cagcctttga
tcgacctcat
aacgggactt
actggtacca
ggctggaact
tggctgageg
actggaccat
ttcagaagce
atgccecgetg
tgggacggaa
aaaatcagcg
tcagggtccee
tgtgtgtgea
tccectgect
cgtttgecage
acccagcetga
tetttectee
tactttatat
ctggetacct
aattatctaa
gtgccatgat
ttacagtgta
tgcccatatt
gctatgggga
tcttecacctt
ttgeettect
tceecacage
cctctagage
cagtgtccac
cagaaaggga
actggactat
actgctactg
agtcgagacc
agagctgegg
cctectggetg
cggagtcece
tcagaggaag
aggagtgtct
tgctagattg
gagcaaccaa
agcctacaga
tattgacagc
cttagactca

64

caagcgggece
gcagttcgag
actgacatcc
cgcecctagge
ccacagctac
catcatctct
gcagtgtacc
cctgactgtg
cttcegeacg
caactacaac
caggcectatc
ggacctgetg
tggcatceee
gtcctactgg
ctaccagatg
cacgtgtgea
cccatggett
ttetctgtea
gaatgcccece
tgctgeaatce
agggatggca
ggagceccttat
tcaattagtg
tgattagcaa
tatgtggget
ggcttacttt
ccctettgtt
ttatgctgea
gaatttttat
ctaaactgag
aaggcccacc
actagtcaag
ttttatctaa
tggtttcaat
ctaatgccac
taggttagat
gaagacggat
cagaggagtc
agcagatgca
gaacaggaaa
tagacagcct
aatgggatgg
gggaagctce
gactagagta
ctccatcect
cctcatcgat

gagatcatct
gtcaagtttg
cagacgatge
cagetggtcet
agcaatgegg
cgccectacca
aagatctcca
tatgeetggg
gtcectggage
gccaaggaca
atcctggate
gccaaggaag
atccagccat
atgaagagaa
agagagattg
tgtegtgtgtt
acacactagg
cttecatgac
tccteectga
cateccttce
gagagttcce
cttctgaagg
atgtctgeca
tgtctgeact
attgaagagc
gtctgecaca
ggacacctaa
ctectecect
tgggtceetg
ccagtggcca
aggtccatcc
gttcagccca
atcactggaa
attagaccac
cactacccct
tcctgeaace
cccacctecee
tgagacatgt
tcetggecat
caaagaaagg
gactctccac
gaagagcctt
tctgattcac
ggtgaaggga
gtcceccate
actgcctggt

2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140
4200
4260
4320
4380
4440
4500
4560

4620

4680
4740
4800
4860
4920
4980
5040
5100
5160
5220
5280
5340
5400
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aatccaaagc
gccacacaca
caagttgtce
gaagaccagg
ctcececegeaa
caggtgcatg
tctgaacagg
tggcatattg
gaaagacttg
caccctaaaa
ttatggaaaa
ggectagtet
cgetggtacg
agtagtaaaa
gectecttgg

‘accaagtcca

tgtgtgtgte
ctcteaccct
ggtgtctatt
attcatcata
gcagtcattc
ctgtgtattt

<210> 60
<211> 769
<212> DNA
<213> Homo

<220>

tagaactcte
tatccaagag
agcagcagag
tggcaggteg
aatggctcca
atacaaggag
ggtgtatttc
geeecactgt
actgcataaa
acacccacat
atacacacgc
tagccaatat
taaatagacc
agctaaatge
tggtaaaaga
gaactgaatc
tgtttaattt
tctaaagtgt
cataagactt
ataattccag
cccattccte
catctattge

sapiens

<221> polyA_site

222> (769)

<400> 60

gcgtcaagaa
aggaggaaag
gegtggactt
acctcatggt
tgegteggge
ggggggeceac
ggtttgecac
ggeggetget
acccceegege
acgtgectgga
agctagccaa
accgegtcac

cttcatcecetg
caagacgctg
catggtggac
gtacatgtac
agacttccac
tgaagggctc
cctggacgge
gatgctgcag
cttecggatg
tgeggagetg
gaagatcgge
cgeccactte

EP 1

aggaccccaa
ctcagggcca
tggeecetgge
cagttgggta
gaattagagt
aggttgtcat
attccaggec
aacttttggg
gatgtcagtt
atgctttteg
aatagctagg
taaaacatac
aatgcagtta
aatcaatcag
gggttgecatt
ctaagaaatg
ttaaaaagtt
acaattcagt
atatccagca
acattttcat
caacccattc
caacatttca

gcagccgacg
ageetggtgt
aatgcccage
ctgcecgaag
gtgggtgeee
agcaaaaagt
ggcatcggge
aacgcgctga
ctgcacgtgg
ctcaaccget
accacaccag
tagcceegtg

306 431 A1

actccaccte
gttctggtegg
ctgggcatca
cctticcatte
aattatgaga
ctgggtageg
ctcagtcttt
ggetteeegg
ctcecctgagt
atggaaccag
aaaacacagg
tatgaagcct
ggtggetett
caattgaaag
tcttgecagee
caggactgca
tttattgaga
ggtgtgagta
tattcataac
caccctaaaa
tctecctaat
tataaatgge

tcatgaagag
cgecgggatge
tggegttttct
ccaaggagag
acgtgaacac
cggtegtgtg
tgetgetgee
ccaccatget
accgecgeac
acctgtacct
acataatcct
gatgccgtca

65

ttggattgge
gcagcagaga
caagccagtg
ccaccacaca
tggtgggaac
cagagaggag
ggcaatggcce
tctageccaca
tgattgatag
ataagttgac
gaaagaagag
ctgatactta
tccaagactce
ctaagtgaga
agaaggcaga
aagaaattgg
tacaagtcaa
tattcataag
tagagccata
ggaaaccctg
ccctagaaac
atcatac

catttegetg
caagccectg
ggtgtctgac
tttcggegsc
gttctggagg
ggagaataag
catgcaggag
gccacaccac
cctccagaat
gagcaccatg
ggacgacttg
ccaccagceac

cctggetget 5460
cctgetetge 5520
atgctcctgg 5580
gactctggge 5640
cagagcaact 5700
gegcttgetca 5760
accctggtgt 5820
cccteggatg 5880
gcttaatggt 5940
gctaaagttc 6000
ttctgageag 6060
aacagcatgg 6120
tggggaaaaa 6180
gagccagagg 6240
gaaagtgaag 6300
tgtgtgtgtg 6360
taccataaag 6420
atttatactt 6480
tcacagatgc 6540
aaacccatta 6600
caccaatctg 6660

6707

ctgegetace 60
gaggtgtaca 120
cgecgacegea 180
atgegeectge 240
acccegtgee 300
cacatcacgt 360
aagacctacc 420
gceggectea 480
gcegtgegea 540
gagcgcageg 600
ctggagacgg 660
acggaactac 720
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cteccaccee ctttttgtac aaaacacaag gaaaaacatt ttttgettg

210> 61

<211> 2039
<212> DNA
<213> Homo

<220>

sapiens

<221> polyA_site
<222> (2039)

<400> 61

gagggccaca
ccgaggacag
gaggaggaca
cacgtgggcet
ctggaccagt
atgacagggce
agtggccagt
ggggacgtca
tccetggtgg
cagectegee
cccaacgeeg
ggccacgeeg
gcgtgggaac
ageetgeggg
gacctgtacc
atccccaage
tacaggggce
gtttcagget
aggactgttc
tgcetggteg
cggetggisg
cccttgeage
ctgegeatet
ctggeegteg
cgecegeagec
cctgeeegge
cgcecaggage
caccctgeag
ctggatcttt
gtggeettee
gtctgecatg
gtgctgaagg
acccagecegt

gtgggattaa
agatggcgag
tccggaacac
acgacctgga
tcctggacaa
gggacctgag

ttggggatgt
tgatccaccce
agaaggagaa
ggeceegaga
tgcteggeceg
agtcgtacaa
agcaggagcc
ccgtgeetge
tgtgcccacg
tgceteggee
acagtgacct
ctgacgacgg
ccgtggessg
ctgcageegt
cgggeageac
cggeecgetg
gccacgggaa
tgetggcecac
agagtccgtt
ccttcetgtt
tcaccaagaa
gtgacaacgt
ccaccaagcc
acccgeggta
gcatggtgta
gacacgtgcet
gggtcttete

aaagaccact
cgeceggatt
ggtgggcaac
tggcaggege
gatggacgat
actgacggat
gggettcaac
ggtgaccaac
ggtetetege
ccececaccece
ccacaagatg
cccacccect
aggcgagagsg
ctacggacgc
gcagcgcaag
gagggacctg
tgtceggtece
ctecetgegg
cgtggtgaag
ggaggactceg
agatcagctg
gctggaggece
gcecagtgacg
ccaaggccac
ccgeegeage
ggtggegtee
gctgatgeece
catctgtgge
atacaggatg
cccactettt
caatgacctt
gacccgagat
ctcgggggea

gaggagcagg
ggggatgagt
gtgccettgg
atctacaagc
cctgactact
gagcaggtgg
ccctatgage
cgeecggeeg
atggtgcacg
agcttctatg
cacgtacctg
gaatacctge
aagctgagct
ttcatccagg
atgagggtega
cageccttee
ctcagtgtct
ctctgggagg
agtgtggect
gtgectgetge
ttgagegect
tcagaggagsg
caggtgacct
acccaggtge
cacggacagg
cagcgeageg
aactgcaagt
agctacgata
ctgagacacc
gegtcagget
ctgcagaacc
ctgggagtge
gacgggactg

66

tgcaggccag
atgcggagga
agtggtacga
cectgeggac
ggecgeacegt
ccetggtgeg
cggetgtega
acaagcgcag
ccatcaagat
acctgtgggc
ctccecaaget
tcagcgagga
ttttgecacg
aacgcttega
atgtagaccc
ccacgtgeca
ctcctgeggs
tggccactge
ggaaccceag
tgaacccage
tcgtecegee
agcgecaagt
ggcacgggesg
tgattcacca
tgcagegagt
tcegecteta
gegigtccag
gcaagetggt
acaagaaggc
cggacgacgg
ccttgetggt
tggacgtcat
tcecgeetett

cactecttge
cagctctgat
tgacttccee
ccgggatgag
gcaggacccg
geggetgeag
cttcttcage
cttcatccce
gggetggate
ccaggaggac
ggeectgeca
ggagegettg
caagttcccg
gegetgectt
tgaggacctc
ggeeetggte
ccagtggetg
ccgetgtgte
cceegetgte
tctgggggac
tgaggagccce
gggeetgegg
tggggactac
gctgageegt
ggeettccac
ccacctgetg
cciggeggty
gtggtttgac
tctgegggcet
cagtgtcatc
geecgicaag
cttccaccce
cacctagctg

769

120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
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ttetgeetge ctggggetgg ggtggtegty ctgaagtcaa cagagecttt accctgtge 2039

<210> 62

{211> 1822
<212> DNA
<213> Homo

<220>

sapiens

<221> polyA_site
<222> (1822)

<400> 62

cggectgeag
ggcggtacec
acagtgtccce
geggegtaca
gacggetcca
tgcacagatg
aagaggtcca
gccaaaaccg
tttgtgatca
gcgeggegeag
ttgccaaagt
accagcccac
geececeaccet
acctctttct
attttgatge
tcetggeatt
tgctitccag
taccactgag
acacgtccat
caccticcatce
agaaggttag
tggecagtgec
ccttgtgaca
gggttcactt
gactgggaat
gctgegagga
caaagccctg
acaatcaaaa
atgagcacat
aaatctgtac
aaatgttttt

ctcgeaggeg
geegegetee
getgeggete
acctggtgeg
ccatcgtece
acgtceggtt
agtttgecet
ggacggacaa
gtgateggaa
ccaattacga
catctgeetg
cagggagaag
tccegettce
ttgatcttct
aaggtcctge
tctcttecac
agccegggece
gggcagetgg
tcectactaa
cggagttgcec
gtceggetea
tttgctgeac
cagagaaggg
caggggctec
ttaaggagag
tggettgage
ggctcacage
ggatcgtttt
ttgatatage
tgtattggga
tttgttttte

ccgegtagcece
catccccgcec
cgeggegatg
cgacgacggc
cggcgageag
gtttgectte
catcacgtgg
gaccetggtg
ggagetggag
cgeccagacg
ctcceeggrg
agaagccatg
cttagaaccc
ttttetittc
ctgccatcag
gcgacgaggt
tattttgcca
gccaggagcet
ggeceagacce
caagatgcat
gactgaataa
ggtctgaaac
caaaggtctt
caaagcgaca
ctgggaacgg
cgaagggttg
accccaaaag
gtttigtttt
tetttttetg
ttgtaaagaa
ag

gtcgccaceg
gceggeceagg
gccaccaaga
tcggeegtea
ggagcggagt
gtgegettea
atcggtgaga
aaggaggtcg
gaagatttca
gagtaaccce
gagaggaccg
agaggcagcg
tgeegtgtee
tcceceetett
atccgaggtg
ctgectagtg
tctcagtttt
gtgeceggtg
tcctggtate
gtcecagceata
gaagagataa
cacctgttce
gagcccagag
agatcgttag
atcccttagg
ctectgeeege
cctgtggett
taaagaaagg
tttttecttg
catctctgea

67

ccgecagece
ggegegeteg
tcgacaaaga
tctgggtgac
accagcactt
ccaccgggga
acgtcagegg
tacagaattt
tcaagagcga
agececcgee
ccggecteag
cccgeecaccee
tatctcatga
ttttgtteta
cctectgeag
agatctgeat
cctgggeect
cctgcagect
tgeeeceggge
ggcaggattg
aatttgcectt
caccctctig
ttgacggagg
ggagagaggc
ttcaggaagc
cgegetaget
cagtcctgeg
tgagattgge
ctcatttcgt
ctcagacagt

gtgecgeecete
gcegeeceegg
ggettgeegs
ttttaaatat
catccagceag
tgccatgage
getgeagege
cgctaaggag
gctgaagaag
acaccacccce
ctactagcce
tgtgtccaca
cgctcatgga
aagaaaagtc
tgaccecttt
gacctcacgt
geticetgtyg
tcataagcac
tcecteatee
ctcggtggts
aaaacttacc
accgaaattt
gagtatttca
ccagggtegge
ttctgtgeaa
gtgagctgag
tctgeaccac
ttggttettc
tttggggaag
ttacagaaat

60
120
180
240
300
360
420
480
540
600
660
720.
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1822
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Claims

1.

10.

1.

12.

13.

14.

A peptide consisting of an amino acid sequence selected from the group consisting of SEQ ID NO: 1 to SEQ ID
NO: 44 in the sequence listing.

A polypeptide consisting of an amino acid sequence selected from the group consisting of SEQ ID NO: 45 to SEQ
ID NO: 53 in the sequence listing.

A medicament comprising one or more of peptides or polypeptides selected from the peptides, which consist of
an amino acid sequence selected from the group consisting of SEQ ID NO: 1 to SEQ ID NO: 44 in the sequence
listing, and the polypeptides, which consist of the amino acid sequence selected from the group consisting of SEQ
ID NO: 45 to SEQ ID NO: 53 in the sequence listing.

An anti-cancer vaccine comprising one or more of peptides or polypeptides selected from the peptides, which
consist of an amino acid sequence selected from the group consisting of SEQ ID NO: 1 to SEQ ID NO: 44 in the
sequence listing, and the polypeptides, which consist of the amino acid sequence selected from the group con-
sisting of SEQ ID NO: 45 to SEQ ID NO: 53 in the sequence listing.

An anti-cancer vaccine comprising one or more of peptides or polypeptides selected from the peptides, which
consist of an amino acid sequence selected from the group consisting of SEQ ID NO: 1 to SEQ ID NO: 44 in the
sequence listing, and the polypeptides, which consist of the amino acid sequence selected from the group con-
sisting of SEQ ID NO: 45 to SEQ ID NO: 53 in the sequence listing, and used for treatment of pancreatic cancer,
colon cancer, or stomach cancer.

An inducer of cytotoxic T lymphocytes comprising one or more of peptides or polypeptides selected from the
peptides, which consist of an amino acid sequence selected from the group consisting of SEQ ID NO: 1 to SEQ
ID NO: 44 in the sequence listing, and the polypeptides, which consist of the amino acid sequence selected from
the group consisting of SEQ ID NO: 45 to SEQ ID NO: 53 in the sequence listing.

A method for inducing cytotoxic T lymphocytes, comprising using one or more of peptides or polypeptides selected
from the peptides, which consist of an amino acid sequence selected from the group consisting of SEQ ID NO: 1
to SEQ ID NO: 44 in the sequence listing, and the polypeptides, which consist of the amino acid sequence selected
from the group consisting of SEQ ID NO: 45 to SEQ ID NO: 53 in the sequence listing.

A polynucleotide encoding a peptide or polypeptide consisting of an amino acid sequence selected from the group
consisting of SEQ ID NO: 1 to SEQ ID NO: 53 in the sequence listing, or the complementary strand thereof.

A polynucleotide selected from the group consisting of SEQ ID NO: 54 to SEQ ID NO: 62 in the sequence listing,
or the complementary strand thereof.

A polynucleotide selected from the group consisting of SEQ ID NO: 54 to SEQ ID NO: 62 in the sequence listing,
or the complementary strand thereof, wherein a polypeptide encoded by the polynucleotide induces cytotoxic T
lymphocytes and/or is recognized by cytotoxic T lymphocytes.

A polynucleotide that hybridizes to the polynucleotide according to any of claims 8 to 10 under stringent conditions,
or the complementary strand thereof.

A recombinant vector comprising the polynucleotide according to any of claims 8 to 10 or the complementary
strand thereof, or a polynucleotide that hybridizes to said polynucleotide or the complementary strand thereof
under stringent conditions.

A recombinant expression vector comprising the polynucleotide according to any of claims 8 to 10 or the comple-
mentary strand thereof, or a polynucleotide that hybridizes to said polynucleotide or the complementary strand
thereof under stringent conditions.

A transformant transformed with a recombinant vector or a recombinant expression vector comprising the polynu-

cleotide according to any of claims 8 to 10 or the complementary strand thereof, or a polynucleotide that hybridizes
to said polynucleotide or the complementary strand thereof under stringent conditions.
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15. A method for producing the polypeptide according to claim 2 comprising a step of culturing a transformant trans-

16.

17.

18.

19.

20.

21.

22,

23.

24,

formed with a recombinant expression vector that comprises the polynucleotide according to any of claims 8 to 10
or the complementary strand thereof, or a polynucleotide that hybridizes to said polynucleotide or the complemen-
tary strand thereof under stringent conditions.

An antibody thatimmunologically recognizes the peptide according to claim 1 or the polypeptide according to claim
2.

A method for screening for a compound that enhances at least recognition of the peptide according to claim 1 or
the polypeptide according to claim 2 by HLA-A2-restricted cytotoxic T lymphocytes, by interacting with said peptide
or said polypeptide and/or HLA-A2, and/or a compound that enhances expression of the polynucleotide according
to any of claims 8 to 11 or the complementary strand thereof by interacting with said polynucleotide the comple-
mentary strand thereof, wherein the method comprises using at least one selected from a group consisting of the
peptide according to claim 1, the polypeptide according to claim 2, the polynucleotide according to any of claims
8 to 11 or the complementary strand thereof, the recombinant vector or a recombinant expression vector according
to claim 12 or claim 13, the transformant according to claim 14, and the antibody according to claim 16.

A compound obtained by a method of screening for a compound that enhances at least recognition of the peptide
according to claim 1 or the polypeptide according to claim 2 by HLA-A2-restricted cytotoxic T lymphocytes, by
interacting with said peptide or said polypeptide and/or HLA-A2, and/or a compound that enhances expression of
the polynucleotide according to any of claims 8 to 11 or the complementary strand thereof by interacting with said
polynucleotide the complementary strand thereof, wherein the method comprises using at least one selected from
a group consisting of the peptide according to claim 1, the polypeptide according to claim 2, the polynucleotide
according to any of claims 8 to 11 or the complementary strand thereof, the recombinant vector or a recombinant
expression vector according to claim 12 or claim 13, the transformant according to claim 14, and the antibody
according to claim 16.

A compound that enhances recognition of at least one of the peptide according to claim 1 or the polypeptide
according to claim 2 by HLA-A2-restricted cytotoxic T lymphocytes, or a compound that enhances the expression
of the polynucleotide according to any of claims 8 to 11 or the complementary strand thereof, by interacting the
same.

A pharmaceutical composition used for cancer treatment, comprising at least one selected from a group consisting
of the peptides according to claim 1, the polypeptides according to claim 2, the polynucleotides according to any
of claims 8 to 11 or the complementary strand thereof, the recombinant vectors or the recombinant expression
vectors according to claim 12 or claim 13, the transformants according to claim 14, the antibodies according to
claim 16, and the compounds according to claim 18 or claim 19.

Use of the medicament according to claim 3, the anti-cancer vaccine according to claim 4 or claim 5, the inducer
of the cytotoxic T lymphocytes according to claim 6, or the pharmaceutical composition according to claim 20 for
cancer disease.

A method for measuring quantitatively or qualitatively the peptide according to claim 1, the polypeptide according
to claim 2, or the polynucleotide according to any of claims 8 to 10.

A reagent kit used in a method for measuring quantitatively or qualitatively the peptide according to claim 1 or the
polypeptide according to claim 2 or the polynucleotide according to any of claims 8 to 10, wherein the kit comprises
at least one selected from a group consisting of the peptide according to claim 1, the polypeptide according to
claim 2, the polynucleotide according to any of claims 8 to 11 or the complementary strand thereof, and the antibody
according to claim 16.

Use of a reagent kit for a test of the cancer disease, wherein the reagent kit is used in a method for measuring
quantitatively or qualitatively the peptide according to claim 1 or the polypeptide according to claim 2 or the poly-
nucleotide according to any of claims 8 to 10, and comprises at least one selected from a group consisting of the
peptide according to claim 1, the polypeptide according to claim 2, the polynucleotide according to any of claims
8 to 11 or the complementary strand thereof, and the antibody according to claim 16.
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Figure 2
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Figure 5
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Figure 6

HNRPL 108-118
HNRPL 123-131
HNRPL 133-141
HNRPL 140-148
HNRPL 163-171
HNRPL 194-203
HNRPL 195-203
HNRPL 210-218
HNRPL. 224-232
HNRPL 393-402
HNRPL 394-402
HNRPL 404-412
HNRPL 443-451
HNRPL 459-457
HNRPL 501-610
HNRPL §02-510
HNRPL 579-588

GLIDGVVEA
QEFGPISYV
VMPKKRQAL
ALVEFEDVL
YIAGHPAFV
VLLFTILNP)
LLFTILNPI
VLYTICNPC
IVIFRKNGV
KMNCDRVFNV
MNCDRVFNV
CLYGNVEKV
FMFGQKLNV
IMPGQSYGL
NVLHFFNAPL
VLHFFNAPL
KLCFSTAQHA

EP 1 306 431 A1

S C R 1 TR LT I R R SR HER 40 06E0AE

J oxcie

OK-CTL clone
1-2-D12

I } ] ] )

0 25 50 75 100

Interferon— 7 production (pg/ml)

75

128 .



Figure 7
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Figure 9
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Figure 20
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