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Description

Technical Field

[0001] The present invention relates to a WT1 helper peptide, a polynucleotide encoding the peptide, WT1-specific
helper T cells induced by the peptide, a pharmaceutical composition for treating/preventing cancer comprising them and
the like.

Background Art

[0002] The WT1 gene (Wilms’ tumor 1 gene) is a gene identified as a causative gene of a Wilms’ tumor which is a
kidney cancer in childhood (Non-Patent Documents 1 and 2), and is a transcription factor having a zinc finger structure.
At first, the WT1 gene was considered to be a cancer suppressor gene. However, subsequent investigation showed that
the above gene rather serves as a cancer gene in hematopoietic organ tumors and solid cancers (Non-Patent Documents
3 to 6).
[0003] Since the WT1 gene is highly expressed in many malignant tumors, a WT1 gene product which is a self-protein
having no mutation has been verified for existence or non-existence of immunogenicity in vivo. As a result, it has been
shown that a protein derived from the WT1 gene highly expressed in tumor cells is fragmented by intracellular processing
and the resulting peptide forms a complex with an MHC class I molecule which is displayed on the cell surface, and that
cytotoxic T cells (hereinafter also referred to as CTLs) recognizing such a complex can be induced by WT1 peptide
vaccination (Non-Patent Documents 7 to 9). It has also been shown that mice immunized with a WT1 peptide or a WT1
cDNA reject implanted WT1 gene-expressing tumor cells in a high rate (Non-Patent Documents 7 and 10) but normal
tissues endogenously expressing the WT1 gene are not damaged by induced CTLs (Non-Patent Document 7). Here-
tofore, it has been strongly suggested that it is possible to induce WT1-specific CTLs in not only mice but also human,
and that such CTLs have a cytotoxic activity against tumor cells highly expressing the WT1 gene, but have no cytotoxic
activity against normal cells endogenously expressing the WT1 gene (Non-Patent Documents 7 and 10 to 14).
[0004] On the other hand, it is reported that the presence of helper T cells specific to a cancer antigen is important in
order to induce the CTLs effectively (Non-Patent Document 15). The helper T cells (CD4-positive T cells) are induced,
proliferated, and activated by recognizing a complex of an MHC class II molecule with an antigen peptide on antigen
presenting cells. Activated helper T cells produce cytokines such as IL-2, IL-4, IL-5, IL-6, or an interferon (IFN), and
promote proliferation, differentiation and maturation of B cells and other subsets of T cells. Thus, it is considered that
an antigen peptide binding to an MHC class II molecule effectively activates CTLs and others through induction of helper
T cells and enhances an immune function (Non-Patent Document 16). Heretofore, only an antigen peptide binding to
HLA-DRB1*0401 and HLA-DRB1*0405 of an MHC class II molecule has been reported with respect to WT1 (Non-Patent
Document 17 and Patent Document 1), and it was necessary to find antigen peptides to other subtypes.

Prior Art Documents

Non-patent Documents

[0005]

Patent Document 1: International Publication No. WO 2005/045027

Non-Patent Documents:

[0006]

Non-Patent Document 1: Daniel A. Haber et al., Cell. 1990 Jun 29; 61(7): 1257-69.
Non-Patent Document 2: Call KM et al., Cell. 1990 Feb 9; 60(3) : 509-20.
Non-Patent Document 3: Menke AL et al., Int Rev Cytol. 1998; 181: 151-212. Review.
Non-Patent Document 4: Yamagami T et al., Blood. 1996 Apr 1; 87(7): 2878-84.
Non-Patent Document 5: Inoue K et al., Blood. 1998 Apr 15; 91(8): 2969-76.
Non-Patent Document 6: Tsuboi A et al., Leuk Res. 1999 May; 23(5): 499-505.
Non-Patent Document 7: Oka Y et al., J Immunol. 2000 Feb 15; 164(4): 1873-80.
Non-Patent Document 8: Melief CJ et al., Immunol Rev. 1995 Jun; 145: 167-77.
Non-Patent Document 9: Ritz J, J Clin Oncol. 1994 Feb; 12(2): 237-8.
Non-Patent Document 10: Tsuboi A et al., J Clin Immunol. 2000 May; 20(3): 195-202.
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Non-Patent Document 11: Oka Y et al., Immunogenetics. 2000 Feb; 51(2): 99-107.
Non-Patent Document 12: Ohminami H et al., Blood. 2000 Jan 1; 95(1): 286-93.
Non-Patent Document 13: Gao L et al., Blood. 2000 Apr 1; 95(7): 2198-203.
Non-Patent Document 14: Ohminami H et al., Blood. 2000 Jan 1; 95(1): 286-93.
Non-Patent Document 15: Cancer. Res. 62: 6438, 2002
Non-Patent Document 16: J. Immunol. Immunother., 24: 195, 2001
Non-Patent Document 17: Cancer. Immunol. Immunother. 51: 271, 2002

[0007] WO2005/045027 discloses WT1 tumour derived peptides binding MHC class II with the sequence KRYFKLSH-
LQMHSRKH. Cancer Immunol Immunother, vol, 51, 2002, 271-281 discloses WT1 tumour derived peptides binding
MHC class II with the sequence PQQMGSDVRDLNALL.

Disclosure of the Invention

Problems to be Solved by the Invention

[0008] Accordingly, an object to be achieved by the present invention is to provide a peptide inducing WT1-specific
helper T cells by binding to various MHC class II molecules, a polynucleotide encoding the peptide, WT1 helper T cells
induced by the peptide, and a pharmaceutical composition for treating/preventing cancer comprising them.

Means for Solving the Problems

[0009] The present inventors have intensively studied to achieve the above object. As a result, they has found that a
peptide having a portion of a sequence of contiguous amino acids encoding a WT1 protein functions as a cancer antigen
helper peptide, in other words, the peptide is displayed on antigen presenting cells by binding to an MHC class II molecule
and induces WT1-specific helper T cells, and showed that the peptide can be used in a pharmaceutical composition for
treating/preventing cancer.
[0010] Thus, the present invention provides:

1. A peptide which consists of an amino acid sequence consisting of contiguous amino acids derived from a WT1
protein and induces WT1-specific helper T cells by binding to an MHC class II molecule, wherein the amino acid
sequence is selected from:

(a) the amino acid sequence depicted in SEQ ID NO:3;
(b) the amino acid sequence depicted in SEQ ID NO:4;
(c) the amino acid sequence depicted in SEQ ID NO:5; and
(d) an amino acid sequence in which one amino acid only is substituted, deleted or added in the amino acid
sequences depicted in (a) to (c).

2. The peptide according to 1, wherein the amino acid sequence is the amino acid sequence depicted in SEQ ID NO:3.

3. The peptide according to 1 or 2, wherein

(i) the MHC class II molecule is selected from DRB1*0101, DRB1*0405, DRB1*0802, DRB1*0803, DRB1*0901,
DRB1*1201, DRB1*1403, DRB1*1501, DRB1*1502, DPB1*0201, DPB1*0202, DPB1*0402, DPB1*0501,
DPB1*0901, DQB1*0301, DQB1*0302, DQB1*0401, DQB1*0501, DQB1*0601, DQB1*0602, and DRB5*0102;
or
(ii) the MHC class II molecule is selected from DRB1*0101, DRB1*0405, DRB1*1502, DPB1*0201, DPB1*0202,
and DQB1*0601.

4. A polynucleotide encoding the peptide according to any one of 1 to 3.

5. An expression vector comprising the polynucleotide according to 4.

6. An antibody against the peptide according to any one of 1 to 3.

7. A pharmaceutical composition for use in a method of treating or preventing cancer, comprising the peptide
according to any one of 1 to 3, the polynucleotide according to 4, or the vector according to 5.



EP 2 423 310 B1

5

5

10

15

20

25

30

35

40

45

50

55

8. A peptide according to any one of 1 to 3, a polynucleotide according to 4, or a vector according to 5, for use in a
method of treating or preventing cancer.

9. Antigen presenting cells which display the peptide according to any one of 1 to 3 through the MHC class II molecule
according to 3.

10. A method for inducing antigen presenting cells, which comprises culturing immature antigen presenting cells in
the presence of the peptide according to any one of 1 to 3, and inducing antigen presenting cells, which display the
peptide through the MHC class II molecule according to 3, from the immature antigen presenting cells.

11. WT1-Specific helper T cells which are induced by the peptide according to any one of 1 to 3.

12. A method for inducing WT1-specific helper T cells, which comprises culturing peripheral blood mononuclear
cells in the presence of the peptide according to any one of 1 to 3, and inducing WT1-specific helper T cells from
the peripheral blood mononuclear cells.

13. A kit for inducing WT1-specific helper T cells, comprising, as an essential ingredient, the peptide according to
any one of 1 to 3.

14. A kit for preventing or treating cancer, comprising, as an essential ingredient, the peptide according to any one
of 1 to 3, the polynucleotide according to 4, or the vector according to 5.

15. A method for determining the presence or amount of WT1-specific helper T cells in a subject having the MHC
class II molecule according to 3, said method comprising the steps of:

(a) reacting the peptide according to any one of 1 to 3 with a sample derived from the subject; and then
(b) determining the presence or amount of a cytokine contained in the sample.

Effects of the Invention

[0011] According to the present invention, it is possible to obtain WT1 helper peptides which bind to many types of
MHC class II molecules such as DRB1*0101, DRB1*0405, DRB1*0802, DRB1*0803, DRB1*0901, DRB1*1201,
DRB1*1403, DRB1*1501, DRB1*1502, DPB1*0201, DPB1*0202, DPB1*0402, DPB1*0501, DPB1*0901, DQB1*0301,
DQB1*0302, DQB1*0401, DQB1*0501, DQB1*0601, DQB1*0602, and DRB5*0102. A pharmaceutical composition for
treating/preventing cancer including them and the like may be provided. It becomes possible to induce WT1-specific
helper T cells in vivo and in vitro in various subjects (in particular, most Japanese have the above molecules). Since
WT1-specific helper T cells are induced by the present invention, it is also possible to activate T cells and B cells
effectively in cancer highly expressing the WT1.

Brief Description of the Drawings

[0012]

Fig. 1 shows the results obtained by measuring cell proliferation after stimulating each peptide-specific T cell line,
which was prepared by pulsing with each of three peptides (mWT135, mWT186, and mWT1294), with each peptide.
In the drawing, the symbol "-" shows no peptide stimulation.
Fig. 2 shows the results obtained by measuring cell proliferation after stimulating each peptide-specific T cell line,
which was prepared by pulsing with three peptides (mWT135, mWT186, and mWT1294), with each , corresponding
peptide in the presence of an anti-MHC class I or II antibody. In the drawing, the symbol "-" shows no peptide
stimulation. The symbol "cpm" in the ordinate shows counts per minute.
Fig. 3 shows the results obtained by measuring cell proliferation of each WT1 peptide-specific T cell line in response
to C1498 cells, C1498 cells pulsed with three peptides (mWT135, mWT186, and mWT1294), as well as C1498 cells
having forced expression of a WT1 protein. The symbol "cpm" in the ordinate shows counts per minute.
Fig. 4 shows the results obtained by measuring an IFN-γ producing ability in each peptide-specific T cell line prepared
by pulsing with three peptides (mWT135, mWT186, and mWT1294).
Fig. 5 shows the results obtained by measuring a CTL cytotoxic activity of three peptides (mWT135, mWT186, and
mWT1294). d shows the results of experiments carried out using RMAS cells pulsed with a WT1126 peptide (MHC
class I-restricted peptide). s shows the results of experiments carried out using control RMAS cells.
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Fig. 6 shows a time-series schematic drawing when carrying out tumor implantation and immunization in a tumor
implantation experiment. Immunization with an mWT135 helper peptide was carried out on the 7th, 14th and 21st
days after subcutaneous implantation of WT1-expressing leukemia cells to mice, and dissection was carried out on
the 29th day. Downward white arrows show time points at which a control (PBS) was intradermally administered
(IFA/30 ml). Downward black arrows show time points at which an mWT135 helper peptide was intradermally ad-
ministered (50 mM/IFA/30 ml).
Fig. 7 shows tumor sizes in mice immunized with an mWT135 helper peptide and a proportion of disease-free mouse
populations. In mice immunized with an mWT135 helper peptide, 4 of 10 mice were disease-free. On the other hand,
in mice immunized with a control, there was no disease-free mouse in 9 mice.
Fig. 8 shows a disease-free survival rate in mice immunized with an mWT135 helper peptide.
Fig. 9 shows cytotoxic activity of CTLs in mice immunized with an mWT135 helper peptide. • shows the results of
experiments carried out using RMAS cells pulsed with an mWT1126 peptide (MHC I peptide). s shows the results
of experiments carried out using control RMAS cells. The numerical in parenthesis represents a tumor size (mm).
Fig. 10 shows cytotoxic activity of mWT1-specific CTLs in control mice. d shows the results of experiments carried
out using RMAS cells pulsed with an mWT1126 peptide (MHC I peptide). s shows the results of experiments carried
out using control RMAS cells. The numeral in parenthesis represents a tumor size (mm).
Fig. 11 shows cytotoxic activity of mWT1126 peptide-specific CTLs (left) and a proportion of WT1126 tetramer-positive
T cells (right) when an mWT135 peptide was administered.
Fig. 12 shows the results obtained by measuring cell proliferation by WT135 peptide stimulation in peripheral blood
mononuclear cells of each healthy subject having MHC class II molecules.
Fig. 13 shows the results obtained by measuring cell proliferation when a Responder [PBMCs derived from a
DRB1*0101/0405-, DPB1*0201/0402-, and DQB1*0401/0501-positive healthy subject (healthy subject A)] was treat-
ed with a Stimulator [PBMCs derived from a DRB1*0405/0901-, DPB1*0201/0501-, and DQB1*0303/0401-positive
healthy subject (healthy subject B)]. The ordinate shows the amount of 3H-thymidine incorporated (cpm). The ab-
scissa shows the types of various antibodies added (no antibody, anti-HLA-DR antibody, anti-HLA-DP antibody,
and anti-HLA-DQ antibody).
Fig. 14 shows the results obtained by measuring cell proliferation when a Responder [PBMCs derived from a
DRB1*0101/0405-, DPB1*0201/0402-, and DQB1*0401/0501-positive healthy subject (healthy subject A)] was treat-
ed with a Stimulator [PBMCs derived from a DRB1*0405/0803-, DPB1*0202/0501-, and DQB1*0401/0601-positive
healthy subject (healthy subject G)]. The ordinate shows the amount of 3H-thymidine incorporated (cpm). The
abscissa shows the types of various antibodies added (no antibody, anti-HLA-DR antibody, anti-HLA-DP antibody,
and anti-HLA-DQ antibody).
Fig. 15 shows the results obtained by measuring cell proliferation when a Responder [PBMCs derived from a healthy
subject having DRB1*0101/0405, DPB1*0201/0402, and DQB1*0401/0501 (healthy subject A)] was treated with a
Stimulator [PBMCs derived from a DRB1*0101/0803-, DPB1*0501/-, and DQB1*0501/0601-positive healthy subject
(healthy subject H)]. The ordinate shows the amount of 3H-thymidine incorporated (cpm). The abscissa shows the
types of various antibodies added (no antibody, anti-HLA-DR antibody, anti-HLA-DP antibody, and anti-HLA-DQ
antibody).
Fig. 16 shows the results obtained by measuring an IFN-γ producing ability when a Responder [PBMCs derived
from a DRB1*0405/0803-, DPB1*0202/0501-, and DQB1*0401/0601-positive healthy subject (healthy subject G)]
was treated with a Stimulator (L cells having a DQB1*0601 gene introduced). The ordinate shows a proportion of
an amount of IFN-γ in T cells. The abscissa shows the presence or absence (+ or -) of a pulse with a WT135 peptide.
Fig. 17 shows the results obtained by measuring cell proliferation when a Responder [PBMCs derived from a
DRB1*1502/1502-, DPB1*0201/0901-, and DQB1*0601/0601-positive healthy subject (healthy subject D)] was treat-
ed with a Stimulator (PBMCs derived from the same healthy subject as in the Responder). The ordinate shows the
amount of 3H-thymidine incorporated (cpm). The abscissa shows the types of various antibodies added (no antibody,
anti-HLA-DR antibody, anti-HLA-DP antibody, and anti-HLA-DQ antibody).
Fig. 18 shows the results obtained by measuring an IFN-γ producing ability when a Responder [PBMCs derived
from a DRB1*0101/1501-, DPB1*0201/0402-, and DQB1*0501/0602-positive healthy subject (healthy subject I)]
was treated with a Stimulator (PBMCs derived from the same healthy subject as in the Responder). The ordinate
shows a proportion of an amount of IFN-γ in T cells. The abscissa shows the presence or absence (+ or -) of a pulse
with a WT135 peptide.

[0013] The present disclosure relates to a peptide having an amino acid sequence consisting of amino acids derived
from a mouse or human WT1 protein. The WT1 gene is highly expressed, for example, in hematopoietic organ tumors
such as leukemia; myelodysplastic syndrome, multiple myeloma, and malignant lymphoma; solid cancers such as stom-
ach cancer, bowel cancer, lung cancer, breast cancer, germ-cell cancer, liver cancer, skin cancer, bladder cancer,
prostate cancer, uterus cancer, cervical cancer, and ovary cancer. Disclosed peptides may be present in cancer cells
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expressing the WT1 gene in a large amount.
[0014] A peptide of the disclosure is a peptide which has an amino acid sequence consisting of contiguous amino
acids derived from the human WT1 protein depicted in SEQ ID NO:2, retains an ability to bind to the MHC class II
molecules as shown below, and has an ability to induce WT1-specific helper T cells. There is no particular limitation on
the amino acid sequence and length of the peptide as long as the peptide has the above features. However, too long
peptide is susceptible to a protease action, and too short peptide can not bind to a peptide accommodating groove well.
The length of the peptide is preferably 10 to 25 amino acids, more preferably 15 to 21 amino acids, further preferably
16 to 20 amino acids, for example, of 17 amino acids, 18 amino acids, or 19 amino acids. Specific examples of the
peptide of the present invention are those having the amino acid sequence depicted in SEQ ID NO:3; the amino acid
sequence depicted in SEQ ID NO:4; and the amino acid sequence depicted in SEQ ID NO:5.
[0015] Also, the peptide of the present disclosure includes variants of the above peptides. The variants may contain,
for example, a peptide selected from the group consisting of peptides having an amino acid sequence which has sub-
stitution, deletion or addition of several amino acids, for example, 1 to 9, preferably 1 to 5, 1 to 4, 1 to 3, more preferably
1 to 2 amino acids, further preferably one amino acid in one of the above amino acid sequences. Substitution of amino
acids in peptides may be carried out at any positions and with any types of amino acids. Conservative amino acid
substitution is preferred. For example, a Glu residue may be substituted with an Asp residue, a Phe residue with a Tyr
residue, a Leu residue with an Ile residue, an Ala residue with a Ser residue, and a His residue with an Arg residue.
Addition or deletion of amino acids may be carried out preferably at the N-terminus and the C-terminus in peptides, but
may be carried out in an interior sequence. A preferred specific example of the peptide of the disclosure has the sequence
of SEQ ID NO:3. In this regard, all the above peptides must retain an ability to bind to an MHC class II molecule and
have an ability to induce WT1-specific helper T cells.
[0016] In this connection, the MHC class II molecule to which the peptide of the disclosure binds may belong to any
subclass of HLA-DR, HLA-DQ, and HLA-DP. Preferably, the MHC class II molecule is one selected from the group
consisting of DRB1*0101, DRB1*0405, DRB1*0802, DRB1*0803, DRB1*0901, DRB1*1201, DRB1*1403, DRB1*1501,
DRB3*1502, DPB1*0201, DPB1*0202, DPB1*0402, DPB1*0501, DPB1*0901, DQB1*0301, DQB1*0302, DQB1*0401,
DQB1*0501, DQB1*0601, DQB1*0602, and DRB5*0102. More preferably, the MHC class II molecule is DRB1*0101,
DRB1*0405, DRB1*1403, DRB1*1502, DPB1*0201, DPB1*0202, DPB1*0901, DQB1*0301, DQB1*0601 or DRB5*0102,
and most preferably, DRB1*0101, DRB1*0405, DRB1*1502, DPB1*0201, DPB1*0202, or DQB1*0601. In the present
specification, a peptide which retains an ability to bind to an MHC class II molecule and has an ability to induce WT1-
specific helper T cells is referred to as a WT1 helper peptide. Also, in the Examples described below, a peptide having
the amino acid sequence depicted in SEQ ID NO:3 is referred to as a WT135 peptide, WT135 helper peptide or WT135
peptide.
[0017] Also, the peptide of the disclosure may be a peptide having an amino acid sequence consisting of contiguous
amino acids derived from the mouse WT1 protein depicted in SEQ ID NO:1, and the above amino acid sequence may
be a peptide (SEQ ID NO:6) in which an amino acid residue at position 9 in the amino acid sequence depicted in SEQ
ID NO:4 is substituted with leucine; or a peptide (SEQ ID NO:7) in which an amino acid residue at position 11 in the
amino acid sequence depicted in SEQ ID NO:5 is substituted with serine. Moreover, the peptide of the disclosure may
contain a peptide selected from the group consisting of peptides having an amino acid sequence which has substitution,
deletion or addition of several amino acids, for example, 1 to 9, preferably 1 to 5, 1 to 4, 1 to 3, more preferably 1 to 2
amino acids, further preferably one amino acid in the amino acid sequence depicted in SEQ ID NO:6 or SEQ ID NO:7.
In the Examples described below, a peptide having the amino acid sequence depicted in SEQ ID NO:6 is also referred
to as an mWT186 peptide or an mWT186 helper peptide, and a peptide having the amino acid sequence depicted in SEQ
ID NO:7 as an mWT1294 peptide or an mWT1294 helper peptide.
[0018] The peptide of the disclosure may be derived from a WT1 protein, and may consist of the above sequence of
contiguous amino acids or comprise the sequence. Thus, the peptide of the disclosure may be, for example, a peptide
consisting of the above amino acid sequence itself, or a WT1 protein comprising the above amino acid sequence or a
portion thereof. Also, the peptide of the disclosure may be that obtained by modification of the above amino acid sequence.
Amino acid residues in the above amino acid sequence can be modified by a known method. Such modification may
be, for example, esterification, alkylation, halogenation, phosphorylation, sulfonation, amidation and the like on a func-
tional group in a side chain of an amino acid residue constituting a peptide. Also, it is possible to bind various substances
to the N-terminus and/or C-terminus of a peptide containing the above amino acid sequence. For example, an amino
acid, a peptide, an analog thereof and the like may be bound to the peptide. In case these substances are bound to the
peptide of the disclosure they may be treated, for example, by an enzyme in vivo and the like or by a process such as
intracellular processing so as to finally generate a peptide consisting of the above amino acid sequence, which is
displayed on cell surface as a complex with an MHC class II molecule, thereby being able to obtain an induction effect
of helper T cells. These substances may be those regulating solubility of the peptide of the present invention, those
improving stability of the peptide such as protease resistance, those allowing specific delivery of the peptide of the
disclosure, for example, to a given tissue or organ, or those having an enhancing action of an uptake efficiency of antigen
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presenting cells or other action. Also, these substances may be those increasing an ability to induce CTLs, for example,
helper peptides other than the peptide of the disclosure.
[0019] The modification of the peptide of the disclosure may be modification of an amino group on an N-terminal amino
acid or of a carboxyl group on a C-terminal amino acid of the peptide. Modifying groups of an amino group on an N-
terminal amino acid include, for example, one to three alkyl groups having 1 to 6 carbon atoms, phenyl groups, cycloalkyl
groups, and acyl groups. Specific examples of the acyl group include an alkanoyl group having 1 to 6 carbon atoms, an
alkanoyl group having 1 to 6 carbon atoms substituted with a phenyl group, a carbonyl group substituted with a cycloalkyl
group having 5 to 7 carbon atoms, an alkylsulfonyl group having 1 to 6 carbon atoms, a phenylsulfonyl group, an
alkoxycarbonyl group having 2 to 6 carbon atoms, an alkoxycarbonyl group substituted with a phenyl group, a carbonyl
group substituted with a cycloalkoxy group having 5 to 7 carbon atoms, a phenoxycarbonyl group and the like. Peptides
having modification of a carboxyl group on a C-terminal amino acid include, for example, esterified and amidated peptides.
Specific examples of the ester include an alkyl ester having 1 to 6 carbon atoms, an alkyl ester having 0 to 6 carbon
atoms substituted with a phenyl group, a cycloalkyl ester having 5 to 7 carbon atoms and the like, and specific examples
of the amide include an amide, an amide substituted with one or two alkyl groups having 1 to 6 carbon atoms, an amide
substituted with one or two alkyl groups having 0 to 6 carbon atoms substituted with a phenyl group, an amide forming
a 5- to 7-membered azacycloalkane including a nitrogen atom of the amide group, and the like.
[0020] Also, the modification of the peptide of the disclosure may be carried out by binding amino acid residues to
each other through a bond other than a peptide bond such as a carbon-carbon bond, a carbon-nitrogen bond, and a
carbon-sulfur bond. Moreover, the peptide of the disclosure may contain one or more D-amino acids.
[0021] The above-mentioned peptides, variant peptides and modified peptides according to the disclosure are illus-
trative only, and those skilled in the art can easily assume, prepare, evaluate and use other variations of the above
peptides.
[0022] The peptide of the disclosure can be synthesized using a method routinely used in the art or a modified method
thereof. Such a synthesis method is disclosed, for example, in Peptide Synthesis, Interscience, New York, 1966; The
Proteins, Vol. 2, Academic Press Inc., New York, 1976; Peptide Synthesis, Maruzen Co., Ltd., 1975; Basis and Exper-
iments of Peptide Synthesis, Maruzen Co., Ltd., 1985; Development of Medicines (continuation), Vol. 14, Peptide Syn-
thesis, Hirokawa Shoten Co., 1991 and the like. Also, the peptide of the disclosure can be prepared using a genetic
engineering technique on the basis of information of a nucleotide sequence encoding the peptide of the disclosure. Such
a genetic engineering technique is well known to those skilled in the art. Such a technique can be conducted according
to a method described in literatures [Molecular Cloning, T. Maniatis et al., CSH Laboratory (1983); DNA Cloning, DM.
Glover, IRL PRESS (1985)] as described above or a method described below, and other methods.
[0023] It is possible to determine whether the peptide of the disclosure or a candidate peptide thereof binds to the
above MHC class II molecule and induces helper T cells, by a known method such as, for example, a method described
in Cancer Immunol. Immunother. 51:271 (2002), or a method described in the Examples of the present specification,
and other methods.
[0024] Since the peptide of the disclosure activates helper T cells (CD4-positive T cells), the peptide induces and
maintains differentiation of CTLs and exerts an action of activating effector cells such as macrophages. Accordingly, it
is possible to use the peptide of the disclosure for effective treatment or prevention of cancer.
[0025] In another aspect, the present disclosure relates to a polynucleotide encoding a WT1 helper peptide (hereinafter
also referred to as a WT1 polynucleotide). The polynucleotide may be a DNA or an RNA. The base sequence of the
polynucleotide can be determined on the basis of the amino acid sequence of the above WT1 helper peptide. The
polynucleotide can be prepared, for example, by a method for DNA or RNA synthesis, a PCR method and the like.
[0026] The polynucleotide includes a polynucleotide which hybridizes with a complementary sequence of a polynu-
cleotide encoding the peptide of the disclosure under a stringent condition and encodes a peptide having an activity
comparable to that of the peptide of the disclosure. As to the term "hybridize under a stringent condition", hybridization
used herein can be carried out according to a conventional method described, for example, in Molecular Cloning, 2nd
edition, Sambrook J., Frisch E. F., Maniatis T., Cold Spring Harbor Laboratory press and the like. Also, the "stringent
condition" includes, for example, a condition wherein a hybrid is formed in a solution containing 6 3 SSC (10 3 SSC is
a solution containing 1.5 M NaCl and 0.15 M trisodium citrate) and 50% formamide at 45°C and then washed with 2 3
SSC at 50°C (Molecular Biology, John Wiley & Sons, N.Y. (1989), 6.3.1-6.3.6) and the like.
[0027] In still another aspect, the disclosure relates to an expression vector comprising a polynucleotide (hereinafter
also referred to as a WT1 expression vector). The type of expression vectors, other sequences contained in addition to
the above polynucleotide sequence and the like can be appropriately selected depending on the type of hosts into which
the expression vectors are introduced, the purpose of the introduction and the like. Examples of the expression vector
include plasmids, phage vectors, virus vectors and the like. In case the host is Escherichia coli cells, examples of the
vector include plasmid vectors such as pUC118, pUC119, pBR322, and pCR3, as well as phage vectors such as λZAPII,
and λgt11. In case the host is yeast cells, examples of the vector include pYES2, pYEUra3 and the like. In case the host
is insect cells, examples of the vector pAcSGHisNT-A and the like. In case the host is animal cells, examples of the
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vector include plasmid vectors such as pKCR, pCDM8, pGL2, pcDNA3.1, pRc/RSV, and pRc/CMV, virus vectors such
as a retrovirus vector, an adenovirus vector, and an adeno-associated virus vector. The vector may optionally contain
factors such as an expression-inducible promoter, a gene encoding a signal sequence, a marker gene for selection, and
a terminator. Also, a sequence expressed as a fusion protein with thioredoxin, a His tag, GST (glutathione S-transferase)
and the like may be added to the vector for easy isolation and purification. In this case, it is possible to use a GST-fused
protein vector (pGEX4T, etc.) having a suitable promoter (lac, tac, trc, trp, CMV, SV40 early promoter, etc.) functional
in host cells, a vector (pcDNA3.1/Myc-His, etc.) having a tag sequence such as Myc and His, and also a vector (pET32a)
expressing a fusion protein with thioredoxin and a His tag and the like.
[0028] When the expression vector is administered to a subject to produce a WT1 helper peptide in vivo, WT1-specific
helper T cells induced by the peptide produce various cytokines (for example, IL-2, IL-4, IL-5, IL-6, or an interferon (IFN),
etc.), and promote proliferation, differentiation and maturation of B cells and other T cells. Accordingly, tumor cells which
have an MHC class I molecule and highly express WT1 can be damaged specifically using the WT1 expression vector.
[0029] In another aspect, the disclosure relates to an antibody against a WT1 helper peptide (hereinafter also referred
to as a WT1 antibody). The antibody may be either of a polyclonal antibody or a monoclonal antibody. A method for
preparing such an antibody is already known, and the antibody of the present invention can be prepared according to
such a conventional method as well (Current protocols in Molecular Biology, Ausubel et al. (ed.), 1987, John Wiley and
Sons (pub.), Section 11.12-11.13, Antibodies; A Laboratory Manual, Lane, H. D. et al. (ed.), Cold Spring Harber Laboratory
Press (pub.), New York, 1989).
[0030] The present invention relates to a pharmaceutical composition for treating or preventing cancer, comprising a
WT1 helper peptide, WT1 polynucleotide, or WT1 expression vector. The WT1 gene is highly expressed, for example,
in hematopoietic organ tumors such as leukemia, myelodysplastic syndrome, multiple myeloma, and malignant lympho-
ma, as well as in solid cancers such as stomach cancer, bowel cancer, lung cancer, breast cancer, germ-cell cancer,
liver cancer, skin cancer, bladder cancer, prostate cancer, uterus cancer, cervical cancer, and ovary cancer, and therefore,
it is possible to use the pharmaceutical composition of the disclosure for treating or preventing cancer expressing the
WT1 gene. When the pharmaceutical composition is administered to a subject having an MHC class II molecule, WT1-
specific helper T cells induced by a WT1 helper peptide contained in the pharmaceutical composition produce various
cytokines (for example, IL-2, IL-4, IL-5, IL-6, or an interferon (IFN), etc.), and promote proliferation, differentiation and
maturation of B cells and other subsets of T cells. Accordingly, tumor cells which have an MHC class I molecule and
highly express WT1 can be damaged specifically using the peptide.
[0031] A pharmaceutical composition may comprise, for example, a carrier, an excipient and the like, in addition to
the above WT1 helper peptide, WT1 polynucleotide, or WT1 expression vector as an effective component. The WT1
helper peptide contained in the pharmaceutical composition induces WT1-specific helper T cells, and thus the pharma-
ceutical composition may comprise a suitable adjuvant or may be administered together with a suitable adjuvant in order
to enhance the induction efficiency. Examples of preferred adjuvant include, but are not limited to, a Freund’s complete
or incomplete adjuvant, aluminium hydroxide and the like. Also, the pharmaceutical composition may also comprise a
known cancer antigen peptide other than a WT1 helper peptide such as, for example, a WT1126 peptide inducing WT1-
specific CTLs, as an effective component (Oka et al, "Cancer immunotherapy targeting Wilms’ tumor gene WT1 product",
Journal of Immunology, 164:1873-1880, 2000; and Oka et al., "Human cytotoxic T-lymphocyte responses specific for
peptides of the wild-type Wilms’ tumor gene (WT1) product", Immunogenetics, 51: 99-107, 2000).
[0032] Moreover, a pharmaceutical composition may be administered in combination with a known cancer antigen
peptide. For example, a known cancer antigen peptide, for example, a WT1126 peptide can be administered before or
after the administration of the pharmaceutical composition. The pharmaceutical composition has a feature that activates
B cells or other T cells by inducing WT1-specific helper T cells, and therefore, it is possible to further enhance an activity
of CTLs induced by administering a known cancer antigen peptide, and to remarkably increase therapeutic effects.
[0033] A method for administering the pharmaceutical composition can be appropriately selected depending on con-
ditions such as the type of diseases, the state of subjects, and the targeted sites. Examples of the administration method
includes, but are not limited to, intradermal administration, subcutaneous administration, intramuscular administration,
intravenous administration, transnasal administration, oral administration and the like. Also, the administration method
may be a lymphocyte therapy or a DC (dendritic cell) therapy. The amount of a peptide contained in the pharmaceutical
composition, the form and administration frequency of the pharmaceutical composition and the like can be appropriately
selected depending on conditions such as the type of diseases, the state of subjects, and the targeted sites. In general,
the amount of a peptide administered per dose is 0.0001 mg to 1000 mg, and preferably 0.001 mg to 10,000 mg.
[0034] In another aspect, the disclosure relates to a method for treating or preventing cancer, which comprises ad-
ministering an effective amount of a pharmaceutical composition to a subject having the above MHC class II molecule.
Cancers to be treated or prevented may be any cancers as long as they express the WT1 gene and include, for example,
hematopoietic organ tumors such as leukemia, myelodysplastic syndrome, multiple myeloma, and malignant lymphoma,
as well as solid cancers such as stomach cancer, bowel cancer, lung cancer, breast cancer, germ-cell cancer, liver
cancer, skin cancer, bladder cancer, prostate cancer, uterus cancer, cervical cancer, and ovary cancer.
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[0035] In another aspect, the disclosure relates to use of the above WT1 helper peptide, WT1 polynucleotide, or WT1
expression vector for treating or preventing cancer.
[0036] In still another aspect, the disclosure relates to use of the WT1 helper peptide for preparing a pharmaceutical
composition for treating or preventing cancer.
[0037] In still another aspect, the disclosure relates to use of the WT1 polynucleotide or WT1 expression vector for
preparing a pharmaceutical composition containing the above WT1 polynucleotide or WT1 expression vector.
[0038] In another aspect, the disclosure relates to cells inclding the above WT1 helper peptide, WT1 polynucleotide,
or WT1 expression vector. The cells can be prepared, for example, by transforming host cells such as Escherichia coli
cells, yeast cells, insect cells, and animal cells using the above expression vector. Transformation of host cells with an
expression vector can be carried out using various methods properly selected. The peptide can be prepared by culturing
transformed cells, and recovering and purifying a WT1 helper peptide produced.
[0039] In still another aspect, the disclosure relates to antigen presenting cells (for example, dendritic cells, B-lym-
phocytes, macrophages, etc.), which display the above WT1 helper peptide through the above MHC class II molecule.
The antigen presenting cells are induced by the above WT1 helper peptide. WT1-specific helper T cells are efficiently
induced using the antigen presenting cells.
[0040] In still another aspect, the disclosure relates to a method for inducing antigen presenting cells which display a
WT1 helper peptide through an MHC class II molecule, said method comprising culturing immature antigen presenting
cells in the presence of a WT1 helper peptide, and inducing antigen presenting cells, which display the WT1 helper
peptide through the above MHC class II molecule, from the immature antigen presenting cells. The immature antigen
presenting cells refer to cells which can become antigen presenting cells such as, for example, dendritic cells, B-
lymphocytes, and macrophages upon maturation. Subjects from which the immature antigen presenting cells derive
may be any subjects as long as they have the above MHC class II molecule. Since the immature antigen presenting
cells are contained, for example, in peripheral blood mononuclear cells and the like, such cells may be cultured in the
presence of WT1 helper peptide.
[0041] In another aspect, the present disclosure relates to a method for treating or preventing cancer, which comprises
administering antigen presenting cells, which display a WT1 helper peptide through the above MHC class II molecule,
to a subject having the same molecule as the above MHC class II molecule. The administration method of the antigen
presenting cells can be appropriately selected depending on conditions such as the type of diseases, the state of subjects,
and the targeted sites. Examples of the method include, but are not limited to, intravenous administration, intradermal
administration, subcutaneous administration, intramuscular administration, transnasal administration, oral administration
and the like.
[0042] In still another aspect, the disclosure relates to a method for preventing or treating cancer by induction of antigen
presenting cells which display a WT1 helper peptide through the above MHC class II molecule, said method comprising
the steps of:

(a) reacting a sample with a nucleotide sequence encoding an amino acid sequence (SEQ ID NO:2) of a WT1 protein
or a nucleic acid having a partial sequence thereof or the above WT1 helper peptide;
(b) obtaining antigen presenting cells which display a WT1 helper peptide contained in the sample through the above
MHC class II molecule; and
(c) administering the antigen presenting cells to a subject having the same molecule as the above MHC class II
molecule.

[0043] Samples in the above method may be any samples as long as they have a possibility of containing lymphocytes
or dendritic cells and include, for example, subject-derived samples such as blood, cell culture solutions and the like.
The reaction in the above method may be carried out using a conventional technique, and preferably using electroporation.
Obtainment of the antigen presenting cells can be carried out using a method known to those skilled in the art. Culturing
conditions of cells in a sample in each step can be determined properly by those skilled in the art. The administration
method of the antigen presenting cells may be as described above.
[0044] In further aspect, the disclosure relates to WT1-specific helper T cells induced by WT1 helper peptide. The
helper T cells are induced, proliferated, and activated when recognizing a complex of a WT1 helper peptide with an
MHC class II molecule. The activated WT1-specific helper T cells produce cytokines such as IL-2, IL-4, IL-5, IL-6, or an
interferon (IFN), and promote proliferation, differentiation and maturation of B cells and other subsets of T cells. Accord-
ingly, tumor cells which have an MHC class I molecule and highly express WT1 can be damaged specifically using the
helper T cells.
[0045] In another aspect, the disclosure relates to a method for inducing WT1-specific helper T cells, which comprises
culturing peripheral blood mononuclear cells in the presence of a WT1 helper peptide, and inducing the WT1-specific
helper T cells from the peripheral blood mononuclear cells. Subjects from which the peripheral blood mononuclear cells
derive may be any subjects as long as they have the above MHC class II molecule. By culturing the peripheral blood
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mononuclear cells in the presence of a WT1 helper peptide, WT1-specific helper T cells are induced from precursor
cells of helper T cells in the peripheral blood mononuclear cells. It is possible to treat or prevent hematopoietic organ
tumors and solid cancers in a subject by administering the WT1-specific helper T cells to a subject having the above
MHC class II molecule. In this connection, the peripheral blood mononuclear cells include immature antigen presenting
cells which are precursor cells of antigen presenting cells (for example, precursor cells of dendritic cells, B-lymphocytes,
macrophages, etc.) Since the immature antigen presenting cells are contained, for example, in peripheral blood mono-
nuclear cells and the like, such cells may be cultured in the presence of WT1 helper peptide.
[0046] In still another aspect, the disclosure relates to a kit for inducing WT1-specific helper T cells, comprising WT1
helper peptide as an essential ingredient. Preferably, the kit is used in the above method for inducing WT1-specific
helper T cells. The kit may comprise, for example, an obtaining means of peripheral blood mononuclear cells, an adjuvant,
a reaction vessel and others, in addition to WT1 helper peptide. In general, the kit is accompanied with an instruction
manual. It is possible to induce WT1-specific helper T cells efficiently using the kit.
[0047] In still another aspect, the disclosure relates to a method for treating or preventing cancer, which comprises
administering WT1-specific helper T cells to a subject having MHC class II molecule. The administration method of the
WT1-specific helper T cells can be appropriately selected depending on conditions such as the type of diseases, the
state of subjects, and the targeted sites. Examples of the administration method includes, but are not limited to, intravenous
administration, intradermal administration, subcutaneous administration, intramuscular administration, transnasal ad-
ministration, oral administration and the like.
[0048] Furthermore, the disclosure relates to a kit for preventing or treating cancer, comprising WT1 helper peptide,
WT1 polynucleotide, or WT1 expression vector as an essential ingredient. The kit is a kit characterized by induction of
antigen presenting cells which display WT1 helper peptide through MHC class II molecule. Also, the kit may comprise,
for example, an obtaining means of samples, a reaction vessel and others, in addition to the above essential ingredient.
In general, the kit is accompanied with an instruction manual. Antigen presenting cells which display a WT1 helper
peptide through MHC class II molecule can be obtained efficiently using the kit, and be used for treating or preventing
cancer by their administration.
[0049] In another aspect, the disclosure relates to a method for determining the presence or amount of WT1-specific
helper T cells in a subject having MHC class II molecule, said method comprising the steps of:

(a) reacting a complex of WT1 helper peptide with MHC class II molecule with a sample derived from the subject;
and then
(b) determining the presence or amount of helper T cells recognizing the complex contained in the sample.

[0050] Samples derived from subjects may be any samples as long as they have a possibility of containing lymphocytes
and include, for example, body fluids such as blood and lymph fluid, tissues and the like. The complex of WT1 helper T
cells with an MHC class II molecule may be, for example, in the form of tetramer, pentamer and the like, for example,
using a method known to those skilled in the art such as a biotin-streptavidin method. The presence or amount of helper
T cells recognizing such a complex can be determined by a method known to those skilled in the art. In this aspect, the
above complex may be labeled. As a label, known labels such as a fluorescent label and a radioactive label can be
used. By labeling, the presence or amount of helper T cells can be determined simply and rapidly. Using a method of
this aspect of the disclosure, it becomes possible to make a diagnosis, a prognosis and the like of cancer.
[0051] Accordingly, the disclosure also provides a composition comprising a complex of a WT1 helper peptide with
MHC class II molecule for determining the presence or amount of WT1-specific helper T cells in a subject having the
above MHC class II molecule.
[0052] Also, the disclosure provides a kit comprising a complex of a WT1 helper peptide with MHC class II molecule
for determining the presence or amount of WT1-specific helper T cells in a subject having MHC class II molecule.
[0053] In still another aspect, the disclosure relates to a method for determining the presence or amount of WT1-
specific helper T cells in a subject having MHC class II molecule, said method comprising the steps of:

(a) reacting WT1 helper peptide with a sample derived from the subject; and then
(b) determining the presence or amount of a cytokine contained in the sample.

[0054] Samples derived from subjects may be any samples as long as they have a possibility of containing lymphocytes
and include, for example, peripheral blood mononuclear cells, blood, body fluids, tissues and others, and preferably
peripheral blood mononuclear cells. The reaction in the above step (a) can be carried out by reacting WT1 helper peptide
in the sample derived from a subject using a conventional technique. Culturing conditions of cells in a sample in each
step can be determined properly by those skilled in the art. The presence or amount of a cytokine contained in a sample
can be measured by a method known to those skilled in the art. The cytokine may be one capable of being induced by
helper T cells such as interferon-γ and interleukin-10. The cytokine may be labeled. As a label, known labels such as a
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fluorescent label and a radioactive label can be used. Using the presence or amount of the above cytokine as an indicator,
it becomes possible to determine the presence or amount of WT1-specific helper T cells simply and rapidly.
[0055] In further aspect, the disclosure relates to a method for obtaining WT1-specific helper T cells using a complex
of a WT1 helper peptide with MHC class II molecule, said method comprising the steps of:

(a) reacting a sample with the complex; and
(b) obtaining helper T cells which are contained in the sample and recognize the complex.

[0056] The complex of a WT1 helper peptide with MHC class II molecule is as described above. Samples may be any
samples as long as they have a possibility of containing lymphocytes and include, for example, subject-derived samples
such as blood, cell culture solutions and the like. Obtainment of helper T cells recognizing the complex can be carried
out, for example, using a method known to those skilled in the art such as FACS and MACS. It is possible to culture the
resulting WT1-specific helper T cells and to use them for treating or preventing various cancers.
[0057] Accordingly, the disclosure also relates to WT1-specific helper T cells, which can be obtained by a method for
obtaining WT1-specific helper T cells using a complex of a WT1 helper peptide with MHC class II molecule.
[0058] Moreover, the disclosure relates to a kit for obtaining WT1-specific helper T cells, comprising a complex of a
WT1 helper peptide with MHC class II molecule.
[0059] In still another aspect, the disclosure relates to a method for diagnosing cancer, which comprises using WT1-
specific helper T cells, antigen presenting cells which display a WT1 helper peptide through MHC class II molecule, or
WT1 antibody. Preferably, the WT1-specific helper T cells are used for the method for diagnosing cancer. For example,
helper T cells, antigen presenting cells or antibody can be incubated with a sample derived from a subject having MHC
class II molecule, or administered to a subject having MHC class II molecule, and then, for example, the location, site,
amount and the like of the helper T cells, antigen presenting cells or antibody can be determined to diagnose cancer.
The helper T cells, antigen presenting cells or antibody may be labeled. By labeling, it is possible to carry out the method
for diagnosing cancer efficiently.
[0060] In still another aspect, the disclosure relates to a kit for diagnosing cancer, comprising WT1-specific helper T
cells, antigen presenting cells which display a WT1 helper peptide through MHC class II molecule, or an antibody against
a WT1 helper peptide or an antibody against a polynucleotide encoding the peptide, as an essential ingredient.
[0061] The invention will be described specifically and described in detail below by way examples, but they should
not be construed as limiting the invention.

Example 1

Selection of candidate WT1 peptides binding to MHC class II molecules

[0062] In order to search peptide sequences which bind to MHC class II molecules, a method as shown by Rammensee
et al. was used (Rammensee et al, Immunogenetics 41:178-228, 1995). Specifically, selection was carried out using
the programs described in the right end column in the Tables together with the law of Rammensee et al. By the method,
WT135 peptides were narrowed down to peptide sequences as shown in Tables 1 and 2, WT186 peptides to peptide
sequences as shown in Tables 3 and 4, and WT1294 peptides to peptide sequences as shown in Tables 5 and 6. The
left end column in Tables 1 to 6 shows "suitability" as a candidate peptide sequence. The more the number of "s" is,
the higher the suitability is in the law of Rammensee et al. No mark shows poor suitability. Also, the group of amino
acids in parenthesis of the column of "candidate peptide sequences binding to MHC class II molecules" in Tables 1 to
6 shows that one amino acid can be selected from the group of amino acids listed in the parenthesis. For example, the
description [FLM] means one amino acid selected from the group of amino acids F, L and M. Also, the description
[VYI(AL)] means one amino acid selected from the group of amino acids V, Y and I, or one amino acid selected from
the group of amino acids A and L. "x" shows that it may be any amino acid. The right end column shows "program name"
of programs used for listing candidate peptide sequences.
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[Table 2]
Candidate peptide sequences binding to various MHC class II molecules (WT135 peptides)

Suitability
Types of MHC 

class II molecules
Candidate peptide sequences binding to MHC class II molecules Program name

DRB1*0701 [FILVY] xxxx [NST] Marsh2000
s DRB1*0701 [FYWILV]xx[DEHKNQRSTY]x[NST]x[VILYF] SYFPEITHI

DRB1*0801 [FILVY]xxx[HKR] Marsh2000

s
DRB1*0901 or 

DRB4*0101
[YFWL]xx[AS] Marsh2000

sss
DRB1*0901 or 

DRB4*0101
[WYFL]xx[AVS] SYFPEITHI

sss DRB1*1101 [YF]xx[LVMAFY]x[RKH]xx[AGSP] Marsh2000
sss DRB1*1101 [WYF]xx[LVMAF]x[RKH]xx[AGSP] SYFPEITHI

DRB1*1101 or 
DRB3*0202

[YF]xxxx[RK]x[RK] Marsh2000

sss DRB1*1104 [ILV]xx[LVMAFY]x[RKH]xx[AGSP] Marsh2000
sss DRB1*1104 [ILV]xx[LVMAFY]x[RKH]xx[AGSP] SYFPEITHI

DRB1*1201 or 
DRB3

[ILFY(V)]x[LNM(VA)]xx[VY(FIN)]xx[YFM(IV)] Marsh2000

DRB1*1201 or 
DRB3

[ILFYV]x[LMNVA]xx[VYFINA]xx[YFMIV] SYFPEITHI

s DRB1*1301 [IVF]xx[YWLVAM]x[RK]xx[YFAST] Marsh2000
s DRB1*1301 [ILV]xx[LVMAWY]x[RK]xx[YFAST] SYFPEITHI

DRB1*1301 or 
DRB3*0101

[ILV]xxxx[RK]xx[Y] Marsh2000

s DRB1*1302 [YFVAI]xx[YWLVAM]x[RK]xx[YFAST] Marsh2000
s DRB1*1302 [YFVAI]xx[LVMAWY]x[RK]xx[YFAST] SYFPEITHI

DRB1*1302 or 
DRB3*1301

[ILFY]xxxx[RK]xx[Y] Marsh2000

s DRB1*1501 [LVI]xx[FYI]xx[ILVMF] Marsh2000
s DRB1*1501 [LVI]xx[FYI]xx[ILVMF] SYFPEITHI

DRB1*1501 or 
DRB5*0101

[ILV]xxxxxxxx[HKR] Marsh2000

s DRB3*0202 [YFIL]xx[N]x[ASPDE]xx[LVISG] Marsh2000
s DRB3*0202 [YFIL]xx[N]x[ASPDE]xx[LVISG] SYFPEITHI
s DRB3*0301 [ILV]xx[N]x[ASPDE]xx[ILV] Marsh2000
s DRB3*0301 [ILV]xx[N]x[ASPDE]xx[ILV] SYFPEITHI

ss DRB5*0101 [FYLM]xx[QVIM]xxxx[RK] Marsh2000
ss DRB5*0101 [FYLM]xx[QVIM]xxxx[RK] SYFPEITHI
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[Table 4]
Candidate peptide sequences binding to various MHC class II molecules (WT1186 peptides)

Suitability
Types of MHC 

class II 
molecules

Serotype
Candidate peptide sequences binding to MHC class II 

molecules
Program name

s
DRB1*0404 or 

DRB4
DR4 [VILM]-x-x[FYWILVMADE]-x-[NTSQR]-x-x-[K] Marsh2000

s
DRB1*0404 or 

DRB4
DR4 [VILM]-x-x[FYWILVMADE]-x-[NTSQR]-x-x-[K] SYFPEITHI

s
DRB1*0405 or 

DRB4
DR4 [FYWVILM]-x-x-[VILMDE]-x-[NSTQKD]-x-x-x-[DEQ] Marsh2000

s
DRB1*0405 or 

DRB4
DR4 [FYWVILM]-x-x-[VILMDE]-x-[NSTQKD]-x-x-x-[DEQ] SYFPEITHI

DRB1*0405 or 
DRB4*0101

DR4 [Y]-x-x-x-x-[VT]-x-x-x-[D] Marsh2000

DRB1*0405 or 
DRB4*0101

DR4 unknown SYFPEITHI

DRB1*0407 or 
DRB4

DR4 [FYW]-x-x-[AVTK]-x-[NTDS]-x-x-x-[QN] Marsh2000

DRB1*0407 or 
DRB4

DR4 [FYW]-x-x-[AVK]-x-[NTDS]-x-x-x-[QN] SYFPEITHI

DRB1*0701 DR7 [FILVY]-x-x-x-x-[NST] Marsh2000
s DRB1*0701 DR7 [FYWILV]-x-x-[DEHKNQRSTY]-x-[NST]-x-x-[VILYF] SYFPEITHI

DRB1*0801 DR8 [FILVY]-x-x-x-[HKR] Marsh2000
DRB1*0801 DR8 unknown SYFPEITHI

DRB1*0901 or 
DRB4*0101

DR9 [YFWL]-x-x-[AS] Marsh2000

s
DRB1*0901 or 
DRB4*0101

DR9 [WYFL]-x-x-[AVS] SYFPEITHI

ss DRB1*1101 DR11 (5) [YF]-x-x-[LVMAFY]-x-[RKH]-x-x-[AGSP] Marsh2000
ss DRB1*1101 DR11 (5) [WYF]-x-x-[LVMAFY]-x-[RKH]-x-x-[AGSP] SYFPEITHI

DRB1*1101 or 
DRB3*0202

DR11 (5) [YF]-x-x-x-x-[RK]-x-[RK] Marsh2000

s DRB1*1104 DR11 (5) [ILV]-x-x-[LVMAFY]-x-[RKH]-x-x-[AGSP] Marsh2000
s DRB1*1104 DR11 (5) [ILV]-x-x-[LVMAFY]-x-[RKH]-x-x-[AGSP] SYFPEITHI

DRB1*1201 or 
DRB3

DR12 (5) [ILFY(V)]-x-[LNM(VA)]-x-x-[VY(FIN)]-x-x-[YFM(IV)] Marsh2000

ss
DRB1*1201 or 

DRB3
DR12 (5) [ILFYV]-x-[LMNVA]-x-x-[VYFINA]-x-x-[YFMIV] SYFPEITHI

s DRB1*1301 DR13 (6) [IVF]-x-x-[YWLVAM]-x-[RK]-x-x-[YFAST] Marsh2000
s DRB1*1301 DR13 (6) [IVF]-x-x-[LVMAWY]-x-[RK]-x-x-[YFAST] SYFPEITHI

DRB1*1301 or 
DRB3*0101

DR13 (6) [ILV]-x-x-x-x-[RK]-x-x-[Y] Marsh2000

DRB1*1301 or 
DRB3*0101

DR13 (6) unknown SYFPEITHI

s DRB1*1302 DR13(6) [YFVAI]-x-x-[YWLVAM]-x-[RK]-x-x-[YFAST] Marsh2000
s DRB1*1302 DR13 (6) [YFVAI]-x-x-[LVMAWY]-x-[RK]-x-x-[YFAST] SYFPEITHI

DRB1*1302 or 
DRB3*0301

DR13 (6) [ILFY]-x-x-x-x-[RK]-x-x-[Y] Marsh2000

DRB1*1302 or 
DRB3*0301

DR13(6) unknown SYFPEITHI

s DRB1*1501 DR15(2) [LVI]-x-x-[FYI]-x-x-[ILVMF] Marsh2000
s DRB1*1501 DR15(2) [LVI]-x-x-[FYI]-x-x-[ILVMF] SYFPEITHI
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(continued)

Candidate peptide sequences binding to various MHC class II molecules (WT1186 peptides)

Suitability
Types of MHC 

class II 
molecules

Serotype
Candidate peptide sequences binding to MHC class II 

molecules
Program name

s
DRB1*1501 or 
DRB5*0101

DR15(2) [ILV]-x-x-x-x-x-x-x-x-[HKR] Marsh2000

sss DRB3*0202 DR52 [YFIL]-x-x-[N]-x-[ASPDE]-x-x-[LVISG] Marsh2000
sss DRB3*0202 DR52 [YFIL]-x-x-[N]-x-[ASPDE]-x-x-[LVISG] SYFPEITHI
sss DRB3*0301 DR52 [ILV]-x-x-[N]-x-[ASPDE]-x-x-[ILV] Marsh2000
sss DRB3*0301 DR52 [ILV]-x-x-[N]-x-[ASPDE]-x-x-[ILV] SYFPEITHI

DRB5*0101 DR51 [FYLM]-x-x-[QVIM]-x-x-x-x-[RK] Marsh2000
DRB5*0101 DR51 [FYLM]-x-x-[QVIM]-x-x-x-x-[RK] SYFPEITHI
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[Table 6]
Candidate peptide sequences binding to various MHC class II molecules (WT1294 peptides)

Suitability
Types of MHC 

class II 
molecules

Serotype
Candidate peptide sequences binding to MHC class II 

molecules
Program name

s
DRB1*0404 or 

DRB4
DR4 [VILM]-x-x-[FYWILVMADE]-x-[NTSQR]-x-x-[K] Marsh2000

s
DRB1*0404 or 

DRB4
DR4 [VILM]-x-x-[FYWILVMADE]-x-[NTSQR]-x-x-[K] SYFPEITHI

sss
DRB1*0405 or 

DRB4
DR4 [FYWVILM]-x-x-[VILMDE]-x-[NSTQKD]-x-x-x-[DEQ] Marsh2000

sss
DRB1*0405 or 

DRB4
DR4 [FYWVILM]-x-x-[VILMDE]-x-[NSTQKD]-x-x-x-[DEQ] SYFPEITHI

DRB1*0405 or 
DRB4*0101

DR4 [Y]-x-x-x-x-[VT]-x-x-x-[D] Marsh2000

DRB1*0405 or 
DRB4*0101

DR4 unknown SYFPEITHI

sss
DRB1*0407 or 

DRB4
DR4 [FYW]-x-x-[AVTK]-x-[NTDS]-x-x-x-[QN] Marsh2000

sss
DRB1*0407 or 

DRB4
DR4 [FYW]-x-x-[AVK]-x-[NTDS]-x-x-x-[QN] SYFPEITHI

s DRB1*0701 DR7 [FILVY]-x-x-x-x-[NST] Marsh2000
s DRB1*0701 DR7 [FYWILV]-x-x-[DEHKNQRSTY]-x-[NST]-x-x-[VILYF] SYFPEITHI
s DRB1*0801 DR8 [FILVY]-x-x-x-[HKR] Marsh2000

DRB1*0801 DR8 unknown SYFPEITHI

s
DRB1*0901 or 
DRB4*0101

DR9 [YFWL]-x-x-[AS] Marsh2000

s
DRB1*0901 or 
DRB4*0101

DR9 [WYFL]-x-x-[AVS] SYFPEITHI

ss DRB1*1101 DR11 (5) [YF]-x-x-[LVMAFY]-x-[RKH]-x-x-[AGSP] Marsh2000
ss DRB1*1101 DR11 (5) [WYF]-x-x-[LVMAFY]-x-[RKH]-x-x-[AGSP] SYFPEITHI

sss
DRB1*1101 or 
DRB3*0202

DR11 (5) [YF]-x-x-x-x-[RK]-x-[RK] Marsh2000

DRB1*1104 DR11 (5) [ILV]-x-x-[LVMAFY]-x-[RKH]-x-x-[AGSP] Marsh2000
DRB1*1104 DR11(5) [ILV]-x-x-[LVMAFY]-x-[RKH]-x-x-[AGSP] SYFPEITHI

ss
DRB1*1201 or 

DRB3
DR12(5) [ILFY(V)]-x-[LNM(VA)]-x-x-[VY(FIN)]-x-x-[YFM(IV)] Marsh2000

ss
DRB1*1201 or 

DRB3
DR12 (5) [ILFYV]-x-[LMNVA]-x-x-[VYFINA]-x-x-[YFMIV] SYFPEITHI

DRB1*1301 DR13(6) [IVF]-x-x-[YWLVAM]-x-[RK]-x-x-[YFAST] Marsh2000
DRB1*1301 DR13(6) [ILV]-x-x-[LVMAWY]-x-[RK]-x-x-[YFAST] SYFPEITHI

DRB1*1301 or 
DRB3*0101

DR13(6) [ILV]-x-x-x-x-[RK]-x-x-[Y] Marsh2000

DRB1*1301 or 
DRB3*0101

DR13(6) unknown SYFPEITHI

s DRB1*1302 DR13(6) [YFVAI]-x-x-[YWLVAM]-x-[RK]-x-x-[YEAST] Marsh2000
s DRB1*1302 DR13(6) [YFVAI]-x-x-[LVMAWY]-x-[RK]-x-x-[YEAST] SYFPEITHI

s
DRB1*1302 or 
DRB3*0301

DR13(6) [ILFY]-x-x-x-x-[RK]-x-x-[Y] Marsh2000

DRB1*1302 or 
DRB3*0301

DR13(6) unknown SYFPEITHI

ss DRB1*1501 DR15(2) [LVI]-x-x-[FYI]-x-x-[ILVMF] Marsh2000
ss DRB1*1501 DR15(2) [LVI]-x-x-[FYI]-x-x-[ILVMF] SYFPEITHI
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[0063] Next, candidate WT1 peptides were visually selected from Tables 1 to 6, peptides as shown in the following
Table 7 were identified as preferred candidate peptides for MHC class II molecules, and actual functions of these peptides
were analyzed as described below.

Preparation of WT1 peptide-specific cell lines and measurement of cell proliferation ability

[0064] First, the above WT1 peptides were emulsified with a Freund’s incomplete adjuvant (Montanide ISA 51), and
mice were intradermally inoculated with each WT1 peptide in an amount corresponding to 100 mg/mouse. The immu-
nization was carried out 3 times at intervals of one week, the spleen was removed after 1 week of the final immunization,
and spleen cells were prepared. The spleen cells were stimulated 3 times at intervals of 10 days using spleen cells of
non-immunized mice, which were pulsed with the same WT1 peptide as that used for immunization of each mouse and
irradiated, as a stimulator. Then, the 4th stimulation was carried out using spleen cells of non-immunized mice, which
were pulsed with each peptide (WT135, WT186 or WT1294 peptide) as shown in Table 7 and irradiated, as a stimulator,
and proliferation reaction in response to each stimulator was measured by a 3H incorporation experiment. An OVA
(ovalbumin) peptide irrelevant to WT1 peptides was used as a control peptide. As a result, mouse spleen cells immunized
with a WT135 peptide, a WT186 peptide or a WT1294 peptide each responded to the stimulator pulsed with a WT135
peptide, a WT186 peptide or a WT1294 peptide, and proliferated (Fig. 1A to 1C).
[0065] As described above, spleen cells were stimulated in vitro 3 times at intervals of 10 days using spleen cells of
non-immunized mice, which were pulsed with each WT1 peptide and irradiated. When the 4th stimulation was then
carried out using spleen cells of non-immunized mice, which were pulsed with each peptide described above and
irradiated, as a stimulator, and proliferation reaction was measured, an MHC class I antibody (Db antibody) or an MHC
class II antibody (Ab antibody) was added to the culture solution and 3H incorporation was measured. As a result, the
proliferation reaction in response to the stimulator pulsed with each of a WT135 peptide, a WT186 peptide and a WT1294
peptide was suppressed by the addition of an MHC class II antibody (Fig. 2A to 2C).
[0066] As described above, spleen cells were stimulated in vitro 3 times at intervals of 10 days using spleen cells of
non-immunized mice, which were pulsed with each WT1 peptide and irradiated. Then, the proliferation reaction was
measured by 3H incorporation using irradiated C1498 cells not expressing any WT1 protein, C1498 cells pulsed with
each of the above WT1 peptides, or C1498 cells expressing a WT1 protein by introduction of a WT1 gene, as a stimulator.
As a result, the proliferation reaction was produced in response to C1498 cells pulsed with the same WT1 peptide as
that used in immunization in vivo and C1498 cells expressing a WT1 protein by introduction of a WT1 gene (Fig. 3). This
revealed that a WT135 peptide, a WT186 peptide and a WT1294 peptide are produced by an intracellular process of an
endogenous WT1 protein and displayed on an MHC class II molecule. From the above facts, it was shown that these
three WT1 peptides are MHC class II-restricted WT1 peptides.

(continued)

Candidate peptide sequences binding to various MHC class II molecules (WT1294 peptides)

Suitability
Types of MHC 

class II 
molecules

Serotype
Candidate peptide sequences binding to MHC class II 

molecules
Program name

DRB1*1501 or 
DRB5*0101

DR15(2) [ILV]-x-x-x-x-x-x-x-x-[HKR] Marsh2000

sss DRB3*0202 DR52 [YFIL]-x-x-[N]-x-[ASPDE]-x-x-[LVISG] Marsh2000
sss DRB3*0202 DR52 [YFIL]-x-x-[N]-x-[ASPDE]-x-x-[LVISG] SYFPEITHI
s DRB3*0301 DR52 [ILV]-x-x-[N]-x-[ASPDE]-x-x-[ILV] Marsh2000
s DRB3*0301 DR52 [ILV]-x-x-[N]-x-[ASPDE]-x-x-[ILV] SYFPEITHI

sss DRB5*0101 DR51 [FYLM]-x-x-[QVIM]-x-x-x-x-[RK] Marsh2000
sss DRB5*0101 DR51 [FYLM]-x-x-[QVIM]-x-x-x-x-[RK] SYFPEITHI

[Table 7]
Identification of peptide candidates for mouse MHC class II molecules

WT135 WAPVLDFAPPGASAYGSL (SEQ ID NO:3) 18 mer MW 1819.01
WT186 EQCLSAFTLHFSGQFTG (SEQ ID NO:6) 17 mer MW 1944.01
WT1294 FRGIQDVRRVSGVAPTLVR (SEQ ID NO:7) 19 mer MW 2126.48
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Measurement of IFN-γ producing ability

[0067] As described above, spleen cells were stimulated in vitro 3 times at intervals of 10 days using spleen cells of
non-immunized mice, which were pulsed with each WT1 peptide and irradiated. Then, the concentration of IFN-γ and
IL-4 in a culture supernatant was measured using an ELISA kit (BIOSOURCE Immunoassay Kit, Invitrogen). As a result,
spleen cells of two separate mice responded to spleen cells of non-immunized mice which were pulsed with each WT1
peptide and irradiated, and produced interferon-γ but little interleukin-4 (Fig. 4). This revealed that these three types of
WT1 peptides induce Th1 type of WT1-specific helper T cells.

Example 2

Measurement of WT1-specific cytotoxic T cells (CTLs)

[0068] Mice were immunized 3 times with a WT1126 peptide (MHC class I) alone, a WT1126 peptide (MHC class I) +
a WT135 peptide (MHC class II), a WT1126 peptide (MHC class I) + a WT186 peptide (MHC class II), or a WT1126 peptide
(MHC class I) + a WT1294 peptide (MHC class II), and spleen cells of the mice were prepared. Then, the spleen cells
were stimulated once in vitro using a WT1126 peptide (MHC class I), and on 6th day, cytotoxic activity was measured
using RMAS cells pulsed with a WT1126 peptide (MHC class I) as a target cell. RMAS cells not pulsed with a WT1126
peptide (MHC class I) were used as a control target cell. As a result, mouse spleen cells immunized with a WT1126
peptide (MHC class I) + a WT1 helper peptide (MHC class II) induced WT1-specific cytotoxic T cells more strongly as
compared with mouse spleen cells immunized with a WT1126 peptide (MHCI class I) alone (Fig. 5). This demonstrated
that the three WT1 peptides (MHC class II) are a WT1-specific helper peptides.

Example 3

Tumor implantation experiment

[0069] WT1-expressing C1498 leukemia cells were subcutaneously implanted in mice in a proportion of 2.5 x 105 cells
per mouse, and 50 mg/mouse of a WT135 helper peptide was intradermally administered together with a Freund’s
incomplete adjuvant, once a week, 3 times in total, starting from one week after the implantation (Fig. 6). As a control,
a physiological saline instead of the WT135 helper peptide was intradermally administered together with a Freund’s
incomplete adjuvant. The size of a subcutaneous tumor was measured over time, and the disease-free survival rate
was calculated up to the 29th day after the subcutaneous implantation. As a result, the tumor expanded in all mice of
the control group, while proliferation of the tumor was completely suppressed in 4 of 10 mice of the WT135 helper peptide
(MHC class II)-immunized group (Fig. 7). Also, a significant difference (p<0.05) was recognized between the WT135
helper peptide-immunized group and the control group (Fig. 8). This demonstrated that the WT135 helper peptide (MHC
class II) is a WT1 peptide having an ability to induce tumor immunization in vivo.
[0070] Next, mice were dissected on the 29th day after starting the above experiment, the spleen was excised, and
a WT1-specific immune response was analyzed using spleen cells. Briefly, the spleen was excised when mice of the
WT135 helper peptide (MHC class II)-immunized group and the control group were dissected, and spleen cells were
prepared. The spleen cells were stimulated once with a WT1126 peptide (MHC class I), and on the 6th day after the
stimulation, cytotoxic activity of the spleen cells was measured using RMAS cells pulsed with a WT1126 peptide (MHC
class I) as a target cell. As a control, the cytotoxic activity of the spleen cells was measured using RMAS cells as a target
cell. As a result, WT1-specific cytotoxic T cells were induced in all 4 mice of the WT135 helper peptide (MHC class
II)-immunized group (Fig. 9). On the other hand, the WT1-specific cytotoxic T cells were very weakly induced in 3 mice
of the control group (Fig. 10). The WT1-specific cytotoxic T cells were not induced in one mouse. Also, it was clear that
the induction of the WT1-specific cytotoxic T cells was lower as compared with the WT135 helper peptide (MHC class
II)-immunized group (Figs. 9 and 10). This shows that WT1-specific helper T cells were induced by administration of a
WT135 class II helper peptide, and by the action of the WT1-specific helper T cells, WT1-specific cytotoxic T cells induced
by immune-responding to a WT1 protein expressed by implanted tumor cells were strongly amplified in vivo. Thus, the
results demonstrated the usefulness of the WT135 helper peptide.
[0071] Next, specific cytolysis was analyzed in mice of the above WT135 helper peptide (MHC class II)-immunized
group and control group. Briefly, the degree of cytolysis (%) obtained by subtracting the rate of cytolysis (%) when target
cells were RMAS cells from the rate of cytolysis (%) when target cells were RMAS cells pulsed with a WT1126 peptide
(MHC class I) in the above experiments was used as the specific cytolysis (%) (Fig. 11, left). Also, the above-prepared
spleen cells and a fluorescence-labeled WT1 tetramer (H-2Db WT1 Tetramer-RFMPNAPYL-PE) were incubated at 4°C
for 20 minutes, washed, then stained with fluorescence-labeled CD3 and CD8 antibodies, again washed, and analyzed
by FACS. CD3-positive, CD8-positive, and WT1 tetramer-positive cells were served as WT1-specific cytotoxic T cells
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(Fig. 11, right). As a result, significantly high WT1-specific cytotoxic T cells (p<0.05) were induced in spleen cells of mice
of the WT135 helper peptide (MHC class II)-immunized group as compared with spleen cells of mice of the control group
(Fig. 11).

Example 4

Measurement of proliferation ability of WT1-specific cytotoxic T cells (CTLs) in human

[0072] Peripheral blood mononuclear cells were prepared from 6 healthy subjects having DRB1, DPB1, DQB1 or
DRB5 subclass molecules as shown in Fig. 12. To the peripheral blood mononuclear cells, a WT135 helper peptide was
added, and the cells were cultured for one week. Then, the peripheral blood mononuclear cells were stimulated 4 times
in total at intervals of one week using identical subject-derived peripheral blood mononuclear cells, which were pulsed
with a WT135 helper peptide and irradiated, as a stimulator, and 3H incorporation was measured on the 6th day. In all
6 healthy subjects, peripheral blood mononuclear cells responded to a WT135 helper peptide and proliferated (Fig. 12).
This showed that the WT135 helper peptide has a function to bind to the mentioned HLA class II molecules and cause
proliferation reaction. In this connection, the mouse WT186 peptide and WT1294 peptide differ from the human WT186
peptide (SEQ ID NO:4) and WT1294 peptide (SEQ ID NO:5) in one amino acid at the positions enclosed in squares, as
shown in Table 8.

Example 5

HLA class II molecule-restrictedness of WT135 peptide

[0073] In order to determine HLA class II molecule-restrictedness of a WT135 peptide, a further experiment was carried
out by a method well known to those skilled in the art as briefly described below. First, peripheral blood mononuclear
cells (PBMCs) derived from a healthy subject [a DRB1*0101/0405-, DPB1*0201/0402-, and DQB1*0401/0501-positive
healthy subject (hereinafter referred to as healthy subject A)] were stimulated 5 times with a WT135 peptide to prepare
a Responder. Next, peripheral blood mononuclear cells (PBMCs) derived from another healthy subject different in an
HLA class II type [a DRB1* 0405/0901-, DPB1* 0201/0501-, and DQB1* 0303/0401-positive healthy subject (referred
to as healthy subject B)] were pulsed with the WT135 peptide to prepare a Stimulator, and cell proliferation [the amount
of 3H-thymidine incorporated (cpm)] was measured. The measurement was carried out under conditions of no addition
of an antibody, addition of an anti-HLA-DR antibody (+a-DR), addition of an anti-HLA-DP antibody (+a-DP), or addition
of an anti-HLA-DQ antibody (+a-DQ). A common HLA class II type, which is positive in both the Responder and Stimulator,
shows restrictedness of the WT135 peptide. As a result of the experiments, it was shown that the WT135 peptide is
DRB1*0405-restricted because the proliferation was suppressed under a condition having addition of an anti-DR antibody,
and DRB1*0405 was common in healthy subjects A and B, as shown in Fig. 13.
[0074] Next, an experiment was carried out under the same conditions as those of the above experiment, except that
PBMCs derived from a healthy subject different from healthy subject A [DRB1*0405/0803-, DPB1*0202/0501-, and
DQB1*0401/0601-positive healthy subject (referred to as healthy subject G)] were used as a Stimulator. As a result, it
was shown that the WT135 peptide is DRB1*0405-, DPB1*0201- and DPB1*0202-restricted because the proliferation
was suppressed under a condition having addition of an anti-HLA-DR antibody or an anti-HLA-DP antibody, and
DRB1*0405, DPB1*0201 and DPB1*0202 were common in healthy subject A and healthy subject G (DPB1*0201 and
DPB1*0202 have a high analogy and are cross-reactive, and therefore, they are considered as a common molecule),
as shown in Fig. 14.
[0075] Next, an experiment was carried out under the same conditions as those of the above experiment, except that
PBMCs derived from a healthy subject different from healthy subject A [DRB1*0101/0803, DPB1*0501/-,
DQB1*0501/0601-positive (referred to as healthy subject H)] were used as a Stimulator. As a result, it was shown that

[Table 8]
Differences in sequences between mouse and human WT135, WT186 and WT1294 peptides

mWT135 Mouse WAPVLDFAPPGASAYGSL (SEQ ID NO:3) 18-mer
hWT135 Human WAPVLDFAPPGASAYGSL (SEQ ID NO:3)
mWT186 Mouse EQCLSAFTLHFSGQFTG (SEQ ID NO:6) 17-mer
hWT186 Human EQCLSAFTVHFSGQFTG (SEQ ID NO:4)
mWT1294 Mouse FRGIQDVRRVSGVAPTLVR (SEQ ID NO:7) 19-mer

hWT1294 Human FRGIQDVRRVPGVAPTLVR (SEQ ID NO:5)
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the WT135 peptide is DRB1*0101-restricted because the proliferation was suppressed under a condition having addition
of an anti-HLA-DR antibody, and DRB1*0101 was common in healthy subject A and healthy subject H, as shown in Fig. 15.
[0076] Moreover, PBMCs derived from healthy subject G were used as a Responder and L cells having a DQB1*0601
gene introduced were used as a Stimulator, in order to determine restrictedness of a WT135 peptide. The difference in
an amount of IFN-γ produced in the presence or absence of a pulse with a WT135 peptide of L cells was measured. A
proportion of intracellular IFN-γ production was measured using FACS which is a technique well known to those skilled
in the art. As a result, it was shown that the WT135 peptide is DQB1*0601-restricted because the Responder was activated
by the pulse with a WT135 peptide on L cells, as shown in Fig. 16.
[0077] Next, an experiment was carried out as described above using PBMCs derived from the same healthy subject
as a Responder and a Stimulator. The types of HLA class II molecules possessed by healthy subjects used in this
experiment were summarized in Table 9 below.

[0078] As a result, it was found that addition of an anti-DR antibody or an anti-DP antibody, when the experiment was
carried out using PBMCs derived from healthy subjects A to E, resulted in reduction of the amount of 3H-thymidine
incorporated (cpm), and therefore, in suppression of the proliferation. Also, addition of only an anti-DR antibody, when
PBMCs derived from healthy subject F were used, resulted in suppression of the proliferation. Moreover, addition of
only an anti-HLA-DP antibody, when PBMCs derived from healthy subject G were used, resulted in suppression of the
proliferation. By an experiment using healthy subject A, it was shown that the WT135 peptide is DRB1*0101- or 0405-
restricted, and DPB1*0201- or 0402-restricted. By an experiment using healthy subject B, it was shown that the WT135
peptide is DRB1*040S- or 0901-restricted, and DPB1*0201- or 0501-restricted. By an experiment using healthy subject
C, it was shown that the WT135 peptide is DRB1*0802- or 1201-restricted, and DPB1*0201- or 0501-restricted. By an
experiment using healthy subject D, it was shown that the WT135 peptide is DRB1*1502-restricted because the
DRB1*1502 is a homozygote (Fig. 17). In addition, it was shown that the WT135 peptide is DPB1*0201- or 0901-restricted.
By an experiment using healthy subject E, it was shown that the WT135 peptide is DRB1*0405- or 0901-restricted, and
DPB1*0202- or 0501-restricted. By an experiment using healthy subject F, it was shown that the WT135 peptide is
DRB1*1403- or 1502-restricted. By an experiment using healthy subject G, it was shown that the WT135 peptide is
DPB1*0202- or 0501-restricted.
[0079] Also, the difference in an amount of IFN-γ produced in the presence or absence of a pulse with a WT135 peptide
was measured using PBMCs derived from healthy subject I as a Responder and a Stimulator. A proportion of intracellular
IFN-γ production was measured using FACS which is a technique well known to those skilled in the art. As a result, a
proportion of an amount of IFN-γ remarkably increased by the pulse with a WT135 peptide (Fig. 18). This shows that the
WT135 peptide is restricted by any one of DRB1* 0101, DRB1*1501, DPB1* 0201, DPB1* 0402, DQB1*0501, and
DQB1*0602.

Industrial Applicability

[0080] The present invention provides WT1 peptides which are restricted by many types of MHC class II molecules,
polynucleotides encoding the peptides, pharmaceutical compositions containing them and the like. Thus, they can be
utilized in the field of pharmaceuticals, for example, in the field of the development and production of prophylactic or
therapeutic drugs for various hematopoietic organ tumors and solid tumors which highly express a WT1 gene.

[Table 9]
Types of HLA class II molecules possessed by healthy subjects used in this experiment
Healthy subject No. DRB1 DPB1 DQB1

A *0101/0405 *0201/0402 *0401/0501
B *0405/0901 *0201/0501 *0303/0401
C *0802/1201 *0201/0501 *0301/0302
D *1502/1502 *0201/0901 *0601/0601
E *0405/0901 *0202/0501 *0303/0401
F *1403/1502 *0201/0901 *0301/0601

G *0405/0803 *0202/0501 *0401/0601
H *0101/0803 *0501/- *0501/0601
I *0101/1501 *0201/0402 *0501/0602
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[Sequence Listing Free Text]

SEQUENCE LISTING

[0081]

<110> International Institute of Cancer Immunology, Inc.

<120> Cancer antigen helper peptide

<130> 669667

<150> JP 2009-105286
<151> 2009-04-23

<160> 8

<170> PatentIn version 3.2

<210> 1
<211> 449
<212> PRT
<213> Mus musculus

<400> 1
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<210> 2
<211> 449
<212> PRT
<213> Homo sapiens

<400> 2
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<210> 3
<211> 18
<212> PRT
<213> Homo sapiens

<400> 3

<210> 4
<211> 17
<212> PRT
<213> Homo sapiens

<400> 4

<210> 5
<211> 19
<212> PRT
<213> Homo sapiens

<400> 5
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<210> 6
<211> 17
<212> PRT
<213> Mus musculus

<400> 6

<210> 7
<211> 19
<212> PRT
<213> Mus musculus

<400> 7

<210> 8
<211> 9
<212> PRT
<213> Mus musculus

<400> 8

Claims

1. A peptide which consists of an amino acid sequence consisting of contiguous amino acids derived from a WT1
protein and induces WT1-specific helper T cells by binding to an MHC class II molecule, wherein the amino acid
sequence is selected from:

(a) the amino acid sequence depicted in SEQ ID NO:3;
(b) the amino acid sequence depicted in SEQ ID NO:4;
(c) the amino acid sequence depicted in SEQ ID NO:5; and
(d) an amino acid sequence in which one amino acid only is substituted, deleted or added in the amino acid
sequences depicted in (a) to (c).

2. The peptide according to claim 1, wherein the amino acid sequence is the amino acid sequence depicted in SEQ
ID NO:3.
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3. The peptide according to claim 1 or 2, wherein

(i) the MHC class II molecule is selected from DRB1* 0101, DRB1*0405, DRB1*0802, DRB1*0803, DRB1*0901,
DRB1*1201, DRB1*1403, DRB1*1501, DRB1*1502, DPB1*0201, DPB1*0202, DPB1*0402, DPB1*0501,
DPB1*0901, DQB1*0301, DQB1*0302, DQB1*0401, DQB1*0501, DQB1*0601, DQB1*0602, and DRB5*0102;
or
(ii) the MHC class II molecule is selected from DRB1*0101, DRB1*0405, DRB1*1502, DPB1*0201, DPB1*0202,
and DQB1*0601.

4. A polynucleotide encoding the peptide according to any one of claims 1 to 3.

5. An expression vector comprising the polynucleotide according to claim 4.

6. An antibody against the peptide according to any one of claims 1 to 3.

7. A pharmaceutical composition for use in a method of treating or preventing cancer, comprising the peptide according
to any one of claims 1 to 3, the polynucleotide according to claim 4, or the vector according to claim 5.

8. A peptide according to any one of claims 1 to 3, a polynucleotide according to claim 4, or a vector according to claim
5, for use in a method of treating or preventing cancer.

9. Antigen presenting cells which display the peptide according to any one of claims 1 to 3 through the MHC class II
molecule according to claim 3.

10. A method for inducing antigen presenting cells, which comprises culturing immature antigen presenting cells in the
presence of the peptide according to any one of claims 1 to 3, and inducing antigen presenting cells, which display
the peptide through the MHC class II molecule according to claim 3, from the immature antigen presenting cells.

11. WT1-Specific helper T cells which are induced by the peptide according to any one of claims 1 to 3.

12. A method for inducing WT1-specific helper T cells, which comprises culturing peripheral blood mononuclear cells
in the presence of the peptide according to any one of claims 1 to 3, and inducing WT1-specific helper T cells from
the peripheral blood mononuclearcells.

13. A kit for inducing WT1-specific helper T cells, comprising, as an essential ingredient, the peptide according to any
one of claims 1 to 3.

14. A kit for preventing or treating cancer, comprising, as an essential ingredient, the peptide according to any one of
claims 1 to 3, the polynucleotide according to claim 4, or the vector according to claim 5.

15. A method for determining the presence or amount of WT1-specific helper T cells in a subject having the MHC class
II molecule according to claim 3, said method comprising the steps of:

(a) reacting the peptide according to any one of claims 1 to 3 with a sample derived from the subject; and then
(b) determining the presence or amount of a cytokine contained in the sample.

Patentansprüche

1. Peptid, das aus einer Aminosäuresequenz, die aus aufeinanderfolgenden Aminosäuren besteht, welche von einem
WT1-Protein abgeleitet sind, besteht und WT1-spezifische Helfer-T-Zellen durch Bindung an ein MHC-Klasse-II-
Molekül induziert, wobei die Aminosäuresequenz ausgewählt ist aus:

(a) der in SEQ ID Nr. 3 gezeigten Aminosäuresequenz;
(b) der in SEQ ID Nr. 4 gezeigten Aminosäuresequenz;
(c) der in SEQ ID Nr. 5 gezeigten Aminosäuresequenz; und
(d) einer Aminosäuresequenz, bei der gegenüber den in (a) bis (c) gezeigten Aminosäuresequenzen nur eine
einzige Aminosäure substituiert, deletiert oder addiert ist.
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2. Peptid gemäß Anspruch 1, wobei es sich bei der Aminosäuresequenz um die in SEQ ID Nr. 3 gezeigte Aminosäu-
resequenz handelt.

3. Peptid gemäß Anspruch 1 oder 2, wobei

(i) das MHC-Klasse-II-Molekül aus DRB1*0101, DRB1*0405, DRB1*0802, DRB1*0803, DRB1*0901,
DRB1*1201, DRB1*1403, DRB1*1501, DRB1*1502, DPB1*0201, DPB1*0202, DPB1*0402, DPB1*0501,
DPB1*0901, DQB1*0301, DQB1*0302, DQB1*0401, DQB1*0501, DQB1*0601, DQB1*0602 und DRB5*0102
ausgewählt ist; oder
(ii) das MHC-Klasse-II-Molekül aus DRB1*0101, DRB1*0405, DRB1*1502, DPB1*0201, DPB1*0202 und
DQB1*0601 ausgewählt ist.

4. Polynucleotid, das das Peptid gemäß einem der Ansprüche 1 bis 3 codiert.

5. Expressionsvektor, der das Polynucleotid gemäß Anspruch 4 umfasst.

6. Antikörper gegen das Peptid gemäß einem der Ansprüche 1 bis 3.

7. Pharmazeutische Zusammensetzung zur Verwendung in einem Verfahren zur Behandlung oder Prävention von
Krebs, umfassend das Peptid gemäß einem der Ansprüche 1 bis 3, das Polynucleotid gemäß Anspruch 4 oder den
Vektor gemäß Anspruch 5.

8. Peptid gemäß einem der Ansprüche 1 bis 3, Polynucleotid gemäß Anspruch 4 oder Vektor gemäß Anspruch 5 zur
Verwendung in einem Verfahren zur Behandlung oder Prävention von Krebs.

9. Antigen-präsentierende Zellen, die das Peptid gemäß einem der Ansprüche 1 bis 3 über das MHC-Klasse-II-Molekül
gemäß Anspruch 3 präsentieren.

10. Verfahren zum Induzieren von Antigen-präsentierenden Zellen, umfassend das Kultivieren von unreifen Antigen-
präsentierenden Zellen in Gegenwart des Peptids gemäß einem der Ansprüche 1 bis 3 und Induzieren von Antigen-
präsentierenden Zellen, die das Peptid über das MHC-Klasse-II-Molekül gemäß Anspruch 3 präsentieren, ausge-
hend von den unreifen Antigen-präsentierenden Zellen.

11. WT1-spezifische Helfer-T-Zellen, die durch das Peptid gemäß einem der Ansprüche 1 bis 3 induziert sind.

12. Verfahren zum Induzieren von WT1-spezifischen Helfer-T-Zellen, umfassend das Kultivieren von mononukleären
Zellen des peripheren Bluts in Gegenwart des Peptids gemäß einem der Ansprüche 1 bis 3 und Induzieren von
WT1-spezifischen Helfer-T-Zellen ausgehend von den mononukleären Zellen des peripheren Bluts.

13. Kit zum Induzieren von WT1-spezifischen Helfer-T-Zellen, umfassend das Peptid gemäß einem der Ansprüche 1
bis 3 als wesentlichen Bestandteil.

14. Kit zur Prävention oder Behandlung von Krebs, umfassend das Peptid gemäß einem der Ansprüche 1 bis 3, das
Polynucleotid gemäß Anspruch 4 oder den Vektor gemäß Anspruch 5 als wesentlichen Bestandteil.

15. Verfahren zum Bestimmen der Anwesenheit oder Menge von WT1-spezifischen Helfer-T-Zellen bei einem Patienten,
der das MHC-Klasse-II-Molekül gemäß Anspruch 3 aufweist, wobei das Verfahren die Schritte umfasst:

(a) Umsetzen des Peptids gemäß einem der Ansprüche 1 bis 3 mit einer Probe, die von dem Patienten stammt;
und dann
(b) Bestimmen der Anwesenheit oder Menge eines in der Probe enthaltenen Cytokins.

Revendications

1. Peptide qui consiste en une séquence d’acides aminés consistant en des acides aminés contigus dérivés d’une
protéine WT1 et qui induit les cellules T auxiliaires spécifiques de WT1 en se liant à une molécule de classe II du
CMH, dans lequel la séquence d’acides aminés est sélectionnée parmi :
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(a) la séquence d’acides aminés donnée dans l’ID SEQ N° 3 ;
(b) la séquence d’acides aminés donnée dans l’ID SEQ N° 4 ;
(c) la séquence d’acides aminés donnée dans l’ID SEQ N° 5 ; et
(d) une séquence d’acides aminés dans laquelle un acide aminé uniquement est substitué, supprimé ou ajouté
dans les séquences d’acides aminés données dans (a) à (c).

2. Peptide selon la revendication 1, dans lequel la séquence d’acides aminés est la séquence d’acides aminés donnée
dans l’ID SEQ N° 3.

3. Peptide selon la revendication 1 ou 2, dans lequel

(i) la molécule de classe II du CMH est sélectionnée parmi DRB1*0101, DRB1*0405, DRB1*0802, DRB1*0803,
DRB1*0901, DRB1*1201, DRB1*1403, DRB1*1501, DRB1*1502, DPB1*0201, DPB1*0202, DPB1*0402,
DPB1*0501, DPB1*0901, DQB1*0301, DQB1*0302, DQB1*0401, DQB1*0501, DQB1*0601, DQB1*0602 et
DRB35*0102 ; ou
(ii) la molécule de classe II du CMH est sélectionnée parmi DRB1*0101, DRB1*0405, DRB1*1502, DPB1*0201,
DPB1*0202 et DQB1*0601.

4. Polynucléotide codant pour le peptide selon l’une quelconque des revendications 1 à 3.

5. Vecteur d’expression comprenant le polynucléotide selon la revendication 4.

6. Anticorps dirigé contre le peptide selon l’une quelconque des revendications 1 à 3.

7. Composition pharmaceutique à utiliser dans un procédé de traitement ou de prévention d’un cancer, comprenant
le peptide selon l’une quelconque des revendications 1 à 3, le polynucléotide selon la revendication 4 ou le vecteur
selon la revendication 5.

8. Peptide selon l’une quelconque des revendications 1 à 3, polynucléotide selon la revendication 4 ou vecteur selon
la revendication 5, à utiliser dans un procédé de traitement ou de prévention d’un cancer.

9. Cellules présentatrices d’antigène qui affichent le peptide selon l’une quelconque des revendications 1 à 3 via la
molécule de classe II du CMH selon la revendication 3.

10. Procédé d’induction de cellules présentatrices d’antigène, qui comprend la mise en culture de cellules immatures
présentatrices d’antigène en présence du peptide selon l’une quelconque des revendications 1 à 3, et l’induction
des cellules présentatrices d’antigène qui affichent le peptide via la molécule de classe II du CMH selon la reven-
dication 3 à partir des cellules immatures présentatrices d’antigène.

11. Cellules T auxiliaires spécifiques de WT1 qui sont induites par le peptide selon l’une quelconque des revendications
1 à 3.

12. Procédé d’induction de cellules T auxiliaires spécifiques de WT1, qui comprend la mise en culture de cellules
mononucléaires du sang périphérique en présence du peptide selon l’une quelconque des revendications 1 à 3, et
l’induction des cellules T auxiliaires spécifiques de WT1 à partir des cellules mononucléaires du sang périphérique.

13. Kit d’induction de cellules T auxiliaires spécifiques de WT1, comprenant en tant qu’ingrédient essentiel le peptide
selon l’une quelconque des revendications 1 à 3.

14. Kit de prévention ou de traitement d’un cancer, comprenant en tant qu’ingrédient essentiel le peptide selon l’une
quelconque des revendications 1 à 3, le polynucléotide selon la revendication 4 ou le vecteur selon la revendication 5.

15. Procédé de détermination de la présence ou de la quantité de cellules T auxiliaires spécifiques de WT1 chez un
sujet présentant une molécule de classe II du CMH selon la revendication 3, ledit procédé comprenant les étapes
consistant à :

(a) faire réagir le peptide selon l’une quelconque des revendications 1 à 3 avec un échantillon dérivé du sujet ; puis
(b) déterminer la présence ou la quantité d’une cytokine contenue dans l’échantillon.
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