
DESCRIPTION 

METHOD FOR ACTIVATING HELPER T CELL 

Technical Field 

5 [0001] 

The present invention relates to a method for 

activating helper T cells, which includes the step of 

activating helper T cells by adding a WTl peptide to 

antigen presenting cells, wherein the WTl peptide has the 

10 ability to bind to any MHC class II molecule of an HLA-

DRBl* 0101 molecule, an HLA-DRBl* 0401 molecule, an HLA-

DRB1*0403 molecule, an HLA-DRBl*0406 molecule, an HLA-

DRBl* 0803 molecule, an HLA-DRBl*0901 molecule, an HLA-

DRBl* 1101 molecule, an HLA-DRB3*0202 molecule, an HLA-

15 DRB4* 0101 molecule, an HLA-DRBl*1501 molecule, an HLA-

DRBl* 0405 molecule, an HLA-DRBl*1502 molecule, an HLA-

DPB1*0501 molecule, an HLA-DPB1*0901 molecule, an HLA-

DPB1*0201 molecule or an HLA-DPB1*0301 molecule, a 

composition therefor, a method for activating cytotoxic T 

20 cells, an activation inducer of cytotoxic T cells (CTL) , a 

pharmaceutical composition for treating and/or preventing a 

cancer by activating helper T cells and/or cytotoxic T 

cells, and the like. 

2 5 Background Art 
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[0002] 

The WTl gene (Wilms' tumor 1 gene) was identified as 

a causative gene of a Wilms' tumor which is a kidney cancer 

in childhood, and the gene encodes a transcription factor 

5 having a zinc finger structure (Non-Patent Documents 1 and 

2) . Subsequent studies showed that the above gene serves 

as a cancer gene in hematopoietic organ tumors or solid 

cancers (Non-Patent Documents 3 to 6). 

[0003] 

10 It was shown that cytotoxic T cells (CTLs) specific 

to the peptide are induced by stimulating peripheral blood 

mononuclear cells in vitro using a peptide having a portion 

of an amino acid sequence encoding the WTl protein, and 

these CTLs injure cancer cells of hematopoietic organ 

15 tumors or solid cancers expressing the WTl endogenously. 

The CTLs recognize the above peptide in the form of a 

complex bound to an MHC class I molecule, and thus the 

peptide differs depending on subtypes of the MHC class I 

(Patent Documents 1 to 4, and Non-Patent Document 7). 

20 [0004] 

On the other hand, the presence of helper T cells 

specific to a cancer antigen is important in order to 

induce the CTLs effectively (Non-Patent Document 8). The 

helper T cells are induced and activated by recognizing a 

25 complex of an MHC class II molecule with an antigen peptide 



on antigen presenting cells. Activated helper T cells aid 

proliferation, differentiation and maturation of B cells by 

producing cytokines such as IL-2, IL-4, IL-5, IL-6, or 

interferons. Since such helper T cells have a function to 

5 activate an immune system by promoting proliferation and 

activation of B cells and T cells, it is suggested that the 

enhancement of a function of helper T cells through an MHC 

class Il-binding antigen peptide in cancer immunotherapy to 

enhance effects of a cancer vaccine is useful (Non-Patent 

10 Document 9). 

[0005] 

It has recently been shown that a promiscuous helper 

peptide which can bind to multiple MHC class II molecules 

and activate helper T cells is present among particular 

15 peptides having a portion of an amino acid sequence 

encoding a WTl protein (hereinafter, also referred to as 

WTl peptides in the present specification) (patent 

documents 5 and 6). However, it was very difficult to 

verify whether or not the WTl peptides also have effects on 

20 other MHC class II molecules, because of many kinds of MHC 

class II molecules. 
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25 [0006] 
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Disclosure of the Invention 

Problems to be Solved by the Invention 

[0008] 

Accordingly, the object to be achieved by the present 

invention is to provide a method for activating helper T 

cells, a method for activating cytotoxic T cells, by 

applying a particular WTl peptide to a wide range of MHC 

class II molecule-positive subjects, an activation inducer 

of cytotoxic T cells, a pharmaceutical composition for 

treating/preventing a cancer, and the like. 

Means for Solving the Problems 

[0009] 

Under these circumstances, the present inventors have 

intensively studied and found that a peptide having the 

amino acid sequence: Lys Arg Tyr Phe Lys Leu Ser His Leu 



Gin Met His Ser Arg Lys His binds to an HLA-DRBl*0101 

molecule, an HLA-DRBl*0401 molecule, an HLA-DRBl*0403 

molecule, an HLA-DRBl*0406 molecule, an HLA-DRBl*0803 

molecule, an HLA-DRBl*0901 molecule, an HLA-DRBl*1101 

molecule, an HLA-DRB3*0202 molecule, an HLA-DRB4*0101 

molecule, an HLA-DRBl*1501 molecule, an HLA-DRBl*0405 

molecule, an HLA-DRBl*1502 molecule, an HLA-DPB1*0501 

molecule, an HLA-DPB1*0901 molecule, an HLA-DPB1*0201 

molecule, and an HLA-DPB1*0301 molecule, and activates 

helper T cells and/or cytotoxic T cells. Thus, the present 

invention has been completed. 

[0010] 

The present invention provides: 

(1) A method for activating helper T cells, which includes 

the step of activating helper T cells by adding a WTl 

peptide to antigen presenting cells, wherein the WTl 

peptide has the ability to bind to any MHC class II 

molecule of an HLA-DRBl*0101 molecule, an HLA-DRBl*0401 

molecule, an HLA-DRBl*0403 molecule, an HLA-DRBl*0406 

molecule, an HLA-DRBl*0803 molecule, an HLA-DRBl*0901 

molecule, an HLA-DRBl*1101 molecule, an HLA-DRB3*0202 

molecule, an HLA-DRB4*0101 molecule, an HLA-DPB1*0201 

molecule or an HLA-DPB1*0301 molecule; 

(2) The method according to (1), wherein the WTl peptide 

has the ability to bind to at least two MHC class II 



molecules of an HLA-DRBl* 0101 molecule, an HLA-DRBl* 0'401 

molecule, an HLA-DRBl*0403 molecule, an HLA-DRBl*0406 

molecule, an HLA-DRBl*0803 molecule, an HLA-DRBl*0901 

molecule, an HLA-DRBl*1101 molecule, an HLA-DRB3*0202 

5 molecule, an HLA-DRB4*0101 molecule, an HLA-DPB1*0201 

molecule and an HLA-DPB1*0301 molecule; 

(3) The method according to (1) or (2), wherein the WTl 

peptide further has the ability to bind to an HLA-DRBl*0405 

molecule, an HLA-DRBl*1501 molecule, an HLA-DRBl*1502 

10 molecule, an HLA-DPB1*0501 molecule and/or an HLA-DPB1*0901 

molecule; 

(4) The method according to any one of (1) to (3), wherein 

the addition of a WTl peptide to antigen presenting cells 

is carried out by adding a WTl peptide, a polynucleotide 

15 encoding the WTl peptide, an expression vector containing 

the polypeptide, or cells containing the expression vector; 

(5) The method according to any one of (1) to (4), wherein 

the WTl peptide is a peptide containing the amino acid 

sequence: Lys Arg Tyr Phe Lys Leu Ser His Leu Gin Met His . 

20 Ser Arg Lys His (SEQ ID NO:2), a variant or a modification 

thereof; 

(6) A composition containing a WTl peptide for activating 

helper T cells by adding the WTl peptide to antigen 

presenting cells, wherein the WTl peptide has the ability 

25 to bind to any MHC class II molecule of an HLA-DRBl*0101 



molecule, an HLA-DRBl*0401 molecule, an HLA-DRBl*0403 

molecule, an HLA-DRBl*0406 molecule, an HLA-DRBl*0803 

molecule, an HLA-DRBl*0901 molecule, an HLA-DRBl*1101 

molecule, an HLA-DRB3*0202 molecule, an HLA-DRB4*0101 

5 molecule, an HLA-DPB1*0201 molecule or an HLA-DPB1*0301 

molecule; 

(7) The composition according to (6), wherein the WTl 

peptide has the ability to bind to at least two MHC class 

II molecules of an HLA-DRBl*0101 molecule, an HLA-DRBl*0401 

10 molecule, an HLA-DRBl*0403 molecule, an HLA-DRBl*0406 

molecule, an HLA-DRBl*0803 molecule, an HLA-DRBl*0901 

molecule, an HLA-DRBl*1101 molecule, an HLA-DRB3*0202 

molecule, an HLA-DRB4*0101 molecule, an HLA-DPB1*0201 

molecule and an HLA-DPB1*0301 molecule; 

15 (8) The composition according to (6) or (7), wherein the 

WTl peptide further has the ability to bind to an HLA-

DRBl* 0405 molecule, an HLA-DRBl*1501 molecule, an HLA-

DRBl* 1502 molecule, an HLA-DPB1*0501 molecule and/or an 

HLA-DPB1*0901 molecule; 

20 (9) The composition according to any one of (6) to (8), 

wherein the addition of a WTl peptide to antigen presenting 

cells is carried out by adding a WTl peptide, a 

polynucleotide encoding the WTl peptide, an expression 

vector containing the polynucleotide, or cells containing 

25 the expression vector; 



(10) The composition according to any one of (6) to (9), 

wherein the WTl peptide is a peptide containing the amino 

acid sequence: Lys Arg Tyr Phe Lys Leu Ser His Leu Gin Met 

His Ser Arg Lys His (SEQ ID NO:2), a variant or a 

5 modification thereof; 

(11) Antigen presenting cells which present a complex of an 

antigen peptide containing a WTl peptide with an MHC class 

II molecule, wherein the MHC class II molecule is any MHC 

class II molecule of an HLA-DRBl* 0101 molecule, an HLA-

10 DRB1*0401 molecule, an HLA-DRBl*0403 molecule, an HLA-

DRBl* 0406 molecule, an HLA-DRBl*0803 molecule, an HLA-

DRBl* 0901 molecule, an HLA-DRBl*1101 molecule, an HLA-

DRB3*0202 molecule, an HLA-DRB4*0101 molecule, an HLA-

DPB1*0201 molecule or an HLA-DPB1*0301 molecule; 

15 (12) Helper T cells which recognize a complex of an antigen 

peptide containing a WTl peptide with an MHC class II 

molecule, wherein the MHC class II molecule is any MHC 

class II molecule of an HLA-DRBl*0101 molecule, an HLA-

DRBl* 0401 molecule, an HLA-DRBl*0403 molecule, an HLA-

20 . DRB1* 0406 molecule, an HLA-DRBl* 0803 molecule, an HLA-

DRBl* 0901 molecule, an HLA-DRBl*1101 molecule, an HLA-

DRB3* 0202 molecule, an HLA-DRB4*0101 molecule, an HLA-

DPB1* 0201 molecule or an HLA-DPB1* 0301 molecule; 

(13) Cytotoxic T cells which are activated by the helper T 

25 cells according to (11); 



(14) A pharmaceutical composition for treating or 

preventing a cancer, including, as an active ingredient, 

any of the composition according to any one of (6) to (10), 

the antigen presenting cells according to (11), the helper 

5 T cells according to (12), or the cytotoxic T cells 

according to (13); 

(15) A pharmaceutical composition for activating cytotoxic 

T cells, including, as an active ingredient, any of a WTl 

peptide, a polynucleotide encoding the WTl peptide, an 

10 expression vector containing the polynucleotide, or cells 

containing the expression vector, and which is administered 

to a subject having any MHC class II molecule of an HLA-

DPB1*0501 molecule, an HLA-DPB1*0901 molecule, an HLA-

DPB1*0201 molecule, an HLA-DPB1*0301 molecule, an HLA-

15 DRB1*1501 molecule, an HLA-DRBl*1502 molecule, an HLA-

DRBl* 0405 molecule, an HLA-DRBl*0101 molecule, an HLA-

DRBl* 0401 molecule, an HLA-DRBl*0403 molecule, an HLA-

DRBl* 0406 molecule, an HLA-DRBl*0803 molecule, an HLA-

DRBl* 0901 molecule, an HLA-DRBl*1101 molecule, an HLA-

20 DRB3*0202 molecule or an HLA-DRB4*0101 molecule; 

(16) An antibody specifically binding to a WTl peptide, 

wherein the WTl peptide has the ability to bind to any MHC 

class II molecule of an HLA-DRBl*0101 molecule, an HLA-

DRBl* 0401 molecule, an HLA-DRBl*0403 molecule, an HLA-

25 DRB1*0406 molecule, an HLA-DRBl*0803 molecule, an HLA-
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DRB1* 0 901 molecule, an HLA-DRBl*1101 molecule, an HLA-

DRB3*0202 molecule, an HLA-DRB4*0101 molecule, an HLA-

DPB1*0201 molecule or an HLA-DPB1*0301 molecule; 

(17) A method for determining the presence or amount of -

5. WTl-specific helper T cells in a subject positive in 

respect to any MHC class II molecule of an HLA-DRBl*0101, 

HLA-DRBl*0401, HLA-DRBl*04 03, HLA-DRBl*0406, HLA-DRBl*0803, 

HLA-DRBl* 0901, HLA-DRBl*1101, HLA-DRB3* 0202, HLA-DRB4* 0101, 

HLA-DPB1* 0201 molecule or an HLA-DPB1* 0301 molecule, the 

10 method includes the steps of: 

(a) stimulating a sample obtained from the subject 

using a WTl peptide, and 

(b) determining the presence or amount of cytokines 

or helper T cells, wherein the increase of the presence or 

15 amount of cytokines or helper T cells shows the presence or 

amount of the WTl-specific helper T cells. 

Effects of the Invention 

[0011] 

20 According to the present invention, a method for 

activating helper T cells, a composition therefor, a method 

for activating cytotoxic T cells, a composition therefor, 

an activation inducer of cytotoxic T cells, a 

pharmaceutical composition for treating and/or preventing a 

25 cancer by activating helper T cells and cytotoxic T cells, 
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and the like are obtained by applying a WTl peptide to a 

wide range of subjects having any MHC class II molecule of 

an HLA-DRBl*0101 molecule, an HLA-DRBl*0401 molecule, an 

HLA-DRBl*0403 molecule, an HLA-DRBl*0406 molecule, an HLA-

DRBl* 0803 molecule, an HLA-DRBl*0901 molecule, an HLA-

DRBl* 1101 molecule, an HLA-DRB3*0202 molecule, an HLA-

DRB4*0101 molecule, an HLA-DRBl*1501 molecule, an HLA-

DRBl* 0405 molecule, an HLA-DRBl*1502 molecule, an HLA-

DPB1*0501 molecule, an HLA-DPB1*0901 molecule, an HLA-

DPB1*0201 molecule or an HLA-DPB1*0301 molecule, thus 

enabling activation of helper T cells and cytotoxic T cells 

in vivo and in vitro in subjects having such an MHC class 

II molecule, and treatment and prevention of a cancer, and 

the like. 

Brief Description of the Drawings 

[0012] 

Fig. 1 shows the results obtained by measuring the 

amount of IFN-y after co-culturing T cells induced from 

PBMCs derived from donor 1 (HLA-DRBl*0406/1201-, DRB3*0101-, 

and DRB4*0103-positive) with PBMCs derived from various 

donors pulsed with WT1-332. In the drawing, the ordinate 

denotes the amount of IFN-y (pg/mL) in a supernatant liquid 

after the co-culture. In the drawing, the abscissa denotes 

the types of HLA-DRBl, 3 and 4 molecules which are positive 



in the various donors. 

Fig. 2 shows the results obtained by measuring the 

amount of IFN-y after co-culturing T cells induced from 

PBMCs derived from donor 2 (HLA-DRBl*0901/1101-, DRB3*0202-, 

5 and DRB4*0103-positive) with PBMCs derived from various 

donors pulsed with WT1-332. In the drawing, the ordinate 

denotes the amount of IFN-y (pg/mL) in a supernatant liquid 

after the co-culture. The abscissa denotes the types of 

HLA-DRBl, 3 and 4 molecules which are positive in the 

10 various donors. 

Fig. 3 shows the results obtained by measuring the 

amount of IFN-y after co-culturing T cells induced from 

PBMCs derived from donor 3 (HLA-DRBl*0401/0405-, and 

DRB4*0102/0103-positive) with PBMCs derived from various 

15 donors pulsed with WT1-332. In the drawing, the ordinate 

denotes the amount of IFN-y (pg/mL) in a supernatant liquid 

after the co-culture. The abscissa denotes the types of 

HLA-DRBl and 4 molecules which are positive in the various 

positive donors. 

20 Fig. 4 shows the results obtained by measuring the 

amount of IFN-y after co-culturing T cells induced from 

PBMCs derived from donor 4 (HLA-DRBl*0901/1101-, DRB3*0202-, 

and DRB4*0103-positive) with PBMCs derived from various 

donors pulsed with WT1-332. In the drawing, the ordinate. 

25 denotes the amount of IFN-y (pg/mL) in a supernatant liquid 
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after the co-culture. The abscissa denotes the types of 

HLA-DRBl, 3 and 4 molecules which are positive in the 

various positive donors. 

Fig. 5 shows that HLA-class,II monomer proteins 

5 (DRB1* 0101, DRB1* 04 05, DRB1*1501, DRB1*1502, DRB1* 0803, 

DRB1*0901 and DRB4* 01.01) were specifically associated with 

various peptides. In the drawing, the ordinate denotes the 

degree of shift of retention time (minute). The abscissa 

denotes the types of HLA-class II monomer proteins. Also, 

10 the bar graphs show the types of peptides added [from the 

left, negative control (•), positive control (•) , and WT1-

332 (shaded •)]. 

Fig. 6 shows that the proportion of WTl-332-specific 

Thl (the proportion of CD4-positive cells/intracellular 

15 IFN-y-positive cells) increases time-dependently and 

significantly when T cells induced from PBMCs derived from 

healthy blood donors (in total 42 donors having at least 

one of HLA-DRBl* 1501, 1502, 0405, HLA-DPB1* 0501, and 0901) 

were stimulated with WT1-332. In the drawing, the ordinate 

20 denotes the proportion (%) of the number of CD4-positive 

cells/the number of intracellular IFN-y-positive cells in 

living cells, and the abscissa denotes culture days (days). 

Also, the symbol denotes the proportion in samples 

induced by addition of WT1-332 (WT1-332 induction group), 

25 and the symbol "O" denotes the proportion in samples 
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induced by addition of a solvent (control) (solvent 

induction group). 

Fig. 7 shows that the number of WTl-332-specific CTL 

cells (the proportion of CD8-positive cells/IFN-y-positive 

5 cells) increases time-dependently and significantly when T 

cells induced from PBMCs derived from healthy blood donors 

(in total 42 donors having at least one of HLA-DRBl*1501, 

1502, 0405, HLA-DPB1* 0501, and 0901) were stimulated with 

WT1-332. In the drawing, the ordinate denotes the 

10 proportion (%) of the number of CD8-positive cells/the 

number of intracellular IFN-y-positive cells in living 

cells, and the abscissa denotes culture days (days) . Also, 

the symbol "•" denotes the proportion in samples induced 

by addition of WT1-332 (WT1-332 induction group), and the 

15 symbol "O" denotes the proportion in samples induced by 

addition of a solvent (control) (solvent induction group). 

Fig. 8 shows HLA-DR-restrictiveness of 17 samples 

(donors 21 to 37) in which WTl-332-specific Thl was induced 

in Fig. 6 and Fig. 7. In each sample, a WTl-332-specific 

20 IFN-y production was recognized when T cells on day 14 

after induction by WT1-332 addition were stimulated with 

WT1-332, and the IFN-y production was inhibited when the 

cells were cultured with addition of an anti-HLA-DR 

antibody. This shows that the T cells induced by WT1-332 

25 are HLA-DR-restricted. In the drawing, the ordinate 
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denotes the donor number (donors 21 to 37), and the 

abscissa denotes the amount of IFN-y produced (pg/mL). 

Also, the symbol denotes the amount of IFN-y produced 

after WTl-332 stimulation, the symbol "shaded •" denotes 

5 the amount of IFN-y produced after WTl-332 + anti-HLA-DR 

antibody stimulation, and the symbol denotes the amount 

of IFN-y produced after solvent (control) stimulation. 

Fig. 9 shows that the proportion of the number of 

WTl-332-specific Thl cells (CD4-positive 

10 cells/intracellular IFN-y-positive cells) increases when T 

cells on day 14 after induction by WTl-332 addition are 

stimulated with WTl-332 in each of 17 samples (donors 21 to 

37) having HLA-DR-restricted WTl-332-specific Thl induced 

in Fig. 6 and Fig. 7. In the drawing, the ordinate denotes 

15 the donor number (donors 21 to 37), and the abscissa 

denotes the proportion (%) of the number of CD4-positive 

cells/the number of intracellular IFN-y-positive cells in 

living cells. Also, the symbol denotes the proportion 

after WTl-332 stimulation, and the symbol denotes the 

20 proportion after solvent (control) stimulation. 

Fig. 10 shows that the proportion of the number of 

WTl-332-specific CTL cells (CD8-positive 

cells/intracellular IFN-y-positive cells) increases when T 

cells on day 14 after induction by WTl-332 addition are 

25 stimulated with WTl-332 in each of 17 samples (donors 21 to 



37) having HLA-DR-restricted WTl-332-specific Thl induced 

in Fig. 6 and Fig. 7. In the drawing, the ordinate denotes 

the donor number (donors 21 to 37), and the abscissa 

denotes the proportion (%) of the number of CD8-positive 

5 cells/the number of intracellular IFN-y-positive cells in 

living cells. Also, the symbol denotes the proportion 

after WTl-332 stimulation, and the symbol denotes the 

proportion after solvent (control) stimulation. 

Fig. 11 shows HLA-DP-restrictiveness of 9 samples 

10 (donors 38 to 46) in which WTl-332-specific Thl was induced 

in Fig. 6 and Fig. 7. In each sample, a WTl-332-specific 

IFN-y production was recognized when T cells on day 14 

after induction by WTl-332 addition were stimulated with 

WTl-332, and the IFN-y production was not inhibited when 

15 the cells were cultured with addition of an anti-HLA-DR 

antibody, and also when the cells were cultured with 

addition of an anti-HLA-DQ antibody. This shows that the T 

cells induced by WTl-332 are HLA-DP-restricted. In the 

drawing, the ordinate denotes the donor number (donors 38 

20 to 46), and the abscissa denotes the amount of IFN-y 

produced (pg/mL). Also, the symbol denotes the amount 

of IFN-y produced after WTl-332 stimulation, the symbol 

"shaded •" denotes the amount of IFN-y produced after WTl-

332 + anti-HLA-DR antibody stimulation, the symbol "dashed 

25 •" denotes the amount of IFN-y produced after WTl-332 + 

- 17 -



anti-HLA-DQ antibody stimulation, and the symbol 

denotes the amount of IFN-y produced after solvent 

(control) stimulation. 

Fig. 12 shows that the proportion of the- number of 

5 WTl-332-specific Thl cells (CD4-positive 

cells/intracellular IFN-y-positive cells) increases when T 

cells on day 14 after induction by WTl-332 addition are 

stimulated with WTl-332 in each of 9 samples (donors 38 to 

46) having HLA-DP-restrictive WTl-332-specific Thl induced 

10 in Fig. 6 and Fig. 7. In the drawing, the ordinate denotes 

the donor number (donors 38 to 46), and the abscissa 

denotes the proportion (%) of the number of CD4-positive 

cells/the number of intracellular IFN-y-positive cells in 

living cells. Also, the symbol denotes the proportion 

15 after WTl-332 stimulation, and the symbol denotes the 

proportion after solvent (control) stimulation. 

Fig. 13 shows that the proportion of the number of 

WTl-332-specific CTL cells (CD'8-positive 

cells/intracellular IFN-y-positive cells) increases when T 

20 cells on day 14 after induction by WTl-332 addition are 

stimulated with WTl-332 in each of 9 samples (donors 38 to 

46) having HLA-DP-restricted WTl-332-specific Thl induced 

in Fig. 6 and Fig. 7. In the drawing, the ordinate denotes 

the donor number (donors 38 to 46), and the abscissa 

25 denotes the proportion (%) of the number of CD8-positive 
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cells/the number of intracellular IFN-y-positive cells in 

living cells. Also, the symbol denotes the proportion 

after WTl-332 stimulation, and the symbol denotes the 

proportion after solvent (control) stimulation. 

5 

Modes for Carrying Out the Invention 

[0013] 

In one aspect, the present invention provides a 

method for activating helper T cells or cytotoxic T cells, 

10 which includes the step of activating helper T cells or 

cytotoxic T cells by adding a WTl peptide to antigen 

presenting cells, wherein the WTl peptide has the ability 

to bind to an MHC class II molecule. In the present 

invention, the step of activating cytotoxic T cells may be 

15 carried out by passing through the step of activating 

helper T cells. Also, the WTl peptide used in the present 

invention is one having the ability to bind to any MHC 

class II molecule of an HLA-DRBl*0101 molecule, an HLA-

DRBl* 0401 molecule, an HLA-DRBl*0403 molecule, an HLA-

20 DRB1*0406 molecule, an HLA-DRBl*0803 molecule, an HLA-

DRBl* 0901 molecule, an HLA-DRBl*1101 molecule, an HLA-

DRB3*0202 molecule, an HLA-DRB4*0101 molecule, an HLA-

DRBl* 1501 molecule, an HLA-DRBl*0405 molecule, an HLA-

DRBl* 1502 molecule, an HLA-DPB1*0501 molecule, an HLA-

25 DPB1*0901 molecule, an HLA-DPB1*0201 molecule or an HLA-
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DPB1*0301 molecule. Moreover, the WTl peptide used in the 

present invention may be one having the ability to bind to 

at least two or more MHC class II molecules of the above 

MHC class II molecules. Also, the WTl peptide used in the 

5 present invention may have the ability to bind to any MHC 

class II molecule, for example, of HLA-DR, HLA-DQ and HLA-

DP molecules. 

[0014] 

In the present invention, the WTl peptide may be a 

10 peptide having a portion of an amino acid sequence of a 

human WTl protein depicted in SEQ ID NO:l. The peptide 

according to the present invention has no particular 

limitation in its amino acid sequence and length so far as 

the peptide has the above feature. However, a too long 

15 peptide is susceptible to a protease action, and a too 

short peptide can not bind to a peptide accommodating 

groove well. The length of the peptide according to the 

present invention is one of preferably 10 to 25 amino acids, 

more preferably 15 to 21 amino acids, further preferably 16 

20 to 20 amino acids, for example, of 16 amino acids, 17 amino 

acids, 18 amino acids, or 19 amino acids. Specific 

examples of the peptide according to the present invention 

are those containing the amino acid sequence: Lys Arg Tyr 

Phe Lys Leu Ser His Leu Gin Met His Ser Arg Lys His (SEQ ID 

25 NO:2). 
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[0015] 

In addition, the WTl peptide used in the present 

invention includes variants of the above peptide. The 

variants may contain, for example, a peptide selected from 

5 the group consisting of peptides having an amino acid 

sequence in which 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:2 is/are substituted, 

10 deleted or added. Substitution of amino acids in peptides 

may be carried out at any positions and with any types of 

amino acids, and conservative amino acid substitution is 

preferred. Examples of the conservative amino acid 

substitution include substitution of a Glu residue with an 

15 Asp residue, a Phe residue with a Tyr residue, a Leu 

residue with an lie residue, an Ala residue with a Ser 

residue, a His residue with an Arg residue and the like. 

Preferably, addition or deletion of amino acids may be 

carried out at the N-terminus and the C-terminus in 

20 peptides, but may be carried out in an interior sequence. 

Preferred specific examples of the peptides according to 

the present invention are those having SEQ ID NO:2. In 

this connection, any of the above peptides must have the 

ability to bind to any MHC class II molecule of an HLA-

25 DRB1*0101 molecule, an HLA-DRBl*0401 molecule, an HLA-
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DRB1*0403 molecule, an HLA-DRBl*0406 molecule, an HLA-

DRBl* 0803 molecule, an HLA-DRBl*0901 molecule, an HLA-

DRBl* 1101 molecule, an HLA-DRB3*0202 molecule, an HLA-

DRB4*0101 molecule, an HLA-DRBl*1501 molecule, an HLA-

5 DRB1*0405 molecule, an HLA-DRBl*1502 molecule, an HLA-

DPB1*0501 molecule, an HLA-DPB1*0901 molecule, an HLA-

DPB1*0201 molecule or an HLA-DPB1*0301 molecule, and must 

activate helper T cells or cytotoxic T cells (herein, also 

referred to as CTL). In the present specification, the 

10 above WTl peptide is also referred to as "WTl-332". Also, 

human MHC molecules are generally referred to as HLA 

molecules, and therefore, MHC is used as a synonym of HLA 

in the present specification. 

[0016] 

15 Moreover, the peptides according to the present 

invention may be those 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, 

20 alkylation, halogenation, phosphorylation and the like on a 

functional group in a side chain of an amino acid residue. 

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 

25 peptide, an analog thereof and the like may be bound to the 
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peptide. For example, a histidine tag may be added, or a 

fusion protein may be formed together with a protein such 

as thioredoxin. Alternatively, a detectable label may be 

bound to the WTl peptide. In case these substances are 

5 bound to the peptide according to the present invention, 

they may be treated, for example, by an in vivo enzyme and 

the like, or by a process such as intracellular processing 

to finally generate a peptide consisting of the above amino 

acid sequence, which is presented on cell surface, as a 

10 complex with an MHC class II molecule, thereby being able 

to obtain an induction effect of helper T cells and/or 

cytotoxic T cells. These substances may be those 

regulating solubility of the peptide according to the 

present invention, those improving stability of the peptide 

15 such as protease resistance, those allowing specific 

delivery of the peptide of the present invention, for 

example, to a given tissue or organ, or those having an 

enhancing action of an uptake efficiency of antigen 

presenting cells or other action. Also, these substances 

20 may be those increasing an ability to induce CTL, for 

example, helper peptides other than the peptide according 

to the present invention. 

[0017] 

The WTl peptide used in the present invention can be 

25 synthesized using a method usually used in the art or a 
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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; 

5 Basis and Experiments of Peptide Synthesis, Maruzen Co., 

Ltd., 1985; Development of Medicines (continuation), Vol. 

14, Peptide Synthesis, Hirokawa Shoten Co., 1991, and the 

like. Also, the peptide used in the present invention can 

be prepared using a genetic engineering technique on the 

10 basis of information of a nucleotide sequence encoding the 

peptide. Such a genetic engineering technique is well 

known to those skilled in the art. Such a technique can be 

conducted according to methods such as those described in 

literatures (Molecular Cloning, T. Maniatis et al., CSH 

15 Laboratory (1983); DNA Cloning, DM. Glover, IRL PRESS 

(1985)). 

[0018] 

Also, the present invention relates to a 

polynucleotide sequence encoding the WTl peptide described 

20 above. The polynucleotide sequence encoding the WTl 

peptide may be a DNA sequence or an RNA sequence. In the 

present invention, such a polynucleotide sequence may be 

used instead of the WTl peptide. Such a polynucleotide 

sequence may be used by integrating into a suitable vector. 

25 The vector includes plasmids, phage vectors, virus vectors 
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and the like, for example, pUC118, pUC119, pBR322, pCR3, 

pYES2, pYEUra3, pKCR, pCDM8, pGL2, pcDNA3.1, pRc/RSV, 

pRc/CMV, pAcSGHisNT-A, AZAPII, Agtll and the like. The 

vector may contain, as needed, factors such as an 

5 expression-inducible promoter, a gene encoding a signal 

sequence, a marker gene for selection, and a terminator. A 

method for introducing these genes into cells or living 

bodies, a method for expressing them and the like are known 

to those skilled in the art. 

10 [0019] 

The antigen presenting cells used in the present 

invention are those which can present an antigen peptide 

containing the above WTl peptide together with an MHC class 

II molecule to helper T cells, and mean, for example, 

15 dendritic cells, peripheral blood mononuclear cells and the 

like. Accordingly, subjects from which the antigen 

presenting cells used in the present invention are derived 

must have the same molecule as an MHC class II molecule to 

which the WTl peptide added can bind (for example, any one 

20 or more MHC class II molecules of an HLA-DRBl* 0101 molecule, 

an HLA-DRBl*0401 molecule, an HLA-DRBl*0403 molecule, an 

HLA-DRBl*0406 molecule, an HLA-DRBl*0803 molecule, an HLA-

DRBl* 0901 molecule, an HLA-DRBl*1101 molecule, an HLA-

DRB3*0202 molecule, an HLA-DRB4*0101 molecule, an HLA-

25 DRB1*1501 molecule, an HLA-DRBl*0405 molecule, an HLA-
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DRB1*1502 molecule, an HLA-DPB1*0501 molecule, an HLA-

DPB1*0901 molecule, an HLA-DPB1*0201 molecule, an HLA-

DPB1*0301 molecule, etc.). 

[0020] 

5 In the present invention, addition of the WTl peptide 

to antigen presenting cells may be carried out directly by 

addition of the WTl peptide, or indirectly by addition of a 

polynucleotide encoding the WTl peptide or of an expression 

vector containing a polynucleotide encoding the WTl peptide 

10 or by addition of cells containing the expression vector. 

The above addition can be carried out by a method known in 

the art. The above polynucleotide encoding the WTl peptide, 

expression vector containing a polynucleotide encoding the • 

WTl peptide, and cells containing the expression vector can 

15 be obtained by a technique well known to those skilled in 

the art. Specifically, the polynucleotide used in the 

present invention can be determined on the basis of an 

amino acid sequence of the above WTl peptide (for example, 

the amino acid sequence depicted in SEQ ID NO:2). The 

20 above polynucleotide can be prepared, for example, by a DNA 

or RNA synthesis, a PCR method and the like. Also, the 

types of expression vectors containing the above 

polynucleotide, sequences contained in addition to the 

above polynucleotide sequence and the like can be selected 

25 properly depending on the purposes, types and the like of 
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hosts into which the expression vectors are introduced. 

The expression vectors include plasmids, phage vectors, 

virus vectors and the like. The cells containing an 

expression vector can be prepared, for example, by 

5 transforming host cells. The host cells include 

Escherichia coli cells, yeast cells, insect cells, animal 

cells and the like. A method for transforming host cells 

may be a conventional method, and it is possible to use, 

for example, a calcium phosphate method, a DEAE-dextran 

10 method, an electroporation method, and a lipid for gene 

transfer. 

[0021] 

In general, helper T cells are activated when a TCR-

CD3 complex on a T cell surface recognizes an antigen 

15 peptide through an MHC class II molecule on a surface of 

antigen presenting cells, and integrin on a T cell surface 

is stimulated by an integrin ligand on a surface of antigen 

presenting cells. The activation of helper T cells in the 

present specification includes not only the activation of 

20 helper T cells but also induction and proliferation of 

helper T cells. Also, helper T cells activated in the 

present invention may be undifferentiated T cells (for 

example, naive T cells) and the like. The activated helper 

T cells have a function that activates an immune system by 

25 promoting induction, proliferation and activation of B 
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cells and cytotoxic T cells. Accordingly, the method of 

the present invention can be used as an adjunctive therapy 

for treating a cancer and the like. Also, helper T cells 

activated in vitro using the method of the present 

5 invention can be used for treating or preventing a cancer 

and the like, or as an adjunctive agent therefor. The 

activation of helper T cells can be evaluated, for example, 

by measuring the production or secretion of cytokines such 

as interferons (for example, interferon-y, etc.) and 

10 interleukins. 

[0022] 

In another aspect, the present invention provides a 

composition for activating helper T cells or cytotoxic T 

cells by adding a WTl peptide to antigen presenting cells. 

15 In the present invention, the activation of cytotoxic T 

cells may be carried out by passing through the activation 

of helper T cells. Although a WTl peptide, a 

polynucleotide encoding the WTl peptide, a vector 

containing the polynucleotide, and cells containing the 

20 vector can be exemplified in the composition of the present 

invention, any molecules may be used providing that they 

are factors capable of presenting a WTl peptide as an 

antigen peptide on a surface of antigen presenting cells. 

These factors can be obtained by a method well known to 

25 those skilled in the art as described above. 
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[0023] 

The WTl peptide used in the present invention has the 

ability to bind to any of an HLA-DRBl*0101 molecule, an 

'HLA-DRBl* 04 01 molecule, an HLA-DRBl* 0403 molecule, an HLA-

5 DRB1* 0406 molecule, an HLA-DRB1*.0 803 molecule, an HLA-

DRBl* 0901 molecule, an HLA-DRBl*1101 molecule, an HLA-

DRB3*0202 molecule, an HLA-DRB4*0101 molecule, an HLA-

DRBl* 1501 molecule, an HLA-DRBl*0405 molecule, an HLA-

DRBl* 1502 molecule, an HLA-DPB1*0501 molecule, an HLA-

10 DPB1*0901 molecule, an HLA-DPB1*0201 molecule or an HLA-

DPB1*0301 molecule, as described above. Also, the WTl 

peptide used in the present invention may have the ability 

to bind to at least two or more MHC class II molecules of 

the above MHC class II molecules. Moreover, the WTl 

15 peptide used in the present invention may have the ability 

to bind to any MHC class II molecule of HLA-DR, HLA-DQ, or 

HLA-DP molecules. 

[0024] 

When the composition of the present invention is 

20 administered to a subject having any one or more MHC class 

II molecules of an HLA-DRBl*0101 molecule, an HLA-DRBl*0401 

molecule, an HLA-DRBl*0403 molecule, an HLA-DRBl*0406 

molecule, an HLA-DRBl*0803 molecule, an HLA-DRBl*0901 

molecule, an HLA-DRBl*1101 molecule, an HLA-DRB3*0202 

25 molecule, an HLA-DRB4*0101 molecule, an HLA-DRBl*1501 
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molecule, an HLA-DRBl*0405 molecule, an HLA-DRBl*1502 

molecule, an HLA-DPB1*0501 molecule, an HLA-DPB1*0901 

molecule, an HLA-DPB1*0201 molecule or an HLA-DPB1*0301 

molecule, an immune system is activated by activation of 

5 helper T cells and/or cytotoxic T cells in the subject. 

Also, the WTl gene is highly expressed in various cancers 

and tumors, for example, in hematological malignancy such 

as leukemia, myelodysplastic syndrome, multiple myeloma and 

malignant lymphoma, as well as in solid cancers such as 

10 stomach cancer, colorectal 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, the composition of 

the present invention can be used as an adjunctive agent 

15 for treating or preventing a cancer. Alternatively, helper 

T cells, cytotoxic T cells and the like, which are 

activated using the composition of the present invention, 

can be used, for example, as an adjunctive agent for 

treating the above cancers. 

20 [0025] 

In addition to the above WTl peptide, polynucleotide 

encoding the WTl peptide, vector containing the 

polynucleotide, and cells containing the vector, the 

composition of the present invention may contain, for 

25 example, a carrier, an excipient, an additive and the like. 
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The above WTl peptide and the like contained in the 

composition of the present invention activate helper T 

cells and/or cytotoxic T cells in a WTl peptide-specific 

manner, and therefore, the composition may contain a known 

5 MHC class I-restrictive WTl peptide, or may be applied 

together with such a peptide. 

[0026] 

A method for applying the composition of the present 

invention can be selected properly depending on conditions 

10 such as the desired degree of activation of helper T cells 

and/or cytotoxic T cells, and the state of antigen 

presenting cells. The application method includes, for 

example, administration to a subject by intradermal 

administration, subcutaneous administration, intramuscular 

15 administration, intravenous administration, transnasal 

administration, oral administration and the like, or 

addition to a culture fluid of antigen presenting cells, 

but is not limited thereto. The amount of the above WTl 

peptide and the like contained in the composition of the 

20 present invention, the form of the composition, the 

application frequency of the composition and the like can 

be selected properly depending on conditions such as the 

desired degree of activation of helper T cells and/or 

cytotoxic T cells, and the state of antigen presenting 

25 cells. 
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[0027] 

In still another aspect, the present invention 

provides a method for treating or preventing a cancer in a 

subject, which includes the step of activating helper T 

5 cells or cytotoxic T cells by adding a WTl peptide to 

antigen presenting cells, wherein the WTl peptide has the 

ability to bind to any MHC class II molecule of an HLA-

DRBl* 0101 molecule, an HLA-DRBl*0401 molecule, an HLA-

DRBl* 0403 molecule, an HLA-DRBl*0406 molecule, an HLA-

10 DRB1* 08 03 molecule, an HLA-DRBl* 0901 molecule, an HLA-

DRBl* 1101 molecule, an HLA-DRB3*0202 molecule, an HLA-

DRB4* 010.1 molecule, an HLA-DRBl* 1501 molecule, an HLA-

DRBl* 0405 molecule, an HLA-DRBl* 1.502 molecule, an HLA-

DPB1* 0501 molecule, an HLA-DPB1* 0901 molecule, an HLA-

15 DPB1*0201 molecule or an HLA-DPB1*0301 molecule. The 

method of the present invention activates an immune system 

in a subject by activating helper T cells and/or cytotoxic 

T cells, thereby treating or preventing a cancer in a 

subject. In the method of the present invention, the step 

20 of activating cytotoxic T cells may be carried out by 

passing through the step of activating helper T cells. The 

addition of the WTl peptide to antigen presenting cells may 

be carried out directly by addition of the WTl peptide, or 

indirectly by addition of a polynucleotide encoding the WTl 

25 peptide or of an expression vector containing a 
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polynucleotide encoding the WTl peptide or by addition of 

cells containing the expression vector. The above 

polynucleotide encoding the WTl peptide, expression vector 

containing a polynucleotide encoding the WTl peptide, and 

5 cells containing the expression vector can be obtained by a 

method well known to those skilled in the art, as described 

above. Subjects to which the method of the present 

invention can be applied are those positive in respect to 

any MHC class II molecule of an HLA-DRBl*0101 molecule, an 

10 HLA-DRBl*0401 molecule, an HLA-DRBl*0403 molecule, an HLA-

DRBl* 0406 molecule, an HLA-DRBl*0803 molecule, an HLA-

DRBl* 0901 molecule, an HLA-DRBl*1101 molecule, an HLA-

DRB3* 0202 molecule, an HLA-DRB4*0101 molecule, an HLA-

DRBl* 1501 molecule, an HLA-DRBl*0405 molecule, an HLA-

15 DRB1*1502 molecule, an HLA-DPB1*0501 molecule, an HLA-

DPB1*0901 molecule, an HLA-DPB1*0201 molecule or an HLA-

DPB1*0301 molecule. Cancers to which the present invention 

can be applied may be any cancers, and include, for example, 

hematopoietic organ tumors such as leukemia, 

2 0 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. Also, the 

25 method of the present invention may be used together with a 
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method for treating or preventing a cancer using an MHC 

class I molecule-restrictive WTl peptide or a 

pharmaceutical composition therefor. 

[0028] 

5 In still another aspect, the present invention 

provides use of a WTl peptide for preparing the above 

composition, of a polynucleotide encoding the WTl peptide, 

of a vector containing the polynucleotide,, and of cells 

containing the vector. 

10 [0029] 

In still further aspect, the present invention 

relates to a kit containing the above WTl peptide, 

polynucleotide encoding the WTl peptide, vector containing 

the polynucleotide, or cells containing the vector, for 

15 activating helper T cells and/or cytotoxic T cells by 

adding the WTl peptide to antigen presenting cells, wherein 

the WTl peptide has the ability to bind to any MHC class II 

molecule of an HLA-DRBl*0101 molecule, an HLA-DRBl*0401 

molecule, an HLA-DRBl*0403 molecule, an HLA-DRBl*0406 

20 molecule, an HLA-DRBl*0803 molecule, an HLA-DRBl*0901 

molecule, an HLA-DRBl*1101 molecule, an HLA-DRB3*0202 

molecule, an HLA-DRB4*0101 molecule, an HLA-DRBl*1501 

molecule, an HLA-DRBl*0405 molecule, an HLA-DRBl*1502 

molecule, an HLA-DPB1*0501 molecule, an HLA-DPB1*0901 

25 molecule, an HLA-DPB1*0201 molecule or an HLA-DPB1*0301 
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molecule. Preferably, the kit is used in the above method 

for activating helper T cells or cytotoxic T cells. The 

kit of the present invention may contain, for example, an 

obtaining means of antigen presenting cells, an evaluating 

5 means of activity of helper T cells and/or cytotoxic T 

cells and the like, in addition to the WTl peptide. In 

general, the kit is accompanied with an instruction manual. 

It is possible to effectively activate helper T cells or 

cytotoxic T cells using the kit of the present invention. 

10 [0030] 

In another aspect, the present invention provides 

antigen presenting cells which present a complex of an 

antigen peptide containing a WTl peptide with an MHC class 

II molecule. In this case, the MHC class II molecule may 

15 be any molecule of an HLA-DRBl* 0101 molecule, an HLA-

DRBl* 0401 molecule, an HLA-DRBl*0403 molecule, an HLA-

DRBl* 0406 molecule, an HLA-DRBl*0803 molecule, an HLA-

DRBl* 0901 molecule, an HLA-DRBl*1101 molecule, an HLA-

DRB3*0202 molecule, an HLA-DRB4*0101 molecule, an HLA-

20 DRB1*1501 molecule, an HLA-DRBl*0405 molecule, an HLA-

DRBl* 1502 molecule, an HLA-DPB1*0501 molecule, an HLA-

DPB1*0901 molecule, an HLA-DPB1*0201 molecule or an HLA-

DPB1*0301 molecule, or may be at least two or more 

molecules of the above MHC class II molecules. The antigen 

25 presenting cells of the present invention may be prepared 
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using a technique known to those skilled in the art. For 

example, they may be prepared by isolating cells having an 

antigen presenting ability from a cancer patient, and then 

pulsing the isolated cells with the above WTl peptide (for 

5 example, peptide having the amino acid sequence as shown in 

SEQ ID NO:2) or with a polynucleotide encoding the WTl 

peptide, or introducing an expression vector containing the 

polynucleotide into the cells, thereby allowing a complex 

of an antigen peptide containing the WTl peptide with an 

10 MHC class II molecule to present on the cell surface 

(Cancer Immunol. Immunother. 46:82, 1998, J. Immunol., 158: 

pl796, 1997, Cancer Res., 59: pll84, 1999, Cancer Res., 56: 

p5672, 1996, J. Immunol., 161: p5607, 1998, J. Exp. Med., 

184: p465, 1996). In the present specification, the cells 

15 having an antigen presenting ability are not limited so far 

as they express an MHC class II molecule capable of 

presenting a WTl peptide on the cell surface, and 

peripheral blood mononuclear cells or dendritic cells 

having a high antigen presenting ability are preferred. 

20 Also, the presence of the antigen presenting cells of the 

present invention is confirmed by an increase of activity 

of cytotoxic T cells, which is confirmed by an increase of 

an amount of interferon-y, as shown in the Examples. The 

antigen presenting cells of the present invention are 

25 effectively used in a cell therapy (for example, dendritic 
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cell, therapy) as an active ingredient of a pharmaceutical 

composition. 

[0031] 

In still another aspect, the present invention 

5 provides helper T cells which recognize a complex of an 

antigen peptide containing a WTl peptide with an MHC class 

II molecule. In this case, the MHC class II molecule may 

be any molecule of an HLA-DRBl* 0101 molecule, an HLA-

DRBl* 0401 molecule, an HLA-DRBl*0403 molecule, an HLA-

10 DRB1* 0406 molecule, an HLA-DRBl* 0803 molecule, an HLA-

DRBl* 0901 molecule, an HLA-DRBl*1101 molecule, an HLA-

DRB3* 0202 molecule, an HLA-DRB4*0101 molecule, an HLA-

DRBl* 1501 molecule, an HLA-DRBl*0405 molecule, an HLA-

DRBl* 1502 molecule, an HLA-DPB1*0501 molecule, an HLA-

15 DPB1* 0901 molecule, an HLA-DPB1* 0201 molecule or an HLA-

DPB1*0301 molecule, or may be at least two or more 

molecules of the above MHC class II molecules. The helper 

T cells of the present invention include, for example, 

those recognizing a complex of an antigen peptide 

20 containing a peptide consisting of the amino acid sequence 

depicted in SEQ ID NO:2 with any MHC class II molecule of 

an HLA-DRBl*0101 molecule, an HLA-DRBl*0401 molecule, an 

HLA-DRBl*0403 molecule, an HLA-DRBl*0406 molecule, an HLA-

DRBl* 0803 molecule, an HLA-DRBl*0901 molecule, an HLA-

25 DRB1*1101 molecule, an HLA-DRB3*0202 molecule, an HLA-
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DRB4*0101 molecule, an HLA-DRBl*150i molecule, an HLA-

DRBl* 0405 molecule, an HLA-DRBl*1502 molecule, an HLA-

DPB1*0501 molecule, an HLA-DPB1*0901 molecule, an HLA-

DPB1*0201 molecule or an HLA-DPB1*0301 molecule. The 

5 helper T cells of the present invention can easily be 

prepared and obtained by those skilled in the art using a 

technique known in the art (Iwata, M. et al., Eur. J. 

Immunol, 26, 2081 (1996)). 

[0032] 

10 In still another aspect, the present invention 

provides cytotoxic T cells which are activated by helper T 

cells recognizing a complex of an antigen peptide 

containing a WTl peptide with an MHC class II molecule. 

The cytotoxic T cells of the present invention include, for 

15 example, those activated by helper T cells recognizing a 

complex of an antigen peptide containing a peptide 

consisting of the amino acid sequence as shown in SEQ ID 

NO:2 with any MHC . class II molecule of i an HLA-DRBl*0101 

molecule, an HLA-DRB1* 0401 molecule, an HLA-•DRB1* 0403 

molecule, an HLA-DRB1* 0406 molecule, an HLA-•DRB1* 0803 

molecule, an HLA-DRB1* 0901 molecule, an HLA-•DRB1* 1101 

molecule, an HLA-DRB3* 0202 molecule, an HLA-•DRB4* 0101 

molecule, an HLA-DRB1* 1501 molecule, an HLA-•DRB1* 0405 

molecule, an HLA-DRB1* 1502 molecule, an HLA-•DPB1* 0501 

molecule, an HLA-DPB1* 0901 molecule, an HLA-•DPB1* 0201 
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molecule or an HLA-DPB1*0301 molecule. The cytotoxic T 

cells of the present invention can easily be prepared by 

those skilled in the art using a known technique. For 

example, they are prepared by isolating peripheral blood 

5 lymphocytes from a patient, and stimulating them in vitro 

with a peptide (for example, peptide having the amino acid 

sequence depicted in SEQ ID NO:2), a polynucleotide 

encoding the peptide, or an expression vector containing 

the polynucleotide (Journal of Experimental Medicine 1999, 

10 190:1669). The cytotoxic T cells thus prepared can be used 

as an active ingredient of a pharmaceutical composition for 

treating or preventing a cancer and the like. In the 

Examples of the present specification, an activity to 

induce cytotoxic T cells was recognized by administration 

15 of WT-332 in a sample derived from a subject having a 

certain MHC class molecule. This shows that antigen 

presenting cells which present a complex of an antigen 

peptide consisting of a WTl peptide with an MHC class II 

molecule are present in peripheral blood mononuclear cells, 

20 and shows the presence of antigen presenting cells which 

present the complex, helper T cells which specifically 

recognize them, and cytotoxic T cells induced by the helper 

T cells. 

[0033] 

25 In still another aspect, the present invention 
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provides an HLA tetramer having the above antigen peptide 

containing a WTl peptide and an MHC class II molecule. The 

MHC class II molecule may be any molecule of an HLA-

DRBl* 0101 molecule, an HLA-DRBl*0401 molecule, an HLA-

5 DRB1* 0403 molecule, an HLA-DRBl* 0406 molecule, an HLA-

DRBl* 0803 molecule, an HLA-DRBl*0901 molecule, an HLA-

DRBl* 1101 molecule, an HLA-DRB3*0202 molecule, an HLA-

DRB4*0101 molecule, an HLA-DRBl*1501 molecule, an HLA-

DRBl* 0405 molecule, an HLA-DRBl*1502 molecule, an HLA-

10 DPB1*0501 molecule or an HLA-DPB1*0901 molecule, or may be 

at least two or more molecules of the above MHC class II 

molecules. In.the present specification, the HLA tetramer 

means a tetramerized product which is obtained by 

biotinylating a complex (HLA monomer) obtained by 

15 association of an HLA protein with e peptide, and then 

binding the biotinylated product to avidin. HLA tetramers 

containing various antigen peptides are commercially 

available, and it is possible to prepare the HLA tetramer 

of the present invention easily (Science 279: 2103-2106 

20 (1998), Science 274: 94-96 (1996)). The tetramer of the 

present invention is preferably labeled with fluorescence 

so that the bound helper T cells and cytotoxic T cells of 

the present invention can be selected or detected easily by 

a known detecting means such as flow cytometry and 

25 fluorescence microscope. The HLA tetramer in the present 
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invention is not limited to a tetramer, and it is also 

possible to use a multimer such as a pentamer and a 

dendrimer, as needed. In the present specification, the 

multimer means a multimerized product which is obtained by 

5 binding two or more complexes (HLA monomers) obtained by 

association of an HLA protein with a peptide using a known 

technique. 

[0034] 

In another aspect, the present invention provides a 

10 pharmaceutical composition for activating helper T cells or 

cytotoxic T cells, which contains, as an active ingredient, 

any of the above-mentioned composition, antigen presenting 

cells, helper T cells, cytotoxic T cells or tetramer. The 

pharmaceutical composition of the present invention may 

15 contain, as an active ingredient, any one or more of the 

above-mentioned composition, antigen presenting cells, 

helper T cells, cytotoxic T cells or tetramer. The 

pharmaceutical composition of the present invention can be 

used for treating or preventing a cancer. The 

20 pharmaceutical composition of the present invention can be 

applied to various cancers and tumors expressing WTl, for 

example, to hematopoietic organ tumors such as leukemia, 

myelodysplastic syndrome, multiple myeloma and malignant 

lymphoma, as well as to solid cancers such as stomach 

25 cancer, bowel cancer, lung cancer, breast cancer, germ-cell 
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cancer, liver cancer, skin cancer, bladder cancer, prostate 

cancer, uterus cancer, cervical cancer and ovary cancer. 

Also, the pharmaceutical composition of the present 

invention can be used for administering to a subject having 

5 an MHC class II molecule such as an HLA-DRBl*0101 molecule, 

an HLA-DRBl*0401 molecule, an HLA-DRBl*0403 molecule, an 

HLA-DRBl*0406 molecule, an HLA-DRBl*0803 molecule, an HLA-

DRBl* 0901 molecule, an HLA-DRBl*1101 molecule, an HLA-

DRB3*0202 molecule, an HLA-DRB4*0101 molecule, an HLA-

10 DRB1*1501 molecule, an HLA-DRBl*0405 molecule, an HLA-

DRBl* 1502 molecule, an HLA-DPB1*0501 molecule, an HLA-

DPB1*0901 molecule, an HLA-DPB1*0201 molecule or an HLA-

DPB1*0301 molecule. The pharmaceutical composition of the 

present invention may be used together with other method 

15 for treating or preventing a cancer or pharmaceutical 

composition therefor. Moreover, the pharmaceutical 

composition of the present invention may contain an 

activating agent, a proliferating agent, an inducing agent 

and the like of helper T cells or cytotoxic T cells, or may 

20 contain a known MHC class I-restrictive WTl peptide. 

[0035] 

In addition to an active ingredient, the 

pharmaceutical composition of the present invention may 

contain, for example, a carrier, an excipients and the like. 

2 5 The administration method of the pharmaceutical composition 
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of the present invention can be selected properly depending 

on conditions such as a type of diseases, a state of 

subjects and a target site. The method includes, for 

example, intradermal administration, subcutaneous 

5 administration, intramuscular administration, intravenous 

administration, transnasal administration, oral 

administration and the like, but is not limited thereto. 

The amount of the above active ingredient contained in the 

pharmaceutical composition of the present invention, the 

10 dosage form of the composition, the administration 

frequency of the composition and the like can be selected 

properly depending on conditions such as a type of diseases, 

a state of subjects, a target site and the like. 

[0036] 

15 In still another aspect, the present invention 

provides a method for treating or preventing a cancer, 

which include the step of administering any of the above-

mentioned composition, antigen presenting cells, helper T 

cells, cytotoxic T cells or tetramer to a subject in an 

20 effective amount, wherein the subject has any MHC class II 

molecule of an HLA-DRBl*0101 molecule, an HLA-DRBl*0401 

molecule, an HLA-DRBl*0403 molecule, an HLA-DRBl*0406 

molecule, an HLA-DRBl*0803 molecule, an HLA-DRBl*0901 

molecule, an HLA-DRBl*1101 molecule, an HLA-DRB3*0202 

25 molecule, an HLA-DRB4*0101 molecule, an HLA-DRBl*1501 
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molecule, an HLA-DRBl 0405 molecule, an HLA-DRBl*1502 

molecule, an HLA-DPB1*0501 molecule, an HLA-DPB1*0901 

molecule, an HLA-DPB1*0201 molecule or an HLA-DPB1*0301 

molecule. Cancers which can be treated or prevented by the 

5 method of the present invention are various cancers and 

tumors expressing WTl, 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 

10 cancer, germ-cell cancer, liver cancer, skin cancer, 

bladder cancer, prostate cancer, uterus cancer, cervical 

cancer and ovary cancer. The method of the present 

invention may be used together with other method for 

treating or preventing a cancer, for example, a method for 

15 treating or preventing a cancer using a known MHC class I 

molecule-restrictive WTl peptide. 

[0037] 

In still another aspect, the present invention 

provides use of any of the above-mentioned composition, 

20 antigen presenting cells, helper T cells, cytotoxic T cells 

or tetramer for preparing the above pharmaceutical 

composition. 

[0038] 

In one aspect, the present invention relates to an 

25 antibody which specifically binds to the above WTl peptide 
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or polynucleotide encoding the WTl peptide (hereinafter, 

the antibody is also referred to as an anti-WTl antibody). 

The antibody of the present invention may be either of a 

polyclonal antibody or a monoclonal antibody. Specifically, 

5 an antibody which specifically binds to a peptide having 

the amino acid sequence as shown in SEQ ID NO:2 and the 

like may be mentioned. 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 

10 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). For example, a nonhuman animal 

15 such as domestic rabbit is immunized using a peptide having 

the amino acid sequence depicted in SEQ ID NO:2 as an 

iirununogen, and a polyclonal antibody can be obtained from a 

serum of the animal by a conventional method. On the other 

hand, in the case of a monoclonal antibody, a nonhuman 

20 animal such as mouse is immunized using the peptide used in 

the present invention (a peptide having the amino acid 

sequence depicted in SEQ ID NO:2), and the resulting spleen 

cells and myeloma cells are fused to prepare hybridoma 

cells, from which the monoclonal antibody can be obtained 

25 (Current protocols in Molecular Biology, Ausubel et al. 



(ed.), 1987, John Wiley and Sons (pub.), Section 11.4-

11.11). Also, the preparation of the anti-WTl antibody of 

the present invention can be carried out by boosting an 

immunological reaction using various adjuvants depending on 

5 a host. Such adjuvants include a mineral gel (for example, 

Freund's adjuvant, aluminum hydroxide, etc.), a surfactant, 

a human adjuvant and the like. The anti-WTl antibody of 

the present invention can be used for affinity 

chromatography, immunological diagnosis and the like. A 

10 method for the immunological diagnosis can be selected-

properly from immunoblotting, radioimmunoassay (RIA) , 

enzyme-linked immunosorbent assay (ELISA), fluorescent or 

luminescent measurement and the like. 

[0039] 

15 In another aspect, the present invention provides a 

method for determining the presence or amount of a WTl 

peptide in a subject positive in respect to any MHC class 

II molecule of an HLA-DRBl*0101, HLA-DRBl*04 01, HLA-

DRBl* 0403, HLA-DRBl*0406, HLA-DRBl*08 03, HLA-DRBl*0901, 

20 HLA-DRBl*1101, HLA-DRB3* 0202, HLA-DRB4*0101, or HLA-

DRBl* 1501 molecule, an HLA-DRBl*0405 molecule, an HLA-

DRBl* 1502 molecule, an HLA-DPB1*0501 molecule, an HLA-

DPB1*0901 molecule, an HLA-DPB1*0201 molecule or an HLA-

DPB1*0301 molecule, the method including the steps of: 

25 (a) reacting a sample obtained from the subject with 
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the above anti-WTl antibody, and then 

(b) determining the presence or amount of the above 

anti-WTl antibody contained in the sample. 

A sample obtained from a subject having any MHC class 

5 II molecule of an HLA-DRBl*0101, HLA-DRBl* 0401, HLA-

DRBl* 0403, HLA-DRBl*0406, HLA-DRBl*0803, HLA-DRBl*0901, 

HLA-DRBl*1101, HLA-DRB3*0202, HLA-DRB4*0101, or HLA-

DRBl* 1501 molecule, an HLA-DRBl*0405 molecule, an HLA-

DRBl* 1502 molecule, an HLA-DPB1*0501 molecule, an HLA-

10 DPB1*0901 molecule, an HLA-DPB1*0201 molecule or an HLA-

DPB1* 0301 molecule can be used as a sample used in the 

above step (a) . Samples used in the above step (a) include, 

for example, body fluid and tissues such as blood and 

lymphocytes. Those skilled in the art can properly obtain 

15 samples, react them with an antibody and carry out other 

procedures using a known technique. The step (b) in the 

present invention includes, for example, determination of 

the localization, site, amount and the like of the above 

anti-WTl antibody, and therefore, the present invention can 

20 be used for diagnosis, prognosis and the like of a cancer. 

The above anti-WTl antibody may be labeled. As a label, 

known labels such as a fluorescent label and a radioactive 

label can be used. By labeling, it becomes possible to 

carry out the determination of the presence or amount of a 

25 WTl peptide simply and rapidly. 



[0040] 

In still another aspect, the present invention 

relates to a kit for determining the presence or amount' of 

a WTl peptide, which contains the above anti-WTl antibody 

5 as an essential constituent. The kit of the present 

invention may contain, for example, means for obtaining the 

anti-WTl antibody and means for evaluating anti-WTl 

antibody, and the like, in addition to the above anti-WTl 

antibody. In general, the kit is accompanied with an 

10 instruction manual. By using the kit of the present 

invention, it becomes possible to determine the presence or 

amount of a WTl peptide simply and rapidly in the above 

method for determining the presence or amount of a WTl 

peptide. 

15 [0041] 

In still another aspect, the present invention 

provides a method for determining the presence or amount of 

WTl-specific helper T cells or WTl-specific cytotoxic T 

cells in a subject positive in respect to any MHC class II 

20 molecule of an HLA-DRBl* 0101, HLA-DRBl* 0401, HLA-DRBl* 04 03, 

HLA-DRBl*0406, HLA-DRBl*0803, HLA-DRBl*0901, HLA-DRBl*1101, 

HLA-DRB3*0202, HLA-DRB4*0101, or HLA-DRBl*1501 molecule, an 

HLA-DRBl*0405 molecule, an HLA-DRBl*1502 molecule, an HLA-

DPB1* 0501 molecule, an HLA-DPB1* 0901 molecule, • an HLA-

25 DPB1*0201 molecule or an HLA-DPB1*0301 molecule, the method 
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including the steps of: 

(a) stimulating a sample obtained from the subject 

using a WTl peptide, and 

(b) determining the presence or amount of cytokines, 

5 helper T cells or cytotoxic T cells, and wherein the 

increase of the presence or amount of cytokines, helper T 

cells or cytotoxic T cells shows the presence or amount of 

the WTl-specific helper T cells or WTl-specific cytotoxic T 

cells. 

10 Samples in the present invention may be any samples 

so far as they contain antigen presenting cells, and 

include, for example, peripheral blood mononuclear cells, 

invasive lymphocytes, tumor cells, cells in ascites fluid, 

cells in pleural effusion, cells in cerebrospinal fluid, 

15 bone marrow cells, lymph node cells and the like. The 

sample used in the present invention may be derived from 

healthy donors or from cancer patients. By using those 

cells derived from healthy donors, for example, it becomes 

possible to diagnose whether the donors are affected by a 

20 cancer, or whether the donors have a predisposition of a 

cancer, or other conditions. By using those cells derived 

from cancer patients, for example, it becomes possible to 

predict whether a WTl immunotherapy has an effect in the 

cancer patients, or other conditions. In the method of the 

25 present invention, samples obtained may be cultured before 
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and after stimulation with a WTl peptide, and the culture 

conditions can be determined properly by those skilled in 

the art. The stimulation of these cells with a WTl peptide 

can be carried out using a known technique such as 

electroporation, and may be carried out either in vitro or 

in vivo. The production of a cytokine, the presence of a 

reaction of helper T cells or cytotoxic T cells, the amount 

of a cytokine produced, or the amount of helper T cells or 

cytotoxic T cells reacted can be determined by a known 

method. 

[0042] 

In still another aspect, the present invention 

relates to a kit for determining the presence or amount of 

a WTl peptide, which contains the above WTl peptide as an 

essential component. The kit of the present invention may 

contain, for example, an obtaining means of samples, an 

evaluating means such as cytokines, in addition to the 

above WTl peptide. In general, the kit is attached with an 

instruction manual. By using the kit of the present 

invention, it becomes possible to determine the presence or 

amount of a WTl peptide simply and rapidly in the above 

method for determining the presence or amount of a WTl 

peptide. 

[0043] 

The present invention will be described in detail and 



specifically by way of examples, but they should not be 

construed as limiting the present invention. 

Example 1 

5 [0044] 

1. Induction of WTl-332-Specific Type I Helper T Cells 

Peripheral blood mononuclear cells (PBMCs) were 

separated from peripheral blood of healthy blood donors 

(donor 1: HLA-DRBl* 0406/1201-, DRB3*0101-, and DRB4*0103-

10 positive, donor 2: HLA-DRBl*0901/1101-, DRB3*0202-, and 

DRB4*0103-positive, donor 3: HLA-DRBl*0401/0405-, and 

DRB4*0102/0103-positive, donor 4: HLA-DRBl*0901/1101-, 

DRB3*0202-, and DRB4*0103-positive). The separated PBMCs 

(1.5 x 107 cells) were suspended in a medium composed of 

15 45% RPMI-164 0 (SIGMA), 45% AIM-V (Invitrogen) , and 10% AB 

type human serum (MP Biomedicals), and seeded on a 24-well 

plate at 1.5 x 106 cells/well (day 0). To the wells seeded 

with PBMCs, WTl-332 (a peptide consisting of the amino acid 

sequence depicted in SEQ ID NO:2) was added, at a 

20 concentration of 10 pg/mL and IL-7 (PeproTech) at a 

concentration of 10 ng/mL, and the cells were cultured at 

37°C under 5% CO2 for one week. Also, a portion of the . 

separated PBMCs was freeze-preserved for antigen presenting 

cells in case of re-stimulation. 

25 [0045] 
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After one week (on the 7th day) , re-stimulation was 

carried out. First, the freeze-preserved PBMCs were thawed, 

pulsed with 10 jag/mL WTl-332, treated with 50 pg/mL 

mitomycin C (Kyowa Hakko Kirin Co., Ltd.), and seeded on a 

5 new 24-well plate at 1.0 x 106 to 1.6 x 106 cells/well. 

Next, the cells cultured for one week were recovered, and 

seeded on wells seeded with antigen presenting cells at 1.0 

x 106 to 1.6 x io6 cells/well. Finally, IL-7 was added to 

each well at a concentration of 10 ng/mL, and the cells 

10 were cultured at 37°C under 5% CO2 . After 2 days (on the 

9th day) , a half amount of the culture fluid in each well 

was gently removed, and instead a medium containing 40 U/mL 

IL-2 (PeproTech) was added to the well, and the culture was 

continued. Thereafter, the replacement procedure of a half 

15 amount of the culture fluid w%s carried out every other day 

using a medium containing 20 U/mL IL-2, and cells were 

properly recovered between the 14th day and the 21th day 

and used for experiments. 

[0046] 

2 0 2. Preparation of Antigen Presenting Cells used in 

Experiment for Determination of Restrictive Allele 

PBMCs were separated from peripheral blood of healthy 

blood donors (donor 5: HLA-DRBl*0406/1201-, DRB3*0101-, and 

DRB4*0103-positive, donor 6: HLA-DRBl*0403/1405-, 

25 DRB3*0202-, and DRB4*0103-positive, donor 7: HLA-
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DRB1*0403/1201-, DRB3*0101-, and DRB4*0103-positive, donor 

8: HLA-DRBl*0101/0901-, and DRB4*0103-positive, donor 9: 

HLA-DRBl*1401/1406-, and DRB3*0202-positive, donor 10: HLA-

DRBl* 0803/0901-, and DRB4*0103-positive, donor 11: HLA-

5 DRB1*1101/1502-, and DRB3*0202-positive, donor 12: HLA-

DRBl* 0405/1406-, DRB3*0202-, and DRB4*0103-positive, donor 

13: HLA-DRBl*0401/0405-, and DRB4*0102/0103-positive, donor 

14: HLA-DRBl*0401/1502-, and DRB4*0102-positive, donor 15: 

HLA-DRBl*0101/0405-, and DRB4*0103-positive, donor 16: HLA-

10 DRB1*0901/1501-, and DRB4*0103-positive, donor 17: HLA-

DRBl* 04 05 /1501-, and DRB4*0103-positive, donor 18: HLA-

DRBl* 1401/1502-, and DRB3*0202-positive, donor 19: HLA-

DRBl* 14 03/1502-, and DRB3*0101-positive, donor 20: HLA-

- DRB1*0803/1302-, and DRB3*0301-positive), and used as 

15 antigen presenting cells used in experiments for 

determination of a restrictive allele. PBMCs of each donor 

were freeze-preserved at -80°C until use. 

[0047] 

3. Measurement of IFN-y (Inhibition of Reaction in 

2 0 the Presence of Anti-HLA-DR Antibody) 

T cells induced from PBMCs of donors 1 to 4 were 

cultured for 24 hours in the absence of WTl-332, in the 

presence of 10 pg/mL WTl-332, and in the presence of 10 

jjg/mL WTl-332 and 10 pg/mL anti-HLA-DR antibody (BD Co.). 

25 After the culture, the amount of IFN-y in the supernatant 
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was quantified by ELISA (BD Co.). As a result, it was 

shown that all the T cells induced recognize WTl-332 and 

produce IFN-y, and that the reaction is HLA-DR molecule-

restricted. 

5 [0048] 

4. Measurement of IFN-y (Determination of Restrictive 

Allele) 

T cells induced from PBMCs of donors 1 to 4 were 

reacted with each of suitable antigen presenting cells 

10 pulsed with WTl-332, and a restrictive allele of the T 

cells induced was determined. 

[0049] 

(4-1. T Cells derived from Donor 1) 

T cells induced from PBMCs of donor 1 were co-

15 cultured for 24 hours with antigen presenting cells derived 

from donors 5, 6, 7, 8 and 9, which were pulsed with 10 

pg/mL WTl-332. After the co-culture, the amount of IFN-y 

in the supernatant was quantified by ELISA. The results 

are shown in Fig. 1. T cells derived from donor 1 produced 

20 IFN-y when co-cultured with HLA-DR4 (DRB1* 0403, 0406)-

positive antigen presenting cells, which revealed that the 

restrictive allele was HLA-DRBl* 040 6. Also, it was shown 

that HLA-DRBl*0403 can present WTl-332 and stimulate T 

cells. 

25 [0050] 
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(4-2. T Cells derived from Donor 2) 

T cells induced from PBMCs of donor 2 were co-

cultured for 24 hours with antigen presenting cells derived 

from donors 10, 11, 12 and 9, which were pulsed with 10 

5 yig/mL WTl-332. After the co-culture, the amount of IFN-y 

in the supernatant was quantified by ELISA. The results 

are shown in Fig. 2. T cells derived from donor 2 produced 

IFN-y when co-cultured with HLA-DRB3*0202-positive antigen 

presenting cells, which revealed that the restrictive 

10 allele was HLA-DRB3* 02 02. 

[0051] 

(4-3. T Cells derived from Donor 3) 

T cells induced from PBMCs of donor 3 were co--

cultured for 24 hours with antigen presenting cells derived 

15 from donors 13, 14, 15 and 10, which were pulsed with 10 

pg/mL WTl-332. After the co-culture, the amount of IFN-y 

in the supernatant w^s quantified by ELISA. The results 

are shown in Fig. 3. T cells derived from donor 3 produced 

IFN-y when co-cultured with HLA-DR4 (DRB1*0401, 0405)-

20 positive antigen presenting cells, which revealed that both 

HLA-DRBl*0401 and 0405 can present WTl-332 and stimulate T 

cells. 

[0052] 

(4-4. T Cells derived from Donor 4) 

25 T cells induced from PBMCs of donor 4 were co-
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cultured for 24 hours with antigen presenting cells derived 

from donors 16, 11, 17, 18, 19 and 20, which were pulsed 

with 10 jjg/mL WTl-332. After the co-culture, the amount of 

IFN-y in the supernatant was quantified by ELISA. The 

5 results are shown in Fig. 4. T cells derived from donor 4 

produced IFN-y when co-cultured with HLA-DRBl*1101-positive 

antigen presenting cells, which revealed that the 

restrictive allele was HLA-DRBl*1101. 

Example 2 

10 [0053] 

Next, in order to evaluate a binding ability of WTl-

332 with MHC class II molecules, a folding test of 7 types 

of HLA class II monomer proteins (DRB1*1501, 0101, 0405, 

0803, 0901, 1502, or DRB4*0101) with WTl-332 was carried 

15 out using HPLC. Briefly, a folding reaction solution was 

prepared by mixing an HLA class II monomer protein, a 

peptide [a peptide binding to each protein (positive 

control), a peptide not binding to each protein (negative 

control), and WTl-332], and a folding buffer. After 

20 reacting the solution at 37°C, the retention time was 

analyzed using HPLC. The folding with WTl-332 was 

evaluated by utilizing a shift of the retention time due to 

the binding of an HLA class II monomer protein with a 

peptide. Reagents used in this test are shown in the 

25 following table. 
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(Table 1: Reagents used in Test) 

Table 1 

Supplier 
Superdex200 GE Healthcare Sciences 
Folding buffer MBL 
Equilibrating buffer MBL 
Positive control peptide: 
PVSKMRMA.TPLLMQA (SEQ ID NO: 3) MBL 

Negative control peptide: 
KAERADLLAYLKQATA (SEQ ID NO:4) MBL 

[0054] 

5 Preparation of HLA Class II Monomer Proteins 

HLA class II monomer proteins which had been freeze-

preserved at -80°C were thawed on ice. The HLA class II 

monomer proteins thawed were adjusted using a dilution 

buffer so that they were contained in an amount of 0.05 mg 

10 (1 x 10"9 mol) in 83 ]iL. 

[0055] 

Preparation of Peptide Solutions 

About 1 mg of each peptide was weighed by an 

electronic balance, transferred to a glass vial, and 

15 dissolved in DMSO to give a concentration of 20 mg/mL. 

[0056] 

Calculation of Amount of Peptide Solution in 50-fold Molar 

Amount 

The amount of a peptide which is a 50-fold molar 

20 amount relative to an HLA class II monomer protein was 

calculated using the following calculation formula. 
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Amount of peptide required: 1 * 10"9 mol x 50 = 5 * 

10"8 mol (amount of peptide required) 

5 x 10"8 x (Molecular weight of peptide) x 1,000 = 

(amount of peptide required) (mg) 

5 (Amount of peptide required)/[purity of peptide/100] 

= (amount of peptide added) (mg) 

[(Amount of peptide added)/20 mg/mL] x 1,000 = 

(amount of peptide solution added) (JJL) 

[0057] 

10 Calculation of Amount of Folding Buffer Added 

As a folding buffer, a 10% amount of a mixed solution 

of an HLA class II monomer protein and a peptide was added. 

The amount of the folding buffer added was calculated using 

the following calculation equation. 

15 [83 ]iL (Amount of HLA class II monomer protein) + 

(amount of peptide solution in 50-fold molar amount)] x 0.1 

= amount of folding buffer added 

[0058] 

Analysis of Folding Using HPLC 

20 To a glass vial charged with an HLA class II monomer 

protein, a peptide solution and a folding buffer were added 

in a calculated amount, and the mixture was allowed to 

stand at 37°C overnight. HPLC (Waters 2695 Separation 

Module) was started, and a Seperdex 200 column was 

25 equilibrated with an equilibrating buffer. To all samples, 
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300 ]iL of the equilibrate buffer was added and well mixed, 

and a 100 pL portion of the mixture was used as a sample 

injection volume to calculate the retention time. Analysis 

time was 50 minutes. The criterion for the folding of an 

5 HLA class II monomer protein with a peptide is a shift of 

the retention time of not less than 0.1 minute as compared 

with a control (solvent only) . As a result, it was found 

that the degree of shift of the retention time increased by 

not less than 0.1 minute in 7 types of HLA class II monomer 

10 proteins tested (DRB1*1501, 0101, 0405, 0803, 0901, 1502, 

or DRB4*0101) (Fig. 5), whereby it became clear that WTl-

332 specifically binds to these proteins and can be 

presented as an antigen. 

Example 3 

15 [0059] 

Induction of WTl-332-Specific T Cells 

Peripheral blood mononuclear cells (PBMCs) were 

separated from peripheral blood of healthy blood donors (in 

total 42 donors having at least one of HLA-DRBl*1501, 1502, 

20 0405, HLA-DPB1*0501, and 0901). The separated PBMCs were 

divided into portions of 1.2 x 107 cells, suspended in a 

medium composed of 45% RPMI-1640 (SIGMA), 45% AIM-V 

(Invitrogen) , and 10% AB type human serum (MP Biomedicals), 

and seeded on a 24-well plate at 1.5 * 106 cells/well (on 

25 the 0th day). To the wells seeded with PBMCs, WTl-332 was 
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added at a concentration of 2 0 pg/mL and IL-7 (PeproTech) 

at a concentration of 10 ng/mL, and the cells were cultured 

at 37 °C under 5% CO2 for one week. A group in which a 

solvent (10 mM acetic acid) was added instead of WTl-332 at 

5 a final concentration of 10 pM (solvent induction group) 

was set as a control group. Also, a portion of the 

separated PBMCs was freeze-preserved for antigen presenting 

cells when re-stimulating. 

After one week (on the 7th day), re-stimulation was 

10 carried out. First, the freeze-preserved PBMCs were thawed, 

pulsed with 20 pg/mL WTl-332 or 10 ]iM acetic acid solvent, 

treated with 50 pg/mL mitomycin C (Kyowa Hakko Kirin Co., 

Ltd.), and seeded on a new 24-well plate at 1.0 x 106 to 

1.6 x 106 cells/well. Next, the cells cultured for one 

15 week were recovered, and seeded on wells seeded with 

antigen presenting cells at 1.0 x 106 to 1.6 x 106 

cells/well. Finally, IL-7 was added to each well at a 

concentration of 10 ng/mL, and the cells were cultured at 

37°C under 5% CO2. After 2 days (on the 9th day), a half 

2 0 amount of the culture fluid in each well was gently removed, 

and instead a medium containing 40 U/mL IL-2 (PeproTech) 

was added to the well, and the culture was continued. 

Thereafter, the replacement procedure of a half amount of 

the culture fluid was carried out every other day using a 

25 medium containing 20 U/mL IL-2. 
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Cells were recovered on the Oth day, 7th day, and 

14th day, and used in experiments for measurement of IFN-y. 

[0060] 

Measurement of IFN-y [Intracellular Cytokine Staining 

5 (ICS)] 

Antigen re-stimulation was carried out by seeding 

PBMCs on the Oth day after preparation and living cells 

recovered on day 7 and day 14 from a WTl-332 induction 

group and a solvent induction group on a 96-well U-bottom 

10 plate, and adding a WTl-332 containing medium at a final 

concentration of 20 jig/mL. Also, a solvent containing 

medium was added at a final concentration of 10 ]iM as a 

control. After culturing the cells at 37°C under 5% C02 

for 4 hours, Brefeldin A (BioLegend) was added and the 

15 culture was further continued. After 6 hours from the 

start of culture, cells were recovered and stained with a 

PE-labeled anti-human CD4 antibody and an FITC-labeled 

anti-human CD8 antibody. Intracellular IFN-y staining was 

carried out using BD Cytofix/Cytoperm 

20 Fixation/Permiabilization Kit (Becton Dickinson) and a 

PerCP/Cy5.5-labeled anti-human IFN-y antibody. EPICS-XL 

MCL (Beckman Coulter) was used for analysis. The results 

are shown in Figs. 6 and 7. From Fig. 6, it was confirmed 

that, in the WTl-332 induction group, the WTl-332-specific 

2 5 Thl remarkably and time-dependently increased between the 
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7th day and the 14th day. The increase was significant 

relative to the solvent induction group (P < 0.0001). From 

Fig. 7, it was confirmed that, in the WTl-332 induction 

group, the. WTl-332-specific CTL time-dependently increased 

5 between the 7th day and the 14th day, and the increase was 

significant relative to the solvent induction group (P < 

0.0001). 

[0061] 

Measurement of IFN-y (Inhibition of reaction in the 

10 Presence of Anti-HLA-DR Antibody and Anti-HLA-DQ Antibody) 

On the 14th day, T cells induced from PBMCs of donors 

21 to 37 were cultured for 24 hours in the presence of 10 

]iM of a solvent, in the presence of 20 pg/mL of WTl-332, 

and in the presence of 20 pg/mL of WTl-332 and 10 pg/mL of 

15 an anti-HLA-DR antibody (L243 [G46-6] , BD Co.). After the 

culture, the amount of IFN-y in the supernatant was 

quantified by ELISA (BD Co.). The results are shown in Fig. 

8. In samples from donors 21 to 37, it was shown that the 

T cells induced recognize WTl-332 and produce IFN-y, and 

20 that the reaction is HLA-DR molecule-restricted. 

Also, on the 14th day, T cells induced from PBMCs of 

donors 38 to 4 6 were cultured for 24 hours in the presence 

of 10 pM of a solvent, in the presence of 20 pg/mL of WTl-

332, and in the presence of 20 pg/mL of WTl-332 and 10 

25 pg/mL of an anti-HLA-DR antibody (L243 [G4 6-6] , BD Co.) or 
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10 jig/mL of an anti-HLA-DQ antibody (SPVL3, BC Co. ) . After 

the culture, the amount of IFN-y in the supernatant was 

quantified by ELISA (BD Co.)- The results are shown in Fig. 

11. In samples from donors 38 to 46, the T cells induced 

5 recognized WTl-332 and produced IFN-y, and the reaction was 

not inhibited by the anti-HLA-DR antibody and the anti-HLA-

DQ antibody. As is apparent from these facts, the WT1-332-

induced T cells derived from donors 38 to 4 6 are HLA-DP 

molecule-restricted. 

10 [0062] 

Induction of WTl-332-Specific T Cells (Relationship with 

New Allele) 

With respect to each of 17 samples (donors 21 to 37) 

which were HLA-DR-restricted and had WTl-332-specific Thl 

15 induced, in the results using healthy blood donors (in 

total 42 donors having at least one of HLA-DRBl*1501, 1502, 

0405, HLA-DPB1*0501, and 0901) in Figs. 6 and 7, the result 

on the 14th day is shown in Figs. 9 and 10. Also, the HLA 

class II type (type of HLA-DRBl allele and HLA-DPB1 allele) 

20 of each of 17 samples (donors 21 to 37) is shown in the 

following Table 2. In this connection, DRB3*0202 is in 

linkage disequilibrium with DRB1*1101, DRB1*1401 and 

DRB1*1405 (DRB1 allele denoted by the symbol "A" in the 

table), and DRB4*0101 is in linkage disequilibrium with 

25 DRB1* 0403, DRB1* 0405 and DRB1* 0901 (DRB1 allele denoted by 
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the symbol "A" in the Table) . In the Table, alleles 

denoted by a bold, italic letter represent a new compatible 

HLA-DRBl allele. 

[0063] 

Table 2 

Donor No. HLA class II type Donor No. 
DRB1 allele DPB1 allele 

21 0901k 1401A 0501 0501 
22 0101 0901k 0402 0501 
23 0401 0405A 0501 0501 
24 0406k 1501 0201 0501 
25 1401A 1502 0201 0901 
26 0901k 1101k 0501 0501 
27 1101L 1502 0401 0901 
28 0803 0901k 0201 0501 
29 1401A 1502 0501 0901 
30 0405A 1501 0501 0501 
31 0405A 1405A 0501 0501 
32 0403k 1501 0402 0501 
33 0101 0405A 0402 0501 
34 1403 1501 0201 0501 
35 1202 1501 0201 0501 
36 0405A 0406k 0201 0501 
37 0101 1501 0402 0501 

From Fig. 9, Fig. 10 and Table 2, induction of WT1-

332-specific Thl and WTl-332-specific CTL was recognized in 

cells having these HLA-DR alleles. 

[0064] 

Also, with respect to each of 9 samples (donors 38 to 

46) which were HLA-DP-restrictive and had WTl-332-specific 

Thl induced, in the results using healthy blood donors (in 

total 42 donors having at least one of HLA-DRBl*1501, 1502, 

0405, HLA-DPB1*0501, and 0901) in Figs. 6 and 7, the result 

on the 14th day is shown in Figs. 12 and 13. Also, the HLA 
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class II type (type of HLA-DRBl allele and HLA-DPB1 allele) 

of each of 9 samples (donors 38 to 46) is shown in the 

following Table 3. In the table, the symbol denotes 

compatible HLA-DPB1 alleles previously known. 

5 [0065] 

Table 3 

Donor No. 
HLA class II type 

Donor No. 
DRB1 allele DPB1 allele 

38 0901 1401 0501* 0501* 
39 1201 1201 0201 0501* 
40 1502 1502 0901* 0901* 
41 0401 1502 0201 0901* 
42 1501 1502 0201 0901* 
43 0405 0901 0201 0301 
44 1501 1502 0501* 0901* 
45 0405 1406 0201 0501* 
46 1302 1502 0201 0901* 

From Fig. 12, Fig. 13 and Table 3, induction of WT1-

332-specific Thl and WTl-332-specific CTL was recognized in 

10 cells having these HLA-DP alleles. 

Industrial Applicability 

[0066] 

The present invention provides a method for 

15 activating helper T cells and/or cytotoxic T cells using a 

WTl peptide having the ability to bind to any MHC class II 

molecule of. an HLA-DRBl*0101 molecule, an HLA-DRBl* 0401 

molecule, an HLA-DRBl*0403 molecule, an HLA-DRBl*0406 
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molecule, an HLA-DRBl*0803 molecule, an HLA-DRBl*0901 

molecule, an HLA-DRBl*1101 molecule, an HLA-DRB3*0202 

molecule, an HLA-DRB4*0101 molecule, an HLA-DRBl*1501 

molecule, an HLA-DRBl*0405 molecule, an HLA-DRBl*1502 

5 molecule, an HLA-DPB1*0501 molecule, an HLA-DPB1*0901 

molecule, an HLA-DPB1*0201 molecule or an HLA-DPB1*0301 

molecule and a composition therefor, a pharmaceutical 

composition for treating and/or preventing a cancer by 

activating helper T cells and/or cytotoxic T cells, and the 

10 like. Thus, the present invention is applicable to the 

field of pharmaceuticals and the like, for example, 

development and production fields of preventives or 

remedies for various hematopoietic organ tumors and solid 

cancer highly expressing a WTl,gene. 

15 
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CLAIMS 

1. A method for activating helper T cells, which 

comprises the step of activating helper T cells by adding a 

5 WTl peptide to antigen presenting cells, wherein the WTl 

peptide has the ability to bind to any MHC class II 

molecule of an HLA-DRBl*0101 molecule, an HLA-DRBl*0401 

molecule, an HLA-DRBl*0403 molecule, an HLA-DRBl*04 06 

molecule, an HLA-DRBl*0803 molecule, an HLA-DRBl*0 901 

10 molecule, an HLA-DRBl*1101 molecule, an HLA-DRB3*0202 

molecule, an HLA-DRB4*0101 molecule, an HLA-DPB1*0201 

molecule or an HLA-DPB1*0301 molecule. 

2. The method according to claim 1, wherein the WTl 

15 peptide has the ability to bind to at least two MHC class 

II molecules of an HLA-DRBl*0101 molecule, an HLA-DRBl*0401 

molecule, an HLA-DRBl*0403 molecule, an HLA-DRBl*0406 

molecule, an HLA-DRBl*0803 molecule, an HLA-DRBl*0901 

molecule, an HLA-DRBl*1101 molecule, an HLA-DRB3*0202 

20 molecule, an HLA-DRB4*0101 molecule, an HLA-DPB1*0201 

molecule and an HLA-DPB1*0301 molecule. 

3. The method according to claim 1 or 2, wherein the WTl 

peptide further has the ability to bind to an HLA-DRBl*0405 

25 molecule, an HLA-DRBl*1501 molecule, an HLA-DRBl*1502 
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molecule, an HLA-DPB1*0501 molecule and/or an HLA-DPB1*0901 

molecule. 

4. The method according to any one of claims 1 to 3, 

5 wherein the addition of a WTl peptide to antigen presenting 

cells is carried out by adding a WTl peptide, a 

polynucleotide encoding the WTl peptide, an expression 

vector containing the polypeptide, or cells containing the 

expression vector. 

10 

5. The method according to any one of claims 1 to 4, 

wherein the WTl peptide is a peptide containing the amino 

acid sequence: Lys Arg Tyr Phe Lys Leu Ser His Leu Gin Met 

His Ser Arg Lys His (SEQ ID NO:2), a variant or a 

15 modification thereof. 

6. A composition containing a WTl peptide for activating 

helper T cells by adding the WTl peptide to antigen 

presenting cells, wherein the WTl peptide has the ability 

20 to bind to any MHC class II molecule of an HLA-DRBl*0101 

molecule, an HLA-DRBl*0401 molecule, an HLA-DRBl*0403 

molecule, an HLA-DRBl*0406 molecule, an HLA-DRBl*0803 

molecule, an HLA-DRBl*0901 molecule, an HLA-DRBl*1101 

molecule, an HLA-DRB3*0202 molecule, an HLA-DRB4*0101 

25 molecule, an HLA-DPB1*0201 molecule or an HLA-DPB1*0301 
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molecule. 

7. The composition according to claim 6, wherein the WTl 

peptide has the ability to bind to at least two MHC class 

5 II molecules of an HLA-DRBl*0101 molecule, an HLA-DRBl*0401 

molecule, an HLA-DRBl*0403 molecule, an HLA-DRBl*0406 

molecule, an HLA-DRBl*0803 molecule, an HLA-DRBl*0901 

molecule, an HLA-DRBl*1101 molecule, an HLA-DRB3*0202 

molecule, an HLA-DRB4*0101 molecule, an HLA-DPB1*0201 

10 molecule and an HLA-DPB1*0301 molecule. 

8. The composition according to claim 6 or 7, wherein 

the WTl peptide further has the ability to bind to an HLA-

DRBl* 0405 molecule, an HLA-DRBl*1501 molecule, an HLA-

15 DRB1*1502 molecule, an HLA-DPB1*0501 molecule and/or an 

HLA-DPB1*0901 molecule. 

9. The composition according to any one of claims 6 to 8, 

wherein the addition of a WTl peptide to antigen presenting 

20 cells is carried out by adding a WTl peptide, a 

polynucleotide encoding the WTl peptide, an expression 

vector containing the polynucleotide, or cells containing 

the expression vector. 

25 10. The composition according to any one of claims 6 to 9, 
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wherein the WTl peptide is a peptide containing the amino 

acid sequence: Lys Arg Tyr Phe Lys Leu Ser His Leu Gin Met 

His Ser Arg Lys His (SEQ ID NO:2), a variant or a 

modification thereof. 

5 

11. Antigen presenting cells which present a complex of 

an antigen peptide containing a WTl peptide with an MHC 

class II molecule, wherein the MHC class II molecule is any 

MHC class II molecule of an HLA-DRBl*0101 molecule, an HLA-

10 DRB1*0401 molecule, an HLA-DRBl*0403 molecule, an HLA-

DRBl* 0406 molecule, an HLA-DRBl*0803 molecule, an HLA-

DRBl* 0901 molecule, an HLA-DRBl*1101 molecule, an HLA-

DRB3*0202 molecule, an HLA-DRB4*0101 molecule, an HLA-

DPB1*0201 molecule or an HLA-DPB1*0301 molecule. 

15 

12. Helper T cells which recognize a complex of an 

antigen peptide containing a WTl peptide with an MHC class 

II molecule, wherein the MHC class II molecule is any MHC 

class II molecule of an HLA-DRBl*0101 molecule, an HLA-

20 DRB1*0401 molecule, an HLA-DRBl*0403 molecule, an HLA-

DRBl* 0406 molecule, an HLA-DRBl*0803 molecule, an HLA-

DRBl* 0901 molecule, an HLA-DRBl*1101 molecule, an HLA-

DRB3*0202 molecule, an HLA-DRB4*0101 molecule, an HLA-

DPB1*0201 molecule or an HLA-DPB1*0301 molecule. 

25 
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13. Cytotoxic T cells which are activated by the helper T 

cells according to claim 11. 

14. A pharmaceutical composition for treating or 

5 preventing a cancer, comprising, as an active ingredient, 

any of the composition according to any one of claims 6 to 

10, the antigen presenting cells according to claim 11, the 

helper T cells according to claim 12, or the cytotoxic T 

cells according to claim 13. 

10 

15. A pharmaceutical composition for activating cytotoxic 

T cells, comprising, as an active ingredient, any of a WTl 

peptide, a polynucleotide encoding the WTl peptide, an 

expression vector containing the polynucleotide, or cells 

15 containing the expression vector, and which is administered 

to a subject having any MHC class II molecule of an HLA-

DPB1* 0501 molecule, an HLA-DPB1* 0901 molecule, an HLA-

DPB1*0201 molecule, an HLA-DPB1*0301 molecule, an HLA-

DRBl* 1501 molecule, an HLA-DRBl*1502 molecule, an HLA-

20 DRB1* 0.405 molecule, an HLA-DRBl* 0101 molecule, an HLA-

DRBl* 0401 molecule, an HLA-DRBl*0403 molecule, an HLA-

DRBl* 0406 molecule, an HLA-DRBl*0803 molecule, an HLA-

DRBl* 0901 molecule, an HLA-DRBl*1101 molecule, an HLA-

DRB3*0202 molecule or an HLA-DRB4*0101 molecule. 

25 
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16. An antibody specifically binding to a WTl peptide, 

wherein the WTl peptide has the ability to bind to any MHC 

class II molecule of an HLA-DRBl* 0101 molecule, an HLA-

DRBl* 0401 molecule, an HLA-DRBl*0403 molecule, an HLA-

5 DRB1*0406 molecule, an HLA-DRBl*0803 molecule, an HLA-

DRBl* 0901 molecule, an HLA-DRBl*1101 molecule, an HLA-

DRB3*0202 molecule, an HLA-DRB4*0101 molecule, an HLA-

DPB1* 0201 molecule or an HLA-DPB1* 0301 molecule. 

10 17. A method for determining the presence or amount of 

WTl-specific helper T cells in a subject positive in 

respect to any MHC class II molecule of an HLA-DRBl*0101, 

HLA-DRBl*0401, HLA-DRBl*04 03, HLA-DRBl*0406, HLA-DRBl*0 8 03, 

HLA- DRB 1* 0901,' HLA- DRB 1 * ,1101, HLA- DRB 3* 0202, HLA- DRB 4 * 0101, 

15 HLA-DPB1*0201 molecule or an HLA-DPB1*0301 molecule, the 

method comprising the steps of: 

(a) stimulating a sample obtained from the subject 

using a WTl peptide, and 

(b) determining the presence or amount of cytokines 

20 or helper T cells, wherein the increase of the presence or 

amount of cytokines or helper T cells shows the presence or 

amount of the WTl-specific helper T cells. 
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