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DESCRIPTION

METHOD FOR ACTIVATING HELPER T CELL

Technical Field
[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 WIT1 peptide to
antigen presenting cells, wherein the WT1l peptide has the
ability to bind to ah MHC class II molecule selected from
HLA-DRB1*08:02 molecule, HLA~DRB1*13:02 molecule, HLA-
DRB1*14:03 molecule, LA-DRBL*14:05 molecule, HLA~
DCR1*03:02 nolecule, and ﬁLA~DQBl*O4:Ol molecule, a

composition therefor, a method for activating cytotoxic T

)]

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

1)

pharmaceuticél composition for treating and/or preventing
cancer by écﬁivating helper T cells. and/or cytotoxic T
cells, and the like. This application claims priority to
and the benefit c¢f Japanese Patent Application No. 2012-
274484, filed December 17, 2012, the entire contents of

which 1s incorporated herein by reference.

Background Art
[0002]

The WT1l gene (Wilms’ tumor 1 gene) was identified as a
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causative gene of a Wilms’ tumor which is a kidney cancer
in childhood, and the gene encodes a transcription factor
having a zinc finger structure (Non-Patent Documents 1 and
2, herein incorporated by reference). 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, herein incorporated by reference).

[0003]

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 WT1 protein, and
these CTLs injure cancer cells of hematopoietic organ
tumors or solid cancers expressing the WI1l endogenously.
The CTLg 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, herein
incorporated by reference).

[0004]

On the other hand, the presence of helper T cells
specific to a cancer aniigen is important in, order to
induce the CTLs effectively (Non~Patent Document 8, herein
incorporated by reference). The helper T cells are induced

and activated by recognizing a complex of an MHC class II
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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 activate an
immune system by promoting proliferation and activation of
B cells ahd T cells, it i1s suggested that the enhancement
of a function of helper T cells through an MHC class II-
binding antigen peptide in cancer immunotherapy to enhance
effects of a cancer vaccine is useful (Non-Patent Document
9, herein incorporated by reference).

[0005]

It has recently been shown that a prdmiscuous helper
peptide which can bind to multiple MHC class II molecules
and activate helper T cells is present among particular
peptides having a portion of an amino acid sequence
encoding a WT1l protein (hereinafter, also referred to as
WT1l peptides in the present specification) (patent
documents 5 and 6, herein incorporated by reference).
However, 1t was very difficult to verify whether or not the
WT1l peptides alsoc have effects on other MHC class II

moclecules, because of many kinds of MHC class II molecules,.

Prior Art Documents

Patent Documents



[0006]

International Publication No. WO

ot

Patent Document
2003/i06682

Patent Document 2: International Publication No. WO
2005/085598

Patent Document 3: International Publication No. WO
2007/097358

Patent Document 4: International Application No.
PCT/JP2007/074146

Patent Document 5: International Publication No. WO
20057045027

Patent Document 6: International Publication No. WO
2008/105462
Non-Patent Documents
[0007]

Non-Patent Document 1: Daniel A. Haber et al., Cell.
1990 Jun 29; 61(7):1257-69

Non-Patent Document 2: Call KM et al., Cell. 1990 Feb
9; 60(3):509-20

Non~Patent Document 3: Menke AL et al., Int Rev Cytol.
1998;
181:151-212, Review

Non-Patent Document 4: Yamagami T et al., Blood. 1996
Apr 1; 87(7):2878~84

Non-Patent Document 5: Inoue K et al., Blood. 19%8 Apr
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15; 91(8):2969~-7¢

Non-Patent Document 6: Tsuboil A et al., Leuk Res. 1989
May; 23(5):499-505

Non-Patent Document 7: Oka Y et al., Immunogenetics.
2000 Feb; 51(2):59-107

Non-Patent Document 8: Gao FG et al., Cancer Res. 2002
Nov 15; 62(22):6438-41

Non~Patent Document 9: Zeng G, J Immunother., 2001 May:

24(3):1195-204

Disclosure of the Invention
Problems to be Sclved by the Invention
[0008]

Accordingly, an 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 WITl peptide to a wide range of MHC
clags 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
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amino acild sequence: Lys Arg Tyr Phe Lys Leu Ser His Leu
Gln Met His Ser Arg Lys His binds to an HLA-DRB1*08:02

molecule, an HLA-DRB1*13:02 molecule, an HLA-DRB1*14:03

molecule, an HLA-DRB1*14:05 molecule, an HLA-DQRB1*03:02

molecule, and an HLA-DQB1*04:01 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 WT1
peptide to antigen presenting cells, wherein the WT1
peptide has the ability to bind to an MHC class II molecule
selected from an HLA-DRB1*08:0Z2 molecule, an HLA-DRR1*13:02
molecule, an HLA-DRR1*14:03 molecule, an HLA-DRB1*14:05
molecule, an HLA-DQB1*03:02 molecule, and an HLA-DQRB1*04:01
meolecule;
(2) The method according to (1), wherein the WT1l peptide
has the ability to bind to at least two MHC class II
molecules of an BLA-DRBL*C8:02 molecule, an HLA~DRB1*13:02
molecule, an HLA-DRB1*14:03 molecﬁle, an HLA-DRB1*14:05
molecule, an HLA-DQBL*03:0Z2 molecule, and an HLA~DQB1*(C4:01
molecule;
{3) The method according to (1) or (2), wherein the WT1

peptide further has the ability to bind to an MHC class II
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molecule selected from an HLA-DRR1*01:01 molecule, HLA~

DRBL*C4:

DRB1*04:

DRB1*08:

DRB1*11:
DRB1*15:
DRB4*01:
DPBL1*03:

DPBL*09:

01 molecule, HLA-DRB1*04:03 molecule, HLA-
05 melecule, HLA~-DRB1*04:06 molecule, HLA-
03 molecule, HLA-DRB1*09:01 molecule, HLA-
01 molecule, HLA-DRB1*15:01 molecule, HLA-
02 molecule, HLA-DRB3*(02:02 molecule, HLA-
01 molecules, HLA—DPBE*OZ:Ol molecule, HLA-
Ol’molecule, HLA-DPB1#*05:01 molecule, and HLA-

01 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 WT1l peptide, a polynucleotide

encoding the WT1l peptide, an expression vector containing

the polynucleotide, or cells containing the expression

vector;

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

the WT1 peptide is a peptide containing the amino acid

sequence: Lys Arg Tyr Phe Lys Leu Ser His Leu Gln Met His

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

thereof;

(6) A composition containing a WT1l peptide for activating

helper T cells by adding the WT1l peptide to antigen

presenting cells, wherein the WT1l peptide has the ability

to bind

DRB1*08:

to an MHC class II molecule selected from an HLA-

02 molecule, an HLA~DRB1*13:0Z molecule, an HLA-
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DRB1*14:03 molecule, an HLA—DR81*14:OS-molecule, an HLA-
DOB1*03:02 molecule,'and an HLA~DQB1*04:01 mcoclecule;

{7) The composition according to (6), wherein the WTl
peptide has the ability to bind to at least two MHC class
IT molecules of an HLA-DRB1#*08:02 molecule, an HLA~
DERB1*13:02 molecule, an HLA-DRB1*14:03 molecule, an HLA-
DRB1*14:05 molecule, an HLA-DQBLl*03:02 molecule, and an
HLA-DQB1*04:01 molecule;

(8) The composition according to (6) or (7), wherein the
WT1l peptide further has the ability to bind to an MHC class
IT molecule selected from an HLA~DRBE*CI:O} molecule, HLA-
DRB1*04:01 molecule, HLA-DRB1I*(04:03 molecule, HLA-
DRB1*04:05 molecule, HLA-DRB1*(04:06 molecule, HLA-
DRB1*08:03 molecule, HLA-DRB1*09:01 molecule, HLA-
DRB1L*11:01 molecule, HLA-DRR1*15:01 molecule, HLA-
DRB1#*15:02 molecule, HLA-DRB3*02:02 molecule, HLA~
DRB4*01:01 mélecule, HLA~DPB1*OZ:01 molecule, HLA~
DPB1*03:01 molecule, HLA-DPB1*05:01 molecule, and HLA-
DPB1*09:01 molecule;

(9) The composition according to any one of (6) to (8),
wherein the addition of a WT1l peptide to antigen presenting
cells is carried out by adding a WTl peptide, a
polynucleotide encoding the WI1 peptide, an expression
vector containing the polynucleotide, or cells containing

the expression vector;
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(10) The composition accgrding to any one of (6) to (9),
wherein the WT1 peptide is a peptide containing the amino
acid sequence: Lys Arg Tyr Phe Lys Leu Ser His Leu Gln Met
His Ser Arg Lys His (SEQ ID NO:2), a variant or a
modification thereof;

{11) Antigen presenting cells which present a complex of an
antigen peptide containing a WT1l peptide with an MHC class
IT molecule, whereln the MHC class II molecule is an MHC
class II molecule selected from an HLA-DRB1LI*08:02 molecule,
an HLA-DRB1*13:02 molecule, an HLA-DRR1*14:03 molecule, an
HLA-DRB1*14:05 molecule, an HLA-DQBL*03:02 molecule, and an
HLA-DQB1*04:01 molecule;

(12) Helpexr T cells which recognize a complex of an antigen
peptide containing a WT1l peptide with an MHC class II
nmolecule, wherein the MHC class II molecule is an MHC class
IT molecule selected from an HLA-DRR1*08:02 molecule, an
HLA-DRB1*13:02 molecule, an éLA~DRB1*l4:03 molecule, an
HLA-DRB1*14:05 molecule, an HLA-DQB1*03:02 molecule, and an
HLA-DQB1*04:01 molecule;

(13) Cytotoxic T cells which are activated by the helper T
cells according to {(11}; |

{14) A pharmaceutical composition for treating or

reventing 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
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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 WT1
peptide, a polynucleotide encoding the WT1 peptide, an
expression vector containing the polynucleoctide, or cells
containing the expression vector, and which is administered
to a subject having an MHC class iI molecule selected from
an HLA-DRBI*(08:02 molecule, an HLA-DRBL*13:02 molecule, an
HLA~DRB1*14:03 molecule, an HLA~DRB1*14:05 molecule, an
HLA-DQBl1*03:02 molecule, and an HLA-DQB1*04:01 molecule;
(16) An antibody specifically binding to a WTLl peptide,
wherein the WT1 peptide has the ability to bind to an MHC
class II molecule selected from an HLA-DRB1*08:02 molecule,
an HLA-DRB1*13:02 molecule, an HLA-DREB1*14:03 molecule, an
HLA-DRB1*14:05 molecule, an HLA-DQBL*03:02 molecule, and an
HLA-DQB1*04:01 molecule;

(17) A method for determining the presence or amount of
WIl-specific hélper T cells in a subject positive in
respect to an MHC class II molecule selected from an HLA-

DRB1*08:02 meolecule, an HLA-DRB1*13:02 molecule, an HLA-

 DRBL*14:03 molecule, an HLA-DRB1*14:05 molecule, an HLA-

DEBRL*03:02 molecule, and an HLA-DQBL*(04:01 molecule, the
method includes the steps of:

(a) stimulating a sample obtained from the subject
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using a WT1l peptide, aﬁd

(b) determining the presence or amount Qf cytokines or
helper T cells, wherein the increase of the presence or
amount ¢f cytokines or helper T cells shows the presence or

amount of the WTl-specific helper T cells.

Effects of the Invention
[0011]

According to the present invention, a method for
activating helper T cells, a compositicon 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
cancer by activating helper T cells and cytotoxic T cells,
and the like are obtained by applying a WT1l peptide to a
subject‘having an MHC class II molecule selected from an
HLA-DRB1*08:02 molecule, an HLA-DRR1*13:02 molecule, an
BLA~DRB1*14:03 molecule, an HLA-DRB1*14:05 molecule, an
HLA~DQB1*03:02 molecule, and an HLA-DQB1*04:01 mclecule,
thus enabling activation of helper T cells and cytotoxic T
cells in vivo and in vitro in subjects having such an MHC
class Il molecule, and treatment and prevention of a cancer,

and the like.

Brief Description of the Drawings
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[0012]

Fig. 1 shows HLA restriction of Clone RB2-1. The
horizontal axis shows the amount of IFN-y production
(pg/ml) upon addition of WI1l-332 (black column) or solvent
{white column). The vertical axis shows types of antigen
presenting B-LCL cells., Data represent mean + SD
(triplicates). §: Data include extrapolated value{s).

Fig. 2 shows HLA restriction of ClonevR132—l. The
horizontal axis shows the amount of IFN-y production
(pg/ml) upon addition of WI1-332 (black column) or solvent
{white columﬁ). The vertical axis shows types of antigen
presenting B-LCL cells. Data represent mean % SD
(triplicates). $: Data ilnclude extrapolated value(s).

Fig. 3 shows HLA restriction of Clone R143-1. The
horizontal axis shows the amount of IFN-y production
(pg/ml) upon addition of WT1-332 (black column) or solvent
(white column). The vertical axis shows types of antigen
presenting B-LCL cells. Data represent mean £ 3D
(triplicates). $: Data include extrapolated value(s).

Fig. 4 shows HLA restriction of Clone R145-2. The
horizontal axis shows the amount of IFN~y production
(pg/ml) upon addition of WT1-332 (black column) or solvent
{white column). The vertical axis shows types of antigen
presenting B-LCL cells. Data represeﬁt mean + SD

{(triplicates). $: Data include extrapolated value(s).
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Fig. 5 shows HLA restricticon of Clone Q32~1. The
horizontal axis shows the amount of IFN-y production
(pg/ml) upon addition of WT1-332 (black column) or solvent
(white column). The vertical axis shows types of antigen
presenting B~LCL cells. Data represent mean *+ SD
(triplicates). 5: Data include extrapolated value(s).

Fig. 6 shows HLA restriction of Clone Q41-1. The

horizontal axis shows the amount of IFN-y production

(pg/ml) upon addition of WI1-332 (black column) or solvent
(white column). The vertical axis shows types of antigen
presenting B~-LCL cells. Data represent mean % 3D

(triplicates). $: Data include extrapoliated value(s).

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, which
includes the step cof activating helper T cells or cytotoxic
T cells by adding a WI'l peptide to antigen presenting cells,
wherein the WT1l 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 carried out by passing
through the step of activating helper T cells. Also, the
Wrl peptide used in the present invention 1s one having the

ability to bind tec an MHC class II molecule selected from
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an HLA-DRB1*08:02 molecule, an HLA~-DRB1I*13:02 molecule, an
HLA-DRR1*14:03 molecule, an HLA-DRB1L*14:05 molecule, an
HLA-DQB1*03:02 molecule, and an HLA-DQBR1*04:01 moiecule.
Moreover, the WT1l peptide used in the present invention may
be one having the ability to bind to atbleast LWO or more
MHC class I1I molecules of the above MHC class II molecules.
Also, the WTl peptide used in the 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
peptide having a portion of an amino acid sequence of a
human WT1l protein depicted in SEQ ID NO:1. 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
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 1s one of preferably 10 to 25 amino acilds,
more preferably 15 to 21 amino acids, further preferably 16
to 20 amine 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
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Phe Lys Leu Ser His Leu Gln Met His Ser Arg Lys His (SEQ ID
NO:2).
[0015]

In addition, the WT1l peptide used in the present
invention includes variants of the above peptide. The
variants may contain, for example, a peptide selected from
the dgroup 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
aclid sequence depicted in SEQ ID NO:2 is/are substituted,
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
Asp residue, a Phe residue with a Tyr residue, a Leu
residue with an Ile residue, an Ala residue with a Ser
residue, a His residue with an Arg residue and ihe like.
Preferably, addition or deletlon of amino acids may be
carried out at th@‘N—t@rminus and the C-terminus in
peptides, but may be carried out in an interior seguence.
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
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ébility to bind to an MHC class IT molecule selected from
an HLA-DRB1*08:02 molecule, an HLA-DRB1*13:02 molecule, an
HLA-DRB1*14:O3 molecule, an HLA-DRB1*14:05 molecule, an
HLA-DQOB1*03:02 molecule, and an HLA-DQB1*04:01 molecule,
and must activate helper T cells or cytetoxic T cells
{herein, also referred to as CTL). Also, human MHC
molecules are generally referred to as HLA moclecules, and
therefore, MHC is used as a synonym of HLA.in the present
specification.

[0016)

Moreoﬁer, the peptides according toc 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,
alkylation, halogenaticn, phosphorylation and the like on a
functional group in a side chain of an amino acid residue.
Also, 1t is possible to bind various substanées to thé N-
terminus and/or C-terminus of a peptide containing the
above amino acid seguence. For example, an amince acid, a
peptide, an analog therecf and the like may be bound to the
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 WIl peptide. In case these substances are
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bound to the peptide according to the present invention,
théy may be treated, for example, by an in vivo enzyme and
the like; or by a process such as intraceliular processing
to finally generate a peptide consisting of the above amino
acid sequence, which is presented on cell surface as a
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
such as protease resistance, those allcowing 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
may be those increasing an ability to induce CTL, for
example, helper peptides other than the peptide according
to the present invention.
[0017]

The WT1 peptide used in the present invention can be

synthesized using a method usually used in the art or a

modified method thereof. Such a synthesis method is

disclosed, for example, in Peptide Synthesis, Interscience,
New York, 1966; The Proteins, Vol. 2, Aca@emic Press Inc.,

New York, 1976; Peptide Synthesis, Maruzen Co., Ltd., 1875;
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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 (those references are herein incorporated by
reference). Also, the peptide used in the present
invention can be prepared using a genetic engineering
technique on the basis of iﬂformation of a nucleotide
sequence encoding the peptide. Such a genetic engineering
technique is well known to those skilled in the art. Such
a technigue can be conducted according to methods such as
those degcribed in literatures (Molecular Cloning, T.
Maniatis et al., CSH Laboratory (1983); DNA Cloning, DM,
Glover, IRL PRESS (1985)) (those references are herein
incorporated by reference).

[0018]

Also, the present invention relates to a
polynucleotide sequence encoding the WT1 peptide described
above. The‘polynucleotide sequence encoding the WT1
peptide may be a DNA sequence or an RNA sequence. In the
present invention, such a polynuclectide segquence may Dbe
used instead of the WT1 peptide. Such a polynucleotide
sequence may be used by integrating into a suitable vector.
The vector includes plasmids, phage vectors, virus vectors
and the like, for example, pUC1l8, pUCL18, pBR322, pCR3,

pYES2, pYEUra3, pKCR, pCDM8, pGL2, pcDNA3.1, pRc/RSV,
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PRC/CMV, pACSGHisNT-A, AZAPII, Agtll and the like. The
vector may contain, as needed, factors such as an

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.

[0019]

The antigen presenting cells used in the present
invention are those which één present an antigen peptide
gontaining the above WT1l peptide together with an MHC class
II molecule to helper T cells, and mean, for example,
dendritic cells, peripheral blood mononuclear cells and the
like. Accordingly, subijects 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 WT1l peptide added can bind (for example, any one
or more MHC clasvaI molecules ¢f an HLA-DRB1*08:02
molecule, an HLA-DRB1*13:0Z2 molecule, an HLA~DRB1*14:03
molecule, an HLA-DRB1*14:05 meolecule, an HLA~-DQR1*03:02
meclecule, and an HLA-DOBL*C4:01 molecule).

[0020]

In the present invention, addition of the WI1l peptide

to antigen presenting cells may be carried out directly by

addition of the WI1l peptide, or indirectly by addition of a
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polynucleotide encoding the WT1l peptide or of an expression
§ector containing a polynuclectide encoding the WTL1 peptide
or by addition of cells containing‘the expreséion vector.
Specifically, the addition of a WT1 peptide to antigen
presenting cells may be carried out by having the antigen

presenting cells contact with the WIT1 peptide, or

~introducing a polynucleotide encoding the WIl peptide or an

expression vector centaining the polynucleotide into the
antigen presenting cells. The above addition can be
carried out by a method known in the art. The above
polynucleotide encoding the WTLl peptide, expression vector
containing a polynucleoctide encoding the WT1 peptide, and

cells containing the expression vector can 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 WI1l peptide (for example, the aminoc
aclid sequence depicted in SEQ ID NO:2)., The 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 properly depending on
the purposes, types and the like of hosts into which the

expression vectors are introduced. The expression vectors
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include plasmids, phage vectors, virus vectors and the like.
The cells containing an expression vector can be prepared,
for example, by transforming host celils. 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 1s possible to
use, for example, a calcium phosphate method, a DEAE-~
dextran method, an electroporation method, and a lipid for
gene transfer.
[C021]

In general, helper T cells are activated when a TCR-
CD3 complex on a T cell surface recognizes an antigen
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
helper T cells but also induction and proliferation of
helper T cells, Alsc, 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
promoting induction, proliferation and activation of R
cells and cytotoxic T cells. Accordingly, the method of

the present invention can be used as an adjunctive therapy
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for treating a cancer and the like. Also, helper T cel;s
activated in vitro using the method of the present
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
interleukins.

(0022}

In another aspect, the present invention provides a
composition for activating helper T cells or cytotoxic T
cells by adding a WT1l peptide to antigen presenting cells.
In the present invention, the activation of cytotoxic T
cells may be carried ocut by passing through the activation
of helper T cells. Although a WT1l peptide, a
polynucleotide eﬁcoding the WT1l peptide, a vector
containing the polynucleotide, and cells containing the
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 WT1l peptide as an
antigen peptide on a surface of antigen presenting cells.
These factors can be obtained by a method well known to
those skilled in the art as described above.

[0023]

The WI'l peptide used in the present invention has the
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ability to bind to any of an HLA-DRB1*08:02 molecule, an
HLA-DRB1*13:02 molecule, an HLA-DRB1*14:03 molecule, an
HLA-DRB1*14:05 molecule, an HLA~DQ81*03:62 molecule, and an
BLA-DOB1*04:01 molecule, as described above. Also, the Wl
peptide used in the.present invention may have the ability
to bind to at least two or more MHC class‘II melecules of
the above MHC class II molecules. Moreover, the WT1
peptide used in the present inventilon may have the ability
to bind to any MHC class iI molecule of HLA-DR, HLA-DQ, or
HLA~DP molecules.
(00241

When the composition of the present invention is
administered to a subject having any one or more MHC class
Iz molecuieé of an HILA~-DRB1*08:02 molecule, an HLA~
DRBL*13:02 molecule, an HLA-DRBL1*14:03 molecule, an HLA-
DRB1*14:05 molecule, an HLA-DQR1*03:02 molecule, and an
HLA~-DQB1*04:01 molecule, an immune system is activated by
activation of helper T cells and/or cytotoxic T cells in
the subject. Also, the WTLl gene is highly expressed in
various cancers and tumors, for example, in hematological
malignancy such as leukemia, myelodysplastic syndrome,
multiple myeloma ana malignant lymphoma, as well as in
solid cancers such as stomach cancer, colorectal cancer,
iung.cancer, breast cancer, germ-cell cancer, liver cancer,

skin cancer, bladder cancer, prostate cancer, uterus cancer,
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cervical cancer and ovary cancer, and therefore, the
composition of the present invention can be used as an
édjunctive agent for treating or preventing a cancer,.
Alternatively, helper T célls, cytotoxic T cells and the
like, which are activated using the composition of the
p}esent invention, can be used, for example, as an
adjunctive agent for treating the above cancers.

[0025]

In addition to the above WT1l peptide, polynucleotide
encoding the WT1l peptide, vector containing the
polynucleotide, and cells containing the vector, the
composition of the present invention may contain, for
example, a carrier, an excipient, an additive and the like.
The above WT1 peptide and the like contained in the
composition of the present invention activate helper T
cells and/or cytotoxic T cells in a WT1l peptide-specific
manner, and therefore, the composition may contain a known
MHC class I-restrictive WTl peptide, or may be applied
together with such a peptide.

(00267

A method for applying the composition of the present
invention 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 cells. The application method includes, for
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example, administration to a subject by intradermal
administration, subcutaneous adminisfration, intramuscular
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 cf the above WT1
peptide and the like contained in the ccmposition of the
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
cells.

[0027]

In still another aspect, the present invention
provides a method for treating or preventing a cancer in a
subiect, which includes the step of activating helper T
celis or cytotoxic T cells by adding a WT1l peptide to
antigen presenting cells, wherein the WT1l peptide has the
ability to bind to an MHC class II molecule selected from
an HLA-DRB1*08:02 molecule, an HLA-DRB1%13:02 molecule, an
HLA-DRB1*14:03 molecule, an HLA-DRB1*14:05 molecule, an

LA-~DQOB1*03:02 molecule, and an HLA~DCOBL*04:01 molecule.
The method of the present invention activates an immune

system in a subject by activating helper T cells and/or
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cytotoxic T cells, thereby treating or preventing a cancer
in a subject. In the method of the present invention, the
step 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 WI1l peptide, or
indirectly by addition of a polynucleotide encoding the WT1
peptide or of an expression vector containing a
polynucleotida encoding the WT1 peptide or by addition of
cells containing the expression vector. The above
polynucleotide encoding the WT1l peptide, expression vector
containing a polynucleotide encoding the WTl peptide, and
cells containing the expression vector can be obtained by a
method well known to those skilled in the art, as described
above. Subijects to which the method of the present
invention can be applied are those positive in respect to
an MHC class II molecule selected from an HLA-DRBL*08:02
molecule, an HLA-DRB1*13:02 molecule, an HLA-DRB1*14:03
molecule, an HLA-DRB1*14:05 molecule, an HLA—DQBI*OB:OZ
molecule, and an HLA-DQR1*04:01 molecule. Cancers to which
the present invention can be applied may be any cancers,
and include, for example, hematopolietic organ tumors such
as leukemia, myelodysplastic syndrome, multiple myeloma and
malignant lymphoma, as well as solid cancers such as

stomach cancer, bowel cancer, lung cancer, breast cancer,
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germ-cell cancer, liver cancer, skin cancer, bladder cancer,
prostate cancer, uterus cancer, cervical cancer and ovary
cancer. Aiso, the method of the present invention may be
used together with a method for treating or preventing a
cancer using an MHC class I molecule-restrictive WTL

peptide or a pharmaceutical composition therefor.

[0028]

In still another aspect, the present inventicn
provides use of a WIl peptide for preparing the above
composition, of a polynucleotide encoding the WIl peptide,
of a vector containing the polynucleoctide, and of cells
containing the wvector.

[0029]

In still further aspect, the present invention relates
to a kit containing the above WT1 peptide, polynucleotide
encoding the WT1l peptide, vector contaiﬁing the
polynucleotide, or cells containing the vector, for
activating helper T cells and/or cytotexic T cells by
adding the WT1 peptide to antigen presenting cells, wherein
the WI1l peptide has the abllity to bind to an MHC class II
molecule selected from an HLA-DRB1*08:02 molecule, an HLA=-
DREB1*13:02 molecule, an HLA-DRBR1*14:03 molecule, an HLA-
DRBR1*14:05 molecule, an HLA-DQR1*03:02 molecule, and an
HLA-DQB1*04:01 molecule. Preferably, the kit is used in

the above method for activating helper T cells or cytotoxic
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T cells. The kit of the present invention may contain, for
example, an obtaining means of antigen presenting cells, an
evaluating 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 cytoteoxic T cells using the kit of the
present invention.

[0030]

In another aspect, the present invention provides
antigen presenting cells which present a complex cf an
antigen peptide containing a WT1 peptide with an MHC class
IT melecule. 1In this case; the MHC class II molecule may
be‘any molecule of an HLA-DRB1I*08:02 molecule, an HLA-
DRB1*13:02 molecule, an HLA-DRBL*14:03 molecule, an HLA-
DRE1*14:05 molecule, an HLA-DQOB1*03:02 molecule, and an
HLA-DQB1*04:01 molecule, or may be at least two or more
molecules of the above MHC class II molecules. The antigen
presenting cells of the present invention may be prepared
using a technique known td those skilled in the art. For
example, they may ke prepared by isolating cells having an
antigen presenting ability from a cancer patilent, and then
pulsing the isolated cells with the above WT1l peptide (for
example, peptide having the amino acid sequence as shown in

SEQ ID NO:2) or with a polynucleotide encoding the WT1
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peptide, or introducing an expression vector containing the
polynucleotide into the cells, thereby allowing a complex
of an antigen peptide containing the WT1l peptide with an
MHC class I1 molecule to present on the cell surface
(Cancer TImmuncl. Immunother. 46:82, 1998, J. Iﬁmunol., 158:
pl796, 1997, Cancer Res., 59: pll84, 1599, Cancer Res., 56:
p5672, 19%6, J. Immunol., 161: p5607, 1998, J. Exp. Med.,
184: pd65, 1996) (those references are herein incorporated
by reference). In the present specification, the cells
having an antigen presenting ability are not limited so far
as they express an MHC class II molecule capable of
presenting a WI1l peptide on the cell surface, and
peripheral blood mononuclear cells or dendritic cells
having a high antigen presenting ability are preferred.
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 confﬁrmed by an increase of
an amount of interferon=-y, as shown in the Examples. The
antigen presenting cells of the present invention are
effectively used in a cell therapy (for example, dendritic
cell therapy) as an active ingredient of a pharmaceutical
composition.
[0031]

In still another asp@ct,_the present invention

provides helper T cells which recognize a complex of an
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antigen peptide containing a WT1l peptide with an MHAC class
II molecule. In this case, the MHC class II molecule may
be any melecule of an HLA-DRB1*08:0Z molecule, an HLA-
DRB1*13:02 molecule, an HLA-DRB1*14:03 molecule, an HLA-
DRB1*14:05 molecule, an HLA-DQR1*03:02 molecule, and an
HLA-DOB1*04:01 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
containing a peptide consisting of the amino acid sequencs
depicted in SEQ ID NO:2 with an MHC class II molecule
selected from an HLA-DRB1*08:02 molecule, an HLA-DRB1*13:02
molecule, an HLA~-DRBL1*14:03 mclecule, an HLA-DRB1*14:05
molecule, an HLA-DQR1*03:02 molecule, and an HLA-DQB1*04:01
molecule. The 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. Immuncl, 26, 2081 (1996)) (the reference is herein
incorporated by reference).
[00321

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 WIl peptide with an MHC clasé IT molecule.

The cytotoxic T cells of the present invention include, for
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example, those activated by helper T cells recognizing a
complex of an antigah peptide containing a peptide
consisting of the amino acid seguence as shown in SEQ ID
NO:2 with an MHC c¢lass II molecule selected from an HLA-
DRB1*08:02 molecule, an HLA-DRB1L*13:02 molecule, an HLA-
DRBI*14:03 molecule, an HLA-DRB1*14:05 molecule, an HLA-
DOB1*03:02 molecule, and an HLA-DQB1*04:01 molecule. The
cytotoxic T cells of the present invention can easily be
prepared by theose skilled in the art using a known
technique. For example, they are prepared by isolating
peripheral blood lymphocytes from a patient, and
stimulating them in vitro with a peptide (for éxample,
peptide having the amino acid segquence depicted in SEQ ID

NO:2), a polynuclectide encoding the peptide, or an

expression vector containing the polynuclectide (Journal of

Experimental Medicine 1999, 190:1669) {(the reference 1s
herein incorporated by reference). 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.
[0033}

In still another aspect, the present invention

provides an HLA tetramer having the above antigen peptide

|

containing a WT1 peptide and an MHC class

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

I molecule. The
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DRBL*08:02 molecule, an HLA-DRB1*13:02 molecule, an HLA-
DRB1*14:03 molecule, an HLA-DRB1*14:05 molecule, an HLA-
DQB1*03:02 molecule, and an HLA-DQB1*04:01 molecule, or may
be at least two or;more molecules of the above MHC clasévII
melecules. In the present'specification, the HLA tetramer
means a tetramerized product which 1s obtained by
biotinylating a complex (HLA monomer) obtained by
association of an HLA protein with a peptide, and then
binding the biotinylated product to avidin. HLA tetgamers
containing various antigen peptides are commercially
available, and 1t is possible td prepare the HLA tetramer
of the present invention easily (Science 279: 2103-2106
(1998), Science 274: 94-96 (1896)) (the reference is herein
incorporated by reference). The tetramer of the present
invention is preferably labeled with fiuorescence 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
fluorescence microscope. The HLA tetramer in the present
invention is not limited to a tetramer, and it is also
possible to use a multimer such as & pentamer and a
dendrimer, as needed. In the present specilfication, the
multimer means a multimerized product which is obtained by
binding two or more complexes (HLA monomers) obtained by

association of an HLA protein with a peptide using a known
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technique.
(00341

In another aspect, the present invention provides a
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
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 compecsition of the present invention can be
used for treating or preventing a cancer. The
pharmaceutical composition of the present invention can be
applied to various cancers ané tumors expressing WT1l, for
example, to hematopoiletic organ tumors such as leukemia,
myelodysplastic syndrome, multiple myeloma and malignant
lymphoma, as well as to solid cancers such as stomach
cancer, bowel cancer, lung cancer, breast cancer, germ-cell
cancer, liver cancer, skin cancer, bladder cancer, prostate
cancer, uterus cancef, cervical cancer and ovary cancer.
Also, the pharmaceutical composition of the present
invention can be used for administering to a subject having
an MEC class II molecule selected from an HLA~DRB1*08:0Z

molecule, an HLA-DRB1*13:02 molecule, an‘HLA~DRBl*14:03



10

25

34

melecule, an HLA~DRB1*14:05 molecule, an HLA-DQB1*03:02
molecule, and an HLA-DQBRI*04:01 molecule. The
pharmaceutical composition of the present invention may be
used together with other method 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
induéing agent and the like of helper T cells or cytotoxic
T cells, or may contain a known MHC class I-restrictive WT1
peptide.

[0035]

In addition to'an active ingredient, the
pharmaceutical compeosition ¢f the present invention may
contain, for example, a carrier, an excipients and the like.
The administraticn method of the pharmaceutical composition
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
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
phérmaceutical composition of the present invention, the

dosage form of the composition, the administration
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frequency of the composition and the like can ke selected
properly depending on conditions such as a type of diseases,
a state of subjécts, a target site and the like.

[0036]

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 preseﬁting cells, helper T
cells, cytotoxic T cells or tetramer to a subject in an
effective amount, wherein the subject has an MHC class II
molecule selected ffom an HBLA-DRB1*08:02 molecule, an HLA-
DRB1*13:02 molecule, an HLA-DRR1*14:03 molecule, an HLA-
DRR1*14:05 mclecule, an HLA-DQR1I*03:02 molecule, and an
HLA-DQR1*04:01 molecule. Cancers which can be treated or
prevented by the method of the present invention are
various cancers and tumors expressing WTl, for example,
hematopoletic organ tumors such as leukemia,
myelodysplastic syndrome, multiple myeloma and malignant
lymphoma, as well as solid cancers such as stomach cancer,
bowel cancer, lung cancer, breast cancer, germ-cell cancer,
liver cancer, skin cancer, bladder cancer, prostate cancer,
uterus cancer, cervical cancer and ovary cancer. The
method of the present invention may be used together with
other method for treating or preventing a cancer, for

example, a method for freating or preventing a cancer using
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a known MHC class I molecule~restrictive WT1l peptide.
{06371

In still another aspect, the present invention
provides use of any of the above-mentioned compoesition,
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
antibody which spécifically binds to the above WT1l peptide
or polynuclecotide encoding the WTl peptide (hereinafter,
the antibody is also referred to as an anti-WT1l antibody).
The antibody of the present invention may be either of a
polyclonal antibody or a monoclonal antibody. Specifically,
an antibody which specifically binds to a peptide having
the amino acid seguence as shown in SEQ ID NOC: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
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) {(those references are herein

incorporated by reference). For example, a nonhuman animal
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such as domestic rabbit is immunized using a peptide having
the amino acid sequence depicted in SEQ ID NO:2 as an
immunogen, 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
animal such as mouse is immunized using the peptide used in
the present invéntion (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 hvbridoma
cells, from which the monoclonal antibody can be cobtained
(Current protocols in Mclecular Biclogy, Ausubel et al.
(ed.), 1987, John Wiley and Sons (pub.), séction 11.4-
11.11) (the reference i1s herein incorporated by reference).
Also, the preparation of the anti~WIl antibody of the
present invention can be carried cut by boosting an
immunological reaction using various adjuvants depending on
a host. BSuch adjuvants include a mineral gel {(for example,
Freund’s adjuvant, aluminum hydroxide, etc.), a surfactant,
a human adiuvant and the like. The anti-WTl antibody of
the present invention can be used for affinity
chromatography, immunolcogical diagnosis and the like. A
method for the immunclogical diagnosis can be selected
properly from immunoblotting, radioimmuncassay (RIA),
enzyme-linked immunosorbent assay (ELISA), fluorescent or

luminescent measurement and the like.



15

20

25

38

[003¢2]

In another aspect, the present invention provides a
method for determining the presence or amount of a WT1
peptide in a subject positive in respect to an MHC class II
molecule selected from an HLA-DRB1*08:02 molecule, an HLA-
DRBI*13:02 molecule, an HLA-DRBL*14:03 molecule, an HLA~-
DRB1*14:05 molecule, an HLA-DQB1*03:02 molecule, and an
HLA~-DQR1*04:01 moiecule, the method including thé steps of:

(a) reacting a sample obtained from the subject with
the above anti-WI1l antibody, and then

(b} determining the presence or amount of the above
anti-WTl antibedy contained in the sample.

A sample obtained from a subject having an MHC class
II molecule selected from an HLA-DRR1*(8:02 molecule, an
HLA-DRB1*13:02 molecule, an HLA-DRB1*14:03 molecule, an
HLA-DRB1*14:05 m@lecule,Aan HLA-DQBR1*03:02 molecule, and an
HLA~DQB1*04:01 molecule can be used as a sample used in the
above step (a). Samples.used in the above step (a) include,
for example, body fluld and tissues such as blood and
lymphocytes. Those skilled in the art can properly obtain
samples, react them with an antibody and carry out other
procedures using a known technique. The step (b} in the

resent invention includes, for example, determinagtion of
the localization, site, amount and the like of the above

anti-WT1l antibody, and therefore, the present invention can
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be used for diagnosis, prognosis and the like of a cancer.
The above anti-WT1 antibody may be labeled. 2As a label,
known labels such as a flucrescent label and a radicactive
label can be used. By labeling, 1t becomes poessible to
carry out the determination of the presence or amount of a
WIl peptide simply and rapidly.

[0040]

In still another aspect, the present invention relates
to a kit for determining the presence or amount of a WT1
peptide, which contains the above anti-WT1 ahtibody as an
essential constituent. The kit of the present invention
may ccntain, for example, means for obtaining the anti-WT1
antibody and means for evaluating anti-WT1l antibody, and
the like, in addition to the above anti-WT1l antibody. In
general, the kit is accompanied with an instruction manual.
By using the kit of the present invention, it becomes
possible to determine the presence or amount of a WT1
peptide simply and rapidly in the above method fox
determining the presence or amount of a WT1l peptide.

[0041]

In still another aspect, the present invention
provides a method for determining the presence or amount of
Wll-specific helper T cells or WTl-specific cytotoxic T
cells in a subject positive in respect to an MHC class II

molecule selected from an HLA-DRER1*08:02 molecule, an HLA~
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DRB1*13:02 molecule, an HLA-DRB1*14:03 molecule, an HLA~-
DRB1*14:05 molecule, an HLA-DQB1*03:02 molecule, and an
HLA~DQBI1*04:01 moleculé, the method including the steps of:

{a) stimulating a sample obtained from the subject
using a WT1l peptide, and

(b} determining the presence or amount of cytokines,
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 WIl-specific helper T cells or WTl-specific cytotoxic T
cells.

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, invasivev
lymphocytes, tumor cells, cells in ascites fluid, cells in
pleural effusion, cells in cerebrospinal fluid, bone marrow
cells, lymph node cells and the like. The sample used in
the present invention may be derived from healthy doncors or
from cancer patients. By using those cells derived from
healthy donors, for example, it becomes possible to
diagnose whether the donors ars affected by a 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 WT1 immunotherapy has an effect in the cancer
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patients, or other conditions. In the method of the
present invention, samples obtained may be cultured before
and after stimulation with é WT1l peptide, and the culture
conditions can be determined properly by those skilled in
the art. The stimulation of these cells with a WT1l peptide
can be carried out using a known technigue 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 WT1l peptide as an
essential component. The kit of the present invention maj
contain, for example, an obtaining means of samples, an
evaluating means such as cytckines, in addition to the
above WIl peptide. 1In 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 WT1 peptide simply and rapidly in the above
method for determining the presence or amount of a WT1

peptide.
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[0043]

The present invention also provides:

a composition comprising a WTl peptide for activating
helper T cells by adding the WT1l peptide to antigen
presenting cells, wherein helper T cells recognize a
complex of the WI1l peptide and én MHC class I molecule
selected from an HLA~DRB1*08502 molecule, an HLA-DRBL*13:02
molecule, an BLA-DRB1*14:03 molecule, an HLA~-DRB1*14:05
molecule, an HLA-DQB1*03:02 molecule, and an HLA-DQR1*04:01
molecule, and a pharmaceutical composition for treating or
preventing a cancer which comprises the composition as an
active ingredient;

a pharmaceutical composition for treating or
preventing a cancer, comprising, as an active ingredient,
any of a WTl peptide, a polynuclectide encoding the WT1
peptide, an expression vector containing the polynucleotide,
or cells containing the expression vector, and which is
administered to a subject having an MHC class IT molecule
selected from an HLA-DRBL*08:02 molecule, an HLA-DRBI1*13:02
molecule, an HLA-DRB1*14:03 molecule, an HLA-DRR1*¥14:05
molecule, an HLA-DQB1*03:02 molecule, and an HLA-DOB1*04:01
molecule; and

a method for activating helper T cells, which
comprises the step of activating helper T cells by adding a

WTL peptide to antigen presenting cells, wherein helper T
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cells recognize a complex of the WTl peptide and an MHC
class II molecule selected from an HLA~DRB1*08:02 molecule,
an HLA-DRB1*13:02 molecule, an HLA-DRB1*14:03 molecule, an
HLA-DRBl*l_:OS molecule, an HLA-DQOB1*03:02 molecule, and an
HLA-DOB1*04:01 molecule.
[0044]

The present invention also pro%ides the followings:
(1) A composition for activating helper T cells which
comprises a WT1l peptide, a polynucleotide encoding the WT1
peptide, an expression vector containing the polynucleotide,
or cells contailning the expression vector,.wherein helper T
ceils recognize a complex of the WTl peptide and an MHC
class II molecule selected from an HELA-DRB1L*08:02 molecule,
an HIA-DRB1*13:02 molecule, an HLA-DRB1*14:03 molecule, an
HLA~DRB1*14:05 molecule, an HLA-DQBL*03:02 molecule, and an
HLA-DOB1*04:01 molecule.
(2 A composition for activating cytotoxic T cells which
comprises a WTLl peptide, a polynucleotide encoding the WT1
peptide, an expression vector containing the polynucleotide,
or cells containing the expression vector, wherein the
composition 1s administered  to a subject having an MHC
class IT molecule selected from an HLA-DRB1*08:02 molecule,
an HLA~DRB1*13:02 molecule, an HLA-DRRB1*14:03 molecule, an
LA~DRB1*14:05 molecule, an HLA~DQB1*03:02 molecule, and an

HLA-DQB1#*04:01 molecule.
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{3) A composition for treating or preventing a cancer which
comprises a WT1 peptide, a polynucleotide encoding the WT1
peptide, an expression vector containing the polynucleotide,
or cells containing the expression vector, wherein the
composition i1s administered to a subject having an MHC
class II molecule selected from an HLA-DRB1*(08:02 molecule,
an HLA-DRB1*13:02 molecule, an HLA~-DRB1*14:03 molecule, an
HLA~DRB1*14:05 molecule, an HLA~DQB1*03:02 molecule, and an
HLA-DQB1*04:01 molecule.

(4) The composition according to any one of (1)-(3), which
comprises a WT1l peptide.

{5) The composition accordin§ to any one of (1)-1(4),
wherein the WI1l peptide 1s a peptide containing the amino
acid sequence: Lys Arg Tyr Phe Lys Leu Ser His Leu Gln Met
His Ser Arg Lys His (SEQ ID NO:2}, a variant or a
modification therecof.

{¢) The composition according to (5), wherein the WT1
peptide is a peptide containing the aminoc acid sequence:
Lys Arg Tyr Phe Lys Leu Ser His Leu Gln Met His Ser Arg Lys
His (SEQ ID NO:2).

(7)Antigen presenting cells which present a complex of an
antigen peptide cohtaining a WIl peptide with an MHC class
II molecule, wherein the MHC class IX moiecule ig an MHC
class II molecule selected from an HLA-DRB1*0B8:02 molecule,

an HLA-DRB1*13:02 molecule, an HLA-DRB1*14:03 molecule, an
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HLA-DRB1*14:05 molecule, an HLA-DQRL*03:0Z2 moleculs, and an
HLA-DQB1*04:01 molecule.

(8) The antigen presenting cells according to (7), wherein
the WT1l peptide is a peptide containing the amino acid
sequence: Lys Arg Tyr Phe Lys Leu Ser His Leu Gln Met His
Ser Arg Lys His (SEQ ID NO:2), a variant or a modification
thereof.

(9) The antligen presenting cells according to (B), wherein
the WT1 peptide is a peptide containing the amino acid
sequence: Lys Arg Tyr Phe Lys Leu Ser His Leu Gln Met His
Ser Arg Lys His (8EQ ID NO:2).

(10} Helper T cells which recognize a complex of an antigen
peptide containing a WIl peptide with an MHC class II
molecule, wherein the MHC class II molecule is an MHC class
IT molecule selected from an HLA~DRB1*08:02 molecule, an
HLA-DRB1*13:02 mclecule, an HLA-DRB1*14:03 molecule, an
HLA-DRB1*14:05 molecule, an HLA-DQB1*03:02 mclecule, and an
(11} The Helper T cells accordinglto {10}, wherein the WT1
peptide is a peptide containing the amino acid seguence:
Lys Arg Tyr Phe Lys Leu Ser His Leu Gln Met His Ser Arg Lys
His (SEQ ID NO:2), a variant oxr a modification thereof.

(12) The Helper T cells according to (11l), wherein the WT1
peptide is a peptide containing the amino acid sequence:

Lys Arg Tyr Phe Lys Leu Ser His Leu Gln Met His Ser Arg Lys
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His (SEQ ID NO:2;.

(13) Cytotoxic T cells which are activated by thé helper T
cells according to (12},

(14} A pharmaceutical compositidn for treating or
preventing a cancer, comprising, as an active ingredient,
any of the antigen presenting cells according to any one of
(7)-1(9), the helper T cells according to any one of (10)-
(12), or the cytotoxic T cells according to claim (13).
[0045]

The present invention also provides the followings:

(1) A method for activating helper T cells, which comprises
the step of activating helper T cells by adding a WTL
peptide to antigen presenting cells, wherein helper T cells
recognize a complex of the WIl peptide and an MHC class II
molecule selected from an HLA-DRB1*08:02 molecule, an HLA-
DRB1*13:02 molecule, an HLA-DRB1*14:03 molecule, an HLA-
DRB1*14:05 molecule, an HLA-DQB1*03:02 molecule, and an
HLA~-DQB1*04:01 molecule.

(2) The method according to (1), wherein the addition of a
WTl peptide to antigen presenting cells 1is carried out by
having the antigen presenting cells contact with the WTL
peptide, or introducing a polynucleotide encoding the WT1
peptide or an expression vector containing the
polynucleotide into the antigen presenting cells,

(3) A method for activating cytotoxic T <cells, which
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comprises administering a WTl peptide, a polynucleotide
encoding the WT1l peptide, an expression vector containing
the polynucleotide, or cells containing the expression
vector to a subiject having an MHC c¢lass II molecule
selected from an HLA-DRB1*08:02 molecule, an HLA-DRR1*13:02
molecule, an HLA-DRB1*14:03 molecule, an HLA-DRB1*14:05
molecule, aanLA-DQBl*O3:02 molecule, and an HLA-DQB1*04:01
molecule. |

(4) A method for treating or preventing a cancer, which
comprises administering WTl peptide, a polynucleotide
encoding the WT1 peptide, an expression vector containing
the polynucleotide, or cells containing the expression
vector t¢ a subject having an MHC class II molecule
selected from an HLA-DRB1*08:02 molecule, an HLA-DRR1*13:02
molecule, an HLA-DRBR1*14:03 molecule, an ELA-DRR1*14:05
molecule, an HLA-DQR1*03:02 molecule, and an HLA-DQR1*04:01
molecule.

(5) The method ;ccording to any one of (l1)-(4), whereiln the
WTL peptide is a peptide containing the amino acid
sequence: Lys Arg Tyr Phe Lys Leu Ser His Leu Gln Met His
Ser Arg Lys His (SEQ ID NC:2), a variant or a modification
thereorf.

{6) The method according to (3), wherein the WTl peptide is
a peptide containing the amino acid sequence: Lys Arg Tyr

Phe Lys Leu Ser His Leu Gln Met His Ser Arg Lys His (SEQ ID
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NO:2).
[0046]

The present invention also provides the followings:
(1) Use of a WITLl peptide, a polynucieotide encoding the WT1
peptide, an expression vector containing the polynucleotide,
or cells containing the expression vector for the
preparation of a medicament for activating helper T cells,
wherein helper T cells recognize a complex of the WT1
peptide and an MHC class II molecule selected from an HLA-
DRB1*08:02 molecule, an HLA~DRB1*13:02 molecule, an HLA-
DRB1*14:03 molecule, an HLA~-DRB1*14:05 molecule, an HLA-
DCR1*03:02 molecule, and an HLA-DQOBL*04:01 molecule.
{2) Use of a WTL peptide, a pclynucleotide encoding the WTL
peptide, an expression vector containing the polynucleotide,
or <c¢ells containing the expression wvector for the
preparation of a medicament for activating cytotoxic T
cells, wherein the medicament i1s administered tc a subject
having an MHC class 1II mblecule gselected from an HLA-
DRB1*08:02 molecule, an HLA~DRB1L*13:02 molecule, an HLA-
DRB1*14:03 molecule, an  HLA~DRB1*14:05 molecule, an HLA-
DOR1*03:02 molecule, and an HLA-DQB1*04:01 molecule.
(3) Use ¢of a WT1l peptide, a polynucleotide encoding the WTL
peptide, an expression vector containing the polynucleotide,
or cells containing the expression v@étor for the

preparation of a medicament to treat or prevent a cancer,
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wherein the medicament 1s administered ﬁo a subject having
an MHC class II molecule selected from an HLA-DRB1*08:02
molecule, an HLA-DRBL*13:0Z molecule, an HLA-DRB1*14:03
molecule, an HLA-DRB1*14:05 molecule, -an HLA-DQB1*03:02
molecule, and an HLA-DOB1*04:01 molecule.
(4) The use according to any one of (1)-(3), for the
preparation ¢f a medicament comprising a WT1l peptide.
{5) The use according to any one of (1)-(4}, whereiﬁ the
Tl peptide 1is a peptide containing the amino acid
sequence: Lys Arg Tyr Phe Lys Leu Ser His Leu Gln Met His
Ser Arg Lys His (SEQ ID NO:2), a variant or a modification
thereof.
(6) The use according to (5), wherein the WT1l peptide is a
peptide containing the amino acid sequence: Lys Arg Tyr Phe
Lys Leu Ser His Leu Gln Met His Ser Arg Lys His (SEQ ID
NO:2) .
[0047]

The present invention will be described in detail and
specifically by way of examples, but they shculd not be

construed as limiting the present invention.

Examples
[0048]
Example 1: Establishment of WT1 peptide (SEQ ID NO: 2)-

specific Thl clone cells
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WT1l peptide (SEQ ID NO: 2) (referred to as WT1-332
hereinafter)~specific Thl clone cells ({referred to as "the
Thl clone cells" hereinafter) was established as described
below.

[0049]
(1) Test Materials
Main materials used are indicated below.

Test compound

[Table 1]
Compound Name | Lot Number Supplier
T1-332%* 100521 American Peptide Company,
Inc.

Storage conditions: f:eezer preset at -30°C
*WT1-332 ! Lys Arg Tyr Phe Lys Leu Ser His Leu Gln Met His
Ser Arg Lys His (SEQ ID NO: 2)
[6050]
Preparation of Test Compound
WT1-332 was dissolved in 10 mM acetic acid at 20 mg/mL.
The solution was sterilized by filtration and stored in a
freezer preset at -30°C.
[0051]
Peripheral blood mononuclear cell (PBMC) as feeder cell
1) Name cof cell: PBMC
2) Socurce: Peripheral blood from healthy human adult donor
After linkable anonymizing was performed and written

informed consent was obtained under the control of a
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personal information manager, blcod was obtained from the
donor and manipulated in this experiment.

3) Sample condition: Any of feeders is different from the
sample for cloning.

4) Blood collection: 40 mL of heparinized peripheral blood
[0052]

B-LCL cell line as feeder cell

5) Name of cell: B-LCL cell line

6) Source: Human peripheral blood

7) Supplier: RIKEN CELL BANK or IHWG CELL BANK

[0053]

Groups

[Table Z]

Group # | Agent Measurement Well*
1 solvent | 1CS or Production of IFN-y|l or 3
2 WT1-332 (pg/m}_)

*After the intracelllar cytokine staining (ICS) and cloning,
th first test of ELISA was conducted in one well.
[0054]
Reagents
Among the reagents used in the test, important ones

were listed below.

[Table 3]

Name Cat number Supplier
OptEIA ELISA set (human |555142 BD Biosciences
IEN-Y)

BD CptEIA Reagent Set B 550534 BD Bioscilences
Phytohaemagglutinin (PHA) | 30852801 remel.

MACS CD4 MicroBeads 120-000-440 | Milteny Bioctec




20

25

52

[0055]
Preparation of Culture Medium

Human AB Serum and Fetal beovine serum (FBS) were used
after inactivation and filtration through a 0.2 um filter.
Twenty U/mL heparin HBSS, 10% FB3/RPMI-1640 (100 units/mL
penicillin, 100 pg/mL streptomycin), and 10% human AR
serum“containing AIM-V (Invitrogen) were used £for PBMC
separation, B~-LCL cell culture, and other culture,
respectivély. Cell culture was performed in a 37°C-5% CO,
incubator in each medium.
[0056]
(2) Test Methods
Preparation of PBMC

PBMCs were prepared by density centrifugation £from
peripheral blood o¢of healthy wvolunteers and a part of the
PBMCs was used to induce WT1—332mspecifi; T cells, The
remaining cells were cryopreserved in a cell banker (Jujil
Field Inc.) and used as feeder cells or antigen-presenting
cells for re-stimulation.
[0057]
Induction of WI1l-332-specific T cell

The PBMCs thus prepared were seeded on 24-well plates
at 1.5 x 10° cells/well in 10 wells and added with WI'1-332

at a final concentration of 20 pg/mL and IL-7 at a final
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concentration of 10 ng/mlL and stared to be cultured (Day 0,
total medium volume : 2 mL/well).

After 1 week, the cells were re-stimulated, First,
PBMCs adjusted to 3.0 X 10° cells/well or less for antigen
presentation were cultured for 2 hours with WIT1l-332 at a
final concentration of 20 pg/mL, and further cultured for
45 min with mitomycin C (MMC) (final concentration = 50
ug/mL), and then, after washed with AIM-V, the cells were
used as antigen presenting cellé. Next, after the cultured
PBMCs were collected and adherent cells were removed, the
remaininé cells were seeded at 1.15-1.43 X 10° cells/well
and again cultured with the same number of WTl/MMC—treated
antigen presenting cells added with IL-7 at a final
concentration of 10 ng/ml (Day 7). Two days later, half of
the medium was changed with 40 U/mL IL-2 containing medium,
and the cells were further cultured for one week while half
of the medium was changed with 20 U/mL IL-2 containing
medium every other day.

[0058]
Intracellular cytokine staining (ICS)

On Day 14, the cultured cells were collected and
seeded on a 96 well round-bottom plate at 2.0x10°
cells/well in two wells, and then cultured for 4 hours
added with 20 pg/mL WT1-332 in one well and with the

solvent in another well and further cultured for 2 hours
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added with 1 x Brefeldin (final concentration). The cells
were collected, added with PE~labeled anti-human CD4
antibody and FITC-labeled anti-human <CD8 antibody, and
incubated for 15 minutes at 4°C. After washed with
Staining Buffer, the cells were added with Cytofix Cytoperm
Fix/Perm, and treated for 20 minutes at 4°C. Alter washed
with Perm./Wash Buffeﬁ, the cells were added with PerCpP-
labeled anti-human IFN-y antibody, and incubated fcr 30
minutes at 4°C. The cells were washed with Perm./Wash
Buffer and analyzed by FACS.
[0059]
Thawing, seeding and subculturing of B-LCL cell as feeder
cell

Cryopreserved cells were thawed and started to be
cultured at 3 x 10° cells/well, and then subcultured at the
time of subconfluent. The B-~LCL cells thus obtained were
used as feeder cells for PHA stimulation.
{0060]
Isclation of CD4T cells by MACS

According to a manufacturer's recommendation protocol,
CD4" cells were isolated by positive selection from the
cultured cells using MACS Microbeads.
[0061]

Cloning and amplification'of WT1l~-332-~specific Thl cell

by limiting dilution
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The feeder B-LCL cells and PBMCs (3x10°/mL or less)
were treated with miﬁomycin C solution (final concentration
= 50 pg/mL) for 45 minutes in a COz incubator. After
washed with AIM-V, two types of B-LCL cells and two types
of PBMCs, 4 types of cells in total, were mixed (final
concentration: 2.5 x 10° cells/mL for PBMC and 2.5x10°
cells/well for B-LCL celi/ml).‘ A set of the mixtures was
prepared according to the number of the samples to be
cloned, and PHA was added at a finel concentration 200
ng/mL tc make a PHA containing feeder cell liquid mixture,

Next, from the fractionated CD4" cell samples, samples
showing a high CD4*IFN-y" cell ratio in ICS were selected,
and the CD4% cell concentration was adjusted to 10 cells/ml
with the PHA containingvfeeder cell ligquid mixture thus
prepared, and the cells were seeded on a 96 well plate at
100 pL/well (total number of PBMCs: 5.0 x 10° cells/well;
B-LCL cells: 5.0 x 10° cells/well; PHA: 200 ng/mL; CD4"
cells: one cell/well) and started to be cultured. Five
days later, an egqual amount of 80 U/mL IL-2 containing
medium was added tolﬁhe culture medium, and after that,
half of the medium was changed with 80 U/mL IL~2 containing
medium every other day. During the culture, cells ib a
well showing clear amplification were scaled up to 48 well
plates, and continued to be cultured.

On day 10 from the start of cloning and after that at
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intervals of 14 days, PHA stimulation was applied for
amplification as described above except that +the culture
plate, the total number of PBMCs, the total number of B-LCL

cells, PHA final concentration, and the number of Thl clone

[}

cells to be amplified were changed to 24 well plate, 1.0 x
10% cells/well, 1.0 x 10° cells/well, SOvng/ml, and 2.0 x
10% cells/well or less, respectively. Alsc, IL-2 was added
on day 3 from the start of culture, and the IL-2
concentration of the medium to be further added was set to
200 U/mL.
(0062}
Peptide stimulation of Thl clone cell

To check the antigen reactivity of Thl clone cells
which had been cloned and amplified, the ccllected Thl
clone cells were seeded onto 96 well round-bottom plates in
one well or three wells. To the wells, 10 uM acetic acid
or 20 pg/mlL of peptide was added, and culture was started
(the total amount of medium: 200 ulL/well). Culture
supernatants were collected after about 24.hours.
[0063]
ELISA

The IFN-y concentration in each culture supernatant
was measured after the culture supernatant was diluted 4
times with Assay Diluent (Becton Dickinson). ’ Tﬁé IFEN-y

concentration was measured using BD OptEIA ELISA set (human
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IFN-y, Becton Dickinson) according to the manufacture's
protocol except that the antibody was diluted 500 times,
the range of the calibration curve was changed to 18.75-
1200 pg/ml, and the chromogenic reaction time was changed
to 5 minutes. Alsoc, an extrapelation value was used when a
measured value exceeded the measurement range, and the
measured value was regarded as 0 when the absorbance was
less than 0.
[0064]
Preparation of Thl clone cell master cell bank

Thl clone c¢ells of which antigen . reactivity was
confirmed were crygéreserved in cell banker, and used as .
master cell banks.
[0065]
Evaluation

To evaluate whether WT1l-332-specific Thl cells werse
significantly induced in the ¢CD4% cells cultured for 14
days under the WT1-332 stimulus, WT1-332-specific Thl cell
ratio (%) and WT1~332~nonspecific Thl cell fatio (%) were

calculated according to the following formulae.

WTl-332~specific Thl cell ratio (%)
= number of CD4", intracellular IFN-y" cells with WT1~332
stimulation/total number of viable cells x

CD4* cell ratio after fractionation/CD4" cell ratio before
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fracticnation x 100

WTl~332~nonspecifi¢ﬁThl cell ratio (%)

= number of CD4%, intracellular IFN-y" cells with AcOH
stimulation/total number of viable cells x 1OQ X

CD4™ cell ratio after fractionation/CD4" cell ratio before

fracticnatiocn x 100

Cloning was carried out in 6 to 7 samples for which
the value obtalned by subtracting the WIl-332-nonspecific
Thl ratio from the WT1l-332-specific Thl ratio was high.

The IFN-y concentration of culture supernatant of each
group was measured by ELISA, and when the IFN-y production
upon WT1-332 addition was higher than that upon solvent
addition 500 pg/mL or more and 1.2 times or more, the
groups were considered to maintain the antigen reactivity

and used in subsequent experiments.

[0066]
{3) Results
Various Thl clone c¢ells were established. It was

confirmed as a result of typing that some of the obtained
clones had new restricted alleles. The results were shown
in Table 4. In Example 2, using those clones, it was

determined whether WI1-332 could activate Thl cells in a

manner restricted to specific HLA types.
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[Table 4]

Clone 1D Clone Name T HLngf B DaRi
CloneR82~1 H147-2F1 08:02 14:08 02:01 02:01 03:01 03:02
CloneR132~1 H144-2D7 0101 13:02 0401 04:02 N, T. NOT.
CloneR143-1 #61-2F0 14:03 15:02 42:01 03:01 N T. N.T.
CloneR145-2 H77-3HH 04:05 14:05 0501 05:01 N T, N.T.
Clone@d2-1 $147-2686 08:02 14:03 2:01 02:01 03:014 03:02
CloneRd4l-1 H106-1H11 04:08 15:01 05101 05101 1+ 04:01 06:02

*Underline shows new restricted alleles.
*N.T. means that HLA typing was not performed for the HLA
tvpe.
[0067]
Example 2:  Determination of restricted allele of
established WT1-332-specific Thl clone cell

Using the WT1-332-specific Thl clone cells established
in Example 1 (referred to as "the Thl clone cells"
hereinafter), it wés determined whether WT1-332 could
activate Thl cells in a manner.restricted to specific HLA
types and the restricted alleles were confirmed.
[0068]
(1) Test ccmpound
B-LCL cell line

[Table 5-1]
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Antigen presenting B~LCL cells for DRBI*08:02 restriction analysis

Feature of BolCL HLA type
HLA T DRB1 DPB1 DaB1 DRB3, 4,5
DRBI*08:02(+) | HEVH0052 | 08:02 | 14:03 | 05:01 | 05:01 | 03:02 | 03:01 blank B3*x01:01
DRB1%08:02(+) | HEVH0324 | 08:02 | 15:02 | 04:02 | 09:01 | 04:02 | 06:01 blank B5x01:02
DRBI*08:02(~) | HEVED042 | 04:05 | 13:01 | 05:01 | 05:01 | 04:01 | 06:03 | B4%01:03 | B3*%01:01
DRBI*08:02(~) | HEVH#0238 | 04:06 | 12:01 | 05:01 | 02:01 | 03:01 | 03:02 | B3%02:02 | B4*01:03
DRBI*08:02(=) | HEVH0013 | 04:05 | 11:01 | 02:01 | 056:01 | 03:01 | 04:01 | B4*x01:03 | B3*02:02
DRBI*08:02(=) | HEVHEOORT | 09:01 | 09:01 [ 02:01 | 09:01 | 03:03 | 03:03 | B4%0]1:03 | B4*01:03

09
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Antigen presenting B-LCL cells for DRBI*13:02 restriction analysis

Feature of

HLA type

HIA BrlCL DRB1 DPB1 DQB1 DRB3, 4, 5
DRBI#13:02(-) | HEVHO201 | 01:01 | 04:05 | 04:02 | 05:01 | 03:03 | 05:01 | B4%01:03 | blank
DRBI*13:02(-) | HEVH#OOT3 | 01:01 | 09:01 | 04:02 | 05:01 | 03:03 | 05:01 | B4%01:03 | blank
DRBI*13:02(-) | HEVHO271 | 09:01 | 09:01 | 04:02 | 05:01 | 03:03 | 03:03 | B4#01:03 | B4%01:03
DRB1*13:02(-) 1333-8272 1 08:01 1 10:01 [ 04:01 1 02:01 104:02 | 05:01 blank blank
DRBI*13:02(+) | HEVEOOA6 | 04:01 | 13:02 | 04:01 | 05:01 | 03:01 | 06:04 | B4#01:02 | B3%03:01
DRB1#13:02(=) | HEVH0038 | 04:01 | 12:02 | 04:01 | 05:01 | 03:01 | 03:01 | B4%01:02 | B3%03:01
DRB1%13:02(-) | HEVEO110 | 04:01 | 04:03 | 02:01 | 05:01 | 03:01 | 03:02 | B4%01:03 | B4#01:02
DRBI*13:02(-) | HEVEO024 | 04:10 | 12:02 | 13:01 | 05:01 | 03:01 | 04:02 | B4%01:03 | B3%03:01
DRB1%13:02(—) | HEVEO342 | 09:01 | 08:03 | 14:01 | 05:01 | 03:01 | 03:03 | B4%01:03 | blank

9
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Antigen presenting B-LCL cells for DRBI*14:

03 restriction analysis

Feature of

HLA type

HLA BrLeL DRB1 DPB1 DQAB1 DRB3, 4,5

DRB1#14:03(+) | HEVHOO052 [ 08:02 | 14:03 1 05:01 1 05:01 1 03:02 | 03:01 blank | B3*x01:01
"DRBI#14:03(~) | HEVH0324 [ 08:02 | 15:02 | 04:02 [ 09:01 1 04:02 | 06:01 blank | B6*0{:02
DRBI*14:03(~) | HEVE0042 | 04:05 | 13:01 | 05:01 | 0D:01 [ 04:01 | 06:03 | B4*01:03 | B3#01:01
DRBI*14:03(-) | HEVH0238 | 04:06 | 12:01 [05:01 | 02:01 {03:01 | 03:02 | B3*x02:02 | B4*01:03
DRBI*14:03(-) | HEVH0OO035 | 04:05 | 15:02 | 05:01 | 09:01 1 04:01 [ 06:01 | B4*01:03 | B6*01:02
DRBI1%14:03(=) | HEVH0012 | 04:05 | 08:03 [ 05:01 | 05:01 [ 04:01 | 06:01 | B4*:01:03 blank

DRBI*14:03 (=) | HEVE00B7 | 09:01 | 09:01 1 02:01 1 09:01 103:03103:03 | B4*01:03 | B4*01:03
DRBI*14:03(~) {HEVH0013 | 04:056 { 11:01 [ 02:01 | 05:00 [ 03:01 104:01 | B4*01:03 | B3*02:02
DRBI*14:03 (=) | HEVH0342 | 09:01 | 08:03 | 14:01 | 05:01 {03:01 1 03:03 | B4%01:03 blank

DRBI*14:03(~) | HEVH0050 | 04:05 | 15:02 | 03:01 | 09:01 | 04:01 | 06:01 | B4#01:03 | B6*01:02

Z9
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Antigen presenting B-LCL cells for DRBI*14:05 restiriction analyvsis

Feature of , HLA type
enture o B-LCL HLA type

HLA DRB1 DPB1 DQBL DRB3, 4, 5

DRB1%x14:06(-) | HEVH0201 | 01:01 | 04:05 | 04:02 [ 05:01 | 03:03 | 056:01 | B4x01:03 blank

DRBI*14:06(-) | HEVHOOT73 | 01:01 [ 09:01 {04:02 | 05:01 | 03:03 | 0b:01 | B4*%01:03 blank

DRBI*14:05(+) ISHS 09:01 | 14:05 [ 05:01 | 05:01 | 056:03 | 03:03 | B3%02:02 | B4%01:03

DRBI*14:05(-) | HEVH0271 [ 09:01 | 09:01 | 05:01 [ 04:02 {03:03|03:03 | B4*01:03 | B4*01:03

DRBI%14:05(-) | HEVHOOB8 | 14:06 | 13:02 1 04:01 1 05:01 [ 03:01 | 06:04 | B3*03:01 | B3*%02:02

DRBI*14:06(=) | HEVHOOL5 | 08:03 | 14:01 [ 04:02  05:01 | 06:03 | 06:01 | B3+02:02 blank

!
DRB1*14:05(-) | HEVH#0035 | 04:056 | 15:02 | 05:01 | 09:01 | 04:01 | 06:01 | B4*01:03 | B5%01:02
|

DRBI%14:05(=) | HEVEO050 | 04:05 | 15202 [ 03:01 [ 09:01  04:01 | 06:01 | B4x01:03 | B6%01:02

£9
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Antigen presenting B-LCL

cells for DEBI+03:

02 restriction analvsis

Feature of

HLA type

HLA BoLLL DRB1 PRI DQBI DRB3, 4,5
DOBIx03:02(+) | HEVHOO5Z { 08:02 | 14:03 1 05:01 [ 05:01 1 03:02 | 03:01 | blank |B3%01:01
DQRI*03:02(-) | HEVH0324 | 08:02 | 15:02 [ 04:02 [ 09:01 1 04:02 | 06:01 | blank |BB*01:02
DEBI%03:02¢(+) | HEVHO238 | 04:06 | 12:01 [ 05:01 [ 02:01 | 03:01 | 03:02 | B3%02:02 | BA*01:03
DQB1#03:02(=) | HEVH0042 | 04:05 | 13:01 | 05:01 | 05:01 1 04:01 | 06:03 | B4%01:03 | B3%01:01
DOB1%03:02(=) | HEVH0013 | 04:05 | 11:01 | 02:01 | 05:01 103:01 | 04:01 | B4%01:03 | B3%02:02

79
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Antigen presenting B-LCL cells for DQBI%04:01] vestriction analysis
feature of

HLA type

HLA BLeb DRB1 DPB1 DRB1 , DRB3, 4, 5
DEBI%04:01(~) | HEVH#0201 [ 01:01 | 04:0504:02 105:01 | 03:03 | 05:01 | B4%01:03 blank
DOB1%04:01 (=) | HEV#0073 [ 01:01 | 09:01104:02 105:01 [ 03:03 |05:01 | B4*%01:03 blank
DQBI*04:01(+) | HEVHO174 | 04:05 [ 15:01 | 05:01 [ 05:01 | 04:01 | 06:02 | B4%01:03 | Bo*01:01
DQBI1#04:01(+) | HEVEOO13 | 04:05 | 11:01 | 02:01 { 05:01 | 03:01 | 04:01 | B4%01:03 | B3%02:02
DOB1%04:01(+) | HEVH#0035 | 04:05 | 15:02 | 05:01 109:01 [ 04:01 | 06:01 | B4*%01:03 | B6%01:02
DOB1%04:01(+) | HEV#0050 [ 04:05 | 15:02|03:01 [ 09:01 [ 04:01 | 06:01 | B4*¥01:03 | B5%01:02

g9
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{2} Test method
Preparation of medium

Human AR Serum and FBS were used after inactivation
and filtration through a 0.2 um filter. Twenty U/mL hepgzin
HBSS, RPMI-1640 containing 10% FBS and 1% P/S (100 units/mL
penicillin, 100 pg/mL streptomycin), and AIM-V (Invitrogen)
containing 10% human AB serum were used for PBMC separation,
B-LCL cell culture, and other culture, respectively. Cell
culture was performed in a 37°C~5% (CO; incubator in each
medium. |
[0070]
Experimentation method

HLA restriction of Thl clone cells was determined by
using WI1l-3232-pulsed B-LCL cells having an appropriate
allele as antigen presenting cells and measuring the amount
of IFN-y produced.

Specifically, Thl clcne ceils were cultured under the
PHA stimulus using the feeder B~LCL cells and =zenogeneic
PBMCs prepared from peripheral blood as feeder cells. Next,
B-LCL cells treated with WT1-332 or solvent were used as
antigen presenting cells and cultured with the collected
Thl clone cells. The amount of IFN-y produced was measured
to determine whether WI1-332Z-specific antigen stimulus was
present. Based on the HLA class II types of each Thl clone,

B-LCL cells having some different HLA types were used as
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antigen presenting cells, and thereby HLA class II
restriction of the Thl clone was determined.
[0071]
Thawing and seeding of B-LCL cell as feeder cell

Cryopreserved cells were thawed on day 0 and started
to be cultured at 1 x 10° cells/well. The cells were
collected on day 3 and used as feeder cells for PHA
stimulation.
[0072]
Preparation of PBMC

PBMCs were prepared by density centrifugation from
peripheral blood of healthy velunteers by day 2. After the
cell number was counted, cell pellets were collected and
re-suspended in cell banker (Mitsubishi Chemical Medience
Corporation}, and then dispensed into cryotubes to be
cryopreserved in a freezer set at ~-80°C. At the time of
PHA stimulation, the cryopreserved cells were thawed and
provided as the feeder PBMCs.
{00737
Thawing and seeding of Thl clone cell

On day 2, cryopreserved cells were thawed and started
to be cultured at 2 x 10° cells/well or less in 20 U/mL IL-
2 containing medium. The cells were collected on day 2 and
used as Thl clone cells for PHA stimulation.

[0074]
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PHA stimulation of Thl clone cell

On day 3, the feeder B-LCL <c¢ells and PBMCs were
treated with mitomycin C solution (final concentration = 50
ug/mL).for 45 minutes in a CO; incubator. fter washed
with AIM-V, two types of PBMCs and two types of B-LCL cells,
4 types of cells in total, were mixed (final concentration:
1.0 x 10° cells/mL for PBMC and 1.0 x 10° cells/well for B-
ICL cell/ml). A set of the mixtures was prepared according
to the number of Thl clone cells to be seeded, and PHA was
added at a final concentration 100 ng/mL to make & PHA
containing feeder cell liquid mixture. VNext, the cultured
Thl clone cells were seeded on 24 well plates at 0.5
mL/well (cell concentration 4.0 x 10° cells/mL), and
further added with the PHA containing feeder cell liquid
admixture at 0.5 mL/well, and the cells were cultured. On
day 6, an egqual amount of 200 U/mL IL-2 containing medium
was added to the culture medium, and on day 8, day 10, day
12, and day 14, half of the medium was changéd with 40 U/mL
IL-2 containing medium. On day 15, the cells were used for
the restriction analysis. When the cells reached confluent
during the culture, the cells were subcultured using 20
U/mL IL-2 containing medium.
[0075]
Thawing and seeding of B-LCL cell as antigen presenting

cell for restriction analysis



183

10

20

25

69

On day 11, crycopreserved cells were thawed and started
to be cultured at about 1 x 10° cells/well. The cells were
collected on day~15 and used for the restriction analysis.
[0076]

Regstriction analysis

Thl clone cells were collected‘on day 15, and seeded
on 96 well round-bottom plates according to the number of
the collected cells at 1.0-2.5 x 10* cells/100 pL/well in 3
wells. B-LCL cells as antigen presenting cells adjusted to
1 x 10° cells/mL were dispensed intc two conical tubes in
4-7 mi, and one was added with acetic acid at a final
concentration of iO pM and another was added with WT1-332

at a final concentration of 20 pg/ml. After 2 hours

culture, the cells weare washed with AIM-V and added to the
96 well plates onto which Thl clone cells were seeded at
2.5 x loécellS/EOG pL/well and then cultured for 16 hours
or more, To confirm the WIT1l-332 reactivity, wells added
with WT1-332 or solvent i1nstead of B-LCL cells were
prepared in the same plate.
[(0077]
ELISA

Thé IFN-y ccncentration in each culture supernatant
was measured after the culture supernatant was diluted 100
times with Assay Diluent (Becton Dickinson). The TIEN-y

concentration was measured using BD OptEIA ELISA set (human
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IFN-y, Becton Dickinson) according to the manufacture's
protocol except that the range of the calibration curve was
changed to 5-640 pg/mL, and the chromogenic reaction time
was changed te 10 minutes. Also, an extrapolation wvalue
was used when a measured value exceeded the measurement
range, and the measured value was regarded as 0 when the
absorbance was less than 0.
[0078]
Evaluation

The amount of IFN~y in each culture supernatant.
[00789]
(3) Results
(1) HLA restriction analysis of Thl clone cell CloneR82-1
(DRB1*08:02/14:03, DPB1*02:01, DQB1*03:01/03:02)

The IEN-y producticn cf CloneR82-1 was detected by the
stimulatioﬁ with  WI1-332-pulsed DRB1I*08:02{+) B~LCLs
(HEV#0052 and HEV#0324) (Fig. 1). Therefore, CloneR82-1
was revealed to be a WIl-33Z2-specific HLA-~DRB1*08:02-
restricted Thl clone.

(008G}
(i1) HLA restriction analysis of Thl clone cell CloneR132-1
(DRB1*01:01/13:02, DPBLl*04:01/04:02)

The IFN-y production of CloneR132-1 was detected by

the stimulation with WT1-332~pulsed DRBLI*13:02(+) B-LCL

(HEV#0046) (Fig. Z}. Therefore, CloneR132-1 was revealed
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to be a WIl-332-specific HLA-DRB1*13:02-restricted

1
ot
=

clone.

[(0081]

(iii) HLA restriction analysis of Thl clone cell CloneR143~-
1 (DRB1%¥14:03/15:02, DPB1*02:01/03:01)

The IFN-y producticn of CloneR143-1 was detected by
the stimulation with WT1-33Z2-pulsed DRB1*14:03(+) B-LCL
(MEV#0052) (Fig. 3). Therefore, CloneR132-1 was revealed
to be a WTl-332-gpecific HLA-DRB1*14:03~restricted Thl
clone.

[0082]
(iv) HLA restrictilion analysis of Thl clone cell CloneR145-2
(DRB1*04:05/14:05, DPBL*05:01)

The IFN-y production of CloneR145-2 was detected by
the stimulation with WT1-332-pulsed DRB1*14:05(+) B~LCL
(ISH5) (Fig. 4. Therefore, Clone R145-2 was revealed to
be a WIl-332-specific HLA-DRB1*14:05~restricted Thl clone.
[0083]

(v) HLA restriction analysis of Thl clone cell CloneQ32-1
(DRB1*08:02/14:03, DPBL*C2:01, DQB1*03:01/03:02)

The IFN=-y production of CloneQ32-1 was detected by the
stimulation with WT1-33Z-pulsed DOB1*03:02 (+) B-1LCLs
(HEV#0052 and HEV#0238) (Fig. 5). Therefore, Clone32-1
was revealed to be a WT1-332-specific HLA-DQB1*03:02-

restricted Thl clone.
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[0084]
(vi) HLA restriction analysis of Thl clone cell’CloneQ4l~l
(DRB1#04:05/15:01, DPB1*05:01, DOB1*04:01/06:02)

The IFN-y production c¢f CloneQ4l-1l was detected by the
stimulation with various antigen presenting cells @ulsed
with WI1-332 (HEV#0174, HEV#0013, HEV#0035, and HEV#0050),
but not with WIT1-332-pulsed HEV#0201 and HEV#0073 (Fig. 6).
DOBL*04:01 was only expressed in HEV#0174, HEV#0013,
HEV#0035, and HEV#0050. Therefore, CloneQdl-~1l was revealed

to be a WIl-332-specific DOBl*04:01l~restricted Thl clone.

Industrial Applicability
[0085]

The present invention provides a method for activating
helper T cells and/or cytotoxic T cells using a WT1l peptide
having the ability to bind to an MHC class II molecule
selected from an HLA-DRBL*08:02 molecule, an HLA-DRB1*13:02
molecule, an HLA-DRB1*14:03 molecule, an HLA-DRB1*14:05
molecule, an HLA-DOB1*03:02 molecule, and an HLA-DQR1*04:01

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

like. Thus, the present invention is applicable to the
field of pharmaceuticals and the like, for example,

development and production fields of preventives or
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remedies for various hematopoietic organ tumors and solid

cancer highly expressing a WTl gene.

Sequence Listing Free Text
10086]

SEQ ID NO: 2: Synthetic peptide
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CLAIMS

1. 2 composiﬁion for activating helper T cells which
comprises a WT1 peptide, a polynuclieotide encoding the WTL
peptide, an expression vector containing the polynucleotide,
or cells containing the expression vector, wherein helper T
cells recognize a complex of the WI1l peptide and an MHC
class IT molecule selected from an HLA-DRB1I*08:02 molecule,
an HLA-DRB1*13:02 molecule, an HLA-DRB1I*14:03 molecule, an
HILA~DRR1*14:05 molecule, an HLA-DOBL*03:02 molecule, and an
HLA-DQB1*04:01 molecule.

2. A composition for activating‘cytotoxic T cells which
comprises a WI1l peptide, a polynucleotide encoding the WT1
peptide, an expression vector containing the polynucleotide,
or c¢ells containing the expression vector, wherein the
composition is administered to a subject having an MHC
class II molecule selected from an HLA-DRB1*08:02 molecule,
an HLA-DRB1*13:02 molecule, an HLA-DRB1*14:03 molecule, an
HLA-DRB1*14:05 molecule, an HLA~-DQB1*03:0Z molecule, and an
HLA-DQB1*04:01 molecule.

3. A composition for treating or preventing a cancer which
comprises a WIl peptide, a polynucleotide encoding the WT1
peptide, an expression vector containing the polynucleotide,
or cells containing the expression vwvector, wherein the

composition i1s administered to a subject having an MHC
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class II molecule selected from an HLA-DRB1*08:02 molecule,
an HLA-DRB1*13:02 molecule, an HLA~DRB1*14:03 molecule, an
HLA-DRB1*14:05 molecule( an HLA~DQBl*03:O2 molecule, and an-
HLA~DQR1*04:01 molecule.

4. The composition according to any one of claims 1-3,
which comprises a WT1l peptide.

5. The compogition according to any one of claims 1-4,
whereln the WT1l peptide is a peptide containing the amino
acid sequence: Lys Arg Tyr Phe Lys Leu Ser His.Leu Gln Met
His Ser Arg Lys His (SEQ ID NO:2), a variant or a
modification thereof.

6. The composition according to claim 5, wherein the WT1
peptide is a peptide containing the amino acid sequence:
Lys Arg Tyr Phe Lys Leu Ser His Leu Gln Met His Ser Arg Lys
His (SEQ ID NO:2).

7. Antigen presenting cells which present a complex of an
antigen peptide containing a WT1l peptide with an MHC class
Iz molecule,vwherein the MHC c¢lass II molecule is an MHC
clags IT molecule selected from an HLA-DRB1*08:02 molecule,
an HLA-DRB1*13:02 molecule, an HLA-DRB1*14:03 molecule, an
HLA-DRB1*14:05 molecule, an HLA-DQB1*03:02 molecule, and an
HLA-DQB1*04:01 molecule.

8. The antigen presenting cells according to claim 7,
wherein the WT1l peptide is a peptide containing the amino

acid sequence: Lys Arg Tyr Phe Lys Leu Ser His Leu Gln Met
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His Ser Arg Lys His (SEQ ID NO:2), a variant or =
modification thereof.

9. The antigen presenting cells according to claim 8,
wherein the WT1l peptide is a peptide containing the amino
acid sequence: Lys Arg Tyr Phe Lys Leu Ser His Leu Gln Met
His Ser Arg Lys His (SEQ ID NO:2).

10. Helper T cells which recognize a complex of an antigen
peptide containing a WITl peptide with an MHC class II
molecule, wherein the MHC class II molecule 1s an.MHC class
17 molecule selected from an HLA-DRBI1I*08:02 molecule, an
HLA-DRB1*13:02 molecule, an HLA~-DRB1*14:03 molecule, an
HLA~DRB1*14:05 molecule, an HLA-DQR1*03:02 molecule, and an
HLA~DQB1*04:01 molecule.

11. The Helper T cells according to claim 10, wherein the
WT1l peptide 1is a peptide containing the amino acid
sequenbe: Lys Arg Tyr Phe Lys Leu Ser His Leu Gln Met His
Ser Arg Lys His (SEQ ID NO:2), a variant or a modification
thereof. |

12. The Helper T cells according to claim 11, wherein the
WT1l peptide 1s a peptide containing the aminoc acid
sequence: Lys Arg Tyr Phe Lys Leu Ser His Leu Gin Mst His
Ser Arg Lys His (SEQ ID NO:2).

13. Cytotoxic T cells which are activated by the helper T
cells according to claim 12.

14. A pharmaceutical composition for treating or preventing
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a cancer, comprising, as an active ingredient, any of the
antigen presenting cells according to any one of claims 7-9,
the helper T cells according to any one of claims 10-12, or

the cytotoxic T cells according to claim 13.



