active fragment of MPHOSPHI (SEQ ID NO: 126). Such peptides can be used to
induce CTLs in vitro or ex vivo, or to be administered directly to a subject so as to
nduce 1n vivo immune responses against cancers, examples of which include, but are
not limited to, bladder cancer, breast cancer, cervical cancer, cholangiocellular
carcinoma, CML., colorectal cancer, gastric cancer, NSCLC, lymphoma, osteosarcoma,

prostate cancer, renal cancer and soft tissue tumor.

[0011a] in one aspect, there is provided an isolated peptide of the following (a) or (b):

(a) a peptide consisting of the amino acid sequence of SEQ 1D NO:120;

(b) a peptide consisting of an amino acid sequence that 1 or 2 amino acid(s) are
substituted, in the amino acid sequence of SEQ ID NO:120, and wheren the
peptide has cytotoxic T lymphocyte (CTL ) inducibility.

{0012]  The peptides of the present inventiondisciosure are generally less than 15, 14, 13,

[0013]

12, 11, or 10 amino acids in length. Preferred Sxamplary peptides of the present
mentior-aredisclosure include nonapeptides or decapeptides. Harticulary
praferredExamplary peplides have an amino acid sequence selected

from among SEQ ID NOs: 3, 14, 64,73, 77,79, 97, 103 and 120, since those peptides
demonstrated 1o bind to the HLA-A2 antigen and induce CTL.
Thus-iln some embedimenisexamples, the peplides of the present mvanhon are pepiides of les

than 15, 14, 13, 12, 11, or 10 amuno acids in length that have an amino acid sequence
selected from among SEQ ID NOs: 5, 14, 64,73,77,79,97, 103 and 120. In typical

smbodimentsexamples, the peptides of the present invention are nonapepﬁdes or decapeotides

(00147

having an amino acid sequence selected from among SEQ ID NOs: 5, 14, 64, 73,7
79,97, 103 and 120, Fw‘thermore, as demonstrated herein, a peptide naving the amino
acid sequence of SEQ ID NO: 120 was confirmed to induce CTLs targeting rumor cells
expressing the MPHOSPHI and HLA-A2 antigen. Thus, in preferred embedimentsgxamoles,
the peptides of the present invention are peptides having an amino acid sequence of
SEQID NG 124
When contacted with antigen presenting celis (APCs} in vilro, X vive or in vivo, the
epiides of the present inventon will bind with HILA-AZ antigens on APC: and he
~presemed on APCs as complexes with HLA-AZ anugens. Alternatively, the pepuides of
the present Invention may be taken into by APCs, processed 1o fragments composed of
an amino acid sequence selected from among SECQ ID NQs: 5, 14, 64, 73,77, 79, 97,
103 and 120 in APCs, and presented on APCs as complexes with HLA-AZ antigens.
Consequently, CTLs specific to such peptides are induced and such CTLs are

considered 1o be as elements of the present invention.
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[0015] The present inventiondisclosure also contemplates modified peptides having an amino acid

sequence in which one, two or several amino acids are substituted, deleted, inserted

and/or added in the amino acid sequence selected from among SEQ ID NOs: 5, 14, 64,

73,77,79,97, 103 and 120, so long as the modified peptides retain the CTL in-

ducibility equivalent to that of the original unmodified peptide. To that end, the present
invenrtiondisclosure provides an isolated peptide of less than 15, 14, 13, 12, 11, or 10 amino acids

in length, which has CTL inducibility and comprises the amino acid sequence selected

from the group consisting of:

(1) an amino acid sequence that 1, 2, or several amino acid(s) are substituted in the



amino acid sequence selected from the group consisting of SEQ ID NOs: 5, 14 and 64,
and

(ii) the amino acid sequence of (i), wherein the amino acid sequence has one or both of
the following characteristics:

{(a) the second amino acid from the N-terminus of said SEQ 1D NO is selected from the
group consisting of leucine and methionine; and

{b) the C-terminal amino acid of said SEQ ID NO is selected from the group consisting
of valine and leucine.

[0016] Moreover, the present inventiendisclosure also provides an isolated peptide of less than 15, 14,

(0017}

13, 12, or 11 amino acids in length, which has CTL inducibility and comprises the
amino acid sequence selected from the group consisting of:

(i) an amino acid sequence that 1, 2, or several amino acid(s) are substituted in the
amino acid sequence selected from the group consisting of SEQ ID NOs: 73, 77, 79,
97, 103 and 120, and

(ii") the amino acid sequence of (i'), wherein the amino acid sequence has one or both
of the following characteristics:

(a) the second amino acid from the N-terminus of said SEQ ID NO is selected from
the group consisting of leucine and methionine; and

(b) the C-terminal amino acid of said SEQ ID NO is selected from the group
consisting of valine and leucine.

As demonstrated herein, such peptides may bind with HLA-A2 antigens on APCs
and be presented on APCs as complexes with HLA-A2 antigens. Alternatively, such
peptides may be taken into by APCs, processed to fragments composed of an amino
acid sequence selected from among (i), (i), (1), and (1i') in APCs, and presented on
APCs as complexes with HLA-AZ antigens, when those peptides are contacted with
APCs. Consequently, CTLs specific to such peptides are induced and such CTLs are
considered to be as elements of the present ipventondisclosure.

The present invention further encompasses isolated polynucleotides that encode any

of the peptides of the present invention. Thus, in one aspect, there is provided an isolated polynucleotide
encoding the peptide of the present invention. These polynucieotides can be used to induce

[0018]

or prepare APCs having CTL inducibility. Like above-described peptides of the
present invention, such APCs can be administered to a subject for inducing immune
responses against Cancers.

When administered to a subject, the peptides of the present invention are presented
on the surface of APCs so as to induce CTLs targeting the respective peptides.
Therefore, one object of the present invention is to provide agents or compositions that
include one or more peptide(s) or polynucleotide(s) provided by the present invention
for inducing either or both of APCs and CTLs. Such agents or compositions can be

also used for one or more purpose(s) selected from among the treatment of cancer, the
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prophylaxis of cancer, and the prevention of postoperative recurrence of cancer.
Examples of targetted cancers include, but are not limited to, bladder cancer, breast
cancer, cervical cancer, cholangiocellular carcinoma, CML, colorectal cancer, gastric
cancer, NSCLC, lymphoma, osteosarcoma, prostate cancer, renal cancer and soft tissue
tumor, Thus, it 1s yet another object of the present invention to provide pharmaceutical
agents or compositions for either or both of the treatment of cancer and the prophylatis
of cancer, such pharmaceutical agents or compositions formulated to include one or
more peptides or pulynucleotides of the present invention. Instead of or in addition ©
the peptides or polynucleotides of the present invention, the pharmaceutical agents o
compositions of the present invention may include s active ingredients APCs or

exosomes that present any of the pepiides of the present invention.

[0018a] Thus in one aspect, there is provided a composition for inducing a CTL, wherein

the compaosition comprises one or more peptide(s) of the present invention, or one or

more polynucleotide(s) of the present invention. In another aspect, there is provided a

composition for inducing an APC having CTL inducibility, wherein the composition

comprises one or more peptide(s) of the present invention, or one or more

polynucleotide(s) of the present invention. in yet another aspect, there is provided a

pharmaceutical composition comprising at least one active ingredient selected from the

group consisting of:

{a) one or more peptides of the present invention;

(b) one or more polynuclectides encoding the peptide of the present invention;

{(c) one or more APCs that present a complex of the peptide of the present invention

and an HLA antigen on their surface;

(d) one or more exosomes that present a compiex of the peptide of the present invention )

and an HLA antigen on their surface; and

(e) one or more CTLs that recognize a cell presenting a complex of the peptide of the

present invention and an HLA antigen on its surface.

fne peptdes or polynucicotides of the present invention may be used 16 induce
AT . ¢ Ry vy lae, o N C
AP that present on Ine surfac complex ofan HLA an Ltgciz and ¢ present pepids,

@
for exampie, by

y contacting APC: with the peptide of the present invention or -
roducing a polynucieotide encoding a peptide of the present Invention into AP

,ng

Such APCs have the abifity of mduamg TLs that specifically recognize celis that

Lrvs Aol
Dresents target peptides on their surface and find use in cance motherap:
prese get pepuides on their surface and find use in cancer immunotherapy. Ac-

cordingly, the present invention encompasses the methods for inducing APCs having
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CTL inducibilitiy as well as the APCs obtained by such methods. Thus, in one aspect,

there is provided an ex vivo or in vitro method for inducing an antigen-presenting cell

(APC) having CTL inducibiiity, said method comprising a step selected from the group consisting of :

{(a) contacting an APC with the peptide of the present invention in vitro or ex vivo, and

(b) introducing a polynucleotide encoding the peptide of the present invention into an APC.

In addition, the invention present inventiondisciosurs also encompasses the agents or compaositions for use in inducing

APCs, such agents or compositions including any peptides or polynucleotides of the
present invention.

[0020]  Itis further object of the present invention to provide a method for inducing CTLs,
such method including the step of co-culturing CD8 positive T cells with APCs or
exosomes presenting the peptide of the present mvention on its surface or the step of
introducing a polynucleotide encoding both of T cell receptor (TCR) subunits or
polynucieotides encoding each of TCR subunits, wherein the TCR can binds to a
complex of the peptide of the present invention and HLA antigen presented on cell
surface. Thus, in one aspect there is provided an ex vivo or in vitro method for
inducing CTL., said method comprising a step selected from the group consisting of:

(a) co-culturing a CD8 positive T celf with an APC that presents on its surface a
complex of an HLA antigen and the peptide of the present invention;

(b) cp-culturing a CDB8 positive T cell with an exosome that presents on its surface a
complex of an HLA antigen and the peptide of the present inventior; and

{c) introducing a polynucieotide encoding both of T cell receptor (TCR) subunits or
~polynuciectides encoding each of TCR subunits into a CD8 positive T cell,
wherein the TCR can bind to a complex of an HLA antigen and the peptide of any

of the present invention presented on a celi surface,

CTLs obtained by such methods can find use in either or both of the treatment
of cancer and the prevention of cancer. Examples of cancers include, but are not
limited to, bladder cancer, breast cancer, cervical cancer, cholangiocellular carcinoma,
CML, colorectal cancer, gastric cancer, NSCLC, lymphoma, osteosarcoma, prostate
cancer, renal cancer and soft tissue twmor.

[0021] Yet another ebiectagpect of the present invention is to provide isolated APCs that present

on the surface a complex of an HLA antigen and a peptide of the present invention.
The present invention further provides isolated CTLs that target peptides of the present
invention. Thus in another aspact , there is provided an isolated CTL that recognizes

a call presenting on its surface a compiex of an HLA antigen and the peplide of the

present invention. These APCs and CTLs find utility in the context of cancer immunotheraphy.

The present disclogure also

provides methods for inducing an



[0022]

immune response against a cancer in a subject in need thereof, such methods including
the step of administering an agent or composition that include at least one component
selected from among the peptides of the present invention, polynucleotides encoding
such peptides, exosomes or APCs presenting such peptides and CTLs that recognize
cells presenting such peptides on their surface.

The applicability of the present invention extends to any of a number of the diseases
relating to or arising from MPHOSPH1 over-expression, such as cancer, examples of
which include, but are not limited to, biadder cancer, breast cancer, cervical cancer,
cholangiocellular carcinoma, CML, colorectal cancer, gastric cancer, NSCLC,

lymphoma, osteosarcoma, prostate cancer, renal cancer and soft tissue tumor.

[0022a] In one aspect, there is provided an isolated antibody or immunologicaily active

[0023]

i@gment thereof against the peptide of the present invention. in another aspect,
there is provided a vector comprising a nucleotide sequence encoding the peptide

of the present invention. In another aspect there is provided a host cell fransformed
or transfected with the vector of the present invention. In yet another aspect, there
is provided a diagnostic kit comprising the peptide of the present invention, the

polynucleotide of the present invention or the antibody of the present invention._:

Mere-specifically—+The present inventiondisclosure alsc provides followings:

[1] An isolated peptide of the following (a) or (b):

(a) a peptide comprising an amino acid sequence selected from the group consisting
of SEQ ID NOs: 5, 14, 64, 73,77, 79, 97, 103 and 120;

(b) a peptide comprising an amino acid sequence that 1, 2, or several amino acid(s)
are substituted, deleted, inserted, and/or added in the amino acid sequence selected
from the group consisting of SEQ ID NOs: 5, 14, 64, 73, 77,79, 97, 103 and 120, and
wherein the peptide has cytotoxic T lymphocyte (CTL) inducibility,

[2] The isolated peptide of [1], wherein the peptide has one or both of the following
characteristics:

(a) the second amino acid from the N-terminus of the amino acid sequence selected
from the group consisting of SEQ ID NOs: 5, 14, 64, 73, 77,79, 97, 103 and 120 is
selected from the group consisting of leucine and methionine; and

(b) the C-terminal amino acid of the amino acid sequence selected from the group
consisting of SEQ ID NOs: 5. 14, 64, 73,77, 79, 97, 103 and 120 is selected from the
group consisting of valine and leucine,

{3] The isolated peptide of [1] or {2], wherein the peptide is a nonapeptide or de-
capeptide,

{4] An isolated polynucleotide encoding the peptide of any one of [1] to [3],

[51 A composition for inducing 2 CTL, wherein the composition comprises one or

more peptide(s) of any one of [1] to [3], or one or more polynucleotide(s) of [4],
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[6] A composition for inducing an APC having CTL inducibility, wherein the com-
position comprises one or more peptide(s) of any one of [1] to [3], or one or more
polynucleotide(s) of [4],

[7] A pharmaceutical composition comprising at least one active ingredient selected
from the group consisting of:

(a) one or more peptides of any one of [ 1] to [3}:

(b) one or more polynucleotides encoding the peptide of any one of [1] to [3];



{Claim 1}

{Claim 2]

[Claim 3]

[Claim 4]

{Clanmn 5]

[Claim 6]
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Claim 7]

e
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An isolated peptide of the following (a) or (b):
(a) a peptide comprising an amino acid sequence selected from §
eroup consisting of SEQ 1D NOs: 5, 14, 64, 73,77,79,97, 1

{(b) a peptide comprising an amino acid sequence that |
amino acid(s) are substituted, deleted, inserted, and/of ‘added in the
amino acid sequence selected from the group cons;
, 14,64, 73,77, 79,97, 1

has cytoé@xic i

N%‘u:rci n the p«ap{id e
lymphocyte ((CTL) inducibils
The isolated peptide of claim 1, wherein th€ peptide has one or both of
following characteris
the second amino acid from the Nterminus of the amino acid
cted from the group £onsisting of

103 and 120 1 g

sequence sele
73,777,79.97,

leucine and methionine; and

Aected from the group consisting of

{(b) the C-terminal amino Zoid of the amino acid mf]nom,‘, selected from
SEQ 1D NOs: 3

e group ¢ msisting; o'f vaiine aud leucinf-:.

the group comisting
120 1s selected
The isolated pepiide of claim | or 2, wherein the peptide s a non-

olynucleotide encoding the peptide of any one of claim 1

osition for inducing a CTL, wherein the composition comprises
re Deptide(s) of any one of claims 1 to 3,
A composition for inducing an APC having CTL inducibility, wherein

the composition comprises one or more peptide(s) of any one of

ooy

woone or more polyn uc’ieotidﬂ(s) of claim 4.
naceutical composition cow
selected from the group Ll()ﬂi\.‘.‘iSﬁH}ﬁ{ {}‘{:
{2} one or more 5 of any one of ¢la

(b) one or more polynucleotides cncmﬁng the pt:ptide of any one «

(C) one of more APCs or eXoso 1t present a complex

peptide of any one of claims | to 3 and an HLA antigen on their
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(d) one or more CTlls that recognize a cell presenting a complex of the
peptide of any one of claims | to 3 and an HLA antigen on its surfaces

[Claim 8] The pharmaceutical composition of claim 7 for use in either or botof

response against cancer in a subject.
[Claim 9] The pharmaceutical composition of claim 7 or 8, wherein #le 1
ceutical composition is formulated for administration to4
whose HLA antigen is HLA-AZ, ,
[Claim 10} A method for inducing an antigen-presenting cell YAPC) having CTL
inducibility, said method comprising a step ¢ ed from the group
consisting of? /
(8) contacting an APC with the peptide ofAm
Vitro, ex vivo or in vivo, and
(b) introducing a polynucleotide eng ,ing the peptide of any one of
claims | to 3 into an APC. ‘
A

{Claim 11] A method for inducing a CTL,ASaid method comprising a step sclected

from the group consisting of
(a) co-culturing a CDB pybitive T cell with an APC that presents on its
surface a complex of g HLA antigen and the peptide of any one of
claims 110 3;
(b} co-culturing ¥ CIDE positive T cell with an exosome that presents on
its surface a cghuplex of an HLA antigen and the peptide of any one of

claim 1 to ¥ and

™

(¢} introducing a polynucleotide encoding both of T
(TCR

cell receptor
subunits or polynucleotides encoding each of TCR subunits into
A58 positive T cell, wherein the TCR can bind to a complex of an
LA antigen and the peptide of any one of claims 1 to 3 presented on a
cell surface,

[Claim 12] An isolated APC that presents on its surface a complex of an LA
antigen and the peptide of any one of claims 1 to 3.

[Claim 13}
{Claim 14

The APC of claim 12, which is induced by the method of claim 10,

An isolated CTL that recognives a cell presenting on its susface
r.:é)mpi_ex of an HLA antigen and the peptide of any one of claims 1 to 3.
The CTL of claim 14, wherein said CTL is induced by the method of

claim | 1.
Claim 16] A method of either or both of the treatment and prophylaxis of cance
n a subject, wherein the method comprises the step of administering to
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(&) one or more peptides of any one of ¢laims 1 to 3;
(b) one or more polynucleotides encoding the peptidesT any one of
claims [ to 3:

(¢) one or more APCs or exosomes that presgfit a complex of the
peptide of any one of claims 1 to 3 and pd HLA antigen on their
surface; or

(@) one or more CTLs that recggnize u cell presenting a complex of the
peptide of any one <‘.>,ny(3‘/ I'io 3 and an HLA antigen on its surface.

[Claim 17] A method of mducingan immune response against cancer in a subject

in need thereof,

#(1d method comprising the step of administering to the
subject a copposition comprising a peptide of any one of ¢laims 1 0 3

sprhiucleotide encoding the peptide.

[Claim 18] ntibody or immunologically active fragment thereof against the

peptide of any one of claims 1 to 3.
Vairn 1L PPN IR P - £ 1
Claim 19 A vector comprising a nucleotide sequence encoding the peptide of an
! b 2 i

one of claims 1w 3.

{Claim A host cell transformed or transfected with the vector of claim 19,

L A diagnostic kit comprising the peptide of any one of ¢laims | 10 3, the
&3 ¥ & i

& polyaucleotide of claim A crthe andbody-ot-claim-1+5-
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Claims

1. An isolated peptide of the following (a) or (b):
(a) a peptide consisting of the amino acid sequence of SEQ ID NO:120;

{(b) a peptide consisting of an amino acid sequence that 1 or 2 amino acid(s) are
substituted, in the amino acid sequence of SEQ ID NO:120, and wherein the
peptide has cytotoxic T lymphocyte (CTL) inducibility.

2. The isolated peptide of Claim 1, wherein the peptide has one or both of the following
characteristics:

(a) the second amino acid from the N-terminus of the amino acid sequence of SEQ
ID NO:120 is substituted with amino acid selected from the group consisting of
leucine and methionine; and

(b} the C-terminal amino acid of the amino acid seguence of SEQ iD NOC:120 is
substituted with amino acid selected from the group consisting of valine and
leucine.

3. The isolated peptide of Claim 1, wherein the peptide consists of the amino acid
sequence of SEQ iD NO:120.

4. An isolated polynucleotide encoding the peptide of any one of Claims 1 to 3.

5. A composition for inducing a CTL, wherein the composition comprises one or more
peptide(s) of any one of Claims 1 to 3, or one or more polynucleotide(s) of Claim 4.

6. A composition for inducing an APC having CTL inducibility, wherein the composition
comprises one or more peptide(s) of any one of Claims 1 to 3, or one or more
polynucleotide(s) of Claim 4.

7. A pharmaceutical composition comprising at least one active ingredient selected from
the group consisting of:

(a) one or more peptides of any one of Claims 1 to 3;
(b) one or more polynucleotides encoding the peptide of any one of Claims 1 to 3;

{c) one or more APCs that present a complex of the peptide of any one of Claims 1
to 3 and an HLA antigen on their surface;

(d) one or more exosomes that present a complex of the peptide of any one of
Claims 1 to 3 and an HLA antigen on their surface; and

(e} one or more CTLs that recognize a cell presenting a complex of the peptide of
any one of Claims 1 to 3 and an HLA antigen on its surface.

8. The pharmaceutical composition of Claim 7 for use in either or both of the treatment
and the prophylaxis of cancer, or inducing an immune response against cancer in a
subject.
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9. The pharmaceutical composition of Claim 7 or 8, wherein the pharmaceutical
composition is formulated for administration to a subject whose HLA antigen is HLA-
A2.

10. An ex vivo or in vitro method for inducing an antigen-presenting cell (APC) having
CTL inducibility, said method comprising a step selected from the group consisting of:

(a) contacting an APC with the peptide of any one of Claims 1 to 3 in vifro or ex
vivo, and

(b) introducing a polynucleotide encoding the peptide of any one of Claims 1 to 3
into an APC.

11. An ex vivo or in vitro method for inducing a CTL, said method comprising a step
selected from the group consisting of:

{a) co-culturing a CD8 positive T cell with an APC that presents on its surface a
complex of an HLA antigen and the peptide of any one of Claims 1 to 3;

(b) co-culturing a CD8 positive T cell with an exosome that presents on its surface a
complex of an HLA antigen and the peptide of any one of Claim 1 to 3; and

(c) introducing a polynucleotide encoding both of T cell receptor (TCR) subunits or
polynucleotides encoding each of TCR subunits into a CD8 positive T cell,
wherein the TCR can bind to a complex of an HLA antigen and the peptide of any
one of Claims 1 to 3 presented on a cell surface.

12. Anisolated APC that presents on its surface a complex of an HLA antigen and the
peptide of any one of Claims 1 to 3.

13. The APC of Claim 12, which is induced by the method of Claim 10.

14. Anisolated CTL that recognizes a cell presenting on its surface a complex of an HLA
antigen and the peptide of any one of Claims 1 to 3.

15. The CTL of Claim 14, wherein said CTL is induced by the method of Claim 11.

16. An isolated antibody or immunologically active fragment thereof against the peptide of
any one of Claims 1 t0 3.

17. A vector comprising a nucleotide sequence encoding the peptide of any one of
Claims 1 t0 3.

18. A host cell transformed or transfected with the vector of Claim 17.

19. A diagnostic kit comprising the peptide of any one of Claims 1 to 3, the polynucleotide
of Claim 4 or the antibody of Claim 16.



