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active fragment of MPH0SPH1 (SEQ ED 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 
induce in 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 iD NQ:120; 

(b) a peptide consisting of an amino acid sequence that 1 or 2 amino acid(s) are 
scJbstlHitedrtn the amino acid"sequence of SEQ {p NQ:120, and wherein the 
peptide has cytotoxic T lymphocyte (CTL) inducibility. 

[0012] The peptides of the present mysafrQadisclosure are generally less than 15, 14, 13, 
12, 11, or 10 amino acids in length, fepefcrrod Exemplary peptides of the present 
invention afedisciosure include nonapeptides ordecapeptides. PartiGuiarfe 
sfgfepfedExamolary peptides have an amino acid sequence selected 

from among SEQ ID NOs: 5, 34, 64, 73, 77, 79, 97, 103 and 120, since those peptides 
demonstrated to bind to the HLA-A2 antigen and induce CTL. 

[0013] £hysr-iln some embeaimsf^examDies, the peptides of the present invention are peptides of iess 
than 15, 14, 13, 12, 11, or 10 ammo 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 

afflfee^imemsexampies, the peptides of the present invention are nonapeptides or decapeptides 
having an ammo acid sequence selected from among SEQ ID NOs: 5, 14, 64, 73, 77, 
79, 97, 103 and 120. Furthermore, as demonstrated herein, a peptide having the amino 
acid sequence of SEQ ID NO: 120 was confirmed to induce CTLs targeting rumor cells 
expressing the. MPHOSPH2 and HLA-A2 antigen. Thus, in preferred embodirosnteexamptes. 
the peptides of the present invention are peptides having an amino acid sequence of 
SEQ ID NO: 120. 

(00141 When contacted with antigen presenting cells (APCs.) in vitro, ex vivo or in vivo, the 
peptides of the present invention will bind with HLA-A2 antigens on APCs and be 

•presented on APCs as complexes with HLA-A2 antigens. Alternatively, the peptides of 
the present invention may be taken into by APCs, processed to fragments composed of 
an ammo acid sequence selected from among SEQ ID NOs: 5, 14, 64, 73, 77, 79, 97, 
103 and 120 in APCs, and presented on APCs as complexes with HLA-A2 antigens. 
Consequently, CTLs specific to such peptides are induced and such CTLs are 
considered to be as elements of the present invention. 
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[0015] The present invontiondisciosure 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 3D NOs: 5, 24, 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 

'nvenfiondisclosure 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: 

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

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

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

(i1) 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. 

[0017] 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), (ii), (T), and (ii') in APCs, and presented on 
APCs as complexes with HLA-A2 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 j-Bvention.-disciosure. 

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 isoiated polynucleotide 
encoding the peptide of the present invention. These polynucleotides can be used to induce 

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. 

[0018] 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, cholansriocellular carcinoma, CML. colorectal cancer, gastric 
cancer, NSCLC, lymphoma, osteosarcoma, prostate cancer, renal cancer and soft tissue 
tumor. Thus, it is yet another object of the. present invention to provide pharmaceutical 
agents or compositions for either or both of the treatment of cancer and the prophylaxis 
of cancer, such pharmaceutical agents or compositions formulated to include one or 
more peptides or polynucleotides of the present invention. Instead of or in addition to 
the peptides or polynucleotides of the present invention, the pharmaceutical agents or 
compositions of the present invention may include as active ingredients APCs or 
exosomes that present any of the peptides of the present invention. 

[0018a] Thus in one aspect, there is provided a composition for inducing a CTL, wherein 
the composition comprises one or more peptide(s) of the present invention, or one or 
more poiynucleotide(s) of the present invention. In another aspect, there is provided a 
composition for inducing an ARC having CTL inducibility, wherein the composition 
comprises one or more peptide(s) of the present invention, or one or more 
polynucieotide(s) of the present invention, in yet another aspect, there is provided a 
pharmaceutical composition comprising at ieast one active ingredient selected from the 
group consisting of: 
(a) one or more peptides of the present invention; 
(b) one or more polynucleotides 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 complex 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. 

KX/( Trie peptides or polynucleotides of the present invention may be used to induce 
AP\_,s that present on trie suriace a complex oi an HLA antigen and a present Denude 
foi exampie, by contacting AiA-s with the; peptide of trie present, invention or in­
troducing a polynucleotide encoding a peptide of the present invention into APCs. 
Such APCs have the ability of inducing CTLs thai specifically recognize cells that 
presents target peptides on their surrace and lind use in cancer immunotherapy. Ac­
cordingly, the present invention encompasses the methods for inducing APCs havinn 
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CTL inducibiiitiy as well as the APCs obtained by such methods. Thus, in one aspect, 

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

(ARC) 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 ifwemiefKlisciosurs also encompasses the agents or compositions for use in inducing 

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

[0020] It is 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 invention on its surface or the step of 
introducing a polynucleotide encoding both of T cell receptor (TCR) subunits or 
polynucleotides 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 CDS positive T cell with an APC that presents on its surface a 

comple)TcJar^^ " 
(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 the present invention; and 
(c) introducing a polynucleotide encoding both of T cell receptor (TCR) subunits or 

~ ~ poiyhucleotldes ^cddihg egrch'15rTCR"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 cell 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 tumor. 

[0021] Yet another ©Ms^asoect 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 aspect. there is provided an isolated CTL that recognizes 
a ceil presenting on its surface a complex of an HLA antigen and the peptide of the 
present invention. These APCs and CTLs find utility in the context of cancer immunotheraphy. 

If in vot nnothor object of the orosont invontion to provide The present disciosure also 
provides methods for inducing an 
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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. 

[0022] 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, bladder 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 immunologically active 
" fragment thereof against the peptide of the present invention. In another aspect, 

there is provided a vector comprising a nucleotide sequence encoding the peptide 
~ of th~e~present invention. In another aspect there is provided a host ceil transformed 

ortransfected with the vector of the present invention. In yet another aspect, there 
"IFprovBed a dlagnoitic kit comprising the peptide of the present invention, the 
polynucliotiBFofthe present invention or the antibody of the present invention. 

[0023] Mofe-spocifically^The present mveftfeftdisciosure also provides foilowings: 

[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 ammo 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], 
[5] A composition for inducing a 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^) 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]; 



WO 2013/024582 PCT/J JP2012/005076 

31 aim 

[Chum 2] 

["Claim. 3J 

[Claim 4] 

| Claim 5J 

[Claim 6] 

[Claim. 7 j 

An isolated peptide of the following (a) or (b): 
(a) a peptide comprising an amino acid sequence selected from ij$? 
group consisting of SEQ ID NOs; 5, 14, 64, 73, 77, 79, 97, m md 
3 20; 
(b) a peptide comprising an amino acid, sequence that \ J?, or several 
amino acid(s) are substituted, deleted, inserted, and/oa^added in the 
amino acid sequence selected from the group consisting of SEQ ID 
NOs: 5, 14, 64, 73, 77, 79, 97, 103 and J 20, and^wherein the peptide 
has cytotoxic T lymphocyte (CTL) inducibilu 
The isolated peptide of claim 1, wherein peptide has one or both of 
the following characteristics: 
(a) the second amino acid from the N^tenninus of the amino acid 
sequence selected from the groupifonsisting of SEQ I'D NOs: 5, 14, 64, 
73, 77, 79, 97, 103 and 1.20 is fleeted from the group consisting of 
leucine and methionine; ancL 
(b) the C-terminal amino sic id of the amino acid sequence selected from, 
the group consisting oho HQ I.D NOs: 5, 1.4, 64, 73, 77, 79, 91, 103 and 
120 is selected fronyme group consisting of valine and leucine. 
The isolated peptide of claim 1 or 2, wherein the peptide is a non-
apeotide or deo^peptide. 
An isolated polynucleotide encoding the peptide of any one of c(ai m 1 
to 3. 
A composition for inducing a CTL, wherein the composition comprises 
one/xr more peptide(s) of any one of claims 1 to 3, or one or more 

)lynucleotide(s) of claim 4, 
'A composition for inducing an APC having CTL inducibility, wherein 
the composition comprises one or more peptide(s) of any one of claims 

I to 3, or one or more polynucleotide(s) of claim 4. 
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 or exosomes that present a complex of the 
peptide of any one of claims 1 to 3 and an HLA antigen on their 
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"Claim 101 

"Claim II 
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["Claim 13j 
[Claim 14 

(d) 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 
The pharmaceutical composition of claim 7 for use in either or botjr :>f 
the treatment and the prophylaxis of cancer, or inducing an imn)dhe 
response against cancer in a subject. 
The pharmaceutical composition of claim 7 or 8, wherein tKe pharma­
ceutical composition is formulated for administration io/x subject 
whose HLA antigen is HLA-A2. 
A method for inducing an antigen-presenting cellj^APC) having CT1 
inducibility, said method comprising a step selected from the group 
consisting of: 
(a) contacting an APC with the peptide o\/\x\y one of claims 1 to 3 in 
vitro, ex vivo or in vivo, and 
(b) introducing a polynucleotide encoding the peptide of any one of 
claims .1 to 3 into an A 
A method for inducing a CTLy^aid 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 pd HLA antigen and the peptide of any one of 
claims 1 to 3; 
(b) co-culturing afCD8 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 I to 3f and 
(c) introducing a polynucleotide encoding both of T ceil receptor 
(TC.Pyj subunits or polynucleotides encoding each of TCR subunits into 
a positive T cell, wherein the TCR can bind to a complex of an 
1LA antigen and. the peptide of any one of claims 1 to 3 presented on a 

ceil surface. 
An isolated APC that presents on its surface a complex of an HLA 
antigen and the peptide of any one of claims 1 to 3. 
The APC of claim 12, which is induced by the method of claim 10. 
An isolated 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. 
The CTL of claim 1.4, wherein said CTL is induced by the method of 
clain 
A method of either or both of the treatment and prophylaxis of cancer 
in a subject, wherein the method comprises the step of administering to 

- — 
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[Claim 1.7] 

! Claim 18! 
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I Claim 2 
\C\wfa2i] 

(a) one or more peptides of any one of claims 1 to 3: 
(b) one or more polynucleotides encoding the peptid^fr any one of 
claims 1 to 3; 
(c) one or more APCs or exosornes that preset a complex, of the 
peptide of any one of claims 1 to 3 and#i HLA antigen on their 
siiiface; or 
(d) one or more CTLs that recpgnize a eel] presenting a complex of the 
peptide of any one of dahrfs \ to 3 and an HLA antigen on its surface. 
A method of inducini^n immune response against cancer in a snbjcct 
in need thereof, smd method comprising the step of administering to the 
subject a composition comprising a peptide of any one of claims 1 to 3 
or a polynucleotide encoding the peptide. 
An^ntibody or immunologically active fragment thereof against the 

'peptide of any one of claims 1 to 3. 
A vector comprising a nucleotide sequence encoding the peptide of any 
one of claims ! to 3. 
A host cell transformed or transfected with the vector of claim 19. 
A diagnostic kit comprising the peptide of any one of claims J to 3, the 
p<ilyniiciexjti.d.£..ojixiliiii:a..ilj.>.i:~thg^-i4^>^fly^'4-(4-a^^-i--i---^--- - — -
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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 N0:120 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 sequence of SEQ ID N0:120 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 N0:120. 

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 Ciaim 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 Ciaim 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 vitro 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. An isolated 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. An isolated 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 to 3. 

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


