| DESCRI PTI ON CDCA1 PEPTI DE AND PHARMACEUTI CAL AGENT COWMPRI SI NG THE SAME
5Technical Field The present invention relates to novel peptides
that are effective as vaccines againsﬂ~cancers whi ch highly express cel

di vi sion cycle associated 1 (CDCAl), such as |lung cancer and

chol angi ocel I ul ar carci noma, and pharmaceuticals that include these
peptides for treatnent and prevention of tunors. 10 Background Art

In recent years, the nunber of | _ atients continues to increase
all around the world, and approx#%%%@?&ﬁgﬁgpnilIion people are currently
dyi ng of lung cancer worl dw de each year. Al so in Japan, |ung cancer deaths

are i ncreasd tu gﬂfﬁﬁfﬁﬁiﬁHC9%? ggﬁl' sﬁﬁés Hﬂﬁ@ er is
nore preva é§31§§%ﬁ8§§a|es? an € nual e- éha éﬁgg o 1S hreeS 0 one. Lung

cancer surpassed stomach cancer in 1993 to be the | eading cause of cancer
deat h _ s. Furthernore, with an increasing nunber of fenale

sno erggﬁ‘gﬂqﬁ&g er of female patients is expected to rise. Lung cancer has
been t he | eakliemgesentuiseersiongelpice to nieal pensidas hapapiceng avetrinds@gaigitng

soci et 0Nt Sl ' S e

e el R b o S S s s R
devel oghéangiocelfidarmarrinoraan 35@ sharmacsuiisalsdhitonclude thetsaspiodes for reapentand on,
and sughvedadh by nfgigction and pronpt treatnent are inportant for |ung
cancer therapy. However, it has been recently pointed out that sinple chest
X-Fhy and sputumtest performed during a medical exam nation are not

ef f ect py&f@mdeaf | y detection of lung cancer, and they do not lead to
reduction of cancer deaths. Since the nunber 25of |ung,.cancer_deaths is
expect ed t o JBEPREAHYRETS: fhe HgnheR of Wa L FaRGRF @atgnts ¢apligpes ip GuErase ald Rropad Bevel op

new t h%ﬂ@,%ﬂ iaﬁpz%kfn&’étﬁg ioﬁfé million peoplé BreJ@RaRtlyd £l Kﬂ?@rca@cfe; Rickidande dafract
cancer deaths 1s.on the rise,_ and in 2005, 16, 8%

eople died of biljary
tract ¥3cePSo [Thigpaatlung tangendepths ate iealf?éﬁpg@ézéégt;mﬁsg Emfiji%ﬂ% Odp Fon
ar g5 f opagh daRcdrienRed prvvabRgefong CRIRALRY HeOnAaTER41S rdthhat tHred 1 dnd. t heng
di gestive tract | unmen, such

\ 30 st ch. cancer and col on cancer, hiliar
oot s PTEh RRets 71 [ A0 (0 LG8 Seas of Fecestt Sragaades. 1)
Ther ef pa{nﬁagfzinar\:hmy _a? @fé@éﬁsirﬁghﬁmﬁﬁd | ﬂ@ﬂferdméd_ _ smlfeegcﬁxe pisiisats f‘@tﬁﬁeﬁﬂlé\;ﬁuﬂiehﬁ és_ .
unresect a en it is found., In.addit.ion to surgic er radi.ation-
Fher e nas BTt aPERoncar Bhert BReeneratse of dier fatt s any. AN hey
aL e noﬁletag'@;ga@ﬁa@jd @agﬂggezf dfgetiemeis eﬁtpdc(:jtbﬁ td ’ﬁlcftemg”ss:afryinm featrabl $xlﬁd5'kiﬂ?w
t apeutic.ne . t he ot her hand, recent vel opnent in_nol ecul ar
bi 21 0G5 PSR, o5 e Ao n Red nd Bftisy B RnenE YA AR kbl 2, T ot s
and heighelatidn cidsbsstog engoilaomend swdbs Farlg dateetbriand fRordpgraadatitare of
proteins that.are specifdc y i ghl d. i e nd
i ch DR aRtes hedRin Al Y FRVEVY, R bESPIERRE Dol e ARTRE sl Bres? g
cel | s ¥Way shdspudhre ¢est psrfamudclatsg 2 mmdinad exacinagon dre notegiecoye Hanady cel | s.
Furt her, r i I i i ri m
whi ch SR ST R RbL A8l it 1o Ry BE R RS Ve BUTALES

25 - of lung cancer deaths is expected to continue rising in the future, it is an urgent task to develop

new therapeutic strategies.

In Japan, the number of biliary tract cancer deaths is on the rise, and in 2005, 16,586
peopie died of biliary tract cancer. In most biliary tract cancer cases, no subjective symptoms
are found in the early stages. Compared to cancers that form in the digestive tract lumen, such

30  as stomach cancer and colon cancer, biliary tract cancer is difficult to find and diagnose at the
early stages. Therefore, in many cases, the cancer has already progressed and is unresectable
when it is found. In addition to surgical therapy, radiation therapy and chemotherapy are
performed for biliary tract cancer, but they are not therapeutically effective, and it is necessary to
establish new therapeutic method.

35 On the other hand, recent development in molecular biology and tumor immunology has

elucidated that cytotoxic (killer) T cells and helper T cells recognize peptides generated by
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[ Pr obl @rrhy the JigenSelbuedsh L atémianneehitcbn] Accordingly, it is an important task to identify
cancer antigen peptides that are presented to killer T cells by HLA-A2. 1t would be highly

beneficial if such cancer antigen peptides are applicable to immunotherapy for lung cancer,
which have high morbidity and mortality all over the world.
25 Prior art documents related to the present invention are shown below.
fNon-patent document 1} DeLuca I.G, Moree, B., Hickey, .M., Kilmartin, J.V,, and Salmon,
E.D., hNuf2 inhibition blocks stable kinetochore-microtubule attachment and induces mitotic
cell death in Hela cells J. Cell Biol. 159: 549-555, 2002.
[Non-patent document 2} DeLuca, J.G, Dong, Y., Hergert, P, Strauss, J., Hickey, .M., Salmon,
30 E.D., McEwen, B.F., Hecl and Nuf2 Are Core Components of the Kinetochore Outer Plate
Essential for Organizing Microtubule Attachment Sites., Mol, Biol. Cell 16: 519-531, 2005,
[Non-patent document 3] Hayama, S., Daigo, Y., Kato, T., Ishikawa, N., Yamabuki, T.,
Mivamaoto, M., Ite, T., Tsuchiya, E., Kondo, S., and Nakamura, Y.. Activation of
CDCA1-KNTC2, Members of Centromere Protein Complex, Involved in Pulmonary
353  Carcinogenesis., Cancer Res. 66: 10335-10348, 2006.
[Non-patent document 4} Liu, S.7., Rattner, J.B., Jablonski, S.A., and Yen, T.J., Mapping the
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The present inventors identified the CDCA1 gene (GenBank Accession No.
NM_145697), which is highly expressed in lung cancer, from cDNA microarray analysis of lung

25 cancer tissues. CDCALI expression in normal tissues is observed only in the testis isolated from
the immune system. In order to examine whether or not anti-tumor immunity is induced by
CDCA1 specific killer T cells, HLA-AZ2 transgenic mice expressing HLA-A2 which is possessed
by approximately 30% of the Japanese were used. Specifically, herein, the inventors examined
whether or not HLA-A?2 restricted peptide-specific killer T cells are induced when HLA-A2

30  transgenic mice are immunized with mouse bone marrow-derived dendritic cells pulsed with
human CDCA1 peptides having an HLA-A2 binding motif. Whether CDCA1 peptide-specific
killer T cells are induced in the spleen cells of immunized mice or not was examined using
ELISPOT assay to detect y-interferon (IFN-v) produced by killer T cells activated from
recognizing peptides presented by HLA-AZ2.  As aresult, two types of novel CDCA1 peptides

35 that can be applied to immunotherapy targeting HLLA-A2 positive cancer patients were identified.

Furthermore, it was confirmed that cancer patient-derived and healthy donor-derived CTLs



methionine; [3] the peptide of [1], wherein the Ctermnal amno acid is
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agent inE:i;udes one or more peptide(s) of [1] as an active ingredient;
[7] an agent for inducing an antigen-presenting cell that shows cytotoxic (killer) T cell-inducing
20 activity, wherein said agent includes one or more polynucleotide(s) encoding the peptides of |1}
as an active ingredient; ‘ '
[8] an agent for inducing a cytotoxic (kilier) T cell, wherein said agent includes one or more
peptide(s) of [1] as an active ingredient;
[9] an antibody against the peptide of [1};
25 [10] a helper T cell, a cytotoxic (killer) T cell, or an immunocyte population including them,
which is induced using the peptide of [1];
[11] an antigen-presenting cell that presents a complex including the peptide of [1] and an HLA
antigeri; -
[12] the antigen-presenting cell of [11], which is induced by the agent of {6] or [7];
30 [13] an exosome that presents a complex including the peptide of {1} and an HLA antigen;
[14] the exosome of {13], wherein the HI.A antigen is HLA-AZ (HLA-A2*(0201);
[15] a method for inducing an antigen-presenting cell that shows cytotoxic (killer) T
cell-inducing activity, which includes the step of contacting an antigen-presenting cell with the
peptide of [11];
35  [16] a method for inducing an antigen-presenting cell that shows cytotoxic (killer} T

cell-inducing activity, which includes the step of introducing a polynucleotide encoding the



[ 20] use of the peptide of [1] for the production of an agent for inducing
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20cells. Fig. 3D shows the cytotoxicity of CTLs induced from PBMCs of
cancer patient donor 1 and healthy donor 1 agai nst CDCALl pepti de-pul sed T2
cells. Fig. 3E shows the dose-dependeni response of healthy donor 1-derived
CTLs induced by the CDCA1351, 359 peptide. The CTLs produced a | arge anount
of IFN-y in response to T2 cells pulsed with the peptide at 0.2 p.g/iriL or
nore at an EfT ratio of 5. 25Fig. 4 shows the specific cytotoxic activity
of CTLs induced from a healthy dgnor against CDCALl positive cancer cells.
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35 . significantly greater than that against A549 expressing neither CDCAI or HLA-A2. Figs. 4E

and F show the results of *'Cr release assay when donor-induced CTLs and target cells were



30cancerous tissues in nost cases of |ung cancer, chol angiocel | ul ar

carci noma, bl adder cancer, renal cell carcinoma, prostate cancer, chronic
myel ogenous | eukeni a, malignant |ynphdha, cervical cancer, osteosarcoms,
breast cancer, soft tissue sarcoma, and colon cancer. Fromthese facts,
CDCAl is considered to be useful as an i=unotherapeutic target for various
cancers. 35(1) Peptides of the present invention and agents for inducing
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30  cancerous tissues in most cases of lung cancer, cholangiocellular carcinoma, bladder cancer,
renal cell carcinoma, prostate cancer, chronic myelogenous leukemia, malignant lymphoma,
cervical cancer, osteosarcoma, breast cancer, soft tissue sarcoma, and colon cancer.  From these

facts, CDCAL1 is considered to be useful as an immunotherapeutic target for various cancers.

35 (1) Peptides of the present invention and agents for inducing immunity against cancer that

contain the peptides



In a preferred enbodi nent, the peptides of the present invention

(i mmunogeni ¢ 35pepti des) are nonapeptides (9-ner) or decapeptides (I
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natural l y-occurring CDCAL may be nodified by substitution, deletion,
insertion, and/or addition of one, two, or several am no acids. Herein, the
term "several! ref o five,or |ess, refer hre or less, nore
preferably t eHﬁ“E%ggtepﬁﬁPﬁé?W%W8nl% e éd@? RO of the peptide
quue?clzg;l; ha dbhﬁmlcﬁxﬁéﬂhelahﬁzéd @Zbi&ﬂsg;@m d;mrmwrwm (Kubo RT, at

al ., a nmensee

| mmunogenet i Aﬁ@t‘ ?@’hﬁgn‘ﬁ%‘?‘?& ¢ ity ack Seq@i%?)fggq mﬁop Or% geﬁ%%@? 12),
the pephé,des, @fsetdisl Jpties &ills drd yettihoed, (dpidd peepaidndde sjiden and eheeilitd ed

based on the.regularity. in r. to enh nce their affinity to HLA antigens.
Forgexgﬁiﬁ‘gmﬁ‘@gf’ﬁ@8§l lﬁr)ﬁ[lrifﬁ} ﬁ@ﬁ ng affinity can be obtained by

substi t ut i ng(TC¥EhesepidehiaBi), nmea@ndhef sra@rmd heinN degr fibmn dise Mitérmidel ieleatineoor
methionine. Simlarly, peptides with high HLA-A2 binding affinity can al so
be obtgﬁﬁgalﬂﬁ substituting the C-terminal amino acid with valine or

| euci ne. (D) Ththeptidhe (Boguiereia thd Canrmeipalt opeo pelgtis ddiner lateimei cal to a

portion of t am.no_aci u e X Q te| n
Raving a di 1 Ern: = prmce il FTE iR SRR s AR R,
al llér gyasippiteettsndgaigrestiviay $pegitiletes bllksr Anebs cavtdrac TaalLdILEN. or der 15t 0

avol d such SirfeSlleok e IR bo0 SOL 0RRoRSELI A, ShauLd gt he ddent i cal

to the am no ac seqguen nown ur pose,
necessamnd wd;saprey?erdﬁy ldamﬂmh@gguts?@aamnoasudmgnm@rdfabbb lcmtﬂaa;a@@gt o confirm

E EZE ts%vrlgo %%%&%@&9@8&@%@{ toﬁaéi?iﬁs%@ﬂ%ﬁ?%%@ @p}é}b% ZS?F?EIH %Bgﬁ.ﬁla&unct i on
pr oceduasiyity dishducinpige TosellsheFasreors g PpEdesHihomaBing l@éqfa@{@éltope
Tods] | Behiam kel ieRianeasi ol it el &1 Lhite bOSELATAIE: 858, and/or

for'in nduci ng acti| can be avoi ded
Al t hougtherdie oamwefqmmerr@mncp@cptls gesu xril% d@ie@qﬁf/ mSﬁéﬁdngn%(pr 3dged.ys lgHLA

anti 9e s ! 9?@@81&16& Eigerbpcénsgmexmsé& CCTiMRnfRr 6ARERNMABGIDRE, de?e?é&d' date
peptides sel ec using high binding affinity as an Index need t

exani néeserRétanaior adhed tneengeally i vsarEng prids pr frw BEATTROLY Aol cnHgo a@fls Qﬂ%sy The

killer qfor kéfeﬂaﬁgwe@&n%tacwsw 15808 n&ﬁ@mﬁrﬁa BYie atnfHILENE two amino
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ﬁﬁho@?ldés macr ophages, and dendritic cells), nore specifically, inducing
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30 AV, L, L P); hvdroxy group-contzining side chains (8, T, Y); sulfur atom-containing side chains
(C, M); carboxylic acid- and amide-containing side chains (D, N, E, Q); base-containing side
chains (R, K, H); and aromatic ring-containing side chains (H, F, Y, W). The characters in the
parentheses show one-character codes of amino acids.
In a preferred embodiment, the peptides of the present invention {immurnogenic
35  peptides) are nonapeptides (9-mer) or decapeptides (10-mer).
In order to obtain peptides with high binding affinity and killer T cell-inducing activity,
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30 cells. As areaction system, transgenic animals that express the human HILLA anﬁgen {as
described in, for example, BenMohamed L, ef al. (2000) Hum. Immunol. 61(8):764-79, Related
Articles, Books, and Linkout) can be used. For example, to measure the cytotoxic activity,
target cells are radiolabeled with ICror such.  The cytotoxic activity on target cells can be
examined by measuring IFN-y produced and released by killer T cells in the presence of the

35  antigen-presenting cells having an immobilized peptide; and visualizing the IFN-y production

zone in the culfure medium using an anti-IFN-y monoclonal antibody.
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Expression vectors used may be preferably any vectors that can be autonomously

duplicated in host cells, or can be incorporated into the chromosome of host cells, and contain a
30  promoter at a suitable position to allow expression of a peptide-encoding gene. Transformants
having a gene encoding the peptide of the present invention can be produced by introducing the
above-mentioned expression vector into a host.  The host may be any of bacteria, yeast, animal
cells, and insect cells, and the expression vector may be introduced into the host using known
technigues depending on the host.
35 In the present invention, the recombinant peptides can be isolated by culturing a

transformant prepared as described above, producing and accumulating the peptides in the
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al so i ncl udea”hﬁéb%@d%esmebedmamﬁsﬁét@mrmeaﬁwemmmmdubylmu@m@mm

pe@tS' degnd 9%‘5 4RO bLIBE iARRd X &, seque %@1
vari ants teher eof that |1ncl udea%sﬁtabstl t ut thﬁ i et |t(§1nl;%ehl%n érgg{dtelg% é?%sffof)ne

two, ornNEUSIREIEIIURTY FERIRES f@@w e lgié%ﬁhﬁmepmi% of e RrA%EDt WNERLORMIUN t y

i ncl udes thehe Erb&\ﬁhﬂg-lﬂz QoS BORS 9§eseﬁéﬁvéd@i@ﬂ%ﬁ 88p@harkd bd £miedcel | s
agai nst tuLHDrs cont ai 1 expressin (2) 1 nduction of

ant i bodPEEERC R Y PRI OB P seoémmé&tpjrlé@@rrggag@msl s, and (3)
i nduct ifeRm0ite@BY cbMBRinCHURININSpRIPBESEde@Anay be a cocktail, or may be mutually

30  bound using standard techniques. The epitope peptides to be combined may be peptides having
different amino acid sequences derived from the same gene, or may be peptides having amino
acid sequences derived from different genes. When the peptides of the present invention are
administered, the administered peptides are presented on HLA antigens of antigen-presenting
cells at a high density, and subsequently, killer T cells that react specifically to the complexes

35  formed with the administered peptides and the HLA antigens are induced. Alternatively, by

contacting dendritic cells collected from a subject with the peptides of the present invention (i.e.,
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30 refers to a substance that induces antitumor immunity or suppresses various cancers when

inoculated to an animal.  According to the present invention, it was suggested that the peptide
mciuding the amino acid sequence of SEQ ID NO: 1 or 2 is an HLA-A2 restricted epitope
peptide that can induce strong and specific immune response against CDCA1 presenting cells.
Accordingly, the present invention also includes methods for inducing antitumor immunity by
35  using the peptides including the amino acid sequence of SEQ ID NO: 1 or 2, or variants thersof

that include substitution, deletion, or addition of one, two, or several amino acids. In general,
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30  activity or LDH (lactose dehydrogenase) release as an index.
Test peptides confirmed by these methods to have killer T cell-inducing activity are
peptides that have DC-activating effect and subsequent killer T cell-inducing activity.
Therefore, the peptides that induce killer T cells against tumor cells are useful as vaccines
against cancers presenting CDCAL. Furthermore, antigen-presenting cells that have acquired
35  the ability to induce killer T cells against cancers through contact with the peptides are useful as

vaccines against cancers.  Furthermore, killer T cells that have acquired cytotoxicity as a result
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The peptides of the present invention can be administered 10 a subject in vivo or ex vivo.
~ Furthermore, to produce an immunogenic composition for treatment and/or preveniion of cancer,
the immunogenic peptides of the present invention, that is, nonapeptides selected from the amino
30  acid sequences of SEQ ID NOs: 1 and 2, and mutant peptides thereof, may be used.

More specifically, the present invention provides pharmaceutical agents for treatment of
turnor and/or prevention of tumor growth, metastasis, and such, which include one or more of the
peptides of the present invention as an active ingredient.  The peptides of the present invention
are particularly useful for treatment of tumors such as lung cancer, cholangioceliular carcinoma,

35  biadder cancer, renal cell carcinoma, prostate cancer, chronic myelogenous leukemia, malignant

lymphoma, cervical cancer, osteosarcoma, breast cancer, soft tissue sarcoma, and colon cancer.



15host cells, the i munogenic peptides are expressed, eliciting imune
response. The i nmuni zati on nethod using vaccinia vectors is described, for
exanple, in U S Patent No. 4,722,848 4Bacille Calnette-Guerin (BCG may

al so be used. BCG vectors are described in Stover CK, et at, (1991) Nature
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Auxiliary agvnts that can be added to the pharmaceutical agents of the present invention
for increasing the killer T cell-inducing activity include bacterial components of BCG bacteria
30  and such including muramyi dipeptide (MDP), ISCOM described in Nature, vol. 344, p§73
(1990), QS-21 of saponin series described in J. Immunol. vol. 148, p1438 (1992), liposome, and
aluminum hydroxide. Furthermore, immunostimulants such as lentinan, sizofiran, and picibanil
can also be used as auxiliary agents. Cytokines and such that enbhance the growth and
differentiation of T cells, such as IL-2, IL-4, [L.-12, IL-1, IL-6, and TNF, as well as
35  o-galactosylceramide which activates NK T cells, and CpG and lipopolysaccharides (LPS)

which activate the natural immune system by binding to Toll-like receptors, and such, can also



species with a peptide of the present invention as an antigen, and
collecting blood fromthe mammal s or avi an speci es, and separating and
purifying antibodies fromthe coll ectgd bl ood. 20For exanple, mamual s such
as nouse, hanster, guinea pig, chicken; rat, rabbit, dog, goat, sheep, and
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The type of cancers in the present invention is not particularly limited, and specific

examples include lung cancer, cholangiocellular carcinoma, bladder cancer, renal cell carcinoma,
prostate cancer, chronic myelogenous leukemia, malignant lymphoma, cervical cancer,
35  osteosarcoma, breast cancer, soft tissue sarcoma, colon cancer, etc. Examples of cancers for

which application of the present invention is suiiable include lung cancer.
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Application Kokai Publication No. (JP-A) 563-17688 (unexam ned, published
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30 Immunized mammals or avian species can be reared for a certain period of time, and,
when the antibody titer has increased, they can be additionally immunized with, for example,
100 ug to 1000 pg of the antigen. Blood can be collected from the immunized mammals or
avian species one to two months after the final administration, and the blood can be separated
and purified by conventional methods such as centrifugation, precipitation using ammonium

35  sulfate or polyethyiene glycol, chromatography such as gel filtration chromatography, ion
exchange chromatography, affinity chromaitography, and such, to obtain the polyclonal



30and humani zed ‘anti bodi es including a conplenentarity-determ ning region
(CDR) derived froma non-human anti body, a franmework region (FR) derived
froma human anti body, and a constant 1pegi on derived froma human anti body.
Such anti bodi es can be prepared by conventional methods known in the art.
Humani zed anti bodi es can be obtai ned by substituting the CDR sequence
region of a human anti body with a rodent CDR regi on having desired binding
activity 35(Verhoeyen et al., (1988) Science 239:1534-6). Accordingly,
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In order to produce monoclonal antibodies of interest from hybridomas thus obtained,
the hybridomas can be cultured by conventional culture methods or ascites-forming methods,
and the monocional antibodies can be purified from the culture supernatant or ascites.
Purification of monoclonal antibodies from culture supernatants or ascites can be performed by

35 | conventional methods. For exampie, ammonium sulfate fractionation, gel filtration, ion

exchange chromatography, affinity chromatography, and such can be suitably combined and



anti bodies. 22 The anti bodies of the present invention can detect the
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25 The antibodies of the present invention inciude modified antibodies obtained by binding

antibodies to various molecules such as po}yethjflene glycol (PEG).  The antibodies can be
modified by conventional chemical modification methods known in the art.
The antibodies of the present invention include chimeric antibodies including a variable
region derived from a non-human antibody and a constant region derived from a human antibody,
30  and humanized antibodies including a complementarity-determining region (CDR) derived from
a non-human antibody, a framework region (FR) derived from a human antibody. and a constant
region derived from a human antibody. Such antibodies can be prepared by conventional
methods known in the art. Humanized antibodies can be obtained by substituting the CDR
sequence region of 2 human antibody with a rodent CDR region having desired binding activity
35 (Verhoeyen ef al., (1988) Science 239:1534-6).  Accordingly, compared to chimeric antibodies,

humanized antibodies are antibodies in which a smaller region of a human antibody is



35medi um and a cell culture vessel for production of helper T cells, killer
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Laboratory Course Manual. Ed Daniel R. efal.). Liquid chromatography such as HPLC and
FPLC can also be used for chromatography.

The antigen-binding affinity of the ant1boches of the present invention may be measured

25  using, for example, absorbance measurement, enzyme-linked immunosorbent assay (ELISA),
enzyme immunoassay (E1A), radiommmunoassay (RIA}, and immunofiuorescence assay;
however, the methods are not limited thereto.  In ELISA, the antibodies of the present invention
are immobilized onto a plate, and the peptides of the present invention are added, then a sample
containing a culture supernatant of antibody-producing cells or purified antibodies is added.

30  Subsequently, a secondary antibody that has a detectable iabe] and recognizes the antibody
whose antigen-binding affinity is to be measured, is added.  After washing the plate, reagents
for detecting the label of the secondary antibody are added and the absorbance or such is
measured. For example, enzymes such as alkaline phosphatase can be used as a label for the
secondary antibody, and enzyme substrates such as p-nitropheny! phosphate can be used as a

reagent for detection. BlAcore (Pharmacia) can also be used to evaluate the activity of the
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antibodies.



The present invention also provides nethods for inducing antigen-presenting
cells that show a high level of killer T cell induction activity. The
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- stimulating T cells in vivo or in vitro using the dendritic cells.

Helper T cells, killer T cells, or immunocyte populations including them can be
preferably induced by in vitro stimulation using the peptides of the present invention and an
25  adjuvant. The adjuvants used herein include cell growth factors and cytokines.
Tumors can be suppressed and cancers can be prevented and/or treated by transfusion of
the thus-obtained helper T celis, killer T cells, or immunocyte populations including them into a
cancer patient intravascularly, locally to the tumor, or such.
Helper T cells, killer T cells, or itnmunocyte populations including them that are capabie
30  of suppressing tumors as described above can be produced using the peptides of the present
invention. Therefore, the present invention provides cell culture media containing the peptides
of the present invention. Helper T cells, killer T cells, or immunocyte populations including
them capable of suppressing tumors can be prepared using the cell culture media. Furthermore,
the present invention provides a cell culture kit inciuding the above-mentioned cell cuiture
35  medium and a cell culture vessel for production of helper T cells, killer T cells, or immunoccyte

populations including them.



The present invention also provides isolated killer T cells induced using
one or nore of 30the peptides of the present invention. Preferably, killer
T cells induced by the method of the @3sent invention are derived froma
subj ect who receives the treatnent- and/ or prevention. The cells can be
adm ni stered in conbination with other agents containing antigen-presenting
cells or exosones presenting one or nore of the peptides of the present
invention. The obtained killer T cells are specific to target cells
presenting the sanme peptide used for induction. The target 35cells are
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The antigen-presenting celis obtained in step (2) can be adm1n1stered Into a subject as a
vaccine.
The present invention also provides methods for inducing antigen-presenting ceils that
show a high level of killer T cell induction activity. The methods include the step of
- 35 transfecting antigen-presenting cells in vitro with a gene including a polynucleotide encoding

one or more of the peptides of the present invention. The gene to be transfected can be a DNA



reference. 26 The present invention will be further described with
reference to the Exanpl es bel ow, however, it is not to be construed as
being limted thereto. Exanples 5[ Exanp e 1] (1) Selection of a CDCAl
peptide repertoire that shows affinity to HLA- A2 The amino acid
sequence of human CDCAl1 was searched using the Bl MAS system and 41 types
of peptides were selected in the descendi ng order of estimated binding
affinity to HLA-A2 (Table 1). 10 27 [Table 1-H No. PEPTI DE PCSI TI ON

PEPTI DEr RMANO ACitBn SEQUBENCEdBE MBI aeiFaNtidiyalBOeREnSEQUENCE] SDcNaVBER

65-73 YM¥W16§§§;30§§%A, N aidium phosphate method can be suitably used, but the

' methods are not limited thereto. More specifically, transfection can be performed as described

in Reeves ME, er al., (1996) Cancer Res., 56:5672-7; Butterfield LH, et al., (1998) J. Immunol.,

5 161:5607-13; Boczkowski D, et al., (1996) ] Exp. Med., 184:465-72; and W0O99/08521. When
the geﬁes are transfected into antigen-presenting cells, they are franscribed and translated in the
cells. The resulting proteins are subsequently processed via the MHC class 1 and class II
pathways, and are presented on the surface of the antigen-presenting cells as partial peptides
through the antigen-presenting pathway.

10 The present invention also provides methods for inducing kilier T cells using one or
more of the peptides of the present invention. ' By administering one or more of the peptides of
the present invention to a subject, killer T cells can be induced in the body of the subject, thus
augmenting the immune system that targets cancer cells presenting CDCA1 in tumor tissues.
Altemnatively, activated killer T cells can be induced By contacting antigen-presenting cells and

15  CDS8 positive cells from the subject with one or more of the peptides of the present invention in
vifro, and by contacting peripheral-blood mononuclear leukocytes with the antigen-presenting
cells in vifro to stimulate the cells. In ex vivo therapeutic methods, the immune system that
targets cancer celis presenting CDCAL in tumor tissues in a subject can be augmented by
returning the activated killer T cells into the body of the subject. For example, the methods

20  include the steps of: '

(1) collecting antigen-presenting cells from a subject;

(2) contacting the antigen-presenting cells of step (1) with a peptide of the present invention
(pulsing the antigen-presenting cells of step (1) with a peptide of the present invention);

(3) mixing and co-culturing the antigen-presenting cells of step (2) with CD8™ T cells to induce

25 cytotoxic T cells; and '

(4) collecting CD8™ T cells from the co-culture of step (3),

CDS8" T cells having cytotoxic activity obtained in step (4) can be administered to a
subject as a vaccine. '

The present invention also provides isolated killer T cells induced using one or more of

30 the peptides of the present invention. Preferably, killer T cells induced by the method of the
present invention are derived from a subject who receives the treatment and/or prevention. The
cells can be administered in combiration with other agents containing antigen-presenting cells or
exosomes presenting one or more of the peptides of the present invention. The obtained kilier
T cells are specific to target cells presenting the same peptide used for induction. The target

35  cells are cells endogenously expressing CDCAL, or cells transfected with the CDCA1 gene. By

stimulation with a peptide of the present invention, cells presenting the peptide of the present



120-128 FLSA I NFI 607 SEQ ID NO 3 3 222-230 RLNELKLLV 285 SEQ I D NG 4
351- 359 KLATACFKI 211 SEQ ID NGO 2 5 182-190 Q.SDAE CEL 201 SEQ I D NO :
141- 149 FLAYKSSA 190 SEQ ID NO : 6 25
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invention on their surface, such as cancer cells from lung cancer, cholangiocellular carcinoma,
bladder cancer, renal cell carcinoma, prostate cancer, chronic myelogenous leukemia, malignant
lymphoma, cervical cancer, osteosarcoma, breast cancer, soft tissue sarcoma, colon.cancer, and

such, can become targets for attack.

(7) T cell receptors (TCR)

The present invention further provides nucleic acids encoding the polypeptides forming
the subumits of T cell receptors (TCRs) that recognize CDCAI1-1 and CDCA1-4, and methods for
their use. TCR contains at least seven fransmembrane proteins. A disulfide bond-linked (o,
B} heterodimer forms the clonotypic antigen recognition unit, while the nvariant CD3 chains |
which consist of €, v, 8 and £, and 1} chains couple the ligand binding with the signaling pathway,
thereby causing T cell activation and cellular immune fesponse. The o and B subunits, which
are responsible for antigen recognition as mentioned above, are necessary for T cells to acquire
the specificity of recognition for a particular target. Therefore, to synthesize TCRs that
specifically recognize the peptides of the present invention, the nucleic acid sequences of ¢ and
B which are TCR subunits derived from CTLs induced using the peptides of the present
invention can be identified by methods known to those skilled in the art (WO2007/032253; and
Morgan et al., J. Immunol., 171, 3288 (2003)). Since TCRs formed from the identified TCR
subunits can bind to CDCA1 peptide-presenting target cells, the TCRs are useful when
introduced into cells having cell-killing effect.

Nucleic acids encoding the TCR subunits can be incorporated into suitable vectors (for
example, refroviral vectors). The vectors can be produced by methods known to those skilled
in the art. The TCR subunit-incorporated vectors can be used for introduction into T cells. In
particular, by transforming patient-derived T cells, T cells (CTLs) that specifically recognize and
attack CDCAT expressing cells can be obtained. TCR-introduced CTLs thus obtained can be

4
5

cultured and grown by common methods (Kawakami ef al., J. Immunol., 142, 3452-3461 (1989)).

CTLs obtained by the above-mentioned method can be used for cellular immunotherapy.

The present invention also provides antigen-presenting cells presenting a complex
formed with an HLA antigen and one or more of the peptides of the present invention. The
antigen-presenting cells, with which one or more of the peptides of the present invention or
nucleotides encoding such peptides are contacted, are preferably collected from a subject who
receives the treatment and/or prevention. The peptides of the present invention,
antigen-presenting cells presenting the peptides, exosomes, or activated killer T cells can be
administered as & vaccine in combination with other drugs.

All prior art references cited in the present specification are incorporated herein by

reference.

6



7 3-11 TLSFPRYNV 69. 6 SEQ ID NO 7 8 285-293 CLPSCOLEV 69.6 SEQ ID NO 8 9
386-394 AVYERVTTI 27.5 SEQ ID NO 9 10 372-380 TVIEDCNKV 25.0 SEQ I D NO. 10
11 243-251 KIVDSPEKL 20. 7 26

The present invention will be further described with reference to the Examples below;

however, it is not to be construed as being limited thereto.

Examples
5  [Example 1]
(1) Selection of a CDCA] peptide repertoire that shows affinity to HLA-A2
The amino acid sequence of human CDCA1 was searched using the BIMAS system,
and 41 types of peptides were selected in the descending order of estimated binding affinity to
HLA-A2 (Table 1).
10



SEQ ID NO 11 12 257-265 KMKDTVCKL 17.8 SEQ ID NO 12 13 88-96 LVTHLDSFL
17.5 SEQ ID NO 13 14 447-455 KIDEKTAEL 16.9 SEQ ID NO : 14 15 358-366
KI NKKHEDV 16.4 SEQ I D NO : 15 16 416- 4574 KLKSCEI FL

{Table 1-1]
No. PEPTIDE PEPTIDE AMING  BINDING AFFINITY SEQUENCE
POSITION ACID SEQUENCE SCORE ID NUMBER

1 65-73 YMMPYNSEV 855 SEQIDNO: 1
2 120-128 FLSGIINFI 607 SEQIDNO: 3
3 222-230 RLNELKLLYV 285 SEQIDNO:4
4 351-359 KLATAQFK] 211 SEQIDNOQ:2
5 182-190 QLSDGIQEL 201 SEQIDNO:5
6 141-149 FLWQYKSSA 190 SEQIDNO: 6
7 3-11 TLSFPRYNV 69.6 SEQIDNO: 7
8 285-293 CLPSCQLEV 9.6 SEQ IDNO:8
9 386-394 AVYERVTTI 275 SEQIDNO: @
10 372-380 TVIEDCNKV 250 SEQIDNO:10
11 243~251 KIVDSPEKL 20.7 SEQIDNO: 11
12 257-265 KMKDTVQKL 17.8 SEQIDNC: 12
13 88-96 L VTHLDSFL 175 SEQIDNO:13
14 447-455 KIDEKTAEL 16.9 SEQIDNO: 14
15 358-366 K INKKHEDV 16.4 SEQIDNO:15
16 416-424 KLKSQE | FL 14.4 SEQIDNO:16
17 82-90 FLPFSNLVT 14.1 SEQIDNC:17
18 344-352 LMIVKKEKL 12.9 SEQIDNOC:18
19 109-117 [LGPKAKRT 12.9 SEQIDNO: 189
20 44-52 VLN YHRA 127 SEQIDNO:20
21 228-236 LLVVSLKE] 40.8 SEQIDNO: 21
22 227-236 KLLVVSLKE| 311 SEQIDND:22
23 222-231 RLNELKLLYY 269 SEQIDNO:23
24 294-303 QLYQKK QDL 157 SEQIDNO: 24
25 87-96 NLVTHLDSFL 117 SEQIDNO: 25
26 181-190 KGLSDGIQEL 64.5 SEQIDNO:28
27 47-56 MIYMRALQIV 49.1 SEQIDNO:27



14.4 SEQ ID NO : 16 17 82-90 FLPFSNLVT 14.1 SEQ ID NO: 1 7 18 344-352
LM VKKEKL 12.9 SEQ ID NO : 18 19 109-117 | LCPKAKRT 12.9 SEQ ID NO : 19 20
44-52 VLHM YMRA 12.7 SEQ I D NO : 20 258228_ 236

10

[Table 1-2}
28 402-411 KLGIQGQLKDA 40.0 SEQIDNO:28
29 343-352 RLMIVKKEKL 38.7 SEQIDNO:29
30 309-318 KLAS ILKESL 36.6 SEQIDNO:30
31 22-31 | . TGADGKNL 36.3 SEQ IDNO: 31

32 193-202 SLNGDFHQKT 28.3 SEQIDNO:32
33 . 52-81 ALQIVYGIRL 214 SEQIDNO:33
34 | 44-53 VLHM | YMRAL 16.7 SEQ IDNO: 34
35 3544 DLYPNPKPEV 167 SEQIDNO:35
36 165-174 KLERLDSVPV 19.6 SEQIDNQO:36
37 65-74 YMMPVNSEVM 123 SEQIDNO:37
38 154~163 QLNAAHQEAL 105 SEQIDNO:38
39 60-69 RLEHFYMMPY 10.2 SEQID NO: 3'9
40 | 344-353 LMIVKKEKLA 6.1 SEQIDNO:40
41 | - 453-462 AELKRKMFKNM 48 SEQID NO: 41

The HLA-A2 restricted killer T cell epitopes 1dentified in the present invention are underlined.

[Example 2]

First, dendritic cells (DCs) were induced from bone marrow cells of HLA-A2 transgenic
mice using a previously reported method (Komori H ef a!. Clinical Cancer Research 12:
2689-2697, 2006). BM-DCs thus obtained were pulsed with a CDCAL peptide (10 M), and
then administered intraperitoneally to HLA-A2 transgenic mice at 5 x 10° cells per mouse. The
mice were immunized twice at one week interval by the same administration method, then their
spleen cells were collected and used for detection of killer T cells.  In order to rigorousiy
examine the induction of killer T cells derived from CD8" T cells, CD4" T cells were eliminated
from the spleen cells using MACS beads after removal of the spleen, and the remaining cells
were used.

Fig. 1A shows the protoco! for determining the CDCAT1 peptides recognized by
HLA-A2 restricted killer T cells.in HLA-A2 transgenic mice. The day when spleen cells were

collected from the immunized mice is designated as “Day 0”.



LLVWSLKElI 40.8 SEQ ID NO : 21 22 227-236 KLLVWSLKElI 311 SEQ ID NO : 22 23
222-231 RLNELKLLWV 269 SEQ I'D NO : 23 24 294-303 OLYOKKI ODL 157 SEQ I D NO
124 25 87-96 NLVTHLDSFL 117 SEQ I D N02:925 26

Day -21: (1) Induction of bone marrow-derived dendritic cells (herein below, referred to
as BM-DCs) was initiated by adding GM-CSF to the bone marrow cells of HLA-A2 transgenic
mice.

Day -14: (2) A mixture of four types of CDCA1 peptides was added to the induced

5 BM-DCs, and afier two hours, this was administered intraperitoneally at 5 x 10° cells per mouse.

(1) and (2) were repeated twice at one week interval.

Day 0: Spleen cells were collected from the immunized HILA-A2 transgenic mice, and -
co-cultured with BM-DCs that had been incubated with CDCAT1 peptides for two hours. This
was subsequently cultured for six days.

10 Day 6: To detect killer T cells that specifically recognize CDCAL1 peptides, T celis that
produce gamma interferon after antigenic stimulation were quantified by ELISPOT assay. As
target cells, BM-DCs pulsed with each individual CDCA1 peptide and unpulsed BM-DCs were

used.

15  Evaluation of the activity of CDCA1 specific killer T cells by ELISPOT assay:
| It was determined by ELISPOT assay whether or not killer T cells that specifically react

with CDCA1 to produce IFN-y actually exist among the induced killer T cells. IFN-y was
detected using a Mouse IFN-y ELISPOT Set (BD Biosciences). When killer T cells {(effectors)
respond.to stimulator cells (targets) and produce IFN-y, they are detected as red spots.  Astarget

20 cells, HLA-A2 positive T2A2 cells that do not express CDCAL1 and CDCAl peptide-pulsed
T2A2 cells were used. T2A2 cells, a cell line produced by introducing the HLLA-A2 gene into
the mouse T2 cell line deficient in the TAP gene expression, were purchased from RIKEN Cell
Bank. Due to the TAP deficiency in these cells, complexes formed between HLA-A2
molecules and exogenously added peptides are expressed on the cell surface only when the

25  peptides have the capacity of binding to the HLA-A2 molecules. First, ELISPOT plates (BD
Biosciences) were coated with an anti-mouse IFN-v antibody for 18 hours.  Subsequently, the
plates were blocked with 10% FCS/RPMI for two hours. Effector cells (100 puL/well) and
target cells (100 pL/well) were mixed and cultured for 22 hours at 37°C.  The experiment was
conducted at an effector/target ratio (E/T ratio) o€ 5:1.  The plates were then washed with

30  sterilized water, and reacted ﬁth a biotinylated anti-mouse IFN-v antibody for two hours, and
further reacted with streptavidin-HRP for one hour. IFN-y positive spots were detected using a
substrate solution. An automatic analysis software of MINERVA TECH was used to count the
spots. The results for Peptide Numbers 1 to 20 are shown in Fig. 1B. From similar
experiments, CDCA1 specific killer T cell immune response was observed in killer T cells

35 induced with the CDCAlgs.;s (No. 1) (SEQ ID NO: 1) or CDCAlss1.350 (No. 4) (SEQ ID NO: 2)
peptide among the 41 peptides (Fig. 2).
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The analysis results of killer T cells induced with the CDCAlgs7z (No. 1) (SEQ ID NO:
1) or CDCAl3s1.350 (No. 4) (SEQ ID NO: 2) peptide are shown in Figs. 2A and 2B, respectively.

[Example 3]
Patients, blood samples, and cell lines:

Blood samples derived from NSCLC patients were collected during routine diagnosti'c
examinations with informed consent. The CDCATI negative human colon cancer cell line
COLO201 was provided by the Health Science Research Resources Bank., The HLA-A2
expression in these samples was confirmed by flow cytometry using the HLA-A2 monoclonal
antibody BB7.2 (One Lambda Inc., Canoga Park, CA).

Lentiviral gene transfer:

Lentiviral vector-mediated gene transfer was performed using the method described in
Tahara-Hanaoka S, ef al. Exp. Hematol. 2002;30:11-17. Briefly, 17 pg of CDCA1 cDNA-
carrying CSII-CMV-RfA and CSIIEF-RfA self-inactivating vectors (Miyoshi H, ef al. J. Virol.
1998;72:8150-8157) and 10 pg of pCMV-VSV-G-RSV-Rev and pHIVgp were transfected into
293T cells on a 10 cm culture dish using Lipofectamine 2000 (Invitrogen Corporation, Carlsbad,
CA, USA). Afier 60 hours, the culture medivm was collected and viral particles were pelleted
by ultracentrifugation (50,000 x g, two hours).  The pellet was suspended in 50 ul of RPMI
1640 sélution, and 10 uL of the viral suspension was added to each well of a U-bottomed
96-well plate containing 5 x 10* COLO201 cells per well. Expression of the transfected
CDCA] gene was confirmed by Western blot analysis.

Induction of CDCAI1 reactive human CTLs:

Monocyie-derived DC cells were used as antigen-presenting cells for induction of CTLs
in response to HL.A-presented peptides. DCs were obtained by previously reported in vitro
methods (Suda T, er af. Cancer Sci. 2007; Nakahara S, ef al. Cancer Res. 2003;63:4112-8).
Briefly, peripheral blood monocytes (PBMCs) isolated from HLA-A*0201 positive healthy
volunteers and NSCLC patients using & Ficoll-Paque solution (GE Healthcare UK, Litd.,
Buckinghamshire, UK) were screened for CD8 positive CD14 positive populations using
MicroBeads (Miltenyi Biotec, Bergisch Gladbach, Germany). To obtain DCs, the CD14
positive population was cultured in AIM-V (Invitrogen) containing 2% autologous plasma in the
presence of 100 ng/mL of granulocyte-macrophage colony stimulating factor (GM-CSF) and 10
ng/ml of interleukin (IL)-4 (PeproTec Inc., New Jersey, USA). Four days after incubation,
OK-432 was added to the dish to prepare mature DCs.  Five days after the start of culture for
cytokine-induced DCs, the cells were pulsed with 20 ug/mL of an HLA-A2 binding peptide for

RLM



36.6 SEQ ID NO: 30 31 22-31 | LTGADGKNL 36.3 SEQ ID NO 31 32 193-202
SLNQDFHOKT 28.3 SEQ ID NO :32 33 52-61 ALQ I VYGI RL 21.4 SEQ ID NO 33 34
44-53 VLHM | YMRAL 16.7 SEQ I D NO : 34; 35 35-44 - :

two hours at 37°C in AMI-V in the presence of 4 pg/mL of B2-microglobulin (Sigma-~Aldrich, St.
Louis, MO, USA). These peptide-pulsed DCs were irradiated (3,500 cGy) and mixed ata 1:50
ratio with autologous CD8 positive T cells obtained from PBMCs using anti-CD8 MicroBeads
(Miltenyi Biotec). The incubation was carried out using 48-well plates, which were prepared to

5 contain 0.5 mL of AIM-V containing in each well 2% autologous plasma, 1 x 10* peptide-pulsed
DCs, 5 x 10° CDS8 positive T cells, and 10 ng/mL of human IL-7 (Wako, Osaka, Japan). Three
days after incubation, human IL-2 (PeproTec Inc.) was added at a concentration of 20 IU/mL.
Furthermore, the T cells were restimulated with peptide-pulsed autologous DCs on days 12 and
19. DCs were suitably prepared by the above-mentioned method.  Six days after the third

10 peptide stimulation on day 25, the antigen-specific CTL response was evaluated by Chromium
| (Cr) release assay and IFN-y ELISPOT assay. |

CTL response to target cells:
CTLs were co-cultured at various effector cell/target cell ratios with target cells which

15  are various cancer cell lines and T2 celis with or without peptide pulsing, and *1Cr release assay
and IFN-y ELISPOT assay were conducted using conventional methods (Komori H, ef al., Clin.
Cancer Res. 2006;12:2689-2697; Makita M, ef gl. Clin. Cancer Res. 2002;8:2626-31; Yokomine
K., et al. Cancer Sci. 2007;98:1930-5). Briefly, target cells were labeled using 3.7 KBq Na;
Sy (Perkin Elmer Life Sciences) at 37°C for one hour in a CO; incubator. The labeied target

20  cells were rinsed three times, and peptide-pulsed target cells were prepared by incubating the
cells with 20 ug/mL of a peptide for three hours at 37°C.  The target cells were mixed with
effector cells to a final volume of 200 pL on a flat-bottomed microtiter plate, and then incubated.
Six hours after incubation, 30 uL of the supernatant was collected from each well, and
radioactivity was quantified using a gamma counter. The specific cyfotoxic activity was

25  evaluated by calculating the specific SICr release rate according to an existing method (Suda T, ef
al. Cancer Sci. 2007;98:1803-8). ELISPOT assay was also performed according to an existing
method (Komori H, e al. Clin. Cancer Res. 2006;12:2689-97).

Induction of CDCAT1 responsive CTLs from PBMCs derived from HLA-A2 positive healthy

30  donors:

PBMCs were isolated from HLA-A2 (A*0201) positive healthy donors. CD8™ T cells

were co-cultured with monocyte-derived DCs pulsed with the CDCAlgs.7s (No. 1) (SEQ ID NO:
1) or CDCAl351.350 (No. 4) (SEQ ID NO: 2) peptide, and the CD8™ T celis were stimulated three
times a week (Fig. 3A).

35 CTLs induced from cancer patients or healthy donors were co-cultured with target cells.
T2 cells pulsed with the CDCAlgszz (No. 1} (SEQ ID NO: 1) or CDCAlasi3s9 (No. 4) (SEQ ID



DLYPNPKPEV 16.7 SEQ ID NO 3 5 36 165-174 KLERLDSVPV 15.6 SEQ | D NO 36 37 |
65-74 YMWPVNSEVM 12.3 SEQ I D NO 3 7 38 154-163 OLNAAHQEAL 10.5 SEQ | D NO.
3 8 39 60-69 RLEHEYMWV 10.2 SEQ | D N&z: 39 40

NO: 2) peptide were used as the target, and ELISPOT assay and 31Cr release assay were
performed.  As shown in Fig, 3B, for cancer patient donor 1, the IFN-y production by CTLs
was significantly greater when the cells were stimulated with CDCAlgs.3 (No. 1) (SEQ ID NO:
1) peptide-pulsed T2 than with unpulsed T2. CTLs induced from healthy donor 1 produced a

5  large amount of IFN-y in response to CDCA1l351.355 (No. 4) (SEQ ID NO: 2) peptide-pulsed T2
celis (more than 300 spots per well) (Fig. 3C). Furthermore, CTLs derived from cancer patient
donor 1 and healthy donor 1 showed cytotoxic activity against T2 cells pulsed with the
CDCAlgs.s No. 1) (SEQ ID NO: 1) or CDCA 1351350 (No. 4) (SEQ ID NO: 2) peptide in *'Cr
release assay (Fig. 3D). As shown in Fig. 3E, when CTLs were stimulated by T2 cells pulsed

10 with the CDCAI peptide at various concentrations, the CTLs responded to the CDCA1
peptide-pulsed T2 cells in a dose~-dependent manner. Compared to the response to unpulsed T2
cells or to T2 cells pulsed with an HLA-AZ2 binding HIV-derived peptide, CTLs were found to
produce a larger amount of IFN-v in response to T2 cells pulsed at a peptide concentration of 0.2
pg/mL or more. The above-mentioned results show that these CTLs have peptide-specific

15 cytotoxicity.

COLO?201 into which CDCAI was introduced (COLO201 / CDCAL1, CDCAIl+,

HLA-A2+; Fig. 4A) was used as target cells to examine the CDCA1 specific immune response
of CTLs. As shown in Fig. 4B, healthy donor-derived CTLs stimulated with the CDCAlgs.ra -
(No. 1) (SEQ ID NO: 1) peptide produced a iarger amount of IFN-y against COLO201/CDCAL1

‘20 than to empty vector-transfected COLO201 that -does not express CDCAl. Healthy donor
2-derived CTLs stimulated with the CDCAlasy.a50 (No. 4) (SEQ ID NO: 2) peptide also showed
specific immune response to COLO201/CDCAL (Fig. 4C). Furthermore, these CTLs showed
immune response to PANC]1 cells (CDCA1+, HLA-A2+), but not to A549 cells (CDCAI-+,
HLA-2-) (Fig. 4D).

25 To apply CDCAL derived peptides to cancer immunotherapy, it would be most
important for the CDCA1 peptide-responsive CTLs to be able to show specific cytotoxicity
against tumor cells that endogenously express CDCAI.  As shown in Fig. 4E, for cancer patient
donor 1, CDCAL reactive CTLs obtained using the CDCAlgs7s (No. 1) (SEQ ID NO: 1) peptide
showed cytotoxic activity against PANC] cells (CDCA1+, HLA-A2+), but not to A549 cells

30 (CDCAl+, HLA-2-) or COLO201 celis (CDCAI-, HLA-A2+). Similarly, healthy donor
1-derived CTLs stimulated with the CDCA1l15;.350 (No. 4) (SEQ ID NO: 2) peptide showed
cytotoxic activity to PANC] cells (CDCAl+, HLA-A2+), but not to A549 cells (CDCAl+,
HLA-2-). These results show that these peptides are naturally processed in cancer cells and
presented on the surface of cancer cells together with HLA-A2, and can be recognized by CTLs.

35 For detection of HLA-A?2 restricted CDCAI specific CTLs, the CDCAI355.350
peptide-bound PE-labeled HLA-A*0201 tetramer was purchased from Medical & Biclogical



344-353 LM | VKKEKLA 6.1 SEQ I D NO :40 41 453-462 AELKRKMFKM 4.8 SEQ I D
NG 41 The HLA-A2 restricted killer T cell epitopes identified in the
present invention are underlined. 5 [ERxanple 2] First, dendritic
cells (DCs) were induced frombone marrow cells of HLA-A2 transgenic m ce
using a previously reported nethod (Konmori H et al. dinical Cancer
Research 12: 2689-2697, 2006). BM DCs thus obtained were pulsed with a
CDCAl peptide (10 uM, and 10then adm nistered intraperitoneally to HLA- A2
t r ansgeabdratotieLCAtLIB. Naibm, Calahys ey simusia Fid b€, ainogy OBX8epositivabelzed tw ce

at one week interval by the.sane m.nj stration nmethod, t t heir spleen
cel I's WEte @813{358?3@5 8%@@@3&%?@&@@4%?\"%?pqgggef'éelacq”ec(g'ﬁ%@%lethe order to
- 1'i gor oteslayeepestiivieCThe iThikretiloprooss thiat HEA-A2 eatrigeEDOVE thebtidevscDic T
cells, CDA7 T cells were elixdnated fr t he.spl een, cel Il s usi ng MACS beads
after F%\y‘?lm Brfes?‘ﬁémgﬁglg# ?\%Fltf‘ﬁeit Péga‘fs (i?ﬁjgt%'bsesﬁfdg 15wer e used.

Figg 1A shows the protocol for determ ning the CDCAL peptides recogni zed by
HLA- A2_restricted killer T cells _in HLA-A2 transgenic nmice: The day when

spl eenDés&PFSéo%re collected fromthe i munized mce is designated as "Day
0". 29 IdenfigatioR bf TAA)yddrivdd peptuies dfat beneturally pweehoed srelbrekentidioni ¢

o tne BonaeTarrons sk TahE SRpuB oy A Ehale biea Wl Bt s ROCAT e
of fouwhigppes nofel CRBAL/tastipaitites waa ddeatided by e DNFemiarchroaydangIBhis Delsg Nohd.Gaf t er
WPy NOYE Brorhfth FsfBS AUHLRN T GGy BFARE! :1AHERE!MA Bbrmmat YoshObuf B bRnpe"
or protein was not expressed in the other normal tissues examined.  Since the testis is a tissne
isolated from the immune system, CDCA1 responsive CTLs would attack only NSCLC.
Therefore, CDCA1 was selected as a TAA for immunotherapy of NSCLC patients.
To minimize the risk of deletion, mutation, or decreased expression of TAA as means

15  for immune evasion by cancer cells as a result of immune induction therapy, it was desired to
identify TAAs essential for the proliferation or survival of NSCLC that can be used as targets for
immunotherapy (Yoshitake Y, ef al. Clin. Cancer Res. 2004;10:6437-48). It has been reported
that CDCA1 functions to act on the attachment between spindle microtubules and kinetochores,l
and has an important role in the maintenance of cell cycle (DeLuca JG, et al 1. Cell Biol.

20 2002;§59:549-55). Furthermore, CDCALI is a component of the nuclear division cycie (NDC)
complex, which plays an important foie in the appropriate chromosomal segregation during
mitosis, and is highly conserved regardless of species (DeLuca JG, et al. Curr. Biol.
2003;13:2103-9). CDCAI is essential for the kinetochore localization of centromere protein E
(CENP-E) in HelLa cells. The suppression of CDCA1 exijression. by siRNA causes abnormal

25  chromosomal segregation by mitosis block and subsequent induction of cell death (Liu D, et al. 1.
Biol. Chem. 2007;282:21415-24), This aberrant exit from mitosis has the characteristics of
both apoptosis and catastrophe (DeLuca JG ef al. J. Cell Biol, 2002;159:549-55). That s,
CDCA is essential for cellular function and plays an ir’nportant role in the proliferation and
survival of cancer cells,

30 CDCAT1 and kinetochore associated 2 (KNTC2) are members of the evolutionarily
conserved centromere protein complex (Hayama S, ef al. Cancer Res 2006;66:10339-48).
Immunostaining shows that their elevated expression is associated with a poor prognosis of
NSCLC patients (Hayama S, ef al. Cancer Res 2006;66:10339-48)., Therefore, the expression
level of CDCAT in NSCLC tissues is a useful marker for predicting the prognosis of patients

35 after surgical operation. The involvement of CDCAL1 in the progression of NSCLC is
suggested. Thus, immunotherapy that targets CDCA1 may be effective for NSCLC patients



(1) and (2) were repeated twi ce at one week interval. Day 0: Spleen
cells were collected fromthe i muni zed HLA- A2 transgenic m ce, and
co-cultured with BMDCs that had been qsncubated with CDCAl peptides for two
hours. This was subsequently cultured for six days. 10Day 6: To detect
killer T cells that specifically recognize CDCAl1 peptides, T cells that
produce ganma interferon after antigenic stinulation were quantified by

ELI SPOT assay. As target cells. BM DCs pul sed with each individual CDCAl
pept i deitarspbasn prigaeds. BM DCs wer e used. 15Eva| uation of the activity of

LI SPOT assall Wergl et tePHIar A R RIBROAL slftehiicr PRt 1
CDCAl the produttioe of HNAyAamdzsiraitd:@/memesﬁThwmg itddreified ceing HIkA 1A 2ranfeead | s.

i 11 o 5%, G a80n O AU R ST SLLRT T proBhec O 0AGH ABRG e
pr odluc EBMTE stimulhtey m&&@epmﬂ@a ashgsed13pbt ertﬁsl@ apaq:l’éetC’IZO’tmfe kilksd callcar A2
posi ti }f&islt?léze gelsgéggj}\ at; qiﬁI—ﬂ,A I]%Et?ﬁ%d%ﬁéu@;n% 1 peptide-pul sed T2A2

cells were use I ne q% i ntroduci ng the HLA- A2
gene into théfD%béermdQ@nﬂdewwéw@ﬁtpdiaéﬁ ighrbindieg ARty entedlphedBPbn, were

h I ot | |
B o e g B B ™
are expreayy ednsived hetvsen huzan padwonsil $Diddn  tiherezBpm rmime-asid differsaces
Cap@ci L¥vRten AW a&xerﬁdﬁ@e Hefled2s @%m&bém?s ﬁN(NBé 1) BbdiR PRkt es (BD

Bi osci ences were coated wth an anti-nouse I'body for 18 hours.

Subseqav BIRY / plonse & NPTk e (R FngeRr] Rlame inghe CWS-AHours.
Ef f ect oo O deitifidl @Qmbh kvl Fﬁ?ﬂnb@ie@&?ﬂ@ﬁl)( 1@93\4&%%{4}9:;3&%5& m xed and

cul tured far 2 hours at 37 The experi ment was conducfed at an
ef f ect FrVepHPHaRdychen of PRRIOYeARERIONGH esltqpe PPREdpTeaeRE Ghkeirprdipaliacdraarsw t h
30st er ildszedrimadeer, and reacted with a biotinylated anti-nouse | FN-y

antibody for two hours, and furth cted th streptayi HRP for one
hodi?. IFN-y [o¥id| trectefsde Shswwes 1&&@%?@ tﬁ% dgnarisare ?%g’éfgﬁwawo An
aut omatiigudtiah Yiging teof DAL Epeﬁﬁddvl NERYA iddfckl Bﬁﬁepiﬁi%fbrésfénﬁ@glm}s tsh@wvsgpot s.
The results for, Peptl dedﬁ)@gers to 20 ar

in Fi 1B, Fromsimlar
exper i FETPERXIC eAY 2gpHag; IEEPT e g T °91 \AﬁLé% g%“%ﬁ@ I¥g82r ved in
EHC!AE% Iﬂ'dﬂ?;cgigh of B&dlthd ki@l%iéd@tlﬁibﬁl\lgmzwﬁﬁ @&il&lﬁleaﬁ}ﬁgf@m th@cc!a\ﬂ@nuéﬁolr:@f 2

ng the ti ig. :
30 PRty s Sty R Bp of DR el SR JHrh S
CD@é\lg%oTﬁeﬁ Rlom ;ia)zel(ltSE@hINB(L\KE s’h)albdﬁel%éér&ﬁbia%x@?)céilﬁﬂar éh}cilﬁéiﬁé) Hi4AdNO  2)
pepti de are shown 28,  respecti .| Exa 3] .5Patients,
D Dot Saisr D bl in S0P B REREE dBiiaed RGIRELFRaBER! s
wer e cehhee ﬁm_dmduthenagy metholds enctlidgeesitide or protein vaccination (Rosenberg SA, ef al.
Nat Med 1998;4:321-7), immunization with dendritic cells pulsed with peptides, proteins, or

tamor lysates (Kugler A, et al. Nat Med 2000;6:332-6), and ex vivo adoptive transfer using
25  tumor-specific CTL lines (Falkenburg JH, ef al. Blood 1999;94:1201-8). The CDCAI peptides
identified in the present invention could be applied to these immunotherapies.

If the safety and effectiveness of cancer immunotherapy using peptides identified in the
present invention, which are presented to killer T cells via HLA-AZ2, can be shown in
investigative medicine, clinical application to Cancasians would be possible. Furthermore, by

30  identifying peptides presented to killer T cells via HLA-A2 which is frequently possessed not
only by the Japanese but aiso by Caucasians, it would be highly possibie to develop cancer
immunotherapy agents that are applicable to 30% of the Japanese and Caucasian lung cancer

patients.

35 Industrial Applicability
HIA-A2 is an HLA class [ allele possessed by approximately 30% of the Japanese



exam nations wth inforned consent. The CDCAl negative human col on cancer
cell line COL0201 was provided by the Health Science Research Resources
Bank. The HLA- A2 expression in these gggples was confirmed by flow
cytonetry using the HLA- A2 nonocl onal anti body BB7.2 (One Lanbda Inc.,
Canoga Park, CA). Lentiviral gene transfer: Lentiviral vector-nedi ated gene
transfer was performed using the nethod described i n Tahara-Hanaoka S,
etal. Exp. Hematol. 2002; 30:11-17. Briefly, 17 ug of CDCAl1 cDNA- 15

carryi 339 &J}%An G\Me'@ﬁmﬂ epnaed RcoRfidy &8hE pké%aﬁttmvaﬁabﬂgmyﬁaﬁ&rmm yoshi H,
etal . Virol 150-8157) and 10°jig o -VSV- G RSV- Rev _and
pHI Vgp cifetexig Tﬁﬁléﬁtb@ttd@@agm@cz@@ﬁs éﬁmegsmﬁmcoanﬂlexeé g neptdesand i lysiAdg

Li pof eciamdue. 26QQefrd) id fpaass a@@élﬂﬁfgaﬁo' RO prebatt hifRadon & beldphilted f ter 60

hours, the culture medi um was, col k}‘]garand V|ral grtlcles re. pelleted
by ul t imEeRetErgiFa O Blﬁgewee@b%n@w KetHRoPa. bhddgernest. e cglispended in
50 gL %rcﬁi?ﬁ»ﬂa g%s&%&m@@laﬁmamﬁ edisUbul@nik h@aﬁg}nﬁﬂlyﬁy&ﬂﬁd}%@ﬁbw\ﬂs added
to each well a U—bgttoned 96 gf Eglate cont ai.ni n %Eéhé§10201 cells
per welCRnCeE,5IeRsRas - Breatt At oS St et eamia g 6pfan e{zb‘h PRI VRest er n
bl ot anatixas.s. Tﬂxﬁdﬂ@bbﬂﬁeQ&er&Mdv\éﬁ)pmﬂﬁﬁ@ft@'ﬂapeutﬁiy&nﬁ)ﬁyt e-derived
DC cells mere ant i resenti ﬁ cells for induction of CITLs in
respon§89WB“ﬁL %?%H“%@ﬁ?&ﬂ mnﬁég wereight ai ned by previously '
reported in V|tro nmet hods (Suda T, et alL Cancer Sci. 2007; Nakahara S, et
al . Cancer Res. 2003;63:4112-8). Briefly, peripheral blood nonocytes
(PBMCs) isolated from HLA- A*0201 positive healthy volunteers and NSCLC
patients using a Ficoll-Paque solution (GE Healthcare UK, Ltd., 30

Bucki nghanshire, UK) were screened for CD8 positive CDl4 p05|t|ve
popul ati ons using McroBeads (MItenyi Biotec, Bergisch d adbach, Gernany)
To obtain DCs, the CD14 positive population was cultured in AIMV
(I'nvitrogen) containing 2% autol ogous plasna in the presence of 100 ng/nL
of granul ocyt e-macrophage colony stinulating factor (GWCSF) and 10 ng/ nL
of interleukin (I1L)-4 (PeproTec Inc., New Jersey, USA). Four days after

i ncubation, 350K-432 was added to the dish to prepare mature DCs. Five days
after the start of culture for cytolcine-induced DCs, the cells were pul sed
with 20 ug/nL of an HLA- A2 binding peptide for 31 two hours at 37C in

AM -V in the presence of 4 sig/nL of 132-m crogl obulin (Sigma-Aldrich, St.
Louis, MO, USA). These peptide-pul sed DCs were irradiated (3,500 cG) and
mxed at a 1:50 ratio with autol ogous CD8 positive T cells obtained from
PBMCs using anti-CD8 M croBeads (M Itenyi Biotec). The incubation was
carried out using 48-well plates, which were prepared to 5contain 0.5 nL of
AlMYV containing in each well 2% aut ol ogous plasma, 1 x 104 peptide-pul sed
DCs, 5 x 105 CD8 positive T cells, and 10 ng/nmL of human IL-7 (Wako, Osaka,
Japan). Three days after incubation, human IL-2 (PeproTec Inc.) was added
at a concentration of 20 11U nL Furthelinore, the T cells were restinul ated
W th peptide-pul sed autol ogous DCs on days 12 and 19. DCs were suitably
prepared by the above-nentioned nethod. Six days after the third 10pepti de
stimulation on day 25, the antigen-specific CTL response was eval uated by
Chromum (Cr) rel ease assay and | FN-y ELI SPOT assay. CTL response to target
cells:



CTLs were co-cultured at various effector celUarget cell ratios with
target cells which 15are various cancer cell lines and T2 cells with or

wi t hout peptide pulsing, and 51Cr rel ﬁgse assay and | FN-y ELI SPOT assay
wer e conducted using conventional nmethods (Komori H, et at, din. Cancer
Res. 2006; 12: 2689- 2697, Maldta M et at Cin. Cancer Res. 2002; 8:2626- 31;
Yokom ne K, et al. Cancer Sci. 2007;98:1930-5). Briefly, target cells were
| abel ed using 3.7 K Eq Na2 51Cr4 (Perkin Elnmer Life Sciences) at 37C for
one hour in a CX2 incubator. The | apelsgdig arget 20cells were rinsed-three
times, and peptide-pul sed target cells were prepared by incubating the
cells with 20 ligirrit of a peptide for three hours at 37C. The target

cel |'s yexf geftigxed (X &:sfbrGtor cells to a final- volume of 200 ialL on a
flat-bottonmed mcrotiter plate, .and then jncubated. Six hours after

i ncubafAompertde pempHsipg Beipa? fHa¢ sHIRCIRROICHIR R YeF ¥97gm each wel I, and |
r adi oagty Mhdprd¥edi BlUdiidrsbLle UHindkcR SRTERCCOARREID NTRE &12eGhbietn 63 BEOXI C
activity was, 25eval uat ed %cal u tlglg t he s‘{}%&fl Ség Lel ease rate
accor dPht Ve ARNERFETige THOPHEE(dlded Trsesrd Andiss addsd. Jd WhrgiioBerPige3.- 8) |
ELI SPOTh@sssdiotias (alie0 Trelliindused Raoey.ding to an existing nmethod (Konori H,
et at din. Cancer Res. 2006; 12:2689-97). I nducti on of CDCAI

responsi ve CTLs from PBMCs derived from HLA- A2 positive healthy 30donors:
PBMCs QETR: pepalifbfdaii 0ididn A2 £A510204opoRl frd ehd 1 ddridiyusdoracige of£D8- T
cel(gs wer.e co-cultured with nonocyte-derived DCs pul sed with the CDCA165-73
(NOO 1 foeteS 5 NGO 1) or CDCAL1351 359 (No. 4) (SEQ ID NO 2) peptide, and
the CDS-. T cells were stinulated three tinmes a week (Fig. 3A). 35CTLs

i nduce rom cancer, patients or al thy donors.were co-cultured with target
col | 5. SyoepRes s Ba R CoRad 900 R MBI 1) or

CDCA1351 359 (No. 4) (SEQID 32 NO 2) peptide were used as the tnrget,

and ELI,SPOT assa nd 51Cr rel ease assay e._per.formed. { - Fig.
36, rof mand e e T S R AR YA SalB e il SRR &

si @fi f clmantllay agbetisteangmbient.t he cells were stinulated with CDCAL 65 73 (No.
1) (SEQ ID NO 1) peptide-pulsed 12 than with unpul sed 12. CTLs i nduced
from heal thy donor 1 produced a 5l arge amount of IFN-y in response to
CDCA1351A858ent Ko tred)ing Skpd [DeNOting panpeptwhideh purhsisds R @ehdrs peptideés)hian 300
spot s I i Furthernore, CTLs derived from cancer patient
donor gﬁganrl] g)la %ﬁ‘b&é‘%@m& showed cytotoxic activity against 12 cells

pul sed with the CDCA165-73 (No. 1) (SEQ ID NGO 1) or CDCA1351 359 (No. 4)
(SEQ | . : ey . o =
e b R g T F e AL et de
at var eeirgtycoherein seit agsascommseTMeseriagigsaede(®eichén Epean agéyn ingedsat sed
T2 cells in a dose-dependent manner. Conpared to the response to unpul sed
T2 cells or to T2 cells pulsed with an HLA-A2 binding H V-derived peptide,
CTLs wer&npgamdoripdying e entigep-pregentingristiihatshopErtgtoxis (kidlsponed!-ingucte cel | s
pul sed ,atvid, RERLIARICARGEMH R LOOdr Hor c#i)g{umeo@die(fﬁléh&diﬂ_@ﬁae peptides of -
above-nenti'oned results show that these L's have peptide-specCific

158yt ol diasyn active ingredgnh201 i nto whi ch CDCAl was i ntroduced (COLO201 /
CDCAl, CDCAl+, HLA-A2+; Fig. 4A) was used as target cells to exam ne the

CDCAl specific inmmyne response of S. shown . in Fig. 4B, health

Gonor - SoAPPBEIETLBI SR A R BOBTHRITTY hed RTon 94 225 .cgffyﬂfeg@@f PGS 1)
pept i d@eﬁ@@g@edlaanIia@[gggracmgﬁedﬁhgI FN-y agai nst COL0201/ CDCAl1 20 than to
enpty vector-transfected COL0201 that does not express CDCAl. Heal t hy donor

2-derived CTLs stinmulated with the CDCA1331-359 (No. 4) (SEQ ID NGO 2)
pepbi d&. ahsetisdigvedirspieipbptidel ofalsive It esponse to COL0201/ CDCAL1 (Fig. 40).
Furthernore, these CTLs showed

10. A helper T cell, a cytotoxic (killer) T cell, or an immunocyte population comprising them,

which 1s induced using the peptide of claim 1.

35  11.An antigen-presenting cell that presents a complex comprising the peptide of claim 1 and an

HL A antigen.



i mmune response to PANCl1 cells (CDCAIt HLA-A2+), but not to A549 cells
(CDCAl1+, HLA-2-) (Fig. 4D). 25To apply CDCAl derived peptides to cancer

i nrnunot herapy, it would be nost inporiﬁnt for the CDCAL pepti de-responsive
CTLs to be able to show specific cytotoxicity against tunmor cells that
endogenously express CDCAL As shown in Fig. 4E, for cancer patient donor 1,
CDCALl reactive CTLs obtained using the CDCA165-73 (No. 1) (SEQ ID NO 1)
pepti de showed cytotoxic activity agai nst PANCL cells (CDCAl+, HLA-A2+),
but not to A549 cells 30 (CDCAl+, HLA-2-) or COL0201 cells (CDCA1l-,

HLA- A2+) . _Sim]arly, healthy_donor_ 1-derived CILs stinulated with_ the
CDCA135%: Brpantiggn-pagseptgecelinf fom 23, Waish ivadusrdhe dheiacat %fﬁef%ma%mn ty to
PANCLl cells (CDCAl+, HLA-A2+), but not to A549 cells (CDCAl1+, HLA-2-).
These results show t hat these tides are naturally processed in cancer
cell's &ﬁdxwé%*@meéaamﬁe%% e S, %/16’&'%? BEY SRR TSR,
andscan be recogni zed by CTLs. 35For detection of HLA-A2 restricted CDCALl
speci

7ot 7 e SRS Si5uPER AR Rt B ORG-S A e Co. Ltd.

(Nagoya, Japan). As shown in Fig. 4G anong CD8 positive cells, a strong

correl ati on S, observed between the. 51,-359 ti de-reactjve CTLsS
ond £ na st SerE R B RG 2 G Pr S PR ST DapByacy BIaIC Hkrho SR e oq
CDCAI petitityd ehsqhemindprGeGhe stepef eorpaceisg b aatipigprefdtitPBelpash thaseeplideef | s

us g i n,thi,s study. 5 Di scussion: I dentification of TAA-derived

peg idéngﬁat are naturally processed and presented on tunor cells is

inportant for the establishnment of peptide-based cancer inmunot herapy.

CDCAl iegh i novel. cancer/testis..apti,gen i tifhe (o)) .

i or oar by el BRI RE G ABR bR RR: 1R SLOMe Pt £ neivg
expr essetvityn wiSGLCnamenibe w&p of esoidssinpatpolynsclotadAnordipg tegientidwmst oot
expres i € rogpl tissues exam ned. Since the testis is a

ti ssuesliqg%)l %‘t&élg"?r?g%g{%%gicﬁ%une system CDCAl responsive CILs would attack
onlly NSCLC. Therefore, CDCAl was sel ected as a TAA for inrnunotherapy of

NSCLC pat j j: f..deleti j : ed
expr 5o on ik, SaaieE LG i ol b Bap i ) O oMonSBERERTEC | |
of i nmsaR withdbe pemidetiglaapyl, it was desired to identify TAAs essential for
the proliferation or survival of NSCLC that can be used as targets for

i nT nunot her ap cégpshitake Y, et al. CAin. Cancer Res. 2004;10:6437-48). It
has beds- Aapthredlpr infucingimamnity againg senees wWeeh eymprires Hetstipfedminsienren
spijpdl qnhdh&hiak Whklags 1899 skhjpgt ochores, and has an inportant role in the
mai.nt enance of cell cycle gDeLuca JO. et al. J. Cell Biol. 202002;

159: 549-55). Furthernore, CDCAl is a conponent of the nuclear division

cycl e (INDEm&ERGPoR ¥reatifll £10/RlpdskSn@l dReY, LaARh dbRip8sdsihd BEp BPRIPRIstAhE
chronmosomal segregation during mtosis, and is highly conserved regardl ess
of speéh%@eqﬁéépée’gﬂﬁézt@étsu‘éiFf%*- Cum Bi ol , 2003;13:2103-9). CDCAL is essenti al
for the Icinetochore locali7ation of centronmere protein E (CENP-E) in HelLa
cel ] s. .The suppressi on of . 1 _expression_ by si RNA causes abnor nal,

2508 oriDeAaPt Begre 9%&?%1 foF 5 RRiioR et 2 efuh e S Eme ey PORRSt cel |
deat h (deheerD, et aL J. Biol. Chem 2007;282:21415-24). This aberrant exit
frommtosis has the characteristics of both apoptosis and catastrophe
(DeLuca JO et aL J. Cell Biol. 2002; 159:549-55). That i's, CDCAl is

essent iZdl Ubenf thelpeplide off diaint | fon ttendodimips ofian kFgpofdr arbtinodml/dripréhating
prolifﬁéﬁgéon and survival of cancer cells.

30
22. The peptide of claim 1, for induction of immunity against cancer,

23. The peptide of claim 1, for treatment and/or prevention of cancer.



30CDCA1 and Icinetochore associated 2 (I CNTC2) are nenbers of the

evol utionarily conserved centronere protein conplex (Hayama S et al. Cancer
Res - 2006; 66: 10339- 48) . Innunostainingq%homs that their el evated expression
is associated with a poor prognosis of NSCLC patients (Hayama S, et al.
Cancer Res 2006; 66: 10339-48). Therefore, the expression |level of CDCAl in
NSCLC tissues is a useful marker for predicting the prognosis of patients
35after surgical operation. The involvenent of CDCAlL in the progression of
NSCLC i s suggested. Thus, isamoenet heragy that targets CDCAL may be effective
for NSCLC patients 34 with a poor prognosis. In the present invention, two
HLA- A2 restricted CDCAl epitope peptides that pronoted the production of
HLA- 42 r €8t OnNedHaRBRYSBCIENTES INSer e i dentified using HLA-A2 transgenic mce.
In addition, CDCAL reactive human CTLs coul d be prepared from heal t hy
donor-derived 5PBMCs stinulated with these peptides. These CDCAl

pept i de- sSPAXi fPATCERTIPE 8B PRAMAGEYT GAln ABRNT COMIPRY S tNGaTHEESABF ess CDCAL in an
"HLA- A2 restricted manner (Fig. 4). CDCAl1l derived peptides predicted
to have g?gh binding affinity to the HLA- AO201 nol ecul e were sel ected using
t he BI VA 1%%5“%?@? fowever, some of the anino acid sequences are not
conserved between human and nouse CDCAL There are two am no-acid

di fferenc 1 human and nouse sequences of the CDCAL165 73 ( No.
1) peptiJga?hgﬁgﬁkﬁﬁﬁ@g%%ZEv / mouse: YM VIPW EV), and one am no-acid

di f f er enc@4i>n 00f=0CHCAL1331. 339 (No. 4) peptide (human KLATAQFKI [ nouse
KLATARFKI ). However, in the present invention, induction of the
above-nenti oned epitope peptide-reactive CTLs from heal thy donors was

confi r meck18®5EDCERPTEER8R i ve CTLs were i nduced from heal thy donor-derived
PBMCs by digividasoosbh mul ati on usi ng the CDCAL peptides. CTLs induced by
pepti de-presenti ng DCs showed cytotoxic activity agai nst: CDCA- expr essi ng
cancer cells in an HLA-A2 restricted manner. Induction of healthy

donor - derdie@d 4&€DCAL specific CTLs is neaningful for the continuation of
further search for TAAs. Furthernore, induction of CDCAl reactive CTLs from
PBMCs 20i sol ated from patients with NSCLC, snmall-cell cancer,

chol angi cd&¥| (eartcarasivon® 4 bl adder cancer, and renal cell cancer is
currently being attenpted. There are several cell-nediated cancer

i mrunot her apy net hods i ncl udi ng peptide or protein vaccination (Rosenberg
SA, et al?'®at’ Med 1998; 4:321-7), inmunization with dendritic cells pul sed
Wi t h peptdsg¢les,g proteins, or tunor |ysates (Kugler A et al. Nat Med 2000;

6: 332-6), d X vi vo adoptive transfer using 25tunor-specific CIL |lines
(Fal kenbuﬁzgﬂmﬁ,?et al . Bl ood 1999;94: 1201-8). The CDCA | peptides
identifiedidn arhigigresent invention could be applied to these

i mrunot her api es. If the safety and effectiveness of cancer

i rmmunot her apy using peptides identified in the present invention, which are
presented28@ killer T cells via I-1LA-A2, can be shown in investigative

medi Ci ne, (64 NinCaki PRl FaLIAR I L& SRSl gRA10ul d be possible.
Furt hernore, by

<400> 1

Tyr Met Met Pro Val Asn Ser &lu Val
1 5

210> 2

211> 9
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213> Artificial



- 30identifying peptides presented to killer T cells via HLA-A2 which is
frequently possessed not only by the Japanese but al so by Caucasians, it
woul d be highly possible to devel op £ancer i mrunot her apy agents that are
applicable to 30% of the Japanese an ucasi an lung cancer patients.

35l ndustrial Applicability HLA-A2 is an 1-1LA class | allele possessed by
approxi matel y 30% of the Japanese 35 popul ation. The CDCALl pepti des
according to the present invention can induce human cytotoxic T cells that
darmage cancer cells expressing conpl exes of the peptides and HLA- A2

nol ecul es, . Therefore, the peptides according to the present invention can
be appliéﬁ2 o i mmunot her api es of |ung cancer, chol angi ocel |l ul ar carci nong,
bl adder carseran areitadiachl ynbeaied memdde peoshed € cancer, chroni c nmyel ogenous
| eukem a, malignant | ynphoma, cervical cancer, osteosarcona, breast cancer,
soft tissue sarcoma, and colon cancer, in HLA-A2 positive patients. Thus,

t he pepti<de® & e useful for the devel opnent of therapeutic agents for
suppressing the proliferation and progression of these cancers. 36 CLAIM -
1. A peptide of (A or éB) bel ow. (A) a peptide conprising the am no acid
sequence 8f LaE®d BirnEe Ginghedysg 1§ B) a peptide which conprises the am no
acid sequence of SEQGID NO 1 or 2, wherein one, two, or several am no
acid(s) are substituted, deleted, inserted, and/or added, and wherein the

pepti de shows cytotoxic (killer) T cell-inducing activity. 2. The
peptide of claim1, wherein the second amno acid fromthe Ntermnus is
| euci ne o &pqpthionine. 3. The peptide of claim1, wherein the
C-terminal amno acid is valine or |eucine. 4. An agent for inducing

i muni ty @i rfist cancer, which conprises one or nore peptide(s) of 15claim
1 as an agi{jwvegrngredient. 5. An agent for treating and/or preventing
cancer, which conprises one or nore peptide(s) of claim1l as an active

i ngredi en?!3” 206 Ti%d agent for inducing an antigen-presenting cell that
shows cytotoxic (killer) T cell-inducing activity, wherein said agent

conpri ses g e or nore peptide(s) of claiml1 as an active ingredient. 7.
An agent<F i nduci ng an antigen-presenting cell that shows cytotoxic
(killer) <p2elAnamdiiciaigy aptthedited, pephieecienuesae d agent conpri ses one or nore
pol ynucl eoti de(s) encodi ng the peptides of

400> 3

Phe Leuy Ser Giy lie Ile Asn Phe lle
1 5

210> 4

211> 9

{212> PRT

£213> Artificiat

<220,
{223> An artificially synthesized peptide sequence

400> 4

Arg Leu Asn Glu Leu Lys Leu Leu Val
1 5



25claim1 as an active ingredient. 8. An agent for inducing a cytotoxic
(killer) T cell, wherein said agent conprises one or nore peptide(s) of
claim1l as an active ingredient. 309. Qﬂ anti body agai nst the peptide of
claiml. 10. A helper T cell, a cyt&y ic (killer) T cell, or an

i mmunocyte popul ation conprising them which is induced using the peptide
of claim1. 37 12. The antigen-presenting cell of claim1l, which is
i nduced by the agent of claim6 or 7. 13. An exosone that presents a
conpl ex conprising the peptide of claiml and an HLA antigen. 14. The
exosonme of claim 13, wherein the I-1LA antigen is HLA-A2 (HLA- A2*0201) .
15. A nethod for inducing an antigen-presenting cell that shows cytotoxic
(killer) <pi@eld -i nducing activity, which conprises the step of contacting
an antigg&iﬁquenting cell with the peptide of 10claiml. 16. A nethod for
i nduci ng an ‘anti gen-presenting cell that shows cytotoxic (killer) T

cel | -i ndu@ii?vg RREti vity, which conprises the step of introducing a

pol ynucl egtide, gngeding the peptide of claim1l into an antigen presenting
cell. 15 17. A method for inducing a cytotoxic (killer) T cell, which
conprises the step of contacting a T cell with the peptide of claim1.

18. A netdregh for inducing inmunity agai nst cancer, which conprises the step
of admi ni ring 20_the peptide of claiml1 to a subject. 19. A nmethod for
treating @% /d&‘ﬁ?é@éﬁ?fﬁ@“@ FRCEF PRAT ChSPUHSFi ses the step of

adm nistering the peptide of claim1l to a subject. 25 20. Use of the

pepti de ofy0 Ia§n11 for the production of an agent for inducing immunity
agai nst cancer. 21. Use of the peptide of claim1l for the production of an
agent for treating and/or preventing cancer. 30 22. The peptide of claim
1, for ingdyqgtlan, ks isMni £y @gaidst cancer. 23. The peptide of claiml,
for treatnent and/or prevention of cancer. 1/17 SEQUENCE LI STI NG <110>
ONCOTHERAPY SCI ENCE PNC. |

210> 6

<211y 9

212> PRT

<218> Artificial

{2205
223> An artificialiy synthesized peptide sequence

<400> 6

Phe Leu Trp Gin Tyr Lys Ser Ser Ala
1 5

e 7

211> 9

{212> PRT

213> Artificial

220>



<120> CDCA1l PEPTI DE AND PHARMACEUTI CAL AGENT COWPRI SI NG THE SAME <130>
ONC- AO712P <140> POT/ JP2008/ 060837 <141> 2008-06- 13 <150> JP 2007-214000
<151> 2007-08-20 <160> 41 <170> Pate sz version 3.4 <210> <211> 9 <212>
PRT <213> Artificial <220> <223> An %ificially synt hesi zed pepti de
sequence <400> 1 Tyr Met Met Pro Val Asn Ser GQu Val 15 <210> 2 <211> 9
<212> PRT <213> Artificial 2/17 <220> <223> An artificially synthesized
pepti de sequence <400> 2 Lys Leu Ala Thr Ala G n Phe Lys Ile 15

223> An artificially synthesized peptide sequence
400> 7

Thr Leu Ser Phe Pro Arg Tyr Asn Val
1 5

210> 8

211> 9

212> PRT

213> Artificial

{220>
<223> An artificially synthesized peptide sequence

400> 8

Cys Leu Pro Ser Gys Gin Leu Glu Val
1 5

<210> 9

Q21> 6

212> PRT

<{213> Artificial

{220>
£223> An artificially synthesized peptide sequence

<400> 9

Ala Val Tyr Glu Arg Vai Thr Thr ile
1 5



(210> 3 (211> 9 <212> PRT <213> Artificial <220> <223> An artificially

synt hesi zed peptide sequence <400> 3 Phe Leu Ser Gy Ile Ile Asn Phe Ile 5
<210> 4 <211> 9 <212> PRT <213> Artig/i gi al <220> <223> An artificially

synt hesi zed pepti de sequence <400> 4 Arg Leu Asn Qu Leu Lys Leu Leu Val 15
<210> 5 <211> 9 <212> PRT <213> Artificial <220> <223> An artificially

synt hesi zed peptide sequence <400> 5 @ n Leu Ser Asp Ay He Gn Qu Leu 15
<210> 6 <211> 9 <212> PRT <213> Artificial

210> 10

{211y 9
{212> PRT
<213> Artificial

{2200
{223> An artificially synthesized peptide seaquence

<400> 10

Thnr Val lle Glu Asp Cys Asn Lys Val
1 5

210> 11

211> 9

{212> PRT

213> Artificial

{2207
<223> An artificially synthesized peptide sequence

<400> 11

Lys_E%e Val Asp Ser Pro Gilu Lys Leu
1 5

210> 12

211> 9

<212> PRY

213> Artificial

<2207
{223> An artificially synthesized psptide seguence



<220> <223> An artificially synthesized peptide sequence <400> 6 Phe Leu
Trp Gn Tyr Lys Ser Ser Ala 15 <210> 7 <211> 9 <212> PRT <213> Artificial
4/ 17 <223> An artificially synthesi Zé% 7pepti de sequence <400> 7 Thr Leu Ser
Phe Pro Arg Tyr Asn Val 5 <210> 8 <211> 9 <212> PRT <213> Artificial <220>
<223> An artificially synthesized peptide sequence <400> 8 Cys Leu Pro Ser
Cys Gn Leu Gu Val 5 <210> 9 <211> 9 <212> PRT <213> Artificial <220>

400> 12

‘Lys Met Lys Asp Thr Val Gin Lys Leu
1 5

210> 13

2117 9

{212> PRT

{213> Artificial

(220>
{223> An artificially synthesized peptide sequence

<400> 13

Leu Vai Thr His Leu Asp Ser Phe Leu
1 5

210> 14

211> 9

<212> PRT

213> Artificial

(220>
{223> An artificially synthesized peptide sequence

<4007 14
Lys lle Asp Glu Lys Thr Ala Giu Leu

1 5

210> 15
211> 9



<223> An artificially synthesized peptide sequence <400> 9 Ala Val Tyr Qu
Arg Val Thr Thr Ile 5/17 <210> 10 <211> 9 <212> PRT <213> Artificial <220>
<223> An artificially synthesized peﬂque sequence <400> 10 Thr Val Ile Qu
Asp Cys Asn Lys Val 15 <210> 11 <211> 9 <212> PRT <213> Artificial <220>
<223> An artificially synthesized peptide sequence <400> 11 Lys lie Val Asp
Ser Pro Qu Lys Leu 15 <210> 12 <211> 9 <212> NT

{212> PRT

<213> Artificial

{2207
£292> An artificially synthesized peptide sequence

{400> 15

Lys lie Asn Lys Lys His Glu Asp Va!
1 5

Q210> 18

211> 9

<212> PRT

213> Artificial

{2200
{923> An artificially synthesized peptide seguence

<400> 18

Lys Leu Lys Ser Gin Glu lle Phe Leu
1 5

2100 17
211> 9
<212> PRT
213> Artificial

{2200
223> An artificialiy synthesized peptide sequence

<400> 17



<213> Artificial 6/17 <400> 12 Lys Met Lys Asp Thr Val G n Lys Leu 15
<210> 13 <211> 9 <212> PRT <213> Artificial <220> <223> An artificially
synt hesi zed pepti de sequence <400> 1%1I?eu Val Thr His Leu Asp Ser Phe Leu
15 <210> 14 <211> 9 <212> PRT <213> Artificial <220> <223> An artificially
synt hesi zed peptide sequence <400> 14 Lys Ile Asp Qu Lys Thr Ala G u Leu

15 <210> 15 7/ 17
Phe Leu Pro Phe Ser Asn Leu Val Thr
1 5

<210> 18
211> 9
<212> PRT
213> Artificial

{2207

<223> An artificially synthesized peptide seguence
<AQQ0> 18

Leu Met Ile Val Lys Lys Glu Lys Leu
1 b

210> 19

211> 9

212>  PRT

213> Artificial

{2200
£223> An artificially synthesized peptide sequence

<A00> 19

|le Leu Oys Pro Lys Ala Lys Arg Thr
1 5

210> 20

211> 9

212> PRT

213> Artificial



<212> PRT <213> Artificial <220> <223> An artificially synthesized peptide
sequence <400> 15 Lys Ile Asn Lys Lys Hs Qu Asp Val 15 <210> 16 <211> 9
<212> PRT <213> Artificial <220> <22gp7An artificially synthesized peptide
sequence <400> 16 Lys Leu Lys Ser G n Gu Ile Phe Leu 15 <210> 17 <211> 9
<212> PRT <213> Artificial <220> <223> An artificially synthesized peptide
sequence 8/17 Phe Leu Pro Phe Ser Asn Leu Val Thr 15

{2207 _ _
{223> An artificially synthesized peptide seatence

<400> 20

Val Leu His Met 1le Tyr Met Arg Ala
1 5

210> 21

211> 9

212> PRT

213> Artificial

{2202
223> An artificially synthesized peptide sequence

400> 21

Leu Leu Val Vai Ser Leu Lys Glu lle
1 ' 5

210> 22
211> 10
{212> PRT
<213> Artificial

{2207
{223> An artificially synthesized peptide seguence

<4007 22

Lys Leu Leu Val Val Ser Leu Lys Giu lile
1 5 16



<210> 18 <211> 9 <212> PRT <213> Artificial <220> <223> An artificially
synt hesi zed peptide sequence <400> 18 Leu Met Ile Val Lys Lys Qu Lys Leu
15 <210> 19 <211> 9 <212> PRT <213> @y#}ficial <220> <223> An-artificially
synt hesi zed peptide sequence <400> f |l e Leu Gys Pro Lys Ala Lys Arg Thr
15 <210> 20 <211> 9 <212> PRT <213> Artificial 9/17 <220> <223> An
artificially synthesized peptide sequence

210> 23

Q11> 10

212> PRT

{213> Artificial

{220
{223> An artificially synthesized peptide sequence

<400> 23

Arg Leu Asn Giu Leu Lys Leu Leu Val Val
1 5 10

210> 24
211> 10
<212> PRT
<213> Artificial

{2207
{223> An artificialily synthesized peptide seaquence

<400> 24

Gin Leu Tyr Gin Lys Lys lle Gin Asp Leu
1 .5 10

<210> 25

<211 10

(212> PRT

<213> Artificial

220>



<400>
<213>
<400>
<213>
<400>

20 vVal Leu H's Met Ile Tyr Met Arg A
Artificial <220> <223> An artificiall
21 Leu Leu Val Val Ser Leu Lys%ﬁiy Il
Artificial <220> <223> An artificial
22 Lys Leu Leu Val Val Ser Leu Lys GQu

a
y
e
y

10 <212> PRT <213> Artificial <220> <223> An
peptide sequence <400> 23 Arg Leu Asn Gu Leu Lys Leu Leu Val Val 15 <210>
24 <211> <388><Ad 28t PRT) a< RS+ tdeh i pep@ilde sequence

<4007 25

Asn Leu Val Thr His Leu Asp Ser Phe Leu
T 5 10

210> 26

211> 10

212> PRT

213> Artificial

<220>

15 <210> 21 <211> 9 <212> PRT
synt hesi zed pepti de sequence
15 <210> 22 <211> 10 <212> PRT
synt hesi zed pepti de sequence
Ile 1510 10/17 <210> 23 <211>
artificially synthesized

223> An artificially synthesized peptide seguence

400> 26

Lys Gln Leu Ser Asp Gly llte GlIn Glu Leu
T 5 ' 10

{2100 27

211> 10

{212> PRT

213> Artificial

{2207

223> An artificialiy synthesized peptide seaguence

400> 27

fet ile Tyr Met Arg Ala Leu GIn lle Val
1 5 10



<220> <223> An artificially synthesized peptide sequence <400> 24 G n Leu
Tyr G n Lys Lys Ile Gn Asp Leu 1510 <210> 25 <211> 10 <212> PRT <213>
Artificial <220> 11/17 <223> An artf%’y:i ally synthesized peptide seqguence
<400> 25 Asn Leu Val Thr H's Leu Asp r Phe Leu 1510 <210> 26 <211> 10
<212> PRT <213> Artificial <220> <223> An artificially synthesized peptide
sequence <400> 26 Lys G n Leu Ser Asp Ay Ile Gn Qu Leu 1510 <210> 27
<211> 10 <212> PRT <213> Artificial <220> <223> An artificially synthesized
pepti de emienge <400> 27 Met He Tyr Met Arg Ala Leu Gn Ile Val

211> 10
{212> PBRT
<213> Artificial

{2200
<223> An artificially synthesized peptide sequence

<400> 28

Lys Leu Gly lle GIn Gin Leu Lys Asp Ala
1 5 10

<10> 29

<211> 10

{212> PRT

213> Artificial

{2200
223> An artificially synthesized peptide seguence

<{400> 29

Arg Leu Met lie Val Lys Lys Glu Lys Leu
i 5 10

2100 30
211> 10
{212> PRT
213> Artificial

(220>
{223> An artificially synthesized peptide seguence



1510 12/17 <210> 28 <211> 10 <212> PRT <213> Artificial <220> <223> An
artificially synthesized peptide sequence <400> 28 Lys Leu Ay Ile Gn Gn
Leu Lys Asp Ala 1510 <210> 29 <211>3(<212> PRT <213> Artificial <220>
<223> An artificially synthesized peptide sequence <400> 29 Arg Leu Met Ile
Val Lys Lys G u Lys Leu 1510 <210> 30 <211> 10 <212> PRT <213> Artificial
13/17 <400> 30 Lys Leu Ala Ser Ile Leu Lys Qu Ser Leu 1510 <210> 31 <211>
10 <212> PRT <213> Artificial <220> <223> An artificially synthesized

pepti de séfpente

Lys Leu Ala Ser [le Leu Lys Glu Ser Leu
1 5 10

210> 3t

211> 10

{212> PRY

{213> Artificial

2200
223> An artificially synthesized peptide seaquence

<400> 31

iie Leu Thr Gly Ala Asp Gly Lys Asn leu
1 5 10

210> 32
211> 10
{212> PRT
213> Artificial

{2200
{223> An artificially synthesized peptide seguence

400> 32
Ser Leu Asn Gin Asp Phe His Gin Lys Thr

1 5 10

210> 33
211> 10



<400> 31 Ile Leu Thr Ay Ala Asp Gy Lys Asn Leu 1510 <210> 32 <211> 10
<212> PRT <213> Artificial <220> <223> An artificially synthesized peptide
sequence <400> 32 Ser Leu Asn G n Asp/Phe H's An Lys Thr 1510 <210> 33
14/ 17 <212> PRT <213> Artificial <220> - <223> An artificially synthesized
pepti de sequence <400> 33 Ala Leu Gn lle Val Tyr Ay Ile Arg Leu 1510 _
<210> 34 <211> 10 <212> PRT <213> Artificial <220> <223> An artificially

synt hesi zed peptide sequence <400> 34 Val Leu His Met Ile Tyr Met Arg Al a
Leu <212> PRT '

<213> Artificial

{2200
. €223> An artificially synthesized peptide seguence

<400> 33

Ala Leu Gin lie Val Tyr Giy lle Arg Leu
1 5 10

{210> 34
211> 10
<212> PRT
213> Artificial

{2200
{223> An artificially synthesized peptide seguence

<400> 34

Val Leu His Met Ile Tyr Met Arg Ala Leu
1 5 10

210> 35
211> 10
{212> PRT
213> Artificial

{2200
{223> An artificiaily synthesized peptide seguence

{400> 35



1510 <210> 35 <211> 10 <212> PRT <213> Artificial <220> <223> An
artificially synthesized peptide sequence 15/17 Asp Leu Tyr Pro Asn Pro
Lys Pro Gu Val 1510 <210> 36 <211> 1/19212> PRT <213> Artificial <220>
<223> An artificially synthesized peptide sequence <400> 36 Lys Leu Gu Arg
Leu Asp Ser Val Pro Val 1510 <210> 37 <211> 10 <212> PRT <213> Artifici al
<220> <223> An artificially synthesized peptide sequence <400> 37 Tyr Met
Met Pro Val Asn Ser G u Val Met 1510 <210> 38 <211> 10 <212> PRT <213>
Artificidse Leg/Ter Lp@@sn Pro Lys Pro Glu Val

1 5 10

210> 36

Q11> 10

<212> PRT

{213> Artifiscial

{2200
223> An artificially synthesized peptide seguence

<400> 38

L.ys Leu Glu Arg Leu Asp Ser Val Pro Val
1 5 10

210> 37

211> 10

212> PRT

213> Artificial

{2200
223> An artificially synthesized peptide seguence

<400> 37

Tyr Met Met Pro Val Asp Ser Glu Vai Met
1 5 10

<210> 38
211> 10
212> PRT
<213> Artificial

&



<223> An artificially synthesized peptide sequence <400> 38 G n Leu Asn Al a
Ala Hs Gn Qu Ala Leu 1510 <210> 39 <211> 10 <212> PRT <213> Artificia
<220> <223> An artificially synthesi®®d7pepti de sequence <400> 39 Arg Leu
AQu H's Phe Tyr Met Met Pro Val 1510 <210> 40 <211> 10 <212> PRT <213>
Artificial <220> <223> An artificially synthesized peptide sequence <400>
40 Leu Met Ile Val Lys Lys Qu Lys Leu Ala 1510 17/17 <210> 41 <211> 10
<212> PRT <213> Artificial <220> <223> An artificially synthesized peptide
sequence <400> 41 Ala Gu Leu Lys Arg Lys Met Phe Lys Met 1510

{2200

{223> An artificially synthesized peptide sequence
<400> 38

Gin Leu Asn Aia Ala His Gin Glu Ala Leu
1 5 10

<210> 39

211> 10

<212> PRT

213> Artificial

{2200
{223> An artificially synthesized peptide seqguence

<4007 39

Arg Leu Glu His Phe Tyr Met Met Pro Val
i 5 10

210> 40
Q1> 10
212> PRT
(213> Artificial

{2207
(223> An artificially synthesized peptide segquence

400> 40

teu Met |le Val Lys Lys Glu Lys Leu Ala
1 5 10



17/17

210> 41
Q1> 10
212> PRT
13> Artificial

{2207
£223> An artificially synthesized peptide sequence

400> 41

Ala Glu Leu Lys Arg Lys Met Phe Lys Met
1 5 10



