Description Title of Invention: CDCA5L {PEPTI DES AND VACCI NES | NCLUDI NG THE
SAME Technical Field [0001] Priority The present application clains the
benefit oVOWO®/13P96Vi si onal Applications No. 61/217, 133 PCTiJpdo/ors4sdky 26,
2009, the entire contents of which are incorporated by reference herein.
The present invention relates to the field of biological science, nore
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Accordingly, more effective treatment modalities are urgently required, and im-

munotherapy represents one promising approach for future lung cancer therapies
(NPLs 3-5).

[0003]  The success of therapeutic cancer vaccines may ultimately rely on the identification
of immunogenic antigens that are overexpressed in tumors relative to normal tissues.
Effective induction of cytotoxic T lymphocytes (CTLs) by tumor-associated antigen
(TAA) has shown promising results (NPLs 6-7). Recently, the development of cDNA
microarray technologies, coupled with genome information, has provided com-
prehensive profiles of the gene expression of malignant cells, which may then be
compared with those of normal cells (NPL 8). Gene expression profiling with cDNA
microarray technologies constitutes an effective approach for the identification of new
TAAs useful for cancer diagnosis and immunotherapy (NPLs 9-12).

Although several candidate TAAs expressed in lung cancer have been published
(NPLs 13-14), it is important to identify multiple TAAs overexpressed in a given
cancer to develop more effective T cell-mediated cancer immunotherapy (NPL 15).
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appropriate targets is of extreme inporgance. As noted above, CDCASL (a
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inducibility and, thus, can be used to induce CTL ex vivo or to be administered to a
subject for inducing immune responses against cancers such as testicular tumor,
pancreatic cancer, bladder cancer, non-small cell lung cancer, small cell lung cancer,
breast cancer, esophageal cancer, prostate cancer, chronic myeloid leukemia (CML),
soft tissue tumor, gastric cancer, hepatobiliary cancer, colorectal cancer and the like.
Preferred peptides are nonapeptides or decapeptides, and more preferably, those having
an amino acid sequence selected from among SEQ ID NOs: 1 to 16. Of these, the
peptides having an amino sequence selected from among SEQ ID NOs: 2, 3, 4, 7 and
12 showed strong CTL inducibility and thus are most preferred.

[0009]  The peptides of the present invention encompass those wherein one, two or more
amino acids are substituted deleted or added, so long as the resulting modified peptides

retain the original CTL inducibility.



responses agai nst cancers much |ike the present peptides. [0010] Wen

adm ni stered to a subject, the present peptides are preferably presented on
t he surf awe 20f0/13P38 so as to i nduce CTLs targeting the PesPRAIOBG4$8pt i des.
Accordingly, it is a further object of the present invention to provide
conpositions or agents that induce CTL, such conpositions or substances
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step of co- caBeif mﬁbld@ﬁeonﬁd%mqree @éIPFBU%StOﬁPS@llﬁ@éC 6‘?Ud€§8§%‘ﬁé’§esﬁ?tesentl ng a

pepti de of th@veﬂfl@@ qﬂtaddhﬁu@m arorAfistéddSor Sk ifafeenenﬁbh@rp@hdaei )polyfnhe met hod
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coding for a‘ O&”f é‘B?%er“ TXERPSUBLMI ¥ 56T B CP&%SCE apadl @" ¥ bPRdi ng
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t he present mmtehodsor by introducing a polynucleotide encoding such a peptide into APCs. Such
APCs have high CTL inducibility against target peptides and find use in cancer im-
munotherapy. Therefore, the present invention encompasses the methods for inducing
APCs with CTL inducibility and the APCs obtained by such methods.

[0012]  The present invention also provides a method for inducing CTL that includes the step
of co-culturing CD8 positive cells with APCs or exosomes presenting a peptide of the
present invention on its surface. Alternatively, the method may include the step of in-
troducing a gene that includes a polynucleotide coding for a T cell receptor (TCR)
subunit polypeptide capable of binding to a peptide of the present invention. The CTLs
obtained by such methods can find use in the treatment and/or prevention of cancers,
examples of which include, but are not limited to, testicular tumor, pancreatic cancer,

bladder cancer, non-small cell lung cancer, small cell lung cancer, breast cancer,



[0013] It is yet another object of thegresent invention to provide mnethods
for inducing an i nmune response agai nst cancer in a subject in need
t her eof , WochiBr196ds i ncl uding the step of adm ni st eri RETIBZPOBI3HSE0ONS O
agents including the CDC45L pol ypeptides of the present invention or an
i mrunol ogi cally active fragnent thereof, polynu cleotides encoding the
CDCA5L pol ypep%ﬁhdg@l o4dnckh i@rcﬂt@@&gfceﬂ, oh®Aic rﬁfhloidﬂeL]?ééﬁﬁszfmﬂL@,l’hsofth'ﬁsdéPCS
presenting such CDCA5L po eptides. [0014] .Specifica - resent
Prvent | on’pr dineiseteePEry BERRY TRy i Sy BB Bt TR de
bi ndi ng t o amprddert invenitige anamepassesitigCELs¢ obtadied bY theypresehomytheds. ( CTL)
i nduci bhhitiy, ] i 1 J : i 0 | sting
of 1 he et e Ao R e e e, A e R RE RN RS e
fragment thed@pfune feSponsgagpigs] capesy ipa pehierd ippeqiithereqf, spchi methads ipgladiagt i gen
is HLA- A24 e f&p ofl RlmidRRrihS Qbﬁb@ﬁti&%ﬂﬁ'a@&t@fncf@lr@he CRIG45MenRieptigal d
pepti de conpri.ses an am no. aci d seque ce.s?lecte% romthe grqgg consi sting
of : (a) SEQ rphR@eset inyentipn of ag gggmpgologically pytivegrggmenBgreol paynys = 7 gng
12, wherein tleoBdesencsdivg el CROUFO palgpelgidas of e pratnttintention) dreeododtks or
del eted and/ qr ] The } d tide of any one of [1] to [3],
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wherein the peptide®has ofe or [ ' ol l ow ng characteristics: (a)
t he sed0Wld amiSpecidicilly, threopresint mwvemtimmsprpwides the doltmyding { Hdo{321be an ani no aci d

sel ected from Stk Sl f ' L YLOS) 1i oni ne
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and tryptophan; ) G nal amno acid is o s nodi fired to be
an ani no aci dheeitesd(dd) indiwitilie. Whesel e pentideiinderbred prany palyasntide, | euci ne,
i sol euci ne, thyditRRAMANMInGRERIseidAee of SEQTDENOS M at StinReRidIsEc Oy RfiYe ONE
of [1] to [3]., wherein fhe peptide has one or both of the follow ng
characteristi%@gw?gﬁaFﬂ second anmino acid fromthe N-terminus is or is
nodi fi ed t o bd2HThanvlhedgyepidesd [ tvadrdin dra Hha agtiganpis ¢ siARMIianA2f | euci ne

4 et hi oni nes ‘ e . : LS > g2 b
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The i sol at ed sp@jghéadeelastedrym dheegrofp farsistiog p6], wherein the peptide is

nonapept i de or,fecareriOgde. 2[ 717 M ixsghat ed pol ynucl eotide encoding the
pepti de of any one q osition for inducing CTL

wherein the cd%%@@tlic)&?[ﬁ(l)%d‘ltwgr {%seén R W@Pr%(ffb &> OF SaVRE! BB AP HC SBB- forth
in any one oktifuldd, irRefia] delefed@n@optidd¥ar e of the pol ynucl eotide(s) set forth
orophyl axi & oft Ioep Besararec e Bl By bat Foiss T oY webom
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(a) the second amino acid from N-terminus is or is modified to be an amino acid
selected from the group consisting of phenylalanine, tyrosine, methionine and
tryptophan; and
(b) the C-terminal amino acid is or is modified to be an amino acid selected from the
group consisting of phenylalanine, leucine, isoleucine, tryptophan and methionine,
[5] The isolated peptide of any one of [1] to [3], wherein the peptide has one or both
of the following characteristics:
(a) the second amino acid from the N-terminus is or is modified to be an amino acid
selected from the group consisting of leucine and methionine; and
(b) the C-terminal amino acid is or is modified to be an amino acid selected from the
group consisting of valine and leucine,
[6] The isolated peptide of any one of [1] to [5], wherein the peptide is nonapeptide
or decapeptide,
[7] An isolated polynucleotide encoding the peptide of any one of [1] to [6],
[8] A composition for inducing CTL, wherein the composition comprises one or

more of the peptide(s) set forth in any one of [1] to [6], or one or more of the polynu-



conprises one or nore of the peptide(s); set forth in any one of [1] to [6],
or one or nore of the polynucleotide(s) of [7], [10] The pharnaceuti cal
conposi t W 20f0/132395f or mul ated for the adm nistration toPaTgRM1@003488hose HLA
antigen is HLA-A24 or HLA-A2, [11] The pharmaceutical conposition of [9] or
[10] formul ated for the treatnment of cancer, [12] A method for inducing an
anti gen- prese[&)'tiags)t:@tfmﬂﬂl?@ with CTL inducibility conprising a step

S e T O F SRu PR TA MR v TG AR oB Gl By

i ntroduci ng ar ﬂwlgrﬂmhembfﬂhepestopdaun‘g: tebargrep thedef ofheray thneoroposftign t o [ 6]

i nt APC,

I nto an ghlélw?}lsé“dﬁﬁtop%ré 8Fthle? s%rt?“’{'ﬁ{gg cu(ﬂ[‘ﬁ]r gj"%g%&eo&ip“ ses a

step selecte om th oup con positive T
cells with AP@‘COW@HIW@%N%S)GMY]ES surface a conplex of an HLA antigen

an?l t he Pﬁpt i 6® e p?lﬁﬁfné?:@@tl&ﬁ c&rﬁi)ostiﬁbl{&][Q ﬁo@ﬂlu%%d%f {h'ératiﬂfinﬁ%#oﬂ(w h}_':_xe T
cells wi €X0S0one rese rface a conplex of an

anti gen and éu]fiﬁ‘ﬁt"f ég\lgllli“Aa lgﬁﬂésn%f‘A[[g% H?Z\IAgand (c) introducing a gene
t hat conpri s¢sl|aheghymicketdal dempositixsh ¢fq9]aor1[10pfdrmnmnbﬂme(tf56]ﬁ)ens gbuni t

pol ypepti de C%‘? ple of binding to the peptide of any one of [1] to [6] into

aTcell, AR i sol ated APC t hat presents on its surface a conplex of an
HLA anti gen ahd A hethpddoi tdughig amynteges-pyésepting ¢adl (AG16) WitsC TThedwsdigf [ 14],

whi ch i's '”d‘éS gnmgfafgﬁe @@febl@gﬁ%]}n{h\]:%}oup[c%ﬁllsﬁfgéﬁm ated CTL that targets
any of the p he CTL [ 16]., which is induced

by the met hoéia &pntafgl}g af ébF Wthr@ﬂh’éﬁ“@ﬁoﬁaﬁ&i@éi? AGIARO [GhiRiNEOs 8% FRSE ihgai nst
cancer in a sukjesd, wherein the nethod conprises adnministering to the

SUbLCL 8 TR S008I SBER ol 8 )

pol ynucl eoti dH{(5) encoding the peptide or the fragment, [19] An antibody or

fragment ther[ﬁﬂcz} gl Qe Sf%ﬁ%{aﬁ C‘['iecogz%ﬁﬂ ﬁllg?]ne% cicgz%\]ug}r%ei ?lta%LgiQ teﬁiﬁ%“ or

conprising a equente en
[6], [2I] A hllﬁsgm@lep(l)nﬂsmaﬁ@for med or transfect ed with an expression vector

accor di ng to(i)?c%louhﬁﬂ% (2’51 &sﬂiv%mﬂs '\xﬁthkAPCé?%Hi’cEH ﬁb%t@&%t@é‘urﬁa@@ pepti des
of [1] to [6] he nucl eotid or the anthOdiﬁ%/ 19 . [0015] The

appl i cabi | i t foBplex aﬁ%@s/’eﬁmlgeﬁ@@ﬁfhe&r%%%qus% taﬂ la nurrber di seases

(b) co-culturing CD8 positive T cells with exosomes, which presents on its surface a
complex of an HLA antigen and a peptide of any one of [1] to [6]; and

(c) introducing a gene that comprises a polynucleotide encoding a T cell receptor
(TCR) subunit polypeptide capable of binding to the peptide of any one of [1] to [6]
intoaT cell,

[14] An isolated APC that presents on its surface a complex of an HLA antigen and the
peptide of any one of [1] to [6],

[15] The APC of [14], which is induced by the method of [12],

[16] An isolated CTL that targets any of the peptides of [1] to [6],

[17] The CTL of [16], which is induced by the method of [13],

[18] A method of inducing an immune response against cancer in a subject, wherein
the method comprises administering to the subject a composition comprising one or
more peptide(s) of [1] to [6], one or more immunologically active fragment(s) thereof,
or one or more polynucleotide(s) encoding the peptide or the fragment,

[19] An antibody or fragment thereof against any of the peptides of [1] to [6],

[20] A vector comprising a nucleotide sequence encoding any of the peptides of [1] to
[6],

[21] A host cell transformed or transfected with an expression vector according to [20],

and



relating to or arising from CDCA5L overgexpression, such as cancer, exanples
of which include, but are not limted to, testicular tunor, pancreatic
cancer, bveadsvisg@acer, nonsmall cell |ung cancer, snal IPCEgPR01)/003g8Cancer,
breast cancer, esophageal cancer, prostate cancer, chronic nyeloid | eukem a
(CM), soft tissue tunor, gastric cancer, hepatobiliary cancer, and

col orectal camgeg dlakﬁ&:h@]klt' d&nﬂﬁl@inrg'aﬂ? of ﬁletﬂé?tli@c%%%?l 1 BUHE Ehe\?ﬁic%ﬁlée 8ha
ul Iy apparen en the

features of th mvg@@ ofr}m becone nore
fol | owi ng detaf eé’é‘“ c? on is read in conjunction with the acconpanying
fi gur e30Girdd e)aﬁlmmhcabﬂby\@f/éle pre¢sent igvensiopexgndetosing ad atnhatbebdwsctasme

foregoing s UE‘HQ&%% t%%r%ﬂﬁp??x%ﬁ?@b%@%%ﬁg%@re@ﬁ&l 08 £:QlahoW 89 ?és"%J

descri pt ion are exe ed e and not restricti
present i nvemtqlgls. bat ase n@rllraquépn@ﬁ@%@mwm%e%w CRPRET dﬂ@%ﬂ@hﬁamﬁrvewmr on.

I'n particul agmaen @inl Q@nédﬂvs@ﬁlill &,ﬂl 1h§% desed bRas claﬁée@lé@dw %Qalrcgﬁ&&ence to a
nunber of specific e iiments cjate at the

descri ption PESA (APl R?Blcd’flyetlﬁ%l@ lﬁ’lﬂ"\‘?gﬁ% &}ﬁﬁéﬁ&ﬁ iUSSYEHIMOB #EETiIG CRUE-as
limting of mhpatomumytdaﬁcfer Mardotrsctaiedndercat i ons and appl i cations may occur

tot hOZSOIVg;]? tEir %d&llt(l- keﬁile aBO\; r E)b e\% %ncgféa%u%es §) t e 1n el 10%%1&1%%03% rit and

t he scope € i nven I on, esc cI ai s 'kew se,
ot her obj ect sqor¢ éuitmp@srenbwh@f iht:§olhwdngdvraﬂ¢ch@®snpﬁort1heea|dnesemjun¢tmemh on

wi |1 be apparggnfcchi,pmyity f %HW é&aﬁ@ sCAb @‘ve@ E@Q%%Héétoggﬁﬁ’t b%%@m ow,

and will be readily a are to those skil inthe art. Suc bj ect s,
features, beh¥EEeig a%maav%frfh%@&ewwenw &rpiptaﬁ é@ﬂowmg) Aeteited %%Iélanﬁfe

conj unction Efbrﬁﬁlﬁle@%mﬁﬁ%m An&XaimEstiveddtthe plebdhid if@nadtoddther

bl th f d t f
{ho.ref er encalomHEaTSERIGYHBY BIAE BeBRObIE ePTEL o U 1% SOEHS £0017)
Vari ous aspedescribndhappl witlatdf@nsceadh atriventer eSeetiticrrueot inomtiyit willdec apre
apparent to épe%izﬁgi Jth%tetﬂa ag:}ch?ﬁgn §Hﬁﬁ'su%80§ bEgE ?\weﬁﬁoﬁ)gnc{ 1l %ol%dn%&u EPGL | ﬁt on

of the figures an escription rnvention
its preferredingfiod the mventpmtVarions mmlflcpflmgs 4néﬂapmaglgn%may pecue dorfosed of a

series of p h%h%gfr@-ﬂaﬁed i th@aft, wiigRlt L pREnd AEmIES §ﬂ1ﬁ§arf?1fth§%§ lof FHRNA

anal yses expressed in human normal tissues, cancer cell [[nes_and cancer
tissues. Part@&Veption:as ﬂ?scpé@é Bnéhenppendst ﬁl%métL%%‘ﬁlls?ﬁt@rSPJWSWr%RI\lA
expressed i nbeadtitOmsd itﬁ/ﬁﬂt@,gestdeBdJ@@senPﬁfvbntﬁ;n Wil RCGippareat ﬁsm&h@fsuML nRNA

A expr essdlt P AT HEPRTAsaR deratbl St Sl L ety WRR R feRoa
[0018] [fig. it thefajtPanch @hjedRT fRORCaMaNs HH snd)itd\@mgésl_wﬂﬂwap@ﬂ{meﬁemdh@ n
various Canc%ofe%lcb ﬁén&%iﬂ‘{ﬁfé fE&%%@ﬁg dxGm gﬁ%‘p@a&e?l? Ire%‘r aﬁrfﬁéﬁable

i
pancreas and col orectal cancers i stoch mca anal ysi s of
CDCA5L pr ot eilfe@Refsde bedrawn @e@ﬁ@%ﬁmﬁ@wﬂhw%ﬂ%@%@rt&? FeoerenCes it | cel |
car ci noma, nEpRtattdGeint €sti s and nornmal skin (original magnification

X400) . Positi ve ?tal ning,signals are seen as brown. Scal e bars,
Brief Description of Drawings

[0017]  Various aspects and applications of the present invention will become apparent to the
skilled artisan upon consideration of the brief description of the figures and the
detailed description of the present invention and its preferred embodiments that
follows.

[fig.1a-d]Figure 1 is composed of a series of photographs, A to F, depicting the results
of CDC45L mRNA analyses expressed in human normal tissues, cancer cell lines and
cancer tissues. Parts A, B: RT-PCR and Northern blot analysis of CDC45L mRNA
expressed in various normal tissues. Part C: RT-PCR analysis of CDC45L mRNA
expressed in various cancer cell lines. Part D: RT-PCR analysis of CDC45L mRNA
expressed in lung cancer tissues and adjacent normal lung tissues.

[0018] [fig.le-f]Part E: RT-PCR analysis of CDC45L mRNA expressed in various cancer cell



50 micro-m [0019] [fig.2]Figure 2 depigcts a protocol for the induction of
CDCASL-specific CILs from PBMC. PBMCs were isolated fromdonors, and CD8+T
cel | s andwQ@Raw/&9%s were isolated using anti-CD8 mAb- ®CTHAR2(16/CR48%

mAb- coat ed m crobeads respectively fromthe PBMC of the HLA-A24 positive
heal t hy donors and | ung cancer patients. DCs were obtained from CD14 cells,

tr Fugg cul L uniged dibrtviag fRheg8nus h@;ﬁat&B\/h@Fbram paherdad a1d &)kdayca caba&s. e
ul sed wi't n n i d resence

D erogl obult inpaiioB et AERhIyE b LhCBE bR AR HaR sl o

then ir radi agedn@andarincath, anall c@Dcaranpmawidrmablung] tegousd GDBnAl skl | s t o

generate pept(é\)/mrg?ﬁz{l : aﬁfYc%tl&I EQOO)C@B%}aV 51?11 ) %ﬂ'éﬁsezge etnrhs Ibk'ovgn 'S‘&alAlbIMfs

suppl ement ed uto serumon ese cultures were
suppl ement ed SAWMIRrM- 2 on day 2. Two ad d| t| onal weekly stimulations with

Pﬁgt i dqod)@gdeeﬁi ‘\g@h@g%acwﬁpl?{o@@{ or WRIRARS0N Ioe@ulnsm@e@hw T8 4.
gamra 7a no | I ONn an el eas ssay wer e
é’Yer‘? ke attqﬂz L8 B Crl)'%C%t'Jlr %Félsé‘f‘ F?S)lh“‘ e cos+T

per f or med at
cel I's. [ 0020Jisdldtedus3pFagiiCO83INAB- eampeSP 4 afAtacserd Iﬁﬁ:rcﬁﬁeahmlreslgsrcapdsly frofto

C, depicting S t| d eal donors.
Parts A, B, @eﬁ%ﬁ%ﬁgg@% gzh%&%‘l E lt(ijlgtdlo ergra1 gczc ﬁf%tlengsnﬁejr%t ed from
t he PBMCs of “HtﬂomeqbﬁgmCDé4+h@éIB,tthylgb@nbm§ inf me_mseh@fmftw GSH@nd 14 B,
heal t hy donoksd4y d dl&d"\%‘ﬁ?HﬁtA Rk @hﬁl&g’ﬁe&)hd@sl{h%é) §l§1ce 0](?:i be:l'fz}1

nonocyt e- deri ved %‘ fy an aut ol %c])‘gous -blast s da S

pul sed with &rmcsaaw@ on2 gfs of §7 dagigrdlat Egse pentispulsse Bem@en -t o 16).

CCJIZT th \t/vegI ebco:rzétc?%%)@ dnd)ﬂmdsayat :LI; Qo r@tﬁtd\a/ﬁth audolfdgogn%@m+ Preelidi@ degerGtl §ep’tﬁ1|’eﬁh .
etecte Yy ars I n en e
LT s wertieis Citstb ottty RS oM e S s Eai iy

derived pept isciem ¢rogerD bal thyseanltures etety suppldricviectiMitipHp iodelay QcTwsadi bars).

The effector dgtf%)ntdﬁ\gvglg{é gtﬁlll!ﬂa{l%‘i I\91tﬂ Eep:h%e gl%atc{e)gtaﬁ‘tord’g[%ué ﬁﬁAcﬁlEl&g 8%?6 éa?ﬁecfm an

+/- SD of tripli sen
experinents Wwiton ddynd e 1 éNE’rgamm%EbIr&RW fd?l(ﬁamptxﬂlm@pn a{lfb%@lll]elease

[fig.4] Fi gur gsdyi SecPPRIRE A6 @y3 %f“ttnetﬁe ‘ﬂ{lrcﬁ%ﬁﬁfél éf HerRae LiRa1atibe of €pgt TOf
CD107a exposed on the cell surface of CD8+ | s after antigen

stimul ation. ‘A peptides were used at a fi naI concentratl on of 1
m cro- goodo] ENeBIRgEb oW c@nhposgdioed sérds oCbBrerdplsehl s .C, UQ@eﬁngme Qmuiddl e

penel s ST 88 RS, CRUALS, SRty ALY AR et phat el o
pl ots i ndi canesaylof Chi4Sreatde- Offacitl‘iffeCEbi; benpoped foinche RBMCst didiIgafdi4ant
characteri sti 8sdl elgpﬁeal ngcl%@rs talc! H%Hﬂfﬁ&?cﬁsl) B, ﬁg@ﬁgl d%Pg %)Z ChE- PSSt i ve

of two mdepg nt experinents wt res
[fig.5a-c] Fi gimelaged ‘§1ﬂ@: arplogeds mpneryiedqraed BHCsydaphsand %U@lﬁg()‘kélé’ﬁﬁ\nbi?ﬁ@ t he
i nduction of (@%%dqmgﬁmfswwhy AR x fakd-6f £ 6018 RN eptibe (WEY IPROROSI | ve
| ung cancer ﬁ?t 'C?@é i ELA I32(8T acfia)fFﬁf CTLs i duce%TfLr omthe |ung
cancer patie L OVSEe callecte an gamma- pro ucing s were
detected by ELISPOT assay. Bars indicate number of IFN-gamma spots when the CTL
lines were re-stimulated with C1R-A2402 cells pulsed with CDC45L derived peptides
(open bars) or irrelevant HIV-A24 peptides (closed bars). The effector-to-target cell
ratio is 10:1. Data are indicated as the mean +/- SD of triplicate assays. A repre-
sentative of two independent experiments with similar results is shown for each donor.
[0021] [fig.4]Figure 4 is composed of a series of panels depicting the level of CD107a
exposed on the cell surface of CD8* T cells after antigen stimulation. All peptides were
used at a final concentration of 1 micro-g/ml. Events shown are gated for CD8* T cells.
Upper and middle panels: stimulated with the cognate CDC45L derived peptides.
Lower panels: stimulated with the irrelevant HIV-A24 peptide. The numbers inside the
plots indicate the percentage of the cell population with the quadrant characteristic

(CD8* CD107a* T lymphocytes). Each lane is a representative of two independent ex-



with target cells pulsed with CDCA5L- A24-9- 109-2 (SEQ ID NO 2),

CDCA5L- A24-9-294-3 (SEQ ID NO 3), CDCA5L-A24-9-556-4 (SEQ ID NG 4),
CDCA5L- AO0208737205(SEQ | D NO. 7) or CDCA5L- A24- 10- 556 PCTAPLGH@3MHEB NO. 12)
pepti de The | FN-ganma production stinulated with peptide-pul sed CIR A*242
cells was significantly greater than that stinulated with HV

pept i de- pul sedrikéits AViddORilaedkbdts. Bars i ndi cate the number of | FN-gammm

t at 402 ||
ool sed TP EBedSrEhe odg  gapePa e ST sEeb Mop 1 tedicifame TufifiRgst ™' ' °
peptides (cl cduHIasmyificThenafBet foomtPBMEs gethe dBIA-A2dt positiveduriglcabeerDat a

t f | t
ot LS e wafen RanTEA0 IS OTIRB oI hERE (A7 B dand GlnbermiaifS Aoxt ¢ 1Y
pept i des. (whictBured paigiget @@wgbewmh@qm B4 SE D3k IBNO: 2).

CDCASL- A24- 9394453 -ASKFQ 1d)- giﬁg h@%%})&&ﬁ%ﬁﬁ%ﬁdﬁ@@d D NG: 44) ,
8\{9 P8

T2)) and CLRCASADS-BaF % B CRER-APV Rt G Mot dek

triangle) in p5ptiL@I‘THeeI|FNagzﬁma8 @ﬁyiuctﬁiaﬁshmwihtﬂﬁ mmmepﬁ@eqpslsédﬂlmeﬁtmm ags of
specific lysi n.t ) S t say.
Was S ﬁ?ca%nggregfal%ﬁl At Pe Lalg Yl?lfs—lz?é)g er}l) R?fl? Al 4

Part C Westarn Bl 815 61 rom cells
(left panel, Cbléﬂlﬁam)lndlpatgghecmlm@rpf wﬁ{gemn@cﬁpﬂﬁStWhe@W&nemt@l\@TLllmm panel ,

l'ane 2) or Cngl:tré Rl st@iﬁa@& % (§1I§fAt249f"Qﬁ S Vgullﬁﬁ%vlt’-’h) CB@QS]EQQWM%EE&%QB%&Ft

panel, lane 1 | s transtect

lane 2) or c&AE ellr@magti WA(%P&H@deﬁéﬁéﬁed haielly) eftf‘sﬁf%@()éﬁg?t cebmtawas

%tl bOfly Betle laDhatauré pfe‘d&ﬂedﬂﬁs thbﬂ}[ehﬂtl-ﬁrmbf ﬁfptnlt:m@ ssa waa]B Ejd}‘t(ﬂoﬁdit a{t D
rogalono S | C 0 XI.C ClI VI wnr altl on

o oL oy ISR L BE A4l RSy B g it S ST oy g )

Cyt ot oxi ¢ act(wmte iresglef COTUSLaky2d- 95109{21;(@9:(2 EBSQ: 2),Ka531 - smzlzkm%ggsE(Q:Dm&

si RNA EBC- 1, s 9 P r [

51Cr-rel ease assa 3)%%ggaﬁ%€5r ep @r@r'% gecr]ég%ﬁ @4% §ﬂ§"'7>é§§6c l ysis

cal cul at ed bé&dﬂ@m QD@SrLeéaHQﬁiésUdﬁEQ 0 Npx: |1ahtaedé2§§a&24q20®214pulsed

[fig.6]Fgurg,f 1h%1e99[m?xﬁﬂ2@ﬁ>eﬁtlc}%§r(m§§< t@ﬂ‘an%%)’iﬁhf‘crd&wa% és@%r (22150 ba{lﬁé bition
of CDCA5L reactive CIL responses antj - cl ass ter the

Lu99-t ar get é@r?@ntﬁéheepqrﬁ%wt%m% yahcplepaigddagedson thgppapyiglugnof 4 gx2a)
or control amfiplidateAsedya®srt 0: Wehkerf bdaglydiosr whdle céluBRaeeldrbredBfoen Lu99

co- culturedvm h .t fro +. T 0 ealth nors or
| ung cancer %‘F{Pgm@&?{‘l’gﬁ{ﬁéﬁ ﬂ a{lsﬁ] %&EC@%%SI%B@ @efi %‘%@?ﬁﬁlel\lo

2), CDCA45L- Azx)loee@@ml SFPSHNADIdi(ang)), JanEDC4Bd EBRAL GelBE6ght (aB8Qan®INO. 4) or
CDCA5L- A24-9 t A and
cyt ot oxi Ci tyEia}t% e@; Sc{e teuqélt%tﬂg%'%%?{s}%g% 3 g Q\EA%QF gltécdl?@gfaﬁp )

Bl ack circlei Qflgrht\PBﬂ@ZLaIWﬁ)tUémlg@%U GIYG45 L+ antihoely JBetamaptin wavesl asrthe

present ed as lﬁtQ@an&ﬁlﬂoﬂ-/ - SD of triplicate assays. Statistically

stgnif i[&?i]jt] ?%1 SSfPart SA‘t?rrogat{O?ldolfﬁégLV—Mspteglflaéscty?ort(l))alé ?u:tg\jltl; 0<f é)T L(,)sﬁ?y down-
regulation of CDC45L protein in Lu99 and EBC-1 target cells (CDC45L+, HLA-
A*2402+). Cytotoxic activities of CTLs against Lu99, EBC-1, CDC45L siRNA Lu99,
CDCA45L siRNA EBC-1, GFP siRNA Lu99, GFP siRNA EBC-1, or A549 were
analyzed by 51Cr-release assay. Each value represents the percentage of specific lysis
calculated based on the mean values of a triplicate assay.

[0024] [fig.6]Figure 6 is composed of a series of graphs depicting the inhibition of CDC45L
reactive CTL responses by anti-HLA class I mAb. After the Lu99-target cells were
incubated with anti-HLA class I mAb (W6/32, 1gG2a) or control anti-HLA class 11
mAD (IgG2a) for 1 h, Lu99 cells were co-cultured with the CTLs generated from CD8*
T cells of healthy donors or lung cancer patients by stimulation with
CDC45L-A24-9-109-2 (SEQ ID NO: 2), CDC451.-A24-9-294-3 (SEQ ID NO: 3),
CDC45L-A24-9-556-4 (SEQ ID NO: 4) or CDC45L-A24-9-370-7 (SEQ ID NO: 7)



[0025] [fig.7]Figure 7 is conposed of gyseries of graphs, Ato C depicting
the i nduction of both HLA-A24 (A*2402) and HLA- A2 (A*0201) restricted CTLs
by sti nmulwDi20r/Ma7298 CDCASL- A2- 9-556-4 (SEQ | D NO 4, al #6THet@Es/p@dssher ei n
as CDCAS5L- A24-9-556-4), 556KFLDALI SL 564, peptide. Part A: |FN gamma

ELI SPOT assay of CTLs induced from an HLA- A*0201 positive heal thy donor
co-cul tured \p’bpﬂrdeTB:N)ghlh]mmb&ﬁﬁomﬁ(Mit W@t%xﬁrt’ﬁ@arﬂm SEQated BYOTHY

peptide. Data are pr ted a e ssays. Part
Byt of oxt ¢ aptaREy e ErrE e BIER Tl D By e iR bS 1300%

CDCA5L- A2- 9- §Btrd]l h8BQDRB aNOpreddntqabygstthelmefmini-tSD of triphigite issaii Seeistisallyul sed
wi th control r A2402 cel |l s pul sed
wi th CDCA5L- X\gﬁ\?{‘d&ﬁt &lgg‘%gg%#%lﬁ%&e \Mﬁﬂ%lté'}' ks ?Itdagl%ﬁg) as anal yged by 5
1Cr - r ell@@dd ABgdlFigywar/tis compepsg of wwso‘wf g@D@BMOr@a@mm@g@qlnd@@mrﬁes by
anti-HLA cl aggthl HITAbA 26 (2maly I@EA5A11 *Gz@h?f’e%@lc@eﬂS@FLs WY §tRhRulhiish \Bﬁlﬁ\e'

-target cell A- H i ncub

cl ass | Wg?ﬁ% AYES sneYO) £ it el ppageay e Shast ({%@3 6o

h, Panel cel IS%KEEDALQSLmbepﬂdedPaM AhIENgaGTlaE ISP Tatsed df@]’ﬂsﬁ%ﬂceﬂ[ cel | s
of an HLA- A* 1 RN I

QboAoL Ao 6. dogTyF %@ @zcﬁcﬁ’s %hgg@gfad R f‘é%é?‘?c?tﬂ tfls puisey VR By ack
circle, PanelCDCAM/-32:9- Wﬁ ﬂéSlﬁ@iD N‘@n@l P@tldbﬂm@ﬁremmen@@hth@@h@e +/- SD
represents they fcﬁt%%@agg it ﬁ@ﬁbﬂ(o'xfc alc}i%!tf oF@*[Eélhgﬁr?s‘%’ TORSRIp At e Mean

values of a triplica esentative rom-t ree |ndependent

experi ments WRGAY MT%?%’@&%E@%B NOshgertidg outtes) trippgley, 83 cplilvpyipdevigh i s
conposed of a@os@sliFEY/-AD pgp@dzi‘@lacletﬁﬁlglé) ARINT R-AT902 bells ﬂméuwaﬂant i t unmor

Pept | de- spectMelyhatoit e 4 BIPYOGD i ooy Liroriahsad by sferilies®
heal t gy dog g rrassapyP&rt Crﬂmﬂlﬂﬁm@noﬁ/@]r)ﬁﬁlheeaafnxe A& redpohtes g «GDEBA cthes 1 e
Cik n2402 co't AhilyeI bR RIekre K AR A b FlBa RN SHnocti i Mt g
CDCA5L- A24- 9&9%-/’@%)3&@6 ipuRded g)ithomtidPoARilaspd mAh G86/32, IgER@ ¢yonmol 4)
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pepti des wer @ohdrs by stimulation with the mixture of three CDC45L derived peptides. Part A:
IFN-gamma ELISPOT assay of CTLs co-cultured with C1R-A2402 cells pulsed with
either CDC45L-A24-9-109-2 (SEQ ID NO: 2), CDC451L.-A24-9-294-3 (SEQ ID NO:
3) or CDC45L.-A24-9-556-4 (SEQ ID NO: 4) peptide. Part B: CDC45L specific cyto-
toxicity of CTLs against Lu99 (CDC45L+, HLA-A24~) in the absence (white circle) or
presence of anti-HLA class I mAb (W6/32, black circle) or control anti-HLA class 11
mADb (white box) as analyzed by *'Cr-release assay.

[0027] [fig.8c-d]Part C: Cytotoxic activity of CTLs to C1R-A2402 cells pulsed with one of

three CDC45L derived peptides (white circle, CDC45L-A24-9-109-2 (SEQ ID NO: 2);
white box, CDC45L-A24-9-294-3 (SEQ ID NO: 3); white triangle,
CDC451.-A24-9-556-4 (SEQ ID NO: 4)) or an irrelevant HIV-A24 peptide (black

circle) as analyzed by 3Cr-release assay. Part D: Tumors in NOD/SCID mice in-



ocul ated intravenously. The CTL inocul aion was repeated on day 14. The
control CD8 + T cells stinulated with an irrelevant HLA- A24 restricted H V
pepti de Wwepeow/s®9n ocul ated into mce as a control. TIRETUBZION/0GHER | S
expressed in square mllineters. Each synbol represents nean tunor sizes in
each group of mice; bars indicate SD. Two-tailed Student's t-test was used
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[0029] L. Definitions
The words "a", "an", and "the" as used herein mean "at least one" unless otherwise
specifically indicated.

The terms "polypeptide", "peptide" and "protein" are used interchangeably herein to
refer to a polymer of amino acid residues. The terms apply to amino acid polymers in
which one or more amino acid residue(s) may be modified residue(s), or non-naturally
occurring residue(s), such as artificial chemical mimetic(s) of corresponding naturally
occurring amino acid(s), as well as to naturally occurring amino acid polymers.

[0030]  The term "amino acid" as used herein refers to naturally occurring and synthetic
amino acids, as well as amino acid analogs and amino acid mimetics that similarly
function to the naturally occurring amino acids. Amino acid may be either L-amino

acids or D-amino acids. Naturally occurring amino acids are those encoded by the



backbones (e.g., honoserine, norleucingy, nethionine, sulfoxide, nethionine
nmet hyl sul foniun). The phrase "amno acid mnetic" refers to chem cal
conpoundswohato/t3zasé di fferent structures but simlar fuRCTiJongopas4ggener al
am no acids. [003 1] Amino acids may be referred to herein by their
commonly known three letter synbols or the one-letter synbols recommended
by It he | lUPAnghBicBiod@,meriecﬂads tﬁ&ﬁﬁﬂﬁéﬁédﬁf&:lr @mﬁtmijiﬁ eellsT deeg.,t@gi’f&ybgﬂiﬁe," :

"pol ynucl eoti des", "nuc tides” "nucl el ids" are.used.in.

¢ br changeabl yoRBpuE R aRE coa S Rap WGPt PRiard Y FrHSRTdeBilon: o
referred to bsfetsheicompowmsnihay havchptade basngtlentiedl senctoedes alph®088pn The term
"conposi tionY N1 8.4 i i ng
the pect 11 e FRLESERJIRIE Deirhol (RBOPR SAnE BERPPARELA: BIADLET o MIGAHS ot
t hat resul t s ocgirfiag aminogiciq biihare pngor meigmedies] Rareupts) or madéfiedheci fi ed

i ngredi ents  ibAcKHdBesSEREL] HonRiHe 3B B SucineU AR HIGTiRR, shif6:8@ th@RiohiBe methyl _
"phar maceutical. co Ition", is intended. to enconpass a product_ including
the active in %P‘SE?@@)P, Tash AR ac KRG tiGo Fgss dp Chaayiclitgmpgy th?ﬂ?ﬂ‘é
carrier, as JWifdre@stratyrephbadiniilat huattioissulgeseraldiniiee idiyis.or i ndirectly, from
combi natipnR, C | exation ,or I i of .an romr f the

i ngr edﬁédr)@z, 01§r)m P oar(ffé1t ingaé'obcel rgfe?[%%%gﬁérgﬁgb yotilelﬁﬁ%/rg&\é\)&yﬂﬁné) “fnntgrreg&? tél’rru s, or
from ot her t ypabolsfor theaweilettes spmbols trenoavnéndad by thedh P ALE-TBriiodfentierd

i ngredi ents. NGRALBHREYmni%ithe context of the present invention, the
pharse "pharnmaceutical conposition” enconpasses any com position made by

adni xi ng a conp8ufiinsoRerhe R EBEIOtdeHy e RUFIgAtidesdard prgleirercidsy arecises yinor
physi ol ogi caldyhageidy bR Hal fidleds.otidiwiseRpaskcalphadicaeeatkirerirby tasy
ceptable carrjer” or "Vh Si ?I 0qi aH% a(%l%ept able carrier”, as used herein,
means a phar DFECEARTPEYY 26°R edpsﬂigi‘?' ST ¥Er y acceptabl e material ,
conposi[003x), Slhestant@ngositiehl ad wed haelnidiimgndedtto patonhpans 4 pobduict, indudingui d

or solid fillgr, e&%ik&%?di&ﬁghp&lg%ecﬁfeﬁ' ANiinesOhs WEE 8P rgéﬁiijl}amsﬁftg al,
involved in carryrng orr transporting the active ingredi"ent(s) from orie
organ, or poudifegly efindietlyoldgm combartinef thersgemiiedingpedianison tf spepidiedody .

[0033] Unl essnRbhRr Y4h8edeid RBGon IS HaBheu b E6Mmpodide! & ifi@nddagocancers or
tunmors that overexpress the CDCAS5L gene, .exanpl es of which include, but are

t he / g np ud
not |imited €BCOMRASE  EINAYFT ineluging thixsrtive igredieniffoeind apy Msgdpeiedisaids), that
non-snal | celnhakk wpghcanbar as womhd bdhdd fight ERORE direye@ShdigasHg ef
esophageal canac r,p. rost a 28 {:ance?@q%:rh .oni el oi (ltlrel e}ﬁ(?&m'.la & ror,n sof t
T obue turor CogguppP A0S eGP e odh Mok it BBk I M edncer
Unl ess ot her wicsedidgfciatiod of bheot mpresof'tioyyingtediants, Or frompitioe yys of feytiotsaxi ¢ T
cell" and"CTL" i Nah Loy i j.Se
speci ficall y&‘?tﬁ%?%%‘#z)ggn‘lﬁ g‘% IZIE) to ggggaéﬁé‘%hgi%cg?ﬁ%l%lg% O(S:C)(/)'(ta {ggﬂé afé are
capabl e of r @ESEMiIIRYIGORJRE Blarse RBpMBAcEBliGR! COMPPRIIQTT LREVUNPASESS|agly com-
virus-infect ?gsiﬁ@ﬂl hialie BQddin ae&gg&ﬁlddﬁ@&ébﬁienswbmﬁﬁﬂ dndl-a pRARAl Unl ess
ot herw se defined, the ternms "HLA

contai i ng. ¢ RENEHBY §paw Slchcal WM pblpagper. The Pufale "pharmaccuticall uc-

ceptable carrier” or "physiologically acceptable carrier”, as used herein, means a phar-

maceutically or physiologically acceptable material, composition, substance or vehicle,
including but not limited to, a liquid or solid filler, diluent, excipient, solvent or encap-
sulating material, involved in carrying or transporting the active ingredient(s) from one
organ, or portion of the body, to another organ, or portion of the body.

[0033] Unless otherwise defined, the term "cancer" refers to the cancers or tumors that
overexpress the CDC45L gene, examples of which include, but are not limited to,
testicular tumor, pancreatic cancer, bladder cancer, non-small cell lung cancer, small
cell lung cancer, breast cancer, esophageal cancer, prostate cancer, chronic myeloid
leukemia (CML), soft tissue tumor, gastric cancer, hepatobiliary cancer, and colorectal
cancer.

Unless otherwise defined, the terms "cytotoxic T lymphocyte", "cytotoxic T cell" and



Unl ess otherw se defined, the term"HLA3A2", as used herein,
representatively refers to the subtypes such as HLA- A*0201 and HLA- A*0206.
Unl ess otwerwig7298f i ned, the term"kit" as used herei nPCTaPUI&H03488
reference to a com bination of reagents and other materials. It is
contenpl ated herein that the kit may include mcroarray, chip, marker, and
so on. It is"QOL"ardwedaderithatoeitle ht@immandkinless behehiioe E}&dlﬂ(}@ll}‘anﬁﬁd’a]tddcul ar

nbi t f t t th t ent
ot hods. . CHRhEaTBLTeTne! Tha RSkttt py SRR o haus fohsif e
cont ext of t heg., tumafcmam ‘teldd, voanodectedcdls patdnmeducing thd dlemb abf ‘Sefhf dets.caci ous™”
Ifoit (g@@ﬂﬁ t%ﬁéés%‘ﬂ?e%m@%@ﬁﬂécf t}%%%ﬁ}nsaﬁi{LA %@&éfgf‘s th theSAPAEES] Qe Of CDCASL

gene, decrease in net astati c potenti “of the
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prevent|0n propnyl axi s of cancer SUC e ns are |nter cha eably

used herein urg:lm@frmcrctaoraan;hqaanarkm gnd dven. fligsl noeistentied tat e tero kttto |bt: ality
or norbidity hfrﬁlféﬁ‘tg b%@ﬁﬁﬁlar BoRM R PE @E&n%ra‘i’iﬁﬁif Ir1?a?fér§a1§an occur "at

prlnary second ary |ar¥ prevention | evel s |Ie rlnar

pr event P&l and Optih@ pRyNERpthe pstheds ped erapiasyisme ot th@fprea?em 1§é%(§]é>n fglédkﬁlﬂfébar y
and tertiary jh giebstelf Oﬂlﬁ@vt%ﬁﬂ’l@ﬁ" aﬂ@hn@ép@Mh@@n&s@a@@wa&ﬁc@%m&"ﬁﬂ ies

aimed at the revetlon an XIS af the pro i of a di sease and
Fhe armor genc A28 YED el naRe SR et b e R AR et Bt of o

al ready est aldlecmimedn dize qaseldyer@shaadtay forinl oithanshceeniuhe ngject. When

di I l. t i t

oo ool ude SRAGEMR AL SRR BRI ALRRT | Hlabiolt BYAIT MET: ARALPONGRT ©
the severity C@mcerSnféorpé@mm@gl papremrgwd@levwéesgl Clme@hwrmgomhé cpnask Edicat i on

and met ast asicRuQhest Wl mildA3 leol:ﬁu&'i‘ &ih Ry RxSwRndiif BF @ﬁgﬁﬁsmg’tﬁe ntion,
the treatment and/or prophyl axis of cancer and/or the prevention of

post oper at i vére?té‘%ﬁﬁhlgéﬁl@éukaﬁmftyﬁ%cl ude any of the followi ng steps, such

as the[80869i calo theeRi¢Ad th@tfth@ aearids asd J:(anpdshfbnls BhtHél Iird:s@ﬂt iabertion fidaulipy of
t he i nduction of

cancerous cel.| the ution..or, I e

o o6 on and D soPEeLRe it Bhelh; SRERTER RO o BaldE bt B HEL on
and t he reduchimgealdy uvsed lvirginttd orterab anptetstiyshas. reCEfCEethElbu&ieerémthty @nd/ or
the prophyl a’ﬁ&&bf&it CRACEKeLE B EATEIN TR (F}E%}ph%lﬁiﬂgggn biRE @M%girn{l(a!?f, seESRR e' s of

i ndi vi dual s havi ng cancer, decreases t t unor ers int
bl ood, and alRnéiarbarEreyentwt kiele " Wil BB PEVRPEAY RILPrORRY &¥S avd thexanpl e,

reduction or dis%lé;lﬁ‘}f@f{f%@h dakasey SRbARY ﬁﬁﬂﬁzhiah;idleﬁtf&s@fffp%%hf{&i %dtﬂrﬁlﬁ{yhﬁ@s
and/ or the pr§g¥h axi s. i.ncl ude 10% 20%

duct i on, t abl e
di sease. [00 PRSY A VU ERed Yrthg H@Vﬁ}té)élé‘ﬁfi PF?RI}T]&%’E‘F th ‘iPﬁQg’Eeé%lﬂ’i‘O a

"anti body" r diseass dnd tha®mergence of symptoms as well as reducing the negatlve impact of an
already established disease by restoring function and reducing disease-related com-
plications. Alternatively, prevention and prophylaxis can include a wide range of pro-
phylactic therapies aimed at alleviating the severity of the particular disorder, e.g.
reducing the proliferation and metastasis of tumors.

[0037]  In the context of the present invention, the treatment and/or prophylaxis of cancer
and/or the prevention of postoperative recurrence thereof include any of the following
steps, such as the surgical removal of cancer cells, the inhibition of the growth of
cancerous cells, the involution or regression of a tumor, the induction of remission and
suppression of occurrence of cancer, the tumor regression, and the reduction or in-
hibition of metastasis. Effective treatment and/or the prophylaxis of cancer decreases

mortality and improves the prognosis of individuals having cancer, decreases the levels



munogl obul i ns and fragnments thereof thgj are specifically reactive to a
desi gnated protein or peptide thereof. An antibody can include human
ant i bodi e80 2prov3Er95zed an ti bodi es, chineric anti bodi esPChiJBpaandsidgs
ant i bodi es, humani zed anti bodi es, antibodies fused to other proteins or
radi ol abel s, and anti body fragnents. Furthernore, an antibody herein is
used in the br Qﬁﬁt&&harﬁﬁﬁsﬁﬂﬁﬂﬂb(ﬁip@l@d fllecaltdsyleCRudlSsynipt@at adtonpah@ngl

ant i bodi es, pol di.es, multispecif.ic t i bodi

b1 spect 11 aNtiobde ey RO g DY TP EBER i AP st ST velng

ant | body fr agnmhmtgsarslmrlthmgroahylahewmlll&% 20be 30¢@sormedeledicogn.calstadlet i vity.
An "antibody'y;d.ndi cates all classes (e.g. IgA 19D, IgE 119G and IgM

Unl ess ot hervvl se defined, all technical and scientific terns used herein

have t h803dme Indhaioniexas! Beprsantyinymgenshesambynohsdyofefeisdp idry skill in
the art to Wb Hﬁﬁllﬂﬁﬂ%gme'ﬂbﬁﬁﬁékmhbﬁiré) ifidaP A8k tivd to ReRldndRg To

denonstrate that. peptid rived fro L function, a an anti

recogni zed by ¢FNOr PB%tbq% tB‘*éSO%éﬁ 3\?85 "g']r furpaggLib lﬁbpnfgﬂ)mgira@'

anal yzed to @@bﬁbmchﬁnemtwtnlaebdlésh dyspasfie aﬁmﬁddmnhmmmmtibeﬁég lagtiledidsy

HLA- A24 or i.ch unt.e I Y&t a
Thssue ant i ganelaGrgGEn BT R0 RRES B AhEROdT AP, BRha e Inlh 7L
1995; Kubo REn@hodyihereid isl ysndi frothe bmdeg9aime 24 spe@¥aplly Cavrts datce sonbelpnA- A24
bi ndi ng pept 'agf?l?ocgéasr g&?goﬁﬁl%mlﬁ%EShm‘fﬁs 901f19§ﬁ't‘iﬁd(d'1£% ga&%ﬁlﬂ:cﬁfb énlﬁ%b&leg' ndi ng

affinities to | owm n des are con
candi dat e peé@mafélér%ﬁt leaThive iHest apyP Od@;acauslan,s@m rogpents %@@aa@th% 1),
CDCA5L- A24- 9exAiBA17e {SERI bidl ‘\%Qal 2tiviGDEAB hntAdAy 9mdQ4ted all SEQds . N%QgA3)

CDCA5L- A24- 9@136[% @E%C{% 5L- A24- - 328. 5 (SEQ ID
CDCA5L- A24- 9 2 CDCA5L- A24-9-370-7 (SEQ I D NO 7)

CDCA5L- A24- 9- WHess ®tieBE(Re IAEXiNG, aB)cchﬁiDﬂ%ﬁ-séiEdt—iﬁc tedrhs Bse(dFie€@ih BaGhe SIme

11y, cooust. a0k g dsEerapay Wbyt R or R SR B o | o

NO. 13), m_semzwemosbslomgS(SEQm NO. 14), CDCA5L-A24- 10-21- 15 (SEQ
ID NO (4899 ang poPGA&L- A24- 10-459- 16 (SEQ ID NO 16).

To demonstrate that peptides derived from CDC45L function as an antigen
recognized by CTLs, peptides derived from CDC45L (SEQ ID NO: 18) were analyzed
to determine whether they were antigen epitopes restricted by HLA-A24 or A2 which
are commonly encountered HLA alleles (Date Y et al., Tissue Antigens 47: 93-101,
1996; Kondo A et al., J Immunol 155: 4307-12, 1995; Kubo RT et al., J Immunol 152:
3913-24, 1994).

Candidates of HLA-A?24 binding peptides derived from CDC45L were identified
based on their binding affinities to HLA-A24. The following peptides are considered to
be candidate peptides for immunotherapy;

CDC45L-A24-9-237-1 (SEQ ID NO: 1),

CDC45L-A24-9-109-2 (SEQ ID NO: 2),

CDC45L-A24-9-294-3 (SEQ ID NO: 3),

CDC45L-A24-9-556-4 (SEQ ID NO: 4),

CDC45L-A24-9-328-5 (SEQ ID NO: 5),

CDC45L-A24-9-396-6 (SEQ ID NO: 6),

CDC45L-A24-9-370-7 (SEQ ID NO: 7),

CDC45L-A24-9-192-8 (SEQ ID NO: 8),

CDC45L-A24-9-541-9 (SEQ ID NO: 9),

CDC45L-A24-9-364-10 (SEQ ID NO: 10),

CDC45L-A24-10-109-11 (SEQ ID NO: 11),



[ 0040] Moreover, after in vitro stinmulation of T-cells by dendritic cells

(DCs) pulsed (loaded) with these peptides, CILs were successfully

est abl i she0 208V13gR98ach of the foll ow ng peptides; CDCASPCAAR206/00%8 2 ( SEQ

ID NO 2), CDCA5L-A24-9-294-3 (SEQ ID NGO 3), CDCA5L-A24-9-556-4 (SEQ ID

NO 4), CDCA5L-A24-9-370-7 (SEQID NO 7), and CDCA5L- A24- 10-556- 12 (SEQ

ID NO 12). Tmcsleabalisoer GHEIBNonad) potent specific CIL activity

agai nst targ I j tibve peptides. The results herein

denonstrate t a@%&%&@ﬂbﬁqaﬁf §%§§§ﬁﬁ’?§§5gm zed by CTLs and that the

pepti des test@AHeAdpil0eP8- PedGEUBS NG IEDCASL restricted by HLA- A24.

[ 0041] Anopng t 6-4 (SEQ ID NO 4) was al so
e ASPOGHS  PRRs g nd

identified a i ndi ng petlde Her ei n, CDCA5L- A24-556-4
(SEQ | D NO 4DGHLgAd- 10458 Ml PEQDIRY 5L- A2-9-556-4 (SEQ ID NO 4) in

the conoext) ofmbREvdiL4He i e8lo s'tl‘ﬁ{LﬂﬁloﬂQﬂtI' 888 b lel%hdﬁﬁhct hgls PBPL) ﬁﬁsedCTLS

agai nst targ ells that ex 5L and re succ
est abl i shed. %?ﬁ ) %SE’P,&E ég A WESEBCTS eﬂt? 1\?@ ‘iﬂim%ﬁ? eepl t ope
pepti de restrfd)ldxt\edgbypttdeé; A24, but al so an epi tope peptide restricted by

HLA- A24. [004§D§h %2&@1@%%%95%9 @éover expressed in cancer cells and

tissue, inclu exa SE 0 sticular tunmor, pancreatic cancer,
bl adder cance@DGﬁLMrQ Z%BI(SEQri@N,@n%)er smal | cell lung cancer, breast

cancer, and esgp@ggegmgﬁg@(eg(smqﬁtﬁ@% cancer, chronic nyeloid | eukem a
(CM), soft tissue tuno I C_cancer, hepa tobiliary cancer, and

col orectal carfde¢4 %@%&3&@@@@&9N9 Poatd normal organs, it represents a
good t arget f@D@mmm4L1mgm1m@mpmN'@rqg) t he present i nvention provides

nonapepti des ( con ng qf nin resrdues

decapept i des (ﬁ@g Sgag’i“]&fiﬁin@r]: hr‘?g' gfpofeé‘ﬁsgfﬁ{gr‘fo F“éflvr“é{ﬁgaﬁéts ggg‘re?]és pondi ng
t o CTLr ecognippked eithtreqpesti er peptiGICHbd resllitd len¢iatdemehstratd thet @D@Qéhhs amvention
provi des |soI i totoxic T
| ynphocyt es %ﬁ{:;x‘ (%tﬁﬁezr%g%xt(?ﬁ“ Jﬁdqﬁatél? ﬁﬂgﬁ Jd egtgﬁg%o%gg]i) ; gﬁgsegr‘i%e of SEQ
ID NO 18 or GRC lieﬁﬁtrmﬁ?dlbdgﬁleé’rﬁs%tfactr ve fragment thereof. Partr cularly

prefer a n L I ng
an SEQ [?(%LlﬁICB rmh@;%ga@lfssé ﬁ’é?u@éseéﬁﬁﬁt X 8D %gnéler al(%‘ﬂ? Nd‘Q@ SvaRBRb A% i@ Ul

softwar e
oot |y avamndieor fiba adMidas peidererrin CPrdst ATERE (FE8IBREI bed

i n Parker KCieils@teferredl tb a@mai451982-9J55%-4 (SHO O NO: émGBth%&oaftd% O tgé SI%BIDAM et
t he bi ndi ng

i1 ni s bévusehcoreBhepiuts bea* T B R RBe i SV ke nai ng
affinity wtCIMIM4SLantd lgeASAZ aerdreicomsislly establshdé Sids HeldC45lorA2%anpide, in
E?gggr 258 1?t é%% ID&&Q"@"‘%%& (JII?? i éﬁi‘fbp%’peﬁ‘ége(lamct]:ﬁ%yﬁA Muﬁﬁ'ﬂ % & et al.
epitope peptide restricted by HLA-A24.
[0042]  Since the CDC45L gene is over expressed in cancer cells and tissue, including for
example those of testicular tumor, pancreatic cancer, bladder cancer, non-small cell
lung cancer, small cell lung cancer, breast cancer, and esophageal cancer, prostate
cancer, chronic myeloid leukemia (CML), soft tissue tumor, gastric cancer, hepa-
tobiliary cancer, and colorectal cancer and not expressed in most normal organs, it
represents a good target for cancer immunotherapy. Thus, the present invention
provides nonapeptides (peptides consisting of nine amino acid residues) and de-
capeptides (peptides consisting of ten amino acid residues) corresponding to CTL-
recognized epitopes from CDCA45L. Alternatively, the present invention provides
isolated peptides that bind to HLA antigens and induce cytotoxic T lymphocytes
(CTLs), wherein the peptide has the amino acid sequence of SEQ ID NO: 18 or is an
immunologically active fragment thereof. Particularly preferred examples of the
present invention include those peptides having an SEQ ID NOs: 2, 3, 4,7 and 12.

[0043]  Generally, software programs presently available, for example, on the Internet, such



Larsen W et al. BMC Bioinformatics. 2097 Cct 31; 8: 424, Buus S et al.

Ti ssue Antigens., 62:378-84, 2003, Nielsen Met al., Protein Sci 2003; 12:
1007- 17, wodoN/Br®en M et al. PLoS ONE 2007; 2: €796, whrCEhPzmeosdsimari zed
in, e.g., Lafuente EMet al., Current Pharmaceutical Design, 2009, 15,
3209- 3220. The nethods for de termning binding affinity is described, for
exanpl e, in taheodoOEREbedin Haftad K el G AllmMahbiod®4 J3995152185163181a480 and

er 1 ved 11 om CResrEr e PRISH DR bl B PG 2P b i e R s b3S i ng
such sof t war effpriogyrtetgeenThusys pdpeidps HsiefﬂLAl antigertsiio niliencbinpagsEsnipepith des
composed of gfjya faﬁt?%'ﬁ? Qﬁrf:béjﬁﬁés\ﬁ?&l ds r&@rﬁ%@@%kei T, t}h @Qrk\é& *{& d;!"laﬁ pntigens

by such known prog ernore, suc the geptlde

consi sting offmanEof [ Jaedgl 1(bF 1@3@5@“‘\{38@@?@( efrile 31@%%@% 848©):ald

decgpem I ges 1@fseh mif\/l%f fSBMC Bﬁlﬁﬁf&t?l?tﬁbsnEOO?b@Ct?@m(fﬂ, Wuﬁi"? adaidirisknal am no

acid residues, so |aq S [ pepti de retalns

i nduci bi | i tyAnﬂgﬁnsaf Z%o%‘g%%ﬁﬁ F/g"tr‘ag f)r(?LFé% gﬂaﬁogelﬂc&ﬁﬂﬂ:da@f any

kind of am nd)halea:rdM aal. |P(11Kb§ @SE2bey 2?1@796)twh1¢11)z&h Buﬂhhﬁriﬁm_inl flg.l,lo‘:_hhiehiet y of

the original ER?QI 1. T n anlnaceu‘acéal% nt Q(Y@ 2 %@tihggspil > WI th
ni to /SZ an Far erive

bi ndi ng affi gens, i nc ng pep’tl rom
Such pept i degeranmng bmdn@@fﬁplltjem desgibetihian cxdyople, mwheamuml atindvynaégien I ess

than about 2Q14mq01¢sH, 48s; 1%'1dl%%‘dé'Pk&em%?enE@%O@b@thﬂﬁ8@6”ﬂf%re@&'ed§ne

[0045] In general, t he nodi fication one or nore amno acids in pepti de

will not inf |Ca1éﬁré@:t1flﬁémﬁmaéﬁnmﬁi fé@mﬂ%cfiﬁpth%wem li’lﬁdlﬁlél@rglrété(s"é‘é wm even
enhance the dggdnedsindRGEH @ftwalke f)ﬂ@@ra&ﬂ{sl Fhika khefredeat Mverdtbnfeacbmpaieel f i ed

epti de : ept C [ ch one,
P or sever bt Rmagied F BBy HicuSs dR Bl R e B A T O
added, del et adtigeaard¥ ench hssvit @dyraas. Eatpanect, ‘slmhqnpmlasgnaymlnclrudé dreqrpede

sequence) ha t bi ol ogi cal activity of the original
pepti de (M‘:lr\Iégmt?&%l%Ol‘fr&%\%ﬂ1?2“13‘[%1?8Aca5’t4 ci USA 1984, 81: 5662-6; Zoller and

Smi th, (60l ei Thagiodaparidss arsigiecapptideus The posenDalvsaddemNy Paflapied with afl: |
Proc Natl Ac @ﬂloﬁﬁl arkiR6 adRIGEsid(R: sPBRP a§-§1): res-[lmh% pebﬂd@%lMTmﬂt t he

peptides of the present inventi on have b inducibjlity and an .am no
aci d sequenc&UsBilBEt Y ABionalismgo Seér?seﬂ%égnayé)e cgmpgsedofany ksl of gpei n

one, two or avids scmzfng aarﬂndsyaioafm dﬁpaaf ele@neﬁlldu@ieﬂ@ etthaabmnl sapnige.i Thiked.
[ 0046] Those of ski

h d ddi
el ot 1 ons_or R pybiteBbat ponsSE0RE BRIt PRI MER A BERS Lor'e
amino acid onndudinmpé¢mpeesdaiaddroni CRIG4b. deihdeptidercare.dor eswiple, iless tlva
conservation aB&utM'@ednHﬁ(? F&Hé 'o?t%n s tHAR aB6LPONRnG LAY o7E uhF :ngss 91%' dbouf™S

such they are often re erre to as "conservative substitutions
"conservat i véJ#BHNd 2¢dti ons", wherein the alteration of a protein resul ts

in a mgdifs)ed RehGhIN HRaNodIBcAioh WhGhé Qﬁm@féadn‘ﬁﬂ@ Usid§ th 4; tikhgilnat protein.
con servatl v Ahod 1t aion bF Bl pRid bhd Wl b BSes WHFEveN efhahee He RdtP
aci ds are welT'Yh pept willev
functlon of the original protein. In fact, modified peptides (i.e., peptides composed of
an amino acid sequence in which one, two or several amino acid residues have been
modified (i.e., substituted, added, deletedm and/or inserted) as compared to an original
reference sequence) have been known to retain the biological activity of the original
peptide (Mark et al., Proc Natl Acad Sci USA 1984, 81: 5662-6; Zoller and Smith,
Nucleic Acids Res 1982, 10: 6487-500; Dalbadie-McFarland et al., Proc Natl Acad Sci
USA 1982, 79: 6409-13). Thus, in one embodiment, the peptides of the present
invention have both CTL inducibility and an amino acid sequence selected from
among SEQ ID NOs: 2, 3, 4, 7 and 12, wherein one, two or even more amino acids are
added, deleted and/or substituted.
[0046] Those of skill in the art will recognize that individual additions deletions or sub-

stitutions to an amino acid sequence that alter a single amino acid or a small



in the art. Exanples of am no acid sidg;chain characteristics that are
desirable to conserve include, for exanple: hydrophobic am no acids (A I,
L, M F, wowior37a5, hydrophilic amno acids (R, D, N, ECTHP20@/0@G488H, K, S,
T), and side chains having the follow ng functional groups or

characteristics in comon: an aliphatic side-chain (G A V, L, I, P); a
hygr OXK| gr (()lpBrc@ﬁJtﬁg@bﬂdﬂ‘mgo &h{d@t@h&b ges(@,m the chfmser@tﬁ)u lof tHe Iﬁb@mmﬂtﬁé ni( ng

si de-chai n a. carb 1.C.acC|l n cont.ain n N
2 105 bas el aRp ARG P R N SR H L e R

cont ai ni ng sisuestihaions ' ¢, "cEnseifVatlw moldrflcaddef i whereinttee fledratowi ofgr bt  gr oups
each contain @s@tgﬂl Sfrlodffieh E)%teﬁ"lr %vﬁ%%%ﬂh&ﬂ) iﬂafo%&‘u%%h%ﬁﬂ%?&@t 'd’o‘?l

substitutions one ano
acid (D), d geapiie sea@ﬁteru(lg) tablgy pmpfan@ iﬁﬁ@tlemplly Wﬂ%ﬂ@lﬁ@ agidy aregyel lgwm ne
E 5; , |é§’5|PRe (ulﬁ()hie a@ Ek&apIRYET A8inblakid sﬁ&l&qiaﬁﬁc}[aﬁa)cterlkﬁés?hﬁ’t@r@jﬂesﬁﬂyble wyal ' ne

; en al anl.n (0] e
Thr eoni ne ( T%Onsﬁﬁ‘ﬁ’ 185 uéﬁ/é?re?’% ?ecgl’ydfﬁ?BY%“Phl ﬂ%ﬁ’é’ EEWE és?eL ]\é %% R%rnfw t on,
Pr ot ei ns 19841ydroﬁaﬂﬂ)14ﬁ}nlﬁu®did$(ofnﬂm\va1 iR €, ¥, B, 1S, &gl apépidledhanahaqﬁg e
consi dered t ?01?0%&/1@? %ncglgﬁal I‘%O? ps or ! | C%%erastlltcn}/necnt Irﬁon Cim all hzﬁlc ﬁlcR: d&ltalmd@ of

the present inventron are res ereto an Inc
non- conser vatA.Wwe Lmbd?)t & bpdiosylsgrogpednggiging sidetbamdi Ti €l apelfi emr et ai ns t he

CTL i nduci bi leﬁtXlIﬁHg dnecighih @ nal. a%mdx fic adi H LA %f&rc%ntamﬁjé Lihednpgpdi des

shoul d not excl ude “CTL I nducibl & pep es of polynorphic variants,
i nt er speci es Eh&%m bryg sentaimife wiflq-ehass (RfK.dibcand an Jromade grovproeataiipgisider e CTL

i nduci bi | i ty casig (HaPR, YmW')f]Yl a(ithn%n; the AsRSing Qfghﬁg@ups'ﬂ&ﬁhaﬁﬂém(lfmlﬁ@bﬁﬂé tute)

a smal | nurrb for tﬁgp tE L or ste'lver @ afsrrall rcentage of

ani no aci ds. ’éqar‘fceﬂ Nt ?f‘r’i%‘éﬂ’ﬂ??%‘(la Veran %0 oF 8" Ogl?ﬁlno acids, for

exanpl e, 4 orl) Alarind @yeGlyclitegG)er cent age of am no acids to be nodifi ed IS

preferably 2 r 15% or | ess, and even nore
%JA%{)MFS ﬁ&d (ﬁfluO l;‘rgg ﬁ&? g%%

preferably 1 ess 8] Wien used in the context of
cancer i munadb hepapine (Nh@lp@plln@é@) of the present invention should be

presented on4he ﬁﬁlref(ﬁgq}gfneq@ell or exosone, preferably as a conplex with
an HLA anti gen, %’ her ef Is preferable to select peptides that not

only induce éﬂ%’l%‘ﬁtneéps%e%é?s(é%sl\dﬁ‘ihwntﬁ% NGB8 fYhity to the HLA anti gen.

To that end, &) hﬁer@@mﬁmd@eﬁ)cayrohﬁe oyl @ephay (Wobstitution, insertion,
and/ or addi t| ¢§) n no aﬁ)d rd;e5| dues to yield a nodi f| ed pepti de
havi ng |rrpr0\7 erﬁ’?e e@’rg?q‘lpeh n addition to peptides that are
natural |y di SpCastenhe (€), M@hbhmer(é@ubmégy Coé¢ightos, Bretirenid8d).of pepti des

Toos, JBB S e P G e IR O AR AR T 507

nmodi ficati o@gesglas}ewn@ﬁnslﬁ@ﬁe\feégt@pa@@w thpressne VARt QCIE Belt Tepifisted faereto

i munogeni ¢ pRPhiagescl@e non-conservative modifications, so long as the modified peptide
retains the CTL inducibility of the original peptide. Furthermore, modified peptides
should not exclude CTL inducible peptides of polymorphic variants, interspecies ho-
mologues, and alleles of CDC45L.

To retain the requisite CTL inducibility one can modify (i.e., insert, delete, add and/

or substitute) a small number (for example, 1, 2 or several) or a small percentage of
amino acids. Herein, the term "several” means 5 or fewer amino acids, for example, 4
or 3 or fewer. The percentage of amino acids to be modified is preferably 20% or less,
more preferably 15% or less, and even more preferably 10% or less or 1 to 5%.

[0048]  When used in the context of cancer immunotherapy, the peptides of the present
invention should be presented on the surface of a cell or exosome, preferably as a
complex with an HLA antigen. Therefore, it is preferable to select peptides that not
only induce CTLs but also possess high binding affinity to the HLA antigen. To that

end, the peptides can be modified by substitution, insertion, and/or addition of the



the present invention. [0049] For exanpge, it may b e desirable to
substitute the second amno acid fromthe Nterm nus with phenyl al ani ne,
t yrosi ne,woentwismione, or tryptophan, and/or the am no a®Cu/JRL010/bE3488
C-termnus with phenyl al ani ne, |eucine, isoleucine, tryptophan, or ne
thionine in order to increase the HLA- A24 binding affinity. Thus, peptides
havi ng an amantn@gdidres Rigeencgeldeal nedified pepride anving iiBRQveDbiNdEg Afinit@n 4 , 7
and 12, wherei,n .t he secaond.am no aci romthe N-termpus is,substituted
o th phenyl arsiRe % PGTEET war ARl d N iR AL hEE TR 2 ne
C-term nus i of pefisles tuplegedby bingingan Yl Aahmtipenehas| digaednkseniknove £ immyunol
trypt ophan, I Qa0 eg . . <]V i O 0050]
9Ho4TBishI %}ﬂg gn@gg?geggﬁ&p@% Aglbtiﬁ, Jtl'ﬁ‘ﬁn&i]&ﬁg@i, 1158} %7?1’0&33# q

Alternatively, I't ma I'e to substitute the secdond am fo
from the NterfieriRns bapadon wgk regarlasity may e drrosiceding) Bie impunagsmveopPetides aft t he
C-term nus Wikdpré@int B§eon. €ucine in order to increase the HLA- A2 binding

SEQ 1 DIRT 2 VinePERRPIEREes bo AR S sHEr e Rmaetae e aRRR e e S
substit ut ed wririndsewich pigen@ralaniiel) tyoodine mealtidhineyorwy@taphan, tand/oCteaanihaus i S
substituted w.t;h. valine or |eucin . enconpas. h resen
Tvent i on. 1 obed MRS el SHEMRE RS RTBRE R fa coRRyRAE ST e i na
am no aci ds hipniat sorger tohecrposithd dhAeh2Hbindig Afinily. délub, pepdégsthering BAR)
recogni tion gf,ReRtl d&sen@EURERN RiYShEs: SAMaDAeERNs bl atethd MalynarReRk! de

with amino acid substitutions may have equal” to or befter funcétion than
that of the 6f59gFRENNO acd frappthe Netermps is sybsfitpted avigyphenylptaning (epimgy - 377)
&r agf f100 (Z%Q%ﬂi}le,((ﬁafy@Maﬁ dndk wheRe @ (Resmirff is AhRudvith bRSK- T .
. mnn et a

. .J Lmmungl .. (2002) _Feb 1; 168(3): 1338-47.,.S.. O D onne
et al. Cance ali“Hﬂ‘E:A%}m}en%?ﬁlr%&flﬂé’rt?yp(t‘%%’@%’)o%%t IpgECSHEeAmPEsed By tis RIRTAL et
al . Cancer | mweutioh.ogy, | nmunot herapy (2004) 53, 307-314). [0052] The
present hdent | it r al
b mo. ST AR 230, GHRLAINRE R W oGl O RecBho Ao PGl GENELE
peptides. SuéhmiwiWitelupapor dethitrand. agd/hr Gis apiino aid pgda (hiepdingg Wathf i ni ty
and retai ned {lle dNEUGHDIn drlidt @5k r@ksS thel FCA UeGinbifh o tat8niBY §88NHhepidGNT i ON.
However, when the peptide sequence js identical fo-a portion of the am no
aci d sequencé*¥ng 4h 2BYbYEhsueRse selesgd At aprRg eEQ IRNPhY WAewi Hgr ent
function, si d&oﬁﬁfaﬁﬁﬁ@?@&lﬁbm;tﬁe A ted M MLﬁht&QfegWi&dlaﬁldfﬁ@br ?bﬂhﬁm@ieﬁ; and/
synpt ons agai nst _spegi fic substances .h e.induced. Therefore, it 1I.S
o7 eFeral o r & PreSlr s ErRMS o B Tel e g ok E s REER RS ab b B
avoi d si t uat iposentiinvestiosh t he sequence of the peptide matches the am no

acl Sz%ﬁﬂce ﬁ%s@tﬂﬁ&&%a%@ﬁ%@uce%%{]oﬁlg a glg(?év\]’??]%ﬁ fﬁgfrio %&&’s‘%& *Aﬁo*&i’gﬁ o9y

searches that there exist's not even a pept am no aci

di f f erences ®9sitpirphpeentiad Tragl r@ﬂ@p@éﬂs@ [repgiiten of prptides;- Setrylstysiest i de may

be modi fied havoOddsnstrotell Mt @ pStidel Wit hmtHongiBdubbitutidnswhihddeAqadtb gens,

and/or incr e%gt?erl fhr?ction than that of the original, for example, CAP1, p53 (261072 Her-2/neu
369-377) OF p100 200217 (Zaremba et al. Cancer Res. 57, 4570-4577, 1997, T. K.
Hoffmann et al. J Immunol. (2002) Feb 1;168(3):1338-47., S. O. Dionne et al. Cancer
Immunol immunother. (2003) 52: 199-206 and S. O. Dionne et al. Cancer Im-
munology, Immunotherapy (2004) 53, 307-314).

[0052]  The present invention also contemplates the addition of one, two or several amino
acids may also be added to the N and/or C-terminus of the present peptides. Such
modified peptides having high HLA antigen binding affinity and retained CTL in-
ducibility are also included in the present invention.

However, when the peptide sequence is identical to a portion of the amino acid
sequence of an endogenous or exogenous protein having a different function, side
effects such as autoimmune disorders and/or allergic symptoms against specific

substances may be induced. Therefore, it is preferable to first perform homology



CTL inducibility w thout any danger of yguch side effects. [0053] Although
pepti des having high binding affinity to the HLA anti gens as descri bed
above ar evoxpext3edsto be highly effective, the candi dat @Cpap2aie/essdssihi ch
are selected according to the presence of high binding affinity as an

i ndi cator, are further exam ned for the presence of CTL inducibility.
Herein, the pédréss usiaglavhilblecddrabakdsyto avaidisaadiRms i@hRBithd deyjuaicetdfichepept i de

to i nduce cytotoxic | ocvtes (CTLs) when esented.qn _anti gen-presenting
ol | 5 (apce) PR MR et el oF T Bh R ERL B u e IE: e

pepti de to i fiducthe@Pmohugtyi seatherthat@idre pristsinfoeesni opeptige smtbtleorCTdming stisl of
target cells,;: i : r]%détﬁ i nfirmation
of CTL i nduci’dg?‘??l%ctégﬁés% er(gﬁoi s‘%gﬂ()jﬁ%‘gﬁi ne uccizeprtlg A ‘I&tﬂ?:g?ét% ﬁfglyhﬁpnan IVHC
antigens (f omask erdep o {epraet ift tiadingamélin phwtie SILAapifisgah apd/or Bckeapg s
(DCs)), or mﬁﬁﬁﬁbﬂi&}gﬁ'ﬁth&ut% ddﬁgtér\bﬁlghcfh_rsm@éffé?ﬁﬂt peri phffg' bl ood
mononu r |l eukocytes, and after [ ion w e peptides, . xing
with Cf{lé&%ési t‘}%uééﬂ)?@}d%éﬁﬂw%gﬂhj’é‘&gﬁ%f‘ 1y ﬁ%theg&géﬂﬁ%‘fpnﬁ%gﬁéﬁgé nd

rel eased by Ghbveagakxsicteldhe bt aighet effetivs,. thhsaridniate gpeitle ) Whighsire palected
transgeni c aninals that have been .pr. ed.t.0 expr. h HLA_ ant i.gen
(for exampl o TRyl O MG FIMuLhRRHERTE SRRl AR RO Rge
C, Low L, Prifenthe pres@icambdbad LDadudipibity. ieomol the plneseAglL 8dpegipilitybindiegtes

Rel ated Arti 1 b i asPO Lol el

epi t ope vacc?}lﬁegﬁyiﬂrl\@&%}% A&eg'tzlgéi?%%ldﬁdt%%g%%%ﬁ }@ﬁ%}%&wg dgpeﬂﬁ@ﬁ? )i)g)%_eﬁﬂ/lc;lglogﬁLA)
class Il res@PiganeRiesstpg calsdowses). FugheheC ik derucialitye iighisies therahdity of é@t
cell's may be peptaietth hdioe CaU. il htidh, tPL ROHfesoN, pranbtey TRURK 6f tagkt Miky MRy
be cal cul at eé) if)lr omr a (g.hgﬁgtl vity released fromthe target cells.

Al't ernat i vel Y EPRCTEARUCT bi Nfgﬂmrf?gu‘ﬁ?gessed may be exani ned by

measur i[0@p4] FN-(GarfimaageroofiCE iratudibilil éasedmiplisHedbyiindicher APEs encen®huARCs

edi a0t hg ﬁ?.éi#béﬁééfﬁ&%ﬁﬁ%ﬁ%ﬂ%?@%ﬂ%é%@@g?%@@P%‘?@%i fpesgr "
exam ni ng t her apre spedifiselly PGsyegyed fiempgwptan pesphesalddeed inbeehuslseve, it was

di scovered t hafkoPRBAREPLAESSi nRIatRBGRRERE Fgﬁﬁé,%&%geﬁitﬁ COR ARRRE ol Q | D
NGs: 2, 3, 4, 7 and 12 showed particularly

hlgh CTC inducibility as well as
hi gh bi ndi ng 28¢ theaimpspsyrgngtie LA samnagRinduced 38d released by g agashing target
I(ixerrﬁl ified aslrllsi.)rpgftﬂéf {e@&i(?‘mybt@dii, Efﬁﬁﬁg@ni@}canid_itﬂs ﬂllﬁeﬁza/lgtbeélﬂp@ﬂh&d@lﬁo expressda 4
urthermore, ;the result.of homol o nal ysi 0 at_those peptjdes do
ot have. s ohiPRREHcY ishSh 455 TR o BR% AL TeIR EEEMoRGhed i REHER enoan
human gene plodpoes.), AogoCdLoglly Printve JpDgsidad DL, yuof Inmknd A0 Augnaks):r ed

| mmune r espoW%E—%‘Q’Ptﬁﬂaééﬁ%ﬁti&tglé,&%ed?i??,m ctidn {JP@’?L.‘? O{TJEGJ}EJ Rifimaft! SO

fromthis aspect, e‘se‘peE in uste or elicitin nlt%(hlln cancer
pati ents agaichiéepecpcase in HhAsA*(20d/IR birprpaenismiee;slependsatan MitetHi-dh,

preferably, peRSiIdesrifayirng) @g%cﬁ@@)ﬂﬁn%@ iufes PAHONEEHIS Shett R cd1lsamyppdRg SEQ
] In addition.to the al?gu\iac?tég?scrl bed

ID NGs: 2, 3,.4, ang :
modi fi cati ong}oli"lﬁf?gedp‘@‘glf %é&%‘L fuchradyiaiaie activity may be ca

dioactivity released from the target cells. Alternatively, CTL inducibility can be

rom ra-

assessed may be examined by measuring IFN-gamma produced and released by CTL
in the presence of APCs that carry immobilized peptides, and visualizing the inhibition
zone on the media using anti-IFN-gamma monoclonal antibodies.

[0055]  As aresult of examining the CTL inducibility of the peptides as described above, it
was discovered that nonapeptides or decapeptides selected from among SEQ ID NOs:
2, 3,4, 7 and 12 showed particularly high CTL inducibility as well as high binding
affinity to an HLA antigen. Thus, these peptides are exemplified as preferred em-
bodiments of the present invention.

Furthermore, the result of homology analysis showed that those peptides do not have

significant homology with peptides derived from any other known human gene

products. Accordingly, the possibility of unknown or undesired immune responses



invention may also be linked to other pgptides, so long as the resulting

| i nked peptide retains the requisite CIL inducibility of the original

pepti de. RanmB229f suitable peptides include: the pepPCiaB20b/043488 pr esent
invention or the CTL inducible peptides derived fromother TAAs. Suitable
inter-pep tide linkers are well known in the art and include, for exanple,

AAY (:DI M Da\fhlfeﬁﬁlisal’lfoeﬁmﬂlhnothdraﬁ'y ariswhied. ?ﬁk@gforé\'} a&ﬁ)ﬁ;onﬂﬂl@s aspkiRithe® P. M
Sutmul ler et a

or .K a-et al.,
s 6. 147 pohtgsy ing TR RS Bt i/ ERGe: iR RbailirDe g 18bs e
5709-5715) . Eopt1®xaﬁﬂieqo,resammnmﬁmefmdqiy,ax:po@ﬂsamehhgamtairrgmmaqjémqlldecse al so
can be used §cht§(tl (:)ﬁg ﬁ@bt@@@uiuﬁtaqldlﬂcrease t he i nmune response
S

via HLA cl ass | established that cancer cells

can expP@¥d ndp @d@ﬁaﬁ t(bﬂi‘é apiypodesgiileslonadifigatipapahe pepiiles pf the pregputhi n ¢ he
scope of r OUHM&ﬁn&%HﬁSIlaES%Qﬁqk@thJ &herﬁi@ﬁu&ﬁs  ¥hpag Mle%sluhtingl Hhk%B%eﬁt[de to
det erm ne whet her artl c Jlngr cﬁ%% el}&press S ag}% #:I ona %

associ at ed gé‘ﬁ@é‘“ gUHiHERCTh et PEPULGA FETMRIER Siuéi@]%lell

bi ndi ng pept |pdpt$dedeﬂdlwd@dtHerpemldaespjfﬂ&spmnprn@des)ro]ﬁe SULhn@eitds peprideDCASL
COMpoSi t | Onsﬂ% & (():rlnr(]) Ser%%?ﬁr_g ¢ %ttr peBP GERGLS z!lrgv kn% nlllQh \Ar}qal%d

Exanpl es of ass and ass I ndi ng pep t1°ded dre  Khov
t hose of or diimdude, &kiekhmple, AR @PrM(Daftarlenamil éTr@@eM@ib@@(Weﬁ 28).emiBel | s

13: 393- 403, 14ORK, RanMCS‘{?tnﬁﬁlei»'&%@ ﬂnﬁﬁlﬁol' Qéf(ﬁﬂ%?W%@ 7%15 &K QG S

t hose di scl osed hereln hus, one o¥ ordi na art can readily
prepare pol ygbptiyRes. ﬁ%cl‘ﬂdrlﬁ‘a%lﬁes éf&a"}%lfﬂgaeé@;&mﬁéwp &QQ -dRd: one or nore
of the non- CBZASL7pHpti des, or nucleic acids encodi ng such pol ypepti des,

[ t and I bi. ol . [0058] T bov h
st ng ot andar g procsdur e, CheSL 5 R oottt peb peaides Aiog o B BB By ¢ wo
or nore pot entanghllysimotrancogdnite inoreasaning mantua@s popsesestia HilAatlasnd apéiot cldes
whi ch can bepj %19%11%9@%&1%{1 ﬂ&a!? fQéﬂ% cAh Q%g%gﬁ&tﬁhat(nho& tu@f&%@v%&@&“ ed,

over | appi ng) . acid can be
admi ni st er ed gewe. d hg@ ahid a‘rlauri them%trbmmem@m@@mtan@ fgr ong of @rdmm{ kil iy

test the ef f el iV RNRESRHe \R/H&hé}céﬂ I)ﬁh@ﬂ@ar'sﬁbﬁét‘ e'ﬂdf&éés fﬁgdltﬁﬂil%&ﬁbf‘&s@éiﬂé@r

provoking an inmune response. pepti des can joined together directly
or via the uge"ef 2 HEk %@C@éﬁh‘é&@%l&nﬁ@r H%Flﬁs&&égldlwpflﬁ%ﬂ FEivedf

pol yt opes as fm@xpﬂﬁldnq)r&@ids dfﬁ.ﬁ&mgérﬂs iheDaubL (cse@osifos or vhb@nson et al .,
Proc. Natl. Acad S(f 92(.13) . 5845- 5849, 1995; G lbert et al., Nature
Bi ot echnol . %‘iof%l q%é)resfﬁté N nfgg.? Thonmson et al., J |nmunol.

157( 2) 82V 82 Gixam86;of FHrAcless Iad,nd HIJAEiqss lINBading partides 2€9n8986,to ABBOPL

Pol Yt opescont Ak g it IHFBERTIANK, AR, B3k 00, P136PH6LRE0SLE be

pr epar ed and test recogni tl or effi cacy In i ncreaS| ng
an i mmune re§mh%ésed[1@d@9}wqrﬁ@na@bﬂlk@lé@nmr%ﬁl@ssﬁhﬁléwed hrgianThenons9t al so

be |inked tooplihgy sﬁﬂﬂhﬁ&l@&zﬁ?@an 2&dilyopepas pblfeptRRY dcluiéhd éﬂ&k&dncnept i de
retains the rcﬁﬂgiss[} L i ndu0| bi | |t gfn tgﬁ%@ig gi nal eg ‘ﬂ E)((iarrpl es of
sui tabl e i ncl e ‘E‘Boﬁé‘ﬁ}r?a gl PPy Ak Ef&ra

encoding such polypeptides, using standard procedures of molecular biology.

[0058]  The above such linked peptides are referred to herein as "polytopes"”, i.e., groups of
two or more potentially immunogenic or immune response stimulating peptides which
can be joined together in various arrangements (e.g., concatenated, overlapping). The
polytope (or nucleic acid encoding the polytope) can be administered in a standard im-
munization protocol, e.g., to animals, to test the effectiveness of the polytope in
stimulating, enhancing and/or provoking an immune response.

The peptides can be joined together directly or via the use of flanking sequences to
form polytopes, and the use of polytopes as vaccines is well known in the art (see, e.g.,
Thomson et al., Proc. Natl. Acad. Sci USA 92(13):5845-5849, 1995; Gilbert et al.,
Nature Biotechnol. 15(12):1280-1284, 1997; Thomson et al., J] Immunol.
157(2):822-826, 1996; Tarn et al., J Exp. Med. 171(1):299-306, 1990). Polytopes



chai ns, acetyl groups, natural and synthetic polyners, etc. The peptides
may contain nodifications such as gl ycosylation, side chain oxidation, or
phosphor yWwetomwi37e®sc. , provided the nodificati ons do noPCHESBLNMOYO3HER

bi ol ogi cal activity of the original peptide. These kinds of nodifications
may be performed to confer additional functions (e.g., targeting function,
and del i very cbuaiiiigonyions ntuﬁbéfs ahd l:d)rmem‘aﬂitﬁlspﬁbywts baiebe pePHeY afdtesedanpl e,

to increase the in thV dé?ﬁ % }p e is known in the art
Lo it oduce sttt FEL d tor Bl DR AREREER iohud eS8 1o e da.
this cdbeept iy pebSdeshé tadapicadinvontive paesenbe hokeydge ptliedeshstanbes, so Wgl i ty
of a pol ypep

pepti dases atﬁ%ﬁ%arrggl%%%@e% ﬁg%ﬁ% q I]am?ndq'rﬂ-ﬁnge {usﬁga lﬁdumﬁl yaﬁ%@gﬁ%ngler um

can be used wPeptdesExamplgs pf Wtab@é@u@: éor, exv@phoéeppt@ps élPldS sugar andyugar Met ab
Phar macoki n :888s, addey1 g%%ﬁp@ggﬁlral bR SAh MR eSS, e@@ﬂ@b@ﬂlcﬁ@%@,coﬁﬁﬁﬂg the

nodi fied peptides that a[} bstltuted ghlete and/or added one, two or
several am nSULHGIPREIUGHES € Yfﬂ%’éﬁl%avfl‘ﬁ adm, fdglion, pp RRGSP %’P\‘?P’Elft%s
conpared to @rivjdauahe n@rliﬂddﬁ@nﬂﬁ’lndleleﬁmyaﬁﬂbﬁbldg@d‘al Qcttl\&@|(ﬂ¢fﬁ€e(ﬁhglﬂ_i‘le pr esent
i nvention, t hg t?c{em‘l"ﬁese%(llr%f) o Oo\ﬁlt?caﬁo}lshnelangé hgrg edstg St ! Qcﬂhtlonal Rlhction

sel ecting nodi Pi%€a pesti aving sane or gher Cactivity as conpared to
originals. Afe.gl tmlgﬁtmatfumélomﬂmhm fllmtiomder wtseybslizgfthe EtOlYqutllldst i tuting,
del eti ngodyy; age @QarﬁﬁleH%%ﬁéreé%Q%eaﬂ‘ ﬁ&lhﬁt T3 J%'ﬂg) Pﬁd@ltH?Rﬁé\Ql?nP%etaﬂe
present | nvent| on, . determ ning e actl Vit pepti d roduced in
the step (a)f°o aﬁr@deceDmI@%@% aﬂﬁ@%fé GBI EAY VAR J6dhBYS acti vity
as conpared tonddpEmay bBb rbaladaﬂr&r ﬁ‘)ltHé, rédeqt Alp?’&?pépltlﬂys TBe b@b%}saﬁ’zﬁpblypépuded ude
VHC bi ndi ng act|V|t L|nu

EIT and tot0|c acf3
Pr of er abl y) et s B ey P inete P Lol hlolsigin
activity can nhrehaasm@yadmummrp@astrfaemdeeﬂmdsaldbcsusreldbemhst nablEDyAk&,E.‘g Her ein,

bopt ."323 g‘: S Bl B3ET bf%%@é‘ﬂ‘ (TR BL SR LSRRI S, on of cocast
pept i dd€0oine d‘é@ltepﬂfésasafotfe O AN thm@dtfiedrpep@@esb@at@reewéstetutedsdqiqe@ve| |

known techni qHger addRl b ?%HPM% orlsBEerPeRtihg 8Sid TRYIRS, RELRALRY sﬁﬁﬁewﬁfg'h&a' ly,
usi ng reconbi nant echnol ogy or chem cal synthesis. Th pepti des of the

present i nverfidH Wﬂ@é@yﬂ ofigia} Bepddesiginicdaigensy 19F ohse qc&sigz e present

pol ypept i des nh\f@ﬁhdiﬂlt]ikgeﬂom aﬁ;b pmﬁ@esﬂﬂ@frﬂedﬁa of I&lﬁerﬁﬁ@fdr@@&el%Mgtﬂik&ﬁﬁ&E

i sol ated, i t&uili fii ﬁl %e g 1? as t%eft%ieosulbs nt,i ail %a reefrom

ot her naturalPFf)’/loé i) PEH@“%S% ELEI P ot e NP PF&&?&m@ Waledst, or any
ot her cheni catetlsybsbtypnchsle sfePP68] The pepti des of the present |nventi on may
contain nodifigc S i

phosphoryl at i on%ﬁ?g@% %@Qﬁlg%rggé& %gte?%ﬁgggrgﬂr?gat%lcg%gftdpggf(% ﬁgﬁt’b
activity of PFSCHINYANHEN. peptide. Other illustrative nodifications

b: determining the activity of the peptide produced in the step (a), and

ogl cal

c: selecting the peptide having same or higher activity as compared to the original.

Herein, the activity to be assayed may include MHC binding activity, APC or CTL
inducibility and cytotoxic activity. Preferably, the activity to be assayed is CTL in-
ducibility and such activity can be assayed using the methods described in
"EXAMPLES"

Herein, the peptides of the present invention may also be described as "CDC45L
peptide(s)" or "CDCA45L polypeptide(s)".

[0062] I1I. Preparation of CDC451. peptides

The peptides of the present invention may be prepared using well known techniques.
For example, the peptides may be prepared synthetically, using recombinant DNA
technology or chemical synthesis. The peptides of the present invention may be syn-
thesized individually or as longer polypeptides including two or more peptides. The

peptides may then be isolated, i.e., purified or isolated so as to be substantially free



i ncl ude incorporation of D-am no aci dso§r other am no acid mnmetics that
may be used, for exanple, to increase the serumhalf life of the peptides.
[ 0064] A wepvinds7296 t he present invention nay be obtai n@dTiRzawgIs4ghemn cal
synt hesi s based on the sel ected am no acid sequence. Exanpl es of
conventional peptide synthesis nmethods that nmay be adapted for the

synt hesi s i ngtondlethef haruRBpbLaerifynédnedl protding SIdSCig@ a6, thé¥evr, ¥pik; oth&66;
(ii) The Protﬁi ns Vgl. 2. Academ c Press, New York, 1976; (iii) Peptide
Synt hesi s (i N IRSAHEL “®Nar uzen Co., 1975; (iv) Basics and Experiment of
Pept i dé0O@Ait héldiepepiidesd panmsent invamtinnenayGoontaif a88ljfiqatipnDeval aspglpod- of

o, Lot TR LBl S RRRTREL, pBlocoit (RAPLIAG Roe!
Pept i des Vol destroytigg biokpameph detivaeysif itipeorayipal tpegtide: Ot dldustyat vepmedidicati@ny Yor k,

1980, 100- 118xc1id¥0B&IrpéYatish HaDLEhY aciti6r Rh&SHNho RERMhiHRS Yt Pey 8OLi@ldned
adapti ng any known genetic en gl neer.i 5}9 % ods f.%‘% produci ng pepti des
(e.qg., Norri {FX3mple. Erpeepsehe gy uadip lifg 9 thepeglides. " o ark-curtiss &

Cur ti s§006vBt hotlpeptie i Zyenpreegyinfedtion iy Bd olgthingd 9@ chehicaB4yhtiisd)s. bakar
exampl e f1 1 9b. 2 SudARLE VEGLaL JAL BOLLAR 3 BOLYAHSLERLIAR SRGedi na the
obj ective peptide Sin an expressrbliceform P_e._g. SOgowWnStY 88m oY a Fegul at ory
sequence cor metipwhdhatgnaydeadpptodrbrdhe syethesisdrdludes prepared and transf or ned

into a suitablg ﬁ&?ﬁ&e SflthesisSHARsMiERLONSwAk NAsls; cel | s are al so provided by
' he host |1 ’

the present invention.” T cell’i1s then culfured to produce the
pepti de of i nt(®} &g Profgies. Yoht3. deadaipic dlress. New prwgudds: i n vitro adopting an
in vi E_ro tr?nqiigtﬁep@cééyﬁftﬁfns (ﬁ@%@@ﬂqsk\/Md\fb@ieﬁh@lﬁJ @ogi des Thfe ﬂ] ese][lt
i nvention al so. provi des, pol ynucl epti des i C ngode any,,0 a >
menti oned pepti'EE5t SRhEXRY RSO O TSROy B MBI R AT G Rad PGt i des
derived from t(heDeaatlopradnt of EhiarmangutiChIC4Sdcoge nauheeiBdajandse asdi bh(phptide
NM_003504 (fq ntﬁégﬁpﬁﬁak%q#&,m 17)) as well as those having a

I'fie

conservatively no nu’cledti de sequences thereof. Herein, the phrase
"conser vat i vel(y) ¥aPPoéBHand eot i de sequence" refers to sequences which

encode identi qai) BiraRP BRI VRl RENT PGRIIe@TLNO, &1 FRGULLARS Syuesiio t he
degeneracy of the genetic cqde, a |arge nunber of func tionally”identical

I
nucl ei ¢ aci defeBdd resty NGV ek ph8Pel -1 Kor i nst ance, the codons GCA, GCC,
GCG, am({)\l\(ﬁqw a&lkerﬁjlftﬁ/@@etﬁehﬁes%ﬁi p@;i_d@d;jlﬁayabaﬁlbtaﬁed Abpsing ahy BN@WIY genetic en- 4
posi tionwhere. an.al ani.ne is specified. a cqdon, t odon. may tere
POy of e ngigrPe PRl R hbler it Fecdtirsab e ERECHIIMNE. Bhtoved
pol ypept i de. 3%¥Sh; Glack-€uctisact Guntas.i Methodsindingyheidggriedsy 3¥u ettal.o h9§3, 10hi ch
are one speci:gs. td : i fi j.at i g i cid
sequence her 3??1 6\%|P§E angﬁ‘cﬁﬂog’eﬁsrggh)ég?@ ?édiécg[ﬂgl \éﬁggg@ raﬁ;t(} snuglég{r%e %%glsilﬁgﬁ%@
sil ent vari atbisativs paphde Hu eipsesabicformmie g oflowRrstigany of aiggulafory sgauence

corresponding to a promoter sequence) is prepared and transformed into a suitable host
cell. Such vectors and host cells are also provided by the present invention. The host
cell is then cultured to produce the peptide of interest. The peptide may also be
produced in vitro adopting an in vitro translation system.

[0066] IV. Polvnucleotides

The present invention also provides polynucleotides which encode any of the afore-

mentioned peptides of the present invention. These include polynucleotides derived
from the natural occurring CDC45L gene (GenBank Accession No. NM_003504 (for
example, SEQ ID NO: 17)) as well as those having a conservatively modified nu-
cleotide sequences thereof. Herein, the phrase "conservatively modified nucleotide
sequence" refers to sequences which encode identical or essentially identical amino
acid sequences. Due to the degeneracy of the genetic code, a large number of func-
tionally identical nucleic acids encode any given protein. For instance, the codons
GCA, GCC, GCQG, and GCU all encode the amino acid alanine. Thus, at every position



recogni ze that each codon in a nucleicoacid (except AUG which is
ordinarily the only codon for nethionine, and TG5 which is ordinarily the
onl y codowofeoro/13r39pt ophan) nay be nodified to yield a fRaTUPZNODI3YSS

i dentical nol ecule. Accordingly, each silent variation of a nucleic acid
that encodes a peptide is inplicitly described in each disclosed sequence.

[ 0067] Tge peth¢erug fdadiheld s]?écifiéwbpa esafnt Eierwem an r?myeﬂa& tccmyp@fsﬁalcofrellDNA,
RNA, or derivatiyves t of .. is well .known i art,. a.DNA L.ecule is
conposed of - DRLTERHARL ISl ol Rl e Pod gt BB uee SRR ©and
T i s repl acedcidyaljationsaune RNant vAnietiarfs, 'skhikch awi drle spegagricoeset Veditvely

non- nat ur al | ?%ﬁwﬁrﬁgﬁag@ay%de A&'@?%ﬁéﬁbe@l%ké@ wﬁ%ﬁlb(?nf‘& A (;P%?U zhéo The

pol ynucl eot i resent “i nventi on enco of t he

present i nveﬁ@@%ﬁew‘teﬁy Bessikile filsut varrtien @érhemgwl@rﬁ adsl. Qﬂed)f §]é1é|1ué r'i]@f‘e%rt W

?xarrpl e, the réd&tgﬁl&yﬁ{b{t B&h%ﬂﬂ@nﬁ&h&l&f@ﬁdteiﬁm&&e Uy, Qz\h%&tels ar&ﬁﬁy #a&®n%y Itet g
e.g., enzyne recognition se Q e po oti r e nsl ate

peptides. Fu cofa} hop g thipnyae, ﬁgaﬁﬁﬁﬂ’@&lﬂ }SdJédWﬁ‘S}%’t icf éiéog é&éfPEOPEﬂﬁ

sequences to rﬂidyd)e(lﬁdilflgd seyjeldncanaivnaldy iugntidud rrllﬁﬁpfalld:i (Acoérdtﬂg&y padsdlit

| nventi on. ethm]trg% Ieheac%) Jth%p Coggsta{ge Hd8Ys i licrc des& 3)"? g%cﬁe ex

polynucleot| inel uded T egul at of y- Kequences requiTe
pressi on of ﬁh@kpebﬁﬂdekmr may be an expre55|on vector (plasmd) with

narker oy be
9(?({ ?yq o r@%clebﬂd@@}ﬁé ?feserﬁ mnﬁgﬁﬁﬂg'bg %G}n Q&h}gﬁ gt Lot Ndes, may

pr epar ed tron o nucl eo es th OU convent i onal

recombi nant edyHivEn rq&)é./#gls eélrkr@%lﬁﬁltlae arbell%lﬂérra%l@@l %W&OB}P&W h3gases.
[0068] Both @Mh@amraﬂp@c@hﬁ &aes 3y M (eSAEGE AfMisd gglacermyyll;fentazpsed to
it

o ynucl eot i B8 e bRk oty MaaRet oMY e i bPonis AEBUELT or
whi ch may be pelypnesstattsserclk r ansf ect ed |nto a conpetent cel
Alternativel y"l“shglp?)%r?ﬁgféﬁ1so(§ftﬁggfggé/nttﬁ%eﬁg@ %9 SR lﬁ%ﬁ%t?&e@%:f%es or

expreSS|on in et a
C oni ng: A Labseattinyaptivamidl or vagiogt @@fvmnmm@racmquww yor pieampterthe

1989). Alter r&ﬁéﬂv&%g anfnPRiY %k@&%gﬁpﬁ%ﬁetﬁle%)&@é&gt%gé &d eHz%lnHerewﬁnt%H id
phase techni ques, descri bed i.n Beducage EyS Tet rahedron 1992,

48: 2223- 311%%*&9@%@% ﬂE’tPOéYnuCICEW%)Uth?L@SHS ated pepiles; Furihgigenrephe mobdynes The

present i nvertdotide fnagz ﬁwdepfng\addﬁsmmrsqueéd to ltledr cdd(ﬁfg whesnce ahtRithgekhesones,
whi ch present et of. the resent

"vent Lon_ anderiRanehaseeth IERBT: YO Preitde PEEBUSRRA il M ERhr ea. o
exanpl e usingomhemmamﬂwuwkmﬂﬂaﬂmeuwhﬁcﬁagah&sys&ameﬂﬁrapmkd@auhomeohyo

Publ i cations gl‘*f%smh%f th%]peﬁ&&’égﬁmé}pge &%ﬂiﬁ%ﬂectﬁp gﬂMd)b@ltﬁ) Pl?err gndisi ng

APCs obt ai ne rompatie who "are subject to treatnent an revention.
The exosomnes 28B4 sydhe hgaasehtsuphipsampBanRglymislqofdesumax b@p@ﬁarvé@whﬁe@aw n a

fashion si m hajuldtRntdPoRBREIESREs Hrot fiEcdves®IMal teBYBBthbANechniques using, for
example, polymerases and endonucleases.

[0068]  Both recombinant and chemical synthesis techniques may be used to produce the
polynucleotides of the present invention. For example, a polynucleotide may be
produced by insertion into an appropriate vector, which may be expressed when
transfected into a competent cell. Alternatively, a polynucleotide may be amplified
using PCR techniques or expression in suitable hosts (see, e.g., Sambrook et al.,
Molecular Cloning: A Laboratory Manual, Cold Spring Harbor Laboratory, New York,
1989). Alternatively, a polynucleotide may be synthesized using the solid phase
techniques, as described in Beaucage SL & lyer RP, Tetrahedron 1992, 48: 2223-311;
Matthes et al., EMBO J 1984, 3: 801-5.

[0069] V. Exosomes

The present invention further provides intracellular vesicles called exosomes, which

present complexes formed between the peptides of the present invention and HLA



[0070] The type of HLA antigens includegd in the conpl exes nust natch that
of the subject requiring treatnent and/or prevention. For exanple, in the
Japanese wopoloatsizan, HLAA24 and HLA- A2, particul arly HLRCAIPAOXOEGASE

HLA- A*0201 and HLA- A*0206, are nost preval ent and therefore would be
appropriate for the treatnent of a Japanese patient . The use of the A24
and A2 types ahti@ins ahehdii gitfaye. Bxpr@BsLEa@b®p@phiee, fdapangie udng tHeatahsdsan i s

f ble f 2402,

A 0201 and. AL6O0RT ) leBhet BEERLATRHFERIL KTy S PR EREOIS B PO 0 1oa
antigen of tI’WéOB%/DB@ﬁ anéga be pgeparedatsmegm PCsobtaved frogatasidnts whadvance,

whi ch enabl eg,f:08 t@ﬂ@%ﬂf&h{ ﬁ{d?oﬁféx%ﬁhbl?“rh%fexl?}&%éh%g?h %é]e@gm'@ d&t nbrﬁ%{fté of

binding affinity to t ar_ant '
anti gen pr eséfmcéﬁaf[@rﬁs Vlaecfm%hm%r%iﬁl@on S dethenepiidns A fhepupientiaseHion ng bot h
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The present invention also provides isolated antigen-presenting cells (APCs) that
present complexes formed with HLA antigens and the peptides of the present invention
on its surface. The APCs may be derived from patients who are subject to treatment
and/or prevention, and may be administered as vaccines by themselves or in com-
bination with other drugs including the peptides of the present invention, exosomes, or
CTLs.

[0073] The APCs are not limited to a particular kind of cells and include dendritic cells
(DCs), Langerhans cells, macrophages, B cells, and activated T cells, which are known
to present proteinaceous antigens on their cell surface so as to be recognized by lym-
phocytes. Since DC is a representative APC having the strongest CTL inducing
activity among APCs, DCs find use as the APCs of the present invention.

For example, the APCs of the present invention may be obtained by inducing DCs

from peripheral blood monocytes and then contacting (stimulating) them with the
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step of transferring ol'ynucl eo ehcodi ng the peptide of the present
i nvention to APcenta¢iing wittothaARes of step & Mathribe pepdideeandi oned above. The in
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pat hway to presept partial peptides. [0077] In preferred enbodi nents, the

APCs of resent invention may be those that : .
[O(H%? P "Iehe present invention provides for the manufacture of a pharmaceutical composition

including such antigen-presenting cells induced with peptides of the present invention.
According to an aspect of the present invention, the APCs have a high level of CTL
inducibility. In the term of "high level of CTL inducibility", the high level is relative to
the level of that by APC contacting with no peptide or peptides which may not induce
the CTL. Such APCs having a high level of CTL inducibility may be prepared by a
method that includes the step of transferring a polynucleotide encoding the peptide of
the present invention to APCs in vitro as well as the method mentioned above. The in-
troduced genes may be in the form of DNAs or RNAs. Examples of methods for in-
troduction include, without particular limitations, various methods conventionally
performed in this field, such as lipofection, electroporation, or calcium phosphate
method may be used. More specifically, it may be performed as described in Cancer
Res 1996, 56: 5672-7; J Immunol 1998, 161: 5607-13; J Exp Med 1996, 184: 465-72;



present conpl exes forned between an HLAgA24 antigen such as HLA- A*2402 and
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treatment and/or prevention, and may be administered by themselves or in combination

with other drugs including the peptides of the present invention or exosomes for the
purpose of regulating effects. The obtained CTLs act specifically against target cells
presenting the peptides of the present invention, for example, the same peptides used
for induction. The target cells may be cells that endogenously express CDC45L, such
as cancer cells, or cells that are transfected with the CDC45L gene; and cells that
present a peptide of the present invention on the cell surface due to stimulation by the
peptide may also serve as targets of activated CTL attack.
[0081]  VIII. T cell receptor (TCR)

The present invention also provides a composition including nucleic acids encoding

polypeptides that are capable of forming a subunit of a T cell receptor (TCR), and

methods of using the same. The TCR subunits of the present invention have the ability
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analysis using HLA molecules and peptides of the present invention, and ELISPOT
assay. By performing the ELISPOT assay, it can be confirmed whether a T cell
transduced with the nucleic acid encoding the TCR subunits recognizes a cell ex-
pressing HLA molecule and CDC45L, and the signal is transmitted intracellularly. It
can also be confirmed whether the TCR subunits introduced into a T cell can give a T
cell cytotoxic activity by known methods in the art. Preferred methods include, for
example, chromium release assay using HLA-A2 positive and CDC45L overex-
pressing cells as target cells.

[0084]  Also, the present invention provides CTLs which are prepared by transduction with
the nucleic acids encoding the TCR subunits polypeptides that bind to the CDC45L
peptide of, e.g., SEQ ID NO: 4 in the context of HLA-A2, and also the peptides of
SEQID NOs: 2, 3,4, 7 and 12 in the context of HLA-A24.



are incorporated by reference herein).,§0085] | X Pharmaceutical agents or
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[0086]  The pharmaceutical agent s and compositions (i.e., "pharmaceutical agents") of the

present invention also find use as vaccines. In the context of the present invention, the
phrase "vaccine" (also referred to as an "immunogenic composition") refers to a
substance that has the function to induce anti-tumor immunity upon inoculation into
animals.

The pharmaceutical agents or compositions of the present invention can be used to
treat and/or prevent cancers, and/or prevention of postoperative recurrence thereof in
subjects or patients including human and any other mammal including, but not limited
to, mouse, rat, guinea-pig, rabbit, cat, dog, sheep, goat, pig, cattle, horse, monkey,
baboon, and chimpanzee, particularly a commercially important animal or a do-
mesticated animal.

[0087]  In another embodiment, the present invention also provides the use of an active in-
gredient selected from among:

(a) a peptide of the present invention;

(b) a nucleic acid encoding such a peptide as disclosed herein in an expressible form;



[0088] Alternatively, the present invep§ion further provides an active

i ngredi ent selected fromanong: (a) a peptide of the present invention; (b)
a nucl ei cwaert/Bm9sdi ng such a peptide as di scl osed her @CH/JP216/N03488
expressible form (c) an APC or an exosome presenting a peptide of the
present invention on its surface; and (d) a cytotoxic T cell of the present
i nvention forcuseAP® of heetdsome FRdEntig Ppepdaadt te padsesEine@itioflontitdRffacel 0089]
Al ternati velé the present invention further provides a nethod or process
for manu fac H?I ng a pharnmaceutical conposition or agent for treating or
preventing cahceeytaoxicunol] ofwhepresent itvennet hod or process includes the step
of formulatie i ol agi.cald v ac rrier
with an acti \E}gnﬁﬂg@%ﬁg g%géljllﬁ%%&etya éroo ar%)ﬁgo?q%%% fgr t{)%%tﬁgg}eﬁ%:‘vg%t pr esent
i nvention; (}NGEr AR aci d encodi ng such a peptide as disclosed herein

in an gyeysgssiMk@ndtRer, teGresdRt sntdn f@ﬁh&?ﬁ&%@ AN RE GO nigRYicht PaRiede of
the present invention on its surface; and (d) a cytotoxic T cell of the

present i nveffAbHG& acti ve i ngredi ents. [0090] In another embodiment, the
present i nvent(apnpeltise opthe\irebest iavereionpd or process for manufacturing a

phar maceut | C?kbfo%c‘i‘é' bl %n%diﬁ%&% af R tiﬁﬁera?a&iérll o9 e RS PGNP SRR G m O"
tunor, wherei he"net Aod “OF Process I“Ret udes T he sFeps of adm XI ng an
active in grediemARConh an epbramegeesghiingd bgptiole op hegiredeogingentiop aadtsept abl e
carrier, whergihot e active ingredient is selected fromanong: (a) a
peptide of the present_ invention; (b) a nucleic acid encoding such a
peptide as di ééf%@éﬁtoﬁé?rEFﬂl Prfhg Rressilivesfigh e form (c) an APC or an

(eé;)some prese_rﬂ)fl_ﬁl_@iﬁlltﬂlaec&fcahﬂﬁlt@?pid@'@ntﬂfrﬂﬁ%_ ﬁcejravaﬁﬁdggnlonAits 3_urface; ra;md
a OXi ce t he present .invention. ccordi.ng to the
br s entt0lent SisindiFely st ali TR Bl Reo s SERAL LSS @G 2,
3, 4, 7 and IZtivingea pleemadentingd compbsitiblh Ar 4504t foe sientingg @preyEntiopearpepdi des or
t he candi dat [ ifl im{P . I es :
Therefore, tﬁ@%?%g@%ﬁgl%%@e%&ﬁg% Sglgglr? gﬁlgr&e?f)brfrgos'l l?ﬁléﬁsa ﬁggﬁll ncl ude
any of these cpeipsrallyesphisiologieallrcaeptalde darsierwehee gctote isgedient sg@stedArong, 4,
7 and 12 are pphkicularly suited for the adm nistration to subjects whose
HLA antigen is A- A24. The peptide having the am no acid sequence of SEQ
ID NO 4 has BakhPentids of Bi§iicseBt IB¥eNYOR- A2 r e stricted epitope peptides.
Theref ore, thebphauidiEic atitlieaeddi@garhs: pebtiCONiSbde0 hsrethinCih dxpedssibie farm;

peptide wth a((r:g QnOAﬁéiog aft €% us%pn%eprgsfenérllnga {oe%tf?@ of ﬁleaprrgseg‘l 0ert {Jointo%dltsf or the
surface; and
(d) a cytotoxic T cell of the present invention
as active ingredients.

[0090]  In another embodiment, the present invention also provides a method or process for
manufacturing a pharmaceutical composition or agent for treating or preventing cancer
or tumor, wherein the method or process includes the steps of admixing an active in-
gredient with a pharmaceutically or physiologically acceptable carrier, wherein the
active ingredient is selected from among:

(a) a peptide of the present invention;

(b) a nucleic acid encoding such a peptide as disclosed herein in an expressible form;

(c) an APC or an exosome presenting a peptide of the present invention on its
surface; and

(d) a cytotoxic T cell of the present invention.

[0091]  According to the present invention, peptides having the amino acid sequence of SEQ
ID NO: 2, 3, 4,7 and 12 have been found to be HLA-A24 restricted epitope peptides or
the candidates that may induce potent and specific immune response. Therefore, the

present pharmaceutical agents or compositions which include any of these peptides



adm ni stration to subjects whose HLA aggigen is HLA- A2, in addition to
subj ects whose HLA antigen is HLA-A24. The sane applies to pharmaceuti cal
agent s orwoamopesissi ons that contain pol ynucl eoti des en®cuiJnzpiends4gd t hese
peptides (i.e., the polynu cleotides of the present invention). [0092]
Cancers to be treated by the pharmaceutical agents or conpositions of the
pr esent di ?Velﬂ\'iiihothe aménoid idqﬁieﬁoeﬂ OE.SIEQiIDCN@d@ 3Ny, TARICEY aré Partdoilafly CI€ASL | S
i nvol ved (e

. for. t est
vol ved (<. Sopk BHBLSUBLFETA s MMB LI DSy bRy REATRS TSR b Vi
cell lung cameaminb meﬂ%qmnc ef SE@ﬂbﬁﬁ@gé bis ean ebp foprdstbettl A-avit e,
h i I - ;
hepat obi 11 ar 3*@543?3‘% L Fep b e R b PR ;ﬁ%&l R LmBaRSL which
phar maceut i caiclidsenpeptide WedHpuEe a¢ie ﬁ%qu@age A @ e |aispéwtqdof0r e

af or enent i on@dmagitai®n itd W ERhSse L AARGRSNS HIgS Adhiclidingots e@ebl lity to
lynucleotldes enco g the

ot her pept | dS0osO iy SHGED & hACA 5 dLEARTE AB IS HERNBEHR ey SEghi S e
Herein, the @bhﬁbnmpﬁdo@leﬁn pdighudientieet bieodlniglainy wf thesé peptides @EL sheagaiynst

cancer ous cel cancer specific antigens (e.g.,
identified T O? aﬁﬁﬁéa e“ﬁbyggn&g ed thereto. [0094] If needed, the

phar madeQf2] c alCangemte boireaseshipp Sietphamsacotitidah ageptsewenmpositient ¢fche prgyent
optional l'y ingldide, SEhet itied Qﬂ@fhtclu%e%i{ é&rﬁ@ﬁﬁsvvlﬁéh @@)C%L' 1¥?ndoﬂ%‘%gge SO

long as the substance does not inhib he antitunoral effect of th actlve
i ngredi ent, OVefexpigigdbinciyding rf‘efsf‘é(ﬁfnPB‘eEﬁSP%%r tumgF, P@?‘élfﬁ%ﬂ“e‘:anﬁ?fr Hafdari ons

may incl ude afder |ﬂbhlsﬁfﬁlm%ﬂﬂﬁ’nga&ﬂeérssrﬁﬂl EANRAS bricen DreaP@daficdsl ésoPhszeal
chenot her apeut iCS,

i.on .t her .therapeutic .
subst ances i 1€ Pﬁ%%‘i‘“é 8%??% F’E‘)élé‘i ng’ﬁele%e&?% §%>§°B%tlstet%BP&sgé‘ﬁWC
i nventi on mayaaleshepobitintyniant@er adl ebguantdaatdry or concurrently with the

one O 1] Oyt B IRGALRGICy SR 5r Gl ARIRASILY 205 ISATYY 0!
R R

nmedi canent "an oSl
what type of aﬁsﬁemﬁmﬁ@gﬁcveagerﬁ le(lté)otber mﬁé@swhlplmhw)m @blhtyéoue@@e the
di sease bei n@ﬁﬂs%%hﬁgt caﬁé\éioﬁs*’&l@ %ﬁ&%iﬁﬂc@&@d&%&@cﬁng{he%{&Bbﬁtide@tdtﬁlé}

[0095] It should bBe understood that in ditian he 1 ngredients
parti cul ar | y SHEnDrONEhEE ather PFH’féi%rPérsH‘ébé*{?WEéPe a@ewe@t £S B85S ons of
the present laﬁﬂ@}ﬂtd i0ud¥RYTILwpatid ecoithents &QEI’MreSe)&EnIﬁ@B@@§IchlhdéﬂspdéifftventI onal

in the art hav ard t type, of f n|n uestion 0096] In
one enbodi rreﬁl{“%% g-’b@&é@%ﬁgmﬁﬁ%ﬁ?‘)%@% S&e? pha?naceutlcal[ age]nts
or conp4]i orl§nerslpd.sbe phernadeadicalmgants ioc bespaitiona i freqireseat mmehticntrgay

cont ai ni ng ”‘%bﬁéﬂaﬁ’ibr%ﬂéﬁéé%théﬂhe&fg&ﬁi%‘ hfEs IEB?% X O?Q#@%@&R%‘M%&h@ the

di sease to be'trea ., can e art acture y 1 ncl ude

a contai ner &Rbsiange gpest g Hﬁ}i]@‘s@ﬁtanbwm etlegt ofdhe adfiysdngipdient, og., any of

conposi tions iy $rBsedt pegks. F@Hbi@l@l@ f@ﬁﬂlﬁl@ﬂl&ﬁrrﬁa}l inclubél enthQiffabhfBatoMi akts and
test tubes. The contai ners HEd froma var.iet Yr}éﬁ{jl,lnat eriial S, such

as glass or Pf58PPRIUOMPY ersoﬁhetnilfe Tapuschend difdtlicd g e ofhs

subst ance or tlx#peutic substances in the medicament itself, the medicaments of the present
invention may also be administered sequentially or concurrently with the one or more
other pharmacologic agents or compositions. The amounts of medicament and phar-
macologic agent or composition depend, for example, on what type of pharmacologic
agent (s) or composition(s) is/are used, the disease being treated, and the scheduling
and routes of administration.

[0095] It should be understood that in addition to the ingredients particularly mentioned
herein, the pharmaceutical agents or compositions of the present invention may include
other agents or compositions conventional in the art having regard to the type of for-
mulation in question.

[0096]  In one embodiment of the present invention, the present pharmaceutical agents or

compositions may be included in articles of manufacture and kits containing materials



position is used for treating or prevegjion of one or nore conditions of
the di sease. The | abel nmay also indicate directions for adm nistration and
so on. [O08O2p10r372@Editi on to the contai ner descri bed ab®¢&JP201kba34ssncl udi ng
a pharmaceuti cal agent or conposition of the present invention nmay
optionally further include a second container housing a

phar maceut i calkém}m&em@bthepahbmgnm contlitioay of métdlfseaseltacbbu@ete@tdﬂgrcmlerl al's
desirable fr i nc buffers,

i Tuents. 110 urer el B R RS AEORGR o) CL UK ARt EImBE, Lot § ons
for use. The cpitanhabehiasalr conpposortsivattsa bdal. Suftabdesintaders e lypledsttased in a

pack or di spenger n&'?e\éi t%es"‘ﬁ*hg Qorﬁ%%e@%ﬁé‘ﬁgﬁﬂ@d EB?Wa‘?legﬂéfthQﬁ f‘sblé 5JT8

containing the active in can nmet al
or plastic f@&ass Oéni@ﬁlc‘a@h@labph@t@ﬁ cg@@lkler wgl%aé%af@ﬂheds@@téwr &8 ce can

be acconpani %@sﬁ&fn isNisbd Bsittte@fi®y bi0Fre AHfOR of Shd Gt heR- Coh@i@@ﬁg of(the disease. The
Pharmaceutlc%}]P ? Qr..co 05|t|o§gﬁgontalnjn geptldes as the active
in gredient THE& %@%@ sgaudigite iertiops N EOD é%ﬂ ‘be admi ni st ered

di rect l[90%g a Iphadioen aetht icoathinagédstriogd dbonpaskit inoldingra pHarmmasaimger_lt

for mJl at ed b¥) CORY& nl;tlé 6}6&1 {)%r uiax;enp i0 n?l% %gﬁi?rialll r}ullthe? 1nczilﬁéeeg secqme: N
addition to the % % es Of Prhe. present 1Tnven i‘on, car riers, * BXel pi ents,

and such t hatcoatameoh@wn@ra II’IWIIIJS@@IUQ‘:%}Y abcegsble difuds. rr@b'ti@ltélcbram:lmpﬁbqir i ate
wi t hout part 'n’l:a!ﬂér?a.rls Jlésffhﬁl@tfllo?rp§ Corgfﬁ@fgi)eh%ﬁd 9§er§f£ﬁﬁp(ﬁﬁ‘tr Eﬂcﬁf&ng’i&tﬁe@&t@feﬂ i zed

wat er, physi ol ogical saline, phosphate butfer, culfure flurd and such.
Fur t her nor e, dlH@n bﬁﬁﬁeﬁan‘é@&% Baingayent SagkpLe BRpdsVith Hﬁgu@mSé%rﬂtSai n as

necessary, st aitelphafhifeeuts$ PERBORSHs cPh 5 8ol BegFesefitetl idg padk & BEpdnsaich.
The pharnace tlcaéwngents or. conp05|t|on%ﬂof tgggpresent i pvention can be

used for ant“€8HT AP SSREIN QIS8 FOTTHRIT fape SPntFHlé“%) Sé“éth‘fe ihventi on
can be prepagedias. memmbcmaﬁmamammkpu&h@emhﬁﬂmnp&muaﬁnbsmﬂuneﬂﬂmdms of the

! o 3
Phe form of - 2aisape B 8GRl beldle Hb R, o OFpRRE AR RAMRIRRY, BpBE0 7 5

t echni ques. RFortieranpl e, the peptides can be chemcally linked or expressed

as a siip@s fQ§ijH9ﬁ&%ﬁ€ﬂt @ﬂs%?&Hﬁﬂ%ﬁu%@@BmﬁﬁyéhﬁgﬁqﬂﬂﬁsQ§ﬂﬁ%%§@@h}a”‘no
aC|d(s) as a linker (e.g., §y5|ne | i nker: K wanura et al . I mmuno

2002, 168: 5EIE15). The peptides in the combination can be the same or

di ff _eg ent. By Eﬁrpeph@dseifith'@rbi&é pepitidesndk aﬂﬂﬁnﬁé@&@lﬁlﬁctﬁwmﬁ)gﬁéﬁé&t he
pept | des are ens ens..on
ReDs that - spRiRREReRt ol DahoHho RSt baeeihet tabirite® B HORRRG SN finitadod ™"
di spl ayed pe}nmtlmt&isalmdhe hgteHtade antildgignn &r ée ipaplidee df thal presenainivergion, carriers,
APCs ,

(e.g. DQE& RLE, LRIRYE that Bl%mrélﬂgﬂl@%gﬁi ﬁd?iﬁt‘é%ﬁg% ﬁﬂgﬁﬂedghﬁg @% 12%

pepti des of e present Invention to ent
pepti des of thithopt raseetlan lgpisronsExempleself sudesarieyy presdsilizey sgeer Apogiar e

readni ni st er @bl ke SpiRis pEdtS bilifferl ARSI 16TLRd IshcH. PFRrRdRIRS S pRAlhaas a

result, aggressiveness towards .the tunor:-associ ated en dothellun1can be

i ncreased. ceutical agents or composmons can contain as necessary, stabilizers, suspensions,
preservatives, surfactants and such. The pharmaceutical agents or compositions of the
present invention can be used for anticancer purposes.

[0099]  The peptides of the present invention can be prepared as a combination composed of
two or more of peptides of the present invention, to induce CTL in vivo. The peptide
combination can take the form of a cocktail or can be conjugated to each other using
standard techniques. For example, the peptides can be chemically linked or expressed
as a single fusion polypeptide sequence that may have one or several amino acid(s) as
a linker (e.g., Lysine linker: K. S. Kawamura et al. J. Immunol. 2002, 168: 5709-5715).
The peptides in the combination can be the same or different. By administering the
peptides of the present invention, the peptides are presented in high density by the
HLA antigens on APCs, then CTLs that specifically react toward the complex formed

between the displayed peptide and the HLA antigen are induced. Alternatively, APCs



[0100] The pharmaceutical agents or cogpositions for the treatnent and/or
prevention of cancer containing as an active ingredient a peptide of the
present iwo0entwBmoscan al so i ncl ude an adj uvant known t ®@CE&Pza0/1e3a88/
establish cellular imunity. Alternatively, the pharnmaceutical substances
or conposition can be adm nistered with other active in gredients, and they
can be adm nisgeDeEnd) by rémovad fa@rh@nbjlam Qn(gﬂlaﬂlslhmﬁlateﬁl‘by&ﬂja puides bether s to any
conmpound, substa ce or. c Sit t enhanc iy response

S et i he. BrormfHueh “RAT I AR balrsSal REFe: PRIETEER BRFN th ¢ e
protei n havi mgentiomnothegicetlsudate Yhesg ARCsAde ugadnnmstewd_tteﬁwl saibdts e meliupe

I ncl ude thOS% B3R ke ek {@eag | ESTIALHEEHER M EHORIQUmBRYsbAy I

277-89) . es o tab uvant I ncl ude ut are not Trmted to
al um num pho§9¥h&¥1’émcanbﬁﬂfﬁmﬁs¢%/dr oxi de, alum cholera toxin, salnmonella

toxin, [d) rrp'ﬁfe%h&frﬁé&@ﬁin@al n‘t‘s\/(ﬁf%n{pbﬁﬁ))ns ﬁ‘?’fﬁé‘ t%aﬁngﬂt%ldﬂ‘/@r §re@gitﬂ)%aift
(CFA), trix, GMCS | si on, such, but are not limted

t hereto. FurFPﬁ%PPFrB‘PIEamF‘igﬁé&BﬁEU‘fedPﬁ’iﬁ F%H%Pﬂdﬁfo 1 PAPSeRHINEATN: SRR % whi ch
t he peptide |1@1M0hd§@aﬁekndwm@ﬁfet@my elitabish eellmaadﬁnurﬁnydAttarnmay itds in

whi ch a |1 pi %hal%lat%&%{ %ug)s{agges% E)mﬁgm e Cal?leoe %e ergit lel)sfh 0?181? Zthl[VQ 1191] In

anot her enbodi iren resent ven 1 On, e pr esent
i nventi on magrelients, bed tmm'cam be edrethistered he fdramﬂﬂttwh 1at0@hamﬂ1®céutadmhmty

acceptabl e s %ft:rs tg)éI:HITP(I) fod?lfd Hfb@ﬂ(aﬁéer &Qoﬁﬁu’o@ﬁloh Rk Hﬁi@an%@sl th@ uﬂfnhﬂe I:"e@%(ﬁ{sgal '

netal, salts with a an organi ¢ base,

organi ¢ aci d ag#astdbg Pr@tem Wﬁelahdmﬁ‘éﬁt‘“g”% fQEetier (r SYGresHYRLY) éﬁ%@iﬂ rPé‘Pf?lél t he
phar maceut i cahviag@fien6logkelMResity | QPsljBfantsonRrPHE hdroivemilh@nhery further

or oo o1 ORERAL it PR Py @ﬁfj\%@%b SIS RY o St nde o
ei(arr:ggtran_, ngal rr%mjuwantamcmdee?tdmmtdl;arntddeomlmmmmﬁdphosphm ahpmnhmr};ydmxdde e
o Deant 1 oy A nBlepolafs MiRohaRl Bk, ANGBRRNEILAKS b 1RAT COlfiplle L
directly in Erfmnéélarlﬂwemt (§§|At)1]§C§Mﬂtﬂéoﬁ%ﬁ§Fe@PGn@@Va@mql?p@@@ﬁé sugly, but

emul sified i qr%t@ghtwqﬁgrewAs anot her exanple of Ii p| d primng of CTL
responses, E. coli |ipoproteins, such as trlpal mto

S gl yceryl cyst é]if‘il??lm%r%’r WOS%@? formulabpsgranug B%mu%téal%W&fqhﬁBe pentidgrien
covalently aﬂ)b@&hﬁfeWQnﬁﬁ)rﬁa@frs@wmfﬂé@eE@@hh@ﬁ)rﬁﬁlmonﬁlrgwhlcﬁ)all@ﬁi i€tbodhd ,
Nat ure 1989, .3 net hod of adm nistration can be oral

i ntradermal , ) @SP%%elg%%bé F?ﬂvreg]\%ﬂ%ﬂ% injection, or such, and systenc
adm ni s{()]r(blt]l orn @notheahblgmentiod theagresent ingenthe, thetpephcﬂqs ocﬁﬁhetpresemamgemtanh

sites. The adm ’Hl%ttfeaa{dngﬂlsfé?&i ig(%héjﬁ)li‘lfnq{f%ﬁ)qila ac%ﬁt’ﬂ& 1? @&gta!%ﬁesst ﬁtaﬁk%m;t)lﬁs

or boost ed by rrul tiple mni strations ose ept |

present i nve®t PeherEalivingijdaselsavish pr alali a%eéalysabt& Bdthdimgfak salisvdthitsease to
be treated, @%nﬂ:fbats@%a]@ﬁﬁvltﬁ Rh orgfz&ﬂi&ﬂid aﬂﬁaﬁ@‘;{/ltﬁfan@ ﬂh@ heiat | On and such,
?nd i s ordi naahlg mg(l) t a ng agr e>t<ar U %fnﬂ < 1, 000 ny,
or exanpl e, oMmg © h&r? el AR COBIPQE igRLY e PLes§ity days
to few nont hsnve@rien sy |fllnﬂdar imclidea @intpobamt thyxpiopesiCatle Lypids have been
identified as agents or compositions capable of priming CTL in vivo against viral
antigens. For example, palmitic acid residues can be attached to the epsilon- and alpha-
amino groups of a lysine residue and then linked to a peptide of the present invention.
The lipidated peptide can then be administered either directly in a micelle or particle,
incorporated into a liposome, or emulsified in an adjuvant. As another example of lipid
priming of CTL responses, E. coli lipoproteins, such as tripalmitoyl-
S-glycerylcysteinyl-seryl-serine (P3CSS) can be used to prime CTL when covalently
attached to an appropriate peptide (see, e.g., Deres et al., Nature 1989, 342: 561-4).
[0102] The method of administration can be oral, intradermal, subcutaneous, intravenous
injection, or such, and systemic administration or local administration to the vicinity of

the targeted sites. The administration can be performed by single administration or



sel ect a suitable dose. [0103] (2) Phaggmceutical agents or conpositions
cont ai ni ng pol ynucl eotides as active in gredient The pharmaceutical agents
or conposwoi20r$138f95t he present invention can al so cont aiPeTAB1@DES48CT ds
encodi ng the peptide(s) disclosed herein in an expressible form Herein,
the phrase "in an expressible fornf' neans that the pol ynucl eotide, when

i ntroduced i mbostad B}ehiultlpM hdmllaenati@{se$ﬁedosierbf\ﬂile/pbpaaesaoﬂabé p!ﬁé@eﬂit ird@ntikvat
nuclelc aci d

i nduces anti-tu di

sequence o ENLDRuTERY Bircderidy Ge iR b RaRIREE WPRRH asb JF yRFIEE o
necessary fomwesgtprrestbpdnt afminbeapal, pnd shaptndie ordiharilp ®lGHusg eot.pAeig) can
be equi pped t arget
col | (5. o T SAFRECLDNE L@ A MEOL FmuIR P fl30 48PANE8LAL AL 4™
description @imﬁ@mﬂ Yy uisa fy é%m tnAew srondusSae tlelled bt tBe ait capappipRiEtels. g.

VoI ff et al. solSeinaerldd8Q, 247: 1465-8; U. s Patent Nos. 5,580, 859;

5, 589, 5, 804, 566; 9,118; 5,736,524; 5,679, 6 d WO 98/.04720) .
Exanpl gﬁb%r DN%J)%I%‘@&EF@IUF @ﬁ?ﬂtﬁ QEH%P‘E&iOé’é PRI P %ﬂ%ﬂ? RIS aCHYT 05 ¢ at ed
(bupi vacai negrqidryners, peptide-nmedi ated) delivery, cationic |ipid

compl exes, ARGl BRI G Gl DUl B ol g vt
i nvent i on camugleisachis casplies e gpepyderd) diiclased hereingnianlexprestilde ornmEkengphes of
expressi on Vet Gf Sl "ﬂ%ﬂ‘ ré’s%fb% %%eﬂle‘!lhsr t%t tﬂ@?&lﬁ/nuéy&meaézhé’@ﬁl%ﬁh&dor

fow pox. This approach I nvolves the use vac la virus, e.g., as a
vector to exb‘?t@§§eﬂuw11]é%ﬁqx@@35§f‘@q9éfh‘f%%s %Mype@ﬁ%ti@t IHBCss @pHitHEOT Upon

i ntroduction mﬁﬁlﬂa@ Ih@ﬁtgxe%bﬁflicﬁ&ﬂlﬁﬁﬂuﬂ@ﬂt thé dGElleld! aeld/sequ@m%pﬂesms}nﬁ he

i m*runogem cp I.ae na .t re clt an_ i mmune response. clnla
vector s and NEPHUSST BRI RHET Il oy BEOROR SoL P s oe T 5 | o
e.g., U S P@bkgmhclbkmdeéljflzaﬁd&d&leo@de(sb]eatn heeajuippei] so BCashiBactdbleeinCationet t e

Guerin). éﬂ/tg(fl]ieoée%oﬁl %ff ql?estﬁlgepge(ﬁ s%er,g %nﬁts ﬁ &,’[(%%g%ka{l 1%9@&1 1%1

456- 60. A Wi vec apeu
admi ni strati &h: 993- i?nfmi ardiesetption of bogologawﬁeweorama@dmsea@s‘/@@fpm 8¢k albq.us

vectors, ret %@"W@iff é’tea@t Sélénce%ml?ﬂ h363- 8?@'8 Y’%MN& 5%%?)@59*5 §gb ¥, hr ax
toxin vectors,. and the [i ar ent hata et al’ Mol

\od Touss' Soss0lasosni. [Gietiesae: S6T0pa: i GesoE28 Esvoples 68 DI85 806,

H pp et al. bh@:d\ﬂelliﬁer?@&ﬂhnolbéles iZ:lucﬁ5 nal{daﬂlﬁﬁh",[ﬁbﬂlﬁ/a@é@/(bﬁf)wacdﬁw yoleleent i de
into a patl ent

h I
exposed to aP %n]?}g(%h%tg? %eglv(egr F% Oﬁléc rgl?lB le%Fseaﬁch ?"glglte m%%?%fl%%%d s are
first transf gudéd)r\prasmrehn@dm¢®dnlwbeo(tswje 2fU.SnPaemsYo. |5|;92\2;6tSr7)) t hen the

cells H o4 " anlshl%lp% @i r#&@é%npﬂlke&% C&IQ%%%% e%pﬁgéagyg%bgﬁbﬁfe%afnom

respect| veI y, as I VI VO a ex Vivo gene t hera r genera revi ews of
the met hods OFctgenExaRleaplexpasaiotyPegisiipgluds at@muate@mﬂ@aqs Pshefracy 1993,

12: 488-505; yW¥i@adr WJNI &k. Ulthhﬁi ach %lvé th@lZS'CQﬁNaJCQIIHﬁtV%;h Vo, a@"hnve%y

Phar macol Toxi col 1993 3 573-96;, Ml |é:; Sci ence 1993, 760 921613
to express nucleotide sequences that encode the 'peptide. Upon troduction into a host

the recombinant vaccinia virus expresses the immunogenic peptide, and thereby elicits
an immune response. Vaccinia vectors and methods useful in immunization protocols
are described in, e.g., U.S. Patent No. 4,722,848. Another vector is BCG (Bacille
Calmette Guerin). BCG vectors are described in Stover et al., Nature 1991, 351:
456-60. A wide variety of other vectors useful for therapeutic administration or immu-
nization, e.g., adeno and adeno-associated virus vectors, retroviral vectors, Salmonella
typhi vectors, detoxified anthrax toxin vectors, and the like, will be apparent. See, e.g.,
Shata et al., Mol Med Today 2000, 6: 66-71; Shedlock et al., J Leukoc Biol 2000, 68:
793-806; Hipp et al., In Vivo 2000, 14: 571-85.

[0105]  Delivery of a polynucleotide into a patient can either be direct, wherein the patient is
directly exposed to a polynucleotide-carrying vector, or indirect, wherein cells are first

transformed with the polynucleotide of interest in vitro, then the cells are transplanted



Morgan & Anderson, Ann Rev Bi ochem 19934 62: 191-217; Trends in

Bi ot echnol ogy 1993, 11(5): 155-215). Methods commonly known in the art of
reconbi nawo 2DNA3T®Shnol ogy can al so be used for the pre®EmiIPrMYersuson. See
for exanple Ausubel et al., Current Protocols in Mlecular Biology, John
Wley & Sons, NY, 1993; and Krieger, Gene Transfer and Expression, A
Laborat ory Mamtuahe pabenc Hheses Ri€ssprodties 48KAowh OOk tivdle, a38h RDd @l ex vivo
adm nistration can be oral, intradermal, subcutaneous, intravenous

i nj ection, OIge]%eU%‘ﬁrapbeﬁd systemic administration or |ocal administration to
t he vi ci ni ty Fof g¢reeal traxrigpes eitkhe intedhwodf iohgdeneuberapiTsee Goldspicketraat Conicelan be
per f or med bytpaamalc 13991 1. L4 55490 08 VRASOAG:BY 10¥1. 1! Y 9saf ik ati ons.

The dose of nucl eotide i’n the t ransf or med

with the pol & haa@a%J@aicrqblﬂl%e3%)eﬁat3r%e§%hgatnh§019n<érs1é%9t3 768 84¢38n can
be adj usted apRLEPE! Ah®IrYon2AGRREY HodHent 1’93)3d6§61@51921t70Ti%%d§ ieBloeehnaegy of

t he patient, m ni stration, suc and is or dinaril
0. 00? mg to ﬂ%gﬂr}r@ i%rt?gf’)d? %ﬂ@ S o nllﬁgléf’ fhfFB‘Pm Ao, 1 rrgy

to 10 ng, andechaslopecadabmbsteddor t;ha«pﬁesauengenaoﬁ @wecﬂaty&ahxplama@bel\/aray few
nont hs. One il h [ an,: t sui | e dose.
Tom07] " % veibaaCltel g AR AT BRRL IR SALY S Sy [ Ziid RRLETPRE
and pol ynucl éene desnstsfr an¢hExpressemtA LakaapioMases, Beckiselreso™N Yor ©98r i ng or
i nduci ngAfCs Badn&dldPor ﬁﬂﬁnﬁ&&’é&f@% H%Q)gal'AP Qﬁdé}fnai RELREEREI idtFVERGdson can

be al so used for inducing CILs. The peptides, polynucl eotidés, exosones and
APCs can be iediannoicoieh; arﬁlétswﬁfﬁmw %drmlaﬁgratmfgrb@é ﬁ%ﬂﬁﬂgﬁt@@ @ e yicsity ple

C]g)rmounds dOt}ﬁB)ttad rﬁgefﬂalshbé ﬁﬁdrsa%se The-adnil Bid6hitdn dainYbe thuﬁnecaws@gletdaﬂun-

af orenenti one ar l.ca nts .or co 1t1L0 res

vt on oo OGO RSR B S PR RS SEIR The AERT M pol P ES e i o

i ncl udi ng t heuipahht (cadasr (&mdlmmhr;smmiedmltmm poarnudﬂeotaiesamcdixhnglﬂre@efmdesmﬁduc| ng

APCs as di SClﬂ?e gse'npl gFﬁ%A%&%%taﬁwsteQ%é&gﬁ{lLtgﬁr a%L(t)rQii]I")r% t%ﬁé"&g a@é to duci ng

anti gen- present ng cel provi des” et hods of
i nduci ng APCéreafed rnghiof he@pLicitn wdighi i qthq@/ofmglsw@np@piwbsar@rls or-

pol ynucl eot i g&si@f 0 bb?ni%" t8%@0(§ nigni’&'&hrﬁﬁle (T b@l H%'&quéo ffo, Fd?%x@fhﬁl%e@tl mg
i nvention include the st contacting A pepti des of

present invef® 19MS ﬁn%?atnrhs ad@uméﬁ%l e PYP%‘%W dms%wés@aﬁﬁwéy q‘%@oﬁﬁ’@hod
contacting Alfse swiikb 1ﬁﬂ%a@l&&hla@pﬁ)pﬁ2ﬁew séecOtheistitabld désecan i ncl ude steps of:

X CO|Q i ng, AP subj ect : : |ngthe APCs of step a
Wlthﬂ{ﬁ@gptl. € s f 0 apartlcular ki nd of
cells and i ncllhdepepmét;s andmgb'mhdnstws bﬁthermcﬂeotphageg)n cBn be bbesl foapidpantg vat ed
T cells, whi¢hafink O 10 @F ‘%H{; e%s%l%& DRAEKP §0f21}_3 é}%ﬁ@ﬁt %&ME&E'C ge! |

surface so as to be recogni ze %‘h ynpl ocyt es. can e used

si nce they hatpe userbios indygipads TleTilhe pepiideninobnyiclgaides. mmeseml HRe tales of

the present ibBvERt inQONBAMBE withashyRihe REMBEINEB S0 WngWstthe 3RIunPEAS hekes of

he pr nt i ntio
the present 1rr1]11§1t EhelrrtTL inducibility. Thus, any of the aforementioned pharmaceutical agents

or compositions of the present invention can be used for inducing CTLs, and in
addition thereto, those including the peptides and polynucleotides can be also be used
for inducing APCs as discussed in greater detail below.

[0108] (1) Method of inducing antigen-presenting cells (APCs)

The present invention provides methods of inducing APCs with high CTL in-
ducibility using the peptides or polynucleotides of the present invention.

The methods of the present invention include the step of contacting APCs with the
peptides of the present invention in vitro, ex vivo or in vivo. For example, the method
contacting APCs with the peptides ex vivo or in vitro can include steps of:

a: collecting APCs from a subject:, and

b: contacting the APCs of step a with the peptide.

[0109]  The APCs are not limited to a particular kind of cells and include DCs, Langerhans



[0110] On the other hands, when the pepgtides of the present invention are
adm nistered to a subject, the APCs are contacted with the peptides in

Vi vo, corsequevtslaes the APCs with high CTL inducibilityPardP2mooeess i n t he
body of the subject. Thus, the present invention includes adm nistering the
pepti des of the present invention to a subject. Simlarly, when the

pol ynucl eot i delss, @factdpBageseB ealls, hﬁwecni\ia&ﬂ TedlspaRichiagd Igfoga th praestupjoect i n

e RN R N N SO
i nduci bi | i t y Paeferablyd D€ he el shogyhaf havh dlesulb]ngeﬂt CTThindycibitiey pnesent
nvent i on MRl BERUIS of el ilea HLLAG IR pPRLINChERIRD it s

present invention t ressi b scri be ove in
section "I X Pmﬂeﬁﬁéﬂmﬂf%m YRS or corrp05| tions, (2) Pharnaceuti cal

agents | ?Il(ﬂonﬂgﬁth’é'oﬁ[& hERRL a/!thai g R ﬂdat&lﬂﬁofsriagéﬁﬁln@érllddgedr?@dmmtérad oa

gredi en e present inv on may al.so.include

i ntroduci ng th¥® %50'1 ﬁ}ﬁ‘“‘@ﬂi‘? F%a‘ﬁ?f‘f"ﬁ% ﬂl?r@?éﬂ‘?s i YR EPR R %ﬁ PA%I@SW% as
to induce APGghETh uﬁﬁblbnlﬂgi wed indtidedyin thAbddylof khesfub et TaueXlanpeenof such a
met hOd can I nr(l:\!e%{ﬁgn mc m?sterln&ﬁiﬁ% qudesgofblgcgresel% l]il enﬁggjt ecgl%b‘]eC?nd b :

i nt roduci ng a poly nuc enco e present -1 nventi on.
Step b can beipduiyn rwmd tlmptdm&qobéds @bb«:/ereswt gmeniignarediministered to a

Ant i gen- pr es%ﬂlﬁb&gn gfl? S essﬂhQ Pojrgﬂ t ge?ﬁ@%tdf\ﬂ% Q(resetnhﬁlvgﬁtﬁﬁleaﬂ& eﬂgﬂ'gfs@@l ¥ell

provi des a net aring whi ch

en resentlng cel
speci fical | yCP%ﬁé‘éé‘m@ﬁP %‘W%)?O%F@ﬂil %B@R’;L |Cﬁﬂt H@u?ﬂﬁtl%afecan

i ncl ude one edduch@id @k bowy @ch@&lﬂﬂéct Tias, @@@t@@ﬁtﬁﬂ@enﬁan a\mdlhcladmﬂil de of
t he present inventio VO Or LN VI.VO; UC|ng a

pol ynucl eot i &EméF‘FElBéP‘?‘FI ‘EYIB%L%OPH%S ‘%ffd“? RSP duERton ‘?‘?\fe FWSSSé APC.
[0113] (2) Méoindds déscrihellighavg iCIdcsiofr UEX. HRbmaceytidah egq:mm&mnpommens i(®DNn

provi des met %@chﬁt%%pg (fl'tsn(g Cg;l;llp%mﬂg J‘&)nﬁi‘f’ Bgﬁgﬁyhgﬁgotlcggé% ﬂ]tlé%%:ﬁ\eete Ilnr?

exosones or resent rnvention
al so provi degreantiods for inducing CTLs using a polynu cleotide encodlng a

pol ypephi A§ t hHe Pr&eRBRF ton Fhay! zQid"nBEtdé‘ th-E s@eEfJ df ihBGRR|Y thé g@%u&é&fél@ lok

recogni zi ng a conpl ex of .the peptides of present invention and
antigens. Pr é‘ff‘e?rﬁiﬂni/m?‘?fé)nnlﬁ%"r?é’dép?%?o %faa%fi%@ APVt THrdpduséRilitys AFle]ést
one stepsel e@ﬁs@dtlfré@mfﬁm@ofgsmua mmd @tnllﬂ@u@é ste@)ofcont acting a CD8 positive

T cell wwth an_a gen entlg % 3nd/or an exosone that presents on
its surface a ‘cohpi gQ Mﬁ "HLA %‘H?‘i 980" and a peptide of the preset
i nventi on; and: btradoting dyoiyngclaoidd gneading dia piptiderobidie pgesantpovenpiept | de t hat
I's capable of §t&f mé}gb@performed as described above in section "VI. Antigen-presenting
cells".
[0112]  Alternatively, the present invention provides a method for preparing an antigen-
presenting cell (APC) which specifically induces CTL activity against CDC45L,
wherein the method can include one of the following steps:
(a) contacting an APC with a peptide of the present invention in vitro, ex vivo or in
vivo; and
(b) introducing a polynucleotide encoding a peptide of the present invention into an
APC.
[0113] (2) Method of inducing CTLs
Furthermore, the present invention provides methods for inducing CTLs using the
peptides, polynucleotides, exosomes or APCs of the present invention.
[0114]  The present invention also provides methods for inducing CTLs using a polynu-
cleotide encoding a polypeptide that is capable of forming a T cell receptor (TCR)
subunit recognizing a complex of the peptides of the present invention and HLA

antigens. Preferably, the methods for inducing CTLs may include at least one step



TCR subunit recogni zing a conpl ex of agpeptide of the present invention and
an HLA antigen into a CD8 positive cell. [0115] Wen the peptides, the

pol ynucl es0i20¢1378PCs, or exosones of the present i nvenPCOAIP2NE003488

adm nistered to a subject, CILs are induced in the body of the subject, and
the strength of the inmune response targeting the cancer cells is enhanced.
Thus, the rTE&él@&Sdﬁf)Hiﬂhégﬂﬁl@Sﬁﬁilstiﬂg\l(ﬁnti on incl udes t he step of

admi ni steri n th ti I eot des exosaones of
the present vl RER OB paliffERel PR LRt FT Rl SRR 2 5o
i nduced by ushangretsaﬁsmexts vmlwﬁz(o;e@rcomplan afrap, Hlah dnagenemdiamatptdagt ©F pres¢the
activated CTLs, }335'“ hegreturned to the subject. For exarrpl e, the nmethod can

i ncl ude steps o . collecting APCs from a su@f{ect : contacting with
the APCs of &1 éproducipg eipobimeciseiia aneodinag pelypeplilechpititiFamglettidompag aof st ep

b with CD8 pagiR éRnk %do'gmz[n%la c:b?ﬂplérﬂ"'@f aﬁg@ﬁdé of e peektuhidntiof anil kit HIe CD8

positive cells.in abogg al s e prepared by transferring a gene
that incl ude€"4e¥dniPcPase 18868 ‘the present invention into APCs as
descri hedl Sabom§h¢mth3@epm®@ th¥bolyAntle@iies, pm(Sg o exxgomes bithe pidsentghveniien

present Ve oihbRcRSl ol bee TR Ry MR LDS ol enaniass any

APCs that effectivel prese onits surrace a comnp ex 0 antigen
and a pepti d@tr@fgtln héthpnms@ms rg¢spoesattingeting the camdr @EfllssmcrﬂlaAG@sThtlﬂq@wexosones

that present g,&fhdsiof iR r.f:s:%ﬁ?m@erﬁ%ﬂh&ﬁdé&ﬁh@&e@hﬁuﬁﬁhis%?ﬁg%ﬁ@%)é Re@Rt i de of

t he pr esent invention al so used Ires entl on can
i ncl ude the $ebpugeotidssche Mﬁswemgwﬁééthﬁrpé%%mmﬁ@t@ﬁ t ﬁéu@ﬁﬁ-tf ace a

conpl exopfe]an klke?naamelyg e:rrba@ﬁln bOglsP aRlutElEbPsihNBe Bl &SNS of NSRS, M8 aftauc h

exosomnes can thod descri ove n sect

Bosones” [ GTe et Bs et LG STt dathenyCiFsk PR Begene

t hat i ncl udemeshqicdayirinclodeesa¢psdd: encodi ng t he TCR subunl t b| nding to the
pepti de of the;‘1 g&?e%ﬁg%A' g@%‘“ qu@ pto CD8 positive cells. Such transduction

can be perforne e in section "VIIlI. T cell receptor
(TCR". In add: PP@M%H@%%@S@QS ofrpteprit, Wath tbfrmptldesaml met hod or process for

manuf act ur i ng cﬂc&h@l"tﬂﬁfg&ﬁ& A@’@s o?@@ﬁﬁo%‘ﬂ?CQVS pofiRestlld on inducing CILs,
vvhereln t he net hod i ncl he step of admixing or fornulating the peptlde

of thelBiedent? herﬁ%@ﬁm% %quﬂfu%?dﬁﬂ&}%%mswwl SECRPYaBER caR piSgPe [ 01
19] (3) Met hpgepafed tydumkfegindidiR thasRands Mt;fo%amereouw@f tRE pRBAt ihRvigod | on

d haod I d
Coons L sun t A0 sk R o oTRR Sa B8P VTS a R op i PR “Tn e
are not | i m pedentanvangion iicnit dimitedripretopamcmenthecfomreoermpdsk andAPCs dimter

non-smal | ce lekfeét%gy p]rﬁ‘ggb(fl? bn itS Sdce %ecloh‘l#)hékr}q aﬁqﬁ? agﬂ%ﬁ«ﬁlgtr% p%ﬁ?&éﬁg the sof t

esophageal cancer, state cancer oni c nye
ti ssue tunor ,Pfféa%ttlmff&ltlon

Instead of such APCs, the exosomes that presents on its surface a complex of an
HLA antigen and the peptide of the present invention can be also used. Namely, the
present invention can include the step of co-culturing exosomes presenting on its
surface a complex of an HLA antigen and the peptide of the present invention. Such
exosomes can be prepared by the methods described above in section "V. Exosomes".

[0118]  Furthermore, CTL can be induced by introducing a gene that includes a polynu-
cleotide encoding the TCR subunit binding to the peptide of the present invention into
CD8 positive cells. Such transduction can be performed as described above in section
"VIII. T cell receptor (TCR)".

In addition, the present invention provides a method or process for manufacturing a
pharmaceutical substance or composition inducing CTLs, wherein the method includes
the step of admixing or formulating the peptide of the present invention with a pharma-
ceutically acceptable carrier.

[0119]  (3) Method of inducing immune response



cancer, hepatobiliary cancer, and col oggctal cancer. [0120] The net hods of
the present invention may include the step of adm nistering agent (s) or
conposi t iIwAReY/Bmai ni ng any of the peptides of the pr@SEIP2010/0ESAsd on or
pol ynu cl eoti des encoding them The inventive nethods al so contenplate the
adm ni strati on of exosones or APCs presenting any of the peptides of the

present i nVeMdn@dilver,Ftﬁé pﬂﬁér&ilﬂl\&ntlsﬁprdvhﬁs irﬁeﬁiﬁd@ﬁ)g 1ﬂdﬁcmgh@l‘rﬁm6m§)b@s@| agents
or COHDOSItIO artlc I Cri the use

har maceut | caPanyshRates il cheRsRest BSh Sulthe SRt eSim & Yace nes.
I n addition, whieh iexludories azmot ARGsd thatsticaar tuercepinopedt ¢aocert hiadgeresent

met hods for i P'd&g Hﬁ‘l}&%ﬁ 1&%?&8@&%%&&%8 b!ﬂﬁg{ a?ﬁ%gs% . é&%gﬁége%lhe

itens of "V. en- presentl 1) and
(2) of "X N@@Wﬁé’f%@tﬁ@aﬁcﬁ@ Cb@@tq apeloiddeyesta W@ftéwmw ,238Hlir a. The

pr esent l nve@hﬁ&ﬂ Iﬁb&@blﬂlﬁ@rvdaﬂé‘e& ﬁld@%ﬂ(ﬁ@&al(ﬂ’an&frocess for manufacturing a
phar g}lﬁdﬂet t or OSI tion.induci n respanse,. wherein the

net hod s OsftﬂéGpP SECnLHIYFREMmBY mlC t‘?Hw acdﬁ‘@mﬁ@ﬁ‘flg 4&B )t he
present i nve@t compuditidn(9 qohammg:myc ofahat pyptalec G@ﬂlalplrfﬁelﬂaﬁﬂfdnﬁbn of @bRhh-

Al ternativel %leohges emé&ﬂg them t'[tl"lg ieGagd nLn[e{ho\clif ?rﬁtso Qo%t&%iﬁalerlﬁe g&jr% mstratlgl\%\lﬁf Cﬁf

adnmi n |strat|ng a vaccl n a harnace I cal agen OSI 1 ON
cont ai ns: (agxesopepor dé’C@fprQShetlr}g awyentthd papgides @frthe pigperd mmtlen doadeils,

encodi ng suCh.2qReRk cﬁeD@SPl%ﬁ&ée%ﬁ@ﬁ g@ﬁt?bpcdrﬁ'% Rm%%@ﬁﬁhﬁh? Ct)ﬁé’ﬁa[ﬂ dkc) an

APC or an EXOSOHE resentln resent I nvent nonits
surface; or (efybiag elgﬁuéf: g% the Phawcreuteﬁal R COBRPSTIAVERt PO ACSTO IVENtiph t he

context of thevicameh adBiien] the BxosoaRs hd me:rs,emmssé ﬂﬁpl@%@ﬂﬁ# tEedFre Bt

t ted th t L di t l.ud
but oy e ot PRl g0 il P EHC e m keriieadt ot Bndd Mot 1
cancer, non- ﬂxai;dmcfséj VIl Anggaamesmting celd (AR€ls)", bad () aad ¢Brof "K Mmltodsancer,
esophageal %gﬁ;lg Ilp‘%)ga Sg%gosgg.{%ge[& ngﬁ{cf)@ffs””y |é)| d Il eukema (CM), soft

ti ssue tunor cer lary ¢tancer, and col orectal cancer.
Accordingly, leqresent infientigeelsei pg@‘rlé‘ts pmehpd pheroeta?édi)m@@nlénctpmm arepbeirt i cal

agents or COEHP&Q&'ltidaPQg%nt Bl RBich R Gl 1%&&9&%&1?@%&&1{ tHeSnd¥h&f BLRbI e
to confirm whet her the expression | evel "of CDCA5 the cells or tjssues

to be treat edGliledhnsife @Ba%m@&ow@ﬁﬂ%tﬁﬁaﬁpt@& qf éheo?re%q%wswno\m%ﬁ
Thus, in onepﬁmﬂnbﬁémtfmnyacdeb&bW@Mi i nvention provides a nmethod for

t t 5L,..whi ch th th t

o) aaT AR REb e BrBSio i FepR e R TRy T le s of e * 7
obt al ned fromtatisgbjveatinawithphanmacatcadnges doeompesatiad whi¢h) canompar i ng t he
expression | evgj }9‘{@(&9%5}?%8%& 19%11??% control level; and iii)

adm ni strati ng at” I'east oné conponent 5el ected from t he group consi st i ng of
(a) to (d) deskr?medeiapeidencasding sighjaaeptidd aslizchored hesieinansxpessiblg fomoasL
conpared W th (¢)an APC or an exosome presenting a peptide of the present invention on its

surface; or

(d) a cytotoxic T cell of the present invention.
[0122]  In the context of the present invention, cancer overexpressing CDC45L can be

treated with these active ingredients. Examples of such cancers include, but are not

limited to, testicular tumor, pancreatic cancer, bladder cancer, non-small cell lung

cancer, small cell lung cancer, breast cancer, esophageal cancer, prostate cancer,

chronic myeloid leukemia (CML), soft tissue tumor, gastric cancer, hepatobiliary

cancer, and colorectal cancer. Accordingly, prior to the administration of the vaccines

or pharmaceutical agents or compositions including the active ingredients, it is

preferable to confirm whether the expression level of CDC45L in the cells or tissues to

be treated is enhanced compared with normal cells of the same organ. Thus, in one em-

bodiment, the present invention provides a method for treating cancer (over)expressing

CDC45L, which method may include the steps of:



normal control. [0123] Alternatively, ghe present invention may provide a
vacci ne or pharmaceutical agent or conposition that includes at |east one
conponentweebhw¢t3gxdsf rom t he group consisting of (a) to @drJdzaenidssd above,
for use in admnistrating to a subject having cancer overexpressi ng CDCA5L.
In other words, the present invention further provides a nethod for
identifying & deuhiecihgtie eb@rdsﬁleﬂ.ﬂe@dl Wi ChCaAsSICRCATs op Gbsupepbbided trohe

pr esent |nvent|o |ncI ding the step of determ ning an
expr essi on IégéFC6¥ﬁE%&ﬁ§E£fﬁ) g% derived cells or tissue(s), wherein

an increase of comparirgbe extlarm,:smneldwﬂ@f S oHSmvitle oorad content ddvebifanthe gene
i ndi t t h I t t h
| ndi cat es p)t%dgﬁné#}%%%& 1é£§é/oﬁéac\6ﬁ1ryvié}&ﬁ%éle&“(@k/§6ﬁ{@¥ gbcﬁlp doRaLkGk W hfxot he

CDCAS5L polype resent ntion treating cancer of
the present i(¢h\den¢iikse ahpee @eﬂs%lbjesbwth SRV @V@@tpaﬁ:ﬂsmlgéiwﬂf oapRredyyjth

subj ect - der i ygfnfRbhtr@l tlssue can be used for the deternlnatlon of CDC45L
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the other hand, if the control level is determined from a cancerous biological sample, it
is referred to as a "cancerous control level". Difference between a sample expression
level and a control level can be normalized to the expression level of control nucleic
acids, e.g., housekeeping genes, whose expression levels are known not to differ
depending on the cancerous or non-cancerous state of the cell. Exemplary control
genes include, but are not limited to, beta-actin, glyceraldehyde 3 phosphate dehy-
drogenase, and ribosomal protein P1.

A subject to be treated by the present method is preferably a mammal. Exemplary
mammals include, but are not limited to, e.g., human, non-human primate, mouse, rat,
dog, cat, horse, and cow.

[0126]  According to the present invention, the expression level of CDC45L in cells or

tissues obtained from a subject may be determined. The expression level can be de-
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di agnosi s of t present invention. For exanple, the quantit CDCASL
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transl ati on ro S thods. t use

Speci 1 cally CPREHEh iRy b THRR S HR Bk LB P ntr B 5u e RBe PORS) or
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anti body, Egrattﬁé‘l@und'él( QQeflllne%l’lo i ’strétg?h &)ijméf l{h%ltg@%dﬁ? ?ﬂ%&ﬁ@é’tl&ﬁiﬁ%ﬁg for

the detectio I 'ong ast fragnent™ o y retains t
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at least about 30 degrees C for short probes or primers (e.g., 10 to 50 nucleotides) and
at least about 60 degrees C for longer probes or primers. Stringent conditions may also
be achieved with the addition of destabilizing substances, such as formamide.

[0128]  Alternatively, the translation product may be detected for the diagnosis of the present
invention. For example, the quantity of CDC45L protein (SEQ ID NO: 18) or the im-
munologically fragment thereof may be determined. Methods for determining the
quantity of the protein as the translation product include immunoassay methods that
use an antibody specifically recognizing the protein. The antibody may be monoclonal
or polyclonal. Furthermore, any fragment or modification (e.g., chimeric antibody,

scFv, Fab, F(ab'),, Fv, etc.) of the antibody may be used for the detection, so long as



[0129] As another nethod to detect theygxpression |evel of CDCASL gene
based on its translation product, the intensity of staining nmay be neasured
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multiple control levels determined from multiple reference samples. It is preferred to
use a control level determined from a reference sample derived from a tissue type
similar to that of the subject-derived biological sample. Moreover, it is preferred to use
the standard value of the expression levels of CDC45L gene in a population with a
known disease state. The standard value may be obtained by any method known in the
art. For example, a range of mean +/- 2 S.D. or mean +/- 3 S.D. may be used as the
standard value.

[0131]  When the expression level of CDC45L gene is increased as compared to the normal
control level, or is similar/equivalent to the cancerous control level, the subject may be
diagnosed with cancer to be treated.

The present invention also provides a method of (i) diagnosing whether a subject
suspected to have cancer to be treated, and/or (ii) selecting a subject for cancer

treatment, which method may include the steps of:



d) selecting the subject for cancer trgatnment, if the subject is diagnosed
as having the cancer to be treated, in step c¢c). [0132] Alternatively, such
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CDCA45L gene in a subject-derived cell, such reagent being selected from the group of:
(a) a reagent for detecting mRNA of the CDC45L gene;
(b) a reagent for detecting the CDC45L protein or the immunologically fragment
thereof; and
(c) areagent for detecting the biological activity of the CDC45L protein.

[0134]  Examples of reagents suitable for detecting mRNA of the CDC45L gene may include
nucleic acids that specifically bind to or identify the CDC45L mRNA, such as oligonu-
cleotides that have a complementary sequence to a portion of the CDC45L mRNA.
These kinds of oligonucleotides are exemplified by primers and probes that are specific
to the CDC45L mRNA. These kinds of oligonucleotides may be prepared based on
methods well known in the art. If needed, the reagent for detecting the CDC45L
mRNA may be immobilized on a solid matrix. Moreover, more than one reagent for
detecting the CDC45L. mRNA may be included in the kit.
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hi gher anou ntsubjﬁctﬁ Rethbut @hceltel eeitdring f8orh eariad dl@ss%are B! Sontd] dpsagUENt

ites. U i t f |

Get ot abl o sruRar e auRanhuyoE R R ne kol o B BRE RS Rl ER TR M @

CDCA5L nRNA pomsmmah andtuker ssandpoiat, ifdiedidgbeiters ohlusntlsefsltﬂmyleﬁﬂes:@yrﬁn@a,r ed in
t abl

G0 spannt ny “TERREREPHSeR GRE M lbel CRIEAM Xic YT s RARES Rir o s

i nventi on mayeazants Bed spchanaiee Lgtavend; in jawen@gKe péth aslab@él%n@ble@@@wr%mahdar d

sanpl e. The pRgide B(ﬁtl&,o{ﬂifafsoéncﬁt@m&sofhé AR ES BAY bl RS fRin arwn%xg
eir

prepared by colle n 05|t|ve sanpl es and then assayi ng
CDCA5L | evel glat‘?ﬂ ‘r’fg‘[a?ém aﬁt&ﬁ"l fi ed CDC45L protein or polynucl eotide

may be [atB¥gd tAs a:reéﬂﬂ&)dﬁrhaﬁt of mherm'eseexmvelsta)ncaﬁdﬁ thetreadet Mat gfrebepasirist the
sanpl e or t h%% Rﬁﬁ Qﬁjea reggent may be immobilized on a solid matrix, such as a porous

strip, to form at least one detection site. The measurement or detection region of the

porous strip may include a plurality of sites, each containing a nucleic acid (probe). A
test strip may also contain sites for negative and/or positive controls. Alternatively,
control sites may be located on a strip separated from the test strip. Optionally, the
different detection sites may contain different amounts of immobilized nucleic acids,
i.e., a higher amount in the first detection site and lesser amounts in subsequent sites.
Upon the addition of a test sample, the number of sites displaying a detectable signal
provides a quantitative indication of the amount of CDC45L. mRNA present in the
sample. The detection sites may be configured in any suitably detectable shape and are

typically in the shape of a bar or dot spanning the width of a test strip.



sanple. In the present invention, purifged CDCASL may be a reconbi nant
protein. The CDCA5L | evel of the positive control sanple is, for exanple,
nor e t harwohelcwsr29sf f val ue. I n one enbodi nent, the pre®EMIPRMYQIBHEON
further provides a diagnostic kit including, a protein or a partial protein
t her eof capabl e of specifically recognizing the antibody of the present
inv;a_nt :[OIBS(}[_ arhel KIMOMBGSRbch iﬂvagmnlf inay h&ﬂet er;cldd@h?ﬁ]sitiﬁxa?mlk(ﬁSalﬁf)letdﬂet
partial pepti nd i nogeni ragmen rotei.ns o e _presen
Phvent on costarbasuRERaAac terb R R hind sefoget uBteal e R ikt o
pr _e; erably 15rep?rﬁdﬁ]?ym0ﬁeghgf(élb€6ﬂy padticosaipdescus taam asaayg;g' tlisiriCrD(Eélf?; am no
aci d sequenc - [ - S - : r

di agnosed by?%‘gts'e%‘t ?ﬁg{lgﬂﬁaﬁp%gg@?gﬁ% E%trtr%ﬁl gf’g@&fé&'ﬁm& ogﬁl?, bteicagg%eﬁ usi ng
a protein or callpéptduroteppiessfeltitolejo rmtthe ppiidsemplaeiche CHR ASMetandasl f or
p[)eloa” _rll_g a Bﬁ’ﬁfﬂedfﬁl i 513 gfé&&{t%@nﬁén,tﬂﬂﬁﬁ% @f}mt}isu HYER hfﬁ&pﬁ‘l‘bﬁlatﬁ_ﬁplgmmhged
above. e or di.agnosing cancer of the present inventjon c e
per f or med bm&%&1ﬁ1V‘?1‘i95319%%1%?%@8?%1&8@4%?«%&‘ e dRE ang e‘é‘ﬁtq?ECDC%L
anti body andvulat in the corresponding control sanple as descri be above.
The subject is.s be sufferi f cancer, if cells.or ti.ssues
of the subj ecan SHRPEPREeh? RS, R AR GRRTEE s e fRl R dRED)
of the gene amdoteineorgumnial pyoteif thereofanpablODGHBLifigally troognizing thetamtihbdyedf t o

be more than gihsecit iRbhialua ﬂn‘ihdn%ﬁ&lic ROpRaL&Re ke that in normal control.
[ 0140] In another enbodi nent, a diaghostic kit of the present invention may

i ncl uddVtivd pdprmplessf thenrariigl dsptidesiand ERMUBPLeAH T 3ENENLOIEPEESI08 TSI ndi ng
thereto. A syidsailifvdiEibheentt@pladeltRedih ME:hakty S@8 Cofipesddldfit 1ak
antigenic pegti de1 d I—cli_A trmFea1 ul es 1 as_al rpea .pbee. eg Sébl i.srt1ed tz%or
axamm 6. At BRI S apd moRRp Ef Y 10 SR Ry b R e T B ARSI { ne

corr}:)! eg 1(:)f Elseqmem @f;:the pfotd¢ihef fregsennt inneeiohi Omcanchnt beadidindsebbyedaté@ingan be
applie 0] . el ! . i .

t her eby enablglﬁr%gﬁr)eoa |4{§E a'gg%egg%i’tgﬁo,ogf %%gé)r%ﬂgi %I%E}:} %916%8‘?93@%% éé(%lgp egll hgyancer.
Further, it ohielpsesenpingswwnf Mlethode faydgreparingm psptidadsj pseted e picadite wit h

the pharma ceulhaah srelRabidihBg bR, peptide of the present invention as an
active ingredient, or the assessnent of the treatnent effect_ of the
or

phar maceut i cal'd'e meshodifor Biagppsing eancgt of b Bregh g veBtiehernds R oRBEhBY desee,
for exanpl e, téhiimBg thbAifftreate betHedreie @modAHAF,anBAAVE284)itiddy Ghd tHabih the

Che popt i de. oP e PRsERe FHOBRTN s inh Be' ook HEETH Tebb BRI ray “oe
used to quantiffgringhzommaiagent pajstar diesuspetihtisubj@Ticonfam aribogies agivest dle bl ood
191421 The. ot SBeHon P D R e R O A ol CBCRPT: 2ot
for eval uati BBtikMky i defamened focke meiedhynbe cufofs yype st leyalicagppigtty gt Bhi t opes
as descri bed nBghiglicontrdin one enbodi ment of the invention, HLA restricted
pepti d?ﬁuﬂﬁ deIrsl %L(I)t grdem eord?rlngnt,rrz? giagr?ostic kit of the present invention may include the

peptide of the present invention and an HLA molecule binding thereto. A suitable

method for detecting antigen specific CTLs using antigenic peptides and HLA

molecules has already been established (for example, Altman JD et al., Science. 1996,

274(5284): 94-6). Thus, the complex of the peptide of the present invention and the

HLA molecule can be applied to the detection method to detect tumor antigen specific

CTLs, thereby enabling earlier detection, recurrence and/or metastasis of cancer.

Further, it can be employed for the selection of subjects applicable with the pharma-

ceuticals including the peptide of the present invention as an active ingredient, or the

assessment of the treatment effect of the pharmaceuticals.

[0141] Particularly, according to the known method (see, for example, Altman JD et al.,
Science. 1996, 274(5284): 94-6), the oligomer complex, such as tetramer, of the radi-

olabeled HLLA molecule and the peptide of the present invention can be prepared. The



used as reagents for evaluating or predicting an i nmune response of a

subj ect. The i mune response to be evaluated may be i nduced by contacting
an i mmunoyerow/tds mmunoconpetent cells in vitro or in PCYOP2016/0@3488 ai n
enbodi ments, the substances or conpositions enployed as the reagent may be
any substance or conposition that may result in the production of antigen
specific CT Ls()fnb&k MBCed € quuahtibi the ah@gdnh@pnem;bddfﬁoe@mpm&ﬁspenpﬂaﬁﬂ

P for  cadha 1 REoRS Rt ls Ltk PR aeE b v AR YR e oot o

such ag0t®r ar@lesp,ressniammm@nffmntharmm\awlrhfuh@ds dnyl ipdymkestregzeats doi avabrafieg on
rel ease assayg, inff xﬁ%g?g) @g esPOR@Y0T su Qct%.sﬂﬁ%fegﬁ&eeﬁ)lﬁpgoﬂ' cg?&{bed hgrem In .

|m’runocorrpet ent ce e cont act e ant |gen
presenting c&nt smpadimear sighelergntien. é{%rqsgﬁctqdaﬁ@sﬁew ew@ﬁéﬂl@relm@w beles of

the present iygMERtkRnEYr éxﬁmm ok reaﬁ;hhgammﬁﬁlﬁe RisPéhsB P AXEbibQ. PRSESS

peripheral blood mononucl ear c or t sence of anti eci f| c CILs
fol I owi ng exblBglﬁ‘PE“"csBo%sett%ﬁBFVaj%%t?d Eutd P&é‘ﬁi‘l{i‘?de %C?Wﬁ?ﬁgéﬁﬂng*?ﬁi
tetr arrer | C Compluascommyetdne ceitad Vﬁtﬁo dn ihedtd. yn vummaémbadlmahtsgma sotpeicts @ CTLs

(see, ' 9318138%%3nsf§§§§ ! e%na Iclleelie en% 59 ?’subs?an%é ofh g(éjmﬁl%stlonﬁla?ttma}y

Sci ence 174 : m ne requency € an
specific CT L rgsopan gtei }Uﬂduqtloa 0§ aintigea SmCIfmeﬁﬁbhémarergmwandﬂmo@m:tlhe@ﬁpt@@l | s.

A tetramer gﬂ@&g 8U§ﬁ&&£adp%gm§n93d ol Be LIMERI O B0dRE. ARAPEALGH, as

descri bed beI bi nds | ecul® 1s refol ded

in the presefd agfused éoréa?h n %r&&mﬁ inglue 13 gy reesaierhaigal dsaglgpments such
2-m crogl obulal Retitamesse @@f@igefoalﬂtfawmh@qy holGRESIn@XnteHBroh Fele £LRMAEX, or

car boxyl ter f the heav i |ot|nlated it taﬁt S
EA G ARRE LS N ARG /R R MR R I A S
conpl ex to f ovith feptidarsapent omsyi ts:tanngempre‘sdmemg x:elﬂmheludingrdenmm &@Xlsand

trept t. t
con be TLE)"; O RERRE, RoulcHARE R Yoy RS iy BELRIRYG iy, stalifid ot e
i dentified, ﬁwy%mmsepemhd41M@®W@mv¢lyar @ls Fordhe pigsdngs 0§ aptigenbe used

for di agnost 'sﬁedi’fﬁc erpy Ftﬂﬁ)t\xhﬁg OHREPRES a téeRbd c%ll' a@lﬁ ﬂ (fn' £AnYurd &n. Wh@@ﬁ%‘r €
can al so be used for therapeutic purposes. presen |nvent|on

al so provi de&CFEHGEFPEPIY r@%%%e 9 fertly W%@B?q arf%%él?@é@c CEby(see &g,
Bertoni et a|O gkt ald Sdtenck nves11031006, BO3: HikBAIthID ét Anskifire r1a4 eb4.3k, , J EXp

Med. 174: 15 5 991 negl udi n tldes of rese i nvent |

Svami 6. pat O S PP R P T P RS T

can be anal ypé;ielflpheratl h»odmesemodeafcedntA tptames pagérftiusingBlpeptidd oighspeci fi ¢

pepti des. b%\%gg%@? égﬁ)é}g@iigé H&cﬂ? ear cells can be eval uated by
stimu

cultlvatln? ating the cells with a peptide of the

i nvent i[@H4] Af tA.EPeIéWCé]bfﬁ ﬂoapis itape HE Y polegtliednreheldedian, the peesencp ohdwdered-|
popul ati on C@ﬁoﬂ?ﬁ’n% cﬁeﬁ’ﬂi aRKBE L GnicfsMlotulik t@ drleydtd X trnh@ﬂaé@]ir The

Vacci ne. PEEMBRY fnntﬁég%pﬁﬁr TR A o ARHIgER iy be

anal yzed usi nigat wae presxa@ispi @gmeeltehemtooﬁe pl’oenmﬂthb@dmeﬁesmm beddabwovke The

patient is ch‘:é‘m%}égqg Yorm tetramer consisting of the trimolecular complex and streptavidin. By
means of fluorescently labeled streptavidin, the tetramer can be used to stain antigen
specific cells. The cells can then be identified, for example, by flow cytometry. Such
an analysis may be used for diagnostic or prognostic purposes. Cells identified by the
procedure can also be used for therapeutic purposes.

[0145]  The present invention also provides reagents to evaluate immune recall responses
(see, e.g., Bertoni et al, J. Clin. Invest. 100: 503-513, 1997 and Penna et al., J Exp.
Med. 174: 1565-1570, 1991) including peptides of the present invention. For example,
patient PBMC samples from individuals with cancer to be treated can be analyzed for
the presence of antigen-specific CTLs using specific peptides. A blood sample

containing mononuclear cells can be evaluated by cultivating the PBMCs and



and peptide epitope reagents that recogni ze the allele specific nolecules
present in the patient are selected for the analysis. The i mmunogenicity of
t he vacciwo 20ey139si ndi cat ed by t he presence of epitopePSpade2li/eo3@88 s in

t he PBMC sanple. The peptides of the invention may al so be used to nake
anti bodi es, using techniques well known in the art (see, e.g.,

CURRENT PROT Os{inl abdh MdNEU EXmYth aWepeiité &F the Iilﬁvenfibﬁ e aﬁdap}blbpﬂiue sullivhadkor at ory

Va |, Harl | d Spri Har.b t 1989 whi ch
may 11 nd use PoEo dugeeteef Bt (RLece GRE L P S S ¢
ant i bod{ %] maylherpebudis ndyoden bdvaed ne cagentz & evapept theefficacy biea eapatrext of an
HLA ol ecul ePEl\g@s ob@kd ﬁ%ﬁi @ﬁat#eﬂﬁﬁac@lnggdt\ﬂﬂ?aﬂ%ﬁ& nﬁ’ﬁ&y%@%ﬂ&l % d [0147]

The peptides an nposi tions ent 1 nventi
addi tional u¥&®g. f@éﬁéarmle,mﬁh@moféh@mﬂ@éﬁ Herseiberbatava. TiEgpatienisis éHeAetYP@qhe

present invenhj 9€ptﬂfe(%)61t§1%5re§gdﬁ?§ h@dkeé mzél (RONRSE BBl HELaAL] MBscht B Bor der
characteri zed b exp FE§SIOH

nmrunogeni c I tide.. Such
met hods |nvoIP9% AterrRcidig @ﬁﬁ?@gg? edlfnnﬁl Sty %pﬁ é?ﬁ‘f&eﬁﬁa%@ptl de, or
a conpl ex of uajlmmthlsﬂpﬁesbndwareg1tq&p§pedlé1carusan tMPBM(Bmﬁle e geplidsi N a

bi ol ogi cal le ih ent1 n & ra(:fst? leRed to al?ee nglbg ie CO@Ch% Cgl%f W%ﬁ%l?ﬁlg i nd

HLA cl ass I ecul e can erm ne ec e ass
bi ndi ng part rﬁ@ral‘f ore.tehe, @@BRIEMP&O”E@G@IIéiNlMM[&ﬁObOQ%rWd@b’/Gmebodﬂfent a

bi ndi ng part pgg Af QBO&IQSeAFL%BBf @&%%ﬁgﬁﬁa%w%m 1RRe %lé?bhl?gﬁbérﬂo?wg”' zes

and specifically b . _.The expression 0

bi ol ogi cal s&spP fét()l'ié B&eﬁs aI§8%> Mﬁ@rm@r Bpdyse sdpmesnsdo gingnesst ¢icw yr s1oaHear d
PCR anpl i fi cathen Sﬁb@hg@&r?d%sliﬁéﬁﬂdm‘st : fat f&é%mzﬁp@%l?lﬁm ﬂltet)nIesdmran
eprESSIOH | es ererLn an r er € Or. exenpl ary

conti 1 one. atHebFRTBHE | r MCARE hakBInis e 2epSf BRI BuRblsina T n
WO2003/[Q1322. 'J[Iﬁ]p@ﬁt]ldd?raeﬂ eopmedsidoragriolst presame intvonison e lavnanbendatditivgnah

bi ol ogi cal s r t he
cocast pon bonr sano g Phish RS rottd bl AFRRer RREN GO R R 15 1
peptide in tﬁenenh@_ﬂ Id@gnog@gwpﬂ detecg g @ﬁe@rMﬁbﬁrﬁcteﬂwmymrqsgm eéans

pl aci ng the Rigtogi ﬁﬁhumlc%omeﬁwef saa;}ﬁﬁatheapfﬁlvmvwefeanfnmg AGaRLiondd

under the apprlgrlate condi ti ons ., concent ratlon tenperature
time, ionic $tGlnRIHLAD laﬂIng\mePtI@ %%ewplex Pht EEALIAL A MiRERRPERIe agent
and CDCA5L HaAd bi Bmmngampﬁmean& haab@[@cm eseple. THe dxb%sﬁb@bﬂ@p@;ﬁide%aﬁm e.

I I h h I
sarm e are’ cSHAPERORS B EY-£ RBSE ey bitha BS Sdkmined s s Po
facilitate aaspgogfwith a hindmggritoer tbethapeptide mogqxldmlramdpnefmedognat e (e.g.,
a protein angopfnt %G[ﬁlgclhgg g&%g:ﬁl% he ?éSI)ﬁ%@ToI @&ﬂéle%%y‘ BeSinPinBb&dy reco mze;)

ant|gencognate a nuc ntaré%sequence CcoO

bi ol ogi cal saRppreciiEelbIngrty ﬂ@f‘oﬁﬁ‘d’ﬂﬂ? ors %ﬁwssl% pf EPEHPhdn a bipegiedl jsgmple

i nteraction l@@éﬁ"@@f‘tuﬁloﬁﬁi()%@}u'c@n and bk kst GNRinaI FCRIamBlifiBaMHn plotbeol $-
Pat ent No. 5, 108§?[§(:é4§|ssue o Low et  al [0149 The di a %a stlc t hods of

t he present RS LeREMes: DR FEOPREQT FWKHFE‘H@F 97 ISsEsEn ¥ #¥o and in
vi tro. Accor dundgh disclosoleofiecahplsanohditioanabkpilimedttedCDA4 vl umptificitionwiah r o

be found in WO2003/27322.
[0148]  Preferred diagnostic methods involve contacting a biological sample isolated from a
subject with an agent specific for the CDC45L HLA binding peptide to detect the

a

presence of the CDC45L HLA binding peptide in the biological sample. As used
herein, "contacting” means placing the biological sample in sufficient proximity to the
agent and under the appropriate conditions of, e.g., concentration, temperature, time,
ionic strength, to allow the specific interaction between the agent and CDC45L HLA
binding peptide that are present in the biological sample. In general, the conditions for
contacting the agent with the biological sample are conditions known by those of
ordinary skill in the art to facilitate a specific interaction between a molecule and its

cognate (e.g., a protein and its receptor cognate, an antibody and its protein antigen



in the present invention. For exanple, 44he biological sanple can be a
tissue in vivo and the agent specific for the CDC45L i nmunogeni c

pol ypept iwo 20emi3®sused to detect the presence of such morgelie8034ss t he
tissue. Alternatively, the biological sanple can be collected or isolated
invitro (e.g., a blood sanple, tunor biopsy, tissue extract). In a
particul arly cpgedhe rarrﬁdlee:rﬁmdammcorﬁm@m&it@ly@gqlmbe Scagﬁpte@ irc@biohgidl

Il - t ai t t
ol | ected 1 onfBtoAbadpTRsTyRof & Asuliatss f IReliit Rl R Bk b Emdifue
t he di agnosi snd @n chmapeart desvatedisi BgS.Parmt NodS 11 0R92 Blidsoed todi.ove et al.

quant i {)P@t n%gfm%%erﬁe?w G tflé Breledt %Jeﬁtﬁ{ catt Y ﬂyﬁ&n% qujther ¢y both of

Fl uore cel Imeric conple ,
1996, Sci encén yivg and gyvitig} Agegidingly, bolegicad pamplg 9@1356 oeated iNgivp or m&&o SC| .

USA 90 : 1033Qihe prés@htinhéhtfodl FortkhmpR! J[Hé"tﬁ(ﬁlo}glimlaﬁlbleﬂﬁﬁ ,be%rtﬁ,sue in vivo anéi d
been provi ae

interferon-gamma rel ease assa SPOT assays a

Ml timer st a?l?ﬁ egnt %Pﬁi”?léicf‘é‘i tﬁﬁ@&%ﬁ%‘ﬂ%&“@&ﬁ%’ﬁ?ﬂbﬁﬁa BLtsHOresk s al |
appear to be paetseﬂlaeaﬂtsudlﬂmf)hbﬂilemtﬁe sms: AltMﬁatﬁ\h&i)n thmhslelagwallemm@mi beassays
(1g/gr7al 5_ f(r ! Shnﬁl tng‘ orfg%gte% gbw?r dtsém unildr bl(il 58 1ssi&lextra%él %1:3? ’ g:
413). Pent an@amc(l@rlg preftma@emhocnmgmBﬁ)bloldgmlrsamlesca@é)egt celloneMiny 2631) ,

and strept a”@ﬁtﬁgl(eemgre’ r@ﬁ}d’bﬁ}ea %1@ 'CQI?ta@u r%@ﬁﬂnoﬁ geﬁls(c%ﬁggtéa frofYa ﬁ'b%e@t Repeused.

[0151] XL Ant| bodies he prese nvention further provides antibodies that
bi nd to pept 980w o F8at§desent invention. Preferred anti bodies

?peCl f :[?aiéi ydmlwilnzttﬁe@e el digsosik chiiBe pérasiaRt umﬁiganﬁému fadalWwsl dirket bi nd
or w I n

th Al
ot i vel y, _anthugaatonp e Samtd E sl Oy suRing s P B ith o
honol ogs t hemedfimeAntorhpldk@deagailnsdn, peptdtabsl b, beienderB7dnOitpAltaan, X Dnd use
in cancer di %9%0 {9 ,b0§9 }PJtP%@Q@tgc? 1?53&%5’19§§b‘9t$t%g{§'e}8{{£‘? PRl ogLEes-

Simlarly, suc es can tind use'In ragnosr's, and/ or
prognosi s of pbekiaes, eahingarieron-gamme relﬁasgr@ssam@aELISPQEﬂ@@YSe@lm@g%w or

over express e%réd“déaaﬂfﬁﬁﬁmgﬁétélﬁfﬁ"g inVREERYLN mblﬂik'i&cs%lhilﬁk ahl EL@S‘IR!’)? asads
anti bodi es (e,qg. tQ,\]gffe chai nanti bodi es herapeutlcally ind"use in

treating cancllaBbeas tQRg dideash40-E9ld mare sepithye ﬂeaﬁeneli? GOBVEIRPBRIASIRYS exanpl es of
whi ch i ncl udgMubii-Kaikienan &L ed d4157119098] linenunit@ St 1 TUILalvahl) oD let alRANOT &aEkp. cancer,

o ader canc S, D0 SNE LS b o 8. SRR Ll SPY) phYReR R0l B 228t
soft tissue QO%QO%g?és%t)rcﬂazctmmmsdﬂg AEPD2/GAIO0B 1 )aryd seapteners Gngl, Natugr ect al

cancer.[ 0152 vides various inmmunol ogi cal
assays for t%%eﬁgbgtegéﬁ%gn%%r%gg&?}félggﬁﬁ)??gg{(?on of the CDCASL protein (SEQ

| D NO: [9B)lor Xk Agebedies t her eof incl uding pol ypepti de consisting of anino
aci d SequenCeq&@r&%ﬁﬁﬂvéﬂtﬁmfﬁﬂ%ﬁbrQ)E&H@esca(ﬂﬂﬁd)cﬁ&d t'ﬂgt 9hd RFSptiledNShe Breséht 4, 7

and 12. Such, asesaéns . .one_ o @ﬂo_b dg A %?%ea%s',e%?%' es. ¢ capabl e

of recogni zi MY<aH fﬁ@ ?)P_Cbé &ioH trOPP p v
and will not bind (or will bind weakly) to non-peptide of the present invention. Alter-
natively, antibodies bind to peptides of the invention as well as the homologs thereof.
Antibodies against peptides of the invention can find use in cancer diagnostic and
prognostic assays, and imaging methodologies. Similarly, such antibodies can find use
in the treatment, diagnosis, and/or prognosis of other cancers, to the extent CDC45L is
also expressed or overexpressed in cancer patient. Moreover, intracellularly expressed
antibodies (e.g., single chain antibodies) may therapeutically find use in treating
cancers in which the expression of CDC45L is involved, examples of which include,
but are not limited to, testicular tumor, pancreatic cancer, bladder cancer, non-small
cell lung cancer, small cell lung cancer, breast cancer, esophageal cancer, prostate
cancer, chronic myeloid leukemia (CML), soft tissue tumor, gastric cancer, hepa-

tobiliary cancer, and colorectal cancer.



fragments thereof, as appropriate. In yhe context of the present invention,
anti - CDCA5L anti bodi es binding to CDCA5L pol ypeptide preferably recogni ze
pol ypept WO 20872961 ng of am no aci d sequences sel ect ed PCTOR2G1H/@03g880OUP
consisting of SEQID NGs: 2, 3, 4, 7 and 12. A binding specificity of

anti body can be confirnmed with in hibition test. That is, when the binding
bet weenoesn] antjr}ieqﬁgsehanb@tmadls)oz;ﬁdvia@dvafn@hi Iremgidlogital QX465 Eorphd &er.tecmdnde is

i nhi bited under resence. of e i St m no

aci d sequencé P %?5&t%0f6%%c§agf g&%@eﬂ#ﬁ 28 (r)tf\% gsghl?rﬁ?ta

anti body s pecmdimchag bylypépiids cowsisting off raagmremd sdquendee sderiedivmahe groeppr esent
i nvention, s & S r

munol ogi cal ggs it ? %quh?/:\eﬁg %ﬁ%\%m7 ?ﬁl&%%;srug?tam?n»q gB{Cﬁhd\ég{ﬂ%%ﬁa& imted
to, various @yﬁéﬁD%Sh aibeierrasrshlesaiyecogn ienddind %ﬂ@&kﬁ*r Rreteih?ique,

enzyme- | i nke@ragﬁ?eﬁﬂdmﬁb'i&ffb@srﬁ II( Ellelcgﬁt)ext (ﬁﬁKU Séﬂt H@8tion, antl CDC45L
i nmunof | uorescent_.a sa&(/i ég Rel at ed
Re tpoRG A5k o

di LOR 4} Bi%s
i mmunol ogi caPBRfdiey Qelbtf Gt efaft? TRRIVREPEEE i ncl ude T
cel I i munogeonngiting oaaﬁfm/csac(idl pdgjubnded Eg/le(ﬂéd fbimnie gtompyc))nsasmgeiflsmlm/l—lc

bi ndi ng assaXays. bn?) alpqlan%i tb?r?dn%?peg?t it ¥§rﬂ§bo(an 2B g&&lrl%teg%lth in-

i mmunol ogl cal i I'TB. I’n cancers expressing
CDCA5L, ex an';hitesoroifesw\/ﬁh@ihs,|wimlnuhl@blndmg batveeen@n ahtlmdye:d bf:@nalyzed and full-

radi osci nti grléh%lﬂi &CB@Q?E% E’;?EI%}RQ%S Hﬁ’ﬁﬁ?gdluﬂgéj gseﬁ&t(')fbdﬂ 'f nfdh the present
i nvention. Suclr assays d nical _use in t def ect | nDnltorln and

prognosi s of Pelyeaid eéﬁﬁ%%@ig@é apdeasid sequsnge st é@QﬁD msC% I-el atd 12,688 are

not linmted kRowstabthaSard:®sly @pﬂcﬁfcaﬂjﬂlﬁﬁlﬁs t@@l@@fa?ﬁfehﬁ I R EBhtexdfarsler
cancer, non-snall .cell. Iunghcancer cel |

’ W %’%ﬁ E[% breast cancer,
esophageal c RFEEM INFPGr-En UERUBPIOLICHASHIYE 2RI Sy OReNy | sof t
ti ssue tunor mgagigidat acan ﬁcematshxaq:lbkmbvﬂ inghey art am:iecﬂmg andnat dindredad ajarloam cer.

0154] Th Jeh
bept 1 des of " CHR OGRS Ao BLAYL AR AT AR Bl MOl SEE
form for exmpeoré@ntalsmﬁdﬂléﬁau er@rympdmy@ql onabneftorgseey @ssaan (Elniih) { andt her

i ncl ude anti ggrm obt ai ned by i mmuni zi ng an ani mal such as a rabbit with
the peptide of the jinvention, all classes of pol%cl onal, and npnocl onal

ant i bod?P %] heked HrmBRRlp@isalwg nenraifhody @ssamt PhBainention g altomclvdenbt i ¢

reconbi nat i onaeu Anmamgetﬂe;ngfasialye (mmbﬁaltyl @Rtibedos s atweld fl MH(Dbin@u@bis@dy@ an
ant i body may ; rom an i.s _prefer derived

PR AR A RS AT R AR KT S R SRR e At R B ey
A human-deri vephbﬂquftdemt@tlngyarwexsw;memdg COsMShexammésedtwideh mchmimmamci d

sequences di gg| ﬂlﬁggd ﬂ)e fa%ii(%cinklglja?ﬁ c. 11%9&91 %&HO&S%SEQQa%ﬁ&FﬁWbP&Qy ghfkon, the

peptide to be used as an | nmufi zation-afitigen may "be a conplete proteln or

a partial pepfisael ipyenting. Prcorassays find phniealarse peihe daectny momtpn% ang or

exanpl e, the f;])?dgnﬂgs oNCDIBsM RplesQifig 6aIcBRXYxaufplest SWHIARIncfuia bR Bfe R @

peptide of t hm1 eléie'zg esl?lg:h Izlsn'[\(aset?(:t 'lar tumor, pancreatic cancer, bladder cancer, non-small cell
lung cancer, small cell lung cancer, breast cancer, esophageal cancer, prostate cancer,
chronic myeloid leukemia (CML), soft tissue tumor, gastric cancer, hepatobiliary
cancer, and colorectal cancer.

[0154]  The present invention also provides antibodies that bind to the peptides of the
invention. An antibody of the invention can be used in any form, for example as a
monoclonal or polyclonal antibodye, and may further include antiserum obtained by
immunizing an animal such as a rabbit with the peptide of the invention, all classes of
polyclonal and monoclonal antibodies, human antibodies and humanized antibodies
produced by genetic recombination.

A peptide of the invention used as an antigen to obtain an antibody may be derived
from any animal species, but is preferably derived from a mammal such as a human,

mouse, or rat, more preferably from a human. A human-derived peptide may be



Herein, an antibody is defined as a prggein that reacts with either the
full length or a fragnment of a CDCA5L peptide. In a preferred enbodi nent,
an ant i bod9 20fo/B3M®5pr esent i nventi on can recogni ze fragremPpapdI3dsss of
CDC45L consi sting of amno acid sequence sel ected fromthe group consisting
of SEQID NGs: 2, 3, 4, 7 and 12. Methods for synthesizing oligopeptide are
wel | known i @btahfbdéffdrﬁ theAfcROtidld6r SiAb haﬂissquqne@tdld;@&ewyrebe optionally

urifi i or to t he .co t he esen
Pivent T0HET; pesPrdiBeisifs TR ERRigh bt RAAER Bilashs MERRUEER o 11 nked
with carrier anugﬁnefn%abﬂ:eca)mpleterpmuangﬁm mirtia peﬁa;ehifltbe piotgetA hatekyeptide

KL is well, 9T i de
<(31r eH)aI so well a&ﬁ%%d?ﬁo%%%m@i’é Eﬂe%ggg]ﬁy%?mié{r%gfl ve W@g@ ene ef%gglgﬁﬁ(g{ a
pepti de of tlBeepdeofithppresent irvgghietht t her eof may be inserted into a known

ﬁXpr essi _CI>_ R veqi{&émdxﬁurﬁiboa}% 1std%ﬁfﬂe&l§§§|p1§)@:tnfr1] E}ﬁﬂfeffa@trs @xhﬁh @8t the ehll 1e%§%hd§5a0: lthd
erein. e ire or men may be recoyered fromthe
out si de or i E@%H‘&nb‘?fpah(g]é{ﬁg]eﬂ)f:@d&/ hpretari éPd‘r?%%/“ﬁ&& an&ﬁﬁaly fe present
subsequent |y ub@nusmchmc@gmwfrra@mm péitides aﬁCDv:aBy codialng of ehinso &APr essi ng
the peptide A uteplge sele ¥edaﬁr $iR tl?rgrguccr:]oenrsr}s 1F1‘g oy Sﬁérﬂ)hﬁél Zf% E,epclu%dﬁﬁt may be

used as the an I muni’zed '
antigen, but l\éfrtbfb@rfabﬂi}ylthdﬂelmhgpa@mhlﬁIar6t \yeﬂ\knWIparféamaaii Aefedrithe &)@é@sﬂsor

cel | fusion ?@&ﬁ&g‘ﬁ{h gt uaﬁﬁ%nﬁehibrﬂﬁﬂ%s%'as 1@%%&1 Hfthgggﬁgit'(ﬁ’the

Lagonor pha o ri mat ni nal famly Rodentia | ncI ude,
for exanpl e, PFﬁ§ﬁ%téan‘rné19nd ﬁ%%ﬁ?@?@ﬁie e/gu%éaré%r:r trmay begAnTygaied o hipk

i nclude, for vﬁﬁﬁd’ﬁﬂﬁ&s td éhbhde thé\ﬁhmh@ge@fcutyhgeﬁrdlérﬁﬁ@etflwmdcyamﬂqkudﬁ is for

Phochcul ari o VeRiERS iy et Nt ToEpouE-aRe Kol ApLAAaE e BESTT Mt hods

for i mTunl zi kgownimeesutsd t h anti gens are known in the art. Intraperitoneal

e s e s S RRRRU B LRl bu Pl i ehorfboth BRRAL (el RS b0
and suspendednseriehintapFropn exres smm@ﬁtordffhlplh @s%ﬁauf}@db@frﬁ@qf@ml g hpitwell @PBS) |,

physi ol ogi caljeg@ibbdRerefi (The h@su‘é@%‘sﬁ% ortfhl%nﬁtm ﬂhgl%ef 4y P %og&eg%npﬁlem xed
wi th an appropri at e anpunt tandard adj uvant, such as Freund

conpl et e adj QVEHIE O ARNE ‘i’fﬁloét “é’HﬁP¥ ABh ST HEOSgRIaY aptsedies THasHad an
ani mal s. Pr efaga@bhtygeni Altehafivlly,aviede &ansssepleﬁsaﬂlg adpepiide dritadit BRseOdr Ant i gen

m xed Wi th an,appropr tel Jamu t_of i nconpl ete adjuvant every 4
to 2 1 days. B\?{gg @’F%{ﬁ?eﬁ ESW’ eépayn%eyusgﬁél% ea1 ﬁgepd for imunization.
Af ter immuni zatnyomaasaibowemaseay e mayubeee xat the ahtigen 20w peafdably thetchod f or
ani ncr ease | a{ﬂhﬁt B&ref?tfal h&ProR Ll Hﬁﬂin% takEIQ %ﬁgllcéa ﬁhty ‘I:A é}l%lral

t e

anti bodi es agal ns pept | e present 1nvention e prepared by

col | ecting blaBeRpls @fo%?dqﬁéa,| Irﬁgﬁmoﬂé@ %ﬁ’wﬂesé&@?ﬁ%@édfmlmaﬁeoﬁthﬁaéab’e of

desired anti lodb@sa 1hBluH@Qo1S&IaH{ﬁle ms@xat%ﬁafaﬁisteﬁ%ﬁﬁfa}&rﬂffm@mﬁdye bl ood by

any conventi onal hodl C{DO]LOyCI on Bﬁl bodi e rpa}\{ t)ncl uc11 sleru opt ai ni ng

t he pol ycl on ag(élﬁorp a inclu rexamp e rabbit. Animals of the Primate family include, for
example, a monkey of Catarrhini (old world monkey) such as Macaca fascicularis,

rhesus monkey, sacred baboon and chimpanzees.

[0157]  Methods for immunizing animals with antigens are known in the art. Intraperitoneal
injection or subcutaneous injection of antigens is a standard method for the immu-
nization of mammals. More specifically, antigens may be diluted and suspended in an
appropriate amount of phosphate buffered saline (PBS), physiological saline, etc. If
desired, the antigen suspension may be mixed with an appropriate amount of a
standard adjuvant, such as Freund's complete adjuvant, made into emulsion and then
administered to mammalian animals. Preferably, it is followed by several adminis-
trations of antigen mixed with an appropriately amount of Freund's incomplete
adjuvant every 4 to 21 days. An appropriate carrier may also be used for immunization.

After immunization as above, serum may be examined by a standard method for an



tibodies, as well as the fraction contayning the polyclonal antibodies my
be isolated fromthe serum I mrunoglobulin G or Mcan be prepared froma
fracti on whi2etv/mesgni zes only the peptide of the preseRCTiIIRAaNDI3ISE USI Ng,
for exanple, an affinity colum coupled with the peptide of the present
invention, and further purifying this fraction using protein A or protein G
col um. [0159ﬂcréra@em&@aﬁ@uﬁmmk@mdnmaﬂlbhodi es, immune cells are collected

f [ i zed h ked d
L evel ' e mob/ AT BERAt bl b SRR e s 4G ah) oV Br g
subj ect ed t o bgeblledtingibbond fidre thenmumenizel hamogbekafronedctel thefingeor ofrdysired
pref erably b%nfﬂ?% FsNf Je?dﬂlsa%h%%r&eP%&?g' %epﬁrﬁfﬁ%h{ FEIQ bﬁﬂfdedgrta%'r\{é:%ﬁ%% 1058 be

fused with the ove i rmunocg 'nc or exa

manmal i ans, awdhadePelysloarlenabpdicnyay dieiideserun P@Wlﬁglgéhﬁ mllzj@lpmédatpr Oper ty
for the sel e@ﬂbb@ies e)S \Jeusagcahecmdt@nwnﬁfn the b@%@haﬂmba&@yﬁlay wmeﬂ e and

nyel oma cel I be f u ed acco nown et h r exa t he
nmet hod of M | F SEHT mnt“éaglPF’ghfh d)r e By Hrep?xyﬁg g&%‘ba% ?13 3- 46
(1981)). Resutdoighigedwyily itcborepadobr e pedertyintdneios abihg ffusemmpmmnhﬁmql ected
by cultivatl nglutmn(:"crguI ed%viﬁlt s ggétﬂdfﬁ(ﬁlél?ec el n?/gntliloq} afd ﬁll’th nf plll_lﬁﬁmmatelllsum

(hypoxant hi ng,”"am nopterin an | contar ni ng ne
culture is tfm@@ﬂtlsyng:malmﬂeuﬁrwemr@cmiﬁmnedl um for several days to

sever aloyggks, 4 ﬁl@ drk %n@@l’oﬂ&l aﬁHﬁédlé‘é ffuhOcdls! a?é’\écﬁiektehff&n&){h'a%arﬁﬁhl' s, with
t he exceptlon of e desired. hyb non-fused cells o die hen t he

st andar d I|mlliﬂFTWQIZGi1 MWB%&WH@@ 5@?@# fridhe ]@Cl‘seé?eééﬁw‘éﬁﬁd%sﬂfﬁﬁéma 9Nasr i dorm
cel I produci ngtHeRerudesd desekitpatabboelind h218bjecten t@d@h iulsfbﬂ TR iffiguaheye

met hod, in wh human an nmuni.ze n gen for

ot epar i ng e i AL e T
may b;a i mmnlczm:ltow:etfhsea vadpthe dbovepiephumbeyeXpeledss forgxambples myelottaaietls bglz at es
in vitro.

ryel om cel | S HaRTg RRMEE P ABRRGYGGR, PLR ARGk e HIRPAGL EY
yield a hybrlsdéﬁwnmfduﬁfélcngsb}’d@gﬁred human antibody that is able to bind

to the pegyl derlfé%'Bo@eemﬂﬁﬁ@ uﬂﬁ%@fﬁl pad Byt T&@@QCMQQ%EMD\% ent
Application No. Sho 63-1768 [ 0162]. The .obt ai ned hybridomas are

subsequent | y r@eﬁla?sﬂépﬁoaﬁ%ﬂp £rihe mefhod 05 Misisinrt dalFalie and Milsisin Methedst he
ascites are @azy@actEd3- %1(39@@1) ai ned monocl onal anti bodi es can be purified

by, f I ' f A G
oo um, pear 1 BT el BR S D R e o Rl vB g o

t hepepti de ofthenhen pstesknd selmntrmecdmm,ssuclmaqué(T mghiemghypdxadthiref t he present
I nvention can i, ﬁ{jarfa% Alive JOQIIEabIBHé 'nfe'dﬁﬂﬁ e Qélﬁ%ﬁgﬁ@ﬁtt*ﬁ&l cdflfiued

peptide of the p esent | n ention can ate goni sts and
ant agoni sts &t thedéApapndiure fesfseyaral %éweﬁah\%’éﬁsb B tinpg bedngyafficientyto an
i mune cel |, agb®haRe 8ihet FBMINKLZR thel X BRIHOA Y €he REREMEYHTMAOAA (non-fused cells),
to die. Then, the standard limiting dilution may be performed to screen and clone a
hybridoma cell producing the desired antibody.

[0161] In addition to the above method, in which a non-human animal is immunized with an
antigen for preparing hybridoma, human lymphocytes such as those infected by EB
virus may be immunized with a peptide, peptide expressing cells or their lysates in
vitro. Then, the immunized lymphocytes are fused with human-derived myeloma cells
that are capable of indefinitely dividing, such as U266, to yield a hybridoma producing
a desired human antibody that is able to bind to the peptide can be obtained
(Unexamined Published Japanese Patent Application No. Sho 63-17688).

[0162]  The obtained hybridomas are subsequently transplanted into the abdominal cavity of
a mouse and the ascites are extracted. The obtained monoclonal antibodies can be
purified by, for example, ammonium sulfate precipitation, a protein A or protein G

column, DEAE ion exchange chromatography or an affinity column to which the



tibodies may be immortalized by an oncggene and used for preparing

nonocl onal an tibodies. [0163] Mnocl onal antibodi es thus obtai ned can be
al so recowbiznevi3i3pspr epar ed usi ng genetic engi neeri ng t@ChAPZUIY803isee, for
exanpl e, Borrebaeck and Larrick, Therapeutic Monocl onal Anti bodi es,
published in the United Kingdom by MacM || an Publishers LTD (1990)). For
exanpl e, a DiNépwicsdhdipreednt awbhﬂmdly cﬂﬁp{ecbermla@ﬂaﬁﬂyfdfam pRsdntMiRAti@etdn, such

as a hybrido or, an nize ucin antlbod i.nserted
"oto an appr ob Rt B g bOGA VAPPSR SR I h et BER P8 liPR”T

r econbi nant émt atlsmdya cdanidaelagr fes egrnistharehdantagonskssd the pﬁptlde sf theqoesbininant

anti bodi es prepargg as described above. [0164] Furthermore, an antibody of

the present invention may be a fragnent of an anti body or nodified
ant i body, so Alishgptiaglyi an nndee ¢edl. givd 26 an ipmanged {ephvepie: prEYUGRE tahe

invention. Feibodies hﬁ? ®E imhlofa BRI t%oﬂ]?onfc()g@l%ﬂﬂ ub&YfoP Brepaiting MOARIdna?, anEV oOf

single chain Fv_ (scFv), in which ragnents fromH and L chains are
| i gat ed by aniogsh topriate linker (Huston et al., Proc Natl Acad Sci USA 85:
5879- 830163988)Nlonddural Sl’ﬂfb@tifels calsloptaimsd canbe lamdyeo‘dnﬁg?nmﬂy pm@areblalsg@ner at ed

by treating an anti z r
At or nat vl R chRR L GBI T o BHoPle o RRR 011 RS erepriticny
inserted int (M@nmb)np}rés@b@msvmlmhe@mdhewpﬁ@tKargdpm ta/nMaerberuzbhélehmt

cel | (see, forre l@ggj)eForQQaﬁbleaﬁ DNA 8111‘598%%049 51%0(&}2 ‘bz @1041%@%)11 anBet t er

and Horwitz, Met Enzymol ~178: 47 thun and Skerra,
Met hods Enzyh@muwseﬂ A9 @1@3(‘31@899& O BB HH{UNIZEE Cmngme 652- 63

(1986); Rous %ﬁﬁb@ﬁyeinséﬁed, infainh@@sopERzyRtor, lahdl: 1nt@(§ﬁrc8d ﬁll@ﬁ@s)t celﬁl tf)@ré}ﬂﬁb a
Val ker, Trends Biote

e Tl ed by ST BRIy Rfﬁ%@ﬂlﬁ%@ygﬁ()ﬂr@&{og%g? e G2t bosPiiere ene

gl ycol (PEQ prépasedpselsemibed ab@wet i on provi des for such nodified an tibodies.

The moghlf9 ARt CAN B APLAROBH.OY (ERSLE At MO AG: BN ABbE P00

These ication conventi on

Al t er nat i vel pr medifeadtanbbetly, 66 langes pirtardsrie onpoemoroef thapepidenpt iened as a

chimeric anti;Rd}en. tl%"r%?a!ﬂc@ N L ABLE flaf@kAmaerd ¥ad FldtOMMQR IR RN | body
and the constant regl on .derived from hufan ant’i body, or ‘as a humanj zed

ant i body, i néiVuehhiver 1 MICORY Brames Hpm i apé behainh pisdigaisdi Ry aeprP g i ved
f r om nonhunaninkét (Haewy et hlNePrb¢ Naw Avad Beir @IA®3: §8R)-8RNYLE HeMoapledificallyggi on

derived f h i body. Such d di

cnownt echnor 8y rHroa e 0 anBupt Y S 8-l FRGER e Pt Core
or CDR sequens gspdinor pdpeinc Attemaporiyli angens egueingete ahtitodydrmgmeanmiap bdycofisee,
e.g., Verhoey CtQ& ifNerted ﬁﬁ{;} i Q&rgé%nl\%g%r i%c?@xﬂr 88 n)an e@ Pcﬂfrﬂte%s?’ celfUCh

humani zed ant i bodi’es are chineric antibodi es erern s stantlal ess

than an int aé%eehﬁ?ﬁﬁﬁafvﬂ?i%P@ldbﬁﬁﬁwnﬁ]abszb%%@ -SupPHt: Bedgr ayl ftIWéVltZ
cor r espondi NYSREMUEHZE MO P78: A70938-(NOSBNPISPERINESd Skerra, Methods Enzymol 178:

497-515 (1989); Lamoyi, Methods Enzymol 121: 652-63 (1986); Rousseaux et al.,
Methods Enzymol 121: 663-9 (1986); Bird and Walker, Trends Biotechnol 9: 132-7
(1991)).

[0165]  An antibody may be modified by conjugation with a variety of molecules, such as
polyethylene glycol (PEG). The present invention provides for such modified an-
tibodies. The modified antibody can be obtained by chemically modifying an antibody.
These modification methods are conventional in the field.

[0166]  Alternatively, an antibody of the present invention may be obtained as a chimeric
antibody, between a variable region derived from nonhuman antibody and the constant
region derived from human antibody, or as a humanized antibody, including the com-
plementarity determining region (CDR) derived from nonhuman antibody, the frame
work region (FR) and the constant region derived from human antibody. Such an-

tibodies can be prepared according to known technology. Humanization can be



[0167] Fully human anti bodi es includi ngs human variable regions in addition
to human framework and constant regions can al so be used. Such anti bodi es
can be prworend3m®sng various techni ques known in the aPCI/JE0/03a880] e, in
vitro nethods involve use of reconbinant |ibraries of human anti body
fragnents di spl ayed on bacteri ophage (e.g., Hoogenboom & Wnter, J. Ml.
Biol. 227: 381;eﬁ&1919e1;1)by sabstithaiid sodeMUMBRS aﬂCDIRbSQCju&ﬁeSZﬁ)ﬂ tikecomReisoniihg

d f
'm”tcreo. 0 n one R aa dUHBaE AR Set Surie Gubb AR S et TR PPy or
conpl et el y i HHAR))V atceatdinphy, sudppmoadtedi agtlbkalaeﬂarbehll,rneechtntlbmdlesUWSereﬁat ent
Nos. 6, 150, 5 é%ﬂ%ﬂ?iegggranén et n%ﬁgfa §&%am§1 g%éenls%% mﬁﬁé%g e

5,661, 016. I es obtai ne ove ur|
honpgenei ty CRgesPeRGi Sequep¢rairematoath U@Fﬁnéﬂ?é‘?lﬁﬁjrl f| cation of the antibody

can be [pggAor ff&@ly@ﬁﬁﬁh@hﬁ&o&& ih@adsepamah lv@ﬁa@@%gﬂu{shﬁ hdBtibPR HRidpods used
for general rote or exanple, th tlbgn%lll %U e .separated, an

i sol ated by %@Pveg’éﬂnéﬁ% SQRUUE ediefandi Riggpce
chr omat ogr ap Imsmg ,Vaﬁbllﬁsheaﬁn@feﬁ kﬁo\t/y ircthe aftaF@gsxamme,, irf vilrb egthadstinaflvd fiseat i on,

| ti ng-out, | D |l am. d
ooel eciric POERONRYRpni B RRR AhGR P SRR R sy pavi o
Lane, Col d Spe-gnblobgeriborml & bingarok M¢l1888)227: 3(8Ll|t(1%ﬂlé Yiotilatly nivresh tiver et 0. A
protein A colijypme.and ISHIQB&'IS& ﬁ%@&&ﬁ@oﬁmﬁﬁ gﬁfbuhﬁ'%o@fﬁt&) %ﬁ%e i@l urm

Exempl ary protein A columms to be used i ncl ude, r exa
and Sephar os@NM3ts, e@EpHBCAHEWAICh ﬂ[lmrtsi@];e@ué#ﬁwwg ewlmm@h@ﬁrwenw t h the

exception of palfti‘auga ok yomﬁl@{eWﬁﬁctl\faﬂfd Q’Ki@,rﬁpb@ach RReStHRANgE, BNy SRies aphy,

i ooroe T on” oS SEER s B a5kt B R SRS VoG R SRRLBRERY o

and Chaou® er i Zzatbodies oBtalreb @ abcmeyn@oher mlfWrw abmofeheDanF@lexkRnplehthehak et

al., Cold Spring, & Ha" hﬁ@z?[ o%to(}l?( ﬁ{tﬁgﬁ%%ngl?ee%%fon%g a&é&?&ﬁ??&%aph' c

pr ocedur es ca € carrire roma such as HPLC
and FPLC. [0&ma@ﬁraﬂémmﬁpfélonmb@dsemhfor@fen@rblsp.rpt@mc or @ﬁwlﬁelhen nked

| munosor bent, n@&RAYmiyEhd %ﬁpate%%ﬁ%ldt@ﬁ@@%%@? plifef) seléc?e‘é' AU TOHBARASRY
(RIA) and/or i mmnofl uo rescence nay used to neasure_the antigen binding

activity of ChECHMRNBEIYIBEraplHes. SHfettatBntY ¢orpiogmphy rfélteém Iide9tor t he
present i nverilkiapous dlzﬂ?’@d)SDSZ;ﬁﬂly@FyI@mﬁlle%teEelec&rdpﬁpfelsﬁ%n@isobléemlcﬂ%i@mirigon i's

2 curture suselraigh ool P oRud AR, B P RS G T Sl o o ec,
is applied. Theeatay S%Gﬁdhmt)ﬂr@mtllbmw}i thdnato Aeprotg'm’ aAeslunirearg proemyG
ant i bodyand 'cé]h %‘n%@ Wekd L @0 %ﬁﬂﬁtﬁr%%ﬁdj 1aﬁ'?'y élg)ltﬁlhf?@\ RGN RRSRed | S

applied, and ate I's I ncubate I ng, an enzyne

substrat e, &%u%f%-eﬁﬁmla]@pﬁéwp &Q&‘Bﬁ&ﬂ‘és‘“fﬂ@f%ﬁ@eﬂ (Pharpigiap| at e, and t he

absor bqor@T]l S E@Mr?@h%&aﬂ@éﬂl@t emhfﬂee @J&E}btﬁﬁlrbflwmty"ﬁcﬁ@&d Yordexa@plet he
sanpl e ra C-term nal 31 N-t er m nal

fragnent, HEhEReS gYé]éf TP Olé‘fiéi PRGN AN RS W {51y of

the anti body phase Chromatography, adsorptlon chromatography and the like (Strategies for Protein
Purification and Characterization: A Laboratory Course Manual. Ed Daniel R.
Marshak et al., Cold Spring Harbor Laboratory Press (1996)). The chromatographic
procedures can be carried out by liquid-phase chromatography, such as HPLC and
FPLC.

[0170]  For example, measurement of absorbance, enzyme-linked immunosorbent assay
(ELISA), enzyme immunoassay (EIA), radioimmunoassay (RIA) and/or immunofluo-
rescence may be used to measure the antigen binding activity of the antibody of the
invention. In ELISA, the antibody of the present invention is immobilized on a plate, a
peptide of the invention is applied to the plate, and then a sample containing a desired
antibody, such as culture supernatant of antibody producing cells or purified an-

tibodies, is applied. Then, a secondary antibody that recognizes the primary antibody



Bl Acore (Pharmacia) may be used to evakpate the activity of the antibody
according to the present invention. [0171] The above nethods allow for the
det ect i orwonomeagsenent of a peptide of the invention, POY/JeXN0803488 an
anti body of the invention to a sanple presuned to contain a peptide of the
i nvention, and detecting or neasuring the i mune conplex forned by the

aRt i body Snd ahih & 13&9&1 @éh aﬁeﬁ@uﬁ@ stidreasmiitdniae p%spﬂ@ﬁa&i}}id @I(jj)h@dt aneaspleeent of
the peptide accordi e invention can .specifically.detect isure a
popt | db. ¢ e HG Lot ¥leharabBHE My APuER PuRbEGr L Rt ERES ) RATERT e
peptide is usmdde{imthz]plaXdz Iand‘ﬂm:ztb@o@amwds trmta;uredatd ealliate the eitegen bimlngnt i on
al so provideg, t‘?w SHRE s &Sﬁt of i }ge&) §'ilc aé‘é‘é' t@%lhg%r%?&ﬁﬁ&g the

peptide of the esent I entlo I's Intr tor of the present
i nvention rra;frag@euts auytbs Ukedys the putegeade Wéuat@ &wéemang Gt IpQA] theo«"fntltbﬁd-y

present invemnedre éthﬁﬁfaElay Blal be i@V RN BB BtedhPRRIVIt] S e dnRBodr RES6MRfing to
invention, or. to admnister a nucleotide of the present invention for gene

t her apy. [Olflﬂeré‘hmﬁemEﬂﬂl is a host cell and the vector is anplified and
producgdliln a Tlﬁragevcamemms aliovieforald dietécﬁlog .or mEdOmeldtdb aEpleptl‘i@:, ottt O or

XLI Bl ue), the nve%? }) Og)é/t ﬁgsn?g hﬂa aj etlboﬁ‘ya 8f ‘i]__necfn\pe]%ngla 0I 2'1 gin%ﬁe Bresume& 8) con{?l

mar ker gene 10r se ans -resi st ance gene
sel ect ed by @emdﬁg)fshmimva@umnm@ddwqtmg oreteaatrylglthm@nmkmmm@imfonned by

chl or ampheni gal , @ihodNend ik }pudgor exarrpl e, ML3-series vectors, pUC series
vectors, pBR322, pBl uescrlg CR-Script, etc., can be used. In addition,

PGEM T, pDI REdrecans thermethad of ﬁ%téctb@ USRS HSMeR A hoPEHige AFPréRe fatei ng cDNA

as well as theenasi @ztrﬁspéaﬁ@ﬁu;b@aie@bpﬁ@asuvmpe;mdée@lte@ﬂieth&l &9 €thdhRe pt pduce
the protein of .the Eresent |nvelg {)n an exB e\§§S| on vector can find use.
b 5 Ph &

For exanpl e, AHCW:0h PRSI BY Btlde‘?’)&ﬁ ed in E. coli should have
t he ab¢OE/2dharXidt ¥edtat aodhowctles anplified in E. coli. Wen E. coli, such as

gwg&g’d hu;\?eagpﬁ% é)réj%lltcﬂlV%thlela so%p{}'\gdeﬁaa{ \%ﬁ‘f‘f&'%ﬁ%@l?ﬁ%ﬁ?@& axﬁﬁ’\ hI d ?&ch%\él ct Or
341: 544-6 ( tgggi)mg PASERidE @ thompsenyi invenigm) i inteacaprdy rovastatof (dB'eth:@mt et aI

Sci ence 240: n%gﬂﬁo@‘mﬁ} 834dd to-%elpﬁ QHHE&EdeOéspEaﬁll}ll h b:NA tcﬁéﬂtle @@&n@fﬁv’eﬁﬁ(ﬁ{‘t ! y

express the de3| red gene in E. coli t hat respect
( Phar maci a) , @%@9&%5@@%%@qf%@msentﬁmﬁp%rmtﬁﬁn{mﬁﬁertarﬁ%le@&é% t he
host is pref erabklpreBhPihvehicaioexdeessgsy. T/ RNA pol yrrer ase), for exanpl e

b i he ab Addi h
cont a A0E; gnEhEEE RuE A T o pd LB Gom <IN ot Sy S afoohe
sequencet hat inFredt ©.¢., Hé/IkiQpDHﬁealplm,_bB]@éwé’tldtBlmec) thheeqjelrshpu@shmvof'om he E.
coli is the F?c%?aﬁbﬂf‘@ci in %Hﬁ’&ﬁ@?(alaﬁker%né‘%or seldct Ct}aﬁl'éfo%e&ﬁgc?%l (S%7g9Cae| s

(1987)). Means I ntroducing o ctors int tar get
i ncl ude, for deygarepistance grnesaleeted By arireg Ut aamRisdllingl§HagsENR kapaRyddr at i on

net hod. [ 0174]110kzﬂn1]§hiﬂicbl ONthé AkE. F68dampld™M EXMRE QectEXPFEE LA WREHQr S

derived fr Om I;SBlw(uescnpt pCR-Script, etc., can be used. In addition, pPGEM-T, pDIRECT
and pT7 can also be used for subcloning and extracting cDNA as well as the vectors
described above. When a vector is used to produce the protein of the present invention,
an expression vector can find use. For example, an expression vector to be expressed in
E. coli should have the above characteristics to be amplified in E. coli. When E. coli,
such as JM109, DHS5 alpha, HB101 or XL.1 Blue, are used as a host cell, the vector
should have a promoter, for example, lacZ promoter (Ward et al., Nature 341: 544-6
(1989); FASEB J 6: 2422-7 (1992)), araB promoter (Better et al., Science 240: 1041-3
(1988)), T7 promoter or the like, that can efficiently express the desired gene in E. coli.
In that respect, pGEX-5X-1 (Pharmacia), "QIAexpress system" (Qiagen), pPEGFP and
pET (in this case, the host is preferably BL21 which expresses T7 RNA polymerase),
for example, can be used instead of the above vectors. Additionally, the vector may

also contain a signal sequence for peptide secretion. An exemplary signal sequence



exanpl e, pcDNA3 (Invitrogen) and pEGF-BOS (Nucleic Acids Res 18(17): 5322
(1990)), pEF, pCDMB), expression vectors derived frominsect cells (for
exanpl e, wBaotwis7BAC bacul ovi rus expressi on systent (G BCDJBRu1)/H03pEEacPAKS) ,
expression vectors derived fromplants (e.g., pMd, pMA2), expression
vectors derived fromanimal viruses (e.g., pHSV, pMW/, pAdexLcw), expression

\éeCt or 3 ]ger i vied dfré&mHquebﬁ&é folbeescreRd9e theﬁ%h@l&@&)of tl%i(]@ r&):ﬁ%& tHe ﬁé@ El%vzlﬂ
erive rom yeas S nvi ro
SP-Qd) and & egf‘s hg’\Pé@tI gﬂ@@ﬂ&f@ gg?e% @%%agwwgfowﬁ?ﬂm e %fethg

pPL608, pKTHyB3tosdntohke tised hf)grcem odwde fgr tenpdaltypentintehafride hrﬁetmdes ent
| nvent| on. [Oligl ll@ctrorgr%{l Q BXPress the vector in aninmal cells, such as
CHO, or R e PEHMPREVECt or shoul d have a pronot er necessary for

expres sii)bM inlg @éqhtl@@ (9 E. coflig for exampleecxpressiogyagioprdsived fropvnanmglrfat al .
Nature 277: %Qﬁn@wég I\)IA3 meu V- dnl P HO O BOISENucleeAERS Rat m%))rsggpt er

(M zushi ma et S Res 18 5322 990 not er and
the like, anél%roé)ﬁ o? &Igﬁ’sﬁxl@éﬂma%ﬁ%“‘?rérde’é‘é? ?@ﬁ@%%ﬂé{f&r ﬁ’éaﬁ{‘ S(for

exanpl e, a dr'Bgc-t®BASI Brobvienexmelseotsgseny (@IRITCOBKIE), gBaCBMO&’Dyexpilessﬁﬁl&)
Exanmpl es of known hes i d exanpl e,
pVMAM pDR2, pgﬁoﬁé%? %c%{{gw&s Wand ﬂgg? X%Eeﬁ%g% EP ]!IJ ﬁ%{}ﬁ frOlfnhods and
materi al s si mhinzal vwse@qmgvaHéNt, PMN,tHfGl%Ld‘E)s@KPIb@dOIh‘eQC@}rhd@mdtf@rmwd in
the practice Qfo/i@sld (Q% %‘21;%1{&%) I%&Fr%@s%n { QY& 08 Sk eall (€ Teplapdspand

materials are describ g catlons, patent applications, patents
and ot her refPESERB &I TEIITRESEY PREY ﬁPé?@)laﬁééﬂﬁéer&IDe‘ffclﬁlys deaped dione |

their entiretBacillud seRER (OF., ?pnéd)s K THIG citf BSedtl fgmﬁuﬁdl@mb%myphpﬁde@ ng
definitions, wll ?ntrol n addition, the materials, netho

exanpl es ar e B PEEF VPV 0Nl y and not intended to be limiting [0177] The
f ol | ow[0/58x arploeter & exppess slenteetbrtio anihdalis¢llsaduehtah € HD 3@ br NEM&R? cals, and t o

assist one Ofthf:o\;e(ad?Qﬂ(yuléhShVé %hen{li?é%in@?els@ﬁ? f@ﬁéx@%g&ﬁﬁ i i eﬂp?ore&%ﬁg les are

not i ntended in rw se

Exanpl es [0178]S mﬁallt@ (Mhdligastcth aLSNYDNAR 7T é@&)@ﬁ?%)} thﬂMM&leLTFOIN] Gene

expression pr Rﬁrhét&s tHREEIS] 999@@%%%&%&%&%@ ORLLIRY &él@s! F(@é £8: 5832
descri bed preV|ous y T et al gﬁne 2004; 23: 2385- 400

Tani waki M etI&0); t henéMY @ﬁ&)@ﬁ%@@f‘éé@s@ﬁ prs rabhh%maélwr@s@ea opfelgsiingoar r ay
anal ysis is awuaifbabigs umah@waﬁmg)rears@heég@re s¥lecdlabamaiay (eldi neomholay o,

I . Med. S h

noncancer ous GHIPRI TGS 01 edaeraiors BBt bt Faenirgl s ok e iens, o

all patient spM@M db& 2t pEKFRSWJ pBI/CVMNE pORBEVomdp€Mt13t o p ar ticipate i n
this st % g@!‘g%fealod@aﬁd WK R s%nfl%%ﬁufi‘f%ﬁ%%ﬁosg'd%g@fb'eﬁ héfRdnsever e

conbin d | cienc
be used in the practlce or testing of the present invention, suitable methods and

materials are described. All publications, patent applications, patents, and other
references mentioned herein are incorporated by reference in their entirety. In case of
conflict, the present specification, including definitions, will control. In addition, the
materials, methods, and examples are illustrative only and not intended to be limiting.

[0177]  The following examples are presented to illustrate the present invention and to assist
one of ordinary skill in making and using the same. The examples are not intended in
any way to otherwise limit the scope of the invention.
Examples

[0178] Materials and Methods

cDNA microarray analysis.

[0179]  Gene expression profiles were generated by cDNA microarray analysis, as described
previously (Nakamura T et al., Oncogene 2004;23:2385-400, Taniwaki M et al., Int J
Oncol 2006;29:567-75). The raw data of microarray analysis is available upon request



(SCID) mce were purchased from Charl egyRi ver Laboratories Japan. The m ce
were mai ntained at the Center for Ani mal Resources and Devel opnent of
Kunmanot o WNi2oeyssir1ey, and t hey were handl ed i n accor danc@CRiJP10/h@s4gni mal
care guidelines of Kumanpbto University. [0181] Cell lines and HLA

expressi on. The CDC45L and HLA- A*2402 positive human |ung cancer cell lines

EBC- | and Lu&QPMéssorkYnNhkanﬁrr@vUﬁedrmyot hst. Nead. Sbi. )Strheﬁs:@el‘s’aﬁplag €lom
Resour ces Bank (Tsuku

an
franst ecrant 15 Hirih 8! 1ORBADH e AR A0 p ST bE ety BB blirom  ace
anmount of intsungmi spekfindens | asisalll patmehte puivededibeiakirittSn irKamigdomaset tkgpho N,
Kano K, Ivvak?,r m‘ﬁﬁgh §h| M HLA-B51 transgenic mce as recipients for
productl on o % ym)rp ¢ HLA-A, B-specific antibodies. |nmnogenetics
1993; 319h¥)9. 4 Mliceg, were a generous gift fromDr. Msafum Taki guchi

(Kumanmot o Uni \g3x-Siekl-ol d&iRIDE ShobdRRAMetic {1 N@W&é—c&ﬁ&héd Mﬁnﬁh@%ﬁflﬁ:ncy
an e

pancreatic c cell line HLA- A* 2402

TAP- def i ci en?é’(gﬁé) AR O 3688 fff)wacf@ﬁ %IYGF @ beEaRies aPﬁﬂr@PFa%:& Y9om

Ri ken Cel| Bamntaihbé aethe Qeewsi@mmihaHR&odReamill Beveldptdentef Euaxamimed by
fl ow cyt omet ny [ .monocl. onal (One
Lanbda, Inc. eﬁgolpag'ﬂ%ﬁkg'w %-%andf\z ng CO%?—?LH/&Q %mrlrﬁfﬂ\%m%@]&[}??ﬁ%aﬁ esIoﬁc ),
respecti vel yKunlrarmtdéhll‘temSlé’el ect the HLAA24 and HLA- A2 positive bl ood

donor s {1 th@@slﬁﬁgndm%&pq&g{ were maintained in vitro in RPM 1640
medi um suppl enent wth 10% FCS In a 5% CO2 at nosphere at. 37 _degrees C.

[0182] Pati entlde CHP%%L anth8sA“ZHY Rogiviye hpmas g, CalF?F‘é celbdigey ERCpr #tdoc ol
for col | ecti ngoangrdgindy ﬂ?&N@éd by MRHAND rsaleﬁ@@Rad@@fcﬁ\@GmwestMK (Tsukuba,

cancer ous. ¢} BUBL Gl ) 26Tt “hORRe AR drde bl ed® SRS RE Y o
patients at Keliin®@CARnpressisg b yratdoapodm lof dmmmsmgH[Mlassd mblecgﬂmeKaraiq S,

procedures agéa%&S%)hgta(P‘ oy, %&ﬂo Ikeﬂva#(plfaoﬁl? Bl %HisﬁnphLABb@?‘?raﬁfg’éﬁ icdis

al so obt ai ne onors a rec or nmed
consent. All rcstampmte@rvpé@@Cﬂamdbmlym@adeLd AaBkSPtmép antibpeiesi f linémeOand

bl ood sanpl e%eﬂ&fc@1§®9B¢@3@H2)289ze9&9g§%§01§ ditdtboln B8 MashAHS3akRET S
transcripti on- PCR and Northern blot apalysis. The reverse transcriptjon-PCR

(RT-PCR) anallfgmamgo ‘é@iVFrsw rlesmamaion fpas) 1B COLRErRASHIVE hyaga Haggyeatic
performed as cageet¢lbett PARNCGHEIAY A¢DRKAL $1LrAaA'F2¢(D2 ahnd thBITOThesBiaphys Res

5" CroorarTatdcnelir it ST e et i STUERGE Gl Bunk. The ex
5' - CGCACACGGPTAGAAGABGAGAS and SHQAADANGre E@k)mmacth by ﬂewsca')omdxf}t with poranti-
L I AL IR S A 81o O IR 1, g prgoeiay o
per forned as 28é8e#-Hiey Agdannb (Qng/ Lasbdrg lng. mﬂw@b’n@@éﬁctpfs?]éddwlpfﬁobe
(correspondi n@4td HLA-A2 positive blood donors for the assays. These cells were maintained in
vitro in RPMI 1640 medium supplemented with 10% FCS in a 5% CO, atmosphere at
37 degrees C.
[0182] Patients, blood samples, and tumor tissues.
The research protocol for collecting and using PBMCs from donors was approved by
the Institutional Review Board of Kumamoto University. The blood samples or
cancerous tissues and adjacent non-cancerous tissues were obtained from patients at
Kumamoto University Hospital during routine diagnostic procedures after obtaining
written Informed consent. Blood samples were also obtained from healthy donors after
receiving their written informed consent. All samples were randomly coded to mask
their identities, and blood samples were stored at -80 degrees C until use.
[0183]  Reverse transcription-PCR and Northern blot analysis.
The reverse transcription-PCR (RT-PCR) analysis of cell lines and normal or

cancerous tissues was performed as described previously (Nakatsura T et al., Biochem



1245 to 1867 bp) (Nakatsura T et al., Byiochem Bi ophys Res Conmun 2003; 306:
16-25). [0184] I mmunohi st ochem cal staining. | mmunohistochem cal

exan nat w0 20fo/13mvan CDCA5L was perforned as descri bed pceEdpzuebhys4ss t h sone
nodi fication (Nakatsura T et al., Biochem Bi ophys Res Conmun 2001 ; 28

1: 936-44). Briefly, after deparaffination and rehydration of tissue
sections, endigsiyoRes pbmmrdmomlmnmheme@DMS’L@%ﬂaywq@gﬁQs peroxi de in

met hanol for .1 [ requ ubation with
roten bl ok CanhOTRee A e s b o D g TRV i et ng it

buf f er sol ut B6EGUAQAECTREEM GAALEIGOAS-R (NEQ 1D N OO0 206(aMisense- Akr boaf-f er ) ,
b L A
Signal (R |m&N6§ﬂéhwssmswﬁ@ﬁﬂhnm Ba@hmblot@%lms W&&p@fﬂrmﬁé% ncubat ed
Wi t hf S?IWD' eStd@%@lledi gf&vl(ﬁﬂslyﬁsﬁ% @%@4@ %’ﬁb?ﬁ%@ffic%?N&%%HeQS@rré&%&?ﬁ%ﬂg ed
carefully w i on |nu e conaryan|oy
(Label ed Pol }2@? (H{:ﬁé% bé’gf ﬁh@ P&B‘&Pi‘y %?unDako) at room

t enper at ur e. 2003;806:16:26% vvashes with buffer sol uti on the staining reaction

was per, , 3' -di am nobenzi di ne solution (Liquid
DAB+ SJQR{{(Z[ urn(())ir:irlospoé:}ﬁe s %%Hm ako). Slides were then lightly

count er st ai nedmﬁﬂ@hhm\i:h@mml ¢xamingsionai Atiedn G (EtShaviad pertonded Iafe@seldbﬂdn
xyl ene. Sect 'p?élr‘%o&%/ \Fvﬁﬁ E(Brﬁe Kﬁ&@iﬂ&aﬁ&n Wa%%?a TRASBIYGER BD sq@espos' t ive

controls for the a dy. For negative ntrals,

repl aced t he GOMmgHt %0%%8 IW% Bﬂeﬁ% raffﬁll depashiinatiog @pd r@wéyitwl»@ﬁflwés

Hu rrag dCDC4|5L sétlﬁfdnyfé(ﬂd@t@mbh?ﬁﬁ?mgéﬁx/fay b[ﬁ‘tglchédldzitﬂ@ m) bdi®géoperbkide A 2402
encoded nol ecul es re selected usi ware

(B of it or mat LRI G5 0 s SrobitEe Ran e oY megy oAU aredn
Technol ogy Niddk sBenhrésdseagddd) Dalardol 8) pmptAfcbesvaélﬂlﬁg mathargfes s@ndor6(0.1%
decaners, wevey ( [ %le (Table 1).
Pepti des wer g&fgsggﬁ\@ég i'n da%rﬁng{‘ pqﬁshﬁlejﬁlsolﬁ%e at) cok‘geﬁﬁr acg% on of 20

m cro-g/ nm atﬁ@htlshm@dCQC%B@nH@gi’ya@Qd@edll‘wcabbﬂt\/l pepdilwtiws, HARAR00GZ4

est i cted RURGrSERHD NotoR A RenHiCR dUisierdPd) ARnbb B aRRT | ct o
SLYNTYATL (SEQ 22 peptl wer e used as, negative cagntrols
(Komori H et “afToyoes (- Esakter2pes W@@%ﬂb%%d YR oenRles prersht firudngeeet -

Candi dat e pefhefbafied]eictivedwéteamsbdicaefuliGABlbupfee sblatietlaidinbebapainith b 0
LA A28 (A 2408 ) g SORRANS/ R SobET ERYSch At 1 ARG ERPRALTR JFRRIG ! o (SEQ
Dako) at room temperature. After three washes with buffer solution, the staining
reaction was performed by incubation with 3,3'-diaminobenzidine solution (Liquid
DAB+ Substrate Chromogen System, Dako). Slides were then lightly counterstained
with hematoxylin, dehydrated in ethanol, and cleared in xylene. Sections of testis
known to express CDC45L were used as positive controls for the anti-human CDC45L
antibody. For negative controls, we replaced the primary antibody with normal rabbit
IgG.
[0185]  Peptides.

Human CDC45L derived peptides, carrying binding motifs for HLA-A*2402
encoded molecules, were selected using the BIMAS software program (Bioinformatics
and Molecular Analysis Section, Center for Information Technology, NIH, Bethesda,
MD), and 16 peptides (10 nonamers and 6 decamers, purity >95%) were synthesized
(AnyGen, Gwangju, Korea) (Table 1). Peptides were dissolved in dimethylsulfoxide at
the concentration of 20 micro-g/mL and stored at -80 degrees C. Two HIV peptides,
HLA-A24 restricted RYLRDQQLL (SEQ ID NO: 21) peptide (HIV-A24) and HLA-
A2 restricted SLYNTYATL (SEQ ID NO: 22) peptide (HIV-A2), were used as
negative controls (Komori H et al., Clin Cancer Res 2006;12:2689-97).



CDCA5L- A24- 9- 237-1 237-245 KYVTDVGVL (k) 600 CDCA5L- A24-9-109-2 109-117
VYNDTQ KL (2) 396 CDCASL- A24-9-294-3 294-302 SYTAARFKL (3) 220

CDCASL- AMO20BBBIW5556- 564 KFLDALI SL (4) 72 CDCASL- A24- ®C3Q82080/83385336
KFQAMDI SL (5) 60 CDCA5L- A24- 9-396-6 396-404 HFl QALDSL (6) 30

CDCASL- A24- 9-370- 7 370- 378 KFLASDWF (7) 30 CDCASL- A24-9-192-8 192- 200
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CDCA5L- A24- 10- 459- PEBlide59- 468 EPRSRMASLSL (@gb 18%0*-)& ndi NGiGQk&R-er e

cal cul ated by using BIMAS software )
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per for o on iyt 7 o T R IR cop o R IIIITS, 0 as- odaer  bed
previ ously (Iﬂ@ﬁ%swg{lg%%%ul nﬁﬁ‘ﬁg& Lett kgb@gf“lebfgg[%7 72), and(-é hese
PHA- bl asts ( 5CRCAUBN24ut-¢7Iplil s@dl-df% h 20SHRYEH&RLY/nil3)pept i des fab 3 h,
irradi ated (10DCG)}ANRI-BIB-T4Ur 8d3-922t h t e L 2XNIGIGPICDS) + T cel | s30n t he
presence of 10pp@gdThoyimen 4 ecogpipant Il OWka, (Gpaka, Japan). After 2
days, th I | d wit I [ t 1L-2
(oo oTec, 1 Dy o b0 BRI M | BesbAs Lyl 07O T b G gen-

L

speci fic resptpigdng ghres here caleiaethy@Ting BREAS sothveest | gated. Two additi onal
weekly sti nul aithobiganidrimilpgptdedieinhdiaeitnalpatked o@aibsfoRidA- bl asts were carri ed

out on [8 ?SW] 7 %eqle}a%bn%?bﬂd)égiur%ac%%%un% CC[Ef_!sla%d assays of CTL responses.
PBMCs were isolated from HLLA-A24 or HLA-A2 positive Japanese healthy donors

and lung cancer patients, and the peripheral monocyte-derived dendritic cells (DCs)

were generated as described previously (Harao M et al., Int J Cancer
2008;123:2616-25, Naito K et al., Int J Oncol 2006;28:1481-9). The DCs were pulsed
with 20 micro-g/mL of the candidate peptides in the presence of 4 micro-g/mL beta
2-microglobulin (Sigma-Aldrich) for 2 h at 37 degrees C in AIM-V (Invitrogen) sup-
plemented with 2% heat-inactivated autologous plasma. The cells were then irradiated
(40 Gy) and incubated with the isolated CD8* T cells as described previously (Imai K
et al., Clin Cancer Res 2008;14:6487-95, Harao M et al., Int J Cancer
2008;123:2616-25). Two additional stimulations with peptide-loaded autologous PHA-
blasts were performed on days 7 and 14. The PHA-blasts were generated as described
previously (Inoue M et al., Immunol Lett 2009;126:67-72), and these PHA-blasts (5 X
10°) were pulsed with 20 micro-g/mL peptides for 3 h, irradiated (100 Gy) and cultured
with the 2X10¢ CD8+ T cells in the presence of 10 ng/mL human recombinant IL-7
(Wako, Osaka, Japan). After 2 days, the cultures were supplemented with 20 IU/mL

human recombinant IL-2 (PeproTec, Inc.).



enriched with CD4 T cells were culturedg,with PHA (2 mcro-g/n) and human r
e conbinant IL-2 (100 IWnL) for 2 days, and cells were washed with PBS and
cul t ur ed wotbiom3In®s reconbinant IL-2 (100 | Wnl) for adéicriJermab/oenssee days.
These PHAbl asts (5 X 105) were pulsed with 50 mcro-g/nL peptides for 2
hours at 37 degrees Cin AIMV (lnvitrogen) supplemented with 2%

heat - i nargs]vatsid da;mtacﬁie@g@usst@ﬂlmrmOn Rh@am@eh&p&@ﬁerdsb@nei off tdirafueel ( 100 Gy)
and i ncubat e %Se cul t ur.

TR e N A SR Ry VTR A L M e
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ELI SPOT assa I zat1 on assay [Fease ass
descri bed pr é@ianl@nS/IL( KoH9r U/ mLeforg) daya 4nﬁ cdéweﬁe VRshed b PBﬁzandZ?@Bmegh)

_?_n? b3|h0W . [ %&%un@%gﬁnm?iﬁ|lL@(:109 'I'Uﬂﬁﬁ)f‘ﬂb(rj adBtibiee ﬂié%i Yo" EPRAN LPIgAl ngt EDB"’
yrrpocye ed wi pi to i e a exposed o e
cel |l surface (gﬁém%gﬁrwl?gﬁ }bﬁf ](e“lﬁﬁB‘inge \‘;‘)Ie%lg Is at fﬁf@gw& 003;

9: 1377-82, Bensl-WRIfitrdlen) supplenmenreal Wlltl‘bﬁ%dﬁat RB6BaRkl ahI(ﬁBgdB)plasﬁqaCDifD7a
mobi |'i zation gﬁs\%gre\’\ﬁen 1Pr?1 1&?&3?60 wﬁ]an 1ncu %”\Q%Ehe 2%:69@8(3%06?15 ﬁlrl]aﬁkl t

(I\/BL Nagoya, Japan) accor e manu urer sins ctions.
i nduced CTLs cwiures waspendeth 34wall Plammsmrth@mﬁdmm owpleimeaxdoditc 2 h/silal. of

Al MV suppl e'ﬁﬁ&%ﬁ?eé&ﬁb%a%%ﬂ‘?% 2'3%911' §aSﬁdda2k’taRéRHQ}£§t &ﬂnﬁﬁ&%n fifad 150

mcro-L of the cell suspension was adde 96-wel |,
round- bot t on@HUgﬁnc%PSﬁlﬁﬁtf‘*éPOWé otthesnducge G T-s vepe prveyigatsd chc?ﬁltIFHrgaqlmra

peftl ﬁe (1 Cgllg§p©m/a@§a)j @@s(%mg&h@@tm Stdyrandat relaind aEslams lda&%b@aﬂ .

anti - human a or an

nmonensi n wer &AHYE né‘%ﬂ:h e\fcxéﬂ ﬁ? anS@%rZ@SQUﬁ]épg%ggo t 37 degrees
C. Aft¢olgl t WelOheotdktdtion wevag. st ai ned wi t h PE- conj ugat ed anti - human CD8a
(Bi ol egend) a . y i )

[ 0190] GCener a?]i% oﬂglgtifyé%%fg‘{lab%@%o&g%g%g QFA%%%@% @@lm#l?q%hé)%gﬁ%?e%lgl on
of CDCA5L i nULyidyaecaprsed oo dhd cell sarbaaswassanalyzed hy ﬂewceftqm@rx(ﬁujnmal( human

Cdc45 si RNA, I\%@i\feﬁ%@s o2 PO, Bkl NIre& di.ay Hﬁ&un&%@ﬂlf)&&z@g 2%5 63t7€§
Santa Cruz) were added at. a final concenfration of 150 %

confluent celGLLO7pmebrlEzatianpisay (eperseiotsd(IH 1t %@WYW&D&@&%U?@ 5ﬁsf ect
the si RNAs i mMBLQ@IaIgSya a@p‘asnu d¢d@gdlhg>td the n[mafaf:a@érunﬁmﬁm)ﬁssEhuﬁidumlsCTLfP

Si RNAs were used as an.rr vant tro eat hed
once i th peSeienAPaRRas LA RLEPL Bhax [ORhVER 95 i SRl ect i on
and used as wathgEp healihactivatred nh®ldgols Glasme) adsle 0 asisayl. OTﬁlelcnllesipegame t he
ability of SingA pp?‘é L D’t%fﬁ si s was
perfor?/red as eggé&béggﬁ{rg\‘%l?ou %ll\]la@%gﬁggﬁmd%%ﬁfa |g%:1g (l%hys Res
Comun 2003; Jegvedg:ppidg or @alﬁ@éﬂl%@ﬁptgdev(érr@cmagﬁﬂUWéwkiewaﬁ A SWRBlagt, ak@ h
after transf ggtCoibel@nshiddhenend1or! ﬂn‘&b\@F@T@Q&He%ﬂtlﬁﬁ%ﬁé%nltﬁbﬁﬁi@uiélg@ﬂa' yze

E:(r)]ﬁt ?)(;lpr g:ﬂ ggd lrn%\rllgrlls?n \%Lre adde ![_0 gac(): W%ﬁnegﬁsl \%/grre]: cu tltlrr(l,dtfor tO §7 deg &tsl ©
After culture, the cells were stained with PE-conjugated anti-human CD8a (Biolegend)
and analyzed by flow cytometry (FACScan; BD Biosciences).

[0190] Generation of CDC45L knockdown cells.

To knock down the expression of CDC45L in lung cancer cells, CDC45L small in-
terfering (si) RNAs (human Cdc45 siRNA, sc-35044: a pool of three target-specific
20-25 nt siRNAs; Santa Cruz) were added at a final concentration of 150 nM to
40-60% confluent cells. Lipofectamine (TM) 2000 (Invitrogen) was used to transfect
the siRNAs into cells, according to the manufacturer's instructions. GFP siRNAs were
used as an irrelevant control. The treated cells were washed once with PBS, and
adherent cells were collected at 72 h after transfection and used as target cells for the 3!
Cr-release assay. To investigate the ability of siRNA to suppress CDC45L expression,

western blot analysis was performed as described previously (Nakatsura T et al.,



Beta-actin was used as the internal coggrol. Rabbit polyclonal antibody
reactive to CDCAS5L (sc-20685, Santa Cruz Bi otechnol ogy) was used as the
primary amOi2bwdn72960191] Hunman CTL responses agai nst camcenruad/hoddssnes. The
frequency of cells producing interferon (IFN)-gamma per I XIO 5 CTLs upon
stimulation with Lu99 cells (1 X10 4/well) or peptide-pul sed C1R A2402 and
T2 cells (I Xmoé{eﬂﬁBiobhyﬁBese@t&hmaﬁQOOy3@6ﬂIEQBﬁMC@%HyWéIHumhed &iNegamTa

Cancer Res. 26084 13 A B0IGH e ERnPd AR Tt 3 PR RbeSlbhpale @11
64: 8761-6) . Tltﬁeemdmomlsad@(milrﬁmcmmpmmwﬁeh thoed dfsnegatiypahirdieceplsl sed
CIR- A2402 an%e?aza&ﬁ' \La?s 1ﬂ§d Lsatglg ‘?ﬁtex‘h% %g%ﬁé?@%?@’p&@!c ohalaénuh&gy fegdizated

effector-to-tar ease assay was perforned
as descri bed (@ 10@91296%5{&@%%2 Rl(éechaplogw Yas useca &erpripgy antipglyp 153- 63,

Monj i Nhesijal .Hurfdd @T@%@ﬁse@@éaﬁﬂ%eeﬁ@elﬁﬁﬂ% 57). The bl ocking of
HLA- cl ass I yr anti - A cl ass nﬁb%&E&%L Ra, X?sp Cruz

Bi ot echnol ogy)’, Feqpﬁl}gy(g &8%° IPrPde%lH]tt‘fr % SANBR RRAD XAV dEdLS Ut Bi o
sci ences), wasmpkuribomihd @9 dis X loe/avefly evpaptise )pu(sb’db@ﬂ)Ri-AH(HIanleZ cekin

Cancer Res 2 Kit R
8:2626-31) . ?%&fw%ﬁ%ﬁ%l v%lyzel\c/lbb ersg)%naar%a e&un&nqg?\llc En E?L%gg(é |klt
i mmunot her apBIZWB®spienfasy aﬁemtewsudésl@ambe@(lﬁrrew bletlay:, @]nnr@lancter&es al., din

Cancer Res 2@@@6 1%’@6%@7 ﬁ(ﬁlr%mf &t aﬁ" @Enc%lr Res %04”6 eé ﬁﬁéC@@Q@vere
12:2689-97). Briefly, Lu99 ¢ 6 cel I s/ nouse Itive for both en

dogenous CDCASICUHREd Mk canoes cilly @ wﬁéﬁp&h%ﬁéﬁmr%@aﬂé&%‘aﬂrﬂ At @raeheellsi ght
fl anks of NORES@:Rydl)Gethe \NEBatEDErfddidO- t@ﬂgéﬂaﬁ@%h%ta@aﬂ@fd@)@mﬁleqkaasg@ e

on day 7, the SL_spec L Lin duce healthy donors by
T VLo st SR ek el B o 5t 8 OB SREEES ) B NG 2)
CDCA5L- A24- 9200%4 Z6: QB‘E@?» DI M3t aandhm&lrmaom 5(569417 $ BEDhE Dloksﬁng4)
pepti des or £ i

restricted HI‘S{-%IL[31 ?ﬁof %gl @u@yne%%A?isgﬁk‘%b m@’% ({gr(ﬁfa %%@&an i nj ect ed

i nt ravenousl )Ble@mkg}’éellr I@Aﬂﬁ@é%ﬂ bypiné-HumandileAds mAdb @gﬁﬁmrB]BfBIGTLs was

repeated on @@%ne’%) W-EB%eﬁf&%Hd a%'d%?cri%& %W%Lfé@t(%n{dﬂ B8 &, WaRKCMREN s
calipers to neasure per pendi cul ar d| anetersg%&eglfgg%ﬁiﬁ atistical

anal ysi s. TW@OQ%@éég%wld\é[ﬁ]fﬁasl\/ltettabs@l“%ﬁ%n‘iﬁ‘é365 ¢B-the statistical

si gni fijomge Q&d@nfveirﬁmaﬂ@tﬁsrapy\nﬁﬂélsPOT data and tunor sizes bet ween the
treatnment gro

L ari el o bk aLHER L Eoh AR Retp OB B TR ER el PrsPRudy s
commerci al s tKaetiadt ChaICaS(xfrtRﬂaQQO&éé age 95 K anvfi &retHl. OChm\Eauw Resncept s,

Cal abasas, %%%gion c%ﬁkﬁ ﬁ@@deﬁk%ﬁﬂ@@el‘i’s@m@@ﬁ&sl&\%‘ﬁr BY@r &xPr essi on

in | ung cancer ase croarray anal YSES.
dogenous CDC45L and HLLA-A24 were subcutaneously inoculated into the right flanks

of NOD/SCID mice. When the tumor size reached approximately 25 mm? on day 7, the
CDCA45L specific CTL lines induced from two healthy donors by in vitro stimulation
with a mixture of CDC45L-A24-9-109-2 (SEQ ID NO: 2), CDC45L-A24-9-294-3
(SEQ ID NO: 3) and CDC45L-A24-9-556-4 (SEQ ID NO: 4) peptides or CTL lines
induced by stimulation with irrelevant HLA-A24 restricted HIV peptide were
suspended in 100 micro-L of PBS and injected intravenously (4X10¢ cells/mouse). The
intravenous injection of CTLs was repeated on day 14. The tumor size was evaluated
twice a week using calipers to measure two perpendicular diameters.

[0193]  Statistical analysis.

Two-tailed Student's t-test was used to evaluate the statistical significance of dif-
ferences in ELISPOT data and tumor sizes between the treatment groups. P values less
than 0.05 were considered to be statistically significant. The statistical analysis was
performed with a commercial statistical software package (StatView 5.0, Abacus
Concepts, Calabasas, CA).



Genone-w de cDNA mi croarray containingsg7, 648 genes was used to exam ne the
gene expression profiles of 18 |ung cancer tissues and their adjacent
nor mal cowio 208yRea9ss. cDNA m croarray anal ysis reveal edPeaiRzad)/9o3dsthanced
expression of the CDCA5L gene in lung cancer tissues in all 12 of the
smal |l -cell lung cancer patients (average rel ative expression ratio:
163, 0870194angResblls 204- 369, 309) and 4 of the 6 nonsnal |l cell |ung cancer
patients (ave rel.ati ession rati 170; range; 0.08- 131)
(Tabi 6 2)  Thdngsi8itolcRE R EERLMReORFign pondhSindef BY o SA e
TAA of |ung camueyaHNMBmexpreSS|on | evel of the CDCA5L gene was al so
enhanced in t Qg RiALd YDA QIRERin B 160 B Gas dsOFl ARG AROSE at e,
Qgeer OfAdb ¥ DRI ase%@"lg’ 1n%%Z6 9% s&vas UsEftotita entfil

breast and bl cancers roarray anal yses (Table

2). [0195] [ Bams @mssweor@ﬁ&p% elsky lgag é4mC€U®2§51’;S Yelbeir pdjpepngneatng eouAnd
various mal i gRpne. BONAWMRSbArBAtHdlyEN r&%drﬂlﬁk&ﬁy ERand&Bpe&@Sion BpHiet | ve

Rel ati ve expr Canc rous tissue ra rrean Smal.l cell

| ung cancer @(ﬂﬁng@f 1 g EY tlﬁ?“@%f%%lgl%%éé%ﬁmgﬁf% l%gfé‘k‘%?a%‘?lﬁ%st
cancer 8 75 %WBr&48elBlivdegicssionestio: 693%;2, rafde: 332M69,699)I ancled of thei@gnamancer
6 67 % 15, 17 o | e Lugor 0 Esophagus 25
16 52, 37 cagce g ety B Rftnb TR lof Rl By PG i

( cancer/ nor n@l08t4(kb3ﬂéXTab162)A/§§le®6¥r54 @ECéﬁlL‘M@S b@e@@tthe\ﬁélara{C@m@C} aExpr essi on

of CDCASL mRNAvdirr AR LRI t&ﬁ&yeﬁw RE&bn &Rk of th@eec@ﬂdgehy Qds geacer
ti ssues. The expression § CDC45L gene in normal tissues at the nRNA

| evel was an&njaneed insthe glaa@rltrbeﬁesedﬁel ath%mahéwq%dflclaﬁlagw@e Areast and
sen quant i t athladgeREnEER AR o5ihe cDIN ACREABAriynardahBe NATBR! 28t i ssues reveal ed

that it t expressed only in testis and breast (Fig. 1A). A
Norther[ﬂ},%ﬁotﬁﬂﬂ Hjlm s in normal tissues using CDCA5L cDNA as a probe

reveal ed thatOvérexpesdioi FIXPDEXSEdgdne IVElhy - davder iahdl vAri@gan smadiafpdiésest | s
(Fig. 1B), t an@gsqgggaqg,ecmAQlig}bgr;a@%a]yge@f the RT-PCR analysis. In
e

contrast,

. n Positive Relative expression
Cancerous tissue

rate * (%) ratio (mean)
Small cell lung cancer 12 100 % 163,087
Prostate cancer 3 100 % 36,985
Breast cancer 8 75 % 8,648
Bladder cancer 13 69 % 2,194
Non small cell lung cancer 6 67 % 15.170
CML 3 33 9% 8,606
Soft tissue tumor 4 25 % 9,258
Esophagus 25 16 % 2,378
Gastric cancer 3 0% 1

*The relative expression ratio (cancer/normal tissue) > 5 was considered to be positive.

[0196] Expression of CDC45L. mRNA in normal tissues. cancer cell lines. and lung cancer

tissues.

The expression of the CDC45L gene in normal tissues at the mRNA level was
analyzed using RT-PCR and a Northern blot analysis. A semiquantitative RT-PCR
analysis of CDC45L in the normal tissues revealed that it was faintly expressed only in
testis and breast (Fig. 1A). A Northern blot analysis in normal tissues using CDC45L

cDNA as a probe revealed that it was not expressed in twenty-two vital organs except



expression of the CDCA5L gene was detegged in all of nine lung cancer cell

| ines using an RT-PCR analysis (Fig. 1C). Subsequently, the expression of

t he CDCA5NOgeré13v®s anal yzed by using an RT-PCR anal ysi $CIrAP2he0034ssy cancer

tissues. In 7 of 8 NSCLC patients, CDCA5L nRNA was strongly expressed in

cancer tissues (Fig. ID upper). In addition, the expression of the CDCA5L

gene was analtgsﬁeqlrlgsim)gmaattcafﬂai?@%zﬂlm&ieyfséws ioﬂtHefET-(P@rRCa&fal}lsisSEﬂ@ﬁltraﬂdthEhei r
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no staining or ve stal ning was_observed |1 n other nor mal
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RT- PCR and I

denti f1cat i SheaprRsbsapuaaaiantaddiis. 4o fudl g e sudica. |
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epi t opes, s&%ﬁ% gﬁxg EIFYER ggﬁng Mer%‘é%{ Qﬁﬁﬂi@%ﬁs@rv@@ﬁﬁné}hﬁha@h&ﬁ{ ng

afflnlty to were sel ected accordin eptid ) |n|ng
predi ction sofR&wSeesiFEy .18)363115%%@3%\%@?%49 t%%ﬁéb% n@)stammg PRYRTY WiFEE h

peptide coul dtaififlgees pmet\reden beREtyip¥eofGlirmal 4dur HulbBh tﬂisu‘egj inSlugptbeginf r om
th _the autol

monocyt o- dor 8 BEk KB Sedo R PR RN S Pt B et 11 om
t hese 16 CDCABig. pepid des nowshven). tGadleatiaily, itomprioteveekprgss minilenel saafi DS 4HL ith
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(Fig. 2). cosvthitheexqeptianpt eafis dberetpelpaaconsiseniwitmhs ragts pos RilviC
heal t hy donogﬁdmme@tm@wng h1 AUB bk pgous rmnocyt e-derived DCs puI sed
I Pt (o g AREEl (o eSO Eh S S o1
donors.
To identify HLA-A24 restricted and CDC45L derived CTL epitopes, 16 candidate
peptides that were predicted to have high binding affinity to HLA-A24 were selected
according to HLA-peptide binding prediction software provided by the NIH BIMAS
(Table 1). To test which peptide could induce peptide-reactive CTLs, the CD8* T cells
sorted from the PBMCs of healthy donors were incubated with the autologous
monocyte-derived DCs pulsed with the mixture of four peptides selected from these 16
CDCA45L peptides. After two additional weekly stimulations with peptide-loaded au-
tologous PHA-blasts, the cytotoxic activity against the peptide-pulsed C1R-A*2402
cells was examined by an IFN-gamma ELISPOT assay (Fig. 2). CD8* T cells sorted
from the PBMC:s of two HLA-A?24 positive healthy donors were stimulated with au-
tologous monocyte-derived DCs pulsed with a mixture of 4 of the 16 CDC45L



the resulting CTL Iines was exam ned bgian | FN-gamma ELI SPOT assay (Fig.

3). Background controls were stinulated with CLR-A2402 cells pulsed with

i rrel evarORDMW/1825pepti de. The generated CTL |ines reproduerddygoipssoduced a
| arge anount of |FN-ganma upon stinulation with CLR A2402 cells pulsed with
CDCAS5L- A24-9- 109-2 (SEQ ID NO 2), 109VYNDTQ KL 117 , CDCA5L- A24-9-294-3
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(SEQ I D NO 4 9-370- 7( O 7) or CDC45L.-A24-10-556-12 (SEQ ID NO: 12)

peptlde. These CTL lines produced a significantly large amount of IFN-gamma in
response to CDC45L derived peptides in IFN-gamma ELISPOT assays (Fig. SA). In
addition, these CTL lines exhibited cytotoxic activity against C1R-A2402 cells pulsed
with the five CDC45L derived peptides, but not against C1R-A2402 cells pulsed with
irrelevant HIV-A24 peptide, in *'Cr-release assays (Fig. 5B). These results indicate that
these CTLs had a peptide-specific cytotoxic activity.

[0201]  Natural processing of CDC45L CTL epitopes in cancer cells.

The ability of these CTLs to kill human lung cancer cell lines that naturally
expressed both CDC45L and HLA-A24 were examined. Lu99 and EBC-1 cells
(CDC45L+, HLA-A24+), Lu99 and EBC-1 cells transfected with CDC45L specific
siRNAs (CDC45L-, HLA-A24+), Lu99 and EBC-1 cells transfected with control GFP
siRNAs (CDC45L+, HLA-A24+) (Fig. 5C) and A549 cells (CDC45L+, HLA-A24-)
were used as target cells. As shown in Fig. 5D, the CTL lines generated from the

healthy donor-4 (bottom panel, left) and lung cancer patient-18 (bottom panel, right)
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HLA- A2 [85(%?' | I@g%ﬁg%%%_md) ﬁ5 E\%: r;fl.';‘,q56\1,2;1311_}3)AT]%SL““, peptide can induce CTLs re-
stricted by both HLA-A2 (A*0201) and HLA-A24 (A*2402)

CDC45L-A2-9-556-4 (SEQ ID NO: 4, also referred herein as
CDC45L-A24-9-556-4), >>*KFLDALISL %, peptide was predicted to have a high
binding affinity to not only HLA-A24 (A*2402) but also HLA-A2 (A*0201),
according to HLA-peptide binding prediction software SYFPEITHI (Institute for Im-
munology, University of Tubingen, Tubingen, Germany, www.syfpeithi.de/). HLA-
A*2402 is the most frequent HLA class I allele in the Japanese population, and HLA-
A*0201 is one of the most common HLA allele in various ethnic groups, including
Asian, African, Afro-American, and Caucasian (Browning M et al. Immunol Today
1996;17:165-70). Thus, it was hypothesized that the CDC45L-A2-9-556-4 (SEQ ID
NO: 4) peptide is a candidate common CTL epitope restricted by both HLA-A2 and
HLA-A24. To determine whether the CDC45L-A2-9-556-4 (SEQ ID NO: 4) peptide



cells, as described previously (Yokonmgg Ket al., Int J Cancer 2009,

126: 2153-63). The CDCA5L- A2-9-556-4 (SEQ I D NO 4) peptide bound to HLA- A2
nol ecul esw@i2dto/@d798peri or capacity to stabilize HLA- A2 ©OXPR280/04338% he

H V- A2 peptide, which was used as the positive control (data not shown).
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posi tive pr O% ﬁlequlAFkli gnciTHEA A24, and this peptide will be applicable to immunotherapy for

more than 80% of Japanese patients with cancer expressing CDC45L.

[0206] In vivo antitumor activity of CDC45L reactive human CTLs in NOD/SCID mice.

To assess the therapeutic efficacy of CDC45L reactive CTL inoculation into im-

munocompromised mice implanted with CDC45L positive human lung cancer cells,
Lu99 cells was subcutaneously inoculated into NOD/SCID mice. After 7 days, when
the tumor diameters reached approximately 5 X 5 mm, mice were intravenously
injected with human CTLs generated by the stimulation of CD8* T cells with au-
tologous monocyte-derived DCs (day 0) and autologous PHA-blasts (days 7 and 14)
pulsed with a mixture of CDC45L-A24-9-109-2 (SEQ ID NO: 2),
CDC45L-A24-9-294-3 (SEQ ID NO: 3) and CDC451.-A24-9-556-4 (SEQ ID NO: 4)
peptides or an irrelevant HIV-A24 peptide. Before the inoculation of CTLs into mice,
the peptide-specific cytotoxic activity of CTLs was assessed (Fig. 8). The CTL lines



specifically in response to re-stinulagion with CLR-A2402 cells pulsed with
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showed that CDC45L was overexpressed in prostate, breast and bladder cancers as
well as in lung cancer. In accordance with the data obtained from the cDNA mi-
croarray analysis of CDC45L gene expression in lung cancer tissues, the expression of
the CDC45L gene was detected in all of 4 lung cancer tissues, but not in their normal
counterparts. Furthermore, CDC45L expression was barely detectable in many vital
organs except testis in the RT-PCR and Northern blot analyses in normal tissues. These
results suggest that targeting CDC45L could be a novel immunotherapeutic approach
for these cancers, without causing autoimmune diseases.

[0209] It was also found that CDC45L-derived immunogenic peptides,
CDC45L-A24-9-109-2, CDC45L-A24-9-204-3 and CDC451.-A24-9-556-4, could
induce epitope-specific CTLs in BALB/c mice immunized with peptides emulsified in
incomplete Freund adjuvant (data not shown). BALB/c mice immunized with the
CDC45L-derived and H2-Kd-restricted peptides, CDC45L-A24-9-109-2 and
CDC45L-A24-9-204-3, did not exhibit pathological changes, such as lymphocyte in-



wei ght | oss, diarrhea and skin abnormagities, during a long-term
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critical role in the initiation and el ongation steps of DNA replication,
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CDC45L-A24-9-556-4 and CDC45L-A24-9-370-7, the peptide-induced CTLs could

kill not only the C1R-A*2402 cells pulsed with the cognate peptide, but also the cancer

cell lines expressing CDC45L in an HLA-A24-restricted manner. These data suggest
that these CDC45L peptides are naturally processed from CDC45L protein in cancer
cells and presented onto the cell surface in the context of HLA-A24 molecules to be
recognized by the CTLs. HLA-A24 (A*2402) is known to be one of the most common
HLA-alleles in the Japanese population, with an estimated antigen frequency of 60%,
and is also present in Caucasians, with an estimated antigen frequency of 10%. The
identification of the HLA-A24-restricted and CDC45L-derived CTL epitopes has also



all over the world especially in Asiangg(Date, Y., et al. Tissue Antigens,
1996; 47: 93-101.). [021 1] In conclusion, the results disclosed herein
suggest twa00DGAB®E is a novel TAA of which epitope pepPCiaB200003d8se] i cit
CTLs that can kill cancer cells expressing both CDCA5L and HLA- A24. As
CDC45L is strongly expressed in several kinds of human malignancies

i ncl udi ng | umgen prgcgsgtaife)bebrsemforammhaﬁﬁmraqu%@ pdERRI Sdith 1ang beicef, or e

suggested to _he a rom et, of S noth rapy,-f or
onanct es. aabor P8 VR BlRkRE s DRk R AR sl b eAB e
[0212] | ndus®Bildll. )Appl icability The present invention provides new TAAs,

parti Ct;bf‘lrl' 1Y UROSEIGGS] Yﬁ@re@ﬁl&&ﬁ %@éh&é@ &ggﬁ@%’m& @@&SLHQE@B%IWA ppecific

anti -t I mmune resp onses an e vari et of
cancer types W@ﬂb@ltpnmemiﬁs £PHd eligif CiT yt@s%ésthca@wa@&ﬁ %@sesagabﬂ@t

di seases ass@@@dgdand HDA@%% CBCY5L. 1s%@%ﬁgl&,ex9fé§§m|1ﬁ§e&?al\kﬁicﬁ|ﬂ>f hhghslde,
but are not limted.taq,

cular tu tic can adder
cancer, nonsmRAUEIYKYSS IP‘E}}@‘H% %ePrOS?FFgBTea%té’ina%ﬁaﬁﬂ‘@r ‘E?ﬁﬁ?,r%r&%@a?t cancer,
esophageal calrcefore pizgstal© bearmenmsuﬂ,gtmrgat of pﬁpﬁﬂﬂlbﬁkeﬂemhﬁ]ﬁb&le(aﬂﬂf()m n&of t
tissue tumor ’hg ?Sctl rs'd%scrﬁ)egg ove %E’t%&?tbla{lél& Xr&f?qgl%m’lu 8ﬁﬁegr eCt al cancer.

Al patents, appl i ons I ons it rern are
i ncor pdPaked Hydussiadrmplieatiilityt heir entirety. [0213] Furthernore, while the

present | ”Ve”Wl%&rés%nﬂ%éitf&n%?&ﬁ&és%q] TAAY ﬁga@tﬁéulzﬁ' i d el BORIEBCUSL

speci fic enbodi ments thereof derstood that the foregm ng de
scription is @h@ﬁhr@u%aot@%ﬁméﬁa%ﬁwamhtwramaluaﬁ@Spgnﬁeﬁﬁ%@% wpli-
illustrate thebiRfyesenkide Weey lopaa@eﬂtypéss speeTansedn ﬁﬁb@dhtyaaratp%puaav ough
routi ne experinentati.on, . .one skil lag ﬁ%%&d@ﬂ will readi lé g ﬁ ze that
various chand8S aRAEAGH Hreaiaoms adahv frér &1l TEABRIES EPEIT ng
fromthe spi indludnbtutscepet lohitddre, pstEs@mttunoy patdrentic chiner rtedder amdeihaonds of

whi ch are def h’&ﬁ@eﬁ’l’un&&@@e@ps%(ﬁeé%u%;gg‘ %ﬁncg Bfegﬁ cLl ?'J%ﬁjlalgeﬁ Cﬁl’?&lr at ed

peptide bi ndi’n en an oxi C ocytes (CTL)
i nduci bi l i tyPrW?éfF ednget, hbrOp@pnY@@dulgul@em (CeMLﬁ rsefhvéswuylpemafatdé C@l@mgu sting

of the am nopaGiGhiiSJUEREE, Al ol dil MRer18 or an imunol ogically active
fragment thereof. [Craim 2] The.isol ated peptide of claimi1, wherein the

HLA anti gen i S\ipaenspasnt ppplicapons; @daw%ahgftmﬁéﬂ?%mrsm@ae PEPIPPEEeRY ¢l ai m 1
or 2, wherei mefswndemanélréﬁuegnprl ses an am no aci d sequence selected from

NG 4, TR RS by g ggRon Sshp SRl i G 559 TP
S ubst | t ut ed, réefasact dpedit embddiardtsgheradid gds to be understood that the foregomg de-
scription is exemplary and explanatory in nature and is intended to illustrate the
present invention and its preferred embodiments. Through routine experimentation,
one skilled in the art will readily recognize that various changes and modifications can
be made therein without departing from the spirit and scope of the present invention,

the metes and bounds of which are defined by the appended claims.



[Claim4] The isolated peptide of any gpne of clainms 1 to 3, wherein said
pepti de has one or both of the follow ng characteristics: (a) the second
am no aciwofRewv3kesserminus is or is nodified to be an arCmaP2d/dossd ect ed
fromthe group consisting of phenylal anine, tyrosine, nethionine and
tryptophan; and (b) the C-termnal amno acid is or is nodified to be an
am no acid selected fromthe group @ t§ ng of phenyl al ani ne, Ieucine,

i sol euci ne, tryptophan and net hi oni Qﬁ?‘é ai m5] The isol ated pepti de of

any ongcgfimghai ms 1 to &msMaeﬁrdep 1§@b1@ldi?1 Rb 'aﬁ@lﬂ)@%t%%ﬁ afll hl%lh@ brdx
foll ow ng char acteristics: e ond.am no aci

fromt rmnus is
or is modified to be arlyglﬁh é}dél& JEY £ VBT HRe BFRYYR ! @?ﬁ@?@?ﬁ%@a
| euci ne and me thioni nq)olﬁj’e@tnﬂé)éorfsfsﬁng:ofﬂaé%ﬂ@ addrii@ead of SEQ I NGr 18

nodi fied to be an am no amucc];1 s% ag romdtr eg‘?ﬁluge gonsi sting of valine
and leucine. [Caim 6] 8 g%ﬁg §b° %6‘5 V(’fe §Fn ¢ of clains 1 to 5,
wher ei iCkaind]pepti de i sThmﬂdpteqzbipcpieiemf Ctﬁemdpe/ﬂltredethe[fmﬁahmigk}l inHLiAs 8R4t ed
pol ynucl eoti de encodi ng,tfjea pepti de of any one of claims 1 to 6. [Caim 8]
A corrp05| tion for II’ldUCI %TL wherein the conposition conprises one or
nore oflClad 3ept i de(s) H@tlsql@tﬁflﬁeptrﬂeaﬁyla@né 12, Hhareissaid peptisle compEgs ar
mﬁre of t[]e p?' ynucl eozdnfiiﬁ&%éld% ueh@éiékidtéaif%rﬁlﬂgﬁ droup @@%}sﬁ}ngfA f

phar maceuti cal conpositio and/ or prophylaxis of cancers,
and/ or the prevention o(lf‘) ?ﬁé%{?cﬁ %p‘é ii%%r]@cﬁ? ence thereof, wherein the
conposi tion conprises abeSEQ IDONG: 6f2,83h2 apd p2.i vdlesih ls@,tdr@etfdialiamiaoycidme of
clains 1 to 6, or one 0f %sﬁtu?éd hﬁ%g&?ﬁé(l@féd%h?f&?h&j (s) of claim7. [Caim

10] The pharmaceutical conp ornulated for the admn
i stratilomimgla subj ect Wﬁ:ds@all@ﬂﬂemﬂelqj@ny pre ef dainz4l tor3, Mhareipsaid pppdidm 11]

The pharmaceutical comppgiché 8Pp&h oﬂlﬁ'fﬁll&vfﬁ@cﬁﬁ’ra&@ﬁ&’ﬂ@sat ed for the
treatnent of cancer. [Caim12] A nethod for_ inducing an anti gen presenti ng

cell (APC) with CTL i ndatihgisesang amipipds FFOEIHEI tﬁ@v%w@éwl?@@g fo g @y

sel ected fromthe gr Oumn@ﬁﬂad:latsélege@fron(t&): gEaptaaatibig ephéidalhinb, t he
peptide of any one of cI vitro, ex vivo or in vivo, and (b)

i ntroduci ng a pol ynucl eX’EOS]dilS @ﬁti‘bod‘ilq?ganfiﬁ@'pﬁ%%]ﬁloaéldof any one of clains 1 to

6 into an APC. (b) the C-terminal amino acid is or is modified to be an amino acid
selected from the group consisting of phenylalanine, leucine,
isoleucine, tryptophan and methionine.

[Claim 5] The isolated peptide of any one of claims 1 to 3, wherein said peptide
has one or both of the following characteristics:
(a) the second amino acid from the N-terminus is or is modified to be
an amino acid selected from the group consisting of leucine and me-
thionine; and
(b) the C-terminal amino acid is or is modified to be an amino acid
selected from the group consisting of valine and leucine.

[Claim 6] The isolated peptide of any one of claims 1 to 5, wherein said peptide is

nonapeptide or decapeptide.

[Claim 7] An isolated polynucleotide encoding the peptide of any one of claims 1
to 6.
[Claim 8] A composition for inducing CTL, wherein the composition comprises

one or more of the peptide(s) set forth in any one of claims 1 to 6, or
one or more of the polynucleotide(s) set forth in claim 7.

[Claim 9] A pharmaceutical composition for the treatment and/or prophylaxis of
cancers, and/or the prevention of the postoperative recurrence thereof,

wherein the composition comprises one or more of the peptide(s) set



[Claim13] A nethod for inducing CTL, wherein the nmethod conprises a step
sel ected fromthe group consisting of: (a) co-culturing CD8 positive T

cel | s wi tWOAPM$137288i ch presents on its surface a conpl eeCoNP2MOMBI3ASSEANL | gen
and the peptide of any one of clains 1 to 6; (b) co-culturing CD8 positive
T cells with exosonmes, which presents on its surface a conplex of an HLA
antigen and a peptide qbrtamyameqffcl‘dimisrr&oﬁ, é1om@;or afifile OLthei pulyiaduci ng a
gene that conprises a pi C?{Jéu@e tll de_encoding a T cell receptor (TCR)
subunit pol ypeptide capabl ¢ YW& kg to the peptide of any one of clains
1 to 6[Chim 18] T cell. [Tlegbmmideuidenl campetiaeh minh%forpmmmg thgnadrhm-

surface a conplex of a G qﬁ% faglains 1
to 6. [Claim15] The Ag%:%{‘%nqﬁglsm y %’gﬁ“ IS | HgAb}?/MﬁgﬁIrﬁ%t gd of

cl ai m 1¢laipdilhi m 16] AnTheslmaaﬁflwum COMRPSI eyt @feqlaama%yr Hi formelagsldpr tes  of
claims 1 to 6. [Cal m J{Fdatrﬁélﬂo@&nc@f claim 16, which is i nduced by the

nmet hod .cl m 13. | m 1 thod of .i nduci e nse
agai nstaiaé??c@ in a su é‘lﬁt %thQF Eﬁgﬁﬂpaé‘nﬁ’é%?&&fﬁ%ﬁ?g %ee]' }ééi Hg to

t he subject a com posi tdlmtbﬂqttgnwhaamnrtge areeéhodrcompriespeqép édcsad fodmalyy one of
claims 1 to 6, one or npr ically active fragnent(s) thereof, or
one or nore pol ynucl eotd" 1gp Osn)mﬂﬁ%ggl ng the peptide or the fragnent. [CI aim
19] An antibody or fradeeentictieg enfAFigaith e pepfidodf atyeonseprclages 1 66 6 ¢ ai s 1
to 6. [Claim20] A vect‘q{roc&r(}; é 8 A% QH&' eoti de sequence encodi ng any of

t he peptides of clains to 6.[Caim2I] A host cell transforned or
transfected with an exdbéglémé\aav&epelryna@e@rd&.eﬁgOC%IBg thepepiidoot qnwioae Rf 22] A

di agnostic kit conpri siggin8Nto®@fintohm LrELi des of clains 1 to 6, the

poly nuﬁb?a?rgli IC;? of clai r‘g Zne?lgodttjgre 1n£211q£[:1lnlg3 (\))&}chercellr{ljl 'I[he n%egthod comprises a step
selected from the group consisting of:
(a) co-culturing CD8 positive T cells with APCs, which presents on its
surface a complex of an HLA antigen and the peptide of any one of
claims 1 to 6;
(b) co-culturing CD8 positive T cells with exosomes, which presents on
its surface a complex of an HLA antigen and a peptide of any one of
claims 1 to 6; and
(c) introducing a gene that comprises a polynucleotide encoding a T
cell receptor (TCR) subunit polypeptide capable of binding to the
peptide of any one of claims 1 to 6 into a T cell.

[Claim 14] An isolated APC that presents on its surface a complex of an HLA

antigen and the peptide of any one of claims 1 to 6.

[Claim 15] The APC of claim 14, which is induced by the method of claim 12.

[Claim 16] An isolated CTL that targets any of the peptides of claims 1 to 6.

[Claim 17] The CTL of claim 16, which is induced by the method of claim 13.

[Claim 18] A method of inducing an immune response against cancer in a subject
wherein the method comprises administering to the subject a com-
position comprising one or more peptide(s) of any one of claims 1 to 6,
one or more immunologically active fragment(s) thereof, or one or
more polynucleotide(s) encoding the peptide or the fragment.

[Claim 19] An antibody or fragment thereof against any of the peptides of claims 1
to 6.

[Claim 20] A vector comprising a nucleotide sequence encoding any of the

peptides of claims 1 to 6.



69
WO 2010/137295 PCT/JP2010/003488

[Claim 21] A host cell transformed or transfected with an expression vector
according to claim 20.

[Claim 22] A diagnostic kit comprising any of the peptides of claims 1 to 6, the
polynucleotide of claim 7 or the antibody of claim 19.



