Description Title of Invention: WDRPUH EPITOPE PEPTIDES AND VACCINES CONTAINING THE
SAME Technical Field [0001]The present application claims the benefit of U.S. Provisional
Applications No. 61/200,962, filed on December 5, 5008 and 61/209,704, filed on March 9, 2009, the
entire contents of which are incorporated by reference herein. [0002]The present invention relates to
the field of biological science, more specifically to the field of cancer therapy. In particular, the present
invention relates to novel peptides that are extremely effective as cancer vaccines, and drugs for
treating and preventing tumors. BackgroundjAg<099 ttlbqf been demonstrated that CD8 positive

cytotoxic T lymphg s (CTLs) recognize epito tldes derived from the rumor-associated
antigens (TAAS)?G%%MXJ@HE&E@OW@W Uﬁ) &L QOPE) REETHMESUANBN then kill the

tumor cells. Since the disc e first example of TAAs,
many other TAAs have bexgwmﬁpmmgwmgé% oaches (Boon T, Int J
Cancer 1993 Mayl&cd(allF7eRD: Boon T & van der Bruggen P, J Exp Med 1996 Mar 1, 183(3):
725-9). Somp f thege 1A %ﬁt%ﬁ&g{%ﬂ%&ﬁﬂgﬁﬁw&% e %«V%&O%n ngnerapeutic

targets. [0004]Ide§f| tion of new TAAS, capa Find uc oten Bt ant mor immune

responses, warra < QSHERS é?ﬂ‘g?fdscﬁﬁ%ald%ﬁ ﬁf‘?ﬂéﬂ é&lﬁa%ﬂﬂ‘? Jhategies for
various types of cétite copfantiscCehipiNat m@mperam@foj(@%@m%;esﬁ(m) 1442-55; Butterfield LH et

al., CancgniRieg 1998eJbedsrh 903 Rk3A142; \Vissers &&%@éa@g@m%%ieﬁé‘é %%Pe%&l:%}/ﬁlal%f’&?l) 5554-9;

. van der Burg SH 3308-14: T Res 1997 Oct
15, 57020) 44650 f ke T et IRt eg e §*eé’3545"%%%“f‘2%m“’ by

Cancer 1999 May %'f(%’jtrﬁ@@—%é HeGayens Spafer HRCTeCsneRs 9960 oresting poy MevRDm)Z To date,
there have been §@V@’r&l reports of clinical trials using these tumor-associated antigen derived
peptides. Unfortu 1iina gy objective response rate has been observed in these cancer vaccine
trials so f?{i@ﬁlh F.e é’a %J Clin Oncol 2002 Oct%}? 20(20): 4169-80; Coulie PG et al., Immunol Rev
2002 Oct 439 oeseé}n SgreR AR aN @@%W@E‘B“ﬁg@)‘nm&% (@H@]As a target for
immunotherapy, TEAS A RBERS AsIIflss thrsiprd iferatisrane sasvivabdfotpoer Jellsafesuited,

because the use of sugt: TARsomaythinimize P walideseEbedoskbd! f@ﬁ&i&!ﬂ@n@éﬁ%ﬂ@t@&%ﬁncer cells

attibutable to delglians ALialions 02 AT LAY A 1AAS AR corsaOuerce i therapeuticall
ntune a nove protein tnat IS

driven immune selecti p LWR@ UH Wiéjlde

upregulated in hepator Gellutar csarrgﬁ‘%rﬁg’fﬁ ah ﬁé’@%&%&%}f&ﬁeﬁrsﬁ@%m@@%%e wide cDNA
microarray contafitiPPsicdGrpsredesiiBacs bl InNeGplasid BOOEADY; AU B43758); W@ RTR3/104276).
WD repeat-containingepibteigshBvEibearse povetiio Rlasscuciabrojesdmaoniesanggsofphysiologic

funcions, includiog, gl @&f@%@@ﬂu&h\'&w}e AeAn (A Ghalp B Gl Bl 1980 Sep.

9(9): 369523%?@%]) llng ?e ‘ié/tlft% leton (Vaisman et a
247(2):1 regue[a lon of Vesicu SIBAVE® flﬁ‘}ucﬂlgiBﬂtﬁ}b?nfﬁﬁgclfgb‘T%‘(WB65 -75), and
cell division (FeldfRER"2 BB PEIsss, WG@:N“#@K{Q\)@@IHS@)&W&M bivlianalysis merenstrated that
WDRPUH was overdxpressedaties significantly figbflevekina.gratmaisityahbapategelylar
carcinoma, but waginet §M®5§%Q2%§%m?érﬁé%ﬂ§i XERE(RLIeRls: BT oye suppression of
WDRPUH expresj,ilg) %'Bs'}:'A as Zr n to %;r;% inhibit owth uman hepatocellular
carcinoma cell lines ?S va'é £ anfﬁb é%/i@h%@“@lﬁﬁon List
Patent Literature f[b@e?]fw}llll‘]’l\/w? 3/10@?@1\3@?1&9}&&654@15@@%@ [GBOSHNIRE 9B 6hn T. Int J
Cancer 1993 May8,534Q). 465-80Fujie T et al., Int T Cancer 1999 Jan 18, 80(2): 169-72; Kikuchi M

et al., Int J Cancer 1999 May 3, 81(3): 459-66; Oiso M et al., Int J Cancer 1999 May 5,

81(3): 387-94). To date, there have been several reports of clinical trials using these

turnor-associated antigen derived peptides. Unfortunately, only a low objective

response rate has been observed in these cancer vaccine trials so far (Belli Fet al., J

Clin Oncol 2002 Oct 15, 20(20): 4169-80; Coulie PG ¢t al., Immunol Rev 2002 Oct,

188: 33-42; Rosenberg SA et al., Nat Med 2004 Sep, 10(9): 909-15).

[0005]  As atarget for imnmunotherapy, TAAs indispensable for the proliferation and survival
of cancer cells are suited, because the vse of such TAAs may minimize the well-

described risk of immune escape of cancer cells attributable to deletion, mutation, or



[NPL 2] Boon T & van der Bruggen P, J Exp Med 1996 Mar 1, 183(3): 725-9 [NPL 3]Harris CC, J Natl
Cancer Inst 1996 Oct 16, 88(20) 1442-55 [NPL 4] Bytterfield LH et al., Cancer Res 1999 Jul 1, 59(13),
3134-42 [NPL 5] Vissers .11, et al., Cancer Res 1999 Nov 1, 59(21): 5554-9 [NPL 6] van der Burg SH
et al., J Irrununol 1996 May 1, 156(9): 3308-14 [NFL 7]Tanaka F et al., Cancer Res 1997 Oct 15,
57(20): 4465-8 [NFL 8] Fujie T et al., Int J Cancer 1999 Jan 18, 80(2): 169-72 [NPL 9] Kilcuchi M et al.,
Int J Cancer 1999 May 5, 81(3): 459-66 [NFL 10] Oiso M et al., Int J Cancer 1999 May 5, 81(3):
387-94 [NIPL 11] tsatieatkition efih'Brcs|zonscaenes obhgepertiadiedrr il Goulie PG et al.,
Immunol Rev 2002@satpd.88: 33-42 [NFL 13] Rosenberg SA et al., Nat Med 2004 Sep, 10(9): 909-15
Sepi0(0): 3058 700 INE Y 160 Vs ont ot oL, Mol Gon Benct A0S A SoBL PO HIEEE) 1o
ep:9(9): - - . Gen Gepet, 19 pr 20: :123-36) .
Pryer ot al, 3 Coll Bl 1605 %ﬁéﬁlz@o el ) e
91(2):221-30 SuniMARFOFIRVEREST TS pregest shvdlrnBlisie pES A M Pk s B W&tovery of
suitable targets of2i3/ii4AGtheFapycBatansaiTiha srare ganerabiseperpeited byltheimimunigsystem as
"self' and thereforg efigaehavens ietadneneaeRricity ing discovennefRRBRORNaLE targets is of
extreme importan . r izing.th RRUH NQ: 64 encoded by the
gene of GenBan kﬁ&ﬁ%@%ﬁﬁ%ﬁil %%%%%ﬁig%é %8%/%P 69%;{5' @%@%fd%ﬁféﬁ%sﬁ&?egulated in
cancer tissue of HOPRSREINAY ESFRoTHA: WA 5eet LEPdiRte Vet imAlnetHRagsy
[0010]The presen®fineeintion iebwdddyatcledstibgbifiobn tHe dntiikatisnceT Bpevificpitapemeptides
of the gene produgtsi@hWRRE Uttnvhisly grssess theabiliy tovingies Kk Le SpecHicionMRRPUH. As
discussed in detaj ' D iclear.cell btained.from a healthy donor
were simulated ugéiﬁ%ﬂgﬁfg%%?ﬂ R e Al M S LR A
WDRPUH. CTL li f Egé&?fé“@%?ol%}ﬁi&aéaaiﬁéﬂ—?ﬁ%&%?&‘%P}@I‘L‘Agﬂ%ﬂ FOSRYETRIEt-cells pulsed
with each of candititecpapiid eeprisreioheh Wi IsHed rRisre SylsRIeMmoasHiated thatighe peptides are
HLA-A24 or HLA-AZsestricietbrpitope peptises Hapheaainducapaiantandispedficimmune responses

against cells expr%gm%}gl%ggﬂ;gfhgg%@gg% 5@&47%4% .icated that WDRPUH is strongly

immunogenic and the e;pitoges thereof are eftective targets for tumor immunotherapy. [0011
JAccordingly, it is QH%S}@E‘I fshe present invention to provide isolated peptides that bind to the HLA
antigen, which pepigesicpigishoh¥DRPUH (SEQ ID NO: 64) or a fragment of WDRPUH. Such

peptides pected.to | ' ibility and can be used for inducing CTLs in ex vivo or for
TRTESEROIR e

administrdtion to ucing TMmune responses against cancers such as hepatocellular
carcinoma. The péisxwi?@may Bétﬂbﬂ‘ﬂpéptides or decapeptides preferably consisting of the amino
ggid;f@gjgfpﬂﬂ@@ﬂ ﬁmﬂb&m%—ﬁé%&a%@g“a}z8’3?42%@"#78@0’ 31, 34, 3_6, 37,.40, 41, 45, 49,

, 57 an , Whi tro [ ibility. the pr i ion
contemplates mod%?gghp%\iv]tflgggﬁh%vﬁn Hfﬁlﬁg%ﬁgna%%%i%geer%@% ﬂg%gi%% 3,4,16, 17, 30,
31, 34, 36, 37, 40, MPhsHerHCG; Jah%diélf FobaihlSHe Q5id BréfiaRe Kifindacids are substituted,
inserted, deleted ofXdbed Bintohgidbithe aholiiedndyptihds detalinitheriidat4CTL inducibility. [0013]It
is a further object ofnipe praseqi-iveation daRep\ide isolated pokmuclegtikies encoding any of the

peptides of the pre{S@Li%\}/gnﬁi.(aQr %B%Sﬁ?&'gﬂ}*ﬂ%%}}gﬁa? %a‘ﬂ[rsﬁdl ggf};éw%%@q t@ntigen-expressing

cells (APCs) with CTL Inducibility or for administration to a subject to induce’immune responses

against the present PEptide@258 o ¢irdathr sigiindrediddrs: A18014Mhen administered to a
subject, the presentpdptid&yjtrd prebehmeld onatrel Wfémelsf ARDs ek then induce CTLs targeting
the respective peptises. ThenefeeMtdsaniabjetteEihegrasans inventiamtagrovide agents containing

any of t.he peptidesiwollw@)qgg%de%lgf}}’lg?@gﬁﬁr@@g%}gpa féar(g}%%CTLs. These agents
containing any of t t{jjgs lﬁ)_ég)olynucleotldes of the;} present invention can be used for the
treatment and/or pp&ﬁ;ﬁ:\ IS8 cafters! SRS NS o8l iiartaindhid:®nd/or the prevention

[NPL 12] Coulie PG et al., Immunol Rev 2002 Oct, 18§: 33-42

[NPL 13] Rosenberg SA et al., Nat Med 2004 Sep, 10(9): 909-15
[NPL 14] Silva et al., Neoplasia 2005 Apr;7(4):348-55

[NPL 15] Bjorn et al., Mol Cell Biol. 1989 Sep;9(9):3698-709

INPL 161 Vaisman et al., Mol Gen Genet, 1995 Apr 20:247(2):123-36)
[NPL 17] Pryer et al., J Cell Biol, 1993 Feb:;120(4):865-75



of postoperative recurrence thereof. Thus, it is yet another object of the present invention to provide
pharmaceutical agents for the treatment and/or proppylaxis of cancers, and/or prevention of
postoperative recurrence thereof, which contains any of the peptides or polynucleotides of the present
invention. The present agents or pharmaceutical agents may also contain, as the active ingredient,
APCs or exosomes which present any of the present peptides instead of or in addition to the present
peptides or polynucleotides. [0015]The peptides or polynucleotides of the present invention have the
ability to induce APES R greaeritabr{ied. ddadectd ¢omple3eof3En HLA antigen and the present
peptide. For exanfpiamtianydeffinnasiiore achieved by contacting APCs derived from a subject with a

peptide of{g@@g}res%gigyﬁggﬁit%v% l{{&gﬁg%%g ‘Ilﬁ_ %%%u le .%ég:gv%%i%%ﬂeg%%lg? tigt(g oé the present

[ >
invention into APCs. Such APCs have cibility aga arget peplideS’and are useful

for cancer immunBtHETISTAPYhERSASRE Tt e LPTa AR BRI EHNE Prdbe Attt Browide methods
for inducing APCgWtharstorerdicsibiity smoriRGsobiaigetcby the dietheds of0Rpaliiswyet another

object of the presenfénveniiorderawsiemethadsiudaduaingLbLsivghich Weiheds ¢eptsimthe step
of co-culturing CQ&P%&%&%@H%%%@_@%%&.Qiﬁe%@a%%rrﬂ%ée f;rl%s%l 1 g}{ﬁgﬁa&?ﬁégﬁ? @E@Egﬁﬁ‘é?m

invention on its Sl:éé ce ot the step of introducin aagp ynucleo polynucleotide
encodes a T cell fsgepESPEFE RS Lt ﬁB]V;%%rf Bifdfify ts¥pehirnaterehdlareysmomeention. The
CTLs obtained byWHeRiiethdus candidsieftirfot freatmyanmtiformreventing cancers, such as
hepatocelj0iantarcinemeestidretonntisbairthqeabiagkef themressntinyRatign te.piovide CTLs
SR i S S S TS S el
methods for indu immune response adainst cancers, which methods con anmt %’s(félf)
administering an ag r‘?t%’Sﬁ?é‘fﬁ%%@%ﬁrﬁéWﬁ%‘b bptlaes PpansirEetdes encoding
WDRPUTI polypepfitiisidseasshidSbiibe Ardeegrizsertihg MiDRRUHYpelypeplides oiibe present
invention. [00181Hhe\paegenr invigntion fixd Usa il pplisationds any disrasestelaiseioyVDRPUH

over-expression | | ot limited. ncer,pagtiqularl atocellular carcinoma.
0019111 16 b6 Ly firbioed %@gﬁﬁ?@%@&%@ﬁ%ﬁéﬁﬁﬁg A S & T bwing
detailed descriptidh Saere%’f%é%?%&%ﬁ é%‘ﬁé’&i?ﬁg?ﬁé’f SR RBES RSN Tor SRy drenstiRsther
alternate emboditiehtseaferislanventibr-BAéLDEScxigtibre ofiDed wirigsclppOize] arous iaspects and
applications of thequwesent ipveitidamwithbaspmespparentindbeskilad wisas upgp gensideration of

the brief descriptigp-af.the figur ., alaIRaGTIPLeR. 9f fhe bresent invention and its
preferred embodime_ntéé ﬁﬁgﬁggﬁﬁg%ﬁﬁ%ﬁgure 1 ingﬁg@sgegs.ngf%e%eé’l% ehotog%&b%%pgg ?&ing the
results of IFN- amr%lg(%lﬁ_es TS LY ShI e TR oR ATIBRE TtRed with peptides derived from
WDRPUHYHE cThssprdipgindhiberebiscantiths rstirenil ateenith tW DR Hok24l 9epB(SEQIID NO: 1)
(a), #fi ?‘i“ WDRBiotHARE-BE30 dn(REQWBINGER) (B) o5 Bet ADKI WY RIRBUB ¥8469,509 (SdEQ D
NO: 3) (c), #1, #2a J B4 hA) @2, #3, 24, #6, #7 and #8 wit
WDRPUH-A24-1g-%119?%%?w%%g%?c%%%aﬁd%gér%%;fﬁé%ggvﬁé)v%@ﬁﬁﬁ-%ﬁﬁﬁﬂlﬁ% EQ ID
NO: 17) (1) showed poterit IFR“G%M gp SR LE SR PR L rittBleT S sRENRRE The cells in

the wells denoted WWith'§ FRTtaRGH REABOK Wt esysdrid de nowsiabishaCbdineShérpthadigurey "+"
indicates that theteelisnipthedaclisdaeree pidsegrafdhuapuriapiiaie: e ptides: ndiZindicates that the
cells had not beeg.ul; hiaf=TalY j Ig9.2]kigu i s series .of li ra epicting
IFN-gamma prodygti g?o%‘r%iL lin gs%q%ilrﬂr%?gﬁe%kg : “\%/Dﬁeﬁgﬁuqulx%igig (%’Eg’l %Uf\l%= %1(331
WDRPUHA2479-§§’4 SEO R&t@z‘?ﬁ%sﬁ?ﬁﬁ RSB (SEQ ID NO: 3) (c),
WDRPUHR54-9-3sg¢dition; thamesay (e oRPw i ae 0uabi SEEp Da 0a 6} () ando
WDRPUH-A24-18e40:¢§eQctDNBQLT) Dwith 2EN-gamma, 6o, S assay 3¢ b linea sstablished by

stimulation with each-afdhe Rasticiss shewsed-aatant iNAMMARLAEHENCN, a3 compared with control
In the figure, "+" m(pc{cgtgs that thtehcells in the wcﬂdg, were pulsed with arpp,’ro riate peptides, and "-"

indicates that thea'ceﬁs’hga)u‘}iO ﬁ%taﬁ,eé"r{“p"&ﬁsé’ﬁ BB SRy PaB AR ST Eig e wibilibmposed of a line
graph depitting spdditit Erhenebise Adbarseiangtcaioniapexddeiolatty pripraskWBRPUH and
HLA-A*2402. COSrabiig transfeinteepnites ofijd-hsdit 2402 nsnvitheon hothe . fubiength \IPRPUH gene
were prepared as6Qnelnding:G Thiiag. ?&Hﬁ@%ﬂxi%%@ﬂﬁh{'@f@ﬂl&éﬂﬁiﬂg&%ﬂa Qi)

an

showed specific (F;tl;‘%t%% it\(/)i%% ae‘i&%t % S cells transfected with both WDRPUH LA-A*2402
(black lozenge). R contrast, no Signticant specHECTPYREY RGNS, BR RSCIEY RERifet mardttells
expressing eitherfﬁf;i}l‘(-ﬁ&‘?ﬂﬁz"i‘ﬁ‘?éﬁgle) or WDRPUH (circle). [fig.4a-h]Figure 4a-h includes a series of
photographs depicting the results of IFN- gamma EL1SPOT assay on CTLs that were induced with

~ peptides derived from



6 WDRPUH. The CTLs in well numbers #2 and #7 stimulated with WDRPUH-A2-9-39 (SEQ ID NO:
30) (a), #2 with WDRPUH-A2-9-407 (SEQ ID NO: 31) (b), #3 with WDRPUH-A2-9-288 (SEQ ID NO:
34) (c), #6 with WDRPUH-A2-9-237 (SEQ ID NO: 36) (d), #4 with WDREUH-A2-9-543 (SEQ ID NO:
37) (e), #4 with WDRPUHA2-10-570 (SEQ ID NO: 40) (0, #2 and #8 with WDRPUH-A2-10-263 (SEQ
ID NO: 41) (g), #5 with WDRPUH-A2-10-78 (SEQ ID NO: 45) (h) showed potent 1FNgarmna
production as compared with_the control, respectively. The cells in the wells denoted with a rectangular
box were xpatded G EIABILK B Rielbirth P fgire v PerdRARPIREE eaiBcsihewdils were
pulsed with appropféiepdphidendasd(idic e thatthieecsptigivagapotibedinpufeed withwanljpeptides.
[fig.4i-1J Fig ure 4;@&@9&3&:&%&&@& Rhgtogrmphs depisting themnesy Hﬁecgﬁﬁﬁig&a@p fBél,ﬁlllFLSPObT ,
assay on CTLs t I ith. jdes.der| r PUH. The CTLs.in well numbers #
stimulated with W%I%‘Aé)‘%% B‘Aﬁg{%%?i%k‘%g%&ﬁg%\l fog:l h%gﬁ)‘?gﬁ? %ﬁ%ﬁ%ﬁﬁi@tf&%ﬁ% Q ID NO:
55) (j), #7 with WIRPRYRE GLEFSLAETHNB B75R) SREET A WA INDROISHIES (SEQ ID
NO: 61) (1) showeghgeterroNganehraprasuckbrakepatrsiréd withithecomkial; tespastivebn The
cells in the wells denwieshwithiva reaiaagdader Wene axpardesiaesiablish @ ldnas. n the figure,
"+" indicates that the Gl &%fb&fws BAGIE AR W AREORHaI DERIARS. 00 ldigates that the

cells had not been pulsed with any peptides. [fig.5|Figure 5a and b are compose ne graphs
depicting the IFN- a’B %ﬁﬁ&%%ﬁpﬁﬁ%&ﬁmﬁ%&%ﬁw geeripish senairaAlySEQ ID NO:
34 (b) detected byhEreRféieinaRhISAleckdss. € The messdtablishadlby stivulatisniaith gachpeptide
showed potent IFiNegasmrageprotikiction astampanae withthgeantral Alrcthe figuremss vngdisates that
the cells in the w ] late peptides, . 2. indicates that th lIs had not
been pulsed with%gl%ygggg?%ggg}%ig% r%ﬁ‘é’%? %%%i%dﬁcﬁ%%ﬁ(% 1%%%%@%%%%&%3%6%98%%% CTL clones
established by Iimﬂﬁ% %ﬁe?rom the CTL lines stimulated with SEQ ID NO: 30 (c) and SEQ ID NO:
34 (d). ThéRESUIts d@pietetidee reinodamdastidieahiethieseTinslones betablishbdibytsimutation with

SEQ ID NO: 30 (chRas SEQ fR:NR); Gditdyshreedpoiast FFhnsammaniodudion aggompared with
the control. In the é@ﬁ'& For BAiGaeSHO ARG GRIS I IR MRS WeIs RIISE %%%gﬁégrég'}): 30 ()

and SEQ ID NO: 34 %Eg and. ndicatgg that the cells had not been‘with any pe S. % eis
composed of a lind P WEPiR BRSSO BFEeRLtvR AT TR iR %%E’%"Eﬁlgf’g genously
express WDRPURnsAaR 3mtgor (Cos?ae igvaransisseetiRiithSoaly AN e@20ghaf Withnenly the
full length WDRPUhtpéine aveiie piepared pspaasirals.aihes&dilfsloneesiablisghrekwih.

WDRPUH-A2-9-288(35{65(Q N 3-Showedr shepHic b i Adivi.a98inst GQRafells transfected
with both WDRPUHda&g HA -A*O%Oé.l(ﬁl_)la%k . ngen%?% lgrg c%gtﬁ%, no 13|gn|f|cant specific CTL
activity was detected against target cefts expreasing s B SH1BRGR or WDRPUH (circle).
Descriptiol?of Embddiveiaqoonasihelign pisyeridrvsaioane pratikans Sipdidpomdativalent to those
described herei.n Cahhevbiskaniritibids practinaterstestifigot @mbadtmisofithegiesent Ar@ntion, the

preferred methods, deyisaRs pdnaigriale & e wdpReEna v HaVEYehReipIE. eI e RaYmaterials
and methods are defscc[lbed it |sLto ‘b? unigerstoo th?ltt e C|%res]ent invention Is pot limited to the
TG UCcie O N. Do

particular sizes, shapes, dimensions, ATSHATR Pmétho dolSgiBSYBHSIS TS B égc%?ﬁ%% herein, as
these may vary in"&abP8 aHeB ViR roLRRIS RsRpEfi R BHndi e IsEtEStINhapsHent g waban Bhe
understood that tH&Tiesmiindbod i gedhinttesdes eriphid fis iscoimhenplipase-afidesanikingsie particular
versions or embogimepieaiyiarBskisBRLINtRAded doimit thensapRPLINEATRISALINGAtiRR,Which will
be limited only by tp&%@&ﬁﬁf’ﬁ%gﬁgﬁ% [g}g})zgptgg géscltgsugt% of each publication, patent or patent
application mentianedlln t '|s“'speC|hcat|8n id s_peC|chan§}1|r§Téor00?ated by reference herein in its entirety.
However, 8tihg héRethssalitse Lohe pirseradsrraaniis sionidsanerhodseninsisinasnentited to
antedate such discigsure byavirtusrotprishiokentibod{ 0028 rkicaseposicaintlics ttid prasesht
ﬁlpecific_ation, Iincl%@;nghgggmgo&sﬂ]@éwim{p@l{ H@g%ﬁfl@@s,g@ﬁ@g%%@s@gémgg,@ﬂ@pﬁ@gplﬁs are
illustrative only an t Intended to be limiting. . Defl Jhe words "a", ‘an”, and "the" as
used herein mean?gi 9:;%?{? %(?eghee)eoa%féeégso}btt eer%vfiigg glpé?‘j%%} %%?E% eH‘,"{Yﬁf%ﬁFﬁé’ flfippgesent
"polypeptide”, "pe‘ﬁ’tYSB“%ihd "protein" are used interchangeably herein to refer to a polymer of amino
acid residiiés.8The BrermapplintsEminingcisegolyapgisamwhicinodiscosamnaie@ining REHUESIdue is a
modified residue, §fe BiR-RAMAYLOGE Bl LesH e 84ch, g Re:aplifitial Shemicabmimetic of a
corresponding nafyrally accurring amino acid, as well as to naturally occurring amino acid polymers.
[0026]The_term "amino acid" as used herein refers to naturally occurring and synthetic amino acids, as
well as amitho Hcid AH&iSS HrFSFRrLIRLBNHte fee sedteciRmHp T dEdR et ABdUPSIly occurring
amino acids. Naturally occurring amino acids are those encoded by the genetic code, as well as those
modified after translation in cells (e.g., hydroxyproline, gamma-carboxyglutamate, and
0-phosphoserine). The phrase "amino acid analog" refers to compounds that have the same basic
chemical structure (an alpha carbon bound to a hydrogen, a carboxy group, an amino group, and an R
group) as a naturally occurring amino acid but have a modified R group or modified backbones (e.g.,

homoserine, norleucine, methionine, sulfoxide, methionine methyl 8 sulfonium). The phrase "amino
acid mimetie" rafare to chemical comnniinde that have diffarant ctriictiirace hiit ecimilar fiinectinne o



symbols or the one-letter symbols recommended by the IUPAC-IUB Biochemical Nomenclature
Commission. [0028]The terms "polynucleotides”, "genes", "nucleotides" and "nucleic acids" are used
in- terchangeably herein unless otherwise specifically indicated. [0029]Unless otherwise defined, the
term "cancer" refers to the cancers over-expressing the WDRPUH gene, examples of which include,
but are not limited to, hepatocellular carcinoma. [0030]Unless otherwise defined, the ten-ns "cytotoxic
T lymphocyte', "cytotoxic T cell" and "CTL" are used interchangeably herein and, unless otherwise
specifically indicatedovéterdgiatest desprdpipp T pheptioplifes thabetieeapabid obresoimiving non-self
cells (e.g., tumor dellsveirtisninfected gelis)arehindusing trardeathafsuch cells. [0031]Unless

otherwise definedﬁg}@f{g@(yﬂgﬁtﬁg;ﬂsma subtypes such as HLA- A0201 or HLA-A0206.
[0032]Unless otherwise defined, all technical and scientific terms used herein have the same meaning

as commantFUhderEH BSPEHE BorBRtEA kI Breseo R ITElirRAshtTSrRBRASIG & 10033]If.
Peptides To demsuidtratishatpeptidesderitedfrtmbid RRUHtfun oficir: dgarsantighe recognized by

CTLs, peptides desiveddeRmNRRBIH(SEID NG SMwere Aalyzed-ie Aeiarmingwhether they
were antigen epit%%estricted by HLA-A24 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
Imrnunol 152: 391384 Eyex] leclidntianssior ¢lipRosmphsdrri e the cadmedd TbsrWBRPUH were
identified based oAt t&1Pbinstimpoaffifitie shro wWirdin@ued hiigltgwilg peplidescaravtbe Rdrididate
\F/)\?DptFiedF?Sh V\Agizuwmﬁré%ﬁﬁﬁn@@%%M%W%Mﬂ%ﬁﬁg@zﬂ%b@% EQID 10400
(SEQ 1D NO: 16), S WORBUL AR AE 0 (SRS TN L]y 10eA] Crldt AL AA02 bincing
peptides derived RBIH Wt YEN S A8 & - the i Ad g M MBS 1S ARA2AGS. The
following peptidesiQ theNfandidiretpeplidds #VHRRUHS ARIDBDRSER- I NG)-3B) (SEQ 1D
vgléRF;g klll-ézé%mz(ﬁii@)l EndiE, %)aﬁA/WkﬁHVfb?%ﬁ?tﬁﬁv%%ﬁﬁp@-i{'@ /(A\%'éb %%Wg@'? H;@CZ)-EZSW
fNDSPUH-Aé-lgf’gM g%%%al‘ Q%\I%?%% %VE@%@E%Q v B%G?s“ﬁ ?Bl% : rﬁ%‘i‘,”%ﬁ? P -Aé-lgilo
(SEQ ID NO: 49),‘:?/% POREAS It WEE R SR B 5P poR ptandel ipesBhliEd LiNe: 57), and
WDRPUH-A2-101265 (&R, 1 Niodiedys [0ossiktrdséncbtablilhed€ pubsheuhpotenpsaecific CTL
activity against tapggfi@ellanauisegdicates that the cells had not been pulsed with any peptides.

[fig.2]Figure 2 includes a series of line graphs depicting IFN-gamma production of

CTL lines stimulated with WDRPUH-A24-9-40 (SEQ ID NO: 1) (2), WDRPUH-

A24-9-314 (SEQ ID NO: 2) (b), WDRPUH-A24-9-509 (SEQ ID NO: 3) (¢},

WDRPUH-A24-9-339 (SEQ ID NO: 4) (d), WDRPUH-A24-10-409 (SEQ ID NO: 16)

(e} and WDRPUH-A24-10-40 (SEQ ID NO: 17) (f) with IFN-gamma ELISA assay,

CTL lines established by stimulation with each of the peptides showed potent IFN-

gamma production as compared with control. In the figure, "+" indicates that the cells

in the wells were pulsed with appropriate peptides, and "-* indicates that the cells had

not been pulsed with any peptides.

[fig.3]Figure 3 is composed of a line graph depicting specific CTL activity against

target cells that exogenously express WDRPUH and HLA-A*2402. COS7 cells

transfected with only HE.A-A*2402 or with only the full length WDRPUH gene were

prepared as control. The CTL line established with WDRPUH-A24-9-314 (SEQ ID

- NO: 2) showed specific CTL activity against COS7 cells transfected with both

WDRPUH and HLA-A*2402 (black lozenge). In contrast, no significant specific CTL

activity was detected against target cells expressing either HLA-A*2402 (triangie) or

WDRPUH (circle).

[fig.4a-h]Figure 4a-h includes a series of photographs depicting the results of [FN-

gamma ELISPOT assay on CTLs that were induced with peptides derived from



with respective peptides. These results herein demonstrate that WDRPUH is an antigen recognized by
CTLs and that the peptides may be epitope peptide% of WDRPUH restricted by HLA-A24 or HLA-A2.
[0036]Since the WDRPUH gene is over expressed in cancer cells of such as hepatocellular carcinoma
and not in most normal organs, it is a good target for immunotherapy. Thus, the present invention
provides nonapeptides (peptides consisting of nine amino acid residues) and decapeptides (peptides
consisting of ten amino acid reSIdues) corresponding to ClL-recognized e es of WDRPUH.
Particularly preferfed exabiplés bithepafstiduendrina el enstivalrhy I RRbIE péptides
consisting of the dhtioiaciséguencélseleciEd RiditHanibig GHQHD MasO1 32y &) 4316it7, 30, 31, 34,

36, 37, 40, 41, 45vA9RBEDX Anch6d ($00BHIGaNeIa)l) Spftwatewraesamspresentlsayafigble on the

Internet, such as 83 t I J 152( can be
used to calculateti gﬁrﬁ%c aﬁmﬁ?e@ﬁ%v%ﬁé%\?agﬁous {)%#%ﬁ?ﬁ @a%nt enﬁr’#gﬁﬁ&ndmg
affinity with 1ILA antighéhs’ 9 b Hrddslith &5 ﬁe%ﬂﬁé&%r@%]ﬁé %tﬁ%@%}é@féé@ﬁ@mker KC et
al., J Immunol 199&)1&)} #5 $5R(HDRE3ITBAANG-REZEERIMA XK et4a). (Blcodv200di88(B1N1872-81. The
methods for deter m&u&ﬁm@ﬁ%&y@r&@e@wimm(ﬁx iBiyJeuenalofimmuynrelogical

Methods, 1995, 15 AG1c130; BOIFR SFENSE 200080 F3E:1 6, Thereire, o gan sl

fragments of WDRPUH, w hich have nity with B antigens using sucI‘fF’software

programs. Thus, the HI%‘%W? ihoeRGas ﬂﬁéﬁ?ﬁ&@é@é’%éﬁﬂb‘ég E’&J‘i}isqgﬂﬁlj’%‘f‘%ﬁ?m%ms derived
from WDRPUH, vitrgtatoinidiawitie EHLA lamtigaisdd entifid dvitsingysprghidasown programs. Furthermore, the

present peptide mﬂg aisg:@@ﬂélﬁtpfnm@dfwwmo@fpmlaw d@@&ﬁﬁ bR Rapiidss anibe present
invention can be { %H%SQE’HFE%’T*%Q oﬁ“@ %&Iﬂw@f hg% Sti H‘%‘ 5%?9%%'1'}%%‘9'0“0"5 retains its
|ng t

CTL inducibility. e artlcu no ac reS|dues des of t resent invention

can be composed &P n%f%%%@é&ﬁﬁél%%ﬁf%éqﬁ%ﬁ% WOt &ﬁlp e-&T1 ihtilieibity of the
original peptide. TRUSGhépraséntirtheNiitiPhlBo/prdtiddd peplidesianang Mindingtability to HLA
antigens and CoONtADRPLANAD. m@ksqggw&desW&meQW@@h&@n@dﬁ%Q@Qpicaﬂy
less than about 49{9@5}%30 ﬂ%h%%@ Cg)g)?a} gﬁ %?&%a@@d@é%na%qgi usu eAlé(, E 3 dh than out 15

amino acids. [00391In6%eneral the maodification of one, two or more amino acids in'a pep%de will not

influence the funciiorF ot YAY ;Séﬁﬁélseﬁﬁahﬁ%%@ez%a?éSWI PiretrRaHaRe tRer g s Ed st Rtion of the
original protein. Irefibiismodifidthgre pridesiipes, pepiivbsrtoripodeddisn dmindlacidisgglsedce in
which one, two orv&aveppi@mﬁ@p@p@ia@sﬁues havieadhaanmpelidied fhaa nsukstitpiedadelated; added or
inserted as comp 3k g9 an original reference sequence) have been known to retain the biological

activity of the orlg I tide (Mark et al., Proc Nat| Acad Sci USA 1984, 81: 5662-6; Zoller and Smith,
Nucleic Acids Re gio g#ébﬁelﬁ%%ﬁfél MdEGHEPRP S aRicPRe R SN RSB USA 1982, 79:

6409-13). Thus, |E?iéﬁécéﬁﬁlb?fdﬁbmnﬁtﬁétlﬁié{i{ll‘@és"éjﬁtﬁ@%f@s@ﬁl i émitiod BTG BadEbaIGTL
inducibility and aniasiio BciFNegueneEsectedftamamengshQIRIN:thndaSorfnif.chdh 30, 31,

34, 36, 37, 40, 41@%%&%@ fR0d B I}ﬁﬁ%})&ﬂe@&w&aqrcsmwtﬁm&%@&@s&ﬁ (added,

inserted, deleted Qnd/or Sy the art recognize that indivi substitutions

w%}}tuted 004 kills

to an amino acid S8§{fente WHGFAREE & |HV3 'zlic%e’&r%‘ SR HLrRRRRLeeRHIRD acids tend
to result in the coﬁ%@rvatmh%ﬁﬂq@ﬂé@ﬁé%él%ﬁ waelsfigipdbahind acidreididcehBignadsechythey are
often refened to asejtanseivativensubsiftutionst: of ieonserveiive snablifisationsimumieraiadbe alteration

of a protein resulffamedifish & QRN R A IS’W@“?IP&?H%&@EIE?;IBII@{B@P(&I%
Conservative substlt tabl row functiona Ilgr Emlno aci weII known In the art.
Examples of amln(c?)‘c’gud{1 %nsié it Char ﬁg St ?’I‘IﬁI EI%L esitabfe’ éﬂiﬂ‘&]@rﬂ@} for example,
hydrophobic amﬂﬁ@cﬁ&(ﬁ) N WI),(F} P}W?Q,W)Nﬁ&%&lhh%ﬁ%@%ﬂf@a@m C,E, Q, G, H,K,
S, T), and side chainsbiaving thenfellawind ilncbanal. gnotipsi@rreharacieiisticsin eenosliona an aliphatic
side-chain (0, A, \IIeLwéﬂsPa,e@emr&m&rgﬂ @gwﬁnma%ﬁwﬁz&) !MS&IIIIUF atom containing
side-chain (C, M)ﬁa;lca{ I;I(IX &amqtlaﬂadalr&l ge}clo“rllt |n| S|de ch%@*}%)?ﬁ % %I%i%tammg
ing eight

side-chain (R, K an aromatic containing &4
groups each contﬁﬁ%ﬂ?ﬁ&%%?ﬁgwlaéééb‘fé&%lﬂﬁé%‘?ﬂﬂ@é&ﬁgéI‘I}a‘tﬁ?@%ﬂb&’ﬁthﬁéﬁ@ﬁ)r one

another: 1) Alanin& DRP G/ aine (G B}maﬁmﬁmﬂllﬁhﬁfﬂ&mIWﬂcrdlI(jEMISM\ST)aGZME\;(M)
Glutamine (Q); 134) Armine (R wysiia k)R] salepring ) L &Uging. (ﬁeM@ﬁI'&@&IQe é'V') Valine

(V); 6) Phenylalaning (£), Tyroging. 60T I¥RtoRhaR Wy A aeune (S ireonine.4), and

against COS7 cells transfected with both WDRPUH and HLA-A*0201 (black



8) Cysteine (C), Methionine (M) (see, e.g., Creighton, Proteins 1984). [00411Such conservatively
modified peptides are also considered to be peptides of the present invention. However, peptides of
the present invention are not restricted thereto and can include 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 homologues,
and alleles of W[%{RPUH. 04%’(3 retain thée requisite. CTL inducibility one can modify (insert, delete,
add and/or substittREJSSsMAPATINBEY P LA SRS S di-AREHLY) WGt AL FSRURT A O the
amino acids. Heréglls tieiesyingseierdil vesiE 6l diiereds) amMOBEIAY, forcéample, 4, 3 or fewer. The
percentage of amihesecigsitmbsf Raskimtinaqrieferably 20% or less, more preferably 15% or less, even
more pref ly 109 5, 0r 1 %. [0043]Moregver, amino acid residues ma substituted,
serted, LB s g DR i35 bincing
affinity. When usS8HRtHEEIRIKIRBIHENOHEIBE e pRestiBes B gresen invraRe® i should be
presented on themuffacd ofethoddl deesosandenprefgraityrawy alconipldxvithvan Bifdrantigen. In

3ddiltion éobpet?tiiﬁ%d&ﬁt@é@1mﬂﬁlﬁﬁd|ﬁlgi§@|&§¥§fd§&@§em% Eﬁgui@riﬁyd@fsﬁhsmgu&@ Ssofpeptides
isplayed by bindj HLA antigens is alrea own (J Immungl 1994, 152: 3913; Irnmunogenetics
1995, 41: 178; J ﬁ%%%gr% ifélggh%%%ﬁd%&e)p ar'ﬁ%céll |casf%izggfsslﬁgapseéd%nﬁega@%mféaﬁ ar ﬁ’can be introduced
into the immunogBfiRPEHIRS BPIRECTEmHc s diesripe ot oevassiraeridaagpithte the
second amino acigfiometireNateratinussulsiinitetdonith phisoylalanindstycodiries thethionine, or
tryptOpEan, and/antheapinearithaldherGHetmintss ﬂvétﬁizzﬂﬁ@% y@@é@iﬂ%ﬁﬁ%@fm ri:ﬁ%'ﬁ}'cme' )
tryptophan, or methignine. i increas HLA- indin us, peptides having the amino
acid sequences ﬂ%@é%%%&ﬁ%%%%ﬁp@gng?ﬁl%ﬁi%f%@éﬁ%p&qggtiezscgi%lgﬁ %ﬂlﬁsf?twherein the
second amino aclBFBATtE R SHTRG LBt O UM hsHBReBEER- ARETSF the SEQ ID NOs is substituted
with pheniy@?ahine Tha dsivlesunetficasinpydictipropitan; @rdtpeptjgés samdiormnherdin ths C-terminus
of the amino acidsgegtenss: of thecSQIMhbasisisubstitsedwiterhenyialaningy Ieusigsisoleucine,
typtophan, or MeihiARIG A1 fneYmBARSRRP e RIERER BNPIHOR, QRS QI AOS peptdes

possessing high HLA-A2 binding affin ave their second amino acl e N-terminus substituted
with leucine or mEHHEHME RIS ER o HH St RHETGISHHMuS is substituted with valine or leucine.
Thus, peitided havingatsebeniiicachr secgenaesift80Q IR NG 301180084 w36 cB8Trdi0[1, 45, 49,
55,57 and 61 wheneifiod 2ibersesond asmoasasid rmihe Nerminusdsosubstiiuiedmdifidausine or
methionine, and/QL whgtein the C-terminus is substituted with valine or leucine are encompassed by
the presept invention. Substitutions can be introduced not only at the terminal amino acids but also at
the positi&eg?]potgwpﬁﬁ&lﬂgglﬁeceptor (TCR) recognition of peptides. Several studies have
demonstrated that Bigeptide Wwith zimiaelddid ssbsttbbions casnb éablpast docd ubltrertivawitee original,
for example CAPdpapfigalty(2f-2:é3) Tler-2/neu (369_377) or gp 1 00 009.20) (Zaremba et al. Cancer

Res. 57, 47045771000 T, 5, Hafimann aholJimmpngl, GO02) FSRAAEBRIITAEAT SO

Dionne et al. Cancer Immunol hunother. (2003) 52: 199-206 an ne et aﬁg&ancer
Immunology, Imm ﬁ’bﬁ’]éI%?r;lw”znbBﬁ?%{oﬁ’fj—ﬁgﬁ?ﬁoﬂlﬂfﬂ@ﬁgggﬁﬂﬁ’@‘é‘?ﬂi%‘ﬂ%ﬂ’é’&@%ﬁﬁé%plates the

addition of one, tWbieh seweranein moizcidsits it snool Bdomivescofthendeseriled peptides. Such
modified peptideshaving higitd] A andigenbindiagcainity) anchegtainingldbdndicibilibrane also
included in the pr&%?ﬁh%@ﬂﬂm%”acﬁgPﬁéﬁ%e%eﬁaéﬁ(ﬁﬂ? &&ngélgl%jﬁﬁ%ﬁ}%g@ %ggentlcal to a portion

|

of the am'ﬁﬁ%%jid uence, of an endpgenous or exogenous protein havin erent function, side
aut

effects s IHUR 218 AEs ARHITEY ARG IS BATE Ay ARIElE Gt SBHS YA ces may be
induced. Thereforlitdgidsfesantdl &5 finsnpaeidramdiognoivprivarchbminsitios dlratkbidadatabases to
avoid situations ifuwhioh thehsequenoceetthengeptide maichesthe pmineagidepauenEe.Rf another

protein. When it hecomgs,gleas.figen thedRamalogyarichRR Al dhRle. axists ok Yo gheptide with 1
or 2 amino acid d@;ferehn%es as co epared to th%\ﬂoﬁgigctlve peptide e can be

) ( ; the objective pepti
modified in order SN EEARE REBaf Bt AWM ER ARt RO RERE AsE RO EHE inducibility
without any dangef®Rg el sirdagfaeters [OoL6)ptBls ghapbptidids sravirg fiighdieihgatfiwity to the
HLA antigens as desdpinechabaveraie expeeiadia, he-highly afeptiveathecandidair paptides, which
are selected acc%s@m 10 ihe,ai=8e0E8, a1 ADiTg ARG 35 ACISRL0E 31 e pramined for
the presence of. g}%mdlcat s the ability of the

'el':lc_FiL)nduci iIityh erein, the(pprase "CT jnducibil‘t

peptide to induce CT LS WhenpraBRtEd S n S REE e A FREBINY cBHEPAB CBF EOMAR YL inducibility”
includes the ability of the peptide to induce CTL activation, cria proliferation, promote CTL lysis of
target cells, and to increase CTL IFN-gamma production. [0047]Confirmation of CTL inducibility is
accomplished by inducing APCs carrying human MHC antigens (for example, B-lymphocytes,
macrophages, and dendritic cells (DCs)), or more specifically DCs derived from human peripheral
blood mononuclear leukocytes, and after stimulation with the peptides, mixing with CD8-positive cells,
and then measuring the IFN-gamma produced and released by CTLs against the target cells. As the

reaction system, transgenic animals that have been produced to express a 13 human HLA antigen
(for evamnlae thoce decerihed in ReanhMohamed l Krichnan R | onamate 1 Aiine C | ow !l Primiie 1



nonapeptides or decapeptides having an amino acid sequence selected from among SEQ ID NOs: 1,
2,3,4,16, 17, 30, 31, 34, 36, 37, 40, 41, 45, 49, 55,97 and 61 were found to exhibit particularly high
CTL inducibility as well as high binding affinity to an HLA antigen. Thus, these peptides are
exemplified as preferred embodiments of the present invention. [0049]Furthermore, the result of
homology analysis showed that these peptides do not have significant homology with peptides derived
from any other known hu ene products. This means, that the gossibility of unknown or undesired
immune responsé‘gj@ﬁ%ﬁ%b?ﬂﬁgetéh e%eué%n o the predeh Cpé%?ﬁﬂsetg fﬁ"ﬁ‘ﬂ‘}ﬁ ﬁSiH%?%é} i’}}l?é\]ﬂﬁ“fherefore,
also from this aspeEfcipSE PP Sy HEPrefupsbrnTdr efiesitEmmusitsin cancer patients against
WDRPUH(TRU, pantidudeatydpradgrbedipaptiteshefdinehpraserbinventiominciugie-theserhaving the
amino acid sequenggrpiesied Uﬁﬂ&@%ﬁ&%@e@ﬁ%&d By ATIPAE AU B onathi 3, 37, 40, 41,
45, 49, 55, 57 anckg)%ﬂf’[l(])ng{,Ieh(addl%gsg (} e above-described modifications, the peptides of the present
invention can also be IMKked to other pepﬂ‘des, SO Iong as the resulting peptide retains the requisite
CTL indudi®ifid of th&sofigitainpbpRgisotseimprsa ey sunahetiseptions rseiicaddr e nedimited to:
the peptides of theepriesent iweattnuoicEsTitinddstipepigptile snderiveld from other TAAs. Linkers to be
placed befweey) therpgniides.araneltkaown: inthe ait apdringliden byt arenatdimited oy fof example,

AAY (P. M. Daftar; J Trans Med 2007,.5:26), AAA, NKRK (R. P. M. Sutmuller et al., J
Immunol. 2000, 16{;%& %%T%’)%ﬁ e(q )?g%ce 13%1’1%%# \ﬁénse. 'é%ﬁfzfﬁef’\ﬁ(h%}) ®o eﬁfﬁﬁbvamura et al.,

J Immunol. 2002, ¥68181A69-5715). [0051]Furthermore, the peptides of the present invention can also
be linked {6@hler sUlbdtancds;sodonfas,tthe resultingipepiide hetaine the, requisitaCTEeirtduaibility of
the original peptide: Fxaiplesoheyinbiesphsiansesinciide. butargooldimited o nertides, lipids,
sugar and sugar c}_h%i;pgj aats;ett)yl rou aﬁtlu%a(\)lcapg ?Q@ggé%ggi%o IS, etci.growdgdlglelﬁlodifications
do not destroy theeb|0Iog|ca a ltlvﬁ)yo the rlglﬁfafi peptide. The pegﬁaleé €an EShtaifi todifications
such as glycosylatfoh; SHOTHAR BikiGs ot Shesprbiiatg, Bedgsrbvibeghiselhodifications do not
destroy thEX3dlogickihstivifyeok thelefiigiri ahpeptid EHLAe 48 'kindsinf rhedificgpiensctan balperformed to
confer additional fypetioas ie.4-A@roeting function, and delivery function) or to stabilize the
polypeptidg, sy expple RINARIRFANS I YRSIAPH ofa RARERlide, s known iy ne art to
introduce D-amino acids, amino acid mimetics of Unnatural amino acids, ?ﬁlis concep cg%‘g@% be
adapted to the préSertHoRFOBRSLY FHESHMA 0 SERPBIIEEAH e asseyalich Bisumber of
ways. For instanceiveeptdaskessnd various biological media, such as human plasma and serum, can
be used tggeststabilityfserse.g., Verhoef et al., Eur J Drug Metab Pharmacokin 1986, 11: 291-302).
[0052)As noted aboyg ik, POSSIRIG IBSGRS A RSl epides thal e madified by sub- stitution,
insertion, deletion and/or addition o? ne, two or several amino acid residues Bit's aving the same
or higher activity A&B8RF54rBY gm@&%%&%@m&&%&@,}%@ﬁé’%@ﬂt%%@iiéﬁ) &86° provides a
method for screering¥geé&edtivnnaemohiified Hepticedravipg thstspenegribighby Bdtivity2ds compared
to the original pepiisiRhkes example; suchimethod mayhescompased.of thetepsiasfollpws: a:
modifying at leastiang,amig aeidh iRl D AaRIAS Aihepresenbieniondysupsytution,
deletion, insertion and/or addition; ,p: determining the activity o rg’e,mq’ [ ied pep%c?e’_;’ and c:
selecting the pepﬂajé%ﬂ‘i’é:ﬁ%a%%é’té?nﬁﬂ%‘@'tgaﬁ’ﬂ%féafﬁ“e°§§{1é‘"bﬂr‘ﬁi§ﬁlé¥%ﬁ?ﬂﬂfjﬁ§ ESHgEEE o the
original peptide. [(0EEHérbivethdattivit,bisddeod shemmmdih e liopits medylbe 4 MHC binding activity,
APC or CTL indugtihilityiranstpidytatonic aslivive[08h#AlHerein, the peptides of the present invention
can also be describ@ﬁ)@%ﬂﬁ%ﬁ@ﬂ@f@{??ﬁﬁ@f 1")VVDRPUH polypeptide(s)". [0055]IIl. Preparation
he’i
4

of WDRPUH pepti%@? eptides of the invention_can be prepared using well known techniques.
B A s

For example, the p D %Pﬁgﬁggﬂly, using recombinant DNA technology or

chemical synthesis "ABHébtitiés o el ik AloR@ah.be synthesized individually or as longer
polypeptides compageaPitNe Df-mnase SHTidesSNDhe)peptides can then be isolated i.e., purified or

isolated so as to beyspipgipiptially fige.gé %h%ﬂgly@llyﬁg)cﬁglting host cell proteins and fragments
thereof, or any oth ical syb C o6]A tide of the present invention can be obtained
through chemical &mﬁg&%‘iﬁ%&é %tggg aﬁﬁiﬁ

. Sele viho acid sequence. Examples of conventional

peptide syRtRddis nterodaehat Bar brlddapiant Rtk syerivedBanc R ikl arern otdivifted to: (i)

Peptide Synthesigakrtbrmciesictiniew aYk;ck 96611 A-A02. The following peptides are the candidate
peptides:

WDRPUH-A2-8-39 (SEQ ID NO: 30),



15 (ii) The Proteins, Vol. 2, Academic Press, New York, 1976; (iii) Peptide Synthesis (in Japanese),
Mamzen Co., 1975; (iv) Basics and Experiment of Pgptide Synthesis (in Japanese), Maruzen Co.,
1985; (v) Development of Pharmaceuticals (second volume) (in Japanese), Vol. 14 (peptide
synthesis), Hirokawa, 1991; (vi) W099/67288; and (vii) Barany G. & Merrifield R.B., Peptides Vol. 2,
"Solid Phase Peptide Synthesis", Academic Press, New York, 1980, 100-118. [0057]Alternatively, the

present peptides ]leﬁp_t gf=] ' known genetic en- gineering methods for producing
~ peptides (e.g., Mmon , J%%%%%%§%§ﬁ?l 2 349-51; Clark-Curtiss & Curtiss, Methods in
Enzymology (eds WAARBYE- P82 (FEQ4AP-B9): Ebr example, first, a suitable vector harboring a
polynucleotide engdditit) tHeAdkpezilveSEeptitleNiD: 86)expressible form (e.g., downstream of a regulatory

sequence corres } C i$ prepared and transformed into a suitable host
Il. The host cellis {h mﬁng??@ odpls 7§’t'ol finterest. Th tid Iso be produced
cell. The host ce ?’fjﬁg yred %DQ tée%t?gbp%?l e of interest. The peptide can also be produce
‘ Stem. [005

in vitro adapting an In vitro translation Sy V. Polynucleotides The present invention also

provides a polynublebifdéivhicheied sty bl aforementioned peptides of the present invention.
These include polyidkEdtdes- tefise8Hpmthe®natural occurring WDRPUH gene (GenBank

Accession No. NNyBRBERY ASHE 15N 39)k@ds well as those having a conservatively modified
nucleotide sequence. of. [ "cQnservatively modified nucleotide sequence” refers
RigLiabat TS

to sequences which'e e identical or entical amino acid sequences. Due to the

degeneracy of the'gehBli¢icodd P2 gebRifbPoffunitibnally identical nucleic acids encode any
given protein. Forwiskice; Allel OaicnS BEAY 8CGG1GCG, and GCU all encode the amino acid alanine.
Thus, at em@msposiﬁ@&@éﬂ%ﬂi@{é@@ﬁﬁ%ﬁﬁ&%ﬁ&%%@&ﬂc@ﬁe%%f&?ﬁ&?%%@&@ﬂ%‘?%&& any of

e,

the correspondingﬁ%&n%{: %secréb%gewi%out alteﬁitn the encoded go uch nucleic acid
variations are "silent Vartatons.y WhICH aré Orle Specias 6 8%’%&?\9 i@]/éq\/ Held G988 Every
nucleic acid sequEREEHEFERY fvitlchaed chtiderprijtrsanarsberpdiend esmsiden ob SSBIRRUEH ent variation of
the nucleic acid. @netaf bydithayyAskilbirttha-ar® will recognize that each codon in a nucleic acid (except
AUG, whighpissprdirarily shevenlyreadoadormethioning.and QG whichrig,ordinarily, sha;gnly codon for

tryptophan) can bearrqggli]fligdntcfw n){)itelllg a fé{rhctlorg?”_ |den1t|cal molﬁcule. Acgprdina‘l) , each silent variation
of a nucleic acid that encodes a peptide is imphicity deschiped T BHEH IS USRS RN 8 0059 The
polynucleotide of THePHSEEHVRRAEMIDIT HAR BE G RIEsE or TRRCORNHANAGE Riasivaive ecidereof. A
DNA is suitably cemsiposedof drmspepsideh (asphidds, ©ndmnthSofand aknd isiepiaced bydddn an RNA.
[0060]The polynuglsaticle sa;f@1@9&@@@@%@@9@@5@%&9@%@&%@&@%' £5:08 e pERsept
vention withor oy ey GQIReL AR, a6 segeces n beeen ok example, e ntervening
amino acid sequence can providera cleavags Site (6.0 . enzyrhe rscogRItish 3 §LEN A B? the
polynucleotide ordfi8 tFAHEISE peiptidiyn rtRe %‘?tﬁ@f‘pélfn detbdttdd GaR-intidde3ang additional

sequences to thedbdingse@uéhcs’ emddding the peptide of the present invention. For example, the
[’ho'y”“C'em]c?n%@far?ﬁo;m@bﬁ@ymﬁ@g&w@amsleﬁﬁﬁ@_ﬂ%@sefysﬁgﬂlg@%@é fequiofled fohf |
e expression 0 of can be a ressi r arker genes and such. In
general, such rec%%n%%%aﬁh%gp%)ﬁ%ﬁiﬁgﬁt.eé%c%%:g%né}gg%g%nbg ﬁegﬂ (rﬁar}\l?gp;’l& t’i(f)"’%n%pg V1 Ucleotides
through conventiGASPIRESRISRESERARIRS ISRY YsioBk arRERes 81 ik fodeiieanuieAdlepucleases.
[0061]Both reconibinbmg afighichenticHl sy ntiiesis eohimquesucahdsedssebet frogispepihidn the
polynucleotides ofthe RiesePirinyaTtien aEquﬁﬁam@keihg@@prq%QWEi ._q&ﬁﬁﬁ%ﬂ%ﬁgﬁnﬁy insertion
Into an appropria t I a e 'ssed-when transtected into a competent cell.
Alternatively, a po yég%%fg%iﬁég %Baor‘lﬁlbaeglg@ |f|(§d%3's?r?§gﬁ O%C%ﬁ%eggg (I)ﬂrné%g?ggfoﬁ%ﬁf?ﬁlgﬁi%eble hosts
(see, e.g., SambrSoR B FWIeRRisr B1dAMERL L BratirgimbNrods P8ridg Ha B aboratory,
New York, 1989) PAtternativedy; 2006lyhUdEbtidéccdhdrefaynthesizec: esirfgetheesslid phase techniques,

as described in Baapragel SkhéHyenRReH siranadiamip92nAsi 3223 s3h uMalthes el EMBO J

1984, 3: 801-5. programs. Thus, the present invention encompasses peptides consisting of any

fragments derived from WDRPUH, which bind with HLA antigens identified using
such known programs, Furthermore, the present peptide may also consist of the full
length of WDRPUH.

[0038]  The peptides of the present invention can be flanked with additional amino acid
residues so long as the resulting peptide retains its CTL inducibility. The particular



[0062]V. Exosomes The present invention further provides intracellular vesicles called exosomes,
which present complexes formed between the peptiges of this invention and HLA antigens on their
surface. Exosomes can be prepared, for example by using the methods detailed in Japanese Patent
Application Kohyo Publications Nos. Hei 11-510507 and W099/03499, and can be prepared using
APCs obtained from patients who are subject to treatment and/or prevention. The exosomes of this
invention can be i“QCl{J%E%Qi%% I%Q;Ctl{%%ﬁinin & faghg%gssim%r to thef‘ per titdes of #}his invention
[0063]The type ofaﬁ]ﬁl}l\_ antigens containe inetﬁ’epcompqexesp Must mateh that o Fh%f’@l?ﬁfs torfequiring
treatment and/or BRVERTIGH RGN pReloRetke RN RS BB s AT HindudlitaabthMLA-A2,
particularly HLA-A2#02: lapegbtidic ATAGR Be prasidid @20 6n s lpreyraledtsgrebibier éfoiagvondih pe
appropriate for treaiment efiJaRansss Qﬁ@i@!ﬂﬁ{zﬂﬁﬁgfuzﬁﬁj% RRIALH MRS AL e AZHRe HRgIighighly
v

expressed among.the Japanese and Caucasian is favorable. for obtaini ffective results, and
subtypes such asgS ,&1538 }Ag%ff’ %A%gégeg?s%ﬁna %%%afgﬁé%ﬁﬁﬁﬁ in[(-f-glc?l‘er?ls‘c, ‘ﬁ]ea[[i?ﬁlé% HLA
antigen of the patfERERAfHfinG trakisrb iRradtgaeirmigdvance, which enables the appropriate
selection dfpEptidels bandrg, g miedigisaobibividing affimityntortherpasticidairantigeiieoriil ddaaving CTL

inducibility by antigendesepiationekur ierasee ImarsahiRobiainnartides havinaaibhigh binding

affinity and CTL i ibility, titution, insertion, deletion and/or, addition of 1, 2, or several amino
acids can be perfr'(?:';grl%:c(‘talg1 %stgg %% %H%P _]rﬁf‘?% '&%i %téalﬁ)é}%:ee &F Héier_?gguer‘aﬁ)erp&é%ﬁrcﬁ)ﬁl MQ%UH partial
peptide. [0064]WHEATEIRGHS KA GHE BPRGgERNEF IR B GETRAS IS Ares BRtSR¥BRtioN, the
peptides having theoddgdencesidelioted fidatednadigl SEQEDN @scdp2rd] & dboraridal 7 find use.
Alternatively, wherging: e 3natiiantiean i tharxesanmsRbineRiessnhinygRiign. the

peptides having %;%\ﬁa&e %ﬁ%@ﬁx gp&%aﬁé%lﬁ%ggg: A319%§%,8§§15 @_E?Z@Qérﬁ%a%%ﬂ& 55, 57 and

61 find use. [006 Antigen-presenting ce resént invention also provides isolated

APCs that present BBiipre%ES 3@%3&\/@@% HP% RthyeitsMrbeifad eptladdasi et Avvdisdn on its
surface. The APCS %A ¥a.déivdt%rbm patientsonhordeisubjechiotiatmentlengdéeemprevention, and

can bde adrpiEisteﬁ@deﬂﬁd{ﬁﬁﬁ@ﬁ@v@%ﬂemﬁglﬂﬂ?&ﬁﬂw%@h@aﬂﬂﬁb\/gm othesHeugsRciuding tEe G of
peptides of this in i , or CTL The AP e, not Jimited.t rticular kind o
cells and include %%%g_%ﬁn ﬁ%%éﬂé?&é@égﬂdgéé} 'B‘%’eﬁgs’, ?r’iéf %c%livrgge’dggr%cglg?maég’are

known to present BPSIEMAREIUEL ShAYEhEOH MU GG RRdes &5t5 ek deletgindanBmphocytes.
Since DC is a repsésetative APC having the strongest CTL inducing action among APCs, DCs find

use as thqRg]s ofithadreseik iventian.¢a0e tHaomexampleuBARGHIIhE RreseRtiinvention can be
obtained by mducgg%_,g&s\{;ﬁ% Qﬁ&mesrﬁ[g@gﬁﬁinmQ&ggtg%%ggp%g@n%%gt&gg%és% ; ult%%\ them

with the peptides of this n&genﬂon in vitro, ex vivo or In VIvo. phrase™i s" includes

_ . , e phrase "inducing AP
contacting (stimulEtiAG R R A WP SH X Hissinb Bitdteios st s dhebtiihg the peptides
of this invention téystesesit demiptaxsEiohiedbstwestaH s ebtigeimnsha thopeptites ofddiis invention
on the cell's surfagieatinenvhergie pliclereafibisdinvention awiadministaras oo subiegh APCs that

present the peprides. Al IRJRMBNLANALG NANEGR e hadn o e SUBIRELIRISTIR i, APCS of

this invention can be gbtajped by collecting. ifrom a subject after administering a 6eptide of

this invention to tH&"SHBECY AL ATVER ZHHE AB FEoFIRI R Mt CAAHESEBEPE ontacting
APCs collected frowf shaibjderasigaithes peptide bt irlddnoenteny{0068IENBVR@snds. the-present
invention can be adepinisieredio aisubedt forvnducing inMmonayaspan&e:againsiGareDNhe subject
by themselves or in gogkingtiqn W,'tﬂ,OJH@,EBEL@&A&%%‘?&%RR&&Q%%@&&?&%%‘%G&% G Ls of this

invention. For exarlr%lﬁl’e the ex.vivo adminlstr?ktpi,ﬁn can.include ge steps of: a: collec APCs from a

AT HHE APCTBSS AMRIA thadseat Gty & -ddrhibistehbomd BeBRde-loaded

first subject; b: contacting the : ‘ at
APCs of step b to°aaissrrislihieer: (38 Tolbo TR psubeeizing tile-shoor@ .Svbject can be the
same individual, eurbayyhe acid and amide containing side-chain (D, N, E, Q); a base containing side-

chain (R, K, H); and an aromatic containing side-chain (H, F, Y, W). In addition, the
following eight groups each contain amino acids that are accepted in the art as con-
servative substitutions for one another:

1) Alanine (A}, Glycine (G);

2) Aspartic acid (D), Glutamic acid (E);

3) Aspargine (N}, Glutamine (Q);



different individuals. The APCs obtained by step b can be administered as a vaccine for treating and/or
preventing cancer including hepatocellular carcinoma. In addition, the present invention provides a
method or process for manufacturing a pharmaceutical composition inducing antigen-presenting cells,
wherein the method contains the step of admixing or formulating the peptide of the present invention
with a pharmaceutically acceptable carrier. 100701According to an aspect of the present invention, the
APCs have a higq I%\ﬁ_el of C'élz?;[;ducib' ity. In the term of "high level of CTL inducibility”, the high level
is relative to the IeQ/e %]fntlﬁgt( i@V8d by APCs contacted with no peptide or peptides which can not
induce CTLs. Such hpesihavind atsigh feveflehomnédlicBilipecabe prepared by a method which
includes the step ©&fRhangfaring gENascontaINNT Higqoivnosteotides of this invention to APCs in vitro

as well as by the method (’@‘?nﬁ‘ﬁ%@ﬂi,?ebﬁ‘g i€ in- troduced genes can be in the form of DNAs or
d

e
RNAs. Examples of ethods for introduction include, without particular limitations, various methods
conventionally peﬁoﬁ‘?&e&% @]sﬁ\é{%i ,OEH&?%@ 155fEction S8 e o pEPSHL itet calcium phosphate
method c&’HE useticmerasspevialipoititemisetisiesformdés asrsabetibebinperite oRés 1996, 56:
5672-7; J Immunpick89Bind6ii BOOHS;erd fexpdviast 1968414663 RUblished Japanass
Translation of INSHRRTAL BUOHEAANG: A0 AT BX RSN NG RENENIRAPCS, the gene

undergoes transc_ription. tr?ggﬂ[at%an, %qd suc}%m the cell, and t e obtained ein is processed
and presented by assT BFESHRLET) hPBUGHE Bl BERMSH B HAERRESy MO0 744 9t 4SS totoxic T
lymphocytes (CTe&yudaet trclide td-andieibiapspbienefimsitidembictheipnes éntimentiohstrengthens
the immune respaonsegargetidgitdacef WEHRPUMIVO and thus can be used as vaccines, in a fashion

similar to e PEPUdSS RS T ﬁgi@Eﬂ%ﬁ&ﬁ&m%mgﬁ%@gﬁﬁ%ﬁ&éﬁgﬁ%%%fg%%t are

specifically induceq}or a%aivated a gs)ggthe resent peptides. [0 S can be obtained by
(1) administering the tﬁ)nenp. ded'8 t%%”%%é ?{te’lﬁp%ﬂﬁoﬁ’tb Wisjat oraaiherEFess siilthe subject;
(2) contacting (stifiatisd)sstisjeet-deaivas APCsbneabs-positiee vell) oipefipterahpiodd
mononuclear leukamyfiescin Vitspuvitnthe pepiides.ofdthe praseaitisyeniierand, thep isokalirig CTLs; (3)
contacting CD8-pasilive£eliz 9riBesiphrial AIgodmoprpusiag ipnkoguies in yirwith the APCs or

exosomes pre enting a complex of an HLA antigen anc[i) a peptide of present invention on its surface
e ki it

d )
and then isolating CTEE 'GP WB%%%S SRR et P e Sheoth e PEandseaites frer)
subunit polypeptithé MaRéAehindsald a pephise pranis ivergionpPieddidnpridsoMbstarebe
prepared by the rrethagsdescfibechabaveuanddheinethod pletdhisndeiadadielawdmdeantae section

Stimulation with A D ot et St e e O S e L o are
ad%ﬁ‘ﬁ&%’ r-BeP e i ke %amraﬂﬁeg i @Hﬁ#sfé?&& %f/ ‘E?’Féﬁﬁ‘%‘&'\}gsﬂﬁ'sﬁﬂ%‘fﬁﬁ nation with

subject to treatmen evention, and can

other drugs inclu@frRyRHeesstiued Pinbinive e dH-or wisspniesliordhknoum Osbrofreguiddihg effects.
The obtained CTL52a8P$petificatlysageainst torget cells: prasentioy e peystidesof tkisimeotion, for

example, the samg:peplidasrysedifarndstion-Jhedaraet sellsan e cells ihatendggenously
express WDRPU{H N go& gxa]gnlpl%ge%at?cm%”%%r ggrclﬁogna, r cells that are transfected with the
WDRPUH gene; and celis that present a pep Tl BRI VI HOT e e o A8 A6 A stimulation
by the peptide cafAEEBIR 28 et Bl dvatdd minattascifooreahimite. sslinetenton (TCR) The
presebr|1t in]:/fentio_mam piue\ai_ﬁihz);gédmﬁemmaﬂmi?g%ﬂgp;%mﬁ%ﬂﬁwmmdimmeﬂmepti(:]es _I:[gaRt are
capable of formi (SHIRLN 9% 8 £ BN BCERIRY <R methc -‘ J-He.s e

subunits have th%gaé%lil(i,n(hteoaform Tg{ﬁs that Conf?éc%é’deﬂﬂ%i% I%?JET ﬁ%ﬁ%@%b@eﬁﬁg presenting

the specific pepti e ofthe p%ggn% inve ltffaonr?? )}e using ROWH HSHROTESH e (g‘r EERGHRJ%%SIC acids of
alpha- and beta- braitstastRETCRYBeisiNRg soens eringreitEawills dhewrimer feptides of this
invention can be idetifieeip/0R00 HBQZ2ES@nd Mbrgareétwath ghsnyitlaohe] #1o3288:42003)). For
fexample, tlhe ;’ngim_ﬁﬁ@,o& igyrefaredia ﬁét}tﬁibréf? &h@xJ%eéﬁngtﬁQ&&ﬁﬁﬁ%%g%Q&g{%%ﬂs Ean be,
or example, 5-R _primers (5- attcgcttcat-3') as 5. si rimer . ): an
3-TRa-C primers"sfg}f%la%gé%f%%ﬁg%%%%ﬁ%%%%&?Eseég‘?:ﬁ?lcptl(l)e% afph ""éﬁlﬁm okt (SEQ ID NO:
66), 3-TRb-C1 pVirRiehes. (Hgahinetisate fBRpyspbbiit e betenshait ciregiber (SEQ ID NO:
67) or 3-TRbetal@&iprientdsybosstagegivigydbtechchittidy sfiedifihiociR baismahaim&a.region (SEQ
\%\?DNRC; | 6H8) as 3(;&%@&%@%%@%@%%%%@_&1 wTdﬁqe@efg@Wﬁeﬁ_%iﬁ%!%ﬁwe]}%Qﬁ& %@ﬂﬁa@'iﬁelayin_g thi

peptide with. | optionally mediate efficient killing of target cells presenting the
VVDRPUH pepti e\{%#l;\l/]i%{(%gfs} l%’%%r%g fB % H%Oﬁ&% 8?8‘”’3%%%%%’6‘ |ﬁggg?ﬁ%n ¥ a%ﬁﬁ%g can be
incorporated into*SBEITE Vettdid? JORtBvirai Ve dford! Thedd daclSrs aré Avetl RhaWar#the art. The
nucleic acids or the vectors containing them usefully can be transfen-ed into a T cell, for example, a T
cell from a patient. Advantageously, the invention provides an offthe-shelf composition allowing rapid
modification of a patient's own T cells (or those of another mammal) to rapidly and easily produce
modified T cells having excellent cancer cell killing properties. [0076]The specific TCR is a receptor
capable of specifically recognizing a complex of a 20



peptide of the present invention and HLA molecule, giving a T cell specific activity against the target
cell when the TCR on the surface of the T cell. A spegific recognition of the above complex may be
confirmed by any known methods, and preferred methods include, for example, tetramer analysis
using HLA molecule and peptide of the invention, and ELISPOT assay. By performing the ELISPOT
assay, it can be confirmed that a T cell expressing the TCR on the cell surface recognizes a cell by the
TCR, and that thetﬁ':,i nal i%t'ransmitggﬁ_intr cel ul%gi{. The confirmation that ghe abovej_mentioned
complex can give AT Cal eSS SO, e H THa BB TR BRIGE BNt RYeeST SeEiRay also be
carried out by a kaBHer WBerRIA 1 préfepiadsitctdod tHefineh Vidinexaneptendhe: dotompinatohiof
cytotoxic activity againstan itAtpesiivetaigeicelh Buchiaschiomivmyelerseassay «Aise, the
present invention proviges | r ] ' ith. leiccacids.encoding
the TCR subunits §0I¥%?£§§gé?lﬂa¥tm ﬁ%&ﬁ{‘g‘g\‘g&v@ﬁgg@a‘gﬁ%&%@? %ﬂénég‘%(%ﬁ%gh?@%ih%% 4,16
and 17 in the context of ALAAZ 4R eﬁSBS{h%ESéBﬁ&eECBP%EBG%YN&?%?%’1%”@&3%’6%’?,b&o, 41, 45,
49, 55, 57 and 615 SR IAc ApginTh éo armapledd TS Arecapibié/of hamingto cancer

cells in vivo, and gandie,expaddetby weall Kanwn Redtaringsmetlsous) F0vitro Ke Goskawakami et al., J
Immunol., 142, 3432:3461 CkRBIPH N8 daBhs 95gtlﬁ.',r%’.et@.t@{bﬁ@é“e*??l.%SQ&PI(EM}&@ fpmunogenic
composition useful in tt&e tr grfgt}pg?%r_%nhylafags g)f %ancer in £ ﬁ:atlen_tjln need of therapy or
protection (W020035/03 E&f@fg 7IPrevantioh and propiak i ineirge HHYREIRAY Which reduces the
burden of mortalitjBrahsEBRYit YD disedstl 4rrevention and prophylaxis can occur "at primary,
secondanj@rditertizihy presentivedaveldst\Whileyimanhpreuantion and prophylasisiavgishthe

development of a legdse RCaRAATY. RALIRIUARLIEVEls A BYSIHONANE ALaRYIgNS apcompass
activities aimed ali]th%gr%\éﬁ@]ﬁ% arpnd gr%Pk&(Iam? f the gro r.essmgéé)r]c a disease an the emergence
of symptoms as well a5 reducing e Heganve FmpaLPot A Aredy estdh Ui 25588y restoring
function and redudiRty¢fiddn g REpsEEH IBYMMBations. Alternatively, prevention and prophylaxis include
a wide rarige4of proghylactic whenahigs pilrecqicalie viatingithe severtionbihiepatiicu lasdisorder, e.g.

reducing the prolifgling. a4 MaRBARIS O MBS JHEIRgIANGIOeneSiS, (A7 sgiment and/or
prophylaxis of caré%%r oréu%rﬂd/or Fr%reventlo '9&%‘3%%{’3[3“‘1? re- currence thereof includes any of the

following steps, stich as Strgical reMOVAr of CAnceraeiid AHBRSHBITHE &F8Rth8F¢Hficerous cells,

involution or regréSRSEPEF AV RSr ifeRsE dheatiamis digisarig e ppresaerfwrdtennieare of cancer,
tumor regression sandiredudtipaveilihlibiticr efsmeiasidsisb fiectiveidatimentwndéostttie prophylaxis

of cancer deCrea%%EaﬁH@_ﬁ&?A!Eﬁ&ﬁﬁe‘ QﬂﬁﬁW&%é@&]Qé&%@@%&&B_&‘%\Q%{J}'m@ﬂ g@g&%%grdggcreases the
levels of wmor mariers, n e lood, and-aleyigtes detectaple symptoms aceqmpanying canger. For
example, reduction gor improvemént St symptoms constitutes éf %&Iv%‘i’rlea ment’anarot
prophylaxis, and SHRFRHFIAIGTBPHRDIOVER MG EyITRIidm hbirss vEowe BB metitieste
reduction, or sust#ininyasiabledisedsedsigte {007 9 HR Hanmaeceutical agenisaer coGTHoSions
Since WDRPUH expessioniissspesifigalbeeigvated iunsregulated) in hepatocellular carcinoma as
compared M nor i il t al.. Nepplasia 2005.Apr:7(4).348-55), the tides or
polynuclg(l)%&gs] of ?%%g?é%%ﬁﬁ%%ﬁ%ﬁ%gggé% ‘3?51 %’%fﬁ%’p?eéﬁ@ﬁggﬁ Strl_ ﬁg %%gbﬁﬁfgxis of cancer
or tumor, and/or PEVERTBARERE e ARy elEreRcerrandifar maatite praskatanslsstfon provides a
pharmaceutical agemrdingdsmipositisrnferahte ghdatmientadidiyrathe prdiphylaxis 6irdeneanaitetnor, and/
or Iprevelntiog of prstopgiiRtiva-cesUTenERIBIASS, MAHGh, iti}elg&%&o?;qggﬁmgéﬁoﬂfzw%e%ga%&es1 Otf)
polynucleotides of;this. j lon tive in ient. Alternatively, the present peptides can be
expressed on the%ﬁ%ﬁﬁ%ﬁ@%%ﬁ%%% %Tﬁg, E%gs"{;i}ﬁ% 18??3({3 éggﬁgﬁg%gg\llsﬁls% ﬁ?ﬁg fﬁiﬁ’use as
pharmaceutical a§féhtsor Bgﬁ?ﬁos%%n??ﬁ%%&fﬁoﬁ?%@%%ﬁtféﬁﬁﬁ&? ePLEsVRiENYatdet Bny of the
peptides of the inveftisivodndisodbécrsiag aedreadiVe Ingsedientottie. présentphama@teutical
agents or compogitins.nidQsataanether embodiment, the present invention also provide the use of
an active | diept,sglected f ] (@) Ide of resent i tion; (b) a nucleic acid
encoding ngﬂﬂ % @E.)%e as (ﬂég?ofg]e%ngr%i%?ﬁ 1#1@??3%(%%%%@%%3@%};8&88 éﬂgﬂ ?&%ﬂ?f%% %%(%%%me
presenting a peptﬁg AR SORERADB IR STRES RS cBAGah gty APE FEnEFtise Pl SBREIvention
in manufacturing & phaigspeslitedl BSmposivdromigentigetigzingbrognaventimgezancer or tumor.
[0081]Alternativelynthe peesent iftvesiiat iusher Brovdestassastive ingradieny selasieddiom among:

(a) a peptide of t ' ion. (B [of=Tey ing, sy aF[;F? tide.as disclosed herein in
an expressible foﬁ%i???%@%%%‘%@%@ﬁg %%&;&%;%%ﬁ%g&%é; of t e[g S%esesr[l??n\%gr%[%)n on its
a 0

surface; and (d) ¢ 100 SVSTel. iR gemic animals that have been produced to express a




for use in treating or preventing cancer or tumor. [00821Alternatively, the present invention further
provides a method or process for manu- facturing a, harmaceutical composition or agent for treating
or preventing cancer or tumor, wherein the method or process includes the step of formulating a
pharmaceutically or physiologically acceptable carrier with an active ingredient selected from among:
22 (a) a peptide of the present invention; (b) a nucleic acid encoding such a peptide as disclosed
herein in an expressible Sormé (c) an APC of an exosome presenting a peptide of the present invention

on its surface; and" BEERR (PESR R SRasIs Bt dniRg Atecjdedsyridtner

embodiment, the pregentddvéngef alsovprobitmssal nithoud Dy bves SforumaridREing |8):
pharmaceutical compDs|RemeH agaol-iBEERINGRLRN GXeRHBE SENTEN S EOk, Whetginghe method or

process includes the 3ep.afadmigpg an. R’E)ﬁ‘?E%%%?é#"]ﬂr%c%:pd?a%%”c?e%%(%tgi»%”lﬁ'-{b?rc(%‘

iologically
acceptable carrier, wherein the active ingredient is se rom among: a pepti S}(;ﬁthe present

invention; (b) a nGEGIE LG EN RN SRR BegBhtidePhedurleska Rereiras saeipriadiinle form, (c)
an APC of an exdgbirsl prisb&fling bspeptiad of thexpreseéritinweritionlon itsdinfaceimadiv(g) a CTL of
the present inventigeast0Bdlfiternativebiidhel RRarmage uticah LRMNPISIOn Ok ageN-afifpe present
invention may be ysed o ket rp%fmmamgeg heADEEL o fumor and prevanlign of
postoperative recurrence thereof, [0085]The present pharnmiaceutical aggnts or compositions find use
as a vaccine. In tﬁgljéfoﬂ?fé‘}&bd]l’?ﬁ%fﬁ’é fit TRV SHTEL- e PRl Pt cane odhsoredésing as an
immunogenic corapbsitidriprens siechkubstamibedisat has the function to induce antitumor immunity
upon inoc@latiin intesanimats:OABEHine phaMasautical 9eERks PERRIRNALEARHEE thewrIesent
invention can be 15643768t AL RIRNERLGANGSYS, O IS, ARdlor reyeryion of postoperative

recurrence there gcts or patients inclu uman and any other mammal inc u%(‘f’ng, but not
limited to, mouseﬁ%@%ﬂé&-bi&: ?aﬁebhé’c}eﬂ a%gg,?sﬁée%f’éaaﬁopl > &atté: horsé k& haboon,
and chimpanzee,fparddaleriyitat perrpuéadializind pdrtmdueitititalco va il annéstibaidt anifialy to

[0087]According nthE presrehinvesiassdepides HaviagmaBam iR A%it-seaxengssalesiad.rom
among SEQ ID NQsichs Rranérl6. 17, 30, 31, 34, 36, 37, 40, 41, 45, 49, 55, 57 and 61 have been

found to -A24 qr HLA-A? restricted epitope peptides or candidates, respectively, that can
induce pgt%?géfnd gﬁ&%ﬁf@ﬁ%ﬁhﬁﬁéefggé%r@ﬁ%@fﬂ@?lfﬁ@%%@é@ﬁt[S}F?éﬁﬁ%"é@ﬁ?d%ﬂ BgdRiEwhich
include any of theégnpigsnidbentoBygihb papidesalidvedduencey ohSEQ N@sal gde3, 4, 16, 17, 30,
31, 34, 36, 37, 4Qyrddudh, A bleaks/iandhb bevanpartictiaticsuitetRidhe administratigshiessubjects
whose HLA anti9Eﬁsf&%gl}u%-f%%ﬁe%%&%éﬁlééﬁd%%@lﬂaeﬁﬂ i @%Qﬁggﬁ%ﬁg‘j{%%rgﬁ)‘{%ﬁ‘%&” amino
acid sequence Off%%thhIz[s) a{\slrg)egi:, %}’ISZSE: %égﬁ_ e6s e p&efexaa{&es ol}% icict)igatg i?nmunity in cancer patients

against WDRPUH, Thus, particularly preferred peptides of the present invention

include those having the amino acid sequence selected from among SEQ ID NOs: 1, 2,

3,4,16,17, 30,31, 34, 36, 37, 40, 41, 45, 49, 55, 57 and 61.

[0050]  In addition the above-described modifications, the peptides of the present invention

can also be linked to other peptides, so long as the resulting peptide retains the

requisite CTL inducibility of the original peptide. Examples of suitable peptides

include, but are not limited to: the peptides of the present invention or CTL inducible

peptides derived from other TAAs. Linkers to be placed between the peptides are well

known in the art and include, but are not Hmited to, for example, AAY (P. M.

Daftarian et al., J Trans Med 2007, 5:26), AAA, NKRK (R. P. M. Sutmuller et al., J

Immunol. 2000, 165: 7308-7315) and K (S. Ota et al., Can Res. 62, 1471-1476, K. S.

Kawamura et al., J Immunol. 2002, 168: 5709-5715).

[0051]  Furthermore, the peptides of the present invention can also be linked to other

substances, so long as the resulting peptide retains the requisite CTL inducibility of the

original peptide. Examples of suitable substances include, but are not limited to:

peptides, lipids, sugar and sugar chains, acetyl groups, natural and synthetic polymers,

etc, provided the modifications do not destroy the biological activity of the original



administration to subjects of the HLA-A24 type, and those having an amino acid sequence of SEQ ID
NOs: 30, 31, 34, 36, 37, 40, 41, 45, 49, 55,57 and 61, are suited for the administration to subjects of
the HLA-A2 type. The same applies to pharmaceutical agents and compositions which include
polynucleotides encoding any of these peptides (i.e. the polynucleotides of this invention).
[0088]Cancers or rumors to be treated by the pharmaceutical agents or compositions of the present
invention are not limited and include all kinds of cancers or tumors wherein WDRPUH is involved, for
example, hepatocBTRIEF-caFCRIGIE S [EBg AL rediiseiimsrshak et sbaosyehfs oi o fhpbsitions can
contain in additiorP¥rititenforehvsplionbdiactive mgredie ths notteicpeptidés whiththgvbdhe-ability to
induce CTLs againgiganeerous seils ataf.pplynuclqutides ancodingithe.alieReptidesontiar cells
that present the ofger, peptides. LR HEIRD. e &mgml%%g?énﬂgeéﬂ%¥e IEAQIALIR induce CTLS
against cancerous cells are exemplified by caricer sgpep ic antigens (e.g., |d_ye_nl%|%|e }ASO), but are not
limited thereto. [0850]HEAERuBY Y BTR i a - CEmiRia QJBHIAS: BEMpBERiINAR BFtAB resent invention
can op- tionally ingitizeepider ittie kapeutio Substandessly@Dantivec agradient)sacldmgrastisesubstance
does not inhibit thenaatitumerieiiest ehitheratrednaredientHes anyohiheRrrsenipaptides. For
example, formulatias akiaHes AukiRlanin Lo ARRHIE: RAIRKIS 3. ghemethsiapeutics, and the

like. In addition to including othert peutic substances in the medicament |t%eil?;gﬁ1eemedicaments of
the present inventli’(gﬂu(giﬁ‘?'n‘n’gi3§1<5i BE QYRR e DetiEeT RIS BPESAAUHEIE it tHe GRS more other
pharinacologic ag¥s oTiset sirvlintéser. medivarhesiteant. Phafmuce byieabentdepiend 9, éxample,

on what type of plamsagaloeic agent(s) is/are used, the disease being treated, and the scheduling and

routes of gekpiystration, (ABLIE shrulds g stalapg-Waldn.addiiion to dheuagradiants particularly

rein, the pharmaceutical agents or composition this invention can include other
agents conventioﬁgﬁﬁgﬁérﬁﬁrﬁ%if‘f TROAFIYPTAENISR BF IBFnitRBE RS BLtBA 25885 Sne
embodiment of th&Ysredavirgeheishinehe presericphiay raseupicaldgdmengivemppsitofisusan be
included in articleshefpresenuiactuiaad kit calatai e diarialsseiwfandigatingtba mathological

conditions of the %@?ﬂﬁ%ﬁ‘%iﬁg ﬁggg{i% &gigﬁ&q&%ﬁ t}i(lg @Jﬁh gré)({ @mugge%}é{%gﬁg é@l%ge a container

of any of the present pharmagceutical agents with a lapel. Suitable contain bottles, vials, and
test tubes. The co%%ﬁ? X gﬁlﬂgﬁﬁiﬂﬁ%ﬁnﬂ%ﬁ?ﬁw&ﬁ%ﬂf BEMERSASILIQI as glass or plastic. The
label on the contairférdkiiyiagridicase ape aenneidcenpesiiondstissed foe prestirignueprevénting one
or more conditionsubktingidisdakaot hasatiehcad/atsadndicate directions for administration and so on.
[0093]in addition toyhg conipiRetdeseine d 2RVl iNGliging & pharmaceutical agent or

composition of the present in\ggntlon_ an op
C n

Ser ! cri{onalllgfurther Ancgﬁje second 24 container housing a
pharmaceutically-acCeptable dIUBALTE Can Turther TRaTTHE O SR i APS AT B BT 3 BMMA Eommercial

and user standpoRRiERIdM G D HEidMersidgiluents, filters, needles, syringes, and package inserts
with instrugsas fortisein[@BOAlTheypbardaceniical agentd aicompRsKIGIS Eaaint dasited, be
presented in a paglper fispenaghdsise Waieh GARGIPIRIG,Qpe or more unit dosage forms containing
the active | ient. The pack can, for example, include metal or plastic foil, su blister pack.
T pack B B o e R o A SOt s R o)
Pharmaceutical a§&ritecsy c8mpoSHBREIGAYARIAEtRE peptides as the active in- gredient The
peptides dfthis!invéitiBrcanie admipiiEeiddeliteetly as a pharmaceutical agent or composition, or if
necessary, that hasrhegatermulaied hcanyentionaldpimulainn mateds, RdaeJatiergase. in
addition to the pegtlgles gftHéIS Jnvention, carriers, exci eetrlgs ]and ‘surch that are ordinarily used for
drugs can be inclided as apdpropprla e wnhoﬁ’t_Bar icular Mitatons. Examprasef carriers are
sterilized water, plRyaRIGGIEAT shtmE2hrgEperite TharrsPUdsROFImURV aRfiPB GeR DS FabeHiEKE ithe
pharmaceutical agentsdlycormpbsions baegaktainmmsnetessaryr stab izgnidsu dpe psinfies
Ereser\éa]fives, S_Uﬁﬁﬁﬁﬂ&ﬁ%@%ﬁ%lzegb 2 @é@@%@lﬁkﬁf&ﬁ&%@&{u@@@ﬁ%ﬁﬂ?%@ Qf(stléérinve“tion can
e used for anticancer pUrPQSes. e peptides of this invention can be prepared as a
combination comf)]g%s%éﬂgf%%glbl?#%o%r% o%ﬂ:ﬁiegbeg%sti eas?oaﬁ%ﬁg%sreﬁseﬁ(f?fn?}en on g %;pci%ne UE&' CTLs in vivo.
The peptide combiHEITEan take the form of a cocktail or can be conjugated to each other using
standard té€hhiquesd. Feptidxahtiderthenpaptidesncan be dhismidatilipkebeorexprassai assadsingle
fusion polypeptidesequencedihsneRtidesdithe. cambinationsarnhs.the same o different. By

administering the i 1S on, t ides are presented at a.high,density by the HLA
antigens on APCA L < B A neen

| . Ifically react toward the éompalléexn%rme (t-:‘(EWeen the displayed
peptide and the HLA ASAG&HREhAHY JBF KifdisafiralyY AbCE%hat present any of the peptides of this
invention on their cell surface, which may be obtained by stimulating APCs (e.g., DCs) derived from a
subject with the peptides of this invention may be administered to the subject, and as a result, CTLs
are induced in the subject and aggressiveness towards the cancer cells can be increased. [0097]The
pharmaceutical agents or composition for the treatment and/or prevention of




cancer or tumor, which include a peptide of this invention as the active ingredient, can also include an
adjuvant known to effectively establish cellular immunity. Alternatively, the pharmaceutical agents or
compositions can be administered with other active ingredients or administered by formulation into
granules. An adjuvant refers to a compound that enhances the immune response against the protein
when administered 25 together (or successively) with the protein having immunological activity.
Adjuvants contemplated herein include those described in the literature (Clin Microbiol Rev 1994, 7:
277-89). Exampld& ot SRS Rlafits facfie BitihiNGHh pAdspHate, aluminum hydroxide, alum,
cholera toxin, salfénediitoxinnthedis(icdabaresss Metlimit€d.thérgto. [0098]Furthermore, liposome
formulations, gramigpiermuhations:knwhich tagrpeRydemisibound iamiewy-misiometers diameter beads,
and formulations jo vAeh g eic i Basndio e eplide maybe canyenichtly ysed, [p09gin some
embodiments, the pharmaceutical agents or compositions o {ﬁe) fesént mvention m yRur er include
a component whiéﬂ“ﬁﬁﬁﬂ@s%ﬂké‘.“i_“i’p%aglﬁave been identified as agents capable of priming CTLs in
vivo against viral 8iiSEAE/Fordxamble, palmitic acid residues can be attached to the epsilon -and

alpha-amino groups pBad)site &epidpaisRRIBEPERKEd WA perlide: phthe RIaseNt inyRAtien. The
lipidated peptide gacgégg{} ?‘?e?sd_mé%%ﬁ%‘?1@%‘3[08!?%'_3/ in a micelle or particle, incorporated into a

liposome, 6§mulsified in an adjuvant. As another example of lipid priming CTLs responses, E. coli
Iipoproteir@, {Uch a8 ipaits -BW&@?&WQ@%W&EM&@H% (BB E ARV A PRime CTL
when covalently #iizeehiad ethodiisrapridtei peptidal(scege MoDeved, dthuciddatoge 1989,1322: 561-4).
[0100]The method4of administ@iieRscamThe ralidnsasier maly SRSHIARROWS; ITUAYERELS dijection, or
such, and systemjg-agdmiristrati r local nistration to.the vicinity of the targeted.sites. The
administration cg?\%zg%%ggrﬁgd, )% ’s%ﬁ% %ﬁli&r@aﬁ%nhgﬁbggg&%g %%Zr%%ﬁ 5 ee%%Crﬁtla r%llgt‘r%gﬁons. The
dose of the pepti@e¥ SRR XM e iR ieapri B RasAT b FERNE o iHeREEse to be
treated, age of theopasieendingigh proathiotisefiemhsinis reperedaand suckioanetlisnardinariyl©Hel mg to
1.000 mg, for exa#IplenO AL =10 tankACRImBJTR Huae e Qdoag 1 g, And-eandee administered
once in a few days.forfeyr e, Q06 aidlainhe koan aBproRYglely select a stitable dose.

[0101](2)r@h§1éﬂ1§c tical agents,or compositions containing po y_nugfe% ides as the_active i_ngreqlient
The phar Q tlcﬁjag@m%ﬂ%osmons of the present invention can also contain nucleic acids
encoding the peptid&s pligeivsetdntnsinlio arpexdpsessibieddentiddavhic theodbyase diintten dxpressible
form" means thatdhedqanhpeiaotde; mherdpitosusrdintaacalivill haprpiassed e as a
polypeptide that igclices mwmums%w%ﬂ@g%%e@%& emBodiment, U R, acid

sequence of the legtide of interest includes regulatory elements necessary for expression of

the polynucleotidzg%iﬁp%%na@ B &SRB BRI S o e s deb e siRadidon into the

genorne of the tafg@teset eaeok derathonrarhkere &c@npoativeMRioCEd 887 Bile503utR-60r a de-

scription of homoteaus reqambinaliothcassataiveeial6).;5eaHeIg. idMelihBlain. 26Science 1990,

247, 14658 U.S alsal Nos. S0 850 5609,AR05804 500: 2132 M. 00, 524,579.647; and
ﬁ ude "n edrB ACTaCH

WO 98/04720. Exgm‘ Ie]s of FNA-b sed delivery techinologies inc a Ated

(bupivacaine, polyials: peptit e?”ﬁ‘\%asd‘fgfé)gf ARYLFS? 6 i EarhpI iecodany %gﬁirﬁg-ﬁ%ediated

("gene gun") or pk&sSupadhediadicc iy @omoagd dasinpatont. N0 1922687 W4O2The peptides

of the invention calaraledshpexfise sseddoyods losdaasterioby ertars (Examplas afexpraasion vectors

include attenuated,yifal fQsiseeiRs VAREIR] éﬁc‘%'cﬁ’é@(péli%%éﬁﬂﬁ. &l lpuplies the use of vaccinia
0

r
virus, e.g., as a vector. to express nucleotide Sequences that encode %‘1 pepti e.aqun introduction
into a host, the recombiia vﬁ@gmiﬁaﬁ?ﬂgn‘ﬁx& SR ARATIRb GerE e tye Y anedtheteby elicits an
immune respons&aX@aEEhis L trslain ddidetivdscadefgiinvinrh enizdtion pidcelsatesdéssribed in,
e.g., U.S. Patent dNerypdahBd8leAnoiienoestfaid B Re (Bachalalmmatie-Guernin «BGS wactors are

described in Stogr&ialo Hatket98hn 35114565014 Wdsvaiay ShAINRIYERION wesfulfor
therapeutic admlnlsgrat%on or L%mmunlzag?@g:;g., acg:‘éno and adeno-associated virus vectorsy, retroviral
vectors, Salmonelia BPRT VST Satasife i althrA tSKoEIPS WG Romker RXRBR Apbarent. See,
e.g., Shata et al. cRidraviefTsddy vobior Bingtopall Sideatisekreelakys. LuskodiRiv) 28005681t 793-806;
Hipp et al., In Vivea2006) d#: hrdeB5adiil:A3] Belides pbprpelynuglactigalinteingubjachcan be either
direct, in which cagglgggdsgéq;gegcl@ directly exposed to a polynucleotide-carrying vector, or indirect, in
which caiﬁggﬁlls a[%efirsl tra fo{r(rine %ﬁ/ith the Qolﬁnucleotid%of interest in vitro, then the cells are
transplanted into the SUBECL. Theses two Approachet 8P Rhow PREFE VBN A& iVitiand ex vivo
gene therapies. [O1OYAIEEH Jasiephl febidthvdsshirblneimpescdicgdatetiarhpy, ek Coludbictst al.,
Clinical Pharmacy 1993, 12: 488-505; Wu and Wu, Biotherapy 1991, 3: 87-95; Tolstoshev, Ann Rev
Pharmacol Toxicol 1993, 33: 573-96; Mulligan, Science 1993, 260: 926-32; Morgan & Anderson, Ann
Rev Biochem 1993, 62: 191-217; Trends in Biotechnology 1993, 11(5): 155-215). Methods commonly
known in the art of recombinant DNA technology which can also be used for the present invention are
described in eds. Ausubel et al., Current Protocols in Molecular Biology, John Wiley & Sons, NY, 1993;

and Krieger, Gene Transfer and Expression, A Laboratory Manual, Stockton Press, NY, 1990.
101081 The method of adminictratinn can be aral intradearmal <ciitheritaneniic intravvenoniic iniactinn ar



27 of the patient, weight, method of administration, and such, and is ordinarily 0.001 mg to 1000 mg,
for example, 0.001 mg to 1000 mg, for example, 0.1, mg to 10 mg, and can be administered once
every few days to once every few months. One skilled in the art can appropriately select the suitable
dose. [0106]X. Methods using the peptides, exosomes, APCs and CTLs The peptides and
polynucleotides of the present invention can be used for inducing APCs and CTLs. The exosomes and
APCs of the present invention can be also used for inducing CTLs. The peptides, polynucleotides,
exosomes and APCS ERIFEE B4 hadiBination with any other compounds so long as the
compound&8$&inot iitsipielpheirl @Tide 0 toipititserT mysnény ehthecaforemigpliqreddehafittaceutical
ahgents OI;1 compo?ﬁti@aﬁtqﬁﬁe@;ﬂamantdﬂmtli@ml@ﬂz&gdgsgﬁiﬁ%ramldqg%ag&éggﬁftéﬂggﬂhmiti%
thereto, those inclugdi ides: nucleotides can be also be used for inducing APCs as
discuseed belon [oL D0 M R AT, Tl Bremant mvention
provides methods B THBUET IS RBAS AR R ICh PRlanEsb A G Shii e Bt eerspolyiticleotides of
this invention. Théhmathsdthopthenpetsseidt iraremtibricentaidditiersicpesontactirgARGs with the
peptides of this inveaceiBndiiimn 6y ik AdbANO pRakRIMBRIBNIIR MeethptcoptaslipgAPCs vt;/ith the
eptides ex vivo i LA i PCs. fr subject: and b: contacting the
pep Cé@o%%qg %Q% %%(%ﬁlj?rlﬁﬁgt ﬁégﬁ&tﬂ%gtﬁe ’f"t{_ IIQC%(?BS redl?l%}bi rs&%lgng sé ells and

APCs of step a with the peptide. [0108 s are not limited to a partibu
"FFE.?%

include DCs, Langetha © PBESHITAYdRC BeBHAS APt T UaN s SHRTCIPFE IH ok to
present pro- teina®@oiss atngans sisthbirzeetsusiadosyabitauie réooghigad:bydy nphooytes.
Preferably, DCs contheriseghsines tieyhavadbeisirongast &hlonteiodiyAmong SR Ggulny

peptides of the prgse tf&v%gg‘ec%&p&&g&q detg?g[@%&i‘l’e‘?ﬁe‘gr with other peptides of this invention.
[0109]Alte[ré§aﬁt&ely, Cs may.be indiced by administering a peptide of the present invention to a

subject to CORtact the BBTRIE WAt ARCESRERIGY ANE oI SBRRY G IR RS AR e ith Wigh CTL
inducibility in the BobijpwfigaEdagisiede Mest tneqstaxe fonvempe. alpolvorienidiates badministering the
peptides of this inyexiicadteyeisihjeatifes indipeing ARGechs, anathenmetbodeanoimucleotide of this

invention may be AAMANEIRL A MUIRELN ARAAISSDIE IO IO EKRIES APERIR A (i

invention and contact t eptide wit to'the administration of a peptide of the
present invention,” E%%%tﬁ%ﬂ“&% ARSI L PE RS Rk e Hody BRI Sbjet. Thus, the
present invention ¥eswbrtetapiage s ddbnrisisriMgtnd foNhbpidutidedof alpinentiSavtcrakubject for
inducing APCs. Fop3be sxplanaiion anpdhepase-ahiexpsessibie Joiningsae sartignsOC.
Pharmacewtical agesis /g RhauanaA caulical Aasnle KPRRdRVRLIFIReLdss. a5 1o pctive
ingredient”. [OlloﬁutrsgherrtnclreEﬁg @ée%eg% EV@?%‘)N also contemplates introdticing a polypéptide of

A APC 8 nduce F; i

this invention into'an L"inducibility. For example, the method may include
the steps B0 H: colledliR§URENPC from a subject; and b: introducing a polynucleotide encoding a
peptide of this invefitiepiatantheveollectadiAPfiovilbeistepdidanleeiperiaiaed-assescribead above in

section "VI. Antig%%wﬁ&%a{g\%ﬁkiéﬁp& bdiZe M atbodRhindlaing itvEhfonFiNarmare: he present
invention provide rgggﬁg@ge%rmducmg&% é_s léISII‘]? tt}e-pe tides ﬁol nu Ieotl%%s cgeggoso,mes or
APCs of this invention. e AT aiDh B the hEp e %‘%ﬁ fEEDRde e REL or

6
exosomes of this fﬁ?@?ﬁ%ﬁr’? 15 Supjectiotidyrd iHdisesaninee bistly 'of thé0dutsiéct to strengthen the
immune responseV@ig#ind¢oeametr aehs plpusdisranstiiardijectiottheppresentinvestiopjtorprovide a

method for inducipgiedikmnvitehmethadimayipchisle e ster ohdminsErnghepgRiides, the

lynucleoti he AP r ex mes.of this invention t subject.
polynucleotides, tvgccmecs;,su? a ?as%fc’(% sgl%. ar tio ?he peept}d%s ()?tﬁis n entgon.

[0063]  The type of HLLA antigens contained in the complexes must match that of the subject
requiring treatment and/or prevention. For example, in the Japanese population, HLA-
A24 and HLA-A2, particularly HLLA-A2402 and HLA-A0201 or HLA-AQG206 is
prevalent and therefore would be appropriate for treatment of Japanese patient. The use
of the A24 type or the A2 type that is highly expressed among the Japanese and
Caucasian is favorable for obtaining effective results, and subtypes such as A2402,
AU201 or A(206 also find use. Typically, in the clinic, the type of HL.A antigen of the
patient requiring treatment is investigated in advance, which enables the appropriate

selection of peptides having high levels of binding affinity to the particular antigen, or



Alternatively, CTLs can be also induced ex vivo, and after the induction, the activated CTLs may be
returned to the subject. For example, the method may include the steps of: a: collecting APCs from a
subject; b: contacting the APCs of step a with a peptide of the present invention; and c: co-culturing
the APCs of step b with CD8-positive cells. [0112]The APCs to be co-cultured with the CD8-positive
cells in above step c can also be prepared by transferring a polynucleotide encoding the peptide of this
invention into APCs as described above in section "VI. Antigen-presenting cells"; but are not limited
thereto and any A@@g%%%@f&mﬂybﬁmpgﬁqwgﬂﬁd@éﬂ%‘?%‘%f?%fpl@)@&?%ﬁﬂ-ﬂ?ﬁlantlgen and a
peptide of this invesnivlesrhayitzebogelifbbindipgedtnityrethCd L inipladbiof sbehtdRE Spnexdsames that
present on their susfasshasomplexeian HLARREGER 2R3 Q&Hy%%fetpéﬁmt&@e@@e{ e also

e e R R e L O o, &
e

exosomes resentlg%on its s ace a com EX (o) an antl en and a e Of this invention. Such

exosomes PPt ieredh 6@?&%@@5@&/@%%@%&@%@@%‘5@%@“ fgrthermore,
CTLs can be indugsatiidas MVQM@@upmtyan@mm&@nm:@SﬂQﬁﬂ Nbuhjbhdinstana peptide of

this invention intofED8sposithgaeelis;, Sueh & MRQRWIDR ﬂﬁ{é@ﬁ%ﬂt@%@&ﬁﬂ@@ﬂtﬁ@we In
section "VIII. T cel| re qﬁ%g&ll?%%% c? ﬁ@ I\/Aesteh%%ng; |0 é{]cm gmm RS '{he present
r

invention further provides met cmg a RE response ag agains cancer| asubject The
methods include the %@%Tn@rﬁt]ioﬁsofj‘% 930@7n@6@n@%8§ent invention, which contains: (a) one or

more peptid¥s bf thelphadise g eallafAdiGslinologically active fragment thereof;  (b) one or
more polynucleotl@ﬁe@ﬂ@&dﬂﬁ@%&@h@@m&%@ﬁdbﬁﬂmwmhmﬁﬂyp@&&ﬁ@%ﬁ%%Q%?eh (c) one or
more isolated CTB&@L&Q%B]Eaﬁggﬁys%'% SLod) NG LTAE PO Antlgepsprepening cels of

the present invention present in ntlon cancer overexpressing can be treated
with these active ﬁ‘?g‘&é‘d‘fgﬂ Oﬂéﬁb‘F&Iﬁd@?Oﬁﬁ%P‘f@?ﬁb‘%HﬁWF& bPIRETHRRIRES B dKatfhaceutical
compositions contpirigiisgethes sistiviaciny dbitentdysisrpneferditte torceifinthwhietiye ittiedxprassion level
of WDRPUH in the:sameesierits OlclissHesiadgleatedis. enhanced compared with normal cells of the

same orgaReEiuS. i ORETAOMIGNLE PIESFONNATER piRvites  metiad of ego cancer

expressing WDRPUH, which method may include the step H%b termmin %pressmn level of
WDRPUH in can&&ledNasmigstie Bisell ﬁ@@#rﬁ‘fﬂ‘é‘@ﬁﬁ]é& aé%}ﬁ’&%‘?"ﬁd(b%f?ﬁé&‘téﬂo"comparlng
the expression let@hafeprd RPRHswitltheornedll cofatro koaasdo bw)iamglms&hyﬂgrmﬁeaseomlwmponent
selected from thergrayp f@ﬁ*@d&ﬁﬂﬁg\@f@ﬁﬁa@%gmmﬁ@@bgmti%@éﬁ@&%ﬂ%%ﬁg@ﬁm
overexpressing Vﬂ@?%g&hggmwgﬁjﬁgg ol [rﬁl%lsg%nlg\(pe L%llS]Alternatlvely, the present invention

also pro Eﬁ@g Ine or pharma e osition_.comprising at least one component selected
from the Fpﬂcon RSB ey 8 glﬁ'lﬁr@ﬁe HEVERHGP a8 bR SRiARRs il e b EeFhaving
cancer overexpregirgavwDRRY BoneGiise pobiitiy, thelpitesentimvettightiertheitp thyplgsidesnethod for
identifying a subjectiie; hevtierteth with the WBRBPY HiRoiTHRaptide 0fnﬂiﬁ1ﬁ$§?@%*ﬂ¥i@l%@§‘ which

method may el i AR ALIRIRITIIAAN HPIRRIEN 1961 WRSE Wl hisupiset derived

cancer cells or tissue Wheﬁé? an mcqgase of level compared to a normal contro evel of the gene
indicates that the §’ﬁ8fié%% PERNE W a8 {?éﬁ?éﬁlﬁﬁﬂ?ﬂﬁxwwfﬁ&’%e% of the
present invention2dts i atddbeatenadaiy danoureotitheoprbsent! inveftonWiithibédpsgiikedfiin more

detail below. A subjeeattahe teatedibytheinteseamjsnetheddsrareiesaiyma pranunals Bxemplary

marmmals inclide PP RO 10n e e PUFAD AN AR AUTI A0S Lahdog, cat. horse,

and cow. [0116]Accordi ot resent invent) the expression Illln t’?]e cancer 30
[ ] can be gtgtcﬁned %}P ect%ng the A%Cs from a%ubgect after administering a peptide of

this invention to the subject. Alternatively, the APCs of this invention can be obtained

by contacting APCs collected from a subject with the peptide of this invention.
[0068]  The APCs of the present invention can be administered to a subject for inducing

immune response against caner in the subject by themselves or in combination with
other drugs including the peptides, exosomes or CTLs of this invention. For example,
the ex vivo administration can include the steps of:

a: collecting APCs from a first subject;

b: contacting the APCs of step a with the peptide; and

c: administering the peptide-loaded APCs of step b to a second subject.



cells or tissues obtained from a subject is determined. The expression level can be determined at the
transcription (nucleic acid) product level, using methqds known in the art. For example, the mRNA of
WDRPUH may be quantified using probes by hybridization methods (e.g., Northern hybridization). The
detection may be carried out on a chip or an array. The use of an array is preferable for detecting the
expression level of WDRPLTH. Those skilled in the art can prepare such probes utilizing the sequence
information of WDRPUH. For example, the cDNA of WDRPUH may be used as the probes. If
necessary ¥ brobd iyt 5EhisHeAEa Wikesoeditsbleciaiaibethesamainey idusrascant Babstances and
isotopes, and the éixjsressiotitalrelofthe Hbeamaintbhdeterte daadthel intarsitd af theahylbsidized
labels. FI:rtherrT?fs; ﬁ%@dﬁg@%@ﬂﬁ%&@ﬁ@%@%ﬁ%ﬁé&%ﬁg’ Kéﬁ@g@sﬁ@éé@nmﬁé{. h?aﬁlfiﬁﬂﬁéﬁed Usingd
primers by amplifigation: 2fection. metho .0.,.RT-PCR). Such primers can also be prepare
based on the avai?e%; eegggggﬁ%%gﬁéﬁ%%naé ?ﬁ'ég%gl iofﬁisl(%?f p%nclllfglgccgtﬂ?fl% ?:)Po 58 6F %urtilr(ﬁa r used
for the present m&tHBRPAYIAATS RS BA 4RI EAmIEREt S cellardReatinge mebrhbirRigingdssemriitions to
the mRNA of WDREUHn A dseebsregriheite phiasttetringenitifhyiniici zeation phenditions argfers to
conditions under whightaprabgeer primer will hybridize to its target sequence, but not to other
sequencepiinoeataaamiians A ssaResdehendent angwilipe different ynder differgnt
circumstances. Specific hybridization of longer sequences Is observed at?’ug &r temperatures than
shorter sequenceg?‘%

SREM the FEm s riighd Srhdin ddntrshtitionths Saradral fs BeabbR 5
degree Centigradéholarel tHabathiehdsaedhby dhBltmeppoiied Fiith for pespécifipspidienetict adefined ionic
strength and pH. Thiedbnis.thevamnreratre(sadesaselined lonisastenaticahhapd ugieis acid
concentration) at woieh 3pre Rl{NGRAReS OTRIEMANIAY Jahe st scguence fybiidize o the
target sequence %@glhbnum. Since the target sequences are generally present at excess, at Tm,

50% of the probe SEUBIAY AP GBHAR YRRy R rriivd EshEfsAsiatendadse in which the
salt concentrationtigdecss! rmgsago e ot BodiwhDoR tppishillys about 0B ofankiBok Sadium ion (or

other salts) at pH Z/dai8r3ansithe temnpeaiuiads ahleashaaubadragsae Gentigiade for short
probes or primers,(@ g1 {0RQ ﬂé_'ra?L%%H%%?g%%%t%'?eﬁéé&%%%gﬁt%é’aeg ?&%%‘ﬁ(@é%%%for longer

probes or primers. Stringent condifigns may also be achieved wi ition o a tffizing agents,

such as formamid8S L LSRRGtV e RN S 8l Ba Rer i aY P bas denselesd e diRghosis of
the present inventi8R0-Fér ekampleineugabHFy.dOWBRPURM pRsteiM¢SEDGD MO4E4Ynay be
determined. Methbaisiifoedgipimiringathe: quaotityef e pobein;astieNmanstuisnpradust include

immunoassay mefhods 1Al Wse A %H%b’ssB%C%%ﬁéM&S%%rggg%ﬂ&}%%%%%i%ﬁﬂ‘ﬁ,%Q%Oq}’ may be

ment o ification (€.9., chimetic anﬁ%ody,

monoclonal or polyc onalI rur#h rmore, an ‘:ﬁil fr ) .0.,

scFv, Fab, F(ab')%,l VA XS ?ﬁ%’é%ﬁ%%%% ﬂcﬁ%nh?é)d%eﬁﬁ%ad’é‘t@i?t?Sﬁ‘Fég&’Yol}@gsq}ﬁ‘gﬁ'ﬁbment or
modified antibody“BgaiHst SiddirmyaigteaBRPUH protein. Methods to prepare these kinds of
antibodiedd67 the dgiéciiawtokiproteingtame/ wellkiown in the art, and any method may be employed in
the present inventiondq prgpare; sushantibodies angiaguiyalents therecl.Asaneth ﬁél;se{ﬂé?q fo detect

the expression level of WDRPUHtg_erne based on Elranslatlgﬁroc_mct, the intensity of staining may
be observed via iMMURONISIOCHemital AhalySis ﬁ‘c’é G At SRR SGARPSRIDR BSES5R0teih. Namely,
the observation of&{tsVigistilflirdeatidssinersastirprbsaresdiitensioteincardy dethieobame time,
high expression |&VELofiwBRRidtH gehe 10149 dhecexpression jevehoblatgatigenesincluding
WDRPUH@eng in cancerrealls.£an he.sansidersd.in.besinereaseddiibinaseasasdtom g eptrol level
of the correspondjn thg. t%rgc%iﬁgcetn]e %for examgle 10%,.25%, or.50%; or increases to more than
1.1 fold, more thaiy 1.5 T0id; Mors Hhar 2.0 fo1d" Mot Hrah & 0 FOdCTHers TRIAEBZ fIRISEF more. The
control level may $éitetethlin st B rasifakadsvatperahesHoebmonynusipry Bdeeiske(s) previously
collected and storettdreith shspbjectisulfjdetsraseosi diseasenst aie( ) (RARLETDUS; 0B NLAtEANRKErOuUs)
is/are known In additigmshaimalicels aanac fRIANRRRNSRIOHSLSAIoNs 9f3%, REAa0 hathas the

cancer to be treated may be used as normal fon(%%li. E%rgatively, the control level may be determined

by a statistical mef)th%)a)i)g}sees | on the results _)t(alnea ana e’liﬁén I’%\l?leé)lﬁlgﬁl ettiifithed expression
level(s) of WDRPURFBENEM iarHites tshietbjeladng hdde disehde sdveinaiatRiohesarthermore,
the control level ceemberacdatabdsesbiresqpres SKITRDatterns frdppapreidoushh testedceligptide of
[0120]Moreover, agsondinade. anaapestRiiianiesent ivsatiae. thewgxpragsisnuievebef WDRPUH
e o Y MR B fovere e
determined from multiple reference samples. Itis preterre 16 Use a control leve detet1 ined from a
reference sample BSERId Ho a tissue type similar to that of the subject-derived biological sample.
Moreover, it is prefen-ecl, to use the standard value of the expression levels of WDRPUH 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. In the context of the present invention, a control level determined from a biological sample that
is known to be non-cancerous is referred to as a "normal control level”. On the other hand, if the

control level is determined from a cancerous biological sample, it is referred to as a "cancerous control
lavval" \When the evnraccinn levieal of \ WDRPI IH Aaane ic increaaced acec comnared to the normal 22




WDRPUH inRNA. These kinds of oligonucleotides may be prepared based on methods well known in
the art. If needed, the reagent for detecting the WDRPUH mRNA may be immobilized on a solid
matrix. Moreover, more than one reagent for detecting the WDRPUH mRNA may be included in the
kit. [0122]On the other hand, suitable reagents for detecting the WDRPUH protein include an- tibodies
to the WDRPUH protein. The antibody may be monoclonal or polyclonal. Furthermore, any fragment or
modification (e.g., chimeric antibody, scFv, Fab, F(ab")2, Fv, etc.) of the antibody may be used as the
reagent, 090RY as' i iEGREM DI RitidEHs Petaiinsiseddindiigwaing WHPADRPUH
protein. Methods tocprerapeptiisef kindsofraintibodiés fierited tetegticinraf proteinsuiecmell known in
the art, and any metigdimayoe gevRlausd indbs AESERLIVERIGY Q:RIeRE SUehaikadies and

equivalents theregf..Furthennore, the antibody may be labeled with signal generatjng molecules via
direct linkage or a%}lﬁ%grc# fggseﬁtrllcgutcgg r%%gfgpf_na?%e ge Th met 8%8%&%?5 fit Obf#ﬁlfdlt’j?@éeand
detecting the bindihiF SHafBHEHRE 1d R Eb Eared (s Areafeisai B Yrieni siderapicelin Prebwlsnand
methods may be émnpépyides fof the ipresent.ifiventiopld/ibreaver proke thaaldoeireageant, fiiedetecting
the WDRPUH pratgia:may: beniasledrdiin thaddbnlRiRATheKwaybeantaip sars than aps. of the

aforementioned r ts, For example, tissue samples optained f lects suffering from cancer
or not may serve %%aﬁgg%f %%ﬂlt?ta)'l ?éga%sn%s%ﬁr ﬁﬁ% Sﬁgt%%)&éln%%%vw;ﬁ%ﬁgﬁ% &ﬂ‘éf?‘ﬁ&ﬁ‘&& other
materials desirabRSIHhiP BRI eI LNentes ratRhdpbint e dumig pirmalainbehs peikéds, needles,
syringes, and packagéinsensaelg gamrittentivapd, OD-REM, etc.) with in- 33 structions for use. These
reagents W@Jchwﬁxﬁg@@t@&@@ﬂm@ntainer with a label. Suitable containers include bottles,
vials, and test tubes, T iners may be formed from a variety of materials, such as glass or
plastic. [0124]As :r?heerﬁi)%g%gﬁﬁen?%&% g?yeré)sr%wtd?ﬁ\?e(’rﬁlln L wher ¢ teal%ael%gﬁ(f?? A prosEAgHlAst the
WDRPUH mRNAPH @SR Rehay pepivisobinzelon wgigohatiseuseriord HoRduaénip, to form at

least one detectioneditsls Thasmeake remerithordeRecionireljion hf titdlpprodsrsiriy Riagdnclude a
plurality of sites, easkrepataining ® 1elnicasid @rabkIA JRtlein MY RIS CANIAIN Sitgs for negative
andio posive copials. LGNS, Sonfoloies ey belcsted on a S aipasted o te s
strip. Optionally, the ditferent detection Stea may conan difeiont Smaunts SonTBBiéihucleic

acids, i.e., a highBF&nTBHHE 7 the Tirdt auteeiioAfdhe QR Rdised 2B onesanneeiBsequden @itsss Upon the
addition of test sanvpisiothean bmblenofisit€d GRKIZHIBRP S5detbMablensigah| providesi al quatisative

indication of the apwon! PEWRBRIMHIBNAResaN! idhe.sampleThamiefegtion,siggmay be

configured in any. ?‘Hﬁ@@%ﬁﬁtee a le shape and are typically in the shape of a bar or dot spanning the
width of a test ster. The kit of&tﬁug Eiﬁe%%%%%)éﬁﬁgﬁﬁrﬁéy further include a positive control sample or

WDRPUH standard SaMBE The $oerirs $aHasISatnbldor thdepraaert (SEEHRN 4y badrepared by
collecting WDRP UM Pésitiveismmnfescand sharnatrpsedPRPYH fevidlcarcTids alyed cAliaratively,
purified WDRPUtgikotedEQr jpolyoustpotide may be added to cells non-expressing WDRPUH to form
the positive samplg githe-WRREWH sfandard, In the present inyentign, purified WDRPUH may be
recombinant prot;é . Tﬁ)e Y%)Il?PeUI-E Ie\%% o%%‘él%'c{)%%\%%sgs ol é%?ﬁg% %E%dr%%énrrll%gé? 10re than the
cut off value. [012 %‘ﬁw f vﬂ%boéxamples are presented to illustrate the present invention and to
assist one of ordinarySketiené Pprikings i sy ithersaneticite Exampfesa®CRotdntelnded n any way
to otherwise limit#osqape abthainsgntion sidxamates [0126]Materials and Methods Cell lines  A24
ymphoblastoid celbling(hedeGas £ahlseee i Yapsiormation yih FpsisBR e o

HLA-A24 positive humané%lﬁ/m hocyte. T2 (HLA-A ST African green r’i’ﬁonkey dney cell line,
were purchased FIHETEE! [%Eﬁ‘? Y gr il pessiRlliskae s ilmeddweicWIDRPUH 9-mer
and 10-rner peptiiescaiéry e NWOARWHIRRPHA itheivbimd! te MizA-A*2402 and HLA-A*0201 molecules
\(/\r/]ere /?re(ﬂﬁﬂf?j usim“gebizdmié jiad i@{@diﬁgfﬂ%afﬁf{%bwﬁﬁ'?an be incorpcl)rateg into s;(itable 63-75)
ttp://www-bimag.cit.nib.gay j [ r.etal.(JJmmuno 4 1): -75),
Kuzushitna et aI.%%%%_ ggl%%%?%?%gg%g grﬁ%:k;&ér%%gt}’g%{skv%%} _éey%l%hlé’s?z%% %}i} Sigma
(Sapporo, Japan%‘cd HibSmReos e ramdiie ey rbrg e ad e seml fase synthesis
method and purifiéariiaey éredbiphiagetight pbifontiancesliqiid chomeogeajley {MBEC). The purity
(>90%) and the identityttidheaepiidasowere deieminedayeplytigahiiRld andmasssgractrometry

analysis, respectjyely,Fentide; Issplved in g 1 t.20 mg/ml and stored at
o oo [%Jéggci i Hgﬂ%?ﬁﬁ % %%%?g &6 DAMeisnliogoe (EMEL a5 Nl

[0076]  The specific TCR is a receptor capable of specifically recognizing a complex of a



Monocyte-derived dendritic cells (DCs) were used as antigen-presenting cells (APCs) to induce
cytotoxic T lymphocyte (CTL) responses against pe&tides presented on human leukocyte antigen
(HLA). DCs were generated in vitro as described elsewhere (Nakahara S et al., Cancer Res 2003 Jul
15, 6304): 4112-8). Specifically, peripheral blood mononuclear cells (PBMCs) isolated from a normal
volunteer (HLA-A'2402 positive and HLA-A*0201 positive) by Ficoll-Plaque (Pharmacia) solution were
separated by adherence to a plastic tissue culture dish (Becton Dickinson) so as to enrich them as the
monocyte fractiorP*PHESRORSRtEShHEKBHBGH Bioh Rectifusisi s thamhsrsie #1i¥090 Uhnl of
granulocyte-macreghegy¢heslogst-stimubaiingefACHKR vGM-@8e(R&R Tystem)sandftQ@0ddixibaf
interleukin (IL)-4 (R&R SysieaipAiM:Y Medium{aviagen) sontainig 2% heatipagtivated
autologous serum, (), After, f.Cays of eluls: e cxiakinedndied DEs were pHlsed i 20
micro-g/ml of each of the synthesized peptides in the presence mlcro-g‘llml of beta 2-microglobulin
for 3 hrs at 37 deé@%é%"@ﬁ]r?%l‘f\ﬂg\ﬁkfé% 1ok e ReraEp kil ddgeBrbavaxpredsdc-associated
molecules, such as€D8e] B3l GHig8antik AcCTHSE Hn tr thdisodicsurfages ¢dateehdyshown).

[012)9]T;1(e_se gerim@_' puisedHGs wgf% theaninaek ; m;ﬁﬂléﬁﬁlﬁmwi_ ; %&%@A@%M@gﬁb&%t for 30
mm) or X-irradiati : nd mi .20, ratio with autologous + T cells,.obtain y
positive selection %l\r/ai{ﬁg %}%&%@%ﬁ%féﬁﬂ?%%ﬁ%E%‘hoaz ).(']%ﬁcégggtgﬂvlctﬁfﬁ%g\?v(é?gl & Sﬁlfﬁsi’g-ffv%ll plates
(Comning): each wEfLbMHERTEIH B4 b2 Faitheup it i OEs mehaba erséredaadehd 10 ng/ml of
1L-7 (R&D Systemyindgssimlestumiig\We Yetasmadion GSiresdays titergthesenddiidrgssivore
SUDplfeminted withrkbe 2(C hﬂ&@Mﬂ@ﬁiﬂﬁﬁl@@@@@guégl.tim&fﬁ@ﬂ%éé@m Q&bﬂﬁyﬁp?@ﬂﬁslgzmehT cells
were further stimy)at ith,the.. eptides: s. The DCs were ar. ach time
following the samqeﬁgi?gpa\év%a%gge%gﬁggg‘%a%@%?% %%%g%%%% Cé(égaelﬁ%(t)d?% tufefg%gg%gﬁLCL orT2
cells after the 3rd3%’ﬁ%?8‘ﬁ?§e%ﬁﬂ%‘%mﬂﬁt?gﬁ%ﬁ%fﬁlﬁé’ﬁ&&#%@&ﬁ P$ Eancef2001 Jan 5,
2004 Dec 15, 10335 264540l 54 oo S0 s ) L L Mo T 12
ec 1o, 39, ASudR 3564 ngah A : sivaba etal.,
Cancer Scl 2005 g, (8, A4%5:206), 0130 T Expanion Erecedil 35,Gll et expanded i
culture using the method similar. tq the one described by Ri dell et al. (WaﬁteryE‘X etan N Engl J Med
1995 Oct 19, 333?@%@%%3%&?&18Eétﬂ"éﬁget%??ﬁé%&lté%lﬁ‘é‘ﬁ?b(%?2%5-%53}1.6,& (98P8F 5 x 104
CTLs were suspeh P8 e oR YRINIOW/596 b Ssarkidi denowvithi 2ukivg ofid oonanoBilymp b astoid cell
lines. inactivated by Mitenyein:Gripiiiex esenteah4dnaimlinhastio-E R34peneslanatiaptivody
(Pharmingen). OW@@;@QQEWMQ the cultures, 120 IU/ml of IL-2 were added to the cultures. The
cultures d with fresh AIM-V/5% AS mediym containing 30 1U/ml of IL-2 on days 5, 8 and 11
Eehite el Gl T DR e
-7; Uchida HIDM ( HO(Rar) 5S¢ cet ait,pgancer Sci
2006 May, 97(5): #tdnfuWatdnatiery @tadnCANSLIsSCRADR DAk IGE k408 RAGkASH3LdsEstaM.thna
The dilutions weremadgaalans fedt b é&geﬁs%@%éﬁW@iwrha?@téﬂ&;ﬁfﬁQ%QB%‘??e%&ﬁ%&'&%ﬁp'ate (Nalge
|

Nunc Internation:#‘. %T s were cultured with 1 X 104 cells/ well o §d$ of human B-lymphoblastoid
cell lines, 30 ng/mt OF RAEEE 5% ARRBSAT S AEYBAIT8E FECEHL1604 BPEBY Rkl TR ot AIM-V
Medium containing Ss°ASE Seivmerculd eI PBTRIRERGR 6f s Hdples o the iediefrr I deyselzriéyesso as to
reach a final concentsatiohuofali2idy AnbitisBe Cikeactivityowasiigsiadion the tdthidaydieadLTL clones

were expanded U%wew@oaam@aﬁ%ghg@taﬁa@&%gﬂ99&@1%%%93%%%5& A M GARCELRES 2004
Dec 15, 10(24): 85 7-8%%1% Tetal., Can eéa‘?lf' 20_06>I$\éla%é 7& ) 4:%31-9; Watanabe T.e"t al., Cancer
Sci 2005 Aug, 96(8)? 78875065, tﬁﬁ?ﬁ peciic M ARy FOE SRS BRESHECHO S vity,
interferon (IFN)-g&Hh iAWy e HRkETIRMm eifb SIS SIS ParPy h sedyc BedIENZgasRima
enzyme-lifk&d imnilmesonentiassay(BlLiSApivereqpenfommied. pSpeaifieally ppaptidedpulsed A24LCL (1
x 1(Y/well) or T2 ew&géwazwﬁw&%@&%%mhg%&%s&ﬁILQ'@%eig&%'ﬁe%%;%?"s were used
as responder cellgalggé\lz%?@m 1&&5%%%{(3&515%&%%'5%’ amma ELISA assay were,gegg’rmed
according to the manu?ac uf&s recomr_nend%a proce u(e.i%aiﬁ%%lél%Vr%|‘éuf?%8§f8€{%ﬁi & cDNAs
encoding the ope MTRACIAGAETAESS TSt YEHBEPIHEACA M KRB IR A G20 WBIBANplified by PCR.
The PCR-amplifiegigasoiuehéf Fagenge mas tanchd L AcAR4bos. HifRe AY0 284 tnveteaslinetidnioop RES
vector (Clontech LabarMQiesndBEacGalsNan 8316805 d TheBlasmids were i apsiesteddnto COS7,

which is a target %enes and HL -A24-nHII cfelllin usin iB, fectar&lln 2000 In\ﬂtrogen)(f\ccording to
dAVIHIEZ cancer, decreases ae eve. S? FOmorm %ers 11 e flood, and,a. etw te% ?-
the manufacturer's recommended procedures. After 2 days from transfection, the transfected cells

were harvested WiARRFS TP IRAR TR AR 8 Sarels FREigelec anduesion POUBRIRYERMEN] f6r CTL
activity assay. [0134]Results 36 Prediction of HLA-A24 and HLA-A2 binding peptides derived from
WDRPUH Table 1 shows the HLA-A24 binding peptides of WDRPUH in order of highest binding
affinity. A total of 25 peptides having potential HLA-A24 binding ability were selected and examined to
determine the epitope peptides (Table 1) Table 2 shows the HLA-A2 binding 9mer and |Omer peptides
of WDRPUH in order of highest binding affinity. A total of 37 peptides having potential HLA-A2 binding

ability were selected and examined to determine the epitope peptides (Table 2). [0135] [Table 1]
111 A-A24 hindina e tidec derivved from WDRPI IH nredicted hyy RIMAS Pantide



Start Position Amine Acid sequenceBinding Score SEQ ID NO. | WDRPIIH-A24-9mer140
PIPLGCTVL1., 300 1 314 IYRVSETDF120 2 509 C IEEEEFQI6O 3 339 VFPFGTAEL 33 318
SETDFKETI, 24 51 400 AFAPETGRL 74 6

[0079]

[0080]

[0081]

[0082)

symptoms constitutes effective treatment and/or prophylaxis, and sach reduction or im-
provement of symptoms include 10%, 20%, 30% or more reduction, or Sustaining a
stable disease state.

IX. Pharmagceutical agents or compositions

Since WDRPUH expression is specifically elevated (up-regulated) in hepatocellular
carcinoma as compared with normal tissue (Silva et al., Neoplasia 2003
Apr;7(4):348-55), the peptides or polynucleotides of the present invention can be used
for the treatment and/or the prophylaxis of cancer or tumor, and/or prevention of post-
operative recurrence thereof, Thus, the present invention provides a pharmaceutical
agent or composition for the treatment and/or the prophylaxis of cancer or tumor, and/
or prevention of postoperative recurrence thereof, which includes one or more of the
peptides, or polynucleotides of this invention as an active ingredient. Alternatively, the
present peptides can be expressed on the surface of any of the foregoing exosomes or
cells, such as APCs for the use as pharmaceutical agents or compeositions. In addition,
the aforementioned CT1s which target any of the peptides of the invention can also be
used as the active ingredient of the present pharmaceutical agents or compositions.

In another embodiment, the present invention also provide the use of an active in-
gredient selected from among:

(a) a peptide of the present invention;

(b) a nucleic acid encoding such 4 peptide as disclosed herein in an expressible form;

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

(d) a CTL of the present invention

in manufacturing a pharmaceutical composition or agent for treating or preventing
cancer or fumor,

Alternatively, the present invention further provides an active ingredient 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 of an exosome presenting a peptide of the present invention on its
surface; and

(d) a CTL of the present invention

for use in treating or preventing cancer or tumor.

Alternatively, the present invention further provides a method or process for manu-
facturing a pharmaceutical composition or agent for treating or preventing cancer or
tumor, wherein the method or process includes the step of formulating a pharma-
ceutically or physiologically acceptable carrier with an active ingredient selected from

among:



118 AFSPNDLYL 74 7 231 KMNPRTKEL 14.4 8 257 RELKMGGLL 17 91 99 KINRELLARL11.52 10
527 AYWEVFDGT10,08 248 KESLGVS.A1 10 12 yDUA24-10mer

[0083]

[0084]

[0085]

[008B6]

[0087]

(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 of an exosome presenting a peptide of the present invention on ifs surface;
and

(d) a CTL of the present invention

as active ingredients.

In another embodiment, the present invention also provides a method or process for
manufacturing 2 pharmaceutical composition or agent for treating or preventing cancer
or fumor, wherein the method or process includes the step of admixing an active in-
gredient with a pharmaceuticaily 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 disciosed herein in an expressible form;

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

(d) a CTL of the present invention.

Alternatively, the pharmaceutical composition or agent of the present invention may
be used for either or both the prophylaxis of cancer or tumor and prevention of post-
operative recurrence thereof.

The present pharmaceutical agents or compositions find use as a vaccine, In the
context of the present invention, the phrase "vaccine" (also referred to as an im-
munogenic 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 or tumors, and/for 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
domesticated animal.

According to the present invention, peptides having an amino acid sequence selected
from among SEQID NOs: 1, 2, 3, 4, 16, 17, 30, 31, 34, 36, 37, 40, 41, 45, 49, 55, 57
and 61 have been found to be HLA-A24 or HLLA-A?Z restricted epitope peptides or
candidates, respectively, that can induce potent and specific immune response.
Therefore, the present pharmaceutical agents which include any of these peptides
having the amino acid sequences of SEQ ID NOs: 1,2, 3,4, 16, 17, 30, 31, 34, 36, 37,
40, 41, 45, 49, 55, 57 and 61 are particularly suited for the administration to subjects
whose HLA antigen is HLA-AZ4 or HLA-AZ. Especially, agents containing peptides
having an amino acid sequence of SEQ ID NOs: 1, 2, 3, 4, 16 and 17 are suited for the
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administration to subjects of the HILA-A24 type, and those having an amino acid
sequence of SEQ 1D NOs: 30, 31, 34, 36, 37, 40, 41, 45, 49, 55, 57 and 61 are suited
for the administration to subjects of the HLA-A2 type. The same applies to pharma-
ceutical agents and compositions which include polynucleotides encoding any of these
peptides (i.e. the polynucleotides of this invention).

{0088]  Cancers or tumors to be treated by the pharmaceutical agents or compositions of the
present invention are not limited and include all kinds of cancers or tumors wherein
WDRPUH is involved, for example, hepatocellular carcinoma.

[0089]  The present pharmaceutical agents or compositions can contain in addition to the
aforementioned active ingredients, other peptides which have the ability to induce
CTLs against cancerous cells, other polynucleotides encoding the other peptides, other
cells that present the other peptides, or such. Herein, the other peptides that have the
ability to induce CTLs against cancerous cells are exemplified by cancer specific
antigens (e.g., identified TAAs), but are not limited thereto.

[0090]  If needed, the pharmaceutical agents or compositions of the present invention can op-
tionally include other therapeutic substances as an active ingredient, so long as the
substance does not inhibit the antitumoral effect of the active ingredient, e.g., any of
the present peptides. For example, formulations can include anti-inflammatory agents,
pain killers, chemotherapeutics, and the like. In addition to including other therapeutic
substances in the medicament itself, the medicaments of the present invention can also
be administered sequentially or concurrently with the one or more other pharmacologic
agents. The amounts of medicament and pharmacologic agent depend, for example, on
what type of pharmacologic agent(s) is/are used, the disease being treated, and the
scheduling and routes of administration.

[0091] It should be understood that in addition to the ingredients particularly mentioned
herein, the pharmaceutical agents or compositions of this invention can include other
agents conventional in the art having regard to the type of formulation in question.

[0092]  In one embodiment of the present invention, the present pharmaceutical agents or
compositions can be included in articles of manufacture and kits containing materials
useful for treating the pathological conditions of the disease to be treated, e.g., cancer,
The articie of manufacture can include a container of any of the present pharmaceutical
agents with a Iabel. Suitable containers include bottles, vials, and test tubes. The
containers can be formed from a variety of materials, such as glass or plastic. The label
on the container should indicate the agent or compesition is used for treating or
preventing one or more conditions of the disease. The label can also indicate directions
for administration and so on.

[0093]  In addition to the container described above, a kit including a pharmaceutical agent

or composition of the present invention can optionally further include a second
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container housing a pharmaceutically-acceptable diluent, It can further include other
materials desirable from a commercial and user standpoint, including other buffers,
diluents, filters, needles, syringes, and package inserts with instructions for use,

The pharmaceutical agents or compositions can, if desired, be presented in a pack or
dispenser device which can contain one or more unit dosage forms containing the
active ingredient. The pack can, for example, include metal or plastic foil, such as a
blister pack. The pack or dispenser device can be accompanied by instructions for ad-
ministration.

(1) Pharmaceutical agents or compositions containing the peptides as the active in-
gredient

The peptides of this invention can be administered directly as a pharmaceutical agent
or composition, or if necessary, that has been formulated by conventional formulation
methods. In the latter case, in addition to the peptides of this invention, carriers, ex-
cipients, and such that are ordinarily used for drugs can be included as appropriate
without particular limitations. Examples of such carriers are sterilized water, physi-
ological saline, phosphate buffer, culture fluid and such. Furthermore, the pharma-

- ceutical agents or compositions can contain as necessary, stabilizers, suspensions,

preservatives, surfactants and such. The pharmaceutical agents or compositions of this
invention can be used for anticancer purposes.

The peptides of this invention can be prepared as a combination composed of two or
more of the peptides of the present invention, to induce CTLs 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. The peptides in the combination can be the
same or different. By administering the peptides of this invention, the peptides are
presented at a 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 that present any of the peptides of this invention on
their cell surface, which may be obtained by stimulating APCs (e.g.. DCs) derived
from a subject with the peptides of this invention may be administered to the subject,
and as a result, CTLs are induced in the subject and aggressiveness towards the cancer
cells can be increased.

The pharmaceutical agents or composition for the treatment and/or prevention of
cancer or tumor, which include a peptide of this invention as the active ingredient, can
also include an adjuvant known to effectively establish cellular immunity. Alter-
natively, the pharmaceutical agents or compositions can be administered with other
active ingredients or administered by formulation into granules. An adjuvant refers to a

compound that enhances the immune response against the protein when administered
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together (or successively) with the protein having immunological activity. Adjuvants
contemplated herein include those described in the literature (Clin Microbiol Rev
1994, 7: 277-89). Examples of suitable adjuvants include aluminum phosphate,
alominum hydroxide, alum, cholera toxin, salmonella toxin, and such, but are not
limited thereto. _

[0098]  Furthermore, liposome formulations, granualar formulations in which the peptide is
bound to few-micrometers diameter beads, and formulations in which a lipid is bound
to the peptide may be conveniently used.

[0099]  In some embodiments, the pharmaceutical agents or compositions of the present
invention may further include a component which primes CTLs. Lipids have been
identified as agents capable of priming CTLs 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 Hpid prirming
CTLs 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: 361-4),

[0100]  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
boosted by multiple administrations. The dose of the peptides of this invention can be
adjusted appropriately according to the disease to be treated, age of the patient, weight,
method of administration, and such, and is ordinarily 0.001 mg to 1000 mg, for
example, 0,001 mg to 1000 mg, for example, 0.1 mg to 10 mg, and can be ad-
ministered once in a few days to few months. One skilled in the art can appropriately
select a suitable dose.

[0101]  (2) Pharmaceutical agents or compositions containing polynucleotides as the active
ingredient

‘The pharmaceutical agents or compositions of the present invention can also contain
nucleic acids encoding the peptides disclosed herein in an expressible form. Herein, the
phrase "in an expressible form" means that the polynucleotide, when introduced into a
cell, will be expressed in vivo as a polypeptide that induces anti-tumor immunity. In an
exemplified embodiment, the nucleic acid sequence of the polynuclectide of interest
includes regulatory elements necessary for expression of the polynucleotide, The
polynucleotide(s) can be equipped so to achieve stable insertion into the genome of the
target cell (see, e.g., Thomas KR & Capecchi MR, Cell 1987, 51: 503-12 for a de-
scription of homologous recombination cassette vectors). See, e.g., Wolff et al.,
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Science 1990, 247: 1465-8; U.S. Patent Nos, 5,580,859; 5,589,466 5,804,566
5,739,118: 5,736,524; 5,679,647; and WO 98/04720. Examples of DNA-based
delivery technologies include "naked DNA", facilitated (bupivacaine, polymers,
peptide-mediated) delivery, cationic lipid complexes, and particle-mediated ("gene
gun") or pressure-mediated delivery {(see, e.g., U.S. Patent No. 5,922,687).

"The peptides of the invention can also be expressed by viral or bacterial vectors.
Examples of expression vectors include attenuated viral hosts, such as vaccinia or
fowlpox. This approach involves the use of vaccinia virus, e.g., as a vector to express
nucleotide sequences that encode the peptide. Upon introduction into a host, the re-
combinant 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 immunization 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.

Delivery of a polynucleotide into a subject can be either direct, in which case the
subject is directly exposed to a polynucleotide-carrying vector, or indirect, in which
case, cells are first transformed with the polynucleotide of interest in vitro, then the
cells are transplanted into the subject. Theses two approaches are known, respectively,
as in vivo and ex vivo gene therapies,

For general reviews of the methods of gene therapy, see Goldspiel et al., Clinical
Pharmacy 1993, 12: 488-505; Wu and Wu, Biotherapy 1991, 3: §7-95; Tolstoshev,
Ann Rev Pharmacol Toxicol 1993, 33: 573-96; Mulligan, Science 1993, 260: 926-32:
Morgan & Anderson, Ann Rev Biochem 1993, 62: 191-217; Trends in Biotechnology
1993, 11(5): 155-215). Methods commonly known in the art of recombinant DNA
technology which can also be used for the present invention are described in eds.
Ausubel et al., Current Protocols in Molecular Biology, John Wiley & Soans, NY, 1993;
and Krieger, Gene Transfer and Expression, A Laboratory Manual, Stockton Press,
NY, 1990. _ '

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 finds use. The administration can be performed by single admin-
istration or boosted by multiple administrations. The dose of the polynucleotide in the
suitable carrier or cells transformed with the polynucleotide encoding the peptides of

this invention can be adjusted appropriately according to the disease to be treated, age
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of the patient, weight, method of administration, and such, and is ordinarily 0.001 mg
to 1000 mg, for example, 0.001 mg to 1000 mg, for example, 0.1 mg to 10 mg, and can
be administered once every few days to once every few months. One skilled in the ast
can appropriately select the suitable dose,

X. Methods using the peptides. exosomes, APCs and CTLs

The peptides and polynucleotides of the present invention can be used for inducing
APCs and CTLs. The exosomes and APCs of the present invention can be also used for
inducing CTLs. The peptides, polynucleotides, exosomes and APCs can be used in
combination with any other compounds so long as the compounds do not inhibit their
CTL inducibility. Thus, any of the aforementioned pharmaceutical agents or com-
positions of the present invention can be used for inducing CTLs, and in addition
thereto, those including the peptides and polynucieotides can be also be used for
inducing APCs as discussed below.

(1) Methed 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 this invention.

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

a: collecting APCs from a subject; and

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

The APCs are not limited to a particalar kind of cells and include DCs, Lan gerhans
cells, macrophages, B cells, and activated T cells, which are known to present pro-
teinaceous antigens on their cell surface so as to be recognized by lymphocytes.
Preferably, DCs can be used since they have the strongest CTL inducibility among
APCs. Any peptides of the present invention can be used by themselves or with other
peptides of this invention,

Alternatively, APCs may be induced by administering a peptide of the present
invention to a subject to contact the peptide with APCs in vivo, and consequently,
induce APCs with high CTL inducibility in the body of the subject. Thus, the present
invention aiso contemplates administering the peptides of this invention to a subject for
inducing APCs. As another method, a polynucleotide of this invention may be ad-
ministered to a subject in an expressible form to express a peptide of this invention and
contact the peptide with APCs in vivo. Similarly to the administration of a peptide of
the present mvention, APCs with high CTL inducibility are induced in the body of the
subject. Thus, the present invention also contemplates administering the polynu-
cleotides of this invention to a subject for inducing APCs. For the explanation on the
phrase of "expressible form", see section "IX. Pharmaceutical agents (2) Pharma-
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ceutical agents containing polynucleotides as the active ingredient”.

Furthermore, the present invention also ciontemplates introducing a polypeptide of
this invention into an APC to induce APC with CTL inducibility. For example, the
method may include the steps of:

a: collecting an APC from a subject; and

b: introducing a polynucleotide encoding a peptide of this invention into the collected
APC.

The step b can be performed as described above in section "VI. Antigen-presenting
cells".

(2) Method of inducing CTLs

Furthermore, the present invention provides methods for inducing CTLs using the
peptides, polynucleotides, or exosomes or APCs of this invention.

Upon the administration of the peptides, the polynucleotides, APCs, or exosomes of
this invention to a subject, CTLs are induced in the body of the subject to strengthen
the immune response targeting cancer cells. Thus, it is another object of the present
mvention to provide a method for inducing CTLs, which method may include the step
of administering the peptides, the polynucleotides, the APCs or exosomes of this
invention to a subject.

Alternatively, CTLs can be also induced ex vivo, and after the induction, the
activated CTLs may be returned to the subject. For example, the method may include
the steps of:

a: collecting APCs from a subject;

b: contacting the APCs of step a with a peptide of the present invention; and

¢: co-culturing the APCs of step b with CD8-positive cells.

The APCs 1o be co-cultured with the CD8-positive cells in above step ¢ can also be
prepared by transferring a polynucleotide encoding the peptide of this invention into
APCs as described above in section "V1, Antigen-presenting cells”; but are not limited
thereto and any APCs which effectively presents, on its surface, a complex of an HLA
antigen and a peptide of this invention may be used for the present method.

In place of such APCs, exosomes that present on their surface a complex of an HLA
antigen and a peptide of this invention may be also used. Namely, the present inventive
method for inducing CTLs may include the step of co-culturing exosomes presenting
on its surface a complex of an HLLA antigen and a peptide of this invention. Such
exosomes may be prepared by the methods described above in section "V. Exosomes",

Furthermore, CTLs can be induced by introducing a polynucleotide encoding a TCR
subunit binding to a peptide of this invention into CD8-positive cells. Such
transduction may be performed as described above in section "VIIL T cell receptor
(TCR)".
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(3) Method of inducing immune response

The present invention further provides methods for inducing an immune response
against cancer in a subject. The methods include the administration of a vaccine of the
present invention, which contains:

{a} one or more peptides of the present invention, or an immunologically active
fragment thereof;

(b) one or more polynucleotides encoding the peptides or the immunologically active
fragment of (a);

{c) one or more isolated CTLs of the present invention; or

(d) one or more isolated antigen-presenting cells of the present invention.

In the present invention, cancer overexpressing WDRPUH can be treated with these

active ingredients. Accordingly, prior to the administration of the vaccines or pharma-

ceutical compositions comprising the active ingredients, it is preferable to confirm
whether the expression level of WDRPUH in the cancer cells or tissues to be treated is
enhanced compared with normal cells of the same organ. Thus, in one embodiment, the
present invention provides a method for treating cancer expressing WDRPUH, which
method may include the steps of: _

i) determining the expression level of WDRPUH in cancer cells or tissue obtained
from a subject with the cancer to be treated;

ii) comparing the expression level of WDRPUH with normal control: and

1ii) administrating at least one component selected from the group consisting of (a) to
(d) described above to a subject with cancer overexpressing WDRPUH compared with
normal control,

Alternatively, the present invention also provides a vaccine or pharmaceutical com-
position comprising at least one component selected from the group consisting of (a) to
(&) described above, for use in administrating to a subject having cancer overex-
pressing WDRPUH. In other words, the present invention further provides a method
for identifying a subject to be treated with the WDRPUH polypeptide of the present
invention, which method may include the step of determining an expression level of
WDRPUH in subject-derived cancer cells or tissue, wherein an increase of the level
compared to a normal control level of the gene indicates that the subject has cancer
which may be treated with the WDRPUH polypeptide of the present invention, The
method of treating cancer of the present invention will be described in more detail
below,

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.

According to the present invention, the expression level of WDRPUH in the cancer
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cells or tissues obtained from a subject is determined. The expression level can be de-
termined at the transcription (nucleic acid) product level, using methods known in the
art. For example, the mRNA of WDRPUH may be quantified using probes by hy-
bridization methods (e.g., Northern hybridization). The detection may be carried out on
a chip or an array. The use of an array is preferable for detecting the expression level
of WDRPUH. Those skilled in the art can prepare such probes utilizing the sequence
mformation of WDRPUH. For example, the cDNA of WDRPUH may be used as the
probes. If necessary, the probe may be labeled with a suitable label, such as dves, flu-
orescent substances and isotopes, and the expression level of the gene may be detected
as the intensity of the hybridized labels.

Furthermore, the transcription product of WDRPUH (SEQ ID NO: 63) may be
quantified using primers by amplification-based detection methods (e.g., RT-PCR).
Such primers can also be prepared based on the available sequence information of the
gene.

Specitically, a probe or primer used for the present method hybridizes under
stringent, moderately stringent, or low stringent conditions to the mRNA of
WDRPUH. As used herein, the phrase "stringent (hybridization) conditions" refers to
conditions under which a probe or primer will hybridize to its target sequence, but not
to other sequences. Stringent conditions are sequence-dependent and will be different
under different circumstances. Specific hybridization of longer sequences is observed
at higher temperatures than shorter sequences. Generally, the temperature of a stringent
condition 1s selected to be about 5 degree Centigrade lower than the thermal melting
point (T'm) for a specific sequence at a defined ionic strength and pH. The Tm is the
temperature (under a defined ionic strength, pH and nucleic acid concentration) at
which 50% of the probes complementary to the target sequence hybridize to the target
sequence at equiltbrium. Since the target sequences are generally present at excess, at
Tm, 50% of the probes are occupied at equilibrium. Typically, stringent conditions will
be those in which the salt concentration is less than about 1.0 M sodium ion, typically
about 0.01 to 1.0 M sodium ion (or other salts) at pH 7.0 to 8.3 and the temperature is
at least about 30 degree Centigrade for short probes or primers (e.g., 10 to 530 nu-
cleotides) and at least about 60 degree Centigrade for longer probes or primers,
Stringent conditions may also be achieved with the addition of destabilizing agents,
such as formamide.

Alternatively, the translation product may be detected for the diagnosis of the present
invention. For example, the quantity of WDRPUH protein (SEQ ID NO: 64) 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
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fragment or modification (e.g., chimeric antibody, scFv, Fab, F(ab")2, Fv, etc.) of the
antibody may be used for the detection, so long as the fragment or modified antibody
retains the binding ability to WDRPUH protein. Methods to prepare these kinds of an-
tibodies for the detection of proteins are well known in the art, and any method may be
employed in the present invention to prepare such antibodies and equivalents thereof.
As another method to detect the expression level of WDRPUH gene based on its
translation product, the intensity of staining may be observed via immunohisto-
chemical analysis using an antibody against WDRPUH protein. Namely, the ob-
servation of strong staining indicates increased presence of the protein and, at the same
time, high expression level of WDRPUH gene.

[0119]  The expression level of target gene including WDRPUH gene in cancer cells can be
considered to be increased if it increases from the control fevel of the corresponding
the target gene by, for example, 10%, 25%, or 50%; or increases to more than 1.1 fold,
more than 1.5 fold, more than 2.0 fold, more than 5.0 fold, more than 10.0 fold, or
more.

The control level may be determined at the same time with the cancer cells by using
a sampie(s) previously collected and stored from a subject/subjects whose disease
state(s) {cancerous or non-cancerous) is/are known. In addition, normal celis obtained
from non-cancerous regions of an organ that has the cancer to be treated may be nsed
as normal control. Alternatively, the control level may be determined by a statistical
method based on the results obtained by analyzing previously determined expression
level(s) of WDRPUH gene in samples from subjects whose disease states are known,
Furthermore, the control level can be a database of expression pattems from previously
tested cells.

[0120]  Moreover, according to an aspect of the present invention, the expression level of
WDRPUH gene in a biological sample may be compared to multiple control Ievels,
which control levels are determined from muitiple 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 WDRPUH 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.

In the context of the present invention, a control level determined from a biological
sample that is known to be non-cancerous is referred o as a "normal control level”. On
the other hand, if the control level is determined from a cancerous biological sample, it
is referred to as a "cancerous control level”,

When the expression level of WDRPUH gene is increased as compared to the normal



CTLs for those peptides derived from WDRPUH were generated according to the 38 protocols as
described in "Materials and Methods". Peptide specégc CTL activity was determined by IFN-gamma
ELISPOT assay (Figure la-f). It showed that #3 and #6 stimulated with WDRPUH-A24-9-40 (SEQ ID
NO: 1) (a), #8 with WDRPUHA24-9-314 (SEQ ID NO: 2) (b), #2 and #6 with WDRPUH-A24-9-509
(SEQ ID NO: 3) (c), #1, #2 and #5 with WDRPUH-A24-9-339 (SEQ ID NO: 4) (d), #2, #3, #4, #6, #7
and #8 with WDRPUH-A24-10-409 (SEQ ID NO: 16) (e) and #5, #6 and #8 with WDRPUH-A24-10-40
(SEQ ID NO: 17) fotasrEiraisdipbkario bR sgasmings sratottivslabesmhisatariobmdizmntesl wells.
[0138]Furthermore/itiheapetistirbthizepesitive well numbers #6 stimulated with SEQ TD NO: | #8 with
SEQ ID N@121 2 with SEE:NGHich #5HA SEQ IR NOide A Mith.SERDNR:16 g #6 with
SEQ ID NO: 17 wgafgcgrx&g{%g%d ?ﬁdt I%EEQCPI@QFQI g@%{%#ﬂgs.}cyt%ctivfj% of these.CTL lines was
determined by IEN-gamma L8 assay (I‘ylgure 2a-t). A Pﬁ_Ban S Gemotistraied | c‘)’rt%}%'to?EN-gamma
production againstIReh taRyeYiehe Wit cHrEcsssHang Farbs eiliesmphredneriaiget cells
without peptide pulsec®erihe Btherdidndiec GTtr inepeouttilder estaikisive dMoyestimidatican, with other
peptides shown innkabledidespitetbedaatithat she ogptides wareiedictsd i haysraninding activity
e oo {EIRRAL SR A8 Bl e e T R St S cone 2
peptides that can induce potent Crilines. 1%1§ pecific CL ac?lwty %gainsly taergsg egeﬁﬁs‘ 1é’)I(T'c’)Zenously
expressin! WDRPUEEEHE UMLA-A*2402 The established CTL lines raised against the peptides of the
present invention weie exgmminied dolethiel abiliy 1 tee¥gnRieliahgetscells that endogenously express

WDRPUH and HL%’ﬁ%@geﬁ@%@@g{@Gt§@Q§gwgﬁpmtp4gyeﬁg@H&p‘t COS7 cells transfected with both

the full length of W HLA-A*2402 ecul nes if] el for. the target cells that
exogenously expre@?%%%%%%ra&ﬁg ﬁ’@&gﬁ‘zg}%@ 1éfra:i‘e v&‘é*‘?s"té%é%%@nﬁﬁg %ﬁ%ﬁés raised by
corresponding pepttiteble ety | AHRRE Shmte 18RI tHsRin %6idth of
WDRPUH or HLAm&tznﬁﬁgeﬁEW@m@pan@@ahecwmmﬂ m@ms,spmamﬂgmmuim@d with SEQ
ID NO: 2 showed paienk&d b AGHYIMRBRINSGRRL 681 SXBFRESMDORIMIVRRPU HhandlHled- A*

2402. In contrast, po signifi pecific CTL.activity was detected against the controls. Thus, these
data clearly demonst%t%e tk%%%gv}vd%égéu%e&g&%g%ﬁ %)élg(?? gfo%s{%ggg rﬁﬁ?gﬁylﬁfgéie%sed and

presented on the AR CERRNfadBsRftkings AT Alieviys rges e\ e RReTELBYRZed by CTLs. These
results indicated tivathirs peblidevdenvdd drori WBRER Uid may b dcadplicsble ths WaHBU Haccines for

patients with WDRRUIA exgressing duimes of0d d0lGlduirovehianem WRRRM sastucied: with
HLAA*0201 CTLﬁgggg%wﬁwﬁﬁﬁtﬂﬁZvl%ﬂ%%%q&gg%y&%gglLlJll—tIhV\(%rg generated according to the 39

rotocols gs described i aterials ar Peptide specific CTL activity was determined b
kvt s e e B e e et A
WDRPUH-A2-9-38S Ry eth S DRFL{E) prereivitd W BR P AR39b4 0TS E@DoN®1B19n), #3 with
WDRPUH-A2-9-2818rt¢5&1@1‘eDaNﬁr£§h)u{ﬁbm#&MIthBBd%Lg'Hoﬁgn%%ﬁt(ﬁ(E@ PN @E86) (dzc, #4 WitféI
WDRPUH-A2-9-54; 1D, NQ; 37 ' A2-10-57 l - 40) (f), #2 an
#8 with WDRPUEﬁ g%%%es@t%%? %ﬁﬁ%ﬁ%@ﬁ%@%ﬁgﬁ%ﬁ?&%%Q%% g'é? ?E)G)HN( - 45) (h),
#2 with WDRPUHTRS: ‘ffl-i%%’é B .%‘j"(’é? B VERBDRERS. PERiFi dDNO: 55) (),
#7 with WDRPUH&ER10Ipsy Hats@l enNodBy Yok fhars e iwith\WDRIPU: A211 0065 (SHOQaD NO: 61)
(1) demonstrated puteny Hédkhgamamapradictianiasepmparnsddenthe eopeohwelish @nitaaigther hand,

no potent IFN-gamma produgtian.cauld-pefBiRGedby.limuiation yith.ofer, RERfides shown in Table
2, despite the fact that hesmgﬁﬂdes.wg% gge} icted to havé a lilndl_ng activity with HLA-A*0201 (data
I

not shown). [014TESE s tor ETL1ifeds gec%ﬁﬁé”ggafﬁ i%ﬁfﬁmql%%érﬁeeﬁéﬁﬁdes The
cells that showedBeipeidelepbmi camtibedivhy ) dereiehndiadiigpOanabedysitothsineiRaambers #7
stimulated with SER #RINGoB iankk#3:with SEQIBINGY 3dtwerenexpandagiand establisheshas CTL
lines. CTL activity;ofdhgsie fddiReswas dgierpinadny Al Neaampa,EWoR assay (figyrg pa and b).
Both CTL lines debmon§t[%t£d @ﬂotﬁnt IFN-gamma production against the target cells pulsed with

) L InCit m the Kif. : ;
correspondin ep‘ﬁdes as compared to the target cells without peptide pulse. Furthermore, CTL
clones wdf¥ edtablibhetibyainshirg dmasirpenaw b efirscnitaatNagnTepiodmiton from the
CTL clones againstsargahpelsiuised fwith thigcorespondifigrpeptidesmis dejerminadlayful
IFN-gamma ELISfag5ax%. Raieni Misgal wraseregielions o o danes stipulaled yith SEQ ID
NO: 30 and SEQ }D N( .34 are (go%runonstr ;e%lllrgcll?lgur §‘c and dd%%gz%sﬁe l?%g: CtT .fCthlty against
target cells exogenously expressmg% IH an -A%ﬂﬂu e establidted EZ Feéf’(bnes raised
against the peptid&§BFhras@stInThiRTF We B ERa ise VTBRMEPaLHIR ROM coignivéttaiwet cells that
endogenously express WDRPHEI and HLA-A*0201 molecule. Specific CTL activity against COS7 cells
transfected with both the full length of VVDRPUH and HLA-A*0201 molecule genes (a specific model
for the target cells that endogenously express WDRPUH and HLAA*0201 gene) was tested using the
CTL lines raised by corresponding peptides as the effector cells. COS7 cells transfected with either the
full length of WDRPUH or HLAA* 0201 genes were prepared as controls. In Figure 5e, the CTLs
stimulated with SEQ ID NO: 34 showed potent CTL activity against COS7 cells expressing both

\WDRPIIH and HI A- A* 0201 In contract no cianificant eneacific CT1 activvityy wae detected A0 adaincet



The CTLs stimulated with WDRPUH-A24-9-40 (SEQ ID NO: 1), WDRPUH-A24-9-314 (SEQ ID NO: 2),
WDRPUH-A24-9-509 (SEQ ID NO: 3), WDRPUH-A24-9-339 (SEQ ID NO: 4), WDRPUH-A24-10-409
(SEQ ID NO: 16), WDRPUH-A24-10-40 (SEQ ID NO: 17), WDRPUH-A02-9-39 (SEQ ID NO: 30),
WDRPUH-A02-9-407 (SEQ ID NO: 31), WDRPUH-A02-9-288 (SEQ ID NO: 34), WDRPUH-A02-9-237
(SEQ ID NO: 36), WDRPUH-A02-9-543 (SEQ ID NO: 37), WDRPUH-A02-10-570 (SEQ ID NO: 40),
WDRPUH-A02-10-263 (SEQ ID NO: 41), WDRPUH-A02-10-78 (SEQ ID NO: 45),
WDRPUH-A02-16M04QE (135K G has) AP sAOTRY- e 1e(8 R0 D NS with a label.
WDRPUH-AQ02-16:2851¢SEaiBeN Qichifk 20d1WRRR| HidAO2 102 65636 RN Qap 1) Bhawed
significant and spg6fiG Gakle @M e[S, REHILMAN LG 9&%&9 the fact that these peptide sequences
are homolegeus to ReRdesdRMLee o slhel Tiglaguiz S ihal are oW o sepsitize (e human
immune system. @144%T0 exclude this possibility, homology ana?yse were per orifed Tor these
peptide sequence? 0 H%Me@%ﬁ@ﬁ%@ﬁ&?@&ﬂiﬁﬂ?l HRP PRARLINCBR IR TR g6 ¢iBRSWDlast.cgi)
which revealed nétgegudnue wiltesigonidicesitdnoinn by rEasiresuitscofdenolngeanalyges indicate
that the sequences@LVRBRdMA4AMSFQ IR A WRARRWE A3 LA (§RE:IDANO: 2),

se0 o no- 1o WekPUR AT S g B Ay 56610 oo,

WDRPUH-A02-9 487 {SEeS IBK25: 993\ R IR spRss a5 HE eIt 0: SRyorbRBEIH-A02-9-237
(SEQ ID NO: 36) difORPUREADR- SIS (CROMED NifraT)awDRPU H1A0Di108 FIOYSEQID,NO: 40),
wgiggﬂ-ﬁgg-iwa&@é@%ﬁ@m&b ﬁMDL%EébﬂdrA@@l-&%Yé%s@ E@ﬁ%l\ﬂpsg@qum sites.
WDRPUH-AOZ-lg{ 817@5@(()1{%}1 I\(Ia(f)é??’fgﬁ : ev&%‘éﬁﬁ%b&%i‘%&%%"%g %%“Tﬁ%@%i)gg% unique and
thus, there is litlPFOEBfi B GG RALMSATE marmethbBEEeshNide mmtanded
immunologic respemsds idedprcipisitetandecuidigufod 45inycoiehigidricriahielshipd a2 4and A2
epitope peptides wekaligantifiechape derponsteaiespione applisalefarganesy, ithmunotherapy.
industrial Applicabifhy (G846 5 RLRPRINENIRD ARREIRRR0EY /5. Barlichiary fhose derived
CITIC

Of . -
nti-tumor Immune responses and have applicability

from WDRPUH whij l&aiijr{ﬁ%ce tent and spe al ‘ : ,

to cancer types suclﬁ s B@i%%é‘i‘lﬁ?g?pé%r%ﬁfo?ﬂ%l%%?flﬁ?%@%?%@mw HEBISPEt of the
clinical applicatiohedf'peistid &y eeibintinp \VEWEETY postircemiddvaiivhile thed WBRRFhiasdbeen
described in detaiaadayiih, reference:1p, sRAGHCWIDR PoBImRNE heseRhdtistuibaansesstagd that the
foregoing descripfanis exPmplaOiARhdRIANARNGIL IS AN Indiiendeil Alkehale the invention

and its preferred em oq#‘.rieg_tég. Throu%h roytine experimentation, one skille e art will readily

recognize that valBus chah gSPEFE o fLioRY Hi BERALE Fevehs WrAHIHRPRIRIAG from the
spirit and scope oftth&irGENdae vEhoE thihedsientoniiel imankicd. toibedefiltetorotinntive above
description, but bytthalfellowing claims and their equivalents. 42 Claims [Claim 1]An isolated peptide

binding torgp HLA gptigan,andhaving yirioxic T vmp | ibility, wherein the. peptide
consists (())[f thgJ amino pci_g.%ﬁqig%f Egﬁé DeNtO: 64H§1;g ?{sr%(fg% ég%tlt ﬂgreegﬂé?é{i?ﬁ %Sjs_llﬁe isolated
peptide of claim £WRer&iR e HiL “hﬁ{%&}% RIHPRA DY S Ak s xamples are not intended in

any way to otherwise limit the scope of the invention.

Examples

[0126]  Materials apd Methods
Cell lines
A24 lymphoblastoid cell line (A24L.CL) was established by transformation with
Epstein-bar virus into HLA-A24 positive human B lymphocyte, T2 (HLA-A2), COS7,
African green monkey kidney cell line, were purchased from ATCC.
(01277  Candidate selection of peptides derived from WDRPUH
9-mer and 10-mer peptides derived from WDRPUH that bind to HLA-A*2402 and
HLA-A*(201 molecules were predicted using binding prediction software "BIMAS"
(http://www-bimas.cit.nih.gov/molbio/hla_bind) (Parker et al.(J Iimmunol 1994,
152(1): 163-75), Kuzushima et al.(Blood 2001, 98(6): 1872-81)). These peptides were




[Claim 3]The isolated peptide of claim 1 or 2, which is a nonapeptide or a de- capeptide. [Claim 4]The
isolated peptide of any one of claims 1 to 3, which cgmprises an amino acid sequence selected from
the group consisting of SEQ ID NOs: 2, 1, 3, 4, 16, 17, 30, 31, 34, 36, 37, 40, 41, 45, 49, 55, 57 and
61. [Claim 5]The isolated peptide of claim 4, which consists of an amino acid sequence selected from
the group consisting of SEQ ID NOs: 2, 1, 3, 4, 16, 17, 30, 31, 34, 36, 37, 40, 41, 45, 49, 55, 57 and
61 wherein 1, 2, or several a#?mi&%acigésé are sub§tituted_, deleted, inserted and/or added. [Claim 6]The
peptide of claim 5 XHMEHEEA%iYE DR ArERRYo AR X ionvalissi lis o howstidegidtib consisting of
SEQ ID NOs: 1, 2<goulingtagdtaniaghelsinhise paphierds witbndheddEAledfigenistdl AbAR4, has one
or both of the follawihg«hatastesisijos: (apihecseqad ARG, atie fuem theoh-ierninusdsae/ected
from the group of GapYalARaS, Y asig: ARG AAHBIORIAR. AL RIS, Coieimial amino
ptophan and, methionine. [Claim

acid is selected from the group of pheny- Me, léuciné, isoleucine, tr
7]+htl-:- peptide of SFﬁf?ﬁcg,V%\;ﬁiLﬁ?P&%gi %%‘[ha??lé(u h%%@ﬁ%ﬁaﬁé% % S@%&H Hoh Wégrdth consisting

of SEQ ID NOs: 3060134 284 08dem®s40, 41, 45, 49, 55, 57 and 61, wherein the peptide, when the HLA
antigen is[HL¥1A2, lnaseneldr beliveéihe following characteristics: (a) the second amino acid from

the N-terminus is sgigelpd Iaiha kpumelaHdRe angkmellionng: a0, i Celgrminal amino
acid is selected frgmﬁjit%qaﬁcofcvalme. aéui}’leu ine. %(?#ﬁ%. 8]An isol atecF po ynugleot‘ld\e encod_lng a
peptide of any oné& of ATt 7 YEIHS S AN BRI TSt PRy SRS S e Rye¥T Edntains one
or more peptide(s)TbRER§IAEREE KRz eHE ok Bite vermaragpslshicikstde (rotteldim 8. [Claim 10]A
pharmaceutical agkatiershidlikeatmnentandompe phy/2008 ofICENears4) 481 @ngl s iherpignention of
postoperative recg@;@g}@@a%%s@ﬁn%@@anh@eﬁggﬁr@@gggﬁgﬁe@ﬁ%ﬁrarn&!;ﬁa%m?@ of any one of
clams 1to 7, or O@F&% Kl%%[gomltli'%%oﬂi%f&gg @?}_{m .S_The gh%m%gelutlcal a}g];%ltaoffclalm 10,
formulated for the administration to a subj PRSI SN [SS9LAIADE GriBImAea®. A method for
inducing an antig&Rtiiesasen scpair T pRECTT(o a plastic tissue culture dish (Becton

Dickinson) so as to enrich them as the monocyte fraction. The monocyte-enriched

pdpulation was cultured in the presence of 1000 U/ml of granulocyte-macrophage

colony-stimulating factor (GM-CSF) (R&D System) and 1000 U/ml of interleukin

(IL}-4 (R&D System) in AIM-V Medium (Invitrogen) containing 2% heat-inactivated

autologous serum (AS), After 7 days of culture, the cytokine-induced DCs were pulsed

with 20 micro-g/ml of each of the synthesized peptides in the presence of 3 micro-g/mi

of beta 2-microglobulin for 3 hrs at 37 degrees C in AIM-V Medium. The generated

cells appeared to express DC-associated molecules, such as CD80, CD83, CD86 and

HILA class H, on their cell surfaces (data not shown).

[0129]  These peptide-pulsed DCs were then inactivated by Mitomycin C {MMC) (30 micro-

g/ml for 30 min) or X-irradiation (20 Gy) and mixed at a 1:20 ratio with autologous

CD8+T cells, obtained by positive selection with CD8 Positive Isolation Kit (Dynal),

These cultures were set up in 48-well plates (Corning); each well contained 1.5 x 10

peptide-puised DCs, 3 x 10° CD8+ T cells and 10 ng/ml of IL.-7 (R&D System) in 0.5

ml of AIM-V/2% AS medium. Three days later, these cultures were supplemented with

IL-2 (CHIRON) to a final concentration of 20 IU/ml. On days 7 and 14, the T cells

were further stimulated with the autologous peptide-pulsed DCs. The DCs were

prepared each time following the same steps as described above. CTLs were tested

against peptide-pulsed A24LCL or T2 cells after the 3rd round of peptide stimulation

on day 21 (Tanaka H et al., Br J Cancer 2001 Jan 5, 84(1): 94-9; Umano Y et al.,, BrJ

Cancer 2001 Apr 20, 84(8): 1052-7; Uchida N et al., Clin Cancer Res 2004 Dec 15,

10(24): 8577-86; Suda T et al., Cancer Sci 2006 May, 97(5): 411-9; Watanabe T et al.,

Cancer Sci 2005 Aug, 96(8): 498-506).

10130} CTL Expansion Procedure



in- ducibility, wherein the method comprises a step selected from: (a) contacting an APC with a
peptide of any one of claims 1 to 7 in vitro, .ex yivo ar in vivo; and (b) intrqducir]g a polymicleot.ide
encoding a peptide of any one of claims 1 to 7 into an APC. A method for inducing CTL, wherein the
method comprises the step selected from: (a) co-culturing CDR-positive T cells with APCs, which
present on its surface a complex of an HLA antigen and a peptide of any one of claims 1 to 7; (b)
co-culturing CD8-positive T cells with exosomes, which present on its surface a complex of an HLA
antigen and a pe;ﬁﬂesd?%’{wmdﬁfiﬁ’a‘fﬁ%?ﬁd‘%“éw Rythedsdutmdeahsonadersahied Bhcoding a T
cell receptor (TCR)ididletitbOWpleptiiié dindingHogh Peiptidé T any16n236{ dainis $tad Ritbial T cell. An
Glims 110 7. The,ARe of 18, e oy ot ot S ir LB ETY
i . ich is induce e.m .
tcﬁggfs 161:1?/ pepti?§ o%_? a?gf& %@ﬂ{%%iﬁ gén ﬁ%m?m'f?ﬁél gﬂx(c}) %%%% ,a\ﬁﬁﬁ%%}%}?ﬁtgh%%%?&??ﬁe method
of claim 13. A metFSGIFARIGALCEN Sfrhuicthe Speisaee s dih sedmt ghasti a3 supjestorgid method
comprising the stepgbofigdrhimisiesny. tOrthdayuiffectramége ftecarmprsingal peptideibf anyrene of
claims 1to 7, an Hﬂmb!@@kﬁiﬁlﬂtblke%@?ﬁ% m%%%ﬁ%fﬁgf%?W£%d§§§%g%@ V\;[he E?Jplflide or
, >
EPITOPE PEPTISEE D VAL CINEL CONTANINCT L SAME FL0 ONECATHa Lo Us
61/200,962 <1513 3008: 14-85 EnersY s 1 BobGansce 2695 SondlosGy LaEb3:85igrdbePatentin
version 3.5 <210x211 € Carger Ri@2RR De2 135 (KPHicRN7ZRX0S w232t Aln Qrtifieiclly Xydthesized
peptide <400> 1 l@afyoR5g. heusshy CavsBhm Vahi&thd@r Sci 2005 Aug, 96(8): 498-506).
[0131]  Establishment of CTL clones
The dilutions were made to have 0.3, 1, and 3 CTLs/well in 96 round-bottomed

micro titer plate (Nalge Nunc International), CTLs were cultured with 1 X 104 cells/

well of 2 kinds of human B-lymphoblastoid cell lines, 30 ng/ml of anti-CD3 antibody,

and 125 U/ml of IL-2 in a total of 150 micro-Vwell of ATM-V Medium containing 5%

AS. 50 micro-1 /well of IL-2 were added to the medium 10 days later so as to reach a

final concentration of 125 U/ml IL-2. CTL activity was tested on the 14th day, and

CTL. clones were expanded using the same method as described above (Uchida N et

al., Clin Cancer Res 2004 Dec 15, 10(24): 8577-86; Suda T et al., Cancer Sci 2006

May, 97(5): 411-9; Watanabe T et al., Cancer Sci 2005 Aug, 96(8); 498-306).

[0132]  Specific CTL activity
To examine specific CTL activity, interferon (IFN)}-gamma enzyme-linked im-

munospot (ELISPOT) assay and IFN-gamma enzyme-linked immunosorbent assay
(ELISA) were performed. Specifically, peptide-pulsed A24LCL (1 x 10%#well) or T2 (1
x 10%well) was prepared as stimulator cells, Cultured cells in 48 wells were used as
responder cells, IFN-gamma ELISPOT assay and 1FN-gamma ELISA assay were
performed according to the manufacture's recommended procedure,
- 10133]  Plasmid transfection

The cDNAs encoding the open reading frames of target genes, HLA-A24 and HLA-
A*0201 were amplified by PCR. The PCR-amplified product of Target genes and
HLA-A24 or HLA-A*0201 were cloned into pIRES vector (Clontech Laboratories,
Inc., Cat. No. 631605). The plasmids were transfected into COS7, which is a target
genes and HLA-A24-null cell line, using lipofectamine 2000 {Invitrogen) according to
the manufacturer's recommended procedures. After 2 days from transfection, the
transfected cells were harvested with versene (Invitrogen) and used as the target celis
(5 X 10%cells/ well) for CTL activity assay.

{0134]  Results



<210> 2 <211> 9 <212> PRT <213> Atrtificial <220> <223> an artificially synthesized peptide <400> 2
lle Tyr Arg Val Ser Phe Thr Asp Phe 15 <210> 3 <2%1> 9 <212> PRT <213> Artificial <220> <223> an
artificially synthesized peptide <400> 3 Cys Tyr His Pro Glu Glu Phe Gin lle 15 <210> 4 <211> 9
<212> PRT <213> Atrtificial <220> <223> an artificially synthesized peptide <400> 4 Val Phe Pro Phe
Gly Thr Ala Glu Leu Page 1 15 <210> 5 <211> 9 <212> PRT <213> Atrtificial <220> <223> an

artificially synthesized peptide <400> 5 Ser Phe Thr Asp Phe Lys Glu Thr Leu 15 ‘
Prediciion of HLA-A24 and HEA-A? binding peptides derived from WDRPUH

Table 1 shows the HLLA-A24 binding peptides of WDRPUH in order of highest
binding affinity. A total of 25 peptides having potential HL.A-A24 binding ability were

selected and examined to determine the epitope peptides (Table 1) Table 2 shows the
HLA-A2 binding 9mer and 10mer peptides of WDRPUH in order of highest binding
affinity. A total of 37 peptides having potential HILA-A2 binding ability were selected
and examined to determine the epitope peptides {Table 2).

[0135] [Table 1]
H1LA-A24 binding peptides derived from WDRPUH predicted by BIMAS
!

Peptide name Statt Position | Amino Acid sequence | Binding Score SEQ IDNO.
WDRPUH-A24-9mer 4G YPLGCTVL 300 1
314 IYRVSFTDF 120 2
509 CYHPEEFQI 60 3
339 VFPFGTAEL 33 4
318 SFTDFKETL 24 5
400 AFAPETGRL | 24 6
118 AFSPNDLYL 24 7
231 KMNPRTKLL 144 8
257 RCLEMGGLL 12 9
9% KNRFELLARI, 11.52 16
527 AYWEVEDGT 10,08 11
248 KFSLGVSAI 19 12
WOHRPUH-A24-10mer 280 GYRPIKKIQL 240 13
77 EYLAsGOVTE 150 14
509 CYHPeEFQIT 86.4 15
409 MYVInNAHRI] 75 16
40 PYPLe(CTVLL 75 17
220 FYLG(TTGDT 75 18
21 GFNGhVPTGL 42 16
531 VFDGIVIREL 30.8 20
559 HFVTgGNDHL 30 21
495 RNOMILANTL 1728 22
339 VEPFEgTAELR i3 23
163 IFSRcRDEMF 10 24
331 HFDAVEDIVF 10 23

Start position indicates the number of amino acid residue from the N-terminus of WDRPUT.
Binding score is derived from “BIMAS™.

[0136]



<210> 6 <211> 9 <212> PRT <213> Atrtificial <220> <223> an artificially synthesized peptide <400> 6
Ala Phe Ala Pro Glu Thr Gly Arg Leu 15 <210> 7 <% 1> 9 <212> PRT <213> Atrtificial <220> <223> an
artificially synthesized peptide <400> 7 Ala Phe Ser Pro Asn Asp Leu Tyr Leu 15 <210> 8 <211>9
<212> PRT <213> Atrtificial <220> <223> an artificially synthesized peptide <400> 8 Lys Met Asn Pro
Arg Thr Lys Leu Leu 15 <210> 9 <211> 9 <212> PRT <213> Atrtificial <220> <223> an atrtificially
synthesized pepti{dTeb<14C2)]O> 9 Arg Cys Leu Lys Met Gly Gly Leu Leu 15 <210> 10 <211>9

aplie

HLA-A2 binding peptides derived from WDRPUH predicted by BIMAS

Peptide name Start Position | Amine Acid sequence | Binding Score | SEQ ID NO.

WDPRUH-A2-9mer 59 FLOGHGNNV 319.939 26
499 ILANTLFQC 112.664 27
553 ITQEGVHFV 85.173 28
231 KMNPRTKEL 53.999 29
39 MIYPLGCTV 52,025 30
407 RLMYVINNA 42 278 31
264 LLVGSGAGL 36316 32
193 KIWPTECQT 28,766 33
288 QLQGGITS] 23.995 34
116 ALAFSPNDL 21.362 35

237 KLLTDVGPA 19.236 36
543 SLSGSINGM 11426 37
WDPRUH-A2-10mer 94 JLWDyKNREL 247167 38
499 ILANSLFQCY 224,653 39
370 EVWDYNEGEV 94,23 40
263 GLLVgSGAGL 79.041 41
155 GLNVeNATNV 66552 42
498 MILANTLFQC 37.318 43
305 FLVGtEESHI 47 991 44
78 YIASgQVTEM 3973 45
610 AILRWKYPYT 31.277 46
86 FMGFRADIIL 26,008 47

325 TLIAMCHFDA 28.814 48
10 QVAEIELDAV 28.121 49
360 FVTGeNDHLV 27.995 50
108 SLHKgKIEAL 24.075 51
374 NMTChGIDFM 2224 52
221 YLGTtTGDIL 19,742 53
231 KMNPITKLLT 18.837 34
411 VINNaHRIGY 16.258 55
51 AINTKEQNFL 16.155 56
287 1QLQaGITS] 15303 57
326 LIATCHFDAV 15136 58
437 GEGEvVRVWQL 14347 59
338 IVFPRGTAEL 11.757 60
265 LVGSgAGLLY 10.346 61
117 LAFSpNDLYL 10.264 61

Start position indicates the number of amino acid residue from the N-terminus of WDRPUH.
Binding score is derived from “BIMAS™,

(01371  CTL induction with the predicted peptides from WDRPUH restricted with HLA-




<212> PRT <213> Artificial <220> <223> an artificially synthesized peptide <400> 10 Lys Asn Arg Glu
Leu Leu Ala Arg Leu 1 <210> 11 <211> 9 <212> PRT <213> Atrtificial <220> <223> an artificially
synthesized peptide <400> 11 Ala Tyr Trp Glu val Phe Asp Gly Thr 15 <210> 12 <211> 9 <212> PRT
<213> Artificial <220> <223> an artificially synthesized peptide <400> 12 Lys Phe Ser Leu Gly Val Ser
Ala lle 15 <210> 13 <211> 10 <212> PRT <213> Atrtificial <220> <223> an artificially synthesized
peptide <400> 13 Gly Tyr Lys Pro lle Lys Lys lle GIn Leu

[0138]

[0139]

profocais a$ described i "Materials and Methods”. Peptide specific CTL activity was
determined by IFN-gamma ELISPOT assay (Figure 1a-f). It showed that #3 and #6
stimulated with WDRPUH-A24-9-40 (SEQ ID NQ: 1) (a), #8 with WDRPUH-
A24-9-314 (SEQ ID NO: 2) (b), #2 and #6 with WDRPUH-A24-9-509 (SEQ ID NO:
3) {©), #1, #2 and #5 with WDRPUH-A24-9-339 (SEQ ID NO: 4) (d), #2, #3, #4, #6,
#7 and #8 with WDRPUH-A24-10-409 (SEQ 1D NO: 16) (e) and #5, #6 and #8 with
WDRPUH-A24-10-40 (SEQ ID NO: 17) (f) demonstrated potent IFN-gamma '
production as compared to the control wells.

Furthermore, the cells in the positive well numbers #6 stimulated with SEQ TD NO:
1, #8 with SEQ ID NQ: 2, #2 with SEQ ID NO: 3, #5 with SEQ ID NO: 4, #4 with
SEQ ID NO: 16 and #6 with SEQ ID NO: 17 were expanded and established as CTL
lines. CTL activity of these CTL lines was determined by JFN-gamma ELISA assay
{Figure 2a-f). All CTL lines demonstrated potent IFN-gamma production against the
target cells pulsed with corresponding peptides as compared to target cells without
peptide pulse. On the other hand, no CTL lines could be established by stimulation
with other peptides shown in Table I, despite the fact that the peptides were predicted
to have a binding activity with HLA-A*2402 (data not shown). As a result, 6 peptides
derived from WDRPUH were screened as peptides that can induce potent CTL lines.

Specific CTL activity against target cells exogenously expressing WDRPUH and
HEA-A*2402

The established CTL lines raised against the peptides of the present invention were

examined for their ability to recognize target cells that endogenously express
WDRPUH and HLA-A*2402 molecule. Specific CTL activity against COS7 cells
transfected with both the full length of WDRPUH and HLA-A*2402 molecule genes (a
specific model for the target cells that exogenously express WDRPUH and HLA-
A*2402 gene) was tested using the CTL lines raised by corresponding peptides as the
effecter cells. COS7 cells transfected with either the tull length of WDRPUH or HLA-
A* 2402 gene were prepared as control. In Figure 3, the CTLs stimulated with SEQ ID
NO: 2 showed potent CTL activity against COS7 cells expressing both WDRPUH and
HLA- A* 2402, In contrast, no significant specific CTL activity was detecied against
the controls. Thus, these data clearly demonstrate that WDRPUH-A24-9-314 (SEQ ID
NO: 2) was naturally processed and presented on the target cell's suiface with HLA-
A*2402 molecule and was recognized by CTLs. These results indicated that this
peptide derived from WDRPUH may be applicable as cancer vaccines for patients with
WDRPUH expressing tumors.
TL induction with the predicte ides fror restricted with HILA-

AX0201

CTLs recognizing peptides derived from WDRPUH were generated according to the




1510 <210> 14 <211> 10 <212> PRT <213> Artificial <220> <223> an artificially synthesized peptide
<400> 14 Glu Tyr lle Ala Ser Gly GIn Val Thr Phe 13510 <210> 15 <211> 10 <212> PRT <213>
Artificial <220> <223> an artificially synthesized peptide <400> 15 Cys Tyr His Pro Glu Glu Phe Gin lle
lle 1510 <210> 16 <211> 10 <212> PRT <213> Atrtificial <220> <223> an artificially synthesized
peptide <400> 16 Met Tyr Val lle Asn Asn Ala His Arg lle 1510 <210> 17 <211> 10 <212> PRT <213>

Artificial <220> <223> ai artificial %Er;thesmed peptide <400> 17 lle Tyr Pro Leu Gly Cys Thr Val Leu

lle 1510 <210> 1899FPY Fpdesride Maferals andeMethods”. Peptide specific CTL activity was
determined by IFN-gamma ELISPOT assay (Figure 4a-1}. The well numbers #2 and #7

stimulated with WDRPUH-A2-9-39 (SEQ ID NO: 30) (a), #2 with WDRPUH-
A2-9-407 (SEQ ID NO: 31) (b), #3 with WDRPUH-A2-9-288 (SEQ ID NO: 34) (¢),
#6 with WDRPUH-A2-9-237 (SEQ ID NO: 36) (d), #4 with WDRPUH-A2-9-543
(SEQ ID NO: 37) (e), #4 with WDRPUH-A2-10-570 (SEQ ID NO: 40) (), #2 and #8
with WDRPUH-A2-10-263 (SEQ 1D NO: 41) (g), #5 with WDRPUH-A2-10-78 (SEQ
D NO: 45} (h), #2 with WDRPUH-A2-10-10 (SEQ ID NO: 49) (i), #6 with
WDRPUH-A2-10-411 (SEQ ID NO: 55) (j), #7 with WDRPUH-A2-10-287 (SEQ ID
NO: 57) (k) and #6 with WDRPUH-A2-10-265 (SEQ 1D NQO: 61} (1} demonstrated
potent IFN-gamma production as compared to the control wells. On the other hand, no
potent [FN-gamma production could be detected by stimulation with other peptides
shown in Table 2, despite the fact that these peptides were predicted to have a binding
act1v1ty with HLA-A*0201 (data not shown)

[0141]

The cells that showed peptide spemﬁc CTL activity by IFN-gamma ELISPOT assay
in the well numbers #7 stimulated with SEQ ID NO: 30 and #3 with SEQ 1D NO: 34
were expanded and established as CTL lines. CTL activity of these CTL lines was de-
termined by IFN-gamma ELISA assay (Figure Sa and b). Both CTL lines demonstrated
potent IFN-gamma production against the target cells pulsed with corresponding
peptides as compared {0 the target cells without peptide pulse, Furthermore, CTL
clones were established by limiting dilution from the CTL lines, and IFN- gamma
production from the CTL clones against target cells pulsed with the corresponding
peptides was determined by IFN-gamma ELISA assay. Potent IFN-gamma productions -
from CTL clones stimulated with SEQ ID NO: 30 and SEQ ID NO: 34 are
demonstrated in Figure 5c and d.

[0142]  Specific CTL activity against target cells exogenously expressing WDRPUH and
HIA-A*Q201
'The established CTL clones raised against the peptides of present invention were

examined for their ability to recognize target cells that endogenously express
WDRPUH and HLA-A*0201 molecule. Specific CTL activity against COS7 cells
transfected with both the full length of WDRPUH and HLA-A*0201 molecule genes (a
specific model for the target cells that endogenously express WDRPUH and HLA-
A*(0201 gene) was tested using the CTL lines raised by corresponding peptides as the
effector cells. COS7 cells transfected with either the full length of WDRPUH or HLA-
A% 0201 genes were prepared as controls. In Figure e, the CTLs stimulated with SEQ
I NO: 34 showed potent CTL activity against COS7 cells expressing both WDRPUH
and HLA- A* 0201, In contrast, no significant specific CTL activity was detected



<220> <223> an artificially synthesized peptide <400> 18 Phe Tyr Leu Gly Thr Thr Thr Gly Asp lle
1510 <210> 19 <211> 10 <212> PRT <213> Atrtificig} <220> <223> an artificially synthesized peptide
<400> 19 Gly Phe Asn Gly His Val Pro Thr Gly Leu 1510 <210> 20 <211> 10 <212> PRT <213>
Artificial <220> <223> an artificially synthesized peptide <400> 20 Val Phe Asp Gly Thr Val lle Arg Glu
Leu 1510 <210> 21 <211> 10 <212> PRT <213> Atrtificial <220> <223> an artificially synthesized

ide <400> 21 His Phe Val Thr Gly Asn Asp His Leu
peptide <400 aggnst Lﬁe c%ntro s.c%'lglese >cliata clea.rgf demonstrate that the peptides of WDRPUH-

AQ02-9-288 (SEQ ID NO: 34) were endogenously processed and presented on the target
cell's surface with HLA-A*0201 molecule and were recognized by the CTLs. These
results indicated that WDRPUH-A(02-9-288 (SEQ ID NO: 34) may be applicable as
cancer vaccines for patients with WDRPUH expressing tumors.
[0143]  Homology analysis of antigen peptides

The CTLs stimulated with

WDRPUH-A24-9-40 (SEQ ID NO: 1),

WDRPUH-A24-9-314 (SEQ ID NO: 2),

WDRPUH-A24-9-509 (SEQ TD NO: 3),

WDRPUH-A24-9-339 (SEQ ID NO: 4),

WDRPUH-A24-10-409 (SEQ 1D NO: 16),

WDRPUH-A24-10-40 (SEQ ID NO: 17),

WDRPUH-A02-9-39 (SEQ ID NO: 30),

WDRPUH-A02-9-407 (SEQ 1D NO: 31),

WDRPUH-A(Q2-9-288 (SEQ ID NO: 34),

WDRPUH-A02-9-237 (SEQ TD NO: 36),

WDRPUH-A02-9-543 (SEQ 1D NO: 37),

WDRPUH-A02-10-570 (SEQ 1D NQ: 40,

WDRPUH-A02-10-263 (SEQ ID NO: 41),

WDRPUH-A02-10-78 {(SEQ ID NQO: 45),

WDRPUH-AQ2-10-10 (SEQ 1D NO: 49),

WDRPUH-AQ2-10-411 (SEQ ID NO: 55),

WDRPUH-A02-10-287 (SEQ 1D NO: 57) and

WDRPUH-AQ2-10-265 (SEQ 1D NO: 61)

showed significant and specific CTL activity. This result may be due to the fact that

these pepfide sequences are homologous to peptides derived from other molecules that
are known to sensitize the human immune system.
[0144]  To exclude this possibility, homology analyses were performed for these peptide
sequences using as queries the BLAST algorithm
(http://www.ncbinlm.nih. gov/blast/blast.cgi) which revealed no sequence with sig-
nificant homology. The results of homology analyses indicate that the sequences of
WDRPUH-A24-9-40 (SEQ ID NO: 1),
WDRPUH-A24-9-314 (SEQ ID NO: 2),
WDRPUH-A24-9-509 (SEQ ID NO: 3),
WDRPUH-A24-9-339 (SEQ ID NO: 4),
WDRPUH-A24-10-409 (SEQ ID NOG: 10),
WDRPUH-A24-10-40 (SEQ ID NO: 17),



1510 <210> 22 <211> 10 <212> PRT <213> Artificial <220> <223> an artificially synthesized peptide
<400> 22 Arg Asn GIn Met lle Leu Ala Asn Thr Leut1510 <210> 23 <211> 10 <212> PRT <213>
Artificial <220> <223> an artificially synthesized peptide <400> 23 Val Phe Pro Phe Gly Thr Ala Glu
Leu Phe 1510 <210> 24 <211> 10 <212> PRT <213> Artificial <220> <223> an artificially synthesized
peptide <400> 24 lle Phe ser Arg Cys Arg Asp Glu Met Phe 1510 <210> 25 <211> 10 <212> PRT
<213> Artificial <32DRR2ZA3x0arp BfisEByhesized peptide <400> 25

WDRPUH-A02-9-407 (SEQ ID NO: 31),
WDRPUH-A(2-9-288 (SEQ ID NO: 34),
WDRPUH-A02-9-237 (SEQ ID NO: 36),
WDRPUH-A02-9-543 (SEQ ID NO: 37),
WDRPUH-A02-10-570 (SEQ ID NO: 40),
WDRPUH-AQ2-10-263 (SEQ 1D NO: 41),
WDRPUH-A02-10-78 (SEQ 1D NO: 45),
WDRPUH-A02-10-10 (SEQ 1D NO: 49),
WDRPUH-A02-10-411 (SEQ D NO: 55),
WDRPUH-A02-10-287 (SEQ ID NO: 57) and
WDRPUH-A02-10-265 (SEQ ID NO: 61}
are unique and thus, there is little possibility, to our best knowledge, that these
molecules raise unintended immunologic responses to some unrelated molecuies.
[0145]  In conclusion, novel HLLA-A24 and A2 epitope peptides were identified and
demonstrated to be applicable for cancer immunotherapy.
Industrial Applicability
[0146]  The present invention describes new TAAs, particularly those derived from
WDRPUH which induce potent and specific anti-tumor immune responses and have
applicability to cancer types such as hepatocellular carcinoma. Such TAAs warrants
further development of the clinical application of peptide vaccination strategy in
cancer.
[0147]  While the invention has been described in detail and with reference to specific em-
' bodiments thereof, it is to be understood that the foregoing description is exemplary
and explanatory in nature and is intended to illustrate the 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 invention. Thus, the invention is intended to
be defined not by the above description, but by the following claims and their

equivalents.



His Phe Asp Ala Val Glu Asp lle Val Phe 1510 <210> 26 <211> 9 <212> PRT <213> Atrtificial <220>
<223> an artificially synthesized peptide <400> 26 Bhe Leu GIn Gly His Gly Asn Asn Val 15 <210> 27
<211> 9 <212> PRT <213> Atrtificial <220> <223> an artificially synthesized peptide <400> 27 lle Leu
Ala Asn Thr Leu Phe GIn Cys 15 <210> 28 <211> 9 <212> PRT <213> Artificial <220> <223> an
artificially synthesized peptide <400> 28 lle Thr GIn Glu Gly Val His Phe val 15 <210> 29

Claims
{Claim 1] An isolated peptide binding to an HLA antigen and having cytotoxic T
lymphocyte (CTL) inducibility, wherein the peptide consists of the

_ amino acid sequence of SEQ ID NO: 64 or is a fragment thereof.
[Claim 2] The isolated peptide of claim 1, wherein the HLA antigen is HLA-A24

or HLA-A2,

[Claim 3] The isolated peptide of claim 1 or 2, which is a nonapeptide or a de-
capeptide.

[Claim 4] The isolated peptide of any one of claims 1 to 3, which comprises an

amino acid sequence selected from the group consisting of SEQ 1D
NOs: 2,1, 3,4, 16,17, 30, 31, 34, 36, 37, 40, 41, 45, 49, 55, 57 and 61.
[Claim 5] The isolated peptide of claim 4, which consists of an amino acid
sequence selected from the group consisting of SEQ TD NOs: 2, 1, 3, 4,
16,17, 30, 31, 34, 36, 37, 40, 41, 45, 49, 33, 57 and 61 wherein 1, 2, or
several amino acid(s) are substituted, deleted, inserted and/or added.
[Claim 6] The peptide of claim 5, which consists of an amino acid sequence
- selected from the group consisting of SEQ ID NOs: 1,2, 3, 4, 16 and
17, wherein the peptide, when the HLA antigen is HLA-A24, has one
or both of the following characteristics:
(a) the second amino acid from the N-terminus is selected from the
group of phenylalanine, tyrosine, methjonine and wyptophan; and
(b) the C-terminal amine acid is selected from the group of pheny-
' &al.arﬁne, leucine, isoleucine, tryptophan and, methionine.
[Claim 7] The peptide of claim 5, which consists of an amino acid sequence
selected from the group consisting of SEQ ID NOs: 30, 31, 34, 36, 37,
40, 41, 45, 49, 55, 57 and 61, wherein the peptide, when the HLA
antigen is HLA-A2, has one or both of the following characteristics:
(a) the second amino acid from the N-terminus is selected from the
group of leucine and methionine; and

(b) the C-terminal amino acid is selected from the group of valine and

leucine.

[Claim 8] An isolated polynucleotide encoding a peptide of any one of cldims 1 to
7.

[Claim 9] An agent for inducing CTL, wherein the agent contains one or more

peptide(s) of any one of claims | to 7, or one or more polynucleotide(s)
of claim 8.

[Claim 10] A pharmaceutical agent for the treatment and/or prophylaxis of cancers,



<211> 9 <212> PRT <213> Artificial <220> <223> an artificially synthesized peptide <400> 29 Lys Met
ASn Pro Arg Thr Lys Leu Leu 15 <210> 30 <211> $°<212> PRT <213> Atrtificial <220> <223> an
artificially synthesized peptide <400> 30 Met lle Tyr Pro Leu Gly Cys Thr Val 15 <210> 31 <211> 9
<212> PRT <213> Atrtificial <220> <223> an artificially synthesized peptide <400> 31 Arg Leu met Tyr
Val lle Asn Asn Ala 15 <210> 32 <211> 9 <212> PRT

[Claim 11}

[Claim 12}

[Claim 13]

[Claim 14]

[Claim 15]
[Claim 16]
[Claim 17]

[Claim 18] _

and/or the prevention of postoperative recurrence thereof, wherein the
agent.comprises one or more peptide(s) of any one of claims 1 to 7, or
one or more polynucleotide(s) of claim 8.

The pharmaceutical agent of claim 10, formulated for the admin-
istration to a subject whose HLA antigen is HILA-A24 or HLA-A2.

A method for inducing an antigen-presenting cell (APC) with CTL in-
ducibility, wherein the method comprises a step selected from:

{a) contacting an APC with a peptide of any one of claims 1 to 7 in
vitro, .€X vivo or in vivo; and

{b) introducing a polynucleotide encoding a peptide of any one of
claims 1 to 7 into an APC.

A method for inducing CTL, wherein the method comprises the step
selected from:

{a) co-culturing CD8-positive T cells with APCs, which present on its
surface a complex of an HILA antigen and a peptide of any one of
claims 110 7;

(b) co-culturing CD8-positive T cells with exosomes, which present on
its surface a complex of an HI.A antigen and a peptide of any one of
claims 1 to 7; and

{c) introducing a polynucleotide encoding a T cell receptor (TCR)
subunit polypeptide binding to a peptide of any one of claims I to 7
imtoa T cell.

An isolated APC that presents on its surface a complex of an HLA
antigen and a peptide of any one of claims 110 7.

The APC of claim 14, which is induced by the method of claim 12.
An isolated CTL that targets any peptide of any one of claims 1 to 7,
The CTL of claims 16, which is induced by the method of claim 13.
A method of inducing an immune response against a cancer in a
subject, said method comprising the steps of administering to the
subject an agent comprising a peptide of any one of claims 1 to 7, an
immunologically active fragment thereof, or a polynucleotide encoding
the peptide or the fragment,



<213> Artificial <220> <223> an artificially synthesized peptide <400> 32 Leu Leu Val Gly Ser Gly Ala
Gly Leu 15 <210> 33 <211> 9 <212> PRT <213> Artificial <220> <223> an atrtificially synthesized
peptide <400> 33 Lys lle Trp Pro Thr Glu Cys Gin Thr 15 <210> 34 <211> 9 <212> PRT <213>
Artificial <220> <223> an artificially symilresizedpaptide <400> 34 Gin Leu GIn Gly Gly lle Thr Ser lle
15 <210> %g <211>9 <212> PRT <213> Art|f|C|aI <220>
ONCOTHERAPY SCIENCE,
<120> WDRPUH EPITOPE PEPTIDES AND VACCINES CONTAINING THE SAME
<130> ONC-A0829P

<150> Us 61/200,962
<151> 2008-12-05

<150> US 61/209,704
<151> 2009-03-09

<160> 68

<170> PatentIn version 3.5

<210> 1

<211> 9

<212> PRT

<213> Artificial

<220>

<223> An artificially synthesized peptide
<400> 1

£1e Tyr Pro Leu %1y cys Thr val Leu

<210> 2

<211> 9

<212> PRT

<213> Artificial

<220>
<223> an artificially synthesized peptide

<400> 2

ITe Tyr Arg val Ser Phe Thr Asp Phe
1 5

<210> 3

<211> 9

<212> PRT

<213> Artificial

<220> )

<223> an artificially synthesized peptide
<400> 3

Cys Tyr His Pro Glu Glu.Phe Gln Ile

1 5

<210> 4

<21i> 9

<212> PRT

<213> Artificial

<220> o

<223> an artificially synthesized peptide
<400> 4

val Phe Pro Phe Gly Thr Ala Glu Leu
Page 1



<223> an artificially synthesized peptide <400> 35 Ala Leu Ala Phe Ser Pro Asn Asp Leu 15<210> 36
<211> 9 <212> PRT <213> Atrtificial <220> <223> an atrtificially synthesized peptide <400> 36 Lys Leu
Leu Thr Asp Val Gly Pro Ala 15 <210> 37 <211> 9 <212> PRT <213> Artificial <220> <223> an
artificially synthesized peptide <400> 37 Ser Leu Ser Gly Ser lle Asn Gly Met 15 <210> 38 <211> 10
<212> PRT <213> Artificial <220> <223> an artificially synthesized peptide <400> 38 lle Leu Trp Asp
Tyr Lys AsmpArg §5lu Leu 1510 <210> 39 <211> 10 <212> PRT <213> Atrtificial <220>

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

<220>
<223> an artifticially synthesized peptide

<400> 5

Ser Phe Thr Asp ghe Lys Glu Thr Leu
1

<210> b6

<211> 9

<212> PRY

<213> Artificial

<220>
<223> an artificially synthesized peptide

<400> 6

i“la Phe Ala Pro Glu Thr Gly Arg Leu
5

<210> 7

<211> 9

<212> PRT

<213> Artificial

<220>
<223> an artificially synthesized peptide

<400> 7

Ala Phe Ser Pro Ash Asp Leu Tyr Leu
1 5

<210> 8

<211> 9

<212> PRT

<213> aArtificial

<220>
<223> an artificially synthesized peptide

<400> 8

Lys Met Asn Pro Arg Thr Lys Leu Leu
1 5

<210> 9

<211> 9

<212> PRT

«<213> Artificial

<220>
<223> an artificially synthesized peptide

<400> 9
érg Cys Leu Lys Met Gly Gly Leu Leu
5

Page 2



<223> an artificially synthesized peptide <400> 39 lle Leu Ala Asn Thr Leu Phe GIn Cys Val 1510
<210> 40 <211> 10 <212> PRT <213> Artificial <220> <223> an artificially synthesized peptide
<400> 40 Lys Val Trp Asp Tyr Asn Glu Gly Glu Val 1510 <210> 41 <211> 10 <212> PRT <213>
Artificial <220> <223> an artificially synthesized peptide <400> 41 Gly Leu Leu Val Gly Ser Gly Ala Gly
Leu 1510.<210> 42 <211> 10 <212> PRT <213> Atrtificial <220> <223> an artificially synthesized
peptide § > 4§Gly Leu Asn Val Gly Asn Ala Thr Asn Val 1510 <210> 43 <211> 10 <212> PRT
<213> Actificial €R20>

<213> Artificial

<220>
<223> an artificially synthesized peptide

<400> 10

iys Asn Arg Glu Leu Leu Ala Arg Leu
5

<210> 11

<211> 9

<212> PRT

<213> Artificial

<220>
<223> an artificially synthesized peptide

<400> 11

éla Tyr Trp Glu ¥a1 Phe Asp Gly Thr

<210> 12

<Z211> ©§

<212> PRT

<213> Artificial

<220>
<223> an artificially synthesized peptide

<400> 12

Lys Phe Ser Leu Gly val ser Ala Ile
1 5

<210> 13

<211> 10

<212> PRT

<213> Artificial

<220> )
<223> an artificially synthesized peptide

<400> 13
Gly Tyr Lys Pro Ile Lys Lys Ile Gln Leu
1 ) 10

<210> 14

<211> 10

<212> PRT

<213> Artificial

<220>
<223> an artificially synthesized peptide

<400> 14

Glu Tyr Ile Ala Ser Gly GIn val Thr Phe
1 5 10

Page 3



<223> an artificially synthesized peptide <400> 43 Met lle Leu Ala Asn Thr Leu Phe GIn Cys 1510
<210> 44 <211> 10 <212> PRT <213> Atrtificial <220> <223> an artificially synthesized peptide <400>
44 Phe Leu Val Gly Thr Glu Glu Ser His lle 1510 <210> 45 <211> 10 <212> PRT <213> Atrtificial
<220> <223> an artificially synthesized peptide <400> 45 Tyr lle Ala Ser Gly GIn Val Thr Phe Met
1510 <2$9$02t6 %é11> 10 <212> PRT <213> Artificial <220> <223> an artificially synthesized peptide
<400> 485415 lletheu Arg Trp Lys Tyr Pro Tyr Thr 1510 <210> 47 <211> 10 <212> PRT <213>
Artificial <2120> «223Fianadrtificially synthesized peptide <400> 47

<220>
<223> an artificially synthesized peptide

<400> 15

Cys Tyr His Pro Glu Glu Phe GIn Ile Ile
1 5 10

<210> 16

<211> 10

<212> PRT

<213> aArtificial

<220>
<223> an artificially synthesized peptide

<400> 16

Met Tyr val Ite Asn Ash Ala His Arg Ile
1 5 10

<210> 17
<211> 10
<212> PRT
<213> Artificial

<220>
<223> an artificially synthesized peptide

<400> 17

ITe Tyr Pro Leu Gly Cys Thr val Leu ITe
1 5 10

<210> 18

<211> 10

«<Z212> PRT

<213> Artificial

<220>
<223> an artificially synthesized peptide

<400> 18
phe Tyr Leu Gly Thr Thr Thr Gly Asp Ile
1 5 10

<210> 19

<21i> 10

<212> PRT

<213> Artificial

<220> o
<223> an artificially synthesized peptide

<400> 19

Gly Phe Asn Gly His val Pro Thr Gly Leu
1 5 10

Page 4



Phe Met Gly Phe Lys Ala Asp lle lle Leu 1510 <210> 48 <211> 10 <212> PRT <213> Artificial <220>
<223> an artificially synthesized peptide <400> 48 Thr Leu lle Ala Thr Cys His Phe Asp Ala 1510
<210> 49 <211> 10 <212> PRT <213> Artificial <220> <223> an artificially synthesized peptide <400>
49 GIn \lahala Glal Leu Glu Leu Asp Ala Val 1510 <210> 50 <211> 10 <212> PRT <213> Atrtificial
<220> <228> aRartificially synthesized peptide <400> 50 Phe Val Thr Gly Gly Asn Asp His Leu Val
1510 <2IP5B1 £214 10.5212> PRT <213> Artificial <220> <223> an artificially synthesized peptide
<400> 51 Ser Leu His Lys Gly Lys lle Glu Ala Leu 1510 <210> 52 <211> 10 <212> PRT <213>

ifinia|<220>
Art'f'C'al<223> an artificially synthesized peptide

<400> 20

val Phe Asp Gly Thr val Ile Arg Glu Leu
1 5 10

<210> 21

<211> 10

<212> PRT

<213> Artificial

<220>
<223> an artificially synthesized peptide

<400> 21

His Phe val Thr Gly Gly Asn Asp His Leu
1 5 10

<210> 22

<Z213i> 10

<212> PRT

<213> Artificial

<220 '
<223> an artificially synthesized peptide

<400> 22

Arg Asn GIn Met Ile teu Ala Asn Thr Leu
1 5 10

<210> 23

<211> 10

<212> PRT

<213> Artificial

<220>
<223> an artificially synthesized peptide

<400> 23

val pPhe Pro phe Gly Thr Ala Glu Leu pPhe
1 5 10

<210> 24

<211> 10

<212> PRT

<213> Artificial

<220>
<223> an artificially synthesized peptide

<400> 24
ITe Phe Ser Arg Cys Arg Asp Glu Met Phe
1 5 10

<210> 25
Page 5



<220> <223> an artificially synthesized peptide <400> 52 Asn Met Thr Cys His Gly lle Asp Phe Met
1510 <210> 53 <211> 10 <212> PRT <213> Artificial <220> <223> an artificially synthesized peptide
<400> 53 Tyr Leu Gly Thr Thr Thr Gly Asp lle Leu 1510 <210> 54 <211> 10 <212> PRT <213>
Artificial £220> <P3> an artificially synthesized peptide <400> 54 Lys Met Asn Pro Arg Thr Lys Leu
Leu Thr 4514y <2ARF> 55 <21‘11> 10 <212> PRT <213> Atrtificial <220> <223> an artificially synthesized
peptide Page 114005 55 val lle Asn Asn Ala His Arg lle Gly Val 1510 <210> 56 <211> 10 <212>

PRT <2132 ®utificial <220>
<223> an artificially synthesized peptide

<400> 25

His phe Asp Ala val Glu Asp Ile val prhe
1 5 10

<210> 26

<211> 9

<212> PRT

<213> Artificial

<220>
<223> an artificially synthesized peptide

<400> 26

ihe teu Gln Gly |;1‘s Gly Asn Asn val

<210> 27

<211i> 9

<212> PRT

<213> Artificial

<220>
<223> an artificially synthesized peptide

<400> 27

Ile teu Ala Asn Thr Leu pPhe Gln Cys
1 5

<210> 28

<211> 9

<212> PRT

<213> Artificial

<220>
<223> an artificially synthesized peptide

<400> 28

Ile Thr ¢in Glu (5ﬂy val His Phe val
1

<210> 29

<211> 9

<212> PRT

<213> Artificial

<220> o
<223> an artificially synthesized peptide

<400> 29
Lys Met Asn Pro Arg Thr Lys Leu Leu
1 5

<210> 30
<Z211> 9
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<223> an artificially synthesized peptide <400> 56 Ala lle Asn Thr Lys Glu Gin Asn Phe Leu 1510
<210> 57 <211> 10 <212> PRT <213> Atrtificial <220> <223> an artificially synthesized peptide <400>
57 lle Gin Leu Gin Gly Gly lle Thr Ser lle 1510 <210> 58 <211> 10 <212> PRT <213> Atrtificial <220>
<223> aryartificialty synthesized peptide <400> 58 Leu lle Ala Thr Cys His Phe Asp Ala Val 1510
<210> 59431 1>AT0 24981 PRT <213> Artificial <220> <223> an artificially synthesized peptide <400>
59 Gly Glusgly Glu Val Arg Val Trp Gin lle 1510 <210> 60 <211> 10 <212> PRT <213> Atrtificial
<220> <223> areartificiattycsyithesizechpepticld 42060

<400> 30
%et Ile Tyr Pro %eu Gly Cys Tthr val

<210> 31

<211> 9

<212> PRT

<213> Artificial

<220>
<223> an artificially synthesized peptide

<400> 31
érg Leu Met Tyr ¥a1 ITe Asn Asn Ala

<210> 32

<211> 9

<212> PRT

<213> Artificial

<220> .
<223> an artificially synthesized peptide

<400> 32

ieu Leu val Gly Eer Gly Ala Gly Leu

<210= 33

<Z211> 9

<212> PRT

<213> Artificial

<220>
<223> an artificially synthesized peptide

<400> 33

;ys Ile Trp Pro Thr Glu Cys GlIn Thr
5

<210> 34

<211> 9

<212> PRT

<213> Artificial

<220>
<223> an artificially synthesized peptide

<400> 34
g}n teu Gln Gly (Sﬂy Ile Thr %er Ile

<210> 35
<211l> 9
<2172> PRT
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lle Val Phe Pro Phe Gly Thr Ala Glu Leu 1510 <210> 61 <211> 10 <212> PRT <213> Atrtificial <220>
<223> an artificially synthesized peptide <400> 61 Leu Val Gly Ser Gly Ala Gly Leu Leu Val 1510
<210> 62 <211> 10 <212> PRT <213> Artificial <220> <223> an artificially synthesized peptide <400>
62 Leu AlaiBhe Ref#reAsn Asp Leu Tyr Leu 1510 <210> 63 <211> 2207 <212> DNA <213> Homo
sapiens <220> <221> CDS <222> (70)..(1932) <400> 63 gttaccataa cgaccagaag acgctgcagc

cactagg(ﬁégiccgﬁaggc@pg Cgiadtﬁ?c%q,@ggg%g%gﬁgjgc met Asp Asn Lys lle Ser Pro Glu Al 15

gagagcaaag taatcagaac60 ¢ caa gtg gcg gag ctgl
<400> 35

Ala Leu Ala Phe Ser Pro Asn Asp Leuy
1 5

<210> 36

<211 9

<212> PRT

<213> Artificial

<220>
«<223> an artificially synthesized peptide

<400> 36

Lys Leu Leu Thr Asp val Gily Pro Ala
1 5

<210> 37

<211> 9

<212> PRT

<213> Artificial

<220> o
<223> an artificially synthesized peptide

<400> 37

Ser Leu Ser Gly §er Ile Asn Gly Met
1

<210> 38

<211> 10

<Z212> PRY

<213> Artificial

<220>
<223> an artificially synthesized peptide

<400> 38

ITe Leu Trp Asp Tyr Lys Asn Arg Glu Leu
1 5 10

<210> 39

<211> 10

<212> PRT

<213> Artificial

<220>
<223> an artificially synthesized peptide

<400> 39

Ile Leu Ala Asn Thr Leu Phe GlIn Cys val
1 5 10

<210> 40
<211> 10
<212> PRT
<213> Artificial
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a Gin Val Ala Glu Leu 10 gaa Citt gac gcc gtg atc ggc ttc aat gga cat gtg ccc act ggt CtC Glu Leu Asp
Ala Val lle Gly Phe Asn Gly His Val Pro Thr Gly Leu 15202530 aaa tgc cat cct gac cag gag cat atg att
tat cct ctt ggt tgc aca Lys Cys His Pro Asp Gin Glu His Met lle Tyr Pro Leu Gly Cys Thr 354045 gtc ctc
att cag gca ata aat act aaa gag cag aac ttc cta cag ggt val Leu lle Gin-Ala lle Asn Thr Lys Glu GIn Asn
Phe Leu%% "Gly 505560 cat ggc aac aac gtc tcc tgc ftg gcce atc tcc agg tct gga gag tac His Gly Asn
Asn Val eg f)ysa|1e"i‘f;5le91:]Ice1 %g!eqryA?d' 'S%\gé%e@h?el@frj 075 atc gce tcc gga caa gtc aca ttc atg ggg ttc
aag gcag@catc4tt lle Ala Ser Gly Gin Val Thr Phe Met Gly Phe Lys Ala Asp lle lle 808590 159 207
255 303 §1 itg g tta{. aag aac.aga gag.ctg ctt.gct cgg ctg tcc ctt cac399 Leu Trp Asp Tyr Lys Asn
LSV
Arg Glu L%eu Leu t‘f\(l% ﬁsgpLg)ﬁréC&esr gﬁ%%%g‘ﬂj%fi@gllo aaa ggc aaa att gaa gct ctg gcc ttt tct cca aat
gat ttg tac ttg447 Lys Gly Lys lle Glu Ala Leu Ala Phe Ser Pro Asn Asp Leu Tyr Leu 115120125 gta tca
cta gga gggqscagat gac gga agt gtg gtg gtg tgg age ata495 Val Ser Leu Gly Gly Pro Asp Asp Gly Ser

Val Val ¥al Txp Ser lle 130135140
<212> PRT
<213> Artificial

<220>
<223> an artificially synthesized peptide

<400> 41

Gly Leu Leu val Gly Ser Gly Ala Gly Leu
1 5 10

<210> 42

<211> 10

<212> PRT

<213> Artificial

<220>
<223> an artificially synthesized peptide

<400> 42

Gly Leu Asn val Gly Asn Ala Thr Asn val
1 5 10

<210> 43

<211> 10

<212> PRT

<213> Artificial

<220> '
<223> an artificially synthesized peptide

<400> 43

Met Ile iLeu Ala Asn Thr Leu pPhe Gln Cys
1 5 10

<210> 44

<211> 10

<212> PRT

<213> Artificial

<220>
<223> an artificially synthesized peptide

<400> 44

Phe Leu val Gly Thr Glu ¢lu Ser His Ile
1 5 10

<210> 45

<211> 10

<212> PRT

<213> Artificial
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gcc aag aga gat gcc atc tgt ggc agc cct gca gec ggc cte aat gtt543 Ala Lys Arg Asp Ala lle Cys Gly Ser
Pro Ala Ala Gly Leu Asn Val 145150155 ggc aat gcc acc aat gtg atc ttc tcc agg tgc cgg gat gag atg
ttt591 Gly Asn Ala Thr Asn Val lle Phe Ser Arg Cys Arg Asp Glu Met Phe 160165170 atg act gct gga
aat ggg agamit cga gta tgg gaa ttg gat ctt cca639 met Thr Ala Gly Asn Gly Thr lle Arg Val Trp Glu Leu
Asp Leu Pr3175A860851901aat mozyabkeatic ¢gg regst dde gag tgc caa aca gga cag ttg aaa aga687 Asn
Arg Lys llgqbip Pxe Thr Glu Cys Gin Thr Gly Gin Leu Lys Arg 195200205 ata gtc atg agt att gga gtg gat
gat gat gat agc ttt ttc tac ctt735 lle Val Met Ser lle Gly val Asp Asp Asp Asp Ser Phe Phe Tyr Leu
2102152R40° ghteatdasy 'éc‘gbgﬂj’at\@ﬁ cibraghsatieiac ccc agg act aaa ctg783 Gly Thr Thr Thr Gly
Asp lle Leu Lys Met Asn Pro Arg Thr Lys Leu 225230235 ctg aca gat gtt ggg cct gcg aag gac aaa ttc
agt ttg gga gtg tca831 Leu Thr Asp val Gly Pro Ala Lys Asp Lys Phe Ser Leu Gly val Ser 240245250
gct atc a C ctgaag atg ggg ggt ttg ttg gtg ggc tct gga gcc879 Ala lle Arg Cys Leu Lys Met Gly Gly
Leu Leu ¥al&ly &ar Gly Ala 255260265270 gga ctg ctg gtc ttc tgt aaa agc cct ggc tac aaa ccc atc aag
aag927 Gijteu deti FafPhe Cys Lys Ser Pro Gly Tyr Lys Pro lle Lys Lys 275280285

<220>
<223> an artificially synthesized peptide

<400> 46

Ala Ile Leu Arg Trp Lys Tyr Pro Tyr Thr
1 5 10

<210> 47

<211> 10

<212> PRT

<213> Artificial

<220>
<223> an artificially synthesized peptide

<400> 47

Phe Met Giy Phe Lys Ala Asp ITe Ile Leu
1 5 10

<210> 48

<211> 10

<212> PRT

<213> Artificial

<220> _
<223> an artificially synthesized peptide

<400> 48

Thr Leu Ile Ala Thr Cys His Phe Asp Ala
1 5 10

<210> 49

<211> 10

<212> PRT

<213> Artificial

<220>
<223> an artificially synthesized peptide

<400> 49

Gin val Ala Glu teu Glu Leu Asp Ala val
1 5 10

<210> 50

<211> 10

<2312> PRT

<213>» Artificial

<220>
Page 10



att cag tta caa ggc g c atc act tct atc aca ctt cga gga gaa gga975 lle Gin Leu Gin Gly G y lle Thr Ser lle
Thr Leu Arg Gly Glu Gly 290295300 cac cag ttt ctc gta gga aca gaa gaa tcg cac att tat cgt gtc agc1023
His Gin Phe Leu val Gly Thr Glu Glu Ser His lle Tyr Arg val ser 305310315 ttc acg gat ttc aaa gag acg
ctc ata gexp act tghcaeditrgat grilOdlnbhes ThedAsrdrthad ys Glu Thr Leu lle Ala Thr Cys His Phe Asp
Ala 320:%?830 gic gag gat att gtc ttt cca ttt ggc act gct gag cta ttt gca acc1119 val Glu Asp lle Val Phe
Pro Phe yﬁ'hr la Glu Leu Phe Ala Thr 335340345350 tgt gcc aag aag gat atc agg gtg tgg cac aca
tca tcc aetceag@gag&lﬁlzeéfsmdad_ysﬂxyﬁé\speue\éﬁg Val Trp His Thr Ser Ser Asn Arg Glu 355360365
ctg ctg cjgg atc acc gtg ccc’aac atg acc tgc cac gg@atc gac ttc1215 Leu Leu Arg lle Thr Val Pro Asn
Met Thr Cys His Gly lle Asp Phe 370375380 Page 14 atg agg gac ggc aaa agc atc att tca gca tgg aac
gac ggt aailatc1263 Met Arg Asp Gly Lys Ser lle lle Ser Ala Trp Asn Asp Gly Lys lle 385390395 cga
gcce ttc §a g aca ggc cga ctg atg tat gtc att aac aat1311 Arg Ala Phe Ala Pro Glu Thr Gly Arg
Leu Met<PyBY¥aldle: At Ash 400405410 gct cac agg atc ggc gtc acc gec atc gecc acc acc agt gac tgt

aaal35£§< 220>

<223> an artificially synthesized peptide
<400> 51

ier Leu His Lys gTy iys Ile Glu Ala Leu

<210> 52

<211> 10

<212> PRT

<213> Artificial

<220>
<223> an artificially synthesized peptide

<400> 52

Asn Met Thr Cys His Gly Ile Asp Phe Met
1 5 10

<210> 53

<211i> 10

<212> PRT

<213> Artificial

<220>
<223> an artificially synthesized peptide

<400> 53

Tyr Leu Gly Thr Thr Thr Gly Asp Ile Leu
1 5 10

<210> 54

<211> 10

<21i2> PRT

<213> Artificial

<220>
<223> an artificially synthesized peptide

<400> 54

Lys Met Asn Pro Arg Thr Lys Leu Leu Thr
1 5 10

<210> 55

<211> 10

<212> PRT

<213> Artificial

<220>
<223> an artificially synthesized peptide
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Ala His Arg lle Gly Val Thr Ala lle Ala Thr Thr Ser Asp Cys Lys 415420425430 agg gtc atc agt ggc ggt
0gg gaa ggg gag gtg agg gta tgg cag atal407 Arg Val lle Ser Gly Gly Gly Glu Gly Glu Val Arg Val Trp
Gin lle 435440445 ggc tgt cag acc cag aag ctg gag gag gcc ctg aag gaa cac aag tcal455 Gly Cys Gin
Thr Gin Lys Leu Glu Glu Ala Leu Lys Glu His Lys Ser 450455460 tca gtg tcc tgc att agg gtg aag agg
aac aac gHfPgagityt gtc acc1503 Ser Val Ser Cys lle Arg Val Lys Arg Asn Asn Glu Glu Cys Val Thr
465470471 9EE£.AQ€,AGS Ha190g ACLIEY ate At {99,dqc ctt gtg cgt ctc aggl551 Ala ser Thr Asp Gly Thr
Cys lle Ite Trp Asp Leu valfArg Leu Arg 48048549M agg aat cag atg ata cta gcc aac acc tta ttc cag tgt
gtg tgc tat1599 Arg Asn Gin Met lle Leu Ala Asn Thr Leu Phe Gin Cys Val Cys Tyr 495500505510 cac
cct gag gagdic cgg atc atc acc agc gga aca gac aga aag att1647 His Pro Glu Glu Phe Gin lle lle Thr
Ser Gly At Jasp ¥rg Lys lle 515520525 gct tac tgg gaa gta ttt gat ggg aca gta atc aga gaa ttg gaa
ggt1695§§l§§1‘yr,§rf} @y gl Phe Asp Gly Thr Val lle Arg Glu Leu Glu Gly 530535540 tcc ctg tct ggg
tcg ata aat ggc atg gat atc aca cag gaa ggg gtgl743 Ser Leu Ser Gly Ser lle Asn Gly Met Asp lle Thr

Gin Glu @%Q?al 245550585 £ag (it gic aca dgt g H93 aatgac cat ctg gtc aaa gt tgg gat tat1791

<400> 56

Ala ITe Asn Thr Lys Glu Gin Asn Phe Leu
1 5 10

<210> 57

<211> 10

<212> PRT

<213> Artificial

<220>
<223> an artificially synthesized peptide

<400> 5§57

%ie Gln Leu GIn gﬂy Gly ITe Thr ser 1le

<210> 58

<211> 10

<212> PRT

<213> Artificial

<220
<223> an artificially synthesized peptide

<400> 58

teu Ile Ala Thr Cys His phe Asp Ala val
1 5 10

<210> 59

<Z211> 10

<212> PRT

<213> Aartificial

<220>
<223> an artificially synthesized peptide

<400> 58

Gly Glu Gly Gtu val Arg val Trp Gln Ile
1 5 10

<210> 60

<211> 10

<212> PRT

<213> Artificial

<220>
<223> an artificially synthesized peptide
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His Phe val Thr Gly Gly Asn Asp His Leu Val Lys Val Trp Asp Tyr 560565570 aat gag ggt gaa gtg act
cac gtt ggg gtg gga cac agt ggc aac atc1839 Asn Glu Gly Glu Val Thr His val Gly Val Gly His Ser Gly
Asn lle 575580585590 aca cgc atc cgc ata agt cca gga aat caa tat att gtt agt gta agt1887 Thr Arg lle
Arg lle Sergdso Gly Asn Gin Tyr lle val Ser Val Ser 595600605 gcc gat gga gcc att ttg cga tgg aag tac
cca tat affzetccat[gap%%g Ala Asp 1Gly Ala 1l Let Arg Trp Lys Tyr Pro Tyr Thr Ser 610615620
agctgatgag a\fgtctc §a gré)ct c&t ¥gggggé ﬁt% ‘fgh@'éag actgagtttal992 gataactcca acactagtct
tcatttctca cagctctgtt tttgttcttg agtcaatttt2052 tctctttttc tttatagaat gcattttata ttcttaaatt gcatattaaa
attgaagtg%%;Z %t_}tcaagaat aatttgtgca gactctaatt agaactttta acattttgaa taaattctta2172 gttgttggtt ttctgttata
aaaaaaagaa-aaada2207 <210> 64 <211> 620 <212> PRT <213> Homo sapiens <400> 64 Met Asp
Asn Lys#?%er PR3 ,%I_u AI? Gin Val Ala Glu Leu Glu Leu 151015 Asp Ala Val lle Gly Phe Asn Gly His
Val Pro ThtGly LEU [§'@ys 202530 His Pro Asp Gin Glu His Met Ile Tyr Pro Leu Gly Cys Thr Val Leu

354045 He2Bin Ala lle Asn Thr Lys Glu Gin Asn Phe Leu Gin Gly His Gly 505560
<223> an artificially synthesized peptide

<400> 61

Leu val Gly Ser Gly Ala Gly Leu Leu val
1 5 10

<210> 62

<211> 10

<212> PRT

<213> Artificial

<220>
<223> an artificially synthesized peptide

<400> 62

Leu Ala Phe Ser Pro Asn Asp Leu Tyr Leu
1 5 0

<210> 63

<211> 2207

<212> DNA

<213> Homo sapiens

<220>
<2231> CDs
<222> (70)..(1932)

<400> 63
gttaccataa cgaccagaag acgctgcage cactagggag gagagcaaag taatcagaac 60

ctcccaagg atg gat aac aaa att tcg €cg gag gee caa gtg gcg gag ctg 111
get ASp Asnh Lvys §1e ser Pro Glu Ala GIn val Ala Glu Leu
10

gaa ctt gac gcc gtg atc g?c TLC aat gga cat gtg ccc act ggt ctc 159
ggu Leu Asp Ala va %8@ Gly Phe Asn Gly His val pPro Thr Gly Leu
25 30

aaa tgc cat cct gat cag gag cat atg att tat cct ctt ggt tgc aca 207
Lys Cys His Pro ggp Gln Glu His Met Ile Tyr Pro Leu Gly Cys Thr
40 45

gtc ctc att cag gca ata aat act aaa gag cag aac ttc cta cag ggt 255
val Leu Ile ggn Ala I1e Asn Thr Lys Glu GIn Asn Phe Leu GIn G%y
55 60

cat ggc aac aac gtc tcc tge ttg goec atc tce agg tct gga gag tac 303
His Gly %gn Asn val Ser Cys Leu Ala Ile Ser Arg Ser Gly Glu Tyr
70 75

atc gcC 1tcC gga caa gtc aca tic atg g?g ttc aag gca gac atc att 351
Ile géa ser Gly Gln val g?r Phe Met Gly Phe Lys Ala Asp Ile Ile
90
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Asn Asn Val Ser Cys Leu Ala lle Ser Arg Ser Gly Glu Tyr lle Ala 65707580 Ser Gly Gin Val Thr Phe
Met Gly Phe Lys Ala Asp lle lle Leu Trp 859095 Asp Tyr Lys Asn Arg Glu Leu Leu Ala Arg Leu ser Leu
His Lys Gly 100105110 Lys lle Glu Ala Leu Ala Phe Ser Pro Asn Asp Leu Tyr Leu val Ser 115120125

Leu Gly &y Reg Asi Asit GlygSes VabYagaiakTen Ser JerAlalyet}30435440 Arg Asp AlailgCys Gly
Ser Pro A§H AlBPGIyREY Aty S/ﬁié}i&l%%rﬁ?hm%%%%%@ﬁﬂagr heAsieval ke Phe Ser Arg Cys Arg Asp
Glu Met Phe Met Thr 1651701 la Gly Asn Gly Thrlf%SArg Val Trp Glu LeLHQsp Leu Pro Asn Arg
180185180 LygclleabrmProghbr gstu Cys Gdn Thr GlytGiad et ygaArgdie Mal 195200205 Mer Ser lle
Gly Val A¥p ,g?kﬁ A¥p AP %%E Pré PrE TyYRLRRE THR2 16718220 e THE G Asp lle Leu Lys Met
Asn Pro Arg Thr Lys Leu Leu Thr 225230235240 Asp val Gly Pro Ala Lys Asp Lys Phe Ser Leu Gly

go dagu dafs dget Letg L etV GhoSert@ly Ala Glyiggu
\zlgé)zsgéf ”5%%45&6 53%5G%§Q§ZSA2%UA%S%;§ grg %;Lé? val 5&? "{rg ?gr ﬂey ¥
4

gce aag aga gat gcc atc tgt g?c agc CCt gca ggc gge Ctc aat gtt 543
Ala Lys Arg Asp Ala Ile Cys Gly Ser Pro Ala Ala Gly Leu Asn val
145 150 155

ggc aat geg acc aat gtg atc ttc tcc agg toc cgg gat gag atg tit 591
Gly Asn Ala Thr Asn va %gg Phe Ser Arg Cys Arg Asp Glu Met Phe
. 160 170

atg act gct gga aat ggg aca att c¢ga gta tgg gaa ttg gat ctt cca 639
Met Thr Ala Gly Asn Gly Thr Ile Aarg val Trp Glu Leu Asp Leu Pro
175 i80 i85 150

aat aga aaa atc tgg <ca act gag tgc caa aca gga cag ttg aaa aga 687
Asn Arg Lys Ile Trp Pro Thr Glu Cys gég Thr Gly Gln Leu Lys Arg
195 205

ata gtc atg agt att g?a gtg gat gat gat gat agc ttt ttc tac ctt 735
ITe val Met Ser Ile Gly val Asp %sp Asp Asp Ser Phe Phe Tyr Leu
210 15 220

g%c acc acg act gga gat att cta aaa atg aac cCC agg act aaa ctyg 783
Gly Thr Thr Thr Gly Asp Ile Leu Lys Met Asn Pro Arg Thr Lys Leu
225 230 235

CLg aca gat gtt ¢ggg cct gcg aag gac aaa ti¢ agt tig g?a gtg tca 831
teu Thr Asp val Gly Pro Ala Lys Asp Lys Phe Ser Leu Gly val Ser

240 245 250
gct atc agg tgc ctg aag atg ggg g?t ttg ttg gt g%c tct g%a gcc 879
Ala Ile Arg Cys Leu Lys Met Gly Gly Leu Leu val Gly ser Gly Ala
255 260 265 270

g?a ctg ctg gtc tte tgt aaa agc cct g%c tac aaa ccc atc aag aag 927
Gly Leu teu val Phe Cys Lys Ser Pro Gly Tyr Lys Pro Ile Lys Lys
275 280 285

att cag tta caa ggc g?c atc act tct atc aca ctt cga g%a gaa g?a 975
ITe Gin Leu GIn Gly Gly Ile Thr Ser Ile Thr Leu Arg G % Glu Gly
299 295 30

cac cag ttt ctc gta gga aca gaa gaa tCg cac att tat cgt gic agc 1023
His Gln Phe Leu val Giy Thr Glu Glu Ser His ITle gyr Arg val Ser
305 310 15

ttc acg gat ttc aaa gag acg ctc ata gcg act tgt cac ttt gat get 1071
Phe Thr Asp Phe Lys Glu Thr Leu Ite Ala Thr ggg His Phe Asp Ala
320 325

gtc gag gat att gtc Tttt cca tit g?c act gct gag cta ttt gca acc 1119
val Gtu Asp Ile val phe Pro Phe Gly Thr Ala Glu Leu Phe Ala Thr
335 340 345 350

tgt gcc aag aag gat atc agg gtg tgg cac aca tca tcc aac agg gag 1167
Cys Ala Lvs Lys Asp Ile Arg val Trp gég Thr Ser Ser Asn Arg Glu
355 365

Ctg Ctg Cgg atc acc gtg ccc aac atg acc tgc cac ggc atc gac ttc 1215
Leu Leu Arg Ile Thr val Pro Asn g$§ Thr Cys His Gly Ile Asp Phe
370 380
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Leu Val Phe Cys Lys Ser Pro Gly Tyr Lys Pro lle Lys Lys lle Gin 275280285 Leu Gin Gly Gly lle Thr
Ser lle Thr Leu Arg Gly Glu Gly His Gin 290295300 Phe Leu Val Gly Thr Glu Glu Ser His lle Tyr Arg
Val Ser Phe Thr 305310315320 Asp Phe Lys Glu Thr Leu lle Ala Thr Cys His Phe Asp Ala Val Glu
325330335 Asp lle Val Phe Pro Phe Gly Thr Ala Glu Leu Phe Ala Thr Cys Ala 340345350 Lys Lys Asp
lle Arg \EHIT BIHISZThpBeragér Axh ﬁg gt Lteg 3BEB608682Argdte Jdw Wat Pro Asnikst Thr Cys
His Gly If§'AShPREMRIAIY 378378 O%égpsé'fy‘}_ 8t e hes S Ala ¥ ALR Asp Gly Lys lle Arg
Ala 385390395400 Phe Ala Pro Glu Thr Gly Arg Leu met Tyr Val lle Asn Asn Ala His 405410415 Arg

lle Gly VTHEAIS e 294 ﬁ?@iﬁs FNGHC §5LT5$SN tVa'FaI‘Z(ﬂFisA D BeSarGly Gly GBAGIu Gly Glu
Val Arg\@aq %ﬁ\eﬁﬁﬁﬁ (fll)-/E &/s 5 ?&% i eruGlaﬁ:‘ Eygge\ﬂa |6$é|& A8y Lys Glu His Lys Ser
Ser Val 450455460 Ser Cys lle Arg val Lys Arg Asn Asn Glu Glu Cys val Thr Ala Ser 462534520475480

Thr Aspisly T7E GFS 18 BelifpditoLiu 41 10 G6E AREAIIASET 225 &35 52

Lys
415 420 425 430
agg gtc atc agt ggc ggt ggg gaa ggg gag gtg agg gta tgg cag ata 1407
Arg val Ile ser Gly Gly Gly Glu Gly Glu val arg val Trp GIn Ile
4335 440 445
ggc tgt cag acc cag aag Cctg gag gag gcc ctg aag gaa cac aag tca 1455
Gly Cys Gin Thr Gin Lys Leu Glu Glu Ala Leu Lys Glu His LyS Ser
450 435 460
tca gtg tcc tge att agg gtg aag agg aac aac gag gag tgt gtc acc 1503
Ser Val Ser Cys Ile Arg val Lys Arg Asn Asn Glu Glu Cys val Thr
465 470 475
gcc agc acc gat ggg act tgt atc att tgg gac ctt gtg cgt ctc agg i551
Ala ser Thr Asp Gly Thr Cys Ile Ile Trp Asp Leu Val Arg Leu Arg
480 485 490
agg aat cag atg ata cta gcc aac acc tta tic cag tgt gtg tgc tat 1599
Arg Asn Gin Met Ile Leu Ala Asn Thr teu pPhe GlIn Cys val Cys Tyr
495 500 505 510
cac Ccct gag gag ttc cag atc atc acc age gga aca gac aga aag att 1647
His Pro Glu Glu pPhe GIn Ile ile Thr Ser Gly Thr Asp Arg Lys Ile
515 520 325
gct tac tgyg gaa gta tit gat g?g aca gta atc aga gaa ttg gaa g?t 1695
Ala Tyr Trp Glu val phe Asp Gly Thr val Ile Arg Glu Leu Glu Gly
530 535 540
tcc ctg tct ggg tcg ata aat g?c atg gat atc aca cag gaa g?g gty 1743
Ser Leu Ser Gly Ser Ile Asn Gly Met Asp Ile Thr GIln Glu Gly val
545 550 553
cac tit gtc aca g?t gga aat gac cat ctg gtc aaa gtt tgg gat tat 1791
His Phe val Thr Gly Gly Asn Asp His Leu val Lys val Trp Asp Tyr
560 565 570
aat gag g?t gaa gtg act cac gt g?g gt g%a cac agt g?c aac atc 1839
Asn Glu Gly Glu val Thr His val Gly val Gly His ser Gly Asn Ile
575 580 585 590
aca cgc atc cgc ata agt cca gga aat caa tat att gtt agt gta agt 1887
Thr Arg Ile Arg Ile Ser Pro Gly Asn GIn Tyr Ile val ser val ser
=95 600 : 605
gcc gat gga gcc att ttg cga tgg aag tac cca tat acc tcc tga 1932
Ala Asp Gly Ala Ile Leu Arg Trp Lys Tyr Pro Tyr Thr Ser
610 615 620
agctgatgag atgtcictga gecttggegt tgcacgcagt cctgttgaag actgagttta 1992
gataactcca acactagtct tcatttctca cagctctgtt tttgttcttg agtcaatttt 2052
tctctttttc tttatagaat goattttata ttcttaaatt gcatattaaa attgaagtat 2112
gticaagaat aatttgtgca gactctaatt agaactttta acattttgaa taaattctra 2172
grtgrtggtt ttctgttata aaaaaaaaaa aaaaa 2207

Page 15



485490495 Gin met lle Leu Ala Asn Thr Leu Phe Gin Cys Val Cys Tyr His Pro 500505510 Glu Glu Phe
Gin lle lle Thr Ser Gly Thr Asp Arg Lys lle Ala Tyr 515520525 Trp Glu Val Phe Asp Gly Thr Val lle Arg
Glu Leu Glu Gly Ser Leu 530535540 Page 17 ser Gly Ser lle Asn Gly Met Asp lle Thr Gin Glu Gly Val
His Phe 545550555560 Val Thr Gly Gly Asn Asp His Leu Val Lys Val Trp Asp Tyr Asn Glu 565570575
Gly Glu Véﬁ r s Val Gly Val Gly His Ser Gly Asn lle Thr Arg 580585590 Tie Arg lle Ser Pro Gly Asn
Gin Tyr IIQ 1S g%/al Ser Ala Asp 595600605 Gly Ala lle Leu Arg Trp Lys Tyr Pro Tyr Thr Ser
610615620 321 0Gwi5 s&iiEn22 <212> DNA <213> Atrtificial <220> <223> Atrtificial sequence <400>
65 gtctacgadg catjcgette at22 <210> 66 <211> 24 <212> DNA <213> Atrtificial <220> <223> Atrtificial

sequence

Met Asp Asn Lys Ile Ser Pro Glu Ala GIn val Ala Glu Leu Glu Leu
1 5 10 15

Asp Ala val :2[(T)e Gty Phe Asn Gly ggs val Pro Thr Gly Leu Lys Cys
30

His Pro ggp Gin Glu His Met Ile Tyr Pro Leu Gly Cys Thr val Leu
40 45

ITe GIn Ala Ile Asn Thr Lys Glu GIn Asn Phe Leu GIn Gly His Gly
50 55 60

Asn Asn Val Ser Cys Leu Ala Ile Ser Arg Ser Gly Glu Tyr Ile Ala
65 70 75 80

Ser Gly GIn val Thr phe Met Gly Phe Lys Ala Asp Ile Ile Leu Trp
85 90 95

AsSp Tyr Lys Asn Arg Glu teu Leu Ala Arg Leu Ser Leu His Lys Gly
100 105 110

Lys Ile Giu Ala Leu Ala Phe Ser Pro Asn Asp teu Tyr Leu val Ser
115 120 i25

Leu Gly Gly Pro Asp Asp Gly Ser val val val Trp ser Ite Ala Lys
130 135 140

Arg Asp Ala Ile Cys Gly Ser Pro Ala Ala Gly Leu Asn val Gly Asn
145 150 155 160

Ala Thr Asn val Ile Phe Ser Arg Cys Arg Asp Glu .Met Phe Met Thr
165 170 175

Ala Gly Asn Gly Thr Ile Arg val Trp Glu Leu Asp Leu Pro Asn Arg
180 185 190

Lys ITe Trp Pro Thr Glu Cys GlIn Thr Gly GIn Leu Lys Arg Ile val
195 200 205

Met Ser ITe Gly val Asp Asp Asp Asp Ser Phe Phe Tyr Leu Gly Thr
210 215 220

Thr Thr Gly Asp Ile Leu Lys Met Asn Pro Arg Thr Lys Leu Leu Thr
225 230 235 240

Asp val Gly Pro Ala Lys Asp Lys Phe Ser teu Gly val Ser Ala Ile
245 250 255
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<400> 66 tcagctggac cacagccgca gcgt24 <210> 67 <211> 21 <212> DNA <213> Avrtificial <220> |
<223> Atrtificial sequence <400> 67 tcagaaatcc tttctcttga c21 <210> 68 <211> 24 <212> DNA <213>
Artificial <220> <223> Atrtificial sequence <400> 68 ctagcctctg gaatcctttc tctt24

Arg Cys Leu Lys Met Gly Gly Leu Leu val Gly Ser Gly Ala Gly Leu
260 265 270

Leu val Phe Cys Lys Ser Pro Gly Tyr Lys Pro Ile Lys Lys Ile Gln
275 280 285

Leu GIn Gly Gly Ile Thr Ser Ile Thr Leu Arg Gly Glu Gly His GlIn
290 295 300

Phe Leu val Gly Thr Glu Glu Ser His ITe Tyr Arg val Ser Phe Thr
305 310 315 320

Asp Phe Lys GTu Thr Leu ITe Ala Thr Cys His Phe Asp Ala val Glu
325 330 _ 335

Asp Ile val pPhe Pro Phe Gly Thr Ala Glu Leu Phe Ala Thr Cys Ala
340 345 350

Lys Lys Asp Ile Arg val Trp His Thr Ser Ser Asn Arg Glu Leu Leu
355 360 365

Arg Ile Thr val Pro Asn Met Thr Cys His Gly Ile Asp Phe Met Arg
370 375 380

Asp Gly Lys Ser Ile Ile Ser Ala Trp Asn Asp Gly Lys Ile Arg ala
385 390 395 400

Phe Ala Pro Glu Thr Gly Arg Leu Met Tyr val Ile Asn Asn Ala His
4035 410 415

Arg Ile Gly val Thr Ala ITe Ala Thr Thr Ser Asp Cys Lys Arg val
420 425 430

Ile ser Gly Gly Gly Glu Gly Glu val Arg val Trp Gln Ile Gly Cys
435 440 445

Glin Thr G1n Lys Leu Glu Glu Ala Leu Lys Glu His Lys Ser Ser val
450 455 460

Ser Cys Ile Arg val Lys Arg Asn Asn Glu Glu Cys val Thr Ala Ser
465 470 475 480

Thr Asp Gly Thr Cys ITe Ile Trp Asp Leu val Arg Leu Arg Arg Asn
485 490 495

GTn Met ITe Leu Ala Asn Thr Leu Phe Gln Cys val Cys Tyr His Pro
500 505 510

Glu Glu Phe GIn 1Ile Ite Thr Ser Gly Thr Asp Arg Lys Ile Ala Tyr
515 520 525

Trp Glu val pPhe Asp Gly Thr val Ile Arg Glu Leu Glu Gly Ser Leu
530 535 540

Page 17



Ser Gly Ser Ile Asn Gly Met
545 550

val Thr Gly Gly Asn Asp His
565

Gly Glu val Thr His val Gly
580

Tle Arg ITle Ser Pro Gly Asn
595

Gly Ala ITe Leu Arg Trp Lys
610 615

<210> 65

<211> 22

<212> DNA

<213> artificial

<220
<223> Arvificial sequence

<400> 65
gtctaccagg cattcgctte at

<210> 66

<211> 24

<212> DNA

<213> Artificial

<220>

<223> Artificial sequence
<400> 66

tcagctggac cacagccgca gogr

<210> 67

<211> 21

<Z212> DNA

<213> Artificial

<220>
<223> Artificial seguence

<400> 67
tcagaaatcc tttctcttga ¢

<210> 68

<211> 24

<212> DNA

<213> Artificial

<220>

<223> Artificial sequence
<400> 68

ctagcctctg gaatcctttc tott

Asp

Leu

val

Gln

600

Tyr

Ite

val

Gly

Tyr

Pro

Thr

Ile

Tyr

Gin

555

val

Ser

val

Thr
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Glu Gly val His

Trp Asp Tyr Asn
575

Gly Asn Ile Thr
590

Ser val Ser aAla
605

ser
620

Phe
560

‘Glu

Arg

AsSD

22

24

21

24



