1 Description Title of Invention: MELK EPITOPE PEPTIDES AND VACCINES CONTAINING THE
SAME Technical Field [0001]The present applicatioh claims the benefit of U.S. Provisional Application
No. 61/085,663, filed on August 1, 2008, 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 fo (%ﬁ § venting tumors. Background Art [0003]It
has been demonstrated that CD8 posmve Srec pitope peptides derived from the

tumor-assopialechf Higpen (FAfSMEIIO PPIPO PECPERPITISEONIER (VAR claper golecules,
and then kill the tumor cells. Since the dlscover?/ of the melanoma antigen (MAGE) family as the first

example of TAAs, many other TAAS 6% INCovdrEd pRAMYthrough immunological
approaches (Boo?g%l@ig?gmlg% May 8, 54(2): 177-80; Boon T & van der Bruggen P, | Exp

Med 1996 Mar 1 ome of these TAAs are currently undergoing of clinical development

as immunBi¥erhpelitie REFat PR BB sl3ime AR Peoe eVl ¥ AVEeapimd SbRidhasiviHotent and
specific anti-tumaoslifPBHIH68, tisponsesgwatranes fiithendevelngmenitwnichcliaivabapplieatign of peptide
vaccination strategies.foL ¥araus types of cancer (Harris CC, J Natl Cancer Inst 1996 Oct 16, 88(20):
1442-55; erfield LH et al.,.Cancer R 99J 5 03 31 4 42; Vissers JL e Cancer Res
1999 Novﬁ#@é(m) %T@n\}%‘ﬁm(}j%?l f?? ?} ye}ﬁl ml?ﬁ%ﬁ @fée]\)fﬁy“f’fiég‘@ ?é’@éom Tanaka
F et al., Cancer RB& fiddpicarees ﬂ@rm)) Pl e TRSER] IYRNICIHRleeS 1000 PARETE B0 (2):
169-72; Kikuchi Mhet at chitchelgrcte i 008 Mayed vB8d(BEs4 a9 oy Qike héaingl anhpb-@anser 1999 May
5, 81(3): 387-94) .Jp.date, there have been several reports of clinical trials using these
tumor-associated ntlgen deni/ eptides. Unfortunately, only a low objective response rate has been
observed in thes rials so far (Belli F et at, J Clin Oncol 2002 Oct 15, 20(20): 4169-80;
Coulie PGa804AL, InihanbidRelz2002rOat 1B 3B pbR{tRosENerg GAi st qhtd}siapb;}edeg(a@m@@p, 10(9):

909-15). [0005]RekcsRthe @Lgeflﬁgge&mrdpﬁﬁ@&wgrﬁ% ¢lRsR bRRdiDsRe gayenCes have been

developed (Journal oflm ical. Meth 9 85 18 rnmunol., (1994),
Vol 152 0p.163- f.?gl prot MHL I(Cglncell 8 (a]n% é%‘n\ﬁq %he fu%r cejﬂs %nice I:L crinscove 019

the melanoma antigen (MA fam11y as the first example of TAAs, many other
TAAs have been discovered, primarily through immunological approaches (Boon T,
IntJ Cancer 1993 May 8, 54(2): 177-80; Boon T & van der Bruggen P, ] Exp Med
1996 Mar 1, 183(3): 725-9). Some of these TAAs are currently undergoing of clinical
development as immunotherapeutic targets.

[0004]  Identification of new TAAs, capable of inducing potent and specific anti-tumor
immune responses, warrants further development and clinical application of peptide
vaccination strategies for various types of cancer (Harris CC, J Natl Cancer Inst 1996
Oct 16, 88(20): 1442-55; Butterfield LH et al., Cancer Res 1999 Jul 1, 59(13):
3134-42; Vissers JL et al., Cancer Res 1999 Nov 1, 59(21): 5554-9; van der Burg SH
et al., J Immunol 1996 May 1, 156(9): 3308-14; Tanaka F et al., Cancer Res 1997 Oct
15, 57(20): 4465-8; Fujie T et al., Int J Cancer 1999 Jan 18, 80(2): 169-72; Kikuchi M
et al., Int J Cancer 1999 May 5, 81(3): 459-66; Oiso M et al., Int J Cancer 1999 May 3,
81(3): 387-94}. To date, there have been several reports of clinical trials using these
tumor-associated antigen derived peptides, Unfortunately, only a low objective
response rate has been observed in these cancer vaccine trials so far (Belli Fetal., J
Clin Oncol 2002 Oct 15, 20(20): 4169-80; Coulie PG et al., Immunol Rev 2002 Oct,
188: 33-42; Rosenberg SA et al., Nat Med 2004 Sep, 10(9): 909-15).

[0005]  Recently, algorithms for predicting HLA class I-binding peptide sequences have been
developed (Journal of Immunological Methods, (1995), Vol.185, pp.181-190, I.
Immunol., (1994), Vol.152, pp.163-175, protein science, (2000), Vol.9,



pp.1838-1846). However, it is difficult to estimate if a predicted epitope peptide can be processed
naturally in the target cells and expressed on the tafget cell surface with HLA molecule. Moreover, the
algorithms, for example BIMAS (http.//bimas.dcrtmih.gov/cgi-bin/molbio/lcen_parker_comboform)
(Parker KC, et al., (1994) J Immunol.;152(1):163-75.; Kuzushima K, et al., (2001) Blood.;
98(6):1872-81.)) can suggest less than rigorous HLA molecule-binding peptides (Bachinsky MM, et.

al., Cancer Immup;, 2008 Ma6)288ver s dRAHRING BRIIRRENARIERA LamAnsShaleaging and
difficult. [OOOG]MELKC, ma %ra[%grl aﬁmﬁ%%%% Ietug%' e zigeerrkirggé%hvt\flaesfﬂre%%ﬂsslx r%ggen%’%d as a new
member of the sTIAMPK Serine-threoning lcinase am}liR/?I%at iS Involved in mammalian embryonic

development (HelrBBokicaie. EFOVsH: Togteaifgpidorpsamma PAHeSyene was shown to play an
important role in step/dethasdevall( Nalkegidindhalbid/ el Bide2 00bbatmgi) (PAKS) KT 324, cell-cycle

progression (Blotdeba).j RexdBin, 12003. den k>, RdA(diae &k3& 2E0NG HA et al., Biochem J. 2002 Feb

1, 361(Pt 3):597-604) al e- splicing (Vulsteke Vet al., J | Chem. 2004 Mars,
279(10):8642-7. @3%%%%%5@&52% : %%?j&?t%%ﬂ??&%ﬁ“é@%’édé‘%I'Rirﬂé%és%%%"%?ﬂemé%%sis_using a
genome-wide cDRﬁE?ﬁF@r%ﬁ?lﬁ%Yg‘rﬁ%ﬁb 53 GHPLoRRETMEING WS 72y IOV RS e
up-regulated in begétspeaapeddd imnMinsthallpBregstdntenRes. 2007; 9 (1):R17, W020061016525,
WO02008/Qa@siA1). MiaH, MikKashbriegilaied:a seperaeascetopisidasexampiRdurg, bladder,
lymphoma and C%%Q&ﬁleﬁ%&%ﬁc‘a?e!'&@&%@%&%@%&%ﬁ%}%ﬁ%@%@ﬁﬁ%sﬁHgoWQc?%%/ 085684,

the disclosures of which are mcorpo,raéed by reference herein). Northern blot analysis on multiple
human tissues alBCHHRRH LR N QLIH SRTEINBIFSIL HASE ML PaR BVRYbXrEs84E at a significantly
high level in a gredtidaiistityd bF. Bleagineariseioamd el plinas ninerwrsnotresipresgé it wigirmal vital
organs (heart, liveNakig avdakidnest) B1402006/816325)0B)ithe p19reslBUREGSSIRR MBI
expression by S'Fi'\ét_“\aﬂé}ﬁe%%‘é’i‘é@o%'%fi%éﬁﬁgfl(ﬂ)!HE‘%-%%’%&%“IE‘M’&%@.,%E%g%g}fif]%bﬁ%’é%-

Accordingly, MELK Is considered to be a suitable target for cancer iImmunothe and epitope
peptides derived InaRNt inay B XULREE 1 corv BV REF R UnEHDHEPAPCRE SHGbive in the
treatment of a widéaafrad/’8f CarééR typemitSiiitiiday YDinaddorolo 00T1Ehespresanedsivention is based
in part on the disgeyary Shsuiake jargeisHé-MdaDorsieR:rRecansmiAAS a10 gaperally perceived

by the immune sysieftiap,:Sele ARG iR led g e InmuAQERhidy the; discovery of
appropriate targets Is of extreme | ortance.§ ognizing that MELK has been identified as
up-regulated in c%@?%%%ﬁ@%?@r&ﬁ&ga% rzqgi dé?%%&%%/@@%n@b%c&ﬁghgi&elluIar
carcinoma, chroniemegaleied aukesiend (vt edsldre srdepledengehladdatolyieniosis, ;eedophdepds cancer,

gastric cancer, livemeanagls (Faa-sroaleslung carpaiMBGES), AR/ osiefsaneoma, ovarian

cancer, hancrealiaGancets ASIAIR SARGRL-IRIA arci0RUA ALY S eal WIALEAGER(SCO) the
present invention targets this maternal embryonlce:’dleucm zipper kinase (MELK) protein (SEQ ID NO:

94) encoded by tHEHHHR BB AENAK AL AU N IRV BEAT A SRS Yo Mo %) ¥ further
analysis. In particeiareswE 2kagegrsiseodu disle brdimirmgeasitopdopep titlbsabiaaaiieis @FlesSpecific to the
con-esponding mikesLies wereoseipeieadon st Peslphesal llead mendmeleancele,(PBMCs)
obtained from & apl Y opRE:WeL e SHAIES AR bAAAER U AN BZOK g candicate

peptides derived MELK. CILs that specifically recognize HLA-A AQ2 positive target
cels pulsed with HE AR SHIVESATH A e AR SV S REE oI HARRITBR LA AO2
restricted epitopepEpfides thatdesnd indecspdnblsttaingispeeictmmunectbepprgead epjtinst MELK
expressed on thegpasedefittmoreghswene ideniliedd ThesedesuliscdemansatedhaiMELK is

strongly immunoggnic.and.the epitopes S'E‘Q@ﬁfe%@aﬁfgf%ﬁ%{geﬁ%%? for tumor immunotherapy.
[0008]Accordingly, it is an object of the present invention to provide peptides having CTL inducibility as
well as an aminoéﬂiﬂ‘@%ﬁﬁ‘éﬁ@e‘%@&%‘from the group of SEQ ID NOs: 14, 21, 23, 27, 36, 46, 57, 60
and 62 Injaddijon, The praseninveidhds leeeidmplates todified e ptideis; aving@nfamino acid

sequence of SEQIRLNQS:d¢t Bl afd BA A SGreARneral S OK6R ML HRIN ARG WA QEMQRe AMINO acids
are substituted, deI%t%d, |g§%3136§rat§d and/or added, so Ion(gtas tgﬁimodlfled péptides retain the

original CTL indu&ibili ye.rf SRV EANIAREE S "815)%%1 eé’t,t € 6?8%%%0 élﬁ LA presented on
the surface of anfigféRteirbesirire sy afdehrerteneE e tha MiddtiRes threnddpitirdbapeitides.
Therefore, it is anghjeetdithenpee senteinvdntian tarpro)itiel dntigetepresenting:eells wiikhgisesent any
of the present peplifes, as-¥iklnas Metheds aninduging: anHIaN; RISREING.AelS. 4p anti-tumor
immune response is induced by the administration of the present MELK polypeptides or polynucleotide
encoding the polypeptides, as well as exosomes and antigen-presenting cells which present the MELK
polypeptides. Therefore, it is yet another object of the present invention to provide pharmaceutical
agents or compositions containing the polypeptides or polynucleotides encoding them, as well as the
exosomes and antigen-presenting cells as their active ingredients. The pharmaceutical agents of the
present invention find use as vaccines. [0010]It is a further object of the present invention to provide
methods for the treatment and/or prophylaxis of (i.e., preventing) cancers (tumors), and/or prevention

of postoperative recurrence thereof, as well as methods for inducing CTLs, methods for inducing an
immiine recnnnce aadainet fiimor-acenciated endothelia and alen anti-tiimor immaiinityy which methnde



following detailed description are of exemplified embodiments, and not restrictive of the invention or
other alternate embodiments of the invention. Brief ®escription of Drawings [0012]Various aspects and
applications of the present invention will become apparent to the skilled artisan upon consideration of
the brief description of the figures and the detailed description of the present invention and its
preferred embodiments which follows. [fig.]][Figure 1 includes a series of photographs, (a) - (i) depicting
the results of IFNdgaentosif tIGREYT sy 0fuETd satfeat, Weee dagiscaduith NDeplites desived from

MELK. The CTLEM@ i L latestl iV MK Aze: a?f&@a@%%ég g&% (%49 (8), #3 with

MELK-A24-9-78 T\% K-A24-10- 6 #4 with
MELK-A24-10-5 6911‘3 ?&j“ R Cﬁx’éffb(-ﬁ% (%QYWN@V%‘)%}B%%W
MELK-A02-9-193¥SEQHmH @ﬂmpw lgacipRFipEL Kinag2 MK 8B@iniSHQ IBAY (g R432 with
MELK-A02-9-71 @EQeDoiN B §oe () Grmab sk it be M ok KA 020D 582743 FR (DN 00623 (hshowed

potent IFN. gammia, adcHRs aﬁisgmaﬁa?%L%ansog;yﬁc{ﬁé&fﬁﬁw@%ﬁ]mfﬁ FhilRgels

denoted with a rect \%éll ere xpanded to.establish CTL lines s. "+"indicates that
the target cells i |n T‘lﬁf?ree‘:% I§% A BRSBTS e ggﬁﬁt&'d’fﬂ{&%?éf’ SerRbsr target
cells had not beehlmﬂsfé@lw]aﬁw@bfw([ﬁ)g& Eiigpdr b irrdhealéty alomyiexeot simawjetadhs, (a) - (i),
depicting the TENganHRa produetionfal £ Rl dremspstiom lated it SEQDRd 4 AR ID NO: 21

(b), SEQ ID NO: 2&{Q)sSEQ BN 27 @ﬁ@mpﬁm)&gmgx%@@iﬁfﬁg 1D NO: 57

(9), SEQ ID NO: 6Q (h) and SEQ ID NO: 62 (i IFN-gamma assay. CTL establlshed by
stimulation with e4& é@ﬂﬁﬂ’gﬁﬁfgﬁ%‘iﬁ%@ﬁ? g‘%ﬁﬁ%%‘?%ﬁ?&@ﬂ%%rgﬁﬁr@ control In
the figures, "+" |ntﬁ%‘ﬁfé@dtﬁalﬁqn@mgéﬁdéﬁéﬂ\mr@pa@demmmm@@nmpme&nd 'indicates

that the target celiguad M@Leerppulsadyvitb mwmm&ﬁa:@&ﬁwr@e&ﬁ@amém&m gamma
production of the &1 clone gsialisted gw@ga SRR e T Sipates . SEQ 10

NO: 27. The results 5& icted herein demoristrate tha he CTL clo sta y stlmvﬁatlon with
SEQ ID NO: 27 sH5HE ?)Pobt% HREHREBYoduction as compared with the control In the figure, "+"
indicates Pithe tdrepsrdaidynieiepuibisginiithSESD NEnEvnngrovidricatalshaythe@iget cells

had not been pulsethyiili@ny pentides atigdiriguirdeis compaaarbel lire:a5ap Bﬁd@t)ﬁﬂd (b) depicting
speli CTL actofife CT4 singe peaplifis wih MEHIAORSAIRSEQ R NOLPO) @) or

MELKA02-9-171 ID NQ gainst target cells that exogenous ress

HLA-A*0201. Thé PRSI 8%’8? % 58‘69%‘ GRRRSSIFRTET teh AREQHR N@Sf&ﬂiéﬁgth of both
MELK and HLA- %2@1%61@0@%6@6‘?7&6% clbseindiaenbrel of, matt dieicontids tasgebesikedere prepared
by transfecting C@ffedellzwithr k¢ At@rapidmalaculenganmanhaifiaing with A nagy opsaie peptide
that is different fr@ﬁ\ﬂh&dgagﬂﬂ s with which the CTL clones were established (-open triangle-), or
uansfecti s W ith.M ene circle-). The CTL clone established with MELK
0501 IDEE Q) 1R U PO e HEokG G T B NS ) Shi et et
TN-gamma prod@éﬁéﬁ%@@%ﬁ%ﬁ%ﬁ%‘hﬁ@@f@@ﬁe@%ﬁﬁ%ﬁﬂm BeResprd HEAPEO020 1 (-closed

diamond-) as corfiparefdraithithe cbpirols treperditdnglatoopaisician i RessrptiametEmbodiments

[0013]Although awxlm%mgaéﬂg@msg@&ﬁe@éﬁ{dgg eag%ﬁlgmamﬁﬁaﬁ&%rg LI can be used
in the practice or testlna of eﬁ;g'(%vmen soft resent invention, the ﬁﬂeferred ethads, devices, and

materials are now'degtised SRISF t‘t‘)@?&l ‘é“ﬁr%@i%?ﬂsﬁfﬁt@ﬁ&%% ARSI AR SE ribed, it is
to be understoodteatreseny PAEEM nolErtidAcs Harlvmtelsabdhenpediiales pitersntiigpas, Withensions,
materials, methodslegiesngretdealseeipreeaciibed hartith peibesadMaFIVMaNLIRREEAIaNCce with

routine experimentation, &1 RAMIRsHENdS Ao paungRisined Dptdbalgimnglagysped in the

description is for the Qur ose of describin the rticular versions or e ents only, and is not
intended to limit tﬁ%egéo;? C%Fﬂ%%?&%%?ﬁ‘%%’&%tfg f?’ W{ﬁso%r ﬁﬁiﬁ%%?ﬁ’@dﬁ/etﬁ%’gﬂﬁéé%d claims.
[0014]The disclogsreedf asbh igbliewiond patesnor pareing sppieation: rrsividngddientis iSgecification is
specifically incorpgaratest-fytitaferenecohereprdseisieviingy . fiowever vaalhirg herein is to be construed

as an admigsign thﬁﬁé%&%@?&@j&d%@%@ﬁ%ﬁ&ﬂ I RnigHAS IR f&ba{fm&%%w“or

invention. [001 ]In se of fllct(#ge resents C|f|cat|on including definitions, will control. In

addition, the matefl %(%13 15)(’&%?5%51 ?ﬁﬁ%%%@%‘ﬁl&/ hBTe R RO 8ISk limiting.

[0016]L. Defm,t,or@eratwe recurrence thereof, as well as methods for inducing CTLs, methods for
inducing an immune response against tumor-associated endothelia and also anti-tumor

pmmunity, which methods include the step of administering the MELK polypeptides,



The words "a",', and "the" as used herein mean "at least one" unless otherwise 6 specifically
indicated. [0017]The terms "polypeptide”, "peptide"4and "protein" are used interchangeably herein to
refer to a polymer of amino acid residues. The terms apply to amino acid polymers in which one or
more amino acid residue is a modified residue, or a non-naturally occulting residue, such as an
artificial chemical mimetic of a con-esponding naturally occurring amino acid, as well as to naturally
occurring amino aeighpelysnas RGOS MeiskmospupscidkasHsedrrqinitefersetlearally
occurring and sng]ﬁr%e%pl'nno %ELSKa% eell gg@gg}i 0 acid a&alo S Q%na}gngp%eacrgg rrgime ics that
similarly function to the naturally occu nn%)p nino acidst Na uraﬁ}ly occutrring amino Acids are those
encoded by the g‘“é%ﬁ’é’f@cg’&&gls\ﬁéfi’ﬁé‘t%‘@%&iﬁ@é BifetsthaRsRgfoE st g X Aty proline,
gamma-carboxyghitherratesand!0dphsphio serine)ed he iphasisauieenibhdbid canadogématars to
compounds that bayethesamnebasit.cbanitalsliosiie danainha.rahandlaiaciga hydrogen, a
carboxy group. agamIeIauR. andan & QoY) AS. NG 0GHiing Arne acic but have a
modified R group orpm ified back ones (e.g:, homoserihe, nor suting, methionine. suffoxide,
methionine meth{I"&HBARIAT: THESAMASE SO Sefcr e tienalefeidnereneiieallcompounds that
have diffdféHti$trudtiréa nmsimilepihetibeis thedesgranamingani@s. o0t eininimaddids may be
referred to hereirféijothies cammbadyckipomderer:ieitenisumbalsoairthaonedeliersiphals s

recommended bybe IRAC LI Biosbamical Nomansialke. Gamipission. [0020[The terms "gene,

"polynucleotides”, "nucleotides" and "nucleic acids" are used in- terchangeably herein and, unless

otherwise specifi&q‘ﬂ?ﬂ%m@@ SF IRy IBESe amino acids referred to by their commonly
accepted [Sitgle-lefiaricod esc@024JUpieRarrihesivisedelinethvwWig tarvilicaoeee dafatmiathe cancers

over-expressing Gk PRS- aIRlEs oh WiRINENdc. i ArBeRL Wplled dfy ieast cancer,
bladder cancer, c(%%g%ﬁancer, chaolangiocellular carmnaé)#)a, chronic myeloid leukemja (CML),
ndo |

colorectal cancer; € BRI T PR RGTE C AN CBH G Ll UL RIS e SR REP i nall cell lung

cancer (NSCLC),fN]rﬁ‘ﬁﬁoma, osteosarcoma, ovarian cancer, pancreatic cancer, prostate cancer, renal
carcinoma and siifadllI¢Eibluag taneks (SEs{RA23MPRSI Othanisadafinedrdhadermegytotoxic T
ymphooyte', "cyipiagis ElqebindifsThn @te yseeRietanorahly et and, uniess otherwise
specifically mqu&&{jpéefget%ﬁéubgrﬁﬁ !ott#r _I%%n?}ho t1:9(%13 th&; ar e}pagl_e_o reco n|2|r?]%%r_lon-self
cells (e.g., tumor cells, virus- cled Eel ‘}% 47nd E?H(g B STiet c%ﬁgfjﬁ%g%ﬂ? S
otherwise defined#afltetRniEd MR& Bcitttific/ QU Pretéiri{thaiié with dRidnie4nlfefas commonly
understood by o8& abdimary skithirttheiarMeELbian 4His- S 32D WEl0gS7) (d), #5 with

MELK-A02-9-138 (SEQ ID NO: 36) (e), #3 with MELK-A02-9-193 (SEQ ID NO: 46)

(£}, #1 with MELK-A02-9-171 (SEQ ID NO: 57) (g), #2 with MELK-A(02-9-71 (SEQ

ID NO: 60), (h) and #2 with MELK-A02-9-532 (SEQ ID NO: 62) (i) showed potent

IFN-gamma production as compared with the control, respectively. The cells in the

wells denoted with a rectangular box were expanded to establish CTL lines. In the

figures, "+" indicates that the target cells in the well were pulsed with the appropriate

peptide, and "-" indjcates that the target cells had not been pulsed with any peptides.

[fig.2]Figure 2 includes a series of line graphs, (a) - (1), depicting the IFN-gamma

production of CTL lines stimulated with SEQ ID NO: 14 (a), SEQ ID NO: 21 (b), SEQ

ID NO: 23 (¢), SEQ ID NO: 27 (d), SEQ ID NO: 36 {e), SEQ ID NO: 46 (), SEQ ID

NO: 57 (g), SEQ ID NQO: 60 (h) and SEQ ID NO: 62 (i) with IFN-gamma ELISA

assay. CTL lines established by stimulation with each peptide showed potent IFN-

gamma production as compared with the control, In the figures, "+" indicates that the

target cells were pulsed with the appropriate peptide and "-" indicates that the target

cells had not been pulsed with any peptides.

[fig.3]Figure 3 depicts the IFN-gamma production of the CTL clone established by

limiting dilution from the CTL line stimulated with SEQ ID NO: 27. The results



[0024]H. Peptides 7 To demonstrate that peptides derived from MELK function as an antigen
recognized by cytotoxic T lymphocytes (CTLs), peptides derived from MELK (SEQ ID NO: 93) were
analyzed to determine whether they were antigen epitopes restricted by HLAA24 or HLA-A02 which
-are commonly encountered HLA alleles (Date Y et al., Tissue Antigens 47: 93-101, 1996; Kondo A et
al., J Irrununol 155: 4307-12, 1995; Kubo RI et al., J Immunol 152: 3913-24, 1994). Candidates of

HLA-A24 or HLAA %@m@f&m&gaﬂeEﬁﬁ%&r@w\éﬁhgé@%&ﬂ@m%ﬂ&aaﬁgn%ﬁbgﬁ@ndmg
affinities to I-1LA I3I7AhA02d After in yitro stimulatjon .of T-cells b a/en %c cells DCs loaded
with these peptides, 1\8{} Were's &cce%sw%|P§ﬂé%ﬁgm€&%%?8 ‘ﬁ]g'ﬁ pHFELME

A24-9-326 (SEQ f{gm’!ﬁz;)l,dmﬂtmmﬁgtarge(sﬂk@Wml@ﬂ)wmm&@ﬂm BBAESEQ ID NO: 23),
MELK-A24-10- 53{SECX IR ﬁd@ta?@d%ﬁ&iﬁd%ﬂb@eh&&l@%&@ii@ahl@@ﬁheﬁﬂELK A02-9-193 (SEQ ID
NO: 46), MELK- /%Qg.@: e@gceoa@ggu@d STl AT @5@% NO:EO0LANGMEK- A0

9-532 (SEQ ID N e esta St}ég‘ﬁ'sﬂlﬂzﬁ% d%%%?? gg#] agalns target cells

pulsed with respec |ve I%es'leﬁe EEK% ecognlzed
by CTL and that t82p2ptdéShRAPIk psitope) 9égﬂﬁé9ré¢tmﬂtwgﬁng@wb3}mmmw§m LA-AQ2.
[0025]Since the Ml Kigene (g @\ earhexprgssetisineropicpancebissuesstanasbseastcanger, bladder

cancer, cervical c@pgg, 1&?&!@8@%@1’?%@1@%‘&'?&@%%& ﬁﬁlfér&%aée%@'lcﬁésg&‘m&m%s's
esophagus cancer, gastric cancer, liver cancer, NSC| homa Li a ovarian cancer,
pancreatic cancef prosta relf“lcog| ISP F& F:}’ialwceé?@ HeAa aﬁ'd“é&,sgecﬁ% g%%) 861? (ﬁln‘ﬁmunotherapy
Thus, the presenﬁﬁ%ﬁ@ﬁlﬁb\ﬂ6@@%@&&%@§¥ﬁ@pﬂﬁé§%ﬁf§%ﬁ?@@? ﬂ‘iﬁfelsa#tfﬁqtﬁ@ﬁ@megdues)
and decapeptideshppptides wahsisticlgiod CTLamire aeid cesislies) carpesponging torCTL-recognized
invention include fhroe pag? WQ‘EZ%WM?@QW%@%M% e %ﬁ%%%?%%ﬁ%&%ﬁ;’?éé%
NOs: 14, 21, 23, %ﬁf%gﬁg %??26% g%é %@%@%ﬁ%ﬁ %‘rﬂ}@g ‘Aﬁﬁ) réms g%mpavallable on
the Internet, suchﬁﬁé@é@@W%W%Wm@%PnﬁmmUﬁQnggﬂlﬁJﬁmif%@Q(‘1§‘Eh163 75, can
be used to calculatehtMEDK ding HffiiiesIiat(vaervationspeptidesmpacdkAandigansois silico. Binding

affinity with HLA @ r%,gﬁ%ﬁgﬁ be(%g%qg_ ‘as described, for example, in the references to Parker KC

etal., .1 Immunol 1,1 163-75: and Kuzushima 8
© escmp tion o %bo&imeh?s

[0013]  Although any methods and materials similar or equivalent to those described herein
can be used in the practice or testing of embodiments of the present invention, the
preferred methods, devices, and materials are now described. However, before the
present materials and methods are described, it is o be understood that the present
invention is not limited to the particular sizes, shapes, dimensions, materials,
methodologies, protocols, etc. described herein, as these may vary in accordance with
routine experimentation and optimization. It is also to be understood that the ter-
minology used in the description is for the purpose of describing the particular versions
or embodiments only, and is not intended to limit the scope of the present invention
which will be limited only by the appended claims.

[0014]  The disclosure of each publication, patent or patent application mentioned in this
specification is specifically incorporated by reference herein in its entirety. However,
nothing herein is to be construed as an admission that the invention is not entitled to
antedate such disclosure by virtue of prior invention.

[0015]  In case of conflict, the present specification, including definitions, will control. In
addition, the materials, methods, and examples are illustrative only and not intended to
be limiting.

[0016] L Definitions

The words "a", "an”, and "the" as used herein mean "at least one" unless otherwise



K et al., Blood 2001, 98(6): 1872-81. The methods for determining binding affinity is described, for
example, in; Journal of Immunological Methods, 1985, 185: 181-190.; Protein Science, 2000,9:
1838-1846. Thus, the present invention encompasses peptides of MELK which bind with HLA antigens
identified using such known programs. [0027]The nonapeptides and decapeptides of the present
invention can be flanked with ad- ditional amino acid residues so long as the resulting peptide retains
its CTL inducibilityps&zifthaipeptdasmnaving CTL inducibility are typically less than about 40 amino acids,

often less e abol A ing aridsapcupliyise ananau 1n ARINBEKIS,Lha prdiyiar amino
acid sequences fla ?ﬁﬁkm g the n Gﬂfgfe ptide and decapepiides of the present mvgntlo g.,.peptides

consisting of the SHh A& LBG I RERTRRASK é&%P&fﬁfaﬁBF@T@tﬂ@P Eﬁtﬂlﬁ@nﬁ‘cﬂpcﬂmﬁ' 186, 46, 57,
60 and 62 is not lihitddoandraaprbersompis eehobansy kineldicdmiriduscits: solanguaglit does not impair

the CTL inducibiligyfthe ekdginalspeptiden diugsithenprasanhinention alsepavitespepiides having
CTL inducibility a&S’c %%H%%‘&M%&ﬂ% 4G ﬁﬁf%%L Hl%fﬁoaz{‘c‘% Sine|D NOs: 14, 21, 23,
nd 6

[002 enera %{w mo |f|cat|on of one, two, or re amino acids in a

27,36, 4

protein w %Pﬁg% linf ‘*8%@?8%1’&.%% RS SRAD AR BATE YRS WRING VB SAREATe the desired
function of the originad pesisias welhet amodified peptdes.emipeptidosioetiposedsioidmtamino acid
sequence in whichenentwahensevensl ainmacidirsidusshavabesa mosilieg (baciguhstituted,

aeleted, added ovinseiipdas GpMPALREIoARLIONEh fﬁfﬁ{s&%ﬁﬁﬁw S HAVEPeeR kwn to retain
the biological act|V|ty of the oridginal peptide (Mark et al., Proc Natl Acad Sci USA 1984, 81: 5662-6;

Zoller and Smith, RiGcIERNGLORSs 5883213 583! 3@6‘%&&&&?@%&%‘??&%6&?}@ BigeeNatl Acad
Sci USA 1982, YQW@Q)M rfesn o smbpelingbribatie yeptidevobarie ghesent fwention may
have both CTL inamqgjﬂhycm@bbamimaagidrsgauefmbiﬁgegt@dpfrmmg@@&E&c&%\t@s 14,21, 23,
27, 36, 46, 57, 60 6 0 n ed, inse d deleted
and/or substltute(% i3&%29 'ix'vhos%ﬂ%plél;é%::lu %ﬁﬁeﬁ%ﬁ&o nlgztgl I%}\}at% ﬁl IVI (il |gét%ﬁ({t§ an amino

acid sequence Wﬁfﬁﬂ&éﬂ?@?s S SsinGMBOSHAIRG 'é%‘l]cf‘b?'éesm%tﬂlﬂﬁ%ﬁ}‘gﬁélg? éﬂ?fﬁ%?%?@?d@?@% to result in
the conservation 9fifheipropErtigbrasahanvrigitrif anvingielcidleis e chaimcA seuphyttietharkaséten
referred to as "comiseivativiesstiatitut enslBruaenses vabve-rapgifieatienss., wherein the alteration of a

protein regyin 2 mglied RAIEAORMAL 7 LAGHAANAIS00YS 18 11S AUINAL I glgly. Consenvative

substitution tables procédm functionally simi ar amino-acl s are well’known in the art. Examples of

amino acid side cHARTURIF AR ErEEsharabaly SsPaRe tddonsliv B e fude B Hestsming, hydrophobic
amino acids (A, INomvnEaRrefommissipydrophilic amino acids (R, D, N, C, E, Q, G, H, K, S, T), and

side chainsthaying the fetlawirgdurgtionakgraups ornabRckaer SHES H# COMIBRIN, &R a&'w@tic

side-chain (G, A, ), X i pANCE HE ALY contalnlng
side-chain (C, M)&% %:%II# Ea)ol ic acgéxrifﬂ?%%ﬁ%é%%%g g%'gﬁ%%éi ’agéd Ql’eas %’ﬁ asemcontalnlng
onat

side-chain (R, K, ?—rl"j'”ﬁ)naffl 5 SR EIgRLL AP Bage fﬂiﬁ(ﬁ’ﬁﬁhtlon the following eight
groups edBA2ddntaldnesinhaidss Wrinare hedepregancmie igfermscbasenvativey subsinstivasifor one

another: 1) AlaningKBj, Shiae (e bAshatiimaride By Gitamimacidd Fre3)t AsRREINLIMD,
slutamine (Q); 4L AARBe-(R) LyRe b)) IRRIRHENG Bhdrfl IS é;gaqge%s W), Valine (V); 6)
Phenylalanine ( 5)@&{5& E ?) [%%Pﬁp EEF’%‘ %@7) Serine (S), Threonlne Cystelne (©),
Methionine (M) ( ot STEHS 1982y ﬁ@@ﬁ@ﬁ&?@&ﬁs@ﬁﬁﬁ&éW%dﬁ’ﬁed peptides are
also considered t@a@@epépncfé@aﬁfcmgung cancer (NSCLC), lymphoma, osteosarcoma, ovarian

cancer, pancreatic cancer, prostate cancer, renal carcinoma and small cell lung cancer

(8CCs.

{0022]  Unless otherwise defined, the term "cytotoxic T lymphocyte", "cytotoxic T cell” and

"CTL" are used interchangeably herein and, uniess otherwise specifically indicated,
refer to a sub-group of T lymphocytes that are capable of recognizing non-self cells
(e.g., tumor cells, virus-infected cells) and inducing the death of such cells.

[0023]  Unless otherwise defined, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which this
invention belongs.

[0024] I1. Peptides



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 MELK. [0031]To retain the requisite CTL
inducibility one can modify (insert, delete, add, and/or substitute) a small number (for example, 1, 2 or

se}:jerafl) ora sm?ﬁﬁ@éﬁ@éﬂﬁg@ maa@&étm&mi\@@fﬁiﬁ? MBIlRrfnGRYLIahnReaRS: %%é@ﬁ%@r aml 280/
acids, for examp r.3.or fewer. tage ming acids to ) y 20% or
less, more prefergglffy(i%lgo%rﬁlele%nsl%?/cﬁé)ﬁ?o&fgﬂrﬁé%géﬁ;s ]C.\S o t:(:)(ar?r(af)snrsl 1(\?rE %?g%&ﬁ?%g%?%ology

)

analysis of preferfédsaptided Brdre prasahanve Mfoh™ ki £0opss RSEE DN AT
MELK-A24-9-78 (SEQBINGANL )i ake AM=1H3DESEQ D NOs 283jeMEle A24- 405824 SEQ ID

NO: 27), MELK-ARZ:3:1381(SEQUD Ok 3ndbEL K- A03-BnidR4BER BN AR MELKyRP2-9-171
(SEQ 1D NO: 57) MELIAGE 811560 1B NESH0) ANt MELK7AG2:9:5392 (GEQ 1B N 62) confimed

that these peptides d@ not have significanf homology with pepii leriveg any o er known
human gene prodtf&ddepiss Vel BB MBS Brihita pastitrieden SR dne ARG thdldired
immune responsesiiheRlLsesitbrafmmimatherappistsigoifiCantly tywiendd A celdy My |diese peptides
are expected to bg;hiaixesRidoielicitingdmmuniiry WmenpatessasaisiNRE g paceancer cells

such as breast capjeer,blad _g[sg%r@%r CRNdeal cancer, cholangiocellular carcinoma, CML, colorectal
cancer, endometriosis, esophagus ar% S hc cancer, liver cancer, NSCLC, lymphoma,

er, gast
osteosarcoma, O\Mﬁéﬁ{c‘é%gr, %%%CNB&I?&%Y, prostate cancer, renal 10 carcinoma and SCC.
[0033]When usedMiEilie s04tEXNOT iBRduNotNErals), peptides of the present invention should be

presented on the gitface, of a gethon exosemepprgferably as a complex with an HLA antigen.
Therefore, one is I ides that not only induce CTLs but also possess high binding
o b Shd e

affinity to the HLA anfigen. aten ides can be modified by substitution, insertion,
deletion, and/or atffitidn Pt KAinG QB RASdths to yield a modified peptide having improved
binding affinity. InNaBORioAd2-DaplideEghiRt aie:idiurally displayed, since the regularity of the
sequences of peptiggxdigplayed bydeingingcoddl.A antigens is already known (J Immunol 1994, 152:
3913; Immunogenetjcs 1995, 41: 178; J Immunol 1994, 155: 4307), modifications based on such
regularity can be introduced into the immunogenic peptides of the present invention. For example, it
may be desirable%ﬁ%@tﬁ%%ﬁ%ﬁé@cid from the N-terminus with phenylalanine,
tyrosine, methionifiesse estypisiuaiT bnsliormthetarhipecatid i theti€itteapainsistavigtt pHBppakanine,
Ieuci_r&e, iShO|e_UCin?iiﬁ)ﬂéﬁ%&%@é@ﬁ@%&h@@%&ﬁ@@%&%iB@ﬁ%ﬁéﬁé@é@iﬁ;ﬂ bﬁEﬁK@M%ﬁ%ﬁf hug, o
peptides having the aming, aci u selected from among ; : 21,
520 1 NO: 23 aldl BB Not o A e B e e N R T e amino
acid sequence of?ﬁ@éﬁ‘@"% NEL4s &liBstituted with phenylalanine, tyrosine, methionine, or
tryptophat(}éid/or fiherdhe MEIE-tgmainus/of ¢thprenvid aacidtseqgoeiceues .the S BQHsNAE:(s,
substituted with pb]gaa&ﬁlgdyi& &gluh g@gd p@g@&f@ia@tﬁm@mrﬁ@%@&mﬁ)i@m@ @;@;@ﬁ@p{g}&@h gsedhby the
present invention, the other hand. peptides possessing high HLA-A inding affinity have their
Cecond amino ac LI T R TR B B s B 0 i
at C-terminus subERRatEeIitRYeHAR S8 fELRANE S P Eh R AR tARE tnE Mh A Bo ¥ uences
selected from am&a§ SEQa PoiDi36; BEQuDING:=1Ey SHQs|IEhiiDe Bt i SEDHO NOviEEs and-SEQ ID
NC(Dj:/GZ V\;]herein ;aggwﬁ@gg;eimm@ &giﬁifﬁ@&dhﬁﬁu-é%m | iw@a&b@ﬁa@&ﬂﬁbéﬁﬁ&m@@@g@thionine,
and/or wherein t -terminks is substitu aline or leucine eNcompasse the present
venton. Substit b e s B B 0 et
of potential TCR %it?&ﬁ‘ﬁ?%@iﬁﬁ?ﬂ%@?r%%?&}éﬁmg@ﬁmmB‘i‘%ﬁ%@@%?%\ﬂqi’i}?B acid
substitutions in a peptitiecantiye egbalachosehptpeidtsanthetioggindt forexamphe@aRrd sp&3:064-272),
Her-2/neu (369-3 1058840 0K20S) RIY9: (Zarambs et alg Ganserddasd 87, 4570-4577, 1997, T. K.
Hoffmann 1J | ( X , -47 4S5 0, Dio tal, Immunol
immunoth[eﬁrééztlﬁ]o%%@%&g%%%alﬁéd% go%%%§|§%)ﬁge§§§a€\7 g%ci:%? r#%ngr?%%ea S%%%%égtsﬁerapy (2004)
53, 307-314). [00SANTHEBIBLER Do ol BB ST e Sech O b1 SR RHE Lifino acids to
the N and/or C-tepadlinlisiottheitibsg ified s pritesciSursivem odifisdspadtidbd hatugwgshigkilidhA antigen
binding affinity ang tpfaine: &ty emibil iy arsalse chideodl HGeddiPEaSRIMMENEOR the
[003S]However, when e RERIGE. SREUENEE 15 IRBIGAI 0, RoTton,of R rming 49K SRgence of an

endogenous or exogenous protein having a different function, side



effects such as autoimmune disorders and/or allergic symptoms against specific substances may be
induced. Therefore, it is preferable to first perform Fomology searches using available databases to
avoid situations in which the sequence of the peptide matches the amino acid sequence of another
protein. When it becomes clear from the homology searches that there exists not even a peptide with 1
or 2 amino acid differences as compared to the objective peptide, the objective peptide can be
modified in order koendreRBedtstonding affimtysyithhe LAbatigenseandainneiggsg tgigHlidnducibility
without any danggt afigliehside.algcts:. [RAAGMIMOUG beplides NavAg ugh hiding aféity to the
HLA antigens as described abogé a()r‘e _eﬁ)%c %géoﬁ hﬁ‘?.%/ effective, the candidate peptides, which
are selected accordifig R fraddhce fé ndig SifiFE Y 4 SABRCABr OB Rither examined for
the presence of GFRtgrsud Bl K-k bind pithdSeAcmisamd idibiied indigatech theoatility of the
peptide to inducepeiteiaxic lymphocytes (CTLs) when presented on antigen-presenting cells. Further,
CTL ety Ineludss e Ry aline bR iodrguce L ARHAIRR. Gllkidlfaraion.
promote CTL Iys;a,of target cells, and to inc ?ase ny_ | N-gammg,]ﬁ%ro uction. [0037]Confirmation of
CTL inducibility i ﬁ%ﬁm@ﬁ HyIHARSAQ 'QREGE P FEL R RN EAME fdthai MHC antigens
(for example, B-lywgphdieytSschieptoish dges gdntldedertiditeis (du)) bipsstimolatien #ith the
peptides, mixing theilndidRrdanrtigen-presaniingicelswibids DEHaasitie eelishandithenimeasuring the
IFN-gamma prodyigad gpd gslﬁéﬁadanxngza@%mmmﬁgsga?élﬁm%geggj%{&@bﬁd%%ggé sRjgsenting

cells are DCs derived from"human peripheral blood mongnuclear leukocytes. As t ction system,
transgenic animafd tR&PFETH B’é’gﬂuﬁfbgtﬁ:e?]e%l%e}?ﬁ}%‘?ésg%% ERGAH STRIRCERElRTE, those
described in Benkionamensl SEQiSARHAsRL4. dhgthald. SOty e C SO0 2Rsinen $1dj tBilaamberd DJ, Hum
Immunol 2000 Aug, &hBosctbd- 7% Relpsedfnbicless Bonkss Adnkavss inslustinn af<QTiLresponse by a

minimal epitope vagceine.i * t ggnic mice:: EllLA Il restricted
T(H) response) C%%%ﬁg& %%%)g,%lé)drg ’ga?n% %e%ﬁ%gﬁ%g%g 1@%%?&%@&%%%%5 r gnd such, and
cytotoxic activity gﬁ‘ﬁ“ﬁ?’e i {%Pg’rﬁqdaﬂ’i(c‘}ggﬁ\ﬁt’j??é’\%‘&%ﬁ?ﬁo’i‘?‘ﬂ?ﬁ@cﬁa?@lﬁt&gIf%?%ﬁ%ively, CTL
inducibility can b&BEsEsSEe bidnrdasdrinh IFMogammhtbepiddiuced and released by CTL in the
presencejobzsiigen:peasenting eUsHARSS)tba, catyorioabilized pepligaspand:visualizing the

preser ing el . i te
assessing e G LG A e e e T Shose

.the peptide e ove, it was discovered that those
peptides predicted F4¥AG Oﬁﬁaﬁ%rgfﬁﬂﬁ%gaﬁtr]rpﬂ%ﬁ%pﬁﬂ%eérﬁﬁdR?é’f‘ﬂ%?:‘é@gﬁﬁﬁdlﬁ{ve high
CTL inducibility. Howawsr agfittrsgense pricdicientifies any versbamid) sk apépiddevsriderapeptides
having an amino aeigiaendencesekcedifiort amongod RQHINOS M Pardd 12 &rlgidhl 46, 57, 60 and
62 were found to exhibjt particar NGB G LI eilg, ThusIRERGIRERTAPS AR Ségmﬂ"f'ed as
preferred embodiments of thi relsipt |men\%)n.£?()§§r%g igggdltl n 1o the above-described
modifications, theé’pepft atl)géigp SN ANV R LR AISE B inREES AHEF & s, so long as
the resulting linketvpteitideifs Biss ¥ el (iéte I Dathadipbilbp it stigin Brgetd v &mples of
suitable substandes Anthsde7huisae 1ot Tinicd tae: peplidasetinits. feugassaifdisugadeghains, acetyl

Glycosylation. s o B e T destroy
the biological’ actwr@%ﬁé gﬁ@ffp[eégagegg%gs%gkﬁl%étﬁfﬁﬁﬁﬁ%%%w I h BRALATd to confer
additional functiom{e aninargédng fudeadrnsmsdakied addionpsaitisedtabilize the polypeptide.

[0040]FonexzsnpleTiodackeiasE]thadaryivoogidbd iy ofndipRlypeptdeciiisnkkaowariiihesaft to introduce

D-amino acids, aging acid fimeliss ouHpRAEA! ating acids: JIRGANEERF SaMa59RE.Adgpted to the
present polypeptides Th%stablllt of 8%? %?;%peptlde can ﬁ% assayed in a number of ways. For instance,
a

peptidases and VEBH T SRS FRE R BRI Sh s T4 P S ard B4R BHRS &4 to test
stability (see, e.gsuierheefe aftcEfI By AV @iy Prairaacbiinioss, or 1 @o3eaeye[0o4liiFurther,
the peptides of thRdaresehtvineesididie Alayiediokeg:incgihesyde piidesoditi spaeesth @ lingers. Examples

of other peptides jpgludg ,aﬁabgags%ttﬂ%@gl& Shbuineygiole peptidesidenivediRmgihes T AAS.
Alteniatively, twofglr m.ore}i)ye(?ﬁﬁfs of the r%‘sent inyention maf%gbe Ilgked via spacers or. linkers. The

peptides linked vix SPAEE) ReFBRAGHE e UaHE O UifdPE Y e SCATBRIRS OIGFRB8 A linkers are
not specifically lirfifscrhpin g gsierstisp (praptidesirablore praterabiychulsiitius ranieg de or more
cleavage sites whiglphobicapaineaiibeind, clesied hyverizymes alicphis peptidases (Rigierses and
proteasomes. Exgmples gf inkers O\ RRLeiR nclde, bibare fa%la;m%egﬁea&éﬁ%&%d%Paﬂanan et
al., J Trans Med 2007, 5:26), AAA, NKRK (R. P. M. Sinmuller et al., JImmunol. 2000, 165: 7308-7315)
or, one to several lysine residues (S. Ota et al., Can Res. 62, 1471-1476, K. S. Kawamura et al., J
Immunol. 2002, 168: 5709-5715). The peptides of the present invention encompass those peptides
linked to other peptides via spacers or linkers. [0042]The peptides of the present invention may be
existed on the surface of a cell carrying human MHC antigens (e.g. antigen presenting cell) or an
exosome as complexes in combination with MHC molecules and then induce CTLs. The cells and the

exosomes can be prepared by well-known methods in the art, for example, the cells may be prepared
hyy eontactina with the nentidec nf the nrecent invventinn and the evonenmac



13 may be prepared by collecting an exosome-containing fraction from the cells contacted with the
peptides of the present invention (see, e.g., Japanese Patent Application Kohyo Publications Nos. Hei
11-510507 and W099/03499). The peptide of the present invention encompass those peptides existed
on the surface of a cell or an exosome as complexes in combination with MHC molecules.
[0043]Herein, the peptides of the present invention can also be described as "MELK peptide(s)" or
"MELK polypeptideicdQ0t4]in LBreparationiphMELK-Ratides, AThe peptidesigitbeprgsspt invention
can be prepared Ugipgitiel SIONRERORIRES HRLEXAMRIS, 1S DRRCIeR s b prepared.
synthetically, using recontbinant DNA techri6logy or ¢ emlcaﬁ synthesis. eptide f fhe invention can
be synthesized in?ﬁ{hﬁﬁ%{fﬁ/a(?r‘%%“ﬁ)ﬁ‘&@reﬁSWﬁ@Hﬁ%@eﬁﬁ?ﬁﬁd&%@ﬁ\@?&%@ﬁ@mﬁ%ﬁ%e peptides
can then be isolatddinéR. durfisdiot isclameiscadsioibe Sdbstaitiaty freg B otheddiakuradhy occurring

host cell proteins aneviagmentsthexeabmroanmathal chemionlswbstagaes { (R451ApeRtde of the
present inventions%mtli}ge g%ﬂg&gomr%%%gﬁcheméqzal synthesis based on the selected amino acid

sequence. Examples of conventional pe tld%ngynﬁﬁesis methods that can be adapted to the synthesis

include, but are nbt fARES {6 GIYEERfHE Synthesis, Interscience, New York, 1966 (i) The Proteins,
Vol. 2, Academic R raspariieseiy Ok, GCORen{fiddRbdtide Synthesis (in Japanese), Maruzen Co., 1975;
(iv) Basics and ExparpeahetReptidasyetigsis (in Japanese), Maruzen Co., 1985; (v) Development

of Pharmaceutica} )@ %?Qéj Ili %)le(i lapanese), Vol. 14 (peptide synthesis), Hirokawa, 1991; (vi)
W099/67288; and 2%/9% Barzgé?’ C?S& I\}Il?(a{jfifield R.B., Peptides Vol. 2, "Solid Phase Peptide Synthesis",

Academic Press, NERIH5IRE 1585?%111)8Mﬁﬁi‘mﬂﬁépﬁéﬂ@é‘l‘%@m@bre%nt peptides can be obtained
adapting any knotwrPenétierene gihderirgrmsthodsamprod¥éing peptides (e.g., Morrison J, J
Bacteriology 1977) $82aa349; Ghr L@t Qurtiss & Curtiss, Methods in Enzymology (eds. Wu et al.)
1983, 101: 347-62). e le, first, a suitable vectog.harboring a pol eotide encoding the
objective eE)Pe tideglzndairgg%(%?ggiEfgéﬁ?%r%nfe&?%eo%ﬁ'&fe%% g?%nfg 1?}%{]%% juence con-esponding to

a promot uen%‘é‘ih@(b}?ﬁ%‘éehﬁﬂqﬂgﬁgfé%@&ﬁﬁfﬁ A e RS R Patideiodt Bl is then
cultured to produpeethiat peptiternfinterast pEhtaipeptide pancalsiotratpnodiaed iesvittecalepting an in
vitrlo tra?sla_t(ijon SV {Qaﬁawmi?@%mgw}aoamiﬁmﬁgage@@ﬁ@ﬂg\é%@mﬁ%@@W&*@_ -
e poyucIogSs Jedad T ) LS U SRS (SUNRE ALEUSdon No.
NM014791 (S EQshould not exclude CTL inducible peptides of polymorphic variants, interspecies ho-
mologues, and alleles of MELK.
{0031}  To retain the requisite CTL inducibility one can modify (insert, delete, add, and/or
substitute) 2 small number (for example, 1, 2 or several) or a small percentage of
amino acids. Herein, the term "several” means 5 or fewer amino acids, for example, 4
or 3 or fewer. The percentage of amino acids to be modified is preferably 20% or less,
more preferably 15% or less, even more preferably 10% or less or 1 to 5%.
[0032]  Homology analysis of preferred peptides of the present invention, MELK-A24-9-326
(SEQ ID NO: 14), MELK-A24-9-78 (SEQ ID NO: 21), MELK-A24-10-637 (SEQ ID
NO: 23}, MELK-A24-10-532 (SEQ ID NO: 27), MELK-A02-9-138 (SEQ 1D NO: 36)
MELK-A02-9-193 (SEQ ID NO: 46), MELK-A(02-9-171 (SEQ ID NO: 57), MELK-
A02-9-71 (SEQ ID NO: 60) and MELK-A02-9-532 (SEQ ID NO: 62) confirmed that
these peptides do not have significant homology with peptides derived from any other

*

known human gene products, Thus, the possibility of these peptides generating
unknown or undesired immune responses when used for immunotherapy is sig-
nificantly lowered. Accordingly, these peptides are expected to be highly useful for
eliciting immunity in tomor patients against MELK on cancer cells, such as breast
cancer, bladder cancer, cervical cancer, cholangiocellular carcinoma, CML, colorectal
cancer, endometriosis, esophagus cancer, gastric cancer, liver cancer, NSCLC,

lymphoma, osteosarcoma, ovarian cancer, pancreatic cancer, prostate cancer, renal



14 1D NO: 93)) as well as those having a conservatively modified nucleotide sequence thereof. Herein,
the phrase "conservatively modified nucleotide sed@ence" refers to sequences which encode identical
or essentially identical amino acid sequences. Due to the degeneracy of the genetic code, a large
number of functionally identical nucleic acids encode any given protein. For instance, the codons GCA,
GCC, GCG, and GCU all encode the amino acid alanine. Thus, at every position where an alanine is
specified by a codonintheacoddTcan be altered to any of the corresponding codons described without

altering tfnf@o@@wd%emm%ﬁﬂqﬁe MM%%%XQB?IWQQ6%%&’%@%@%&&”‘iCh are one
species o conservatllv%lg modified variations. Evfery nucleic acid sequence herein WPICh encodes a

. should resenied.on the su_q%ce of ate exoasome, preler CB as a complex with . - .
peptide also descrl%es every possﬁ?e Silent variation of 11ié nu@?eic?acm‘? ne ofor(ﬂnary skill will
recognize that edehBadentiecs. Aberefersciq éxeehtraticoreli persidin Bkt eBripdedon for
methionine, and TEG, bivhatdo isosselinarily thelioplyffiadonofaretiyprophtireh Chm ther mmddified to yield a
functionally identigzhmelesy. AseidinglRACTSHOHLVAIAIIR alcA eI gL igt gpcodes a
peptide is implici I}/ descr.lged.l%each dﬁlﬁlosei?é@e uence. 0048]. The olyénudcleo%iiie.?f tlhe present
invention can be %:E)ur%ff)?)csle G . RA RNA™ Shd G 1§r|'\}%1et?vle§ E.lé’}n FR'D , IS Sitdbiy cdmbosed of
bases such as AaqditoraiRcPeptidptitisieptaratvlin! ayssh RNATDGSYr HE Yolntsaeasde of the
present inventioro€ aepedeodepiaydiiie peptices Hi the: prigsentsiaventydmowiti Johwithelt i%ervening
amino acid. Sequ@@ﬁ?ﬁ%?ﬁﬁ%ﬁﬁ@g&&ﬁ@‘@@?ﬁ&Frleié@tﬁfﬂé%’ﬂiﬂgl qa@m%@m%&&%&%&rqvide a
cleavage site (e.g., € z§me reco‘%nlt{_on s%)cleu. ?%8?1 of het %f%l%nucleotlde.or the éran I@ted peptides.
Furthermore, the o1y .csig%lli_&f:@cgﬁ tnctll ei_élnfy addi |c1)rh_ I aﬂlgﬁegge%ctﬂgg ?ﬂﬁg _Sque_nce
encoding the pepfefiE i iphisriont Fay Sealpprebinte peyhutidbriors@heBEg psbmbinant
polynucleot_ide thﬁbiﬂdﬂd@&g@Qﬂd@t@i&g&ﬁﬂﬁﬁlﬁ&&Wﬁdé@éﬁ&@Meﬁs@pwﬁm a_xeﬂme or can be
an expression vegfor (plasmig) Wb RrkER SERRS A LERiY. SRRsIRlsSHGBi e CorRIpR
polynucleotides can bg’spreﬁ?red _lg%_tpe mamgl#]atﬁﬂ A)f Apjolry?nu leotides thrc%ua%h conveg_iuonal
recombinant tech(ﬁi&ﬁ OLT% gmf% &aor%fbcllee?‘f)o y?neras"es“ﬁ efdontcieddes: f&@gﬁ]ﬁ f recombinant
and chemical syriimesieesbrisiasscapped fsey tnpredtRe TR iueidd fadssriheSpléSent
invention. For exalopls ap@lyQuitieddic e Tcahebe rptatice sduyninsestidirntolanhapprdptuate tector,

which can be expressed-whentansieaieditia coRaiaRtcald A PRiNEYaAnkolyRIgleotide can be
amplified using PCR technigues or expressjon | suualﬂleaqus%ee 9 Sambrogk et al., Molecular
Cloning: A Laborﬁ%%ﬁﬁl?ﬂl%%’ é%lr‘iﬁlé 5%0% ‘Abora 6Fy, WY of %@ﬂ;ﬁ%‘ﬁﬁ%‘f?&ely, a
polynucleotide ca¥ #é sSiRAPS Y itisigtined onieh pigssltanpgglasingsilaite d i BRiHicage SL &
lyer RP, TetrahedraneiiS2ind 8re2R3:3:ksdd dthee ereaenEliROYidrl 984th3d 8@t Handl pdpREd|Vectors
containing the p%’s‘%@L%?é'Hﬁrl@ﬁﬂﬁ@[@@%ﬁhﬁ%ﬁ%ﬁﬁﬁﬂ%é‘@ﬁﬁ%ﬁ%ﬂ&%ﬁf%@%Qifé@are also

included in the present invebnTlon. 00 21V. Exosom The g_[g]se% inventionéurt er 1provides
. .tF}Tnanﬁ S(ljl stituted w1 ACIC OF MCTOoNING o1 L0c arrant()) cid at (sle mmuts .
intracellular vesiclés called exosomes, which present complexes formed betweenthé peptides of this

invention and HL R EASVER HbiestineanEXG8snteBtidsh e ipesBa s fotek s AITaBY using the
methods detailes#edegdneseRate #EADIN CETioROKSHQAP INlicati T NDEN e L1SEQUR0X @nd
W099/03499, angieaniba:pyanarer 4ising-ARGRqbiRIResLiIaMpatrsiuhe argsubiect o treatment

and/or prevention..The,exaosomes of this invention can be inoculated as.vaccines, in a fashion similar
o the nemtianes o I e B iR o
match that of the ‘@ifeet EtinGRitPasRmBHEhBYThp REGEHEGH crépTe ARt B URT IR Arese

population, HLAAZ&npead ticulatly btlife Ac240:2], dsjrevaildritantbshe keéqresivionlef betapiidjitiate for
treatment of a Japapese Patiepiphhe Use QhitlbeAdivpaianthe: AR tyRe. AL ishighly expressed

among the Japanese.and.Caucasian is favorable for,obtaiping effective results, and %Q) pes such as
A2303 or A001 SN Das Py L R LT G LA S SPHE ATt requiring
treatment is invedtgateein Eivatdeswhich %%I%-Ihé%%ﬁ?ﬁﬁr?é@-%ﬁ?‘%f%eﬁ)gi)?)%éﬁﬁving high

levels of binding agfmiti t&théoffartiouarantlgemed N200R) b iheR(GibiBBE LY astigedpresentation.
Futr)tht?trrtrmfei in 0&9%&&%/ i éfﬁpﬂﬁ&f%;h%ﬂé@.qmm B’@h@%@%ﬁf’m@bmg& mm@d b' '}igh "
substitution, insertion and/or ition v, acids can be performed based on the
amino acid se ueEtﬁg%ucl}P ?@h%ﬁgtfﬁﬁ%%gﬂ@g%%%g%eptide. [0054]When using an exosome
including Eﬂ%?’éﬁm type MR ARGOHOEsSEHiaRPHE B ARAEIAN RS QBfd B antessideidirfrom
among SEQ ID NOsad/d; 211e28iaumcb? hareusbhd penithe Sthbminahfisdveenidesing aug Biebsome
including AO2 typgaitH Anaptigemding pent %ﬁ@@(ﬁl&@i‘@ﬁ?ﬁi&ﬁ%@ﬁtf@!@ﬁl@ﬁiﬂ&ﬂ&%@ﬂﬁ SEQ ID NO:
36, 46, 57, 60 and 62 are preferred. [0055]VI. Antigen-presenting cells (APCs) The present invention
also provides isolated APCs that present complexes formed between HLA antigens and the peptides
of this invention on its surface. The APCs that are obtained by contacting the peptides of this
invention, or introducing the nucleotides encoding the peptides of this invention in an expressible form
can be derived from patients who are subject to treatment and/or prevention, and can be administered
as vaccines by themselves or in combination with other drugs including the peptides of this invention,
exosomes, or cytotoxic T cells.



[0056]The APCs are not limited to a particular kind of cells and include dendritic cells (DCs),
Langerhans cells, macrophages, B cells, and activated T cells, which are known 16 to present
proteinaceous antigens on their cell surface so as to be recognized by lymphocytes. Since DC is a
representative APC having the strongest CTL inducing action among APCs, DCs find use as the APCs
of the present invention. [0057]For example, an APC can be obtained by inducing DCs from peripheral
blood monocytesfgggéﬂh@me@gaﬁacting (stimulating) them with the peptides of this invention in vitro, ex

Vivo or in O[\dgg f]\:\(]?%&%%?%gle%g op ?@5 (?#%%& Esr?d?%@ﬁ'?t é}g(gl to. th ajﬂ_u'ts APCs that present

the peptide s invention are in e su hrase métucmg APC"

includes contactlﬁﬁq(]&?fﬁdig%ﬁljdé’%@f’%fﬂ ﬁ’f@%ﬁ@ﬁ‘ﬁﬁ%‘é"ﬁf“ﬁﬂﬁvfﬁ@@rﬂigﬁl%}t FRRIERRIFEE encoding the
peptides of this irnféastionith pregeimoontplexedefommd/drbdangienyitipomstigeinstapebifie peptides of this
invention on cell'ssufaess AigeséaﬁmﬁagmémO@@miQ%@&%& veRtigp-tethafesyo allow the

APCs o present g pepiide A5 ACa AN Re B SIoIag lo e ubikcl s avacee. For

example, the ex vivo a fation can inc rom a first subject, b:

e the ste a: co
contacting with tHSKiSe D YFREEF1a2ine ﬁ?@ﬁ@%‘fﬁ?@%ﬂ%&‘”%hﬂ?ﬂ%n fRdtephResIostfed APCs to a
second subject. [00581T henfirkisyuisiech enttiatbsecainth sabjveh egrepiaithei sahte hdividuaidor may be

different individua&f&&@@aﬂw@mp@‘@@q@lﬁ@dﬂa&@@@aﬂé im@mse&wﬁegﬁa@%mm&ﬁédhe
present invention. ;105 g%uﬁ%%% é]gs%ﬁ &g%hg%@ OSIEOé’IannQI%J&)O lfgL nac%' E'p(lie.:ﬁ‘entlng cells is
provi

provided. In add|t|on the present |nvent|o es a met process for manu acturing a
pharmaceutical c@r‘ﬁ%]é YiSHheuL e g ARy &b R é‘i!ﬁ?]@ef:@ﬁs wherein the method or the process
includes tHi#3b¢p ofkibonidimgoidfsraulathgthsdapgicéiot the reldbdt imtigmtions witlhrébed
pharmaceutically ageeniableysasies oy, de-atesaal iy ankopalE Al iiles ognepides of the

present invention_ for inducing. anti i eIIs APCso ained by, f() e(?
Ccor%n&(:%t agl Pty ?%éhg% to AN ¢ 1an o’f’t?{efmtr%g ven ion, the

administered to the su vaccine resen

an as
APCs of the preséﬁﬁttm?ﬁfaﬁeﬁ&\%%waﬁ%v&woﬁefmm A hiaddusii b HigherdSel of CTL
inducibility”, the Highalelial i telgévede thedevepbthaiclyniPCy eortZitied with peyeeptide or peptides

which can not indygRdhe eskhi e ARPGBAYDD aiMiahieveh oh Gulded AL ISHHTY £ BepERPared by a
method which 'n%gd%%th%fk é) gf t{ans@ﬁ' H% C%Qrggucontalmqg M{gusgsle% des th ﬁf: (;?(; A

peptides of this invention t Cs in vitr e Introduceéd genes can be in form of

Examples of meti5deafsGat SEUHBRTRARIEHthout particular limitations, various methods
conventioliily performfethiationiesffield, sulbhibiitipefectorplslectipporation angoalorsempiosphate
method can be usets Mansneefisaliyid sanhe Ferformed.as descHbegdn ﬁwﬁgﬁd@@ss 496, 56:

2672 71 3 IMMUnGLAgit: Lt De0s é@ﬁ%@%@@%pé@ g ki HPIRIRE apagese
Translation of Internationa licatio tran rrln e gene’into APCS the
gene undergoes FEASUITH St?%iﬂé%ér?oéwaes%]r?’lﬁlﬁ@%%ﬂne&ﬁmwefﬂ SRR POtEsH i
processed by M%@é@&@%@%ﬁ@ﬁ&hﬁ@@g@d@ﬁhchﬂjhrdDbrssemattgmmhwayﬂmpﬁresent
peptides. [0060]MBCCwatRWIEdnCBHS LG PésSheral blood mononuclear leukocytes. As the reaction
systern, transgenic anirnals that have been produced to express a human HLA antigen
(for example, those described in BenMohamed L, Krishnan R, Longmate [, Auge C,
Low L, Primus J, Diamond DJ, Huom Immunol 2000 Aug, 61(8); 764-79, Related
Articles, Books, Linkout Induction of CTL response by a minimal epitope vaccine in
HLA A*0201/DR1 transgenic mice: dependence on HILA class II restricted T(H)
response) can be used, For example, the target cells can be radio-labeled with 5!Cr and
such, and cytotoxic activity can be calculated from radioactivity released from the
target cells. Alternatively, CTL inducibility can be assessed by measuring JFN-gamma
produced and released by CTL in the presence of antigen-presenting cells (APCs) that
carry immobilized peptides, and visualizing the inhibition zone on the media using
anti-JFN-gamma monoclonal antibodies.
[0038]  As aresult of assessing the CTL inducibility of the peptides as described above, it
was discovered that those peptides predicted having high binding affinity to an HLLA



A cytotoxic T cell induced against any of the peptides of the present invention strengthens the immune
response targeting tumor-associated endothelia in\vo and thus can be used as vaccines, in a fashion
similar to the peptides per se. Thus, the present invention also provides isolated cytotoxic T cells that
are specifically induced or activated by any of the present peptides. [0061]Such cytotoxic T cells can
be obtained by (1) administering the peptide of the present invention to a subject and then collecting

cytotoxic T cells frafipdheaisubjekas42)y toRtAHAY St mukaing) s hecaeivad ARGsiaRd
CD8-positive cell -Reri cytes in vitro with the peptides of the present
invention and the%?%%ﬁa%n%ng%%g%%’qﬁ%g S. Ool_;g%’#%’a‘%% cﬁ%efi(}:laﬁ%glﬁél, av”‘\"/iﬁfclz%aﬁlaclgsg Jeen induced by
stimulation with ABELThIPPrELEREREDLZnHRE bt this ivértior, tan b&amad amipatthts who are
subject to treatmenbididrotipraviyitigh Ciidiednhdigd Hinistéresd pyptivemselvesmpiiffiedembination with
other drugs inclugipg:iha ggpﬁ@%@@@&ﬂ@ym@megﬁ%omes for the purpose of regulating effects.
The obtaipgheytotgdedcalts 3t snseificallyasainsideinel calls preseningihs pepiides of this
invention, or for example, the same peptides used for induction. In the other word, he cytotoxic T cells
can recognize (i."'b Bmﬁa’l’cﬂiﬁ’(}?ﬁrﬁf}f&ﬁ TORHY BORHEEH S RloRGHGe Aeard 18 d e s S the
present inventionreiaiss thrgetieiellsUfhoedwityithie O delloigieptoepint: thsarepteckithetshiget cell to
induce the death afithaéargeliced. vhinertargenealis candadcalls that andearnously express MELK, or
cells that are trangg&ﬁe%? \ﬁt/%gw ];QL% I%!T&(q%%ﬁ%ﬁgrgglfgg%tgg Rresent.a pe a%dc% I%ithis irE\l/_ention on the
infulatiol pti also serve as tar ) d &)

cell surface due tg s ation by the peptide ca 0 serve as tdargets of activate attack.

[00631VIII. T cell FeEBTeRERE YS9 pigteH s haitiotdiden RS AR BosdMisSsionREBYitsthing
nucleic acids seqtientedivetdingipobtpleptide Szt g cehpattiod fdreninigiasd pbptivie OftasE cell
receptor (TCR), anaksethedeiofstsingaingessinemidind CRrstimiisnapnmineaility, te-fery TCRs that
confer specificity F%Jﬁ%gllg nﬁ%& et%@%u (C;}BI% Pt%e&e{;&‘fﬁg Eﬁl_olﬁ.?géyd%ing the known methods in the

y h e

art, the nucleic acid sequence of alpha- and'beta- chains of t expressed in the CTL induced
with a peptidPbs tHEPpraSBRIEOIRHEAEARFER YHTRRH HRD2 60HRESSS 5 bin drMBRATEH
Jimmunol, 171, 32884RB08))-TFhmeleridativei TCRIC camigins cortheMEL Krpeptiddsdisslaying on the
target cells with higheapidity arBGORtIGRU b MRFIRIR QffsigRtHling tidarast cellsapasprping the MELK
pepide in vivo and,[mvite,, 4B {00RAHTIESuslEICAgdR agauisnge Ancoding fhe 1E byt can e
incorporated into suitable Vectors e.g. retrovira vectors. Thess Vectors are we "Knowrrin the art. The
nucleic acids or tHSVACIBrE EHRATRIAHRA PG SRR CA Bietieth derb ettty (FegeitZfor example, a T
cell from a patien ivdntaieBushDihe MeehtRinrprovides! 8&6offth959h3lEeomposition allowing rapid

modificatipvefa paiients owpe Rl (ardhpsaatanather mamewmiia rapidly pagdieasity produce
modified T cells I}?\‘Q@% gmﬁugm %%)Q‘%?E"g%g Eﬁl'é}%%ﬁﬁéi%%%u {ig,obq;?]é!asgé{tﬂ%%rg%gr}f vention

provides CTLs which are pre%?re y transductio the nucleic acids encoding the TCR subunits
polypeptides that Biie ¥ @2 MEL fepestitiee Yhe e 4 NtsEnatyeds. s o e PARIMS 60 and 62 in
the context of HLAAR#snHLRIARR TRheby dinkdd sadBHess arelicdprblBhohpidisditdabvieer cells in
vivo, and can be gxpandediewelknewi: cuttierin Gimetiodacinoiee. (pshe Byatani-et abt J _
immunol., 142, 34523461, (390 v had eells g hedrRn iR AR USSR ar, A mypunogentc

. < Ofe .
composition useful in trea ng or the prevention of cancer In a patient in edoft erap% Or protection

(W02006/0312215" fBOESTFRY 18l et A LRME S BEHOEHGADY Brastivhiid prophylaxis
include any activippritisksreticesthodpieiessohendrrainglos nidididisyofrepacdisdaseddbevention and

prophylaxis can aggWmaéPmanyy SECNdadsiaid serianTRIey RUIIOEY SIS 6) MR priaraLyRrevention
and prophylaxis gyqjgl gﬁ%ﬁ\é?@%mm%tﬁgﬁwﬁ??%%%ﬁ %%%%%Ievellgﬁf Sri)tggv_entlon and

prophylaxis encompass activities aim t the prevention and prop ?/ams of the ro%ressmn of a
disease and the EREHGEE T S A IHASES W&ﬂ%@réﬁ%ﬁg ﬁlgﬂ%ﬁﬁﬁ%‘aﬁﬁb&cﬁw&??blready
established diseadi®'byl p8soiifcp At iBheasttids ity distaséanelztion wmephiestibng: Alternatively,
preve_ntion and pmhahaxigﬁmk@dgmﬂfp@ﬁﬂa@gﬁ qfa@é@g_)&wjagﬁestherapies aim_ed at alleviating the
severity 0{6@&?”“&&!4?%9&%%%%%@ BreLEHHEPA L RIQ! %@@@%ﬁﬂ@&%ﬁﬁ%@'&f %E‘ff@%%

[0067]Treating and/or the prophylaxis of cancer or tumor, and/or the prevention of post-_ E)%grative
recurrence theregﬂﬁa AR E AT STEHRUBE & B L ARG EAI YRR S0 BPEARTEr cells,
inhibition of the growkhnefiearnddrdlidcalslerleiundribon iedires SidholTAdymisraiddictionwigemission
and suppression efiggchirpnee ©f cafdeiotmeseg esgionansd rauwsiionmeriRihitipseof metastasis.
Effectively treating gnclan (N RRRYW1IA BLIARGALAGIRASES MATAINCANGIMAIUER I8 Prognosis of
individuals having cancer, decreases the levels of tumor markers in the blood, and alleviates
detectable symptoms accompanying cancer. For example, reduction or improvement of symptoms
constitutes effectively treating and/or the prophylaxis includes 10%. 20%, 30% or more reduction, or
stable disease. [0068]Since MELK expression is up-regulated in several cancers as compared with
normal tissue, the peptides of this invention or polynucleotides encoding such peptides can be 19



used for the treatment and/or for the prophylaxis of cancer or tumor, and/or prevention of
postoperative recurrence thereof. Thus, the preserinvention provides a pharmaceutical agent or
composition for treating and/or for the prophylaxis of cancer or tumor, and/or prevention of
postoperative recurrence thereof, which includes one or more of the peptides of this invention, or
polynucleoticies encoding the peptides as an active ingredient. Alternatively, the present peptides can
be expressed onithg suifreeared anyddikthie Jaregoingexasomesofraalis tuahihs ARGHdak#e use as

By of e peptide A 8 e Rt ﬂ%"iﬂ%&*ﬁ%'fuﬁh'iliﬁet

~ pharmaceutical a 8%8%}1@&‘?{5’8&{\8?1 ﬁﬂl%g %@Iﬁgﬁlgﬁf&%ﬁ@%ﬂéﬁ)l o) f’i’h‘ﬁ%ﬁrﬁ@ “Hargeting a
peptide"” refers tolPEeHEIT AR EIRaSS @@@ﬁn@pﬁﬁ%‘é eviriplesfBerivaiinstafcese i ¢l cxnfigian &nd a peptide
on a target cell sudag:yethtbanbigetl seceptaENah thaniaitacking the target cell to induce the death of

the targe‘[ﬁ@hﬁ,li‘)oef%l@n"f‘r{f? %R&ﬂ?&ﬂ}%&%séﬁﬁﬂ@ﬁ%ﬁ Lventon. Ase.Royides fRekse of an active
in- gredient selected from a I{np E f of the present invention, (b) a nucleic acid encoding
such a peptide aé’?ﬁggf’(@ 4\4%{'1 £ %‘3?5?& 8lble form, (c) an APC or an exosome presenting a
peptide of HédpresBhtiirope - adesnd  (d) a cytotoxic T cell of the present invention  in
manufacturing a phampapeﬁami tﬁ@@lﬁ@ﬁit@ﬁdﬁhﬁ@@ﬁﬁﬂﬁﬁ’ﬁf&pﬂ@@ eaneankiswanc[BaRRAlternatively,
the present inveryigrL AR BOMAGSANACIY Grlagred GAlelesicd Fg amaBgn(@haipeptide of the

present invention, (b) a nucleic amdsznco in suc ﬁﬁé’efo ptide as disclosed herein in an expressible

form, (c)an APéefjl?né’rLP%&&S RREGRE SRR ol SRBHE S 0P B SRS EaM D8 FBHESHSES Yifface, and (d)
a cytotoxic T cellgignatig pvrésémgm\mﬁrmuépmnm@ﬁwéawn@rc@ﬁt@mlﬁmaﬁlq(v@mc}mt@matuvely,
the present inventien b e Qvides @ eilies aEdrocess bersobanttiiaotisnafapbaiaaseaytical

composition or agepf for Lﬁr}ﬁ%ﬂg& Gl QLAY ﬁlé/ﬁ%eﬁ%&é?eoﬂ&%é!"é?ﬁlé?%ﬂéﬁﬁ@ﬁ%ﬁ%%&%%?’ the step of
formulatln‘%é) harmace ca SIQO ically accept ble 8arrl gﬁ%an active jngredient selected

from amoh§*l(a) & (J)fl}ﬁgr%é’ﬁ‘f RURREYH ?bcj ey EHPHEDtide as
disclosed herein Wahﬁéﬁbﬁé@kﬁﬁ@mmﬂ sequpRae. ﬁx@@iméx@@m@p%smmmﬁa@tme of the
present inventionpaitgisthdaas, rndiaplel) @ aseiodesiscatin the presarnidnantion

(i) Peptide Synthesis, Interscience, New York, 1966;
(i1) The Proteins, Vol. 2, Academic Press, New York, 1976;
(iii) Peptide Synthesis (in Japanese), Maruzen Co., 1975;

PR

(iv) Basics and Experiment of Peptide Synthesis (in Japanese), Maruzen Co., 1985;
(v) Development of Pharmaceuticals (second volume) (in Japanese), Vol. 14 (peptide
synthesis), Hirokawa, 1991;
(vi) WO99/67288; and
{vil) Barany G. & Merrifield R.B., Peptides Vol. 2, "Solid Phase Peptide Synthesis",
Academic Press, New York, 1980, 100-118.
[0046]  Alternatively, the present peptides can be obtained adapting any known genetic en-
gineering methods for producing peptides (e.g., Morrison J, J Bacteriology 1977, 132:
349-51; Clark-Curtiss & Curtiss, Methods in Enzymology (eds, Wu et al.) 1983, 101:
347-62). For example, first, a suitable vector harboring a polynucleotide encoding the
objective peptide in an expressible form (e.g., downstream of a regulatory sequence
corresponding to a promoter sequence) is prepared and transformed into a suitable host
cell. The host cell is then cultured to produce the peptide of interest. The peptide can
also be produced in vitro adopting an in vitro translation system.
[0047] IV, Polynucleotides
The present invention also provides a polynucleotide which encodes any of the afore-
mentioned peptides of the present invention. These include polynucieotides derived
from the natural occurring MELK gene (GenBank Accession No. NM_014791 (SEQ



20 as active ingredients. [0072]In another embodiment, the present invention also provides a method
or process for manufacturing a pharmaceutical corifosition or agent for treating cancer or tumor,
wherein the method or process includes the step of admixing an active ingredient with a
pharmaceutically or physiologically acceptable carrier, wherein the active ingredient is selected from
among: (a) a peptide of the present invention, (b) a nucleic acid encoding such a peptide as
disclosed herein I aCeXBIEasibi feriuse K8y g ARGRHANXPaRTIEdY esaBtingeadqeptide of the

present inventiononits $uace,aNfas(dlaeuolaxia, islisal ﬁ%&é&ﬁ%ﬁ%’%@ﬁ%@“?&‘em 0

[0073]Alternatively, the pharmaceutical composition or agent of the present jnvention may be used for

either or both the"PIBEITRYY Or BUREE ISP HIAHSF S HIALINRSH ST R0 pErSRE RS reHE R thereof.
[0074]The preseritpheaenerseytié dicagrmatts opdornposiiowsidiliveciompaedintcdhnietontext of the
present inventionydide @liase nvasenedaiso referkeshie, atandbmmMnNogeoc, canipasiion'l) refers to a

substance that hap Ye unBRRIIGR ANAUTIGL TRTEAGARRD DBCHRIQN il ATIalaJ007SIThe

pharmaceutical agents or compositions of the present |n§ée on can be use

cancers or tumordY A& EMIFE T8t PoRishetatioh Sty SREE SRS frdnsdetsrBitfatients
including human witcahylsthes theenradddreildier)idsuBhet finvieed agd roissenrattegisifiea-pig, rabbit,
cat, dog, sheep, g@akipig, Calileh herses spankeys babesniiesy shimpanzeppasiievainaeammercially
important animal a%ﬁ@qg%@%é'ﬁé%%ﬁ m'm%u&@e%%ggeag 'ngtgegaﬂﬂ%ee%%w HaERtion; pelypeptides

q 19 SEQ ID NOs: 14, 21,23 and 2

having art amino acid séquence selected from amon 3'and 27 or polypeptides

ected ) ID |
having an amino 4t S8HIehe8UsMiEAEY iR FrRBHGSEO DY NIGEC8B 74 614 £28h RAA"ED have been
found to be HLA-MREBraeidAen@Rtrabiticteli @pitopdi paptides o cariiit e sadspdotialy, that can

induce potent angdspreificcimmumadesnassalyThrkaione dhirdqpiesesinhamoaraidicaliagents or
compositions whigh INGILGE ARYLINGSE RAYREPHAES l}é\é%% te ?%ﬁ&iﬁéﬁ?'&%‘%ﬂféﬂ?&%&ée'ecmd from
23 and 2 I% ly suited Port e a

among of SEQ ID NOs: 14, 21, 23 and 27 are particu I ministration to subjects
whose HLA antigBRUEIRIESARPES thEBHSHE NG THRrBeRAP st & iEaP4gents or compositions
which cot@@i#thny Shelnsdenpelspiistidabelravsnyt tiecatvnsachs segpessded DNBEBNB.NGs: 36, 46, 57,
60 and 62 are pagtigtanysaidedfos thE adnidtisRtiamisosubigeiswbasek bARTIgea &, kdA-A02.

The same appliesft1 %ﬂﬂg@@gg%iﬁ%g%S which include polynucleotides encoding any of these
ponpeptides.éOO?? Cancers Or tumors.to be treated by the pharmaceutical agents or compositions of

the 21 pr98Rt invERtiBREPETFARHREUSAFIHY SIS BHORIGHS TFednEEI SRt REISKS Whifein MELK is
involved, includingrfemmesarepienbidddervih@eritreesi eanoar eeidieaiomsser, whwtengiveellular
carcinoma, CML cgalapestitldancasmigpdaetrosise@sopbagugoaiieer cleasipe Ganesy, liver cancer,
NSCLC, lymphorpg, 05l6Qs3i ARt QYRR SRS oRANGRANE GARE R RISSIAIR RRc e RJenal
carcinoma and SCC. : ) .. )

thermore, the polynucleotide can include any additional sequences to the coding

sequence encoding the peptide of the present invention. For example, the polynu-

cleotide can be a recombinant polynucleotide that includes regulatory sequences

required for the expression of the peptide or can be an expression vector {plasmid) with

marker genes and such. In general, such recombinant polynucleotides can be prepared

by the manipulation of polynucleotides through conventional recombinant techniques

using, for example, polymerases and endonucleases.

[0050]  Both recombinant and chemical synthesis techniques can be used to produce the

polynucleotides of the present invention. For exarmple, a polynucleotide can be

produced by insertion into an appropriate vector, which can be expressed when

transfected into a competent cell. Alternatively, a polynucleotide can be amplified

using PCR techniques or expression in suitable hosts (see, e.g., Sambrook et al.,

Molecular Cloning: A Laboratory Manual, Cold Spring Harbor Laboratory, New York,

1989). Alternatively, a polynucleotide can be synthesized using the solid phase

techniques, as described in Beaucage SL & Iyer RP, Tetrahedron 1992, 48: 2223-311;

Matthes et al., EMBO J 1984, 3: 801-5.



[0078]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.
[0079]If nE¥dedl, th¥ gsharmaseniitalirgeitswiactdpoSitiops sitievengsentihesitietiscan op- tionally
include other themg@ﬁigg&ggsg@g&ggl@%%iﬁ@ﬂu@dqgﬁggigggemﬂqglg@ﬁthe substance does not inhibit
the antituciﬂ 3 effe\(;té) c;Shoem%(sztive ingredient, e.g., any of the present peptides. For example,
formulations can i -Inflammatory agents, pain killers, chemotherapeutics, and the like. In
addition to includingR§tRESERERSaHHR Luiberaiesdss errbulearndrersaledsaoanisamerhs of the
present inventionpraselsonigaeachniimstdred saguba tpatiyides o nids irsetiiiorithd i dnendpenose other

pharmacologic ageatsuie:amemiisotmedisrmen aocphaprasalegic aganikieRendfol gxample,
on what type of PIARAGHoRS AYSRI, iR A0S dlesese faing ieaieml,and he scheduling and
routes of administrgtlon%e) é]t ould be understood that in adartion to the ingredients particularly

mentioned hereinRePiiiatl trhbapeRtEdrebs Pt oissrthiompataal 846 Hertedther
agents conventioairmthenaspthavipgvegeard Thdrsdypees bfoimutattoticon quéastionci08813kn one

embodiment of the,igsenh INYRRINNHe PIeaRN HraENSCaisaLAGSNts or compositions can be
included o aiples plomanuieiie.andkI soniannaalenais uselul for eqling e paglogical
conditions of the dise'a,syéj?o e treated, e.g, car]cer.nl' e ar’tlllae‘ofsmahul}jac Ure €an includs a container
of any of the predEAYHIRETTALRIR CALARY L BHEB 6 &GRSV TS Hepenest nami domtdiérs include
bottles, vials, andAt2$t puhies]afliyditaniaides, caprbe formead tHranfaevaodty tef apateriale, fouch as glass

or plastic. The labglaadhie compinetsheuld. mdicaie shaagenty &é@ﬁé@[dﬁ%%ﬁ@_mmpfﬁgﬁption of one
mi

or more conditiononfetSrggddis%%s%hT 1e Ia&el cadrt%{]scg i?diﬁafta?vogégfétif?%g . ad e%sé&a\;[eion and so on.
[0082]In addition Totthe contamer deseribed %ove, a kit inc udlré%a p%armace lical agent or
composition of thEBHESSAE TRREFSTIFbPEORAN Affteraise fied W deeiiborimies Htising a

pharmaceuticallytbe captablélol aengeit cfahef prtern rghtidesatieemmatarialedesikahile #doma, commercial
and user standpoiicdnehadingd 5@%@{@saﬂa@éﬂ%ff?@@e@%@h@ghﬁgwi@%O@B%@fﬁ kage inserts
it nstuctons (e, 22 Q08311 AL EeLaqents of Samposiions can, f fered, e
presented in a pack or dlsper'_n]%er evice Which can céntain one or mor .unlf‘%oé)ag‘e orms’ containing
the active ingrediEREPFRBOFAAR PH5T B PRMSRIdRTRiE Rt b Risdn e iarmad QBridter pack.
The pack or dispdasihiligvicbscaribe, aseompanide bydismudtio Asdoseaerinisirationi{0a84d(1)
Pharmaceutical agenig:Rt G5B e8I RGN taliRg tha Repiiresarihe aetivednvaredientsdihe
peptides of this in\éen%gn 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 thH?élpepMé@ SFERESTHOERBIT, BEMTERS, ‘B APebRS Hhd s0ERthabarersidinhfi gsed for
drugs can be incligeanas applopriatsavitblocte g dromuiarig REDHS NExan# 2k 88 sudlt tarsiers are
stherilized wa}terl, Rysiologicad sakinaapasRhalsibtieExeutiee fividiand oy elprurthermesg, the
pharmaceutica ts or, itions C n.asnecessary, 3 ensions,
preservatives, sl?%ggg%%g%oﬁ%%é%.lefﬁgt%ﬁﬁgr%%gfﬁig %lgagrﬁg%)% %?s%t%?@f %?é%l@]vention can
be used for anticARE& 3T F6EEEeH085] The peptides of this invention can be prepared as a
combinati®) ¢bmpesetintibtvpresanire cflisdpifass of the present invention, to induce CTLs in vivo.
The gep()jtide ﬁombiflﬁg@f’e&ﬁﬂ ik tbe i RiaicoRdaiboncan Qﬁ : é@g%@&ﬁ&f@%ﬁk@r US_imIJ
standard techniq r | C chemic in OL.express s.a single
fusion polypeptid%%@%%@gg%ge%%@%%%ﬁ%%%r%%?ﬁ%ﬁ?ﬁ@% lélt guéga(%% %%’%‘ﬁge(r%rtﬁ?%y
administering the%“eﬁhﬁ@%ﬁh@qﬁ?gﬁﬁé}i‘ﬁ PRBYSEH FE LS 4Ry ST AR R RS KPE e HLA
antigens on APCsnthdimChe pepiadespd dlficaliyensaotitosaptbeibbripiexciorpeettihethvizem the displayed
peptide and trrl]e HlafcaRtiges zﬁé&&ﬁjﬂéﬁ&ﬂaﬁiﬂﬁﬁﬁ@ﬂﬂ@)& ﬁ%ﬁaﬁ@mﬁa&s&m@%&ﬁiﬂa&&ﬁmidez ?f this
invention on their cell. ' ' imulating APCs (e.g., DCs) derived from a
subject with the pve%;()gfuigfe&g Ec%ﬁ%??‘?r%\%n%# rcr?)all%/ éﬁ_e%% m%%@%@gégt%u%%éngh a?égt‘%a?r% %%agsr%jlsult, CTLs
are induced in th&"S B R HGeHEesi e e\ Gdrethe cancer cells, such as bladder cancer,
breast cali¥&tlcervibal £BAsare sholanigiddeliupartsateiaomd 2f s aublorbotaleadicte, celdometriosis,

esophagus cancgnEasishgamast Vel Hanoghabis Gt Cally oM. QsIeasay Goma: Avakarcancer,
pancreatic cancer, prostate cancer, renal carcinoma and SCC cells, can be increased.




[0086]The pharmaceutical agents or compositions for the treatment and/or prevention of cancer or
tumor, which include a peptide of this invention as tfe active ingredient, can also include an adjuvant
known to effectively cellular immunity. Alternatively, the pharmaceutical agents or compositions can be
administered with other active in- gredients or administered by formulation into granules. An adjuvant
refers to a compound that enhances the immune response against the protein when administered 23
together (or succespiualy) pithithecproteindpay nglisimunclagicalsaciiviiyseAejuyantd sorigmplated
nerein include thage, descaed ﬁ@meamgg@g%@a@mcﬁm BRI 7 (A Pramples o
suitable adjuvants in lu W aéﬁﬁ}néﬁﬁh ydroxide, alum, cholera toxin, salmonella
toxin, and such, tﬁ"ﬁ?é’l‘%‘l}%ﬁﬁfrrﬁ %gs et é‘? orEn ﬁ%%edm@lformulatlons granular
formulatio93AlwhiEpe W@B&la@@ﬁmﬁﬂdﬁ@b@mﬂﬁ@dﬁ@ﬁéﬁﬁ Hamecsr beihsrambformulations in
which a lipid is botinehigttbaeptisednaytig canveniapihusedi {0083 pisems amhodimsnts, the
pharmaceutical a&%t%gm@pﬂémwe&bm@ﬁ&a&mﬂgqg&é sl nElRgdeAsamRonent

which primes CTLs, Li #ﬁ een identified nts capable of prlmln CTLs, In vivo against viral
antigens. For exasr]ﬁlﬁ%tspg %ﬁﬁﬁﬁfer‘q@gltcm%gegﬁs %c%&%%@%ﬁg% A Ehdetsrneiiino groups
of a lysine residuéuhisgttién huced 'b@@@é@ﬁd@bmﬂééﬂ%@@ﬁwmérﬁﬂ@numhegﬁ@d@lteﬂtpelpﬁtide can then
be administered gipedcdicectly invamicelie aicpatiiechoainomied jnfeolipgsamemnaemulsified in an

adjuvant. As anofljex %&Eﬁ%%%'iﬂ%@&”ﬂ%%&? ﬁLA%ﬁ@BR“ﬁ&ﬁh@ 8 Jdé@%‘?'iﬁ 1Pernttt oﬁs
trlpalmltoyISegceig steinlyserylserine (P3CSS) ¢ %[S use to en covalently

attached to an approptAtaHepts I@é’gu%r@ @Fé’? . tﬁéﬂ&?@ﬁé@éoé}ﬁ%& BliedsThe
method of adm|n@R@ﬁ(?fhmawniél‘@ra‘wﬁtﬁﬁadé@mﬁl@%thmﬁt@ﬁﬁaﬁ@éh@ﬂ@m?é@men or such, and

systemic administiatioR. aoosainasis)mistation iatheisdeinity ahtheltrkgeted-pies: The administration
can be performed Qy&h@@&gq@@@&ﬂ%% sted by multiple administrations. The dose of the
peptides of this |nvent|on can be fg} % Pro rlaieﬁhaccordm to the disease to be treated, age of
the patient, weight "nfeEHBs 3’(’;1'%1 % ST 8168 L0 SisPRPBrgiARtly 0.001 mg to 1000 mag, for
example, 0.001 mgtednooiprpafdieaeaiitstidogal mhts L@ rrgoathelbiastbe administered once in a few
days to fejposgInthghens skitpddariheaskcan apeoptiatelyhelechaistitahia dpse0890](2)
Pharmaceutical aaﬁ@;&@hmﬂvmrﬁ&%@m&m peaiesan et ggagent. The

pharmaceutlcal p% pOSItIOI’]S of the épresent in entlo can a SO contain nucleic acids

encoding the pe é’ﬂ%‘é‘?@i}ﬁv THOP AL PRRUEREIONE 2REFERCIE BhFRERHIAR expressible
form" means thatlﬂﬁié%w@@l@bn@é?wméﬁ%ﬁr@d&&@‘éﬂdﬂﬁt@&i@@ﬂl&ﬂu heererpreissentivnvivo as a

polypeptide that ipeweRs anikluor Frecesiy: Hearexennplifietambestine sénbesnsaleic acid
sequence of the %ﬁ&%@%g& %&é@éﬁf& aaﬂuaﬁaéﬁgﬁa@ﬁ%&s&e@ﬁ@m@&%ﬁﬁaﬁe@&h@% ssion of
the polynucleotide él’fp nugle, o can be e ed so tQ achieve stable insertion n?to the
genome of the ta?é g%ﬁl ’fgv B Bm }é%qgﬁ% gg‘]gg CRITART B OTo% 1 81PER412 for a de-
scription of homo%@%%@ii*e?@é?@ﬁih@tf@ﬁ igaddatte draorsyesdey@pon\weiipatviles B peptides

of the present invention for inducing antigen-presenting cells. The APCs obtained by

step (b) can be administered to the subject as a vaccine.

f0059]  According to an aspect of the present invention, the APCs of the present invention
have a high level of CTL inducibility. In the term of "high level of CTL inducibility",
the high level is relative to the level of that by APCs contacted with no peptide or
peptides which can not induce the CTL. Such APCs having a high level of CTL, in-
ducibility can be prepared by a method which includes the step of transferring genes
containing polynucleotides that encode the peptides of this invention to APCs in vitro.
The introduced genes can be in the form of DNAs or RNAs. Examples of methods for
introduction include, without particular limitations, various methods conventionally
performed in this field, such as lipofection, electroporation, and calcium phosphate
method can be used. More specifically, it can be performed as described in Cancer Res
1996, 56: 5672-7; J Immunol 1998, 161: 5607-13; J Exp Med 1996, 184: 465-72;
Published Japanese Translation of International Publication No, 2000-509281. By



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 W098/04720. Examples of DNA-bdged 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).
[0091]The peptides of the present invention can also be expressed by viral or bacterial vectors.
Examples of expressienixgetergenclydesmBnuatocnviiaihosis SAaRa%iYAGEINIRA5 OB RCRT his
approach involveg heaise, ALACHIBIHR. P St B YREICLI BYRIERS AHIEIGOlIdS seqpuenpes that
encode the peptide. Upon introduction into a host, the recombinant vaccinia virus expresses the
immunogenic peBRFECHHTETRER BPERENEINT RATHIRE PRIFHEEeR S nia vectors and methods useful
in inununiz@fieh prafdcoiiciesiddseribdfThse g., U.S. Patent No. 4,722,848. Examples of another
vector include BCQ, (BasilaCalmetintuesininR ety vediorspradeseiber i Sipnatish al., Nature
1991, 351. 456-60, A ide %‘%&%9@%&4@& ! SeHﬁg%ISrr-%@?&&B%Hté‘é&qm{‘ﬁﬁr%%'%”af%é .
immunization e.g., adeno and a eno-associate %/_II’U vectors, retrovira vec?ors, SaYmoneIIatyphl
vectors, detoxifiedSHift s xhAiAsT e RS RS SMilpeiapishentidasdsr egThehdbs et al., Mol Med
Today 2000, 6: 6B=<rtnShetioek @sabrldeukot:Bibt PO0G] 68:cZ08BOGrdHipwEically indvied 2000, 14:
571-85. [0092]Dejiven aka pphmjusientisiesaiopapsidbject can be either direct, in which case the subject
is directly, sed leotide-carryi r, o indirect, in which cas s are first
transformg‘jé\/ﬁv?th_tf??ﬁ?oﬁ%ﬁ%%%ﬁdceé%%?%%eﬂrxegﬁ%{g\/%%,y&{ rﬁl éné%ﬁgn rtlef1 Et:rf':<§ﬁ'f';jtl %ﬁg{eé%eiﬁ{gs%ﬂg subject.
Theses two apprBXERESLRAGSIGA! Fad raraicr ieiriisimng @%%f%’b@ﬁé"c%@?&ﬁé@[OO%]For
general reviews ebtitetingttstidsbiigehentiestalpyived eACGCidspl€le$ ghosiGlinicalsRivgreniabyrd 993, 12:
482-825; VVIllJ anch\Ala, Biptk }ﬁig apy %@;ﬁéﬁi}'gﬁﬁ@@iﬁ{gﬁ‘ﬁgpﬁé@ (B%Bﬁ@ém%ﬁ%‘n-ﬁ@ﬁi%@él ;—9(?23, 33:
573-96; Mulligan,Scienge. 1 10 ~32; Morgan & Anderson, Ann Rev Biochem 1993, 62:
191-217; Trends?}?%%?gagﬁﬁggbé %519 C%i%%%): 155-2_1‘%. Methods commonly known in the art of
recombinEiPBINA %@W&WW@%@Q%&W&E Aye RreRd ?%%r%@ﬁkﬁ%ﬁf%rﬁgl%‘ de8cribed in eds.
Ausubel et al., Careesitt Hrotpoiéeinolble sulertBinlogy bd dbnvwilbys, [8oemgs N, 12@38bmadiKrieger,
Gotlenc_e Transfer andJaxpression: fdvapasaten MamkabSiastien RyessmiKed§o0. C{th%ﬂiag{aﬁ method of
administration cap.he LJntrade ous..intravenous injection, qr sych, and systemic
administration o?‘%%a?%?mﬁé%%ﬁ@%ﬁt%gﬁg %/%?F‘Eltg / §f ttﬁg ltral}fefe{%ga (s)}té%?%lagsﬁére&‘?ﬁglga‘?%inistration
can be performedidy&ilgiResdeHstimishdrsysetris ireitne: searifiralasrast e d6ebsof the
polynucleotide inptiteestitalthe peptidesordkiisitransbormetdvvitiartipde pdky rarctastidd s nsedliog the
peptides of this invaniien. Janke adjusted arrrapiaiely aceodingdedthe-discassdadbefreated, age 25
of the patient, wej ethad. of administrati is;ordiparily. 0.001 mg.to 1000 mg, for
example, 0.001 r%gg% hE{;(OOO mg,gfor, exafﬁnl[%i:f&)%1 1&%% %gsll%%?ggp E%%%Elr% (}a[ege %]ﬁl‘fgrgélr%ndogr?ce every a
few days to once BvEFTFRRFHTSHRIE e Jalldacrpiendihem ABHFIBFisesF selideipducsfanle dose.
[0095]X. Methoddaasinnd the tpegstidds, ExosarviesslliaP@dandls Has eniiheepeplidesofsthdipi&sent
invention and pobinugleatid s ensetbitigisuth BeMHEX gaiddandseufaiinsucntARkaapd CTLs. The
exosomes and Aﬁﬁﬁn‘?ffeﬁ&%&g(ff%@tcﬁﬁ’&l}%%@ mﬁ&%&g@% %é“‘%‘ﬁ&ﬂ%gca%%s% sel peptides,
polynucleotides, exosomes and APCs can be used in combination Wit any other compounds so long
as the compound& &g &R e efechducibility. Thus, any of the aforementioned pharmaceutical
agents orleémposiNdilsoésHagsaptenilioBention can be used for inducing CTLs, and in addition

;hereto, tgobseI inclqdi@grt-iaen@s:aa%q%mm@a_%ﬁqm&&b@aﬁ@ﬁbgIuﬁegcf@éim%@m@éms as
- t t
Iscussed be OWeLQQB%%ﬁ]i\gSé%{_}CQeQEﬂQP&E' Alge ?oﬁﬁﬁf? QUOGLGRILT (AP c%ﬁ)ﬁ%%‘éo?@sﬁ% mventon

provides methods of In s using the peptides of this_ invention or po otides encoding
the peptides. Th&MdBERSHSSH AP RS B8 548%- ﬁ%d‘%“ﬁ%ﬂ%ﬁ%@&% iR osRbh R fhat
Antigen-presentingrdalispecHhiistiniee hgohs alganst ovidiasellarrmdsoutiog MELEINGyARIES thawimgya high level
of CTL inducibilityndinedneugiionoinyhichcaaeequalse orensionesdnderdhsniiemo R
Antigen-presenting ieltea AHAPCIRORARE GIAP BRI iR IRLINAVEIRGAGL BINEIAR AL Ieast one

step selected from among; _a: contacting APCs with the peptides o Bgc)e)sgfrﬁt |(r11ventépn, and
. ¢ aerivative

|
(WO2007/032255 and Morgan et al., J Immunol, 171, 3288 (20
TCRs can bind to the MELK peptide displaying on the target cells with high avidity,

and optionally mediate efficient killing of target cells presenting the MELK peptide in

vivo and in vifro.



b: introducing the polypeptides of the present invention in an expressible form into APCs. [0098]Such
methods for inducing APCs are preferably performé&gl in vitro or ex vivo. When the methods performed
in vitro or ex vivo, APCs to be induced may be obtained from a subject to be treated or others
whose HLA antigens are the same as the subject. [0099](2) Method of inducing CTLs Furthermore,
the present invention provides methods for inducing CTLs using the peptides of this invention,

polynuclegligas en@ﬁ@'mﬂ&h@&QR@@@%@&K@&QH@%@TG}E%%%%&U'89 fhepepides{0100]The
present invention al§%]gr\pe\gdes meth[(r)d Lfa?r N Otggm}?l CTLs usm% %Imu cleottflde eni;lg(\)dmg a
polypeptide that is capable of?orgmn recé %f&ciir{ subuni recgafﬁlgfng (| € |nd|ng to) a
complex of the p@ﬁﬁ&éé%?%@ﬁi@é’éﬁﬂﬁ\?@ﬂ%%%ﬁ yenssriranséredriaice Preterably, the

methods for indu¢img:Gitbkinclugd &bleastoretstely sateeted!iroit amongsnop contaciingis-
CD8-positive T C%Ueﬂﬁ@l@ébﬁ%&%&upiﬁ‘é@mﬂlgﬁ@|ﬁ1%@§ﬁ9£tﬁﬁ‘1 &Q%&H&Q@S&H@t Péﬁﬁd}tﬁ;@s% its surface
a complex of an H}.A a[%tlgen angltl Pegtlg of& %rese?r%t mvegg(%n in troducm(%
proguce m cc exc 1%1'%
polynucleotide encoaé]%g Eﬁ\} rﬁl s capa fe orming a Subdhitt cog g a complex
of a peptide of th&35FEEERH é’@twﬁp&ﬁ&?ﬁn HLA antigen into a CD8 positive T cell. [0101]When the
peptides §BORE] preséunt thventient anecadomipistered (i assubjdctrCiksasse hnduseduinithesady of the

SUEJeCt zni Ithe sﬁr@ﬂm]ﬁfam@s ImpaUng irsRenseiiaIgeling &u@%@%‘%@@%@ﬁ we"a(ﬁ
enhance ternatively, the nd p c 50 tides can ed for an
ex vivo therapeut?c?ne Sﬁ&i?c?(gjbjéc?%gﬁvg%%és andgéélés posi |vee CRRS s *of perléheral blood
mononuclear Ieul@b%%ﬁér‘% AORidire bRt fel) wam ?h@b@ﬂf&@@ﬁf&ﬁ%ﬂﬁ\?@hﬁﬁiﬁ iA V¥, and after
inducing CTLs, thexdctivatetk@iledélisvark iretunned toithenssthjgsinRotrexample,ihiesptiethod can

include steps of: ;g collRatinaARLS fem @Mt meepeéﬁm@%vménﬁaﬁp&%em%éﬁ%afomth the
peptide, c: m|X|qa%the APCs of ste bwth ef%lT cells, and %&culturln for inducing CTLs, a
I

collecting CDs+ T cells SR ThE COUENRRE Sreiep” trg@%% ,& RATIVe %8%0?8?85 o) tﬂ%uf)%sent
invention, use of tﬁé‘%ﬁéﬁfd@%%tﬁ@fﬁ?éﬁﬂéﬁw 2006/031221).

[0066]  IX. Pharmaceutical agents or ¢ ositions

Prevention and prophylaxis include any activity which reduces the burden of
mortality or morbidity from disease. Prevention and prophylaxis can occur "at primary,
secondary and tertiary prevention levels." While primary prevention and prophylaxis
avoid the development of a disease, secondary and tertiary levels of prevention and
prophylaxis encompass activities aimed at the prevention and prophylaxis of the pro-
gression of a disease and the emergence of symptoms as well as reducing the negative
impact of an already established disease by restoring function and reducing disease-
related complications. Alternatively, prevention and prophylaxis include a wide range
of prophylactic therapies aimed at alleviating the severity of the particular disorder,
e.g. reducing the proliferation and metastasis of tumors.

{0067]  Treating and/or the prophylaxis of cancer or tumor, and/or the prevention of post-
operative recuirence thereof includes any of the following steps, such as surgical
removal of cancer cells, inhibition of the growth of cancerous cells, involution or re-
gression of a tumor, induction of remission and suppression of occurrence of cancer,
tumor regression, and reduction or inhibition of metastasis. Effectively treating and/or
the prophylaxis of cancer decreases mortality and improves the prognosis of in-
dividuals having cancer, decreases the levels of tumor markers in the blood, and al-
leviates detectable symptoms accompanying cancer. For example, reduction or im-
provement of symptoms constitutes effectively treating and/or the prophylaxis includes
10%., 20%, 30% or more reduction, or stable disease.

[0068]  Since MELK expression is up-regulated in several cancers as compared with normal
tissue, the peptides of this invention or polynucleotides encoding such peptides can be



for manufacturing a pharmaceutical agent or composition inducing CTLs is provided. In addition, the
“present invention provides a method or process fof fnanufacturing a pharmaceutical agent or
composition inducing CTLs, wherein the method includes the step of admixing or formulating the
peptide of the present invention with a pharmaceutically acceptable carrier. Further, the present
invention also provides the peptide of the present invention for inducing CTLs. The CDs* T cells
having cytotoxic aetiVity dietataedehy sidprd@ahdyeqdnimistef eantestbetstije echdsapvacaiier The APCs
to be mixed with flge, LBnsi dy calls, R AROMR SIRPIG c MR SR LR RFCPRIEH g}m{mefsﬂ&%enes coding
1Y

for the present pep ide intotthe APCS.%IS tatilledmabov intse tion Vﬂ ntig ﬁresenting cells"; but
are not limited th&Fet6™ f’gggrafn‘:&my,pgsﬁ)} STOF eXosomes WhIGR et axéslf p?escéeﬁt%rthe present
peptides to the TTBEINS-caf pePieseltion thOHeBetiifafseacioe OsTrRb Totshving eleamines are
presented to illustiate dhehppepadusiny entidrvamnthio@sgishookeidesdinanyiskithépapaksgsead using the
same. The examples AeRaIIERIE, 8y ey AERIRe limikiha seaps oh e Jpyaniian.
Examples [0104]Mate{|t% s{and Methods Cell “n?P 27 %E/@ghpttglastmd c%ll line (}%24!_CL) was
established by traNEformatiSRanits E%)Sf)el?r?-sb%{rc\%rffss}lﬁpo ' R ﬂlpoea e hman ylrcr’]aphocyte. T2
(HLA-A2), humart@NGriprompasiéntcn #iEtiand e osrmmeréopttchisdati¢rdre Amdiitrgs]Candidate
selection of peptigesddeit/pehficanditbe KreSemanaendch@aelspéptices dativediivenndvidick: tifat bind to

HLA-A*2402 gnd e ?Q%Q%M@ﬁié‘ﬁ%ﬁ%%?&rﬁgﬁiggﬁ!ﬁ&ﬁ@%Wﬂ&&&?&'ﬂ‘%ﬂ@ﬁrﬁware "BIMAS”
(http://www-bimas.ci nlh.g%\élggorlblo/,hla hind), whi h,,al%orlthms had bee(rége lcn@ed Parker KC et

al.(J Immunol 19&1‘],653[3%?1). afg) HEPRIE 4 er'rf%aeKre e&ﬁ.k%fg%()&%t?f, f‘) These
peptides were syFHESELEBYEgHaSRPhdYGNEYARH) b BDEmesiarase cellswisgrieitndeaccording
to a standard solid ﬁiiaﬁeegwﬁﬂaﬁd;_i&maﬁjm@ﬁagmpmﬁeﬁﬁymwedmhﬁa&mgfmﬁrgumnce liquid
chromatoggamfly (HP hfotnd e BN OBY ) R0 R idantity ol she-Repides i detsrmined by
analytical HPLC ar]E(%]R%nass1 S{%%g}rometr analysis, respectively. Peptides were dissolved in
dimethylsulfoxidegf %tdgj _%1 Fﬂﬁ?m gﬁ_d stored at -80 degrees C. [0106]In vitro CTL Induction
Monocyte-derived e adafEdeelshprrejaficfy eidEéas antigen-presenting cells (APCs) to induce
cytotoxic T Iympho@yter(@,]aiq azei_ﬂmms&'s@g@fibat peptdesdisesenidaom hunmasx peskivty ferantigen
(HLA). DCs were gengralpe i yitig ae fleseibed elsewhere INakalata SehahibAness Res 2003 Jul
15, 63(14): 4112-3%. Sgemf cally, peripheral blood mononuclear cells (PBMCs) isolated from a normal
volunteer (HLA-A % *6F LA-A*0201 positive) by Ficoll-Plaque (Pharmacia) solution were separated
by adherence to a fSlastictgissifelceftlpt UBreBEiBHPiekinson) so as to enrich them as the monocyte

fraction. The monoryteserfsicheckpofiHatiarwias] cothyreition the: prestnceaf kOG0 deinot winor.

granulocytgyapcropiags RIS HWAIRY AT EM: S RIRAD. s e afa: 10A0 /M1 of
interleukin (IL)-4 (R&D Sistem) in"’AIM-V Medium (Invitrogen) containing 2% heat-inactivated

autologous serum’ 53§)m r{E%ér 7 days of culture, the cytokine-induced DCs were pulsed with 20
microgram/nil of edeh &OhthRBFEER PEYaBEYin the presence of 3 microgram/ml of
beta2-rnicroglobulitbfari3dié-atdi/edegimesiline Abile Mellivlosed herganeratedgeliskpfeared to
express DC-associaies MRleGHESxSush S GRANGDERidc 086 Al EllAsasR i ofkiheir cell
surfaces (data not s]howngl. dThese peptide-pulsed %Cs were then inactivated by Mitomycin C (MMC)
(30 microgram/mf?(i)ra?f()amm) and mixed at a 1:20 ratio with autologous CD8+ T cells, obtained by
positive selection viftheCrsgiwdsitivelisafdhe ARIETDPHENOThese cultures were set up in 48-well plates
(Coming); each wefbcostairfedutbinglOGdq@eptiderpulsed DCs, 3 x 105 CD8+ T cells and 10 ng/ml of
IL-7 (R&[?O'éﬁ]em)ﬁlﬁe%%d%igeﬁéMé&’é%%ﬁéﬁﬂﬁ%ﬂ%ﬁ%@%&%ﬁéﬂ% dhereGulturesyere
supplemented WigﬁcILIZ CHJ{ OIE\1I %).gaiiggrlnc%r;n%egt(r)atiogng 02 é'alé?nd Oncdaglstzn?r}d JhAé éhe T cells
were further stimu a?é it ﬁremau?oﬁ)gous ppep%l e-2 pulser_ SETHe D S were B’reﬁﬁ?ed each
time by the sametifadstipegespbie st theadepeidaraytaiag poptidaspriset K onrbYsor T2 cells
after the 3rd rouncbgitbptidepsihizutation oitlday R (d mgakicht atlatieBfrdrCamoep:2001 Jan 5, 84(1):
94-9; Umano Y et a}) BLd GaneemhpRkAPImREn848): 1052-7; Uchida Net al., Clin Cancer Res 2004
Dec 15, 10(24): 85 z-86'(§uda T.etal. .Cancc%ras%i % Ogs%as Io%gé%: 41%%%19%%@%%?%?%@?1%&” Cancer
Sci 2005 Aug, 96(%&9@ ‘(:f)lg)acfgffﬁ?élflg Elxparf')slgn rocedure ﬁelewere. pandedin Culture
using the method sifhartB%INE BheaeERRBES BV RS ARSREleA! e A RANSEREON Bl J Med 1995
Oct 19, 333(16): 1038&4nRiddell SR et al., Nat Med 1996 Feb, 2(2): 216-23). A total of 5 x 104 CTLs
were suspended in(&@gtg{ﬁ{%mgqﬁ&m@&mimmt%mnds of human B-lymphoblastoid cell lines,
inactivated by MMC, in the presence of 40 ng/nrd of anti-CD3 monoclonal antibody (Pharmingen). One
day after initiating the cultures, 120 LU/m1 of IL-2 were added to the cultures. The cultures were fed
with fresh ALM-V/5% AS medium containing 30 IUkril of IL-2 on days 5, 8 and 11 (Tanaka H et al., Br
J Cancer 2001 Jan 5, 84(1): 94-9; Umano Y et al., Br J 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). :



[0108]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 Interffational). CTLs were cultured with 1 x 104 cells/
well of 2 kinds of human B-lymphoblastoid cell lines, 30ng/m1 of anti-CD3 antibody, and 125 U/ml of
IL-2 in a total of 150 microliter/well of AIM-V Medium containing 5%AS. 50 microliter/well of IL-2 were
added to the medium 10 days later so to reach a final concentration of 125 U/ml IL-2. CTL activity was
tested on the l4thsdeyyvatgheditngiones were expanded using the same method as described above

(Uchida '\@ﬁ\},’ Chn GameELReRiaN E%&?&%@é&i@éé%%ﬁﬁ%ﬁgéa%%h?da SrAngRLSGL 2006 May,
97(5): 411-9; Watanahe T et al., Cancer S'CaéZOOS Auﬁc’?%(S): 98-506)..[0109]Specific CTL activity

To examine specie B R A AT PEPE A R A e E85 U HREBG FRGhBS BBIRELISPOT)

assay and IFN-garhenirethe yhatuiih ke priveeslimoBeds dhe sispayf EMISIAY wetetiyeriegreiichtSpicifically,
peptide-pulsed A2gbGinetiz{liyot @hiwelh waspiepaiet as.stsaoraels Lutviederlis in 48 wells
were used as resg%@gg{e&?}gstnla@gﬁgamma ELISPOT assay and 1EN-gamma ELISA assay were
performed under manufacture procedure. [0110]Results Over expression in cancers The global gene
expression profile t%%fﬁﬁ%tﬁ%me@%?fdﬁgeggﬂ%ers using cDNA- 29 rnicroarray revealed that MELK
(GenBank Accessign Neicki agti4mgedis EdDaNerd@y exgredsion hvsgirelpvatepraaehik fexpression
was validly elevate@jn2Qrauboiékblagddeireanaay SpeptidobShdpeashcaneeioddous of 15 cervical
cancer, 11 out of J.1eeholangiocellular carcinoma, 10 out of 13 CML, 12 out of 15 colorectal cancer, 2

out of 2 endometri?ﬁis, 19 out of 42 esc&kllgg#s cancer, 5 out of 6 gastric cancer, 4 out of 4 liver

cancer, 11 out of 1 M&??TBT&EPBP 1 PROMAY 4Bt of 18 osteosarcoma, 3 out of 6 ovarian
cancer, 216073 2 getrpetviel caheshangagattisab soprpetiiencanrigent Siobe pfdamnaywdivinomia and 15

out of 15 small celt lieg RaRBEas 6ot PR pebyithetr specdingmesnaldissuenfibakie fost{01 11]
[Table 1] Ratio of %@ﬁ%ﬁg&%ﬁ{:}/&g&ﬂéﬁ@gylaﬁon of MELK in cancerous tissue as compared with normal

[8)
correspo 8517% tiss T% Cancer Ratio Bladder Cancer 29/29 Breast Cancer 31/34 Cervical Cancer
r} i 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 '

i
munogenic composition™) refers to a substance that has the function to induce anti-
tumor immunity upon inoculation into animals.

[0075]  The pharmaceutical agents or compositions of the present invention can be used to
treat and/or prevent cancers or tumors, and/or prevention of postoperative recurrence
thereof in subjects or patients including human and aﬁy 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.

[0076]  According to the present invention, polypeptides having an amino acid sequence
selected from among SEQ ID NOs: 14, 21, 23 and 27 or polypeptides having an amino
acid sequence selected from among SEQ ID NOs: 36, 46, 57, 60 and 62 have been
found to be HL.A-A24 or HLA-AQ?2 restricted epitope peptides or candidates, re-
spectively, that can induce potent and specific immune response. Therefore, the present
pharmaceutical agents or compositions which include any of these polypeptides having
the amino acid sequences selected from among of SEQ ID NOs: 14, 21, 23 and 27 are
particularly suited for the administration to subjects whose HLA antigen is HLA-A24,
On the one hand, the present phanmaceutical agents or compositions which contain any
of these polypeptides having the amino acid sequences of SEQ ID NOs: 36, 46, 57, 60
and 62 are particularly suited for the administration to subjects whose HLA antigen is
HLA-AQ2. The same applies to pharmaceutical agents which include polynucleotides
encoding any of these polypeptides.

[0077]  Cancers or tumors to be treated by the pharmaceutical agents or compositions of the



14/15 Cholangiocellular Carcinoma 11/11 CML 10/13 Colorectal cancer 12/15 Endometrios is 2/2
Esophagus cancer 19/42 Gastric cancer 5/6 Liver éancer 4/4 non-small cell lung cancer 11/11
Lymphoma 13/14 Osteosarcoma 14/18

[0078]

[0079]

[0080]

[0081}

[0082]

present invention are not limited and include all kinds of cancers or tumors wherein
MELK is involved, including for example, bladder cancer, breast cancer, cervical
cancer, cholangiocellular carcinoma, CML, colorectal cancer, _endometriosis,
esophagus cancer, gastric cancer, liver cancer, NSCLC, lymphoma, osteosarcoma,
ovarian cancer, pancreatic cancer, prostate cancer, renal carcinoma and SCC,

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.

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 antiturnoral 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 pharmacoelogic agent(s) is/are used, the disease being treated, and the
scheduling and routes of administration.

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.

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 article of manufacture can include a container of any of the present pharmacentical
agents or compositions with a label. 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 is used for treating or
prevention of one or more conditions of the disease. The label can also indicate di-
rections for administration and so on.

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
container housing a pharmaceutically-acceptable diluent. It can further include other
materials desirable from a commercial and user standpoint, including other buffers,

diluents, fiiters, needles, syringes, and package inserts with instructions for use.



Ovarian cancer 3/6 Pancreatic cancer 2/2 Prostate cancer 18/21 Renal Carcinoma 5/6 Small cell Lung
Cancer 15/15 [0112]Prediction of HLA-A24 and HEA-A2 binding peptides derived from MELK Table
2 shows the HLA-A24 and HLA-A2 binding peptides of MELK in order of highest binding affinity. A total
of 34 peptides with potential HLA-A24 binding ability were selected and examined to determine the
epitope peptides (Table 2a), and a total of 58 peptides having potential HLA-A2 binding ability were

similarly gelm3pd ang examineddangtemnedhpepiiopecpenides-tiablerbeand 6) a[fdk3)r 30 [Table
2a] HLA-A24 binding.dmen and. (QmepeRENGH AR VE L MEBEE REtRoIIRLA IR acid

seguence . . . .
g 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.

[0084] (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.

[0085]  The peptides of this invention can be prepared as a combination, composed of two or
more of peptides of the present invention, to induce CTLs in vivo, The peptide com-
bination 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 HL.A 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, such as bladder cancer, breast cancer, cervical cancer, cholangiocellular
carcinoma, CML, colorectal cancer, endometriosis, esophagus cancer, gastric cancer,
hiver cancer, NSCLC, lymphoma, osteosarcoma, ovarian cancer, pancreatic cancer,
prostate cancer, renal carcinoma and SCC cells, can be increased,

[0086]  The pharmaceutical agents or compositions for the treatment and/or prevention of
cancer or turnor, which include a peptide of this invention as the active ingredient, can
also include an adjuvant known to effectively cellular immunity. Aliernatively, the
pharmaceutical agents or compositions can be administered with other active in-
gredients or administered by formulation into granules. An adjuvant refers to a
compound that enhances the immune response against the protein when administered



Binding Score SEQ ID NO. 199 LYVLMCGEL 300 1 96 DYIISQDRL 300 2 560 HYNVITTRL 300 3 373
DYDWCEDDL 200 4 9 KYYELHETI 144 23

[0087]

[0088]

[0089]

[0090]

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,
aluminum hydroxide, alum, cholera toxin, salmonella toxin, and such, but are not
limited thereto.

Furthermore, liposome formulations, granular 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.

In some embodiments, the pharmaceutical agents or compositions of the present
invention may further include a2 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 Hiposome, or emulsified in an adjuvant. As another example of lipid priming of
CTLs responses, E. coli Lipoproteins, such as fripalmitoyl-S-glyceryleysteinlyseryl-
serine (P3CSS) can be used to prime CTL when covalently attached to an appropriate
peptide (see, e.g., Deres et al., Nature 1989, 342: 561-4).

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.

(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 polynucleotide of interest
icludes 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.,



587 EYCPGGELF 120 6 637 VYKRLVEDI 60 7 610 QFELEVCQL 30 8 588 DFVQKGYTL 30 9 526
VEGSLERGL 24 10

[0091]

[0092]

[0093]

[0094]

Science 1990, 247: 1465-8; 1.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. Exampies of DNA-based
delivery technologies include "naked DN A", 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 present invention can also be expressed by viral or bacterial
vectors. Examples of expression vectors inciude 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 recombinant vaccinia viruos 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, Examples of another vector include
BCG (Bacilie Calmette Guerin). BCG vectors are described in Stover et al., Nature
1991, 351: 456-60. A wide variety of other vectors ilseful for therapeutic admin-
istration or immunization e.g., adeno and adeno-associated virus vectors, refroviral
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: 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.

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



567 RLVNPDQLL 14.4 11 603 DFGKVTMQF 14 12 522 KGAKVFGSL 13.44 13 326 RGICPVRLRL
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[0095]

[0096]

[0097]

[0098]

[0099]

[0100]

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 a few days to once every few months. One skilled in the art
can appropriately select the suitable dose.

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

The peptides of the present invention and polynucleotides encoding such peptides
can be wsed for inducing APCs and CTL.s. 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 compositions of the present invention can be used for
inducing CTLs, and in addition thereto, those including the peptides and polynu-
cleotides can be also be used for inducing APCs as discussed below.

(1) Method of inducing antigen-presenting cells {APCs)

The present invention provides methods of inducing APCs using the peptides of this
invention or polynucleotides encoding the peptides. The induction of APCs can be
performed as described above in section "VI. Antigen-presenting cells”, This invention
also provides a method for inducing APCs having a high level of CTL inducibility, the
induction of which has been also mentioned under the item of "VI. Antigen-presenting
cells”, supra,

Preferably, the methods for inducing APCs include at least one step selected from
among:

a: contacting APCs with the peptides of the present invention, and

b: introducing the polypeptides of the present invention in an expressible form into
APCs.

Such methods for inducing APCs are preferably performed in vitro or ex vivo. When
the methods performed in vitro or ex vivo, APCs to be induced may be obtained from a
subject to be treated or others whose HILA antigens are the same as the subject.

(2) Method of inducing CTLs

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

The present invention also provides methods for inducing CTLs using a polynu-
cleotide encoding a polypeptide that is capable of forming a T cell receptor (TCR)
subunit recognizing (i.e., binding to) a complex of the peptides of the present invention
and HLA antigens on a cell surface. Preferably, the methods for inducing CTLs
include at least one step selected from among:

a: contacting a CD8-positive T cell with an antigen-presenting cell and/or an



KWLSPSSIL 12 16 395 KYWTESNGV 12 17 502 RCRSVELDL 11.2 18 145 KLKLIDEGL 11.2 19 574
LLNEIMSIL 10.08 20 78 TANKTFMVL 26

exosome that presents on its sarface a complex of an HI.A antigen and a peptide of the
present invention, and

b: introducing a polynucleotide encoding a polypeptide that 1s capable of forming a
TCR subunit recognizing a complex of a peptide of the present invention and an HLA
antigen into a CD8 positive T cell.

[0101]  When the peptides of the present invention are administered to a subject, CTLs are
induced in the body of the subject, and the strength of the immune response targeting
the tumor-associated endothelia is enhanced. Alternatively, the peptides and polynu-
cleotides encoding the peptides can be used for an ex vivo therapeutic method, in
which subject-derived APCs and CD8-positive cells, or peripheral blood mononuclear
leukocytes are contacted (stimulated) with the peptides of this invention in vitro, and
after inducing CTLs, the activated CTL cells are returned to the subject. For example,
the method can include steps of: '

a: collecting APCs from subject,

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

c: mixing the APCs of step b with CD® T cells, and co-culturing for inducing CTLs,
and

d: collecting CD® T cells from the co-culture of step c.

[0102]  Alternatively, according to the present invention, use of the peptides of this invention
for manufacturing a pharmaceutical agent or composition inducing CTLs is provided.
In addition, the present invention provides a method or process for manufacturing a
pharmaceutical agent or composition inducing CTLs, wherein the method includes the
step of admixing or formulating the peptide of the present invention with a pharma-
ceutically acceptable carrier. Further, the present invention also provides the peptide of
the present invention for inducing CTLs. The CD% T cells having cytotoxic activity
obtained by step d can be administered to the subject as a vaccine. The APCs to be
mixed with the CD# T cells in above step ¢ can also be prepared by transferring genes
coding for the present peptides into the APCs as detailed above in section "V1.
Antigen-presenting cells"; but are not limited thereto. Accordingly, any APCs or
exosomes which effectively presents the present peptides to the T celis can be used for
the present method.

{01031  The following examples are presented to illustrate the present invention and to assist
one of ordinary skill in making and using the same. The examples are not intended in
any way to otherwise limit the scope of the invention.

Examples
[0104]  Materials and Methods

Cell lines




10.08 21 225 KYDVPKWLS 10 22 637 VYKRLVED1L 280 23 309 QYDHLTATYL 200 24 142
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[0105]

[0106]

A24 lymphoblastoid cell line (A24LCL) was established by transformation with
Epstein-bar virus into HLA-A24 positive human B lymphocyte. T2 (HLLA-A2), human
B-lymphoblastoid cell line, and COS7 were purchased from ATCC.

Candidate selection of peptides derived from MELK

9-mer and 10-mer peptides derived from MELK that bind to HLA-A*2402 and
HLA-A*0201 molecules were predicted using binding prediction software "BIMAS"
(hitp:/fwww-bimas.cit.nih.gov/molbio/hla_bind), which algorithms had been described
by Parker KC et al.(J Immunol 1994, 152(1): 163-75) and Kuzushima K et al.(Blood
2001, 98(6): 1872-81). These peptides were synthesized by Sigma (Sapporo, Japan) or
Biosynthesis Inc. (Lewisville, TX) according to a standard solid phase synthesis

method and purified by reversed phase high performance liguid chromatography
(HPLC). The purity (>90%} and the identity of the peptides were determined by an-
alytical HPLC and mass spectrometry analysis, respectively. Peptides were dissolved
in dimethylsulfoxide (DMSQ) at 20 mg/ml and stored at -80 degrees C.

In vitro CTT Inducti

Monocyte-derived dendritic cells (DCs) were used as antigen-presenting cells
{APCs) to induce cytotoxic T lymphocyte {CTL) responses against peptides presented
on human leukocyte antigen (HL.A). DCs were generated in vitro as described
elsewhere (Nakahara S et al., Cancer Res 2003 Jul 15, 63(14): 4112-8). Specifically,
peripheral blood mononuclear cells (PBMCs) isolated from a normal volunteer
(HLA-A*2402 or 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 fraction. The monocyte-enriched population 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 microgram/ml
of each of the synthesized peptides in the presence of 3 microgram/ml of
betaZ-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 HLA
class II, on their cell surfaces (data not shown). These peptide-pulsed DCs were then
inactivated by Mitomycin C (MMC) {30 microgram/m! for 30 min) 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 {Corming);
each well contained 1.5 x 10¢ peptide-pulsed 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 TU/mL
On days 7 and 14, the T cells were further stimulated with the autologous peptide-



26 532 RGLDKVITVL 20.16 27 230 KWLSPSSILL 12 28 55 KTETEALKNL 12 29 295 RNNRQTMEDL
12 30 223 RGKYDVPKWL 11.2 31 28

pulsed DCs. The DCs were prepared each time by the same way desciibed above, CTL
was tested against peptide-pulsed A241.CL 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., Br J 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(3): 411-9; Watanabe
T et al., Cancer Sci 2005 Aug, 96(8): 498-506).
(0107}  CTL Expansion Procedure
CTLs were expanded in culture using the method similar to the one described by
Riddell et al. (Walter EA et al., N Engl J Med 1993 Oct 19, 333(16): 1038-44; Riddell
SR et al., Nat Med 1996 Feb, 2(2): 216-23). A total of 5 x 10¢ CTLs were suspended in
25 ml of AIM-V/5% AS medium with 2 kinds of human B-lymphoblastoid cell lines,
inactivated by MMC, in the presence of 40 ng/ml of anti-CD3 monoclonal antibody
(Pharmingen). One day after initiating the cultures, 120 IU/ml of IL-2 were added to
the cultures. The cultures were fed with fresh AIM-V/5% AS medium containing 30
TU/ml of 11.-2 on days 5, 8 and 11 (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).
{0108] stablishment of CTI, 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 10¢ cells/
well of 2 kinds of human B-lymphoblastoid cell lines, 30ng/ml of anti-CD3 antibody,
and 125 U/ml of IL-2 in a total of 150 microliter/well of AIM-V Medium containing
5%AS. 50 microliter/well of IL-2 were added to the medium 10 days later so 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): 498-506).
[0109]  Specific CTL activity
To examine specific CTL activity, interferon (IFN)-gamma enzyme-linked im-
munospot (ELISPOT) assay and JFN-ganuna enzyme-linked immunosorbent assay
(ELISA) were performed. Specifically, peptide-pulsed A24LCL or T2 (1 x 104/well)
was prepared as stimulator cells. Cultured cells in 48 wells were used as responder
cells. IFN-gamma ELISPOT assay and IFN-gamma ELISA assay were performed
under manufacture procedure.
f0110]  Results

Qver expression in_cancers
The global gene expression profile data obtained from various cancers using cDNA-
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[Table 2b] HLA-A2 binding 9mer peptides derived 8m MELK Start Position

[0111]

[0113]

microarray revealed that MELK (GenBank Accession No. NM_(14791; SEQ ID
No0.93) expression was elevated. MELK expression was validly elevated in 29 out of
29 bladder cancer, 31 out of 34 breast cancer, 14 out of 15 cervical cancer, 11 outof 11
cholangiocellular carcinoma, 10 out of 13 CML, 12 out of 15 colorectal cancer, 2 out
of 2 endometriosis, 19 out of 42 esophagus cancer, 5 out of 6 gastric cancer, 4 outof 4
liver cancer, 11 out of 11 NSCL.C, 13 out of 14 tymphoma, 14 out of 18 osteosarcoma,
3 out of 6 ovarian cancer, 2 out of 2 pancreatic cancer, 18 out of 21 prostate cancer, 5
out of 6 renal carcinoma and 15 out of 15 small cell lung cancer as compared with cor-
responding normal tissue. (Table 1).

[Table 1]

Ratio of cases observed up-regulation of MELK in cancerous tissue

as compared with normal corresponding tissue

Cancer Ratio
Bladder Cancer 29/29
Breast Cancer 31/34
Cervical Cancer 14/15
Cholangiocellular Carcinoma 11/11
CML 10/13
Colorectal cancer 12/15
Endometriosis 272
Esophagus cancer 19/42
Gastric cancer 5/6
Liver cancer A/4
non-small cell lung cancer 11/11
Lymphoma 13/14
Osteosarcoma 14/18
Ovarian cancer 3/6
Pancreatic cancer 2/2
Prostate cancer 18/21
Renal Carcinoma 5/6
Small cell Lung Cancer 15/15

Prediction of HI.A-A24 and HLLA-A2 binding peptides derived from MEILK

Table 2 shows the HLA-A24 and HE.A-A2 binding peptides of MELK in order of
highest binding affinity. A total of 34 peptides with potential HLA-A24 binding ability
were selected and examined to determine the epitope peptides (Table 2a), and a total of
58 peptides having potential HLA-AZ2 binding ability were sirnilarly selected and
examined to determine the epitope peptides (Table 2Zb and c).



Amino acid sequence Binding Score SEQ ID NO. 238 LLLQQMLQV 1006.209 35 138 LLFDEYHKL
826.372 36 263 IMQDYNYPV 350.117 37 103 RLSEEETRYV 285.163 38 147 KLIDFGLCA

[Table 2a]
HLA-~A24 binding 9mer and 10mer peptides derived from MELK

Start Position | Amino acid sequence Binding Score SEQ ID NO.
199 LYVLMCGFL 300 i
96 DYTISQDRL 300 2
560 HYNVTTTRL 300 3
373 DYDWCEDDL 200 4
9 KYYELHETI 144 5
87 EYCPGGELF 120 6
637 VYKRLVEDI 60 7
610 QFELEVCQL 30 8
588 DFVQKGYTL 30 9
526 VFGSLERGL 24 19
567 RLVNPDQLL 144 §
603 DFGKVTMQF 14 12
522 KGAKVFGSL 13.44 13
326 RGKPVRLRL 13.44 14
450 KNQHKREIL 12 13
230 KWLSPSSIL 12 16
395 KYWTESNGV 12 17
502 RCRSVELDL 1.2 18
145 KLKLIDFGIL. 11.2 19
574 LINEIMSIL 10.08 20
78 TANKIFMVL 10.08 21
225 KYDVPKWLS 10 22
637 VYKRLVEDIL 280 23
309 QYDHLTATYL 200 24
142 EYHKLKLIDF 100 25
139 LFDEYHKLKL 26.4 26
532 RGLDKVITVL 20.16 27
230 KWLSPSSILL 12 28
35 KTEIEALKNL 12 29
295 RNNRQTMEDL 12 30
223 RGKYDVPKWL 11.2 31
632 KGDAWVYKRL 11.2 32
266 DYNYPVEWQS 10.5 33
463 RYTTPSKARN 10 34

[0114]



270.905 39 206 FLPFDDDNYV 156.77 40 574 LLNEIMS1L 140.409 41 220 KIMRGKYDV 123.846 42
115 Q1VSAVAYV 120.977 43 308 WQYDHLTAT £04.878

[Table 2b]
HLA-A2 binding 9mer peptides derived from MELK

Starf Position | Amino acid sequence | Binding Score SEQ ID NO.

238 LLLOQOMLQV 1006.209 35
138 LLFDEYHKL 826.372 36
263 IMQDYNYPV 350.117 37
103 RLSEEETRV 285.163 38
147 KLIDFGLCA 270.905 39
206 FLPFDDDNV 156.77 40
574 LLNEIMSIL 140.409 41
220 KIMRGKYDV 123.846 42
115 QIVSAVAYV 120.977 43
308 WQYDHLTAT 104.878 44
231 WLSPSSILL 08.267 45
193 WSMGILLYV 97.752 46
573 QLLNEIMSI 88.783 47
317 YLLLLAKKA 84.555 48
306 SLWQYDHLT 61.852 49
558 KLHYNVTTT 56.989 50
256 NLLNHPWIM 56.523 51
81 KIFMVLEYC 54.833 52
31 ILTGEMVAI 40.792 53
46 TLGSDLPRI 23.995 54
607 VTMQFELEV 23.089 55
279 FIHLDDDCV 21.556 56
171 SLAYAAPEL 21.362 57
567 RLVNPDQLL 21.362 58
425 NVYTPKSAV 19.475 59
71 QLYHVLETA 17.917 60
407 SLTPALCRT 17.14 61
532 RGLDKVITV 15.841 62
145 KILKLIDEGL 15.178 63
194 SMGILLYVL 14.549 64
457 ILTTPNRYT 13.935 65
236 SILLLQOQML 10.868 66
299 QTMEDLISL 10.352 67

[0115]



44 231 WLSPSSI1LL 98.267 45 193 WSMGILLYV 97.752 46 573 QLLNEIMSI 88.783 47 317
YLLLLAKKA 84.555 48 306 SLWQYDHLT 61.852 39

[Table 2¢]
HLA-A2 binding 10mer peptides derived from MELK

Start Position | Amino acid sequence Binding Score SEQ 1D NO.

237 ILLLQOMLQV 1006209 68
439 FMFPEPKTPV 854949 69
581 ILPKKHVDFV 732.901 70
231 WLSPSSILLL 226.014 71
262 WIMQDYNYPY 162,769 72
609 MQFELEVCQL 128.47 73
137 NLLFDEYHKL 118561 74
114 ROQIVSAVAYV 89,205 75
111 VVERQIVSAV 88.043 76
578 IMSILPKKHY 85.394 77
198 LLYVLMCGFL 83.091 78
606 KVTMQFELEY 80,941 79
573 QLLNEIMSIL 74.536 80
640 RLVEDILSSC 46.848 81
306 SLWQYDHLTA 41.234 82
76 LETANKIFMYV 30.67 83
617 QLQKPDVV(GI 23.995 84
103 RLSEEETRVV 23.383 85
411 ALCRTPANKL 21.362 86
273 WOSKNPFIFL 18.93 87

16 TIGTGGFAKYV 18.17 88
243 MLQVDPEEKRI 17.736 &9
271 VEWQSKNPFI 15.743 90
636 WVYKRLVEDI 15.144 91
457 ILTTPNRYTT 12.668 92

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

[0116] JL induction with the predicted peptides from MELK restricted with HE A-A*2402

peptides
CTLs for those peptides derived from MELK were generated according to the

protocols as described in "Materials and Methods". Peptide specific CTL activity was
determined by IFN-gamma ELISPOT assay (Figure 1a-i). It showed that #5 stimulated
with MELK-A24-9-326 (SEQ ID NO: 14) (a), #3 with MELK-A24-9-78 (SEQ ID NO:
21) (b), #4 with MELK-A24-10-637 (SEQ ID NO: 23) (¢}, #4 with MELK-
A24-10-532 (SEQ ID NO: 27) (d), #5 with MELK-A02-9-138 (SEQ ID NO: 36) (e),
#3 with MELK-A02-9-193 (SEQ ID NO: 46) (f), #1 with MELK-A02-9-171 (SEQ ID
NO: 57) (g), #2 with MELK-A02-9-71 (SEQ ID NO: 60) (h) and #2 with MELK-
A02-9-532 (SEQ ID NO: 62) (i) demonstrated potent IFN-gamma production as



558 KLH'YNVTTT 59.989 50 256 NLLNHPWIM 56.523 51 81 KIFMVLEYC 54.833 52 31 ILTGEMVAI
40.792 53 46 TLGSDLPRI 23.995 54 607 33

[0117]

[0118]

[0119]

compared to the control wells. Furthermore, the cells in the positive well number #5
stimulated with SEQ ID NO: 14, #3 with SEQ ID NO: 21, #4 with SEQ ID NO: 23, #4
with SEQ ID NO: 27, #5 with SEQ ID NO: 36, #3 with SEQ ID NO: 46, #1 with SEQ
ID NO: 57, #2 with SEQ ID NO: 60 and #2 with SEQ 1D NO: 62 were expanded and
established CTL lines. CTL activity of those CTL lines was determined by IFN-
gamma ELISA assay (Figure 2a-i). All CTL lines demonstrated potent IFN-gamma
production against the target cells pulsed with corresponding peptide as compared to
target cells without peptide pulse. On the other hand, no CTL lines could be es-
tablished by stimulation with other peptides shown in Table 2, despite those peptide
had possible binding activity with HLA-A*2402 or HI.A-A*0201 (data not shown).
Consequently, only nine peptides out of 92 candidate peptide derived from MELK
could induce potent CTL lines.

CTL clones were established by limiting dilution from CTL lines as described in
"Materials and Methods", and IFN-gamma production from CTL clones against target
cells pulsed peptide were determined by IFN-gamma ELISA assay. Potent IFN-gamma
productions were determined from CTL clones stimulated with SEQ ID NQO: 27 in
Figure 3,

ecific CTL activity against target cells presenting the peptide endogenous!
processed from MELK with HLA-A*0)2(}1 :

The established CTL lines raised against these peptides were examined for their
ability to recognize target cells presenting the candidate peptide endogenously
processed from MELK with HLA-A*0201 molecule. Specific CTL activity against
COS7 cells which transfected with both the full length of MELK and HLA-A*(201
molecule gene (a specific model for the target cells that express MELK and HLA-
A*Q201 gene) was tested using the CTL lines raised by corresponding peptide as the
effecter cells, COS7 cells transfected with either full length of MELK genes or HLA-
A* (201 were prepared as control. In Figure 4, the CTLs stimulated with SEQ ID NO:
36 (a) and SEQ ID NO: 57 {b) showed potent CTL activity against COS7 cells ex-
pressing both MELK and HLA-AOQZ. On the other hand, no significant specific CTL
activity was detected against the controls. Thus, these data clearly demonstrate that the
peptides having the amino acid sequences of SEQ ID NO: 36 and SEQ ID NO:; 57 are
naturally presented on the target cells with HLLA-A*0201 molecule and are recognized
by the CTLs. These resuits indicated that those two peptides derived from MELK may
be available to apply the cancer vaccines for patients with MELK expressing tumors,

Homology analvsis of antigen peptides

The CTLs stimulated with MELK-A24-9-326 (SEQ 1D NO: 14), MELK-A24-9-7§
(SEQ ID NO: 21), MELK-A24-10-637 (SEQ ID NO: 23), MELK-A24-10-532 (SEQ



VTMQFELEV 23.089 55 279 FIHLDDDCYV 21.556 56 171 SLAYAAPEL 21.362 57 567 RLVNPDQLL
21.362 58 425 NVYTPKSAYV 19.475 59 71 QLYHWBETA

[0120]

[0121}]

[0122]

1D NO: 27), MELK-A(02-9-138 (SEQ ID NO: 36), MELK-A02-9-193 (SEQ ID NO:
46), MELK-A02-9-171 (SEQ ID NO: 57), MELK-A02-9-71 (SEQ ID NO: 60) and
MELK-A02-9-332 (SEQ ID NO: 62) showed significant and specific CTL activity.
This result may be due to the fact that the sequences of MELK-A24-9-326 (SEQ ID
NO: 14), MELK-A24-9-78 (SEQ ID NO: 21), MELK-A24-10-637 (SEQ ID NO: 23),
MELK-A24-10-532 (SEQ ID NO: 27), MELK-A(2-9-138 (SEQ ID NO: 36), MELK-
A02-9-193 (SEQ ID NO: 46), MELK-A02-9-171 (SEQ ID NO: 57), MELK-A02-9-71
(SEQ ID NO: 60) and MELK-A02-9-532 (SEQ 1D NO: 62) are homologous to
peptides derived from other molecules that are known to sensitize the human immune
system. 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
MELK-A24-9-326 (SEQ ID NO: 14), MELK-A24-9-78 (SEQ ID NO: 21), MELK-
A24-10-637 (SEQ ID NO: 23), MELK-A24-10-532 (SEQ ID NO: 27), MELK-
A02-9-138 (SEQ ID NO: 36), MELK-A02-9-193 (SEQ ID NO: 46), MELK-
A02-9-171 (SEQ ID NO: 57), MELK-A02-9-71 (SEQ ID NO: 60) and MELK-
AQ2-9-532 (SEQ ID NO: 62) are unique and thus, there is little possibility, to our best
knowledge, that these molecules raise unintended immunologic responses to some
unrelated molecules.

In conclusion, novel HLA-A24 and HI.A-A02 epitope peptides derived from MELK
were identified and demonstrated to be applicable for cancer immunotherapy.
Industrial Applicability

The present invention describes new TAAs, particularly those derived from MELK
which induce potent and specific anti-tumor immune responses and have applicability
to a wide array of cancer types. Such TAAs warrant further development as peptide
vaccines against diseases associated with MELK, e.g. cancers such as breast cancer,
bladder cancer, cervical cancer, cholangiocellular carcinoma, CML, colorectal cancer,
endometriosis, esophagus cancer, gastric cancer, liver cancer, NSCLC, lymphoma, os-
teosarcoma, ovarian cancer, pancreatic cancer, prostate cancer, renal carcinoma and
SCC.

While the invention is herein 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, the metes and bounds of which are



17.917 60 407 SL1PALCRT 17.14 61 532 RGLDKVITV 15.841 62 145 KLKLIDFGL 15.178 63 194
SMGILLYVL 14.549 64 457 ILT11 NRYT 13.935 35

defined by the appended claims.



65 236 S1LLLQQML 10.868 66 299 QTMEDLISL 10.352 67 [0115] 32 [Table 2c] HLA-A2 binding
|IOmer peptides derived from MELK Start Position 2mino acid sequence Binding Score SEQ ID NO.

237

[Claim 1]

[Claim 2]

[Claim 3]

[Claim 4]

[Claim 5]

[Claim 6]

[Claim 7]

| Claims
An isolated peptide derived from SEQ ID NO: 94, wherein said peptide

comprises an amino acid sequence selected from the group consisting
of:

(a) SEQ ID NOs: 14, 21, 23, 27, 36, 46, 57, 60 and 62; and

(b) SEQ ID NOs: 14, 21, 23, 27, 36, 46, 57, 60 and 62, wherein 1, 2, or
several amino acids are substituted, inserted, deleted and/or added,

and has cytotoxic T lymphocyte (CTL) inducibility.

The peptide as set forth in claim 1, wherein the peptide consists of less
than 15 amino acid residues.

The peptide as set forth in claim 2, wherein the peptide is a nonapeptide
or a decapeptide.

The peptide as set fort in any one of claims 1 to 3, wherein the peptide,
comprising the amino acid sequence selected from the group consisting
of SEQ ID NOs: 14, 21, 23 and 27, 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, methionine and tryptophan, and

(b) the C-terminal amino acid is selected from the group of pheny-
lalanine, leucine, isoleucine, tryptophan and methionine, .

The peptide as set forth in any one of claims 1 to 3, wherein the
peptide, comprising the amino acid sequence selected from the group
consisting of SEQ ID NOs: 36, 46, 57, 60 and 62, has one or both of
the following characteristics:

(a) the second amino acid from the N-terminus is selected from the
group of leucine or methionine, and

(b) the C-terminal amino acid is selected from the group of valine or
leucine.

An isolated polynucleotide encoding a peptide as set forth in any one of
claims I to 3,

A pharmaceutical agent for the treatment and/or prophylaxis of cancer,
and/or the prevention of a postoperative recurrence thereof, wherein the
agent comprises an active ingredient selected form the group consisting
of:

(a) one or more peptides as set forth in any one of claims 1 to 5;

(b) one or more polynucleotides encoding the peptide in an expressible

form;



| LLLQQM LQV 1006.209 68 439 FMFPEPKTPV 854.949 69 581 ILPKKHVDFV 732.901 70 231
WLSPSSILLL 226.014 71 262 W1IMQDYNYPV 16,769 72 609 MQFELEVCQL

(c) one or more antigen-presenting cells and/or exosomes, which
antigen-presenting cells and exosomes present a complex formed
between a HLLA antigen and a peptide as set forth in any one of claims
1 to 5 on its surface;

(d) one or more CTLs induced against a peptide as set forth in any one
of claims 1 to 6; and

(e} combinations thereof..

[Claim 8] The pharmaceutical agent as set forth in claim 7, formulated for the ad-
' ministration to a subject whose HLA antigen is HLA-A24 or HLA-
AO2.
fClaim 9] The pharmaceutical agent as set forth in claim 7, formulated for the

treatment of a cancer selected from the group consisting of bladder
cancer, breast cancer, cervical cancer, cholangiocellular carcinoma,
chronic myeloid leukemia {CML.), colorectal cancer, endometriosis,
esophagus cancer, gastric cancer, liver cancer, non-small cell lung
cancer (NSCLC), lymphoma, osteosarcoma, ovarian cancer, pancreatic

cancer, prostate cancer, renal carcinoma and small cell Iung cancer.

[Claim 10] The pharmaceutical agent of claim 7, wherein said agent is formulated
as a vaccine.
{Claim 11] A method for inducing an antigen-presenting cell with high CTL in-

ducibility, wherein the method comprises the step of contacting an
antigen-presenting cell with a peptide as set forth in any one of claims 1
to 5, or the step of introducing a polynucleotide encoding the peptide in
an expressible form into an antigen-presenting cell.

[Claim 12] A method for inducing CTL by using a peptide as set forth in any one

' of claims 1 to 3.

[Claim 13] The method for inducing CTL, wherein said method comprises the step
selected from the group consisting of:
(a) contacting a CD8-positive T cell with an antigen-presenting cell
and/or an exosome which present a complex formed between an HLA
antigen and a peptide as set forth in any one of claims 1 to 5 on its
surface; and
(b} introducing a polynucleotide encoding a polypeptide which is
capable of forming a TCR subunit recognizing a complex formed
between an HLA antigen and a peptide as set forth in any one of claims
1 1o 5 into a CD8-positive T cell.

[Claim 14] An isolated CTL which targets any of the peptides of claims 1 to 5.

{Claim 15] An isolated CTL which is induced by a peptide as set forth in any one



128.47 73 137 NLLFDEYTTKL 118.561 74 114 RQIVSAVAYYV 89.205 75 111 VVERQIVSAYV 88.043
76 578 IMSILPKKHV 85.394 77 198 LLYVLMCGF£833.091

of claims 1 to 5.

[Claim 16] The CTL. as set forth in claims 14 or 15, wherein said CTL is capable
of recognizing a complex formed between an HLA antigen and a
peptide as set forth in any one of claims 1 to 5 on a cell.

[Claim 17} An isolated antigen-presenting cell that presents a complex formed
between a HLA antigen and a peptide as set forth in any one of claims
I to 5 on its surface.

[Claim 18] The antigen-presenting cell as set forth in claim 17, which is induced
by the method as set forth in claim 11,

[Claim 19] 'The antigen-presenting cel! as set forth in claims 17 or 18, wherein the
HIA antigen is HLLA-A24 or HLA-AQ2.

[Claim 20] An agent for inducing an immune response against a cancerin a

subject, wherein said agent comprises an active ingredient selected
form the group consisting of:

(a) one or more peptides as set forth in any one of claims 1 to 5;

{b) one or more polynucleotides encoding the peptide in an expressible
form;

(c) one or more antigen-presenting cells and/or exosomes, which
antigen-presenting cells and exosomes present a complex formed
between a HLA antigen and a peptide as set forth in any one of claims
1 to 3 on its surface;

(d) one or more CTLs induced against a peptide as set forth in any one
of claims 1 to 6; and

(e} combinations thereof,

[Claim 21} A method of inducing an immune response against a cancer in a
subject, wherein said method comprising the step of administering to
said subject an agent comprising an active ingredient selected from the
group of consisting of:

(a) one or more peptides as set forth in any one of claims 1 to 5;

(b) one or more polynucleotides encoding the peptide in an expressible
form:

(c) one or more antigen-presenting cells and/or exosomes, which
antigen-presenting cells and exosomes present a complex formed
between a HLA antigen and a peptide as set forth in any one of claims
I to 5 on its surface;

(d) one or more CTLs induced against a peptide as set forth in any one
of claims 1 to 6; and

{(e) combinations thereof.



78 606 KV'TMQFELEYV 80.941 79 573 QLLNEIMSIL 74.536 80 640 REVEDILSSC 46.848 81 306
SLWQYDHLTA 41.234 82 76 LETANKIFMV 30.67 33

[Claim 22}

{Claim 23]

The method as set forth in claim 21, wherein said cancer is selected
from the group consisting of bladder cancer, breast cancer, cervical
cancer, cholangiocellular carcinoma, CMI., colorectal cancer, en-
dometriosis, esophagus cancer, gastric cancer, liver cancer, NSCLC,
Iymphoma, osteosarcoma, ovarian cancer, pancreatic cancer, prostate
cancer, renal carcinoma and small cell Tung cancer,

The method as set forth in claim 21 or 22, wherein the subject has
HLA-A24 or HLA-AQ2,



617 QLQKPDVVG1 23.995 84 103 RLSEEETRVYV 23.383 85 411 ALCRTPANKL 21.362 86 273
WQSKNPFIHL 18.93 87 16 TIGTGGFAKYV 18.17 88 243

SEQUENCE LISTING
<110> ONCOTHERAPY SCIENCE, INC.
<120> MELK EPITOPE PEPTIDES AND VACCINES CONTAINING THE SAME
<130> ONC-A0811pP

<150> Us 61/085,663
<151> 2008-08-01

<160> 94

<170> PatentIn version 3.4
<210> 1

<211> ¢

<212> PRT

<213> Artificial

<220>

<223> An artificially synthesized peptide
<400> 1

et Tyr val Leu Met Cys Gly Phe Leu

1 E)

<210> 2



MLQVDPKKRI 17.736 89 271 VEWQSKNPFI 15.743 90 636 WVYKRLVEDI 15.144 91 457
ILTTPNRYTT 12.668 92 Start position indicates the number of amino acid residue from the
N-terminal of MELK. Binding score is derived from "BIMAS". [0116]CT]I, induction with the predicted
peptides from MELK restricted with HLA-A*2402 or HLA-A*0201 and establishment for CTL lines
stimulated with MELK derived peptides CTLs for those peptides derived from MELK were generated
according to the protocols as described in "Materials and Methods". Peptide specific CTL activity was
determingdiby l§N-gamma ELISPOT assay (Figure la-i). It showed that #5 stimulated with
MELK-A24-9-326 (SEQ ID NO: 14) (a), #3 with MELK-A24-9-78 (SEQ ID NO: 21) (b), #4 with
MELK-A24410-657 (SEQ ID NO: 23) (c), #4 with MELKA24-10-532 (SEQ ID NO: 27) (d), #5 with
MELK-AQ2:9-138{E5Q i NO: 36) (e), #3 with MELK-A02-9-193 (SEQ ID NO: 46) (f), #1 with
MELK-A02-9-171 (SEQ ID NO: 57) (g), #2 with MELK-A02-9-7 | (SEQ ID NO: 60) (h) and #2 with
MELKAO02-9-532 (SEQ ID NO: 62) (i) demonstrated potent |FN-gamma production as

<220>

<223> An artificially synthesized peptide
<400> 2

Asp Tyr Ile Ile Ser Gln Asp Arg Leu

1 5

<210> 3
<2i1> 9
<212> PRT

<213> Artificial

<220>

<223> An artificially synthesized peptide
<400> 3
His Tyr Asn val Thr Thr Thr Arg Leu

1 5

<210> 4
<211> 9

<212> PRT



33 compared to the control wells. Furthermore, the cells in the positive well number #5 stimulated with
SEQ ID NO: 14, #3 with SEQ ID NO: 21, #4 with SEQ ID NO: 23, #4 with SEQ ID NO: 27, #5 with
SEQ ID NO: 36, #3 with SEQ ID NO: 46, #1 with SEQ ID NO: 57, #2 with SEQ ID NO: 60 and #2 with
SEQ ID NO: 62 were expanded and established CTL lines. CTL activity of those CTL lines was
determined by IFNgamma ELISA assay (Figure 2a-i). All CTL lines demonstrated potent [FN-gamma
production against the target cells pulsed with corresponding peptide as compared to target cells
without pepiide aulse; &atthe other hand, no CTL lines could be established by stimulation with other
peptides shown in Table 2, despite those peptide had possible binding activity with HLA-M2402 or
HLA-A*0201 (data not shown). Consequently, only nine peptides out of 92 candidate peptide derived
from MELKgeould induce potent CTL lines. [0117]Establishment of CTL clo es must lecific s tides CTL
clones were established by limiting dilution from CTL lines as described in "Materials and Methods",
and IFNSGammADRTI&IsAF I ETEGSIFES Rpfihti%arget cells pulsed peptide were determined by
IFN-gamma ELISA assay. Potent IFN-gamma productions were determined from CTL clones
stimulated with SEQ ID NO: 27 in Figure 3. [0118]Specificactivity against.pCw_42/eaeaa.gp_p__. he
e tide erid8endusly Processed from MELK with HLA-A*0201 The established CTL lines raised
against these peptides were examined for their ability to recognize target cells presenting the
candidate peptide endogenously processed from MELK with HLA-A*0201 molecule. Specific CTL
activity AgRifg (f@@?‘rﬁ%ll%y\ﬁ/fﬁg% tPaRstERtEd4vith both the full length of MELK and HLA-A*0201
molecule gene (a specificsmodel for the target cells that express MELK and HLAA*0201 gene) was
tested using the CTL lines raised by corresponding peptide as the effecter cells. COS7 cells
transfected with either full length of MELK genes or HLAA" 0201 were prepared as control. In Figure 4,
the CTLs stimulated with SEQ ID NO: 36 (a) and SEQ ID NO: 57 (b) showed potent CTL activity
against COS7 cells expressing both MELK and HLA-A02. On the other hand, no significant specific
CTL actiitf’®as detected against the controls. Thus, these data clearly demonstrate that the peptides
having the;aminp acid sequences of SEQ ID NO: 36 and SEQ ID NO: 57 are naturally presented on
the target cells with HLA-A*0201 molecule and are recognized by the CTLs. These results indicated
that thosé¥go g&ptides derived from MELK may be available to apply the cancer vaccines for patients
with MELK expressiag-tumors. [0119]Homology analysis of antigen peptides The CTLs stimulated
with MELK-A24-9-326 (SEQ ID NO: 14), MELK-A24-9-78 (SEQ ID NO: 21), MELK-A24-10-637 (SEQ
ID NO: 23), MELK-A24-10-532 (SEQ 34 ID NO: 27), MELK-A02-9-138 (SEQ ID NO: 36),
MELK-AQ32-193 (SEQ ID NO: 46), MELK-A02-9-171 (SEQ'ID NO: 57), MELK-A02-9-71 (SEQ ID NO:
60) and MELK-A02-9-532 (SEQ ID NO: 62) showed significant and specific CTL activity. This result
may be #hiéto thie faEt st tHd seieheatzef MER K 9824-9-326 (SEQ ID NO: 14), MELK-A24-9-78
(SEQ ED NO: 21), MELK-A24-10-637 (SEQ ID NO: 23), MELK-A24-10-532 (SEQ ID NO: 27),
MELK-A02-9-138 (SEQ ID NO: 36), MELKA02-9-193 (SEQ 1D NO: 46), MELK-A02-9-171 (SEQ ID
NO: 57)<NIfeL K5A02-9-71 (SEQ ID NO: 60) and MELK-A02-9-532 (SEQ ID NO: 62) are homologous to
peptides derived from other molecules that are known to sensitize the human immune system. To
exclude this possibility, homology analyses were performed for these peptide sequences using as
queries e BYASTrafgoritiv fHitgp FAmEBEnilmnih.goviblast/blast.cgi) which revealed no sequence
with siggificant homology - The results of homology analyses indicate that the sequences of
MELK-A24-9-326 (SEQ ID NO: 14), MELK-A24-9-78 (SEQ ID NO: 21), MELK- A24-10-637 (SEQ ID
NO: 23), MELK-A24-10-532 (SEQ ID NO: 27), MEEK-A02-9-138 (SEQ 1D NO: 36), MELK-A02-9-193
(SEQ ID NO: 46), MELKAO02-9-171 (SEQ ID NO: 57), MELK-A02-9-71 (SEQ ID NO: 60) and
MELKAO02-9-532 (SEQ ID NO: 62) are unique and thus, there is little possibility, to our best knowledge,
that thesé¥¥ioletules raise unintended immunologic responses to some unrelated molecules. [0120] In
conclusigpy,;novgl HLA-A24 and HLA-AO2 epitope peptides derived from MELK were identified and
demonstrated to be applicable for cancer immunotherapy. Industrial Applicability [0121]The present
inventionéd@scritids new TAAs, particularly those derived from MELK which induce potent and specific
anti-tumgy;isomyne.respgrses and have applicability to a wide array of cancer types. Such TAAs
warrant further development as peptide vaccines against diseases associated with MELK, e.g. cancers
such as breast cancer, bladder cancer, cervical cancer, cholangiocellular carcinoma, CML, colorectal
cancer, endometriosis, esophagus cancer, gastric cancer, liver cancer, NSCLC, lymphoma,
osteosarcoma, ovarian cancer, pancreatic cancer, prostate cancer, renal carcinoma and SCC.



[0122]While the invention is herein 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, the metes and
bounds of which are defined by the appended claims 36 Claims [Claim I]An isolated peptide derived
from SEQ2K2 NO: 94, wherein said peptide comprises an amino acid sequence selected from the
group consisting of: (a) SEQ_ID NOs: 14, 21, 23, 27, 36, 46, 57, 60 and 62; and (b) SEQ ID NOs: 14,

L

51 93 5233 Ap artificially synthesized peptide
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Glu Tyr Cys Pro Gly Gly Glu Leu Phe
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an artificially synthesized peptide



57, 60 and 62, wherein 1, 2, or several amino acids are substituted, inserted, deleted and/or added,
and has cytotoxic T lymphocyte (CTL) inducibility. [Claim 2]The peptide as set forth in claim 1, wherein
the peptide consists of less than 15 amino acid residues. [Claim 3]The peptide as set forth in claim 2,
wherein the peptide is a nonapeptide or a decapeptide. [Claim 4]The peptide as set fort in any one of
claims 1 to 3, wherein the peptide, comprising the amino acid sequence selected from the group
consisting of SEQ ID NOs: 14, 21, 23 and 27, 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,
methionine and tryptophan, and (b) the C-terminal amino acid is selected from the group of
phenylaf ﬂ?e, lseucine, isoleucine, u-yptophan and methionine. [Claim 5]The peptide as set forth in
any one of claims 1 to 3, wherein the peptide, comprising the amino acid sequence selected from the
group consisting of SEQ ID NOs: 36, 46, 57, 60 and 62, has one or both of the following
charactgiligtti&%‘.a é}‘tt‘r&“'sé%&n}ﬂainﬁﬁ% &1 ¥ the N-terminus is selected from the group of leucine or
methionine, and (b) the G-terminal amino acid is selected from the group of valine or leucine. [Claim
6]An isolated polynucleotide encoding a peptide as set forth in any one of claims 1 to 5. [Claim 7]A
pharmaceutical agent for the treatment and/or prophylaxis of cancer, and/or the prevention of a
postoperative recurrence thereof, wherein the agent comprises an active ingredient selected form the
group consisting of: (a) one or more peptides as set forth in any one of claims 1 to 5; (b) one or more
polynucfééﬁaes encoding the peptide in an expressible form;

211> 9

<212> PRT

<213> Artificial

<220>

<223> An artificially synthesized peptide
<400> 9

Asp Phe val Gin Lys Gly Tyr Thr Leu

1 5

<210> 10
<21ll> 9
<212> PRT

<213> Artificial

<220>

<223> An artificially synthesized peptide

<400> 10



37 (e) one or more antigen-presenting cells and/or exosomes, which antigen-presenting cells and
exosomes present a complex formed between a HLA antigen and a peptide as set forth in any one of
claims | to 5 on its surface; (d) one or more CTLs induced against a peptide as set forth in any one of
claims 1 to 6; and (e) combinations thereof.. [Claim 8]The pharmaceutical agent as set forth in claim 7,
formulated for the ad- ministration to a subject whose HLA antigen is HLA-A24 or HLAAO2. [Claim
9]The pharmaceutical agent as set forth in claim 7, formulated for the treatment of a cancer selected
from the group consisting of bladder cancer, breast cancer, cervical cancer, cholangiocellular
carcinoma, chronic myeloid leukemia (CML), colorectal cancer, endometriosis, esophagus cancer,
gastric ¢AcBREIIGAY e hEhYsHAI E&Y ity cancer (NSCLC), lymphoma, osteosarcoma, ovarian
cancer, pancreatic cances, prostate cancer, renal carcinoma and small cell lung cancer. [Claim 10]The
pharmaceutical agent of claim 7, wherein said agent is formulated as a vaccine. [Claim 11]A method
for inducing an antigen-presenting cell with high CTL in- ducibility, wherein the method comprises the
step of contacting an antigen-presenting cell with a peptide as set forth in any one of claims 1 to 5, or
the step of introducing a polynucleotide encoding the peptide in an expressible form into an
antigen-pr&&entirg cell. [Claim 12]A method for inducing CTL by using a peptide as set forth in any
one of claims 1 go 5. [Claim 13]The method for inducing CTL, wherein said method comprises the step
selected from the group consisting of: (a) contacting a CD8-positive T cell with an antigen-presenting
cell andfar-an eXBSome which present a complex formed between an HLA antigen and a peptide as
set forth. iy any Qpe; ¢f claims 1 to 5 on its surface; and (b) introducing a polynucleotide encoding a
polypeptide which is capable of forming a TCR subunit recognizing a complex formed between an HLA
antigen and a peptide as set forth in any one of claims Ito 5 into a CD8-positive T cell. [Claim 14]An
isolated GJ 4. which targets any of the peptides of claims 1 to 5.

<223> An artificially synthesized peptide
<400> 11

Arg Leu val Asn Pro Asp Gin Leu Leu

1 5
<210> 12

<21i> 9

«<212> PRT

<213> Artificial

<220>

<223> An artificially synthesized peptide

<400> 12

Asp Phe Gly Lys val thr Met Gln Phe



[Claim 15]An isolated CTL which is induced by a peptide as set forth in any one 38 of claims 1 to 5.
[Claim 16]The CTL as set forth in claims 14 or 15, wherein said CTL is capable of recognizing a
complex formed between an HLA antigen and a peptide as set forth in any one of claims 1 to 5 on a
cell. [Claim 17]An isolated antigen-presenting cell that presents a complex formed between a 1-ILA
antigen and a peptide asgget forth in any one of claims 1 to 5 on its surface. [Claim 18]The
antigen-presenting cell asset forth in claim 17, which is induced by the method as set forth in claim 11.
[Claim 1P]The antigen-presenting cell as set forth in claims 17 or 18, wherein the HLA antigen is
HLA-A24 or HLA-A02. [Claim 20]An agent for inducing an immune response against a cancer in a
subject, wherein said agent comprises an active ingredient selected form the group consisting of: (a)
one or more peptides as set forth in any one of claims 1 to 5; (b) one or more polynucleotides
encoding the peptide in an expressible form; (c) one or more antigen-presenting cells and/or
exosom&$tivhick? antigen-presenting cells and exosomes present a complex formed between a HLA
antigen gpnd a pgptide as set forth in any one of claims 1 to 5 on its surface; (d) one or more CTLs
induced against a peptide as set forth in any one of claims 1 to 6; and (e) combinations thereof.
[Claim 28A¢meftfdd of inducing an immune response against a cancer in a subject, wherein said
method comprisipg;the step of administering to said subject an agent comprising an active ingredient
selected from the group of consisting of:

<220>
<223> An artificially synthesized peptide

<400> 13

iys Gly Ala Lys val pPhe Gly Ser Leu

1 5

<210> 14
<2i1l> 9
<212> PRT

<213> Artificial

<220>

<223> An artificially synthesized peptide
<400> 14

Arg Gly Lys Pro val Arg Leu Arg Leu

1 5



(a) one or more peptides as set forth in any one of claims 1 to 5; (b) one or more polynucleotides
encoding the peptide in an expressible form; (c) one or more antigen-presenting cells and/or
exosomes, which antigen-presenting cells and exosomes present a complex formed between a HLA
antigen and a peptide as set forth in any one of claims | to 5 on its surface; (d) one or more CTLs
induced against a peptide as set forth in any one of claims 1 to 6; and (e) combinations thereof. 39
[Claim 22] [Claim 23] The method as set forth in claim 21, wherein said cancer is selected from the
group consisting of bladder cancer, breast cancer, cervical cancer, cholangiocellular carcinoma, CML,
colorectal cancer, endometriosis, esophagus cancer, gastric cancer, liver cancer, NSCLC, lymphoma,
osteosarééftra, évarian cancer, pancreatic cancer, prostate cancer, renal carcinoma and small cell
lung canggr..Thg method as set forth in claim 21 or 22, wherein the subject has HLA-A24 or HLA-AQ2.
SEQUENCE LISTING <110> ONCOTHERAPY SCIENCE, INC. <120> MELK EPITOPE PEPTIDES
AND VACEANEBRCONTAINING THE SAME <130> oNc-A0811P <150> US 61/085,663 <151>
2008-08:045<160% 24 <L ;0> Patentin version 3.4 <210> 1

<220>

<223> An artificially synthesized peptide

<400> 15

Lys Asn GIn His Lys Arg Glu Ile Leu

1 5

<210> 16
<211> 9
<212> PRT

<213> artificial

<220>

<223> An artificially synthesized peptide

<400> 16

Lys Trp Leu Ser Pro Ser Ser Ile Leu

1 5

<210> 17



<211> 9 <212> PRT <213> Artificial <220> <223> An artificially synthesized peptide <400> 1 Leu Tyr
val Leu met cys Gly Phe Leu 15 <211> 9 <212> PRT <213> Atrtificial <220> <223> An artificially
synthesized peptide <400> 2 Asp Tyr lle lle Ser GIn Asp Arg Leu 15 <210> 3 <211> 9 <212> PRT
<213> Artificial <220> <223> An artificially synthesized peptide <400> 3 His Tyr Asn val Thr Thr Thr
Arg Leu 5 <210> 4 <211> 9 <212> PRT

<211> 9

<212> PRT

<213> Artificial

<220>

<223> An artificially synthesized peptide
<400> 17

Lys Tyr Trp Thr Glu Ser Asn Gly val

1 5

<210> 18
<211> ©
<212> PRT

<213> Artificial

<220>

<223> An artificially synthesized peptide
<400> 18
Arg Cys Arg Ser val Glu Leu Asp Leu

1 5

<210> 19
<211> 9

<212> PRT



<213> Artificial <220> <223> An artificially synthesized peptide <400> 4 Asp Tyr Asp Trp Cys Glu Asp
Asp Leu 15 <210> 5 <211> 9 <212> PRT <213> Atrtificial <220> <223> An artificially synthesized
peptide <400> 5 Lys Tyr Tyr Glu Leu His Glu Thr lle 15 <210> 6 <211> 9 <212> PRT <213> Attificial
<220> <223> An artificially synthesized peptide <400> 6 Glu Tyr Cys Pro Gly Gly Glu Leu Phe 15
<210> 7 <211> 9 <212> PRT

<213> Artificial

<220>

<223> An artificialiy synthesized peptide
<400= 19

Lys Leu Lys Leu Ile Asp Phe Gly Leu

1 5

<210> 20
<211> 9
<212> PRT

<213> Artificial

<220>

<223> An artificially synthesized peptide
<400> 20

Leu Leu Asn Glu Ile Met Ser Ile Leu

1 5

<210> 21
<211> 9
<212> PRT

<213> Artificial



<213> Artificial <220> <223> An artificially synthesized peptide <400> 7 val Tyr Lys Arg Leu val Glu
Asp lle <210> 8 <211> 9 <212> PRT <213> Artificial <220> <400> 8 Gin Phe Glu Leu Glu Val Cys
Gin Leu 15 <210> 9 <211> 9 <212> PRT <213> Artificial <220> <223> An artificially synthesized
peptide <400> 9 Asp Phe Val Gin Lys Gly Tyr Thr Leu 15 <210> 10 <211> 9 <212> PRT

<220>

<223> An artificially synthesized peptide
<400> 21

Thr Ala Asn Lys Ile phe Met val teu

1 5

<210> 22
<211> 9
<212> PRT

<213> Artificial

<220>

<223> An artificially synthesized peptide
<400> 22

Lys Tyr Asp val Pro Lys Trp Leu Ser

1 5

<210> 23
<21i> 10
<212> PRT

<213> artificial

<220>

<223> An artificially synthesized peptide



<213> Artificial <220> <223> An artificially synthesized peptide val Phe Gly Ser Leu Glu Arg Gly Leu
15 <210> 11 <211> 9 <212> PRT <213> Atrtificial <220> <223> An artificially synthesized peptide
<400> 11 Arg Leu Val Asn Pro Asp GIn Leu Leu 1 <210> 12 <211> 9 <212> PRT <213> Atrtificial
<220> <223> An artificially synthesized peptide <400> 12 Asp Phe Gly Lys Val Thr Met GIn Phe

<400> 23

val Tyr Lys Arg Leu val Glu Asp Ile Leu

1 5 10

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

<213> Artificial

<220>

<223> An artificially synthesized peptide
<400> 24

Gin Tyr Asp His teu Thr Ala Thr Tyr Leu

1 > 10

<210> 25
<211> 10
<212> PRT

<213> Artificial

<220

<223> An artifticially synthesized peptide

<400> 25



5<210> 13 <211> 9 <212> PRT <213> Atrtificial <220> <223> An artificially synthesized peptide
<400> 13 Lys Gly Ala Lys Val Phe Gly Ser Leu 1 <210> 14 <211> 9 <212> PRT <213> Artificial <220>
<223> An artificially synthesized peptide <400> 14 Arg Gly Lys Pro Val Arg Leu Arg Leu <210> 15

Glu Tyr His Lys Leu Lys Leu Ile Asp Phe

1 5 10

<210> 26
<211> 10
<212> PRT

<213> Artificial

<220>

<223> An artificially synthesized peptide
<400> 26

Leu Phe Asp Glu Tyr His Lys Leu Lys Leu

1 5 10

<210> 27
<211> 10
<212> PRT

<213> Artificial

<220>

<Z223> An artificially synthesized peptide
<400> 27

Arg Gly Leu Asp Lys val Ile Thr val Leu



<211> 9 <212> PRT <213> Artificial <220> <223> An artificially synthesized peptide <400> 15 Lys
Asn Gin His Lys Arg Glu lle Leu <210> 16 <211> 9 <212> PRT <213> Artificial <220> <223> An
artificially synthesized peptide <400> 16 Lys Trp Leu Ser Pro Ser Ser lle Leu 15 <211> 9 <212> PRT
<213> Artificial <220>

1 5 10
<210> 28
<211> 10
<212> PRT

<213> Artificial

<220>

<223> An artificially synthesized peptide

<400> 28

bys Trp Leu Ser Pro Ser Ser Ile Leu Léu

1 5 10
<210> 29
<211> 10
<212> PRT

<213> Artificial

<220>

<223> An artificially synthesized peptide

<400> 29

Lys Thr Glu ITe Glu Ala Leu Lys Asn Lau

1 5 10



<223> An artificially synthesized peptide <400> 17 Lys Tyr Trp Thr Glu Ser Asn Gly val 15 <210> 18
<211> 9 <212> PRT <213> Atrtificial <220> <223> An artificially synthesized peptide <400> 18 Arg
Cys Arg Ser Val Glu Leu Asp Leu 1 <210> 19 <211> 9 <212> PRT <213> Artificial <220> <223> An
artificially synthesized peptide <400> 19 Lys Leu Lys Leu lle Asp Phe Gly Leu 15 <210> 20

<210> 30
<211> 10
<212> PRT

<213> Artificial

<220>

<223> An artificially synthesized peptide

<400> 30

Arg Asn Asn Arg Gln Thr Met Glu Asp Leu

1 5 10

<210> 31
<211> 10
<212> PRT

<213> aArtificial

<220>

<223> An artificially synthesized peptide

<400>- 31

Arg Gly Lys Tyr Asp val Pro Lys Trp Leu

1 5 10

<210> 32



<211> 9 <212> PRT <213> Artificial <220> <223> An artificially synthesized peptide <400> 20 Leu
Leu Asn Glu lle met ser lle Leu 1 <210> 21 <211> 9 <212> PRT <213> Artificial <220> <223> An
artificially synthesized peptide <400> 21 Thr Ala Asn Lys lle 'he Met Val Leu 15 <210> 22 <211> 9
<212> PRT <213> Artificial <220>

<211> 10
<212> PRT

<213> Artificial

<220>

<223> An artificially synthesized peptide

- <400> 32

Lys Gly Asp Ala Trp val Tyr Lys Arg Leu

1 5 10

<210> 33
<211> 10
212> PRT

<213> Artificial

<220>

<223> An artificially synthesized peptide

<400> 33

Asp Tyr Asn Tyr Pro val Glu Trp Glin Ser

1 5 10

<210> 34
<211> 10

<212> PRT



<223> An artificially synthesized peptide <400> 22 Lys Tyr Asp Val Pro Lys Trp Leu Ser 1 <210> 23
<211> 10 <212> PRT <213> Atrtificial <220> <400> 23 Val Tyr Lys Arg Leu Val Glu Asp lle Leu 1510
<210> 24 <211> 10 <212> PRT <213> Artificial <220> <223> An artificially synthesized peptide <400>
24 Gin Tyr Asp His Leu Thr Ala Thr Tyr Leu 1510 <210> 25 <211> 10 <212> PRT <213> Atrtificial
<220> <223> An artificially synthesized peptide Glu Tyr His Lys Leu Lys Leu lle Asp Phe 110

<213> Artificial

<220>

<223> An artificially synthesized peptide
<400> 34

Arg Tyr Thr Thr Pro Ser Lys Ala Arg Asn

1 5 10

<210> 35
<211> 9
<212> PRT

<213> Artificiai Seguence

<220>

<223> An artificially synthesized peptide
<400> 35

lL.eu Leu Leu GIn GTn Met Leu Gln val

1 5

<210> 36
Q11> 9
<212> PRT

<213> Artificial Sequence



<210> 26 <211> 10 <212> PRT <213> Atrtificial <220> <223> An artificially synthesized peptide <400>
26 Leu Phe Asp Glu Tyr His Lys Leu Lys Leu 110 <210> 27 <211> 10 <212> PRT <213> Atrtificial
<220> <223> An artificially synthesized peptide <400> 27 Arg Gly Leu Asp Lys val lle Thr Val Leu 510
<210> 28 <211> 10 <212> PRT <213> Artificial <220> <223> An artificially synthesized peptide <400>
28 Lys Trp Leu Ser Pro Ser Ser lle Leu Leu 1510 <210> 29 <211> 10 <212> PRT <213> Artificial
<220>

<220>

«223> An artificially synthesized peptide

<400> 36

teu Leu Phe Asp Glu Tyr His Lys Leu

1 5

<210> 37
<211> 9
<212> PRT

<213> Artificial sequence

<220>

<223> An artificially synthesized peptide

<400> 37

ITe Met Gln Asp Tyr Asn Tyr Pro val

1 5

<210> 38
<211> ¢
<212> PRT

<213> Artificial sequence

<220>

<223> An artificially synthesized peptide



<223> An artificially synthesized peptide <400> 29 Lys Thr Glu lle Glu Ala Leu Lys Asn Leu 1510
<210> 30 <211> 10 <212> PRT <213> Atrtificial <220> <223> An artificially synthesized peptide <400>
30 Arg Asn Asn Arg Gin Thr Met Glu Asp Leu 110 <210> 31 <211> 10 <212> PRT <213> Artificial
<220> <223> An artificially synthesized peptide <400> 31 A g Gly Lys Tyr Asp Val Pro Lys Trp Leu
1510 <211> 10 <212> PRT <213> Atrtificial

<400> 38

Arg Leu Ser Glu Glu Glu Thr Arg val

1 5

<210> 39
<21i> 9
<2i2> PRT

<213> Artificial sequence

<220>

<223> An artificially synthesized peptide

<400> 39

Lys Leu Ile Asp Phe Gly Leu Cys Ala
1 5

<210> 40
<21l> 9
<212> PRT

<213> Artificial sequence

<220>

<223> An artificially synthesized peptide

<400> 40



<220><223> An artificially synthesized peptide <400> 32 Lys Gly Asp Ala Trp val Tyr Lys Arg Leu
1510 <210> 33 <211> 10 <212> PRT <213> Artificial <220> <223> An artificially synthesized peptide
<400> 33 Asp Tyr Asn Tyr Pro Val Glu Trp GIn Ser 1510 <210> 34 <211> 10 <212> PRT <213>
Artificial <220> <223> An artificially synthesized peptide <400> 34 Arg Tyr Thr Thr Pro Ser Lys Ala Arg
Asn 1510 <210> 35 <211>9

Phe Leu Pro Phe Asp Asp Asp Asn val

1 5

<210> 41
<211> ¢
<212> PRT

<213> Artificial Ssequence

<220>

<223> An artificially synthesized peptide

<400> 41

Leuw Leu Asn Glu Ile Met Ser Ile Leu

1 5

<210> 42
<21l> 9
<212> PRT

<213> Artificial sequence

<220>

<223> An artificially synthesized peptide

<400> 42

Lys Ile Met Arg Gly Lys Tyr Asp val



<212> PRT <213> Atrtificial sequence <220> <223> An artificially synthesized peptide <400> 35 Leu
Leu Leu GIn Gin met Leu GIn val 15 <210> 36 <211> 9 <212> PRT <213> Atrtificial sequence <220>
<223> An artificially synthesized peptide <400> 36 Leu Leu Phe Asp Glu Tyr His Lys Leu 1 <210> 37
<211> 9 <212> PRT <213> Atrtificial Sequence <220> <223> An artificially synthesized peptide

<210> 43
<211> §
<212> PRT

<213> Artificial Seguence

<220>

<223> An artificially synthesized peptide
<400> 43

Gln Ite val ser Ala val Ala Tyr val

1 5

<210> 44
<Z1l> 9
<Z212> PRT

<213> Artificial Sequence

<220>

<223> An artificially synthesized peptide
<400> 44

Trp GIn Tyr Asp His teu Thr Ala Thr

1 5



<400> 37 lle Met GIn Asp Tyr Asn Tyr Pro Val 5 <210> 38 <211> 9 <212> PRT <213> Artificial
Sequence <220> <400> 38 Arg Leu ser Glu Glu Glu Thr Arg val 15 <210> 39 <211> 9 <212> PRT
<213> Artificial Sequence <220> <223> An artificially synthesized peptide <400> 39 Lys Leu lle Asp
Phe Gly Leu Cys Ala 15 <210> 40 <211> 9 <212> PRT

<Z210> 45
<211> 9
<212> PRT

<213> Artificial Seguence

<220>

<223> An artificially synthesized peptide
<4G0> 45

Trp Leu Ser Pro Ser Ser Ile Leu Leu

1 5

<210> 46
<211> 9
<212> PRT

<213> aArtificial seguence

<220>

<223> An artificially synthesized peptide
<400> 46
Trp Ser Met Gly Ile Leu Leu Tyr val

1 5 .

<210> 47



<213> Artificial Sequence <220> <223> An artificially synthesized peptide Phe Leu Pro Phe Asp Asp
Asp Asn Val 15 <210> 41 <211> 9 <212> PRT <213> Artificial Sequence <220> <223> An atrtificially
synthesized peptide <400> 41 Leu Leu Asn Glu lle met Ser lle Leu 1 <210> 42 <211> 9 <212> PRT
<213> Artificial Sequence <220> <223> An artificially synthesized peptide <400> 42 Lys lle Met Arg
Gly Lys Tyr Asp Val

<21l> 9

<212> PRT

<213> aArtificial Seguence

<220>

<223> An artificially synthesized peptide

<400> 47

Gln teu Leu Asn Glu Ile Met Ser Iie

1 5

<210> 48
<211> 9
<212> PRT

<213> Artificial Sequence

<220>

<223> An artificially synthesized peptide
<400> 48
Tyr Leu Leu Leu Leu Ala Lys Lys Ala

1 5

<210> 49
<211> ¢

<212> PRT



15 <210> 43 <211> 9 <212> PAT <213> Atrtificial Sequence <220> <223> An artificially synthesized
peptide <400> 43 Gin lle Val Ser Ala Val Ala Tyr Val 15 <210> 44 <211> 9 <212> PRT <213> Artificial
Sequence <220> <223> An artificially synthesized peptide <400> 44 Trp Gin Tyr Asp His Leu Thr Ala
Thr <210> 45 <211>9

<213> Artificial sequence

<220>

<223> An artificially synthesized peptide
<400> 49

ser Leu Trp GIin Tyr Asp His Leu Thr
1 5

<210> 50
<21i> 9
<212> PRT

<213> Artificial Seguence

<220>

<223> An artificially synthesized peptide
<400> 50

Lys Leu His Tyr Asn val Thr Thr Thr

i )

<210=> 51
211> 9
<212> PRT

<213> Artificial seguence



<212> PRT <213> Atrtificial Sequence <220> <223> An artificially synthesized peptide <400> 45 Trp
Leu Ser Pro Ser Ser lle Leu Leu 15 <210> 46 <211> 9 <212> PRT <213> Artificial Sequence <220>
<223> An artificially synthesized peptide <400> 46 Trp ser met Gly lle Leu Leu Tyr Val 15 <211>9
<212> PRT <213> Atrtificial Sequence <220> <223> An artificially synthesized peptide <400> 47

<220>

<223> An artificially synthesized peptide

<400> 351

Asn Leu Leu Asn His Pro Trp Ile Met

1 5
<210> 52

<211> 9

<212> PRT

<213> Artificial Seguence

<220>

<223> An artificially synthesized peptide

<400> 52

Lys Ile Phe Met val Leu Glu Tyr Cys

1 5
«210> 53

<211> 9

<212> PRT

<213> Artificial seqguence

<220>

<223> An artificially synthesized peptide



Gin Leu Leu Asn Glu lle met Ser lle 1 <210> 48 <211> 9 <212> PRT <213> Artificial Sequence <220>
<223> An artificially synthesized peptide <400> 48 Tyr Leu Leu Leu Leu Ala Lys Lys Ala 15 <210> 49
<211> 9 <212> PRT <213> Atrtificial Sequence <220> <223> An artificially synthesized peptide <400>
49 Ser Leu Trp Gin Tyr Asp His Leu Thr 15 <210> 50 <211> 9 <212> PRT

<400> 53

Ite Leu Thr Gly Glu Met val Ala Ile

1 >

<210> 54
<211> 9
<212> PRT

<213> Artificial sequence

<220>

<223> An artificially synthesized peptide
<400> 54

Thr teu Gly Ser Asp Leu Pro Arg Ile

1 5
<210> 55

<21l> 9

<212> PRT

<213> Artificial Seguence

<220>

<223> An artificially synthesized peptide

<400> 55



<213> Artificial Sequence <220> <223> An artificially synthesized peptide <400> 50 Lys Leu His Tyr
Asn val Thr Thr Thr a5 <210> 51 <211> 9 <212> PRT <213> Atrtificial Sequence <220> <223> An
artificially synthesized peptide <400> 51 Asn La La Asn His Pro Trp lle met <210> 52 <211> 9 <212>
PRT <213> Atrtificial sequence <220> <223> An artificially synthesized peptide

val Thr Met GIn Phe Glu Leu Glu val

i 5
<210> 56

<211> 9

<212> PRT

<213> Artificial sequence

<220>

<223> An artificially synthesized peptide

<400> 56

Phe Ile His Leu Asp Asp Asp Cys val

1 5

<210> 57
<21I> 9
<212> PRT

<213> Artificial sequence

<220>

<223> An artificially synthesized peptide

<400> 57

Ser Leu Ala Tyr Ala Ala Pro Glu Leu



<400> 52 Lys lle Phe Met.Val Leu Glu Tyr Cys 15 <210> 53 <211> 9 <212> PRT <213> Artificial
sequence <220> <400> 53 lle Leu Thr Gly Glu Met Val Ala lle 15 <210> 54 <211> 9 <212> PRT
<213> Artificial Sequence <220> <223> An artificially synthesized peptide <400> 54 Thr Leu Gly Ser
Asp Leu Pro Arg lle 15 <210> 55 <211> 9 <212> PRT

<210> 58
<211> 9
<212> PRT

<213> Artificial Sequence

<220>

<223> An artificially synthesized peptide
<400> 58

Arg Leu val Asn Pro Asp Glin Leu Leu

1 5

<210> 59
<211l> §
<212> PRT

<213> Artificial seqguence

<220>

<223> An artificially synthesized peptide
<400> 59

Asn val Tyr Thr Pro Lys Ser aAla val

1 5



<213> Artificial Sequence <220> <223> An artificially synthesized peptide Val Thr Met Gin Phe Glu
Leu Glu Val 1 <210> 56 <211> 9 <212> PAT <213> Artificial Sequence <220> <223> An atrtificially
synthesized peptide <400> 56 Phe lle His Leu Asp Asp Asp Cys Val 15 <210> 57 <211> 9 <212> PRT
<213> Artificial Sequence <220> <223> An artificially synthesized peptide <400> 57 Ser Leu Ala Tyr
Ala Ala Pro Glu Leu

<210> 60
<211l> 9
<212> PRT

«<213> Artificial Sequence

<220>

<223> An artificially synthesized peptide

<400> 60

Gin Leu Tyr His val Leu Glu Thr ala

1 5

<Z210> 61
<Z1ll> 9
<212> PRT

<213> Artificial sequence

<220>

<223> An artificially synthesized peptide

<400> 61

Ser Leu Thr Pro Ala Leu Cys Arg Thr

1 5

<210> 62



15 <210> 58 <211> 9 <212> PRT <213> Artificial Sequence <220> <223> An artificially synthesized
peptide <400> 58 Arg Leu Val Asn Pro Asp Gin Leu Leu 15 <210> 59 <211> 9 <212> PRT <213>
Artificial sequence <220> <223> An artificially synthesized peptide <400> 59 Asn val Tyr Thr Pro Lys
ser Ala Val <210> 60 <211>9

<211> S
<212> PRT

<213> Artificial Sequence

<220>

<223> An artificially synthesized peptide
<400 62

Arg Gly Leu Asp Lys val Ile Thr val

i 5

<210> 63
<211> ¢
<212> PRT

<213> Artificial seguence

<220>

<223> An artificially synthesized peptide
<400> 03
iys Leu Lys Leu ITe Asp phe Gly Leu

1 5

<210> 64
<211l> 9

<212> PRT



<212> PRT <213> Artificial Sequence <220> <223> An artificially synthesized peptide <400> 60 Gin
Leu Tyr His val Leu Glu Thr Ala <210> 61 <211> 9 <212> PRT <213> Artificial Sequence <220>
<223> An artificially synthesized peptide <400> 61 Ser Leu Thr Pro Ala Leu cys Arg Thr <211>9
<212> PRT <213> Atrtificial sequence <220>

<213> Artificial Segquence

«<220>

<223> An artificially synthesized peptide

<400> 64

Ser Mmet Gly Ile Leu Leu Tyr val Leu

1 5

<210> 65
<211> 9
<212> PRYT

<213> -Artificial Segquence

<220>

<223> An artificially synthesized peptide

<400> 65

Ite teu Thr Thr Pro Asn Arg Tyr Thr

1 5

<210> 66
<211> 9
<212> PRT

<213> Artificial sequence



<223> An artificially synthesized peptide <400> 62 Arg Gly Leu Asp Lys Val lle Thr val 1 <210> 63
<211> 9 <212> PRT <213> Artificial sequence <220> <223> An artificially synthesized peptide <400>
63 Lys Leu Lys Leu lle Asp 'he Gly Leu 15 <210> 64 <211> 9 <212> PRT <213> Atrtificial Sequence
<220> <223> An artificially synthesized peptide <400> 64 Ser Met Gly lle Leu Leu Tyr Val Leu 15
<210> 65

<220>

<223> An artificially synthesized peptide

<400> 66

Ser Ile Leu Leu Leu Gln GIn Met Leu

1 5

<210> 67
<21l> o~
<212> PRT

<213> Artificial Sequence

<220>

<223> An artificially synthesized peptide

<400> 67

Gin Thr Met Glu Asp Leu Ile Ser Leu

1 5

<210> 68
<211> 10
<212> PRT

<213> Artificial Sequence

<220>

<223> An artificially synthesized peptide



<211> 9 <212> PRT <213> Artificial Sequence <220> <223> An artificially synthesized peptide <400>
65 lle Leu Thr Thr Pro Asn Arg Tyr Thr 15 <210> 66 <211> 9 <212> PRT <213> Artificial Sequence
<220> <223> An artificially synthesized peptide <400> 66 ser lle Leu Lea Lea Gin Gin met Leu 15
<210> 67 <211> 9 <212> PRT <213> Artificial sequence

<400> 68

ITe Leu Leu leu Gin GIn Met Leu GIn val

1 5 10

<210> 69
<211> 10
<212> PRT

<213> Artificial sequence

<220>

<223> An artificially synthesized peptide
<400> 69

Phe Met Phe Pro Glu Pro Lys Thr Pro val

1 5 10

<210> 70
<211> 10
<212> PRT

<213> Artificial sequence

<220>

<223> An artificially synthesized peptide

<400> 70



<220> <223> An artificially synthesized peptide <400> 67 Gin Thr met Glu Asp Lea lle Ser Lea 15
<210> 68 <211> 10 <212> PRT <213> Artificial Sequence <220> <400> 68 lle Leu Leu Leu Gin Gin
Met Leu Gin Val 1510 <210> 69 <211> 10 <212> PRT <213> Atrtificial Sequence <220> <223> An
artificially synthesized peptide <400> 69 Phe Met Phe Pro Glu Pro Lys Thr Pro Val 1510 <210> 70
<211> 10 <212> PRT <213> Artificial Sequence <220> <223> An artificially synthesized peptide

ITe Leu Pro Lys Lys His val Asp Phe val

1 5 10

<210> 71
<211> 10
<212> PRT

<213> Artificial sequence

<220>

<223> An artificially synthesized peptide
<400> 71

Trp Leu Ser Pro Ser Ser Ile teu Leu Leu

1 5 10

<210> 72
<Z211> 10
<212> PRT

<213> Artificial Sequence

<220>

<223> An artificially synthesized peptide
<400> 72

Trp Ile Met GIn Asp Tyr Asn Tyr Pro val



~ lle Leu Pro Lys Lys His Val Asp Phe Val 110 <210> 71 <211> 10 <212> PRT <213> Artificial
Sequence <220> <223> An artificially synthesized peptide <400> 71 Trp Leu Ser Pro Ser Ser lle Leu
Leu Leu 1510 <210> 72 <211> 10 <212> PRT <213> Atrtificial Sequence <220> <223> An artificially
synthesized peptide <400> 72 Trp lle met GIn Asp Tyr Asn Tyr Pro val <210> 73 <211> 10 <212>
PRT <213> Artificial Sequence <220> <223> An artificially synthesized peptide <400> 73 Met Gin Phe
Glu Leu Glu Val cys Gin Leu 110 <210> 74 <211> 10 <212> PRT <213> Atrtificial Sequence

1 5 10

<210> 73
<211> 10
<212> PRT

<213> Artificial Ssequence

<2205

<223> An artificially synthesized peptide

<400> 73

Met Gin Phe Glu Leu GTu val Cys GlIn Leu

1 5 10

<210> 74
<211l> 10
<212> PRT

<213> Artificial Sequence

<220>

<223> An artificially synthesized peptide

<400> 74

Asn Leu Leu Phe Asp GHIu Tyr His Lys Leu

1 5 10



<220> <223> An artificially synthesized peptide <400> 74 Asn Leu Leu Phe Asp Glu Tyr His Lys Leu
1510 <210> 75 <211> 10 <212> PRT <213> Atrtificial Sequence <220> <223> An artificially
synthesized peptide <400> 75 Arg Gin lle Val Ser Ala Val Ala Tyr Val 1510 <210> 76 <211> 10 <212>
PRT <213> Atrtificial Sequence <220> <223> An artificially synthesized peptide <400> 76 Val Val Phe
Arg Gin lle val Ser Ala val 1S10 <211> 10 <212> PRT <213> Atrtificial Sequence

<230> 75
<211> 10
<212> PRT

<213> Artificial Sequence

<220>

<223> An artificially synthesized peptide

<400> 75

Arg GIn ITe val ser Ala val Ala Tyr val

i 5 10

«<210> 76 .
<211= 10 °
<212> PRT

<213> Artificial Sequence

<220>

<223> An artificially synthesized peptide

<400> 76

val val Phe Arg GIn Ile val ser Ala val

1 5 10

<210> 77



<220> <223> An artificially synthesized peptide <400> 77 lle met Ser lle Leu Pro Lys Lys His val 1510
<210> 78 <211> 10 <212> PRT <213> Artificial sequence <220> <223> An artificially synthesized
peptide <400> 78 Leu Leu Tyr val Leu met cys Gly Phe Leu 1510 <210> 79 <211> 10 <212> PRT
<213> Atrtificial Sequence <220> <223> An artificially synthesized peptide <400> 79 Lys Val Thr met
GIn Phe Glu Leu Glu val 1510 <210> 80 <211> 10 <212> PPT <213> Artificial Sequence <220>

<21i> 10

<212> PRT

<213> Artificial sequence

<220>

<223> An artificially synthesized peptide
<400> 77

ITe Met Ser Ile Leu Pro Lys Lys His val

1 5 10

<210> 78
<211> 10
<212> PRT

<213> Artificial sequence

<220>

<223> An artificially synthesized peptide
<400> 78
Leu teu Tyr val Leu Met Cys Gly Phe Leu

1 5 10

<210> 79
<211> 10

<212> PRT



<223> An artificially synthesized peptide <400> 80 GIn Leu Leu Asn Glu lle Met Ser lle Leu 1510
<210> 81 <211> 10 <212> PRT <213> Artificial Sequence <220> <223> An artificially synthesized
peptide <400> 81 Arg Leu Val Glu Asp lle Leu Ser Ser Cys 1510 <210> 82 <211> 10 <212> PRT
<213> Artificial sequence <220> <223> An artificially synthesized peptide <400> 82 Ser Leu Trp Gin
Tyr Asp His Leu Thr Ala 1510 <210> 83 <211> 10 <212> PRT <213> Avrtificial Sequence <220>
<400> 83

<213> Artificial sSeguence

<220>

<223> an artificially synthesized peptide
<400> 79

Ltys val Thr met Gln Phe Glu Leu Glu val

1 5 10

<210> 80
<211> 10
<212> - PRT

<213> Artificial Sequence

<220>

<223> aAn artificially synthesized peptide
<400> 80

GIn Leu Leu Asn Glu Ile Met Ser Ile Leu

1 5 10

<210> 81
<211> 10
<212> PRT

<213> Artificial Sequence



Leu Glu Thr Ala Asn Lys lle Phe Met Val 110 <210> 84 <211> 10 <212> PRT <213> Atrtificial
Sequence <220> <223> An artificially synthesized peptide <400> 84 Gin Leu Gin Lys Pro Asp Val val
Gly lle 1510 <210> 85 <211> 10 <212> PRT <213> Artificial Sequence <220> <223> An artificially
synthesized peptide Arg Leu Ser Glu Glu Glu Thr Arg Val Val 1510 <210> 86 <211> 10 <212> PRT
<213> Artificial Sequence <220> <223> An artificially synthesized peptide <400> 86 Ala Leu Cys Arg
Thr Pro Ala Asn Lys Leu 1510 <210> 87 <211> 10 <212> PRT <213> Artificial Sequence

<220>

<223> An artificially synthesized peptide

<400> 81

Arg Leu val Glu Asp Ile Leu Ser Ser Cys

1 5 10

<210> 82
<211> 16
<212> PRT

<213> Artificial Segquence

<220>

<223> An artificially synthesized peptide

<400> 82

Ser Leu Trp Gln Tyr Asp His Leu Thr Ala

1 5 10

<210> 83
<211> 10
<212> PRT

<213> Artificial sequence

<220>

<223> An artificially synthesized peptide



<220> <223> An artificially synthesized peptide <400> 87 Trp GIn Ser Lys Asn Pro Phe lle His Leu
<210> 88 <211> 10 <212> PRT <213> Artificial sequence <220> <223> An artificially synthesized
peptide <400> 88 Thr lle Gly Thr Gly Gly Phe Ala Lys val 110 <210> 89 <211> 10 <212> PRT <213>
Artificial Sequence <220> <223> An artificially synthesized peptide <400> 89 Met Leu GIn val Asp Pro
Lys Lys Arg lle <210> 90 <211> 10 <212> PRT <213> Atrtificial sequence <220> <223> An artificially
synthesized peptide <400> 90

<400> 83

Leu Glu Thr Ala Asn Lys Ile Phe Met val

1 5 10

<210> 84
<211> 10
<212> PRT

<213> Artificial Seqguence

<220>

<223> An artificially synthesized peptide

<400> 84

Gin Leu GIn Lys Pro Asp val val Gly Ile

1 5 10

<210> 85
<211> 10
<212> PRT

<213> Artificial Sequence

<220>

<223> An artificially synthesized peptide

<400> 85



val Glu Trp GIn Ser Lys Asn Pro Phe lle 1510 <210> 91 <211> 10 <212> PRT <213> Artificial
Sequence <220> <223> An artificially synthesized peptide <400> 91 Trp val Tyr Lys Arg Leu val Glu
Asp lle 1510 <211> 10 <212> PRT <213> Artificial Sequence <220> <223> An artificially synthesized
peptide <400> 92 lle Leu Thr Thr Pro Asn Arg Tyr Thr Thr 1510 <210> 93 <211> 2501 <212> DNA
<213> Homo sapiens

Arg Leu Ser Glu Glu Glu Thr Arg val val

1 5 10

<210> &6
<211> 10
<212> PRT

<213> Artificial Sequence

<220>

<223> An artificially synthesized peptide

<400> 86

Ala teu Cys Arg Thr Pro Ala Asn Lys Leu

1 5 10

<210> 87
<211> 10
<212> PRT

<213> artificial sequence

<220>

<223> an artificially synthesized peptide

<400> 87

Trp GIn Ser Lys Asn Pro Phe Ile His Leu



<220> <221> CDS <222> (139)..(2094) <400> 93 cgaaaagatt cttaggaacg ccgtaccagc cgcgtctctc
aggacagcag gcccctgtcc60 ttctgtcggg cgecgcetcag ccgtgeccte cgeccctcag gttettttte taattccaaal20 510
gaa tta cat gaa act att ggg aca ggt ggc ttt gca aag gtc aaa ctt219 Glu Leu His Glu Thr lle Gly Thr Gly
Gly Phe Ala Lys Val Lys Leu 152025 gcc tgc cat atc ctt act gga gag atg gta gct ata aaa atc atg gat267
Ala Cys His lle Leu Thr Gly Glu Met Val Ala lle Lys lle met Asp 303540 aaa aac aca cta ggg agt gat ttg
CCC cgg atc aaa acg gag att gag315 Lys Asn Thr Leu Gly Ser Asp Leu Pro Arg lle Lys Thr Glu lle Glu
455055gcc ttg aag aac ctg aga cat cag cat ata1gt caa ctc tac cat gtg363 Ala Leu Lys Asn Leu Arg His
GIn His lle Cys Gin Leu Tyr His Val 60657075 cta gag aca gcc aac aaa ata ttc atg gtt ctt gag tac tgc
cct ggadll

<210> 88
<211> 10
<212> PRT

<213> Artificial Sequence

<220>

<223> an artifticially synthesized peptide
<400> 88

Thr IT1e Gly Thr Gly Gly phe Ala Lys val
1 5 10

<210> 89
<Z211> 10
<212> PRT

<213> Artificial Sequence

<220>

<223> An artificially synthesized peptide
<400> 89

Met Leu GIn val Asp Pro Lys Lys Arg Ile

1 5 10



Leu Glu Thr Ala Asn Lys lle Phe Met val Leu Glu Tyr Cys Pro Gly 808590 gga gag ctg ttt gac tat ata att
tcc cag gat cgc ctg tca gaa gag459 Gly Glu Leu Phe Asp Tyr lle lle Ser Gln Asp Arg Leu Ser Glu Glu
95100105 gag acc cgg gtt gtc ttc cgt cag ata gta tct gct gtt get tat gtg507 Glu Thr Arg Val Val Phe Arg
Gin lle Val Ser Ala Val Ala Tyr Val 110115120 cac agc cag ggc tat gct cac agg gac ctc aag cca gaa
aat ttg ctg555 His Ser Gin Gly Tyr Ala His Arg Asp Leu Lys Pro Glu Asn Leu Leu 125130135 ttt gat
gaa tat cat aaa tta aag ctg att gac ttt ggt ctc tgt gca603 Phe Asp Glu Tyr His Lys Leu Lys Leu lle Asp
Phe Gly Leu Cys Ala 140145150155 aaa ccc aag ggt aac aag gat tac cat cta cag aca tgc tgt ggg
agt651 Lys Pro Lys Gly Asn Lys Asp Tyr His Leu GIn Thr Cys Cys Gly Ser 160165170 ctg gct tat gca
gca cct Qébofta gé caa ggc aaa tca tat ctt gga699 Leu Ala Tyr Ala Ala Pro Glu Leu lle Gin Gly Lys Ser

Tyr Leu Ghy 175180185
<212> PRY

<213> Artificial Seguence

<220>

<223> An artificially synthesized peptide
<400> 90
val Glu Trp Gln Ser Lys Asn Pro Phe Ile

1 ' 5 10

<210> 91
<211> 10
<212> PRT

<213> Artificial Sequence

<220>

<223> An artificially synthesized peptide
<400> 91

Trp val Tyr Lys Arg Leu val Glu Asp Ile

1 > 10

<210> 92



tca gag gca gat gtt tgg agc atg ggc ata ctg tta tat gtt ctt atg747 Ser Glu Ala Asp Val Trp Ser Met Gly lle
Lea Lea Tyr Val Lea Met 190195200 tgt gga ttt cta cca ttt gat gat gat aat gta atg gct tta tac aag795
Cys Gly Phe Lea Pro Phe Asp Asp Asp Asn Val Met Ala Lea Tyr Lys 205210215 aag att atg aga gga
aaa tat gat gtt ccc aag tgg ctc tct ccc agt843 Lys lle Met Arg Gly Lys Tyr Asp Val Pro Lys Trp Lea Ser
Pro Ser 220225230235 240245250 att tctatg aaa aat cta ttg aac cat ccc tgg atc atg caa gat tac939 lle
Ser Met Lys Asn Leu Leu Asn His Pro Trp lle Met Gin Asp Tyr 255260265 aac tat cct gtt gag tgg caa
agc aag.aaj cctif att cac ctc gat987 Asn Tyr Pro Val Glu Trp Gin Ser Lys Asn Pro Phe lle His Leu Asp
270275280 gat gat tgc gta aca gaa ctt tct gta cat cac aga aac aac agg caal035 Asp Asp Cys Val Thr
Glu LetaSer vdlMis His Arg Asn Asn Arg Gin 285290295 aca atg gag gat tta att tca ctg tgg cag tat gat

cac ctc 26g;9ctlQ83¢icial Sequence

<220>

<223> An artificially synthesized peptide
<400> 92

ITe Leu Thr Thr Pro Asn Arg Tyr Thr Thr

1 5 10

<210> 93
<2il> 2501
<212> DNA

<213> Homo sapiens

<220>
<221> CDS

<222> (139)..(2094)

<400> 93

cgaaaagatt cttaggaacg ccgtaccagc cgcgtctctc aggacagcag gcccctgtec 60
ttctgteggy cgeecgetcag ccgtgcoctc cgoccctcag gttcttttic taattccaaa 120
taaacttgca agaggact atg aaa gat tat gat gaa ctt ctc aaa tat tat 171

Met Lys Asp Tyr Asp GlTu Leu Leu Lys Tyr Tyr



Thr Met Glu Asp Leu lle Ser Leu Trp Gin Tyr Asp His Leu Thr Ala 300305310315 acc tat ctt ctg ctt cta
gcc aag aag gct cgg gga aaa cca gtt cgt1131 Thr Tyr Leu Leu Leu Leu Ala Lys Lys Ala Arg Gly Lys
Pro Val Arg 320325330 tta agg ctt tct tct ttc tcc tgt gga caa gcc agt gct acc cca ttc1179 Leu Arg Leu
Ser Ser Phe Ser Cys Gly Gin Ala Ser Ala Thr Pro Phe 335340345 aca gac atc aag tca aat aat tgg agt
ctg gaa gat gtg acc gca agtl227 Thr Asp lle Lys Ser Asn Asn Trp Ser Leu Glu Asp Val Thr Ala ser
350355360 gat aaa aat tat gtg gcg gga tta ata gac tat gat tgg tgt gaa gatl275 Asp Lys Asn Tyr Val Ala
Gly Leu lle Asp Tyr Asp Trp Cys Glu Asp 365376375 gat tta tca aca ggg gct gct act ccc cga aca tca
cag ttt acc aag1323 Asp Leu Ser Thr Gly Ala Ala Thr Pro Arg Thr Ser GIn Phe Thr Lys 380385390395
tac tgg aca gaa tca aat ggg gtg gaa tct aaa tca tta act cca gccl371 Tyr Trp Thr Glu Ser Asn Gly Val

Glu Ser das 961 kgt Thi Ba Ala4004 Q24100+ ggc ttt gca aag gtc aaa ctt 219

Glu teu His Glu Thr ITe Gly Thr Gly Gly Phe Ala Lys val Lys Leu

15 20 25

gcc tgc cat atc ctt act gga gag atg gta get ata aaa atc atg gat 267
Ala Cys His Ile Leu Thr Gly Glu Met val Ala Ile Lys Ile Met Asp

30 35 490

aaa aac aca cta ggg agt gat ttg ccc cgg atc aaa acg gag att gag 315
Lys Asn Thr Leu Gly Ser Asp Leu Pro Arg ITe Lys Thr Gglu Ile Glu

45 50 55

gce ttyg aag aac ctg aga cat cag cat ata tght caa ctc tac cat gtg 363
Ala Leu Lys Asn Leu Arg His GIn His Ile Cys GIn Leu Tyr His val

60 65 70 75

cta gag aca gcc aac aaa ata ftc atg gttt ctt gag tac'tgc cct gga 411
Leu Glu Thr Ala Asn Lys Ile Phe Met val Leu Glu Tyr Cys Pro Gly

80 85 50

gga gag ctg ttt gac tat ata att tcc cag gat cgc ctg tca gaa gag 459
Gly Glu Leu Phe Asp Tyr Ile Ile Ser GlIn Asp Arg Leu Ser Glu Glu

95 100 105

gag acc cgg gtt gtc ttc cgt cag ata gta tct gct gtt get tat gtg 507
Glu Thr Arg val val phe Arg G1n ITe val ser ala val Ala Tyr val

110 115 120



tta tgc aga aca cct gca aat aaa tta aag aac aaa gaa aat gta tat1419 Leu Cys Arg Thr Pro Ala Asn Lys
Leu Lys Asn Lys Glu Asn Val Tyr 415420425 act cct aag tct gct gta aag aat gaa gag tac ttt atg ttt cct
gagl467 Thr Pro Lys Ser Ala Val Lys Asn Glu Glu Tyr Phe Met Phe Pro Glu 430435440 cca aag act
cca gtt aat aag aac cag cat aag aga gaa ata ctc act1515 Pro Lys Tim Pro Val Asn Lys Asn Gin His Lys
Arg Glu lle Leu Thr 445450455 acg cca aat cgt tac act aca ccc tca aaa gct aga aac cag tgc ctg1l563
Thr Pro Asn Arg Tyr Thr Thr Pro Ser Lys Ala Arg Asn GIn Cys Leu 460465470475 480485490 tta atg
aca ggtgie atagaseid@ag-agdgRggdgaggciton gtg gaalesd bes bet Thy Gty Val llesSer Pro Glu Arg

Arg Cys Arg Ser val GJu 495500505 ttg gat ctc aac caa gca cat atg gag gag act cca aaa aga aag
ggal70YFetthsp Peli' XsHGif ,&Iﬁ-‘cfis% &u G i %rrg E%/g ﬁ% g LgE’S§C§1g§a/”510515520 gcc aaa gtg ttt

gLy
ggg agc ctt gaa agg ggg ttg gat aagggtt atc actl755 135

ttt gat gaa tat cat aaa tta aag ctg att gac ttt ggt ctc tgt gca 603
Phe Asp Glu Tyr His Lys Leu Lys Leu Ile Asp Phe Gly Leu Cys Ala

140 145 150 155

aaa Ccc aag ggt aac aag gat tac cat cta cag aca tgc tgt ggg agr 651
Lys Pro Lys Gly Asn Lys Asp Tyr His Leu Gin Thr Cys Cys Gly Ser

160 165 ' 170

ctg gct tat gca gea cct gag tta ata caa Qgc aaa tca tat ctt gga 699
Leu Ala Tyr Ala Ala Pro Giu Leu Ile GIn Gly Lys Ser Tyr teu Gly

175 180 185

tca gag gca gat gtt tgg age atg gge ata ctg tta tat gtt ctt atg 747
ser Glu Ala asp val Trp Ser Met Gly Ile Leu Leu Tyr val Leu Met

190 195 200

tgt gga ttt cta cca ttt gat gat gat aat gta atg gct tta tac aag 795
Cys Gly Phe Leu Pro Phe Asp Asp Asp Asn val Met Ala Leu Tyr Lys

205 210 215

aag att atg aga gga aaa tat gat gtt ccc aag tgg ctc tct ccc agt 843
Lys Ile Met Arg Gly Lys Tyr Asp Val Pro Lys Trp Leu Ser Pro Ser

220 225 230 235

agc att Cctg ctt ctt caa caa atg Ctg cag gtg gac cca aag aaa cgg 891

ser Ile Leu Leu Leu GIn GIn Met Leu Gln val Asp Pro Lys Lys Arg



Ala Lys Val Phe Gly Ser Leu Glu Arg Gly Leu Asp Lys Val lle Thr 525530535 gtg ctc acc agg agc aaa
agg aag ggt tct gcc aga gac ggg ccc agal803 Val Leu Thr Arg Ser Lys Arg Lys Gly Ser Ala Arg Asp
Gly Pro Arg 540545550555 aga cta aag ctt cac tat aat gtg act aca act aga tta gtg aat ccal851 Arg Leu
Lys Leu His Tyr Asn Val Thr Thr Thr Arg Leu Val Asn Pro 560565570 gat caa ctg ttg an gaa ata atg tct
att ctt cca aag aag cat gtt1899 Asp Gin Leu Leu Asn Glu lle Met Ser lle Leu Pro Lys Lys His Val
575580585 gac ttt gta caa aag ggt tat aca ctg aag tgt caa aca cag tca gat1947 Asp Phe Val Gin Lys
Gly Tyr Thr Leu Lys Cys &ig Thr Gin Ser Asp 598595600 Phe Gly Lyssyal Thr Met Gin Phe Glu Leu
Glu Val Cys Gin Leu Gin 605610615 aaa ccc gat gtg gtg ggt atc agg agg cag cgg ctt aag ggc gat
gcc2043 Lys Pro Asp Val Val Gly lle Arg Arg Gin Arg Leu Lys Gly Asp Ala 620625630635 tgg gtt tac

aaa agaita gta'gaq oAk aleCladetagedee 2ag gta208d atc atg caa gat tac 939
ITe Ser Met Lys Asn Leu Leu Asn His Pro Trp Ile Met GIn Asp Tyr

255 260 265

aac tat cct grt gag tgg caa age aag aat cct ttt att cac ctc gat 987
asn Tyr pPro val Glu Trp GIn Ser Lys Asn Pro Phe Ile His Leu Asp

270 275 280

gat gat tgc gta aca gaa ctt tct gta cat cac aga aac aac agg caa 1035
Asp Asp Cys val Thr Glu Leu Ser val His His Arg Asn Asn Arg Gin

285 290 285

aca atg gag gat tta att tca ctg tgg cag tat gat cac ctc acg gct 1083
Thr Met Glu Asp Leu Ile Ser Leu Trp GIn Tyr Asp HWis Leu Thr Ala

300 305 310 315

acc tat ctt ctg ctt cta gcc aag aag gct Cgg gga aaa cca gtt gt 1131
Thr Tyr Leu Leu Leu Leu Ala Lys Lys Ala Arg Gly Lys Pro val Arg

320 325 330

tta agg ctt tct tct ttc tee tgt gga caa gocc agt goct acc cca tic 1179
Leu Arg Leu Ser Ser Phe Ser Cys Gly GIn Ala Ser Ala Thr Pro Phe

335 340 345

aca gac atc aag tca aat aat tgg agt ctd gaa gat gtg acc gca agt 1227
Thr Asp Ile Lys Ser Asn Asn Trp Ser Leu Glu Asp val Thr Ala Ser

350 355 360



Trp Val Tyr Lys Arg Leu val Glu Asp lle Leu Ser Ser Cys Lys Val 640645650 taa ttgatggatt cttccatcct
gccggatgag tgtgggtgtg atacagccta2144 cataaagact gttatgatcg ctttgatttt aaagttcatt ggaactacca
acttgtttct2204 aaagagctat cttaagacca atatctcttt gtttttaaac aaaagatatt attttgtgta 2264 tgaatctaaa
tcaagcccat ctgtcattat gttactgtct tttttaatca tgtggttttg2324 tatattaata attgttgact ttcttagatt cacttccata
tgtgaatgta agctcttaac2384 tatgtctctt tgtaatgtgt aatttctttc tgaaataaaa ccatttgtga atataaaaaa2444
aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaa2501 <210> 94 <211> 651

<212> RRd aadldx HAMQERRIENSyE4002 U Meht YA T VEySRdelydLydeu Lys Ty Tyr Glu Leu
His Glu Thr 151015 lle Gly Thr Gly Gly Phe Ala Lys Val Lys Leu Ala %S His lle Leu 202530 Thr Gly
Glu met'V8I &5 fe'Lyy TIeVR/?elAAﬁpG}LysLﬁ‘érFﬁr”lf@uT(%Ty 048 SEF Al 1°88 Pro Arg lle Lys Thr Glu

lle Glu Ala LegsLys Asn Leu 370 375

gat tta tca aca ggt got got act ccc cga aca tca cag ttt acc aag 1323
Asp Leu Ser Thr Gly Ala aAla Thr Pro Arg Thr Ser Gin Phe Thr Lys

380 385 390 395

tac tgQ aca gaa tca aat ggg gtg gaa tct aaa tca tta act cca gec 1371
Tyr Trp Thr ¢Tu Ser Asn Gly val Glu Ser Lys Ser Leu Thr Pro Ala

400 405 410

tia tgcC aga aca cct gca aat aaa tta aag aac aaa gaa aat gta tat 1419
Leu Cys Arg Thr Pro Ala Asn Lys Leu Lys Asn Lys Glu Asn val Tyr

415 420 425

act cCct aag tct gct gta aag aat gaa gag tac Tttt atg tit cct gag 1467
Thr Pro Lys Ser Ala val Lys Asn Glu Glu Tyr pPhe Met Phe Pro Glu

430 435 440

cca aag act cca gtt aat aag aac cag cat aag aga gaa ata ctc act 1515
Pro Lys Thr Pro val Asn Lys Ash Gin His Lys Arg Glu Ile Leu Thr

445 : 450 455

acg cca aat cgt tac act aca ccc tca aaa gct aga aac cag tgc ctg 1563
Thr Pro Asn Arg Tyr Thr Thr Pro Ser Lys Ala Arg Asn Gln Cys Leu

460 465 ' 470 475

aaa gaa act cca att aaa ata cca gta aat tca aca gga aca gac aag 1611

Lys Glu Thr Pro Ile Lys Ile Pro val Asn Ser Thr Gly Thr Asp Lys



505560 Arg His Gin His lle Cys Gin Leu Tyr His Val Leu Glu Thr Ala Asn 65707580 Lys lle Phe Met
Val Leu Glu Tyr Cys Pro Gly Gly Glu Leu Phe Asp 859095 Tyr lle lle Ser Gin Asp Arg Leu Ser Glu Glu
Glu Thr Arg val Val 100105110 Phe Arg Gin lle Val Ser Ala val Ala Tyr Val His Ser Gin Gly Tyr
115120125 Ala His Arg Asp Leu Lys Pro Glu Asn Leu Leu Phe Asp Glu Tyr His 130135140 Lys Leu
Lys Leu lle Asp Phe Gly Leu Cys Ala Lys Pro Lys Gly Asn 145150155160 Lys Asp Tyr His Leu Gin Thr
Cys Cys Gly Ser Leu Ala Tyr Ala Ala 165170175 Pro Glu Leu lle Gin Gly Lys Ser Tyr Leu Gly Ser Glu
Ala Asp val 180185190 TsgpSer Met Gly lle Leudggu Tyr Val Leu Met Gys Gly Phe Leu Pro 195200205
Phe Asp Asp Asp Asn Val Met Ala Leu Tyr Lys Lys lle Met Arg Gly

tta atg aca ggt gtc att agc cct gag agg <gg tgc coc tca gtg gaa 1659
Leu Met Thr Gly val Ile Ser pro Glu Arg Arg Cys Arg Ser val Glu

495 500 505

ttg gat Ctc aac caa gca cat atg gag gag act cca aaa aga aag gga 1707
lLeu Asp Leu Asn Gin Ala His Met Glu Glu Thr Pro Lys Arg Lys Gly

510 515 520

gcc aaa gtg ttt ggg agc ctt gaa agg ggg ttg gat aag gtt atc act 1755
Ala Lys val pPhe Gly Ser Leu Glu Arg Gly Leu Asp Lys val 1Ite Thr

525 530 235

gty ctc acc agg agc aaa agg aag ggt tot goc aga gac ggg ccc aga 1803
val Leu Thr Arg Ser Lys Arg Lys Gly Ser Ala Arg Asp Gly Pro Arg

540 545 550 555

aga cta aag ctt cac tat aat gtg act aca act aga tta gty aat cca 1851
Arg Leu Lys iLeu His Tyr Asn val Thr Thr Thr Arg Leu val Asn Pro

560 565 570

gat caa ctg ttg aat gaa ata atg tct att ctt cca aag aag cat gtt 1899
Asp GIn Leu Leu Asn Glu Ile Met Ser Ile Leu Pro Lys Lys His val

575 580 585

gac ttt gta caa aag ggt tat aca ctg aag tgt caa aca cag tca gat 1947
Asp Phe val GIn Lys Gly Tyr Thr Leu Lys Cys GIn Thr G1n Ser Asp
590 595 600



210215220 Lys Tyr Asp Val Pro.Lys Trp Leu Ser Pro Ser Ser lle Leu Leu Leu 225230235240 Gin Gin
Met Leu Gin val Asp Pro Lys Lys Arg lle Ser Met Lys Asn 245250255 Leu Leu Asn His Pro Trp lle Met
Gin Asp Tyr Asn Tyr Pro Val Glu 260265270 Trp Gin Ser Lys Asn Pro Phe lle His Leu Asp Asp Asp
Cys Val Thr 275280285 Glu Leu Ser Val His His Arg Asn Asn Arg Gin Thr Met Glu Asp Leu
290295300 lle Ser Leu Trp Gin Tyr Asp His Leu Thr Ala Thr Tyr Leu Leu Leu 305310315320 Leu Ala
Lys Lys Ala Arg Gly Lys Pro Val Arg Leu Arg Leu Ser Ser 325330335 Phe Ser Cys Gly Gin Ala Ser Ala
Thr Pro RhegERr Ash Jig Lys: Sr;340345350 A AT SalgketGluAspyal Thrigdg Ser Asp Lys

Asn Tyr Val 355360365
phe Gly Lys val Thr Met Giln Phe Glu Leu Glu val Cys GIn Leu Gln

605 610 615
aaa ccc gat gtg gtg ggt atc agg agg cag cgg ctt aag ggc gat gec 2043
Lys Pro Asp val val Gly I}e Arg Arg GIn Arg Leu Lys Gly Asp Ala
620 625 630 635
tgg gtt tac aaa aga Tra gtg gaa gac atc cta tct age tgc aag gta 2091
Trp val Tyr Lys Arg Leu val Glu Asp Ile Leu Ser Ser Cys Lys val

640 645 650

taa ttgatggatt cttccatect gecggatgag tatgggtgtg atacagccta 2144
cataaagact gttatgatcg ctttgatttt aaagtitcatt ggaactacca acttgtttct 2204
aaagagctat cttaagacca atatctcttt gtttitaaac aaaagatatt attttgtgta 2264
tgaatctaaa tcaagcccat ctgtcattat gttactgtct tttttaatca tgtggttttg 2324
tatattaata attgttgact ttcttagatt cacttccata tgtgaatgta agctcttaac 2384
tatgtctctt tgtaatgtgt aatttctttc tgaaataaaa ccatttgtga atataaaaaa 2444
aaaanaaaaa aaaaAaaaaa aaaaaaadaa aaaaaaaaaa aasaaaanas aaaaaaa 2501
<210> 94
<21l> 651

<212> PRT



Ala Gly Leu lle Asp Tyr Asp Trp Cys Glu Asp Asp Leu Ser Thr Gly 370375380 Ala Ala Thr Pro Arg Thr
Ser Gin Phe Thr Lys Tyr Trp Thr Glu Ser 385390395400 Asn Gly Val Glu Ser Lys Ser Leu Thr Pro Ala
Leu cys Arg Thr Pro 405410415 Ala Asn Lys Leu Lys Asn Lys Glu Asn Val Tyr Thr Pro Lys Ser Ala
420425430 Val Lys Asn Glu Glu Tyr Phe Met Phe Pro Glu Pro Lys Thr Pro Val 435440445 Asn Lys
Asn Gin His Lys Arg Glu lle Leu Thr Thr Pro Asn Arg Tyr 450455460 Thr Thr Pro Ser Lys Ala Arg Asn
Gin Cys Leu Lys Glu Thr Pro lle 465470475480 Lys lle Pro Val Asn Ser Thr Gly Thr Asp Lys Leu Met
Thr Gly ¥al:48548R4 23 i@ szer Pro Glu Arg Arg Cys Arg Ser Val Glu Leu Asp Leu Asn Gin 500505510
Ala His Met Glu Glu Thr Pro Lys Arg Lys Gly Ala Lys Val Phe Gly 515520525

<400> 94

Met Lys Asp Tyr Asp Glu Leu Leu Lys Tyr Tyr Glu Leu His Glu Thr

ITe Gly Thr Giy Gly Phe Ala Lys val Lys Leu Ala Cys His Ile Leu

20 25 30

Thr Gly Glu Met val Ala Ile Lys Ile Met Asp Lys Asn Thr Leu Gly

35 40 45

Ser Asp Leu Pro Arg z1e Lys Thr Glu Ile Glu Ala Leu Lys Asn Leu

50 55 60

Arg His GIn His Ile Cys Gln Lteu Tyr His val rteu Glu Thr Ala Asn

65 ' 70 75 80

Lys ITe Phe Met val Leu Glu Tyr Cys Pro Gly Gly Glu Leu Phe Asp

85 50 95

Tyr Ile Ile Ser GIn Asp Arg Leu Ser Glu Glu Glu Thr arg val val

100 105 110



Ser Leu Glu Arg Gly Leu Asp Lys Val lle Thr Val Leu Thr Arg Ser 530535540 Lys Arg Lys Gly Ser Ala
Arg Asp Gly Pro Arg Arg Leu Lys Leu His 545550555560 Tyr Asn Val Thr Thr Thr Arg Leu Val Asn Pro
Asp GIn Leu Leu Asn 565570575 Glu lle Met Ser lle Leu Pro Lys Lys His Val Asp Phe Val Gin Lys
580585590 Gly Tyr Thr Leu Lys Cys Gin Thr Gin Ser Asp Phe Gly Lys Val Thr 595600605 Met Gin
Phe Glu Leu Glu Val Cys Gin Leu Gin Lys Pro Asp Val Val 610615620 Gly Ile Arg Arg Gin Arg Leu Lys
Gly Asp Ala Trp Val Tyr Lys Arg 625630635640 Leu Val Glu Asp lle Leu Ser Ser Cys Lys Val 645650

phe arg GIn Ile val Ser Ala val Ala Tyr val His ser GIn Gly Tyr

115 120 125

Ala His Arg Asp Leu Lys Pro Glu Asn Leu Leu Phe Asp GIu Tyr His

130 135 140

Lys Leu Lys Leu Ile Asp Phe Gly Leu Cys Ala Lys Pro Lys Gly Asn

145 150 L55 160

Lys Asp Tyr His Leu GIn Thr Cys Cys Gly Ser Leu Ala Tyr Ala Ala

165 170 , 175

Pro Glu Leu Ile GIn Gly Lys Ser Tyr Leu Gly Ser Giu Ala Asp val

180 185 180

Trp Ser Met Gly 1le Leu Leu Tyr val Leu Met Cys Gly Phe Leu Pro

195 200 205

Phe Asp Asp Asp Asn val Met Ala teu Tyr Lys Lys Ile Met Arg Gly

210 215 220



LyS

225

GIn

Leu

Trp

Glu

Ile

305

Leu

phe

Tyr

GIn

Leu

Gln

Ley

290

Ser

Ala

Ser

AsSp

Met

ASh

Ser

275

Ser

L.eu

Lys

Cys

val

Leu

His

260

Lys

val

Trp

Lys

Gly
340

Pro

Gln

245

Pro

ASh

clm

Ala

325

Gln

Lys

230

val

Trp

Pro

His

Tyr

310

Arg

Ala

Trp

ASD

Ile

Phe

Arg

295

ASp

Gly

Ser

Leu

Pro

Met

Ile

280

Asn

His

LYS

Ala

Ser

Lys

Gln

265

His

Asn

Leu

Pro

Thr

345

Pro

Lys

250

Asp

Leu

Arg

Thr

val

330

Pro

Ser

235

Arg

Tyr

ASp

Gin

Ala

315

Arg

Phe

Sear

Ile

AsSn

Asp

Thr

300

Thr

Leu

Thr

Ile

Ser

Tyr

ASP

285

Met

Tyr

Arg

ASp

Leu

Met

Pro

270

Cys

Glu

Lau

Leu

Ile

350

Leu

Lys

255

val

val

Asp

Leuy

Ser

335

Lys

Leu

240

Asn

Thr

Leu

Leu

320

Ser

Ser



AsSn

Ala

Ala

385

ASH

Ala

val

ASnh

Asn

Gly

370

Ala

Gly

Asn

Lys

Lys

450

Trp

355

Leu

Thr

val

Lys

Asn

4335

Ash

Ser

Pro

Glu

Leu

£20

Glu

Gin

Leu

Asp

Arg

Ser

405

Lys

Glu

His

Glu

Tyr

Thr

390

Lys

AsSn

Tyr

Lys

Asp

ASp

375

Ser

Ser

Lys

Phe

Arg

455

val

360

Trp

GIn

Leu

Glu

Met

440

Glu

Thr

Cys

Phe

Thr

Asn

425

Phe

Ile

Ala

Glu

Thr

Pro

410

val

Pro

Leu

Ser

AsSp

Lys

395

Ala

Tyr

Glu

Thr

Asp

ASp

380

Tyr

Leu

Thr

Pro

Thr

460

Lys

365

Ley

Trp

Cys

Pro

Lys

445

Pro

Asn

Ser

Thr

Arg

Lys

430

Thr

Asn

Tyr

Thr

Glu

Thr

415

Ser

Pro

Arg

val

Gly

Ser

400

Pro

Ala

val

Tyr



Thr

465

Lys

Ile

Ala

ser

Lys

545

Tyr

Glu

Thr

Ile

Ser

His

Leu

530

Arg

Asn

Ile

Pro

Pro

Pro

Met

515

Glu

LYS

val

Met

Ser

va'l

Gh_J

500

Glu

Arg

Gly

Thr

Ser

>80

Lys

Asn

485

Arg

Glu

Gly

Ser

Thr

565

Ie

Ala

470

Ser

Arg

Thr

t.eu

Ala

550

Thr

Leu

Arg

Thr

Cys

Pro

Asp

535

Arg

Arg

Pro

Asn

Gly

Arg

Lys

520

Lys

ASD

Leu

Lys

Gln

Thr

Ser

505

Arg

val

Gly

val

Lys
585

Cys

Asp

490

val

Lys

Ile

Pro

Ash

570

His

Leu

475

LYS

Glu

Gly

Thr

Arg

555

Pro

val

LYS

lLey

Leu

Ala

val

540

Arg

Asp

ASD

Glu

Met

Asp

Lys

525

l.eu

L.eu

Gln

phe

Thr

Thr

Leu

510

val

Thr

Lys

Leu

val

590

Pro

Gly

495

Asn

phe

Arg

L.eu

Leu

575

Glin

480

val

Glin

Gly

ser

His

560

Asn

Lys



G?y Tyr

Met Gin

610

Gly 1Ile
625

teu val

Thr

595

Phe

Arg

Leu Lys

Glu Leu

Arg Glin

Asp Ile

045

Cys

Giu

Ard

630

Leuy

Gin

val

615

Leu

Ser

Thr

600

Cys

LYyS

Ser

Glin Ser

Gin Leu

Gly Asp

Cys Lys
650

Asp Phe Gly Lys val Thr

605

Gln Lys Pro Asp val val

620

Ala Trp val Tyr Lys Arg

635

val

640



