DESCRI PTI ON PARTI AL PEPTI DE OF SURVI VI N PRESENTED ON MHC CLASS |1 MOLECULE
AND USE THERECF Technical Field [0001] The present invention rel ates
to an antigenic polypeptide that can be used in cancer imunotherapy and to
a therapeutic agent for malignant neopl asns conprising the pol ypeptide.
Background Art [0002] One of the therapeutic nethods for cancers

(mal i gnant neoplasns), an intractabl e disease, includes so-called cancer

i mrunot her apy whi ch causes regressi on of cancer cells by utilizing an

i mrune system of individual patienPESCTRETIIRPortant point in this nethod is
how t o make the i mmune system recogni ze the cancer cells as foreign and

i nduce i mmune cells that are aggressive to the cancer cells. [0003]

Key i nmune ce [ o% [ ti ' [ iLncl.ud oxic T cel
expressi ng cekkﬁgggﬁa égg%gﬁeﬁﬁ %%gg?%ﬁg?gggﬁkﬁgggTbgeﬁﬁ? gﬁégg Tcel
expressing cell surface protgin. G4 ( -ggﬁﬂ@ﬁ@ﬁﬁ&%cell). CD8- positive T
cells are those that, when activated, [yse a cell presenting antigens bound
to an HLA class | nolecule. CD4-positive T cells are cytokine-secreting Th
cells, which, upon being activated by nacrophages and/or dendritic cells
whi ch presentcant tgensi®ndHLA class |11 nol ecul es, exert a hel per function
for inducing and nmaintaining CD8-positive T cells. [0004] Th cells are
known to be[ecb@assified by the type of cytokine that they secrete into Thl
cells (producing IFNI, or the like), Th2 cells (producing IL-4 or the
li ke), The present invention relates to an antigenic

polypeptide that can be used in cancer immunotherapy and

to a therapeutic agent for malignant neoplasms comprising

the polypeptide.

Background Art
[0002]

One cf the therapeutic methods for cancers
(malignant neoplasms), an intractable disease, includes
so-called cancer immunotherapy which causes regression of
cancer cells by utilizing an immune system of individual
patients. The important point in this method is how to
make the immune system recognize the cancer cells as
foreign and induce immune cells that are aggressive to
the cancer cells.

[0003]

Key immune cells involved in antitumor immunity
include a cytotoxic T cell expressing cell surface
protein CD8 (CD8-positive T cell) and a T cell expressing

cell surface protein CD4 (CD4-positive T cell). CD8-



and ThO cells (having a | ow cytoki ne-producing ability or producing both
IFN-7 and I1L-4), and the roles of each cell are now bei ng el uci dat ed.
CD4-positive T cells can be provided with an effector function by their

i ndi rect nmechani sm agai nst MHC cl ass || onol ecul e-negative tunors (MHC cl ass
I1- tunors) via, for exanple, activation of macrophages or by their direct
mechani sm agai nst IMHC class |l-positive tunors. [0005] Previ ous
studies of T cells in human cancer inmunot herapy have mainly focused on

i denti fi cat PERAATS AdGELL6n2sF EB8SFosPEitve VRER érddyatefestlyiset éd CTL
response (Patent Docunment 1). As for OD4-positiv cells, tyraqsinase, a
cancer antiﬁSE? Pﬁgsﬁgiﬁpﬁf?85998HSOPOPP§ gﬁi?&p§L§ochE§p&§¥¥% URScel | s;
and sone ot pher, it a en_reported (Patent . Docupent .. but the
number of rggér gsggegéﬂEpégﬁggvgr ggFPElP% Fach SSHaPfl Fﬁéﬁsfhat on

CD8-posi 11 venikh clss beifs! bietedcBaPLY AR, LBAAGhes ana/Beported

tyrosi nase, which 'S expres in norma cel I's of 'the nel anocyte
| ineage andqshawntte beiasspackhi prhacget 2atiGPAsPesi hiixe Aekanera-reactive
T cells, is the only nel anoma-associ ated and fi ssue-specific antigen that
binds to MHaottassek| srkeecuhese(pon- Pahest oRogyrenhdlrinbowawer, since
tyrosinase is expressed only in limted types of tunors, it can hardly be
said to be mapnoaising CRBeposanhtirgem taltancer inmunot herapy. [0007]

A gene, referred to as Survivin, which encodes tunor-specific antigens that
can be recofnP2ét by 0D8-positive T cells has recently been reported
(Non-Patent Docunment 2). Survivin is a 142-amno acid residue protein
identified as a Bubstahtethatnqwhi b tlae apbpidvtiecdcty ome | tybasobeen
reported that Survivin is distinctively characterized by its upregul ated
expr essi on THEPKHIE et Rbr MReY t Pestigsestithoasnt et el 16 §BHieSVCand F%Vﬁus and

testis of adult;kggg:in tumor, tissues articularly tunorigenic |ung,

col on, mamarf di L& e eit2 [ﬁe’ols]tsdt(sp ddjrfal,n%n@‘[%/rﬁ%oqﬁﬁ (Nof Pat ent
Document -, &y -7 9008 F%?%fyévév%gw H§{89¥$glégo§égiﬁézéﬁg%?%g“h'Ch has

81‘
al so been reported to cor e"w th poofr prognosis o i seases,

5 considerat oo, 001 ek Nl Plavs 2 YeN morLam s el s @ Lumr

antigen, and t i cation cl’ass peptide in

Survivin hasebeefr&£aidi ask oy 4 NewrPateat Locunmii S)ve Howavers simce the
peptide reported in Non-Patent Docunment 3 restricts limted HLA types of
HLA cl ass Idg piovisdaroessarayn tof fiser sl fhpdeipepb i dese i whi 681 aget
applicable to nore HLA types, to be clinically available. [0009] Non-Patent
Docunment 1 mecharopalda@nins. MHC etlads , 1190l edube-ndatt i vAcadnoBSsi . USA
Vol . 91, pp. 9461-9465 Non- Patent Document 2 Chiara Casati et al.,
CANCER RESEARICH, 12508, I Mol tumgg; s ppvials0fed5asample, activation of

macrophages or by their direct mechanism against MHC
class II-positive tumors.
[0005]

Previous studies of T cells in human cancer
immunotherapy have mainly focused on identification and
induction of CD8-positive HLA class I restricted CTL
response (Patent Document 1). As for CD4-positive T
cells, tyrosinase, a cancer antigen; the identification
of its epitope to CD4-positive T cells; and some other

epitopes have been reported (Patent Document 2), but the



Non- Pat ent Docunent 3 Matt hi as Piesche et al., Human | munol ogy, 2007,
Vol . 68, pp. 572-576 Patent Docunent 1 WO95/19783 Pat ent Docunent 2

W97/ 11669 Disclosure of the Invention Problens to be solved by the

i nvention [0010] The present inventian provides a novel tunor antigen,
a novel therapeutic agent useful in the nethod of treating malignant

neopl asns by using the tunor antigen, and a tunor antigen that can be used

in the therapeutic agent. Means for Sol ving the Problens [0011] The
pr esent inv@ﬁ?g?§ 83p§??ﬁ€ﬁFaPPyCpéﬁﬁasﬁﬁéﬁeaTtﬁ@#éﬁe&?i8u§&eﬁ@aééﬁﬁaining

tunor antigens and Th cells specific the tumor _antigens has an effect of
causing a sggﬁpfggﬁﬁtOPeébés@BSﬁtbyenéﬁﬁgﬁiﬁ?sggoﬁﬁﬁiﬁgcéfﬁr8§§Fﬁ&erhe

t unor antigfﬁ506ﬁnd further identified a novel antigenic peptide that can
be used as e tunor antigens, thereby conpleting each of the foll ow ng

i nventions. [003,0rted éﬁoﬁrpgé%p%i@'ﬁ,igo %%éé@dafﬁf L-hBe am no

acid sequences a) to g) below and having an activity to produce cytokines
in Th cel |l saspegivhbe £018Yr¥EViRe malaABcapkne:aehgdesgdyensswheprhesent ed by

SEQ I D NG 17;
a specific target of CD4-positive melanoma-reactive T
cells, is the only melanoma-associated and tissue-
specific antigen that binds to MHC class II molecules
(Non-Patent Document 1). However, since tyrosinase is
expressed only in limited types of tumors, it can hardly
be said to be a promising cancer antigen in cancer
immunotherapy.
[0007]

A gene, referred to as Survivin, which encodes
tumor-specific antigens that can be recognized by CD8-
positive T cells has recently been reported (Non-Patent
Document 2). Survivin is a l42-amino acid residue
protein identified as a substance that inhibits apoptotic
action. It has been reported that Survivin is
distinctively characterized by its upregulated expression
in limited normal tissues such as fetal tissues, and
thymus and testis of adult; and in tumor tissues,
particularly tumorigenic lung, colon, mammary gland,

spleen, prostate gland, and lymphoma (Non-Patent Document

2).



b) An am no acid sequence in which one to several tens of any am no acids
are added to the Ntermnus and/or C term nus of the am no acid sequence
represented by SEQ ID No:17; «c¢) An am no acid sequence in which one to
four am no acids at the N term nus of _t he_am no aci d sequence represented
by SEQ ID No: 17 are deleted; d) An am no acid sequence in which one to
five amno acids at the Cterm nus of the am no acid sequence represented
by SEQ I D '%é 3re deleted; e) An ami no acid sequence in which one to
several am h8Y4€id residues of the amno acid sequence represented by SEQ

| D No: 17 are sub§tituted and/ or geﬁg ed; f% An_anino, acj d_sequence in

whi ch one to several*Yehs BF ARy Anfhos AT aeSara g%d%%l?% PAg ﬁﬁ?8rninus
d/ C it . . . . . . N I .

201 d T esi duge T TR A e ae A S SR IEn e P By BLont ARy TSEDT D No- 17 are.

substi t ut ed,apdfi gk del gt edssand ig)céﬂs%ﬁ%@@dagbdbéeguggggeh% whigh one to
five amno acids at the Nterm nus and/or C term nus of the am no acid

sequence repregsentedeby SRELFDaNe: Ed1argsdel etrdr Wherekn,ongqt @ngever al
am no acid residues are further substituted. [0013] (2) The
pol ypepti deiaesot di agtton(dF, MubeecehBsarpokypept tdedcpapeigengnan no acid
sequences b) to g) has an epitope of a pol ypeptide conprising the am no
aci d sequentervepieseasedeby SEQri®dNout7(NbhePepehoploindacing)Th cells
specific to Survivin from CD4-positive T cells. - 7 - [0014] (3) A
nucl ei ¢ aci@oeneddi nginhe potypeptide aeportédginoNenyPetref2). [0015]
(4) A vector conprising the nucleic acid according to £3).

Document 3 festricts limited HLA types of HLA class II,

it is necessary to use multiple peptides, which are

applicable to more HLA types, to be clinically available.

[0009]

Non-Patent Document 1
Topalian, S. L. et al., 1994, Proc. Natl. Acad. Sci.
USA, Vol. 91, pp. 9461-9465
Non-Patent Document 2
Chiara Casati et al., CANCER RESEARCH, 2003, Vol. 63,
pp. 4507-4515
Non-Patent Document 3
Matthias Piesche et al., Human Immunology, 2007, Vol.
68, pp. 572-576
Patent Document 1
W095/19783

Patent Document 2

WO97/11669



[ 0016] (5) An antibody that specifically binds to the pol ypeptide

according to (1) or (2). [0017] (6) A vaccine for inmunotherapy for
mal i gnant neopl asns, conprising at | east one of the polypeptides according
to (1) and (2) as an active ingredient. 5[ Q018] (7) A method for

i nducing Th cells specific to Survivin, conprising a process for incubating
invitro at | east one of the pol ypeptides according to (1) and (2),
antigen-presenting cells and CD4-positive T cells. [0019] (8) A

t her apeut i cPa§enPSPeR RAI FHRanfVAB6PPASNS, conprising the pol ypepti de

according t or (2),and Th cells ecific to the polypeptide or
Surviving Ag6§%%3@85£8¥b?héolﬁﬁénLVoﬁﬁgoéﬁﬁfntlon Theppezfige of the

pr esent inv?ﬁBi@T i nduces Th cells specific to Survivin (hereinafter
referred to as Sur/ Th cells) by incubating the peptide with

anti gen- presentq n ifive. ell n dvity to
prohgce EytokiHg@gi%f%%%ngu??§%ﬁgg?ﬁgékéyﬁ%égtheﬁgggﬂTEﬂgg?Iggggl%:’?cally

attacks the,mabignaphepegpliasAs§XREES8ERY1 SURVEMENRethe pepti de of the
present invention can be used as an ingredient of a therapeutic agent for

mal i gnant nepphasng. mh00ddint neoSlAcRst B¢ peliygephiedeubrt a@t@g@@ent

i nvention, having a small nunber of constituent am no acid residues, can be
produced i nahdrgetquant aht egenothanl ygahybgenesedecanbheathemrapeahnicques but
al so by organic synthetic nethods, the pol ypeptide can be supplied in
clinical stageres.and applications stably and inexpensively. [0022] A

t herapeutic agent for malignant neopl asns conprising the pol ypeptide of the
present invention, by conbining tumor antigens with Th cells specific to
the tunor antigens, can_nore strongly pronote the production of cytokines
in the Th cef1S il eyt Bkinesprotieeee™ P nduce in vivo antitunmor imune
response spg&&iéf to the malignant neopl asns expressing the tunor antigens
to cause regre on of the tunor.

The present inventors experimentally found that a
therapeutic agent containing tumor antigens and Th cells
specific to the tumor antigens has an effect of causing a
significant regression of malignant neoplasms expressing
the tumor antigens, and further identified a novel
antigenic peptide that can be used as the tumor antigens,
thereby completing each of the following inventions.
[0012]

(1) A polypeptide, comprising any of the amino acid
sequences a) to g) below and having an activity to
produce cytokines in Th cells specific to Survivin:

a) An amino acid sequence represented by SEQ ID NO:17;

b) An amino acid sequence in which one to several tens of
any amino acids are added to the N terminus and/or C
terminus of the amino acid sequence represented by SEQ ID

No:17;



Brief Description of the Draw ngs [0023] Figure 1 shows the results of
the intracellular staining show ng the neasurenents of the production of

I NF-7 by Sur/Th cells where each of the m xed peptides M X1 to M X5 was
added to the group of cells conprising the Sur/Th cells induced froma
human whose HLA genotype is HLA-DRB1*0101/ HLA- DRB1*0901. In the figure, the
ordinate indicates the CD4 expression |evel and the abscissa the INF-7
expression |evel; ure 2 shows the results of the intracellular

) ) Fi- i 0
stai ni ng show A ERéPReaStFeRBANSNGE fhe YBr68uCFork Coff OUNFARIBY Sur/ Th
cells where_each o e polypeptides SU16 to.SU22 was added to the group of
cells conprﬁg?ﬁa ?%e%gﬁrﬁTﬁéggﬁpgsiﬁéugéﬁ ?P&HPaaﬁg%aﬁeﬂH§§€eHLA genot ype
i's HLA- DRB1* / - * 1..01nt fiqure, the ordinate indicates the
cH4 expressf%ég%gggﬁegﬁg§t%gga gcggéggtﬁéglﬁﬁ}?%ggpression | evel ;
Figure 3 shgwspthe tgsu 0 asur S | SA_aof production
of INF-y by gﬁr/_‘l'hmc_eiéléE\'S/Lvﬁle%(eazﬁggtr:lﬁgo?Htﬁé{i‘%g?}ltiogl)éLE-5 lg%tﬁbggfes,
anti - HLA- DQucanti hedigs, capd anhiisHoA- PReankiihedhes was added to the group
of cells conprising the Sur/Th cells induced froma hunan whose HLA
genotype isr&bA-DRBLEQLDY/ Bkd- DRBEE0901arkndehettiygure, the ordinate
i ndi cates the production anmount of IFN7 (IFN-g); - 10 - Figure 4
shows the resuhtsanfnthechdasagearatsihywklibBAcat thespredudt sannaf | NF-7
by Sur/Th cells where SUL8 (cognate) was added to the group of cells
conpri si ng #hed Spes THueel P thdusednbremid hagaanwhosepkeAcgérdt ppe i s
HLADRB1* 0101/ HLA- DRB1*0901 and control peptides (irrelevant) were added to
al | ogenei ¢ PEMED Bach’ HLRe gewbsypeubsdwAnehorsdplated;
DRBl*lZOl/t%ﬁ-DRBl*1405,HLA—DRBl*0410[HLA-DRBl*lZOl,HLA-
DRB1* 0405/ HLA-BREI® 530 12 HEA- BRB1 B0 1/ LA BRB1°B90 OHEAVeral tens of
DRB1* 0101/ HLA- DRB1* 0802, ,and_HLA- 1*0101/ HLA- DRB1*0101. I.n the figure,
the ordi nat®Y rdltat ed“1Hhe %5%haiéggggﬂoFyﬁgkoFeﬁ@kﬁ§su§88/8§ i
anti gen- pr j cell . 1 he Cj i ndi cates.the producti on anount
of IFN-7 (I gJ)r?“gs st gr#%lr}ég?‘g et eew%s%‘ﬁt‘gﬁ%wt ﬂgengasur enents by
ELI SA of 't hesproducty O, ofcd NFrds pyuSUrdfhegel Lg; wher e, ga e
pol ypeptides Ti to T1l mascadd%dstouége Sur?Th cé*? %néuc%ggg%gﬁga human
whose HLA genotehend &d AN DRBLIOLO: 17 nathesfib Ul euctheagadbpat e indicates

am no aci d sequence of pol ypepti de added and the abscissa I ndicates the
product i on drmdd ofaddEN-7 (I FN-g) ;
g) An amino acid sequence in which one to five amino
acids at the N terminus and/or C terminus of the amino
acid sequence represented by SEQ ID No:17 are deleted,
wherein one to several amino acid residues are further
substituted.
[0013]

(2) The polypeptide according to (1), wherein a
polypeptide comprising amino acid sequences b) to g) has
an epitope of a polypeptide comprising the amino acid
sequence represented by SEQ ID No:17, the epitope

inducing Th cells specific to Survivin from CD4-positive

T cells.



Figure 6 shows the results of the neasurenents by the ELI SPOT assay for the
| NF- 7(1 FN-g) - produci ng cell nunbers in Sur/Th cells where each of the

pol ypeptides Ti to T10 was added to the Sur/Th cells induced froma human
whose HLA genotype is HLA DRB1*i 2G / HLA5DRB1* 1502; Figure 7 shows the
results of the nmeasurenents by ELI SA of the production of INF-7 by Sur/Th
cells where each of the anti-HLA-DP nonocl onal antibody (mAb), anti-HLA-DQ
rnAb, and ?Eibi\ll LA- DR mAb was added to the Sur/Th cells induced froma
human whose enotype i s HLA- DQB1*0302/ HLA- DQB1*0601. In the figure, the
ordi nat e i ndi cat the production. amount.of ] FN | FN- Q) ; Figure 8
shows the resul t§§)of trrlllgc A5 UP EhBnTACH l]ﬁ(ﬁléﬁeoéloiﬁge}ﬁg%ﬁﬁcti on of INF-y

by Sur/Th c ere, SUL8, (cag e) or control (irrelevant) peptides were
added to th%%é %ﬁl{sﬂﬁéoﬁgr %22 négt Rgs Sur/Th cells induced froma human whose

HLA genot ypeph$siHLA- DQBL* 0302/ HLA- DQB1* 0601 wi th al | ogenei c PBMCs, each HLA
genotype of which is HLA- DQB1*0301/ HLADQB1* 0302,

HLA- DQBL* 0401/ HLA¢ DQBIF Q602 o DOBLAH3024 HhADQBL: 04016 #8ording

HLA- DQB1* 0301/ HLA- DQB1*0601. In the figure, the ordinate indicateS am no
aci d sequente 08) pol ypepti de added and the abscissa indicates the
production amount of IFN-y (IFN-Q); Figure 9 shows the results of the
measur enent S0BYOELI SA of the production of INF-y by Sur/Th cells where each
of the polypeptides Ti to T10 was added to the Sur/Th cells induced froma
human whose HLA gendtty petiidodbA-EB1 * o8l figrt he Binds eto tbee or di nat e

i ndi cates am ho aci d sequence of pol ypepti de added and the abscissa

i ndi cat es tihiel ProRutds o‘?lc%%‘&h@gogol #ill yo¥I FREg); and Fi gure 10 shows
the results é)é\#re measurenents by ELI SA of the production of INFy by
Sur/Th celI§ ere each of the polypeptides Si to S17 was added to the
Sur/Th cells induced, from.a h n whose HLA geno e is, HLA-DQB1*0601. In
the figure, the (:)éﬁd%né{aeccilﬁlcﬁ (L;%f%esmgnﬁlmnoothaecri%%e%gulgn%aef Hant o

pol ypeptid éatgifgip(gs d i ssa_ i ndi cat t d i ’ t of IFN-y
(IFN-g) . Bg?st Nbdeﬁ?’oréﬁgfﬁlg%& t t%%gﬁngé%t?gn{)%%ogﬁ]wggpggg%{ﬁe pr esent
i nvention reladesid @ Parfiala pebypeptide, of  SuUr iyl oqi @t umor antigen
conprising the partial polypeptide, and a therapeutic agent for malignant
neopl asns cqrgisi ng the tunor antigen and Th cells specific to the tunor
antigen. This invented therapeutic agent for malignant neoplasns is the

t her apeuti ¢ agent’)prehertabldy feanpmidsidigid UnDrcednitd gaye «ciofipr itsd ng parti al

pol ypeptide of Survivin and cognate tunor antigen-specific Th cells induced
from CD4- pésinvivelr, ceinssriofirpatd emtodas hefor emtedoaf 0025]n vitroBetause
this invented therapeutic agent for nalignant neoplasns conprises tunor
anti gens, agedrtticdle pdl ypeptidersirSas i esofdindnbd nat ] onahi tH) Th cel | s
specific to the tunor antigens, the agent exerts a significant effect in
regr essi on 3O AN GHARCHEP d<ivsl T Afardd TRP T Hel Fask ket t he tunor
antigens or tot@]Th cells specific to the tunor antigens are separately

adm ni st er e[é) to-a patient. [0026]

(8) A therapeutic agent for malignant neoplasms,
comprising the polypeptide according to (1) or (2) and Th

cells specific to the polypeptide or Survivin.

Advantages of the Invention
[0020]
The peptide of the present invention induces Th

cells specific to Survivin (hereinafter referred to as



Th cells specific to the tunor antigens conprising a partial polypeptide of

Survivin may be any of ThO cells, - 13 - Thl cells, or Th2 cells as | ong
as they are Th cells that produce cytokines by specific stinmulation by the
tunor antigens, and nore preferably Thlgcell. Th cells specific to such

tunmor antigens can be induced and prepared fromthe CD4-positive T cells by
i ncubating the tunor antigens, antigen-presenting cells expressing HLA

class 11 nDIec I d the CD4-positive T cells under appropriate
condi ti ons. Ce?T ?EmlBS§B?F%€th88|P@PFHQ? ¥ahhpent<88Tin the

thdfth t t b | the collected blood b
comron et heﬁsgr ?ngs%?g B B 58 ae T R MACS L hF I Eiry B Gfech) o the
like. In th t | Lect ed
pat Fent wi (TG { GRaht HEORT S8nEy T " BaCEr At BHar G- b7 6r SPaby USHELS 002

Anti gen- preggat sng, ¢gl &élwag gemf%ay%g\dawa&hg eﬁghaglggngh@ pr esent

i nventi on nay be any cel exp essing HLA cl ass mol ecul €s on their
surface, exgapbessek @Ja]lf;@@ssﬂﬁ@ugﬁr%e@hl , tHBCHephage. oroReYheeand:
non- prollferatlve transfectant as well as dendritic cell, but are not

limted thetetont{6029in be udsdfes hncubgte@nentusBr aabhkgepsue@apri sing a
partial pol ypeptide of Survivin, antigen-presenting cells, and CD4-positive
T cell s mayapensi fot tambdusdiyt i neubdbeds. - 14 - or after the tunor
antigens and the antigen-presenting cells are incubated, they may be

i ncubat ed tbgéther with the CD4-positive T cells. The incubation may be
carried out under the conditions in accordance with a conmon net hod by
which, in the pred&fcehst RQlypertideles ride anteent i st ed by the
antigen-pr§§ent|ng cells, via HLA Class ||l nolecules and mature Th cells

specific td'the @t | bR R ??%ﬁ?EEHQ%BS?TFQ% Fotel FeS1dugsS; the

hod d bed 6,. Vol 17, No. 3,
o6 ade) G it B 1ol TRIR Y SO BT e w0 e, PP

The cells can BEEsoci T car Ty T isad T r ok SOk bttt fo Fikaf ooy | o
changi ng i neiiiald o ©andidi gnsovad oa:la%hybe[gl@s@iled in dbeyipduction of Tho

cells, Thl cells, or Th can be confirmed by observing cytokines in

each cel | thmch&d ahenddie €el {oass 851§ mhat egewpéRs avdUpor antigen, a
partial pol ypeptide of SurV|V|n (e.g., Timet al., nentioned above).

Cyt oki ne prjaduxct]i on can be confirmed, using ELISA, intracellular staining,
ELI SPOT, and ot her various nethods.
A therapeutic agent for malignant neoplasms

comprising the polypeptide of the present invention, by

combining tumor antigens with Th cells specific to the

tumor antigens, can more strongly promote the production

of cytokines in the Th cells. The cytokines produced

induce in vivo antitumor immune response specific to the

malignant neoplasms expressing the tumor antigens to

cause regression of the tumor.



[ 0031] One aspect of the pol ypeptide of the present invention is an
anti gen pol ypeptide corresponding to an am no acid sequence of NO 76 to 94
of a tunor antigen - 15 - protein (the above Non-Patent Docunent 2) (SEQ
ID NO 17, hereinafter referred to as SUL8), referred to as Survivin. [0032]
I n addi tion, polypeptides conprising the am no acid sequences havi ng such
relations as b) to g) belowwth the am no acid sequences of the

pol ypepti de, SUL8 %SEQ,ID,NKIl? , .al so can be used as the tunor antigen of
the present BEAGENDRSHI PGE9E ©f they)Digif$o acid sequence in which one

to several Eﬁﬂ23§f any am no acids are added to the N term nus and/or C
term nus of m no aci d sequence represented by SEQ ID No:17; <c¢) An

am no aci d sequepce | i n o] u l.ho i t t erm nus of
the ami no acid sgh %%%eyr%%gﬁgeﬁ?%dr%§u%%%;%%'Hgglggggécﬁgfggéﬁ; d) An
am no acid e F I al.gh e I LhQaci.ds .C_teram nus of
the am no a§?§H§2§§e§§8w?2 rgggn?égsg$¥%E%F%Dgﬁo??g g?gdgg?éggdﬁf e) An
am no acid u ' i C V, ' ' i f the
2o aci d saaubnes Ton esant o by G0 11 Koo L7 o & SaBbtT Tor S°and! or
deleted; fyIAD asi moxacikdssgguenceoci Bhvhyebupnert ecseverahptersnef any
am no acids are added to the Nterm nus and/or C term nus of the amno acid
sequence i ntinhi ehrone telssviendlicadi ivocacedhnershdubkssef HLheganbngpaci d
sequence - 16 - represented by SEQ ID No: 17 are substituted and/or
del et ed; ands HHAAPRBAT OO0 ACHDASBRBENEEOLA whi cthenkliqwrdi vehani no aci ds at
the N term nus and/or C termnus of the am no acid sequence represented by
SEQ | D No: 19r@tea el eR@Hcawper g ohe evPseveiar ARVAd aePdthesi dues are
further substituted.

abscissa the INF-y expression level;

Figure 2 shows the results of the intracellular
staining showing the measurements of the production of
INF-y by Sur/Th cells where each of the polypeptides SU16
to SUZ22 was added to the group of cells comprising the
Sur/Th cells induced from a human whose HLA genotype is
HLA-DRB1*0101/HLA-DRB1*0901. 1In the figure, the ordinate
indicates the CD4 expression level and the abscissa the
INF-y expression level;

Figure 3 shows the results of the measurements by
ELISA of the production of INF-y by Sur/Th cells where
each of the anti-HLA-DP antibodies, anti-HLA-DQ
antibodies, and anti-HLA-DR antibodies was added to the
group of cells comprising the Sur/Th cells induced from a
human whose HLA genotype is HLA-DRB1*0101/HLA-DRB1*0901.
In the figure, the ordinate indicates the production

amount of IFN-y (IFN-g);



[ 0034] The am no acid sequences of b) to g) described above are
defined as an am no acid sequence constituting a pol ypeptide that retains
epitopes existing in SUL8 and has an activity to produce cytokines in
Sur/Th cells, or that has epitopes thatydgnduces Th cells specific to
Survivin or SUL8 from CD4-positive T cells. [0035] Al t hough am no acid
residues that are substituted, deleted, or added, as defined in b) to g),
are not partlcul arly limted within a range where the activities or
functions of the P8I péptiaasdéser FB%@%OQ/‘% % HRESHESTRRES RUditiBh of
one to severg tens of am no aci ds in and f) means addition of 1 to 50
am no aci ds® pri&ter &PFUEtt Y 3¢ fanithE- ¥aC|bd’s SHAG hore oref BPabty V% 15

anm no aci ds 0 erred exa es of th substl tuti.on, .deletion,
or addition o%gg] %%] an‘1”anso Sgﬁgéas de%hcerl gg%l above aflel siTent suBgtltglu i on,

del etion, agd, additd.qn; lﬁagsgaalsm i Pidnan WA %Eehiﬁd?éﬁo EJSV%}L ve am no

acid substltutl on. These exanples do not change an activity to produce
cytoki nes iprihe1SurhTA-seil900h Lhe palomepbideidds the Riessnt) imention
or epitopes that induce Th cells specific to Survivin or SU18 from

CD4- posi ti veddedeld 2.113yphead mvanpl eschf nthegyonseevati wei subsd idnai on

i ncl ude rmutual substitution of hydrophobic am no acids, Ala, Val, Leu, and
I I e; nutual DRRIbSROLUELBDRHL *¢dbpxXy| HEAADR@1a0k U8/ HISeDRand 1 T0r , nmutieal
substitution of acidic residues, Asp and du; mutual substitution of am de
type am no RRAIISAOALHRLAMRREG N2 0t uallLAHRSHE 0 40 1 GHLAoDRBASDP 20 Bumi ndildei ds,
Lys and Arg; and nutual substitution of aromatic am no acids, Phe and Tyr

[ 0037] DREGUIPG OR 4BLATPRRICOGPL y 889 pFEHRRB LIAIOKY HA- PRBISWOTh cdll s

i nduced from CD4-positive T cells by incubating Survivin,

anti gen- pr etsteentfllﬁfg“r@el 59 a?ﬁﬂiléﬁﬁe pbgii{?"i‘feesT ¢ I%aChné%Itﬁ rﬁbentqué(PeSBR has
epi t opes thEaéNﬁ%an be recognl %ur/Th C %F topes are
presented b C cFass T3 egupe%r Pressi nﬁe tﬁ‘é1 ace

anti gen- prese ti.n i ch SUI‘VIVI taken u . Therefore, a
t her apeuti ¢ éjgecﬁttg? d ﬁoghl:% “hetpl uélst,:ns?c&o?rrbf)rl §I Ny (%Ur vivin, SuU18, and

Sur/Th cells IsEqasr@SQegﬁo&; the present Jenyeat &neasuﬁelﬁé}&rsarbejutﬂﬁsﬂgem
for malignant neoplasns, conprising Th cells specific to SU1L8 i nduced from

0D4- posi ti v Eheelar%dwtm@u@@ttm S%E/V'S\ﬁ'rVT@ngéPIs SWle anLhger- Rhesenting
cells, and the - 18 - CM4- p05|t|ve T cells, is also one aspect of the

present i nventybeptidd38] to T11 SLKHS aﬁdé:teltcevelﬁbtemb,emﬁ ¢al1y peptucde t hat
can be a tunor antigen not only in human havi ng HLA genot ype of
HLA- DRB1* 01Gbmbst Blson | khbssraAlihgsecH e génotiypeDRB1*0101.  In the
HLA- DRB1* 1201/ HLA- DRB1* 1502 or HLA- DQB1*0601.
figure, the ordinate indicates amino acid sequence of
polypeptide added and the abscissa indicates the production
amount of IFN-y (IFN-g);
Figure 6 shows the results of the measurements by the
ELISPOT assay for the INF-y(IFN-g)-producing cell numbers in
Sur/Th cells where each of the polypeptides Tl to TI10 was
added to the Sur/Th cells induced from a human whose HLA
genotype is HLA-DRB1*1201/HLA-DRB1*1502;
Figure 7 shows the results of the measurements by ELISA

of the production of INF-y by Sur/Th cells where each of the

anti-HLA-DP monoclonal antibody (mAb), anti-HLA-DQ mAb, and



[ 0039] Every pol ypepti de descri bed above is a novel polypeptide that

can be used as an ingredient of a therapeutic agent for malignant

neopl asns, having an activity to induce Th cells specific to the

pol ypeptide from CD4-positive T cells_apgd/or an activity to produce

cytokines in such Th cells or Sur/Th cells. The activity to produce

cytokines in Th cells specific to the polypeptide or Survivin in each

pol ypepti de descri bed above can be confirmed by stinulating the Th cells

with the poRypeptidéRandPn¥asurffydt e Pro dhcyEokF nésdBged afiWust known

met hods. For exanpl e, the production of interferon I NF- can be readily
Pt Bop

measur ed and"BShf PPN By (ST Y86 s AT PYEAY 0%4%s ¥om BD
Biosciencestgé EQe Iike.éloggégnate_indgo ggghtggl Qggtide descri bed above

which is oné aspedt Of the presnt iddneion, t4s PR Es Yhe Ko Hei d
seqguence c09§§j}q&gﬁg }he pol ypeptide is contained, for exanple, H s-Tag

w dely used as a tag %éhuence useful - 19 - in separation and purification
of proteins, an rPRLOR! isdbes! khkeresenuence, randhanaphoo: ackd segyence of
a marker protein such as G-P can be further added. Alternatively, |abeled
conpounds sgeh @s biebhfc-€ash also bgragdded ta,gagh polivpephihde. Tderef ore,
even a pol ypeptide conprising an am no acid sequence in which any am no
aci d resi duecusedef oprt henpuoposeroflcataher phaniprodueiangdydokicnasd N Th
cells and Sur/Th cells specific to the pol ypeptide and i nducing the cells
from CD4- pesilts verbréelhs ke atidedt calie ambnoedci doms equiewree cgnstel t ut i ng
t he pol ypeptide which is one aspect of the present invention, and a

pol ypept i delith @RirehyRen approprPak e  13peHed rOPioId il dddedl eeendie

pol ypeptide of the present invention are still within the scoge of the

present i nvehtion 58°TFonYfas JERRY YRRV Tan "AdEMvi 1y B HPERLERS CYTBRines i n

th |1 t i t ind ific_Th f

OD4- posi £1 R DEPPe. B Te 1 BE0 L E BB A0 el S840 et  on
b | rotel . . -

o hat s S QAR S R L el Bl B e Bt O e e T he

pol ypept i de, nay.Pe RLAHUSEd; by, Synt hesi zkng,d.he DNA ﬁgfﬁ%s{{gdg&%dded

pol ypeptide of the present Invention by using an appropri
SyntheS'?eﬁnxﬁoﬁﬁérHBEbDQx@PiﬁéP&&éé!09h¥e%k%BuE@§%neé958§§e§ﬁ¢hf?N~y

pol ypepti de of the present invention by appropriately selecting or
conbi ni ng v@arNeys; t echni ques described in - 20 - reference books in the
art such as Sanbrook et al., Mol ecular Coning: A Laboratory Mnual, 2nd
edition (Cold Spronge Har boswd aticr ataanyl tBr e$s th@ 98603 suangkrittsansf ammsag an
appropriate host cell such as E. coli by the expression vector. In the
product i on,cfagheeptrodnedi @bovie, INEatyi bus SopéTtlat conss wusk ascadditt itan of
H s-tag, used in the production of a reconbi nant pol ypepti de can be
appl i ed. [ @94¥peprtides THe 50| Y Peptisdeddrdt he phesent/Thvemitlisonncasedl so be
chenmosynt hetically Eroduced using an am no acid nndifiq%ﬁgy vari ous

prot ect i ng '§PBups” B8" r ¥RPABL | IS NEtRGds § oF BT gao Heiti-catt y the
synt hesi zi a_pol ypeptide w thout, using a gene or a host cell are |1
chown Lot RGZA™SKI | &8 | N THE Ar t . IRaF" XampTe:1® 3 4ikéh KEGERIRozE"

Co [ L ent ] St ) I tion,. . Yukik but su- no- Gosei
(Synt hesi S oF Brgan e Cumppunts) 1 20sebire A M El A el Oham cal

Soci ety of _Japan),orrhe ke desgriybes various nmethods for chem ca
synt hesi s Sf a pa?ydépt?de%ﬁfgéng %f whi ch net hods the pol ypeptide of the

present inventipngcan ke ssyhthestzedsuikhe Jrokypepthder&amal $9 Rersa
synt hesi zed by using a commercially avail abl e apparatus commonly referred
to as a pepti dBe SyRbMESIiZRY of INF-y by Sur/Th cells where each of the
polypeptides S1 to S17 was added to the Sur/Th cells induced
from a human whose HLA genotype is HLA-DQB1*0601. In the

figure, the ordinate indicates amino acid segquence of



[ 0043] By incubation with antigen-presenting cells and CD4- positive T
cells under appropriate conditions, the - 21 - polypeptide described above
can induce the CD4-positive T cells to Th cells. Thus, the present
invention also provides a nethod for inggcing Th cells specific to the
above-descri bed pol ypeptide and/or Survivin by incubating in vitro
antigen-presenting cells expressing HLA class Il nolecules, CD4-positive T
cells, and the above-descri bed polypeptide. In incubation, in addition to

| L-2, one oPOHﬁP%PEﬁd?F#@%EdIT@@??“hﬁéséﬁﬁﬁﬁlEDﬁl%ﬁ??%oﬁ?%sp%ﬁ%9$ﬁ%WbrabIy
added, under which conditions, Thl cells can be induced which produces

|FN-y and proaiesCt LA (£FE-9] 0044] Any antigen-presenting cell,
as nentioned above, can be used in this nmethod as |ong as the cell
expresses HLA class Il nolecules on its surface, exanples of which include

B cell, macgophage,. mnocyte. and ng'gﬁgliﬂégﬁﬁﬂ6ﬁa transfectant as well as
Firm t

dendritic cell, but are not I'imte ereto. As for incubation, the

above- descr i pegs pol ypepti de, antigen-presenting cells, and CD4- positive T
cells may be sinmultaneously incubated, or after the pol ypeptide of the
present inventiomanskdhetantnivgeniphesenttog €€l i spareid ncabphed ithey my
be i ncubated together with the CD4-positive T cells. The conditions of the
i ncubati on of therpepinde of theopresentgdmyventnon,sitnlye amtd gerepriesent i ng

cells expressing HLA class Il nolecules on their surface, and the
0D4- posi ti vecllyrsttiisle,as aedt i enedtiabowesutcan begelet er fbned redciamdintg t o
the incubation conditions in a - 22 - comon nethod by which the desired

antigen is PREEHTE] BPHHE SAMO géfepr e8E9E ng"¢dPrs vieadt hEhHL A Egss |
nol ecul es and mature Th cells specific to the antigen is induced from

CD4- posi t i v&PICTelq sto ethS, tHHRETabe\FeIfBt hod "dEs crivFadF Stn TSR USLS [ 0045]
According to thf qethod ff t he present inventi%%, SE [Th cells can be

i nduced and€ult uréd i%avTQW%P%yr@SPﬂgéPanl%ntiéén-%?ﬁﬁ%%T?Hb &8RS and

CD4-positive T-cells, fr : Len i pbat i n ese .cells _and_the
polypeptidégg?k% gl reggﬁ?%ﬁggéhti%ﬁﬁg?t ?gyﬁg%écgéﬁa%Jﬁ?‘ﬁ%tﬁ?ﬁtﬁﬁlthe

Sur/Th cel i, i paugadicby & N s-8Lhod ANt 9, dNe Patleit Han AGHIYALE fihe

i mmune system™of 'the patient hinfherself and cause regression of tunor

cell's. [0046] ce11s iHhecpal YRept tde-gbstheydresant: d epd@rntbY¥o be
admnistering it to an appropriate aninmal such as a rabbit, can induce in

t he ani mal tardadaedi es that can specifically recognize Survivin. Such

anti bodi es can specifically detect presence of cells expressed by Survivin,
i.e., presefgesdf cancer cells, and therefore can be utilized in efficient
di agnosi s of nmalignant neoplasns. [0047] The therapeutic agent for
mal i gnant neopl &sreust tthespregentefinvénstriepaumay eoanai Horumerd igneingens and

Th cells specific to the tunor-specific antigen; it may also
neoplasms comprises tumor antigens, a partial polypeptide

of Survivin, in combination with Th cells specific to the
tumor antigens, the agent exerts a significant effect in
regression of malignant neoplasms compared to the case
where the tumor antigens or the Th cells specific to the
tumor antigens are separately administered to a patient.
[0026]

Th cells specific to the tumor antigens comprising a

partial polypeptide of Survivin may be any of ThO cells,



- 23 - contain, to the extent that their actions are not inhibited,
various excipients comonly used for formulation of drugs, other
pharmaceutically active ingredients or the like. In particular, the

t herapeutic agent for malignant neoplas{s of the present invention is
preferably in the formof a buffer solution or a liquid nmediumthat can
stably retain the tunor antigens and the Th cells specific to the
tunDr-speC|fh g %ens 0048] Non-limting exanples of the buffer
sol ution iné id euPFalhﬁuFﬁé#éda§aPPﬁ§ 6 §h§HO§6ﬁaﬁ@-Hﬁﬂﬂé%éauﬁhllne

The buffer solution f rthe cont ai sacc arides.such as. gl ucose,
nannoge, su8F8§8hedég%¥§H%“§hd %aﬁﬁﬁéﬂ 19rd éWh %éﬂPn&nthgE tumcr

antioxidant§ QggggrlOgE?tl%-§%en%?hun]hyg&;nqhagenkgjﬁe o Igfgﬁélgé%nts

gl ut at hi one juvant alu oxi‘de), Osnoregu

SUSpenS'OnSS?EEhﬁkgn'BS agest s, + graf ory f&@ﬁyaLﬂqﬁsloé(xyﬁ uced arfd though

the therapeutic agent for nalignant neopl asns of e present invention is

preferably ppephechormoaf t@qem@ﬁwp%sﬁtﬂm @@ilgem apdyfhteell rgpecific
to the tunor-specific antigens, the agent may al so be in the form of

so-cal | ed atkibri mniticehhd,heattp®enaptégensiand dehea sThegghd ssspECIHTIAC to
the tunor-specific antigens, which can be admnistered in adm xture when
used, are stbaed déparatetyles, 24d- {HBO50P4-posiTheepriesesl ls nwericiron Wl |
nom1be described in nore detail by way of exanples. However, the present
i nvention iacpoerriateedondithese. exanpl es. Exanpl es [0051] <Exanple 1>
Identlflcatlon of SU18 1) Synthesis of Peptide Fromthe Ntermnus to
C terminus bf98Gtvivin, a total of 25 types (referred to as SUL to SU27) of

19 to 20-am no aci d reS|due peptlde (Table 1) having an overl appin
sequence of 7 tg: REBATE A6 ds GRlthdret e‘?"’f{%rﬁ% Hifed of NFRert hed wer e

desi d, | d d of 1 ot d
sequence of SsufbT Ve se t SED TETNGT B G peft LeesGonpBBedRol 8 h to 27th
amino acid s @@gdt@fw&fb &W zge é{ﬁgﬁgowgfegx%ﬁiﬁth tr%ﬁ%ﬁtoa am no

aci d sequen e t her eof, each b was chefi call y sy bsize
using MACS (Miltenyi Biotech) or the like. 1In the

present invention, CD4-positive T cells collected from a
patient with malignant neoplasms to be treated are
preferably used.

[0028]

Antigen-presenting cells that can be used in the
method of the present invention may be any cell
expressing HLA class II molecules on their surface,
examples of which include B cell, macrophage, monocyte
and non-proliferative transfectant as well as dendritic
cell, but are not limited thereto.

[0029]

As for incubation, tumor antigens comprising a

partial polypeptide of Survivin, antigen-presenting cells,

and CD4-positive T cells may be simultaneously incubated,



- 25 - [0052] [Table 1] M X1 SUL MGAPTLPPAWQPFLKDHRI S Sequence No. 1 SU2
PAWQPFLKDHRI STFKNWPE Sequence No. 2 SU3 LKDHRI STFKNWPFLEGCA Sequence No. 3

- 14 -

or after the tumor antigens and the antigen-presenting
cells are incubated, they may be incubated together with
the CD4-positive T cells. The incubation may be carried
out under the conditions in accordance with a common
method by which, in the presence of IL-2, the desired
antigen is presented by the antigen-presenting cells via
HLA Class II molecules and mature Th cells specific to
the antigen are induced from CD4-positive T cells, e.g.,
the method described in Tim et al., (Immunology Today,
1996, Vol. 17, No. 3, pp. 138-146). On the basis of the
descriptions by Nishimura et al., (J. Exp. Med., 1999,
Vol. 190, No. 5, pp. 617-627), any of ThO cells, Thl
cells, or Th2 cells can be specifically induced from CD4-
positive T cells by changing incubation conditions
variously.

[0030]

The induction of ThO cells, Thl cells, or Th2 cells
can be confirmed by observing cytokines in each cell
produced when the cell was restimulated with a tumor
antigen, a partial polypeptide of Survivin (e.g., Tim et
al., mentioned above). Cytokine production can be
confirmed, using ELISA, intracellular staining, ELISPOT,
and other various methods.

[0031]

One aspect of the polypeptide of the present

invention is an antigen polypeptide corresponding to an

amino acid sequence of NO. 76 to 94 of a tumor antigen



SU4 FKNWPFLE GCACTPERMAEA Sequence No. 4 SUS EGCACTPERMAEAGFI HCP Sequence
No. 5 M X2 SU6 PERVAEAGFI HCPTENEPDL Sequence No. 6 SU7 GFI HCPTENEPDLAQCF

Sequence No. 7
- 15 =

protein (the above Non-Patent Document 2) (SEQ ID NO:17,
hereinafter referred to as SU18), referred to as Survivin.
[0032]

In addition, polypeptides comprising the amino acid
sequences having such relations as b) to g) below with
the amino acid sequences of the polypeptide, SU18 (SEQ ID
NO:17), also can be used as the tumor antigen of the
present invention.

[0033]

b) An amino acid sequence in which one to several
tens of any amino acids are added to the N terminus
and/or C terminus of the amino acid sequence represented
by SEQ ID No:17;

c) An amino acid sequence in which one to four amino
acids at the N terminus of the amino acid sequence
represented by SEQ ID No:17 are deleted;

d) An amino acid sequence in which one to five amino
acids at the C terminus of the amino acid sequence
represented by SEQ ID No:17 are deleted;

e) An amino acid sequence in which one to several amino
acid residues of the amino acid sequence represented by
SEQ ID No:17 are substituted and/or deleted;

£} An amino acid sequence in which one to several tens of
any amino acids are added to the N terminus and/or C
terminus of the amino acid sequence in which one to

several amino acid residues of the amino acid sequence



SU8 PTENEPDLAQCFF CFKELE Sequence No, 8 SU9 DLAQCFFCFKELEGVWVEPD Sequence
No. 9 SUR) FFCFKELEGWEPDDDPI G Sequence No. 10 M X3 SU 1 1
ELEGANEPDDDPI GPGTVAYA Sequence No. 11

_16_

represented by SEQ ID No:17 are substituted and/or
deleted; and

g) An amino acid sequence in which one to five amino
acids at the N terminus and/or C terminus of the amino
acid sequence represented by SEQ ID No:17 are deleted,
wherein one to several amino acid residues are further
substituted.

[0034]

The amino acid sequences of b) to g) described above
are defined as an amino acid sequence constituting a
polypeptide that retains epitopes existing in SU18 and
has an activity to produce cytokines in Sur/Th cells, or
that has epitopes that induces Th cells specific to
Survivin or SU18 from CD4-positive T cells.

[0035]

Although amino acid residues that are substituted,
deleted, or added, as defined in b) to g), are not
particularly limited within a range where the activities
or functions of the polypeptide described above are
maintained, addition of one to several tens of amino
acids in b) and f) means addition of 1 to 50 amino acids,
preferably 1 to 30 amino acids, and more preferably 1 to
15 amino acids.

[0036]

Preferred examples of the substitution, deletion, or

addition of the amino acid as described above are silent

substitution, deletion, and addition; especially



SU12 DDDPI GPGTVAYACNTSTLG Sequence No. 12 SU13 GIVAYACNTSTLGGRGG Sequence
No. 13 SU14 NTSTLGGRGCGRI TREEHK Sequence No. 14 SU15 GGRGGRI TREEHKKHS

Sequence No. 15 M X4
- 17 -

preferred is conservative amino acid substitution. These
examples do not change an activity to produce cytokines
in the Sur/Th cells of the polypeptide in the present
invention or epitopes that induce Th cells specific to
Survivin or SU18 from CD4-positive T cells. Typical
examples of the conservative substitution include mutual
substitution of hydrophobic amino acids, Ala, Val, Leu,
and Ile; mutual substitution of hydroxyl amino acids, Ser
and Thr; mutual substitution of acidic residues, Asp and
Glu; mutual substitution of amide type amino acids, Asn
and Gln; mutual substitution of basic amino acids, Lys
and Arg; and mutual substitution of aromatic amino acids,
Phe and Tyr.

[0037]

SU18 has an activity to produce cytokines in Sur/Th
cells induced from CD4-positive T cells by incubating
Survivin, antigen-presenting cells, and CD4-positive T
cells, meaning that SU18 has epitopes that can be
recognized by the Sur/Th cells and the epitopes are
presented by MHC class II molecules expressing on the
surface of antigen-presenting cells in which Survivin is
taken up. Therefore, a therapeutic agent for malignant
neoplasms comprising Survivin, SU18, and Sur/Th cells is
one aspect of the present invention. A therapeutic agent
for malignant neoplasms, comprising Th cells specific to
SU18 induced from CD4-positive T cells by incubating

Survivin and/or SU18, antigen-presenting cells, and the



SU16 RI TREEHKKHSSGCAFL Sequence No. 16 SU18 EHKKHSSGCAFLSVKKQFE Sequence
No. 17 SU20 GCAFLSVKKQFEELTLGEF Sequence No. 18 SU21 VKKQFEELTLGEFLKLDRER

Sequence No. 19
- 18 -

CD4-positive T cells, is also one aspect of the present
invention.
[0038]

SU18 is believed to be a polypeptide that can be a
tumor antigen not only in human having HLA genotype of
HLA-DRB1*0101 but also in human whose HLA genotype is
HLA-DRB1*1201/HLA-DRB1*1502 or HLA-DQB1*0601.

[0039]

Every pclypeptide described above is a novel
polypeptide that can be used as an ingredient of a
therapeutic agent for malignant neoplasms, having an
activity to induce Th cells specific to the polypeptide
from CD4-positive T cells and/or an activity to produce
cytokines in such Th cells or Sur/Th cells. The activity
to produce cytokines in Th cells specific to the
polypeptide or Survivin in each polypeptide described
above can be confirmed by stimulating the Th cells with
the polypeptide and measuring the produced cytokines by
various known methods. For example, the production of
interferon y (INF-y) can be readily measured and
confirmed by using commercially available ELISA kits from
BD Biosciences or the like.

[0040]

To each polypeptide described above which is one
aspect of the present invention, as long as the amino
acid sequence constituting the polypeptide is contained,

for example, His-Tag widely used as a tag sequence useful



SU22 LTLCEFLKLDRERAKNKI AK Sequence No. 20 M X5 SU23 KLDRERAKNKI AKETNNKKK
Sequence No. 21 SU24 KNKI AKETNNKKKEFEETAK Sequence No. 22 SU25
TNNKKKEFEETAKKVRRAI E Sequence No. 23

- 19 -

in separation and purification of proteins, an
appropriate linker sequence, and an amino acid sequence
of a marker protein such as GFP can be further added.
Alternatively, labeled compounds such as biotin can also
be added to each polypeptide. Therefore, even a
polypeptide comprising an amino acid sequence in which
any amino acid residue used for the purpose of other than
producing cytokines in Th cells and Sur/Th cells specific
to the polypeptide and inducing the cells from CD4-
positive T cells is added to the amino acid sequence
constituting the polypeptide which is one aspect of the
present invention, and a polypeptide in which an
appropriate labeled compound is added to the polypeptide
of the present invention are still within the scope of
the present invention as long as they have an activity to
produce cytokines in the cells or they have an epitope
that induces specific Th cells from CD4-positive T cells.
[0041]

The polypeptide of the present invention can be
produced as a recombinant protein by applying various
known gene recombination techniques to DNA encoding the
polypeptide. Typically, the polypeptide may be produced
by synthesizing the DNA encoding the polypeptide of the
present invention by using an appropriate DNA synthesizer,
constructing an expression vector that expresses the
polypeptide of the present invention by appropriately

selecting or combining various techniques described in



SU26 E FE ETAKKVRRAI E QLA Sequence No. 24 SU27 AKKVRRAI E QLAAMD Sequence
No. 25 [0053] In addition, five types of peptide mxtures (MX1 to
M X5) conposed of five peptides were prepared in the order fromSUL to SU27
(SUL7 and SU19 were retired), for exanppg,-the peptide m xture of SUL to

SU5, the peptide mxture of SU6 to SULO, etc. - 26 - [0054] 2)
Preparati on of Monocyte-Derived Dendritic Cell and CD4-Positive T Cel

Per i pher al od nononucl ear, cells (hereinafter referred to_as PBMC) were
separ at ed fFS%Fﬁ@PFﬁh@PQISbPSo&hﬁfaﬁgaﬁPﬁ? REMBATRRCSE ﬁEAadenotype i's

HLA- DRB1* 01 1/HLA 901 usin icoll (Ficoll-Paque PLU Heal t hcar e)
| ayer net hod® BB 9“&8@ céiggﬁ ﬁFfrg MaRual, 2nd Sattion (&1

Spring Harbor Laboratory Press, 1989), and transforming
an appropriate host cell such as E. coli by the

expression vector. 1In the production, as mentioned above,
various operations, such as addition of His-tag, used in
the production of a recombinant polypeptide can be
applied.

[0042]

The polypeptide of the present invention can also be
chemosynthetically produced using an amino acid modified
by various protecting groups as a raw material. Methods
for organochemically synthesizing a polypeptide without
using a gene or a host cell are well known to those
skilled in the art. For example, "Jikken Kagaku Koza
(Courses in Experimental Chemistry) 16, 5th edition,
Yukikagobutsu-no-Gosei (Synthesis of Organic Compounds)
IV" (Saburo Aimoto et al., The Chemical Society of Japan)
or the like describes various methods for chemical
synthesis of a polypeptide, by any of which methods the
polypeptide of the present invention can be synthesized.
The polypeptide can also be synthesized by using a
commercially available apparatus commonly referred to as
a peptide synthesizer.

[0043]
By incubation with antigen-presenting cells and CD4-

positive T cells under appropriate conditions, the



were plated on a 24-well plate and cultured in a 5% human serum cont ai ni ng
medi um (1 nmb of 5% human serumin AlMV) supplenented with reconbi nant
IFN-1, (final concentration of 10 ng/nL) at 37Cin a CX2 incubator. Two
hours later, the resultant was treated fth mtonycin C (MMC, Kyowa Hakko)
for 45 mnutes to inactivate the PBMC. The remai ni ng adherent PBMCs after
washing the MMC were referred to as nonocyte-derived antigen-presenting
cells (PBI\/C—Agg Further, CD4-positive T cells were obtained from

non- adher enPCPBRES "¢ BBVESRERART JoBPaIVRe§3Fn 1RAYGEL ithe 6P 4PBMEd tAT Ui ng
Easy Sep (VERI| TAS). 055 3) Establishnment.of Th,Cell . G oup

Conpri si ng gﬁra;{‘?h)cee%g %h%é'sﬁ?lﬁ%tiﬁh%e%f?ﬁ%ng lnv%?%ﬁ?tﬁ}éoof t he
PBMCs- Ad pr Ln_thi anpl e . n - Lt .cells (1x106

cel | s/ wel | )E\Ei)\gg’?gfgr ?eg‘l%i%ﬁg?hgg%r é‘?ejﬁgég& hﬁggé%t %gg-gil%l\%hiscé)h% Ve
Survivin overharphBag PeBLLAES1PHERRE A LAAYRLS sEXauRlie egriied (M X1
to M X5, final conceﬁtrati oﬁ o?blg - 27 -/pg/ ) ilnll r% \gﬁcg(;}?ﬁ)&% n serum

in AMV inia G@rbnﬁﬂbﬂgéﬁ—gﬁregggti%%gééhl_s exphbk8hingeven dawssf rmgm the
start of the co-culture, autol ogous -positive T cells during the

cul turing weoeetastsputatedosstnget hecPBVES- Addt ERat adovktRekegambidnant

IFN-1, as on the first day and the peptides M X1 to MX5. After a further

two days, reconbéepantiel L-Th wascaddetbrt o0 B faddlt comcemt Tat2 pnooé d0U ni.

Further, on Day 14 fromthe start of the co-culture, the second

restimul at i mareast peFfoy med. o t hendPBMOsE AL pt epar Boodbye $ hersanme t r eat nent

as on Day 7 and on the autol ogous CD4-positive T cells cultured for 14

days. Furt heffbpeabhytefded, daydesrviichecepditionsy héhéocedlleuran the same

restinulation as on Day 14 was repeated. [0057] The cells were

col | ect ed, A PAIGCI6VEFT REBOEEDSM pFETE FBD B PG ehcks)4 whtht B0 pi, of

5% human Sefé’@ﬂlﬁ AlMV, each of MX1, MX2, MX3, MX4, and M X5 (10

| Ag/ ML) was added to the PBMCs (1x105 cells/well) and the Th cell group

(4x104 cel I /well i Sl . cel previ - i n L th
Z%gﬁ%ﬁﬂﬁﬁ%%ﬁéﬁ%géﬁg}#éi4&&1, aé(%gﬂéﬁéﬁéﬁ §%% r%%nin a

PE-1| abel ed anti - anti e resultants were co-cul tu

CO2 incubatpy @37 fOh12 RMOULSs Thergaltes dndl Leof Q&ﬁi@ggggefx@;@oo
t.tg/mL (BFA; Sigma, Ayrshire) was added and the resultants were further

co- cul tured:-Tois 41 hows BecThes Ceh | st yeser £0bE ecteeimpand 280yMi knhof Fi xation
and Perneabilization - 28 - solution (BD Biosciences) was added thereto.

Af ter bei ngidefudd B stand, atadoorhd@apenatatetsd oin@0nohAut es, the resul tant
was washed with 0.5% BSA/ PBS. FITC-l abel ed I FN-7 anti bodi es were added to
the resul t atglifigcit Mess transfectant as well as dendritic cell, but
are not limited thereto. As for incubation, the above-
described polypeptide, antigen-presenting cells, and CD4-
positive T cells may be simultaneously incubated, or
after the polypeptide of the present invention and the
antigen-presenting cells are incubated, they may be
incubated together with the CD4-positive T cells. The
conditions of the incubation of the peptide of the
present invention, the antigen-presenting cells
expressing HLA class II molecules on their surface, and

the CD4-positive T cells, as mentioned above, can be

determined according to the incubation conditions in a



stained at roomtenperature for 15 mnutes. The resultant was washed with
0. 5% BSA/ PBS, and a fluorescence signal was incorporated thereinto using

fl omcytonetry (FACS Calibur, BD Biosciences). By using Cell Quest TM (BD

Bi osci ences), 3-colour analysis was perjoroed. The results are shown in
Figure 1. [0058] As shown in Figure 1, a Th cell group conprising
Sur/Th cells which react specifically wth M X4 was obtai ned. [0059] 4)

I dentification of Pol he pol ypeptide was identified by using

peptide_ .
the Th cel | SGFBGp B‘SFé‘Pﬁlehyi Wheids téﬁa{%&ﬁé@fi CONpIcsi g SHSERLES |'s which
react specific with M X4. bott m plate (BD
Biosciences% %kﬁ 58619FE 8F6§% %&H& C?&#ﬁ lﬁ E%ﬁig%Aeg AS5f T8ULe, SULS,
SU20, SU21, n tration of .10 /m., to
the PBMCs (Tx?gg§ g5 g%gﬁdt@h e+l%gceP%%gl%g[l%pt ety a“t|l|gFmeq1
previously stai,ped Wr-bh Bﬁnt belied anti ~Ch4 canti bodi ehle 1 grouP
conprising the above- descrlbgd SurYTh Cg||SSWhIC% re§§F %%gg%fhgg o - 29
- with cell geysirngeM X4. TTheckesul tants were co-cultured in a CO2 |ncubator
at 37C for 2 hours. Thereafter 4 tL each of brefeldine A 500 tig/nm (BFA
Sigma, Ayrshooey»iwas added and the resultants were further co-cultured for
4 hours. The cells were collected, and 200 tIL of Fixation and
Permeabi | i zat i orrcodtdinmn (B iB: oscilentes] was @oddeent henetotidhf er bei ng
|l eft to stand at roomtenperature for 20 mnutes, the resultant was washed
with 0.5% BSArPBS. CFliE}Cabeb@dlnﬁupydaﬁndbodﬂégraérenaddEdOtby each
resultant, which was stained at roomtenperature for 15 m nutes. The
resul tant waSlhasSheddwrthi PRS- REREENRAIRG 0°5iFBSAT GRA-ROPLESVEsEence

I ted th t fl t t FACS Calib BD
Bi oacl encesyo. By UETRg" GBI CHBGL THI | BB BPOSLHEnbBey = 3¢ Lol B0F 'aﬁé[ys. s was

E?éL?ghS? t%gf@%%grvgélg%eo hom@eén F g?ﬂg?géﬁ%rggél§H%d?§?%%ﬁ?§ express
| FN-y 'n_th@%&@lf&éy@%fnﬁ@é%mm %ﬁhg\ﬂép&g&d Lhah 3 e HBS 3 acitic to

pol ypepti de havi ng epitopes presented cl ass
Survivin. into the patient can activate the immune system of the
patient him/herself and cause regression of tumor cells.
[0046]
The polypeptide of the present invention, by
administering it to an appropriate animal such as a
rabbit, can induce in the animal antibodies that can
specifically recognize Survivin. Such antibodies can
specifically detect presence of cells expressed by
Survivin, i.e., presence of cancer cells, and therefore
can be utilized in efficient diagnosis of malignant
neoplasms.
[0047]
The therapeutic agent for malignant neoplasms of the

present invention may contain tumor antigens and Th cells

specific to the tumor-specific antigen; it may also



[ 0062] <Exanpl e 2> Exam nation of HLA-DRB1*0101-Restricted 5U18
Recognition Site 1) Confirmation of HLA-Restrictivity - 30 -
HLA-restrictivity for SUL8 was confirnmed by using inhibitory antibodi es and
the Th cell group obtained in Exanple_154)_conprising Sur/Th cells which
react specifically mﬁth SU18. [0063] In a 96-well U bottomplate (BD
Bi osci ences) with 200 ' AL of 5% human serumin AlIMYV, each of anti-HLA-DP
anti bodi es (Serotech), anti-HLA-DQ anti bodi es (Serotech) and anti-HLA-DR
anti bodi es BDCBiBscientss) efasnaddbal tHeArT pRafc8snéékt N&ti on of 5
p,g/nL, to th FB (1x105 cells/well) and the_ above- descrlbed Th cel
group (5x10ﬁn§é - Flyaébﬁﬁﬁlgﬁﬁépéﬁp PhEeBRPE LXhERY E8E specifically

h suil8. Th ltured in t f SU18 peptid
' a o | nbababgRtabiaie FEh8sn Rlipt AP rlRcrE: LEG T P e PN

cont ai ned ';ngggdgghwrsrseﬂsr Ialant RS IRasy 99][ S 09O ELE PO kIt (BD

Bi osci ences e results are shown in

Figure 3, tQgehahfaktmgmleﬁahEhhéépmagﬂgcgfoehgy Eegeﬁ@tanUEét@Bna&%'bod'es
confirmed that SU18 was reéstricted by HLA-DR 8 Confirmation of

HLA- DR- Rest pir6té¥hbYy in thSi neemt Be ﬁLAug@aQtM@@u@&ohh@rh@ahEQMlundlVIdual
whose peri pheral bl ood was taken in Exanple 1-2) was HLADRB1*0101 and

HLA- DRB1* 09044l i kh Ae DREr eshr scbbViyt yewasn £hdltumeonbhelgdnby ausli nge

al | ogenei c antigen-presenting cells to the Th cell group obtained in

Exanpl e 1- 4¥hcoaptssspgeBlis Thoceheéstwhochspeactispeokfipeably with SULS.
[0048]

Non-limiting examples of the buffer solution include
a neutral buffered saline or a phosphate-buffered saline.
The buffer solution may further contain saccharides such
as glucose, mannose, sucrose, dextran, and mannitol,
proteins, amino acids, antioxidants, bacteriostatic
agents, chelating agents (e.g., EDTA or glutathione),
adjuvants (e.g. aluminum hydroxide), osmoregulatory
agents, suspensions, thickening agents, and/or
preservatives.

[0049]

Although the therapeutic agent for malignant
neoplasms of the present invention is preferably in the
form of a mixture of tumor antigens and Th cells specific
to the tumor-specific antigens, the agent may also be in
the form of so-called a kit in which the tumor antigens
and the Th cells specific to the tumor-specific antigens,

which can be administered in admixture when used, are

stored separately.



[ 0066] Each of SU18 (cognate) and control peptides (irrelevant) was
added, to a final concentration of 10 1.tg/nL, to all ogeneic PBMCs (1x105
cells/well) whose HLA genotypes are HLA- DRB1*1201/ HLA- DRB1* 1405,
HLADRB1* 0410/ HLA- DRB1* 1201, HLA- DRB1* 0405/ HLA- DRB1* 0901,

HLA- DRB1* 0401/ HLA- DRB1* 0901, HLA- DRB1*0101/ HLA- DRB1*0802, and

HLA- DRB1* 0101/ HLA- DRB1*0101. After 2-hour treatnent, each resultant was
co-cultured with the above-described Th cell group (5x104 cel I /well)
conprising SHPPPH cells which react speC|f|caIIy with SU18 in a 96-wel
U-bottom pl ate (BD B|050|ences% 5% human serumin AIMV in
a CO2 incubator at®37Eesort o2y %%?%OHAW%%£1?ﬂ§ %%I@%F?ﬁb ghé“l@ﬂ??

cont ai ned i %he cu |ture sgpe%gat L neasgre by u3|ngtan ELI SA kit (BD
BIOSCIEHCES? Thé gsuﬁys r 8*sHBw i n % 4. - 100677°° As shown in

Fi gure 4, a t t he PBMC whose HLA
genotype is Eﬁiﬁggig %%1#&?A}Eé§E¥83%§ %Qég%?§8101/HLA- DRB1*0101 was
used, SU18 was confirmed to be restricted by HLADRB1*0101 anong HLA- DR
[0068] - 32 - 3) Confirmation of Recognition Site in Partially
Del et ed SUlBxamplesThe recognition site in partially deleted SU18 was
confirnmed by using the Th cell group obtained in Exanple 1-4) conprising
Sur/ Th cel l soabith react specifically with 5Ul8 and the overl appi ng
peptides Ti to T1l1l shown in Table 2, which are peptides for stinulation.
[0069] [ Tabl e 2]<ERanEHKKHSSGACARLL Seirenicen Nof 26132

1) Synthesis of Peptide

From the N terminus to C terminus of Survivin, a
total of 25 types (referred to as SUl to SU27) of 19 to
20-amino acid residue peptide (Table 1) having an
overlapping sequence of 7 to 8 amino acids at the C
terminus and/or N terminus were designed, for example, a
peptide composed of 1st to 20th amino acid sequence of
Survivin-2B (SEQ ID NO:56), a peptide composed of 8th to
27th amino acid sequence thereof, and a peptide composed
of 14th to 34th amino acid sequence thereof, each of

which was chemically synthesized.



EHKKHSSGCAFLS Sequence No. 27 13 EHKKHSSGCAFLSV Sequence No. 28 14
EHKKHSSGCAFLSVK Sequence No. 29 15 HKKHSSGCAFLSVKK Sequence No. 30 16

KKHSSGCAFLSVKKQ Sequence No. 31 17 KHSSGCAFLSVKKQF

- 25 -
[0052]
[Table 1]
SU1 | MGAPTLPPAWQPFLKDHRIS Sequence No. 1
SU2 | PAWQPFLKDHRISTFKNWPF Sequence No. 2
MIX1 SU3 | LKDHRISTFKNWPFLEGCA Seaquence No. 3
SU4 | FKNWPFLEGCACTPERMAEA | Sequence No. 4
SU5 | EGCACTPERMAEAGFIHCP Sequence No. 5
SU6 | PERMAEAGFIHCPTENEPDL Sequence No. 6
SU7 | GFIHCPTENEPDLAQCF Sequence No. 7
MIX2 SU8 | PTENEPDLAQCFFCFKELE Sequence No. 8
SU9 | DLAQCFFCFKELEGWEPD Sequence No. 9
SU10 | FFCFKELEGWEPDDDPIG Sequence No. 10
SU11 | ELEGWEPDDDPIGPGTVAYA Sequence No. 11
SU12 | DDDPIGPGTVAYACNTSTLG Sequence No. 12
MIX3 SU13 | GTVAYACNTSTLGGRGG Sequence No. 13
SU14 | NTSTLGGRGGRITREEHK Sequence No. 14
SU15 | GGRGGRITREEHKKHS Sequence No. 15
SU16 | RITREEHKKHSSGCAFL Sequence No. 16
SU18 | EHKKHSSGCAFLSVKKQFE Sequence No. 17
MIX4 | SU20 | GCAFLSVKKQFEELTLGEF Sequence No. 18
SU21 | VKKQFEELTLGEFLKLDRER Sequence No. 19
SU22 | LTLGEFLKLDRERAKNKIAK Sequence No. 20
SU23 | KLDRERAKNKIAKETNNKKK | Sequence No. 21
SU24 | KNKIAKETNNKKKEFEETAK | Sequence No. 22
MIX5 | SU25 | TNNKKKEFEETAKKVRRAIE Sequence No. 23
SU26 | EFEETAKKVRRAIEQLA Sequence No. 24
SU27 | AKKVRRAIEQLAAMD Sequence No. 25
[0053]

In addition, five types of peptide mixtures (MIX1 to

MIX5) composed of five peptides were prepared in the

order from SUl to SU27 (SUl7 and SU1l9 were retired), for

example, the peptide mixture of SUl to SU5, the peptide

mixture of SU6 to SUL0D, etc.



Sequence No. 32 18 HSSGCAFLSVKKQFE Sequence No. 33 19 SSGCAFLSVKKQFE
Sequence No. 34 110 SGCAFLSVKKQFE Sequence No. 35 111 GCAFLSVKKQFE Sequence
No. 36 [0070] In a 96-well U-bottom plate (BD Bi osciences) with

- 26 -

[0054]

2) Preparation of Monocyte-Derived Dendritic Cell
and CD4-Positive T Cell

Peripheral blood mononuclear cells (hereinafter
referred to as PBMC) were separated from peripheral blood
of healthy human whose HLA genotype is HLA-DRB1*0101/HLA-
DRB1*0901, using Ficoll (Ficoll-Paque PLUS; GE
Healthcare) layer method. PBMCs (2 x 10° cells/well)
were plated on a 24-well plate and cultured in a 5% human
serum-containing medium (1 mL of 5% human serum in AIM-V)
supplemented with recombinant IFN-y (final concentration
of 10 ng/mL) at 37°C in a CO, incubator. Two hours later,
the resultant was treated with mitomycin C (MMC, Kyowa
Hakko) for 45 minutes to inactivate the PBMC. The
remaining adherent PBMCs after washing the MMC were
referred to as monocyte-derived antigen-presenting cells
(PBMC-Ad). Further, CD4-positive T cells were obtained
from non-adherent PBMCs (PBMC-nonAd) obtained in
induction of PBMCs-Ad using Easy Sep (VERITAS).
[0055]

3) Establishment of Th Cell Group Comprising Sur/Th
Cell Using Synthetic Peptide

Co-culture of the PBMCs-Ad prepared in this Example
2) and CD4-positive T cells (1x10° cells/well) was
started in the presence of the peptide in which five
Survivin overlapping peptides prepared in this Example 1)

were mixed (MIX1 to MIX5, final concentration of 10



200 'IL of 5% human serumin AIMV, each of the overlapping peptides Ti to
T1ll was added, to a final - 33 - concentration of 10 .tg/nL, to the PBMCs
(1x105 cells/well) and the above-described Th cell group (5x104 cell/well)
conprising Sur/ Th cells which react spegjfically with SUL8. The resultants
were co-cultured in a CO2 incubator at 37C for 24 hours. After the
culturing, the IFN-y contained in the culture supernatant was neasured by
using an ELI SA kit (BD Biosciences). The results are shown in Figure 5.
[0071] HoABLshétinli BLFP§upé bumppogerha facPIthdt 1IPFR ¢Omas produced
and antigen-specific reaction was observed when the overl appi ng peptide
used was T6.{pEPEiraE Ph wHich the first two am no acids from each of the N
and C terniEH§5%§ SU18 were deleted), T7 (peptide in which the first one
amno acid fromthe N term nus of SU18 and the first three am no acids from
the C term nus 8 | et ( Ldeci L.ch Lrst four
am no acids frogé?ﬁ%gc§%€§§%éﬁggﬁfgéblgﬁ%eggg%glg%egyghﬁg ?%2%%?%é in which
the first fhveoaphbasacpdspbsomitherCotenni pusiah SWL8 weredeletedl T10
(peptide in which the flrs? six amno acids fromthe C term nus of SU18
were del et ed}ystandl Ited(pephydenenpphicehatiherbhEst gevanragbRGiacings from
the Ctermnus of SUL8 were deleted), it was confirnmed that at |east the
pepti de conprisy ngs tdre yept ftesofdSEQAD N 3de p AR SWKKQ (& mepsesent s
glycine; C cysteine; A alanine; F phenylalanine; L - 34 - leucine; S
serine; V vaftee;aKkfhyshae; tandd@ygl uraapne)nans abré wesi added to a
Survivin-specific Sur/Th cells. %0072] <Exanpl e 3> Exam nati on of
HLA- DRB1* 1201744 ADRBIeN 502t Rest f cl 8/ 818 Recdit i Oh Biyelq)from
Establishneg% of Th Cell (30%8 CDnPrising Sur/Th Cells | By the 28-day
co-cul ture GeToPuihy ¢ the ReThRvd tEScr FBBdSFROBRaRpFEIIU2FtARR BFS a Th

heal L ﬁ;"?ﬁoé’év’%%ﬁéaﬂ?ﬁ%r?ﬁé%ﬂ?%ﬁ%%?@%?r%ﬁﬁ%%&%ﬂﬁ%%l?%&%f’%%é‘%%ég?d o e
F i ' ] U
rovi ded Wit TR ti T ol e eie haOhoh e d PRt bR TR B of  human

serum and T&{aly 6ah Mo Seriim (2,9% MR SR, 25001 Sblagdl fesgrumin .
AlMV), PBMCs-Ad (5x104 cellsymell), reconbi nant 1L-2 (final concentration

of 20U/ nl) ,tuecordihagt dihe 7cdfbnptucoONcent r ahhonr-ft 1Qungl b, ad3ndn
phyt ohemaggl utinin (PHA, SEI KAGAKU Co., final concentration of 5 pginL).

The Th cel IDagy o «ds cedpéawedd) was added thereto and the resultant was
co-cultured in a C® incubator at 37C. [0073]
[0057]
The cells were collected, and in a 96-well U-bottom
plate (BD Biosciences) with 200 uL of 5% human serum in
AIM-V, each of MIX1, MIX2, MIX3, MIX4, and MIX5 (10
ug/mL) was added to the PBMCs (1x10° cells/well) and the
Th cell group (4x10? cell/well) comprising Sur/Th cells
previously stained with PE-labeled anti-CD4 antibodies,
and the resultants were co-cultured in a CO, incubator at
37°C for 2 hours. Thereafter 4 ul. of brefeldine A 500
ug/mL (BFA; Sigma, Ayrshire) was added and the resultants

were further co-cultured for 4 hours. The cells were

collected, and 200 pL of Fixation and Permeabilization



After 14 days fromthe start of the co-culture, the wells which showed

bl ast transformation of the cells were scaled up into a 48-well plate with
500 I'lL of 5% fetal calf serumin AIMV. Thereafter, restimnulation was -
35 - performed with the PBMCs-Ad pul sedygith SUL8 at 1-week intervals to
obtain Sur/Th cell clones. [0074] 2) Confirmation of Recognition Site
in Partially Del eted 5U18 The recognition site in partially deleteﬂ
SU18 was confirmed by the ELI SPOT assay descri bed bel ow using the Sur/T
cel | clonesSprEpar8d (PR BAPSCERARSSe TR SardioeRe thegtitdes REESEL PRENEL i on,

It O shg A Tabls 3, Lagrol (eble 3L B SAERGEAEL geqence v
resultant was washed with 0.5% BSA/PBS. FITC-labeled
IFN-y antibodies were added to the resultant, which was
stained at room temperature for 15 minutes. The
resultant was washed with 0.5% BSA/PBS, and a
fluorescence signal was incorporated thereinto using
flowcytometry (FACS Calibur, BD Biosciences). By using
CellQuestTM (BD Biosciences), 3-colour analysis was
performed. The results are shown in Figure 1.

[0058]

As shown in Figure 1, a Th cell group comprising
Sur/Th cells which react specifically with MIX4 was
obtained.

[0059]

4) Identification of Polypeptide

The polypeptide was identified by using the Th cell
group obtained in this Example 3) comprising Sur/Th cells
which react specifically with MIX4.

[0060]

In a 96-well U-bottom plate (BD Biosciences) with
200 uL of 5% human serum in AIM-V, each of SU16, SU18,
SU20, SU21, and SU22 was added, to a final concentration
of 10 pg/mL, to the PBMCs (1x10° cells/well) and the Th
cell group (4x10* cell/well) previously stained with PE-
labeled anti-CD4 antibodies, the cell group comprising

the above-described Sur/Th cells which react specifically



13 EHKKHSSGCAFLSV Sequence No. 28 14 EHKKHSSGCAFLSVK Sequence No. 29 15
HKKHSSGCAFLSVKK Sequence No. 30 16 KKHSSGCAFLSVKKQ Sequence No. 31 17
KHSSGCAFLSVKKQF Sequence No. 32 18

- 29 -

with cells using MIX4. The resultants were co-cultured
in a CO, incubator at 37°C for 2 hours. Thereafter 4 uL
each of brefeldine A 500 pg/mL (BFA; Sigma, Ayrshire) was
added and the resultants were further co-cultured for 4
hours. The cells were collected, and 200 uL of Fixation
and Permeabilization solution (BD Biosciences) was added
thereto. After being left to stand at room temperature
for 20 minutes, the resultant was washed with 0.5%
BSA/PBS. FITC-labeled IFN-y antibodies were added to
each resultant, which was stained at room temperature for
15 minutes. The resultant was washed with PBS containing
0.5% BSA, and a fluorescence signal was incorporated
thereinto using flowcytometry (FACS Calibur, BD
Biosciences). By using CellQuestTM (BD Biosciences), 3-
colour analysis was performed. The results are shown in
Figure 2.

[0061]

As shown in Figure 2, the observation of the cells
that antigen-specifically express IFN-y in the cells
supplemented with SU18 confirmed that SU18 was a
polypeptide having epitopes presented by HLA class II
molecules specific to Survivin.

[0062]

<Example 2> Examination of HLA-DRB1*0101-Restricted

SU18 Recognition Site

1) Confirmation of HLA-Restrictivity



HSSGCAFLSVKKQFE Sequence No. 33 19 SSGCAFLSVKKQFE Sequence No. 34 110
SGCAFLSVKKQFE Sequence No. 35 111 GCAFLSVKKQFE Sequence No. 36 - 36 -

The ELI SPOT assay was perforned by using an ELI SPOT plate (MAHA S4510,

M1 lipore) and an ELISPOT kit (Mabtech, sphacka). According to the nethod of
using the kit, specifically-induced Th cells and T-APCs were cul tured on
the ELISPOT plate coated with anti-human IFN-y antibodies (clone nane
1-D1K, mAb) at a _concentration of 2 g/nL in the presence of sufficient
amount of anti geRLPepeFHBSCTAVLEY §9rh69ﬂ§ W@én??ﬂ§l§mﬁﬁtb§fUﬁﬁégculture

the culture, sg Ernatant ga; shed Ef E iﬂ solu ion (0 OS@bTmeen
20/ PBS). Theé Broti-AyYaf8d  &ReT-SRufg aftibodi é%lp( P igech
concentrati /ol was furt de | at e, .and the

resul t ant mgg %%Fomed oCPg &t-Sat'9s ufé?% %g5r¥% gra€ﬁe resul tant was
washed agai g wi-th g ution above, each well was filled with 100
t1L of PBS/S repté&?glga% %H ???on (the kit above) and allowed to react at

room tenperappgg;for 1 hour. Then t he supernatant was washed away with the
washi ng sol ution above and the resultant was filled wi th BCl P/ NBT-Bul e

Li quid substrat ersoh ugé-ofe (5 grBd At 8Tad0- (Bhuteoseashies) Lhenresul tant
was washed with distilled water to stop the reaction. After conpletion of

the reactioppothe pkate wasadr seduandnt hem-trhecpeasurermrts nvarepmde by
usi ng CTL I mmunoSpot Pl ate Reader (Cellular Technol ogy). The results are
shown in Figokeb6difgs07Fprotech), anti-HLA-DQ antibodies (Serotech)
and anti-HLA-DR antibodies (BD Biosciences) was added, to
a final concentration of 5 pug/mL, to the PBMCs (1x10°
cells/well) and the above-described Th cell group (5><104
cell/well) comprising Sur/Th cells which react
specifically with SU18. The resultants were co-cultured
in the presence of SUl18 peptides in a CO; incubator at
37°C for 24 hours. After the culturing, the IFN-y
contained in the culture supernatant was measured by
using an ELISA kit (BD Biosciences). The results are
shown in Figure 3.
[0064]
As shown in Figure 3, the inhibition of IFN-y
production by the anti-HLA-DR antibodies confirmed that
SU18 was restricted by HLA-DR.
[0065]
2) Confirmation of HLA-DR-Restrictivity
Since the HLA genotype of the healthy individual

whose peripheral blood was taken in Example 1-2) was HLA-

DRB1*0101 and HLA-DRB1*0901, HLA-DR-restrictivity was



- 37 - As shown in Figure 6, antigen-specific reaction was observed
in T3 (peptide in which the first five amno acids fromthe N term nus of
SU18 were del eted) and T8 (peptide in which the first four am no acids from
the C termnus of SUL8 were deleted)._Hence, it was confirmed that SU18 was
able to induce Survivin-specific Sur/ Th cells even with deletion of the
first four amno acids fromthe Ctermnus or the first five amno acids
fromthe N term nus. Also, it becanme clear that SUL8 was a pol ypepti de

whi ch has i fffihotRefap¥utsdner pééPIRBELENPY tiACPaPTeRes bilids €SHILA dénot ype
is HLA- DRB1*0101/ HLADRB1* 0901 t .also.in_those who HLA genqtype is
HLADRBl*lzo’igﬁLi\éDﬁ% 1§591P[ Qggé]mea ln<E§é§ﬁlBﬁ8 43 LBy SRR For of

HLA- DQB1* 060Q1- tricted SUL8 Recagnition_Site.l) fi tion of

HLA Rest ri oo 1) et R R e o R T 5 Tay " BT ep SV ad f rom t he

peri pher al gg?@g of heal thy individual Y whose HLA genotype is

HLA- DQB1*03 LA—DCBl*OGOl by the sanme technique as that used in Exanple

1-2) and a Th cetdcigr QUPsEOIPL &S NG ST 4 Jd @@rll’&§ow‘;%é?§'t£§§-;§t speci fically
wi th 5Ul8 was obtained by the same technique as that used in Exanple 1-3)

and 4). HLA(1eséleehhY) t¥ab0RdSHAB WBSacenhkl MBEnBY¥nUESERGohNBIEbITOr Y
anti bodies and this Sur/Th cell group which reacts specifically with 5U18.

[0079] - 38y/mL, to &Dleg8beyel blkbottemnplaie { Bl Bi pseienees)aw th 200
| AL of 5% human serumin AIMYV, each of anti-HLA-DP antibodi es (Serotech),
ant i - HLA- DQyame t poels esr ¢ Sékbt eBR} * aRd1 ARLA-PRBI DR4AAL | Bbdi-es (BD

Bi osci ences) was added, to a final concentration of 5 tig/nL, to the PBMCs

(1x105 cel | 3RRkf 941 aAdLA heRRDbHYR0 HesBERpBBBTROGBP Y HERoOBBLER204  cel | / wel |)
conprising Sur/Th cells which react s ecificalli*mjth SU1 The resultants
S

wvere co-cul Ft elRPh™Y He! ptedzhielel of ° Sba g bepriE O?HléHé%Sbﬁﬁéﬁﬁépér at 37C
Super nat ant b et L0 By M REPan Bt G 1A HD BoRt crreeyte e
i bi 1 on B PAEY . BranCL or By LhEV SRR | “HEA. DO aney Baar 6 EBRP mod ¢ hat
SUL8 was reﬁﬁrééﬁfxbfghgifgi¥%4 E%ﬁ%%kell) comprising Sur/Th cells

which react specifically with SU18 in a 96-well U-bottom

plate (BD Biosciences) with 200 pL of 5% human serum in

AIM-V in a CO; incubator at 37°C for 24 hours. After the

culturing, the IFN-y contained in the culture supernatant

was measured by using an ELISA kit (BD Biosciences). The

results are shown in Figure 4.

[0067]

As shown in Figure 4, from the fact that IFN-y was

produced when the PBMC whose HLA genotype is HLA-

DRB1*0101/HLA-DRB1*0802 and HLA-DRB1*0101/HLA-DRB1*0101

was used, SUl8 was confirmed to be restricted by HLA-

DRB1*0101 among HLA-DR.

[0068]



2) Confirmation of HLA-DQ Restrictivity HLA-DQ restrictivity was
confirmed by using allogeneic antigen-presenting cells to the Th cell group
obtained in this Exanple 1) conprising Sur/Th cells which react
specifically with SU18. [0082] Eac, of SU18 (cognate) and control
peptides (irrelevant) was added, to a final concentration of 10 tig/nL, to
al |l ogeneic PBMCs (1x105 cells/well) whose HLA - 39 - genotypes are
HLA-DQBl*OSOl/HLA-DQBl*0302 HLADOB1* 0401/ HLA- DCQB1* 0602,

HLA-DCBl*0302/HL déB} papAt 1 amdo FILRe Bem b3/ Fi e DEB1P@Bbial At er 2- hour
t reat nent, ﬁag gv\g ﬁ nt was co-cultured with the above-described Th cell
group (5x104°L&FPAnRY ? conprising Sur/Th cells which react specifically

ith SULS8 i [l U-Dbott | at BD B OIllIL of 5%
\PI1Murran ser ulmni?l1 A vv\efl " %m%@glmn%u%%te]o Bt %l?%ﬂgpgﬁigﬁ EU% fYer tﬁe

cul turi ng, {:gﬁf@%@a hai R§d D %ﬂe#ht HESP BEFATLAN. JHaR. RASY ed by

using an EL I oscrences s are s own i n ure 8.

[ 0083] 1 shawn; | [ a a not

pr oduced vvhenéxtﬁhe P%Q w%ﬁogggﬁfﬁ Séﬁg?ygggfé E%,%\EEQBE %gglﬁﬁ\é%-iﬁwl*OBOZ
and HLA- DQBL1 08020 He As BXBLA Q484 was yﬁﬁ %Qgtibéb rENcd was preduced when
t he PBMC whose HLA genotype is HLA- 0301/ HLA- DQB1* 0601 was used, SULS8
was confirnedbte be WEﬁthlafedpbyttﬁésEEB&*QS@ﬁuaHﬁmgnHLA-DQ. [0084]

3) Confirmation of Recognition Site in partially deleted 5U18 The
recogni tion Ei@@lJn partially deleted SU18 was confirnmed by using the Th
cell group obtained in this Exanple 1-1) conprising Sur/Th cells which
react specificallBaliige #I1SUL8 and the overl apping peptides Ti to T10 shown

in Table 3, which are peptides for stinmulation. - 40 -
Tl |EHKKHSSGCAFL Sequence No. 26
T2 |EHKKHSSGCAFLS Sequence No. 27
T3 (EHKKHSSGCAFLSV Sequence No. 28
T4 |EHKKHSSGCAFLSVK Sequence No. 29
To  |HKKHSSGCAFLSVKK Sequence No. 30
T6 |KKHSSGCAFLSVKKQ Sequence No. 31
T7 |KHSSGCAFLSVKKQF Sequence No. 32
T8 |[HSSGCAFLSVKKQFE Sequence No. 33
T9 |SSGCAFLSVKKQFE Sequence No. 34
TLO0 [SGCAFLSVKKQFE Sequence No. 35
TLl |[GCAFLSVKKQFE Sequence No. 36
[0070]

In a 96-well U-bottom plate (BD Biosciences) with

200 puL of 5% human serum in AIM-V, each of the

overlapping peptides Tl to Tll was added, to a final



[ 0085] In a 96-well U bottom plate (BD Biosciences) with 200 !'IL of 5%
human serumin AIMYV, each of the overlapping peptides Ti to T10 was
added, to a final concentration of 10 lig/nL, to the PBMCs (1x105
cells/well) and the above-described Th g¢ell group (5x104 cell/well)
conprising Sur/Th cells which react specifically with SU18. The resultants
were co-cultured in a CO2 incubator at 37C for 24 hours. After the
culturing, the IFN-y contained in the culture supernatant was neasured by
usi ng an ELFSACRNEreBDOBi 8scilénsedyL, The tbsuPBYCardlsh8wn in Figure 9.

[ 0086] As shown in Figure 9, fromthe fact that IFN-y was produced
and anti gencSpesiVEell edbti 6hewasosBserved i kfen ThhecovePrappi ng*pépt i de
used was T3 ti in which.the fir fi am no,acids _fromthe N
Lorminus of SRR Rers HelBraa) hoTabrhahe PRLSF A RRrenERES | rat four amino
acids from Nt b US - ptide i Lch the
first three5§§$%%£g%?%g ?%2%1?ﬁ%gerggﬁgﬁ%gﬁggg%iﬁgwéﬁg %%eg¥%€%¥ggne am no
acid fromtl r 5“?5: t,e 6 ( i.de,i.n which the
first two agﬁn% %@%32 réﬁ?ﬁggﬁgd$p?ﬁ§%%lgédq%?gg?nigggggf%§818 wer e

del eted), apdiddr{pgptifde ipywhichhiheddrst one &mmr@%%)éf@gtw@ N
term nus of SUL8 and the first three am no acids fromthe term nus of
SU18 were dehetedysurédwag aebhiyrardetban attl eabt Bibecpeptiede. -THd -
conprising the peptide of SEQ ID NGO 57, KHSSGCAFLSV (K represents |ysine; H
hi stidi ne; Ssetitnears ghyennen Cigystebne; A al anine; F phenylal anine; L

| eucine; and V valine) was able to induce a Survivin-specific Sur/Th cells.
[ 0087] [0@QYllonfirmation of Recognition Site in Partially Substituted
Su18 The recognition site in partially substituted SU18 was confirned
by using the ThZeel9nqgioup: dbtiifed i nf1id stiEsxaptte GhatobNTsiweg Sur/ Th

I1's which t ifically with SU18 and th tiall tjtuted
popt | dos SIPTG 17 Bopt 1HGkeTRIRTF bt at [ORCENoM T h SABFEVAT IRSHni ch

h am id : bstitut it h.al anine. (A) . L yci G
Coose) 1 o B eeh{O R f by B DR Eheee) T A BobRel 1 o
5% human sefumy nopl My, o, each; of EP&npéé&lflaJi%yﬁé'bﬁtéﬁHt@dﬁgﬁﬁgkggs 51 to

S17 was added, to a final concentration o g/n, to't (1x105

cel I s/ vel | )o angty the, ahoves doscdj beth Thh&el | agr oupwik X 0dngekt fuel L) e
conprising Sur/Th cells which react specifically with SU18. The resultants

wer e co- culdmires ddi@ G iteaihatsrdindd Gf osu L4 hedrsne AFtestt he

culturing, the IFN-7 contained in the culture supernatant
three amino acids from the C terminus of SU18 were
deleted), T8 (peptide in which the first four amino acids
from the C terminus of SU18 were deleted), T9 (peptide in
which the first five amino acids from the C terminus of
SU18 were deleted), T1l0 (peptide in which the first six
amino acids from the C terminus of SUL8 were deleted),
and T1l (peptide in which the first seven aminoc acids
from the C terminus of SUl18 were deleted), it was
confirmed that at least the peptide comprising the

peptide of SEQ ID NO:37, GCAFLSVKKQ (G represents

glycine; C cysteine; A alanine; F phenylalanine; L



was neasured by using an ELISA kit (BD Bi osciences). The results are shown
in Figure 10. - 42 - [0089] As shown in Figure 10, it was confirned
that 1FN-y was hardly produced when the partially substituted peptide used
was S4 (peptide in which lysine, the foysth fromthe C term nus of SU1S8,
was substituted with alanine), S5 (peptide in which histidine, the fifth
fromthe C term nus of Sul8, was substituted with alanine), S7 (peptide in

whi ch serlnﬁ the seventh fromthe C term nus of SU18, was substltuted wth
al ani ne) 8u§9ane§t§8€lPﬁ wii ER1ePST efndyStRE ‘niPRch O PSMEERENE )t er i nus

of SU18, was subéﬁ ted p@ Etg C|ne : Thatﬁk;xﬁk%%ﬁgs czgflrned t hat at
| east the p&ptid SEd” M REKEXE Srepresents any
am no aci d; [505 ine; H hlstldlne, S serine; and C cystelne) was able to
i nduce Survivin: peci fic Sur/Th ceIIs - 43 - CLAIMS 1. A pol ypeptide,

comprising any ong. g hesan o, actd: seayenges-alat 0 9): betaw and having a

cyt oki ne- produci ng ac |V|ty in s specific to Survivin: a) An am no

aci d SequengﬁBﬂe@5©§eﬁé§€rﬁﬁt§§QSU@8Nﬁ%é%gnlbﬁoﬁnS@ﬁbno acid sequence in
whi ch one to several tens of any am no acids are added to the N term nus

and/ or C telmi pusabiikhreani 66 ani desequence ceppesenhgdshy /SEQckD1No: 17;
c) An am no acid sequence in which one to four amno acids at the N

term nus of the Byntoe a28-tsequencel teps esendedi by SEQH® hotAddar e
deleted; d) An amino acid sequence in which one to five am no acids at the
C term nus @¢schebadi ho Bshdpieqlehteandppesent 8 bylSEQrbDPNo: 17 are
deleted; e) An am no acid sequence in which one to several amno acid

resi dues of CPRRLAM PG aeF TBednbhee"RepPESRAL B BYOBERQPFBPNEr2? are
substltuteggf%d/or del ete am no aci d sequence in which one to

sever al P anf %n?%%?z%ydin%%%lﬁaaédeBSFhaLﬁ PePRFHES aAdfief-C
t 1 f d h d
resi dues of "Ehb i h6TGeT HREEATRTE, Mafuithe o by RO 1D kbR afe
SUbSt'tUteQC@fﬂlgfoQEJeéegé—ﬁggl U-bottom plate was provided with

the culture containing 200 pL of the complex medium of

human serum and fetal calf serum (2.5% human serum, 2.5%
fetal calf serum in AIM-V), PBMCs-Ad (5x10% cells/well),
recombinant IL-2 (final concentration of 20U/mL),
recombinant IL-7 (final concentration of 10 ng/mL), and
phytohemagglutinin (PHA, SEIKAGAKU Co., final
concentration of 5 pg/mL). The Th cell group (1
cell/well) was added thereto and the resultant was co-

cultured in a CO, incubator at 37°C.

[0073]
After 14 days from the start of the co-culture, the
wells which showed blast transformation of the cells were

scaled up into a 48-well plate with 500 uL of 5% fetal

calf serum in AIM-V. Thereafter, restimulation was



g) An ami no acid sequence in which one to five amno acids at the N
termnus and/or C termnus of the am no acid sequence represented by SEQ ID
No: 17 are deleted, - 44 - wherein one to several am no acid residues are
further substituted. 2. The pol ypeptidgsaccording to claim1, wherein a
pol ypeptide conprising the am no acid sequences b) to g) has an epitope of
a pol ypeptide conprising the am no acid sequence represented by SEQ ID

No: 17, the epitope inducing Th cells specific to Survivin from CD4-positive

T cells. 3PSALRGEEE ¥1a8i §henEsliCsg the psiefpeptiidéVade sidilngy ek claim 1
or 2. 4. A,vector _conprising the | ei ¢ acid according to claim3. 5. An
ant i body thé?ggﬁgéﬁfigglP;tﬁgﬁdgugg%ﬁhgegél§ﬁ86@§de according to claim1 or
2. 6. A vaﬁgbgg}for i mrunot herapy for nalignant neopl asns, conprising at

| east one of "the polypeptides according to clainms 1 and 2 as an active
ngredient. 7. 4 mebhotfor: bAJUET RO-IBnEEL LS SPECT ThCRLRLBYEYiVI N,
conprising a process for incubating in vitro at Teast one of t

pol ypepti depeasegrdiknggto clains 1 and 2, antigen-presenting cells and
CD4-positive T cells. 8. A therapeutic agent for malignant neopl asns,

conprising the pohypeptdgiei aceorsing 1o shat il pra2iandqThueel kissspecific
to the pol ypeptide or Survivin.
confirmed by the ELISPOT assay described below using the
Sur/Th cell clones prepared in this Example 1) and the
peptides for stimulation, T1 to T10 shown in Table 3.
[0075]

[Table 3]

T1 |EHKKHSSGCAFL Sequence No. 26
TZ |EHKKHSSGCAFLS Sequence No. 27
T3 |EHKKHSSGCAFLSY Sequence No. 28
T4 |EHKKHSSGCAFLSVK Sequence No. 29
T6  |HKKHSSGCAFLSVKK Sequence No. 30
T6 |KKHSSGCAFLSVKKQ Sequence No. 31
T7  |[KHSSGCAFLSVKKQF Sequence No. 32
T8 |HSSGCAFLSVKKQFE Sequence No. 33
T9 [SSGCAFLSYKKQFE Sequence No. 34
T10 |SGCAFLSVKKQFE Sequence No. 35
Til |GCAFLSVKKQFE Sequence No. 36

[0076]



SEQUENCE LI STI NG <110> Bi oi mmul ance Co., Ltd. <120> PARTI AL PEPTI DE OF
SURVI VI N PRESENTED ON MHC CLASS |1 MOLECULE AND USE THERECF <130>
PCT0320BI - SG <140> PCT/ JP2009/ 056649 <141> 2009-03-31 <150> JP 2008- 093292
<151> 2008-03-31 <160> 57 <170> Patentlfversion 3.1 <210> 1 <211> 20 <212>
PRT <213> Hono sapiens <400> 1 Met Ay Ala Pro Thr Leu Pro Pro Ala Trp G n
Pro Phe Leu Lys Asp

The ELISPOT assay was performed by using an ELISPOT
plate (MAHA S4510, Millipore) and an ELISPOT kit (Mabtech,
Nacka). According to the method of using the kit,
specifically-induced Th cells and T-APCs were cultured on
the ELISPOT plate coated with anti-human IEFN-y antibodies
(clone name 1-D1K, mAb) at a concentration of 2 ug/mL in
the presence of sufficient amount of antigen peptides.
After 20 hours from the start of the culture, the culture
supernatant was washed with the washing solution (0.05%
Tween 20/PBS). The biotinylated anti-human IFN-y
antibodies (mAb) at a concentration of 0.2 ug/mL was
further added to the plate, and the resultant was allowed
to react at 4°C for 16 hours. After the resultant was
washed again with the washing solution above, each well
was filled with 100 pL of PBS/streptavidin-AP solution
(the kit above) and allowed to react at room temperature
for 1 hour. Then, the supernatant was washed away with
the washing solution above and the resultant was filled
with BCIP/NBT-Bule Liquid substrate solution (Sigma).
After 10-minute reaction, the resultant was washed with
distilled water to stop the reaction. After completion
of the reaction, the plate was dried and then the
measurements were made by using CTL ImmunoSpot Plate
Reader (Cellular Technology). The results are shown in
Figure 6.

[0077]



151015 His Arg Ile Ser 20 <210> 2 <211> 20 <212> PRT <213> Honp sapi ens
<400> 2 Pro Ala Trp G n Pro Phe Leu Lys Asp H's Arg Ile Ser Thr Phe Lys
151015 Asn Trp Pro Phe 20 <210> 3 <211> 19 <212> PRT <213> Honp sapi ens

- 37 -

As shown in Figure 6, antigen-specific reaction was
observed in T3 (peptide in which the first five amino
acids from the N terminus of SU18 were deleted) and T8
(peptide in which the first four amino acids from the C
terminus of SU18 were deleted). Hence, it was confirmed
that SU18 was able to induce Survivin-specific Sur/Th
cells even with deletion of the first four amino acids
from the C terminus or the first five amino acids from
the N terminus. Also, it became clear that SU18 was a
polypeptide which has immunotherapeutic effect not only
in patients whose HLA genotype is HLA-DRB1*0101/HLA-
DRB1*0901 but also in those whose HLA genotype is HLA-
DRB1*1201/HLA-DRB1*1502.

[0078]

<Example 4> Examination of HLA-DQR1*0601-Restricted
SU18 Recognition Site
1) Confirmation of HLA-Restrictivity

CD4-positive T cells were prepared from the
peripheral blood of healthy individual Y whose HLA
genotype is HLA~-DQB1*0302/HLA-DQB1*0601 by the same
technique as that used in Example 1-2) and a Th cell
group comprising Sur/Th cells which react specifically
with SU18 was obtained by the same technique as that used
in Example 1-3) and 4). HLA-restrictivity for SU18 was
confirmed by using inhibitory antibodies and this Sur/Th
cell group which reacts specifically with SU18.

[0079]



<400> 3 Leu Lys Asp His Arg Ile Ser Thr Phe Lys Asn Trp Pro Phe Leu Gu
151015 dy Cys Ala <210> 4 <211> 20 <212> PRT <213> Honp sapi ens <400> 4

Phe Lys Asn Trp Pro Phe Leu Gu Gy Cys Ala Cys Thr Pro Gu Arg 151015 Met
Ala Gu Ala 20 <210> 5 <211> 19 ~ 38 -

In a 96-well U-bottom plate (BD Biosciences) with
200 puL of 5% human serum in AIM-V, each of anti-HLA-DP
antibodies (Serotech), anti-HLA-DQ antibodies (Serotech)
and anti-HLA-DR antibodies (BD Biosciences) was added, to
a final concentration of 5 pg/mL, to the PBMCs (1x10°
cells/well) and the above-described Th cell group (5x10°
cell/well) comprising Sur/Th cells which react
specifically with SU18. The resultants were co-cultured
in the presence of SU18 peptides in a CO, incubator at
37°C for 24 hours. After the culturing, the IFN-y
contained in the culture supernatant was measured by
using an ELISA kit (BD Biosciences). The results are
shown in Figure 7.

[0080]

As shown in Figure 7, the inhibition of IFN-y
production by the anti-HLA-DQ antibodies confirmed that
SU18 was restricted by HLA-DQ.

[0081]

2) Confirmation of HLA-DQ-Restrictivity

HLA-DQ-restrictivity was confirmed by using
allogeneic antigen-presenting cells to the Th cell group
obtained in this Example 1) comprising Sur/Th cells which
react specifically with SU18.

[0082]
Each of SUI18 (cognate) and control peptides

(irrelevant) was added, to a final concentration of 10

pg/mlL, to allogeneic PBMCs (1x10° cells/well) whose HLA



<212> PRT <213> Hono sapiens <400> 5 QQu Gy Cys Ala Cs Thr Pro Au Arg
Met Ala Gu Ala Ay Phe Ile 151015 H's Cys Pro <210> 6 <211> 20 <212> PRT
<213> Honp sapiens <400> 6 Pro Gu Arg Met Ala GQu Ala Gy Phe Ile H's Cys
Pro Thr Gu Asn 151015 Gu Pro Asp Leu 2§ <210> 7

genotypes are HLA-DQB1*0301/HLA-DQB1*0302, HLA-
DOB1*0401/HLA-DQB1*0602, HLA-DQB1*0302/HLA-DQB1*0401, and
HLA-DOB1*0301/HLA-DQB1*0601. After 2-hour treatment,
each resultant was co-cultured with the above-described
Th cell group (5x10* cell/well) comprising Sur/Th cells
which react specifically with SU18 in a 96-well U-bottom
plate (BD Biosciences) with 200 uL of 5% human serum in
AIM-V in a CO; incubator at 37°C for 24 hours. After the
culturing, the IFN-y contained in the culture supernatant
was measured by using an ELISA kit (BD Biosciences). The
results are shown in Figure 8.

[0083]

As shown in Figure 8, from the fact that IFN-g was
not produced when the PBMCs whose HLA genotype is HLA-
DOB1*0301/HLA-DQB1*0302 and HLA-DQB1*0302/HLA-DQB1*0401
was used and that IFN-y was produced when the PBMC whose
HLA genotype is HLA-DQB1*0301/HLA-DQB1*0601 was used,
SU18 was confirmed to be restricted by HLA-DQB1*0601
among HLA-DQ.

[0084]

3) Confirmation of Recognition Site in partially
deleted SU18

The recognition site in partially deleted SU18 was
confirmed by using the Th cell group obtained in this
Example 1-1) comprising Sur/Th cells which react
specifically with SU18 and the overlapping peptides T1 to

T1l0 shown in Table 3, which are peptides for stimulation.



<211> 17 <212> PRT <213> Hono sapiens <400> 7 Gy Phe Ile Hs Cys Pro Thr
Gu Asn Qu Pro Asp Leu Ala G n Cys 151015 Phe <210> 8 <211> 19 <212> PRT
<213> Hono sapi ens <400> 8 Pro Thr G u Asn Au Pro Asp Leu Ala G n Cys Phe
Phe Cys Phe Lys 151015 Gu Leu Gu _ 44 _

[0085]

In a 96-well U-bottom plate (BD Biosciences) with
200 puL of 5% human serum in AIM-V, each of the
overlapping peptides Tl to T10 was added, to a final
concentration of 10 ug/mL, to the PBMCs (1x10°
cells/well) and the above-described Th cell group (5><104
cell/well) comprising Sur/Th cells which react
specifically with SU18. The resultants were co-cultured
in a CO; incubator at 37°C for 24 hours. After the
culturing, the IFN-y contained in the culture supernatant
was measured by using an ELISA kit (BD Biosciences). The
results are shown in Figure 9.

[0086]

As shown in Figure 9, from the fact that IFN-y was
produced and antigen-specific reaction was observed when
the overlapping peptide used was T3 (peptide in which the
first five amino acids from the N terminus of SU18 were
deleted), T4 (peptide in which the first four amino acids
from the N terminus of SU18 were deleted), T5 (peptide in
which the first three amino acids from the N terminus of
SU18 and the first one amino acid from the C terminus of
SU18 were deleted), T6 (peptide in which the first two
amino acids from each of the N and C terminus of SU1S8
were deleted), and T7 (peptide in which the first one
amino acid from the N terminus of SU18 and the first
three amino acids from the C terminus of SU18 were

deleted), it was confirmed that at least the peptide



<210> 9 <211> 18 <212> PRT <213> Honp sapi ens <400> 9 Asp Leu Ala G n Cys
Phe Phe Cys Phe Lys Qu Leu GQu Ay Trp Qu 151015 Pro Asp <210> 10 <211>
18 <212> PRT <213> Honp sapi ens <400> 10 Phe Phe Cys Phe Lys Qu Leu GQu
Gy Trp Gu Pro Asp Asp Asp Pro 151015 j{e_ Gy <210> 11 <211> 20 <212> PRT
<213> Hono sapiens <400> 11 Qu Leu Au Ay Trp Gu Pro Asp Asp Asp Pro Ile
Gy Pro Ay Thr

comprising the peptide of SEQ ID NO:57, KHSSGCAFLSV (K
represents lysine; H histidine; S serine; G glycine; C
cysteine; A alanine; F phenylalanine; L leucine; and V
valine) was able to induce a Survivin-specific Sur/Th
cells.
[0087]

4) Confirmation of Recognition Site in Partially
Substituted SU18

The recognition site in partially substituted SU1S8
was confirmed by using the Th cell group obtained in this
Example 1) comprising Sur/Th cells which react
specifically with SU18 and the partially substituted
peptides S1 to S17, peptides for stimulation shown in
Table 4, in which each amino acid of SU18 was substituted
with alanine (A) or glycine (G).
[0088]

In a 96-well U-bottom plate (BD Biosciences) with
200 pL of 5% human serum in AIM-V, each of the partially
substituted peptides S1 to S17 was added, to a final
concentration of 10 pg/mL, to the PBMCs (1x10°
cells/well) and the above-described Th cell group (5x10*
cell/well) comprising Sur/Th cells which react
specifically with SU18. The resultants were co-cultured
in a CO; incubator at 37°C for 24 hours. After the
culturing, the IFN-y contained in the culture supernatant
was measured by using an ELISA kit (BD Biosciences). The

results are shown in Figure 10.



151015 Val

Ala Tyr Ala 20 <210> 12 <211> 20 <212> PRT <213> Honmp sapi ens

<400> 12 Asp Asp Asp Prolle dy Pro Ay Thr Vval Ala Tyr Ala Cys Asn Thr

151015 Ser
<400> 13 4
151015 Ay

Thr Leu Ay 20 <210> 13 <211> 17 <212> PRT <213> Honp sapi ens
y Thr Val Ala Tyr Ala Cys Asp, Thr Ser Thr Leu Gy Gy Arg Gy
<210> 14 <211> 18 <212> PRT <%13> Hono sapi ens
[0089]

As shown in Figure 10, it was confirmed that IFN-y
was hardly produced when the partially substituted
peptide used was S4 (peptide in which lysine, the fourth
from the C terminus of SUL8, was substituted with
alanine), S5 (peptide in which histidine, the fifth from
the C terminus of Sul8, was substituted with alanine), S7
(peptide in which serine, the seventh from the C terminus
of SU18, was substituted with alanine), and S9 (peptide
in which cysteine, the ninth from the C terminus of SU18,
was substituted with glycine). That is, it was confirmed
that at least the peptide of SEQ ID NO:55,
XXXKHXSXCXXXXXXXXXX (Xaa represents any amino acid; K
lysine; H histidine; S serine; and C cysteine) was able

to induce Survivin-specific Sur/Th cells.



<400> 14 Asn Thr Ser Thr Leu Ay Gy Arg Ay Ay Arg lle Thr Arg Au GQu

151015 Hi s Lys <210> 15 <211> 16 <212> PRT <213> Honp sapi ens <400> 15 dy
Gy Arg dy Ay Arg lle Thr Arg Qu GQu H's Lys Lys His Ser 151015 <210>
16 <211> 17 <212> PRT <213> Hono sapi eng3<400> 16 Arg Ile Thr Arg Gu GQu
H's Lys Lys His Ser Ser Ay Cys Ala Phe 151015 Leu <210> 17 <211> 19 <212>

PRT
CLAIMS

1. A polypeptide, comprising any one of the amino acid
sequences a) to g) below and having a cytokine-producing
activity in Th cells specific to Survivin:

a) An amino acid sequence represented by SEQ ID NO:17;

b) An amino acid sequence in which one to several tens of
any amino acids are added to the N terminus and/or C
terminus of the amino acid sequence represented by SEQ ID
No:17;

c) An amino acid sequence in which one to four amino
acids at the N terminus of the amino acid sequence
represented by SEQ ID No:17 are deleted;

d) An amino acid sequence in which one to five amino
acids at the C terminus of the amino acid sequence
represented by SEQ ID No:17 are deleted;

e) An amino acid sequence in which one to several amino
acid residues of the amino acid sequence represented by
SEQ ID No:17 are substituted and/or deleted;

f) An amino acid seqguence in which one to several tens of
any amino acids are added to the N terminus and/or C
terminus of an amino acid sequence in which one to
several amino acid residues of the amino acid sequence
represented by SEQ ID No:17 are substituted and/or
deleted; and

g) An amino acid sequence in which one to five amino
acids at the N terminus and/or C terminus of the amino

acid sequence represented by SEQ ID No:17 are deleted,



<213> Honp sapiens <400> 17 Qu Hs Lys Lys Hs Ser Ser Ay Cys Ala Phe Leu
Ser Val Lys Lys 151015 G n Phe Qu <210> 18 <211> 19 <212> PRT <213> Hono
sapi ens <400> 18 Ay Cys Ala Phe Leu Ser Val Lys Lys Gn Phe u Qu Leu
Thr Leu 151015 Gy G u Phe <210> 19 <21]p 20 <212> PRT <213> Honb sapi ens
<400> 19 Val Lys Lys Gn Phe Qu Gu Leu Thr Leu Ay Gu Phe Leu Lys Leu
151015 Asp Arg Qu Arg 20

wherein one to several amino acid residues are further
substituted.

2. The polypeptide according to claim 1, wherein a
polypeptide comprising the amino acid sequences b) to g)
has an epitope of a polypeptide comprising the amino acid
sequence represented by SEQ ID No:17, the epitope
inducing Th cells specific to Survivin from CD4-positive
T cells.

3. A nucleic acid encoding the polypeptide according to
claim 1 or 2.

4. A vector comprising the nucleic acid according to
claim 3.

5. An antibody that specifically binds to the
polypeptide according to claim 1 or 2.

6. A vaccine for immunotherapy for malignant neoplasms,
comprising at least one of the polypeptides according to
claims 1 and 2 as an active ingredient.

7. A method for inducing Th cells specific to Survivin,
comprising a process for incubating in vitro at least one
of the polypeptides according to claims 1 and 2, antigen-
presenting cells and CD4-positive T cells.

8. A therapeutic agent for malignant neoplasms,
comprising the polypeptide according to claim 1 or 2 and

Th cells specific to the polypeptide or Survivin.
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Thr Asn Asn Lys Lys Lys GQu Phegfddtyce ListinG

<110>

<120>

Bioimmulance Co., Ltd.

PARTIAL PEPTIDE OF SURVIVIN PRESENTED ON MHC CLASS II MOLECULE

AND USE THEREOF

<130>

<140>
<141>

<150>
<151>

<160>
<170>
<210>
<211>
<212>
<213>

<400>

PCTO0320BI-SG

PCT/JP2009/056649

2009~

03-31

JP 2008-093292

2008~

57

03-31

PatentIn version 3.1

1

20
PRT
Homo

1

Met Gly Ala

1

His Arg Ile

<210>
<211>
<212>
<213>

<400>

2

20
PRT
Homo

2

Pro Ala Trp

1

Asn Trp Pro

<210>
<211>
<212>
<213>

<400>

3

19
PRT
Homo

3

Leu Lys Asp

1

sapiens

Pro Thr Leu Pro Pro Ala Trp Gln Pro Phe Leu Lys Asp
5 10 15

Ser
20

sapiens

Gln Pro Phe Leu Lys Asp His Arg Ile Ser Thr Phe Lys
5 10 15

Phe
20

sapiens

His Arg Ile Ser Thr Phe Lys Asn Trp Pro Phe Leu Glu
5 10 15

Page 1

Leu Ay Gu
Phe Leu Lys Leu Asp Arg Qu Arg Ala Lys Asn 151015 Lys Ile Ala Lys 20 <210>
21 <211> 20 <212> PRT <213> Honp sapiens <400> 21 Lys Leu Asp Arg Gu Arg

Ala Lys Asn Lys Ile Ala Lys Qu Thr Asn 151015 Asn Lys Lys Lys 20 <210> 22
<211> 20 <212> PRT <213> Honp sapi ens <400> 22 Lys Asn Lys Ile Ala Lys Qu



151015 A u Thr Ala Lys 20 <210> 23 <211> 20 <212> PRT <213> Honob sapi ens
<400> 23 Thr Asn Asn Lys Lys Lys Gu Phe AQu GQu Thr Ala Lys Lys Val Arg
151015 Arg Ala Ile Au 20 <210> 24 <211> 17 <212> PRT <213> Hono sapi ens
<400> 24 Ju Phe Qu Gu Thr Ala Lys Lys Val Arg Arg Ala Ile Gu G n Leu

151015 Al a <210> 25
Gly Cys Ala

<210> 4
<211> 20
<212> PRT

<213> Homo
<400> 4
Phe Lys Asn

1

Met Ala Glu

<210> 5
<211> 19
<212> PRT

<213> Homo
<400> 5
Glu Gly Cys
1

His Cys Pro

<210> 6
<211> 20
<212> PRT

<213> Homo
<400> 6
Pro Glu Arg

1

Glu Pro Asp

<210> 7
<211> 17
<212> PRT

<213> Homo
<400> 7

Gly Phe Tle
1

<211> 15 <212> PRT <213> Hono sapi ens

sapiens

Trp Pro Phe Leu Glu Gly Cys Ala Cys Thr Pro Glu Arg
5 10 15

Ala
20

sapiens

Ala Cys Thr Pro Glu Arg Met Ala Glu Ala Gly Phe Ile
5 10 15

sapiens

Met Ala Glu Ala Gly Phe Ile His Cys Pro Thr Glu Asn
5 10 15

Leu
20

sapiens

His Cys Pro Thr Glu Asn Glu Pro Asp Leu Ala Gln Cys
5 10 15
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<400> 25 Ala Lys Lys Val Arg Arg Ala Ile Qu Gn Leu Ala Ala Net Asp 151015
<210> 26 <211> 12 <212> PRT <213> Hono sapiens <400> 26 Qu H's Lys Lys H's
Ser Ser Ay Cys Ala Phe Leu 1510 <210> 27 <211> 13 <212> PRT <213> Hono
sapiens <400> 27 Qu H's Lys Lys His Ser Ser Ay Cys Al a Phe Leu Ser 1510
<210> 28 <211> 14 <212> PRT <213> Hono sapiens <400> 28 Qu Hs Lys Lys Hs
Ser Ser dphLCys Ala Phe Leu Ser Val 1510 <210> 29

<210> 8
<211> 19
<212> PRT

<213> Homo sapiens

<400> 8

Pro Thr Glu Asn Glu Pro Asp Leu Ala Gln Cys Phe Phe Cys Phe Lys
1 5 10 15

Glu Leu Glu

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

<213> Homo sapiens

<400> 9

Asp Leu Ala Gln Cys Phe Phe Cys Phe Lys Glu Leu Glu Gly Trp Glu
1 5 10 15

Pro Asp

<210> 10

<211> 18

<212> PRT

<213> Homo sapiens

<400> 10

Phe Phe Cys Phe Lys Glu Leu Glu Gly Trp Glu Pro Asp Asp Asp Pro
1 5 10 15

Ile Gly

<210> 11

<211> 20

<212> PRT

<213> Homo sapiens

<400> 11

Glu Leu Glu Gly Trp Glu Pro Asp Asp Asp Pro Ile Gly Pro Gly Thr
1 5 10 15
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<211> 15 <212> PRT <213> Hono sapiens <400> 29 Ju Hs Lys Lys H's Ser Ser
@y Cys Ala Phe Leu Ser Val Lys 151015 <210> 30 <211> 15 <212> PRT <213>
Hono sapi ens <400> 30 His Lys Lys His Ser Ser Ay Cys Ala She Leu Ser Val
Lys Lys 151015 <210> 31 <211> 15 <212> PRT <213> Hono sapi ens <400> 31 Lys
Lys H's Ser Ser Ay Cys Ala Phe Leu Ser Val Lys Lys G n 151015 <210> 32
<211> 15 <gh2x;PRL<Rl3> Hono sapiens

20

<210> 12
<211> 20
<212> PRT

<213> Homo sapiens

<400> 12

Asp Asp Asp Pro Ile Gly Pro Gly Thr Val Ala Tyr Ala Cys Asn Thr
1 5 10 15

Ser Thr Leu Gly

<210> 13
<211> 17
<212> PRT

<213> Homo sapiens

<400> 13

Gly Thr Val Ala Tyr Ala Cys Asn Thr Ser Thr Leu Gly Gly Arg Gly
1 5 10 15

Gly

<210> 14

<211> 18

<212> PRT

<213> Homo sapiens

<400> 14

Asn Thr Ser Thr Leu Gly Gly Arg Gly Gly Arg Ile Thr Arg Glu Glu
1 5 10 15

His Lys

<210> 15

<211> 16

<212> PRT

<213> Homo sapiens

<400> 15

Gly Gly Arg Gly Gly Arg Ile Thr Arg Glu Glu His Lys Lys His Ser
1 5 10 15
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<400> 32 Lys His Ser Ser Ay Cys Ala Phe Leu Ser Val Lys Lys G n Phe 151015
<210> 33 <211> 15 <212> PRT <213> Hono sapiens <400> 33 His Ser Ser Ay Cys
Ala Phe Leu Ser Val Lys Lys Gn Phe Au 151015 <210> 34 <211> 14 <212> PRT
<213> Hono sapi ens <400> 34 Ser Ser Ay Cys Ala She Leu Ser Val Lys Lys

A n She A u 1510 <210> 35 <211> 13 <212> PRT <213> Honop sapi ens

<210> 16
<211> 17
<212> PRT

<213> Homo sapiens

<400> 16

Arg Tle Thr Arg Glu Glu His Lys Lys His Ser Ser Gly Cys Ala Phe
1 5 10 15

Leu

<210> 17

<211> 19

<212> PRT

<213> Homo sapiens

<400> 17

Glu His Lys Lys His Ser Ser Gly Cys Ala Phe Leu Ser Val Lys Lys
1 5 10 15

Gln Phe Glu

<210> 18
<211> 19
<212> PRT

<213> Homo sapiens

<400> 18

Gly Cys Ala Phe Leu Ser Val Lys Lys Gln Phe Glu Glu Leu Thr Leu
1 5 10 15

Gly Glu Phe

<210> 19
<211> 20
<212> PRT

<213> Homo sapiens

<400> 19

Val Lys Lys Gln Phe Glu Glu Leu Thr Leu Gly Glu Phe Leu Lys Leu
1 5 10 15

Asp Arg Glu Arg
20
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<400> 35 Ser Gy Cys Ala Phe Leu Ser Val Lys Lys G n Phe Gu 1510 <210> 36
<211> 12 <212> PRT <213> Honp sapi ens <400> 36 Ay Cys Ala She Leu Ser Val
Lys Lys G n Phe Qu 1510 <210> 37 <211> 10 <212> PRT <213> Honp sapi ens
<400> 37 Ay Cys Ala She Leu Ser Val Lys Lys G n 1510 <210> 38 <211> 19
<212> PRT <213> Hono sapi ens <400> 38 Ala H's Lys Lys His Ser Ser Gy Cys

Thr Asn Asn
1

Arg Ala Ile

Al a She Leu,Ser Mal Lys Lys 151015 G n She Gu
<211> 20
<212> PRT
<213> Homo sapiens
<400> 20
Leu Thr Leu Gly Glu Phe Leu Lys Leu Asp Arg Glu Arg Ala Lys Asn
1 5 10 15
Lys Ile Ala Lys
20
<210> 21
<211> 20
<212> PRT
<213> Homo sapiens
<400> 21
Lys Leu Asp Arg Glu Arg Ala Lys Asn Lys Ile Ala Lys Glu Thr Asn
1 5 10 15
Asn Lys Lys Lys
20
<210> 22
<211> 20
<212> PRT
<213> Homo sapiens
<400> 22
Lys Asn Lys Ile Ala Lys Glu Thr Asn Asn Lys Lys Lys Glu Phe Glu
1 5 10 15
Glu Thr Ala Lys
20
<210> 23
<211> 20
<212> PRT
<213> Homo sapiens
<400> 23

Lys Lys Lys Glu Phe Glu Glu Thr Ala Lys Lys Val Arg
5 10 15

Glu
20
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<210> 39 <211> 19 <212> PRT <213> Hono sapiens <400> 39 Gdu Ala Lys Lys
Hs Ser Ser Ay Cys Ala She Leu Ser Val Lys Lys 151015 G n Phe Qu <210> 40
<211> 19 <212> PRT <213> Honp sapiens <400> 40 GQu H's Ala Lys His Ser Ser
Gy Cys Ala Phe Leu Ser Val Lys Lys 151015 G n She Qu <210> 41 <211> 19
<212> PRT <213> Hono sapiens <400> 41 Qu H's Lys Ala His Ser Ser Gy Cys

Ala She Leu,Sgr Mal Lys Lys 151015 @ n Phe Qu

<211> 17
<212> PRT
<213> Homo sapiens

<400> 24

Glu Phe Glu Glu Thr Ala Lys Lys Val Arg Arg Ala Ile Glu Gln Leu
1 5 10 15

Ala

<210> 25

<211> 15

<212> PRT

<213> Homo sapiens

<400> 25

Ala Lys Lys Val Arg Arg Ala Ile Glu Gln Leu Ala Ala Met Asp
1 5 10 15
<210> 26

<211> 12

<212> PRT

<213> Homo sapiens

<400> 26

Glu His Lys Lys His Ser Ser Gly Cys Ala Phe Leu
1 5 10

<210> 27

<211> 13

<212> PRT

<213> Homo sapiens

<400> 27

Glu His Lys Lys His Ser Ser Gly Cys Ala Phe Leu Ser
1 5 10

<210> 28

<211> 14

<212> PRT

<213> Homo sapiens

<400> 28

Glu His Lys Lys His Ser Ser Gly Cys Ala Phe Leu Ser Val
1 5 10

<210> 29
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<210> 42 <211> 19 <212> PRT <213> Hono sapiens <400> 42 Qu H's Lys Lys Al a
Ser Ser Ay Cys Ala She Leu Ser Val Lys Lys 151015 @ n Phe du <210> 43
<211> 19 <212> PRT <213> Honp sapiens <400> 43 du Hys Lys Lys His Ala Ser
Ay Cys Ala Phe Leu Ser Val Lys Lys 151015 G n Phe G u <210> 44 <211> 19
<212> PRT <213> Hono sapiens <400> 44 Qu H's Lys Lys His Ser Ala Gy Cys
Al a Phe Lew;Ser Mal Lys Lys 151015 G n Phe GQu

<212> PRT
<213> Homo sapiens

<400> 29

Glu His Lys Lys His Ser Ser Gly Cys Ala Phe Leu Ser Val Lys
1 5 10 15
<210> 30

<211> 15

<212> PRT

<213> Homo sapiens

<400> 30

His Lys Lys His Ser Ser Gly Cys Ala Phe Leu Ser Val Lys Lys
1 5 10 15
<210> 31

<211> 15

<212> PRT

<213> Homo sapiens

<400> 31

Lys Lys His Ser Ser Gly Cys Ala Phe Leu Ser Val Lys Lys Gln
1 5 10 15
<210> 32

<211> 15

<212> PRT

<213> Homo sapiens

<400> 32

Lys His Ser Ser Gly Cys Ala Phe Leu Ser Val Lys Lys Gln Phe
1 5 10 15
<210> 33

<211> 15

<212> PRT

<213> Homo sapiens

<400> 33

His Ser Ser Gly Cys Ala Phe Leu Ser Val Lys Lys Gln Phe Glu
1 5 10 15
<210> 34

<211> 14

<212> PRT

<213> Homo sapiens

<400> 34
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<210> 45 <211> 19 <212> PRT <213> Hono sapiens <400> 45 Qu H's Lys Lys H s
Ser Ser Ala Cys Ala Phe Leu Ser Val Lys Lys 151015 A n She du <210> 46
<211> 19 <212> PRT <213> Honp sapiens <400> 46 GQu H's Lys Lys H's Ser Ser
Ay Ay Ala Phe Leu Ser Val Lys Lys 151015 G n Phe G u <210> 47 <211> 19
<212> PRT <213> Hono sapi ens <400> 47

Ser Ser Gly Cys Ala Phe Leu Ser Val Lys Lys Gln Phe Glu

1 5 10
<210> 35

<211> 13

<212> PRT

<213> Homo sapiens

<400> 35

Ser Gly Cys Ala Phe Leu Ser Val Lys Lys Gln Phe Glu
1 5 10

<210> 36

<211> 12

<212> PRT

<213> Homo sapiens

<400> 36

Gly Cys Ala Phe Leu Ser Val Lys Lys Gln Phe Glu
1 5 10

<210> 37

<211> 10

<212> PRT

<213> Homo sapiens

<400> 37

Gly Cys Ala Phe Leu Ser Val Lys Lys Gln
1 5 10
<210> 38

<211> 19

<212> PRT

<213> Homo sapiens

<400> 38

Ala His Lys Lys His Ser Ser Gly Cys Ala Phe Leu Ser Val Lys Lys
1 5 10 15

Gln Phe Glu

<210> 39
<211> 19
<212> PRT

<213> Homo sapiens

<400> 39
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GQu Hs Lys Lys H's Ser Ser Ay Cys Ay Phe Leu Ser Val Lys Lys 151015 G n
She A u <210> 48 <211> 19 <212> PRT <213> Hono sapi ens <400> 48 Qu H's Lys
Lys Hs Ser Ser Ay Cys Ala Gy Leu Ser Val Lys Lys 151015 G n Phe Qu
<210> 49 <211> 19 <212> PRT <213> Hono sapiens <400> 49 Qu Hs Lys Lys H s
Ser Ser Ay Cys Ala Phe Ala Ser Val Lys Lys 151015 G n She G u <210> 50
<211> 19 <212%,PRT, <213%;Hosm. sapianscyd@dz BR Gy sk svdyysybyssH s Ser Ser
Gy Cys Ala Phe Leu Alagval Lys Lys 10 15

Gln Phe Glu

<210> 40

<211> 19

<212> PRT

<213> Homo sapiens

<400> 40

Glu His Ala Lys His Ser Ser Gly Cys Ala Phe Leu Ser Val Lys Lys
1 5 10 15

Gln Phe Glu

<210> 41
<211> 19
<212> PRT

<213> Homo sapiens

<400> 41

Glu His Lys Ala His Ser Ser Gly Cys Ala Phe Leu Ser Val Lys Lys
1 5 10 15

Gln Phe Glu

<210> 42
<211> 19
<212> PRT

<213> Homo sapiens

<400> 42

Glu His Lys Lys Ala Ser Ser Gly Cys Ala Phe Leu Ser Val Lys Lys
1 5 10 15

Gln Phe Glu

<210> 43
<211> 19
<212> PRT

<213> Homo sapiens

<400> 43
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151015 G n Phe G u <210> 51 <211> 19 <212> PRT <213> Hono sapi ens <400> 51
GQu Hs Lys Lys H's Ser Ser Ay Cys Ala She Leu Ser Ala Lys Lys 151015 G n
She 3 u <210> 52 <211> 19 <212> PRT <213> Honp sapi ens <400> 52 A u H s Lys
Lys His Ser Ser Ay Cys Ala She Leu Ser Val Ala Lys 151015 G n Phe Qu

<210> 53 <211> 19 <212> PRT <213> Hono sapiens <400> 53 Qu Hs Lys Lys Hs

Ser Ser Gy, Oys. Al Phe st Ses Val Lys ALa rhe Leu ser val Lys Lys
1 5 10 15

Gln Phe Glu

<210> 44
<211> 19
<212> PRT

<213> Homo sapiens

<400> 44

Glu His Lys Lys His Ser Ala Gly Cys Ala Phe Leu Ser Val Lys Lys
1 5 10 15

Gln Phe Glu

<210> 45
<211> 19
<212> PRT

<213> Homo sapiens

<400> 45

Glu His Lys Lys His Ser Ser Ala Cys Ala Phe Leu Ser Val Lys Lys
1 5 10 15

Gln Phe Glu

<210> 46
<211> 19
<212> PRT

<213> Homo sapiens

<400> 46

Glu His Lys Lys His Ser Ser Gly Gly Ala Phe Leu Ser Val Lys Lys
1 5 10 15

Gln Phe Glu

<210> 47
<211> 19
<212> PRT

<213> Homo sapiens

<400> 47
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151015 A n She G u <210> 54 <211> 19 <212> PRT <213> Hono sapi ens <400> 54
GQu Hs Lys Lys Hs Ser Ser Ay Cys Ala Phe Leu Ser Val Lys Lys 151015 Al a
She @ u <210> 55 <211> 19 <212> PRT <213> Artificial sequence <220> <223>

antigen epitope of the sequence No.17 (SU18) to HLA-D@B1*0601 <400> 55 Xaa
Xaa Xaa Lys H s Xaa Ser Xaa Cys Xaa Xaa Xaa Xaa Xaa Xaa Xaa 151015 Xaa Xaa

Xaa <210> é%% His Lys Lys His Ser Ser Gly Cys Gly Phe Leu Ser Val Lys Lys
1 5 10 15

Gln Phe Glu

<210> 48
<211> 189
<212> PRT

<213> Homo sapiens

<400> 48

Glu His Lys Lys His Ser Ser Gly Cys Ala Gly Leu Ser Val Lys Lys
1 5 10 15

Gln Phe Glu

<210> 49
<211> 19
<212> PRT

<213> Homo sapiens

<400> 49

Glu His Lys Lys His Ser Ser Gly Cys Ala Phe Ala Ser Val Lys Lys
1 5 10 15

Gln Phe Glu

<210> 50
<211> 19
<212> PRT

<213> Homo sapiens

<400> 50

Glu His Lys Lys His Ser Ser Gly Cys Ala Phe Leu Ala Val Lys Lys
1 5 10 _ 15

Gln Phe Glu

<210> 51
<211> 19
<212> PRT

<213> Homo sapilens

<400> 51
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<211> 165 <212> PRT
Trp Gn Pro
Phe Leu GQu
Ile Hs Cys
Phe Lys Gu
They Val s Al
Arg Ile Thr

Pro
Trp
Ay
Phe
Pro
Ay

Al a
Pro
Phe
Cys
Ay
Gy

Gln Phe

<210>
<211>
<212>
<213>

<400>

Glu

52
19
PRT
Homo

52

Glu His Lys

1

Gln Phe Glu

<210>
<211>
<212>
<213>

<400>

53
19
PRT
Homo

53

Glu His Lys

1

Gln Phe Glu

<210>
<211>
<212>
<213>

<400>

54
19
PRT
Homo

54

Glu His Lys

1

Ala Phe Glu

<210>
<211>
<212>
<213>

<220>
<223>

55
19
PRT

<213> Honp sapi ens <400> 56 Met Ay Ala Pro Thr Leu Pro
Phe Leu Lys Asp 151015 His Arg Il e Ser Thr Phe Lys Asn
Gy Cys Ala 202530 Cys Thr Pro Qu Arg Met Ala Qu Ala
Pro Thr 354045 GQu Asn Qu Pro Asp Leu Ala G n Cys Phe
Leu 505560 AQu Gy Trp Qu Pro Asp Asp Asp Pro lle Ay

BA7QT7580  Tyer Aha ExSafsPhEhreSEEr Th Loy Gy Ay Arg
859095 10 15
sapiens

Lys His Ser Ser Gly Cys Ala Phe Leu Ser Val Ala Lys
5 10 15

sapiens

Lys His Ser Ser Gly Cys Ala Phe Leu Ser Val Lys Ala
5 10 15

sapiens

Lys His Ser Ser Gly Cys Ala Phe Leu Ser Val Lys Lys
5 10 15

Artificial sequence

antigen epitope of the sequence No.17 (SU18) to HLA-DOB1*0601
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Arg Gu Qu Hs Lys Lys H's Ser Ser Gy Cys Ala Phe Leu
Lys Lys Gn Phe AQu GQu Leu Thr Leu Ay G u Phe Leu Lys
Arg Gu Arg Ala Lys Asn Lys Ile Ala Lys G u Thr Asn Asn
Lys Gu Phe u du Thr Ala Lys Lys Val Arg Arg Ala lle
145150155160 Leu Ala Ala Met Asp 165 <210> 57 <211> 11

<400> 55

Ser Val
Leu Asp 115120125
Lys Lys 130135140

Au Gn

100105110

_ _ <212> PRT <213>
Hono sapi ens <400> 57 Lys H's Ser Ser Ay Cys Ala Phe Leu Ser Val 1510

Xaa Xaa Xaa Lys His Xaa Ser Xaa Cys Xaa Xaa Xaa Xaa Xaa Xaa Xaa

1 5 10

Xaa Xaa Xaa

<210> 56
<211> 165
<212> PRT

<213> Homo sapiens

<400> 56

Met Gly Ala Pro Thr Leu Pro Pro Ala Trp Gln Pro Phe Leu
1 5 10

His Arg Ile Ser Thr Phe Lys Asn Trp Pro Phe Leu Glu Gly
20 25 30

Cys Thr Pro Glu Arg Met Ala Glu Ala Gly Phe Ile His Cys
35 40 45

Glu Asn Glu Pro Asp Leu Ala Gln Cys Phe Phe Cys Phe Lys
50 55 60

Glu Gly Trp Glu Pro Asp Asp Asp Pro Ile Gly Pro Gly Thr
65 70 75

Tyr Ala Cys Asn Thr Ser Thr Leu Gly Gly Arg Gly Gly Arg
85 90

Arg Glu Glu His Lys Lys His Ser Ser Gly Cys Ala Phe Leu
100 105 110

Lys Lys Gln Phe Glu Glu Leu Thr Leu Gly Glu Phe Leu Lys
115 120 125

Arg Glu Arg Ala Lys Asn Lys Ile Ala Lys Glu Thr Asn Asn
130 135 140

Lys Glu Phe Glu Glu Thr Ala Lys Lys Val Arg Arg Ala Ile
145 150 155

Leu Ala Ala Met Asp
165
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15

Lys

15

Cys

Pro

Glu

Val

Ile

95

Ser

Leu

Lys

Glu

Asp

Ala

Thr

Leu

Ala

80

Thr

Val

Asp

Lys

Gln
160



<210> 57

<211> 11

<212> PRT

<213> Homo sapiens

<400> 57

Lys His Ser Ser Gly Cys Ala Phe Leu Ser Val
1 5 10
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