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AI\FI'I GEN PEPTI DES DERI VED FROM CYCLOPHILIN B 5 TECHNI CAL FI ELD The gppesent
“invention relates to novel tumor anti gen peptides 10 15 20 derlveg PE
cyclophilin and rel ated substances. Mre particularly, it relates to tunor

antigen p [ m lliled from cyclophilin B and derivatives thereof having
t he funct ﬂwmmm“l m““mmal ent properties, iand further to nedi canents,

prophyl acti cs,,gRhodl agnostics for tunorsithat utilize in viv

such tunor anti g’g‘ﬁ peptides, derivatives thereof, cyclophili ﬂmu""W"'l"’ﬂ"]""lf)
pol ypepti des, or genes ther ef or . BACKGROUND ART It is known t hat «jksfagune
system particularly T cells, pl aé %E ortant _role in tunor elimnation
by a living body. Indeed, i nfi | PrBt$ &n Fot I’J;/rlrﬂpué\lzyt es exhibiting cytotoxic

effects on tumor cells in human tumor foci has been observed (Arch. Surg.,
126: 200, 1990), and cytotoxic T |ynphocytes (CTLs) recognizing autol ogous

(9. . Trmunol OMGTRANERAEN PrbaIDER HERIED PROM e TURBLINGY | ol

Cancer, 52 :52, 1992) . In addition, the results of clinical treatnent of
mel anomas by transfer of the CITLs recogni zi ng ant ol ogous tunor cells also

sugge%t thﬁ?@&iég%:ﬁ%tp-r cells in tunmor elimnation (J. Natl. Cancer.

I nst . hough it had | ong been unknown about target
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referred tgefSatives thereof having the functionally equivalent properties, and

10 further to medicaments, prophylactics, or diagnostics for tumors that
utilize in vivo or in vitro such tumor antigen peptides, derivatives

thereof, cyclophilin B polypeptides, or genes therefor.

BACKGROUND ART

15 It is known that immune system, particularly T cells, plays an
important role in tumor elimination by a living body. Indeed,
infiltration of lymphocytes exhibiting cytotoxic effects on tumor cells
in human tumor foci has been observed (Arch. Surg., 126:200, 1990),
and cytotoxic T lymphocytes (CTLs) recognizing autologous tumor cells

2 have been isolated from melanomas without great difficulties (e.g.,
Immunol. Today, 8:385, 1987; J. Inmunol., 138:989, 1987; and Int. J.
Cancer, 52:52, 1992). In addition, the results of clinical treatment of
melanomas by transfer of the CTLs recognizing antologous tumor cells
also suggest the importance of T cells in tumor elimination (J. Natl.

25 Cancer. Inst., 86:1159, 1994).

Although it had long been unknown about target molecules for



HLA antigen), and thereby attacks autol ogous tunor cells. Tunmor argt3 gen 2002
pepti des are generated by degradation of proteins specific for tunors, that
is, tunor antigen proteins in cells 10 with proteasones, which proteins are
intracellularly synthesized. The tunor antigen peptides thus generated bind
to MHC class | antigens (HLA antigens) in endoplasmc reticulumto form
conpl exes and the conpl exes are transpoyrted to the cell surface to be
presented as an antigen. A tunor-speciffc CIL recogni zes the conpl ex
presented as 15 an antigen, and exhibits anti-tunor effects through its
cytotoxic action or production of |ynphokines. As a consequence of
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Acad. Sci. USA, 93:14704, 1996 t unor ers su Nat|l. Cancer
I nstqg 87b@_@@prb@@é&oﬁ'&@b\%ﬁ?‘(}:ﬁ%rd\@lﬂs a?@@féﬁfag'gg!?lalil 0 b sid&P /Irheand

viral proteins such as H mrunol ., 1 and EBV (Int.

| munol ., tdn8PBanti@@n) pepatiak Ithe Uit Bisidofo MIBEECIBSR) Ieﬁﬁﬁ§€ﬁ§ be
found in published reviews (e.g. Inmmunol. Today, 15 18:267, 199/7; J. Exp.

Med., 183({H2A aAbfigenspir eddoplaéhiio reticilugd to fG:@2EompI&fas ahd the
applications of a tunor antigen protein or tunor antigen peptide to

t r eat ment compllexgsagiestrah sportads to itheicell sppfacarto be prdeshtdd as dninor
antigen that can be widely used for epithelial tunors such as 20 gastric

and | ung eatigors Whiwihovespecifit GThuebognpesrthenconpler prespatadl aiso
mel anonmas. In this relation, the present inventors conducted cloning of a
genel®encodnngntigeny eind axbibidsuingetupmart effacts thmosrgha itsueytodoxicnona cel | s
derived from esophageal cancer, and identified for the first time from
t unor cel kstisnher prhdnctimmoblsphbkiresr As awmrseaudgeEnopehtdidasionhat are
bound to and presented on HLA antigens of which HLA types are HLA-A24 or
HLA- A26 ( Of aEsgries of the actions, it has become possible to treat tumors by
using tumor antigen proteins or tumor antigen peptides as so-called
cancer vaccines;to enhance tumor-specific CTLs in the body of a
20 tumor patient.
As a tumor antigen protein, T. Boon et al. identified a protein
named MAGE from human melanoma cells for the first time in 1991
(Science, 254:1643, 1991). Subsequently, several additional tumor
antigen proteins have been identified mainly from melanoma cells.
25 Examples of melanoma antigens that have been identified are

melanosomal proteins such as a melanocytic tissue-specific protein,
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2 3 DEC 2002 4 Med., 187:277, 1998; International Patent Publicatian %g)mn
97/ 46676). \When these tunor antigen peptides are clinically appIiB@ P 2
practice, it is desirable to use two or nore different tunor antigen
peptides rather than to use only a single peptide. That is to say, 5 taking
into consideration the facts that all cancer cells do not express an

i dentical tunmor antigen in common and that two or nore different tunor
antigen peptides are presented on a singfe cancer cell, a treatnent using
two or nore different tunor antigen peptides is believed to be nore
effective. Indeed, in the case of nelanoma, 10 devel opment of cockt ai
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and di agnostics for tun‘grs that utiitze in vivo or invitro the tunor

anti gen 2525@9129@%19@@. deimGH A BEeh Yoreins EMOMUN itAoBe RRdPEPL I des,

or genes therefor. 2 DEC 2002 5 The cyclo~hilin B-derived tunor antigen
pepti de of nidlanPheas Mavien¥ebt bédh (Fmiifie@sirfcludiRg Frodhaes dTestidsleddat is
bound to and presented on HLA- A24 and HLA- A2, which are the HLA antigens
that the Jﬁﬁ@hee@@}wﬂQG@@@’alSi p. (ed.y 1691010901907 rob@ 33 {FrocaNhtit 1S 5
al so a tunor antigen peptide that can be applied to treatment or

prophidl axi gcald. Hcki USA, B¢ 4904, INB6), itnehsd i kepstidd as CBADIL pagh as

| ung cancer, bl adder cancer, and osteosarcoma, and | eukem as. Accordingly,
cycl ophi | i Cdhceriiast.u80mo802] i199%) prad PISA (J. Nat. Peegentinsny80t2098, and a
gene therefor, or tunmor antigen peptides 10 derived fromcyclophilin B are
expect ed t ®98F) uaantiwirasprotedhs auich astHPWgdi famamesl., 154594, 1998t ai n
novel tunor antigen peptides and a tunor antigen protein fromwhich said
pepti des aanddeBW fdt. frheprads &b S35 sDetalided destoiptiomsgf dhesepts. 15
From | ynphocytes of a patient with | ung adenocarci noma, the present

i nvent ors fitbjtdty gt biel fosmatiia pthlistuid réviews (eag. feoegmlz EedHyp- A24 or
HLA- A2- posi tive bl adder cancer, | uné:; cancer, osteosarconm, or_ |eukem a cell
| i nes!S and18:2@4, 10IKGLEXA d¥pdsi 183 iHAfer 1 99GRanarCem sypirpdmpunol.a cDNA
i brary was prepared from bl adder cancer cell |ine HT-1376 with which the
above KG (31628480965t rongly, and COS-7 cells were doubly transfected wth
a reconbinant plasmd, of ,the library and a reconhi nant plasm d contai ni ng
HLA- A2402 (one I S@RICAONNOAR WIHNAr artigen pueteiRPR FUmor R HEER wer e

treated with the , . e s s . .
peptide to treatment or diagnosis of tumors, it is important to identify

a tumor antigen that can be widely used for epithelial tumors such as
20 gastric and lung cancers which occur at a much higher incidence
compared to melanomas. In this relation, the present inventors
conducted cloning of a gene encoding a novel tumor antigen protein
from squamous carcinoma cells derived from esophageal cancer, and
identified for the first time from tumor cells other than melanomas
25 several tumor antigen peptides that are bound to and presented on

HLA antigens of which HLA types are HLA-A24 or HLA-A26 (J. Exp.
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25+above KG CTL, and the amount of produced IFN-y was neasured to determ ne
whet her or not KG CTL was activated. As a result of such 2 3 CE& DED2002
screeni ng repeatedly conducted, the present inventors finally succeeded in
cloning a gene encoding a tunor antigen protein. Base sequencing of the
gene reveal ed that said tunor antigen protein had the sane am no acid
sequence as that of a known protein, cycjophilin 5 B. Cyclophilin Bis
known to be a binding protein for an i nosuppr essi ve agent, cyclosporin
A, and to participate in activation of imunocytes. However, it has never
been known prior to the present invention that it has a function as a tunor
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derivative there aving t uncti ona y equi val ent pr oper I es

a
t t | ophi | B,
and that 1 SRnoP HHUES HEBHIACS Ard BrE g B e e AL 005 7 bei ng
recogni ed Byt t%éb?%@?&%?g&‘i%ﬁlﬁﬁ{r'dﬁﬁ  péiged gaving the

functionally equiva properties e tunor a pept| de according
to the aboygidved t&'be(ébrlé@fe%tibet hendibed 3 t1I9€Ralkse dﬁhﬁeﬁgﬁoﬁfa HLA-A2, or a

derivative 5 thereof having the functionally equivalent properties; (4) the

t unorpant I&@&klaﬁﬁierﬁeoﬁé@a&t@mﬂnﬁﬁulmoﬁ@%&mﬁ)ﬁ)smg bdo 65 ﬁ@ﬂ@ﬁéﬁﬁd@%om

sequences conprising all or part of an amino acid Sequence shown in any one

of SEQ | D N® betn3attempieq, st 8% sihlgl8 pepitice defived! froen ehaig@r having the
functionally equival ent 10 properties; (5) the tunor antigen peptide

accor di ng dretigée falledeto( dhitihadegsiateledfrices érrtoun gRriusar; 6%: 162pniosie)g al |
or part of the am no acid sequence shown in SEQID NO 1 or 2, or a
derivati vearidhdnead. Ganceg 67tc54f,um96)onaldd£mmclvadlmunrstaneem fgds 15 (6)
the tunor antigen peptide derivative according to the above (4), that is
sel ect ed fheimgsepaned toddentifyinuyed thimor patigenf paoteansremd¢udisequence in
which the am no acid residue at position 2 and/or the Ctermnus in the

am nd5aci darstiger peptidembhancanybomddely 88dIfor psthdligbtumogsimidh ased by
anot her am no acid residue; 20 (7) the tunor antigen peptide derivative
accor di ng gastriveantddusmg cancers which occur at a high incidence.

DISCLOSURE OF THE INVENTION
The present invention aims to provide novel tumor antigen
20 peptides derived from a cyclophilin, and related substances. More
particularly, it aims to provide tumor antigen peptides derived from
cyclophilin B and derivatives thereof having the functionally
equivalent properties as well as medicaments, prophylactics, and
diagnostics for tumors that utilize in vivo or in vitro the tumor antigen
25 peptides, the derivatives thereof, cyclophilin B polypeptides, or genes

therefor.
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(6), that is selected from sequences conprising all or part of ag aB?chk
. acid sequence in which the amno acid residue at position 2 and/ r3 002
C-terminus in the amno acid sequence shown in SEQIDNO 1 or 2 is
substituted by another am no acid residue; 25 (8) the tunor antigen peptide
derivative according to the above (6), that is selected from sequences
conprising all or part of an am no 2 3 DEC 2002 8 acid sequence in which
the amino acid residue at position 2 inXhe anmino acid sequence shown in
any one of SEQ ID NGs: 1-11 is substituted by tyrosine, phenylal anine,

met hi oni ne, or tryptophan, and/or the am no acid residue at the C-termnus
is substituted by 5 pheny| al ani ne, | eucine, isoleucing, tryptophan, or

met hi oni ne:  (9)TR&&yelortilimBrdervpddimaer eatigen peatideof thegresenhe above
(6), that ,is selected from sequences conprising all or_ part, of an am no

aci d sequdR¥YENLIOMEPEIPRISES AriHBOR @Y 1g&L Pepsids: thatsis berngd t;ande ani no
aci d sequence shown in_any o41e of SEQ 1D NGs: 12-36 is_ 10 sybstituted by

| euci ne, rRICRFBRFRON FHiANL4 ADEl Bld-Ae, Which arathadiLAmnidgenadhati no
he. 1 unor 16 I BANESG AN CAICARIARS CoREL AR 7y G RO DABIY, (@) 1 Fat | 5
Sequchce SISR PATSEERKERBPORtiQR tBaT cambeanplicship tEFRITGRRE Bopt | de
compr i n RS ot 8ovidfe B of thBor < Hitunint Brificlial HBPTD Mo 3 or
10 12) AT ARk AR o] SRR Benfl YRl 119,20
et o0 RIS, ARk ARG S e B U R ©°
treating QbR e A9 ehtBH, and ke ROTRELERE, BF (A hh¥ckngstieyt @
10 derived from cyclophilin B are expected to be useful as novel
antitumor medicaments.
In order to obtain novel tumor antigen peptides and a tumor
antigen protein from which said peptides are derived, the present
inventors made the following attempts.
15 From lymphocytes of a patient with lung adenocarcinoma, the
present inventors firstly established a CTL cell line that recognizes
HLA-A24 or HLA-A2-positive bladder cancer, lung cancer,
osteosarcoma, or leukemia cell lines, and named it KG-CTL (deposit
number: FERM ‘BP-6725).
20 Next, a cDNA library was prepared from bladder cancer cell line
HT-1376 with which the above KG-CTL reacts strongly, and COS-7
cells were doubly transfected with a recombinant plasmid of the
library and a recombinant plasmid containing HLA-A2402 (one type of
HLA-A24) cDNA. The resulting transfectants were treated with the
3] above KG-CTL, and the amount of produced IFN-y was measured to

determine whether or not KG-CTL was activated. As a result of such



25 pol ypeptide of the cyclophilin that conprises a tunor antigendfeptide
. portion capable of binding to an HLA antigen and being recognize %ﬁ) 2003
DEC 2002 9 cytotoxic T |ynphocytes, or a gene encoding the cyclophilin or
the partial polypeptide thereof; ( 14) a pharmaceutical conposition for
treating or preventing tunors, that conprises as an active ingredient
cyclophilin B, a partial 5 polypeptide of cyclophilin B that conprises a
tunmor antigen peptide portion capable of binding to an HLA anti gen and
bei ng recogni zed by cytotoxic T |ynphocytes, or a gene encoding the
cyclophilin B or the partial polypeptide thereof; ( 15) an antibody that
specifically binds to the tunor_ antigen 10 peptide or the derivative

t her eof ac® F&MBgtrSPSﬁV@HeCQﬂd‘EW@Cg respntnyentoys E@P—“é{n
antigen-presenti cell wherein a conplex between an, HLA antigen_and the
tunmor ant i $aRC U PN E EEME SR lr{&%rtélé?‘mé@%}gﬁqﬂ&r?@lgnﬁ%ﬁ% of the
above (1 |-(.11).1is esented on fhe surface 15 of a .cell havjn

2t gen- pracdwencineel i gPhAgevPala il saff rameT adigfnpetein Bad 17) an
antigen-prgsenting ce

Fumor ant 1 G pab paRnR. AL e BETHEY alia Kohes ot ducleandin °

ant i g§n- prgsenting cell being prepared by allowing a 20 cell having
antigén-presenting ability isolated froma tunor patient to be incorporated

turor  anti gen pest i lsr Bl RaaB B BE B BRaRToRER Bt gon' and

Dol 10 eSO BYpEK 8P Kbyl MRISREFGPS, S S RISL DO e
activation of immunocytes. However, it has never been known prior to
the present invention that it has a function as a tumor antigen.

10 Then, the present inventors identified tumor antigen peptide
portions in the amino acid sequence of cyclophilin B that are bound to
and presented on HLA-A24 and HLA-A2, and demonstrated that
activity as a tumor antigen peptide resides in such peptides and
derivatives thereof.

15 Furthermore, the present inventors demonstrated that homologs
of cyclophilin B, cyclophilins A, C, and D, also have tumor antigen
peptide activities similar to cyclophilin B.

The present invention has been completed on the basis of the
findings as described above.

20 Thus, the present invention relates to:

(1) a tumor antigen peptide that is a partial peptide derived from
a cyclophilin, and that is capable of binding to an HLA antigen and
being recognized by cytotoxic T lymphocytes, or a derivative thereof
having the functionally equivalent properties;

25 (2) a tumor antigen peptide that is a partial peptide derived from

cyclophilin B, and that is capable of binding to an HLA antigen and
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25*( 18) an antigen-presenting cell on which a conpl ex between anzlle@ 2002
. antigen and a tunor antigen peptide derived fromcyclophilin Bis G2
DEC 2002 to presented, said antigen-presenting cell being prepared by
allowing a cell having antigen-presenting ability isolated froma tunor
patient to be incorporated with cyclophilin B, a partial polypeptide of
cyclophilin B that conprises the tunor tigen peptide portion capabl e of
binding 5 to the HLA antigen and bei ng recogni zed by cytotoxic T

| ynphocytes, or a gene encoding the cyclophilin B or the parti al

pol ypeptide thereof; ( 19) a pharmaceutical conposition for treating

f”“hd n‘g“?[sir%@éééﬁ%ﬁmezﬁ%éﬁ’fThl%?ﬁ%éﬁes&%%%‘e’*ﬁ%@f% gty ol
0! . roxie T

and a.tumon e SR Tl B o ecording to any one.of

the above ( 1)-%@«5 Hiibr SnGEERREId eﬂcxapmwtﬁéagbo%?gg;drg@&' y

recogni zes a co etween an HCA"antigen a tunor anti tide or
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according to any one of the above ( 16)- a pharmaceuti cal

conpogi tio t ' £ ' active ingredient the
cytotoxic f#%gﬁg%@?gqgjcior ditﬁ%n%%ﬁeﬁlgﬂg%%\%q?%%rﬁés( 21); 20 (23) a

cytotoxic T | ynphog fulfordviGfeAgRtide BYEBAdingS td BRMBRVE7(R); thadls @
met hod for identifying tunor antigen proteins or tunor antigen peptides,
whi ch conpséketed Jidte $éaqidicaCeORPridinigOall e FRAVES 48 Brmikd Gcid
sequence shown in any one of SEQ ID NOs: 1-36 or SEQ ID NOs: 41-
43, or a derivative thereof having the functionally equivalent
10 properties;

(5) the tumor antigen peptide according to the above (4), that is
selected from sequences comprising all or part of the amino acid
sequence shown in SEQ ID NO: 1 or 2, or a derivative thereof having
the functionally equivalent properties;

156 (6) the tumor antigen peptide derivative according to the above
(4), that is selected from sequences comprising all or part of an amino
acid sequence in which the amino acid residue at position 2 and/or
the C-terminus in the amino acid sequence shown in any one of SEQ
ID NOs: 1-36 is substituted by another amino acid residue;

20 (7) the tumor antigen peptide derivative according to the above
(6}, that is selected from sequences comprising all or part of an amino
acid sequence in which the amino acid residue at position 2 and/or
the C-terminus in the amino acid sequence shown in SEQ ID NO: 1 or
2 is substituted by another amino acid residue;

25 (8) the tumor antigen peptide derivative according to the above

(6), that is selected from sequences comprising all or part of an amino



25 (25) a diagnostic agent for tunors that conprises as an active

. ingredient a tunor antigen peptide or a derivative thereof accord?ﬁgoﬁﬁzmuy
2 3 DEC 2002 11 any one of the above (1) -(11). The present invention is
based on our first denonstration that substances called cycl ophilins have
an activity as a tunor antigen protein. Al though the present invention is
described below in detail 5 with refereqfe to cyclophilin B as an

enbodi ment of the present invention, the follow ng descriptions are not
restricted to cyclophilin B and, also relate to the other known
cyclophilins, that is, cyclophilins A, C, and D (Biochemstry, 3, 8218,

1994). |0 4010 SUERERLe LANARIIDMe IR LI FUTRAN LOSTARE! iEher of s 10

to a partial pep conprises a pa and g capabl e
pept i de 1 ARG A SRR SR04 Bl R RO A Y MRS ER B rctent
sequonce. o1 ESATS Py ygoSie, Hikaatantc, BAEH AL Tof SRANEIRS T o
Ent o7 dar anatas e AR Eg AR R R O miED SR oS GELERE 10
cai d Dept 1 Ha g e e ot o PR B CTL. such
tumor antigen 2@;&%&%&%& RepiRIE dEPNﬁ@i%%&ﬁfﬂix‘?% tbagRt abhbes by

synt hesi zi ng a candi date peptide which conprises a part of cyclophilin B

and conduc(g) Neh@iASERYLté@ Trotal S8 dhdts WORIJISING all ¥ FakWPAR arAdigeen
t he candi date peptide and an HLA antigen is recogni zed by CTL, in other

wor ds, whejdigr sejuéte inevisiitdif@beniPrRPacErédsidudat?posditidy 2t ih figea t unor
antigen peptide. In this connection, synthesis of peptides nmay be conducted
2 3 DEC 208zino acid sequence shown in any one of SEQ ID NOs: 12-36 is
10 substituted by leucine, methionine, valine, isoleucine, or glutamine,
and/or the amino acid residue at the C-terminus is substituted by
valine or leucine;
(10) the tumor antigen peptide derivative according to the above
(8), that is selec;ted from sequences comprising all or part of the amino
15 acid sequence shown in SEQ ID NO: 37 or 38;
(11) the tumor antigen peptide derivative according to the above
(10), that is selected from sequences comprising all or part of the
amino acid sequence shown in SEQ ID NO: 39 or 40;
(12) a pharmaceutical composition for treating or preventing
20 tumors, that comprises as an active ingredient at least one of
substances selected from tumor antigen peptides and derivatives
thereof according to any one of the above (1)-(11);
(13) a pharmaceutical composition for treating or preventing
tumors, that comprises as an active ingredient a cyclophilin, a partial

25 polypeptide of the cyclophilin that comprises a tumor antigen peptide

portion capable of binding to an HLA antigen and being recognized by
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12~according to a nethod usually used in peptide chem stry. Exa % %f
_such known nethods are those described in the literatures includi S EC 2002
"Peptide Synthesis", Interscience, New York, 1966; "The Proteins”, vol. 2,
Academi c Press Inc., New York, 1976; "Pepuchido 5 Gosei", Maruzen Co. Ltd.,
1975; "Pepuchi do- Gosei - no- Ki so-to Ji kkenn", Maruzen Co. Ltd., 1985; and

"I 'yakuhi n- no- Kai hatu, Zoku, vol. 14, Peputido-Cosei", Hirokawa Shoten,
1991. Methods for identifying tunor antigen peptides of the present

i nvention are further described below 10 The respective sequence rul es
(motifs) of antigen peptides that are bound to and presented on the

0206, | AGEOYHEE RS REs OH BSOS by it opB€™ 01,

and - Ow0 e g tdlenmmgpnetlcs 41:178, 1995). Regarding the notif
fizs 15%*% FeeRl

for HLA- exanple, it is known that in the sequence of peptides
consisting of §iu9pald héﬁiﬂ&e@ﬁic@i cotrﬁﬁo§iﬂd}Pf&ctr‘éa‘%iné%'ﬁﬂe%n%d ,
tyrosi ne, pheny a anl nmet hi oni ne, or tryptophan, and the am no acid at
the C-terruiisrs surdtewh@km-lsr@s alneyElive ingaalieHe lcpeloﬁﬁm@i Bof@ﬁar

met hi oni ne (J. I'mmunol ., 152: 3913, 1994; | mmunogeneéti cs, 178,720 1995;
J. | nrunolpol ﬂ;éﬁtlﬂ%o(?f aﬂhumﬁ@hfaﬁeorﬁmeise@@ ﬁL&n%h(hMtl é‘n tid)é | owi ng
Table 1 are nomm for (I munogenetics, 41:178, 199 | mmunol,

§Sg 4749, pdi¥fch caphbie bfﬁmélrrg th AnABAA aatipdd ahdtthen gn@@éd :BGL;rn frc-n
usArrm-o add at GhusHCA AfJ2011, W, LH A AO4LLH A AO6V,
cytotoxic T lymphocytes, or a gene encoding the cyclophilin B or the
partial polypeptide thereof;
(15) an antibody that specifically binds to the tumor antigen
10 peptide or the derivative thereof according to any one of the above (1)-
(11);
(16) an antigen-presenting cell wherein a complex between an
HLA antigen and the tumor antigen peptide or the derivative thereof
according to any one of the above (1}-(11) is presented on the surface
15 of a cell having antigen-presenting ability that is isolated from a
tumor patient;
(17) an antigen-presenting cell on which a complex between an
HLA antigen and a tumor antigen peptide derived from a cyclophilin is
presented, said antigen-presenting cell being prepared by allowing a
20 cell having antigen-presenting ability isolated from a tumor patient to
be incorporated with the cyclophilin, a partial polypeptide thereof that
comprises the tumor antigen peptide portion capable of binding to the
HLA antigen and being recognized by cytotoxic T lymphocytes, or a
gene encoding the cyclophilin or the partial polypeptide thereof;

25 (18) an antigen-presenting cell on which a complex between an

HLA antigen and a tumor antigen peptide derived from cyclophilin B is
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2 3 DEC 2002 13 HLA A0206 VQV, L HA A02'/ L L (the peptides arf 8-11

. amno acids in length) By analysis of antigen peptides bound to va pdmg:ﬂﬂn
nol ecul es (I mMmunogenetics, 41:178, 1995), it has been shown that the |length
of the peptides is usually about 8 to 14 am no acids |ong, although 5
antigen peptides of 14 or nore amno acids in length are al so observed for
HLA-DR, -DP, and -DQ It is easy to selegp peptide portions involved in
such notifs fromthe am no acid sequence of cyclophilin B. That is, such
peptide portions involved in the above notif structures can be easily

sel ected 10 by inspecting the am no acid sequence of cyclophilin B. Tunor
anti gen pegt.j f 4 | i ; I 1 Y.

syt hosi o1 e eanel seed BERGTpreRt RPN IRIAG preprcdR, ollofingla

descri bed abeymvifig ANELAIDRBeRRIRE 88N K Isole{elf Ioh Ot WhRIGAHEAL RO 2

conpl ex between t candi date peptide and an HLA antigen Is recogni zed

by CTL, i nb@ﬁﬂ%b%ﬁx‘a&%dw ByélogiglinﬁtB} Bep &ail ﬁ%ﬁ?@f&é eﬁcpémgg Cor

activity as a tu antigen peptide. A specific e of the

i dentifying énmomryriwup@@hhﬁ%aﬁﬁfgg @%ﬁé@rﬁqﬂtfb&%bb@mé of difilRiwd

described in J. Immunol., T 154:2257, pecifically, peripheral bfood

| ynphgcyt efo #he ROAI froligérdirid ORing hetbgnided by cpesiddiva hahphoeytege of an
HLA antigen that is expected:to present the candidate peptide, and are

sti nul at edor @ ¥éhé enpdadigithe dyjeophilth Brbe thepdarieal holytpep tide thehRict,

i nduces CTL that specifically recogni zes the HLA-antigen-presenting cells
pul sed with t hegrga)r@i;ﬂﬂrenae@ﬁlﬁdal compaositioal forttedatingt tumersatidatat e
peptide 25 may function as. a tunor antigen peptide. I'n this connection,
the 2 3 obMmpides 44 4 estivecingredivyetnite ahtigtn-preseiting cedh be detected,
for exanple, by measuring the anmount of various cytokines (for exanple,

| FN-y) prodocediihg toTanyronespohe ebavet (16)a(1i8)gen pepti de-presenting cells
usi ng, for exanple, an ELISA nethod. Alternatively, a nmethod in 5 which the
cyt otlBxi ci ty of (2La agadtostic dhlyimgphoggte that ppesHiddllyyresdgdrsizeslzel ed with
5/Cr is neasured (SICr rel ease assay, Int. J. Cancer, 58:317, 1994) may

al so be usedmfplex hativetet 2ot bA. amtigehaamd retutor amidigen qmpdidé on can al so
be achi eved as follows. An expression plasm d expressing a cDNA for the
type of andetivhtixeaiergehacherding wxpaytane 0b the ahowe Uge(lda\hdi date peptide
is introduced into, for exanple, COS-7 cells (ATCC No. CRL1651) or VA13

cel I s (R KEN CE(31)Baxmtotordc (nbimnplwosyts tivat speaifically reragniges Resear ch) ,
and the resultant cells are pulsed with the candi date peptide. The cells
are then teemnlexhatiwoeneatiibAantigen ane sabbmer antigen ReRtidesiint of
various cytokines (for exanple, |IFNy) produced by said CILs is asured
(J. p. Nﬁ@?l}’ai%’?:tﬁfﬁoﬁ:é%t.ls%eﬂtég%ﬁﬂ RRUBLNBFGFILIRG £8Y/s as
descri bed above ,are illustrat bel ow i les 7, 10, and 12

her ei naf t eRCCREFINGHS fNY AN Bhi F@%@Aﬂ@igk HLA- A2-restricted tunor 20

[ id [ : .d id i f - - i d
2t gen popt | deldoh & RIS MRERRCeLRRPREOD ©5. oatnE A Tor Tt
Accession No. I\/B4740g can E.e used @\s DNA eqcodi igl-th HLA antigen, along
Wi th t hoseCHRRIRHLES AL AGHYFAPEGC V“ﬂe 9 GEQPRIG AV BPRPCY Shan peri pheral

LA A2- 1 oCRPRU BT e AROTEARODBARAbs, i dentification of such ¢ umr
antiggn pepti de(szé;)ag c%oﬁ)%@: e["ﬁﬁn.bﬂo%yte of which deposit number is FERM
BP-6725;

(24) a method for identifying tumor antigen proteins or tumor
antigen peptides, which comprises using KG-CTL according to the
above (23); and

25 (25) a diagnostic agent for tumors that comprises as an active

ingredient a tumor antigen peptide or a derivative thereof according to
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2 3 DEC 2002 15 simlar manner to that described above except that HLA- A2
cDNA (GenBank Accession No. MB4379) is used. Apart fromthe abo#8 bEsoR
wherein the sequence rules (notifs) have been el ucidated, in cases wheré€in
a relevant peptide notif is not 5 elucidated |ike HLA-A26, tunor antigen
pepti des of the present invention can b~ identified, for exanple, according
to the nmethod described in WO 97/ 46676, pyovided that a CTL |ine
recogni zi ng a conpl ex between HLA- A26 and a tunor antigen peptide is
avai l abl e. The nethpds for identifying tunor antigen peptides as descri bed
10 above may be hereinafter collectively referred to as "assay nethods for

tunor anti i Sgf{bed above, it is known that the sequences
of tunor an ?é’gﬁe{){’)fep ié(%)s(&?‘h@? gl;ie)'bound to and presented on HLA- A24 obey a

certai n rul e (nphp e B0 hOcRBH flbaled ERFTPHIrLt erhdRbiralibyfyfigiuence

15 of a peptide consistin am no aci am no acl

of a pept T fo Rk o
oo aci upsEe ERe RRIGMHI Bar PRl a8AV1g, afh flrkBE28lIEgn and The
trypt h ; ' ' : K] : A1 o1l ti ,

4 e 1opRtteis NI BEA e prédFRORNvensiniEISEERopbER el I RAR' TR,
(moti§) capifperdevedcs @oﬁﬁlmﬁ{'@ésgn EHBYdind A O8Nt RERredeat t hat are

bound to and presented on"HL and in particular, the notifs shown in

the above jIaRigidn e kRWirg HBEBH@@REH £fe ndt redtifetetP8S cydlopHivg! -
155: 4749, 1995). Accordingly, anong tunor antigen peptides of the present

ieQ\e/ent i on, a8, Hldy feldte AhLAHA-ka6WH € @l@tphlillfifﬁé, fnai Beryeephilass ane
nplified by those tunor antigen peptides that are partial peptides
C, and D (Biochemistry, 3, 8218, 1994).
In the present invention, the term “tumor antigen peptide” refers
10 to a partial peptide that comprises a part of cyclophilin B and is
capable of binding to an HLA antigen and being recognized by CTL.
Accordingly, any peptide falls within the scope of tumor antigen
peptide of the present invention, regardless of its length or its position
in the amino acid sequence of cyclophilin B, as long as the peptide
15 comprises a part of the amino acid sequence of human cyclophilin B,
which is registered in WWW Entrez databases as a GenBank
Accession No. M60857 and is described in Proc. Natl. Acad. Sci. U.S.A.,
88:1903-1907, 1991, and a complex between said peptide and an HLA
antigen is capable of being recognized by CTL. Such tumor antigen
2 peptides of the present invention can be identified by synthesizing a
candidate peptide which comprises a part of cyclophilin B and
conducting an assay for determining whether or not a complex
between the candidate peptide and an HLA antigen is recognized by
CTL, in other words, whether or not the candidate peptide has an
25 activity as a tumor antigen peptide.

In this connection, synthesis of peptides may be conducted



2 3 DEC 2002 16 involved in such notif structures in the am no gci.d
sequence of cyclophilin B and that are capable of binding to regpieBECvEﬁZ—LA
antigens and being recogni zed by CTLs. Particul ar exanpl es of

HLA- A24-restricted tunor antigen 5 peptides descri bed above are those tunor
antigen peptides that conprises all or part of an am no acid sequence shown
in any one of SEQ ID NGs: 1-11 and that e capable of binding to an

HLA- A24 antigen and bei ng recogni zed by laé'L. Li kewi se, particul ar exanpl es
of HLA-A2-restricted tunor antigen peptides are those tunor antigen 10
peptides that conprises all or part of an am no acid sequence shown in any

L S N N
g L e
of SEQ | b Retu e Ppiaf At &) SRR RENT OO TAGET shfie 0 " ©
pept des A Ehe 2o fCARERAE 2o Do ol ROR SR 107 6 BB RIS quence
bi i g 1 &y eShorfien &8, My 7S PRRMeBRR AR R MO HEL Y i s
angth | n URARARY > My OB 38 S1o8sTend BN At A, B, |

ant | gon pasti 048 Pebio;CteiG B SHodh, IR Cnt i on i ncl ude 1 hose
Shown 1 SE0 | MRS foF e BRRREYRAL! iugal beplidespAiq Brasiy A e °
antigen an v?ﬁiti'@ﬁl é?&?ﬁfﬂkﬁ?%@érgéd beldke, exanples are: 5 1) peptides that

consists o e amno acl d sequence shown in SEQID NO 1 or 2, 2) peptides

t hat qgonpri se tge fréébeét‘?ﬁ;%éqﬁénbéftlﬁéjs Tﬁo@ﬁ%ﬂpﬁﬁﬁlﬂ%&?ﬁpéﬁﬂ%sit‘hz{tEQ I D
NO 1 or 2 and that are elongated in the Ntermnal and/ or C-term nal

di rection ;% SOHRA' ®ah8 FrRisénddd vh fsé JoBERUEH TELA (9pes Hitk bees t hat
consists of a consecutive portion of the am no acid sequence shown in SEQ

ID NO 1 gfn@dwn$MIARED! IAEB30DeLAC20aPaR020F, -AORDE)0-A0R 0T A-ARS, aaRigeNS
and being recognized by CTLs. In this context, the peptides in the above 2)
may be abow3 B--Weshi NBACIES, tB27O5gt-B37) \Gwo40fl, bl f@/080R(sdd)ey are
15 bound to and presented on HLA-A24 antigens. In the present invention,
the term "glgr,i Manu@deretieg, prLOPES] 1095) UrRégdeadiahg theomioti| fontHLA-ADose of
a tunor antigen peptide" (hereinafter may be sinply referred to as tunor
anti ¢&n pdptriedandple,\itis kapwmrfthas ihdh&nsedueneadohppptidie sodomwsiisting b am no
acid

8 to 11 amino acids, the amino acid at position 2 is tyrosine,

phenylalanine, methionine, or tryptophan, and the amino acid at the
C-terminus is phenylalanine, leucine, isoleucine, tryptophan, or
methionine (J. Immunol., 152:3913, 1994; Immunogenetics, 41:178,

20 1995; J. Immunol., 155:4307, 1994). Likewise, the motifs shown in
the following TeEble 1 are known for HLA-A2 (Immunogenetics, 41:178,
1995; J. Immunpl., 155:4749, 1995).

Table 1

Type ofHLA-A2 Aminoacd at theseoond postion | Aminoadd at Cterminus
fram N-erminus

HILA-A0201 LM V,L

HILA-AD204 L L

HLA-A0206 V,LLM L
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20" sequence contains alteration of one or nore, preferably one tQ S ¢r@b,
am no acid residues of an am no acid sequence of a tunor antigen aéﬁg 3 of
the present invention, and which has the properties as a tunor antigen
peptide, that are to be capable of binding to an HLA anti gen and bei ng
recogni zed by CTL. Accordingly, all altered 25 peptides fall wthin the
scope of tunor antigen peptide of the pygsent invention so long as they
contains alteration of one or nore am no 2 3~~ dEC 2002 18 acid residues
of an am no acid sequence of a tunor antigen peptide of the present

i nvention,__and have t properties as tunor antigen peptides that is_are
capabl e oHLBAROGG t o HXQntigens and being raddbni zed by CTLs. 5 In {his
cont ext, | HAAtA®PAT i on" ofLan anmi no aci d residue [feans substitution, del gtion

and/ or addition (. ncludi ddit1on pf am no 1ds to the N-term nus and/ or
t he C—terﬂq%EeBgldFﬁearﬁegtgll ﬁ@)m'é’fo hl%hith %&ﬁ%a residue, with substitution

o, T RIS el SRS bRl P e

PO 1 o0 Al A0, EEL T 51 U 1 GoBE YA RS ST (R0 SRR, e
dtet CgEeSE“S? {pﬁe%g@?%.iﬁ?@r%&h?vfi%ﬁfhf'88{qe éh?éf‘r%iﬁk%ié%?ééé? iR dedet : »
of t hde pr ggg%é%l R\%é%lﬁegn&{ g é‘gg.ﬁ)t(ﬁg :lr%;l a%#ﬁgn gﬁgggggﬁaggéase of the

tunor anti I 2$0h 1 L € | t hough derivatives of 14 or nore
am no aci Qgggﬁéfﬁ%‘gﬁﬁgoﬁ%@b‘%gsgw? or HLA-DR, -DP, and -DQ Such

an no g . e po! C : )
dentitiod by B EFBAYY JorRiedebesfite BorelindliiniVed il A Mo fifh i °

t of B ' pventi,en | d i t h
Phe. above hYEhidy eClf ReBEERIEDICyOFR T ST TndbISIELER bepags oo,

tumor ant %)%gpoggpiﬂv%‘?‘ged £ tHRSHBREFhAPOYEN ctlife S BAHOHE Ralsty S16¢¥R W fS) for

pepti des are bound to and presented on HLA types suth as HLA-Al,

-AO2(pL, AR sg‘eﬁ@ﬁ%the 20206 aci¥38duenle %%cycﬁgﬁhilhﬁ%l,'ruﬁ@&()l, _-B7, -B8,
2 3 DEC 2002 19 -B2705, -B37, -COw0401) and - Cw0602 have been el uci dat ed.

ConsequenghyigenfRptidREl cﬁeﬁhdo?f‘)ééé}ﬁt Affentasn van &thahnideatddebgt i on of
one or nmore amno acids in a tunor antigen peptide of the present invention

can be prgpatRésioing kandigate pEpide’ thid s6lecbed,0dcei@ingao 4 egetibdig t he
notif for antigen peptides that are bound to and presented on HLA- A24, it

i s known gesdfived Abevabordecohatictimg fie ssyayefosalatermingmg wieethersarst i ng of
8 to 11 am no acids, the amno acid at position 2 is tyrosine,

phenyl al apiotes coriplerrateeenr the yandidate peptidetendmmbl 2k ad tigen e

C-termi nus is phenylal anine, 10 |eucine, isoleucine, tryptophan, or

met M%ni neeognizedrbyn QATL, ib5at1RI1®prd99whethenoogestethe sandidateg, 1995; J.
| mmunol ., 155:4307, 1994). Likewi se, the notifs shown in the above Table 1
are knownpeptidd haszn hctixikyi 45 antumer rentigénl pegpdidkies havi ng properties
simlar to those of am no acids according to the notifs may al so be

accept ed. Ther &f specifitcexaapht of tbe metived dar identifiipe aumaeantigeves of
the present invention include those peptide derivatives that conprise all
or part opeptides ebthe pacseruinvantion ificcmeshedodesaribedinnd Hengnodsi dues
at any positions that may be allowed for substitution according to the
motifs (fdB4RASK21995i Spedifisallypperinherat aad dimmheertesars) are

2 isolated from a human who is positive for the type of an HLA antigen

that is expected:to present the candidate peptide, and are stimulated
in vitro by adding the candidate peptide. If the candidate induces CTL
that specifically recognizes the HLA-antigen-presenting cells pulsed
with the candidate peptide, it is indicated that the candidate peptide

25 may function as a tumor antigen peptide. In this connection, the



1

20* substituted by other am no acids, and which derivatives have agtppyg toyyoof
bi nding to HLA anti gens and bei ng recogni zed by CTLs. Preferred exanpl es
are those tunor antigen peptide derivatives that conprise all or part of an
am no aci d sequence in which substitution of am no acid residues are
selected fromthat of am no acid residues at said 25 positions according to
the above notifs, and which derivati veslﬁuave t he above activity. A
preferred length of "all or part"” of an ami no acid 2 3 DEC 2002 20
sequence is about 8 to 14 am no acids, although it mght be a | ength of 14
or nore amno acids for HLA-DR, -DP, and -DQ Exanples of HLA-A24- or

HLA- A2-re I r t j L.vAat i | el tide
dor vat | VLSRR of diRerR GOCTL AR Cifbrt BuBE deRBclclt, f8EA=RRR. 1P i ch
one or no ] 3 o0 234 : It opel. fy or
substi t ut frgenaaéglclgggglﬁgg t?iftrﬂe a %s}gﬁgm ngﬂ?%%@h%agfx%é, at B%si toin 2
and/or th i M1 0. ﬂ%}g i am i uence of
cycl ophi |?ﬁ%ﬁﬁg€}%&g%fnn§? g n%t??? qﬁgrgﬁ%ém%mﬁﬁeﬁgng@ (s:u %ti tuted
by other 38,301 4 Al plEAdHatS AR RIHRIE NARRThUEYFSa Ak dd fmabove
activity. %}@erre exgrrp’l es are those tunor ant\é‘l gen}?’pept %‘{ﬁ}a derivatives

t hat sconpiigenahk &ftoRékici ofif':ﬁ”%g%iri%‘t! %ﬁé&ﬂ?&;ﬁt&%ﬁi‘%@ﬁtﬁ@%@m no acid

resi dues at position 2 and/or the erm nus- ar tuted by amno acid

resi dues pasQediwihtOCNS mbaNaré@ (M Ty rasssadisshy 1 ndes id@hésmes have the
above activity. In such HLA-A24- or HLA-A2restricteid tundr antigen peptide

derivativgs:3 g7 p16be) redy 2860 Q5ed 32 s@ichPdétectfyn t he am no acid sequence
is about 8 to 11 anmino acids. In particular, exanples are those tunor

antigen pepti dpudehéMabie,ethd ABbve dMeEionaddn als®det achierddang no aci d
sequence in 20 which the am no acid residues at position 2 and/or the
C-t er m nufolljwen fArerpressidnsplasenicbegpradsing LoPNAFopthEHPpleldMNE: 1 to
36 are substituted by other am no acid residues and which derivatives have
t he 1@boveHdA antigen Biaf &y expectednty peesoret tHweantidate poptidenispept i de
derivatives that conprise all or part of an am no acid 25 sequence in which
t he ani noimtroducediitites fat exyasiple 06 OS-Ghdélbs (ATECNer@Rb16 Sdf) canVARi no
acid sequence shown in any one of SEQID .2 3 DEC 2002 21 NGs: 1 to 36
are subst l8utedts (BIKENOEALI BANGS The dnatitotelofiPhysicdecanddWkemical s ari d
whi ch derivatives have the above activity. Specifically, exanples of

HLA- A24- r Beseanthyd andrtine ansulfant delisvard pudsed withdbe camdidatat i gen
peptide derivatives that conprise all or part 5 of an ami no acid sequence

i n whi ch phptigdei nBhacicllsrarg then sreatedi witdntlze 6Tl agrdenrscriles abo¥guence
shown in any one of SEQ ID NOs: 1 to 11 is substituted by tyrosine

pher¥l al adhdetheramnunt Abvasious gpokines (lrdrxample HiN ) proidiicessbiue at
the C-termnus is substituted by phenyl al ani ne, | eucine, isoleucine,

t r ypt ophafitbCThs: i easarafdJ1 Exmnidedddd 2t eO%ve the above activity.
Li kewi se, exampl es, of HLA A2-restricted tunor acrfti eg gerivatives are those
tunmor anti genngﬁﬁﬂf&féeﬂémmﬁf;i Fariglys assays iasedgsdriBed BRQVELATS R ani no

201 d sequinEaralRARela dy ESREIDFS deg (AR 2 DETEAETs 15 substifuted by
e AL b SR EAT S+ lpr A e 0828 o2 1O 201 ¢
20 antigen peptide portions. In order to identify HLA-A24-restricted
tumor antigen peptides, HLA-A24 cDNA (Cancer Res., 55:4248-4252,
GenBank Accession No. M64740) can be used as a cDNA encoding the
HLA antigen, along with those CTLs that are prepared by peptide-
stimulation of human peripheral blood lymphocytes or KG-CTL (FERM
25 BP-6725). Likewise, for HLA-A2-restricted tumor antigen peptides,

identification of such tumor antigen peptides can be achieved in a



|

valine or |eucine and which derivatives have the above activity. ZipEgbpom
exanpl es of HLA-A24-restricted tunor antigen peptide derivatives of the
present invention are those tunor antigen peptide 20 derivatives that
conprise all or part of an am no acid sequence in which the am no acid
residues at position 2 and/or the CGtermnus of the amno acid ;sequence
shown in SEQID NG 1 or 2 are substitutlegj by other am no acid residues and
whi ch derivatives have the above activity. Mre preferred exanples are
those tunor antigen peptide 25 derivatives that conprise all or part of an
am no acid sequence in which one or nore amno acid residues are

subst | ut e ARAOKIk o 2 AecPERA00R022 LREORIAKE LR A7 crghRt 1, a1

or part of the amno acld sequence shown In and which

derivati vzé&?&dﬁ%&ggy&mimis%7g§qist‘g%§ exanpl es of such tunor
pti1de de ’ [ l

antigen p rivatives are showi'‘in D NGs: 39 and 40. 5

Furt b , . . e : :
noml ogs of  cydl e OB Ené ifie Ca iheréin A8 sadh e Rtes OB | gen
Cei . $ . _ i I ‘. i
Dnti gen pan e e T PR P e o el CpER AR B s M h
SEQ 19 NOeltdiduryal IBDH LA A AurrRfiOuh Bl pdiidey B AR predefl, and SEO 1D
litn D). A %eptl e r

NO 43 (cycl ophi tunor antigen or its ivative of the

present i RMoBAHtOR 62N EidERTiEQ] ot SXRMPIECHEESRlingdPass M&hdPr treating

or preventing tunors as follows. Wien uséd wth the aimof treating or

prevent i n@dseryed itWd50Y $36676) providéd that @CTIALHe Te@bghMinglg MOr e of,
tumor antigen peptides or their derivatives of the present invention is
adni ni st ercRinprexabetié@NHLAIADE Gasd al timbh LRiiEéR Peptidavid AvallaBle agent s
such as other tunor antigen peptides. Wien the conposition for treating or
preventing tunirse whéttiodsofqT ideetifgingtuatdr ¥Atigear pepHitsand 489¢riBed
antigen peptide or its derivative of the present invention is adm nistered
to al@ycl aiuvie mal bedidreireafied collectively tefebredntt isgethsyegtnéehods for
derivative thereof is presented at a high density with an HLA antigen of
ant i gen- prtaseot angigeal peptided”t herefore, CTLs specific for the presented
HLA anti gen conplex proliferates and destroys the 25 tunor cells. As a
result, the tusw desctibedpadentit iekrevhnrtbatate sequentes of daimor or
metastasis of the tunor may be prevented.

antigen peptides that are bound to and presented on HLA-A24 obey a

certain rule (motif), and in particular, the motif is that, in a sequence

15 of a peptide consisting of 8 to 11 amino acids, the amino acid at
position 2 is tyrosine, phenylalanine, methionine, or tryptophan, and
the amino acid ?.t the C-terminus is phenylalanine, leucine, isoleucine,
tryptophan, or methionine (J. Immunol.,, 152:3913, 1994;
Immunogenetics, 41:178, 1995, J. Immunol., 155:4307, 1994).

2 Likewise, a similar rule (motif) can be found in the sequences of tumor
antigen peptides that are bound to and presented on HLA-A2, and in
particular, the motifs shown in the above Table 1 are known
(Immunogenetics, 41, 178, 1995; J. Immunol., 155:4749, 1995).
Accordingly, among tumor antigen peptides of the present invention,

25 HLA-A24- and HLA-A2-restricted tumor antigen peptides are

exemplified by those tumor antigen peptides that are partial peptides
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.Z*3 OoEC 200z t 23 Furthernore, the conposition for treating or prfgqﬂt[d )
. tunors conprising as an active ingredient a tunor antigen peptide or 1ts
derivative of the present invention can achieve an increased therapeutic
effect by its conbined use with a chenotherapy or 5 radi ot herapy. The
conposition for treating or preventing tunors conprising as an active

I ngredient a tunor antigen peptide or i derivative of the present

i nvention may be adm nistered al ong wt n adjuvant in order to
effectively establish the cellular inmunity, or may be 10 administered in a
particul ate dosage form For such purpose, those adjuvants described in the

i | Dy s bj ol , : 247-289, 1994) . | i .
add 1 on, TEbES SRRt SRtctuled T RE Ao Ak o8Res i ch the
. di ent_j . di . s
or aparat | SYSToRIHH B ApARs S baR Bl oo BRIFnglo REYEC VT BUR, 2 i <o

i bl e. . i ti achi f le, intrad Iy,
Pypoder m A gt SRl e RecBEd WL LS, ™\ otgh < he. ampunt of & ¢ uror

ti tid . . . £ . : : h

?grlrrglegt Pgﬁ Itoqjl)éelrtg!&}%aﬁ%gaﬁé%és\@yﬁlg‘é'g?jqﬁggéetg%gag\g%ﬁéiﬁ%lqg@e%egendi ng on,
f i . i ght of
the parti aUrie AESCHBEAMAR, 3R khERE Tam i BnPRE R iOEs SBEX 070001 ny
to 1000 mporRpeisesa )SrSJaQQJof% beniHPAc{se ﬂn@@“flo%ﬁfiﬁr %n@-cﬂf my to
10 ng every several days to every several nonths. I§urt ernore, cyclophilin
B protei n gEQMIMNGS: 1@1)@@_{1&@@&8%@@}5&& 6%114&&?%%%&%}1 ention are

derived or a gene encoding said cyclop In B may alfso be used for a
phar maceutdrfidgers @MPBein® Peéd¥nized By STPECLABRRI @4 particular examples
of HLA-A2-restricted tumor antigen peptides are those tumor antigen
10 peptides that comprises all or part of an amino acid sequence shown
in any one of SEQ ID NOs: 12-36 and that are capable of binding to
an HLA-A2 antigen and being recognized by CTL.
Thus, examples of tumor antigen peptides of the present
invention include:
15 1) peptides that consists of an amino acid sequence shown in any one
of SEQ ID NOs: 1-36,
2) peptides that comprise the full length of an amino acid sequence
shown in any one of SEQ ID NOs: 1-36 and that are elongated in the
N-terminal and/or C-terminal direction as compared to said amino
2 acid sequence, or peptides that consists of a consecutive portion of an
amino acid sequence shown in any one of SEQ ID NOs: 1-36,
said peptides being capable of binding to respective HLA antigens and
being recognized by CTLs. In this context, the peptides in the above
2) may be about 8-11 amino acids in length in view of the fact that
2 they are bound and presented by respective HLA antigens.

Suitable examples of HLA-A24-restricted tumor antigen peptides



1
treating or preventing tunors. In addition to the full-length cy k| bidy B
A 8ReY a2

. or the full-length gene therefor, any parts thereof, such parts

toget her, or even those containing alterations in their base or amno acid
sequences can 5 achieve desired treatnent or prevention of tunors so |ong
as they conprise at | east one of peptide portions that can bind to an HLA
anti gen and being recogni zed by CTLs. | %his context, those substances
that "conprise at |east one of peptide go tions that can bind to an HLA
antigen and bei ng recogni zed by CTLs" are herein 10 referred to as "parti al
pol ypepti des". Wen cyclophilin B protein or its partial polypeptide is
applied as e conposjtion for . treati ting t .S, | b
R T e o
above tunor_ antigen,.peptide derivative, thereof. en 15 1 red to
S Cunor e BRSPS R el B AR acft $G0ERH HoTa s sSh0 th NG

i ncor porated into tigen-presenti .cells, and r~ antigen peptides that
are. subseqndnct b RaeEats Bapablt pfdiRfind ro RHIETA 3ntfeh B5H A
antigens t,0 .form connl S, e mpl exes are presented at a high density
on the surl?%f&g 5?0036%@?%%?95’&@%?5}%5, fgagéﬁeg,frgnd CTLS$ specific for the
presepted ¢o fhicientl. iferate in.the body and destr t t unor
el 1 <2 in TrperfisRehat ciinifish o ind Brblst b, SEaltehte Ao LE i S | |
order to aﬁgiy grqfne encodi ng cyclophilin B or its partial polypeptide to
a conposition %or 'reating or preventing tunors, the 25 foll ow ng net hods

X ' f ! . .
may De “Segzpéﬂﬂh@bschb‘t“do‘?ﬁgf%@cﬂgg‘gﬁgﬁ&%ﬁ%ﬁi‘of’ hé H%“écig’& glEﬁgFHEgsem v

z 3 SEC 20 I nvention | e achreved usin VEectors or
di _ ) e : 1094, _
Soas: CodieRiroSBCIR0R B AR B M FRinedteittn R termitid® | 06,
d ; it , / : ¢ ‘
vectors | naafof G eeumitaralketion daRBhERaRG  Sall By HEIDHeihbfce,

i ncoggor at&gg'tbgtiae_@%a%r%&msvé bH'a SO ARiVEDbPYbNSE tIRISHINO A d

adeno- assoc d virus, herpesvirus, vaccinia virus, poxvirus, poliovirus,
or Sindbi ssaqudifee SREWHIN SRGaE Nth:0] @@l2s. Among these methods, those

using 10 retrovirus, adenovirus, adeno-associated virus, or vaccinia virus
are said peptides being capable of binding to HLA-A24 antigens and being
recognized by CTLs. In this context, the peptides in the above 2) may
be about 8-11 amino acids in length in view of the fact that they are
15 bound to and presented on HLA-A24 antigens.

In the present invention, the term “derivative having properties
functionally equivalent to those of a tumor antigen peptide”
(hereinafter may be simply referred to as tumor antigen peptide
derivative) refers to an altered peptide of which the amino acid

2 sequence contains alteration of one or more, preferably one to several,
amino acid residues of an amino acid sequence of a tumor antigen
peptide of the present invention, and which has the properties as a
tumor antigen peptide, that are to be capable of binding to an HLA
antigen and being recognized by CTL. Accordingly, all altered

25 peptides fall within the scope of tumor antigen peptide of the present

invention so long as they contains alteration of one or more amino
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pafticularly preferred. O her nethods may include those in mhichzgrﬁégsiﬁon
plasm ds are directly injected intramuscularly (DNA vaccination), 2

| i posonme net hod, Lipofectin nmethod, mcroinjection, the cal cium phosphate
15 nmet hod, and el ectroporation, with DNA vaccination and the |iposone

met hod being particularly preferred. In order to allow a gene of the
present invention to act as a nedicine iqigapractice, one can use either of
two nethods: an in vivo nmethod in which is directly introduced into the
body, or an ex 20 vivo nethod in which certain cells are renoved from
human, and after introducing DNA into said cells extracorporeally, the

20- 45, - CoRaR HIHES e ki3 BOY 560U SREG oL Rty affiskn pebtige B8,
1994; and fﬁﬁ{-ﬁéﬁﬂsirﬁ) thr h&ﬁﬁ't@ve{ ﬁlggg}oyﬁi‘ﬁegpatshﬂﬁrfo dW¥iferr?

preferred. case of 1 Uivo ne e gene may be a ni stered by
2 3~ DEC : a rQ@rd r.0, : j (o] Al ¥ i -and
symptoms (R aerrolat R e eI SIARENS 90 Bnkikenl 208 %A
adm ni st ergio¥indzddh pQuUs, intraarterial, subcutaneous, intracutaneous,

or intramuscultar route. In the case of in vivo nethods, the conpositions 5

may bg adm ni sty edlid BoNAHtOUSItERHIGR" Bﬁwaﬁﬂﬁe ASASiahiemeand are

typically formul ated, for exanple, 1n the formof 1njection containing DNA

of the presepétihitBA! Heletdén ¥ BIr AQditiéh §H @0 HiIng adHitieh 60AMARL onal
carriers may al so be added, if necessary. I'f a gene of the present

i nvent i on Adidisnel ke N-terrhines QFRE ¢ tHE TRt aneir s 66 146 Péfiasanesahsuch as

Sendai virus (HVJ)-1liposones), the conpositions may be in'the form of

|'i posone faiitib aidi@Tesided, WittsEpehitltion 6f A mikio/Geid residue being
centrifugal |l y-concentrat ed frozen dr ug or the like. Although the anmount of

a gene of pideptees eFbrialwaaltions (nvaviny abstitatiodnsf aRYamany «tg@endi ng on
the disease to be treated, the age 15 and wei ght of the patient, and the

likel0it iresidpecalthpugteties mdnberadrd 1he tpysiQoAMTlahifioasidnresidnad! v
0.001-10 ng, of a gene of the
to be substituted may be determined arbitrarily so long as the activity
as a tumor antigen peptide is retained, it is preferred that one to
several residues are substituted since tumor antigen peptides are
usually about 8 to 14 amino acids in length as described above.

15 A preferred length of tumor antigen peptide derivatives of the
present invention is about 8 to 14 amino acids as in case of the tumor
antigen peptide described above, although derivatives of 14 or more
amino acids long may also be possible for HLA-DR, -DP, and -DQ.

Such tumor antigen peptide derivatives of the present invention

2 can be identified by synthesizing altered peptides that contain
alteration of a part of a tumor antigen peptide of the present invention
in accordance with the above preparation of peptide, and by
conducting the above assay for tumor antigen peptides.

As described above, the sequence rules (motifs) for peptides that

25 are bound to and presented on HLA types such as HLA-A1, -A0201, -
A0204, -A0205, -A0206, -A0207, -Al1, -A24, -A31, -A6801, -B7, -BS8,



present invention every several days to every several nonths. By ﬁﬁt
adm ni stration of a gene of the present invention, the tunor antigg C 2002
protein is highly expressed in antigen-presenting cells. 20 Tunor antigen
pepti des that are subsequently generated by intracellular degradation bind
to HLA antigens to form conpl exes, and the conpl exes are densely presented
on the cell surface. As a result, CTLs s?gcific far these conpl exes
efficiently proliferate in the body, and destroy tunor cells. In this way,
treatment or prevention of 25 proliferation or nmetastasis of tunors are
achieved. Cyclophilin B, partial polypeptides thereof, and genes encodi ng

1 2 3~ DEC 400pe2Teepeh <ibabaness: LOROaS hLoesh Ry ERelggrent s as

descri bed above “ray be prepared“as f geneenco yclophilin B
b . s . : : o ¢
The base oSt sReRRER iy BRGE o i PRERRS Ak Fiv R o8 R WNEr R Dt
A . . .
CCessl on H?Sg?%g%?%ﬁ%%ﬁﬂach«ﬁ&s\fﬁz& ﬂ?ﬁ@?aﬁ?@%‘?@?@gtlﬁ%%ﬁhe ﬁ?%( ¢{ N9

themto cond Ing tot escri pt standard such as
"Ml ecul ar iihg" areq! [ : :atory Press ( 1989).
For this pbﬁ%}g&;ﬁ&?ﬁ%&fg%o CO%%EPE: rc}?adthéalt{?ﬁ?ggg . Sci. US A
88:19@3, 1991, irdkd [l i |+ ; hdd N B.
Furthernore, a gg‘%mrdg?gliﬁyég\%glal a%f@egﬁgflggﬁgfﬁﬁ%g@%ﬁﬁhﬁﬁdﬁw& No.
1077S8, Deppuitif t@2a%d PFORAtER) oBYLASA 245Dt #SRAOWH ad@fdd@thedlbRial | on
may be easily made according to a standard text such as the aforenentioned

" Mol ecul ar tkhpninnehe sEqlieReE BITL pepXidecssn Sidtdig dD8CCl QRdtnlinG dRi@sot ei n
usi ng a gene encodi ng human cycl ophilin B thus ¢l oned may be achieved

accordi ng tlkem@Rih@ueld edtgoditionrnt is ﬁﬁis&ﬁ@e@}ﬁwf‘y!l\amﬁb@hﬁ@ﬂﬂiaﬁixﬁpﬂf ng"
menti oned above. An expression plasmd which replicates and functions in

host cel | stryptophst, wniddheyamito apdd aitithe ONErivinhes Bxphesytalanihe, an
appropriate 20 vector (e.g., pSV-SPORT1), in sone cases after adding
regul 1 or yleaecinentssipugied, @ypeophanpoermstigioerine, (Mhnehurohf 16253913,
transcription (e.g., trp, lac, T7, or SV40 early pronoter), upstreamto the
DNA. The eiPOdsdnonupbgernieticssdlhEr8, h908¢uk dhmnhol. appSosBOAL AAMHt cel | s
to obtain transformants. Exanples of host cells include, for 25 exanple,
pr okar yot ebilsergtseashEstiotifs shioawm dhitheuaboet Talbde leakakymves fendilLAsAYeast
and cells derived frommnulticellular eukaryotes such as 2 3\ oEC 2002 28
In addition, amino acid residues having properties similar to those of
amino acids according to the motifs may also be accepted. Therefore,
15 examples of tumor antigen peptide derivatives of the present invention
include those peptide derivatives that comprise all or part of an amino
acid sequence in which one or more amino acid residues at any
positions that may be allowed for substitution according to the motifs
(for HLA-A24 and HLA-A2, position 2 and the C-terminus) are
2 substituted by other amino acids, and which derivatives have activity
of binding to HLA antigens and being recognized by CTLs. Preferred
examples are those tumor antigen peptide derivatives that comprise
all or part of an amino acid sequence in which substitution of amino
acid residues are selected from that of amino acid residues at said
25 positions according to the above motifs, and which derivatives have

the above activity. A preferred length of “all or part” of an amino acid



ingects or animals. Gene transfer into host cells may be achi evecﬁ?hEEhﬁﬂZ
cal ci um phosphat e net hod, DEAF-dextran nethod, the electric pul se nethod,
or the like. Transformants cultured in appropriate nedi um produce the
protein of interest. The tunor antigen protein 5 thus obtained my be

i sol ated and purified according to standard bi ochem cal procedures. It can
be determ ned whether or not cyclophilim® protein, a partial polypeptide

t hereof, or a gene encodi ng such substance prepared as descri bed above has
activity as a tunor antigen, that is, 10 whether or not tunor antigen

pepti des capable of binding to an HLA antigen and bei ng recogni zed by CTL
are gener aldhdicd 1Y hBBEK 8t A8HiRUAAERR, BluRAigh B AiBHE b ATeREAAP! € BY

S Irst al'l;

a nmet hod usihg gene expression as follows. an expression

plasm d CQSI*F«il@ﬁﬁo@e%ﬁ%é’%@dg%ﬁkﬂﬁ\%Rgeﬂ@,fe{rﬁgf@@}. and anot her

expression plasm d contal ni ng DNA encodi ng an HLA antigen are doubly

transfected i ntpxagiplesOIMEASARG- R HYARAZBRLdtBRAe Rt AMBOP ANt as CAS-7
(ATCC CRL 1651) deri'ved from African green nonkey ki dney, or fi brobl ast

VA-13 (Rl KidptiEe [dAMtivdhindingle tHise pephasd &ivatines Bhaficeaprrssear ch) .

The 20 transfection may be achi eved, for exanple, by Lipofectin nethod

usi ng5Li pajrephainbfan' £agadtadid dsuditle in SHbieRobIee O moge il agRPNSi ve
CTL that is restricted to the particular HLA antigen used is added, allowed

to act on reedtegnrsimeditions, ttatdateglloved Rrosiibstafutieni aupramgkongs (for
exanple, |IFN-~y) produced by said CTL in 25 response to the target cells

may be neashewdmdtifs, SpreiiicallpyattbbSiAoiw 20ghdy 6t nRevdaehatiniufte ofandi dat e
gene is a DNA encoding a tunor 2 3 DEC 2002 29 antigen protein. Since

cycl ophi | ipeftiderderivesi Filotn ARe- amiinblaeidNeeataricd eficyelophiintBdeavipgpt i de
portions) for exanple, HLA-A24 cDNA (Cancer Res., 55:4248-4252 ( 1995);
GenBank Acx &isdimg NootifVist7HQNA -A24H0ATH2A ARNA e GartiBstitu tAdcleys ®thar No. MB4379)
may be 5 used as the above DNA encoding the HLA antigen, and those CTLs

t hat 18r e EmEbEe etid residuwes rapé wipickr deriviative sl lyanehthey iadovasaativity as KG- CTL
(FERM BP-6725) may be used as the above CTL. A specific exanple of such
activity rReederredeexampleaesceitbodgereimar iamtigempeptizle derirativbedhes t hat
specifically bind to a tunor antigen peptide of the present invention or a
deri vat i vecamprissf alhior pagoof aglarnino acid Iseqpeaserin whiehtheram$ueh
antibodies are easily prepared, for_ exanple, according to a nethod

descri bed agid'rasid wesiadpositivabdrandrer tag Gaterminiag pre| supstétutgd beds. |

Col d Spring Harbor Laboratory Press, New York, 15 | 989. Specifically,

ant i bodi eAMiR® acid ggaiducnacaartingnta tee abeyeimetifs, and which

15 derivatives have the above activity. In such HLA-A24- or HLA-A2-
restricteid tumaor antigen peptide derivatives, a preferred length of “all
or part” of the amino acid sequence is about 8 to 11 amino acids.

In particular, examples are those tumor antigen peptide
derivatives that comprise all or part of an amino acid sequence in

2 which the amino acid residues at position 2 and/or the C-terminus of
an amino acid sequence shown in any one of SEQ ID NOs: 1 to 36 are
substituted by other amino acid residues and which derivatives have
the above activity. Preferred examples are those tumor antigen
peptide derivatives that comprise all or part of an amino acid

25 sequence in whjch the amino acid residues at position 2 and/or the

C-terminus of an amino acid sequence shown in any one of SEQ ID



\
or*its derivative of the present invention and anti bodi es that further
neutralize its activity nay easily be prepared using the tunor an23gﬁm 2002
pepti de or derivative thereof to appropriately imunize an aninmal in the
usual manner. Such antibodies may be used in affinity 20 chromat ography,
i mmunol ogi cal di agnosis, and the |ike. Inmmunol ogi cal diagnosis for the
presence or absence of tunors using saiﬁ%gntibody may be conducted by
firstly | abeling the above anti body as ded, and using it to detect the
presence of antigens in a sanple (such as blood, tunor tissue) obtained
froma patient 25 suspected to have a tunor. In particular, such

,IvnoL 09 s P3RS AR08, 5.5 Eh, SBE RHATHS e ST R Bkt Lo
(ELLSA) . SabbyeRFaRY hoPuhtoh NI ERRY RO St L om 900
i, A S O A M ™
te]ch]IcTIDL, elnt |?S' 1 ﬂ%OI’ {%W?neg%agf%ﬁ gn g&b[ﬁ'tm%f?rgﬁ éﬁ| r@%oa l\I\?‘illI @% %a[\he
o 11 chent! ot bR Rt ey G e AR Ald 4 BBiqn OB

cel | whi chy Gy m@aﬁﬁg%&{iﬁg%m&% Bk %?ﬁ@)‘%ai\l g7 ¢ f3h! gen

peptide or its derivative o resent ‘1nvention, € conplex "bel ng

present ed QnedBenBUEPRE Tosinkes!dndiAblh Y iHefiBheAENb! By Stiddy

isolated froma tunor p ent, a 0 provides a pharmaceut

conposi ti Oéﬂnélrbr the Mo fa‘éﬁ@rrési&d@ht(fﬁg%it%?&lééﬁisqsaéﬁﬁ@ﬁﬂﬂeﬁsﬁﬁti ng cell

as an active Ingredient. In this context, the ' havi ng

anti gen- pr 6H&idl§nﬁ?é,' Jeeing SidPéuSRRS tH ﬂiﬂl’Yar!i,eéf- bh&lBEnSPe beRg as it is
a cell expressing on its cell” surface an A"antigen capabl e of presenting

a turpr anyhgen deepidtittes?Hafe thesalievd Mativitg. Uikéwese)SeeRpldWEALiAN, and
dendritic cells, which is reported to have éespecially high

anti gen- prggefistrigtéditlinior adtigeBr @& Avatides Hie thokettRiiA6r ahthgemdded to
prepare an anti genpresenting cell of the present invention fromthe

above- ment peptide ciirivdtive ghantogasrise esest pagt abahi dthifidyadig t unor anti gen
peptides or 25 their derivatives of the present invention, as well as the

tunor antigmpuéaied én whichctlopbhntino &cidanesidugestepd sietoaf Qrof 4n andies to
prepare an 2 3~ DEC 2002 31 antigen-presenting cell of the present
i nvent i on,acidt sapignd¢dshbulrl iremgiyhony dfdPBQ I D and2gen@6tiker ef or but al so
its partial polypeptide and a gene therefor nmay also be used. Wien used in
t he f6r m csubstptwtesi hydeuging, methionines eatiaey isaeheinecor ghrtamineg nt o
cells. In this 5 regard, see the above descriptions for the conposition for
treati ng oangyevé¢heiaminomeid residuré¢ ak thetGdegavinusrispywhstitiited by acti ve
ingredient. In order to prepare antigen-presenting cells of the present
valine or leucine and which derivatives have the above activity.
Suitable examples of HLA-A24-restricted tumor antigen peptide
derivatives of the present invention are those tumor antigen peptide
2 derivatives that comprise all or part of an amino acid sequence in
which the amino acid residues at position 2 and/or the C-terminus of
the amino acid sequence shown in SEQ ID NO: 1 or 2 are substituted
by other amino acid residues and which derivatives have the above
activity. More preferred examples are those tumor antigen peptide
25 derivatives that comprise all or part of an amino acid sequence in

which one or more amino acid residues are substituted according to
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i fwention, cells havi ng antigen-presenting ability are isol ated Eégm a 10
tunor patient, and pulsed ex vivo wth a tunor antigen peptide, DEC 2002
derivative thereof, a tunor antigen protein, or its partial polypeptide of
the present invention to forma conplex between an HLA antigen and said
tunmor antigen peptide or derivative thereof (Cancer |mmunol. | nmunother.,
46: 82, 1998; J. Inmmunol. 158:1796, 1997'220ancer Res., 15 59:1184, 1999).
When dendritic cells are used, antigen-presenting cells of the present
invention may be prepared, for exanple, by isolating | ynphocytes from

peri pheral blood of a tunor patient using Ficoll nethod, renoving

non- adher i i (AT f F and
2 o | necaos motfs e 18, AW Bkt GEMME anrld BoRl SEARERCE sHoWir™
dendritic; hinoa 2t 2841 ; [Wef-W0 ' i,i1,,0f the
pr esent iﬁ@é\%ziao#,) 14g])(r)t3 r?éaf)?ke. qu‘?ﬂéldgt?g:#g{atls‘;eéénﬂé‘éﬁg{lgggd?}).vgvé&eﬁbﬂy )

anti gen- pr&sRAbidexsaiples At sulth pﬁﬁﬁﬁ%pﬁggﬁggmér&rﬁrﬁ%segr@y .

i ntroducing a gene encoding a tunor antig nor 25 its partial

pol ypept i dgh®fntiReSROE®M OsNBONAh@HM@ Nt 0 the af orenmentioned cel I's having
antigen-presenting ability, said gene may 2 3 DEC 2002 32 be in the form

of DNA\ or RNA. HirtPRirindre, als dédAibad dives ¢ si@ds Bl Elophilihos exanpl e,
Cancer Res., 56:5672, 1996 or J. Inmmunol., 161:5607, 1998, and RNA may be

used by cahssdribetlabboe, Byaiglogs of.cyctephithe B, d#ophllind 29€, &né D,

phar maceuti cal conposition for treating tunors which conprises the above
ant i gen- praagediisbnyirast las tigeraproting rergaeidi €t mpredetighh \oejtided.ns

physi ol ogi cal saline, phosphate buffered saline (PBS), nmedium or the like
in order tSpedifiblexamphsaohstibl taimhogamiigse pebhideseinctude tHhAyAR4-

adm ni stered, for exanple, intravenously, 10 subcutaneously, or

i ntrader makkyriciyd tendr adtigen peptides supehsas SEQ 1or NO:edl i(opclopiidlia whi ch
conprises antigen-presenting cells as an active ingredient into the body of
the tti edt), SHRID NO:CGFR {cysdepifin Tk rand SEQUEeNO: 8 Heycdpphdlihi D).n
B-positive patient to achieve treatnent of the tunor. It should be

undi sput ed t hatA thediLantigpaspatideed ive desivativeofthetpresent he pati ent and
t he peptide used. For exanple, an HLA-A24-restricted tunor antigen peptide
or a derivaventonheardfe yeed for augbdrmiadeudicalicempasitig fo treating or
patient. In addition, another exanple of in vitro use of a tunor antigen
pepti de, @PreEentiamg twmowsasofolloavs.unor antigen protein, or a gene 20

t herefor accord-ing to the present inventionis in the follow ng adoptive

i mrunot her apy. VEBenngses thieraina T dseatisB<r pEaveriing A meshtdtve

i mmunot herapy wherein tunor infiltratfing T cells taken fromthe patient
hi o8 1 / hdF RS PRSI, BE 1A GORPIBRLIGR G mgmr@@ralpjnﬁmcgsanasenzs t hen

RRE AU NI IR S SR

to a patient, if necessary, in combination with other agents such as
other tumor antigen peptides. When the composition for treating or
preventing tumors which comprises as an active ingredient a tumor
20 antigen peptide or its derivative of the present invention is
administered to:a cyclophilin B-positive patient, the tumor antigen
peptide or derivative thereof is presented at a high density with an
HLA antigen of antigen-presenting cells, and therefore, CTLs specific
for the presented HLA antigen complex proliferates and destroys the
25 tumor cells. As a result, the tumor of the patient may be treated, or

proliferation or metastasis of the tumor may be prevented.



2 % ° DEC 2002 33 suppressi on of netastasis has been observed by i3n jtro
stinul ation of splenocytes with a tunor antigen peptide TRP-2, 'ﬁergﬁbzmﬂ
proliferating CTLs specific for the tunor antigen peptide, and

adm nistering said CTLs into a nel anoma-grafted nouse (J. Exp. Med.,

185: 453, 1997). 5 This resulted fromin vitro proliferation of CTL that
specifically recogni zes the conpl ex betwgen an HLA anti gen of
antigen-presenting cells and the tunor antigen peptide. Accordingly, a

met hod for treating tunors is believed to be useful, which conprises in
vitro stinulation of peripheral blood |Iynphocytes froma patient using a 10
tunor anti gamrthephicte, thedwmpabitich foe tedting or Yifekcatin gammret ei n, or a
gene therefor according to the present invention to proliferate

t unor - specidompfibing asdas ththquiTiredtdntr 4 taimohentiden pepeideher fat i ent .
Thus, the present invention provides CTLs that specifically 15 recogni ze a
conpl ex betderivative oFHthe pricsgat ianentiba ¢amaichdevd ganinerphsed or derivative
t hereof, and al so provides a pharmaceutical conposition for treating tunors
whi ch conprtheeapeatid €fdéct b iencamtbinediwsy edtles ch&mthecapysirt i on
preferably contains physiol ogical saline, phosphate buffered saline (PBS),
medi unp or ralddéothidrapyn order 20 to stably maintain CTLs. It may be

adm ni stered, for exanple, intravenously, subcutaneously, or intradernally.
By rei ntroduci n§héeontpesition for troatingeart prgventingsushorh cooprisiesasTLs
as an active ingredient into the body of the patient, the toxic effect of
CTLs agai nén agdiveungredignts tymarhantigani peptide ordtegterivative pbthei ve 25
patient and thereby destroys the tunor cells to achieve treatnent of the

t unor . 2 [esEat 200en Gannmayr beadingini steredetlong wiithy anaadjupantpiapt i des,

and derivatives thereof according to the present invention nay be al so used
as an act i w¥dengpeaffentivaly establshdbe eclhgastimaunitngposmayy beunors. Thus,
by using a tunpr, antigen protein, tupor antigen _peptide, or derivative 5
ther et ~ac@shpinigtersd He appaciacilate dasagsriorine Forasuch MHHAse: thoggent to

detect the presence of aptibodies jn a sanple (such, as bl ood qr t unor
tissue) ob@é-{lHé‘ﬁnF? Sessriped whthe lidgeaiug (tql'haMéchbiQIn%fe,vve :?47;7a“a§tgecti on

of tunors i agnosi s; of ,recurrence and netasfasis are possibl.e.. The sane
O ocatore b4 A SBbhcahId. ol GBS r I RASoraal BEbpario Ry BALEC U
nmedi ci nes conpri sj.ng as an.active ingredient, for, e Le, a.tunmor antigen
pr O![ e: n or Hrggﬁ:raéﬂgisgl@nwgé%ith\é lﬁkrgﬂ@r{&r@s%%?nQWEﬁ%%ﬁ h@é’ﬁng@ appl i Ieg
B0 o P SRR B e ) B WRLIP TR S P A

15 attached to lipids are also possible. Administration may be achieved,
for example, intradermally, hypodermically, or by intravenous
injection. Although the amount of a tumor antigen peptide or its
derivative of the present invention in the formulation to be
administered may be adjusted as appropriate depending on, for

20 example, the disease to be treated, the age and the body weight of the
particular patiént, it is usually preferred to administered 0.0001 mg to
1000 mg, preferably 0.001 mg to 1000 mg, and more preferably 0.1
mg to 10 mg every several days to every several months.

Furthermore, cyclophilin B protein from which tumor antigen

25 peptides of the present invention are derived or a gene encoding said

cyclophilin B may also be used for a pharmaceutical composition for



15 Furthernore, in recent years, a new detection nethod has beeszeggﬁhed
for detecting antigen-specific CTLs using a conplex between the 2
pepti de and an HLA antigen (Science, 274:94,1996). Early detection of
tunmors and di agnosis of reoccurrence or netastasis are possible by

subj ecting a conplex 20 between a tunor antigen peptide or derivative
thereof according to the present inventipgp and an HLA antigen to the above
detection nethod, and thereby detecting tunor antigen-specific CILs. The
sanme procedure can al so be used for selection of tunor patients to whom a
medi ci ne conprising as an active ingredient, for exanple, a tunor 25

antigen prefe@itth@orpHeRentitgd @fopgPt i de of the present invention can be
applied, or f4r detérm nation of the therapeutic effect of said 2 3 DEC

200Z 35 meth @diRtiohhttsthé FelIAEASER cylclySiliP B 6t _%Hermwleigb&ha%@&h@gnosti c
agent for tunors conprising as a parft of the active ingredie a tunor

anti gen pephéfidoP! afifpardsitherddiesaeh ﬁﬁﬁ@ﬁhﬁ%&@gkhﬁeﬂ@ﬁéﬁén itRwget i on. 5
In particular, such diagnosis nay be conducted as Tollows: a tetraner of a

conpl ex betvaedindfgHiferanidieh thel 8as€ bt lamired elcad seg@l@h@b@q:eh@ t he
met hod described in the literature (Science, 274:94, 1996) and a tunor

anti gén peathiterel egiregarestrastt esasteventioansf tairiore! $o Ushgas tieeyt he
antigen peptide-specific CILs in 10 peripheral blood |ynphocytes of a

pati ent suspardrdse b lbasteone tofmupticde pPoraohlsolatydaamdtiad. toTha PLAsent

i nvention al so provides KG CTL (deposit nunber FERM BP-672S) that is CTL
est abl i shedntigem anddreingf rdcogaizetyblyy@Phscynethidarontecttf tloosd ung
adenocar ci nona. KG CTL has proved 15 to response to HLA- A24- and

HLA- A2- posstibstarees that &comprisedatleastomd of ipelptiteBpoftibhe thwad st
invention is a tunor antigen protein discovered by using its reactivity to
sai d KG CThing taran ktliA andigerThodebeing recognined byaollgd raner berins and
tunmor antigen peptides may be found as with cyclophilin B by using KG CTL.
For diét ai | B¢fe$B‘E£F 20 aBprepitial pdlgpoptidBRl.EF DESCRI PTI ON OF THE DRAW NG
Figure 1 ~s a graph indicating the results of neasurenent i wherein COS-7
cel | s transfect ®themn yclppkidionBi peateiploasis wastialpelypephidedscapilied a
reconbi nant plasm d of HLA- A2601 c¢cDNA were cocultured wiith KG CTLs after
addi ti on ofisdhecpinpasitiop dopérraties or preventingtumErs domaysbgr esent
invention "84-92 (SEQ ID NO 1)", and fhe amount of |FN ~y produced, by
KG CTLs wa3dmindstcsad inmg edprapsdministratipn mnede; padgase Mmdlaon of

t he peptide addeqd, and the axi.s of ordjnates jndjcates the unt of | FN-~y
produced b} Kae@naye Bipog areigen Qeé’tbif%ﬂﬁdieﬁﬁ’laéaﬁ H@ermz r‘&g%Ints of
measurenment wher.ei n -7.cells transfected, w.th a reconbinant pl.asm d of
i AndEoD CRRRNBHS e d oAt pREEREuCTr CRiAT SrotERhORARLPRBUAT { ur eq

e T A by R RSBl RS

antigen peptides that are subsequently generated by intracellular

degradation bind to HLA antigens to form complexes. The complexes

are presented at a high density on the surface of antigen-presenting
2 cells, and CTLs specific for the presented complex efficiently

proliferate in the body and destroy the tumor cells. In this manner,

treatment or prevention of tumors is achieved.

In order to apply a gene encoding cyclophilin B or its partial

polypeptide to a composition for treating or preventing tumors, the

25 following methods may be used.

Administration and introduction of the gene of the present



10™produced by KG CTLs was neasured. The axis of abscissas indi CHFP E:hfﬁ
concentration of the peptide added, and the axis of ordinates indicates %e
anount of I FN-y produced by KG CTLs. BEST MODE FOR CARRYI NG QUT THE

| NVENTI ON 15 The present invention is further illustrated by the foll ow ng
exanpl es, but is not restricted by these exanples in any way. Example 1

Est abl i shnent of C3rtotoxic T Lo~n+~hocyt (CTLs~Cel | Line from Tunor
Infiltrati~lg L3~npho_cytes (TILs) derived fro L~un~ ZO Adenocar ci nona A
surgical sanple taken froma patient with | ung adenocarci noma was di vi ded
into small pieces in a culture nmedium and the cells wire then suspended in

| t [ LB I ; ;
Suspensi ort N IDHoC oo E aE3 D ACRRAR LRI, OR BT ool P RSEENDE usi ng
(her ei naf 5 P3raty oEBhor BroYRUBRLATISEHEL REL 190G i 6-487 7
i sti % o , 0 G . 0
Suppl erent Sq e Tt T00 PG 1 it br oLkt s AR -8 Dot REA L G2 ‘o).
Buring t hegf frigfetetteddite®ithbP@ngul tivation, an anti-CD3 antibody NU-T3

(Nichirei Corporation) was 5 added to the culture nediumat 1 ~g/m . The

cul tigati on wasggapipledest fher mmhedshasingOvidal fecitd mcHite! thiRet hat ,
responses to several kinds of :HLA-A24- or HLA-A2-positive cancer cell line

was t her ebyhe@RbdBlinswhtlch TRAGiLtHd Peem fnetidiciSThcopprategdnitd t he

foll owi ng experinments. The reactivities of KG CTL agai nst various 10 cancer

cel | IinespNX erdeNarvirisduah h8ldcersirtanaden6einud, idtkth@agsptizited i nto
wells of a 96-well plate at 1x104 cells/well. On the next day, KG CTLs were

added at 1xtQ%, teirpesvielis, vhocidigvicus ! pogdirtie] pbidvirus, oa8indbis cul ture
medi um was then harvested to determ ne the amobunt of interferon-y (IFNvy)

produced byirds; @hdsintfpdutetdhto eells. detreymg the s meth dds)-thosesusiergduct ed
by an enzynme i mmunoassay (ELISA). Specifically, anti-human |IFN-y nouse
nonodDonal retnbvirady ades oailsrs, katemor assbtimtet] vras; oeMackiwizopiraseams a
sol i d- phased anti body, and after bl ocki ng non-specific bindings with bovine
serum al buparticu¥ely preferbed.sanpl e was allowed to bind to the anti body. An
20 anti-human I FN-y rabbit polyclonal antibody was then allowed to bind as
a detection ant©Obbdy methasts piawingude thoseniri whibbi expressier pdasmids goat
anti body | abel ed with al kaline phosphatase, it was allowed to color using a
per oxi das earoinectiyvigljeptedyindranmugSuarboMNAakac¢ination)) thadipasame
absorbance (405 nm was then L .
method, Lipofectin method, microinjection, the calcium phosphate
15 method, and electroporation, with DNA vaccination and the liposome
method being particularly preferred.
In order to allow a gene of the present invention to act as a
medicine in practice, one can use either of two methods: an in vivo
method in which DNA is directly introduced into the body, or an ex
20 vivo method in which certain cells are removed from human, and after
introducing DNA into said cells extracorporeally, the cells are
reintroduced into the body (Nikkei-Science, April, 1994, pp. 20-45;
Gekkan-Yakuji, 36(1), 23-48 (1994); Jikkenn-Igaku-Zokan, 12(15),
1994; and references cited therein). An in vivo method is more
2 preferred.

In the case of in vivo methods, the gene may be administered by



25 nmeasured. It was conpared with val ues obtained wth standard '2"_3Nm‘{ t@l
quantitatively determne the anount of IFNy . The reactivities of 5

DEC 2002 38 KG CTL on varipus adenocarcinona cell lines are summarized in
Tabl e 2. Likew se, the reactivities of KGCTL on |ynphoid cell lines are
shown in Table 3. Table 2 Adenocarci noma Cell LineArount of |IFNy Produced
b KG CTL m HLA- A TypeHT- 1376 (bl adder c er cell 1ine46082402/24021-87 |un
cancer cell 1inel940207 110111-18 lun cancer cell 1ine46320201 2402PC-9 | un
cancer cell 1inell1020206 2402LC-1 |un cancer cell 1inel293101 3302YT- 803
(lung cancer cell 1ine2853101/3302143 B (osteosarconma cell

Produced HRG-CI T R YSHIRRE P (ROUTSRAeishd SRR her o)
ol T |1 net S50 Le ARh o eD TR MG karle RO OO T R Ry °

KG CTLI O lintPabehbubs) Babifliier] Sib BRIt g BB, ¢t heal thy donor

with EB virus. Teregﬁts In Tab ow t hat strdngly reacts to
HLA A2402- pghbhy§ceRRGRutee! irSthé chile Jfah vk thelifd®s, de éémﬁaﬁtiﬁgsf’)s 10

and produces IFN-y and that it also reacts to the HLA-'A2-positiev C

(143BF andnfypBecedmim¥t¥red-ikk Sefricus H8ageToting silcH 3l SoRitideahfat
KG CTL strongly reacts to the HLA- A2402-positive EB-virus 2 3 DEC 2002

are typically formulated, for example, in the form of injection

containing DNA of the present invention as an active ingredient, to
which conventional carriers may also be added, if necessary. If a gene
of the present invention is included in liposomes or membrane-fused
10 liposomes (such as Sendai virus (HVJ)-liposomes), the compositions
may be in the form of liposome formulations such as suspension,
frozen drug, centrifugally-concentrated frozen drug or the like.
Although the amount of a gene of the present invention in such
formulations may vary depending on the disease to be treated, the age
16 and weight of the patient, and the like, it is typically preferred to
administer 0.0001-100 mg, preferably 0.001-10 mg, of a gene of the
present invention every several days to every several months.
By such administration of a gene of the present invention, the
tumor antigen protein is highly expressed in antigen-presenting cells.
2 Tumor antigen peptides that are subsequently generated by
intracellular degradation bind to HLA antigens to form complexes, and
the complexes are densely presented on the cell surface. As a result,
CTLs specific for these complexes efficiently proliferate in the body,
and destroy tumor cells. In this way, treatment or prevention of
25 proliferation or metastasis of tumors are achieved.

Cyclophilin B, partial polypeptides thereof, and genes encoding



39 transformed B dell line and a | eukema cell line (SSB and MI-2) 35t it
it also strongly reacts to the HLA- A2-posotive | eukema cell |ine

(HBP- MLT). The established KG CTL was deposited at The National Institute 5
of Bi osci ence and Human Technol ogy, Agency of Industrial Science and
Technol ogy ( 1-1-3 Hi gashi, Tsukuba, |baraki, Japan) (designation of

m croorgani sm KG CTL; deposition date: glne 19, 1998; deposit nunber: FERM
P-16854) (date of conversion to international deposition: My 20, 1999;
deposit nunber: FERM BP-672S). 10 Furthernore, typing of HLA nol ecul es of
KG CTL was conducted by Shionogi & Co. according to the nethod described in

Nakao et abych @HESRANRRS thar TALHR- A ofs hddamends ids #BSciiBRIABBL t hat
the A locus is A0206 and A2402. Exanple 2 15 ldentification of Tunor

Anti gen Preisi Beprepifedidy followss AgeRel@ftddifl dytdophadd® caanser cel |
| ine HT-1376 (AT@C %1472), to whi gh KGCTLls?rongle reacted in Exanple

1, by tie ilwel ) H r isf ofom
y ¢ilp dtgem%hpdepaﬁ@hg épﬁs?rbgl\lf?f? P@R pribedts/ofrterRabasisk 60

HT- 1376 by isol ation of the racti'on and purification on an

oligo (dT)tleobugsd deguthce oRhAnRaHh idyctedhiih BYEDNA rEivteRd at Bi ot ech)
according to the manufacture's protocol. Fromthe , CDNAs having Not |

adapt 6r anGehBank adafireActesdior No. MEISI PN foumndvyeWNS Bredeysi ng
Super Scri pt TM Pl asm d System (G bco BRL) according to the 25 manufacturer's

. prot ocol , databddenseagdi, ethd nising tdeeh ea\ethdidtePOR aocexiingsts tie vect or,
pl asm d pSV-SPORT1 (G bco BRL), digested with Z 3 DEC 2002 40 restriction
enzynes NodescrptioSadf & stangbed dexesuch asiMqkeaskrd€loding”s oahbd nant

pl asm ds were introduced into E. coli ElectroMAX DH | OBT"' cells (G bco

BRL) usi ngCeldSpring pldardes LabGaterPRress (( 8BORador trid puspsseqgrorant s i nt o
whi ch the reconbi nant plasm ds had 5 been introduced were selected in LB

medi um ( 19taBagtse- coysulinProe, Dt ehead.eStr 4665,A088%90%) 19pH7 v@ictoist ai ni ng
ampicillin (50 ~ g/m). The recombi nant plasm d DNAs were recovered from
pool 40of adaepotOOoncertsing cheming df eyl opllilab Be Furtheéemboe) awi ng manner. A
hundred transformants were introduced and cultured in each well of a 10
96- vwel | U ¢ommeercially avepladile qyctophiimB cBNfedlans MTE€CaNpi diQ7738,( 50
~,g/m). Paxt of the culture was then transferred to another 96wel |
U- bot t onedPepignsdicns HIMNARAOhgnay 25 alsopesede If dgpiredoaitaragiomiay M
Ausubel et _al., "Current Protocols in Ml ecular Biol og¥", John Wley &
Sons, | nc.he easiydurdgraccardingdor standargvext speh @s taedforsrg cultures in
LB mediumon the mcroplate e stored in frozen. Preparation of
r econbi nanme&té%r?‘ﬁrai MQ%C‘FI@S\;ﬁ{Qr&H&or HheTmATe, CXRTEPSIP medi um was
achi exed on the m.croplate by the alkaline |lysis nmethod (F. M. Ausubel et
o B0 rGrAOPROLS EOPIOIm P R BETS SRORYNE BUATNSORNSEHE TR, ).
The reconbi.nant, 20 asnm.d recovered by isopropanol precipitation were
suspended S1ARGY HabE Slenid ActSEqnE FEmgy IBIEHGNBRT ho 20 o/ m
RNase. On the ot her hand tarti Lt h.an, esophageal .cancer, _cell |ine KE-4
deposi t ed eﬁ“ﬁbceﬁaﬁlgﬁﬁs f‘ﬂé’@??ﬂgﬁ Wgs@ﬁgggﬁﬁ@%ﬁn% Technol ogy,
Agency of lndustej al i d_T al o -1 i i uba,
Baraki - SRERSG pEFE R RHL reRigRE s g ghmbiibald AR st H

constructed by incorporating DNA to be expressed into an appropriate

20 vector (e.g., pSV-SPORT1}, in some cases after adding regulatory

sequence(s) such as a promoter sequence, which controls

transcription (e.g., trp, lac, T7, or SV40 early promoter), upstream to

the DNA. The expression plasmid is then introduced into appropriate

host cells to obtain transformants. Examples of host cells include, for

25 example, prokaryotes such as Escherichia coli, unicellular eukaryotes

such as yeast, and cells derived from multicellular eukaryotes such as



41%deposit nunber: FERM BP-5955), reconbi nant plasm ds were prepaged_ in

. which cDNAs for HLA-A2402 (GenBank Accession No. Ms4740) and HLA- AS6RHEC #82e
been incorporated into an expression vector pCR3 (lnvitrogen), according to
the description in Nakao et al., 5 Cancer Res., 5S:4248-4252 ( 1995).
Subsequently, a cell line derived fromAfrican green nonkey kidney, COS-7
(ATCC No. CRL1651), was doubly transfect with the reconbi nant plasmd of
HT- 1376 cDNA and the reconbi nant plasm d of HLA- A2402 GDNA usi ng Lipofectin
met hod as follows. Eight 10 thousand COS-7 cells were placed in each well
of a 96-well flat bottomed m croplate, and incubated for one day in 100 ~, 1
of RPM 16; i AR N¢ 9 ;s } ) (G bco
BRL), 30 ?A](léeo g&'r?aorga~ 1 m%@%rgé&(e%ﬁ?sltﬁg o) %@g?ﬁé@jﬂe{]ﬁ%ﬁﬁgg I nant

pl asm d of tHdlcdR1Gne BN spPdte sRe b M IDER BRIt rdAGnbPh b 205 @lempLs. 10 ~1
(200 ng) of the recoibi nant plasm d of HLAA2402 cDNA, and 35 ~.1 of about

50-fol d dipuisdmdtpetic ok the EREEMratFoAfdeds ich 1OXART ih @pfrepriater ansf ect
the COS-7 cells. Transfectants were prepared in duplicate. Arter 5 hours,

200 ~, 1 ofmediubt predueditthie sritean oif iAtd@%t FGhevegnasiogatient py@tein _
transfectants, and 20 further incubated for 48 hours at 37C. After renoving

the c8lturthuedbudinell hayl bk iseldtedvend pafrified Gocording@ddedandaddcul t ured
for 24 hours at 37C ~n 100 ~,1 of a cul ture nmedi um contai ning 10% FCS and

25 U nl | LbidchEneicallprocedaees.um was recovered, and neasured for the anmpunt
of IFN-~y by the ELI SA net hod described in Exanple 1. 25 For those groups
that resulted it carhbghdgteothiatdonhethéd-bdr yiotagrdlephilidiBhprotednga- st ored
pool s of about 100 transfornmants 2 3 DEC 2002 42 transfected with

r econbi nanpapizispolypepitidertireof coONA gene ensoeding sulech Substeicescr eeni ng as
foll ows. The pools of the transformants were plated on LB agar nedi um
cont ai ni ngprapEred 4$ de§60ibeg/ abyve hashactivity @somitamor-antimeoh thaoldp, 400
colonies were cultured as described 5 above so that a'single kind of

t r and@or mewhetker ocinadeaimor eadigare peptiges capalei ofabindingsto aniBA f or

HT- 1376 cDNA were prepared. Furthernore, in the simlar manner to that
descri bed amdgen ayobbeingresogmizeddey §1NL eragshesatatl Wytintraeclheleonbi nant
plasm d of HT 1376 cDNA and the reconbi nant plasm d of HLA-A2402 cDNA 10
fol | oned biegradatian ehseid proteinkdCeramplg, Ewmwpt@@mnggem@ CTL in
response to the target cells was quantitatively determned in order to

sel ect poFXRRESSHIMESi f9HlOWSy t hese procedures, a HT- 1376

First of all, an expression plasmid containing a candidate gene

15 or gene fragment and another expression plasmid containing DNA
encoding an HLA antigen are doubly transfected into cells expressing
no tumor antigen proteins, such as COS-7 (ATCC CRL 1651) derived
from African green monkey kidney, or fibroblast VA-13 (RIKEN CELL
BANK, The Institute of Physical and Chemical Research). The

20 transfection may be achieved, for example, by Lipofectin method using
Lipofectamine reagent (Gibco BRL). Subsequently, a tumor-
responsive CTL that is restricted to the particular HLA antigen used is
added, allowed to act on the transfectants, and then the amount of
various cytokines (for example, IFN-y) produced by said CTL in

25 response to the target cells may be measured, for example, by ELISA

to determine whether the candidate gene is a DNA encoding a tumor



CcDNA reconbi nant plasm d clone was sel ected, and the cl one was naned 4F2.

. Furthernore, simlar procedures were repeated with 4F2 15 to det er r§ Hi®ECh2
anount of IFN-y produced by KG CTL. The result is shown below in Table 4.
Tabl e 4 Cell sAmount of IFN-y Produced by KG CTL ml COS-7 + HLA-j 2402469CCS- 7
+ HLA- A2402 + 4F2543 When corppared to COS-7 cells transfected with only
HLA A2402, KG CTL reacted nore strongly 20 COS-7 cells doubly 20
transfected witl ~ HLA- A2402 and 4F2 and produces nore IFN-y . This result
indicated that the protein encoded by 4F2 is a tunor antigen protein.
Example 3 Z 3 D E ¢ 200z 43 | Z~termnairion yf Base Seduence of Tunor
Anti gen PrateigenGorotdimheSihasacytopkilire Btohbeing HEM-A 221 -oowe AR A2 codi ng
the tunor antigen protein obtained in Exanple 2 was determ ned using
DyeDeoxy Tegstritdedrtu@yol ensigpuepeptiglekport{dies kior-d&tample, HLA-A2det er m ned
base sequence and the am no acid sequence encoded by the base sequence were
conpar ed t cDRYoWhagegu &esesS ot VATE(1 993); daenBasds Agndssiornle. r eveal ed
that the base sequence of the plasm d clone 4F2 corresponds to the am no
aci d sequeNE 40han®lLAVA2 cPINA i(GreBBauk ftanesdicrs Nes MB84I3 72 cmeyi e No.
N60857. The 10 sequence of said cyclophilin Bis also described in Proc.
Nat | . SAcadusedias the sbave BNAlencodirgthe EiA aptigém @ndshopsei G8Lag protein
for an i mmunosuppressive agent, cyclosporin A and is known to participate
in vivo inthet avepreparsd framrdvenass peripheral idoed Ipmphecwissvas ®edhpl e 2
for the first tinme that cyclophilin B, of which sole known 15 function had
been its pasther@ali(EERM BRnohde) maybeiwsed as, theagbave 7Eki on as a tunor
antigen protein. Exanple 4 Selection of Candidate Pe id .s There are
certain rul es (fotpgdliciexamplesafsurbactivitymegprenepspsidessriinéhd and

pr esent ed gy HLA antigens. Regarding the notif for HLA-A24, it:is known
that in thBelWiRE%aPIe&nt i des consisting of 8 to 11 amino kids, the

am ng _acid at position 2 [s. tyrosjne henyl al ani ne, mnet hi oni ne), or

t rypt@phan, andAPkDAlies shas ispesitically Bind taia Gumar pRESFRPERiiHE of

trypt ophanthé %l#gégr?t’ irln}scc%{t?gr? ot & d%g'ivative thereof are also included in the

present invention. Such antibodies are easily prepared, for example,
according to a method described in "Antibodies: A Laboratory Manual”,
Lane, H. D. et al. eds., Cold Spring Harbor Laboratory Press, New York,

15 1989. Specifically, antibodies that recognize a tumor antigen peptide
or its derivative of the present invention and antibodies that further
neutralize its activity may easily be prepared using the tumor antigen
peptide or derivative thereof to appropriately immunize an animal in
the usual manner. Such antibodies may be used in affinity

2 chromatography, immunological diagnosis, and the like.

Immunological diagnosis for the presence or absence of tumors

using said antibody may be conducted by firstly labeling the above
antibody as needed, and using it to detect the presence of antigens in
a sample (such as blood, tumor tissue) obtained from a patient

5 suspected to have a tumor. In particular, such immunological

diagnosis may be selected as appropriate from immunoblotting,



25" met hionine (Imrr.unogenetics, 41:178) 1995; J. Imunol.) 152: 2%)‘@59 02,

, 1994; J. Immuriol., 155:4307, 1994). Likewse, it is known for HL

3~ oEC 2002 44 that the peptides consist of 8 to 11 am no acids and that
for HLAA0O201, the amino acid at position 2 is |eucine or nethionine and the
amno acid at the Ctermnus is valine or |eucine; for HLA-A0204, the am no
acid at position 2 is leucine and the anggo acid at the C5 termnus is

| eu~i ne; for HLA-A0205, the amno acid at position 2 is valine, |eucine,

i sol eucine, or nethionine and the amno acid at the Cterm nus is |eucine;
for HLA-A0206, the am no acid at position 2 is valine or glutarrline and
the am no pedidimimumeaSsagr(RIAYsehsymellinRedrinieutidsorbend dsyayHLA- A0207,
the amino acid at position 2 is |eucine 10 and the am no acid at the

C-ter m nus(EISAV@ flaof¢seartoge hefiinesceidt 4¥8ay,19Q8;the likenunol ., 155: 4749,
1995; see also Table 1). According to such notifs, peptide portions

consi sting of 8Atturhdraptigere pepdide)glddieatibethenedf, tamer ansigeact ed from
the am no acid sequence of cyclophilin B (GenBank Accession No. M0857), of
whi ch 15 f pnetdinr(cgslopltilimB),aott gera theotforrofide Hoesah thinvendiqr esant
inventors. Sel ected peptides having a binding notif for HLA-A24 are shown
in SEQ | p also ba-usked anditpefor tesathaenihgf fubiordpatjents iafs foblowd. A- A2 are
shown in SEQ I D NOs: 12-36. These peptides were i synthesized at Bi ol ogica
Co. by the FnocOretisage ofta Thsmr antigecQseptide) Hsrivativet themredfctiuadoni t h a
reconbi nant plasm d of HLA~A2402 cDNA by the Lipofectin nethod to express
HLA- A2402 aptigedi prpteint ae genediherefar i treetpremtedf tunmr, 27i5 imposgyantro
these cells, various peptides precedently synthesized that had a binding
notif for tLasphliskees ademnigidegion mathod whieh carefficientlyZndyteter to

pul se the cells. The cells were then co-cultured with 2x104 KG CTLs for 18;
hours, andSPeeifignglhs igftheRody ofa madient. t Aseone of thepneapsthesefor,

super nat ant. produced, by KG CTL was determ ned by the, ELI SA net hod.
Subsé8uent tRe pregepkpveidonprgvides an aRpEeRePieesting c§lliwhidbquence from
position 84 to position gp\fqi B@t he am no_acid sequence of cyclophilin B (SEQ
| D NO. 1, GeFHRIHFS arCHBRR® EWSC‘%i%WA@F@F%"éHaP@ adumpar gntigemng a

eptide conprisin he, sequence
pep ggptide gr }ts derei\xgatei\ve of the present invention, the complex being

presented on the surface of a cell having antigen-presenting ability
isolated from a tumor patient, and also provides a pharmaceutical

15 composition for treating tumors, that comprises said antigen-
presenting cell as an active ingredient.

In this context, the "cell having antigen-presenting ability” is not
specifically restricted so long as it is a cell expressing on its cell
surface an HLA antigen capable of presenting a tumor antigen peptide

2 or its derivative of the present invention, and dendritic cells, which is
reported to have especially high antigen-presenting ability, are
preferred. The substance to be added to prepare an antigen-
presenting cell of the present invention from the above-mentioned cell
having antigen-presenting ability may be tumor antigen peptides or

25 their derivatives of the present invention, as well as the tumor antigen

protein, cyclophilin B, and a gene therefor. In order to prepare an



fromposition 91 to position 99 (SEQ ID NO 2, hereinafter sonefi.nes sinply
referred to as "91-99") were subjected to the foll owi ng experi fehDEC 2002
Exanple 5 10 S3rnthesis of L ,~-Phe-Hi s-Arg-Va,~ 1-1le-Lys-Asp-Phe |;S, ~ ID
NO 11 Fnoc-Phe-Al ko Resin (0.56 nmol /g, |100-200 nesh) was used as a resin
in this synthesis. Using 100 ng of this resin, the synthesis was started
according to Schedule 1 described below g couple the follow ng residues in
order: Fnoc-Asp(QBu)-COH, Fnoc-Lys(Boc)-0OH, 15 Frnoc-I11e-0OH, Frinoc-Val - OH,
Frnoc- Arg(Pnt)-0OH, Fnoc-His (Trt)-OH, Fnoc-Phe-OH, and Fnoc-Lys(Boc) - OH.
After the coupling, the procedures were carried out up to Step 3 of

Schedul e lapbipen-Beesenting CAIBSE thé PreSéat veeoh! 4ot dilytheRullhi S
peptide resin, 2 m of Reagent K (5% phenol, 5% 20 thi oani sole, 5% H20, and
2. 5% et hanpdigdthi &)clophlfid)B afd gededrieicH bavalsd s actiaf polypeptigar s at
roomtenperature. Wiile cooling with ice, 10 mM of diethyl ethér was added
to the reaghidomgenkethirefor maypalss beneskd 0Whef wsedligthelforhebed, and
then washed with 10 ml of diethyl ether. To the filter cake, 10 m of 10%
aceti c aci gregwinatsgere sitlistnesessaey aorad irtormirateddnto calisadquethis acetic
acid) was added and the m xture was stirred for 30 m nutes. The resin was
then § 2 3réfzd)Ee tite Abbverduscriptionasbe thaicompositicf fagtreatihgoet i c
acid. After lyophilizing the filtrate and the wash, the crude peptide

obt ai ned wpsevirsting\taenors aquepnisirgr thé geaeial; peottin jseaheactivd 0 a rever se
phase packing material COSMOSIL 5C 18-AR colum (25 ~ x 250 mm) pre 5

equi | i br at exgreidiéng. 1% aqueous TFA. The col umm was washed with 0. 1% aqueous
TFA, and the concentration of acetonitrile was then increased up to 25%
over 260 m nut ebn towdet toepreiparpramthigen giresehking celle ofthé prelsent. The
eluate was nonitored by A 220 nm The fractions containing the desired
product weinveandtidnneells dpating rantigen-prepophing abilitycarsbismlatetl fromm of

Lys- Phe-Hi s- Arg-Val -1 | e-Lys- Asp- Phe. The peptide obtai ned, .

Lys- HRe- H tumog-patient,cang pspdree vivmwith pciignor émntigere peptRE, & ni nut es
in an anal ysis using a reverse phase packing material YMC PACK ODS- AM

col um (4. éenVﬁtlysd%ﬂfFOEI%tﬂém% antigen; peateiny emitenpadiakpelypentide ef
concentration fromO,to 60% 15 containing_ 0.1% TFA, and_ the results of

am no aci dth@Prgsent ineniaen tofosm sreamplest bepwepn R dlLAd@ndigean anst ent
with the theoretical vglues. Amno Acid Anal ysis I-t[ydr ol ysis: 1% phenol / 6N
aqueous hy8Risk HiBIranHgan pepiéde o derivaliye thareatlGancaraygunohe

Ny dr N et O ther., 46:82, 1008; J. Immunol. 158:1796, 1997; Cancer Res.,

15 59:1184,1999). When dendritic cells are used, antigen-presenting
cells of the present invention may be prepared, for example, by
isolating lymphocytes from peripheral blood of a tumor patient using
Ficoll method, removing non-adherent cells, incubating adherent cells
in the presence of GM-CSF and IL-4 to induce dendritic cells, and

20 incubating and pulsing said dendritic cells with a tumor antigen
peptide, tumor antigen protein of the present invention, or the like.
For details, see Example 13.

When antigen-presenting cells of the present invention are
prepared by introducing a gene encoding a tumor antigen protein or

25 its partial polypeptide of the present invention into the

aforementioned cells having antigen-presenting ability, said gene may



. Asx1.01 (1) 25 *Val: 1.00 ( 1) lle: 0.85 (1) 2 3 DEC 2002 47

1

* Reference amino acid; Theoretical values are indicated in parﬁt heses:
EC1 2002

(2) Lys: 1.74 (2) His: 0.95 (1) Arg: 0.86 ( 1) 5 Mass spectrum (FAB)

[ MPFH] +: 1190 Table 5 Schedule 1 Step Duration (mn) x the nunber of

treatnments 10 1. (washing) DWF 1.2 m1 x 22. (deprotection) 50%

pi peridine/ DMF12 x 13. (washing) DIVIF 132 nl1 x 74. (coupling) each

am no-protected am noacid (5 equival ents)/NW solution 0.9 m,15 DIC (5

equi val ents)/ NWMP solution 0.3 m 30 x 15. (washing) DWF 1.2 m 1 x 26.

(coupling) each am no-protected am noacid éS equi val ents)/ NWP sol ution 0.9

m , Dl C (5 bgunvtheforn/aiNPNdobuRNA. dm3particular] IBNA. m@yabtivegd DVF 1.2 ni 1

X 4Exanple 6 Synthesis of Abp-Phe-Met-1le-A@n-A3wAs_-m Phe ~(SEQ I D NO

21 In the sansulingeforaexample degncendes. nS6:@0PL e 1996usr vy Impoung!. pf

Froc- Phe- Al ko Resin, Fnoc-Asp (QBu)-OH Froc-Gy-0Od, 25 Frnoc-G y- OH,

Frroc- G n- OHP 1Fp607) |1@9@ﬂ,aruﬂ:&1\5mambe Eieed- 1P €or sudtingrfior exapmrmdeBy) - OH

were coupled in order, and the product 2 3 DEC 2002 48 was then

depr ot ect e&xmwée@ﬁd@ﬂ@&biw&bt ai ned was dissolved in aqueous acetic

acid and injected jnto a reverse phase, packing material COSMOSIL 5C 18- AR

col um? (25 ~ x Hsphamnacestinglicosnposiion dor treating tesrrsTwhiclrhe col um

was washed with 5 0.1% aqueous ~' FA, and the C(incent ration of acetonitrile

was then i REFHURES & e@?b%yf%%vg?nmwm&gekée@%@qth‘ee pryedéentt a

flow rate of mn. The eJuate was . nopitored by A 220 nm _ The fractions
cont ai ni ngpfﬁér% FeRtainsdRysiplegical $611n&d 1 wHeredsalinezed to

2 s WRSTR  E  A a

presenting cells. It may be administered, for example, intravenously,

10 subcutaneously, or intradermally. By reintroducing such composition
for treating tumors which comprises antigen-presenting cells as an
active ingredient into the body of the patient, specific CTLs are
efficiently induced in the cyclophilin B-positive patient to achieve
treatment of the tumor. It should be undisputed that the HLA types

15 need be compatible between the patient and the peptide used. For
example, an HI;A-A24-restricted tumor antigen peptide or a derivative
thereof must be used with an HLA-A24-positive tumor patient.

In addition, another example of in vitro use of a tumor antigen
peptide, a derivative thereof, a tumor antigen protein, or a gene

20 therefor according to the present invention is in the following adoptive
immunotherapy.

For melanomas, it has been observed that an adoptive
immunotherapy wherein tumor infiltrating T cells taken from the
patient himself/herself are cultured ex vivo in large quantities, and

25 then returned into the patient, achieves an therapeutic effect (J. Natl

Cancer. Inst., 86:1159, 1994). Likewise, in mouse melanoma,



. packing material YMC-PACK ODS-AM colum (4.6 ~ x 250 mm) el uted

had a retention tine of 25.8 mnutes in an analysis using a rever,se Ehase
4% Ee 202

| i near gradient of acetonitrile concentration fromO to 60% containing 0.1%

TFA, and the results of am no acid analysis (Met 15 being not detected) and

mass spectronetry of the product were consistent with the theoreti cal

val ues. Amino Acid Anal ysis Hydrol ysis: 31390 phenol / 6N aqueous hydrochl oric

acid, 110C, 24 hours; 20 Analysis nethod: the ninhydrin nethod; * Reference

amo acid; Theoretical values are indicated in parentheses: Ash: 2.02 (2)

Ax: 1. 04 ( 1) 25 dy: 2.04 (2) *Ile: 1.00 ( 1) 2 3~ DEC 2002 49 Phe:

1.9? (2) MNagpppadibh i et tadid/hidstbedV dDsExve® iy i diths stithifdtich iggn of

Tunmor Antigen Pe etide An experinent was conducted with two peptides

synt hesi zegplenocheesiharie abxambr emtipg@mpeptide TRP-2MRefEB ProBferhlbitig
described in Exanple 4, and it was found that these peptides function as a

tumor ant i @QeLhspgdifie forl ke tasnbt andigenspepride) anidyddasinisterth@ sald the 10
figures, the axis of abscissas indicates the peptide concentration (pg/m)

and the axC%Lsfinto di nedlenoimaligrafted ot senfUiBExpfMeEN- V8 PrABBICESOD)Y,
KG CTLs. When COS-7 cells transfected with a reconbi nant plasm d of
HLA- A3402 ThivAremulte dtamdinwitto pedli2atiandof GT108at specifieatlyi vity of
KG CTL was increased in a 15 concentrati on-dependent nanner. As conpared to
COS- 7 cel Iecogaisdethedom plgxabetsamrbanaHLApdatiged aff ahtigeA2p6fEsenibitfg COS- 7
cells transfected with the reconbi nant plasm d of HLA- A2402 cDNA resul ted
in a hi ghereltseand the yunforkahigen peptigel fedtordinglygs aderathedrfared by t he
above results that the two peptides, "84-92" and 20 "91-99") function as an
HLA- A24- r dgeatingetiimonrsris hrelieyed toebe ikefubxehiile congorinedénigtrof L~;
~y~~-Hi s-Arg~-Val -1l e-Lvs- As af Phe 1 (SEQ ID NGO 391 Since it was reveal ed
i n Exanpl estimationgaf periphyedat blogd lympimayses drom a pasierdnasigghapept i de,
two derivatives in which L )
tumor antigen peptide, a derivative thereof, a tumor antigen protein,
or a gene therefor according to the present invention to proliferate
tumor-specific CTLs and subsequent return of the CTLs into the
patient.
Thus, the present invention provides CTLs that specifically
15 recognize a complex between the HLA antigen and the tumor antigen
peptide or derivative thereof, and also provides a pharmaceutical
composition for treating tumors which comprises said CTLs as an
active ingredient. Such composition preferably contains physiological
saline, phosphate buffered saline (PBS), medium, or the like in order
2 to stably maintain CTLs. It may be administered, for example,
intravenously, subcutaneously, or intradermally. By reintroducing
the composition for treating tumors which comprises CTLs as an
active ingredient into the body of the patient, the toxic effect of CTLs
against the tumor cells is enhanced in the cyclophilin B-positive
25 patient and thereby destroys the tumor cells to achieve treatment of

the tumor.



1

25 phenyl al ani ne at position 2 is substituted by tyrosine w thin,the scope
_of the binding motif for HLA-A24, "84-92 2F-Y'(SEQ ID NO 39) ard DER 2802
DEC 2002 50 "91-992F-Y" (SEQ ID NO 40), were prepared. The peptide
Lys-Tyr-Hi s-Arg-Val -1l e-Lys-Asp-Phe (SEQ ID NO 39) was synthesized in the
same manner as that described in Exanple 5. Specifically, using 100 ng of
Fnoc- Phe Al ko Resin, Fnoc-Asp 5 (O Bu)- Frmoc- Lys(Boc) - OH, Fnoc-11e-0OH,
Frnoc- Val - OH, Froc Arg(Pnt)-0OH, Frnoc-Hi s(Trt)-0H Fnoc-Tyr(tBu)-OH, and
FrnocLys(Boc) - OH were coupled in order, and the product was then
deprotected. The crude peptide obtai ned was di ssol ved i n aqueous acetic

id and inj ectpgn i ' | C18- AR
ol um (25— x. PR A O W BB, Sh Rt
was washedhurkBf 4cddpdin Vg}ér %gs@ﬂéiﬁ%ﬁ%%ﬁa o Ald gkeacfignitrile was

then increased up to 25% o0 mnutes to elute the product at a flow

rate of 7 giiivé eitiReat brbedisim it AREROEY atARRIAR uBITA.! 2HENS

contai ning the 15 desired product were conbi ned togethRer and |yophi'lized to

obt ai n 44.1% iRk d¥embryatiigeAiroved, | tenbY amdsderPpeptifiee dpedrigeipbt ai ned
Lys- Tyr - Hitgszr g-Val -11le- Lys-%sp-rgr?e had a retenti onbt Prre Qf 17. % m'lnut es in

an angl ysim@ebﬂacmf@v@ﬁﬁtm%ﬁesmpthm_etéeaf a¥MCd Rigro StiSapdheol um
(4.6 ~ x 250 mm) eluted 20 with a linear gradient of acetonitrile

concent r attioodlefeicethe presedecsidnaiibodie i % Sdplefsuthes brdd 6r af ani no
acid anal ysis and mass spectronetry of the product were consistent with the

t heor et i calumel tissuefubtaired droinad ysitferitosupkctedsioshatéeeptiemolr/ 6N aqueous
hydrochl ori ¢ acid, 110C, 24 hours; ~ 3\ DEC 2002 51 Analysis nethod: the

ni nhydri n emipdttedtibafaremersaindod iggrisis lifaeetircencey ahdemens stdsigi cat ed
in parentheses: Asx: 1.06 (1) 5 *val: 1.00 ( 1) Ile: 0.85 (1) Tyr: 0.89 ( 1
) Phe: 0. %re(pdssibys.: ThdSame) pidcddisre €aR&iléd)bernged Top Selekkion of
10 tumor patients to whom medicines comprising as an active ingredient,
for example, a tumor antigen protein or tumor antigen peptide of the
present invention can be applied. In particular, such diagnosis may
be conducted using immunoblotting, RIA, ELISA, or a fluorescent or
luminescent assay.
15 Furthermore, in recent years, a new detection method has bee
established for detecting antigen-specific CTLs using a complex
between the antigen peptide and an HLA antigen (Science,
274:94,1996). Early detection of tumors and diagnosis of
reoccurrence or metastasis are possible by subjecting a complex
2 between a tumar antigen peptide or derivative thereof according to the
present invention and an HLA antigen to the above detection method,
and thereby detecting tumor antigen-specific CTLs. The same
procedure can a}lso be used for selection of tumor patients to whom a
medicine compf‘ising as an active ingredient, for example, a tumor

25 antigen protein or tumor antigen peptide of the present invention can

be applied, or for determination of the therapeutic effect of said



Mass spectrum (FAB) [ MtHIJ+: 1206 Exanple 9 15 So~nt hesi s of 23 DEC 2002
As~Tvr-Met-Ile-~"xIn-G o~~~ Asn-Phe (SE(,~ ID NO 401 In the sane manner as
that described in Exanple 5, using 100 ng of Fnoc-Phe-Al co Resin, Fnoc-Asp
(G Bu)-OH, Fnoc-dy-OH, Fnoc-dy-0OH, Fnoc-dA n-0OH, Fnoc-11e-0H, Fnoc- Met - OH,
Frnoc Tyr(tBu)-OH, and Fnoc-Asp(Q Bu)-OH were coupled in order, and the 20
product was then deprotected. The crude 8pti de obtai ned was di ssolved in
aqueous acetic acid and injected into a reverse phase packing nmateri al
COSMOSI L 5C 18- AR colum (25~ ~ x 250 nmm) preequilibrated with 0.1% aqueous
TFA. The colum was washed with 0. 1% aqueous TFA, and the concentration of
acet oni t ri heediemnd.h&h s thecpesseed imyendidh-2dsoy proeiesnd diagsosticel ut e t he
product at a flowrate of 7 m/mn. The eluate was nonitored by A 220 nm
The ? 3 agé@iECfor Gi2mioractdmpsisingtes aiparttdfeheeactive ipgoetlient wetwmoonbi ned
together and |yophilized to obtain 12.8 ng of
Asp- Tyr - Meantigenepitity-o@ gervatiPhdheTeef aepoiddagdie thapaesent
Asp-Tyr-Met-1le-A@ n-Ad y-Ady-Asp-Phe had a retention tine of 24.7 mnutes in
an anal ysi muegitigna reverse phase 5 packing material YMC PACK ODS- AM col um
(4.6 ~ x 250 eluted with a |inear gradient of acetonitrile
conceftration floparticulanswendiagnagisomeay begonduictateas dellows: ef ani no
acid anal ysis (Met being not detected) and mass spectronetry of the product
wer e consi tetsamegj efha emplexobetween ayaHids antigemdlioraseentdydabeies
Hydrol ysis: 1% phenol / 6N aqueous hydrochloric_ acid, 110C, 24 hours;
poRingHe

Anal ysi s nB€ deserghedanpihe Hierat udhi (Fsrendged 2 i8ds et i cal
values ar eliQB%i) Ca?;[deg tiur}nor antigen peptide is prepared and used to
quantitatively determine the antigen peptide-specific CTLs in
10 peripheral blood lymphocytes of a patient suspected to have a tumor
using a flow cytometer.
The present invention also provides KG-CTL (deposit number
FERM BP-6725) that is CTL established from tumor infiltrating
lymphocytes derived from lung adenocarcinoma. KG-CTL has proved
15 to response to HLA-A24- and HLA-A2-positive cancer cells, and also
cyclophilin B of the present invention is a tumor antigen protein
discovered by using its reactivity to said KG-CTL as an indicator.
Therefore, new tumor antigen proteins and tumor antigen peptides

may be found as with cyclophilin B by using KG-CTL. For details, see

20 Example 2 below.

BRIEF DESCRIPTION OF THE DRAWING
Figure 1 is a graph indicating the results of measurement
wherein COS-7T cells transfected with a recombinant plasmid of HLA-
25 A2402 cDNA or a recombinant plasmid of HLA-A2601 cDNA were co-

cultured with KG-CTLs after addition of a tumor antigen peptide of the



15" parentheses: Asx: 2.04 (2) dx: 1.02 ( 1) dy: 2.06 (2) *Ile: :ﬁygﬁp@ﬁ
. 20 Tyr: 0.82 ( 1) Phe: 0.98 (1) Mass spectrum (FAB) (MtH| +: 104@

10 25 1 _n_dacti_o_n_ cf CT~]'~from Peripheral Blood L~~phocytes by Tunor

? 3 DEC 200Z 53 The inventors investigated whether antigen-specific CTLs
can be induced from peripheral blood |ynphocytes using the peptide "84-92"
(SEQ ID NGO 1) synthesized in Exanple 5 3gd the peptide "84-92 2F Y" (SEQ
ID NO '39) synthesized in Exanple 8. 5 Lynphocytes were separated from
peri pheral blood of a | eukem a patient who was heterozygous for A24 in the
HLA- A | ocus using Ficoll nethod. The |ynphocytes were placed into wells of

a 24 vel | pladeaitahvéntidh €419 \GEQ IBNYOCU)t Uakd the Afoulyiehpeyle medium

The above tunor antigen peptides were added to the culture nedium10 at 10

~ Mto stiptddiced by RE-OT whshheadurydphrisy ass offelbici o watikatéde
above tunor antigen peptide was added to attain 10 ~, Mtogether w th about

2x105 cel ltheoéoeentliaaiord of $Re Poptie ndlididg|ard ehd dxigWTfamdigatdsr the
second stinul ation. After additional one week, the third stinul ati on was

conduct ed indlieatesitheaaneuneof [EN- pred ulded biniQegTes. were harvested one
week after the third stinulation.
5 Figure 2 is a graph indicating the results of measurement
wherein COS-7 cells transfected with a recombinant plasmid of HLA-
A2402 cDNA or a recombinant plasmid of HLA-A2601 cDNA were co-
cultured with KG-CTLs after addition of a tumor antigen peptide of the
present invention “91-99 (SEQ ID NO: 2)”, and the amount of IFN-y
10 produced by KG-CTLs was measured. The axis of abscissas indicates

the concentration of the peptide added, and the axis of ordinates

indicates the amount of IFN-y produced by KG-CTLs.

BEST MODE FOR CARRYING OUT THE INVENTION
156 The present invention is further illustrated by the following
examples, but is not restricted by these examples in any way.

Example 1

Establis} £ Cytotoxic T I i (CTLs) Cell Line f
T Infiltrating I i (TILs) derived £ I

2  Adenocarcinoma

A surgical sample taken from a patient with lung

adenocarcinoma was divided into small pieces in a culture medium,
and the cells w¢re then suspended in a culture medium containing
collagenase and DNAase. From the cell suspension, lymphocytes were

2 separated by density centrifugation using Ficoll-Conray solution. The

lymphocytes were cultured in a culture medium (hereinafter referred



1

Using as target cells (1x104 cells) BEC- 2, which is an HLA- A2402 ??h&)}lﬁﬂz

. EB virus-transforned B cell |ine expressing the tunor antigen pro

the present invention (cyclophilin B), and Ban-B 1, which is an

HLA- A2402- negative EB virus-transfornmed B cell line expressing 20 the tunor
antigen protein of the present invention, the anmount of IFNy in the

cul ture nedi um produced by the above |ygphocytes (8x 104 cells) in response
to the target cells was nmeasured by ELISA. The results are shown in Table
6. Table 6 IFN- in Su ernatant m Anti en Pe ti deBEC 2Ban-B 1"84-92" 38338

2 3 DEC 200Z 54 "84-92 2 F-Y" 489 63 ~, None ~ 245 - 74 Anot her experi nment

simlar teothalyrdphotyiethatiavs) @@ﬁsi‘s‘ﬁfﬂ%@fmdwmwlm ngsYOAIRAY (SEQ I D
NO 2) synthesized in Exanple 6 and "91-992F-Y" (SEQ ID No: 40) synt hesi zed

i n Exanpl ¢Gthc@BRE), larab 1006 FE® e prlénititedSkith DODQ /] igndriekif 2F- Y
(SEQID NGO 5 39). The results are shown in Table 7. Table 7 IFN- in Su

ernat ant ainénoil mNPNEANc@GBSb&mLéB Difdn 8 2heIHELAW B a9 of the
2F-Y"71046" 91- 99" >200 _040"91-99 2F-Y"650~ 100 Peri pheral bl ood | ynphocytes

sti mul at edullivhtiof4-a324nti-@DIPaAntMody NUIB MichirsidCofdoRRioFwXs peptides
reacted to HLA- A24 positive BEC-2 but not to HLA- A24-negati ve Ban-Bl,
i ndi &at i ngdied tudtict icwitwnfe hotlidd4 ateb g /chhd Thensilthritigevas
pepti de-specific CTLs. Furthernore, peripheral blood |ynphocytes stimulated
wi t h "84- gantinued for more than 30 days, and a CTL line that responses to
several kinds of HLA-A24- or HLA-A2-positive cancer cell line was
thereby established. The CTL line was named KG-CTL, and used in
the following experiments. The reactivities of KG-CTL against various
10 cancer cell lines were determined as follows. Cancer cell lines are
plated into wells of a 96-well plate at 1x10* cells/well. On the next
day, KG-CTLs were added at 1x10° cells/well, further cultured for 18
hours, and the culture medium was then harvested to determine the
amount of interferon-y (IFN-y) produced by KG-CTLs. Quantitative
15 determination of IFN-y was conducted by an enzyme immunoassay
(ELISA). Specifically, anti-human IFN-y mouse monoclonal antibody
was adsorbed on wells of a 96-well microplate as a solid-phased
antibody, and after blocking non-specific bindings with bovine serum
albumin, IFN-y in the sample was allowed to bind to the antibody. An
20 anti-human IFN-y rabbit polyclonal antibody was then allowed to bind
as a detection antibody. After binding of an anti-rabbit
immunoglobulin goat antibody labeled with alkaline phosphatase, it
was allowed to clolor using a peroxidase color developing kit T
(Sumitomo Bakelite Co.}), and the absorbance (405 nm) was then

25 measured. It was compared with values obtained with standard IFN-y

to quantitatively determine the amount of IFN-y. The reactivities of



1

2F-Y" and "91-992F-Y" peptides reacted to BEC—2 as with the peri ptﬁ@ﬁ

bl ood | ynphocytes stimulated with "84-92" and "91-99" pepti des, £i W
that the derivatives obtained fromthe original 15 peptides by substitution
had CTL-inducing ability simlar to that of the original peptide. Likew se,
a simlar experinment can be conducted wherein COS-7 cells (ATCC No.
CRL1651) or VA-13 cells (RIKEN CELL BANK,g The Institute of Physical and
Chem cal Research) into which an expression 20 plasmd for HLA- A2402 cDNA
(CGenBank Accession No. Ms4740) has been introduced and which have been

pul sed with the above peptides 2 3 DEC 2002 55 are substituted for BEC- 2

used in theGagey.cor¥ReidU® Bdended réigonia YelMinéds a8l dibmmafizehiigh the

expression plasmd for

5 Exp. Med.

187: 277, 1998).

C3r cl ophi I4re- stedwwesh Pable 3l des Sl nce it was revealed fromthe
above-described Exanples 1-10 that cyclophilin Bis a tunor antigen

HLA- A2402 cDNA has been i ntroduced but whi ch have
not been prdisled wWilliRewhise, e rétrtivities ofHeG-CaLesn

above experinent (J.

Esxam;ﬂm*udBcén UgRG in the
anple 11 ~rnthesis of

protein, tigbleresent inventors 10 al so investigated whet her cycl ophilins A
C, and D known—as—honmpl oags—of t"\l!"l nnhl I+ B have also st activi ty The
ani ne aci|d\deReeARCBoBIR CFdl bing | i| dsmaunt ofFN-p Readueed d fébénAﬂbﬂ?fF shed
(Bi ochemi|stry, 3:8218, 1994J) . Bagédy BA&-GRL [pgbmdlt ure, three peptides
havi ng a |l 306 ribladdéocantdr A24 4608t is, a peptide 15 |@hpR2f340Q a
sequence |fgedlnigepi tion 59 to positjiion 67 of the am no aci d sequence of
cycl ophi | N g (Ieeg E&h&F A 1T 81 1yf Ter soneti mes referrehgp /8301
Cyp- A" 59-16i71 J1 T EQUETICE { T ONT pUST {1 osijti on
97 of th 1 18 ﬂu% éésllg(g:'ur‘g%é“l}%l rfé)fg} ?III HAR—C (SI_Q HO—NG: %[zgfl‘égQ&“a] ter
soneti me ﬂ?m Pﬁng E6 Cl;]"qQJ 20 and a pnnf|rln r'cgf ! Ag
seguence flyGrh Jang cancen cel lmfc)l tllfgrg 102 _of _the am na _acilB] ..[J%a 8 of
cycl ophi [ ¥T8QBHQngcamcergellher ¢i2&F t er someti nes ref er r|édl @b/ 3302
Cyp-D'94-1112¢)) were sel ected and gynthesi zed by the Fnoc net hod. As an
exanmpl e, sy ERdsteB5aftinAd’' &9 677 15Q | D NO 41) and itg gzpyfbd2ane
descri bed lpf?é ow. 25 Fnoc- Phe- Al ko |Resin (0 67 mml/g 100-|200 mesh) was
used as Ngﬂé ('OhBI k@ :C,fmm hesTs: 1% mg—50-Tgof this ey, the—synthesi s
5 Table 3
Cell Line Amount of IFN-y Produced | HLA-A Type
by KG-CTL (pg/ml}
SSB (B cell line") 5769 2402/2402
Ban-B1 (B cell line") 78 3101/3302
HPB-MLT (leukemia cell 189 0101/0201
line)
MOLT-16 (leukemia cell 13 2301/3002
line)
MT-2 (leukemia. cell line) 3495 2402/2402
None (only KG-CTL) 0 -
Y B cell line obtained by transforming B cells of a healthy donor with
EB virus.
The results in Table 2 show that KG-CTL strongly reacts to HLA-
A2402-positive cancer cells in the table (HT-1376, 11-18, and PC-9)
10 and produces IFN-y and that it also reacts to the HLA-A2-positiev cells

(143B) and produces IFN-y. Likewise, the results in Table 3 show that

KG-CTL strongly reacts to the HLA-A2402-positive EB-virus-



1

2 3 DEC 2002 56 was started according to Schedule 1 described bel (}Véﬁggb}mez

. 8 to couple the follow ng residues in order: Fnoc-Asp(Q Bu)-OH,

Frocd y- OH, Fnoc-3 y-OH, Fnoc-d n-COH, Fnoc- Cys(Trt)-0OH, Fnoc- Met OH,

Fnoc- Phe-OH, and Fnoc-3y-OH After the coupling, the 5 procedures were
carried out up to Step 3 of Schedule 1 (Table 8) to obtain a peptide resin.
To this peptide resin, 1 m of Reagent Bg 5% phenol, 5%t hioanisole, 5%
H20, and 2.5% et hanedithiol in TFA) was added and allowed to react for 2.5
hours at roomtenperature. Wiile cooling 10 with ice, 10 m of diethyl
ether was added to the reaction, the mxture was stirred for 10 m nutes,

filtered, taaflsidienedds kell Iiné AntlaTbuRbntinaddly lingt (888 akid ME-J)i ah@r cake,

10 mM of aqueous acetic acid was added and the m xture was stirred for 30

m nutes. Thetrieslso weroriglgrebicts e ale MDA-ARSPEsoiiié ledkemiafcelligeus
acetic acid. After 15 lyophilizing the filtrate and the wash, the crude
pepti de ofHEBPeMLDMps di ssol ved in aqueous acetic acid, and injected into a
reverse phase packing material YMC-PACK ODS-A SH363-5 (30 ~ x 250 mm)

preequi |l i br at edCh¢ ebtdblished| KG+CTIas Hepositednat The Masibedl ihstitQtd %
aqueous TFA, and the concentratton of acetonitrile was then 20 increased
from® to dBsosceenddamdnHuesanrtkdhmoboghlAgend§isfdnetu4hlrScienes to el ute
the product at a flowrate of 7 m/mn. The eluate was nonitored by A 220
nm The f reaud iTechnodogyri( hi g Higa steis iTseckphadiberaksy dapampi(designagiimer and
| yophilized to obtain 9.7 ng of dy-Phe-Mt-Cys-G n-dy-dy-Asp-Phe. 25 The
pepti de omtfanienporghnisine K@tCTysdepasition GayeAdpnehk9, WA98anbdposétd usi ng a
reverse phase packing material YMC-PACK 2 3 DEC 2002 57 ODS- AM AMB03 (4.6
~ x 250 mmunmdrar: FERMIP: 16824k (datecofeeonversionmdodntemationalites with a

| inear gradient of acetonitrile concentration from18%to 48% contai ni ng

0. 1% TFA. drnosition: Map2thn 929;adepoaitanyniber¢ EERMoBPI6F86) be det ect ed)
and nmass 5 spectronetry of the product were consistent with the theoretical
val uéd. ARwghesmprendyping ofyrbryeicsulasop KadtTh wag sepdsiatgdrisehl ori ¢
acid, 110C,_ 10 hours; 10 Anal ysis nethod; the ninhydrin nmethod; * Reference

| d [ .
amo aci d:Shieawes®: 0. acgording te thegmeibed descsibéchindiaiao et al,
Cancer Res., 55:4248-4252 (1995}, and it was confirmed that the A

locus is A0206 and A2402.
Example 2
15 Identification of Tumor Antigen Protein
A cDNA library was prepared from the bladder cancer cell line
HT-1376 (ATCC CRL 1472), to which KG-CTL strongly reacted in
Example 1, by the following method.
Poly (A)* mRNA was firstly prepared from HT-1376 by isolation
2 of the total RNA fraction and purification on an oligo (dT) column
using a mRNA purification system (Pharmacia Biotech) according to
the manufacture’s protocol. From the mRNAs, cDNAs having Not ]
adapter and Sca Il adapter linked to each terminus were prepared
using SuperScr;ptTM Plasmid System (Gibco BRL) according to the
25 manufacturer's protocol, and then ligated into the cleaved site of an

expression vector, plasmid pSV-SPORT1 (Gibco BRL), digested with



I
AsXx; 0.99 (1) dx: 1.06 ( 1) 15 dy: 2.96 (3) Met: 0.99 (1) *Phe: 2.00 (2)
. Mass spectrum (FAB) [M+H +: 961 20 Table 8 Schedule 1 Step Duratd dmecm 2 X
t he nunber of treatnents 1. (washing) DM 1.2 mM 1 x 2 2. (deprotection[p
50% pi peridine/DMF 12 x 1 25 3. (washing) DMVF 1.2 m 1 x 7 4. (coupling)
each am no-protected am no 2 3 DEC 2002 58 acid (5 equival ents)/NW
solution 0.9 m, DI C (5 equivalen'ts)/NMpPgsolution 0.3 m 30 x 1 5.
(washing) DM 1.2 ml 1 x 2 6. (coupling) each am no-protected amno 5 acid
(5 equivalents)/NW solution 0.9 m, DIC (5 equival ents)/NW solution 0.3
m 30 x 1 7. (washing) DV 1.2 ml 1 x 4 Exanple 12 10 derived ~ tp ides The

inventors resesitignletdywieas Vot 1 tdird (Sulgetonpield desofmbihbesi glagniidsExanpl e 11
can be used to induce antigen-specific CTLs from peripheral bl ood

| ynphocyt eShelyotoimbitieast plistnkipareat dd tfodueddin 8. ablibbleedroMAX heal t hy
donor who was 15 honozygous for A24 in the HLA-A | ocus using Ficoll nethod.
The | ynphoDH 8B cellst(GibtatBRL} tstieg elemtsiopubsdshin deneePugsds (Biv-i n
Rad), and transformants into which the recombinant plasmids had
5 been introduced were selected in LB medium (1% Bacto-trypton, 0.5%
yeast extract, 0.5% NaCl, pH7.3) containing ampicillin (50 pg/ml).
The recombinant plasmid DNAs were recovered from pools of
about 100 transformants described above in the following manner. A
hundred transformants were introduced and cultured in each well of a
10 96-well U-bottomed microplate containing LB medium plus ampicillin
(50 pg/ml). Part of the culture was then transferred to another 96-
well U-bottomed microplate containing 0.25 ml per well of TYGPN
medium (F.M. Ausubel et al., “Current Protocols in Molecular Biology”,
John Wiley & Sons, Inc.), and cultured for 48 hours at 37°C. The
15 remaining cultures in LB medium on the microplate were stored in
frozen. Preparation of recombinant plasmid DNAs from transformants
cultured in TYGPN medium was achieved on the microplate by the
alkaline lysis method (F.M. Ausubel et al., “Current Protocols in
Molecular Biolégy”, John Wiley & Sons, Inc.). The recombinant
20 plasmid DNAs recovered by isopropanol precipitation were suspended
in 50 pl of 10 mM Tris, 1 mM EDTA, pH 7.4, containing 20 ng/ml
RNase.
On the other hand, starting with an esophageal cancer cell line
KE-4 deposited at The National Institute of Bioscience and Human
25 Technology, Agency of Industrial Science and Technology (1-1-3
Higashi, Tsukuba, Ibaraki, Japan) (deposition date: May 23, 1997,



1

the sane manner as that described in Exanple 10. The | ynphocytes were
. harvested one week after the third stimnulation, and neasured f033t[blq-,i r200

cytotoxic activity using 51 Cr-1abel ed, HLA-A24-positive, T cell 20 2
| ynphona-derived cell line KOPT-K 1 and HLA- A24-negative, T cell
| eukem a-derived cell |ine RPM 8402 as target cells, according to the
nmet hod described in D.D. Kharkevitch et 4l1., Int. J. Cancer, 58:317 (
1994). The results are shown in Table 9. Table 9 Ctotoxic Activit a ainst
Tar et Cell Stinulator PetideKOPT- KIRPM 8402Cyp- A"59-67"27 2 3 DE C 2002
59 C -C'89-97" 20 0 C -D'94-102" 22 0 The |ynphocytes stinulated with
Cr p- A" 59- 6depoSitn Chi¥e 8 FERMIBP-G945)Dir8do it aneplasetidsanetecd t o
HLA- A24- positive KOPT-K1 but not to HLA- A24-negative RPM 8402, i ndicating
i nducti on ptrephrek?4n rvekiali cDNKs forrbiL A 2402 (GenBaid: Hoeesdion Nol.s. It was
5 denonstrated b~ the above results that cyclophilins other than
cycl ophi | i M@ a#6p ahuinkilifcA 260 Ia hiasnedveam in garporhitéed in t@ anaexpradsion
experiment can be conducted wherei n reconbi nant ceps described at the end
of Exanpl evéotar pCRIHnvirogenf,cacdodding to thwedd E5uition imsNakiao ehab,
experinment. 10 Exanple 13 Induction of CTS,, from Peripheral Bl ood
Lynmphdcyt e€ancerdRes.hidS:42#Be4268 BPA¥ferring to the nmethods described in
the literature (e.g., ,l. Imunol., 158:1796, 1997 and Cancer Res.,
59: 1184, 1999), SiBsgsprasgiy,aa ecleline dexjveask foum Siticsin greercyednkay | i n of
the present invention, a partial pol i/gepti de thereof, a cyclophilin-derived
tunor ant i §édnewpCQR-7ofATGe Epeggﬂp dlbrwasloudhlyttnanisfacied twithr dygar e
antigen-presenting cells on which a conplex between an HLA antigen and a
cycl ophi | i Feeribjaant pesmidteigda- b%zéiqi%Nﬁsapde@@nre@@.mbmagmhpgaﬁnm
preparation_of desi r(g% antigen-presenting cells can_he confirmed b

t

det er ni ni n§f WHeAHs4 GRNA-upag kirofeqtia %#eéhpﬂ(ﬂﬁ:gdquV§m%mphe¥al bl ood
deseritht i ofaotaaPa-CR s Gl e pioRRian Gt el & AGoeek gt & heal t hy
al 50 be' pr BKQCATPE AR AR ANERDated or ppe et 100 ni of REMT®  © °"
1640 medium containing 10% FCS. Using Lipofectamine reagent
(Gibco BRL), 30 pl of a 70-ul mixture consisting of 25 pl of the
recombinant plasmid of HT-1376 cDNA corresponding to about 100
15 transformants, 10 pl (200 ng) of the recombinant plasmid of HLA-
A2402 cDNA, and 35 pl of about 50-fold diluted Lipofectin reagent
was added in order to doubly transfect the COS-7 cells. Transfectants
were prepared in duplicate., After 5 hours, 200 pl of a culture
medium contaiping 10% FCS was added to the transfectants, and
20 further incubated for 48 hours at 37°C. After removing the culture
medium, 1.5x10° cells/well of KG-CTL was added, and cultured for 24
hours at 37°C in 100 pl of a culture medium containing 10% FCS and
25 U/ml IL-2. The culture medium was recovered, and measured for
the amount of IFN-y by the ELISA method described in Example 1.
25 For those groups that resulted in a high production of IFN-y,

corresponding frozen-stored pools of about 100 transformants



. been induced, the reaction is observed only agai nst BEC-2. By

1

61" activity on 5/ Cr=l abel ed target cells. Were antigen-specifig, CILs has
A 2002

t he above experinment, one can determ ne whet her antigenpresenting cells

(dendritic cells) pulsed with the tunor antigen peptide, 5 tunor antigen

protein of the present invention, or the |like have activity of inducing

antigen-specific CILs. Likewi se, a siml4® experinment can be conducted

wherein COS-7 cells (ATCC No. CRL1651 ) or VA-13 cells (R KEN CELL BANK,

The Institute of Physical and Chem cal Research) into which an expression

10 plasm d for HLA-A2402 cDNA (GenBank Accession No. M4740) has been

i nt r oducedtramsfedtcehwitdy eedaabimah 6 @dagnids af tHTOI3 26 cDI¢A wer igeddh t unor

antigen protein of the present invention are substituted for BEC-2 used in

the above #hxpurth@ntscrestitgasfollowd TBeCsddls dMnite wWhairsfotientxpressi on

plasmd for HLA-A2402 cDNA 15 has been introduced but which have not been

pul sed wi tpldthd arb @B agaptrmédivnn ¢detdinkieg anepivildisi (SQLeY thl)rtoBstitaBnl used

in the above experinment (J. Exp. Med., 187:277, 1998). SEQUENCE LI STI NG

FREE TEXT @tlohies.hd'cantéaxh grodps é@leonlendtowererciBEQrédaN@lestibeéde second

amno acid is phenylal ani ne, tyrosine, nethionine, or tryptophan, and the

ni nt hSani nabaxe doi thathae singledsingeof trausfoemarddisdacinded tinyegadpieedl, or

met hionine. In the am no acid sequence shown in SEQ ID NO 38, the 25

second ani andasicombinardnplasmiti PNAs fooéiTid 37fechNhiwere prepargdt ophan,

and the ninth amno acid is phenylal anine, |eucine, 2 3~ DEC 2002 62

i sol euci nefurthgmmpreinn the sanbasnnasner NDUSTER descritred gheve] COBE or di ng

to the present invention, tunor antigen peptides 5 derived from

cycl ophi | i etllamereetowbly tran sfectedowitathe gecombinant ipdasmi¢ afddTval ent

properties can be provided, as well as nedicanments rophyl actics, or

di agnost i ck376rcRNdpaadidienteanmhinambplagmideh X'Heép‘(/{) 2 cdNAvati ves

t hereof, cyclophilin poI){P_ept.ides1 or genes therefor in vivo or in vitro.

2 3 dec 2dotlosredby amscultigatiogow e K G-Gidy, amd il5¥hy pupdured hutKGs a

parti al pe8ii de derived 5 froma cycl ?é)hi lin~, and that is capabl e of

bi ndi ng to 9 i YeSRARSfete the tgggc;{gcel was quantitatively determined in

order to select positive plasmids. By these procedures, a HT-1376

cDNA recombinjant plasmid clone was selected, and the clone was

named 4F2. Furthermore, similar procedures were repeated with 4F2
15 to determine the amount of IFN-y produced by KG-CTL. The result is

shown below in Table 4.

Table 4

Cells Amount of IFN-y Produced by KG-CTL
| (pg/ml)

COS-7 + HLA-A2402 469

COS-7 + HLA-A2402 + 4F2 543

When compared to COS-7 cells transfected with only HLA-
A2402, KG-CTL reacted more strongly to COS-7 cells doubly
2 transfected witfl HLA-A2402 and 4F2 and produces more IFN-y. This
result indicated that the protein encoded by 4F2 is a tumor antigen
protein.

Example 3



. functionally equival ent properties. 2. An isolated tunor antigen

1

rebogni zed by cytotoxic T Iynphocytes, or a derivative thereof hi I ng the
St a8

that is a partial peptide derived froma cycl ophilin B, and that is capable

of binding to an HLA antigen and being recogni zed by cytotoxic T

| ynphocytes, or a derivative thereof having the 10 functionally equival ent

properties. 3. The tunor antigen peptidet®f claiml1l or 2 wherein the HLA

antigen is HLA-A24 or HLA-A2, or a derivative thereof having the

functionally equival ent properties. 4. The tunor antigen peptide of claim

3, that is sel ect ed from 15 sequences corrprl Si ng al | or part of an am no

aci d sequeDeeers " 3 i) v NEPE e ] 41-43, or

a derivative ther eof haV| ng the functi onal |y eqU| vaI ent propert ies. 5. The

tunor antigen pEhtiltEseo$eqlience 4f thbgilasmisletlentetF2 rearoosking ehectsimor

conprising all or part of the am no acid sequence shown in 20 SEQ ID NO 1

or 2, or aantigemgbroteir bbtanfedhiayBxarmple Ruwasidetetinyneduisiakent

properties. 6. The tunor antigen peptide derivative of claim4, that is

sel ect ed fPyaDeegychernimatoprCreledSedqliencingakit (Perkim -&tmer).adilte sequence in

whi ch the am no acid residue at position 2 and/or the Ctermnus in the

ani noSaci ddetequened basevseqneacy ame the BEM O ReDseqbedEeienaudest byut ed by

anot her am no acid residue. 2 3 DEC 2002 64 7. The tu~nnor antigen

pepti de dettieshaseseguesicgi wese cohepartesl to known sequences using WWW

Entrez databases and it was revealed that the base sequence of the
plasmid clone 4F2 corresponds to the amino acid sequence of human
cyclophilin B registered as GenBank Accession No. N60857. The

10 sequence of said cyclophilin B is also described in Proc. Natl. Acad. Sci.
U.S.A., 88:1903, 1991. Cyclophilin B is a binding protein for an
immunosuppressive agent, cyclosporin A, and is known to participate
in vivo in activation of immunocytes. It was found by the above
Example 2 for the first time that cyclophilin B, of which sole known

15 function had been its participation in immunocyte activation, has a
function as a tumor antigen protein,
Example 4
Selecti f Candidate Peptid

There are:-j certain rules (motifs) in the sequences of antigen

20 peptides bound and presented by HLA antigens. Regarding the motif
for HLA-A24, it is known that in the sequence of peptides consisting of
8 to 11 amino %cids, the amino acid at position 2 is tyrosine,
phenylalanine, methionine, or tryptophan, and the amino acid at the
C-terminus is phenylalanine, tryptophan, leucine, isoleucine, or

25 methionine (Immunogenetics, 41:178, 1995; J. Immunol., 152:3913,

1994; J. Immunol., 155:4307, 1994). Likewise, it is known for HLA-A2
\



sel ected from sequences, conprising all or part of an am no acid Sfﬂ%?ﬁcﬁlﬂin
. which the am no acid residue at position 2 and/or the C term nus e
am no acid sequence shown in SEQID NO 1 or 2 is 5 substituted by anot her
am no acid residue. 8. The tunor antigen peptide derivative of claim6,
that is selected from sequences conprising all or part of an am no acid
sequence in which the am no acid residud4t position 2 in the amno acid
sequence shown in any one of SEQ ID NGOs: 1-11 is substituted 10 by
tyrosi ne, phenyl al ani ne, nethi onine, or tryptophan, and/or the am no acid
residue at the Ctermnus is substituted by phenyl al ani ne, | euci ne,
i sol euci nethdtrtyyet ppptides wormrsishod8i toel 1 himite acid® anahthgeforpHpA-de
derivative of claim6, that is selected from sequences conprising all or
part of arAG20hptheiamirto seifiatgositiont2 i 1¢ beingnonmetdiionires atidet la¢
position 2 in the am no acid sequence shown in any one of SEQ ID NGs: 12-36
i s substi taménio achg dtehle Getermeirhiois naline ain leacinspforudLAc AOR04g | titeami ne,
and/or the amno acid residue at the Gtermnus is substituted by valine or
| euci ne. Z2mimo arthé atyresitiom: 2jedepeine dndddrd aminveacitd at then®, that is
sel ected from sequences conprising all or part of the am no acid sequence
shown®i n SEQMIDUNGS kemqmeggzr HLA-AR2OSu e amingacigait pasitiosr Rvist i ve of
claim 10, that is selected fromsequences conprising all or part of the
ani no aci valedgueine sobswcing, SEQnethinoingamnd the amimo acidhatrideeCti cal
conposition for treating or preventi n% _ _

terminus is leucine; for HLA-A0206, the amino acid at position 2 is

valine or glutamine and the amino acid at the C-terminus is valine or
leucine; and for HLA-A0207, the amino acid at position 2 is leucine

10 and the amino écid at the C-terminus is leucine (Immunogenetics,
41:178, 1995; J. Immunol., 155:4749, 1995; see also Table 1).

According to such motifs, peptide portions consisting of 8 to 11
peptides having the above motifs were selected from the amino acid
sequence of cyclophilin B (GenBank Accession No. M60857), of which

15 function as a tumor antigen protein was found by the present
inventors. Selected peptides having a binding motif for HLA-A24 are
shown in SEQ ID NOs: 1-11, and peptides having a binding motif for
HLA-A2 are sho§wn in SEQ ID NOs: 12-36. These peptides were
synthesized at l?iologica Co. by the Fmoc method.

20 Then, 10%COS-7 cells were transfected with a recombinant
plasmid of HLA-A2402 cDNA by the Lipofectin method to express
HLA-A2402 acc%)rding to the literature (J. Exp. Med., 187:277, 1998).
To these cells, various peptides precedently synthesized that had a
binding motif for HLA-A24 were each added at 10 puM for 2 hours in

25 order to pulse the cells. The cells were then co-cultured with 2x10*

KG-CTLs for 18 hours, and the amount of IFN-y in the culture
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2 3 DEC 2002 65 tunors, that conprises as an active ingredient at |east one
. of substances selected fromtunor antigen peptides and derivativest3 DECes?
according to any one of . claims 1 to 11. 13. A pharmaceutical conposition
for treating or preventing 5 tunors, that conprises as an active ingredient
a cyclophilin, a partial polypeptide of the cyclophilin that conprises a
tunor antigen peptide portion capable ofgpinding to an HLA antigen and
bei ng recogni zed by cytotoxic T |ynphocytes, or a gene encoding the
cyclophilin or the partial polypeptide thereof. 10 14. A pharnmaceuti cal
conposition for treating or preventing tunors, that conprises as an active
i ngr edi ensygeghapdnt ;p!i‘oﬁucédp@fi K@.CPRlwRedetéimtied ¥ SROBLISAB t hat
conprises a‘tunor antigen peptide portion capable of binding to an HLA
antigen apfetdd9 S |y Piw 6 eptde s, thdtVigPRosepBae dmpri encodi ng
the cyclophilin B or the 15 parti?lé%ol ypept i dgpt hereof . 15.9A% 1sol at ed
anti body thatsegRrtide fiah Ypouitieha 84 tbhsoditianroanhi rRNaRARbL dGdor the
derivative thereof according to any one of clains 1-11. 16. An isol ated
ant i gen- psegaehicedit@ldlophdieim (SECIDI R®: Hgth@einafteHsAngetingan and t he
tunmor antigen peptide or the derivative thereof according to any one of
clai s 1-3imply refaeod €d a9 “84e023Yrdrad & péptideatdmpaising thet sgpgrigsent i ng
ability that is isolated froma tunor patient. 17. An isolated
ant i gen- pfemanposigiosedll tenpesitidn 99 (SPQeD D W& ¢eheacintdiferasdmgeimesd a
tunmor antigen peptide derived froma cyclophilin is presented, said
ant i gen- psangiy irafereed Itobes g1 p9@f)awverk bubgddtedi togthee falldwheyi ng
antigen-presenting ability isolated froma tunor patient to be incorporated
W th 2 8xpE€imenPs.66 the cyclophilin, a partial polypeptide thereof that
conprises the tunor antigen peptide portion capable of binding to the HLA
anti gen amkaimplaySrecogni zed by cytotoxic T | ynphocytes, or a gene encoding
the cyclophilin or the partial polypeptide thereof. 18. An isol ated
._\.‘.'i: 1eS] ol 5- IAmewthise Arg- Vandie o) ispelRied i BHD ADaNC
tunor antigen peptide derived fromcyclophilin Bis presented, said
ant i gen- pr esentimgcdde-Alkprgesineth poominokig, dRrZQ segsh)Haasnsed
antigen-presenting, ability isolated froma tunor patient to be incorporated
with the &pcd &pHin imthis aypthesis Wsing PO e of thisdiesini fhe spnthesis
conprises the tunor 10 an{igen peptide portion capable of binding to the
HLA anti gé\fasaﬁbanseﬁir?@q%éag&itge%wwt gtd&@PEleq gﬁlmém@é{pl@rtha gene

encodi ng the cyclophj]in B or
J fol?ow}/ng rgsfdues E’l order: Fmoc-Asp(OtBu)-OH, Fmoc-Lys(Boc}-OH,

f

15 Fmoc-Ile-OH, Frmoc-Val-OH, Fmoc-Arg(Pmc)-OH, Fmoc-His (Trt)-OH,
Fmoc-Phe-OH, and Fmoc-Lys(Boc)-OH. After the coupling, the
procedures were carried out up to Step 3 of Schedule 1 shown below
in TALBE 5 to obtain a peptide resin.

To this peptide resin, 2 ml of Reagent K (5% phenol, 5%

20 thioanisole, 5% H,0, and 2.5% ethanedithiol in TFA) was added and
allowed to react:for 2.5 hours at room temperature. While cooling
with ice, 10 ml 6f diethyl ether was added to the reaction, the mixture
was stirred for 10 minutes, filtered, and then washed with 10 ml of
diethyl ether. To the filter cake, 10 ml of 10% acetic acid aqueous

% solution (hereinafter referred to as aqueous acetic acid) was added

and the mixture was stirred for 30 minutes. The resin was then



|
the partial polype~ptide thereof. 19. A pharmaceutical conpositiop3fuee 2002

. treating tunors, that conprises as an active ingredient the

antigen-presenting cell' 15 according to any one of clainms 16-18. 20. An

i solated cytotoxic T |ynphocyte that specifically recognizes a conpl ex

bet ween an HLA antigen and a tunor antigen peptide or derivative thereof
according to any one of clains 1-11. 214@\n isolated cytotoxic T |ynphocyte
that specifically recogni zes a conpl ex between an HLA antigen and a tunor
antigen peptide or derivative thereof, that is presented on an
antigen-presenting cell according to any one of clains 16-18. 22. A

phar maceutfiltétleds embsidsined ath W adtofrag b eons aicetivadcidonafteses as axi
active ingredient the cytotoxic T |ynphocyte of claim?25 20 or 21. 23. A
cyt ot oxi c Ifopkitidingythe filtratd ahddgposiashyuitzecriide pepide dbtained WaE 2002
67 BP-672S. 24. A nethod for identifying tunor antigen proteins or tunor
anti gen pefissolesd inhagheousmadeias avid, mnd@nfedteddado ¢i ngvdree plaase 23. 5 25.
A di aghostic agent for tunors that conprises as an active ingredient a
tunor ant ipg@kingphaderial COSMO SHE 5CG1 84R eoluant R 5lipng 2350 anyh) gnre-of
claims 1-11. 26. A tunor antigen according to any one of clains 1 to 11, a
phar riaceuteigedlibcateubwiith Ohl%e aqudong TBAanDhemelomt vedasrwashecdowity) 19 or
22, an antigen according to claim15, an antigen-presenting cell according
to any ond.d% elgaieos1s1Bi'Ag a1g] the cpneeotiatian|ofredonitrilecwasdhry to any
one of clainms 20 to 21 or 23, a nethod according to claim24 or a

di agnost i dnargasedatporal2pfo oyer I260nmimutea3n. ¢lata the pyoduct aradow;
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The peptide obtained, Lys-Phe-His-Arg-Val-lle-Lys-Asp-Phe, had
a retention time of 23.9 minutes in an analysis using a reverse phase
packing material YMC-PACK ODS-AM column (4.6 ¢ x 250 mm) eluted
with a linear gradient of acetonitrile concentration from 0 to 60%

15 containing 0.1% TFA, and the results of amino acid analysis and mass
spectrometry of the product were consistent with the theoretical
values.

Amino Acid Analysis
Hydrolysis: 1% phenol/6N aqueous hydrochloric acid, 110°C, 24
20 hours;
Analysis method: the ninhydrin method;
* Reference amino acid; Theoretical values are indicated in
parentheses:
Asx]'; 1.01 (1)
2 *Val: 1.00 (1)
Ile: 0.85 (1)
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)- 3y/109& ()- Y% 0% ()-Y310%&' ()-3 f@O%& () -
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Y1109 ()- 3 W10% ()-o0~ V i K-K&0%& () -

310% & () - @1%mascqys MEA0and the conasviration aDap&tanitdbl ousethien

i K- K3110%&' ()- S/ 10%& ()-' M 10%& ()- %! 10%& ()-z 10%& () - MB1LO%& () -
10%& () - irmrggsgglllgp@g'e(g% over 260 minutes to elute the product at a flow

rate of 7 ml/min. The eluate was monitored by A 220 nm. The
fractions containing the desired product were combined together and
lyophilized to obtain 3.6 mg of Asp-Phe-Met-lle-Gln-Gly-Gly-Asp-Phe.
10 The peptide obtained, Asp-Phe-Met-lle-Gln-Gly-Gly-Asp-Phe,
had a retention time of 25.8 minutes in an analysis using a reverse
phase packing material YMC-PACK ODS-AM column (4.6 ¢ x 250 mm)
eluted with a linear gradient of acetonitrile concentration from O to
60% containing 0.1% TFA, and the results of amino acid analysis (Met
15 being not detected) and mass spectrometry of the product were
consistent with the theoretical values.
Amino Acid Analysis
Hydrolysis: 1% phenol/6N aqueous hydrochloric acid, 110°C, 24
hours;
20 Analysis methqd: the ninhydrin method,
* Reference amino acid; Theoretical values are indicated in
parentheses: |
Asx: 2.02 (2)
Gl#: 1.04 (1)
25 Gly: 2.04 (2)
*Ilé: 1.00 (1)
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Mass spectrum (FAB):
[M+H]": 1029
Example 7
5 Identification of Tumor Antigen Pepetide
An experiment was conducted with two peptides synthesized in
the above Examples 5 and 6 in the same manner as that described in
Example 4, and it was found that these peptides function as a tumor
antigen peptide. The results are shown in Figures 1 and 2. In the
10 figures, the axis of abscissas indicates the peptide concentration
(pg/ml) and the axis of ordinates indicates the amount of IFN-y
produced by KG-CTLs. When COS-7 cells transfected with a
recombinant plasmid of HLA-A2402 cDNA were pulsed with “84-92”
and “91-99”, the reactivity of KG-CTL was increased in a
15 concentration-dependent manner. As compared to COS-7 cells
transfected with a recombinant plasmid of HLA-A2601 ¢cDNA, COS-7
cells transfected with the recombinant plasmid of HLA-A2402 cDNA
resulted in a higher reactivity of KG-CTL when pulsed. It was
demonstrated by the above results that the two peptides, “84-92” and
20 “91-99”, function as an HLA-A24-restricted tumor antigen peptide.

Example 8

Since it was revealed in Example 7 that “84-92” and “91-99”

function as a tumor antigen peptide, two derivatives in which
25 phenylalanine at position 2 is substituted by tyrosine within the scope

of the binding motif for HLA-A24, “84-92+2F-Y”(SEQ ID NO: 39) and
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“91-99-2F-Y” (SEQ ID NO: 40), were prepared.

The peptide Lys-Tyr-His-Arg-Val-Ile-Lys-Asp-Phe (SEQ ID NO:
39) was synthesized in the same manner as that described in Example
5. Specifically, using 100 mg of Fmoc-Phe Alko Resin, Fmoc-Asp

5 (OtBu)-OH, Fmoc-Lys(Boc)-OH, Fmoc-Ile-OH, Fmoc-Val-OH, Fmoc-
Arg(Pmc)-OH, Fmoc-His(Trt)-OH, Fmoc-Tyr(tBu)-OH, and Fmoc-
Lys(Boc)-OH were coupled in order, and the product was then
deprotected. The crude peptide obtained was dissolved in aqueous
acetic acid and injected into a reverse phase packing material

10 COSMOSIL 5C18-AR column (25 ¢ x 250 mm) pre-equilibrated with
0.1% aqueous TFA. The column was washed with 0.1% aqueous TFA,
and the concentration of acetonitrile was then increased up to 25%
over 200 minutes to elute the product at a flow rate of 7 ml/min. The
eluate was monitored by A 220 nm. The fractions containing the

15 desired product were combined together and lyophilized to obtain 44.9
mg of Lys-Try-His-Arg-Val-Ile-Lys-Asp-Phe.

The peptide obtained Lys-Tyr-His-Arg-Val-Ile-Lys-Asp-Phe had a
retention time of 17.7 minutes in an analysis using a reverse phase
packing materiél YMC-PACK ODS-AM column (4.6 ¢ x 250 mm) eluted

2 with a linear gradient of acetonitrile concentration from 0 to 60%
containing 0.1% TFA, and the results of amino acid analysis and mass
spectrometry of the product were consistent with the theoretical
values.

Amino Acid Analysis
25 Hydrolysis: 1%.phenol/6N aqueous hydrochloric acid, 110°C, 24

hours;
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Analysis method: the ninhydrin method;
* Reference amino acid; Theoretical values are indicated in
parentheses:
Asx: 1.06 (1)
5 *Val: 1.00 (1)
Ile: 0.85 (1)
Tyr: 0.89 (1)
Phe: 0.95 (1)
Lys: 1.85 (2)
10 His: 0.98 (1)
Arg: 0.91 (1).
Mass spectrum (FAB)
[M+H]": 1206
Example 9
15 i -Tvr-Met-Ile-Gln-Gly-Gly-Asp-
In the same manner as that described in Example 5, using 100
mg of Fmoc-Phe-Alco Resin, Fmoc-Asp (OtBu)-OH, Fmoc-Gly-OH,
Fmoc-Gly-OH, Fmoc-GIn-OH, Fmoc-lle-OH, Fmoc-Met-OH, Fmoc-
Tyr(tBu)-OH, and Fmoc-Asp(OtBu)-OH were coupled in order, and the
2 product was then deprotected. The crude peptide obtained was
dissolved in aqueous acetic acid and injected into a reverse phase
packing material COSMOSIL 5C18-AR column (25 ¢ x 250 mm) pre-
equilibrated with 0.1% aqueous TFA. The column was washed with
0.1% aqueous TFA, and the concentration of acetonitrile was then

25 increased up to 27% over 200 minutes to elute the product at a flow

rate of 7 ml/min. The eluate was monitored by A 220 nm. The
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fractions containing the desired product were combined together and
lyophilized to obtain 12.8 mg of Asp-Tyr-Met-Ile-Gln-Gly-Gly-Asp-Phe.
The peptide obtained Asp-Tyr-Met-Ile-Gln-Gly-Gly-Asp-Phe had
a retention time of 24.7 minutes in an analysis using a reverse phase
5 packing material YMC-PACK ODS-AM column (4.6 ¢ x 250 mm) eluted
with a linear gradient of acetonitrile concentration from 0 to 60%
containing 0.1% TFA, and the results of amino acid analysis (Met
being not detected) and mass spectrometry of the product were
consistent with the theoretical values.
10 Amino Acid Analysis
Hydrolysis: 1% phenol/6N aqueous hydrochloric acid, 110°C, 24
hours;
Analysis method: the ninhydrin method,;
* Reference amino acid; Theoretical values are indicated in
15 parentheses:
Asx: 2.04 (2)
Glx: 1.02 (1)
Gly: 2.06 (2)
*Ile: 1.00 (1)
2 Tyr: 0.82 (1)
Phe: 0.98 (1)
Mass spectrum (FAB]
[M+H]": 1045

Example 10
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*31099k) 9& () - PORRRYS>T| [ uj | (L3 $10%K) U& ()- +$1090n( 9& () -
Q0+$10% %Y (SEQ H3NOZBPY &yhithesizeddtCExample 810%6Kk) G& ()- >TTTTTTTUWU4
*d 5 Lymphocytes were separated from peripheral blood of a
leukemia patient who was heterozygous for A24 in the HLA-A locus
using Ficoll method. The lymphocytes were placed into wells of a 24-
well plate at 2x10° cells/well, and cultured in the lymphocyte medium.
The above tumor antigen peptides were added to the culture medium
10 at 10 uM to stimulate the peripheral blood lymphocytes. After one
week, the above tumor antigen peptide was added to attain 10 uM
together with about 2x10° cells of X-radiated (50 Gy) peripheral blood
lymphocytes for the second stimulation. After additional one week,
the third stimulation was conducted in a similar manner. Cultured
15 lymphocytes were harvested one week after the third stimulation.
Using as target cells (1x10* cells) BEC-2, which is an HLA-A2402-
positive EB virus-transformed B cell line expressing the tumor antigen
protein of the present invention (cyclophilin B), and Ban-B1, which is
an HLA-A2402-negative EB virus-transformed B cell line expressing
2 the tumor antigen protein of the present invention, the amount of IFN-
y in the culture medium produced by the above lymphocytes (8x10*
cells) in response to the target cells was measured by ELISA. The

results are shown in Table 6.

Table 6

IFN-y in Supernatant (pg/ml)
Antigen Peptide BEC-2 Ban-B1l
“84-92” 383 38
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and “91-99-2F-Y” (SEQ ID No: 40} synthesized in Example 9, as well

as the above “84-92” (SEQ ID NO: 1) and “84-92:2F-Y” (SEQ ID NO:

5 39). The results are shown in Table 7.

Table 7
IFN-y in Supernatant (pg/ml)

Antigen Peptide BEC-2 Ban-B1
“84-92” 1896 160
“84-92-2F-Y” 710 46
“91-99” >2000 40
“91-99-2F-Y” 650 100

Peripheral blood lymphocytes stimulated with “84-92”, “84-92-
2F-Y”, “91-99”, and “91-99-2F-Y” peptides reacted to HLA-A24-
positive BEC-2 but not to HLA-A24-negative Ban-B1, indicating

10 induction of HLA-A24-restricted tumor antigen peptide-specific CTLs.
Furthermore, peripheral blood lymphocytes stimulated with “84-92-
2F-Y” and “91-99:2F-Y” peptides reacted to BEC-2 as with the
peripheral blood lymphocytes stimulated with “84-92” and “91-99”
peptides, indicating that the derivatives obtained from the original

15 peptides by substitution had CTL-inducing ability similar to that of
the original peptide.

Likewise, a similar experiment can be conducted wherein COS-7
cells (ATCC No. CRL1651) or VA-13 cells (RIKEN CELL BANK, The
Institute of Physical and Chemical Research) into which an expression

20 plasmid for HLA-A2402 cDNA (GenBank Accession No. M64740) has

been introduced and which have been pulsed with the above peptides
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Since it was revealed from the above-described Examples 1-10

that cyclophilin B is a tumor antigen protein, the present inventors
10 also investigated whether cyclophilins A, C, and D, known as
homologs of cyclophilin B, have also such activity.

The amino acid sequences of cyclophilins A, C, and D have also
been published (Biochemistry, 3:8218, 1994). Based on the literature,
three peptides having a binding motif for HLA-A24, that is, a peptide

15 comprising a sequence from position 59 to position 67 of the amino
acid sequence of cyclophilin A (SEQ ID NO: 41, hereinafter sometimes
referred to as Cyp-A”59-677), a peptide comprising a sequence from
position 89 to position 97 of the amino acid sequence of cyclophilin C
(SEQ ID NO: 42, hereinafter sometimes referred to as Cyp-C”89-977),

20 and a peptide comprising a sequence from position 94 to position 102
of the amino acid sequence of cyclophilin D (SEQ ID NO: 43,
hereinafter sometimes referred to as Cyp-D”94-102”) were selected
and synthesized by the Fmoc method. As an example, synthesis of
Cyp-A"59-67” (SEQ ID NO: 41) and its result are described below.

25 Fmoc-Phe-Alko Resin (0.67 mmol/g, 100-200 mesh) was used

as a resin in this synthesis. Using 50 mg of this resin, the synthesis
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10% )" & ()- S#10%) & ()-, |[NA41010‘)‘15)6)‘10‘)‘ f 10%) & ()-
8#10% ) & ()- 610%) & ()- 4z10%) & ()- 210%) & ()- ):|[:NA41010
110%) & ()- 3 10%) & ()- 3 10%. & ()- & F10% ) & ()- 1940%) & ()-
t10% ) & ()-:=g-1|[: NA41010 f#10% ) & ()- s!'L110% ) & ()- 10%) & ()- F
10% )~ & () walslstdriedacrordititg S&heduldyl Hebdiribadbdalodd (PahlesB) fo
210% ) & ()- 0 10%) & ()- Y.10%) & ()- IL" 10%) & ()-
| Y% 10% ) ~ @@ pleyitie falibiaing &ediddes irkofdled Friosd-AppfO{Bus-1UH) FiRog- 10°) " F
:10% ) & ()- Y8 10% ) & ()- 1610%) & ()- kn® |[:vU410 YZ 10%~)L& ()-
YS#10% ~) L&Y IO HY§FmoesGly-QH ) Frdd-Clok OHL&F (rjoc- Ty s(TiEPAH,) Fenog-Met-
SF109%.~) L& ()- W [:vW410 3 @ 10%~ %L& ()- Y '10%~) L& ()-
Yl %+t10%. ~) O& (FmogPhesDH),lsnd Fx'moc-Gly-OH. After the coupling, the

5 procedures were carried out up to Step 3 of Schedule 1 (Table 8) to

obtain a peptide resin.

To this peptide resin, 1 ml of Reagent K (5% phenol, 5%
thioanisole, 5% H,0, and 2.5% ethanedithiol in TFA) was added and
allowed to react for 2.5 hours at room temperature. While cooling

10 with ice, 10 ml of diethyl ether was added to the reaction, the mixture
was stirred for 10 minutes, filtered, and then washed with 10 ml of
diethyl ether. To the filter cake, 10 ml of aqueous acetic acid was
added and the mixture was stirred for 30 minutes. The resin was
then filtered, and washed with 4 ml of aqueous acetic acid. After

15 lyophilizing the filtrate and the wash, the crude peptide obtained was
dissolved in aqueous acetic acid, and injected into a reverse phase
packing material YMC-PACK ODS-A SH-363-5 (30 ¢ x 250 mm) pre-
equilibrated with 0.1% aqueous TFA. The column was washed with
0.1% aqueous TFA, and the concentration of acetonitrile was then

2 increased from O to 15% over 60 minutes and from 15% to 30% over
240 minutes to elute the product at a flow rate of 7 ml/min. The
eluate was monitored by A 220 nm. The fractions containing the
desired product were combined together and lyophilized to obtain 9.7
mg of Gly-Phe-Met-Cys-Gln-Gly-Gly-Asp-Phe.

25 The peptide obtained, Gly-Phe-Met-Cys-Gln-Gly-Gly-Asp-Phe,

was analyzed using a reverse phase packing material YMC-PACK
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L' ' 1 1090R 9& ()-6DGO [: NA41010 | 10%E) & ()- YQlO%E) & ()- '109%E) & ()- YY
10%E) & () costebdERloh) frofR1B%EE 48% Sd1btdiniMgAO1DXOTFA3 Th¥me¥ulls of
F10%E) & ()- F10%) & ()- FSH10%E) & ()- Fz 10%) & ()- F109E) & ()-M
g| [ : NA410 Eimide deid)asialysis (M ¢0dd &'ot)be defired) &nd) madss 10%) & () -
Fl 96" 109E) & ()-  y#10%E) & ()- gsvU410 W z#1098& ()-t | z#1098& ()-t
&&F1088& (Specdrarneday 0f themrodBct oFgrerconsiBvENRWilh thejthdoreti¢cad
F $109%& () - 12F $1099& ()- Yy$10% %& ()- Yy$1098& ()- | z#1098& ()-t |

values.

Amino Acid Analysis
Hydrolysis: 1% phenol/6N aqueous hydrochloric acid, 110°C, 10
hours;
10 Analysis method: the ninhydrin method;

* Reference amino acid; Theoretical values are indicated in

parentheses:
Asx; 0.99 (1)
Glx: 1.06 (1)
15 Gly: 2.96 (3)
Met: 0.99 (1)
*Phe: 2.00 (2)
Mass spectrum (FAB)
[M+H]": 961
2 Table 8
Schedule 1
Step Duration (min) x the number of treatments
1. (washing) DMF 1.2 ml 1x2
2. (deprotection) 50% piperidine/ DMF 12x1
25 3. (washing) DMF 1.2 ml 1x7

4. (coupling) each amino-protected amino
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“1109%R& () - L3109&R& () - %0%R& () - F10940%0% Y2#1098&' ()-v LU [:yX7101
f#109R&' (P~ (Weshos@eDMF IF210dR8 () - F3109%&& ()- BEAOWRSE ()-

6. (coupling) each amino-protected amino

5 acid (5 equivalents)/NMP solution 0.9 ml,

DIC (5 equivalents)/NMP solution 0.3 ml 30x1
7. (washing) DMF 1.2 ml 1x4
Example 12

Induct; f CTL Perinheral Blood I ] by Cyclophilin-
10 derived peptides

The inventors investigated whether the three peptides

synthesized in Example 11 can be used to induce antigen-specific
CTLs from peripheral blood lymphocytes. Lymphocytes were
separated from peripheral blood of a healthy donor who was

156 homozygous for A24 in the HLA-A locus using Ficoll method. The
lymphocytes were stimulated three times with the above peptides in
the same manner as that described in Example 10. The lymphocytes
were harvested one week after the third stimulation, and measured for
their cytotoxic activity using 5!Cr-labeled, HLA-A24-positive, T cell

20 lymphoma-derived cell line KOPT-K1 and HLA-A24-negative, T cell
leukemia-derived cell line RPMI8402 as target cells, according to the
method described in D.D. Kharkevitch et al., Int. J. Cancer, 58:317
(1994). The results are shown in Table 9.
Table 9

Cytotoxic Activity against Target Cell (%)
Stimulator Peptide KOPT-K1 RPMI8402
Cyp-A"59-67" 27 0
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- b 10 Example 13

109 & () -b. 0%3&() beEt. 0%3&() 0%3&() b." 0%3&() b.

By referring to the methods described in the literature (e.g., J.

Immunol., 158:1796, 1997 and Cancer Res., 59:1184, 1999),

15 appropriate cells may be pulsed with a cyclophilin of the present
invention, a partial polypeptide thereof, a cyclophilin-derived tumor
antigen peptide of the present invention, or the like, to prepare
antigen-presenting cells on which a complex between an HLA antigen
and a cyclophilin-derived tumor antigen peptide is presented.

2 Successful preparation of desired antigen-presenting cells can be
confirmed by dt;termining whether antigen-specific CTLs are induced
from peripheral blood lymphocytes by the antigen-presenting cells.
Although the foilowing descriptions indicate an example in which
peripheral blood from a healthy donor is used, it goes without saying

25 that antigen-presenting cells can also be prepared in a similar manner
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Al t $10%& (hymphoeyteesge firstly. sepamed by Ficoll mewad (o)
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lymphocytes are allowed to stand for 3 hours in a culture flask at
5 37°C to remove non-adherent cells. The adherent cells are cultured
for 7 days in the presence of GM-CSF (2000 U/ml) and IL-4 (2000
U/ml) to induce dendritic cells, which is known to have high antigen-
presenting ability. Harvested dendritic cells are cultured with 10
pg/ml tumor antigen peptide of the present invention, or 100 pg/ml
10 tumor antigen protein (cyclophilin) of the present invention or partial
polypeptide thereof at 37°C for 2 hours to be pulsed, and then
irradiated with X-ray (5000 rad). In a 24-well plate, the dendritic cells
pulsed with the above peptide or protein are co-cultured with CD8* T
cell prepared using biomagnetic separation beads (Dynal) from
15 peripheral blood lymphocytes of the above healthy donor for antigenic
stimulation. On the day following the stimulation, IL-2 (100 U/ml) is
added. T cells are stimulated every week (2 to 4 times) in the same
manner using the above dendritic cells pulsed with the peptide or
protein. One week after the last stimulation, cultured T cells are
2 harvested. Using as target cells BEC-2, which is an HLA-A2402-
positive EB virus-transformed B cell line expressing the tumor antigen
protein of the present invention, and Ban-B1, which is an HLA-
A2402-negative EB virus-transformed B cell line expressing the tumor
antigen protein of the present invention, the reactivity of the above T
2 cells is determined by measuring the amount of IFN-y in the culture

supernatant by ELISA as in Example 10 or by measuring cytotoxic
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10 plasmid for HLA-A2402 cDNA (GenBank Accession No. M64740) has
been introduced and which have been pulsed with a tumor antigen
peptide or tumor antigen protein of the present invention are
substituted for BEC-2 used in the above experiment, and COS-7 or
VA-13 cells into which the expression plasmid for HLA-A2402 cDNA

15 has been introduced but which have not been pulsed with the above
peptide or the like are substituted for Ban-B1 used in the above

experiment (J. Exp. Med., 187:277, 1998).

SEQUENCE LISTING FREE TEXT
20 In the amino acid sequence shown in SEQ ID NO: 37, the
second amino acid is phenylalanine, tyrosine, methionine, or
tryptophan, and the ninth amino acid is phenylalanine, leucine,
isoleucine, tryptophan, or methionine.
In the amino acid sequence shown in SEQ ID NO: 38, the
25 second amino acid is phenylalanine, tyrosine, methionine, or

tryptophan, and the ninth amino acid is phenylalanine, leucine,



]
3109%84& ()- 3 1099&' ()- 3&LF10%9&' ()- 3S&10%& () - .
. 10" 9% 10" % L(Y(a(l ((((]\<A410' % 3 F"10%& ()-8F" 1098& ()-8 3{ 10%3«23 PEC 2002
3-1098& ()- 31t1098& ()- 33 10%& ()- ((((() ))xX@10' % 3
0"F"109%9&' ()-8F" 10984& ()-80"F"10%& ()-8F"109& ()-80")4)5)6) )a)b))t\<410'
% 3
F"109894& ()-80"F"10%&' ()-8F" 10984& ()- 8062 10%& ()-8F"10%4& ()-8))))))))sW
410' % 3
F" 10989& ()-8F"10%9&' ()- 80" (F"10%& ()-8F" 10984& ()-80" (F"10%& ()-8))*
** k- kxt T<410' % 3 0" F"1099&' () - 8F" 10984 ()-80"F" 10984&' () - 8F" 10%&' ()-80";
*\*\ *] * g* hisol¢u¢cingd 16y ptdphan, or methionine.
F*1099@& ()-80"F" 1098&' ()- 8F"1099& ()-80"F"10989&' () - 8F" 1099& () - 8] ** $+++++++
vU410 F&IF10%R&' ()- FS&I0%R&' ()- 10&8&108&8108&& | F2: $10%R&E&&& () -
| F2: $10%R&&&' () - | F2: $1098$&& ()-+,,-8. F//|[:vU410 F "YMB10% #& ()- F
AYMB10%&& INDUSTRIALSPRICABIRITVRS ()- F "109%8& () -
"109&& ()-//020m000| [:vU4A10 F F 6109%&& ()- F [12109C & () -
VF+! 1099$08& () - Zceprdin@ofost{y present redsden ( jJuDorRntiges foptdde900000v U410
F 3 109%R& ()- FLYLOY%R& ()- F&LOYR&E ()-310&10&10& F : 109%&R& () -
FF8vdbug (Jerived Srorzveycephilins pyxl desyatives theseofdaving the ‘
FY$109&' ()-!"Y$10% & ()- F 109%R& g)@ F& 10%&&' () - 2r 33451 55| [: vU410
gF4$10% $! Ririgtiongily egnuvalzes: properHessprogcoayided, gsiweld e & & () -
FY@1098& ()-. TY@10%R&' ()-5R6S6T6UBb6E66Q7VUALI0 : $109&&E ()- : $10%H& () -
Fe&F10v&s Medicaments; prophykactmsgiorodiggngsiissolar dugnpeys gsiegamich [ : vusa10
YF($1098& ()-s OYf $109%8&' (t)- F OYf $109&& ()- F FY- #1(%;’/1&&' ()- TY-#109&& () -
E tumor antigen peptides, derivatives thereof, cyclophilin polypeptides,

or genes therefor in vivo or in vitro.
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10 functionally equivalent properties.

3. The tumor antigen peptide of claim 1 or 2 wherein the HLA
antigen is HLA-A24 or HLA-A2, or a derivative thereof having the
functionally equivalent properties.

4. The tumor antigen peptide of claim 3, that is selected from

15 sequences comprising all or part of an amino acid sequence shown in
any one of SEQ.ID NOs: 1-36 or SEQ ID NOs: 41-43, or a derivative
thereof having the functionally equivalent properties.

5. The tu’mor antigen peptide of claim 4, that is selected from
sequences comprising all or part of the amino acid sequence shown in

2 SEQ ID NO: 1 or 2, or a derivative thereof having the functionally
equivalent propérties.

6. The tumor antigen peptide derivative of claim 4, that is
selected from séquences comprising all or part of an amino acid
sequence in which the amino acid residue at position 2 and/or the C-

25 terminus in the 'amino acid sequence shown in any one of SEQ ID

NOs: 1-36 is substituted by another amino acid residue.



33y1098& ()- #10%9%& ()- 3 #10% & ()- -
. KKKLLL!'L'Li 1)" 10%&& ()-="10%&& ()-="N'"109%&& ()-=3"10%&& ()- =" 10%&%‘%& 202
3109%&R&' () -
' L/ LOL8L=LALBLQLeG+" 10%&&' ()-=" N""10%&& ()-="10%&& ()-="10%&& ()-=" N'"10%8&
' () - =QLULXLYLaLhLkLeE+" 109%&&' () - " 10%&& () - ="109%&&' ()-="10%&& ()-="N'-"10%8&
'()-="10% & ()-=kLI L{LLLLLLhM 64
1098& ()-3"1098& ()-=' N'"10%&& () - =" 10%&&’ ()- =" 109%&& ()-="N'LMDMW NKN| [ :,
3*109R&' ()- 3(10%& ()- 3 @10%&& ()- 3 %10%R& ()- 3, #MLOYR& () -
39! &109%&&' () - KNNNN, § OQ| [ : , 3s6s! 109%8& ()-  34Y10%&& () -
210%& () - 30 TVERe Jumos. SrifgEd feptide &lerbeattvd pf cCROMPERAPERIBCPOQV A 3
$10% ' ' & ()-g &GLO% & () 9%40% & ()- 10810&10& 3Y: & 109&& () -
f 8#10%R&' (SeplecdEd@RbRREBGL1ENCES codnprisig GIV@r (Dart of A $IOMhRacjd 8
$10%),& ()-g $10%& ()-g ) $10%& ()-g 8L $10%, & ()- gSTUMWWV| obU4
@109%&& (sequencelion wiioh'the &mino%acidsresiduc/nostidsa ¢nd /or'thﬁl@% & ()-
<' MBL0%)' 0&' () - VWMIKXZ| | : bU4 CYy#1090& ()- Y '$109&& ()-t .Y
' $10%8& ( termiNYs'ifltlte agiino- aCLdYSeq;lleﬂ/@&S@OWn in SEQ ID NO: 1or2is
&&F10%&& () - ZMZN[ [\\\\]| [ NA4 109%409%0% 8F0$10%0& ()-  AF0$109R& () -
F #1@@8 Erbstftutedigeanotheypmiegacid residug.] ]| [ NA4 10 & 10%#&' () -
8. The tumor antigen peptide derivative of claim 6, that is
selected from sequences comprising all or part of an amino acid
sequence in which the amino acid residue at position 2 in the amino
acid sequence shown in any one of SEQ ID NOs: 1-11 is substituted
10 by tyrosine, phenylalanine, methionine, or tryptophan, and/or the
amino acid residue at the C-terminus is substituted by phenylalanine,
leucine, isoleucine, tryptophan, or methionine.
9. The tumor antigen peptide derivative of claim 6, that is
selected from sequences comprising all or part of an amino acid
15 sequence in which the amino acid residue at position 2 in the amino
acid sequence s}qown in any one of SEQ ID NOs: 12-36 is substituted
by leucine, methionine, valine, isoleucine, or glutamine, and/or the
amino acid residue at the C-terminus is substituted by valine or
leucine. ‘
2 10. The tumor antigen peptide derivative of claim 8, that is
selected from sequences comprising all or part of the amino acid
sequence shown in SEQ ID NO: 37 or 38.
11. The tumor antigen peptide derivative of claim 10, that is
selected from sequences comprising all or part of the amino acid
25 sequence shown in SEQ ID NO: 39 or 40.

12. A pharmaceutical composition for treating or preventing
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0 R1§ 0 14. A pharmaceutical composition for treating or preventing

tumors, that comprises as an active ingredient cyclophilin B, a partial
polypeptide of cyclophilin B that comprises a tumor antigen peptide
portion capable of binding to an HLA antigen and being recognized by
cytotoxic T lymphocytes, or a gene encoding the cyclophilin B or the

15 partial polypeptide thereof.

15. An isolated antibody that specifically binds to the tumor antigen
peptide or the derivative thereof according to any one of claims 1-11.

16. An isolated antigen-presenting cell wherein a complex between an
HLA antigen and the tumor antigen peptide or the derivative thereof according
to any one of claims 1-11 is presented on the surface of a cell having antigen-
presenting ability that is isolated from a tumor patient.

17. An isolated antigen-presenting cell on which a complex between an
HLA antigen and'a tumor antigen peptide derived from a cyclophilin is

5 presented, said antigen-presenting cell being prepared by allowing a cell having

antigen-presenting ability isolated from a tumor patient to be incorporated with
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presented, said antigen-presenting cell being prepared by allowing a cell having

antigen-presenting ability isolated from a tumor patient to be incorporated with

the cyclophilin B, a partial polypeptide of cyclophilin B that comprises the tumor

0
1 antigen peptide portion capable of binding to the HLA antigen and being

recognized by cytotoxic T lymphocytes, or a gene encoding the cyclophilin B or

the partial polypeptide thereof. '
19. A pharmaceutical composition for treating tumors, that

comprises as an active ingredient the antigen-presenting cell

15 according to any one of claims 16-18.
20. An isolated cytotoxic T lymphocyte that specifically recognizes a

1

complex between an HLA antigen and a tumor antigen peptide or derivative
thereof according to any one of claims 1-11.
21. An isolated cytotoxic T lymphocyte that specifically recognizes a

20 complex between an HLA antigen and a tumor antigen peptide or derivative
|

thereof, that is presented on an antigen-presenting cell according to any one of

claims 16-18.
22. A pharmaceutical composition for treating tumors, that

comprises as an active ingredient the cytotoxic T lymphocyte of claim
25 20 or 21.
23. A cytotoxic T lymphocyte of which deposit number is FERM
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any one of claims 1-11.

26. A tumor antigen according to any one of claims 1 to 11, a
pharmaceutical composition according to any one of claims 12 to 14, 19 or 22,
an antigen according to claim 15, an antigen-presenting cell according to any
one of claims 15 to 18, a cytotoxic T lymphocyte according to any one of claims
20 to 21 or 23, a method according to claim 24 or a diagnostic agent according

to claim 25.



