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20 Background Art

For the past several years, cancer has been the leading cause

-of death in Japan. In addition to surgery, radiotherapy and
chemotherapy, imunotherapy is the fourth option for cancer therapy.

An in vivo system for immune response is utilized in immunotherapy.

25 The immune response is elicited and controlled by the interaction
ainongst B lymphocytes, T lymphocytes, antibodies and antigen
presenting cells (APC). First, an exogenous antigen is processed

in the APC, and then it is presented in a form bound to the major
histocompatibility complex (MHC) class 1l or class 2 to helper T cells.

30 Upon the recognitidn by helper T cells of this exogenous antigen,
T cells are activated and cytokines are secreted. The secreted
cytokines help differentiation of antigen-stimulated B cells into
antibody-forming cells and at the same time promote the
differentiati_on of killer T cells. Finally, cells presenting

36 antigens are eliminated by the secreted antibodies and by the

activated killer T cells. This is how cellular and humoral responses



and ellnlnate antlgens) 2) speC|f|c cellular immunity (activated helper T
cells induce cytotoxic T cells (CTL) that react w th spetd Npeembkgit20§éns and
the CTL directly react to the target); and 3) non-specific cellular
immunity (activated helper T cells inducg 10 non-specific natural killer
cells, activated nmacrophages, etc. and these cells function to elimnate
antigens) . As described above, T cells play a central role in recognizing
target antigens to elicit an imune response. Regarding tumor rejection,
antitunor-inmune responses in host 15 cells have been known to be induced
by appropPfhEEe| FuATEari ba asingnatagemgeners sehtigersved tumor cells or
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peptides derived fromtunor ce nlce
syngeneic or self-derived tumor cells or fractions therecof (L. Gross,

Cancer Res. 3: 326-333 (1943); E.J. Foley, Cancer Res. 13: 835-837
(1953) ; R.T. Prehn and J.M. Maln, J. Natl. Cancer Inst. 18: 769-778
(1857} ; G. Klein et al., Cancer Res. 20: 1561-1572 (1980}); L. 0ld
20 et al., Anh. N.Y. Acad. Sci. 101: 80-106 (1962); A. Globerson and
M. Feldman, J. Natl. Cancer Inst. 32: 1229-1243 (1964)). The role

of CD8* and CD4* T cells in these tumor systems has been of enormous
interest (R.J. North, Adv. Immunol. 35: 89-155 (1984) ; P.D. Greenberg,
: Adv. Immunol. 49: 281-355 (1991); D.M. Pardoll and S.L. Topalian,
25 Curr. Opin. Immunol. 10: 588-594 (1998)). CD8* T cells from
specifically immunized mice'are reported to be capable of destroying
tumor target cells in vitro (H. Wagner et al., Adv. Cancer Res. 31:
77-124 (1980)). Furthermore, it has been reported that adoptive
transfer of CD8* T cells from immunized donors confers resistance
.30 to tumor transplants to naive mice (R.J. North, Adv. Immunol. 35:
89-155 (1984); P.D. Greenberg, Adv. Immunol. 49: 281-355 {1891); C
J.M. Melief, Adv. Cancer Res. 58: 143-175 {(1992)). "In addition,
anti-CD8* antibodies are known to abolish resistance to tumor
transplantation in preimmunized mice (E. Nakayama and A. Uenaka, J..
a5 Exp. Med. 161: 345-355 (1985); X.G. Gu et al., Cancer Res., 58:
3385-335%0 (1998); Y. Noguchi et al., Proc. Natl. Acad. Sci. USA 92:



recogni zed by CD8+ T cells have been 'reported (T. Boon et al., Annu. Rev.
Lmunol . 12: 337-368 (1994); S.A. Rosenberg, |munity 10t8 Noyepier 2695
(1999)). Two forms exist for tunor antigens (target nol ecul es on tunor
cells). These are: (1) tunor peptides prgsented by MHC class | nol ecul es,
the target nolecules of CD8+ CITL that is the |l eading character of cellular
immunity; and (2) the target nolecule of 10 hunoral imunity (antibody)
that is expressed on the cell nmenbrane .of tunors is called
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effect by the combined use of cytokines and dendritic cells pulsed
with antigenic peptides, or introduced with antigen genes, has been
- attempted. Moreover, recently, DNA vaccines have been tested in the

20 art.

' A number of approaches to augment the helper action of CD4+
T cells have been attempted (D. Pardoll and S.1.. Topalian, Curr. Opin.
Immunol. 10: 588-594 (1998); R.F. Wang, Trends Immunol. 5: 269-276

T (2001)) . Earlier methods fall into one of three categories. One

25 method involves modification of immunizing antigens itself. For
example, haptenizing the antigen (Y. Mizushima et al., J. Natl.
Cancer Inst. 74: 1269-1273 (1985)), linking heterologous immunogenic
peptides directly onto the antigen (R.W. Chesnut et al., Vaccine
Design, eds. M.F. Powell and M.J. Newman (Plenum, New York) 847-874

3.0 (1995); J. Riceet al., J. Immunol. 167: 1558-1565 {2001)), etc. The
second method is co-immunization with tumor antigens and molecules
with strong helper determinants (R. Romieu et al., J. Immunol. 161:
5133-5137 {(1998); N. Casares et al., Eur. J. Immunol. 31: 1780-1789
(2001)), such as viral vectors encoding tumor antigens (M. Wang et

356 al., J. Immunol. 154: 4685-4692 (1995)). The third method utilizes
molecular signals such as CD40 ligand (J.P. Ridge et al., Nature



4 (London) 393: 474-478 (1998) ; S.R M Bennett et al. , Nature (London)

393: 478-480 (1998); S.P. Schoenberg et al., Nature (LonMeVEB'QETZOQFBO 483
(1998)) and other stinmulatory/co-stinulatory signals (A  Porgador et al.

J. Exp. Med. 188: 1075-1082 (1998) ) invelved in the 5 hel per function of
CD4+ T cells and in nodulating the interaction of APCs with CD4+ T cells.
The di scovery of such signals appears to provide nethods to augnent the
response of CD8+ T cells. Antibodies have been generally relegated to a
mnor role in antitunor effector functions. - However, tunor antigens like
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i mrune responses are s‘tl GnKkAoWT eenberg, nmunol .
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Immnol Sc:L USA 94: 1914-1918 (1997)) to 1dent1fy tumor—-associated antigens

that may serve as vaccines against tumors. This method involves

screening of cDNA expression libraries of human tumors with human

sera. More than 1800 kinds of genes identified by SEREX are

20 registered in . the SEREX database on the internet
(www.licr.org/SEREX.html) .

However, there are still unsolved problems. Some of the
problems include the kind of adjuvant or APC to be used for effectively
inducing tumor-specific immunity with the identified antigenic

25 peptides/DNAs to fimally achieve complete recovery from tumor;‘ or
dealing with the escape of tumors from the immune system.

Helper T cells are often reported to be necessary for
quantitative/qualitative amplification of CTL. Howevér, the
characteristics of antigen molecules recognized by these T cells and

30 their functional impact on antitumor immune responses are still
largely unknown (P.D. Greenberg, Adv. Immunol. 49: 281-355 {1991);
D.M. Pardoll and S.L. Topalian, Curr. Opin. Immunol. 10: 588-594
(1998); S.R. Bennett et al., J. Exp. Med. 186: 65-70 (1997); R.F.
Wang, Trends Immunol. 5: 269-276 (2001); C. Fayolleet al., J. Immunol.

35 147: 4069-4073 (1991); M. Shiral et al., J. Immunol. 152: 1549-1556
(1994); K. Hung et al., J. Exp. Med. 188: 2357-2368 (1998); F.



35 147:. 4069-4073 (1991) ; M Shiral et ‘aI J. Immunol . 152: 1549-1556 _
(1994); K Hung et al., J. Exp. Med. 1.88: 2357-2368 (19¢dyovembet800ovenber
2005 GCssendorp et al., J. Exp. Med. 187: 693-702 (1998) ; Y. Shen and S.

Fujinoto, Cancer Res. 56: 5005-5011 (199¢) ; T. Nishinura et al. , J. Exp.
Med. 190: 617-627 (1999) ; DR Surman et al., J. Immunol. 164: 562-565
(2000) ; A Franco et al. , Nat. Inmmunol. 1: 145-150 (2000) ; 5 C N

Baxevanis et al., J. Inmunol. 164: 3902-3912 (2000); F. Fallarino et al. ,:
J. I mmunol. 165: 5495 5501 (2000) ; A L. Marzo et al. Cancer Res.. 59:
1071- 339@5(52999@ etnal., Nar Z&pet Mar .. 1873 693mitid| (199%)5;: Yb04hep0sad S.
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method (Y.-T. Chen et al., Proc. Natl. Acad. Sci. USA 94: 1914-1918
(1997); E. Jager et al., J. Exp. Med. 187: 625-630 (2000); E. Jager

et al., Proc. Natl. Acad. Sci. USA 97: 12198-12203 (2000); U. Sahin

20 et al., Proc. Natl. Acad. Sci. USA 92: 11810~11813 (1995); L.J. 0Old

and Y.-T. Chen, J. Exp. Med. 187: 1163-1167 (1998); Y.~T. Chen,

“*Principle and Practice of the Biclogic Therapy of Cancer”, ed. S.A.

Rosenberg (Lippincott Williams & Wilkins, Philadelphia) 557-570

) (2000} ; T. Ono et al., Int. J. Cancer 88: 845-851 (2000)). Complete

- 25 sequence determination of SEREX—defined genes show that many of them
share the same sequence with the wild-type sequence, i.e., there are

no amino écid substitutions included (L.J. 0ld and Y.~T. Chen, J.

Exp. Med. 187: 1163-1167 (1998); Y.~T. Chen, “Principle and Practice

of the Biologic Therapy of Cancer”, ed. S.A. Rosenbérg (Lippincott

30  Williams & Wilkins, Philadelphia) 557-570 (2000)). Therefore,-

these molecules do not exhibit immunogenicity due to mutations.

Furthermore, although some SEREX antigens show restricted tumor

expression in normal +tissues (e.g., cancer/testis antigens,

melanocyte differentiation antigens, etc.), most of the

35 SEREX-defined antigens are ubiquitously expressed. -However,

-high-titered antibodies to these wild-type molecules are present



Furt hernore, although sone SEREX antigens show restricted tunor expression
Ln normal tissues (e.g., cancer/testis antigens, nelanot§Nevember 2005
.differentiation antigens, etc.), nost of the 35 SEREX-defined antigens are
ubi qui tously expressed. However, high-tgtered antibodies to these

wi | d-type nol ecul es are present 18 Novenber 2005 6 nore in the serum
sanpl es of associ ated and non-associ ated cancer patients as conpared to
normal heal thy subjects. The current hypothesis is that anplified
expression of these tunor products serves as the |nnunogen|c stinmulus for
el i ci ti nBPRBnBRaFh e ndifnR ySamp By el f9sastiatiass andonesaiaesogiatadt eanegrby

ant i bodi at%nttae dOGofpassd thesfoMid d- h¥RerAP! oS sl yrecegpibhen
by CD4+ per T cells. Wth-regard to the above information, the present

|nvent or hYB%H?ﬁéa i e thrasgaki Ligf ehtn e st ef RSP - 5PBRTf PEOABEFSCTL

can be agpkitkess %@Q&dﬂﬁﬂbg@ll@é}tlﬁﬁhﬁgrfa-rc%.ell@lﬁ/irfq:hnmé%g.eﬂﬁuﬁuﬁgty
wi. | d-type.nol ecul es_of tunor cells , exam ned t i nvol venent _of

the rfb] GEAPEE Fhl i (MR MORARYE S EF6nIet e PRAdVEY ATHOPIRRS BEolhendaR t o

i nduce benhsbunﬁhébeaﬁdlaetypéamoléﬁﬂﬁésrﬂﬁ@DﬂS@écdﬁﬁﬁtidﬁrﬁyﬂﬁﬁqulﬁélp@r

adm ni stration of naked DNA. = The preci se nechani,sm of_ induction_of inmune
response&' by® vé@&#n’é%giédi“so SEL&C%‘?%W( 48 OTPRAON. BRe ATesaiAYepter

165- 169 ££985hyd 1ﬂﬂomyepreiséﬁteizﬁ@@ﬁw@measetr5eﬂ ndlineat-agbdni ftilke dosduction
of hunoral_and cellul ar |nnun|t|e i i ndi cat.es the.expressi on of
naked DNA?Fo ?owrﬁgl‘%h‘?ﬂrﬁ R Ty rf"g Vgt 1pEprPdenic

pr odidt swmid{-hppaalqedl@t\i&lase @fesamﬁ@ﬂ aSe HlNd | genSawetl iy, bothahhred20tVEC
class | g@éﬂ%logrgéelns A T cell rec&gﬁ on, CTL recogni zes an
exagenous pepY ePTVERS PPERTUT FlistP bR EFRCT o TUNG T&EF B RHC cl ass |
and/ or cl ass |IDNA pekedukeshase haearﬁhogento Thencerisatch hansralichdsel helar
producti y Okl pes and ell _proliferation are kno be
D ooy e Bty YatLsuse LY IBBNCKhRERRARd, 6k RBRODHLEERELER ECEPRIT AR,
Irres pecfhv@?:@f(?ltswemwh@caswmf mduheloniogi Mupatﬂmmsa he A watcieasc

e oS R SHRERES Ry SOTRILEL JR S, LAGREE! o715 gpofi585) L
However, its effectiveness is indicated by the induction of humoral
and cellular immunities. This result indicates the expression of
naked DNA following administration of a DNA vaccine, and that peptide
products of the naked DNA are presented as antigens with both the

20 MHC class I and class II proteins.

ATcell receptor on CTL recognizes an exogenous peptide derived

from virus, bacteria, etc., bound to MHC class I and/or class II
molecules as an antigen. Then, readctions such as the production of

' various lymophokines and cell proliferation are known to be promoted
| 25 to finally kill cells infected with the wvirus, bacteria, etec.
Irrespective of their location in the original pathogen, these
antigenic peptides are processed fragments that were intracellularly
imported into APC or other cells. EKnown methods for artificial

_ generation of CTL response include those using replication vectors
30 thatproduceproteinantigensiné@lls(J.R.BenninkandJ.W;Yewdell,
Curxr. Top. Microbiol. Immuhol. 163: 153 (1990); C.K. Stover et al.,
Nature 351: 456 (1991); A. Aldovini and R.A. Young, Nature 351: 479
(1991) ; R. Schfer et al., J. Immunol. 149: 53 (1992); C.S. Hahn et

al., Proc. Natl- Acad. Sci. USA 89: 2679 (1992)) and methods wherein
36 peptides are introduced into the cytosol (F.R. Carbone and M.J. Bevan,
J. Exp. Med. 169: 603 (1989); K. Deres et al., Nature 342: 561 (1989} ;



generatl on of CTL response include those using replication vectors 30 that
_produce protein antigens in cells (J.R Bennink and J. W 18vioxkatker 2000 r .
‘Top. Mcrobiol. Imunol. 163: 153 (1990) ; C _ K . Stover et al. , Nature
351: 456 (1991) ; A Aldovini and R A Young, Nature 351: 479(1991) ; R
Schfer et alJ. Immunol. 149: 53 (1992); C S. Hahn et al., Proc. Natl.

Acad_ Sci. USA 89: 2679 (1992) ) and nethods wherein 35 peptides are

i ntroduced into the cytosol (F. R Carbone and M J . Bevan, J. Exp. Med.

169: 603 (1989) K. Deres et al. , Nature 342: 561 (1989 ;. 7 H Takahashi.

et al. fklat'«tﬁl@@@du &13 311090 tupes34@s| BV Rs (299Q) ; Qkinlet Bdg:
3336 (1992)1mmMok. NawTea 38k h992) J.M I MIRInanl 48: a12355’ (982091, 148:

Furthernore, a nethod for inoculating a vertebrate wth naked 5
pol ynucl 2311 d61332)9 vacci ne has been di scussed (W)90/ 11092 (Cctober 10 4,

1990)) .. Cal ci ymaanidies Prasd phdategd mﬁcuﬁa{smﬁm R rRepraXBresee thak Rl
-int ravenous or intramuscul ar adm ni st ratl on Benveni Z%iq and L Reshef,

Proc?® NRPLYRUelRptisis asgaapeingshasdesen d(lf@@@)ﬁ)ed (WB? RovEP92 | (PThahes

was shown, t haboPNA exps BSShfN cheelr@te-peetipatpeedt aila nie fk}iﬁﬁ\?ﬁeﬁoaﬂib
expressed in the cell upon intranmuscular injection of the, vector

Wl 1 etSXpressfd oxda avigRaNy 18§0)Lr g2 aryt agMIDIRETQFLC 3'5@‘.-- 815
(1991)) .BAEai tihg drel thi ReBREBIPrédie NeaCT OB CAEE Stst AUSERAB RS HHS 1ol SHATE

and did eplicate. However, pet manent. expr i of the vector s 15
obser ved(ﬂﬁh owi n§OESPEES i on® i Y tlﬁfewgﬁeTle?‘g{‘) tﬁﬁ‘zt ﬁng?x?]é‘?Sslf?Isﬁ’ec\qﬁod:
primate,ias 1m,eb|rp63ataddljaﬂ:dmﬁpbey’0és r aind( Hexhteis®dd alin, tHa rcelat uquﬁz
2217(199 K|t5|s . , .Proc. Natl USA 8
(1001) * Iieamyfidi 4 ‘Sifectudlion, the 555 0 (71851701 7F iy o Seqths,
CGene Thezf:ab'y B4621 ((119@9)2),, g. AAs\Mtlfo gt al., Nathiwear3ibi . 8lBnetl9) )363
(1992)). furt rted, that resent pes: Y4 d
MHC on t ecosrur ¥ % H‘eﬁ" pchayCfa s%lm Tol :as% ?n ?%egé%%%vég ﬁl%{m%ﬂ?%
duri ng tdirbmog] rﬁphataba (fEdiewgimnpeBmene@hnekpggsaimn D1 the MOc¥d9Id)s .
P I ap.,SRh LOpE &af- |1
receptom%é@ﬁ$og%08§sgpgng %%gﬁsg%l Qc%%f %a‘e%tt%zg’neuggg b(lpn s to LA- 4
or CD28 and primate, as well as cardiac muscle of rat (H. Lin et al.,
Circulation 82: 2217 (1990); R.N. Kitsis et al., Proc. Natl. Acad.
Sci. USA 88: 4138 (1991); E. Hansen et al., FEBS Lett. 290: 73 (1991} ;
S. Jiao et al., Hum. Gene Therapy 3: 21 (19%2); J.A. Wolff et al.,
20 Human Mol. Genet. 1: 363 (1992)). It was further reported that

presentation of epitopes by B7 and MHC on the surface of APC play

similar roles in the activation of CTL during tumor elimination

{Edington, Biotechnology 11: 1117-1119 (1993)). When a MHCmolecule

. on the surface of APC presents an epitope to a T cell receptor, a

'J25 B7 expressed on the surface of the same APC binds to CTLA-4 or CD28

' and functions as the second signal. As a result, CD4* helper T cells

that emit signals for increasing APC destroying CD8 T cells rapidly
proliferate.

For immunizetion with DNAs, the DNAs do not necessary have to

30 be administered intramuscularly. For example, Tang et al.

demonstrate that anti-bovine growth hormone (BGH) antibodies are

produced in mice following administration of BGH-coated gold

particles into the skin (Tang et al., Nature 356: 152-154 (1992)).

Apart from skin, it is feported.that muscular, adipose and mammary

35 gland tissues of live anlmals can be transfected with DNAs (Furth

et al. . Analytical Blochemlstry 205: 365 368 (1992)). Various



and functions as the second signal. As a result, CD4 helper T cells that
emt signals for increasing APC destroying CD8{ T cell s 1gapi@dmber 2005
proliferate. For immunization with DNAs, the DNAs do not necessary have to
30 be adm nistered intranuscularly. For exanple, Tang et al. denonstrate
that anti-bovine growh hornone (BGH) santi bodies are produced-in mce
follow ng adm nistration of BG+coated gold particles into the skin (Tang
et al., Nature 356: 152-154 (1992)) Apart fromskin, it is reported that
muscul ar, adi pose and manmmary 35 gland tissues of live aninmals can be |
transfected with DNAs (Furth et al., Analytical Biochemstry 205: 365-368
( 1992F§ thodsi iR in rREVEADEM WOOEL B aedidods ef ok S mevidusichd ThUEE Bédmaani, ds
are aksochewl ewed (T75F(hednenyoBsi enigod4ds AR UdRBL (I9B9) NODRLATIO6
descri-bes_a nethod of vaccine inoculation of an ani nal against a virus
that UBFHIREeEPeReElatirppsd 8n vodvpdgagadast ar vharsi thatviehpaigesethe

constﬁuéps @nd-dhamg admaBtiéerp@ﬁti&@;ecﬂiﬁzﬁdapééhécé&néEEGQE Cﬁhh E’lf\ jhe
Fuct her pore, nmuni zat i on agal nst herpes virus _(Cox et j

\/ ol ad[g’inlﬁ %£l§%6fhﬁ9§%?t?dh£§3‘b‘é’eﬁ Fepdtted? 1ehbdiad oﬁhemm@bcu nes
and nEmhouenhoreprmdmammguarmhtad:m g Bk Agh& hpasav eraksecodeseriped jn US

Pat e ), 589, 466, and 0 W94/ 16737:

Di scr‘?)s%grj)le' 0 t he (%Snvse?#? EﬁAﬁBo}o[E%?l 689‘& TERS ek ent ™ AR g i PR

pr ovi tecei hestdve methadsofher ppydagdings tanidl miiai-n Ak £ 1 g at h &) 264 | VESo

i ncl Ugles e PrPb oMl g agj,ca atynent ,.garly stage cancers, therapy
for supp?%ss?ng post oﬁér@é‘ﬁﬂ @é réé%?r%étrqcrgg orUfSO aset“atglNé’ o% (,Szft?c'e"r%G

t UeatRM/ ¥of3 pati ents detected to have |noperable tumors, and for whom
radi cal and chem cal treatnments were ineffective. In one aspect of the
present invention, there is provided a conposition conprising an

expr e8I PSS st dritpdittpaidomn  antigen recogni zed by CD4' helper T
cells, anda&begec@mbbg@ﬂtjﬁﬁﬁQ%@éﬁ%jﬂEbéHEQO&y:QEQ%onILQQ e%fec% a%pther

aspect of the present invention, there is
immunothe apy against tumors. Additional objectives. include

5 praviding a radlcal treatment for early stage cancers, therapy for
suppressing postoperative recurrence or metastasis of cancers, and
treatment for patients detected to have inoperable.fumors, and for:

whom radical and chemical treatments were ineffective.

In one aspect of the present invention, there is provided a
composition comprising an expression vector encoding (1) an
antigen recognized by ¢D4* helper T cells, and (2) an antigen

recognized by CD8" cytotoxic T cells.

In  another aspect of the present invention, there is

provided a vaccine comprising any of the compositions as described
herein.

In another aspect of the present invention, there is
provided a use of any of the compositions described herein in the
preparation of a medicament for inducing tumor-specific immunity
in a mammal. |

The present invention relates to a vaccine for e11c1t1ng

20 tumor—spe(:1f1c immunity .. The invention is based on the finding that
tumor-specific immunity can be induced u5lng'an expressxon.vectef
encodlng an antlgen recognized by CD4' T cells and an expression
vector encodlng'.anx antigen recognized by CD8' T .cells as a

polynucleotide vaccine. . Thus, the present invention relates ta




' provi ded a vaccine conprising any of the conpositions as described herein.

I n anot her aspect of the present invention, there is prnawNNodesiber 288 of any
of the conpositi ons' described herein in the preparation of a nedi canent -
for inducing tunor-specific imunity in a mammal. The present invention. d
relates to a vaccine for eliciting 20 tunor-specific imunity- The
invention is based on the finding that tunor-specific inmnity can be

i nduced using an expression vector 83ancodi ng an antigen recogni zed by CD4+
T cells and an expression Vector encoding an antigen recogni zed by CD8' T.
el FemRESHLipRF y NEiEot s Hed v s hessTRis, veREoprses emcadivent isorirgsret es t o
18 Npxeshs 05,.8acpa® CPMRAS] {ions,§0 g5 rnessi Q t,0f codi ng
antigenggrégggnﬁ)zﬁd be cH4} T %ie%l ?na.%dr%%%+ 'Irigcgélqsl%r eg%es%%q'{/%‘%ﬁﬁ
SpectPrehfigaline Bhti gehigerogricrsmifediar fBRpehe¥Pesl Fsdedls iwlaecul e
det eqsi BEM1 O e IR TRt RO G ERN dddtod ecamicaRd: PR R BTy Spar t umor
antl%%g__ Furt hernore, the antlgens recogni zed by CD4+ O helper T cells .
and SCFItWoE fRELBET  z i phR e FREESankl e A e R g BanfRid st er ed

- it ohalpet| Tt ecexprasd @pd'PLIILMHrd NeminoBAlG ke sranenéekhme RQWEMRIL the.

i nvention Ls not restricted cﬁ]her eto. Ai descri bed herein,-the phrase
"antPRERFEE O Pt hel pe? & ¢l bstor 8FRIESSy 20 HnAFERt ddamhat
conpehseThe pané icen it;Hadbweddr s eftue s nasral @piitsopet fe £t € YESPHHRIdto . .
expressed on tur.%eQFI er . T C‘&‘él or grecurs%r. cell thereof Wen a T
cel | -r'ecepl?%r O L T NP 2865 3R LSy P TRHBEERE P By CRHC
cl asiselper @Dde bl ntis-etfe risheo MHpodlyaspttide Thadoramprdies Ayso ephanaasit he

© abil] he, T cell t i ti . CD4 further t its signal
Pt RSt A o TR g Sy BT Lt O e B RPaRGL BpPal e A B and

secritdednl of myrwkigves cellAtberdiony t Thisimea pf esdrit rieegitd 0 e dnd&dse s
identified by SEREX are particularly preferred anong the nol ecul es
recogni zed by CD4+ helper T cells. Such nolecul es include a heat shock
protein Dna




J--like 2, DNA |ipase .1, galectin 1, poly(A) binding protein, Hono
sapi ens hexanet hyl ene- bi s-acet am de-i nduci bl e (XM 0083488 Ndverrdoer 2005
retinoic acid-responsive protein (U50383), H. sapiens hepatitis delta
antigen interacting protein A (Dl PA)§XM 006503), H. sapiens cDNA FLJ20644
fis clone KAT002588 (FLJ20644fis)(AKO00651), etc.; but are not restricted
t heret o- The phrase "SEREX-defined nol ecule” herein refers to such

nol ecul es identified by SEREX. In addition, 15 the phrase "imrnogenic

wi | d-type cellular nolecule” herein refers specifically to the nol ecul es

i deran farddidyyn SEREXNtteat bar WHEecbyns ZEM, (DA w@ﬁ§1£bpéhemmldlasa§ II

d h h i . ph db
 espa thAlo o FYLLNE RRLEC RS By L0 PhEcRE AL OE T ocoamed by
, 20 tmtlg@ns/es% fnreberdpaninitasdomedr an’eogimgpﬁd\t.eamﬁ mc&npnessed on
CTL 20d; RIAGMSe tgeﬂﬂém&b@r&@&d@% g £84 15 %@f@gf%{ Y r%'k?l?}%é

e a onai n “cl ass

antlgen presente MHC cl ass , s tot
p. Aceriingi-q éﬂtﬁgmrﬂﬁﬁﬁltabmvietwtl&n:t e lEEies iiglendriffdmsbdib PERRE

bi ndixng ﬁemuaﬂéﬁwagrééeﬁfﬁsaméﬁgdtﬁ@trpoi%f@é'rec?égx?bfe QoM 1 Gepr

recqogni zed by CD8+ ‘cytotoxic T cel I's a nol ecul e having the function to
enhdePehel protl s er a4 %@gﬂe% omlu%t avheptoshpgrE PregefinyPaasuch

pat hyvayske Rar tonauliardasenef eanedt iphecwoas, (axr;e lem&lga?atr'o&%ll% Bgbudi ng
antigens related to tunors _and anti gens_ specifi cal 6?‘ BQ ressed on

par tYHA &S tW%@X%e%'ﬁh%s%c%%hﬁ?eén'iiﬂ'é#ﬁélﬁ \ fit§es bymAnas

mJt a&dﬂ%&&mﬁ&%néﬂ@@ko@@dwﬁ%ow i 8. ash E@ﬁsrﬁlegﬁfth@@samlgen

Cfe;n ni t% sarclln%a CMBL7HER2, a cell |ne derived from CVS ener at ed
| by t TR ERF OTNR e - B2/ (AR0%89 3 ) o DRiA) Sf‘f?leﬂﬁgata et
.7 al . ,cONA [Fmiatd44 M6 dBEGe 184Bo¢19987) (FLX2064€t sPFaaboossCancercRes.

SO R AL Yoo S 81 oy R e L0 LE000) T
(200®r)elnThc@ﬂdERthsspcbfmleduhesth@eranifged becIEREXZed ﬂmyaaaatmﬁyt ot oxi c
s Tk Tl S0 SO S APOPRSINE, (LAEDL Bl L1
peptqgfgzlﬁmﬁlrig heitdhvesmgliensie s TARTNASLEd by SEREX that are recognized
by CD4" helper T cells as described above.
Furthermore, herein, the phrase “antigen recognized by CD8*
cytotoxic T cells (CTL)“ refers to polypeptides comprising a portion
20 that serves as an epitope of transmembrane glycoprotein CD8 expressed
on CTL and precursor cells thereéf. When a T cell receptor recognizes
ah antigen presented by MHC class I, it binds to the 03 domain of
MHC class I. The antigen recognizing ability of the T cell is
. enhanced by the binding and the signal is transmitted into the cell.
25 The “antigen recognized by CD8® cytotoxic T cells” is a molecule
having the function to enhance the proliferation and cytotoxic
aétivity of the T cell via such pathways. Particularly preferred
-molecules are tumor antigens, including antigens related to tumors
and antigens specifically e:cpréssed on particular tumor cells.
30  These molecules include polypeptides such as Iﬁutant MAP kinase ERK2
| '(mERKz)":ana- HERZ2. HERZ is a tumor rejection antigen .
of congenital sarcoma CMS17HER2, a cell line derived from CMS5a
generated by transfection with human HERZ2 cDNA {c-erb-2/HERZ2/neu
cDNA) (Y. Nagata et al., J. Immuncl. 159: 1336-1343 (1997); X. Gu_ et
7 35 al., Cancer Res. 58; 3385—3390 (1988) ; Y. Tkuta et al., Int. J. Cancer
' 87: 553-558 (2000); T. Okugawa et al., Eur. J. Immuncli. 30: 3338-—3346



5'has been identified as a tunor rejection antigen agai nst CMSI 7HER2 or as
the target of CD8t Kd-restricted cytotoxic T cells (Y. Nagyddw@embesr2ab5 , J

| mrunol . 159: 1336-1343 (1997) ; X. Gu et al. , Cancer Res. 58: 3385-3390
(1998); Y. lkuta et al., Int. J. Cancer 3§7: 553-558 (2000) ; T. Okugawa et
al. , Eur. J. Immunol. 30: 3338-3346 (2000)) . 10 Fragnments conprising such

antigenic sites are particularly preferred. Furthernore, the conbination
of HER2 and Dna J-like 2 is part'i cularly preferred-as the antigens
recogni zed by CD8 cytotoxic T cells (CTL) of the present invention.
Pol ynucl é4@9@kk. erfiodiHFR2 Hes a:rmf@em@dofaSt Hdepraeddten meeoundned] ByaCo®8iot

restrict GP8x YT bEe ( .. Shfie £AS1L %@ﬂg%ﬁ %Q§¥e88@ of! 1fih n&@gnl

desired | ne response adm-ni stering emto the host aninmm cor(él ng
to the nﬁxf%@ae%tsm‘e t@r@eﬁ@ﬁ? gy dre m@@d inethsmnmm‘@dmm@mm:odﬁn%mer

anti genspght 1 §e, Qfﬁ@ze&!%ﬁ—r')‘ﬁﬁ:t)'8@p€§é{ebﬁam$$@%&:1‘ﬂ‘% gueBHQ epyi.fpnggAMENCE

i's art|f|C|aIIy nodified b nore am no aci del et1 ons,

substd t Ukddrieen Aglembidrie ﬁé/@rtwlqﬁmmeq aIRABGR FEEROBBRZUCh

as site-girgeted tﬁ%b@§98§5¢§8(§£Bre§gfi§QeQYC {c 6t c8his @Yrrﬁgéata
Protocols in Ml ecul’ar Biol ogy éﬁ%ﬁ,}) ons,  Section 8. 1---

(1987)) &5 along? a%mlf‘%obol%ﬁp?epﬂ?aé éﬁééd tRe B9 ghad eo??&@eéaﬁes

gener at esglesizggl- 200 n{myesaoorm%ﬂanetthglhostxntFuryt h@éﬂ@éﬁ 8Rs $9Rgs8s it
can-eli c&jf ®pde5| red 1 nmmune response in the host, ol ynucl eoti de may

encode p t i e OXWSATRg Shuat 1 IFHET t Wat TERIVRCY; n3t9at agéB 7330460 (A0 %Nt s

exi stoi ngﬁtmﬁ@ﬁw eoﬂi@)tlagngsemcﬂi gﬂtﬂééhiélmé@ﬁiﬁ@ ﬂmttrllcdﬂéa:tllyqslreferred
t echni que bel et al ent. Protocal s

S edit n Mol ecul a
Bi-ol ogy, ‘%ﬁweW‘I’%?/ &hgo‘h QRYIYh o8, %E%gé‘ nch Ry Ldkg %éﬁepa’é%??i?’é%ﬁ(l on
t echni quese fHGR)d (a%EheeadiﬁlgeﬁM_S weebgali zald. by @ug'esitobsei®cokslils (CTL)
Mol ecul ar Egﬁl%)l 0 John, W | ey & Sons, Section 6.1-6.4 (1987)) Moreover, if
a gene eMc &9%%3%? Yot ein is known, 35 one skilled in the art
can readi| y am@@ymdiw&mﬂ@enca@ﬁﬂ@mhdﬁaﬂtm@hhbiuf tRgipaksanitt hhvettibon

am %g) ac %ol %enc%ttfgg %t ein 188&%‘1\/6%@% 2%05,1%5(ﬁ4te and glli:gltll e,
elicit the desired immune response by adxnlnlsterlng them to the host
animal according to the method of the present invention. The
polynucieotides encoding antigens of the present invention may be
those whose nucleotide sequence is artificially modified by one or

20 more amino acids deletions, substitutions, insertions and/or
additions according to known methods such as site-directed
mutagenesis {see, edited by Ausubel et al., Current Protocols in
MolecularBioiogy,JohnWileyé;Sons,Section8.l~8.5(1987))aslong
as the polypeptide encoded by the polynucleotide can generate desired

26- immune response in the host. Furthermore, as long as it can elicit
a desired immune response in the host, the polynucleotide may encode
poiypeptides having mutations that exist in nature. Such mutants
existing in nature may be isolated utilizing known hybridization
techniques(see,edit.Ausubeleﬂ:al.,CurrentProtocols:haMolecular

30 Biology, John Wiley & Sons, Section 6.3-6.4 (1987)) and gene
amplification techniques (PCR) {(see, edit. Ausubel et al., Current
Protocols in Molecular Biology, John Wiley & Sons, Section 6.1-6.4
(1987)) . o

Moreover, if a gene encoding an antigenic protein is known,
35 one skilled in the art can readily analyze hydrophobic and/or

hydrophilic regions within the amino acid sequence of the protein



secondary structure (Chou and Fasman, Ann. Rev. Biochem 47: 251-276
(1978)), and synthesize peptides with the predi cted am n‘(ﬁl&weahb%éq%nce to
determne its antigenicity by PEPSCAN (Nature 314 (1985); 5 Published
Japanese Transl ation of International PyRlication No. Sho 60--500684) ,.
etc. Thus, a polynucl eotide encoding a peptide fragnment that conprises the
epitope site determ ned base on the above-described nethod may be prepared
by chem cal synthesis and so on, to be used as the antigen of the present
invention in an expression 10 vector. The expression vector used in the
present i(KyeatdrshDpglattiecohbMrdntBielt droimhadéi-a2€hel 282 ) herngdyeeoits he
present | i i, d r e tors t t she t n
Gene. 1 nol o ar S8 s e RE Bhob Bk Rsnall? AEE: AR B DR AT rora
vectors (18%78h) t hentectlymitdals izicelmbrifidaw piekebei pradtiicded Bwsw sk¢ided

in the AL f@RCE ASALLEIm¥AL aegsarpéafaéﬂﬁgaépﬁﬁ%s%&« Qﬁag\ﬁfersl\ﬂeldgé@?m

techni ques gedl ted by Sanbrook et a oni ng: abor at or
Manudl (OaP 41 Sped prandser Trapokat ey o NIRterp98dpnahd el i ealt iyn NAus%ﬂb@l

et al. @'L e0ks EfOteQQ:Ol SThils M&' ﬁ&l‘ﬂ{ﬁjcﬁé@i‘_?&&e n\ga t%.Qie.&f%ent

Sectlon 6.1-6.4 (1987)). Herein, factors such as pronot er and t erm nat or
regul ati Wga*ﬁ heCOBREAESS] ofrhen tsfi?talqﬁ'—tfset cahtpe dppropingtel Pass ec@ed Bye

those skmbdneéLdéacmgearn{eﬁr{oamng RPHAObY é@&ﬂﬁ@&f%ﬁﬁ&%&@gwm
the specific type of host and o ect and desired arrangenent (i.e

upstr ean®AndPR e 5RAE T @B%"’F&’t‘?{?@ %ﬁtﬁ*\j’eﬂrﬁéﬁﬁy— inMeEYtEast &0 any %ﬁlﬁ%‘fﬂ‘?fn
sequencesedestved fromthe antigen or heterogeneous regulatory sequences
may be used in_the present invention. Furthernore, if needed, rrar kers such

as an anti bi ot 1R r BXPEEIHER Warker MaFche skl aBreRentx frsiitdtdd f in

-t he: pr esestomitveitt SRctIQ WoarEl € ivdld ¥nayvgehaide: oyl ﬁn@b«ie\s@a&omv@faylm
used. However referred to del et e .nonessenti al j(t;ol %/nucl ept i

eenene ol folserien LoarBlE! T LR O oS iy ERE Gnt LA Biae Cpiide
pol ynuclebd smids £naedjarg aﬂsﬁﬁlﬁsgeiﬂlf@@@g i zzredl obi)he@érhnhehp&anlCﬁéd:ﬁoﬁﬂd

A R e T R T BN S
to be expresseddn onsnatsungIv@m@a:tsoplasmhdagaraisvebEyrsamsed on well known
techniques (edited by Sambrook et al. Molecular Cloning: A Laboratory
Manual {(Cold Spring Harbor Laboratory, N.Y. (1989) and editéd by
Ausubel et al., Current Protocols in Molecular Biology, John Wiley
20 & Sons, Section 6.1-6.4 (1987)).

Herein, factors such as promoter and terminator regulating the
expfession in the host can be appropriately selected by those skilled
in the art from known regulatory sequences depending upon the
specific type of host and object, and desired arrangement (i.e.,

25 upstream and/or downstream to the antigen gene) . Therefore,
regulatory sequences derived'from the antigen or heterogeneous
regulatory sequences may be used in the present invention.
Furthermore, if needed, markers such as an antibiotic resistance -
marker may be used as the expression vector in the present invention.

30 Commercially available multiple vectors may be used. However, it
is preferred to delete nonessential polynucleotide sequences from
the vector in the present invention. In addition, the polynucleotide -
encoding an .antigen recognized by CD4' helper T cells and that
“encoding an antigen recognized by CD8' CTL used in the present

35 invention may be included in different expression vectors or

constructed to be expressed from a single vector as long as they can



18. Novenber 2005 12 be controlled for their expression on the sane cell. .
Upon introduction into the tissue of an ani mal, the vacci8Movenibar280%r esent
i nvention induces in vivo expression of the present antigen and elicits
the desired i mmune response. Various neipods 5 are known for introducing
nucleic acids in vivo (T. Friedman, Science. . 244: 1275-1281 (1989)). Any
~method may be used as long as the antigens of the present inventions are
expressed in viva and elicit the desired i nmune response. The conpositions
of the present invention are useful.. as 10 vaccines and can be used as
naked pllensertrahksd negr bdrghe ke ssian @m Yhepesdime, cSllor ned as vari ous

virus vectors ghg] UHNBARIIDH litto YRE! 5 8suBUSRONAT MSiHEE! OfiSe -vaAAGGII @
virus vectors, poxvirus vectors, adeno-associated virus vectors and HVJ .
- (hemmaggPfitiapinegenti inyestigapanfuees 1ot yivecexpaegsior ofdehppreganis

genom ¢ i@t Neds and 2 1GRG tY a3 ddsQddp ihkB88) }:es?bnﬁeat efh OfoPeatlSthods
~(carriers) such as colloidal gold Pal’tl cles. Preferabl %Ft he vectors
s

expr éssi%‘@e*ﬁéwna?ﬁlf @8ﬁ§ofi€€é§1‘ﬁifi DY epddshdl b’éi"?‘l’”‘ce edpgneiiasme
respectiyeiy, 1225128 t heoboy m adhayesheiBod RN iKY Pasdi 8kelosdChisasigol d
particle, for introduction into the body by gene gun, etc. ; however,:. the
pr esent FPETIRH OfoRREPFOTEP T MV 8y e f5® W’ﬁ%%l%e‘?dﬁ“ YEEE ﬁﬁdz%llclt

pol ynuclod | diesi 051 aindiirié efefisdride) € are known in the art (see, for-
exanple, W93/ 17706) Finally, the pal ynucl eotjdes are .prepared in_ .

sol Ution such e pFORFOFbEIEAF O3 | The aBEFEERt! omvEm tioPh SBanieEttatin.
The 1wwonpastdinds aind earpnersaited Rtehbked payshedysedrhas may aocipeckdded
conbi nati on with adjuvapts Sﬁch as ﬁrot ei.ns. o ar.r.iers

. r ot her t hat. are
known 1 -t M P RAREFH G FRGHRST JACEEOFRe Rt ABFERY BFent S Sidi s
caljci umvextddmt hdbpovheusntvacedial) avacuphake wafripd asptdsrany frexwisad i n
COTDL oty Sk AF L3 ROFITESUALOALLY, AEERRL B9 2Be0E 4 S0 0P
vacci ne wirdshefprasant ventensi bseeny - ge , MmAdb3pbredihys geyome et ragid ‘ong
as i1t5 &M aéreesssa,n 5‘1'3?1’31% rﬁ%%r)'%e' or coated on beads (carriers) such as
T colloidal gold particles. Preferably, the vectors'expressing the
antigens recognized by CD4" helper T cells and CD8" CTL, respectively;
are in the form adhered to a carrier particle, such as gold particle,
for introduction into the body by gene gun, etc.; however, the present
20 invention is not 1limited thereto. Methods for <coating
polynucleotides on a carrier particle are known in the art {(see, for
example, W093/17706). Finally, the polynucleotides are prepared in
a solution such as physioclogical saline adapted for in vivo
administration. The composition of the present inventionmay be used
25 as avaccine, in combination with adjuvants such as proteins or other
carriers that are known in thé art for enhancing immune reaétions.
Moreover, agents such as calcium ion that help the intracellular
uptake of plasmids may be used in combination. In addition,
pharmaceutically accepted agents that achieve easier transfection
30 may be combined as required.
| The polynucleotide vaccine of the present invention may be
administered by any method as long as it generates an immune response
within the host animal. Preferably, the composition of the present
invention is administered at a doée sufficient to induce immune
35 response in the host animal by appropriate methods including

injections, infusion or gas—-induced particle bombardment method



"animal is 15 en

wi thin the host animal. Preferably, the conposition of the present

invention is administered at a dose sufficient to inducd8iNuovembeBZ05esponse

‘in the host aninmal by appropriate nethods including injections, infusion
~or gas-induced particle bonbardnment netjpd 18 Novenber 2005 13 (using gene
.gun, etc.) via parenteral routes, such as intravenous, intraperitoneal,

subcut aneous, intradermal, via adipose tissue, via mammary gl and tissue,
i nhal ation or intranuscular., nucosal routes in the formof nasal drops.
Furthernore, a host animal nmay be 5 i nmuni zed by administering the present
conposi t{wirignigena hloedetel ) ,vidbgre ardemal denitesd seth = .igitragRgpust.c.

" by. i i i 1] . . i ,
y. ex V'lvn%éea'tpge%fi%glnedat{ agaﬁs&&gge%garﬁg@a@%@952%1@%@0&3 hEUSia

i nfection, ‘hen reintrodu€in Into t ani mal . Anong
the aboneswmeenyt gbard widrius stinhelahimmtdodntranesgehert cangher sat oW tEs

met hod usi c rateed pant | i's [WESS{dQgf-d n ent i1 mév94e 050
and deviLt_Lzﬂes %sgg%rﬁ %tgdi |ec} rr%’t(ﬁ%sds thereoéf ar eé' _(:%)J_Srmlrg%%i ally avai Tabl e

( Bi oRad irabuyigtest b s)dmiTHes tspyadidf Floe Pyss oot GryaRoaki H 1810t Lpp@sedt .

| nventi qf} | mEQP%O‘J?I—&é£ e8S JeB19 @8 4.he ApEPr ch@mung, r&speRss Afigdi®me

\anced by the conposition of the present invention.
Speci f i C-earERsicsi dthe INedd ivdipmibogbagdernismat-bed. et 5us bR edsioni §Ec- -

pri mat egnd i KReADKEMh AASIIRY, t8EC. cdYef ehabl echwshinambmal s phokdie the
present _invention include primates, particul arl )t/Bgurran. The dose of the

conposi tARAY mard girask M iRt 3 o epeRaeds 20 RS TP n

t he 1§0stnedfhdd @14 QY el @NMte GO i8S i1d1 d18 s QURASHdDPNn ewevwlent! ese
skilled in the art can determ ne appropriate dose reﬁuired f.or '
i nuni ze i 5y B adAPAi sHEVERGSa PaRE erdfi nBRI§SE b MEhBOESptTiiYn it a
tiest anidoumeaitd J18as Wiididl agie @itdieiy.dudeitdiieagsay nmet hods such as

‘ELT SA, detectin L 25 resgonse %measure nt. of chrom Uﬂ] rel ease, etc.,
ih%lnrﬁ f

or observing RECAELSohER YT i B AP HG2Ph Ofe SPEMRES TS hot TNTOKI M 1S
r el ease nogeasuiiam®@nlas These askithkedumdrt hamané webdbponee oghiize tamimalhes

! qugogeerghcaintcyedmbyt* hgh(ie nggrﬁgbg%lbﬂ E)Qe t%%n%c}:séstein n idne\peen d:‘Lsona.I S%p%%ific
examplesincludenmmmals,suchasndce,rats,bovines,pigs,primates
like monkey and human, etc. Preferable host animals of the present
invention include primates, particularly human. ‘

The dose of the composition of the present invention depends

20 on the immunogenicity in the host of the ingredient comprises in the
composition. However, those skilled in the art can determine
appropriate dose reqguired for immunization by administering a
determined dose of the composition into a test animal and measuring

the antibody titer by assay methods such as ELISA, detecting CTL

-25 response by measurement- of chromium release, etc., or observing
immune response by detecting Th response using cytokine release
measurement. Those skilled in the art will recognize that the
immunogenicity of the ingrediént'in'the'compdsition depends also on
titﬁé'iﬁfeﬁsity‘of the regulatory sequence, such as transcription and

30 translation promoters, used in the expression vector of the present
invention. Furthermore, those skilled in the art can readily adjust

the dose of thé compesition of the present invention based on the

specific expression vector used.

35 Brief Description of the Drawings

Fig. 1 depicts graphs showing the increase in the number of




the intensity of the regul atory sequence, such as transcription and 30
franslation pronoters, used in the expression vector of 18liovpmbseRf05
invention. Furthernore, those skilled in the art can readily adjust the
dose of the conposition of the present igvention based on the specific
expression vector used. 35 Brief Description of the Drawings Fig. 1 depicts
graphs showi ng the increase in the nunber of 18 Novenber 2005 14 9m
peptide specific CD8+ T cells that are generated by the inmunization using
mERK2 and SEREX-defined nolecules. Fig. I b shows the results when human .
SEREX- def® n@¢pididecuspechbie RE]. Fi gelddephets gyraplensiatiasy bhatthee

enhancengituf » 9 o ulS Rl iieRIEN 8 AT drreDRte £ 84 h%lh@qyi@@d by pEREXs G4 ned

nmol ecul es requires co-presentation of 9m peptide (panel a) and existence
of CD4+the g 3uliparan gyumary FREY dripingd nplgmslaho@igy uRd- the hel per
~activity due tggq CDA+gdpeeths %rr%ﬁgmsmdm RExsdethaednahicagRn¥olHC Ues
enhances 10 9mspecific CD8+ T cells in bot’h the r1nag¥ and secondar
'r_espén_sé:_éf?ptﬂ%fisﬁﬁ‘%fe%ﬁ%t%D%rgp@%ﬁWQ%tbSSE%W)& HregtPdoreeFeses
recogni zidigh Ghd cb-Gald serfQri@s it oth peblt iHERpRG3 18Pt hAE éndsieencERRR
p63-specifi,c CDB+ T cells. Fig. 5 depicts graphs show ng in vivo preventive
and 15 t4 age&eitd SeflPé@ed Rdai nst pul monary netastasis of i nmuni zation

' :Jsi ng MERK2 orEiJgﬂcmEﬁep@ﬁﬂs Rnéaphd is!h@aw&ngBﬁlihjtl\lblg@ l*fe!l_rpbefia'é_b}‘.iiggtgufiﬁéglg)
nventiq reinafter, the, present_invention.is described in detai

ol ow it 01 B anEerEGOBRA DT a <O ERER e Lord SRbEPa B Bes Lo rati et s

bei ng | imﬂ—tsqdadm(fatos" [ﬂagpb élrli}l))otﬁe:ﬂiei préakirgmmod sbushbadgrtegsbnses.

i rmunogeni c .ecul es, To .identi [ nogeni.c .o es in ri t r

coll s OoDNA 28 fira g damhtnT G b o LSS

3- pet hylmharaanit hirren eD*a dD cesl bareonm B, edCMEEh EWBE pad MBI Bde | imbsce

(A B. Dqgﬁgaet 1l J. Exp. &%gﬁ 146: ,720-734 (1977)) , and CMS5a and CMVSbtm
subcl one r é%é&ﬁ?%ﬁn%?SCreeEege%%SSEREX (U. Sahin et

Fig. 5 depicts graphs showing in vivo preventive and
15 therapeutic effects against pulmonary metastasis of immunization
using mERKZ or 147HERZ and Dna J-like-2.

Best Mode for Carrying out the‘Invention

Hereinafter, the present invention is described in detail
20 below with reference to Examples. However, it should not be

construed as being limited thereto.

[Example 1] Identification of tumor-derived immunogenic molecules

To identify immunogenic molecules in murine tumor cells; cDNA
25 A phage libraries prepared from BALB/c origin
3-methylchoranthrene-induced sarcoma CMS5, CMSZ2, CMS8 and CMS13
lines (A.B. Delec et al., J. Exp. Med. 146: 720-734 (1977)), and CMSba

and CMS5m subcloned from CMS5 were screened by SEREX (U. Sahin et -
al., Proc. Natl. Acad. Sci. USA 92: 11810-11813 (1995)) using sera
30 samples (IgG antibody) from syngeneic mice bearing cognate tumor
lines. Among the array of genes detected, four of the most frequently
detected gene products were Mus heat shock protein Dha J-like 2
(AE055664), Mus galectin-8 {hereinafter referred to as
galecting-8) (AF218069), Mus DNA ligase 1 ({(U19604) and Mus poly({A)
36 binding protein " cytoplasmic 1 (hereinafter referred to as

poly(A))(X65553}. Analyses of the coding sequences of these genes




al ., Pr'oc. Nat|. Acad. Sci. USA 92: 11810-11813 (1995)) using sera 30

‘sanmpl es (1gG antibody) from syngeneic nice bearing cogndBdNavember 20G5nes.

Anong the array of genes detected, four of the nost frequently detected
gene products were Mus heat shock proteiyg Dna J-1ike 2 (AF055664), Mis

galectin-8 (hereinafter referred to as gal ecting-38) (AF218069) -Mus DNA

| igase 1 (U19604) and Mus poly(A) 35 binding protein 'cytoplasmc 1
(hereinafter referred to as poly (A)) (X65553) . Analyses of the coding
sequences of these genes 18 Novenber 2005 15 did not reveal any mut ati ons
as conpaitd N reyesterey MEMIdNEES AisncotRABAAKE| Tadlis tBredrseguencgs| in

' mnoge@éﬁséﬂ@h%ﬁé geNsS Wese %?i&?ltfdu&mncfd{éﬁi@rtéwﬁhnw%éﬂg'J.vé?@

three cDNAs that were consistently hedgative In repetitive S

screeni n¥Rlemtrd sbp¥i AgrshaexphRudy AB0ID2 agiditins , gltheese-¢lalhs atlkalt prerei n

( D78645) c &isli Misn+ 5F tizegh t36RE 10k <pRANGNQR GRRER Qbﬂgemagls Zﬁh@ §0§HPH6' t

(A8022159) were included to represent noni_mrunogeni ¢ nol écul es derived

fromd t ure¥iRel 1%501Iﬂ?r1t4"?err Msiee SlusRgRogadd aksHePEPES ifle (B 786488  @BAWEA

serum - 1fcef- 1@@@%&@ e&@p@bfhﬁﬁﬁﬂhﬁgpﬂtfmﬁzé@-lE%h%u@ﬁ'tngAEMSfa)

encodi ng antjgens_of / TPO (human megakaryobl astic | eukem a cell |ine)

(N.  Kon#ts% Fichpded tEﬂ OWPI@SQW%BEOWW?‘&%C) mo#%‘?“*%?tﬂ%ﬁ%?@d?o‘(‘l)
Hono sapt@isr hexeret hyl ene- bi s- acet am de-i nduci bl e (XM_008348), (2) human

retinoic acid-responsive protein (eU50383 3) H. sapiens 15 hepatitis
del ta antigen BRIy pRBPRRIA L COMPAR SPXRE008563 e’a‘ﬁateglzx 38FPBns
c DNAOFL J26 644 ophshebane b HRREDP er(iFd 3206044 fat)i A0S 65§ LDNaeY QnS@diBﬁcy ed

25, SELE T 5 DR, NGS5 AL O ACERRLEN TUNE T 21 Fy

hegt shatdmgptroi eitnal Dn@1dold Be: 24552405 VR3a9and . CMBAr f@AFBOéi:ﬁ&at)de, (1)
' Homo sapiens hexamethylene-bis—-acetamide-inducible (XM 008348),
(2) human retinoic acid-responsive protein (U50383), (3) H. sapiens

15 hepatitis delta antigen interacting protein A (DIPA) (XM 006503) and -
{4) VH. sapiens cDNA FLJ20644 fis clone KATO2588
(FLJ20644fis)'(AK000651) were sele.c':ted as SELEX—defined human genes.

Table 1.
Antigens(acceséion number) Size Source

{bp) (cDNA expression

libraries)
Murine molecules
| Immunogenic*
, heat shock protein, Dna J-like 2 2,242 CMSha and CMS2
(AF55664)
DNA ligase 1 (U19604) 3,172 CMS13
galectin-38 1,086 CMS2 and CMS7
pely (A) blndlng'proteln cytoplasmlc 1 2,244 CMS8
(X65553)
Nonimmunogenic**
sorting nexin 1 (AB019%9214) ‘2,007 CMS5a.
glucose-regulated protein (D78645) 2,408‘ CMS5a
Cctz~-1 gene for chaperon containing 19,505 CMS5a

TCP-1-zeta-1 subunit (AB022159)




DNA | i gase | (U19604) 3,172 G513 galectin-8 1,086 CMB2 and CMB7 pol y(A)
binding protein, cytoplasmc 1 2,244 CVS8 (X65553) Non f1&hMaveogen2005 *
"Sorting nexin 1 (AB019214) 2,007 CMsS5a gl ucose-regul ated protein (D78645)
2,408 Cwvsba Cctz--1 gene for chaper on ﬁgnt ai ning 19,505 Cvsba

TCP-l zeta-1 subunit (AB022159) 18 Nove 2005 16 Human nol ecul es

I mmunogeni c***  Hono sapi ens HVBA-i nduci bl e 3,594 UT-7/TPO (XM 008348, )
human retinai ¢ aci d- responsive protein 2,520 UT-7/TPO (U50383) H. sapiens
hepatitis delta antigen 997 UT-7/TPO protein A (XMD06503) H. sapi ens cDNA
FLJ20644 fHampanlwokedul82 UT-7/ TPO KAT002588 (AKO00651) HVBA;

hexanet hyl e bi N aceta,mpe . *Detected by syngenei.c antibody from

t unor - beari nlg S SEREX - anal ysis of cDNA expression libraries of the
cor r espondiong turmrsapiéﬂat ai nediNBA-randlemise ecd | Bhdof cl om@s7{TBM t he
CVB5a c XP]gPSéE4§?SI on |i brary. ***Detected by antibody from patients
with idiopa onbocyt openi ¢ purpura in SEREX analysis of CcDNA C
expr essi ohumpnbreirinesi oact Herespansiwgakay bt as2i 820 eukeni HTe&VTPPi ne. 10.

[ Exanpl e 2(13 ggggycemsnt of tunor-specific CD8 T cell production by
‘SEREX- defined 1 mmnogenic wild-type cellul ar nol ecul es cDNA encodi ng the
whol e proﬂeSﬁp@EHﬁERKEpMs»thgest@d:aM tdntEapd | 2%d BanH | UTaddTPRen

cloned in the Ego Bgsgg site of pCAGGS-New (H. Niwa et al., Cene
To6r 103 838 ?1891))IfeXllq DdsBaTs 15 plasri d vas mai ntained in DHB (TOYOBQ
Qsaka Japamppaads puiNh edLJ20644- fls, clone 1,781 UT-7/TPO :

KATO02588 (AK000651)

HMBA; hexamethylene-bis-acetamide:

o} *Detected by syngeneic antibody from tumor-bearing mice in SEREX
analysis of cDNA expression libraries of the corresponding tumor.
**Obtained by random selection of clones from the CMS5a cDNA

5 expression library.

***Detected by antibody from patients with idiopathic
thrombocytopenic purpura in SEREX analysis of cDNA express:Lon

libraries of the human megakaryoblastlc leukemia cell line.

10 [Example 2] Enhancement of tumor-specific CD8+ T cell production by

SEREX—-defined immunogenic wild-type cellular molecules

cDNA encoding the whole protein of mERK2 was digested with EcoR

I and BamH I, and then cloned into the EcoR I and BamH I site of

: pCAGGS-New (H, Niwa et al., Gene 106: 193-200 (1991)). The mERK2Z
- 15 plasmid was maintained in DH5a (TOYOBO, Osaka, Jap'an) and purified
using QIAGEN Endfree Mega kit (QIAGEN, Hilden, Germany). 1lug of any

of following (1) to (4) were mixed with 0.5mg of 1pm gold particles
(BioRad, Hercules, CA): (1) said mERK2 plasmid alone; (2) a mixture

of said mERKZ plasmid and plasmid encoding either murine

20 SEREX-defined molecules selected from the group of DNA J-1like 2, DNA
ligase 1, galectin-8 and poly(A), or human SEREX-defined molecules
selected from the group  of hexamethylene—bis—acefamide
(HMBA)—inducible., retinoic acid-responsive protein, delta antigen |

| interacting protein AI (DIPA) 'and FLJ20644fis; (3) a mixture of said
25 mERK2 plasmid and plasmid encoding a molecule that was negative in

SEREX (sorting nexin, glucose-regulated protein or Cctz-1); and (4)



‘Her cul est™@yizgtip

using Q AGEN Endfree Mega kit (Q AGEN, Hilden, Germany) . 1lug of any of

following (1) to (4) were mixed with 0.5nmy of | pm gold pt§ Nownesr 2086 oRad;
‘Hercules, CA) : (1) said nERK2 plasm d alone; (2) a mixture of said nERK2

pl.asm d and plasm d encodi ng either nuripe 20 SEREX-defi ned nol ecul es
selected fromthe group of DNA J-like 2, DNA I|igase 1, galectin-8 and poly
(A) , or human SEREX-defined nol ecules selected from t he group of

-hexanet hyl ene- bi s-acetani de (HVBA)-inducible, retinoic acid-responsive

protein, delta antigen interacting protein A (DI PA) and FLJ20644fis; (3) a-
m xt ur e ®f mdxitgres ERK2igl adiRkE apdaphadniahdenpbddengda englogddmige Ct:fhhft:kwas
negat i Ve, M pigkREX € | S’QJH 0

and (4) 18 Noverrber ng%%h%gugﬁﬁ% t?rglgéo §aCrl n‘é%%?tpq[}g%m% Bgn%org?asm :
encodi ngRePfeRelrtevanepunt nof TAeOfi ¥t mpem%emat@@:ce?ﬂwwga@ot@be

cont ai ”'Jﬂﬁpaﬁ)o%%ﬂééé?tﬁ@iﬂ%tsnafd @N}Q@t%‘&ﬂ@ B‘lé‘ﬂhezéi\é?f@é Q'sege%qL@mnéfé’ﬁt o, .
Japaﬁ) to adheretheMp asm DNAs to the particles (see, . . Condon 5
o

et al™, fatalMedlat-2Medind: 1112%27(111329&)(19%”Po’t:get’dmgaétoralet a3. E;tp Exped.

- 188: 107@eé08ﬁ8é199575r1@82 Ktt@@@ﬂ eb ak1indhan! BRUNAl . 10 1yl 388 239@0

(1998) ; _C A Torres et al J. "I'mmunol . 158: 4529.°4532 é1997
| wasaki %%8%T2392 JH19%BhinGt- 2 ﬂf.'59r-‘3°{3I€’§4'9’€1"19197))J IrRenolmibipf z at %?32

seven to(199E) wegk okhdsBALBLE Rice vas merdened dy: 1£>1atwlom@@t del iwesy
of the pj asni d- coated old artlcles usi ng_Helios, Gene @un stem Bi oRad,
rhé’]éﬁﬁtvaf‘s?t’ta{’rﬂ? pEekstte BRAFBAS MR vaSi PQMEEE‘“?@C}%Y ved
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o1 ums KL Slan. Q,LUT0r Lelegth9 A LgEngote S, Sar sonm (ages
product itde ofpldeen 20f pept inde=eOm was ordered to TakKaRa (Qtsu, Japan).
CurLRerTor el SO AT BRSCALL LAY e SORAIE L Sl S
pepti de w@gntlfled as an antigenic peptide specific for CMS5, a
3—methylchloranthrene-induced murine sarcoma, and was indicated as
a tumor rejection antigen of CMS5 sarcoma {see, H. Tkeda et al., Proc.
Natl. Acad. Sci. USA 94: 6375-6379 (1997)). The production of the
20 peptide 9m was ordered to TaKaRa (Otsu, Japan}). Furthermore, to
confinnthespecificitycﬂftheenzyme—linkedimmunospotassay,tumor
rejection antigen against CMS17HER2, or HERZ2 p63-71(T) peptide was
used as a control. HERZ p63-71{T) peptide is a 9-mer peptide
_ identified as the target of CD8* Kd restricted cytotoxic T cell (amino
25 acid sequence “TYLPTNASL”; see Y. Nagata et al., J. Immunol. 159:
1336-1343 (1997); X. Gu et al., Cancer Res. 58: 3385-3390 (1998);
Y.'Ikuta et al., Int. J. Cancer 87: 553-558 (2000); T. Okugawa et
al., Bur. J. Immunol. 30: 3338-3346 (2000); similar to 9m, ordered

for production to TaKaRa) (hereinafter referred to as p63}) .

30 The 9m peptide was applied to P1.HTR, a mastosycoma cell line
of DBA/2 origin (A. Van Pel et al., Somatic Cell. Genet. 11: 467-475
(1585)) .

Cells secreting IFNY among the above-described CD8* T cell
obtained from mice spleen were detected by ELISPOT assay using the
35 PLl.HTR cell stimulated with 9m peptide or p63~71(T). Thus, the

'existence of CD8* cells specific to 9m peptide was assessed



used as a control. HER2 p63-71(T) peptide is a 9-ner peptide identified as
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washed, dried and the number of formed spots counted using a

dissecting microscope and Axloplan? imaging system (Carl Zeiss
vision, Hailbergmoss, Germany). '

As a result, mice immunized with VmERKZ cDNA alone generated

20 low levels of 9m peptide—specific CD8% T cells (Fig. 1) . On the other

hand, mice immunized with mERKZ2 and SEREX-defined antigens showed

a striking increase in the number of 9m peptide-specific CD8" T cells

(Fig. la). The number of positive spots in these mice was three to

f 10 times higher than in mice immunized with mERK2 cDNA alone. 1In

25 contrast, immunization with mERKZ plasmid mixed with a plasmid

encoding a molecule that was not detected in the repeated SEREX

analyses (e.g., sorting nexin, glucose-regulated protein or Cctz-1)

did not show any increase of 9m peptide specific CD8" T cells (Fig.

la). Co—immunization with the control vector did not increase the

- 30 number of 9m peptide specific CD8" T cells (Fig. 2a). There we.re
remarkably few number of spots detected in the p63-applied target
cells. Thus, the specificity of the present ELISPOT assay was
confirmed.
‘ The cDNA encoding human SEREX~defined immunogenic
85 heterologous molecules also greatly increased 9m peptide specific

CD8" T cell responses when presented together with mERK2 (Fig. 1b).




20 low |l evel s of 9m peptide-specific CD8+ T cells (Fig. 1) . On the other
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la) . The nunber of:positive spots in thgse mce was three to 10 tines

hi gher than in mce immunized with nERK2 cDNA al one. In 25 contrast, _
i nmuni zation with nERK2 plasmd mxed with a plasmd encoding a nol ecul e
that was not detected in the repeated SEREX analyses (e.g., sorting nexin,
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r
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the foll ow n rrethods 1) . ti.on mxt of gold particles
coat ed W4T (Yas f33(83111(53 gqé) Ssated with Dna

J-l1ike 23pl ammrizdizatmne x(sml:_l;\ai ﬂmgthyea:o:fat;ed)j pamlcﬁzés icojatedl whtiomERK2

par&50|%)5£%%F %f@dgqa 1%'%3%%90 Lgngog@ed with Dna J-1like 2 plasmid

alone (individually coated); or

{2) injection of particles coated with mERK2 plasmid alone and
particles coated with Dna J-like 2 plasmid alone on opposite sides
of the abdomen {(different sites).

20 The production of gold particles coated with plasmids and
immunization were performed similar to the method as described in
Example 2. Moreover, the same target cells were used. Then, the
number of 9m peptide-specific CD8' T cells were counted.

7 Increase in the number of 9m peptide-specific CD8* T cells was

" 25 observed only in animals immunized with particles that were coated
| with both the plasmid encoding the antigen recognized by CD4" T cells
and plasmid encoding_ the antigen recognized by CD8' T cells. Né
increase in CD8" T cells specifié for 9m peptides was observed in
either of the above-described (1) or (2) (Fig. 2a). Thus, CD4" T

30 cells were confirmed to recognize SEREX-defined antigenic -peptides
presented by cells that also present a 9m T cell epitope derived from

mERK2. Data are represented by mean *S5SEM of three experiments.

[Example 4] CD4* T cell dependence of enhanced CD8* T cell response

35 The present inventor examined whether CD4* T cells were

. involved in promoting induction of 9m peptide—specific CD8" T cells
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[Example 5] Relation of immunogenic helper wild-type cellular

molecules on primary and secondary tumor—-specific responses.cf CD8*
T cells

20 Naive mice (Fig. 3a) and mice that were twice preimmunized with
plasmid encoding mERK2 (Fig. 3b) were used as models for primary and
secondary responses, respectively. According to the method
described in Example 2, mice were immunized with plasmid coding mERK2

_ or plasmids encoding mERK2 and Dna J-like 2. 14 days after the
25 immunization, mice were similarly analyzed for 9m-specific CD8" T
cells. The results are shown in Fig. 3. Data are represented by
mean * SEM of three experiments. In both the models, the mice
immunized with the plasmid encoding mERK2 alone, the number of
‘9m-specific CD8" T cells significantly increased in mice immunized

30 ° with plasmids encoding mERK2 and Dna J-like 2.

[Example €] Enhancement of HERZ-specific CD8* T cell induction by

immunogenic wild-type mclecules

A cDNA plasmid encoding 147 N-terminal amino acid residues of
35 human HERZ (hereinafter referred to as 147HER2) was prepared.

According to the method described in Example 2, 147HER2 was immunized



20 [Exanple 5] Relation of inmunogenic hel per wild-type cellular nolecules
on primary and secondary tunor-specific responses. of COSBHNovEnter2803Nai ve
‘mce (Fig. 3a) and mice that were twi ce prei munized with plasmd encoding
MERK2 (Fig. 3b) were used as nodels forgprinmary and secondary responses,
respectively. According to the nethod gescribed in Exanple 2, mce were
i muni zed with plasmd coding nERK2 or plasm ds encodi ng mERK2 and Dna
J-like 2. 14 days after the 25 inmuni zation, mce were simlarly anal yzed
for 9mspecific CDB{ T cells. The results are shown in Fig. 3. Data are
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in Exanple 3, the increase of HER p63-specific _CD8+ T cells was exam ned
in: (1) RAEidinid) ZRECUrHUgsEedpslth dredvidgady: corted godeRAHFLRLB8E h
147HERZ phasmyd mide SHREX: gef 4 i0edi Al el £1 PF assd €eod (Fd 1N &t 18VEE ZRE Wi th
i ndi vi dual | y coated gold particles; and (3) mce wherein the individually
coated gAYl esitepeted Attty BHrettRl Bhe dRRIARE: phF £9- of Pl he
abdonen gd#9. a#B) -represented by mean * SEM of three experiments. The
- 15 increase in the number of p63-specific CD8* T cells was observed only
for mice immunized with particles double-coated with plasmids of the
two different molecules.
Considering this result with the result observed for mERK2Z
target tumor-specific immunity, it is strongly indicated that the
20 immune response induced by immunogenic wild-type cellular molecules

have the function to promote generation of CD8" T cells in anti-tumor

immune response against various tumors.

[Example 7] In vivo tumor rejection

" 25 After in vivo injection, CMS5m tumor cell establishes
metastases in the lungs, leading to death of animals within 5 to 6
weeks. Thus, BALB/cmice were challenged with 1x10° CMS5m tumor cells
in a total volume of 0.1 ml injected through the lateral caudal vein
and used as models for pulmonary metastasis. Biweekly immunization

30 with (1) plasmid encoding mERKZ2, (2) a mixture of mERKZ plasmid and
control ‘vector,- or (3) a mixture of mERK2 plasmid and Dna J-like 2
plasmid, following the method described in Example 2 was commenced
7 or 14 days before, on the day of tumor challenge or 5 days after
tumor challenge. After 28 days, mice were killed, and the number

35 of pulrﬁonary nodules was counted under a dissectingmicroscope. Each

group included 5 animals, and the results are represented as mean
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m _C.qSi 4 eetai:cehct%r %e determined by immunization of mice after 5 days from
tumor ' challenge. Pulmonary metastasis was not completely
suppressed when the separa'tely coated gold particles were used. It
was demonstrated that co-presentation of mERKZ and Dna J-like 2 on
the same gold particle is required (Fig. 5b). The numbers in Fig.

20 S5b are expressed as mean *=SEM of the five mice in each group.

Furthermore, according to the method described in Example 4,
mice were treated with anti-CD4 mAb (GK1.5) and then, after 5 days
of tumor challenge, were immunized with gold particles co—coatedwith

, mERK2 and Dna J-1ike 2 to examine its therapeutic effect. As a result,

‘ 25 the therapeutic effect of mERK2 and Dna J-like 2 was lost due to the
treatment by anti—CD4 mab (GK1.5). This shows that the therapeutic
effect of mERK2 and Dna J-1like 2 is CD4' T cell-dependent (Fig. 5c).
The numbers in Fig. 5c¢ are expressed as mean E£SEM of the five mice
in each group. | ‘

30 In addition, the therapeutic effects of plasmid encoding
147HER2, and a mixture of 147HER2 plasmid and Dna J-like 2 plasmid
were examined by immunization of mice after 5 days of tumor challenge.
The procedure was perfofmed as described above except that the
animals were sacrificed after 20 days of tumor challenge. As a result,

35 similar to CMS5mHE, increased therapeutic effect was observed (Fig.

5d) . The numbers in Fig. 5d are expressed as mean X£SEM of the five
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desgpl b%@eboa}’ﬁpeéﬁlse 5 eS80l | DYCRLIAR Fe%8Rl 8dili®ened immune response

results from the simultaneous Iincorporation by APC of complex

antigenicmixtuneofdestruétedtumorcells. The resistance to tumor

challengeincreasesinndce(xrdﬂmmnizedwithSEREXantigenandtumor

~antigen. This approach is an attractive strategy for cancer

20 immunotherapy in humans and one that will be facilitated by the

extensive base of information about SEREX-defined humor tumor
antigens. ' _

The vaccine of the present invention for eliciting tumor-specific

y immunity provides an effective immunotherapy method against tumors.

J25 The vaccine of the present invention shows both preventive and

| therapeutic effects. 'Thus; it is expected to provide a radical

treatment for eariy stage cancers, therapy for suppressing

postoperative recurrence or metastasis of cancers, and treatment for

patients detected to have tumor but who cannot be operated and for

30 whom radical and chemical treatments were found ineffective.
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postopeéerative recurrence or netastasis of cancers, and treatnent for
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-24 CLAIMS 1. A corrplosi tion con%?i gPﬁgggz%éég;&ee@é? n vector encoding (1)

an antigen recogni zed by CD4+ hel per T-cells, and (2) an antigen

recoghi zene by 1 £ WO LEXiq ak I 2 .+ The copposition of-claim1,
er e g el e §heYtﬁ3FeTncggpﬁs An-IEAT Ferntred

éﬁerign #‘ng antlcgen recogni zed by CD4+

REX e NOd CEEO G CofpE8L ESoAsofa chumiaw lamtigenwherei n the antigen
recogni zed 10 by CD8+cytotoxic T cells is a tunor antigen. 4- The
conpgsition of claim ‘3‘ wherein- the antigen recognized by CD8} cytotoxic
T cells is HER2. 15 SNeThECEBABsSioono6f whaims 31, tehdredbereia talva: AT

. recognized by CD8' cytotoxic T cells is HER? .

156 5. . The composition of claims 1 to 4, wherein the tumor
antigen recognized by cD4* helper T. cells is Dna J~like 2 and that
recognized by CD8* cytotoxic T cells is HERZ.

6. The -composition of any one of claims 1 to 5, whefein the
20 polynucleotides encoding respective antigens are contained in
different expression vectors.

7. The compoesition of claim 6, wherein both of the expression vectors

are jmmobilized on the same carrier.

5
8. A‘vaccine comprising any one of the compositions described in claims
1 to 7.
9. The vaccine of claim 8, which is administered using a gér'le gurt.
0 ‘ -

. 10. The vaccine of claim 8 or 9, which is used for the therapy and/or
prevention of cancer. -

11. Use of the composition of any one of claims 1 to 7 in the

Preparation of a medicament for inducing tumor-specific immunity
in a mammal. |



antigen recognlzed by CD4+ helper T. cells is Dna J--like 2 and that
recogni zed by CD8+ cytotoxic T cells is HER2. 6_ The comgdéivember 2005ny one
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of claim6., wherein both of the expression vectors are inmmobilized on the

sane carri er 8 - A vaccine conprising any one of the conpositions descri bed
inclaine 1.to 7. 0 9_ The vaccine of claim8,- which is admi ni st ered
using a gene gun- 10 - The vaccine of claim8 or 9, which is used for the

. therapy and/or prevention of canc@BSTRACIUse of the conposition of any

one of clainms 1 to 7 in the preparation of a medicanment for inducing
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‘a pharnﬂtemﬂacahda@Qﬂt.CTL are expressed and presented on the same cell,

the expression vectors preferably are immobilized on the same gold
4“;' particle and administered into the cell by gene gun; however, this
invention is not restricted thereto. The vaccine can also be used
ds a pharmaceutical agent.
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