18 Novenber 2005 | DESCRI PTI ON Pol ynucl eoti de vacci ne Technical Field 5 The
present invention relates to a vaccine for devel opi ng tUhtovespenti20DT
i.mmunity in vivo. Specifically, the invention relates to a polynucleotide
vacci ne conprising expression vectors emcoding an antigen recognized by

"CDC helper T cells and an antigen recognized by CD8+ cytotoxic T cells

(CTL) The antigen recogni zed 10 by the CD4+ helper T cells is preferably a
nol ecul e detected via serological identification of antigen by the
reconmbi nant cDNA expression clonin%€§SEREX met hod. On the other hand, the
antigen recognized by CD8 CTL is pt %ﬁ%ﬁﬁgpﬁitunnr antigen. Furthernore,

so that the antigens recogni zed)by,ePdschabpohcdingl I's and CD8+ CTL 15. are
expressed and presented on the same cell, the expression vectors are
preferably i mmbilized on the sanme gold particle and adm nistered into the
cell by ageng-gunribowever, the invention is not restricted thereto. 20
Background Art_For the East several years, cancer has been _the | eading

cause® of deat APPnPFEF8RT FRVEIEILPoFHGTSH J& 2 Yaurtihefapydgrgloring

chenot herapyr-isi@engt Ber apyur Scyt henf aurdd opkperikecatagcertidenapyntidn in
Vivo system for inmune eigg?se is utilized in |nnunother%%y._25 The i mmune

r esponse S 3EFEC PPl B RS TUHEY YRF T iSHBEACHR6h SXRASTgPRgYSctors
| ynphocyteaspdingyaphotyiiges, rapbghodeasbpmbdrtié gesyr moereseptamng aeehhsi§éRC)

First, an _exogenous, antj.gen j S, processe i AP and .then it is,

b esent g SER LSRR DAt Prt SHEx o E ks o E B patifis Gy SeSnpPEa b hees
clast0 1 by thassD2 tieehm@per celded liss FeAdabiiyhear motgniullkodehygchelipetaT
cell s of hii exoggnqp(ﬂﬁpt' i o T cells,are a ed and t oki,nes

. I tiv e
secret ed®~TRe®décret e cy”[folklanes hefp ginftflgregn.tcki)yat ?‘éﬁ olfecorr%/mant GoitA
ant i gen- espirpglbavedc Boriehd S(3EREX) ametthoedly - Oorvhagidedt haantl ahet het sgaw :
time prog ] iff LAati o f. kitler T cells. .Finally. ¢
presenti%§E§ghggﬁggg%§ﬁgfgé%ei%ﬁ ggggrgélyh%'%%ﬁé%?%%Fﬁggﬁ'bogFggkéﬁﬁoﬁﬁ'the
act i vat egokthabrthe @eltligenEhirecogniewdcby| G4t hadgpehuforal 15 capd s ¢BL
Novefg)er az-goéxpressed and presented on the same cell, the exp:_:ession vectors

are preferably immobilized on the same gold particle and administered
into the cell by a gene gun; however, the invention is not restricted

thereto.

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



2 oper ate in or der to elimnate exogenous antigens. The elimnation process
of antigen expressing cells by T cells can be broadly ci%b’gvﬂfm@!‘a?io%three
groups: 1) hunoral immunity (activated helper T cells stimulate
proliferation/differentiation 5 of speci4ic B cell clones, antibodies are
produced that recognize and elimnate antigens); 2) speci fic cellular
immunity (activated helper T cells induce cytotoxic T cells (CTL) that
react wth specific antigens and the CTL directly react to the target);

and 3) non-specific cellular imunity (activated helper T cells induce 10
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tunmor transplants o nalve mce (R J. North, Adv. Immunol. 35: 89-155
(1984) ; P.D. ReggenbiargtuAdy. ré¢jmeinoin, éatizam%ﬁru@ﬁ@@k)e'spoﬁsealihﬂhost
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, Proc. . Acad. Sci
(1953), T Prehn andJM Maln J. Natl. Cancer Inst. 18: 769 778

(1857} ; G. Klein et al., Cancer Res. 20: 1561-1572 (1980}); L. 0ld
.20 et al., Ann. 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:



18 Novenber 2005 3 2219-2223 (1994)). Over the past decade, MHC cl ass |
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recogni zed by CD8+ T cells have been 'reported (T. Boon et al., Annu. Rev.
| mrunol . 12: 337-368 (1994) S.A. Rosenbgrg, Imunity 10: 5 281-287
(1999)). Two forns exist for tunor antigens (target nolecul es on tunor
cells). These are: (1) tunor peptides presented by MHC class | nol ecul es,
the target m)l ecul es of CD8+ CTL that is the leading character of cellular
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4685- 46%x {lA9®)) thEheohBihdaBEOA: WiddiZ8Res 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



nol ecul ar signals such as CD40 ligand (J.P. Ridge et al., Nature 18
Novenber 2005 4 (London) 393: 474-478 (1998) ; S R M. Béhevember 2605

Nat ure (London) 393: 478-480 (1998); S.P. Schoenberg et al., Nature.
(London) 393: 480-483 (1998)) and other4stinulatory/co-stimnulatory signals
(A. Porgador et al. , J. Exp_ Med. 188: 1075-1082 (1998) ) involved in the
5 hel per function of CD4+ T cells-and in nodulating the interaction of
APCs with CD4+ T cells. The discovery of such signals appears. to provide
met hods to augnent the response of CD8+ T cells. Antibodi es have been
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(P. B5 Gcf@\r%}ged éqﬂetﬂmgghed%Rggl(éi% ( éﬁga)et al., Proc. Natl. Acad.
Sei. USA 94:1914-1918 (1997)) to identify 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.



D.M Pardoll and S.L. Topalian, Curr. Opin. Inmmunol. 10: 588-594 (1998);
S.R Bennett et al., J. Exp. Med. 186: 65-70 (1997); R F38 NoxemperZ0@nds

| mmunol . 5: .269-276 (2001) ; C. Fayolle et al. , J. Immunol. 147:.
4069-4073 (1991) ; M Shiral et al J. Inmgunol. 152: 1549-1556 (1994); K.
Hung et al., J. Exp. Med_ 1.88: 2357-2368 (1998); F. 18 Novenber 2005
Gssendorp et al., J. Exp. Med. 187: 693-702 (1998) ; Y. Shen and S.
Fuj i not o, Cancer Res. 56: 5005-5011 (1996) ; T. Nishi mura et al. , J. Exp.:
Med. 190: 617-627 (1999) ; D.R . Surman et al. . Immunol . 164: 562-565
(2000) ;Oaserdapeccletalal. J- Rap.- MegundB7: 16931-4%021_5015(923))00)1’ Sheg ppd S.
Baxevani pu8tndto; Chnddiniag) . 58645058020 2012 o200 FisnEakbardpaiet gl
J. I'mmunol T 165: 5495-5501 &20 % . Marzo al. Cancer Res.. 59:
1071- 339Bxp1dt}. 19R: pl7nRPZ0(E994) ; D RJSUII'WnQFl alygsl. GOUPNEd55164:
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al ., Natd er§9‘§cer4%%548§?(195éy3320 (PP - Flarz €hgd: - o1 ImBuro k50
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Nat | . Acad Sci. USA 97: 12198-12203(,2000); Sahin e

Pr oc
Acad. Sct™UEA*GFPOLPE1538 FRR by Sive Secflath%%l“sv OftT ‘&%‘% rajlgeE&%jaﬁ' Med_
187: 11631:1@67@( 159198,) ‘Natude Ehen, 474P4?8|cxp9@8hﬂdsPRaMt|BennétthetBabl pgi c

Therapy enher. Lippincott W.LIIi .
Phi | adel p%u 574%% (4%)(@0()19%%? %Pg (S gﬁgen%elrﬁter 5t e:anCer ag\é;e8§§3 851
(2000) )480%$ﬁ)| EI¥8 N5 Zeduence akt erdm rﬁxporM@i SEREX- 5T+ et (20es) )show
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, there are anrno acird utions inc
Chen, J. rem@lswem mgran 1463-M1u6in¢ 1998prs by -thg, a@h‘ea—dépcrnbe@l%m&m

Lot ot ad Sl g {peaen) SlgCanaen, nifa S ISESN go1e-so1s.
Ther ef or 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



t hese nol ecul es do not exhibit inmmunogenicity due to nutations.
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|11 efpeoi s venaLutlel (o docabhoniol§ e o1 91 fhuRELPOGEN. 1 498G #8hOPNI C

pepti des are processe ragnentfs that wer’e intraceflular
APC or oTtI%‘é?V%?él g8 ﬁﬁémtn@ten@@§ forimtideftad by tlgernerca:crtﬂrprobfc‘ﬁz_moral

responseghAckatte,  OSEudhsh 19i LEP! I6ALd QR V8¢ QhRicates the expression of
o 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 that produce protein antigens in cells (J.R. Bennink and J.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. Nat;l.- 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 (17989) ; K. Deres et al., Nature 342: 561 (1989} ;



30 that produce prot ein antigens in cells (J.R Bennink and J.W Yewdell,
Curr. Top. Mcrobiol. Inmunol. 163: 153 (1990) ; C _ K .15Noxesrbes2085 .
‘Nature 351: 456 (1991) ; A Aldovini and R A Young, Nature 351: 479(1991)
;. R Schfer et alJ. Imunol. 149: 53 (1992); C.S. Hahn et al., Proc. Natl.
Acad_ Sci. USA 89: 2679 (1992) ) and net hods wherein 35 peptides are

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

169: 603 (1989) ; K Deres et al. , Nature 342: 561 (1989) . 7 H Takahashi
et al., Nature 344: JN%ZV?@SQQO) D.S. Collins et al. . I mmunol . 148
3336 (1992)Takapash ot Ngiture 344fnfviAol(19328; 02%57CC(11191925) et al.

Furt her npr eympf: Rt had of.0835B0¢UH 85§ NGy & VaIdeRIALe With fak@gwrbl. 148:
pol ynucl eot i de as a vaccine has” been di scussed (W90/ 11092 (Cct ober 10 4,

1990)). “arti (kM or i de-precipitated DNA is known to be expressed via

i Ntravenous OrpyrtHameyE armadbdirsit ahben1&din £%‘t$.@b§b&te&ﬂﬂtﬂ»g£ﬁ§i’lef
"Proc_ Natl.. Acad. Sci. USA 83- 9551- 9555 (1986?) Moreover, in mcge it

was ShowP hRHCIIET D PEs3 GIFSiad BRs heen fdapssce PR 61 Y32 yRas ahry
expressed, i nobbe)cel | capeDumi &h&aﬁa@ubaécupmgtean mJAtmg u@fetmf £d. Ae
Wl ff et al , Science 247: 1465 (1990), %‘3& %ﬂ ée 35 815
(1991)) e%%%?%%gvtlé tHSCHERTHOEE  Phe J\f@b‘fad‘i*u Hust ﬁ‘éﬂsE\Ea hoRpi

agd di ghéflﬂteﬂﬁ]iy cale L _Hpveuer, PesdRneidl enpaessten . 0fsh hes v exstsar— 985S 15
observe W ng in ectlonlnlothe skel et al c rat, fish

pri mat e, ”a@%/\)fe)ﬁ g@ 818?’& ac ikt % 161 WP S Iﬁrﬁt’t‘!f‘s"c bﬁﬁl CXPIIF LW & aﬁc%%Z:
221720( 1999) incBrporKiedi sirsdo ahyocyBsoc anMat éxphessed $eoi tlidSAc@Bl 4@:&1
(1991) ; Hanse et aI EBS 290: 73 ,(199 S, Jijao
LSS o ke GRPEoE (41RY Uelegein Wi Steifiee |
363 (19927 llu6was{1f9m0t)herer epelcheldl tetat al py edertuatel 035 2f &ﬂ)ﬁtdﬂ%lbw .B7
and MHC .on surfa C Si Iar e L
GO o R RIECaE R ndiEndy Be P08 e obEE ch gt iR Agh! %ﬁ%‘gé%%ﬁr
Wien a MHE mottecebéicahet heﬂwﬁea:c,epefmmenpreslenessawqﬁ ﬂ:bpevectottar Tiratael |

r eC Oy b ec?%o%ﬁ%rvﬂ ?ethggcs:tﬂgnsﬁ{@c\g?@f )&Iséleet%q.nﬁ Q%g%?dxseh

28 ~and functions second a resu
ceI |s tdred erimategnabs wedd |&ﬁ:r@%13<ﬂh©c ARgsgdst odyiraf CDB{ II='l@elelts ar]apl dly

prolifer@l & yiation 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 (199%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

J 25 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 immunization 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 'rerported 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



For immuni zation with DNAs, the DNAs do not necessary have to 30 be

adm ni stered intranuscularly. For exanple, Tang et al. davarRaibeakeos hat
anti-bovine growth hornone (BGH) anti bodies are produced in mce follow ng
adm ni stration of BG+coated gold particles into the skin (Tang et al.,

Nat ure 356: 152-154 (1992)) Apart franskin, it is reported that nuscul ar,
adi pose and manmary 35 gland tissues of |live animals can be transfected
with DNAs (Furth et al., Analytical Biochenm stry 205: 365-368 (1992)).
Vari ous 18 Novenber 2005 8 nethods for introducing nucleic acids are also
reviewed (T_ Friedman, Science 244: 1275-1281 (1989)W93/17706 describes a-
net hoBebhodgaay h@LFHGEHFa‘HlfﬁW](ﬁlfaﬁca}rﬂsrralfea@hq?ﬂgtevaanerctli‘l‘t.h&tledmmm ses
the ssiepse0psqoaiprng- @z@ﬁrtiﬁégfwtlﬁb%%tﬂo% rﬁ%‘ét{l% ?ﬁ g;e“
5 adninistering the coated particle into a cell of e ani na

DNA i KGR 26t TP UtaF R derpednimpdsagpins et wrusvt:lmt c@uprsse)s 6667

(19933t phast heenirepar tedribn gaditibon, «DNA 2VeERENESH 2P, AR hQHé {Rén
pr@dum ng ang%adm ni steri ng them are al so . described i-n US Pat ent

452085 rb‘&?e No“e2ES88® U661 < hiid 14/ A%y B7 i §B?osqnm@1 t he
I nvenFunnhAanbpedmNemmfumheamrc&seﬂjaimenlﬁe@ﬁelssvieuﬁr prbdecef fgctiye

apy- a t dd| tion obj ectives, include. 5 providing.
a rag?cg(gif r%gt grr%é(?‘?f%érwm{ 3P shhg ﬁaﬁ‘E%F‘s repRdtsst, P S nua
post operai nee awt matdwcks @prrrgtasluasm; afnctammerr&,st@éhdlné rﬂaéme f Dl so
patl e ScoIpbest /e 40 phi i Qopeya r r m rad| and
cheni cal .freat ments \f\)/er%\eéﬁltng?f e}(i:f Qvg b:énraoo?{es %spe&% ?f . and
i velQBH 18Hefe is provided a conposition conprising an expre55| on vector
encoding (1) an antigen recognized by CD4' helper T cells, and (2) an
antigen recognized by CD8" cytotoxic T cells. In another aspect of the
pr eséh3GIRmHiG oif  GiMeriyentimmyi ded a vacci ne conprising any of the
conposi ti ons: asjdesciihed tﬂazeb%%edﬂll%wrh?ioésipﬁ% nglobfi%ep!e e ive

invention, there is provided a use of any of the conpositions descri bed
her ei IR HHIE T3l p ABAERSH oFUBOFEd] carﬁéﬁ%l Fdpophduebngctines- s peciliide

| Bmupdaiding a radical 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




“in a mammal . The present invention relates to a vaccine for eliciting 20

tunor-specific i munity- The invention is based on the- figNivagbehza05
tunor-specific innuhity can be induced using an expression vector encoding
an antigen recogni zed by CD4+ T cells and an expression Vector encodi ng an
antigen recognized by CD8' _ T -cells as a polynucleotide vaccine_ .-Thus,
the present invention relates to 18 Novenber 2005 8a ',5 conpositions
conpri si ng expression vectors encoang antigens recogni zed by CD4} T cells
and CD8+ T cells, respectively. Specifically, the antigen recognized  -.
By - COampPRBlbEPNT RIMBriBing RXRESSE LA eFACHOE Sy eMine AIEREX ardtilmsths and
t hat 665898 d F 4 Cl; a r ti gen th
antlgensgrgﬁggnsggdgﬁg CI>4;£?%$%eI%#@D C%ﬂllgeaﬁﬁlg%%+ %%%E%%gﬂJﬁﬁﬁBlllzed
pecihhgathyri Bhe paFigene res@mdmar deer 684i nhelresel| ced lexpress and

pr esgdietHLEd iRl B3 EEREX M@d atrttif THAY BLELGR il By cpa* _
rest r| cted thereto. As described herein, phrase 'antigen recogni zed by -

CD4+“TheipREUP TP §2IFR erurbh ‘ér‘ﬁﬁlf?peﬁ??(fé“ﬂﬁﬁ“%dﬁ?&q%b‘sz%ﬂ BoT €RHn t hat

b skeypsras aBlepi hape opis*acylry GORE Of AnBbIAALRSE &sh OPhABLURR helhsle.T cell

or precurs r cell thereof enaT ce}i receptor recogni-zes 18 Novenber
2005P3ht 4% ‘Fgfé‘h pﬂ‘%‘k’éfﬁ MRER| AsSeH1, LeDA*BIERFS £RG R a0 o tdes | |

32 d@ﬂmmt@nﬁlam@usal&nmetha:r&bllkﬂvb}hﬁoﬁ he dotaldst®i ce6QPNARLo . .
anti gens. ntQ the cell, and functl ons Aas a

rt. er ransmts_si
mol ecul e t%6° G}esrﬁﬁjé Ty i O g%n%rgﬁ‘c?r eBPET IS KRBT HERSD PACRE di ng
to tlinelmes'eoellﬂ'(/&mﬁm tood @@l]]yf:ﬁep‘lﬂﬂl‘é m‘haaﬂcbmp&EB@é a%&@ﬁéﬁl&wt’irl y

e | DRCTD
BT crer £ M e O, B OB FEOHE 552 Fpad % Boma isndis 1oE T

gal eBtded Llorpoteguy)sdai egildgtpeotein, HWomm ashgiedns receptor recognlzes
hexarret hyl ene- bi s- acet am de-i nduci bl e (XM 008348), human 10 retinoic
aci d-responsi ve protein (U50383), H sapiens hepatitis delta antigen
interacting protein A (DI PA) (XM 006503), H. sapiens CcDNA FLJ20644 fis
cl one KAT002588 (FLJ20644fis) ( AKOO0O651), etc.; but are not restricted
t heret o- The phrase " SEREX-defined nol ecul e" '




]

herein refers to such nolecules identified by SEREX. In addition, 15 the
phrase "inmmunogenic wild-type cellular nol ecul e" herein ¥Maember 2005
specifically to the nolecules identified by SEREX that are recogni zed by
CD4+ hel per T cells as described aboye. Furthermore, herein, the phrase
"antigen recogni zed by CD8+ cytotoxic T cells (CTL) " refers to

pol ypeptides conprising a portion 20 that serves as an epitope of

t ransmenbrane gl ycoprotein CD8 expressed on CTL and precursor cells
thereof. When a T cell receptor recognizes an antigen presented by MHC

cl asan lant igesi M@Ste@ttehiebaSMHGntalasafII MAD L keissls toThbe Ml gelmaseadgni zi ng

et Al ERis hnaROaRrERS. B LB VECHER €t ) tebe B Rmizan o T

| cel |antigens rmlc@duf@rthamtrgmmlﬁwmn@d intertienceliheapd dunfedrianison and

Cyt o 0¥ @mo1dehil¥ t¥ plohbee’ pf@“.f’ 48+ $YE N RRLINRY, 1(5:)1{jl é}tf_l %lyt%r iR eferred

nol ecul es are tunor antigens; I ncluding antigens I’ ated to“tunors  "and

ant idfesRrdiRgitq ddig P@ﬁﬂ*’é‘ss‘éﬂfﬁiﬁlﬁmft imeulei ta argidlerd) i fil e8D bph SEBEX

mol g E%fﬁ!ﬁédﬂﬁr BPIVREALHASS SOl ash S AU o MBs Kidasen ERKZ by 2) and

HER2. HER2 is a turor_rejection antigen .of congenital Sarcoma 17HER2, a

cel INSIBRE dBreLtr f r HAVERL e GakRs atRdl Bget RahSRbCEhERKWPER ted AR RTRER?

CDN'%I-(IJI}&E bZ,Z/dtﬁRa/l@%lée aDN@ya 1%t i gat oqty @) bl‘;ldlld('&'rg}@t 1311591‘{0111%36 1343

(199&? : ncer Res. 8 3385- 3390 98) | kuta et
Ph&eﬂfa hm%“rhyla%ﬂeé%ss%feet:%e@?hmekucaeagawefmﬁﬁ48) EHF““aB‘

10! Mmasino 39: a@ﬁﬁ&@%&é&&ﬁ%@@ﬁnzoﬁ@mi)zooﬁ) ) saﬁménﬁEﬁg¥b%1E'i§f erred

as anti gen- reco ni zed . cytotoxic . T cells .

Cpeje e CD8+ a e
ful 199y Ar dfra‘i FFEHLET fy 4GSR X8 005 mayaBéetsed in

.l the cp)‘l@sa'IIJZO’ﬁﬁBntﬂm c]Aor%TBIKAT(D@I)SBBIE(FLHERBLIPGSSYIAK@DOBGM| detc(am no

oot et p R B Pnar Sl IR bR o e B pEbEE "

cyt dtapein Fedelrss toYsubhgat heceleal identifiauling SERE0: 1336d483430601997)

: Lo 1998 |kuta et al Int. J.
ot b, SEISR 5« R 4 LT Bl
3338834 i(c2ddQ) jo thomfiaguikat SLmemrif mdlgysﬁEikEiarthagm@ reicbgsiacd
par £ Wy ‘Ae ef.eqr nglls':‘ért?ﬁé dl% %h Grbi nation of HER2 and Dna
rred as

J-1iKe 2 1s particular prefe a e antigens recogni zed by CD8}
cyt ot oxi CE‘pr@@qrglo@:@TLpereln the phrase "antigen recognized by CD8F

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

an 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 expressed on particular tumor cells.

- 30 These molecules include polypeptides such as mutant MAP kinase ERK2

'(mERKz)‘”ana- HER2. HER2 is a tumor rejection antigen .

of congenital sarcoma CMS17HER2, a cell line derived from CMS5a
generated by transfection with human HER2 cDNA {c-erb-2/HER2/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



of the present invention. Polynucleotides encoding the antigens of the
present invention 15 are not restricted and may be DNA, 18R¥entdee 2008S | ong
as they can elicit the desired i Mmune response by administering themto

t he host animal according to the nethodigf the present invention. The

pol ynucl eoti des encodi ng antigens of the present invention may be those
whose. nucl eotide sequence is artificially nodified by one or 20 nore am no
aci ds del etions, substitutions, insertions and/or additions according to.
known et hods such as site- dlrected mut agenesi s (see, -edited by Ausubel et
al ., Curf20@0P ot Ut JIER? NI exngifar rgidolasgythe) el iene yregognngedSbgt CHB' 8.

1---8.5 (1987)}; @Sy ! o0g) ¢ agcdme p%gp%aagdgeﬁ, eaded. )én&aeopomﬁwﬁbgg{,we

can generate desired 25 1 nmune .response ost urthernore
as it cahraymrents of dbsi HEB2| navife ussdoabetha Phes$os tinveEnd ival yn&c?l@@ru de

may enCOﬂépPP&lé!PQfﬁRij)%3h@‘i' 9 ﬂ@ﬁ@iﬁ@n&lrﬁf% a@&é%e‘qﬂeﬂ@%”‘@rLPﬁdﬁgL”

mutants ~existing in nature may be isolated utilizing known ybrldlzatlon

t ech quds (kean legntifAeslipsl actumgr EuIrSERoTPEatdasIns apA L NG E e HY HBR2
Bi ol 0gy, o2 ¥ tWd e¥%r&e$088, c§@€kﬂﬂﬂe§t§1@téd( 1= P0G gene s Pl khggRL1 ON

technlques (PCR). (see, edit. Ausubel et al rent Protocols in

bl ecul a®t Bilol ody, TIBRRO W 1160 : &1§§ﬁ§13$§c£1%%75 PiﬁGAP et BJg7) FaRGrEcRes; |f

a gene esgodIRE-BINMt {BPY)C; B Okivhal 2+KRAW), In3d Qnecﬁkbéke@7ln5§®35§8t
can readlég nagﬁze hydr ophobi ¢ and/ or _ hydr ophi |
o8

ani no "ac} o ORIEARG o B e W N SBIRB00308 1 IR RS 4 (BT T 11 e,
Mol . Bffdmerlby coﬂn@51$239(51&ﬁ230)1t1géﬂ§b)§zﬁ:éé 8 re RAMIGHA I P EE Lré&hou

and Fas Ann. Rev. em A47:. 251-276 978) nd. synt hesj ze
pept i dersgél W TR Br é’r&lec‘f Patemet e %?e&&%‘r%’éarj) 1d~§tee?r APRATscularly
ant i genimgid e byedPERSCAN ANaddues 3240Gh98%); b dhd ghetodnpanesels (CTL)

Tran5|atL§qﬂEé | nt ernatj onal, Publication No. Sho 60--500684) , etc. Thus, a
t

pol ynucl & et gt W PEpt9 e fragnent that conprises the epitope site
det er mi ned bammudi@otabteseedes@tn@eﬂlemﬁhmdeﬂawﬁJEh@m@a;reaat hyvelrehosal

synt,Resi s and so el lctedl])_e tésed ag @ﬁ ﬁ“%ﬁn gf t he p;]erslent i hventi on in
an' expr essi on. Vet e expredssi O$&d 7i A%t ne"Prétent®Y <2
i nventi omlicsimthe desired immune response by administering 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



reconbi nant vector wherein the antigen gene of the present invention 1is
inserted therein. The vectors to insert the antigen geneld N@\tend:erﬁ{]@&m ds,
phages, cosm ds, viruses, and other conventional vectors 15 in the
technical field of the present inventiony Those skilled in the art can.
construct various plasm ds and vectors based on well known techniques
(edited by Sanbrook et al. Mol ecular Coning: A Laboratory Manual (Cold
Spring Harbor Laboratory, N X (1989) and edited by Ausubel et al.,
Current Protocols in Ml ecular Biology, John Wley 20 & Sons, Section
6.1-6.4 (K98F)and Perédiintltact oMelsuBhohs YiriondOer123ad( 18 hatorlyegulas i ng
the expLes hagrt%ttﬂfcﬂh { gﬁ&h%‘%@?%ﬁ%' Y R36§!. %i@@h%ﬁ t4'?QS§5fké41éed
in the art fromknown re ory sequences "dependi ng ‘upon - speci f :
type of Kb878hhd @bﬂe@wnt@@@ld@simiaiersan‘gehbmth@ reedizgagdhsamigrm zarmalcﬂor
downst r eaglon L0 ABLLIARACREL ark I & By Yraeauenaes (deasyed
fromthe antigen or heterogeneous regu]l c??y seguences nmy be ‘used in th
presént Pabbhshed.J ananetaﬁe?ﬁ@v@latiozﬁeve’faéatep?ﬁﬁképélaé&mbhscw»l%wpm %lw c

resi stange-soBEEL] , Y berysed aaﬁoip@u@r@aezﬁaé%a&ﬁtﬁalﬁ%ﬁﬂ%eofﬁé

invention. 30 Conmercially available mil tiple vectors may be used wever

it is. Preter Fenprrésgsl eftéenor?@é‘stéﬂq al S ?ynd@l"—éﬁt"#ﬂédse(?@’é@cesoﬁ r oBRE t he

vect or i fbdhe-REesebed &ié&ﬂ?ltdd)iﬂa?r rQéB bsfh@h&@ia@yvéﬁﬁméiﬁs gnaqoskh ng
cel | s and that  encoding an antigen

an antigen recognl zed by CD4+ he .
recogni zZ&4- B kopsegns %Q@&qtﬁ%oﬁrté?eﬂf eBSnFri‘\Pé’rﬂritdr?%S) PFCFREPTRHERF i n
diff1@ren&e@wfe55| on vectors or constructed to be expressed froma single
vector as long _as they can 18. Novenber 2005 12 be controlled faor their
expression on THe § e%%lr‘?n VRSHOT nPS6ductt ohRe nPEefRBt ilIWEEtdrrais 2
-ani mal , ftéeomelsdme veeftoththPr&seithe ANeDeAydriElugethd présentexpvression of

t he resent ant.i en and,elicits the desjred 1 nmune response. Varjou
ot hode 5 are SRt CRarS it 1 IR ROTRGE & c e ols LR T Ape aohe bambde

Sci ence.pl 24idd 2 a2 @&9&9)& Ahwu ses hathdayHee usadeasibang \aéctdm&s
oo TSRS AR ENEA P T ARSI N M VR L o
useful . .tlas arﬁi ceaccbnesrand v(aa:aohlfs p3ednadsrakibdeptassildssedibe waldykiewn
paCkagedtechniques {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



into a liposone, f ormed as various virus vectors including retrovirus
vectors, adenovirus vectors,. vaccinia virus vectors, pob/MNowesnber@00Drs,
adeno- associ ated virus vectors and HVJ (hemmagglutinating virus of Japan)
vectors (see, e.g., K Adol ph "Virus gengm c net hods”, 15 CRC Press, .
JFlorida (1996)); or coated on beads (carriers) such as colloidal gold
"particles. Preferably, the vectors expressing the antigens recognized by
CD4+ helper T cells and CD8+ CTL, respectively, are in the formadhered to
a carrier particle, such as gold particle,. for introduction into the body
by gene kincorteolledoipy crheheepnresmiorp®@n ifentgase iceldot |inmited

thereto. Methqgs,d A tGRRAUAG orPAHRUEHhE0LE d88c08F ah 3h A 1RAL Eaiﬁé Gl
known in the art (see, for exanple, W93/17706) Finally, the
- pol ynucl @btlitfePresent épaeagira 1RJ4eeHtiDYiTec RXRS SFR}SNoPEgHRAIPTRASHe

adapt ed £9fi ddh VAKP o181 HHAHRN reNenEARBOSEEpBAsE! her 5@Sathods
-invention may be used 25 as a vaccine, in _conbination with adjuvants such

as prot et 3 kngknofdieintegduicdng 1yate ks 8CRASW VAVPhET aF tirgPaBni@Is

i mune reacti ongs-1M1 €QYEBY) ROENKEYSHERhad GRhCIBEN 4 98dt Bat 1bekp ashache

intracellul ar uptake of plasm ds nmay be used in conbinatiaon. |n_addit.ion,

phar mac et F 1S Odc ERBtREC2gRht VSRR GAhPEG S 8RET 27 Eh 31 &6t 707 e3¢ ihay-

be conbitiesdl dss1esi ineslind hee fodrydricl eoti de vacci ne of the present
i nvention may he adm ni stered by aq¥ met hod as l.ong as it enerat&s an
n

i mune r espons®® Wi PAPAS HhECHBs P fanfifal PERPEREr BITRIRE cBHpodPErlh -6 the
pregent vadvands ehd sadBaisiel ed ankaddpsessilibi ci ey tmay rskiqeadkagae 35 -
oS, U e SO o SO PR SR L 268, Bl
(Usi ng genetaus), etiendpviiraspareniers) - vastésjiasuchnes ettavepoymxvirus
ingtn:gfe&}%&”ograﬁ'; a%%%%ﬂh%%%%%%teid”%ﬁ%ggrvr%aétor"si 2, 30hP9s éré‘réasséjﬁ ’ue@rtaatinq

y gl anh 1 ssue,” rnnalation or rntranuscular.’, orrnuco routes n
the formiofumadalaphipsecEorthesemr e, ga, lfoshdaehphel Vimys enbmi pmertitzsts "y
o8B, PR, COIRRSILI 0, LUL0eR BRSS! car OLES) sy oo
“parti cl echobiatedmgitl dpehdd,.ches.usPirafecebby, the. vechens témpre s ing dhiei ng
the cel 'aﬂﬁ&ﬁ$§eé&§ﬁ§%edﬁg’ﬂﬁ4* he1p8RoV e IR0t RedsatsiNi SULAd O e1y,
nmet hods, the gene transtor I on .
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



10 net hod using accelerated particles is described in US Patent No_
4,945, 050 and devi ces base on nodified nmethods thereof dBdNavembver2008 |y
‘avai | abl e (Bi oRad Laboratories). The specific type of host animal of the
~present inventionis not limted as |opg as the tunor inmune response of
the animal is 15 enhanced by the conposition of the present invention.
Speci fic exanples include manmal s, such as mce, rats, bovines, pigs,
primates |ike nonkey and human, etc. Preferable host aninals of the
present ‘invention include primates, particularly human. The dose of the
conposi t {wimgf gehe pueseatci hvein iparadperds ro2@esn sheh i armimdgavieions i n
the oSt B ddlS I AHAM CRLpEAIRALSES |ihdRie GRIROFLL QMo J UYL | Base
skilled’n e art can ‘determne appropriate dose reqw?e for :

i nMuni z atanowa dyy g ddniliistsre ngnhaldttienmmédtdenssohlahe coonpessel gRuUteso a
test animal d SULI t-hey I bo i a t u a

ELI SA, dleq:gl e%}?%] ngg%?LBES%%éssa &o‘r%]isrtaad%éy' ne%%%%%enrﬁy eo'f s%_ﬁ%{%%ﬁu%{q?%?gagg? gtec. ,
or oBserinmngidathbnedrdsportss ing tee eeeisegy tTrOMREHBHSE dBAG BYPoRiasd L.
rel ease pdpasyemtalacThose Skihl ek i) ! Ny ! bol! HcoBNkZ ol Nabddde

i rmunogen.icity of thP ingredient in The conjgom tion depends al so on the

8

i nt ensi ttragfs fgat iayu bardrie lee foahas dnenghmasheoda s bF it i AnicP™=0 ete- .

transl ati 0 PLEADLAS Sht M5Btk idy t REcEXUESSHARCVEEAOr agfimble PrR&SHY the
invention. Furthernore, those skilled in the art can readily adjust  .the
dose of abRyec@mpdsianash AMIKESHFACEN TAVRALS onthEs #87%6n ttq"f'é‘S’-J?ﬁ@éitf’i"E‘
expres st WRE Wi kP &tbcdbe Bt JBSGIdIRY o fed¥EHABWMNYS Biagent dRRI Cts
graphs showi ng the 1ncrease in the nunber of 18 Novenber 2005 14 9]{71 '
pept i de S A0 CBBE TIBBRFESt NERSAr ETyeMedfdqdhy™EhROIP &Y o 1si ng
nERK2 anghnakRetdaly nad il @Siofdd Ladvb rshons eshhe resul ts when human
-SEREX- def i ned nol ecul es .wer e useg. Fitg. 2 depicts gra}gﬁbs show t.hat .t he
enhancenent oftPEnPPECAEAE GEPEREINITT epdd B ROy b’f‘@%ﬁéﬁ’béﬁ ned

mol ecul efot NdgiideRs a@0-1pnes @t dhieonumb r9impept i deshpanel of)tlenchrexizslt drxce

ot 91 1 PGS ot tre cBPPeoPelagR 2y SRR ARt} A A gun SBeags

enhancesxamples include mammals, such asmice, rats, bovines, pigs, primates

E
E
E
E
;
;
]

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 recogmize 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




10 9m specific CDB8+ T cells in both the primary and secondary responses.
Fig. 4 depicts graphs showi ng that SERER-defined nol eculi@dNovembeg2005 ng
CD+4 T cells co-presented with HER2 p63 peptide i nduce HER2 p63-specific
CD8+ T cells. Fig. 5 depicts graphs showgng in vivo preventive and 15

t herapeutic effects against pul nonary nmetastasis of imunization using
MERK2 or 147HER2 and Dna J-like 2. Best Mdde for Carrying out the Invention
Hereinafter, the present invention is described in detail 20 below wth
reference to Exanpl es. However, it should not be construed as being

i mit ed $MererdideExanprefiy IRt i Ti @alilon shatunpre darenged tieghuhvgehe

mol ecul eﬁanr?a.iéj@iBﬁ % i hARNeaenhe SIS S5 i dy RBiERE1LUNOIE 2l he, sichNA 25

phage i brarl repared from BALB/c origin 3-methyl choranthrene-induced

sar coma @B WiEB BiftRIOMEREX 1defdnqdh i Lewtkes eteng upedsxp. Med..

- 146: 720- 734 Qﬂ 7)2 dsﬁﬂétQNQQQphém%HQWi stibet opgd Ehﬁﬁh@@ﬁénWeH% 9m
screened by SE ahi n et , Proc tl. Acad. Sci. -

11816- 1%%@1@9‘5}%%%90%% g w@m@qqcb@arﬁ@%ﬁeﬂ%ﬁ s‘%b%%}r%s

n ce bearddqidi €QYNA- S tadidEDE ARDREpABANbaYe0l ageass deisetnde doUr |

of the rmst freguently det ect ed gene products were Mus heat shock protein
Dna J- | i%¥ ?galectlnS(herelnafter referred to as

~gal ecti ng 8) (f&lazlaoaeﬁucﬁ/bs@,%sl lsgl@fﬁﬂnl_.] £h29661e ranbdMIscpakiiA) add to

bi ndi n toplasm,c i.n referred to

(x5559) AT tsadd SBoPREL Extivror REkTaRELeeds k heden ghnbscu BRI AR e 2005
15 diod rﬁmt~gpea/celaﬂ1cauxz)8f’rut aéwﬂinalsoﬁnrmﬁpdmﬁrye_mcstsebeddsegueémsés

For further sEudy, 4 HerdeT SRR GG Tk et ST drefgedfes™
or further s

negat i verdaogreipeirig |0Dé4SEREé<LB$rc@emmnﬁ\d¢B waaitt HEQZSp&BxpepﬂideBOﬂ:ﬁﬂiéle) ,

‘Mus g!ugﬁﬁg% _hgt%%_ rot D78335) and Mus  Cctz-1 gene for chaperon
cont ai ni'ng NS ET S unl A 52159) were included to represent
noninnunogeni@ﬂmpleéuleepdetsvemtépmsn ghevdmeelilns. vEupt hereweefive and

' ”miBC’gg{l‘{t a{é}’éue&% e MBI dac%ei[ ﬁﬂntﬁbzﬁ%%eéaosd&{sisd'oC’@a%ntﬂﬁ&nlzatlon

t hr onbo nic purpura pati
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




ant i gens of UT-7/TPO (human- rregakar yobl astic | eukem a cell line) -

"Komatsu et al. , Blood 87: 4552-4560 (1996)) . For furtH@rNtmeudbprZQ(E) Hono

sapi ens hexanet hyl ene-bi s-acet am de-i nduci bl e (XVMN008348), (2) hunan
retinoic acid-responsive protein (U503835 , (3) H sapiens 15 hepatitis

delta antigen interacting protein A (DI PA) (XM 006503) and (4) H sapiens

cDNA FLJ20644 fis clone KAT02588 (FLJ20644fis) (AKO00651) were selected as
SELEX- defined hunman genes. Table 1. Antigens(accession nunber) Size Source
(bp) (cDNA expression librari es) Mirine nol ecul es | munogenic* heat shock
prot ei n, BRI Iriekear InpipteNEsmaRd CMBRareARSE RSN dd gaauences19804)
3,172 CMG3na el gﬁéwe 81, O%eg\@% f’\”é&n RYA{AD ORGE NG PLQLRS nwere

cytoplasmc¢ 1 ( X65553) I mmunogeni c* * 'sorting nexin

(ABOlQZl%?l?CW tw55§ur5ha§o§§u1d§gu| 5Peéd§r16tlépn W&D@moghmss@re

Cetz--1 gene; $QEnt€ etr%wg@hwtﬂ @e@)@tll%l%@ s%&as&@@n;né%t am&ssggyeiﬁg

(AB022159). 18 Nov Human nol ecul es
sapi éns HMUBkR i hARI 1A% 43, sYrsyplrcepe W‘U@@?%Pfoﬁﬁﬁ‘ﬁn (Pé'@ﬁﬁéﬁcand Mus

aci d- r esQEPstY geRleot 61 tn2p22Qnlokt PR nGUREBSR), R Sapisemmniepahibrs19e) t a

antigen 997 Ur-7/TPO protein A (XM)0650 ) H.sapiens, cDNA FLJ20644 fis,
cl one 1,%&4e URFrugss ‘FGATJCRI?‘E%%E“( W‘)‘“WC molecules derived from

hexamet hyhmde-ddstacet an de .

Furthermore, immunogenic molecules were detected with serum
10  of idiopathic thrombocytopenic purpura patients using cDNAs encoding
' antigens of UT-7/TPO ('humah megakaryoblastic leukemia cell 1line) (N.
{;J Komatsu et al., Blood 87: 455294560—(1996)}. For further study, (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)




*Det ected by syngeneic anti body from tunor-bearing mce in SEREX analysis
of cDNA expression libraries of the correspondi ng tunor.18 Névdniber aeab by
‘random sel ection of clones fromthe CVS5a cDNA 5 expression library.
***Detected by antibody from patients wygh idiopathic thronbocytopenic
purpura in SEREX anal ysis of cDNA expression libraries of.the human
~megakaryobl astic | eukem a cell line. 10. [Exanple 2] Enhancenent of
tunor-specific CD8 T cell production by SEREX-defined immunogenic
wi | d-type cel lul ar nol ecul es ¢cDNA encodi hg the whol e protein of nERK2 was
di gest ed wWHtinakcoe®Rledubad BanmH |, and then cloned into the EcoR | and BanH
| site of \p,)\]gAGGS Nenwc(,jj,* Niwa et al., Gene 106: 193-200 (1991)). The nERK2
15 plasm d S Nt i hed i n- DHBOC (TOYOBO, GCsaka, Japan) and purified
using Q ABBMoENdfresapbgaskit (UMEBENnddddele GBybody) . 1PCg7détPany of
fol l'ow ng (&)%Obg_ %é) were mxed with 0.5mg of I pmgold particles (BioRad,
‘Her cul es, : (g “said nERK2 plasm d alone; (2) a mxture of said nmERK2
pl asmi d- ahsdmphasatiitheincadiidgresphesimerpretetn SEREX2ef i nedURpl éEBPes
sel ected f(hg%tggg group of DNA J-like 2, DNA ligase 1, galectin-8 and poly
(A) , or huran REX- defi ned nol ecul es selected fromthe group of
hexanet hy Hesepbessacbepaitdd is( HMRA)ta ndariigen reP?hoi c aci HIré€BBAsi ve
protein, g%btt@'ﬁnﬁi 980 bgggggct_i ng protein A (DI PA) and FLJ20644fis; (3) a
m xture o saiél 25 nERK% plasm d and plasm d encoding a nol ecul e that was
negati ve FRSaBEREX (GO¥A | MGIR644 §lacoselaregyul ht 81 pr ot ei HTor /EBPz- 1) ;
and ((14) 1&ahoyerber (2RABoE%17 M xture of said nERK2 plasmd and plasmd
encodi ng -eh+-eken—oval-bum-r—The—m-xture—was—addedto—acentr-fugate—tube
cont ai ni F¥BA agpropre tdne roum s ofcot @BLAR sper ni di ne (Nacal ai Tesque, Kyot o,
Japan) tepadher&s the Qrﬁ%éﬂ@i%ﬁi@o&@efﬂ&hdtiE’f%P—lQé@ﬁiﬁ?‘%ﬁiceCin §erden 5
et"al-, Nat. Med.. "2: "1122-1128 (1997)" ; A. Porgador et al., J, Exp. Med.
188: 1072Rabeyiy FfogPNA PXPRISSHHR dfibgrries ofnflifoForI68POngd3Rg. YYoor -
(1998) ;*’%lftérin@rﬁfs Bindtim sedectiBHNQAE &98hed52%:- AP 38he ( E9R6R ; chNA
| wasaki et al. , J.. I'munol. 159: 11-14 (1997)) . The i mmunization of
seveR t PFPHRSTHRYK GIRFBALB/ ¢ nice was performed by 10 abdoni nal delivery
of the ptesydekeaaat edgol d patibodyes ¥siong HphitesnteenewGun SysdespsdBhokRad,
Hercul es, CA). at a heljum di scharge pressure ) ,
thrombocyteopenic purpura “in SEREX analysis of cDNA expression

libraries of the human megakaryoblastic 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)



‘sti mul at BEYR YR ORI &5t PEBSBr ERERLNEL FERK

of 350-400 psi. Mce received a booster.injection 2 weeks after the

initial inmmunization. A week later, CD8+ T cells were put§ Noesnbder@005t he -
spleen of the mce. 15 Peptide 9mis a 9-ner peptide (am no acid sequence

"QYI HSANVL") identified as an antigeni gypeptide specific for CVS5, a
3-met hyl chl or ant hr ene-i nduced nurine sarconma, and was indicated as a tunor
rejection antigen of CVMS5 sarcoma (see, H Ilkeda et al. , Proc. Natl.

‘Acad. Sci. USA 94: 6375-6379 (1997)). The production of the 20 peptide 9m

was ordered to TakKaRa (O su, Japan). Furthernore, to confirmthe '
speci fi c&t pigfurike ehzypmid| N | phasvégotaral spyasridorenaosiiod | oriaken gen
agai nst CMSILIHER?, [ 5‘4@5? C

p63-71(T) peptide i ?hg_g&n%{?gé s g&heﬁge%t?% as the eﬁgpggtg%}?{%i% lll_!‘Ed
restri ctwmm@Wcm@@tIOFaﬁ] ﬁé ESS@@@lsjéqlﬁen@éacmleue skgotyo,
Nagata €jadin) td adiERILhe p]l%%mldlé)’[%@s 4:%4@115 ﬁgga)paﬁlﬁéset(séé C.@0E&5n
Res. 58: 85 3390 (1998) ; . Cancer 87! 553-558
(2000 ; gt akugdlRd -etMedy| 2 Eh?z 3312$ rrfﬂﬁh%'{') ; 3’0 %@H@t( 2800) Y - sSE¥P| ar

‘to 9m - oualer eggs ompsoﬂggﬁl 95 @) TaaRR) (Rekei Raf tAr. 1 &f erfigdnidr as1p3) .

30 The gmé)eptl de was applied to P1.HTR a mastosycomd cell |ine of DBA/ 2
origin (2388 Pel 138):, C-As@nalPEres| ¢t adenetd - TRMune?-4¥58: (438%)4532

Cel I's secr®47)ng AFNywagmag theaabove- desGrirkad Gy Ticeld (pPsaj ped fxoOmM
m ce spl een vvere detected by ELI SPOT assay u5| ng]ﬂt he 35 P1. HTR cel |
?he £C RAG MEfcReBEOERRd BRI s

spg_cj}of [ Caﬁdbnﬁﬂwﬁbgdefﬁogsoﬁﬁﬁé%sﬁkniﬁii\&ym @oaa%ﬁﬁl@w@htstmltgl Helé\i/Jéi/%s dBy
nodi fyi nmet hod o ower nunol . t hods
227: 99- ‘?[?PF Y8 ﬁteméﬁﬁgﬁéﬁ‘ - dEERP R Eé\r‘w%fr ﬁ‘e‘&eaJaJs“fFiS’ilIS TR TSISYT At
antj - muréne SoNEa gaps i bodmdeclr@ﬁelﬁeeé H Ao fHhar r_magem,losazl wedksDagger €y
was i ncupated at. 4C qverni in anitrocel Lu ted 96- vveII m.crotiter

ose
plate (MTY§I50r é““%@&FSFdO%MA)A “Eigke a&/§§h|ﬂﬁg t‘ﬁ% PSP IRAS LB -at
37 C fortHe tsplZeehomfs tHex B0iGeeCD8+ T cells or 1x106 P1. HTR were added to

cachigtel! . |GG g 31Eol 2 Sen AL St SIS Bl R
XMGEL. 2. ldfétrarlrﬁlr@.‘lan,aSan@leg@ntﬁg&nlc 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
confirm the specificity of the enzyme-linked immunospot assay, tumor
rejection antigen against CMS17HER2, or HER2 p63-71(T) peptide was
used as a control. HER.Z 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

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



was added and further incubated at 4C overnight. After washing the wells,
al kal i ne phosphat ase- bound st rept oavi di ne ( MABTECH, - NacKkB, Nowmwee 2P0hvas

- added and incubated at roomtenperature for 1.5 hours. Spots were '
generated by the addition of al kaline pRgsphatase-bound 15 substrate kit
(Bi oRad, Hercules, CA). The plate was thoroughly washed, dried and the
nunber of formed spots counted using a dissecting mcroscope and Axl opl an2
i mgi ng system (Carl Zeiss vision, Hailbergnoss, Gernany). As a result,

m ce i muni zed with nmERK2 cDNA al one generated 20 |low |levels of 9m

pepti de- @p@ntit@tﬁm}yT ceI Is (Fig. 1) . On the other hand, mce inmnized

th nERK2
o X TEROC 2y EREYS 960 R PLA 8RS SPONER o 2 LU LT Sromd fydhe
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T cells (Fig. a). Co-1nmuni zati on the control vector did pot

i ncr easethp @80 bagbepsdrionigsbpti He §pféb‘i fi %o eépBpurseel 16t Q°FFP8” Tagelimer e

were regBrkabhy diewTiinRel aligeRoks dakacied1i,nihbenRedsanr! Bedct gt -
cells. Thus, the specificity of the present ELI'SPOT assay was_ confirmed.

The cDNA'@FEDIRRE KhAnWeSEREXSFS! Mredachmgaally 35 Thstter dp bRy lated
ol egul %@i%giﬁ@tﬂmy Qﬁﬁ?ﬁéﬂ%% ngw?@%% %O'e@'hfa'rﬁlln%% Nogaﬁﬁh BeS@JQPSGS

when present ed to%et er wt venber

cont r ast¥a¢ &ddatlAPSat VoS tlﬁcé‘ﬁ’?§l@§n35v4a bee R ER Yt t & 16 Vaspﬁng “he "
Mar gi nalwéd NT$ £askkd 1N 18P §tiddpha®lt-boweld steaptbuivinihEi gvuadercH, IMadig, 1,
sach, bare L eBLepenls e nunher of LEN-SeCl el 19, 280 T cpll o pér 05, OB
p63- pul syshfd WERR @mlerdtbalrsy tles aidiafiiomlor @akalaﬁe pmh;pw&eds@&m
co- PPos St TEALS of | GBI G nBE=RUR 880l 62 and BEOP IR ol e bp ORRah by
enhanci ngashed, 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
95 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
35 heterologous molecules also greatly increased 9m peptide specific

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




10 CD8+ T cell response To determ ne whether the CD8+ T cell epitopes and
SEREX- defined nolecules need to be co-presented on the igaNeegwet2qeB ticl e,
‘mice were inmunized by either of the follow ng nethods: (1) inmrunization

using a mxture of gold particles coateqgwith nERK2 15 plasm d al one and
gold particles coated with Dna J-like 2 plasmd alone (individually _
coated) ; or (2) injection of particles coated with nERK2 plasm d al one and
particles coated with Dna J-like 2 plasm d al one on opposite sides of the
abdonen (different sites). 20 The production of gold particles coated with
pl-asm dslampbntizgami zatiismundrze tjonf sitbd chbigkenarovalphelmetdmdl ed only
describ i ‘ . e . 4 ar get LS s : en,

t he nu%erﬁl o?%%ﬂgggltﬂ?cdre%\%%g‘:ﬁf igge%:%g}ré'?ﬁggel s&i\‘/alvelr g%gggr]i}tegg? Fllflg{r’l'eéfsgg in.
t he nunber of TMEdept ildeesypdc biirc r€pdesEntel Ehewasmb2s obsEFNEdaanletring

~ani mal's ggrunl zgdy 3 L0 PRpti ehEs Fhak) yer QF??ZI ed) W il ,-Bakh Jdhe sphasi d

-encodi ng the antigen recogni-zed by CD4+ T cel

and plasm d encodi ng the

anti §en sk d pHTEDghatchad Hargd ornepdarel $ad ADBIHER cei9kid hads)i ¢

for 9m pephi dese Was. 0%%%@9?&%1%&6&%{ aQfmd N BEPMEALREELREG, drlilnedt <(.2)
(Fig_ 2a) Thus, CD4+ T 30 cells were confirmed to recogni ze SEREX-defi ned

antigenic peptides presented by cells that also present a 9m T cell

epi t ope @afamek f@on AIERSE i dRld ahe rephesentht &Y RanSEMYedtiiaon
experinents. anml e ce ependence. O ennance + ce
respons&@t ﬁﬂjﬁ“&iaﬁwnmqm andh B8 4T et hegP ipRe s 1Qi |anhpacd ng

i nvabvedpgr preedti paspBdueti on of 9m pepti de-specific CD8+ T cells 18

- Novenbeéer -defi ned antigens. BALB/c m ce I eated with
antl <D ant HSo% L ERA G Nt TR e g T SRLL it e R A hanechs
descr i bew lidtuiaplea? toTbee chrpatedntetinof thersahe tdield giaareieind | aled -
anti bodi es were imunjzed wth nE | asmi.d and Dna, J-like 2 plasm d. The
Same ¢ arERe GBI H SED Qb b P ME LS4 nent . Vihen i ce
wer e tre@dedmmrhhzantbnGDdimnia hbdyut&KIE Gplhgiarei clde doamed Zath caRK2t h
the . m xture af. pl.asm d_encodi.n > and asm d odi t-he .
Seri. aatianst 4 RRE, e 63T B TE Ko a3 SoRLBAM LRSS FA LEE 2 prasmia
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



10 no increase in 9m peptide---specific CD8+ T cells. However, the control
anti body (Lyt-2.1) did not inhibit the increase of 9m pemMNdvEambepeEisic
CD8+ T cells (Fig: 2b) . Thus, the increase of CD8" T cells due to

i muni zation with nERK2 plasnmd and Dna,]-like 2 plasmid was shown to
depend on CD4} T cells. Data are represénted by nean 15 SEM of three
experiments. 20 [Exanple 5] ‘Relation of immunogenic hel per wld-type
cellular nolecules on primary and secondary tunor-specific responses. of
CD8+ T cells Naive mice (Fig. 3a) and nmice that were tw ce prei nmuni zed
with dplmﬁmgkmmlm@mﬁﬁlﬁag(elﬁlsg ﬁMEﬁ%r@w%xﬁﬁ tﬂ.@d%leﬁ fw@thpeir_iﬂi)tﬁ—éc&_)@nd
~secondar ns pectively rding tg the netho escfibed in
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wer.e S|n1 ar nal d Qr specific CDB{ T | s e . fesu
ehown | R EEe SR e hodleRRE RS Siyetinar WAk BRRTA RSBk irAiRa
An bath thkmdebﬂ;asmhd mM Tiee damauniazgdtwiéehl tare ipl Exmnﬂlertboﬂ:sngse&l?i@r
al one, e. humber_of 9mspecific CO8{ T cells significantly increased in

ni ce |nﬁ%n|zedﬁp%ﬁfvm?ﬁ1 pl asni ds encodi ng nERK2 and Dna J-like 2. [Exanple.
61 EnhancenentWiefn HER2- speei tj:eafﬁeﬁﬂ’tlrcelnltij—mnﬂciainmibbyly (aRlLnbpemdore
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- p63- specl I's was obser y t’he co-1mmni zation w th elther

of the SEREX!aaliente impluaddads. onRy Hth a5RK2 s snid enddireedehiky 2ti§/l¢1%hi

SEM of tvfb[@%lﬁ%ﬁﬁ@o”%@b%ndsbw tBa+tp JERK2 | Ba@éagE}leerépréQQnt@&r
HER p63-specific CD8+ T cells was examned in: (1) mce inmunize

g0| d5par$|S@Me9f three experlments

[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



10 that were coated with both 147HER2 plasm d and SEREX-defined nol ecul e

plasmd; (2) mce inmunized with individually coated gol 18 ¥arcmber&8)5 and
‘(3) mice wherein the individually coated gold particles were respectively
injected at distant parts of the abdoneg,(Fig. 4b). Data are represented
by nean ' SEM of three experinents. The 15 increase in the nunber of.
p63-specific CDB+ T cells was observed only for mce inmunized with
particl es doubl e-coated with plasnds of the two different nolecules.
Considering this result with the result observed for nERK2 target

t unor - specgéiicetr ittt byplddmid estodhghyriandi-Gdked? tdrat ighee R0 omwihbout
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Each group included 5 aninmals, and the results are regresented as nean 18

NovenberPLogsicp (23mmies inweng zgdi Wil infiivdArddivorratediood AP Rt bFasHT d
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prévention of pul nbnary netastasis. This protective effect was_| ost when.
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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 induce_d 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



10 exam nation.. The numbers in Fig. 5a are expressed as nean SEM of the
five mice in each group. Next, simlarl to the above nettiddovexdepP0dDr the
use of gold particles coated together with nERK2 plasmd and Dna J-like 2
plasmi d, and m xtures of separately coaged gold particles, their

1 herapeuti c 15 effects were determ ned by i muni zation of m'ce after 5 days.
from tunor challenge. Pul nbnary netastasis was not conpletely suppressed
when the separately coated gold particles were used. It was denonstrated
that co-presentation-of nERK2 and Dna J-like 2 on the same gold particle
is requitsEM lifg thebp. afilmadsnbers in Fig. 20 5b are expressed as nean SEM

of the five m r el

descri bed in &rﬁmﬁﬂ % %n?rlggle*&m%? Eﬂtregi f’n§ %?antl %Dél £ tlHglﬁgiéllaggaln‘%j
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Asa result, 25 the therapeutic effect of nERK2 and Dna J-1i was | ost
due o tﬁ@@#@%&%rﬁambaﬁpremqm@heé@ng? or afﬁt@rs%‘mr f:hatllﬁﬁge (Fig.

therapewdc. aff echt b sPERKEm@NE: PPfod dsi&@g?alc%mg%sﬂoﬁebk epsndestor

(Fig. 5c) The numbers-in Fig. 5c are expressed as mean SEM of the five

nmce iiiEdch gréupra - a?d’d‘iet i dnPlegRidserdpmirg ccerpiete areyeaddog of

encodi NGne AR <B4 wfhéﬂ Xh Ut ea0ba M7 HERR o) aealye aaafr@lepr&@m&arl ¢14@1 Penge
pl asm d were examned ylmmnlzatlon of mce after s of tunp

chal | engE 19 TRe) pr R REDYeF T AT VES %w% é{ t%@mlqmﬂ he

ani gl s é’ﬁn@u%fdx{' cefdeahtRbe2l 0RUS P sLUARE EXgHiesss. a%e@r{ esgkit, o 85
simlar to |ncreacgg t herapeutic effect was observed (Fig. 5d) .

The nunbets %Vefilr‘b’-ce‘somare@ FHEEEd as mean SEM of the five 18 Novenber
2005 mice in ercht,gs0mPlads B alies apRvenepHbUDSRE ¥pUERIGS AR asef of umld

ot oped e e B RRE B PRt by SR h R bR st et midg
pl asm d arehmdcitngean firddpgan tedgognazed dyld p@l&)ttdl@lspethéﬁirettlhemmletptmm d
onodd! P AL AL U9 LGSUNEN B 34G0RL XS BhOKb TR Sl o
i nvent i drunreav e atredl tdgge . 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. 7 .

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




critical role of CD4+ T cells in tunor-specific inmune response by CD8+ T
cells against inmmunogenic wild-type cellular nol ecul es. 18 Nplesnimrgaon
simlar to the CD8} T cell inmune response against tunor antigen
‘hei ght ened by co-recognition of SEREX-defi ned antigen in 15 m ce appears to
exi st in-human. The hei ghtened i mune response results fromthe

si mul t aneous .incorporation by APC of conplex antigenic m xture of
destructed tunor cells. The resistance to tunor challenge increases in
mce co-inmmuni zed with SEREX antigen and tunor antigen. This approach is
an attra‘&%?%’elfst‘?aéﬂewam cancer 20 i munot herapy in humans and one that

will be facilidatedcby dfre e%stl éh)ﬁ%}(tlﬁé@a&iaéi‘é QEMBLHOPs AR could not

SEREX- def i ned hunor tunor e vaccine of the present invention

ns
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preventive and therapeuytic effects. Thus, it is expected to provide a
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POSt oper @idoei P el ARBEGeAl réBdqsl 26d Hpfa CBBLaf ot d MeatMeNtod ©Ed on
patients detected to have tunor but who cannot be operated and for 30 whom
radi cal SARP AEmiHi®treat ments were found ineffective. 18 November 2005
-24 CLAIM5S 1. A conposition conpr|5|ng,an expressi on vector encoding (1)

“an antigeg recognlzeg bé CEA+ hel per T cells, and (2) an antigen

recogni zed! cells 5 2 - The conposition of claiml,

when@i n t he aﬂkig&es&@ﬂbgnlzedmhy Coae peépernt T ieeldntion deéirastledy thee
or 2. Wherein the anti

" ecogni SEt LG FoUBaoty LY o €O P PR~ BRRGH EXi s ARt SE by
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r ecogni zedk {xyerChe:d givtteptedk by, Toceld@drsi tHERP of SEREX-defined antlgen in

15 mice appears to exist in human. The heightened immune response

resulﬁs from .the simultaneous incorporation 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

. immunity provides an effective immunotherapy method against tumors.

f25 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.



6_ The-conposition of any one of clains |

to 5, wherein the 10.

polyﬁucleotldes encodi ng respective antigens are contalﬂédeﬁmbérimﬁient

expression vectors 7. The conposition of claimb®6.

expressi on vectors
conprising any one of the conpositions desctibed in clains
The vaccine of claim8,- which is adm nistered using a gene gun-

vaccine of claim8 or 9, which is used for the .therapy and/or prevention

of cancer
preparation of a nedlcanent for

wherein both of the

‘are i mobilized on the4sanme carrler 8 - A vaccine
1to7_0 9_

10 _ The

11. Use of .the conposition of any one of clainms 1 to 7 in the
inducin%jtunnr-specific I munity ina -

manmal .

10

15

1. A comp031t10n comprlslng an expression vector encoding (1) an

antigen recognized by CD4* helper T cells, and (2) an antlgen recognized

by cpg* cytotoxic T cells.

2. The composition of claim 1, wherein the antigen recegnlzed by Cp4*
helper T cells is defined by the SEREX method.
3. The composition of claim 1 or 2, wherein the antigen recognlzed

by CD8* cytotoxic T cells is a tumor antigen.

4. The composition of claim 3, wherein the antigen

recognized by CD8' cytotoxic T cells is HER? .

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
polynucleotides encoding respective antigens are contained in

different expression vectors.

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

are immobilized on the same carrler-

8. A‘vacc:lne 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.

. 10. The vaccine of clalm 8 or 9, which LS used for the therapy and/or

preventlon of cancer.

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

‘preparation of a medlcament for inducing tumor -specific immunity

in a mammal.





