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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 1 or class 2 to helper T cells.
30 Upon the recognition 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
differentiation 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
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ef fector functions. However, tunor antigens like 10 NY-ESO-1 elicit a
strong integrated i mmune response invol&ing both cellular and hunoral
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-6 nore in the serum sanples of associated and non-associ ated cancer
patients as conpared to normal healthy subjects. The current hypothesis is
that anplified expression of these tuno4 products serves as the i munogenic
“stimulus for eliciting hunoral inmmunity. 5 Since all of these nolecules are
detected by anti bodies of the 1gG class, these wild-type nolecules inply
recognition by CD4+ helper T cells . Wth regard to the above i nformation,
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Helper T cells are often reported to be necessary for
quantitative/qualitative amplification of CTL. However, 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.
36 147: 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.



~15 observed following injection into the skeletal nuscle of rat, fish and
primate, as well as cardiac nuscle of rat (H Lin et al., Crculation 82:
2217 (1990); R N. Kitsis et al., Proc. ®atl. Acad. Sci. USA 88: 4138 (1991)
-; E. Hansen et al. , FEBS Lett. 290: 73 (1991) ; S. Jiao et al., Hum GCene
Therapy 3: 21 (1992); J.A Wl ff et al., 20 Human Mol . Genet . 1 : 363 (
1992 ) ) . It was further reported that presentation of epitopes by B7 and
IVHC on t he surface of . APC play simlar roles_in the activation of CITL
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these molecules do not exhibit immunogenicity due to mutations.

Furthermore, although some SEREX antigens show restricted tumor

expression 1in 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



-9 an antigen presented by MHC class Il , CD4 binds to the MHC class Il (32
domai n and thus enhances the ability of the T cell to recognize anti gens.
CD4 further transmits signal into the céll, and functions as a nolecule to
“pronote proliferation and secretion of cytokines . 5 According to the
present invention, nolecules identified by SEREX are particularly preferred
anong the nol ecul es recogni zed by CD4+ hel per T cells. Such nnlecules
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congenital sarcomm HER2, a cell line derived from CVS5a generated b
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3385- 3390 é1998) Y. |l kuta et al . _Cancer 87: 553-558 (2000) T.

kugawa@kedPNA £ 1T oW 30 LI S L 8 h3Na vacgine, and that peptille
products of the naked DNA are presented as antigens with both the

20 MHC class I and class II proteins.

AT cell 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, reactions 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, etc.
Irrespective of their location in the original pathogen, these
antigenic peptides are processed fragments that were intracellularly
imported into APC or other cells. Known 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,
Curr. Top. Microbiol. Immunol. 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
35 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);



~(2000)). The HER2 is preferred as the antigen recogni zed by CD8+ cyt ot oxic
T cells (CTL). The full-length sequence or inmunogenic fragnents of the
HER2 may be used in the present inventi®n. A 9ner peptide, HER2 p63-71(T)

- peptide (am no acid sequence "TYLPTNASL"), 5 has been identified as a tunor
rejection antigen agai nst CVB17HER2 or as the target of CD8+ Kd-restricted
cytotoxic T cells (Y. Nagata et al. , J. Immunol. 159: 1336-1343 (1997)
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partlc es 1nto the skin (Tang et al., Nature 35 152-154 (1992)).
Apart from skin, it is reported that muscular, adipose and mammary
35 gland tissues of live animals can be transfected with DNAs (Furth

et al., Analytical Biochemistry 205: 365-368 (1992)). Various



sregul atory sequences may be used in the present invention. Furthernore, if
needed, markers such as an antibiotic resistance marker may be used as the
expression vector in the present invent8on. 30 Conmercially avail abl e
“multiple vectors may be used. However, it is preferred to delete
nonessenti al pol ynucl eoti de sequences fromthe vectorin the present
invention. In addition, the polynucleotide encoding an anti gen recogni zed
by CD4+ helper T cells and that encodi ng_an antjgen recogni zed by CD8+ CTL
used i MERROPP EOEntNBECTVGERY PHF 1ReF LRSS Fedierefellt- EXprERSPon
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30 helper T cells and CD8" CTL are immobilized on the same carrier

particle and administered into a cell to express and present them
onto the same cell; however, the invention is not restricted thereto.

As described herein, the phrase “antigen recognized by cD4"

helper T cells” refers to a polypeptide that comprises a portion that

36 serves as an epitope of a glycoprotein expressed on mature helper

T cell or precursor cell thereof. When a T cell receptor recognizes



=10 method using accelerated particles is described in US Patent No.
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avai l abl e (Bi oRad Laboratories). The spgcific type of host aninmal of the
“present invention is not limted as long 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 ani mal s _of the present
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However, it should not be construed as being limted thereto. [Exanple 1]

| dent i f#RaRTBHISR REMRADERA | RiedH nfikicteri c Holdddisedo the o3 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
activity 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
(mERK2Z) , HER2 and Dna J-1like 2. HERZ2 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. Immunol. 159: 1336-1343 (1997),; X. Gu et

35 al., Cancer Res. 58: 3385-3390 (1998); Y. Ikutaetal., Int. J. Cancer
87: 553-558 (2000); T. Okugawa et al., Eur. J. Immunol. 30: 3338-3346



~To identify imunogenic nolecules in nurine tunor cells, cDNA 25 (err),
phage libraries prepared from BALB/ c origin 3-nethyl chorant hrene-i nduced
sarcoma CMS5, CMB2, CMS8 and CVS13 |1indd (A B. DelLeo et al. , J. Exp. Med.
= 146: 720-734 (1977) ) , and CMSSa and CMSSm subcl oned from CMBS5 were
screened by SEREX (U. Sahin et al., Proc. Natl. Acad. Sci. USA 92:
11810-11813 (1995)) using sera 30 sanples (1gG anti body) from syngeneic
f.our
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those whose nucleotide sequence 1s 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
Molecular Biology, John Wiley & Sons, Section 8.1-8.5 (1987)) as long
' as the polypeptide encoded by the polynucleotide can generate desired
25 immune response in the host. Furthermore, as long as it can elicit

a desired immune response in the host, the polynucleotide may encode
polypeptides having mutations that exist in nature. Such mutants
existing in nature may be isolated utilizing known hybridization
techniques (see, edit. Ausubel et al., Current Protocols in Molecular
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)) .

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
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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
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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 dose sufficient to induce immune

35 response in the host animal by appropriate methods including

injections, infusion or gas-induced particle bombardment method




=19 In contrast, co-inmunization with chicken ovalbumn resulted only in a
mar gi nal increase in specific CDB+ T cell reactivity (Fig. 1c) . In Fig. 1,
each bar represents the nunber of | FNy-18ecreting CD8+ T cells per 105 CD8+
T cells (Fig. 1la). Target cells were 6 9m pul sed P1. HTR (hatched bars) or
p63- pul sed P1. HTR (solid bars) as a control . Data are indicated as nean
SEM of three experinents . (Exanple 3] Confirmation on the requirenent of

the co-presentation of SEREX-defined nol ecules and CD8+ T cell epitopes for
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20 on the immunogenicity in the host of the ingredient comprises in the
composition. However, those skilled in the art can determine
appropriate dose required 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 ingredient in the composition depends also on
the intensity 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 composition 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



-When mce were treated with anti-CD4 anti body (GK1.5) before the

i muni zation with the mxture of plasm d encodi ng nERK2 and plasm d

encodi ng the SEREX-defined antigen Dnaid-like 2, there was 10 no i ncrease
*in 9m peptide-specific CD8+ T cells . However, the control antibody
(Lyt-2.1) did not inhibit the increase of 9m peptide-specific CD8+ T cells
(Fig. 2b) . Thus, the increase of CD8+ T cells due to inmunization with
nERK2 pl asmi d and Dna J-1ike 2 é) ] asmi d was shown to depend on CD4+ T cells.
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nol ecul es afe represented by nean hree

exper i meping @ﬁﬂﬁ?a@rtb4ﬁﬁﬁﬁé andEkaapfel Bket fe |ncrease of HER
p63-specific CDB8+ T cells was exanmined in: ( 1) mce immnized with gold
particles 10 that wer e coated mnth both 147HER2 pl asm d and SEREX- defi ned
mol ecul Beat Mede: fop)Ca 4P dual | y coated gold

particles; a%ﬁ@&nﬂ@@r Wn@h@l Brtea@nltnctlnwe%ltaldry fsoact@gc]gp&@d p@ﬁt hekagivere
re;ﬁgctlvely injected at distant parts_ of the abdonmen (Fig. Dat a_are

selﬁ?%ﬁwby’l@anre%‘ﬁﬁ%‘?et et %3t ¢ frent SOWFNETYS Jr*%lms@é’é‘édl Mehebe

nunber génpb3uspestfibeifyBrinicell shvastobserved only for mce i munized
with particles double-coated with plasm ds of the two different nol ecul es.

Considering this result with the result observed for nERK2 target
t unor - SpeRahplei DUMHdry;ificasi&h rmgﬂwndmdiexatv@ﬂi tifiuniol@nd@ merereles

@02075S | IUEST B TIGE o L1 VRe, Pl T ALoAELechles JAYE (S,
r esgpnNsg agapRafyevarl QUerati®sS. prepared from BALB/cC orlgln
3-methylchoranthrene~induced sarcoma CMS5, CMS2, CMS8 and CMS13
lines (A.B. DeLeo et al., J. Exp. Med. 146: 720-734 (1977)), and CMS5a
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. BAmong the array of genes detected, four of themost frequently
detected gene products were Mus heat shock protein Dna J-like 2
(AF055664) , Mus galectin-8 (hereinafter referred to as
galecting-8) (AF218069), Mus DNA ligase 1 (U19604) and Mus poly(A)
35 Dbinding protein cytoplasmic 1 (hereinafter referred to as

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



~[Exanple 7] In vivo tunor rejection 25 After in vivo injection, CVS5m tunor
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J-like 2 to examne its therapeutic effect. As a result, 25 the therapeutic
effect oipnERK2 and Dna J-like 2 was | ost due to the treatment by anti-Ch
mAb (C&K1.5) . This shows that the tnge peutlc effect of nERK2 and Dna
J-like 2 i s COMHENS (ARpeHRIh Y 5¢) . Thet3funbers i POHY§FE 5¢ are
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therapeutic effects of pl asmd encodl ng 147HER2 and a m xt, ) 47HER2
pl asm d _.and D ] 01T '
after 5 dal)dﬁrﬁ)ﬁetxuﬁl)écﬁh]abl enge The pr ocedure was perfor rred as descrl bed

ove excep that the animals were sacrificed after 20 days of tunor
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DNA ligase 1 (U19604) 3,172 CMS13
galectin-8 1,086 CMS2 and CMS7
poly(A) binding protein, cytoplasmic 1l 2,244 CMS8
(X65553)
Nonimmunogenic**

sorting nexin 1 (AB019%214) 2,007 CMS5a
glucose-regulated protein (D78645) 2,408 CMS5a
Cctz-1 gene for chaperon containing 19,505 CMS5a

TCP-1-zeta-1 subunit (AR022159)



:mce in each group. As stated above, pulnonary netastasis of tunors that
coul d not be conpletely suppressed by imunization with T cell epitopes

al one was conpletely inhibited by conduéting i muni zati on using plasmd 5
~encodi ng an antigen recogni zed by a CD4+ helper T cell and plasm d encodi ng
an antigen recogni zed by a CD38+ cytotoxic T cell coated on sane particle.

I ndustrial Applicability 10 As descri bed above, the present invention
reveal ed the critical role of CD4+ T cells in tunor-specific inmune
response BYy™ePgWOFeEBLPS agai nst i mmunogenic wild-type cellul ar nol ecul es.
A phenonmenofmghiddaniéoxthe CD8+ T cell immune response against tunor

anti gen hei ghtened by co-recognition, of SEREX-defined antigen | ]q5 m ce
appears i st i A2R4RBA. The W@?@ﬁ%’éﬂ%ﬂlpﬁﬁung rsg ponse gjgs'tj/tlfsp romthe
si mul t angews gios@argpor ati on by APC of conpl ex antigenic m xture of
destructed funor cells. The resistance to, tunor challenge incr in mce
co- i muniPERNW &R RERER TGP Ot YLREP tanE génga?hi s ap rGﬁ%ﬁi an
attracti v@sotrsstyegy for cancer 20 i mmunot herapy in humans and one that will
be facilitated by the extensive base of_ |nformati about i ned
humor  t uffor® 3 engl.e >%'F,\Ni/]as(:ciCﬁf?af'jltfff tﬁgkbgggent 9?2venti on%fqg% iciting

t unor - speaddtedn METUXM WOoBES®BE)des an ef fective i munot herapy net hod agai nst
tunors. The vacci of sent_ inyention.s bot h | ve and

t her apeuﬁcsaéﬁ‘lreé’& S?Bﬁﬁusf,‘ﬁ‘ffo%sfe%glesc’t ed to pr 3VPg\gBa r adiugigleyﬁgedat nent

for ear| KAMCHPS 8Ban@KOH,06319r apy for suppressing postoperative recurrence
or neta s of _capgers, and_tr AL, _for patients detected to have tunor
but mﬁ@gﬁno?eﬁa%gg?é?féﬁ §ﬁ8 %grgkgﬁg\%ﬁom radi cal and chem cal treatnents
‘e f osDdtenetflebyi sgngenddcChAktiBody Arcwnposioti-bracdmgr indiceg ian SEREX

expressLon,Vv of € i i . Lec i | per
cells, éﬁ@%’%?ga}r’)}fa%ﬁ%e%é%%%%ﬁ%%% %Eﬁ%%&%ﬁ%%%%fﬁgfﬁe
conposi tkohtefinetlaiby 1ranfemeiseltentian i gén qlansgni ZedmbytheDadMbed p@DNA
cells i i by . EREX nmet hod. 3. The conposition of claim1l or 2,
V\,her§ei ngfgﬁggggggae#%ggg nized 10 by CD8+ cytotoxic T cells is a tunor,
anti gen**4ADethetednpobyt i oanbibedni m Bromherkahiees t ubithant ilgdepathic
recogni ext et o £ehhs dJFREERRNalPsds Bie SONROLI s Af

cl ai s gsgﬁm%?%glrgei n tggéjrfpuurfor anti gen recgan?gea by CD8+ ¢ t?(tgt oxXi co'lr'1
cel | s i $ibERZigAJODNENS- hyganomegakaryoblastic 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 mERK2
15 plasmid was maintained in DH50. (TOYOBO, Osaka, Japan) 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
(RioRad, Hercules, CA): (1) said mERK2 plasmid alone; (2) a mixture

of said mERK2 plasmid and plasmid encoding either murine

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



»~ 6. The conposition of any one of clainms 1 to 5, wherein the pol ynucl eoti des
encodi ng respective antigens are contained in 20 different expression
vectors. 7. The conposition of claim6,1"herein both of the expression
*vectors are inmmobilized on the sane carrier. 25 8. A vaccine conprising any
one of the conpositions described in clains 1 to 7. 9. The vaccine of claim
8, which is adm nistered using a gene gun. 30 10. The vaccine of claim8 or

9, which is used for the thera and/ or, prevent| on qf cancer, 11. A nethod
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' 109K (at 9 10044 () s SFEMUXAL 9(@): - %i@%s&b()(wg?)) 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. HER2 p63-71(T) peptide is a 9-mer peptide

‘ identified as the target of CD8+ Kd restricted cytotoxic T cell (amino

26 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., Eur. J. Immunol. 30: 3338-3346 (2000); similar to 9m, ordered

for production to TaKaRa) (hereinafter referred to as pé63).

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
(1985)) .

Cells secreting IFNY among the above-described CD8* T cell
obtained from mice spleen were detected by ELISPOT assay using the

36 P1.HTR cell stimulated with 9m peptide or p63-71(T). Thus, the

existence of CD8* cells specific to 9m peptide was assessed
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quantitatively.
By modifying the method of Power et al. (Power et al., J. Immunol.
Methods 227: 99-107 (1999)), ELISPOT assay was performed as follows.
First, rat anti-murine INFo antibody (clone R 4-6A2; Pharmingen, San
5 Diego, CA) was incubated at 4°C overnight in a nitrocellulose-coated
96-well microtiter plate (Millipore, Bedford, MA). After washing,
the antibody was blocked at 37 °C for 1 to 2 hours. 1x10° CD8* T cells
or 1x10% P1.HTR were added to each well, incubated at 37°C for 24
hours and the wells were washed thoroughly. Then, biotinylated
10 anti-murine IFNY antibody (clone XMGl.2; Pharmingen, SanDiego, CA)
was added and further incubated at 4°C overnight. After washing the
‘ wells, alkaline phosphatase-bound streptoavidine (MABTECH, Nacka,
Sweden) was added and incubated at room temperature for 1.5 hours.
Spots were generated by the addition of alkaline phosphatase-bound
15 substrate kit (BioRad, Hercules, CA). The plate was thoroughly
washed, dried and the number of formed spots counted using a
dissecting microscope and Axloplan2 imaging system (Carl Zeiss
vision, Hailbergmoss, Germany).
As a result, mice immunized with mERK2Z cDNA alone generated
20 1low levels of 9m peptide-specific CD8" T cells (Fig. 1). On the other
hand, mice immunized with mERK2 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
. 10 times higher than in mice immunized with mERK2 cDNA alone. In
25 contrast, immunization with mERK2 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 were
remarkably few number of spots detected in the pé63-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. 1lb).
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[Example 3]Confirmation on the requirement of the co-presentation

of SEREX-defined molecules and CD8* T cell epitopes for enhancing

10 CD8* T cell response
To determine whether the CD8' T cell epitopes and SEREX-defined

‘ molecules need to be co-presented on the same gold particle, mice
were immunized by either of the following methods:
(1) immunization using a mixture of gold particles coated with mERK2

15 plasmid alone and gold particles coated with Dna J-like 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.

‘ 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. No
increase in CD8"' T cells specific 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 *=SEM 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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10 h 10aﬂé(§¥r[u\i\htﬁd>r¥é6]a&]ﬁ@ﬁ\ﬁl71eslﬂekg frimunized w1th mERK2 plasmid and Dna

5 J-like 2 plasmid. The same target cell as in Example 2 was used for
this experiment.

When mice were treated with anti-CD4 antibody (GK1.5) before
the immunization with the mixture of plasmid encoding mERKZ and
plasmid encoding the SEREX-defined antigen Dna J-like 2, there was

10 no increase in 9mpeptide-specific CD8' T cells. However, the control
antibody (Lyt-2.1) did not inhibit the increase of 9m

. peptide-specific CD8* T cells (Fig. 2b). Thus, the increase of CD8'
T cells due to immunization withmERK2 plasmid and Dna J-1like 2 plasmid

was shown to depend on CD4" T cells. Data are represented by mean

15 *=SEM of three experiments.

[Example 5] Relation of immunogenic helper wild-type cellular

molecules on primary and secondary tumor-specific responses of 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 6] Enhancement of HER2-specific CD8* T cell induction by

immunogenic wild-type molecules

A cDNA plasmid encoding 147 N-terminal amino acid residues of
35 human HER2 (hereinafter referred to as 147HER2) was prepared.
According to the method described in Example 2, 147HER2 was immunized
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5 T cells was observed by the co-immunization with either of the

SEREX-defined molecules (Fig. 4a). Data are represented by mean £

SEM of three experiments.

Similar to mERK2 in Example 3, the increase of HER p63-specific

CD8' T cells was examined in: (1) mice immunized with gold particles
10 thatwere coatedwithboth 147HERZ2 plasmid and SEREX-defined molecule

plasmid; (2) mice immunized with individually coated gold particles;

‘ and (3) mice wherein the individually coated gold particles were

respectively injected at distant parts of the abdomen (Fig.

Data are represented by mean * SEM of three experiments.

4b) .

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 mERK2

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 challengedwith 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 mERK2, (2) a mixture of mERK2 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 pulmonary nodules was counted under a dissectingmicroscope.

Each

group included 5 animals, and the results are represented as mean
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(Fig. 5a) . BAbsence of metastasis was confirmed by histopathological

10 examination. The numbers in Fig. 5a are expressed as mean X SEM of
the five mice in each group.

. Next, similarl to the above method except for the use of gold
particles coated together with mERK2 plasmid and Dna J-1ike 2 plasmid,
and mixtures of separately coated gold particles, their therapeutic

15 effects were determined by immunization of mice after 5 days from
tumor challenge. Pulmonary metastasis was not completely
suppressed when the separately coated gold particles were used. It
was demonstrated that co-presentation of mERK2 and Dna J-like 2 on
the same gold particle is required (Fig. 5b). The numbers in Fig.

20 5b are expressed as mean T SEM of the five mice in each group.

Furthermore, according to the method described in Example 4,
mice were treated with anti-CD4 mAb (GK1l.5) and then, after 5 days
of tumor challenge, were immunized with gold particles co-coated with

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

26 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-like 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 performed as described above except that the
animals were sacrificed after 20 days of tumor challenge. As a result,

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

5d) . The numbers in Fig. 5d are expressed as mean *SEM of the five
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Industrial Applicability

10 As described above, the present invention revealed the

critical role of CD4" T cells in tumor-specific immune response by

" CD8* T cells against immunogenic wild-type cellular molecules. A

phenomenon similar to the CD8' T cell immune response against tumor

antigen heightened by co-recognition of SEREX-defined antigen in

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

results from the simultaneous incorporation by APC of complex

antigenicmixture of destructed tumor cells. The resistance to tumor

challengeincreasesinndceco—immunizedwithSEREXantigenandtumor

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.

26 The vaccine of the present invention shows both preventive and

therapeutic effects. Thus, it is expected to provide a radical

treatment for early 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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2. The composition of claim 1, wherein the antigen recognized by CD4"

helper T cells is defined by the SEREX method.

3. The composition of claim 1 or 2, wherein the antigen recognized

10 by CD8" cytotoxic T cells is a tumor antigen.

® 4. The composition of claim 3, wherein the tumor antigen recognized
by CD8' cytotoxic T cells is HER2.

15 5. The composition of claims 3 or 4, wherein the tumor antigen
recognized by CD8' cytotoxic T cells is HER2 and Dna J-like 2.

6. The composition of any one of claims 1 to 5, wherein the
polynucleotides encoding respective antigens are contained in

20 different expression vectors.

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

are immobilized on the same carrier.

25 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 gene gun.

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

prevention of cancer.

11. A method for inducing tumor-specific immunity in a mammal,
comprising the step of administering the composition of any one of
35 claims 1 to 7 to the mammal.



