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25 | munot herapy is expected to be a fourth nethod of
surgery, radiotherapy

‘cancer treatnment, along with
a}py is a treatnment nethod

and chenot her apy. | mrunot her
utilizing the in vivo 1imune response system An

I mmune response is elicited and controll ed by
interactions between B | ynphocytes, T |ynphocytes,

anti bodi es, and anti genppsesaptnag cells (APC). First,
an exogenous antigen is processed by an APC, bound to

a maj or histoconpatibility conplex 30 (MHC) class | or
cl ass || mOVACGINES GGMPRESING eOIMNDEL PRITIRERS | o

Hel per T cell recognition of this MHC bo
exogenous. antigen leads to T cell activation and
secreted cytokines help

Techniea) Frelld ne secret i on. The
d t | at.ed. B cell t
Thd E{) g&ﬁ fu?\'}c%ng reé ? @ngl:qgung:i? god- dﬁygl,%gtngstpqlﬁgr—gpemﬁc immunity in

ant | ormn

vivo. Morg meenﬁqaﬁy,l the unfknﬂifod ﬂefa;ttes'go Q)@Urﬁlclegﬁﬂé ‘gac%}'rtfé% Szﬁgirpﬁgmg one or
m nat e ant | bodres
more exphSsBAESS F?‘t&ﬁ’t{(%c? SER L ogzﬂj&eg h %@T belper T gell, and a

and acti vat
tumor-speoi, pmprassociated, qxrwgﬂelamdtanngah_u NMTREARigRROLRE bxrcn4+

h_elper 'IQ!&H& 5&% an E%b' j‘lﬁﬁ?ﬁf/ﬁ% Bhisd 81%?1%13: gg nﬁxg?cﬁlr) eaw&%'g{é: 1 se_{qloglcal

identifi cgtyﬁﬂ)q Aatigenhy; rqopn:(bmlt oﬁNAcbﬂpeéqs&m cloifk) methbl ”U*f@hﬂ[ably

CIfIC B

: 5
achieve RHiRhiidE6AEDIA élglé{e Y ﬁ:?ﬂ‘% foh ' gel %F‘?‘BH“H% apﬁgpressmn vector

cl ones to produ
encoding igfeslsran gasmmea ivipreferatily adimmlsta&:d an thega‘aﬁﬁ:)tlmg) TRPREIdrisPecific,
cell s i,nduce

tumor-asSddidted, JF cémgl;efi)éné%%%)ﬁ/etaiﬁeger&zl pe ns S owipg gh rates of

cytotoxic T cC

15 expresswgfﬁl O8@ AT Bl9se pazicer {ypesy end amipmﬂg dn laﬂtigélﬁc §ife thB€exhibits suitable

compaibiRy it and s Bindh Y, SBPA O SorBur il copuetpF e ctesa
moleculeﬁpf l,ngludalg liwnzened Emmhemima@e;ﬁ thatahey Mb eﬁsﬁ’é&scd and/or
presented!dh9RE sHfL E&b‘:ﬁtﬂ@e&lﬂ@& F‘.’l tlglfsg%}l%ghmggﬁ? ngqlgqn&pgogm,zed by CD4+

descri bed a
helper T ch%ggiﬁhgtwgo:-apegdic ammamsmnated,eirloelllreﬁtbddﬂﬁg B as well as

umor r opriat e
exprcsst:i eniééuﬂ%? Z%gﬁ(ig)ﬁngﬁg%&g%g @ér thg sgme carrier
s fike nd advoinistered 3 crdb hhwsvél;%&ﬁ)s el rﬂoE‘EBé&fbted to this,

anti tunor inmune responses in host cells
G oss, Cancer Res. 3: 326-333 (1943); E. J. FoI ey,

_&&mmﬁter Res. 13: 835-837 (1953) R T. Prehn and J
769- 778 t(1957)
0

Ca t.
%l n ‘?1 4\?&"’ %a%g‘g‘?%%ﬁégs fgigl‘ial‘Sei GP@B@) Japgn.
Immunothetppy istexpected Wilieafdu)fhn%m&l oﬁsancer%un% ‘71‘ %}rgery
nce ?

dmarJ,

-_ radlothera;?fugf glg% 55 a(ngé%ﬂw 1C1RBY 15 W@D@ﬁ tdixdng the in vivo |
immune regpohbessyistem. t heﬁemﬁﬁﬁ;b i-ésﬁaﬁsellggﬁﬁ | ol ?{fb g giﬁgtfgtfwns

Nort h, Ady.

* between B FRRHERYES cElyghrtooyS aniiboties gnd antizen prording obis (AFO). Fisst,
“an cxogenoﬁsﬂnt%ﬁ if pRiddssed By My AR %Shﬁd &%&:&ﬁﬁ%&ﬁ'ﬁéty complex

|. 107 588-594 19
(MHC) Zhé@ °f %asnﬁu n‘i%P%lH@éﬂfimé%ﬁemyd té helper Eedllsi ddelpeeT elp eecogsition of
- )] | |
this MHC-boondexsprashd antipen $835 (Y b&g\gﬁﬁ%ﬁgag? %go%&r?wscr%nlzpe :

‘ vitr H. gner et. al.
‘secreted ¢ fi‘@ S(‘ dfém crppiiatepniigenstmulaipd Brasis idtatantitiogy-fortning cells and
also promotit therdifferentifition of killer T cells. Cells expressing the antigens are eliminated by

secreted antibodies and activated killer T cells, and thus cellular and humoral responses progress to

ellmmate exogenous antigens.

Elimination of antigen-expressing cells by T cells can classiﬁcdi_nto"three main groups:
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CD8+ T cells froman i-nmuni zed donor confers ,
resistance to tunor transplants to susceptible 20 mce
(R J. North, Adv. Inmmunol. 352 89-155 (1984); P.D.
.Greenberg, Adv. Imunol. 49: 281-355 (1991); C. J. M
Melief, Adv. Cancer Res. 58:143-175 (1992)). In
addition, anti-CD8+ antibodies are known to aboli sh
ntatjion in preinmunize

1) b o et el or R e BlE Rl prolfiptomBirargiasion of specific B
cell cﬁdtﬁas%ﬁro(dﬁ%ﬁiﬂbo%ﬁeﬁhaﬁﬁm@ﬁmﬂn m@%t@gmuﬁ’ﬁ génd el§§mat10n of antigens), 2)

SPGC%§ %QH% &Igg'Séb@WI}%?@g%seﬁs pé ggogoppé: ’lg%gis (CTL) glat respond
in ancietigetespebHic mimpsard dot ddey qehe LA6S), d8d By gsh- %p’e@iﬁctdéﬂular

oS T 0 B0 AR 00 ESGPRE RS 8, & e
and spely, and these odlls ﬂxﬁcuon?.& E’hﬁgg;ce( éxﬁ%é_l_hhs) SAAdeme?hlﬁ:fv@, T fcells playa
ere are two forns o
cenﬁ%l%?hw 0#8‘ n&%\‘i‘sgtgte] 6 PR OPLEe BSPY%SRor cel | s)
tu argardngmm sejpntmwamﬁmbrmw leﬁinﬁkzﬁm dsmguioﬁgaﬂnalsoxas&ﬁ derived

tumof @e{l{ﬂ%ﬁ' ggulbﬂn?m ﬁgﬁi hag%tle ngﬁé gﬁﬁlgéﬂagjune 5%gonses in host cells

(L. Grask.<eancersResaBi bzﬁ-sa:sr(mmasﬁdcmregd:men R0 $3: 88654851 (2953); R.T.

P ST, I e TR g OO, oo s 20

156 1-@5%23(1.9(80) ;& 8ld et tinhi Nécﬁ Acad.dci.nidtas0-1 06962) . gHolserson and M.

Feldn{28C PQtZ €4n¥ sl 3oY Eg%&’ PHLA9GHR | PHSal &?QD&[E AR CDat Teellsin -

relectlon antlgens
these antipegr iramune systemsdiag besn ¢femobmess jotsst (Rel Niurth, Adv. Immunol. 35:

89-15% 4094 gaﬁboﬁréeﬂﬁé I%(dv Yol 39/ sﬁpfﬁ 1?&(;?2@ M. Pardoll and S.L.

| Nun era t unor reJec ron a
Topaliag, ¢ wer Gpinel umlnm §88:584 K998y B8+ D celndesived fibhiespecifically

immuhi¥By HﬁéJ‘ﬁE f’gﬁgﬁe& fo & éa?)%la 2%‘ 8@&1?19!&1?@11% %Irég %el? Jg bygro (H. Wagner

cyt oki nes
et al., fidvrCanser Bemé: bl:blf d880))or Itdendlsd been repbites] tha:t adoptive transfer of

CD8+ANcARE R I ﬂﬁﬁ é{gd&%?@ {ktrraﬁg%? %&%bngrﬁgrgqaatng% rg’\@ﬁ%sgeptlble

vaccl nes are elrn

mice %N%@eﬁdﬁtmb 35t 89 &ﬁ@fk%ﬂ),tﬁﬁ Grekpherg, dicdvi brmetiol, 49:

281-385%400; cooN bR K Shbo K S l14s 19RU4eH  blciion, ant-CDBH

. I'mrunol
antlbOChP ke KnoRgR R ebolish redB@ca 16 tt(rma)l)?plaﬁambn nrprﬁmtmmsed mice (E.

Nakayﬁﬁﬁ aﬁ& Ad Uéhﬂgég E@t Nfeﬁr 5 %g%%% X H? %ufét af’t Cancer Res., 58:

IS 1 on

3385- 3t3ﬁ8 rﬂs%%oe‘é Tﬁgguchmr aéx%mpl I‘éatl Avagt i HSAQZaZQIzSHIEZQe(ﬂQ%)) Over

thepa#tgg% 1273 98561;2 orgp%ptl ?%’nvﬁga&}i%& ‘gﬁ’tﬁr{’erofémé’%a“dhm
and reGoghizRe ¥rﬂ inEgellsdhave beqrﬂlmvp@dr(T(Bpmet@ﬁeAnm Raw. Fngnunol. 12

_.337.36\33%3 AR S U Al

Thergvra bwo forgms:of hea@-antigen zmaa:;g;et mmneﬂssemonmmm@dmmor

,pephdésﬁ:r@éénieﬂ‘wmdlﬁg lI‘ﬁﬁJlgb ¢d"XRH tar g&%& ?g@)&q-mr@lé%ﬁﬁﬂknfa%s amajor o

havi ng a Strong per et ermn

‘part in gellylgrymmemity (gimor rgedipreagizes) 98 molsculGnealied surnor-asisogiated

antigen§\WvhicH ard (FBLR by lﬁﬂnorgﬂﬁlgmﬂéf%aﬁtﬁ%giésj ancﬁéﬁ?es@éd i fbor cell

membranes. Following the genetic level identification of human tumor antigens recognized by

T Iymphocytes, various human tumor rejection antigens have been discovered. In melanomas, -
a clear antitumor effect has been observed due to vaccination therapy, which is a specific

immunotherapy using tumor rejection anti gens. F urthermore, attempts are being made to
enhap,ce the immunotherapeutic eﬂ'ect by the 'c:ombined:ﬁsc of cytokines, and to apply dénd.titic o
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ﬁ#e: t6 dotively intide uﬁﬁo@ﬁgclﬁé W%lng%%e%%géégg@ tﬁies DNAs -

15

vectors encodi ng tunor antigens (M Wang et al., J.
“ I mminol . 154: 4685-4692 (1995)). The last method is
“ based on the discovery of nol2&cular signals such as
CD40 ligands (J.P. Ridge et 15 al., Nature (London)
393: 474-478 (1998); S.R M Bennett et al., Nature
(London) 393: 478-480 (1998); S.P. Schoenberg et al.

cts JE 4 S RRORR v PR o0 B e GG e s

-introfhedefer Recemdy, DNAokcdih¥drard alse beimgaated he i nt er action of

@E? n%é@r °%D4+I'OT 5 S lhf‘f‘géfgf)ﬂﬁo%a %ggr get 2 y@fhelgea éﬁuon of CD4+T

cells ﬁDngd@ll agl §.hoTapalia, Cyrr. @pinldnimidoddo: 58)8 -5941(I998);IR0B Wang,

Trenﬁ have n o? %Dlé'2 g% %t% ﬁ g{@ﬁp t2 %a.blfegw éﬁf‘g Bab gﬁdﬂﬁﬁ‘% e Gatogorics.

The finst inethod is medifieationrof thenimirmaising Hnw Ithenilsblvies by @t example,

el e PRSNGSR 55 o

directlyrinking g hefernlogoua ippinanogéenicipepfide o ad amtigen (PWAdChebmitlef al., Vaccine

- Desi gﬁcé&‘ NﬁF'P XH%@'a[M g@%%ﬁ%%@ﬁ%ﬁkgéﬂ?e{ﬁ?gﬁ),] Rice et al.,

L. Immlfl@ftl ‘ﬁatlﬁSS -hNeGEo(2060).. Tsreeednd iRied-id aRIBmRIAaN with tumor
| anngéﬁ%%ﬁamo‘{ (fldailé's #e%{iﬂgg s&@gdﬁﬁﬁggﬁ%&?q&%@@ gFat,, J. Immunol. 161:

devel ope
513351 3E(199RkN- Caswwester abcFur. Idaugunol 131 478®1289 (2001),)sutk as viral

VeCtOfS%%dIB% b nsge%églgfo Wﬁgleﬁa{ 'ﬂ%ﬂ&u@ﬁﬁgsmﬁ%ﬁpﬁ)) The

vaccl ne

- last mgthed isbased gn therdissaveryodmalesvlar sigdls sudxpar ©D40 Gigands (J.P. Ridge et
al., Nﬁﬁ@&bh&&n ) 3Br 4?74tm;[1 ﬁ‘ﬁ Nf;l%tefei%%tg ﬁﬁé‘é{éﬁggﬂ) 3b43: 478-480

are regl st

- (1998} % Binebeenberens pf. cNawreg(/I@Ed@i 39Bn+1$0-4&b(1|9839éaed pthenstymulatory or
‘ co-stuﬁb&l?é 1§ SRl ‘?eggﬁtﬂag "ﬂﬁbsl%lff&dﬁm %rbf@)t#"?kel? 4 1B interaction of APC

uvant™ or use to e trv

‘with Q T -celieA. Porgademenel.s & Exp. Med: h8s: |1@éﬁrt1082 6&9&))1: i baidiscovery of

t
such s%ﬁls‘ 1\%' %ﬁ@ﬁ‘!ﬁg pr&v?deflﬁgﬁlbgi %rkn ¥.té%1£8| ing -{: E’ r?gfr? gcslﬂ% 0

I mune

T G%ﬂl‘fegu@naéb'om@ﬁdlﬁ%wetm bean theughs to pleiayare part in Entitumor
effectdtyaidtionat | H@ﬁr&%ﬁ"ﬂ fsqﬁ)Wcﬁearmlthﬁlh ’ggﬁls QlcitGs étliox% and Fomplete

However, |i known about aracteris

- immungfesppese iropling toth ccislarasddwmose] iy {Eor TiasaplesY.hChen ef i,
Proc. NAE Ada&%dlqﬁ@,&%”mai % T99>7§‘ ESJa éz‘gf '_f %legtfméﬁge 625-630

responses (P.D. een

. ,(2000)( Eolpgyr et NPTOPaN@FbIAcadn‘éplgj BA 9o [!;31 98ak2208¢2900)piRecently, M
PfreuntiSeHuA ahd %Qoll@é%g@%e&%g
Natl. A,c,qﬁﬁw S 945K 4ot94 8 ( iﬁﬁ? t0 1dpntpfaygnmeasg@c1§pd antggens that may serve
~as vacdlmt@@inst ththors, 49P Rri¢Rhéahodl r?x%.n sdid, are%gbﬁ & sc?éen%ma&x‘}:mnor cDNA

%Q)meﬂ%c&all\%g %@ﬁﬂ)ﬂ_{’x" -’[abhed et al., Proc.

. 152: 1549 1556
expres m%gggglgs thays §800 kin f gemes @g@ﬁmgb)pSE;RE& are rqglstered on the

IntemeEé@thﬁm 0, )%aﬁitglé%@g Res l&é ?gigg'gz( 1%%]%1“ i386)8
| S¥Eh 2128y PERblemsare fsfhunsobved, wd: ase'ahat king o@é:gg;nt orAPCto

fr anco et at
[

to comﬁet y treat tumors; or how to deal with the immune system evasion of tumors.

Helper T cells are oﬂen reported to be necessary for quantitative/qualitative

o ‘amphﬁcatlou of CTL. However little is known about the characteristics of antigen molccules o

35 .

recognized by these T cells and the functlo_nal impact of T cells on antitumor immune IESpONSES .
.. -(P'_D' Greenberg, Adv. Immun_ol. 49: 281-355 (1991); D.M. Pardoll and S.L. Topaliail, Curr. Opin. -




10

15

25

e the imr

30

Baxevanis et al., J. Imunol. 164: 3902-3912 (2000);

F. Fallarino et al., J. Imunol. 165: 5495-5501
(2000); A.L. Marzo et at, Canger Res. 59: 1071-3390
(1999); A.L. Marzo et at, J. Immunol. 165: 6047-6055
(2000)). The current hypothesis for seria
intercellular interaction 10 anmongst hel per T cells,

points to the possibility that helper T
ImmB%CrLI @%@Pé@é&lﬂ%), SRt Bennetre ohand EépqrMs@dn%eﬁraﬂ (1997); R.F. Wang,

Nat ’3973: 474
Shiral gt e s Tnuphiigl, TSk 49 L5268 %&mgea

'Trendsemﬁﬁmes @69‘12‘?6(2601?@ Miydfe ¢ bAH9S, %@H %%05%914@73 (1991); M.

9d) Exis Med. 188: 2357-2368

(19985 RoBeataser 4T, Jatxp. Naddin g7 3837 @%ﬁ%)ld SZF gxggto, Cancer

101" E41 550
Res. §5: 0501 Oite ﬁi%srpawseég Lid Epmmw ) G825 SRR, Surman
et al.ak. @merumal. 1194: 550\589 QP.(DIEJ)dNeFItaﬁcd aeaz aiwf i‘mﬁﬁﬁ&f 'zbg§-150 (2000); CN.

Baxe RN & el g 152 S0 5803000 Epgn sof ol 165
549545>5p1 (2090); ALBTMafRd%r BBOCARRPRYs. 5B 1@761@5‘3}9031 ),UAL Bia% etal., J.

ImmJ}I[% a} SP&g?’ 6(9§g K%QQHﬁ 2@15 c%é‘égt es1g Zor sgq@mtegcggglgr mteractlon

amongst$eper Tlcells, (IﬂLdmdUﬁd’CY oﬁts t@!ﬁé‘posélbllﬁji Ehat NYEifler 'lige-'ﬂs related to
Chen, nci pl e, and

199 .
s b0 RRE g S SR poa P Sl o et & R e
NaturR3S2:rydr478 (1 298)08. Rt BeMidi dr altpN&ud 393 1$8-480 (1 998); S.P. |

+ SchocreBdt o Ao RGE 10 48SUDY 2. Tt AL oh e Mefal9 o550

(2000pany of the-genes identified by SEREX are o conpletely
sane .as the wi | d-type

se seguence I S e
5 o AHERSE ot pS) ip T Bt iy it o Tt v Hratly
advangiog due thihe |abmte|~dusmhnd SHREX mhetbod (.. €héh o o/ T PrdhBiatl. Acad. Sci.

N TN IR AT e

Proc. Rathckerad, SadUSSIK 1HO81M208 (2400) D) Subdt ér M PrdcaNeti$cad. Sci. USA

o g BT U RO P oy v

20

Chen, fBandipleand Rmcaee afithe Bialogio heripe of @ahdet@l. S.20 RRs&itREX

B A NSS4 S5 AR e, o

. 845-8i (ROeMpnt It istreportedrthatgetien, madycofthe pairs idéhtifib¢ by SEREX are
mmple?ﬁigﬁ%%%éﬁ hishafibs A8 afthf p L irleblb Seibietonn: dn gahep words,

they d calscst@omledammo anxnlmuhsﬁtuﬁom (&duﬁ]ﬁ(Eﬁ@lﬂhﬁd\/YtrQT €hen, J. Exp. Med.

- 187: IR ROURRIN I, hel) Bl o AR BB Ot ThEatY of Cancer”,
-~ ed. 8 At B@smh@tm(dgnmm@tts\mmamm& Walkires|, Phil ddelphid) $584530 (2000)) Therefore,

i Sh ity of RO IR R | SRR ge, altrough

r pr o
some S&R&I‘a emt@eneshommm@@reﬂmaed exypreisiudi iB Sorthil tisSueBC(S |, leh®cer/festis

g Y1 RSt S50y EES, Meh i Blgens e

“ubiquitessdyexpressehd Halvsenthe mimltﬂmtnphslom’ phiygIes wﬁhrmgﬁtadmr

ecl

~ non-ass3BlRAWaRiSer Yo H{B% an %od?es ith aﬂpgklltltéé‘ agg.lnngtrthg e wil -type molecules B |

than normal healthy subjects. At present, the immunogenic stimulus for eliciting humoral

* - immunity is thought to be the enhanced expression of these tumor products. Since all of these

- molecules are detected by IgG class antibodies, it is possible that CD4+ helper T cells recognize -

.35
- mscovered that wild-type i immuno gemc molecules of tumor cells can amphfy tumor—spec1ﬁc

these wild-type molecules. In view of the above, the present inventors examined and




CD8+ CTL via CD4+ helper T cell activation. Nanely,
they discovered the involvenent of such nolecules in
antitunor inmune response (FI5N|sh|kama et al., Pro.
Nat|. Acad. Sci. U.S.A  98(25):14571-14576 (2001))
Wth regards to DNA vaccines, intramuscul ar
adn1n|strat|on of naked DNA has been 5 proven to

CDSJF Y CHa @?64 pr ggéeﬂnggﬁ\éaﬁil%é %umfne%{ﬂéﬂ %Bkﬁse@gcp %%ﬁt‘évolvement of

hou

- such medpsale smwantmtmmnmems;mnssa& thshhaw eturlk BoowNatls Aead. Sci. US.A,
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15

20

25

- 30

I mmunity 3: 165-169 (1995)) their

98(2 qr4g¢j_|14 .
( ﬁ fecti v?nﬁ(gbmg shown by the induction of Imoral and

c e IWWF Egards i BNA wcmeheg‘@amwular Qdmmmxaape of halted AR Adhas been
prove@% idhcE ¥ SRR aha %El}tﬁ e %é%& %natﬁg #:ﬂeglse mechanism
Ke are presen

tide products o e na
by Whigh Pg\bdﬁgaomnphuﬁe@man imemune RIONst issrientin unkyloas(sed Pardoll et al.,

hmmﬁﬁ@Be 1651 691(15’99)3 eiels @cPJehQs%%s B@ﬁ%ﬁ fle %cﬁbﬁéfhdmoral and

ectl es a derived from™vir

nd/ or | |
cellulgEirannities. aﬂ'&eqerrésqltsuadlaaﬁ@ﬂraéed@dumﬁa lagxmﬂsecg@m aipinistering a

- DNA ¢8¢dind, 86Eppads pRitiubitlof il ake® DNRLR SredehiRg bk ngeﬁymh both the

tron of various |ynphoKines and
M{CﬁiﬁFFF@FQﬁSSﬁP@Fe%I I's, killing cells .infected with
t fmmgbﬁa@ pepiades fbbhﬁd td’f(/ﬂ{ﬁ'@lassflr DA1oMI %Ble%ﬂl%s atP @& From viruses,

s derive 15 I rrespective | ocati on
becteryy a’P@ ﬂ’&tlﬁ% A WW@S@@ RGeS byicesd raerpiese An € Tle pt Thigpromotes

reacti@fseubli SO PicRuctiCON RLloas BehpHalines AEHDEbrRYor/$TCelld, killing cells
i.al'ly. generate CTL responses,

.1 T f
mfec‘?ffe fth ey, '?P@%Pg:éfl e {ropy Whish dhepxogenays peptidseas degived.

' In'esperﬁivb of tloddtiol 98 thirlcoftin B8 PRIHDSerd fttbsd aﬁﬂ ent ﬁhés are ﬁagments '

s AR SR o S B, 1C ety g el e,

“replicativsl \BctArs i f Qduc étéi% dé;ns‘lﬂ Qelfsl AR b sk Jﬁ@.rﬁ&huﬂ(tand J. W

NN TG 8 e RCEN D S
(19914, Aidovid and BIA. chmrgoﬂuﬁwmpapy (E93);tR0 Schfer %y&pS.uOimmunol 149:

53 (19931 i iR oF GlorTae, Rl Avcad Seicls 4 75 4%6%%@392()22% yell gy methods for

introduidgiupsities 10 theddytosoNGL.R! €arddfe a@sz(B% J. Eq,SMed 169: 603 (1989);

PO  p

Collinsefidl hE ol 44833364 1697); NRJ. Newiadted dpO). ntaatmootiades3s7
s a vaccine to inoculate a vertebrate has been. ‘,

"(-1992)gxam ned (WD90/ 11092 (October 4, 1990)) .- Expression of

DRé&rth@rtiesee, i thethed! fokhdsthgGak pﬂff/nﬂﬁédﬁdbﬁ% #Pdkcine to.inoculate a -_ -

QN R T

- prempﬁlt&ﬂlmﬂh\bdlbmm%@&lde?ﬁid adbﬂ‘isﬁ?ed iffoithe B5dumibd %R0y, velr, or muscles

- possfBE B RS R i5St S Tk 0 AR a1 55 19%0)

In mice) p@NA Bk pressiGrCedotr wadjshevh 86 bé lhc&gol/é&éd int®inyat es and expressed in

eelsupgl R Fucci o fion (&, Medretal Voo F41:75 (S0t G ascadi e,
. Nature B82:813i(1991 )RS IafhiephOR veO®r dliasl nidfHtained as an episome and did not

xeplicatg. -However, persistent expression of the vector was observed following injection into
the skeletal muscle of rats, fish, and primates, as well as the cardiac muscle of rats (H. Lin e al.,

R Circulation 82: 2217 (1990); R.N._Kitsis et al., Proc. Natl, Acad. Sci. USA 88: 4138 (1991); E.
'35~ Hansen et al., FEBS Lett. 290: 73 (1991); S. Jiao et al., Hum. Gene Therapy 3: 21 (1992); I.A.
Wolff ef al., Human Mol. Genet. 1: 363 (1992)). It was further reported that B7 on the surface




persi stent expression of the
t he

as wel |

replicate. However,
vector was observed follow ng injection into

skel etal muscle of rats, fish, q;?_l|nd primates,

as the cardiac nuscle of rats (H Lin et al., .
Crculation 82: 2217 (1990); R N Kitsis et al., Proc.

of ABC|and MHQ pr@entatiohaf 8fitopdd A8y ¢d@9d)ble Eeiet§§1 tlhlaec&ﬁlﬁn@ﬁ of CTL dunng
a um,

tur C*'ﬂﬁr%??agﬂ%ﬂﬁgﬁﬁé by 111771 19080 WhegdRAMIIC molecule

on w@w tAPCprr@@ﬁs Gl OFifpy to 4 T cuaseéepm hEBI e RE9¢d Giffthe surface of the

tation

sanid}RPC Bhddty EF.AH o ;%‘fﬁg%ﬂ? glﬁAgP%ssasl N f°ﬁ8 gitsgg at P87 Tept, CD4+

of _epi topes plray conpar
helgerl (@U% Yhich emifeignals tnmmtasonm—:euemgmng OB gt EeéIROHPENy proliferate,

11: At ?%2‘1%’3 Zigﬁe 5P 8%@%cgssgn$ruwp |tt? be afﬂmmstered

mﬁ%@%ﬁ?ﬁ o Ap(t:’égp;i% Jerg efiwl. tdwmossuﬁtea:thanmctehl}eod@a BR-Bbane growth
Bon B0 delbOis RO s B 46! LS o8 o gl GRF Bl conted with

I gha Asa resu
DN@P@C&% for BOH (Eangesal. Aaurteyior @92«1@4 aoe2)T c[elaacauon to skin, it is

freDibell ¥ jePirfédedEsat
P c,uﬁ:gmt n e%:[gidsé\rl I y&huasg(gtot %Wﬁ?&%mapmmes such as
musqfor,AdingSe MEmMAry Flond Hssapin suth tprét oral, Adelytiod Biadhemistry 205:

365“3636(119 :€ %Rﬂﬁ‘iﬁetﬁt'ﬁs' 8%%@%1% llﬁ)ﬁ(/(;ﬁ#?(t: 8%53%%“{?8%%@1 published as

m ni

o I.es f oI [ owm n
revzeb%hb% Sedence 440l 3451281 MBI di WG 9IBAIT 7B6desciibeg method for

T amﬂﬂ 9 | ddi.t t
, mocu;nw%hn it js %ﬁle%g%cg% 5%?1'&]'? a | é g% %t]a%oq?caé’l&ﬁrl ;%Ethjgg!gh agene
construgt, wdaﬂ@@&mﬂwoaw particlano aebll bf ﬂ&m:mals u®arther, DNA
e (Furt h et at | tica %ﬁcggﬁ%aﬁg% §,uagg & '6%%664'5667 (1993)).
In addifipp, DAY vawines and4htiopedutiohade/of ad!miniiﬂa&dmahﬁbods are also describod

in U.SIPAbE%. %@oﬁﬁg?ﬁ@q%@&g@@?b@@gf fnybies 3508,

Fri edman, “Science
WO9446337, asdsuch.net hod for inoculating an animal with a
by coating a carrier particle

vacci ne agai nst viruses,
and adm ni stering the coated

DiscloMrd &F 18- 19 construct,
Mﬁt‘lt_cr‘e%ﬁ_t_ﬁ% cel| of the ani mal. Further, DNA
| Framplezmbodimentyanay provivereffegive mmsndﬂmapba nst ﬁmﬁﬁﬁ €Xhe example

993

embodﬁrgﬂfg n?agr afth Bmi]de ¥h15a%nt tr@ tlaler%ﬁ or Far B} a&%’ E:fr}c)e% tgﬁeﬁl?)srfor suppressing

addi CCl nés an
postopesalive My renst oometasashoa sage®, @kl &eatdleﬁeﬁdﬁbﬂd for |pﬁl1édts$1hose tumor has
U. S

been dé;%%egﬁﬂ lkgmpéﬁ@ég’m%gg’w U Sﬂﬁ%tgfgc; ch %Fg%grﬁents were meffectwe
Pisdosod aneaaczines e dbvdwntgl tamorEssedifid hneig, %Wﬁa&d‘”&g){he finding that

tumor—sg%cgﬁé xgrﬂmﬁmﬁg e md éj}stlr%reésa 1%)})8838(81%% é%qlég‘g;%pre-srsmen vectors

odi men

encodmgagapﬂ!@nt@ogmzedéaﬂm%ﬂ:gﬂr eAR A A turhdIBpeddfi furtdP associated, or cell-
currence or netastasis of

ostoperative r
related §H%gﬁé r%%? fn@%r Y aetxﬁ[ﬁﬁonﬁ@ftﬂrot efl(&fl{.’le%lgte &ama.s I one aspect, there
is prowtl@dmtronipasuorb@mpndﬁg end (&dndwéxpréismrﬂ%ﬁﬁﬁ&b@dm@ﬁ%ﬁgén recognised

treatnments were

t] d ch I
by CDA IR PR o By B oy O HED of 1 BltedieaiengMore

| Ve
preferalﬂurthfwoe}pemlcﬁn fhrthermuinplists arbdXrebSoPas@ e eRBdihp Brtdricnihl ga&ma The

antlgeng J%Qogmzed by CD4+ helper T cells are preferably molecules identified by the SEREX method,

and more preferably SEREX antigens showing exclusive expression in tumors in ordmaly tissue, In
another aspect, there is provided a vaccine comprising the composition as defined above. In yet another

aspect, there is provided the use of a composition as defined above in the manufacture of a medicament

for inducing tumor-specific immunity in a mammal.
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tunor-specific imunity can be induced by using, as a
pol ynucl eoti de vacci ne, expression vectors encoding

an antigen recogni zed by CD4+ fpelper T cells, and a .

tunor-specific, tunor-associated, or cell- related 3
antigen, and preferably an expression vector that

encodes interferon gamma. |In one aspect, there is
QsSition_conprising one or nore

- d
Exalﬁél%%/ 8&5‘1‘0&?@&%%%&%1'1%@&& I M@tgiﬁ-@émnd@uomma&gdnzdd}ﬁs cancer/testis
antigei¥l + Tied esent irfRhtoSs ha¥8 hdwih HITP Elélﬁgn e, bk is Dregeptation of 2 SEREX

or cell-relate

antlggllilqﬁ{hr SOCl at e
F ef ern W@%@P@ﬁteﬂwlt ¢'Pélrrel§t§¢¢nnt@es stongly induces
mmoexm%ﬁslmm (Hi NRHikedh 80al 168! BBadAURys AR 05): 14571 2001).

Th d by CD4+ hel erTceI
e xﬂ%t&@ﬂ%ver A1 1|% (ﬁﬁ@gm}ﬁm@@qt, @@Fr)wlom@ ommmdgen

prefera
suppragz 5?§ lflﬂiptﬁdz Eﬁnnno ?cgii:n?@ﬁsaﬂ &%ﬂtﬁl gglgeg ot %}%ﬁ)ﬁ% whereas
-e:n:?l i ’ gfef 0 g E@&L%SWFS@BP sx@mﬁapmenghtbm Application No.

2002@54.%3& .Msmmmfam PrboalNal Acall S USANPYAEY): 1 RRBL5003)).

h h f
e e R

tumortsgmj c,stpg)@rﬁsmcwtﬂm or ¢e}l-1re[é1§%i :?Liﬁ@MﬁA,' anngmFé( Bl‘dHPérgﬁ%% additional -
expres‘éibﬁhre }'eﬂﬁﬂﬁnsé %gér%g% gamma, are gmqo FF§ oqr?pgthp FaB@earrier particles

cat e ori ze
ko delly 60 stiovire dxpressedliand| fraRARUDIARE $8RS 8Ll ONRfever, this

mventﬁn SERPfimARN | OQEI(% with a tunor-specific,
tunor-associ at or cell-related antigen strongl y
i tfideseribad hesein spetintizen feovgiizdd/by GDAN gug et Lrefis o2

A, 98(25 l4 571 0 0
P°"’P°.E'B‘$he‘#?’§§°§nﬁ§%§a&’?ﬁﬁé’ﬂftg%sfﬁaﬂ@ﬁéf G V-
hetpey TeeetleREpreanisbyetis tsuegft em @%u!a&le PR reboffizks an

OIlmal'B]p
R 000 Bipde T e o 'mmebnnaiiclgnassnandm

anhgen%?r&ée‘étédyb WS
r eas CcoO-¢e
- ﬂ‘éﬂl@ﬂgwll(fﬂmgame aﬁ’ﬁgc&ﬁt Aoy ﬁﬁ&N&g{ QﬁhAsglﬂts signals into the

P
cell, and 9%&%9‘%1‘5%%1@5% 213 8h e tpkings, <in ths presamitevention, molecules
identificstlost SFBE&rare gartigularly podfegedamos o) raSR cklés fodgning] WCD4+ helper

turmr assocrl ate

" T cells. T S‘&@h hioléhe glge tbﬁrgrrg ﬁgp % 3 eytl%zmtlgens such as

-relate

NY-ESQg @iﬂti MAQE-Aéxhnae slsickiproteinis @ﬁclﬁzﬂ;qgﬂéjnﬁlké @tlﬁﬁhﬁl{ L, galactin 1, as
Wellasggﬂff(@)b g,LHzed onto,the same carrier rticle
AV, Homo apiens hexpmqthylgge é!@p‘f}(‘é?@éde-mdmlble protein,

adm n|

human IM@mléﬂcspmnmlwe pau¢in, & e&dptenh‘@n\éﬁétﬁis deitd! 'aﬁtl%éxf‘i\ﬁfe%dtﬁﬁ protein A

fi_bed. herel

(OIPA), K scilbns AT 1ofledd 5 tomssk ATRIDSRE (o206 e41is)ceter sMost ofthe

" molécules u_l_@qmme SEREDOakthed o wildSype ReldchRS i al d¢ A5 feidrally

it a CD4+ oprotein expresse
exl’resseﬁ’t ‘Sﬁéﬂeﬁ@? THoMever, aaVﬁiﬂiB@r@eﬁsae@mmunmmes iftealthy

 tissues, naplet‘:uiﬂ dpecificalhy GXpré:f.%S@ﬁﬂuﬁﬁﬁs a1 de%ﬁtgg ﬁﬂloﬁé ﬁ}ftﬁ? E{féﬁ% by the -

ass |1 binds to the 2

SEREX IR, This Rancsttcsts ppisres siatias NIGESQ 208l MAGEFAdard

Pal‘tlclllaﬂjopne&mmhl ze antigens. CD4 further transmts signals
..and pronotes proliferation.and

cel I .
Se ci?'e% hﬁ’r‘?‘ KRUFROs-assogiatede opeelbealated autigen™dn the present

. . invention meferscto Iaﬁ&ntlgen that is associated with tumors or expressed specifically in speclﬁc

* tumor cells. Antigens expressed only in cancers and testis include MAGE, BAGE, GAGE,

S SAGE, NY-ESO-1, ete. Cancer-specific mutant antlgens which are derived from mutant gene.
35

products produced during carcinogenesis, include CDK4, MUM-1, CASP- 8, ras, ber-abl, efc.
Tissue-spemﬁc antlgens Whlch are locally expressed in speclﬁc tissues, include MART-1, TRY,
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.

30
. - examing henprpRSSion ofitheseviiEigenslinttamers) ee well ns e MBI type of e individual
o host anfinal, to select an antigen compatible to that type. | :

20

20 identified by SEREX are particularly preferred-
anong the nol ecul es recogni zeg by CD4+ helper T
cells. Such nol ecul es include, but are not restricted
to, cancer/testis antigens such as NY-ESO 1 and
MAGE- A1, heat shock proteins such as DnaJ-like 2, DNA
ligase 1, galactin 1, as well as poly (A) binding

tyroginast,gipd 00, SR psieingR3, etc. Protein antlgelms expressed in hlgtl}er levels in
e

canctE S P e CHARATEL 1 il mbsrabisebite By AN Ferov-t, e

_Herethg latramertpegidio, futiopagsotiaid, O lledelutdd antiged BB a flrll-length protein or

FLJ20644. fis clone KATQ02588
aﬁa@ﬁ%ggg%j?%m%ﬂ ERSYY- of the nolecules identified
by TumeorSpeiific aﬁ/hdﬂmrasswia&dtmﬁgeﬂwhewlﬂna&cﬁaﬁﬁic édpfession patterns

inveRh OB Ve AR R L EEOBL Sy RS e

ovarian sangers, gastricerauters, leppeaintérs Adrdysuel prIYRSD-i s éxpiessed in 20-30% of

bS5 B D5 A 05 SRR st ntneck

canceshend\esophagdal paucesy) apdint 20% ofihing qaneﬂrs; rané § A Gine?0% ofllung cancers,
esophagém&:lc?sﬁ* c{lke%d ahd Hpc{k[ c%ﬁ?fﬁ'g o ﬁ’ﬁ‘ﬁed-ﬁfo? [ Flgeeégloy% %l n%ed highly

resen

. expregged @’éﬂﬁﬂs h@tpamclmmc&ned asviutrhort spetifis, tumosmnaa&dﬂor cell-related

antigehR 8 bd h&gll% - Qan%glg‘gdﬁéfél%% fotg%{l%%ﬁmée caﬁ'gf?r%h o H\.@@nore some of the

expr esse n

cancepiRelts antizeps STlGéM‘EY -B8O-HS@I IV A Ad@ane beendpmeinf th comprise ina
smgle'ﬂi&l@&lle i 8%%13& Gn MACVELS | [n%inecmét &1@%‘6&%3 1 H?a%mg CD8+

pro UCtS pro rrng carcinogenesls,

CTL, prgh2han @NSGDIB §1t¢ tochindan MEEC class H.molFuds, llhussqhkemﬂg xdenuﬁcatlon asa

| '-SERE?’{@S S et A RS ) oot gooo,

pSEhe ﬁm@pmﬁa t@pomassocidtedtaricall aclbied entigex pritwdiad GD8+ CTL

| cells e&éﬂ lﬂfe‘ir ﬁlﬁ&ﬁ:l:@} ol bn@%ﬁens | nc{:ﬁ‘% 1’3@@%}&% EE#E?}“!PJ towhicha |

etc

: vaccmgtoé‘ thé Meseat mvelalomuﬁ@dmmmtﬂ | cWhenr&whmB&nmahisadmm the antigen

that ac@i%ttes Cﬁ&at@ﬁf n%&ﬂ tg%cpt‘a i mdl?cﬂ@et Qf tRE ?ltL%{ A, 98 or -C locus

f ragnent nmunogeni Ci

“of eaChl'mfé?ﬂ s ﬂé@dﬁl@l)@ thetoue 23 dmo%ispnsmﬁﬁd&-&ﬁnlbc@a mehichhisthought to be -

impor % Bk @i R A" B A2 R g8 orblbol Y MulRo R fucing

P pes.
JaPaneﬁf?’ aad ﬂcqsmt:@r §0 % agvaore.anincGawasians, gedtding North Aenerican Caucasians

 and sulhg RO0RS%30 490 el NG ST ARRABEDEROSA fre common.

25  Within

é@d@ﬂg@éng@ymwh@ bmﬁe\m to mﬂiphﬁ(ﬁtﬁtoﬁesithﬂ:dnmhnb HBAKA2 and/or
A iR B R AR Sy AT BB G, MRART T o i Binesbl W well as

cancers;

cancer/é@gg)nm sushras é:lIAGEaZhCiAJDehfﬂAGEdﬁﬁmnﬂ NY¥:BS6:-$, have also been knbwn

Ut comPil 8O RS ;iﬂﬁ»ﬁ{ %ﬁgﬁéﬁﬁ%ﬁég a?cgﬁgchrg%gtgﬁ tigens such as

are par

e MAGEt4, Hdd) mdeﬁﬂ,\(}ﬁrhmlbleen kfiaweth comyrisgenspitopdihat isinds t0A24.
Accord.ir{%lf1 %Hen%%gafsx% ﬁgﬁg ?Fﬁ%ﬁmﬁﬁ%ﬁ@g% '%IE’%% %oh eﬁ %%%azr E{f Breferable to o

t her mor e

More spec1ﬂcally, the Genbank accession numbers for each antlgen are shown below

- NY-ESO-1: AJ003149

L35

- BAGEL: AF499647
+ .GAGEL:NM_001468 -
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-single nolecule 1) an.antigenic site to bind an MAC
.class | nol ecule, thereby sti gml ating CD8+ 15 CTL, and
2) an antigenic site to bind an MHC class Il nol ecul e,
thus allow ng identification as a SEREX antigen. Such

antigens are particularly preferred. The
tunor-specific, tunor-associated, or cell-rel ated

GAGERJERS 0ar47ovat i ng CD8+ CTL. cells exert their
L binding to an MHC class | nol ecul e of a
G%@E?W%go whi ch a vaccine of the present -
SAGHE:M 018666 admi ni stered. Wien the host animal is a
n, o Ny | t tivates CD8+ CTL cells
P%?&E“t@ﬁ@d%@%&ﬁ%o%%cul e of the HLA-A -B
MAGE-A3:1Mius05362 each person. Incidentally, there are
of HLA-A locus, which is thought to be
M%%g’orfw ?@%3%“ gen presentation. Types A24 and A2
MAGE-APMNM_00336Hngol oi ds i ncl uding 0 Japanese, and

DaREARE SN DOLAE TSRS "and such. A, Ao, A3 and
PRAME:NM. 00106 types, and in ,LAfrl cans, A30 and A2 are
HO@B% g?sol?e%%n\n%t?l?isege"éﬁ at"g%éﬂgg h@i’-‘ %ﬁ?{ﬂ %h &Oﬁéagn d/ or

umamrebmmcaﬁdsss;mnsneqxdtem B3038fens such as gpl00,
DIPA tyrosinase, as well as cancer/testis
an?&dlﬁ%s such as MAGE-3 (A3), MAGE-A4, and NY-ESO 1,

FLRgA IAKOBQ@d knovvn to conprise epitopes that bind
t o AR 03| d can [testis.
anti gens su?ﬁ} et HEC%’ CE]‘N%EE%%HGM o‘i%ﬂﬁ@enﬁ gTppot restncted,
and mpybe cnmph,l asdom‘lasahéy caeelicitatdebirettisnihone2dponse when

admini®e |ne of .the res
e I%‘%FJV‘W hsthoth B0 Breont fovendony < The solymuplepties that
encode the agkigaris @éthemeseﬂmmm@f bd ﬁlemwhmblngel&suddlsequence is

PRI 5 B B 5 RS i gt

—

-

. additiong,day, kmmmn@bmisu sucls ad me-d.ltdwd&miageﬂesxacsbemmt Riondrelssin

vl B W A e R B TR A s wae

polypeptidegrodaidnsthe phlybadastide &@neﬁﬂa%ﬁﬁﬁﬁnhﬁ&e&leﬁ;ﬁmse in the host '

B N T MR TE N

| polynucleotides may encode naturally occurring polypeptxdes with mutations. Such mutants
© existing in nature may be isolated by known hybridization techniques (see Current Protocols i in

Molccular. Biology, John Wiley & Sons, Ausubel ez al., Secuon 6.3-6.4 (1987)) and gene
amplification techmques (PCR) (see Current Protocols in Molecular Blology, J ohn Wiley & Soms,

. Ausubel ef al., Section 6.1-6.4 (1987)).

F urther, ifa gene encoding an antigenic protem is known, one skilled in the art can

e readlly analyze the hydrophoblc and/or hydrophilic regions within the amino acid sequence of

. 30 - the protein (Kyte and Doolittle, J. Mol. Biol. 157: 105-122 (1982)) and its Asecondary structurg_ '
.-~ (Chou and Fasman, Ann. Rev, Biocheni 47: 25 1-276 (1978)) to predict antigenic regions in the |
amino acid sequence (for example, see Anal. Biochein. 151 :540-546.(1985)), and can synthemze R

peptides hawng the predlcted amino acid sequence to determme their antigenicity using the

- PEPSCAN method (Nature 3 14 (198 5); Pubhshed Japanese Translation of International -

35

‘Publication No. Sho 60-500684), etc. Thus, a polynucleotide encoding a peptzde ﬁ'agment that

L . compnses an epltope 31te that was determmed based on an above—descnbed method ‘may be
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‘neede

DnaJ-like 2: NM 001539, NP_001530 PRAME: NM 006115 10
- Hono sapi ens hexanet hyl ene- bilﬁ- acet am de-i nduced
- protein: XM 008348 Human retinoic acid-responsive
protein: U503 83 DI'PA: XM 006503 FLJ20644fis: AKO00651
In the present invention, the polynucl eotides that
encode the antigens are not restricted, 15 and may be
prodiRiddy téeiAuensuch us bhengisall 9nthess, dhl ﬁ}fe&ﬁ@n%&p&bsﬁoxiﬁvector for anti gens :

- une response when admnistered to a host
Ofmgﬁl%g&’l?ﬂgwggmﬁet hod of the present invention. The

poll@npmsmem veders usdhin th«g pxetsﬁa inveatiemire g@mlmm?an(tj Réctors into which an
e ucl eo e
entigff B3R W YKL AR, R b e SR e, ar insertod.

ence i's
The \@ﬁiorﬂnto amsett thisk gbm&snnqlud&jﬂasmidﬂ,tplmg& cosaiids, virass, ankbither

h
com GREEEr ) OIS U5 B LGS, B o et o

mut agenesl s

constRichvaspys plrsmids\ant egctérsSess] onNeshitiqies ebscaibed irSdat éxample, Molecular :

co’s ol S SRR YN
Sambr%&lpféﬁ ithe ir@vmlgscnbeﬁmetrmrmad tysAusube] eagl.t hey
5 aﬁ@ée SEH{Ed ﬁl &l ES m abg%gﬂgtg n aF’ur a OH’]SéltgiC; E? pl%%dt&l‘g gﬁd

eot |

0 pol ynuc
te Iy pasdihgesin twmegmiam:qsam int8g bhstmﬁm kmwmmggtarcorg sequernces,
d

°Pe“¥“§‘§ﬁ?ﬁ'“’% BB ARG in BB AR Wifhgam andior

downgiy eélndtf e tigen meey Tbe@ﬁwg,, regdsi@meseqecncas dﬁ:n@dd'mm an antigen, or -

(See nt Protoco
dWH P Bgh ag asbbﬂgtlc resistanse maeker&may bsmd mﬁh68¢mswn vectors of

the préséRahyentionV glgt%fgh %%nﬁo%ﬁﬁﬁeﬁﬁf nggﬁgle%cﬁgga%&edy L&gd,ln)ﬁl)nessentlal

rotein 1s

P ;
polynuglegtids sequercen prerprplesibly: deleted ronhihe vegsni ini the pregersrisvention, The

hcteroie&oﬁs &gﬁ&ﬁ)g wefics 908 b@fﬁsg 'ﬂ%ﬁfréc it I[Hoqg%rthermore if

- same MlddYoP k& v@@to?s%g ﬂ&%ﬁ@fo@ %&m&i@e}fé he 8@5@@6&‘ the

(Kyte and Dool it

- polmtp!?@@éss) engeding em a@warrmlzsd by €D eheliendi cellsthpsesmaoding a

tumor-pueifi R dRlaR5deeRd, HF celﬁ 2 retatéd Qntfgéﬁz%?dlﬂé%% ee%é eﬂkg interferon gamma -

antlgenlc regions in
used ingthe prasent inveatiom aay bBuu@dh@d\m different @xm&(iqmwmrs, axrednstruoted to

be expféﬁébd%ﬂﬁi he® Keevecﬁ?pa%'l&%s rlﬁ%/)t]a alrifte ‘%@%‘ tH Fﬂleg'&ﬁ‘ﬁe expressed in

acid sequen eto dete
thesam%e PEPSCAN nethod (Nature 314 (1985), Published

No ESiho 605%%%% 4eg.rﬁﬂxa.f)l!‘lssh%ltit,] vaﬁ&ﬂﬂeo eéféﬁgﬂf%\gﬁﬁhﬁ ﬂsmuces in vwo' |

expression-ofh prgseat patigen and ﬁh@l@mmﬁ anmum)wpporﬁe.s Yeriaysimesheds are

fﬁvxﬁ&@&ﬁ?&@ PReARRY Qsci’ei‘gﬁs hiR8375.1281

ques ’suc

known ffdntlﬁtr&hﬁin "i%%le?@&ff

produ

a 989))0 h eﬁﬁY%ﬁh@,‘ifﬁvﬂh bsiused asrlangaeid mduc%snn empr%pmssmnwé treqresent
. inventibiP§ aitiPehs] 8AS elicits a desired itmune response.

- The compositions of the présent invention are useful as vaccines and can be used as

“naked plasmids. 'Ihey.m_ay be packaged into liposomes, formed as various virus vectors ..

including retrovirus vectors, adenovirus vectors, vaccinia virus vectors, poxvirus vectors,
adeno-associated virus vectors, and HVJ (hemagglutinating virus of Japan) vectors (see K.~

- Adolph “Virus genomic methods”, CRC Press, Florida (1996), for example,), or coated on beads . .
" (carrjers) such as colloidal gold particles. -Preferably, vectors expressing an antigen recogmzed L
' by CD4+ helper T cells, a tumor-spec1ﬁc, tmnor-assoclated or cell-related antigen, and
. prcfe;ably mtel_'fcrog gamma are adhered to a carrier particle, such as a gold particle, for . - E
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‘mothdd B 03k 85 Whe SEAHGAGRS L AEthd (L Uhalc Al

of the present invention. Expression vectors used in
the present invention are reqﬂnblnant ‘vectors into
whi ch an = antigen gene of the present invention, and
preferably an interferon gamma gene, are inserted. 5
The vectors to insert these genes include plasmds,
phages, cosm ds, viruses, and other conventiona

introdextion firsto ittee tdug Hyegélﬁe br §dcﬁ| Kbvedvet, e ﬂé&b‘ﬁﬁﬁﬁvfnuont is not limited to
const ruc

ais., BB T I AERATE R T p—

' WO%é@ﬂﬂB]oedF maﬂy 1[he Ipobmaﬂabtﬁes Nﬁi Bé:p!ﬂe ed G Sohtids s&:table for in vivo

or Laborator

admﬁ%g%% 8&%1'3? 2Ly lg/yf ggﬁjoqﬁgg %qhanceatﬂamllq;ereactxong/ the compos1t10ns

. of theypreseat tiwextidrhmdy be prpaded myaoi:ﬁtets @dcdmﬁnsmbﬂlmtﬁ hdjavantsléhch as

knowt 1A08inE L b el PRt R aBAE R Gk Rt help the uptake

‘of plaserids in atcellymaybatiseddn pombisiation. i rintatiéitioaspharmédentivallysteptable

ndi on_the host type
agents B bRkl AR U ey D BB Mo pst roam
andhe polydeslentidecanvings aftthe presdny inventioremay be ndthimistered by any
ter ofenecus T egdl atory sequen "‘ﬂigégspoﬁset‘ﬁlgnnaho“
animaly eg@fwablﬁ\twmmmsnhm ok ﬁrerpncmnt inpertionrapeathuinistaredetrasdose

sufﬁc £13 ifduce Bh Mk ?%égr d gb%ctﬁos%?ﬂ b %@dﬁ dnel éi&%né thjections or

e .expression vec resent
mﬁlﬂ%ﬁo‘ﬂ@ PIrepTiate panenienal adutss suoknng mhiaeenms,tmtr@eumneble subcutaneous, .

-

e R OSPS5O TR e

particle elbmdownt methods fyvish BommBmB or sushjyroz spplivation etethels twough

t )
e ] SRR Seag o ark g o b s e b ooz

pol, ynucle
adipinigiarmgthe present wmgshemmmgaod ceh, ltomnnampredcﬁvod,cell (APC, etc.),

by adiging
and sucH '59 usiag 0 ShAfdthody su‘éﬁ b ﬁﬁcﬁbﬁ% %@éﬁﬁ&p :ﬂgrstig%?bo%&ent methods,

enco Ing I nterferon

- and virahind mﬁmemmmmuomgdho eelkinfof the enimadx pOE theiabave-mentioned

admmiéﬁ'ﬁtti&f rﬁeth%ﬁ gn s’ ?({ rﬁﬁhéx? reneglfordg ﬁ?e g iéc?eii?{gtgeg g%u%[ Eés Q@Y Sescribed in’

vector ne

- Patspt Me 46945:059sm @and dewc}ﬁbaeectmodsﬁeﬂ methads thereof are commerclally
avmlaﬂl@ 19% Lbﬂﬁ'aﬂoﬁ% Hﬂtmﬁl‘aﬁ 3&?&6“%9191? ECoLibthile b%‘
ression o

sent. |nvent|o

| tfaﬂSfeB?% itie e¢ligear Vamal aeql ﬂlcntr@tumm‘dle celds iortho hedy: esponse.

i B e UL e

aC|ds into

- animal’sfymon ipgnune IES98BY js enhnmedéayfxx@mmyihonw ¢ mresenbinyertson.

1 on

Spemﬁb "exﬁlﬁ?ih‘& ﬁﬁldd@ nYé%rﬂxﬂzéf;s] ;éﬂ&?%f}hﬁ% r%{st é&gn%é §f§r§ r%ld. primates like monkeys

~and humé%% t¥se Prefmbbdmpb&nmabrﬁ theef predeat jmvention inchude pmnates and

as vacci.nes and can be used as 30 naked

partlcuEFZ I
sm ds. They maybe packaged into Ilposomas f or med
a§hv deges of thei compositions ofthe [prﬂsbmdnvoyuon deparidransthe immunogenicity

| - of the ﬂ{ 8iBASS to ﬁz@ﬁo ' rﬁ&véé%? 048 skifidd ?rg %pyo&glﬂétee#ﬁl%ta%ﬁ?oﬁgate doses :

XVirus vec ors Ho-associ a

: reqﬂlred-lﬁel inmumizagon by mdmlmgenng agiveh dospefithe vempasitor( destiénimals, and o
- measurmg the antibody titer using assay methods such as ELISA, detecting CTL response by

- «chromium release assay or such, or observmg unmune response by detectmg Th response using .

o35

» _cytokme release measurement. Those skilled in the art will recognize that the immunogenicity
- of an ingredient in a composition also depends on the strength of regulatory sequences, such as -

o Uanscnptlon and translatlon promoters used in expression vectors of the present mventxon




Adol ph "Virus genom c net hods", CRC Press, Florida

(1996), for exanple,), or coated on beads (carriers)

such as colloidal gold particles. Preferably, vectors.

expressing an antigen recogni zed 35 by CD4+ helper T

cell's, a tunor-specific, tunmog,associated, or

cell-related anti gen, and pre?erably interferon gamm -

are adhered to a carrier particle, such as a gold

particle, for 11 introduction into the body by gene
un. or such; however, the present invention is not
TrEdhoseskitied k. thvett haxd&:aﬁrby adjasf thB doS6f 4 &6m p?smon of the present

nfaf bheHen t| s are known (see, for
freve eXﬁ,HEI%e % /19%}5#843 % © PREPoI ynucl eot i des
- féﬁ?ﬁ‘?‘éd“?ﬂﬂﬂﬁ@ Ptl:tvlldms:hmlmllﬂbhémf gjzfccidés\fbﬁ/&velopmg
e o o Y ¢ Mt BB B Shvfioe TS wiex pelynucteotide

5 ‘vace enhance i mune reactions
: "5’? SSBRESIAR FXATSHAN Nesfols enpudipma dnm@ameag:ﬁaﬁ b)fCD4+ helper T cells

andanmdmspahﬁe Mo Rsf e known ns_or
vectorQLler. carriers. Nor eove?I éeag}eén%k@aﬂt&%eﬂagn%&e g s¥pression
V\ﬁ 4‘[“5151 FeAR amma as wel apngthmdd ©fiusing thxekdme may be .
) used in conbination. In addition, pharmaceutically

: 1 %b . aoent s that make transfection easy nay
" 10 F S a&WIgE i red. The pol ynucl eoti de vacci nes
| ofig. ids plgmokm§ﬂlk ORITBY EP.
presentTiidARgs SO | 0ong as” the net hod gf}ia% aﬁ'é%/ratggcﬁ@p? tions of the
- ~generate an immune response within a host aninal. :
-/ .  Preferably, the conpositions of the present invention
BcsfM@JeefoF‘ ] Ni st 8 t a_-glose sufficient to induce an
ost ani-mal, by methods

i Hereindiebapy) th Qﬁftsbﬁ!ﬁﬁv&fhon haif1 g3 V,élﬁr R824 hs%ge an cxamplc

1S h rout és, s S | nfravenous,
. owcvepzt?gg%gomeo H’é’b"c Fateds th erqtm radermal, adi pose

ti ssues, nannary gl and tissues, inhal-ation, or
-gas induced 15 particle bonbardnent

xamp! r anuscul ar;
E rl:'hods (with gene guns or such); or application

e BEER2-specifiigCD SRR IT r
o A A C MBS T a5 Uy OB imctuting
i mmuni zed by adm ni st eri ng the present conposition
20 - [Method] nto a blood cell, bone marrowderived cell (APC,
I)Plasuu] and such by usi ng ex vivo nethods such as
) [ posone transfection, particle bonbardnment nethods,
T ? viral infection, and then reintroduci ng the ceII
'1 UOWNG gRMem Wereringarroralsdyintardhe i axpeassB vector pCAGGS to
construct pisinidsst 1 Ebtlﬁ’ﬁf RtNRHSI pRERfad %@%S @Eﬁg& éc? y) nJH?t hodeed on to

| \_‘) S acc | erated parti c es are
gold pa“'%%ﬁ &M URpd for ipimsinizBban Usindiihed wlios Sdnesdan Bystemdi f| ed
25
_ met hods ther eof are comercially available (BioRad
N 147HERgabor atories) . articular, a preferred result can
' agﬁ'ﬂ%?ﬂ%‘?ﬂj“@/m@ Ahisrainel agingeari rasidues ef bereB-2HERZ/neu
(HER2); and then returning the cells to the body. The types of
63(T host animals of the present invention are not |limted,
- PO3(T) i .ggRg 8 IaneeencagingnieeCTls epilope of HERE; nasp) HEREHE3(T)
TYLPTNAGDhanced by a conposition of the present invention.
30 - NY-ES SECIfI c exanpl es include mammal s such as mce, rats,
T Odofigs88 enpediag NYHES@r i whichss kideaceriaktaymtigen: and

- mIFN-g: a gene encoding mouse interferon gamma.

- '2)_ Experimental Protocol
35. ¢ "8ix to eight week old BALB/c mice from the groups below (four animals per group)
were lmmumzed twice, at two wecks mtcrvals One week aﬂer lmmumzatmn, two. ammals per




and humans, etc. Preferable host animals of the
present invention include primates, and particularly
. humans. The doses of the confd@sitions of the present
i nvention depend on the immunogenicity 30 of the -
ingredients to the host. However, those skilled in the
art can determ ne appropriate doses required for
, innunizqti&n %& gdnLnistering a given dose of the .
BroUP ETH G HEH 2 CPE PesINE Fegells Weneipreparsd fiommtheirtspleens using MACS
systerant Ubing\P ItH TR (DB D@ @sEive AR RaMS o4 :Bu&%d FithHMER2p63(T) peptides
chrom um rél ease assay o?

' et ect i.n esponse by .
as the g"u‘@ﬁﬁ ce rgkﬁ}?rfﬂsﬁ%@%‘?ﬁfﬁ Rerfpaaghiocletes) infrfesen pamynipproducing cells.
. PL.HTRpysabwith ﬂ}ehrI@ERMOKFWSM,E@QqJeﬁtﬁéhtﬁt#&{%h'@Qd as 4 HESFive control.
i) ] in rt. . recogni ze tha e

5 Eachq ehﬁ%@% ?§ﬁ0P§U§%é§@ﬁ“Pbﬁm?ngredient in a conposition

(Expedinsnt Pepends on the strength of regul atory sequences,

- 147 as transcription and translation pronoters, used

I N expression vectors of the present invention. 12

- 147HERZ heddiidre, those, skilled in the art can readily

ﬁggquse of a conposition of the present
ntion

- 147THERAB N .
I nve ased on the types of expression vector to

10 - 147HER 2 sdFNE 0 BY-E$@-Ipr esent i nventi on provi des
(Experﬁérﬁizyal |y useful vaccines for devel oping
N tunpr-specific imunity in vivo. Mre specifically,
-/ -p63(Dmein} ganent i on provi des pol ynucl eotide 5 'vaccines

-p63(T8 AR 4 'qgfngafp‘ ession vectors encoding an antigen
P a?ec_og ?ﬂfe y ED4+ helper T cells and a
- p63(T) minr gepgddNYiBSO-1 unor - associ ated, or cell-rel at ed

15  -p63 '%hgéeﬂ +ARNRE of RRAREY AN expression vector encoding
- P (T?nter eFon gan‘Fra, as é [T as methods of using the
sanme. Brief Description of the Drawings 10°Fig. 1 is.a
TP RsIRONE L] SPOL.assays for the
c_onpos?ltl ongg)o htégf&ipiroéégg%aq%n@@g%&i'%st .Mode for
. Carrying Qut the Invention Herein below, the present.

| nvent i on \i\/lEl LF\%}\?-J fen i?\b}gﬁqx‘%ﬁ?}ﬁ[@; %ﬁgu%{lnggh?2~Expeﬁmént4

r\varml faY
CATATT T

p63(D)ipaised 200000ccells | OBt 0. [ Exphagl e 1] Th\iJ 16882~ speci [ 100.6

g P63CD§§‘ eB 100000cR NS 4TRE N S 1730 [ Not ot 1) Pl aski®s
| p63(T) phized 60000wielly ggnes wer e ipgor por at edﬂ@-ﬁ?;iﬁf,- 17
o780 R R 1 P e T e
. p780 pulssal K000l - | 1 06 . i  |os
p780 pulsed 50000 cells (03 0.6 - Tos — fo3
Ex.1: 147HER2 GG 2x day 7 ' ‘ SR
20 Ex.2:147HER2+ mIFN-gGG2xday7
" Ex.3: 147HER2 + NY-ESO-1 GG 2x day 7
" Bx4: 147HER2 +, mIFN-g + NY-ESO-1 GG 2x day 7

. (“GG” means édmiﬁi_stmtion using a gene gun.)

25  Industrial Applicability — - S _ ,
SR ‘As described above, it was clearly shown that a combination of an antigé’n recogmzed '
" by CD4+ helper T cells and a tumor-specific, tumor-associated, or ceil-rch_téd antigen, and, more
preferably; co-expression of interferon gamma with such a bombinaﬁo;i caﬁsc_s an indrease in




gold particles, and used for i muni zati on usi ng the
Hel i os. ‘Gene Qun System: 25 147HER?: a gene encodi ng
the 147 N-terminal amino -aci d4residues of o
-erbB-2/ HER2/ neu (HER2); p63(T) m ni gene: a gene
encodlng the CTL epltope of HER2 ; namely, HER2p63(T),
TYLPTNASL; 30 - _ NY-ESO-1: a gene encodi ng NY-ESC>1
ichis a cancer/testls anti gen; and - m FN-g;

interfgEe2a0HR BROARCIAB calls, anck indpess Shwmgrreaific smmuris | samples of such
antigli 6sabihtiods iRludel for %kﬂﬁble"‘ﬁl%‘éoﬁibﬁlaﬁ%gf FERLDfed ARINYISO-1.

gr oups beIOM/(four ani mal s per group) were immunized

twice, at two weeks intervals. One week after .

i mmuni zation, two animals per 13. group were

sacrificed and CD8 positive T cells were prepared f-rom

their spleens using MACS system Using Pl. HTR (DBA/ 2

m ce derived mastocytonma) pul sed with HER2p63(T)

peptides as the target cell, ELISPOT assays were

perfornmed to detect interferon gamma producing cells.

P1. HTR pul sed with the HER2p780 (PYVSRLLG ) peptide

were used as a negative control. 5 Each experinent was

conducted in duplicate. (Experinment 1) 147HER2

147HER2 + mM FN-g - 147HER2 + NY-ESO-1 10 - 147HER2 +
- - mMFN-g + NY-ESO-| . (Experinment 2) p63(T) mni gene S
‘ {;) - p63(T) mni gene + MFN-g p63(T) mni gene + NY-ESO 1
o .15 -p63(1) nmini gene 1-nil FN-g +NY-ESO-1 The results
are shown in the following table and in Fig. 1.
Experinment 1 Experinent 2 Experinent 3 Experinent 4 -
p63(T) pul sed 200000 cells 40.3 46:109.3 100.6 p63(T)
pulsed 100000 cells 16.6 17.3 44 38




“!.mm_.?l‘l .

a“‘"

p63(T) pul sed 50000 cells 7 9 17.6 - 17 p780 pul sed

200000 cells 0.3 2 1 2.6 p780 gUised 100000 cells 1

0.6" 1 0.6 p780pu|sed50000 Il's 0.3 0.6 0,3 0.3

Ex.1: 147HER2 GG 2x day 7 20 Ex.2: 147HER2 + n1FN-g (€ CRE
2x day 7 Ex.3: 147HER2 +NY-ESO- 1 GG 2x.day 7 Ex. 4:

147THER2 + M FN'g + NY-ESO 1 GG 2x day 7 ("GG' neans

adm ni stration using a gene 25 I ndustri al
Applicability As described above, it was clearly shown
that a conbination of an antigen recognized by CD4+

hel pen %nﬁﬁkﬂu@n é&ﬁ?ﬁs&% &8s o? Rforé E%ﬁessfoﬁ%ﬁmgﬁs&%m&%g antlgcn

I ef

m‘%& l éjsz,‘g""g]i*?‘i&fan??ﬂjgfﬁ%’r%hmgﬁrmaclﬁﬁ,tfhmg&@ﬂmaated or cell-related

5 antiggibi nation causes an increase in 14 interferon gamma
.induces tunor-specific inmmnity.

proﬁ_pxli.t gqﬂiells %
SCmpasifiop of g wvhesin theantigen racognizeihy €Bv+ helper T celis |
~ is a mobeeplediderdtified 69 R SBREXMmOMHER- 2/ neu and NY-ESO-1. 15
CLA# 1. A co.n‘g gltlon conpri si ngz1 one or nore
expresd Wresion pEclair d Arey wherein eqetgen reegpireddy G4+ hclperT
$d.C. |

ceﬂs@@d tafivel/festis %txg&h id%:uuﬂe&l b tEéJSEREXQﬁ&h
| -rel at ed antlgen 2. The

10 ﬂ%ggf‘f’c?&%% a1 %Hewépwmhea&fmqngew &uniGI4# helper T f

o cells iwa.liim;rgeineélﬂmd tfomehé grou %oasxaﬁhwlasdﬁmmw @AGE GAGE
) SAGEhe SERER net hod. 3. Thepcorrp03| ion of claimi1 or 2, and
Wherein the antigen recogni zed by CD4+ hel per T ceI l's

s SﬁTganTgpdsitEdef&nﬁﬁhe ﬁﬁﬁlwm}tbﬁ:%@&f o Specific,

t-ho e.Co os.| claim1 or erern

: tumot:- gocgﬁ@f]’g‘gr?c}ﬂééﬁ &‘gﬂ M¥per T j cells is an
15 an®6i '@hmccﬁqbfﬁﬁioﬁdjfﬁﬁjb Bhé BEclﬁhﬁ&'Pt&%‘%ﬁic?&h%Tﬂfnor-specﬁc :

“’m°‘]\l%*ﬁ§‘8§°¢ %ﬁ%‘%ﬁ@a’aﬁl&g’% @%rﬁ@sug apliged. wher ei n t he

t uFDTheqeeiokition of &tTofi asdaihal #fs o8l %mzed
HER 2/ 315 6. The convf%ﬁ:t%ngngﬁ any one by

' S,
D4R T orl s s gnoeo tegiis apfigen. aad thapmos specifie gumor-associated, or
cell—related antlgen is HER-2/neu antigen.

20 - - 8.The composmon of any one of claims 1 to 4 or claim 6, wherein both the antigen
recogmzed by CD4+ helper T ce]ls and the tumor-Speclﬁc, tumor-assocmxed, or cell-related

antlgen are cancerfiestis antigens.
9. The composition of any one of claims 1 to 8 wherem the antigen récognized by

CD4+ helper T cells is NY-ESO-1, and thc tumor-specific, tlunornassoclatcd, or cell-related

antlgen is HER-2/neu.
10. The composmon of any one of claims 1 to 9, whercm polynucleotldes encoding each

: antlgcn are compnsed in separate expression vectors. -
11. The composmon of claim 10, wherein the expressmn vectors encodmg each antlgen '

o have been immobilized on the ssme carrier particle, - :
30 - 12. The composmon of claun 11, wherein the expression vectors encodmg each antxgcn _‘ .
and an expresswn vector encodmg interferon ganima have been immobilized on the same carrier -
_-'parhcle . : - s
| - lB.Avaocinc comprising the composiﬁdn af'any one ofdaims 1t0-12.

14. The vaccine of claim 13, wherein the vaccine is for administration with a gene gun,

~-35 - 15. The vaccine.of clalm 13 or 14, wherem the vaccine is for prevenhon and/or
" freatment of cancers.




tunor-associated, or cell-related antigen is a
- cancer/testis-antigen. 7. The .conposition of any one
of clains | to 5, wherein thel nti gen recogni zed by
CD4+ helper T cells is a cancer/testis antigen, and”
the tunor-specific, tunor-associated, or cell-related
antigen is HER 2/ neu antigen. 20 8. The conposition
"@feﬁnyfone of clains 1 to 4 or claim®6, wherein both
he™ &rithi RHIPSEB ] ape‘dmb;of@}ﬂmz hebpearin I-ﬂllé: ﬁia%iﬁfaé!g% &8 medicament
ﬂnqndwﬁm$ﬁﬁﬂ : r-associ ated, or cell-relate
an igéﬁggggﬁggﬁ%%#¥?3%1 igens. 9. The conposition
of any one of clains 1 to 8, wherein the antigen
recogni zed by F= CD4+ helper T cells is NY-ESO 1, and
~the tunor-specific, tunor-associated, or cell-related
25 antigen is HER 2/ neu. 10. The conposition of any
one of clainms 1 to 9, wherein polynucl eotides encodi ng
each antigen are conprised in separate expression
vectors. 11. The conposition of claim 10, wherein the
expressi on vectors encodi ng each antigen have been
i mobi.li zed on the sane carrier particle. 30 12. The
conposition of claim 11, wherein the expression
vectors encodi ng each antigen . , . and an expression
g ‘ “vector encoding interferon ganmma have been i mobi | i zed
) on the sane carrier - particle. 13. A vaccine _
* - conprising the conposition of any one of clainms 1-to
12. 14. The vaccine.of claim 13, wherein the vaccine
is for adm nistration with a gene gun. .35 15. The
vacci ne. of claim13 or 14, wherein the vaccine is for
prevention and/or treatnment of cancers. 16 16. Use.
of a conposition of any one of clains | to 12 in the
manuf acture of a nedi canent for inducing
tunor-specific i.munjty in a mammal . 7 :




