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-1 DESCRI'PTI ON VACCI NES COVPRI SI NG POLYNUCLEOTI DES - 5
Technical Field The present invention relates to-
vacci nes for developing: tunory- specific immnity in
vivo. More specifically, the invention relates to

- ‘pol ynucleoti de vacci nes conprising one or nore
“expression vectors - that encode an antigen recognlzed
by CD4+ helper T cells, and a tunor-specific, -
t unor - associ at ed, or ceHIES@RﬁﬂéﬁNantlgen - The

anti gens recognized by CD4+ 10 helper T cells are
preferably cancer/testis antigens identified by the

- SEREX (ser ol ViCRNES COMPRRISINGt R QLY SUCARITIBEShy
reconmbi nant eDNA expression cloning) nmethod. To
reliably ‘achieve activation of CD4+ hel per T cells

Techrfiegd Fildd el opi ng tunor i nmunity, an expressi on vect or _
en@f;ﬁg g@%@ﬁﬁ%ﬁ %pﬁmcsﬁ%sﬂfggﬁge%wg ARSI Snunity in

vivo. t Mieye speesiilut thelinventiaetelatasdp aob'dudmtl@snasmmsezompnsmg one or

more @g%jegsﬁ(ﬁpwét&@fh %ﬁdec‘;}pgﬂt&gn Ii]écggm% ngBﬁ-l-é'élcPer T cells and a

ression rn one or nore cance
tumorgpegitici Harvressociated; pragelleglutds mgsmu tHL@l agtigens recogmzed bY CD4+

helpeP'?g@lﬁ%ﬁ%ﬁf%r%blwcgﬁbegg&n% lﬁ% ’\igggﬁﬁi by tF{@JSEi?IE Cﬁ;r.rolo gical
identifigatinm of anhegnUyi Ii@gombmsrﬁs: Ny pxmessmcéoms@ mﬁb@d t ri&yrehably |
achle{?@ﬁbtﬁﬁtlcﬁf(ﬂr @55LHe] &lis fBF @eﬁ@ﬁabﬁ% t@Rof ﬁﬁn&ﬂ C g nﬂresm n vector

he, ression vectors encoding t antlgen

encod@}g romgAnge} isprefsrably admeinistiged aies sasdime. cThe tumor-specific,
tumor 458Biat88 TP c1at@ated Bhtigegd hre éﬁéf@ia% ApbaRowhi mgﬂl bat@of

20 expreSS|on vectors enco i Nterferon ganma are
EXPIEIQH BrORB 10y IORERFCE LYRRs: #ik RS ATCHEPE? Sitqpt gxbilkts suitable

comp@tﬁblhﬁﬁmltﬁ lked and bﬁﬂl@t@ InSdj 6 Iﬁ&o&(ﬁnﬁaﬂbﬁh‘y co Eléﬁ\(ﬁﬂ-IC)tJMs‘é I
mole Evetlon i.s.n restrlctedtot ground “Art

Hgie WC aheherpgee, se@ﬁt Tthﬁlé carpbggxpgessed and/or

preselﬁé&l sf tefsafieabil thélex2OR1bn RotokdBHBGLP ﬁie%ﬁgéﬁ{&&@ﬁﬁéd?ﬂ! CD4+
al ong wi

e s P PR BGHBL Bt S Ml

- expressforvdcior@énteting iltiferdn Whinkiazdre Greffdigbly imitiobDized B HYSame carrier

partils G R TR HEERALE FORL BT o s BVPYHRBNG By iearicind to this.

| ynphocytes, antibodies, and antigen presenting cells

: gAP%)i First, an exogenous antigen is processed by an
und to a maj or hi stoconpatibility conplex 30

( MFE) modealss d dewtde; lcacer hds ‘rrmh Mbﬁm@tﬁﬁs@bﬁ@@m Bdapan.

T cell T cel | t
Db Bt B gleipadstl 608 by Bidnf oot M o
rad1othetaip)cgndjdhlemt1:&mplyet Imnnundfha'ap}s xca tedatrdent aakodwetHlizived the in vivo

' Hnmmgé {eg%;ngg g# a,gn ggzarl}.gesz tgelrsg(l)’lnsglti%m@pgel 4 &201# nLled by interactions __
betweeki Bﬂ}ampm'aym; B tym;ﬁholcyﬂes entifodied, ksd arfimeh presemsmiellnAPC).  First,

i ecret ed. ' is
xS 15 LD SR Do SRS AAOERS comic
(MHQ) glass bor dlass @bmgbsulp; angrpeessnted to helper T cells.  Helper T cell recognition of
this MHC-bound exogenous antigen leads to T cell activation and cytokine secretion. The

secreted cytokines help differentiate antigen-stimulated B cells into antibody-forming cells and -

* also promote the differentiation of killer T cells.  Cells presenting the antigens are eliminated by

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

to eliminate exogenous antigens.

Elimination of antigen-expressing cells by T cells can classified into three main groups:




35 to elimnate exogenous antigens, Elimnation of
antigen-expressing cells by T cells can classified
- into three main groups: 2 1) hunpral inmunity-
‘(activated helper T cells stimulate-. ' :
proliferation/differentiation of specific B cel
~clones to produce antibodies that function-in the
recognition and elimnation of antigens), 2) specific
1) humetal irhmumityr(activatgd §elpdriTved s dtimelapeprolifeestionslifferdntiation of specific B

- ocelle %:so )§c|) c gﬁﬁodﬁﬁ&ﬁr @nctéﬁgtué 6T %%glgltopﬁmﬁﬁlwtmn of antigens), 2)
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- Feldﬂ@obé\‘aéloﬁmapﬁalqﬁ 32Fb3?(?nh343 (3964iibt |The@ﬁ1ﬁ@€|CD8ﬁsand
- these af&&&nazﬁlﬁn&rﬂe%@mls hﬁlseeh@f%n&fmoﬁ%te@ﬁcm@%ﬁ A8%.MBimunol. 35:

' speCIﬁcawjhaia) ,lmmmdltﬁ Jactivated helperf T cellséhdusk aytofoxicriioells (CTL) that respond

o 0L, DSB8 md 55 L DEHES, 090 09 Sp0 B

immunkp €astivaed belpemt tﬂbltsnndllmembn{spcmﬁ@namﬂ kitlesdellspactivated macrophages, |

and s#BS&Hd L c%ﬁ?ﬁﬁich &)e% oo nQLJe %%{u er}%srcfélscrﬁb%deabw‘a T cells play a

retogni zin arget antigens

~ central e@pun@eogrﬂaggtadga’ngnmgﬂmrco clsaltmurmmuneapﬂ@pnml ate

col TR of er ot ADRTDAG Bl S Kl WPhelr derived

tumoretlp pmlmxr fragtienseiap bepdmena to indves entifemos immong tesponses in host cells

(L. G%ﬁ?%?cm‘éef 388?33%%9%36%3%&1%&1- BES g3 E?é 387 (1953, R.T.
Prehnpgi 4. M. Malga{. [NatlcGapesr Imsﬂs,SItS 7687786857 & ((1@5?5 al.,&ancer Res. 20:

1561- h%aez @9@@) 8l Old e%li'cgfm Ff@%f A@&H 8011%11 81-)5170%1(39 0)\ g;erson and M.

4+ Teellsin -

these antitunor | mmu

39-155 A1 Gieerlosse, Adv. Tianpnle 45: 2RSS CFAI gD M rdoiband S.L.

 Topalf; G5% iR Shimuddl Do: S8&80HP r%g)%AdEDElf”FTéHP@dené&i fr%l::& specifically

) 281- 355 (1991); D M Par dol. | S. L. Topalian
mmugsZEdh miqe A FRpPIted 9 eslalsahflg& desgowing turegsareeteqlisn vitro (H. Wagner

et al., 0] Gedel ROJTB SPECI 14 @OROY. ItMﬂyﬂhdﬁ&n%ﬁcﬁteﬂ{tﬁat%@@ﬂ[ﬁe%s&r of

CD8+V"IIO ql?]é fr?q?f ar‘ab,ﬁ]gﬁj 7 gtifuze gnig? cé&g%f;gs%tgg o tragg_plmyt@tq_szgceptlbb '
mice (R108Qxth, AliY. Ihafngl. S8: bress 1®|8m)r (530 GrBél:fbeﬁgdml I&‘zﬁ‘nunol 49:

RNy R g ——

antibodes Atederop. td abdishirbsistAehé.to himaHeinspladatidPn S @84, mice (E.

Nakaygimgrangy DERRET Ao et PoRaas- 3@3(19183%?%3%%32 yQinciRes, 58

3385- MI(IIQQEj,Ya‘ﬂ‘ﬁgucﬁ[Btl ook Matlisrad S8ct KS190D: zzz9am13|(s¢94)) Over

the pa?n dl(e M&]ﬁ% ra%%s(féﬁ@m al Iﬁo ojn h—:g)}'glrn rgf&ce and humans

and re&tgﬁdﬂﬂ?ﬁ)y((]miST cell§ Kave @aeledls@:lvexed@.riﬁmn dRed, AnﬁtB Rev. Immunol. 12:

M e O

debmedeare MC fadmmssd thmdn ardiigen (ipe pargetasoldarl ésvadtubiron melld) etumor

pepnd%é’ﬁgg elnf:e%l Hg\s}\é{%fgeéeﬂri]s% In?@g%ugééer%ﬁ?afg&ggg% %’fﬁigrrql"ffd ﬁ}éh %P% a major

part inRellulat wmrowgty. (hiror re38erB88iged 94 mEeduleRexdled hmngr—assocmted

. antigelllm;Uht g%etgdgt}y I%ﬁlzor%.llz%%g%ﬂ (%Rt %16%5 gnd rés%d]&} fﬁrrjor cell

168’ o
membragepr F O;Iiemngctbs geretis étmeédienlyﬁwﬂcm of besan tumpirentifes reqognized by

T lymﬁlﬁE%é,QfgnQNS Heldih t6hlor réj‘@ﬂ%ﬁ aﬂﬂlfe%? hivdBef Giscovered. In melanomas,

a clear antitumor effect has been observed due to vaccination therapy, which is a specific
immunotherapy using turnor rejection antigens. Furthermore, attempts are being made to
enhance the immunotherapeutic effect by the combined use of cytokines, and to apply dendritic




.30 part in cellular inmmunity (tunor rejection

- antigens); and nol ecul es cal |l ed tunor-associ at ed

~antigens, which are targetedsby hurmoral inmunity

. (antibodi es) and expressed on tunor.cell menbranes.
Fol L owi ng the genetic |level identification of human
tunor antigens recognized by - T | ynphocytes, various
human tumor rejection antigens have been di scovered.

cells pulseveividinantipsnic mpmﬂ&samr centlritic calls teﬁvl’nmhtanl’mﬂgheme has been

mtmtﬂﬁé(? r \'fé%e%? ]jl\?Avg nes %}e fﬁ%o l§ I?Jggf‘ Ay Which is a-

ecifrc ke UDr rej ection
' antA s Of:amtrbmhnmhawe baem atgnsectocavigeienttherhelpet artion of CD4+ T

cls ERTARER LIS HBMEEL CSEBELHamSRLET): AT 000D R g

Tren%&msmmow& POSRATH @@ﬁilb pEwﬂlrstmst;hods caperedlivided ind@thire: dategories.

The A0 RSB A5 ph AU o B Rk,
hapteaigingsacntigerh@l Mipeshima et gt Mefl. tGaneardnen?4: tIB69-H2T71E085)) or

ew Fork) B47-87( 199
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Designy edseLI Motwel land 34.] Movmas(Rioowm, % J.Rice et al.,

J. Imrhfdbl bﬁ‘57d'1Y58dF555' @O hr'ﬂf‘e s%@&rﬁﬂﬁéﬁ@& is co-ﬁﬁn&hﬁaﬁm with tumor

met hod i s nodi f |cat|on he 1 nmuni zi ng anti gens

antigeng ape B1olasylep havipg S@%ﬁﬂmlﬁﬁr detearpinani & Rgmien %ﬁﬂl 4 §dmmunol. 161:
5133 (SY37 M99%N @f@se&&s é'a{ EJI 1. Nﬁﬁﬁuno%ﬁcmdf*% (266113?, such as viral

direct]y |nk|ng

VectofS ARER BB RIST BEEdR OV 328 chih o LPEREl U CRREASS GBOS). The
Jast m@thod iVBGed Bl‘?the@@og&z oF %IecMaE s1 B%@ﬁéh z%r@bM ﬁgan@@W'Rldge et

“al, Nitars i) O34T 0. o Beiet o, Nawon oiomad: 478-480

(1998?158 B GchoenbBigZabl. ONafﬁd:et (Loh8em 393 mmr@ 993)9' aﬁ@bﬁ@ﬂtﬁﬁuatory or

oS o SRRl S D IS

with €04+ Tkelld @‘{T%f:éadoﬁét al 1785l Xe9. (#00d73-108208985. V"I’li@ihscovery of

vecta odi n unor, ens et__al -
such §/gilfs Faougsio p %@sgi%gsgwen(&ﬁﬁﬁ%wlﬁmw% s
b as:edve@fioﬁdm, sitibeaies hyvediot BBéIﬁQUﬂlg’lﬁ tSplgn allﬁi§ P& irPéntitumor

et R B Se TydEo  AOcomple

- immufi¢ resplany idAB/ingF@h 480ular dbd MBriorD. iMmuBétp Q&iﬁ bﬁa&gpletYaJl‘ Chen etal.,

proc. (B i 500 OR bl T AR o) 2 St B L B aeny s 620

(2000} &. e BAuis Prozn Nafl. msmsa USLAISEI ADIDS 1203 MR@00)t iRently, M

peo s RS e EIRSERE Sy Vo il o, o
Natl. A¢agnStisUBA %hdighi 9 t8o(199 DY tedidemtify thorsr-dssociztad metigenmthat may serve _

as vacﬁilags agal rfs?JB.ﬁnorrf N pl(ﬁrlﬁﬁ tme[%lg doﬁﬂl)ﬁc%lp ge%rg a.l%l Llsgd t as@iée%%%m%ﬁ tumor cDNA

t hou arge
expresaionilibmariss.  Mokethao r1 8®@Jhmﬂs oﬁ@ne!h-ltdmkvﬁfrd, by SEREXraDWeglstered on the

.Intemgtlagzl‘ﬁe $EREx B se ﬁWﬁ%or%‘SF f rong and conplete

nmine response | ar and hunor al '
i nifewevey, ndnyrprelXlamplaze lefy unFolvedh empheis vetat kindRf edjuvadetor APC to

‘use to éﬁ@(%yeﬁqklgg:g%3 spg%%]cég%gﬁ%t% d% %%ﬁegdgljui% llggllilF %leptldes/DNAs

to cormpledely mﬂa&mmom; athowse dealigithgire mmm%syﬁ@zo@va@m@@mmors
Reg&pLd VeelMare often reported to be necessary for quantitative/qualitative

- amplification of CTL. However, little is known about the characteristics of antigen molecules
recognized by these T cells and the functional impact of T cells on antitumor immune responses
(P.D. Greenberg, Adv. Immunol. 49: 281-355 (1991); D.M. Pardoll and S.L. Topalian, Curr. Opin.
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| (Llppln%?ﬂfb

25 Pfreundschuh and his coll eagues devel oped a nethod
call ed SEREX (Y.-T. Chen et al., Proc. Natl. Acad.
Sci. USA 94: 1914-1918. (1997%) to |dent|fy : o
tunor - associ ated antigens that may serve as vacci nes
agai nst tunors. In this method, human sera are used to
screen human tunmor cDNA expression libraries. Mre

t han 1800 ki nds of genes identified by SEREX are

Immumegulet E88351|943® o08)e S.H. BeBhietr AS I @E‘aa@%tsamqmﬂ RF. Wang,

e ' T e L0 R T DLOEEE om0

Shiral\RGL} i Imusiol.  52f F50L1586 ( 1994ndd deurig kT .BB@! Kde@. 188: 2357-2368

oo PVl 9, 15! L1186 908 A0S SRR LSES TN ., Concer

Res. 56mn@rﬁessms¢19%)wa1§isnﬁmﬁ emmarsxp Médo&DO T6106279199%; D.R. Surman

ot al. 8’ frfihu, ﬁggéﬁ? @oﬂs ngar ol Nat Tmmpnld : 145-150 (2000); C.N.

" Baxetdnwwetef., .T [Entrtuinel. i164: @90%932)(&[1‘00} %FEMm@@t‘ af. IJSIrh@l&nﬂf 165:

se95 350 BRRIRLESHLGA o 2 CRERULRT 190 65 ohef sl et

Immunek por<E4 7{605 @(meﬁe nibe gurrdkd\hypcbthm:mﬁnlr serﬁ@ int@8dlh@&Snteraction

amonfstBRbk: TR CHRLAR A (?ll%'g the FRRALARA ot Bl ber ;%)'15‘ seldted to

antitufep imipoe reiB@se 64n m@ogrﬂwdlvelﬁe End Widegangelofentgens (J.P. Rldge etal.,

Natury TR 78 (I PRTGERMOB S Pes . NHRUA, Fla g s

Schoenhergerod! al. 18 20ure1 389 486583 (10984 7. LK ef kiuniy Esp. MEd.,193; 541-550
(2000?)“0 Med. 188: 2357-2368 (1998); F. Ossendorp et al.
. Med. 187: 693-702 (1998); Y. Shen and S.
Fupnaisses, of Gamow IBmRee Tesp@seSOUBIEBDIAnd (GHE)tumats are greatly

advanMngl?lhg‘aH; %g %Bo@é descr}beji@%ﬁﬁ%thc;dg@{ o ﬁéﬁe&rﬁé‘é{g %%)gg%‘ tl. Acad. Sci.

USA %4: 1RHARES @993) E. Keger eflatahdip. Med. 185 625630 200); E. Gager et al.,

Proc. ﬁ%ﬁ%&&@l §c1eUs?J97r 12“198' m%moooﬁﬁé Sa%?rP&M 9%1% (ﬁ%@%ad Sci. USAV o

92: ll@i@ééﬁw (/1\935) Wr 9@ and %tT. Chepnle Bxp Rded. 155: 1667163 §H98); Y.-T.
Chen, (“Pﬁﬁé}ﬂe ad PradMeé 6Pth@t}31élbglc T‘heragkr Wﬂﬂ(‘:err’l’ 1653, A0 Qb derfBlrd

The curren

el kipso Phladblpiia) 63 o3 GRAOONGE. s erabdpt.d, Cancer 88
845- SQT 000y, ARGs %bﬂé@thhpwhaﬁm&gs&the bide¥ iddhakic 8l BEREXK are

ls rela antitynor i neé response can
comp PT@ osgﬂ}l%e‘i tﬁ%ﬁ%}@ﬂﬁﬁﬁa S a4 Higevilt-tyRa spqeA%e. ( Ju pther words,

- they dRndO@@iris8lamino N3l SMtRtiR%3hs Jrishe J (GRWBAY.-T. Bhé\ﬂ J. Exp. Med.

187: 100 B aBge) (et Qhen, inne udPraatis éfléggﬁfé%s Thrapy gf Cancer”,

ed. S. ﬁRciiﬁenberé (Llﬁmcotwwﬂhaﬂ;ﬁl& V\'aﬂclnﬁﬁﬁﬂac(eﬂ;ﬂﬁ)i))s)m s (2000)) Therefore,
a

- the hnmypp%sesg'ﬁggl%esgp@%cp)ﬁn{{%@o% tges plﬁl u@dg@ 0 thgemlore although

some &EREK-adﬁg@fslsh@ﬂ tihiEpsstiietet eel 1(e?(smri|' in fot@al ©dsud (e.g., Bﬁl@!ér/tesns

| antlgelést, m&ila.nog gfgererwggf? é\%tgg%n%%gcjﬁ E %@%%%X 555%61 tigens are
- ubiquititusly eRpressedNatlowesenithe s&itim sanfplesOof pafiedtd 8ith2843iated or
non-asy3446d rgen TR o S gafpocic 5 g fef et By fype molecules

 than néixpl hodty stBjécts.1 168prtddnt, thd BRBpmogénic ktimulus 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

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

discovered that wild-type immunogenic molecules of tumor cells can amplify tumor-specific
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_20.Chen,-"PrfncipIe and Practice of the Biologic
Ther apy of Cancer”, ed. S.A 'Rosenberg (Llpplncott
Wl Lians & VVIklns Phlladelghla) 557-570 (2000); :
"Ono et-al., Int. 3 _Cancer 8 845-851 (2000)). It :
- reported t hat when nany ‘of the genes. identified by
_ SEREX are conpletely sequenced, their sequence is the
-same -as the wild-type sequence. In .other words, they :
CD8+dGThota CDAPp helper Aotlhactivaiioh. s Mahely, Lthd:)Odl‘lSc@Ereﬂlﬂh‘d‘lm@hlvément of

such Pt it i FE Nk o0 Rt pead. s Us.a.

98(25Bil 65 Dlgl 4576H2eEHPY of Cancer™ ed. S A Rosenberg

B} A5 BN A0 VL A5 P RSLRIN Shg R8T DR s bcn

provemtd Bcluteboth humotal tunbcal edar limmofe mespansenn sThdugh theepratisemechanism

by Wl@%(}{ i?fé]g&g{hgﬁ ?ﬁd§&%§f§n@q@e%§%%{1§a@%}rw uengkflﬁ I(%Ceé ?’grdoll etal.,
. Immuatw By s | ShEPaho.htie efedtivenasnis sivivorbyahet ingeetion adtharmoral and

cellulgﬂﬁﬁmﬂ{mésh € Tﬁgs%%dltg %gﬁéa{t_%ﬁl@c Ak ?ﬁ@ﬁ 1sagxg>re%93d aﬁer adrmfm stering a

ously expresse m sa
DNA pjmw@nmyi piptide assl@@ts af t¢ ngked BM ats posertedas a;mgcm with both the

MHC% g\f[%}{g{a@qf £s wWith a hi gh titer against these
-type nolecul es than nornal healthly subj ects. At

prl“@%mousmﬁyldq&mnmb@MHQQmM| agd/ot Hrmelerdes andderived from viruses,

_ bacterlfbl;' BRY Be 1ike Mbﬁ Shited o RRHEHYS bgef Qe rﬁz&ﬁtcﬁ{‘gﬁ@e{id Thhs  promotes

EXDTESSIOH of ese_ tunor produ
reactiors| suely peie ar@ug%qrb@ﬁ\@alonszlyng@kma% andgprolifertionsf celis, killing cells:

| -mfect&pm lﬂheevﬁdaaﬁacﬁ%m%w Som wﬁz%h Iﬂ%: éx%gbov s @gt?tﬁ WdteRBived.

éqesl l'ecules. I'n view of resent :
Iffespfbcﬁvéﬁﬁ ogabigRioR SEnchprin GE @é@vs?re@eﬁﬁmhgmcmﬂp are fragments

mcozﬁoﬂ&fbﬁ‘&gﬁﬁb@esw lﬁ,@d’@%r 9fhe¥ |a11§'1ci%@1} g’éHBlaief(YT L responses,

unor - speci fic Vi a CD4+ hel per

rePhC%.t&ni eatorohiat mweyrotﬁwtlae@dw@ﬂwntm@ww dt- \P@H@W@( apd J.W. -

Yewd@U@lquﬁMc?@mélnhﬁﬁhh&Uf@ 15 81L098);[(CRP 8196 e(;lzil Nature 351: 456
Ni s%kawa et _al Pro, Natl. Acad. Sci
(1991} dgovimiznd RyAs Yesmeablgtrg 35 WATH @9@@5@@4@ T phgi J. lmmunol. 149:

53 (19@@;;@ 8 Eahnl d2of. APRS OVALRIA B8NS d1 SS A B! 2879qf 9919k @ WellAs methods for

o e e e Lo o] LI DL s oy,

K. Demiechi., Divburé 320 mqwsn;yplem@hasmm NSRODSE §7S (1990); D.S.

NI AN i it

-(1992))nduct| on-of Imoral and cellular inmmunities. These

AR S P Sl i

| vertebtdnehas&ieeni eﬂ)sizﬁned ewmesemzwcasbam i 9ps mmphesaoh lof DA -

erecio il e Rin PR e i FO LT BF bR LR e eignor muscls

is possifde M eHeifwems’ty\ﬂndlls %shefb%mb.aﬂath Acad.Bdi.HESA BRES €555 (1986)).

In mic[?,ﬁ |C]9 %Detsggn %n& s%lg))é@]} ‘If?% mcor ecgtgé ?}{Eﬁ gﬁrog%l%?hd expressed in

- cells upem 1Im1a31usglﬂq;rhmjlecmms(l a@n OValfIods i eScaenoe 248f 14651(1990); G. Ascadi ef al.,

. NaulrekS'§2| k?gg@gv\n CH{ t?{; CGLeE % etcporwa% Yiif H%Ed Q?%S gplsoanae 244 did not

e EXO enous
repllcate 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 ef al.,_
Circulation 82: 2217 (1990); R.N. Kitsis et al., Proc. Natl. Acad. Sci. USA 88: 4138 (1991); E
Hansen ef al., FEBS Lett. 290: 73 (1991); S. Jiao et al., Hum. Gene Therapy 3: 21 (1992); J.A.

- Wolff et al., Human Mol. Genet. 1: 363 (1992)). It was further reported that B7 on the surface
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15 Irrespectlve of t he Iocatlon or. functlon in the

pat hogen, these antigenic peptides are fragnents :

i ncor porated and processed by APC or other cells. To -
artificially generatée CTL responses,  replication
vectors that produce protein antigens in cells can be
used (J.R Bennink and J. W Yewdell, Curr. Top

M crobiol. Imunol. 163: 153 (1990); C. K. Stover et

of APl and NKHU,p“reseﬁﬁrhbn 456pitopdOPlhy copardbld evlenin the dcthaﬁon of CTL durmg

tumor, eﬁlﬁﬂ.ﬂgqol\b@gglgt %g}ote{hfggé %}) ]é? ]ﬁgﬁh{%?)) oa&f&\/IHC molecule

on theNatrface #CAHC phesents ibépifie t@ ﬁ?[gceﬂ]r@&@)c)r B’bsxpm&dsbd as the surface of the

ome TRENAS L7100k 20080 RS 2l 8 65 (R s

helpeKT c@y, whichtenst mgndlhitmna'e&éz@%&st(oyﬁ&@DSM cthk adpadlyiproliferate. -

5 TH Pt Wi B PRSI PSRl B bgtsera

intramjuspulady.. ot 8xar@pls./Tang £9OL JEmorBrakas thdi enipoproduce antittyine growth

hormérf%r(B@J%uﬂ&hgsdfo ghiyrgja%ﬁﬁfsﬁ%go}nﬁzg(é}rl#ﬁggédg%é%ﬂfi Bgaéed with -
DNA ¢@ling fuBGH (Tog0y pl., FatpreeXiéi oh2-654 0I982))pr braddition tegkin, it is

' | reportg%g:{%t Qﬂé‘c Fril%f%%re'lg@d ANehn2fle i ttg rh%'?n a%.rﬁalttg?ues wch as

cavl ty vel Nns, Oor mnmusc po
musCbem gEpPsst gla@mglamégws ae} ieh (Rm:h et q&eédalywl B1Q9$Amlstry 205:

365- 3§§ 19@551 %@ﬁﬁ(rﬁ@tﬁ@ for IitrodLGEe nficl ﬁé‘ﬂé\%sﬁé@%en gubhshed as

tOf was S

- e lncoré)o ated into r;yoc yte
_ revm@(@} Exedigan, fcieger ¢4 137upstH IQSQEWWQH?’&? 0f Jdé@tllbé-ﬁa method for
mocul@tt]nf‘an Maf wﬁfl a@»laccmes&éa?rﬂs? Qirg{ b Qﬁné égzﬁ'ﬁér ! pa dfticle with a gene

. 52: 815 (11991) S case
consﬁvﬁem&r@m%@gm @ﬁaéﬁdrr@atlﬁ%t%c W@ﬁ diugthgn DNA

immuhRRidClathst HOPRWEFus hE?B&'nSrEﬁdHede(CBk esal qnv&& bMeS664-5667 (1993)).
vector was observed. fol[ow ng I njection into _the

In additien, &N vefisies andtheprgraductipy ﬂnd/amﬂnamsrf%%me@@dm jalso described

U SaPafeﬁﬁNQa-’f 94 D@5 00USS IFRtedt N2k 834,bb6, 1.8, BiterdNo. 5,589,466,

at on 82: 2217 (1990); R ‘N Kitsis et at, Proc.
W09‘ﬁéﬂc3 chci . USA 88: 4138 (1991): E. 35 Hansen et
al ., FEBS Lett. 290: 73 (1991); S. Jiao et at, Hum

D IGenefThe apy. 3:21 (1992); J.A. WIff et al., Human
%—MSC SAY 363 (1992)). It was further reported

t hah oBjécove 6ﬂ’cﬁe ﬁéﬁélﬁ@:ﬁzeﬁtxorﬁfs%’?r@ﬁ% d¥FdCH 1 mﬁﬁkﬁcﬁhér@fﬁy agamst
es i ct i_vation

umorgr AR obRbiatss SoHTeE Mat sl RERFHGL Briimas FucaHg g cancers,

therapiel forls'hi;fn'reislﬂgptﬁ i)ve rwml&n%oﬂ‘q‘h@aﬂmdm@ﬂdaﬁcerg rintl i@ atment
BB e R Lo B S el G prtiin

.andcﬂenmmut:amﬁﬁtsAveﬂreﬂTeﬂ@Eﬁ& and functions as the second

o st leres sl SRR e B L Y 16y, and is

-~ based om mediqdnpg thhi nilﬁroa{specxﬁchmmImnanéJemnddmembbﬁ\ssmgm alpddgnucleotide
rily..haye
. vaccm ?x géﬁﬁlggu?gtﬁﬁ yenc%g_}; eg%e Hbze% ﬁ}r %;]ﬁlq( ee 7 él“tcrelal and a

30

35

tumor{spanﬁwntmampassohmied,mntcell-lmianed enmamv\md praferabinan éﬁ@@smn vector that

cncod@srlfmgptggo'r te es ik gtg@% etsgrllt%%hﬁhog gﬂlatltgs !{p n’%&ﬁefﬁ comprising

expreselmarlectprsmmdmg 8% antigkb 2ecbgnized b9 DA+ heﬂpmércheﬂs cmdtadmnor-SpeCIﬁc
tumor sc‘tgéogratédt of &ll-related antigen. More preferably, the composition further comprises

~ an expression vector encodlng interferon gamma. = Specifically, the antigens recognized by

CD4+ helper T cells are preferably molecules identified by the SEREX method, and more

- preferably SEREX antigens showing exclusive expression in tumors in ordinary tissue.
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- 10 reported that a jet injector can be used to
- transfect DNA to living animal tissues, such as
~nuscul ar, " adi pose, nmamary glkand tissues and such
“(Furth et at, Analyti.cal Biochemstry 205:
365- 368(1992)) Var.i ous nethods for i ntroduci ng
nucl ei ¢ aci ds have al so been published as reviews (T
Friedman, Science 244: 1275-1281 (1989)). W93/ 17706

Exam@ks of Blhﬁ&mﬁgﬁﬁtditﬂddé‘ WY-ESOOcMAGE-Ag, aid athN@dtegtirzbd & cancer/testis

 antisqify T HERE! A5 S o v Sk b Preber e it

antiggnawith a:’tmdréspaclﬁe,lthmf)f-astshﬁaﬁﬁ; gradelHrelatel entlgdﬂ%rongly induces

. tmnor(seg%tﬁéﬁr?ﬂ | °‘%y @9%@%&%%2&? gé%}'fa‘;‘ggga% ? eBQ 2&??4571 (2001).

The iraddiotd lave aENEomabthﬁmeéemndbm lbﬂalsﬁratm[cﬂrbf&milyom SER@JX(mmgen _
L L :
supps S0 by B oS b5 Bl s B b REM gt ooy rhereas

" co-exPassort with int&rf&80 gdifha b4 sidh7Bippressich Guganese POent Application No.

2002- %A?d%boﬁ“ﬁ%hﬁia&aré?a i QtNé%”A@g gp) ﬁgﬁé'[ ;(§oe(?§):fdb%2 (2003)).

I 'Avent i on 0 provi de ef
i nﬁhmtx;ﬁcsspyl wg@rmmcodmgmnmsﬁgenddmctgntmdIbydﬂ])fébhc‘lp@él" cells and a

tumoxj-s?%iﬂg Gt ? ﬁgsgh%d P& JIH r}glg{edtaﬁﬁ ﬁ &Fjgn({r [g tatﬂ& anitad8fional

es for suppres

| expregSEUiecton @m@rngmwa&tmm amammbhqurmm ﬂ@mmarr%pamcles

~and ad%ﬂ?éiiéd {OQI{) el1P&d ﬁ@tgtb% Oe V\Es%dtaﬂggksgﬁéd 9}? ﬁfé EQ@%S:%IS g{-IBH?Ever, this

IS |nopera omradil ation

' mvenﬁqféléﬂlﬁ’éhmﬁed/\@rtblsl nef fective. The present i nvention

r eh@ﬁ@&nb@d Heg&ﬁ' ﬁ?sanfug%n Agyslion B}QCdEWHElﬁ&pF €l Gefers to a

i munity, bas e fI'n

‘polypentids that gemprises ainertiay thyt S@aﬁ:s peay epitepe @f Bk glgcopaetein expressed

on maRBk ME!?&' Fediisde grééﬂfs%& Is tﬁé&@&feSSJVI?é?l é”P EEIP e%eﬁﬂ?&gb%ﬂzes an

an an gen rec per

antigon prpaeg b rh MOIC oL, CDddundatmdhe 15 dogasin of e clase 1 and thus

enhan8ithd8M1itydTehPT %El@f&*@lﬁgﬂf& ﬁfﬁ@érf‘sss CP NBREOHardshRE signals into the
ncodes i'nterferon hus, the present i nvention

cell, aﬁépmewd«sﬁ@rﬁﬁ@g@p& metwrﬁcfrcmkmj eldhe BEsEN Iwation.gnolecules
1dent1ﬁé'531§5dSEEEK@I@ﬁirh&ﬁ£!rlf ﬁ&%d@%n@%&%l@cﬁﬁg RRbgriz&Eby 8D4+ helper

r- S e 1 C, t unor - associ at ed or
T cellg, edﬁuda 810k %#b“e Rut agp pet rﬁ#@?f@& i cgnceq/testis aigsas fuches
NY- ES(DH%&@H\/IAQ?EPAH Slesat shdidk prdeias SilcBs YRES-Tike @MDY Ihse 1, galactin 1, as

ens

ell Eﬁ&%ﬁ&@ﬂuﬁwr@fs@%@% hdvamettpactaue "BrearBidgpnducible protein,

human®tie6id laeid - gb'hkﬂvé bRfAeiRYH! f9i-RkREpAtifE dbl@ant e uﬁ@rra@tmg protem A

o g B S5 DT LGB R o

molecales 1dgetified kycihy SEREK Mool ardW(EEtyirt méloculedibht are also generaliy

: cateqorji.zed as capcer/testis, antigens. The prese
xPresS R EAHEBIEY BRI S RUNF PR S R AF R S e FP T 3 Bpalthy
- tissuesarriobdRiés spanifiqiln empﬂ'ehsed ifi tuimors sfeelesifdble among those identified by the

SERER HiRhod ik Rttt aftigers Shitt 5 N RS Ehnd NGO A4 e

particuiPardy prkslﬁirnedAcad SC| USA. 98(25):14571 (2001)).

Herein, a “tumor-specific, tumor-associated, or cell-related antigen” in the present
invention refers to an antigen that is associated with tumors or expressed specifically in specific
tumor cells. Antigens expressed only in cancers and testis include MAGE, BAGE, GAGE,

- SAGE, NY-ESO-1, etc. Cancer-specific mutant antigens, which are derived from mutant gene

35

products produced during carcinogenesis, include CDK4, MUM-1, CASP-8, ras, ber-abl, etc.
Tissue-specific antigens, which are locally expressed in specific tissues, include MART-1, TRP, -
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5 The inventors have also found that independent
presentation of'only a SEREX anti gen suppresses CD4+

- hel per- T cell activity, thusgsuppre53|ng :

- tunor - speC|f|c i mruni ty, whereas co-expression mnth
i nterferon gamma bl ocks such suppression (Japanese
Pat ent Appllcatlon No.  2002-254967; H. Ni shi kawa et
al ., Proc. Nat. Acad. Sci. USA. 100(19):10902 (2003)).

' tyrosﬂibsts gpOPPRA SprofeiRe B oS ePofth Adigds epirésgedin higher levels in

cance SRR FRARI,BR, RS T o Sﬂﬂ%ﬁ@l@éﬁ?w&f‘eﬁa%ﬁl’v HILV-A, et

- Hereiand tuge- spéuilﬁlc tﬁmm@as@ﬁcﬁitedl aiiilcyll-&ﬂatadi dhfige@nady be a full-length protein or .
_ afrag%ﬁ% f g yector encading interferon gamm, are
Bi 12 SIS ORE e “carrier particles and

ad r’ﬁJmost;}mcdi:b dnd/oretunsr-aeodsted antiene th’v@&l@ﬁbtﬁiﬁc expressmn patterns
Howeve

T o L M

ovanahmaulcege,rgastﬂcmgmezag thrpycafitddss ahékypdr NGESDsY 1sre&f3ﬂzsﬁadt1@ 20- 30% of

breasfacagléerg %ﬁﬁpémggrst%c%ngéa{l%es a. W@gﬁgﬁé ?[}d6(§°9 ¥$3ad and neck :

Op€ 0o GEYCOpT
cancemﬁndreeopmgq:ﬁé caficecs bidind0%poLinng sancers hid S AKiEr i @0% Wimng cancers,

-esophgﬁt%]lﬁ@ckﬁsrﬁfﬂet%%g E@&E&%g&f aﬁﬁr&nxté;zg% grl%g{/eﬁa ﬁﬁehd méth

- exprepdet antigens alﬁ]pamlétﬂ‘}’lmefeeﬂtﬂ: amummrtspwlﬁblthmbyaasbcmfbé, oF cell-relafed

ant1gé1"1§ kd b‘{ Qseﬁ%‘fgrgcp héﬁ‘:e iglgpﬁ)a tr l%t?ﬂ%éehc%c hetc"more fa)me of the

s into |fera|on ah
Caﬂced@éh%mtkgﬁn&ﬁmh w8 DR E%@ 1 and Mh@ﬁaﬁésh@m b¢emiaomingn comprise in a

smgle'@!)l@&ﬂé ?fa.t?&tiﬁgﬁi@tsité Eoetﬁn@ PRRES1RL Prold 8510 eCth &¥t1mulatmg CD8+

pre erred anp he no ec es recogni ze
L, ped Pean armigenir Isge tocdhinth amRE glass g tands th\tsmdloamrg identification as a

| ___SERE’%%%&EG%% MR MRy BRRET o7 s such as

Dnabe fumas- SECCI@NAUMD@%@CIated qulcald-r¢lpted antigens petiivating CD8+ CTL
cells Xt ¥hediunBi g b%tﬁﬁ%eiorbn M@cl%ﬁ'rﬁ&&ule of a host animal to whicha -

hexanmet hyl ene-'bi s- acet am de-1 nduci bl e protein, uman
vaccinecfithppresent inyertiarpis administeredt e When the kospanimal tsauman; the antigen

that aéiRhated CIVEH OFD chIN REeaLo Uit RF Od18dsN nﬁ)lgéllé Q} tﬁ@HLAt'A -B or -C locus
api ens cDNA FLJ20644 fis clone

of eacf peIF B ABFIey allp ikere frssi3 pvigposiitbohAblocuuathistris ipught tobe
1mporBMt ﬁl%h@ﬁﬁﬁ%séﬁtfbﬁd 5191?es%ﬂ4%ﬁ%@§ar€‘ébl%ﬁiﬁnﬁﬁ Mtf}%blcﬁ‘dﬁncludmg '

T R B J02 S oS L R NG ARSHeoh Cacsins
and suchS81 €S, ATGhd AM9ese fRd ﬁﬁft Yre§ Ankd)n @ﬁﬁéma@b arfdl AMBRICBmmon.

Wt S et S b et B S EA A2 o

HLA-AQ4 NPctueApecifie anfzdda bhidhcadlgpl 69, MARTEr, bed tyrbiehige s veell as

ST T R L M ET M

to congnise geitopehtiat bindas aaci Hhﬁlﬁbmfd}l tirusingss and cﬁi@@f/&@ﬁ@ﬂmgens such as

MAGERE NV-ESOLY ab ! SARES rhisSheeh KB MRES pRpride D ippebat binds to A24.

Accorﬁﬁﬁ, wiBAGEyacchRGE ﬂld\j}feﬁﬁﬁnizantﬁirﬂs ghanaeen hegt@mrﬁalplt is preferable to

o ke €%y e Bl eGSR IR it

a _hostarMﬁM 19 seﬂ%@a@nngms;onipanblam thaetype. Ti ssue- speC| f| c

sue
NY-ESO-1: AJ003149

BAGE1: AF499647
'GAGEL:NM_001468

arbe%esggml cal yugmgmﬂ:ﬂfacc:ﬁ%ﬁe erumeo%%e%r each efr)1 1gen b3 shown below:
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15

8 tyrosinase,: gpIOO PSA protelnase 3, etc. Protein -
- antigens expressed in higher levels in cancers '
~-include HER2/ neu, CEA, - SART1lq etc. Vi raI anti gens -
i ncl ude EBV, HPV,'HTLV—I, etc.. Herein, a -
tunor-specific, tunor-associated, or ceII-reIated
antigen may be a full-length protein or a fragment of.
such with i mmunogenicity. 5 Tunor-specific and/or '
- GAGEMMNMSs8®ei7at ed anti gens show characteristic
' GAgﬁgﬁgﬁgigﬂgggtterns. in various cancer types. For
T /I'meu i s expressed in 20-30% of breast
SAGEhONSQ1866Far i an cancers, gastric cancers, |ung

HESCSGEL S P, SHE By FPCuep, o 50 1 20, S0% of

MAGEeT: NNMMINBEB6A4 i n 50- 60% of head and neck cancers

II?@% cancers, and in 20% of |ung cancers;
an ‘% @qaﬁ(@gﬂ% of Iung cancers, 10 esophageal -
MAGHe*er2s NMi05B6Ad and neck cancers. Therefore, the

_ expressed antlgens are
Dngpm%ll cuI arpbggrgé]pgf%rﬁelﬁm

as tunor-specific,
PRAMEIrNMs@%Mét ed, or cell-related antigens to be used

Ho{x_;u ; tﬁﬁi%hs ﬁe@:‘&&%ﬁlgl{eﬁ% %;é“efcﬁta‘}rﬁﬁe-h{d%@éci A 198G GRAGE" S

er nor e IS “anti gens such
Humgnwmﬁscacld-m&mm%rmmhh?@&&%en known to conprise in-
[}qﬁr ?@Sﬁolecule 1) anantigenic site to bind an MAC
ass ecul e, thereby stinulating CD8+ 15 CTL;, and
FLE64HisaAK0§80Ilc site to bind an MHC class Il nol ecul e,
t hySine Rk&%ﬂﬂve’nﬂ@ﬁ‘ tthef g&?ﬁﬁc(l’ébt §s at éﬁ?ﬁ@&h@ Bhli S are it Ii]estnc‘ce:d

ant | S are partlcu prere _
and may; e 2 RNAS or suphps lasg atihay é@n elmﬂ addsire¢ Bhmteiresponse when

admidibe 8BNS haG tabﬂr%ﬂ b9 nfdiibh $fhe fé@ér*t e ﬁ‘?5 t"fh% Lﬂo eynu]gleotldes that

function upon inding to an mol ‘ec

encodg dlas ankigepsedf theprgpant inventionamey he these wheserueleetide sequence is

3 artxficiéﬂ‘f@ﬁ&dlﬁéﬂ by%ééjémﬂéétaﬁﬁ&?acﬁ’\ﬁaenéﬁbesﬁb@ﬁﬁu@ﬁﬁ mk:rtioﬁs &nd/or

20

25

-+ 30

35
. comprises an epito_pe site that was determined based on an above-described method may be

the antig 20 that activates CD8+ CIL cells

- addl‘ﬂ?ﬂ@eh& ke Figiofs e sise dircgied BSARENGSTS (UL L Rrotoqyls in

Moledﬁ[ar'gfollogy UShn Wlie? %Qoﬁehﬁ%el kgl deatoald. v-s. St(hgg’fj% 35 ﬁ)ng as the
pes of HLA-A locus, which is_thought to

Poiyp?lmsis FP%Rﬂed%ﬁ theralygsislegtide ean grnprE a desied 1 lmmn%lr?@pwe T the host.

Furthein@re; Q8TRE ak thel yte g elicH £gesires ieiung resﬂ@m@ REHR hodt) the
%0 O re. In Carcas | ncl ydi n

count for 70
polynGieqPiesgraY FRcatc BAHELE| C6RUTTINg PaXPERITES ATith mptatiaps. o Sych mutants
existitd4fl nafiee fmy BF ido)HdeBhy ladbhvel Ky bildida6ian Sach:ﬁ%@e Bt Bigredt Protocols in

ol o T MR L e B A B 0 g

amplifitafioAZhnifussPERI paei GurfenaPidigRilsinMelacdsr Biplddy, John Wiley & Sons,

T-1 d , [ / test
- sl i e 4 B WIEET s (Re)” vnGe d- and Y. ESO 1,

haketiet, 3Da parrenkadingan ﬁrﬂig@ﬁ'ﬂmﬂ)iﬁﬂi ie khowpease tskidted i e art can

readily ﬂ}ﬂf}égﬁg @}(}E hg)g{ceq{}ﬂ}éilo rop %E%nsiatmgﬁg{wtsigtﬁb%ﬁwgquence of

the préteiarKiyteoand Davlicteyriisk Biol. £§7:t105€ 22 1§082Y) andsitstsecoh@dry structure

* (Chou il BRERAE IR Kox MR, YA " o8I B g eions in the

aminotaoid sespaamica €fot fveneptq rseesAnadan‘cherheBﬁ 34011985 and can synthesize
peptxdé%g thg}?)re\ﬁ?ctéd Aind ggid sequenxg fo & fter}nrilr?e tlhgi(lj'I Iaz\lltlléjelrjlfglty using the
PEPSCAN method (Nature 314 (1985); Published Japanese Translation of International

Publication No. Sho 60-500684), etc. Thus, a polynucleotide encoding a peptide fragment that .
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. of thel-ﬁﬁﬁs%ﬂt

host animal, to select .an antigen conpatible to that _
type. Mre specifically, the Genbank accessi-on nunbers-
for each antigen are shown b ow. © NY-ESOl: AJ003149 — .
- 35 BAGELl: AF499647 GACGEI: 001468 9 GAGE2: NM . -
001472 GAGES: NM 012196 SAGE 'NM 018666 HER- 2/ neu:.
ML1730, NM- 004448, NP 004439 5 MAGE-A3: NM 005362

MAGE- A4: NM 002362 MAGE-Al2: NM 005367 Dnal-Ilike 2:

produde Eﬁ%ﬁﬁqudﬂ@ﬁﬂﬂ&&@xemﬁﬁﬁbﬁthdﬁld QOBdskD i é@ﬂ@sﬁ)&pﬁeems for antlgens |

net h%/lene bi s- acet am de-i nduced protein: XM 008348
19981 ¢ aci d- responsi ve protein: U503 83 DI PA:
XVERDHESch vdEto.}Qﬂﬁdéhﬁ the! présea OO Edtidorare h:eombmaﬁntectors into which an

i_nvent }on nucl t hat, encode
gy RE B0 pros Rt A RSB e iR Bmsligemepgpdusoned.
The vectosuc imser thek® penea sncliteplasaridg Iphages, asohédsi viewkes,rand oeher

consSRRIEEAE e AR U204 8RB, Moot e

- consttubtvariognplasieids Iaed aeitory basdai tetimiqree dmnbedwmefdrlemmphyMolecular

C,lomﬁ% d‘{ p%gat%%&déi‘ ‘do%’%gﬁﬁ FIgthoy Tty rgt%ryé Ay i b@)?édxééd by

n O acl
Sambmaol<¥ izt Land dresgboiverslescrribed hteaatdveocditeddzdlﬁmsubﬂ et by known

or G SET A T 85 oyl e L BB Sl PRSEERNGY p gt

termingieys beseddieran to resel@ten expregsion & the hogis fiom keayn wegylatesy sequences,

e AL OO 8O B4 i

mamefrthwélge@gem%ng hareforaenpgelaior faqupnces derividrfeqm an antigen, or -

' heterd @ré RIS % deledsh@ia géhsedtlh%e ée)ﬁﬂﬂﬁlaﬁﬁ}d 8% BB¥nore, if
hcod at r

occurr pep
needeﬁlmm@ i¥gch %ﬁ iplie am%ance xmamrﬁ ghay rbe ﬁmdﬂméhmrwém vectors of -

 the pres%ﬁi avadidly 'tROWN rﬁa&m&ﬂuﬁaua@fp abﬁ%w \‘Fhléﬁfrs §SOR used, nonessential

Current Protocols in ' ecu Bi-ol og John Wley
polynyeleptisle sequenersare pefosubly deetedifinm éleyﬁetonlr(thg grsyntapypntion.  The

.~ same HEA8 for RPYebstd rCrctR O fdr B iRt ReSh ga%g%a ér&eelpddldﬁ&i the

Prot ocol's i n Ml ecul ar Blologb WI ey & Son
polynucleotides encoding an antigen recognized by CD4+ helper T Cells, those encoding a

" tumor-specific, tumor-associated, or cell-related antigen, and those encoding interferon gamma

used in the present invention may be included in different expression vectors, or constructed to

be expressed from a single vector, as long as they are arranged such that they can be expressed in

- " the same cell,

Upon introduction into animal tissues, a vaccine of the preSent invention induces in vivo
expression of a present antigen and elicits a desired immune response.  Various methods are
known for introducing nucleic acids into living bodies (T. Friedman, Science 244: 1275-1281

. (1989)).  Any method may be used as long as it induces in vivo express.ion of the present

30

35

. invention’s antigens, and elicits a desired immune response.

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

-naked plasmids. They may 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

* (carriers) such as colloidal 'gold particles. Preferably, vectors expressing an antigen reco gnized

by CD4+ helper T cells, a tumor-specific, tumor-associated, or cell-related antigen, and

preferably interferon gamma are adhered to a carrier particle, such as a gold particle, for
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- 35

Ausubel et at., Section 6.1-6.4 (1987)). Further, if . a -
- .gene encodlng an antigenic protein is known, one -
- skilled'in the art can readj{y analyze the
- hydr ophobi ¢ and/-or hydrophili’c regions w thin the
amno acid sequence of 30 the protein (Kyte and
Doolittle, J. Mol. Biol. 157: 105-122 (1982)) and its"
secondary structure (Chou and Fasman, Ann. Rev.

introdBttiehiam thd Bo%ﬂ@g&%@uﬁw #égh) hbWe\mr,eHa: pilesan Em@ﬁﬁmczs not limited to
nt n r
tis. TENBE 0k BAAE oo BACIen 0" FISapy oL TORCYh R drpERample

o w0931emoagte sF1hal\]/y tig: fobgnupleetiilest @d bampraparcddh Solsonsesuiteblt dor in vivo

scming Nt A e RBeB s n S5 oy Fadha BF chbosions

-of the Ipnetsenmwnuna Irn@ﬁ:eauéﬁarezmg vancibles 1n$hmbﬁﬁt15ﬁ)©ﬁﬂ1h)ijuvams such as

| di
S T T TR KT
of plakagle dn wmlhm@ﬁmmeaﬂmsmm*thiMmIEt froatiditign, pharfriceysicatiy e@dptable
agent?t\flagrgm%&gfe%hg#g{% ay & CHEMLCRALY H—:ﬁﬂ?&{ he and used in- '

ression antlgens pr esent
| nWhmpmlEmclﬁmdc gacsings of &mtpxcsntnmemuon mdyebemdegpistered by any
methodn%/oelml?1 Q0@ rrr?eﬂ?oecfﬂms%g{fac\éﬁ%ttf? gél%e!reﬁe Bn m%x Bk gonsg within a host

I ge ene O e pr esent 1 nv 1 oNn,
animahn Frafeesble thencogenoniioge nbthe prescitisention areadilrhelsveetdtaélaglose

a suﬁicfgg% f&ﬁ%ﬁc‘: zh E5End Fégﬁgusg nﬁtﬁé%s@z{lﬁrﬁﬁ@ Fﬂ%@g ﬁﬁiudln% injections or

o rids, viruses, Eonvent i onal vect o
infusiensevie apmieprisst PERtEw! piutesisaclpreinAYenoRY etﬁtap@ﬁtommo@é}cutaneous

-muadééfﬁzh' gpo's@uésg@s ‘%a&mﬁ%ﬂl 1&&&%&&&0&%&9 WS intlaRtRb s gmnduced

vectors bas on tec ques describ ’'n, for exanp
particlgthosbardapent meghioidp ﬁWlﬂAgt@tg}manﬁ%ﬁhm amhca@érll ale@@ﬁiﬁ Hyough |
mucoé%@f&l@é's ds ‘Ha?il‘a{" s oblsuch i()ﬂiﬁ§9)Fur§1@hﬁ@rg PHosPHNRIP Blay B immunized

" eaoedescrl bed |iterature, edited, by
by adrnugssﬁelg the peesent comppgEen yip pblagdicallihvac marropgderived cell (APC, etc.),

and sRBMyWRInRh Sy Iﬁ&h&%tsuf:@% &soﬁié‘iﬁnﬁ‘éctﬂfnoﬁﬁh@lre%oﬁmardment methods,
term nators - used herein 0 reg}l,” ate expr eSS| on

and vigg dnfgefian, and thepraintemycingghe ealbinip be auigintes? ﬂl&@bevﬁwgﬂoned

admm&b@ﬁﬂoﬁ Hﬁtﬂ&ﬁ§ lochy ﬁ%ls%'iﬁlahﬁﬁ n&lﬂﬁd@i@ $€in @&Sélé%ét@d ?h@l@les are described in
m upst r.eam and/ or %

arra rea
U.S. Pgipnt §8n4 é‘éﬁ%ﬁiﬂnﬂrweﬁéﬁeﬁe based; o gtogqfﬁdéeﬁﬂgec}%é%%r%feq«r? ggmercially
' available@BloRAdARbbAGKesQ! In PatRIRE %rlﬁ@f@fred %tﬂﬂt ddrObe/obtained by :

se be useq in the e on
transERiE HAGFIc oIy £ s BA st refigning 1 cetieto TE POt bi of | ¢
I eFheStyPERCE B daehsls ﬁﬁmet;ﬁegéﬁeﬁvmlohlaﬁe ot PirEifed] &long as the

mmﬂﬁg%i@{}g@?}%s rez%?rgla{}% V@P%clzq%ggpsgg)%uggbe preglent invention.

Spemflitomﬁaatmcﬂhde pehyalicuel b d@cesenw eodiass, pigs, aaqufrhnabé ke monkeys

del eted f t h t. t
R L T
particgatyrhurgese. | n addition, the pol ynucl eoti-des encodi ng

n]élbeoqﬁq,? e?r} té ecaan ft?ogms 2% ﬂf%%g‘gsehﬁlﬁg?er{tgi Sd%ﬁ%:r!é!ts dé‘ldtfhlé] ggsaﬁmno genicity

-of the dmpirddiered @tthel hasmt [ ﬁew;:vanﬂosd_mlkden cloeckirnigpni deteemﬁlm' appropriate doses |
BT DB L BB 05 i, nd

- measuring the antibody titer using assay methods such as ELISA detectmg CTL response by

- chromium release assay or such, or observing immune response by detecting Th response using

cytekine 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

transcription and translation promoters, used in expression vectors of the present invention.




~be expressed froma single vector, as Iong as they are
arranged such that they can be expressed In. the sane
~ cell. Upon introduction i nt ojani.mal - ti ssues, a. vaccine’
of the present invention induces in vivo 25 :
expression of a present antigen and elicits a deS|red
i mune response. Various nethods.are  known for
i ntroducing nucleic acids into living bodies (T.:

 Furthéthicee niose sElle@ ircie 244an 1¢hdfy 2&83t thé ASRYD . coMpysitel bﬂ@te present
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vaccitds[posipriging ekgrespich rastorsaemmdmg\anranegetﬁewgmzedlbydtm helper T cells
| tQ enov ors a_virus
and a\'t}g%r% :fae&ﬁg tu&% vré1€ a r cell—ru%teeﬁ é gergl?ly 3a expressmn

. vectovgebding ;ntarﬁei‘otrlgémmaem‘gdll & methbdnef usurguhe eetmelapan)

vectors (see K. Adol ph "Virus genom c nethods", CRC
P ess‘ Fl orida (1996), for exanple,), or coated on
Brief | ohtheilyrwingsuch as col | oi dal gol d particl es.

?{gﬁﬁ%éﬂaﬁl\{ Flgo‘ex%gﬂge)éﬁ lﬁé%!fﬁ%%??g%e #E; E}?e%%%}ioé?@ns ofthe
presentmwmnttgtgsom ated, or cell-related antigen, ‘and _ :

preferably |nterferon gamma are adhered to a carrler'
particle, such as a gold particle, for 11 S

| BestMada'f@ﬂﬂmrmgQ_tﬁﬁMmmdy by gene gun or such;

hOH@féﬁ{belﬁ@,ﬁl;@?%&ﬁﬁnﬂeﬁﬁ&?hﬁlpﬂe etﬁcirfﬁﬁﬂl B{Ec Liseh ﬁ%’ng anexample | _

this or coatl carri particle

howeyes i/ lsunef Wohe epasTindes foat teddhergigr  exanypl e,

: W93/ 17706). Finally, the polynucleotldes can be
prepared in solutions suitable for in vivo :

[Examgled hi stration, such as physiol ogi cal saline. To

eNPROAERD AR CERCHdSANR T deN@nf /RSt 8thedplepltbiits mcludmg -

resent |nvent|on may be prepared as vaccines-in
NY-E&@nbi nati on with adj uvants such as known proteins or.

-[Nbﬂ@aper carriers. Mreover, agents such as calciumions,

whj ch hel p the uptake of plasmids in a cell, nmay be
1) Plagrady i n conbination. In addition, phar maceut i cal | y -

- acrleproﬂbbvm dg%ﬂesntvéretﬂmpcrfaté@ irkth @reséxeﬁeltsm@? vg@tSVpGTAGGS to r:onstruct
e use re € RO ucl.eotl de vaccl ne
plastils” RS BHRS Bere PHRTHY 1F: £ 8 ARG et BitaHy  Reeh of the

| punﬁdﬁﬁidﬂﬂi%pﬁ@@ wers gd_]@ﬁe(ﬁ kel peinadarl bavs élHﬁpai’tﬁﬁé%l nel ﬁs@d for

erate opse within ahost ani mal .

1nnnm%g%ygygggaﬂ PEEH%§ @ gﬁ%?nof the present invention

- 147HER2: adghe Eﬁdodﬁ%tthaﬂ 4’ ANdesRinalsiiiho acidmésidues iof d@@-aHIERZ/neu
(HER#)rrrrune response in t he host ani nmal, by met hods _

ficl udi ng injections or. infusions via appropriate
- p63(ﬁh1nentgenala geneltcndiigahe @S LiepitopevefitbER?; namely, HER2p63(T),
TYLP égﬁperltoneal subcut aneous,- intradernal, adi pose
mamary gl and tissues, inhalation, or

- - NY-ES(41 aarg&mﬂnandmg &EY-ERO; exhidbis paiT :imtigenimdbar drment

) th or such); or application
mIFN?rgt ﬁggrf Ft(nﬁr‘?)la uﬁ%glg%gqmlr%mtmel% usi ng nasal drops or
' ‘'such forns. Further nore, a host animal- may be

i muni zed '

- 2) Experimental Protocol

Six to eight week old BALB/c mice from the groups below (four animals per group)

were immunized twice, at two weeks intervals. . One week after immunization, two animals per
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by adm ni sterl ng the pr esent conposrtron into. a bl ood

. cell, bone martowderived cell (APC, etc.), and such
by using ex vivo methods sucis as Irposone ' :
transfection, particle bonbardnent methods, ~ and viral
i nfection, and then reintroducing the cell into the

“ani mal . cr the above-nentioned 20 adm ni stration

met hods,

gene transformati on nethods using accel erat ed

groupp@ere isadrifivedted aBsqosinied Ticells WeS. priatrehfroMaheir spleens using MACS

sy R Y RS BB A R o) peptis

. 1471%?142&3;%16

- p63@gmlﬁpgén@t e doses

| P780§}§§3§ﬁf?0w0|0yﬂst hHel-3 nvent i on
| p780ﬁfs@H ‘T@@Od@)%ﬁé' S|1ng expr ess

Ex.1: P

as theltafger @{lpELEBPOT hwsayawdrt patfadmedao. ﬂb‘eﬁﬁnteeférd@nhha p‘r@ducmg cells.

L g B rab AT TSk ol Bl S Yoo,

- Each mqﬂlmtwmmrﬂﬁcmhmdxmamt invention are not |inited,

as the 25 animal's tunor inmmune response is
(Engﬁﬁéﬁced by a conposition of the present invention
- 1478BB2i fi c exanples incl ude mammal s such as mce, rats,
and prlnates | i ke nonkeys' and humans,
able host ~animal s of the present invention.
-147HEBde§Yﬁﬁﬁhhtes and particularly humans. The doses = .
} h asiiiipgans.(of the present invention depend on-
147ﬁﬁgélﬁﬁunogeﬂ$grty 30 of the ingredients to the host.
(Experigwat2y , those skilled in the art can deternine
required for inmunization by
m nisterin gi ven-.dose of - the conposition to test
'Pﬁﬂgaﬂﬁwuﬁmeéﬁﬂﬂﬁhﬁasur|ng the antibody titer using assay

- 63(“12 d2ns Uy Rk SA, detecting CTL response by
rom-u or such, or observing immne

nrrelease ass
'P63@%§B@H§@€6VHH%{écfbﬁ@%ﬁﬂlresponse using cytokine
rel ease nmeasurenent. Those skilled in the art wll

recogni ze that the inmunogenicity 35 of an ingredi ent
WEGEe shayrn i the follopargiigblgsing freFig dengt h of

i nTBC &8
regulatory sequences such as transcription and
I 1 C)\[JI eSSt

l 1 allbl d.ll Ul IJl U|| l Cl S, ubcu . -
the present i nvenetsrimendl FE¥neniaion? e Experincn i | [Ezgeriment 4

p63(Tj"pJ1§b€2f®00003é’élls ey |y adj usjg the dose gpog 1006

IIC I CDCIIL I IIVCIILI UII uaocu Ut U111

P63(Tb%$dd90@%$@§s| vector & -be used. |#hus, the |38
p63('pj’lﬁﬁ§ﬂt500@(y§éﬁsl o pr ovides cginically J§?Bu| vaccilqes

““““““““ B f opcu. ey R—vvo—ybre
Drovi des polynucl eoti ¢&-65
vect orsf encodi ng an

&Enni— T .0 ? ﬁhr‘lga 06
or cePB-related|0.3
vect or encodi ng

~f
U|I VC\JL UI D Ul

nl |r\\l r‘r\/l_L
TCT P\tl T \ v T

tmhnr assocr%ﬁed

cPRaRr£f erably an expression
Interferon gamm, as well as nethods of using the

Ex.2: SpEER B LEN- gﬁ@cgﬁiiftwﬂon of the Drawings 10 Fig. 1 |slra
Ex.3: Mﬁﬁk?h%ﬁgotﬁ@ggg:ggf of ELISPOT assays for the =
e

of the sent invention. Best Mde for
Ex.4:

t
B R Ay T2 + N-EBQanE gk day 7

(“GG” means administration using a gene gun.)
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Industrial Applicability
As described above, it was clearly shown that a combination of an antigen recognized

by CD4+ helper T cells and a tumor-specific, tumor-associated, or cell-related antigen, and, more

preferably, co-expression of interferon gamma with such a combination causes an increase in




“Herein bel ow, the present invention will be i
speC|f|caIIy described using an exanple, 15 homever

it is not to be construed as;peing linited thereto

- [Exanpl e 1] The HER2-specifi ¢ CD8 positive T cell
~enhanci ng effect of heIper epi topes including = -
NY--ESO-1 20 [ Method] 1) "Pllasm ds The follow ng genes
were incorporated into the expression vector pCAGGS to

1nterf61@ﬁ%hmtpro@lo@$gﬂdﬂ§ mﬁh@d@@@ﬁ@dﬁ%p&:lﬂdﬁmﬁﬁﬁl@d IEB{aﬁples of such

| annge&ﬁﬂmqn%%a%%%ésf R e ralr dhe o '“rf%’}{%%?neueaéﬁamm

on to gold partlcles ~and used for 25.imuni zation
using the Helios Gene Gun Systen1 - 147HER2: a gene
encodi ng the 147 N-terminal anmino acid residues of
c- er bB- 2/ HER2/ neu. (HER2)> p63(T) nini gene: a gene
encodi ng the CTL epitope of HER2; nanely, HER2p63(T)
TYLPTNASL; 30 - NY-ESO-'1: a gene encodi ng NY-ESO 1,
which is a CT antigen; and - mFNg: a gene encodlng
nmouse i nterferon gamm. 2) Experlnental Prot ocol 35

~ Six to eight week old BALB/c nice fromthe groups
bel ow (four -animals per group) ~were inmmunized tw ce,.
at two weeks intervals. One week after inmunization,
two animal s per 13 group were sacrificed and. CD8

~positive T cells were prepared fromtheir spleens _

- using MACS system Using Pl.HTR (DBA/.2 mnice derived -
mast.ocyt oma)  pul sed with HER2p63(T) peptides as the
target cell, ELISPOT assays were performed:-to detect

~interferon gamma producing cells. Pl.HIR pul sed MAth
t he HER2p780 (PYVSRLLA ) peptide were used as a

- negative control. 5 Each experinment was conducted in
duplicate. (Experinent 1) 147HER2 - - 147HER2 + m FN-g
- 147HER2 +NY-ESO-1 10 - 147HER2 + Ml FN-g + NY-ESO- 1 -
( Experi ment 2) N o
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- p63(T) n1n| gene - p63(T) mi.ni gene ¥ niFN-g E
~p63(T) nmini gene +NY-ESO:1 15 - p63(T) mini- gene:
+m FN- g ‘+NY-ESO-1 The result§5are shown in the
following table and in Fig. 1.. Experinent 1 Experlnent
2 Experiment 3 Experinent 4 p63(T) pul sed 200000
cells 40.3 46.109.3 100.6 p63(T). pul sed 100000 cells
16.6 17.3 44 38 p63(T) pul sed 50000 cells. 7 9 17.6 17
~ p780 pul-sed 200000 cel |s @RAMS 2.6 p780" pulsed
100000 cells 1 0.6 1 0.6- p780 pul sed 50000 cells 0.3
0.6 0.3 0.3. Ex. 1: 147HER2 GG 2x day 7 20 Ex.2: .
147 HEB@mpoditdd gpni@@isihg ahayor ﬁorExxlﬁessisﬁWdEtai’s enld¥dinS@n hntigen

e o b e L O R SR R e

-antigenndustrial Applicability As descri bed above, it was

? legggl%eiy czozrlé?%\é\%io}l gghlfﬁﬁ S O&Hélg rnﬂlit séenng g‘Httz!acg 6P cp4+ helper T cells

1sa_mDLm‘@1|e éﬁfmuﬁledfbythetSE&EmeQd at ed, or cell-rel ated

? eﬂfeﬂzr gﬁﬁ Shtiol B 81& Iﬁ 1 S’E 2;1@’%% .{%9 aﬁtﬁ%%ﬁéc? ggfsieﬁ) {))é CD4+ helper T

- cellsi 15 n@mmyéesnharElcgenndm@ﬁeébbﬂleg%ERﬁ)(maﬂmdcu ng cells, and

i ng U0 &gﬁgﬁloﬁ Bf’&afn'l ¢ or %ﬂértc%ﬁotP gg%%?éco%f-uﬁ%l B{ﬂ CD4+ helper T

anti gen C I'natirons I nc

cells ig mmuselﬁct@d fiaeRthe graw congisting CES@( “E50rE MaGH, BR\GE, GAGE, and

'.SA(HponpOS|t|on conpri sing one or nore expreSS|on vectors

encodi ng an antigen TECO?I‘]I zed by CD4+ helper T -
cef1Bre cempositipn pbrnysgrecficlaims i &mﬂr whersigdhetuapr-specific,
tumorSBbdcidted, 3F 841-rePat@ kiR is BERTNRaLOMPOSI ti on of cl al m
1, wheréin the anti gen recogni zed by CD4+ hel per _
“cefi e qompgsifign et gveoned pigims & do fyw ﬁémmqu%ﬁ%

tumorssobitfed %FE&ﬁfe‘ldt@cDmﬂf efi iPd BnbePestis antib@l. €1 N the

antl en recogni zed CD+  hel
e composition of any ())/ne of claims II?ZO 5, wherein the antigen recogmzed by

- CD4+ helper T cells is a cancer/testis antigen, and the tumor-specific, tumor—assomated or
' cell-related antlgen is HER-2/neu antigen.

8. The composition of any one of claims 1 to 4 or claim 6, wherein both the antigen
recognized by CD4+ helper T cells and the turnor—speaﬁc tumor-associated, or cell-related

- antlgen are cancer/testis antigens.

9. The composition of any one of claims 1 to 8, wherein the antigen recognized by
CD4+ helper T cells is NY-ESO-1, and the tumor-specific, tumor-associated, or céll-_related
antigen is HER-2/neu. o ' | '

| 10. The composztlon of any one of claims 1 to 9, wherein ponnucleotldes encoding each
antigen are comprised in separate expression vectors.

11. The composition of claim 10, wherein the expression vectors encodmg each antlgen
have been immobilized on the same carrier particle. '

12. The composition of claim 11, wherein the expression vectors encoding each antigen
and an expression vector encoding interferon gamma have been immobilized on the same carrier |
particle. | '

13. A vaccine compr.ising the composition of any one of claims 1 to 12.

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

15. The vaccine of clalm 13 or 14, wherem the vaccine is for prevenuon and/or

- treatment of cancers.




cells is a cancer/testis antigen identified by the

SEREX met hod. 10 4. The conposition of claim1 or 2,

- wherein the.antigen recogni zegd by CD4+ helper T cells

~is an antigen selected fromthe group consisting of
'NY-ESO- 1, MAGE, BAGE, GAGE, and  SAGE. 5. The -

conposij tion of any one of clainms i to 4, wherein the
tunor-specific,  tunor-associated, or cell-related

ant 6.gemeihdd Hﬁﬁn@ﬁ -sPecifi BRI ORMBOR |at1h&ﬁnﬁi vityeif fi method

of clains 1t ereln the tu
comp?iﬁ%@ﬁmggétsre% &°m8951Té%'-’|1P 01O 04 CIgHET E (36 the mammat.
cancer/testis antigen. 7. The conposition of any one
of clainms 1 to 5, wherein the antigen recogni zed by
CD4+ helper T cells is a cancer/testis antigen, and
~the tunor-specific, tunor- associ ated, or cell-related
antigen i s HER-2/neu antigen. 20 8. “The conposi.tion of
any one of clains 1 to 4 or claim®6, wherein both the.

- antigen  recognized by CD4+ hel per- T cells and the

‘tunor-specific, tunor-associated, or cell-related
antigen are cancer/testis antigens. 9. The conposi tion -
of .any one of clains-1 to 8, wherein the antigen
recogni zed by 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 claims 1 to 9, wherein polynucleotides encoding
each antlgen are conprised in separate expression
vectors. 11. The conposition of claim 10, wherein the
expressi on vectors encoding each antigen have been:
i mobi |l i zed on the sane carrler particle. 30 12. The
conposi tion- of claim1l, wherein the expression
vectors. encodi ng each antigen and an expression
vect or encodi ng |nterferon gama have been |nnnb|I|zed
on the sane carrier particle. 13. A‘vaccine
conmprising the conposition of any one of clainms 1 to
. 12. 14. The vaccine of claim13, wherein the vaccine
is adm ni stered wi.th a.gene gun. 35 15. The vaccine.
of claim13 or 14, wherein the vaccine is for -
_ prevention and/or. ‘treatnment of cancers. 16 16. A
met hod for inducing tunor-specific inmunity in a
mamal , wherei n the method conprises adnm nistering the
'conp05|t|on of -any one of clalns 1 to 12 to the
manmal .




