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WD 2004/ 007734 PCT/ KR2003/ 001400 Her -2/ neu DNA VACCI NE
HAVI NG ANTI - CANCER ACTIMITY FIELD OF THE | NVENTI ON 5

wab@4p0E3ent i nvention relates to human Her - 2/ PETYKR2003/001400

expressing plasm d constructs having anti-cancer
activity and a DNA vacci ne conprising sanme for

preventing and treating cancer. BACKGROUND OF THE

I NVENTION 10 The Her-2/neu or erbB-2 gene encodes a

L1 ansRELY/AeE DNAIPATCING HAVINGRIPL-CHUNCIR ACTIVITY
famly of growh factor receptors (Akiyama, T. et al.,
Sci ence 232: 1644-1646, 1986). Anplification of this

PEIED" INVENT ressi on of the encoded 185 kDa
GFYHE I@ﬁ@e. 15 The Her-2/neu protein has

been found to be anplified and overexpressed in

e MR T DOREBL PO SRR b comstrcts
leweie upti-easde mot@iy caidr £ DINad viddike 86@btsig! apse fé PRventing and
and poor survival rate of breast cancer patients
reaf19gGANCEd, J. et al ., Science 235: 177-182, 1987),
suggesting that Her-2/neu overexpression |ikely plays
acritical role in the devel opnent 20 of human

o THE &N VAN nce al so support a
direct role of Her-2/neu in the pathogenesis and
clinical aggressiveness of Her-2/neu-expressing tunors
( KobafthshHet2/netr @ erbl@ngeme Rasodds0a tbadthed@Rtne protein that is a

2000) . r . ex | e rcepti.n,, a humani zed )
(Db} 435 AR TGP AL 4 g SRIOB A Gy 0 Ghahe Science 232
1044064621 986).  QBPRASIHdA SAUNR fene RemI1R98 bvERABRASEHAEYhe encoded
to bring clinical benefits in advanced breast™ 25

l&rddas resapios hresipekeraseM S, et. al., Semin. Oncol .
26: 9 O | - - 3 f :
ont i bole d282igeq brofefl hhdbecl Thundks'BE FREEN Snd overexpressed in
sevenal dypesarickumpa tadentercindinas,eéspeeiallyfan-Bhmes of the breast and the
gene, i xgellent target for the devel opnent . of .
({Qﬁ%ﬁag@m Ioier%g%r%gﬁ@% Swagp%ocr?e#gtgdf\gﬁh shi apse BRI And poor survival
ff oﬂjbmms{ @aacEax pattens r(ldmximk nDedneerd., Siage B%mam77-182, 1987),
r-2/ne ne.has tyrosine kinpa tivity. i e
SREr gl e A 2360 Ayt Rreaan e hon @ye fyriisa] e m G development
STHUMHPE R AP N Wellal GREd oflévlsiRMlsd Qﬁi rt2d Qire&SVRY & Her-2/neu in
atte%z to.elimnate possible oncogenecity of

ther prihesanesis | A oglivicely 2egressteniesn Pht bler-R&eu-expressing  tumors
C.kjin NehO 1 Si -
(RBP4 PTRAT 05y RSB, ANES 25, BLARPE, Hrpn, o
Ipinzepmizeds ahtidieérAd/nelembnoclanal botizodyousektfoacietdtmeat AMOHer-2/neu-
e%%?edgsﬂg?tar%%rsﬁ)%/s %@gg %%fn%%%t%gtgd t()2 bring clinical benefits in advanced breast
cancer patients (Ewer, M. S. et. al., Semin. Oncol. 26: 96, 1999). In addition, Her-

2/neu-specific antibodies and T cells are detected in breast and ovarian cancer patients.

Therefore, Her-2/neu oncogene is an excellent target for the development of therapeutic
vaccines specific for Her-2/neu-overexpressing human cancers.

Since human Her-2/neu gene has tyrosine kinas activity in the intracellular
domain and its overexpression itself stimulates abmormal cell division, there are
several attempts to eliminate possible oncogenecity of Her-2/neu by introducing a
mutation into the cytoplasmic kinase domain to inhibit tyrosine kinase activity or by
constructing truncated Her-2/neu plasmids lacking the intracellular or extracellular
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domain (Wi, W I. et al., Int. J. Cancer 81: 748-754,
1999) Naked plasm ds are attractive candi date vectors

wo oro4bE3devel opnment of cancer vacci nes encodP@OKR2003/001400

tunor - associ ated antigens. They are relatively sinple
to generate and safe to adm nister. Because they are
not proteins nor associated wgh a viral coat, 5 naked
nucl eic acids are not generally subject to

dBRHiR FeE! WO AL bﬁgwr@a&temsm? s4c8000hanper the

clinical ’efficacy’ of vaccl nes Istrom °l.
HeI | sNelksed plasgds arg, attracrttmrmnldaiatmectmnsgfox 4B dewelgpment of cancer

EGREE B2 b TRLSORES Sycd2D VRES M52 ISR Ml o generate

and shfmmlachhnﬁsﬁémelBecalESel they af® ndt preteiiad nor aksodiawednwith a viral coat,

nﬁ %c} HY¢ %ﬁeq%%c%? & O, g}gérlwgg Y ﬁ@bjp&mvenﬁpﬁglngf&fqﬁg% Hea%:gons that can

h&ﬁfiféﬁsthfeubhrﬁéﬁv @fﬂdab‘yﬂ &f Vhedhds FHRIIGBEmHE! -addn Héllstrom K. E, J
expressin DNA vacci natj on was achi eved

e R B Vo e oo JINA vaceines
eﬁfx‘;dlﬁhggﬁt (’@%ﬁf SP}?:Fta?dC‘&% gRENISK: h'@%Sng'}’qu 19§ Slsﬁﬂnﬁgn Her-2/neu

icult ies on ‘the s
(Bﬂom,t bndy. 6t redaiel tyndwel.t b67l h201a32a6, r?é)()déflng ed preventive efficacy

[ Her - 2/ neu expreSS|ng
g?i‘éﬁﬁﬁf‘sﬁh‘\%ﬂ% §§e§§ﬁ§gfrb0&% r grows relatively fast.
Ther eAdtheugls smce@sfﬁﬁ plevbiﬁ[ve%fﬁewcy heiapddr- D ny@egpssing tumor by
Qeﬁerirren S _were ag}red based on the conbinatio r}wh
OB Y451 YSPRRY CRiiTH FRENPENT e ftcceystul therapeutic

efficarly - was febbfted Q@iﬂg %hl}RH%r-Zﬁ}euﬁéi? g%las%ﬁ@@) . TRE difficulty lies on

dendritic cell, (Ch Gene T

thosley 22ip ofansairmoriayaite Are t the lﬁﬁﬁyn@beﬁm ag@gemc expression of
}{% r/g%g ) Exﬁ?s%né)e?ﬂ%‘ll‘fﬁds, 'An'i%le %Iél%ﬁ']ﬁ"a%u %&0 YRS NEfatively fast.

Ti8ré&fdme, some 200hE, Helh%/nep rthsmpeuhicnwemine sxpaugments were conducted

HBRHCOH o bt O PolE o€ VO BEREIE e SR e 5. A exat.

Qitn. afdmrer iReel ¢ ABSIA38S, aommovaleﬁdm@c tell (ChegVENGleng Ther. 8: 316-
ng é(ﬁﬂe)ati ng cancer. 25 SUMMARY OF THE | NVENTI ON
3aecd ngly, it is an object of the present invention

to prouicee PNNFREiHERas RARE Hd%ﬁz’ig%%ﬁhﬂﬁdﬁigﬁﬁﬂéﬁgroduotmty, safety,

construct having high antitunor activit
apd erxwemeneméGpﬂwﬂw Sngeati dinisReo Imwcdelg 9B 74, 2001), the

pfARGE B enfARAFL Eﬁ@é&v&%‘d tIBra%\@@)b' 18- .?/ﬁ@ﬁ %&pfefsglﬁg pigsmid constructs
cancer, conprising sal asmdrconsfruct +an
hahmgmxghmtnedﬂcpr actrepit &vﬂnllcél car be effecvelgddietiasrmDNA vaccine for
0 ‘{7, of thea%lg%?%%l nvention is to provide a nethod

“&Bg / KR2003/ 001400

SUMMARY OF THE INVENTION

Accordingly, it is an object of-the present invention to provide a human Her-
2/neu expressing plasmid construct having high antitumor activity.

Another object of the present invention is to provide a DNA vaccine
composition for preventing and/or treating cancer, comprising said plasmid construct
and a pharmaceutically acceptable carrier.

An additional object of the present invention is to provide a method for
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3 preventing and/or treating cancer, conprising the
step of adm nistering an effective anount of said DNA

wQ a@aioo34 BRI EF DESCRI PTI ON OF THE DRAW NGS 5P Hh&R2003/001400

above and ot her objects and features of the present
invention wll become apparent fromthe follow ng
description of the invention, ghen taken in

conjunction wth the acconpanyi ng draw ngs, which

Pr&RRERE! MRY/Yr §B8Mg t8nderI8om h@sﬁggtthé *%t?g%ﬁ’eeﬂﬁﬁﬁﬁstermg an effective

procedare for preparlng recohbi n
aprawiplisddARYAnecsinand a preset i nmunization schedul e,
respectively; ECD:. extracellular domain, TM
transnmenbrane domain, |CD intracellular domain 15
BRIEF DESERIBIIONOR FHADRAWINGS ans of medi um
fluorescence intensity in each of the groups of mce

vacci nated with pTv2 (A), pNeuTM (B), pNeuECD (O,

pNeu Tvhg BBo{hn@ dhed NSt aitPRafiks of #8dBedskivCinyention will become
uncol ored gﬁ@%hl st ogram Qontrol anti body, _ col ored

apperenh fiopy H%tnlg escriphione of £he ipyayionp whey. taken i conjunction
2/ neu

o R 0 A e e ke N B2 ().
pNeuTM (B) and pNeuECD-gDS (O, respectivel y;, Fig. 4:
51Cr \ \ C
yrpnbit o8 R Sl SRR DAL b qmbingnt human pNeu
p(hsgnﬁld RoN&fody andiNpreEdd 1(15i1un1ﬂﬁi&ufﬁﬁel(iﬂ)3, T Zesp&tmel}g D,

D respectively; 25 Fig. 5:
prevm&"%ﬁcqttﬂmo(‘?%mum ty induced by vaccination
Wi t h pNeUrarGRR&IUTEES §omdin, t Uunor size in aninmal nodel
subcut aneousl y _injected W th Her2-CT26 cells B:

sur vi ¥aP: idraecliwabdemain nodel intravenously injected
Wi th E%ZZ Cﬁu sEftative ﬂ ® sto IRAGE S8 gﬁ%ﬁé?%dcg Sntensity in

antit ntyln accl nation

qable (ECDeagibupslefEOiEY @&Cimtedl owith pSiV2 (A), eiNewad: @)d@Neugcp (C),

bcut a usl.y \i-nj ecte Her2- CT26 cells B:
P vy HI\E d& ?Ef“g%sgp UYHY:avenousl y injected
of Heﬁﬁcd[&’%ﬁﬁ@@i%&ﬁfd)@am?coﬁﬁ’(ﬂ@@lﬁbdd c efficacy

e S R S B PAEST o 0D Y0

Fig. 3: confocal microscopic analysis of anti-Her-2/neu antibody in mouse sera

immunized with pTV2 (A), pNeury (B) and pNeugcp.gps (C), respectively;

Fig. 4: *'Cr-release assays for comparing cytotoxic T lymphocytes (CTL)
responses induced by vaccination with pTV2 (A), pNeumy (B), pNeugcp (C), pNeUmgps
(D) and pNeugcp.¢ps (E), respectively;

Fig. 5: preventive antitumor immunity induced by vaccination with pNeu
constructs;

A: tumor size in animal model subcutaneously injected with Her2-CT26 cells

B: survival rate in animal model intravenously injected with Her2-CT26 cells

Fig. 6: comparison of preventive antitumor immunity induced by vaccination
with pNeugcp and pNeugcp.gns;

A: tumor size in animal model subcutaneously injected of Her2-CT26 cells

B: survival rate in animal model intravenously injected of Her2-CT26 cells

Fig. 7: therapeutic efficacy induced by vaccination with pNeugcp or pNeugcp.



10

15

20

25

30

4 gDs; A: 1 X 105 Her2-CT26 cells, B: 5 X 105
Her 2- CT26 cells Fig. 8. representative FACS histograns
w@booamatizadm f | uor escence intensity in each groP@I/aR2003/001400

m ce vaccinated with PBS (A), pNeuECD (B), pNeuTM (CO),
pCKECD (D) 5 and pCKTM (E), respectively; Fig. 9:
51Cr-rel ease assays for conparing CTL responses
i nduced by vaccination wth PBS (A), pNeuECD (B),
g_%l-\leuTM (O, pCKECD (D) and pCKTM (E), respectively;

ntive antitunor imunity .induced by

rg. 10: g%evg 5
vacci Aatli ¢n 10i HerpCR6émelland pdkHvp< 119° Mer2«mbi6 edllse

. iy ¢ T ) _ o

col | o Eg;S: GRPEsCIHY TAREL ekl Bt Bredti Bicreickas intensity in
each gedpdobinitle vaediil@zéd eath BBBi @), pNeutdie (BpeNawgy (C), pCKeep (D)
ef.ficaci i nduced, by vaccination wth pCKECD and

aB _ _TM _ ge_spi Vegﬁd 12b: vaccination schedul e of

goa nF '%lcgt Er%leﬁs@%ﬁw I@@don@ﬁﬁﬁggﬁ pdspended inditéd by vaccination
1 -rel ease ass r conparing responses _

W HUEBIA BN eten g PN sy HeRgeo #)d Mo gE) sespectively;
preve . Ak R A i aBEt :

P Th TH M0 ALY TR anhfG) hARAF dnlicdOD) NsBEinyth with pCKeco

apdp§iloati on schedul e; 13b, tunor size in subcutaneous

5 RGBS i BT RLERAER RSO0 BERGPrgs o
per t Bestmwivil rae duplimal AwdehthtibSenoidly sykoted af Heed-€TR6 cells

i ntrayenous,,i nj ect.i op. mdel of r2- CI126. cel |

bar entiadl stisrthc ERicATEs ndleed BY Srcqiisionisiil # o and pCKany;

treat FRR! 1Pa0HRd ; 19: O%accihdioh Oschédulet bﬁfcﬂxpc'%ﬁ?dﬁ@)n with pCKry and
P

effi.cacies jnduced, by co-injection with M and .
trEpids pang m (elisteleare r assays 4o sRBWETpEcEilhatespanses nduced

tﬁé}ggg%%ecﬁ%}‘ggand 14c, survival rate in intravenous

Injection nodel vaccination with pCKTM cyt oki ne S .
pl asnfigs. 18a @5 1Bdr pragEatve entitumer plcentithsed byeansnjection with

i f S8 D G0e FrasplF FBHIE T3 sbERE P baufh Mifitdlss 130, tamor
sive pCiKUbBAutyricous N@jectibasnodd, ofviRrBICT b aeld davparenthesis means the
schematic procedﬁée of constructipng bicistronic

Dereslitaegsof mMejfse Rayding oy fEROL SR Bet iusatmeniagroup);, 3¢ and 134,

sufviealbged ﬁﬂﬁﬁk@eh@ﬁseﬁitjé&i@)nnﬂ@%l Of HeRT-Z713¢ &elBGaGRrbiSthesis means
(a parenthesi s nmeans the percent a%c? of nouse having no

thepericerfrsaphlipemouse peit tatment &app); 15d, survival rate

par ent s oE W LIQHEREbANCRAEICIE inkBbt b € HiEH whfh pCKny and
pGleaydkme plasmpds, wherein 14a shows vaccination schedule; 14b and 14c, survival
rate in intravenous injection model vaccination with pCKry-cytokine plasmids. of
Her2-CT26 cells (a parenthesis means the percentage of live mouse per treatment
group);

Figs. 15a to 15d: preventive antitumor effect induced by pCKry-cytokine
plasmids, wherein 15a shows schematic procedure of constructing bicistronic plasmids;
15b, vaccination schedule; 15¢, tumor size in subcutaneous injection model of Her2-
CT26 cells (a parenthesis means the percentage of mouse having no tumor growth per
treatment group); 15d, survival rate in intravenous injection model of Her2-CT26 cells
(a parenthesis means the percentage of live mouse per treatment group);

Fig. 16: therapeutic efficacies induced by



10

15

20

25

30

Fig. 16: therapeutic efficacies induced by WO
2004/ 007734 PCT/ KR2003/ 001400 5 DETAI LED DESCRI PTI ON

W@R00F0E77BANVENTI ON | n accordance with one aspecPCDKRR2I18/001400

present invention, there is provided Her- 5 2/neu
expressing plasm d constructs having anti-cancer
activity which is prepared by sinserting a truncated
human Her -2/ neu gene into pTV2 or pCK vector. First,
the present invention provides Her-2/neu expressing
pl asm d constructs encodi ng a truncated Her - 2/ neu

IHERATE.E) DIE(] 3 RN I domai n

(intercellular dorral n), the truncat ed gene being

sel ect ed because a plasm d encoding the 10 full-length
humanIHae¢coZdaiee wigly oael\aepa:equ thé hessent heeptiys thexegy provided Her-
the cells.tha as.m'd . The tr.uncat.ed.

i STRES I ALSHAS COR BRI EER GG &g jspprepared by

iNGrtirde & BREALSH REmBA etetlez/n&{ S&e ihfARBVE @sb pAREV &6k,

extracel lular domains, .and is_ i nsert ed into pTV2
vect oFirgthitig DgaseBis Iy chtion pesyides Sesm/neay expressing plasmid constructs

e@?t@‘ﬁhg&%ﬁ%gégfﬁeg%ewﬁegé e%tlat Ilﬁéiee}]‘.{'t Iﬂg g@lasmtc kinase domain

(Mterceliesr dlomaiz)) the trempated gengbphgsefedted besauseatplasmid encoding the

(RS e R o AR A TSIy, gf e bfhs that akes

dﬂepla&hﬂiEDM@neTﬁé 19ahte® H¥-2/2eu phichay euhickeotide tsbguence of SEQ
secretion of, the expressed protein into the cehl ) .
INE:i Heomprisingethe Here?/pre s@psmenmbeane IKl primeelaler domains, and is

ﬁﬁe‘n’ea/ iRRYH YR ’V%§t%k 9&911&1 %ﬁ/@é o 1 &ﬁré@ﬁoﬁt 16961 &fa Prbigh gene (Lee, S.

nce i s replaced by the herpes

Wi mlegnﬁmlp% tWQ 843 198%)pr ot ei n D si gnal (gDs)
SEqQUERLE éﬁ@ée‘flg ihSerttid 9\"51%6 g)]xcf)ﬁﬁéé 'He?tﬁnédq g}étﬁl%%élng% g‘atsmid constructs

expr essi secretio uman | mMmuno
encodingt fhee tmngm@amﬁm rhler;2/Beu \Weneeof SEQ 1D NOr d .that lacks the

Bou i B i b B L RPN Pk Mt i o

d@bl\%ﬁ%@fqmpge@él\i téﬁ%ﬁdnmwa c¥l ek teriof. p{\legTM pgleuECD
pNeu pNeukc ar.e rated encodi
Dt hot utlhes, Ak DIEPoR G ieS SRS E R PRES LA Bymid consiructs

LM acs‘ih]e zfi%l?élgﬂ\éﬁg s?g{%ﬁw_tg Q‘é%la@éd 0 %etﬁé@%séi&nﬁﬂ&@%ms type I

glgenpreteiny dD ysigade (gDs))f sequgncg ) whighi IlSe k,gm'r%@ cilitate the efficient

SRR SRERET e S SEARRARF S LSRR D G

Q1. pNIGEL 3 B8P B408p1 28Bd by t he si gnal pept| de

sequence from gl ycopr.ot e of her | e .
Cyme T8 Gprefelied SHPGREEhSr Bie e s o -2 B expressing
SAGAR Sthstrliets Yab& ﬁ"ﬁVZS\J&ﬂﬁ'(pNeuTM, pNeugcp, PNetryeps and pNeUgcp.¢ps)

are generated encoding either the Her-2/neu transmembrane and extracellular domains

-

(pNeury and pNeumygps) or only the Her-2/neu extracellular domain (pNeugcp and
pNeugcp.gps), respectively (see A of Fig. 1). While pNeury or pNeugcp encodes the
original Her-2/neu signal peptide sequence, the signal peptide sequence of pNeury.gps Or
pNeugcp.gps is replaced by the signal peptide sequence from glycoprotein D of herpes
simplex virus type 1.

Whereas injections of pNeury or pNeugcp encoding the original signal

peptide sequence induce strong Her-2/neu-specific antibody response, pNeury.gps OF
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pepti de sequence i nduce strong Her-2/ neu-specific
anti body response, pNeuTM gDs or WO 2004/ 007734

wEOAKMRZE03/ 001400 6 pNeuECD gDS encodi ng t hePGT/gR2003/001400

sequence of herpes sinplex virus type 1 glycoprotein
D i nduce weak Her-2/neu-specific anti body response
(see Figs. 2 and 3). However, gall pNeu constructs

i nduce simlar strong Her-2/neu-specific CTL response

eval uaF]% e\%:g%h FH@%%%& de%{: %fﬁ?ﬁ)grgglnc}gﬁgrf IHJhS ovpe 1 glycoprotein
tradhuder yeal H%W@m@ﬁcmanﬁbwﬂwﬂsmmw(sm Figs: @ ath)j However,

aﬁ@@%ﬁsﬁ&g ok MSHERR A SERARL X B Bonse (see T

4hhe Thees eMStmmOzin ba used eaksalubt whetheamggabswaatial difference in the

Qi G TR RoeBBE cupihEle 1oy BiiebiSuN agaTaLe sprotective. or

thempbutidiRehitTag bﬁfs@ﬂ@i@—@m laSs g&@elﬂ-&r—z%eu—]gxpressmg tumor.

Mor eover, pr event ive antit urmr effIcacies

pNeuEEDe ﬁ@seﬁmumm@mﬂvaab that inragppdcubantimg.) injection of pNeuny,

B Py T N O g 21, IHARe ol i Boh ygajnst & small
mmdmrmfdier%giT%meﬂs Ssapgkigy )st MnrgoWr pﬁa’vnatwé:‘ﬂhﬁtumor efficacies

onse W t anti body res ef fecti
Q0ep e BREpce: A ok SERRBSTS AlParaf, ol ifeelE maimum
num&rmfemﬁmrl octls dredejectedosudeatancvlie (k.@) bﬁﬁﬂt@a\mﬂm@ [(i.v.) (see Fig.

nor cells are e ect in a 15 therapeu
6§Dd 18 6‘#&%?5%@@%&9 rﬂa%cﬁivrmoaﬁq ngﬂué tl dpgponse is as

e@ﬁcﬁb@(ﬂl‘é thé r<‘:61/l’§bG”raﬁbﬁ £t dteaipt €Y LI ARy Qﬂl‘?éjocgﬂfé’sgéﬂﬁées Bl £ preventive
(see Flulg he Her -2/ neu ex&g essi ng pl

f@@‘ﬂ!@tr pwe&scr twélepr askage | i @h AEner cele are preinjected in a
t@é&ﬁ@ﬁ@ ‘?ngéele'o'n AL 'rﬂguééogf%@c glgggfgﬁg;éﬁ]zgfﬁéﬁg HTL and antibody

ton ructing
shbwsra sigmtt'makﬂyl gmpt@vdd@ur@/vabmteyseeﬂllgsm d ki nase

domai ercel | ul ar d ) ther ore

oot g dabi Dl Sprtisile, RERRIA ) contlrpbR IR Bresepy, ipyention have

ttﬁ@|dd313ﬁfa§etdsia6ﬁfﬁlﬁ§tm§1 p@ﬁmﬁl&{l @hé@éeg@él@y\ﬁdf g]]eg-llﬁieu by constructing
owar mor, mal i gnancy a y._be_ cause

ﬂwcaqunif%?ﬁa% Rlasmyls” | 49& é\qﬁ Urer2 aeﬁa%@pfaﬁmld kinase domain

(RAEIANR dd?ﬁam} r upCkbRIorEELRRLs o r1§f€se oP B3R transforming of

|nvent| on ena l'es to avoid the dangers of
el iatg twgvatmgﬁlom 10& abeprmahgipvtht sigieal| towlagd tumor malignancy

ST B 30, A PO T i

thunchtes] I-lmélt(nelﬂap@f tthel pres¢ntpimmtidneewabdéngot heoid the dangers of

I T T N S W —
dpareetheR@embefs ofl HRPEGPFR1 (epid&d il g ré\klﬁpfac‘tdlerelc&?‘tﬁﬂ)t fangily. It has

Her -2/ neu, expressi ng pl g smi d constructs induce
I

h
hesnreperied fhat piasieid-ajseding thedgn Hﬁ&@mﬁ\s@reaa{ﬁeast as effective
aghﬁga&ﬁi& bifc Eﬁg Eﬁm"talqié o/Peu%@?é_%_e{eet 5133%;15%’%@.? 58: 1965-1971,

nstrate the relative roles o and’ ant
I998). Also, the inventive Her-2/neu expressing plasmid constructs 1nduce the both

the Her-2/neu-specific antibody response and therapeutic antitumor effect.

These results demonstrate the relative roles of CTL and antibody by DNA
vaccination in a preventive model or a therapeutic model against Her-2/neu-
expressing tumor. Although strong CTL activation without antibody response by
DNA vaccination could achieve enough preventive efficacy against Her-2/neu-



10

15

20

25

30

vacci nation in a preventive nodel or a therapeutic
nodel agai nst Her-2/ neu- expressing tunor. Although

W@ Rooaq77€ L activati on without anti body responBET/ER2003/001400

DNA vacci nation coul d achi eve enough preventive

effi cacy agai nst Her-2/neu WD 2004/ 007734

PCT/ KR2003/ 001400 7 expressing tunor chall enge, DNA
vacci nes maxi m zing both arnms of inmmune response was

e&?%ssfﬂgn &6t %haﬂl@ng% LA AP %/H&élﬁes'mﬂﬁlmfzrﬁlge BRAD Cﬁ'nfsh ®f immune

ficaCy of the inventive vaccine in the cFinical use,
response was evesitbenaficial inoa tharapdwsic pedeli des Her - 2/ neu
expressing plasmd constructs prepared by using a
nore efficient vector, pCK vector, in place of pTV2,
t o i nffo carthanbe thexgffiessy wf thevalvenfivélerac2ineein th€kKlinical use, the

IS0 invtion) S fbER Braviges HEha e QXDIaSisg BlASTE;dogsucts prepared

Batsiag £ithofe 8ffidiantewadtes SEUKateddr, i iACpRBE /S p TQ’2 to improve the
concentratl on of ECK pl asnid. To prepare pCK p asni d

expressiondeve] aifdet2ingBat ed Her - 2/ neu f ragnments from
pNeu #ybﬁn\(zjecﬁgpﬂ 'strwgéﬁCW&rBHl%t&rdrﬂi ﬁﬁéllé’l‘esrlzggﬂﬁiﬁt 3 kb) than

si gnal peptide an Itunmor activit
rga¢h and ethued ai rﬁargeb@mtlgent@an ben eEroentby quésssd egt an increased

t ent invention, there are
g’gg?(}%h%@r‘]‘ q@?%}ﬁg@‘b%‘zl neu expressing plasm ds based
on DC]FO\IEGID&‘B ﬁ@lC@MrﬁﬁUc@@ﬁE@f@) thmh 'tmhcated ddete2 /mict Heagments from
e Her-2/ eu transrﬁzaﬁb e and, e IuI ar donmai n ds
rihf@m ANEren, S U DA 1P gt oRfRfide and strong
PR PlotivBe ﬁté‘@ddh%sé’i‘téchnMM f&doP CKECD i nduce .

both strong-antib éa/ response’ and CTL response (see
Fi gs. IBanef@lenprefesy @m@dﬂmsnt phhsrpregentrigyertipbythergeare provided

o . )
BB ARl A Ol b Ripgand PCKeco) which
enaodeaentizr thaHerdoen taranmnembrqmremm exichcplhiEc Bomains (pCKry) or the

nt _the gro f subcut aneous tunor
PR SctacebR el S BCKAedh rodal - and- nhi bit
t he t Vaodingtionmtwith pCKAH aﬁ@@ﬂl(ﬁg% imdded b(oﬁleetrﬁngsantlbady response

Her - 2/ neu expr essi d constr cts of
qnﬁecﬁlesr@wonsmé% § : pzileqj’%Mg ?Eﬁm@&@@b of, Ry induced by
\%@&%@Qoﬁﬂﬂﬁh tif@ﬂ-egm ¥ o N sithidg: 816511551%%2%%& thB® observed for

Kor ean [tdre Croorgani sns
e iNIN w@ggtru%fallmzamumlaﬁn ippaulation ] QKmiD 8gd pCKgcp completely

RS, SR BB B 09 0 Aed o
adANh b3R8 Sumod gKEONE ﬂmﬁﬁrapauﬂspﬁmxﬂel\(eéw]?lgsnlo and 11)

?ﬁf g: E@(CZZ%W' er%essemgelglggmd cBHIARES bor Ttilgaﬁr\ésenq 1nvent1on pNeury,

pNeugcp, pPCKryand pCKgep have been deposited on June 26, 2002 with the Korean
Culture Center of Microorganisms (KCCM) (Address: #361-221, Yurim B/D,
Hongje-1-dong, Seodaemun-gu, Seoul 120-091, Republic of Korea) under the
accession numbers KCCM-10393, KCCM-10394, KCCM-103395 and KCCM-10396

respectively, in accordance with the terms of Budapest Treaty on the International

bl

Recognition of the Deposit of Microorganism for the Purpose of Patent Procedure.
Since pCKmy expressing truncated Her-2/neu is more efficient in inducing

both humoral and cellular immunity, and the therapeutic antitumor activity of pCKry

is slightly better than that of pCKgcp, pCKry vaccination with in combination with
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30 Recognition of the Deposit of Mcroorganismfor the
Pur pose of Patent Procedure. Since pCKTM expressing

wao ecaonoer7ad Her-2/neu is nore efficient in i nduRCTER2003/001400

bot h hunoral and cellular imunity, and the

t herapeutic antitunor activity of pCKTM is slightly
better than that of pCKEcD, pCKTM vaccination with in
conbi nation with WO 2004/ 007734 PCT/ KR2003/ 001400 8

SY418ké BEn&eRGefetrdr ef erred. Accordingly, the present
i'nventiron di scl oses the use of a cytokine as an

adj uvaescouhngly, ithe rmbmrmunﬁfomtmv@meﬁgthemm@f a cytokine as an
a'x_i ?%ﬁlcﬁgﬁ' Bl éﬁf’efq%rzcl)%%'orhﬂ{g : nvenept%tlérgﬁéé eaggmst Her-2/neu in

erin purpo e preésen Ati on- ¢
tm;rtoohoane:st;s I L- 12 (Alfonso L. C et al., Science 263:
543126 117{17}%9]1‘9184 gsmy Ionﬁclh'oﬁ? a%f%(l)lggesz'gprg (Alfonso, L.
(7 5et a$4$ére$z%8@632995-)23751994)é IE153 (ﬂWWnQﬂ al. éspé}lccﬁle 20: 1466-1474,
R02 1218 iantopadophal o) Viral i o 0050 o SR FhaL (Viwangi,

WLbSH,, WD iU t3'8§7@9"8q|6' t GN-@SF EEé '%aﬁ' efallVaccine 17:

of "ant’i gen presenting cells are ex ect

473p4 Buel 399. dENIvebl aefdkac?)IerW:lga nnduceAth@sprioliferation and activation

Jesh PRt ROF (RECTRS hFeeREiol SRRBDE Tud BFRVEH, Whiciency into

/PQs Hilee Headsitit ygsllsahnd hhrdnske ilnmguey respones inaluding humoral and

HBGE R aedp TS ened rloaigriuaenl 11 Skewing cytokines

eirfle % %b@c@dpf@Vﬂn@ﬁée Ce¥IEhededted Pafmbihe 1?688@%5' Ial-miaértant to cancer
CK-Etal, pCK-FIt3L and pCK- whi

1&&‘@“@5&’ ai ned by i nsertl ng the respect i ve cyt oki ne

gene f g _ _

oo e R AL lon FRRAL! e SRR 0 P15, O ILI,
K -EtekKTWCR-Fled osand p@in(ENBS/SErWﬁu&It iap® ebtdine@Thby inserting the
SRR oA S8l R s AL B R B eRETMAY iokine gene
?hﬂm‘t% stlhﬂalagi tHaL(u robserskt efot gOKﬂa,hm ;:Brmseasﬁ antfdaocbinﬁrﬁduct1on and

rapeuti c no e Fig. 13 and 1 o enhance ,t

YRR (R sl 2, Y ol chion, &f 155K ay "BRA ach Of the pCK-

dﬁ@lﬁh@@tésf@elall&r}%KEGWSF' élﬂﬁﬁ&ésoﬂle%}ﬁﬁhﬁi&t&fkct in the preventive
bi ci stronic plasm CKTM GVCSF, pCKTM  F1t 3L,

andiimrapentic npzsk'mqedﬁg 1perdi#).L15, pOKTM I L18 and
CKT
of t ha PR RUE B E ifaf fofefi RIEHE} D @A DRAE Bacoination,

tHacpnesmtl omention h cotertictede rhiaivteoMccphquxﬂﬂ cp@KaslaGM;CSF pCKTM-

B0 R btk Bt b PeR g a1 ehp G IL23, in
whiizdthe Her-2/neu protein and each of the cytokines are translated independently.
Vaccinations with the inventive bicistronic plasmids also inhibit tumor growth and
metastasis (see Fig. 15 and 16). Antitumor activities of bicistronic plasmids except
PCKrp-IL18 are similar to those observed when two separate plasmids are coinjected.
The antitumor activity of pCKry-IL18 is much higher than that of coinjection with
pCKry and pCK-IL18.

The above results show that the Her-2/neu expressing plasmid constructs of

the present invention provide a vaccine that is not only preventive but also
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PCKTM 1 L18 are simlar to those observed when two
separate plasm ds are coinjected. The antitunor

w@eauwit7yg4 of pCKTM 1 L18 is nmuch hi gher than thetT/&R2003/001400

coinjection with 30 pCKTM and pCK-1L18. The above
results show that the Her-2/neu expressing plasmd
constructs of the present invention provide a vaccine
that is not only preventive but also WD 2004/ 007734

tﬁ%ﬁ&%@%ﬁéﬁﬁ@%ﬁce@ t ReLARBHL 'He@%ﬁieﬁsbl\?ﬁn@e?dﬁnes have potential

Her - 2/ 'neu’ DNA vaccines have potenti al
ugsge) QSacasﬂaﬁrap@ttap@amme morcdumngnnmdtatsmngft(rreﬂmmasugery or as a

f
et ol B neoRle finkepBECRIALAG C Vactlfm for
anot héx aasmeiance)fwtt]neanmﬂ&seaﬁpecn‘afrlheopneseﬂtermfemom leere is also
5 pr.ovi.ded, Her-2/ neu vacci.ne co itions used r.
BB T2/l VA A8 cAEPoulGus BB R Ry ind Bhatingocancer
conpoghk iAAsntiveCl4tdehe é@nﬁ@ﬂiﬁ@né"ﬁfcﬁiéﬂ@l’é 103R4e $FrMneu expressing
pl asm d construct of the invention and

truetef thesayenfiembied @@bﬁn@acemwéﬂﬁ acgepiablgecarrier.  These
i gﬁﬁs lcbiPRSi tﬁ)"ﬁ@ ect}{)l‘g)ﬁlc%; %{rﬁfé‘b’cﬁﬂ th nguﬁéﬁs%‘é 4s R?ophylactlc)

phyl ac |c anti uced
infectionHbey - mm@utlgmrméscm by dkeri lhman cdesmeut eapresmag plasmid

C{)ﬂ%t?ﬁ#v(gﬂ fh o ﬂb gé@ﬁltoéa(ﬁﬁé g%c(lﬁg%%%ﬁosﬁngnsoéf the invention

cﬁhebean@ad tec }ream(@eﬁlasra merﬁ;isimtmmtm@enon IMUQEdaI?)gelt:hmduced by the
unman -2/ neu expr in asm struct of the

e HEbr et 5 BRPRR BPHEE PhECBHEEPRI ons
t hat qoBtSe ?aﬂahﬁnftsﬂ%cﬁ%r c@r‘r@@é’itmﬁé‘ @nﬁ%lﬁgmpﬂ@smﬁan Her-2/neu
construct. of .the invention as an effective ingredient

expressgugplesmid sonsteucd laf] the dnyentioneasaan effegiiye sgrgdient is known to

q?xlécﬂcllg@cgg* ersal"[” e ﬁ&ﬁ%%cﬁ%a'c&n% %?égbrfeeg)are% 541?{] a(@?‘%les, either as

Iqui i ons: 0 ensi ons rng su
lfquid solutions rori suspcmsmnss pelid fams suitablé Gui slytioroin, toy suspension in,

! cti.on Igaqqo be prfsﬁarbed. The prepgaration c[ 150 b
%ﬂ“é peor éPmF Py, c%y & §r BE®R%ncap§uPSPafiqy can aiso be
enledesor e paeteiny @ncapsuliaed ninC lipbnghesi €Thé @tl@e immunogenic
often m xed th carriers which are ph ceutlc g

ipgredinin pEe aHen Jpixed rﬁslal% CHTSTRIICh AEE ﬁﬁarr%euﬂca cceptable and

doneRIeNWith THR Lefie’ 1B?ﬁrdﬁfﬁﬁeUtTli%a|té1¥11 g;tﬂ?a?fré@é@mally acceptable

carrler referstoaca rier that does n cause an
cariest gfieters dact ¢arien thajtdoss nghcavser an aberzée redcion or other untoward

pﬁa@t & &b Eets;\{aﬁghg@clgg§ g@%ﬁibﬁ'&{ edgyititd ?Hgﬁx’]a%eg’rucally acceptable

r mace carriers I nclFude
oamamslmcluda,efomrexampée,afne\mtmore Gfél\hlaﬁeg,saﬁhes]pﬂr&;phate buffered saline,
uffered, sal i.ne dextrgse et hano| e " .
RS SEBIRN RRarBheot oy USF. SR GG erdy * BF additon, it
dégibd ethe tvhecinacedmeosin ¢ambal eﬁn@aﬂt@rofammﬂasy Qubstances such as

auxiliary subst ances su wettin mul si fyi ng
efHAEOr Gppistying ag@ﬂ%.gﬁgtbﬁ feging agen eyt Which enhance

tRENAN&Siveness of the vaccine. Examples of adJuvants which may be effective
include but are not limited to: aluminum hydroxide, N-acetyl-muramyl-L-threonyl-D-
isoglutamine (thr--MDP), N-acetyl-nor-muramyl-L-alanyl-D-isoglutamine (CGP
11637, referred to as nor-MDP), N-acetylmuramyl-L-alanyl-D-isoglutaminyl-L-
alanine-2-(1'-2'-dipalmitoyl-sn-glycero-3-hydroxyphosphoryloxy)-ethylamine (CGP
19835A, referred to as MTP-PE), and RIBI, which contains three components
extracted from bacteria, monophosporyl lipid A, trehalose dimycolate and cell wall
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the effectiveness of the vacci ne. Exanpl es of
adj uvants which nmay be effective include but are not

wo Rovitert34 o:  al um num hydr oxi de, PCT/KR2003/001400

N-acetyl - muranyl -L-t hreonyl - D- i sogl utam ne (thr-NDP),
N-acetyl - nor - nuranyl - L- al anyl - D-i sogl utam ne (CGP 30
11637, referred to as nor-MP)10

N-acetyl muranyl - L-al anyl - D-i sogl ut am nyl -

sﬁlel%fbﬂ" e(;/MPLlTIﬁ\/I-F@Wﬂg My oé’ L& élfuglj%:f@f&eeéls 80 emulsion.  Other

phosp or et h | am ne _
epcem@ﬂerSed)ft 8 Jals/aMBPnREmde an ARl @imethyildioctadecdanmmonivge bromide),

AN SRR U SR Cap BB Mo, immune

mRODALO0Y TR tEUCES KB ASYa0iHdkines1@. g KEINtQAL-2 and IL-12) or synthetic
IEN?@ IIT %@W%ﬁgﬁoléé?(zggﬁ gr&g% el agm%%@eurgljll Wlﬂ(’)l adjuvants described

Hegdifet hyl di oct adecyl ammoni um brom de), Freund's

conpl ete .and i nconp] ete adjuvants and Quil A In

addi t Vaeeing nromwoskisasl af i ty eresenindeeendigth mgy be administered
n I

ﬂg)‘eﬁﬁﬁ%ﬁ‘l& %§u 9%1%% Cﬁd}" Qxanlé}:ﬂe e?t@gr s'ub%@t)an%udﬁ?’ Wi Gltkfmuscularly.

A@bthtlondt foomulviticns awdjich ane sulmiﬁc fobetdher erdeis of adavioistration include

i.tions ;0of the present |n ent i y
SRty 2 I BReDpERED orgly H IR or Phyrmuations  suitable for
cB$tflb&1|floﬁ @b @utﬁ?maﬁshyth@ rt:asenbig iﬁnmtﬁaf hfcﬁrﬂhMatlodsg thd tr@mﬂ'julatlon of T-
ati ons | C are suita e (0] ot her es
Cgﬁn%n%seﬁsr%mpkﬂaﬂ%éﬁw@n% aélugﬁ%éqa@{s%l@g, Opige ﬁﬁidétéﬂ%’e of individual

c?@(ﬁéﬁes & Paridyr fwhﬂlatﬁﬁﬁca@fregm ! idbt QRS @1‘911 %@é&lﬁesf Rith optimized

istribution as aerosols. In the case of the oral

IFSRURA EASPORSSS. t KT BUAPPUtcaies ofaditional bmder%@m%@aglers may include,
| n

(EEELRHAS g AT 01 G RAGKROL Yt g Do may be omed

ffan nnixehmnee rcontamningshe tactive nngnedxentjlmtml range off 05 tavil 0%, preferably

RO ol IPHOERLSERINERr w2h RRGRARE ST aq orgipients as, for

SRAAIPS, ephmhaoahﬁ&éleg@d@b yeohfnaftol, r laglose £ siadlels ; mageddium stearate,
ositories naaqslgﬁ?forned fromm tures co t%m n

SPH, ctsﬁ%haiflﬁﬁre S, n TR}ENCF Y o CRFOODALS, t gngogpe like.  These
déitﬁﬁisy tal@e e 288rnfr G sRFtBA atéu@ﬁéné1&?§ lu%létk'dbﬂls capsules,

normal |y enpl oyed excipients as, fo exanpl e
syﬁfammlc é@leaS@aforgnd@lté@Sopr rmwﬂetrs)landl aentaire, 108 docP5% of effective
g@lzaj di um saccharine, cellul ose,
neS| ar assteO 7(?r)]d the like. These 20
corrpo%“hblH)els2/lnak expfessmgrpiasrﬁldsod)nﬂtnmtssof thespressitansention can be
ules, ..sustained rel

bl L .
BRSSP arOBEAF APV P4 8ot Pharmaceutically

a@EéﬁﬁblleVsalts llﬂ@ﬁdé itlendcid RideitRimadiy @Srmiéd %ot frdd8mino groups of the
neu, ex ssing. plasm d constructs of the present

/
NRUidAL 94 CHiCBo T4 IR B APSTEANC vaaIds nBict a8, for example,
Hé&‘i%&ﬁbﬁb 8p ?h@%{b@i&tz{c@ﬁs O vt brghldFeids such as acetic, oxalic, tartaric,

har maceut i
maleic, and the like. ~ Salts formed with the free carboxyl groups can also be derived

from inorganic bases such as, for example, sodium, potassium, ammonium, calcium,
or ferric hydroides, and such organic bases as isopropylamine, trimethylamine, 2-
ethylamino ethanol, histidine, procaine, and the like.

Vaccine compositions are administered in a manner compatible with the

dosage formulation, and in such amount as will be prophylactically and/or
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25 acceptable salts include the acid addition salts
(formed with free am no groups of the peptide) and

wokioglooase formed with inorgani c aci ds such asPCT/&R2003/001400

exanpl e, hydrochloric or phosphoric acids, or with
organi c acids such as acetic, oxalic, tartaric,

mal eic, and the like. Salts forimed with the free
car boxyl groups can al so be derl ved frominorganic

t@%ﬁ;{@éut%fﬂl Sfectivel PRPaRLiP ﬁfgﬁﬁ’@d H%ends on the subject to

nium “calcium 30 o err| c
ber tyaatied, becledings eigoprpgeytyant tee subjafrés hypnauneneystem to synthesize

SHBAURT DRl i LR EOSHE,  SEuble dosge

rengasabidlof thet brdelneof dosagk hfundmd ahicoopramg deffectsuec ingredient per

Beehntien yuih crneabom etadbor 10 AaRABHARY- urfigably in the range
fRdrhesdueen. 1 Tiae | au@Riiday. t Subgbdrd gﬁhh%hﬁérﬁﬂ BefRangdémBfistration and
i N

t he subj ect to be treated, inclu capaci

hoostershetshirgalse varabigeuiyase éY@ltf@ds]%bh £ é@i%z'ix]e administration followed
n

Dbl U 459188 QhpBohBRbe" Mk SO of ftcive

iBgnedicalt rbquidvdetd b admgnanmdeddp@udlmlethﬁ ngcﬂgdemmf therpractitioner and

vacei nat i th.a ran r omy about
18 B MRy B bSO of 8 BROMpaRd to Bady o skill ip the art that
the nhéﬂagéﬂ@qally&lffwtb}eeamegnmﬁHerf-:ynem Rixpresking plasmld constructs of
dministrati. ﬁn and, .booster shot@ are.al so.vari.a

thige inypatien, yiifl;degend, inFeriakiay PRPN Mg PAminsEation S?feﬂqugwae unit dose

d}yaﬁﬂﬂgﬁﬁ%ﬁﬂhlsm@@UWMSﬂw H&@ﬁe@%%sgiﬂgatplmﬁd construct is
Preci Se amounts of fective ingredien requl red

ad@llatﬁﬁ@rﬁdsmee@nbm@ﬁ@nwﬁh ather fhﬂy@?ﬁmc @genthethe immune status and

t 1
HRARE; bf BE SosBthe, o AEE A Clacli®ieg 6] B ifular Her-2/neu
exfpeessingy plasmid castncef f ect i ve anount of Her-2/neu
oo x50 B 37 GO A L PR A bty i
thtiRiple) dbsel st duty a@tm@lﬁpladmmsdiedﬁl%dl,s otReihehichheprimary course

r-2/neu expres m d consiruct
ANACRITB oG WCM%I RacDoteparate dops rfohﬁiéfPQ&éhP?h@f doses given at
sﬁ%&gﬁm tifg iIﬁéWEI% r%ﬂ &S tRfhidiain sl Bf‘réi’ﬁfdr@@the immune response,

reci prent, and erapeutlc activit

fonexampleat Hieto- @Hmhhs oy sepondglose.aar tf wdgd,r y&ebsequent dose(s)

s
o SBOPRTIAADS, FOTE BLYER MBSk 893Sy gl 3 years,
afe debiralik ¢o desetancthedidsrred $e\@ﬂ'seof prodéutdie imrpunityr y
cours of .vacci na

Goses ImPBEHLE B atle Fath 6B HiFaintsto 262 REURamses for many

siedab® dnd a5 \wakh atcﬁqwrrtgthé Qv ETRikMoRm t@he0df foedinbpy QRill in the art.
nghelrmunere onse, for exanple, at 1 to 4 nonths
QRe 2diBEshdadesetheamay in wish smtizans g pErsentedd o dior $xample, the

ﬁp‘hﬁﬁe Sr%k’ b ﬁom&éaseﬁe(;v'h%ﬁ' grol%é’iﬁsﬁﬁﬁéer%t atd i REYBltsted by alum.

years usual 'y
Emuls1ﬁcat10n of antigens also prolongs the duration of antigen presentation.

In one aspect, an adjuvant effect is achieved by use of an agent such as alum
used in about 0.05 to about 0.1% solution in phosphate buffered saline.
Alternatively, the antigen is made as an admixture with synthetic polymers of sugars
(Carbopol. R”™) used as an about 0.25% solution. Adjuvant effect may also be

made by aggregation of the antigen in the vaccine by heat treatment with
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are desirable to maintain the desired | evel s of
protective inmmunity. | nmmunization protocols have used

w@adjouweatss to stinmul ate responses for many 25PEEER2(03/001400

and as such adjuvants are well known to one of

ordinary skill in the art. Sonme adjuvants affect the
way in which antigens are presented. For exanple, the
i mmune response is increased when protein antigens are

t&h@@fa@thﬂe@tr@ﬂklﬁ ¥ W& al it A {o S8k q016 Rl BRES &) 3 %nin period,

l ongs the duration of antigen presentation. In one
ram@@anYan Aggrogatinn byf weetivaling mlﬁx/eapsby tepsed(Falpy) antibodies to

aﬁ@fnéo E{’cmge; V\Iﬂjhﬂj osp gtsc gﬂ@f% er e sal'fQ Brhih WU} endotoxin or a
hydpebrsamhaeidﬁ tcbmpambn‘gen of s (male-wegatine ad‘traod:buae emulsion in

Ay S St E T80 5 eBilR SRb a e R Peam}fwAraoel A) or

cahsioRewithingd ©09% RGO 0 Pedludrbeardoh i (F@soDAER™) used as a
vacc%@%ph at tr atrre t wmth WO 2004/ 007734

ADaY Q@n% ﬁ}ﬂ%d -at ures rangi ng between .
about v/ Hoﬁfg@@@ﬂéch&ﬁﬁe Gd LWan I%QX%TS‘E) bOugedn er}ee’e)daﬁﬂvle the use of

respective %%gregatl 0 reattivating wth
Vari@as g e FRispC tpcﬂmacelgamdﬁ adjuyanisnon ﬁhe(@unbody ﬁesponses of mice

Iﬁ@gqtegﬁ 'd%%(frﬁ%d ( thes Aés IRat &nen?éél gﬁﬁ%agﬁ%gggget%t o 'tﬁbt Vtherwise do

I'pop ysaccharl e conp ive
vaqireduce suppréssian) shoukl bmempiby:@i eslindicaedepPablagiae lvarieties of

S1oGH iR FreaPS0RP LS PROGM S0P BB Bcahgpitosan, including

({eﬁbétgga%daﬁtmRTl\/p used as a block substitute al so may

be e ¥ed Vari ous polysaccharlde adj uvants may al so
be uséén I - ai AR éontf«‘ﬁ@ %I@é for usgai? dhe present invention is BCG.

?ahﬁ@ﬁé’ owadt %n gﬁ ]f@@olg{&ér@ﬁgy and BCG-

resp nses 0 és been escri
cetlavalp skeloton (&E\M&)mhay dspbrsssd apadpuvantsanibe mveatidn. BCG is an

iPRerBp Sl Al G PR of 3 HumuSs GRRIS AR Pepiss. 4 BCG acts to
snmalateUﬂharﬂeﬁc@lroeélﬁtdtl@ehalmi&n@smﬂwmesmanm &ill¢rosells, and increases
BB P L BRSO RS Setviee sy - AP VAR ol Pl BCichave proven to
hb9e B@@eﬁl@ﬁﬁ'ﬂﬂrﬁﬁn%dﬁ’@é& £1RMityN, TN adiyRedlapRetist 'éf Ahe present

of Mycobacterium cell” wall sKeéleton (CWs

ipggntins eebe qﬁd@uce@cmm divés B G aee grontangharpexted by methods
1adwil PR A4t ﬁelsﬂl'erg ?eé&%cté}%@%soﬁCﬁ 5vaccmes (of non-pathogenic

I mmunost | mul at or
Waloterragei g Salmamﬂm@ j Bbewglpsam spadisichaties spa,tamhd;o on can be used
cells and increases proliferation of

kil
IH@%{%B%SP%PVSHQ‘P% cells. Cell wall extracts of BCG

have proven to 20 have excel I ent i nmune adj uvant

act | Vthhe pllegel?t Eﬁ/\P In%lgln S C}tlagre dcce){'lnet:c{1 em Iotrhe(-:S %ﬁowing Examples. It
should be understood that these Examples, while indicating preferred embodiments of
the invention, are given by way of illustration only. From the above discussion and
these Examples, one skilled in the art can ascertain the essential characteristics of this
invention, and without departing from the spirit and scope thereof, can make various

changes and modifications of the invention to adapt it to various usage and conditions.

Reference Example 1: Cell lines and animals
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i nvention, cells of Mycobacterium bovis BCG are grown
and harvested by nethods known in the art. Besides

woh@aberrser i um bovis BCG vacci nes of non- pat hBQERIR2003/001400

bacteria, e. g., Salnonella sp., Pseudomans sp.,

Eschericia sp., and so on can be used in the present

i nvention. 25 The present inverdion is further defined

in the followi ng Exanples. It should be understood

that these Exanples, while indicating preferred

enbodi nents of the invention, are given by wa

i | | usThatllem2/oan expressing meman beast CaiSiRyNd S }i/ﬁm cell line (ATCC

HPES) SR 05, LA Nl TR 2629 e

cotained t from ﬂhepa‘nnemgprf r'Bypet I(éllmrer Collactiors c@yienassas, VA, USA).

her eo n make vari.ous nd nodi ficati gns
R ER Do Eriiey (ST dtig: %I{%?{?’ FodeTsmguniamgd In RPMI1640
@BIOWHiitsIeE;, WhkeaHEIRe efhenfed hyith NE®,aRehat-inactivated fetal
ani.mal s WO 2004/ 007734 003/.001400, 13 The

hesring sgrin e s GLRE Chuﬁ%aﬁhﬁns ueg, Mo pnd nMSRerBR@.hn-streptomycm

n
el renkATeRy Ml LML T cls e prepard by

toansdieteen fafomli2ee colierwihntiey I\@Jreme@mgohuwnu a@r-2/neu (NCBIL
AR5 B TS STTRBILNG AR GANAT ;i INDI "BioWhittaker)

S Were mal ntal ne
c(oaltanMIgt I(R%éreat—ﬂﬁchea‘&dl HES aiD)L % pepicdmategtoshy¢inl 0%

heat ated fet. vi.ne seru FB

o ¢ HESRG ey G HER LB SHEE ers ODRS BRyEC Horles River (Osalka

k@h@ﬁ@d kblst at222el- 5%9% reRgivehurhidns  egd @r@alglengh@[g @ycle of 12hrs
I's were prep are by transducti on of

lmht/n 12hes deavafic degengcasshie fped - adhaigterncaibe mace were housed at

PRty TSl TR SeORE NGB URNRRSH) SHEFES ! in o gorm
ﬁieﬁjlsmlﬁmleﬁechmmﬂast,slﬁmggggmmdtmly) Hunmg ¢h&whebkexpatiments.

BALB/ C m ce were purchased from Charles River (Osaka,

Japan) and kept at 22C, 55%relative humdity, and a

Referynde BRample 2y Edolatidén bZIDNA plaginids fortinm. Hgestion t h
free access to food and water. The m ce were housed at
15 Laboratory Animal Center of Seoul Nati onal

Uni versthoridhih ich/iusRiRDHIE BantforRedSFith eddhest ﬂh%‘iﬂé’sﬁﬂfds pNeurys,
(Technl pl ast, Buguggiate, ltaly) durl ng the whol e

%cnnﬁmeﬁm ghe DOV@mcR Ex AT 20d XK, sengpl piators pTV2 and

RT3 b T, SIS, B 0L oS BRc S ion of

];pialsmEKDNA) Meas Tiairg 83 oup bie tiECEkgse lyﬂTB(mIarthuwﬁ:gEﬁ[Endofree Qiagen

I?I%FI%Hrgg-blvecfslg iQ TV2 a@g?ta‘gfcﬁlam@iar élgéﬁrgmg) Ptfl? hglanufacturer s

instructions. DNA was then precipitated, suspended in sterile PBS (BioWhittaker)

at a concentration of 2 mg/ml, and stored in aliquots at —20C for subsequent use in

immunization protocols.

Reference Example 3: Flow cytometry (FACS)

To examine whether sera could specifically react Her-2/neu surface protein,
SK-BR3, Her2-CT26 and CT26 cells were stripped from the culture flasks with a cell
scraper (Nunc, Naperville, IL). Removed cells were washed in an FACS buffer
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plasm d DNA was carried out by the alkaline lysis
nmet hod usi ng an Endofree Q agen Plasm d-G ga kit

w@ odoageri34 Chat sworth, CA) according to the PCT/KR2003/001400

manufacturer's 25 instructions. DNA was then
preci pitated, suspended in sterile PBS (Bi oWittaker)
at a concentration of 2 ng/M mnhd stored in aliquots
at -20 C for subsequent use in inmmunization

cBhokaag! f KRR 6T &yl Egﬁ:‘iﬁérﬁe(ﬁ with OZ%CFBB*BEH&’ ()(F%C%dlum azide.

30 To eéxanm ne whether "Sera coul d speci fical react
Apprrozrdalys dr %clé) peadiseper, an@&ssmerer@mzlb@w% togrth@To6th a serial

A5} Y550RH (UG QAL Y 450 WP T e 3 time

anErml \nhlslteedf the sam&ERBET D bﬁffer aﬁ@t]%ﬂﬂtﬁﬁ&ﬂ?fbﬂ 30 minutes at 4 C with

003/0 OO 14 CO RPM.
b ORI A G (25 oMBEIaNE 809980 aPEHG, fRfemouse TeG (Sigma).
Shoipedxdeltatveént washel0 tﬁﬁéd §n@@ésu@p@dd6iil B W §ame FACS buffer. To

BN A ot Thots, & fgaDroRid T dide (SHEmabSRe ddded to the
c%llts*u énsiéh ﬁﬁ 1ﬁ‘éulﬂ|1'tédjfd°r 2] séd“ﬁrléﬂfﬂealgﬁgéi sPUDHY BEPells that were

then stai ned for m nut es at
nERFVe by Jpnglaud@dngoélderﬁbmnmgowate gated bod ;fulsb@caﬁalyzefdofor binding to

G tines
e Bl b, Pab BEr e iR PAS IR g0af bifBeter (Partec
@iﬁbﬂ ddtinste Gemdayp, 1 /fig/ m- propidi umiodide
(Si gma) was added to the cell suspension and
i ncubated for 30 sec prior to analysis. Only the cells
Réfefen@Exampledi Conbyca) neici-6icopyi fof iafei-Blle@i2ThBd an®ibddies
gated and turther analyzed tor binding to I0 tunor
cells. Flow cytonetry was perfornmed using a PAS HE

flow Aﬁ) hﬁ{tel F1ar>g e}“o4n%3 Mnstvete @myt}lree days on Lab-Tek

Ref ere m Cr 0Sco

chamberest CQVﬂ?rglaSan(tNlbmdllé@erﬁﬂlﬁp dLb))qoa‘Ea(%lwytm Ixmgd poly-L-Lysine.

eiarei bR P R @lo G T S 18 1 R dgom temperature

washbd Jthrw/ tﬁ)mp@ IvmﬂLDMEM eblocked lyithneve gf)awe—(glcybdlim #OMEM for 1

B Bb A dodpesdig vty R iited stk invarockingaeliion for § hours
a\tVl 4 U I¥agRd afrdd hl&tifb'atd&l Mt@ﬁ@%{/(%erﬂﬂthrﬁ%ﬂnjﬁ%até& C‘goat anti-mouse

i ncubat ed vvlth 1: 50 diluted nopuse sera in a

igeninaglebylsy ssconsdary angibady aouthes Haiwteen deannglzﬁr@d AL) for 30
in

o] SoRT ARty TSR0k YRRt SRtk bn Ol Blouny media (Fisher)

aBdr rexagheed Wingf ar @Mfosl n maicrasoopy t Enpiea afliiteSP laser scanning

Sl i des re then nmounted on Gel/Munt nedi a (Fisher)

IE‘HB"%QBWned usi ng a confocal mcroscopy (Leica TCS-SP

| aser scanni ng

Reference Example 5: DNA immunization method

Briefly, each mouse received an i.m. injection of 100 ug of plasmid DNA
that was dissolved in 100 zf of sterile PBS into the anterior tibialis muscle. The
inoculation site was pretreated with bupivacaine-HCl (ASTRA, Westborough, MA).
For daily immunization for therapeutic vaccination, bupivacaine-HCI was pretreated
only once just before the first immunization. Sera were collected via the retro-

orbital plexus at selected time points and monitored for the presence of anti-Her-
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m croscopy). 25 Reference Exanple 5: DNA i nmuni zati on
nmet hod Briefly, each npbuse received an i.m injection

w@20020077¢g of plasmid DNA that was di ssol ved POI/KR003/001400

of sterile PBS into the anterior tibialis nuscle. The

30 inoculation site was pretreated wth

bupi vacai ne- HC1 (ASTRA, Westbormugh, M) . For daily

i muni zatl on for therapeutic vaccination,

?ﬁ&i%ﬁﬁ & HCL was pretreated only once just before
rst |rmun| zation. Sera were collected via the

retro- orbital plexus at selected tine points and

w & RERLERS s_ragas%ngl .sé r WD 2004/ 007734
es. Reference
Exanple 6: Chrom umrel ease assays 5 Spl enocytes
pr epage extractin nfromlrmu zed.n ce
U OSBRI rpRDRT 1 FBes TIPS 1o dlprinif) ice were
c@ltd?étﬁwﬂﬁﬁﬁy’#@ﬁﬁﬁclﬁ@ @ﬁé@ﬁ:de%rZ (C*F% |c)éﬁ!s $0106 d62Gndrwere assayed for
2-CT26 _target cell ur 51Cr-yel ease assay.

th@ mm@mé qr,ﬁ@%@ﬁ%é t%raﬁb%qllsm AshWéTr eCraplepsiassy n
510 g}éseg‘rﬂg%@é 826 tuﬁ{loé Eteéélﬁ \;%fel'la‘gglgd %l&%@}%cubatmg 2

CtS

>§a1® neclbet with 20G ouClsNa nCrO4 QNENJRIempr&’rradws sBastonadlA) in 200
%ﬂfe ggl;ﬁf a? y3~j urf r?r?e’mm E’(lglgREquggﬁ%%ﬁgdal e gbleerﬁoved by four

washgetvide RIP&VII][MZDO GraBPdnupdbess HO¥EBSricells eeraahixed with 10000

Rhrlfibasieat asisw a0p ol A0S ABEFEY HEHRRE grround-bortom

thi¥@otiteAt av@s qeRt ﬁala&ygwta@dmcaﬁﬂkea a90nl@ faf | luRburd@S After the
renoved Trom 15 each well for countin

ipcuhation; (thetnlate wes rﬁeatrﬂ%lga@riauaa Mlﬁgxﬂf@ A&lt%lOGaWﬁFa removed from
e%gﬁ QN%? %dlﬁéagt%\(vﬂﬁ 5! %Elﬂtﬂﬁpﬁn%%n l:l@ﬁrﬁd Z\@ﬁa):(l Auto Gamma

ercent specific l'ysis

000 SerfesTpnthe @lercmahhaslls waCpatsplatadame forsjula 1( Conmmax
20 Cpnl spont aneous)] The cpnmax val ue was det erm ned
by adding 10 of 5%triton-X (Sigm) to wells
%}hﬂjlﬁlllﬁg 51Cr -1 abel ed target cells. Each group

cont ai ned cphnspont aneous val ue wa
Reseay n«?R?ébta %ﬂygzadf Zb oleQ §ﬁ [Zamgbxpemdm@rre §PTingancny / (CDMiay —
c{ﬁg omane S1]hout the addition of splenocytes or

Ref erence Exanple 7: Tunor chall enge

The cpmy,, value was determined by adding 10 xf of 5% triton-X (Sigma)
to wells containing >'Cr-labeled target cells. Each group contained a duplicate.
The cpMgpontancous Value was determined by adding only an equal volume of the
medium without the addition of splenocytes or triton-X.

Reference Example 7: Tumor challenge

Mice were challenged by injection with Her2-CT26 cells suspended in sterile
PBS either subcutaneously on the flank or intraveneously. The three-dimensional
size of each tumors was measured with a caliper, and the volume was calculated by

formula 2:
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M ce were chal l enged by injection with Her2-CT26 cells
suspended in sterile 30 PBS either subcutaneously on

wo b@4fobEBk or intraveneously. The three-di mensPONEIR2003/001400

size of each tunors was neasured with a caliper, and

the volune was calculated by fornula 2: WO

2004/ 007734 PCT/ KR2003/ 001400 1616 <Fornmula 2> tunor

vol une (nm) (width X length X depth) nmr X 7t/ 6

| $oMer e nDnltored twice a week for the

evel opnent of abl e tunors. M ce show ng any
temepvommé (Ot éwsfhk)ﬁem,gth]e?ﬁ ddepshpmsathet/6r rare

novenent were sacrificed. Exanple 1. Construction of

Her - 2/ neu expressing plasmds 10 pTV2 and pTV2-gDs

(Lee, ARim¥ls eteralmoniloredli twice &2v843ToB486, de’k&&kﬁjmaﬁtd of palpable

tBiRrss ot sTomitE aBu RETROTh LRl NS KCRRRL by Pogathe or rare

MEVEnetfede@yaenaE&ssi on vectors. pTV2-gDs is an
expression vector which was cloned to contain the

si gnal sequence of herpes sinplex virus type 1

I@ia\iﬁgﬁr Pt ?—hﬂs!?gkﬁoﬁmﬁé&%‘l\@&?%ﬁﬁ }ﬁi’asnﬁ§ SEQ 1 D
NO 1) was inserted into the pRC/ CW Dbackbone

I nvit S ' a CAk t f ol
ter - POy AT D8 . Wl BFadny Fofngtiseg)¥436, 1998) and
pﬂifﬁ(dtietegﬁt(hfm ekt B&Wzth;JJBwplijg@émemmnigf 272133!0 -235, 2000; Deposit
W t hau e ar _an ransmenbr ane donai n .
AfgesgipRY: Kﬁé&\@ﬁéﬁ@ewerez@sﬁ 8Fh PRECER FPeAttt Ig?\% -gDs is an
e ?es%%ﬂn' Vé&&%fﬁldﬁe%#él%ﬁed Rb @)@Hﬂaﬂl Uil igndIRR LSRR J)ifherpes simplex

as a priner palr
BIusnagei htgcbyqqpéouezph ahexmamonqucgg pFVgTvZhe cDNA encoding the

I c

eﬁlt?é ace %I%ér}%a/ﬁ%@ an ne I;Mar%\gﬁ dgﬂa\g}gss 1§$erﬁ§1 mj? the pRC/CMV

baakb gren €t teolgdir, Sant DeedeCRCA) doyprodade & hall-fenpth I—kn@l/ﬂteu plasmid
% neu plasmd using NF5 SEQ ID NO 6) and NRW2

(F%’rE]é 'DNO 7) 25 as a prinmer pair, and cloned into

the Kmhb mnxbapNeug@Ds @fcoding thei @(trélc)elluﬂ'die dbhﬁﬁﬁn 6ff Her-2/neu

encodi n

, he extracel ] ul ar d
wﬁﬁmﬁctgéumwﬁ%@af apﬁetran@m%@lanm HRY OF rﬁ %&?ﬁr jrps generated
he PR p‘fﬁng FoFGHe fYIR ?{&Iﬁﬁeu égmlahﬁni’gcﬁ% (SEQ ID NO:

{
full -?engt / neu E [asm d using

&;@uﬁt B%f SEQAD NSY: 3hnas Rl&mn%gm|@d|\pjon§91 18t ﬁle Kpnl and Xbal
s?tre% N&f éﬁw %.Vzgﬂﬁs"lﬁhg %f% g?e{ls%lhhﬁN%ﬁF%s %ﬂgoaéﬂgl tP%IO eﬁ‘gacellular and

tmxsnﬂamtgranh eiometma@é IHerl-Qa{neu was generated from the PCR product of the
full-length Her-2/neu plasmid using NF5 SEQ ID NO: 6) and NRM2 (SEQ ID NO: 7)
as a primer pair, and cloned into the Kpnl and Xbal sites of pTV2 (Fig. 1).

The plasmid pNeugcp.gps, encoding the extracellular domain of Her-2/neu
without the intracellular and transmembrane domains of Her-2/neu, was generated
from the PCR product of the full-length Her-2/neu plasmid using NSF2 (SEQ ID NO:
8) and NSR1 (SEQ ID NO: 5) as a primer pair, and cloned into the Ascl and Xbal
sites of pTV2-gDs. Similarly, the plasmid pNeumv.eps, encoding the extracellular
and transmembrane domains of Her-2/neu, was generated from the PCR product of
the full-length Her-2/neu plasmid using NF3 (SEQ ID NO: 9) and NRM2 (SEQ ID
NO: 7) as a primer pair, and cloned into the Ascl and Xbal sites of pTV2-gDs. The
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and transnmenbrane domai ns of Her-2/neu, was generated
fromthe PCR product of the full-length Her-2/neu

w@b@gnoT3usi ng NF3 (SEQ ID NO 9) and NRMR ( SERTT/RR200GY001400

7) as a primer pair, and cloned into the Ascl and Xbal
sites of pTV2-gDs. The WD 2004/ 007734
PCT/ KR2003/ 001400 17 pl asm dsi7pCKECD and pCKTM wer e
prepared by |nsert| ng into the Kpnl-Xbal site of pCK
f
R BEURS DEPA LG B ARR SY SN R Sh0 Kl X it o
pEk wset@r @mmcalledgﬂer@/nem ganwfmgn@mt@btameda‘r@mqm@&cﬁ and pNeury,

resBrpitetyon B Sl dapid Gurer Dl i Lo C Ty f5eE:s5C for 30

spt asd68<C (mR\BLSI'Mm,F’&MJHfD fopNewitM gDS, and

Neu ch en [ oth the Her-2/neu
P oS T EeMra oo s ETAInGh cHPraIRS HisNas PNt PNevscp,
pN‘é@Hﬂ/I'VB% @ﬁ)i pN et&%%m‘) h&ch@m@%ﬁ%ﬂzc&h&h?@?ﬂ%@ﬁ transmembrane and
i a
ersmé@pﬂmlétf demaiscty SIECONeibogE pN%@mgms oRan }qéhe iﬁ@fe%/neu extracellular

d%#‘rﬂinlg (Bﬁﬁt ' dg &%ﬁg E@E&-Fl@éé aLW?lZl%t %'t'f;ﬂ@&lECD encoded
tlsd nggln@leMerdHnswwgmaiepépmin sngam‘pr éhei mgﬁalopewedq)essquence of

| ex virus.type uctLon of
oyl ) R R ot oPiRe bndlé it beptide sequence from
gpasprorin Droflilerpestisples @irao tgiech ed to exami ne whet her
various pNeu plasm d constructs could induce
anti-Her-2/neu anti bodies as foll ows. Each nouse

BAaRple R "IRRI’IANCH EXRAIIE-2/ieRC EAMEM RN 98y | pNeu constructs
INjections of IUU ug of plasm d DNA prepared In

yReewadiole Exanpl e 2 according to a preset 20

i mmuni zation schedule (Fig. Ib). Sone m ce of each

group were sacrificed and the lytic function of

Her - 2Testsi-vsgre ctdniducted tonersandige ewhethed vatohe pNeuc plasexié constructs

W r-2/ tunor for
nggd l@lugﬁﬁngrﬁ?]i Qeﬁ'ﬁ}l ap ﬁ]ﬁe§5 %ﬁgevlyg wer e obt ai ned
from Bétble ; &ﬁm{ﬁﬁ E}Negrlﬁ Rﬁeréﬂtcéﬂxamplecﬁ reutivalltlese i.m. injections
ek afte e third vaccina
k00, gy 0 ph@@léh BoRkppaiedan Referens g%wﬁ«plsa% ageording to a preset
iRASMES5orP @eﬁ%@u@(]ﬁ@slﬁ’} NdHdife hiflcé BE ebEle gﬁiugﬁﬁ'@f“eeﬁacnﬁced and the

cell Tine, SK-BR3, Using a flow cytonetr
Iyiae - Pmesions o6 cHer-@/nesrpeciiyG QTLeWsoﬂe'@lrmlmd:e Other mice were

C‘ﬁﬁg&% %%sﬂmm%ér}e@/gg#er rgﬁ%ﬁtﬁa pr esen%\;\%géﬁ& %htlﬂll%l?]l‘e immunity.

&ﬁr@ atezs tObﬂhlhEkﬂ ifiom cBAEBchmlé@ befure ¢he &irsthinfection amieone week after

an.fluorescence int ndi n Lty
B i SBFFRERAS el Bito plf -2 el R @b vkt in' the serum was
Bl basdd §@dy. binding to the breast cancer cell line, SK-BR3, using a flow

cytometry. Her-2/neu-specific serum IgG titers of all mice vaccinated with pNeury,

pNeugcp, pPNeurygps, Of PNeUgcp.gps Were determined and presented based on the
greatest dilution of serum for which a shift in the mean fluorescence intensity of
binding affinity to SK-BR3 cells was seen relative to an irrelevant control antibody.

<Table 1>

pTV2 (n=5) | pNeurm (n=5) | pNeugcp (n=5) | pNeurmgps (01=5) | pNeuscp.gns (0=5)

<50 12800 12800 800 <50
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30 <Table 1> pTV2 (n=5) pNeuTM (n=5) pNeuECD (n=5)

pNeuTM gDs (n=5) pNeuECD-gDs (n=5) <50 12800 12800
W@o@44803IN0 2004/ 007734 PCT/ KR2003/ 001400 18 rSOKR280001400
12800 50 <50 <50 3200 12800 <50 <50 <50 12800 12800
800 <50 <50 3200 12800 50 <50 As shown in Table 1,
the observed IgGtiters were renked in the order of
pNeuECD > pNeuTM > pNeuTM gDs > pNeuECD-gDs = pTV2. As

expegt ed, | nongygfy the sefgmggol | ected frgm ani npl s <50

Iheof + | HEP-N- - 3 nl Ao IA—lhad Aot + all
UTTuUrc tiIle 1711 ©TUTT UIT Ul P asitru A TTaud Uyttt oot qdur ©

ant¥50 5 Her - 23860 bi ndi nglZ80i vit| es. M¥kover,| none <50

of ﬁ ani mal s,4j ectjed w pTV2| made ect abl e
é_ =D/ ngi}%@@i i bgdj_MOT 50/ dilut . However <30

vacesat i on wRbth pNeuTM prggeNeuECD resyht ed i n| hi gh <50

Her-2/mneu-speci fic tgGtiters (Fig. 2, A and er um

sanples diluted by 1:800 produced a wide shift in the

mean fl G | At [ j . .

cont r A SHGRE IS B b B o P itdts ADNte onbl i the order of

piNeuses & pduiv d>a1|3Ntewfngs &nplggem)@bg g phGEt | !-Asre)qm;tted, none of the

serum.s es di.lute :50. revealed a. r .

spi el R AP B Shiotif Pe e i hicdHRtrSt Sfisfid PhYA o acfeotable anti-

Hkg‘t-b/ﬁ/elh tbindiﬁgga?t_ﬁf,itie@ ahg%r@ver,Then@ﬂfShe repgmafs inj_ecteg with pTV2
- 2/ neu- speci.fic ti bodies.in e.sera i ni ze .

T R R 1 Bt 20 S RSB TR SY vaccimation

Wigh %a&%wgmg%f&uﬁe@!w ﬁi%r Herl 2/mMAUGR TR WG titers (Fig. 2, A) and

nized with pNeu . B)

I mu i TM@H g , denonstrated cl ear
sesyal Jamples dilvtedbyi 11890- prodagedit wddelishift gn thgemean fluorescence

: S ha t WL Rt nous
SR I 258 B 5B VUi i Mo Br pNevecn o
refiled B aClowwhi cindetectabdndight ¢ittr wnd hsetrima samples diluted by 1:50
ant i.- Her,- 2/ neu .ant, b tite resented.n Fig. 2. 20. .
BRI itte BR B RERerb St B BRTRLAT rlbedietho iy (Fie. 2.
BaendtA)ucts vaccination Having denonstrated that
e A e A b e e Ko i
opt | was “also "&dnfirs 3 C icroscopic analysis.
%EeﬂN%Ec% Figas Zllso H&Jnfird{dde BySRBRIdchE i

responses’ | nduc in the sane mce re eval uated as

Mousosmrunpangpinigedcyitb PNwirer (BigphrBldemapsikasedclesr localization of
SREPA ! IRISUAEL AL ARER S SRIBRS sy LR ntfSFown with the

Bpheensery timenunized with pTV2 (Fig. 3, A) or pNeugcp.gps (Fig. 3, C), which is
consistent with the anti-Her-2/neu antibody titers presented in Fig. 2.

Example 3: Induction of Her-2/neu-specific CTL by pNeu constructs vaccination

Having demonstrated that vaccination with pNeu constructs boosted high to
very low Her-2/neu-specific antibody responses in vaccinated mice (Fig. 2), Her-
2/neu-specific CTL responses induced in the same mice were evaluated as follows.

Splenocytes were prepared 2 weeks after the third immunization from the
same mice that were tested for Her-2/neu-specific serum IgG titers. Splenocytes
were cultured with mytomycin-C-treated human Her-2/neu expressing syngeneic
murine transfectoma, Her2-CT26 cells for 6 days, and were assayed for the lysis of
CT26 or Her2-CT26 target cells by a 4-h *'Cr-release assay.
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were cultured with nmytomycin-Ctreated human Her -2/ neu
expressi ng syngeneic nurine transfectom, Her2-CT26

wa@ellmofies 6 days, and were assayed for the | yBCBEK®&R003/001400

CT26 or Her2-CT26 target cells by a 4-h 51Cr-rel ease

assay. WO 2004/007734 PCT/ KR2003/001400 19 As a

result, splenocytes frommce accinated with pNeuTM

(Fig. 4, B), pNeuECD (Fig. 4, C, pNeuTMgDS (Fig. 4,

D), onspherkl sﬁ]{cenoéﬁgg Cf_{_dé%l tﬁ%ﬁc@%c@iﬂa@‘éﬁ Q%ilth pN@l%TH[ (Fig. 4, B),

dependent si s of Her2- at was not shown w

|
RNt e d, €.V, VBECHIR).Cor BNacolrkiag 4,AFkexhibited CTL-

ook B0 SV s AR ABRBORE o T2

yaseunatddg Centrolpiiees=(Pigg BS A) afd/zhe rélativerstrength of Her-2/neu-specific

-2/ neu-specific |ysis by sphenocytes. fromnc
bl SRR e Nar Rt EER T vimgs - PNGUzcp.gos > DTV
Repomarddl-2neo-spbeifiet lyeissbyobplehbeyteo fivi weics iamium@E® with any one
0,.. 90% at an E-T ratiao of 50:1 and 60 N 70% at an
c%:pﬁ\lc;lhpp%stg?ctsi@x_aﬁ qoppRprabje tp tgg (%ﬁe_rs Qe ponstructs and were 80 ~

Of7 09 i ol :
933]9})6 R QGYE &S rdtiP BT 301 gﬁ&% Cf;gg& gglaﬁsmp%ftlgrgfgye;ﬁaﬁg. 3, B to E).

L-dependent lysis o cells. 1 , .
Hpwepgrn splensgiites Bonyany genvipdefl mittudid ot tindimg CTL-dependent lysis of
(Fvﬁ éé@;u-speci fic CTL response, which was irrel evant

0 ? eir signal peptide sequences. However, they
i nduc &u bsief)silbHer-2iep eifrésirnplaserdLimizced srong iHer-2/neu-specific

i body responses accqr di o.their. signal peptide
GEf b IR e i aentpie koA e Bt sPfnges.  However,
théy shdival @b%ﬁﬂ@l{% nfpueelt Fled!2/tial-spdcif aftib6dy késpbses according
titers (F en their _ signal sequence was

ig. 2). . .
tp efhiCHC é@nsﬁ Pﬁpz}dﬁ? aequenpes)  SidvepNeunpRedTNgmgp with the original

r - . , .

SRR Rbwved Wgh Mpr AR RO T80, ARk PG 70, When their

ssgnal sequense was Ppdagsidedyia vimabsigmal sequshce,upiseugr.gaighnerated a low
P gRst S knati titumr i |t e P

P OE o T 2 MED S RO L s IS g e b Wl et of anti-ter

2/nemantileddied.i ne Her 2-CT26 in nmice was eval uated as

follows. Initially, titration studies were perforned

to determ ne the optimal nunber of 25 tunor cells to

IDearnpiegi Peeventionosf tumior 6F3wtHb ¢ HNeéh §RF@étS vaccination
subcut aneous tumor fornatron or 1ung Netastasrs, and

the results showed that Her2-CT26 cells i nduced

subcu : 3G PHHLYDF /ol i : :

A AAR MaphAG FELAR' Al IISYLD SRR encc murin

tumer celilimedler2-Ohg6dnmyice a&rasm@al@deciwm/fdibm. to

di sti 0 - ANk | i.C r ) .

pl as mT'glgl,a ﬁg’ tﬂﬁ%é# g@ Feg e\&éﬂre ﬁ%ﬁ%@‘i@ﬁl F@sd%%@ﬁ%ﬁ Qﬁ?iolp It1g1[a1 number of

tomior cellsbey beoinjected ¢, or d.v. titwomichabl gageateEqetitutaneous tumor
U Son Sy e dndarse! r’f& the results showed that Her2-CT26 cells induced

ormation or lung metastasis, a
subcutaneous or lung metastatic tumor in BALB/c mice when 5 X 10* cells or more

were injected s.c. or i.v.. Since a long survival period may help to distinguish
antitumor efficacy of Her-2/neu DNA plasmids, 5 X 10" cells were chosen as the
initial cell number for i.v. or s.c. tumor challenge. Each mouse received three i.m.
injections of 100 xg plasmid DNA according to a preset immunization schedule (Fig.
1b) and one and a half weeks after the third injection of plasmid DNA, each mouse
was challenged i.v. or s.c. with 5 X 10* Her2-CT26 cells.
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injections of 100 ug plasm d DNA according to a preset
i mruni zation schedule (Fig. 1|b) and one and a half

woe@ddoEBi er the third injection of plasm d DNECT/EReE3/001400

nouse was challenged i.v. or s.c. with 5 X 104

Her 2- CT26 cells. WD 2004/ 007734 PCT/ KR2003/ 001400 20
In the above subcutaneous tummp nodel study, all of
the animals injected with pTV2 devel oped pal pabl e

tunorg, 1@11%' dhove ’su&utalé@:f S afrfbﬁ‘ hesdel %Hgify hHRhRe Qﬁh’fals injected with

| et resse roups mce eac

plTﬁfEdeﬁdeNEd hpadNehl® Muniive L(E@ 5, ;A\)euﬂm gbe,otber hand, tumors were

BNIEER, A8, Aol PR Seip Bl PNt PNetico

pNﬁlﬁﬁ%D ot tgNe@idheh, o Wda@&bftﬁﬁﬁmngl\leuﬂ\t‘un@@s 1nJ ecttlon In a

di.v. hal |
n?@[’%q; v of abipe ilFpies Yo 1ok pNE:Bis ANGRbED: PN

BT ¢ | e Piviel] 1Qﬁttﬁﬁchh§'llé}[§eyg*?§SS 0|B9i NAowever, four of the
survive I un net ast asi s ari son of

saven Mg LS 7 mepgﬁdbyltbm'mé@@ngn@l gm@gg@@c with only PBS did not
E%&ﬂ{}p ﬁ%l%e{agta%mdermnst rated contrasting differences

neu-specific antibody titers but conparable
CTL responses in mce inmuni zed with different pNeu

I 1 ds. ] deli ti | | ' h
PNeuECD-gDs rejected 5 x 104 S.C. tunor challenge.
Si nce_ the nupber f t unor eIIsthat [
S & BRI T dh Armenied GoniAMAE GOTIERETG Hsfy/neu-specific
ahﬁbbﬂ?%ﬁb?seQuf“c@)ﬁlpakéblé\’a@TEefe\é Sidek | 1?1Uhﬁcé Qmmumzed with different
di stingui sh antitunor efficacies by t difference in

Newptasnidponbe addifiane alb\granps ef el’ﬁtC@pRléQh domednized svith pNeury,

ef the n of tu Sct t )

Bl oy PRt o FBE 70 U Yoy S Bllpnge. - Since

theimmmbeh alf] tenyer cedls thyt wefadjectedfs. et Cor(i2v. Xnﬂcﬁﬁ')lcé ovas too small to
relative to tha

ipdlin BRPF dp RGP LERp BTty Vet Vv il g disfRguiSh antimmor

ofRE&diés/ 8y tHPGIrfepdiiR 1ﬁﬁmHQin621/e§1@®hs‘éﬂﬁ@méddcb}ﬂdiffd@aﬁmmw constructs.
%L ovvardln i bitjon of %) It was inp 83:)
ke, 4he aumbes pfdpmer CﬁBF éo ﬁdﬂleﬁte)@ wasHcrased \py a thctor of 100

U%Dflo%hﬁiocfwﬁm@&cakhﬂ% g@ea!'n% %% faeﬁ)rwr@ok leQ)Ofé)r i.v. tumor

esse age by excessi ve tunor cells |nJecte

dhallengshepdative & that ©f ﬁw@patcell% iphepbiess tuimor gxpeiment to evaluate the

rgﬂilf g 11 r@ggance neu L pﬁ 9%21%?32%&%1 %’ltI?rtg%ﬁfd inhibition of
HerangT26e ftowns dnnbbemb]r&ttol—iey& a?baléunumhﬁr@fsnng: than 2 X 10° for i.v.

%%%%dﬁ@%ﬂag%ﬂﬁgg%@&r ecelcﬂliaqu tc?rr gflﬁlg g]é/ﬁésél%‘fockage by excessive

thBReASinjefted SShe HReh Fbika cémBBhlk,tlvé rpésedRysSa att &ff pNeuECD and
thethlrdlnjectlon of each _ 30 nous

RiVeiEceapdfaseenergied thg latgiﬁgilgfﬁrqnce in Jarr/pencSpesatic antibody titers
et W€ Four different Her-2/neu-expressing plasmids. Each mouse received

three i.m. injections of 100 yg plasmid DNA according to the same immunization
schedule (Fig. 1, B), and 10 days after the third injection of plasmid DNA, each
mouse was challenged s.c. with 5 X 10°ori.v. with2 X 10° Her2-CT26.

In the subcutaneous model, all eight animals injected with pTV2 developed

tumors and the mean tumor volume reached over 2000 mr' before day 19 post s.c.
tumor challenge (Fig. 6, A). The mean tumor volume of eight mice injected with
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In the subcutaneous nodel, all eight animals injected
Wi th pTV2 devel oped tunors and the nean tunor vol une

wo e@aloett3over 2000 ml before day 19 post S.C. PCT/KRR003/001400

chal lenge (Fig. 6, A. The nean tunor volunme of eight
mce injected with WD 2004/ 007734 PCT/ KR2003/ 001400
21 pNeuECD was 82.2 mm at day123 and that of eight
mce injected with pNeuECD-gDS was 67.9 cd. Wile

pNWLE, Was 8?'291"1}&11*c hf:ﬁéy 23 %H%Dﬁfb%fcé?%ﬁﬂcmidéniﬁ%ec%cpﬁﬁ n[%N‘euECD «Ds Was

m ce inj ected 9900e St ude
67.% e8t) V&Ihﬂp N@Q@@Eﬁﬁgﬂgll(fp:antz s@uessia) of umee growth in mice injected

fi n a bet n
(S Nt i 2 200G S S atn0, aps JfelEen 35 (22 84005,
Ssudpmitki ¢atesy), (tRe =difft@de $h udhenmennt tmraet)volume tHeeNeen the two

R g nv b not HataT g S CE e G05) SOR e LUt s  test). In
thé hﬁt@mﬁﬁ?ﬁd@n Ciuh@ Iﬁaﬁﬁﬁs@fwdshﬁhﬁh@ﬁtuﬂﬁlmy(lﬂﬁ?/ﬁ eight of the eight
injected wth UECD-gDs (Fig

Imgg 4l 88Yag gnigice Wpﬁpgmmo@ndsm WWHOf @@gelgrﬂt mice (88%) injected
Vi gﬂﬂ%ﬂ%ﬁ@ﬁ ﬁgg l t 'Aq ghicd Qﬁcﬁﬂﬁﬁéﬂ‘(ﬂt}\h}@@%& d1d ot surv1ved lung

g;dh y treat ment
nigiastagis Ooﬁgamvaaith@lug aspevivake vy S@gmﬁmmttscpr@losg@cbby treatment

SRR o RGF P TR B 002, Mance

MSxﬁllewﬁ()Dac??paléd with. gIV3, thdratwhs Maesignificanesdifference between
: | cac onst ruct s nation in
N etnep ApLuNcusemmetp 218 DT b IR Herase! Wethor

experiments were perforned by challenging imunized

mce wth tunor cells. To conpare the antitunor
Estsanplect:defficacyrof pENgu comstrweds yaceingtion; in sstherapeutic model

t herapeutic nodel, mce were challenged with tunor
cells first, and then received i.m injections of DNA
pl as anmrenﬁvwe etodel d turaow eexpea:mlems ewz0e cheitfbaneédby challenging

isinigid Pde Wt Rutlr GiBupd® ERBPi A 2ifhisier ERfabRE bt pNeueco

and NP Hines thampelﬁmlnodé)lu sigice @me chdllédpged Wwithstimor cells first,

sniihenaaceyd dur. rirgidin, ph DNARIRSE! | Brece QI aye mice were

cﬁ@ﬁ@n%ﬁ P! @%ﬂm pl me@ bESUbL 0P fHé:t*29@T25 RNY, End M were divided
t hat en tunor cells were 25 injected, all

ipfoct grouns: e@%lmwllgl\lehewfé@ thrdumopigjpstienrsachanonsgegceived the
ik (Fi

BT BTRIGE0L 0 o’ SrERARE, S8Rl 1 Byl fpur more iy

1pf[\di_;eairmnhsa¢vithrtheea1(mmm plagrett.ed with only PBS did

oreuttat Sl s SRREL ondh RN Rn oot wer

ifi Moaﬁ%ld@%ﬁdedmﬁhﬁﬂ%uEESSﬂ)pN@Egg lglysaglﬁ'dlv&dt lung metastasis for
th

the foﬂowmegr 20 Vgﬁtys QF ig. 7, A). However, five of the eight mice (63%) injected

with pTV2 and all mice (100%) injected with only PBS did not survive lung

metastasis.  Although pNeugcp and pNeugcpeps improved the survival rate

significantly (p=0.0085, Mantel-Haenszel test) as compared with pTV2, there was no
significant difference between pNeugcp and pNeugcp.gps.

On the other hand, when the number of tumor cells was increased 5 times (5
X 10°), only the mice injected with pNeugcp exhibited an increased survival rate
which was statistically significantly (p = 0.0237, Mantel-Haenszel test) compared
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30 significant difference between pNeuECD and
pNeuECD- gDs On t he ot her hand, when the nunber of
wo wwm00Ted | s was i ncreased 5 tines (5 X 105), PONKR2608801400
mce injected with pNeuECD exhi bited an increased
survival rate which was statistically significantly
p = 0.0237, Mantel - Haenszel taest) conpared WO
2004/ 007734 PCT/ KR2003/ 001400 22 with mice injected

Wit hn&EV%BS&ba with Brvaiqeeyer, ghe Hb%vem @it fflc¥ifhlected with

not “show signi f| ant|y enhanced
m:mgﬂs (h|d 10D shews s1gmﬁc@1tly Habame@ spayyl @x = 0.4628, Mantel-

?é%e%sgsﬁg &ﬂﬁ E?e Sl 1{H i 0. flﬂ1(¥(¥'htntﬁe&a{2w1th é’TV%{ | Nonetheless,

consrsten reventiv
cbhﬁsltenﬂllgsmm Sh@ nplfevemne dn(ﬁdleﬂ; g¢here msSnan‘sngmﬁm:ant difference in

}%ﬁﬂ#ﬁ ;X_%@HQ t‘?ggl} pNe Dgadm# QHECPﬁESr g’p_e &42634 Mantel-Haenszel

t&fy.i caci es of Her 2/ neu DNA vacci nes vvere eval uat ed
by changi ng t he nunber of ei nj ect tu
When i CHIMBRE, ThEARGHIG HHCAE IS0 %%ﬁuoiﬁ vaccines were

ati,C I t
STRABELLCHERE B bl ) PASHEARIAANEYECD gn mic wer
treptadewithsa sroald ingmiliar cdnnetdstatie tamor celiss hadle pl\énew and pNeugcp.-¢ps

ofelbbbtTdhe ST beridh SRARFioadRE Aol b o0 4 ggHicant difference

betweeny dleir attdtuntoraimpinanity. Chivpavat,i wkemnaalayss aumiber of tumor cells

d Ne t t 15 d pCK
EBRLP R PO GRG0 (BF PRVECH TRET | cacy of -

vacci ne, Her-2/neu DNA plasm d vector was constructed

W|th CK vector whi ch has st ronger prom)ter act|V| t%
< § paratiyganalysis of imupHNg Ees g induced by pNeu constructs

r= gSRgs obt ai ned from pNeuECD and pNeuTM 20
alﬂﬂ é S‘n‘s1=,‘$ted into the Kpnl-Xbal site of pCK
vector. Thus, pCKTM expressing the extracellular and

extr abgRrhie BETRARY BReaRr OETReRRERE 240 DGy plappid vector was
corgthumat® witte pOKnvieoge wisich yhasfstioEdivbmiotpCEiity than pTV2. The
ERalcickss e O UARGICS R4y Shs Oproul TiBPePNatsco and pNeuny
vtk %a@l‘f%id%éﬂ‘ by g sl &‘%@K&fdcﬁfr t 'Iﬁué JWCR expressing
i ntranmuscul ar i nocul ati on with each pl asm d

tex cpmaretivlar angetransmespiyane dowaing ar@bp%tsdo gKpigseing the extracellular

| ?qs{%dw g wth FITC conjugated goat
&%L - m%%%%ez %ét&%ﬁ}%%n of Her- 2/ neu specific
ant i bEdyewahzap@m]s@ imasinogefisityred }i@Kﬁ\m @ndopGK s, tBALBdn mice were

Vt%ﬁé.?lgk?g tﬁ EP(C;Igyt & ]%,g(“:% p\)K\F q%ﬁqb ﬁaﬁl ahd %e%%?é’\%nd spleen were

obtained from immunized mice 10 days after the third intramuscular inoculation with
each DNA plasmid. SK-BR3 cells were incubated with 400 fold-diluted sera,
followed by binding with FITC conjugated goat anti-mouse IgG. Estimation of Her-

2/neu specific antibody response was performed by end-point titration using a flow
cytometer. The result in Fig. 8 shows that vaccination of mice with pCKry and
pCKecp induced Her-2/neu-specific IgG antibody responses similar to vaccination with
pNeu constructs, wherein uncolored and colored histograms represent control antibody
and diluted serum, respectively.

Furthermore, Her-2/neu-specific CTL activity was assayed against Her2-CT26
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30 pCKEcD i nduced Her-2/ neu-specific 1gG anti body
responses simlar to vaccination with pNeu

w@oeogio1ret s, wherein uncol ored and col ored hi SPOOKR2®3/001400

represent control antibody and diluted serum

respectively. Furthernore, Her-2/neu-specific CTL

activity was assayed agai nst Her 2-CT26 WO 2004/ 007734

PCT/ KR2003/ 001400 23 in a standard 51Cr-rel ease

iASS 8ndYaCCCRASeAR Asayn C%déﬁﬂaﬁoﬁ%f-rﬁﬁ&n%tﬁm HAPCKaep also

lnduce strong CTL responses (Fig. 9). CIL responses.
ngyCThaesprasesod’ias Op CKTle ssponsgstisdugsdeby vaccination of pCK

t
Sy R B SRR A M sty
and pCKECD To determ ne the antitunor effect of pCK
t Her - 2. f I '
It GG iR ot pER G Can R 7100 1 g
PBS pCK, pCKECD or pCKTMin two-week intervals,
t I hal | d
i th o iiathingos. ior R5ERe ATBER. PoRBucE of Her Yneu, fomale

BALR/O#Mite Rverzheactcﬁtae%r 11fi!fa'ﬁ‘?1ﬁ§hﬁﬂ | thPde? fmféfs GHAMNO ug PBS, pCK,

sol1d tunor 1 nduced é c. Injection of Her2-CT
¥ esnrad G i i teedwaskrinterveds, mespoetively. | i The mmqeewmschallenged 5.C.

A SelaeVerxdays "’I{ié’rzt-@?% rfsx%élfsr ek ﬁlﬁaﬁissgéc%‘?atﬁ)% The three-

he percent age "of Tive mce per gr oup
dﬁmn&lbnaif sigelofdgrowmosdlid nuneeihdoyed by. s.cnjmgedtionnopdtHer2-CT26 was

26 hi bi | et I the m
BT s DT T PUBBRERE T gtcer s sgbunfRed Epryday and the
restiie were pesenfidss MRE!Bércemble M PR JeritcRfnadIpe66). { he
surVIvaI eri.od, ~denonstra lngy strong .suppression o

| ung 8k ,sgh(é pﬂm@orslmdugd $-Cs gmeﬁtagn 0,5 ,Hﬁrgc@T% was inhibited

I
SN AT TR ORI A 008 e
mefgstasip ene&upﬁd(mt ﬁe@tp@lﬁtcnppmmtgaddhpcsnmwal peed, demonstrating

sﬁ@&g %@ é%%% St l&g@&%@tﬁﬁé’ (,SE ﬁO\AB;(h 1%‘428uy -%:)E E)?%tgctwe immunity

dgainst ¢leal ICTRIe chdllengs walte covld be wehisved bywasaccmanioadwith pCKry or
ryday and the results were presented as the
Eént age of |ive nouse per treatnent group.

Post - Tacshahé@peutid teﬁfe@t@KEMpﬂKﬁpﬁﬁﬁDp%CBf fgiekl WEre vaccinated

for the protection against the growmh of netastatic

25
inGROHSCUAE He H0Q diat e T -Koingl hr after 2 X 10° Her2-
@?%@?Rf?‘éﬂ%‘ileﬁ%g Th nunHe Bf 1ReSHRAL WX? coitkd tew'gﬁ d the results
effects of p %Ad

u constructs were retained I n
VpaRETEsentdeLas terprscantagenoft IIn‘ee wiogsapeutreatment] gtoupo Post-vaccination

eval e pr ctive i . reln t ed

P Rt R Eseris R TR B R “ENBb CBp Houph of metastatic
doddrey and)appearaditd Yinhibfi deach le?elilﬁg&néﬂaQtaﬁﬁt(thJ nidh. Thus, preventive
activity CKE’ SS|I y better th%nthatlgf
%‘@W 1‘?ect4;o constructs’ were retained in pCKpy and pCKgep.

Furthermore, in the therapeutic mode] to evaluate protective immunity against

-

preinjected tumor cells, pCKqy and pCKgcp prolonged the survival rate significantly.
Since therapeutic antitumor activity of pCKry was slightly better than that of pCKgcp,
pCKmv was chosen as a model for Her-2/neu DNA vaccine in combination with
cytokine genes.

Example 9: Immune responses and antitumor activities induced by coinjection of
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W@200400018£ responses and antitunor activities POTERe@3/001400

by coinjection of WD 2004/ 007734 PCT/ KR2003/ 001400 24
PCKT, vr and various cytokine plasm ds To use cytokine
genes as a nol ecul ar adjuvant 34n the Her-2/neu DNA
vacci nation, six cyt oki ne gene-cont ai ned pCK vectors,

Rrarifd§-d fds! L15, pCK-1L18, pCK-Etal
an p vverep as follows. GW CSF and
F1t 3L, V\,hl ch prormte the proliferation and activation

of anrir 9G&L Q&?o?@ﬁ%l e§€dd scl n?cﬂ@ ulf® %ﬂﬁ}\%ﬂ 1& gllégn’ "B4®meu DNA

t he de ivery-“e ncy 1nto pro essi 0
vec@BainiL, IsgK cytbkme gennke:od‘amadl p(EK mtdrs FCOR-GM SIS pedsdl 12, pCK-

L RE R, PR Bl hoReh R Wee By Asdplgniy, “GM-CSF and

Hli3dy &ﬁn@l@hﬂroﬂiﬁ@tﬂ aieepkolhmfum ad@ aces@is eﬁ anatig@{ gmbntﬁn;g cells, are

ty I D 10)
expsctad fo pras’ t@egﬁ %q)cyglw?&o pmf@%a_or( tigprezsenting cells

lﬂé)déihﬁ'i‘t?é c¥ Qnd”if@'uhcfrbfs@ ﬁfrﬁlﬁ&ie’r%\é?o 28 ai]?—‘izf IIS’J”I‘St e 18 and Eta-1
spleen of BALB/c mce PCR { SUPERSCRI PTTM |
ag BOCBRidivei i kewing cﬁoklp% pied sxpeeiesl to, mdmehcikmedfated immune

riyppny R Rfocpy ARl 5, ot s b N 17

| L- 15Btas (SEQSID N@f 1@5@41& (SEQ IR&@n 1 )1 SRl SofSEREDINO: 12) and

%Q %B%EI)Bl 2@5 BERLS g\?/gq%%ng gi%g Wﬁlﬁl%%tlﬁqlg&gﬁgrln the spleen of

BABB/d ¢hice sy FF-PORd (smﬁsr(ﬁum[é%ﬂ R, eGIBSer BRL) W1th specific
into pCK to generate pCK-FEtal,

pppers Rl W S 1P bR 8E W13, wit
1'8?? &5 g@ ’:1‘[51 g]@c P&nﬁ%m?& 3RO PHNO [ RATENE S\g% 13F1 of SEQ ID

Vaccl ne I'7: 1136-11
I‘i©998 andiddRéN;_SEQID NQa, 19&md]Flt3;L with FiNaef SEQ ID NO: 20 and FR1

B S50, ), A4 o B GEP I, lped o

gedesitvand snserted istogp@K o cgenpnamjpcﬁ-EtalapdiK {718, pCK-ILlS and pCK-

R QUSRS AT SEL S SEL P LD, o, Beorr
aﬁﬁ@molaffrﬁgﬁeﬁta@fm GMGSFV(@‘thD Haé’ttdlb%}écz%letlﬁatlﬂ%lll44 1999)
er or ned g | ow cy t onet
{

2{%&«1% fai $i b e&@l ¥ Néa_\,Blﬁﬁeé@Mt 2@n381aﬁ&6 2002), into pCK vector,
gslpgﬁl{,&&,ease assay, to neasure CTL responses. <Table
Her - 2/ neu specific IgGtiter
To analyze the effects of cytokine gene adjutants in the antibody production and

CTL response, mice were intramuscularly injected with pCKry and each of the pCK-
cytokines (Fig. 12a). 3 weeks after the final vaccination, antibody titration was
performed by a flow cytometry to determine Her-2/neu-specific antibody production

and *'Cr-release assay, to measure CTL responses.

<Table 2>
Mice Her-2/neu specific IgG titer
PCK | pCKqy | +IL-12 | +IL-15 | +IL-18 | +Eta-1 | +Ft3L | +GM-CSF
1 <50 3200 | 6400 6400 6400 3200 800 3200
2 <50 3200 | 3200 3200 6400 3200 3200 6400
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PCK pCKTM AL-12 +IL-15 AL-18 +Eta-1 +F1t3L +GM CSF 1

<50 3200 6400 6400 6400 3200 800 3200 2 <50 3200 3200
w@2@4d/0624680 3200 3200 6400 WD 2004/ 007734 PCT/KR2003/001400

PCT/ KR2003/ 001400 25 3 <50 6400 6400 1600 6400 6400

800 6400 4 <50 3200 400 1600 12800 6400 1600 1600 As

shown in Table 2, Her-2/neu-specific antibodies were

sufficiently produced by vaccination of pCKTMwi th or

wht houtsgytokhmes kibo o kel fli caddh dI flsgpende wag 6400

£ A1 HAC—A~N

f Ay oy N ant A + S WE 2P PHIEWN PPN
moOurtu—1ul LYILLAYS UI upo CVU IIJ cuilCTuU Vn\ﬂ UTT CYUURTTIT UCIIC

phasm &80 ( Fi §20002b)4006 <Tdb0® 3> 1EBG(eCt 016400 Tar gi00 1600

ratio 3:1 10:1 30:1 pCK 5.50.69 8.83. 16 20. 35. 43
PCKTM 52. 66. 03 67. 60.56 76.41.21 pCKTM+pCK- 1L12

34. 65A6 6hb¥n38. Beble' 9, Ber-2theuripbdific tariiBodids kberd Bubicidfily produced
53.61,08 70.76.30 pCKTM+pCK-11L18 21.81.44 38.81.53
bwaﬁ@m@@on;ﬂfm%w et gyithoyt syiakingsgbutino gigngewany difference was
T - . . . . M +
BTN LB T R R P
a sunmary of the CTL responses observed in Fig. 12b.

Aﬁplesﬁown in Table 3, the percentage of target lysis

roacad clianahtlv hyvy yaececinati an Af 10 nCKTM w t h
LAYAL A YAY.T™ Awpw | ~J T T 3"" ] u] VA% A\"A A TICACT T A AN ] A\Y A} - \J Pvl\llvl VALl L"BLIL

pCK Etal or pCK-F1f 3L but decr eas@dfestor ghdrbet rdrio

vacci nati on of pCKIM w th pCK-TLI8 or pCK- GVCSF '
Nonspecific lysis using Ctbe as t rget d8ll was hot 30:1

found ipcrl |l mce. ) Exampdgodf: AnLitumdg+agki vity — 203+543

| H Vil W1 3
rrmuuccecu Uy LUrnjpecef T ulr Ul POUNTIVI AU CYyT URT TIT 1O

pl asnmi g€KTe det er mj ne &x6itt6l¥or art i vieTpIdikiduced| by 76.4£1.21

coi hj ec;ri Qf 2pCKTM aggﬁ_ai_s ﬁyt ok| ne Ebag_rg @ 79.3+6.99
USpORny BPCR-IL151 ce, As3shawye n F| 9. ¥3adamsd Figl 1490.746.30

BACBf ¢ 11 ce were cpall enged 20 WiTh Herz2-Cr26 ce

af PeKnahdCEelldSe vhoci AbSTdriAi  hl pOKIMSETIE Joach| of 47.7£2.55

t NSRS KCREEtal 59.5+9.01 88.7+11.07 96.244.52
pCKry + pCK-FIt3L 48.4+2.99 79.6+3.22 95.9+2.38
pCKoy + pCK-GMCSF 34.6112.96 50.6+15.56 64.3+13.8

Table 3 shows a summary of the CTL responses observed in Fig. 12b. As
shown in Table 3, the percentage of target lysis increased slightly by vaccination of
pCKry with pCK-Etal or pCK-FIt3L but decreased slightly by vaccination of pCKry
with pCK-IL18 or pCK-GMCSE. Nonspecific lysis using CT26 as target cell was not

found in all mice.

Example 10: Antitumor activity induced by coinjection of pCKyy and cytokine
plasmids

To determine antitumor activity induced by coinjection of pCKpy and a
cytokine plasmid, preventive and therapeutic experiments were performed using
BALB/c mice. As shown in Fig. 13a and Fig. 14a, BALB/c mice were challenged
with Her2-CT26 cells after and before vaccination with pCKqy and each of the cytokine
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mce were co-injected i.m with 100 ag pCKTM and 100

w@eooeaetii34 of the pCK-cytokine plasm ds. The ni PET/KB2@3/001400

challenged i.v. or s.c. wwth 1 X 106 Her2-CT26 at
week 3 after the 2nd vacci nation. Tunor growth was
measured with a caliper twcem week and the vol une
was cal cul ated for each nouse. 5 The grow h of

a ] t
R S P TP PR 00 15 o
op Che PCH-catekinrCrlasiids. (lfr@ nn@oyvere vbalémg dg. of s.c. with 1 X 10

YIS LIRS TR0 ) NP, B vt

calzobr. twidecewaek end deciohame dvdsn:hlcmﬁaled: fdrasatly meausé. 100

g; It gr é:KT %@dqﬁqugc]@%g%&?setymog té‘t%ﬁl v l@[?&s}g]gtl% with pCKry
ahdl ecytolkitie plésnidOespeeial ?\/;S{BK@M@IU pUI@-Ht@lS bhd pORRIELS (Fig. 13b).

resented as the percentage, of live nouse

Metasiasmsral igiravenously. chadlepged H@ﬂm}% W@@mﬁmd by vaccination with
pgg‘? Cé(ﬁcﬁgCKeGRJI@§F‘(FI% 1%( en 3 CK-Etal inproved the

ate nore ccinated only with
pCKTNMi6é gvere 4‘tacan11zateﬁ4u)tram1$cﬂrlaelryemﬂle10® g pC&uemands each of the

A5 B BRS040 T 360 CEOR g, Thomambr of e

n@i&é—v@@ﬁnﬁl ed Rverydhyrand e aebudts W?fhgbr&&dedr&isahb grcentage of live
nodel . 11: Constructian o [ t
TP e T BRBP GG - BREEIaR QvitD §UE ORI, ECKscytokine plasmids
eRBGANSEKLIBA | aihihroVeP th@ GliwiAlyradd niige- BhRevhéMNAaccinated only with
vaccinati on, const ructed were bicistronic plasmds,

F1t3L, pCKTM Etal, pCKTM | L12,

POk, AT AR R I s by co

itjeetmont oA aghaatiadat cyieb@nqﬁamniyl suTheasi pﬁJKr(ﬁMCSF bothoimatumor growth
ent r It | RES) .of encephal onyocarditis virus (EMCV)

‘ie&}végﬁ eﬁ%sgzﬁésrm)?fi eu gene and cytokine gene enabl ed
the si mul t aneous expression of Her-2/neu protein and

tokn F .15a.To erat bc onc I
< 0 ( 5 t) en e ISI — asmI-Per-Z/neu and

gty ‘1‘! ‘.4 st 18

G GSE. FLt3L, IL-15 IL-18 and Eta.1 genes were
arrp I'Tied by PCR using specific prinmers as described

in Exanmple 9, which were inserted dovvnstream of | RES

of E . .

uct ot gaBE N dnliegpob e iff o REN SR DR Mcoipaiion, constructed
WJ@KHld:ﬁﬁoniéqﬂa:*.m}dkZpQKGfMI-GI\/EGSE,aﬁEKamHitﬂd, PAK ty-Etal, pCRyy-1112,
pCKy-IL15, pCKry-IL18 and pCKry-IL23, in which the Her-2/neu protein and

each of the cytokines had been translated independently. The internal ribosomal

_,-

entry site (IRES) of encephalomyocarditis virus (EMCV) between the Her-2/neu gene
and cytokine gene enabled the simultaneous expression of Her-2/neu protein and
cytokine (Fig. 15a).

To generate bicistronic plasmids co-expressing Her-2/neu and cytokine
proteins, GM-CSF, FIt3L, IL-15, IL-18 and Eta-1 genes were amplified by PCR using
specific primers as described in Example 9, which were inserted downstream of IRES
of EMCV of pCKqy-IRES. IRES of EMCV having the nucleotide sequence of SEQ
ID NO: 22 was derived from pCK-IL12. For IL-12 and IL-23 (Belladonna, M. L., et
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168: 5448-5454, 2002), |IRES was anplified by PCR using

wEa4obr24 as a tenplate and | RES-F 1 of SEQ | BLINER2@3/001400

and |RES-R1 of SEQID NO 24 as a priner pair, and
the anplified product was inserted into the Notl - Xhol
site of pCKTM to obtain pCKTM7A RES. 5 Exanple 12:
Antitunor effects induced by bicistronic plasmds

aB XD Bonlel. 168 - 54?48'1951543‘%Oggtmsq%agﬁnﬁ)\lﬂieﬁa&ﬁCR using pCK-IL12

pr eventive antitunor activities

o cterms AMIORES S bt SEQIE N tiand TRESdeh o6 SH®ED NO: 24 as a

PRSP RCT 60U RE BRI T R Mo s of ok

tp CkiEAR bCIBaRIEBCKTM 1 L23) according to the
vacci nati on schedul e shown in Fig. 15b. Intranuscul ar
i nocul ati on with pCKTM cytoki ne constructs inhibited

Eﬁrﬁpletimrﬁhﬁbﬁmo&'hﬁf@wiﬁdn@ﬂ by BidistronicaplRthids expressing Her-
ubcut aneo s [y than when only pCK was 15 Injected

(e, an “Wt B€pecial |y, pCKTMIL18, pCKTM GVCSF,
pCKTI\/H L12 and pCKTM F1t 3L exhi bi ted out st andi ng

effects in the inhibition of tunor growth. In the _ _
t urror Terev alvetesprevemidies antptm&rpur/lapuvms o mplkenerytokine plasmids, mice

WRHBLREL TN (' LA IR <oVBS BESAS Svtbklif phaifilds (pCKm-GMCSF,

IC efrtects

pﬂi‘f}ﬁj ﬂ.t@[.s p@{ﬁ\,{-&am p@KTMQIHHQefpﬁéK@A-GLlﬁCﬁDKTM-IZL 1280 and pCKry-
ti nst t ast r ei nj.ect Her
ten A S AR RS U T R C R

t he Sﬁhﬁﬂmhsféuﬁdioim)cufatﬁhgwnhlﬂ)@Kﬁ@ dﬁbkﬁiel @Bn¥ttidls inhibited more
F and pCKTM | L18 pr ol onge he survival rate

tﬁmggh bthegramdh @f tuer |1@@ﬂarv@ql subgtsomenslycan giaen only pCK was
1 e | as

N gl dseppems gty RISFIDNS OEAIETE, poKco1L12 and

Dﬁ:lg'ﬂd[ F1t35. anhiibiced batstamding ts irothet inbitstion of ltumor growth In the

B SRRY CapRE 83 RS gl Y= S50 i fom 1ang

metdstatibgFeg.nlSdi t Hon- n@&@s&ﬁﬁct rfettsond bﬂ&rsmbrstrbnm‘ cbitructs were

E‘Eg%g?% ?n \égge;bg&ég%,&g Pq%gctgq%%g%gg tg?g:%a;%%s?s of gremjected Her2-

(Gl W%@Q&@lﬂp%e #8atBldaf\mEsdel TiEAdin g\b thiE schedule shown in Fig.
:Qp,NTERNATl L RECOGNI TILON OF THE DEP

aiienyittFpRKTMEGMIRPOgRE @mﬂﬂﬁrpm@m survival rate
(Fig. 16, A and B).  Collectively, pCKry-GMCSF and pCKry-IL18 appeared to

markedly increase tumor suppression effects in the preventive and therapeutic model.

While the embodiments of the subject invention have been described and
illustrated, it is obvious that various changes and modifications can be made therein
without departing from the spirit of the present invention which should be limited
only by the scope of the appended claims.
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(s) Hongje-Il-dong, Seodaemun-gu Date: lul. 3. ?00

~ -~~ ~-Jr SEOUL 120-091 Repuptic of Korea r L™ -~ ]
| Where Rule 6.4(d) applies, such date is the date on
WEER cldigedtigt us of "'iriter' nxltrtanal P deposit:ary
authority was acquired : where a deposit nmade outside
t he Budapest "Treaty after the acquisition of the

t at us, , Ofy.i ' itary.. ' 3y I
Sonveryedel R R FIRTELOBM PR R BEl dkil yhich s propared
tpuntsertaigea itminchied ldahan dfersitneh geee lavkarg tiregmniaseblwlas domain into
recejdglglzx t{ig i nternational depositary authouity.

L SB& page WO 2004/ 007734 PCT/ KR2003/ 001400
32 What is clained is: 1. An Her-2/neu plasmd
constryct havjng anti-cancer activity which is
Dr epark plwmdn%sfmﬁtgﬁclﬁmde arhegein the human Heprd(peu gene has the
rﬁﬁ:ﬂ@oti(ﬁ%gﬁK&léM%}E@r p-gl ar domain into 5 plasmd
2. T

pTV2 or p e“plasm d construct of claiml,
wherei n the human Her-2/neu gene has the nucleotide

T bk B e 2 s BRI 559) or pRen
(KCICM-10396) 4. The plasm d construct of claimil,

wherein the truncated human Her-2/neu gene further
| acks the transnenbrane domain. 15 5. The plasmd

gonst Mhetplaémed abMtfuctVWIeERIMA 1,hehBreiRIhERRAMEARAUNEGIRAR Her-2/neu
has the "hucleotide of SEQID NO 3. 6. The plasmd

geosdirther lagks Bredransmenpprans domageuECD ( KCCM 10394) or
20 pCKECD (KCCM 10395). 7. The plasm d construct of

claim1l, wherein the signal peptide of the hunman
Ser - 2/Theplgmmiel ¢anstrapt aleldithyd, tieersingthal hupegt Hée-2aieu gene has the

MRIRS R RGO XRF 3|

6. The plasmid construct of claim 5, which is pNeugcp (KCCM-10394) or

7. The plasmid construct of claim 1, wherein the signal peptide of the human

Her-2/neu gene is replaced by the signal peptide of herpes simplex type I

glycoprotein D (gD).
8. The plasmid construct of claim 7, which is pNeury.gps -
0. The plasmid construct of claim 4, wherein the signal peptide of the human

Her-2/neu gene is replaced by the signal peptide of herpes simplex type I
glycoprotein D (gD).

10. The plasmid construct of claim 7, which is pNeugcp-gps-
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gl ycoprotein D (gD). 25 8. The plasm d construct of
claim7, which is pNeUTM gDs 9. The plasm d construct

w@tooaloai7ea 4, wherein the signal peptide of thePCIYKRR003/001400

Her - 2/ neu gene is replaced by the signal peptide of

herpes sinplex type | 30 glycoprotein D (gD). 10. The

pl asm d construct of claim?7, 38hich is pNeuECD- gDs. WO

2004/ 007734 PCT/ KR2003/ 001400 33 11. The plasmd

1$0NStTRE hlmial @dd@irkct WhickInd ! t8Eh HARS! #hRSaks a cytokine gene
cyt oki ne"gene__ besi des the human Her-2/neu gene. 12.
besidepthedrmnaa blest2/ngit g&9te. cl ai m 11, wherein the

cyt oki ne gene is selected from 5 the group consisting

of granul ocyt e- macr ophage col ony-stinul ating factor

126G+ CHR plasfib-consteudt yf @ddine] kiwlaareinsthiei ayboldné Bensis) selected from
early T | hocyte agtivation-1, (Eta-1 .dnterl eykin-
i krolip conb{PRng of efafihiy Firb8taPniss’ ot EinE R (am-csP)
P%Snlﬂ@t (17103 9 ife Witdse t¥ ﬁg?ﬁ@{an@m)%@rarlymmily?l ooptel segivatiba-1 (Eta-1),
. pl as onstruct_ o iml as an effective
HPtﬁE}F‘él‘éFFlgjlr?t (Iiﬂﬂf)ah;ﬂér%ﬁuﬁﬁcal ly acceptable carrier.

14. The DNA vaccine of claim 13, which further

conpri ses a cytokine gene _expressing plasmd. 15 15. )

13he DAADDHE ciageingfios Ineyenting smdipeingating cepeaskivhiclyspmprises the

e Gl AR 1060 RABRRL ek Blen P, phprmaceutically

apceptabiticagiand/ or treating cancer, which conprises the
step of 20 adm nistering an effective anmount of the
DNA vacci ne of claim 13.

14.  The DNA vaccine of claim 13, which further comprises a cytokine gene

expressing plasmid.

15.  The DNA vaccine of claim 14, wherein the cytokine gene is selected from the
group consisting of GM-CSF, FIt3L, Eta-1, IL-12, IL.-15 and IL-18.

16. A method for preventing and/or treating cancer, which comprises the step of

administering an effective amount of the DNA vaccine of claim 13.



