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WD 2004/ 046175 PCT/ EP2003/ 012793 Vacci ne The present
invention relates to nethods and conpositions useful

WO pootlogs173 eat ment and prevention of Hepatiti sPCI/EP2003012793
(HCV) infections and the synptons and di seases
associated 5 therewi th. | wvgeaimei cul ar the present .
invention relates to DNA vacci nes conpri si ng
pol ynucl eoti de sequences encodi ng the HCV core protein

o o .
or TtreseRE et Bttt Aodk s gl i B BthEekiment and

preveéaion bf Hepgitisa® wires GICVA) infuetiofis drdethy epaptors and disbases associated
present i nvention. i dentifj recently as, the

HCV was
therewith ghngriacilar he preserd gpentin j5ides tp VAR COHETISHE

poly EIOHE, SR PR ORe POV Ot FrtERThlll Bast onp addifepal HOV
proten, tahd hEthodwiof tregimenriad fandividoals wefected wiibH C Vicempsising h
.care.cost_in the U5, where . the prevalence is 1.8% is
AAmiG ST iR e BaisEes ST HEIPRRSHE it Ben 40 60%6 of | ver
di §eFSPad idekitifed rb@ntiYs BRAe2036 %Séﬂ@'&?&{tfwb&t&f&sﬁl@i@n and
HCV infections. A though HCV is initially a sub- )
commpimityi asghir¢dviercAj mm Bhbepatitisafpigosimsicly 470w peepld axeeghagnically

o8 s SRR LA T AERTIRRAR LB s, wier

the pfdvhlcA&d is 1.8% )ik batihged 0949 $2 HilllvapBEivrees 80160Yadf liver disease is due

carcinoma (60% . Infection to cirrhosis has a nedian
to HEY repd éﬂ%z‘élgﬁaw@ar&ﬁ arefRpH Cioinfections pdthgugheHCY| ignitially a sub-

cGEA AR 8 KO O D1y e o
typichHytaeveldps YronT Hevaiciastive lippatitis (TOR), fimosis irrhaspr (0% to hepato-
o R Qe P s 2 BRED gy

hepaféaééﬂ_ﬁfa?}farf:&'bnfaro? ad0 P 8 udrth.86d Wollker BIOVEN &, FnBEJ. Med 345, 41,
ability of the current reginens to achi eve sustained

Cohends poHs Scienem?39s(542h-26ppt i mal (overal | 50% r esponse L

f h h f b .
" b B 1B aed TR Mo R R ens P AP AR ¥ ehcdol fandard
of TitRSERCANATRG Mhfed intéidroR spidsesis te Bhihaay Sor tredtihSHCASbdcson.

in high fall out rate, especially after first 6 month
Howeyer theaabilify e thexsrneat zegiamens fQ aphéay esuttaingd ERipORSA MR sub-

ol B SRS 2 NGBS, el
respoBsy mateds 104G (2% Thastreatmentds nise asdoyiated veikh mipdeesartt sideleffects.

. for_ejther _prophyl axis. herapy. The st. adyanced
This ggsglit i high ol o e spiatly gt Eﬁ»? p &?P“g}f&%ﬁ‘&be etics
USE N@rabtu@les BAvehsGmaRa th RERidR HOV SidtdifiRe #AGEhERic in
b Transvax Is also in Phase 2. Several vaccines are

y
normahmineeinicludingfollowing| imﬁﬂaﬁm with ]mgé Soerd m P aCEIIfes 1o
curreﬁﬂ}rf ?ngﬂgcai %‘a(l zt re%tﬁ%féérﬁ'a@ﬂ%&'s %ﬁ&_%ra 5 T Bodf Bhvatkda S currently in

Phase 2 by Chiron and Innogenetics using E1 or E2 envelope proteins. An epitope vaccine by

Transvax is also in Phase 2. Several vaccines are in preclinical development which use
sequences from core and non-structural antigens using a variety of delivery systems including
DNA.
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WO 2004/ 046175 PCT/ EP2003/ 012793 HCV is a positive
strand RNA virus of the flaviviradae famly, whose
w@emaesi7s 9. 4kb"in | ength, with one open readP@LEP2003/012793
frane The HCV genone is translated as a single
[

o S S b kR4 PER SMACARTOAY i), sl Kb s

9.4kb'ily Bngthe with oad dpdriZreading ﬁraﬁl)e ﬁhﬁdHﬁWgemnmah truﬁstlaj:e@hs a single
proteins wth various, en activities.
polyg@%ﬂewlaﬁh itilen 3gogset Y GOF 48 vir %tﬁaﬁe%, oamoéwetu@rl proteins
@&&ﬁ% 1‘6[&

(cord % gp {]%tla(yngf an?/?ﬂ Cfg?l? S aplm(fanous enzymatic
activitinesr Toamgehobhe, of thuHCM I 4;[16 md)latandlthu Itsl*a,l1]exam"piemi§he il pgenotype, is

foun] ap B¢ <FERIOR BUEPE ANSACE] DUER S S e B0 ¥ BpegonS.U.
Purcdl; kﬁ7£1d(l§1§<918[) ?Traﬁ%pk%ﬁ\ﬁx%eﬂl@cDﬁm& H-hepith @ virus

envel ope profelns aré responsi ble for recognition,
genotypedibrage infections inyvive”. Wiralegyotdd 1).t14l 9@ ( b%ﬂ&))s andfsshown in
Fi non-structural proteins involved in vira
gugagllcatlon i nclude NS2 (Zn dependent

MeTht epfdipRippatsty ard¥esponsibld Lrdebgiifas diddiRendans)of virus onto
NS4A (protease co-factor), NS4AB, NS5A and, NS5

targeh 6f 2B EeRsEHSNT! REteinmnxAkred Hhvir) ﬁepsdcatz@wglude NS2 (Zn
eR@k i
depeffeH b fiBicBlas O RAS i protbisd? pelliasdNISYA Blotdie oo fctor,
NS4BeNGE&Aent] NS 5B8s(RNA [polysncfasa} Bhitenscliagerdd and LatonarneV. 2000.
osi ti e.fir C f each protein;

Rep %gonpgﬂefpa B‘Fe ersh ;{}lfqié?’\]ilééé?l solate is 3010

MIRQstAKIEE of &e'l—ﬁ')’g?myfﬁﬁéiﬁ ceh bE?eé;E’éseMS& abVRdl fhe eptRs refer

NSSA NS5B -191 1027-1657 1712-1972 2420-3010 }

to the 'posjéom efthg finjt gminnacad pHeach arateinniedill pelyprotain of ﬂm JJ 8k6 isolate -

. not. en defi.ned 20 based i n-theé nucl eotl de
1s30§§ tie 01%%“‘!‘8}@&\/@ and non- conserved -regi ons.

.-

Coré‘bV\ﬂMer EDer|epr s Nsazdlessonal BISANOURSEBt ¥ aSNBl@( NS5B
i sgl at gd frgma si nglle gatlem IS avvaéi £{Jresented as
1-19% |mi xtjure qf cliosel Y 10274630 genomnl:7 1972 ‘| 2420-3010

quast=species. e HCV genone stows & i ghrdegreeof
genetic variation, which has been:classified into 6

rTH]l"Edi vﬁﬁlﬁsﬁﬂﬁgl mhailoh bate 2nd & ledbt sik nadiict dehotypedinivpbesh defined
and 3 are the nost 25 prevalent in Europe,

baseqi\lg} ‘{hﬁ n&?ﬂem&;&ﬁeﬂum Pf eonserxed gnd pgq-gRpseryshrggionsgowever there is
add1 B&lﬂl @omﬁglage&éﬂ%sniaﬂﬁ%ﬂtﬁﬁ%amgs Ehented pa

|caa ere I's a dgréat nee
mlxtﬁmroﬂclqsely\teldted@MWnrsluaﬁ spiedres. nf ecti on and al so to
|verse i.n.the.a

pr ig‘% ﬁ; éﬁr{%gltre nt 2 %{e&%ﬁgga ngtieyagation, suc kil hastbzen Slassified

into 6 o g‘éh&%p@.qlb{ rn%c!zepw 99ad ) CRAbRPePTIE 152 AR B ald@ve most
ei ns hav been’ described. ~Vacci nes conpri sin
é.‘vgenotypes

prevymngarcmﬁN erth @edrSwzch Amasrios: Avipy Clsng, depasr andeistiglin
4 and 5 are predominant in Africa and genotype 6 S.E Asia. A

There is a great need for improved treatments of HCV infection and also to provide
treatments that are diverse in the ability to treat a number of HCV genotypes.

HCYV vaccines comprising polynucleotides encoding one or more HCV proteins have

been described. Vaccines comprising plasmid DNA or Semliki Forest Virus vectors encoding
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2 WO 2004/ 046175 PCT/ EP2003/ 012793 NS3 were descri bed

by Brinster et al. (2002, Journal of General Virology,
w@30486073881) . Pol ynucl eoti de vacci nes encodi POT/RIBHB3/012793

are disclosed in WO 99/51781. ' Codon opti m sed genes,

3 s ARG RS SR Rt dpp PRl L e i otbet Sn 4D

Polyrﬁlﬂe‘b?iaé 8acc¥‘f@s @i JAAAS SIB 3£ AsESseB M WABPY/i588S1. Poddn optimised

gnucl eot i des encodi ng nosai cs of HCV epitopes,
gene%l@n Veesires spnpfising theay cacodugatICNGAL, dil+ sxonSFMSénand NS5B

protefs HEN B AN FORGIAIRBD Gl tiber iR or,
polynmlewad@y emesdifg odsisssf IEV dpitop¥s, 83 Giors wathln O&] Ng3, NS4 or

he . fusion proteins are said to conprise fragrrents of
NSS‘%@S@&IEOEF& @dPNjsngadipg uphdusien prateias comprising NS3, NS4,

NSS&Q&&‘&‘SISBU Qéﬁll 1&;%&1&3‘% %Sg?%?ielﬁlﬁéfd@gﬁ@% 28ptionally the

vaccl ne, encodes t
ﬁ1s1onl$ﬁ)téilﬁs’lfﬁe NﬁidBe bﬁﬁﬁﬂiﬁﬁ@méﬂmmf theé?om;m)tleirs iWiQ 03/031588 describes

p0|‘>1 g Q/t %tgg@ sgqpmtbl? 8?& < égg‘gi%? O oqrngo OteeII-I?JVaprotems

NS3 &@/43\716@@}3 NgsA-Nsgpsirable to include in a
pol ynucl eoti de vaccine, a gene that encodes the Core

pr\¢aceings eendpraging pelgpeptides omhpeisitgCunprosessedi caroproien and a non-

i s . known,t hat ssion of 15 Core and
Stmc%feﬂgfoltﬂ&\?mpﬁleg?al?er%n&ﬁ@%ﬁzji%hg sane cell can lead to a
dgeiseRrsieablétotif€ludemel padimieledtae vadehePd gédtahaitdnbsdds'®hé Core
protein in conparison wth_that produced in, a cell

PmteWeat least onegther RO BioteindHomevesdt iskppwa dhat therorexprgssion of
Core Eﬁ@%&ﬁh‘%/ p[?r[)felﬂssmf}ﬁﬁ ﬁ{e' s\éfnle% ﬁ 'cilr?% d f’obé)&'écréagg 1#%9 I&fel of
the re e

tein’in polynuc Fedt q&° vaccer nes:
prodmnues efitheiothee ifrl@\bpropmnm cespaisswvithithat praiuced 81 epeediohieste the:

rovides a 20 ucl eot i de vac |ne cqQpprisin
Core BEgR ioHas 0B es e oA B Erison i otia SSH eI AP o the ise ofthe

CorePfd't‘élﬁhJ{‘ pADEudedtial ¥AMSAROL | de”sequence that encodes at
east onhe ot her HCV priotein, wherein the vaccine '

C éﬂl@e%esempnmo mraiidasiaesopitionéo this miobleim; andiproyides a

d wherein.the sequ of the
potyeiflegrid R S Bp sy RRA TGS it upEmeReq §EHCY cor
proteidQidta poefhcleslidd ded@ericd thdt Bcoded Memt 664 otler H@Vliﬁﬂt%ﬁl whereln
encodi ng the at | east one other HCV protein in such

the vmywtcmes oxpresston i 4ha proteins widdn thyy sae:s@measaﬁdovhqwnttwesequence

o AP BB SRR Ay DSk Bl o

the pdigmrcléouda sedulamde dnhmlmgthm least ome offtes VETW pmﬁemﬁn fuvh a way that

do r | ation of ession of ot her
the niggiye, T P s e of BHEE Brieip BRI Sxprieh PRGN at least
one othef HEABBrotdiRisrBfucBRWHabkiiaiegl the i mmune response

rai sed agai nst the other proteins. Preferably 30

t rI*ehaSrb@clemd ithet thegeductide oo preventionef thesfronsmgalgtiomsf

expressmn Fin&Hév H%{elgg 8y ?he exp?esglgﬁ) oI” t%e core protein, leads to the increase

in the magnitude of the immune response raised against the other HCV proteins. Preferably
the increase in magnitude of immune response against the non-core HCV protein is two fold
or greater, as measured by ELISPOT measuring the numbers of IL-2 producing splenocytes

after vaccination and restimulation in vitro with antigen.
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or greater, as nmeasured by ELI SPOT neasuring the
nunbers of |L-2 producing splenocytes after
wo awgiomari on and restinulation in vitro with aptT/geoo3/@12793
V\D 2004/ 046175 PCT/ EP2003/ 012793 The vacci nes of the
ent inv ion are d t
o Psgiaraet b Pl PP SRo LR oSt By ¥Ry hitnd Aim

reguiaﬁél@bﬁ"ed@f)f b Wohehe é%fa\/esj@i’oﬁtl@vdl‘sioﬂ tBe 6thEtEY Mbteins is reduced or
ab ro ated. It is preferred that the pol ynucl eotide
abfogﬂé%fb e preferrediba fptg@ pelypusleriidsiaerinesal e prggent mvention cause the

prod cljlé)%%%ttﬁeo n—{oré ﬁ%\ﬁ?ﬁﬂt&f? EIF% Egﬁ‘/ E%@ﬁa%;uﬂr %xgt n%? eg% thﬁﬁ 56% of the

ntit I's hot |ess quan
quantitiethat i§ pﬁfdﬁd@&ﬁsdtrmsfdctlaﬂ sf thetceliswith at bquwzﬂbhtsanmmh obmsumlar

equi val ent anmount of .a s acc t d
vaccg tad demgglﬂS@ﬁXquS%l%O%BP é%&? H?Eiﬂh"” EMB% S%fﬂ‘gg@aﬁ@o
prefe(r\ﬁilg, %\/ﬁﬁﬁnuc?&ﬁ{g‘l% &Rl the ﬁﬂ@d&ﬂbﬂ Bk %@Bk@?éﬂ@%@telﬂ‘ﬁ a cell, at

€ non-co rotein in a cel at
a leval thatie hott lasstthars 60961 mbreggefetably ﬁﬁ%ss thone/ 006, efiare @mfyrahbtnot less

h 09% f
toan e mprepefeasity SO b SR aprignon TSt Braep Qiret the
levelg Hat hRRodileed by @éﬁﬁ@ctfdﬂ%f‘ ek dettd Slith dnheahivaledt Bhoeh1©EE similar

by transfection of the cells with an equival ent anpunt
vaccmre that sloes naficausgggpicasion phthe §oeepratsin wihgdhe sapeeall. Hpst

e U 50 S B B PR e s

reveﬂaﬂlsjdfeﬁdnﬂﬁlr]cnatnlilﬁﬁh%&nBteehndleghnl ques, reveal ed by
real -tine chenilum.nescent techpaol o Most preferabl.
t hiMogeierbly ﬁled’égql%’édie%la%?ﬂ ﬁt“ﬁg ﬂé %Bﬁ%fofﬁ‘%’csé%f?ﬁep an

expr%’rsﬁ)ﬁ%ggseﬁ@t 13Pis ROweRERS 5f Al hc8ssbii@ihat éncodes the other HCV

ownstream of an expression cassette that encodes the
proteit, rwlaltuﬁmlveﬂxy thieainrino acid a¢quenceadfithetore pmemm mytatesh d -

se e-of . t t t Th | t h
RGP et AEORE AR SRty P e b ey i B G orne
mveﬂt?cﬁﬁhﬁ!ﬁ’s‘e Ay dfige néﬂlE‘SfH HGV éﬁ@ﬁénﬁ esudh ¥s Ei EA) NSRRI NS4B
protei ns such NS3, NS4A, NS4B

NSSNSBISSB or p7. Prsfe@abéy,ébwvemﬂxmlmr HG Y projeingarejseigeted ﬁ%?n NS3;
NS 3E P S b2 OB e B B o
vaccipngs ef Wé@f%%ﬁmtlméeﬁ?% §E‘Fﬂdelt]i*ﬁ/éﬂ‘lell’6‘ﬁe‘§fﬂfy fipf, L opspmgtein (mCore)
and lgﬁ g,t%i}%ﬁw SRSy ﬁﬁftﬁn@ .8l @b ® HC%/IOtéHéj Theresiiv4Brention

pr ot el and no ot her pr ot ei ns The
also proyides the use efit polynudeatilepmosine ewotiing these apftigens in medicine, and in

ol e tid vacci t hese anti
tho ARG OF SFIcHIS8) h b R AL SPAGE REAT ECpfection.
fofrnd Bﬁyﬁﬁ&&ﬁﬂ@ BéqueftesRIsEVRthé Odbcineh ofthe iPraéentihedition re
The pol ynucl eoti de sequences used in the vaccines of

PrefttrhiéYQ emuenmentu on are preferably DNA sequences.

%ﬁgﬂg}wlgcﬁr%o c%dﬁln ciﬁ)éj H@Q’ ﬁl%%hﬂ@(a}pgeoﬁx%ﬁﬁ' J&%hpa%ions or

conﬁgurahons For example the protems may be expressed as individual proteins, or as

fusion proteins. An example of a fusion, which could either be at the DNA or protein level,
would be a double fusion which consists of a single polypeptide or polynucleotide containing
or encoding the amino acid sequences of NS4B and NS5B (NS4B-NS5B), a triple fusion
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configurations. For exanple, the proteins may be
expressed as individual proteins, or as 30 fusion
w@r@umid13s An exanpl e of a fusion, which coul dPET/EPIN3/012793

be at the DNA or protein level, would be a double
conta]}?dﬁ% 81061‘}% ﬁx% éﬁé)&ﬁingta&d)ge ﬁ‘erx%ésr@ I@SﬁNSﬂBeNSSﬁ Cor% fusion of all four
pol'ynucl eo e contal ni na or encod| ng t am no acid

antlg]?@qlf f/%ftlzo 6 CT% 2003/ 0 ) a t i

USI 46175. P EP 127 ont

or el fHPreRE iR mvan@@qﬂasﬂgé@ Jfoliies TRERBoR g doubie
fusiofl befvebh NaR :&fd 43B g@S‘JB N3RS ENSUBRS: RdSsMen Core or

I nventi on (nCore- NS3- NS4B- NS5B) . Pr eferfed fusions of
mCotdwd;NSé’s@f% mﬂwesmm mﬁowHS@ngﬂﬁ@&dé@pleofe@Onmw pehypueleotides

v 5 R SEH SRR PSS IR g0 (D o o

( N3 fepdby &e@folﬁ@le@h&@%cod?ﬁ@é&hraﬁﬁgéd drp beséntSh desame e
pol ynucl'eotides that encode the am no acid sequences

expressmmsgctmsmlmse sughy @ﬁ@:@msyon REthsd1 Y peoteins perals in the same
cell... t%lr og%x? @1%2: ﬁ%ﬁl&lgc?@dpﬁ@re c %I(;ﬂ g{&ﬁn?fﬁ beina- s1¥1gle

esSsi onh vV GF  pl asm expression o0

exprdshidn &detpd, of & lﬁﬁlt@mwsSneS’expi‘eesmm passettos withm tHetshme
context the polynucl eotides encoding the HCV proteins

polynpgleofide Vepters | ngl e 10 expression cassette, or in

Mupd ‘tmﬂ%ﬁicgl ﬁ]ﬁEﬁ(ﬁﬁ FHEV §§1'e%t&ﬁ%?@é&ﬁﬁeﬁ"hﬁd‘&@n&t%rrelate with

sanme po eot1 de vector. The biol ogical functions
discrefe pblﬁN/nnﬂRt@np (Mt:bam:hhne] éﬁﬁﬁa Propegtied ofl therdspatir¢ wirag eore

di Mo L
o i S S B SRR TP 72,
Ther§ fsré%ﬁieﬁéé‘ﬂlapéd?& @h&tiylﬁkrdwﬂﬁmﬁqgﬁﬁﬁdwhﬁrﬁ 1RESRES &ffSoan also

Viral Hepatitis 7, 2- here is evidence
mterfemwlth DIFeBindRKR pathwiags ardcsmmmﬂhtencheell glmhdtmﬂlapomosw A

receptor, .and can, also. .interfere K nd PKR
oo RS BAGOBC} FATESINESOEa TS ogrdlo /A gr?g“@lﬁﬁrﬁﬁmgs to.

Vaccmﬁnaﬁxﬁ%ﬁ'ﬁ’ér@%ﬁhleﬁﬁﬁcdﬂ%a construct -expressing core
was founhd to inhibit cellular responses to -vaccini a

meRimigg art infstion,vthe Gozrprotein isiclesvediiwa gitesfromtlegyirab polyprotein

t he r r ot.ei i.s.cl eaved f
by WS B5 e B B R o BB i e o 1
The febidfié atGhigaly ﬁﬁ%ebéhd&ileaﬂ@ée tokésqadgeiae hof esn pheisely located and lies
N-term nal end The_resj due at which the secon(}

betweeneanyiag @clﬂaik%%atpﬂ b%leth%@bm&era@@éﬁ shei Ciouepsptids sequerpe 0
4 .
oo g PP U600 408 QRS Bo00) Syl .21

Yasxﬂﬁﬁpﬁ:md‘mﬂ,tmizy)kérﬂl B enal. af.i Visoli1Q98.612(i048(A0 5 huchl an J
2 Q%me pm\gpregtllldegpgc tdf%l In}/fhre&acc%@%g)f Y}%%%Iﬁxginéﬁ%&n are, glther full

Iengtﬂlz)@n@{rgn&@gdyfgﬁﬁtl des encoded in the vaccines of the
present invention are either full length or in a

t r g dtrad optimise the expression of the other HCV proteins, the polynucieotide

encoding the HCV Core protein or mCore protein is preferably present in an expresswn
cassette that is downstream of an expression cassette that contains the polynucleotide that
encodes at least one of the other HCV proteins. Preferably the HCV Core protein is

preferably present in an expression cassette that is downstream of an expression cassette that
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In order to optimse the expression of the other HCV
proteins, the polynucleotide encoding the HCV Core

Wee@tera7dr nmCore protein is preferably preseneCi/EPZM3/012793
expression cassette that is downstream of an

cont@HB RIRSISA P I3 tHaCeddodés VO AnABis "cBﬁteﬁ’QE Yt%%éﬁlgtfbl‘j@ore protein
that 30 encodes at | east one of the ot

to by exnresspdin ﬁﬁ@nﬂlﬁtﬂlymNﬁ@vr@@m pr ot e| n i s -
r se on_cassette that
Soni}t‘wg{@glé&rlnmg "'"qr? lHe Ibergé133| on&@@@%‘? uém{lﬁl}ﬁprogu of ofher HCV

prot&il® A hé 6dmb cEf hFCHRPBHteihA88SBis adfiitcaied Hrdthif. This aspect of the
pol.ynucl eoti de that encodes NS5B. In this context

presrn@t %@%IPB PSepaﬂ‘effulwf refsiis af the cors pheteimip nelsenspdad Hm i on
poly‘ﬁhél@oﬁ £ b §EélpcaslséﬁeQE§j[% d&&ns'ﬁ afnnm 35 etg?r%%slmn cassette

negat v gc Upon the producti
that blﬁ’n’alnp tlmtpmlytrmclenhd%a’smedes&hé othtHCUOs6telt. 1189, his!SEct of the

is.a truncate ro ff:l Thi s, aspect of the 5 resent
preseRfJRYFOLIGH 1§ gre%&?@ E‘F gP’fe;PfB'ieE’f i§ ¢ bejpropent HéP%Pfea fusion protein
comPFGhE8rd md Rt o@n@PH@QﬁprB%u?selqﬁé}{# nﬁ&%ﬁ%‘gén ?Ptﬁn@ pREntifvention

an expr essi on cassette t
itis pw@re@lsthairthe Eergirotein thitds exovdedisrtamcited fiohythe chidoty theminal end

cod ot her Al so, 1his aspect
in b SEPEE i R ABR innehorL i€ P ofisiion dieetn of other
HC\DpﬂﬁeﬁhS] MSst 5&) fREbIPHRSCHE pASieiRds truffated fath 'ﬂ%rbaPJd%ty%lﬁnnal end,
npri si ng re and the other.HCV protein sequence. In
suchtthatéh%@eﬁee@ce@ﬁf therprofsiareriecer Aacks thegraturally tibéreted C-terminal
eptﬁegrﬁ at?ﬁ%nﬁ{nﬁgh%%{c ocgélgz%\%lggn o{r"] gﬁ}e lmznee Er%?eéaeoqy the protein lacks
at leastitifel lastdﬁtanalmamds preferablydacks belebsy mludaluﬁtqrsyanﬁﬁé géills, ﬁaiore

u t.he ex reSS| n of other r ot ei ns.
Pref"ga%l é%cgﬁﬂgﬁ Il 105 Pisthrsly daeks oA eimino acids and
‘S*?E?E%"ﬁy Sy @;%ﬂl;“’?‘ﬁféﬁ o '?’?ei?ﬁﬁ*@?ﬁ“&?&)ﬂh%codmg
Corechatarmmhible foeyseiin ﬁleagepmhmeemomsamgmﬁas thrt d:ﬂmed«setmmited core.

conGh R R05m Bl SRR 511701 S5 6 AR pishE s B RS Scoing

Core| tﬁﬁi& siiti®ld fPstselih iR Pro@nbmveRion TOft wlﬂidﬁfe%Eé"&%ls ¥ tlluﬂ&héd Core
the last 20 am no acids, nore-preferably |acks th

protein Between apnnercklsildd 1afne grsrare gerseasusnytationsies set Ifeﬁh in
acids. The nost preferred
exan{ﬁgqulﬂa b%?tr&ges encoding Core that are suitable for
us€hé othtthenpeoes HIAV pdiy@ptldesnerﬁb@d Bothe olipeiuckoi@éitactines of the
truncated core., . con the am no acids 1-171,
presept gygntion may corpyise th P f%ﬂﬁe&e@éﬂteemely the
olySp&ash Mgy BO sHertef tap ath fuﬁlé%ﬁ befind, B thd
P resentg}(nvgnt |eon I'S et hat @ﬁ encodtcl.\lststgle néﬁse aolsuﬂiclent
prom:@pa of heduB lengtixpoliperleatiinseqacicdgo tnélﬁdthe@apremomp‘oéuct of the
ns as set forth in exa

shorSPREENE Y5 et REPamB. Bron-c Ay sfopp el bedh baet

protelty, Foh &@hpl&%&&rﬁl@kbﬂ@e YARE ifvestiH mhi? BncolE %%%@fnent of a HCV
i nvention rrarlse the full length am no acid

protegbyhichdea HHH@F ‘a{tnr«eﬁemyn thecirsgions ghibporigingl seqyertse have been
deletSd) d £hal HABMH #xt;}%ﬁp%m ngIERGAN RPLLEHA %ngmal I’uhlaleng’dmj Gthino acid

cénprise a-sutficren
sequence, and may be less than 70% or less than 50% of the original sequence. Alternatively

speaking, a polynucleotide which encodes a fragment of at least 8, for example 8-10 amino
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proportion of the full |ength polynucl eoti de sequence

to enabl e the expression product of the shortened
w@ema/0sa7gener at e an i nmune response whi ch cr OBGI/ERZ03/612793

with the full length protein. For exanple, a

acidpot ypie0p 60,1 6bg 70f 8¢, 160, 130 SRLO® AmiTRYacRIZGR Uoth i cBENIERREA to fall
.,0f a HCV protein which is a truncated HCV protein in
withigthe gegps Gif Shesingentiones denggisiiha ensederbelige mapelypoptide Bmnonstrates

.t i i.Si | t han. 90%
RO RSy b, b TE AP G35 B0 R mpass
the sitaytidrevhensthe pblynudledfiderentaizs a titagmen9b Déoniplee 31C ' pRA¢in

sequence. Alternatively speaking, a pol %/nucl.eoti de
SCQUERGCAN. MY FaRIS SRt ORG gTERTe %?Cr%f? CP%%P:‘?«S Ogﬁha poteianpl e

8- ' : 1 |

e e IR R BRI i o

HC\apolpiseptided &m gnastivated by snunkeatienl ot mutaioh. Foxi eixhinpletth€helicase and

I T NI SN

Pref@ably INSSIBAsolyibiasd tivity lf Bl e pre¥sed gl ﬁ)\?ﬁt‘éd%eitﬁ E%&ﬁfce& BEabolished by =~

I nventl on enconpasses the situation

mutabignyRygterably N§4Bastivideef the txpregsedpolypeptide osyedete dri@volished by

R e T ——

abolisheibynemcafiort emprades Nutaidieii thidRee dofRISdonPiRe a Bdllition,
referably all, of the HCV pol ypei)t i des are .
deletiqn, BfYstydion opyFapTapgRRAT S¥Publo nakimnclegtide maodinghppelypdptide.

e i NS3 | |
A P Sl G GESE sy gl

Pr EiecfunétionaNgtistyre ydrenzysmtia fitrictibh yf thie HOE pelypegidee WS3 and

ol ypept.i de i.s reduced or abolished by 10 nutati on. o
‘Nssgla%%/cgers%ﬂ?ealﬁ%rgctivity of the expressed pol ypeptide ~

| SNS 5B HEShbea dedhMel 88 ﬁ@RmA-déBé?@éﬂg RNA E?@E%é%p Qfn et al, 2001,

activity of the Core protein of the ex

Hepaiplpgps 8pt mriE28-437%; dehwenn eral., 3601, I gmmaﬂl ddfwitai iifepatitisy holmann er
ol 130 e o L B PR Sl B P G A Spinars i

LiverrDisedse,! 20( D0 69438 TRONS SB pelyperstidathat BeenidsditRiatak Reving four
ively the full length sequence may be

ﬁm"tg{‘tﬁ"elr@gggd{%a Gl Br nore separate parts. 15 The
f usefolBNPHhe Ngﬂégﬁpﬁﬁégﬁﬂaﬁgk8deﬁ)§lé§é)'l)?Hrl}lgfé&tei3£\?atcE§¥s of the

pol ypept’i des NS are descr
presepiSBBeiing ibmetatelbmordive dr esnave FANA-ddpaaiedeRNARWymerase activity.

Prefega%ﬁg %ﬁyﬁgﬁﬁﬁﬂﬁt aiég to g motit o OF NSPB ofor g ple & substitution
£ th 3); Y ic aci
of thé Baktid dckd g)}ligfﬁgglgigﬁtzgé Po Glydif8 (G); ey subs’li@%{%d(ﬂ)l?if Abartic acid (D)

Vi rol ogy, Francesco et al.

2644 & Gisined G) rPreferahly.dhe NSSB pobpeptitencodd Bahe VameindSsB

[ descri bed. as, havi ng four
pdy@%c (I?eg(%)gll Fa?nn%}?o ?]? &%}qsegggpértg:na&lddnuﬁlg?%r ably the NS5B
pdryfprbly, d cheadtl IS5 bansiasa Bkrpibl MR BF GEFor example,
yaccjnes of the present invention is nutated t

0.
MutafigRificlderssy 21 VBV AP iR frishEraIdne, ASUAL, Phpsriseds 1 the complete
inacti@&idnVo NS 5B.
Preferably the NS5B encoded by the DNA vaccines of the present invention comprise

a motif A mutation, which may optionally comprise a motif C mutation. Preferred mutations
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Preferably the polypeptide is nutated to disrupt notif

A of NS5B, for exanple a substitution 25 of the
Wa\s@an#d1es acid (D) in position 2639 to G yci nePCIZP2005/012793

a substitution of Aspartic acid (D) 2644 to dycine

in mbfF A iRE166€ABPNe adill EDNEED BAUIYHR &ﬁcﬂ@sp%ﬁfc%@ﬂd(ﬂi%w Blycine.

vacci ne polynucl eotide contains both”of
Pr. efﬂg‘pb(rhoitltmatat@nmnemrcrsgnts Additagnat fisther cQﬂsalsam mnmmnmg be

n di s t|o its nmotif C. For exanple,
pres%ﬁt%as?degﬁ)rﬁfb%# {r:vari ant aspartic acid residue,
t ONS3 s beerEddseatsial atsqaat/iﬁg b@ﬂi’ﬁibt%héé anaqlehaa%e LAl Phe RK3
NS5B. Preferably the NS5B encoded by the DNA vaccl nes

polypeptidseensoded hy theAt vaspinesoihe preserd inwsntion axe prefamblymutated to

msrn.ﬁﬁ 'b?tlﬂ o?&%é %@él%a%%@@%%ﬁ%% f%{ss kcr:lovr{runttﬁat e protease activity

of NBE1Y lﬁ%ﬂmﬂﬁfﬁiﬁ&tlc itriadoofiH-1083, e | 10feandSPa145. PreféhBly the NS3
2639 ta dycjne and asoartlc acid (D) 2644

CHCO%‘@ Ve vacongs diihe PS‘FS%PWe AtRTseqTRRTISeR 2 Eniptiondn the Catalytic triad
[ [

e RSB B ol o L o

valingdBe Ewmdsc@sRhé‘wssn,ga dmltS’telpkldﬂaa&d %Eﬂﬁtdiapaﬁlssac Virus NS3
ptides encoded

prothfise ! piteregt Ao glsfkﬂlsg B HRR Serierae R.{P@uﬁﬁ%ﬁ%’r“aé’l'lﬂﬁl Therapy 3, 1-

18.).mutated to disrupt both the protease and helicase
activities of NS3. It is known that the protease

The sfuctuye pyd fusctiomal N83 pambesgpresenterbas: cat al ytic triad" of

: bly the NS3 encoded
Prote ccines! of fﬁ I%Feprnf in\/pnti on corrpri se$ a

Catibiiédria@n 1 n the Cat gl ic triad resi dues, and nost
agﬁlﬁn‘ggraably t he NS3 gé%b‘f §’ef§“"§ﬁ° I“E’“&'m nt mut ati on of

$erjone 1165 to 10 v cesco, Pessi, a
anreSt ei nkuhl er C. 8. D(Fﬁ:@ h&d Etltggr@‘ﬁkr us NS3

pr ot ei nase : structure and function of a zinc

contai ning proteinase. Anti- Viral Therapy 3, 1- 18.).

actout AR hlionhehyipr VNS Bayy et Keph Feh L, T and

IV. PwsﬁblyqnaNsa%b&fed ROBRIA Vaccinks of thb tpkééent%&eh@}ﬁ s?x%%e
DECH TAT QRrGRtGR 5-1165 15 Four crifical nmotifs for

disruptie mulafienstie aélqast\nnpyof esoumatifsaliosbpreferitdy rtheért isssubbtitution of

the Alsgartl& hid 61@?6 {(L%futaj{n‘fé a ﬁllnygh?iﬁ% 396 rri%gcggco% altl('P &al% P

ccrnes 0 ese
2000, Mutational analysis of hepatltls C virus NS3-associated helicase. J.Gen Virol. 81,

1649). Neither of these most preferred NS3 mutations, S1165V or D1316Q, lie within known
or predicted T cell epitopes.

Most preferably the NS3 polypeptide encoded by the DNA vaccines of the present
invention comprise Serine (S) 1165 to Valine (V) and an Aspartic acid (D) 1316 to
Glutamine (Q) mutation. Additionally one or more of the consensus mutations as set forth in
example 1 may be present.

The preferred NS4B polypeptide encoded by the polynucleotides of the present
invention contain an N-terminal truncation to remove a region that is hypervariable between

HCYV isolates and genotypes. Preferably the NS4B polypeptide contains a deletion of between
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di sruptive nmutations to at | east one of these notifs.

Most preferably, there is a substitution of the
wW@\swarnidies acid 1316 to glutam ne (Paolini, C, PREIEPAW)3/012793

De Francesco R and Gallinari P 20 2000, Muitati onal

30— mmdmebecﬂ& ﬁlbﬁpﬁﬁa IN-tefmfauy] e PrT3radBstlvalesh-R6 hin@SRids, and
CGen _Virol 1649£I Nei t her of these nost

mosfmreﬁe@\bbéﬁdfﬂssomﬁth@ fiesh N-teninalR /aminopeals €@, the cantesit ofithe J4 L6

o4 O T LB 1580 JRSL 8 BLSUAR b

aminpraeiie of NSUBy eqmvaléntmmtiosae mS@thme(vS);olatk@ Blsb PorPpart§f the
artic acid (D) 1316 to 25 Gutamne (Q

preseRAmET SR mﬁpm%wamew%seapewwy&e dirided e trmormore

o e R P B R O L BB

different gndexctodgbati fowsd infthe wadﬂmmnleculenv ention contain an
er m.nal ntorenpve a region that is
hyJBléerRP&}“?%iﬁoé‘H af?d@ﬁ Are fresgnt dheyacsings af temsisypidavention may
ﬁ_ - -
comﬂi"[sﬁ RS b ﬁlﬂ:feo’t\ﬁé%c%@ﬁdé% %ﬁrﬁq%gﬁ’é‘l}lgwél% ﬂ(ﬁ%&%%gﬂ sBleferred, i

bet ween 8 WO 2004/ 046175 PCT/ EP
that therpglectidedsquenoeristcodombptimisechfos expresséormpinehanablian cells.

be 0,am no.aci ds,.a r ef er abl
o Ao 15 SoadrBot AR ks e ey e Ghidrtvsaty indhe
polyﬁlfc’nltoﬁddﬂ;t dPthe prlesdnd tnvdAtidencb &l MCEV Tokd; NE3, NS2Bond N 958 is
a truncation to amno acid 1760, whi chis a |loss of

alterqdyuch thak are godogf e Botappear b FongshiBated glysiges, eid are on the contrary

it 5ok Gy 3 S S ELRR S o

thecethwnuasad%ehe divided into two or nore fragnents and

in, a | ypept . de havjng,the sequence of NS4B

o PN oo b RfeHBiBn 6 A ) RBd pachesg n b o deter
"coddMs!' ShichREpraBing felanind. E‘ﬁddo&* tH@Hﬁ}té?ﬂé fi83ed i n R @nfsm m's genes

present N the vaccines. of present i nventi
The lmsagsenuence loé codons plong ﬂmﬂDHAt mdleculs mqtmlstaeedastoﬁhmhnbar Bequence

o SRl h0 DRLBHR e B L 55 G B e, win

61 codonywdirg fofthe@@ldaturallatniné 8dilld &1 3 ébdbﬁgféﬂ)r&ﬁﬁﬁﬂg 'SR Signals.
it is preferred that the codon usage in_the
Thus,7Bps} AR dsrEs cofediiprebipmetsdhen prreadenoin fstiyerabareicvded for

byfoﬁ%ﬁsx@?ﬁferm d NS5B is altered such that rare

0 not appear in concentrated clusters, and are
orWhére nwoe thaaope ceddnhe avaikeblketto vede/foey gnlen aBPRC/Ad, it has been

b th oughout t he nucl eoti de sequence, or are
obserygt {RTHAR CodamTsagep *{tﬁ SO8 QBRSPS A% yg@nerandn% Diffarent
spemé‘s@ﬁ@wfhacﬁfférehﬂhﬁ@fnsthélﬁcod@n sEiedtich 4, AtheHRGE ﬁtﬁﬁﬁt@ont & codons

spell three letter codons” which’ represent t
may beghatkedy differerdrin e gingls specicohitaesmgenanwhichant supressed at mgh and

o R SRS RS SOHRS ) LRABL ER s

species show a stronger bias away from a random codon selection than others. For example,

humans and other mammals are less strongly biased than certain bacteria or viruses. For these
reasons, there is a significant probability that a mammalian gene expressed in E.coli or a viral
gene expressed in mammalian cells will have an inappropriate distribution of codons for

efficient expression. However, a gene with a codon usage pattern suitable for E.coli
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of amno acids in the protein(s) encoded by those
genes. The code is highly degenerate, with 20 61

W@ omafss1codi ng for the 20 natural am no aci ds BCEB2003/012793
codons representing "stop"” signals. Thus, nobst am no

exprésionSmay zﬂs&@é‘j@ﬁcfeﬁﬂy @ﬂpr@&é& id RARRNR 15015@1‘3??(1 thhtnthg Bfekence in a

several are coded f by four or nore different
heterglngens DNAy éqq@emmroe” ctus@ns efivedersdwhich sreaarly alidesvetl dn thed®st in

wic ey B L i by DB o s Ao s
noTheraantaeyert] éxfagipbdtwhdbe élfaﬁgﬂng%oé&i%%cﬁn tHosé GmRBlar®}RSin the
urthernore, utilisation

i n_theiy, codon selectlon and
host&mem a??élﬁ’sblérefﬁéfeﬁé OQOEPPWI@rSémn"D hagenbimgt deterologous

SRS S SRR o O 7D oL L v

been lsaderesptaniastifomarmhilan coédaﬂ wsag@pattetynd thiR@as BsensheWh o give
st r,onger .bi s ama%aLronla random codon sel ecti on than

increfiel gLressigh [etsis Apidhe WHdrUPRHRN Feganees inaparamslias (Sios-1) cell
cultute&Fhot &f. aNg! Virhi ARBA73, Qﬁ‘?? 96¢H AN ﬂQ@%ﬁJ e@er?'BPV Eodidfi Swhich

For these 30 reasons, ere 1S a signi

occmgcdumam than {wice as fralwmﬂyrui BEVY thipenia neaopinels $ado iof uéige OQ) and
[ cel.ls w

e T e NEATTO

used afafringdlRAtcogorn mm@muhl@wcm/mm%ﬁ& W43 %@gﬂ&? k
usage pattern suitable for E.coli 9 WO 2004/ 04617 ck & Co,

Inc.) Stign 27 53V g@s&srwgglmmwﬁyr@rfb@s lnf@nemwmtmsulym
1ncre§s’é9??c?tﬁ1ﬁ%xbx%s OHTRIS Ved unﬂluno é’n%cf'dlti{‘}ﬁ%}té

ete rol ogous quenc
sequenhéscire aseel asdIEA wacdinein ﬁd: ho@t bty $dr vitich 18 loﬁﬁmsatlon was

tail %ﬁ%ﬁﬁgl nis to_occur, is predictive of |ow
atlory a F}’&s'*s‘il"cﬁqc‘?sé?\?wl%t gofirely of optisised cudene(exeept
wherS@YLkahld @ﬂ@ﬁfﬂ%@ #n %@Eﬁecﬁ%ﬁtﬁgﬁ&g sited! ﬁg{c@ &L@Jﬁq{e hgg ? because each

which are rare in the to t
viral msbmqnmtsexwa@cﬂx tepbdehwiththedpsmdl codgn foameeﬂlbﬁdmleﬁ)st

h oo ressi,p evel.s, for | e the BPV
(ﬁ%’\g ine %ag?lf Psc?ﬁg sfetJFrﬁtt%ﬂ’@earY gasg g ces fq{gyé:odons in the

nuclebdseqoshes, 2at bﬂbl&ﬁ%ffg@ﬁesﬁﬁﬂﬁechkcﬁ@m@l@ AP HiSAGBxpressed
fterns _and this has been shown to ?lve i ncr eased

mﬂfmg;ltﬂlwﬁ PrCodopdisagenatierns fer wmmais,/p@ uding lywopue werebe found in
the 1RITBLLRU.& KBBariraSEAI NufitlolAiSs KSR hog Dagrdan¥h

whi the polynacieotidadt ﬂmlﬁestehanvmuoaeﬂﬁs:oﬂcsremg@pmem 13 pAMrably
atio of usage >2), and nost codons
altefe&?ﬁ"ﬁl tlc'i‘ n&a‘?ﬁié{é i mozclgs ff‘é%‘ﬁébff cadop biasf the target
anI ahaceq f "
45 5 o ] RO 1 S
codon| aﬁl@ptpn@mmdnx (ﬁmmPMaLn BALoNutleld @ad@Researchew@)ﬁlﬁl -95,1987)
e wn to ult.in increa roteln
isa mé%%%ee&h.oﬁv 318%‘3 ﬁ“ﬁﬁ?‘g%‘a?%ﬂfﬁ?%%? &ﬁ@@:?%{%@?%@e SefHsRCe
resemblek tHik 54l talfet SERURNTIRScOAOR eGEShcRS FOINACK BEGE B %O&Jhst he

host manmal for which the optimsation was tail ored.
(expresspdias daenuplss of AecTengss Pﬁéﬁg@wgn%@fﬁm selleatait ¢lasslof gerdes) are

normd8dd 8 859 FORFenty GG amino acids, so that the value for the most

frequently used codon for each amino acid is set to 1 and the frequencies for the less common

codons are scaled proportionally to lie between zero and 1. Thus each of the 61 codons is

10



10

15

20

25

30

where this would introduce an undesired restriction
site; :intron;splice site ' etc.) because each viral

W@ o@a044135 conservatively replaced with the optP@HEP2003/012793
codon for the intended host. The term "codon usage

assiPddt¥alie dfef & 18whOrok bR lﬁ%ﬁ& Qreldc Hl‘féé%'f%?& Exget %Jelcles This is

codons in the 20 nucl eoli de seque gene

refeed tpeasdbe predaencgivebigd¥ o ¢rdergo chlcghtwa @)dpn easwd:oefﬁment for a

o A R SR TSRS b TR St

Value for eabl K@dﬂﬂ oF tBd spedific pUlb@iu@]eSh&CAr@ %oBﬁ%ﬁ@ﬁﬁ:@e&%%ﬁ'lc mean of all
24:214-215). In the ynucl eoti des of the present

thesf Nolght lﬁé#ent(h)édlé'bh%gl@%@@f@m vl fogs pf aerablcy by the ol

nufef ot AR Ae WEIGE T caltiand gl h5us P fampen zoro and

1 and the h@m’r@h& cdﬂfﬁcﬁeﬂt&]ﬁﬁmbre @dpgcinahé YolgmivleHide ald equently used
efficient” or. codon adaptation index

°°d<(r§ﬁ§?‘&° ePtl CqRENCE Basa pedogdisagegosfiiaient of 1, all of the codons are
"modShcbherk? 843 fortBily byprSied BRAME. Blecl ol 05 v | e

codon usage patte en polynu € sequence
r eJbabtesenttineention p@vides gelynseatidesequnessowldoln encode HCV Core,

N KRRS8R0 20 RS0, P

polyfigdiestidedeqilensSrelémBIEs %) oﬁhglﬂ§gxﬁ%ééﬁlrﬁai%3aﬂaﬁr ché&C re%rably the
the twenty natural am no acrds, so that the v§ or

polynpdeqtids sequoneqyisaddNH SGQ@mC@&RSHablwﬂheemdhn amgmpa’etemabfrﬂm
f th
po el b RS BBl o B RERD o

ons ar sca
an@‘hd codbpuwptiahaid pbiynhbl&oﬁxle £qakais ehdodity H@V?&Qél(loﬂﬁ:} {$shown
PCT/E 003/012793 as i gned .a val ue of or_| ower for
in Figig %, 5 Ieoide %eméertca ﬁg@dlr@H@VeES&mmnsmg |
the S¥
st e R
polyplmqu’mdc semienchegnepding HIGAE NSABt bemiriigiiig the @k iaBab 48 e@sation of .

the ipiiRiee RRRE™hoh Bieta & e sacen SPtgeefPolfaciongoc scauence

enco@R@FECV INS IB; @bm§fisiAg theD1d3660mU D 2RAG 1
) glﬁlgl di ng the su?n s(;?étl’?e nat ur al ogsGloq‘% }Epﬁgg(gﬁ\(}g Bg% i shown,

mFlSVetShe total nunber of codons and take the anti-log).

f: value bet we enzro.n
R e e e e
to getbed gnoodihg iBl(I\d €ofH SBr NgUB mi'r NS 5Bse6kno &6id 88§uentds 1@ form vaccines
nucl eot.i de sequence, has a_codon_usage coefficient

of fhg pregent Jyventien, Yhered s selegiien of the pessitleepdens useddaoensoding the
aminb %Eld@b@lhﬁ'n)fe R3YeRR SRt @fbel%s blE E}% cg})"{’l'i'&l? Inaftﬂl‘?daqiaﬁ%odgh usage such

he present lnventlo prOVI cl eo
that tb@ @Eeltﬂne}s ofibndon ueagedd ﬁld-@&iﬂﬁnc gone his®, clovSdBessmtINGSBat of highly

exprRedRupfind Fetir Bt OL Epffiod Tiobusaire Sraifiabbghe Codon usage
pattef ig Bhbst6RIP SR QHmBRSTHRE f? 'Pn@l%n resSEEhGHAPE éﬁe§ N “lnatural”

onnucIeotlde sequence is sequence. Desirab
HCViqeee, d5do NSHB 454 SEAVENSES héh’@ bepmhnatysell éutdoden usage. The

Codo%é%g%%%fﬂc?&? ?&J tfre HW]%I‘O].OJIHShalrg Eloye (%)51%%:’: Sﬁgéj (&%,FNSAB (0.481)

and NS5B (0.459). A polynucleotide of the present invention will generally have a codon

usage coefficient (as defined above) for highly expressed human genes of greater than 0.5,

11
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15 The codon optim sed pol ynucl eoti de sequence

encodi ng HCV core (1-191) is shown in Figure 2. The
w@oaan4aps i m sed pol ynucl eoti de sequence encodPCEPIV3/012793

NS3, conprising the S1165V and D1316Q
prefBrabReedterdBad ! b ahb& brefomb B QWer thim 058t le§s th%ﬁ@g&%ly the

optim sed pol ynui cl'eoti dé Sequence encodin
POIY@GQ’}Q‘Pti@VW@ algechane eepddmudagd cagdlicientfornhigbly expresl;dddi coli genes of

e RE b Ao B SR oo
c oMpadditifigtot (ttﬁlo%ﬁﬁﬁsa@ﬂﬂ ﬂ@s@ﬁﬂm@tl@ 8érp aRy dléjcﬁm[ﬁé&éﬂtsb ‘&@ to

is showmm in Figure 5. Accordi n’? , there is provid
exclydestin appaarance eh us,texmf rare sedenspl aanbeyaqhievcdmm oftwo ways.
rhe ARG PO OB 018 Sl ol R e, on

methodue rdbﬁmmarelﬂftﬁlbﬁa; Wotﬂddneﬂﬁﬁ&ﬁﬁﬂepﬂ&s@lﬁmg k2099 851helc8dons used for a
codons, used far é@gf the 25 am no acid seguence.

partiquiar gaing acidang Wb pEthercedeseedh or sarmizAmino acid in
high PR F%HS@E e ok el RAUARNCEar O HEP9E deflnedas
codomis ghithya remec sppasmoastedonasagreRECU) valuetdfal. 3y br preferably <0.2 in

atiti S Preferahly the codon usa

nigh B iceteeened 0 HFd rganisie SARSCHLVANeE o bk mymber of
codon¥ ﬂf\&‘&eﬂqﬂ/ the'iamb&aRpscted 1TR11 cOASAL B that ddtivo %efdeweré@é’ed equally

NS4B and NS5B sequences have been anal ysed for codon
frequentlyje Anpppropyatesiginitiong e rans spdomvewlt be @pparbut thi@person skilled in
the afoteins are Core (0.487), NS3 (0.482), NS4B (0.48 1)

and NS5B (0.459). A polynucl eotide of the present

| nhdatnativelytte HQ¥reerq INSB, N8YB aad NS3BpolyfiRlRtides are optimised to

icient. (as defi ahove) .for hi se

cQ %iﬂ? ]g}%ﬁi % y expr es
PrEVER} CHISIGBR 05 T25¢, NgPLRfigtalindenscPetng prospn frg By@s. The
polyﬁ’géolﬁagé) QRO 93 o pﬂﬁg%eﬁrsﬂm gqggfn]ﬁﬂftlcﬁ{al #a!i’@@o&ngesgpi? gstbtlhgse with

preferably greater ess than 1
an RSEU of5él.4/(and rewe priferublylof &0 $p ateavenly apaved dirobgiagthe
ol Z fi.cient for highly expressed E.coli genes of
p y‘é‘f F ‘than 0.5, preferably greater than 0.6, nost

prehevadinks 8f ﬁ@bﬁfseﬁthﬁfénﬂoﬂ malyRoRgesd 4 Q&téﬁhﬁ‘?ﬂﬁ@ts individual
optim sation the Sédt hetic genes are al so mutated so

P!
expregsiop@f thedkeVrebypen @p@i@maéweb' the HEMupalppeptides may be expressed
as on%clﬁ1 te gm;@ar&%p] be achieved in one of two ways. The

achleV|ng this is to exclude rare

C oﬂmfe%reﬁ wacnmdse)f gl&rlﬁe@quﬁeﬁtﬁ)n dongprisERitacilsibas eleiet M&he protein
rare co&égs vvou be codons representing < 20% of the
or polyypiglests Helf’élf’ NZharticul ar amino acid and
preferably <10% of the codons used for a particular
amno acid in highly expressed genes of the target
HCVoCrogdmlamnAAIter natlvely rare codons may be defined as

————10—codons—wt Ig$§l retatve—Ssy rous—eodon—usage
AN

MCO’FRSCU) val ue <0.3, or pre ly <0.2 in saﬁly

expressed genes of the target organi sm An RSCUvarue
is the observed nunber of codons divided by the
Hcvmmmat@nﬁect ed if all codons for that amino acid were

N3 used—equatty NS4B NS5B mCore

HCV combination C:

12




10

frequently. An appropriate definition of a rare codon

woul d be apparent to a perso
W@\Raoeomars vel y t he HCV core,
pol ynucl eoti des are optim se

n skilled in the art. 15
NS3, NS4B and NS5BCT/EP2003/012793
d to prevent clustering

NS4Bf rare, non Bnal codons
concentr at ed| ar eas. The -

present i TNS3

therefore, are optimsed suc

odans,,. such as those with
HC\}E)?(E‘FO@P‘&JEH‘&Sbf <0.3) are even

Hg?vnucleotides

h that individual rare

an RSCU of <0.4 (and nore
|y spaced throughout the

NSSgOlynUC|eOtI(§ﬁsme Ihe vacc

of the presg

or that directs

4B

inventi on ma

conprise a vec

i ndi vi dual

expression of the HCV pol ypepti des,

Othef B ac b PR, TR e P RIoB A ASERTSS  of
polyﬁtﬁ?eo@i'&l@ a6ile hﬁWﬁfﬂ)‘ié R@loﬁ.@ BBhk g?esfnﬁtlﬁ RifFeicHt Qﬂ%{aﬁsg&n%se@es within

roteln pol ynucl eot i evel I ncl

the smwp

NS3,NS4B NS5B J nCore 30

, gagh Qasselte bringnad¢ishe kﬁéﬁbﬂﬂﬁﬁﬁon&ﬂ\bf a promoter unit (e.g.

HCV

i on X
HCW@ (s d%y AGWNO 2004/ 046175 PCT/ EP2003/ 012793

Such%ﬁp@%ﬁ%r@@@itﬁc%ve lekeVexpedibion d tHR Yol pr
er
sepaliamﬂieu@r(asamélcgtied dalopa ipthesaae colkpr i se 5

pol ynucl eoti de doubl e and triple fusions

Las¥w

referred vaccines of the present

bei ng present

in different expression cassettes mnthln
HCVploathinationdch : e '
control of a |

(CoréNSB}H—Q@Séﬁ;Bﬁ)y

drive the exp

pr onot er
protein

arrovv) Such dual.
eSS|on of the four

the sane

constructs
antigens as

db IIIUI cat Cu UCI

HCV' é%blﬁa‘?ﬂﬁ rFaI
sane ce

(NS4B5B)+(CoreNS3)

H + |
1T CTTC

548 INS383 b

HCV comﬁination G‘

NS3 |

NS4B | NS5B

(NS3Core)+(NS4B5B)

HCV combination H

A NS4B | NS5B

NS3 [Core |

(NS4B5B)+(NS3Core)

HCV combination I NS3

INS4B | NS5B

(Core)+(NS3NS4B5B)

HCV combination J

NS3 INS4B |

NS5B |

(NS3NS4B5B)+(Core)

HCV combination K

S NS4B | NS5B i

NS3 | Corels1 |

HCV combination L

NS3 [NS4B |

NS5B |

SEB Corel51
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( Cor eNS3) +( NS4B5B) HCV conbi nati on F NS4B NS5B Core

NS3 (NS4B5B) +( Cor eNS3) HCV conbination G, NS3 Core
WOSNBOMNIEB ( NS3Cor e) +( NS4B5B) HCV combi nat i onP¢&/EP2003/012793

NS4B NS5B NS3 Core (NS4B5B) +(NS3Core) HCV conbi nati on

| f Core NS3 NS4B NS5B .. fir. (Core)+( NS3NS4B5B)

HCV conbination J NS3 NS4B NS5B Core

( NS3NE Bz Bpibiratiney EHfiGboyesibisriatende tatNsd 8rkEmib dyS8ed, eg.

15 nbi t.l L .NS5B ~ " Caor.el51
(CorsS G un et T8 ERsta ap i mhotesde g topegmprting o
expré&Sishichabit@actEindepd@¥ily édntiofed B 8 MR dhdldrothB@r, and in the case

term nol ogy used, eg. (CoreNS3) + (NS4B5B), is read to

of thigiexamplseots groreppige Fessetiaiancoding a:CareNpi deubigfiusion protein and the
e T S

e case

intergre@datevrdiaply. expr essi on cassette encodi ng a Cor eNS3
usi on protein and fhe other_ encodin

doubl e f ) ! g.a

nol BBHEO( SrBbipgiqns -brdiscdass theazslaveoyeniationsipdthedACV
Do B BB S B A R PpLi sy B i tha
all oftthead®y HEY combivstionsodypare eisordidcicsedwith each of the preferred
R T TECIE T IR

prefete@ vaifes 6666 baaBidatidish-2AaHeS othS iRV iBHELESE the c?ntreﬁy)
mut ations or truncations to renove the activity of the

commigﬁﬁ@ﬁ@lﬁleogqi@qegpmpcs fogCoss Glrp9 le(the ¢nanplete st @renesiin its correct
order?’o% :glli\?%{déaﬁ{ tglotnﬁ ﬁ%%a%ﬁej&t? U5 diéébl'le gll%)% g?csa a&Ev?%S Y)\{* Sr%ferably Core
being present in its truncated forms 1-151 or 1-165 or 1-171); NS3 1027-1657 (mutations to
inactivate helicase (Aspartic acid 1316 to Glutamine ) and protease (serine 1165 to valine)
activity; NS5B 2420-3010 (mutation at Aspartic acid 2639 to Glycine and Aspartic acid 2644
to Glycine, Motif A) to inactivate polymerase activity); and NS4B 1712-1972 (optionally
truncated to 1760-1972 remove N-terminal highly variable fragment).

The present invention provides the novel DNA vaccines and polypeptides as
described above. Also provided by the present invention are analogues of the described
polypeptides and DNA vaccines comprising them.

The term "analogue" refers to a polynucleotide which encodes the same amino acid
sequence as another polynucleotide of the present invention but which, through the
redundancy of the genetic code, has a different nucleotide sequence whilst maintaining the
same codon usage pattern, for example having the same codon usage coefficient or a codon
usage coefficient within 0.1, preferably within 0.05 of that of the other polynucleotide.

The HCV polynucleotide sequences may be derived from any of the various HCV
genotypes, strains or isolates. HCV isolates can be classified into the following six major
genotypes comprising one or more subtypes: HCV 1 (1a, 1b or 1c), HCV 2 (2a, 2b or 2¢),
HCV 3 (3a, 3b, 10a), HCV 4 (4a), HCV 5 (52) and HCV 6 (6a, 6b, 7b, 8b, 9a and 11a);
Simmonds, J. Gen. Virol., 2001, 693-712. In the context of the present invention each HCV
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conpri se the nucl eoti de sequences for Core (1-191 (the
conpl ete sequence in its correct order or divided
WO niog/0se1es or nore fragments to di sabl e bi ol ogi PEI/EP2003/012793
activity) or preferably Core 15 being present inits
P N T Aoy ciconE 3o fencs o endHCY gcmobps or
subtypgi o aﬂm’twdyenytcambm)mm nﬂHﬁNog@atwe s eutityyee, 2A6HVbprotein

alin activity; NS5B.242 010 i gn at . .
may KE a0 Pro@Bbly g bon e e Sen R Jh BpTot aeciugh gbths infoctious
cloné P16 Qﬁfdcéb%mn"l% AF0592478 i RaE 311)9 pol ymer ase

activity); and NS4B 1712-197 f)tl onally truncated

t oSRePEI: Stoip thﬁrhawbq’msmmnn@d inglugn BCX-d(Katol e al., 1990, PNAS,
|
US%W@%@-%%% o BB D P B STk B

Al The pclilsmludlkwidbs/adchﬂhﬁg’ fb&ﬁ@invbﬂiﬁkﬁiﬁalv@ QtiEfy€n AAHrodetition by
of , the described poly ti des and DNA vacci nes

expressioprof §li‘erfél°?‘?‘?élrﬁf°t?ﬁ@’ Fhi ex@rﬁ%ﬁlw@}éy takeplace in yirg, invivoorex
vivo. ﬂq{emeﬁbﬁﬁés'rgﬁr ﬂ’lgﬂe fdte B ‘&R}‘aﬁ%dtxéi‘ ?eg ﬁ%ﬁ?@nﬁ%esis, for -

sequence as I po ynucle e presen
exaniphyrincreaselyildsyor oldeed map figh usdias tﬂ&apmﬂmmgalﬁte yo thikirtolva right,

code, .ha di fferent  nuc I de, sequence
wilisf A NA Gkt fogifees. thg aeﬂérﬂﬁé%f&@eﬁ af Yhe presentavention
are uSHEBRRhSploavdtida dries éh%H&ecﬁﬁQﬁms% IR &%fvwoc baﬁt fo? 'éxé lein
codon usage coefficient wthin 0.1, prefefably w %

cell qylige, will bﬁmodlﬁedttﬁ &nchidedhe pxdwmmné@ ta bﬁaexPTdaseed—kSvch cells

A R e
which m‘dy&ieﬁﬁodiﬁéd beinstréiss of vétors Bhevdidpefof @bb@p&dﬁ@rﬁ aééordmg to the

0 genot es CO sin one or nore subt
invarjop iaclpdemapEa FEK PSR/ CHOL st A53 6rd 8136 caltoy Fartorably the

cell 1;‘}%%1%81%21 géﬁ%gﬂ? @#ﬂ%ms Eg\é#%&%ﬁ)? lﬁl@ glée A 0‘85 fr‘og?na 001,

glycc39iatign 2nd ¢all Stuhﬁicﬁz:exprmioncoﬁ’ atpblyppoteiae Eixpiensiein iriag e aaltnbved i -
14 0 7 / EP2003/ 012793, prote
trans{jd FRGSLER. o4 BV DT Ny R BTt A FONEBE gp i ps T present
inverftiddEintdeNs Qﬁa’ﬂ@ﬁﬁégmé’ hon—ﬁﬁl*ﬂ bt Riimag), rﬁ%ﬂaﬁfy‘ Eﬁhbﬂ@ X{X #i¥sgenic non-
conbi nati on of enot%m: or su btype,” and

humagraginapliexpressing @ pokypeptide A ag]yyuclpcﬁgleg)é‘ ﬂmnaq:rmon is included

cessi'on No AF0542478 - see figure 1).

Spﬁm preensinvaition ihdladeshapRsdieevectas tHaneapriseahe fcleotide
Kato et al., 1990, PNAS, USA, 87;9724-9528)

sequenges %}éx? YRERTY Sheh eéftprgfplon nggljg argjrogfipely constructed in the art of
moleﬁﬁmjﬁgl% gnétﬁna H}% p)é?#%lﬁééfﬂe%@é o@‘tfll‘iéglﬁ]lqgg/ﬁAta%dtaBﬁropnate

|nvent| ave uti |t' rodu
initiatexsy pewsoters, ethabdees ardccﬂﬂmtblqmmme ismcsh, as\vibr extangtopasadeaplation

iR e bl B Fo RS e oo n o
to allow FoBhrBtefy Siph@Siof, Ofter sut@bRX2BBlSwdi2d bE SHRRSR 1Y b@ljs&h%’skllled in

or indeed may find use as therapeutic agents in th
the aig\fpy Wryhf further example in this regard we refer to Sambrook ez al. Molecular

Cloning: a Laboratory Manual. 2" Edition. CSH Laboratory Press. (1989).

‘w1ﬂuﬂ?ﬁé §’c‘8§4§%tﬂ%rk§'eﬁt¥<pne | b genotype such as the infecti ogs

Preferably, a polynucleotide of the invention, or for use in the invention in a vector, is

operably linked to a control sequence which is capable of providing for the expression of the

15



10

15

20

25

30

utilised in DNA vaccination techniques. \Were the
pol ynucl eoti des of the present invention are used in
w0 b@4pu@dtict i on of the encoded proteins in vitPCI/BP200X012793
vivo, cells, for exanple in <cell culture, will be
codiB deduietet bpthe Mok, 1.4 ehd ek WALHpr&Sioh YelBr. The term “operably
. expressed. Such cells include transient, or _
linkgsF arfersio| ajustappsitomwhengin the coaponenisilescribied ate inual ralationship

cel | 5. which .may be dified b
persiREIRD 35 10ty I peirdleiha st ARy o seronge, suoh s
prorasten f'opeghly Bink& to laé @i isbiuch BCs pasitioRed®Ishéa way that expression
HEK293T, ~ CHO, HelLa, 293 and COS cells. Preferab %/ t he
of thecafingsparenge isachisyedymder pendisinns gampptible witbtthordgylatory sequence.
st I I o lati and .
oL P gt Sl P LRl Bffsion o
the segyenbe ongériesfanteiest. The axnmbwicRadssete yéprised cBArIRERSBE such as
qress from a polynucl eotide of the present

b .
apré%g@ﬁ‘%’ i iaperayly digkgdstodhe gene o) fdgrest c¢_non- human
aniTABYectds Bh4) 18D kor eﬁaxwaié?g%%@ggﬁﬁ&a%?mﬁ%mep 3%,’?{%@0 PAC,

ani mal expressing a pofyp om a pol ynuc
YAQ) virescor phage véaters proviided witteah onigin lof replibaticsic ogtéonaily b peomoter

i nvention. ~he present..i nvention,. i ncl udes ressi on
for the RS R ot SR Eibbine, B GiionBity et o Pleromo ety ahe
vectbr igdytdofithin ShCht BXRISERE1ABIB nYRRdrPefesdfd? ek AHp ier&ﬁla)‘né)icéllin or
n

constructed in the art of 25 nol ecul ar ng ogy
kanamgyeiny rgpisianemasne in thesrseofiahactesial plpsnuidos giresishitegete for a fungal

' Lokt at , s e enhancer s ot
ves@P Y QR S e R 155 1o PERTRNER e SINIDTBE 31 BREh BHER o
usedwth itratsfeat pr hensfeme s hastycell alotlexstiptd) aananmpeBid hoxned] é.p. forthe
rect ori %yeu'on, in order to allow for

t ]
Prodﬂagll&? TSR ety by teg Kestors (e ygetersyaey dpabewsiaptedse be used in

vivo,dBP &8 le % REHSABEDNA 'V!l&:ﬂ'lahgn of e?iE therdpyy, Ry Of
f we r

urther exanmple in this regar er to-Sanbrook etr
* al Promsiters ahdiptheOexpiression gegwatioalsignatsonay Béseieated t@ibe compatible
. ition. H.Laboratory.Press.. (1989). Preferably, a
with s EL G Wl R SRR 0 i Aekinioh, T exiple, Bamp e promoters
includs viRithétaNothidndinR6ih6ter, vitiich &eaRdibel ifHe8sbrse tPheavy metals such
control sequence which i s capable of providing for the
as cadmipp.ssiddhe Bfactimpromaten\(yipd Orynduters FEcHREThESYA0 Birpd P 286gen
[ by t t L1, i.e__the vector is .
promg)ge(il,g@%rrxasengc : fglﬁg%%%‘tyﬂgﬁ ?@%ﬁpgfeﬁ*at%%aélryéﬁ)sprqnp JgQus sarcoma virus
LTRpedastr, blervirixprpasir b0 MPVRémol] 9afRIRINERS BPV upstream
described are in-a relationship permtting themto
regulpory ragsm (URR ey als beperdd Alhtheserpromotessare ameldpscribed and
Iemﬁggggﬁagghlﬁg%g.as a pronmoter, "operably linked" to a
codi ng sequence is positioned in such a way that
exiprapgdéesoof sbitatile viral veowdrnigcladebiapesrsiingled Givabvedtbr| @edinia or
I hcandi tions con&at.i bl e.wt tre .regul atory_ sequence.
APhaRHrUSHSPIOLS IR AW, doghuding lendvipiies. pdghavitnsssand agenst
assoc¥tedin@es.i Gend M REBARNO g thER&iIRSGUED RS tcgﬁltggeoﬁldlled in

of interest. The expression cassette conprises con
the ag| Beisontizs veglors fas example oraytbeusedhioskebilsintggeatathieypol ymikiedtide of
the ir{\/%ntgot}lemg)etﬂg hggt g'eﬂct)n%,%?thbugh such recombination is not preferred.

Replication-defective adenovirus vectors by contrast remain episomal and therefore allow

transient expression. Vectors capable of driving expression in insect cells (for example
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The vectors may be, for exanple; plasmds, artificial.

chronosones (e:g. BAC, PAC, 10 YAQ), virus or phage
woeatosda7provi ded with an origin of replicati oPCT/EP2003/012793

optionally a pronoter for the expression of the

baculSinis uedt&e), il BurdidlcQRtor %B&&%a&nﬁﬁ%&ﬁﬁl@&e@i‘n Jrﬁc% to produce
pronoter. The vectors may contaih one of

quaﬂgiéﬁ%%ftth%H@\hﬁmm eqpoded by ﬂmpo@mnbp@d@mfalmmsdnt invewtion, for
mgﬁ@mgé&smsﬁmm@%s%?rm A& gase of a bacterial

or a resistance gene tor fungal vect or.

Vel ofusthereaspect e fresent\ihdention pvides aphh@ndceitidahomposition
roductl on ?f DNA or RNA or 15 used to transfect or
comprisite R RRuclapside seasence Fsqlesaibathbprein. Xrofaiahiy theporpasition

com}ﬁﬁlsé a DNA vééi’ﬁ: Jc@@rdlﬂﬁrtg %&'c@ﬂaq 58%3 % o%% Jﬂf’ enf Jtnggl%bo%%j]gleweferred

he vect or he vectors

embodnmeMS the coﬁmosﬁmn opinprisas aqalmhlym:f paﬁlclﬂ‘dﬁpré&@ablﬁ gbldarticles,

f n era Pronoters and ot her expression
°°a““3§8ﬂ1 iR rbmap VeiSr Peoding 2 Belvgueleptisle seqippas Whick encodes an
HCWinhifo héig sBfithe& QJHerean theMals M u&EP passth OF I.Hu 3)e ﬁﬁﬁb@gﬁ& sequence |

For exanple, mammalian pronmoters 20 iInc
resemm@sdhathfﬂwm:eﬁxprpssmmalm|gcmscmludan1yuumnmgms In

alten'{gﬁ%@ ?Iﬂﬁgdj&%ngeﬁv %ox%r}g%)%{lorb?o ;cl:llj meF 2 pgﬂ%ﬁcéglc@ﬁg g@%ﬁ'@ble excipient

I 'n"pronot

and a Iamgezezrtoa AtdoBding tPMhe BB0RAH aspbdiiBIthE YR SR cBMbA. e (cGA4¥Ls1uon
te early (IE) pronoter, rous sarconma Virus R

may ﬂ?‘b%i“g? an adKFi rus pronoter, or an BPV pr onot er,
P %NA%Eﬁgésymﬁ}hﬁe @%\(re Sbé/ ﬁé@nu‘éﬁ%ﬂﬁlﬁl}s?rat}fo fquld ‘gaccmés into

may al so used se pronoters are
the niede (WB90/14 092)35 hyenezhhhmsmv atheathag intrh-iscuddrtinjection. For |

es .0 t.abl.e ral vectors include herpes -
exampién A SRy o the SR deies Avlagh o efact thtETRE ghanisms are
. highly &R tisdnds {1t 5.1@‘5'afrié§§ﬁ> infebGdteich s kR GhY Hdée&?ssmembranes

adenovi ruses and adeno- associated Viruses
Deliveyyzntofskin qonddbg waem e@mnnglat) ¢tdgjector. (wisiels foaces adiymidhint®the skin, |

or w3 S b g TR B G R oS, i

whiclpihe PN hea@'tbedﬁatéﬁ 038 ﬁab@clésfbﬁﬁfﬂdi’éht Bty th Berlt@dte the epithelium
enone, alth ou such _reconbi nation is not pref erreJ)

Us P?Qéfﬁf Neaﬁ%Hl@e @Wﬁav’@lea&qw@u@e SagueRAes Ny bedmtorprzeted into a

plasnfi® WRicH i€Q é?{?ﬂ th HAARE @'lfh%ea{@ off \Qldmh{lﬁgr%d é?r bigh pressure

expr essi on. s capab rving exp
into thﬂ'\@ed:drmtse buch agf for eleampip,l %) dﬂaﬁcrﬂﬁﬂi 20414 6ﬂc715 Blotechnolo gy 44:

37-420(T996]T Brojoution of fhuse pairic i;ov' b the ki g,hf'sﬁn dirtt apeloction of both
epideiif) @é!?seandg?ﬁféhhﬁl' og&hah @ﬁls"'@éngérﬁﬁx?ééi‘ls %flac;?ﬂ%gn g%séxﬁlﬁié cells

? nucl eoti des of he present rnvention
(APC) which dakeaw the DNA,texvmtthn@scqﬂed pnpmdm;anliqsmyssﬂleéerfoﬁdlsplay

on ol M UER BTG ing S ESBE s GTL OB L1 B3, Bt o e

they pmsleiy{ﬂ'th@ Hleplhyéiﬁ‘arﬁ@anl BASReRS t&@ﬁﬁihb@ﬁgs BesI8hNan immune response.
Preferably the conposition conprises a vect or

Very gadbaaeunis eldDNAlese tond Haspitantlesstthan® Spg)ese raquired to induce an
unmuh@%gﬂotnsg Dia aptlc% Sl 8{a{e% delivery into skin and this contrasts with the

milligram quantities of DNA known to be required to generate immune responses subsequent

to direct intramuscular injection.
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enbodi nents the conposition conprises a plurality of
particles, preferably gold particles, coated with DNA

w@ompniarhg a vector encodi ng a pol ynucl eot i dePCHEPINYE12793
whi ch encodes an HCV-ami no acid sequence,. wherein

t haVieel the pobRaR1cBaldsIT @hé}fregehﬁmﬂ%ﬁ/dﬂ’ﬁﬂ(ﬁ%te'ag %&ﬁ%ﬂﬁ@&fents e.g.

10 resenbl es that of highly expressed manmali an "genes
in Dy chemaaem,yhmmc geid agll bg admyistened 4o theenaminelds. gmnmm to be

r
e RIS O UBY LSS N TBERIMEBAY i et in o o
ofa Vétﬁms sawhrd tﬁé‘@tﬂ@ﬁcrtbfed bbvepWRIBE Mhay BVexPids@d-in ThEcells of the
co sition rray al so_include an adjuvant. DNA

m cHiRolyRrlagkideramny; be edmisistared by auy availpble technique. For
exan(?;\%‘)," 9%%%%%% 01 n?zgr Bd rrlggh(guﬁggrﬁrg 'n@?«ﬁ %cglon prefera%ly 1n§radermally,

subcutanccms}ylm'omranuscnladyt iAdternatioely, aﬂﬂbﬁ aclliehayBé Jeliveted directly
h)ge skin take .adv, \9 af .the fact t hat i nmmune

into the SkinHsmea %‘f eic ﬁ?lg plivery devjee ?“ﬁ 5 Batisle-mediated, ONA delivery

(PMDB)! In8hi8 rh¥hdd) ﬁx?e?ﬁﬂa?ﬁbléu(@ﬁbhﬁ‘a% r%% 5]7 g@dargy&a%ﬁsmth a tnuclelc acid,

membranes. Delivery into s be via 1 njec
and arp acqetqratcd\ p‘emegds s@fﬁm@ﬂl td emabkesthem|to genetiratend surfabe ofkiedipient

ng, ti ssue | udi cle e
(c:2 Sipl FEEReHR oy SRR o i B rcsie e reiectingeevice.
(PartidNA ovated bﬁﬂﬁ@ﬂﬁ@ﬁc ad¢itl enddedisld 6}1tﬁ§p&§erﬁ &H\fehﬁérﬁzﬁ% v&*ﬂﬁ? i:h@écope of
to penetrate the epithelium (US Patent . 5371015)

the prespntduvapbps, asipedeliyenedsvices lasded with suchpayticles). The comp081tlon

L L N R —

pm. BrRefiee embblghdnheiiRRb&R BHId befdChe faded Rl ﬁ{glﬂg
delgcrl bed in Haynes et al gb. gl ot eghnofogyo% %°‘2(3§S

améxw%‘l)?h thrat éal@cqartudgwommes%lﬂang; rbfemblynd.6migheldédated with 0.1-
r.ect nsf ction of -both 25 epi der mal
5 ngy ?T? ratbg%%b élgp $#han cells. Langerhan cells
af&co%[’dlhg ﬁf‘aﬂbﬂ%‘i%ﬁﬁe&:ﬂ&' th&1nventidrREDk i é"gfo‘?fﬂlea %ih%s Bﬁlpnsmg a

DNA, express the encoded pepti des, process
polyrugleotifle sqagnces dgsgrqbe@ hertiac Ehohust pelbimey be backerialsé. gc‘E eli,

A I e to t nodes where the
mamb A1 1P By T b Sl MR 225 o0 g 4o
accorditgib doypresent ﬁiwelktid]lQnWbé éﬂl‘l!ui’éﬂ defls BansPested MB/itto SF R %/be
often less than 0. 5g

noynt s, of (less than | g,
trans%i’t@g F%&WPP@%F%@&@ fhe vsoior tmtlsanamemplonse vi a
t t

G B MR R e i v LpRBa 5P Bidne o
phamtl@ebfecaﬂ etqfupwmbn ] @mrdxedtabovemmmlmmp step ef alseilipate esfon

t.o d r ection. 17 WO 2004/ 046175
usageF;EthF %—i ggé{} gllegtluF q@cw@re@gpg aese y@pclp«p{gie sequence
synthpui Dmb prwﬁ;etal s@fuchbdRaviisea @&mhh@&g’b&%%ﬁ%%ﬂ%ﬁ% thdt o@highly

vacci nati on, the nucl eic aci
eXPre&?fﬁmﬁ@ﬂé]ﬂ%tgqﬂ@S mdeemadmaa valdgtypé ﬁﬁﬁMmokasld sequence or a

d
S P lBASp  VEEBS E u eyc
changesl s&ff aient fmaﬁ&tdeﬁfblhb bethotdishtBe nithifL WM%&W@

||}\ he c%ls of the
Iso provided are the use of a polynucleotide or vaccine as described herein, in the

treatment or prophylaxis of an HCV infection.
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5 mammal . The pol ynucl eoti des may be adm ni stered by

any avail abl e techni que. For exanple, the nucleic
wa@eiod/omaybe i ntroduced by needle injection, predBEERWINY012793

intradermal |y, subcutaneously or |ntranuscularly

Al Seititile tecthiued BLinMeALEHE (RGIaRedBN &lak é? (f@rﬁor 1nto a patient

di rectly into the skin using a nuc elc acl
inclygis\fpRigalapplicagion yeth dncippropeidicatebitlDflhe dutlcicacid méﬂm)mmlstered

L L T I

mtra&tcted pémilsistritiohi Theked pol?ﬁ&ﬂé&ld%h)? R‘bé’c@r ReReé ffﬂusﬁlt Pogether with a
surface_ of a recipient skin), for ‘exanple yg

pharpagdicaly a‘f@ﬁhbkeojécwab sugh :gsiphpmé@mhtéfemmlae (PBS). DNA uptake
may BE B EAG1 Fe\’i' gr‘:frs% of ﬁ@flfta{tﬁ]lgeaéﬁxgt gltlc%gaﬁ\g'gfy&a%lg% ﬁl%rﬁgparately

aci d nol ecu resen
or ingludgdindhe HN}@ fq&nﬂﬁz&mh Oﬂieemeﬂmﬂs oP&dnfh R Rlg tNShitleic acid directly

devi c uch particles). The conp05|t|on
to ar&é‘??‘?’gﬁﬁ)“’gdﬁ%ﬁs Bfe aﬁﬁmq Iatjons elefvonegation @déma@eeedmg
Whlcﬁllmbﬁ[,ed)ﬁl(@sgémgopreferably about 2 15-m In -
preferred enmbodi nents, the coated gol d beads are-

| oHptele phmecleiobiid gonstrustsmeay tesenhamget lblydgeaalslmbhrntthﬁabfectmn

techlﬁglfeg ff)?r {(aéqapd\%?tﬂ%g 3:Ec ucpng %e uEﬁ, %&gqné%pg&g%%apgl{sy dic;@Srg)?es of these

agen@hl%lﬁdﬁstcﬁtldﬂe agéed; BorCHxBhpleD cARRISHospRREAld BEAENSextran and
inventjon there is provided a host ceII conprising a

lipofgcsants, for @smple: ipafes dengfeetami. ¢ dosagsi qfthemmldmcnd to be

admiﬁﬁtelred@%ﬁrﬁéer%@%gte %QH,I% grgtqmcﬁs I ac%c*}gﬁﬁ,gf rr%mrg R A L Ameiny in the

rangeaihipiits ilagg, preferatlylpg & DO huekid &cid Rt paftRIEMkdiated gene delivery -
i nvention may be cultured cells transfected in vitro

and @Pgﬁ%}mﬁeﬁ)l’? gifepeet ed in 'vivo by administrati on of

th In a further aspect ]
r‘g 8 }ein i n{/dtes% ltlgo}'ﬁ © nfgg%a?gmdnmlﬂﬂ qayral q%nuélstered by means
of spﬁdnﬂrsﬁ’& delintcirg atctre isersl ihigene ﬁh%ragt? E@éértegg%ﬁﬁg geg:slglgs are discussed

i ncl ung]g the step of alter
for expmnle by, VErme eigl) Iﬂattlsﬁp’eg ACRBHARO 243 iBigh ﬁerqlw@dmn-vmal vector
systefk %ﬁi bOgked. RAlay BAcH Eggtérggmﬁﬁlﬂg? oViral eénttlgli%xlltg eﬁo%ka.l adeno-

roduce a sequence on usa
assocraé@evmﬂ,l hregpestvartal, €faniuiygou and expinRsEed baRATERteRs, B&Mfed

ad od| n Id t Hcg am ng aci d_seguence or
oo R s e i 172 orbniten Bowpie s Imepiiar Pam O (C65) o
descﬂMeﬂ%UEﬁﬁte%@G@@W@@ Minb 16 88 ROIRGiiskd ﬁ'@@?@f 4f i ci ent

ra

to inactivate one or nore of the natu |ons of
t hiopwirgkhased %temnﬂuwlmbmmnm bfmctlmea@ds ancrosphere

t1 ne escrj hed herein n
enca BB GBS 0 o S RSl S iy it and
non-vwmﬁé@@&emmmmre i daRhBle teHIMRBWeSstbOr

lntrgdu0|gg t he naked pol ynucl eotide or vector into a
mjectlrygfs AHetian; i ]ahmgctngbqnb pr g{g@plmm@m Wirithe"dPNA vaccination using a

non—vﬁQWéERfr Is@liEa a5 ae;?hs%lﬁ f?l;{me{ (#]% of [Er?o(i“e oors], vaﬁﬁg%tgoélrs using a viral

dmnistere opi ca
vectoBmeoaaastl based exstem) Bnhye booitrpastassls mag ral%b tallgHdvamagd d¥Priming

by OF, . . . . .
with protein in adjuvant and boosting with DNA or a viral vector encoding the polynucleotide

of the invention. Alternatively the protein based vaccine may be used as a booster. It is
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intrarectal adm nistration. The naked pol ynucl eoti de
or vector nmaybe present together with a 5
w@b@nowaeuti cal |y acceptabl e exci pient, such aBCT/EP2003/012793
phosphate buffered saline (PBS). DNA uptake may be
preférkHdttﬁﬁrthé Bokdih Yadcatd Wi, c‘éﬁﬁlrpill f}ﬁ%{lgérﬁttﬁeﬁ She Eﬂ%’?‘tdfa vectored
ncl uded I'n

such as bUBI vacai ne, ei t her separ at el Yy or |
Vaccméomﬂm f Sheprofeinphowadeh enayimprmmdfxmhmdumm)smeasi aywplyprotein.
e acid dir.ect 0 a reC| i ncl ud
L1 AU ELSa Sluact drife inbren Py BrtimBY S50 pb GpiiiTespd by means
of traé3tbrivied o8« eSlich Gellyvitiale bedRHREIAFdn £Js s TR maRod -

10 Uptake of nucleic acid constructs nay be enhanced

polmg,clg%\sis P& Vegtoroviribe prasent Bweniam caméze;nmmﬂyesd int@suchyxghpinitro
and 0RO ARLHIR Gt A 8B Y LRSI ppge ot

inverfitim eaypinpdgeate tritd aidleic pbidseadyepransit BEAEIRNRdmdlogn@
| pof.ectants, for exanple, |ipofectamand transfectam

recorh AP eYFatsor trARsormer spll may;  degiradebe srommIDTnavtaelandhone or
moreb(ﬁ' 1Rd teRA1BH cé’i}‘sﬂh&%é Yeell AR gi‘fésgﬁﬁn@é}{tl nI (S,‘eﬁgggn eﬁ %ﬁgd at an

in an anount in tthe 15 rang pre

aPPr¢1:p131iet gitelidg patietdiyknawh durfpiral pamidmﬂuegwm deacaheﬁie:g@r@ grafting,
ery nd 10pg to I ng for other routes. A nucleic

mlcr%@ﬁ“@@qﬂﬁﬁoe of the present invention nay al so be
adgiitibl IS tholiieMRAES-profenting eéwé (aped), d6dd X&Le)ﬂdﬂﬁ&éé?fs

useful _in _gene therapé Gene t herapy approaches are

macrgphaggs Feerllsf mpneoytangné othgr salls rtbatemaydie enigineencd td BOFficient
APCg> 8&&%113 rAnza tnge&éﬁ({t,al %‘ﬂgtb g/ dﬁlol‘{}@?deﬁ\égﬁ‘%rﬁ%ﬁe capacity for

yetens can
presenﬁng theiantipen, Itcemﬁerd attivatisieadormidinteAdRd of thaSBes Riffse, to

o vj ral Canarypox and vacci ni a-viral
| have aa% ﬁ?‘éy&f{ié ef#ﬁFféPé’f fee dnd/geferhsrimmumolagially sompatitlewith the
! ..rece&e%éi & eftafchMna! :'I'Ba@ | n) Php(R tgeégrg@g&%is% L& frgxﬁrfhl?of}a

as descr US pate ans
vane@sofd:@@gglptidhndsranﬂmm,éhﬁd]ﬁdmg omewr and lpeti stamduray isaes;.and may .
ude g)lgrect adnm ni strati on .of %cl ei ¢ aci ds,

be et DeRSeid sHERte O kiazeheis elfol ooy
( driatd prefarfé eadodinkne df48d praight niv'eﬂt%ﬂfﬁ% RAGRE cells or

systenms. Viral and non-viral delivery systens may be
Pfoge@&ﬁm thergok@santigen-presenging cellsobither @Ima@vfomammo and return to

the pétfélnf&t e{s%ﬂ? maxtl{n? {r'mfe@ Mc@%@lgfz% (iéﬁrlgﬂe%t I %ﬁ vagcmﬁgtﬁr Qr%papmle by
partlolfembdllated lDNAa]:eh@erpl Bendritid cellb emsdghly porat APCEMWBH:chereau and
vector_or

|
Steing 10 15 e dy O PR  Biao de Eloplivansya rvsilogica
adJuvﬁﬂkfﬁr asbrdiy ﬂGEhﬁﬁctfé Ioly 'Eﬂe?:g)eﬁgc Mtft&ngérﬁgrgﬁtgﬁ efr( d@eﬁgﬂﬁéﬂﬁmm and

and boosting or ‘avira
Levyptiny Ree If\é@i |56é07{5ﬁ9,t 1999). nlnegenemh dedritercats inag by iddneified based

ol ed as a booster. l1. is
on th B DRF GrlFRS ol Hbmated S5ipoomp e dendiites visible
in vitr'oz \&héif ﬁﬁlﬁtﬂo\tﬂ&ﬁipnﬁro%ds'an& BRis&itinBdns Wit 1B bﬂ”f‘cfb?lc# B their

the DNA/viral vectored vaccine contain. e prote
ability,to getisate ngeyp Jecelrespensesd Diendiiitid eillamay, of comsseabe engmeered to

expre&%%&ﬁg & Qurface receptors or ligands that are not commonly found on dendritic
cells in vivo or ex vivo, for example the antigen(s) encoded in the constructs of the invention,

and such modified dendritic cells are contemplated by the present invention.
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A nucleic acid sequence of the present invention may

al so be adm nistered by neans of transforned cells.
wEemh/0eald s i ncl ude cells harvested from a subPEDEP20031€12793

naked 5 pol ynucl eoti de or vector of the present

I i . 1.t
RO BB By BB B
tumawbjhBltdatingd bﬂlsppéry.muofaﬂs ﬁksudﬁlrfﬁltrithg cell\igfiph A6de¥Pspleen, skin,
umbifaf e bloga i oy ober Rl e Ehds, Fox onetples Gondsic cells may be
dlffééitiateﬂﬁe)é wivol by eadoonjﬂﬁ? foﬂ"c‘ﬁ’cy@khﬁs XdCfB (ﬁﬂ‘bé}*‘i% IL-13

nor -of the resultant cells may” be use resen
and/pmiNgKté glﬂtllr¢s, of@edrlosytes harvbdedfromipdeighanl tdeodl QAltematlvely, CD34

posit?lsf) eglg bl at gtg{? %’E‘cﬁ?ﬁpﬁ‘ﬂg@f?g : %@@E P%Aﬂé) urdgolr one marrow may be

dlffefelﬁlbfedllﬁuo%haﬁﬁb ceflk By)adéﬁ (@M Rulk e Sodnt 'cb'ﬂﬁmatlons of GM-CSF,
senting cel APCs), such as dendrit

anti gen- pre
IL-3c’5NFsCD48rbgmvb ngiysagsogile EPSriadapo o ek nagortant in the

eencBflonSebitbso Y PP s RELhE pifcfiarh BaRfyic ikandipr other

compannid(s) t}&aﬁﬁluté‘lﬁfiewﬁﬁﬂldm niamiratl&l Bdgsi8Rfettiadn o Bendritic cells.
antigen, to i rove activation and/ or nai ntenance of

t h&PEs gy eepgraliy he Bansfested wish a pabiusientidermeeding an antigenic HCV
amm%faﬁ:ﬁsfeﬁu&ﬁé s%rglé%é?éﬁontﬁtmsédW£%gmﬂ%éﬁvfsggmh il fresent

inventR@s Snehytrapsfeetion inyy ltfd(ellﬂzﬂdea:k @lbof amainm @Jmpo@ftloﬁ or \Varrdn&.t domprising
ans i ncl udi ng tuggur and

such el Fefitapy o b n@ dar 9RRGitiasmanen PO doubed heren

iC (

Alterdbli RIS che dSREETEHICle Mat XRRAIE BEIKitE D biher ARideR ?}é%ﬁhng cell

greferred enbodi nents of the present invention u -
may y@ adrningstered & 2 patisnt, rfrwltgl@nntr@ngeqthmthajfocass invivo. Invivoandex = -

o GBS B B3R 000E ) Sl B bRl BTGHRRE bghe o

methbdy mwmh thelark, 801 mﬁo@aiesmﬂfeadn WO BI2444TL G B pattdile mediated
artjcle nedi ated DNA del i veré‘ Dendritic

apprah nescibed hy By Gk emumtesy ad seh el 50460, 1997
St
e
conjunotiorithiahtivigal ppahytichat osintetfetdig prierably PE@dtédiadhierferon,
nity (see Ti r man and Levy,. Ann. Rev. Med.

and 65'%%6171 5Y¥arcines gy pharmacutics] é’PmPG@HGIFﬁ maxbepresantadkip yait-dose or
multil g8 Ebﬁthﬁgrsbﬁz%ﬁ QS sé%ﬂedt JﬁFﬂJulésw VeH. &ha Q&ztéﬁtalgla!r%ﬁfér%ly
endrites

situ, mar ked asm c processes
hennvtu@illwlsealed ® preserv) s;erﬂhya of the lfoﬂrmﬂghdnomnakm Up geperalc BMulations

na ‘g q’l% r.esent anti gens. with gh efficiency and hléff

y BEFiPIeR S Popgiyonsagolitintis pg e il in gousTYehfiast | ¢

AlterfigtiveSy, B8¥ecif orGRdfBfeutiéil @&ﬂp&%’cﬁﬁﬁayﬁ Be ﬁgreﬁ)ﬂ? 5?1%§ze dried
sp ecific cell-surface receptors or li1gands th are

condwétl reqyirigenly thsaddition of @rstmlet lignid e@nb@nmedntvbr pcmor éxuse.
Vaccfﬁ'el/ Q?méﬁ){lréf Itﬁe E%ﬁl €s ngtgﬁ]cfe%?{ eb : duoq, Ylg gartlcle mediated

l_n

| on rHdi
dehvei-gmnhyl He preseﬁtekns aauﬁngel tsmtﬁbleaﬁ)ﬁdsebylﬂi 5] CopRSRAlgas delivery
i nventi 20 2004/ 046175 PCT/ EP2003/ 012793

instrument, i w. ch case the cartridges may consist of hollow tubes the inner surface of
which is coated with particles bearing the vaccine nucleotide sequence, optionally in the

presence of other pharmaceutically acceptable ingredients.
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Dendritic cells and progenitors nmay be obtained from

peri pheral bl ood, bone marrow, tunour-infiltrating
wa@eldsoiperi tunoral tissues-infiltrating cell spCT/EPI3/012793

nodes, spleen, skin, wunbilical cord blood or any

ot Mighe p&amﬁablhte:ai C(ﬁﬁptmtﬁmsfolf Hiechredeat 1neetﬁidiﬁ|rﬁ3ay iemde hdjheant

differentiated ex vivo by adding a
COHEBH‘B‘f ‘%B‘ﬂ sgbstances, Fe"}f%'én%)u%ﬁﬁv e w“é%@r llnere4se the immuge

respdRs¥ ﬂ&uc@&'%yttﬁé Sl RRhqE eﬂ&g?d:y§ WA\’ Pi | b%r%nfoded by the

peripheral "bl ood. Alternativ
DNAa¢ithes sapdrataly fromeori qs ladngibn mlmaue antigen,| oraﬁy lﬁmndlubéd)mhon-DNA

o P T e SRR, Sl ST bbbt

e EALERfpr el i G, A0 i DAL 85l e

protgian bAME)ohepafitipBofims sorsraatigers Mt 3-femdrmd sdirdricykinek kwch as IFN-y
d %ﬁul arly dendritic cells) and/or other 10
an %ﬂ% nd(s) that induce differentiation, maturation
an®er@hitdds adjhitOdre @8&9{&&&1‘& &%ﬁlhﬁe sﬁﬁ% f@lﬁxample Freund's

general |y be transfected with a pol ynucl eot

Incogpdetel Adipvant rmdtqog@iete Adpwang (Difico Iaahoeat@wubnmt MDchmqulmod

oM, oo RO LSRR T S bk

Colrpplaﬂ}z,dn@ XRatiwey, Nay) dlenif v SedissheNasUlurieih R9deR1MR gePalifn) or
such tr ansf ect ed cells may then be_used for
alumipwpephosehate; SelfsRisalerumdronaring ap inselublersuspension of acylated

tyrodhd; QLG 6 aYs ctidHrEHily, lah%%fcﬁllgﬁ%}}n%é&%&e F@&sa%%?esc‘, a

dendritic of Other an en presen

polyphivephizenes; bnbdbgra@bﬂmﬁmmru&pheresgnbmophgsphbr;tl lipitbA @t iqeil A.
hat oc n VI o and vivo, transf ectl on

Cyteifitateh i oML iof itprghics fmzvasg%lﬁ%la%.wf &l as@djuvants.

petd e Tehuliions ofhY i xféﬁtbﬂﬁ% it (e cfdgﬁg |

as those descri ged |u?1 V\il) 97/ %El%%%dghtt he ‘g'?ratnf" ition
induggsdindmagine a@pﬁwmedw@gcmtbmf tbqlTh/htwﬁ Btusghe adjuvant may serve to

75. 456- 46 1997.

mod AR AR G SBL b B OB d00 B B8 Bl oo
predomirantly Th2 rey pledoriialy frhl eypRirdpohscOHiph Tebela Bt TNI E}%La cytokines

;ﬁ‘f\ﬂ Much as. a- |nterferon preferably PEGyIl at ed
(.8 ol INF el oand Hie)dend tosaveurihe idetiones calhfhediated immune
respdt3ad {5BReHHIGSkrea %ﬁﬁé’ezio G105 2 PRofel& B Eﬁd Isea h 3 response is

uni t - dose or mul t1 se contal ners, suc
pred@zrmlaml:eihbtypav; thk devebotFhlctypt &itokinss wnlelmreaﬁceroad)gmater extent than

ale t o, preserve steri of the
the 161 RE P R v D 1P GERe b ohins e o sssossgd sing
standaed Sds@yfse (Fo@é AR B FARilies BF E5tbIaNSs, e MBUhMALRR ¢dbiman, Ann.
oily or aqueous vehicles. Alternatively, a vaccine or

Rev. ﬁﬁ@ﬂﬁ%{cééﬁ 443, 188%posi ti on rmy be stored in a
T X

respds{ﬂeﬁichﬂs fopexiiyiit, mg:oﬁmhmhloamoﬁeﬂm 11&&&@09%%&915:3 de-O-
nls ration via particle nmediated delivery my

—

acyl% SP&@rsé dpid A (3a-MRBL) toaétlhér Vith ag alamjipinin salt Other known
T i .

oligogueleatisles.oThe eligonhclestides atechavictehis@hintthat lths Cp@alinusipotibeis

o S BT o B b, o cxampe

i ngredi ents.
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21 WD 2004/ 046175 PCT/ EP2003/012793 The

phar maceuti cal conpositions of the present invention
worey4iomabaide adj uvant conpounds; - or other subBCHERES3/012793

whi ch may serve to nodul ate or |ncrease t he |mTune

WOHGRPARS il IAHES ?l}X‘B’ ‘DA gsrggﬁe obs A0 LA dﬁiw%”gf Skadple, by Sato
et a1§ S&aﬁ@t%ﬁﬁf PIBG0 Cp@scoﬁutefmiﬁg of gdnubh:ohli& Iﬁﬁl} b&&itod&d separately
i ncl uded as non-DNA 5 el ements of the

fromy Gp Hﬁe‘éﬁmta@n(smws SEBC 9F & HfeEh RO RYgleotidetaonsirsbor may be
1mm\é@i'a{%§/nz{@§' eﬁ’teth B%egﬁ 4 g.lsmtnr{ﬁerrﬂg tﬁmAﬁ%rhs L oypfhftd})%} -containing

resent "1 nven |oh ubl

ohgcﬂmsta:oildds enhyrimﬁnlhﬁnﬁterm sapanataal}( 1LARP) as Ihaﬂp:&ﬂthé tamdsitiohtghich
and nd. ot her cytokines such as

core anti f t
inclydeq %m%ﬁ Cesttaspudintidanmay b jusRehalpae ofrig combination
mth%‘ﬂ(@?%ﬂj%ﬁlti woesﬁdlﬁgl £ Hgibeas stéxﬁ 'inv‘??f@e'mﬁ@con?%ﬁ#{%g of a CpG-

I'nconpl ete and Conpl ete Adj uvant
cont&ahngrodaggmucwnd@end asaponM Jerivhiavecpartimdarly GbcombinaRenibf CpG and

os2{f3 g5t o Wlion A n v OB/ Spsod MherrtBlyihe Rthign,

addigelall§y cﬁmgﬁseaslnaﬂquéﬂ&mgé@a&m& t8&pheRILUM) or
al um ni um phosphate; salts of calcium iron or zinc;

anApaiber prefeered aémwguwm saponig prefarally Q%Zrldﬁqnda Biopharmaceuticals

. Inc., %g%ﬁ#@ﬂgﬁ g\gﬂggwﬁlg}ggg%hlar : QA £1X 5r i %bl%ﬁos p éth other adjuvants.

For dxanmbixy ameh&iaheednyeteﬁsmhelvesﬂme mbmbﬁsprﬁa uionbp]iﬂispho‘l\ylaﬂﬂd A and
suych, as GW CSF or interl eukin-

Uil A Cytoki
sapoll degiitiveoSiciss Ui opmiietiod o6 03T 205 SOAMPL: oo desprioRd i WO
94/06P§3”H} Ak ORGCtBEeri O GorhBRYn viErd thel TS A8 GRELRED Wit chd1Berol, as

adj Gvant composition 1nduces an | ne response
descpbasio W OH6{33y738f Othes pTafbrred/fosnulFhors dongprizd povisib-water emulsion

and BEiRtEreL AR B At o AR vt B sbMeL ana
tocoppHees) Qb 81 iA-Watkh 2nfulsich ﬁm@m@ﬁﬁW(wsT/m’vzﬁw pe :

response. High levels of Thl-type t oki nes (e.qg.

| ter paferred jadpvapig HF(LUdPZMOIﬁéwdC ISA 30 6Rappich rance) SAF (Chiron,
Calii*ol:{r}nérI ﬁjdéﬁgg rsg%es Gf?b (@éﬁ?ﬂl =5 g@thcgnS %tl&ﬁ%béy t1’con MT),

RC-529 (@bnmt; }Bamlhsmdﬂ@aand%thafaaﬁﬁmuqa ldcpsathinideyfsphosphtes (AGPs)
Thi - eiéq;t()kl nes will increase to a greate
{e ﬁgﬁpcn}eﬂ clpdesan agfuvqjﬁgthpyﬁ%cuﬁ,{eogpp lagien mpy be adm1mstered
in twlog) b FopExdnifis, %hégér%f@x%?oﬂﬁﬂé%ﬁm c%?ﬁ%rne AR IR 651D Hhct

st andar d "assay For a review o amlies of
wthhycn@ﬂdemﬁs antigen vy bayadmister &b fifst, e ,byAnbnutarReus or intramuscular

. . |.nmun 7:.145-17 198 r di sui.t

ook 38 By et b4ele et ARG et of iy Tormation

contalilihg &hé%%uv&ﬁt&ﬁﬂﬁﬁ@adlﬁﬁi%&i sxfb@équ@fi tﬁer lﬁuﬁémmél%} hRE a
of nonop] osphoryl l'ipid A preferab - acyl at ed

suitabs #igpstssion avhjeh wxlbbwma(esﬁomhxswg@t &kelﬂed/mtﬂnp agcines arts.
Undeqltﬁ% s?f c%s : %@%&aﬁt%\)e a%rra}gi]sfé}le%j h@hérﬁe route as the

resp
antigemic Ifmldﬁllzﬁi@ﬁuoc bptaiahemgte route. In other embodiments the adJuvant part of the

formulation will be administered before the antigenic part. In one embodiment, the adjuvant

is administered as a topical formulation, applied to the skin at the site of particle mediated
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ol i gonucl eoti des. The ol igonucl eoti des are
characterised in that the CpG di nucl eotide is
waioviwirat ed. Such ol i gonucl eoti des are wel | RemwP20831012793
are described in, for exanple 22 WD 2004/ 046175
deliRET/oERRONBIOEAT SZueniBS 6/hitoenbodd thaamimh(yLsittobafofdNA after the
ence e also described, for exanple, by Sato et
amaq?gm ‘%@?"aﬁl@g"eﬂ@ » 1996. CpG cont ai ni ng .

ol 'Pg%fh%l}et% €8 vIRInI®F BRGRERH: %@?ﬁfoﬁtsﬁmﬁlaté LB AR ¢ immune

antlagen (s) in the sane or a
reSppD$€nyPm G0 S8t uhmuoity alwnsibthe H@WHﬂtlgérsl YPreferably against

t.th t
w ol SRR PR s Bt R P fragi o
infldmMatih ROBHIIE SN RMing SREdRitRhY 1- €. not as part of the

conposition which includes the encoded antigen. CpG
ol iAfored hetein;, thedemmeomprisingis inteuded to be bseddu ity innadlingting sense

n For. e enhance

s S B AP e AR . B0 PP oS YRt e
word Feqgapristi g aouldenlartst vhdsapdiin itd exdlvavd 3asd) bk %uhﬁiényuratemth

the conbj nation of CpG and . QS21-as_disclosed in
“consiting 197 CARUSING qﬁ’é/ﬂ@&@@ﬁenmwéwams iHustrated by, aet lumted to, the
ﬁﬂk%gnggghﬁlgpally conprises an oil in water emulsion

and/ or tocopherol. Another preferred adjuvant is a

saponin, preferably Q521 (Aquila Bi opharnmaceutical s

Inc., Fram ngham M), which may be used alone or in

conmbi nation with other adjuvants. For exanple, an
Exafiphe1\CBel SRS Blddnysd z%fbsaﬁt%@n gadpi-nation of a

nnnophosphoryl lipid A and saponln derivative, such

as the conbination of Q521 and 3D-MPL as described in
sé%“ é&ﬁ%g%%; or a | ess reactogenic conposition

ere is quenched with cholesterol, as

desswant;ﬁﬁmmom& afill ZH63R . seqAness TaEf@bHatEV i BIad e arried
oggrlse an ojl-in-water enul sion and tocopherol. A
out. &S F‘(PBFIHP’I‘%/W’;S]&‘P@R 4&@1 RolxpRetemoy org fidentifed a&mtmsualh@ewatmg from

the g o ST H O Bl AR ot 13 iy ey B positopg found o

emul Sion 1's s cri
devigid ffiounatnoré copkserdes isidueancdes teBfed’/ROgrobe pipiates Ettanitﬁﬁg across

S ir an 20 .California,. United States)
gm“{’&'fi;z Edsthor e gne B RltpRptye anill&PrPFIfléFFldW)OtherWlse
domineted 3 tHe(QhiviRnt ]H%ﬂklnt one Mithe 3R6keR thRlen @A dnélinterferes with

gl ucosam ni de 4-phosphates (AGPs). Were the vaccine

a knpwie COMes GIP8 enfone aFiwo changes/ wiskindNST mtunlilyatstone ansgmbmodominant
AT PSR BB e RO T TR0 0Bt 1366 o

Alanwiu((Al)] encodes the antigen nmay be adm ni stered first,
%ﬁl«’ngys ubcut aneous_or i ntranmuscul ar 25 injection, or

Plﬁﬁio aids of DSEBrhgre heastremen ed dirg o unpesful vagiability.

Conpart of the fornmulation containing the adjuvant may
be adm ni stered subsequently, either inmediately or

af Alaning (A3 62 t@Bheoine€Tperi od which will be apparent
NS3t o the physician skilled in the vaccines arts. Under
t hese circunstances the adjuvant may be admi ni stered

byvalif (337040 RHL&cAR (Lhe
Leucine (L) 1106 to Glutamine (Q)
Serine (S) 1124 to Threonine (T)
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antigenic fornulation or by an alternate route. In
ot her enbodi nents the adjuvant part of the 30

wWo evoatokers on will be adm ni stered before the aPCT/gRIv08/012793
part. In one enbodi nent, the adjuvant is adm nistered

asvap. j fo lation, applied to the skin at the
S| ygh%;?@@gﬁt;? 9 ’éﬁ%?ﬁnsi@d 23 WD 2004/ 046175
PCThisBiZi00 81 0ILA 398 Seddad {(S)ery of the nucl eoti de
sequences whi ch encode the antigen(s), either before
or

163 1889 toaplanmed A nedi at ed del i very t her eof .
Pr Vasci nes of the present invention
ot DAL G i

an e i mmune response, typically
ChBeleacide (P3365 wwriVialitey(Vagai nst t he HCV anti gens .

P ' .5 a broad f It A
or GRERFEAE  AOR'e Akriprlh c St i ng that |iver 11 brosi <

anghebnihd fMHaAHeRLH Qo educed foll ow ng vacci nati on.
As used h(er)ei n, tﬁe 1?3521 conprising is intended to be

usBwpliney(R) t1428 tnThiepiine §F) sense such that the presence

of her { S 1.S t. excluded. However, it is also
[ n{sgl%a%x&e ﬁLEWW§e%E® "conprising” could also be
UNEeleadinod) 1686 foSTiRGHiMS(Tye sense, being =
commensurate_w.ith 10 "consisting” or "consisting of'.

The present invention is illustrated by, but not
Nsqpi M ted to, the follow ng exanples. Exanple 1,
tations introduced into antigen panel : - 15 1).

Catsrt DR FsatnPiichtyl ataisneXFy a#e@r i son of the full genone
sequences of all known HCV isolates was carried out.
Certain positions within the J4L6 pol yprotein were
Nssgdentified as unusual/ deviating from the majority of
other HCV isolates. Wth particular inportance were
Isolendins@) PR24ito iVatise {(Yund to 20 deviate froma nore

cons i du cross related | b-group isolates,
Threg; %ﬁgﬁﬁgzg’?%’é’ﬁsgroups 1 a, 2, 3, and others, where
Threéige (@) 20 ¥tV AIR{eN@Yi ve am no aci d resi dues otherw se

dom nated in the equival ent position. None of the

chosen consensus nutations interferes with a known

NB. Rl e ER RS posttn RIS L R e

epitope [Isoleucine (1) 1365 to Valine (V) and dycine
1366 to, 25 Alanine (A)]. The first 48 ami no acids
Exan&ﬁ% %&i@sﬁéf?éo'b@{eﬁ{a% V@f§@ef o unuseful variability.
Caiodynib ROE sdgnced dnBodif R8N "Cork,TNS3 NRdncated NS4B, and NS5B,

were codon optimised for mammalian codon usage using SynGene 2e software. The codon

usage coefficient was improved to greater than 0.7 for each polynucleotide.

The sense and anti-sense strands of each new polynucleotide sequence, incorporating codon

optimisation, enzymatic knockout mutations, and consensus mutations, were divided into

regions of 40-60 nucleotides, with a 20 nucleotide overlap. These regions were synthesised

commercially and the polynucleotide generated by an oligo assembly PCR method.

The outer forward and reverse PCR primers for each polynucleotide, illustrating

unique restriction endonuclease sites used for cloning, are outlined below:
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30 valine (V) 1040 to Leucine (L) Leucine (L) 1106 to
GQutamne (Q Serine (S) 1124 to Threonine (T) 24 WO

wWQOMNOABL 75 PCT/ EP2003/ 012793 Valine (V) 117BCT/@P2003/012793

I sol eucine (1) Threonine (T) 1215 to Serine (9S)
HovEoY¥eine (G 1289 to Alanine (A) Serine (S) 1290 to
Forwhlg@timge (P) 5 Isoleucine (1) 1365 to Valine (V)
5-GABMBOBGEES cdAEndopcéharicaarédccabcemtAterbddcdRRct &

Serimetl(S) tdmsledonne (P) 1428 to Threonine (T)

| sol euci ne §thjcotiaP9 to Serine (S) 10 Isol eucine (1)

1636 to Threonine (T) NS4B Start ORF at Phenyl al ani ne

il e LR LR S

to Valinecédh 20 N.B. Nunmbering is according to
position in polyprotein for J4L6 isolate. Exanple 2,
HCV88&Ast ructi on of pl asm d DNA vacc:| nes Pol ynucl eoti de
Forwarg U’@ﬁrces encodi ng re, truncated NS4B, and
S-CAREEECC Qﬁ;‘f 8594%”@@80‘?%0%8%%%%&0%%%% age
usi n8°5\/n nsoftware. The codon 25 usage
coefficient was |rrproved to greater than 0.7 for each
Revepelpyec! eot i de. The sense and anti-sense strands of
5-GAREITIC QAT CY CAG G TEA A CUEC AU AGLEGACANIGOAGRICATGAS-E 0doNn
opt i Rt Svp, enzymati ¢ knockout nutations, and
consensus °¥g% at i ons, were divided into regions of
40- 60 nucl eot i des, W|th a 20 nucl eoti de overlap. These
Hcv N&gB ONs were synt hesi sed comercially and the
Forwf@bdhsc! eot i de generated by an oligo assenbly PCR
5-GARBICIGEGG CR%B CHAM Grut TG GCOANES ATAREIB AR e Ercaes PCR pri ners
for émth pdiayshlict eotide, illustrating unique
restrictiorf@5eBRucl ease sites used for cloning, are

Reve%wp rlng'ed bel ow.

g GAATI'CGGATCCTCAGCAAGGGGTGGAGCAGTCCTCG’ITGATCCAC-3

BamH! Stop
codon

HCV NS5B
Forward primer
5-GAATTCGCGGCCGCCATGTCCATGTCCTACACCTGGACCGGCGCCCTGA-3'

Notl translation

start codon

Reverse primer
5-GAATTCGGATCCTCAGCGGTTGGGCAGCAGGTAGATGCCGACTCCGACG-3'

BamHl Stop

codon

All polynucleotides, encoding single antigens, were cloned into mammalian expression

vector p7313ie via Not I and BamHI unique cloning sites (see figure 7).

The polyproteins that were encoded were as follows (including mutations and codon
optimisations): 7
HCV Core translation:

MSTNPKPQRKTKRNTNRRPQDVKFPGGGQIVGGVYLLPRRGPRLGVRATRKTSERS
QPRGRRQPIPKARRPEGRAWAQPGYPWPLYGNEGLGWAGWLLSPRGSRPSWGPTDP
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25 WD 2004/ 046175 PCT/ EP2003/ 012793 HCV Core Forward

prinmer 5' -GAATTCGCGG CCGCCATGAGCACCAACCCCAAGCCC
WOABTDOEAARCACCAAGCGGAACACC- 3 Not | transl at i onPGI/BPZENNE/012793

codon Reverse pri mer 5' GAATTCGGATC CTCATGCGCTAGCG GG

LPGUSHSTFLHAYINGS TEPABAr d pri mer 5 - GAATTCG C G
GCCGCCATGGECOCCCCATCACCGCCTACAGC CAGCAGACCCGGGGAC- 3! 15
Not| translation start codon Reverse priner

CAALIGEGATCCTCAGGT GACCACCT CCAGGT CAGCGGACAT GCACGCCAT

HC@G&\IFG 3' X 20 BanHi Stop codon HCV NS4B 25 Forward

T GVCWTVY
O Yo asrLpepovewTYS

R RGN &S PRRY VAR G Y GOREE AR TR BIERAAYIRGVAKAVD
FIP%E&MEHﬂ\éBSBHEmNS??PH@CPQB?@VAW@SGK:SrTKVPAAYAAQGYKV
LVIENESYAATCGHSGAYMSKAHGIDPNIRTGVRTITTGAPITYSTYGKFLADGGCSGGA
YDIBCHEUAS G STATGT I TNALPQARTAGCARBYGIOCT SAPBGS VT VPHPNIEEVALSN
NGEIPFYGKAIPIEA]KGGRHLIECHSKKKCDELAAK,LS GLGLNAVAYYRGLDVSVIPT
SGDVVVVATDALMTGFTGDFDSV]DCNTCVTQTVDFSLDPTFTIETTTVPQDAVSRS
QRRGRTGRGRSGIYRFVTPGERPSGMFDSSVLCECYDAGCAWYELTPAETSVRILRAY
LNTPGLPVCQDHLEFWESVFTGLTHIDAHFLS QTKQAGDNFPYLVAYQATVCARAQ
APPPSWDQMWKCLIRLKPTLHGPTPLLYRLGAVQNEVTLTHPITKYIMACMSADLEV
VT

HCV NS4B translation:

MFWAKHMWNFISGIQYLAGLSTLPGNPAIASLMAFTASITSPLTTQNTLLFNILGGWV

AAQLAPPSAASAFVGAGIAGAAVGSIGLGKVLVDILAGYGAGVAGALVAFKVMSGE

VPSTEDLVNLLPAILSPGALVVGVVCAAILRRHVGPGEGAVQWMNRLIAFASRGNH
VSPTHYVPESDAAARVTQILSSLTITQLLKRLHQWINEDCSTPC .

HCYV NS3B translation;

MSMSYTWTGALITPCAAEESKLPINPLSNSLLRHHNMVYATTSRSASLRQKKVTFDR
LQVLDDHYRDVLKEMKAKASTVKAKLLSIEEACKLTPPHSAKSKFGYGAKDVRNLS
SRAVNHIRSVWEDLLEDTETPIDTTIMAKSEVFCVQPEKGGRKPARLIVFPDLGVRVC
EKMALYDVVSTLPQAVMGSSYGFQYSPKQRVEFLVNTWKSKKCPMGFSYGTRCFG
STVTESDIRVEESTY QCCDLAPEARQAIRSLTERLYIGGPLTNSKGQNCGYRRCRASG
VLTTSCGNTLTCYLKATAACRAAKLQDCTMLVNGDDLVVICESAGTQEDAAALRAF
TEAMTRYSAPPGDPPQPEYDLELITSCSSNVSVAHDASGKRVYYLTRDPTTPLARAA
WETARHTPVNSWLGNIIMYAPTLWARMILMTHFFSILLAQEQLEKALDCQIYGACYS
IEPLDLPQIERLHGLSAFSLHSYSPGEINRVASCLRKLGVPPLRVWRHRARSVRAKLL
SQGGRAATCGRYLFNWAVRTKLKLTPIPAASQLDLSGWFVAGYSGGDIYHSLSRAR
PRWFPLCLLLLSVGVGIYLLPNR

Example 3, Immune response assays
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Not| translation start codon 40 Reverse primer
5' - GAATTCGGATCCTCAGCGGT TGGGCAG

W@ABEAEAT GCCCGACTCCGACG 3 BanH St op codon B&I/RP1003/012793
pol ynucl eoti des, encoding single antigens, were cloned

| NICH 7R BFE A BB/cSXRE SRepd Aitnu Sl with aﬁ;’e} Jire oi’%?d N_ﬁﬁ)tlﬁlsed +

and BamH unique cloning sites (see figure
mutgtgql Y‘F"Sl@n@ phthettorart HG¥ ratigens @dBl@SSﬁdﬂmilmduﬂu 1111(&/157 3 13 vector Mice

wer ”rll é{%%@tl a]r\%%tang ggdor&&ﬁﬁ:tlim g&fl on sy:d I—|(Cf\({lay21

Lc%ﬂgi&%&@ leen cells were harvested from individual mice
| PKARRPE GYPWPL YGNEGL GNAGW._L SPRGSRPSWGEPT
and Bptlmzétqmnfddﬁr@lwﬂsdmﬁ@mﬁ@b@tmm poParations. Both 1L2 and IFNy

resp e PRt et Xt GRrphee s HepspranppLSrardfprors punfcd

HCWB6te, NS SQERakd KS5B TénbGpoH b Mot Iom Mikrogen, Vaccinia-Core and
\ISTATCQSFLATCI NGVQNI_ VY HGAGSKTLAGPKGPI T N\/DQDLV
@m&\ﬁ% besdbdnbengel TRHA

C VRRRCDSRGSL L SPRPVSYLKGSVGGEPLLCPSGHYV

H {\?gogRAAVCT RGVAKAVD 10

FI WTWWWWWTWWNIS)
LVL

coro TN AR IGORF%8 B PRSP IoRERE T PGt e it

d ﬁ'ﬁ;}:&}jﬁ IQ G GTVLDQAETAGARLV
un%?A'IEJ/f\ PGSV$ EEVALSN

NGEI PFYGKAI PI EAI KGGRHLI FCHSKKKCDELAAKLS

HCWAWRG‘ DVS VI PT
ATDALMIGFTGDFDSVI DCNTCVTQTVDFSLDPTFTI ETTTVPQDAV

SRSf[ldﬁSwere immunised with p7313 WT and codon optimised NS3 using PMID. Good

I@“ﬁé‘i’g YRFVTPCGERPSGVFDSSVL CECYDAGCAWEL TPAETSVRL
resp(pggqs to! AEtioppndp kywere demonstrated in €57B1

-

R AT

IL2 andl IPDy H@Spohies Bverre detsdted. INansignificant differences between wild type and-

codon optimised (co + m) versions of the constructs were observed in this experiment (figure
9). However differences in in vitro expression following transient transfection were observed
between wild type and codon optimised constructs. Experiments to compare constructs at
lower DNA dose or in the primary response may reveal differences in the potency of the

plasmids.

HCV NS4B

Responses to full length WT p7313 NS4B were observed following PMID
immunisation of BALB/c mice. Both IL2 and IFNy ELISPOT responses were observed
following in vitro restimulation with either NS4B protein and Vaccinia 3-5 (figure 10).

The NS4B protein was truncated at the N-terminus to remove a highly variable
region, however expression of this protein could not be detected following in vitro tranfection
studies because the available anti-sera had been raised against the N-terminal region. In order

to confirm expression of this region it was fused with the NS5B protein. Recent experiments
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MF WAKHM WNFI S

G QYLAGLSTLPGNPAI ASLMAFTASI TSPLTTONTLLFNI LGGW V25
WOARAQUARREAASAFVGAG AGAAVGSI GLGKVLVDI LAGY GAGVAGAVAPHUAMB 2793

GE VPSTEDLVNLLPAI LSPGALV VGV

havey AR HEURE (P O FREE EePNBSS s Bencais NGB protein,
citheNSoBe br a5 ididnOMith NS5B, using the NS4B l_Protein and NS3-5 vaccinia. Good

MBVBYTW GALI TPCAAEESKL Pl NPLSNSL L RHHNMVYAT TSRSASL ROKKVT
respquses were observed to WT and codon optimised NS4B.

L QVL DDHYRDVL KEMKAKASTVKAKL L SI EEACKL TPPHSAKSKFGYGAKDVRN

LS SRAVNHI RS V WEDLLEDTETPI DTTI MAKSEVFC V
HCYORSBBGRKPARLI VFPDLGVRV C 35

E LYDVVSTLPQAVMESSY! Y SPKORVEEL VNTWKSKKCPMEESYGTRCF
G% immune resp%%se to NSS% %llowmg PMID was investigated following

immuhsater i RS YH0h é%SLWW SR
L g e e R A RS i E3Nsse
followirgHsmaTREDAAAhRABIngle boost were demonstrated in C57BL mice using both
N3 S T(EALPCOPOPEYDUELL ToCom A BRGHAMITHRTI

differ®h6dd ih MEARTR WM AMEERER] dbbeMEd D SEALPWAANIRRACYR vA&Rions of the
| EPLDLPQ | ERLHGLSAFSLHSYSPGEI NRVASCL RKL GVPPLRVWARHRARSY
constrygts in this experiment (figure 11).
SQGGRAATCGRYLFNWAVRTKLKLTPI PAASQLDL SGWFVAGYSGGDI YHSLSR
AR  PRWPLCLLLLSVGVA YLLPNR 45 Exanple 3, |mune
Examplepio AsgreassmyRHCY pdhp2éteias 046175 PCT/ EP2003/ 012793
C57BL_or BALB/c mice were i munised with either W' or

c oOBRESIeRICLHCY AntBEISd PTG 33, SRR ING NESE yigre fapyatted in
o] v et | ] 7 e
p731%li% c;[g geptessSshY dipté ﬂlsgﬂ;ﬂif‘f}?&& %fnwi‘{li &ét?gg ag v;(/éq:}reg(ﬁ%%%g in p different

/ were | muhi se
orderlin Gheydjfferent constyects asishvomstobuv.afhd cdastnl parnebanstling)the expression |

o B ) B b SR B
four EtigeGh ténl fo MbAGHWHHherRY 1871 bf BXprBYsRRAT Ali iScanBP itlproved =

I L2 and IFNy responses were neasured. The reagents

or redpcedi moge by Higipresenemefimac apigeorbasanohes ipthis imwda?mdition. In
: | b t e :
i i Do i AR P RSS2

fragnients i8 CoddI6@1 91 HCK5 aiad €05L01CH7Bl4. M ce i mmuni sed with WI
full length (FL-1-191) or truncated (TR 1-115) core
were restinmulated with HCV core protein and good

HCV §gponses were observed with purified core protein
(figure 8) HCV NS3

Core NS3 NS4B NS5B
HCV 510

NS3 NS4B NS5B Core
HCV 520

NS4B NS5B Core NS3
HCV 530
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15 Mce were immunised with p7313 WI and codon
optim sed NS3 using PMD. Good responses to NS3

wo odosowding | nruni sati on and a single boost werBCT/EP2003/012793
denonstrated in C57B1 mice using both NS3 protein and

NS5Racci ni a 3-5|twré ead out t he| N83ponse by ELIBREIB Both

1L 2 and !FNy responses—were—-detect ed— No._si g Lficant

= =y =y Tt Sot o

di fferences between wild type and codon optim sed (co
HCVsdD versions of the constructs were observed in this
experinent (figure 20 9). However differences in in

Core\(b66-181)efipfDssi|aST ol | owi ng trkB4Bent transf ecNESB were

ebserved—betyeen—wi-ldtype-and codon optimsed

constructs. Experinents to conpare constructs at
geviggper DNA dose or in the primary response may reveal
differences in the potency of the plasmds. 25 HCV

Core (B3] RO rdded NSB 1 ul | Iengtth_WBp?:%lS NS4B VessB

observed—fol-dwing PMD in tion of BALB/c nice

UoJIJCT vOoUO

Both IL2 and | FNy ELI SPOT responses were observed

£ oh Laving. i . . ! . . L

ot ek b TA 8 b e TR IRT e e,
Lipotgatemine 28t teasfetticriweagent @nwitrogen/Life Tectmotogieshifghdwing the

variable 30 regjo however, expr ion of this protein
s AR Sl Ay e B et Bl
polyastylsthie dePélactfophbResis dXdiell B @i NLp AEEY- P HEGRis gre—formed

rai sed against the N-termnal region. In order t

gels wigh e RBP e MEshready-maile buiders invitrogen®ife Tsehiholagi¢s). The

Rk e o A R ———

usingi rabhitantisesponised agsnst DES SiewRelt pevtaig ATSdecb iRy prbs S anti-
rotei.n, _.either alone or as a fusion wt

NS4B , . ) NS5B,
- Tabbi{ iy ukinaptissrgn sonjugied tedwrssradishnesexidaseflom), followed by
L g e : 1 msed
chonf SARREER A BORISRE RS LAHE AR aRiPA AL

‘ . e response ol | owi ng
- PNibe regudts ofi thessexipgessiod sfudly lacaihogrn ih FbGNT2S The essulté sHowbhat all the

pon R i AR e B3

antigotesxredSinp NS SRRT 1Rk Rt oA ni'ﬂl&“t‘ﬂéﬁ@'e‘i‘%nt BPHCVHRBis due to cleavage
(gér(_ot ein and vaccinia 3-5 to readout the response by
of HEY papdpm fhe Nytermingbgosgion. HQV 50X way ot detoctied itt this éxpruiment due

0w R RABAR ML By D SR SRR g P 5535 808
HCV £02avrpd dmdllar foxhe ethsrt otymbtehis pol yprotei ns The four

sel ected HCV antigens Core, NS3, NS4B and NS5B were
formatted in 15 p7313ie to express as a single fusion

Exangiii# fs,g?g%?m- of INGuRBHesPERS YBICY SonpSRnkd 1h a
C57BL mice were immunised by PMID with DNA (1pg) encoding each of the

polyproteins, followed by boosting 3 weeks later as described in example 4. Immune
responses were monitored 7 days post boost using ELISPOT or intracellular cytokine

production to the HCV antigens.

ELISPOT assays for T cell responses to HCV gene products
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order in the different constructs as shown bel ow. The

construct panel encoding the expression of single
weolgpsarei ns was desi gned so the ani no-ternm neCT/EP2003/012793

position was taken by each of the four antigens in

o r whether the |evel of expression was
Prepatr l&?jggﬁ%lg tlsfrproved or reduced nore by the presence

l@én&WBnngé)mlmddaﬁ’om motmieised anihtalsat 7i dpOpésdBbost. Spleengi were
oG Bt S8 L St SR
werd go Y SE BN irBmboRinEPéRodd théddnidnt @ad ABkkish@as ﬁ:ﬁézéj %\Jgéaé/e@%e

e NS3 NS4B NS5B 25 HCV 510 NS3 6
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st andar di sed. anount of DNA was transfected into HEK
293T cells using Lipofectan ne 2000 ;raps:‘ Iect! on .
2TE ) I nvitrogen/Life Technol ogies), follow ng the
EH{ and‘&rd(rranuf ac?urers protocol. Cells were harvested
24Phatesrveerpostted with S igili(anPBS)Et aDnya® IFNGB 68 af€mouse TL-2
el ectro p resis caryied.out usin NuPAGE 4-12%
(Phagpingn); Blafss o oysHglitet iif i G Beforgaise fhomintes woreswashed

thredtﬁﬁ@gfwﬂﬁﬁgsbg]%léﬁdc%e@ ¥ 4d d%E%‘g-k 1&5@%@6& é’egjo/%@u REBSmbinant

separated proteinS were blotte nto rane an
HCVprdigenswenepbéaiedddronmdfiktoger dnd uwdmg 1 pglotbi Reptidé Ivmrusm in assays

o GRS B MRhoBl CESL ol SRS AL 2R v

obtamedl frogeGatinted Sj'ﬁfh‘éﬁﬁ atitavoRRAOH 438 el ma@)zooulobiaﬁéél%gmalmng
chem -] um nescent detection using ECL reagents

mtlgewgh%%l %g’éieéﬁ@%’ﬁ‘)ed fam] Girarrs s buraidiffedt3iPE mcubator In some 7»1

vexpe{éﬁﬁﬁ@%al@ﬁf ?é&qﬁlﬂﬁeg V&cﬁu&)g%é%gg@\iﬁs%g of accinia Wild

ow that a yprote| ns ar
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Development of ELISPOT assay plates.

 Cells were removed from the plates by washing once with water (with 1 minute soak
to ensure lysis of cells) and three times with PBS. Biotin conjugated rat anti mouse IFN-y or
IL-2 (Phamingen) was added at 1pg/ml in PBS. Plates were incubated with shaking for 2
hours at room temperature. Plates were then washed three times with PBS before addition of
Streptavidin alkaline phosphatase (Caltag) at 1/1000 dilution. Following three washes in PBS
spots were revealed by incubation with BCICP substrate (Biorad) for 15-45 mins. Substrate
was washed off using water and plates were allowed to dry. Spots were enumerated using an

image analysis system.

Flow cytometry to detect IFNy and IL2 production from T cells in response to peptide

stimulation.
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antigen expressing NS5B. The slightly | ower nolecul ar
wei ght of HCV500 is due to cleavage of HCV core from
W0 b@4MHd1es mi nal position. HCV502 was not det ecPE€HEP2V03/012793
this experinent due to a cloning error. In a repeat
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o e T N ST e
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| mmune 25 responses were nonitored 7 days post boost
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. ] ~: B SS for, T cell . .respons

neub Ke384 899°% FLSEST AR5, bl SRR SR et

tube RET {HE=HAOMMiOA A7HOC cBhinRAT! furbbr 5 BORE O REeraReANFater bath
wer e 8bt ned fromimuni sed aninmals at 7 days post

then gefpaned tash) (e ad Wite intgRet disBedemperguraenemighiet ween
0 B USSP SRERIVES Bl ISP e P ma

mouste@PB diatas(Imemmotech)t Sathplay were Washed, and saprdsvitinstRptavidin-ECD.

| enocyt es e resuspend at _a concentration
a3 FRR0K7 564 i 1S O BRI ES il bomhe GBeprrPeBFRbRization
ReagaSRIS(IMARM i §6in i
B By L o o6 o R WPIB Washing, 1000l of
permepbilizatipngsagept fromphelngepieprkit wassaddel toi dabh $8nylg vith aniiAFN-y-PE
NLi 1R t.anti e lL-2
anfP B L SRR Pl 8B RRE s and washea.
Samyilef wer reaspéried i Q58S bl ambataBied bR EHRE16W TBTobith

PBS. Spl enocytes were added to the plates at "4x105
,cegﬁgtﬁl?\%ﬁefro.o %@&%Wﬁ&@lleﬁm%tﬁamgb%@dw@qmmGMand CDS

2

ey e Y

to sti®iusor CD8 responses. These pepti des were 15 obt ai ned
fram Ge d thesis. Total volynme in each well was
2B Ry A Al R pcheprotee HEarich Cath BegqNSaPagd NISB in
differdBf GrdbRGUDMIEE fikulkb iMRAS rds o&ebf;b{ﬂslﬁ‘% {# &3 460 510, 520, 530).

i ncubator. In sone experinents ce ected Wit

The regdis fe Fhovm i FdGi 1. RespgnsestoiNSp eBirbwerre sitaidari eiwedtidach of the

HOVURSBGE RSB SR AE0D 50, ST BrRutei. 134) o

IFNy(BI®VSB) BLosPOTe pl ates by washing once wi th water
(with 1 mnute soak to ensure lysis of cells) and

t hrhsephenotype of tha respmdimg enlisiwas enjlyspdtin chara tletai by IGBUA good
cD44 TheH ré¥ponse was elicited to an immunodominant NS3 CD4 specific peptide, which
was similar between HCV 500, 510, 520, 530.

Table 1 Frequency of NS3 specific CD4 and CD8 T cells producing IFNy following

immunisation with HCV polyproteins

Construct | nil NS3 protein  NS3 CD4 peptide NS3 CDS Peptide
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PBS before addition of 25 Streptavidin al kaline
ﬁ‘%ﬁp e | tag) at 1000 dil uti Fol | ow ng
Ns3 ,‘adg%esélgg PBS. sp%téé wer e revealqgh by i ncubation
,. HC\WEQO] @.0P s0BEtrate (B).88ad) for 15-4%4m ns.
tr washed o usi ng wat er pl ates were
HC\ggﬁg gdfo \36 7 Spot s \/\é?% enuner at ed 3’fﬁgdng an i nmge
HCOVER) YHi¢1syshem 30 Floypgytonetry tosdetect | FNy and
I L2 prljoduction, fromT cells in response to peptide
HCV53hul {d-95n. 031 WO 20040.846175 PCT/ EPARY3/ 012793
oxi it el x106 sp ocytes were quot ed per
HCt tjube, %8§spun to (%Jggl et. The sur?glnﬁlnat ant was
renoved and sanpl es vortexed to break up the pellet.
0.5g of anti- CD28 + 0.5g of anti-CD49d (Pharm ngen)
IFNyspeefia a"dréb! resposgs weradrsectedyallpetng of stimmwgtibmvbspdenocytoom

 presqr g BE AR el BliedRE O ke b et af B e e e
was @& byoatmRSn\IDNb# ODSQVeAR uh8 $iadningSAIR IERy YEFE t hen

i ncubated for an hour at 37C in a heated vvater bath. |
CudystrbnBEBRatsponsedo ks immedlominash NS 3 spedific p«mjldte tvess also

coneEHBIAAER lnBFSSE RO S s8R ge e o

betwea N5-BLHSLCBB+cElld t enperature over ni ght ' Sanpl es
were then-stained with anti-no Chronme harm n

e nimRgisation WithgHGY 208, 44 SBP atld ﬁ3Q almﬁmwfq@dn)detega@m@m and
CD8 B R NAAE S g R ENE E 1y ere weaker
to the palpprotesns'that follpweyg iRenurssstioh mﬁithemngllaaaggm kit
-, (I'mmunotech) for 15 minutes at room tenperature. After
“washing, 1001 of permeabilization reagent from-+the

| Tablg 2% f@%ﬁ%%g@s@%ﬁf@ew %@g&%ﬂ%ﬁ z)’),‘tr%élFN}/followmg

immunisatibawid FECY polpprdteinper at ure for 15 mi nutes, and
washed. 15 Sanples were resuspended in 0.5nl buffer,
and anal ysed on the Flow Cytoneter. A total of 500,000
Plasxﬁﬁi I's Wepg CONsSRifidtdif’ NRBB!EpaNd SubsResBDY p&littie
CD8| cells were gated to determ ne the populgtlons
of ceI s secreting |FNy Repfida 1L-2 in response to

l.l ]

NS5E sjng refIns3 NsaB 978 Ns5B in 20087 Fferent

Hcvog@ers BB abphgat o stinul gg i mmune respgpses to NS3
I e HCV 500 510, 520, 530). The results are shown in

HCVHIG 13 ORlaspOﬂses to NS30@8Potein were sb.bdl ar between

h of pol yprot gi.,ps (HCV 500, , 520 and
HCVE%@’), \m{’fﬂ?m}i ored by |§’2§(F|G 13A) a‘ﬁéé)
HCV 530 0.07 0.06 0.7 0.12
HCV 501 0.1 0.03 0.13 0.09

IFNy specific T cell responses were detected following of stimulation of splenocytes in
presence or absence of antigen for 6 hours, in presence of Brefeldin A for last 4hours. [FNg

was detected by gating on CD4 or CD8 T cells and staining with IFNy FITC.
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|FNy (FIG .13B) ELISPOT. The phenotype of the
responding cells was analysed in nore detail by ICS. A
w@owd/ 046135 CD4+ T cell response was elicited toPEIEP2003/012793
i mmunodom nant NS3 CD4 specific peptide, which was
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Frequency of NS3 specific CD4 and CD8 T cells
TableroFkeguoEy F NSER ABie@DS speaifiv T adll prvdwkih$ IFNy followin
. HCVpol yproteins 30 Construct nil NS3 protein NS3 CDf
immiggptionevileBCEDRbpERfeinge 32 WD 2004/ 046175
PCT/ EP2003/ 012793 NS3 single 0.05 0.29 0.24 4.4 HCV
500 0.09 0.27 0.38 5.54 HCv 510 0.1 0.17 0.29 3.95
Plashiiy bafl 0. NSABlgroteid8 NSHB CHP\pephide 0. NB4B.(0DS ?eﬁﬁde

489 HOLE501 0.1 0.05 008 016 1ENvspnecific cell

NS4BesphAd8s Weie det ect e@- 18l | owi ng of s20ful ation of
ep t g presence .or absence of tigen for 6
HC 0l9r S,B%?n-g'r({gse tce of %Blrefel din A fore'?ast 4hour s.
HCVSbg| 0\0ds ddvect ed by @ami ng on CD4 oro8®M8 T cells and
Staihi ng with IFNyFITC_ 5 A strong CD8 response to the
HCY30uh888ni 898t NS3 spefi%i ¢ peptide wa@33l so
HOWs0el aed gkl owi ng i ngyni sation wth kigy 500, 510,
520 ané 530, reaching frequencies of etween 2.5-6%
HCWH01d08.84celDl09. | muni s@tdiéon wi th HCV 5@@3 510, 520 and
530 al esulted in detecti of CD4 and CD8 )
TN egiBh el r o ptsen Vst et KB i o o dergR e
&ncl oF BERABS LEfOMRHGEs, i Drek b rPhG!
presfol Ioovvi ng imﬁ?s toi on vvlsfﬁ ﬁe g%%?%é%’?f%?&?g{s%p IFNg
was @etedtedchymting oafCINSOBCOBA culls GiB sewpeeg with ITNg8ITG
Th ro ucina IFI\%LJOIlowin | muni sation with .
© PROVLET Y57 5w RUOWISSCHIACHi | NS5B protein NS5B CD4
NS5B CD8 peptide peptide NS5B single-0.05 0.1 0.26'
1. 67 HCV 500 0.09 0.14 0.43 0.35 HCV 510 0.11 0.1

Proten 29 0. 11 Peptides

NS3 (C57BI)
CD4 PRFGKAIPIEAIKGG
CD8 YRLGAVQNEVILTHP

NS5 (C57BL/6).
CD4 SMSYTWTGALITPCA
CD8 AAALRAFTEAMTRYS

NS4B (Balb/c)
CD4 IQYLAGLSTLPGNPA
CD8 FWAKHMWNFISGIWY

Recognition of endogenously processed antigen
In order to determine if PMID immunisation with the HCV polyproteins induced a
response that could recognise endogenously processed antigen, targets cells infected with

Vaccinia recombinant virus expressing NS3-5 were used as stimulators in the ELISPOT

34



10

15

20

25

HCV 520 0.11 0.09 0.18 0.08 HCv 530 0.07 0.06 0.7

0.12 HCv 501 0.1 0.03 0.13 0.09 15 I FNyspecific T
wa@edot/ondsponses were detected foll ow ng of stiPail/aP20081012793

of splenocytes in presence or absence of antigen for

assafh Theuesilts sHow He$ 866ETLf anBTENG [BLISPAT fréshohss wefd\@itédted following
was detected by gating on CD4 or CD8 T cells and

lmmy}tuggtmnrmlﬂw\fﬁ% 5168201 and 538 §FXN P04/ 046175
PCT/ EP2003/ 012793 Tabl e 3 Frequency of NS4B CD4 or
CD8 specific T cell producing | FNyfollow ng
Immimisasivinseith HCWpoliprbieip @kdt@é@&ﬁbﬁ}ﬁwl HZTB&Eﬁzﬁft)ﬂi | NS4|3

rotein NS4B CD4 peptide NS4B tide
b, 5780 micewes tmekpsirsd 0Vt DDA Bogine MSsdons FEY 500, 510

8y o 8 g, ey G O
stimllllE‘Mi speitiofwith fﬁed@ﬂ CDh8é ppptitkemd b2 dordedayst €TIL hotiviowwigmeasured
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u s”ébls skares thal PP igmeaisatéercwith HE\b pelyproRaps ¢apdadudi$@netional
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b 8%%}5@#&%*?@%@%&@%%% AAALRAFTEAMTRYS
NS4B (Bal b/c) CD4 | QYLAGLSTLPGNPA CD8

FWAKI HMANFI SG WY 10 ]
Example 6, Delivery of HCV antigens via dual promoter construct.

Dual promoter constructs were generated using the following method. A fragment carrying
expression cassette 1 (including Iowa-length CMV promoter, Exon 1, gene encoding B
protein/fusion protein of interest, plus rabbit globin poly-A signal) was excised from: its host
vector, namely p7313ie, by unique restriction endonuclease sites Clal and XmnI. Xmnl-
generates a blunt end at the 3-prime end of the excised fragment.

The recipient plasmid vector was p7313ie containing expression cassette 2. This was
prepared by digest with unique restriction endonuclease Sse83871 followed by incubation
with T4 DNA polymerase to remove the created 3-prime overhangs, resulting in blunt ends
both 5-prime and 3-prime to the linear molecule. This was cut with unique restriction
endonuclease Clal, which removes a 259 bp fragment. |

Expression cassette 1 was cloned into p7313ie/Expression cassette 2 via Clal/blunt
compatible ends, generating p7313ie/Expression cassette 1 + Expression cassette 2, where
cassette 1 is upstream of cassette 2.

p7313ie Plasmids comprising the following were generated
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7 p7§5ﬁ§ﬁ(}g§ﬁ3§ﬁ”p” sing the followi ng were generated 35

Each pair of constructs carries two independent expression cassettes. It was not
expected that the order in which the cassettes were inserted into the vector would have an
effect upon the expression from either cassette. These results indicate, however, a significant
disadvantage to the expression of NS4B5B or NS34B5B fusion proteins when their
respective expression cassettes are positioned downstream of the Core, NS3Core, or

CoreNS3 cassette.
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WO 2004/ 046175 PCT/ EP2003/ 012793 Core NS3 NS4B NS5B

NS4B NS5B Core NS3 NS3 Core NS4B NS5B NS4B NSSB' NS3
WO Bwae46175 Cor e NS3 NS4B NS5B NS3 NS4B NS5B t  sPCDER2003/012793
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Invi ‘i\@g’@"?&e’”ﬁg’é%f‘gﬁ“@é@(@ FrGenSUC 7313i ef Cor eNS3
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Lo e ¢ . . :
shov et BB wertloBARVGIID Al el hal preth BlePocHs Rl arlobd Bt
immuenigation {Splenecytss stimaintal witlp 6514t andr@i8 NSVt epevifid pephides).
Core, NS3Core, or CoreNS3 cassette. 36 WD 2004/ 046175
PCT/ EP2003/ 012793 Expression level is not as positive

Exaiiplel D Deldion $hildich sd-gen constructs, however sone
reduction is to be expected due to the significant

i némuember pigesryencoding rp@BF of Gonn pregressiyelyrietetedtby a region
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€ Salte NnassS

Core component Nomenclature
15-191 Core Al5 .
1-191 Core 191
1-171 Core 171
1-151 Core 151
1-131 Core 131
1-111 Core 111

1-91 Core 91

1-71 Core 71

1-51 Core 51

FIG. 18 depicts a DNA agarose gel showing the range of genes encoding fragments of
Core. These constructs were tested for expression, combined with their effect upon the
expression level of NS4B5B fusion (p7313ie/NS4B5B), by co-transfection in 293T cells. The

results are shown in FIG. 19. The lanes being loaded as follows:
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6 generated and |fp3li SieANESHBSBCEd. ' Cor(éo@gmmnent
Nomenclature 15-191 Core Al5 1-191 Core 191 1-171
Core 171 1- 1=P7éé$léffi%4ﬁ531- 131 Core| €811l 111 Core

TIt 1= UJ_ wrt e 71 =51t | 51 I-IU. J.O
8 depi cts a DNA f]g}%lée gel” showi ng the range of genes

9 encoding fragrgT8s3ieNS4B3BCore. TheseCegyTrlt ructs were

tested for-expnression—combined withlitheir effect upaon

10 the expressi qP7PEHBNYB5RHS4B5R f usi plore 51
“—(‘p“BT?i_E‘/“NSZthB), by Tco-transfectTom T 293T tetts:

The results are shown in FIG 19. The | anes bei ng
The bxqaemsibnad Cfoméll%yﬁore?ﬂl SO0 04/ Cet6 13 b, MATUIEIBAQ3¢ O aFOdetected

el B SRR A5 58 T SRR edomofine cxresion
'0of NS4B5B. Further truncated forms of Core are not detected, possibly due to size capture
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The result demonstrates a significant reduction in expression level of NS4B5B in the
presence of Core191 and A15, which recovers with Corel71, and again with Corel151, despite
the strong expression of both éore species. This observation has been repeated twice with
NS4B5B, and once with NS3 and NS5B.

Example 8, Effect of Core and Core 151 upon expression of NS3, NS5B, an NS4B-NS5B
fusion and an NS3-NS4B-NS5B triple fusion

Experiment 1 Expression in Trans format

An experiment was performed to monitor the effect of expression of Core191 vs Corel51
upon the expression of the non-structural antigens, when Core is expressed in trans, or
encoded on a separate plasmid. The experimental protocol was the same as that described in
Example 7. Briefly, 0.5pg each of two DNA plasmid vectors, outlined in the table below,

were co-transfected into HEK 293T cells using Lipofectamine 2000 transfection reagent in a
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In all cases, the amount of non-structural protein or fusion (NS3, NS5B, NS4B-5B)
when produced in trans with Core 151 has been demonstrated to be significantly increased in

comparison with the level produced when expressed in trans with Core 191.

Experiment 2 — Expression in Cis format

An experiment was performed to monitor the effect of expression of Core191 vs
Corel51 upon the expression of the non-structural antigens, when Core is expressed in cis, or
encoded on the same plasmid in fusion with the non-structural elements. In each case,
Corel51 was substituted for Core191 in carboxy-terminal fusion with the non-structural

region specified.
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The results indicate that in a Cis format, where the antigens are in a polyprotein

fusion, the truncation of Core increases the expression of the fusion protein.

Comparison of effect of Corel91 and Core 151 on immune responses to NS3.

C57BL mice were immunised with 1.5ug x 2 shots total DNA by PMID. The groups
immunised included empty vector p7313ie alone, co-coating of gold beads with p7313ieNS3,
p7313ieNS5B and p7313ieCore 191 or p7313ieNS3, p7313ieNS5B and p7313ieCorel51.
Co-coating was used as this should deliver all plasmids to the same cell that should mimic the
in vitro co-transfection studies described above. Immune responses to the dominant CD8 and
CDA T cell epitopes from NS3 were determined 14 days post primary immunisation using

intracellular cytokine staining to measure IFNy and IL2 antigen -specific responses. The
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co-coating with truncated core fromwhich the C
(Haggrninal 40 am no aci ds have been renoved. 41 WO
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protéth @kt thefth @ ea666 bFect OF ek fiBssie of thY Q&ﬁ'ﬁot@ﬁﬁ%/ﬁ g exp resswn of
expression of the said at |east one other pro

the SP@ at dagsicang otlrer HCYoprojeinds wdneade vacci ne as clainmed | n
'~ claim 1, wherein pol ynucl eotide encodes a core - -

pr qt 0
R
core pfcftemtthaj fis tarcated fimm tHeeatbory e end inod fifficibiiMmount to reduce

Ieln nucl eoti de v ccine as clainmed in
the @Pﬁ ﬁﬁﬁ&fﬁoﬁg’ﬁﬂ‘é %8 CIRTGRILR Q%’ré?@% @Eieing.ne mat ur e
forn1of HCV core protein after the second naturally

3. OCAYolyrgle6li@WReRe 48 Elafified AU 2 v%éfein%éﬁ&l{yﬁ&bl dideBncodes
pol ynucl eoti de vaccine as clainmed in wher el n %

the maf“&rﬁém af H@Necom potsin afiersthe secdnd eatutaﬂiy@fscmng elesvageldering
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nonnglﬁ%{ al ms | n claim 2 wherein the truncated core_ .
protein consists of the Core 1-151 sequence. 6. A
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encoddidiy the polyasclediiicliibhidre thanioaé Bxprdsdion cassettes.

7. A polynucleotide vaccine as claimed in claim 6, wherein the expression cassette
encoding the Core protein is in a cis location downstream of the expression cassette which

encodes at least one of the other HCV proteins.

8. A polynucleotide vaccine as claimed in claim 7 wherein the expression cassette
encoding the Core protein is downstream of an expression cassette that encodes the NS5B

protein.
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vaccine as clained in claim1, wherein the at |east
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noo&@fﬁ@fﬁ?teﬁrf?r expression in manmmalian cells. 13. A
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of wvaccination. of. an.individual conprising taking a
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12. beAdmiymdleotid vaceink ag claliteddialady baassclbintsol {0 whdrbin the
‘ 15. Use of a_polynucl eotide vaccine as clainmed in any
polypjiedeotiflecars cadomoritignger fop exmessiondn magunalian eils.a
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13. A method of preventing or treating an HCV infection in a mammal comprising

administering a vaccine as claimed in any one of claims 1 to 12 to a mammal.

14. A method of vaccination of an individual comprising taking a polynucleotide vaccine
as claimed in any one of claims 1 to 12, coating the polynucleotide onto gold beads and

delivering the gold beads into the skin.

15.  Use of a polynucleotide vaccine as claimed in any one of claims 1 to 12 in the

manufacture of a medicament for the treatment of HCV.
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