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WD 2004/ 046176 PCT/ EP2003/ 012830 VACCI NE AGAI NST HCV
The present invention relates to nethods and
woanpoest7sons useful in the treatnment and prePemEPov3/012830
of Hepatitis C virus (HCV) infections and the synptons
and di seases associated 5 therewth. In particular the
present i nvent iyoecwel mdagsst gcDNA vacci nes conpri sing
pol ynucl eoti de sequences encodi ng HCV proteins, and
nmet hods of treatnent of individuals infected with HCV
C OmH présengingelitionirsiiteatio methotls bibcompasitivas usdfult inghe treatment and
resent_inventi.on. @ggx)( S |dent| |ed recent(zﬁ. as the . d
Prevqntia%l PhEepatiisdt Vs tigpisand;t %Wﬂgﬁnéﬁn [jeases associate
there@i(p a§1¥c %ﬁ@&nﬂﬁﬁeﬁmﬂ%&t@ tbm%&c‘i"nes comprising
y 1/0m peopl e are chronically 10 infected
polymnctebtl&mqumaeh emoding BOVeproteinspad methods of Treatniend of ndividuals

int e evalen |s 1.
infecfedrTHRILY SoBBrg b anLEk g e Gt tn.
di 3e9SHad ideiRd r&&nﬁ!@{s e dead@is ddisdtivan: Féﬂt @ﬁb&st&faﬁasfu@lbn and
HCV infections. Although HCV is initially a sub-
commgiiityi acaumadmm; . mbmatntlnaﬁpmmelys éi?@ré ipeaple eresthepnically

mfec%:g\ygﬂb%g% ) pg%v 1 gt?\t%?r\?/? ].[@) gg glﬁn%%ealh{%%&t ¥n the US, where

the pfdvRlcA&d 18,1.8%1E b@ﬁmesec( Y $2 KillioapBeivetd 406[)%,I¢farver dlsease is due
carci no 02@%600 . Infection_to cirrhosi Sé&}aﬁ a1
to HEY wid 800K yeanspiants aredipat CVolnfechapsh dthergh HCX; is Sstially a sub-
I
i GEERIRTRAL 14 0504 kS RO i P B proces
1c§]ﬂ)§‘1&évdbps 6 chrdtie a&n:vedtdpmﬁms:(w&(nal ﬁ‘m)ge, cnfrhcbﬂm&ﬁ%t) it hepato-
eed

S
el s RaFON B/ o oo BBl DS B g
hepat%n@éuhlar 28 HBhAGH 2 yaR (Laddd ®and WHIk B R0 B HRiphaRICEvirs

he current gold standard of ribovirin and PEGy| ated
Infecnnnelﬁ {Eagbh Mehi4ds éhiCohend. 201 nEhecipwifia shalenssf Hopatitis C.

Scmrl}cgggﬁg@{)%gbv\ever the ability of the current

‘achi eve sust ai ned response remai ns

Subhfeid Bbat(mR¥Eforlthe ﬁ%vdd&ﬁdﬁﬁﬁaﬁ off BIGY . fThereLgire barréntly no small

nmont hs, however, for _genotype Ib the response rate
molepeigaeplication inhibitprsevaileble. fbisicurent.goddst éﬁé ?‘H‘S

PEG?lQ%d?ﬁ]tﬁggfon% @seﬁ{ sifE msfgg}ffér ﬁ@aﬁﬂktl-ﬁjv E)f&!tﬂ)ﬂ fialvbvQite ability

eclally after first 6 nont
of thé teraénvespimerBeto achibvetustired rbgpossesieominstshizbptimel (overall 50%

respc;ﬁgg Iéa\{é g ua M e ﬁ%&?\ﬁgrff%ﬁﬁqmm 911%3 g W'sﬁqps%%&g% lower (27%).
This ?%Xt‘ﬁ{eﬁ{ 15'3% a‘é%ﬁté&ﬁ&ltﬁﬁﬁple&ﬁﬁﬂ' $d df¥ectsN THEs rébuBidin hikh &1 out rate,
or elther prophylaxis or therapy. The npbst advanced

espe@aléysﬁmﬁbmﬂlyomthsommem by Chiron and | nnogenetics

U808 ey T USRS SEATR Y SR PG: 18RO

nonn%[ Ridd)idehrldd ﬁll@ﬁingdﬁmﬂrmﬁﬁﬂ Wit DA, Ssveral SHON @euisses are
fromcore and non-structural antigens using.a variety
currently die Flinied yrial for aither prephylaxip gr thorary. The most advanced are 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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WD 2004/ 046176 PCT/ EP2003/ 012830 HCV is a positive
strand RNA virus of the flaviviradae famly, whose
wgenmwgei’e 9. 4kb in length, with one open readPQmEP2003/012830

frane. The HCV genone is translated as a single

pol yprotein, which_ is then processed by hgst and viral

p A ¥ dseposibveriiead KA mru%@rfrha flayviadacfamily cyhese genome is

| gpe .E1 [ : :

o.4xo IR et Sl o Wi Fos AR, TR Kol RHEHEhiHE o ingle
polypgsteiawhich i$ then pfdéeshéd by ihestlaatl eiralrotehsdsto arodexastplctralfproteins

the I b genotype, js. found as accession nun%er ) )
(core, qRyclapa 1 avd hgginda ) anf seneprsuripral grpigins yigvarious enzymatic
activigr?é‘? gﬁlg %eﬁ)nue of thgﬁfm(@\g PﬁhﬁsB%atea%cﬁHL‘ B éxam'\'}i;i% ggﬁl‘érlib@eﬁotype, is

cCRineric c one of hepatitis C

foundg@notassien nomheeAFAF 4247 i(Yasagi, M.y 5t /Claire ML Shapipp, M4 Enetyon,S.U.,

1-172.(1998), d i i ' 10.The.
purccF8 AL BHRRT et 5o B oA AR o g ins
genotﬁfé@% B iaRH&RtA YivP. Virbldgy oM @), IAL e (1992)),%11'@@10“ in

) J or non-structural proteins involved In vira
Figureépl i cati on i nclude NS2 (Zn dependent

al opr.ot ei nase NS3 (seri-n r L hel -
A R LBy RS BB S el LR SR bt vis o
targetRRl1Y. MEHeaf bt Mai-§tarael prerins Bnvivbdlio virahrpNcatiod @ftlude NS2 (Zn
Replication of _hepatitis Cvirus. J. Gen Virol 81,
depenglgntmpetalpprotpigase) izt (SPnHTOtoRE /Hislicass). yhr st Girpicessicorfacton),
s S8 BSSREH S A bS5k 47 2008 Replcion o
hepatftis|C vipad. y pGed ¥irol 8f, 1688). J4L6 isolate is 3010 ami no

acids in length re El E2 P7 NS2 NS NS4 5A
NIS8 strz#r&of%%#&%@m&% s rfﬂff@%ﬂ?%ﬁ%gf oS (i gines rofer
to thel1RRitRn Ve fild AhindRciddRadlstofdin; ARl plyproRIndf the J4LG isolate
enot ypes have been defined 20 based in the nucl eotide

is 30 deauinn @eidsfin lsogibgr ved and non- conserved regi ons.
L~ 7 H . ~

h

Core; oL L2 bR o SPfio) §5Bat i et \PEe JIVHS pr qoutg s

1-1912 | M xtfure of c]osel y1029lAd59d genonMEF12:1972 3;120,-3010

quasi-species. The /[ _geno shows a high degree
genetic variation, which has been classified into 6

jor .genotypes (l.a. | -

o SEB9L YRSR hiodfe f Pid EB prg SEARY R ot

based\a thdmkebtide védueAtesfl cofiserial and nohicoaseriainagioasn dowever there is
_Australia. Genotypes . 4 and 5 are pr.edaom pnant in
additigngl; heteragrmeife antll Yeisglaigd from p ginglerpafientis alyays presentedas 2
. j nts of HCV infection

mlxn{a{%‘gfgp%gﬁ%&%?%@cfg%? g‘é%ti ﬁ%{?{% that are diverse in

t ehedBCVideyome shavesd high degrbe of genetiCvariptions whieb hag beea classified

o i S P shTE PS5 G, 51 e mos
prevaftinY &1 Birop8, Nétei dndBRHEAReFBa, 207, Thina) fpaf 4hid QRBP4 Genotypes
4 and 5 are predominant in Africa and genotype 6 S.E Asia. ‘

There is a great need, therefore, for improved treatments of HCV infection and also to
provide treatments that are diverse in the ability to treat a number of HCV genotypes. In a
first aspect of the present invention there is provided novel vaccine formulations that are

diverse in their protection against various genotypes.
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2 WD 2004/ 046176 PCT/ EP2003/ 012830 HCV vacci nes
conpri sing pol ynucl eoti des encodi ng one or nore HCV
wonoeia4ee have been descri bed. Vacci nes conpri 8CmEP2003/012830
pl asm d DNA or Sem i ki Forest Virus vectors encoding
NS3 were described by Brinster et al. (2002, Journal .
of HG¥rvaceines gonaprispg, podwnucketidggeppodinggns, WP%H&X&PIO@HS have
accitn encadi NG . GhSGl ' :
been {EEERAENFEREEL BT Ep AL IA AR Vel encoding
NS3 GRE0dEstibdd®Y Bitinstdrlet B2 (J002] Jonsnal DSGAnaxaldViNgbgy, 83, 369-381).

o ot e oA By e AR e
gene{@g& kf%@f?% rcg%gﬁgh%&g%nc&ﬁﬁé Hes ﬁi,%@-%ﬂfﬂlkiﬂn&ﬂ%y& and NS5B

ion proteins, and DNA encodi ng
protedisCife desstibed inrWOedMis7358 oW DH0AHINES loguspolypeyislas and

NS5B, . t hat ful j i " bed |
polvmyeraideeoRp s s eLot HE VG BREE SR RS SELSFEole g N or
NS ségg&gd}};%ﬂoéﬁlsf 5ROPRAL élceﬁing REcHRERN I%E&Eiﬂb,rbon%ﬁgsing_NS& NS4,

0 8 describes an adenovirus vector, at is,
NS5 Auand NH58, tiot awssefabinavageived are desnibedineWebOE30§ e opigpally the

. proteins - NS4 A-. B- NSHA- Vi i N i$i .
Fusio groyEius Are B 0 SRBPTS FOERRS PhLE s ot QR ORGSRk Besoribes
an ad®n&@Rss vebiod GhatidbuiRbRlfor tsedls@ vaesias, iwidch éntod€d the HCV proteins

96/ 37606. 15 The present invention relates to the

NS3-NeM-DNSEB-B854-NvIBnucl eoti de vacci ne that encodes
t LRbLBk i Eﬁ‘ﬁﬁ’aﬁ}g) 2847 B6re protein and -
pgﬁﬁ%sgg § glqgggg'i%g%% o?m%l e pres rﬁ{)\& %ﬁventeipé%elgoan anon

struch@hl proritae dbseribicllih WOL@BBE06L n and/ or t he NS5A
protein. Preferabl i/ t.h ol . nuclfeot' de vaccines. o ¢ d
t hEbqPresah IveRQIhiel s 18 theyaviRign &f 2 Rely nURlEdKIc AT eI It encodes
the HEY gr&éiﬂg eorts NSBNNSAB 2Rk REYSBAN RIRhRIEde TARINRE Gﬁﬁhegnresent
e

I'nvention also provides the use of  a 20 pol ynucl eoti
inventzmodaneot encogiditheNS Hé FEC ¥ protgiareadion theg¥$ oA peoteinntreferably, the -

th nuf acture of a di canent I
e e L s S
protéHRJ dENRE StheSHEV protdies. TBE ficb@n ibfentibrealps po@ides the use of a
invention are preferably DNA sequences.: The

polypisisotide veesinaiasoding dfise gtigsas OVeHFBecAddn thsmpfacture of a

man [ ' : i Is . For exanpl e,
me@cggx%tﬁg@eﬁgﬁéﬁ,gg E)(ree%%l?%(gﬂ;’gg(f agg{ (?{r,}ﬁlagi? al proteins,

or Thé polfytisdlevtidp seduehcs uséhinsthe mpdcines bf thefpussentninyeution lare

could either be at the DNA or protein level, would be
prefegally dNA SeQREPERS- whi ch consists of a single pol ypeptide

O TIPS OO g R i e

configusitions. Fooexanplerthe protenswdy hg expressadhnimdiadusl proteins, or as
fusiozlreiggég}%g gczluﬂ %ﬁ%&? 2 '%ﬁ{olug%ef:i Se'r B4 atoc{'xe ﬁll\iA BPWote%Plevel,
would®¥ £adiipis AFOB- WS onsists of a single polypeptide or polynucleotide containing
or encoding the amino acid sequences of NS4B and NS5B (NS4B-NS5B), a triple fusion
containing or encoding the amino acid sequences of NS3-NS4B-NS5B, or a fusion of all four

antigens of the present invention (Core-NS3-NS4B-NS5B).

Preferred fusions of the present invention are polynucleotides that encode the double
fusion between NS4B and NS5B (NS4B-NS5B or NS5B-NS4B); and between Core and NS3
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Preferred fusions of the present invention are
pol ynucl eoti des that encode the double fusion between
wOISdB/0aside NS5B ( NS4B- NS5B or NS5B- NS4B) ; and beCwaEeno03/012830
Core and NS3 3 WD 2004/ 046176 PCT/ EP2003/ 012830
re or Core- é&ém;Preferred te f.usi ons a .

MS%Gpvm&%@NSéwrtfﬁeﬁ & BiS100R arep Al FIcleRtifes e fiecibe amino
amd?efu _N'ggﬁ pol ynucl eoti des of the present

r?ventl on encod| ng the single antigens or fusion

pr 'D}heepatgnmoltldesbﬁ the presertt inventiors emgdng the single @ntigang loe fusion

expressi on vectors. Preferably the 5.pol ypucleqtides
proteGioHIRs W B SEh GG M s PRI P BErcrebf The
pol oﬁﬁéé GiRodifg bh Ak g&ll ﬁl%'ﬁrgsent infthd Sinfe &@RdsSioh veiBr or plasmid.

pol ynucl eoti dés enco the HCV proteinS may be in a
In thisicoglest thg polysudlentides aecsw@im&the BCV proteing gy be iha siggleegpression

egg?p eSS|Laﬁplcassettes Isrlt orger to optimse the
casseleordn IEHpIS i SoTies SERIESIQRAISIHE o) ns, t he
POlnYdr&H t6 Opliiese tl@d‘@@(ﬂésﬁﬁntdfﬁld@{er@mv R6teing) the polynucleotide
referablf‘/vG present in an expression cassette that is

encoding desdSHVr Cenapsdicinrs Bs@&ré@gf PEITCREE 4B CRRICEHN Caststie dhat ds
dowrg?r%g?%ﬁ@lé%érg&edngcgss ag r@g@ gﬁ‘ﬁ %}% ep(*—@%%gn@@&lﬁg{:%ga% at least

one ¢f1ted ethabHE Vet Pnefbrdﬂy tlmdﬁCUs@are Iprmaaseplteﬁsraﬂlﬁprasmt in an

downst ream_ of . an expressjon cassette tha on al n the
eXpression catseis thetis doasirear: CXQESHON PASSCLY %\S‘%
polyﬁd}:@&qiggﬂp‘yeﬁ&geso}qsggnucl eoti de vacci nes of the present

I nventi on may conprise the full length am no acid

s efqhmpniypeptldad anepdrat by pllgwctc@tlslp eprcinge of ﬂm;prtsent invention

hor ter,t full rotein n th
may Goppresbe ALIshA et o0iF SHBRRRL PR g Piyrshes may be
shortEPttMﬂ Wi RAUHieh SOBMe) GethhOthen a&hﬁnde’hﬁsu@ﬁ@érﬁmwﬂuon of the full
product of the shortened t(%ene to., generate an_inmu

lengthea@pcmbomﬁ seruence éx enablacths ewrpwquomﬂt of th@ﬁbfnﬁened geneto -
genef’aﬁe/%rh ugeolre o)ﬁgc Whic h £ ?ss QQAchrWﬁljl @%tﬂlﬂ&?%ﬁ}%@gen}] Fo \Nf] aﬁnple a
polyin&:lébtﬂ@ ofﬂid:ﬁmadn hi@y ent‘:@ﬁeei ﬁnagmbmlbf g HG\églroth wiichtib e

ori gi nal -sequence have been del eted, the fin

truncated JRE X iretsmdp drhyoriong of g @ RRauenfs hays @?Mﬁ@tﬂ fhe final
fragrtnr%ﬂ l%é@xgﬂﬁhg PesS Hadl %%ﬁﬁﬂ@ Bri gﬁﬁﬂﬁlﬂﬁéﬂl PEmiRSRid 280ent8%4nd may

n 50% of t ori gi nal sequence.
be leéd then AB%4 ordésy tlané@% a@t,he angmel gequmceoAlt@maWﬂlxtSpealﬂng,

ro RTS8 ot GESEB Bl 3ol 95 GRSRLR kB o o

20, 50080,/ 86, 180! 159 dr’20b @AGhAadiss lﬁQélf%ﬂQ Ry dsitiered @ fallwiittih the scope
the’ scope 25 of the invention a as the encoded

of the nivgotien apleng pethe icneodgd FHER OF mlégepﬂévdanpnsgt@tﬁs &G antigenicity.
In pqrﬁv@ f)tlgﬁn%g g%c(l)tﬁsjé:\getl 'tﬁ)g fa%?e%% S&fﬁhg v¥nt1c§ érﬁoﬁ?ﬁs%gs h@kithdion when

the p@WHﬂéﬁﬂuﬁO&ﬂcd@s@w@t of 4 c@gptemﬂ{@f/ pRoteinrspleinee kid/may
protein sequence and may . represent one or nore

repregping 08 MO disyets eB’ftOEEH‘é’tf that BTOtsIR:

In preferred vaccines of the present invention at least one, and preferably all, of the

HCV polypeptides are inactivated by truncation or mutation. For example the helicase and
protease activity of NS3 is preferably reduced or abolished by mutation of the gene.
Preferably NS5B polymerase activity of the expressed polypeptide is reduced or abolished by
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In preferred vaccines of the present invention at

| east one, and preferably all, of the 30 HCV
woabypepi’s des are i nactivated by truncati on or PCT/EP2003/012830

nmut ati on. For exanple the helicase and protease

e, it 055 5B 2 B oIS B

mutatdr. Préf¥rably dofi@itP¥Phe Toeélpidfliy Bk iedrebstd pBEKE
Sbol i Shed By 4 WD 2004) 048 1T Py ERReES) BENERSI reduced or

abolished by drmcapioaras masatjonndhationtin vhis yense could cemprissaeatidition,
e BL YRSRI 5, ek USR8 A5 B SHLBHE T ptpepic

. Alteptivelysihel fipbley st audace May 66 eg@essed in @RP4 rﬁ&%@eﬁ’éfatle pacts.

tryuncation or nutation. Mitation in this sense cou

c o#&?if%ﬁaﬁalé&&lﬂi‘m’oﬁd engpnaii¢ fmctieuefthe HEV pelypeptides NS3 and
NSIERE BRYHIE nt to pol ynucl eotide encoding the

pol ypept i dem@géﬁternat ively the full Iength sequence

naNSSS lesibeers desdribed dsvim RINArdependeapRNA golpakiaSe Qliqril' &, 2001,

g5, 5032 A LB b
al., fgﬁ]??N’B@.? JOERA of %ﬁ;ﬁﬁg@@ §% }8%%@'8 ; Bélg?rgrﬁ)gg&dé? I2l§3§%§p Seminars in

_ polynerase Qn et ., Hepat ol ogy,
Liver 28seagy 20(101 6885 The NSSB palgpdtide Basivasaldesfribed aghaving four

titis:, Lohma et 10 al., 1997, Nov., Journal of
fun |$%II%O&§1,§A8§1§-3§§2%; De Francesco et al., 2000,

Se referablyithe NS$BpolipepadeSsequdtcd kncdddd 83 polyABCIBRRAR vaccines of the

poLypegtide has been descri bed as having four
presenfAiRtention Is myeted do reduge orzemese BNArderieadens RN AlpolykiS5ae activity.

i agt I I de .
PreBSbREPR RIS WA il YN b gt a sustaion
of theg'thpartic acidr(Bxyiw posiivh 2639¢0 GindindYWY; pOA MiBfiASiOn of As%artic acid (D)

tivity. . 15 Lyt he pol ypeptide is mutated t
2640 Gl 1 FretatoBh RGsn BrvBspiarboodod budha Yaseimen of

'polyhﬁlﬁeo‘fﬁlE%Bﬁt!aﬁls%_Bﬂpof(t@sei&g%EiaEid%ﬁ%% to Aycine (Q;
p

or a substitution of Aspartic aci 2644 to
A YrsiferablyGhe emvoded NaBycontaives aNBSBpiiad ineshotileC e egadple,

t vacci.ne . pol ynucl eati de conf.ajns both of_ these
Mt a2 iR s BN SRRy i e Nk Bk dee Faomiete
inacth@fibalbnNBSdBdi sruption in its notif C. For exanple, 20

Mutation of D2737, an invariant aspartic acid residue,
t oPaferably thepNP 2R gacoded by gheddNA! waceines ofthe preatritdvenfion comprise
: . ed _by.the DNA vacei nes .
@ moPATRaR G AN ol BRGOR ERERNEL Ol LRG0 BB fputations
in et & nciede Axphitieneid (D)A68P L6 GBycthe @i iakpdetidhdia{DPP644 Glycine.
fPr elf Er%g_g mutations in nmotif A include Aspartic aci
Preferghly bebignytations s mesarty Addisiqpal; farthericengenyusaputations may be

preséat %E&qoﬂgﬁelgﬁvqﬁ%&ﬁﬁ%% jpoth nutations are present.
Addi tional furt her consensus mutations may be
pr¥8&hes begy dssaribbd ag haviseg both protesseamd kelibase activity. The NS3
polypeptides encoded by the DNA vaccines of the present invention are preferably mutated to
disrupt both the protease and helicase activities of NS3. It is known that the prétease activity
0of NS3 is linked to the “catalytic triad” of H-1083, D-1107 and S-1165. Preferably the NS3
encoded by the vaccines of the present invention comprises a mutation in the Catalytic triad

residues, and most preferably the NS3 comprises single point mutation of Serine 1165 to
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NS3 has been descri bed as having both protease and

hel i case activity. The NS3 pol ypepti des encoded by
woOheosDMi7¢acci nes of the present invention ar ePCT/EP2003/012830

preferably nutated to disrupt both the protease and

SRR AL R 2 Sy b B AR R s

protelﬁ@eahu“tlcttﬁretdhd &hictioh offta H8Tonlintd Oprotdishse- A4SV 1ra1 Therapy 3, 1-
Preferably the NS3 encoded by the vaccines of the

Jpresent invention conprises a nutation in the
A ' | . preferably the NS3
The%l‘irrprl tsa}égﬁisl{chgll%fﬁgg %Hﬁéfeg?éég%t@ggé,%” ne 1165 to 5 WO
| PEO4E0A6T76 PCT] EPZ0PRiE5¢ 830 val e (De Francestp,
R —Pessi,—a and Sternkuhter € —1998—Fhe—hepat+t+s C

Catglytig triagds3 pr ot ei NasQaplisibd Hal ?ll@;m} .function of a
AH@83cont ai ni ng protgi nallsel An% pherapy 3, 1-

1B1307 The structuregred fRmEt| qghof Hﬁg’Gﬁ be

repréésent ed as: Protease ~ Helicase Catalytic triad:

Est abl i shed functional notifs: H21083 I Il 11l IV

D-1107 GKS DECH TAT 5 S-1165 QRrGRt GR Four critical

ML éirseritief] thoters fé thé

identified, |, II ﬁ&?cag&édtw\%xlf:ﬁg? &N%%P&Yﬁﬁgﬁﬁég 1 IL, Il and
IV. Pspferpbbathe N Brancoied hbaﬂae DA vadcindsof meqsesmnt inmergtivini comprise

dlsrugﬁ%) Hu?a 1ton${ose{t kljga% one ;H%%‘glgﬁ ; ﬁ\ﬁ%s? Brelf%ra@ystglﬁja@ 2 Sibshipption of

the Asbaﬁla abialelaexs mghta@mﬁe (Rhohﬁil@ L@hlﬁ'AJ H?éTFﬂaﬁce(sE’@PJ dnfiGallfnari P
De Francesco R and Gllinari P 200

ZOO%M%%tmﬁlaﬂnah/ﬁwOf SpRatigis Qﬂélﬁ%&lﬂﬁ-gssecmedlhgllcase J.Gen Virol. 81,

I
SRS B e g o
orprochc@dmwepitolmsw thin known or predicted T cell

fer abI .,the NS3 p epti de encoded
b% i a@s de W@Q@ﬁ‘?y glfé:?Nﬁ\Y@ﬁQI{l%ﬁpf the present

mesorr e e i

Glutagpige mta@omf Adiisionalhy eresaranerg toﬁthecmaseansummatlons s senforth in

e present. The biol ogical functions of

examwg‘g %¥EI n are conplex and do not correlate with

20 di scr ete poi nt mutations (MLauchlan J. 2000.

Properties of the hepatitis C virus core protein:

st Hischiplegicalfupetiang of BtV aerg @rféﬁle@%@mmlb&ambﬂ@n@mgglate with
; e. t hat
discrde ?"m}j’h{‘lﬁ%&‘)ﬁ BACE blchehy. 2000 PropEAES BB B ARY rke e
protene aspuctngal pmtbm dnat adogolates cellular processes. J of Viral Hepatitis 7, 2-4).

There is evidence that core directly interacts with the lymphotoxin B receptor, and can also
interfere with NFxB and PKR pathways and can influence cell survival and apoptosis. A
recombinant vaccinia construct expressing core was found to inhibit cellular responses to
vaccinia making it more virulent in vivo.

During an infection, the Core protein is cleaved at two sites from the vﬁal polyprotein
by host cell proteases. The first cleavage is at 191 which generates the N-terminal end of E1.
The residue at which the second cleavage takes place has not been precisely located and lies

between amino acids 174 and 191, thereby liberating a short Core peptide sequence of
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= medlostoreferably.dn grder igyminimise thengeative eidect of

interfere with NFKB and PKR pat hways and can infl uence
cell survival and apoptosis. A reconbinant vaccinia

woaQosHmeos expressing core was found to inhibi PCT/EP2003/012830

cellular responses to ~5 vaccinia nmaking it nore

virulent _in_vivo, During an infection,_ the Core .
apprpyigialiiy 17 sménoaridsinaenathgVet auchlan ) o 0pAL WifehHepatitis. 7, 2-14;
YasiR VA PYR! DrizdRhd 821 oGR. 17, D181 BRRCT2 60RL603)S!.

cl eavage 1s at 191 i ch generates the N-termnal end

of Th¢ Corelivdypepideiusedin thkivetrindseof slecmasknt invantivgeart edtles full

engB 5 DR T S RS gl L5 o of

hicHA RoaRBiAIA8 BRANRIAS abilvify MEROBHAROEIECore polypepti
BT/ EP2003/ 012830 agar og(ligilnatel l;/917 T o arepalypeptide may be

splitlietn@t least Myp dxaghieats, and o posferdbIyformingdgwdyrieptids consisting of

cogtf AP g e MEERRI . B Bty Ot

105-YOr £ill862d 8 Qe aiSRils 1-fogntion are either full
length or 1n a truncated form The Core polcypept|de

. r tivi . tein.
of oyt S 196ich i B AR oEn Ay B irblely B0 R o,
prefdrredgumiet of thapeesamshventioh eica®ory prateinithg i@emoldydrRpivntsted from
nsi sti ng_ of am no acids 66-191 f ol |l owed ontog

. Co 1ol
the cashory fekigd ead e Suffigiont Faauahta rsgw tgf)}nél?bamsff%sé pHGore upon

the el;\{/ ssidHlof GhérE€T ph¥tefnRl Plof ProRraB) (s C%'r%@r%tein is truncated from the

st-preferably, “in order to mni'mse t negative
carbeyf temninalfen@psueh e thet dequence difi theipooteinifiodiced fldvks the@dturally

B S B G

prefd@aia§ eRtproteielagisqil 1daBEthERisE1 PaRingi ids hgtefdrsb1 £ RERIRedsBthe Tast -

truncated from the carboxy termnal end in a

15 aminoracids empreampigrably lgcksthia dast 2haminersicisis; wete naeferably logks the last

126 m%ﬁil{o%ciﬂg 9;@%@%@’%& fdgg&h%flas%{? Sﬁurﬁ%&%’ ?@gir%%ﬁwéé@%ted ~

Fef erab elrn’1s truncate

polymaidatidys érevding oretidt ars aitabld folr ubdiin the gteeae énvehtibh&re those that

rotein produced | acks the nafurally 15 |iberated
encols § G copeptyBIngdhyante agidsdr g 116m t-hel-dMedpeeferably the
PO R B R (e R 1l T R ik B3, which
encollesasturichied (Gas¢ protdin hetiwreen amimbsacidsdr &5 lpr @heomabbrg coascksus
ttt.he I as{sfitﬁ].am no 1agi ds pdIDr e referably | acks the
mutahighs as S5RIorR IR gxamplg d Mavbepresent, of or abl y | acks t he

| aphe ghefe@it mmlbdiﬁpegﬁh@ efddkd B%ﬁfeﬁfdlﬁﬁllcleptides of the present
pol ynucl eoti des encodi ng Core that are suitable for

invenfipa doptairhan Nriersaine! tiupgelian togempe 2 reginn thifds hypeovasiablsdstween

. L j i ds 1-171.
T TN -
30— Hcamaiho geiofromt thaN-iesmisiu,tradte préferablySteteent40e 8P a@ERMcids, and

inventjon_is.that which encodes a truncated

mostjreferably adalehion piihg st Netepaingl 4Bcpmingyagids (in g cg)%ieit of the J4 L6
isola%%ﬁ%@?%on&@ﬂoai&lﬁﬁﬁti&?at%ﬁﬁné 258 1756) vA%AIRaS0s IFRe 5t 48

present .
amino acids of NS4B; equivalent truncations in other HCV isolates also form part of the

present invention). Additionally, the NS4B sequence may be divided into two or more

@Fs upenjthe production



10

15

20

25

30

The preferred NS4B pol ypepti de encoded by the

pol ynucl eoti des of the present 25 invention contain an
wORt@wvwasrTal truncation to renove a regi on that PCS/EP2003/012830

hypervari abl e between HCV isol ates and genot ypes.

o B AXPTaBEY Gbs B PP GE g i feletk ot AP bl indl
dlfferé}{t%}d'é’rgcgpaé t Rehues meAPiBlpemdieudsi ds, and  nost

a deletion of the first Nterm nal 48 am.no
afhd yorynnclbtbtaias ovitidxare pfesetdn he Vageinpsef the areseit guvention may

cor truncatio VA
compge Ao gpoafoq el Eh S Byl if s Me  lhtts Hofyg i€ reforred
that tl?e%ﬂc}é@{:lﬁé‘ SequbhdtGa bbduSoptithisddIter exdfedésiondh atadsmaiamaellar m

part of the present |nvent|ot) Addi tionally, the

NS4 BdjGoptorradomaeptitsesatipnsiitie araferres! Hakihs £o shge e

04/ 0461726 PCT/ G

e e e S
alterel Buéh thalf &fe&foﬂﬁhs d’cﬂ fétrappeartih ednckntuated Chusteiseand dre ony&p:ﬁecmtrary

nmol ecul e. The nucl eot i des. whi_ch resent in
eithervglotvelg vy ﬁpﬁéeé wghon g QH%YPBF?S%‘% 5P €& fghutea from

ti de sequence as found in the HCV vi rus,
thecq?i%h%@ﬁ}mé%ﬁgelé; preferred 5 that the nucleotide

s e[qme)NA code hasdbletiopt(AnTs€dnd 67) anst psesgheseito spell three letter

QRS L NN TSN L TR T T R

n%ebré&ﬁ) @f 1dnBehIDRBERAblctilé erimutarianche iiné4¥equence
Thel%%hﬁ’s%&ﬁé n 3 EISSB is altered such that rare

of antuulanids mahmpnot@p(p)aq;cod@d Botheragangs-ddecpdeisdighly dpgengrate, with
n t h " t l .
61 cog 11}51‘?’5{]’5@6&? %12&%8{5 )ﬁ/%@% ?IY(?% ko e\ﬁg 2 %Sr?{:lténg Stop Signals
Thuseﬁ‘lﬁétldlﬁﬁﬁ’o fdi@mare t0dddver bptore thah bne satbngan éact FeverdDhik coded for:
code has 4 letters (A T, Cand G and uses these to
by fogp@lmonemaﬁ@enfétqdevs ‘codons” whi ch represent the amino

- aGls Al ok I&?anpcfn%tcgﬂﬁ#s%ggi ol d3d8 For® 3 AfinG abidNe has been

The Tinear sequence o ons al ong the DNA nol ecul e
obseived thatths|cali@tinsage pa‘ttdms d)ﬁ mgansmse@ra dighly nerf-randpmeDHErent

e e B Pl B0 Dl UG Sl B gn

may Dedf @hwadﬁf%naﬁﬂ éﬂssngla Qpe%leﬁ Beien cedseAaEt i @xpiebsef 4t high and
sl gnal s nmost am no acids are coded for by m)r(ia
low Ibhiisl Thisebignid @lufferemtnn WH’G%CSEI@Q@%&}&C@F@ ap¢ magmakian c some

speclg% O:% §t¥o§{g§{ 151% o m’ J%@O@? 8 L1006 tﬂaﬂ%ﬁle?@ @or example

a glven am no aci
humd13 $nd 68Rr nakmedly Qfé lésb atroiiglg biasstivthan satpn bmt&:rﬁircrrsvnmﬁes For these

organi sms are hig non-random fferent 20 & al
reascRG IS 1t EEGRITBP YR 1o ARBRIGH SEBF EAACFBR) Bigeat ora vir
gene%%rtfegs%ﬁ %mnlﬂzhiah'céﬁst WAThRE af ?%a@??oprﬂﬁ:ydlgﬁbﬁfﬁfﬂ‘&%ﬁons for

eren a si'ngle species ween genes which are
efficRXPE:@sssidnaioweyh, agohe withw ¢celon Iusage'lmittgmtﬁuagblp for E.coli

exprgsléqfol;lgrrla%lgqtflﬁjnI lgeov E:l%lsi&y GX{.@CSaSQ(I i hu?r?a%ts &t 1s%e?ievedqﬁ%e br%gence ina

heterologous DNA sequence of clusters of codons which are rarely observed in the host in

which expression is to occur, is predictive of low heterologous expression levels in that host.
There are several examples where changing codons from those which are rare in the

host to those which are host-preferred ("codon optimisation") has enhanced heterologous
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speci es show a stronger bias away from a random codon

sel ection than others. For exanple, humans and ot her
woamel7ar e | ess strongly biased than certai npoaEPer3m12830

or viruses. For these 25 reasons, there is a

expr8§§g WIh) I‘%E{%ﬁ & Obierb H I&El*/ ‘t{;)i%%ngﬁ)ap gn'al‘lg%g} %gegg?caq k1 and L2 have

been GHABR bp a8 FbrSmivhinkli mcﬁl Afsd EAR",
ce distri gut |l o orf Ak or%s oftfhs %éf}%ﬁel%t@ a{euz%)?se}éasslbgen shown to give

mcrqqéwewresswnd@més Qler ﬂleamécbwn HPéég@lupmes &1 masmidliah (@os-1) cell

el SLaBy58L01 S50 R, AP B0 BOHRNE §05 Brvsopenvit

occulni&d moraaiagrtwh&g@lfﬁe by ﬁ%ﬁﬂﬂﬁnﬁ{nﬁhﬂ%ﬂ i @éflﬁgg&ﬂf)
which are rarely ogserggd in the host in g ' and

mostsedprsWith g usagertatio e£}-5 wese pmselvetively repﬂaCIe@by the preferentlally

s QLA N DT SHEb b MR o,

Inc. )\mbdmhopmmsamrﬁoﬂ HIIVL pénes bOSdendentsithasef Mkibeéh sHon to result in
host - preferred, ( don optimsation") has enhanced

- incregsadgrgie Bbme%lwgwnmﬁ%mmmmnzmpmm@n optimised -

o EEBA0) DY et NBIB i A o
tallompit hlrﬂlwdiobmmemta,rthakaqamaes daxrsist saiiyelypefiopeinisedandodsi(egeept

ee rea sed ex ressl on, |l evel s
wherg 375 SOH BiPlkeD Bsite; Hitam Rplge Sils e{apaccayse each

1@6ddn is Cthdewv-Rive &4d. ﬂith Sptitd
vira 4972 1481982) n %Ele%iamm every EL@Hdgé%‘%ﬁhmz&”ﬁieghm

ocBhg tewn "prson ushgapatiem ere&rs forthg average/fréquemies fohall codons in the
ool FRATRFhS bhfe &1os® BB FercE bnad Dot 5 iBRE Hlptehyd

mamirhéiap pafesy. €vdbabbage p'dﬁﬁ*ﬂs o iR h 418, 1ﬁﬂd@ﬁi htvPhans can be found in
W97/31115, \W)97/ 48370 .and W98/ 34640 (Merck &

- the liferatuse (sesoh Nakermraeial diclic Amdsé%q%dow%ea%h’&éﬁ)

t hgreg @éolgﬁ&éagﬁ@s §m reséhtifidlibn ' the %d(ﬂﬁrug%s ;%tt@ Ak pre?erably :

expres | rrprov I mrunogeni Ci
alteredcioetn that pypiical sSEHCV- toliforsetpselyaepsresane thd:&ﬁdoxﬂblaﬁ)blathe target

organf g ¢ Gl bof A FAHL-BP A AHRan. The "<adhn Bres ostiolent or
codof @@ﬁiitaﬂionﬁﬁaéﬂ Sh¥rpFM ODIWEL. 3GEL1G0 ARRE Ke%é&aptls(égh%i? 195, 1987 )

this would i ntroduce an undesired restriction
is a meapyre Af Bpwictaselyithecasdon u)sagmagxgzeaf@agmn pqumicleotld@sequmce

th t h
esenf A ok 881 A5 oW o 05 T, G398, Lol ™
(expreszed hethaverndgeof doeatanses p& 1000 caadnscb@mlebﬁdtclh@s oﬁ-g':enes) are
nucl eoti de gequence ne or cl ass aenes under

normghised datsagh of degwenty gafugel spneacids 2o fhabhelvabie fgreﬂmg)ost
frequgﬂgpﬁke& g@&ﬁl B?&ﬁc%{aﬂﬁné Qeid | P and. {hE lﬁ%gﬁ&%leg Lfnratgs gelss Common

foun Iterature (See amur a

codonﬂl,a:d: mabedﬁpmpksﬁ%blao d:lla bé@%n zerb: a&illll Tlhﬁs) each Bf tHe&1 codons is
t he codon

B LA 3 b RN e Lt i S e
referred td‘l@fh& 9re‘i!§éﬁcecvlaﬁﬁql\?\7) LERueSeRhichie: £a510 u@ég%%o@fﬁcﬁéﬁ? for a

tar
specific po ynucleotlde relative to the highly expressed genes of that species, the scaled

value for each codon of the specific polynucleotide are noted and the geometric mean of all

these values is taken (by dividing the sum of the natural logs of these values by the total
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20 organism e.g. E. coli or a mammal, especially a
human. The "codon usage coefficient” or codon

weadapioasi7en i ndex (Sharp PM Li WH Nucl ei ¢ AcPd$/EP2003/012830
Research. 15(3):1281-95, 1987 ) is a neasure of how
cl osely the codon usage ,?attern.of [

a en
bt haedones ke e guenen- hecastbied sEHAVEH vaup hrtisen zoro and
becies. .. T ' t
G L R L PR SR s ey e
codorkOQ prdyiaittotifie tdyaemelhns b eddal wage cdeffjeimma)f laplkopthe codons are

normal i sed for ea of the twenty, natural an no aci ds,
"mostsfequent” cpfensfar &prqﬁ%e%rﬁ?g?s Ot%/qn% %ﬁ%‘?’i P Bsed codon

f %egg&éa %Mioﬁ%&i&é F8fnubRofddARduéites WhRNUABSIEICY Core,
for & Tess co n codons are scal ed proportional |y
NS3, NS4B @ N§SBweminozeidscgnencts, witeren dhecdodon usags pettera of its

polynéé%p@éé%gggtgzﬁ ggs\ég#fq% I]’I}ngttoip%p! %ége(r:sls%g% dx%u %%1‘31:1 géﬂe\é Preferably the

f6tidELahithcRSs 4 DRAsRuBRRNDesivbl e C¥ilon dsagopatesim bbthe
pOIW@gﬂeg{ﬂlitQ a cosaon usaegle coeffici eyjnfﬂ?l for a 30 specific

polymuoleytideseguencgacsemblestthatof highlyhexpresged JuBahg@ssed genes
R PG 3 ph 8l e B g 950 e s shown
in Fi %ﬁg ?gir}l%é @otdgg @gtj%isg? b?l@hﬁgiﬁﬁeﬁlaq%sz émcfoti?jgéﬂicv sxgsl 3{1 gzm'pri-sing
the ShigaMhend B 31 GO RIA FONIORG SRR D0} D5 Go0SH Sptimised
pOlylgl(l(';‘:gi‘Bﬁlﬁ% IQJ u%ﬁ%%ﬁ?odqggHWﬁShﬁ,eccﬁﬂﬁsiﬂg%ﬁé N tEffinal 1-4118 ;rrl]lgcation of

e a value between zero_and
the pbllypeptidghie shovae ircBightei 4 Toa toddneoptiorisedpsdymvsicotide spguence

0l I i d e f d b f L.
encoffe SENESE, SemBiiud HE BT CArk 380 GRMRauld pltmign o shown
inFi@Ireg’ all of the codons are "nost frequent" codons:

or "highly expressed genes of the target specigs. 5
Thacqurdisghyt therads pravitedgrsonihgtie sens opmpEisEgd Rigrality of codons

tOgetE%%g ggg&%ﬁ%@@??ﬁ%er élgfhgs ’aemiggggiﬁl u aagésbg}tﬁtélgirnnthe

seleclibn bithe pRSIiMIB e6d@BtusetEfos enstaipeathe emambdcbd scghericedibs been changed

hi ghly éexpressed mammual i an genes, Preferably t .
to regsoibjeiheloptmalimaBepian edqnsisaE 1ugh i @ue@sc;}%gg%usage n
{feifP ' hufifiali th
the e P A R O el e b B oion gencs fhan
that GfRINGRIitid O vihe genatoPrefgpsblitteemdpo isage ohdemiigabsiegialycthe same as

encodi ng HCV core (1-19 IS .Sh i n._Fi ]
that 50 GG ER LR GBI 1061 PR e s LD SLssB
sequiids nER BUeh 3hilgsedtBecodba 833scaTke DddHORapotdtptitder the HCV
nmutation, 1s shown in Flgrure 3. The codon o§9t|ms

d .

protghus ara Gore(:4%, NS4 (ALY, NRGBA 45 TMGNFER B I3 ppbpHgleotide of

the N termnal 1-48 truncat.i ' '
the resigny P £ O ARG Yo OR uPlee cb0fioRE 2 AR SCaogl ) for
highBASBRRGA thin AN RAes GRpreiidf thiGDES, mrefepatily pregtet enDXH3B&

and D2644G polygepti de nmutation, is sho d.n Ei %lgrg
prefigablpgreatatitiag §7 beHessdhans] Desirablg giep W@@%W&l S0 have a
codonUEREd Sochkidht RhHG Qld&teﬁfpx%gse& 4@ NSoenes of greater than 0.5, preferably
greater than 0.6, most preferably greater than 0.7.

Tn addition to Codon optimisation the synthetic genes are also mutated so as to

exclude the appearance of clusters of rare codons. This can be achieved in one of two ways.

10
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--the agthan 1. Desirabl y the polynucl eotide will al st 'have a

t oget her encodi ng HCV Core, NS3, NS4B or NS5B am no
aci d sequences, wherein the selection of the possible
woaoweertsed for encoding the am no aci d sequeRCE/ERrRam®3/012830
been changed 20 to resenble the optimal manmalian
on .usag ch. that. the frgquency of .codon usage in

co S
The grereg A Y, 50 e 1are edonp fiaw the gencgiequence. One
methBd iR RRDAEE: WRITBL Laibrid Ga5e eh{/iﬂ?ﬁ Zbl%a&gdf A codons used for a

Hepatitis C virus genes. Prefera e codon usage

partigydartasrino asid swd preferablyl<419% dithe aodonasised foat phiculair gining acid in
. ..expressed hu nes. The "natural",HCV care, NS3,
highlSRbeR oot g prettiimy, cKBaBAvel it GdoR mag b defined as
dol$RER a rdlBv RyM&@0Rd6R atdde RSO vatue bif0, 2
°0 0pr ot eiarfs areggqclgr}gﬁ(o. 487) I%ggR 0. 482) ?b@g%?%gﬁer%%mzm

highljggprespd £509s ofAhplargeh grgaism. dn %S'CH Yrduepis deottserved number of
T SR N N T —

frequBhiifa NAf apexdptifte defiition of b edte Qodon Wédd BE @%iak‘erﬂ k&apeison skilled in
than 0.6, nost preferably greater than 0.7 but [ess

co I.Gl.exta f [ : [T
ORI ARY SN RSB KR R RO s
preveixt Elustensg ofiraed, aoadoptimgl, eadw@rs behngrpréseitt inlconemitthted @feak.OThe

Codon .opti m_sation the ntheti.c gepes are al so )
polyRG{eaPeeH Lisrefare B CBER o0 BB R e GIioBS, quslupshose with
an ROEUTRX0.44@H@hdre ﬂ_lléfe?a‘tﬁ%‘gf b@ﬁ&r’%'e@é’rﬁ? (s)lbld&e@ ﬁﬁot%l]mom"ﬁ’w

vvaéz 10° WO 2004/ 0461 PCT/ EP20037 012830 e
polyrucieptidesed way of achieving this is to exclude rare

;AP i B A AR oRFAALPuastd G g 2 BB ¥Becn shown

to belim@es6dloRtpate@ b Wik type, Saktdssad B WarteDble€ THe afkated codon
. preferably <10% of the codons used for a particul ar

optingsrd NS4 hes hegn eppigied apa Hisiyswith Ji53Bs angk the fesigmexpagsses well.

O ERYa8hod SR PR Gloenfi faf S0RBAs PYochS? 1flf lrdid iRitviduat
5 codons wth a relative synonynous dodon usage

exprefiRSCH the Vi polybeptilies, alternafivelfy ¢licaHCY plypepiides thaybe gxpressed
expressed. genes, of the target organism ' An RSCU

as ong of TG WSIORPTIFUSr ved nunber of codons divided by the
NYRREe@ YRR G e ﬁ\ééenﬁaaiaﬁﬁ)nfc%lph@@fenamlﬁgnsa&ﬂﬂr #hprotein
used equally frequently. An appropriate definition o

or polynneleetideddvnl, molutlsighe apparent to a person skilled in
the art. 10 Alternatively the HCV core, NS3, NS4B and
NS5B pol ynucl eotides are optimsed to prevent

HCVGbabimkibAg:lEvVrsape, non-opti mal, codons bei ng present

in concentrated areas. The polynucleotides,

C

Coret herefore, gMSbptini sed sud™N$4Bt i ndi vi dudiNSB e

codons; —suctr—as—thosewth—anRSEY-of —<6—4—(androre
preferably of <0.3) are evenly spaced throughout the

HCV Rompinacibe af HE®5510L5 Expression | evel s of codon
im NS2_and NS5B _have bheen_shown

——optim-sed mytated Core
NS3 NS4B NS5B Core

HCV combination 3: HCV 520

NS4B NS5B Core NS3

11
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15

to be increased conpared to wild type, as assessed by
Western blot. The truncated codon optim sed NS4B has

woeen/ggpsessed as a fusion with NS5B, and thePCuaiPeon3/012830
expresses well. The vaccines of the present

ntion. - nprise a vector that directs
HC\} et?/‘ 4%&}5@39& on of the HCV pol ypeptl des,

NSsBI T ernativer Yy &jpg HCV polype] nges Tey  be—ex ’NJS?lBe”I
20 as one or |nore fusion proteins. Preferred|vaccCl nes

of the present invention conprise tetra-fusions either
t the profej pol ynucl eoti de | evel, including:
HC‘?K%“‘EB?P@N@%‘SW%HCV 500 Core NS3 NS4B NS5B 25 HCV

i 5T0 NS3~1 —Core —H
Core(BEIDTRILED 2. 520 NoAB NEBCCore N3 1L GeP

2004/ 046176 PCT/ EP2003/ 012830 HCV conbi nati on 4: HCV
30 .NS5B J 3 NS4B HCV conmbi nati on 5: HCV 501
HC dﬂf%bl’e%@nﬁa?fé\?f 5) NS3 NS4B I\ISSB 5 HCV_combi nat i on

Core®10 revg3ros- I91)-(1F NS3 |\b48‘7§§§§
regorr‘or na?%i nda? 3 NS4B NS5B re 151 O her pre erred

fusi ons are anal agousto HCV conbinations 1, 2 and 3
ut _wh rerf the core 10 protein is a truncated core

HC ﬁF@#§?3mnt pically core 1-151. COther preferred
vaccines nf he present invention are given bel ow and

NS3 conpri se pol yNﬁ&ﬁeotr de doub]¥S&Bd triple fusComslsl
“being present in different expression cassetftes wthin

the sane plasmd, each cassette being under the

i nd ent contr of a pronoter unit (e. EE) ,
Othey Pﬁ%&leﬁdfeﬁowaar 300 SR Vemambipptisme cachh by wiersin the core
protefll is\48rinlSe @ ¥Be @tbﬁ‘ln’t fcallh orfequf P'Gingl Prfeh g’ﬁ&n"i‘% of the

two separate 15 prot lns as ln i cate
preseghimyentwsinl are pi@on belolyi angtconpri8e polynucleotlde double and triple fusions

- being present in different expression cassettes within the same plasmid, each cassette being

under the independent control of a promoter unit (e.g. HCMV IE), (indicated by arrow).

Such dual promoter constructs drive the expression of the four protein antigen as two separate

proteins (as indicated below) in the same cell.

HCV combination 8

Core | NS3 | NS5B

]

(CoreNS3)+(NS4B5B)

HCV combination 9 I NSAB | NS5B

(NS4B5B)+(CoreNS3)

HCV combination 10

NS5B

(NS3Core)+(NS4B5B)

HCV combination 11

NS4B | NS5B | NS3 [Core

(NS4B5B)+(NS3Core)

12




Core NS3 NS4B NS5B r (CoreNS3) +(NS4B5B) HCV

conbination 9 , , NS4B NS5B 4 : 111 Core NS3
wONRBHBER)76 ( Cor eNS3) HCV conbi nati on 10 NS3 Cor eCh®2B303/012830

NS5B (NS3Core) +( NS4B5B) HCV conbi nation 11 L NS4B

NSSB .~ NS3—Core—{NS4B5B)+H{NS3€Corey 12 Wo——————

HCV sombinglien ¥ PCEEEBD tibad 01283884 HCV NBibi ndlNs4m [ 12 Qiss l
= NS3 NS4B NS5B'y i© (Core) +(NS NS4B5B) HCV combi nati on

(CoreXaNS3NS4B56B2 | NS3 NS4B NS5B ( NS3NS4B5B) +( Core)  HCV

conbi nation 14 NS48 NSSB NSS Cor el 51 HCV conbi nat i on
HCV tombinatiéiNi 3B athe
are HCV conbi

(NS3RE@§9B)”+?éofé5€ 7 and 11. 5 1n an alternative aspect of
the present nventlon t he polynucleotlde vacci nes

un H cConmtar T a ol \Ll'ﬂ,l eO[I ge—encodin
HCVtCﬁ]él'bB’lg 10n gél} 3
polynucloeotl

Corel51 |

HCVicombiitatiom 15 nc
NSSB  ( NS3) +(

Corel5s]l

Preferred constructs are HCV combinations 7, 9, 11 or 12. Particularly preferred are 7 and
11.

In an alternative aspect of the present invention the polynucleotide vaccines
optionally do not contain a polynucleotide encoding the core protein. For example, preferred

polynucloeotides of this aspect of the present invention include:

HCV combination 16
(NS3)+(NS4B5B)

NS3 |

NS | NSSB__ |

HCV combination 17
(NS4B5B)+(NS3)

ANS4B | NS5B NS3 i

HCYV combination 18
(NS5B)+NS3NS4B)

NS5B | INs4aB |

HCV combination 19
(NS3NS4B)+(NS5B)

NS3 [NS4B | NS5B |

For HCV combinations 8-19 above, it is intended that the terminology used, eg. (CoreNS3) +
(NS4B5B), is read to disclose a polynucleotide vector comprising two expression cassettes
each independently controlled by a individual promoter, and in the case of this example, one
expression cassette encoding a CoreNS3 double fusion protein and the other encoding a
NS4B-NS5B double fusion protein. Each HCV combination 8-19 should be interpreted

accordingly.
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HCV conbination 17 4 N SB ~- ~, ~ NS3 \{

(NS4B5B) +(NS3) HCV conbi nation 18 NS3 4B

WONRBERBN(7TBIS3NSAB) HCV combi nation 19 ~'. NS3 NBABEP2003/012830
NS5B (NSBNS48) +(NS5B) For HCV conbi nations 8- 19
above |s i ntended t

Bor shes Bt Y rvineiss B qisclone e FifG SE IS or e HOV
protellﬁ ﬁ%ﬂ)t@ﬁ} fugig g%ﬁ&%ﬂdé TG A0 lp@éiﬂf:ﬁb}sdlétﬂosed herein that

es eac epen dent | Yy contro
all oflt}mhbowel MV pmmhnna’mns lando are alseadiscdesed @*I‘lﬂthfiFh obthgppelarred

o1 o5 FLBTOGY 1 ARRVE S LRY SCME SR AT PREGIEE ek Beample the

prefel‘}ﬁd‘p%r%nié'@f'tﬂé"c&ﬁlﬁh@ddhs IE@@nfd@/ot@lemﬂicmd% {i® contrary)
shou be interpreted accordin 1513 WO
compﬁ@@memeteaﬁquu@ms)ﬁst@ewl (%Hé)uaéwke spence into two or more

fragn%?xtrgtt%:h gaﬁtg&%iqlég%ﬁ% a5 Po%% fE& ﬁ/e(:;cgé b%lﬁé ?)Hs@ﬁ'ttlﬁtlﬂs Rcated

fonnsop-ll 3UEla85 beles71); NS351 68751659 Qmﬁtaftlbnaiol 1;1aaﬂ1vatel hetiezbe (Aspartic
herein that all of the apove onbi nat i § ]% %8

acid kﬁrlé taGlutanpingeo) and paotgaseHsamer 169 1 Y?gmﬁ} @"é@t}'g{g 5B 2420-3010

(mut 18 &égﬁ%rtlg Ll 286 & {__ig)r@ﬁle q%gﬁ’ﬁﬁ@ a ﬂ@é@@ b G‘l}‘c‘ln@i\/ldtﬁ%) to

ot elns. exa preferred

mactNa%Ip@[yrﬁeé"@s‘e ﬁcﬁﬁltjﬁ)ﬁﬂﬂﬂ N8s4B oh?si 211979 (Qplmlnel%}s trondased fodlg60-1972
indicated to the cqontrary conpri se the nucl eoti de

rmnog@ﬁh@ﬂ@@@1FSPYGBP@’?§3¥§@% al | but divide sequence

a'(;'{‘lfé \;& PinvERIR prbviasi e hvd DNA yakliteshing b@%@pﬁdes as

or preferably Core being present in it
descﬁlfedrabame d\lsd wpownsled by Bie present ingentin are g._qalgguemggthe descnbed

t at.i ons t o. ln te hel As
polyeRdesrRAPITR VeI BPot ease (- serine 1165 to
Vathd@im aﬁia'l bYiefd¥Stta Gﬁélgrﬂucfiéblﬁle Whidinercadésthe sdme amino acid

Aspartic aci 2639 to yci ne and As rtlc: ac d 26
sequemce@s gathes pokmrieotige eighe pregent W&PEOIS ity ghé‘e

redurdiaty %t%\ ger?e@% CW% %Z ﬁﬁr&&ﬁ %ﬁélgﬁtﬁ géén)ée %ﬂ@ﬁﬁhﬁfﬁlﬁlﬁg the

renove erm na

samef doﬁ@ﬁfﬁﬂig)s paftdia, for esanple havieg thecsamp rcodcnrdwgc h@efﬁgt@eﬂ or a codon
DNA vacci nes and paly

usagmparéiipeYigaR Oty RGP GULNE DORPSAE O s A0eE RaRBaTgice
of T ﬁQﬁCqﬁEﬁfIﬁ\R%tlde 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 2c),
HCV 3 (33, 3b, 10a), HCV 4 (4a), HCV 5 (5a) 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
protein may be derived from the polynucleotide sequence of the same HCV genotype or
subtype, or alternatively any combination of HCV genotype or subtype, and HCV protein
may be used. Preferably, the genes are derived from a type 1b genotype such as the infectious
clone J4L6 (Accession No AF0542478 — see figure 1). |

Specific strains that have been sequenced include HCV-J (Kato et al., 1990, PNAS,
USA, 87:9724-9528) and BK (Takamizawa et al., 1991, J.Virol. 65:1105-11 13).
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15 pol ypepti des and DNA vacci nes conprising them The
term "anal ogue" refers to a pol ynucl eotide which

wenemkhael7t he same am no acid sequence as anot RET/EP2003/012830
pol ynucl eoti de of the present invention but which,

t hrou th redundancy of the genetic code, has a .
di iﬁ%ﬁ@ uﬁi‘ipadswca 1%%&1}81% Eé’eﬂﬁ?l} Rgvepti; ht & the Repdpstion by
expréRITR FTALOHEANFoRALS fhith &k ?esﬁ&?ffﬁggaé%%;%crégn Kzg;go in vivo or ex

sane. codon usage coefficient or a c usa
vivo.ciefifucleptides miyt thieref@re be ipvodveelrin éopmbiinant pro@eif) Syrmihesis) &r

exaniBle Rl R o Bk Bt R a5 LR e gh B et

utilise@ MO DNREacchlafish ehMiquéss Wikk&he pofyYubiotids @9 tlﬁsjﬁeé%ﬁt invention
classified into the followi ng six 'major genotypes

are uggshinrthe pregueting rtherencedediprojgyessin viaeorlex(ien, cklts, or ekaduple in

cell %ez whifBe ga%?gg%d 18 Setngd fi pglgél’?c?%o&fa%;%%g g%qresg'gc\{ Shgh cells
includb ahnsiéifh, Sripreferudy stdble ERmmallah@kll 1ind) Warti a3 -ckdriplek BF cells

.1he context of the present invention each HCV protein
whichamane edificd by mserion ol veeriseaerding foi e pobmpietains aegording to the
. G LY b PEoL"]s ter i n
iR AR SNRS ey BB Ay
cell Ipreselectad will pe loae whédh. is Roedrdy afablyg, bith&ogtiows farfature

deri.ved fr a.type | b, genotype such _as the infectious _.
glycw%ﬂ_gn &ﬂ%eq{n%@eé Erisrsiad oleoshprogn Exgeessiog may bpjachigged in
BREe r SERME
ey 511‘01() 1o ngéﬁt ﬁifglgg, Pﬁﬁg&s USA, Bg’g’?yéi? %!)gg%%f)the present
mvergion, BicellTakatrinsgeric apn-diuman 29iddal, preferably a mouse. A transgenic non-
5:1105-1113). 14, WD 2004/ 046176 PCT/.EP 3/012830, .
numdaop sl sthe » PALOBER R Ao Purlkatde R i included
withidtthd écope bfthe evepti@gluct i on by expression of the encoded

proteins, which expression may take place in vitro, in
vi T psgseplinventing ingipdes Axpreseion Heaiorgiliat cormpdsathe nheleotide

sequéenggﬁ%ﬁ“[ﬁg invEnti e QOB 559?& s%gl%gﬂro& ard P&éu.gﬁﬁfa/;dop%tﬁ{dztedls' the art.of

e to I ncrease yie I nde
moletilarEiplegy and agy doisexiampldiavolve e ust ghplasthidIDNIAI @@dhppiopriate
. . vacci nati.on teé&f”ﬂ”eﬁ' Wher e t he_ pol ynucl eot i des .
IItaRFs, PRAMQIPTSs eitaneers ahtt 9B elenents sieh a5or reimpnle Bolypdesylation
signaff whilE nf2) He $eebsRIrl idnPhik aﬁé'ﬂoéiﬁoﬁé'dbiﬁ)fhé’ Eotfhet gx%ﬂtiion, in order
for example in cell culture, Wl e nodified to
to allpwdbupreteirthexpuessipnuOthso stithblet ectves wryld dssippareiBuo ipexsend skilled in

L nel ude ansient. .or preferably stable manmali el
the a5y M5 oF PR Pttt Blo e Vit B SRR gy pfeutr
Clonifigda [ateslatby Masedt1"0 BditlonVESHAB o9 Bidid (19%9)2
pol yproteins_according to the 10 invention include
nﬂ’ﬁﬁ%}‘ﬁbb}h amekpyelrotidg b thegvantiong gr for gsednghe Evertion in a vector, is

3 ' Ll l-be-one which
opsBPAERI oot 05y SELGRHEA B pion o
codinglsyqueayé by therhoandlicid. theswuctadearcapiasidhadetdof. Phe term “operably

) ol yprotejn. Expression may be achieved in . .
linked? TeHeds 9y b0iiaB6% %gf.ﬁer&mptsp §prepencHs deagritsd agsdpracslagignship

perm il RhB8mRE fRkich SRk SniBhdddRarieE S& M gulatory sequence, such as a

promoter, “operably linked” to a coding sequence is positioned in such a way that expression

of the coding sequence is achieved under conditions compatible with the regulatory sequence.
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invention, in cells of a transgenic non-human ani mal ,
preferably a nouse. A transgenic non 15 human ani nal

woexp4agei’ng a pol ypeptide from a pol ynucl eot i deCofEPRdva/ 012830
invention is included wthin the scope of the

invention. The present invention includes.e [ .

B e e
the sdqiMRBIk 8Bne cTURfRrdR¥ IThe SRpiREkiMEEds St cdfPrisedonie] lements, such as

constructed in the art.of nolecular biology and nay

a prothoter whinhyis ep¢rablylipled tocthe senctf iptegsshi d DNA and

appropriate 20 injtj at g f

R e O
YACS ivﬁ_ﬁ@_bﬁpmgie &BctoR)proedewih saitigin efirdpldatioh, aptienally a promoter for

positioned in the correct ori ?ntatl? in order 't

n,
the expir¢ssigniod thapadymicipolids prdeptional Of e 3§‘Rﬁ afdhe mromatiro &Qe vectors
. r .
RO D SRS ol Ly i i
resist@nRigenein tht cade.of tblaeterihlglasBlid or agesistaricalgeneafon ayfungal vector.
Manual . 2nd. Edition

) . CSH |.ahoratory. Pr 1 .25
Vectqus g baassH inie) %%?aff&%?-#}a %?m?%%l°?rﬁ§®§%%ﬁ%§‘g’%°%‘bs?d o
transft’ééteori tFanb 8 2 MeeNelIOfbr ieRaBplé £ hdfumaliin heRERR!gY fdrithk@@duction

0 a control sequence which is capable of providing.
of prdtein enbexledsbyrtbe véater. dhetvisetorsonal tlgo beadaptrsddoby usefiniggy for

cell, i.e. .t vector J.s an ion vector. The
exmn?@rlﬁwa"‘&?ﬁ?da%ﬁt@NAl YasRoghon %rfoéerg;ég‘% gl%i}p?Uxt aposi tion
WhgbRbters SR ARGRAPRESEN Epakikioh eignals endyrbeaeleeicd o basdtiymtible
o permtting themto function in their intended manner.
with herhegdetifor yhish qareon @@;ﬁ%@- &0z waﬂﬁdflém{nilén PIOEOWS
. 0 I :l | tal h
inctogf gL LIS Prorh Gk ARH Al R HUERE R pies LMD thctals suc
dfmivae hing e -deieproordi Minhsronan@atidil 2 the SW40 keege T antigen
% car ez]ul atory sequence. 15 WO 2004/ 046176 .
prompter,/iErEec 3t By MY iR ealyd Bk rromgteg fous sarcoma virus
I .
TR BRHEE, YRl bnRBRH £PY B A Dy IO LEN A Rcom
regulenspeipion CRAhsesscontsed] Adl thaseniramoteucdre aell described and
Pprompter which is operably |inked to the gene of
readi Wﬁ"éﬂ:@%lf.lnq‘lﬁé“vectors may be, for exanple, plasmids,
arﬁia&ﬁ Lt sHENEVRANRE ot LinBlud Shérped MaplexVirtfdotory, vabéinia or
or phage vectors provided with a origin of
alphar-];u'pfh\matdr?md mﬁ:;;?m?, In;cllgilpg fﬁbwézseﬁmdem%ﬁl:?“@g\d@é?% n
ofied Do, Dol wnucl eotl de, and Opki PRRLL YinRed SIBIRY Bbse skilled in
assoqIffg Téﬁle §é¢ qélesﬁé&g cont al'n one or ot e
the af€ RREbABA Sy ORI RE cQBNFIS mayWe ¥R THtab @ integrpte ¢hd pdlynunteotide of
_kananycin_ resistance gene in the case of a bac erl al
the inyleation tethehopiasnemeriBopghaich pcopbination is Yiprefprred.
Vegt or. ' Itr ] e t
ReplSFBYER AT AR vyt vy B Fer A BB Finiind (ifctore allow
transiehb@gressionavbesis capiblle of drivieg exppéssiondn meevtadiella(fohesinple

cell e.g. for the productjion . of protei.n encoded. b
bacufOrisus BasTR), ToTERRLAAS P TR eseaBe SRRIBY R 1B 4° Hiagdiee
quan%i?es\é fvtﬂee IBISQ{ ré)?eglgmoﬁed By the'PRlHReleafiddNt hesiedeninveition, for

g Y.
example for use as subunit vaccines or in immunoassays.
In a further aspect, the present invention provides a pharmaceutical composition

comprising a polynucleotide sequence as described herein. Preferably the composition
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Pronoters and ot her expression regul ati on signals nmay

be selected to be conpatible wth the host cell for
wohiehv4epr essi on i s desi gned. For exanpl e, naRORIEP20V3/012830

pronoters 15 include the netall othionein pronoter,

comprizgs & AR TASIORHEPLIRE (o la 0R BBFETILRS DAL TP OB g Proforrd
emboc@{/ﬂ}%gtﬁe ‘i‘lg% %Jg&o?gg)g (clé):%/) Fs&@ﬂf&li@;ﬁ@f pd@tliélgsp F%ferably@[d particles,

di at'e early (IE) pronoter,
coated @il DA comprising ayectbiéucpdimgutroiynuglterids saquengsidneh ecodes an

or., a HPV pronoter, .particularly the HRV u .
HIPY g ke OB ity aneb g e B Eflide soquence
resemPleS MR 6F ﬁilgﬁfyeexﬁ%séed%&ﬁﬁﬂaﬁ;ﬁﬁgeiﬁﬂ, paRidueal)i hivnaavgnesai e
In the arf. "Exanpl es of suitable viral vectors include. |
alternterepabodimpits thetarapositisacomprisesaphanmaceytical byl 3neeptahle ggcipient
tors and retr.ovjrus NGl i i\ "
ot o £ S e B 55 BB ot b ST B T8 composin

mayaqﬁqﬁaﬁ@éadﬁﬁﬁkmnques usi ng these viruses are known to
those skilled in the art. Retraqvirus vectorﬁ

0B Vacoies my heclelivergd by alypytqiﬂtagap%]@féatqué)f iqﬁu%’vaccines into
o . . on it .
e GBS of by AR NBE! L e, o
examptefddliv ety int-tesldn tikee addotage of e fegchasimntype ownchamasas are
bighleAqpe s FGHSs DBLB PSRBT o0 HFP 5% Hh SR PRCRYgReTanes.
Deliv%]rgrsiﬁl%tskﬁﬁduﬁi bd b 1G5 R Pia jR36bIBY (Wiish %2645 1quid inko the skin,
man cells or 1 n bacteria my be enployed in order to,

or underiyihgriissuepinelnding emisoles, tundeniresspred veviE parisdieembirdmens, n
i KAV e bl B B e b v pti

(US PalRiReas$AnSs). For ékahipld, ey mrtoeidé sequbsces hesdietincorporated into a
i nvention provides a pharnmaceutical conpositi

plasmidbwichd Repted proloyanlE bers Ml e oA @i g d i idigh pressure
into gt 30 e 00 ey RURE Y el SPuER oty a4

37-42 (1996)c Pavidctiasfthese hattivkes mte slendkin regelts inglivect transfection of both
preferred enbodinents the_c ositio

epidepmalicsls w5yl dgsal Largsthan GeLy dAngripap SFIF Y S pLSenting cells
. . S ] o -
(AP(/g gvl@l;l/cﬁﬂt(% %é“lchge%\slégé&éﬁ ROerR o HRIGI P ASY) 6@ TIprdBesd these for display

ce whi ch encodes an HPV an no

on ceH sinfacedvfii€hpreteinsh Erapifected &.augrlom eolla gaigistn todhnlygphiedes where
ol ynycl eoti de sequence 5.r I h f hi:

O

Very gﬁgﬁ aloRhRAJF DIEA BERAHiTBIM, Biteh i8s SIS ig) herequingdits Sefice an

armaceutical 'y acceptabl e excipient and a DNA
immunecesponscia patitinky meliathd delsiconiatespe and tis qontragis Wit fhe
g oSSR RIS b o PR BT @ ubcguen
to dirb@MiftrahadchBl irjébioni stration of liquid vaccines into
.0 the nuscle SWD.QO/ 11092) or by nechani snms ﬁt her than
i NWVhererthepelyauclqotidesef the preseit invention find use as therapeutic agents, e.g.

in DNA vaccination, the nucleic acid will be administered to the mammal e.g. human to be

vaccinated. The nucleic acid, such as RNA or DNA, preferably DNA, is provided in the form
of a vector, such as those described above, which may be expressed in the cells of the

mammal. The polynucleotides may be administered by any available technique. For
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exanpl e, delivery into the skin takes advantage of the

fact that inmmune nechanisns are highly active in
woizesHmgel7that are barriers to infection such aBCEHPR003/012830

and rmucous nenbranes. Delivery into skin could be via

exanpe. i h8¥leg 48 o5 oo BN Ry Pep S S eRep i niadermally,

subcit486h188y orUiREShuRHBSBU Mer@fiviiyatRaublef £ i
in L Swmdowi ch tﬁe maye bewcggt ed or?t oa%ggl?lta? gF géﬁ%{)é?ed directly

into therskincysing a gedleir egididsliyesmdeyiae suchie pepictenmediated INUS delivery
t : .- For . exanpl t nucl eoti d .
MBI o Biek iR R0 aole el B eiPa il aaneleis oia
and @reat&erated bsp@edChuffclerd wBhabie e tbpeRetAT: Blrdlc8 b8 recipient
under_hi gh pressure into the epiderms, such as, for
(e-g skipPrrecxample by Beppserf disehpesp naderdtighpressurafromecpistidngy device.

X 4.2 . rQj ' e _par.ticles...nt.o
(Partifes cofeartrint  ideic aElY GG PR R pLeAER Spfedfioh G it e scope of
the pegsenieinveritionpdd e deliveppdalicesidaded Rgdrsiaipatitles). The composition

Langerhan cells are antigen presenting cells (APC

desirglpy CRUPHRES AL PHECIORMEY iR P a¥sageraraetenekliSdept prerably about 2

i spl | | f
pn. B e RS Eboliifenfs, Wl poftel Boheahuf feds i Rina g
cartridgepduch die Sask@iteidgé béntaiRs 83 Ning! HRFAALIP D ANEL AN LS HE With 0.1-

fragnents to | ynphocytes, evoking an inmune Tesponse.
5 ng \rrefprabhy phous fdurg BNGYeammdge) ess than 1g, often |ess

th . re.requiregd,to i nduce an 25 i e .

r caeohanele Bicindr Bl SFiph FueBfo orhs Ppvidiic e selpqunprising a
polyriticntide Béquandesas et diibel Bereftl. The 468 Bl wbetta8Rrifl e PN\ coli,

known to_be required to generate. inmuné responses
mﬁ%@%c&& Aumap.prangyche an ingachpelk Maramalian astls comprising a aector

' ' kon find us

sccordif, Qb BT AR By bofuREF Cll e i M il B
transfeateldan vivadiythdmihistriteonafithewvesta@ne thetmarhiimal. manmal  e. g.

h to be 3 acci nated. .The nucleic acid, such as
VR AP BRGRepSHh EPRBT Heaton Rropidsy  apsthadrpfimrking m
pharRicedtiv ebRposiBSER R2citasBotte mﬁﬁﬁngﬂﬂm;gfé)ﬁ%fﬁg@ﬁ@‘ﬂl%gdon

be expressed in the cells of”
usagqpAtigmied awilddyne BEY ticleatidd stqeermesd disatiagy miaiuckblide sequence
i gue. .For 17 WO 2004/ 046176 PCT/ EP2003/ 01283 .
syl 1o rfusee BARe Regroihshes pplTLissemay v of gty
expressydagirhaliapgeis badéntoding raﬁbﬁi_ﬁi—ﬁ?la HCV amiiReAti @ BRAEReYr 2
or intranuscularly. Alternatively, the nucleic acid
mutated HG apanq 3ed sggumsecempyisingfhewilidypsicequanse mithamino acid

. ! T ) . ¥ adi at
chan gl thHlofentfd Slaiiploiotr oY hF e Ml ASuRARH 5 o PREDANER.
(bpmsidsdias feaisyf epelyanhiondo v titcmenabarbedRidin,f the
and are accel er.a speeds sufficient to enable
tream’t"ﬂ’gﬁﬂ”@p @ﬁ%‘ﬁl‘)g?%ﬁg:\&ﬁ’lf?cg)@% of a recipient (e.g.
S ISuiithble tQhn RGBSR ?—htmﬂuﬁﬁg g'fe Jga?/(ie(g E?l?ﬂ?%&ﬁid‘é Q)? SEcthi e%patient

] ressure froma projectin articles coa
incluqg topical applitation vaidh ah appreiatevahicle. Hghepmelsiendcid muphé hdrministered

i 1 L st B PAREL e o

intrarec#ip@siibistation. The naked polynucleotide or vector may be present together with a

pharmaceutically acceptable excipient, such as phosphate buffered saline (PBS). DNA uptake

may be further facilitated by use of facilitating agents such as bupivacaine, either separately
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desirably conprises gold particles having an-average

di aneter of 0.5-5m preferably about 2 10 gm In
wonedsused enbodi ments, the coated gol d beads &C®EP2003/012830

| oaded into tubing to serve as cartridges such that

I e TN L T
to a M GR I HABtrasHERD ref@cﬁﬂ:a&égilﬁtﬁ%&ﬁ 'éle@ﬁf’&gﬁticﬁlf arltdhﬁicroseeding

_invention there is provided a host ce onprising a
whicha$ ¢esgubesbini Ge-569d190hce as descri bed herein. The host

ce be .bacteri al .g. E.cqli 5 mampalian, e.q. .
aHBRRE S AR pofseirtoeks Shphtnddt: setebkaeb trsfisfotion

techisigiae] fof leR@nple RStk MicludRE MeMsOBf trthsFREoR E\%éiﬁ:ﬂ_tExamples of these
i nvention may be cultured cells transfecied in vitro

agentgrinelgesrationie agerfts dereekample, caloivpy phasphate and BEAGRDeftran and
. t a, further aspe the .
tport 08t 364 Bl RS PTlacl b HAoRR e widB sia o be

admiplsteredcaibid dlgtedc NPRslly i mREkidaEe iJ JdadnBlesdtn an amount in the
including the step of altering the codon 20 usage

ranggsaf g 19 1a4g, arefprablyt ipgdo Lone mideie eeidder pasticle mediatesk gene-delivery
eat i;n | ynucl eoti de sequence synthetically, to
muigﬁ@%ﬂég%g%gggﬁ%ﬁ%éwhaving a codon usage pattern
r eAefibleiditid Sdbiee oK Pr¥senERREREHSHaRETBE ARRINSSRIEF by means

and encoding a wild-type HCV am no acid sequence or &
of spagialited delinyy ¥astats uwaefubinsgene drecarye Gepe therapy approaches are discussed
1] d- i ' ' anges_suf fi.ci.ent
for ofhibte bY R BB A SR KAt 1 R 095008 BERIA FrE el GRlror
systetisean bk ypabtVited badfd sfbtems richwdedetlovrad, 1biteitas defoviral, adeno-
pol ynucl eoti de or_vacci ne as described herein, in the
assoqigted Piranherpys B REXPRE 284 vagepeyrpkiased systemssRrefaned

. P . | ;
adenbiBGNAAS Srel tREse! dHHVOPHEIM Nt d?l?éﬁ%a&?&o aﬁé %F{Iﬁigg%} g%l? 99€68) as

vect or |ntoapat|ent I NCl ude
descrifiedHin AFS patent 6083 HibeParsh b ok & as Uberibed HEWOS(0461241y be

adnj ni stered, topical to the skin,.or to nucosal .
et beie selfipt el e HalhrMis af nolFi g agpisspsphers
encap¥uladion lteEBhﬁ@l!bgy" [y @RS eTy2bii@s) -arid N oRekiE Based systemfc,.hViral and

pol ynucl eoti de or vector may be present togethef w
non-yjral gpliyery exstamcmpy he eerobipedivherediisidesieble toguetidabooster

iR BPL R 0800, D A A P i

non-vifal begiovachian e plasinidifllosed by ahe bymdit "BBoA004dcBhbidrbusing a viral
PCT/ EP2003/ 012830 or_inc]uded in the DNA formulation.
vectopORBRD-wiplReeRd SteaH RTHNS beqst Prgtadels mukelag taka adypntage of priming
with Piok&f b ngP\ta%t find S0 RAE VD AGA W06 b Jedf? %H%Jding the
electric stinulation, electroporation an
polymicksiagsleedithegnventtionh Alsrmitisely itheeptotein hiSed ya2ihedAdy be used as a

Uptaake of nucl ei.c acid constructs nmay._ be enhanced by
boostgh i inar 1 5 et Yegrice 51 BamAR qUdte Srene R
DNAWARS Qedtbrel ¥akdeh ddhrin!S The hrdt&ial ﬁ&@@&ér,%aﬁﬂ?ﬁ‘és%nted individually or

Exanpl es of these agents includes cationic agents,

as a podypreigiinpl e, cal ci um phosphate and DEAE- Dextran and

A nucleic acid sequence of the present invention may also be administered by means

ok

of transformed cells. Such cells include cells harvested from a subject. The naked
polynucleotide or vector of the present invention can be introduced into such cells in vitro

and the transformed cells can later be returned to the subject. The polynucleotide of the
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i pofectants, for exanple, |ipofectam and transfectam

The dosage of the nucleic acid to be adm nistered can
woeoalwerred. Typically the nucleic acid is adnpairareredi2830

in an anount in the range-of Ipg to -1ng, preferably

N to |l nucl ei c.aci.d for, particle i at ed

vl B M o Sl b B Boun

recoftib@hatiofi eR&iitsl ARRHSMBEReDEell MByY,RT 8XBBY, Ye PSP PP IBY% and one or
al so be adm ni stered by neans of specialised delivery

morg af thg resuljgriroglls may §e wecd indheprgsentinventiore rGells can be provided at an

S ' e for _exanpl e. by, Ver.ne et al, ..
apprR B 86 B B St BB e or R PR Bica en i g rating
micreeifijeotion, 23St ens can be used. Viral based systens

include retroviral, lentiviral, adenoviral, adeno 15

as SB#ble eellsin¢lagde antigeprpsespnting cellebhBEs)psiehan dendritic cells,

i ni |-\ . if ales .
S B loBSAERINEBI BAPRSL o EELEL e en
AP(saSuck odlsrma3g buthee@nsd), bagenetieally iodificdo iordasé tidtcapacity for

‘%8837 6, Pan5, .6 or 7 as ,desc%)' bed.i n WO03/ 046124.
PTEsRRHEHIT SitesRJda JIBLPYE SRRVALOR ander Britcnance ot the el espanse, to

h i @ g2 ' i uby g i i
NS S QSR AU ety

- compatipde with thrarseciveryée. cmstched HAA apibty®). A®Cswayegenerally be isolated

del i very .syst na e, conbi ned where it i s desir.able
sron 5y o bt e oo (R R e Bp 1SR b gnd Pefitiimoural
tissuég @fd Rayibeautoldous sHEpe IR !@yﬂ%’éh&ib 3t xergkRdc ca¥A

vaccination using a non-viral vector such as a

pl &&weia Preferesd abasiments of thepsesent ippention uge deridnisicicoksor

' [ . - Vi system. Pri
R WMy AL W
the patiért opeotheiin vivo taggtofanicleatideshizliséred th the hcdiNAféexample by

O n 06 ke n R H oy o

Steilﬁ‘f’ank‘%ﬁtré‘§9224§195’ﬁltll998) dd Ha%e Bft{ifs?xﬁ%ﬁ% bl etrediE as 2 Physiological

_protein vaccine w’'l [ contain a e antigens tha
adjuyamnfarietigiting poapbyladtic ectberpewmrantivmout immpniiy ¢ea Fimmerman and

h : . i ndi vi dual 1y. . o
Lovyl o e Mo RS G SR 050, nf Bt enatid Coif o idgptiied based
on theli\t@pitdl @Rap¥R¥tcHALs & B, FGHH Iﬁ&rﬁé&éﬁgplbéini@%l%b%sseg @de%fht-ites visible

. transfornmed cells. Such cells include cells harveste )
in vifre) thell abilBy txtake yprogaseand preseph artigsos with bigh efEciensy @id their

i B5 GRSy TUBNEBRER D R EREHSE e Wt
express spacificdlesurface Rogjtestor lighadspbdtwreredt @einintbailpfouh 8n E8ndritic
WO 2004/ 046176 PCT/ gPéOOB/,OlZ 30 invention ma¥ ) )
cells pinyidg PREeV Yo ier TP Be 2B1igrnky) crerdpd i heerpstugisofdlg invention,
LSt . :
o ) A R3OS GBI 67k B AOSIANTEY
alternpgive tapflendhitic celés, bacaritd vasidles amtigerbbadebdenidritit bellgcaant

exos g M U g Mo oo i oM RS Bioo. 1999
t ep&iriie @81l MddrogHndbts A8y be obtained from peripheral blood, bone marrow,

tumour-infiltrating cells, peritumoral tissues-infiltrating cells, lymph nodes, spleen, skin,

umbilical cord blood or any other suitable tissue or fluid. For example, dendritic cells may be

differentiated ex vivo by adding a combination of cytokines such as GM-CSF, IL-4, IL-13
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5 mcro-injection, etc.) Suitable cells include
antigen-presenting cells (APCs), such as dendritic
woebd4gs6176mcr ophages, B cells, nmonocytes and oPOEMEP2003/012830
cells that maybe engi neered to be efficient APCs.
Such cells may, but need not, be genetically nodified
and/ppTNKdp ealowes dfemengsaitss hgrvesied frpmemeiphémiblodd  Alteinggvely, CD34

posif e LATR BN E 85 b i el MoB, e 510 o ot pnsow may e

diffezattiateddnm® @hfieed GRS 288in@R6H{HR cultfrelediiTeRbARLEA PGM-CSE
ompatible with the receiver (i.e., matched HLA ’

C
IL-3n N FetiPA8 Jiganbipopalysagelmsida PG, 3 ligod &t exdokihe tmpaxtayt in the

. ' j ical fluyids and .organs,

sen L ALl 0 Bl S A58 g or o
compeund(s) thav gaiuse differeargiation, tnatSHAGE AR SroRferatRN AP ABKd:fic cells.

ce& Certain preferred enbodi nent’s of the present

in %%Silw geaerally he iransfectedwith aelyngclpptidgeanicoding an antigenic HCV

. j - S i, Lther for ..

i e AL BE DRSSO AR HoE o s
invest$ont Becli mansfection arageikeqilaceunhBol atbScapdsitines vabcihd @omprising

vaccine, for ex e by _particle nmediated DNA )
suchggyirioeeg cellsame e be wit e HPEPRTHPYPQS6Y i dessribed herein.
Al ; . | r 2! - i 19 .
e e B Stbuniro (ot cupit Prclte o S adteh it col
may hdjpdmimstered to &patient, iresyltprgap tnphsfedtion that octwes dpeiub. I vivo and ex

vivo RS 5 g e 5 S Sl B st any
metho@é kfowibin theadt Aath hf insk RASEEET iBWOREII145Y R i c%"g@@g fhediated

(stellate in situ, with marked cytoplasm c pr
approaghslgsqribed py Malivbetel., Immunalegy) gnd dediRiolay V5:4§6-460,t 1808,

i ti i hi gh.effi ci )
an i FEGARS 2B B BB ERica AR RRny B i map e e in
conjiRKigh WithGntiGird1SgoMY suchfas @Ok Rrod) %r&élgblgg)r%giﬁ?tgeg %caglteﬁeron, and

.. express specific cell-surface receptors
a ribevagin. Mascipet angdhanmioputieal aempesities dndyt iepré®nted|ih anitdose or

Y, vive, fo xa e the.aniigen(s) encoded i
o108 el iR RN o S SR e Pty
hermeticedlyistaled eepreseras ferfln o€ thel fatndl ation Wit ufy, %?&heral, formulations
nvention. As an alternative to dendritic cells,

may E% SPEded SUWSnTPRss SRS emylsinag irl eiler aqueowsevehicles.

d . n.a_ vacci.ne {see. .

AL v ESRE N R e VOB A i
condiiendequiting oy ks aiditioprafgetiilonguideyieeindRédaBBborid s,

eri pheral bl god, bone marrow, 30 tunour-infiltrating
Vaccgtﬂs CRmpHEpE PEF?}%Q@F spqusacrsdniendsd for admintstiaion wia pagtiglhmediated

. i i Lo | .

ol nOpREBR & Kigual TRk oGO0 REARSEe S s
instruredrit,gn rvdjctbease thiefchetridgesinadysmbnsixt ofihotlow\tutsd dhe@ner surface of

. conmbi pati.on of .cyt oki nes such as GV CSF, 1L-4, 1L-13
which 5 Capled SHIl RARASRDBERE Hie 96eiRD RSRRIdE FAease, PREORYY in the
presefitd 6fUtRS phbroRRBAAILS acdtplabRIhedalehfRm peri pheral bl ood.

Al ternatively, CD34" poSitive cells harvested from
peFliemiarmaceniiesd eompesitiaris o fhequesgnbinverdion mdyoinelude adjovant

comp%ﬁde? 6r other substances which may serve to modulate or increase the immune

response induced by the protein which is encoded by the DNA. These may be encoded by the

DNA, either separately from or as a fusion with the antigen, or may be included as non-DNA
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differentiated into dendritic cells by adding to the
cul ture nedi um conbi nations of GWCSF, |L-3, TNF,
woDRd@y/461gand, | i popol ysaccharide LPS, flt3 |i gaowEpa003/012830
cytokine inportant in the 5 generation of professional
antigen presenting cells articularly dendr.itic . .
elemegts|qfhe @%@pbﬁ%tﬁ?%mplwﬁeéﬁww@m Fibtansies jgich may be included in
ik Rl | & in@had BFiqR{tR, 1yis680idl @koefated membrane
the fo%éﬁlaﬁélg]@t@ée#@%m% ﬁéﬁm;ly generqal 'y }{Je transfected
proteini(LAMP)PBEpakitis Bewdtus derecantigei, i3 JigamhandgehéreykBines silgloas IFN-y
aci d sequence, such as a codon-optim sed
and GMC§hucl eot i de as envisaged in the present invention.
S%er Sh{t%ié E@ﬁlzﬂnﬁg‘aﬁ R Gially Arflabi sUEN B, f6H !ﬂaﬁhple, Freund's
conposition or vaccine conprising 10 such transfected
Inconiétk Adjynt AeiC hepletetdiieant (REcabsharatoripsy DsdisMDidmiquimod

i bed herein.. At i Li
(M, Se e, BNk Resrminiaiod VoSl MovE MERE ARl af (e (Merckc and
COmp%ég,zl‘[a@t RAGwER NT); dIEMird6n A AR beilathitiBmehyasddi@ngel (alum) or

tfng 1mtr nsfection that occurs in vivo. In vivo
alumiaiuih phosphateysalts afisficumi ton of zideraringoleble syspensigrpef acylated

: : | be . f S hod
e S
; icfd nhephokphaypligidctand quil A.
pdyp&é%é% ml;éd h\?.igl@g%lbals_.pl}diimﬂmmng og;ﬁ/ ?ﬁp 1]tgel I aIEBi q]Ino

Y .
CytokiBess 566 MY or interleukinde r hes - Hn ] S AR aguvans.

C oS} ti - ti - ..
ORI Rl A b Bt composion
induces hmiemies esponse pfedpalantip el tleditd dype. iThue tHeadpryantmaly serve to

a ribovarin. Vaccines a({}id phar maceﬁttmilﬁﬁj CONMROSI| tti QNS o a
modulgty RIS SRINSRST FFIGHTICIGSLROBY 1 Agggticd antigens iro

predo%ﬂ%.lglwﬁ{fto SptelbiRafBRr Eﬁ%%ﬁ&%‘é: H{%h\'lis:'é’éﬁof BulcHpe cytokines

contarners are preferdbly hernmetically seal ed to
(e.g., IFNS,EINIE Tht2arid I+ 12)dénd todavayr thel induction @fe¢ll mgdigtedjigmune

general , .fornul ations y be store . P i . .
rspod G g e s VT R AR B O reponse s
preddr?laih%gﬁarﬁﬂﬁlpgg th@ 1648L61 Tl -Bpe PitBkifes @ill incpdascorpgrsater eent than

y

€ stored in a freeze-dried conditionreq(g{ﬂring .

the levnl of FHRetyneldytokinas. oFhelexelepf thesq qy&ﬂ‘i“é?%’%ﬁ‘?"e‘iea y asséssed using

i di_at A a... ' i.si ffman. Ann.
standgfLREHE Fot'a Biih ol GeitEfilics dRARMIRS, SRMOLRTand Coffnan, A
Rev. Dawkimsl) B14%d731198925 del i very may be presented as

cartridges suitable for use with.a conpressed

dohsaEE; Ruieble e ants ovie Shelkils § e BRIP e BL R
responSd ?‘chxtde o Q}Q&Iﬂl{?@,’ 4 dRSsindtRE JFRRRbpRISPhGSELIN A, WhéfeRiblys3-de-O-

coated w tﬁ particles bearing the vaccine nucleotide

acylss@hmenaphospiptryldipid Ay3DrVIPhe togetheswith en elungipivet salt. Other known
. pharmaceutical ly accgept i ngredi ent ] . .

s g Wl Gt o GR e HHGUBE PN RERRIR el Fog sontaining

oligdRYlebtitics Ud e B E4HRIbtidRrE EHRAKHESd irDthathB €pG dinucleotide is

subst ances which may serve to nodul ate or jncrease the

unméthyleted. Snelspligeaucliepiadss ate Well keewvipanst &F doseripedh 1, Lor example
by th )
L

et al 2B&ibARID7 3352 MEP6bEpGrdhtiitany akigonnolebiles 2dayi® encoded separately

2004/ 046176 PCT/ EP2003/ 012838. .
from the papilloma antigen(s) in the same or a different polynucleotide construct, or may be

immediately adjacent thereto, e.g. as a fusion therewith. Alternatively the CpG-containing
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el ements of the fornmul ati on. Exanpl es of adjuvant-type

subst ances whi ch nmaybe included in the formulations
wohoddvgspsesent invention include ubiquitin, |yeoaprws/012830

associ at ed msnbrane protei n (LAVP), hepatitis B vi rus

t. nda other cyto es suc
olig By R0 S Y agmintebt ey R s e BE gt which
includesihereittlel inByed. C@GI di dg&ﬁﬁ&le@eﬁles b beX%88MAIBRne gﬂ' 1ﬁléeﬁl1b§1atlon
I ncongl ete Adjuvant an | ete Adjuvant (Dif
with oghiss pdiEBRTtL &' or BEAmR)p.tan emh)mceﬂ sysgiem mlve(ssm c@nbmznmml of a CpG-

contég{'@l)ng oBE Sl gh@‘égd § Ee{r\ﬁ n§1t delfv%%"m%'@ularﬁﬁl %aﬁﬁ‘ﬂh}f CpG and

Qszs as msclsmlhn a%oalommaia and My 00/62860. Pedfefablyutid f@nulation
ni um phosphate; salts of calci uonah iron or zinc;
addl%mla HERmpHtes ag@élg@ Nétes Prstision gndderdec eto}'r os. ne;
Xh&h&%ﬁ%ﬁ@& ? )}ug%%cﬁgg F%ﬁ%ﬂry p Qﬁk({iﬁ%ﬁl 11a ?310pharmaceuticals

derivatize

Inc. }Eramiaghamm,eMAa wiiich osylberssd alnmaph@smbﬁra}dbn kmtrhl diheh aajiﬂants
nes, .such as G\t CSF .or | nterl eukin-

For e%}‘inlp%?rAan if%‘ YarEpRvEs g cqubiafion, gwnwh%l@ryl lipid A and-
sapoﬁlﬁ deHl AfvieOsieh Q6 HeNBnibAYRRhicP WSl ahd 3PLRIPE 4sedsdribl i WO

f%uvant COﬁDOSItIOﬂ i nduces an | mrune response
94/0Q53 e lessrepsogsniq mnmfpltmnwi@re theu3S21He qaetichediwith lchtylesterol as

dess N 110 o657 T Bl PRI B DTN huson
and tp«f@tﬂeﬂail NApatticulhl; poterd a@jueaiﬁrfbmaﬂ&tim ﬂ%lvﬁ]gmzl 3D-MPL and

response._High levels of Thl- ﬁ% d/t oki nes e.g.,
tocopherel in anpil-in- wafzr swelsnmn ig gpsoribpdin WQ 9Y/b7210: he

8 05k g b IUE R 99 OB e i,

 Califormiapfiinited Statesy ISGOMS scsb) MIBSD (@lhikdny, Déox (BIdE, Hetdilﬁon MT)
RSBk Rl R b S o es e e )

| ewabse 18 vAcbRe enideRsh RaRvARY thR S aE &R %ﬁﬁx? ﬁ%?%e administered

u3|ng st andard assays. or areviewo
in twg pags; E@km@mle dhepavbefithe forandaticofchitatuing e mucledide. construct
89. . Ac sui tabl e

whic SRS e KpcieR T b APl RE B i B SRRy opptramuscular

injectidry Ibﬁby spanse Fhﬂﬁ@leﬁﬁ@dmﬂ‘e@ ﬂe@@?‘ﬂh@l thd pa@ BPiREbIANatiin
monophosphoryl [ipid A preferab de-O 25 acyl ated

contaifih s gdprantynay beadministezest wbﬁgqumt@e feither lmquwaqﬂy or after a
it A o RS QMM v s
Under ﬁrcbmdmuﬁ)x@ncmﬂla bdjunant nodyi igoidudhisetdddssthe 'srzhﬁe route as the

. olLi g}onu‘éllteotlg %]I%e characterised in that th
antigeicy iPRgr P on Blradin g db oSt embafimgatnibs bt ambgart of the
form@hiforNRill bekdIaWRisRAM &?&e%&ftﬁg@%ﬁxhﬁ  InloRE efHBERLRL, the adJuvant

W96/ 02555. | nmunost i nmul at or sequences are dls
is adla@ﬁqrmbw topisal oxmniatien, akpph@huodheam at the SJ,te ﬁ:paemie medlated

o R MR T Bl Skl

partlcudrme@laﬂg&de]iveaydieféogr ent pol ynucl eoti de construct, or
i medi atel y adj acent thereto, e.g. as a fu5| on

t r%?%mbl e RNAvasstnes of fherresemioy ensionaiimuiage an effective immune
response, typically CD4+ and CD8+ immunity against the HCV antigens . Preferably against
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22 WD 2004/ 046176 PCT/ EP2003/ 012830 ol i gonucl eoti des
may be adm ni stered separately i.e. not as part of the
woanpagst7son whi ch i ncludes the encoded anti geaT/EEpiB3/012830
oligonucleotides may be used al one or in conbination
th dj t h
a broa}glﬁ v e{tﬂgsjc %Bﬁ?rg%ﬁm&etﬁ%rn%c s@t%n Ec‘ha? ﬁgspﬁﬁ)ﬁscig gﬁﬁ/or

conann

AanRhdtAYGLEREH S ARHg Fasci@iohn derivative partlcul arly
inflar fhe conb%natlon of G and 5 QS21 as discl gsed

oms@@assﬂerandthmmmmg ivimiprded i e pird indi rmpdltniHBﬁg sense
t | I
such i erare SARBER P o il oo BEH 8 LB ARt the

word BERRIsar \oldd2dsomauideastddddn s Eﬁ@lﬁﬁm semat &’Demlgrmm,mensurate with
Fran1nghan1 MA) , which may, be used., one

“consisting| @raicp@‘ﬁStmthf okhearesea; invenitog 1s il Fatsigwﬁpgt lirgited to, the
foll enhanc eSystem i nvol ves the conbi nation of a
0 m%m%Sﬁﬁ@% Bhoryl lipid A and 10 saponin derivative, such
as the conbination of Q821 and 3D-MPL as described in
WO 94/00153, or a |ess reactogeni c conposition _where
Exammgl,@qatfcgls duEadERedinig f"l’f’&eﬁgflgé ‘8rol, as described
in WO 96/ 33739. Ot her preferred formul ati ons conpri se
an oil-in-water enulsion and tocopherol. A
1). Capsehsisuhatakipnpot ent adj uvant formul ati on i nvol ving

@21, 3D- MPL toco herol in
e Pangepe SEE AP BBt ey 97 RO atcs was carried
out. cﬁé&t%ﬁleﬁorsﬁﬁm@%me 341 6pblypRtdl WeaiidestiflcBAs TalsuaBeippiating from
France), SAF (Chiron, Californja, United States

the mlaﬁ@t}\ﬂ qtmL}}CVN@lggs (W;ﬁh p@iqyulagéqmta{xm wpre those poglﬁons found to
dev1a cérp a em?rﬁ 83%%( §L§§Fs?&§e :gc%s r%}gt’ed 'Tlﬁ lgﬂgolawg)ex%@mg across

ucosam ni de 4- pffosphat es

grouﬂévl@ 2 3 bed yihes) Wﬁeﬂemb ot 5so dterm:ll;vaqu adithecsidues ptherwise
formul ati on may be, ad nlste ntvvo

domingtedhi) the eqlﬁgalﬁtgﬂos@pn Qng er 1: Plbﬁoné ar : %:ﬁxgnf Hjéerferes with
a mogéﬁ%lg 4 bi @Es%gﬁgﬁé 45t aﬁmg‘é&' Withif NEBARallh eem& h§ @RmiBYdominant

nrste first, e’g. by subcutaneous or
HLABES-restristed|GDS epitjpe¢Isobsmeino (1) BF63 tor Yaliner(Yaand Glycine (G) 1366 to
particle-nedi ated delivery, then the part of the
Alaning (MWt ati on contai ning the adj uvant may be

adf st £ SRind 4BRIS GFRISURhave bédnaemonEdicab einyisedul vafibiality.
a suitable tine period which will be apparent to the

Corephysi cian skilled in the vaccines arts. Under these
ci fcuns h ] nt may be adm nistered by the
SMPS@Zgggofwgoégégp?i genic formul ation or by an

Ns3alter nate route. In other enbodi nents the adjuvant

of the fornulation will be adm nistered before

art
th%ﬂawﬂV@éﬂﬁQﬂb%?PleHDone embodi nent, the adj uvant
| al formJIatlon applied to
tﬁlé&ggl Ktzgﬁ{(ﬁg (?ﬁa%x%?(%)gr“ cle mediated del | very of
t hSering¢Spbildde Themgmeredd3 whi ch encode the antigen(s),
ei t her f or aft.er particle nediated delivery
thgf’]ét@f(%égl}if%liggéﬁ?}f’?(éhe DNA vacci nes of the present
| nyERb AR (BT k@beiRNsyf f ecti ve | mune

Glycine (G) 1289 to Alanine (A)

Serine (S) 1290 to Proline (P)

Isoleucine (I) 1365 to Valine (V)
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response, typically CD4+ and CD8+ i munity agai nst the
HCV antigens . Preferably against 23 WO 2004/ 046176
WOCH4ER2063/ 012830 a broad range of epitopes. PCI/EP2003/012830

preferred in a therapeutic setting that liver fibrosis

an Rf tAl reduced foll ow ng vacci nation.
Asé{};seglg (E;zrielﬁWtAééﬁ?%fAr% conprising is intended to be
usElteoniné {F) 1H08-tb Seiidid (§) sense such that the presence

of _ot.her_elements is not excluded. However, it is also

i nteHBe)tIHas t@ Khreosing§ky " conpri si ng" coul d al so be
u : k Ahd xcl-&hsi ve sense, being commensurate
antgﬁleﬁéégﬁ@g?%gn{éfsegfrﬁg'(%nsi sting of'. The present
i niselnedion(l) $636 toBtreatisel(T)but not linmted to, the
foll owi ng exanpl es. Exanple 1, Mitations introduced
into antigen panel [0 1). Consensus nutations A
Ns4gonpari son of the full genonme sequences of all known
HCV isol ates was carried out. Certain positions
wi $tait @RIhat Blaknglaboling@) @6t were identified as
unusual / deviating from the majority of other HCV
i solates. Wth particular inportance were those
NSspositions found to 15 deviate froma nore consensus
residue across related | b-group isol ates, extending
Isoleygined:2824tg Mding (M) 2, 3, and others, where one or two
: ' ' cid residues otherwi se dom nated
meﬁﬁmég%%%vﬁﬂéﬁgsgositi on. None of the chosen
Threanimes@N 20%8 tuiValineaiVy i nterferes with a known CD4 or
CD8 epitope. Two changes within NS3 actually restore
an i mmunodom nant HLA-B35-restricted CD8 epitope
B. Nua® ' ifi | e (Q
N-B 1366%%@8%(:%@6{1 ?tﬁgés(l%\?? m'ldﬁgﬁ?ﬁ%{o{lg%ﬁsnxﬁg aci ds of
NS4B have -been renoved due to unuseful variability.

i 52 t g Thr eoni T) NS3 25 Vali
X.Exantﬁ% Eﬂ@éﬁ?@gﬁiré@)(ﬁlﬂsgu(lm ‘rﬁ(g%g%egg ng 1106 to Glault gfn' ne
( DolynBeledti®: ssanedded nbodidf ERONI Mo WE3, WahidA& i\fs%lg;% NSS5B,

to Isoleucine (1) Threonine (T) 1215 to Serine
were g)@qgi qﬁnn@@d foz guamyaligraeddea 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:
HCV Core

Forward primer

5’-GAATTCGCGGCCGCCATGAGCACCAACCCCAAGCCCCAGCGCAAGACCAAGCGGAACACC-3’
Notl translation
start codon

Reverse primer

5-GAATTCGGATCCTCATGCGCTAGCGGGGATGGTGAGGCAGCTCAGCAGCGCCAGCAGGA-3
BamH!l Stop
codon
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Serine (S) 1290 to Proline (P) Isoleucine (1) 1365 to
Valine (V) 24 WD 2004/ 046176 PCT/ EP2003/ 012830
walyeimel76G 1366 to Al anine (A) Threoni ne (T)pd24@®2008/012830

Serine (S) Proline (P) 1428 to Threonine (T)

| sol eucine (1) 1429 to Serine (S) 5 Isoleucine (1)
HcvMg36 to Threonine (T) NS4B Start ORF at Phenyl al ani ne
Forwbfd)prihé60 10 NS5B | sol eucine (1) 2824 to Valine (V)
5-GANTEB0GGEC ¢ APBS dogaTiendone c{A)AGCTRGEAMI It cGEEA2 18

to Vaébline (ftnstatben N. B. Nunbering is according to

posi tion i nstgbAogesy ot ein for J4L6 isolate. Exanple 2,

Construction of pl asm d DNA vacci nes Pol ynucl eoti de

Reverse primer :
oo R MRS R G IS LRGBS A, 20

usi ng SynGedee 2e software. The codon O usage

coefficient was inproved to greater than 0.7 for each

pal ynucl eoti de. The sense and anti-sense strands of
HCV % new pol ynucl eoti de sequence, incorporating codon

Forw, Imer. : ; ;
, e c. k i tations, and
5'GAg ) %ﬁ‘%‘?&é&‘%ﬁj@ W%ﬁggﬁ%ﬁgﬁﬁ%mﬁ ‘egi ons of
40- 60 nucl eplides, W th a 20 nucl eoti de overl ap. These
regi ons were synthesised commercially and the
Reversglpyimerc| eot i de generated by an oligo assenbly PCR
5-GANERARRAT CET CABEANBERG TACALRAC TP CARBTIGATEEAR@3' PCR pri mer s
for EHEH @gﬂgxnucl eotide, illustrating unique
restriction endonucl ease sites used for cloning, are
HcveassBi ned bel ow HCV Core Forward prinmer i0
Forwérd p@AéxT TCCCGGCCGCCAT GAGCACCAACCCCAAGCCCCAGCGCAAGACCAAG
5-CATHGRAGRCC G CATRICLATGTERTAGHCICOAGATGIGCArOdDBA-3Rever se

ri nﬂiatl translation
P start codon

Reverse primer

5-GAATTCGGATCCTCAGCGGTTGGGCAGCAGGTAGATGCCGACTCCGACG-3’

BamHI Stop
codon

All polynucleotides, encoding single antigéns, 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):

HCV Core translation:
MSTNPKPQRKTKRNTNRRPQDVKFPGGGQIVGGVYLLPRRGPRLGVRATRKTSERS
QPRGRRQPIPKARRPEGRAWAQPGYPWPLYGNEGLGWAGWLLSPRGSRPSWGPTDP

RRRSRNLGKVIDTLTCGFADLMGYIPLVGAPLGGAARALAHGVRVLEDGVNYATGN
LPGCSFSIFLLALLSCLTIPASA

HCV NS3 translation:
MAPITAYSQQTRGLLGCHTSLTGRDKNQVEGEVQVVSTATQSFLATCINGVCWTVY

HGAGSKTLAGPKGPITQMYTNVDQDLVGWQAPPGARSMTPCTCGSSDLYLVTRHA
DVIPVRRRGDSRGSLLSPRPVSYLKGSVGGPLLCPSGHVVGIFRAAVCTRGVAKAVD
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3
5' - GAATTCGGATCCTCAT GCGCT AGCGEEGAT GGT GAGGCAGCT CAGCAGCGC

WCABEAEIA63' BanHl Stop codon 25 WO 2004/ 0461 P6T/EP2003/012830
PCT/ EP2003/ 012830 HCV NS3 Forward priner

A ? %TKVP GYRV
\"

i I EGARERKSTY e aon

IEQECH QAT AR VglLAI@ngﬁiﬁNTé{P&B’N[EEVALSN

NG@BEX@W&&QG@WGM%GML&%&M@YMLDVSWT

SRR AT A ARG AT RS ETRCR UGS QA DFSLRRTFTIETTTVPQDAVSRS

QRRGRESRARGIYREV TPGBRPIGMID S¥WIECEE YRAGEAWYELTPAETSVRLRAY

LNTPGLEAIPDEEATWESVREGMATC AHFISGTK QAGDNFPYLVAY ATVCARAQ
APPEAWED?@VEGKd mmm@ﬁq,mﬁ@@wwwm?ﬁ)ﬂﬁvm%@wswwv
VvT Forward priner

5' - GAATTCGCGGCCGCCATGICCATGT CCTACACCT GGACCGGCGCCCTGA- 3

" Notl translation start codon 30 Reverse prinmer
5' - GAATTCGGATC CTCAGCGGTTGGCCAG CAGGTAGATG

HOVREISIGRRG,3  BarH Stop codon

MFWAKHMWNFISGIQYLAGLSTLPGNPAIASLMAFTASITSPLTTQNTLLFNILGGWV
AAQLAPPSAASAFVGAGIAGAAVGSIGLGKVLVDILAGYGAGVAGALVAFKVMSGE
VPSTEDLVNLLPAILSPGALVVGVVCAAILRRHVGPGEGAVQWMNRLIAFASRGNH
VSPTHYVPESDAAARVTQILSSLTITQLLKRLHQWINEDCSTPC

HCV NS5B translation:

MSMSYTWTGALITPCAAEESKLPINPLSNSLLRHHNMVYATTSRSASLRQKKVTFDR
LQVLDDHYRDVLKEMKAKASTVKAKLLSIEEACKLTPPHSAKSKFGYGAKDVRNLS
SRAVNHIRSVWEDLLEDTETPIDTTIMAKSEVFCVQPEKGGRKPARLIVFPDLGVRVC
EKMALYDVVSTLPQAVMGSSYGFQYSPKQRVEFLVNTWKSKKCPMGFSYGTRCFG
STVTESDIRVEESIYQCCDLAPEARQAIRSLTERLYIGGPLTNSKGQNCGYRRCRASG
VLTTSCGNTLTCYLKATAACRAAKLQDCTMLVNGDDLVVICESAGTQEDAAALRAF
TEAMTRYSAPPGDPPQPEYDLELITSCSSNVSVAHDASGKRVYYLTRDPTTPLARAA
WETARHTPVNSWLGNIIMYAPTLWARMILMTHFFSILLAQEQLEKALDCQIYGACYS
IEPLDLPQIERLHGLSAFSLHSYSPGEINRVASCLRKLGVPPLRVWRHRARSVRAKIL
SQGGRAATCGRYLFNWAVRTKLKLTPIPAASQLDLSGWFVAGYSGGDIYHSLSRAR
PRWFPLCLLLLSVGVGIYLLPNR

Example 3, Immune response assays

C57BL or BALB/c mice were immunised with either WT or codon optimised +
mutated versions of the four HCV antigens expressed individually in the p7313 vector. Mice
were immunised by PMID with a standard dose of 1.0 pg/cartridge and boosted and day 21
(boost 1), and again at day 49 (boost 2). Spleen cells were harvested from indi\}idual mice
and restimulated in ELISPOT with different HCV antigen preparations. Both IL2 and IFNy

responses were measured. The reagents used to measure immune responses were purified
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35 Al'l polynucl eotides, encoding single antigens, were
cloned into mammal i an expression vector p7313ie via

wolavo4lo4extd BarmHl  uni que cl oning sites (see fi gRCE/EP003/012830
The pol yproteins that were encoded were as folloms

HCV&%O?%I\;T@&% dgﬁéﬁg fge%g’g'pg ?g) protel 1lrom T\/?'Ecrooggg Vacmma ore and
Vacmmmgﬁgﬁwmm\ggc PGGGQ VGGVYLLPRRGPRLGVRATRKTSE
HCV(ﬁRGQRQPl PKARRPEGRAVWAQPGYPWPL YGNEGL GANAGW. L SPRGSRPSWGPT

TR M il iR AT S R B R A R R K 15)

o TAY SO L L 1 T B AR s St i
Pl TAYSQOTRGLLGCI | TSLTGRDK
Puﬂ%vorﬁrm@sr&ﬁ@@%epu TQWYTNVDQDL VGAQAPPGARSMTPCTCGS
SDLYLVTRHA DVI PVRRRGDSRGSL L SPRPVSYLKGSVGGPLLCPSGHV
VG FRAAVCTRGVAKAVD 26 WD 2004/ 046176
HCVINS3 EP2003/ 012830

VE\’%I AHLHAPTGSCGKSTKVPAAYAA
F@%%%%%ﬁ%égg DN]? %) éu and codon optimised NS3 using PMID. Good

respoiEsdy NSISAGH T@Fﬂg!rmgﬁhgﬂ_ GRRPY Eﬂ%ég\éﬁm%ated in C57BI

YDl | | CQECHSTD STTI LA GTVLDQAETA!
mice yping AotbRESS/proteiprnd-Fowdisn 3-5 to read out the response by ELISPOT. Both

1.2 HP RO XL el R RS A e A R D

codorSeRIAMMATIOAL M) GorEIcRE B DEREHYVE DB PRERT k] LIpERRRAY (figure
SRS RGRTGRGRSG f RFVTPGERPS
9). Heyipss dufarenoemman AU exmrassipo\irlleying transient transfection were observed

betwé&h'&vgo\ %ﬁ?@ﬁ%\gﬁﬂxﬁ% Expenments to compare constructs at

1owermmmmwmﬁmmwmﬁﬁb&ghﬁ ikhd PSAD APk e
VT 10 HCV. NS4B transl ation:
plas KHWWNFI SG QYLAGLSTLPGNPAI ASLI\/AFTASI TSPLTTQNTLLFNI L |

GGW/
AAQLAPPSAASAFVGAG AGAAVGSI GLGKVLVDI LAGYGAGVAGALVAFKVNG

HCVQS4B/PSTEDLVNLLPAI LSPGALVWVGVWCAA]

VSSRGS T Ny Bcreracreent e MY

immubishffort 68 BAN13B/t @fice. 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
have confirmed that immune responses can be detected against the truncated NS4B protein,
either alone or as a fusion with NS5B, using the NS4B protein and NS3-5 vaccinia. Good

responses were observed to WT and codon optimised NS4B.

HCV NS5B
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VEVMSYTWI GALI TPCAAEESKLPI NPLSNSL L RHHNWYAT TSRSASL RQKKVT
FDR

wWOMUBHYRDVL KEMKAKASTVKAKLLSI EEACKL TPPHSAKSKF Sty GAIRRIN 3 /81 2830
NLS 25

SN SWEDLL T ) S R RRkAAR
iM@Yﬁ@Y@E&%@VM%%&%SW%&& Good responses to NS5B

STVITESD| RVEESI YQOCDL , N
followisg TERLMsaEPL TNEKSTslebyRRCreas demonstratyd in CS7BL mice using both

N S AT AN e R ST SRS

differ¥AHRAS BERMAYINEREIB bR WiERAAbSRved between WT and co +m versions of the
WETARHTPVNSW.GNI 1 MYAPTLWARM LMTHFFSI LLAQEQLEKALDCQ YGA
const@ess in|thivlerperanent Migyee SAFSL HSYSPGEI NRVAS CLRKLGVPPLRV
WARS VRAKLL

SQGGRAATCGRYL FNVAVRTKLKL TPl PAASQLDL SGWFVAGYS
Exarfgloldy HSh SR of IRIPPLptditi/GVG YLLPNR 35 Exanpl e 3,

| mmune response_assays 7B / ] .
e et e Bre e e i N G5 R fpatied i
i t | i . i
p73 1?3’1%3? l?%g‘ﬁ%ﬁa%ya sfﬁ%lé ﬁﬂfon?%&g%&irﬂ THE afXNE $8RLkxpressed in a different

the p vector. Mce were inmunised
orderiy tIRMiiFferint bormstra¢ta asishosndwpdew gThelcamsigegt panal epepdingihg

boost ed. and day 21 40 (,beost, 1) i-n.qat
exprepgign et siagle refyHRn it LR R Ao e BarilosfiBY S tpkcon by
each BF AR foEhiipeSd inMithafoasoniter RiteROhelbtd ofledpresntwasCignificantly
antigen preparations. Both IL2 and | FNy responses
improxadeorredused mpre ynthe paegesstef aps @atige thahapher i portant

.re n . i : _
poi 5P R3HE 5o b B RREAA eg rm vasr
arrarig8@ iR 1P J Rgnumd ieiGuge 66-061°M-kb agd h05-VRHIRHMa- Cor e

and Vaccinia NS3-5 (genotype |Ib in house). HCV Core
C57BL M ce immunised with W full length (FL-1-191) or

HCV 5H cated (TR 1-115) 5 core were restinmulated with
core protein and good responses were obhserved with

Corepuri fi ed cor eNSBotein (figur ENS#¥BHCVY NS3 . MN&éBwere

Hmup-sed—with—p /33— Want—ceodon—optiased—NS3—usinyg
PM D. Good 10 responses to NS3 follow ng inmunisation
a single boost were denonstrated in C57B1 mice

using both NS3 protein and ccinia 3-5 to read-out

NS3t he response| Bg4BLI SPOT. Bot hNSPB2 and | FNy | ©8fonses

wer-e—det-eetet—No—stgnt-Heant—drfferenceshetweemr wtd
type and

HCV 520

NS4B NS5B Core NS3

HCV 530

NS5B Core NS3 NS4B

HCV 501

Core (66-191)-(1-65) NS3 NS4B NS5B

29




10

15

20

25

30

codon optimsed (co + m versions of the constructs
were observed in this experinent (figure 9). However
wdaizbd4auerices in in vitro expression foll ow ng PCREPR@®BN12830
transfection were observed 15 between wild type and
HC\Fgﬂgn optim sed constructs. Experiments to conpare
c tructs at | ower DNA dose or in the primry

Coré'(lfi@S-QQ$ﬁ(1rI?0’4)reI‘l§?| difTerenfggs4pn the pot engyeeig the
_plasm ds. HCV INSAB 20 Responses to full |ength W

p7313 NS4B were observed following PMD inmunisation
f BAL .m.ce. Bot 2 and | ELI
e A amonEl TR Ag e el am FR AT B Sieing
Lipo®ddidigine Mod®HsticlbA re%@gnt\(ﬁﬁﬁiﬂr&%eﬁ/ﬁfesl‘ dchh@s Qx%s)fl Ditowiithe

NS4B protein was truncated at the N-term nus to renove
standgréh mgnpiacyrgrsi prgioeol. Celld were haoiesied 24 brpwis post- transféction; and

vt BB B B0 BB ) B R prfomea
gels ithi either MOPSriMES réady sastl et @@icnS(nif6zdVILies TédhRblogies). The
region. In order to confirmexpression of this region

- sepafaged pygtomsyesge lottrd prte INGBBmsmbraneandmeeteintexprasaipn monitered

) . ' . t .
i ST READASE 1003, Ao m
rabb smahoglobulinritierh@5Bnjugateddo hbmersdidBpprontdasa(tep)d followed by

cherd STt B ion RS STr AGe CAPRISaEn BaotHsnces)
20914 RABISET e Tk FRAR B3¢ RE2 83 QoW i FITTYD STEERRARSR 0% That all the

NS5B fol | ow ng D was i'nvestigated foll ow ng
polypretaims are exprassed tasimitanerdent altbonghmt lawes develsdbanthi) seen to single

. sequences. [ es to B _fol] ow .
anig SRR B SRR Boleew bt HEsgp dndyso cleavage
of HCVd3ke fro@ahe/N-tefniBal fositiNBSHEVB0E whs ABldetestéd i this 3xPerirfent due
read out the response by ELISPOT. As with NS3 no 5

to a pning eERk & 2 FapeptrapermeRiavitioanstins elope the lowd of ewpression of
HCV%@E%%M&I%Hw%?f#gB%R%@QS of the constructs in

thi's experi nent Exanpl e 4, Expression of
HCV pol yprotei ns The four sel ected HCV anti gens Core,
, B and 5B were for ed in 10 p7313ie to
Exalggérsegﬁeggo’éo e rﬁfé’l’“ﬁ‘ﬁ”%ﬁfﬁ?@?@ﬂﬂns The anti gens
WeC 7B RIIESWER ilnfudisdd b PMITS with DA (L 'éggor(]fgr?é daeh SPihe

constructs as shown below. (The constr
polyrntets figlomied by brpstimgsi weeksflatei asglescribedl ypecingilng. vasune

desi gned i no- i nal_RQshh-oN . k
resp i B torel Ak P e e RS O R PR e i Srahine
prodiidi@nlie e HOV saupeessi on was significantly

ELISPOT assays for T cell responses to HCV gene products

Preparation of splenocytes

Spleens were obtained from immunised animals at 7 days post boost. Spleens were
processed by grinding between glass slides to produce a cell suspension. Red blood cells
were lysed by ammonium chloride treatment and debris was removed to leave a fine

suspension of splenocytes. Cells were resuspended at a concentration of 4x10%mi in RPMI
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i nproved or reduced nore by the presence of one

antigen than another in this inportant 15 position.)
wono@ddét7son two constucts were generated i n WRCT/HEPRG18/012830

Core protein was re- arranged into in to 2 fragments

Core 66-191>1- nd 105:191>1-

comuplglo; R S A1 BRI Alea RRG AR Tl el o Wiy
immuB2tibk4dR NGB T RrdNSRe HIVeBBBod¥RAB Core NS3.NS4B 25

HCV 501 Core (66-191)-(1-65) NS3 NS4B NS5B 29 WD

2004/ 046176 PCT/ EP2003/ 012830 HCV 502 Core
ELIS}%}?S 191) (1-104) NS3 NS4B NS5B A st andardi sed anount

BRi&was transfected i nto HEK 293T cel | s usi ng
Lippatertrconed 20001 3 g (ia®B ) natrand gentse IFNy or rat anti mouse IL-2

(ILnvitrogen/Life Technol ogi es
(Phafgv%brpé%%\’fﬁqeé’@@‘ie@ p§elmg§$ °C. E@}Lqr%u%ﬁéﬁépﬂéﬁsvwgﬁeé’&%hcd

three %?heg WHhPEY enBEﬁ@ss‘&r {44884 tﬂﬁg ﬁ%sﬁ?@ibd?dal%eﬁekecombmant
ctrophoresis carrle out USIn
HCV Bnﬁgéﬁs er@olaaimd frech Milalogemartdused ahh:g/mme MESused In assays

eady- made bu rs nvitro J Li Technol
at aﬁas,telpc&.na?r@r@ﬁa? a{f LEHMJ@%%P& {?58 PR o h@)"&f\?ﬁ were
obtaifddOt&th GeRXBES §§ﬁtﬁéblmeu QbREhe lﬁ%hagwémwas !zoamt PISRk UBhtaining
ral sed q%al nst " NS5B whol e protein. The secondary probe

antigerassinaratad péllsiere dtstybatedl foniediustiola hymidified 8¢ d?nlncu ator. In some
ed.to . horsera
experge Flsitt e NALOE ARt GGl o d B Vit wite
type WéRREED A BrlBicOSCih BITSBDT abkig. resul t's of this expression
study are shown in FIG 12. The results show that all
the polyproteins are expressed to simlar extent
I T3 than that seen to single
'Damgﬁhg (%Q%x%ﬁgg?gag %é%% The slightly | ower nolecul ar
V\E@eg]‘stwemé reriovs0 Bronsthe piateschycw ashireggmnc @iﬂnfw&ﬂei\,(vd&r bminute soak

oo T MR SHURE! RES s HONROZ B A% LSS E T o

IL-2 ki esgselﬁjéﬁz@% hamAtt Wid/hi a0PBO ikt RBR ihéitbatedpith Saking 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.

Approximately 3 x106 splenocytes were aliquoted per test tube, and spun to pellet.
The supernatant was removed and samples vortexed to break up the pellet. 0.5pg of anti-
CD28 + 0.5pg of anti-CD49d (Pharmingen) were added to each tube, and left to incubate at
room temperature for 10 minutes. 1 m! of medium was added to appropriate tubes, which
contained either medium alone, or medium with HCV antigens. Samples were then

incubated for an hour at 37°C in a heated water bath. 10ug/ml Brefeldin A was added to each
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HCV502 was similar to the other polyproteins. Exanple

5, Detection of Immune response to HCVpol yproteins 20
wQRiBl4m76e were i mmuni sed by PM D wi th DNA ( 18LT/EP2003/012830

encodi ng each of the polyproteins, followed by

e RO a 5 A SR CRoPinfigrot o uher S FaskroBggRed water bath
then4&tufbdfb 6B Ghd Was nidindmeh hihas teﬁmg(a&\ﬂr@ qurrﬁf(ggﬁ Iu ction to

the HCV anti %ens. .25 ELI SPOT assays for
r e Spwinles sverothpCstained avigh ativoogse G4y Chremon(Rifarmingen) and anti-

tes Sple re, obtained from.i ni sed .y
mouf L BRATH PR, YRR N U5t SRS decptinmD,
Samples Werddrhshgd Bed 1661 of Fa&Tive hia 8ddddGrddh BRUGRrar&FPdmeabilization

suspension. Red blood cells 30 were |ysed by anmoni um
Reagent’ ot demunetechitor 12 mindienet roometsmperntine diftep Washing, B0l of

per i SRS ol S PRGN s ST, UL Sl BRPRE B
+ an@I04Q-BARL Bamip(Sh/viere @ab &2 838 omaepbratuee 245 @nihffes, W98 washed.
i n ELI SPOT assays where m ce _had received only a
Sampfes Wersresysperiied an 0581 byffgr. 2nd aealysed prdheFloweethmgteneen
boash@flof sgekdosR '

/m (i n PBS s FRnduolfeol %‘i%i}moi% S iBLdlenth Cpd na s
cells|werg gated®hadaterngenthe pppelntenswicellcseatetidlg ORI¢y andjbit ITA2 in response
i t.+4,\§:. Bef ore use the plates were washed three tines
O SRS PBS.  Spl enocytes were added to the plates at

4xTREregEltd showeahat-all R8s fERpAMIAs erddetingtior i
. __obtained fromM kar ogeg%d usse%l atm?ug/t?ﬂqx.rg‘:gIf’le%r%'?'?daend\/\l\/gissSB m
differpps grders aae ahlg o stimulatefimmaine sesponses talNS3 fiedICY-S0QUM, 620, 530).

h ti.d 10
T i LR S SBRER T P 58 V30 Bk orn
HCWdlprageins2(00V.508) $10p S26 et $80)] When @bkit@eNb L NGIGL €314) and -

cells were incubated for 16 hours in a humdified 37C
IFNy, FEGpDELISROSone  experinents cells infected with

r ' Ll ressin 3-5. or Vaccini /1.d
ty S e SRS B BB CERN bR in ey fefayiby A Apood
CD4bdvellapspense wis dlcit&P(dTarpisdaynddoaiimit NS8IAIM $RE/ic peptide, which
r.enleed fromthe plates béqwashl ng once with water
was gilarbetwesn HEY 3092810, 526, Bsure 1ysis of cells) and
three tinmes with PBS. Biotin conjugated rat anti nouse
IFN-y or 1L-2 (Pham ngen) was added at 1 g/m in PBS.
Tablpll dtregueney of NStspoalie I tmd SDEKT ¢vlis peoduling TBNY folRbwing
. roomtw%}/ur . Plates were then washed three tines
IMmUSAf o PYBIPE S on of 20 -Streptavidin al kal i ne
phosphat ase (Caltag) at 1/1000 dilution. Follow ng
three washes in PBS

Construct | nil NS3 protein  NS3 CD4 peptide NS3 CD8 Peptide
NS3 single {0.05 0.29 0.24 4.4

HCV 500 0.09 027 0.38 5.54

HCV 510 0.1 0.17 0.29 3.95

HCYV 520 0.1 0.14 0.28 3.32

HCYV 530 0.07 0.15 0.21 4.89

HCYV 501 0.1 0.05 0.08 0.16
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spots were reveal ed by incubation with BCI CP substrate
(Biorad) for 15-45 mins. Substrate was washed off
wodng4eEaser and plates were allowed to dry. SporaP®B812830
enunerated using an inmage analysis system 25 Flow
cytopetry to detect | | L2 production from T .
IFNy G T RTF eSpORea s sRst e R AP Hon of Spiehodye s
| & 5 6 5Bl ANCHLES B Brefdldifl YO0 thsPBhours. IFN;
presel QeI ek P 6 B L e L B B R R o fot aours. I
was defTRASY gariflg oA e DB Tevedls atd shoindgagwiih IENpFPET.| et .

ekl A O o
gener%%ge@gﬁfﬁﬂg LA Raf G wi) Hev lﬁag,ss 101520 arff SjQFEEab'l!ﬁh%'g?quencies of

ppropriate tubes, Ich” contained eit
betwdéBd. SH6V@d TR+ oellsmedi um wi t h HCV anti gens. Sanpl es

were then in ed f ho t,. 37C in, a at.ed
wdlmgnunigabRn WY 0068 1 3ot 5o Galso Tt B iRl gope and
¢ hodghliBe @R rekdnses were weaker
CDS?[%B%%% fog.[?]&%ti@ éggﬁggﬁ?ﬁﬁg%%fg%r%&a f%h_rt her 5 ﬁg)ur s. The
to theppalgprateinsdhamfollowhbig immiitisation atitly the singls agtigemind was
mai nt ai ned at that tenperature overnight. Sanples were
then stained with anti-nouse CD4-CyChrone (Pharm ngen)

d Ly S GDBBp&difie TR BYuci R IRN BBIlvein
Tabl\%géﬁgég?éngﬁg?%?% with streptavi dS?ﬁ- ECD’:E‘ga 5 }ggrrpl eg
immuntsntionasthddCEpdlypB@dinsf Fi xati ve was added fromthe

"Intraprep Perneabilization Reagent” kit (I nmmunotech)
for 15 mnutes at roomtenperature. After washing,
PlasthffP!  Of | nfler No@3EB protéinon NSSIDED f rom t INSSBCDapeptide
kit was|added to each sanple with anti-IFNy-PE +

anti-1L}2-FITC. Sanmples wPeBtflficubat ed at room

+erperartte—for—i5rutTs, T wWashed. TP Ees Wer e
NSSEP-%@E&pEnggd :dril 0.5nl buf é2r6a[ and anal ysé?on t he
HC\%W‘F'C booet @14 10 A tot g g3zf 500, 000 cel3dss were

col | ect

bd per sanpl e and subsequently CD4 and CD8
HCWS10 s wePdlgatddd to deter 3% the popul alildns of cells

etipg . LF d/or IL-2, j1 response ti mul us.

HC\%—ﬁé res ugtlg gﬁo@nt hat al | %t Sne pol ypr ot ei tr(1)g)82ncodi ng
HOVCRSE, 8,07NSHReand NS5B 07 different obd@ s are able
to stimyl ate i nmune responses to NS3 (ie 500, 510,

HCB301 5300.1 19.0%he resul t d-Bre shown in B2 13
Respanses .t o ' - 17 ; ;
L e e L R e
presERBiok QbRAcOYS drltiger for G holiddNin predence o] BrdfEliia A fBByst 4hours. IFNg
ELI SPOT. The phenotype of the respondi nt%égz}l S
was detettod byigatingram @4 et K0S Byellsand spigpg ¥ ¥ET G |
response was elicited to an i munodom nant NS3 CD4
specific peptide, which
Table 3 Frequency of NS4B CD4 or CD8 specific T cell producing IFNy, following

immunisation with HCV polyproteins.

Plasmid I nil NS4B protein  NS4B CD4 peptide  NS4B CD8 peptide

NS4B 0.05 0.17 0.18 2.04
HCV500 {009 0.09 0.1 0.6
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20 was simlar between HCV 500, 510, 520, 530. Table 1
Frequency of NS3 specific CD4 and CD8 T cells
wonoekasrtg | FNrfo Bowi ng i nmuni sation w th HCPCT/EP2003/012830
Klglgyprotel ns Construct nil NS3 protein NS3 CD4 peptide
Peptide NS3 sipgle 0.05 0.29 4 4.4 HCV 500
HCVpI %3?527 (8&38 5.54 HEV'510 0.1 0.17 08’7%9 3.95 HCoV
HCV?.%?} @.06 0.0lgg 0. 28 3. 320 04ICvV 530 0.07 ®.3H 0.21 4.89
501 0.1 0.05 0.08 0.16 25 32 WD 2004/ 046176

HCVEEN/|E20030.002830 | FN)dpecific T cel [0-3%sponses were

Hcvgﬁig)tn@g L(gb%ovw ng of &g%mﬂ ation of gp{gnocyt sin

q ! bsgnlyc‘:];L of tigen for 6 hours, in
IFNyB Eel REE et folldbing SPSiislatibr-biplenasytes i
7dz_ét ct ede byes‘ggti ng on C[c)4 g? CD8gTﬁceI I ‘sman%@gt ai ?ﬁterfgm
presewbd dr dBESEIOf @ntigensor 6 hguiSDB presepeneBrefsidind for last 4hours. IFNg
i mmunqQdom nant S ifi eptide
was dgRGA I SATBPY AT LS PRl R BER T G 1o
Thep%ﬁ@%’ﬁgecﬁﬁgzefﬁﬂm%@%&h@auemi es of between 2.5-6%

+ cells. I nmmuni Ssation with HCV 500, 510, 520 and
530 also resulted in detection of CD4 and

roecsnonasaoac--to at h NSAR acl - NQER b 11 1 "
- eSpPonsts—To—7p LI{. N aftt— NooDb almt T gens, artmougim thne

Protehg r esponses “%eaker to the polyproteins than

NS3 T ol'Tow ngi mi [ipgsAd)) on Wi t h the single antigen. 10
Table 2, Frequency of NS5B CD4 or CD8 specific T cells
produci ng | FNy €814 RRFGEATRTEMKCS Rt i on with
HCVpol yprotei n R ] ' protei n NS5B CD4

EpsYREAA Gy

NS5B CD8 pept pepri single 0.05 0.1 0.26

Nss5 L. 67 HCV 500 D(@9rB1./8% 0.43 0.35 HCV 510 0.11 0.1

0.29 0.11 HCJ/ 520 0.11 0.09 0.18 0.08 HCV _
0.06 0 7 0.12] CD4 SMSYTWTGALITPCA 530 0.07

CD8 AAALRAFTEAMTRYS

NS4B (Balb/c)
CD4 IQYLAGLSTLPGNPA
CD8 FWAKHEMWNFISGIWY

Recognition of endogenously processed antigen

Tn 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
assay. The results show that good IL2 and IFNy ELISPOT responses were detected following
immunisation with 500, 510, 520 and 530 (FIG 14).

Immunisation with HCV polyproteins induces functional CTL activity.
C57BL mice were immunised with 0.01pg DNA encoding NS3 alone, HCV 500, 510
and 520. Following a prime and a single boost, spleen cells from each group were re-

stimulated in vitro with the NS3 CD8 peptide and IL2 for 5 days. CTL activity was measured
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HCv 501 0.1 0.03 0.13 0.09 I FNyspecific T -cell

responses were detected followi ng of stinulation of
wepbewacytes in 15 presence or absence of anti gemwEP2003612830

hours, in presence of Brefeldin A for |ast 4hours.

agailistt aini ;\g Wdlf?f éﬁlﬁfb%@%%t?éﬁ%e C%F@&H@ﬁ%gglﬁ ﬁlgg,@%@ﬂ? showed

similaf 160818 of REGHE incthik s8&lyl produci ng | FNyf ol | owi ng
i mmuni sation with HCVpoI /proteins. 20 Plasm d nil NS4B

pr Shigishowstipt BMID desuniratinswBh$8V pepipreteins ngviBdaceofinctional

cosibip B B BB B0 0. 10 8 55 W0

0.34 11CV520. o 06 0.08 0.05 o 33 HCV530 0.1 0.17 0.1
0. 37 501 0.09 0. 06 13 I FNyspecifzc T cell
Examplef, ewdé%f@%fl@taeéﬂwdu%momt@fwwm| ation of

~splenocytes in presence or absence of antigen for 6
hours, in presence of Brefeldin A for |ast 4hours.
Dual Iﬁd&iyotemsﬂabts cteecigdnerayat sy the feldiving nelbdT Ackdgntendbdtrying

o B bR S R e B e
prote%sfc’)?ﬁ%t‘élf b %aﬁ%@}%&k&f&%@% éaﬁcl\:}"s_le:{%om its host

BL/ 6%7 CD4 SMSYTWIGAL|
vectqnsmle(lBa 3)11339 b&mmqll@YtSMZLt@ﬁlm@lmleasm&s Clal and XmnlI. Xmnl

genefpBIINELTE WY 3. FAR0UN b1 B0 RsHRARARUS! v processed

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

NS3 | NS5B ]

NS5B | NS3 I

NS3 | core | NS5B [

NS4B NS5B | [Core |
NSSB ]

NS3

NS5B I
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In order to determine if PMD immunisation with the
HCV pol yproteins i nduced a response that could
woesBgaswe endogenously processed antigen, tar geraP2003/012830
cells infected with 10 Vaccinia reconbi nant virus
.essing NS3-5 were used as stinmulators in the

Foo%)éFerSPOT assay. The results show that good IL2 and | FN7
Arrék E3Rdhah CROMELAVE NS TN SERCHVEndteF (IDOMV IE)

| muni sation with 500, 5%0, l%.20 and 530 (FI.)G 14).
NS4Bmirnpeated HP4R eantrigingapinocteidsid-2¢htusesuttined aboval

il V] . ] j nised wth 0.01g
CorgrEChbepioteinainimiinls ahiiG a8 3-L0 .05 20,
Following a prime and a single boost, spleen cells
frgﬂweach roup were re- stinulated in vitro with the ]
Nsiheeamnsprgnagel shawn above is compleis and hay beeprmpyitergd g expression
o B T SR TR b oROR gl plor
analysist dre shdwrcmId. 46t karstkewed sinilar levels of killing

IR Y AR B L e

2. p7BSieRS3I tS are shgymisRy Kk4BsEPcoreNk¥anpl e 6,

Del i very of HCV ant’igens via dual pronoter construct.

3. p7Bl3ie /PRot er conbl. My HeANSBE oM 4RS58d usi ng t he
1 oW t hod. '
4 P R e e 1 T PR N gt ow

5. p7B13iBSABSBEXON 1, 12)§78136/CREHHNS3485Br ot ei n/ f usi on

rotein of interest, plus rabbit gl obin poly-A signal)
6. Pﬁé%‘e/éi&?@é?j from 13-§7Eb§?m536553f80ﬁ$ane| y p7313ie, by

7. p7d gk 3uBSRr i ction endonucl ease sites dal and Xml.
Xml generates a blunt end at the 3-prine end of the
exci sed fragnent. The recipient plasmd vector was

p7§£cﬁip%g%?%1g§1ﬁicfégsaﬁi%§ 69 %&egelﬁéﬁ&gp&e%gi%n oAl fes ASvas not
prepared by digest wth unique restriction
expeeind thatithe @ader i1bshBB8IE cdssttieowerk inyerteddioahé oettorkbowli bive an

T4 ol ynerase to, renove the created, 3-prine L
effec) Repy i G BB TR L PR RS ic P ghavife oh Agignificant
disadaithd® tﬁ@egﬂ@@ssidnrtﬁ@rsm%@mg@a@sm I&tﬁi'hs WhER their

uni que restriction endonucl ease , I ch renoves a
respepHYe GprespiQywasreticsmrp pesiiongd dowmstedaneofithafiore INN3EHTE, 0t 0

' pression cassette 2 via C al/blunt
Coregg%%ts% ‘e ends, generating p7313i e/ Expression

Cc dxgeéssion level ot as positivecRIoEhE Gin%le dﬁﬁ?éﬁcqxﬁﬂu&@,&ﬁﬁk&& some
1lis tream of cassette 2. p7313ie Plasm ds

ups L E ; ¢ ..
reductighty ‘iog%er?ép?qﬁ%d s to b signifiernd ingeense in tep G3P-22R%K3, tmslting into
a redD5eeR in copy number of plasmid delivered to the cell by ~50% for the same mass of

DNA.

In vivo immunogenicity induced by induced by dual promoter constructs.

Three dual promoter constructs were selected for immunogenicity studies, which
showed the greatest expression of all four antigens. These were p7313ie NS4B/NS5B +
Core/NS3, p7313ieNS4B/NS5B + NS3Core and p7313ie NS3/NS4B/NS5B + Core. C57BL
mice were immunised with 1pg DNA by PMID and responses determined 7 days later to the
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anhihg 2063430 ALISAGRRENE3 Ok
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Corqocmmethssms B+Core 15 7 NemadckatelreNS34B5B Each pair

1 nrlgnanrlnnf

nvnr essiaon

constructs—ecarr+es—+woe
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1-17¢asset t e.
1-15%1 gni ficant 20 di sadvant ag
B5B or NS34B5B fusion p

1-13t especti ve expressi on cass

ownstream of the Core, N$3Core, or CoreNS3 cassette.
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1-71(175-228%, translating i
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e expression of
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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:

Lane Loaded with (each comprising 0.5ug DNA)
1 p7313ie/NS4B5B p7313ie
2 p7313ie/NS4B5B Core 191
3 p7313ie/NS4B5B Core Al5
4 p73131e/NS4B5B Core 171
5 p7313ie/NS4B5B Core 151
6 p7313ie/NS4B5B Core 131
7 p7313ie/NS4B5B Core 111
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wherNB8 Westerh blag pse;mpbq:d;wme pntuﬂ?@g;, after tiaNDFB dptecting eftthg gxpression
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restrieRo BfMRe 8&is¢isterA@ked. i rre fromthe 3' end wer e
gener at ed and fully sequenced. _ Core conponent

e m’fﬂmes\at deraonsyates 2 Sigs} aBt115du°11°£911 eBEP%Smfg‘ivel PINpABSB in the

preseilici of 0@19 ﬂigr}cg&#whic Qoyers JV% C%gél?i 1%%(1 ag!xg;% ggfe? gl despite

the sH6R &lptesdioANRbatheC s @p@@és ’Slil@ wbhegvition Haabga ropeatinedce with
encodi ng fragnents of 10 Core. These constructs were

NS4B&B+ and dnee Es#1dINSSB-onbi ned with their effect upon
the expression |evel of NS4B5B fusion
(p7313i e/ NS4B5B), by co-transfection in 293T cells.
ExamhpR 8, Bfau df?o:'oaé ands Bown] 5 Inupbh Gepre@siorT NS 2 MSS Bowi N§/B-NS5B

fuson g s ARG RIe 1 1 (Sach comri s ng,
Core 191 3 p7313i e/ NS4B5B Core Al5

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 #rans, or
encoded on a separate plasmid. The experimental protocol was the same as that described in
Example 7. Briefly, 0.5ug 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
standard protocol (Invitrogen/Life Technologies). (Transfection and Western blot method as
Example 4)

The results are shown in FIG 20, where the lanes were loaded as described in the
following table, and Western blot analysis was performed to detect the expression of non-
structural proteins primarily, using anti-NS3 and anti-NS5B antisera, and that of Core by a

secondary probe of the same blot with anti-Core.

Lane Non-structural element Core element

1 NS3 Empty vector
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experimental protocol was the same as that described

. B 0.5 h_of
l,&léfﬂé ,cgses,(ﬂe]? PR : Io? HO‘E{‘ﬁgl“ftgl%ﬂ Era R gfl\fusm \/\E@gﬁ R&38 'FN§4B 5B)
when%g%&d'céﬁ‘ﬁf L&t bR 1iEHad Bech dgddnstrated fiobd dipdfieattgrinereased in

O transfection reagent in a 20 standard protocol
compfutisoni Withoheri¢ el p@@@ﬂlﬁhﬁ%@jﬁ%@#‘i iptrags ¥t Gare ko bind
Western blot nmethod as Exanple 4) The results are
shown in FIG 20, where the | anes were | oaded as

. Expefifieftd DESprersibhg: Cik formani ng tabl e, and Western bl ot

anal ysis ‘'was perfornmed to detect DI essi on

Nk experimentivas PesFosmes HRmERItRRIRF pife o tote ISR lﬁo§§61§ﬂ s
'Core%q odﬂ)e Nﬁ?@g?)ﬁ)géésﬁﬁro‘? Al %@ﬁnﬂfang% 8, WerPCdre i$&§RaHad i cis, or

sane ot with anti
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.

1pg of DNA plasmid vector, outlined in the table below, was transfected into HEK
293T cells using Lipofectamine 2000 transfection reagent in a standard protocol
(Invitrogen/Life Technologies). (Transfection and Western blot method as Example 4)

The results are shown in FIG 21. Western blot analysis was performed to detect the
expression of non-structural components primarily, using anti-NS3 and anti-NS5B antisera,
and that of Core by a secondary probe of the same blot with anti-Core, in Gel A. The lanes

were loaded as described in the following table:

Lane Non-structural element Core element
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non-structural conponents primarily, using anti-NS3
and anti-NS5B antisera, and that of Core by a
Compazisem ghefrcheicbered?! emtCanmndd ligndmmgne nesganses @N83. i n

7 Im-@%%vér ?rﬁl?hum*é@cf \%ﬁhqaﬂﬁq( Z’isShogsef%Fa"l b%fg by %MIB The groups
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p7313ieNS5B and p7313ieCore 191 or p7313ieNS3, p7313ieNS5B and p7313ieCorel51.
Co-coating was used as this should deliver all plasmids to the same celll which should mimic
the in vitro co-transfection studies described above. Immune responses to the dominant CD8
and CD4 T cell epitopes from NS3 were determined 14 days post primary immunisation
using intracellular cytokine staining to measure IFNy and IL.2 antigen -specific responses.
The results (shown in FIG. 22) show that both CD4 and CD8 NS3 responses were
approximately 2 fold higher in the presence of Core151 compared to Core 191.

In another experiment C57BL mice were immunised with gold beads co-coated
with plasmids expressing p7313ieNS3/NS4B/NS5B triple fusion together with either Core
191 or core 151. Animals were further boosted with the same constructs and responses to
NIS3 were monitored 7 days post-boost, using intracellular cytokine staining to measure
responses. The results shown in FIG. 23, show that both NS3 antigen specific CD4 and CD$

responses were approximately 2 fold high in the presence of Core 151 compared to Core 191.
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epitopes from NS3 were determ ned 14 days post prinmary
i mmuni sation using intracellular cytokine staining to
nmeasure |FNy and I1L2 antigen -specific responses. The
results (shown in FIG 22) show that both CD4 and CD8
NS3 responses were approxinmately 2 fold higher in the
presence of Corel 5l conpared to Core 191. 15 In

anot her experinent C57BL mi ce were imuni sed with gold
beads co-coated w th plasm ds expressing
p7313i eNS3/ NS4B/ NS5B triple fusion together with
either Core 191 or core 151. Animals were further
boosted with the same constructs and responses to NS3
were nonitored 7 days post-boost, using intracellular
cytoki ne staining to neasure responses. The results
shown in FIG 23, show that both NS3 antigen specific
CD4 and CD8 !0 responses were approximately 2 fold
‘high in the presence of Core 151 conpared to Core 191.
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Overall the in vivo studies conparing the response to
NS3 in the presence of Core support the in vitro
woxp4agei’on data that co-delivery of FL core amRdT/EP2003/012830
non-stuctural proteins can reduce expression of the
non-structural antigens and this reduces the
i mmunogenicity of the constructs. This effect can at
| east partially be overcone by co-coating with
Claitnsuncated core 5 fromwhich the Ctermnal 40 am no
aci ds have been renoved. 41 WD 2004/ 046176
HCV vacci ne conpr|5|ng

P2003/ 012830 C %
1. A:a%.é VRIS TS g 7RO gﬁ%,cg;@gge thebenrories s ppiypeptide sequences of
the FREGURGERS: Qfe, NJW NIOY RIaNSIPFor GRIE melifdth, NS48 and

for usé in nmediclne vaccl ne as
clalned in claiml, wherein the polynucl eoti de encodes
2. noAstHeY vapkine ax daigied in Blaindd, wikteirsibe polynadeatidei cmeetics o other
m1l or claim2, wherein polynucl eotide encodes a
HC\’;Bﬁ"gnﬂ)roteln which is truncated fromthe carboxy
termnal end in a sufficient anobunt to reduce the

3. i nmlkH(tv Wycafid mﬂamfedcﬁe ERirk @R claltf 26WRERESHAmledBibBhcodes a
pratei ns 4. vacci ne as cfalne in 3 wherein

core P%emmm@hﬁéﬂm%ﬁ@ﬁemdh% Paberestepming] end igr sefficient ameustto
rodul e HIkBidty Bfitot UY (R ARG Eobretion G HEP BIdIGRES, |

consists of the Core 1-151 sequence. 6. An HCV
4. vaduiH€Vagceing aﬂeldlmed inl3aiimardin, thevtrexcated cotesprbiein has a deletion of

S ar resent.in the formof a fusion protein
atleapsgﬁ][iﬂ Eh@a@?mm‘fi' “of the HCV proteins. 7. An HCV
vacci ne as claimed in claim®6, wherein the fusion

5. pr AhGHG,‘IV ivacotneti3Wiifiell USE1ain 4 S@REIS tHefinRhted B&e protein consists of
(g)g Etl de sequences of NS4B and NS5B. 8. HCV

the 1ﬁ S@BICB¢%i ned in claim6, wherein the fu5| on
protein is a double fusion consisting of the

6. POAYPRBYF 'Vg&m%ecﬁllé g ilp{lallhllsig Wﬁ%ﬁe {thi rI]-R"EY] W are present in the

vaccine as clainmed in claiml
formpf gtfesiorspratan eontaiding dny or here pithy FEY pati¢ide i n nore
t han one expression cassettes. 10. An HCV vacci ne as

cl in cl ei n_the expression cassette
en‘g% ? | 5jn' Vede aéglaémﬁq\%% i §.9v eﬁelB%H fgs:‘S‘I"B PIRPIB,s a double fusion
consigiingf the Bolypéptids SeQERERSTINBARCARIS 4 Whi ch encodes at
| east on of the other HCV proteins. 42 WD 2004/ 046176
PCT/EE%?OS/OlZSSO
8. vaccine as claimed in claim 6, wherein the fusion protein is a double fusion

consisting of the polypeptide sequences of NS3 and Core

9. An HCV vaccine as claimed in claim 1, wherein the HCV proteins are encoded by the

polynucleotide in more than one expression cassettes.

10.  AnHCV vaccine as claimed in claim 9, wherein the expression cassette encoding the
Core protein is in a cis location downstream of the expression cassette which encodes at least

on of the other HCV proteins.
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11. An HCV vaccine as clainmed in claim10 wherein the
expressi on cassette encoding the Core protein is
wdawgismam of an expressi on cassette whi ch enequaE®2a08812830
NS5B protein. 12. An HCV vacci ne as clainmed in claim
1, [ r ot ei ns.
11. 2 AIECE Rohe 4 Q8mAE cfim 10kl Bk Reiion ResSBE¥ encoding the
Corecprateireid dloWnSﬂréumfbﬂaih exphessoh Radsbee FhlcHHEdRAIARSSB protein.
encodes a NSSB protein that conprises a nutation in

not, i HCV vaccjne as_clainmed in claim 12,
12. vmén“éi@\’ {VRECIPS Pwalarreéd{l claam d neberes 4 lpgstongpfgheHEV proteins

presém%feeihé‘ctfx)aﬁedﬂﬁr% activity has been abrogated by
mutation in a e catalytic triad ami no acids.
15. An HCV vacci ne as clainmed in claim12, wherein the
13. poApdICY secdineasceizionwddn alalis32, whatiaithe phignailevtideencodes a NS5B
e activity.has abrogated by mutation in
pmt%%b? g?Onﬁ%?S(?S&Fn‘{%tén‘Hé’il‘%&na%e motifs I, 11, Il or IV.
16. An HCV vaccine as clainmed in claim 12, wherein the

14. poAyHCV &atditkeassolsin@dsn alalip4B wHJr@ithé]ﬁ)él?ﬁﬂUléo‘HdB @nébdes a NS3
truncation to renove the highly variable N-term nal

proteip whegsin the profeaspiactivitychas heemabregatedheximutatignyn any ofthe catalytic
triadShhdBeids. t © 16 wherein the pol ynucl eotide vaccine

encodes any one of the HCV conbinations 1 to 19. 18.

An HCV vaccine as clained in claim1, wherein the

15. poAptl{cY eatdinteasi Céaimeﬁ)&ﬂicla'me d]Zl,e)vilmein 1% poq\ylndcﬂéétlda endodes a NS3
sequence is in

protetnhgﬁFrgpﬁﬁspehcgs%f\c& jxas ?Fna rq,g&kea bydnutation n eeprinppre of the
helicas®ymetie 1of, Wigimws 1 to 17 wherein the oligonucleotides
are codon optim sed for expression in mammlian
cel 21. A nethod of preventing or treating an HCV

6. | nM&q% Naqciﬂ%?sr?bafmﬁqi inelaigt 15iwhyrein the prilwausteotide encodes a NS4B

Pf°‘eﬁn§5&*‘ e Gustal0 e R BB o kabhabhel k.

met hod of vaccination of an individual conprising
17. t aAn h@\évmmemscclmed deanyanmemaS te 1 aiwheekin thegyymabRotide
cl.ai ms tol ng, t ol ynucl eoti de onto
go‘fa&mﬁ‘ég’&‘? heRY 959 3@? ‘W@ 10gs é‘ég into the
skin. 23. Use of an HCV VaCCI ne as clainmed in any one
18. of A& HOWBactideQs tiaithBd i\ @aiffAl Whiaedil iR fflyni1edtaé BRI

for the treatnment of HCV. 44
sequence.

.L

19.  An HCV vaccine as claimed in claim 18 wherein the DNA sequence is in the form of

a plasmid.

20. A vaccine as claimed in any one of claims 1 to 17 wherein the oligonucleotides are

codon optimised for expression in mammalian cells.

21. 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 17 to a mammal.
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22. A method of vaccination of an individual comprising taking a polynucleotide vaccine
as claimed in any one of claims 1 to 17, coating the polynucleotide onto gold beads and

delivering the gold beads into the skin.

23.  Use of an HCV vaccine as claimed in any one of claims 1 to 17 in the manufacture of

a medicament for the treatment of HCV.
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