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prevention of Hepatitis C virus (HCV) |nfect
the synptons and di seases associated 5 ther

met hods and conpositions useful in the treatnent
i

vacci nes conprising polynucleotide seq uences encodi ng
i o6t o wi th HOV compri <1 ng adim ni Str ! o MR
vacci nes of the preFERPCAHFRAEY on. HCV was i denighdd.€d
recently as the | eadi ng causative agent of -

post - L el P Alls e 1o R4 g BEARAGH B i e e%an&t and

hepat proxi nma m peopl’e are chroni cal
1ﬁrevmﬁ®mféi§pams a VHG‘\(HCW infeciione grd thetympises miefhseisﬂa@%clated

I
Bep Ul fofdfnf R ey e Poen 0. cono

molmuvleqhdq pagnenees encoding HCVinsoteimsyand-methnds pfityeatmentiof plividpal
%gece‘e@smtﬁw cB&ﬁqsmgqaﬁmsMoh@me vAdEiMesi of the Btetdnainbeﬁual

0
linical infection nore_ than 90% of géatlen f?monand

devel $IYcwisdimtificdirecenilyes thelradige causalie 3pep) OEROSt-trans
t dopingialty d@eaab@mmoh rmm:zam mjspﬁ)xmteuwo:h@a@la dré Gbromcally

eg&e%mﬁ@gzo@m D93 6909, F52 pDRRALO. kS BELISUL Al

tthérﬁeﬂﬂen&{)ls V8% 5 eamﬂtetl Itrelte $2 dillionh Betereen-40 6D Yool hYer dlsease is due

¢
R ST B ki PO i, Mot QprCY sty 0
crmnsnl idfectip0 Owre tEnS0Bf patients develep mm@@a%@f Thaalissasy progess
'd@ﬂ-ﬁ)g s f& cﬁr&ﬂg&v&@paﬁ-{@ ?10%) ' fibrc¥is Hirdidkis ﬂf@W td lﬁ:faato-

rov treat nent of HCV. here are currentl
@atfor

scwﬂvlpr carzipomp (G¢a) lafeqtio (9 W‘éhaslarﬂ‘ﬁdﬁPPB‘Fg 2Q¥eers
atsJFlélfuﬁB barGietinth 0% 128 '9@'?‘% Aavet G[ah@WAlkExlf B 2eolquBE@ﬂ \afued

I erreron represents e ay . r

Rpeeian, SRR e 205 41y GOt 200 ) Theeionfc e gt Hephits C.

r R@nsEIss ($424)32hi eve sust ai ned response renains

- sub- ?Bt L mal oﬁé#t% %%%%ve& E‘eﬁ&? ié 15@\} %‘hgrg 'érelé&re{nﬁy 90 small

nont h response ra
Imulmule(rép‘li%non inhibiters avadd:tlenﬁ‘het cmntabld@taa@smf ot adt h

%g%%gg&ggang @ﬁ& m&@ﬁrgt&ﬁ%}i hﬁwasrg Brofv@Vel 0 bitity

t er fir
tof thetonment reglsmaatp a¢h1ey9 euqﬁa@sd FEERPESCIPTEAIRG Stlmhm@h@vmﬂ 50%

| Elbnst lidfor 6 RoRthE hb®evar, Gor isBABHPO BSME fesiolise O is®Wer (27%).
m ce, 1ncluding foIIovvlng I muni sation

Sbipdeamendsalip P AL Wi B eatfFt Spefgets fhie Eeptls Eaich o gt e
fe ecﬁﬂ}if@;fﬁ;ﬁf@@&mlsutr&u@émtherapy The nost advanced

32%3“%%%% bty e Gaotel 10 Pl R

kﬁym&ﬂ)deeaﬁautmg mnovaﬁﬁmmumsﬂoamh DNASSeverabHCV aeineeme

are recli ni deve }gg

tlg Bf ém;gﬁl &nal% g o eif ei A Eléeurﬁcgslt %dar%;g(\?/%? Sﬁ'ﬁently in
(?hasd elby Chirgn zglglmnemet;cn gsmgﬁln:g EZ envelope proteins. An epitope vaccme 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
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DNA. HCV is a positive strand RNA virus of the
flaviviradae famly, whose genone is 9.4kb in |ength,
with one open reading fi-ane. The HCV genone is
translated as a single polyprotein, which is then
processed by host and viral proteases to produce
structural proteins (core, envelope El and E2, and
p7) and six non-structural proteins with varlous

S activiti
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191" 1027- 1657 17)12- 1972 2420-3010 _The virus
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genetic vari ation, which has been classified into 6

| 2
7o) O gL Rk b it o B L i
Nwd hl theTehclBotidelseqhense picansepved and mmewmdmever there is
Ind@ilHefro %ﬁ?hﬁﬁ@@ 1sol%te@ﬁ-gm§ siﬁﬁl@ Rﬂfeﬁt‘i?ﬂhﬁﬁ'ﬂes&x&d asa

Africa and genotyp ereis great need,
fidyre pEleselymelated %?W@Hq‘taﬁléaﬁﬁéﬂt s of HCV infection

and ahﬁmd\ogen&hashbd@a hipe ddgree of §en§tl'¢a'hna'ﬁb§, vdﬁdh%éilﬁ:elh Elassified
Sl o 374 TS, (e SR o
prealéntlindEuicpe Northasd South Aériva Al Ohisa, Tdpai ardrAustralia. 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 mfectlon and also to
provide treatments that are diverse in the ability to treat a number of HCV genotypes. In a
first aspect of the pi'esent invention there is provided novel vaccine formulations that are

diverse in their protection against various genotypes.
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genotypes. 2 HCV vacci nes conpri sing pol ynucl eoti des
encodi ng one or nore HCV proteins have been

descri bed. Vaccines conprising plasm d DNA or Semiki
Forest Virus vectors encoding NS3 were described by
Brinster et al. (2002, Journal of General Virology,

83, 369-381). Polynucl eotide vacci nes encodi ng NS5B

are di osed in W) 99/51781. Codon optim se - .
genes,fcﬁlﬁ%"éf?fﬂmm‘fc Py FHRTHE BR RLAPS g‘(i’é\‘f’tﬁf‘s have
Bbetirdestritil.OnscindySoiprizing phiShil DNA @iSeinlid Farest Vilms geciobsauicoding

i 97/ 47358. M0, 0 i sl '
e SRSl RS SR g sarcabingrty o
dRalynuclebtide warcinesten¢adingNSEB afdSiclogedin WO 9IEHA. Cotles ppsimised
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t,gb@ynaaectﬁua eﬁ&dﬁ%%o@éj&%fﬁw egﬁsf@‘ bQivePHtth WiBin CoRINET NS4 or
of the Core protein. WO 03/03 58_8 descri bes . . an
Y& Hb Frsionproteins, aad DNA ggcoding siGh fusign profeiss, cquprising N$3, NS4,
vngss& &NS&M aﬁﬁﬁﬁiﬂNgﬁvch@es ke\degetibddah WD 01/30812; optionally the

- A- B- NS5A- NS5B. Vagcci.pes, conpr.i Si .
B oRRB e TS SO aP I Feon L RE e gt MO By031358 deseres
danlh@énovisisiveddrithatlis spitablecfornuse asa viledey whieldencmieybe HCV proteins

4 30000 nsdpnEbENYsgsSent invention relates to the
provision of a polynucl eotide vacci ne that encodes

t he H¥etcmestomiprisingplypeptiiescompgisiag ‘AnprodiSBE. cprreprotein and a non-

MEM@I o Ll Qe LAGHIGD Rf376de Present invention do
%gjtu.en 5§e th%e NS4A HCV protein and/ or the NSH5A

pr ot eThe prezentfinventionyelatesiie the provisien ef arobmadeclide vacriuathay encodes
L%@H@V%ﬁﬁéﬁt s Cofly RB% imB%ﬁEﬁt ¢ g@%rp%lm\%ﬂﬁaﬁdd%Th c8 Bcthdpont
] _proteins, and_no ot her ro S. esen
ARt d9rpongngite Sl AHAGLOY Preteinendbrtie NS RpieRIEFELYi e, -
R BaLd LS Wa0cthes gf thbfreentrifeh@riticade Core N3, NS4B andNS5B HCV
t he .manuf act.ur f . di canent f.or ,the t t ment.. or
g e oy G, pripey THegRor fhvenpRf sl Hrotd Belfebica
yolynedwtde vasadt encpdingdheycantgeane i mfdicine.sng inthemanufacture of a

i NV ' f . The
&ﬁ%%%ﬁqgéﬁe%&éﬁbﬁhﬁg%?ﬁe%ﬁﬁﬁ.prote| Irlfs may be in
many Eherdolynuddotidessegiences Bsed iy the ypaeines obthe preseat inerbgn e

e PHRIARSquERYs. Pe expressbd as i ndividual proteins,
or as fusion proteins. An exanple of a fusion, which

) ; ] 0

coul dThipolygyclegtides encofias thBGY Profpiat Bt Pe TR man, compgrions e
%oﬁgullah&w.flltbs bﬁ_EthHhS Profefd ia§ b&explessbd sddmheuapﬁbmg pt agde
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Teida rdroste Smple S PuRn T Rhsa e e ¥ RSB or e
fwsgld®e a deubid fasion wigchosonsisirardisingle pbigpeptidervo pelgaudieotide containing
SSRGS Be Qind 52 N Boeb 5P e dna RisbH Wi RE58)! d wifi@ Hsion
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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(Cor e- NS3- NS4B- NS5B) . Preferred fusions of the present

i nvention are pol ynucl eotides that encode the doubl e
fusion between NS4B and NS5B (NS4B- NS5B or NS5B- NS4B) ;
and between Core and NS3 3 (NS3-Core or Core-NS3).
Preferred triple fusions are polynucl eotides that
encode the am no acid sequences of NS3- NS4B- NS5B. The
p e

CRIAaRe oD ol B FREE ol HBRL Y BEPELR et
|n1®se®en@B9fNSﬂ=N$4B -INSAR: i pI e expression vectors.
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the ol nucleotl e vacci nes of the present
mﬂb@ml?"@ﬁethi@n‘f?d? Bpri se the full Iength anmino acid

sequentEpdpeptidbsintrakd Nﬁtbyoxtgbﬂlcmdeﬁemnedmhmmb @avention
shorter ;than t he full

oo Ese eyl et Bpo PSR i apkely B polbepidts ey be
[Bbryen thah eﬁ&iudeugﬂmmam; i tha they eddhpeist omfiiciqpt wrepirtgon of the full

o AR BB OB 1 B
pgemﬁale an mﬁume BNyl \ﬁncha?rosngao}qmdj thefull éﬁggtbpro@qnb For example; a
G%)B{J‘r unca@ag%%ﬁ eﬁéoagmgm&fofa ﬁd@m&gwcn lsvw ch

rotein 1n regl ons of the
dmgqtqdeHC\éezq@m whinbpgionas ﬁbeaegleeléeaue% bave bpegydeleted, the final

?ﬁﬁ UmfrHR idsSthAob St Shd diginal 3RV teRith hibilo 8id Sigibate, dddinkay

am no acid sequence, and may ,be less t n 70%
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o or rates antlgenlm
e mamuqlmﬂamcodsm fragotenteof o complete HEY protein seam!ndmaﬁ he
%}l&nucﬁ«{‘o r AR A égﬁoﬂeb@ftﬁdtﬁmm on when the

eot1 de encodes a fragnent of a conpl ete HCV
pr ot elnmrg'@'(?g apeeimesof ghepspent mventlon 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



represent one or nore discrete epitopes of that
protein. In preferred vaccines of the present
invention at | east one, and preferably all, of the 30
HCV pol ypepti des are inactivated by truncation or

mut ati on. For exanple the helicase and protease
activity of NS3 is preferably reduced or abolished by
nmut ati on of the gene. Preferably NS5B pol ynerase
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AR PR B RO GrRenh 1 ooty e Brbe v
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LéS 7 Lq@gﬁ 2000, Journal of-Vira
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ViunedoaglynotiéAd, @, 8428p. De Francesco et al ., 2000

Sem n Di seas 20 1) 9-83.. Th

pol yp Z‘I‘?Sf“abgy hlg\éﬁ%% ypé’g'% B\PY RElyRYS fide vaseines of the
f poesni mmhommmﬁsd fa reddce &2 ramd/e IBNARlepérﬁEIﬁ RNA ﬁoh}@:el‘@éﬁuwty

I
15 egxlgge?aﬁg&ﬁ g%%h&ﬁ)%dg ﬂ%ﬁlta?eqqg gseru oth R o¥ ﬂggé ?g{:eléﬂn;{l%a substitution

resent 1nv on 1Ts mut
r efdthechspertic paidi@) do momqse !ml@lucmmb, e kubstitnimef Aspartic acid (D)

254414 YJ Giyeine (Ih§ féﬁéﬁéﬁ@ﬁssﬁ&%gﬂ?nﬁ?&ﬁ&deﬂ g%hng viBdhgt ed to

di srupt " not e a substitution of

t rppbmBgeptide pqutajpsip atheﬁrwpﬁsm&sqaﬁdm@e@g to dycine (§;

or a $bHHe$£bll}t, the leRBAANBBRBAithihSa driystioh Bits retit ¢. P example,

20 %}thx Preferably, the NSS&*EOI ypept i de encoded

6767r Fcinvariant aspartic agid residucs it Y 1 E lerds o the completee
Asgtivdtion ofNS$58. mut ati ons. Preferably, the encoded NSSB

conta tif or exa
ot ot e SRR doed B ot PR bingsot o pveniion apfis
tagndtif ANpuiatio, wleddsaytogudnhldy ®opyiteatmotif Catition.aPiefsfredhutations

AP Rliehas AbhticLheionB SRAMEL AL IC N YSRGS

of the I nventron conpri se

25 \Rmferpbl Bptetions ateipesanb ndiditional furthot qohseﬁsunumanommay be

30

;@@@,raggegfdgm%agwmamblglnot if A include Aspartic acid
fD) 2639 to dycine and aspartic acid (D) 2644

d yci Tﬂﬁﬁ hag Becp desaled lywwswh PEPtoase 2ot Belispse agtivity dhe NS3
Poligipepti@es Shcoliddrbly MRIDNA MEENS ST tHepteadnt AP&BRNre Bl%fergbly mutated to

disrupt both the protease and helicase activities of NS3. It is known that the protease activity
of 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



10

15

20

25

present, as set forth below in exanple 1. NS3 has been
descri bed as having both protease and helicase
activity. The NS3 pol ypeptides encoded by the DNA
vacci nes of the present invention are preferably
mutated to disrupt both the protease and helicase
activities of NS3. It is known that the protease
activity 30 of NS3 is linked to the "catalytic triad"
Ofvallie 108Brandetcd, KL PesshRGn@StlihGmier B RHE AP ixéf)attlttl% VAR Ns3

encoded b the vaccrnes of the present invention
e s 1gitynston of G CXAAHRBRTPIEnISe- A~ Virel Theram3, 1-

am&)nost preferably the NS3 conprises single point
ati on of e vallne (De Francesco, R
esﬁ‘m"tgregﬁ‘b&%‘i ﬂQﬂ#ﬁ gi‘fep fgd as7h e hepatitis C

Vlrm&mmas ProT el IasSe Heligkd UCtUTE and functiomrgf a

ZI nc contalnlng prot el nase. Anti- Virat Therapy 3, 1-

1859V BRIt ruct ur e anhblisieidemmalahaMS3 can be

repr qﬁﬁted as: Protéase HElicHBbse Cahalytic triad:

Estaghhghed functi onSKSnoPECH: TAT10RRrGRIGR| | | N

D- 1107 GKS DECH TAT QRfrGRRGR 5 S-1165 Four critical

notifs for the helicase activity of NS3 have been:

i dent Tﬁﬁr%ﬁncai-motﬂfg-for thd %elﬁ:ﬁéi acthy of &S BV aRley 1d¥:meﬁ;l§eﬂ 1T and

ﬁ; F %y he DNA vacci nes of the present 1 nvention
B Bt g 05 ppbodsd P ibe BRAGHEitenofhe Mpsd imiiongpmpnse
t dieaivebiraficns td\dp fhst Phed fatieadhotifs. thr;ﬁefér&lid KRS b bfbltthtRR of

e A S P 1 o ol b F ey alian

M0 Muwatiahal amdifsig of leepatitis iCeyhas N§3- sssdalavddrhulscase. J.Gen Virol. 81,

N%%)aﬁf?&l&] ot %Qe n!;'o% r?%rgfgégi N%lj n%?a% ?6 o%'&)ll%ﬁgfl?e)gw%own

ese preterreq
VWBW¢931§£€Qmﬁﬂ@Smrthln known or predicted T cel

oD1 1 Oty BRSPSl U RSO AL 8 Assk

t he vaccl nes nvent

e'b‘rrﬁ?qngemser Pefine (81165195 a%”EF (Vhpadrea AseArticensid (Bhl-’Aé bartic

«'mhtﬁtnﬁaDlQ)L&l@wﬁ OAddEBORAIB BnB Br thé of e @hcRfls m%&@lbﬁs'a%k@ro&ai in
8 %T nore of the consensus mutations as set forth

Lmay begsEtor esent . The bi ol ogi cal functions of
HCV core protein are conplex and do not correlate Wi th

20 di M;Lauchl Q00.

Proper ti é%ogo%%éo%é)zgkjvo GO PEOIRHR P €0 ?"é’n B? Bat gorpplatewith
diserete peintahutgsiont @fchauchiat J.200U P@p@tcsoihk itpafitisiT GaL S6eS .
]Jroféin Y%Qlura!l_ﬁg% tfnit IchoZulatgs c@lular 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 NF«B 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 v1ral 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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There is evidence that core directly interacts with
the lynphotoxin R receptor, and can also interfere
with NFi B and PKR pat hways and can i nfl uence cel
survival and apoptosis. A reconbi nant vaccinia
construct expressing core was found to inhibit

cel lular responses to 25 vaccinia making it nore
virulent in vivo. During an infection, the Core

t | d,at t t
SRR S T P OB L s 21
c [Yesuith,deu NN, Mizdiadni Whiecdl., Jevierd 4998572 6068—5055} erm nal end
Of Bl -1oe BB phiBllics 3l itdhk 6 hlSr BEERA: L GRYPHE KA
t oca

pl ace has n en precisely and
atangth opid ja ryncated fomd ThedCore robypendide miy brafith tength, bat @h@quence of

C%ﬁh R@%b&%d &eﬂ &e%yoatu@tyfap@&@gfom eho/Cok pa@me may be

acids in length Lauchl an J J. Vira
HERJi4 ot gt loast ?NO fzamnts andympst Rrefeaaau fgrwg aRolpRRdids cqupisting of
alore aﬂlmo\ﬂnﬂﬁ& 159 ?Aow@orﬁ@éﬁn&%)l-ﬁ;rﬁﬂ ﬁ@?ﬁaﬁvely Core amino acids
poly used in the vaccines of the present

g&f ﬁﬁl%ﬂfﬁ léy TP FRnO Aqigs - %ﬁengt h or in a truncated
f ~or m Md’s@r%ﬁhiy,ﬂﬁ) bi)dﬁ&ﬁ hmd:msmy n@g\fewﬁbct b0t tipon thétprddagion

en r ed t

{M{n gevgfm%r e pr eeclelrlf tﬁ% Q'fgtf’é’ o] Iﬁ/‘b@'ﬁ‘?‘%ﬁ%’rﬁtﬁé na

sprhfetred aamegt o thelpesert invewgiof tha Geipraecin thatds enveded rtaheated Hfiloya

LBE By RO RS e H: 11000 e ol HrllPofCrd fpon

onto am no aci
athe ewprrationad pshelt%@\é pretrins Mest prgferably(@is: Goga protgin|isigvmeatésh from the

Cotxintifal 86d, Sieh fad@édsequencd\$T e PERELHBRICY laékg &a%m} 0

m.ni mse the negative ggfect of Core upon th
piibsetrd Grigrminal pephde ssayrase apgine B theissreng qleavags ogﬁwe TRQSF | |
t;heffemp the pfo&lirﬁlacfkt s ldﬁleéith thSlag 10 zuu?e a&@dpﬂtafeﬁbﬁlt ldtks dteast the last
erre ecC (0] re | NV | ON
Dt 1o, ARy s (SR B et ol s e st

t:&ﬁrmmlcldem naat preferablf lacksdint lash A®atibo tmixisr 'Efémt ﬂrdsfared

f t he,,ex Si 0
PaD oyt oo Co® ek 86 RubP e wdlfof SAEE B Al i prge
| eschp a frungatedicore eontainfng thmnmmgds idv Jmlriéﬁ lek$d, Mestprefetahlytthe
RGeS Mbodls doRanR i Qlfinh B R Qﬁ% Kvedtld§ is that which

naturally 15 |1 berat ed C-termna e sequence

ﬁ%ﬁ@@?%%@%é%@ JEPRP-AGIES b'ﬁ5 ‘0T [ppFeonsensus
RiufRitiShs280 ket fdrthen &?a&bﬁg:’indyi%ﬁ blﬁ,seﬁi t I Ieast t t ?ﬁ I Iast 10

am no_aci era aCKS_ a eas e

amin o@@rgnged Nis#B Pﬁ‘P’%PP Jesppaded bythepalypuclpatides ofélem%
avention comdiarN-sdrinalthiicdtion toTerhdve alréisdn thal hﬁserﬁﬁam&b&en

R Sl Fafbs) VDS e FENRR el o Hifah ofheveen

§0|+ 10Qkaminofacids fiene the IN-fehhems) esre ptefembl»yﬂmwmmpcs@arhihom and

acl g:ref%%igngl‘&?e%‘éﬁg%ﬁé %ﬁ&eﬁ%ﬂg% pr e er a(gq tﬂg% fesxt %t B39 Ls

pela%lua:‘rogewp@ib tenengitiog aGmrieo ackdal760, svhichiis aalbstsef fho firstidfe
bflinb BEdsVE RE BB eqhiPMER brluRBtidnS in daftt HHRY iSlhtes 313& %ﬁqgm@of&e

truncat ed Core. protein betvveen am no aci
PiEseRpYention), Jdditigaally, the NS4B sequence may be divided into two or more
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nmutations as set forth in exanple 1 may be present.
The preferred NS4B pol ypepti de encoded by the

pol ynucl eoti des of the present 25 invention contain an
N-termnal truncation to renove a region that is
hypervari abl e between HCV isol ates and genot ypes.
Preferably the NS4B pol ypepti de contains a del etion of
between 30- 100 amino acids fromthe N-term nus, nore

pref erabl.y bet a
e ian PSR R p b M b e NG Bl s,
atiffalent ¢rider t@ﬂuetfgmdtﬂe&l? wiid-typhmolgenla. 6 i sol ate ‘this
e eﬁ&g&@a a&uaeswmsg ht RiltheAEbdRRs af:wpraszaqmmnmy
is a losso Fthe first 30 am no_acids
exquiprsaltherpptugal AR L B LN e A et
ptﬂift Ehe QbicidoBBe scRieasAR Eodbﬂbﬁgﬁdg&)tb} exphedslod mﬁﬁﬁﬂlﬂaﬁan celtee
seqguence nay be divide
(rag g eania coaep B uoR i prpBr i B GRIoR BAER D e
GeeMoBded Bﬁ&é&e&hﬁfﬁﬂgﬁﬂ endoding BV Care, N8B, M$4dBeand NSSB fsat
nd in_ the w nol ecul e. \
eﬂs“ale et St 9910L By G Bl Bl B B e iy
i ditu@rdlatﬂély peeply sp@aipihios ghotitthe pnatnmledtldmmtee% PlcPee excluded from

‘pnc°e8’%§§‘1%§9d in the HCV virus, however, it is

pre err e at the nucl eoti de sequence is codon

opt i nTedNA oodedapt lettess (@n Ti Grandeihand psshithese fo spell thige letter
oﬁ.sj %cfx Fe@gﬁ’ﬂle Qinb g&x@éﬂf te Brotdids ehdodbd ﬁﬁﬁ&ﬁﬁﬁkni'é“g’iﬁ&s

) codon us ein the pal ynucl otlde t resent
.'mm WANEBFRP §9495° 3¢8 I‘éXmesﬁﬁ %@%B‘Eﬁa’sﬁe‘*“m""

@6 gcnﬁliﬁ‘ the bl‘b@éin(i) RhDIEIH MvSe. ghaesDhie cﬂﬂ)eple Bﬂghl[y degenerate, with

concentr ters and Lary, @
r6d jcagops, 32?7 il aming ?ﬂad% ﬂ’b‘ﬁ%cl?fi °Ifsh%°reser 37 e%)l%&%e
smcw eiaae:mxﬁraclaf &re eoded fod Byimbre Gram ordeofddne mﬁd@nvembarp noded fr
3)3 BI[HACtoc% has 4 letters (A T, Cand G and
4 %“IPWB%% gregpe “three letter “codons" which _
r epr eWaere moteshaurving codgr is deailalfle tolvedgfpin givangmine@eiddthas heen
se?Jeg tﬁﬁ{ tﬁ%%@oxg%iag%aftexﬂ@ ol g1 EAY arS R FHIP AdErafiomC DRt

e Is translated 1nto the l.inear
mme o show  dffereapiapinsir gadon gelefien Fdofughampers, utfisationof cppas

DE BB diffbfeh ik ASiBglé eﬁ%%ﬁ%eﬂ@ﬁ%@ta& expﬂeisbd éﬂhgﬁ #nd
ons codi ng, fo

the 2 ur am no aci rh%' d some
st Tois Bl fiterrat n e isg Dl haq i nd e g S1LE i £
ABdefds slRWE sEOEERAviAsQHvalftoria famdorh bmlbn mumummera Fprfezmple

evg‘{sfg‘d P%%?f%?sﬁqffgﬁmng%ba% on |s avalt?ﬁ{){z'{rtggggggr e

fréakons, thrreie A s@‘iiﬁmt probatiility that h aemiprbian gendhepressed|intBoeli o h@“ﬂl
codon us pat. eHHioh of codons
ﬁS’ﬁ’ ex%{'esaec&n il er Kl %%Lgem e gv% a di #]f erent b as
|eﬁictehmxpresmdiom¢reegmemthhepdom uﬁasmﬁ% pitablg fqr Eicglit j on
% S gx? Hl%y alSPbe ehfcléﬁﬁf &f)%%d & Hufn8sseh is ellevad ﬁhtriﬁﬂ ﬁesence ina
e

ecl es tween genes whi ch are_expressed, at %}11
heterologous DNA sequence of clusters of codons which are rarely observed in'the host n

qﬂ

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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low Il evels. This bias is different in viruses, plants,
bacteria and manmalian cells, and sone species show a
stronger bias away from a random codon sel ecti on than
ot hers. For exanple, humans and other mammals are

| ess strongly biased than certain bacteria or viruses.
For these 25 reasons, there is a significant
probability that a mamual i an gene expressed in E. col

Lo i L
et el S EBPLSRAS ol PR A0 g 1 b2 1
ebﬁnép@ﬁppmﬁ%tgsmma%mV@vsag@pagernseande”haabm slown to give

um&eseaaiﬂr@sglen i &U@J tﬁewtyﬁeﬁp%equsfé&fﬁ& Fh HRosdh 841
be effjci ent humans. [ evec?

t Ftere (GRoyst PR AvEIEE: 1?199a73 ﬁ%?é?@)o&dmgwmam@w&re@wmch

c bétﬁir&f:ﬁor@fhaﬂ edes fehliesdy in BBV fih & ﬁimﬂﬁﬁ@(ré(ﬁ@fﬁdﬂget
host, i n 30.which expression i.s to_occur redjc |ve
o oo SIS DB ) et capeervag ahathlsced Wb rolerentally

Thmi mamnmhaxem&cmaln W@Wltﬂll ws WisY483 T0head gvcmgmmqumfc BATY.,
ose. whi ch

h os pr ef étﬂm ga[? 8? : cO ches 0{ ﬁegpgmgst ‘F‘?fﬁ&}‘“rfﬁ? BRI 6@@“ in

~hiscresed prgiginexpressiop Iam;mpmmed ismhegeniCity wiex amab®ntobtﬁmaﬁv- -

( gkﬂﬁ(&n@& RN ds TP V4 gJ T aﬁ fdrnifl qlelb NiSn was

been codon optlnlse or nanna an codon usa
platlered. fsthess doqupienis, esedyearcas @h%mnttrdy of apgmxspm@ﬂeaie:dept

e¥RreAiivLd! lﬁi'b@{l& af Widesifeld Festichidir sﬁtéé Qﬁro'ﬁlgﬁﬂcé ﬁf&%@ﬁ%?}uk%ach

mammal i an (Cos-1) cell culture (Zh

19%4codents °‘ZB§9"2“"’ZY§'S’ 231’1“?‘11%"19%?%01’%6'?1&0‘1%#@?@6 ipteqded Bepbn

whi ch The A€ Lﬁbﬂﬁﬂl(siﬁé p@ttekd™ ?Bfeis% 6 avfagk fr&ﬂx&ﬁ:ﬁgs k‘c%f all 90(;1&%\(11 the
manmal s (r o.of us nost codons

va“?ﬁ %‘{16%‘1385" 8509 °6af3fs of genes %%@%&%?&%F’gpm

rreghaalieo] gémys)t Crelopnsfegraaerhd fat xhgmmals @xttludiag Birh4nd Ban®e deiAd in

1 / 34 4 Co.,

e Hotdck 3 nilidi 808 AR QR KSR s M 4
t h ere Bfﬂlmémdm he present @S@Itlbn, ithe cocilqnclsgasat&mps preferably -
MBS Bt Bl @?ﬁgal 'oFﬁCVY&QOIJe m&g&g@% it e od eaﬁas of Wget

t he- codon- i msed sequ
RIS e |Er90¥1 RE2 HEBM Y 4 maphTheticadpreusags: doefficient| em

\g8don aH@itdh@ﬁ fidex (SHM% PRISE WIRCNOBAL Acid RGe2&0 Pﬁf}cﬁﬁl 95 1987)

consi st tir opti m sed codons (except
A e P Loy ‘?3616819 uEAREIRALieT 2 BtveR qulwflmdgﬁeﬂ@m
iresernbles tﬁqmbfcergat specicd! The Lodot GragifRAci@d6r bachWf thal61 e&féﬂm is

PSR B i Bybet HBoGiE e e oh Senbe diaeipdod o eftenes) e
normiahiged foreacheé the tveaptyornturab amiho acids) $o ttmdranﬂud: for ihla fost15
%U@Jeﬁtw ﬂsgf‘co?gng&? &&ﬁuﬁlﬁg a8 Eet ?o la tl%ffrﬁﬂg cles grkg nféss)common

cussi on expr ess Ian
&ﬁ?m&algéplpmm@aﬂlstoﬂle betwmmatbsmd 1. Abhrdehnef thediigodoncian

e el e LA byl AR el i
PRy h tncas disprefaence valve (&) g exlerip chlewleing usagecoefigient for a
bb‘ééiﬂepcﬂﬁiubl@cﬁtﬁlel r@laweeé B Bigh1Y expRdsteéd gﬁ&sﬁftﬁﬂ‘sﬁé@ﬁ% tﬁeseealéaal

Cl OS epresent t codon |as of the
Yaél}egtla/each coggn of the specel.fllc po{ cleotslde 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
adaptation index (Sharp PM Li VE Nucleic Acids
Research. 15(3):1281-95, 1987 ) is a neasure of how
cl osely the codon usage pattern of a given

pol ynucl eotide sequence resenbles that of a target
speC|es The codon frequen0|es for each of the 61

cod r d.as th

5 oG EHG 01 e 5° Bt 8, T B AP L SSRGS sero and
I’I(Hnﬂﬂie ihizh et thextoeffisieit tpfmdrhepdonsamthy pcvimuehe@nde armﬁﬁ@lea@r wred
! h t uglgltlltig Sng?é;lCJ 1€ 2 g&ﬁﬁ usaEJ (%Gf?ﬁ%féﬁtl of 1,40 @¢the B6l1dAs are

f@dmm i's set the frequencies
f"omsttftepeuehésedog@fmbehly expirsted gﬂ}e@fs@a‘fﬂ’@ﬁt SBlPorti onal |y

to he ¥¥@xﬁ veftloR FMes]polﬂiﬁél&hﬁé&ﬁheﬁées Evhﬁh ﬁibomm Corz,

assign a ue o 'ower faor t@F t¥ £ the
e&%k@%@ I@%ﬁ@@ww@ﬁ@uf%%wr%%ﬁ Lo

Cp%lfﬁﬁdli&t%é fq @ﬁcaetrslfﬁmﬂéﬁﬁﬂ roemfgmy wipkdded @Ainmalm gencal Brefempbly the
cul ate a codon usage coe c
obprrlcotidioteateace i %Pﬁ?%%w&cs 15 F?né?ﬁogo%usfﬁeé’ atzéég‘ggfgééén es
PolyhlcMoti&RGicaE:, res“ehmwsmﬁ Ioehighly etpussefl humam;hesc odon of

the spec Ié)]:lclﬁgoé)a:%%¥§ i )fnuc %g s cne%: 1 191) is shown

geone Se va ues I

thigdteBgmefwdmwphmﬁedmbnmoud@ﬁequeo@@n@@nsW FQresgising
u t
o Bt Mo St U gt
mboucamide sequenet epppding HCYSNS4E, gomgpsising the igation o
%Qﬁ&% eitide Hb&oﬁlﬁ) hmgﬂlx?é £ ?h% &ﬁo@&ﬁﬁnﬁsfe&ﬁ?]lﬁﬂlhlbghdﬁ seydence
codons ol ynucl eot i C
CORBHOME T, catriing G DD T JORLCR Dot g lon B
fih eguent * codons for h|ghly expressed genes of the
target species. res . inventig R
pol ynf}eoEtrely @eﬁeéﬁllfg‘ﬂ e‘ﬂ%‘ﬁ EERCOtE™ gﬁ&c?\?sgs
N&g%&ep@cm&amvrcm m:a Nsmqnmmwm@rsequnmm whergia §ie
tern o RRHGR
s&@%}?ﬂg P?%PI% Fff)y expr egeﬁs]e manal | aﬁ&hgsn%esen changod
Ro essauitddrhy optinel mpmtngm cdop nagesush thatdhr fEeapancyofgrplon usage in
seldathn@ifiar th
BT RBR perdilict Al tooRv e OART ipRY bR e e e
Gt pESepetitCieas o E51eroy e o0 SRP R Lty the samo o
RQAtYd? %@r&%ﬂﬁﬁaﬂ@g&% TRE QAT HISN e INS3(NS4B:hY legn
shown ||1 gure 2 The codon ¢|n1sed(%q£é Q%ﬁﬁ?
seusatave heea analy de? SRt
?rotéﬂbﬁ? Oé1b YR4R03, mkg ((msza,tmsmmz-o 481 andINSFB (0459 g[pplermg:leotxde of
he codon optim se
S i
m:;e@hum gernes om@m tham 0.5, pyeferably greqtprdhanPefpmost
opt. sed
SR P R s gaREapl i Koo
readautusape codfEcient fonhighly axpressadiFecoli geq&e plogreer i 0. ¢ Arefprably o
f%eg&émﬁﬁoa NS DRLbIG gRERARSQRT i Sing a plurality of

In 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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t oget her encodi ng HCV Core, NS3, NS4B or NS5B am no
aci d sequences, wherein the selection of the possible
codons used for encoding the am no acid sequence has
been changed 20 to resenble the optimal nmanmalian
codon usage such that the frequency of codon usage in
the synthetic gene nore closely resenbles that of

hi ghly expressed nannalian genes than that of

o it iy L A BRSS o SRRl A3 2 3G, e
empthglstg éeﬁm mwdgmmaﬂd b‘éhedohwapraseaﬂldg 0% of dre@oddns&ied for a

EARRP SR ard GRS 00 e R fs BAPLY FB B 1 204 in
phi lémsesml geneypithq tgreg @mpnisySAltgraatingp yare audprs @y hedefiaerdias
NZabhs With 4 2 dtive SyrdRYnYdRY Edd@x?ﬁéa&ﬂRQéU) YR o?E@? %Ff»referably <0.2 in

invention will generally have a_codon
ey sxpreasse gfnasofd%wfﬁeargaeev e&n R8¢U VHP"g‘ﬁ ﬂxy OEs@meé sugghgr of
rwmia dpeiRe 5y Bt nghieabeectéd 1Bl dddéns fR Rl Shiadidd Wére ade@ bqually

L FAReny- i e Oiion ot YrathemTould RpaRicn) @8 Prrsaekied in

~ctheloh usage coefficient for highly expressed:E oolr :
genes e , ef 30 ater

0o, - ARephEERETHC O K3 bR TR b il o i
Gmdemcugmmnuéat@ommthMkymbhekmmpgem@ecaWQMamd@nmsThe

JPALARATE Aot b R B CRBOR PR oBins HhltEh Hole it
VaRSCU of 504 fpad progsfrsgferally ofesp- %mamyemcp@thmg@ur et o

wiBtdear e codons fromthe gene sequence One
net hod to deflne rare codons woul d be cod

r epr eEEREHipRleelsqfepdop optiuised oyl Lo N3 F‘tS‘rNSofB have been shown
pal(sjet mﬁedsarcoamraotf oaﬁlddypa,rhdt a@é@&ﬂi‘y&}ﬂk;&mﬂﬂ&. m&rﬁgmﬁld codon
codons articular a cid in. hi

SRR hel fen BroRlch £ 800 R DS cftnd oo b

r ar e mmmﬁﬂmn asy Eonnmslommcm?r thht directeindividus
' |
pr Aty g(?g,&?.ﬁ&, B "?F%%l ﬁ%ﬁsﬁ‘g g’é" dds mY be expressed

pawgewm@ngﬁmenﬂmmm RSCU val ue is the observed nunber
of  oRceRs v%cYﬂeg %@Mes‘éﬁ?nv@ﬁﬁm%EmﬁﬁQ fofl- ﬁglorrg eifbbr at the protein

codons for that amno acid were used equal
PrRofymErleqtige leygl, ingladingsr i at e definition of a rare codon
woul d be apparent to a person stilled in the art. -

snati he HCV core, NS3, NS4B and NS5B
égVG% P@HPﬂégéyg % optimised to prevent clustering

gérer are, non- gMSBmal, codong NE2Bng pr esent| N$5B

ancant v At Al ranc Thn nal nuﬂlgnfndac t haor af nr a
\JUll\J\/lll | ul \o v | AT " CUAJTT LELILAYZ ‘y Ty CIrToT O O COF

are optimsed such that individual rare codons, such
H@thmmammmahHCEﬁuRSCU of <0.4 (and nDre preferably of

nnnnnnn ey ~a s~
pa\,cu CIrm 9y C [IC
%%ﬁvnucleotldls ?5 Expressrgﬁgpevels of cddﬁ%

opti m sed nutated Core, NS3 and NS5B have been shown
HCYV combination 3: HCV 520

NS4B NSSB Core NS3

11
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to be increased conpared to wild type, as assessed by
Western blot. The truncated codon optim sed NS4B has
been expressed as a fusion with NS5B, and the fusion
expresses wel|l. The vacci nes of the present

I nvention:may conprise a vector that directs

i ndi vidual expression of the HCV pol ypepti des,
alternatively the HCV pol ypeptides may be expressed

Z%&sw%gmmon%ébm on proteins. Preferred vaccines

t he present I'nvéntion conprise tetra- fu3|ons ei t her

aiNStBie prot ei n | Gure pol ynucl egtNsse | evel |anm ng:
Hev—conmbinat-on—t—HEV-566—Core—NS3—NS4B—NSEB—25—HOV-

conbi nat i on 2: HCV 510 NS3 NS4B NSSB Core HCV
c &N combingtiond: HEEWO520 NS4B NSSB Core NS3 11 HCV

u | NG AR LI\ /

; —HOVE530—NSSB e—NS3——NSAR—=HEV
CHEEIS) %0; tore (88™91) - (1-65)] NS5 Ns4B

NS5B 5 HCV conbi nation 6: HCV 502 Core

(ﬁ@ﬁcgﬁgi)lat{ohlﬁégh@i% f NS4B NS5B HCV conbi nation 7:
NS3 NSAB  NSH re 151 (ther preferred fusions are

ﬁ%@@éﬂgl)t(é‘l NSrbi nati ond NB4B2 and 3 bJiNS#Ber ei n

he core 10 protein Is-a truncated Core protert
pﬁgl cally core 1-151. Other preferred vaccines of t he

¥ &oypb IT“’r‘F\‘?%ﬁtl on are given bel ow and conpri se
vnueleoti-dedouble-and -tripnle fusions hei na

ent in dif {8t expressidiBassettes MCOFR 181t he

nl-acm 4 ach—-cassett-e—bei nn und o

oanﬂe |JI TAITTIT Oy TACTT CCC
i ndependent control of a prormter unit (e.g. HCOW
EBther prefirred ficivhedte hylago‘w @/FICV SottifinationR! 1, P Exﬁll'miuefvherem the core

f t
RIS 4 efly o o, BRI Rl Rl
[redsentjinvention are gsrambelqyemd corhpme pdmmcleetide «imb& 400 tripld\BSons

. M@ﬂgp}&iﬁn different expression cassettes within the same plasmid, each cassette being

under the independent control of a promoter unit (¢.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 inati
CV combination 8 m&m | NS3 ] NS4B | NSSB |

(CoreNS3)+(NS4B5B)

HCV combination 9 @INMB I NSSB ] ow | NS3 |
(NS4B5B)+HCoreNS3)

HCV combination 10 m NS3 | Core | @INMBI NS5B |
(NS3Core)+(NS4B5B) ' |

HCV combmgtlon 11 WN&‘B | NS5B ] m NS3 [Core ]

(NS4B5B)+(NS3Core)

12
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( Cor eNS3) +( NS4B5B) HCV conbi nati on 9 NS4B NS5B Core
NS3 (NS4B5B) +( Cor eNS3) HCV conbi nation 10 NS3 Core
NS4B NS5B ( NS3Core) +( NS4B5B) HCV combi nation 11 NS4B
NSSB NS3 Core (NS4B5B)+(NS3Core) 12 HCV conbi nati on
12 Core NS3 NS4B NSSB ( Core)+( NS3NS4B5B) HCV

conbi nation 13 NS3 NS4B NSSB Core ( NS3NS4B5B) +( Cor e)
HCV corrbi nati on 14 NS4AB NS5B NS3 Corel51 HCV

~nndad NS3I-NSABR—NS5B ECoreat-54 P
\IQO \D‘-!-D 1

%‘z a§ Ff HERRE | AR : 12
Par t ¢ferred are 7 and 11 51n an
P%tﬁ“%. vée ag)roect of the present i nvention the

po(l’:‘{/n%ﬂg} o' ﬁ e ¢

r{gqggﬁyﬁm@&gynucloeotl des of hIS aspect of the i

sent ent’l on i ncl ude: HCV conbi natl on 16

mﬂmem 2
HCV conbi nati on Corel31
1.0 MC‘O IJ\I D __MNQIE
(ﬁ¥ inaton 15, ) e —
Et% ?fnlt 'ons 8- S0 NS3¢ JN S Corel51
t er mi-nol ogy. ||cnr~l eg JCnr al\IQQL 1 n / NS4 DEDL ;
~3I" TNOH o DOD0), T o

read to disclose a polynucleotlde vector conpri sing

t pREFeRedo KGO ite HEVSOhbifaioned O 1i da d2 paetibelatly yreferred are 7 and

controlled by a individual pronoter, and in the case
“this exanple, one expression cassette encoding a

Cor eNS3 doubl e fusion protein and the other encoding a

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 m 53 l
(NS3)+(NS4B5B)

S NS4B | NSSB__ |

HCV combination 17 mNSA,Bt NS5B lﬁl NS3 i

(NS4B5B)+(NS3)

HCV combination 18 m NSSB l ﬁ[ NS3 INS4B |

(NS5B)+(NS3NS4B)

HCYV combination 19 W NS3 'NS4B I NS5B |

(NS3NS4B)+(NS5B)

For HCV combinations 8-19 above, it is intended that the terminology used, eg. (CoreNS3) +
(NS4BS5B), 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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NS4B- NS5B doubl e fusion protein. Each HCV conbi nation
8-19 should be interpreted accordingly. 15 13 The
above HCV combi nations 1-19 disclose the relative
orientations of the HCV proteins, polyprotein
fusions, or polynucleotides. It is also specifically
di scl osed herein that all of the above HCV

conbinations | - 19 are also di scl osed with each of
the p mutatl. Akl SribRatloBOTME: HEE
actlvfrﬁv?’B‘Fe ‘é°°é%"m onent 1Std{oerh(r}]s “Eor “exanpl e, the 5

[pretéins; pelgbratein fissivhs oolbolrduelemimlt fscelsp mlﬁiallyglselefﬂd digrein that
nalijlgf{h\é%g‘o k—l@l‘éf’ SabEkiche1 L RS art A Hidiokdd wiUaBH R préterred

& sequences for Core 1 (all but i vid
segatonee tiupgations yporempvethe ativifyof éq?@?@gonﬁqs PRptesnsor example, the
0 ARG e 3 e WirhiiatiBis 1PToREuREs8 Bidwise inidichred i

i'n1ts truncated forns 0 1- 17

TomprispdiEAuelpiide s5aBATEeS TR (F%fa@tlr"b@%‘é“‘tflé‘f‘ﬁ‘ecsé%“@“(" %Q"‘% qrioore
ﬁﬁimerits t%ﬁ%talflé’bl@ogi&ﬂ BtvaY) o pﬁfepabmcaaagm(gwmmm it Ixﬁﬁcated

va

Aemactst o leiof oxk 1l oL G e abohe ik Eules (appari

tRidEBYeto muarmbc) dnd Plotea (sdrin@tl6d Wentaling) @¢tw:s ANESB 2420-3010

ct | n 1
Trulptenst b 003 ¢ Ol Mol LTk L RS SRS €
fmagvmno)ymeiﬁaeacpweé,@nd NSy ditt- HﬁZ ﬁﬂpemaaréguqcﬁed fedvef-1972
VRER gﬁkk Rephifps as described above.
AFso provi 3& t resent i nvention are anal ogues
of t h@hecmeerrtme@mn wvﬁeq *})ﬁ@ﬁ?ﬁ%vmﬁaﬂwwﬁeﬁ“ﬁg?

Qﬁf@i[)édsib&ga RS Providiioyithd preseid i/eRBH Bre ahAgEsSof i dascribed
nucl eoti de whi ch encodeﬁgthe same am no acid

§@HB§W@§35§D§ﬁd?ﬁ§FSﬁﬁW?ﬁﬂ% Btide of the present
i nven ﬁ'hél@n‘np'ldhawﬂﬁb'&bferstt&ii ﬁcﬂgiilclb(hﬂe which exdoded &g cymedmindesid

enetlc CcO s.a.gdif rent nu e,
AR aﬁ%ﬂ°ﬁ’t"%‘?‘$¥”ﬁ°d°°c“ﬁee°‘ft§ e e %ﬁ%@?@% ?H’% b
fredun@aneyfitise denetic ngies ine a differentomdetide scquancewhilst mem@mnsébe

ApERPRoD e AR, GO Rl Al il By g oA ot 4 oon

hiGage po;dﬁjmmtvemn Dd epreferghly within Oﬂéyﬁ'gatd’éthiﬂ oiber mohgHsIeoHge: of

the vay %cle&ﬁﬁ 9&%%@3 mivedbiVed %m'aﬁﬁ&f&ﬁcﬁ\&nom
|solates caﬁ cl ass

ied into theﬁ{)‘F 0
reahaiypes, gesiustoy jselates, BHQY; ipalatesap prelassil “%%‘?
%eﬂcl J;le H%,\n/é 6ne-or 6 sebt{peat HAD1 (g, 1@} 1c), OV 2824, Baqr 20)

ﬂfi" V7Y jé’al%&ml"(l‘b@a) E?% %@%IC@?&%@ _79,@%?% a_n& R1a);

Zﬂﬁﬂmncﬁ W6l Rruoll rzomh 693:T12t Iaxtie cofitextt hfthpprewetinventignesach GV
ﬁ’é?t% may g%‘f tﬂa olgmcl?&idﬁ ¥e%gencc[, gg Ir-]IgtV genotype or
sulitipeper, alternativklly enmtnbmeﬂlgn o Vgsndiyneat sublype fan V protem
ear)]'%te W84, I%fer%ﬁ?,ttﬂ@g%nes%ddehw it t%é'lb 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. 65:1105-1113).
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maybe used. Preferably, the genes are derived froma
type I b genotype such as the infectious clone J4L6
(Accessi on No AF0542478 - see figure 1). 30 Specific
strains that have been sequenced include HCV-J (Kato
et al., 1990, PNAS, USA, 87;9724-9528) and BK
(Takam zawa et al., 1991, J.Virol. 65:1105-1113). 14
The polynucleotldes accordlng to the invention have

utility i oduct.i ress

encoded pr.ot rgl ucFeoﬁ’c[ \a/\fhcordmg 8 %X& Vﬂ?‘é‘&éhe&r"fg‘é“W By

v iexnression of the engodgd preteins,\whiak, exﬁliheelpmmajr kot plabe & wiy in vivo or ex
t bgs, qth {nﬁzlebﬁdek 91\59 {hgx%ﬁ)ré Bt ﬂ\%ml r&%ﬁl‘)m&{t ?It emnsamthwlsdfor d

synt esl s exanpl e to I ncrease yle
nargﬁrqpieda ingggse 3iglds, 96 fodgnd ey dind e as Serpprutidrgents invieindvgiright,
S utitistd inTRA VadcikdNon MG EJuBa WHRR tleSol) M GHIESs omcef)r@seh ﬁ\(cntmn

pol ynucgl eoti des of the present invention are use
t A& S5 JHTPedHstion °f1ﬁﬁ=é=n%94€blaetamw ¥EL75] OF &% Wivp, GAlls. ey eawnxés(m

Vtalienlng € Wil be thedifiedteiBlude thépolfn@eélbotiadHotbl E6pres¥id! Suck Eells
i nC ucl egtide to be

ied.t ol
e Bt o o slble QA <cH T Bl pramples ofcells
pwmﬁlemazbtbe;m@uﬁ;,a Iby: ins@HGTRIf ivedtore @leddidg) fetpolyPrtdinsGbdodtfing to the

OB e B nfilmafion MK S8 MO ML 1008 WS Y e
1@11 ling setectedwill beonherwkichig notenlystableEPAS Bllow#HHor midedea, 293
a@ﬁo%oﬁ" ald cell sﬂa&f &g@%&ﬁ of pgcfl)ép?&%}l fi)gxp&%mén +1%Ct}e%glflg¥ecli }n

orie whi ch 1s not
n'?PEfP@led geyteR s4r P@lwe@hdm be etmressed fonrepobmprlentids afithepiresent

AN O InREIR of FXRsEehi iR hiB¥h AAGnal gxhz'f bﬁel&es)e( 1?. g"gnésg ic non-

transfor d oocytes. A _polypepti

ﬁ"’ﬁ%ﬁmélfl BPelypept ﬁ["FPe“ qs%ygg%??tlde ‘?fﬂ%Péﬁ‘[CP‘éﬂ? is inpjuded
oaﬂhsmo&qﬁuﬁﬂamﬁ@ﬁﬁhc non- human ani mal, preferably a
nmouser, eni c @ﬁn 15 hunman. anj na reSS|n

|
B R e R e
iseuknedeef theviivehtion. Sith exyresgion wictotshaee rowtinelyicomdtuctellif the art.of

R B S B e e
- Qitddtory prometesy, erhancers and ethey pbmprus,l suche$ for eemple polysdenlylation
si3Ral AN Rictthay %Q@%dmh@h%oﬁg& d Qlred éﬁ%gn, in order

i nvol ve the use of "'plasm d DNA and appropriate
falley der@radein gpEstione Péer Bt veators wonld b epparentth pereqms skilled in

&i4Gh. msWJyQﬁ ﬁemrmhﬁpwﬁl tmafégé}x W tdr@ o SBbeioR e MibiERIRY
are _positioned |n the correct

Db b e Bl Col oty Brest

expr eeeferably, a@blyeuclesﬁdetoa e emmh,qrr Sor'\Suth d}e la]g;eﬁ{&ﬁ%{ £Wotor, is
urt nher

SEpBBERERo § Koo b3 SR S spgpion of e
¢dding sequence 6Y tha howyjcellai.o. thie wecidr by ap ekﬁléﬁdﬁh vecﬁxﬂ. ‘Hibi térim0'dperably

lgl\'ﬁynucllgeotlﬁ%fxézp ?‘gl?%e n%%\%/%%%m Hgmsor or usél '%a?q’i’%}“p
veﬁv@muﬂm tp fingtiopeie their intquded raasnera Bl rygulatark exdudnee, such as a

ﬁ'&ﬁ(?tgr‘);olpzrﬁﬂy fﬁm?ﬁ» 102l cbing 2qecARALh&KitBhedth Mh § WaPmAUpkifon
of )t&fc)e g sequence is achieved under conditions compatible with the regulatory sequence.
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codi ng sequence by the host cell, i.e. the vector is
an expression vector. The term "operably |I|inked"
refers to a juxtaposition wherein the conponents
described are in a relationship permtting themto
function in their intended manner. A regul atory
sequence, such as a 30 pronoter, "operably linked" to
a coding sequence is positioned in such a way that

exXpr €33 b essiof calddfe 19 ngés.@&nb%ewsmg Saphbie HGRLANE the exi#&Eion of

condi t1ons conpatible wththe regul atory sequence.
1t SAANeBSEPF Bes ObItCEesls Tlist opression S3FSeAtE SRSISSF ol lements, such as

CARGRN&G w%]ich@sl ({peﬁﬁly {Hﬂ&e_ﬁi_ hl&em@geme esigtedst. Of t th ;e sequence

or gene of 1 nteres e e SS n._cassette conpr

cont r §he YepteRERY ke, 1 gramnly blaggn Ea» Ea‘ﬁg‘f il higppromes (68 BACYAC,

Op&E)aﬁfu)é of pHaEEEctbB ptoiedRitiea rigin sfrepliedibn, oﬁﬁkﬁlalbe@rmnaer for

OB g R BRSSP TR
Az \cotain ond dr huom selectghilomarkerigenes, |fmampiq angptpicithmbr kgnamycin
pronoter faor I d

S ol e IS EPRIARGAL s LaealO ki) g leoer

ﬁ@ytosmﬂyép psed newtm forgrampleforibe mbqll@mmafw GRS Or upegto

ffé}m tobtlcblt, Ror@kaniid) ﬁméﬁlhﬂhanrhﬁﬁ odll S0 Wumn

t he case 0) bact er’i al |aSﬁ1 or a_ resistance

fofprofginfenprdad bxbe yestor- TbVéfé‘t"%f w2y hgadapted tp beisch i as"’ , for
feRimpfteia Aefioll 6f DA QademeibaGk bOfRndheriyA Or RNA or used
to 10 transfect or transforma host cg) % £X nBu%l
a nanframptas apfther paygssign yeulgtiop YPgadestel o bespmpatidle
F!Wl&tﬂ&,l hgsteﬂﬂiﬁdﬁﬂlcfi)gcpt'eb@omie dektghed Pbﬁsx\ﬂﬁpib Omamnmhyn @bmaerhe

t used I n vi r
SEARRE RSP A % PR L Tl
Qb anmx pmiathsﬁmhnrpegxwltm Vel peingtrad sychnas yhet$Y/ 40 ddrgech amtigano

bbbl 54 Pl e

iLARI pndmt&rl’wcmiﬂ&l prradtérom emvmmvamﬁcmltﬁe HEN upsiream
r%gﬁ?)ﬁ}dx %gn g@?ﬁ% Qlsd Be JAEA VA tﬂgst‘ ﬂoﬁloﬁﬁ% wadeSHBL i

ronoter. Viral pronoters such as the
Sydity ayeidpbletn agttgen pronoter, human cytonegal ovirus

(CW)g4 BhRabRAihivebtbiEincRIORII S FimpleR Wival $8dtds) Rm:cma or

VITUS i bronnter adenOV|rus pronnter gr
plpbrirus wect%ﬂdfe‘mvg?ﬁ WW@H&W*WTZ*Q%WM
I&@&hﬂ&l \(HRRR)ngﬁ)&agﬂfggecbﬁqtgs fisihg thdst vﬁd@&&ﬁe lﬂb@ﬁtﬂ‘tﬂo‘ss smea in
escll be a rreadl v ai e [ .
et REE s BB A6 ety S Y Rl eePnfe g} el Aldeodi of
merii’pdeﬂiommw the hose génoms, althaugic such eecambinatibipis aotprefereed.
Eaéxtc%o%-daféghv%% &Q\V LS U&:‘?o%s b cBﬁtlralﬁfjrlsthn Lﬁ%‘iﬂay énrd%h;b?e?ore allow

novi ruses ana adaeno- socl at VITuses
tramientf expresson hyxctposepablsi of gnvmresﬂqnus insectgels (forewmple

L&%%%&@gghﬂmaﬂ azﬂs gl‘r ih bac}%y hid BJ éﬁﬁ:l&&@&ﬁ%&r to(b'i'oduce

exanp used eg rate the
aesAnities of o HCYprej¢in zso@qdé»y ﬂwem#cémmhﬁ pEiheé preseptgayention, for

SR For 3¢ 5OBAR valdmbs srefRiFtinbatdyen i s not preferred.
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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Repl i cati on-defective adenovirus vectors by contrast
remai n epi sonal and therefore allow transient
expression. Vectors capable of driving expression in
insect cells (for exanple baculovirus vectors), in
human cells or in bacteria my be enployed in order to
produce quantities of the HCV protein encoded by the
polynucleotrdes of the present invention, for 30

o5 i as &ht invention. In preferred
FFH%E B slgéé'eé T ey ?ﬁ'er et tﬂ%grés bt invention. In preferre
'em"“‘m"m@"mpm campim Fmlerality pfdarﬂct%rpﬁgﬁly gnid particles,

%ga%rﬁlﬁll Qib%l@ WOl ER b HENS ESUKRNAEAS seddfisned Wiagfkncodes an
herei n. era y the conposition 16 con}E]ar se

\Iﬁ’é’taanme?é@@mﬂwg Whsroifbe SRR SR Pt 1 PR e Bgence
I QYRS R of igh1PEpeset ﬁ@mmﬁi&@eheﬂ@mlsm&n&mmss I on
conprises a plurality of partjcle & c\éth?ex1 ¢
SR Gabodinipia R oSO RS A B SR 4 gy e Stcpicn
QRELONAFectorREdoyiingab 8@lsécdf] BpqUETRPrastit diverion.Glie songposition
HPV anj no, aci ¢. sequence, wherein the codon usage

gy #lse elpde aadivill y nucl eoti de sequence 5 resenbl es
t hat. - A Ragginbsmeptiprdeleed byriutenstitial admigistration opliquid vaepines jnjo

%mnggf\%?omo@z g%&ﬂ%#&%m%m%h@@ﬁhs%uw fiffotion. For

on co rmaceuti ca accept abl e
exampﬂn, éslivery mmﬂlasl@t\tﬂkw e@‘taetﬁg%\’é thefast that | W‘@“P‘T\‘Be %é’b%ﬁ gre

EquFn fiBRs B{aﬁé@ﬂhﬁnéﬂé SiRLcliO SuciT RAQkia QADRSdobd Bénbragy/
I nc e an Juvant. - -DNA vacc nes

@@hremep@@bayoqlﬂee%wetr% vigjghipiarie (VA sascea?ﬁﬁr%amm skin,
VAGREREE tisflePincluding MEsclel) &ﬁdeﬁp&ééﬂgf“rllﬂlﬁﬁible(bbmbmdment, in

ﬁ%ﬂﬁr@f@@%&%t At ekt aieat AT pA o P

. t@sPaténlﬂFlb ssmumpmreedams shieRudotide seipgphtey may b¢ ipeprjorated into a

hat b
Bhaish e R Ba b S bEF iy B bl i e
iizng the epidenmis, \meh gsefor éxainple,tap rleSQrWhﬂ tHHdyoesced T Bipleghaelosy 44:
'35]-51? lb&s ?&&Qﬁon of [heé’éﬁ;qgiciey infoGnd dBDTEGRs 1h Rfrkdd Ghd3fdction of both

or via particle bgnbardnent
mdeI@aIWHIS@hd m@nmwmghawll&dewé@hwﬂ& apAnfipeopErsengjpg cells

EHI‘(@ 'vﬁﬁcﬁ Q:Ike ﬁl% 'ljl\VA, Epriaeiie Eﬁc@&ﬁ phhﬂesf-‘ Rrid piétesslivse fokifsplay

For exanp B‘} nuc lﬁ? i d here
g@earéw@@slvﬂﬂ:ypre@mp HE%‘F%%}Fda‘taé&’ﬂ?aﬁt" s e da i HRh Peds M
ﬁﬁdfn%ﬁﬁﬂ% disp15R4 ﬂlﬁ@&ﬁfﬁh%{ﬂlﬂi ﬁhyn@jhec}tdﬁmo]awm regponse.
under hi pressure (nto the
Saetiprl amorelsab DBYA et neu e ERubaig i) it n @b e
ﬁﬂmunek pdhee id em%ﬂérﬁl‘elﬁ@ﬂnﬁfskﬁh?&hsmaﬁttastemme nto
the skin res ndir sf ec
e i 1 DN Ko o o 1 el g s Sscguen
to&lﬂ@ﬂﬁxhﬁﬂuﬁbﬁiafﬁjeaﬁcﬁ antigen presenti ng ceI s (APQ

\Qﬁhcp éeetggp{i uhﬁwqgol\kfbféﬁ%gﬁ&v%%%%e surface ?\ﬁ%émseg

prii A vacsinatinzthe fiustsicedid vk g@adrmst@ed wéhqnlagfrna%l &&thymaipie be
%Mﬁed“ Q46 ?uc\i\%? sdch SYRIA %?BNA, Pré¥Srablly DN A2 YeGrovited | ixﬁ@enform

ragnents ocyt es, evoking an i mune re ?tlﬂ
of a vector, suchasthose descnbed above, which may be expressed 1n the cells 0

mammal. The polynucleotides may be administered by any available technique. For
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Very small amounts of DNA (less than 1g, often |ess
than 0.51lig) are required to induce an 25 i nmune
response via particle nediated delivery into skin and
this contrasts with the mlligramqquantities of DNA
known to be required to generate imrune responses
subsequent to direct intranuscul ar injection. \Were
the pol ynucl eotides of the present invention find use

aSx e, ﬁﬁ%ﬁg&g a&?ﬁ? dgc:ed b& Hee@%é%ﬁﬁlébﬁﬁ%bg%&ahpﬁally

nucl el ¢ acl n1n|ster
h a\ﬁt&ﬁtaﬁ@%orsmwece!aﬂ&t Altpmatively, theaiuelgie acidingy bes,igbwredsluectly

RMO e sl%'@smgod' ibeic ahl YeliPhi devict sREHQY ggﬁge&n@dﬁt% ﬁ'&@ﬂvery

such as those descri bed above
éP @?ﬁ i%@ﬁdnﬁﬂ?i’d’t‘ﬁ“ét Ragticles (spgh a¢ BRId badshars|coatedwaith a nucleic Yeid,

p @iuy:{w fdcelerhted| & Spd¥aysulTRieAd tiAbR URIAH p¥trAOY mﬁfﬁé‘y | df @ RlcBient
u For exa cl.eic acid may. be

| i e’ﬁvpﬁi’é me@SnE%’%bffswde gty fom a prjecting device.
i (ﬁartatée pmdlvsyﬂl a n8¢léic atidneleduil of th preséiit maéﬁuslwb athilf the scope of

b B R niin of B Bfef o Rl p el T Pmppgon

d desirahdy @mphsg golg aartwlcsl hevingahratregh dilNisted 6f 0. 5-6iny, prdfé?MBdbout 2

t h h d bead
AR A by BAEL LR SHER 5,000 Do
a@arlséﬁee sush thaf éalcluaandgetcontamﬁbl -& mghrefeiably P Stglgbld beated with 0.1-

k f le b
Syﬁéi?pe??&dy {@S ear&-'ﬁ B5h ;r Iegzc,ur eo1[ r g);nagp =
pr oj edcrandjngitoanather a3p(=:<F?af the inventiont therk éschroviidel a hosncutil cempnsmg a
aﬁlﬂué‘@dhﬁgwﬁﬁeng astdgs%n%%érgﬂt'lﬂerﬁxg%ﬂ rgzrlrjv bae(rggﬁtev}ﬁlaf hl§l’h

scope resent 1 nventl 1"on,
oRyIE |%memrmy b mnvetrcpﬂ Mae!syahaﬁr tells couppisisg 4 Veotor

C@&drdhﬂ@io)fh%t Hn?/@xftlog Rlafl b Rithrof Léfl§ trﬁﬁ%l:t@(gm%ﬂroao\‘ Glafts

di anet er. of )ret erabl y about

@?@é’&l‘"@ﬂh’bﬂ% ion qfithe VE‘E%Ett%HlegﬁF’alabeads are
| oad enh d foitieer hypbit gL ﬂrae@afvu@oamvﬂamﬁéM%?uﬁyﬁ@a t hat

ont gi n refera
ot et Sesoiber] eyt dneliciy siop g tecnesby pagon
DW patem ofdgeld tﬁmdlﬂ’\dmm@gﬁdg séquﬁtcb,ef cx@ﬁmg ﬁbol%ucle&ﬁle sequence
ed a. host ce i S
ﬁ) {éC%sa &4 quq S8V @ fedapistes g atr?g}rg‘?eﬁ% t ﬁ%‘g?’l
@QWSSWHB@IB@M and encodingja wild-typé HCV kninvenidaéquares oa J.
iﬂiﬁm HEF adiily addfs &é@ﬁgﬁsﬁé wild~ % efEk Wi Ialm§no acid

conpr|3|ng a vect acc resen
PW&%%W%?%V%WM @ere@éthle Qattmahﬁmhwtqi theipplypeptideo

or meAlsdstovillddanstheet 8fh ﬂoﬁ}rnﬂéléﬂﬁd@& vacliedk @dsEribld 9&%9 in the

In a further aspect,

t t th
k?@éﬁ?fﬂ%ﬂ% Bﬁa“ﬁ%‘w’@é‘%‘ma met hod of making a

phar remitstid ueaaiquesqmmmdml@ma&k%%wnh&l&ﬁda&%&m into a patlent
of alterin n 20 usage

i ncludi.ng the ste &e dl§

ipiitectonica] poeficeion ¥th S apigepts Vbieleo T BEISE 4t MRK be piistered
wpigallyitethe aklp,cdr tonmebabiuifdes foe exaaiplcby mﬁﬁsbleﬁmlpahﬁvygmm or
Bﬁé}g& %@{ codon u at ter

rare rrgl e tﬁﬂ%ﬁnﬁ’? H{l ualeotld% O vedtod present together with a
pharmaceutically acceptable exclplent, such as phosphate buﬂ'ered saline (PBS). DNA uptake
may be further facilitated by use of facilitating agents such as bupivacaine, either separately
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expressed mamal i an genes and encoding a wld-type HCV
am no acid sequence or a nutated HCV am no acid
sequence conprising the wild-type sequence with am no
acid changes sufficient to inactivate one or nore of
the natural functions of the polypeptide. 25 Also
provi ded are the use of a pol ynucl eoti de or vacci ne as
described herein, in the treatnent or prophylaxis of
a L0t

t%re na 311;518 T@gﬁﬁglg?t%}' In\g/tgg ogyclﬁlﬁ?gt%ngﬁ%nru&glg g&lﬁlglrectly
i 2 W?}Ele@temh@a Iuliravpm elegtiiaghstigutationy nleappwr@tpmuaad microseeding
V §Jhich ifdeschiB& iR W&l 496 9gci d may be admi ni stered

t opi caIIy to the skin, or to nucosal surfaces for

exanp| EPtRsp of Brcleserpsid spustrgstspay be sahanced §y srypraldmowmtransfection

| PcRBqRS, tfalexaﬁﬁn ﬁlbs‘é‘it[c&ﬁin@ﬂle umuﬁ@mﬁbn&gw WxhBAES o these

or vect be ent t g@iﬁr&}er wth a
p AEFP RS °8 ‘R Rfa: f’%}l’% ymm, phosghate apd REAE Dextran and

p lipsfadtatsefobeainple dipofeathrn 6 ttabfigtam. DIWe dugapédfehe dutlyic Bed to be
o S B s TRy B e B <o B gt e

t lnegd3MApE ©rimg] la‘tﬁemhly 163 thaopgmmtieiodaid &ir particte mediited geﬂ@dehvery
ectly to a recipient include

hed 1@ hel ci.d _di
uf 1 atsitnd® %’1035’”0“ stinul ation, electroporation
and nAnekadidsguenthi bf:the preseftésentidn@thyialBo h&dﬁmﬁ&&etﬂﬁf]means
Y 0 construct s..may. be enhanced
o By BV FERERS G0 ey SRS o
t feoexampledly (Ydimeget uhHatulsé9Q7f 389r23028% cﬂqtlmraag:@mbmual vector
Exeem! &2 votiseh hvﬁﬁ bal S inBaad deSiGR

DE% 316’”'
for exanple, calcium phosphate and xtran ah

| #spRsTaled viEply Retpes wiFal, é%eaaﬁm0é and yappigig-iral hesadhtystema rRyefeadam
Tiaendalm 8 fordire thbe d@h%h %ﬁ 18f-héindnGridfates. A Fhrilbi3ir PLeSl(%8Yas

{Wgﬂﬁﬂ“’g{& gﬁ %: nuclei ¢c_acid is adm nistered
tept 6083/16, P"éﬁ’lggrzﬂs mb?ddn ﬂpa Wéf erabl v

i pg tmdn%ﬂmﬁdd@ysten&emhdé Qli-ecpﬂhﬁmﬁiaﬁoﬂ'ﬁf(ﬂhhﬂéléﬁbids, microsphere
ot her routes

Paitfhon | Rlpbiogy paee a7 Sy ikt e o hher i Vil nd

alogyirflalelindtry aystahemaycheloymbivaveheredf is 8qaizabilentb peide Halstetv er y

f.
e T T —
Nah‘,ﬂf%l veagpuchag gpla-slgd followeddytone o1 etk "tonsl” Yeosinationsalsing a viral
WBGb1Yr nor Vi G438 58 PRSI st p}étc;c@fs nﬁ? ﬁ@@taﬁyaﬁbﬁl'%e of fmmmg

include retroviral, lentiviral, adenoviral
Fatb prqtein iwpdipyang and beestipgwitly PNA/or a @aﬂ Xpojq5 €9coding the
‘{)&E)ﬁﬁd&lé&dh’ bfthd inRAGGH AMELORE. mé’;;r&fsﬁ bhsR8lvacBHS Y wu@éd asa

se_derived fro non -hy n rlnates
DR o et 25 pepigiontaccitg gl AR

MBXZ\'&MS yecidadiSacoine@bntzin. a Thegsteins Bdebvermdy6o Q{e&ﬁﬁa Zﬂmdually or
o\f ql based systens include direct adnministration

a‘cf ReHEFe acids, ni crosphere encapsul ation

t echndohendgic a(cMgn(ehca@f thel pregrnt igVeptial mgealsodn ddministered by means

Lf tRASOd Q@iﬁs.e §u§%§ﬁs§ﬁ@udc¥élfs %va@sﬂ:q 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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20 non-viral delivery systens may be conbi ned where it
is desirable to provide booster injections after an
initial vaccination, for exanple an initial "prine"
DNA vacci nation using a non-viral vector such as a
plasm d foll owed by one or nore "boost" vaccinations
using a viral vector or non-viral based system Prine
boost protocols may al so take advantage of prining

Wi ﬁlhm@&%@}’ 1Hteér¢rl]te ﬂl@d ﬂﬁ\él@ﬂtama Qﬁjeaﬁ’}oﬁq'és%{&tgﬁg emllt Péx ?&)ﬁﬁ a

viral vector encodin % the 25 I ot
i rFFRbirgtion exprtse A Eanpiomped °t=1hlea>p rfdtwerleqh bp growd up odrarad pegor

bemeéts efth&@sudtant I%IB%{aF be uskdl inl the Bt veRRnt Bats chd¥e prov1ded atan
protein vaccine wi|l contain all_ the antigens that the

DIGRPEOPFY o1 E A RafiShy DX LR NEIER A Bicrosurghe tgshriques (¢g. grafting,
haierddtijectioR)erg presented individually or as a

pol yprat.ei.n. .A.nucl ei.c acid sequence of the present

i nvent ?%%Lﬁﬁi}ééqc@g ¢ FHEANFRRDE g&égﬁ%‘gf)ﬁ’é%‘ﬁ dendpiqells,

t measmplazee B cells| lhenocyfesahd Gthérlcsllsltlmt}nujd& ang:héaedhabe/aﬁd@d
s asanRbiRGlay, TEAAKSH sRBlNDUCEEL L AS oL deeLof, Bf

t he pr esent | ONn Ccan e in
c @reseptipg;thg mt&gm toppgirovdestivation exfdéor meiitenaice of theNcdllatsponst) eo

I @by aR@ s, b3 Cant Wb RO carcihbifa Qf&:t?( gé‘%L %Qﬁllgqg F@Mdﬂgloégally

i nvention rmylnte rate I nto nuclelc acl

preraRatiple with feeepiveriie. enesPHdbA baplatmed PATGs ey eneeli be solated

/-\ﬁbfa&ﬁﬁ bfarvaRély Sﬂilélogﬂiy fluidls andl 6Bl Eiflolud?y 1B OMAndReril om'al
tr of .the resultant cells may

0 a or
u%saes '& %B?‘E‘g‘éﬁﬁ’f’s {% BRBengis Pr Xenegspeigeells oy ded
at an Ceatpip Ipmﬁﬂeidihﬁboﬂiﬁieﬁts Ioﬂthapxlaaahl @fbim&%_skm&xghc%ws@r cal
0 ur gical . t echni ues ing, 5 .
proPa b B e BB P o PE @bt vivo snd ot
atke pgient gy petheimtvivodarge bf mxc(eﬁt%‘ssc}ehvered)h the Yaddie (Foit dxhutiple by

r es

Bt o mpBRANONR ARGy, Befifitic S, HRAGAYbHE A Chagfen and
SPteipman, V‘Pé"%ﬁ% 245231, lﬂ?ébﬂnd bave bpe shewretp be iffdctivensd physxehngcal
tajuvmrf&@ﬁauﬁmﬁ.?mlo; merfapeumc BEEROR ihRfind g,pg eaf?ﬁﬂn

to inprove activation and/or mai nt enance
ot cRevy Mech 80-¥0525,A499). o aeeartl, deadriic O et ot
C(ﬁf thdiy tgpieal Efaf)@@feﬁateptﬁ it QvitB ﬁﬂl‘k@d cﬁ@l@ﬁxc'pmlwa&:sgaﬂﬁ@é) bi¥ible
ilbl Y‘&( he receiv ., matched
HA SP21 et il e ek iy proseeand pregent i Mith bigh effiispey A their
Cablllw toactivete paiod T b&ll(‘rbspglsesalDefxdlriﬂcddlsatﬂﬁ AAc@ldédSbe engineered to
and er| ral tissues, and ..
be au%efaogous R nreslof:llg {‘}D‘E"‘éﬁ‘& gt %WE‘HS‘Q’QE%‘? @"Ex"‘m
ccells| in viv@esrex atives fpreemm ed argigbn{s) ien@iddsin die corlztudey of i fiivention,
Y 824 fB PR ARt oo biedhy .ia,?p RBIALES s an

t hereof as anti gen- pr esent|
lterpdive fordsndritig cells, searetedivesialds mg@rlnadted)denﬂm elit (cadled Or

@Rosbrii6y) Ay ¥d 166d \kﬁ{ugﬁtac%e @%1@ e'l gdep J%%lrb %%%%911 80d, l'11598)

vacci.ne,. .for_exanple artlc

del i VRFritgselizpnd PP@B*E@TS s ebtﬂpﬁltﬁoyl Rsepheral bloishone marrow,
fudons it @€ 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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Stei nman, Nature 392: 245-251, 1998) and have been

shown to be .effective as a physiol ogical adjuvant

for eliciting prophylactic or therapeutic antitunour
imunity (see Timrerman and 20 Levy, Ann. Rev. Med.
50:507-529, 1999). In general, dendritic cells nmaybe
identified based on their typical shape (stellate in
situ, with marked cytopl asm c processes (dendr|tes)
Vls&b| |nmy|tr t heir ablllt to take up, process
arid”pr ese i e (Rt TG e ReF‘ErfeéaﬁEl?"daﬁHwPﬁ%‘fef‘y CD34
ab>|0$1hte}cellsd1aaredmd\fai1@enﬂlem blib'od; e.hbmeam@ms&ﬁor bbREHoWintay be
C e enffBtin fden%%H{ Sfs b0 % PG rﬁrg ﬁe@gﬂ&gﬁ{magpnsaqumcsr?

SpeCI |1 C surt ace rece 0
n ék-3cBYRrERMY ligand, digopwlysabelaide LP&: ﬂBﬂlgmell (h eytokine\iing a6y in €

\" |g¥&ratlt)196f p?ﬁféggé]a?aﬂn %&1 e;ﬁél&ﬂt&g @é 8&@@%&? cntg'ltlfz ccg.g) and/or other

construct nt1on

d EPrarauRd(®) thagingluce gdiffsreptintion rmmaztnem attghpralifiezation efdemdritic cells.

I nvent ARy mapgeRPilly B &ﬁﬁf@&&i \Vlﬁl 4 eﬂl)ﬁ@(ﬂ%ﬁ&é dnfodk +§nUgemc HCV
secretegsve5|cles antig ritrc c

( BHIP AYC 8eAYGTER FHSE 75 ﬂr@f}%@%@ PWﬁFwdammagn‘ém(t@amesem
Ziﬂvm@ﬂSUﬂf&aﬂkwaOﬂl\BE)‘-‘m PR ex thvod Bifl-a@B8posit®R &) vaccine com rising

R B B B S Ll b SR T

cAltérsativelgrai gbnﬂ’ﬂaliﬁlry tehiR RS tatgafs ialdéddaitié dt@tieLinkiSon Pratbitllg cell
n ical, cord bl ood or any

LR saBfihco ettt ferein Biacheiis s o fmtppendex
c¥vd wansfegpiol of denliriif eqlls, foi extueple, avay geneallpye mkdmlibg using any

CRERAS ﬂdwﬁﬂn ﬁlfe a&,ysL&KAIs Bos: d%&:%gcdq% V&%\/b?%ﬁd g{ tgap%!%i'céer].}t% ated

and/or TNF to cultures of nonocytes
pPPTopthedeseribest by ddhvig ale Frvanriolpey gnd C@wdlagx)l‘ﬁs%ﬁ%e 19@1 | s

har ve §h&dacinQ i@ pfakRAREd ns PR
or bone rraarrow rrgg‘/ be t%%ﬂf P%lrg(gﬂltol ate "{v @ongﬁkg?
OPiuRCtgy Withintivisal agenisisecheag pttlmréermmﬂmblammw-mmemﬁ, and

I 4 L B e

O COPRAIREFS, FC %Wulamruvgbn Sprheortrindragre preferably

ﬂﬁﬁiidueallb{ adaled t(d]ﬂéﬂéfvb bteelitg 6 thStbroIMoR intP hl2e ﬁn eneral, formulations
co ounF$ uce differentiation, uration
rr%ﬁ P8 PS&R?S& “%%’ﬁ gf §ulsions. i qily or anweng

qdmaum}elyya beecihe aphirmadeatbaldotposiion @lay wabxe@tnl adfeeze-dried

SO AL B S e ™

Yaesitgs tomprising ntcleotide sBjpehdes inteaded fferatiminfitrition viaphticl nd@ted

Sé&g\#y}ﬁ%g Rg Plg%etﬂtézg %igtcjs g)mrlal:{ oy fo}/l?s% gllltg g 8%1(1) ngsfeds gas gehvery
insEwRgsk in Widchpuasetbswadridges mdjemslst loéhbllbw Ituheﬂthe inner surface of
Shick <B4\ par e BRIl | HBLY BB RIs b 18 opl Bb AT B

dendritic or er anti gen presen
BIGFROSR @P@F’d&'%c%lu@ﬂf P@Pﬂtablfrlesf@#lmtmg in transfection

that e ghbinfiadetickli éposltion/df ¥R pRach on
of den dg,; tic cec ‘ ,posornexarrppfég, tﬁrrgg/mégir%g}F% @@Jg@g‘ut

R BIe othen Sﬂlfftaaﬂ’? whigh iRy srEvey BRERIgty Ortipgeeagy ti:e imppsh as
tebpose intinsairby liechratéin W@cﬂ%/eg&ééﬁby tRYDNA el‘lﬁé%rrﬁdy% €ncoded by the

PR, e ARBRE B a R5e afbash. g oy Rojganded s onDN
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The Vacci nes and pharnaceuti cal conpositions of the
i nvention may be used in conjunction with antivira
agents such as a-interferon, preferably pegal ated
a-interferon, and a ribovarin. Vaccines and
phar maceuti cal conpositions nmay be presented in
unit-dose or nulti-dose containers, such as seal ed
anpoules or vials. Such containers are preferably 20
Ll [ 4 1idh ch luded i
NATE PR ot A6 R EhabBicPS LIAeyRl &) kool hdfbe incinded in
nme fotnpilatidnsane the pegsenh ivention msleqiqnbmmﬁlg Ioseual psspedptesl membrane
AN s SRS RS antigd] 81iRAHal M @bther cPoiBE&GhHs BNy
&Mﬁg’eu g#ﬁkonpos%t?%ﬁgnay bg storedufgoa
ﬁnéé&@KﬁTled condition requiring only the addition of
a st ebl:heﬁsuitib%dﬁv&ﬂ dré @cﬂmﬁeﬂﬁgﬂ J iai1gh1e sueh b for b Freund'

Vacci nes conprising nuc eotid sequences |nten e?ﬂﬂ
amvmlemdmwnqnw@nrﬂ%tﬁ Arigyast @Péfd? Fptogiss, feiroily

Remp steﬁ%ﬂg/ﬁﬁj mxgﬁlé\ﬁﬁa&d @OL St. Baiil, 1A, Mef-cﬁ mamam (Merek and
resse as elLiver, | C
Cprva e R ARl St B b Tinam Y BoR i g5 ) 7
SUhfisee pRdsphanhbatthof dﬁlcﬁ:ﬁﬁiraﬁor\ﬂnb huri r@oluble buspenisiomof aqyjatedhe
| eotid t
it s s PERREY SO rcAl - ARk dbol b ifides
|pbgrp1m§plmzﬁnss, bﬁdlquﬁm mm@mhexesaliOHMQM thhé anyd quilfe
d
Q:y?i'{nﬁg chgé% ances HLE le @diruyaiso taUscdQTRGHVARLS.

serve to nodul ate or
i ncr elagke fpmﬂatlmnﬁ éle mvgstpg Pfs»%epf plererddlead thepdipyast compewtion

\‘i\ﬁaugg ah ol OpredofnabiVof 1S BpEBihud@e de@ﬁﬂﬁﬁhyk%yrve to
DNA, e|t er separately from or asafudeg Iﬁo
Gl e BRUNCPSDAREy SEIETHH ) FRAGEFe S DN ARpoded gatigens rom a
prapmBinbistlyTh? tdeprédemmahtiy TH Rype Rspoisd HSghQéveBd»f Thatype dyyohines

a&ﬁﬁﬁ&s&h athdmidideredamtigenr Withinm p(elfcﬁbﬁ’)tmbddamt irt WhictBa IgHpODsS is

e

Mmrmfm-lt}pe exteliinea T lswtswmsee cmhn@mﬁr: readifyrasgeppgd wsing

L qﬁfﬁ W26 nafihdd @ ffiman, 4
L%%%Ir:ggto&ble'e %emc’fﬁlg émkm qui rmd (3M St@,alzjnl1 "
m;fmmimléiril%wSQSM St. Paul, MN); Merck Adjuvant

65 ( W&Qﬁn@ﬂdsmmﬂ?@m){ms fopﬁ‘se in cﬁﬁiﬁﬂ@&/ redéidinantly IFHI -fHpaim

salts such as um ni um XI de
a?SEﬂ?FWPﬂH‘?"pf%%"ﬁH‘QFea °°§£ g mangPoSy fﬁ*’gﬁ? 8Fef"‘2?‘ﬂ%3*‘&0‘
a&yldtmﬁﬂnuﬁﬂoephsmmm 2 (8-MFHL) fogythatwéitl ad Bluinjniuns safteOther known

I at e oni or ani oni cal |

atbreg by 1 BRL b Bl g KRR bulte CoG contining
bhgbdﬁge’oﬂdﬂb ke oligomokpiiies are phammmpﬂ astpdrtcbheﬂPG dlplcttovﬁdeah d

okl ne e

ef.l(l_Jylated1 géch oﬁl}gonu?lggt%(%é a gg%ﬁgg&%d %é %ér%}gb%& kn, H)K E)me%le
m%mza:tﬁ brrguno$tinylatory BINSreiushcek ere plso gaseribed, rf’échx%f by figo
"é]tdajl,l‘l.yc@m:e 3R43p93 bdd. EpG-containing oligonucleotides may be encoded separately
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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i nduces an i mmune response predom nantly of the Th
type. Thus the adjuvant may serve to 15 nodul ate the
i mmune response generated in response to the

DNA- encoded antigens froma predom nantly Th2 to a
predom nantly Thl type response. High | evels of

Thl -type cytokines (e.g., IFN-, TNF, IL-2 and IL -12)
tend to favour the induction of cell nediated i mmune

I @ERANGRHdds %a? Be ﬁﬁ'ﬂh&b&& %ﬁgte 25‘& 968 parV¥ M d3mPosition which

preferred enbodi nent, in a response 1s
prhEritiRAREadsd antipen %%ohsowlqowé g pe o alprpgein combination

::?:xitﬁ Fmaafjuv?&lTFdrﬁﬁdnwt fn én@a@e‘gsryﬁa@r ﬁlﬁ/olieé%tt@emol mt){cilﬁ’tﬁr]l%@a CpG-
e.l.eve e C nes e evels QO ese
SRy e PP B ep Sl e SomRRPRIor CPG and
aQsays dlsElo:’.‘ed in wemoem 59fand WO G0262800. Bﬁfeﬁ:‘blyayé folthulion See

1 145-173,

Y BRIy 0ot o T ks S oy RO, e

elici tAnn@cra?rqfvr@d@dmmns hyap?ﬂnh, prefforgbdy Qszas(Athdamphmtnaa&ucals

:
e, ok fphafy, M CTE 08 e Aeadlon U IR BRMIBN Vit bt it
(@%WNPEF1Mﬂ¥ﬂ¢ﬁﬁﬂvﬁvh“@hﬁﬁhunummawngé#memhhgmxﬁmmmn&mm-
a%mhsauw Isidh 2Pt LSRR 521 REHERMPL TE hidserdbd® i wo

ne response include CpG contal ni ng

o Yo e e reaetesenipisgmpnsitgd Whee 166 Q523 augughed with cholesterol, as
Cdb&lhaéﬁ i8 WG 26133789.t Oliér prdi@re@ifdemliatiias bdirissig dlﬁn-watcr emulsion

ed. Su ol ucl eoti des are well and
ar e e‘}il c?f Fan?' t Q‘g m\)&@%‘} bl QSZI 3D-MPL and
| tnopineos fin amelilab-eater Ml&ﬁqdﬁﬁﬁe&m’dwe 98A1$210d es c r i bed,

foF, CoRk it i hylyaine B BTG pRL Feg3: oA Riron,

G- cont al ni ng [ gonuc
jEpmia, &lniged StatesinISCRMB ap?»n)l MF&9 é(mrmyehétw) (Ribyi, Hanslt@aNED),

. Qic-ﬁlzﬂb&iﬁf ﬁﬂ&lt&{)w H&{h R bl bl oG gh&%ﬁmrdé’ﬁ Pﬂ&%}!ha?e? (AGPs).

i medj atel y adj ac e.
t her efRemRth °AP<1°E'F inslurcsean pdipveat, mp@cemfoam\dam mag be administered

Gh in@PANE FRQKARIS et bR RHhitSh %%ﬁ@cﬂ@ﬁ& dé ns&uct
é‘&‘s,‘aa art of the conpasition whi I ncl udes

A i R U UL

ajertien, o byl iftraderiai mclecxﬁedlawdhm@mmen a6l pAtyeFifleFornTufiion
exanpl e i,nvol ves e copbination

] han S st
e A A U
sketably tine pexiop swhich evill ar dpparédt @ thophigsiciat skilled ﬁi‘thﬁ&éhﬂd@ drtH

9 n 00/ 62800
Pr é% erab ﬁbﬁ&kﬁ&? r??x’lugigt %%4 & aé%mt' sl?eé%éﬂ%e TR c&%®ean
eqqgemqfomﬂvéxon enii ag@maim@ﬁfsﬂn pﬂ;mpfoedlmlents thp adjivant part of the
RIn8a18ioh S5 BUdY ARt red hefde B8 Qﬁ?&rﬁc pat! Rt o&%e adjuvant

(Aquj | a Bi opharmaceuti cal s Fram ngham
Bieiisicred apptopicel dormulatien, applipdfo dheskin atths wits ofparticlamédiated

adlivety anthSnuclebfie s&?@&@i WhiclPéhcSR RRNEGHANE), SR & MESthe
nonophosphoryl™ I'ipid A and 10

the C ti on
%baffg F'\‘?’ﬁfy such as the conbination of QS21
an d BidfekdBly msnuasmdlﬂ@edfth@rmt i44t{38 $83ulate in @feb@®RSmmune

ﬂ\%ﬁ:?%te,ggpe?a Fer ands gléé+algnnvumnx ' %aitng%]e% anugen%u % feerqy against
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described in WO 96/ 33739. O her preferred fornul ations
conprise an oil-in-water enulsion and tocopherol. A
particul arly potent adjuvant formulation involving
@21, 3D-WPL and tocopherol in an oil-in-water
ermul sion is described in WD 95/17210. 15 O her
preferred adjuvants include Mntanide | SA 720 ( Seppi c,
France), SAF (Chiron, California, United States),
g&f\% erdp@itiset(iEl that liver tibrosis and/or
I—é’%%x%% to]M: Iﬁﬁg&@;‘e@%a Ham I%%on M) and
onﬂ?@maélﬁﬂbmqlq@‘}qf%?vﬂ%‘éaﬁ?ﬁ‘%‘w‘ae 4- phosphat es { AGPs) .

Wher e At R4 K@66 | thetein6hipe S i8 thteddgdty Benised inlite natahlmhmense

formul ati on may_ be admi ni. st Lwo parts
R e PR op s 1P B P O B R A e
ndvl&h %En!pﬂﬁ‘ng@ @had slsiche uﬁﬂ)erswdddxhltﬂxdosimemsh,d)eag t:myeqmsmaiymth

i ‘}q?r}sg}r{]{él |8{SJ }chg.s?sufl%?tg?{h] Bﬁse%t invi c?nuip QM%RE%;&?mQ fimited to, the

praNdwing examplel. at ed del i very, then the part of the
formul ation containing the adjuvant may be

adm ni st ered subsequently, either imediately or after
dExagpiet o Bugationsiprresicddanto WrigemPaRiFl +=be "apparent” to the
physician skilled in the vaccines arts. Under these
circunstances the adjuvant nay be adm nistered by the
ssfeonsensesanufationse 25 antigenic fornul ati on or by an

al ter nf% ﬁﬁﬁ&% S thelfiltl ganb@e seqmaead of@EIinswh HEVashilates avas carried
rt t r ter
Rt Cafttin pstioes it e 14 Griabneirgtirs ot SR Rl from

I tﬁe xaajamp bfsdtier BIC VaiSolatest Wﬁth pahculam inmoktarice were tlmmqs@epstf@md to

t th It f
t gatﬁ ?}81?3 é')g?qr%co%%e%a:ﬁg sidu S L }e el lg%g)hﬁ{sﬁ\gtwa g?%ﬂg}gg%égﬁ
edrdupe La, DX, andevtlers, whereenetoh bvo a#amtive prainpragid pesideps gbePiser y
taek eﬁ in RO eqa{ g{e& lpéﬁihc}h ﬁ?{ﬁ: oA cNRELoRREsu Iufakiéhs Rite@RRE ith

|nven Ion st e an e ctive imrmune respqnse,
takmpwm CD§ oGt epitape- Twe shapgariithip Wség’éfr‘ﬂ’é’t“‘sf"ﬁ“eﬁ‘llm fodominant
HiLA 895 ?esmcté’& €b8 L ?yﬂﬁ%élw) 138810V althe @) adEBIgened((s) 1366 to
fﬁltopes is preferred in a therapeutic setting

aning (Aler f| brosis and/or inflammation be reduced
f ol | o dEtst\$3 Gmind AkilH6T NSAB hineddenremeien dud th entsefnlmariability.
conprising is intended to be used in its non-limting

€e such that the presence of other elenents is not
excl uelhdmebk)\&ewcefrh:edninci(’s) also intended that the 5
\égsr ‘conprising” could also be under st ood inits

€‘| usive sense, being comensurate with "consisting"
or "cYalgiegV) ngtmeeuclﬂ'eh(é) present invention is

il usf_g EQ@l%&tw@ﬂhax&u{Q ed to, the follow ng

exa Miut ati ons introduced into antigen
panel Sennﬂ(s)llutﬂme%‘??s@hsus mut at i ons

Valine (V) 1179 to Isoleucine (I)
Threonine (T) 1215 to Serine (S)
Glycine (G) 1289 to Alanine (A)
Serine (S) 1290 to Proline (P)

Isoleucine (I} 1365 to Valine (V)
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A conparison of the full genonme sequences of all known
HCV i solates was carried out. Certain positions
within the J4L6 polyprotein were identified as
unusual / deviating from the majority of other HCV
isolates. Wth particular inmportance were those
positions found to 15 deviate froma nore consensus
resi due across related | b-group isol ates, extending
aCI‘OSSG!y@ﬁQG)SBb@mpaam&(Aﬁnd others, where one or two

al ternati ve aci d resi dues otherwi se doni nat ed
in the gﬂéﬁ& ggﬁ“’t‘sl( None of the chosen

conserﬁmlslem)tlazmormrebﬁh@m eres with a known CD4 or
CD8 e P nges.W thin NS3 :actually restore
an |%°2%%%%g%??°%%9@é5-restri cted CD8 epitope
[ | sol depddupize (D1)634 BGFhrdooin¥/@l)i ne (V) and d ycine (G
1366 to 20 Alanine (A)]. The fast 51 am no acids of
NS4B have been renoved due to unuseful variability.
CYE#B Al anine (A) 52 to Threonine (T) NS3 25 Valine
(V) 1G4 ORF de e )mll;gpci ne (L) 1106 to G utam ne
(Q Serine (S) 1124 to Threonine (T) Valine (V) 1179
to Isoleucine=(l) Threonine (T) 1215 to Serine (S) 30
GNsane (G 1289 to Alani ne (A) Serine (S) 1290 to
Ilne e ine (1) 1365 to Valine (V) 24
yglfcﬁg(ligﬂﬁggmf Al ani ne (A) Threonine (T) 1408 to
SBreane (I32892Rp SkrinegSY P) 1428 to Threonine (T)

Iﬁg&gﬁgkﬂ%rﬁzv}lﬁg o Serine (S) 5 Isoleucine (1)

1636 to eoni ne NS4B Start ORF at
Phenyl al ani ne (F) 1760 10 NSSB |sol eucine (1) 2824 to

Bl 1@nteMig is according to position in polyprotein for J4L6 isolate.

-Example 2, Construction of plasmid DNA vaccines

Polynucleotide sequences encoding HCV Core, NS3, truncated NS4B, and NS5B,

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

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

The sense and anti-sense strands of each new polynucleotide sequence, incorporating codon
optimisation, enzymatic knockout mutations, and consensus mutations, were divided into.

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

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

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

unique restriction endonuclease sites used for cloning, are outlined below:

HCV Core
Forward primer
5 GAATTCGCGGCCGCCATGAGCACCAACCCCAAGCCCCAGCGCAAGACCAAGCGGAACACC-:;’
Noti translation
start codon

Reverse primer
5'-GAATI'CGGATCCTCATGCGCTAGCGGGGATGGTGAGGCAGCTCAGCAGCGCCAGCAGGA—3'
BamHl Stop
codon
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Threonine (T) 2892 to Serine (S) Threonine (T) 2918
to Valine (V) 15 N.B. Nunbering is according to
position in polyprotein for J4L6 isolate. .Exanple 2,
Construction of pl asm d DNA vacci nes Pol ynucl eoti de
sequences encodi ng HCV Core, NS3, truncated NS4B, and
NS5B, were codon optim sed for nmammal i an codon. usage
usi ng SynGene 2e software. The codon | O usage
coefficient was inproved to greater than 0.7 for each
¢E§A§%Ieot|de The sense and anti-sense strands of

HERb g oua eai e BRI E L OALROLALL A 00O

noc

consensus nmut atitods, were divided into. regions of
-60 nucl eotides, with a 20 nucl eoti de overlap. These

everse rimer
S AR oM R TE NS TRREAS &9&&%&@}&%& 3
poI ynuc|eaedii gep genergtglgmy an oligo éﬂscga%g{sﬁlgm
met hod. ?5 Tkdopouter forward and reverse PCR priners

for each polynucleotide, illustrating unique
r 8eYNs4st i on endonucl ease sites used for cloning, are

oﬁ@Wﬁﬁ@Uﬁbelomr HCV Core Forward priner 10

55 -SEHA AT AR SA AR CTLAACTEIE AGOGCAAGACCAAG

CGGAACACC- 3' %ntranslation start codon Reverse
primer ;5

5Re" GCTCAGCAGCGC
Wﬁ BRI RS For var d

pri mer codon

ScViag TCGCGECCGCCAT GGCCCCCAT CACCGCCT ACAGCCAGCAGACCCGG
GhoRdardprimer> Noti translation start codon Reverse
m‘-GM&TCGCGGCCGCCATGTCCATGTCCTACACCTGGACCGGCGCCCTGA-3'

GAATW%KI¥HY%§§§M33TGACCACCTCCAGGTCAGCGGACATGCACGCCAT
Gmse?pﬂmerlo BaTH 5t op

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:
MAPITAYSQQTRGLLGCITSLTGRDKNQVEGEVQVVSTATQSFLATCINGVCWTVY

HGAGSKTLAGPKGPITQMYTNVDQDLVGWQAPPGARSMTPCTCGSSDLYLVTRHA
DVIPVRRRGDSRGSLLSPRPVSYLKGSVGGPLLCPSGHVVGIFRAAVCTRGVAKAVD

26



codon HCV NS4B 15 Forward pri mer

5' - GAATTCGCGECCGCCATGT TTTGEECCAAGCATATGTGGAACTTCA- 3' .

Not| translation start codon 20 Reverse priner

5' - GAATTCGGATCCT CAGCAAGEGGT GGAGCAGT CCTCGL 7 GATCCAC- 3

BamH Stop codon 25 HCV NS5B Forward prinmer

5' - GAATTCGCGECCGCCATGI CCATGICCTACACCT GGACCGGCGCCCT GA-3

" Notl translation start codon 30 Reverse priner
VAHEFAPTGSGKSTKVPAAYAAQGYKV
AGTCORSASARIK ALRAL BRIIPEORPITYSTYGKFLADGGCSGGA
EHSTUSTTILEIEDIDTA I AT VAT A BERSGSWEVEHRTIRR A L SN
DI TPAIDA BOGEREH SF CHEK RIECD LA ARGF G i NAVA YN GIDVSVIPT
GIDFDRY IBCNESVTQECDFS DN I TIRTTTVPEDA VSRS
P QRRGRAGRGRSGINRFV TRGER PGS VIIEEC YDA GCAMNBEIPAETSVRLRAY
(ILAGPGEP IGQRLLEF WES YF EGIUrHIDAHRLSQTKQAGHRFP PD¥AYQADVERNAQ
CaPBPSWRRY WK CORLKPTLHGPTPLLYRLGAVQNEVTLTHPITKYIMACMSADLEV
MSTNPKPQRKTKEZN' | NRRPQDVKFPGGGQ VGGVYLLPRRGPRLGVR. ATRK

10 TSERS
QPRGRRQPI PKARRPEGRAWAQPGYPWPL YGNEGL GNVAGW. L SPRGSRPSWGPT

DP _ _
REQYRAG4BiEapsintion ocGEADL MGY! PLVGAPL GGAARAL AHGVRVL EDGVNYAT
s %MFLLALL%%H PASA HCV NS3 f&%ansl ation: 50
b T B S L OGN G
CVAASREARASRGNH
@%&Q@iﬁmﬁ%ﬁ@%ﬁ%ﬁm

HCV NS5B translation:

A
20

MSMSYTWTGALITPCAAEESKLPINPLSNSLLRHHNMVYATTSRSASLRQKKVTFDR
LQVLDDHYRDVLKEMKAKASTVKAKLLSIEEACKLTPPHSAKSKFGYGAKDVRNLS

25 SRAVNHIRSVWEDLLEDTETPIDTTIMAKSEVFCVQPEKGGRKPARLIVFPDLGVRVC
EKMALYDVVSTLPQAVMGSSYGFQYSPKQRVEFLVNTWKSKKCPMGFSYGTRCFG
STVTESDIRVEESIYQCCDLAPEARQAIRSLTERLY'IGGPLTNSKGQNCGYRRCRASG
VLTTSCGNTLTCYLKATAACRAAKLQDCTMLVNGDDLVVICESAGTQEDAAALRAF
TEAMTRYSAPPGDPPQPEYDLELITSCSSNVSVAHDASGKRVYYLTRDPTTPLARAA

30 WETARHTPVNSWLGNIIMYAPTLWARMIIMTHFFSELAQEQLEKALDCQIY GACYS
IEPLDLPQIIEERLHGLSAFSLHSYSPGEINRVASCLRKLGVPPLRVWRHRARSVRAKILL
SQGGRAATCGRYLFNWAVRTKLKLTPIPAASQLDLSGWFVAGYSGGDIYHSLSRAR
PRWFPLCLLLLSVGVGIYLLPNR

35
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
40  (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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DVI PVRRRGDSRGSL L SPRPVSYLKGSVGGPLLCPSGHY
VGE FRAAVCTRGVAKAVD 26 PIP V
ESMBTr MRSPVFTDNSSPPAVPOQTFQVAHT . H A

PTGSGKSTKVPAAYAAQGYKV
LVLNP, SVAATLGFGAYMSKAHG DPNI RTGVRTI TTGAPI TYSTYGKFLADGG

CSGGA YDl | | CQECHSTDSTTI LG GTVLDQAETAGARLYV VLATATPPGS
VTVPHPNI EEVALSN

NESVRIG S ﬂﬁ%&(ﬁﬁlﬂgéﬂ: %%WMMogen, Vacinnia-Core and

SGEGLNAVAYYRG.DVSV] P1
SWA}A%MWMWBCNTCWQTVDFSL DPTFTI ETTTVPQDAV

SBEYV Core

Q?RGRT%EEI YRFVTPGERPSGMVFDSSVL CECYDAGCAWYEL TPAETSVRL
ce mmunised with WT full length (FL-1-191) or truncated (TR 1-115)

L 6T @rP Ot EFWRENEST Ghrd plofoi-4nk S6IGHEPSHMRRY-JHAKA THEAR
%ﬁé@@ﬁ\m@l(&?’kﬁhHGPTPLLYRLGAVQVEVTLTHPTl ' KYI MACVBA

DLEV VT 10 HCV.NS4B translation: 15
Mg MANFI SG QYLAGLSTLPGNPAI ASLMAFTASI TSPLTTONTLLFNI
LGGW/

AAQE AP ARTNmpEmn s WL @rd A0dD dpiEUaASY NG \PMIR) Bhod

gstOEﬂé%thE@b\é{lﬁeAF |1151§@£%b¥1 Y SM%(}SW demonstrated in C57BI

Vsizhnia” Mé@ﬁcﬁl?& toaReHONhRIERRETHE E2SRATVBoth
NIBS Bhdl IFE fekpdhéed Were detected. No s%nﬁcant differences between wi and
I\/%%E V\Z’%TTECAAEESKL | NPLSNSL LRI NI\NYATTSRSASL F\;& KVT
0 optimis m) versions of the constructs were observed in this experiment (figure
[XVIoBB)-¢y RIDNACHEN KAKAEE Wiphtshi biSfoBWiaK A BRI DA RS R AN ENENL 4
ISy
RAV%I—YI%?\%SEE B PRI PRSP B R TR SRR R

\awer PREwdosqwy in the primary response may reveal differences in the potency of the
RILEEAVMESSY QY SPKQRVEF LVNTWKSKKCPMGFSYGTRCFG
TVTESDI RVEESI YQCCDLAPEARQAI RSLTERLYTGGPLTNSKGQ\ICGYR R

CRASG
HICVIISSAENTLTCYL KATAACRAAKLQDCT M_VNGDDLWI CESAGTQEDAAALR

MIRYS POPEYDL EL TTSCSSNVS
VAHDI(%&&‘E&‘??{%r"ng%11 % DARL3DIS Aywere observed following PMID

IAETURRR AR\ BAIENE v ATHIVARM HENT Eﬁbﬁ:%%@m@
&Eﬁ ! Eph DLPCENRL HGL SAESL lﬁvgpea NRVASCL RKL GVPPLRVW

on w1 protein and Vaccinia 3-5 (figure 10).
SQGGRAe MIEIRVICHINAA Rkt Tl NPAARRLI b Sl Y ABYSEARIaNESL S
I%BJ hE’»BéQFeP éxﬁ'e&lldn%\f[%%r é‘iﬂ‘ (Eol}ll ?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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Exanpl e 3, Imune response assays C57BL or BALB/c mce
were inmmuni sed with either WI' or codon opti m sed +

nmut at ed versions of the four HCV antigens expressed
individually in the p7313 vector. Mce were inmmunised
by PMD wth a standard dose of 1.0 g/cartridge and
boosted and day 21 40 (boost 1), and again at day 49
(boost 2). Spleen cells were harvested from i ndi vi dual

mce B0fnhGRlds {;ﬂﬁke% fdsh @ouﬁltvll_ng'ﬁ%‘%a& BhvéMifakteRT 81 wtdCY

antigen preparations

respons
WS sation AV T WW@&’@@H{S@ (ﬁ%*éaﬂtsﬁﬂ“ﬁ%ﬁ‘sﬁ?‘éi thpARTARlo NSSB
r ﬁ»ﬁ%ﬂ HSmMRLEonHA b fih@Sboddt WeteichiRhitrateNBS TBIS i sin)GHES

enotype | b) proteins frqom M kroge i,nni. re
a @pmé@@rlwaacwsé-% F@%ﬂﬁﬁ%@‘?‘?ﬂa" ?Xﬁh‘é’i\@g “ﬂ@\?’g%&
CaifiBencM #@hd ifiiRd 15§Enseiwett o¥¥eret bétwkearvgT Imd(cFr kemivefs@iby oftthe
truncat ed TRl ?Ja[ SIgore.were restinmulated with
HROPSTEIg & wac z%g"ijf& responses were observed wth
pur|f| ed core protein (figure 8 HCV NS3 .. -Mce

USI rﬂngpl‘b sed \éﬂlq %;%el)gl' and codon optim sed NS3

sponses to NS3 foll ow ng

i un e fonsvieated HEV gitigghscCdse S8, N%B@nébfﬁ%yﬁrpéqr@eﬁqdnn

t AGS sl i3 a FifteRn
B e ol ?%%@%&%@é&%ﬂw 15 B WiRess and TENL

r rdgsimibe diffpepteoprindyas éEPW“Nlﬁk’g’r(ah‘f fonmFkpaRgl freadiRghe o
b&pisoh ofkingle ﬁ MfARotéiRwas GesigRd Qﬂhé iﬂnﬁ@d:nﬁlﬁﬂ pdsnm)n was taken by

verS| ons_of the construct.s vxg &?ervz in.th ignificantt
eSApR i thftr aptigegs jpdnm, dg moniigr X Ff?éegsl?nnw?sﬁ ! Y
VirdpFoed®4{3éd6&l nivie byothd mredenny of omerastigen thah pakisf ipchis mponert e
obs ved 15.between wi.ld t i

BRCEY L SR HS Pt ot HREaR h RN, OB plleihs o
I ameged DAIndo 2 &agmcntsme @éxeétbtﬁlh'&ﬁ§ apepdAE-184y reveal
di fferences in the potency of the plasm ds. HCV NS4B
20 Responses to full length WI p7313 NS4B were
ob€a7508d f ol | owi ng PM D imunisation of BALB/c mice.

T2 —amd Ny ECTSPOT T ey R@EBES Were ofseysped
ollowing in vitrao rpstlmleunm\Mih either NS4B

protein and Vaccinia 3-5 (figure 10). The NS4B protein
wagybkigincated at the N-termnus to renove a highly

variahle rpm n.__however expression eof-this pretei#

N2 d not be deNe#ed foll owTNgs?n vitro tﬂg’#ecti on

i 5 studi eS becauseé the available anti-sera had been

rai sed against the N-termnal region. |In order
HCV 520 9 9

NS4B NS5B Core NS3
HCV 530

NS5B Core NS3 NS4B
HCV 501

Core (66-191)(1-65) | NS3 NS4B NS5B
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to confirmexpression of this region it was fused with
the NS5B protein. Recent experinents have confirned
that i nmune responses can be detected agai nst the
truncated NS4B protein, either alone or as a fusion
wi th NS5B, using the NS4B protein and NS3-5 vaccini a.
Good responses were observed to WI and codon

optim sed NS4B. ;0 HCV NSSB 28 The immune response to
NgeR §2! | ow ng PM D was i nvesti gated fol | ow ng
immunisation with WI and codon optimsed (co + M

EQusd HSeD1)-Goldd r@%—’ponses to [N&3B fol | owi ngNS5B

i muni sati on and a Si nglr e boost Were denonstrated N
C57BL m ce using both NS3 protein and vaccinia 3-5 to
read obftaRdaisphanayptal DA was|tapstspted into FEK R9Xgzlls psing

gprsﬁbmmv\; aooo:jﬁaﬁdir&ubmg@ﬁ (Ineﬁrlagmmfe wedhﬁolegt&s rfmsﬂwng the

et n an co + st o constructs 1 n
RS ol P DO AL T hasoath o 50058 Do, BB EoB
I—I@quot}llaﬁﬁdd:gemlﬂm&ophoﬁkiecﬁﬂddlrou&%ln@(NuBAiGH@\lZWBﬂs-gﬁﬂﬁe-formed

Ry e OASo AR (R ol b R SO e ool 2

express as a si g usl
asrpirgfediproinias wem bivttabmePVIF memhirifeandprdtein@kptession mohikveed

ﬁsfxﬂ R%&&%tr&%%g&?ﬁ%’m@&%t%’ ’léh-gggcog%nr)be%as an anti-

panel encodin expression ‘of sin
waakbitjmsugeglebulimantipesume panjigatediopprerhdishpsioxidess (haa)sfdla\k@tby

bdhemERElneStentldBRctioR Wein AT, R8s (Amdritah BidsLielRE! t OF

whet h the | evel of expression was S|gn|f|cantl

i npr ovBYTeIHts PR exnesHieh sé“déf}?fetsh‘@”‘f}flggéﬂ clhgrespltpeshow that all the
@Mypgmainstamdd prR&sed 19 imilarextent Athbuph enbﬁmevlﬁ tlﬁﬁ\?\}qai deﬁﬂo)smgle
| t1 on S wer ener Ln I C

80 S R NS TR 1 Ba el et aroEr Vi g Qeavaee
i o Iw @reditom] B¢ NiterGinabpuditidf) FICHVFS02-Washidddetddl B9 ekpefifent due

58 R e e e M B R MR PR

HCV502 was similar to the other polyproteins.

Example 5, Detection of Immune response to HCV polyproteins

C57BL mice were immunised by PMID with DNA (1pg) encoding each of the
polyproteins, followed by boosting 3 weeks later as described in example 4. Immune
responses were monitored 7 days post boost using ELISPOT or intracellular cytokine
production to the HCV antigens. '

ELISPOT assays for T cell responses to HCV gene products

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%ml in RPMI
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HCV 501 Core (66-191)-(1-65) NS3 NS4B NS5B 29 HCV 502
Core (105-191)-(1-104) j NS3 J NS4B NS5B A

standar di sed amount of DNA was transfected into HEK
293T cell s using Lipofectam ne 2000 transfection
reagent (Invitrogen/Life Technol ogies), follow ng the
5 standard manufacurers protocol. Cells were harvested
24 hours post- transfection, and pol yacryl am de gel
éo%ieteqma@arf&sasé mcmsp@dassa% whisd ffte MaRAGRedonldPrimary
Bis-Tris pre- gels wth either MOPS or MES

r EEpisaon WIP@%WW{WFTWBEQ’?PE‘?SF ‘Technol ogi es). The

separat ed-proteins were blotted onto PVDF nmenbrane and
p ression nonitored wusing rabbit antiserum
él?éﬁéjp‘égé‘ﬁpnst NS5B whol e protein. The secondary probe
was aBlatesvere toatedaithi 15 pgmim@gspbmu moasetiFNeerurhanti mouse IL-2

ﬂam.g.%%n‘i%étes»tk?erc%&% Io P59, %@I%ﬁ:ug Datef QJ&e%Eﬁ%d
i FOBHap R

['um nescen i on usi reag
( tbwembwanTBSs &plme)ég)wereﬁdécdrte the lpla@s etf4xt05| csHSé%qﬂr B@melnant

51%@'9' Xnt%ér% v?epé)&ﬂﬁxﬂeﬂ frgﬂl(ﬁlﬂa:l)gees 0 e el QtSMMn? P%ﬂﬂf@’ WA aleddl Assays

roteins are ex to simlar extent

ate ﬁ@q}g‘mcentramﬂéﬂ 10 da @easwaﬁDt* REEDE Eenenies Thpss grrtides were
Wblaird@ Hoﬁmﬁ«%eals@ﬂh&ﬁ%d Reust inGhdh welll vRxetop Plafs bérddining

DA RN e e o QB4 A et lgome

. ds:pdxiﬁieﬁts eAp aifecrsd wWith @etembit ¥acindaExpigssitgINS6-5 or Nacinia Wild

eat e er| rrent %gi;\%gnost her clone the | evel of
e &% nilar to the ot her

pol yprotel ns. Exanple 5, Detection of |Immune response

%%%?LW?T%MQCOJEL (T&gﬁ \gerhiengg: ;S?o?gl ns,

f ol | oGells wsye riroersd frong UR platas oy weghingonepswithawntar (Wigl migute soak

. BX BIRE Gyt of LAUAE threk RHRONREPBYVBidRin g%@& 8lanfi xﬁ’o’iﬁ!éIFNq or

post boost u5| ng. ELI SPOT or i ntracel
pictye/ah i FiSnRlatepwerg-incubpiert
“ﬁoﬁe ht'm&x@ﬁ:ﬁ@&ﬁtﬁﬁ: Bi@ted ¥eYe GO WasRENBRE fuSes vﬁm@wsrbaformmuon of

St e isburafrtc e /108 on, Pl Bipt e yeos

bmm«aﬁw&@dmmmﬁomﬂmcmmsdmm aanpm@cfmdé-4é nod Substrate

SuUsp. cells sed

7 ARG, Syl ien & G ato et B ool Spn SR Dl
ﬁmageawospmmn of spl enocytes. Cel I S were resuspended
at a concentration of 4x106/mM in RPM

cyto i ne

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 + 0.5ug of anti-CD49d (Pharmingen) were added to each tube, and left to incubate at
room temperature for 10 minutes. 1 ml 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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had received only a primary imunisation and 2x106/ nl
where nmice had been boosted. ELISPOT assay 5 Pl ates
were coated with 15 g/m (in PBS) rat anti nouse |IFN-7
or rat anti nouse IL-2 (Pharm ngen). Plates were
coated overnight at +4C. Before use the plates were
washed three times with PBS. Spl enocytes were added

t Quﬂellﬁd ﬁﬁta %Q&ﬁtg'{ﬁt é’?"é% t%ﬁw f.%{z 4 er 5 B&ﬁso gpéﬁg s ed Water bath

anti gens. V,\Ef@ al ne rom ogen an

| depnetumentts 61Gy and eas maintained pt that éemyperatuggtovernight. -

a- f i naganGMy t ' | c@g = . -
Ch8 r eg ons gfséﬁ tﬁl'eﬁgggg%g{)ﬂtl %ngen%&v\g&r: 221 oﬁ_‘#g@lﬁgg}n}g%’ rzrl? dant-
GRS P iy plin{ bpwnotesiy)t Somplrs Wenervaphyd.and staingd) with syeptgiin-ECD.

Plsainpigs waeivashed a8 100051 FHRvEwisTHIANRE S tSpNp P&meabilization

LG b e 4 g i b

Vaewiediilizationreagas ifing tﬁgﬁi&%@rﬁtm edded'la edbhlséplé waEaﬂﬁa:ff«‘Nq-PE
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| L2 pibephetdtype of thorespbndiet tedls was dnalya ititort AetfERLICS A good
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Phar mi ngen) were added to each tube, and left to

iRletoftrequgney SN speeificKiRfcand GBS delbwpradycing HiNygallowingn

hmiFRS AW NRRCPESIERobs APPT Opri ate tubes, which
cont ai ned either nedi um al one, or nediumw th HCV

- antigens. Sanples were then incubated for an hour at

Tohistinet a EE?L eg;timbﬁfn bais3.cD4 fepide™ N35 eRIFpha, Was
NS3 single | 0.05 0.29 0.24 4.4

HCV500 |0.09 027 0.38 5.54

HCV510 |01 0.17 0.29 3.95

HCV520 |01 0.4 0.28 3.32

HCV530 [0.07 0.15 0.21 4.89

HCV501 |01 005 0.08 0.16
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tube and the incubation at 37' C continued for a
further 5 hours. The programed water bath then
returned to 6C, and was nmintained at that tenperature
overni ght. Sanples were then stained with anti-nouse
CD4- CyChrone (Pharm ngen) and anti- nouse CD8 biotin
(I mmunot ech). Sanpl es were washed, and stained wth
strept avidin-ECD. 5 Sanples were washed and | 001 of

R A B et

rmmmsr altserrce ofantigampeneloursein présencs ofReeftidin gforﬂewh%fs IFNg
IEE&P k}eJ bey {1 goorrl ey Yf Jeﬁmnybﬁmbﬁ%ﬁ WW#Ct was
0‘5 70 npl'e Wi th an
anti - IALstrQﬂﬂH&leSp@@m@ be umdqmbﬁg?ewc%ﬁc peptidn was also
t eﬂgﬁéﬂoﬁéﬁaé &{mlﬂlﬁatmnf%ﬂﬁﬁfcv ?dbdsl\baﬁb%ﬁ’d 5303%£aﬂin§$reqdéﬁﬁ£ of

esuspended”in 0.5nl buffer, and analysed on th
Fb%vmnb?ﬁ%ﬂflc&s“% A total of 500,000 cells vvere

col | egh5ehidaBsn Wil Bt 560) 8105 5150 S50 HidoYestid! iR ddectiibof CD4 and

cells were ted to deterni ne tagg gﬁg\ulcgg ons of celml?(,er

G SRS R N Ao NP gty e COF CRRRERT T

TiB ehepBHprotetns HaOWIbRizE-ivatilinidatien widl theinplegintigsnencodi ng

Core, NS3, NS4B and NS5B in different orders are able

to stinulate i nmune responses to NS3 (ie HCV 500, 510,

5P4ble £ BRyuencildy NS CDe sxiCD8 speific § bablsproduwcing| IENy foBowing

Responses HEE 1?;:0 ein were simlar between each of
t€ P% e

tRERREGOD B gy 500, 510, 520 and 530), when
nmonitored by 1L2 (FIG 13A) and | FNy (FIG.13B)

T ph%@gﬁe}s &E%S&ﬁﬁ pondi ngs&®Chs pYptsie

anal );sed ijn nore A good CD4+ T cell

response vfas elicited to aPPPi‘lﬁﬁunodom nant NS3 CD4
rd W T 2g§as ST m T ar j gt Ween HCV.

55.%%% gdfg 20, Eéo Tabl e 1 Frequency of NS3 specific

aDav 500 00 cOllfs produc?#y | FNyf ol | odfhg

| ey Bisat |y HCVpol ypp e ei ns Constgyet nil NS3

pr ot glhf] émbge tide NS3 CD8 Peptide NS3 single

HQO¥ 520 29 c9124 809 Hcv 500088 09 0.27 0.985 54 Hov

Eﬁévg;;ol 0.1%%70. 8963- 95 H®/7520 0.1 0. 1g1P. 28 3. 32
HCV 530 O.g)710 15 0.21 4. 88 HCv 501 O. &05) 05 0.08

IFNy specific T cell responses were detected following of stimulation of splenocytes in
presence or absence of antigen for 6 hours, in presence of Brefeldin A for last 4hours. IFNg
was detected by gating on CD4 or CD8 T cells and staining with IFNy FITC.

Table 3 Frequency of NS4B CD4 or CDS8 specific T cell producing IFNy following

immunisation with HCV polyproteins.

Plasmid | nil NS4B protein  NS4B CD4 peptide  NS4B CD8 peptide

NS4B 0.05 0.17 0.18 2.04
HCV500 {0.09 0.09 0.1 0.6
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T T T Teft ng rFNyfolTow ng 1 nmmunisatio
W HCVpol yproteins. 20 Plasmid nil NS4B protein NS
CD4 peptide’ NS4B { IREGMs 0.05 0.17 0.18 2.
HCV500 0. 09 0. 09 cHs W AMIRAIBAMI¥YE0 0. 05 0.09 0.09
34

NS4B (Balb/c)

CD4 IQYLAGLSTLPGNPA

CD8 FWAKHMWNFISGIWY

Recognition of endogenously processed antigen
In order to determine if PMID immunisation with the HCV polyproteins induced a
response that could recognise endogenously processed antigen, targets cells infected with
Vaccinia recombinant virus expressing NS3-5 were used as stimulators in the ELISPOT
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 IL.2 for 5 days. CTL activity was measured
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11Cv520 0.06 0.08 0.05 0.33 HCV530 0.1 0.17 0.1 0.37
HCV501 0.04 0.09 0.06 0.13 | FNyspecific T cel
responses were detected follow ng of stinulation of

spl enocytes in presence or absence of antigen for 6
hours, in presence of Brefeldin A for |ast 4hours.
IFNg was detected by gating on CD4 or CD8 T cells and
staining with I FNyFI TC. The peptides used have
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Wi th the HCV pol yproteins induced a response that
cauld r ni se ogenousl y processed anti gen,
t g?@%‘flg &% yey f’fnl? é%?’glgemvi“ﬁz"l PHPMILE T4 r econbi nant
virus expressing NS3-5 were used as stinmulators in the
E SV, show t.hat qgood .l and JF
E%P%E@%O?CZS PO nscgs%rg E&%fge(f‘g%:nlg g’& f{;lg P érilg'fd' Kot camytve
i PHPIRAsierEabsatte LfinchidBg dowadanpth GV peomabtes,Fxof K| géhelehpoding

B el e P MU0y L AU s Wit B0 s ot
DrRoE AeBelY RGP IRIsD Y Anigherestyigtion ssignuckass sites(dal 3pdyXmnl. Xmal
Fgthbrated Mud efld At AR 33Mhend bMEH &RcillAFSEmentP! €€N Cel |'s
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@sm%@%wa g“&?i&’aﬁli'_7z3”f16?°“§‘%§1?f°s@PE caggaite ¢ khis Woss
g ated by digdst agR uiigie réstribticedndGnupledss 86683971 1b116 W& b5348abation
R%Blt 'i‘éfjﬁNA II\JAol%'l%erlasr[e.rpéI pelmsc’)gg thxvI crug —;Lﬁng:eoogg Ln%(s:,trgsufhggo m?unt 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 + Bxpression cassette 2, where
cassette 1 is upstream of cassette 2.

p7313ie Plasmids comprising the following were generated

ﬁ[ Core | NS3 i w NS4B] NS5B I
ﬂl NS4B | NS5B | w Core | NS3 |
ﬂ NS3 | core | ' ﬂL NS4B| NSSB |
ﬂ Ns4B| NS5B | ﬁl NS3 lcore |
W ‘L NS3 [ Ns4B] NS5B |

w NS3 | ns4p] NSSB ] Core
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simlar levels of killing in this assay. This *shows
that PM D i nmuni sati on with HCV pol yproteins can

i nduce functional CD8 responses. The results are
shown in FIG 15. 5 Exanple 6, Delivery of HCV
antigens via dual pronoter construct. Dual pronoter
constructs were generated using the follow ng nethod.
A fragnent carrying expression-cassette 1(including

| avtdotngt h CW pronoter, Exon 1, gene encoding 10
proteln/fu3|on protein. of |nterest | us rabbit gl obin
pdP o =Human GyterpegaloyirysJE gene RyAmPLes IEyect or

n mtm# PURARH ;S4B yeonmhmg QmiRSlkids 89-2607. RRAARUELRRSE
s a blunt end at

°r§ eaé °B‘i?&““bf°"f%‘é‘"%§'&1"g s%ﬁifrrent. The reci pi ent

pI asm d vect or was p7313| e contai ni ng expression

casset ar ed
restri @fel%%mwb onuc ease %(mgé% %Ew‘ﬁ‘g’réér%’%"pmssmn
i omiension transfctigntin29p7 CE}NAU ﬁﬁstymiﬂcaéléle tesults@iithe &V estam blot

aﬁé}sﬁ%&h&&ﬂxﬁ%@\ﬁ%fi&%g@, resulting in blunt ends

bot h prime and 3-prine’to the |inear nolecule.

ﬂ%t@%gc‘tfﬁt wi th uhiPdSieCsNBENPHSB endonuctease
Chaj73130ViNs B reﬁoveS9.37215%/h94§5!Ba@&%N§3 Expressi on
cgssﬁ{te@% s cloned into p7313i e/ Expressi on cassette
233 APB unt  cHhBRIPENS CHENS4BéRer at i ng
pzaﬂzsi:ied/&xmsassi on mapmkmsassn;m(:&gsi on cassette 2,
sette f cassette 2.
Wg 4%grﬁn ds co#p?f%ly?@ r[eﬁlg&%t PP owi ng were
génﬁﬁ@te@dsxoree NS3 NSEB1NSHB34RSBYCHS4B NS5B Cor e NS3
375k ANAE NSSB NSAB NS5B NS3 Core  Core NS3 NS4B
@%B NSC%INMEBNSSB Core | 35 Footnote: Arrow = Human

Cytonegal ovirus | E gene pronoter (HCW I E) NS4B =
t r unc FachchalNofddnstants a:'uﬁ'wtgo &ﬂéﬂeﬁiaﬁfdxﬂﬁssﬂﬁ'c%&tcs. ItS#as not

Oﬁ‘{ph%&g%t %Q grfgrllg Iv%)cé the < casse %s vcv:gnre 1en séted En o tlﬂe xge%{?)tr w?vlmﬂcli ﬂa%e an
effect upon the expression from either cassette. These results indicate, however, a significant
disadvantage to the expression of NS4B5B or NS34B5B fusion proteins when their
respective expression cassettes are positioned downstream of the Core, NS3Core, or
CoreNS3 cassette.

Expression level is not as positive as for the single antigen constructs, however some
reduction is to be expected due to the significant increase in size (175-228%), translating into
a reduction 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 1ug DNA by PMID and responses determined 7 days later to the
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The construct panel shown above is conplete and has
been nonitored for expression fromtransient
transfection in 293T cells by Western blot. The
results of the Western blot analysis are shown in
FIG 16: Lane key: 1. p7313ie/Core
8. -p7313i e/ CoreNS3+NS4B5B 10 2. p7313ie / NS3 9.
p7313i e/ NS4B5B+Cor eNSS 3. p7313ie I NS5B 10.
p?&mae{ M3AE8 & BRPOT 6/ 1E2 Lo
st ushe 73131 e/ NS4 BhiS tshown in FIG 17)
pY§ thaf egpoRsenEae ébsewed toai;* ﬁeudéﬂmeéﬂr eonstgucts, after a single
p naﬂxﬁmdﬂasm&y@e bt@nulded with COB:hdI0a8 NE34BaRpEaRLpepRdek).
of constructs carries two independent expression
cassettes. It was not expected that the order in
V\/rExahlpleWeDelame;tzt(anwo&ei nserted into the vector
woul d R effect u ressi on fromeither
casset f‘%&% rof%en?sgsc q%#}‘hgt Qre PgREsiyply defeted by a region
S ispavping 2@ #rming @cuthpsxadw\ﬁtmmg:e 3end,tvieee m@ﬁasaidcﬂnlyeéquenced.

N eSS4 858 fuston—pt Lﬁo t aps w‘vhe.. et
reqne(‘tLve expr esSSion casset lre DOSI tioned

ddwigt r eam of the Core; -NSS@ZmeAlSor' Cor eNS3 cassett g,
fpoession level is not as |RQsdfoyve as for the single
antlgen constructs, however| sone reduction is to be
exgétt ed due to the signifil@ml7increase in size
1.7151 228% , translating int@eedzia reduction in copy
nx_gpgr of plasm d delivered to the cell by -50% for
1 anme mass of DNA In \iC\‘?E?lPhnunogenl city induced
by-lihduced by dual pronotengeensiructs. Three dual
pygyot er constructs were sgl ect d for immunogenicity
st udi es, which 30 showed {&™greatest expression of
LIF1f our ant | gens. These wgCerepT313i e NS4B/ NSSB +
Cpee/ NS3, p7313i eNS4B/ NS5B| &, NS3Core and p7313ie
S3IINSABI NSHEB + Core. C57BL ~_mce were imunised with
1g DNA by PM D and responses determ ned 7 days |ater

to t herdas deaABliiA : | .t usi

ELL SEOT | R T g ts'gf“?gr]%%sg¢° o Pites "“ﬁ‘gﬂ‘% T yes of
t HREE- 1 Pe5e prnsEwets wees testeshisrexpisesioncombined Witletbeitieffict upon the
pdicﬁmioﬁ NevelUTSISABSE fhsion ﬁm&@ﬂs@ﬁj By cd- Wé@ﬁ%ﬂ ﬁ?’r f;ells The

( eno tes with and Cd8 NS3
]i’slfttfeg’g;]llﬁ slanes being ad?d"*’fféll‘e‘tsr on nutation of
Core A nunber of genes encodi ng the ORF of Core,

PPN BRI~ P~N

Waned' ©° stvety—d Lo ded" wfﬂf'(each corﬁ’pnsmg 0.5ug DNA)
1 p7313ie/NS4B5B p7313ie
2 p7313ie/NS4B5B Core 191
3 p7313ie/NS4B5B Core Al15
4 p7313ie/NS4B5B Core 171
5 p7313ie/NS4B5B Core 151
6 p7313ie/NS4B5B Core 131
7 p7313ie/NS4B5B Core 111
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spanning 20 am no acids per tine fromthe 3' end, were
generated and fully sequenced. Core conponent

Normencl ature 15-191 Core Al5 1-191 Core 191 1-171
Core 171 1-151 Core 151 1-131 Core 131 1-111 Core
111 1-91 Core 91 1-71 Core 71 1-51 Core 51 FIG 18
depi cts a DNA agarose gel showi ng the range of genes
encodi ng fragnents of 10 Core. These constructs were

gbleu TOT EXPT g55b Phe/NGA@ERI Ned Wi T cap@glr eftect upon
expression I'evel of NSABSB fusi

_ 97313| e/ NS4B5B)| P7B12ieddS4BBnst ect i on (?OFF7293T' cel | s.
resul TS ar § 3pnNs4BsBT G 19. Iferd ANes bei ng
oaded _as. follows: lLane | oadedwith (par-h Dr:\m’}‘r_: S+ﬁlg

0.5g DNA) 1 p7313ie/ NSAB5B p7313ie 2 p7313i e. / NSAB5B
C‘Pﬁ@e Rsiondf 0drdild] €4rdNRASEEre AL Corb151, anll (FbYaIBhleka@%Bcted

OB et Bl b RS 6o S Sgeeton Bt B EliRbio

PFHASBSB NIBE Brubiated féhs oSCqpd 34 Bt détbdBAREsikly dee t3 Size capture
p7313i e/ B5 1 The expression of Corel9l, Core
3 ATCS%"“O&%? cﬁpsy%?‘ and Corel 3l are clearly
detee fmel resudtmonduet&ﬁ/ésgreﬁqantbmwdnén persbrian Igvel ¢f NS4B5B in the

ant i
oo P i R YRR, Ol 8 A1 Bl
deat etong dxprmsmfrbbgb Qberespeaies SThiseobesayation ks Geep gepegiedtivics with

Ofisdi®s, SRl onSNSiHTRURE thssB.

10
Example 8, Effect of Core and Core 151 upon expression of NS3, NS5B, an NS4B-NS5B

Jusion and an NS3-NS4B-NS5B triple fusion

Experiment 1 Expression in Trans format

15  An experiment was performed to monitor the effect of expression of Core191 vs Corel51
upon the expression of the non-structural antigens, when Core is expressed in trans, or
encoded on a separate plasmid. The experimental protocol was the same as that described in
Example 7. Briefly, 0.5pg each of two DNA plasmid vectors, outlined in the table below,
were co-transfected into HEK 293T cells using Lipofectamine 2000 transfection reagent in a

20 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

25  secondary probe of the same blot with anti-Core.

Lane Non-structural element Core element
1 NS3 Empty vector
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The result denonstrates a significant reduction in
expression |level of-NS4B5B' in the presence of Corel 91
and Al5, which recovers with Core 171, and again with
Corel 51, despite the strong expression of both Core
speci es. This observation has been repeated twice with
NS4B5B, and once with NS3 and NS5B. 10 Exanple 8,

Ef fect of Core and Core 151 upon expression of NS3,

NSEB—ar—NS4B-NS5 B trsi-on—amd—arm g3 \GfB NS5B Tr1p] e
fusi on Experinment |1 Expression in Trans format 15 An
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expresston—of —Corpl§g vs Coref 51 Ll@g@@@&opxpre33| on
of the non-structlural antigens, when Ciore is expressied

5n trans, or encph®® on a separ at ¢ CpredShi d. The

expertentat—protpReig Was e Sane [@ggelisat descri bed
in Exanple 7. Br e? v, 0.5g each of two DNA plash

Vectors, outlined|NSENSSE abl e bel RmPIHHEHEr o

o—transfected T RgiiRsgP3T Ccel TS |¢stengl LI pof ect am ne
000 transfectionlreagent in a 20 s

Ol nvi trogen/ Li fe TNS4ENFHRyies). (TH Saeratt i on and
Sy

‘f{ﬁst er T Ut ot et TPRSARS4BKe5D | Ehptyveatd ts are
shown in FIG 20, PrprInnWeg_as___
déscribed in the |FSINSW-NGB abl e, |59% Wstern bl ot

gal ysts—was perf pREENSImNEss ect T heosxpt essi on of

non-_structural plLotelns pri ”ﬁ&-"—l!y, S art—NS3—nd
anti-NS5B antisera, and that of Core by a 25
S€eCONglali ¥aspd, e @mBiint bitdn Stutiril poteivérifisicar(NG3, BIH5B, NS4BAB)

Non-structural el egen re el.enment . .
YRR BSChn 3 SR SH g test e igted by Sl inorosed n
\cExgipadison vathNESBvCproductOwhdh ekiBEBeddn trans with CpreNSA-B- NS5B

Enpty vector 8 NS4AB-NS5B Core 191 9 NS4B- NS5B Cor e
151 10 "NS3- NS4B=NS5B' - Enpty vector

" Experiment 2 — Expression in Cis format

An experiment was performed to monitor the effect of expression of Corel191 vs
‘Core151 upon the expression of the non-structural antigens, when Core is expressed in cis, or
encoded on the same plasmid in fusion with the non-structural elements. In each case,
Corel51 was substituted for Corel91 in carboxy-terminal fusion with the non-structural
region specified.

1pug 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

39



10

11 NS3-NS4B-NS5B Core 191 12 NS3- NS4B-NS5B Core 151 In

all cases,
fusi on (NS3,

t he anobunt of non-structural
when produced in trans

NS5B, NS4B- 5B)

protein or

with Core 151 has been denonstrated to be

significantl

y increased in

conmparison with the | evel

produced when expressed in trans with Core 191. 5

Experinent 2 -

ExpreSS| onin Cs forrrat An experl rrent

sperform
Corel 91 ys

U to ot ot lllc eIICL.l
Corel 51 upon the express

t‘oretl'§ JI TS ST UIT U
£l on_Of _the

nén- struct ur

AISSBnt i gens, when Core |

s expressed in

S, or _en
tthe non-stri

[gd—on the same ptasnt
ctural elements. In_eac

] S1 OT1 VV| l. ||
103%%%# 10 Cor

131

vas substitU®NSd for Corel 9l

in carb

p&gretl & mi nal

AL A

fu3|cn

Vgt Nt he no

NgEBUCTUr al— T €gi O SPE
or _outlined in the tab

‘Cblletf?‘l Tgof——Di
oW, _WasS

{7 ansfected

p| asm-d vect

N$SB HEK 293T cells us

ﬁ@fe L$lpof ect ani ne

Lpvit rnnnn

PPO0 T ranst ¢nsyRINgsBagent

inm astan
(Tr

Life Technaol nm pq\

iag g 1§y ot ucol

hnsfection and

/‘%st ern bI ot

stowa: | N4

NS#BNS8Bas Exanpl e 4) 1ECam&Slresults are

PNBINSYENSEB (HEV 610y anal y

Ste Y615 per F GFTTET

o datact 1

detect sion of non-structural conponenfs
i mari | Y, g%gﬁﬁ%@@m&%m i - NgBlHntisera, and

that of Core by a secondary probe oT the Sanme bl ot

W th tl_ﬁg“ﬁﬁgte IPB\%f The | an wer e | oaded as

descri BEFH gk phere awegemfplgepal&rawal
csior tie u@ma&omdf@umﬁcrea%tlﬁeexpr@&bﬁoﬂtﬁaﬁxsl& pSteiB. - 4 NS3
Core 191 5 NS3 Core 151 6 NS5B Core 191 7 NSH6B Core
151 8 NS4B-NS5B Core 191 9 NS4B-NS5B Core 151 10
NERPNIYB ONFBE of (el B 128Y C@ed & &QmmutdreitdseNGNS3NS5B

(HCVCHHIChicERER inkmdnised with 1.5ug x 2 shots total DNA by PMID. The groups

. immunised included empty vector p7313ie alone, co-coating of gold beads with p7313ieNS3,

P7313ieNS5B and p7313ieCore 191 or p7313ieNS3, p7313ieNS5B and p7313ieCorel51.

"Co-coating was used as this should deliver all plasmids to the same 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 IL2 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/NSSB triple fusion together with either Core
191 or core 151. Animals were further boosted with the same constructs and responses to
NS3 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 CD8
responses were approximately 2 fold high in the presence of Core 151 compa;'ed to Core 191.
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The results indicate that in a CGs format, where the
antigens are in a polyprotein fusion, the truncation
of Core increases the expression of the fusion
protein. 5 Conparison of effect of Corel9l and Core
151 on i mune responses to NS3. C57BL m ce were

i mmuni sed with 1.5ug x 2 shots total DNA by PM D. The
groups immuni sed included enpty vector p7313ie al one,

co-coat f heads ' . 'gg%
~and p73f§?§%§$§9¥%a or %%%%%ﬁéﬁég%&%%§§§ﬁéﬁ%§%$§% §%bm
p FeRPSFt dedp wifro 9{?19881011:%%%5 £q-fidivers of Klseoee and nerhstuptus# prsitadns can

d@bdu¥edxpbsiondk 88 Rbrktrubtiral MR R R thilelidcedVRE ﬁlhﬂlﬁbé&ﬂcgy of the
he in vitro co;ﬁéansfectlon st udi es

mmc 10_}) ( S ,
déglb*FP‘b’%EﬁléB%%@ PhFASTRETtRRY DrAYErsems by qorfaating with rcatesbeore
afidmGMchThe@ tekmigl 40 apins adidstavd¥edn erbreddet er m ned 14
days post primary imruni satian using intracellular
cytol dne staining to nmeasure IFNy and IL2 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 Core

51 conpared to Core 191. 15 In anot her ~experi ment
C57BL mice were i muni sed with gold beads co-coated

Wi th plasm ds expressing p7313i eNS3/ NS4AB/ NS5B triple
fusion together with either Core 191 or core 151.
Animal s were further boosted with the sane constructs
and responses to NS3 were nonitored 7 days
post - boost, using intracellular cytokine staining to
nmeasure 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. 40 Overal
the in vivo studies conparing the response to NS3 in
the presence of Core support the in vitro expression
data that co-delivery of FL core and non-stuctura
proteins can reduce expression of the non-structura
antigens and this reduces the i mmunogenicity of the
constructs. This effect can at | east partially be
overconme by co-coating with truncated core 5 from
which the Cterm nal 40 am no acids have been renoved.
41 Clainms 1. An HCV vaccine eonprisiug a

pol ynucl eoti de that encodes the PofyPePti desequences
of the HCV proteins: core, NS3, NS4B and NS5B, for use
i n medicine, wherein the polynucl eotide encodes no

ot her HCV protein. 2. An HCV vaccine as clained in
claim 1, wherein polynucl eotide encodes a core

protein which is tnncated fromthe carboxy term na

end in a sufficient anbunt to reduce
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the inhibitory effect of Core upon the expression of
ot her HCV proteins 3. An FRY vaccine as clained in 3
wherein the truncated core protein has a deletion of
at least the Ctermnal 10 am no acids 4. An HCV

- vaccine as clained in claim3 wherein the truncated
core protein consists of the Core 1-151 sequence. 5-
An HCV vaccine as clained in claim3 wherein the
truncated core protein consists of the Core 1-165
sequence. 6- An HCV vaccine as clainmed in claim1 ,
whegeln the HCV proteins are present in the formof a
fusion protein containing one or nore of the HCV
pr gtelbﬂé\'{ 7.. An HCV vaccine ‘as clainmed in claimé,
her ¢ Y?é"‘;i;gllgqsxgjx opdymiclegtida thdouabddas the ?B‘I ide sequem:es
c ém:\nynﬁ 4 R, uences
Nﬁﬁ:ﬁ? oA, HCV vacc ﬁ‘e?‘@gé"‘ég’fsﬁeamd“@ﬁ%ﬂms’hemﬁm| n
t us] o%e%‘F?ﬂEEFWq‘%H&Vd@%he fusion consisting -
ofthe oI epti de sequences of NS3 and Core 9. An HCV

(ﬂamcmmwnﬁﬂdiﬁxl whkisih bl Jcﬂ‘gudé%odesacore

plhﬁft&lﬁﬁc}ﬁfsw ol nucl eot| de in
t an gne expressi on casse gﬁ'g“'ﬁ%e“ A&“F’@Fl%@mﬂnétoa@uce

¥ FLIESt of Gorg upagytke-exprassioh efamrfmspxe&ng assette :

encodl ng --the-Core protein is in a. cis |ocation

ddwns tAeHEVokeditves diipe R vﬁfémiiﬂﬁ ed‘ébk&;t}n
adeldriemStiat Rikt fe! gﬁ‘é oteins. 42 1 Bﬂnﬁ%

vacci ne as cl ai ne ‘—ilg’f'nﬁ wherei n.the expression

czpsse%%cqpcodl ng the Core protein is downstream of

an expressi BRI Slimed Wleier? vdhereiutbs triafvated\SEprotein
[FeRAists of the Tre 1ANS1HE}benaCCi Ne as clainmed in claiml,
wherein at | east one of the HCV proteins present are

iSnact A HCOGaétin Bide® vacci ne as cl ai ned
yﬁ&?}%l’ #. éz V\heg?lgl n tEIe po?ynuc%%@“’@ﬁ@@m
@F Wf%éﬁemrlses a mutation in rnotifA 14.

An HCV vaccine as clained in claim12, wherein the
Bol y ARHECY vicdime enduiniedinelainNS3wikah il sentin

VYRGS bk
fhie SrR RS LHBh bk een abro y ‘nutatioh In
any of the ﬁcfaéllt ytic @W%ﬂ“ﬁ’ﬁ%%?ggm% An HCoV
—yaccAQi‘, clainmed. in claim12, wherein the
ol ynr 0 AL Qmmlﬂyhpmmmawmn aldogble

iyr consieting of the pdlypeiaie sRARATNEIBLATNSE, TUt At i on i N
one Or nore

8. An HCV vaccine es claimed in claim 6, wherein the fusjon protein is a double
fusion consisting of the polypeptide sequences of NS3 and Core '

9. An HCV vagcine 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 cassefte encoding

the Core protein is in a cis location downstream of the expression cassette which encod&e
at least on of the other HCV proteins,
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ofthe helicase notifs 1, Il; 11l or W 16. An HCV
vaccine as clained in claim12, wherein the
pol ynnol eoti de encodes a NS4B protein conprising a
truncation to renove the highly variable N-term nal

- region. 17. An HCV vaccine as clained in any one
ofolains .1 to 16 whin the polyiaucl eoti de vacci ne
encodes any oneg of the NCV conmbinations | to 19 1S-
An HCV vaccine as clainmed in claim1l, wherein the
pol ynucl eodde is a DNA sequence. 19. An HCV vacci ne
aslfl ai in claim18 wherein the DNA sequence is in
tﬁgl ) @;Jgr a %YV%FC’[BF axfliimed in Qlainh] O reipin@e Sprékisn HBdnd diicoding
r nipe poiteircis dbwilstréark 6F ' he .ol i gopucl eot i des

ah zxﬂeé}ﬁ&%agse&e Wh%bﬁ’%ﬁ'?&ﬁ the NSSB| <

ar gofedon optim sed for expression in

21- A nmethod ofpreventing or treating an HCV infection
[ M52 ug&l conzptising _adrri ni stering a vacci ne as
clai me AGFRSTPS Clgimed liredlaim. 1] whepeid at 1426t dRe HPtHUﬁt’V%%teim :

2 pres@t are fdaaiivated by angdiglat | on of an i ndi vi dual
conprising taking a poly nucl eotide vaccine as

Cl1i megh 1OV 350 f clajns | to 17, coating the
pﬁ%gucl eot i de o[gf"tecé%gng‘?‘&d%é%ghﬁfﬁa theiolypugléotide dnbxeles a
goPo BR%HAt prreprispra mwtition iddetifdse OF an HCV vacci ne as
clainmed in any one of clains 1.to.17 in the )

nitiuf ASHFvaginaas dssdaGRRERE 1of .he treatpent of HCV.
4453 protein wherein th . 12] Pherdif e IS RLITSE @ encodes a
rotet. ; in the protease acuv:ty has been abrogated by mmutation in any of the
catalytic triad amino acids.

15. I i i i

- An HCV vzfccme as claimed in claim 12, wherein the polynucleotide encodes a
protein wherein the helicase activity has been sbrogated by mutation in. one or more

of the helicase motifs LIOIor v, |

16. i imed in clai
ron AnHCV vaccine as claimed in claim 12, wherein the polynucleotide encodes a
protein comprising a tumeation to remove the highly varisble N-texrminal region.

17. AnHCV vaccine as Claimed in any one nfclaims 1 to 16 wherein the
Polynucleotide ':laCaine encodes any one of the HCV combinations 1 to 19.

18 AnHCV vaccine as claimed in o= :
in claim 1, wherein the polynuclestide ic a AN’
sequence, ’ Polynucleotide is a DNA

20, i imed
A @ne as claimed in any one of claims 1 to 17 wherein the oligonudeotides
are codon optimised for expression in mammalizn cells ' '

21 , ,
1 N Ax.nethod of preventing or treating an HCV infection in 4 mwamma) comprising
administering & vaccine as claimed in any one of claims 1 to 17 1o amammal.
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22, Amethod 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.  Useofan HCV vaceine 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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