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Vacci ne The present invention relates to nmethods and
conpositions useful in the treatnent and prevention of
Hepatitis C virus (HCV) infections and the synptons
and- di seases associated 5 therewith. In particular
the present invention relates to DNA vacci nes
conprising polynucl eoti de pgdimences encodi ng t he.HCV
core protein and at | east one additional HCV protein,
and met hods of treatnment of individuals infected with
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Transvax is also in Phase 2. Several vaccines are in preclinical development which use
sequences from core and non-structural antigens using a variety of delivery systems including
DNA.
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HCV is a positive strand RNA virus of the flaviviradae
famly, whose genone is 9.4kb mlength, with one open
readi ng frane. The HCV genone is translated as a
single polyprotein, which is then processed by host
and viral proteases to produce structural proteins
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There is a great need for improved treatments of HCV infection and also to provide
treatments that are diverse in the ability to treat a number of HCV genotypes.
HCYV vaccines comprising polynucleotides encoding one or more HCV proteins have
been described. Vaccines comprising plasmid DNA or Semliki Forest Virus vectors encoding
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2 NS3 were described by Brinster et al. (2002, Journal
of CGeneral Virology, 83, 369-381). Polynucleotide
vacci nes encodi ng NS5B are disclosed in WD 99/51781.
Codon optim sed genes, and vaccines conprising them
encodi ng HCV El, E1+E2 fusions, NS5A and NS5B

roteins are described in WO 97/47358. WD 01/04149
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expression of other HCV proteins by the expression of the core protein, leads to the increase

inthe magnitude of the immune response raised against the other HCV proteins. Preferably

the increase in magnitude of immune response against the non-core HCV protein is two fold
or greater, as measured by ELISPOT measuring the numbers of IL-2 producing splenocytes
after vaccination and restimulation in vitro with antigen.
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30 the increase in magnitude of inmmune response

agai nst the non-core HCV protein is two fold or
greater, as neasured by ELI SPOT neasuring the numnbers
of 1L-2 producing splenocytes after vaccination and
restimulation in vitro with antigen. 3 The vacci nes of
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or encoding the amino acid sequences of NS4B and NS5B (NS4B-NS5B), a triple fusion
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The pol ynucl eoti des encodi ng the HCV proteins maybe in
many conbi nations or configurations. For exanple, the
proteins may be expressed as individual proteins, or

as 30 fusion proteins. An exanple of a fusion, which
could either be at the DNA or protein |evel, would be
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encodes at least one of the other HCV proteins. Preferably the HCV Core protein is
preferably present in an expression cassette that is downstream of an expression cassette that
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length or in a truncated form In order to optimse
t he expression of the other HCV proteins, the
pol ynucl eoti de encoding the HCV Core protein or nCore

protein is preferably present in an expression
cassette that is downstream of an expression cassette
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25 pol ypeptides nmay be shorter than the full |ength
proteins, in that they conprise a sufficient
proportion of the full |ength polynucl eoti de sequence
to enabl e the expression product of the shortened
gene to generate an i mmune response which cross reacts
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ofbe sparticseid D) ieposition 2639 ®1Glycine (@pertasubgiputiondf Aspartic acid (D)
24435 Offine O TRty & o5 Bt iBtedly i bt
polimugleotide cogt4ing beth2d theBrAspatticmeidgnutationsal . , 2000,

ol yPiGlsiblyng SacodkP s b SEfs o Aagdon ks ibue € For it
Miutation oXIdad:, andnverisnt/gspastic Sidwesidar, N or Bidads torthe pepmtiete
inQéH w%p&%sgsequence encoded by pol ynucl eoti de

vagmones “of fhe
Preferably the NS5B encoded by the DNA. vaccines of the present invention comprise

a motif A mutation, which may optionally comprise a motif C mutation. Preferred mutations
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present invention is nutated to reduce or renove

RNA- dependent RNA pol ynerise activity. O Preferably
the pol ypeptide is nutated to disrupt notif A of NS5B,
for exanple a substitution 25 of the Aspartic acid (D)
in position 2639 to Aycine (G; or a substitution of

i R A A
peSkly bels mulatiopesre aresent b dditioral funbseonenastmutations may be
|agg§forﬁfﬁé&5§ltgx¥m|ﬂe e encoded NSSB contains a

not'| ' Mut ati on of-

dlsru§t|on Inits For exanpl e,
&3 has\bgen doscrited pahaving teth plotesss iandkeclichs? aktivify. The MB3

ORI, chitRel B e g vilting b srEbenf ivepion pis by pRe o
gﬂmﬁmﬂl fhe petdasomd detigase antivitias amsa‘ As mﬂvaiﬂaﬂﬁhsf
EPNSPRYREN, b Eific SR T ﬁs@%@iﬂwﬁ%‘?{ ; e%g .y
e ﬂ?rt t:nv;?t; r.esent, a%%i?ﬁﬁfig;hael&talyucmad
(e, B koo GBS e 985 C pajitaRtion of esne 165 to
Yaline ﬂ)etmmuomg Rexsiph endlSteiRdldR T3 wmmmd%aﬁﬁm%aﬁqsa
Wﬁ?ﬁ ! ngase &?d hel i case ggqtlw ty. T%&Nﬁi@ys L
Rt b the by ptease and ﬁLeT case Zc?}“vf‘i Ces of N3 It
ﬂOtsEHt W%’Fé’fﬁég trA@g:  of NS3 is |inked
t%ﬁ@e Cd[dlyll T . :

ﬁ'@b’éﬁ?"ﬂ’nventl on Comﬁhﬁﬁ&ﬁw in the

Cat ic triad resigues, @and g@st prgiyerably the NS3
co ; es- si-ngl e pounxsrrubm:mrm!rf Sorimackl65 to 10
valTse (Do Francesco, Pessi, a and Steéinkuhler C.
1998. The hepatitis C \/ rus NS3 pr ot ei nase: structure

and function of a zinc containing proteinase. Anti -
Vi raF°“Tﬁ'é‘il°&b9‘°stf°ﬂh‘8h9hmhdlm NS havedheen idemtifted,dnTIOHT and -

Cat aflsl?tml C tr| ad Es bg’qﬁrj‘% eﬁ‘%ﬁtl on%%ﬂw

disquptive mutatiqns fo at leasipng pfthe@@HBE BhosT prefegibl RiefiHs a Subbtiifion of
th%?\s ackd 131656 ik
SO 16 i, Bk o
analysis of hepatitis C virus NS3-associated helicase. J.Gen Virol. 81,
1649). Neither of these most preferred NS3 mutations, S1165V or D1316Q, lie within known
or predicted T cell epitopes.

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

The preferred NS4B polypeptide encoded by the polynucleotides of the present-
invention contain an N-terminal tnimcation to remove 2 region that is hypervariable between
HCYV isolates and genotypes. Preferably the NS4B polypeptide contains a deletion of between
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V. Preferably the NS3 encoded by the DNA vacci nes of
the present invention conprise disruptive nutations
to at | east one of these notifs. Mst preferably,
there is a substitution of the Aspartic acid 1316 to
gl utam ne (Paol ini, C Lahm A De Francesco R and

@vr rus 9150 @gpe fcas rﬁgﬁi&%ﬁ:@ roI6]—%g?"([lmola§’lcls and

oSt prefariti 4B¢Ieuﬁsboﬂmeﬁrsm-tdmnnb4m peidsf (éx the conSBof the J4 L6

i Brepondt o o fop i 5 e i 200, Wil 4 'yl i 4

am‘ny peii ofINS 4B equiexdend ynuicaiorBidothardiC Vi ésalatds alsh formrpag@fithe

'nve{llﬁceﬂg@'rgﬁéb%% ﬂg‘ﬂé 1165 to gmjsegmvg{andpoqg

ﬂ’f@ie?ts @n«ﬁé:kpxeseaﬁn amolypmdeﬁ%viﬂg&hc SHyReNs uﬁNmB &tangmsf l(ljlaS

or [ X e sent. The preferre

ﬁ?&ﬁfﬁfgﬁ &Hﬂ%" ?1@""’3 ! ynucl eoti des of the

pr esqm&polyﬁumhu&w greseaﬁn"ﬂld m&aiftﬁdmtmmmy
ype

rermve eg on that is rlaletl_f@petwe Wms o
W@epqgg ) preferred:
M!W%ﬁh%%@d@&o@n@ﬁhﬂkbﬂar mﬁmmnoaﬂm
am nQ acjids fromthe N—termnu npr e referabl
nde coffon SBURISARAD, it 15 he .ﬁ?

bet
POBnBsIbddedf thd Sredeht ibention 8icBaiR@HCYBCaE] NSB, mﬁsndﬂssm

context of the J4 L6 isolate thrs corresponds to_a
e&bﬂaﬁ%@m@%wemmmwﬂ&gewhﬂwm

aftprgd
ot rel el AVER sl rdiphdiPR poB e géqiu&acut%grree%g%?ed from

i n other "HCV i sol ates al so form part 0
tharpden ensimisedgeme-t i onal |y, the NS4B sequence may be

di Vi SRODIA Qb 1 AendiP(E T, RIS e 1D ERATELe joherd

e having the sequence”of NS4B arranged in a

|
gn%pyp%ﬁhmt%mmmmmmmmMmWsm
ki hucrbD 5 BRMUIGIEAR) DALl Fofsadd e fiftad ifucace

present |nvent|on conprise the
ofiamine wtdsm@mtemé@ eoapdedley thsscma pis highly degenpsate, with
Gbmw&ddgtfo} ﬁ%‘g{"f m seamésgarnhexpressrlon [ n%"l“g&“"lgm]s

sequence s

Thwmbtraannmdsare dododfini by inore than anedtodonoyin faet seueralane caded for
' r e codon usage in the

b%?ﬂ“g%ﬁ%?%ﬁ%%%@he present invention encoding HCV
Co r e%wmommommdbﬁ Bvailsble 8 ¢cosle dor asgiven anting acida itdhas been

e con?géars"%%#g% ﬁ%‘égﬁ'ﬁe&}@#y spacegﬂﬂﬁgIit

sr:tebnem]ghcarhffmbm hmlnyﬂlm Iceiunselectmaqué,rfmhermorealtﬂlsahon of codons

o e ikgSal il d 090 QR iR il pien md
Towletels. rhsbasisshﬁmmmmprmwbamna exst mammalidntoelis rideome
spe(%hsds%o"f trdSael bk A}t § G5 oBd N oA thil Yifters) $0F Sxample,

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

~ efficient expression. However, a gene with a codon usage pattern suitable for E.coli
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The |inear sequence of codons al ong the DNA nol ecul e
is translated into the |linear sequence of am no acids
in the protein(s) encoded by those genes. The code is
hi ghl y degenerate, with 20 61 codons codi ng for the 20
natural am no acids and 3 col ons representlng "st op”

' ) ' s are.c d f nor e
Fhitatioh may Wi I BoABoEh Hien <1 iep Bae B pPoSE e in o
WIQEDW@NA ﬁqﬁehm wictusiesdd mrlonsMhich arentrelyidbdpvedif the host in

PR bebrResti I oo by B 91w B BB clevils fpthat st
or ganTemsare sevetul mmmammg dotlérisdFoai tho Wi dHet e in the

Pm tg?%géhié&r fxqs?' a ("wa%ir ﬁodon sﬁ&gcti on and, logous

etpiréssion tetveIs,rfomamng& mpewoeﬁe b@:n&ﬁa Eﬁfe 26hécTN A2 bave

Las |I'S

.at h and | evel s. This
bR cgdon ¢ "Pff‘@f usage pattems and this hag hegmshawm to give
inetehsed mehsmmemmml@ﬁ@m £8&"in R@mafRACos-1) cell

SR b PAT D GBSO e i %ﬁ%ﬂ%‘ ok caery o pgon which -
dcmsaiinérd #an tWick & fegRaftlydh BRVIhan'ih @ﬂfot gﬂ&&gﬁfand

n| ficant probabili

W@%ﬁ’“ﬁﬁ@%?&&g 8 wiepp congeratively replaged by the prefeentially
mwmm&ﬁﬁad SR IWORB1¢6, W/Adsgﬁ Wwé‘?ﬁoc%“‘% & Co.,

ﬁ ro rlate dlstrlbutlon of cod

Eﬁlegerrfemwhmeﬂm heanshown {waresultrin

ssed I n humans. g%?"?’s h%]?f]ﬁ%?/deogof)ﬁmf”d

efflc:lentlye e
SEIrEndss % [ﬁ%"W@mﬂM forwhich the opfimisation was

Ermgmﬁ?%;?g%ﬁon Isto OCCL}p &?ﬁsﬁ‘%?de%’r&gﬁr@émt

host in
@m@wne@emdam@némmm sitesinton:splicéwite étaybecause each

v?ﬂ%%l ch are r‘vare |n%ﬂw§hﬁjﬁ?ﬁf;%@%&e§éﬁgﬁ£%

host Thsrtemefopdan ysagamttern® pefenvites the iaveriige fregqaeneivh @l dodons in the

"‘Wﬁ(bovf‘ﬁ% hefam oo Qi incuglon  Erhetly e

e8)-dendonnsagel pétterns femmmhrnals, mmaiﬁghmecan be found in

‘hﬁﬁ*&%‘i’g?‘gﬁgg Nl R AP i o AARLEREE'

ma mhme@nlypumgouﬂps qfehd present mtmﬁotc,ztmmi usagé pattdrn id/prefirably .

V\,h ch 10 g@%urrgﬁ nor e %%h%?]se 'gffy‘%ﬁ ngg nﬁ“’@ﬁ’V

orswmm Faolivot asmgmuoeal, espaﬁauys-aamme "e6dbn mwmm or

repl ace%&@g&m{@“'? ﬁa @ﬁ% &g@g%\ﬁsﬁ ‘128158% 1987)

isg mwm p&mlmbbmﬂge?:adaﬂma/ga%ﬂayﬁmﬁ& seqiddce
resk il RO g A0 0051 kit s o R R0Pm i

there

(oxpregted s themumber dfoprupeas peti0® geivhe of tie Selleetod chaes STRLAS) are

oA 5 B WG 5 8 B 5 e b

ﬁ'quentiyusedcodonforeachammoamd:ssetto 1 and the frequencies for the less common -
codons are scaled proportionally to lic between zero and 1. Thus each of the 61 codons is

10
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tailored. In these docunents, the sequences consi st
entirely of optim sed codons (except where this would
i ntroduce an undesired restriction site, intron splice
site etc.) because each viral codon is conservatively
replaced with the optlnal codon for the intended host.

The term.,"col.on _usa refers tq,the average
A MG I Eeq 4 Sl reppecies This s
W"tﬁ 8s tﬁ.@ prifer&ice Gﬂﬁﬁﬂ/}?in &ﬂétfl&l cAlARE a )drbd%ﬁcouﬁﬁed @ovefficient for a
| expresse manmal i a enes on usa
asiticPAYRCIROtAR TR 1 Mei RO RYPFRSTA BEneS AT pkopPcitn e brpled
msefok %wneof4ﬁ§es§eﬁﬁz 2% WW@%M' gbietAi nfbéin of all

Research_ 1996, 2 In the polynucl eotj degy&f
fheee yalues istaken ydividing the e of Sheatuial Jogs of thesegialpes by the total

RéRke? BPdens anid e RS ff-16¢) %Omet&@ﬁcieﬁﬂﬁﬂ%véﬁ vailte\belvieen zero and

nore cl osely represent the codon bias of the target 25

beaghhe bigherdt iciest the rare.coensrin e pelypuciceotile gre drepyugntly used

S, S NS08 R o g SO GPE o 8 codns s

Mﬁ%ic@mmmﬁQMsmef%¢Wmel y the .

codo g?;;e Etfdi] cgsq;dh b B EVTo -
rese SR arg théﬁgﬁggé #ﬁl 4 e
N$35q'{$dﬁcnr SIS SBaminmasid ssfuenbes, ﬁller@g&m;dor(mmf the

AR QAR o ) R0 o e, prtrtsy

pohamclestide pequaterring DA scquence. Pesirably thecadon hieage pitien ofthe

ﬁs@“{;@&&l s%%?%%quenm esg'?%a&?%se%] ess .om’r'DﬁCi s

c 0d o The egdon optinised polpmoleotidesadquence ancodding BEVwermr (1481 pis shown

1 Byl 2, 754 SRl ISR e e RO IR ogporisis

thd81 165V gad D3 PHEIC) pdypepiideanutstion) 3fshoweit Rigm& Tthie @odon optimised

lﬁg@fﬁg ggge val ue %gi&ggg r to cal fsﬁ?‘f‘@g&&m‘”ﬁmff'.“'

thepdiypeptivle] s shdsm iniRighirg/4. mbmhgﬁaépolﬂiucld:ﬁde sequence -

<SRty NS pn s i 7 Ao E BobE roleits pion s stown

imPigored{ all 5 these values is taken (by divi d| ng t he

sum of the .natural | qgs of hese vaI ues, by al
P apeostingb s Samriialasvehegrng optigping hplsalicy of Sodons
topemibs éntoding HOV Coré) 2983, NSY¥B bmsmhmrmaee@emd to forrfi Flccines

t@gyhl her the coefflc&gg:ﬂ rmre g(gﬁgsuw%ﬁmdmgthe

.aﬁﬁio)éeﬂd(é mmwmﬂwm@ tﬁﬁﬁﬁﬁnﬁ&ﬁﬁﬁbﬁoﬁmagesuch

of .the codons, are., 'nost fr t!! d
ﬂmhe Wﬁy RS cpenits ) e e mare s puembls dpbor ighly
ithahdd bOMephBitis POhME pénks Prefétsbly the codon usage

A S S e b s e e

HOW dob@mglumhﬁcmssms Baide Hae bédn @fdlR8 firltadonisage. The

expressed m i an, gene fer
Cﬁiﬂ%m%ee Fiat forthe @Wﬂgaa@rg@%&cﬁg @@5}3{% (0481)
arid/ NS IO A9 AsBynadlkdtide Bf fhe phédent invention will generally have a codon
usage coefficient {(as defined above) for highly expressed human genes of greater than 0.5,

11
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pol ynucl eoti de sequence resenbles that of highly
expressed human genes. 15 The codon opti m sed

pol ynucl eoti de sequence encodi ng HCV core (1-191) is
shown in Figure 2. The codon optim sed pol ynucl eoti de
sequence encodi ng HCV NS3, conprising the SI 165V and

AR R PSR o B BARY e B e

Weatmhpﬁn sls@naaeheoab:t | oafficibntdSr mgmpeﬁ,s:eaed Bkoli genes of

%_?? @?agﬁ@eﬁﬁ?ﬁm' S S tg@%@n Fi 8’8&?@4 The codon

NSSB,In mmhlwcwddpﬁnmﬁ%aﬁﬂm@@%&ﬁﬁl mtbdj&asto
mJl i S SP’% in_Figure 5. Accordingly, there is
Bf gﬂ'ﬁ&“g&%’ eogrms: This fap by aefigyed in oge efitwo ways.
m@%eh%bﬂﬂ&ﬁé@ﬁfgtﬁi@mgbﬂﬂudﬂ%eg&foﬁsﬁm %J:Eé%q?ﬁnce One

sequences to form vaccl nes

ﬂgﬁa@éﬁ? ov@%hw Wipd be pofopsrepreamiing K @A%if thernodons used for a
pRftieflainfing REPAR preRRbly 109 T A dddo %'ﬂﬁ‘ed f8Pa &ﬁar%ﬁi'lﬂ) acid in

sequence has been changed to resenble the |rml

reged gengs Af mwm@hmwmwqumm

thate%t?alﬁ]%ﬁ’le?m h&gggp%@ggenes %e laozm

expres
g&%mf AnRSCY valve lsﬂﬁohseu@dgmnber of

highlyexpressed

ciidhd Rr{ded ﬁﬁ,ﬁ@éx@;& Y%

exprgssed man gene: Tf11e "nat ur al %%@#g&%%e@mw
wpswrisiedetnition of rrars coduywouidibe/apperentin apetomskilled in

tHéSAoe. The 30 Codon usage coefficient for the HCV
proteins are Core (0.487), NS3 (0.482), NS4B (0.481)

and A&zBtively #8FJCV soteoNSH NS4Bond HS5B fpolyneclentidesant optimised to

P%ﬁ"‘é‘?f‘. 5 eﬁwfﬁ'%qlﬁﬂ?f’%ééky ool ele i i R B et acan The

éherdbregale aplimisedsuch ﬂxaﬁmdwiﬂilalpmefcedcam sych as those with

RS0 Pl yltf%%%%a%f%%%% e o

qumeleetld&&don usage coefficient for hi ghl y expressed

E.c reter I han . refera reat.er
e il vSES ofthe pilted Pt Coson) ik Parmbei 3 fogporhat s Scbvidual
exprbskion quhetIﬁCEq)dlypeptﬂbs, mtamﬁvelyﬂidlmwtybqsﬁdes BeyRSexpreSsed
%*‘ggr %tg*%g sqQ.as to 5 exclude the appearance of
olons. This can be achi eved in one

of ¥ mﬁmﬁyaccme? bethp bﬁﬁﬂf irﬁdntiﬁﬁwoﬂﬁnm&ﬁﬁﬁihﬁﬂs &ﬁa}&t e protein
ﬁﬁ ons fromthe gene sequence e
orhgl o’oﬁgeelg‘éﬁ? “‘gﬁe codons woul d be codons
representing < 20% of the codons used for a

[t cular am no acid and preferably <10% of the
Hﬁaonﬁb B4 for a particular amno acid in ‘highly

Mmxpr essed gen@m3of the tar glesmgam sm Al tIqqrssg I VEl'y

cara ocod~nc v—he--defined s--1.0..codons wi.tlh

ar UmoogoTTo LEA= §

rel ati ve synonynous codon usage (RSCU) val ue of <0. 3,
ch;roqnﬁﬁiaﬁwhty <0.2 in highly expressed genes of the

t-a-get—or-gai-si—20—-RSCU-val - uei.s -t he ohserved nunher
ng A T7INS4B NS5B mCore
HCYV combination C:

12




codons divided by the nunber expected if all codons
for that amno acid were used equally / frequently.
An appropriate definition of a rare codon would be
apparent to a person skilled in the art. 15

Al ternatively the HCV core, NS3, NS4B and NS5B

nol vanel oot b doc H PPN - Lk .
y rmotTCUtT 1oy 3 \J|.JL H-Seqg—t . PTTVCEIIL b! 3U| ! ”g
I‘@ffﬂ?’rare, non-caF§$al codons BE pr esent |Ew
concentrated areas. The “pol ynucl eoti des, therefore,

are optimsed such that individual rare codons, such
an RSCU of <0.4 (and nore preferably of

3) are evellipicePaced throqg.j‘ggut the NS4B

. pol ynucl eatidds 20 The vaccilnes of the pregent
I nvention nay conprise a vector that directs

© Oh[é?geénat PVal ?%)ﬁe %@&%ﬁl&ﬁ%&gxpr essed

5 sm@!eehdﬁdqubleemdm HWW@%‘PIHMPS within

it g B i SR

IHEBHHBH -Guhidatetdtyiaoowp Mcore NS3 NS4B NS5B  HCV

&%$%@?‘%@E@mNéggn%né%@gaﬁgggéﬁggggonblné%g%% N§%E“gn

sep@iateqrdatEss (dSiddicaed belowpindhesamedellacci nes of t he
v 10 present invention are given bel ow and conprise 5
' pol ynucl eoti de double and trlple fu5|ons bei ng present

HCWV odirbinatienE e

pl asm d, each {dSSé& . g unaer ]
(ComNS3pHNSABSBprionot er unit (e. g HCNV IE) (|nd|cated

by arrow). Such dual pronoter constructs drive the
HEVRbbiatéh B tm ~ot-eth an +ge

separate protei Jeime
(NSAB5B) Y 0oreMf3) : g
HCYV combination G ﬁ* NS3 i Core. ] ‘H&ﬂﬂ l NSSB |
(NS3Core)yH(NS4B5SB)
HCV combination H Elﬂbﬁﬁ&ﬁl NGB | lll’r’ NG Come 1
(NS4B5B)H(INS3Core)

e
O _ HCV combination I w w NS3 INS4B | NSSB l

(Core)HINS3NS4B5B)
HCYV combination ¥ ‘ ) [NS4B ] NGB ] W
(NS3NS4B5B)+(Core)
HCV combinaion X | s/ ssm T vissp | e NS T Cowisi]
HCYV combination L m N§3 [NS4B | }ﬁ@ | )

13
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HCV conbi nation E Core S3 B NSSB (CoreNS3) +( NS4B5B)
HCV conbi nati on F (NS4B5B) +( CoreNS3) HCV conbi nati on
G NS5B (NS3Core) +(NS4B5B) HCV conbi nation H NS4 3
Cone (NS4B5B) +(NS3Core) v.. 6HCV conbination | N N
S5B (Core)+(NS3NS4B5B) HCV conbi nation ii :
(NS3NS4B5B) +(Core) HCV conbi nati on K NS4B N NS3
Corel51 HCV conbination L MVA, S3 NS4B N Corel5l A=r

13 FJPrHCV qgoibbxahmsﬁohgbcﬁreut ubmvmiedmatﬂxetermimmahsﬁneg

(raaad to ly&g&j ‘9%6 thd? BS B‘i)"é?%tﬁ’

W@»qasseﬂsd |ea¢h lndapsmtd egﬁjscmolied mmdmm%m and in the case
ndi vi onot.er ,h.the case 5

ol b o e oI BRE ChtNsB i i i and the

ofer ei6ding a ms-m dmb]a rfiaioN proteiac BallEHCYt dagibineieOB 1 Mould be

i‘ﬂe‘%"? NSS oubI e fusion protein. Each HCV

COmDI At T Y1 should be interpreted accordingly.

The Zhoabevé T VaoribinatiénsQRE disclosé!ths edlstie obibRationk of th HICY

orlent tlos f. the pr.oj ei.ns ol yprotein .
O RO EBeey it s prebiHeabyincioss beein that

all Ioﬁtbb alsmd Hw eonibiiidfiohs A-L0ara ko Biclbded wihQYséh diHhé preferred

i nati ons. A-L are od,lscéosed W th each of t he
“B‘?‘glf)"éﬁr WE‘P&%%‘H@V& Jelirbne %@%ﬂ%m Fer example, the
prfinied viran@fof tHeomBiRGEGHE -1 finés8 bk rwiksihditatal' i

referred var ants of the conbl nations A -L (unI ess
°‘8’Pﬂb‘? {Gere Aok (e gqmplets pquencedn ity eorrect

oﬂuﬁdrﬂﬁﬁdeﬁﬁntﬁ W&Hﬁ&s m@fo%éa%re%é&ahﬁcﬁﬁ%%}&mbly Core

sequence |n its correct ord or divided into two or

betrg g pracated Tome A1 a6l 63 gr EA71)aNE3 19274657 (mmtations to

hR
mfﬁf)t? mﬂm@@ﬁ&uﬁ%bﬁ%&@%@ﬁﬁg&S 1027/- gg%ﬂgﬁﬁ%m)

MPW NS5B,72429-3010 (mutation at Aspartlc acid 2639 to Glycine and Aspartic acid 2644 .

to Glycine, Motif A) to inactivate polymerase activity); and NS4B 1712-1972 (optionally
truncated to 1760-1972 remove N-terminal highly variable fragment). |

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

The term "analogue” refers to a polynucleotide which encodes the same amino acid
sequence as another polynucleotide of the present invention but which, through the
redundancy of the genetic code, has a different nucleotide sequence whilst maintaining the

~ same codon usage pattern, for example baving the same codon usage coefficient or a codon

usage coefficient within 0.1, preferably within 0.05 of that of the other polynucleotide.

The HCV polynucleotide sequences may be derived from any of the various HCV
genotypes, strains or isolates. HCV isolates can be classified into the fo]lowing §ix major
genotypes comprising one or more subtypes: HCV 1 (1a, 1b or 1c), HCV 2 (2a, 2b or 2¢),
HCV 3 (3a, 3b, 10a), HCV 4 (4a), HCV 5 (5a) and HCV 6 (68, 6b, 7b, 8b, 92 and 11a);
Simmonds, J. Gen. Virol., 2001, 693-712. In the context of the present invention each HCV

14
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i nactivate helicase (Aspartic acid 1316 to d utam ne)
and protease (sane 1165 to valine) activity; NS5B
2420- 3010 (mutation at Aspartic acid 2639 to d ycine
and Aspartic acid 2644 to Gycine, Mtif A to

i nactivate polynerise activity); and NS4B 1712-1972

LI TE MR T oW T

| SteHteinB@vel\PAS cofabibal g@ﬁ@p@@i@b #id ICSprotein
S1Ed)‘fatgﬁcélrl bed above. "Al so prow ded th eg’gﬁ’lt pro .
maar\be meadoPreferably, the|ssapsaze dsrived fgom typs FYhas the dfectious

1APRRAYREGHIRS AFOSIIATSL BG e Theterm anal ogue”
refers to a pol ynucl eoti de mhlch encodes t he sanme

ani n¥pesificgirainedaldvebess Smimﬁ’é HEYeT &t sl o]990LRNAS,
U §’ﬁ6§24-§3& 8 Unld @ik gﬁkﬁﬁ%hgbﬁ a% 1 {9y FVikd)! %ﬂﬁosgd wgydancy

e genetic cod er ent nuc eot i

sequﬂnmlmdb@tdwmdmm thg inveationshaye utility ihthg prduction by

e@ﬁé&% Qﬁcoaégﬁ:m Q&MW:nwwora
oe |C|ent or coaon Usaecoe 1 Cl ent Wth|n .1, l

vive. fihe nudlbotides miy thesef@Gbeinvalyesk in afcombinans pratein synthesis, for

RV St e, DRl Bl e P 0 GRUBTE Bt i i,

usﬁsndiurﬂNAwammhan eghmqml Whest the polyvucleotidesif shaspreseniinvention

sl e b R Rt ] ot 0 00, Bl s

clvuliure Pwill beln@Mdifsd s inch@bthe pobyimcleatide 1 hesapressad\Sush ells)

il ety il e lon e, Sy o

whick fap be inodified by insertioinof ¥Ettors leficqeling for apelypyroteins degordingito the

ot B et BT T T 292 GRS T Bty e

.cenfhnblearecgammmaenemh it 100 enly asabllet/alpo sllosvsrfor mptyreb e

sy Pref%@ﬂméwwe%he PR e, Rt A el 05

Kpephide miag b&expr&seﬁpﬁm i palymitclentideoft thegresent

have heen, s quenced i nc] ude HCV-J o.et al
inpfien, 1 G OF § Pt SR ampian srask PR FAgHRe o i non
hub@ hnimbl Mtpi&btnﬁ & polip&idd ki )a polyneclputidy ofihk dwtentiorsis included

‘ &qdlngt the invention have utility in the
“"2‘?"6 mveligtessi on of the encoded prot eins,

Whl T reRéne fiveRidbn Hiludes brabion Pedidls Mdoﬁ:prisﬂtﬁelnﬁdeﬁde

vi vo. . The nucl eoti des ma therefo e be inv I
mm%e&%.wm%ﬁwwm Fscare yoypn %ﬂ‘gﬁﬁn
méblEGA Bifogyiahll Hay f&rexmﬁﬂsmommefﬂsa fsﬁn@BNAlaimpmbnae

; agen:%aggwtﬁhelr own r|§ ht , utl 3 %nﬁgr'}@aﬁmm&mn

whichSfdy belnidveasiy, afid dtqﬁshnbﬁdtm ﬂ1e labﬁehu ehemmr in order
the encoded proteins. in V|b3ﬁro or ex ce for fled i
to gl oF Bratein cxparepion. (e wltablg YertommaH b 2 fotiEpililid n

thd BE BPHay o Gir@rer éxdfipleln Biffs R W TEMEr to SamibrodR et &7. Molecular
Cloning: a Laboratory Manual. 2™ Edition. CSH Laboratory Press. (1989).

Preferably, a polynucleotide of the invention, or for use in the invention in a vector, is
operably linked to a control sequence which is capable of providing for the expression of the
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i nclude transient, or preferably stable manmalian cel
lines. Particular exanples of cells 15 which nay be
nodi fied by insertion of vectors encoding for a

pol yproteins according to the invention include
manmal i an HEK293T, CHO, HeLa 293 and COS cel | s.

| ect ed Il b
ol 3oty M, o et .U EFR0EK P gpPpson iy o ten "operaby
Iiplkg@ s lerstb guxtapesition bvheminrtﬁ@@ﬁ:pemtsaﬁsdrmed a1@fin @ relationship

BB S e £ Sy s ST

md:ym? tspenblydinked” iohﬁ:oﬂhg Sédénce & posmeﬂudug glachlanv@&bit%xpmsion
a ran eni n ani rerera a nmpuse

< bR AeEit i SRy P Fomitons coRpaic it the Togatory sequence.
pol y paekplssidn aksefle Bah witembRGitickes ofp aﬁlB%f%:ﬁBéﬁ%th@%xﬂr&mon of

ncluded wthin the_scope of the inventi
e i o A7 1 0terept e (pEeswiym 4868 BPmRses ool lerents, such as

AqROMtarsFhite opstably lnksiRo tf} gaALBIeRERS. Of the invention.

Suchgﬁx ressi on vectors are routinely constructed in i
the AP Vetors may b, forwample.plagmiss, artificialphpriospmendsgpBAC, PAC, .

YAGOVinS of PRage ¥8ctéks pRIvited with ahlori gl df ﬁB 1?, ogfl a gromoter

onmot ers, enhancers and

' Hha at&gﬂ%‘?ﬂ 0&!%1?&31’1810}9811%& epticaello reggh@n ef the mmrnﬁye
vbcﬁor@ RHaP SSAIN onS B 'sEIQctﬁﬂ F‘ﬁal Wﬁg exdiplid b Aidififalor

in order to a protern

orientati on,
kanagpER sesisruce game in ﬂlelcwwfebmlﬁméerdmtwne&rafmgﬂ
véctorP ¥e8t8k |ds§ijm' ﬁl?[; fo?ﬁ: %r fMEFrRNA or

exa le in thls reg

wmf@m&gostaem&usxmm,ymﬂhnmmg farthe &
ﬁbﬁg kﬁ{a‘l I %ﬁe |nvent| on [u%? use | t(e’be“s.e‘lm.

polynucleotlde

- Vipgy e fxupple ia method pEPNA| mmqyea amsgebsmmwt 0 a

c pr A0ae SR OGS 0ol S lARANGAR a8 WSty bR o

with lmﬂcdkﬁrnémhmnmummnmdnmpubﬂhssuuqﬂuamhmm&mimmmmwm

:mﬁﬁggéln ?ﬁe conpghg%$%'5é§% §568%$?iuﬁ&%ggélt#?%ﬁgﬁﬁﬁsmﬁ

aquﬂmmmnam@mtﬂemmnnnﬁmm&lVﬁﬂpnmuﬁhemmhhﬂ&eﬂﬂﬁdhﬁﬁﬂn @fitigen

/\r%%ﬁlatqqémg encex?ggch aﬁ E 8&gter operabl%ﬂmlS

LTRyrotobtet, aemv&&epmﬁrohﬁnpv GRsthdter, F@EAURATEARe PV upstream -
re evedﬂ% co%o ons atl ble with tegl

Sgur At %PW‘E%?@P‘E describpd and
reagily evdilalyle whihe larti s capable of dlrectlng the expression

of Lthe.,sequen ene of |ntere51 Xpressi on
casEETTRISS ME gﬁ’f% \F,mg , Vaccinia or
alphe-oirnnd veetond indltetravirags) iadhding 1@&%&%&&&@%&@ fdeno-

interest. The vectors . may be, for exanple Iasn1ds
assgiipted viys @W&?ﬂé‘gﬁf&‘m{%‘ Emwwemn sgkilled in

thet, mwgmeetmfoxpmmpﬁaﬁy% ubedas stally §titéprié the polynucleotide of
for the expression

cat Q tional Ly a_praqnoter
the Vel into s hoo Bemomigea! Tofemigation jenof prefesred o
Replioethmdnmm!e &de]ibﬁrus vectors by contrast remain episomal and therefore allow

transient expression. Vectors capable of driving expression in insect cells (for example
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vectors may contain one or nore sel ectable marker
genes, for exanple an anpicillin or kananycin

resi stance gene in the case of a bacterial plasm d or
a resistance gene for a fungal vector. Vectors may be
used in vitro, for exanple for the production of DNA

or. R 5 used t a C 4
ot etors) i in bl of ATBERE w8 pé Gl i bA8et 8 Braduce

qumititiesaif OV ppotéh encodel tgabepblimuciehtides of the presdiit énvention, for

vectors. na | sp be.ad%pted to be used in vivo, for
%&ﬁ#ﬁ“ﬁeﬂgmw OIFREOERIOEREY i on or of gene

thermiaxﬁnﬂfér e.qﬁé@thla pﬁwﬂl(tj Bﬁ&ﬁfgn@lﬁﬁidbs &]pmammubl _béﬁhblﬁﬁosiﬁon

sl gnal s e-sel ected t at e __Wth the.,
oA 3PP PSSP SHOVERED b e PG BT ey the pipositon
cARNAIR LDNABENR! Abrditig 6T 8écond Bspedt Of thé Prdséift invention. In preferred

met al | ot hi onei n_ pronoter, which can be induced i )
@qﬂ@éﬁew#énf EPTRROR{fpD femppises 3 PRIty of partigles. proterably epidparticles,
cdated WithDIPA @ORpfiding AAdefr eftoOHP b poHmidisdfidaseqhbife Wit encodes an

arge T antigen pronpoter, hunman cytonggal Qvirus .
pelyime

|
HEC Vrapunoackl seguence, whegein fhe cadon uisage of jegd %ngme

roinfbIER Rk ofﬁgﬁ?%rédé&l TRbRRRER gend] %éﬁmw HbRAARERE, In
he HPV upstream.. regul"atory i on

articularly PS re ..
ﬂ@mv eppdiments, the compesitioncpmprifes a pbmw@@ymgﬂm excipient
ardATNA P&, ing kRS becindPithict 85thE plebent AGertfoh: The composition

Exanpl es of suitable viral Vvectors include herpes
may glgo| insludg anpdjuyantt or s, vaccine or al pha-virus vectors

and DA {R%Inkt BT be ddlivirddlhy Sitdr@itial dntikiSEation SFBQRY VackmEsSinto

d
and adeno- assocl ated viruses. Gene transfer,

the masele (WRW/ LN9R)priby serchapisms sther thaw intrgnpscelar injegtion. For -

b i £ TR B il O

- highly active inrtisewss ithah are hawietstie infiestion gpoh esskin aid henoysmembianes.

DA th bl be il oo o ieffiocof b Bloe R ERA RAD ik,
or winderlging tissues inclnding mramsclespwideeprpssess bovia particle bombardpent) i
i B DA SRS o610 ol S bty 8 pef S et
(UkRyteitNee BT 19 5)) Fotrexemple; the oughwotideisquengeremay be ineorparatediinto a
plabn R el e Boje o i B p iR Bl 1 rossure
inty the epidermis suciras] foresampies aydescribed in Hayneheral i Bietechnology44:
5735 (56H o o2 ook el e o SR PR ) i mpsfepiom of ot
e e d‘-‘*mw e secand zopest o
( i isplay
e e R
51 0 b R i en AT S b R o
Vesgnaall emotiits of ENAR s 1harf Digl of@les il 0.5 efedequiicd @ induce an
RTINS TN RN AN GOET TR T
milligram quantities of DNA known to be required to generate immune responses subsequent
to direct intramuscular injection.
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10 resenbl es that of highly expressed manmal i an genes,
particularly human genes. In alternative enbodi nents,

t he conposition conprises a pharnaceutically
accept abl e exci pient and a DNA vector according to

the second aspect of the present invention. The

CONPOWhére @it polRNiciBbtRies ofthe %&@&n@iﬁv&ﬁb f:se aPNémpwuc agents, e.g.

v nes_may be delivered nterstitia
Emvéi@rné{l%ﬁhwle;mddwube efministqred to theiBaringl eng) hutnan to be

o Qory o ecllc et R AERYATE LA Sttt P I FSPERLA o fom

i ection. For

‘QFFP%\@'%""@P thqsedqsmhedtahw Whickmey bre expaessciin thercells of the

. degh&é ﬁ‘gﬂﬁrrflfc ouS rrek‘ﬁ"%g &mh'ﬂg?el oy

|nfect|on such as s
exgmplecthe pucleie beid may w utrpdqceetby medle\uuact;oe; prefefablytintradermally,

ol 5ol A 55 i Pl s ety

tlssues i'ncludi ng nu

inferthe skinaisingraowcldesnid dehverﬁ@awdelsuﬁ Sshﬁrﬂﬁlﬂ&nm&EDmaieﬁdery

ool (ANt ol et b (it o8 803 i}ty Bt s el s,
and, e aenclaiedal gpedeadficiey tdemable denpopaidisitc a!’&lﬂ‘ﬁ& ofa recipient
ich are

(P 308 o il o g i ek B Rpeoitiog device

(Regtickesronited with elnucisic afid mokcalep! the pertl Qﬁ@ﬁﬁcﬁ%’etﬂiﬁmthescope of

tﬁga%%ect- 10 nﬂnf %'T %g R ‘%L@%lgﬂ%%ﬂ‘ts;ﬁ@df@ﬁé“#s Femapgsition

deliraly corprises feld pmamiavh@ah avethgeARAARE BT 0,505 nh, Hr@@Ebly about 2

epj dernal . Langer han cells. Langerhan cells are antlgen
%@mﬁwﬂ@ﬁ@ t&peymquaa« e ippdetiotoDnbing o

cdritidg@naariast RUIF GiRSprb RERE d A g% 3B with 0.1-

on cell surface protelns

5&&%@'@#‘9@5%@3%@@@%%3 where they present

écgﬁﬂrﬁgﬂg%%?mmne espgnkgg“%%ﬁ%ﬁh%ﬂwmsa

polynusleotide sequindeaps desctibal neam Thh host %Mywmmgu age%oélp
e neql.ate

ol BNEE, OF ik, 0 B S R4 Sl HlsPybfenslroppain o vector

Wzm&mmmbmmwwww

e.r.espons sus qu'ent di rect
Intr arrusc:l?lggriamﬁ’]"é?ﬁl | ynucl eoti des
oY

of hwefughersspdct, Iﬂﬂ@&bﬂtﬁﬂv&h&ﬁbﬁﬁﬂeﬁﬁm&ﬁ&f

phﬁ‘g:ﬁ@ugi W?’eﬂf%\‘%‘é{%“o .the nuclelc aci d
e adnt s

ltering fhe,codon
usasamttmo&jml&-twe MOV wmickeotids sbqu

ﬂé! tbi€otide sequence
Wﬁ#%med theform of a vector,

!suc& o § on igaee pattrm oserabling that efhighly
exnrass@dmmm@ gebestahé abomgmihld gvlaﬂm&pdcﬁpﬁ,d&éew

exaf}%@@’g!ﬁ 2 n% aval | & 891 ech{ryﬂque w;gr )
chanzqsscﬁcmmpmﬁwamewmm R functiBHOSRhSPAREplide.

ey MBS AR e AR ok vaddi ol b i
treatmmt or prophylaxis of an HCV mfectlon.
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into the skin using a nucleic acid delivery device
such as particle-nediated DNA delivery (PMDD). In
this method, mart particles (such as gold beads).are
coated with a nuoleic acid, 10 and are accel erated at
speeds sufficient to enable themto penetrate a

e SSOORef g8 ey B M o i

ipeiwjedopical gppiteahcmemtt(ﬁappmphds vdm:le é&he widléic acid mb'bﬂ edmlmstmed

copgqﬂ‘h@%ﬂf’%’éf th%ﬁfmﬁ%@g |on on an e%‘r?'vg il or

iteayectad adﬂ:madeﬁbm\ﬂrhém&w bolmteu@dee:&)vecﬂmay:lmmittogﬂmer with a

SRt SRR3R Lo UG R HBER IR api

npiy ok durtherlfaeilica B}ﬁmé sffahli&uﬁgmgeﬁﬁ sachl a8 blipiastaine) either separately

0 d,. tos ve carjr. dges such that
o Rf6 e A Tolpasions Glindtiagy S it e 3id directy
ttﬂﬁfedlpﬁﬁ?ﬁlﬂdddﬂlﬁrhkoﬁmﬂ, elecﬁc? stuﬂtﬂa{iﬁf, ahbabpahfuh ﬂ :ﬁmrdsaedmg ‘

r | n 0 ano er. .aspec (0] e. _

w%éﬁ‘?wgkpﬁéégﬁsgv?ded a host - cello conprising a -

po: anwkﬁmmc&eﬁw&a ssam:ah&db eéﬁmmiw@uhﬁf&uon
ce | a Ol 1 | a
teéhiaq“ 'fmy tgmss of transfectionugemta; FXsmRlén of theso
ag@ﬁﬁﬁdlﬁde@&tﬁniéw 16| clgiubPpHoShatd 88 PRAE-Dextran and

vent i ture ceIIstransfecte invitrq
B‘;} g@ﬂ*@%@lﬁﬁ?@éﬁ@w trgnsfigtagy, Thedosass of thempeleig acid to be

adnﬁﬁ;stmrem bé Btekdde mﬁm} the hibidle idlu isWin an'aBdunt in the

present i nventi on provi des a net hod of naklng a

nﬂmfrias &ukme preforably dpg o 19He aucleie acid fos partiglsamediated gene dehvew :
f altering the codon 25 -usage

addri%["g ﬂ%fggﬁé{ﬁﬂ‘t&pe HCV ﬂugl eoti de sequence, g01r .
cr eaﬁnuc@alaaq)dnkgqnmb ebihe gresent invremtion magy:tmbehdmuhdtgwd !imeans

f%g%g":i,%%%b‘ e“%%\él g é%%m us atterribagﬂl&?lscussed

foaerdmpladmyl_bi\i/mea; ol Nﬁni;eéwe? 1385230:242) Buth viral andi Aersvirad wedtor
t at .ng .t .

sy s e, e B PP e T KL et adrpo-
asso@mtddam'hl, lerpes vink Caharypoxame vadcliga-vind] bised systeaas. iPocferrall

ad t he. o ept'otgoesfﬁo‘gﬁlﬁnﬁg?r Vi ded .are tﬁ&agqse o?ﬁla?ws)as

defciibed imm p&iént BOSHTDG, PaxS, 6 27 aﬂﬂesbi@édlxﬁlWBMIMS

Sg: M@E‘%@g gueséﬁ dnFﬁ‘frogucl ng the n aﬁ@é’mimsphm

endaPfiilétivh tsthBblogplpbB lastide o2 hycalde) Wasﬁl s§stents) &/iral and

Yl ek AP ool e

injéoilohdTRe ad initti ﬁiccmhﬁtt o ¥ arDinitial "ﬁ-iin’v‘ ENA vaccination using a

adm n| strat on The ed _pol ynucl eo e or yeqt or ma
mog iy VESe qfvaeég o PEALE 03 ustng & virsl
vemﬁblﬁbizﬂ bﬁsfeﬁls tPrnﬁbl ﬁb&ﬁﬂﬁ hBoﬂtéﬁ@faﬂﬁge of priming

aI [ ne#ﬂ%ﬁ%% %8@%{ rther cil %ﬁé?gmxmde

of thé invexitione Pidtefiatively the protein based vaccine maybc used as abooster, Itis
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15 p

or included in the DNA formul ation. O her nethods of
adm nistering the nucleic acid directly to a

reci pi ent include ultrasound, electrical stinulation,
el ectroporation and m croseeding which is-described
in US- 5,697, 901 10 Upt ake of nucleic aC| d constructs

MrrBethe e Pl &hmh“ﬁf’ﬂ
l?gchm ques, for exarrp?‘ﬁft ose | nc%t[t%l ng #ée%ig‘e' io’E? vectored
Yaceine faatdin. o Fheproteins hoﬂmmewfesmwdwmgﬂ)tm’ as a polyprotein.

phos et RbenBpBTiheprescl inFARER by 8 bF e Bhipe iy s

phosphat e an
itipasfamed sellsn Guch Gﬂﬁsﬁshﬂamﬂsﬁmmeﬂ‘agma edbjéch The nakedi C

@‘B‘"ﬁ%’%%d?éf YR oRltS LB Bk Saftd liiced D i el iro
L B Aol TR coRs of e
J Lve n 0
ifelton kv et ol B A e Brci in Sl oReolietun
rmoe&mauon eventa! Acnngfoyned|celd mag, iPdbginst, 5¢ Sowe upn mraﬁd one or

nﬁ'{%ra [l S d dellﬁ?"‘%ﬁ\ﬁ %\ors ugqe,f@lga%n gen be ided af an
agprapmitmtbyn prﬂmttfytluﬁ#vn m@cﬂ&ﬂ&ﬂﬁg@ﬁ%ﬁﬁ&u&ﬁg g,

viral vector 20 systens can be used

%3?19%'& eeac‘ogyst ens include retroviral, lentivi raI

adenSuiiabla |ccnsadamemawﬁfé oélls @IPCs}) @8RS diddifi cells,

nar § d vacm ni a viral based systens. Preferred
m%&ﬁﬁ%\%r | Ppd othercslistbat maycberenginpaneforba sfisient

APCs.nBdch gelld a; Bﬁﬂe&d&oﬂbe%&ﬁbtﬁaﬁ i Peed
¥ 16, Panh, 6 dggtgrl bed ilhgﬁﬁi)abxﬁ(for

US patent 60837
%@E BRI ImproYy achiation a%ﬁyglttemtenm ofthe Hucplbr,esponse, to

" havd @B HEW infecoh éfectd p6r 21 dndff ke imininb n?%.i‘.:ib
enca?sul ation techngi@’log{ ol y(lacti do co- g‘ﬁ) de the
Bladhagl ey generaly| ﬁmwyofa

20

30

vﬁi@iyldfﬁfo ?Edﬁ.ﬁ ;&Q&H&iétﬁﬂ WSE Seri-tunboturdd
rOVI boost er 1njections after gﬁﬁ?‘ﬁ#tl al mey -
m%rsmeamp@:mgmmwm prl me DNA

vac '
‘Ueﬁﬁh Rlfert R cifbofimelifd BF thi bitben ffvbitlon WU HerfitiCcells or

| asmid foll owed by one or
ﬁlwfwanhmemmqqﬁnmﬁnwwmmmmm

th%to?ﬁ@&@%%&?@&; uvant and %ﬂ'&%?l ng vv\%ﬁtwgoby

pr oteln In
IBNA daliveaty. fRendritic palls wrelhighdypoteit APGCE (Borzhereau and

smmaﬂmmsﬂmrmtmg Aﬁd?.b&b%ag@%pr gfergﬁegﬁ?% iological

used as a boost

b
adJBV%’G & licitrg praphylictic oxtherapeutic antitutdve imminige(ses Tlhmﬂrmmand
Le%wﬁea'wc?%@bffgzg N35! e, Bl )‘};r geﬁxsas i Sitified based

however , presénte

on fisiryypioal e(ﬁq&aﬁem#m with piatked emdmc pfooedas (pe:ﬂams} visible

PR B AP e O, A DS o R efifiopm o o

abikity dorpesivatgppive T celf rrsponstse Depdrjsisl opHumiy of Catesepbe angiticared to
exphdss Sb6i0 CEIR itack FSES OF iRk RS abdick S5HGSSly ling of WSiiritic

cell's inwvitro
cells in vivo or ex vivo, for example the antigen(s) encoded in the constructs of the invention,

and such modified dendritic cells are contemplated by the present invention.
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and the transforned cells can later be returned to the
subj ect. The pol ynucl eotide of the invention may
integrate into nucleic acid already present in a cel
by honol ogous reconbinati on events. A transforned
cell may, if desired, be grown up invitro and one or

nore of .the resultant cells m t he, present
i nverl?§odrt C“qu@&e&ﬁ‘“ﬁwrbs?g‘ﬂ’éﬁdgf’m Q@“’d blo € IAIrow,

aRBiORbIAtg Sdlis Selifmdrd tduss %Qéiﬁ,l?ﬂf)ﬂhé‘cﬁ& spleen, skin,
m crosurgical techniques (e g grafting,
yrliesl Fwﬁ bpﬂehmmﬂaer wgmetbame@r fuid| Eor gramplgedendritic cells may be

cells, macrop ages B céﬁﬁg%} ﬂmmagwﬁﬁlm 113

nDnocytes an

aadfor TNFiie,cultess of mozmgteﬁ beweaﬂedtﬁ:onbpﬂ@ﬁﬁl:blm Algpragively, CD34
positiVe Gdils Ih§rv %@ﬁﬂx QARG vicd of may be

to increase the cag |ty presenting the

mtg qumgvellsémadm mhe eulieromedinh pombinstivas of GM-CSF,

ﬁe%? ect é per g%ﬂ'gﬁ%ﬁ?}r&%haggyﬁnﬁu%T@ Wo‘ﬁ‘#“‘%f"e

generitiontof professiond] watiget presentingaelis/petidulatlyldendritic gplls) and/or other ©

Rl sREARAE i tondal i ot B e Brasfihots

peal APCrmay gkndrallyde transfetal with/a pdhynuelettideegonding an antigenic HCV

B e SRR R pfront R Rk 3 safibng ] bl Prosent

impenidm. Sech mankﬂe&onmaypmme &ovivo, ninda enfiposition or vaccine comprising

s@@:&rag&ng%n%{ zlgnt | %%F‘ngﬁﬁi t herI for t rans(flw\?% n

Altamgtitely)fa pancdetiory ehelsicld diat targench dendﬂdm wthecantigen ]iresmﬁng cell -7

mgg_?Fn'g&e. b}é ?ﬁrtl cle g%?ﬂat ed ‘ﬁ'lb'*‘éerx igDendrlt

-vivh ehibfRtion Madeumm?&ﬁs,

effectlvea hs %29 W' .
mifbedi kg By B teRr B S o S VB o m

Hﬂédj;n ﬂibmrarmmz endcell Biblogy e 4565450 1997

|deﬁﬂﬁ€29 19992?1 g ral, dendr 'ﬁl c ce] I s

ccnjuindtion with artArk Biigexity R h@&lﬁt&f&éﬂm PEGPﬁfddfo@ﬁ&erferon,
VISIb|e in vitro), their ab|I|ty to take up, process -
ag%e ¢al eupositions rmpiche mpRgied i yait-dose or

maatddsé n&ﬁnéi‘%}tshéﬁ% Sealt@ aipodles & Vialt. ?%W§My

course, be engl neere

heyp@eqaﬂy ewteém prssarvestasilineefdhe formulation unghvags In gemeral formulations

Pl 6 R el oo Vs i Bl & st e

Altespativelycs vaceine prpharmagewticelnemposition may be sterad inj asfiieeze-dried
coR@REM tdqhiiting %hiyih?a{étﬂmﬁﬂ BEE éh&&i HW brior t%use

invention. 20"Dendritic cells an progenitors na
Vagpines opanprising ngleqtidp sapencesintrnded fonsrminisration via partlclc mediated
deﬂWkHabeﬁ}e!s&ﬁﬁtah E&uﬁ%&é §utalﬂ? | compressed gas delivery
tissues-infiltrating nodes I een ski n
ingipymient, B hiel pase the 6uiidzes may) cosekaf hollew i Rt
whidhHik Boatéd Wil FitlsDearilp ML Vdckine hifdidotidd Bqulfee, optlonallymthc

presence of other pharmacentically acceptable ingredients.
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differentiated at vivo by adding a conbination of
cytoki nes such as GMWCSF, |L-4, IL-13 5 and/or TNF to
cul tures of nonocytes harvested from peripheral bl ood.
Al ternatively, CD34 positive cells harvested from
peri pheral blood, umbilical cord blood or bone marrow

{ngyt ggheculture rregla{ljlﬁgﬂ %fbﬁglt% ons gﬁ%wdﬁ%d@

M”@F qthgavhmntqspdm npRyEsOieaAe Méulttéa' mleeas@ the iyemohe
pdads DAY ERIUaT vl L REna A TN 1 her iy b prpoded by the

rofeSS|ona
Béwel either eeper@telssﬁrom Ankisay fusiomwith mumpmmny(ls)mdm as non-DNA

S ofih oBhAM e T ool B BB RE i Bl Bppioced o

e formalationsyof umlpwentwmm@p ubiiquatii, lygesoinal adgdéiatedmombrane

BRI AP, R G R pofenaBizan S8 aier Hharmmeh s vy

#d GMCSRINsf ectl on may take place ex vivo, and a
conp tioq vacci ne conprising . such transfected

cel | emnisarg corgmercially ayailable such a5 fog examples Freund's .
Teqmnylith Adjubgi @hd'Corkbletd| AdRivaal (DifBh LaboRatEREDERNH, my Ymiquimod

dend h
GPLSE Rn MR pinkpiped (NSt P S MeerkA et (Mesck and
Coipahy, kg, Rabwhy, NTR afihihiath dalteduch € sinRiniuin j(df&udé £b1 VMR or

@nd. X - Vi vogstéhgnsf ecti glgﬂg;pggg%lbghce 01;&!

97/ 2442?"‘il or gfaﬁ{ewpl)artl cl em?lre&gl at] ed apprioa%sﬁmﬁgécrl bed

PBVPWHW%:WMMM thopeghospboo Lipjd A and quil A.
GuctiR GMUSF of SuterikaiiNac o, B?Subam,b QP RER I dififants

conp03|t|ons of the I nventi on na

conj titke fosmulgtions ofithe inpention lhg@mfmduw ﬂasadjuvant composmon '

iubaf i B veegBh e o€ ad i 0 TR . A {0t B ferve o
mogylats @mﬁmmmw@mtﬁmmmm from a

e yep “?‘Z‘?‘é‘?’?@%@ﬁ PRI, e bt i e ctokines

contai nérs are
(6 JENr VK [l Eyi«'l)ﬁendtte ffvounthé imttuction ofi¢dll medizted immune

reffRSiaR Rl e, Wi RrdBrnl SRRy i penso's

t}mrﬂlalﬂwieif)'ljhlaypmm'ﬁﬂlmmd y egﬁateﬁéxd tent than
h ze-dr| ndit i
reqw ri ng%@%ﬁw} Slglgl %)sr?Qo 2C %ﬁﬁﬁ@ymﬁ&n
stangandiassays. ioe d keview of the faunhttscmf oekines)fre Mmmmtﬁoﬁnmdm
R&uﬂ,ﬁ%y gq4§q9|31qg§gas intended for administration via

particle nediated delivery may be presented as

car ﬁ%&é@ﬂmm@db bdjutants focesein el:]mtmgm(pmbﬁmny gﬁbtype
t
8l i VS e Bl 85 -
acwmeé monephosphorydl npmm(spamm) togsthirewitti anphirhiaivnosalti Other known

i %ﬁ?meu S B e rpon e e Cop oppini

ohsmp fadesit thomldﬂoudeta apschacictetibeal ip ﬂmstha CpGriimueleotide is
unfiRiylaRE! SR ABbb¥RBides are well known and are described in, for example
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conmpounds, or other substances which may serve to
nmodul ate or increase the imune response induced by
the protein which is encoded by the DNA. These may be

encoded by the DNA, either separately fromor as a
fusion with the antigen, or may be included as non- DNA

VAR Fppncsimuiaht BAA o e et dor Fmplphy Seo

&AL BHeakd m&s@fmbe:ﬂu-mmgau@aﬁamammmm separately

ubi qui tin, Iysosonal associ at ed nbrane proteln
framn ICY) wigenie) i tep some g5 & difeeentpAlyEifotide consuct O ggay be

4 dj Skt Wedr 26 e, S 46 B fildion iebbwith. Ananﬁ@ﬁﬁh BhGbntaining

SU|tabIe ad uvants are commerci al | avai | abl e suc
J Y hanwhmh

qltspn@mﬁéﬂsamvﬂap admipistercd syparaielyrhs) Ratt &s peas of o fompeett

m qu | ren?gw Wégxt]- a&l&% Resi m ulﬁlgplj‘rfblw(‘%lf/ln Mabmtlﬂn

%@g é‘gmm‘cazal um W‘feﬁm ni Bﬂ hos ha?gluﬁgglmtnsdp Gand

Q&ﬂlcas dmloaeﬂ dmWE? OPISP aamwo]@wﬁmp r{he fyrmulption

ﬁﬁ@ qugqxﬁﬂ nically or
ani onl |:é %erlva I zed polysacc arf@ﬁkﬁﬂ

pol y pnobetrefemestadjuyiantde g sapdaib) meﬁmbbr@ﬁmemqgila BlopharmaccuUcals

M RRRAT A bl RSkt of ol B R

Fas exatijpley sménhanced qystdllemﬁrdwmthacmmﬂ of monfmhem lipid A and

ol Bt bl el B OS EOPATL AP RiRe BRI WO

QHMBIﬁwpmmannmmmgmnenmapﬁnumnﬁdmﬂhiQszqummmhmbwﬂhdumﬁunﬂam

eREPARSO SRR Db PR i iy Griios S GRERatr cmulson

:mﬂeﬂqﬂnmamk@wﬁﬂﬁﬂyymﬂnaﬁammn&amﬂﬂmmunuhrggﬁﬂiBDAHH;mﬁ
Thl-type cvytokines ag.. .LF and IL-12)
%’Qﬁ fiﬁrw{lﬂﬂ“ﬁﬁ%ﬂ?dﬁsﬁ% &ﬁ?g Qted i mune
resp mm&mmalgamowmwmme), SAF (Chiron,

Rl it it Fn S s o MPRs A chisp 85 [, Ramiton, M)

RQ‘SMCB@&, mﬁ:ﬂmum&ﬁﬁoth@ aﬁm@:ﬁkﬁl ghicosathiaide 4tphasphatesiéA GPs).

| of Th2-t, t oki | t h
eyt o oo 5 SRt B i
FElOéxaﬁpIe?ﬂib mafmthﬁmﬁmdmmﬁgmymmﬂsmm

w%" B sisodosdhe wgen pag by A pisera Syt i U Sieispeys or jagpmuscular

on, Br inﬁ'hdehﬁﬂ partiefead ediateddlivi Tﬁénmbpaeofﬁemmhﬁon

nﬂﬁgludﬁ f&gpgﬁgng e! A, %%5p|@at|og nogaoﬁghogy

s:hthﬂbdmé e&&&mbﬁvdumpba&m Mmmmmnesam

her known 30 adj uyants which Jefer a |nduc
IthBPW'é?“’inﬁ‘ﬁ’Eﬁ%g’F KR gy Ef*ﬂﬁme%h?%ﬁ“i/ﬂ a5 the ”
arfbighrio R#mhReH] 3Dy an Mi@nak t@mmtﬁateme&meﬁe the adjuvant part of the

characterised jn that the CpG di nucl eoti de
FoEROR il 58 dOm IR y6 s CROEACLPG: ByAe GEPpOtmag e aivant

is adinihe & dslaq6hital forinQlatiéx apjlied to the skin at the site of particle mediated

23



10

15

20

25

30

Al ggr mal particle-nmediated delivery,
A

22 WO6/ 02555. | nmunostimul atory DNA sequences are

al so described, for exanple, by Sato et al., Science

273:352,1996. CpG contai ni ng oligonucl eotides may be

encoded separately fromthe HCV antigen(s) in the

same or a different polynucl eotide construct, or may

delivéryofdic an(déopdaﬂ}qamfﬁ w?gﬁénggg the a:titxgeﬁ@) a;tﬁseu B&feft or after the
ernatively e cont ai ni ng

Monu%ﬁ%%ﬁ?’ge adm ni stered separately i.e.

not a¥rqfaalily tiie DNV vasiieosf the frésenbinGéhtioh BEheISR Sn bif&tive immune

enc deg‘rpfﬁlng%i_%%lgﬁucl eot i des n&gﬁ;@%s%ﬁfmlyw

e;quIMge aﬂe;ﬁntb&.’l Qﬁdpﬁmlmem ) m?éﬁh?ﬁg s&thﬁ% &R fibbQS and/or
of .2 cqn ol i gonucl eoti de and a saponin
MP Befﬁﬁeaéé}i%%r - VECHBAIOBN DI nat i on of CpGpand

Q21 Asustd heleis 8@ tdrh Jﬁ&gﬁa

Pr %J%Ia‘bl t he fortnulcgﬁ gn %g 0 ad |t?°o%s%in§§§gglh§négngme

cg of athen elanasats i ot srcluded oHprevst, it xm@@ intended that the
PoRf b o6
Tpfsifgt cdidRlso b8 uAde? AR fs h am%ﬁ%ﬁ%mmmm

(Aqui | a_Bi ophar maceutical's |nc.
mﬁ?gtl%w ‘%@n%%’ea of} Sheprevent invention isrillestrted by, bt ntfierited to, the

flowitgkgmpled-0r exanpl e, an enhanced systeminvol ves
t he conbi nation of a nonophosphoryl lipid A and
saponi n derivative, such as the conbination of Q521
and 3D- MPL as described in WD 15 94/00153, or a |ess
acto eni ¢ conposition where the Q521 is quenched
mple foMuatignsomirodused intosantigerepmely-\WO 96/ 33739. Ot her
preferred formul ations conprise an oil-in-water
enul sion and tocopherol. A particularly potent
Mwmmﬂmatu on i nvol vi ng @21 SD MPL and

{/\%CSS/ 17 10 Qher pwgﬁé@{ JUV }Eﬁsc bed o carried

%mwmgnm@npsmmypﬁtmmlmﬁewmmvdeﬁ&mgm

Chl r on) a&ﬁ%’%&aﬁ}—gm‘@ﬁr W&@%@me?ygomdto

fropi 1 mivie consqusus tdsichue acrossoethted | b-gloup RS bxtdding

af*?van ot o lere o B ot Ao s ipe et

WnpﬁcbWVMpmNmedﬂmmwﬁsﬁmmmmmm

l.eoti,de con tr |ch encodes t he
ek gen may Egpa rﬁ'ﬁl" Mﬁ gptore an immunodominant

HLA-B3f-restdioted CHX8 qJMpee{mohucihaﬂ) PGSt rtmyemid (v?: mldlﬁlybﬁe (G) 1366 to
en the part
formul ation containing the adjuvant may be

ad i Fhedirs 48 dmincrsizly 0ENSHB haw ebieremonetdlieas SluéefRl viiabilify.

Cﬂﬁ, suitable time period which will be apparent to the
y

sician skilled in the vaccines arts. Under these
ci r Almitea@@)c2 t¢ Hhreadpe(@nt nmay be administered by the
me route as the antigenic fornulation or by an
alternate route. In other enbodi nents the adjuvant
par tValifie (W) 030 tof lenpimé @) on Wi | | be admi ni stered before

the&%ﬁg&%wr&m | ne?&s enbodi ment, the adjuvant
Serine (S) 1124 to Threonine (T)
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is adm nistered as a topical fornulation, applied to
the skin at the site of particle nediated 23 delivery
of the nucl eoti de sequences whi ch encode the
antigen(s), either before or after the particle
nediated"delivery t hereof Preferably the DNA vacci nes

Sﬁ (elsent [ nvent 1 on_stinmulate an effective inmune
resp and CD8+ inmmunity against the
HCV qrﬁ}doﬁﬁag-) lzﬂgﬁ,fﬁhapt j against 5 a broad range of
epi t opes. IS preferred in a therapeutic setting

t hat W@i%ﬁg&ﬁé@ﬁﬂ%r i nfl ammation be reduced

fol | euingsypoeidBlolind@)As used herein, the term
conprising Is |ntended to be used in its non-limting
sens dsoleyeias(T) 1366 to Nalimr@3dence of other el ements is not

excl aI so intended that the word
r'si @P"I@%ﬁo&lh}m '

e understood in its exclusive

sengg?nem@émmtalfsé with 10 "consisting" or

"con ﬁ'ﬂfh’ ent invention is illustrated
@?Ilmt tor(ﬁi fol l ow ng exanpl es.
Exanﬁobudnem‘ﬁﬂlt@ﬂmer@)’oduced into anti genpanel :- 15

1). Wﬁgﬁﬁl onpari son of the full
genorre sequ Nnces o mwn HCV i sol ates was carri ed
out. Certain positions within the J4L6 pol yprotein

P?% ke identified as unusual/ deviating from the
Jority of other HCV isolates. Wth particul ar
i npoStaORF atFhenylilaine 3760 ons found to 20 deviate
froma nore consensus residue across rel ated | b-group
i sol ates, extending across groups 1 a, 2, 3, and
NS5Ber s, where one or two alternative amno acid
si.du dom nated in the equival ent
g’é‘ @iz%g%eMe chosen consensus mnutati ons
Thﬁbﬂhé@l)ew%&nnﬁ(s;nom CD4 or CD8 epitope. Two
han tually restore an i nmunodom nant
T&Eﬂ“‘%ﬁ@%@?q@yﬁﬁ% epitope [Isol eucine (1) 1365 to
Valine (V) and GIyC| ne (G 1366 to 25 Alanine (A].

N}g firstgj§8 a %1%!9\% of ﬁ%ﬁﬁ%ﬁgﬁ% grr?\éed due

Threonine (T) NS3 30 Valine (V) 1040 to Leucine (L)

L am C Ilec Luc]iz]bg %f }lg.s'mrd %Iﬂn ng)

Polynucleoude 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:

25
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Serine (S) 1124 to Threonine (T) 24 Valise (V) 1179 to

| sol eucine (1) Threonine (T) 1215 to Serine (S)
Aycine (G 1289 to Alanine (A) Serine (S) 1290 to
Proline (P) 5 Isoleucine (1) 1365 to Valine (V)

Gycine (G 1366 to Alanine (A) Threonine (T) 1408 to
Serine (S) Proline (P) 1428 to Threonine (T)

IHoMceggei ne (1) 1429 to Serine (S) 10 Isol eucine (1)
Fovard mimen(SEQMD N, )T) NS4B Start ORF at Phenyl al ani ne
(SFFAATTERCCARC AR CAGCARCANEFGHA/ ABOGCAABAGTAABSGCAARCC-3
Thr eoni ¥ (T) %%o Serine (S) Threonine (T) 2918

to Valise (V) . Nunbering is according to
(Ragérée poimel (SEQID NOrA)tein for 141.6 isolate. Exanple 2,
CoMATTGRAATERT CATASICEIMGECORATGRTGARARASCIPAGHAGE PEAGCABEA
sequencB¥™ng@li ng ACV Core, NS3, truncated NS4B, and
NS5B, were codon optim sed for mammal i an codon usage
weviNgsSynGene 2e software. The codon 25 usage
Fowhuidipdmen{SEQUENO.®)r oved to greater than 0.7 for each
BTG CEACCHE CATRECHERATCASRECCTACAGRLAGSABACCLERBGAGY
each neW’“poI ymti de sequence, incorporating codon
opti mi sation, enzynatic knockout mutations, and
BevessepAtier (SED M NQAS, were divided into regions of
FGASTU COGATECT CARGSTCAORACE TCCATG TOANGSACATRSACRRIATAAT G-I hes e
r egi onsPA¥RY eSR nt hesi sed commercially and the

pol ynucl eot i G& generated by an oligo assenbly PCR

met hod. 30 The outer forward and reverse PCR priners

HEYNB#R h pol ynucl eotide, illustrating unique
TR b e rol 1 0
O

eas
start codon

* Reverse primer (SEQ ID NO. 6)

5 -GAATTCGGATCCTCAGCAAGGGGTGGAGCAGTCCTCGTTGATCCAC-Y
BamH! Stop
codon

HCV NSSB
Forward primer (SEQ ID NO. 7)
5-GAATTCGCGGCCGCCATGTCCATGTCCTACACCTGGACCGGCGCCCTGA-3

Notl translation

start codon

Reverse primer (SEQ ID NO. 8)
§-GAATTCBGATCCTCAGCGEGTTGGGCAGCAGGTAGATGCCGACTCCGACG-3

BamHl Siop

codon

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

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

The polyproteins that were encoded were as follows (including mutations and codon
optimisations):
HCYV Core translation (SEQ ID NO. 9):

MSTNPKPQRKTKRNTNRRPODVKFPGGGQIVGGVYLLPRRGPRLGVRATRKTSERS
QPRGRRQPIPKARRPEGRAWAQPGYPWPLYGNEGLGWAGWLLSPRGSRPSWGPTDP
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Forward priner (SEQ 1D NO 1)
5' - GAATTCGCGGCCGCCATGAGCACCAACCCCAAGCCCCAGCGCAAGACCAAG

CGGAACACC-3'" Notl translation 5 start codon Rever se
primer (SEQ I D NO. 2)

6' - GAATTCGGATCCTCATGCGCTAGCGGEGGAT GGT GAGGCAGCTCAGCAGCEC
CAGCAGGA- 3" BanH Stop 10 codon HCV NS3 Forward

YIPLVGAP VRVLEDGVNYATGN
gj_ TCA Al GCAGACOCGG
- tI transl ation start codon Reverse

primer (SEQ ID NO 4)
a op Ccodon HCV NS4B 25 Forward
' Q)
ceeiyitman AT G AR T

LNTPGLPVCQDHLBFWESVFI‘GLTH]DAHFLSQTKQAGDNFPYLVAYQATVCARAQ
APPPSWDQMWKCLIRLKPTLHGPTPLLYRLGAVQNEVTLTHPITKYIMACMSADLEV
VT

HCV NS4B translation (SEQ ID NO. 11):

MFWAKHMWNFISGIQYLAGLSTLPGNPAIASLMAFTASITSPLTTQNTLLFNILGGWV
AAQLAPPSAASAFVGAGIAGAAVGSIGLGKVLVDILAGYGAGVAGALVAFKVMSGE
VPSTEDLVNLLPAILSPGALVVGVVCAAILRRHVGPGEGAVQWMNRLIAFASRGNH

VSPTHYVPESDAAARVTQILSSLTITQLLKRLHQWINEDCSTPC

HCV NS5B translation (SEQ ID NO. 12):

MSMSYTWTGALITPCAAEESKLPINPLSNSLLRHHNMVYATTSRSASLRQKKVTFDR
LQVLDDHYRDVLKEMKAKASTVKAKLL SIEEACKLTPPHSAKSKFGYGAKDVRNLS
SRAVNHIRSVWEDLLEDTETPIDTTIMAKSEVFCVQPEKGGRKPARLIVFPDLGVRVC
EKMALYDVVSTLPQAVMGSSYGFQYSPKQRVEFLVNTWKSKKCPMGFSYGTRCFG
STVTESDIRVEESIYQCCDLAPEARQAIRSLTERLYIGGPLTNSKGQNCGYRRCRASG
VLTTSCGNTLTCYLKATAACRAAKLQDCTMLVNGDDLVVICESAGTQEDAAALRAF
TEAMTRYSAPPGDPPQPEYDLELITSCSSNVSVAHDASGKRVYYLTRDPTTPLARAA
WETARHTPVNSWLGNIMYAPTLWARMILMTHFFSILLAQEQLEKALDCQIYGACYS.
IEPLDLPQIERLHGLSAFSLHSYSPGEINRVASCLRKLGVPPLRVWRHRARSVRAKLL
SQGGRAATCGRYLFNWAVRTKLKLTPIPAASQLDLSGWFVAGYSGGDIYHSLSRAR

PRWFPLCLLLLSVGVGIYLLPNR

Example 3, Immune response assays

27
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40 Reverse prinmer (SEQ ID NO 8)
5' - GAATTCGGATCCTCAGCGGT TGEGCAGCAGGTAGATGCCGACTCCGACG: 3

BanH Stop codon 45 Al pol ynucl eoti des, encodi ng
single antigens, were cloned into mammal i an expression

vector p7313ie via Not | and BanH uni que cl oning

oncooel Taer AU e ek Pl AU WGk cdlfh Sptimined

encoded were

sywtated veriions aE the f3ip FIGR artigens expressed individuallySin@ f731 Na@ctor. Mice

CEFERAR R bR e R e e e 21
R e L A S s o PR BT

EsponiB GEBFRBtdaineAl THE CeafitABad thmedGSireiiinne fssonsdsivete purified
R P R TSP e RS o e MecrRis gy and
Vabeinia NS3-5 (genotype 1b in house),

WLA@PK@M TQWTNVDQDL VGAQAPPGARSMIPCTCGSSDL YLVTRH 5
DVI P\BRBGINVECE by iR Witk WERIeiith @ﬁSﬂMﬁr EBMWMS)

et i H L R 4

prk§iied core protein (figure 8)
LVLNPSVAATLG-GAYMSKAHG DPNI RTGVRTTTTGAPTTYSTYCGKFLADGGC

SGGA .
HOVINS3ECHSTDSTTI LA GT'VLDQAETAGARLVWLATATPPGSVTVPHPNI EE

NGE) M mmimmawmmmmmmm

e boost were

.rééﬁbﬂs&'rto NS3 follo wm%_ demonstrated in C57B1
AlD GFIGDEDSVI DCNTCVT VDFSLDPTFTI ETTTVP AV

ngggxsmg oth N; 3protemandVaoctma3—5tomadm:tﬂ1eresponsebyELIS . Both

Riverd léebdeido N signmidhdtiatidnbicty Boltrded SN bypéRind -

WP@W@H@W@E theiconstupts werprebaeryadrim this srperiment ifigure
9%%58 RO TRLPPRPS TPLLYRLw‘?}‘fjl’\l“@f’/’%“ﬁ"ﬁﬁ‘fﬁﬁfﬂ?’i"Wf&fr\%ﬁerved

andepdowpptimised consimets Expeimpntsio/qomparg penstructs at
I%MW&%QWQLM%MQ% b Eotehdy ¥ the
Pl;é&;@%PPSAASAFVGAG AGAAVGS! GLGKVLVDI LAGYGAGVAGAL VAFKVIVS
HCV NS4B

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

The NS4B protein was truncated at the N-terminus to remove a highly variable
region, however expression of this protein could not be detected following in vitro tranfection
studies because the available anti-sera had been raised against the N-terminal region. In order
to confirm expression of this region it was fused with the NS5B protein. Recent experiments
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VPSTEDLVNLLPARSPGAL VWGVWWCAAUSBHVGPGEGAVQWMI 4RLIT AFASRGN
H VSPTHYVPESDAAARVTQ LSSLTTTQLLKRLHQN NEDCSTPC 30
HCV NS5B translation (SEQ ID NO 12):

VEVESYTWI GAL TTPCAABESKLPI NPl SNSL L RHHNMWVYAT TSRSASL RQKKVT

FDR

L QVL DDHYRDVL KEMKAKAST VKAKL EACKL TPPHSAKSKI
hgg\/ confirmed that immune responses can ¢F t%lé H%A tmncatod%@/ protein,

eL%d‘i}\éi\}}gé g:%ﬁ‘&ﬁ%&#@iﬁmkﬁ@ﬁg‘ﬂmﬁﬂé@%@@@we&d

resReaRES WAS Phrecyed e ad ondomyapticatsed WHHRK SKKCPMGFSYGTRCFG

STVTESDI RVEESTYQCCDLAPEARQAI RSLTERLYI GGPLTNSKGNCGYRRC

RASG
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M‘E&éﬁ?ﬁ?j‘?&%ﬁﬁ’? follow Pé\%)HB%S@R\W following, A

lmnmsanonthhWTandcodonoptmused(co+msequences. responses to NS5B
N Lo R I VAR W e i e e N
NSE Pt QUERICHBISAT B HENSPEE regpuss by BKISEATP ARWIRNSIROVR -

affSismecs o e o eoRemR Wi eSS R P R PR e Ry e g e

cokiRtrod vk EpebinEiM@EgMEIPNR 45 Exanple 3, | mune
response assays 27 C57BL or BALB/c mce were imunised
with either WI' or codon optimsed + nutated versions

Ezdmpled, Expuresside\of HOWVipgbpeotainspr essed individually in a

o el S R oV R R et

p‘BlBle(tbams 13 2 singlel fisipaipolyptoteiia \Thé ant{genowtre 2xpresSpd inardifferent
ﬁel %?gﬂarvssted f!rom”dl dual iace Pan| the sression
‘offirhegolyprs M@Wmmwmbymhofﬂm ]
msas.ured The reagent.s d,t asur e i nmune. ,
(ORGS0 B PSP YRt 'de%q'legmﬁg? o R oo
or(retﬁﬁalmﬂytthe ¢ ¢foné arftigeddhisn

wdifop iy awﬁﬁ%&ﬁ%%% W@

%&ﬁwg&b%@Tﬂ-ss adb)05-19e:p10&r e restinul ated wit h
core protein and good responses were observed with

purified core protein (figure 8) |lope HCV NS3 15 M ce
AR sp0i uni sed with p7313 WI' and codon optin sed NS3

usi ng- PMLD. . _Cood r o NS3 f ol lowi-ha

esponses
Cortmuni sati on pN@3a si ngl e bopNEBer e dermnsﬁP@?@d in
C57BT

HCV 510
NS3 NS4B NS5B Core
HCV 520
NS48 NSSB Core NS3
HCV 530
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m ce using bothNS3 protein and Vaccinia 3-5 to read
out the response by ELISPOT. Both [|L2 and I FNy
responses were detected. No significant differences
between w I-d type and codon optimsed (co + m
versions of the constructs were observed in this

HEp@riment (figwWose 20 9). Howewss differencefNsaBI n

ﬂﬂﬂﬂﬂﬂ afaoll v na trhinc) A bt |
A—oH-ewrg—t+rbnRs-ent—transfebtion—were

.
vi tT VU CI\[JI CTS3T

observed between wild type and codon optim sed)
HONS0Lucts. Experinents to conpare constructs at

dece ot—in-the pri response nay reveal
TP HaEL63) {AS3pot ency of | N8B pl asmi ds. | RSB Hov

NS4B  Responses TO Tull rengtn W pr313- NSAB Wwere
observed following PM D imunisation of BALB/c m ce.
0212 and | FNy ELI SPOT responses wer e observed

109010 Dy¢101 oY restTotaty vt thet Ekw
i ) ‘|N§|3a 3-5 (fi uiS%hB:ILO). The protein

profein and Vac
was truncated at the Ntermnus to renove a highly

coul 8 ubaatisbEGh AR of M (s wERALERTHBHER 28] Pubig, "
IQRWMMMI&% fongérit ahhleom:fsmimmp dellowing the

. n [ I .
o 8 hafiR Sl pholicol Cofih et Byl P4 ot Eatptogffy, ana
polyecrii@Bide gelelesimphoResiseatri 'eﬂ)ﬁpﬁﬂiﬂg&lﬁﬁf@lm%—'éﬁs pre-formed
o8 o MO on HIEY Rt AR BT (i rosgn L TcPGlpgion), The
separatediprseinsnwore blotidtboiRo PVTIFgenitisne b4 Brofsin éxprésia thonitored

Bt St e e R s rmenn b e was s ai-

- rabbi$ pomemgichuliibirfiséroml couugged tyhbsikagish Fire:Eddss Gins)ifollowed by .

dowing i ni saf i W t h and, codon _optim sed
%-lw%gﬁg%@g_%ﬁm eceP! owi ng

i M Tlesesultoof this expredion gudy ae@mwmnedmsk&ﬁk@goaé that al the
- 0

7BL. m ce using both NS3 protein and vaccinia (
PRSP UL 3o Pt g Vol S soqto sngle
antigésf exprResingNESB. ThesH Bl b el RSIRATIECwEH: B HAI00 88 due to cleavage
O&Wen V\ﬂ'tﬁgﬁ co . +tmversions of the constructs in
1176 o from the. Nrterminal pesition; HCVIS02 s uot detegted indhis pxneriprent due
to WClonii@leytr. O & repSat TRyserifrenl witPhRflef dohdtie RV
H&%QZGNSZLB' nd 5B were formatted in 1eS p7??? e to{]%f
A & tathe gther ralgwRiping ol yprot ei n. The anti gens
were expressed in a different order in the different
hown bel ow. The construct panel

Ex%%i%#, z%ttq%ﬂ%is Wpuueresponse 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.

SPOT assays for T cell res; es CV gene 'S
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of single polyproteins was designed so the

am no-term nal position was taken by each of the four

antigens in turn, to nonitor whether the | evel of

expression was significantly inproved or reduced nore

by the presence of one antigen than another in
gsition. In 20 addition two constucts

}Jpe‘rpémg‘ér?gg?m % which the Core protein was

r e- arSplsenedere iobtaited fromdmmnhised anircals at Tdayd pdstBodsb Spleehs were

%11_05- 1@%?1-.1 4. I%NA% 0, Co, NS3 ]@ NSSS(ﬂ@(HCN

ysedbyP i tim ChlogidéNpehtrid Bnd &deie(s badrefiob @l to leave a fine

(Sl bty s s s e
caiplee media %mﬁmsm Séhercthide fildrectd ofify d primary

.Usi nﬂ . Li Ea &II;E] ae 2000 tEans{,ectl g\r;Vi Lgagﬁgt

standard manufacturers protocol. Cells were harvested
éﬁ g?urs post- transfection, and polyacryl am de gel
Gﬁ%rey S carrl ed out usi ng NuPAGE 4- 12%

Bi s- Plates wekeCcohfat Wadh Q?Qat%fi RebseYERPorfat %musellﬂ
ready- made buffers I nV| troge Li f e Technol ogi es).
(Bpminge Pl e sastidiemight ot S Coeloraoehe pifisr whe

QiR WitKP S Fpl eﬁﬂcgﬂi RiebeddBEd tothd pidtet ARR1H5 &nywaﬁrmmbm

rai sed agai nst "NS5B whol e prot el n. The secondary probe

Hfe\s anfigeasfvere obtaiped from Miknogen adwsedatd ng/mi dleptide was used in assays
a@@ﬁw eaic%ahen BPI-36IM Y REasBRCIX §3T58 &Eﬂoﬂ}es T4 poifides were

-chem -l um nescent detection us

ob ¢ ﬁ?@(ﬁme@%&nﬂESJésm&émmme@bwpﬂémégmmlﬂmmmmg |
?orsl Wﬂrs'lﬂ‘ CPlsome :

results showthat ypr ot el ns are ex resse

; em;rimentﬁ cells MMthrqcmmgmt Mm/sxprmﬂis%&m%f’achma Wwild

|Befés%+: or ﬁi‘ﬂ% essing NS5B. The slightly
ovver ecu g-' wel g ?BT 500 is due to cl eavage

Development of ELISPOT assay plates.
_Cells were removed from the plates by washing once with water (with 1 minute soak

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

image analysis system.

Flow cytometry to detect IFNy and IL2 production from T cells in response to peptide
stimulation.
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of HCV core fromthe N-term nal position. HCV502 was
not detected in this experinent due to a cloning

error. In a repeat experinent with another clone the
| evel of expression of 20 HCV502 was simlar to the
ot her polyproteins Exanpl e 5, Detection of | mune

respo P B N u ioalf b U e B ot

by PM thh
HﬂvWﬁbﬂ@@mnye%vmtxﬂh@lﬂwkapﬂmphﬂﬁe@ﬁngofmmb

elm i e
2 b@ﬁéofﬁl ays poslté%‘o'dggﬁl%%&é% eftto incubate at

nmoni t or ed

’PPFPl‘@-‘@R#’#t%FP &or 1§ymiokes) & ml prlm atldedtidn applr@l‘iate tubes, which

Bl Bt b ’ﬁg%“%f‘%%%“?’*a%‘?w BrisRas ShatRe gk Re i

gene
W&!\bé‘egﬁlf an h@d at ¥BEin ﬂhﬁﬂﬂdﬁmﬂer&aﬂhnﬂ}@hﬂmﬁfelﬂyﬁ w8 Gdided to each

TBRRG TR B ST cofat Tk R et b, 119 pREFBRGLser bt

tk@lrbtsmed\m Clgtde!hsmalmmﬂmttlﬁt vefm@ghieent  and

~ 2SF;§Od¥%§§&3g5¥e%n%ingave a flﬂg é Euspe25|on of )i anti- -

mmsmm%mh (Tt h) CRvalestivieré R akihad, lafd steimed with BkdpBR{dIn-ECD.

AR et e P TRt et Bt e ersbrmestization

Rage@@mnmtew)fsf S mihates bero6ia disbrathce A A v%ﬁhg,%bm of

p%n%%ﬁami gEUSZ‘EIIFE% orI Jat and nouse IL !e - IFN-y.PE

+ Bati-Bi-2-FIEE. sdn@lqswmcnweemsﬁ%lp&ﬁ&e Sort 15 HRiRmisk, A washod,
ed to the plates at 4x105

- Sl FPeoioB il e Teod gt oo Blow Cromeiee.d

f r oA bt O HB0,008 2613 A58 cillectbd péH samBiR ahd £ il cD8
ion of 1-10M asure

-, _@assays &gflnal concentra
et B“E‘_%é“ g@qﬁeﬂlssa@m'rm@m@zmmm
. toktimaéenenmed Synt heS| S.

Total volune in each well was
antigen stinulated cells were

200i tes containing
chE'ﬁf%g‘ %‘P w fht #ib the polyprosein enpadlintg Care, 3983, NS¢Bisad DISSB in
dl?'/ggf ni a ﬁigﬁes& ng NS3- ﬁe %acm ni a %&Iﬂﬁ?wlﬁa 8530)
h%%“ﬂﬁﬁﬂ@@ g-EEPQP@HD@EBamMﬂBGWBEmmﬂbdemamﬁwhofﬁw
H@S?Z*?E“’%MWS Y %‘3" R0, S amdsalf bl ERRNESBY ARG g3y ana
ﬂﬂ&b GﬁéEﬂF§K§7of cells) and three times with PBS.

mﬁgﬁ?ﬁn A e Bhae s SRl Rpedinndth pahl Y IG5 & socd

dissHiresponge Was clicifed tropnfioumu@odominant NS3 CD4 specific peptide, which
was similar between HCV 500, 510, 520, 530.

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

immunisation with HCV polyproteins

Construct l nil  NS3protein NS3 CD4 peptide NS3 CDS Peptide
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O hours at roomtenperature. Plates were then washed
three tinmes wwth PBS before addition of 25
Streptavidin al kal i ne phosphatase (Caltag) at 1/1000
dilution. Follow ng three washes in PBS spots were  _
reveal ed by incubation with BCI CP substrate (Biorad)

. 15- [ Substr was washe ff using water
Pg%rosnﬁ%t_ széﬂe:bzzgm I oweda{)'g“dry. Spotsd4\i\£re enuner at ed
HEV1500 ar| 0.09ade27anal ysi s0.8stem 30 FI5W cytonetry to

[fFNy a L2 prod ton fromT.gglls in

4}% pelbgVilde sti?lfgéation. 31 Approximately 3
HOV&26pl echy:OeBl \_/Iyﬁre al Mmo: edt per te&s32 tu(kj)e, gnd

el ] et. e sup atant was r ved an
&O(Ht et to br ea(gﬁﬂp t he pell e4te§§8 5g of anti -
.00n ofp.mnt i - CD4%Jog Phar m ngen).pgere added to
each tubde, and left to incubate at roomtenperature
for 10 minutes. 1 m of nediumwas added to

IPWPIRRSE RCBll tethdes wibé 8dlecred TN Dvihd S StimidaBSN of PSR sin

al one,” or nediumw th HCV antigens. Sanples were then

. Presengpon @wenceof erigaeor 6 dours.rig presence et Brefediindyen lag fhpwrs. IFNg

r ef. i ) QOIQ!ZP' 5 m t he
%g%%%ﬁsg%%‘? conf i ﬁued f%%é%&ﬁ%ﬁ? hours. The
pr ogh stengrChgitesponberotibe immaunodanipant M3 tspeclfic; peptide wesslso

R af it WA S, SYE S oA, 30tk o

betweened1§5-6% ofCD8deells. CD8 bi otin (1 mmunot ech). Sanpl es

Sarpi i FREY AR e S el pridignor CDd md

CD8 oespérises tbIboth NSstBomd NS SBemaulipénis zzlthough th"ERS eesponsks were weaker .

AR ok ST BTGB ¢ L5

I'ntraprep kit was added to each sanple with.

B SYASTAT, ST TV MEP RO (LI, 2

imhasiaton wiPHERpblyprotei € resuspended in 0.5nl buffer,
and anal ysed on the Flow Cytoneter. A total of 500,000

cells were coll ected per sanple and subsequently CD4
PRAAIICDS |of | s NBRGreRied NSSElEDr M ne INSSHODSIpRplideS
of cells]secreting IFNy and/or IL-2 in response to
stimulus} The results sho®ePH8® al| the pol yproteins
1 TNSSB T Zg gFrrerem

N W05 0190 % 26 ;
orders afje able to stimulate i mmune responses to NS3
HCV&S06ICV $0®9 5004 520, 53@M43 The resul ths35are shown in

HEYS10 o7 | BT HY Dol yprot &8s (HOv 500, 0. 520 and
HEEGR0 wheo.ltonDOBred by 1DAZ FIG 13A) &8 IFNy (FIG
acvis F-|o%7" b.0s 0.7 0.12

HCV 501 01 003 0.13 0.09

IFNyspecific 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 IFN; yFI.'I_'C.
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The phenotype of the responding cells was anal ysed in
more detail by ICS. A good 25 CD4+T cell response was
elicited to an i nmunodom nant NS3 CD4 specific :
pepti de, which was simlar between HCV 500, ‘510, 520,
530. Table 1 Frequency of NS3 specific CD4 and CD8 T
cells producing | FNy following inmunisation with HCV
pol yproteins 30 Construct | nu NS3 protein NS3 CD4
pepti de NSB CD8 Peptide 32 NS3 single 0.05 0.29 0.24

Fable 3 OB CDL5r OD3 Spetifie X celligxodutivg SFNy ollawing
0.29 3. 001014028332 HCV 530 0. 07
WW‘H"’?I"' 01005008016IFNy

specific T ceI I responses vvere detected foll ow ng

Flermiolmior  SUBeraiin, n NBCHL pbkres; SRR CORBERE

@ n IUOFS auﬁrmg WS @agected by gat pigg on CD4 or

cel nd staining with IFNyFITC. _ 5 A strong

>9.0ﬁse0-0% the i Hodoni nant NS39%pecific

P 0 genera foll owing i ggni sation wth
qﬁ; OY@ b220 and 5 Gb@ reachi ng frequenci es of

spsch0865- 808 0f CDS+ @éﬁl s. | muni sa@38n with HCV
51L nd 530 aly50 resulted ingdgtection of

E%Cl)‘%?o @1 CD@l?esponses t'o both NS4B and NS5B

mavsaehe.ns al 0.09ugh the D6 responses wdild weaker 10

pesif f colimepats were s solg ol AR it i

phesEhce BRGbsehde of afifidenJord W inYirescnbb/ofiBybfeldii A fpr last #hours. IFNg

| mTunl sawugé%%% ﬁ’%ﬂ‘gs Pl aagigﬂ,rﬁét%NSSB
%ﬁ%@ﬁ&gk&ﬁbﬁ% %uﬁ,eHgvcv5g2000021001619004§80 %

0. 08
Protein Peptides
NS3 (C57BD)

CD4 PRFGKAIPIEAIKGG (SEQ ID NO. 13)
CDS YRLGAVQNEVILTHP (SEQ ID NO. 14)

NS5 (C57BL/6).
CD4 SMSYTWTGALITPCA (SEQ ID NO. 15)

CD8 AAALRAFTEAMTRYS (SEQ |D NO. 16)

NS4B (Balb/c)
CD4 IQYLAGLSTLPGNPA (SEQ ID NO. 17)

CD8 FWAKHMWNFISGIWY (SEQ 1D NO. 18)

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
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HCv 530 0.07 0.06 0.7 0.12 HCv 501 0.1 0.03 0.13 0.09
15 I FNyspecific T cell responses were detected
following of stimulation of splenocytes in presence
or absence of antigen for 6 hours, in presence of
Brefeldm A for |ast 4hours. IFNg was detected by

e B 4 B i s v

immowiisation Wit 500; §10,5RY afdHDEAGER)- i nmruni sation with
HCYpol yproteins. Plasm d nil NS4B protein NS4B CD4
peptide NS4B CD8 peptide NS4B 0.05 0.17 0.18 2.04
HW&&WH BiphotéinsGnduibde\firk GioPaldBIIOacg9ind. 09 0. 34

T e DA Sarb NSz ine HEY 500,510

mﬂwommra@mmtamheﬂgmbm\mpngnmﬁommgmmm re-
Fo i 5 R 1 e
tweith the/safhe peptiiie OV demuniséd it alt ednktsuctstiowed

st | n I F%s | TC. The peptides used-have
?‘Bﬁ‘i"u a8 ot ein Peptides NS3 (C57BI)

4 W&E@mﬁ&mm pohfpiieins can nduce fimctional
GAVONEV| L THP | 4). NS5 (C57BL/6). CD4

M 'h‘PF‘@"% 8’? “&é CD8 AAALRAFTEAMTRYS

(SEQ ID NO. 16) NS4B (Balb/c) CD4 | QVLAGLSTLPG\PA

SEQ I D ) CD8 FWAXHMWINFI SA W (SEQ I D NO. 18
é@w%% ‘ R}EFV@%’@%%MWW é"@ﬂ‘%ntlgen )

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

The recipicnt plasmid vector was p7313ie containing expression cassette 2. This was
prepared by digest with unique restriction endonuclease Sse8387I followed by incubation
with T4 DNA polymerase to remove the created 3-prime overhangs, resulting in blunt ends
both S-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, gencrating p7313ie/Expression cassette 1 + Expression cassette 2, where
cassette 1 is upstream of cassetic 2.

p7313ie Plasmids comprising the following were generated
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In order to determine if PMD immunisation with the
HCV pol yproteins induced a response that could
recogni se endogenously processed antigen, targets
cells infected with Vaccinia reconbi nant virus
expressing N83 5 were used as stinulators in the

he results

Y eallon with 500 510, 320 hd 550 (FIG 14) .

gnm@:h on_WNSiB Fmpoljyproteq‘n%oﬁdubes fwsstional |

CM'activity. 5 C57BL mce were | nised wth 0.0Ig
encodi ek NS3™a e, |[HCV 5 d 5""
' d'bi ot 6 _BE +eeh eel—l—s—-,

ol oW ng
TE group, 5 Sti
wegi’a eptats -
measured agai nst ELA ceI I's puI sed Wi t h the same
' M ce i Quyptse i v

shown in FIG 15. Exanple 6 DeIrvery of HCYantl gens
Kootnofgaal pronot er construct 15 Dual pronoter

Uﬂ\ﬁ? il usi ng the ng net hod.
N nen tg{rry ng %‘?ﬂ’&‘ﬁ“"&ﬁ%@%%. ncI ud| ng
memmm&mﬂﬁ-
ﬁ;é'? @3 of n%esi pl us rabbrt gI obi n
- SI g %g $ % 9; host vector,
nanely p7313i e, by unique restriction endonuclease
site ener a unt _en
¢ he oetoPrn®lfemeToun shebe is Sas g harben for capresson
ﬁoarkmmmtttrap&fm ih zaagtcer_lrshwawmaa bt The md bcm tlglrgWestemt blot
ressron ca is was prepared by diges
% g@f‘&%gﬁnﬁﬁ%ndonucl ease Sse83871 fol | oned
lmﬂslﬁdﬂbmti on Wi thpﬂlmml toblrerrove tjhe
cl2al.e -prime ov resul t n unt ends
2'&?3??#’%% me and 39e Pﬁlﬁg“f W?ﬁﬁ:f mol ecul e. This
3.pA313elNSSBt h uni qum., gmgfgmg@miggggnucl ease C al,
pressi on

259 f
43’2@@7{:@%&§ Ssacl o]n‘e 31ﬁra ol SNEPENBr essi on cassette

5.p73130e/qB4Hs®| unt A BielioRe 1 NBdgBsBENer at i ng
6%@3&/& ressi on cassette 1 + Expression cassette 2,
tte | PorIildefEBAbI+eassette 2. p7313ie

7. prasie/NS34m3B@pr i sing the followi ng were generated 35
Cue NS3 NS4B NSSB

Each pair of constructs carries two independent expression cassettes. It was not
expected that the order in which the casscttes were inserted into the vector would have an
effect upon the expression from either cassette. These results indicate, however, a significant
disadvantage to the expression of NS4BSB or NS34B5B fusion proteins when their
respective expression cassettes are positioned downstream of the Core, NS3Core, or
CoreNS3 cassette.
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NS4B NSSB Core NS3 NS3 Core NS4B NSSB NS4B NS5B NS3
Core Care NS3 NS4B NSSB NS3 NS4B NS5B Core Foot not e:
Arrow = Human Cytonegal ovirus | E gene pronoter (HCOW
|E) NS4B = truncated NS4B contai ni ng am no acids -
49-260 - as outlined above. 5 Core = the Core protein
contai ning amng acids 1491. The construct panel shown
abov ExpEstigmlevel denot asipasitiye B%@ﬁ&“rﬁi%l‘@f"é&?“f"&?mm’ however some
RARBA 7516 Be expeiEd A #leBibini 8t inQiikel(1752953%4)C@irsRting into
by Western bl'ot. The results of the Western bl ot
aaednafion in eop nymbeyef plasmif delivessd to theecell by ~50% for the same mass of
13ie/ Core 8. p7313i e/ CoreNS3+NS4B5B 2. p7313i e/ NS3
. p7313i e/ NS4B5B+Cor eNS3 3. p7313i e/ NS5B 10.
p7313i e/ NS3Cor e+NS4B5B 4. p73l 3i e/ CoreNS3 11.

AR e R SR oo 13

p731 ek e BB GmopstUZts WenSBriod K@ 3nBuogemiaiy stpdics, which

BRIRL Y el P sf L BRGHS e VB 78 | s amavssm +

Guine/D8 ; 3,?73»131@55&/143582 = w¥S3Coresied pedl 3ierifSBWBi drCore. CS7BL
aaV X .

B G B 6 SRR B 2Bl oy e e

damgmfn'isBsgngs TkicH axpivpe) wing mashnﬂptf‘ﬁgnatf ;asulmé(hhdv?@m 17)

R RO HuheB L i gty Bl r SIS S v

ifonmisathiB §Sislecytes stinfidaraiNGth CD4 and Cd8 NS Theelb spesificpeptides).

| evel is not as positive as for the single antigen
constructs, however sonme reduction is to be expected

Exumple7, Deletion sniatibe6f Core.nCcr ease in size (175-228%,

bl o RHE 04 EnE Fosogng e QR Br (e, R hlele apa ogion

+spanfithg 20 ambiVAacids per time from the 3’ end, were generated and fully sequenced.i

Core component -Nomenclature
15-191 Core A15
1-191 Core 191
1-171 : Core 171
1-151 Core 151
1-131 : Core 131
1-111 Core 111

1-91 Core 91

1-71 Core 71

1-51 Core 51

FIG. 18 depicts a DNA agarose gel showing the range of genes encoding fragments of
Core. These constructs were tested for expression, combined with their effect upon the
expression level of NS4B5B fusion (p7313ie/NS4B5B), by co-transfection in 293T cells. The
results are shown in FIG. 19. The lanes being loaded as follows: ‘
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In vivo i munogenicity induced by dual pronoter
constructs. Three dual pronoter constructs were

sel ected for imunogenicity studies, which showed the
greatest expression of all four antigens. These were
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NS3Core and p7313i e NS3/NS4B/ NS5B + Core. C57BL 10
mce were inmunised with 1g DNA by PM D and responses
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(p731371 €T NSAB5B), by co-transfection 1n 2931 CelTs.

ﬂge resqu*Ls are shown in FIG _19. The |anes being
Epredls #@aﬁ@fewa@w 13l and Gogrl g1 are clearly detected

vl Re Véstien BloPd ait-Cord SHNHERESH Gabion of the expression
. p7313i e/ NS4B5B Cor e 191 3 p/313i e/ NS4B5B Core ALS 4
N34R3E, Frethes trneatedformsiof @m\am defersed, popsikly due toFige capture
restrictions of the gel system nsed. '
The result demonstrates a significant reduction in expression level of NS4B5B in the
presence of Core191 and A1S, which recovers with Corel71, and again with Core151, despite
the strong expression of both Core species. This observation has been repeated twice with

NS4B5B, and once with NS3 and NS5B.

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

Experiment 1 Expression in Trans format

An experiment was performed to monitor the effect of expression of Core191 vs Corel51
upon the expression of the non-structural antigens, when Core is expressed in frans, or
encoded on a separate plasmid. The experimental protocol was the same as that described in
Example 7. Briefly, 0.5ug each of two DNA plasmid vectors, outlined in the table below,
were co-transfected into HEK 293T cells using Lipofectamine 2000 transfection reagent in a
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In all cases, the amount of non-structural protein or fusion (NS3, NS5B, NS4B-5B)
O" 10  when produced in trans with Core 151 has been demonstrated to be significantly increased in
comparison with the level produced when expressed in trans with Core 191.

Experiment 2 — Expression in Cis format
An experiment was performed to monitor the effect of expression of Core191 vs
15 Corel51 upon the expression of the non-structural antigens, when Core is expressed in cis, or
encoded on the same plasmid in fusion with the non-structural elements. In each case,
Corel51 was substituted for Core191 in carboxy-terminal fusion with the non-structural '

. region specified.
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3 NS3 Core 151 4 NSSB Enpty vector 5 NS5B Core 191 6
- NS5B Core 151 7 NS4B-NS5B Enpty vector 8 NS4B- NS5B
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DNA plasmd vector, outlined in .the table below was . .. _
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6antiscr By ﬁggﬁ\; hat—ot—Core by.a—-s-e-‘%nda}-ﬁ—pr-ab-e—m——_
the same b th anti-Core, in Gelf“Br€ Phe | anes

7were T oadefiNgsgdescribed 1n the 10l | g 31t DT €. Lane
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8NS5B 3 4 NENSEBNSSBO1 5 NS3 Core 15€ore191

9 NS4B-NS5B Core 151
10 NS3-NS4B-NS5B (HCV 510) [ Care 191
11 | NS3-NS4BNSSB(HCV510c) - | Core 151

The results indicate that in a Cis format, where the antigens are in a polyprotein
fusion, the truncation of Core increases the expression of the fusion protein.

Comparison of effect of Core191 and Core 151 on immune responses to NS3.

C57BL mice were immunised with 1.5ug x 2 shots total DNA by PMID. The groups
immunised included empty vector p7313ie alone, co-coating of gold beads with p7313ieNS3,
P7313ieNS5B and p7313ieCore 191 or p7313ielNS3, p7313ieNS5B and p7313ieCorel 51.
Co-coating was used as this should deliver all plasmids to the same cell that should mimic the
in vitro co-transfection studies described above. Immune responses to the dominant CD8 and
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
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cytokine staining to nmeasure 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 conpared to Core 191
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41__a_Cainms__1. A polynucleotide vaccine conprising a
pol ynucl eoti de sequence that encodes the HCV Core
protein and a pol ynucl eoti de sequehcé that encodes at
| east one other HCV protein, wherein the vaccine
causes expression of the proteins within the same cel
wherein the Core protein and the at | east one other
HCV protein are encoded in nore than one expression
cassette characterised in that the expression cassette
enggping the Core protein is in a cis location
downstream of the expression cassette mhich encodes at
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claijn 3 wherein the truncated core protein consists
Core 1-165 sequence.

4, A polynucleotide vaccine as claimed in claim 3 wherein the polynucleotide
encodes the mature form of HCV core protein after the second naturally occurring
cleavage during normal HCV infection. '

5. A polynucieotide vaccine as claimed in 3 wherein the truncated core protein has a-
deletion of at least the C-terminal 10 amino acids.

6. A polynucleotide vaccine as claimed in claim 3 wherein the truncated core protein
consists of the Core 1-151 sequence.



8. A polynucleotide vaccine as clained in claim| or

claim2 wherein the expression cassette encoding the
Core protein is downstream of &n expression cassette
that encodes the NS5B protein. 9. A polynucleotide
Vaccine as clained in claim8 wherein the expression
cassette encoding the Core protein encodes for Core
protein in fusion with the HCV NS3 protein. 10. An
HCV vaccine as clained in claim8, wherein one
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Core 1-165. 13. A polynucl eotide vaccine as clained in

& pr el el flsBled 2 Bl £ Sk, G0 e

I\I&EBdmg i Cofe rateiprencddentor Gerepenttin indfusion with g i~V NS3 protein.
claim 13, wherein the polynucl eoti de encodes no other

Hio/ prﬁﬁﬁbﬂ'v?écﬁr aécﬁﬂhé&weiaﬁ? Imlmﬁmmmm

wh
S e e b M e b S S5 BB e

1Brotefh. POl ynucl eot i de vaccine as claimed in any one of
cilains 1 to 14 wherein the polynucleotides are codon

opti m sed for ressio I|a NS3-
p 1ynuéP§&VYf€°’9 @ﬂ@e‘gﬂfgﬁf@% ?Cynug* eo% §
SEeteA6aHle fubioh profiDid@sledtttfroniihy gﬁupeommneom&-lal Core 1-
po eot | Je sequence that encodes at | east one

‘%?eﬁ“ﬁlql@\? Lg protein, wherein the vaccine causes
expreSS| on of the proteins within the sonme cell and

t seﬁpﬁﬁv@amﬁnaahehm@nm&mg@e% gleprpiod theNS3-
qutated or positioned
g?’gtlli‘/b? @m%%ﬁig&“bo? nuc eotl de sequence encoding the
at | east one ot her rotein su?h t.hat, the n at|
el ectAEﬁlmbPW %B’g‘ﬁ“’t‘ﬁg
C e oRr HOY pa&%m'cbﬁ%:ﬂé& thediCV ﬁ%&insoﬂss NSABrandtiNESPY Ot ei n
cha

S reduced racterised in that the Core protein

encoded%%%@%mucl efam%éﬂﬁ@ﬂ%g%h%&%%@ﬁ&e&

lend&des AN SthEHEV proteid..

15. A polynucleotide vaccine as claimed in any one of claims 1 to 14 wherein the
polynucleotide sequence is in the form of a plasmid.

16. A polynucleotide vaccine as claimed in any one of claims 1 to 14 wherein the
polynucleotides are codon optimised for expression in mammalisn ce]ls.

17. A polymucleotide vaocme comprising a polymucleotide sequence that encodes the
HCV Core protein and a polynucleotide sequence that encodes at least one other HCV



18. A nethod of preventing or treating an HCV
infection in a manmal conprising admnistering a
vaccine as claimed in any one of ¢lains 1 to 17 to a
mammal . 19. A nethod of vaccination of an individua
“tonprising taking a pol ynucl eotide vaccine as cl ai ned
in any one of. claims 1 to 17, coating the

pol ynucl eoti de onto gold beads and delivering the
gol d beads into the skin. 20. Use of a pol ynucleotide

VaGaLA RSt 13 VAR h il phbnfs it Sarhdlcdhad
nut acture o ame canent for thetreatmsnt of
4 4he sequence of the polynucleonde sequence encoding the core protein has been xmrtated

or positioned relative to the polynucleotide sequence encoding the at least one other HCV
protein such that the negative effect of expression of the Core protein upon the expression
of the said at least one other HCV protein is reduced, characterised in that the Core
protein encoded by the polynucleotide vaccine consists of one of the following group of

sequences: Core 1-151, Core 1-165 and Core 1-171.

18. A method of preventing or treating an HCV infection in a mammal comprising
administering a vaccine as claimed in any one of claims 1 to 17 to 2 mammal.

19. A method of vaccination of an individual comprising taking a polymucleotide
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.

20.  Use of a polynucleotide vaccine as claimed in any one of claims 1 to 17 in the
manufacture of a medicament for the treatment of HCV.




