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VACCI NATI ON FI ELD OF THE | NVENTI ON The present invention is based on the

finding t ope proteins of HCV induce a beneficial inmune
response i mﬁ&wwnmwg MQLS which are chronically infected w th MarBiePgP! ogous
subt ype | pe 1b HCV strain. Mre specifically) the present

i nvention rel 31"€Y to the finding that envel ope proteins are highly

i mmunogenic and result in the stinulation of both the cellular and hunoral

i mmune response. Moreover, the present invention relates to the finding
that bl ocki Nt TRYBES QI RCY ENVILEPE PROPEINGSUSE FORV ACCENATIGNIENI C
proteins. In addition, the envelope proteins of the present i1Invention can
be incorporated in partlcles whi ch di splay a high i nmunogenecity and

i mmunoreactivity. It was furt at. such particles may

I ncor porate other proteins. BASKSROOND a-bhumul@h NTI ON Hepatitis C virus
(HCV) infection is a major health problemin both devel oped and devel opi ng
countries. It is estimated that about 1 to 5 %of the world popul ation is
af fect ed by t hEhe/present inventiannis based om tmrfprdmgsthatdlmvphee mms ngﬂﬂ\éinﬂu@ause
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di agnosti ¢ nmethods an ffective therapeutlc agents is high. Al so sensitive
and speci fipding that envelope proteins are highly immunogenic and result in the stimulation of both the

cellular and humoral immune response. Moreover, the present invention relates to the ﬂndmg that

e
envélope proteing of ‘the present invention can be incorporated in particles which dlsplay 4 high
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blocking of cysteines, by alkylation results in even more immunogenic proteffis. o aadl

immunogenecity and immunoreactivity. It was further demonstrated that such particles may

incorporate other proteins.

BACKGROUND OF THE INVENTION

Hepatitis C virus (HCV) infection is a major health problem in both developed and
developing countries. It is estimated that about 1 to 5 % of the world population is affected by
the virus. HCV infection appears to be the most important cause of transfusion-associated
hepatitis and frequently progresses to chronic liver damage. Moreover, there. is evidence.
tmpticating HEV jut_induction of hepatocellular carcinoma. Consequently, the demand for
reliable diagnostic methods and effective therapeutic agents is high. Also sensitive and specific
screening methods of HCV-contaminated blood-products and improved methods to culture HCV
are needed.

HCV is a positive stranded RNA virus of approximately 9,600 bases which encode at
least three structural and six non-structural proteins. Based on sequence homalogy, the structural
proteins have been functionally assigned as one single core protein and two envelope proteins:
El and E2. The E1 protein consists of 192 amino acids and contains 5 to 6 N-glycosylation sites,
depending on the HCV genotype. The E2 protein consists of 363 to 370 amino acids and contains
9-11 N-glycosylation sites, depending on the HCV genotype (for reviews see: Major and
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screeni ng net hods of HCV-contam nated bl ood-products and i nproved net hods
to culture HCV are needed. HCV is a positive stranded RNA virus of
approximately 9,600 bases which encode at | east three structural and six
non-structural proteins. Based on sequence honol ogy, the ) §aednocas
protei ns have been functionally assigned as one single core protein and two
envel ope proteins: El and E2. The El1 protein consists of 192 am no aci ds
and contains 5 to 6 N-glycosylation sites, depending on the HCV genotype.
The E2 protein consists of 363 to 370 an2no acids and contains 9-11
N-glycosylation sites, depending on the genotype (for revie ee.
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indications point-out that some other parts of the HCV genome may be important to induce a
specific immune response which may allow contro! of the infection. Also T-cell reactivity against
the C-terminal region of the core protein has been observed more frequently in patients
responding to interferon therapy (Leroux-Roels et al, 1996). Potentially neutralizing antibodies
against the NS4B protein were demonstrated in patients clearing HCV after liver transplant (Villa

et al., 1998). Also within NS3 several T-cell epitopes have been mapped which seem to correlate



with clearing of HCV during the acute phase (see: PCT/EP 94103555 to
Leroux-Roels et al.; Leroux-Roels et al., 1996; Rehermann et al.) 1996 and
1997; Diepolder et al., 1995 and 1997). Furthernore, antibodies to NSSA,

| i ke E1 antibodies, show higher |evels at baseline before Jonygskh epen- al pha
therapy in long termresponders (LTR) as conpared to non-responders. At
present, therapeutic vaccination for HCV has not been successful. Also
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hi gher i munogenicity. Final the present invention relates alSo to the
finding tmmmt'ﬁlelmeoﬁmwgoeﬁn@srm atasi@vthersurirising fndingghat ther kot Mlmmr

natural | y. occuri 0 ef er en t cid,
G ut am ndeb PP huRh My R Gl Ao TR pol AR Mt C ot
resul ts ifom @itRé partigles e stivuld ilyo b@ﬁm@uﬁﬂ tb @vbiiEin@iidtioh @ bn ﬁﬁmeh@mponse
proteins. 22 I\/arch 2003 4 AINS OF THE INVENTION It is clear fromthe

| i t er at ura@aipsiaen-relevant enitopes. the &d proteis dged for yrarinagpn was coRptrustedl A8 @ cARSSNESd
effectiv

i e at | AARREPBOHINFAAPABKE defiled b o SAIELAD sl ol BRE o BERIGLR |
hunor al aﬂdmoe,l thesprasent applicatiop rélaed{c\the ﬁ:mmg thpezha mtuemdimf sechanti (Elutspoates

solely) in chrom c HCV carriers. The _same antigens can be used for
di agnosi Sn®f qln%easﬁﬁhhesm%?ﬂtsﬁgseof W@egtﬁ&epwe&awhe s offhebsrtion REESER on

ai ns at m@, ts
of stabl gﬁgfrl&k{g%s o"f%py nggsaﬂ{eﬁ@gf:%fodgqglra%?é?ﬁ% 0 a\(iﬂ]en\égé e cleear
t hat, at emvelspnproteing hrcp:ﬂkylated efor mstancaﬂiyhudaﬁsoopre(puinahslmmﬂqmoaqetzinadc;, are
not known in the ar ver, there.is no cation in the art t 2ny
Bt gon TR M PIoR WHE R CoatEB(ihe PLESTrr Rt dep

si ngl e HQ¥oRONiSH lQﬁEn LS xmﬁ@%ginﬁwq@xﬁﬂfy‘ kﬁdpx@&nk’ﬁﬁ&xtﬁﬁ rélQé%E 8ls8tearReus)
prophylactic or therapeutic vaccine agai nst "HCV.” The present invention thus
al so ai rrsﬁrahngowhetvmdtangn i opsitioes Qfdiﬁawmglepstpanbms paeny ethersnatysally ocaomingbe

successfull a h ctic or ther eutic en st HCV, in
ald £ on e Age nEeraRle R rBGnik. irime el hlBRET bnaPds Bt eldatiancly
the pres %udl&VﬂrHc's&fbeﬁ' d¥Bv@hls® feamtmnnmgﬁerrm{rﬂ%gbﬁacﬁy Q@H\?Qrcﬁ he therbriihal
particles based on detergent-assisted particle formation (see further).

Fur t her nomelophpropirssent i nvention ains at providing nethods to prepare
particles consisting of antigens obtained fromdifferent HCV genotypes.
Moreover, the present invention ains at providing an antigen which is a
consensus sequence from i ndividual clones) which nay allow a nore correct
folding of the proteins. This in order to avoid stimulation of imunity
agai nst non-rel evant epitopes. Furthernore) the present invention ains at
prOV|d|ng an antlgen fornulatlon in partlcular for therapeutlc
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Anot her aimof the invention is to provide oligoneric particles which have
a superior immunogenicity, due to the nutation of at |east one cysteine
resi due of HCV envel ope protein into a natural occuring am no acid,
preferentially methionine, glutamc acid, glutanmne or lysj N%rch 2003
Alternatively, alkylation of at |east one cysteine residue of HCV envel ope
protein may be performed. In particular, the latter protein can be

al kyl ated by neans of ethylenimne, N-" (iodoethyl)trifluoroacetam de or
active halogens. In this regard) the insggant invention ains to provide the
addi tional use of oligoneric particles as vehicles for presenting non-HCV
epitopes efficiently. It is a AIMSGH THEINVENHONr esent invention to
provide a-nmethod to treat patients, acutely or chronically infected, with
an anti-envel ope anti body, such as anti-El antibody, e.g. anti-E1 V2 region
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prophylactic or therapeutic agent against HCV, in addition to provide DNA vaccines encoding

HCYV antigens. More specifically, the present invention aims at providing a method to produce
the latter particles based on detergent-assisted particle formation (see further). Furthermore, the
present invention aims at providing methods to prepare particles consisting of antigens obtained
from different HCV genotypes.

Moreover, the present invention aims at providing an antigen which is a consensus
sequence from individual clones, which may allow a more correct folding of the proteins. This
in order to avoid stimulation of immunity against non-relevant epitopes.

Furthermore, the present invention aims at providing an antigen formulation, in particular
for therapeutic vaccination, based on the genotype of HCV by which the chronic carrier is
infected. In this regard, the present invention aims at providing an envelope protein of either a
different or a homologous genotype or subtype compared to the genotype or subtype of the
chronic carier.

A further aim of the invention is to provide a method for treating or therapeutically
vaccinating chronically infected patients using the above-indicated antigens or DNA vaccines,
possibly in combination with other compounds. The present invention also aims to provide a

method to prophylactically vaccinate humans against HCV.



Table 5 shows the rearrangenent of NS3 in order to make a shorter protein
carrying all nmajor epitopes correlating with viral clearance. Table 6 shows
the reactivity in LIA of Els-acetam de versus El s-naleimde with sera of
chronic HCV carriers. Proteins were i mobilized on the LI Ao WeidN 2508S-

El s-acet am de was sprayed as such on the LIA strips while Els-malei mde
(al so containing biotin-malei nude) was conpl exed with streptavidin before
sprayi ng. Antigens were bound to LI A-nmenbranes, and strips were processed
essentially as described in Zrein et al.35(1998). Human anti bodi es directed
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i n Fi gur eregjoreantibedys withé¢ratbne or in ¢cdmbivatronrwitnothérgreatments$SEC col urm in 0. 05%
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betaine. Figure 4 Dynam c |ight scattering analysis, expressed as

per cent agévefuanhe nunber of particles in relation to the observed di aneter
innm of Els i BS/ 0. 059 PS. Figure 5 Dynam.c ligh C erjng
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t he obser ¢mbodimenitasseti gt belowof E1ls in PBS/ 0.1 % betaine (top) or 0.5%
betai ne (botton). Figure 6 EM staining of (A Els in PBS/0.05% CHAPS and
(B) Els in PBS/ 3% betaine. Figure 7 Size distribution of particles of Els
in PBS/ 0. 05% CHAPS.



22 Mach 2003 8 Figure 8 Evolution of anti-E1 antibodi es induced by six
consecutive and 3 boost i mmuni zations (indicated by small arrows) in a lb

i nfected chinpanzee (Phil)) and the evolution of ALT, HCV RNA, and anti - El
anti bodies. Anti-El antibodies binding to solid phase E1 %%r&ﬁicﬁﬁt ed
using an anti-human 1gG specific" secondary antisenimconjugated wth
peroxi dase. TMB was used as substrate for col our devel opnment. The results
are expressed as end-point titer. ALT levels were determned with a
clinical analyser, and are expressed as &/1. HCV RNA in serum was

det erm ned using HCV Monitor (Roche as owi tzetland)  Miral load in the
liver was det er ni ned Ewem ONOF JABI AN DRAWINGS he anpunt of E2
antigen stained in the |iver biopsy using a specific nonoclonal (ECACC
accessi on nunber 98031215 as described in EP application No 98870060.5).
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devel opnment. Figure 10 Results of the |ynphocyte proliferation assay before
and after vaccination in chinpanzee Phil. Frozen PBMC were thawed and
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with 0.5 Tabledpryvidaspchiinmge pearviawlaf theShangssindnedd By therapenticvacesitiondn bvo
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(indicated by small arrows) in HCV subtype |la infected chi npanzee Ton.
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peroxi dase. TMB was used as substrate for color devel opnent. The results
are expre¢sfd s3homl iR Lirfingbhbdt lif el Shdtfd BTk rielhifins;
clinical anal ygecr), Elar?g ar eg&e[gg]&or g’@es? ag}(%)ltlﬂ. ﬁkc\%a/ RNA wg)s det epml{ge ualoﬁg
HCV Moni t epitopéoamimee]atiBg yath) vicdhelearandeand) . E2 antigen was stained in the

Il iver biopsy a using a specific nonoclonal (ECACC accession nunmber 98031215
as described in EP application N 98870060.5). The sem -quantitative scoring
i s indi catgple Q¥ndSEK reBIAGR LIAQbE B] SRR YA s MR dwithsdri6f dRbiE 1 LY
of the cells) by grey squares for clear staining in the mnority of the

cel | s andHBY cei¢re Rrgetns oecrd immmbbitipsi ansthe bdimegnbrencte Eés-redsarnidetvedsisprayed HCV
RNA is indicated 'l .bl ack, baxes.. St.ai ni of E2. coul d be .confirnmed by
Core. and #h S8opn e, TER.peBh e Bl et mgrigge ol rE R Ao HE
anti body gdameneavitheesedldinbeforddpriyiimt Afilgent Werdtoun toDIA -nidRibritedi g stn'f)s
reactivity towards the various peptides was neasured by an indirect ELISA

in which Bewstroppssed essepsiablyiasdescribeskin Zreietra (1 898)) Humen antibndins dlitseted hgginst

m crotiteppl at via streptavidin. ,Specifi. ti bodi e e, det ect ed, usi n
o ant i - b e Verd visiRl @4 uing:a bRt el Conifat i i SUARhe Bhobnitiaels
TMB was uBld a8 BUIPSickddRd F&cofl deve] t ofdE Bip. Stathifiewissodiad freh® b 4E 1

anti body responses to‘subtyt)e 1 a an sub';%_pe 1 b EZ1proteins in »
chi npanzeas e@lpingdgp Zreip st gutP88)e Usingricugreffdor s asaay alcy-5\egingmben af hesitivs/- H

of 'E1 s FmelEpafah PRECLIA AR oERoRENTLE RO BEBRTR " SATE

from




22 March 2003 10 vaccinia virus infected RK13 cells (prepared as descri bed
in Maertens et al. (PCT/EP95/03031). Antibody reactivity was neasured by an
indirect ELISA in which El was adsorbed on the mcrotiterplates via the

hi gh- mannose bi ndi ng Gal ant hus nivalis agglutinin (G\NA). %Bﬁﬁ&%hQOOS

anti bodi es were detected using an anti-human | gG specific ‘Secondary

anti serum conjugated with peroxidase. TMB , was used as substrate for

col our devel opnent. The results are expressed as differential OD (COD of

well with adsorbed EIl m nus OD of well wythout adsorbed El). Figure 14
Results of the_|ynphocyte proliferation assay before_and after vaccination

of chi npdfiguee kon.  upsrimposediizesxelusion siwomaaggaphy iprefilas indPBS{3 % Empigen BB
ith diff t anti tive.: i : i
Concanavali n A was Sonty Ak EA pUEIE°Bpeed B PR hoRTy o Mdcftens ot g1,

PBMC at a concent r afFGIMERS5/@303110S cells/well in a total volume of 150 ul

were cultured in RPM 1640 nedi um suppl enented with 10% heat -i nacti vat ed
FCS in U shaped 96-well mcrotiterplates together with the controls or 1

ug/ M of & 90heat. 4. 18I Wy 9

Dur  ng-« ASEpEEE- 1o s Herihblsid sk Seflsion bnabRBRITSECS BRI 1 CRS:
wel | . Subsequent | y, proteins expressed and purifiddaicydeding to Maegtmsses af. (FCE/HEPO5/03031)and
| abel uptake is determ ned. Results are expressed as Stjrul ation |ndices

(SI): mean rpm ant | YEkspdmitied to yethas qu,ap the stae SECicolysmn B RBSH2feCHAT: 1ons.
Figure 15 Maps of t : i 1 i ein
W ih |t Nerminal Touarbar i eom e s tus iRl p e o R ey R
pvHCV- 99 are i nt er nefd2:300ddPes Similasdegyed of associadon cas be wbtaied byf usihge 3%

del etion mutants pvHCVY 100 and pvHCV-101. Figure 16 Sequence (nucleotides:
A, translation: B) lleé‘i“?%spondi ng with the constructs depicted in Figure 15
(see above). . Figure 17 Antibody titers obtained in mce upon inmunization
with different E1 22 March 2003 11 preparations as described in exanple
9. Titer Figare3d.det eSuperimposed siveanslusionEhtdifatographynpeofiles af Wés endlERupmtkidy 20

and further on (0.5 lo 0) ,and. ihcubated on Els i 1de or.
mal ei mi de modi fi(ed)c"c?B‘%feé&z‘%H“’Eﬁcéraﬁ‘f‘?'&ng Macriens E\éaﬁmﬁgﬁg}%ﬂfhﬂam
antibodi es are det ept£ebetiid Al iAD.2BICHAPS R 3% GehiiR G fdbkaid @F&IHEE biigomeric

antiserum conjugated wrth peroxidase. TMB was used as substrate for "
col our devel opnent . stpgargses shown i Biguse?.cand submisted @) a thijrdyrunton; tae sameg SEC

standard devi ati ons - i L j t

anti body response i uceg‘m ET:TT}U{P%)SZ’é??%{nﬁﬁgﬁéﬁgﬁgﬁ@@sﬁfgﬁr@ﬁ Bhs
in mce. Antibody reéfiated appardndnidledalar heightdfi 250300 &Diai (H2S) and S 600&Dar(Els)by
an indirect ELISA, in which biotinylated peptides, (listed in Table 4) are
adsorbed on the mi cPigtilar degssesof asspfigtian cavheghtained bywsing, 1§éPa5a‘7€\€F'é' iluted
1120 and specific anti bodies are detected using an anti-nouse-1gG specific
secondary antiserum conjugated wi th peroxi dase. TMB was used as substrate
for col ouFigdew4| opnByamiélightrseate®ing rmeiysig eapreksed as potcgmiaggoftheiuimbenf i ce

i mmuni zed with different Els preparations. ecific lg c S. | ass
anti bodi es were ads?frrﬂ?é‘bfleétmf%@'q%it&%ﬁ i??sgfvg&ﬁ{ag_wweg%,egﬁimaﬂ%s@?’g%e
marine | g out of inpuaAgpssera diluted 11500) Els was incubated at 1 ug/n.
The formed i muneconpl exes were further incubated with a pol yclonal rabbit
anti serumdirected against E1. Finally) the rabbit antibodies were detected

usi ng a ggat -apti-rgabbit. [.g secondar nti serum.conjugated w.th r oxi dase.
TV veo CRRUFES. oo Bvanic BaeRBROR HalRk iR o et P aleh phing dpfber

normal i zed for | gGlofpaftididian rélselonSto@REbbssARd [dPImRAGH nalllof Bl s FEPBSAL18H Y
considered to be 1 and all the results for the other isotypes were
expressed rel ati ve bataingi{tap)|af@5% betaine)(botinglir e 20 Anti body titers induced
by two i mmuni zati ons around day 1000 with El sacetam de in chinp Phil.
Anti-El antibodi es were determ ned by nmeans of an indirect ELISA specific
ant i bodi eFighr®6i Ng EM sisthing oP (WSELsHh FBS00§%ECHAYS Whld (8) BIY in-BFBBYB% | 9G

specific secondary antiserum conjugated wi th peroxi dase. The
betaine, .

Figure 7 Size distribution of particles of Els in PBS/0.05% CHAPS.



22 March 2003 12 titer is expressed in units/m, these units refer to an in
house standard which is based on human sera. Figure 21 Antibody titers

i nduced by two inmunizations around day 900 with Els acetam de in chinp
Ton. Anti-El1 anti bodies were determ ned by neans of an i”gizrl\‘ﬁ&%hﬁbéSSA:
specific antibodies binding to solid phase El are detected using anti-human
| gG specific secondary anti serum conjugated with peroxidase. The titer is
expressed in units/m) these units refer to an in house standard which is
based on human sera. Figure 22 SEC profigle of the final detergent
reduction step (0.2 to 0.05% CHAPS): E1 alone particle (A), E2 alone
panicle (B) or an equinolar mxture of El and E2; m xed particle (C. The

fi -al h | f. (al ELI SA ifi I
Loure o SRShas o SNerl o o he chyal ver ol an SLISA Spec g Loe
particles (bottom. inﬁh%ﬁﬁioé% (mBfcalRi ¥ 'sﬁau%oh}mﬁ 4 Il?ilnf&?étoe%?xﬁﬁﬁnieemuon

step (0.2 to 0.05% CHAPS) : genot yp al one” panicle op), EI1 genot’ype
4 al one panicl e (m gl ths exvalution of AlTHBICH RNAX tod anticEl #htibodien dintige! dntibodiesl 4)

i xed ticl bot {. . The_ f.i I ) | ay. of th
of an Eo1 SA spect 11 b GocUBIES B Yo dstiesh Rring e antidtimay Tog eperiiie
22). .22 March 200@cdRiaRFahikbdm dIRREReR Wi herlidist TNEYRMT L af BbiaNMARE | ON

descri bed herein draws on previously published work and pendi ng patent
appl i cati ons. By wasoleir deyelogshent. Theatsultpark expmssed asendfpoint titent ALT devolsyears )

patents or pending, ,patent, appli.cations. All, these publi i nd
appl i cations, ci tedd%megd’gﬁ'&%wcﬂg'@&s%ﬁngww %mmm
reference. The presghd ddwtniindd Rihg BCH Kidni& (Ro¥he, Hasdl BwitRAand)OVidalRall if St

time successful immunotherapy of chi npanzees with severe chronic active
hepatitis C coul d béedixer tepingd by iserak-quantitative, determimion of thg@mounhef E2

of viral antigen fr BNERCATOLH B o RRRRT hinec¥| Bl ahdRRRRR HERCECS

hi stol ogi cal acti vi ddtestivh iimber 88031285 aslicseribed inHapplieARMING 988T0060)3).
further relates to purified single HCV envel ope proteins and in particul ar
to oligoneric particles. The oligoneric particles consist essentially of
HCV envel ot ei i P : g

dynan o 1 FHreRC,c  BP s tultBEE & o BRERE/ relbonted ok 8Bul PhAmPRANGRAERY | |
shoul d be stressed tHimparzee PHil.t Aalissiicareabgvity nowstdd thevadoul/ peptides was

proteins only) or parts thereaof (see jinfra). Therefore, the oligongric
particles of the prEE%ﬁWdi%\Pé‘ﬁP‘?‘EFﬁt%ﬁ" ‘Y'UF\‘HEWEH?’IQ‘F‘? QCRHJ}f%(S%gS‘{l%@b'FI“P(e
particles descri bedak%%@@bﬁJtﬁéﬂﬁcwhleﬁla@?%l?as%ﬁd%ﬁ%ﬁk Sridelicd e E2

and Core and P7. The terns "oligoneric particles consisting essentially of
HCV envel ope pr ot ei detécted usinganginti-himiandeg specific secondangantistrum enngegatédowith

d sh | [ ' f, the HCV E d/ E2
cnvel ope. pr ot ot ns. WP SHAGYTVRLIP B 3P RISURR b EROME ot one or two

El and/for E2 nononers) respectively. It should be clear that the particles
of the present invention are defined to be devoid of infectious HCV RNA
genonmes. Figurpdft i cResulgfof threlypinhoeyte preliferatipn mseayrbefase and pler vacgination in
particles of spherigal n . WAI e isting.of . a. she of
envel ope proteins i%hlm?@?gﬁgrpd??@%gggggﬁ °§‘%’¥%‘é%’§%‘?@%r@@.‘°§ va)}rth

adj uvant nol ecul es differdne ahtigens.MNegatied contit wazth&liualdnecwhite c@itanhwdine
encapsul ated by |iposones or apolipoproteins, such as, faor exanple,

apol i poprotein B or WRbWsefb A% | ROJitive eamirel & ris congengationngf gt MN%&MCO# a
targeting said pa”L&Je?ﬁtm&iﬁin%fiﬂ%@lds'cﬁyé?&gﬁg\ 9(0:&1%&1&H%of'15?fx[}véra%‘i&)ed%#?h
enpty spherical particles are often referred to as "viral - e particles
or VLPs. Alternati VRPMI 164@ nfediyinesuppictentadavith ¢0Bheatsinadvieaed FCS iahehdped!
structures, in which the conplete sphere cansists of HCY El or E2 _envel ope

protein ol i goners, 96-well microtiterplates together with the controls or 1 ug/ml of E1 for 90%|at
37°C in a humidified atmosphere containing 5% CO,. During the last 18 h the
cells were pulsed with 0.5 puCi CH) thymidine per well. Subsequently, the
cultures, were harvested on glass fibre filters and label uptake was determined.

Results are expressed as Stimulation Indices (SI): mean cpm antigen/ mean cpm



22 March 2003 14 in which lipids) detergents, the HCV core protein, or

adj uvant nol ecul es can be additionally incorporated, or which in turn may
be thensel ves encapsul ated by |iposones or apolipoproteins, such as, for
exanpl e) apolipoprotein B) |ow density |ipoproteins, or b&z%&’mﬁ’ﬁ&% means
of targeting said particles to a specific organ or tissue, e.gQ.

asi agl ycoproteins. The particles can al so consist of smaller structures
(conpared to the enpty or solid spherical structures indicated above) which
are usually round (see further)-shaped afid whi ch usually do not contain
nore than a single layer qf HCV epnvel ope proteins. A typical exanple of
such smaller partic ‘“H’r§°?%%féf’P€‘F#9<%E"§F\"t?é‘PBF'es whi ch consist of a | ower
nunber of - HCV envel ope proteins, usually between 4 and 16. A specific
exanple of the latter includes the smaller particles obtained with E1 in
0. 2% CHAPEigwnse ¢k enpEvdlutoh hoér aitinE ivantbodigsp endaned py csimtcoinsecBtit® amdnd nlmoost of

Els. Such rosette-ljke structures arge usuall]y organi in.a plane and are
round- shaped, e.g. 1@“?‘?}@“@? “Eff“" éet _aJL Oﬁ’g] |"b|71§§}’ a'@?‘?é&gjﬁt E’?e“tt
HCV core protein, Oéhiﬁghﬁ%é%g.’@\'«ﬁﬁdﬁnqmﬁ?ﬂ HEV RN [d QRdh la¥d boeRhnatiét 6€)

or the smaller particles nay be encapsul ated by |iposones or
apol i popot ei ns, sucHC¥santigen irchocempteshowpoAntpbib aptitmidies Bvape détemmided by mgans

specy f1c of gan or t PR ndirehEL ISR et itibals P orsBf pbercostsdh B1 sy
speci fic organ or . . i
or globular struct Uﬂ&&t&ﬁﬁb‘iﬁ%ﬁ hftBh&tharflgl dPebific sSEBRUArY anAstRMA cofjughiel Wit OF

E2 envel ope proteins in which |ipids, getergents, thé HCV core protein, or
adj uvant nol ecul es prsoxidasseTNERWRS bsed |ab gulistratsrfoneciorcdevelopment. diheiresults are nay

be encapsul ated by liposopmes or apolipoproLejn such, as. .fqr_examl.e
apol i poprotein B oré’ﬁpg?ﬁs?ige% i°P9‘PPF‘_gd’_;S‘§8t éﬁﬁs&evglf‘ e aﬁ??F r‘ﬁgr ‘_'VHEa%_gleiFal
targeting said partidalyger, tadd aré BRSredsed a9 NIRTHOV RNASWEs ddtbfinitkd Qising. HCV he

di aneter) of the above-defined particles) as neasured by the ] _
wel | - known- i n-t he- aMonidgrRerke, Bagsht Switzgriand)i 15y antigem wiag stained ietherliver biepsy n

exanpl es section), | I t f nt ial.l.
between 2 to 70 nrr)ﬁszr\%%&t%ﬁ#é "%(r?né’%(ﬁgelr@c éﬁég%g{lv%‘é'% ﬁgéjﬁigiﬁﬁ%h%g?%den 3
to 20 nm between S5intEP dgplidajonNt 98820060.3) CTHedsemmingoantitativesestirdy it indichted by The
invention further relates to an oljgoneric particle as defined ﬁg{?ve)
wherei n said envel oPakosabEsfer clearlyRaskive SHIMPG i the dnajerty Pf e sells oY g
HCV El ) HCV Els, H - I I ¥

t hereof. The prot e%g%gégf%%?nﬁggE%pngﬁ%@ (gé?c;%%gp %Egc%ﬁ%lﬁﬁgffsﬁow
to purify the | att ebiopsiesshowing mrdetestble stesingi HEY RNA is indicateddyy snaadl black
PCT/ EP 95/ 03031 to ertens. et HCY,Els, .SEQ 1D . No 1 SEQ I D No 14,
or parts thereof) cgéﬁ‘eﬁ‘e&ﬁ\?mgf ?'2]%12 §?@Ib§|cf’9ﬁ‘5§e @sg?’ieb@g é{)ﬁm}_r&,g &aubf““HCV
Els in PCT/EP 95/ 03ggwn)0 Maertens et al. 22 March 2003 15 It shoul d be
stressed that the whole content, including all the definitions, of the

| atter docunent is- incorporated by reference in the present application.
The pr ot ej El ref t 1 No _.aci r. ent s
t he El prg IR %VI t h%%goﬁctﬁéﬁ)gxﬁeoﬁ@en%’l"gﬁé)&r%ﬁg%i@u%ﬁc ﬁr. @%tg g rwmﬁ'?%fraﬁ]
parts thereof ' ref®os Amibddits pedctivity td\mdﬁmee&aﬁohsw?ﬁpmted/aprmﬁaehnea Byhdnc h
are i nmunogeni c, once theﬁ{sfﬂe part of a particle of the present invention.

The invention furt hiddirges BLESAin which bjogaylated pepides (seg dso Fablgdyupiagiabudanei n,

wherein at |east on St el i d . & e nr '

descri bed above is g‘f’%ﬁaot egi, a%rge aeérbgg%l%'?%ﬁé %8§Hﬁ§a°ﬁ}ékaﬁ§ dggeggcpkl%ﬁ'&?nng
agents, such as, f o#ntekang lgG spedifiy sechrdappaniziruat dosjugnied withepepdxidase. TMB

N- (i odoethyl)trifluoroacetam de. In this respect) it is to be understood
that al kyl ation of ¥gs¥sfdesubsupifer qolordswglapme: on whi ch the hydrogen on
the sul phur atomis replaced by (CHZ~R, in which nis 0,1, 2, 3 or 4 and R=
H, COOH) NH2, CONHZ , phenyl) or any derivative thereof. Al kylation can be
per f or mred Fignrady neAhagsik abREh antibaidlp eesportses sustibtyps )l a ind sebtgprepl teE 1 podteiny ;

hal ogens X(CH2) nR i n which i s a hal ogen s as |, Br, Cl or F es
of ative hal ogens QFBBAEER] ORI dbs PRAGABE] eenanyphfadsivet Bpaihe SR,
2- br onoet hyl am ne. Qqh&{ccr‘i%&&ﬁﬂﬁarﬁfva&ﬁdﬁ’ il WES denbrhidd BxbiRSiniSRe Qime part of

ethyl enimine or N-(i1odoethyl)trifluoroacetam de’ both resulting in
substitution of H bEl aCHEZr Sidbtyte2ll tdec nefrmoR] W&O@rived Heom erude” bsitys foimg
agents" as used herein refers to conpounds which are able to perform

al kyl ati on as described herein. Such alkylations finally result in a

nodi fi ed cysteine, which can m mc ot her am noacids. Al kylation by an
ethylenimne results in a stricture resenbling lysine, in such a way that
new cl eavage sites for trypsine are introduced (Hermanson 1996). Simlarly,
t he usage of nethyliodide results in an am no acid resenbling nethionine)

. .




22 March 2003 17 95104155 to Maertens et al. It is stressed again that the
whol e content, including all the definitions, of the latter docunent is

i ncorporated by reference in the present application. Thus, the present
invention relates to oligoneric particles conprising envebomgréd 8303 NS
derived fromany HCV strain or genotype known in the art or to particles
conprising a mxture of proteins derived fromany HCV strain or genotype
known in the art. In this regard the present invention also relates to a
consensus sequences derived fromindividypl clones as exenplified bel ow and
in the exanpl es section (see further). The present invention further
relates to an ol i govaseini yisust infaced RK b sells dned a$ dessnbed inaMaertens et al.

nmet hod, as well as i d, t roduce.sai d ol ri ¢_parti . Sai d
met hod is charact er@éﬁ%’@&'ﬁ?t&*ﬁ&%ﬁgﬁéwaﬁ ﬂeaﬁgﬁr%ﬁ"ﬁﬁgﬁé/b‘g‘hﬁf%pe
proteins) possibly which®Bli s 4d36rbeE 6n Hhe Microficiplaal via the high-Haimse itiding N
essence, the purification procedure of step (1) has been descri bed

extensively i n PCT Gulanbpomyalis agglutiniar(GNA). Specific antihodies verg detecirduping amy t o

the present inventign, e ki en_in.,. i f j. s -
descri bed i n por O bBIRo SRS RER) BosHiny Unidep R ROAERE TR |
a ma presen app i swayhsedr£ sibstiie for dolovr diFelopaent ETHRY Rbwle. arbluxprassed ad he
purification procedure of step (I;] can possibly include the use of a

di sul phi de bond c! ediffergatial @Rt (O of welk svith| 3dsorked B migus G ofrwelh without
al kyl ati ng agent. indggﬂbd he procedure of step (I) results in purified
HCV envel ope proteins in a sSolution. (li) Replacing the solution of said
purified HCV envel ope proteins with a detergent or salt) resulting in the
formation_of oljgoneric particles. (I111) Recovering or purifying said

ol i gorer i Kigpee 14 c| diesulis ok thel ympheayiegprelifaratiamassay bekors anyl aftfs vagrinatian af i on
of the detergent or Ig | %ﬁﬁil : : | on
and stabilization oﬁ@gﬁ%?ﬂlﬁ%g&%é#g Bp%%@?etéméd;fﬂr?e a ?%?lrégﬁgEQE Vi
repl aci ng. Mon: pr oifferebt antigend) Negatneeohtrolnwen friedium eloa¢,aghilecconnamcivalijoder i ¢
particle as defined herein) as well as the nethod to prgfgu‘&? fa#g%rti cle,
wherei n said opti on¥® ysad ?%Poﬂngef%‘é‘Fﬂl fisa Iftoﬁﬁ?‘tj@‘fBB.Of HEP-e b1%)2 t he
present i nventi on rngligb oPS4dh* SAIRLAFinRAfoldl Yofitordehiy1 Sl eatelcbd iPS
well as the method to produce said particle, wherein the detergent of step
(11) is CHAPS) oct yRBMiid640 mediom stppementad withpi09h beattinagti TaledFCS @n b-shaped

Tween- 80, or any other det.ergent. MNore. preferabl he present. d.nvephd 0
relates to an oli go%?vf"cd! “B&Pﬂf"&%‘@%@ga‘&% ‘Hgg ﬂfﬁeé?%ﬁ?fls %rsloﬁélsf’ﬁ oggltn%é B%?ﬂod
to produce said par3jcliga hmﬁaiﬁwamisgh&abbgthﬁmbﬁ%im} Driing th@laet 18 h the
preferably, the present 22 March 20 18 invention relates to an

ol i gomeric parti cl eelis agpulsadwith BGuCi (G dusnidipgpereltnppsegrepty. sheciideess ai d
particle) wherein sgj i - i t € af.i.0n: 9 0%
and wherein said Cl—ﬂk’g or \/\ggﬁﬁlﬁsﬁ%ggg&gst %ad %8%@%?%5% ;’i‘%{hcﬁ)@%ngg._ %‘.“'Ls@/toE ?(r)c1
10% or said bet ai nexpressedsasoStirhulaticnoindies ($1):1 mpawtpi .a0hSG/ heeal @gon mEdimm
nore preferably) the present invention relates to an oligoneric particle as
defi ned above, as viPie gfdriphcatedeterminations,r oduce said particle, wherein said
Enpi gen-BB is used at a concentration of 39b and wherein said CHAPS or

bet ai ne are used at concentrations of 0.296 or 0.3!0, respectively, after
whi ch buf Figore 5 swi Mahedf thacossiiudts G#APH abitailnetxprressionrof and2dpratein with its N-

concentrations of 0.05]0 or 0.1-0.5.6) respectively. is,to b r st ood
that all percent age@“ﬁ’é’é‘d’yi’?fv?‘??é’?erfég‘ﬂé&elﬁ@acﬁef’%ﬂ'cé%&é‘}ﬁ%% R/"gfwag%% are

wei ght/vol une. 1t shuihdsife cohstadts bdda Forl (e comiBAbrA i detidn AeMRs pageval so
PCT/ EP 95/03031 and the exanples section of the present application) is an

exanpl e of how to ptdandevHiV/pak.ti cl es of the present invention. In this
regard) the present invention also concerns any other nmethod known in the
art which can be used to produce the oligoneric particles of the present

I nvent | ONFigake s aS, Sdfen@XGiiPleStide®Th! haRflaidte BPEs§ésBEndBE Withathed&TErhdiSd
in PCT/EP 95/03031 and the exanples section (infra)) and using instead host
cell's) which have adepigsed imifggute 18 ¢rog abovede i n t he- Endopl asmi ¢ Reticuiurn
foT =educi ng cysteine budges. In addition, it shoirld be clear that a whole
range of al kyl betai nes can be used, such as, for exanple, with a Cp tail,
in which Figar@1P0si AhiSodyntiR@elobfapledl i rhice Migod AméfliniASioWewith agifleedndi RE
derivatives, such as, for exanple, sulfobetaines. Since for the first tine
successful i nmmunot herapy of chinpanzees with severe chronic active
hepatitis C was achi eved by vaccination with a purified HCV antigen) the
present invention also relates to purified single HCV envel ope proteins, in
particular E1 or Els. Moreover, the present invention pertains to a
conposition conprising said single HCV envel ope proteins, and the use

. o




In order to avoid induction of an imune response agai nst irrelevant

epi topes) the HCV envel ope protein used for vaccination is preferably
constructed as a consensus sequence of individual subtypes) strains, or

cl ones. Therefore, the present invention also pertains toftr?[}? rgli?o@g an HCV
antigen (either in the formof peptide, protein, or a pol T rde) for
vacci nation or diagnosis. Furthen~nore, the present invention also pertains
to an oligoneric particle, as defined herein) and the use thereof, in which
t he HCV envel ope protein is encoded by gjconsensus sequences based 22
March 2003 19 on g-~asispecies variability within an isolate (isolate
consensus sequence)prenardtigseds described oerampdy 9. Tiers vpre determined hyaneans of
isolates within a pe,.( ype . . Speci
(type o speci os cdyasAanunRial R, CANEF 12U Ind BREGES bYRFaRlinfBRSH
consensus sequence)Els(€ithee adetdihilly dr inbieiraide Mfodified) coniediom fiicrofiterplates. After
consensus HCV envel ope protein is a_consensus sequence derived from an

i sol ate-, subtype- )washingjbindingantjbedies awndeteeied usiag at,apti-mouse, Igti Hgpecific
connot ati on of the " COr . i ar |y f.err MRE S
and Stuyver (1997) )sgﬁ%éﬁmgq@%%‘%ﬁ@%%w&Wg‘gﬁlg'g(rlresér)?c pa{%ﬁ?cl e
of the.present i nveoloupdevkicimeny. sTiRnesulgate expressee ay ewd-poiat tittr layd cadard
infra). Hence, the oljgomeric particle is a nmeans to present epitopes in
such a way t hat théif‘"ég?flse‘!‘?ﬁh"(“”‘a(“ﬁﬁbfi ci ent imune response. In this
context, it is conprehended that the HCV envel ope proteins as defined
herein do not need to contain HCV epitopes exclusively. The HCV envel ope

pr ot ei ns;Figinrect8 f orBpitbfreamappirgoofiie antipalytrespoase)indogyd byimranrization withekifféromt
are derived fromH solely, and possifly contain epifopes {hat are derived
from ot her exogenouds RFPATEEONS T RicE Anty QY%WF%?“&&%VWW?PFW%H‘@F
wor ds, the ol iganery l L L ki ¢sb(qﬁ an
be used as a vehi c|‘*é&ts‘gé%%gﬁﬁ%%ﬁ%@ﬁﬁ%ﬁ&@gbﬁﬁﬁa| n a c???gtr’lleto
HCV epi t opes. Ther ef) areadsdrbed qr the pridrotiterpdates Ga stadpsayidimddnimsses wene diluted
oligoneric particle,,.as defined herein but, possibly wthout H pi t apes,
and its applicati oﬁéziﬁﬁpﬁw%eﬁﬁ%ﬁ%é@leﬁraéi dﬁ%&“ﬁb & B QP TRORFCHEH - JRERHC

epi topes. The ter mgegnasanienis 8otjugat WiReperbAUNNTMBOV A fed s AlbY¥ras fipt |
whet her living or not, able to eI|C|% an i mmune response) and which is not
.endogenous to the rroburdevelppmenth is not HCV. Specifically, the latter term
refers to the group consisting of pathogenic agents, allergens and haptens.
Pat hogeni ¢ agents conprise prions) virus, prokaryotes and eukaryotes. More
speci f i caFigipe M I USniiuiBglobalin Hsddypifg Qubfile &BYhicdlliMmunizetiewnh sdiffetent Higt

not HCV. All ergens conprise substances or nol ecul es_able to provoke an

i mmune response i n PAPPARRSIENS. oYPeFifisi Ig b4 apdenbalasfodntibodics wrse édsarbeds ay the
altergens. taptens Gehdidpile At bipdind bt HOflfindtd Butl GSfEhbnd Sord Muted
ability of provoking an i ne response, but 1 n contrast to allergens,

hapt ens need a car ri/§00, Fid wasuhatbatEthet opg'mérikhei fomeadtimpnnedoamplexss steesfutthera

Dt L oul arly the pr ethaed i P o Sk SrGsa et eBRgal- FYBH: he
term "vacei ne conpastii fibodie F@SelicAsinFRRAVE £atbATR A8ioniia) Hafabme Of

eliciting protection 22 Marc 003 20 agail nst HCV, whether partial or
conpl ete. It ther efconpgatnd witi@srox@idse dINB dves used ot substgite for color denelopmani.des.
Protection against HC~ refers in rticul to hu s, but refers,also.to
nonhuman pri mat es, t}‘:i’ﬁﬂ'&ta mggnl?a%gaéﬁ rn‘%h'é’te tg? ?%%11%5@?}],“"“8 of, p4ch antmal
mamal s. The parti Cdogfatefy ddpSiderRBaRbel Nufd allQle Gaultd SorlimethtRér Bb§Pes Whred
biotinylated form (as explained,. in WO 93| 18054) and/or conplexed to
Neutralize Avidin (evipresiedirelat v totshis IgGcresulBugene) OR, USA). It shoul d al so
be noted that "a vaccine conposition” conprises, in addition to an active
substance, a suitable excipient, diluent, carrier andlor adjuvant which, by
thensel veFjgu®2Mot Ankbeag tibre ipdRed Myl b @hmanizaieidi #6uibday UD0O avitthEls-

i ndi vi dual receiving the conposition nor_do they elicit protection.

Sui tabl e carriers atcetamdsi iaghingp Phil gntifEdydnjibadieswsre desermigad Brcarsofcan
such as proteins, PRIYSRELRALIHESH. ROtSLAEbIRiRGh Liq AALY BY Okl

pol yneric aa's) as copolyners and inactrve virus particles. Such carriers
are well known to tiesifinghileGagedific kdvenddry ani¥egi cogjdgacy wih didaset@nce
effectiveness of the conposition include, but are not |limted to: alum nium
hydr oxi de, alum niumin conbination with 3-0-deacyi ated nonophosphoryl

lipid A as described in WD 93119780, al um ni um phosphate as descc~i bed in
WO 93/ 24148, N-acetyl nuranyl -L-threonyl -D-isoglutam ne as described in U S.
Pat ent N 4, b06, 918, N acetyl nornuranyl -1ral anyl D-isogl utam ne)

N-acetyl mur' anyl - L-al anyl - D-i sogl ut anyl - L- al ani ne2(1' 2' di pal nut oyl -sn-gl yce




22 March 2003 21 buffering substances, preservatives) and the Like.
Typically, a vaccine conposition is prepared as an injectable) either as a
|l iquid solution or suspension. Solid fornms, suitable for solution on) or
suspension in) liquid vehicles prior to injection may als ed. The
preparation may also be enulsified or encapsul ated in |ip§%§ﬁ%§ﬁ?§@§
enhanci ng adj uvant effect. The pol ypepti des may al so be incorporated into

| mmune Stimulating Conpl exes together with saponins, for exanple Quil A

(1 SCOVB) . Vacci ne conpositions conprise gn inmunol ogically effective anount
of the potypeptides of the present invention, as well_ as any other of the
above- nenti oned conffenisgkpressed imunisy/mlithese pyitsaefestq arvin kouse standard avlch fsat
the adm ni-stration of nt to an individual, either in a single dose
or as part of a ser?aé%%gﬂuniﬁ%ﬁ%i ve for prevention or treatnent This
anount varies dependi ng upon the health and physical condition of the

i ndividual to be treated; t he taxonom c group of the individual to be
treated (BgyreBlnanAn Hitems ringugednby twe rimmymizationsc arpund (day Y Xh withy Eds- t he

i ndi vidual's i mune emto. t . 6f f ' '%EHE h
degree of protecti oarfg%g{s'?{qg m;irﬁ;l‘?: b?‘ﬁﬂ’leﬁfalﬁ g#’%&%’ € v%ﬁ‘%@%ﬁém{sfga%"ng
doctor's aSSGSSTTEﬂtinleEEISAaisEc@ﬁc itfboldief Biatling Yo &dhd phast Bl Berdete2tedua
factors. It is expected that the anmount will fall in a relatively broa

range that can be citidiumandsd speeifia gerondury prtiserum eqnjugated with peraxgrase, ihent
w il vary fromO. O.Jmmsjeg,gxgssgg’nﬂBﬁi?s/mi“?ﬂc%c Bt refe hf‘{m i l]élﬂuggk&{\&aragvlﬁgrpis

| t gl dose. The vacci ne conpositions are conventional Ty adm nistere
parenteral |y, typi cCisiséd/oibhumdnseed.i on) for exanple) subcutaneously or
intramuscul arly. Additional formulations suitable for other nethods of
adm ni stration include oral formulations and suppositories. Dosage

Lreat mentpiggye P 2 SHOBAIRHE Al BdH:En dltiddtebl B2 %o 005% CARPYYIER adhee
vacci ne nay be adm nistered in conjuncCtion w th Other 1 nmunoregulatory
agents. Therefore, panicle i(A), E2talone\partidloB)peart ajuiraoltiomixingre wf E1 ahd #2; mixed
oligoneric particle as defined _hefein for prophylactic y {ndugin

i muni ty agai nst H@ﬂ“qlf?éhaﬁf’@gb‘ée g0 SaPWSIR OVETIgY, ﬁhﬁ?’ﬂwl%w aBELISAy
for treatment of ang ﬁkMIMa H1%n 865)0E2 ofRQifddié) antd UrCEL S Bedbdtin
called a "therapeutﬁgﬂvac inef.ﬂéhe 6?%§g?f iﬁv gtion)also relateseto §§
conposi tion as def i ondymaked\partickesabottdémh conpri ses HCV core, El, E2, P7,
NS2) NS3) NS4A) NS4B, NSSA and/or NSSB protein, or parts thereof. E1, E2,
andl or ElIE2 particles may) for exanple, be conbined with T cell stinulating

ant i gens, Figugé23s, $EC peofdeBf the fifdletdrgent Ndddtidiép (ONBAB0.03SSERARSY E1
NSSB. In particular, the present invention relates to a conposition as

defined above wher e2aHotyRe db @ione nagice (pph Elgepetype halangparticly émiddle)Aran

aci d sequence given @%le% ;F&%Q qu% g[%rasj

section). 22 Marc ﬁﬁ 8?%6 I aﬁﬁgﬁagf gge \ éﬂgﬁﬁﬁgﬁﬁg%ﬁ??ﬁ
preferential |y inclaistestowsai evaldyl of theoODfvales ofdn EILISANspecifisilby deedtiagiotlyes)
and even nore preferentially sulfonation of cysteines. Methods to obtain
such a reversible NBH@#W&QF%@ﬁ?eﬁﬁ@ﬁﬂﬂﬂﬁﬁzbuIfonation have been descri bed
for NS3 proteins in Maertens et al. (PCT/EP99/02547). It should be stressed
that the whole content, including all the definitions, of the latter
docunent is incorporated by reference in the present application. It is
clear fromthe above that the present invention also relates to the usage
of an oligoneric particle as defined above or a conposition as defined
above for the manufacture of an HCV vaccine conposition. In particular, the
present invention relates to the usage of an oligoneric particle as defined
herein for inducing i Mmunity against HCV in chronic HCV carriers. Mre in
particular) the present invention relates to the usage of an oligoneric
particle as defined herein for inducing imunity against HCV in chronic HCV
carriers prior to, sinultaneously to or after any other therapy) such as,
for exanple, the well-known interferon therapy either or not in conbination
with the adm nistration of small drugs treating HCV, such as, for exanple)
ribavirin. Such conposition may al so be enpl oyed before or after liver
transpl antation, or after presuned infection, such as, for exanple)

needl e-stick injury. In addition) the present invention relates to a kit
containing the oligoneric particles or the single HCV envel ope proteins of
the present invention to detect HCV anti bodies present in a biological
sanple. The term "biol ogi cal sanple" as used herein) refers to a sanple of
tissue or fluid isolated froman individual) including but not limted to,
for exanple) senam plasma, |ynph fluid, the external sections of the skin,
respiratory intestinal) and genitourinary tracts, oocytes, tears, saliva,

R Y ' Y 1 I B o o, - I I 1




22 March 2003 24 anti bodi es. The term "nonocl onal antibody" refers to an
anti body conposition having a honbgeneous anti body popul ation. The term
"antibody" is not Iimting regarding the species or source of the antibody)
nor is it intended to be limted by the manner in which I?@@@ 28
addition, the term"anti body" also refers to humani zed an %?% Qn mhlch
at least a portion of the framework regi ons of an imunogl obuiin are
derived from human i munogl obul i n, sequences and single chain antibodi es,
such as, for exanple) as described in U 33 patent N 4,946,778) to fragnents
of antibodies such as P,~, Ft,~u, F', and other fragnents which retain the
antigen binding function and specificity of the parental antibody.

Moreover, -the present i MKEDEES@RWHWGPT?@NVEN@IOFW ol i goneric
particle as descri bed above, or a conpositron as described above to detect
anti bodi es agai nst HCV envel ope proteins. As used herein, the tern1"to
detect" r ers t as kno in the art sui e for det ecti.on
bar £ 1 cul arThe RuerRioR HesBABRY herBit Ao, in Astiousy BbTRhEL 3k 4R PepgiPEpH o0
The terns 4 pPRRtioRke By wiy)bﬁ/&&?ﬂﬂléi SuctWerk GInGik@idh scrRhBfid! ?@ﬁkr& %h@ﬁ&@%ﬁﬁhhy
in the present I nvention. ' Pol ypeptlde" refers to a polyner am no acrd
(ami no acipdteniapplications. aedhﬂid@asxbhganoneardrapphpaaowe@d prcvmslx]orrbelﬁw atadereby
nol ecul e. Thus Féb? BI des are included within the definition of
polypeptl b Thder st ood t hat pepti dom mcs are inherent in the
terns "polypeptlde" "peptide" and "protein” Al so, the present invention

relates to the use of an oligoneric particle as described herein for
i nduci ng %mmscry inneation telﬂwo HEYrvacairation Jtprithe fingttime spepessful gmmunptherapy

T s to Lol 2R R e Pritbaie herdlof R U CCTRRNER Ry vechohifif 98

refers to HCWamtigehThdWactink Rot mﬂ;emdn&eenﬂ/%l ifiniude a¢sponists,) vuudulaé indbicedceipai¢8 ds
used for eI|C|t|ng an i mune response e latter conpounds may conprise

any of thefyish |aaus¢rvgfr@arﬂpfomﬁw considesshle imprpvement pethe m}oma%\ewmé of

Can st e ke Bk b e RBIoneR i A vaR TR feingan

exanpl e) dn pafticglange i oligpaietic qlasticley. tThe toligpmenit qaitivles, cansis( ByseatiallyCof HCV

anti gen, suc as, for e l e,..an ol onerlc partlcle n. conbi ion with a
OV XA v EESSIOR BBl St BV & et o %&émm%@ga*aﬁw@apa
HCV DNA vag gb&fhly 9(6996:': hh%scdb?vnhpﬁnsatgéﬂr&‘ Et%h@ﬁl%cbcsétfgééédﬂﬂﬁ%é p¥rticlaS cad be

different tine intervals,
formed by El and/or E2 proteins only, or parts thereof (see infra). Therefore, the oligomeric

particles of the present invention differ fundamentally with the HCV-like particles described in
WO 98/21338, which necessarily consist of El and E2 and Core and P7. The terms “oligomeric
particles consisting essentially of HCV envelope proteins” are herein defined as structures of a
specific nature and shape containing several basic units of the HCV El and/or E2 envelope
proteins, which on their own are thought to consist of one or two El and/or E2 monomers,
respectively. It should be clear that the particles of the present invention are defined to be devoid
of infectious HCV RNA genomes. The particles of the present invention can be higher-order
particles of spherical nature which can be empty, consisting of a shell of envelope proteins in
which lipids, detergents, the HCV core protein, or adjuvant molecules can be incorporated. The
latter particles can also be encapsulated by liposomes or apolipoproteins, such as, for example,
apolipaprotein B or low density lipoproteins, or by any other means of targeting said particles
to a specific organ or tissue. In this case, such empty spherical particles are often referred to as
“viral-like particles” or VLPs. Alternatively, the higher-order particles can be solid spherical

structures, in which the complete sphere consists of HCV El or E2 envelope protein oligomers, -



including at alternating tinme intervals) or (I~ either (I) or (l)n)
possibly in conbination with other HCV peptides, with tinme intervals. In
this regard, it should be clear that a HC V DNA vacci ne conposition
conprises nucleic acids encoding HCV envel ope peptide, inebwiirdedds-) E2-,
E1l/ E2- peptides, Els peptide, SEQ ID No 13, SEQ ID No 14, NS3 peptide, other
HCV peptides, or parts of said peptides. Mdreover, it is to be understood
that said HCV peptides conprises HCV envel ope peptides, including El-) E2-,
El | E2- peptides, Els peptide) SEQID No 134 SEQ ID No 14, NS3 peptide, other
HCV peptides, or parts thereof. The term "other HCV peptides" refers to any
HCOV pept i d®WHichrlipidsrdatersents, beHGY epremateis ov pdigvanianolseles qampepadstitionallys

bove schasen et SR AR b e i hailclfes EcorBiialitiy e Bt molfiopkfin,

nucl ei ¢ aguchsase ferockangld;@olepvpeitcin B, fowtdetisity lipdprotefis, b befany Rehelinesds of
schene, the HCV DNA vacci ne conposition_consists even nore preferentially

of nucl ei dargtingsaidpagiflesfo aepecilin ABHHAr HsPe:iccle S5iajagbycoprofeins, The particlasican
e . =B . . e _
that an R0 BRI of MR 8udBEP5ibhdl o 1B ehifey o (R serl i iR MBIcRCAS!

pol ynucl eabowt} whithasrusaaltyvoond (s¢e farthdriShapeg andiwhizh useatlyrdometicaniogin erjore than
operably Iink to cription regul ato el enepts, As_used, herein) a
"pl asni d @éexs@ﬂayqre? BEY anyelipe arpteins cA sypicp! feanagl PES‘EBﬁHBJ'%' particles AR Risetie-n g
anot her n ' | I ' ' f fﬁ&v@&?

t hose cap Egﬂr&ct@gt?/ g?}%%&:&g%ﬁ@? iugﬁ)gg?]# glﬁﬁ%‘x"g?{ggé’? ((S)t%ﬁg’fdéﬁﬁﬁ el c acﬁds
t 0 whi ch tehed¥6.aspecificenamplabbdie latar igeladesthg stoalerpatticldasmbtaitd vttt Bbsie 0.2%
plasmd v are cjrcyl ar doubl e stranded | oops which).in their,
Veator  f oRfHALS 1 GG ST M HLoRPARBH Sn S2L0 MSTAPHE P I, Suph roseie-lke

" pol ynucl gpfdahes Mﬁﬂﬁ%&l\ﬁg\ﬁrﬁiﬁriﬁ atpParR UndHE FRPHLHESed UGN irPfhe form of a wheel.
deoxyri bonucl eic acid ( ) ) and) where appropriate, ribonucleic acid
(RNA) . TheAgais lipidhoddtergenitss dhd) ECHh dere qrotsih, tos adjiviand solepyles pain \hel asddiignally

009 o a5 e ralt DR ek RO AR A7 U RESY s adhirweh,
the term "afaréaiiphd, bfilipboitin 6 bweleASTB HipoprdtEihs,'of bl @nPotherth&udis iofl fargeting

sequence which .: contains essential regulatory elenents, such that upon
i nt r oduct isgid particlesdo [ajspeaific owan eblissie Sypaller panizlagypashalsg toympsmalt sphedealios ¢ o

di t th ' : '
the. pol yngiibirsBiudlpEssihy of SRR Urfic hERPLASCYRE OB 2 nERERRAeRY.
wher ei n t i whivhjlipids) iaegemnts, ahs HCY Wwoetiprdeeing or hdjupentfmolstdlésdauldiseiadditionally

function. Thus, transcription regulatory el enents operably |linked to a
nucl eot i ddNORARIFRLOr yft@heawgbwnév irenghey qdrqufméma ré'ge%&r%ffmw@l as, for

nucl eoti d e ; [ D1 §EBY AR i ' ent
transcri pl(:%5 ngxﬁgflé ’ %P@Wé’?@?‘?z“?f tk{e‘# gngﬁg gPéﬁogyfsfi er vecttgfrlsﬁéoaﬁs g’g%%’?ef@?'g%gne
sequences padiclds o a sptifclorganair tikduy. Thectzer(te.nbe diemeter) dfthe albpesiefioéd particles,
present invention,.there | rovi ded an oligoneric particle consisti .of
U 11 e AETaRES By ol EndReriniie A Hhmgmis Bt ettt o dfayer G Bl
Accor di ng ek@mpleé sdfidn)ais BEally Bétwbdhel Br108 R, nid Fﬁtér@rmmy BEfwRen 3 tPTONINI&R’NA
purified HCV envel ope protein or a part thereof wherein at |east one

cyst ei ne rmere gresercatiallylbgiween @ ang\i@ nigbefiyeen 3 a) 30 AMa hetween 5S4 peom, betwene 7

present i e} her e i ovi ded a HCV vacci ne conprising an
i munol ogiruég?%’é}] Q‘}'}"%ﬁﬁ“@éoé%@u{“ﬁt of a purified HCV envel ope protein.

The invention further relates to an oligomeric particle as defined above, wherein said envelope
proteins are sclected from the group consisting of HCV E1, HCV Els, HCV E2 proteins, SEQ
ID No 13 or SEQ ID No 14, or parts thereof. The proteins HCV El and HCV E2, and a detailed
description of how to purify the latter proteins, are well-described and characterized in PCT/EP
95/03031 to Maertens et al. HCV Els, SEQ ID No 13 or SEQ ID No 14, or parts thereof, can be
purified similarly as described for HCV El or HCV Els in PCT/EP 95/03031 to Maertens et al.



Finally, the present invention relates to an i munoassay for detecting HCV
anti body, which inmmunoassay conprises: (1) providing the oligoneric
particle or the purified single HCV envel ope protein as defined herein, or
a functional equivalent thereof) (2) incubating a biol ogi lMS@ﬁghﬁ W th
said oligoneric particle, or said HCV envel ope protein un ?ons
that allow the formation of anti body-antigen conplex, (3) determ ning

whet her sai d anti body-anti gen w conpl ex conprising said oligoneric particle
or said HCV envel ope protein is formed. Ihe present invention will now be

illustra e

part 1 cut 418K HSEEERER 18 il Cbtoob ShilBRE BTRROLRT oF Bk B bkymeny
t hese erﬂwﬁicmtaccabyerdméﬁeyn e ptﬁi.chﬁhppﬁtaﬁtﬁtd Thaprateih HEV @18 séfersetd aagind 0
restrict the invention in 22 March 2003 2?7 EXAMPLES Exarrpl e 1:

Expr essi 4R ;saz 1o 326,20 B rand e e Job Protea Wb it Grfgrminal duskephobia Mishow
the 1i CVi t. ?ﬁg& d
ang pluri i e %“ %ﬁ%’g%#ﬁfs%ﬁfsﬁ% %@J E?%?)rrq‘atﬁ h\%%!:'glﬁlgll%gésl rusm%pﬁsse

accor di ngmtmmbgau@mt@mey agganiof hgdrticte dfathe pesent aiveation. ( PCTI EP 95/ 03031) .

In addition, the purified EIl protein in 3% Enpi gen-BB whi ch displays an
appar ent nol ecul ar wei ght correspondi ng to an E1 hono-di ner (approxi mately

bout 60 f
ool g e venfiof Hither beralft 3o BABNAEICHACIRE aP AR bR W B AR L "
95/ 03031 cystemd residud of tttceHﬁlVeammpeqiro(éer% @ktsbed nb@0 1benlleylated, preferably
Surprisin |t hou e Els pntein is devoid of | rane. anchor
B Pegi oﬁ&ﬁaw‘—fﬁ%@eﬁga& kyl3png aa%r‘enswag E£Xample. |a9"\$§eg§f% elpylepimine or
h I b
T i et eeAs RN o PBRIaE N (R HERL O ishF bl acfliood Wt Al Br Gl 01

obtained wth Fi gur tructure
coul d comefaisrto aysteipgsramavhiett the lhwlrbgﬂsn af the sédpbumatorn m'cplacekitbys{ﬁﬁﬂnﬁ inewhikkar

ar ast | oo g0 2y L e HERL CPRRERIEG, BPniey sheral og iy ded B i AP tion

excl usi 0Rak lbe QERoABER B Yany Bietisod fufdi th tHeOMR, Osu3K aQ%PSxirﬁ%Q Raike Hatbgengnd

repeating the sanme ocedure t he aﬁ parent nol ecul ar V\,el(% t further shlfted
beyond t R(CERLB it W hdflsmbal@gﬂnmm (@s di Br.dfl erd Examples)of acépohalogens 4% gur e

sugg R rticles, t chi m e 0.1
% bet ai neﬁ%}*‘@ﬁﬁﬁ% l‘]';':?t.i)‘pu a 'd 8 dri dr?gnb? 1%atmﬁs)'l maf/ﬂa?l? [gg‘haw Sﬁr
(dat a notalig/ftioh)inclGidhe usbertfett@mmrﬁu@w t\nl(xb@oeutw)aeﬂmdaoacaam tith vdsikting in
simlar detergent-assisted oiigonerization could be achieved The
ol i gorer iSHBsHLeHEn @éﬁphgcﬂvcﬂh‘@ﬂfyﬁieﬂw@oﬂotm-i% wran glylating agents’ s usedps
or betal Rereis rdes tﬁ'c@“ rgfs%!:l’i %rc%?t(?ﬁ%n?ﬁtgr?%kgﬁéu&? b 8estUBE haBin® 'Such

Tween-80) or octyl gl ucasi Mor eove noval of the detergent may
be possi lalkylations iinatlyresild iownalifimhaseice, which chamgmic qﬂmrtanmioaads TAlkylatiesence

par 1 of e SV RIEnPA ALt iy Botjure SREERE NOE BAY AN GHAEW S s an

El  mononmger irgpsiie RFOmirs@iced me%aaats%mmﬁtshﬁn &1y, the u§H2E Bf MEthi ﬁocﬁ*rlhodéﬁmtsrmtaﬁ' y
70 I cDa. These val ues, however) may differ dépendi ng on the gl ycosyl ation

status ofamiheagqd oseinhling methioninecwhi2og usgzerf aodonestate antkialgacetgmire residtstin gher

order ol oner struyct r of Els ans of Li ght Scatter n
r oo dor PBRERd Bditiint Eibent afid Bnd HuliRine npedtP h afaicyi fHes SR )
El s prepag@prefdtsbly Qsdd il diestinitfict of Jsidink mératot’@ thepresenl ﬁdcrﬁﬁﬁq:'eduanﬁ tho

exanple 1) or in 0.1 % betaine) prepared 4 by di I'ution of preparatlons in

0.5 % betaligrerrigpraiclas s descsiped bersimnl wiireinia) leashare eysteifmessidge (of ghe H

scatteri ngvbihebrotein as described herein is mutated to a natural amino acid, preferentially to

}11

methionine, glutamic acid, glutamine or lysine. The term "mutated" refers to site-directed
mutagenesis of nucleic acids encoding these amino acids, ie to the well kown methods in the art,
such as, for example, site-directed mutagenesis by means of PCR or via oligonucleotide-mediated

mutagenesis as described in Sambrook et al. (1989).



The dynam c |ight scattering techni que neasures Brow uan notion and rel ates
this to the size of particles. The |larger the particle, the slower the
Browni an notion will be. The velocity of the. Brownian notion is defined by
a property known as the diffusion coefficient (usually gi \@%Qxhw@ synbol
D). The size of the particle is calculated fromthe diffusion coerticient
by using the Stokes-Einstein equation: d(H-kT13nt1lD, in which d(ITj is the
hydrodynam ¢ dianmeter) k is the Boltzmann constant) T is the absolute
tenperature, ri is the viscosity. Noteblyp the nmeasured di aneter is a val ue

which refers to how a particle diffuses within a fluid, So) it is referred
to as hydrifgjemmpenticdi s appliediireeinrateisde 8 OBBRYHOT Wasrein (e desired sampepeAtan

aut ocor-r el.aty g,m% i i Al i i al-tib@ uat.i i i<t h
tinme). Thesaéhnés%trkroarren ﬂlﬁgésvgﬁgﬁén% 8@{:\3 S ﬁ[r)rﬁ%%%c%r r e%sé@ﬁfkgg %talH‘:s’tj ?g?b\é&ft he
i ntensi ty thd totahcormpunens fin e @bmpositibnl MThieidesired compahémsipreferabifp comprises fat lagst
size distributions, the above autocorrelation functjon is corrected to

obt ai n | i iyt 40%. ware RRderably at jrast abept,30% <stidl noss preferablynatdeash Abat 80% stilfr am
for anal ygj | I i i M@{ i :
restrict Y\%/%&eag’tsﬁé‘rrg?ygdﬁ?gag?%ﬁ ‘glr%’l those ofFt °éab?€§h%?%%£ew§g?f’?gs°r¥ﬁ (1o
angl e | asqreferabjytat kasttabeuti99h, el inSye profitrably dtheast abwuh85%cand testpoefsraiby std

to yield gbsolute t The results of size distributions_fromDLS have to
bo T nt er pre oot 98 ate Aol SampRrient Sl optotne CopBPTHIP S Eh FOPOS o BrRY

than as a f § { Lan. S Lo 1S
c%:ﬁthﬁﬁ ofiePESRSIRhAY, St 28! fof mw%aﬁﬂ@i&b sohRts2hdY e likt,

particles (80-400 ~g El sl m PBS-0. or 0.5% betal ne) were
pi petted iwithohteaffeotng the detenrinhtiart ofathe hé&eerBags pubihySasi used heremnAndpolapgal HAWVt h

| OMW HeNe, L Pol Lab. . dout of th | ysis i j ded J
Fi gur e 4 TEFBS PR IHFOIRBLICY; Ao s Pariciegombog him abiyahiEedtandy Pure. 1,
Ner ch 20032 5egBER iy 8 A0BRTeON i e MOV BRAAIGH. HoRih af Rl

t he obt ai ned s structures were spherical, nonodi sperse particles: The Eis
particl es herirPRE9 tqiselabém\hen@gspmotains inessentjally pure forims (Tihe barmis Sessoitiably. 3

4 m) in PBSLO, 5% bet.aine: . 2/7.9 ., ereas a di.ageter qf 12.

bt ) ned (RTE Qo eRatgeisETand et B BN 88 B R hedtend® tet GGV,

means  of Eligﬁﬁléxﬁh"]%&‘li@léé)éﬁﬁﬁgle HEV ehlel6pe Proteins’stich Wikt ithey ¢anfidSNsed 3604nGHALS,

and 143 pglm in PBS 3% betaine) was visualized with a standard negative
stai ni ng \iagrosticpathads and therapentics chhesaHEYoligomsrir partigles arerppbstanialiyiisee from

sanpl e wa | . } 1 f i ng
for 5 secqsiit priffint ot aafR it i PR Afoibbhabnl BT L2 BN, 0
f ol | ow ng orpmudinsare plrificEtchgrasgeneity(at leasCBIBPuten preferabiy 859 mortprefernbly®i0%,
0.27 nm (range 4.3-29.0; 950 C| 5.4 nd that_th article in_betaine
was | ess HB‘?FgQQﬁ‘éBWX 85&%’@ o pretere Yéﬂ%’z E‘Pmtﬁrefg?a’”?y %@5 AR I{fF’lﬁf?é’zy 25) 1 9¥6Ms5:
95% C - 11.fQdre Péwrmg 9930, ¥ad hd& rﬁ%cpa%game BorfthrRRaLiRg hdfbins/¥hoGlA Henirideblalle
showed a MW of 250-300 kba as analysed by SEC even shows |arger particles
t han -t he (hyeStwenkioms methgds such asSDWRIAGE amd silvar $tgingigdwed a MWV of >600 kDa.
We therefore hypot hesized that internedi ate hono-oligoneric forns of Els
obt ai ned by 3% betai ne nay have formed hi gher order particles over tine.
Thi's sur prTtei preseff fRBAtidAOAIEY Selitls &3 aﬁroli@@%&@FMiblee& déTine@hibovd) Witerein said

hi gher-order particles. A size distribution of the particles (Figure 7)

Ishows t hatenyvelepapiarispre pay pessivle mixtieenefdiCY L HICY | BlisobHElY B2( SEQiIRyNed 3
. ; j ° e CHAP e
o er ot AIARESEOTONo )E oF BER] ERof Yot &, € RIE o ParfiAo e PR enInbEifion.

| ar ger pardanshigtantially fnuighof BSY EIN and HEV E2pedteiak HEVIE i-had T 9 &1s gratsis,.er
obt ai ned by DLS analysis (exanple 2). The difference in _dianmeter may also
be expl ai nd€YH]stand HQE E2proteinpiand HCN Bl o SIGV Fdstand HCY E2pseteign, Fugghiergore,
el ectron eheaPRYCIIRATHE as! Blh GHBRRbI R 1e bd acHON kbR G ElGRLaid Pidfeid e
i mrunogeni city of these preparations®as shown 1n e exanples bel'ow'1's due
to the entaire denyvedf frérh alifierepalI@M Sthaing UbIYRYs Gregeliotypes, dubk Ay foragampidyahider ,
or larger particles)_ or to the m xture thereof. 22 March 2003 30 ExanP/Ie
4: | mut | ~BrEing freoferived fiom genasypec Hy avd 8EI0NPei hos e a MU corsistingRieV1p
A chi npanz L) Al '

i nmuni zat i %ﬁgl@%‘fgrhicgﬁ f\t—?‘@gas{&u t{%ﬁg‘tﬁow gf’fé@\ya%rﬁvaé%tﬁoé\? g) ws?ﬁ}‘%{%?‘gg%
192- 326) wfiRCV.VEe differendCY soams odgdnbepenire siclladefined aigbchatacpeizbd jn RETAEPS
95.1 %identity on the amno acid |l evel (see also Table 2), and which was
prepared as described in exanples 1-3. The chi npanzee received in total 6
i ntranmuscul ar i muni zati ons of each 50 pg El in PBS/ O OS9f o CHAPS m xed
with RRBI R 730 (MPLA+TDM+CW5) according to the nmanufacturer's protocol
(Ribi Inc. Ham lton, MI). The 6 inmmunizations were given in two series of
three shots with a three week interval and with a | ag period of 6 weeks

o o ~:r 4 " N I o -, = '




E2 antigen in the liver decreased to al nost undetectable |evels during the
period in which anti-El was detectable and the E2 antigen rebounded shortly
after the di sappearance of these antibodies. Together with the Core and E2
antigen becom ng undetectable in the liver) the inflannatbgﬂmﬁghﬁdyg liver
mar kedl y decreased (see also Table 3). This is a major proof that the
vacci ne i nduces a reduction of the |iver damage, probably by clearing) at

| east partially, the viral antigens fromits major target organ, the liver.
22 March 2003 31 The viraem a |l evel, as hkasured by Anplicor HCV Mbonitor

(roche  B5ahags S MSh50) i SRS GBSl BRSPS F o
response agiiidn Cofithelant focimi BINCSREeRA Y trefelchd irf B8 phaent ppRcatiohOBhus

(after the sixth immunization) and that this titer dropped to undetectabl e
1 year potht prasentrinventionrel{iés tgoligosyric Fartglescotnprisingenyelape proteinmderived frioopes,
whi ch can b i,m cked b eptides, recognized, the B-cells are Located at
e N ¢ or HOHELE Vrioor e5fioBBE kB inbe i B W Beelds <piRagsif p AR oL BORFiTe

pepti des ysRed e M@V%}rain%‘r@&%t%ﬂé%ﬁ%% th\é'ah\’h?tﬁga‘x@ﬁrdttﬁ@pfeﬁ'&ﬁmcﬁﬁéﬂ El

is higher and longer lasting) i't can al so be deduced fromthis figure, t'hat
t he anti balsh rtatesto agonsensuy sequeseesplepvedifrom individuad ciones hy exemplifisd below anst al

ant i body ul ati gn agai nst he remaining part is directed agai nst
epi t opes (%ﬁﬁ%??‘aé"&ﬂﬁsoﬁeg%@ Mé‘h%fg by peptides) i.e discontinuous epitopes.
Such epitopes are only present on the conplete E1 nolecule a or even only
on the particle-like structure. Such an immne_responseb%?ai nst El is

uni que) aThe present nyegtiondurthes relates toja qﬁisﬁmﬁq %ar@@g éi desgribed hrreimrobtdinabld by Hov
o1 Toocs MR Auel 0 id B Wighindlo, Plosbie B oSt ARRTE, S48 ol & ©

i nfecti orbhakaatgdzeaayﬂ@tfbmﬁgs@pg;i -El is in part also directed to
di sconti nuous epitopes_but a |arge proportion is directed against the C4
epi t ope LED% ofpe'ﬂﬁlﬂﬂ&éi‘?‘é envelepeaprptens, pawsibly irgheding dhe uspapinan optignally first

Vova was SARBAE TA L RE B Aol et B has B bR e ABBRRT T

thet T-c_eIEPQ_ﬁlam:%l;niod b. t.d;a{‘/acci e }i"n .hgtc@hg wa irrvemﬁomthiﬂzliecldil ati on

Thdex of IS BUrkalPR Bopt b degioed FLPETIE SOBLneR i Spdohidin & i
R Pehas tét 5 i SSCT Tols i -;'. (4

_duri ng [ X0 y (4 ET10€Ed 1€ a " 3 gﬁa{“—
is only seen in Long termresponders to interferon therapy (see: /'E

94| 03555 iodoicetamiste. Martsvestthapurifichtiorprociued of stap @) can ppesibly. in€ludertheas&of
| mruni zati @n .of. chronic HCV carrier with djfferent. subtype A chjmpanzee
ot 250 BuBhicR ora Stk Gae e 200 gt ituil b s O s ARk Pl TG,
with HCV fheproceautelof Bep (13 rakals ivpusifibd HEY vivelopEprdtiasipepsiutione. | b, with
only a 79.3 %identity ~ 22 March 2003 32 on the amno acid | evel (see

al so Tabl @2)  Replacipg s selutionef wikspurified HE Y enyrlops proteinsswidlk a detesgent qralt,

chi npanze Y [ cul ar i muni zations of 50 ftg El

i n PBSI 0_%@\?183%@@%%3&5%5&@&0%* E&)W%R- 730 according to the

manuf act u@H) ' sRedovelpdr phffyirig shidaligbinetid paticlesypossiblylineludingrfatthéraedicingsherer e
given in two serjes of three shots with a three week interval and wth a

l'ag peri ofPrGFntptigaeafsthe delgrssat phaalt ab ser(dswhich fprtherpassisty theylormptioy andy-
I mmuni zat bt%iizﬂfb‘h!d?gaiﬁlaﬁgé FRULL Forhfel aREk ﬁﬂﬂcﬁﬁﬂn 9 months (but see

bel ow) post 1 muni zation e chbl npahzec was conti huouSly nonitored for
vari ous par aneMersprefetibbya, tthe/medenrintdntion odlates tb an ofigdrharidiiaiticle akidefihed hereins e.

These paraneters included bl ood chem stry, ALT, AST, GI, viral load in
he. ser anf® WHF 28t G568of o BRUSGE Sy PFE. ¥A<re SHf cPOIBN Ao Fcies s P e
i mmune answmdr@gj?&ammabk@ém fived@oh FERIMs!0 'R QliRGHhEriOPartibR 2WEhHhad hasd,
cellular Ievel. ring this period the animal was al so nonitored for any

adver se e#s well ss dfe mhthod ronproduce: sashparticie hwhareintthm getergenbehstep ¢U) js CHARScal
synpt ons, body wejght., tenperatuyre a | ogal reactions a (redness,
owel | . OSBRI weeR B aretees st 2 or THE R0 o ahy blAEr d&ent. More

preferably, the present invention relates to an oligomeric particle as defined herein, as well as the

» t
g

method to produce said particle, wherein said salt is betaine. Even more preferably, the present



Clearly, ALT levels (and ganmaGT | evel s, data not shown) decreased as soon
as the antibody | evel against El reached its maxi mum (Figure 11). ALT and
gamaGTI rebounded as soon as the antibody |evels started to decline, but
ALT and gammaGT remmined at a | ower |evel during the corrpiéa\g fo%@\:}v up
period. ALT levels were even significantly reduced after S (62 b
Ul) as conpared to the period before vaccination (85 -~ 11 UJl). Since

| ess markers of tissue damage were recovered in the serum these findings
were a first indication that the vaccinafd on induced an inprovenent of the
| iver disease. E2 antigen | evels becane undetectable in the period in which
anti - El rirventicerblaénoanaliporheric pafticle. 49 defired abov) s welt asthe mhethod togfrbducegaiidn at

the tine of tower E1l antjbody |evels. Together with {he dj. sappear ance of
HCV ant i Qericle.ihereipsp IBHhBBAS bsed at @ vapcentration pf, ‘@ée#é‘&saéa whegsin said
noder at e [ Y } E gy f [We ISl t
nepat |t SULERE Tfeenr BEPE 4 binkeh@ulBnbr 01 % Moah or S WP R REABER ¢ &
reduct i orconéentiaton iof r.0artade%. fiveh andry prgferabba thengresatt iheention pelates ab lay,

th i f Lits., t - the || . T i, i | l, . .
e algo e bl R b i an bt o s SR BRDE WBhsa2S,
r emai ned %ig&gBWisriﬁé&b% OhSn@iod @q/%%n@ WhiRén 5488 CHDMFortetihe 28 Lidfar

Mor e det al nal ysis of the hunoral response reveal ed that the maxi mum

end- poi ntconcenemtionsoaf k2% $.390, respetbvely, 2ferihich baffesis 3@it¢hedtand said«CBARSH
i mruni zation).and that this titer ed to 103 nipe mont hg after
| Tmini 2 a(0F DRaineiag et oncepasione oG B8R e 0 306, seveciie . 15 Bag asesbipogh
can be mtﬁit‘hhﬁﬂr&)ﬂtdé@?ﬁéc@‘?ﬁﬂﬁ%tﬁé@dés&?\%%é@aﬂ\y% hs B SlinR! R she@at ed

at the NNterminal region (peptides V1 V2 and VZ for details on the

pept i des besisdr thattEabetbodijesciihiedabovaises dscPCY/ER93H03031 aind theexamplosiéationt E
1 is higher, and | onger lastin it can al so be deduced fromthis.fiqure,
that t he of thersenCAREenuan 5 an Stampls FERRo2Redfe e el oF BEameitrt imyebeR (e
total antg agyegal tHedre@it iA0ahios hlséconcthR ahf BliePiethoR Rhéwh i th® &k whidhedan
directed agai nst epitopes which cannot be m m cked by peptides) i.e.

di scont i rhgotsed dépipreguse thesgligpnegsict papéalesapfethp mserebt inventian, suchsasy fororxample,
conplete Fl. I r.ev n i -1 an
e r STSRRREHRG it Altabedin PERIROSDSO dl SR MBon BB |
obser ved and ubingarsteadhos cllsMichdiave &1 Sptintbddraddasate irethe BnddplsntcRetiddluml n
those patients, anti-El _is in_part also discontinuous) but a large. ..
propor t i dAT feduging gysteine hrdgesdn afdition, itshopld e cleasshahp wWhgle rangejof alkylhetaines
m nor pr Iy | S i@l B8, ihvTeE n ZB0RNE fiié ded raapi i
genot ype)%g% %glég‘%ﬁ %hg)lr?!’;(laj‘?p\gégt(ll Vi tyagglgi nstlg{‘/zv\’:ul9 was rﬂgcéce)r g’ggm%@gr‘t ens
et al., 1020)aswell ahbstaiobderpativasesuch as foeetagplevisulfobataitesa i sol ate t he

anti body response was al so evaluated for cross-reactivity towards a El-la
antigen. As can be seen in Figure 13, such cross-reactive antibodies are

i ndeed gegifécAfoPthe first iRE Sibcedshif ¥nmAhoMmeRby ofeHinpaizebdRith 8dvate chidrid aetive
popul ati on. Remarkable is the cornel ation between the reappearance of viral
ant i gen ihepatitis € wasackinved byevageinatippevitinm perifisd HeVeantigen, shepreseny igvention

a'so-tni dleebpled T BRRHER AR HCY iniory bt In e ERL EL Byt SRk 0

a speci f i gresonyinvastidmsertins dh dbrh it'idiﬂ@m;fbifsﬂgrsQﬁEsigglGHU\Gcﬁvbms pidtéins,0. 5 to
5, and remains el evated during the follow up period (Figure 14). Exanple 6:
Reboost i rifddhe psevhenspbas an HQY vaeoine, af a5 the mapufagturepof 1anlEVygeping.i t er s as
observed in exanples 4 and 5 were not stable and declined over tine, even
to undetectable levels for the Ib infected chinp, it was investigated if

thi s ant i In@ider (eI dudivnlof alD@nrierregoast aggiasvinblgvadepitapes) tie HIUW shvaigpe
Bot h chi npanzees were immuni zed again with three consecutive intranuscul ar

i muni zatBeifiMRseE fer vaccnatgR axpreferably gpostmered gs a1copsepgys siarghcropindividual

adj uvant) . | i - . b3 e
coul d 1 netaelPeE s drdHAEE TSI B B R Eind Bitich dee e L o e
the |i vemtigecfeahaad tiefoawofipdpeids,ipostein| o & polyhecledtide) fol vandination dridtagesism

remai ned constant although in Ton (Figure 11). Avirema |level of < 105
genone 19 ermore, the present invention also(pcrtg%s to an ghgomcr{c paxrtT;c e, as &%ncc? herein, and

ns

the use thereof, in which the HCV envelope protein is encoded by a consensus sequences based -



equi val ents per m was nmeasured for the first tine during the foll ow up
period. Notable is the finding that, as was already the case for the first
series of imunizations, the " chinpanzee infected with the subtype | b HCV
strain {Phil) responds with lower anti-El titers) than thg }gp e
infected with subtype la HCV strain {maximumtiter in the ?irs round 14.5
x 103 versus 30 x 103 for Ton and after additional boosting only |I.Z x 103
for Phil versus 40 x 103 for Ton). Although for both aninmals the benefici al
effect seens to be sinmilar, it could be ¥oncl uded frOﬂlthIS experlnent t hat

2 o uspB16 b et e ol RS E50cnte o B AR

subtype or @geno ers)

maybe ci roodsensuy seq@ende OF diffsient isamtearvduﬁmeeuﬁtype @Wmmnemmeexwél ng
in the host and |nduced by the infectin subtype or _genot ype.
Al t er nat iGF éP%C}CSt (h@e poipesicy Fanaensug sl ar ther eEnpies 3 §eniis £&“PF RepSEns

vacorne Lehlbrblll EGHCAUTHe WASICo «r%?th?gcénggnsgyﬁﬁ\% iRl e

to virus fore poSsess et
capaci t y.a donsdtshEseqaencé derived fid ainisofate, aiﬂim OE gétivs aonsenids eeqmjnw
epi topes known to carrelate mnth control i nfection Al so other e topes

besi des tHaE tgeannpigtion ofythe term |'qonpensgusy is ma@ce@rlv wefeged roMagiiensrand

phase or r thed Several of these epitopes are Iocallzed
W t hin Négygjlzgéngur&ﬁkg%ls etﬁg “} i 996; Rehermann et al.) 1996 and 1997,

D epoider et al.) 1995 and 1997). Two of the maj or epitopes are the CTL

it d by Reh d 1073- 1081 |1
(C) " opt LB FAERTHE PG el o PrarIt AR PrEOR RS s #ibtndg ethciendy e
Unf or t ung ﬁﬁﬁ)}’mﬁ&eﬁﬁ ofigd rﬁ gﬁg?d'@lssacl%&rﬁ W& I?)J[nk «)eﬂ chiPWah ok tey-cah N

order to have at [ east pi t opes aval arelatively’large protein
woul d be dalieit dgprbficiant infiid@reiréépbnse. Bx ﬂdmmmtsuxsfcomptahcg‘bdphatulm HC¥serevkelope

| t I t t mh h
S onl 5 AP o denog e o At aded 10 GOTEHR H GRS CRepRiv e Dhe BRSFEEIos ©
product i qsio@fnsamemdnﬁrmm%ﬁieacWicﬁs%aﬁcdﬁ%ﬁeﬁwpaémaemé%ﬁwmﬁmwI s

problem “I'n order to do so, sone of the epitopes need to be repositioned
W t hi n ssolelya andrpessibly qgn@trmnmp@ytha%m dgne:d\fm oler exogennus Reamid, sutheast foat  ~-

= 22 I no, CTL. e - { .ch is
ot 11 nkad e LAY, B et ol Sipode SR BB gt f i btk

nol ecul e bagkbone sdag e dsédQs atvehicleab picsedtlion-BOV dpﬂo@aﬂpamb@slnhaaﬁnoﬂablev 5).
This construct already includes the epitopes described by Wi ner and

cowor ker <pitaprs. Bhespfarcgtie Pessentdnvastion also epgompassasian gligamehie patiples aspdefingd 1180
to the sgg rarh G GANNS g LWt ope
wes. ohangeirit £t byl BV hiforkl, didif appieif sl ENARabT polfil

wi t h vi r alonGineg wquCV‘EbﬂopmﬁEhcrwnn "exagennidiagershad Usgd hextird, roefels toamyoageai,n a

ﬁEthIOﬂIﬂEh 05|t|on£é 66 to allowinitiatio f t.ransl t|on %ﬁﬁ‘
net hi oni nN® "x?&?er B"‘Bé gL, gliqit anjmmune sesporse,angd whichig “‘P‘o‘?" ?ﬁﬁ@ﬂ“"&? ost,
al ani ne. dng wm&ﬁls%e/xkcv mc'é fttﬁé 1288 @fm RF¥s @cpihk%ﬂﬁ?co“ﬁh TRtHYEnic

present in the natural N , imted to a mninu ternatlvely, if the
expr essi cagens, alhrsenpraoddtantmul’alhwnw AEABLSS COTRPTiSEhRrials) vnmpunrgb@wmy abé

i nked to h m nus.at 185, 1468 as. depicte

cod ng s GBS Ok espiel e arte SBeibhss ettty B, or Hbp S B ol
descri bedqCw, Nh@fg&ﬁsrb% tis@substahiéel/ JEMISeQAGhble t6lppit@kéd AR imileNe adipdds38n hA68
was used as starting naterlal) The CTL e ope as descri bed by Rehennann)
and not prassentheir awn Mféem@hpsn\sﬁsp@aedmd al?mynﬁ Japtens behaye sinsilagly tephlergqst h

tusi on onvSireectbSié ol ol R A RIS b Bin B8 SRR R, (ipidnt

functi onaleetl ¥ chri¢r oleadlé.ect ed by the position of the epitope. Using the
pl GRI 2NS- 3 piasm d, which is an E. coli expression plasm d expressing the
NS-3 19b fragnment under control of the |eftward pronotor of phage | anbda,

&t or m o) TP in{euon R i 6 Ao R R0 ERERON & fefea

| 9bTc, r espeet Mmﬁd ya)mcmryethélprestcns ihehoae ekldted © b vacgifdEbbripésti @nefir) term
cIonlng vector giving rise to vectors pGEM TNS-319bTn and pGEM TNS-319bTc.
The PCR- aifgfqifs CHmRosion nekaes g 2B 1Eynogenic gomppsiiansaabie of ah%ﬂ% peoteqigny e
case of fusing the T-cell epitope sequence to the N-term nal region of

NS-3, PCR was carried out with a |ong sense priner carrying the CIL epitope
and a short antisense priner honol ogous to sequences 3' of the NS-3 19b

st opcodon. Priner sequences are depicted bel ow




22 March 2003 36 Prinmer 9038 (sense)

5' - GCCATGGECGACCTGCATCAACGGTGT TTGCTGGACCGT TTACCACGGTCGTGC
GCCTGTTTGCACCCGTGEGGT TECGAAGECGGTGG- 31 (SEQ ID NO 5) Prinmer 1901

| antisense) 5' -TITlI" ATCAGACCGCTTCTCCG 3" (SEQ ID NO 6) In Z?}ﬁ rgﬁ § 3of t he
Cterminally fused NS-3) PCR was carried out with a short 2 2 i rer
honol ogous to sequences 5 of the NS-3 19b startcodon and a | ong anti sense
prinmer carrying the CIL epitope followed by in-frame stopcodons. Prier
sequences are depicted below. Prinmer 102D (sense) 5' - AGCAAACCACCAAGIGGA- 3

EQ 1D 7 5 E i sen ;
(58 STGT AGNOSQPWC@@?&WQ A eSS cheseforer includes HGY- peptides, proteins, or
GCCAGCT Eiebtides hirbidstich a anlv?rem @paﬁi@i&'tanuﬁ.gmw&fa@msa% non-
sequences cloned into the p T vectors sequences are
i nsert ed human prineates| ERhe?a Movst (Zasbgymas st AR 199t or othéronammmals\-t er mi nal | y
fused NS-3 | 9bT, the NS-3 | 9bT codi ng sequence was isolated as a 379 by
Ncol | SnaBl fragnent and iigated with SnaBl /A I wWNI and Al wWNl | Ncol fragnents

from vectye ﬁh@fﬂs%ﬁ&épms@ﬁﬁﬂ%ﬂtm cafl bé b&d\é@ gl iP4 613tidHtered Form 'f&fexbl“@ned

Ctermnally fused NS-3 the NS-3 T codi ng sequence was isol ated as
a 585 by st&QWBE;S@M)fde@mmmm uoméeatmbm Avrdm (Modecglan Brabep ic.,dfugenel QRct or

e
strain Wuﬁﬁﬁ%?ﬁﬁn)ab%cﬂﬁérﬁrdﬁlﬁﬁ@@érﬁ%ﬁirﬂldr’h@l%ﬁ{ah@ﬁhﬁ;ﬁ b tdnisEhia, donot
pronotor, expression |level's were anal ysed on SDS- PAGE and” West ern bl ot )
using a pgﬂl}ognhqmpdqupn pf angibodieplBargfuleto the individual receiving the composition nor do
they elicit protection. Suitable carriers are typically large slowly metabolized macromolecules
such as proteins, polysaccharides, polylactic acids, polyglycolic acids, polymeric aa's, aa
copolymers and inactive virus particles. Such carriers are well known to those skilled in the art.
Preferred adjuvants to enhance cffcct;vcness of the composition include, but are not limited to:
aluminium hydroxide, aluminium in combination with 3-0-deacylated monophosphoryl lipid A
as described in WO 93/19780, aluminium phosphate as described in WO 93/24148, N-acetyl-
muramyl-L-threonyl-D-isoglutamine as described in U.S. Patent N° 4,606,918, N-acetyl-
normuramyl-L-alanyl-D-isoglutamine, N-acetylmuramyl-L-alanyl-D-isoglutamyl-L-alanine2-
(1"2'dipalmitoyl-sn-glycero-3-hydroxyphosphoryloxy) ethylamine and RIBI (ImmunoChem
Research Inc., Hamilton, MT, USA) which contains monophosphoryl lipid A, detoxified
endotoxin, trehalose-6,6-dimycolate, and cell wall skeleton (MPL + TDM + CWS) in a 2%
squalene/Tween 80 emulsion. Any of the three components MPL, TDM or CWS may also be
used alone or combined 2 by 2. Additionally, adjuvants such as Stimulon (Cambridge Bioscience,
Worcester, MA, USA) or SAF-1 (Syntex) may be used, as well as adjuvants such as
combinations between QS21 and 3-de-O-acetylated monophosphoryl lipid A (W094/00153), or
MF-59 (Chiron), or poly[di(carboxylatophenoxy) phosphazene] based adjuvants (Virus Research
Institute), or blockcopolymer based adjuvants such as Optivax (Vaxcel, Cythx) or inulin-based
adjuvants, such as Algammulin and Gammalnulin (Anutech), Incomplete Freund's Adjuvant
(IFA) or Gerbu preparations (Gerbu Biotechnik). It is to be understood that Complete Freund's
Adjuvant (CFA) may be used for non-human applications and research purposes as well. "A
vaccine composition" will further contain excipients and diluents, which are inherently non-toxic

and non-therapeutic, such as water, saline, glycerol, ethanol, wetting or emulsifying agents, pH



22 March 2003 37 Am no acid sequence of the NS-3 i9bTn protein

MATCl NGVCWI' VYHGRAAVCTRGVAKAVDFVPVESVETTMRSPVFTDNSSPPAVPQTF Qv
SGKSTKVPAAYAAQGYKVLVLNPSVAATL G-FGAYMSKAHGVDPNI RTG

VRTI TTGAPI TYSTYGKFLADGGECSGGAYDI | | CDECHSI DSTSI LA GT VLDQAET%&QH&\TATPPGS
VTVPHPNI EEVALSSTCGEI PFYGKAI Pl EVI KGGRWFCHSKKKCDEL~A

KLSGFG NAVAYYRGLDVSVI PTSGDV W VATDALMIG-TGDFDSVI DCNTCVTQIVDE S (SEQ ID NO |
) Amino acid sequence of the NS-3 | 9bTc protein

MGVAKAVDFVPVESMETTM t SPVFTDNSSPPAVPQT FQ\/H ~L~I APTGSGKSTKVPAAY
AAQGYKVLVLNPSVAATL GFGAYNSKAHGYDPNI RTGV] T P| TYSTYGKFLADG |

GCSGGAYD! Pv%aes:ﬁsqﬁmmr@e@m FYDICATRTAPYRSRING FOMPRAljigrHy prepared

s R A R M SRR (e

Nucl eot i der ssprmesion én,diguidh eehideSpridihd injectidn nepy ale-tie prepared. The preparation may

ATGGCGACCT T CAA GITTGCT TTACCACGGT
m@%ﬁ#@ﬂm@%ﬂm w%ﬁ@e The polypeptides

ACCAT T R ACH,

O S TSR T S withsponis, fr

GCT GCATATWW AN@dcheT CthpeSitieCCCAMPOSE at@@Blmologically effective

CCTTAGGA eccece GCA GGT
QCTG;I_B(A;\GT T ;,,3'3‘ > ReYReRdeso1 CAT GT@@@%&%A G AGAfthc above-mentioned
GITTCTT I%@'Tmﬁ-[@-@fﬁ%ﬁmm of that amount
GTGCCACTCGA CT CAACCT GGGCATCGECACCGT CCTGGAT CA
GGAGA Gsif@tealm@aﬂ mm@@m c@@quve for prevention or

g‘é—r. ' AT e\ : %.an of the individual

cT GCCATTO@&GM%M@I&%%@W&WM@@% . human, non-human
TCAACGCT GTAGCGTAT TACCGAGGCCT GTCCGTCATACCGACTAGCGGAG 22 'March 2003
38 ACGTCOPIATAFEEEAASASABCCABTIADACEDITTAlSGOBBSEATTFEIGaaount an effective

AT AT o A AT ST AU CALACT CONCHTRAGT ARS8 ) blithgy ' O

ATGGGGGT T G636k G ek sment AR TSt I R aGaTc A GTCT ARBOARARIAGR factors. It is expected that
ATGCGGT CCCCGEGT CTTTACGGATAACT CATCT CCT CCGECCGT ACCGCAGACAT
TCCAAGT GGHeampaniwilbiatidnaaxtatively Aepdames thgicae bedstsrrgined through routine trials.

ccocaocTTALN AP AT AN gt gty from 01 o 100

DEN d'mﬁdﬁﬁmparenterally, typically by

AT LI S @ﬁ@@%&%%&e%f ! ble 5
ATGT GATGA ormulations suitable for

sitories. Dosage treatment

3 G pare
CCT CCGGGGT CGGT CACCGT GCCACATCCCAACATCGAGGAGGT GGCTCT
GCACTGGAGER beesiaglieTipse shedvia ocomwiipicdarcahetsicAfiteyaacioe may be administered in

%%A M%TTWWWST%%& invention pertains to the

TCCGT CAT AUt aian oFz6kéfid\phriicle bt deilied hefeii Yo prSphiyTCH: ucing immunity against
CGCECTTTACCGECGACT TTGACT CAGT GATCGACTGTAACACAT GCGT CA o

GACAGT CGAiF G Aaheridmoneted dea roapimaneT Arabrasalubdrrtetmentafanindividsabam NO
4) Exanpl ) t " 3 |1 9bTc proteins E.
coli cell %mzlgjpso Fﬁ%gr‘f}leéﬁ'l M%h Q&rcﬂﬂgf;mag h%Pé[;Q @@9 Aeyﬁleby a cell disrupter
(CSL) rmdel B) at 1.4 kbar in 50 MM TRIS) pH 8. This |ysate was cl eared by
centri fugatl on (15000g, 30 m n) C. The supernat ant was di scarded, _since

both for tﬁepmmamcwm a@qre%am%cmmglpme& ?@@dﬂagvcr%swﬁ%omwssﬁgc
pel let. Thiys PEEbSS7 #S'f' ONE4A OB Hsgﬂ'akﬁdﬂr?}@ r&% R&?éﬁf@i E2,
Wit 3 s cOS 5M

construct allow ng t roug washing (first was
guani di ni and/ol EiB20eartdcies rhay, fidd example, be combined with T cell stimulating antigens, such as,

for example, core, P7, NS3, NS4A, NS4B, NS5A and/or NS5B. In particular, the present

invention relates to a composition as defined above wherein said NS3 protein, or parts thereof,

have an amino acid sequence given by SEQ ID I or SEQ ID 2 (see further in examples section).



22 March 2003 39 DTT, second and third wash with 1 % Triton X-100, 0.5 M
guani di ni unchl ori de and 10 mM EDTA) before solubilisation. This was not the
case for the CGtermnal construct. Purification was further pursued on the
N-term nal construct. The washed pellet was finally dissol i

guani di ni uncthl ori de/ 50 mM Na2HP04, at pH 7.2 and was sul fz\é%rggzg%dw
described in Maertens et al. (PGIlIEP99I02547). The sul fonated pel l-et -was
first desalted on a Sephadex &5 colum to~ 6 M Ureal 50 nM tri et hanol am ne,
pH 7.5) and finally purified by two sequgntial anion-exchange

chromat ographies in the sanme buffer conposition. The first ani on-exchange
was per f Gihepuribeatonidj these INE3 proteinswyillqpotfenentidBi in@pdeaa revedsiblebmadificatiog lof thidh.
USA) and the NS3.was recovered between 0.11 and 0.19. M NaCl. After .

di | Ut | on SYRRBE Y NS RENESTE PRy Sultep-BgR of e MEPISls ian Bty
(Bi 0Spr a gl Reersi¥ié e, HMeludida dulfonatid) BaPeSBediP etV RIr Q4SS gn'&tgﬁls in
fractions containing 0.125 M NaClI". These fractions were desalted to 6 M
Urea i n Ne®yteps-tal SPCTARIDI03547)plt slicuyd heostressedithag thedvheleomintept sraluding bihePAGE
fol |l oned il ver .st.alning. The Nt erm nal, sequenci.ng by EDVAN.degr adati on
showed ¢ MEnant 3 e R dfom o e PR SRR i e hefi A0RLFREA e ¢ ope
is present in the correct sequence. It was also confirmed that the

met hi oni ne used for the start of translation was cleaved of as predicted.
Exanpl e &t isClnas frogcthe @hovsf thatthepresenstieyentian alsouelatey prethe axsagedfeanr eligooeric An

i mmunodoni pamnt _ h I us, response. has bgen ed to,the R 1 reaqi f
£ Thi s PO trodetbel AR dite farpieeiedfian YEfRed SR them siariflachure of o He ¥
vacci ne 3pgfifeedmpdsitionBi SretgOthe préentiBvérition réRES tdtheUsig df dnSollonRYie
different fromthe field strains). Therefore) deletion of this regl on woul d

be necesdartiflaas defiped hapein-foripdncingimmumity aggng HGY iehsenie 43 Vnearriens ia

conserve I I i ] . . i .t he
22| cadorhaiths (8 BreulPHRBREH EIAGH BBl bon ileoRERE DML S BB Math
for expr desinducing inmurdity agamttcHOV i thironic HOR chrmsipride &), giftdtanebuisly t6 onaftaruct
al l ows expression of an E2 peptide starting at position as 409 instead of
as 384. A8y otheg therapys sucioat ok W%éh?nWHr%W"am%f%ﬁha@%ﬁ“E&f WP IDsed.

However, .si . . e[y i ‘sdr%' fAcw i ofclale
ver si on \fg?%ﬁngaé'b?‘st?glrctl ng %dtmg!ggfdﬁ%l, I céﬁaﬁgs al g‘%mék%.u‘gﬁ ptpgebgigl ity to
be cl eaveéuchtompesitionyhiy gssbd ¢mployed t2fort/ar afterdideBtratSplhmatonyod afitrpresnnetr uct

Dot g S dHSETRI SR B f0r SRS, TR St st A5TRaR, (o DRSS et sales t
peptide, aStifbértaigingt thé/BligsidericTRRGiEEPHEh OV en)de \prodins ifdHE Prebént)

eisih
whi ch contains the COdIgI"I/g sequence fur Ez_-f:lL%S HCV type I'b with the |ong
versi on dhventen ta detacyHEV antibediercpresentinta higjogicaligample/The tgrmy chielogival samplarade

b d | e- di i i . Ly, ) v
P e Gaed ot b eghB S P ohHiRlsicl b SR an s Bty URUARH e
ends (r ediniitad!t6, foZ @daimpie, Sruinlsladia) lyrbyh fiuid Qe Bk (rnal sadtitnk ol therrkiv, &spiralory

pvHCV- 99, which codes for the sane protein (E2-715) with a shorter El
| eader siipfgstinah And; geaitouringry (ragis,Q0cKse. 3625, SahvpCwilboblapd cellsy d4mpEsse orging.ne

strain i : e:lnw e ssﬁgﬂlo I

signal s quue’gges 0 s’ﬁ%ﬁ%ﬁﬁé‘%ﬁ%b de@@ggﬁs&giggaﬁ ep gog %%‘ﬁ%(/%c(% and
-101 shoulrihecspota andahedékeeSinoe the oligtmeipatcles amdthe single HCY ehetlopmprofeirishe
hypervariabl e region |  (HVR:] In plasm d pvHCV- 100, am po acids

S5a( 1 o BB RSN HpwiQicite sy SRR o Peso U Bumira) and pefllar
384(H. i S)nfhdubk! ' HEV - .

constr uctli on ofr L%\t/)ﬁ%\a/m%d%géctﬁ 5@%?@5‘9%&@#?& I edgmyveﬁ’yg é%gtsl?%ﬁgj\h%ﬁg/d E rc°209

[ 8749j : response, comprising the oligomeric particle or the purified single HCV envelope protein of the

instant invention. HCV T cell response can for example be measured as described in the
examples section, or as described in PCT/EP 94/03555 to Leroux-Roels et al. It should be
stressed that the whole content, including all the definitions, of this document is incorporated by

reference in the present application.



5'- CIT' TGC CGG CGT CGA CGG GCA GAA AAT CCA CGCT CGT AA -3' (SEQ )D NO 9)
HCV-pr 408 [8750J: 5 - TTA CGA GCT GGA TTT TCT GCC CGI' CGA CGC CGG CAA AG
-3'" (SEQ ID NO 10) PCR anplification (denaturation 5 mn 95C, 30 cycles of
anplification consisting of annealing at 55 C, pol ynerizabh a2 C, and
denaturation at 95 C for 1 mn each, elongation for 10 nun at 72 ) of the
pvHCV-99 tenplate with Got-pr [3757J and HCV-pr 408 [8750] resulted in a
221 by fragnment) while anplification with HCV-pr 409 [8749J and TICr-pr
[3756] resulted in a 1006 by fragnent. Bagh PCR fragnments overl ap one

anot her by 19 nucl eotides. These two fragnments were assenbl ed and anplified

by PCR wilt shewld b clegr tha7the) prascat Ryengion [alsospertains tRafhe use of rspeeific i HG V1200

2003 a1 B ARS b treishehn i hevBliod b pRElor AT R RES e g 1
bp) . Thi s depmsmikstrated thaoxsh!ﬁélan&vem ROV ansibodiey espesiarly OV eneclops anibedizs,
anal ysi s,, and deBOSI ted in the strainlist as |1 CCG 3636, Constriction

pvHCV- 101ingusge amelioration of HenafitinC sisepser-it s alsp demopgiratadifardhe first Bme gt syfficignt

Cos! e 1P S s ] T S P R R,

GCT GCC @@rnoﬁmmme@wm HE'V 4ifgon fanN@elip)er, AR witlp kintliomtiomof tiert he

221 by A EC Ve IDBE ApRREieS ey B e c«acévi%g 8743479resé'y%§3s ped

3756 ti&?df SR 9@09
Einot h!ar W&%eﬁﬂdc{%%t@g?s écég two ?Pglgfrir%unﬁéﬁ re assen}ol ed and anpl illpi ed
by PCR witlbod sheaifiat from HGV S'Ed:u&esi Thisrefque, theSpibeht miréwon pertdins ﬂughdxﬁﬁ Spdgific

fragment wg ested wth Eco and H n n ed into

Ecom | Hi ABEDYOE gaierie et bl s e fhswser Higfust  fpmpositon
constn, ~C£s)de§8fﬂﬁ£a/aﬂ&)e; oﬂ’@s‘fng?é‘ﬁb(ﬁéh@ ordif, iy érﬁéhlﬁ-nﬂﬂe PRAGR M enBORteYaldsS
and dep05|ted in the strai st as | 3637. All plasnuds wer e checked by

sequence tarditeomprising saishoibodids for detectingiHEYeantigenss The team rispesific mboqi;las:

plasmd two ti,ons™ ASm wer e made un ster

P oadit | ori s Reraio eEs BR Aoy bick AR Taithd HEpirb fRRet WRRh a8, SHekioR o the
per f or medolipomietis phdticted asmls%nfsbd'ﬁi :ae pi%démﬁ:mdu&mn Yther wisas] sb&lﬁ@ﬁﬂib%ﬂ&s are
reconbi nant vaccinia virus as described in Maertens et

( PCT/ EP95Rised against epidopes vigh reat fromythe faymatiosref, maraﬁagwmm 9m oliggmegic
however, %ﬁ&gﬁtﬁ&&%‘”ﬁ@r& Gel eJéJo% p¥8£e8 ?'nénéwy% utcg‘@{(f‘?%ﬁd&f mg que

purifi cat e cxpression anal means o stern-
anal ysi:s precedings mightresult ibﬂd@'s/mudés aabablé mﬁﬁﬂﬁg Eipds. It @mohmv:ﬂalwlhate

[ | f anti- E2 | ti bo | GH 21 h b
bt ai ned e BT Ry OHAUIEG b e B 2B AT OSSRl R e
gg ESD; ' P?lﬁﬂﬁf@lﬁﬁéﬁ SEmUR Phtbpddfardpirpds &Zulﬁ%frﬁ&rmﬁf&é@ﬁrm&ﬂ%r Bhri§thgand

procedures but recognizable by one and the same antibody. However, the oligomeric particles

of the instant invention present epitopes extremely efficient. Consequently, the epitopes on the
oligomeric particles are highly immunogenic. Therefore, the present invention also pertains to
epitopes on oligomeric particles, said epitopes are at least 10 times, preferentially at least 20
times, preferentially at least 50, preferentially at least 100 times, preferentially at least 500 times,
and most preferentially at least 1000 times more immunogenic than epitopes on HCV-peptides,
which are not produced according to the present invention, ie not produced by detergent-assisted
particle formation. It will be appreciated by the skilled that said immunogenecity can, for
example, be detected and therefore compared by immunising mammals by means of
administering comparable quantities of peptides, produced by either method. Moreover, the term
"specific antibody" refers also to antibodies which are raised against a purified single HCV

envelope protein. As used herein, the term "antibody" refers to polyclonal or monoclonal



22 March 2003 42 vvHCV-101. These nol ecul ar wei ghts indicate the presence
of both a glycosyl ated and nongl ycosyl ated E2-protein) which was confirned
by treatnment of the sanples prior to Western-bl ot analysis with PNGaseF.
This treatnent results in the detection of only one singl 22%&5@5&) f 37
kDaand 35 kDa for vvHCV-100 and vvHCV-101, respectively. Am no aci
sequence of the mature E2) derived from pvHCV- 100

QKI QLVNTNGSWHLNRTALNCNDSL QTGFFAALFYKHI ~FNSSGCPERL ASCRSITKFAQG

WGPL TYTEPNSSDQRPYCWHYAPRPCG VPASQVCGPVYCRY PSPVWGT TDRFGVPTY

NVGANDSDVLi LNNTRP GG TWNGTGETK PCNI GGAGNNTL TCPTDC . . .
SRKE PEAT SRRSO FHE OB O PR T M U CRUEPRY. Eatiposition having a
CNWIRGERChb bbdyPopaYidoh Plie tbrhl- Bisolet idhot Hﬁhm@)é@mﬁg tHESdfel Wi K

(SEQ 113 NO 13) Amino acid sequence of the mature E2 derived from pvHCV-101
QLVNTNGS wewrre/mTie xatipely grars Aninendesl-1edsdomizrl strapminer oshish it is made. In

PLTYTEPNSS Y : PSP T PTYN .
CANDSDIN ~ ARl bod i ARy fturianlat Rt i egst a porton of
KHPEAT YARgHKeS Giainie woRCgrbes YoiL WY aiudidElobiiin anéRbefided\frbinFdvién immunoglobulin
NWIRGERCDLEDRDRSELSPLLLSTTEWQ LPCSF>TLPALSTG_>HLHONI VDVQYLYGV -
GSAWBLVI K sequetses pngisingly) chajim pgsibodips, sch g5, fpnexample, 4y describadiindy.Si ppeat Y

i Mmunogeni,q f 0 eX the El I i s hied.
accor di mg *oA0Y T Yo bl of AhuBRER R s s Fona S PP WiichsSlln
Thi s pr ot afitidenibreditigl fmciaaldupecifivity 6f thiepireialaintibydy.ei nes (free cysteines
and cysteines involved in internolecular bridging) the latter after
reducti on of these cysteine bridges using DIT) using nal ei m de derivates
(N- et hyl i ot nnml e ng t t Al i

a1t or nat | DTorE (B e Bl 4 OR i Ve et UfOmlcf Pk AR il
eval uat ed abdvegsra comipsition 8s ddserilbddeabavd to deteitahtibeliss) aghineCHCVr eneclopspreteirss by

nmeans of al kylation. B of exanple, an active hal ogen (iodoacetanjde,
Merck) wad$ Sﬁ‘gﬁ%ﬁ“cwc Wtaécﬁs%‘ &S dQjanyasgaydaunp thedrs, F‘s%gge ‘35 gﬁe‘f‘ﬁ’“-

purify El Iﬁ@axﬂ@uﬁﬁ{ uRAEm REYRES ﬁif‘ynr&rﬂﬁno%say %ﬂé}nﬁ%d%'v@é%}%sﬁ“t instead of

mal ei m de cobnpounds, | odoacet em’de was use e Els protein obtained by
this procedure behaved throughout the conplete purification procedure

simlarly_as the pal ei,n de-bl ocked prqtejns. Upon,final |o i ng, of the
det er gent TG EEH [BPRLH | GNPk CARPPBIETS, E CHPA dME T an B . P PRt
descri bed jhvengR MPbI§peptiddi réfekstb aljdlyrher bEEMING 26id9 Rindind Qéid sBgucled)ahdusRGobY
DLS. The surprising_effect was found, however, upon inmunization of m.ce

wi th thi s refestogrpealiedengthiof theanalecyle, Thys, sligeneptidesase inslndsd within the definiiomer e

et on % BagpepliBe 46 R (HER ol Sy o RS i 8 ferly BiRLpaa
vol ume of "peptideastjdfipeotein{ R- 700) . A first series received El-nmal ei mde

formulated in 0.05Yo CHAPS, a second series received El-acetam de al so
formulated in 0.05% C 1i APS, while a third series received El-acetam de

formul ate 1 i i pal | Ji; o3 . r
the third e BEfALRAfch Bfieed FR s of i ligBrEfe BERoR S a R 1
serum st i lihducegliimunity iagaiast BECY, ¢hameteriaédyinehat shidroligemierjc panitlevia lusaalsds panr
each animal. individually were determ ned ainst E 1-nmal eimde and, E .

L acet am @3 Pt G and COpouBsE BHATHIE A 1 bemaFriebint 8 <8 AdSFS ¢
standard Qg¥in@ldn@RampdifdS" flfds (& KRERNKEFnE WithRIrkd MtétPalSRYM RAIVIMAT (RN

anti body response which is able to recoghi ze nal ei mi de-cont ai ni ng epi topes
(no react iceinppunds uaéd foppliditing et tmindag responsse Thi datter eompowndisEhaycompaise dey

clearly nmount ant i body response agai nst epi topes, sinc

ant bodi ot MedSfledite oRPnnis SR Ere e eiricits. HOY BIA S ipebRRaHCY:
was cl earIpsi trated in an additional experinent, in which antibodies
for specific regions of El were determ ned using peptides which were
nei t her nodi fi dolthié relspest @tsanesieompsisenidniinisgring midier: The results, as shown
in Figure 18) denonstrate that the mce i mMmuni zed with Elacet am de (CHAPS
and betaine fornmul ated) do nount an anti body response which is able to
recogni ze the peptides V1V2, V2V3) V3V4, VSC4, C4V6. As V6 was not part of
El s, we can conclude that antibodies were nounted against C4, V3 (V3V4 is
positive while V4V5 is not) and V 1 V2. Mce imunized with El s-mal ei m de
nount only a very |ow response against the V 1 V2 and V2V3 peptides. This
stresses once nore the fact that the reasonably high titer neasured for

t hese nouse anti bodi es against the naleimde-Els is mainly directed agai nst
mal ei m dedependent epitopes. In addition, we were able to prove that the
El s-acet am de i nduced response is partially of the Th 1 type, since a
substantial anobunt of the induced antibodies is of the




22 March 2003 44 1gQ&2(at+b) subtype. The amount of 1gQ& is even higher for
the betaine fornulation conpared to the CHAPS fornul ation (Figure 19). From
these results it is concluded that HCV envel ope proteins, in which at | east
one cysteine (but potentially mare than one cysteine) is gbhué@ﬁﬁgo3are
extrenely i mmunogeni ¢ proteins. Consequently, the acetam dé-nodifred E
formul ated in betaine was al so used to reboost the chinpanzees Phii and

Ton. Both chi npanzees were i nmuni zed again with two consecutive

i ntramuscul ar i muni sations with a three2swek tinme interval (50 ~tg E1

mxed with ItlBl juvant as for the exanples 4 and 5). As can, be judged
from Fi gulds 281 antigeR fUchy 3% fQTEiaIF%@thOWFd“W%%%AﬁHH“%%%W@& gai n,
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envelope protein.

Finally, the present invention relates to an immunoassay for detecting HCV antibody, which
immunoassay comprises: (1) providing the oligomeric particle or the purified single HCV
envelope protein as defined herein, or a functional equivalent thereof, (2) incubating a biological
sample with said oligomeric particle, or said HCV envelope protein under conditions that allow
the formation of antibody-antigen complex, (3) determining whether said antibody-antigen

complex comprising said oligomeric particle or said HCV envelope protein is formed.

The present invention will now be illustrated by reference to the following examples which set
forth particularly advantageous embodiments. However, it should be noted that these
embodiments are merely illustrative and can not be construed as to restrict the invention in any

way.
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The HCV Els protein (amino acids 192-326) was expressed and purified from RK13 cells using
recombinant vaccinia virus pvHCV-11A according to the protocol described in Maertens et al.
(PCT/EP 95/03031). In addition, the purified El protein in 3% Empigen-BB which displays an
apparent molecular weight corresponding to an E1 homo-dimer (approximately about 60 kDa;
Figure 1), was pooled and the pooled fractions were again applied to a size exclusion
chromatography column (according to PCT/EP 95/03031) and run in the presence of 0.2%
CHAPS or 3% betaine. Surprisingly, although the Els protein is devoid of its membrane anchor
region, a homogencous population.of specifically associated E1 homo-oligomers with an
apparent molecular weight of 260-280 kDa could be obtained with both detergents (Figure 2).
Such a homo-oligomeric structure could contain an approximate number of 9 Els monomers. It
should be clear that the latter is a rough estimate as the shape of the oligomer may drastically
influence its apparent molecular weight as measured by size exclusion chromatography. By
switching from 0.2% CHAPS to 0.05% CHAPS and repeating the same procedure, the apparent
molecular weight further shifted beyond the resolution of the column (void of the column, > 600
kDa, Figure 3), suggesting the formation of particles. Switching fram 3% betaine to 0.1% betaine
yielded a population of Els oligomers with a similar behaviour (data not shown). Other
detergents could be chosen by means of which similar detergent-assisted oligomerization could
be achieved. The oligomerization leading to the particle formation is not unique for CHAPS or
betaine, since similar results were obtained by using Tween-20 or Tween-80, or octylglucaside.
Moreover, further removal of the detergent may be possible which may allow to generate even
larger particles. The presence of detergent may, therefore, not longer be needed to obtain
particles. The particles may be obtained by e.g. SCC, without any detergent. Notably, an El
monomer is approximately 31 kDa, while an E2 monomer is approximately 70 kDa. These

values, however, may differ depending on the glycosylation status of the protein.
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light scattering (DLS).

The dynamic light scattering technique measures Brownian motion and relates this to the size of
particles. The larger the particle, the slower the Brownian motion will be. The velocity of the .
Brownian motion is defined by a property known as the diffusion coefficient (usually given by
the symbol D). The size of the particle is calculated from the diffusion coefficient by using the
Stokes-Einstein equation: d(H)=kT/3nnD, in which d(H) is the hydrodynamic diameter, k is the
Boltzmann constant, T is the absolute temperature, 7 is the viscosity. Notebly, the measured
diameter is a value which refers to how a particle diffuses within a fluid. So, it is referred to as
hydrodynamic diameter. The diffusion coefficient is derived from an autocorrelation function
(variation of intensity fluctuation of light with time). The instrument uses a computer-controlled

correlator to calculate the intensity of the autocorrelation function automatically.

For measuring size distributions, the above autocorrelation function is corrected to obtain linear
curves and the instrument is equipped with a computer program for analysis of the size
distribution. However, the technique has restrictive assumptions similar to those of the technique
called multi angle laser light scattering (MALLS) and neither method can be considered to yield
absolute data. The results of size distributions from DLS have to be interpreted as semi-

quantitative indicators of polydispersity, rather than as a true representation of the distribution.

Samples containing Els particles (80-400 ug Els/ml PBS5-0.05% CHAPS, 0.1% or 0.5% betaine)
were pipetted in the measuring cell of an LSP 3.53 DLS instrument equipped with a 10mW HeNe
Laser (PolymerLabs). A readout of the analysis is provided in Figures 4 (Els in 0.05% CHAPS)
and 5 (Els in 0.1% or 0.5% betaine).
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Example 3: Size and shape analysis by means of Electron Microscopy.

Ten pl of Els (226 pg/ml in PBS/0.05% CHAPS; and 143 pg/ml in PBS 3% betaine) was
visualized with a standard negative staining with 1% uranyl acetate on carbon stabilized formvar
grids. The sample was applied for 30 seconds and then rinsed with dH,0 before staining for S
seconds and photography (Figure 6).

Statistical analysis yielded the following results: the Els particle in CHAPS had a mean diameter
of 8.7 + 0.27 nm (range 4.3-29.0; 95% CI 5.4) and that the Els particle in betaine was less
homogeneous with a mean diameter of 9.7 + 0.55 nm (range 4.3-40.5; 95% CI 11.0).
Surprisingly, the 3% betaine preparation, which initially showed a MW of 250-300 kDa as
analysed by SEC even shows larger particles than the 0.05% CHAPS preparation, which initially
showed a MW of >600 kDa. We therefore hypothesized that intermediate homo-oligomeric
forms of Els obtained by 3% betaine may have formed higher order particles over time. This
surprising effect points to other possibilities for obtaining higher-order particles. A size
distribution of the particles (Figure 7) shows that the CHAPS preparation is monodisperse,
although a tailing to larger size particles is observed (up to 29 nm for 0.05% CHAPS). Since
larger structures are overestimated in DLS analyses, the presence of these larger particles,
although less in number, may explain the larger diameter obtained by DLS analysis (example 2).
The difference in diameter may also be explained by the fact that DLS measures a particle in
motion, while electron microscopy measures static particles. It should be clear that the
immunogenicity of these preparations as shown in the examples below is due to the entirety of
the preparation, and may be due to the average, smaller, or larger particles, or to the mixture

thereof.
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an HCV subtype 1b strain was vaccinated with El (aa 192-326) which was derived from a
different strain of genotype 1b, with a 95.1% identity on the amino acid level (see also Table 2),“
and which was prepared as described in examples 1-3. The chimpanzee received in total 6
intramuscular immunizations of each 50 ug El in PBS/0.05% CHAPS mixed with RIBIR-730
(MPLA+TDM+CWS) according to the manufacturer's protocol (Ribi Inc. Hamilton, MT). The
6 immunizations were given in two series of three shots with a three week interval and with a lag
period of 6 weeks between the two series. Starting 150 days prior to immunization, during the
immunization period and until 1 year post immunization (but see below) the chimpanzee was
continuously monitored for various parameters indicative for the activity of the HCV induced
disease. These parameters included biood chemistry, ALT, AST, gammaGT, blood chemistry,
viral load in the serum, viral load in the liver and liver histology. In addition, the immune answer
to the immunization was monitored both on the humoral and cellular level. During this period
the animal was also monitored for any adverse effects of the immunization, such as change in
behaviour, clinical symptoms, body weight, temperature and local reactions (redness, swelling,

indurations). Such effects were not detected.

Clearly, ALT (and especially gammaGT, data not shown) levels decreased as soon as the
antibody level against El reached its maximum (Figure 8). ALT rebounded rather rapidly as soon
as the antibody levels started to decline, but gammaGT remained at a lower level as long as anti-

El remained detectable.

E2 antigen in the liver decreased to almost undetectable levels during the period in which anti-E1
was detectable and the E2 antigen rebounded shortly after the disappearance of these antibodies.
Together with the Core and E2 antigen becoming undetectable in the liver, the inflammation of
the liver markedly decreased (see also Table 3). This is a major proof that the vaccine induces
areduction of the liver damage, probably by clearing, at lcast‘partially, the viral antigens from

its major target organ, the liver.
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reached 14.5 x 10° (after the sixth immunization) and that this titer dropped to undetectable 1
year post immunization (Figure 8). Figure 9 shows that the main epitopes, which can be
mimicked by peptides, recognized by the B-cells are located at the N-terminal region of E2
(peptides V1V2 and V2V3, for details on the peptides used see Table 4). Since the reactivity
against the recombinant E1 is higher and longer lasting, it can also be deduced from this figure,
that the antibodies recognizing these peptides represent only part of the total antibody population
against E1. The remaining part is directed against epitopes which cannot be mimicked by
peptides, i.e discontinuous epitopes. Such epitopes are only present on the complete E1 molecule
or even only on the particle-like structure. Such an immune response against El is unique, at least
compared to what is normally observed in human chronic HCV carriers (WO 96/13590 to
Maertens et al.) and in chimpanzees (van Doom et al., 1996), who raise anti-El antibodies in
their natural course of infection. In those patients, anti-El is in part also directed to discontinuous
epitopes but a large proportion is directed against the C4 epitope (+50% of the patient sera), a
minor proportion against V1V2 (ranging from 2-70% depending on the genotype), and reactivity
against V2V3 was only exceptionally recorded (Maertens et al., 1997).

Analysis of the T-cell reactivity indicated that also this compartment of the immune system is
stimulated by the vaccine in a specific way, as the stimulation index of these T-cells rises from
1 to 2.5, and remains somewhat elevated during the follow up period (Figure 10). It is this T cell
reactivity that is only seen in Long term responders to interferon therapy (see: PCT/EP 94/03555
to Leroux-Roels et al.; Leroux-Roels et al., 1996).

Example 5: Immunization of a chronic HCV carrier with different subtype

A chimpanzee (Ton) already infected for over 10 years (3809 days before immunization) with

HCV from genotype 1a was vaccinated with E1 from genotype 1b, with only a 79.3 % identity v
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on the amino acid level (see also Table 2), and prepared as described in the previous examples.

The chimpanzee received a total of 6 intramuscular immunizations of 50 pg El in PBS/0.05%
CHAPS each mixed with RIBI R-730 according to the manufacturer's protocol (Ribi Inc.

Hamilton, MT). The 6 immunizations were given in two series of three shots with a three week
interval and with a lag period of 4 weeks between the two series. Starting 250 days prior to_
immunization, during the immunization period and until 9 months (but see below) post

immunization the chimpanzee was continuously monitored for various parameters indicative for
the activity of the HCV induced disease. These parameters included blood chemistry, ALT, AST,

gammaGT, viral load in the serum, viral load in the liver and liver histology. In addition, the

immune answer to the immunization was monitored both on the humoral and cellular level.

During this period the animal was also monitored for any adverse effects of the immunization,

such as change in behaviour, clinical’symptoms, body weight, temperature and local reactions

(mdnesé, swelling, indurations). Such effects were not detected.

Clearly, ALT levels (and gammaGT levels, data not shown) decreased as soon as the antibody

level against El reached its maximum (Figure 11). ALT and gammaGT rebounded as soon as

the antibody levels started to decline, but ALT and gammaGT remained at a lower level during

the complete follow up period. ALT levels were even significantly reduced after vaccination (62

+ 6 U/) as compared to the period before vaccination (85 + 11 U/1). Since less markers of tissue

damage were recovered in the serum, these findings were a first indication that the vaccination

induced an improvement of the liver disease.

E2 antigen levels became undetectable in the period in which anti-El remained above a titer of
1.0 x 10°, but became detectable again at the time of lower E1 antibody levels. Together with the
disappearance of HCV antigens, the inflammation of the liver markedly decreased from moderate
chronic active hepatitis to minimal forms of chronic persistent hepatitis (Table 3). This is another
major proof that the vaccine induces a reduction of the liver damage, probably by clearing, at

least partially, the virus from its major target organ, the liver.

The viracmia level, as measured by Amplicor HCV Monitor (Roche, Basel, Switzerland), in the
serum remained at approximately similar levels during the whole study period. More detailed

analysis of the humoral response revealed that the maximum end-point titer reached was 30 x 10°



1. An oligoneric particle consisting of purified HCV envel ope proteins and
having a dianeter of 5 to 100 nanoneter. 2. Aigoneric particle according
to claim1 having a dianeter of 5 to 40 nanoneter. 3. Aigoneric particle
according to any of clainms 1 or 2, in which the am no aCi@Z%&ﬂ%Fﬂﬁ% of the
HCV envel ope protein is a consensus sequence derived froma Isol ate, a
HCV subtype, a HCV strain, or a HCV genus. 4. digoneric particle according
to any of clainms 1 to 3, wherein at | east one cysteine residue of said
envel ope protein is alkylated. 5. Aigomgric particle according to claim4,
wherein at | east one cysteine residue of said envel gpe protein is alﬁylated
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Analysis of the T-cell reactivity indicated that also this compartment of the immune system is
stimulated by the vaccine in a specific way, as the stimulation index of these T-cells rises from

0.5 to 5, and remains elevated during the follow up period (Figure 14).

Example 6: Reboosting of HCV chronic carriers with E1

As the E1 antibody titers as observed in examples 4 and 5 were not stable and declined over time,
even to undetectable levels for the 1b infected chimp, it was investigated if this antibody response
could be increased again by additional boosting. Bo_th chimpanzees were immunized again with
three consecutive intramuscular immunization with a three week interval (50 pg E1 mixed with

RIBI adjuvant). As can be judged from Figures 8 and 11, the anti-El response could indeed be



16. digoneric particle according to any of clains 1 to 15, wherein said
envel ope proteins, or parts thereof, are a m xture consisting of HCV

envel ope proteins fromone HCV strain or HCV genotype and HCV envelope
proteins fromat |east one other HCV strain or HCV genotyngZM In Sbégonerlc
particle according to any of clains 1 to 16, obtained by a netho &
characterized by the followi ng steps: (i) purifying HCV envel ope proteins
in solution; (ii) formation of oligonmeric particles by switching the °
purified HCV envelope proteins of (i) to34 detergent solution or salt
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i goner | biesied) ¢ @sgeéﬁgwﬂgnwngv &%mvsrr L teFt@Pégruﬁ @Qeamgkﬂad
et hod “COfph S&ind s Bhen althe hARHIRRYE H AQrbﬂ&rT@{}él(beafﬁs'g%hSmc
according to any of ainms 17 or f wher el sal step ( conprises the
use of a dqmvﬂlqnmgﬁmbwds measaeddor the Emst un&Odur(ilgtg@foHDwalpgmmdcl e according
-to any of clains 17 to 19, wherein said step (i) conprises the use of an
al kylating agent. 21. Aigoneric particle according to any of clainms 17 to

20, wher enNgabR id thd ﬁﬁde ? Ithat, 8 w&aaféaafh{mse %chhb fifst séﬁhrstdﬁﬁuﬁ'ﬁﬂ%oﬂg e

concentration of the ergent or step (11). . digoneric
particl e chivpasiiendnfected withahe mb@rmsleHCV(stlﬁm (Phﬂ)anemondssmthl lowersantie2l titegnt

of step ( i gen- B erei of st ste i)
'S Caps, R FeoiaiSuBtyve, g PN et oy e ot e B 1 5
salt is bgtig! f@susZd x b ﬁ?ﬂ‘%ﬁhﬁdﬂ%rtah&hﬁnﬁ%ﬁﬁ Iy P2&! P TorkEhil WSELA0X
sai d Enpi gen- BB is used at a concentration of 1%to 10% and wherein said

CHAPS or T0kfenTpr). udtough for botnanimalsahé beneficia effect sames to(w similas 4§ epwldbai ne

is used at_a ation. of %to 10‘V Met ho (o] odue n.
o 1 Goner | Co ey P i et Pampminzce o g G Witehe K Cortein Biveg
the fol | offofdardtiRpSubtype oP gérotype thay-KevespBaialyp Bendficial & fieach Highér ufem mm(ybe)
formati on of oligoneric particles by swtching the purified HCV envel ope

prot ei ns GECYMVENHRg 4 PERSKIsHAS Ard smqnﬁs mmuap sdppressiogexistingin the hpst drmdtweﬁg

the ol i goﬁ?[ﬂeﬁnfg&{r}é sﬁb%e of ééﬁ%@p& Atk Qtively, & 100 Herf AXErvel in the homologous

setting (1b vaccine + 1b infection) may indicate binding of the bulk of the antibodies to virus.

Therefore, the induced antibodies may possess neutralizing capacity.

Example 7a: Construction of a NS3 protein combining the major epitopes known to

correlate with control of infection

Also other epitopes besides the ones in E1 may be linked with clearing of HCV during acute
phase or by interferon therapy. Several of these epitopes are localized within NS3 (Leroux-Roels
et al., 1996; Rehermann et al., 1996 and 1997; Diepolder et al., 1995 and 1997). Two of the
major epitopes are the CTL epitope mapped by Rehermann and coworkers (aa 1073-1081), and
the T-cell (éD4) epitope mapped by Diepolder and coworkers (aa 1248-1261). Unfortunately,
these epitopes are scattered all over the NS3 protein. In order to have at least those epitopes
available, a relatively large protein would be needed (aa 1073-1454). Producing such a large
protein usually results in low yields, and may result upon vaccination in a response which is only
for a small part targeted to the important epitopes. Therefore, production of a smaller protein
would be a more suitable solution to this problem. In order to do so, some of the epitopes need

to be repositioned within such a smaller protein. By taking advantage of the knowledge that -



25. Method according to claim 24, wherein said step (i) conprises the use
of a first detergent. 26. Method according to clains 24 or 25, wherein said
step (i) conprises the use of a disul phide bond cl eavage agent. 27. Method
according to any of clainms 24 to 26, wherein said step (i%z »&AS the
use of an al kylating agent. 28. Method according to any of clainms 24 to 27,
wherein said step (iii) of said nmethod conprises further reducing the
concentration of the detergent or salt of step (ii). 29. Method to produce
an oligoneric particle according to any 3 clains 24 to 28, wherein said
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to, sinultaneously to or after any other therapy. 37. Use of the oligoneric
particle according to claim35 for the manufacture of a nedicanent to
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Using the pIGRI2NS-3 plasmid, which is an E. coli expression plasmid expressing the NS-3 19b
fragment under control of the leftward promotor of phage lambda, as a template for PCR, NS3
19b coding sequences, fused respectively N- and C-terminally with the Rehermann CTL epitope
(named NS-319bTn and NS-3 19bTc, respectively), were first subcloned into the pGEM-T
(Promega) cloning vector giving rise to vectors pGEM-TNS-319bTn and pGEM-TNS-319bTe.
The PCR-amplified sequences were verified by DNA sequence analysis.

In the case of fusing the T-cell epitope sequence to the N-terminal region of NS-3, PCR was
carried out with a long sense primer carrying the CTL epitope and a short antisense primer

homologous to sequences 3' of the NS-3 19b stopcedon. Primer sequences are depicted below.



40. Use of the conposition according to any of clainms 31 to 33 for the
manuf acture of an HCV vaccine. 41. The oligoneric particle or the
conposition according to any of clains 1 to 23 or 31 to 33 for inducing

I munity against HCV in chronic HCV Garners. 42. The olig i§h£§§§icle or
t he conposition according to claim4l for inducing innuniggi&ﬁ HCV in
chronic HCV carriers prior to, sinultaneously to or after any other
therapy. 43. The oligoneric particle or the conposition according to claim
41 for inducing immunity against HCV in dCV-infected individuals prior to
or after liver transplantation. 44. The oligoneric particle or the
conposi t iPpimen 9038 (Gem@)t 0 any of clains 1 to 23 or 31 to 33 for

prophylactical |y induci i munity against HCV. 45. The aoligoneric particle
br “Fhe c T GHCEA Tt d TeAdo BTt ataGTSoAC ot SatsAtors

| nduci ng G@@P@MG@@@@GT&@G%’?P@&M@G&@%TQ@-M&E@M@'5390”er' ¢
particle or conposition I's used In a dose schedul e comprising a series of
doses and conpounds. 46. A purified HCV envel ope protein or a part thereof

wher ei n %t | e ne cysteine residue is alkylated. 47. The purified HCV
envel ope ng to claim46 whichis E1 or E1s. 48. A

conposi t isopTPPRIEIAG AecHRrRYGEGES l]§'N’G|69Pe protein according to claim

46 or 47. 49. The conposition according to claim48 for use as an HCV
vacci ne. 50. Use of the conposition according to claim48 as an HCV

vacci ne. 51. Use of the purified envel ope protein agcording to claim46
or Caror 18 Becst of e ermribally, fieed 8 A BGH 58S it o8 shord Semsrmeagieny
vacci ne. pamologB@ltoisbquerddsiSPGIhERS BTV stirRddGiPald Wlonk Btisehde o | laCl €
accordi ng:ljéto any ofsagjlcai m;j 1 t%ﬁg& 53. Use&gf ﬁenépeéifiec ant F%rgg@éme
accor di nTleepitopt falBwed by in-firamentoptodanar Brimér sequenties anealepicted belayat  or

prevent HCV infection. 54. Kit for detecting HCV antigens, conprising the
specific antibody according to claimb52. 60

Primer 1052 (sense) .
5'“AGCAAACCACCAAGTGGA-3'(SEQIDNO 7)

Primer 9039 (antisense)
“CTCTAGACTATTAACCGTGGTAAACGGTCCAGCAAACACCGTITGATGCAGGTC

GCCAGGCTGAAGTCGACTGTCTGG-3' (SEQ ID NO 8)

Starting from the coding sequences cloned into the pGEM-T vectors, the NS-3 19bT sequences
are inserted into the pIGRI2 E.coli expression vector. For the N-terminally fused NS-3 19bT, the
NS-3 19bT coding sequence was isolated as a 379 bp Ncol/SnaBI fragment and ligated with
SnaBI/AllwNI and AlwNI/Ncol fragments from vector pIGRI2ZNS-3, resulting in the vector
PIGRI2NS-3Tn. For the C-terminally fused NS-3 19bT, the NS-3 19bT coding sequence was
isolated as a 585 bp SnaBI/Spel fragment and inserted into the SnaBI/Spel opened vector
pIGRI2NS-3, resulting in the vector pIGRI2NS-3Tc.

Both pIGRI2NS-3Tn and pIGRI2NS-3Tc vectors were subsequently transformed to the E.coli
expession strain MC1061(pAcl) and after temperature induction of the lambda P, promotor,
expression levels were analysed on SDS-PAGE and Western blot, using a polyclonal rabbit anti

NS-3 serum.



22 March 2003 55. Kit for detecting HCV anti bodi es present in a biological
sanple, said kit conprising the oligoneric particle according to any of
claims 1 to 23 or the purified HCV envel ope protein or parts t her eof
according to clainms 46 or 47 in a suitable container. Fﬁ'@ fﬁg @itecting
HCV related T cell response, conprising the ollgonerlc pa qrgh 2 rdi ng
to any of clains 1 to 23 or the purified HCV envel ope protein or parts

t hereof according to clains 46 or 47. 57. |Inmunoassay for detecting
antibodies to HCV in a biol ogi cal sanple,3waid i nmunoassay conprising: (i)
provi ding the ollgonerlc Partlcle according to any of clains 1 to 23, or
the puri f i3 'ax‘== qneg, at e Ao 9 N BERAIR t her eof according to clainms 46

47, oA
(()ir) und(elr 'l%[én t ons al’ l"'owi ‘9‘%‘8“‘% or nati Wygy&’% ex ween ‘sai dé#ﬁl@pﬁfn:
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The HCV vacm ne accor ing to cfaim erein sai envel ope prote| s

El or El s KLSGFGENAVAY YRGIDVEMIPTSGDV/ FTGDFDSVIDENTCVTQTVDF
ol i goneric rticle according to any of clains 1 to 23, a purified single
HCV envel o‘b&%&@gpn Jaccor di ng to claim46 or 47, or a conposition
according to any of clains 31 to 33 or 48. 61. The HCV vacci ne according to
any of clains 58 to 60 which is a therapeutic HCV vaccine. 62. The HCV
vacci ne ackmindianig sequenny ofthe NS3B 18bB8proei®l f or i nduci ng a i mmune response

unerein SHGVARARBIEN IR se s SRV EOTEQAGRRR g SV BARY

response. MQGWQVQWRWMWTMTWF@&PW@Y GRFLADG

i nducing a i mmune response In a mammal Infected with a a genotyoe or
subtype h MSGQMMWWIQWQ%@MWMS
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a genot ypersGDVVWWAED AEMTIGFTGDFDSMIDCRT GV DYDBSLATCINGVGWYNYHG (SEQ

envel ope proteins conprised in said vaccine. 66. The HCV vacci ne according
to any of IBMO® 58 to 61 for clearing HCV viral antigens fromthe liver of
an HCV-infected mammal .

Ll

Nucleotide sequence of the NS-3 19bTn coding region
ATGGCGACCTGCATCAACGGTGTTTGCTGGACCGTTTACCACGGTCGTGCGGCTGTT
TGCACCCGTGGGGTTGCGAAGGCGGTGGACTTTGTACCCGTAGAGTCTATGGAAACC
ACCATGCGGTCCCCGGTCTTTACGGATAACTCATCTCCTCCGGCCGTACCGCAGACA
TTCCAAGTGGCCCATCTACACGCCCCCACTGGTAGTGGCAAGAGCACTAAGGTGCCG
GCTGCATATGCAGCCCAAGGGTACAAGGTACTTGTCCTGAACCCATCCGTTGCCGCC
ACCTTAGGATTCGGGGCGTATATGTCTAAAGCACATGGTGTCGACCCTAACATTAGA
ACTGGGGTAAGGACCATCACCACGGGCGCCCCCATTACGTACTCCACCTACGGCAA
GTTTCTTGCCGACGGTGGTTGCTCTGGGGGCGCTTACGACATCATAATATGTGATGA
GTGCCACTCGATTGACTCAACCTCCATCTTGGGCATCGGCACCGTCCTGGATCAGGC
GGAGACGGCTGGAGCGCGGCTTGTCGTGCTCGCCACTGCTACACCTCCGGGGTCGGT
CACCGTGCCACATCCCAACATCGAGGAGGTGGCTCTGTCCAGCACTGGAGAGATCCC
CTTTTATGGCAAAGCCATCCCCATCGAGGTCATCAAAGGGGGGAGGCACCTCATTTT
CTGCCATTCCAAGAAGAAATGTGACGAGCTCGCCGCAAAGCTATCGGGCTTCGGAA
TCAACGCTGTAGCGTATTACCGAGGCCTTGATGTGTCCGTCATACCGACTAGCGGEG




61 22 March 2003 67. The HCV vaccine according to claim66 wherein said HCV
viral antigens are HCV Core and/or HCV E2 antigens. 68. The HCV vacci ne
according to any of clainms 58 to 61 for nornaI|2|ng the levels of liver
enzynmes in the serumof a HCV-infected mammal . ' The Hg%ﬁ%acﬁ Qﬁﬁa
according to claim68 wherein said |iver enzynes are ALT geng GT.

70. The HCV vacci ne according to any of clains 58 to 61 for inproving the

hi stol ogy of the liver of a HCV-infected manrmal . 71. The HCV vacci ne
according to any of clainms 58 to 61 for ggproving |iver disease in a
HCV-infected manmmal . 72. The HCV vaccine according to any of clainms 58 to
61 for |nAOmmG@ﬂTGVEGﬂGGCAmmﬂGmﬁGCWCTAﬁIGAGGﬁG@ﬂTRﬁ@ﬂﬂGCGACﬂhHLHCT

"R R A F CATORAebACRITRACO A TOCORe AR GRS R AR A BT

_. AL. AS. A{jg3yAHe. Aa_. AHE

A As[. Any. An, . A9. An% A L. AN . An. As. Ar. A. Al . A" AL. AyN% Al L. A@ A@

AN AN A LA A A A& A LA LA A A A ALAYGrOk: F _6: H]

#K{ upkf a\ ) ]ca] ca ca] ca] ca] ca] ca] ca] ca] ca] ca] c*a] ca
] ca] ca] caf¥ COUNAIERION (4| +~+, r / BOPOR0{ 015222344 4]

444, 8: 88 @ zmrtk? \ﬂm]‘t} 4 %TA ] ca]
cal ca] ca] caJ ca] ca] ca ca@%cm ca#a:al <<E=L= >e>>>1$\g%ﬁlBCéCC r <

GG DETTTALCCHATAACTCATCTCATCARGAIGAT ACTGT AGHACAT ca ¢

afealcal caf el enlalplaaeal it ent ool leaNObATTT. o

U c”a] ca] eGucrbCcATAgUE mmmmmmmeemwmﬂ:emmsa ca]

ca] ca XokobpzpSst szvxxxz<~l ~' 58{ x gux3;

~ytoje_Zj €W4¢M&E¥GMTWW@]W&%@F@QWW &bfca]

TLtval oo) AT et AR T AR A A Ao o COATRACOTARTORAGET, ¢

] ca] ca] CahMM@M@G@W@GﬂM@MA&A@MM?M C
:} g:} g:} g%ﬁ%ﬁ%&a] ca! Ca]égﬁ%g‘{%]‘ | ca! cal %éz% cal ca! ca! ca! ca]ég]ag]é:_a:gguc
) & O R O X CERCIGT A

] ca] ca] catACCGGaGINGETCACUTGTCALAIICCGOA AGANTNGAGGAIGGT GG CTEFGTEB ADDDF

g{mH K vl IJ JJJWLLL{ wr,,[ag%:V\hhc’\ éﬁ%@ﬁé%@ﬁ&%ﬁ@hﬂ;
] ca] ca] 9a$§a§ca] ca‘f&qca\ygfﬁ%ﬁﬁ ca Ac{a‘%'g]wgg%ca] cal c”a] ca] c"!a]cca

] cra] ca] cA]AO%GCTATCGGGC'I‘TCGGAATCAACGCI‘GTAGCGTATTACCGAGGCC’I'I‘GATGTG

“ajes) oSN TS gt RO A G ORI RN

a] ca] c"a! FIAEETTA CGADTETEAE cAvlRGcaYrpadce@l] cal

ceidate Actatigat reAGT
S/a}\ﬁca({(;g]f} ca ca%ca&]}j&%&ca} ca ca C Pg&]cai_@gh_a ca GACCATERTAG] cal
ca] cal ca a] ca] ca] ca] ca] ca! LESvV@n 4;
Bl\/}\l"OLW{} Eﬂo@ hi d Sﬁacﬁ?bgfj} ca} ca} ca]U] c!a] c!aU] ca] cal] caU] ca] ca] cal] ca] cal]
ca] cal] ca] caU] ca] ca] c”a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca

s8=pi | }w mgb\ WY e_U] ca] cal] ca] cal] ca] ca] caU] caUlV] c*al] caU] ca U] c”al] ca
Ul cral] ca] cal] ca] ca] ca] ca] ca] ca] ca] caU] ca] caU] ca] cal] ca] ca] ca| LP( +26 ACSV/f g

w vake” X%}Aﬂec%ﬂ Piftification of the NS-3 19bTn and NS-3 19bT¢ proteins

E. coli cell pasts from erlenmeyer cuitures were broken by a cell disrupter (CSL, model B) at 1.4
kbar in 50 mM TRIS, pH 8. This lysate was cleared by centrifugation (15000g, 30 min, 4 °C).
The supernatant was discarded, since both for the N- and the C-terminal construct NS3 was
recovered in the pellet. This pellet turned out to be highly stable for the N-terminal construct g

allowing thorough washing (first wash with 2% sarcosyl, 0.5 M guanidiniumchloride and 10 mM |
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a Hyper DQ (50 pm) column (BioSpra In¢c. Marlborough, Ma. USA) and the NS3 was recovered
between 0.11 and 0.19 M NaCl. After dilution, these fractions were applied to a second Hyper
DQ (20 pm) column (BioSpra Inc. Marlborough, Ma. USA) and the NS3 was recovered in the
fractions containing 0.125 M NaCl. These fractions were desalted to 6 M Urea in PBS, pH 7.5.
The final purity was estimated > 90% based on SDS-PAGE followed by silver staining. The N-
terminal sequencing by EDMAN degradation showed that this NS3 has an intact N-terminus, in
which the desired epitope is present in the correct sequence. It was also confirmed that the

methionine used for the start of translation was cleaved of as predicted.

Example 8: Construction of an E2 protein without hypervariable region I

An immunodominant homologous response has been noted to the HVR I region of E2. This
response will be of little use in a vaccine approach, since a vaccine approach is a heterologous
set-up (the vaccine strain is always different from the field strains). Therefore, deletion of this
region would be necessary to have an E2 protein inducing antibodies against the more conserved,
but less immunogenic regions of E2, By carefully analyzing the E2 leader sequence and the E2
hypervariable region the most ideal construct for expression of an E2 protein without HVR I was
designed. This construct allows expression of an E2 peptide starting at position aa 409 instead
of aa 384. As a leader sequence the C-terminal 20 amino acids of E1 were used. However, since
the delineation of this HVR is not unambiguous, a second version was made (starting at aa 412),

which has also a high probability to be cleaved at the right position.
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( )In the exprcs/sdl-on <(:gsscttc, the coding sc{quenccyof E2-715 gtzould be prcccdgc)i by an El leader
signal peptide, starting at Met364. Therefore, in plasmid pvHCV-92 (Figure 15), which contains
the coding sequence for E2-715 HCV type 1b with the long version of the El signal peptide
(starting at Met347), a deletion was made by a double-digestion with EcoRI and Ncol, followed
by a 5'-overhang fill-in reaction with T4 DNA polymerase. Ligation of the obtained blunt ends
(recircularization of the 6621 bp-fragment), resulted in plasmid pvHCV-99, which codes for the
same protein (E2-715) with a shorter E1 leader signal peptide (starting at Met364). pvHCV-99
was deposited in the strain list as ICCG 3635. It should be clear that HCV or hctcrologoﬁs signal

sequences of variable length may be used.

The plasmids pvHCV-100 and -101 should contain a deletion in the E2 sequence, i.e. a deletion
of the hypervariable region I (HVR-]). In plasmid pvHCV-100, amino acids 384(His)-408(Ala)
were deleted, while in plasmid pvHCV-101 aminoacids 384(His)-411(lle) were deleted.

Construction pvHCV-100
For the construction of pvHCV-100, two oligonucleotides were designed:

HCV-pr 409 [8749]:
5'- CTT TGC CGG CGT CGA CGG GCA GAA AATCCAGCTCGT AA-3'(SEQIDNOY9)

HCV-pr 408 [87501:
5~ TTA CGA GCT GGA TTT TCT GCC CGT CGA CGC CGG CAA AG-3'(SEQID NO 10)

PCR amplification (denaturation 5 min 95°C, 30 cycles of amplification consisting of annealing
at 55 °C, polymerization at 72 °C, and denaturation at 95 °C for 1 min each, elongation for 10
min at 72 °C) of the pvHCV-99 template with Gpt-pr [3757] and HCV-pr 408 [8750] resuited
in 2 221 bp fragment, while amplification with HCV-pr 409 [8749] and TKr-pr [3756] resulted
in a 1006 bp fragment. Both PCR fragments overlap one another by 19 nucleotides. These two
fragments were assembled and amplified by PCR with the Gpt-pr [3757] and TKr-pr {3756]
primers. The resulting 1200 bp fragment was digested with EcoRI and HinDIII and ligated into
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Construction pvHCV-101
For the construction of pvHCV-101, two oligonucleotides were designed:

HCV-pr411 {8747]:
5'-CTT TGC CGG CGT CGA CGG GCA GCT CGT AAACACCAACG-3'(SEQIDNO11)

HCV-pr 410 [8748]:
5- CGT TGG TGT TTA CGA GCT GCC CGT CGA CGC CGG CAA AG-3'(SEQID NO 12)

PCR amplification of the pvHCV-99 template with Gpt-pr [3757] and HCV-pr 410 [8748]
resulted in a 221 bp fragment, while amplification with HCV-pr 411 [8747] and TKr-pr [3756]
resulted in a 997 bp fragment. Both PCR fragments overlap one another by 19 nucleotides.These
two fragments were assembled and amplified by PCR with the Gpt-pr [3757} and TKr-pr [3756].
The resulting 1200 bp fragment was digested with EcoRI and HinDIII and ligated into the
EcoRI/HinDIHI digested pgsATA18 [ICCG 1998] vector (5558 bp). This construct, pvHCV-101,

was analysed by restriction and sequence analysis, and deposited in the strainlist as ICCG 3637.

All plasmids were checked by sequence analysis and deposited in the Innogenetics strainlist. For
each plasmid two mini-DNA preparations (PLASmix) were made under sterile conditions and
pooled. DNA concentration was determined and QA was performed by restriction analysis.
Purified DNA was used to generate recombinant vaccinia virus as described in Maertens et al.
(PCT/EP95/03031). The recombinant viruses vvHCV-100 and vwwHCV-101 were, however,
generated on WHO certified Vero cells. After two rounds of plaque purification the expression
product was analysed by means of Western-blot analysis as described in Maertens et al.
(PCT/EP95/03031). Proteins were visualised by a specific anti-E2 monoclonal antibody (IGH
212, which can be obtained from the inventors at Innogenetics N.V., Zwijnaarde, Belgium) of

an estimated molecular weight of 69 and 37 kDa for vvHCV-100 and of 68 and 35 kDa for
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vvHCV-101. These molecular weights indicate the presence of both a glycosylated and non-
glycosylated E2-protein, which was confirmed by treatment of the samples prior to Western-blot
analysis with PNGascF. This treatment results in the detection of only one single protein of 37

kDa and 35 kDa for vvHCV-100 and vvHCV-101, respectively.

Amino acid sequence of the mature E2, derived from pvHCV-100
QKIQLVNTNGSWHINRTALNCNDSLQTGFFAALFYKHKFNSSGCPERLASCRSIDKFAQG

WGPLTYTEPNSSDQRPYCWHY APRPCGIVPASQVCGPVYCFTPSPVVVGTTDRFGVPTY

NWGANDSDVLILNNTRPPRGNWFGCTWMNGTGFTKTCGGPPCNIGGAGNNTLTCPTDC
FRKHPEATYARCGSGPWLTPRCMVHYPYRLWHYPCTVNFTIFKVRMYVGGVEHRFEA 4
CNWTRGERCDLEDRDRSELSPLLI STTEWQILPCSFTTLPALSTGLIHLHQNIVDVQYLYG
VGSAYVSLVIK (SEQIDNO13) _

Amino acid sequence of the mature E2 derived from pvHCV-101
QLVNTNGSWHINRTALNCNDSLQTGFFAALFYKHKFNSSGCPERLASCRSIDKFAQGWG

PLTYTEPNSSDQRPYCWHYAPRPCGIVPASQVCGPVYCFIPSPVVVGTTDRFGVPTYNW
GANDSDVLILNNTRPPRGNWFGCTWMNGTGFTKTCGGPPCNIGGAGNNTLTCPTDCFR
KHPEATYARCGSGPWLTPRCMVHYPYRLWHYPCTVNFTIFKVRMYVGGVEHRFEAAC
NWTRGERCDLEDRDRSELSPLLI STTEWQILPCSFTTLPALSTGLIHLHQNIVDVQYLYGV
GSAVVSLVIK (SEQ ID NO 14)

Example 9: An E1 particle with further improved immunogenicity

As set out in example 1, the Els protein was purified according to the protocol described in
PCT/EP 95/03031 to Maertens et al. This protocol includes covalent modification of cysteines
(free cysteines and cysteines involved in intermolecular bridging, the latter after reduction of
these cysteine bridges using DTT) using maleimide derivates (N-ethyl maleimide and biotin-
maleimide, both obtained from Sigma). As an alternative method for maleimide blocking, active
halogens were also evaluated. These compounds, ie the active halogens, block free cysteines by

means of alkylation. By way of example, an active halogen (iodoacetamide, Merck) was
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evaluated, The same protocol was used to purify E1 as described in Maertens et al. (PCT/EP
95/03031), but instead of maleimide compounds, iodoacetemide was used. The Els protein
obtained by this procedure behaved throughout the complete purification procedure similarly as
the maleimide-blocked proteins. Upon final lowering of the detergent concentration to 0.05%
CHAPS or switching to 0.5% betaine as described in example 1, similar particles were obtained
as determined by DLS. The surprising effect was found, however, upon immunization of mice
with this acetamide-modified Els.

In total three series of 6 mice each were immunized with Els using three injections with a three
week interval, each injection consisting of 5 pg Els at 100 pg/ml PBS and mixed with an equal
volume of RIBI adjuvant (R-700). A first series received El-maleimide formulated in 0.05%
CHAPS, a second series received El-acetamide also formulated in 0.05% CHAPS, while a third
series received El-acetamide formul;ted with 0.12% betaine. Finally, all mice were bied 10 days
after the third immunization. End point titers (defined as the dilution of the serum still resulting
in a OD 2 times higher then background values) for each animal individually were determined
against El-maleimide and El-acetamide. Figure 17 shows these end-point titers, presented as
mean with standard deviations. Mice that received El-maleimide mounted only an antibody
response which is able to recognize maleimide-containing epitopes (no reactivity at all on El-
acetamide), mice that received El-acetamide clearly mount an antibody response against true E1
epitopes, since the antibodies are reactive against both El-acetamide and Ei1-maleimide. This
was clearly demonstrated in an additional experiment, in which antibodies for specific regions
of E1 were determined using peptides which were neither modified with acetamide nor with
maleimide. The results, as shown in Figure 18, demonstrate that the mice immunized with El-
acetamide (CHAPS and betaine formulated) do mount an antibady response which is able to
recognize the peptides V1V2, V2V3, V3V4, V5C4, C4V6. As V6 was not part of Els, we can
conclude that antibodies were mounted against C4, V3 (V3V4 is positive while V4VS5 is not) and
V1V2. Mice immunized with Els-maleimide mount only a very low response against the V1V2
and V2V3 peptides. This stresses once more the fact that the reasonably high titer measured for
these mouse antibodies against the maleimide-Els is mainly directed against maleimide-
dependent epitopes. In addition, we were able to prove that the Els-acetamide induced response

is partially of the Thl type, since a substantial amount of the induced antibodies is of the
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IgG2(a+b) subtype. The amount of IgG2 is even higher for the betaine formulation compared to
the CHAPS formulation (Figure 19). From these results it is concluded that HCV envelope
proteins, in which at least one cysteine (but potentially more than one cysteine) is alkylated, are

extremely immunogenic proteins.

Consequently, the acetamide-modified E1 formulated in betaine was also used to reboost the
chimpanzees Phil and Ton. Both chimpanzees were immunized again with two consecutive
intramuscular immunisations with a three week time interval (50 pg El mixed with RIBI
adjuvant as for the examples 4 and 5). As can be judged from Figures 20 and 21, the anti-El
response could indeed be boosted again, and this to higher levels than obtained in the previous
immunisations after two injections. This titration was performed against a standard, which is a
mixture of three human high titre anti-E1l sera (obtained from chronic HCV carriers). The anti-El
titer of these sera was defined as one unit/ml. In chimpanzee Phil (Figure 20), titers twice as high
as in human carriers were induced only after two immunizations. In chimpanzee Ton (Figure 21),
titers up to 140-fold higher were induced. This stresses once more the high immunogenecity of
these El-particles.

Example 10: Alkylated E1 has superior qualities for diagnostic use

The Els-acetamide as described in example 9 was further evaluated as antigen for the detection
of anti-El antibodies in serum samples from human chronic HCV carriers. By way of example
these antigens were bound to LIA-membranes, and strips were processed essentially as described
in Zrein et al. (1998). Serum samples from 72 blood donors were evaluated first, in order to
determine the optimal concentration of the El antigen which can be used in the assay in order
to exclude "false" positives. For Els-maleimide, this concentration proved to be 8 pg/ml, while
for Els-acetamide a concentration up to 50 pg/ml did not result in false positive results (no
samples showing a relative color staining above 0.5). Using 8 and 50 pg/ml, respectively, for
Els-maleimide and Els-acetamide 24 sera of HCV chronic carriers were screened for antibodies
against Els. As shown in Table 6, the Els-acetamide clearly results in more samples scoring

positive (67% versus 38% for Els-maleimide). No sample was found which only scored positive
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on Els-maleimide. For samples scoring positive both on Els-maleimide and on Els-acetamide,
the reactivity on the latter is higher. From this example it can be concluded that alkylated

envelope proteins of HCV are better antigens to detect human antibodies than maleimide-

modified envelope proteins.

Example 11: Production of mixed particles containing E1 and E2

Els and E2s (vvHCV-44) were produced and purified as described in Maertens et al.
PCT/EP95/030301 except for the fact the maleimide-modificiation was replaced by alkylation
using iodoacetamide. Els and E2s in 3% empigen alone or as an equimolar mixture were injected
on a Superdex-200 PC 3.2/30 column equilibrated in PBS/0.2% CHAPS. This column is
designed to use with the SMART™ HPLC cquipment from Pharmacia LKB (Sweden). The
fractions were screened by means of three different sandwich ELISAs. For these ELISAs, El-
(IGH 207) and E2- (IGH 223) specific monoclonals were coated at 2 pg/ml. Fractions of the gel
filtration were incubated in a 1/2500 dilution. Two other E1 (IGH 200) and E2 (IGH 212)
monoclonals, conjugated with biotin were used for detection of the bound antigen. The
streptavidin-HRP/TMB system was used to develop the bound biotin into a yellow color which

was measured at 450 nm.

This ELISA system was used in a homologous (anti-El coating/anti-E1 detection or anti-E2
coating/anti-E2 detection) and a heterologous set-up (anti-El coating/anti-E2 detection). The
latter theoretically only detects particles in which both E1 and E2 are incorporated. The reactive
fractions were pooled, concentrated on a 10 kDa filter, and again chromatographed on Superdex-
200 in PBS/0.05% CHAPS. All these fractions were tested for reactivity by using the different
ELISA set-ups. As can be judged from Figure 22, the addition of E2 to El does not result in a
major shift in the retention time, compared to E1 alone, indicating that particles are indeed still
present. These particles contain both El and E2, since only in this set-up the heterologous ELISA

scores positive.
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Els of genotype 1b and of genotype 4 (vwHCV-72) were produced and purified as described in
Maertens et al., PCT/EP95/030301 except for the fact the maleimide-modificiation was replaced
by alkylation using iodoacetamide for the genotype 1b. Els-1b and Els-4 in 3% empigen alone
or as an equimolar mixture were injected on a Superdex-200 PC 3.2/30 column equilibrated in
PBS/0.2% CHAPS. This column is designed to use with the SMART™ HPLC equipment from
Pharmacia LKB (Sweden). The major protein éontaining fractions were pooled, concentrated on
a 10 kDa filter, and again chromatographed on Superdex-200 in PBS/0.05% CHAPS. All these
fractions were tested for reactivity by using an ELISA set-up which should only detect particles
containing E1 from both genotypes. For this ELISA streptavidin was coated at 2 ug/ml. Fractions
of the gel filtration were incubated in a 1/2500 dilution. An El monoclonal antibody (IGH 200)
which only recognizes E1 from genotype 1 and 10 was used for detection of the bound antigen.
The goat-anti-mouse-HRP/TMB system was used for development of the assay into a yellow
color which was measured at 450 nm. As can be judged from Figure 23, the addition of E1-4 to
E1-1b does not result in a major shift in the retention time of the proteins, indicating that particles
are indeed still present. These particles contain both El proteins, ie Els of genotype 1b and

genotype 4, since only in this set-up the ELISA scores positive.
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Table 6
antigen Els-maleimide Els-acetamide
pg/ml 8 50
17758 2 4
17761 0 0.5
17763 0 0.5
17766 0 1
17767 0 1
17771 0.5 2
17773 0 0
17775 0 45
17776 0 0.5
17777 0.5 2
17779 0 0
17784 3 4
17785 0.5 2
17786 0 2
17789 2 4
17790 2 4
17794 2 4
17795 0 1
17796 0 0
17798 0 0.5
17820 2 4
17825 2 3
17827 2 4
17842 1 2
#pos 9 16
%pos 38 67
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1. An oligomeric particle consisting of purified HCV envelope proteins and having a
diameter of 5 to 100 nanometer.

2. Oligomeric particle according to claim 1 having a diameter of 5 to 40 nanometer.

3. Oligomeric particle according to any of claims 1 or 2, in which the amino acid
sequence of the HCV envelope protein is a consensus sequence derived from a HCV
isolate, a HCV subtype, a HCV strain, or a HCV genus.

4. Oligomeric particle according to any of claims 1 to 3, wherein at least one cysteine
residue of said envelope protein is alkylated.

5. Oligomeric particle according to claim 4, wherein at least one cysteine residue of
said envelope protein is alkylated by means of an alkylating agent.

6. Oligomeric particle according to claim 5 wherein said alkylating agent is
ethylenimine, N-(iodoethyl)trifluoroacetamide or an active halogen X-(CH;),-R
wherein X is a halogen, R is H, COOH, NH;, CONH,, phenyl or any derivative
thereof, andnis 0, 1, 2, 3 or 4.

7. Oligomeric particle according to any of claims 1 to 4, wherein at least one cysteine
residue of said envelope protein is mutated to a natural amino acid, preferentially
selected from the group consisting of methionine, glutamic acid, glutamine and lysine.

8. Oligomeric particle according to any of claims 1 to 7, wherein said envelope
proteins are HCV E1 proteins or parts thereof.

9. Oligomeric particle according to any of claims 1 to 7, wherein said envelope
proteins are HCV Els proteins or parts thereof.

10. Oligomeric particle according to any of claims 1 to 7, wherein said envelope
proteins are HCV E2 proteins or parts thereof.

11. Oligomeric particle according to any of claims 1 to 7, wherein said envelope
proteins are SEQ ID NO:13 and/or SEQ ID NO:14, or parts thereof.

12. Oligomeric particle according to any of claims 1 to 11, wherein said envelope
proteins are encoded by an HCV isolate nucleotide consensus sequence, HCV subtype
nucleotide consensus sequence, HCV species nucleotide consensus sequence, or HCV
genus nucleotide consensus sequence, or parts thereof.

13. Oligomeric particle according to any of claims 1 to 12, wherein said envelope
proteins are a mixture of HCV El protein and/or parts thereof, HCV Els protein
and/or parts thereof, HCV E2 protein and/or parts thereof.
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17. Oligomeric particle according to any of claims 1 to 16, obtained by a method

characterized by the following steps:

(1) purifying HCV envelope proteins in solution;

(ii)  formation of oligomeric particles by switching the purified HCV envelope
proteins of (i) to a detergent solution or salt solution;

(iii)  purifying the oligomeric particles formed in (it).

18. Oligomeric particle according to claim 17, wherein said step (i) of said method
comprises the use of a first detergent.

19. Oligomeric particle according to any of claims 17 or 18, wherein said step (i)
comprises the use of a disulphide bond cleavage agent.

20. Oligomeric particle according to any of claims 17 to 19, wherein said step (i)
comprises the use of an alkylating agent.

21. Oligomeric particle according to any of claims 17 to 20, wherein said step (iii) of
said method comprises further reducing the concentration of the detergent or salt of

step (ii).

22. Oligomeric particle according to any of claims 17 to 21, wherein said first
detergent of step (i) is Empigen-BB, wherein the detergent of step (ii) or step (iii) is
CHAPS, octylglucoside, Tween, or any other detergent, and wherein said salt is
betaine.

23. Oligomeric particle according to claim 22, wherein said Empigen-BB is used at a
concentration of 1% to 10% and wherein said CHAPS or Tween is used at a
concentration of 0.01% to 10%, or said betaine is used at a concentration of 0.01% to
10%.

24. Method to produce an oligomeric particle according to any of claims 1 to 16,

characterized by the following steps:

(1) purifying HCV envelope proteins in solution

(ii) formation of oligomeric particles by switching the purified HCV envelope
proteins of (i) to a detergent solution or salt solution;

(iii)  purifying the oligomeric particles formed in (if).
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28. Method according to any of claims 24 to 27, wherein said step (iii) of said method
comprises further reducing the concentration of the detergent or salt of step (ii).

29. Method to produce an oligomeric particle according to any of claims 24 to 28,
wherein said first detergent of step (i) is Empigen-BB, wherein the detergent of step
(ii) or step (iii) is CHAPS, octylglucoside, Tween, or any other detergent, and wherein
said salt is betaine.

30. Method to produce an oligomeric particle according to claim 29, wherein said
Empigen-BB is used at a concentration of 1% to 10% and wherein said CHAPS or
Tween is used at a concentration of 0.01% to 10%, or said betaine is used at a
concentration of 0.01% to 10%.

31. Composition comprising an oligomeric particle according to any of claims 1 to 23.

32. Composition according to claim 31, which also comprises HCV core, P7, El, E2,
NS2, NS3, NS4A, NS4B, NS5A and/or NS5B protein, or parts thereof.

33.Composition according to claim 32 wherein said NS3 protein, or parts thereof, have
an amino acid sequence given by SEQ ID NO:1 or parts thereof, or given by SEQ ID
NO:2 or parts thereof.

34. Use of the oligomeric particle according to any of claims 1 to 23 for the
manufacture of an HCV vaccine composition.

35. Use of the oligomeric particle according to any of claims 1 to 23 for the
manufacture of a medicament to induce immunity against HCV in chronic HCV
carriers.

36. Use of the oligomeric particle according to claim 35 for the manufacture of a
medicament to induce immunity against HCV in chronic HCV carriers prior to,
simultaneously to or after any other therapy.

37. Use of the oligomeric particle according to claim 35 for the manufacture of a
medicament to induce immunity against HCV in HCV-infected individuals prior to or
after liver transplantation, or after presumed infection.

38. Use of the oligomeric particle according to any of claims 1 to 23 for the
manufacture of a medicament to prophylactically induce immunity against HCV.
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or m ucmg immunity aga chat’actenzed in that said oligomeric
particle or composition is used in a dose schedule comprising a series of doses and
compounds.

46. A purified HCV envelope protein or a part thereof wherein at least one cysteine
residue is alkylated.

47. The purified HCV envelope protein according to claim 46 which is El or Els.

48. A composition containing the purified HCV envelope protein according to claim
46 or 47.

49. The composition according to claim 48 for use as an HCV vaccine.
50. Use of the composition according to claim 48 as an HCV vaccine.

51. Use of the purified HCV envelope protein according to claim 46 or 47 or a
composition according to claim 48 for the manufacture of an HCV vaccine.

52. Specific antibodies generated against the oligomeric particle according to any of
claims 1 to 23.

53. Use of the specific antibody according to claim 52 for the manufacture of a
medicament to treat or prevent HCV infection.

54. Kit for detecting HCV antigens, comprising the specific antibody according to
claim 52.
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HCV envelope protein or parts thereof according to claims 46 or 47 in a suitable
" container.

56. Kit for detecting HCV related T cell response, comprising the oligomeric particle
according to any of claims 1 to 23 or the purified HCV envelope protein or parts
thereof according to claims 46 or 47.

57. Immunoassay for detecting antibodies to HCV in a biological sample, said

immunoassay comprising:

(1) providing the oligomeric particle according to any of claims 1 to 23, or the
purified HCV envelope protein or parts thereof according to claims 46 or 47,

(il) incubating said biological sample with oligomeric particle of (i) under
conditions allowing formation of a complex between said oligomeric particle
and said antibodies to HCV;

(i)  determining, from (ii), whether said complex has formed and, therefrom, the
presence of antibodies to HCV in said biological sample.

58. A HCV vaccine comprising an immunologically effective amount of a purified
HCV envelope protein.

59. The HCV vaccine according to claim 58 wherein said HCV envelope protein is E1
or Els or a part of El or Els.

60. A HCV vaccine comprising an oligomeric particle according to any of claims 1 to
23, a purified single HCV envelope protein according to claim 46 or 47, or a
composition according to any of claims 31 to 33 or 48.

61. The HCV vaccine according to any of claims 58 to 60 which is a therapeutic HCV
vaccine. .

62. The HCV vaccine according to any of claims 58 to 61 for inducing a immune
response in a chronic HCV-infected mammal.

63. The HCV vaccine according to claim 62 wherein said immune response is a
humoral and/or a cellular immune response.

64. The HCV vaccine according to any of claims 58 to 61 for inducing a immune
response in a mammal infected with a HCV of a genotype or subtype homologous to
the HCV genotype or subtype of the envelope proteins comprised in said vaccine.

65. The HCV vaccine according to any of claims 58 to 61 for inducing a immune
response in a mammal infected with a HCV of a genotype or subtype heterologous to
the HCV genotype or subtype of the envelope proteins comprised in said vaccine.

66. The HCV vaccine according to any of claims 58 to 61 for clearing HCV viral
antigens from the liver of an HCV-infected mammal.



ol 22 March 2003

67. The HCV vaccine according to claim 66 wherein said HCV viral antigens are
HCV Core and/or HCV E2 antigens.

68. The HCV vaccine according to any of claims 58 to 61 for normalizing the levels of
liver enzymes in the serum of a HCV-infected mammal.

69. The HCV vaccine according to claim 68 wherein said liver enzymes are ALT
and/or gammaGT.

70. The HCV vaccine according to any of claims 58 to 61 for improving the histology
of the liver of a HCV-infected mammal.

71. The HCV vaccine according to any of claims 58 to 61 for improving liver disease
in a HCV-infected mammal.

72. The HCV vaccine according to any of claims 58 to 61 for improving liver
inflammation in a HCV-infected mammal.

73. The HCV vaccine according to any of claims 62 to 72 wherein said mammal is a
human.



