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10 relates 1o the usage of the latter proteins to enrich HCV envelope proteins and to molecules
which inhibit binding of HCV to these buman proteins, as well as vaccines employing ﬂxe El
and/or B2 binding domains.

BACKGROUND OF THE INVENTION
15

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, amounting up to 175 million chronic infections worldwide. HCV infection appears to
be the most important cause of transfusion-associated hepatitis and frequently progresses to
. 20 chronic liver damage. Moreover, there is evidence implicating HCV in induction of
hepatocellular carcinoma. Consequently, the demand for reliable diagnostic methods and
effective therapeutic measures is high. Also sensitive and specific screening methods for HCV-

contaminated blood-products and improved methods to culture HCV are needed.
HCV is a positive stranded RNA virus of about 9,8 kilobases which code for at least three
structural and at least six non-structural proteins. The structural proteins have not yet been
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functionally assigned, but are thought to consist of a single core protein and two envelope
proteins E1 and E2. The E1 protein consists of 192 amino acids and contains 5 to 6 N-
glycosylation sites, depending on the HCV genotype, whereas the E2 protein consists of 363 to
370 amino acids and contains up to 11 N-glycosylation sites, depending on the HCV genotype
30 (for review see Maertens and Stuyver, 1997). The latter envelope proteins have been produced

by recombinant techniques using Escherichia coli, baculovirus, yeast and mammalian expression
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Mol t 1@ celwith itsrtatges eukaryiotic ¢t roublesome. Theraferejukane isyan urgent need for a protocol,
which guarantees efficient and reliable infections of eukaryotic cells by HCV.

The HCV envelope proteins E1 and E2 interact with each other to form hetero-oligomeric
complexes. Although the exact role of these HCV envelope proteiﬁs has not been elucidated yet,
it has been suggested that they are responsible for binding of the virus to target cells. Indeed,

15 binding of E2, mostly involving the highly variable amino terminus of E2 (i.e. the hyper variable
region I), to target cells has been documented by several authors (Farci et al., 1996; Shimizu et
al., 1994; Zibert et al., 1995 and Rosa et al., 1996). Furthermore, several host proteins have been
shown to bind to one or both envelope proteins. For example, the chaperone protein calnexin has
been shown to interact with both E1 and E2 and, by doing so, to support correct folding of both

20 envelope proteins (Deleersnyder et al., 1997). Also lactoferrin, a protein mainly found in milk,
has been demonstrated to bind to both envelope proteins (Yi et al., 1997b). However, the role of
this interaction is unclear. A 24 kDa plasma membrane protein has been described which binds
specifically to E2 (WO 97/09349 to Abrignani). The latter protein has been suggested to be a

cellular receptor for HCV. Also the mannose receptor on hepatic endothelial cells and
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macrophages and the asialoglycoprotein receptor on hepatocytes have been suggested to function
as receptors for HCV via the E1 and E2 proteins (W092/08734 to Ralston et al.). In addition,
RNA of HCV in serum of patients is often found associated with the LDL-ﬁ'ac.tion of serum
(Thomsson et al., 1992 & 1993; Agnello et al., 1996 & 1997). The nature of this finding has not
been unravelled yet.

30 Taken together, several HCV-binding proteins have been described in the literature.

However, no prior art exists regarding the binding of the human proteins annexin V,
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We have recently shown that annexin V, present on human liver plasma membranes,

15 specifically binds to "small" HBsAg, one of the envelope glycoproteins of hepatitis B virus
(HBYV), in a Ca*-dependent manner (Hertogs et al., 1993; WO 94/01554). The receptor-ligand
relationship between HBsAg and annexin V is further supported by the observation that rabbits,

- immunized with native human liver annexin V or recombinant annexin V, or chickens,

immunized with F(ab"),-fragments of rabbit anti-annexin V 1gG, spontanéously develop anti-

- 20 idiotypic antibodies (Ab2) which specifically rccognize HBsAg (Hertogs et al., 1994). Since

HCV is an RNA virus belonging to the family of flaviviridae, and HBV is a DNA virus

belonging to the family of hepadnaviruses. the binding of annexin to EI or E2 of HCV was
completely unexpected.

Tubulin is a soluble protein found in most eukaryotic cells and is the principal protein

25 subunit of microtubules in the cell. Microtubules are the principal componerits of mitotic and
meiotic spindles and of the axons of neuronal cells. Microtubules also participate in several
aspects of intracellular transport. in maintenance of various cell surface properties éuch as
receptor capping and they establish overall cell shape and internal cytoplasmic architecture.
Tubulin extracted from neurons is a dimer of about 100 kDa, each dimer being composed of two

30 polypeptides, «-tubulin (50 kDa) and B-tubulin (50 kDa), which have closely related amino acid
sequences (Alberts et al., 1983). '
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hepatéti s didectlyrinteracting have never been elucidated. Moreover, it is unclear whether the binding of

El to LDL is mediated through the lipid or sugar component or any of the protein components

of LDL. ' _
Hence, no prior art exists which deinonstrates or suggests the binding of the human
proteins annexin V, tuﬁulin or apoB to the hepatitis C virus envelope proteins E1 and/or E2
15 leading to the development of reliable methodological tools to diagnose HCV and effective
therapeutic agents to treat or prevent HCV infections. Although annexins and tubulin have been
described to interact with other viruses, there is no evidence to suppose an interaction with HCV,

especially since none of the described viruses belongs to the flavivirus or pestivirus families.

20 AIMS OF THE INVENTION

1t is clear from the literature that there is an urgent need to develop reliable diagnostic
methods, reliable vaccines, and effective therapeutic and prophylactic agents for HCV. In
addition, sensitive and specific screening methods of HCV-&ontaminated blood-products and
25 improved methods to culture HCV are needed as well as reliable infection protocols. Knowing
which human proteins bind to HCV, and function as putative receptor for HCV, may help in
designing efficient diagnostic tools and therapeutic agents. In this regard, the present invention
is based on the surprising finding that the human proteins annexin V, tubulin and apolipoprotein

B bind to HCV via its envelope complex, which is composed of the E1 and E2 proteins.
30 Therefore, the present invention aims at providing 2 human protein, or a functionally

equivalent variant or fragment thereof, chosen from the group consisting of annexin V, tubulin
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said annexin'V, or & functionally equivalent variant or fragment thereof, binds to the amino acids

307-326 of E1 and/or the amino acids 413-467 of E2.

In addition, the present invention aims at providing a protein as defined above, wherein
said tubulin, or a functionally equivalent variant or fragment thereof, binds to the amino acids

192-326 of E1 and/or the amino acids 384-673 of E2.

15 In addition, the present invention aims at providing a protein as defined above, wherein
said apolipoprotein B, or a functionally equivalent variant or fragment thereof, binds to the amino
acids 192-263 and/or the amino acids 288-326 of E1.

The present invention aims also at providing a composition comprising an HCV El
and/or E2 peptide, or a functionally equivalent, or variant thereof, which contains a binding

20 domain for 2 human protein as defined above, and said composition can be used prophylactically
or therapeutically. Sucha cdmposition can be used to generate antibodies interfering directly with
the viral life cycle and will therefore be highly potent. Moreover, the peptide or its functionally
equivalent can be used as a drug competing with the natural interaction and thus interfering
directly with the viral life cycle.

25 It is also an aim of the present invention to provide a composition comprising a human
protein as described above, or any functionally equivalent variant or fragment thereof, and a
carrier for use to treat an infection with HCV. A composition which targets essential functions
in the life cycle of HCV and may be highly efficient and is expected to be cross-protective against
all HCV genotypes.

30 It should be clear that the interactions between host proteins and HCV envelope proteins

may not be limited to the examples disclosed here (i.e. tubulin, annexin V and apolipoprotein B).
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proteins comprising contacting a composition containing HCV envelope proteins with a human
protein as described above, or a functionally equivalent variant or fragment thereof, and isolating
15 the portion of the composition which binds to said protein as described above, or a finctionally
equivalent variant or fragment thereof.
The present invention also aims at providing an assay kit for detecting the presence of
HCV comprising a solid support, a human protein as described above or a functionally equivalent |
‘variant or fragment thereof, and appropriate markers which allow to determine the complexes
20 formed between HCV in sample of body fluid with a human protein as described above, or a
functionally equivalent variant or fragment thereof,

In addition, the present invention aims at providing a method for propagating HCV in cell
culture comprising providing a cell that over-expresses a human protein as described above, or
a functionally equivalent variant or fragment thereof, infecting the cell with HCV, and culturing
the infected cell.
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Furthermore, the present invention aims at providing a method for reducing or eliminating
the presence of HCV in plasma. serum. or other biological liquids which method comprises
contacting said biological liquid with a human protein as described above, or a functionally
equivalent variant or fragment thereof, and separating said biological liquid from said protein as

30 described above, or a functionally equivalent variant or fragment thereof,

Moreover, the present invention aims at providing a method to determine anti-HCV

o
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The present invention aims also at providing an in vitro infection method of eukaryotic
cells for HCV by using purified HCV particles. More particularly, purifying HCV particles by
ultra centrifugation of a solution containing said HCV particles. More particularly, purifying
HCYV particles by ultra centrifugation of 5, body fluid containing said HCV particles. More

15 particularly, infecting Daudi, Moit, HepG2, or any B-, T-, macrophage, hepatocyte or hepatome
cell line in vitro with said purified HCV particles.

The present invention aims also at characterizing said purified HCV particles for the
content of E1 and/or E2 proteins. Moreover, the present invention aims also at characterizing said
purified HCV particles for the content of antibodies against E1 and/or E2. Moreover, the present

20 invention aims also at characterizing said purified HCV particles for the content of LDL.
Moreover, the present invention aims also at characterizing said purified HCV particles for the
content of apolipoprotein B,

The present invention aims also at providing an in vitro infection system to be used for
screening for molecules which modulate the binding between HCV and eukaryotic cells.

25 In addition, the present invention aims at providing an in vitro infection system to be used
for diagnosing exposure to or infection by HCV comprising purifying HCV particles as described
above, infecting host cells as described above, and determining the multiplicity of infection.

Finally. the present invention aims at providing isolated HCV E1 and/or E2 peptides as
defined by SEQ ID NO 1 to 6 (Table 4), or any fragment thereof, wherein said sequence binds

30 to annexin V, tubulin and/or apolipoprotein B.

All the aims of the present invention are considered to have been met by the embodiments
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conposition can be used prophylactically or therapeutically. Such a
conposition can be used to generate antibodies interfering directly with

the viral life cycle and will therefore be highly potent. Moreover, the
peptide or its functionally equival ent can be used as a drug conpeting with
the natural interaction and thus interfering directly with--the viral life
cycle. 25 It is also an aimof the present invention to provide a

conposition conprising a human protein as descri bed above, or any
functionally equival ent variant or fragent thereof, and a carrier for use
to treat an infection with HCV. A conposition which targets essenti al
functions in the life cycle of HCV and nay be highly efficient and is
expected to be cross-protective against all HCV genotypes. 30 It
shoul d be clear that the interactions between host proteins and HCV

envel ope proteins may not be limted to the exanples, disclosed here (i.e.
tubulin. annexin V and apol i poprotein B)
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preseht i P iVe: ORFEa Fﬁﬁgaélt’e’pﬂ)\ff’éﬂtﬁm FESBOWRS gingd ﬁ’;@&ﬁ envel ope
proteins conprising contacting a conposition containing HCV envel ope
proteins with a human protein as descri bed above, or a functionally

equi val ent’l‘abhrlshuws'ahclewla@mf( RNz?aneasﬁrdein@ﬁthmmngﬂsusmghheipma on of

t he corrpo n which bin oI 0 as.flescri be boye,
fnicti onal mwzﬁféﬁ?%ﬁraﬁhgﬁ& §?“Z@'f Sup EseriEs ?t}’(\e/'ent i on

al so ai s «at -@bﬁﬁi\}edﬁ&& sa@namyd)mmdbﬁrcmeﬂeet’ ER@altl ositive SBBGERSH rotifdV
conprising a solid suppor human “HOtEI n, as descrl bed above or a
f uncf onalaf JCRnd ceniian gdafternested PCR; = positive after 1 round of PCR).

Table 3 demonstrates the results of FACS analysis for binding of Els or E2s to different cell
lines. (*-” = no binding; “(+)"= weak binding (S(ignal)/N(oise): 1-2); “+”= clear binding (S/N
2-3); “4+"= strong binding (S/N > 3); nd = not determined).

15 |
Table 4 lists amino acid sequences of E1 and E2 protein fragments and the corresponding SEQ

ID NOs, as used in this invention.

Figure 1 shows the determination of the E1/E2 proteins in purified inocula derived from human
20 sera 42 and 46.

Figure 2 shows binding of the envelope proteins Els. Elsabam and E2s to solid phase LDL (A)
or apolipoprotein B100 (B) which are coated on a microtiterplate. Binding of the biotinylated

_envelope proteins was detected by streptavidin-peroxidase.

Figure 3 shows the concentration dependency of binding of biotinylated Els and biotinylated
E2s 10 Daudi cells. Binding was evaluated by FACS analysis using sn'cptavidin-HT C. Figure a-e
show binding of E1s while figures f-j show binding of E2s. On each individual figure the result
of the contro} experiment (no envelope protein present) is shown as a thin line with the shaded

30 area. Figuresaand f. band g, cand h, d and I, e and j show the binding of respectively 1, 2
10 and 20 pg of Els or E2s (bold line without shading).

7_2



vari ant or fragnent thereof, and appropriate markers which allow to

determ ne the conpl exes 20 formed between HCV in sanple of body fluid
with a human vpé%trﬁ?ﬂ as described above, or a functionallypegppssahRnt

vari ant or fragnent thereof In addition, the present invention alins at.
provi ding a nethod for propagating HCV_in cell culture conprising providi ng
a cell that over-expresses a human pr-o{ I n as described above. or a
functionally equival ent variant or fragnent thereof, infecting the cell
with HCV, and culturing 25 the infected cell. Furthernore, the present

i nventi on Wbagk 4ahov 28 SDYLPIIGE fioRthdstoles chfd W Ghd Mir@ Elubr (i fhd/dGe
presence of HCV ion pl asma. serum_or ot hgr bi ol ogi calu Iigaui ds V\hir%ér?%rret hod

conpri ses stepritoaran BqtiEty goluma towhieha tofal lysateiof fpaugi callsiwaseatiopediodiing. hane

descri bed HM ' [l gn ag er eof ,
and separ af%%égg%r?%nﬁ?‘g ogl L@%M#éﬁ%g&ér‘gﬁggpé%&’gﬁeﬁ%g% zgt)m?% kléagscri bed
above$ or whifemaishovslthqelmeﬂmaaiahmaembﬂﬂﬁin(ﬁnetzraag?md (spdeificefof E2 dtBleover ,
the present_invepti on ajinms, a oyi ding.a nethod {o-determ.ne antj-HCV 7
ant i bodi eSTRDOLET 4} g 70 ?%é?g%t?ﬁ%iﬂeaﬁfsp FeFOVETES HACAR ARG |
conpri ses QhimMWiBuCEregR)ti ve binding between antibodies in the biological

i quid and -a known anount of HCV envel ope protein for binding to a human '
protein as described above or a functionally equivalent variant or fragnent

thereof, %Em%%%ﬁ&v@ a%gs%ng gl%t m%gcxﬂé mL:bo%lo'iEv anﬁgc;/fels?giegﬁ?nr&}e&iicgl Bg,"ért].d'
10 Louis, Missonri) against tubulin. Lane 1: tubulin standard (Sigma); Lanes 2 and 5; molecular

weight markers; Lane 3: elution 3 from an E1 column; lane 4: elution 3 from an E2 column.

Figare 6 shows binding of annexin V, labelled with peroxidase, E1, E2, and peptides derived
of E1 or E2 (6A and 6B, respectively), which were all biotinylated and adsorbed to streptavidin-
15 coated microtiterplates.

Figure 7 shows the Western blot analysis of immunoprecipitation experiments of E1/tubulin
(right; Lane 1: immunoprecipitation of E1/tubulin complex with anti-tubulin; lane 2: markers
(175, 83, 62, 47, 32), lane 3, negative control lane: E1 precipitation with anti-tubulin without

20 addition of tubulin, Jane 4: positive control lane containing 100 ng purified E1), and E2/tubulin
(left; Lane 1: immunoprecipitation of E2/tubulin complex with anti-tubulin; lane 2: markers (175,
83, 62, 47, 32), lane 3, negative control lane: E2 precipitation with anti-tubulin without addition
of tubulin, lane 4: positive control lane containing 100 ng purified E2 markers).

25



5 The present invention also ains at providing a nmethod to screen
for nol ecul es which nodul ate the bindi ng between NCV and a human protein as
descrj bed ahov@994054a f unctional | y equi val ent variant or fr BGHEMBOFWEr eof
The present i-nvention ainms also at providing a conmposition conprising &

mol ecul e whi ch nodul at es t he bi ndi ng betiween HCV and a human protein as
descri bed above, or a functionally 10 equi val ent variant or fragnent

t hereof . The present invention ains also at providing an in vitro infection

met hod of eukaryotic cell.s 1S | particles. Mre -
particularly, purifyi n%@@ﬁ%@gﬁ Léwu(.glfg,t w&%tion of a solution

containing said HCV particles. Mre particularly, purifying HCV particles
by ultra centrifugation of a body fluid containing said HCV particles. Mre

15 parti cul aFhejnveptifmetesariber iaeinifrawson previelagicpublishedawgrk Bud pénding patent

macr ophage 0, | ine en.vityro with sajd purified
oV o3t ctepBERBRE B GPir NGB RS GBI corulE of Ritlilc ol ot or Beliing
purified Heenpapplitations Alldhes¢ publicaioheand applicktianscied prvioudy 61 titfow MO haeBiET |

t he preseng inven%'bon ai ns al so at characterizing said purified HCV
particles PGYPPRIEdLEHIIM ot ant i bodi es agai nst El and/or E2. Moreover, the
present 20 'M%Pésér@ihv@dﬁ%ﬁi@dﬁ&o&tﬂx&ﬁm&%ﬁ%ezﬁégeﬁ%lgqe?iékﬁhﬁiiaﬁw
particles for the content of LDL. Mreover, the present vent1on alns al so
at char act B? ibizidrg lsenag pseteins.i B¢ texov “bind? indicates fthat thrE1 codloe B2 pybteins are

apol i4popr o '@alﬁ; egglp LoNMERE | | Lso, at. providing ap.ijn vitro
I nf ec%ioon é‘?é‘t e cfgégtgﬁ)ﬁoée or \é’g%tah%:ﬂ‘ﬁ%rp {%’%I @%sgig%%l‘g%&’tﬂdéﬁge t he
bi ndi ng bedonsin? refeds t@mspeeifik aminotacid steatth of anF3 and/or E2 protéin whitslii§ dbddto bidse

resent inyention ains._ at.providing an,in vifro infection systemto be used
P e Human pr&ems. B?ndng o%the roteins to tXe }mman protelcns can be demonstrated by

-
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any method or assay known in the art such as fluorescence flow cytometry, binding-, ELISA- and
RIA-type assays or competition assays (see Examples section and Hertogs et al., 1993).

15 The HCV envelope proteins E1 and E2 relate to the well-characterized HCV proteins as
described previously (see Background of the invention section) and in Major and Feinstone
(1997) and WO92/08734 to Ralston et al., or fragments thereof, or functionally equivalent
variants. It should be clear that said fragments and functionally equivalent variants intrinsically
have the property to bind a human protein as described below. Moreover, it should be clear that

20 a fanctionally equivalent variant of an HCV EI and/or E2 protein relates to any E1 and/or E2
envelope protein of all HCV genotypes, and HCV-related viruses such as HGV, GBV-A and
GBV-B. These proteins can be obtained by the ones described in WO96/04385 to Maertens et
al. and in the Examples section.

The proteins used in this invention are derived from a HCV genotype 1b sequence and

25 have been described by de Martynoff et al. (1996). Both E1 and E2 are produced by mammalian
cells as truncated proteins and will be referred io as Els (aa 192-326) and E2s (384-673).

The term “human protein™ relates 10 any human protein (i.e. any of numerous naturall ¥
occurring extremely complex combinations of amino acids), or fragments thereof (i.e. simpler
combinations of fewer amino acids, such as 'polypeptides and peptides, derived from said

30 proteins), which bind to the HCV envelope proteins EI and/or E2. These human Pproteins can

be extracted from any human cell or cell line by any method known in the art such as the ones



for diagnosing exposure to or infection by HCV conprising purifying HCV
particles as described above, infecting host cells as descri bed above, and

det erm ni ng |pI|C|ty of infection. Finally. the preseptpdsjigignt i on
ai ns at pr ovf‘bdg?ls{gmlgsol ated HCV El and/or E2 peptides as defi neor by SEQ-1D

NO 1l to 6 (Table 4). or any fragnment thegreof, wherein sai.d sequence binds
30 to annexin V. tubulin and/or apollpoprotein B. All the ains of the

B eet ouriemabutin WO hRiitel B ek b e PR RO R

provi des tdhgve Btrateiesd il seqitned byanp metidd knebvd i, the hmf(tuneéq).lemlym}mﬂmeﬂg HCV

and the inocula (42 and 46, "after")_ deriyed "El JE2! = eI s of
El and/ or mEoteips Mﬁ#?"ﬁ’&%"dgrﬂeﬁn efpqompgnant Ih]gé"te&mr‘ﬂé 4/ —~ not

L P APt B e,
as‘ char acteah mcprepnéﬁa&yl axylméﬂxdiFknowmm the fartauch o classBigt chemsicgl symthesimas " - =
negative; . ribed by Houbenweyl (1974) and Atherton & Shepard (1989), or by means of recombinant
DNA techniques by Maniatis et al. (1982). It should be clear that the terms “polypeptide™ and
“peptide” refer to a polymer of amino acids (az) which comprises less aa in its sequence than said
proteins and do not refer to, nor do they exclude, post-translational modifications of the
10 polypeptides and peptides such as glycosylation, acetylation, phosphorylation, modifications with
fatty acids and the like. Included within the definition are, for example, polypeptides and peptides
containing one or more analogues of an aa (including unnatural aa’s), polypeptides and peptides
with substituted linkages, mutated versions or natural sequence variations of the polypeptides and
peptides, polypeptides and peptides containing disulphide bounds between cyéteinc residues, as
15 well as other modifications known in the art.
More specifically, the present invention relates to the well known human proteins annexin
V, tubulin and apolipoprotein B (see Background of the invention section), or a functionally
equivalent or fragment of annexin V, tubulin or apolipoprotein B, which can be used in a
composition to freat an infection with HCV, or, a method to diagnose an infection with HCV, or,
20 a method to purify HCV proteins, or a method for propagating HCV in cell culture. It should be
clear that the term “a functionally equivalent” relates to any obvious equivalent of annexin V,
tubulin and apolipoprotein B, such as other members of the annexin family of proteins or tubulin-
alpha or -beta (see Background of the invention section), which binds HCV. The term “a
functionally fragment” relates to any polypeptide or peptide as defined above which binds HCV.
25 Furthermore, the present invention relates to the binding of the proteins annexin V, tubulin and
apoB, or a functionally equivalent or fragment of annexin V, tubulin and apolipoprotein B, to
HCV. and in particular to HCV envelope proteins E1 and E2.
More specifically, the present invention relates to the binding of tubulin to the amino acids 192-
326 of E1 and the amino acids 384-673 of E2.
30 The present invention also relates to the binding of annexin V to the amino acids 307-326 of E1
and the amino acids 413-467 of E2. |



"+" = positive after .a second (nested) round of PCR, "+(+)" = weal dy

_positive after a first round 10 of PCR and confirned after nested PCR
"++" = posi tiwepepkoser | round of PCR). Table 3 denonstrat esaumresoned ts of
FACS anal ysis for binding of Els or E2s to different cell lines. ("-" = no

bi ndi ng; "(+) ' vveak bi nding (S(ignal)N(oise): 1-2); "+"= clear binding
(SIN 2-3); “;++ = strong binding (S/N> 3); nd = not deternined). 15 Table
4 lists a Gefiteffo the b 1%91%5&;191' pRitéin Brta eiRadiso AR 199263
corresponghér%e%gd& P)Gﬁ%g& as used int r%ventlon Figure 1 shows the
det er m natndthe axhinblacidE2IBER26mfdR2ei ns in purifi ed i nocul a derived from human
sera 42 and . 46.. Fi I ndin t a0y El s.
EI sabam a e’é@‘&"%"?@f’ﬁ"q’#ﬁ %B:EEEW?A oot %%f;q& g&@{%gﬁ; %Eﬁé’\%l
are coat edifin s subibéfir dofneieptiag Som Bisiﬁma@azﬂﬁemlbﬁnbmhe H&V@b%miwwluelpe

protei ns was detected by streptavidin-peroxidase. 25 Figure 3 shows the
~ concéht r aisideserivedmessiens 294 Server (189 Bf biotinylated El s and biotinylated

E2s to Daudi F?‘l’# cs@: @Weﬂﬁoﬁ’"@ﬁ% 46% BimpdiftioniMpiSing 4'pldkin, or a

streptavidi n- gure a-e s |nd|ng of" El's whil'e figures -] show
bi ndi ng oﬁxﬁﬁmﬂl@cqm&dtntlondamﬂmtwf |8§Ldl£n¢d1®olv%mﬂta cafnetﬁswomman

experlrren .0 en oteln resent). i.s_sha a. h the
shaded 30 e@g&r@% sﬁ“’&ﬁ& kﬁata(? wﬁﬁg#(}’ Tl]ges tﬂ s_how
t _hehbl ndi Eﬁbéé&ﬁ, Stidel ofe;iepude aQ deﬁxed]eﬂaoﬁél hidd plgvents, Ehslicthtes 36 chreoks | i ne
wi t hout shadin
10 mfecuon with HCV or a closely related infection with other non-A, non-B hepatitis viruses such
as'HGV, GBV-A, GBV-B, or other related viruses. It should also be clear that the term “an

infection with HCV™ implies an infection with any genotype or any mixture of genotypes of

HCV. More specifically, the terms a composition to treat an infection with HCV relates to a
pharmaceutical composition or medicament (both terms can be used interchangeably) comprising
15 a protein, polypeptide or peptide as described herein and a pharmacentically acceptable carrier
or excipient (both terms can be used interchangeably) to treat an infection with HCV. Suitable
carriers or excipients known to the skilled man are saline, Ringet's solution, dextrose solution,
Hank's solution, fixed oils, ethyl oleate, 5% dextrose in saline, substances that enhance
isotomnicity and chemical stability, buffers and presérvatives. Other suitable carriers include any
20 carrier that does not itself induce the production of antibodies harmful to the individual receiving
the composition such as proteins, polysaccharides, polylactic acids, polyglycolic acids, polymeric
amino acids and amino acid copolymers. The "medicament" may be administered by any suitable
method within the knowledge of the skilled man. The preferred route of administration is
parenterally. In parental administration, the medicament of this invention will be formulated in
25 a unit dosage injectable form such as a solution, suspension or emulsion, in association with the
pharmacentically acceptable excipients as defined above. However, the dosage and mode of
administration will depend on the individual. Generally, the medicament is administered so that
the protein, polypeptide or peptide of the present invention is given at a dose between 1 pg/kg
and 10 mg/kg, more preferably between 10 pg/kg and 5 mg/kg, most preferably between 0.1 and
30 2 mg/kg. Preferably, it is given as a bolus dose. Continuous infusion may also be used. If so, the
medicament may be infused at a dose between 5 and 20 pg/kg/minute, more preferably between



10 Figure 4 shows an SDS-PACE fromthe proteins eluted a the third elution
(al kaline/detergent) step froman E2 affinity colum to which a total

| ysate of Da was allowed to bind. Lane | and 3 re &q)ﬁrp,l ecul ar
wei ght mrke%?&?yﬁltopto bottom 113, 67, 45, 29, 18, 1?:@%

while lane 2 shows the eluted material. Note the bands in lane 2 at 55- -kDa
(specific for E2 or E affinity col um11§ only) and at 7CkDa (not speC|f|c

since it is also recovered froman affinity colum without El or E2).
Figure S §'|an¢vt5 pe/ke/mimsieq bl ot usi ng SpeCI fic nonocl onal antibodies (Sigma

Ch I ‘Jeg&h%ﬁfﬂ@ lin

st :nmd;?d (SI g?li??ep}%e?]es an m%curflar m%fgﬁ%dégﬂé osm@i%xjem%e&ﬁgéru!t I on
3 from anbFHOWdottprising e concting HCViwithin &ampbmfand)mmd (wmhmprotsinga descBbeghows

bi ndi ng of_, anne el l ed t da E2.. an ti

Ger i ved ofber f apndigndlty caoient SesBE pf FaER et 5 Arttnd Shve By 1 a e
and aglsor Q&Qmuﬂné‘lh& BiRgiaY bV witﬁmasmﬁﬂabmdyrnﬁm%ﬁlta%mw@mﬂeeumﬂ shows

the Western ot -anal ysrs of inmmunoprecjpitation experinments of El /tubulin

(right; Lan:eﬁmchommmqb!ﬁal@& vmaphqruw»em thgreaf, @béersmbqé@hp%;asmdﬂmmn, the

anti -tubu "

control E@%“ré&?‘%hﬁ on \Moﬁ;':y ?u“?c%ﬂ%ﬁgm ?S‘i‘%sass%%q%ééht i on of
t ubul i n, hﬂﬁﬁ Hlotirpadi dvidicorassptavitlin| BDISAsand &mamg:réd;ﬁtaﬁga mﬂag‘ghﬂﬁat&_ln) , and
E2/tbbuI|n(Ief ne 1: i nmunoprecipitation of E2/tub nco lex with

2t -t ubuFISRTS: A GHeloR SerpE & espiseesg s ik in 40 965590 R Macgens B GHO o
cont{p! | gRfEurfent p6SE1Sh iritrlu@ibog)! (15923 Mite ri by it LrBRM ko ﬁ%\ﬁd SMtained

from an organism, such as serum, plasma, saliva, gastric secretions, mucus, and the like.

In this regard, the present invention also relates to an assay kit for detecting the presence
of HCV comprising a solid support, a protein as described above or a functionally equivalent
variant or fragment thereof, and appropriate markers which allow to determine the complexes

15 formed between HCV in sample of body fluid with a protein as described above, or a functionally
equivalent variant or fragment thereof. The term “ a solid support” refers to any solid support
known in the art such as the ones described in Current protocols in immunology. (1992).
Similarly, the term “appropriate markers™ refers to any marker known in the art (Current
protocols in immunology, 1992).

20 Some biological fluids are used as a source of other products, such as clotting factors,
serum albumin, growth hormone. and the like. In such cases it is important that the source
biological fluid be free of contamination by viruses such as HCV. Therefore, the present
invention also relates to a method fof reducihg or eliminating the presence of HCV in plasma,
serum, or other biological liquids, which method comprises contacting said biological liquid with

25 a protein as described above. or a functionally equivalent variant or fragment thereof, and
separating said biological liquid from said profein as described above, or a functionally
equivalent variant or fragment thereof. It should be clear that the term “a method for reducing,
eliminating or purifying” relates to any method known in the art.

Similarly, it can be important 10 purify envelope proteins of viruses such as HCV for

30 research purposes or industrial applications. Therefore, the present invention also relates to

method for purifying HCV envelope proteins comprising contacting a composition containing



of tubulin, lane 4: positive control |ane containing 100 ng purified E2

mar kers). 25

11 DETAI LED DESCRI PTI ON OF THE | NVENTI ON The invention

descri bed heggjdpdisaws on previously published work and penstmagpopediont 5
applications.. By way of exanple, sucb work consists of scientific papers,

patents or pendi ng patent applications

these publications and -

Al |
applications, cited previously or bel o%\? are hereby incorporated by

pl i cati eviously or beloWare hereby in
envel ope. BV ByHEsaROGRI PR 120878 BEOREERY PE Ry bRl e

indicatesgt
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and interact W th, the human proteins. In this regard, the term"binding
domai n" r déseribedt aboxe,seres i Tapationsin squivalent Spfwt g Bzmert thereglqAbe M B ot e n

t he human
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art -sgich aentdih HOVeswelopeprbteins. cyt onet ry, bi ndi ng-, ELI SA- and RI A-type
assays or competi:t..on_assays.(see Exanpl es cid on and. togs et al .,
To03) . 15 T in il N R SRS, PR PRe PR el g,
wel | - char gdisingGrovilig BEell Bt SveRsxpiaséa piatsinak Buscabidl abote; 6€a fuBddaailyyund of

the invention section) and in Major and Feinstone (1997) and W92108734 to
Ral st on etquivalent wariany erdragment thereefpinfecting the gelt with FICV, ynd eultuping thetinfected

cell. In this regard, it should be clear that any method known in the art to transfect a cell, such

10 as the ones described in Current protocols in immunology (1992) with a protein as described

above, or a functionally equivalent variant or fragment thereof, can be used. Similarly, any
method known in the art fo culture the transfected, and/or HCV-infected, cells can be used
(Shimizu et al., 1996). The term “over-expresses refers to host cells which express the proteins
and derivatives (i.e. variants and fragments) of the present invention more abundantly (i.e. a

15 greater number of the proteins and derivatives are expressed) in comparison to normal, non-
transfected cells.

Moreover, the present invention concerns a method to determine anti-HCV antibodies in
plasma, serum, or other biological liquids which method comprises allowing competitive binding
between antibodies in the biological liquid and a known amount of HCV envelope protein for

20 binding to a protein as described above or a functionally equivalent variant or fragment thereof,
and determining the amount of the HCV envelope protein bound. As used herein, the term
"antibody" refers to polyclonal or monoclonal antibodies. The term "monoclonal antibody" refers
to an antibo dy composition having a homogeneous antibody population. The term is not limiting
regarding the species or source of the antibody, nor is it intended to be limited by the manner in

25 which it is made. In addition, the terin "antibody" also refers to humanized antibodies in which
at least a portion of the framework regions of an immunoglobulin are derived from human
immunoglobulin sequences and single chain antibodies as described in U.S. patent N° 4,946,778
and to fragments of antibodies such as F,,, F,,,p, F., and other fragments which retain the antigen
binding function and specificity of the parental antibody. The term “a method to determine anti-

30 HCV antibodies” refers to any suitable method known in the art.

The present invention also concerns a method to screen for molecules, including but not



variants. It should be clear that said fragnents and functionally
equi valent variants intrinsically have the property to bind a human protein

as descri bed_he Moreover, it should be clear that 20 b ionally
. ¥}§ : PCTAEP M{Zﬁﬁ
equi val ent v&'rqggﬁ 6t an HCV Bl and/or E2 protein relates to any and/ or

E2 envel ope protein of all HCV genotypes, and HCV-rel ated viruses such-as
HGV, GBV-A and GBV-B. These proteins caf be obtained byt the ones descri bed
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10 raised by the host upon vaccination with the above-described HCV peptides (derived from the

El and E2 envelope proteins and are also named herein “the E1 and E2 binding domains” (see

above)) which bind to a protein as defined above. Indeed, the latter HCV peptides can be used

in a vaccine or vaccine composition against HCV. Therefore, the present invention concerns a
composition comprising an HCV E1 and/or E2 peptide, or a functionally equivalent variant

15 thereof, which contain binding domains for human proteins as described above, and a carrier as
described herein, for use to treat or to prevent an infection with HCV. The latter composit'ion,
bereafter called “vaccine composition™ comprises as an active substance an HCV derived peptide

as described above or a combination of HCV-derived peptides as described above for use as a

source to vaccinate humans against infection with hepatitis C virus or any mutated strain thereof

20 or any related virus such as HGV, GBV-A or GBV-B. The term "a vaccine composition" relates
to an immunogenic composition capable of eliciting protection against HCV, whether partial or
complete. The term "as an active substance" relates to the component of the vaccine composition

which elicits protection against HCV. An active substance (i.e. the peptides of the present
invention) can be used as such, in a biotinylated form (as explained in WO 93/18054) and/or

25 complexed to Neutralite Avidin according to the manufacturer's instruction sheet (Molecular
Probes Inc., Eugene, OR). In this regard, it should be clear that a vaccine composition comprises

a plasmid vector comprising a nucleotide sequence encoding a polypeptide a modulator operably

linked to transcription regulatory elements. As used herein, a “plasmid vector” refers to a nucleic

acid molecule capable of transporting another nucleic acid to which it has been linked. Preferred

30 vectors are those capable of autonomous replication and/or expression of nucleic acids to which

- they have been linked. In general, but not limited to those, plasmid vectors are circular double



Mani atis et al. (1982). Pol ypeptides and peptides derived fromsaid
proteins, as herein described, 5 can be prepared by any nethod known in
the art such wesestassi cal chem cal synthesis, as described RF/ERISBUACY |
(1974) and Atherton & Shepard (1989), or by neans of reconbi nant DNA -

t echni ques by Mani atis et al. (1982). % should be clear that the terns
"pol ypepti de" and "peptidereferto apolyner of anpb acids (aa) which

conpri SeS'sg-ﬁﬁ&a'ﬂNA @%&B%tWioﬂf&mowlnMdtMe al%mbﬁi‘n&r As@sedgnor do
t hey exclude, post-translational nodifications of the 10 tldes
and pept | e atacleidsyowog ke ol b as deRaTPRIIEiSaFidH(DNA),

Todi {1 Cat ! oSl dhpl Bl 300 8ica08 (k) ik fory MGG e thdckthd Bl "1 11 on

are, ‘for pep es contal ning one or

anal ogues @Bqﬁﬁhlm fralbgh oftbithe RNmatIDNAknaaafra—)z nucﬂainxipﬁmdgd,md amglemmme des
wi th substituted | inkages, nutated ve ns. or t ural uenpce var| ations
of th8 poloFRapsmsr @Qﬁﬁ“‘ﬁ%‘ﬁfﬁ“ﬂ&l’dﬁ&"&%‘%ﬁl %gsegﬂtf% iPtiathg

di sul phi dg, gﬁgg,ﬁselaﬁéﬂ&@%&y&; 2iBlestRR! dHfice %ch%ommn\eeéséenaa bRy
nodi ficatio own in the art Mre specifically, the present invention
rel ates tcalwmmwmé Isudhribetrrphn intredpetion dutn @ livingevertabrate cell ik iable 4o direct the

Flnct | onal 5B PORER HraieS SREHRon PREREURSS BERbIAoid fhe o o ci

B, which eﬂaﬂyuﬁ:ﬁéﬂ”l refefs 16 QjpAapdsition wherein thatcomponeﬂt&eﬁ mﬁgWeﬂ Bo w6 or, a
rrethgs d| $ose anlnfectlg_g w th HCV, t.o puif HCV

pr ot Bpak mctgng {rapsgripkep ‘ieﬁ“]ﬁté’lyl °1E‘B‘T%PE‘3 ¥ 1‘§1FR9LFPCP be
clear t hatn&ﬂ@u&%&dﬁe @afeaﬁ.{blme&écﬁ nfail e bMResSiBh of 584 ﬁﬁc‘i’e%ﬂﬁ@#&}ﬁéﬁc@

equi val ent of annexin V, tubulin and apoli poprotein B, such as ot

menbers ofskilled in fheestt @Fﬂf@mepl}tedhﬂt;ﬁlmt eenssriptiapsl promotegs, fstymingtors, lssnsr (see
Backgroun | G Qis0ds

functi onad‘f 8I"Frag &ft{é'agénk g{uﬁg&% b@g)r??u%@g gl} “Jﬁﬁ eltgtg\{ﬂdp r?Béegél{s"Izi (tjhe }ithed
above whi clzctinewbsapbkiNon” comprises, in addition to an active substance, a suitable excipient, diluent,

.

)

15 carrier and/or adjuvant which, by themselves, do not induce the production of antibodies harmful
to 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 effectiveness of the

20 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-ﬁxreonyleD-isogmmc 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 ;Z'dipalmitoyl-sn-glycero-3-

25 hydroxyphosphoryloxy) ethylamine and RIBI (ImmunoChem Research Inc., Hamilton, MT)
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) or SAF-1 (Syntex) may be

30 used, as well as adjuvants such as combinations between QS21 and 3-de-O-acetylated
monophosphorﬁ lipid A (WO94/00153), or MF-59 (Chiron), or poly[di(carboxylatophenoxy)
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25 Furthernore, the present invention relates to the binding of the
proteins annexin V, tubulin and apoB, or a functionally equival ent or

fragnent of annexin V, tubulin and apolipoprotein B, to HC¥|:1~ '
parti eul ar t- VR v el ope proteins El and E2. More specifica&?%,’d-’g’ﬁe .

present invention relates to the binding of tubulin to the am no acids-192-
326 of El and the am no acids 384-673 E2. O The present invention

al so.relates to the_ binding of annexin V.to the am ngp‘ﬁci ds, 3 075326 of E
and the anphesphazensd based adjuvants(Virys ReseargiyIngiitute), of Bloplcopolyras bassd aiwants o at es
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nunber i ng Phrtizrmyre Cepleefreundsd duyant ¢Ghw)and Incomplets Freauad's Adiveant GHA mayrenci ng

fromthe ipitiation methionine of fhe olyprotein which. 5, ..d

descri bed Bﬁ“%g%‘?’f'glﬁgﬁwgfcﬁ RPa A ’fﬁ@%&"ﬁﬁ@gﬁ&&%ﬁ’fi °‘i’rﬂ?/°e5krh°flo‘r“1“u;f"§%er
pertains t eoraif QTIPS R dit@AR) Whith) gre dnliefedtlP héh-toRic ahd horderapoaid, yuch as

equi val ent or variant thereof, as defined ahqve, a carrier for use to

treat an i MRSt sabpe ilyasrolcsthanel svetinger emulsinpeg Psq%gg PHobylfesing shstepect i on
whi ch pr ev Bk plle BeCh iy B3R it b P S 0 ©
cl osel y r ehs kiqghid svlution bosuspension. Selidfornsp suitable fyisolBtidregna of suspension irs tiguid uch
vehicles prior to injection may also be prepared. The preparation may also be emulsified or
10 encapsulated in liposomes for enhancing adjuvant effect. The polypeptides may also be
incorporated into Iinmune Stimulating Complexes together with saponins, for example Quil A
(ISCOMS). Vaccine compositions comprise an immunologically effective amount of the
polypeptides of the present invention, as well as any other of the above-mentioned components,
"Immunologically effective amount" means that the administration of that amount to an
15 individual, either in a single doses or as part of a series, is effective for prevention or treatment.
This amount varies depending upon the health and physical condition of the individual to be
treated, the taxonomic group of the individual to be treated (e.g. nonhuman primate, primate,
ete.), the capacity of the individual's immune system to mount an effective immune response, the
degree of protection desired, the formulation of the vaccine, the treating's doctor assessment, the
20 strain of the infecting HCV and other relevant factors. It is expected that the amount will fall in
a relatively broad range that can be determined through routine trials. Usually, the amount will
vary from 0.01 to 1000 pg/dose, more particularly from 0.1 to 100 pg/dose. The vaccine
compositions are conventionally administered parenterally, typically by injection, for example,
subcutaneously or intramuscularly. Additional formulations suitable for other methods of
25 administration include oral formulations and suppositories. Dosage treatment may be a single
dose schedule or a multiple dose schedule. The vaccine may be administered in conjunction with
other immunoregulatory agents. It should be noted that a vaccine may also be useful for treatment
of an individual, in which case it is called a "therapeutic vaccine".
Moreover, the present invention regards a composition comprising a molecule, including
30 antibodies which may be generated by the host itself upon vaccinhtion, which modulates the
binding between HCV and a protein as described above, or a functionally equivalent variant or
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More specifically, the present invention relates to an in vitro infection method in which

the purified HCV particle fraction is obtained by ultra centrifugation of a solution containing said

HCV particles. The term "ultra centrifugation of a solution" refers to any centrifugation known

to the man skilled in the art and described in eg Maniatis et al. (1982) such as to centrifuging a

20 solution through a cushion of sugar like sucrose or salt like cesium chloride, sodium chloride,
or to equilibrium density gradient centrifugation, in which a density gradient is established and

said HCV particles are forced to migrate by means of centrifugation to the fraction with an equal

density, or by density centrifugation, in which said HCV particles are pelleted because of their

density. More specifically, the present invention relates to an in vitro infection method in which

25 body fluid as described above is used as source of HCV particles. More specifically, the present
invention relates to an in vitro infection method of Daudi, Molt, HepG2, or any B-, T-,
macrophage, hepatocyte or hepatoma cells. In general, the term “cells™ refers to any cell, cell

type, or cell line which is permissive for infection by HCV particles, HCV-related particles, e.g.

HBV, GBV-A, or GBV-B. The term "Daudi cells" refers to eukaryotic cells, which are

30 permissive for infection by HCV particles (ATCC designation CCL213). More specifically, the

present invention pertains to an in vitro infection method as described above, in which the
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In addition, the present invention relates to the use of an in vitro infection method as
described above, for diagnosing exposure to or infection by HCV comprising enriched HCV
particles as described above, infecting host cells as described above, and determining the
multiplicity of infection as described above,

15 In addition, the present invention pertains to providing isolated E1 and/or E2 peptides of
HCV, as defined by SEQ ID NO 1 to 6 (table 4), or any fragment thereof, wherein said sequence

binds to annexin V, tubulin and/or apolipoprotein B.
Finally, the present invention will now be illustrated by reference to the following

examples which set forth particularly advantageous embodiments. However, it should be noted

20 that these embodiments are illustrative and can not be construed as to restrict the invention in any
way.
XAMPLES
25 Example 1: In vitro infection and inoculum characterization

In the replication mechanisms of HCV, one of the first steps is the entry of the virus into
the host cell. This entry, using purified inocula. was studied by monitoring the presence and
secretion of HCV upon inoculation of T cells.

Two inocula for infection were brepared from two different human donor sera by

30 sedimentation centrifugation through a sucrose cushion. Therefore, a number of sera obtained

from HCV-positive blood donors were screened for HCV-RNA by PCR, envelope antibody titres
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for reducing, elimnatingor purifying” rel’ates to any nmethod known in the
art. Sini|themajority ofthe stsemicoppeneatstfrany theuitus whishepedipted by ylte centrifigation uses

such as HCY for 30 research r pps ' L&l 'i'gg‘;i
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10 TEN pH 8.0 was carefully pipetted underneath the diluted serum. Ultra centrifugation conditions
were 28,000 rpm for 5.5 hrs at 4°C in an SW27 rotor. After centrifugation, the supernatant
including the sucrose cushion was discarded and 400 pl ice-cold TEN pH 8.0 was added to the

HCV-enriched pellet which was left to gently solubilize overnight at 4°C. The solubilized pellets

were pooled, divided in 150-p1 aliquots, stored at -70°C, and assayed quantitatively for HCV
15 RNA by means of competitive PCR, anti-envelope (E1 and E2) immunoglobulin, E1/E2 protein,

and LDL content.

The LDL content was measured using a sandwich ELISA based on commercially available

antibodies. The monoclonal 2B4 (Cappel, Organon Teknika, Turnhout, Belgium) was used as

capmn'hg antibody and a goat-anti-human LDL polyclonal serum (Sigma) was used for detection.
20 Purified human LDL (Cappel) was used as a quantitative standard.

The anti-E1/E2 titre was determined by ELISA. El and E2 were adsorbed to microtiterplates and

after incubation with a serial dilution of the samples, bound IgG was detected by means of an

rabbit-anti-hurnan IgG/Fc (Dako, Roskilde. Denmark) labelled with peroxidase.

EV/E2 proteins itself were determined by adsorbing a serial dilution of the inoculum preparations
25 to microtiterplates and detecting the envelope proteins using a mixture of in house (i.e. which can

be obtained from the inventors at Innogenetics N.V., Gent, Belgium) monoclonal antibodies

directed against E1 and E2. Visualization was performed using an g-oat-ami-mousé 1gG/Fe

(Jackson) labelled with peroxidase (for result see also Figure 1).

The PCR tirre was determined on a serial dilution of the sample. More specifically, an RT-PCR
30 was used amplifying the SUTR of HCV such as described in Stuyver et al., 1996. The genotype

was determined using INNO-Lipa HCV II (Innogenetics, Gent, Belgium).
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necessary. The presence of virus in both supernatant and cells was determined by PCR as

described above.

15 Table 1 shows that the presence of both LDL and antibodies against E1/E2 in the semi-
purified inocula (denoted serum 42 and 46, “after”) was reduced 200-2000 times compared to
the serum from which they were derived (denoted serum 42 and 46, “before”). The final antibody
content, LDL content and PCR titre were similar for both inocula. The presence ;»f EV/E2 protein
was only detectable in inoculum 46. Table 2 demonstrates that, although an equal amount of

20 HCV-RNA was used for infection, only the inoculum with a detectable level of E1/E2 protein
(inoculum 46) produced detectable progeny virus (i.e. HCV-RNA could be detected). HCV-
RNA could be detected, both in cells and culture medium, during a 10-12 day period for
inoculum 46. Inoculum 42 on the other hand only produced a transient and weak (only nested
PCR positive) signal during the first 4 days after infection.

25 From these dat. it can be concluded that high RNA ftitres do not necessarily reflect high
amounts of infective virus. The preparation of inocula containing detectable amounts of E1/E2
protein is crucial in order to obtain an infection of host cells. The latter observation indicates that
viral entry of HCV is mediated via E1 and /or E2 and that these proteins can interact directly with
the cell membrane of the host. However, it can not be excluded that viral uptake may be mediated

30 by LDL since the inoculum was not free of LDL.
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saturable way. The latter binding is irrespective of the E1 genotype (types 1b, 4 and 5 were

tested, data not shown). To further characterize this interaction, we determined binding of the
major protein component of LDL, i.e. apolipoprotein B, to E1. Figure 2B demonstrates that, in
a similar way as for LDL (see above), only E1 and ElsAbam bound apolipoprotein B (also
15 purchased from Cappel) in a concentration dependent and saturable way. Surprisingly the binding
curves observed for El in the binding experiment with LDL and apolipoprotein B are nearly
identical. This proves that the interaction of E1 with LDL is solely mediated through
apolipoprotein B and not to any lipid or other protein component present in LDL. The finding
that the putative internal hydrophobic domain of El is not involved in the binding with LDL,
20 indicated already that the interaction with LDL is not based on hydrophobic associations such
as lipid binding. '
The interaction of E1 with apolipoprotein B may contribute to viral emtry via the LDL-receptor,
but our current results indicate that this does not involve direct binding of E1 with the LDL-
receptor, as claimed by Agnello et al. (1997). On the other hand, binding of HCV via El to LDL
25 may result in a viral particle shielded from immune attack. Any intervention in this binding could

influence the viral life cycle and can be used for therapeutic intervention in the disease.
Example 3: Binding of E1 and E2 to cells

30 Recombinant Els and E2s proteins were produced separately using an eukaryotic
expression by vaccinia virus (de Martynoff et al,, 1996). Binding of these proteins to several



above)) which bind to a protein as defined above. Indeed, the latter HCV
pepti des can be used in a vaccine or vaccine conposition agai nst HCV.
Therefore, the present invention coneerns a conposition co ISl HCV
El and/or E2 2¢%& or a finctionally equival ent variant W%ﬁ@?eof,
whi ch contain bindi ng domai ns for human proteins as described above, and a
carrier as described herein, for use tQ4reat or to prevent an infection
with. HCV. The latter conposition, hereaflr -called "vacci ne conposition"”
conpri ses Ransarelisdiney fombaahatopdetizoripitwadenonsttated (Tablks3)aBriefsT Fi0 eellsabove

or a conbi nation aqf -deri,ved.penti.des as.descri for u S a
soufce to Ve E]i?‘ﬁ’ggé" HB%WM@‘E&@?MF%F ORAPEE qgépp%ﬁ%?f@’ 8&;\7?srp3§te%r any
nut at ed st &l Ruloh&d BP tentfugationGind 36ind El 8¢ Bl wab Getectéd by mdanstéP\étretBNdiA or
GBV-B. The term "a_vaccine conposition” relates to an | munogenic¢

conposi t i olabdled with EIXG. Taysibindingvgs pradysediniadlowrytomster (Backton ickinsen. FAAS) al or
conpl gt e. t . Iﬂxftﬁ"x@ " ﬁl!gﬁ . L fSsa §;h& fRRPRER os0f the
vacci ne coﬁ%grseif{bglﬁsaﬁf@% e |c[1y1F§ profag?:??%pr?gg%‘gl nst- : RE] act?iragg)tas
subst ance well g5 fot ER(fe Pahledenminsttates thet the bivtding tsspedidsepecificaincb ench abihding such,
in a biotinylated form (as,expl ai.pned.in WO 93/18054) and/or 25

conpl exed ¢ g?ﬁ?’??”e’&ﬁﬁﬁiﬁ a&ﬁ@&%‘gﬂnmﬁ@%nuf acturer's instruction
sheet (Mol ecul ar Probes Inc., Eugene, OR). In this regard, it should be
clear that _a vaccine conpgsition conprises | asxnid vector conprising a
nucl eot i demm%édmwfd“%ﬂlggﬁﬁl@é‘d ZRipdirg PEtEWSer abl y |inked to
translcbri ption regul atory el enents. As used herein, a "plasmd vector"
refers to a nucleic acid nolecul e capable of transporting another nucleic
acid to which iTotddasll dxtracts wem prgaredfrerh Blandi ¢¢1B0Briefly, cells angdysediinghe rivessnce

capabl e of auy replication and/or expr Lon of nucleic acids to
Wt oh ¢ hey it EPAER fErreRRinE p o Bpmpeenit SEELT Pomer e Y ersdBis b o
vect or s ar gndcthé edshRing dapsptatnt is further referred to as cell extract. The extracts were affinity-

- adsorbed on E1 and E2 affinity columns in order to capture E1 or E2 binding proteins. Briefly

15 these columns were prepared as follows: streptavidin was bound to agarose mini-Jeak according
to the manufacturer’s protocol (Biozym), after which E1 or E2 was allowed to bind to the
streptavidin, After the cell extract has passed the column, the column was further washed using
0.05% CHAPS, to remove nonspeciﬁcally. bound proteins. Elution of bound proteins was
performed as a three step elution. The first elution was performed at pH 11.5, a second one at pH

20 2.3, and an elution combining high pH (11.5) and a strong detergent (1% Empigen). Only the last
elution step resulted in the recovery of a single protein of 55 kDa binding to both E1 and E2. The

-SDS-PAGE from the first alkaline elution revealed thar this step served as an additional washing
since a whole smear of proteins was recovered. The acidic elution was not able to elute any
protein from the columns (data not shown).

a5 A single extract from 10° cells was passed over an E2 column, the column was washed and eluted
as described above and the fraction obtained from the third elution was analysed on SDS-PAGE.
Staining of the gel was performed with Coomassie Brilliant Blue (CBB) and revealed a 55 kDa
band (Figure 4). The additional band appearing at 70 kDa is a nonspecific binding protein, since
this band is also recovered from columns to which no E2 was bound (data not shown). Since the

30 55kDa band could be visualized with CBB it was judged that this band contained sufficient

material for sequencing.



17 stranded DNA | oops. which, in their vector form are not bound to the
chronosone. As used herein, a "nucleotide sequence" refers to
polynucleotin§9§H%Q as deoxyribonucleic acid (DNA), and, wWoEres/e7107
appropriate;_rl%onucleic acid (RNA). The term shoul d al so be understood to
i ncl ude, as equival ents, anal ogs of eitﬁgr RNA or DNA made from nucl eoti de
anal ogs, and single (sense 5 or antisense) and doubl e-stranded

pol ynucl eot j d ysed herein N L AL ﬁgw t ory

ol ement 5" ridF &3 kD1 gpnd “%8&“&8??&&%%%%‘2#?@ ’ \E}\ﬁ?%% 'c[lomnl%yélgﬁg SSefedePary 199)
regul at ory .64 aEBRHing fRptidey §épatafsdl byUPIDC (04 VgdatCdoluiim, i1100:02%0 inin)i Alf peaks
vertebrate cell it is able to direct, the cellular machi_ner% to produce

transl at i orcoprioingsequercablomatsriphresulied ipddeptification pf qither tybpdin innbsta,

i nked" refgrs t@_a_j | 1. ' ; N d so
s to 10 - el b aRReus AP IEREl i FRFRANGRIR i BLEBIANIET

el emeng s opedEthibyta biepleschtédbebwiamine atidskdiostigdisorimination teapehtubuli-alpidand t | ng
t he expressjon of- sajd nucl eoti de sequence. Those skilled i'n the art can
appr eci at e “prmtreapdetiiedit transcri ptional pronoters, termnators, carrier
vectors or specgfelag gene sequga,i?}%gg-yﬁﬁgmgﬁﬁéﬁwyaiﬂgaagg5-$-houl d al so
be noted that "a vaccine conposition™ conprises, in addition to an active
substance, a sutuhblénextphs e RVEVALEREWIDE 15 carrier and/or adjuvant

whi ch, by themsglyes; 000t iREyeerEPRApeyOduction of antibodies harnfl ul
to the individual receiving the conposition nor _do they elici tﬁgrot ection.

Sui table carriepeakr B8t ypi cal PXXLAVEXIXNSW Gdeptfiedns tpbutin-baaan 83 HB4Dul es

such as protei niubgﬂx_s_?g@;lari rvBRIBhAGL T ¢ acids, polyglycolic acids,
polynmeric ae's, aa copolyners and inactive virus particles. Such carriers

tubulin-alpha RTIQFVDWCPTGFE

Figure 5 shows that, by using specific monoclonal antibodies against tubulin (Sigma), the El
15 binding protein of 55 kD.a (from the third elution) was confirmed to contain tubulin.
Furthermore the specificity of this interaction was confirmed by immunoprecipitation. 2 ug
biotinylated E1 or E2 were incubated for 1h at 37°C with 2 g tubulin in 50 pl TBSy, o,+0.05%
CHAPS (TBSygc, is : 10mM TRIS-HCI, 150 mM NaCl, 1 mM CaCl,, 1 mM MgCl,, pH 7.5).
An 1/500 dilution of monoclonal anti-e-tubulin and anti-B-tubulin (Sigma) in 50 ul
20 TBS,c+0.05% CHAPS was added (1h, 37°C). To precipitate the complex, 100 pl of blocked
(0.01% BSA) protein A glass beads (BioPROCESSING) were added (1h, RT, mixing). After
washing the beads with TBS,, c,+0.05% tween-20, the bound complex was eluted with 50 ul
sample buffer (containing 3% SDS and 100 mM DTT) at 95°C, S5min. The samples were

analysed with Western blot and E1 or E2 were detected by means of streptavidin labelled with

[ 3]
W

alkaline phosphatase.
The Western blots (figure 7) revealed the clear presence of E1 and E2 only after precipitation
using monoclonal antibody against tubulin in the presence of tubulin while the control

experiments (precipitation in the absence of tubulin) show virtually no E1 and E2.

30 Example 5: Interaction of E1 or E2 with annexins



are well known to those skilled in the art. Preferred adjuvants to enhance
ef fecti veness of the 20 conposi tion include, but are not limted to:

al um ni um hydr oxi de, al um niumin conbination with 3-0- dea(i,\@,r

monophosphok WOPPABA A as described in WO 93/ 19780, al umi nitom p%osp‘ﬁat e as
described in"WD 93/24148. N acetyl -nmuramyl - L-t hreonyl - D-i sogl ut am ne as
described in U S Patent No 4, 606.918, 26

N- acet yl - nor mur anyl - L- al anyl - D-i sogl ut am ne,
acetyl nuranyl - E‘;g@keaﬁyslandDBKkmgnmamatmme;ané(rhmcbzq bath E1 and E2. Figure 6 further

"2' dipal mtoyl -sn-gl ycero I and
RUEI (| AR RO ofApne Vit LR TP BB iRomindLefie 7028 TO
lipid A dﬁ@@%@& emtmwﬁh keledied epex 276340 mmmaa mdotpﬂﬂ ofvthk |

skel eton ( ) in a 2% squal ene/ Tween 80 enul

t hree conpamb:ml\ﬁ@) aﬂﬂBIiA’"Gﬁ" Eontidesly! #ndLe?) SEELRath H‘I“H?Fé“’ﬂls‘tisc?ﬁﬁ 882 by 2.
Addi ti O”a' ' %@? i8n édf‘i»ﬁ aggsé"tai\cf%{&@gnéM%G&ﬁhﬁb@aﬁt&%ﬁmmco@st er,

VA) oF SAFY use as well as adjuvants such as
conbi nat i meﬂemai a@&;m mml hﬁnndémheagmwpaﬂbuutrmycg&mmxjh other @GV A

E)xgg{]ggégé}m%e‘%: \(?%flg mev%%éﬁ?k%cﬁﬁgdeﬁf&@%%cwgaégl ymer

based adj lagﬁﬁhsmaﬂséis, Qfso Qffidr \iinbeNaof this Jfartilly Geayrinmtdotibvith the\FICeemeloper
Gerbu (Gerbu Biotechnik-). Furthernore, Conplete Freund's Adjuvant (CFA)

and InconmtetemSFreund s Adjuvant (I FA) may be used for non-human
appl i g2t | Ofg B0M: K SRABAL AN ERRSE Rere pATHREFASTEIGRTBAR péptials antidchmbirhrdiner

envelope proteins were biotinylated and as such adsorbed to microtiterplates coated with
'streptavidin. These plates were further incubated with A-V labelled with peroxidase. Binding of
A-V to streptavidin was subtracted and the remaining absorbance was plotted. For E1 the binding
to the region C4V6 is striking and comparable to the binding observed with Els itself, since this
15 ~  peptide only overlaps with Els in the region 307-325, this region is considered as representing
the A-V binding site on El. For E2 a similar result was obtained, binding of A-V was most

obvious for peptides C1 and C2, therefore these peptides are considered to cover the most

important region of E2 involved in A-V binding. Such peptides (see list below) are potential
vaccine candidates since the antibodies induced by these peptides will interfere directly with the
20 viral life cycle. The induction of such antibodies may result in extremely potent vaccines since
it may be expected that they will be cross-protective for all genotypes if one assumes that the

processés targeted are used in the life cyvcle of all HCV genotypes.

peptides aa region
25 Vi1v2 192-226
V2v3 212-244
V3V4 230-263
V4vs5 240-263/288-303
V5C4 '288-327
30 C4veé 307-340

Els 162-325



5 contain excipients and diluents, which are inherently non-toxic and
non-t herapeutic, such as water, saline, glycerol, ethanol, wetting or

enul si fying gg@g&ﬁs4pH buf feri ng substances, preservatives,pcayipboiimaod i ke.
Typi cally., "@a vaccine conposition is prepared as an injectable, either -as a
liquid solution or suspension. Solid fgyns, sui table for solution-on, or
suspension in, liquid vehicles prior tO injection muy al so be prepared. The
preparation may al so be enul sified or 10 encapsul ated in |iposonmes for
enhancindfﬁﬂﬂuvant3%+ﬂg%t. The pol ypeptides may al so be incorporated into

| mune  Stiqh gl Ng3654p4 exes together with saponins, for exanple Quil A
(1'SCOVB) .""Vacci ne conpositions conprise an i mmunol ogically effective
amount ofCl he pol ygé&p#4lles of the present invention, as well as any other
of the ab ye-nentigg&% fonponents. "I munol ogi cal ly effective amount” neans
t hat the m ni str ﬁ of that amount to an 15 i ndividual, either in a
si ngke dogwrilaoag7part of a series, is effective for prevention or '
treatment. This anpunt_ varies dependi ng upon the health and physi cal
condi ti orCdf the i A#YVIYual to be treated, the taxononic group of the

i ndi viduahsto be tisgakgsl (e.g. nonhuman prinmate, primate, etc.), the
capacity d? the individual's i mune systemto nount an effective i mmune
response, 13/He degr 883-666 prot ecti on desired, the fornulation of the vaccine,
t he treatbng's doc%gféﬁésessnent, t he 20 strain of the infecting HCV
and ot her“tel evant Padfors. It is expected that the amount will fall in a
rel gipi vel 33/4r oad r 3Mg627 hat can be determ ned through routine trials.

Usual Iy, the anount 'I% vary from0.01 to 1000 [err] g/ dose, nore
particula?ﬁy fron]é?ﬁkﬁ 100 [err] g/ dose. The vaccine conpositions are
conventi ogpl |y admgaigyered parenterally, typically by injection, for
exanpl e, subcutaneously or intranmuscularly. Additional formulations

sui tabl e E¥ ot her 38#6kdds of 25 adm ni stration include oral
formul ati ons and suppositories. Dosage treatnment nmay be a single
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dose schedule or a nultiple dose schedul e. The vacci ne may be adm ni stered
I n conjunction with other inmunoregulatory agents. It should be noted that
a vaccine may al so be useful for treatnent of an indivi duallP h@%@b@h case
it is called"Q%R#E4 apeutic vaccine". Mreover, the presen CIRyE Y,
regards a conposition conprising a nolecule, including 30 ant i bodi es
whi ch may be generated by the host its@8f upon vaccination, which nodul ates
the binding between HCV and a protein as described above, or a functionally
equi val ent var ilasenigintenationalf sysmpagwm op yipkhepatitisisad liverdiseasendRomedi®86.ini ch
nodul at es .t he 5}{.&@ I ng between HCV and a protein as descri bed above, or a
functonal |y eqdival ent variant or fragnent thereof' refers to any nol ecul e
deri ved f rheleetsnedes ¥, Fidlez Ag Wigehbveski €5 Blightli, Xad., #Habw ¥.S. | RicaQ i Dabuisson

control | abl e inpfection of eukaryotic cells by HCV |s a_pre isite for 5
S Uty ng the birKAPREOR ol sy BetBiC Ve exsomaiei iplaes Bl T 876 t he
presegt inventizgp concerns an in vitro infection nethod of eukaryotic cells
for HCV which uses an enriched HCV particle fraction. The .term"in vitro

i nf ect i on Fai Ro8himods &5 ¥opg Da Gaberon le Pedfibanis By Strazzena. cShimizwY.j Stapiron

I f [ | I , .Th "
i ohed Hov pi i PP ¥ eii3a S n R CIH Beuon ' SplrdRey |
whi ch sai d HCVhpgeritnmmineserun sgainsythe Wytpetivatidble regiandnof tierentildpe2prateid] BGAS The

term"enriched, _ refers to fraction in which the ratio between said HCV
particles and §3§"§B§rc}ﬂ?§4d?%%l ecules is increased by a factor 10, nore
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by a factor 20, nore preferably by a factor 50, nore preferably by a factor
100, nore preferably by a factor 500, nore preferably by a factor 1 03, and

nost prefer%p(#?,?x 542 factor 10[err] conpared to the origi ngbrapsspres The
term "HCV par refers to any conplex containing at |east HCV 15 - -

RNA and/ or proteins, and said conplex being able to infect eukaryotic -
cells. Mre specifically, the present #nvention relates to an in vitro
i nfection rrethod [ \é\goch the purified HCV particle fraction is obtained by
ultra centrnif4% gé f a solution containing said HCV particles. The term

"ultra C%Ertewgabu&ﬂteafwﬁ_ SRACLO Vani@ofifcsle PQ VahdenBaA. | Wit |, Bastiaown t o
the man skilled in the art and described in eg Maniatis et al. (1982) such

as to centri fLI@lH@ﬁakBO&de Maztyheff Goﬂ”ﬂﬁ@&’gWV&lcE%ﬁaWrEéfaﬂ%hRj%ﬁs reactiee
sucrose or salt éﬁp&?%‘égbﬁ?leﬂdo%gm% in cfehs%nhqeée %utﬁxfgh%%“ai £y um

density gr adi dRTeR ~on Gradh i*S-eéstabl i shed

and gai d HCV garsubtgpess l1araad flor Bedviral Ht;gmas EndDILwﬁEmm]‘ Toleyd,, 1993gLsi on to
the fraction with an equal den3| té ‘gor densi t%/qjcentrl flirgati on i n which
c

sai d HCVv Nishicke| es XKarBizpld » PP b4-316i Spngey Venlpg Tokyo

specific ol n on rrethod
R uhi ch ekt €408 gﬁ%r& BR8] STk S il

pa][t i cles. %ngha?mﬁe%ﬁhéqﬁml pﬁﬁssEﬂ:tHan‘imml(aﬂdZaikatrmAm 1@B7| n VI tro
i nf'ection nmet hod of, Paudi , , or.any_ B-,  T-

hepat ocyt Maigr MyEpand Feipstong ﬁ:xg'. heﬁn@% éﬂr‘,’h%éﬂfe@??ﬂs %é%% P"r%ﬁgg"s 2% any
cellyg cel | typgp79k3gel | line which is permssive for infection by HCV

particles, HCV-related particles HBV, GBV-A, or GBV-B. The term
"Daudi - ceMpnatis Bifeitssh my&és@ ) Melecalar gmin o berasyy manl, Geld Spws 1 or

infection by HeV, %&{OW @iﬁhgp&%p NYCL213) . More specifically,

the present invention pertains to n vitro infection nethod as descri bed
above, i nMaheanB.GhZupan J., Zambryski P.C. Tobacco mosaic virus movement protein associates with
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-

20 sequence in the E2 region. C84, 3th Int. Symp. Hepatitis C virus and related viruses,
Brisbane, Australia,
Pepinsky R, Tizard R, Mattaliano J et al. (1988) Five distinct calcium and phospholipid binding
proteins share homology with lipocortin I. J Biol Chem 263:10799-10811.
Rojas E, Pollard H, Haigler H, Parra C, Burns L (1990) Calcium-activated human endonexin
25 11 forms calcium channels across acidic bilayer membranes. J Biol Chem 265:21207-
2]215.
Rosa D., Campagnoli S., Moretto C., Guenzi E., Cousens L., Chin M;, Dong C., Weiner A.J.,
Lau J.Y.N., Choo Q.-L., Chien D., Pileri P., Houghton M.. Abrignani S. A quantitative
test to estimate neutralizing antibodies to the hepartitis C virus: cytofluorimetric
30 assessment of envelope glycoprotein 2 binding to target cells. PNAS 1996: 93: 1759-
1763.



20 purified HCV particle fraction is characterized for its content of El
and/or E2 proteins, or, of antibodies against E] and/or E2. or, of LDL, or,
of apolipoprotein B, all as descri bed above. The terns "chat l.zed for
its content*WAPRIS¢o any nethod to determine the quantity%fiﬂ%})ggr’&éﬁal Lty
of said HCV particle fiaction known to the man skilled in the art, such as
ELISA, RIA, PCR in 5 vitro infecti 388 assay, Amplicor (Roche), Mbnitor

(Roche), or any other conpetitive PCR_branched DNA (Chiron) and as
described Rosenfhld e LaprsvisllebcGuillemet).G-Hiemgrads dingel idiggstian; of protepefop intaraal

I nvention al so rel at ' i I | @E&Q . d ry bove,
used for screeﬁﬁu&gggmﬁfggﬁ%ggﬁﬁ@%%%%ﬁgdt e gllshr?g%ﬁg e‘t}\h}veen 1CV and
eukaryotic cel 11992:@031t78€l7%i nterfere with any other step in the replication
of HCV and_rel ated_viruses, all .as_described.10, abgve. In (& on, the
present in%‘éﬂ??‘dﬁ' P@F’B’Eéﬁglprﬂtf'émug@“ﬂog%“%"i pogtien, go ﬁf“éaé’ﬁ Bﬁ?ﬁjg{l P as
descrisped aboveyyd Ml ipRASHS DRdRIAO¥IL . Hde Pltnarh,F.9C 1 087 AR Pre@TRE. i Si Ny
enri chsgd HCV pa’rﬂtl.i cl es"as descri bed above, infecting host .cells as-

descri bed abovelomlon Weterrining the nultiplicity of infection as described
above. 15 . : -] d'tljgﬂz t he o, d LY | 7N vi di ng
| sol at ed E?h‘%ﬂ'/ Xl’ @‘%egjt"i es O}ﬂ‘ RP{&}% ?g@n’c}yf{é}r@gﬁﬁgﬁ Mﬂ?@%ﬁg
(table 4), or ainyibddiea@paindt heputitie Gfvirusveths emergende efputraliztitn exdspetoutaninexi n
V, tubulin and/ Qr apol,. el lhally, the present invention will now
be illustrated qusefjgfpﬁﬁﬁé&ﬁ gkﬁﬁ%’]&g‘}q ow ng
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exanpl es which set forth particul arly advant ageous enbodi nents. However, it
shoul d be noted 20 that these enbodi nents are illustrative and can not
be construed a§odMpdsestrict the invention in any way. EXAVPpEfERS07107
Exanple 1: In vitro infection and inoculum characterization In the -
replication mechani sns of HCV, one of Bhe first steps is the entry of the
virus into the host cell. This enty, using purified inocula. was studied by

noni torin y o Ils.
Two mocungéf"?F &?eg%tlon ?gr?%ﬁé\%areg rom#ggg(i#% Mngih]e%g%gr sera
by 30 sedi mdruf hepatitis Coirtrs ¢anbipmk iviral atﬂacmm\ércﬂst@:smsmmﬁon. Ther ef ore.
a nunber of sera obtained from HCV-positive bl ood donors were screened for
HCV-RNA by PCR envel ope antibody titres 21 and genotype |Ib (this allows
to perform conparative studies, since all reconbinant proteins, peptides
and i nonocl onal antibodies used for these experinents are also derived from
or directed to a | b sequence). Two sera fromgenotype Ib with high RNA
titres and |l ow anti body ttres were retained for inoculum preparation. The
purification applied to these sera is a rough separation of 5 t he
majority of the serum conponents fromthe virus which is pelleted by ultra
centrifugation through a sucrose cushion according to the follow ng
protocol: Human serum or plasna




containing HCV particles was diluted by addition of 5 volunmes TEN (nM TRI S
pH 8.0, mM EDTA, mM NaCl) and 34 ml of the diluted serumor plasna was

pl aced in a polyalloner tube suitable for ultra centrifugation | SwWe7
rot or- ( Beckn¥9992#85¢ ushi on of 2 m 20%%crose in 10 TERCDH Pwﬁ%s-
carefilly pipetted underneath the dilut serum Utra centrifugation .
conditions were 28,000 rpmfor 5.5 brs at 4 Cin an SW7 rotor. After
centriflgation, the supematant including the sucrose cushion was discarded
and 400 [err]l ice-cold TEN pH 8.0 was added to the HCV-enriched pell et
which was left to gently solubilize overnight at 4PC. The sol ubilized
pellets were pooled. divided in 150-.[err]l aliquots, stored at -70[err]C,
and assayed quantitatively for HCV 15 RNA by means of conpetitive PCR
anti-envel ope (El and E2) i marpetebttia—i-+~E2—protenn, and LDL content
The LDL content was neasured usingia sandwich ELI SA bgsed on comercially
avai l abl e anti bodi es. The noc{ onal 2$4 (§Cappgl, ©Orggnon Tekni ka,
Turnhout, Bel gi un) was usedias :ggturi ng amtibbdy wnd |a goat-anti-human LDL
pol ycl onal serum (Signa) wag usedof oﬁde;.ectig) .ga Purified human LDL
(Cappel ) was used as a quanti taLnge shkdntdndadhe antij-EI/E2 titre was
determ ned by ELISA. El and{E2 were adsiorbe:d tdO mErotfiterplates and after

i ncubation with a serial dil u@ bn of tHe sanpl és, pourld 1gG was detected by
means of an rabbit-anti-human_ G HRc (Dako. Roskil He, [Denmark) | abell ed
W th peroxidase. ElIJE2 prot gi -t-slekf--baer-e—det-er |¢Ed by adsorbing a
serial dilution of the inocyl prepar dtions 2% to|mcrotiterplates and
det ecti ngt he envel ope proteiln® psinlg a jm xtturejof I n House (i.e. which can
be obtained fromthe inventqrs atglinnogenetiics{N. Vi, Gent, Bel gium
nonocl onal anti bodi es directled hg& in

|

EN dnes E2o w sual i zati on was
Fc:l%c ==

L2

perfornmed using an goat-antij- moys
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(Jackson) |l abelled with peroxidase (for result see also Figure 1). The PCR
titre was determ ned on a serial dilution of the sanple. Mre specifically,
an RT-PCR 30 woowass4ised anplifying the 5 UTR of HCV such agcflgpsaiorfaed i n
Stuyver et al-, 1996. The genotype was g¢term ned using | NNO Li pa HCV I

(I'nnogenetics, Gent. Belgiun. 22 The inocula were also characterized in
an in vitro infection assay. Therefore cells were infected with an
multiplicity of infection (mo.i.) of 10. Afixed mo.i. was used for the
infection in order to be able to conpare the different inocula. The anount
of inoculurn needed to obtain a mo.i. of 10 was cal cul ated based on the
assunption that 1 PCR unit equals 100 RNA 5 nol ecul es (= 100 HCV
virions). This infection experinment was perfornmed using Daudi cell |ine

(ATCC CCL 213) which was already reported to be perm ssive for HCV
infection (Shimzu et a., 1996). This infection was perforned according to
the followi ng protocol: 1) suspend 5.105 cells in serumfree RPM nedi um at

a concentration of 10" cells/m; 2) add inoculumto-obtainnmo.i. of 10; 3)
add serumfree RPM nediumto obtain a total-volune of I m; 4) incubate
the 10 infection at 37C for 16 h; 5) wash cells 3 tines with RPM nedi um
contai ning serumqm 6) suspend cells and seed cells in a 96-well plate
(5*104cel | sperwgl | inavoluae of 200 .1); 7) sanple (-harvest one well
conpl etely) cellis and superfnatant daily; 8) divide cell cultures when
necessary. The presence of fvirus in both supernatant and cells was
determ ned by P¢R as >
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descri bed above. 15 Table | shows that the presence of both LDL
and.antibodies against E1E2 in the sem - purified inocula (denoted serum 42
and 46, "after” reduced 200-2000 times conpared to th om

whi ch t hey mﬂ&ﬁ$ﬁ£$?ved (denoted serum_42 and 46, "before"?caﬁﬁﬁﬁ%ﬂﬁal

anti body content, IDL content and PCR ti'tre were sinilar for both i nocul a.
The presence of EIE2 protein was only detectable in inoculum46. Table 2
denonstrates that, although an equal anount of 20 HCV- RNA was used for
infection, only the inoculumwith a detectable | evel of ELVE2 protein

(i nocul um 46) produced detectable progeny virus (i.e. HCV-RNA could be
detected). HCV- RNA could be detected, both in cells and culture nedi um

during a 10-12 day period for i nocul um 46. 1 nocul um 42 on the other hand
only produced a transient and weak (only nested PCR positive) signal during

the first 4 days after infection. 25 From t hese datja. it can be
concluded that high RNA tifres do not necessarily reflect high anounts of
infective virus. -The prepafation of inocula containi-ng detectlabl e amounts
of EI/E2 protein is crucipl in order to obtain an infection Jof host cells.
The | atter observation igp tes t hat_viral is nediated via E
and for E2 and that thegeyp nsc |-pt¢ra£ fdlr.ect y-i i the cell
menbr ane of t he host. Fbmever, it can not be excl uded that virfal uptake may
be nedi ated 30 by LDL s|jnce the inoculumwas not free of UDL. 23
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Exanpl e 2:
recombi nant El
truncated pr
Maertens et al.

(1994) 5

I nteracti on of El

or

LDL (Cappel) was adsorbed to mcrotlterpl at es,

E2 with LDL W determ ned bindi ng of
and E2 (expressed and produced-in nmammmalian cells as
AeédrsossEl s aa 192-326 -and E2s aa 384-673 as desemimeorion
and de Martygoff et al.

(1996) to solid LDL.
bi ndi ng of envel ope protweins

was performed usifrg—protinyteated oters—tr—egdd+oen—e—a s an El
derivative from whi cheamoyus 8§ 7\1n;§:er at, Rydr qphopee ddqmaiin was del et ed
was tested: Els m §§ g% @h iéem on |of &l 263-288). Binding is
det ect ed by neans| of be idli n |l @pel | E{Mtr pe | dgse.{ 10 Fi gure 2A
shows that only au&%@lﬁaﬁbo ng L Ea qonce® r atli ont dependent and
saturabl e way. Thie | ftth € dbithdang |i& i rir @ pectijve thg ElI| genotype (types
Ib, 4 and 5 were ffes{é&l: g@ot sfow) 2 ® fyrthefl characterize this
I nteraction, we detefrt & ) 1@l ng af tihs @mj or] pr I n{conponent of LDL,
I .e. apolipoprotein 321{2;) B?igur@ 28 aeﬁ)nstrat that, in a simlar way
as for LDL (see bovaémg andQEl sgb n Roundeapol|i p'gprotei n B (al so
15 pur chased f|romn |§.'|'a M a lcghcgngdr g i oy de @der nd saturable
way. Surprisinglyj the@@@ éurv ob%ragd flor i n{t@g bi ndi ng
experiment with LDL agl ok popr qtei n ngar | ygy dentEcal . This proves
that the interactfion & FE W Eh LOUG s [s§I &8y rfedi Fed th&dugh
apol i poprotei n B |and| B o8 | ijpdd qrEoBher |prof g4 n onent present in
LDL. The finding tha ﬁ@ﬁ)% M6 ﬁ,jnterEa %/crop ic|d@main of El is not
i nvolved in the Hind @ aﬁ Hn tted pE eadydtlhat the
interaction with {LDL| k& hyjdfo ijc aps ciat%qns such as lipid
bi ndi ng. The intdrac %@@jgg\@;ttﬁapcl pgpEdtei n & may Edntribute to
viral entry via the L Ue.cgou)rj w 5] e
_ ORS NS x e ; > g > 0
mﬁb-a&tbis-'l Q =3 = an
- NnHdORM6AN| I H g m HZ | >
i hEpOHa IR a0l H
= Amghgg [a] w0 HlZiwnein
=) wooo m = Z2aoHIE 25| U
[2 :>U(.925t0 O N OIE | %
HO0 S 2 3 o LKDI=E|OR
wm>zma i %Hﬂa alao+HAQ
00O E A HH]|ElI2H]|O
BHZVWOHBHAQ|H H B H B>
ZhEG0O AW o > B owm % > BB
AN A Vi TR S I 4 i 0 D oS VI I 5|
DA H HeZtmle e |
MHZ DO | HROUIO|=HW|x
B C AU I O AlE|lUg (&
BOX O R |O 0 QiHlung|&
O3 DD WL > =l e 1))
Ha A
CESEHE|SQIEEE|D R
DOUDZAQO | AR Aad|in|>Na|o
5| = S | S Q18 TR
kS 3 |2 212 |8
(]
2
5
=
8’
i wn o o o~ — <r




but our current results indicate that this does not involve direct binding
of EI with the LDL- receptor. as clained by Agnello et al. (1997). On the

ot her hand. binding of HCV via El to-LDL 25 may result
particle sh|¥ﬂ%ﬁﬁﬁé%cnni mmune attack. ﬁgy i ntervention in kﬁr@w%hﬁﬁi

could influence the viral life cycle and can be used for therapeutic .
intervention in the disease. Exanple 3: Binding of E1 and E2 to cells 30
Recanbi nant El s and E2s proteins were produced separately using an
eukaryotic expression by vaccinia virggafdg Martynoff et al., 1996).

Bi ndi ng of these proteins to several human cells lines from
haenmat opoi etic origin was denonstrated (Table 3). Briefly:5 *10[err] cells

were al | owed 0. BF RGuBbt a&hg&\gy n Bonfthe oﬁpce&ﬁﬁwaﬁwmwgﬁbangdpg) at

4C, excess protein was renove centrlfugatlon and bound El or E2 was
det ect ed byap@ao;sotem&tfmrepcmﬁh'dePMBbf ed with FITC. This binding was

analysed in a flow ¢ ter FACS). 5 Figure 3 shows
that this bindi nga g%o ﬁﬁegtt 6%% 8‘5?}]‘5%&%(1 sat.urabl e..both for El
(a-e) as well as-éxﬁetthQto(diagm)scaif&b‘éoﬁowaﬂbHﬁst:r ates that the binding is

speci es specific singce, such d| n coul d not be dennonstrated to B- and
T cell's from ruri®RSthed (gipyuty, 9% dentification of intracellular E

and E2 bi ndi ng p.r%&hmoapmi{@aaﬁgggmmgmtm&s wer e prepared from Daudi
cells.. Briefly, cells are lysed 1n the presence of 1% CHAPS det ergent using
a Dounl,Qs honogeni zer, cell debris is renoved by centrifugation

2. A human protein according to claim 1, wherein said protein is a functionally equivalent variant
or fragment of annexin V, tubulin or apolipoprotein B.

3. A protein according to any of the claims 1 to 2, wherein said protein binds to HCV.

4, A protein according to any of the claims 1 to 3, wherein said annexin V, tubulin or
apolipoprotein B, or a functionally equivalent variant or fragment thereof, bind to the envelope
proteins E1 and/or E2 of HCV.

20 5. A protein according to any of the claims 1 to 4, wherein said tubulin, or a functionally

equivalent variant or fragment thereof. binds to the amino acids 192-326 of E1.

6. A protein according to any of the claims 1 1o 4, wherein said tubulin, or a functionally

equivalent variant or fragment thereof. binds to the amino acids 384-673 of E2.

7. A protein according to any of the claims 1 to 4. wherein said annexin V. or a functionally

equivalent variant or fragment thereof. binds to the amino acids 307-326 of E1.

8. A protein according 10 any of the claims 1 to 4, wherein said annexin V. or a functionally

30 equivalent variant or fragment thereof. binds to the amino acids 413-467 of E2.

9. A protein according to any of the claims 1 to 4, wherein said apolipoprotein B, or a

functionally equivalent variant or fragment thereof. binds to the amino acids 192-263 of El.

-
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and the resulting supernatant is further referred to as cell extract. The
extracts were affinity- adsorbed on El and E2 affinity colums in order to
capture El orgg2¢Rie8fi Ng proteins. Briefly 15 t hese col up@EENROR07

prepared as Tollows: streptvidin was boynd to agarose mni-leak according
to the manufactureres protocol (Biozynm), after which El or E2 was.all owed

to bind to the streptavidi.n. e 4. ext . : umm,
the col um wds @F‘gﬁgracmﬂ%}fp%@i Jﬁg&%a@%& fd%éé&?%n rp%énggei n%’ﬁ‘s‘?{ﬁg% ?}?Jcal ly
bound pr ot ei fagctiofdlly eiival@it virantst fapnteiteseofidinds er the amind acids 288:3260€ELt ep
elution. The first elution was perfornmed at pH 1 1.5, a second one at pH 20
2.5, and an el udon conbining high pH (l11.5) and a strong detergent (1%

Enpi gen) . Onjy tAgmpsiioR kothprizthgSnGRCY 65 UinkiRe ER prétkie fag@enterya finctionallyngl e
protein of 55 kDa binding to both El and E2. The SDS- PAGE from tihe first

al kal i né el Lequiyaleptapdant dhireoh avherei saidgrespin Sagmen conptains bindipg fqreaing forahast ng
since a whol : i | L6l b Cinfelotidd not
able to el utéogﬁ?&%}d%ﬁgetﬁﬁ&gﬁﬁéégﬁ%gaﬁgra?g&ﬁéiﬁﬁlovvn')". ﬁ%%ﬁ& H%$'si ngl e
extract from 109 cells was passed over an E2 columm. the colum was washed

and el uted as, descri bed above and_t I ' Al [

el uti on was glcﬁlgg%fglgﬂ SRS Ké@? °‘%¥§ﬁ°{’ﬁd§‘§t“;oig’9t°ﬁ§£’ggéﬁ?%6§ 5%g;r %ag‘?%téé} u\%\ﬁgt h
Coonassi e Broltdehtan inf@itioe WitEBIEV.and reveal ed a 55 kDa band (Figure 4). The
addi ti onal band appearing at 70 kDa is a nonspecific binding protein, since
this bald is also recovered from colurms to which no E2 was bound (dat a -not

shown) . Si ncgy, ahRerfd for diaghbiibiPepasiet 16 @inteclién byt HOWIcomptking: t h CBB it was

judged that this band contained sufficient material for sequencing.
- contacting HCV within a sample of body fiuid with a protein according to any of the

claims 1 to 10, and
- determining the binding of HCV within a sample of body fluid with a protein according
15 to any of the claims 1 to 10.

14. A method for purifying HCV envelope proteins comprising:
- contacting a composition containing HCV envelope proteins with a protein according
to any of the claims 1 to 10, and/or
20 - isolating the portion of the composition which binds to said protein according to any

of the claims 1 to 10.

15. An assay kit for detecting the presence of HCV comprising:
- a solid support.
25 - a protein according to any of the claims 1 to 10. and
- appropriate markers which allow 1o determine the complexes formed between HCV in

sample of body fluid with a protein according 10 any of the claims 1 to 10,

16. A method for propagating HCV in cell culwre comprising:
30 -providing a cell that over-expresses a protein according to any of the claims 1 to 10,
-infecting the cell with HCV. and

-culturing the infected cell.

AR 0
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25 The 55 kDaband was eluted fromthe SDS-PAGE, digested with trypsin
(Rosenfeld et al., 1992) and the resulting peptides separated by HPLC (C4

Vydac col unn,wa!,MsgSO m). Al peaks containing Sequencabllq%@%@ﬁb%
y Way

resul ted in iden Ication of either tubulin-alpha or tubuli
of exanple t he sequences oftwo peaks resgglting in the identification in

tubul i n-al pha and 5 tubul i n-beta are presented bel ow (am no acids
al I owi ng di sci- m nati on.between tubulin-ai pha and -beta are underlined):
peak 63 A methAYRemRing! dofelifnindent he ippdere of HIOW in-plaspian saram Sér-ofiey

tubulin-alp a AVFVDLEPTVI t ubul i n-beta AVLVDLEGTMDSV 10

peak 58 b1°1081°ﬂhm¥wwy(m°?mﬂl’é?ﬁified as tubulin-beta aa337-349)
tubutin-beta ly&%}{ | kebbidin WT%ﬁlﬁm&etéil hows
that, by using speciticC rmnoc %ﬁ%&lggﬁtlﬁggﬁ% agai \ést tubul in ma(;§ t he
El 15 bi ndi ng sppautwg m@bmbswklﬂuméffmmatdrmotmamr@maﬁp|ae)ﬁ5>f%§ a’é‘lfﬂf"f’r med
to conﬁgl n tUblr:n‘L Furthexnore the specificity of this interaction was
confirred by i oprecipitation. 2 Pg biotinylated..El or .E2.were incubated
for I'h at 37[err]C with 2 [err]g tubulin in 50 [err]l TBS[err]+0.05% CHAPS

b 7.5’ A5eER o TeEmas iR SPRTeA e R e U Kol ifiabl 1

anti-ferr]- wﬁ}g{ﬂeﬂmé&jﬂpﬁ&s in 50 [err]l 20 TBS[err] +0. 05% CHAPS was
added (1 h, 37C). To precipitate the conpl ex, Oth[e% J ca?I dk
- allowing competitive binding between antxbodles in 10logi 1qmdan known
10 ' amount of HCV envelope protein for binding to a protein according to any of the claims
1to 10, and

- determining the amount of the HCV envelope protein bound.

19. A method to screen for molecules which modulate the binding between HCV and a protein
15 according to any of the claims 1 to 10.

20. A composition comprising a molecule which modulates the binding between HCV and a -

protein according to any of the claims 1 to 10.

20 21. In vitro infection method of eukaryotic cells for HCV characterised by using an enriched
HCYV particle fraction.

22. In vitro infection method according to claim 21 wherein the enriched HCV particle fraction

is obtained by ultra centrifugation of a solution containing said HCV particles.

25
23. In vitro infection method according to claim 22, wherein said solution is a body fluid.
24, In vitro infection method according to any of the claims 21 to 23, wherein the eukaryotic cells
are Daudi, Molt, HepG2, or any B-, T-, macrophage, hepatocyte or hepatoma cells.

30

25. In vitro infection method according to any of the claims 21 to 23 wherein the enriched HCV

particle fraction is characterized for the content of E1 and/or E2 proteins.

g



(0.01% BSA) protein A glass beads (Bl oPROCESSI NG were added (|h, RT,

m xing). After washing the beads with TBS[err] +0. 05% t ween- 20, the bound
conpl ex was Qgdopdoswi th 50 [err]| sanple buffer (containi ngCREFVIANGENd 100
mM DTT) at 95/err]C, 5mim The sanples3pere anal ysed with Western bl ot “and
El or E2 were detected by nmeans of streptavidin |abelled with 25 - i

al kal i ne phogheire afectithmetiéd aceondinp kodng of the claims 27 o 23 wherkia thetehrichel BEV

presence of El and E2.only after. precipitafi si_n ant i body
agai nst t ub®riFle; ‘1°Hésir‘}1aé§'§% f?)‘fomfﬁ"r’f' '%‘H%WﬁP? estaﬁ%n%‘g‘ggﬁo JF%i)iperi ment s
(precipitation in the absence of tubulin). showvirtually no El and E2. 30
Exanpl e 5: Interaction of El or E2 with nexin 6, Fi gur es .QA B
denonst r at e A Havitgirfestion methgd arger ‘Wﬁ?%f’ "%‘Hﬁ%‘iﬁ? 232?”63?’8 %g’ﬁﬂ ws hows
that the in th Fﬁb Qf c1APRRYEA 5 Welchnt&t oL E2 wWas mapped to the am no
aci ds 307-3?2‘&%%é (lpe?)tide CAV6, but with exclusion of aa 327-340 since
these aa are not part of the reconbinant Els) and 413467 (peptides O and
C2) of E2. th .0t i L S8 LMEL51 % 23, whE Ay
regi ons of é? g‘n‘é&lﬁégfeg%h eorﬁe %reﬁ‘?a‘[;’@ga%lél coﬁé?%%iséd t'ﬁcigt t eal{ent eraction
of axnexi n \paitioleHtactionds Elracerivaitfot theicomeht bhapplipopgeeinBype | b but may al so
occur with other HCV genotypes. Mreover, and since annexin V is a nenber
of the annexin famly which covers 13 known nenbers, al so other nenbers of
this fagily 298yseloftrein&ito itfettion tthotiedéomding @d my®f the claims 21 to 23, for screening for

molecules which modulates the binding between HCV and eukaryotic cells.

O

30. Use of an in vitro infection method according to any of the claims 21 to 23, for diagnosing
exposure to or infection by HCV comprising:
15 - enriching HCV particles according to any of the claims 21 to 28,
- infecting host cells according to any of the claims 21 to 28, and
- determining the multiplicity of infection. '

31. An isolated E1 peptide as defined by SEQ ID NO 1, 2, 3, or any fragment thereof, wherein

20 said sequence binds to annexin V. tubulin and/or apolipoprotein B.

32. An isolated E2 peptide as defined by SEQ ID NO 4. 5, 6. or any fragment thereof wherein

said sequence binds to annexin V., tubulin and/or apolipoprotein B,
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Hroteinsi 10 The experlnents descrlbed | re 6 were pe” ormed as
foll ows: both peptides and re %ﬁ POt |
These

and as such .ad to mc }i!%EB! ghe Bh .

pl ates were fusﬁmdl ncubat e Wt &a eﬁ&g'x%%?” per oxi dasS€. Bi ndi rmg of

A-V to Stm@ﬂtmdumm@meummmm TIBBATENTOOUPERAPORCIREARY (PCT) /
4

| ot t m
bo i b "WLH Els it|sel [0 Gfepations! Rplcatpg Numbiy o ¢ j
ps HHus ﬂ@'f&%ﬁ?ﬁ?q :é2l b BiofiRioh BEONS| FPE DB 00559 |

over |

repre ent For E2 a 5| mlar result was

obt ai t—brdrng—of—AvV—was—nost—obviogs—for—pepttdes—C——and—€2—therefore
t hesé [pAaphictlaBnabi@licetdn Ninbet ed tRCTEDYEN 07| ke2) DvBRitedi SHRO rAt.am A‘ll‘.e’gl mnm,fBBEﬂ; BR,

vace i BevihR, PRI SRR ARE R PR 2.

I nterfiere d|rectly with the 20 viral {lifemys lématucsum fsr,smcs
ant i bc (%’ uI t in L} g/ﬁt t vaé‘bl P0d d
t-hat th@ :%} E cr ogé %’tlgigg &n rE% 1;%5 )t |
the prjocesses target ed are used@ n the I}i e @ma (eT Hé)/mgmatyp.etm. GR.
pept i é’g) Appli teQ.gates exceﬂ 192 NL, PT, SB), O
230- 2 3 vmﬁ(,s2 ,,M{:; yb"‘%%%"’?’é’ghéﬁé’ Ryt & CH 5N O ML N 0
307- 340
mmventors' and ,Pubxlshed
(75) Inventors/Applicants (for US only): MAERTENS, A With international szarch report.
[BE/BEY; Zilyersparrenstraat 64, B-8310 Brugge . DE- |{2; Before the expiration of the time limit for amending the
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36 CLAIMS 1. Use of a human protein chosen fromthe group consisting of

annexin V. tubulin and 5 apol i poprotein B for use in the preparation
of 1 - a CoRpPsidspgn to treat an infection with HCV, or - b{?
di agnose an-lnF%ctlon with HCV, or - a nmethod to purify HCV'pro ef%@ or -
a nmethod for propagating HCV in cell culture. 10
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2. A human protein according to claim1, wherein said proteinis a
finctionally equival ent variant or fragnment of annexin V, tubulin or

apol i popragﬁgﬁ,ﬁos@ A protein according to any of the cl gdBerbstrAo?,
wherein said protein binds to HCV. 15 4. A protein according to any of the
clainms | to 3, wherein said annexin V, tubulin or apolipoprotein'B, or a
functionally equival ent variant or fiHy4ent thereof, bind to the envel ope
proteins El and/or E2 of HCV. 20 5. A protein according to any of the
claims 1 to 4, wherein said tubulin, or a functionally equival ent vari ant
or fragnment thereof. binds to the am no acids 192-326 of El . 6. A protein
according to any of the clains 1 to 4. wherein said tubulin, or a
functionally euuival eni variant or fragnent thereof. binds to the am no
acids 384-673 of E2. 7. A protein according to any of the clains 1 to 4t
wherein said annexin V. or a functionally equival ent variant or fragnent
thereof. binds to the am no acids 307-326 of El. S. A protein according to
any of the claims | to 4, wherein said annexin V. or a functionally 30
equi val ent variant or freagnment theﬁ?of. blnda to the am no acids 413-467 of
E2. 9. A protein accordgn - -0 £) ,to 4. wherein said

Tokng: 1 ant or fragnment thereof.

binds to the an1no aci

— 70 kDa
- 55 kDa

Figure 4



10. A protein according to any of the clains 1 to 4, wherein said

apol i poprotein B, or a functionally' equivalent variant or fragnent

thereof, binds to the am no acids 288-326 of El. 11. A conposition

corpri si ngWRPYRAHEl and/ or E2 protein fragment, or a fun®CrER®INTs .
equi val ent variant thereof, wherein said protein fragnent contains binding
domains for a host protein according P any of clains 1 to 10, and a
carrier for use to treat an infecti A th HCV. 12. A conposition
conprising a protein according to any of claims | to |0, and a carier for
use to treat an infection with HCV. 10 13. A nethod for diagnosi ng exposure
to or infection by HCV conprising: - contacting HCV within a sanple of body
fluid with a protein according to any of the clains | to 10, and -
determning the binding of HCV within a sanple of body fluid with a protein

according 15 to any of the clains 1 to 10. 14. A nmethod for
purifying HCV envel ope proteins conprising: - contacting a conposition
cont ai ni ng HCV -envel ope proteins with a protein according-to any of the
claims 1 to 10, and/or 20 atin the Egrtion of the
otelﬁga any of the clains | to

conposition which binds t9 said
10. 15. An assay kit for Lectl
support. - a protein atc

ccor ng t
e .H

conpr|5|ng a solid

Figure 5



- appropriate markers which allow to determ ne the conpl exes fornmed between
HCV in sanple of body fluid with a protein according to any of the clains 1

to 1Q. 16. /*]'{1 for propagating HCV in cell culture CO?B{,,E?AS;&

- provi di ng a ce hat over-expresses a protein according any o

clainms 1 to 10. -infecting the cell with HCV. and -culturing the |nfected :
cell. 38 17. A nethod for reducing or elimnating the presence of HCV in
pl asma, serum or other biological lizfakds whi ch nethod conprises: -
contacting said blologlcal liquid with a protein according to any of the

clains | to 10
according to apy of thg
determ ne antiiHCV anti
whi ch met hod conpri ses: ant i bodi es
in the biologic¢al |iquie - : 1 HCV envel ope
protein for bihding to a proteln accordlng to any of the cleins 1 to 10,
and - determ ning the_anou .
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19. A method to screen for nol ecul es which nodul ate the binding between HCV
and a protein 15 according to any ofthe clairnms | to 10. 20. A
conposition conprising a nol ecul e which nodul ates the bindi09 bet ween HCV
and a protei WOAYMIF4Uing to any of the claims | to 10. 20 PCUBHSBATIYT i (o

I nfection method of eukaryotic cells for HCV characterised by using an-
enriched HCV particle fraction. 22. In vitro infection nethod according to
cl ai'm 21 wherein the enriched HCV particle fraction is obtained by ultra
centrifugation of a solution contatyg?g said HCCV particles. 25 23. In
vitro infection nmethod according to claim22, wherein said solutionis a
body fluid. 24. In vitro infection nethod according to any of the clains 21
to 23, whepei-n—the-eukaryoti S ar-e—Bauti—MtHt—HepGe., or any B-, T-.
macr ophage| hepat o T fecti on nethod
according to any i B o ————— — HCV particle
fraction iy characterized for the content of El and/or EZ proteins. 39
26. In vitfo infection nethod according to any of the cldinmsf2l to 23,
wherein the enriched HCV particle fraction is characteri zed r the content
of antibodies against El and/or E2. |
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27. In vitro infection nethod according to any of the clains 21 to 23,
wherein the enriched HCV particle fraction is characterized for the content
of LDL. 28. . ' i nfection method according to any of t | 21 to
23, wherein hﬁgﬁgﬁﬁgched HCV particle fraction is characterﬁ§%%#$%?ﬁzhe-
content of apolipoprotein B. 10 29. Use of an in vitro infecti-on nmethod
according to any ofthe clainms 21 to 23, for screening for nolecul es which
nmodul at es the bi ndi ng between HCV and*&(#aryotic cells. 30. Use of an in
vitro infection nmethod according to any of the clains 21 to 23, for

di agnosi ng exposure to inf;gtion by H%g conprising: 15 -
enriching HCV particles faccordmng to any ‘@f the cla 21 to 28,

i nfecting host cells 28, and -
determ ning the multi d El peptide as
defined by SEQ I D NO rein 20 sai d
sequence binds to an n B. 32. An

i sol ated E2 peptide & iny " f ragnment

t hereof wherein said and/ or

apol i poprotein B

Fig 7B
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