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PARTICLES OF HCV ENVELOPE PROTEINS: USE FOR VACCINATION

FIELD OF THE INVENTION

The present invention is based on the finding that the envelope proteins of HCV induce
a beneficial immune response in chimpanzees which are chronically infected with a heterologous
subtype 1a or subtype 1b HCV strain. More specifically, the present invention relates to the
finding that envelope proteins are highly immunogenic and result in the stimulation of both the
cellular and humoral immune response, Moreover, the present invention relates to the finding that
blocking of cysteines by alkylation results in even more immunogenic proteins. In addition, the
envelope proteins of the present invention can be incorporated in particles which display a high
immunogenecity and immunoreactivity. It was further demonstrated that such particles may

incorporate other proteins.

BACKG] OF THE

"Hepatitis C virus (HCV) infection is a major heaith problem in both developed and
developing countries. It is estinated that about 1 to 5 % of the world population is affected by
the virus. HCV infection appears to be the most important cause of transfusion-associated
hepatitis and frequently progresses to chronic liver damage. Moreover, there is evidence
implicating HCV in induction of hepatocellular carcinoma. Consequently, the demand for

‘'reliable diagnostic methods and effective therapeutic agents is high. Also sensitive and specific

screening methods of HCV-contaminated blood-products and improved methods to culture HCV
are needed. '

‘HCV is a positive stranded RNA virus of approximately 9,600 bases which encode at
least three structural and six non-structural proteins. Based on sequence homology, the structural
proteins have been functionally assigned as one 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. The E2 protein consists of 363 to 370 amino acids and contains
9-11 N-glycosylation sites, depending on the HCV genotype (for reviews see: Major and
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Feinstone, 1997; Maertens and Stuyver, 1997). The E1 protein contains various variable domains
(Maertens and Stuyver, 1997), while the E2 protein contains three hypervariable domains, of
which the major domain is located at the N-terminus of the protein (Maertens and Stuyver, 1997).
The latter envelope proteins have been produced by recombinant techniques in Escherichia coli,
insect cells, yeast cells and mammalian cells. The usage of an expression system in higher,
eukaryotes and especially in mammalian cell culture leads to envelope proteins that are
effectively recognized by antibodies in patient samples (Maertens et al., 1994),

It has been suggested that the E1 envelope protein needs the E2 envelope protein to reach
a proper folding status (Deleersnyder et al., 1997). In addition, it has been suggested that E1 and
E2 form heterodimers which may form the basic unit of the viral envelope (Yi et al., 1997). In
WO 98/21338 to Liang et al. these presumptions have been used to construct HCV particles,
which consist of E1 and E2, as well as Core and P7. In other words, the usage of E1 or E2
separately for immunization and other purposes is not suggested in the prior art. But, Houghton
(1997) reported that repeated immunizations with recombinant gpE1E2 (4 x 25 pg) of 3
chronically HCV-infected chimpanzees did not induce a significant immune response. The
inventors of the present application reasoned that the induction of an anti-envelope immune
response in patients with chronic hepatitis C would indeed be desirable and beneficial to the
patient, since higher levels of such antibodies seem to correlate with good response to interferon
therapy, and may therefore help the patient to clear the virus (PCT/EP 95/03031 to Maertens et
aL.). The inventors of the present invention further reasoned that, as the antibody levels against

El in chronic HCV carriers are among the lowest of all HCV antibodies, it may be beneficial to

. Taise those antibody levels, and possibly the cellular response, to induce control or even clearance

of the infection by the host. Also higher levels of cellular immunity against E1 seem to correlate
with good response towards interferon therapy (Leroux-Roels et al., 1996).

Besides the importance of anti-E1 immunity in relation to interferon therapy, other
indications point-out that some other parts of the HCV genome may be important to induce a
specific immune response which may allow control of the infection. Also T-cell reactivify against
the C-terminal region of the core protein has been observed more frequently in patients
responding to interferon therapy (Leroux-Roels et al, 1996). Potentiélly neutralizing antibodies
against the NS4B protein were demonstrated in patients clearing HCV after liver transplant (Villa
et al., 1998). Also within N'S3 several T-cell epitopes have been mapped which seem to correlate
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with clearing of HCV during the acute phase (see: PCT/EP 94/03555 to Leroux-Roels et al.;
Leroux-Roels et al., 1996; Rehermann et al., 1996 and 1997; Diepolder et al., 1995 and 1997).
Furthermore, antibodies to NS5A, like E1 antibodies, show higher levels at baseline before
interferon-alpha therapy in long term responders (LTR) as compared to non-responders.

At present, therapeutic vaccination for HCV has not been successful. Also prophylactic,
vaccination has only been shown to be effective against a homologous strain of HCV (Choo et
al., 1994). The present invention relates to the surprising finding that administration of an HCV
envelope antigen can dramatically improve the state of chronic active hepatitis in an individual
infected with a heterologous strain or isolate, both in a heterologous subtype 1a or heterologous
subtype 1b infection. Indeed, ct;mnically infected chimpanzees who were administered six doses
of 50 ug Els (i.e. aa 192-326 of E1) surprisingly showed vigourous humoral and cellular immune
responses, which had not been mounted over the entire period of chronic infection before the
latter vaccination. Moreover, viral antigen became undetectable in the liver over a period of two
to five months and remained undetectable for at least 5 months post-vaccination. Although HCV-
RNA titers in the serum did not decrease, liver enzyme levels in the serum showed a clear
tendency to nmormalize. Most importantly, liver histology improved dramatically in both
vaccinees. The present invention further relates to the surprising finding that the E1 protein used
for vaccination, which was expressed as a single HCV protein without its hydrophobic anchor,
forms stable particles. It should also be noted that, to avoid induction of an immune response
against non-relevant epitopes, the E1 protein used for vaccination was constructed as a consensus
sequence of individual clones derived from a single serum sample from one chronic carrier. In
addition, the present application relates to the finding that the induction of such anti-E1 responses
may be increased by using antigens of a different genotype than the ones of the infection present
in the host. Moreover, the present application relates to the finding that when cysteines of HCV
envelope proteins are alkylated, for instance by means of N-(iodoethyl)-trifluoroacetamide,
ethylenimine or active halogens, such as iodoacetamide, the oligomeric particles as described
above display an even higher immunogenicity. Finally, the present invention relates also to the
finding that mutation of cysteines of HCV envelope proteins to any other naturally occuring
amino acid, preferentially to methionine, glutamic acid, glutamine or lysine, in the oligomeric
patticles as described above also results in higher immunogenicity, compared to the original

envelope proteins.
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AIMS OF THE INVENTION

It is clear from the literature that there is an urgent need to develop reliable vaccines and
effective therapeutic agents for HCV. Therefore, the present invention aims at providing an
antigen preparation, which is able to induce specific humoral and cellular immunity to HCV
envelope proteins, even (but not solely) in chronic HCV carriers. The same antigens can be used
for diagnosis of the immune response.

More specifically, the present invention aims at providing an antigen preparation as
defined above, which consists of stable particles of single envelope proteins of HCV. It should
be clear that, at present, such particles or a method to prepare such particles, are not known in
the art. Moreover, there is no indication in the art that any antigen preparation, including such
stable particles or such purified single HCV envelope proteins, could successfully be used as
(heterologous) prophylactic or therapeutic vaccine against HCV. The present invention thus also
aims at providing a method to produce stable particles, which can be successfully used as a
prophylactic or therapeutic agent against HCV, in addition to provide DNA vaccines encoding
HCYV antigens. More specifically, the present invention aims at providing a method to produce
the latter particles based on detergent-assisted particle formation (see further). Furthermore, the
present invention aims at providing methods to prepare particles consisting of antigens obtained
from different HCV genotypes. '

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

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

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

method to prophylactically vaccinate humans against HCV.



10

15

WO 99/67285 PCT/EP99/04342

W

5

Another aim of the invention is to provide oligomeric particles which have a superior
immunogenicity, due to the mutation of at least one cysteine residue of HCV envelope protein
into a natural occuring amino acid, preferentially methionine, glutamic acid, glutamine or lysine.
Alternatively, alkylation of at least one cysteine residue of HCV envelope protein may be
performed. In particular, the latter protein can be alkylated by means of ethylenimine, N-,
(iodoethyl)trifluoroacetamide or active halogens. In this regard, the instant invention aims to
provide the additional use of oligomeric particles as vehicles for presenting non-HCV epitopes
efficiently. .
It is a further aim of the present invention to provide a method to treat patients, acutely
or chronically infected, with an anti-envelope antibody, such as anti-El antibody, e.g. anti-E1 V2
region antibody, either alone or in combination with other treatments.

Another aim of the invention is to provide a T cell stimulating antigen such as Core, E1,
E2, P7, NS2, NS3, NS4A, NS4B, NS5A, or NS5B along with the envelope proteins of the
invention.

All the aims of the present invention are considered to have been met by the

embodiments as set out below.
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B DESCRIPTION OF TABLES AND DRAWINGS

Table 1 provides sequences of El clones obtained from a single chronic carrier, the E1 construct
used for production of a vaccine is the consensus of all these individual clones. V1-V35, variable
regions 1 - 5; C4, constant domain 4; HR, hydrophobic region; HCV-B con, consensus sequence _
at positions that are variable between clones and HCV-J.

Table 2 provides sequences of the E1 vaccine protein and the E1 protein as found in the infected
chimpanzees Phil and Ton. The subtype 1b isolate of Phil differed by 5.92% from the vaccine
strain. The difference between the vaccine and the subtype 1a isolate of Ton was 20.74%.

Table 3 provides a schematic overview of the changes induced by therapeutic vaccination in two
chronically infected chimpanzees (Ton and Phil). Analysis was performed as explained for

figures 8 and 11. In addition, histology and inflammation were scored from the liver biopsies.

Table 4 provides sequences of peptides used to map the B-cell epitopes. Note that HR overlaps
with V4V5.

Table § shows the rearrangerﬁent of NS3 in order to make a shorter protein carrying all major

epitopes correlating with viral clearance.

Table 6 shows the reactivity in LIA of Els-acetamide versus Els-maleimide with sera of chronic
HCYV carriers. Proteins were immobilized on the LIA membranes. Els-acetamide was sprayed
as such on the LIA strips while Els-maleimide (also containing biotin-maleimide) was
complexed with streptavidin before spraying. Antigens were bound to LIA-membranes, and strips
were processed essentially as described in Zrein et al. (1998). Human antibodies directed against
these antigens were visualized using a human-anti-IgG conjugated with alkaline phosphatase.
NBT and BCIP were used for color development of the strip. Staining was scored from 0.5 to 4,
as explained in Zrein et al. (1998). Using a cut-off for this assay of 0.5 the number of positive

samples (#pos) and percentage (%pos) is mentioned at the bottom of the table.
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Figure 1. Superimposed size exclusion chromatography profiles in PBS/3% Empigen-BB
of Els and E2s proteins expressed and purified according to Maertens et al.
(PCT/EP95/03031)

h

Figure 2. Superimposed size exclusion chromatography (SEC) profiles of Els and E2s,
proteins expressed and purified according to Maertens et al. (PCT/EP95/03031),
and submitted to another run on the same SEC column in PBS/0.2% CHAPS, to
obtain specific oligomeric structures of an estimated apparent molecular weight
of 250-300 kDa. Similar degrees of association can be obtained by using 3%

10 betaine. '

Figure 3. Superimposed size exclusion chromatography profiles of E1s and E2s proteins
expressed and purified according to Maertens et al. (PCT/EP95/03031), submitted
to a second run in 0.2% CHAPS or 3% betaine to obtain specific oligomeric

15 structures as shown in Figure 2, and submitted to a third run on the same SEC
column in 0.05% CHAPS, to obtain specific homo-oligomeric structures with an
estimated apparent molecular weight of 250-300 kDa (E2s) and > 600 kDa (Els).

Similar degrees of association can be obtained by using 0.1 or 0.5% betaine.

20 Figured Dynamic light scattering analysis, expressed as percentage of the number
of particles in relation to the observed diameter in nm, of Els in PBS/0.05%
CHAPS.

Figure 5 Dynamic light scattering analysis, expressed as percentage of the number
25 of particles in relation to the observed diameter in nm, of E1s in PBS/0.1%
betaine (top) or 0.5% betaine (bottom).

Figure 6 EM staining of (A) Els in PBS/0.05% CHAPS and (B) Els in PBS/3%
betaine.
30
Figure 7 Size distribution of particles of Els in PBS/0.05% CHAPS.



10

15

20

30

WO 99/67285

Figure 8

Figure 9

Figure 10

PCT/EP99/04342 -

2

Evolution of anti-El antibodies induced by six consecutive and 3 boost
immunizations (indicated by small arrows) in a 1b infected chimpanzee (Phil),
and the evolution of ALT, HCV RNA, and anti-E1 antibodies. Anti-El antibodies
binding to solid phase E1 were detected using an anti-human IgG specific,
secondary antiserum conjugated with peroxidase. TMB was used as substrate for
colour development. The results are expressed as end-point titer. ALT levels were
determined with a clinical analyser, and are expressed as U/L. HCV RNA in serum
was determined using HCV Monitor (Roche, Basel, Switzerland). Viral load in
the liver was determined by semi-quantitative determination of the amount of E2
antigen stained in the liver biopsy using a specific monoclonal (ECACC
accession number 98031215 as described in EP application No 98870060.5).

Epitope mapping of the antibody responses induced by immunization with E1 in
chimpanzee Phil. Antibodies reactivity towards the various peptides was
measured by an indirect ELISA in which biotinylated peptides (see also Table 4)
are adsorbed on the microtiterplates via streptavidin. Specific antibodies are
detected using an anti-human IgG specific secondary antiserum conjugated with

peroxidase. TMB was used as substrate for colour development.

Results of the lymphocyte proliferation assay before and after vaccination in
chimpanzee Phil. Frozen PBMC were thawed and stimulated in triplicate with
different antigens. Negative control was medium alone, while concanavalin A
was used as positive control at a concentration of 5 pg/ml. PBMC at a
concentration of 2-4 x 10° cells/well in a total volume of 150 ul were cultured in
RPMI 1640 medium supplemented with' 10% heat-inactivated FCS in U-shaped
96-well microtiterplates together with the controls or 1 ug/ml of E1 for 90h at
37°C in a humidified atmosphere containing 5% CO;. During the last 18 h the
cells were pulsed with 0.5 pCi (*H) thymidine per well. Subsequently, the
cultures, were harvested on glass fibre filters and label uptake was determined.

Results are expressed as Stimulation Indices (SD: mean cpm antigen/ mean cpm
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medium alone of triplicate determinations.

Evolution of anti-E1 antibodies induced by six consecutive and 3 boost
immunizations (indicated by small arrows) in HCV subtype la infected
chimpanzee Ton. Evolution of ALT, HCV RNA in serum and determination of ,
HCY antigen in liver are shown. Anti-E1 antibodies were determined by means
of an indirect ELISA: specific antibodies binding to solid phase-coated E1 are
detected using a anti-human IgG specific secondary antiserum conjugated with
peroxidase. TMB was used as substrate for color development. The results are
expressed as end-point titres, ALT levels were determined with a clinical
analyser, and are expressed as U/l. HCV RNA was determined using HCV
Monitor (Roche, Basel, Switzerland). E2 antigen was stained in the liver biopsy
using a specific monoclonal (ECACC accession number 98031215 as described
in EP application N° 98870060.5). The semi-quantitative scoring is indicated by
black squares for clearly positive staining in the majority of the cells, by grey
squares for clear staining in the minority of the cells and by white squares for
biopsies showing no detectable staining. HCV RNA is indicated by small black
boxes. Staining of E2 could be confirmed by Core and El staining (data not

shown).

Epitope mapping of the antibody response induced by immunization with El in
Ton. Antibodies reactivity towards the various peptides was measured by an
indirect ELISA in which biotinylated peptides (see also Table 4) are adsorbed on
the microtiterplates via streptavidin. Specific antibodies are detected using an
anti-human IgG specific secondary antiserum conjugated with peroxidase. TMB

was used as substrate for color development.

Analysis of E1 antibody responses to subtype 1a and subtype 1b El proteins in
chimpanzee Ton. For this purpose an E1 genotype 1a, derived from the HCV-H
sequence, recombinant vaccinia virus was generated expressing the same part of

El as for genotype 1b (see infra). E1 was derived from crude lysates from
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vaccinia virus infected RK13 cells (prepared as described in Maertens et al.
(PCT/EP95/03031)). Antibody reactivity was measured by an indirect ELISA in
which El was adsorbed on the microtiterplates via the high-mannose binding
Galanthus nivalis agglutinin (GNA). Specific antibodies were detected using an
anti-human IgG specific secondary antiserum conjugated with peroxidase. TMB
was used as substrate for colour development. The results are expressed as
differential OD (OD of well with adsorbed E1 minus OD of well without
adsorbed E1).

Results of the lymphocyte proliferation assay before and after vaccination of
chimpanzee Ton. Frozen PBMC were thawed and stimulated in triplicate with
different antigens. Negative control was medium alone, while concanavalin A
was used as positive control at a concentration of 5 pg/ml. PBMC at a
concentration of 2-4 10° cells/well in a total volume of 150 pul-were cultured in
RPMI 1640 medium supplemented with 10% heat-inactivated FCS in U-shaped
96-well microtiterplatés together with the controls or 1 pg/mi of E1 for 90h at
37°C in a humidified atmosphere containing 5% CO;. During the last 18 h the
cells are pulsed with 0.5 uCi CH) thymidine per well. Subsequently, the cultures,
are harvested on glass fibre filters and label uptake is determined. Results are
expressed as Stimulation Indices (SI): mean cpm antigen/ mean cpm medium

alone of triplicate determinations.

Maps of the constructs used to obtain expression of an E2 protein with its N-
terminal hypervariable region deleted. Constructs pvHHCV-92 and pvHCV-99 are
intermediate constructs used for the construction of the deletion mutants pvHCV-
100 and pvHCV-101.

Sequence (nucleotides: A; translation: B) corresponding with the constructs
depicted in Figure 15 (see above).

Antibody titers obtained in mice upon immunization with different El
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prepdrations as described in example 9. Titers were determined by means of
ELISA: murine sera were diluted 1/20 and further on (0.5 logjo) and incubated on
Els (either acetamide or maleimide modified) coated on microtiterplates. After
washing binding antibodies are detected using an anti-mouse IgG specific
secondary antiserum conjugated with peroxidase. TMB was used as substrate for ,
colour development. The results are expressed as end-point titer and standard

deviations are shown (n=6).

Epitope mapping of the antibody response induced by immunization with different
Els preparations in mice. Antibody reactivity towards the various peptides was
measured by an indirect ELISA, in which biotinylated peptides (listed in Table
4) are adsorbed on the microtiterplates via streptavidin. Murine sera were diluted
1/20 and specific antibodies are detected using an anti-mouse-IgG specific
secondary antiserum conjugated with peroxidase. TMB was used as substrate for

colour development.

Immunoglobulin isotyping profile of mice immunized with different Els
preparations. Specific Ig class and subclass antibodies were adsorbed at the
microtiterplate. After capturing of the murine Ig out of immune sera diluted
17500, E1s was incubated at 1 pg/ml. The formed immtmecomplexes were further
incubated with a polyclonal rabbit antiserum directed against E1. Finally, the
rabbit antibodies were detected using a goat-anti-rabbit Ig secondary antiserum
conjugated with peroxidase. TMB was used as substrate for color development.
The results were normalized for IgG, (ie the IgG, signal was for each animal
separately considered to be 1 and all the results for the other isotypes were

expressed relative to this IgG, result).

Antibody titers induced by two immunizations around day 1000 with Els-
acetamide in chimp Phil. Anti-E1 antibodies were determined by means of an
indirect ELISA: specific antibodies binding to solid phase E1 are detected using
anti-human IgG specific secondary antiserum conjugated with peroxidase. The
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titer is expressed in units/ml, these units refer to an in house standard which is

based on human sera.

Antibody titers induced by two immunizations around day 900 with Els-
acetamide in chimp Ton. Anti-El antibodies were determined by means of an
indirect ELISA: specific antibodies binding to solid phase El are detected using
anti-human IgG specific secondary antiserum conjugated with peroxidase. The
titer is expressed in units/ml, these units refer to an in house standard which is

based on human sera.

SEC profile of the final detergent reduction step (0.2 to 0.05% CHAPS): E1 alone
particle (A), E2 alone particle (B) or an equimolar mixture of E1 and E2; mixed
particle (C). The figure also shows an overlay of the OD values of an ELISA
specifically detecting El only (top), E2 only (middle) and an ELISA detecting
only mixed particles (bottom).

SEC profile of the final detergent reduction step (0.2 to 0.05% CHAPS): El
genotype 1b alone particle (top), E1 genotype 4 alone particle (middle) or an
equimolar mixture of E1 genotype 1b and 4, mixed particle (bottom). The figure
also shows an overlay of the OD values of an ELISA specifically detecting only
mixed particles (see also Figure 22).
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DETAILED DESCRIPTION OF THE INVENTION

The invention described herein draws on previously published work and pending patent
applications. By way of example, such work consists of scientific papers, patents or pending,
patent applications. All these publications and applications, cited previously or below are hereby

incorporated by reference.

The present invention relates to HCV vaccination. For the first time successful immunotherapy
of chimpanzees with severe chronic active hepatitis C could be achieved by vaccination with an
HCV antigen. The vaccine not only induced high immune responses, but also induced clearance
of viral antigen from the liver, and considerable improvement of the histological activity and of
Yiver disease. The present invention further relates to purified single HCV envelope proteins and
in particular to oligomeric particles. The oligomeric patticles consist essentially of HCV
envelope proteins and have a diameter of 1 to 100 nm as measured by dynamic light scattering
or possibly electron microscopy. In this regard it should be stressed that the particles can be
formed by El and/or E2 proteins only, or parts thereof (see infra). Therefore, the oligomeric
particles of the present invention differ fundamentally with the HCV-like particles described in
WO 98/21338, which necessarily consist of E1 and E2 and Core and P7. The terms "oligomeric
particles consisting essentially of HCV envelope proteins" are herein defined as structures of a
specific nature and shape containing several basic units of the HCV El and/or E2 envelope
proteins, which on their own are thought to consist of one or two El andfor E2 monomers,
respectively. It should be clear that the particles of the present invention are defined to be devoid
of infectious HCV RNA genomes. The particles of the present invention can be higher-order
particles of spherical nature which can be empty, consisting of a shell of envelope proteins in
which lipids, detergents, the HCV core protein, or adjuvant molecules can be incorporated. The
Iatter particles can also be encapsulated by liposomes or apolipoproteins, such as, for example,
apolipoprotein B or low density lipoproteins, or by any other means of targeting said particles
to a specific organ or tissue. In this case, such empty spherical particles are often referred to as
"viral-like particles” or VLPs. Alternatively, the higher-order particles can be solid spherical
structures, in which the complete sphere consists of HCV EI or E2 envelope protein oligomers,
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in which lipids, detergents, the HCV core protein, or adjuvant molecules can be additionally
incorporated, or which in turn may be themselves encapsulated by liposomes or apolipoproteins,
such as, for example, apolipoprotein B, low density lipoproteins, or by any other means of
targeting said particles to a specific organ or tissue, e.g. asialoglycoproteins. The particles can
also consist of smaller structures (compared to the empty or solid spherical structures indicated
above) which are usually round (see further)-shaped and which usually do not contain more than
a single layer of HCV envelope proteins. A typical example of such smaller particles are rosette-
like structures which consist of a lower number of HCV envelope proteins, usually between 4
and 16. A specific example of the latter includes the smaller particles obtained with Els in 0.2%
CHAPS as exemplified herein which apparently contain 8-10 monomers of Els. Such rosette-like
structures are usually organized in a plane and are round-shaped, e.g. in the form of a wheel.
Again lipids, detergents, the HCV core protein, or adjuvant molecules can be additionally
incorporated, or the smaller particles may be encapsulated by liposomes or apolipoproteins, such
as, for example, apolipoprotein B or low density lipoproteins, or by any other means of targeting
said particles to a specific organ or tissue. Smaller particles may also form small gpherical or
globular structures consisting of a similar smaller number of HCV E1 or E2 envelope proteins
in which lipids, detergents, the HCV core protein, or adjuvant molecules could be additionally
incorporated, or which in turn may be encapsulated by liposomes or apolipoproteins, such as, for
example, apolipoprotein B or low density lipoproteins, or by any other means of targeting said
particles to a specific organ or tissue. The size (i.e. the diameter) of the above-defined particleé,
as measured by the well-known-in-the-art dynamic light scattering techniques (see further in
examples section), is usually between 1 to 100 nm, more preferentially between 2 to 70 nm, even
more preferentially between 2 and 40 nm, between 3 to 20 nm, between 5 to 16 nm, between 7

to 14 nm or between 8 to 12 nm.

The invention further relates to an oligomeric particle as defined above, wherein said envelope
proteins are selected from the group consisting of HCV E1, HCV Els, HCV E2 proteins, SEQ
ID No 13 or SEQ ID No 14, or parts thereof. The proteins HCV E1 and HCV E2, and a detailed
description of how to purify the latter proteins, are well-described and characterized in PCT/EP
95/03031 to Maertens et al. HCV Els, SEQ ID No 13 or SEQ ID No 14, or parts thereof, can be
purified similarly as described for HCV E1 or HCV Els in PCT/EP 95/03031 to Maertens et al.
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Tt should be stressed that the whole content, including all the definitions, of the latter document
is incorporated by reference in the present application. The protein HCV Els refers to amino

-acids 192 to 326 of E1, and represents the E1 protein without its C-terminal hydrophobic anchor.

The term “or parts thereof" refers to any part of the herein-indicated proteins which are

immunogenic, once they are part of a particle of the present invention.

The invention further pertains to oligomeric particles as described herein, wherein at least one
cysteine residue of the HCV envelope protein as described above is alkylated, preferably
alkylated by means of alkylating agents, such as, for example, active halogens, ethylenimine or
N-{iodoethyl)trifluoroacetamide. In this respect, it is to be understood that alkylation of cysteines
refers to cysteines on which the hydrogen on the sulphur atom is replaced by (CHz).R, in which
nis0, 1,2, 3 or4 and R=H, COOH, NH;, CONH,, phenyl, or any derivative thereof. Alkylation
can be performed by any method known in the art, such as, for example, active halogens
X(CH,),R in which X is a halogen such as I, Br, Cl or F. Examples of active halogens are
methyliodide, iodoacetic acid; iodoacetamide, and 2-bromoethylamine. Other methods of
alkylation include the use of ethylenimine or N-(iodoethyDtrifluoroacetamide both resulting in
substitution of H by -CH,-CH,-NH, (Hermanson, 1996). The term "alkylating agents" as used
herein refers to compounds which are able to perform alkylation as described herein. Such
alkylations finally result in a modified cysteine, which can mimic other aminoacids. Alkylation
by an ethylenimine results in a structure resembling lysine, in such a way that new cleavage sites
for trypsine are introduced (Hermanson 1996). Similarly, the usage of methyliodide results in an
amino acid resembling methionine, while the usage of iodoacetate and jodoacetamide results in
amino acids resembling glutamic acid and glutamine, respectively. In analogy, these amino acids
are preferably used in direct mutation of cysteine. Therefore, the present invention pertains to
oligomeric particles as described herein, wherein at least one cysteine residue of the HCV
envelope protein as described herein is mutated to a natural amino acid, preferentially to
methionine, glutamic acid, glutamine or lysine. The term "mutated” refers to site-directed
mutagenesis of nucleic acids encoding these amino acids, ie to the well kown methods in the art,
such as, for example, site-directed mutagenesis by means of PCR or via oligonucleotide-mediated

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



10

15

20

25

30

WO 99/67285 PCT/EP99/04342 -

16

The term "purified" as applied herein refers to a composition wherein the desired components,
such as, for example, HCV envelope proteins or oligomeric particles, comprises at least 35% of
the total components in the composition. The desired components preferably comprises at least
about 40%, more preferably at least about 50%, still more preferably at least about 60%, still
more preferably at least about 70%, even more preferably at least about 80%, even more
preferably at least about 90%, even more preferably at least about 95%, and most preferably at
least about 98% of the total component fraction of the composition. The composition may
contain other compounds, such as, for example, carbohydrates, salts, lipids, solvents, and the like,
without affecting the determination of the percentage purity as used herein. An “isolated” HCV
oligomeric particle intends an HCV oligbmeric particle composition that is at least 35% pure. In
this regard it should be clear that the term "a purified single HCV envelope protein" as used
herein, refers to isolated HCV envelope proteins in essentially pure form. The terms "essentially
purified oligomeric particles” and "single HCV envelope proteins” as used herein refer to HCV
oligomeric particles or single HCV envelope proteins such that they can be used for in vitro
diagnostic methods and therapeutics. These HCV oligomeric particles are substanially free from
cellular proteins, vector-derived proteins or other HCV viral components. Usually, these particles
or proteins are purified to homogeneity (at least 80% pure, preferably 85%, more preferably 90%,
more preferably 95%, more preferably 97%, more preferably 98%, more preferably 99%, even
more preferably 99.5%, and most preferably the contaminating proteins should be undetectable
by conventional methods such as SDS-PAGE and silver staining).

The present invention also relates to an oligomeric particle as defined above wherein said
envelope proteins are any possible mixture of HCV El1, HCV Els, HCV E2, SEQ ID No 13
and/or SEQ ID No 14, or parts thereof, such as, for example, a particle of the present invention
can substantially consist of HCV El- and HCV E2 proteins, HCV E1- and HCV Els proteins,
HCYV Els- and HCV E2 proteins, and HCV E1-, HCV Els- and HCV E2 proteins. Furthermore,
the present invention also relates to an oligomeric particle as defined above wherein said proteins
are derived from different HCV strains, subtypes or genotypes, such as, for example, said
proteins are derived from genotype 1b and genotype 4, or are a mixture consisting of HCV
envelope proteins from one strain or genotype of HCV and at least one other strain or genotype
of HCV. The different HCV strains or genotypes are well-defined and characterized in PCT/EP
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95/04155 to Maertens et al. It is stressed again that the whole content, including all the
definitions, of the latter document is incorporated by reference in the present application. Thus,
the present invention relates to oligomeric particles comprising envelope proteins derived from
any HCV strain or genotype known in the art or to particles comprising a mixture of proteins
derived from any HCV strain or genotype known in the art. In this regard the present invention
also relates to a consensus sequences derived from individual clones as exemplified below and

in the exaimples section (see further).

The present invention further relates to an oligomeric particle as described herein obtainable by
a method, as well as to said method to produce said oligomeric particle. Said method is

- characterized by the following steps:

() - Purifying HCV envelope proteins, possibly including the use of an optionally first
detergent. In essence, the purification procedure of step (I) has been described extensively in PCT
EP 95/03031 to Maertens et al. kmportantly, according to the present invention, the blocking step

‘in the purification procedure as described in PCT EP 95/03031, eg with NEM-biotin, is carried

out with an alkylation step as described in the present application, preferentially by using
iodoacetamide. Moreover, the purification procedure of step (I) can possibly include the use of
a disulphide bond cleavage agent, and possibly include the use of an alkylating agent. Finally,
the procedure of step (f) results in purified HCV envelope proteins in a solution.

(II)  Replacing the solution of said purified HCV envelope proteins with a detergent or salt,
resulting in the formation of oligomeric particles.

(@) Recovering or purifying said oligomeric particles, possibly including further reducing the
concentration of the detergent or salt of step (II), which further assists the formation and
stabilization of said oligomeric particles, formed after said replacing.

More preferably , the present invention relates to an oligomeric particle as defined herein,
as well as the method to produce said particle, wherein said optionally first detergent is Empigen-
BB. More preferably, the present invention relates to an oligomeric particle as defined herein,
as well as the method to produce said particle, wherein the detergent of step (I) is CHAPS,
octylglucaside or Tween, more preferably Tween-20 or Tween-80, or any other detergent. More
preferably, the present invention relates to an oligomeric particle as defined herein, as well as the
method to produce said particle, wherein said salt is betaine. Even more preferably, the present
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invention relates to an oligomeric particle as defined above, as well as the method to produce said
particle, wherein said Empigen-BB is used at a concentration of 1% to 10% and wherein said
CHAPS or Tween is used at a concentration of 0.01% to 10%, or said betaine is used at a
concentration of 0.01% to 10%. Even more preferably, the present invention relates to an
oligomeric particle as defined above,.as well as the method to produce said particle, wherein said _
Empigen-BB is used at a concentration of 3% and wherein said CHAPS or betaine are used at
concentrations of 0.2% or 0.3%, respectively, after which buffer is switched and said CHAPS
or betaine are used at concentrations of 0.05% or 0.1-0.5%, respectively. It is to be understood
that all percentages used in the method described above are given as weight/volume. X should
be clear that the method described above (see also PCT/EP 95/03031 and the examples section
of the present application) is an example of how to produce the particles of the present invention.
In this regard, the present invention also concerns any other method known in the art which can
be used to produce the oligomeric particles of the present invention, such as, for example,
omitting the reducing agent as described in PCT/EP 95/03031 and the examples section (infra),

- and using instead host cells, which have an optimised redox state in the Endoplasmic Reticulum

for reducing cysteine bridges. In addition, it should be clear that a whole range of alkylbetaines
can be used, such as, for example, with a C, tail, in which n = a positive integer ranging from 1

to 20, as well as betaine derivatives, such as, for example, sulfobetaines.

Since for the first time successful immunotherapy of chimpanzees with severe chronic active
hepatitis C was achieved by vaccination with a purified HCV antigen, the present invention
also relates to purified single HCV envelope proteins, in particular E1 or Els. Moreover, the
present invention pertains to a composition comprising said single HCV envelope proteins,

and the use thereof as an HCV vaccine, or for the manufacture of an HCV vaccine.

In order to avoid induction of an immune response against irrelevant epitopes, the HCV envelope
protein used for vaccination is preferably constructed as a consensus sequence of individual
subtypes, strains, or clones. Therefore, the present invention also pertains to the use of an HCV
antigen (either in the form of peptide, protein, or a polynucleotide) for vaccination or diagnosis.
Furthermore, the present invention also pertains to an oligomeric particle, as defined herein, and

the use thereof, in which the HCV envelope protein is encoded by a consensus sequences based
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on quasispecies variability within an isolate (isolate consensus sequence) or based on the
consensus sequence of different isolates within a subtype (subtype consensus sequence), typé
or species (type or species consensus sequence), or the complete HCV genus (genus consensus
sequence). Consequently, the amino acid sequence of this consensus HCV envelope protein is
a consensus sequence derived from an isolate-, subtype-, strain-, or genus consensus sequence.
For the connotation of the term "consensus” is particularly referred to Maertens and Stuyver
{1997), and references used therein. ‘

The oligoméric particle of the present invention displays epitopes extremely efficiently (see
infra). Hence, the oligomeric particle is a means to present epitopes in such a way that they can
elicit a proficient immune response. In this context, it is comprehended that the HCV envelope
proteins as defined herein do not need to contain HCV epitopes exclusively. The HCV envelope
proteins, which form the oligomeric particles, may contain epitopes that are derived from HCV
solely, and possibly contain epitopes that are derived from other exogenous agents, such as, for
example, HBV or HIV. In other words, the oligomeric particle with an HCV envelope protein
backbone, can be used as a vehicle to present non-HCV epitopes, possibly in addition to HCV
epitopes. Therefore, the present invention also encompasses an oligomeric particle, as defined
herein but possibly without HCV epitopes, and its applications and its manufacture, possibly
containing non-HCV epitopes. The term "exogenous agent” as used herein, refers to any agent,
whether living or not, able to elicit an immune response, and which is not endogenous to-the host,
and which is not HCV. Specifically, the latter term refers to the group consisting of pathogenic
agents, allergens and haptens. Pathogenic agents comprise prions, virus, prokaryotes and
eukaryotes. More specifically, virus comprise in particular HBV, HIV, or Herpesvirus, but not
HCYV. Allergens comprise substances or molecules able to provoke an itnmune response in an
host on their own when a host is exposed to said allergens. Haptens behave similarly to aliergens
with respect to the ability of provoking an immune response, but in contrast to allergens, haptens

need a carrier molecule.

The present invention also relates to a composition comprising 4n oligomeric particle as defined
above. More particularly the present invention relates to a vaccine composition. The term

"vaccine cohiposition” relates to an immunogenic composition capable of eliciting protection
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against HCV, whether partial or complete. It therefore includes HCV peptides, proteins, or
polynucleotides. Protection against HCV refers in particular to humans, but refers also to non-

human primates, trimera mouse (Zauberman et al., 1999), or other mammals.

The particles of the present invention can be used as such, in a biotinylated form (as explained_
in WO 93/18054) and/or complexed to Neutralite Avidin (Molecular Probes Inc., Eugene, OR,
USA). It should also be noted that "a vaccine composition" comprises, in addition to an active
substance, a suitable excipient, diluent, 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 composition include, but are not limited to:
aluminium hydroxide, aluminium in combination with 3-0-deacylated monophosphoryl lipid A
as described in WO 93/19780, aluminium phosphate as described in WO 93/24148, N-acetyl-
muramyl-L-threonyl-D-isoglutamine as described in U.S. Patent N° 4,606,918, N-acetyl-
normuramyl-L-alanyl-D-isoglutamine, N-acetylmuramyl-L-alanyl-D-isoglutamyl-L-alanine2-
(1'2'dipalmitoyl-sn-glycero-3-hydroxyphosphoryloxy) ethylamine and RIBI (ImmunoChem
Research Inc., Hamilton, MT, USA) which contains monophosphoryl lipid A, detoxified
endotoxin, trehalose-6,6-dimycolate, and cell wall skeleton (MPL + TDM + CWS) in a 2%
squalene/Tween 80 emulsion. Any of the three components MPL, TDM or CWS may also be
used alone or combined 2 by 2. Additionally, adjuvants such as Stimulon (Cambridge Bioscience,
Worcester, MA, USA) or SAF-1 (Syntex) may be used, as well as adjuvants such as
combinations between QS21 and 3-de-O-acetylated monophosphoryl lipid A (W094/00153), or
MF-59 (Chiron), or poly[di(carboxylatophenoxy) phosphazene] based adjuvants (Virus Research
Institute), or blockcopolymer based adjuvants such as Optivax (Vaxcel, Cythx) or inulin-based
adjuvants, such as Algammulin and Gammalnulin (Anutech), Incomplete Freund's Adjuvant
(IFA) or Gerbu preparations (Gerbu Biotechnik). It is to be understood that Complete Freund's
Adjuvant (CFA) may be used for non-human applications and research purposes as well. "A
vaccine composition” will further contain excipients and diluents, which are inherently non-toxic

and non-therapeutic, such as water, saline, glycerol, ethanol, wetting or emulsifying agents, pH
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buffering subsfances, preservatives, and the like. Typically, a vaccine composition is prepared
as an injectable, either as a liquid solution or suspension. Solid forms, suitable for solution on,
or suspension in, liquid vehicles prior to injection may also be prepared. The preparation may
also be emulsified or encapsulated in liposomes for enhancing adjuvant effect. The polypeptides
may also be incorporated into Immune 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 individual, either in a single dose or as part of a series, is effective for prevention or
treatment. This amount varies depending tupon the health and physical condition of the individual
to be treated, the taxonomic group of the individual to be treated (e.g. human, non-human
primate, primate, etc.), 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
doctor’s assessment, the 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 ug/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 administration include oral formulations and suppositoties, Dosage treatment
may be a single dose schedule or a multiple dose schedule. The vaccine may be administered in
conjunction with other immunoregulatory agents. Therefore, the instant invention pertains to the
use of an oligomeric particle as defined herein for prophylactically inducing immunity against
HCV. It should be noted that a vaccine may also be useful for treatment of an individual as

pointed-out above, in which case it is called a "therapeutic vaccine”.

The present invention also relates to a composition as defined above which also comprises HCV -
core, E1, E2, P7, NS2, NS3, NS4A, NS4B, NS5A and/or NS5B protein, or parts thereof. E1, E2,
and/or E1E2 particles may, for example, be combined with T cell stimulating antigens, such as,
for example, core, P7, NS3, NS4A, NS4B, NS5A and/or NS5B. In particular, the present
invention relates to a composition as defined above wherein said NS3 protein, or parts thereof,
have an amino acid sequence given by SEQ ID 1 or SEQ ID 2 (see further in examples section).
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The purification of these NS3 proteins will preferentially include a reversible modification of the
cysteine residues, and even more preferentially sulfonation of cysteines. Methods to obtain such
a reversible modification, including sulfonation have been described for NS3 proteins in
Maertens et al. (PCT/EP99/02547). It should be stressed that the whole content, including all the
definitions, of the latter document is incorporated by reference in the present application. .
It is clear from the above that the present invention also relates to the usage of an oligomeric
patticle as defined above or a composition as defined above for the manufacture of an HCV
vaccine composition. In particular, the present invention relates to the usage of an oligomeric
particle as defined herein for inducing immunity against HCV in chronic HCV carriers. More in
particular, the present invention relates to the usage of an oligomeric particle as defined herein
for inducing immunity against HCV in chronic HCV carriers prior to, simultaneously to or after
any other therapy, such as, for example, the well-known interferon therapy either or not in
combination with the administration of small drugs treating HCV, such as, for exainple, ribavirin.
Such composition may also be employed before or after liver transplantation, or after presumed
infection, such as, for example, needle-stick injury. In addition, the present invention relates to
a kit containing the oligomeric particles or the single HCV envelope proteins of the present
invention to detect HCV antibodies present in a biological sample. The term "biological sample"
as used herein, refers to a sample of tissue or fluid isolated from an individual, including but not
limited to, for example, serum, plasma, lymph fluid, the external sections of the skin, respiratory
intestinal, and genitourinary tracts, oocytes, tears, saliva, milk, blood cells, tumors, organs,
gastric secretions, mucus, spinal cord fluid, external secretions such as, for example, excrement,
urine, sperm, and the like. Since the oligomeric particles and the single HCV envelope proteins
of the present invention are highly immunogenic, and stimulate both the humoral and cellular
immune response, the present invention relates also to a kit for detecting HCV related T cell
response, comprising the oligomeric particle or the purified single HCV envelope protein of the
instant invention. HCV T cell response can for example be measured as described in the
examples section, or as described in PCT/EP 94/03555 to Leroux-Roels et al. It should be
stressed that the whole content, including all the definitions, of this document is incorporated by

reference in the present application.
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It should be clear that the present invention also pertains to the mse of specific HCV
immunoglobulins for treatment and prevention of HCV infection. 1t is here for the first time
demonstrated that sufficient levels of HCV antibodies, especially HCV envelope antibodies,
induce amelioration of Hepatitis C disease. It is also demonstrated for the first time that sufficient
levels of antibodies can bind circulating virus, and that the presence of Ab-complexed virus,
coincides with disappearance of HCV antigen from the liver, and with amelioration of liver
disease. HCV envelope antibodies may be induced by vaccination or may be passively transferred
by injection after the antibodies have been purified from pools of HCV-infected blood or from
blood obtained from HCV vaccinees, Therefore, the present invention pertains further to specific
antibodies, generated against an oligomeric particle as described above or against a composition
as described above, or a single HCV envelope protein. In particular, the present invention relates
to a kit comprising said antibodies for detecting HCV antigens. The term "specific antibodies"
as used herein, refers to antibodies, which are raised against epitopes which are specific to the
oligomeric particle as disclosed in the present invention. In other words, specific antibodies are
raised against epitopes which result from the formation of, and are only present on oligomeric
particles. Moreover, there are various procedures known to produce HCV peptides. These
procedures might result in HCV peptides capable of presenting epitopes. It is conceivable that
the HCV peptides, obtained by these various and different procedures, are capable of presenting
similar epitopes. Similar epitopes are epitopes resulting from different production or purifying
procedures but recognizable by one and the same antibody. However, the oligomeric particles
of the instant invention present epitopes extremely efficient. Consequently, the epitopes on the
oligomeric particles are highly immunogenic. Therefore, the present invention also pertains to
epitopes on oligomeric particles, said epitopes are at least 10 times, preferentially at least 20
times, preferentially at least 50, preferentially at least 100 timnes, preferentially at least 500 times,
and most preferentially at least 1000 times more immunogenic than epitopes on HCV-peptides,
which are not produced according to the present invention, ie not produced by detergent-assisted
particle formation. It will be appreciated by the skilled that said immunogenecity can, for
example, be detected and therefore compared by immunising mammals by means of
administering comparable quantities of peptides, produced by either method. Moreover, the term
"specific antibody" refers also to antibodies which are raised against a purified single HCV

envelope protein. As used herein, the term “antibody" refers to polyclonal or monoclonal
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antibodies. The term "monoclonal antibody" refers to an antibody composition having a
homogeneous antibody population. The term "antibody" is not limiting regarding the species or
source of the antibody, nor is it intended to be limited by the manner in which it is made. In
addition, the term "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, such as, for example, as described in U.S. patent N°
4,946,778, to fragments of antibodies such as Fyp, Fiuy2, Fy, and other fragments which retain the
antigen binding function and specificity of the parental antibody.

Moreover, the present invention also features the use of an oligomeric particle as described
above, or a composition as described above to detect antibodies against HCV envelope proteins.
As used herein, the term "to detect" refers to any assay known in the art suitable for detection.
In particular, the term refers to any immunoassay as described in WO 96/13590.

The terms "peptide”, "polypeptide” and "protein" are used interchangeably in the present
invention. "Polypeptide” refers to a polyrner of amino acids (amino acid sequence) and does not
refer to a specific length of the molecule. Thus, oligopeptidés are included within the definition
of polypeptide. It is to be understood that peptidomimics are inherent in the terms "polypeptide”,
"peptide” and "protein”

Also, the present invention relates to the use of an oligomeric particle as described herein for
inducing immunity against HCV, characterized in that said oligomeric particle is used as part
of a series of time and compounds. In this regard, it is to be understood that the term "a series
of time and compounds"” refers to administering with time intervals to an individual the
compounds used for eliciting an immune response. The latter compounds may comprise any
of the following components: oligomeric particles, HCV DNA vaccine composition, HCV
polypeptides.

In this respect, a series comprises administering, either:
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)] an HCV antigen, such as, for example, an oligomeric particle, with time intervals, or
() anHCV antigen, such as, for example, an oligomeric particle in combination with a HCV
DNA vaccine composition, in which said oligomeric particles and said HCV DNA
vaccine composition, can be administered simultaneously, or at different time intervals,
including at alternating time intervals, or
(M) either () or (ID), possibly in combination with other HCV peptides, with time intervals.

In this regard, it should be clear that a HCV DNA vaccine composition comprises nucleic acids
encoding HCV envelope peptide, including E1-, E2-, E1/E2-peptides, Els peptide, SEQ ID No
13, SEQ ID No 14, NS3 peptide, other HCV peptides, or parts of said peptides. Moreover, it is
to be understood that said HCV peptides comprises HCV envelope peptides, including E1-, E2-,
E1/E2-peptides, Els peptide, SEQ ID No 13, SEQ ID No 14, NS3 peptide, other HCV peptides,
or parts thereof. The term "other HCV peptides" refers to any HCV peptide or fragment thereof
with the proviso that said HCV peptide is not E1, E2, Els, SEQ ID No 13, SEQ ID No 14, or
NS3. In item II of the above scheme, the HCV DNA vaccine comp.osition- comprises
preferentially nucleic acids encoding HCV envelope peptides. In item H of the above scheme, the
HCV DNA vaccine composition consists even more preferentially of nucleic acids encoding
HCYV envelope peptides, possibly in combination with a HCV-NS3 DNA vaccine composition.
In this regard, it should be clear that an HCV DNA vaccine composition comprises a plasmid
vector comprising a polynucleotide sequence encoding an HCV peptide as described above,

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 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 stranded DNA loops which, in their vector form, are not bound to the
chromosome. As used herein, a "polynucleotide sequence" refers to polynucleotides such as
deoxyribonucleic acid (DNA), and, where appropriate, ribonucleic acid (RNA). The term should
also be understood to include, as equivalents, analogs of either RNA or DNA made from
nucleotide analogs, and single (sense or antisense) and double-stranded polynucleotides. As used
herein, the term "transcription regulatory elements” refers to a nucleotide sequence which

contains essential regulatory elements, such that upon introduction into a living vertebrate cell

@
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it is able to direct the cellular machinery to produce translation products encoded by the
polynucleotide. The term "operably linked" refers to a juxtaposition wherein the components are
configured so as to perform their usual function. Thus, transcription regulatory elements operably
linked to a nucleotide sequence are capable of effecting the expression of said nucleotide
sequence. Those skilled in the art can appreciate that different transcriptional promoters,

terminators, carrier vectors or specific gene sequences may be used succesfully.

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

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

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

Example 1: Expression, purification, and detergent-assisted homo-oligomerization of the
HCYV E1 protein

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

values, however, may differ depending on the glycosylation status of the protein.
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Example 2: Analysis of the higher order oligomeric structures of E1s by means of Dynamic
Light Scattering.

In order to confirm the unexpected result that particles have been created, Els preparations in
0.05% CHAPS and 0.1% betaine, prepared according to example 1, or in 0.1% betaine, prepared
by dilution of preparations in 0.5 % betaine, were subjected to analysis by means of dynamic
light scattering (DLS).

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

correlator to calculate the intensity of the autocorrelation function automatically.

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

Samples containing E1s particles (80-400 pg Els/ml PBS-0.05% CHAPS, 0.1% or 0.5% betaine)
were pipetted in the measuring cell of an LSP 3.53 DLS instrument equipped with a 10mW HeNe
Laser (PolymerLabs). A readout of the analysis is provided in Figures 4 (Els in 0.05% CHAPS)
and 5 (Els in 0.1% or 0.5% betaine).
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These analyses indeed confirmed the unexpected result that the obtained Els structures were
spherical, monodisperse particles. The Els particles in PBS/0.1% betaine showed an average size
distribution of 21.3 + 4 nm, in PBS/0.5% betaine: 27.9 + 5 nm, whereas a diameter of 12.5 was
obtained for E1s in PBS/0.05% CHAPS.

Example 3: Size and shape analysis by means of Electron Microscopy.

Ten pl of Els (226 pg/ml in PBS/0.05% CHAPS; and 143 pg/mi in PBS 3% betaine) was
visualized with a standard negative staining with 1% uranyl acetate on carbon stabilized formvar
grids. The sample was applied for 30 seconds and then rinsed with dH,0 before staining for 5
seconds and photography (Figure 6).

Statistical analysis yielded the following results: the Els particle in CHAPS had a mean diameter
of 8.7 4+ 0.27 nm (range 4.3-29.0; 95% CI 5.4) and that the Els particle in betaine was less
homogeneous with a mean diameter of 9.7 + 0.55 nm (range 4.3-40.5; 95% CI 11.0).
Surprisingly, the 3% betaine preparation, which initially showed a MW of 250-300 kDa as
analysed by SEC even shows larger particles than the 0.05% CHAPS preparation, which initially
showed a MW of >600 kDa. We therefore hypothesized that intermediate homo-oligomeric
forms of Els obtained by 3% betaine may have formed higher order particles over time. This
surptising effect points to other possibilities for obtaining higher-order particles. A size
distribution of the particles (Figure 7) shows that the CHAPS preparation is monodisperse,
although a tailing to larger size particles is observed (up to 29 nm for 0.05% CHAPS). Since
larger structures are overestimated in DLS analyses, the presence of these larger particles,
although less in number, may explain the larger diameter obtained by DLS analysis (example 2).
The difference in diameter may also be explained by the fact that DLS measures a particle in
motion, while electron microscopy measures static particles. It should be clear that the
immunogenicity of these preparations as shown in the examples below is due to the entirety of
the preparation, and may be due to the average, smaller, or larger particles, or to the mixture
thereof.
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Example 4: Immunization of a chimpanzee chronically infected with HCV subtype 1b

A chimpanzee (Phil) already infected for over 13 years (5015 days before immunization) with
an HCV subtype 1b strain was vaccinated with E1 (aa 192-326) which was derived from a
different strain of genotype 1b, with a 95.1% identity on the amino acid level (see also Table 2),"
and which was prepared as described in examples 1-3. The chimpanzee received in total 6
intramuscular immunizations of each 50 ug E1 in PBS/0.05% CHAPS mixed with RIBI R-;730
(MPLA+TDM+CWS) according to the manufacturer’s protocol (Ribi Inc. Hamilton, MT). The
6 immunizations were given in two series of three shots with a three week interval and with a lag
period of 6 weeks between the two series. Starting 150 days prior to immunization, during the
immunization period and until 1 year post immunization (but see below) the chimpanzee was
continuously monitored for various parameters indicative for the activity of the HCV induced
disease. These parameters included blood chemistry, ALT, AST, gammaGT, blood chemistry,
viral load in the serum, viral load in the liver and liver histology. In addition, the immune answer
to the immunization was monitored both on the humoral and cellular level. During this period
the animal was also monitored for any adverse effects of the immunization, such as change in .
behaviour, clinical symptoms, body weight, temperature and local reactions (redness, swelling,
indurations). Such effects were not detected.

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

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

its major target organ, the liver.
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The viracmia level, as measured by Amplicor HCV Monitor (Roche, Basel, Switzerland),
remained approximately unchanged in the serum during the whole study period.

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

Analysis of the T-cell reactivity indicated that also this compartment of the immune system is
stimulated by the vaccine in a specific way, as the stimulation index of these T-cells rises from
1 t0 2.5, and remains somewhat elevated during the follow up period (Figure 10). It is this T cell
reactivity that is only seen in Long term responders to interferon therapy (see: PCT/EP 94/03555
to Leroux-Roels et al.; Leroux-Roels et al., 1996).

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

A chimpanzee (Ton) already infected for over 10 years (3809 days before immunization) with
HCYV from genotype 1a was vaccinated with E1 from genotype 1b, with only a 79.3 % identity
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on the amino acid level (see also Table 2), and prepared as described in the previous examples.

The chimpanzee received a total of 6 intramuscular immunizations of 50 ug E1 in PBS/0.05%
CHAPS each mixed with RIBI R-730 according to the manufacturer's protocol (Ribi Inc.

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

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

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

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

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

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

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

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

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

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

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

4 6 U/1) as compared to the period before vaccination (85 + 11 U/1). Since less markers of tissue

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

induced an improvement of the liver disease.

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

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

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

analysis of the humoral response revealed that the maximum end-point titer reached was 30 x 10°
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(after the sixth immunization) and that this titer dropped to 0.5 x 10° nine months after
immunization (Figure 11). Figure 12 shows that the main epitopes, which can be mimicked by
peptides and are recognized by the B-cells, are located at the N-terminal region (peptides Viva
and V2V3, for detailé on the peptides used see Table 4). Since the reactivity against the
recombinant E1 is higher and longer lasting, it can also be deduced from this figure, that the
antibodies recognizing these peptides represent only part of the total antibody population against
El. The remaining part is most likely directed against epitopes which cannot be mimicked by
peptides, i.e. discontinuous epitopes. Such epitopes are probably only present on the complete
E1 molecule or even only on the particle-like structure. Such an immune response against El is
unique, at least compared to what is normally observed in human chronic HCV carriers, which
have detectable anti-El. In those patients, anti-El is in part also discontinuous, but a large
proportion is directed against he C4 epitope (50% of the patient sera), a minor proportion against
V1V2 (tanging from 2-70% depending on the genotype) and exceptionally reactivity against
V2V3 was recorded (Maertens et al., 1997). As this chimpanzee is infected with an 1a isolate the
antibody response was also evaluated for cross-reactivity towards a E1-1a antigen. As can be
seen in Figure 13, such cross-reactive antibodies are indeed generated, although, they form only
part of the total antibody population. Remarkable is the correlation between the reappearance of
viral antigen in the liver and the disappearance of detectable anti-1a E1 antibodies in the serum.

Analysis of the T-cell reactivity indicated that also this compartment of the immune system is
stimulated by the vaccine in a specific way, as the stimulation index of these T-cells rises from

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

Example 6: Reboosting of HCV chronic carriers with E1

As the E1 antibody titers as observed in exarnples 4 and 5 were not stable and declined over time,
even to undetectable levels for the 1b infected chimp, it was investigated if this antibody response
could be increased again by additional boosting. Both chimpanzees were immunized again with
three consecutive intramuscular immunization with a three week interval (50 ug E1 mixed with
RIBI adjuvant). As can be judged from Figures 8 and 11, the anti-El response could indeed be
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boosted, once again the viral antigen in the liver decreased below detection limit. The viral load
in the serum remained constant although in Ton (Figure 11). A viremia level of < 10° genome

equivalents per ml was measured for the first time during the follow up period.

Notable is the finding that, as was already the case for the first series of immunizations, the _
chimpanzee infected with the subtype 1b HCV strain (Phil) responds with lower anti-E1 titers,
than the chimpanzee infected with subtype 1a HCV strain (maximum titer in the first round 14.5
x 10° versus 30 x 10° for Ton and after additional boosting only 1.2 x 10° for Phil versus 40 x
10° for Ton). Although for both animals the beneficial effect seems to be similar, it could be
concluded from this experiment that immunization of a chronic carrier with an E1 protein derived
from another subtype or genotype may be especially beneficial to reach higher titers, maybe
circumventing a preexisting and specific immune suppression existing in the host and induced
by the infecting subtype or genotype. Alternatively, the lower titers observed in the homologous
setting (1b vaccine + 1b infection) may indicate binding of the bulk of the antibodies to virus.
Therefore, the induced antibodies may possess neutralizing capacity.

Example 7a: Construction of a NS3 protein combining the major epitopes known to
correlate with control of infection

Also other epitopes besides the ones in E1 may be linked with clearing of HCV during acute
phase or by interferon therapy. Several of these epitopes are localized within NS3 (Leroux-Roels
et al., 1996; Rehermann et al., 1996 and 1997; Diepolder et al., 1995 and 1997). Two of the
major epitopes are the CTL epitope mapped by Rehermann and coworkers (aa 1073-1081), and
the T-cell (CD4) epitope mapped by Diepolder and coworkers (aa 1248-1261). Unfortunately,
these epitopes are scattered all over the NS3 protein. In order to have at least those epitopes
available, a relatively large protein would be needed (aa 1073-1454). Producing such a large
protein usually results in low yields, and may resuit upon vaccination in a response which is only
for a small part targeted to the important epitopes. Therefore, production of a smaller protein
would be a more suitable solution to this problem. In order to do so, some of the epitopes need

to be repositioned within such a smaller protein. By taking advantage of the knowledge that
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exists, ie another CTL epitope (aa 1169-1177) which is not linked with HCV clearance
(Rehermann et al. 1996, 1997), an NS3 molecule was designed to start at 22’1166 and to end at
aa 1468 (Table 5). This construct already includes the epitopes described by Weiner and
coworkers, and Diepolder and coworkers. By mutating the region 1167 to 1180 to the sequence
of the region 1071 to 1084, the non-relevant CTL epitope was changed to the epitope Rehermann|
and coworkers found to be linked with viral clearance. The construct was additionally modified
to contain a methionine at position 1166 to allow initiation of translation. This methionine will
be cleaved off in E. coli since it is followed by an alanine. In this way, the introduction of new
epitopes, which are not present in the natural NS3, is limited to a minimum. Altematively, if the
expression of this protein would be cumbersome, the CTL epitope may be linked to the C-
terminus at aa 1468 as depicted in detail in Table 5.

The coding sequence of an HCV NS-3 fragment was isolated and expressed as described in
Maertens et al. (PCT/EP99/02547; clone 19b; HCV aa 1188-1468 was used as starting material).
The CTL epitope as described by Rcixermann, and not present in the 19b NS-3 fragment was
fused to this fragment. Both N-terminal and C-terminal fusions were constructed, since effects
of the fusion on expression levels, susceptibility to proteolytic breakdown and functionality may
be affected by the position of the epitope.

Using the pIGRI2NS-3 plasmid, which is an E. coli expression plasmid expressing the NS-3 19b
fragment under control of the leftward promotor of phage lambda, as a template for PCR, NS3
19b coding sequences, fused respectively N- and C-terminally with the Rehermann CTL epitope
{named NS-319bTn and NS-3 19bTc, respectively), were first subcloned into the pGEM-T
(Promega) cloning vector giving rise to vectors pGEM-TNS-319bTn and pGEM-TNS-319bTc.
The PCR-amplified sequences were verified by DNA sequence analysis. '

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

hontologous to sequences 3' of the NS-3 19b stopcodon. Primer sequences are depicted below.
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Brimer 9038 (sense)
5-GCCATGGCGACCTGCATCAACGGTGTTTGCTGGACCGTTTACCACGGTCGTGC
GGCTGTTTGCACCCGTGGGGTTGCGAAGGCGGTGG-3' (SEQ ID NO 5)

Primer 1901 (antisense)
5“TTTTATCAGACCGCTTCTGCG-3' (SEQ ID NO 6)

In the case of the C-terminally fused NS-3, PCR was carried out with a short sense primer
homologous to sequences 5' of the NS-3 19b startcodon and a long antisense primer carrying the
CTL epitope followed by in-frame stopcodons. Primer sequences are depicted below.

Primer 1052 (sense)
~AGCAAACCACCAAGTGGA-3'(SEQIDNO7)

Primer 9039 (antisense)
5-CTCTAGACTATTAACCGTGGTAAACGGTCCAGCAAACACCGTTGATGCAGGTC
GCCAGGCTGAAGTCGACTGTCTGG-3' (SEQ ID NO 8)

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

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

NS-3 serum.
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Amino acid seguence of the NS-3 19bTn protein
MATCINGVCWTVYHGRAAVCTRGVAKAVDFVPVESMETTMRSPVFTDNSSPPAVPQTF
QVAHLHAPTGSGKSTKVPAAYAAQGYKVLVLNPSVAA’ILGFGAYMSKAHGVDPNIRTG
VRTITTGAPITYSTYGKFLADGGCSGGAYDIICDECHSIDSTSILGIGTVLDQAETAGARL
VVLATATPPGSVTVPHPNIEEVALSSTGEIPFYGKAIPIEVIKGGRHLIFCHSKKK CDELAA
KLSGFGINAVAYYRGLDVSVIPTSGDVVVVATDALMTGFTGDFDSVIDCNTCVTQTVDF
S(SEQIDNO1)

Amino acid sequence of the NS-3 19bTc protein
MGVAKAVDFVPVESMETTMRSPVFTDNSSPPAVPQTFQVAHLHAPTGS GKSTKVPAAY

AAQGYKVLVLNPSVAATLGFGAYMSKAHGVDPNIRTGVRTITTGAPITYSTYGKFLADG
GCSGGAYDIICDECHSIDSTSILGIGTVLDQAETAGARLVVLATATPPGS VT VPHPNIEEV
ALSSTGEIPFYGKAIPIEVIKGGRHLIFCHSKKKCDELAAKLSGFGINAVAYYRGLDVSVIP
TSGDVVVVATDALMTGFTGDFDSVIDCNTCVTQTVDFSLATCINGVCWTVYHG (SEQ
IDNO 2)

Nucleotide sequence of the NS-3 19bTn coding region
ATGGCGACCTGCATCAACGGTGTTTGCTGGACCGTTTACCACGGTCGTGCGGCTGTT

TGCACCCGTGGOGTTGCGAAGGCGGTGGACTTTGTACCCGTAGAGTCTATGGAAACC
ACCATGCGGTCCCCGGTCTTTACGGATAACTCATCTCCTCCGGCCGTACCGCAGACA
TTCCAAGTGGCCCATCTACACGCCCCCACTGGTAGTGGCAAGAGCACTAAGGTGCCG
GCTGCATATGCAGCCCAAGGGTACAAGGTACTTGTCCTGAACCCATCCGTTGCCGCC
ACCTTAGGATTCGGGGCGTATATGTCTAAAGCACATGGTGTCGACCCTAACATTAGA
ACTGGGGTAAGGACCATCACCACGGGCGCCCCCATTACGTACTCCACCTACGGCAA
GTTTCTTGCCGACGGTGGTTGCTCTGGGGGCGCTTACGACATCATAATATGTGATGA
GTGCCACTCGATTGACTCAACCTCCATCTTGGGCATCGGCACCGTCCTGGATCAGGC
GGAGACGGCTGGAGCGCGGCTTGTCGTGCTCGCCACTGCTACACCTCCGGGGTCGGT
CACCGTGCCACATCCCAACATCGAGGAGGTGGCTCTGTCCAGCACTGGAGAGATCCC
CTTTTATGGCAAAGCCATCCCCATCGAGGTCATCAAAGGGGGGAGGCACCTCATTIT
CTGCCATTCCAAGAAGAAATGTGACGAGCTCGCCGCAAAGCTATCGGGCTTCGGAA
TCAACGCTGTAGCGTATTACCGAGGCCTTGATGTGTCCGTCATACCGACTAGCGGAG
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ACGTCGTTGTTGTGGCAACAGACGCTCTAATGACGGGCTTTACCGGCGACTTTGACT
CAGTGATCGACTGTAACACATGCGTCACCCAGACAGTCGACTTCAGCTAA (SEQID
NO 3)

Nucleotide sequence of the NS-3 19bTc coding region .
ATGGGGGTTGCGAAGGCGGTGGACTTTGTACCCGTAGAGTCTATGGAAACCACC

ATGCGGTCCCCGGTCTTTACGGATAACTCATCTCCTCCGGCCGTACCGCAGACAT
TCCAAGTGGCCCATCTACACGCCCCCACTGGTAGTGGCAAGAGCACTAAGGTGC
CGGCTGCATATGCAGCCCAAGGGTACAAGGTACTTGTCCTGAACCCATCCGTTGC
CGCCACCTTAGGATTCGGGGCGTATATGTCTAAAGCACATGGTGTCGACCCTAAC
ATTAGAACTGGGGTAAGGACCATCACCACGGGCGCCCCCATTACGTACTCCACCT
ACGGCAAGTTTCTTGCCGACGGTGGTTGCTCTGGGGGCGCTTACGACATCATAAT
ATGTGATGAGTGCCACTCGATTGACTCAACCTCCATCTTGGGCATCGGCACCGTC
CTGGATCAGGCGGAGACGGCTGGAGCGCGGCTTGTCGTGCTCGCCACTGCTACA
CCTCCGGGGTCGGTCACCGTGCCACATCCCAACATCGAGGAGGTGGCTCTGTCCA
GCACTGGAGAGATCCCCTTTTATGGCAAAGCCATCCCCATCGAGGTCATCAAAGG
GGGGAGGCACCTCATTTTCTGCCATTCCAAGAAGAAATGTGACGAGCTCGCCGC
AAAGCTATCGGGCTTCGGAATCAACGCTGTAGCGTATTACCGAGGCCITGATGTG
TCCGTCATACCGACTAGCGGAGACGTCGTTGTTGTGGCAACAGACGCTCTAATGA
CGGGCTTTACCGGCGACTTTGACTCAGTGATCGACTGTAACACATGCGTCACCCA
GACAGTCGACTTCAGCCTGGCGACCTGCATCAACGGTGTTTGCTGGACCGTTTAC
CACGGTTAA (SEQID NO 4)

Example 7b: Purification of the NS-3 19bTn and NS-3 19bTc proteins

E. coli cell pasts from erlenmeyer cultures were broken by a cell disrupter (CSL, model B) at 1.4
kbar in 50 mM TRIS, pH 8. This lysate was cleared by centrifugation (15000g, 30 min, 4 °C).
The supernatant was discarded, since both for the N- and the C-terminal construct NS3 was
recovered in the pellet. This pellet turned out to be highly stable for the N-terminal construct
allowing thorough washing (first wash with 2% sarcosyl, 0.5 M guanidiniumchloride and 10 mM
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DTT, second and third wash with 1% Triton X-100, 0.5 M guanidiniumchloride and 10 mM
EDTA) before solubilisation. This was not the case for the C-terminal construct. Purification was
further pursued on the N-terminal construct. The washed pellet was finally dissolved in 6 M
guanidiniumchloride/ 50 mM Na;HPO,, at pH 7.2 and was sulfonated as described in Maertens
et al, (PCT/EP99/02547). The sulfonated pellet was first desalted on a Sephadex G25 column to,
6 M Urea/50 mM triethanolamine, pH 7.5, and finally purified by two sequential anion-exchange
chromatographies in the same buffer composition. The first anion-exchange was performed on
a Hyper DQ (50 um) column (BioSpra Inc. Marlborough, Ma. USA) and the NS3 was recovered
between 0.11 and 0.19 M NaCl. After dilution, these fractions were applied to a second Hyper
DQ (20 um) column (BioSpra Inc. Marlborough, Ma. USA) and the NS3 was recovered in the
fractions containing 0.125 M NaCl. These fractions were desalted to 6 M Urea in PBS, pH 7.5.
The final purity was estimated > 90% based on SDS-PAGE followed by silver staining. The N-
terminal sequencing by EDMAN degradation showed that this NS3 has an intact N-terminus, in
which the desired epitope is present in the correct sequence. It was also confirmed that the

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

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

An immunodominant homologous response has been noted to the HVR I region of E2, This
response will be of little use in a vaccine approach, since a vaccine approach is a heterologous
set-up (the vaccine strain is always different from the field strains). Therefore, deletion of this
region would be necessary to have an E2 protein inducing antibodies against the more conserved,
but less immunogenic regions of E2. By carefully analyzing the E2 leader sequence and the E2
hypervariable region the most ideat construct for expression of an E2 protein without HVR I was
designed. This construct allows expression of an E2 peptide starting at position aa 409 instead
of aa 384. As a leader sequence the C-terminal 20 amino acids of E1 were used. However, since
the delineation of this HVR is not unambiguous, a second version was made (starting at aa 412),
which has also a high probability to be cleaved at the right position. '
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Intermediate construct pvHCV-99 (see also Figures 15 and 16)

In the expression cassette, the coding sequence of E2-715 should be preceded by an El leader
signal peptide, starting at Met364 Therefore, in plasmid pvHCV-92 (Figure 15), which contains
the coding sequence for E2-715 HCV type 1b with the long version of the El signal peptide
(starting at Met347), a deletion was made by a double-digestion with EcoRI and Ncol, followed ,
by a 5'-overhang fill-in reaction with T4 DNA polymerase. Ligation of the obtained blunt ends
(recircularization of the 6621 bp-fragment), resulted in plasmid pvHCV-99, which codes for the
same protein (E2-715) with a shorter E1 leader signal peptide (starting at Met364). pyHCV-99
was deposited in the strain list as ICCG 3635. It should be clear that HCV or heterologous signal

sequences of variable length may be used.

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

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

HCV-pr 409 [8749]):
5'- CIT TGC CGG CGT CGA CGG GCA GAA AAT CCA GCT CGT AA -3' (SEQ ID NO 9)

HCV-pr 408 [8750):
5'-TTA CGA GCT GGA TTT TCT GCC CGT CGA CGC CGG CAA AG -3' (SEQ ID NO 10)

PCR amplification (denaturation 5 min 95°C, 30 cycles of amplification consisting of annealing
at 55 °C, polymerization at 72 °C, and denaturation at 95 °C for 1 min each, elongation for 10
min at 72 °C) of the pvHCV-99 template with Gpt-pr [3757] and HCV-pr 408 [8750] resulted
in a 221 bp fragment, while amplification with HCV-pr 409 [8749] and TKr-pr [3756] resulted
in a 1006 bp fragment. Both PCR fragments overlap one another by 19 nucleotides. These two
fragments were assembled and amplified by PCR with the Gpt-pr [3757] and TKr-pr [3756]
primers. The resulting 1200 bp fragment was digested with EcoRI and HinDIII and ligated into
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the EcoRI/HinDIII digested pgsATA18 [ICCG 1998] vector (5558 bp).This construct, pvHCV-
100, was analysed by restriction and sequence analysis, and deposited in the strainlist as ICCG
3636.

Construction pvHCV-10
For the construction of pvHCV-101, two oligonucleotides were designed:

HCV-pr411 [8747]:
5" CTT TGC CGG CGT CGA CGG GCA GCT CGT AAA CACCAA CG -3'(SEQIDNO 11)

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

PCR amplification of the pvHCV-99 template with Gpt-pr [3757} and HCV-pr 410 [8748]
resulted in 2 221 bp fragment, while amplification with HCV-pr 411 [8747] and TKr-pr [3756]
resulted in a 997 bp fragment. Both PCR fragments overlap one another by 19 nucleotides. These
two fragments were assembled and amplified by PCR with the Gpt-pr [3757} and TKr-pr [3756].
‘The resulting 1200 bp fragment was digested with EcoRI and HinDIIf and ligated into the
EcoRVHinDIHI digested pgsATA18 [ICCG 1998] vector (5558 bp). This construct, pvHCV-101,
was analysed by restriction and sequence analysis, and deposited in the strainlist as ICCG 3637.

All plasmids were checked by sequence analysis and deposited in the Innogenetics strainlist. For
each plasmid two mini-DNA preparations (PLASmix) were made under sterile conditions and
pooled. DNA concentration was determined and QA was performed by restriction analysis.
Purified DNA was used to generate recombinant vaccinia virus as described in Maettens et al.
(PCT/EP95/03031). The recombinant viruses vvHCV-100 and vvHCV-101 were, however,
generated on WHO certified Vero cells. After two rounds of plague purification the expression
product was analysed by means of Western-blot analysis as described in Maertens et al.
(PCT/EP95/03031). Proteins were visualised by a specific anti-E2 monoclonal antibody (IGH
212, which can be obtained from the inventors at Innogenetics N.V., Zwijnaarde, Belgium) of
an estimated molecular weight of 69 and 37 kDa for vwHCV-100 and of 68 and 35 kDa for
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vvHCV-101. These molecular weights indicate the presence of both a glycosylated and non-
glycosylated E2-protein, which was confirmed by treatment of the samples prior to Western-blot
analysis with PNGaseF. This treatment results in the detection of only one single protein of 37
kDa and 35 kDa for vwvHCV-100 and vvHCV-101, respectively.

Amino acid sequence of the mature B2, derived from pvHCV-100
QKIQLVNTNGSWHINRTALNCNDSLQTGFFAALFYKHKFNSSGCPERLASCRSIDKFAQG

WGPLTYTEPNSSDQRPYCWHYAPRPCGIVPASQVCGPVYCFIPSPVVVGTTDRFGVPTY
NWGANDSD VLILNNTRPPRGNWFGCTWMNGTGFTKTCGGPPCNIGGAGNNTLTCPTDC
FRKHPEATYARCGSGPWLTPRCMVHYPYRLWHYPCTVNFTIFKVRMY VGGVEHRFEAA
CNWTRGERCDLEDRDRSELSPLLLSTTEWQILPCSFTTLPALSTGLIHLHQNIVDVQYLYG
VGSAVVSLVIK (SEQ ID NO 13) '

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

PLTYTEPNSSDQRPYCWHYAPRPCGIVPASQVCGPVYCFIPSPVVVGTTDRFGVPTYNW
GANDSDVLILNNTRPPRGNWFGCTWMNGTGFTKTCGGPPCNIGGAGNNTLTCPTDCFR

KHPEATYARCGSGPWLTPRCMVHYPYRLWHYPCTVNFTIFKVRMYVGGVEHRFEAAC

NWTRGERCDLEDRDRSELSPLLLSTTEWQILPCSFTTLPALSTGLIHLHQNIVDVQYLYGV
GSAVVSLVIK (SEQ ID NO 14)

Example 9: An E1 particle with further improved immunogenicity

As set out in example 1, the Els protein was purified according to the protocol described in
PCT/EP 95/03031 to Maertens et al. This protocol includes covalent modification of cysteines
(free cysteines and cysteines involved in intermolecular bridging, the latter after reduction of
these cysteine bridges using DTT) using maleimide derivates (N-ethyl maleimide and biotin-
maleimide, both obtained from Sigma). As an alternative method for maleimide blocking, active
halogens were also evaluated. These compounds, ie the active halogens, block free cysteines by
means of alkylation. By way of example, an active halogen (iodoacetamide, Merck) was
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evaluated. The same protocol was used to purify E1 as described in Maertens et al. (PCT/EP
95/03031), but instead of maleimide compounds, jodoacetemide was used. The Els protein
obtained by this procedure behaved throughout the complete purification procedure similarly as
the maleimide-blocked proteins. Upon final lowering of the detergent concentration to 0.05%
CHAPS or switching to 0.5% betaine as described in example 1, similar particles were obtained,,
as determined by DLS. The surprising effect was found, however, upon immunization of mice
with this acetamide-modified Els.

In total three series of 6 mice each were immunized with Els using three injéctions with a three
week interval, each injection consisting of 5 pg Els at 100 pg/ml PBS and mixed with an equal
volume of RIBI adjuvant (R-700). A first series received El-maleimide formulated in 0.05%
CHAPS, a second series received El-acetamide also formulated in 0.05% CHAPS, while a third
series received El-acetamide formulated with 0.12% betaine. Finally, all mice were bled 10 days
after the third immunization. End point titers (defined as the dilution of the serum still resulting
in a OD 2 times higher then background values) for each animal individually were determined
against E1-maleimide and El-acetamide. Figure 17 shows these end-point titers, presented as
mean with standard deviations. Mice that received El-maleimide mounted only an antibody
response which is able to recognize maleimide-containing epitopes (no reactivity at all on El-
acetamide), mice that received El-acetamide clearly mount an antibody response against true E1
epitopes, since the antibodies are reactive against both E1-acetamide and El-maleimide. This
was clearly demonstrated in an additional experiment, in which antibodies for specific regions
of E1 were determined using peptides which were neither modified with acetamide nor with
maleimide. The results, as shown in Figure 18, demonstrate that the mice immunized with E1-
acetamide (CHAPS and betaine formulated) do mount an antibody response which is able to
recognize the peptides V1V2, V2V3, V3V4, V5C4, C4V6. As V6 was not part of Els, we can
conclude that a_mibodies were mounted against C4, V3 (V3V4 is positive while V4V35 is not) and
V1V2. Mice immunized with E1s-maleimide mount only a very low response against the V1V2
and V2V3 peptides. This stresses once more the fact that the reasonably high titer measured for
these mouse antibodies against the maleimide-Els is mainly directed against maleimide-
dependent epitopes. In addition, we were able to prove that the Els-acetamide induced response
is partially of the Thl type, since a substantial amount of the induced antibodies is of the
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IgG2(a+b) subtype. The amount of IgG2 is even higher for the betaine formulation compared to
the CHAPS formulation (Figure 19). From these results it is concluded that HCV envelope
proteins, in which at least one cysteine (but potentially more than one cysteine) is alkylated, are

extremely immunogenic proteins.

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

Example 10: Alkylated E1 has superior qualities for diagnostic use

The Els-acetamide as described in example 9 was further evaluated as antigen for the detection
of anti-E1 antibodies in serum samples from human chronic HCV carriers. By way of example
these antigens were bound to LIA-membranes, and strips were processed essentially as described
in Zrein et al. (1998). Serum samples from 72 blood donors were evaluated first, in order to
determine the optimal concentration of the E1 antigen which can be used in the assay in order
to exclude "false" positives. For Els-maleimide, this concentration proved to be 8 pg/ml, while
for Els-acetamide a concentration up to 50 pg/ml did not result in false positive results (no
samples showing a relative color staining above 0.5). Using 8 and 50 ug/mi, respectively, for
Els-maleimide and E1s-acetamide 24 sera of HCV chronic carriers were screened for antibodies
against Els. As shown in Table 6, the Els-acetamide clearly results in more samples scoring

positive (67% versus 38% for Els-maleimide). No sample was found which only scored positive
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on E1s-maleimide. For samples scoring positive both on Els-maleimide and on Els-acetamide,
the reactivity on the latter is higher. From this example it can be concluded that alkylated
envelope proteins of HCV are better antigens to detect human antibodies than maleimide-

modified envelope proteins.

Example 11: Production of mixed particles containing E1 and E2

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

was measured at 450 nm.

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

scores positive,



10

15

WO 99/67285 PCT/EP99/04342 ~

46
Example 12: Production of mixed particles containing E1 from 2 different genotypes

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

genotype 4, since only in this set-up the ELISA scores positive.
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Table 1. The E1s consensus sequence of HCV-B

AA Position* 200 233 235 251 253 271 293 298 304 313 314
Region Vi Vi Vi V4 V4 HR HR V5 C4 C4 C4
HCV-J I S F S I L F Y - v S
HCV-B con M N S A Vv F I H C I T
HCCPA ; - - - - L - - . - .
HCC19B - D - - - - . - Y - ..
HCCI9C | - - - - . - - - . . .
HCCI10A - - - - - - 4 - . - -
HCCI10B - D - - I - - - . - -
HCCI11A - - - - - . - - - - -
HCCI11B . - - - . - - - - - -
HCCI14 - - - - - - - . - . -

- HCCI17 - - . - I - - - - - -

*Positions between aa 192 and 326 of E1s which are completely conserved are not indicated -

322

§87L9/66 OM

0s

. TreEv0/66da/LDd




Table 2. The Els vaccine sequence aligned with the HCV sequence of the virus present
in the chronic carriers

$87L9/66 OM

192 259
Ton (la) YQVRNSTGLYHVTNDCPNSSIVYEAADAILHTPGCVPCVREGNASRCWVAMTPTVATRDGKLPTTQLR
* LA R * * % * * * * Kk Rhdw * %
El vaccin YEVRNVSGMYHVTNDCSNSSIVYEAADMIMHTPGCVPCVRENNSSRCWVALTPTLAARNASVPTTTIR
* * * *

Phil (1b) YEVRNVSGVYHVTNDCSNASIVYEAADMIMHTPGCVPCVREGNSSRCWVALTPTLAARNVSVPTTTIR

TS

260 326
Ton (la) RHIDLLVGSATLCSALYVGDLCGSVFLVGQLFTFSPRRHWTTQECNCSMYPGHITGHRMAWDMMMNW
* * k¥ * * * & K *
El vaccin RHVDLLVGAAAFCSAMYVGDLCGSVFLVSQLFTISPRRHETVQODCNCSIYPGHITGHRMAWDMMMNW
* * * *

Phil (1b) RHVDLIVGAAAFCSAMYVGDLCGSVFLVSQLFTFSPRRHETVQDCNCSIYPGHVSGHRMAWDMMMNW

. TreY0/66d T/ LA




Table 3. Changes induced by therapeutic vaccination (6 x 50 pg Els)

Ton (subtype 1a) Phil (subtype 1b)

Before After Before After
Serum
E1ADb titer 0 30000 0 14500
HCV RNA titer (10%) 23 no change 24 no change
ALT (IU) 85+11 6216 4+4 3746
Liver .
Antigen staining strongly positive negative strongly positive negative
Histology CAH CPH CAH CPH
Portal inflammation light none severe moderate
Lobular hepatitis moderate minimal severe moderate
Interface hepatitis + - + -
Histological activity 4 1-2 6-8 2-3

Zs

$87.9/66 OM

. Trer0/66dT/10d




Table 4

E1 peptides
YEVRNVSGIYHVTNDCSNSSIVYEAADMIMHTPGC
IVYEAADMIMHTPGCVPCVRENNSSRCWV
VRENNSSRCWVALTPTLAARNASVPTTTIRRHVD
HVDLLVGAAAFCSAMYVGDLCGSVFLVSQL
SQLFTISPRRHETVQDCNCSIYPGHITGHRMA WDMMMNWS
SIYPGHITGHRMAWDMMMNWSPTTALVVSQLLRI

Genotype
1b
1b
1b
1b
1b
1b

name
V1v2
V2V3
V3iv4

V5C4
C4veé

1036
1022
1150
1176
1039

aa

192-226
212-244
230-263
261-290
288-327
307-340

3]

S8TL9/66 OM.

. TYEVOI66dA/LOI




Table 5

aa 1188
*

MATCINGVCWTVYHGRAAVCTRGVAK. . .proposed sequence
GGPLLCPAGHAVGIFRAAVCTRGVAK. . .natural sequence

double underlined: minimal CTL epitope
single underlined: additional surrounding natural amino acids

. At the C-terminus the epitope and its surroundings may be linked directly.

VDFSLATCINGVCWIVYHG Proposed sequence
VDFSLDPTFTIETITLPQD Natural sequence
&
aa 1468

¥S

S8TL9/66 OM

. Trer0/66dd/LOd
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Table 6

55

antigen

Els-maleimide

Els-acetamide

pg/ml

50

17758

17761

0.3

17763

0.5

17766

17767

Sl]e]le| v

171N

~

17173

17778

&

17776

17777

17779

17784

17785

0.5

17786

17789

17790

17794

17795

1779

17798

17820

17825

17827

17842

minwiwin|ojleo|leolvwlwvwivw]e

wauaﬁeu&aannaeuﬁ

Z%pos

67

PCT/EP99/04342 ~
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CLAIMS

1. An oligomeric particle consisting essentially of HCV envelope proteins and having a diameter

of 1 to 100 nanometer.

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

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

4, Oligomeric particle according to any of claims 1 to 3, possibly containing non-HCV epitopes.

5. Oligomeric particle according to any of claims 1 to 4, wherein at least one cysteine residue of

said envelope protein is alkylated.

6. Oligomeric particle according to claim 5, wherein said cysteine residue is alkylated by means
of active halogens, ethylenimine or N-(iodoethyl)trifluoroacetamide.

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

consisting of methionine, glutamic acid, glutamine and lysine.

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

E1 proteins or parts thereof.

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

Els proteins or parts thereof.

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

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

12. Oligomeric particle according to any of claims 1 to 11, wherein said envelope proteins are

encoded by an isolate nucleotide consensus sequence, subtype nucleotide consensus sequence,

species nucleotide consensus sequence, or genus nucleotide consensus sequence, or parts thereof.

13. Oligomeric particle according to any of claims 1 to 7, wherein said envelope proteins are a
mixture of HCV E1, HCV Eis, HCV E2 proteins and/or SEQ ID No 13 and/or SEQ ID No 14,
or parts thereof.

14. Oligomeric patticle according to any of claims 1 to 13, wherein said envelope proteins, or

parts thereof, are derived from different HCV strains or genotypes.

15. Oligomeric particle according to any of claims 1 to 14, wherein said envelope proteins, or

parts thereof, are a mixture consisting of HCV envelope proteins from one strain or genotype of

HCYV and at least one other strain or genotype of HCV.

16. Oligomeric particle according to any of claims 1 to 15, obtainable by a method characterized

by the following steps:

I

-purifying HCV envelope proteins in solution, T
-possibly including the use of an optionally first detergent, ”"’"1 m ” "’” ”,I' ” l"
-possibly including the use of a disulphide bond cleavage agent, A n' | s % [
-possibly including the use of an alkylating agent,

-replacing said solution of said purified HCV envelope proteins with a

detergent or salt, resulting in oligomeric patticles,

-purifying the oligomeric particles formed after said replacing,

-possibly including further reducing the concentration of the detergent or salt of step II.
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17. Oligomeric particle according to claim 16, wherein said optionally first detergent is Empigen-
BB, wherein the detergent of step IT is CHAPS, octylglucaside, Tween, or any other detergent,

and wherein said salt is betaine.
18. Oligomeric particle according to any of claims 16 or 17, wherein said Empigen-BB is used ¢
at a concentration of 1% to 10% and wherein said CHAPS or Tween is used at a concentration

of 0.01% to 10%, or said betaine is used at a concentration of 0.01% to 10%.

19. Method according to any of claims 16 to 18 to produce oligomeric particles according to any

of claims 1 to 14.

20. Method to produce an oligomeric particle according to any of claims 1 to 14, characterized

by the following steps:
I -purifying HCV envelope proteins in solution, l III'III I"I" III" "III " Illl
-possibly including the use of an optionally first detergent, w o Tp oy TEgTRIE

-possibly including the use of a disulphide bond cleavage agent,
-possibly including the use of an alkylating agent,
1 -replacing said solution of said purified HCV envelope proteins with a
detergent or salt, resulting in oligomeric particles. '
m -purifying the oligomeric particles formed after said replacing,
-possibly including further reducing the concentration of the detergent or salt of step I

21. Method to produce an oligomeric particle according to claim 20, wherein said optionally first
detergent is Empigen-BB, wherein the detergent of step I is CHAPS, octylglucaside, Tween, or

any other detergent, and wherein said salt is betaine.
22. Method to produce an oligomeric particle according to any of claims 20 or 21, wherein said
Empigen-BB is used at a concentration of 1% to 10% and wherein said CHAPS or Tween is used

at concentrations of 0.01% to 10%, or said betaine is used at a concentration of 0.01% to 10%.

23. Composition comprising an oligomeric particle according to any of claims 1 to 22.
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24. Composition according to claim 23, which also comprises HCV core, P7, E1, E2, NS2, N§3,
NS4A, NS4B, NSSA and/or NS5B protein, or parts thereof.

25. Composition according to claim 24 wherein said NS3 protein, or parts thereof, have an amino
acid sequence given by SEQ ID No ! or SEQ ID No 2.

26. Use of the oligomeric particle according to any of claims 1 to 25 for the manufacture of an

HCV vaccine composition.

27. Use of the oligomeric particle according to any of claims 1 to 25 for inducing immunity

against HCV in chronic HCV carriers.

28. Use of the oligomeric particle according to claim 27 for inducing immunity against HCV in

chronic HCV carriers prior to, simultaneously to or after any other therapy.

29. Use of the oligomeric particle according to claim 27 for inducing immunity against HCV in
HCV-infected individuals prior to or after liver transplantation, or after presumed infection.

30. Use of the oligomeric particle according to any of claims 1 to 28 for prophylactically inducing
immunity against HCV,

31. Use of the oligomeric particle according to any of claims 1 to 28 for inducing immunity
against HCV, characterized in that said oligomeric particle or said composition is used as a part

of a series of time and compounds.

32. The oligomeric particle or the composition according to any of claims 1 to 25 for use as an

HCYV vaccine.

33. The oligomeric particle or the composition according to any of claims 1 to 25 for inducing

(UL

immunity against HCV in chronic HCV carriers.
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34. The oligomeric particle or the composition according to claim 33 for inducing immunity

against HCV in chronic HCV carriers prior to, simultaneously to or after any other therapy.

35. The oligomeric particle or the composition according to any of claims 1 to 25 for inducing .
immunity against HCV in HCV-infected individuals prior to or after liver transplantation, or after

presumed infection.

36. The oligomeric particle or the composition according to any of claims 1 to 25 for

prophylactically inducing immunity against HCV.

37. The oligomeric particle or the composition according to any of claims 1 to 25 for inducing

immunity against HCV, characterized in that said oligomeric particle is part of a series in time
and compounds. N ——

RO o

38. A purified single HCV envelope protein.

39. The purified single HCV envelope protein according to claim 38, wherein said envelope

protein is E1 or Els.

40. Composition containing the purified single HCV envelope protein according to any of claims
38 or 39.

41. The composition according to claim 40 for use as an HCV vaccine.
42. Use of the composition according to claim 40 as an HCV vaccine.
43, Use of the composition according to claim 40 for the manufacture of an HCV vaccine.

44. Specific antibodies generated against the oligomeric particle according to any of claims 1 to
25, or against the purified single HCV envelope protein according to any of claims 38 to 40.
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45, Use of the specific antibody according to claim 44, to treat or prevent HCV infection.

46. Kit for detecting HCV antigens, comprising the specific antibody according to claim 44.
47. Kit for detecting HCV antibodies present in a biological sample, comptising the oligomeric
particle according to any of claims 1 to 25, or the purified single HCV envelope protein

according to any of claims 38 to 40, in a suitable container.

48, Kit for detecting HCV related T cell response, comprising the oligomeric particle according
to any of claims 1 to 25, or the purified single HCV envelope protein according to any of claims

81040 R R

49, Tmmunoassay for detecting HCV antibody, which immunoassay comprises:
(1)  providing the oligomeric particle according to any of claims 1 to 25, or the purified
single HCV envelope protein according to any of claims 38 to 40, or parts thereof,
(2)  incubating a biological sample with said oligomeric particle, or said HCV envelope
protein under conditions that allow formation of antibody-antigen complex,
(3)  determining whether said antibody-antigen complex comprising said oligomeric

particle or said HCV envelope protein is formed.



