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ABSTRACT

The incomplete definition of immunologic parameters that correlates with the protection against HCV infection has
limited the development of a vaccine against this pathogen. Several studies advocate for the induction of strong cel-
lular immune response against viral antigens, as well as neutralizing antibodies against HCV E2 envelope protein,
as a success criteria. However, the influence of several antigens against each others in a protein preparation and
the impact on the immunogenicity, have not been explored yet. In the present study a factorial design was used to
generate several HCV vaccine preparations with the structural core, E1 and E2 proteins as antigens. An optimal an-
tigen composition was chosen based on the lymphoproliferative response against HCV as well as protection against
challenge with a surrogate virus in BALBC/c mice. The protein ratio (1:160:160), with 0.1 ug of Co.120-16.7 ug of
E1.340-16.7 ug E2.680 (Co-E1-E2) was selected as the optimal composition to induce a functional immune response
in mice. Additionally, strong humoral immune response against the 412-438 amino acid region from HCV E2 protein
was detected when African green monkeys were immunized with Co-E1-E2. This region includes a conserved epitope,
involved in T cell lymphoproliferative response against Co.120 and E2.680 proteins as well as in HCV neutraliza-
tion. The results evidenced the relevance of proportion between HCV structural antigens in vaccine preparations for

eliciting successful immune response.
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Introduction

Hepatitis C is an infectious disease, caused by the
hepatitis C virus. An estimated 270-300 million peo-
ple worldwide are infected with hepatitis C. This virus
causes chronic (long-term) infection in more than 85
percent of infected people, often leading to chronic
liver disease. Pegylated interferon (PEG-IFN) com-
bined with Ribavirin is the best currently available
therapy for HCV infection. This treatment is effec-
tive only in 50% of cases, and associated side effects
have been reported [1]. So, the generation of a vaccine
against this pathogen would have a significant impact
on control HCV infection. So far, the immunological
parameters that correlate with protection from HCV
infection have not been established. Studies in hu-
mans and chimpanzees suggest that a strong specific T
cell response against HCV proteins is associated with
spontaneous resolution of the disease [2, 3]. Evidence
from human and animal models also suggest that
CD4+ T cells play a critical role in controlling acute
HCV infection, yet the mechanism(s) behind their fail-
ure to control chronic HCV replication are unknown
[4]. On the other hand, chimpanzees immunized with
HCV EI1E2 proteins developed high titers of antibod-
ies against E2, modifying the natural course of HCV
infection and were protected against challenge with
the homologous virus [5]. Previously, the immunoge-
nicity of different HCV based proteins preparations
have been described, however, the induction of both
humoral and cellular protective immune response has
not been demonstrated [6, 7]. In this work, the amount
and HCV structural protein antigenic proportions, as
a key factor for the induction of a protective immune
response in Vivo using a model of challenge with a
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recombinant vaccinia virus including the structural
region of HCV, is reported for the first time.

Results and discussion

HCV structural proteins (Co.120, E1.340 and E2.680)
obtained from recombinant microorganisms [8];
have demonstrated individually to induce a potent
immune response in animal models [9]. Taking into
account results from immunogenicity studies using
individual proteins and the importance to induce an
immune response towards several viral antigens led
us to study how to combine several antigens, in term
of amount and proportions, on a vaccine preparation.
HCV structural proteins were combined in several
ratios according to a designed factorial study (us-
ing STATGRAPHICS Plus Quality and Design soft-
ware v. 5.1), and the induction of specific immune
response after BALB/c mice immunization was stud-
ied. Statistical surface response analysis with data
from specific cellular lymphoproliferative responses
against structural HCV proteins, as well as from the
challenge with a surrogate vaccinia virus compris-
ing HCV structural region suggested that the protein
ratio (1:160:160), with 0.1 pg of Co.120-16.7 pg of
E1.340-16.7 pg E2.680 (Co-E1-E2) was the optimal
composition to induce a functional immune response
in mice (Figure 1). [10].

It is important to highlight the presence of HCV
core protein in a lesser extent with respect to E1 and
E2 envelope proteins, which enhances the immune re-
sponse against E1 and E2. At the same time, this may
decrease the undesirable effects related to the capsid
protein in vitro demonstrated to affect cell-mediated
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Figure 1. Statistical surface response study analyzing the influence of interaction between two antigens on the specific lymphoproliferative response and on the challenge
with a recombinant surrogate vaccinia virus (vwRE) including the structural region of HCV.

immunity [11]. The five dose BALB/c mice immu-
nization induced a strong specific T cell response
against HCV structural proteins and 80% protection
of immunized mice when challenged with recombi-
nant surrogate vaccinia virus (Figure 2) [12].

The protection against challenge with recombinant
vaccinia virus has been associated with induction of
T cell specific immune response against HCV anti-
gens, involving mainly CD4+ T cells as inducers and
CD8+ T cells as effectors for virus clearance [13]. The
development of CD4 + and CD8 + cellular immune
responses is often correlated with a benign course of
hepatitis C, or with its resolution. Additionally, strong
humoral immune response against the 412-438 amino
acid region from HCV E2 protein was detected when
African green monkeys were immunized with Co-E1-
E2. This region includes a conserved epitope, involved
in T cell lymphoproliferative response against Co.120
and E2.680 proteins as well as in HCV neutralization
(Figure 3) [12].
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The induction in chimpanzees of high antibody ti-
ters against HCV E2 protein has been shown to modi-
fy the natural course of infection and at the same time
to protect against challenge with homologous virus.
However, it is highly desirable to induce also neutral-
izing antibodies directed to relatively conserved re-
gion, making more difficult the appearance of escape
mutants, frequently found due to changes mainly ob-
served in the hypervariable region I (HVR-I). The
region comprising aa 412-419, located immediately
downstream of the HVR-I is a target for neutralizing
antibodies and is more conserved because is critical
for CD81 binding [14]. Interestingly, strong humoral
immune response against the 412-438 amino acid re-
gion from HCV E2 protein was detected when African
green monkeys were immunized with Co-E1-E2 (Fig-
ure 3). This response might be additionally supported
by the presence of some conserved epitopes, involved
in T cell lymphoproliferative response against Co.120
and E2.680 proteins in this protein preparation [12].
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Figure 2. Challenge study in BALB/c mice. The graph represents
the Log value of viral titers measured in ovaries of immunized
mice. Co-E1-E2/vRE: mice immunized with Co-E1-E2 and
challenged with recombinant surrogate vaccinia virus. Co-
E1-E2/WR: mice immunized with Co-E1-E2 and challenged
with parental vaccinia virus. Alum/vvRE: mice immunized with
aluminum adjuvant and challenged with recombinant surro-
gate vaccinia virus. Alum/WR: mice immunized with aluminum
adjuvant and challenged with parental vaccinia virus.

The presence of particulate and aggregate antigens
(Co.120 and E2.680) in the Co-E1-E2 formulation
is expected to provide an important contribution in
terms of capture, processing and presentation by an-
tigen-presenting cells in order to effectively activate
an immune response against HCV structural antigens
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Figure 3. Humoral antibody response from African green
monkeys immunized with Co-E1-E2 and aluminum adjuvant
as control. P14: peptide comprising the 414-438 amino
acid region from HCV E2 viral polyprotein. PNS4: peptide
comprising the1689-1735 amino acid region from HCV NS4
viral polyprotein.

[12]. In this scenario, antigen to-antigen ratio in the
preparation is logically critical for accurate interac-
tion between recombinant HCV structural proteins
and should have implications on the immunogenicity.

These results demonstrate for the first time that the
ratio of HCV proteins is a key factor to induce an ef-
fective immune response, indicating an immunogenic
hierarchy among these antigens, and therefore consti-
tute an important element to consider for the design of
recombinant vaccines against HCV.
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