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Introduction 
  
Hepatitis C is a blood-borne, infectious viral disease caused by the hepatotropic Hepatitis 
C virus (HCV).  Acute hepatitis is often asymptomatic, and though it can be cleared, is 
often left untreated.  Chronic hepatitis leads to cirrhosis of the liver and is the leading 
cause of liver transplantation in the United States.  Hepatitis C was discovered in the mid 
1970’s when post-transfusion patients were being diagnosed with hepatitis cases not 
caused by either hepatitis A or B.  This new virus was given the name non-A, non-B 
hepatitis (NANBH), and for nearly a decade any efforts to identify the exact virus failed.  
It wasn’t until 1989 that NANBH was renamed hepatitis C (Wikipedia, 2007). 
 
Pathogen Summary 
 
Hepatitis C virus is a small, enveloped single-stranded, positive sense RNA virus in the 
Flaviviridae family. The genome is approximately 10,000 nucleotides and encodes a 
single polyprotein of about 3,000 amino acids. This polyprotein is processed by the host 
cell and viral proteases into three major structural proteins and several non-structural 
proteins necessary for viral replication. Several different genotypes of HCV with slightly 
different genomic sequences have been identified that correlate with differences in 
response to treatment with interferon-alpha (Worman, 2002). 
 
About 85% of individuals acutely infected with HCV become chronically infected. 
Hence, HCV is a major cause of chronic hepatitis. Once chronically infected, the virus is 
almost never cleared without treatment. In rare cases, HCV infection causes clinically 
acute disease and even liver failure, however, most instances of acute infection are 
clinically undetectable (Worman, 2002). 

The natural history of chronic HCV infection can vary dramatically between individuals. 
Some will have clinically insignificant or minimal liver disease and never develop 
complications. Others will have clinically apparent chronic hepatitis. Of these, some go 
on to develop cirrhosis. About 20% of individuals with Hepatitis C who do develop 
cirrhosis will develop end-stage liver disease. Cirrhosis caused by Hepatitis C is presently 
the leading indication for orthotopic liver transplantation in the United States (Worman, 
2002).  

A major problem in discussing prognosis in patients with chronic hepatitis is that it is 
difficult to predict who will have a relatively benign course and who will go on to 
develop cirrhosis or cancer.  Certain findings on liver biopsy can be helpful in predicting 
a relatively benign or progressive course. Viral genotype may also play a role (Worman, 
2002). 



 
 
Pathogen Structure: 
 

 
(Figure reprinted from Anzola and Burgos 2003) 
 
Disease Mechanism 
 
Hepatitis C virus (HCV) is the major causative agent of chronic non-A, non-B hepatitis. 
The life cycle of HCV is largely unknown because a reliable culture system has not yet 
been established. HCV presumably binds to specific receptor(s) and enters cells through 
endocytosis, as do other members of the Flaviviridae family of viruses. The viral genome 
is translated into a precursor polyprotein after uncoating, and viral RNA is synthesized by 
a virus-encoded polymerase complex. Progeny viral particles are released into the 
luminal side of the endoplasmic reticulum and secreted from the cell after passage 
through the Golgi apparatus (Moriishi and Matsurra, 2003). 

Acute hepatitis caused by HCV is usually subclinical.  It has been reported that spotty 

necrosis/degeneration of hepatocytes and mixed inflammatory infiltrates in lobular 
parenchyma and portal tracts can be observed in acute hepatitis.  Dense lymphoid 
aggregates in the portal tracts, inflammatory bile duct damage, and microvesicular 
steatosis were also found.  A strong CD4+ proliferative and cytokine response to the 

HCV nonstructural protein 3 was correlated with viral clearance in acute HCV infection.  
In the chimpanzee model, animals that progressed to chronic HCV infection showed no 
detectable or had a narrowly focused HCV-specific CD8+ cytotoxic T lymphocyte (CTL) 
response, whereas animals that cleared HCV infection had early multispecific CTL 
responses that were durable for at least one and a half years.  The data implies that the 



host immune response may play a role in determining the clinical outcome in acute 
hepatitis (Lau, 1998). 

Chronic hepatitis causes insidious and progressive liver damage in most patients.  
Chronic viral hepatitis causes a diffuse necroinflammatory reaction, lymphoid aggregates 
in portal tracts, epithelial damage of small bile ducts, and microvesicular and 
macrovesicular steatosis of hepatocytes.  A small but increased number of hepatocytes 
show features of apoptotic liver cell death.  Liver fibrogenesis is enhanced which 

contributes to the fibrosis and cirrhosis seen in late stages of chronic hepatitis (Lau, 
1998). 

A B cell response [or antibodies to HCV (anti-HCV)] has been detected in most patients 
with chronic HCV infection.  The fact that most patients develop chronic infection in the 
presence of anti-HCV suggests that such antibodies fail to induce viral clearance.  In the 
chimpanzee model, neutralizing antibodies were shown to be highly strain specific (and 
even quasispecies specific) and not protective against heterologous or even autologous 
challenge.  From the perspective of disease pathogenesis, anti-HCV may cause liver 
damage by recognizing HCV antigen (or autoantigen) on the surface of infected cells or 
through immune complex deposition.  HCV antigens have been detected in the cytoplasm 
of infected cells but not on cell membranes both in vivo in patients' livers as determined 
by immunohistochemistry and in vitro using a high-level recombinant vaccinia 
expression system.  Immunoglobulin deposition was found to be uncommon in the liver 
of patients with chronic hepatitis C (Lau, 1998). 

Pathomorphological studies have shown occasional acidophilic bodies and hepatocyte 
dropout, features that are compatible with apoptosis in patients with chronic hepatitis C.  
This was confirmed by in situ terminal transferase labeling.  Host immune CTL-mediated 
pathways of apoptosis are activated, suggesting that apoptosis of liver cells may at least 
partly be related to the host immune defense.  The presence of a normal HCV carrier with 
normal liver histology and the observation that isolated hepatocytes with cytopathic 
changes are uncommon suggest that direct viral cytopathicity does not contribute 
significantly to liver damage in chronic hepatitis C (Lau, 1998). 

Immune Response 
 
The non-specific mechanisms of the innate immune response are the first line of defense 
against HCV infection.  This response consists of interferon production and NK cell 
activation.  A study in chimpanzees showed NK and NKT cells are capable of 
eliminating an HCV infection without a HCV-specific T cell response (Thomson et al, 
2003).  Also, IFNα exerts potent and rapid antiviral effects on HCV (Gremion and Cerny, 
2005).  Finally, Kupffer cells have been shown to have antiviral activity by producing 
cytokines and nitric oxide (Cavanaugh et al, 1997).  Thus in an acute infection, the innate 
immune response is critical for viral control.  However, it is often asymptomatic, and 
infection is usually not detected until several weeks after exposure.  In fact, one way 
HCV evades the immune response is to inhibit the activation of IFNα (Li et al., 2005) 
   



HCV is able to elicit both a humoral and cellular immune response.  After an incubation 
period of 3-12 weeks, symptoms become recognizable, and within four weeks, antibodies 
against both structural and non-structural HCV proteins can be detected (Gremion and 
Cerny, 2005).  Neutralizing antibodies are produced against the hypervariable region 1 
(HVR1) of the E2 envelope protein (Farci et al, 1996).  However, HVR1-specific 
antibodies are highly strain specific; thus they are not effective against more than one 
genotype (Gremion and Cerny, 2005).  Another downfall of the humoral immune 
response is that HCV antibodies are incapable of inducing long lasting protection.  HCV-
specific antibodies are undetectable 18-20 years after recovery from a previous infection 
(Gremion and Cerny, 2005).  Even though a humoral response is induced, it is of 
relatively low titer and restricted to IgG1 subclass antibodies (Netski et al, 2005). But 
recently reports suggest the existence of neutralization epitopes which are more 
conserved and have broader neutralization capacity (Bartosch et al, 2003).   
 
In the cellular immune response, both CD4+ and CD8+ T cells play an important role in 
HCV infection.  Studies have shown that a strong and multi-specific CD4+ and CD8+ T 
cell response is required for the elimination of HCV in acutely infected patients.  CD4+ T 
cells regulate antigen-specific B cell activity (a Th2 profile) as well as secrete 
lymphokines to regulate CD8+ T cell responses (a Th1 profile), which then leads to the 
production of Th1 cytokines ( IL-2, IFN-γ and TNFα) (Gremion and Cerny, 2005).  Viral 
clearance is more likely to occur when HCV patient display a Th1 profile upon antigen-
associated stimulation rather than a Th2 profile and Th1-type CD4+ T cells are 
maintained long after elimination of the virus (Tsai et al., 1997, Sugimoto et al., 2003).  
Therefore, a Th1 profile may generate a more protective immune response.  This memory 
response has been shown to provide protection against re-infection (Gremion and Cerny, 
2005). 
 
CD8+ T cells are necessary for the direct killing of infected cells and for secreting the 
antiviral cytokines IFN-γ and TNFα.  During the first six months of infection, a multi-
specific CTL response is sufficient to control the virus; however, it is unable to clear it 
(Gremion and Cerny, 2005).  In order to sufficiently eliminate the virus, Th1 immunity 
combined with enhanced CD8+ T cell activity is required.  However, the enhanced CD8+ 
response occurs with a long-lasting inflammatory secretion, which is responsible for the 
development of cirrhosis and hepatocellular carcinoma (Gremion et al., 2005). 
 
Epidemiology 
 
HCV affects over 170 million individuals worldwide and is the most common blood-born 
infection in the United States (Rustgi, 2007).  In a 1994 survey of the United States, 
approximately 3.9 million individuals who were infected with HCV were shown to have 
antibody to HCV, and approximately 2.9 million individuals who tested positive for HCV 
RNA were chronically infected (Rustgi, 2007).  When the United States was again survey 
in 2002, the number of individuals showing HCV-specific antibody had risen to 4.1 
million, and the number of chronically infected individuals who tested positive for HCV 
RNA had risen to 3.2 million (Rustgi, 2007).  Presently, it is estimated that approximately 
30,000 new cases of HCV infection occur every year and 85% of those infected with 



HCV will develop a long-term chronic infection.  Finally, nearly 20% of chronically 
infected individuals will develop cirrhosis of the liver in approximately twenty years.  In 
fact, in one year 8,000 to 10,000 chronic liver disease deaths are due to HCV in the U.S. 
alone (Rustgi, 2007). 
 
The main risk factors for infection are associated with blood-to-blood contact.  Therefore, 
there are certain subpopulations at higher risk than the general public.  This includes 
military veterans, healthcare workers; incarcerated individuals or other institutionalized 
individuals, the homeless, or members of households with HCV-infected individuals.  
Also, children born to HCV-positive mothers may be infected in utero or during birth.  
Individuals receiving blood transfusions or organ transplants before 1992, injection drug 
users, and those involved in high-risk sexual behavior are also at a risk for contracting 
HCV (Rustgi, 2007). 
 
Sequence analysis of the E1 envelope gene in HCV isolates from around the world has 
discovered that at least six major genotypes exist, and each major genotype is divided 
into several subgroups.  Infection by genotype 1 is more prevalent in the northeastern, 
southeastern, and mid-western sections of the United States.  Also, African Americans 
are more likely to contract a genotype 1 infection than Caucasians, Hispanics, or Asian 
Pacific Islanders.  Genotypes 2 and 3 are also highly prevalent in the Americans and 
Europe.  Around the world, genotype 4 appears commonly in the Middle East and Africa; 
genotype 5 occurs most frequently in South Africa, and genotype 6 occurs most 
frequently in Southeast Asia.  However, recent surveys have shown genotype 4 to be 
rapidly spreading in Western countries, mainly among injection drug users (Rustgi, 
2007). 
 
Treatment 
 
There is currently no human approved HCV vaccine.  The high variability and high 
mutation rate has made the development of an effective vaccine difficult.  Currently, the 
only treatment option is therapeutic and consists of a combination of interferon and 
ribavirin.  This treatment is effective in 30-50% of patients and is very costly (WHO).  
However, recent studies have shown promising vaccine options.  For example, 
Elmowalid et al demonstrated that recombinant HCV-like particles for HCV structural 
proteins were able to control HCV infection in chimpanzees and induce a strong cellular 
immune response (2007).  Another study developed a multi-genotype plasmid DNA 
vaccine against the E1 structural protein which showed both stronger humoral and 
cellular immune responses (Encke et al, 2007).  A third group has developed a peptide-
based vaccine that consists of a synthetic peptide representing the HVR1 of the E2 
structural protein and a sequence representing a helper T cell epitope.  This vaccine was 
able to elicit biologically active neutralizing antibodies against homologous HCV E2 
sequences (Torresi et al, 2007). 
 
Vaccine Description 
 



We have designed a peptide vaccine SISOR-P3 to protect against Hepatitis C virus 
infection. It is a self-adjuvanting vaccine that has epitopes for inducing neutralizing 
antibodies as well as a cellular immune response.  The B cell epitope G31 with the 
sequence, TTHTVGGSVARQVHSLTGLFSPGPQQK, is a consensus profile from the 
HVR1 region of the envelope glycoprotein, E2 of HCV. The T helper cell epitope 
belongs to the NS3 protein and it includes the amino acids from 1248-1261 with the 
sequence GYKVLVLNPSVAAT .  The cytotoxic T lymphocyte (CTL) epitope also 
belongs to the NS3 protein and includes the amino acids 1038-1047 with the sequence 
GLLGCIITSL. The peptides were made self-adjuvanting by linking them to a lipid, 
Pam2Cys, which occurs naturally in the Mycoplasma-derived component MALP-2 
(Muhlradt et al., 1997). All peptide components of the vaccine will be synthesized by 
chemoselective ligation using polyoxime chemistry. In order to incorporate lipid moieties 
into epitope constructs, Pam2Cys was assembled with 12 lysine residues (polyK-
Pam2Cys) to confer solubility. The N-terminal lysine was then acryloylated to enable 
copolymerization of lipid and peptide to form lipidated polyepitopes (Torresi et al, 2007). 
  
Hepatitis C virus is the major cause of acute hepatitis and chronic liver disease, including 
cirrhosis and liver cancer. It is estimated that 170 million people worldwide and more 
than 10% of the population in some countries are infected with HCV. Hepatitis C 
infection is now the leading indication for liver transplantation in countries such as the 
United States. Current treatment is confined to the use of the combination of pegylated 
interferon-α together with the antiviral drug ribavirin. However, such a treatment 
achieves viral clearance in only 40-50% of patients infected with genotype 1 and 70-80% 
in genotypes 2 and 3 (Gremion and Cerny, 2005).  
 
Given the global disease burden and public health impact of Hepatitis C, the development 
of an effective vaccine is of paramount importance. Several approaches have been used to 
develop a HCV vaccine. Novel vaccine candidates based on molecular technology such 
as recombinant proteins, peptides, virus-like particles, naked DNA and recombinant 
viruses are being explored (Lechmann and Liang, 2000). The immunologic correlates 
associated with disease progression or protection are yet to be precisely defined, but 
recent studies suggest that induction of high-titer, long lasting and cross-reactive 
antienvelope antibodies and a vigorous multispecific cellular immune response that 
includes both helper and cytotoxic T lymphocytes is important in the resolution of 
infection (Gremion and Cerny, 2005; Elliot et al, 2006) and thus may be necessary for an 
effective vaccine. 
 
Hence we adopted a strategy incorporating combinatorial epitopes into a single 
immunogen that uses novel chemistry to develop a peptide vaccine SISOR-P3 with broad 
coverage against HCV. SISOR-P3 contains a self-adjuvanting multiepitope immunogen 
that produces broad cross-reactive antibodies capable of binding to HCV envelope 
proteins and also induce a strong cellular immune response that includes both CD4+ and 
CD8+ T cells which are required for viral clearance. 
 
Peptide vaccines offer several practical advantages such as relative ease of construction 
and production, chemical stability and a lack of infectious potential. Peptides may also 



allow better manipulation of the immune response through the use of epitopes designed 
for stimulating particular subsets of T cells (Purcell et al, 2007). Examination of the 
molecular ingredients of a successful immune response against HCV have revealed a 
tremendous amount of biochemical diversity in clinically important epitopes and the use 
of our peptide vaccine candidate SISOR-P3 offers a flexible and simple way to deal with 
much of this complexity by bypassing the requirements for antigen processing and 
delivery of a precise and chemically defined payload to the APC.  
 
We hypothesized that eliciting an anti-HCV immune response based on the induction of 
broadly cross-reactive neutralizing antibodies, epitope-specific CD8+ cytotoxic T 
lymphocytes and CD4+ responses may be highly beneficial. We also reason out that it is 
advantageous to concentrate on well-conserved proteins using well-characterized 
epitopes spread over a large percentage of the population. In light of the above, we 
designed a peptide vaccine X that contains 3 major epitopes, a B cell epitope derived 
from the HVR1 region of E2 glycoprotein, a T helper cell epitope derived from the NS3 
protein and a CTL epitope also derived from the NS3 protein.  
 
The B cell epitope derived from the HVR1 region of envelope glycoprotein E2 represents 
a consensus sequence most commonly recognized by patient’s sera and is capable of 
generating cross-reactive antibodies to about 77% of the natural HVR1 variants 
(Puntoriero et al, 1998). It has been shown that antibodies directed to epitopes in the viral 
glycoprotein E2 (including HVR1) are neutralizing (Scarselli et al, 1995; van Doorn et 
al, 1995; Rosa et al, 1996; Farci et al, 1996; Zibert et al, 1997; Hsu et al, 2003; Bartosch 
et al, 2003; Yu et al, 2004; Tarr et al, 2006) and evidence supporting the protective role 
of neutralizing antibody was highlighted by the demonstration of the presence of 
neutralizing antibodies in immune globulin prepared from anti-HCV serum. This immune 
globulin protected chimpanzees from infection with HCV genotypes 1a and 2a, 
strengthening the argument that neutralizing antibodies can be cross-protective. Since 
SISOR-P3 generates cross-reactive antibodies to 77% of HVR1 variants, it is likely that 
most of the strains of HCV would be recognized using this B cell epitope. Although 
neutralizing antibody responses are not associated with viral clearance in acute hepatitis 
C infection, they do have a role in controlling viral replication in patients with chronic 
hepatitis C (Logvinoff et al, 2004) 
 
Clearance of HCV infection is associated with the development of an early broad and 
persistent class-I-restricted CD8+ CTL and CD4+ T cell response to a spectrum of HCV 
structural and nonstructural proteins (Lechner et al, 2000; Missale et al, 1996; Diepolder 
et al, 1997; Lamonaca et al, 1999). Although the specificity of T cell responses 
associated with resolution of infection is not well defined, many reports have underlined 
the key role of T cells specific of the non-structural protein 3. In self-limited patients, the 
NS3 specific CD4+ T cell response was reported as the strongest and most consistently 
detected CD4+ mediated responses (Bronowiki et al, 1997; Diepolder et al, 1997; Rosen 
et al, 2002). NS3 also contains numerous class I-restricted epitopes (Cerny et al, 1995; 
Kurokohchi et al, 1996; He et al, 1999) and it has been described that patients responders 
to IFN-α therapy display strong CTL activity specific of one of these epitopes (Vertuani 
et al, 2002). Therefore, assuming that NS3 might represent a good vaccine candidate for 



the induction of protective T cell-mediated immunity, we incorporated an 
immunodominant CD4+ T-cell epitope and a CD8+ T-cell epitope, found within the NS3 
protein, in our candidate vaccine SISOR-P3 
 
It has been observed that a strong NS3-specific CD4+ T-cell response, which is 
associated with viral clearance in acute hepatitis C infection, is dominated by the single 
14-aa epitope (aa 1248 to 1261) that we have used in our vaccine. Moreover the response 
can be mounted by patients with diverse HLA background due to the promiscuous nature 
of the epitope to bind to most common HLA-DR alleles. Also, aa 1248-1261 are 
completely conserved in all 33 genotype 1a, 1b, 1c, 2a and 2b sequences. Only genotype 
3a shows a change at position aa 1250 from lysine to asparagine, which lies outside the 
putative minimal epitope aa 1251 to 1259 (Diepolder et al, 1997). This may imply that 
viral escape is unlikely to be an important factor in the regulation of the CD4+ T-cell 
response to aa 1248 to 1261, which provides an advantage to our vaccine SISOR-P3.  
 
Virus-specific cytotoxic T lymphocytes play a critical role in the host cellular immune 
response against HCV (Imawari et al, 1999; Rehermann et al, 1996). CTLs might 
contribute to hepatocellular damage in HCV infection as a consequence of killing virus-
infected cells. On the other hand, CTLs play an important role in preventing the spread of 
virus and in clearing virus during infection (Nelson et al, 1997; Mochizuki et al, 1997). 
In particular, T cells specific of the NS3 are often associated with control of viremia. In 
view of this, we identified an immunodominant epitope (GLL: aa 1038-1047) mapping 
within the NS3 protease that elicit antiviral CTLs (Martin et al, 2004) and incorporated 
the same in SISOR-P3. GLL displayed high in vitro binding capacities to soluble HLA-
A2 molecules (allele with increased prevalence in many human populations) and were 
able to induce either CTL and/or IFN-γ producing T cells. This peptide was also capable 
to recall in vitro HCV-specific IFN-γ and IL-10 producing T cells from PBMC of 
chronically infected patients (Martin et al, 2004). In addition to its high immunogenic 
potential, the GLL peptide epitope sequence is well conserved among strains of genotype 
1a, 1b and 4 and that most of the observed mutations are localized outside the MHC 
anchor motifs (Martin et al, 2004). Both its high immunogenicity and degree of 
conservation underlines the potential value of this peptide in our vaccine. Moreover, there 
are reports which suggest that linking of a Th epitope to a CTL determinant is effective in 
the generation of antiviral CTLs in murine and simian systems (Shirai et al, 1992; 
Yasutomi et al, 1996), although the role of Th cells in the maturation of CTL precursors 
remains poorly understood.  
 
Though peptides can successfully induce T and B cell responses, they can do so only in 
the presence of potent adjuvants because of their inability to act as effective immunogens.  
In order to elicit an effective immune response we used lipopeptides incorporating the 
epitopes of CD4+ T cells, CD8+ T cells and B cells into a lipid moiety, Pam2Cys. These 
lipopeptides are self-adjuvanting and have proven to be immunogenic in animal models 
and in humans and are well tolerated in these species (Brown and Jackson, 2005). This 
form of vaccine candidate has great benefits in terms of providing a totally synthetic and 
pure product that is effective when administered in the absence of any adjuvant, and is 



immunogenic when delivered by a variety of routes, including application to mucosal 
surfaces.  
 
The lipopeptide delivery approach provides a method of targeting dendritic cells, which 
are the primary antigen presenting cells particularly for viruses. It activates dendritic cells 
through Toll-like receptor-2 and also induces their maturation. It allows uptake of antigen 
for access to both class I and class II processing and presentation pathways. It stimulates 
B cells to promote high levels of antibody production and also possibly stimulates T cells 
to lower their threshold for antigen-specific activation (Brown and Jackson, 2005). 
Furthermore, by incorporation of epitopes for helper T cell induction, long-lived memory 
responses can be achieved.  
 
Vaccine trial 
 
Vaccine: Self-adjuvanting lipopeptide vaccine SISOR-P3 with epitopes for B, helper and 
cytotoxic T cells. 
 
Study group: Healthy human individuals were enrolled in the study. Since the CTL 
epitope binds to HLA-A2 molecules, only individuals positive for HLA-A2 were chosen. 
T helper epitope is highly promiscuous and can bind to 10 of 13 HLA-DR alleles. So this 
was not included in the criteria for selecting subjects.  
 
Vaccination: Subjects were divided into groups. The vaccine was administered 
intranasally. The control group received 5 ml saline and the vaccinated group received 
the vaccine at a dose of 5 mg peptide in 5 ml saline on days 1, 21 and 42. 
 
The intranasal route was chosen because the nasal mucosa provides a moist and highly 
vascularized membrane which is crucial for fast absorption of peptides into the blood 
stream. Moreover no local reactions have been observed in previous studies and the 
delivery mode was well tolerated. The vaccine also induces strong proliferation of CD4+ 
T cells which preferentially secrete IFN-γ compared to those induced by the 
subcutaneous route which secrete IL-4 (Brown et al., 2005) 
 
Samples: Blood samples were collected at baseline, before each vaccination and 4 and 8 
weeks after the last vaccination.  
 
Safety assessments: Physical examination and vital sign checks were performed at every 
study visit. Safety monitoring was carried out at the study site by the clinical investigator 
before vaccination, 10 min and 1, 2 and 3 hour after vaccination. In addition, the 
participants were requested to record any adverse reaction that might have occurred 
during the first 24 hour post-vaccination on an individual diary card.  
 
Vaccine efficacy 
 



The vaccine was then tested to show its responsiveness to the immune system. Both 
humoral and cellular immune responses are important for the elimination of Hepatitis C 
virus. So we studied the B and T cell responses to HCV antigens.  
 
Peripheral blood mononuclear cells (PBMC) preparation   
PBMCs were isolated using Ficoll-Histopaque and used in assays for studying HCV-
specific cellular responses.  
 
ELISA (Enzyme linked immunosorbent assay) 
ELISA was performed to determine the presence of neutralizing antibodies against the 
envelope glycoprotein E2 of HCV. E2 was used as the antigen and was coated on the 
microtiter plate. Dilutes serum samples from patients immunized with SISOR-P3 was 
then added to the plate and incubated. Anti human-IgG antibodies tagged with the 
enzyme were then added and incubated. Binding of the antigen to the antibody was 
determined by the conversion of a colorless substrate to a colored reaction product which 
indicated the presence of neutralizing antibodies.  
 
Assay for cytotoxic T cells  
HCV-specific CD8+ cells were determined by Chromium release assay. Target cells were 
labeled with radioactive chromium and then PBMCs isolated from vaccinated individuals 
were added. In the presence of HCV-specific CD8+ cytotoxic T cells, the target cells will 
be lysed and the extracellular chromium released will be measured using a radioactive 
counter.   
 
ELISPOT 
This test was performed to determine the IFN-γ levels produced by HCV-specific CD4+  
and CD8+ T cells. PBMCs from vaccinated individuals were incubated with the peptide 
followed by incubation with anti-human IFN-γ mAb (tagged with enzyme) coated on a 
microtiter plate. HCV-specific activated T cells secreting IFN-γ will be captured by the 
antibody. Secondary antibody tagged with substrate was then added to reveal a circle of 
bound cytokine surrounding the position of each activated T cell. Thus counting each 
spot tell us the frequency of the T cells producing the cytokine. 
 
T cell Proliferation assay  
The T cell proliferation assay was use to analyze HCV peptide specific T helper cell 
responses using thymidine incorporation assay. PBMCs from vaccinated individuals were 
cultivated along with the peptides for 6 days.  [3H]Thymidine was added to each well and 
the cells were then cultured and harvested. Incorporated radioactivity was measured using 
a liquid scintillation beta counter.  
 
HLA-A *0201 tetramer- binding assay (FACS) 
This assay was used to determine presence of HCV–specific CD4+ and CD8+ memory T 
cells. PBMCs were stained with antibodies against CD3, CD4/CD8 and CD45RO 
(memory T cell marker) together with an HLA-tetramer specific for T cells specific for 
respective peptide epitope.  The tetrameric complexes were then analyzed by flow 
cytometry.  



 
Results 
The following criteria will be used as indicators of vaccine efficacy: 
Vaccinated individuals should not experience any vaccine related adverse effects. 
Neutralizing antibodies should be generated and must have undergone seroconversion. 
Effective HCV-specific CD4+ T cell and CD8+ T cell responses should be generated. All 
results must be statistically significant from the control groups.  
 
Problems encountered and strategies adopted to overcome them 
Hepatitis C virus exhibits high frequency of antigenic variation. There are no clearly 
defined antigens which can be targeted to generate a protective immune response. Hence 
it is more appropriate to use individual epitopes for eliciting an effective immune 
response. Moreover due to the existence of several genotypes and subtypes, a vaccine 
that has a broad reactivity is essential. By using individual epitopes for activating both 
the humoral and cellular arms of the immune system as well as by incorporating 
sequences which are conserved among different subtypes, we have overcome this 
limitation.  
 
The intranasal route of administration limits the maximum dose of peptide per spray and 
also tends to get rapidly cleared from the nasal cavity. So in order to elicit a more 
effective response, we have recommended a higher dosage of the vaccine and also the 
requirement for two boosters.  
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