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Background: Hypervariability of HCV proteins is an important obstacle to design an efficient vaccine for HCV infection. Multi-epitope 
vaccines containing conserved epitopes of the virus could be a promising approach for protection against HCV.
Objectives: Cellular and humoral immune responses against multi-epitope DNA and peptide vaccines were evaluated in BALB/c mice.
Materials and Methods: In this experimental study, multi-epitope DNA- and peptide-based vaccines for HCV infection harboring 
immunodominant CD8+ T cell epitopes (HLA-A2 and H2-Dd) from Core (132-142), NS3 (1073-1081) and NS5B (2727-2735), a Th CD4+ epitope 
from NS3 (1248-1262) and a B-cell epitope from E2 (412-426) were designed. Multi-epitope DNA and peptide vaccines were tested in two 
regimens as heterologous DNA/peptide (group 1) and homologous peptide/peptide (group 2) prime/boost vaccine in BALB/c mice model. 
Electroporation was used for delivery of the DNA vaccine. Peptide vaccine was formulated with Montanide ISA 720 (M720) as adjuvant. 
Cytokine assay and antibody detection were performed to analyze the immune responses.
Results: Mice immunized with multi-epitope peptide formulated with M720 developed higher HCV-specific levels of total IgG, IgG1 and 
IgG2a than those immunized with multi-epitope DNA vaccine. IFN-γ levels in group 2 were significantly higher than group 1 (i.e. 3 weeks 
after the last immunization; 37.61 ± 2.39 vs. 14.43 ± 0.43, P < 0.05). Moreover, group 2 had a higher IFN-γ/IL-4 ratio compared to group 1, 
suggesting a shift toward Th1 response. In addition, in the present study, induced immune responses were long lasting and stable after 9 
weeks of the last immunization.
Conclusions: Evaluation of multi-epitope DNA and peptide-vaccines confirmed their specific immunogenicity in BALB/c mice. However, 
lower Th1 immune responses in mice immunized with DNA vaccine suggests further investigations to improve the immunogenicity of 
the multi-epitope DNA vaccine through immune enhancers.
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1. Background
Hepatitis C virus (HCV) has positive-strand RNA genome 

encoding three structural proteins of Core, E1 and E2 and 
seven nonstructural (NS) proteins including p7, NS2, NS3, 
NS4A, NS4B, NS5A and NS5B. HCV infection is a major 
cause of liver disease and about 3% of the world’s popula-
tion are infected with the virus (1). Over 75% of infected pa-
tients develop a chronic disease, which might ultimately 
progress to cirrhosis and hepatocellular carcinoma (2). 

Despite the recent progress in the development of new 
drugs for treating chronic HCV infection, several impor-
tant issues still remain. Therefore, an affordable preven-
tive vaccine provides the best long term goal for control-
ling the global epidemic (3).

Inducing cross-neutralizing antibodies against HCV 
envelope proteins may be necessary to prevent attach-
ment and entry of circulating virus into the hepatocytes 
(4). However, several studies indicated that cytotoxic T 
lymphocytes (CTL) have crucial roles in defense against 
HCV (5). There are evidences that cooperative responses 
of CD8+ and CD4+ T-lymphocytes against HCV antigens 
induce strong cellular immune responses and play criti-
cal roles in natural or therapeutic viral resolution (6, 7). 
Multi-epitope type vaccines containing conserved B- and 
T-cells epitopes seem to be promising approaches to com-
bat against infectious agents with a highly variable anti-
genic context (8-10). Various studies have investigated 
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the immunogenicity and potency of multi-epitope DNA- 
or peptide-based vaccines in HCV infection and have 
evidenced the capability of these vaccines to elicit strong 
cellular immune responses in mice models (11-14). Multi-
epitope vaccines have advantageous over those encod-
ing the whole antigens. They could induce immune re-
sponses against a particular set of conserved and critical 
epitopes and prevent deleterious function of the whole 
antigens. They also do not have immunosuppressive re-
gions of whole proteins that interfere with the function 
of protective epitopes (15, 16). 

Different strategies developed to increase the immuno-
genicity of multi-epitope DNA and peptide vaccines in-
clude using an appropriate adjuvant, improvement of de-
livery and/or different vaccination regimens. Montanide 
ISA 720 (M720; SEPPIC, France) is an efficient human-com-
patible adjuvant able to enhance Th1 immune responses 
during HCV protein vaccination (17, 18). In vivo electro-
poration (EP) is a potent strategy for DNA vaccine delivery, 
causing efficient uptake of DNA by cells and increasing 
expression of desirable gene (19). Application of different 
vaccination regimens such as priming with multi-epitope 
DNA and boosting with protein or peptide has been also 
shown to basically increase the immune response, partic-
ularly against viruses like HIV (20) and HCV (14, 21).

2. Objectives
In this study, multiple conserved HLA-A2 and H2-Dd re-

stricted CD8+ T-cell epitopes from E2, core, NS3 and NS5B, 
a T-helper (Th) epitope from NS3 and a B-cell epitope 
from E2 antigens of HCV were selected and designed in 
a single multi-epitope construct. Our study aimed to pro-
vide a comparative evaluation of BALB/c mouse immune 
response versus the mentioned epitopes within multi-
epitope DNA and peptide contexts. Electroporation for 
DNA injection, application of M720 adjuvant for peptide 

immunization and DNA prime-peptide boost immuniza-
tion regimen were further used to enhance the vaccina-
tion efficacy. The stability of the immune responses was 
also determined in immunized mice.

3. Materials and Methods

3.1. Selection of the Epitopes
Selection of CD8+ T-cell epitopes represented in the cur-

rent HCV vaccine (Figure 1) was based on three different 
criteria: 

1) Their association with spontaneously clearance of the 
virus in patients with infection (6, 22-26).

2) Conservation of the sequence, especially between 
genotypes 1a and 1b, as the most frequent genotypes 
worldwide (27, 28).

3) Potential of the epitopes to induce immune respons-
es in an HCV vaccine (22-26).

Due to a high prevalence of HLA-A2 alleles in Caucasian 
population (29), we initially focused on HLA-A2-restricted 
epitopes of HCV to design this model. Desirable epitopes 
were analyzed with two computer-based programs, SY-
FPEITI (http://www.syfpeithi.de) (30) and BIMAS (http://
www-bimas.cit.nih.gov/molbio/hla_bind) (31) to choose 
high binding HLA-A2 epitopes (Table 1). Accordingly, three 
immunodominant HLA-A2 restricted epitopes of core 
(Core132-142), NS3 (NS31073-1081) and NS5B (NS5B2727-
2735), together with one H2-Dd mouse epitope of E2 
(E2405-414) were selected. To enhance the immunogenic-
ity of CD8+ T-cell responses, a Th CD4+ epitope (HLA-DR) 
from NS3 (NS31248-1262) was also chosen. Since clearance 
of HCV infection is associated with early appearance of 
broad neutralizing antibody responses, a neutralizing B-
cell epitope from E2 (E2412-426) conserved between geno-
types of HCV was considered for incorporation into the 
set of epitopes (25, 26, 32).

E2412-426 Core132-142 NS31073-1081 NS31245-1262 NS5B2727-2735
E2405-414

QLINTNGSWHINSTA DLMGYIPLVGA CINGVCWTV GYKVLVLNPSVAATL GLQDCTMLV SGPSQKIQLV5' AY AK AK AYY AYY 3'

Figure 1. Polytope DNA Construct Containing Six Different Epitopes of HCV in Different Blocks

Table 1.  Epitopes and Their Binding Scores Using Computer Based Programs

Protein Amino Acid Position Character (HLA) Peptide Sequence SYFPEITHI Score

NS3 1073-1081 HLA-A2 CINGVCWTV 23

NS5B 2727-2735 HLA-A2 GLQDCTMLV 24

Core 132-142 HLA-A2 DLMGYIPLVGA 28

E2 405-414 H2-Dd SGPSQKIQLV -

NS3 1248-1262 HLA-DR GYKVLVLNPSVAATL -

E2 412-426 B cell epitope QLINTNGSWHINSTA -
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3.2. Construction of Multi-Epitope DNA Vaccine
An arrangement of the selected epitopes with suitable 

spacer combination was designed using two computer 
based modeling for peptide binding (http://imed.med.
ucm.es/Tools/rankpep.html) and optimization of protea-
somal processing (http://www.paproc.de/). Furthermore, 
to minimize creation of junctional epitopes, a suitable 
arrangement of epitopes was designed using two web-
based algorithms of SYFPEITI and BIMAS.

According to mammalian Mus musculus codon fre-
quency table (www .kasusa.org.jp/codon), the nucleotide 
sequence of the construct was further optimized to sup-
port mammalian codon usage. The Kozak sequence was 
added to the N-terminus of the multi-epitope construct 
to enhance its expression. The multi-epitope DNA (PT) 
was designed with suitable restriction enzyme sites (Hin-
dIII and BamHI) at the 5΄ and 3΄ ends, respectively. The PT 
construct was synthesized by Biamatik (Biomatik Corpo-
ration, Canada).

Constructed HCV DNA PT was digested with HindIII and 
BamHI restriction enzymes and inserted to the correspond-
ing sites of expression vectors, pEGFP-N1 and pcDNA3.1 (+) 
(Invitrogen, Germany). The plasmid with the correct insert 
was detected by restriction analysis, PCR and sequencing.

pEGFP-N1 plasmid containing PT (pEGFP-PT) was puri-
fied by an alkaline lysis method (Qiagen, Plasmid Midi 
kit, Germany). The pcDNA-PT and pcDNA3.1 (+) plasmids 
were purified by ion exchange chromatography with 
EndoFree plasmid Purification Giga kit (Qiagen, Germa-
ny). DNA concentration was determined by analyzing the 
absorbance at 260 nm.

3.3. Peptides 
For mice immunization and evaluation of immune re-

sponses, peptides of Core132-142 (DLMGYIPLVGA), NS31073-
1081 (CINGVCWTV), NS5B2727-2735 (GLQDCTMLV), E2412-426 
(QLINTNGSWHINSTA), NS31248-1262 (GYKVLVLNPSVAATL) 
and E2405-414 (SGPSQKIQLV) were synthesized by Bioma-
tik with 90% purity (Biomatik Corporation, Canada).

All lyophilized peptides were dissolved in DMSO (Sigma, 
Germany) at a concentration of 10 μg/μL and stored at -20°C.

3.4. Expression of Multi-Epitope DNA in COS-7 Cell Line
Up to 5×104 COS-7 cells per well of a four-well plate (Gri-

ner, Germany) were incubated until the cells reached a 
confluence of 75%. Five micrograms of pEGFP-PT or pEGFP 
plasmids were mixed with LINPEI 25 KDa (10 μM; Poly-
sciences, Europe) in HBS buffer (HEPES buffered saline) in 
a final volume of 200 μL and incubated at room tempera-
ture for 15 minutes. These PEI/DNA complexes were added 
to COS-7 cells in serum free media. Cells were incubated 
at 37°C in 5% CO2 for six hours, and then the medium was 
changed with complete MEM medium supplemented 
with 10% FCS. Transfection efficacy was determined with 
fluorescence microscopy (Nikon E200, USA) at different 
time intervals (24, 48, and 72 hours).

3.5. Mice
Six to eight weeks old female BALB/c mice were pur-

chased from breeding stocks maintained at Pasteur In-
stitute of Iran. All mice were maintained under patho-
gen-free conditions. All procedures were performed 
according to approval protocols and in accordance with 
recommendations for the proper use and care of labora-
tory animals. Five groups of 10 mice were considered for 
immunization. 

3.6. Immunization
This was an experimental study. Immunization was 

performed subcutaneously (Sc) in the left footpad of five 
groups of susceptible BALB/c mice three times at three-
week intervals. Mice of group 1 were immunized using two 
DNA injections with 50 μg of pcDNA-PT (in 50 μL of PBS) fol-
lowed by a mix of all peptides (10 μg of each peptide per 
mouse) emulsified with 70% (v/v) M720. Mice of group 2 
were immunized three times with formulated peptides 
with M720. PBS formulated with M720 was injected to 
group 3 mice for three times. Group 4 received empty vec-
tor (50 μg of pcDNA3.1) two times, and then PBS emulsified 
with 70% (v/v) M720. Group 5 received PBS three times. 
Groups 3, 4 and 5 were as controls. All DNA injections were 
performed using Electroporation (BTX Harvard apparatus, 
USA), during light anesthesia of mice with ketamine/xyla-
zine solution. Vaccination schedule was shown in Table 2. 
Three weeks after the second and third immunizations, 
three mice per group were euthanized and spleens were 
collected. The rest of mice were killed after nine weeks of 
the third immunization to assess long-lasting immunity.

Table 2.  Schedule of BALB/c Mice Immunization

Groups 1st Immunization 2nd Immunization 3rd Immunization

1 pcDNA-PT pcDNA-PT Peptide + M720

2 Peptide + M720 Peptide + M720 Peptide + M720

3 PBS + M720 PBS + M720 PBS + M720

4 pcDNA3.1 (+) pcDNA3.1 (+) PBS + M720

5 PBS PBS PBS
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3.7. Cytokine Assay by ELISA
Preparation of single-cell suspension of murine spleno-

cytes was performed according to a previously described 
protocol (33). Up to 2 × 106 cells /mL of pooled splenocyte 
from each group of mice were plated in 96-well plates in 
200 μL of cell culture medium. Splenic lymphocytes were 
stimulated for three or five days in the presence of 10 μg/
mL of synthetic peptides or 5 μg/mL of Concavalin A (Con A) 
as positive control. Unstimulated cells served as negative 
control. IFN-γ and IL-4 production levels were measured 
in supernatants of splenocyte cell cultures by sandwich-
based ELISA using a DuoSet ELISA system (R&D, USA). The 
absorbance was measured at 450 nm (Anthos reader 2020, 
Labsystems-multiskan EX, Finland). All data was represent-
ed as mean ± SEM for each set of samples. Detection limits 
were 2 pg/mL and 7 pg/mL for IFN-γ and IL-4, respectively. 

3.8. Antibody Assay
Pooled sera were prepared through retro-orbital bleed-

ing the mice of each group prior to the first immuniza-
tion, three weeks after the second and three and nine 
weeks after the third injection. ELISA was performed to 
determine specific IgG, IgG1 and IgG2a as described previ-
ously (33). Briefly, ELISA plate was coated with 100 μL of 
peptides (10 μg/mL of each peptide) diluted in 0.5M car-
bonate/bicarbonate buffer of pH 9.6. The plate was rinsed 
with PBS containing 0.05% Tween 20 (PBS-T), incubated 
with blocking buffer (5% skim milk in PBS) for two hours 
at 37°C. After washing with PBS-T, diluted sera (1:300) in 
PBS buffer containing 1% skim milk and 0.05% Tween-20 
were added and incubated at 37°C for two hours. Plate 
was washed and incubated at 37°C for two hours with 
Horseradish Peroxidase (HRP) conjugated Goat Anti-
mouse IgG, IgG1, IgG2a (1:4000; Southern Biotechnology 
Association, USA). Detection was performed with Tetra-
methylbenzidine (TMB) substrate and absorbance (OD) 
was measured at 450 nm.

3.9. Statistical analysis
To analysis and compare data, One-way analysis of 

variance (ANOVA) with post hoc HSD-Tukey test was per-
formed using the Graph Pad Prism version 5 software. P 
value less than 0.05 was considered significant.

4. Results

4.1. Multi-Epitope DNA Vaccine
A DNA construct encoding four HCV immunodominant 

CD8+ T cell epitopes (HLA-A2 and H2-Dd restricted) from 
E2, Core, NS3 and NS5B, a Th CD4+ epitope from NS3 and 
a B-cell epitope from E2 was used as an HCV DNA vaccine 
candidate. Six epitopes were linked with appropriate 
spacer linker amino acid (Figure 1). DNA sequence with 
252 bp in length was successfully cloned into the expres-
sion vector of pcDNA3.1 (+). PCR assay and restriction 

enzyme digestion approved correct insertion of PT. Ac-
curacy of cloned sequence was further confirmed by se-
quencing analysis (data not shown).

4.2. In Vitro Expression of the Multi-Epitope Con-
struct

To confirm the PT DNA expression in vitro, PT was cloned 
at the N-terminus of green fluorescent protein (GFP) in 
pEGFP-N1 reporter plasmid (pEGFP-PT). GFP expression 
was evaluated by fluorescence microscopy at 24, 48 and 
72 hours after transfection of the COS-7 cells with 5 μg 
pEGFP-PT and pEGFP-N1 (as positive control). As shown in 
Figure 2, PT was efficiently expressed in COS-7 cells, and 
the antigen expression level was comparable with GFP 
expression of the positive control. The best results were 
shown after 24 hours of transfection (Figure 2).

Figure 2. Transfected COS-7 Cells With pEGFP-PT (A) and pEGFP-N1 (B) Us-
ing PEI 25 kDa 24 Hours After Transfection

4.3. Humoral Immune Responses
Blood samples of immunized and control groups were 

collected at regular intervals during the vaccination 
schedules. HCV-specific total IgG and its subclasses (IgG1 
and IgG2a) were measured by ELISA. 

We determined specific total IgG values three weeks af-
ter each immunization. As shown in Figure 3 A, marginal 
HCV-specific antibodies were detected after two times 
immunization with DNA (group 1); whereas, an increased 
antibody responses were observed in mice vaccinated 
two times with peptides (group 2). After the third immu-
nization, the amount of total IgG in group 2 was signifi-
cantly higher than those of group 1 and negative control 
groups (P < 0.05). At this time, in the mice of group 2, the 
level of IgG antibody significantly enhanced compared to 
those of the same group after the second immunization. 
In group 2, after the second boosting with peptides, IgG 
statistically increased up to a peak value and then fell into 
a slow decline. Interestingly, in group 1, nine weeks after 
the second boosting, antibody production increased 
statistically compared to those at three weeks after the 
second boosting. Considerable level of anti-HCV IgG1 was 
not detected in any of three time points in group 1 (Figure 
3 B). However, in peptide-immunized mice in week nine 
after the last immunization, level of IgG1 increased sig-
nificantly compared to six weeks before (P < 0.05).
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In addition, HCV-specific IgG2a generated by various 
vaccination regimens was measured. As shown in Fig-
ure 3 C, after the second immunization, IgG2a level in all 
vaccinated groups was low. After the third vaccination, 
group 1 generated only marginal IgG2a antibody titers 
above that of control groups. By contrast, at the same 
time, significantly higher level of IgG2a antibody was 
detected in group 2, compared to those of group 1 (P < 
0.005) and background value obtained from control 
groups ( P < 0.0005) (Figure 3 C).

To assess long-lasting immunity, the amount of anti-
bodies were measured nine weeks after the third vacci-
nation. The results showed that in the tested groups, the 
antibody titer remained stable until nine weeks after the 
last immunization (Figure 3 C).

As indicated in Table 3, IgG2a/IgG1 ratio, as an indica-
tor of Th1/Th2 polarization (34), was more than 1 value in 
mice of group 2 in all measured time points. It showed 
that HCV-peptide vaccination regimen efficiently shifted 
the immune response towards the Th1 phenotype.

Figure 3. IgG Profile of Antibody Responses in Immunized Mice
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(A) IgG Total, (B) IgG1, (C) IgG2a. Comparison between the two indicated groups was significant when * P < 0.05 and ** P < 0.01. The asterisks shown directly 
above the bars, mark the statistically significant difference between vaccinated groups and the related control group of mice.

Table 3. The Mean Ratio of IgG2a/IgG1 in Various Groups

Groups Three Weeks After the 2nd 
Vaccination

Three Weeks After the 3rd 
Vaccination

Nine Weeks After the 3rd 
Vaccination

1 1.0 1.1 0.9

2 1.8 3.0 1.9

3 1.0 0.9 1.0

4 0.6 0.8 1.2

5 0.7 0.7 1.0
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4.4. Cellular Immune Responses
To compare the effects of two vaccination strategies on 

Th cell development, IFN-γ and IL-4 secretion from sple-
nocytes of immunized mice recalled with peptides were 
measured by cytokine assay after three weeks of the sec-
ond, and three and nine weeks after the third vaccina-
tions. As demonstrated in Figure 4 A, at three weeks after 
the second vaccination, two immunized groups (Group 1, 
2) developed higher levels of IFN-γ compared to control 
groups, and this enhancement was statistically signifi-
cant in group 2 (P < 0.05). 

At three weeks after the third immunization, group 
2 mice produced higher amount of IFN-γ compared to 
group 1 (P < 0.05) and control animals (P < 0.005) signifi-
cantly. At the same time, in group 1 mice, the amount of 
peptide specific IFN-γ responses increased significantly 
compared to the control groups (P < 0.05). 

As indicated in Figure 4 B, at three-week time points 
after each immunization, the level of IL-4 was very low 
in all vaccinated groups (Figure 4 B). However, group 2 
produced significantly higher level of IL-4 compared to 
group 1 (P < 0.05) and control (P < 0.005) mice after nine 
weeks of the last vaccination.

To determine long-lasting immunity, IFN-γ secretion 
was measured after nine weeks of the last vaccination. 
As shown in Figure 4 A, a high level of IFN-γ was found 
in groups 1 and 2 after nine weeks of the third immuni-
zation. Furthermore, in group 2, IFN-γ secretion was sig-
nificantly higher at nine week than three weeks after the 
third immunization (P < 0.05). IFN-γ/IL-4 ratio in tested 
groups in all three-time points was higher than that of 
control groups (Table 4). Moreover, IFN-γ/IL-4 was approx-
imately 3-folds higher in group 2 than that of group 1, in-
dicating a stronger Th1 polarization due to HCV-peptide 
immunization regimen. 

Figure 4. IFN-γ (A) and IL-4 (B) Measurement at Regular Intervals During the Vaccination Schedules
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Table 4.  The Mean Ratio of IFN- γ/ IL-4 in Various Groups

Groups 3 Weeks After 3rd Vaccination 9 Weeks After 3rd Vaccination

1 3.5 3.3

2 9.8 8.6

3 1.4 1.6

4 1.0 1.5

5 2.0 1.1
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5. Discussion 
An ideal prophylactic or therapeutic vaccine against 

HCV infection should induce strong and broadly cross-
reactive CD4+, CD8+ T-cell and neutralizing antibody 
responses (4). Variability of HCV antigens and immuno-
suppressive properties of its proteins has made multi-
epitope type vaccines as a promising strategy in vaccine 
development against HCV (35). In this study, multi-epit-
ope DNA-and peptide-vaccines harboring several selected 
immunodominant T- and B-cell epitopes from structural 
and non-structural antigens were designed (26, 36-39). 
Recent reports on multi-epitope vaccines have shown a 
need for improvement of their efficacy (14, 40). In this 
study, we tried to address this concern using in vivo 
electroporation as a DNA vaccine delivery method, DNA-
prime/peptide boost regimen, and M720 as an efficient 
adjuvant for peptide vaccination. DNA vaccine delivery 
by in vivo electroporation has been reported to signifi-
cantly enhance T-cell responses by increasing antigen 
specific T-cell frequencies as well as T cell function such 
as IFN-γ secretion (19).

Studies on cytokine profile of patients With HCV infec-
tion have indicated that Th1 cytokines are essential in 
viral clearance (24). Subclasses of antibodies (IgG1 and 
IgG2a) and IgG2a/IgG1 ratio serve as indirect indicators of 
Th1-type immune responses (34). Moreover, there is often 
a positive association between IgG2a levels and IFN-γ syn-
thesis, which predicts tendency of immune responses for 
switching to Th1 type (20, 33). In the present study, DNA/
peptide and peptide/peptide regimens were compared in 
parallel in BALB/c mice. To clarify immunological features 
behind our results, humoral immune responses derived 
from two vaccination regimens at three and nine weeks 
after immunization were analyzed. These two regimens 
had different effects on humoral immune responses. 
Marginal IgG1 and IgG2a were detected by DNA /peptide 
regimen (group 1). The two antibodies increased slowly 
after boosting with peptide in group 1. Peptide/peptide 
regimen (group 2) could induce the production of IgG2a 
after the second peptide injection. The level of this an-
tibody rose significantly and continued to increase to a 
peak value at 3 and 9 weeks after the third immunization, 
respectively. Production of IgG1 started and significantly 
increased at 3 and 9 weeks after the third injection, re-
spectively. Moreover, there was a higher IgG2a /IgG1 ratio 
in group 2 compared to group 1. These results suggested 
that efficient priming of Th1 cells with peptide immuno-
gene and continuous stimulation of the immune system 
by slow release of peptides formulated with M720 caused 
an efficient antibody rise in group 2.

Since Th1-type cellular immune responses have a major 
role in spontaneous clearance of HCV infection, wheth-
er vaccines can stimulate a Th1-type immune response 
against HCV is the main feature of their evaluation. In 
this preliminary study, for cellular immune response, 
IFN-γ/IL-4 secretion assay was performed. Of course, some 
experiments such as in vivo/in vitro cytotoxicity assay for 

CD8+ T-cells are also considered in studies evaluating the 
efficacy of vaccines. Cytotoxicity assay for CD8+ T-cells 
shows their functional capability; however, this killing 
ability is usually in parallel with and sometimes depen-
dent on the capacity of cells to produce IFN-γ (39). In fact, 
IFN-γ secretion is an important mechanism, which CD8+ 
T-cells use to stimulate the apoptosis pathway in their 
target cells. Moreover, an inverse association between 
CTL responsiveness and disease activity indicates that 
HCV is responsive to noncytolytic control. In this regard, 
several studies indicated that HCV is efficiently control-
lable noncytolytically when CD8+ T-cells recognize viral 
antigen and produce IFN-γ. In contrast, if activated CD8+ 
T-cells recognize the antigen but fail to produce IFN-γ, 
they cannot eradicate the infection. That is why IFN-γ 
detection via either intracellular staining or ELISPOT or 
ELISA assay is considered as a routine method for func-
tional analysis of CD8+ T-cell responses (41). Therefore, 
in this study for further determination of the phenotype 
(Th1 vs. Th2) of the immune responses induced by multi-
epitope DNA or peptide vaccines, splenocytes from im-
munized mice were stimulated with pool of peptides in 
vitro after three and nine weeks of the third vaccination. 
Our data showed a significant difference in IFN-γ levels in 
favor of immunized mice (multi-epitope DNA and pep-
tide vaccines) compared to the control groups and sig-
nificantly higher for peptide vaccine. Induction of higher 
Th1 immune responses by DNA/peptide immunization 
regimen compared to control groups indicated the effi-
ciency of DNA construct to activate the Th1 response and 
peptide boosting in maintenance of its level. However, 
lower T-cell immunity responses in this group compared 
to those primed and boosted with peptide showed a need 
for more optimizations of multi-epitope-DNA construct 
in addition to DNA/peptide regimen and using in vivo 
electroporation as a delivery method. Our finding is in 
contrast to a previous study reported by Memarnejadian 
et al. (14) who observed the highest Th1-type responses 
in mice immunized by DNA/peptide regimen. This dif-
ference could be due to application of an HBsAg moiety 
fused to their multi-epitope construct and use of CpG in 
addition to M720 as adjuvant formulation. 

Moreover, our findings showed lower T-cell priming 
by DNA- priming compared to peptide priming strategy. 
This low response can be most likely explained by low 
level antigen expression generally observed with DNA 
vaccination (42). However, priming T cells and generat-
ing memory Th1 responses by peptide immunization 
could be efficiently restimulated by peptide boosting. It 
is possible that enhanced immune responses observed 
for peptide/peptide vaccination strategy were the conse-
quences of nature and function of the selected epitopes 
to induce Th1 type responses, ability of M720 adjuvant to 
slow release of antigens and the presence of CD4+ epit-
ope in the designed peptide vaccine. CD8+ T-cells need 
for CD4+ cells for clearance of HCV infection has been 
reported by several researches (2, 18). Some studies on 
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HCV peptide vaccines containing peptide derived from 
conserved T-cell epitopic regions of structural and non-
structural proteins have been recently published. Immu-
nogenicity of these vaccines in phase I studies requires 
further optimization (43). Moreover, immunization with 
multi-epitope peptide construct led to a higher IFN-γ /IL-4 
secretion ratio in a recall test, supporting a shift toward a 
Th1-type cellular response.

Interestingly, nine weeks after the last immunization, 
IgG1, IgG2a and IFN-γ levels remained stable in group1; 
whereas, the two antibodies and IFN-γ secretion increased 
in group 2. This long-lasting immunity could be due to:

1) Induction of long-lived Th1-type cellular responses 
through immunization with peptide formulated in M720.

2) Maintenance of the pool of these cells.
Mechanisms underlying this maintenance are long-

term antigen expression or release of antigens continu-
ously, which may be related to the adjuvant. In this study, 
peptides were formulated with M720, which is reported 
to induce strong immune responses with secretion of 
high amounts of IFN-γ, IgG2a and long- lived CD8+ T cells. 
Similar to our findings, a combination of HCV Core pro-
tein with M720+CpG was shown to elicit strong humoral 
and cellular responses with long-lasting polyfunctional 
Th1 and CD8+ T-cell responses in mouse model (18). 

In summary, multi-epitope DNA and peptide vaccines 
containing Th, B-cell and four immunodominant CD8+ 
T cell epitopes from structural and non-structural anti-
gens were designed to induce Th1 responses in BALB/c 
mice. T-cell immune responses in H2-Dd mice immu-
nized with peptide vaccine were significantly higher 
compared to the multi-epitope DNA vaccine. The pres-
ent findings showed the potency of M720 adjuvant and 
peptide-prime/peptide–boosting regimen as efficient 
approaches to improve multi-epitope peptide vaccines. 
It is also suggested to manipulate multi-epitope DNA 
construct to enhance its efficacy. In this regard, fusion 
of a potent adjuvant to the multi-epitope DNA construct 
can be a promising strategy to improve the vaccine effi-
cacy in future studies. Moreover, the present study was 
primarily designed to ensure the immunogenicity of the 
multi-epitope constructs and to find the best immuni-
zation protocol on BALB/c model. After modification of 
DNA construct, further investigations on the potency 
of this modified and optimized vaccination protocol 
would be on HLA-A2 transgenic mouse models, which 
assure the application of more comprehensive and de-
tailed immune response analysis against HLA-A2 restrict-
ed epitopes of the vaccine.
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