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Background: Hepatitis C virus (HCV) infection is a serious public health threat worldwide. Cellular immune 
responses, especially cytotoxic T‑lymphocytes (CTLs), play a critical role in immune response toward the 
HCV clearance. Since polytope vaccines have the ability to stimulate the cellular immunity, a recombinant 
fusion protein was developed in this study.
Materials and Methods: The designed fusion protein is composed of hepatitis B surface antigen (HBsAg), as 
an immunocarrier, fused to an HCV polytope sequence. The polytope containing five immunogenic epitopes 
of HCV was designed to induce specific CTL responses. The construct was cloned into the pET‑28a, and its 
expression was investigated in BL21 (DE3), BL21 pLysS, BL21 pLysE, and BL21 AI Escherichia coli strains using 
12% gel sodium dodecyl sulfate‑polyacrylamide gel electrophoresis. Finally, the identity of expressed fusion 
protein was confirmed by Western blotting using anti‑His monoclonal antibody and affinity chromatography 
was applied to purify the expressed protein.
Results: The accuracy of the construct was confirmed by restriction map analysis and sequencing. The 
transformation of the construct into the BL21 (DE3), pLysS, and pLysE E. coli strains did not lead to any 
expression. The fusion protein was found to be toxic for E. coli DE3. By applying two steps inhibition, the 
fusion protein was successfully expressed in BL21 (AI) E. coli strain.
Conclusion: The HBsAg‑polytope fusion protein expressed in this study can be further evaluated for its 
immunogenicity in animal models.
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INTRODUCTION

Around 170–200 million people are chronically 
infected by hepatitis C virus (HCV) but there is not 
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any approved vaccine for HCV infection.[1] There 
are a number of problems such as high‑sequence 
divergence, cytotoxic T‑lymphocyte  (CTL) escape 
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genotypes, and emergence of quasispecies in the 
course of infection for developing an effective HCV 
vaccine.[2] The HCV genome, 9600 base pair in length, 
contains 5' UTR, one open‑reading‑frame encoding a 
polyprotein precursor (3000 amino acids) and 3' UTR, 
respectively. The polyprotein cleaved into three 
structural proteins  (E1, E2, and Core) and seven 
nonstructural (NS) proteins (NS2, NS3, NS4A, NS4B, 
NS5A, NS5B, and p7). Among HCV proteins, Core and 
NS3 contain protective epitopes for eliciting cellular 
responses while envelope proteins, E1and E2, are 
important in generating neutralizing antibodies.[3] 
Many studies demonstrated both therapy‑linked, 
and spontaneous HCV clearance are associated with 
strong, multi‑specific and sustained T cell responses 
against HCV antigens. In contrast, individuals with 
chronic infection demonstrate relatively weak and 
narrowly focused CD8+ T cell responses.[4] Classical 
vaccines used total antigen to induce T‑helper 1 (Th1) 
response and CTLs provocation. Although they have 
been achieved success in some pathogens, observable 
competence has not been shown yet in chronic viral 
infections like HCV. Insufficient number of protective 
CTL epitopes in intact antigen and existence of 
repressive epitopes which interfere with protecting 
epitopes in whole antigen are indicated as the most 
reasons of inefficacy. Polyepitope recombinant 
vaccines as a suitable strategy can overcome this 
obstacle.[5‑7] The peptide and epitopic vaccines are 
utilized as attractive tools to enhance mainly T‑cell 
immunity in prophylactic and therapeutic approaches 
against cancer disorders and viral infections.[8] There 
are some advantages for multi‑epitope vaccines 
including (a) the possibility of co‑delivery of multiple 
critical epitopes from various antigens,  (b) the 
engineering of the target immunogen based on 
accessible in silico algorithms,[9] and (c) the possibility 
of exploiting isolated subdominant epitopes instead 
of dominant ones in the context of polyepitope.[10,11] 
This application might be especially important for 
immunotherapy of chronic infections, like HCV, with 
exhausted CD8+  T‑cell response toward dominant 
epitopes.[12] In previous studies, we evaluated two 
novel polyepitope DNA‑based HCV vaccines that 
showed their eligibility by in  vitro and primary 
in vivo analysis. First, a polyepitope encoding four 
immunodominant CD8+ CTL epitopes derived from 
both structural (E2, core), and NS antigens (NS3) and 
the latter encoded one murine and two potentially 
subdominant human restricted epitopes derived 
from structural antigens  (core, E1, and E2) in 
various combinations with three different immune 
stimulatory sequences including hepatitis B surface 
antigen  (HBsAg) gene.[9,10] The aim of this study 
was cloning and expression of a novel recombinant 
fusion protein as an HCV polyepitope vaccine. The 

designed fusion protein which contains HBsAg as 
an immunocarrier and five immunogenic epitopes 
of HCV can be evaluated for in  vivo induction of 
specific CTL responses. This structure has an extra 
core (39‑48aa) epitope in comparison with previous 
structures.

MATERIALS AND METHODS

Design and cloning of hepatitis B surface antigen-
polyepitope construct
Five different immunogenic epitopes of HCV 
proteins (Core132–142, E2405–414, E2614–622, NS31406–1415 
and Core39–48) were selected by different online web 
servers “RankPep”, “BIMAS” and “SYFPEITHI” 
and fused to the HBsAg sequence (GenBank 
Accession No.: X02496) The sequence composed 
of HBsAg and five epitopes was synthesized by 
Biomatik Inc. (http://www.biomatik.com) and the 
construct was received in pUC57 vector.[7,9,10] The 
HBsAg‑polyepitope fragment, 860  bp in length, 
was amplified using 5′‑TTACCATGGGAGACAT 
C A C A T C A G G A T T C C T A G G A C C ‑ 3 ′  a n d 
5′‑ATTCTCGAGGCCCCGCACGCCCAGCCG‑3' as 
forward and reverse primers, respectively. Pfu DNA 
polymerase (Fermentas, Lithuania) was used and 
thermal cycling program was as follow: 94°C/4 min, 
for 30 cycles 94°C/30 s, 56°C/30 s and 72°C/2  min 
and then 15  min at 72°C for final extension. The 
amplified fragment was analyzed on 1% agarose gel 
electrophoresis and then purified by gel extraction 
kit (Fermentas, Lithuania). The PCR product and 
pET‑28a expression vector were digested by NcoΙ 
and XhoI restriction enzymes. Finally, PCR product 
was cloned into pET‑28a expression vector then 
transformed to TOP10F’ Escherichia coli strain. The 
fidelity of the construct was confirmed by restriction 
map analysis and sequencing.

Expression and identification of hepatitis B surface 
antigen‑polyepitope fusion protein
The construct was transformed in two E.  coli 
BL21 strain cells  (DE3 and AI, Invitrogen, USA) 
for protein expression. Different conditions 
were investigated  (induction time, temperature 
and inducer concentration). The expression of 
pET28a‑HBsAg‑polyepitope  (p28 hp) was induced 
by addition of 0.2% w/v arabinose at mid‑log phase. 
The expression was carried out at 37°C for 3  h in 
5  ml Luria Broth containing 30 µg/ml kanamycin 
with vigorous shaking  (200  rpm). The harvested 
cells were centrifuged at 4000  g for 20  min/4°C 
and lysed in 5x sample buffer  (2.5  ml Tris‑HCl 
1 M, 4  ml Glycerol 89%, 2  ml sodium dodecyl 
sulfate [SDS] 10%, 0.5 ml betamercapto‑ethanol, 6 mg 
bromo‑phenol blue adjusted to pH 6.8). The extracted 
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samples were analyzed in 12% gel poly‑acrylamide 
gel electrophoresis  (PAGE)  (Bio‑Rad, USA) by 
coomassie brilliant blue staining. For western blot 
analysis, samples were transferred to nitrocellulose 
membrane  (Sigma‑Aldrich, Germany) by a wet 
blotting system (Bio‑Rad, USA). Immunoblotting was 
performed using anti‑His mouse monoclonal antibody 
followed by HRP‑conjugated anti‑mouse antibody as 
secondary antibody.

Plasmid stability test
The plasmid stability test was used to identify the 
toxicity of fusion protein. A single colony, resulted from 
BL21 (DE3) transformation by p28 hp, was cultured in 
2 ml LB medium with vigorous shaking (200 rpm) at 37°C 
for an overnight. The 5 ml of prewarmed media (LB) 
was inoculated by 100 µl of the overnight cultures and 
incubated at 37°C with vigorous shaking  (200  rpm) 
until an OD600 of 0.5 was reached. The 105 dilution of 
culture was prepared and 100 µl was added to four 
plates that differ in the LB agar additives  [plate‑1; 
LB agar medium, plate‑2; LB agar medium and 
Kanamycin  (30 µg/ml), plates‑3; LB agar medium 
and isopropyl‑beta‑D‑thiogalactopyranoside  (IPTG) 
(1 mM), plates‑4; LB agar medium, IPTG (1 mM), and 
Kanamycin (30 µg/ml)]. The plates were incubated at 
37°C for an overnight and colony forming unit was 
determined for each plate.

Purification of expressed hepatitis B surface 
antigen‑polyepitope fusion protein
Protein purification was performed under denaturing 
conditions at 4°C. 50 ml of culture was centrifuged 
at 4000 g for 20 min. The pellet was resuspended in 
7 ml of lysis buffer (20 mM TrisHCl, 100 mM NaCl, 
8 M urea adjusted to pH 8.0), sonicated and clarified 
by centrifugation. The clarified supernatant was 
applied to Ni‑NTA affinity chromatography (Qiagen, 
USA) which was equilibrated as manually described. 
The column was washed twice with washing buffers 
(20 mM TrisHCl, 100 mM NaCl, 8 M urea adjusted 
to pH 7 and 6.3). The bound protein was eluted from 
the resin with a pH gradient of elution buffers (20 mM 
TrisHCl, 100 mM NaCl, 8 M urea adjusted to pH 5.9 
and 4.5). The collected fractions were analyzed on 12% 
gel SDS‑PAGE by coomassie brilliant blue staining.

RESULTS

Design and cloning of hepatitis B surface antigen-
polyepitope construct
The HBsAg‑polyepitope fragment was designed as 
previously described  [Table 1][7,9,10] and successfully 
amplified by PCR using designed primers [Figure 1a] 
and ligated into the pET‑28a expression vector. Finally, 
the accuracy of construct was confirmed by restriction 

map analysis by PvuII, HincII, BglII, and EcoRV 
restriction enzymes as well as sequencing [Figure 1b].

Expression and purification of hepatitis B surface 
antigen‑polyepitope fusion protein
The p28 hp was transformed into BL21 (AI) E. coli strain 
and induced by 0.2% w/v arabinose. The expression 
was only observed at 37°C. The best expression level 
was obtained 3 h after induction [Figure 2a; Lane 5]. 
As expected, a 34  kDa band was observed on 12% 
gel SDS‑PAGE by coomassie brilliant blue staining 
[Figure 2a; Lanes 4–7]. The protein was successfully 
purified by Ni‑NTA affinity chromatography 
[Figure 2b; Lane 7].

The observed band was identified on crude lysis by 
anti‑His mouse monoclonal antibody [Figure 3].

Plasmid stability test
Since 4 h after induction, the OD600 decreased, plasmid 
stability test was performed to identify the toxicity of 
the fusion protein. The 105 dilution added to four plates 
differing in the LB agar additives. The colony number 
for each plate was determined as listed in Table 2.

Table 1: The selected epitopes and their MHC dependency
Epitope 
name

Sequence Protein Amino acid 
position

MHC 
dependency

C132 DLMGYIPLVGA Core 132-142 A2.1/H‑2d

E614 RLWHYPCTI E2 614-622 A2.1
N1406 KLSGLGLNAV NS3 1406-1415 A2.1
E405 SGPSQKIQLV E2 405-414 H‑2d

C39 RRGPRLGVRA Core 39-48 H‑2d

MHC: Major histocompatibility complex

Figure  1:  (a) Gel electrophoresis of PCR product on 1% agarose 
gel. (Lane 1: PCR product [860 bp], Lane 2; 1 kb DNA ladder [Fermentas, 
Lithuania]) and  (b) restriction map analysis of p28 hp construct. 
(Lane 1: Digestion with PvuII restriction enzyme, Lane 2: Digestion 
with HincII restriction enzyme and Lane 3: Digestion with BglII and 
EcoRV restriction enzymes and Lane 4: 1 kb DNA ladder [Fermentas, 
Lithuania])

ba
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DISCUSSION

To produce an efficient anti‑HCV vaccine, most 
efforts are focused on provoking cellular immunity. 
Virus‑specific T cell response plays an important role 
in the resistance or clearance of HCV infection.[13,14] 
Some studies have been reported more difficulty 
with HCV‑specific T CD8+  cells induction than the 
HCV‑specific CD4+  cells by peptide vaccination.[15] 
Different strategies are investigated such as DNA 
vaccines, recombinant protein vaccines, and polyepitope 
vaccines. DNA vaccine development suffers from 
(a)  delivery complication and potential integration 
of DNA into host genome leading to mutagenesis, (b) 
induction of autoimmune responses, and (c) induction 
of immunologic tolerance.[16,17] Polyepitope recombinant 
vaccines are a new generation of vaccines which selected 
conserved sequences in several epitopes and arranged 
their nucleotide sequences in a simple structure that 
can provoke contemporaneously immune responses 
against several important epitopes. Polyepitope‑based 
vaccines are well‑tolerated like recombinant protein 
vaccines and can induce HCV‑specific T‑cell immunity 
through the direct presentation of vaccine peptide to 
the T‑cell receptor by HLA molecules. Therefore, the 
use of selected epitopes allows the development of 
vaccines that are well‑defined chemical entities, and 
safer as well as easier to develop as pharmaceutical 
products.[18‑21]

Figure  3: Western blot analysis of expressed fusion protein using 
anti‑His mouse monoclonal antibody. A band of about 34  kDa was 
observed  [Lane 1: Prestained protein marker  (Cat. No. SM1811, 
Thermoscientific, USA), Lane 2: Un‑induced sample, Lane 3: Crude lysis]

Table 2: The colony count based on plasmid stability test
Culture medium Number of 

colonies (CFU)
LB agar medium 64
LB agar medium + kanamycin (30 µg/ml) 43
LB agar medium + IPTG (1 mM) 180
LB agar medium + kanamycin (30 µg/ml) + IPTG (1 mM) 130
CFU: Colony‑forming unit, LB: Luria broth, IPTG: Isopropyl‑beta‑D‑thiogalactopyranoside

Envelope protein 2  (E2) has displayed the binding 
of HCV particles to the host cells via receptor 
binding as a major target of the immune response in 
HCV‑infected patients.[22,23] On the other hand, trial 
vaccines included the two HCV envelope glycoproteins 
have until now limited success in the chimpanzee, the 
only animal model for HCV infection.[24] Extra to E2 
protein, more conserved core protein have logically 
used to expand the immune response of the vaccine 
for including of the specific CTL epitopes.[25‑27] NS3 
protein as a targeted antigen in therapy‑linked or 
spontaneously resolved HCV patients has recently 
considered and thus, as a potential target in vaccine 
development studies has been shown.[28,29] Polyepitope 
vaccine studies were recently described for HCV by 
application of epitopes derived from both structural 
and NS proteins. Therefore, three HCV proteins, E2, 
Core, and NS3 were selected for epitope prediction.

The epitopes have been selected by three online servers 
based on sequence similarity to a set of peptides 
known to bind to a given major histocompatibility 
complex (MHC) molecule, published motifs and takes 
into consideration the amino acids in the anchor and 
auxiliary anchor positions as well as other frequent 
amino acids, and a predicted half‑time of dissociation 
to HLA class  I molecules. The E614 and NS1406 
epitopes, as HLA‑A2 epitopes, were selected from E2 
and NS3 antigens to locate beside C135 epitope which 
cross‑reacted with HLA‑A2 (a human HLA‑epitopes) 
and H‑2d (a BALB/c mice HLA‑epitopes). Moreover, 
the two H‑2d‑restricted epitopes (E405 and C39) were 
further used to enhance CTL responses in BALB/c 
mice. These selected epitopes have been already 
addressed by several independent studies to be part 
of the dominant CTL epitopes in the course of HCV 
infection or vaccination.[7,9,10] All immune‑dominant 

Figure 2: (a) Expression levels at different times were investigated: 
A  34  kDa band was observed on 12% gel sodium dodecyl 
sulfate‑polyacrylamide gel electrophoresis 2, 3, 4, and 5  h after 
induction (Lane 1: Pierce Prestained protein marker [Cat. No. 26612, 
Thermo Fisher Scientific, USA], Lane 2: Un‑induced sample, Lane 3: 
1  h after induction, Lane 4:  2  h after induction, Lane 5:  3  h after 
induction, Lane 6: 4 h after induction and Lane 7: 5 h after induction) 
and (b) purification of recombinant protein. (Lane 1: Pierce Prestained 
protein marker [Cat. No. 26612, Thermo Fisher Scientific, USA], Lane 2: 
Un‑induced sample, Lane 3: Crude lysis, Lane 4: Superflow, Lane 5: 
Wash buffer‑1, Lane 6: Wash buffer‑2 and Lane 7: Elution buffer)

ba
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sequences had following features: (a) selected epitopes 
were CTL epitopes as the immune‑dominant epitopes 
implicated in the HCV‑specific immune response 
induction, (b) partial sequence conservation in either 
1a or 1b HCV strains, which are most prevalent 
and therapy‑resistant genotypes  (c) there are not 
any spacer between five epitopes to prevent from 
composing additional epitopes. In order to increase the 
exposure of polyepitope as viral‑like particles (VLP), 
it was fused to HBsAg as a fusion protein. The reports 
have been shown that the use of VLP particles as an 
antigen carrier increase immune responses by different 
mechanisms such as better epitope presentation to 
antigen‑presenting cells and stabilizing antigenic 
sequence.[7,9,30] The HBsAg is currently applied as the 
only licensed HBV vaccine because of the presence 
of multiple T‑helper epitopes. Although the external 
hydrophilic loop of HBsAg is considered as a preferred 
site for insertion of foreign antigens, antibody rather 
than T cell responses has been obtained against 
epitopes.[3,31,32] Therefore, polyepitope sequence 
designed to bind at the N‑terminal of HBsAg.

It must be mentioned that the polyepitope construct 
was first cloned into the pQE‑60 plasmid to express the 
fusion protein in M15 E. coli strain. Unfortunately, no 
detectable protein band was found in this system (data 
not shown). Alternatively, a pET expression system 
was selected for further expression study. Therefore, 
the polyepitope construct was subcloned into the 
pET‑28a vector and expression was induced in the 
BL21 (DE3) E. coli strain by IPTG. It was identified 
that the OD600 of host cells decreased after 4  h of 
IPTG addition, and no band was found on SDS‑PAGE 
analysis. Therefore, it was assumed the recombinant 
protein may be toxic for BL21  (DE3) E.  coli strain. 
The plasmid stability test was used to analyze 
the toxicity of HBsAg‑polyepitope fusion protein. 
As interpretation, the colony existence in the no 
additive LB agar plate shows all viable cells. The 
colony existence in LB agar plate containing only 
antibiotic shows cells carry the plasmid. The colony 
existence in the LB agar plate containing only IPTG 
shows cells that have lost the plasmid or mutations 
in the plasmid and finally the colony existence in 
LB agar plate containing both antibiotic and IPTG 
shows only mutants have the plasmid but have lost 
the ability of the target gene expression. As listed 
in Table  1, the colonies excessively grow either in 
the IPTG‑LB agar plate or antibiotic‑IPTG‑LB agar 
plate. If the desired protein is not toxic, the number 
of colonies on IPTG‑containing plates and plates 
containing both antibiotic and IPTG must be  <2% 
and 0.01% of the colonies either on the no additive 
plates or only antibiotic LB plates, respectively.[32,33] 
In the case of a toxic protein, the fraction of cells that 

have lost recombinant plasmid will be illustrated by 
increased colonies on the IPTG‑LB agar plate and 
a decrease on the antibiotic plate. Therefore, the 
designed fusion protein has demonstrated to be a 
toxic protein. The recombinant proteins expressed in 
E. coli can interfere normal function of the cells and 
hence may be lethal but the toxicity degree varies 
depends on the protein.[33‑35] Although, the lysogen 
BL21 (DE3) contains a single copy gene for T7 RNA 
polymerase under the inducible lacUV5 promoter, 
but reported that it can be produced even in the 
absence of inducer (IPTG). Therefore, plasmids that 
contain sufficiently toxic proteins may be unstable or 
accumulate mutations and cannot be express desired 
proteins. It is reported that many of the regulated 
promoters such as lac promoters are not so strong 
and show low expression level before the addition 
of inducer which leads to plasmid instability.[36‑38] 
Different approaches are reported for toxic protein 
expression in E. coli systems including; (a) applying 
a lower copy number plasmid such as pET expression 
system (b) addition of1% glucose represses induction 
of the lac promoter by lactose, which is present in the 
most rich media  (c) usage of compatible hosts such 
as BL21  (DE3) pLysS or pLysE E.  coli strain and 
(d) employing a more tightly regulated promoter like 
araBAD promoter.[39] As discussed, if recombinant 
plasmid genes are toxic for the host, it is better to use 
a low copy number plasmid because plasmid loss can 
increase in high copy number plasmids. Therefore, the 
first used expression system, pQE‑60 as a high copy 
number plasmid, is not suitable for HBsAg‑polyepitope 
expression as we observed. With these qualities, the 
p28 hp was transformed into BL21 (DE3) pLysS E. coli 
strain and the expression was induced by 1 mM IPTG. 
In addition, basal expression levels were repressed by 
adding 1% glucose to the growth medium. It is reported 
that glucose lowers cyclic‑AMP levels in the cell which 
lead to a decrease in transcriptional activation.[33‑35,40] 
Regrettably, it was still not observed a band for 
fusion protein  (data not shown). Although the T7 
lysozyme expression in BL21 (DE3) pLysS strain was 
demonstrated to obviously reduce basal expression of 
target protein by binding toT7 polymerase present 
before induction, it was also known to reduce 
expression level after induction and in some cases, 
lead to noticeably lower yield because it keeps even 
on to hinder T7 RNA polymerase after induction.[41‑43] 
A hopeful strain was developed which contains the 
chromosomal copy of the T7 RNA polymerase is under 
the control of the pBAD promoter. Expression systems 
in which the sequence for T7 RNA polymerase has been 
controlled by the pBAD promoter under the arabinose 
operon have relatively low basal expression and can 
make them useful for maintaining and expressing 
toxic genes. Therefore, the BL21‑AI E. coli strain was 
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utilized as host for expression. Similarly, 1% glucose 
was added as a repressor for basal expression but 
the expression was induced by 0.2% w/v arabinose. 
The SDS‑PAGE analysis was successfully showed 
a band around 34  kDa on 12% gel. In comparison 
with BL21 (DE3) pLysS, BL21‑AI has a 4‑fold lower 
basal level but a similar expression level. It is also 
reported that using of an expression system under 
the control of the T7 promoter, BL21‑AI E. coli strain, 
should be the first choice to investigate if BL21 (DE3) 
pLysS and pLysE E. coli strains fail to maintain the 
target gene.[33,44‑46] Finally, the expressed protein was 
identified by Western blot analysis using anti‑His 
mouse monoclonal antibody. Since a His‑tag was 
added to C‑terminal of the construct, the Ni+‑affinity 
chromatography was used for purification as popularly 
for identifying of the E. coli expressed recombinant 
proteins. In conclusion, we designed and expressed a 
novel fusion protein as an HCV polyepitope vaccine 
which contains several MHC class  I dependent 
epitopes and HBsAg as an immunopotentiator. The 
purified HBsAg‑polyepitope fusion protein can be more 
evaluated to evoke Th‑1 and CTLs responses in vivo.

Acknowledgments
This study was financially supported by Pasteur 
Institute of Iran. The authors wish to express their 
deep gratitude to all who provided support during the 
course of this research.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

REFERENCES

1.	 Lavanchy D. Evolving epidemiology of hepatitis C virus. Clin Microbiol Infect 
2011;17:107‑15.

2.	 Roohvand F, Kossari N. Advances in hepatitis C virus vaccines, Part one: 
Advances in basic knowledge for hepatitis C virus vaccine design. Expert 
Opin Ther Pat 2011;21:1811‑30.

3.	 Roohvand F, Kossari N. Advances in hepatitis C virus vaccines, part two: 
Advances in hepatitis C virus vaccine formulations and modalities. Expert 
Opin Ther Pat 2012;22:391‑415.

4.	 Ishii S, Koziel MJ. Immune responses during acute and chronic infection 
with hepatitis C virus. Clin Immunol 2008;128:133‑47.

5.	 Fynan EF, Webster RG, Fuller DH, Haynes JR, Santoro JC, Robinson HL. 
DNA vaccines: Protective immunizations by parenteral, mucosal, and 
gene‑gun inoculations. Proc Natl Acad Sci U S A 1993;90:11478‑82.

6.	 Cui Z. DNA vaccine. Adv Genet 2005;54:257‑89.
7.	 Memarnejadian A, Roohvand F, Arashkia A, Berjisian F, Aghasadeghi MR. 

Designing, constructing and immunogenic evaluation of polyepitope DNA 
constructs by the application of hepatitis C virus immunodominant epitopes 
in BALB/c mice. Yakhteh Med J 2009;11:122‑33.

8.	 Buteau C, Markovic SN, Celis E. Challenges in the development of effective 
peptide vaccines for cancer. Mayo Clin Proc 2002;77:339‑49.

9.	 Memarnejadian A, Roohvand  F, Arashkia A, Rafati  S, Shokrgozar  MA. 

Polytope DNA vaccine development against hepatitis C virus: A streamlined 
approach from in silico design to in vitro and primary in vivo analyses in 
BALB/c mice. Protein Pept Lett 2009;16:842‑50.

10.	 Arashkia  A, Roohvand  F, Memarnejadian  A, Aghasadeghi  MR, 
Rafati  S. Construction of HCV‑polytope vaccine candidates harbouring 
immune‑enhancer sequences and primary evaluation of their immunogenicity 
in BALB/c mice. Virus Genes 2010;40:44‑52.

11.	 Im EJ, Hong JP, Roshorm Y, Bridgeman A, Létourneau S, Liljeström P, et al. 
Protective efficacy of serially up‑ranked subdominant CD8+T cell epitopes 
against virus challenges. PLoS Pathog 2011;7:e1002041.

12.	 Zhang Y, Ma CJ, Ni L, Zhang CL, Wu XY, Kumaraguru U, et al. Cross‑talk 
between programmed death‑1 and suppressor of cytokine signaling‑1 in 
inhibition of IL‑12 production by monocytes/macrophages in hepatitis C 
virus infection. J Immunol 2011;186:3093‑103.

13.	 Behr MA, Small PM. A historical and molecular phylogeny of BCG strains. 
Vaccine 1999;17:915‑22.

14.	 Klade CS, Wedemeyer H, Berg T, Hinrichsen H, Cholewinska G, Zeuzem S, 
et al. Therapeutic vaccination of chronic hepatitis C nonresponder patients 
with the peptide vaccine IC41. Gastroenterology 2008;134:1385‑95.

15.	 Yutani S, Komatsu N, Shichijo S, Yoshida K, Takedatsu H, Itou M, et al. 
Phase I clinical study of a peptide vaccination for hepatitis C virus‑infected 
patients with different human leukocyte antigen‑class I‑A alleles. Cancer 
Sci 2009;100:1935‑42.

16.	 Warren  WN, Brian  JL, Sujata  VM, Philip  JT. Potential DNA vaccine 
integration into host cell genome: Merck research laboratories west point. 
Pennsyluania1948;6:30‑9.

17.	 Halliday J, Klenerman P, Barnes E. Vaccination for hepatitis C virus: Closing 
in on an evasive target. Expert Rev Vaccines 2011;10:659‑72.

18.	 Kaneko T, Moriyama T, Udaka K, Hiroishi K, Kita H, Okamoto H, et al. 
Impaired induction of cytotoxic T lymphocytes by antagonism of a weak 
agonist borne by a variant hepatitis C virus epitope. Eur J Immunol 
1997;27:1782‑7.

19.	 Sallberg MM, Frelin L, Diepolder H, Jung MC, Mathiesen I, Fons M, et al. 
First clinical trial of therapeutic vaccination using naked DNA delivered 
by in vivo electroporation shows antiviral effects in patients with chronic 
Hepatitis C. J Hepatol 2009:50:S18‑9.

20.	 Alvarez‑Lajonchere L, Shoukry NH, Gra B, Amador‑Cañizares Y, Helle F, 
Bédard N, et al. Immunogenicity of CIGB‑230, a therapeutic DNA vaccine 
preparation, in HCV‑chronically infected individuals in a Phase I clinical 
trial. J Viral Hepat 2009;16:156‑67.

21.	 Sette A, Newman M, Livingston B, McKinney D, Sidney J, Ishioka G, et al. 
Optimizing vaccine design for cellular processing, MHC binding and TCR 
recognition. Tissue Antigens 2002;59:443‑51.

22.	 Rosa D, Campagnoli S, Moretto C, Guenzi E, Cousens L, Chin M, et al. 
A quantitative test to estimate neutralizing antibodies to the hepatitis C 
virus: Cytofluorimetric assessment of envelope glycoprotein 2 binding to 
target cells. Proc Natl Acad Sci USA 1996;93:1759‑63.

23.	 Shimizu YK, Hijikata M, Iwamoto A, Alter HJ, Purcell RH, Yoshikura H. 
Neutralizing antibodies against hepatitis C virus and the emergence of 
neutralization escape mutant viruses. J Virol 1994;68:1494‑500.

24.	 Choo  QL, Kuo  G, Ralston  R, Weiner A, Chien  D, Van Nest  G, et  al. 
Vaccination of chimpanzees against infection by the hepatitis C virus. Proc 
Natl Acad Sci USA 1994;91:1294‑8.

25.	 Lagging LM, Meyer K, Hoft D, Houghton M, Belshe RB, Ray R. Immune 
responses to plasmid DNA encoding the hepatitis C virus core protein. 
J Virol 1995;69:5859‑63.

26.	 Major ME, Vitvitski L, Mink MA, Schleef M, Whalen RG, Trépo C, et al. 
DNA‑based immunization with chimeric vectors for the induction of 
immune responses against the hepatitis C virus nucleocapsid. J  Virol 
1995;69:5798‑805.

27.	 Tokushige K, Wakita T, Pachuk C, Moradpour D, Weiner DB, Zurawski VR Jr, 
et al. Expression and immune response to hepatitis C virus core DNA‑based 
vaccine constructs. Hepatology 1996;24:14‑20.

28.	 Thimme  R, Oldach  D, Chang  KM, Steiger  C, Ray  SC, Chisari  FV. 
Determinants of viral clearance and persistence during acute hepatitis C 
virus infection. J Exp Med 2001;194:1395‑406.



Gholizadeh, et al.: HBsAg - Polyepitop of HCV as an HCV potential vaccine

Advanced Biomedical Research | 2015	 7

29.	 Shi  L, Liu S, Fan GX, Sheng L, Ren HX, Yuan YK. Effective induction 
of type 1 cytotoxic T cell responses in mice with DNA vaccine encoding 
two hepatitis C virus cytotoxic T lymphocyte epitopes. Viral Immunol 
2006;19:702‑11.

30.	 Memarnejadian A, Roohvand  F. Fusion of HBsAg and prime/boosting 
augment Th1 and CTL responses to HCV polytope DNA vaccine. Cell 
Immunol 2010;261:93‑8.

31.	 Keating  GM, Noble  S. Recombinant hepatitis B vaccine  (Engerix‑B): A 
review of its immunogenicity and protective efficacy against hepatitis B. 
Drugs 2003;63:1021‑51.

32.	 Patient R, Hourioux C, Vaudin P, Pagès JC, Roingeard P. Chimeric hepatitis 
B and C viruses envelope proteins can form subviral particles: Implications 
for the design of new vaccine strategies. N Biotechnol 2009;25:226‑34.

33.	 Novagen, Inc. pET system manual. 8th ed. 1991. United States and Canada. 
TB055 8th Edition 02/99. Available from: http://research.fhcrc.org/content/
dam/stripe/hahn/methods/biochem/pet.pdf. 

34.	 Novagen, Inc. pET system manual. 11th ed. 2005. United States and Canada.  
TB055 11th Edition 01/06. Available from: http://kirschner.med.harvard.edu/
files/protocols/Novagen_petsystem.pdf. 

35.	 Giacalone MJ, Gentile AM, Lovitt BT, Berkley NL, Gunderson CW, 
Surber MW. Toxic protein expression in Escherichia coli using a 
rhamnose‑based tightly regulated and tunable promoter system. 
Biotechniques 2006;40:355‑64.

36.	 Studier FW, Moffatt BA. Use of bacteriophage T7 RNA polymerase to direct 
selective high‑level expression of cloned genes. J Mol Biol 1986;189:113‑30.

37.	 Studier  FW, Rosenberg AH, Dunn  JJ, Dubendorff  JW. Use of T7 RNA 
polymerase to direct expression of cloned genes. Methods Enzymol 
1990;185:60‑89.

38.	 Studier FW. Protein production by auto‑induction in high density shaking 
cultures. Protein Expr Purif 2005;41:207‑34.

39.	 Suter‑Crazzolara C, Unsicker K. Improved expression of toxic proteins in 
E. coli. Biotechniques 1995;19:202‑4.

40.	 Sørensen HP, Mortensen KK. Advanced genetic strategies for recombinant 
protein expression in Escherichia coli. J Biotechnol 2005;115:113‑28.

41.	 Miyada  CG, Stoltzfus  L, Wilcox  G. Regulation of the araC gene of 
Escherichia coli: Catabolite repression, autoregulation, and effect on 
araBAD expression. Proc Natl Acad Sci U S A 1984;81:4120‑4.

42.	 Studier FW. Use of bacteriophage T7 lysozyme to improve an inducible T7 
expression system. J Mol Biol 1991;219:37‑44.

43.	 Francis DM, Page R. Strategies to optimize protein expression in E. coli. 
Curr Protoc Protein Sci 2010;24:1‑29.

44.	 Ring GM, O’Connell MA, Keegan LP. Purification and assay of recombinant 
ADAR proteins expressed in the yeast Pichia pastoris or in Escherichia coli. 
Methods Mol Biol 2004;265:219‑38.

45.	 Saïda F, Uzan M, Odaert B, Bontems F. Expression of highly toxic genes 
in E.  coli: Special strategies and genetic tools. Curr Protein Pept Sci 
2006;7:47‑56.

46.	 Narayanan A, Ridilla M, Yernool DA. Restrained expression, a method to 
overproduce toxic membrane proteins by exploiting operator‑repressor 
interactions. Protein Sci 2011;20:51‑61.


