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Immunization of Mice by BCG Formulated HCV Core Protein Elicited Higher 
Th1-Oriented Responses Compared to Pluronic-F127 Copolymer
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Background: A supreme vaccine for Hepatitis C virus (HCV) infection should elicit strong Th1-oriented cellular responses. In the absence 
of a Th1-specific adjuvant, immunizations by protein antigens generally induce Th2-type and weak cellular responses.
Objectives: To evaluate the adjuvant effect of BCG in comparison with nonionic copolymer-Pluronic F127 (F127) as a classic adjuvant in the 
formulation of HCV core protein (HCVcp) as a candidate vaccine for induction of Th1 immune responses.
Materials and Methods: Expression of N-terminally His-Tagged HCVcp (1-122) by pIVEX2.4a-core vector harboring the corresponding gene 
under the control of arabinose-inducible (araBAD) promoter was achieved in BL21-AI strain of E.coli and purified through application of 
nitrilotriacetic acid (Ni-NTA) chromatography. Mice were immunized subcutaneously (s.c.) in base of the tail with 100 μl of immunogen 
(F127+HCVcp or BCG+HCVcp; 5 μgHCVcp/mouse/dose) or control formulations (PBS, BCG, F127) at weeks 0, 3, 6. Total and subtypes of IgG, as 
well as cellular immune responses (Proliferation, In vivo CTL and IFN-γ/IL-4 ELISpot assays against a strong and dominant H2-d restricted, 
CD8+-epitopic peptide, core 39-48; RRGPRLGVRA of HCVcp) were compared in each group of immunized animals.
Results: Expression and purification of core protein around the expected size (21 kDa) was confirmed by Western blotting. The HCVcp + 
BCG vaccinated mice showed significantly higher lymphocyte proliferation and IFN-γ production but lower levels of cell lysis (45% versus 
62% in CTL assay) than the HCVcp+F127 immunized animals. “Besides, total anti-core IgG and IgG1 levels were significantly higher in HCVcp 
+ F127 immunized mice as compared to HCVcp + BCG vaccinated animals, indicating relatively higher efficacy of F127 for the stimulation of 
humoral and Th2-oriented immune responses”.
Conclusions: Results showed that HCVcp + BCG induced a moderate CTL and mixed Th1/Th2 immune responses with higher levels of 
cell proliferation and IFN-γ secretion, indicating that BCG may have a better outcome when formulated in HCVcp-based subunit vaccines.
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Implication for health policy/practice/research/medical education:
Considering the important role of adjuvant and adjuvant selection on the potency of vaccination, herein, we sought to study the potential effects of BCG, 
the classical tuberculosis vaccine, as an adjuvant on HCV core protein vaccination in BALB/c mouse and compared its immune potentiation effect com-
pared to a classic human compatible adjuvant (F127). This study is conducted in continuation of our previous work in respect of adjuvant selection for 
HCV core protein vaccination (Roohvand et al. BBRC 2007, 354: 641-9 which has been cited 28 times to date). Data accumulated in this article will further 
the knowledge for HCV vaccine formulations.
Copyright © 2013, Kowsar Corp.; Published by Kowsar Corp. This is an open-access article distributed under the terms of the Creative Commons Attribution License, 
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

1. Background
Infection with hepatitis C virus (HCV) is the major cause 

of liver disease such as fibrosis and cirrhosis (1). Approxi-
mately, 3% of the world’s population (with addition of 
3-4 million annually) is infected with HCV. Despite these 
accelerating rates, no vaccine against this viral infection 
has been approved to date (2). High genetic heterogene-
ity of HCV (manifested by presence of at least six major 
genotypes) and induction of antibody and CTL escape 
mutants were among reasons hampering progress in 
HCV vaccine development (3). However, advances in un-
derstanding the correlates of protective immunity in 
HCV infection and vaccine formulations predict availabil-

ity of HCV vaccines, in the near future (3, 4). Indeed, re-
cent findings indicated that an appropriate HCV vaccine 
should elicit broad, cross protective and strong immuni-
ty against HCV conserved epitopes (mainly Th1-oriented 
cellular responses) manifested by high levels of prolifera-
tion rates, CTLs and interferon secretion (5, 6).

HCV genome contains a single-stranded positive-sense 
RNA that encodes for three structural proteins (core, 
and envelope proteins E1 and E2) and six nonstructural 
(NS) proteins (NS2, NS3, NS4A, NS4B, NS5A and NS5B) 
(3). Among HCV proteins, NS3 and particularly the core 
protein (HCVcp) represent the most conserved and pro-
tective T-cell epitopes between various HCV genotypes, 
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a characteristic of high demand for HCV vaccine formu-
lations (3, 7) which has even resulted in employment of 
isolated HCVcp-T cell epitopes in the context of a number 
of HCV multi-epitopic vaccines (8-10). Beside production 
of the HCV capsid protein, the nucleotide sequence of 
HCVcp encodes for other so called Core+1 or ARFP proteins 
through mechanisms such as ribosomal-frame shifts (11) 
or internal translation initiation (12). Immune responses 
against these recently identified HCVcp-derived proteins 
might have also potential implications in HCV vaccine 
formulations (3). However, prior studies have indicated 
that the C-terminal hydrophobic region of HCVcp nega-
tively interferes with both innate and acquired immune 
responses through several immune-suppressive mecha-
nisms (3, 13, 14). These preceding findings pointed to the 
inclusion of the hydrophilic region of HCVcp (encom-
passing the first 120 N-terminal residues) which contains 
both conserved T-cell epitopes (3, 15) and nuclear localiza-
tion signals (NLS) (16) for formulation of various HCV vac-
cine candidates (15, 17-20).

Invention of subunit vaccines by formulation of the re-
combinant antigen(s) in adjuvant systems (21) clearly rev-
olutionized the history of vaccines by introduction of the 
vaccine against hepatitis B virus infection (22). In fact, the 
earliest attempts on the development of candidate HCV 
vaccines also consisted of recombinant HCV-E1 or E1/E2 
proteins formulated in alum or MF29 adjuvants respec-
tively (reviewed in (4)). However, in the absence of a Th1-
specific adjuvant, immunizations by protein antigens 
generally induce Th2-type and weak cellular responses 
(23). Since, the ultimate outcome of immune responses 
for combination of each protein and adjuvant may differ 
(24), formulation of HCVcp with different adjuvant sys-
tems (such as; montanides, ISCOMATRIX, Plouronic-F127) 
were studied [reviewed in (4)].

Recent advances in application of specific ligands of co-
stimulatory molecules (25) and Toll-like receptors (TLRs) 
(26) as novel adjuvant systems for direct activation of T 
cells has recalled for possible application of live organ-
isms like Bacillus Calmette-Guerin (BCG) as a class of im-
mune potentiators. BCG is a well-known and the most 
widely used vaccine against tuberculosis (27) that acts di-
rectly on the immune system to augment cell-mediated 
and Th1-biased responses by several mechanisms such 
as; stimulating TLRs (28, 29), activating CTLs (30-32) and 
increasing the level of IFN-γ secretion (33, 34). These char-
acteristics make BCG clearly an ideal adjuvant to provoke 
the cellular arm of the immune system for vaccination 
against other infections. In this context, BCG has already 
been found to have some roles as a human-compatible ad-
juvant in vaccination and immunotherapy trials against 
leishmaniasis (35-37)and to protect against schistosoma 
(38) and trypanosome (39) parasite infections. Although 
construction of recombinant BCG for expression of the 
CTL epitope of HCV NS5a protein (40) and a multi-epit-

opic HCV construct (41) and their application in murine 
immunization studies has been recently reported, but to 
our knowledge, no prior investigation has addressed any 
immunization studies on formulation of HCV proteins 
with BCG as an adjuvant system.

2. Objectives
To evaluate the adjuvant effect of BCG in formulation of 

HCVcp protein as a candidate vaccine in provoking the 
desired immune responses compared to Plouronic-F127 
copolymer (F127), as a well-known human-compatible 
adjuvant.

3. Materials and Methods

3.1. Proteins and Peptides
The pIVEX2.4a-core plasmid encoding the HCVcp (ami-

no acids 2-122) was used for the expression of N-terminal-
ly 6xHis-tagged HCVcp protein in BL21-AI strain of E.coli 
as previously described (42, 43). The protein was puri-
fied through application of nitrilotriacetic acid ( Ni-NTA) 
chromatography and further confirmed by western-
blotting, based on the earlier reported methods (15, 43). 
Concentration of the HCVcp was determined by the BCA 
protein assay (Pierce; USA) and the endotoxin level was 
quantified by QCL-1000 Chromogenic Limulus amoebo-
cyte lysate test (BioWhittaker), according to the manufac-
turer protocols. The C39 peptide corresponding to HCVcp 
residues 39-48 (RRGPRLGVRA) which is a strong and dom-
inant H2-d restricted, CD8+-epitopic peptide (14, 15, 44) 
was synthesized with 95% purity (BIOMATIK Co. Canada) 
and used for analyses of all cellular responses through-
out this study.

3.2. Immunogen formulations
BCG 1173-P2 Pasteur strain (Pasteur Institute, Iran) was 

diluted in phosphate-buffered saline (PBS) and mixed 
with purified HCVcp prior to injection to an adminis-
trable dose of 5 × 104 CFU/mouse/dose(34). Pluronic F127 
stock solution (Sigma, USA) was prepared at 16% (v/v) in 
PBS and mixed at 1:1 volume ratio with purified HCVcp 
protein as previously described (15). The administered 
dose of HCVcp was 5 μg/mouse/dose for all immunogen 
formulations.

3.3. Protocols of Immunization and Bleeding
Female BALB/c (H2d) mice (6–8 weeks old-average 20g 

of weight) were housed in approved animal-care facili-
ties and were handled according to national animal care 
ethics. Five groups with 8 mice in each group were des-
ignated based on the received immunogen as PBS, BCG, 
HCVcp+BCG, F127 and HCVcp+F127 (Table 1). Mice were im-
munized subcutaneously (s.c.) at the base of the tail with 
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100 μL (total volume) of immunogens at weeks 0, 3, 6 and 
were bled through the retro-orbital plexus/sinus before 
each injection and three weeks after the last injection. 
Samples were centrifuged and collected sera were pre-

served at −70C. Control groups were injected with 100 μl 
of either PBS, or F127 or BCG formulation alone (without 
any HCVcp; Table 1). 

Table 1. The Calculated Ratios of IgG2a/IgG1 Antibody Subclasses and IFNγ/IL-4 Cytokines in Immunized Mice Groups. Indicated Ratios 
for HCVcp + BCG Immunogen Formulation Compared to That of HCVcp + F127 Suggested Relatively Higher Th1-Oriented Immune 
Responses for the Preceding Formulation

Groups of Immunized Mice IgG2a /IgG1 Ratio IFNγ/IL-4 Ratio

Saline NAa NA

BCG a NA NA

HCVcp a+ BCG 0.36 8.25

F127 NA NA

HCVcp + F127 0.22 2.45
a Abbreviations: BCG, bacillus calmette-guerin; HCVcp, HCV core protein; NA, Not Applicable

3.4. Anti-HCVcp Antibody Assay
An indirect ELISA was developed to measure anti-HCVcp 

Abs in murine sera as previously described (15). To deter-
mine the antibody subclasses, mice sera were used at 
1:10,000 dilutions. Here, biotinylated antibodies against 
mouse IgG1 or IgG2a (Sigma, USA, 1:1000 dilution), strep-
tavidin-HRP conjugate (Sigma, USA, 1:3000 dilution) and 
consequently TMB substrate were used for detection. In 
both experiments absorbance was read at 450 nm.

3.5. Splenocyte Isolation
Three weeks after the last immunization, spleens of the 

individual mice were smashed into a cell homogenizer, 
washed with 2% fetal bovine serum (FBS)-PBS and treated 
with 0.83% NH4Cl solution for 6 min to lyse the erythro-
cytes. Washed spleen cells were resuspended in complete 
RPMI-1640 medium (Gibco, Germany) containing 10% FBS, 
2 mM L-glutamine, 100 mg/mL streptomycin and 100 U/
mL penicillin (all from Biosera, UK) and eventually used 
for cellular immune assays.

3.6. Cytokine ELISpot Assay
Enzyme-linked immune-spot (ELISpot) assay was used 

for ex vivo enumeration of the number of specific cells 
that were capable of secreting IFNγ and IL4 cytokines ac-
cording to the manufacturer’s (Mabtech, Sweden) man-
ual. In brief, splenocytes (3 × 105 cells/well) were plated 
in triplicate onto either anti-IFNγ or IL4 -coated 96-well 
plates and stimulated for 48 hrs with C39 epitopic pep-
tide (20 μM). After cell removal, washing steps, treatment 
with enzyme-labeled secondary antibodies (against ei-
ther IFNγ or IL4), and finally addition of chromogenic 
substrate spot forming cells (SFCs) were counted using a 
dissection stereoscope (Nikon, Japan). Wells containing 
phytohaemagglutinin (PHA, 2.5 µg/mL) served as positive 
control and cells cultured in the absence of C39 peptide 
served to find the background spots.

3.7. Proliferation Assay
splenocytes were seeded in triplicate wells of 96-well 

plates (1.5×105 cells/well) and incubated in the presence 
of stimulating peptide (C39 peptide, 20 µM) for 96 hrs 
at 37 C° Proliferation rate of the specific cells was mea-
sured using the non-radioactive colorimetric method 
of “Cell Proliferation ELISA BrdU Kit” (Roche, Germany), 
according to manufacturer’s protocol. Briefly, incubated 
cells were pulsed with 100 mM 5-bromo-2 deoxyuridine 
(BrdU) labeling solution for 24 hrs at 37 C°, fixed and in-
cubated for 120 min with HRP-conjugated mouse anti-
BrdU-POD monoclonal Ab (1:100 dilution). After washing 
steps, addition of substrate solution (100 μL/well) for 30 
min led to the color appearance, which was stopped by 1 
M H2SO4. The absorbance was measured at 450 nm with a 
reference wavelength at 690 nm. Results were expressed 
as a stimulation index (SI), which was described by divid-
ing absorbance of peptide stimulated to non-stimulated 
cells. Wells containing PHA served as a positive control. 

3.8. In vivo CTL Assay
Detection of in vivo cytotoxic T lymphocytes (CTL) was 

performed according to a previously described method 
(45) with minor modifications. Splenocytes from naïve 
mice (6×107 cells/mL) were divided into two populations, 
one of which was pulsed with C39 peptide (10 µM) for 120 
min at 37C. Cells were then washed and labeled with Car-
boxy Fluorescein diacetate, Succinimidyl Ester (CFSE) dye 
(Molecular Probes, USA) for 15 min at 37 C°. Peptide-pulsed 
and non-pulsed cells were respectively labeled with 5 µM 
(CFSE-high) and 0.5 µM (CFSE-low) of CFSE dye. Cells were 
then washed once in PBS–2% FBS, twice in PBS and equally 
mixed prior to intravenous injection into recipient mice. 
Twenty hrs after transfer, cells were recovered from the 
spleen of recipients and the relative proportion of CFSE 
high and CFSE low cells was determined by flow cytom-
etry using a PAS instrument and the Flow Max software 
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(Partec, Germany). Percent of specific lysis was calculated 
by the following formula: [1−(r unprimed/r primed)] × 
100, where r = %CFSE-low/%CFSE-high for each mouse.

3.9. Statistical Analysis
Prism-4 software (Graph Pad, USA) was used for the data 

handling and statistical analysis was carried out using 
Mann–Whitney non-parametric and ANOVA tests. Statisti-
cal significance was set at P ≤ 0.05.

4. Results

4.1. HCVcp Production
As shown in Figure 1 A, the coomassie blue-stained SDS–

PAGE analysis of the bacterial lysates indicated expression 
of a protein band with the expected molecular weight of 
21 kDa corresponding to 6xHis-tagged HCVcp. Densitom-
etry analysis of the Ni-NTA chromatography-based puri-
fied protein bands in SDS-PAGE (Figure 1 B) demonstrated 
over 85% purity for HCVcp. Quantification of the endotox-
in levels indicated less than 25 endotoxin units per 50 µg 
of the purified protein which was proper for the final aim 
of the immunization (Results not shown). Accordingly, 
western blot analysis by anti-HCV core monoclonal anti-
body recognizing amino acids 21-40 (Alexis Biochemical, 
UK) also confirmed the proper expression of the protein 
within the crude bacterial lysate (and the purified pro-
tein) and further indicated the proper antigenicity of the 
HCVcp protein purified by affinity chromatography (Fig-
ure 1 C). 
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Figure 1. SDS- PAGE and western blot analysis of expressed HCVcp in E.coli -BL21AI (A) SDS–PAGE and (C) Western blot. Lane 1: crude untransformed bacterial 
extract. Lane 2: crude bacterial extract before induction by arabinose. Lane 3: crude bacterial lysate 4 h after induction. (B) Shows the SDS-PAGE analysis of 
HCVcp protein band purified on Ni-NTA column (lane 1). Lane M: protein MW marker in kDa. The arrows indicate the protein band with expected size of 21 
kDa. The faint band over 35 kDa might be related to the dimer of the HCVcp, as previously suggested (15)

4.2. BCG and F127 Adjuvant Effects on the Induction 
of HCVcp-Specific Humoral Response

As depicted in Figure 2, sera from negative control 
groups that received either normal saline (mock) or sole 
adjuvants did not show any specific reactivity to HCVcp. 
By contrast, animals vaccinated with the adjuvant-for-
mulated HCVcp demonstrated specific IgG antibodies 3 
weeks after the last immunization. However, the level of 
total anti-core IgG raised in case of immunization with 
HCVcp+ F127 was significantly higher than that of the 
HCVcp + BCG. Besides, analyses of IgG1 and IgG2a subclass-
es as the representatives of Th2 and Th1 responses was 
performed (46). As shown in Figure 2 B, HCVcp+F127 for-
mulation resulted in a considerable enhancement of IgG1 
production compared to that of HCVcp + BCG (P < 0.05). 
Although assessment of the IgG2a subtypes, showed no 
significant difference between the two HCVcp groups of 
immunized mice (Figure 2 C) yet as could be anticipated, 
the calculated ratio of IgG2a/IgG1 (Table 1) clearly indicat-
ed a relatively higher Th1-oriented immune response for 

HCVcp + BCG immunogen formulation compared to that 
of HCVcp + F127. 

4.3. BCG and F127 Adjuvant Effects on the Induction 
of HCVcp-Specific Cellular Response

The frequency of HCVcp-specific spleenocytes capable 
of secreting IFNγ and IL4 cytokines that respectively rep-
resent activation of Th1 and Th2 immune arms (47) were 
measured via ex vivo ELIS pot assay. As shown in Figure 3 
A, considerably higher number of SFCs that were counted 
for test groups (HCVcp + BCG and HCVcp+F127) verified 
the specific activation of cytokine-producing cells in the 
vaccinated animals compared to their corresponding 
controls (BCG and F127, respectively, both P < 0.05). In ad-
dition, HCVcp + BCG formulation promoted the genera-
tion of IFNγ-secreting cells with a significantly higher fre-
quency compared to the HCVcp+F127 regimen (Figure 3 A) 
(P < 0.05), while, in accordance with the results of IgG1 
subclass (Figure 2 B), HCVcp + F127 formulation indicated 
higher frequency of IL4-secreting cells (Figure 3 B) (P < 0.05).
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Figure 2. Analysis of humoral responses, (A) total IgG, (B) IgG1 and (C) IgG2a antibody levels in mice immunized with HCVcp in different formulations by 
ELISA. In control groups HCVcp is replaced by Normal Saline. Each formulation is written on the horizontal axis of diagrams (see text for detailed proce-
dure). Data shows antibody titers in three independent experiments. Data are expressed as means ± standard errors per group and “*” (star labeled figure) 
indicates the significant differences (P < 0.05) according to the Mann–Whitney non-parametric test.

As shown in Figure 3 B, assessment of the proliferation 
rates indicated that animal groups immunized with 
HCVcp + BCG had a significantly higher SI mean com-
pared to their control counterparts and HCVcp + F127 im-
munized animals (P < 0.05). 

Finally, to a assess the functionality of the induced cel-
lular immune responses for either of the HCVcp formu-
lations, we analyzed the ability of the vaccinated mice 
CTL reservoir for in vivo specific lysis of the target cells 
expressing the C39 epitope on their surface. This recently 
developed technique is now considered as a safe, easy 
and precise alternative for the chromium release assay 
that has been the classic method for quantifying cell cyto-
toxicity (45). Accordingly, CFSE-labeled naïve spleen cells 
loaded with C39 peptide were intravenously injected to 
the animals and were tracked by flow cytometric analy-
sis, the following day. As shown in Fig. 3C, animals that 
had received the BCG or F127 adjuvants alone, had a back 
ground lysis of around 2-5 percent. However, the mean 
specific lysis in animals that were vaccinated with HCVcp 
immunogen was 45% and 62% for BCG and F127 adjuvant 
formulations, respectively, indicating the efficiency of 
antigen (HCVcp) formulations for specific lysis.

5. Discussion
In the present study and in accordance with most of the 

earlier studies employing BCG as an adjuvant for formula-
tion of their antigens (34 , 48 - 50), immunization of mice 
by HCVcp + BCG formulation had no noticeable side effect 
both locally and systemically on immunized animals im-
plying the safety of the immunogen at the administered 
dosage level. Our data for immunization by HCVcp+F127 
were consistent with the prior report on raising HCVcp 
specific antibodies (Figure 2) by this formulation ( 15). But 
contrary to a recent report on immunization studies of 
L. donovani promastigote antigens (LAg) with BCG formu-
lation (34), HCVcp + BCG formulation in our study elic-
ited significant amounts of antibodies, albeit in smaller 
amount than that of the HCVcp+F127 formulation (Figure 
2). These results are however, in agreement with the data 
of another recent study on immunization of mice by co-
administration of killed leishmania major (KLM) vaccine 
and BCG on raising antibody levels comparable to that 
of the KLM + Alum formulation (48). Accordingly and in 
support of our results, a prior study had also reported on 
detection of significant and specific
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Figure 3. Type and Magnitude of Cellular Responses Induced in HCVcp-Adjuvanted Immunized Mice, (A) Enzyme-linked-immunospots assay for detec-
tion of class I-binding C39 peptide specific IFN-γ and IL-4-releasing T cells; results are shown as the numbers of spot-forming-cells (SFCs) per 106 spleno-
cytes (3 weeks after the last immunization in BALB/c mice). Mice were immunized in two different regimens with HCVcp either formulated in BCG or F127 
as adjuvant. Results indicated the significant differences between different regimens of immunization and a higher degree of IFN-γ and IL-4-releasing T 
cells in case of HCVcp+BCG and HCVcp+F127 formulations, respectively. (B) Assessment of mice spleen T lymphocyte proliferation using the BrdU ELISA; 
Proliferation assay of BCG-core and F127-core vaccinated mice splenocyts and control groups showed significant difference of stimulation index (SI) in 
favor of BCG formulation. (C) Cytotoxic T-lymphocyte (CTL) assays; mice immunized with HCVcp+F127 showed significantly higher specific lysis than 
mice immunized with HCVcp+BCG. Statistical analysis was done by the Mann-Whitney non-parametric test and ANOVA analyses.“*”(star labeled figure) 
indicates the significant differences (P < 0.05).

increases in anti-IgG responses in murine model follow-
ing immunization by a formulation containing BCG and 
FML antigen of Leishmania donovani (L.donovani pro-
mastigote glycoproteic complex ligand) as a candidate 
vaccine against visceral leishmaniasis (VL) (49). 

Evaluation of cytokine levels in our study indicated 
higher generation of IFNγ-secreting cells for HCVcp + 
BCG formulation compared to that of HCVcp+F127 (Fig-
ure 3 A) (P < 0.05). These results together with data from 
IgG subclasses (Figure 2 A and B) clearly indicated the 
relatively higher Th1-oriented immune responses of the 
BCG adjuvant over F127 for HCVcp vaccine formulations 
(Table 1). Our results for superiority of BCG for induction 
of Th1-oriented responses were in agreement with data 
of KLM+BCG (48) and a TB vaccine candidate (consisted 
of BCG and Ag85B and ESAT-6 proteins of this bacteria) 
in mice immunization studies (33) and supported the 
cytokine results of recent studies on Lag+BCG (34) and 
FML+BCG (49) for production of moderate levels of IFNγ 
compared to other vaccine formulations. 

It has been shown that formulation of BCG with other 
antigens is capable of induction of strong cellular re-
sponses by mechanisms such as stimulation of TLRs (28 , 

29). Accordingly, immunization of mice by Lag + BCG (34) 
or KLM+BCG (48) induced strong delayed-type hypersen-
sitivity (DTH; which is known as an index of cell-mediat-
ed immunity) and considerable recalls of proliferative 
responses in immunized animals, respectively. However, 
in contrast, FML-BCG immunized mice (49) failed to show 
any significant footpad swellings (DTH response). Consis-
tent with the preceding mentioned reports, our results of 
ex vivo recalling of in vivo primed spleenocytes (prolifera-
tive responses) indicated that HCVcp + BCG immunized 
group had a significantly higher SI mean compared to 
that of HCVcp+F127 formulation (Figure 3 B). This result 
emphasized for the dominance of BCG adjuvant com-
pared to F127 for in vivo generation of HCVcp-specific lym-
phocytes (P < 0.05) and together with our cytokine assay 
results (Figure 3 A) confirmed the induction of strong 
and specific cellular immune responses by application of 
HCVcp + BCG immunogen formulation. It is also interest-
ing to note that these results are in agreement with the 
data of immunization studies in rhesus macaques and 
a phase-I study in human for HCV core-ISCOMATRIX (for-
mulation of HCVcp 1-191 in negatively charged immune 
stimulating complex) in induction of both antibody re-
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sponses and T-cell cytokines in vaccines (4). 
It has previously been shown that CD8+ cytotoxic T-

lymphocytes were involved in the immune response 
against mycobacteria (31). Accordingly, a number of im-
munization studies have addressed the induction of an-
tigen specific CTLs by utilization of BCG as a live vector 
for the expression of recombinant proteins (51) including 
recombinant BCG for expression of CTL epitope of HCV 
NS5a protein (40) and a multi-epitopic HCV construct 
(41). Although these recombinant BCG expressing sys-
tems provided evidence for HCV epitope-specific cellular 
immune responses in immunized mice yet they only car-
ried epitopic sections of the full gene (and not the entire 
protein) (40 , 41). In fact, construction of recombinant 
BCG requires fastidious procedures with low production 
yields and stabilization problems which might limit their 
application in population scale vaccination strategies (4) 
while application of BCG as adjuvant to formulate other 
antigens would be easily available and applicable (35 -39). 
However, studies on application of BCG as an adjuvant to 
formulate other vaccine antigens for induction of CTLs 
are rather limited. Recently, in attempts to provide a vac-
cine against prostate cancer or HIV, BCG cell wall skeleton 
(BCG-CWS) (30) or Ag85B of mycobacteria (known as an 
immunogenic protein for Th1 development) (32) were 
shown to enhance the induction of CTL responses against 
prostate-specific antigen (PSA) or HIV gp120, respectively. 
More recently, presence of BCG-Hsp65 in a HBV CD8+ CTL 
epitopic vaccine was shown to enhance induction of HBV 
specific CTLs (52). Consistent with these prior reports, our 
results for assessment of the CTL responses, indicated 45% 
mean specific lysis in HCVcp + BCG immunized mice (Fig-
ure 3 C). These results indicated moderate CTL responses 
for HCVcp + BCG formulation and in accordance with 
cytokine (Figure 3 A) and proliferation data (Figure 3 B) 
onfirmed the effectiveness of BCG adjuvant for induction 
of cellular responses by HCVcp immunization. A point of 
discrepancy in our results however was observation of 
62% mean specific lysis in case ofHCVcp+F127 immunized 
mice (Figure 3 C) which is in contrary with the results of 
a prior study (15) reporting the ineffectiveness of HCVcp 
+ F127 formulation in induction of CTLs (especially com-
pared to HCVcp + Montanide ISA720 formulation). The 
reason behind this discrepancy might be the employed 
method of CTL assessment in the prior study (lactate de-
hydrogenase (LDH) assay) which was a rather old and not 
precise method compared to our CFSE dye assay which is 
now considered as a proper alternate for the chromium 
release method that is the standard assay for quantify-
ing CTLs (45, 53). In fact, besides activation of humoral 
responses, F127 has also been proposed to induce CTL 
responses through mechanisms that involve the produc-
tion of micelles that facilitate the non-specific transfer of 
protein antigens into the cytoplasm as was shown for in-
duction of virus-specific CD8+ CTL responses against lym-

phocytic choriomeningitis virus infection (54, 55). These 
propositions are in accordance with our results for the 
observed IgG and CTL responses for HCVcp-F127 formula-
tions while our observation of moderate CTL responses 
in HCVcp + BCG immunized mice is also consistent with 
results of a recent study on superiority KLM-Montandide 
ISA720 compared to KLM-BCG formulation (48) in induc-
tion of antigen specific cellular immune responses. 

Taken together, the present study is the first (to the best 
of our knowledge) to address immunization studies on 
formulation of HCV proteins with BCG as an adjuvant 
system. To conduct a comparative analysis, we evaluated 
both HCVcp + BCG and HCV + F127 formulations in sepa-
rate groups of immunized mice. Our results indicated 
that HCVcp + BCG induced a moderate CTL and mixed 
Th1/Th2 (with higher Th1 switching) with higher levels of 
cell proliferation and IFN- γ secretion compared to that 
of the HCVcp + F127 formulation indicating that BCG may 
have a better outcome when formulated in HCVcp-based 
subunit vaccines.

Acknowledgements
The present study has been in part to fulfill the thesis 

of Dr. M. Yazdanian in Ph.D programme of pharmaceuti-
cal biotechnology, graduate school of Pasteur Institute of 
Iran. Dr. Agata Budkowska from Unité des Hépacivirus et 
Immunité Innée, Departement de Virologie, Institut Pas-
teur Paris (25/28 Rue du Dr. Roux, Paris 75724 France) who 
supervised the construction of pIVEX2.4a-core plasmids 
in the earlier studies is greatly acknowledged.

Authors’ Contribution
M.Y. (PhD candidate; was responsible for most experi-

mental works), A.M. (advisor; helped throughout the 
study in design of experiments and writing of the manu-
script), M.M. (Helped with mice immunization and analy-
ses), M.S., F.M & R.V. (helped in separate experimental 
works), H.K. & S.D.S. (co-supervisors), M.R.A. (advisor) and 
F.R. (supervisor; design of the experimental works and 
writing the article).

Financial Disclosure
Authors have no financial interest.

Funding/Support
This work was supported by the Pasteur Institute of Iran.

References
1.       Chevaliez S, Pawlotsky JM. Virology of hepatitis C virus infection. 

Best Pract Res Clin Gastroenterol. 2012;26(4):381–9.
2.       Fauvelle C, Lepiller Q, Felmlee DJ, Fofana I, Habersetzer F, Stoll-

Keller F, et al. Hepatitis C virus vaccines--progress and perspec-
tives. Microb Pathog. 2013;58:66–72.

3.       Roohvand F, Kossari N. Advances in hepatitis C virus vaccines, 



Yazdanian M et al.

Hepat Mon. 2013;13(10):e141788

Part one: Advances in basic knowledge for hepatitis C virus vac-
cine design. Expert Opin Ther Pat. 2011;21(12):1811–30.

4.       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(4):391–415.

5.       Lauer GM. Immune responses to hepatitis C virus (HCV) infec-
tion and the prospects for an effective HCV vaccine or immuno-
therapies. J Infect Dis. 2013;207 Suppl 1:S7–S12.

6.       Swadling L, Klenerman P, Barnes E. Ever closer to a prophylactic 
vaccine for HCV. Expert Opin Biol Ther. 2013;13(8):1109–24.

7.       Prabdial-Sing N, Puren AJ, Bowyer SM. Sequence-based in silico 
analysis of well studied hepatitis C virus epitopes and their vari-
ants in other genotypes (particularly genotype 5a) against South 
African human leukocyte antigen backgrounds. BMC Immunol. 
2012;13:67.

8.       Arashkia A, Roohvand F, Memarnejadian A, Aghasadeghi MR, 
Rafati S. Construction of HCV-polytope vaccine candidates 
harbouring immune-enhancer sequences and primary evalu-
ation of their immunogenicity in BALB/c mice. Virus genes. 
2010;40(1):44–52.

9.       Memarnejadian A, Roohvand F. Fusion of HBsAg and prime/
boosting augment Th1 and CTL responses to HCV polytope DNA 
vaccine. Cell Immunol. 2010;261(2):93–8.

10.       Memarnejadian A, Roohvand F, Arashkia A, Rafati S, Shokrgo-
zar 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(7):842–50.

11.       Baghbani-arani F, Roohvand F, Aghasadeghi MR, Eidi A, Amini S, 
Motevalli F, et al. Expression and characterization of Escherichia 
coli derived hepatitis C virus ARFP/F protein. Mol Biol (Mosk). 
2012;46(2):251–9.

12.       Budkowska A, Kakkanas A, Nerrienet E, Kalinina O, Maillard 
P, Horm SV, et al. Synonymous mutations in the core gene are 
linked to unusual serological profile in hepatitis C virus infec-
tion. PLoS One. 2011;6(1).

13.       Jahan S, Ashfaq UA, Khaliq S, Samreen B, Afzal N. Dual behavior 
of HCV Core gene in regulation of apoptosis is important in pro-
gression of HCC. Infect Genet Evol. 2012;12(2):236–9.

14.       Zhu W, Chang Y, Wu C, Han Q, Pei R, Lu M, et al. The wild-type hep-
atitis C virus core inhibits initiation of antigen-specific T- and 
B-cell immune responses in BALB/c mice. Clin Vaccine Immunol. 
2010;17(7):1139–47.

15.       Roohvand F, Aghasadeghi MR, Sadat SM, Budkowska A, Khabiri 
AR. HCV core protein immunization with Montanide/CpG elicits 
strong Th1/Th2 and long-lived CTL responses. Biochem Biophys Res 
Commun. 2007;354(3):641–9.

16.       Cerutti A, Maillard P, Minisini R, Vidalain PO, Roohvand F, 
Pecheur EI, et al. Identification of a functional, CRM-1-dependent 
nuclear export signal in hepatitis C virus core protein. PLoS One. 
2011;6(10).

17.       Acosta-Rivero N, Duenas-Carrera S, Alvarez-Lajonchere L, Mo-
rales-Grillo J. HCV core protein-expressing DNA vaccine induces 
a strong class I-binding peptide DTH response in mice. Biochem 
Biophys Res Commun. 2004;314(3):781–6.

18.       Hosseini SY, Sabahi F, Moazzeni SM, Modarressi MH, Saberi 
Firoozi M, Ravanshad M. Construction and preparation of three 
recombinant adenoviruses expressing truncated NS3 and core 
genes of hepatitis C virus for vaccine purposes. Hepat Mon. 
2012;12(8).

19.       Isaguliants MG, Petrakova NV, Kashuba EV, Suzdaltzeva YG, Be-
likov SV, Mokhonov VV, et al. Immunization with hepatitis C vi-
rus core gene triggers potent T-cell response, but affects CD4+ 
T-cells. Vaccine. 2004;22(13-14):1656–65.

20.       Liao G, Wang Y, Chang J, Bian T, Tan W, Sun M, et al. Hepatitis B 
virus precore protein augments genetic immunizations of the 
truncated hepatitis C virus core in BALB/c mice. Hepatology. 
2008;47(1):25–34.

21.       Brunner R, Jensen-Jarolim E, Pali-Scholl I. The ABC of clinical 
and experimental adjuvants--a brief overview. Immunol Lett. 
2010;128(1):29–35.

22.       Cassidy A, Mossman S, Olivieri A, De Ridder M, Leroux-Roels G. 

Hepatitis B vaccine effectiveness in the face of global HBV geno-
type diversity. Expert Rev Vaccines. 2011;10(12):1709–15.

23.       Schijns VE, Brewer JM. New views on immunopotentiators in 
modern vaccines. Expert Rev Vaccines. 2008;7(7):877–9.

24.       Naarding MA, Falkowska E, Xiao H, Dragic T. Hepatitis C virus 
soluble E2 in combination with QuilA and CpG ODN induces neu-
tralizing antibodies in mice. Vaccine. 2011;29(16):2910–7.

25.       Andreasen SO, Christensen JE, Marker O, Thomsen AR. Role of 
CD40 ligand and CD28 in induction and maintenance of antivi-
ral CD8+ effector T cell responses. J Immunol. 2000;164(7):3689–
97.

26.       Salem ML, El-Demellawy M, El-Azm AR. The potential use of Toll-
like receptor agonists to restore the dysfunctional immunity 
induced by hepatitis C virus. Cell Immunol. 2010;262(2):96–104.

27.       Villarreal-Ramos B. Towards improved understanding of protec-
tive mechanisms induced by the BCG vaccine. Expert Rev Vaccines. 
2009;8(11):1531–4.

28.       Heldwein KA, Liang MD, Andresen TK, Thomas KE, Marty AM, 
Cuesta N, et al. TLR2 and TLR4 serve distinct roles in the host im-
mune response against Mycobacterium bovis BCG. J Leukoc Biol. 
2003;74(2):277–86.

29.       von Meyenn F, Schaefer M, Weighardt H, Bauer S, Kirschning CJ, 
Wagner H, et al. Toll-like receptor 9 contributes to recognition 
of Mycobacterium bovis Bacillus Calmette-Guerin by Flt3-ligand 
generated dendritic cells. Immunobiology. 2006;211(6-8):557–65.

30.       Fujii R, Iwahashi M, Kikkawa K, Inagaki T, Kohjimoto Y, Ojima T, et 
al. Bacillus Calmette-Guerin cell-wall skeleton enhances the kill-
ing activity of cytotoxic lymphocyte-activated human dendritic 
cells transduced with the prostate-specific antigen gene. BJU Int. 
2009;104(11):1766–73.

31.       Klein MR, McAdam KP. CD8+ T lymphocytes against mycobacte-
rium tuberculosis. Arch Immunol Ther Exp (Warsz). 1999;47(5):313–
20.

32.       Takamura S, Matsuo K, Takebe Y, Yasutomi Y. Ag85B of mycobac-
teria elicits effective CTL responses through activation of robust 
Th1 immunity as a novel adjuvant in DNA vaccine. J Immunol. 
2005;175(4):2541–7.

33.       Dietrich J, Billeskov R, Doherty TM, Andersen P. Synergistic effect 
of bacillus calmette guerin and a tuberculosis subunit vaccine in 
cationic liposomes: increased immunogenicity and protection. J 
Immunol. 2007;178(6):3721–30.

34.       Ravindran R, Bhowmick S, Das A, Ali N. Comparison of BCG, MPL 
and cationic liposome adjuvant systems in leishmanial antigen 
vaccine formulations against murine visceral leishmaniasis. 
BMC Microbiol. 2010;10:181.

35.       Armijos RX, Weigel MM, Calvopina M, Hidalgo A, Cevallos W, 
Correa J. Safety, immunogenecity, and efficacy of an autoclaved 
Leishmania amazonensis vaccine plus BCG adjuvant against New 
World cutaneous leishmaniasis. Vaccine. 2004;22(9-10):1320–6.

36.       Bhowmick S, Ali N. Recent developments in leishmaniasis vac-
cine delivery systems. Expert Opin Drug Deliv. 2008;5(7):789–803.

37.       Noazin S, Modabber F, Khamesipour A, Smith PG, Moulton LH, 
Nasseri K, et al. First generation leishmaniasis vaccines: a review 
of field efficacy trials. Vaccine. 2008;26(52):6759–67.

38.       Pearce EJ, James SL, Hieny S, Lanar DE, Sher A. Induction of pro-
tective immunity against Schistosoma mansoni by vaccination 
with schistosome paramyosin (Sm97), a nonsurface parasite an-
tigen. Proc Natl Acad Sci U S A. 1988;85(15):5678–82.

39.       Araujo Z, El Bouhdidi A, Heremans H, Van Marck E, Castes M, 
Carlier Y. Vaccination of mice with a combination of BCG and 
killed Leishmania promastigotes reduces acute Trypanosoma 
cruzi infection by promoting an IFN-gamma response. Vaccine. 
1999;17(7-8):957–64.

40.       Uno-Furuta S, Matsuo K, Tamaki S, Takamura S, Kamei A, Kuro-
matsu I, et al. Immunization with recombinant Calmette-Guerin 
bacillus (BCG)-hepatitis C virus (HCV) elicits HCV-specific cyto-
toxic T lymphocytes in mice. Vaccine. 2003;21(23):3149–56.

41.       Wei SH, Yin W, An QX, Lei YF, Hu XB, Yang J, et al. A novel hepa-
titis C virus vaccine approach using recombinant Bacillus 
Calmette-Guerin expressing multi-epitope antigen. Arch Virol. 
2008;153(6):1021–9.

42.       Maillard P, Lavergne JP, Siberil S, Faure G, Roohvand F, Petres S, et 



Yazdanian M et al.

9Hepat Mon. 2013;13(10):e14178

al. Fcgamma receptor-like activity of hepatitis C virus core pro-
tein. J Biol Chem. 2004;279(4):2430–7.

43.       Roohvand F, Maillard P, Lavergne JP, Boulant S, Walic M, Andreo U, 
et al. Initiation of hepatitis C virus infection requires the dynam-
ic microtubule network: role of the viral nucleocapsid protein. J 
Biol Chem. 2009;284(20):13778–91.

44.       Hu GJ, Wang RY, Han DS, Alter HJ, Shih JW. Characterization of 
the humoral and cellular immune responses against hepati-
tis C virus core induced by DNA-based immunization. Vaccine. 
1999;17(23-24):3160–70.

45.       Ingulli E. Tracing tolerance and immunity in vivo by CFSE-label-
ing of administered cells. Methods Mol Biol. 2007;380:365–76.

46.       Stevens TL, Bossie A, Sanders VM, Fernandez-Botran R, Coff-
man RL, Mosmann TR, et al. Regulation of antibody isotype 
secretion by subsets of antigen-specific helper T cells. Nature. 
1988;334(6179):255–8.

47.       Bowen DG, Walker CM. Adaptive immune responses in acute and 
chronic hepatitis C virus infection. Nature. 2005;436(7053):946–
52.

48.       Mutiso JM, Macharia JC, Kariuki TM, Gicheru MM. Montanide ISA 
720 is more effective than BCG as an adjuvant for Leishmania 
killed vaccine in BALB/c mice. Int J Integ Biol. 2009;7(2).

49.       Santos WR, de Lima VM, de Souza EP, Bernardo RR, Palatnik M, 

Palatnik de Sousa CB. Saponins, IL12 and BCG adjuvant in the 
FML-vaccine formulation against murine visceral leishmaniasis. 
Vaccine. 2002;21(1-2):30–43.

50.       Tonui WK, Mpoke SS, Orago AS, Turco SJ, Mbati PA, Mkoji GM. Leish-
mania donovani-derived lipophosphoglycan plus BCG induces a 
Th1 type immune response but does not protect Syrian golden 
hamsters (Mesocricetus auratus) and BALB/c mice against Leish-
mania donovani. Onderstepoort J Vet Res. 2003;70(4):255–63.

51.       Bastos RG, Borsuk S, Seixas FK, Dellagostin OA. Recombinant My-
cobacterium bovis BCG. Vaccine. 2009;27(47):6495–503.

52.       Wang H, Su X, Zhang P, Liang J, Wei H, Wan M, et al. Recombinant 
heat shock protein 65 carrying PADRE and HBV epitopes acti-
vates dendritic cells and elicits HBV-specific CTL responses. Vac-
cine. 2011;29(12):2328–35.

53.       Barber DL, Wherry EJ, Ahmed R. Cutting edge: rapid in vivo kill-
ing by memory CD8 T cells. J Immunol. 2003;171(1):27–31.

54.       Lanier JG, Newman MJ, Lee EM, Sette A, Ahmed R. Peptide vaccina-
tion using nonionic block copolymers induces protective anti-
viral CTL responses. Vaccine. 1999;18(5-6):549–57.

55.       Todd CW, Balusubramanian M, Newman MJ. Development of 
adjuvant-active nonionic block copolymers. Adv Drug Deliv Rev. 
1998;32(3):199–223.


