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and is secreted specifically by cells in the lymphoid tissues.

HCV core in DNA vaccination.

Background: Using molecular adjuvants offers an attractive strategy to augment DNA vaccine-mediated immune responses. Several
studies have revealed that an efficient HCV vaccine model should be able to induce both humoral and cell mediated immune responses
targeting the conserved regions of the virus to circumvent the immune escape mutants. The beta chemokine Macrophage Inflammatory
Protein 3-beta (MIP-3beta) is a key modulator of dendritic cells (DCs) and T-cells interaction, functions during immune response induction

Objectives: In the present study, we questioned whether co-administration of MIP-3beta gene could enhance the immune responses to

Materials and Methods: Expression and biological activity of MIP-3beta expressing plasmid were evaluated by ELISA and transwell
migration assays, respectively. HCV core DNA vaccine * plasmid expressing MIP-3beta were electroporated subcutaneously to the front foot
pads of BALB/c mice on days 0 and 14, and HCV core protein booster was applied to all core-DNA-vaccine received mice on the day 28. Both
cell mediated immunity (proliferation, [FN-y and IL-4 cytokine release, [FN-y ELISpot and cytotoxic Granzyme B release assays)and humoral
immune responses (total IgG and IgG2a/IgG1 subtyping) were evaluated ten days after final immunization.

Results: Mice covaccinated with MIP-3beta elicited an enhanced Thi biased systemic immune response as evidenced by higher IFN-y/
IL-4 and anti-core IgG2a[IgGl ratio, lymphoproliferation, strong cytolytic GrzB release and enhanced population of IFN-y producing
immunocytes. Likewise, the humoral immune response assumed as the total anti-core IgG level was augmented by MIP-3beta co-delivery.
Conclusions: These results exhibited the immuno potentiator effects of MIP-3beta plasmid when coadministrated with the HCV core DNA
vaccine. Complimentary studies integrating MIP-3beta as a genetic adjuvant in HCV-core-DNA vaccination models are warranted.
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1. Background

Hepatitis C virus (HCV) is a hepatotropic enveloped RNA
virus belonged to the Hepacivirus genus in the Flaviviri-
dae family (1). HCV infection is a serious health problem
with an estimated 3-4 million newly infected people each
year worldwide, making it the second most common
chronic viral infection. It causes acute and chronic hepa-
titis in humans and chimpanzees (2). Chronic hepatitis
C can progress to cirrhosis and hepatocellular carcino-

ma (HCC) causing death in more than 350,000 infected
people annually (3). In some recent cohort clinical trials,
triple therapy combining one of the newly FDA approved
protease inhibitors (PIs) with the conventional PEG IFN-o/
Ribavirin regimen have been shown to improve the sus-
tained virologic response (SVR) rate up to 75% (4, 5); yet
the need for an HCV prophylactic/therapeutic vaccine
remains of vital importance. The HCV core protein is the
viral nucleocapsid encoded by the 5' end of HCV genome
ORF (open reading frame). It is one of the most conserved

Implication for health policy/practice/research/medical education:

It is well recognized that an HCV vaccine can dramatically enhance the public health. Spontaneous resolution of HCV infection in human and chimpan-
zee models provides a strong rationale basis for the development of preventive/therapeutic vaccines for HCV. Several HCV vaccine trials have revealed the
constraints of induction of a robust adaptive immune response following vaccination. The current study was designed to enhance immune responses
towards HCV core DNA vaccine using CCL19 chemokine-expressing plasmid as an immuno-adjuvant in a mice model. Such preliminary data might be of
relevance for future applications in human HCV vaccine clinical trials.

Copyright © 2014, 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.
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proteins among the various HCV genotypes suggesting it
as a superior antigen candidate for HCV vaccine develop-
ment, despite the fact that it is not known as an strong
immunogen in DNA vaccination (6, 7). Since the HCV
genome was first isolated in 1989 (8), efforts to develop
an effective vaccine had limited success, and there is no
licensed vaccination strategy available yet. DNA vaccines
represent an attractive strategy against infectious dis-
eases by induction of both humoral and cell-mediated
immune responses. The major shortcoming of DNA vac-
cines is the poor induction of immunity (9). To overcome
this obstacle, diverse strategies have been introduced in-
cluding utilization of immune modulator molecules like
cytokines as molecular adjuvants (10). Chemokines are
small proinflammatory cytokines playing major roles in
leukocyte migration and activation. Some chemokines
modulate differentiation of effector T cells into Th1 and
Th2 polarized phenotypes (11). Several studies have shown
enhancement in immune response induction when cyto-
kines/chemokines are included as molecular adjuvants
(10,11). Macrophage Inflammatory Protein-3beta [ Epstein-
Barr virus-induced-molecule-1-ligand-chemokine (MIP-
3beta [ELC/CCL19) is a CC chemokine mainly expressed in
secondary lymphoid organs and binds to the chemokine
receptor CCR7 (12). CCR7is expressed on mature dendritic
cells (DC) and distinct T- and B-cell subpopulations (13).
This chemokine plays a pivotal role in directing DCs and
T-cells into lymphoid tissues and modulation of the inter-
actions between the DCs and T cells which eventually give
rise to antigen specific T lymphocytes capable of counter-
acting an infection or tumor (14). MIP-3beta secreted by
mature DCs increases naive T cells scanning behavior and
their response to rare cognate antigens. It also lowers the
threshold of activation of naive T cells while increasing
their sensitivity to low density antigen presentation (15).
Furthermore, MIP-3beta has been previously reported as
immunopotentiator in vaccination strategies (16-19).

2. Objectives

To enhance the HCV core DNA vaccine immunogenic-
ity, the immunoadjuvant activity of MIP-3beta expressing
plasmid in co-delivery with HCV core DNA vaccine was as-
sessed in a DNA/DNA/protein immunization regimen via
evaluating both humoral and cell-mediated immunities.

3. Materials and Methods

3.1. Plasmid Constructs

HCV core expressing DNA vaccine was constructed
and evaluated as previously described (20). Briefly, the
core region of HCV genome was amplified from the sera
with positive results for genotype 1 HCV and cloned into
pcDNA3 (Invitrogen, CA) (summarized as pCore here).
Murine MIP-3beta cDNA cloned into pcDNA3.1 + plasmid

(Invitrogen, CA) was provided by Cytokine Bank, South
Korea (summarized here as pMIP-3beta). The construct
integrity was confirmed by restriction enzyme mapping,
PCR and DNA sequencing (data not shown). Endofree
plasmid Giga Kit (Qiagen, Germany) was used to prepare
plasmids in large scale.

3.2. Expression and Biological Activity of MIP-3beta

HEK 293T cells (National Cell Bank of Iran) were cul-
tured in 6-well plates (Orange Scientific, Belgium) at a
density of 2.0 x 10° cells/well in conditioned chemotaxis
medium (DMEM supplemented with 1% BSA). The next
day, cells were transfected with 2.5 pg of pMIP-3beta
or pcDNA3.1+ control vector using Lipofectamine LTX
transfection reagent (Invitrogen, CA) according to the
manufacturer’s protocol. Cell culture supernatants were
harvested after 72 h and assayed for the presence of MIP-
3beta using commercial mouse CCL19 Duo Set ELISA kit
(R&D systems, Minneapolis, MN) following the manufac-
turer’s instruction. The chemotaxis assay was performed
using a microchamber-transwell system with 8 uM pores
(SPL Life Sciences Inc., Korea). A total of 1x 10° cells of HUT-
78 (Human T cell lymphoma expressing CCR7 chemokine
receptor (21), National Cell Bank of Iran) were resuspend-
ed in 100 ul RPMI 1640 supplemented with 1% BSA and
then were applied to the upper chamber, while the pMIP-
3beta transfection supernatant was administered to the
lower compartment of the chamber. Cells were allowed
to migrate to the lower compartment for 4h at 37°C. Cells
transmigrated to the lower chamber were harvested and
counted with microscope using hemocytometer, and the
results were expressed as percentage of migrated cells. To
further determine whether the induced chemotaxis was
specifically mediated by chemokine plasmid expressing
MIP-3beta, supernatants of pMIP-3 beta and backbone
plasmid-transfected cells were pre-incubated with CCL19/
MIP-3beta monoclonal antibody ((Clone 87102), Rat IgG2A
(R&D systems, Minneapolis, MN)) with a concentration of
30 pg/mL for 20 min at room temperature to specifically
neutralize MIP-3beta; then 600 pL of the mixtures were
added to the transwell chambers for migration assay (Fig-
urel).

3.3. Mice and Immunization

The injection regimen was decided following prelimi-
nary experiments (data not shown) BALB/c mice (female,
aged 5-7 weeks) were purchased from Pasteur Institute
(Karaj, Iran) and handled according to the criteria out-
lined in the “Guide for the Care and Use of Laboratory An-
imals” prepared by the National Academy of Sciences and
published by the National Institutes of Health (NIH pub-
lication 86-23 revised 1985). DNA immunizations were
performed on days 0 and 14 immediately followed by
electroporation. On the day 28, HCV core protein booster
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was administered. Ten days after the final immunization,  spleens of immunized mice were isolated, smashed, the
both humoral and cell-mediated immune responses  RBCs were lysed and single cell suspension was prepared
were assessed by suspending splenocytes in Advanced RPMI-1640 medi-
um containing 5% FBS, 1x GlutaMAX , 1x penicillin/strepto-
mycin. A cocktail of peptide/protein consisting of 2 HCV
. core H2-D-restricted epitopes (core39-48; RRGPRLGVRA)
3.4.1. Splenocyte Isolation (22) and corel33-142; LMGYIPLVGA) (23) and HCV nucleo-

Mice were immunized according to the schedule pro-  capsid protein (Abcam, The UK) was used for in vitro re-
vided in Figure 2. Ten days after final immunization,  call experiments.

3.4. Cellular Immune Responses

Figure 1. Expression and Chemotactic Activity of MIP-3beta
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A) Sandwich ELISA was used to confirm the expression of MIP-3beta. pcDNA 3.1+ was used as control in transfection experiments. B) Induced chemotaxis
of CCR7+ HUT-78 cell line by the secreted MIP-3beta was evaluated by examining the percentage of migrated cells to the lower chamber in the presence
of pMIP-3beta-transfected cell supernatant. Backbone plasmid-transfected supernatant was used as control. C) Inhibition of MIP-3beta induced chemoat-
traction by antibody-mediated neutralization of chemokine (mAb: MIP-3beta neutralizing monoclonal antibody). All experiments were performed in
duplicate and repeated three times. Results are expressed as mean percentage of migrated cells to the lower chamber of transwell + standard deviation
(SD). Asterisks represent significant deference (p < 0.01)
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Content and dose of immunization
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-DNA immunizations were followed by electroporation: 50V/cm (constant), 6 pulses for
200ms each (ECM 830BTX;BTX/HarvardApparatus, MA, USA)
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splenocyes: cellular immunity
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Figure 2. Study Design, Immunization Regimen and Description of Groups

3.4.2. Lymphocyte Proliferation

Non-radioactive Cell Proliferation ELISA, BrdU (colori-
metric) kit (Roche, Germany) was used to evaluate lym-
phoproliferative responses. 3x10° cells of single cell sus-
pension were cultured in each well of 96-well flat bottom
plates, and recalled by peptide/protein cocktail for 72 h
at 37°C. BrdU labeling was performed according to the
manufacturer’s protocol. Anti-BrdU-POD was applied to
wells followed by substrate addition to measure incor-
poration of BrdU into cell DNA by colorimetric analysis
at A450nm. Stimulation Index (SI) for each sample was
calculated as OD450nm of stimulated well | OD450nm of
un-stimulated well.

3.4.3. Cytokine ELISA and ELISpot Assay

Single cell suspension in concentration of 2 x 10° cells|
mL was cultured in 24-well plates, stimulated with pep-
tide/protein cocktail for 72h and supernatants were sub-
jected to measure IFN-y and IL-4 levels using commercial
ELISA kits (R&D systems, Minneapolis, MD). Quantifica-

tion of core specific IFN-y secreting cells was performed
with ELISpot assay kit (MabTech, Sweden) according to
the manufacturer’s instruction.

3.4.4. Granzyme B (GrzB) Release Assay

The efficacy of immunization to develop the release of
cytolitic effector GrzB molecule by immune cells after re-
stimulation with cognate antigen/peptide was evaluated
by mouse GrzB ELISA (R&D systems). Briefly, splenocytes
were cultured in 96-well culture plates with or without
peptide/protein cocktail. After 60 hrs incubation at 37°C,
supernatants were collected and subjected for ELISA fol-
lowing manufacturer’s instructions. Core specific GrzB
release was measured as follows: Specific GrzB release
(pg/mL) = Experimental release (pg/mL) - Spontaneous
release (pg/mL).

3.5. Humoral Immune Responses
Core specific IgG antibodies were analyzed by ELISA

Hepat Mon. 2014;14(3):e14611
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as described previously with some modifications
(20). In brief, Maxisorb 96 well plates (Nunc, Den-
mark) were coated overnight at 4°C with 0.5 pg of
nucleocapsid protein (Abcam, The UK) dissolved in
100 pL carbonate coating buffer (CBC). Wells were
washed with washing buffer (0.05% Tween 20 in PBS)
and blocked to inhibit non-specific protein binding
with blocking buffer (3% BSA in PBS). Mice sera were
applied to wells and incubated for 2 h at 37°C. After
washing steps, 100 nL of 1:7000 diluted HRP-conju-
gated anti- mice IgG (Sigma) was applied for 1 h at
37°C. TMB (tetramethylbenzidine) was added to wells
to develop colorimetric reaction, and optical densi-
ty (OD) was measured at 450nm with a plate reader
after the reaction was stopped by adding 2N H2S0O4.
To determine anti-core specific IgG subtypes, IgGl
and IgG2a subclasses were measured using goat anti-
mouse IgGl and IgG2a secondary antibodies (Sigma)
according to the same protocol and manufacturer’s
instructions.

3.6. Statistical Analysis

SPSS software version 15 (SPSS Inc., Chicago, IL, The
USA) was used for statistical analysis. Data were ex-
pressed as mean * SD. Student’s t-test or one-way ANO-
VA test was performed for data comparison and P value
less than 0.05 was considered as statistically signifi-
cant.

4. Results

4.1. Expression and Biological Activity of MIP-
3beta

The plasmid expressing MIP-3beta was verified by re-
striction digestion, PCR and DNA sequencing (data not
shown). The expression and secretion of MIP-3beta was
confirmed in supernatant of pMIP-3beta-transiently
transfected HEK293T cells by using commercial sand-
wich ELISA kit (Figure 1 A). The ability of the expres-
sion product from pMIP-3beta to stimulate migration
of CCR7 + HUT-78 cell line was evaluated by the migra-
tion transwell assay. As shown in Figure 1 B, superna-
tant from pMIP-3beta-transiently transfected HEK293T
cells showed potent chemoattractant activity, and this
MIP-3beta mediated chemotaxis was significantly de-
creased by the addition of anti MIP-3beta neutralizing
antibody, further demonstrating the chemokine spe-
cific chemoattraction (Figure 1 C).

Hepat Mon. 2014;14(3):e14611

4.2. Cellular Immune Responses

To determine the immunomodulatory effects of MIP-
3beta gene codelivery on cellular immune responses,
splenocytes of the immunized mice were used for cy-
tokine release, lymphoproliferative and cytolytic GrzB
release assays. The core specific releases of IFN-y and
IL-4 by in vitro stimulated splenocytes were measured
in the supernatant of cultured cells. Co-inoculation
of pMIP-3beta and pCore enhanced the production
of antigen/epitope specific IFN-y 1.5 fold higher than
with pCore alone group; while in all the experimental
groups IL-4 release did not significantly differ from the
control ones (Figure 3 A) which demonstrated an am-
plified Th-1 polarized response. Accordingly, results of
ELISpot assay showed a drastic difference in the num-
ber of IFN-y secreting cells in favor of mice co-vaccinat-
ed with pMIP-3beta compared to pCore alone group
(262.2 £ 17 vs. 59.2 £ 6.5 of IFN-y SFCs[10° of cultured
splenocytes respectively) (P < 0.01) which indicated
the capability of MIP-3beta chemokine as an adjuvant
to expand the number of core specific IFN-y secret-
ing cells (Figure 3 B). Results of lymphoproliferative
responses revealed a significant antigen specific in-
crease in number of splenocytes of mice co-vaccinated
with pMIP-3beta and pCore. We previously showed that
pCore immunization induced a brief lymphoprolifera-
tive response (24) and these results showed that pMIP-
3-beta co-administration enhanced these responses up
to 1.4 fold (P < 0.05) (Figure 4 A). Acquisition of cytolyt-
ic GrzB molecule release after restimulation with cog-
nate antigen/peptide by immunized splenocytes was
assessed with quantification of specific GrzB release
amount following in vitro recall. Cytolytic GrzB release
is one of the major mechanisms of cytolytic immune
cells to kill infected or malignant cells. pMIP-3beta co-
administration induced a significantly higher percent-
age of antigen/epitope specific GrzB release (772.3 £
63.3 pg/mL) compared to the pCore group (328.4 £ 50.6
pg/mL) (P < 0.01), suggesting that this chemokine can
act as an adjuvant in enhancement of cytolytic func-
tions of immunized splenocytes (Figure 4 B).

4.3. Humoral Immune Responses

pMIP-3beta co-immunization slightly elicited total
anti-core IgG level (Figure 5 A) (P < 0.01). IgG1 and IgG2a
subtypes of specific IgG were evaluated as well to anal-
ysis its modulatory effects. IgG2a level was markedly
increased by MIP-3beta co-administration compared
to the pCore group; while the higher IgG2a/IgG1 ratio
was in accordance with an augmented Th1 polarized
immune response (Figure 5 B).
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Figure 3. Cytokine ELISA and ELISpot Assay
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Figure 4. A) The average proliferation of lymphocytes after in vitro recall of each group of mice. B) Core specific cytolytic GrzB release was calculated as
described in Materials and Methods. Data represents the mean + SD of 4 mice per group in triplicate. Asterisks indicate the groups which are statistically

different from each other and/or control groups.

Figure 5. Determination of Core Specific Humoral Immune Responses
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5. Discussion

A desired HCV vaccine should be able to elicit high lev-
els of antigen specific cellular and humoral responses.
DNA vaccine modalities might be suitable as - HCV vac-
cine candidates, but they require co-application of other
strategies (such as electroporation mediated antigen
delivery) and/or co-administration of immune modu-
lators to enhance their immunogenicity (25, 26). In the
current study, we evaluated the potential use of homeo-

Hepat Mon. 2014;14(3):e14611

static CCL-19/MIP-3beta chemokine to modulate the im-
mune responses of HCV core DNA vaccine. Although the
potential role of molecular adjuvants like cytokines and
costimulatory molecules in the vaccination strategies
has been extensively investigated (10, 11), but the positive
effect of chemokines as molecular adjuvants remains to
be further evaluated.By virtue of its paramount impor-
tance in immune response formation and diverse effects
on the DCs and lymphocyte migration and activation-
MIP-3beta has been postulated as an interesting candi-
date vaccine adjuvant for both cancer and infectious
disease regarding its paramount importance in immune
response formation and diverse effects on the DCs and
lymphocyte migration and activation (27). Our data indi-
cated that co-delivery of pMIP-3beta with HCV core DNA
vaccine improved Thi polarized cell-mediated immune
responses evidenced by an increase in: IFN-y/IL-4 ratio
(Figure 3 A), relative number of IFN-y producing cells (Fig-
ure 3 B), lymphocyte proliferative responses (Figure 4 A),
cytolytic GrzB release activity (Figure 4 B) and the core
specific IgG2a[IgGl ratio (Figure 5 B) compared with the
corresponding controls. Moreover, humoral responses
(anti-core total IgG) levels were also enhanced in mice
co-immunized with pMIP-3beta (Figure 5 A) compared
to the corresponding controls. Our results are in accor-
dance with a prior report on co-administration of MIP-
3beta gene with a beta-gal expressing plasmid indicating
that co-administered formulation enhanced both theThi
polarized cell-mediated and humoral immune responses
as well as specific CD8+ T cells activities in a tumor cell-
challenge vaccine study (16). Accordingly, co-delivery of
MIP-3beta gene enhanced both antigen specific total IgG
and IFN-y[IL-4 ratio of a Streptococcus mutans pac gene
expressing DNA vaccine (28), while genetic co-transfer
of MIP-3beta improved both Thi/Th2immune responses
in HIV gp140 (28) and HSV-1 gB DNA vaccine studies (17).
Subunit vaccines (formulation of recombinant antigens
in proper adjuvants) are recognized as efficient and safe
vaccine modalities for human immunization. In fact,
the only approved recombinant vaccines for human use
(against Hepatitis Band Human Papilloma viruses) are of
this type (29). The results of our study on HCV core DNA
vaccine co-administration with MIP-3beta, in induction
of proper Thi-oriented (Figures 3, 4 and 5A) and humoral
responses (Figure 5 B) are in complete agreement with
outcome of Montanide (22) and Bacillus Calmette-Guerin
(BCG) (30) formulated HCV core protein immunization
studies in mice regarding the elicited responses. Indeed,
results of our cytolytic GrzB release activity (Figures 4 B,
C) is even superior to that of BCG formulated HCV core
protein (30). Moreover, our results are comparable with
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the data of HCV core-ISCOMATRIX (formulation of HCVcp
11191 in negatively charged immuno-stimulating com-
plex) immunization studies in rhesus macaques and a
phase-I study in human regarding the induction of both
antibody responses and T-cell cytokines following vac-
cine administration (26). Therefore, HCV core DNA vac-
cine co-administration with MIP-3beta might elicit anti-
gen specific immune responses comparable/superior to
that of candidate HCV core subunit vaccines.

The cardinal immunomodulatory mechanism of MIP-
3beta as vaccine adjuvant remains to be completely elu-
cidated. The chemokine, MIP-3beta, is constitutively ex-
pressed in T cell zone of lymphoid tissues and establishes
a microenvironment for interaction of mature DC, naive
T cells and B cells to initiate primary immune responses
(15). It has been shown that it enters secondary lymphoid
tissues and expresses the chemokine following admin-
istration of MIP-3beta plasmid (28). The distribution of
plasmid DNA and its RNA transcript in lymphoid tissues
following pMIP-3b administration has been demonstrat-
ed previously (28). It is assumed that exogenous MIP-3be-
ta overexpression in lymphoid tissue may enhance the re-
cruitment of APCs, facilitating the chance of interaction
between DC, T- and B cells in lymphoid tissues and conse-
quently enhancing both humoral and cell-mediated im-
mune responses. This conception is supported by the ob-
servation that plt/plt knockout mice (lacking functional
CCR7 ligands) show a failure in DC and lymphocyte hom-
ing and localization (31). Delayed antibody responses and
defective T cell mediated immune reactions were also
observed in such a mice. Furthermore, the increase in
number of mature DCs and T cells in secondary lymphoid
tissues following pMIP-3beta administration has been re-
ported which further supports the aforementioned con-
cept(28).

In conclusion, the data presented in this study demon-
strated the immunomodulatory effect of MIP-3beta to en-
hance core specific cell-mediated and humoral responses
in HCV core DNA immunization. To our knowledge, this
is the first study reporting the adjuvant activities of MIP-
3beta in an HCV DNA vaccination model.

Acknowledgements

No writing assistance was attained regarding prepara-
tion of the manuscript. We wish to thank Dr. M. Rasekh-
ian for her technical support. This work was performed
as a part of Dr. Christine Hartoonian’s dissertation (PhD
candidate at Faculty of Pharmacy, Tehran University of
Medical Sciences), and was partly supported by grants
from Pasteur Institute of Iran and Tehran University of
Medical Sciences.

Authors’ Contribution

Christine Hartoonian: Study concept and design,
developing the original idea and the protocol,

performing experiments, dataanalyzing,and manuscript
preparation. Lida Langroudi Technical support in large
scale DNA preparation and immunoassays, Parisa Amir
Kalvanagh Development of protocols, manuscript
preparation, Yonh-Suk Jang: Providing the CCL19 cDNA,
development of protocols for CCL19 molecular cloning
and expression analysis, Massoumeh Ebtekar: Study
concept and design, critical revision of the manuscript
for important intellectual content, Mojtaba Tabatabaei
Yazdi: Study concept and design, Ali Karami: Study
concept and design, Babak Negahdari: technical support
in immunoassays, Zargham Sepehrizadeh: Study concept
and design, development of the original idea and the
protocols, data analyzing of in-vitro experiments,
manuscript preparation. Kayhan Azadmanesh: Study
concept and design, development of the original idea
and the protocols, data analyzing, and critical revision of
the manuscript for important intellectual content.

Financial Disclosure

The authors declared no competing financial interests.

Funding/Support

This project was conducted as a part of fulfillment of
PhD degree requirements of Department of Pharmaceu-
tical Biotechnology, Faculty of Pharmacy, Biotechnology
Research Center, Tehran University of Medical Sciences.
Financial support was provided by the above mentioned
medical school and partly supported by grants from Pas-
teur Institute of Iran.

References

1. Kim CW, Chang KM. Hepatitis C virus: virology and life cycle. Clin
Mol Hepatol. 2013;19(1):17-25.

2. Pavio N, Lai MM. The hepatitis C virus persistence: how to evade
the immune system? ] Biosci. 2003;28(3):287-304.

3. Gellad ZF, Reed SD, Muir AJ. Economic evaluation of direct-acting
antiviral therapy in chronic hepatitis C. Antivir Ther. 2012;17(6 Pt
B):1189-99.

4. Esteban R, Buti M. Triple therapy with boceprevir or telaprevir
for treatment naive HCV patients. Best Pract Res Clin Gastroenterol.
2012;26(4):445-53.

5. Kozielewicz D, Halota W, Dybowska D. [Efficacy of triple therapy
in patients with chronic hepatitis C not treated and patients pre-
viously treated ineffectively]. Przegl Epidemiol. 2012;66(1):49-54.

6. LiangTJ, Rehermann B, Seeff LB, Hoofnagle JH. Pathogenesis, nat-
ural history, treatment, and prevention of hepatitis C. Ann Intern
Med. 2000;132(4):296-305.

7. Liao G, Wang Y, Chang ], 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.

8. Choo QL, Kuo G, Weiner AJ, Overby LR, Bradley DW, Houghton
M. Isolation of a cDNA clone derived from a blood-borne non-A,
non-B viral hepatitis genome. Science. 1989;244(4902):359-62.

9. Lowe DB, Shearer MH, Kennedy RC. DNA vaccines: successes
and limitations in cancer and infectious disease. J Cell Biochem.
2006;98(2):235-42.

10.  Barouch DH, Letvin NL, Seder RA. The role of cytokine DNAs as
vaccine adjuvants for optimizing cellular immune responses.

Hepat Mon. 2014;14(3):e14611



Hartoonian Cet al.

12.

13.

15.

16.

17.

19.

20.

21

Immunol Rev. 2004;202:266-74.

Tsen SW, Paik AH, Hung CF, Wu TC. Enhancing DNA vaccine po-
tency by modifying the properties of antigen-presenting cells.
Expert Rev Vaccines. 2007;6(2):227-39.

Ngo VN, Tang HL, Cyster JG. Epstein-Barr virus-induced molecule
1ligand chemokine is expressed by dendritic cells in lymphoid
tissues and strongly attracts naive T cells and activated B cells. |
Exp Med. 1998;188(1):181-91.

Forster R, Davalos-Misslitz AC, Rot A. CCR7 and its ligands: balanc-
ing immunity and tolerance. Nat Rev Immunol. 2008;8(5):362-71.
Riol-Blanco L, Sanchez-Sanchez N, Torres A, Tejedor A, Narumiya S,
Corbi AL, et al. The chemokine receptor CCR7 activates in dendritic
cells two signaling modules that independently regulate chemo-
taxis and migratory speed. ] Immunol. 2005;174(7):4070-80.

Kaiser A, Donnadieu E, Abastado JP, Trautmann A, Nardin A. CC
chemokine ligand 19 secreted by mature dendritic cells increas-
es naive T cell scanning behavior and their response to rare cog-
nate antigen. ] Immunol. 2005;175(4):2349-56.

Westermann |, Nguyen-Hoai T, Baldenhofer G, Hopken UE, Lipp
M, Dorken B, et al. CCL19 (ELC) as an adjuvant for DNA vaccina-
tion:induction of a THI-type T-cell response and enhancement of
antitumor immunity. Cancer Gene Ther. 2007;14(6):523-32.

Eo SK, Lee S, Kumaraguru U, Rouse BT. Immunopotentiation of
DNA vaccine against herpes simplex virus via co-delivery of plas-
mid DNA expressing CCR7 ligands. Vaccine. 2001;19(32):4685-93.
Han YW, Aleyas AG, George JA, Kim S, Kim HK, Yoo DJ, et al. Ge-
netic co-transfer of CCR7 ligands enhances immunity and pro-
longs survival against virulent challenge of pseudorabies virus.
Immunol Cell Biol. 2009;87(1):91-9.

Juarez V, Pasolli HA, Hellwig A, Garbi N, Arregui AC. Virus-Like Par-
ticles Harboring CCL19, IL-2 and HPV16 E7 Elicit Protective T Cell
Responses in HLA-A2 Transgenic Mice. Open Virol |. 2012;6:270-6.
Hartoonian C, Ebtekar M, Soleimanjahi H, Karami A, Mahdavi
M, Rastgoo N, et al. Effect of immunological adjuvants: GM-CSF
(granulocyte-monocyte colony stimulating factor) and IL-23 (in-
terleukin-23) on immune responses generated against hepatitis
Cvirus core DNA vaccine. Cytokine. 2009;46(1):43-50.

Yang ], Wang S, Zhao G, Sun B. Effect of chemokine receptors CCR7
on disseminated behavior of human T cell lymphoma: clinical
and experimental study. ] Exp Clin Cancer Res. 2011;30:51.

Hepat Mon. 2014;14(3):e14611

22.

23.

24.

25.

26.

27.

28.

29.

30.

3L

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.

Lohr HF, Schmitz D, Arenz M, Weyer S, Gerken G, Meyer zum
Buschenfelde KH. The viral clearance in interferon-treated
chronic hepatitis C is associated with increased cytotoxic T cell
frequencies. ] Hepatol. 1999;31(3):407-15.

Hartoonian C, Ebtekar M, Soleimanjahi H, Karami A, Mahdavi
M, Rastgoo N, et al. Effect of immunological adjuvants: GM-CSF
(granulocyte-monocyte colony stimulating factor) and IL-23 (in-
terleukin-23) on immune responses generated against hepatitis
Cvirus core DNA vaccine. Cytokine. 2009;46(1):43-50.

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

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.

Mohit E, Rafati S. Chemokine-based immunotherapy: de-
livery systems and combination therapies. Immunotherapy.
2012;4(8):807-40.

Hu K, Luo S, Tong L, Huang X, Jin W, Huang W, et al. CCL19 and
CCL28 Augment Mucosal and Systemic Immune Responses
to HIV-1 gp140 by Mobilizing Responsive Immunocytes into
Secondary Lymph Nodes and Mucosal Tissue. | Immunol.
2013;191(4):1935-47.

Foged C. Subunit vaccines of the future: the need for safe, cus-
tomized and optimized particulate delivery systems. Ther Deliv.
2011;2(8):1057-77.

Yazdanian MMA, Mahdavi M, Sadat M, Motevali F, Vahabpour R,
Khanhmad H, Siadat SD, Aghasadeghi MR, Roohvand F. Immu-
nization of Mice by BCG Formulated HCV Core Protein Elicited
Higher Thi-Oriented Responses Compared to Pluronic-F127 Co-
polymer. Hepatitis Monthly. 2013;13(10).

Baekkevold ES, Yamanaka T, Palframan RT, Carlsen HS, Reinholt
FP, von Andrian UH, et al. The CCR7 ligand elc (CCL19) is trans-
cytosed in high endothelial venules and mediates T cell recruit-
ment. | Exp Med. 2001;193(9):1105-12.



