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Abstract
Background: Virus-induced dendritic cells (DCs) functional deficiency leads to sub-optimal initiation of adaptive
immune responses and consequently chronic infection establishment. The present study reports an advanced
hepatitis C virus (HCV) therapeutic vaccine model based on In vivo enrichment of DCs with barberry ethanolic
crude extract (BCE) then pulsing them with HCV core protein.
Methods: DCs were enriched by BCE intravenous injection in BALB/c mice. Vaccine efficiency was assessed by flow
cytometric analysis of splenocytes of immunized mice, cytokine profiling, cytotoxic T lymphocyte assay, and
humoral immune response assessment.
Results: There was no significant difference in surface phenotypic characterization of splenocytes from mice
immunized with non-BCE-enriched-core-pulsed DCs (iDcs-core) compared to those from mice injected with
RPMI-1640 medium. However, splenocytes from mice immunized with BCE-enriched-core-pulsed DCs showed
197 % increase in CD16+ population, 33 % increase in MHCII+ population, and 43 % decrease in CD3+ population.
In iDCs-core group, 57.9 % greater anti-core cytotoxic T lymphocyte activity, up-regulation in interferon gamma
and interleukin (IL) -12 expression, and down-regulation in IL-4 and IL-10 were recorded. Moreover, sustained
specific anti-core antibodies were detected only in sera of the same group.
Conclusions: results indicate that BCE-enriched-core-transduced DCs may serve as a new model for
immunotherapy of HCV chronic infection.
Keywords: IL 12, Berberis vulgaris, Th-1, IL 4, INF-γ
Abbreviations: BCE, Barberry ethanolic crude extract; BSA, Bovine serum albumin; CD, Cluster of differentiation;
CTL, Cytotoxic T lymphocytes; DC, Dendritic cells; ELISA, Enzyme linked immunosorbent assay; Flt3, Fms-like
tyrosine kinase receptor-3; GM-CSF, Granulocyte-macrophage colony-stimulating factor; HCV, Hepatitis C virus;
iDCs group, That received BCE-induced DCs; iDCs-core group, That received BCE-induced DCs transduced with
core protein; IFN-α, Interferon α; IL 12, Interleukin 12; LDH, Lactate dehydrogenase; LTβR, Lymphotoxin β receptor;
MHCII, Major histocompatibility complex class II; MTT assay, 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide assay; nDCs group, That received non-BCE-induced DC; nDCs-core group, That received non-BCEinduced DCs transduced with core protein; NFkB, Nuclear factor kappa B; NK cells, Natural killer cells; NO, Nitric
oxide; PBS, Phosphate buffered saline; PRPMI - 1640 group, That received complete medium; SVR, Sustained
virologic response; TCR, T cell complex receptor; Th1, T helper 1; Th2, T helper 2; TNFR, Tumor necrosis factor
receptor
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Background
Approximately 180 million people worldwide are chronically infected with HCV, but most are unaware of the
infection based on the lack of symptoms at its first
stages [1]. The global seroprevalence of anti-HCV antibodies is estimated to be 2.8 %. Central and East Asia
and North Africa/Middle East are estimated to have the
high viral prevalence >3.5 %; [2] the highest estimated
annual number of HCV infections locates in Egypt
where there is more than 150,000 new patients every
year [3].
Standard of care (SOC) antiviral therapy for HCV
today consists of pegylated IFN-α-2a or -2b in combination with ribavirin. Patients with genotype 1 and 4 typically require 48 weeks of SOC treatment with sustained
virologic response (SVR) of around 40 % to 50 %, while
those with genotype 2 and 3 require 24 weeks of treatment with SVR of around 70 % to 80 % [4].
Development of an effective vaccine against HCV infection has long been defined as a difficult challenge.
This is due to the quasispecies nature of the virus due to
the lack of proofreading activity of the viral RNAdependent RNA polymerase, and the observation that
convalescent humans and chimpanzees could be reinfected upon re-exposure [5]. HCV chronic infection is
characterized by the absence of efficient antiviral T cell
responses. Virus-induced defect in DCs function is one
of the mechanisms responsible for immune evasion of
HCV. [6] A number of studies described a significant
down-regulation of DCs function in HCV infected patients, where Th1/Th2 balance was shifted towards Th2
up-regulation [7, 8]. Thus, vaccination strategies to
induce strong anti-HCV T cell responses are essential
for both of prophylactic and therapeutic purposes.
DCs are of the greatest antigen presenting capacity
among all immune effectors; therefore enriching such
cells with a natural and potent agent to counteract the
defect caused by viral infection is of a major concern.
Immunization with DCs loaded with some conserved
viral parts offers a new approach for induction of a
specific antiviral immunity and developing a novel
therapeutic strategy in HCV infection therapeutics [9].
Berberis vulgaris L. is well known medicinal plant with
traditional herbal medical history. Used in many civilizations as a curative herbal remedy in the homeopathic
system of medicine [10]. The most important constituents
are isoquinoline alkaloids, such as berberine, berbamine
and palmatine [11].
It was demonstrated that treatment of macrophages
and DCs with berberine; a benzodioxoloquinolizine
alkaloid present in Berberis vulgaris plant, significantly
induced interleukin (IL) -12 production in a dosedependent manner, Therefore, it could be counteracting
the effect of HCV infection of misbalancing the Th1/
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Th2 cytokines ratios to evade the immune response of
the host [12].
Our published in vitro study showed that the treatment of mice splenocytes with BCE induced interferon gamma (IFN-γ) production and increased the
level of CD11c which indicated the positive increment of antigen representing cells specially DCs.
Moreover, BCE increased the production of both
IFN-g and IL-12 and decreased the production of IL
10 and IL 4 therefore BCE shifted the maturation towards the Th1 [13].
Therefore, therapeutic DCs vaccine may hold its
promises by working on DCs maturation and proliferation, since DCs of chronically infected patients are under
negative regulation of the virus itself. Immunization
strategies in chronic HCV infection may have one central aim in the future: targeting directly or indirectly
DCs to induce vigorous immune responses that are able
to eliminate the virus. The present study reports an
advanced hepatitis C virus (HCV) therapeutic vaccine
model based on In-vivo enrichment of DCs with barberry
ethanolic crude extract (BCE) and pulsing them with
HCV core protein.

Methods
BEC extraction and animal modeling

Barberry dried roots were purchased and imported from
Iran. They were authenticated by Prof. Dr Salama ElDareir from the Botany Department, Faculty of Science,
Alexandria University, Egypt. First, this classification was
determined based on the data about the plant, published
in Dragon Herbarium (https://dragonherbarium.com/products/barberry-root-bark-c-s-wc-berberis-vulgaris).
BEC was prepared from Berberis vulgaris root according to Abd-Elwahab et al., [14] and Ghareeb et al. [15]
where The dried powdery roots of barberry was exhaustively defatted with petroleum ether and subjected to
steam distillation method for ethanolic gradient extraction with Soxhlet apparatus. The ethanolic extract was
concentrated to minimum volume using rotary evaporator then lyophilized to obtain a powder extract of barberry (25 %). The barberry extract powder form was
kept at −20 °C until subjected to further biochemical
analysis BALB/c female mice, inbred strain (8–10 weeks
of age, 25–30 g body weight) were purchased from
experimental animal house (Tudor Belharis Research Institute), and housed in the animal house of Medical
Technology Centre, Medical Research Institute, Alexandria University, Egypt. all study protocols for animal and
biological tissue samples treatment, involved in this
study, were firmly subjected to ethical instructions
outlined by Animal Ethics Committees (AEC) that published via The National Health and Medical Research
Council (NHMRC) policies and guidelines that
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recommended by the Egyptian Ministry of Health and
Population, High Committee Of Medical Specialties,
Arab Republic of Egypt [16]. This study granted permission from the Biomedical technology, SRAT-city and
Biochemistry Department, Faculty of Science, Alexandria
University, following approval of the Research Ethics
Committee, Faculty of Pharmacy, Alexandria University.
Animals were grouped and housed in metal cages
(eight mice/cage), maintained at approximately 23–25 °C
with a 12 h light/dark cycle and received laboratory
basal diet and tap water for 1 week acclimation period
throughout the study period. In this study, two successive animal models for DCs enrichment and
immunization were used.
In vivo DCs enrichment, separation and transduction

DCs were enriched by intravenous injection of mice with
60 mg/kg of BEC eight times every other day. Mice were
grouped into two groups (8 mice/group); the first was
designated as BCE-induced-DCs, while the second
which received no treatment was designated as nonBCE-induced-DCs. Two days after the last injection
mice were euthanized by cervical dislocation and spleens
were dissected and dissociated with cell dissociate (gentleMACS™, Miltenyi Biotec, Germany) for single-cell suspension in RPMI-1640 plain medium (Lonza, USA).
Cells were centrifuged at 1650 rpm for 5 min, brake 9/9,
at 25 °C. Pellets were dispersed with 10 ml of red blood
cells lysis buffer, and centrifuged at the same conditions.
Pellets were collected and dispersed again in 1 ml RPMI
- 1640 complete medium and cells were counted using
0.4 % trypan blue. DCs were separated from total splenocytes using anti-CD11c microbeads (MACS, Miltenyi
Biotec, Germany). Influence of BEC on enriching DCs
population was evaluated by staining the separated cells
with PE-conjugated hamster anti-mouse CD11c antibody
(Miltenyi Biotec, Germany) and counting CD11c+ cells
using FACS analysis (Becton Dickinson, USA (using
CellQuest Pro Software. CD11c+ cells were transduced
with HCV core recombinant peptides (Sigma Aldrich,
USA) at a concentration of 2 μg/106 cells.
Phenotypic analysis of DCs

After the DCs were collected, the level of CD11c and
MHCII were detected by FACSCalibur flow cytometer
(BD Biosciences). Moreover, cytokines expression (IL4,
IL10, IL 12 and INF-gamma) was performed by RT-PCR
beside IL 12 and INF-gamma proteins levels were measured by ELISA (Komabiotech, Korea).
Invivo immunization

This step required an animal model design of six groups
of BALB/c mice (eight mice/group). According to the
general aspects of vaccination of world health
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organization (WHO), primary immunization schedules
includes at least two vaccine doses, optimally repeated at
a minimal interval of 3–4 weeks to generate successive
waves of immune response. Accordingly, mice were
treated subcutaneously three times at four-weeks intervals with different DCs subsets obtained from animal
model A (ex-vivo transduced with core recombinant
protein or non-transduced) resulting in the following
groups: 1) Negative control group that received no treatment, 2) RPMI - 1640 group that received complete
medium, 3) nDCs group that received 0.1 × 106 nonBCE-induced DCs at the first injection, and 0.05 × 106
of the same cells at the second and third injections. 4)
nDCs-core that received 0.1 × 106 non-BCE-induced
DCs transduced with core protein at the first injection,
and 0.05 × 106 at the second and third injections. 5)
iDCs group that received 0.1 × 106 BCE-induced DCs at
the first injection, and 0.05 × 106 at the second and third
injections. 6) iDCs-core group that received 0.1 × 106
BCE-induced DCs transduced with core protein at the
first injection, and 0.05 × 106 at the second and third
injections. Immunization scheme was performed according to sakai et al. [17] with modifications as follows: 1) A
dose lower than 0.1 × 106 DCs/mouse had been administrated to mice to avoid death with hypoxia, 2)
Immunization was performed in four weeks intervals,
not three weeks intervals.. After immunization period,
mice were euthanized by cervical dislocation at day 7
after the last booster exposure, and spleens were dissected and dissociated as previously mentioned.
Phenotypic characterization of splenocytes of immunized
mice by flow cytometric analysis

Splenocytes were washed and harvested in a 96-well
plate. 10 μl of FITC-conjugated monoclonal anti-mouse
MHCII (Miltenyi Biotec, Germany), APC-conjugated
monoclonal anti-mouse Fcγ RIII/CD16, and PEconjugated monoclonal anti-mouse CD3 (R&D systems,
UK) antibodies were added individually to wells containing 0.1 × 106 cells dispensed in 25 μl PBS, and incubated
at 4 °C for 45 min according to the manufacturer’s
instructions. After incubation, the unreacted antibody
reagent was discarded by washing the cells twice with
4 ml of same 0.5 % BSA in PBS. Cells were re-suspended
in 200 μl PBS/BSA buffer for flow cytometric analysis.
Cytokines profile

Cytokines profile was studied on the genomic level by
reverse transcriptase polymerase chain reaction (RTPCR), and on protein level by enzyme linked immunosorbent assay (ELISA). Total RNA was extracted from
immunized splenocytes (106 cells) according to the
method of Chomczynski et al. [18] First strand cDNA
was synthesized using RevertAid™ first strand cDNA
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synthesis kit (Fermentas, Thermo fisher scientific,
Germany). RT was performed using DreamTaq™ Green
PCR master mix (2X) (Fermentas, Thermo fisher scientific, Germany), and cytokine-specific oligonucleotide
primers were: GAPDH, 5′-CAAGGTCATCCATGACAACTTTG-3′, 5′-TCCACCACCCTGTTGCTGTAG-3′;
INF-γ, 5’-GTCAACAACCCACAGGTCCAG-3′, 5′-TTGG
GACAATCTCTTCCCCA-3′; IL-12, 5′-CAGAAGCTAACCATCTCCTGGTTTG-3′,
5′-TCCGGAGTAAT
TTGGTGCTTCACAC-3′; IL-10, 5′-AGAGACTTGC
TCTTGCACTACCAA-3′,
5′-GTAAGAGCAGGCAG
CATAGCAGT- 3′; IL-4, 5′-TTGTCTCTCGTCACT
GACGCA-3′,
5′-TACGAAGCACCTTGGAAGCC-3′.
The amplification was performed at initial step at
95 ° C for 15 min, followed by 40 cycles of a denaturation step at 90 °C for 30 s, an annealing step at
primer’s melting point - 5 °C for 1 min, an extension
step at 72 °C for 8 min, and a final extension step at
72 °C for 10 min. The resulting PCR fragments were
visualized on 1.5 % agarose gels, and gel bands were
revealed using gel documentation system. The relative
expression quantity was evaluated by the ratios of
band intensity to GAPDH using AlphaView software.
Cytoplasmic contents of cytokines protein expression
of INF-γ was screened according to the instructions
of Mouse INF-γ ELISA kit (Komabiotech, Korea).
Determination of the optimum effector cells: target cells
ratio (E:T)

In a 96-well rounded-bottomed plate, splenocytes of
non-treated mice were co-cultured with murine EL4 cells
(ATCC® TIB39 ™) with a final cell count of 0.5 × 106 cell/
well at E: T ratios of 1:25, 1:12.5, 1:6.2, 1:3.1 and 1:1.6. The
plate was incubated at 37 °C for 4 h in presence of 5 %
CO2. 20 μl aliquots of MTT (Sigma-Aldrich, USA) (were
added in the dark to each well, and the plate was reincubated at 37 °C and 5 % CO2 for 4 h. The plate was
centrifuged at 25 °C, 2000 rpm and brake 9/9 for 10 min.
Supernatants were discarded, 200 μl of DMSO was added
to each well, and the plate was agitated using a shaker
(ThermoFisher) for 5 min. Absorbance was determined at
570 nm on microtiter plate reader (BioTek, USA).
EL4 cells transduction with core protein

Transduction of 1 × 106 cell of EL4 with 10 μg of core
recombinant peptides was performed using protein delivery system BioPORTER quickEase protein delivery Kit
(Sigma-Aldrich, USA). Transduction was evaluated using
anti-HCV core antigen antibody (Abcam, UK) as described by Coligan et al. [5].
Cytotoxic T lymphocyte assay by LDH and MTT

Cells (1.0 × 106) were dispensed at an E: T ratio of 1:1.6
into a 96-well rounded plate, brought to 150 μl with
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complete medium and incubated at 37 °C for 4 h in
presence of 5 % CO2. Co-cultured cells were centrifuged
at 25 °C, 2000 rpm and brake 9/9 for 10 min. LDH
release was assessed according to the instructions of
Lactate cytotoxicity assay kit (Cayman chemicals, USA).
With the same plate set-up, MTT assay was performed
as previously described.
Monitoring humoral response

Anti-HCV core IgG antibody levels) total IgG) in the
serum of each immunized mouse were screened against
core recombinant peptides and non-structural protein3
(NS3) antigen (Sigma-Aldrich, USA) according to Lazdina
et al. [19] Efficiency of anti-core antibodies was estimated
using non-structural protein 3 (NS3) as a negative control.
Statistical analysis

Data were analyzed by one-way analysis of variance
(ANOVA) using Primer of Biostatistics (version 5) software program. Significant differences (p < 0.05) between
the means ± SD were determined using multiple comparisons Student-Newman-keuls test.

Results
Remarkable increase in splenic CD16 and MHCII along
with diminished CD3

A panel of monoclonal antibodies were used to detect
CD16, MHCII, CD3 surface antigens individually on
splenic DCs for tracking the phenotypic changes of splenocytes after immunization. It has been known that
CD16-mediated signal transduction promotes induction
of maturation of immature DCs and CD16-mediated
antigen uptake potently enhances antigen presentation
[20, 21]. Expression of MHCII surface antigen identifies
antigen presentation, DCs morphology, and expression
of co-stimulatory molecules [22]. While CD3 expression,
T-cell co-receptor is a protein complex, reflects the
ligation of CD3 with T complex receptor (TCR) induced
by MHCII:core recombinant peptide ligation. Because,
multiple immune defects had been described in patients
with chronic HCV infection that may be linked to the
reduced INF-α production, including insufficient response of CTL, low activity of natural killer cells (NK
cells), we tested the hypothesis that immunizing mice
with DCs pre-stimulated with BCE may have a better
antigen presenting capacity and NK activity. Using
flow cytometry we found iDCs-core was the only
group that showed a significant phenotypic change
characterized by the difference in surface antigens
expression when compared to RPMI - 1640 group (p <
0.05, n = 6) as follows; 197.9 % increase expression of
CD16 surface antigen; 32 % increase expression of MHCII
surface antigen; while 43 % decrease expression of CD3
surface antigen (Fig. 1).
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Fig. 1 Effect of immunization with different subsets of DCs on surface marker expression in splenocytes of immunized mice. Splenocytes of
immunized mice with BCE-induced-core pulsed dendritic cells, in a 3-dose immunization schedule at 4 weeks intervals, shows an elevated CD16+and
MHCII+ populations when compared to RPMI - 1640 group. Spleens of immunized mice were dissociated by gentleMACS dissociator, as described in
Materials and Methods, into a single-cell suspension. Freshly isolated splenocytes were stained with MHCII-FITC, Fcγ RIII/CD16-APC, and CD3-PE monoclonal
antibodies and analyzed by flow cytometry. Data are shown as the percentage of splenocytes bearing surface antigen over total splenocytes population. *
indicates a significant difference with RPMI group. Results are means ± SD of splenocytes of six mice. (PRPMI - 1640 group that received complete medium,
nDCs group that received non-BCE-induced DC, nDCs-core group that received non-BCE-induced DCs transduced with core protein, iDCs
group that received BCE-induced DCs, iDCs-core group that received BCE-induced DCs transduced with core protein)

High Th1 cytokines versus low Th2 cytokines

A number of studies recently described a significant
down-regulation of DCs function in HCV infected patients, shifting the Th1 (INF-γ and IL-12) /Th2 (IL-4 and
IL-10) balance towards Th2 up-regulation [7–15, 17–23]
(https://dragonherbarium.com/products/barberry-root-barkc-s-wc-berberis-vulgaris).
In order to address the possible modulation in the T
helper 1 (Th1)/T helper2 (Th2) cytokines gene expression after mice immunization, the difference in mRNA
expression of Th1 cytokines (Interferon-gamma (INF-γ)
and interleukin (IL) -12p40) and Th2 cytokines (IL-4
and IL-10) were evaluated by RT-PCR analysis. Th1 cytokines gene expression exhibited a noticeable upregulation (Fig. 2). Levels of INF-γ mRNA increased in
iDCs-core group only. IL-12p40 increased in all groups
immunized with different subsets of DCs with the highest IL-12p40 gene expression in iDCs-core group when
compared to negative control group. On the other hand,
mRNA levels of IL-4 exhibited down-regulation in all
groups immunized with different subsets of DCs with
the lowest level reported at in nDCs group. A dramatic
down-regulation in IL-10 was recorded, except for nDCs
group that showed an unexpected increase (Fig. 2).
High protein expression of intrasplenic INF-γ correlates
with elevated levels of mRNA Th1 cytokines and reduced
mRNA levels of Th2 cytokines

mRNA level of INF-γ was verified by evaluating protein
expression of INF-γ using ELISA (Fig. 3). In vivo
immunization of BALB/c mice with different subsets of

DCs, resulted in an increase of protein levels of INF-γ in
iDCs and iDCs-core groups by 22 % and 47.7 %, respectively (p < 0.05, n = 6).

Mice group that received BCE-induced-core-pulsed DCs
had a good T lymphocyte suppression capacity only
when co-cultured with EL4-core cells

A recent study reported that myeloid DCs have an upregulated cytotoxic activity to kill T cells during HCV
chronic infection, which represent a novel mechanism of
HCV evasion [22]. EL4 cells (ATCC® TIB39 ™) is a
lymphoma cell line induced in a C57BL mouse by 9,10dimethyl-1,2-benzanthracene.
To investigate the anti-core T lymphocyte activity of
immunized mice’s splenocytes, EL4 target cells (T) were
co-cultured with splenocyte effector cells (E) of immunized mice [24]. The optimum co-culture ratio of E:T
cells was 1:1.6 and determined by measuring cytotoxicity
of the co-culture of splenocytes of non-treated mice and
murine EL4 lymphoma cells using MTT cell viability
assay. Cytotoxicity of EL4 cells (transduced and nontransduced) co-cultured with splenocytes of immunized
mice was represented by the percentages of cell viability
(MTT assay), and cell killing (LDH leakage). Cell viability of iDCs-core mice group significantly decreased (p <
0.05) by 12.4 % when co-cultured with EL4-core cells
(Fig. 4)., This was associated with increased cell killing
(57.9 %), in comparison with EL4 + RPMI - 1640 However, the rest of mice groups had no significant differences (p > 0.05) to each other.
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Fig. 2 Effect of mice immunization on the expression of splenic INF-γ, IL-12p40, IL-4 and IL-10 respectively. Cytokine profile of splenocytes of mice
immunized with BCE-induced-core-pulsed DCs exhibits a great shifting towards up-regulating Th1 cytokine profile and down-regulating
Th2 cytokine profile. Specific PCR amplification of reverse-transcribed total RNA (1 μg) from 1 × 106 of splenocytes of mice immunized
with different subsets of DCs for 4 weeks

Potent and specific anti-core IgG antibodies only in the
group that was immunized with BCE-induced-core-pulsed
DCs

Anti-HCV core IgG antibodies levels in the serum of
each immunized mouse were monitored to assess the
humoral immune response of mice to injection with
DCs. Anti-core IgG antibodies were detected in the sera
of iDCs-core group only when incubated with core recombinant protein at a percentage of 21.9697 % after
one week of the last subcutaneous boosting dose (p <
0.05, n = 6). No antibodies were detected when iDCscore sera when incubated with NS3 protein. On the
other hand, a minor percentage of antibodies against
core and NS3 proteins was detected in groups of RPMI 1640 and nDCs, but did not reach the value of a positive
specific anti-core IgG (Fig. 5).

Discussion
Impaired cellular functions of immune system upon HCV

Cytokine (% change)

Impairment of the maturation process in dendritic cells
(DCs) is one of the mechanisms responsible for immune
evasion of hepatitis C virus (HCV) [6]. A study reported

that myeloid DCs have an up-regulated cytotoxic activity
to kill T cells during HCV chronic infection, which represents a novel mechanism of HCV evasion [22]. HCV core
protein can interact with multiple cellular factors, and
regulate expression of cellular genes and control signaling
pathways of different cell types, including DCs [25, 26].
Several studies have shown that core protein may have
a pro-apoptotic activity by affecting the tumor necrosis
factor receptor (TNFR) signaling pathway. Since lymphotoxin β receptor (LTβR) is involved in apoptotic signaling, this suggests that core protein may have an
immunomodulatory function and may also play a critical
role in the establishment of HCV persistence and in disease pathogenesis [26, 27]. Therefore, the cytoplasmic
domain of LTβR and TNFR1 signaling is important for
the microenvironment that allows interactions of lymphocytes with antigen presenting cells and for B cell migration and differentiation into antibody-producing cells.
Impairment of these functions may interfere with the
elimination of infected cells and neutralization of virus.
[28] Core protein reduces sensitivity to tumor necrosis
factor (TNF) and activates nuclear factor kappa B
INF-
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Fig. 3 Cytolytic protein expression of INF-γ after mice immunization. Mice immunized with iDCs or iDCs-core cells increases intrasplenic
IFN-γ production in their splenocytes when compared to RPMI group and/or nDCs and nDCs-core groups. Cytoplasmic contents of cytokines protein
expression of INF-γ was assessed from 1 × 106 of splenocytes using ELISA as previously mentioned at material and methods. Data are shown as the
percentage of splenocytes bearing surface antigen over total splenocytes population. * indicates a significant difference with RPMI- 1640 group. Results
are means ± SD of splenocytes of six mice. # indicates a significant difference within nDCs, and nDCs-core groups
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Fig. 4 Splenocytes of iDCs-core group have a good T lymphocyte
suppression capacity only on EL4-core cells. Splenocytes of immunized
mice (E) were co-cultured with EL-4 or EL-4-core cells (T) at a ratio of
1:1.6 E:T. EL-4 cells were transduced with core recombinant peptides
using BioPORTER quickEase protein delivery Kit as previously described.
Co-cultured cells were incubated at 37 °C for 4 h and their cytotoxicity
was assessed using MTT viability test and LDH release. Data are shown
as the percentage of splenocytes bearing surface antigen over total
splenocytes population. * indicates a significant difference with RPMI
group. Results are means ± SD of splenocytes of six mice. # indicates a
significant difference within nDCs, and nDCs-core groups

(NFkB), thus inhibiting apoptosis either constitutively or
in response to cytokines [29]. HCV can infect T cells, so
any decrease in the apoptosis thresholds by core may
impair their activation and cytotoxic functions. Since
HCV can infect lymphocytes, increasing their sensitivity
to apoptotic stimuli affects their activation and immune
functions. In chronic infection, few HCV specific cytotoxic T lymphocytes (CTL) are found in the peripheral

Serum anti-HCV core (%)

25
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blood, which could be due to an abnormal death of
activated CTL [30, 31].
Interaction of virus particle with cell surface molecules, such as CD81, may modulate cell signaling. CD81
is widely expressed and found on natural killer (NK)
cells. Inhibition of interferon-gamma (INF-γ) production
by NK cells could alter the development of a T helper 1
(Th1) response and favor a T helper 2 (Th2). Inhibition
of the innate immune response early after infection
could confer a growth advantage to HCV that could not
be controlled by the adaptive immune response. The inefficient NK cell response could allow the selection of
escape variants [32]. Compared to monocyte-derived
DCs from healthy donors, DCs from patients with
chronic HCV infection showed an impaired ability to
stimulate allogeneic T cells and to produce interferon
(INF) [33]. This impaired maturation of DCs has been
correlated with persistent HCV infection, [34, 35] and
that’s the main scope of the current study.
Role of BCE on DCs enrichment

A number of studies described a significant downregulation of DCs function in HCV infected patients,
shifting the Th1/Th2 balance towards Th2 up-regulation
[7], so a therapeutic DCs vaccine may hold its promises
by ex vivo maturation and stimulation of DCs, because
DCs of chronically infected patients are under a negative
regulation of the virus itself. It was demonstrated that
treatment of macrophages and DCs with berberine; a
benzodioxoloquinolizine alkaloid present in Berberis
vulgaris plant, significantly induced interleukin (IL) -12
production in a dose-dependent manner, leading to the
inhibition of Th2 cytokine profile in CD4+ T cells which
was also observed in our results (Table 1) with a decrease in Th1 cytokines (IL 10, and IL4) in both protein

*
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Anti-Core response against
Core Protein
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Fig. 5 Antigen-specific IgG antibodies generated in mice by immunization with DCs. Humoral response assessment revealed potent and specific
anti-core IgG antibodies (total IgG) only in iDCs-core group. Detection of igG antibody responses to the HCV core protein in immunized mice by
ELISA. Pooled sera (1:50 dilution) from each group were incubated in wells coated with recombinant HCV core protein (NS3 protein was used as
a negative control) and detected by a goat anti-mouse secondary antibody (immuno- globulin) conjugated to alkaline phosphatase. The results
are expressed as the optical densities (O.D.) at 405 nm. * indicates a significant difference among groups. Results are means ± SD of sera of six mice
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Table 1 Phenotyping analysis of DCs
Parameters

BCE-induced-DCs

Non-BCE-induced-DCs

CD11c (%)

16 ± 0.9

1.5 ± 0.01

MHCII (%)

13 ± 0.4

8 ± 0.3

IL4 (fold)

0.31 ± 0.01

0.61 ± 0.002

IL 10 (fold)

0.27 ± 0.03

0.73 ± 0.002

IL 12 (fold)

0.74 ± 0.005

0.2 ± 0.003

INF (fold)

1.3 ± 0.05

0.56 ± 0.002

IL 12 (Pg/ml)

4.5 ± 0.3

1.2 ± 0.1

INF-gamma (Pg/ml)

35 ± 3.2

22.5 ± 1.2

The level of CD11c and MHCII were detected by FACSCalibur flow cytometer
(BD Biosciences). cytokines expression (IL4, IL10, IL 12 and INF-gamma) was
performed by RT-PCR. IL 12 and INF-gamma proteins levels were measured by
ELISA (Komabiotech, Korea)

and mRNA level [13–15, 17–36] (https://dragonherbarium.
com/products/barberry-root-bark-c-s-wc-berberis-vulgaris).
In the present study, results of phenotypic characterization
of immunized mice’s splenocytes proved that barberry
crude extract (BCE) was the most powerful inducer
for splenic cells to express DCs surface markers with
acquiring the functional characteristics associated with
DCs. The maximal increase CD11c+ cells of animal
model (A) after BCE intravenous injection by 10 folds
with an increase in MHC II surface marker which indicate an increase in antigen presenting capacity
(Table 1).
CD11c increase in DCs treated with BCE had
exceeded the conventional DCs stimulators such as recombinant granulocyte-macrophage colony-stimulating
factor (GM-CSF) and recombinant fms-like tyrosine
kinase receptor-3 (Flt3) ligand according to a study by
Berhanu el al. [37] These workers found that BALB/c
mice subcutaneous injection with GM-CSF had expanded splenic CD11c+ cells by about one fold, and Flt3
ligand injection expanded them by about five folds,
whereas the combinatory GM-CSF and Flt3 ligand injection had expanded CD11c+ cells by 9 folds.
CD16-mediated signal transduction promotes induction of maturation of immature DCs and CD16mediated antigen uptake potently enhances antigen presentation [20, 21]. CD16+ cells in iDCs-core splenocytes
exceeding those in RPMI - 1640 group by approximately
3 folds, reflected an up-regulation in pro-inflammatory
cytokines that might represent DCs precursors. Moreover, it might indicate an elevated phagocytic activity
and antigen presenting capacity of the same group [38].
Elevated expression of major histocompatibility (MHC)
II surface antigen on splenocytes of iDCs-core group
identified a high regulation of antigen presentation, DCs
morphology, and expression of co-stimulatory molecules
which was supported by Banchereau, et al. [22] Although CD16 is not DCs specific, it was found on a
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limited number of other cell types like NK cells and
macrophages [39]. However, co-expression of CD16 with
MHC-II has been previously described by Haverson [40]
as being characteristic for DCs in the porcine intestinal
lamina propria. While another important marker for
splenic DCs is CD11c, since the injected cells used for
immunization were solely CD11c+. Low CD3+ cells from
immunized mice may be attributed to the architectural
changes in the T cell receptor (TCR):CD3 complexes
induced by MHCII:core protein ligation after
immunization with DCs induced by BCE and pulsed
with core protein (as MHCII T cell interaction complex
causes internalization and degradation of CD3 antigen).
The rate of TCR internalization did not increase significantly, while the binding of a peptide: MHCII ligand to
the TCR promoted significant down-regulation of TCR
complexes. This trend suggested that the binding of the
ligand blocks TCR complexes from returning to the cell
surface rather than increasing the rate of internalization
of TCR complexes expressed on the cell surface [41].
The present phenotypic reports clearly emphasized the
important role BCE on DCs enrichment and maturation.
It also emphasized that immunization with BCE-induced
DCs might counteract DCs defects that took place upon
HCV infection.
Vaccine-mediated immune response

HCV core protein triggered monocyte-derived IL-10
productions. This cytokine, in turn, has led to DCs
apoptosis and impaired production of interferon-alpha
(INF-α), thus closely resembling the DCs defects seen in
chronically HCV-infected patient. Multiple immune
defects have been described in patients with chronic
HCV infection that might be linked to the reduced INFα production, including insufficient response of CTL,
low activity of NK cells, and production of antibody with
low neutralizing capacity [42, 43]. Most antigens and
vaccines trigger both B and T cell responses, such that
there is no rationale in opposing antibody production
(humoral immunity) and T cell responses (cellular
immunity). In addition, Th cells are required for most
antibody responses, while antibodies exert significant
influence on T cell responses to intracellular pathogen
[44, 45]. Vaccine–induced immune effectors are essentially antibodies produced by B lymphocytes and capable
of binding specifically to a toxin or a pathogen peptide.
Other potential effectors are CTL that may limit the
spread of infectious agents by recognizing and killing
infected cells or secreting specific antiviral cytokines.
The generation and maintenance of both B and CTL
responses is supported by growth factors and signals
provided by Th cells. These effectors are controlled
by regulatory T cells that are involved in maintaining
immune tolerance.
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Anti-core cellular response

The communication between DCs and T cells in this
area of host–pathogen interaction seems to be a dialogue rather than a monologue in which mature DCs respond to T cells as well. In the process of studying DCs
vaccine, it is worth mentioning that INF-γ, IL-12, IL-4,
IL-10, and other cytokines had a crucial role in manipulating a potent anti-HCV cellular immune response after
vaccination. Up-regulation of Th1 cytokines (e.g. IL-12,
INF-γ) and down-regulation of Th2 cytokines (e.g. IL-4,
IL-10) and nitric oxide (NO) were the major targets to
retain the th1/th2 balance corrupted by HCV viral infection and have an adequate anti-HCV cellular immune
response. Interferons are key players of the innate immune response to virus infection. The production of
INF-γ (type II INF) is restricted to cells of the immune
system, such as NK cells, macrophages, and T cells [46].
IL-12, which is known to be the primary stimulator of
NK cells and INF-γ, induce Th1 type cytokines and foster CTL development. IL-12 is, therefore, critical in a
series of immune-pathological conditions, such as viral
infections and tumors [47, 48]. On the other hand, IL-4
exists in elevated levels in sera of HCV infected patients
than non-infected ones [49]. It is known to down-regulate
cell-mediated immune effector mechanisms important in
the host defense against intracellular pathogens [50]. IL10 is a pleiotropic cytokine traditionally considered as
immunosuppressive and anti-inflammatory, produced by
many cell types, [51, 52] which exerts its effects by inhibiting macrophage and DCs functions. In chronic HCV
infection, patients have high serum levels of IL-10, associated with incomplete responses to INF therapy [53].
RT-PCR analysis of immunized mice splenocytes mRNA demonstrated an increase in mRNA expression of
IL-12p40 and INF-γ transcripts in iDCs-core, and iDCs
groups (Fig. 2), indicating a potent up-regulation in Th1
arm. While a down-regulation in mRNA expression in
IL-10 transcripts was demonstrated at all groups that
were immunized with different subsets of DCs with the
lowest IL-10 mRNA expression in case of iDCs-core
group (Fig. 2), indicating a down-regulation in Th2 arm.
Protein expression of intrasplenic INF-γ, (the target
protein) was high and in accordance with its mRNA
expression (Fig. 3). This ascertains that the immune
system is having a better struggle with the viral infection to prevent its persistency. On the other hand,
protein expression of IL-12 was unexpectedly diminished. One mechanism that might account for the
low intra-splenic IL-12 protein level was that it might
be consumed by the cells [54]. Alternatively, IL-12
has a half-life of only 12 h), [55] or may have released out of the cell and functioned extracellularly.
This postulate was assisted by the up-regulation of
splenic IL-12p40 mRNA expression.
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In the present study, the strongly reduced extracellular
levels of blood NO of all immunized mice with different
DCs subsets, with the lowest NO level in iDCs-core
group, was indicative for a selective and persistent upregulation of T cells INF-γ production. This finding was
supported by Roozendaal et al. [56] where NO was able
to modulate the balance between the expression of Th1and Th2-type cytokines through selective and persistent
inhibition of expression of INF, shifting Th1/Th2 balance
towards Th2 cytokines. It is worth noting that the main
function of this vaccine was to counteract the effect of
HCV infection of misbalancing the Th1/Th2 model.
CTL assay was performed to determine and quantitate
the capacity of effector pre-induced cells (splenocytes of
nDCs-core, iDCs-core groups individually), to eliminate
target cells (EL4-core cells). The principle of this assay
was to prime T cells to be antigen-specific through the
immunization process and then, upon repeated exposure
to a specific antigen, induce a rapid T cell expansion.
The study carried out to determine the best number of
co-culture between splenocytes and EL4 proved to be essential to ensure that EL4 and splenocytes were able to
be cultivated together, and to determine the optimum
effector:target cells ratio with the highest viability to use
it for T lymphocyte suppression assay. CTL assay
showed that splenocytes of iDCs-core group had a good
T lymphocyte suppression capacity only on EL4-core
cells (Fig. 4), indicating a specific T response to the
core-pulsed cells. In this experiment, DCs have been
successfully used as cellular adjuvants in mice to elicit
protective T cell immunity against HCV core protein.
Anti-core humoral response

To determine if adequate levels of antibodies had been
attained following vaccination, IgG antibodies recognizing HCV core protein were measured. Humoral response
assessment revealed specific anti-core IgG antibodies
only in iDCs-core group, with a remarkable high percentage against negative control (Fig. 5). This result reflects a significant B cells activation to produce specific
antibodies against core protein. Interestingly, iDCs-core
group that demonstrated the most significant humoral
response also showed the highest cellular immune
response.
In conclusion, the present study provides evidence for
the role of BCE on stimulating splenic DCs proliferation,
on both sides of DCs maturation and count. In addition,
the basics for a novel vaccination strategy to treat HCV
were manipulated, through analyzing the humoral and
cellular immune response upon immunizing mice with
different subsets of treated DCs. Therapeutic efficacy of
BCE synergized core-pulsed DCs vaccination exhibited an
interesting anti-core boosting effect against a tumor model
expressing HCV core protein in an immunocompetent
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host (EL4-core cells). DCs are essential for T cells activation and since viral clearance in HCV infected patients is
associated with a vigorous T cells response, a new type of
HCV vaccine of a strong antigenicity in humoral and cellular immunities was proposed, based on ex-vivo stimulated
HCV core protein-pulsed DCs and promoted by BCE
treatment. This vaccine might have a therapeutic setting to
potentially circumvent the diminished and down-regulated
DCs function of HCV infected patients by giving the
necessary maturation stimuli whether in vivo (BCE treatment) or in ex vivo (core protein transduction). As a therapeutic immunization approach, this vaccine may pertain
new aspects compared to other vaccines, which are faced
in HCV infected patients with down-regulated DCs
function.
It is crucial that further studies should be carried out
to reliably move this preclinical study to a clinical one.
The ultimate goal in the near future is to conduct some
research on the CD4 and CD8 T responses, and IL-28b
monitoring, in order to full scheme the therapeutic influence of the proposed vaccine. Working on peripheral
blood of HCV infected patients should be included. Finally, further clinical studies should be carried out on
pegylated interferon non-responders HCV patients with
low doses of vaccine tailored from each patient’s blood,
for tracking its therapeutic effect.

Conclusion
Because DCs are essential for T cell activation and since
viral clearance in HCV infected patients is associated
with a vigorous T cell response, this study proposed a
new type of therapeutic HCV vaccine model of a strong
antigenicity in humoral and cellular immunities, based
on ex vivo stimulated HCV core protein-pulsed DCs and
promoted by BCE treatment. This model might be used
in a therapeutic setting to circumvent the diminished
and down-regulated DCs function of HCV infected
patients. As a therapeutic immunization approach this
vaccine may present important new aspects since other
vaccines are faced in HCV infected patients with the
described down-regulated DCs function.
Acknowledgements
“This work was supported financially by the Science and Technology
Development Fund (STDF), Egypt, Grant number 1557)”. The authors thank
Prof. Dr. Salama El-darier for providing the plant material of this work in the
powder form. Authors also thank Dr Hani Hafiz, Faculty of Science, Suez
University, and Marwa Abo Sarie, SRTA-city, for her kind helps throughout all
this work.
Funding
This work was supported financially by the Science and Technology
Development Fund (STDF), Egypt [grant number 1557].
Availability of data and materials
Not applicable, because this data are part from unpublished project data.

Page 10 of 11

Authors’ contributions
DG, participated by the idea, experimental design, practical work, and
manuscript preparation. EE, participated in experimental design, and practical
work. RK, participated in experimental design. MA, participated in
experimental work, manuscript editing and drafting. AndIn addition, as the
corresponding author. ME, participated by the idea, and tissue culture
experimental work. All authors read and approved the final manuscript.
Competing interests
The authors declare that they have no competing interests.
Consent for publication
Not applicable.
Ethics approval and consent to participate
all study protocols for animal and biological tissue samples treatment,
involved in this study, were firmly subjected to ethical instructions outlined
by Animal Ethics Committees (AEC) that published via The National Health
and Medical Research Council (NHMRC) policies and guidelines that
recommended by the Egyptian Ministry of Health and Population, High
Committee Of Medical Specialties, Arab Republic of Egypt. This study granted
permission from the Biomedical technology, SRAT-city and Biochemistry
Department, Faculty of Science, Alexandria University, following approval of the
Research Ethics Committee, Faculty of Pharmacy, Alexandria University.
Author details
1
Biochemistry Department, Faculty of Science, Alexandria University,
Alexandria, Egypt. 2Center for Aging and Associated Diseases, Helmy Institute
for Medical Sciences, Zewail City, Egypt. 3Botany and Microbiology
Department, Faculty of Science, Alexandria University, Alexandria, Egypt.
4
Biomedical Technology, GEBRI, SRTA-city, Alexandria, Egypt.
Received: 21 October 2015 Accepted: 26 August 2016

References
1. Ghany MG, Strader DB, Thomas DL, Seeff LB. American Association for the
Study of Liver Diseases. Diagnosis, management, and treatment of hepatitis
C: an update. Hepatology. 2009;49(4):1335–74.
2. Mohd Hanafiah K, Groeger J, Flaxman AD, Wiersma ST. Global epidemiology
of hepatitis C virus infection: new estimates of age-specific antibody to HCV
seroprevalence. Hepatology (Baltimore, Md). 2013;57(4):1333–42.
3. Breban R, Doss W, Esmat G, Elsayed M, Hellard M, Ayscue P, Albert M,
Fontanet A, Mohamed MK. Towards realistic estimates of HCV incidence in
Egypt. J Viral Hepat. 2013;20(4):294–6.
4. Manns MP, Foster GR, Rockstroh JK, Zeuzem S, Zoulim F, Houghton M. The
way forward in HCV treatment–finding the right path. Nat Rev Drug Discov.
2007;6(12):991–1000.
5. Coligan JE, Vogel S. Innate Immunity. In: Coligan JE, Bierer BE, Margulies DH,
Shevach EM, Strober W, editors. Current Protocols in Immunology.
Hoboken: Wiley; 2012. p. 1401–7.
6. Landi A, Yu H, Babiuk LA, van Drunen Littel-van den Hurk S. Human
dendritic cells expressing hepatitis C virus core protein display
transcriptional and functional changes consistent with maturation. J Viral
Hepat. 2011;18(10):700–13.
7. Wang JH, Layden TJ, Eckels DD. Modulation of the peripheral T-Cell
response by CD4 mutants of hepatitis C virus: transition from a Th1 to a
Th2 response. Hum Immunol. 2003;64(7):662–73.
8. Kaplan DE. Immunopathogenesis of Hepatitis C Virus Infection. Gastroenterol
Clin North Am. 2015;44(4):735–60. doi:10.1016/j.gtc.2015.07.004.
9. Foy E, Li K, Wang C, Sumpter Jr R, Ikeda M, Lemon SM, Gale Jr M.
Regulation of interferon regulatory factor-3 by the hepatitis C virus serine
protease. Science. 2003;300(5622):1145–8.
10. Ivanovska N, Philipov S. Study on the anti-inflammatory action of Berberis
vulgaris root extract, alkaloid fractions, and pure alkaloids. Int
Immunopharmacol. 1996;18:552–61.
11. Imanshahidi M, Hosseinzadeh H. Pharmacological and therapeutic effects of
Berberis vulgaris and its active constituent, berberine. Phytother Res. 2008;
2(8):999–1012.

Ghareeb et al. BMC Complementary and Alternative Medicine (2016) 16:325

12. Kim T, kang B, Cho D, Kim S. Induction of interleukin-12 in mouse
macrophage by berberine, a benzodioxoloquinolizine, deviates CD4+ T
cells from Th2 to Th1 response. Immunology. 2003;109:407–14.
13. Aziz M, Ghareeb D, Eweda S, Hussien H, El Demellawy M. Immunomodulatory
effect of Berberis vulgaris extracts on murine splenocytes and enrichment of
dendritic cells in vitro. Biotechnol Biotechnol Equip. 2015;29(6):1149–55.
14. Abd El-Wahab A, Ghareeb D, Sarhan E, Abu-Serie M, El Demellawy M. In
vitro Biological and Therapeutic Effects of Berberis vulgaris and its Active
Constituent, Berberine: Antioxidants, cholinergic, anti-diabetic and
anticancer effects. BMC Complement. Altern Med. 2013;13:218.
15. Ghareeb D, Abd El-Wahab AE, Sarhan EEM, Marwa M, Abu-Serie MM, El
Demellawy MA. Biological assessment of Berberis vulgaris and its active
constituent, berberine: Antibacterial, antifungal and anti-hepatitis C virus
(HCV) effect. J Medicinal Plants Research. 2013;7(21):1529–36.
16. National Health and Medical Research Council. Guidelines to promote the
wellbeing of animals used for scientific purposes : the assessment and
alleviation of pain and distress in research animals. 2008:1–189.
doi:10.1037/e513122012-001.
17. Sakai Y, Morrison BJ, Burke JD, Park JM, Terabe M, Janik JE, Forni G, Berzofsky
JA, Morris JC. Vaccination by genetically modified dendritic cells expressing
a truncated neu oncogene prevents. Cancer Res. 2004;64(21):8022–8.
18. Chomczynski P, Sacchi N. Single-step method of RNA isolation by acid
guanidinium thiocyanate-phenol-chloroform extraction. Anal Biochem. 1987;
162(1):156–9.
19. Lazdina U, Hultgren C, Frelin L, Chen M, Lodin K, Weiland O, Leroux-Roels G,
Quiroga JA, Peterson DL, Milich DR, Sällberg M. Humoral and CD4 (+) T
helper (Th) cell responses to the hepatitis C virus non-structural 3 (NS3)
protein: NS3 primes Th1-like responses more effectively as a DNA-based
immunogen than as a recombinant protein. J Gen Virol. 2001;82(6):1299–308.
20. Nimmerjahn F, Ravetch JV. Fc gamma receptors as regulators of immune
responses. Nat Rev Immunol. 2008;8(1):34–47.
21. de Baey A, Mende I, Riethmueller G, Baeuerle PA. Phenotype and function
of human dendritic cells derived from M-DC8 (+) monocytes. Eur J
Immunol. 2001;6:1646–55.
22. Banchereau J, Briere F, Caux C, Davoust J, Lebecque S, Liu YJ, Pulendran B,
Palucka K. Immunobiology of dendritic cells. Annu Rev Immunol. 2000;18:
767–811.
23. Spear TT, Riley TP, Lyons GE, et al. Hepatitis C virus-cross-reactive TCR genemodified T cells: a model for immunotherapy against diseases with
genomic instability. J Leukoc Biol. 2016: doi:10.1189/jlb.2A1215-561R.
24. Zhao L, Tyrrell DL. Myeloid dendritic cells can kill T cells during chronic
hepatitis C virus infection. Viral Immunol. 2013;26(1):25–39.
25. Rosenberg S. Recent advances in the molecular biology of hepatitis C virus.
J Mol Biol. 2001;313(3):451–64.
26. Kao CC, Yi G, Huang H. The core of hepatitis C virus pathogenesis. Curr
Opin Virol. 2016;17:66–73.
27. Clarke B. Molecular virology of hepatitis C virus. J Gen Virol. 1997;78(10):
2397–410.
28. Saito K, Meyer K, Warner R, Basu A, Ray RB, Ray R. Hepatitis C Virus Core Protein
Inhibits Tumor Necrosis Factor Alpha-Mediated Apoptosis by a Protective
Effect Involving Cellular FLICE Inhibitory Protein. J Virol. 2006;80(9):4372–9.
29. Hu X, Zimmerman MA, Bardhan K, Yang D, Waller JL, Liles GB, Lee JR,
Pollock R, Lev D, Ware CF, Garber E, Bailly V, Browning JL, Liu K. Lymphotoxin β
receptor mediates caspase-dependent tumor cell apoptosis in vitro and tumor
suppression in vivo despite induction of NF-kB activation. Carcinogenesis.
2013;34(5):1105–14.
30. Pavio N, Lai MM. The hepatitis C virus persistence: how to evade the
immune system? J Biosci. 2003;28(3):287–304.
31. Larrubia JR, Moreno-Cubero E, Miquel J, Sanz-de-Villalobos E. Hepatitis C
virus-specific cytotoxic T cell response restoration after treatment-induced
hepatitis C virus control. World J Gastroenterol. 2015;21(12):3480–91.
32. Valiante NM, D’Andrea A, Crotta S, Lechner F, Klenerman P, Nuti S, Wack A,
Abrignani S. Life, activation and death of intrahepatic lymphocytes in
chronic hepatitis C. Immunol Rev. 2000;174:77–89.
33. Bain C, Fatmi A, Zoulim F, Zarski JP, Trépo C, Inchauspé G. Impaired
allostimulatory function of dendritic cells in chronic hepatitis C infection.
Gastroenterology. 2001;120(2):512–4.
34. Auffermann-Gretzinger S, Keeffe EB, Levy S. Impaired dendritic cell
maturation in patients with chronic, but not resolved, hepatitis C virus
infection. Blood. 2001;97(10):3171–6.

Page 11 of 11

35. Malta FM, Bruno FR, Carvalho KI, Nastri AC, Kalil J, Carrilho FJ, et al. HCV
viremia drives an increment of CD86 expression by myeloid dendritic cells. J
Med Virol. 2013;85(11):1919–24.
36. Zhu HH, Xu KL, Pan XY, Liu JQ, Chen FX, Huang YH. Specific anti-leukemic
cell effect mediated by dendritic cells pulsed with chronic myelogenous
leukemia lysate antigen in vitro. Zhongguo Shi Yan Xue Ye Xue Za Zhi.
2003;11(3):278–81.
37. Berhanu A, Huang J, Alber SM, Watkins SC, Storkus WJ. Combinational FLt3
ligand and granulocyte macrophage colony-stimulating factor treatment
promotes enhanced tumor infiltration by dendritic cells and antitumor CD8
(+) T-cell cross-priming but is ineffective as a therapy. Cancer Res. 2006;
66(9):4895–903.
38. Randolph GJ, Sanchez-Schmitz G, Liebman RM, Schäkel k. The CD16+
(FcγRIII+) Subset of Human Monocytes Preferentially Becomes Migratory
Dendritic Cells in a Model Tissue Setting. J Exp Med. 2002;196(4):517–27.
39. Mende I, Hoffmann P, Wolf A, Lutterbüse R, Kopp E, Baeuerle PA, de Baey A,
Kufer P. Highly efficient antigen targeting to M-DC8+ dendritic cells via
FcgammaRIII/CD16-specific antibody conjugates. Int Immunol. 2005;17(5):
539–47.
40. Haverson K, Singha S, Stokes CR, Bailey M. Professional and non-professional
antigen-presenting cells in the porcine small intestine. Immunology. 2000;
101(4):492–500.
41. Liu H, Rhodes M, Wiest DL, Vignali DA. On the dynamics of TCR:CD3
complex cell surface expression and down modulation. Immunity. 2000;
13(5):665–75.
42. Dolganiuc A, Chang S, Kodys K, Mandrekar P, Bakis G, Cormier M, Szabo G.
Hepatitis C virus (HCV) core protein-induced, monocyte-mediated
mechanisms of reduced IFN-alpha and plasmacytoid dendritic cell loss in
chronic HCV infection. J Immunol. 2006;177(10):6758–68.
43. Stone AEL, Mitchell A, Brownell J, et al. Hepatitis C virus core protein
inhibits interferon production by a human plasmacytoid dendritic cell line
and dysregulates interferon regulatory factor-7 and signal transducer and
activator of transcription (STAT) 1 protein expression. PLoS One. 2014;9(5):
e95627.
44. Bacchetta R, Gregori S, Roncarolo MG. CD4+ regulatory T cells: mechanisms
of induction and effector function. Autoimmun Rev. 2005;4(8):491–6.
45. Yamane H, Paul WE. Early signaling events that underlie fate decisions of
naive CD4 (+) T cells toward distinct T-helper cell subsets. Immunol Rev.
2013;252(1):12–23.
46. MacQuillan GC, Mamotte C, Reed WD, Jeffrey GP, Allan JE. Upregulation of
endogenous intrahepatic interferon stimulated genes during chronic
hepatitis C virus infection. J Med Virol. 2003;70(2):219–27.
47. Trinchieri G. Immunobiology of interleukin-12. Immunol Res. 1998;17(2):269–78.
48. Schurich A, Pallett LJ, Lubowiecki M, et al. The third signal cytokine IL-12
rescues the anti-viral function of exhausted HBV-specific CD8 T cells. PLoS
Pathog. 2013;9(3):e1003208.
49. Spanakis NE, Garinis GA, Alexopoulos EC, et al. Cytokine serum levels in
patients with chronic HCV infection. J Clin Lab Anal. 2002;16(1):40–6.
50. Reiser M, Marousis CG, Nelson DR, Lauer G, González-Peralta RP, Davis GL,
Lau JY. Serum interleukin 4 and interleukin 10 levels in patients with
chronic hepatitis C virus infection. J Hepatol. 1997;26(3):471–8.
51. Saraiva M, O’Garra A. The regulation of IL-10 production by immune cells.
Nat Rev Immunol. 2010;10(3):170–81.
52. Akdis CA, Akdis M. Mechanisms of immune tolerance to allergens: role
of IL-10 and Tregs. J Clin Invest. 2014;124(11):4678–80.
53. Gigi E, Raptopoulou-Gigi M, Kalogeridis A, Masiou S, Orphanou E, Vrettou E,
Lalla TH, Sinakos E, Tsapas V. Cytokine mRNA expression in hepatitis C virus
infection: TH1 predominance in patients with chronic hepatitis C and TH1-TH2
cytokine profile in subjects with self-limited disease. J Viral Hepat. 2008;2:145–54.
54. Jiang C, Magee DM, Cox RA. Construction of a single-chain interleukin-12expressing retroviral vector and its application in cytokine gene therapy
against experimental coccidioidomycosis. Infect Immun. 1999;67(6):2996–3001.
55. Hamza T, Barnett JB, Li B. Interleukin 12 a key immunoregulatory cytokine in
infection applications. Int J Mol Sci. 2010;11(3):789–806.
56. Roozendaal R, Vellenga E, Postma DS, De Monchy JGR, Kauffman HF. Nitric
oxide selectively decreases interferonγ expression by activated human T
lymphocytes via a cGMP‐independent mechanism. Immunol. 1999;98(3):393–9.

