
Hepatitis C Virus Modulates Human Monocyte-Derived Dendritic
Cells

Erika A. Eksioglu1, Jennifer R. Bess1, Haizhen Zhu3, Yiling Xu2, Hui-jia Dong1, John Elyar1,
David R. Nelson2, and Chen Liu1,*

1Department of Pathology, Immunology and Laboratory Medicine, University of Florida College of
Medicine, Gainesville, Florida, USA
2Department of Medicine, division of Hepatobiliary Diseases, University of Florida College of
Medicine, Gainesville, Florida, USA
3Biomedical Engineering Center of Hunan University, Changsha, Hunan province, China

Abstract
Objective—To examine the monocyte-derived dendritic cell (DC) response to infectious HCV in
a cell culture system.

Methods—Adherence-derived DCs were incubated with various titers of JFH-1HCV (genotype
2a) generated from transfected Huh 7.5 cells or co-incubated with Newcastle Disease Virus
(NDV). Infection and the type 1 Interferon response were assessed by Real Time RT-PCR,
morphology by light microscopy, and immunophenotype by flow cytometry.

Results—Our data demonstrated no viral replication or particle release from DC after HCV
infection. Morphologically, monocytes showed a tendency to shift into immature DCs when
cultured with HCV, as compared with control monocytes. This shift was confirmed by flow
cytometry and appeared to be related to viral titers. There was also an increase in immature DC
numbers. HCV infection induced IFNβ expression in DCs and the amount seemed to be inversely
correlated with viral titers indicating that HCV has the capacity to negatively regulate such cells.
However, IFNα does not appear to be affected by direct contact with the virus. A strong IFNβ
signal induced by NDV in DC was substantially diminished by HCV.

Conclusions—HCV negatively affects the maturation of dendritic cells, and suppresses type 1
IFN response of DC. Our results suggest a mechanism of viral evasion of host immunity.
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Dendritic cells (DCs) are are a sparsely distributed, migratory group of leukocytes
specialized in the uptake, transport, processing and presentation of epitopes to T cells (1–3).
This defensive function is mediated by activating T helper cells (TH) to divide and secrete
cytokines that define the adaptive response. In HCV, individuals with specific MHC class II
haplotypes are more likely to clear the virus suggesting that APCs may be an important
factor (4). Furthermore, DCs are being studied as therapeutic adjuvants (by pulsing or
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transducing with specific targets) for the treatment of many diseases, including HCV (5–14).
Of these, some were reported to induce inflammatory responses, while others did not in a
pattern of incomplete activation. Similarly, in studies evaluating DC function in chronic
carriers, some have not found any abnormalities while others have found lower absolute
numbers of DCs, impaired allo-stimulatory activity, reduced expression of CD86 (but not of
HLA molecules), and a shift towards TH2 responses (15–23). There was also a correlation
between the levels of HCV RNA circulating in the blood and those observed defects on
DCs, also seen on chimpanzee models (24, 25). This was even more noticeable when
antiviral treatment lowered the circulating levels of HCV RNA (24). Interestingly, although
the quantity of DCs in peripheral blood mononuclear cells (PBMC) was lower, the responses
of DCs to other pathogens (including responses to Lipopolysaccharide (LPS), tetanus toxoid
or influenza) were unaffected (26–29). Furthermore, DCs from long term responders and
normal DCs did not show impairment and the exogenous addition of IL-12 or IL-2 restored
T cell proliferation (30). Overall, the data supports the notion that HCV does not cause
general immune-suppression but may have a targeted effect since DC derived from chronic
patients are able to display a normal morphology, phenotype and capacity to take up antigen
and presented allostimulatory defects only in cells derived from non-responders to therapy
(31, 32).

In 2005, the development of a new strain of HCV (JFH-1) that was able to replicate fully in
vitro has allowed studies of virus-host interactions (33, 34). A recent study with pDCs
showed a direct effect of the virus that modulates their response while a study on apoptotic
body matured, monocyte-derived DC (MoDC) shows that the virus can’t induce DC
maturation unless viral dsRNA is brought in via apoptotic bodies (35, 36). Here we report
our research on the initial interaction of HCV with MoDC, from healthy donor PBMC. We
show that this interaction has effects in monocytes and immature DCs, preventing a normal
response in those cells. We also show that HCV downregulated the mature DCs TH1 pro-
inflammatory response. Our results complement the current research being done on the role
of HCV on DC and give a better understanding of the interaction between these cells and the
virus which might provide insights into the mechanism(s) by which HCV develops chronic
infection.

Materials and Methods
Isolation of PBMC and culture of monocytes and DC

Buffy coats (leukopac, PBL) were diluted three times its volume in 1× PBS pH 7.4 (Gibco,
California, USA). The dilution was layered onto Lymphoprep (Axis-Shield, Norway) in a
2:1 ratio for Ficoll-Hypaque density gradient centrifugation and centrifuged for 25 minutes
at 22 °C and 1200 rpm. PBMC were collected at the interface, washed twice and centrifuged
each time for 10 minutes at 4 °C and 1200 rpm. Cell viability was assessed by trypan blue
exclusion. All cultures of human PBMC and derived cells were maintained in RPMI 1640
medium (Sigma, Missouri, USA) supplemented with 2 mM L-glutamine (Life Technologies,
Paisley, Scotland), 5000 U/ml penicillin (Sigma, Missouri, USA), 5000 U/ml streptomycin
sulfate (Sigma, Missouri, USA), and 10% v/v fetal bovine serum (Gibco, California, USA)
named cRPMI.

Monocytes were obtained by adhering 5×106 PBMC/well to a 6 well culture dish for 2 hours
at 37°C. After aspirating the non-adherent cells, monocytes were washed with 1× PBS pH
7.4. Complete media was added to the remaining cells. To induce differentiation into DCs,
monocytes were cultured with 50ng/ml GM-CSF (BD Biosciences) and 20ng/ml IL-4 (BD
Biosciences) for 6 days. Maturation was induced with 1ug/ml LPS (Sigma) for 24 hours.
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HCV Constructs and Viral Particle Generation
The linearized genomic pJFH-1 plasmid DNA was purified and used as a template for in
vitro transcription using MEGAscript kit (Ambio, Autin, TX), delivered into Huh-7.5 cells
by electroporation and cultured in cDMEM. Cells were passaged every 3–5 days and, at 21
days, supernatants were filtered and frozen. Viral titer (1×105 ffu/ml) was determined by the
average number of NS5A-positive foci detected at the highest dilutions. Infection was done
by adding supernatant or supernatant diluted in cDMEM for 24 hours before exchange.
Control is uninfected-Huh7.5 supernatant.

NDV strain La Sota was added to uninfected CHO cells cultured in cDMEM for 2 days.
Cells and media were subsequently exposed to 3 cycles of freeze/thaw treatment (i.e., −80°C
and 32°C). The supernatant was centrifuged at 12,000rpm for 10 minutes to remove cellular
debris and then aliquoted and frozen at −80°C until use.

ImmunoFluorescence
Incubated DCs were cytospun onto a coverslip (Fisherbrand) and Huh 7.5 cells were grown
on them then fixed with acetone on ice. After three washes with 1×PBS, cells were
incubated with mouse anti-HCV NS5A monoclonal antibody (generated by Dr. Johnson Lau
in the Hybridoma Core Laboratory at the University of Florida, clone number HL1126) for 1
hour followed by goat anti-mouse IgG-FITC (Southernbiotech, Birmingham, AL) for
another hour. Cells were examined under a fluorescent microscope (Olympus).

Reverse Transcription and Real Time Polymerase Chain Reaction
Total cellular RNA was isolated using Trizol (Invitrogen, Carlsbad, CA). Reverse
transcription to obtain cDNA was performed using the Superscript II (i.e.: 50 U reverse
transcriptase per reaction) first-strand synthesis for RT-PCR kit (Invitrogen) primed with
oligo (dT)(Invitrogen) according to the manufacturer's instructions. Quantitative real-time
fluorophore-labeled LUX primers pairs were obtained from Invitrogen (Supplemental table
1). The PCR conditions were: 50°C, 2’; 95°C, 2’ (95°C, 15”; 60°C, 30” (IFNs, HCV) or
62°C, 30” (GAPDH); and 72°C, 1 min) for 45 cycles. Reactions were monitored at every
cycle during the annealing step on a spectrofluorometric thermal cycler (MJ Research DNA
Engine Opticon® 2 thermal cycler, BIORAD). Results were analyzed with MJ Opticon
Monitor 3.1 software from BIORAD.

Flow Cytometry
DCs were assayed by four-color immunofluorescence staining with a panel of directly
conjugated antibodies. One million cells were stained with lineage (Lin) fluorescein
isothiocyanate (FITC)-conjugated antibody cocktail (CD3, CD14, CD16, CD19, CD20,
CD56) and HLA-DR PerCP-conjugated antibody (BD Biosciences, Heidelberg, Germany).
The presences of maturation markers (CD80, CD83, CD86 and CD40) as well as the HCV
binding receptor, CD81, were also measured. Pelleted cells were incubated for 30 min at
4°C with antibodies, washed with staining buffer (PBS + 2% BSA + 0.1% Na azide), and
then fixed with 2% paraformaldehyde and stored at 4 °C. Cells were analyzed on a
FACSCalibur flow cytometer (BD Biosciences, Heidelberg, Germany). Quantitation was
done by the CellQuest software (BD Biosciences; version 3.2.1). Isotype-specific
immunoglobulin controls were run for each fluorochrome. Twenty five thousand cells were
analyzed for each sample.

Enzyme-linked Immunosorbent Assay (ELISA)
As described by the manufacturer, 96-well plates (Nunc-Immuno Plate, Roskilde, Denmark)
were coated with 1 mg/ml of purified monoclonal antibody against human IL-12 (p70),
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IL-10, TNFα or IFNγ (Pierce-Endogen, Rockford, Illinois) in coating buffer (1× PBS, pH
7.4) at room temperature overnight. The plates were then incubated in blocking buffer (1×
PBS, pH 7.4 with 1% bovine serum albumin [BSA]; Sigma, Axel, The Netherlands) for 2
hours at room temperature and washed in 0.05% Tween-20. Standard serial dilutions were
added to the plates as well as 50uL of experimental supernatant in triplicate followed one
hour later by biotin labeled anti-cytokine antibody. Recombinant human cytokines (hTNFα,
hIFNγ, hIL-10, and hIL-12 (p70)) were used as standards. Cytokines were captured by the
specific primary monoclonal antibody and detected by biotin-labeled specific secondary
antibody (Pierce-Endogen, Rockford, Illinois) followed by strepavidin-horseradish
peroxidase for 20 minutes and developed by adding the substrate TMB (Pierce-Endogen).
Reaction was stopped by the addition of an equal volume of 0.18M H2SO4. The absorbance
was read at 450 nm.

Autologous Proliferation Assay
Autologous PBMC were resuspended at 5×106/ml in sterile PBS and labeled for 15 minutes
with 200nM CFSE according to manufacturer’s protocol (Molecular Probes, Eugene OR).
Washed cells were then seeded on a 96 well plate at 5×105cells/well. Monocytes, immature
DC or mature DC were added at the ratios 1:1, 1:10, 1:50 and 1:100. Positive control wells
received lectin (PHA; 5ug/ml; Sigma, Missouri, USA) for non-specific stimulation of
lymphocytes. Cells were cultured for 6 days at which time cells were harvested and stained
for flow cytometry as described above for the following markers: CD3 APC, CD4 PerCP
and CD8 PE.

Results
HCV Induces Phenotypical Differences in Monocytes and Immature DC but not on Mature
DC

Since HCV has been reported to interfere with the function of DCs and these effects seem
viral titer dependent, we decided to study the direct interaction of the virus on these cells.
We cultured enriched monocytes, immature DCs or mature DC with either MOI of 0.1 or an
MOI of 0.01(Supplemetal figure 1). LPS was chosen to induce maturation as the first results
demonstrated an impaired DC allostimulatory function in chronic HCV infection were
obtained with DCs treated with LPS (31). Furthermore, recent data reported a significant
role of LPS in the pathogenesis of HCV infection, suggesting that the maturation stimulus
may have physiological importance in vivo (37). We were able to observe a shift in the
monocyte morphology, by light microscopy, to a more adherent phenotype with many
processes after culture with a high MOI of HCV compared to control (Supplemental figure
2A and B). However, the morphology of monocytes after a low MOI of HCV did not change
(Supplemental figure 2C). Immature DCs had a higher number of non-adherent clusters after
addition of a high MOI of HCV but again not with low MOI (Supplemental figures 2D
through F). Mature DCs did not show any morphological differences after addition of virus
(Supplemental figure 2G through I).

To further characterize these observations we analyzed the cells by flow cytometry for the
presence of DC (HLA-DR+Lin−). Monocytes are Lin+ because of the presence of CD14
which is also present in macrophages. They showed a phenotypical change towards DCs by
losing the lineage marker during the first 24 hours of culture with a high MOI, reverting
back to a Lin+ phenotype (might have returned to monocytes or become machrophages)
after a week of culture, while a low MOI did not lose the marker but increased the amount of
Lin+ cells at the beginning of the experiment (Figure 1A through D). Immature DC
percentages when cultured with HCV (either MOI) increased but only the low MOI treated
cells reverted back to the original percentages after 7 days of culture (Figures 1F through J).
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Mature cells showed no strong differences as compared to control (Figures 1K through P).
These correlated with the morphological characteristics observed under the microscope.
These cells remained immature since they did not up-regulate co-stimulatory molecules
(CD40, CD80, CD83 or CD86) at either MOI (data not shown).

HCV affects the proliferation of T helper and CTLs at the basal level by affecting DC
In order to further understand our observations, we tested the ability of these cells to induce
the proliferation of naïve T cell subsets in PBMC. We chose to study autologous cells since
our observations indicated that HCV does not interfere with the maturation or activation of
cells by other means, such as LPS, and because it is a way to really understand virus-specific
responses (38). In the PBMC population we gated for T helper cells (CD3+CD4+, Figure 2
A through C) as well as the CTLs (CD3+CD8+, Figure 2D through F). As expected, the
amount of proliferation of T helper cells on healthy PBMC did not change with increasing
amounts of un-incubated monocytes while there was a slight increase in the basal PBMC
proliferation in control immature and mature DCs that was dependent on the ratio of DCs
added to the coculture. When monocytes or DCs were incubated there was some notable
effects on T helper cells: 1) when co-cultured with monocytes there was an increase in
proliferation but it was inversely correlated to the amount of virus; 2) there was a decrease
in the amount of proliferation induced by co-culture with immature DCs; 3) contrary to
immature DCs, there was an increase in the amount of proliferation induced by mature DC
when they are incubated with HCV.

As for CTLs in the PBMC, they are not directly affected by either cell since an increase in
the ratio of monocytes or DCs did not change their proliferation but cocultured with these
cells when incubated did have an effect in their proliferation. Monocytes up-regulated only
at a low MOI of 0.01, similar to what was observed with T helper cells. Conversely,
incubated, immature DC co-culture strongly downregulated the basal proliferation of CTLs
in the culture. Since they are not dependent on the ratio of cells it might be an indirect effect
likely from the T helper cells since they share a similar pattern.

HCV Affects Type 1 Interferon Responses in the Absence of Replication
In order to see if the cell recognizes HCV we studied the effects of the virus on the type I
interferon responses (i.e.: IFNα2a and IFNβ) in monocytes, immature DCs and mature DCs.
Monocytes did not produce IFNβ when exposed to HCV (Figure 3A). Furthermore, HCV
downregulated the basal levels of expression in these cells with longer exposure to HCV
resulting in the lowest expression of INFβ. DCs were able to express IFNβ in response to
HCV, while mature DCs producing tenfold more than immature DCs (Figure 3B and C). In
contrast, IFNα2a was produced consistently in the three groups. It was interesting to note
that immature DCs had the highest expression of the three cell types (Figures 3D through F).

These results indicate that HCV seems to downregulate IFNβ in monocytes and immature
DCs. To understand this further, we tested the effects of this inhibition on the IFNβ
produced by another virus. For this purpose we cultured monocytes and immature DC with
Newcastle Disease Virus (NDV), HCV (either MOI) or both. Both monocytes and immature
DCs were able to induce IFNβ in response to NDV with DC producing a much higher
response than monocytes, as anticipated (Figure 3G and H). The presence of HCV
significantly reduced the IFNβ produced in response to NDV.

We next measured the replication of HCV on all the cells by Real Time RT-PCR. As
reported by others, HCV replicated in monocytes (39). Interestingly, DCs, (mature or
immature) did not show signs of replication after seven days of culture (Figure 4A and B).
To further corroborate that there was no replication we did immunofluorescence staining
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against NS5A on DCs. This assay also did not reveal the presence of HCV in these cells but
did on the positive control (Huh7.5 cells with pJFH1, Figure 4C, D and E). The presence of
CD81 was unchanged by the virus (data not shown).

HCV Interferes with IL-12 and IFNγ production in monocytes and DCs
A strong type 1 response has been heralded as an important step towards clearance of HCV
infection in acute and chronic treated HCV patients. Therefore we decided to study the role
of HCV in the production of IL-12 as a marker for the initiation of a TH1 response. The
supernatants of the experiments described in figure 4 were measured for IL-12. Monocytes
did not have a reduced IL-12 production by day one with either concentration of virus. By
day 7, MOI=0.1 did not show a significant difference while MOI=0.01 showed a decrease
against the day 7 control monocytes as measured by paired student t-test (Figure 5A,
P<0.05). Immature monocytes also did not show a significant change in the quantity of
IL-12 by day 1 but, unlike monocytes, they produced less IL-12 with the higher titer of virus
but significantly higher IL-12 with MOI=0.01 (Figure 5B).

Mature DCs were able to produce much higher amounts of cytokines in general as compared
to the other two types of cells and they secreted significantly less IL-12 at any of the viral
titers tested with MOI=0.01 being the lowest IL-12 between the two (Figure 5C). Since
IL-12 is important for induction of the pro-inflammatory cytokine IFNγ we tested it to
corroborate the effects of HCV on IL-12. None of the three cell types produced IFNγ in
response to HCV as compared to control although mature DCs were able to produce more
than any of the other cells Figures (5D through F).

IL-10 and TNFα in monocytes and DCs after HCV infection
IL-10 and TNFα are two cytokines that have been correlated in the pathogenesis of HCV in
the liver of infected patients. Therefore we decided to measure the levels of these cytokines.
Monocytes infected with HCV were able to produce a significant increase in the levels of
IL-10 by day 7. There also seem to be a dose dependency since the higher HCV MOI
produced a higher amount of IL-10 (Figure 6A). In contrast, immature DCs were able to
significantly decrease the levels of IL-10 produced after infection with the higher MOI from
day 1 and by both MOIs by day 7. By day 7 the levels of IL-10 expressed were similar and
different titers did not reflect differences (Figure 6B). Mature DC did not show differences
at day one but showed a significant decrease in expression at the lower MOI which was not
significant in the higher titer (Figure 6C). Therefore HCV has a very contrasting role in the
acute production of IL-10 in DCs as compared to monocytes.

The pro-apoptotic cytokine TNFα in monocytes or immature DCs had a tendency to
decrease while mature DCs showed a significant dose dependent increase on day 1 with a
significant decrease, only in the lower MOI, by day 7 (Figures 6D though F). Therefore we
found no specific correlation between monocytes and DCs after infection with HCV and
chronic liver disease.

Discussion
One of the main questions regarding the defect in the function of DCs in HCV infection is
whether it is a direct consequence of viral infection. While there is direct evidence about the
replication of HCV in monocytes, the same cannot be said for DCs were detection of HCV
genomes within isolated DCs has been inferred as indicative of replication (23, 31, 38, 40).
Moreover, MoDCs responded to HCV with phenotypical and immunological changes, in the
absence of replication, including the modulation of IFNβ. This phenomenon is corroborated
by the results obtained when co-infecting with other virus. HCV impaired NDV-induced
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IFN production by DCs and monocytes indicating that HCV negatively regulates the
induction of IFNβ by these cells in a way dependent on the amount of virus. Such an
observation has also been made on chimpanzees, chronic and healthy patient cells were they
saw an induction of type I IFNs and ISGs even in the incubation phase although lower on
chronic patients (41). This correlates with data that shows the presence of HCV genomic
RNA in MoDCs alters their immunostimulatory capacity and that the ability of DCs to
stimulate T cells can be disrupted by downregulation of MHC I and co-stimulatory
molecules, independent of replication in other viruses, which could suggest an initial
mechanism that can lead to a chronic state (38, 42, 43). One explanation for this is that viral
proteins can have immunomodulatory effects upon binding. Immature DCs for instance are
capable of binding HCV-LPs in an envelope-specific, concentration dependent manner
which induces DC activation (44, 45). One such binding mechanism suggested in the
literature is the interaction of DC-SIGN with E2 which protects the virus from lysosomal
degradation (38). Furthermore, several of the HCV proteins have been shown to directly
affect the immune responses including the envelope and core proteins which have been
shown to interfere with the type 1 IFN responses (46, 47). Wether this is the exact
mechanisms of IFN downregulation even in the absence of replication is something that
should be further elucidated in the future but it is likely a reason for the behavior we
observed. I

The next logical question is which specific viral components could be responsible for the
defects we observed. Different HCV gene products have been shown to interfere with the
normal function of DCs (48, 49). The structural proteins (core, E1/E2), a likely culprit for
our results based on the lack of replication or entry, have been shown to interfere with
monocytes and DCs by upregulating IL-10 or TNFα (dependent on the cell type and in a
dose dependent manner), hindering IL-12 production and allogeneic T cell stimulation (50,
51). This was linked to a defect in the IFNα production by stimulated pDCs, which can also
help induce IL-10 (52). The effects on pDCs may have been due to apoptosis induction
while on mDCs and MoDCs may have been due to the interference with the cells
differentiation into an active status (38, 51, 53, 54). Furthermore, the defective responses
induced by these structural proteins can result in poor cellular and humoral responses (50).
Therefore, the immunomodulatory role of HCV may lie at the level of DC differentiation.

An interesting caveat was that our DCs were able to produce cytokines in response to the
virus even if these responses were skewed. This correlates with other studies that show that
same phenomenon (48–50, 55). Furthermore, a similar pattern was observed in DCs where
the viral proteins were expressed by AAV vectors, perhaps due to maturation by the AAV
itself (56, 57). Still, this depends on the type of maturation stimuli as well as the state of
infection of the patient from where the cells were obtained (chronic versus healthy) (23, 38,
48, 49). More so, matured DCs should be taken with caution as a higher CD83 and CD86
with lower HLA-DR expression (as we observed) has been seen in the mDCs of HCV
infected patients which correlates with liver inflammation (58).

Two things that make myeloid DCs the focus of our studies are that 1) pDC can be 10–50
times less efficient than mDCs and MoDCs at expanding both CD4+ and CD8+ naïve cells;
2) mDCs and MoDCs can secrete much higher levels of IL-12 which is important for
shifting the balance towards a TH1 response since TH2 is associated with a chronic state of
HCV infection; and 3) mDCs numbers are decreased in chronic patients that have not
undergone anti-viral therapy also indicating the role of IFNα in maintaining DC populations
(4, 38, 59–62). Sometimes, it seems is not the decrease in the number of DCs in patients but
a shift in the expression of HLA-DR complemented with lower CD4+ T cell numbers (63).
Monocytes are the main producers of IL-10 and TNFα, due to their numeric prevalence over
DCs in blood, and these cytokines are known to inhibit the IFNα production by pDCs
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probably by inducing apoptosis (51, 64–66). In our system we found that HCV increased
IL-10 production by monocytes and TNFα by mature DCs. Levels of IL-10 and TNFα are
consistently higher in HCV infected patients and in DC after HCV infection and may be to
blame for the apoptosis of pDC in infected patients (51). Recently, Shiina et al. and Ebihara
et al. performed experiments similar to ours in which they found that direct interaction HCV
does not affect matured mDCs or MoDCs (35, 36). While we show defects in MoDC this
effects were more profound in immature DC or monocytes. Therefore, the maturation status
of DC needs to be considered when studying the pathogenesis of HCV on these cells during
infection. In conclusion, our results build upon recent reports show that HCV has a strategy
to modulate the action of DCs by interfering with the type I IFN response and shifting to a
TH2 response and show the importance of studying the behavior of immature DC in HCV
infection.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Phenotypical Characteristics of Monocytes and Dendritic Cells Incubated with HCV
Monocytes or DC from healthy human PBMC incubated with HCV for one or seven days
were stained for HLA-DR and lineage 1 cocktail and analyzed by flow cytometry. The
percentage of cells per quadrant from the total analyzed is shown. Figures are representative
of three separate experiments (three separate donors). A through E) Monocytes. F through J)
Immature DCs. K through P) Mature DCs.
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Figure 2. Immunostimulatory Capacity of Monocytes and Dendritic Cells Incubated with HCV
Monocytes or DC from healthy human PBMC incubated with HCV were co-cultured with
autologous PBMC containing CFSE for seven days at 1:1, 1:10, 1:50 or 1:100 ratio of
effector cells to proliferators. Cells were then also stained for CD3, CD4 and CD8, and
analyzed by flow cytometry. Figures are representative of three separate experiments (three
separate donors). A) Percentage of proliferating helper T cells (CD3+ CD4+) after
stimulation with monocytes. B) Percentage of proliferating helper T cells after stimulation
with immature DC. C) Percentage of proliferating helper T cells with mature DC. D)
Percentage of proliferating CTL (CD3+ CD8+) after stimulation with monocytes. E)
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Percentage of proliferating CTL after stimulation with immature DCs. F) Percentage of
proliferating CTL after stimulation with mature DCs.
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Figure 3. Type I IFN Production of Monocytes and Dendritic Cells Incubated with HCV-JFH
Monocytes (A and D), immature DC (B and E) and mature DC (C and F) were incubated
with HCV and cells were collected at day 1 and day 7 post infection. Total RNA was
isolated and IFN-β and IFNα2a mRNA expression was analyzed by real-time RT-PCR
against unincubated controls and normalized against the housekeeping gene GAPDH.
Monocytes (G) and immature DC (H) were either incubated by HCV alone or co-incubated
with Newcastle Disease Virus (NDV). IFNβ was measured by Real Time RT-PCR. Bars
represent the standard error (SEM) of three separate experiments (three separate donors).
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Figure 4. Lack of HCV Replication on Dendritic Cells Incubated with HCV-JFH1
Incubated cells were analyzed for HCV replication by immunofluorescence and by Real
Time RT-PCR. A) Relative HCV expression in monocytes, immature DC and LPS matured
DC after infection with MOI=0.1 of HCV-JFH1 particles. B) Relative NS5A expression in
monocytes, immature DC and LPS matured DC after infection with MOI=0.01 HCV-JFH1
particles. C) Unincubated immature DCs (negative control) were stained with NS5A with
FITC conjugated secondary antibody. D) Immature DC incubated with MOI=0.1 HCV. E)
Huh 7.5 cells previously transfected with HCV-JFH1 plasmid (virus source, positive
control).
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Figure 5. Concentration of TH1 cytokines IL-12 and IFNγ produced by monocytes and DC after
HCV infection
Supernatant from monocyte, immature DC or mature DC cultures with or without HCV
were collected at 1 and 7 days post infection and analyzed by capture ELISA. A)
Concentration of IL-12 produced by monocytes. B) Concentration of IL-12 produced by
immature DCs. C) Concentration of IL-12 produced by mature DCs. D) Concentration of
IFNγ produced by monocytes. E) Concentration of IFNγ produced by immature DCs. F)
Concentration of IFNγ produced by mature DCs. Bars represent the standard error (SEM) of
three separate experiments (three separate donors). * represents the significance of the
comparison between the day 7 control and the test in a paired student t-test where p<0.05. **
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represents the significance of the comparison between the day 7 control and the test in a
paired student t-test where p<0.05.
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Figure 6. Concentration of IL-10 andTNFα produced by monocytes and DC after HCV infection
Supernatant from monocyte, immature DC or mature DC cultures with or without HCV
were collected at 1 and 7 days post infection and analyzed by capture ELISA. A)
Concentration of IL-10 produced by monocytes. B) Concentration of IL-10 produced by
immature DCs. C) Concentration of IL-10 produced by mature DCs. D) Concentration of
TNFα produced by monocytes. E) Concentration of TNFα produced by immature DCs. F)
Concentration of TNFα produced by mature DCs. Bars represent the standard error (SEM)
of three separate experiments (three separate donors). * represents the significance of the
comparison between the day 7 control and the test in a paired student t-test where p<0.05. **
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represents the significance of the comparison between the day 7 control and the test in a
paired student t-test where p<0.05.

Eksioglu et al. Page 20

J Viral Hepat. Author manuscript; available in PMC 2013 August 02.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript


