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ABSTRACT

Stunted cellular immune response against a narrow range of epitopes is the hallmark of chronic hepatitis
C infection, but the underneath molecular mechanisms have not been well elucidated. Suboptimal antigen
presentation through defective antigen presenting cells, have been suggested. The myeloid dendritic cells
as professional antigen presenting cells have been found to be phenotypically and functionally defective in
chronic hepatitis C-infected patients in our recently published study. In order to find out if the maturation
defects in dendritic cells (DC) are induced by the persistence of virus, we tried to differentiate CD14+
monocytes isolated from the peripheral blood of a healthy volunteer in dendritic cell culture medium
containing GM-CSF and IL-4 supplemented with hepatitis C virus (HCV) proteins, core and NS5. The results
indicated that a lesser number of monocytes differentiated to DC in presence of HCV proteins. Moreover, the
differentiated cells depicted immature phenotype, which will not respond to the TLR-4 mediated stimulation
ex vivo with significantly lesser upregulation of activation markers, HLA-DR, CD83, CD80 and CD86 as
compared to cells differentiated in the absence of HCV proteins. Besides, these immature cells showed
characteristics of defective antigen presentation, with significantly lower allostimulatory capacity towards
lymphocytes from a healthy donor. Semi-quantitative reverse-transcription polymerase chain reaction (RT-
PCR) showed upregulated expression of negative regulatory genes SOCS3, PDL1 and IDO in cells grown
in presence of HCV proteins, suggesting the role of HCV and associated antigens in functional down-
modulation of dendritic cells. This may correlate with the antigen persistence and maturation-defective
status of dendritic cells in chronic HCV infection.
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INTRODUCTION important to understand the mechanisms by

which HCV establishes chronic infection so that
Hepatitis C Virus (HCV) poses a major global petter therapeutic interventions can be devised.
health predicament. The virus can be transmitted \yhjist the involvement of host genetic factors has
parenterally, ~ sexually —and  through  blood |,6anamajorfocus of research, the role of the immune
transfusion.! Infection with this morbid virus is system in the outcome of disease also cannot be
associated with serious consequences. Chronic marginalised. It has been proposed that a high rate
hepatitis in about 70-80% of cases further results ¢ ira| replication leads to exhaustion of the immune
in severe liver necrosis and an increased risk system through the production of overwhelming
of cirrhosis and hepatocellular carcinoma ina guantities of viral antigens and the production of
smaller proportion of these individuals.2* It is immunomodulatory proteins by HCV.5 Furthermore,
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metabolic disorders.

1 | Positive for anti-HCV antibodies Parameters CHC (n=35)
2 | Negative for HBV & HIV by serology Median Age (years) 39 (19-67)
3 | No prior history of any treatment for HCV Gender M/F 31/4
4 | Negative for auto-antibodies (ANA, SMA, Genotype 1/3/4 6/28/1
LKM, AMA, PCA and GBM) to exclude Median Viral Load (copies/ [1.91x10¢
autoimmune hepatitis mi)
> [iver damage ke siconoiem. mherteq | Median ALT/AST 80/95

Table 1. Inclusion criteria for recruiting CHC patients

the inability of the innate immune response to
promotetimely and appropriate T-cell priming has not
been well understood yet. It has been suggested that
viral proteins such as NS3, NS4, E1 and core protein
play an important role in impairing the generation
of effective immune response against the virus.>”’
The status of dendritic cells in chronic HCV
infection(CHC), has been the focus of research for
many investigators around the world. Although
there are a few studies supporting the theory that
dendritic cells in CHC remain functional,®" there
are a few who argue that during HCV infection, the
primary crosstalk between virus or virus-derived
proteins and the DCs may render the DCs functionally
defective, and further contribute to impaired T-cell
responses leading to viral persistence*™® Moreover,
it is not yet clear whether the establishment of a
chronic carrier state is due to dysfunctional DCs,
which causes inefficient priming and maintenance
of HCV-specific T-cells, or whether it is a possible
outcome of persistent and active HCV infection.
It could very well be possible that the host-
mediated immunosuppressive mechanisms
might be activated in the scenario of persistent
antigenic exposure. Certain negative regulatory
genes have been implicated as key factors for
sustaining an immunosuppressive and tolerogenic
microenvironment in different viral infections
and even some cancers””® We have recently
demonstrated that DCs from therapy-naive CHC
patients are dysfunctional and fail to mature.?® The
present study was designed to answer the pertinent
question: whether the early interactions of virus
proteins with DC render them immunosuppressive
instead of being immunostimulatory. We report here
that the monocytes continuously exposed to viral
proteins ex vivo during differentiation to immature
DCs render these cells maturation-defective, as they
fail to respond to external stimulation and we also
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Table 2. Demographic and clinical features of
patients recruited

show that this maturation and functional defect
coincides with upregulation of the expression of
certain immunosuppressive genes such as SOCS3,
PDL1and IDO in these cells.

MATERIALS AND METHODS

Study Subjects

This study was approved by the Institute Ethics
Committee. All the patients recruited in this study
were registered with the Hepatology Clinic based
on the inclusion criteria (Table 1) after an informed
consent. A cohort of 35 therapy-naive patients with
CHC infection, were recruited for the study. A total
of 14 age-matched normal healthy volunteers (HC)
were also recruited as controls. Major demographic
and clinical features of all the patients included in
this study are detailed in Table 2.

Generation of Monocyte Derived Dendritic Cells
(mo-DCs)

The peripheral blood mononuclear cells (PBMCs)
wereisolated from venous blood drawnin heparinised
vacutainer tubes, of each subject from CHC and
HC groups by Ficoll-Hypague density gradient
centrifugation using Histopaque (Sigma Aldrich).
Subsequently, CD14+ monocytes were separated
from PBMCs using anti-human-CD14 magnetic
particles [(DM-(M@P9); BD Imag TM, BD Biosciences
Pharmingen, USA] according to the manufacturer’s
instructions. Cell suspension enriched with CD14+
monocytes (purity 95% by flow cytometry, data not
shown)wasculturedin Dendritic Cells Culture Medium
(DCCM), consisting of RPMI 1640 supplemented
with: 2mM L-glutamine, 5mM HEPES buffer, 1001U/
ml penicillin and 100ug/ml streptomycin, 10% fetal
bovine serum (Sigma Aldrich), along with 20ng/
ml recombinant human GM-CSF and 20ng/ml
recombinant human IL-4 (both from PeproTech,
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Figure 1. Frequency and expression of activation markers on mo-DCs. Cells with phenotype CD14-HLA-
DR+CDT1lc+ were considered to be monocyte-derived dendritic cells (mo-DCs).

(A) Comparative frequency of mo-DCs in CHC and HC. Frequency of mo-DCs in CHC (n = 35) was significantly
lower than HC (n = 14). Surface expression of (B) HLA-DR, (C) CD83, (D) CD80 and (E) CD86 on mo-DCs,
pre and postlipopolysaccharide (LPS) stimulation. Mo-DCs from CHC, were able to upregulate expression
of CD83, CD80O and CD86 upon LPS stimulation. Data presented as mean + SD. Horizontal line represents

the median value.

Israel), for six days in a humidified incubator
(Thermo Forma, USA) at 37°C with 5% CO.,. Half
medium exchange was performed on alternate days
with fresh DCCM. DC viability on day six was >95%
(trypan blue exclusion). To minimise the variations,
we started with an equal number of monocytes in
all sets of experiments. Toll-like receptor-4 (TLR-4)
mediated maturation of DC was induced ex vivo by
adding bacterial lipo-polysaccharide (LPS, 500ng/
ml) to the culture medium on the sixth day for 48
hours. Simultaneously cells were also maintained
without LPS.

Phenotyping of mo-DC

Analysis of cell surface markers on immature (iDCs)
and mature DCs was performed on day eight of cell
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culture. The mo-DCs were stained with FITC-CD14,
PE-HLA-DR/CD83/CD80/CD86 and PECy5-CDIlc
(all antibody-fluorochrome conjugates from BD
Biosciences, USA) to characterise the phenotype
of mo-DC in different conditions. Briefly, the cells
were washed in staining buffer and were stained
with respective fluorochrome-labelled antibodies
for 20 minutes at room temperature in the dark. The
cells were then washed, fixed and acquired using a
three colour flow cytometer (FACS Calibur, Becton
Dickinson, USA). In each case, unstained cells were
also acquired to evaluate non-specific binding.
Analysis was performed on gated population that
included CD14 negative cells. The percentage
positive cells and geometric mean fluorescence
intensity (MFI) for each marker on mo-DC was
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evaluated by analysis of dot plots or histograms
generated by acquiring at least 100,000 cells using
CellQuest software (BD Biosciences, USA). Fold
increase in MF| was expressed as the ratio of MFI of
stimulated cells and unstimulated cells.

Endocytosis Assay

To assess the endocytosing capacity, LPS-stimulated
mo-DCs were incubated in PBS, 2% FCS, with Tmg/ml
FITC-dextran (Sigma Aldrich) at 37°C to determine
specific uptake, or at 4°C to determine background
non-specific binding. After one hour of incubation,
cells were analysed using flow cytometry. Uptake of
FITC-dextran was measured in terms of fold increase
in mean fluorescence intensity [MFI (i.e. ratio of MFI
at 37°C to MFl at 4°C)].

Mixed Leucocyte Reaction

Allostimulatory capacity of LPS-treated mo-DCs
was assessed by mixed leucocyte reaction (MLR).
Briefly, LPS-stimulated DCs were treated with
mitomycin (50ug/ml; Sigma Aldrich) for 30 minutes
followed by co-culturing with allogenic PBMCs from
a healthy, HCV negative donor at a ratio of 1:20 in
triplicate wells at 37°C, with 5% CO, in a humidified
incubator. Different healthy donor PBMCs were
used in at least three different MLR experiments
for mo-DC from each CHC patient. After five days
of co-culture, 1uCi/well of [methyl-3H] thymidine
(Bhaba Atomic Research Centre, Mumbai, India)
was added for 12-16 hours. The incorporation of
[methyl-3H] thymidine in proliferating PBMCs was
measured using a beta-counter (Beckman-Coulter,
USA) and expressed as counts per minute (cpm).

Expression of IDO, SOCS3 and PD-L1in mo-DCs
Differentiated in Presence of Viral Proteins

Peripheral blood samples were obtained from
healthyuninfecteddonorsafterinformedconsent.
CD14+ monocytes isolated from PBMCs were
cultured in presence or absence of HCV proteins,
core and NS5 (both 1Tug/ml) of HCV genotype 3
(ProSpec-Tany TechnoGene Ltd, USA) from day
zero, along with DCCM for seven days at 37°C and
5% CO, in a humidified incubator. On the seventh
day LPS was added to the cultured mo-DCs for
48 hours for ex vivo stimulation through TLRA4.
At the end of the ninth day, flow cytometry was
carried out to check for the surface expression
of activation markers and co-stimulatory
molecules like HLA-DR, CD83, CD80 and CD86.
The expression of IDO, SOCS3 and PD-LI
genes was measured using semi-quantitative
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reverse-transcription polymerase chain reaction
(RT-PCR). Total RNA was extracted from mo-
DCs (cultured in presence or absence of HCV
proteins) using Trizol reagent (Sigma, USA). RNA
was reverse transcribed to make complimentary
DNA copies (MBI Fermentas, European Union),
which were then further amplified by normal
PCR reaction. The first strand cDNA was
used in PCR reactions for the amplification of
SOCS3, IDO and PD-L1 genes. The estimation of
constitutively expressed p-actin gene was taken
as control and used to normalise the values for
semi-quantitative estimation of other genes
(SOCS3, IDO and PD-L1) under study.

The sequences (5-3) of the primers (custom
synthesised from Sigma Genosys, Bangalore, India)

used in the study were as follows:

B-actin F AGCACAGAGCCTCGCCTTTGC

B-actin R GCCGTGCTCGATGGGGTACTT

IDO F GGCACACGCTATGGAAAAC

IDOR ATGCATCCCAGAACTAGACG

SOCS3 F TCCGGAGGAGCCAGCTGTCC

SOCS3 R TTTCCTTCGCCAGCCCGCAG

PD-L1F TTCTGTCCGCCTGCAGGGCA

PD-L1R ACAGCCGGGCCCTCTGTCTG

RESULTS

Phenotypic Characterisation of mo-DC

From both patients as well as controls, mo-
DCs were obtained after seven days of culture.
Phenotypic characterisation of differentiated
immature mo-DCs was performed using flow
cytometry. A significantly lesser number of
monocytes from CHC patients could differentiate
to DCs in presence of GM-CSF and IL-4 in CHC
as compared to that of HC (p<0.005, Figure
1A). The difference observed in number of mo-
DCs was not due to decreased leukocyte counts
in patients, as there was no difference in total
leukocyte count of CHC vs. HC (data not shown).

The surface expression of HLA-DR, CD80, CD86 and
CD83 molecules was used as a hallmark of activation
and maturation of DCs. While none of the molecules
got upregulated significantly on the surface of mo-
DCs from CHC in response to LPS stimulation, a
uniformly significant upregulation in the surface
expression of HLA-DR (p<0.005), CD80 (p<0.005),
CD86 (p<0.005)and CD83 (p<0.05) was seen on
the mo-DCs from HC (Figure 1 B,C,D,E). These data
clearly suggest that the mo-DCs from CHC patients
were functionally defective and were incapable of
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Figure 2. Endocytosing capacity of lipopolysaccharide-
stimulated mo-DCs. Uptake of FITC-dextran by mo-DCs
from CHC was significantly higher than HC.

maturing in the presence of an external stimulus.

Antigen Uptake Efficiency of Differentiated
mo-DC

Immature dendritic cells are characterised by their
marked capability of phagocytosing the invading
foreign antigen. As they mature and become
efficient, antigen-presenting cells they tend to lose
this property. To evaluate antigen uptake efficiency
of LPS-stimulated DCs, endocytosis assay was
performed using FITC-conjugated dextran particles.
Flowcytometric analysis revealed that the amount
of FITC-dextran endocytosed by mo-DCs from CHC
was significantly higher (p<0.005) than those of HC
(Figure 2), suggesting that mo-DCs from CHC did
not respond to maturation stimulus and remained
functionally immature.

Impaired Allostimulatory Capacity of mo-DCs
from CHC

The allostimulatory capacity of mo-DCs from
different groups was measured by performing
Mixed Lymphocyte Reaction (MLR) using mitomycin
treated mo-DCs from patients/controls and PBMCs
from a single healthy donor. The degree of stimulation
of allogeneic lymphocytes induced by mo-DCs
from CHC was significantly lower than that of HC

HEPATOLOGY ¢ May 2013

*kk
| 1
1,000,000 -
Q
£
E 100,000 -
>
<
©
2 10,000 -
.E %
c 1,000
Q
X
8
o
2 100 5 S
I
T (@]

Figure 3. Comparative allostimulatory capacity of
mo-DCs. Allostimulatory capacity of mo-DCs from
CHC is significantly impaired as compared to HC.

(p<0.005) (Figure 3). This data is in concordance
with the low surface expression of activation and
maturation markers on CHC indicating that DCs
remained phenotypically as well as functionally
immature even upon ex vivo stimulation. These data
also suggest that viral persistence could be having
a negative effect on the allostimulatory potential of
DCs.

Assessing the Role of HCV Core and NS5
Proteins on Differentiation of Monocytes to
Dendritic Cells

To ascertain whether the defect in dendritic cells
is virus mediated, an in vitro experiment was
performed by exposing monocytes from healthy
individuals to HCV Core or NS5 antigen in DCCM
during their differentiation to dendritic cells.
Simultaneously, a control experiment was run in
parallel in which only DCCM was added to mo-DC
culture without the addition of viral antigens. The
differentiated mo-DCs were then stimulated with
LPS for 48 hours, after which surface expression
of HLA-DR, CD83, CD80 and CD86 was evaluated.
It was observed that mo-DCs exposed to NS5
and core antigens during differentiation, showed
characteristics of maturation defect as they
expressed lesser amounts of HLA-DR, CD83, CD80
and CD86 on their surface as compared to cells
grown in medium without viral proteins, and there
was no upregulation of these molecules even after
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Figure 4. Effect of LPS stimulation on expression of (A) HLA-DR, (B) CD83, (C) CD80 and (D) CD86 on
mo-DCs exposed to HCV-NS5 and Core. Each figure represents the fold increase in MFI as compared to
mMmo-DCs raised in absence of LPS stimulation denoted as DCCM only. Both NS5 and Core antigens have

deleterious effect on maturation of mo-DCs.

stimulation with LPS. After LPS stimulation, the
upregulation of CD83, CD80 and CD86 on mo-
DCs exposed to NS5 antigen was significantly
lower (p<0.05 in all three) as compared to that of
medium alone. Similarly, after LPS stimulation, the
upregulation of HLA-DR, CD83, CD80 and CD86 on
mo-DCs exposed to core antigen was significantly
lower (p<0.05 in all four, Figure 4) as compared to
that of DCCM only.

Expression of SOCS3, IDO and PD-L1 in mo-
DCs Differentiated in Presence of HCV Core
and NS5

To check whether the exposure to HCV antigens
causedanincreaseinexpression of down-modulatory
genes such as SOCS3, PD-L1 and IDO in mo-DCs,
semi-quantitative RT-PCR revealed that in presence
of NS5 and Core proteins, the expression of PD-L1
and IDO genes got significantly upregulated (p<0.05
for all) in the mo-DC, while only NS5, and not Core,
caused a significant increase in the expression of
SOCS3 (p<0.05) (Figure 5).
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DISCUSSION

Viruses are known to devise different strategies to
counteract antiviral immunity by manipulating the
functions of various components of the immune
system. It has been demonstrated that infection of
DCs by measles virus resulted in diminished [IL-12
production and inhibition of DC maturation,??> while
HIV-infected subjects have been reported to have
defects in the number and functions of circulating
DC subsets.?*?* CMV infection has also been shown
to cause inhibition of DC maturation and T-cell
activation, as well as increased apoptosis in T-cells
and downregulation of MHC class | molecules.? 26

In recent years there have been some reports
describing the role of DCs in HBV or HCV-induced
hepatitis.?”? However,thesereportshavebeendiverse
and conflicting. While some studies have reported
that HBV or HCV-related chronic hepatitis displayed
a phenotype defect and functional deficiency of
DCs,2*20 others reported no observable defect in DCs
from CHC subjects as well as chimpanzee models.2%%
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This has brought in a state of ambiguity to the
scenario of CHC infection as far as functional status
of DCs is concerned and justified for a systematically
designed study to further evaluate this aspect.
Our results from the present study regarding status
of mo-DC from CHC patients clearly demonstrate
that there is a defect in terms of number and function
in this population during the chronic HCV infection.
We found that lesser number of monocytes from
CHC patients’ blood could be differentiated to
DCs in presence of IL-4 and GM-CSF as compared
to HC, which further fail to mature upon ex vivo
stimulation. This observation is coherent with our
observation (data not shown) and other studies
where reduced number of DCs has been reported in
CHC patients.?32%> Moreover the DCs also displayed
immature phenotype which was demonstrated
by their low allostimulatory potential and high
phagocytosing capacity after LPS stimulation ex
vivo. This could be attributed to the viral persistence
in these patients as we have earlier reported that the
DCs from patients who cleared virus after therapeutic
intervention showed a marked improvement in
their numerical as well as functional status.?

By exposing the monocytes from healthy individuals
to HCV-3 specific core and NS5 antigens during
differentiation to immature DCs in vitro, and by
further inducing maturation in presence of LPS, we
found that both core and NS5 antigens induced
maturation and activation defects in healthy mo-
DCs as they failed to upregulate surface expression
of HLA-DR, CD83, CD80 and CD86 upon ex Vvivo
LPS stimulation. These results clearly elucidate the
direct evidence of virus-mediated downmodulation

Cell culture grown HCV (HCVcc) when incubated
with immature mo-DCs has been shown to have
deleterious effects on their ability to present the
antigen.”® Recently Landi et al. found that HCV core,
when transfected inimmature mo-DCs, does not have
any inhibitory effect on human DC maturation,*® while
monocytes exposed to high concentrations of HCV
proteins during differentiation to dendritic cells had
diminished capacity to present the antigen.*” These
observations corroborate our findings, indicating
virus-driven mechanisms causing maturation and
functional defects in dendritic cells. Moreover, this
approach seems to be convincingly closer to the
actual /n vivo situation in which the precursor cells
in chronically infected patients would be exposed
to various HCV proteins present in the milieu over a
long period of time while differentiating, leading to
development of defective dendritic cells. Our study,
as well as the findings of Krishnadas et al. supports
this hypothesis.?”

Trying to elucidate the possible mechanism, we
further investigated the effect of these viral proteins
on expression of certain down-modulatory genes
suchasSOCS3,IDOand PD-L1, whichmight be playing
a significant role in rendering the DCs tolerogenic
or maturation defective. We found that in the
presence of NS5 and core antigens, the expression
of PD-L1 and IDO got upregulated while only NS5,
and not core, caused the increase in expression of
SOCS3 in the mo-DC that were differentiated in the
presence of these viral proteins right from day one.

The HCV protein has earlier been shown to cause
upregulation of SOCS338 and it has recently been
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Figure 5. Relative gene expression of SOCS3, IDO and PD-L1 in mo-DCs exposed to HCV-NS5 and

Core antigen.
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might be related to up-regulation of SOCS3.*° These
reports have used human hepatoma cell line HepG2
or Epstein-Barr virus-transformed lymphoblastoid
cell lines derived from peripheral lymphocytes
from patients. None of these studies have been
executed on human blood derived dendritic cells so
far. In addition, a recent study has suggested that
increased PD-L1 expression and PD-L1/CD86 ratio
may be responsible for the dysfunction of DCs in
chronic HCV infection, as it might be correlated with
exhaustion of T-cell function.®® Our results confirm
the same hypothesis. Moreover, another recent
study highlights the dual nature of dendritic cells in
ovarian cancers, where there is strong expression of
PD-L1 by the immunosuppressive DCs.® The tumour
microenvironment resembles the chronic disease as
the continuous presence of antigen leads to immune
exhaustion in chronic disease as well as cancer.

Although IDO has been implicated in causing
tolerogencity in DCs elsewhere it has not been linked
so far with HCV.4 Nevertheless, it cannot be denied
that HCV might upregulate this gene for its own
survival. We have demonstrated for the first time
that this gene gets upregulated in mo-DCs raised in
presence of HCV proteins suggesting that IDO might
also be involved in causing dysfunction in DCs.
These results also suggest that various HCV proteins
may coordinate their negative modulatory action
on DCs to impair T-cell stimulation and facilitate the
establishment of chronic HCV infections. It would be
really interesting to conduct similar studies on DCs
from patients recovering from acute HCV infection
and to find whether they have an immunostimulatory
profile which might be instrumental in resolving the
infection. Nevertheless, the findings elucidate the
mechanisms of immune dysfunction in chronic HCV
infection, which may be helpful in designing newer
strategies of intervention in future.
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