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Abstract

AIM: To assess co-stimulatory and co-inhibitory mark-
ers of dendritic cells (DCs) in hepatitis C virus (HCV)
infected subjects with and without uremia.

METHODS: Three subject groups were included in
the study: group 1 involved 50 control subjects, group
2 involved 50 patients with chronic HCV infection and
group 3 involved 50 HCV uremic subjects undergoing
hemodialysis. CD83, CD86 and CD40 as co-stimulatory
markers and PD-L1 as a co-inhibitory marker were as-
sessed in peripheral blood mononuclear cells by real-
time polymerase chain reaction. Interleukin-10 (IL-10)
and hyaluronic acid (HA) levels were also assessed. All
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findings were correlated with disease activity, viral load
and fibrogenesis.

RESULTS: There was a significant decrease in co-
stimulatory markers; CD83, CD86 and CD40 in groups
2 and 3 vs the control group. Co-stimulatory markers
were significantly higher in group 3 vs group 2. There
was a significant elevation in PD-L1 in both HCV groups
vs the control group. PD-L1 was significantly lower in
group 3 vs group 2. There was a significant elevation
in IL-10 and HA levels in groups 2 and 3, where IL-10
was higher in group 3 and HA was lower in group 3 vs
group 2. HA level was significantly correlated with dis-
ease activity and fibrosis grade in group 2. IL-10 was
significantly correlated with fibrosis grade in group 2.
There were significant negative correlations between
co-stimulatory markers and viral load in groups 2 and
3, except CD83 in dialysis patients. There was a signifi-
cant positive correlation between PD-L1 and viral load
in both HCV groups.

CONCLUSION: A significant decrease in DC co-stim-
ulatory markers and a significant increase in a DC co-
inhibitory marker were observed in HCV subjects and to
a lesser extent in dialysis patients.

© 2013 Baishideng Publishing Group Co., Limited. All rights
reserved.
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Core tip: An assessment of the gene expression of co-
stimulatory and a co-inhibitory marker (CD83, CD86,
CDA40, PD-L1) was conducted in patients with hepatitis
C virus (HCV) infection and their correlations with viral
load, hepatitis activity score and fibrosis grade were
determined. There was a significant decrease in den-
dritic cell (DC) co-stimulatory markers in HCV infected
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subjects, where HCV uremic subjects exhibited a lower
degree of reduced co-stimulatory markers. There was
a significant increase in the DC co-inhibitory marker
in HCV infected subjects, where HCV uremic subjects
exhibited a lower degree of increased co-inhibitory
marker. All DC markers were significantly correlated
with HCV viral load, hepatitis activity index and fibrosis
score.

Fouad H, El Raziky MS, Abdel Aziz RA, Sabry D, Abdel Aziz
GM, Ewais M, Sayed AR. Dendritic cell co-stimulatory and co-
inhibitory markers in chronic HCV: An Egyptian study. World J
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http://www.wjgnet.com/1007-9327/full/v19/i43/7711.htm DOI:
http://dx.doi.org/10.3748/wjg.v19.i143.7711

INTRODUCTION

Hepatitis C virus (HCV) infection is a major public
health problem, with an estimated global prevalence of
3% occurring in about 180 million carriers and approxi-
mately 4 million people are newly infected annually'", Tt is
estimated that up to 70% of individuals exposed to HCV
develop viral persistence[z"ﬂ. On average, over half a mil-
lion people in Egypt are infected by HCV annually, far
more than any other country in the world, according to a
new study published in 2010,

A high prevalence of HCV has been reported among
hemodialysis (HD) patients worldwide. The prevalence
of HCV infection among HD patients is significantly
higher than healthy blood donors and the general popu-
lation”, HD patients may be at risk for HCV due to the
involvement of multiple routes of infection, especially
poor blood screening of transfused blood, low standard
of dialysis procedures and the need to apply infection
control practices.

Patients who spontaneously clear HCV infection
have strong and broad T cell responses, while patients
with chronic HCV have weak and functionally impaired
responses characterized by poor proliferation, impaired
cytotoxicity and reduced cytokine secretion after antigen
exposure™’, Dendritic cells (DCs) are efficient and po-
tent antigen presenters and activators of antigen-specific
T cells and adaptive immunity". Defective DC activation
of T cells may underlie poor T cell responsiveness in
HCYV infection, and may, in part, determine the response
to therapy™'’.

Human peripheral blood DCs are currently catego-
rized into two major subsets: myeloid DCs (mDCs) and
plasmacytoid DCs (pDCs). mDCs are effective antigen
presenters to T cells and secrete interleukin 12, while
pDCs are the most potent secretors of antiviral type-I
interferons such as interferon o, IFN-@)"". DCs migrate
to sites of inflammation, sample antigens, and integrate
generic microbial danger signals »iz innate immune re-
ceptors, named pathogen recognition receptors (PRRs)
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. . 12]
that recognize pathogen-associated molecular patterns[ 1

Signals from PRRs combine with signals from inflamma-
tory cytokines to activate DCs, causing up-regulation of
co-stimulatory molecules such as CD40 and CD86. DCs
then migrate to lymphoid tissue where they activate anti-
gen-specific CD4 and CD8 T cells by presenting antigens
on major histocompatibility complex (MHC) class [ and
I molecules">"".

Reports of global immune dysfunction in HCV infec-
tion ate controversial; some authors have found faulty re-
sponses to general PRRs stimulation including decreased
IFNo and IL12 secretion, reduced CD86 expression,
decreased HLA-DR (MHC class II) and impaired stimu-
lation of T cells in mixed lymphocyte reaction compared
with normal controls"”. Specific HCV proteins such as
core and E2 can cause DC dysfunction in tissue culture
models"?. Other authors, including those using direct ex
vivo human samples or a chimpanzee model of HCV have
found no defects">'". It has been consistently shown in
HCV infection that pDC and mDC numbers are reduced
in the peripheral compartment compared with normal
controls, whereas reports have described increased num-
bers of DCs in the livers of HCV patients, suggesting
hepatic DC sequestrationmzm. The unresolved controver-
sies listed above highlight the need for further study of
DCs in HCV infection.

With regard to HD patients with HCV, some re-
searchers reported altered monocyte-derived DC func-
tion in patients on HD". However, reports on the
natural history of hepatitis C in HD patients vary. Several
studies stated that HCV disease activity in HD patients is
mild, and is not progressive, perhaps due to immunologi-
cal abnormalities in these patientsm]

The present study was conducted to assess DC re-
sponse to HCV infection »ia assessment of the gene
expression of co-stimulatory markers (CD83, CD86, and
CD40) and a co-inhibitory marker (PD-L1) in pDCs and
mDCs, and to study the correlations between DC func-
tions and viral load, hepatitis activity score and fibrosis

grade.

MATERIALS AND METHODS

The present study was conducted in the Hepatic Virol-
ogy Center, Kasr Al-Ainy, Faculty of Medicine, Cairo
University. The study involved Group I which included
50 healthy subjects of both genders aged 18-40 years rep-
resenting the control group and 100 adult age- and sex-
matched patients with HCV-related chronic liver disease
(CLD).

The patients selected had to comply with the fol-
lowing inclusion criteria: HCV antibody-positive serum
and HCV RNA-positive serum by reverse transcription
polymerase chain reaction (RT/PCR) for more than 6
months. All patients had to comply with the following
exclusion criteria: coinfection with HBV and HCV, he-
patocellular carcinoma, severe psychiatric disease, serious
co-morbid conditions, HIV-positive patients defined as
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having a positive reaction to anti-HIV-1/2 (EIA), auto-
immune hepatitis (positive reaction to antinuclear, anti-
smooth muscle, anti-mitochondrial and anti-liver-kidney
microsomal antibodies), schistosomiasis mansoni (pa-
tients with no previous history and negative stool exami-
nation), no previous history of regular use of hepatotoxic
drugs or alcohol abuse (> 40 g of alcohol/d).

HCV patients were categorized into two groups:
Group 2 included 50 HCV subjects with related CLD
who were candidates for interferon therapy, and Group 3
included 50 HCV uremic subjects undergoing HD.

Patients were subjected to full clinical examination
and abdominal ultrasonography. The following param-
eters were assessed in all subjects: serum levels of 11.-10
and hyaluronic acid (HA) to assess fibrosis, as these pa-
rameters have been shown to be accurate in predicting
significant fibrosis, severe fibrosis, and cirrhosis with area
under characteristic curves (AUCs) of 0.73,0.77 and 0.97,
respectively. Moreover, accurate HA level cut-offs were
defined for predicting significant fibrosis, severe fibrosis,
and cirrhosis™. In addition, HA was an accurate nonin-
vasive marker in predicting significant fibrosis in patients
with hepatitis C on HD.

Quantitative gene expression of CD83, CD86, CD40
and PD-L1 in peripheral blood mononuclear cells was
assessed by real-time PCR*", Histopathological exami-
nation of liver biopsy was performed using the Metavir
scoring system for grading inflammation and staging fi-
brosis™.

Whole blood samples were collected from all subjects.
Serum was separated for assessment of HA and IL-10
levels by ELISA kits supplied by Corgenix Inc. (Westmin-
ster, CO, United States) according to the manufacturer’s
recommendations.

The peripheral blood mononuclear cell layer (buffy
coat) was isolated using Histopaque-1077 (Sigma, St.
Louis, MO, United States) and centrifuged at 400 g for
30 min. Total RNA was isolated from the bufty coat us-
ing RNeasy purification reagent (Qiagen, Valencia, CA,
United States). cDNA was generated from 5 pg of total
RNA extracted with 1 pl. (20 pmol) antisense primer
and 0.8 uL superscript AMV reverse transcriptase for 60
min at 37 C. The relative abundance of mRNA species
was assessed using the SYBR® Green method on an ABI
prism 7700 sequence detector system (Applied Biosys-
tems, Foster City, CA, United States). PCR primers were
designed with Primer-BLAST Software™ (http:/ /www.
ncbinlm.nih.gov/tools/primer-blast) for RNA sequences
from GenBank (Table 1). All primer sets had a calculated
annealing temperature of 60 ‘C. Quantitative RT-PCR
was performed in duplicate in a 25 pL reaction volume
consisting of 2X SYBR Green PCR Master Mix (Applied
Biosystems, United States), 900 nmol/L of each primer
and 2-3 uL of cDNA. Amplification conditions were 2
min at 50 C, 10 min at 95 'C and 40 cycles of denatur-
ation for 15 s and annealing/extension at 60 ‘C for 10
min. Data from real-time assays were calculated using the
v1.7 Sequence Detection Software from PE Biosystems
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Table 1 Real-time polymerase chain reaction primers of
CD83, CD86, CD40 and PD-L1

5'-CCA AAA CGG GCC CTG CTC CA-3'
5'-GAG CCT GGC CCC CTC CAA CA-3'
Gene Bank accession number NM_000074.2
5'-TAG GAG GTA CGG GGA GCT CGC AA-3'
5'-TTG GCA TGG CAG GTC TGC AGT C-3'
Gene Bank accession number 006889.3
5'-CGA CGC CGG AGG TGA AGG TG-3'
5'-TCC GGG TCC TGC AGA GTG CA-3'
Gene Bank accession number 001040280.1
5'-ACA GAG GGC CCG GCT GTIT GA-3'
5'-CTT CGG CCT TGG GGT AGC CC-3'
Gene Bank accession number AY254342.1
Homo sapiens GAPDH 5-GAAGGTGAAGGTCGGAGTCA-3'
5-GAAGATGGTGATGGGATTTC-3'

Gene Bank accession number NC_000019.9

Homo sapiens CD40

Homo sapiens CD86

Homo sapiens CD83

Homo sapiens PDL1

PDL1: Programmed death ligand 1; GAPDH: Glyceraldehyde-3-phosphate
dehydrogenase.

(Foster City, CA, United States). Relative gene expres-
sion of CD83, CD86, CD40 and PD-I.L1 mRNA was
calculated using the comparative Ct method as previously
described. All values were normalized to the glyceralde-
hyde-3-phosphate dehydrogenase (GAPDH) gene and
reported as fold change over background levels detected
in the control group.

Statistical analysis

The SPSS program version 16.0.1 (SPSS Inc., Chicago,
IL, United States) was used. Numerical data were ex-
pressed as mean + SD. For comparisons between treat-
ment groups, the null hypothesis was tested by a single-
factor ANOVA for multiple groups or unpaired 7 test for
two groups. Comparisons were considered statistically
significant if P < 0.05. Spearman correlations were as-
sessed between certain studied parameters.

RESULTS

The results showed that there was a significant decrease
in all co-stimulatory markers; CD83, CD86 and CD40 in
group 2 (HCV subjects) and in group 3 (HCV subjects
on HD) in comparison to control subjects. Co-stimu-
latory markers were significantly higher in group 3 in
comparison to group 2. With regard to PD-L1, there was
a significant increase in groups 2 and 3 in comparison to
control subjects. PD-L1 was significantly lower in group
3 as compared to group 2 (Figure 1). This was reflected
in viral load, where significant negative correlations were
observed between all co-stimulatory markers and viral
load in groups 2 and 3, except CD83 in dialysis patients
(Figure 2)

The findings in the present study showed a significant
elevation in IL-10 and in HA levels in groups 2 and 3,
where IL-10 was more significantly elevated in group 3
and HA was significantly lower in group 3 in comparison
to group 2 (Figure 3).
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Figure 1 Relative quantitative gene expression of CD83, CD86, CD40 and
PD-L1 in all study subjects expressed as mean * SD. °P < 0.05 in both
hepatitis C virus (HCV) patient groups vs control group; °P < 0.05 in the HCV
patient group vs HCV uremic patients on hemodialysis.

In group 2, the results showed that there was a signifi-
cant correlation between HA and hepatitis activity score
as well as grade of fibrosis; P < 0.001. No correlation
between I1.-10 levels and hepatitis activity score was ob-
served, whereas, there was a significant positive correla-
tion between 11.-10 and fibrosis grade, P < 0.001 (Figure
4). Biopsy samples were not taken from group 3 patients
(HCV on dialysis).

The results showed that there were significant nega-
tive correlations between all co-stimulatory markers and
viral load in groups 2 and 3, except CD83 in dialysis pa-
tients. There was a significant positive correlation between
PD-L1 and viral load in both HCV groups (Figure 2).

Of the 50 non-uremic patients who were candidates
for interferon therapy only 4 remained PCR positive for
HCYV after treatment.

DISCUSSION

The results of the present study showed that in HCV
infected subjects peripheral blood mononuclear cells
exhibited lower expression of co-stimulatory markers;
CD83, CD86, and CD40 and higher expression of a co-
inhibitory marker; PD-L1 in comparison to healthy con-
trol subjects. Vatious studies have assessed DC function
in HCV infection. Some have reported that DC function
was impaired in HCV infection, which was identified by
impaired allostimulatory capacity, decreased DC frequen-
cies, increased mDC I1.-10 secretion and decreased 11.-12
secretion, as well as decreased pDC IFN-q secretion,
while others did not!™>'™,

Our findings coincide with the results reported by
MacDonald ¢ a/'?, who stated that monocyte-derived
DCs from patients with chronic HCV infection were
significantly defective in their capacity to up-regulate the
expression of surface molecules involved in antigen pre-

sentation (HLA-DR, CD86, CD40) and a classical marker
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Figure 2 Correlations. A: Between hepatitis C viremia and CD83. r = -0.98, P <
0.001, CD86: r =-0.866, P < 0.001, CD40: r=-0.98, P < 0.001, PD-L1: r=0.889,
P < 0.001; B: Between hepatitis C viremia in uremic patients on hemodialysis and
CD83. r=-0.096, P> 0.05 NS, CD86: r = -0.588, P < 0.05, CD40: r =-0.946, P <
0.001, PD-L1: r=0.663, P < 0.05. HCV: Hepatitis C virus; DC: Dendritic cell

of DC activation (CD83) and at physiological ratios of
DCs to T cells, and decreased their ability to present
antigen in allogeneic mixed lymphocyte reaction (MLR)
assays. More recently, Shen e7 a/”" reported that impaired
HCV-specific T cell immunity was associated with the
persistence of HCV infection. DC dysfunction was be-
lieved to be involved in impaired T' cell immunity, but the
mechanisms are not understood. The results showed that
the expression of both co-stimulatory markers (CD83,
CD86, and CD40) and a co-inhibitory marker (PD-L1)
was imbalanced in HCV-infected patients compared with
healthy controls. The PD-L1/CD86 ratio was increased
and positively correlated with PD-L1 expression on DCs
in HCV-infected patients. The allostimulatory capacity of
DCs was impaired and inversely correlated with PD-L1
expression and the PD-L1/CDS86 ratio. These findings
agree with our study and suggest that the effect of in-
hibitory marker PD-L1 overwhelmed the effect of co-
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Figure 3 Serum levels of hyaluronic acid (ng/mL) and interleukin-10
(pg/mL) in all study subjects expressed as mean % SD. °P < 0.05 vs control
group, “P < 0.05 in the hepatitis C virus (HCV) patient group vs HCV uremic
patients on hemodialysis. IL-10: Interleukin-10.

stimulatory markers and down-regulated DC-T activation
in HCV-infected patients.

HCV may inhibit the immune response of DCs,
hindering the adaptive response from T cells®!!. Tt was
hypothesized that DC dysfunction may determine the
response to PEG-IFN/ribavirin therapy. In the study
by Mengshol ez al’) the authors found that pDCs and
mDCs were decreased compared to normal controls,
consistent with prior studies in HCV and similar to prior
studies of patients with HIV®?,

In the present study, the results of HA assessment
revealed a significant elevation in HCV infected subjects
in comparison to the healthy control group. Moreover,
HA levels were positively correlated with hepatitis activ-
ity score and grade of fibrosis. These findings can be
explained by a recent study conducted on another virus
by Spahn ez al™ who stated that ineffective CD8 (+)
T cell immunity to adeno-associated virus can result in
prolonged liver injury and fibrogenesis. More recently,
Jiao et al” determined whether liver DCs play a role
in enhancing regression of liver fibrosis in murine car-
bon tetrachloride-induced liver injury. They found that
conditional DC depletion soon after discontinuation of
the liver insult led to delayed regression of fibrosis and
reduced clearance of activated hepatic stellate cells, the
key fibrogenic cells in the liver. Conversely, DC expan-
sion induced either by Flt3L (fms-like tyrosine kinase-3
ligand) or adoptive transfer of purified DCs accelerated
liver fibrosis regression. DC modulation of fibrosis was
partially dependent on matrix metalloproteinase (MMP)-9,
as MMP-9 inhibition abolished the Flt3I.-mediated effect
and the ability of transferred DCs to accelerate regres-
sion of fibrosis. In contrast, transfer of DCs from MMP-
9-deficient mice failed to improve fibrosis regression.
Another study conducted by Ryan ez al™ proved that
in HCV chronically infected subjects, a single nucleo-
tide polymorphism in a c-type lectin expressed by DCs,
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Figure 4 Correlation analysis. A: Between hyaluronic acid levels and hepa-
titis activity score (P < 0.001); B: Between hyaluronic acid levels and fibrosis
score (P <0.001); C: Between interleukin-10 (IL-10) levels and fibrosis score (P
<0.001).

CD209, was associated with more advanced liver disease
and with significantly higher liver fibrosis scores.

With regard to IL-10 levels in our study, the findings
revealed significantly elevated 1L-10 levels in HCV in-
fected subjects in compatison to healthy controls. More-
over, IL-10 levels were positively correlated with fibrosis
grade. These findings agree with results reported by
Diaz-Valdés ef a”", who stated that high levels of IL-10
present in chronic HCV infection atre associated with the
poor antiviral cellular immune responses found in these
patients. To overcome the immunosuppressive effect
of II.-10 on antigen-presenting cells such as DCs, they
developed peptide inhibitors of IL-10 and found that
IL-10 inhibiting peptides have important applications in
enhancing anti-HCV immune responses by restoring the
immunostimulatory capabilities of DCs.

With regard to HD patients, Choi e a/*"' found that
surface expression of major histocompatibility complex
class I, CD83, and CD86, and chemokine receptor
CCR7 in monocyte derived dendritic cells (moDCs) was
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not different between HD patients and healthy controls.
Furthermore, moDCs from HD patients produced
significantly higher amounts of IL-6, IL-8, IL-1b, and
TNF-o when stimulated by cytokine cocktails compated
to healthy controls. Abnormalities in cytokine production
by moDCs in ESRD patients have also been reported in
several previous studies™ . Verkade e# a/” also demon-
strated a marked increase in I1.-15 production, a known
stimulatory cytokine for DCs, while IL.-10 and IL-12p70
levels were not different. In addition, mature moDCs
from HD patients showed significantly enhanced allo-
geneic T' cell proliferation compared to healthy controls.
These findings could explain our results which showed
a significantly lower degree of reduced co-stimulatory
markers as well as a significantly lower degree of elevated
co-inhibitory marker in HD patients as compared to
HCYV subjects without uremia.

In conclusion, a significant decrease in DC co-stim-
ulatory markers in HCV infected subjects was observed,
where HCV uremic subjects exhibited a lower degree of
reduced co-stimulatory markers. There was a significant
increase in the DC co-inhibitory marker in HCV infected
subjects, where HCV uremic subjects exhibited a lower
degree of elevated co-inhibitory marker. All DC markers
were significantly correlated with HCV viral load, hepati-
tis activity index and fibrosis score.

COMMENTS

Background

Defective dendritic cell (DC) activation of T cells may underlie poor T cell re-
sponsiveness in hepatitis C virus (HCV) infection, and may, in part, determine
the response to therapy. It has been consistently shown in HCV infection that
plasmacytoid DCs (pDCs) and myeloid DCs (mDCs) numbers are reduced in
the peripheral compartment compared with normal controls. Other reports have
described increased numbers of DCs in the livers of HCV patients, suggesting
hepatic DC sequestration. The unresolved controversies listed above highlight
the need for further study of DCs in HCV infection. With regard to hemodialysis
(HD) patients with HCV, some researchers have reported altered monocyte-
derived dendritic cell function in patients on HD. However, reports on the
natural history of hepatitis C in HD patients vary. Several studies stated that
HCV disease activity in HD patients is mild, and is not progressive, perhaps
due to immunological abnormalities in these patients. The present study was
conducted to assess DC response to HCV infection with and without uremia via
assessment of the gene expression of co-stimulatory markers (CD83, CD86,
and CD40) and a co-inhibitory marker (PD-L1) in pDCs and mDCs, and to study
the correlations between DC functions and viral load, hepatitis activity score
and fibrosis grade.

Research frontiers

Researchers have recently explored the mechanisms by which DC function is
regulated during HCV infection, leading to impaired antiviral T cell responses
and so to persistent viral infection. Recently, DC-based vaccines against HCV
have been developed. Several studies describe the current understanding of
DC function during HCV infection and explore the prospects of DC-based HCV
vaccines. In particular, they describe the biology of DC, the phenotype of DC
in HCV-infected patients, the effect of HCV on DC development and function,
studies on new DC-based vaccines against HCV infection, and strategies to
improve the efficacy of DC-based vaccines.

Innovations and breakthroughs

A recent study stated that the immature pDC phenotype and sustained pDC
and mDC hyperresponsiveness are associated with spontaneous resolution of
acute HCV infection. Several investigators found that injection of DCs present-
ing viral proteins constitutes a promising approach to stimulate T cell immunity
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against HCV. They also describe the strategy implemented to enhance antigen
loading and immunostimulatory functions of DCs used in the preparation of
therapeutic vaccines.

Applications

Assessment of DC functions in HCV patients may be applicable to anticipate
the response to HCV standard of care therapy and to assign patients to specific
therapeutic protocols. DC-based immunotherapy may be used in selected HCV
cases with poor therapeutic response, high fibrosis index and high hepatitis
activity score.

Terminology

Plasmacytoid DCs (pDCs), myeloid DCs (mDCs), interferon o (IFNc), patho-
gen recognition receptors (PRRs), pathogen-associated molecular patterns
(PAMPs), co-stimulatory markers (CD83, CD86, and CD40), a co-inhibitory
marker (PD-L1), matrix metalloproteinase (MMP).

Peer review

Interesting subject with sufficiently large cohorts to detect difference in response
to Hepatitis C infection in those with liver disease vs others under dialysis treat-
ment for chronic kidney failure. The key finding that there is “a significant de-
crease in dendritic cell co-stimulatory markers in HCV infected subjects, where
HCV uremic subjects exhibited lower degree of the decrease. There was a sig-
nificant increase in dendritic cell co-inhibitory marker in HCV infected subjects,
where HCV uremic subjects exhibited lower degree of the elevation.” If proved
in an individual HCV patient may prove important in directing management of
HCV infected persons.
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