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Abstract

Hepatitis C virus (HCV) modulates immune-related inflammatory responses to induce milder reactions leading to virus per-
sistence. In this regard, the present study aimed to investigate the link between the HCV genotypes and the proinflammatory
and regulatory cytokine levels. Ninety patients with hepatitis C infection (68 treatment-naive and 22 treated patients) and 76
healthy blood donors were studied. The serum levels of IFN-y, IL-10, IL-17A, and IL-21 were measured by ELISA in the
patients and healthy controls. IL-10, IL-17A, and IL-21 levels were significantly higher in HCV patients than in the healthy
controls. The same cytokines were also higher in genotype 3a-infected patients compared with genotype la-infected patients.
Interestingly, in treated patients, lower serum levels of IL-17A and IL-21 were detected in G3a-infected individuals, but
not in those infected with Gla. G3a viral load displayed a significant correlation with IL-21 and IL-17A levels. In addition,
Gla viral load correlated with IL-10 levels. In G3a-infected patients, a significant association was found between IL-17A
serum levels and ALT. We found differences in IL-21 and IL-17A serum levels among HCV-infected patients which were
genotype dependent. Since Th17-associated cytokines are associated with the progression of liver disease in HCV patients,
IL-17A and IL-21 can be used as important biological markers for evaluating the immunopathogenesis of chronic hepatitis.
Our results suggest that HCV G3a along with immune responses such as cytokines in HCV patients should be taken into
account when interpreting clinical data and IFN-based therapeutic response.
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Introduction geographical distribution, disease progression, and response
to therapy. The most prevalent genotype is genotype 1 (sub-
HCV is an enveloped positive stranded RNA virus that has  types la and 1b in the USA and Europe, 1b in Japan), fol-
infected more than 180 million people worldwide [1]. Cur-  lowed by genotypes 3 (South Asia and Australasia), 2 (Asia
rently, the virus is classified into seven genotypes and 67  Pacific, Sub-Saharan Africa), and 4 (Central Africa to the

subtypes [2]. HCV genotypes vary substantially in their =~ Middle East), respectively [1]. In Middle Eastern countries,
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genotype 4 is the most common among Arab countries,
while genotype 1 is predominant in non-Arab countries
including Turkey, Iran, Cyprus, and Israel [3]. In Iran, sub-
types la, 3a, and 1b are the most prevalent subtypes [4, 5].
There are some controversies about correlation of HCV gen-
otypes with any distinctive clinical outcome. A combination
of host and viral factors has also been suggested to play roles
in liver disease progression [6—8].

A number of studies have shown that infection with geno-
type 1b is more frequently associated with development of
chronicity, severe hepatitis, and hepatocellular carcinoma
[9-11]. Moreover, genotype 3a has been linked to liver
steatosis. Patients infected with genotypes 2 and 3 have
higher response rates to IFN-based therapies and need lower
doses of drug and duration of therapy compared with those
infected with genotype 1 [12]. Although not available in all
countries because of their cost, new direct acting antivirals
(DAAGS) are effective against all genotypes in an almost fixed
duration of therapy [13].

A strong host immune response, innate and adaptive,
leads to spontaneous viral clearance in 20-25% of acute
HCYV infections, while in 60-80% of infections, HCV
immune evasion mechanisms result in chronic hepatitis
[14, 15]. HCV modulates the host immune responses to pre-
vent the progress of acute disease and recovery [16]. This
establishes chronic HCV infection in which a correlation
has been demonstrated between production of proinflam-
matory cytokines (IFN-y, TNF-a) and progressive hepatic
damage. On the other hand, the regulatory cytokines (IL-
4, IL-10) may modulate the virus-induced proinflamma-
tory responses to induce a milder disease [17]. HCV often
uses the regulatory role of IL-10 on T cells and APCs to
induce T cell exhaustion and deactivate antiviral T cell
immunity [18]. Th2 cytokine production is also associated
with non-virological response for PegIFN/RBYV therapy in
chronic HCV patient [19]. Th17 cells are a subset of CD4+
T cells with potent proinflammatory properties by produc-
ing effector molecules including interleukin-17A (IL-17A),
IL-17F, IL-21, and IL-22 [20]. They have been suggested
as the major mediators of the autoimmune pathogenesis and
chronic inflammatory conditions. Recent studies have dem-
onstrated that IL-17-associated cytokines act between the
inflammatory response and cell-mediated immunity in can-
cer and infectious diseases such as different viral infections
[21-23]. Similarly, data from HIV-infected individuals have
demonstrated that IL-21 is associated with viral control and
slower disease progression [24]. IL-21 has also been linked
to cross talk between Th17 and T regulatory cells during
acute hepatitis C [25].

@ Springer

Objectives

To decipher the complex interactions between HCV and host
immune responses, and the potential role of the inflamma-
tory cytokines in the treatment efficacy of chronic hepa-
titis C, the study of the immune cytokines in the context
of infection with HCV genotypes and different phases of
disease is essential. The current study therefore aimed to:
(a) determine the plasma levels of INF-y, IL-10, IL-17A,
and IL-21 in HCV-infected patients compared to healthy
controls; (b) determine the plasma levels of INF-y, IL-10,
IL-17A, and IL-21 based on different phases of disease and
different HCV genotypes; and (c) study the link between
these cytokines and clinical and laboratory findings of HCV
viremia.

Materials and methods
Study participants

The protocol of the present study was approved by the Ethics
Committee of Jahrom University of Medical Sciences and
written informed consent forms were signed by all subjects.
All patients were registered at the Honary Medical Clini-
cal Centre in Jahrom, a town in the southern part of Iran,
between September 2013 and February 2014. This study
included 90 subjects with HCV infection in different phase
of disease (acute or chronic) that were categorized into two
subgroups referred to as: 67 treatment-naive and 23 treated
patients. We also included 76 healthy blood donors as con-
trol. The inclusion criteria in this study were as follow: (a)
adults aged more than 18 years old with the presence of
anti-HCV antibodies and/or detectable serum HCV RNA,
(b) serum alanine aminotransferase (ALT) higher than the
normal range, and (c) in treated patients, those with sus-
tained virologic response (SVR). Patients were excluded if
they had the following concurrent diseases or conditions: (1)
co-infection with HBV [hepatitis B surface antigen (HBS
Ag), hepatitis B core antibody (HBC Ab)], hepatitis D (hep-
atitis D antibody), or human immunodeficiency virus type
1 (HIV-1) (gp120 and gp41 HIV type 1 antibody and p24
antigen), (2) liver and biliary cirrhosis, (3) hepatic failure,
(4) renal function impairment, (5) autoimmune hepatitis, (6)
Wilson disease, (7) liver transplantation, (8) uncontrolled
diabetes mellitus, or (9) the presence of hepatocellular car-
cinoma or other malignancy. Recent HCV infections such as
acute or early chronic infections were defined by an initial
positive anti-HCV antibody test within 6 months of enroll-
ment. Acute clinical infection was defined by symptomatic
seroconversion illness or abnormal ALT levels ranging from
2- to 20-fold higher than the upper limit of normal level at
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the time of HCV detection [26-28]. Chronic HCV infection
was defined as detectable HCV RNA at 6 months after the
time of infection.

Combination pegylated-interferon alpha (PEG-IFNa)
and ribavirin (RBV)

All the participants subcutaneously received peg-inter-
feron a-2a (180 pg/week) plus weight-based ribavirin
(800-1200 mg per day). A 24-week regimen was admin-
istered to patients with HCV-3 or HCV-1 with rapid viro-
logic response (RVR), which was defined as negative HCV
RNA after 4 weeks of treatment. For those with HCV-1 who
failed to achieve RVR, the treatment course was extended to
48 weeks. Sustained virologic response (SVR), which was
achieved for all treated patients, was defined as clearance of
the serum HCV RNA at the end of the therapy and lasting
for more than 24 weeks after the cessation of therapy [29].

HCV RNA loading and genotyping:

Six milliliters of whole blood sample was collected from
each individual and all plasma samples were isolated from
each 0.5 M EDTA-treated blood samples by centrifuging
at 3000 rpm, for 15 min, and then preserved at — 80 °C.
According to the manufacturer’s instructions, RNA was
extracted from 100 pL of plasma, using the AccuPrep Viral
RNA Extraction Kit (Bioneer, South Korea). HCV genotyp-
ing was performed using type-specific primers according
to the protocol described previously [30]. Briefly, genotyp-
ing was performed using genotype-specific primers (la, 1b,
3) based on the amplified 5'-untranslated region (5'-UTR)
of the HCV genome. Each type-specific HCV primer was
fluorescently labeled on the 5'-end. The primer sequences,
the dye labels, and the sizes of the expected products were
different as described previously [S5]. Reverse transcription
(RT)-PCR was performed with primers KY80 (5'-GCA
GAA AGC GTC TAG CCA TGG CGT-3') and KY78 (5'-
CTC GCA AGC ACC CTA TCA GGC AGT-3’) to amplify
a 244 bp fragment of the HCV 5’-untranslated region (5'-
UTR). We used different samples with specific HCV geno-
types as positive controls. Moreover, genotyping was con-
firmed by sequencing as described elsewhere [5].
Hepatitis C RNA levels were assessed by quantita-
tive reverse transcription-polymerase chain reaction
(qRT-PCR) according to Roche Cobas TagMan HCV
assay (Roche Molecular Systems, Pleasanton, CA) [31].
Briefly, a total volume of 20 pl reaction mixture consisted
of 5 pul TagMan buffer, 500 nM of each primer from the
HCV 5-noncoding region (5'-GAGTGTCGTGCAGCC
TCCA-3' (and (5'-CACTCGCAAGCACCCTATCA-3"),
200 nM of fluorogenic probe [5-(6-carboxyfluores-
cein) CCCGCAAGACTGCTAGCCGAGTAGTGTTGG

(6-carboxytetramethylrhodamine)-3], 200 M of each deoxy-
nucleotide triphosphate (ANTP), 5 U of DNA polymerase,
and 5 pL template RNA. Probe signals were detected using
real-time PCR (7500 Real-Time PCR system; Applied Bio-
Systems, USA). The lower limit of detection for this test is
100 IU/mL.

Measurement of plasma cytokines

To explore the interactions between HCV and host immune
responses, serum levels of two proinflammatory and regula-
tory cytokines, as well as two cytokines produced mainly by
Th17 cells were investigated. Briefly, serum levels of IFN-
v, IL-10, IL-17A, and IL-21 cytokines were measured in
all patients (treated and treatment-naive) and control group,
using commercial ELISA kits (eBioscience, San Diego,
CA), according to the manufacturer’s protocols. The sensi-
tivity of the detection for INF-y, IL-10, IL-17A, and IL-21
was 4, 1, 4, and 8 pg/mL, respectively. The results were
presented as pg/mL.

Clinical chemistry

ALT and AST activity was determined by the colorimet-
ric method using Olympus AU400 auto-analyser machine
(Mishima Olympus Co. Ltd., Shizuoka-ken, Japan) in the
plasma samples. Reference values for ALT and AST were
set at (<57 and >57) and (<41 and >41) U/L, respectively,
and data were reported in international units (IU)/L.

Statistical analysis

GraphPad Prism version 5.0 (GraphPad Software, San
Diego, CA, USA) was used to analyze the data using non-
parametric Kruskal-wallis and Mann—Whitney tests. Propor-
tion analysis was performed using y? test, and the correla-
tion between two categorical groups was analyzed using the
Spearman’s test. A p value of less than 0.05 was considered
to be statistically significant.

Results
Participant characteristics

The clinical and laboratory parameters of patients and con-
trols are summarized in Table 1. Of 90 patients, 57 (63.3%)
were male and 33 (46.7%) were female. 76 healthy controls
with normal ALT levels were also included. The healthy
controls included 43 (56.6%) men and 33 (43.4%) women
who had no medical history of any liver disease. The fre-
quency of G3a and Gla in chronic HCV patients was 65.6%
(59/90) and 34.4% (31/90), respectively. Our results showed
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Table 1 Clinical and laboratory

Treatment-naive (n=67)

Treated (n=23) Healthy control (n=76) p

. .. Variables®
parameters in hepatitis C
patients and control group Sex
Male 48 (71.6%)
Female 19 (28.4%)
ALT (IU/L) 60.32+2.69
AST (IU/L) 37.80+1.19

Viral titer (IU/mL)

Phase of disease®

Acute 12 (17.9%)

Chronic 55 (82.1%)
Genotypes®

la 25 (37.3%)

3a 42 (62.7%)

0.12
9 (39.1%) 43
14 (60.9%) 33
43.27+3.51 30.16+0.87 0.001
37.54+3.17 32.48+1.50 0.076
1.4837%10°+9.0x 10* 0 - -
0.11
1(4.3%) -
22 (95.7%) -
0.32
6 (26.1%) -
17 (73.9%) -

# Data are expressed as mean=+ SD for quantitative measures and both number and percentage for catego-

rized data

® Comparison using y* test

that ALT and AST levels in the HCV patients (treatment-
naive and treated) groups were significantly higher than
those in the control group (Table 1).

Serum IFN-y, IL-10, IL-21, and IL-17A levels

Although there was no significant difference in IFN-y serum
levels (Fig. 1d), a 3.5-fold higher IL-10 level was found
in HCV-infected patients (Fig. 1a). Moreover, as shown
in Fig. 1b, c, higher levels of IL-17A and IL-21 in HCV-
infected patients were observed compared with healthy con-
trols (~three-fold and two-fold, respectively). On the other
hand, treated patients showed significantly lower levels of
IL-17A and IL-21. Lower IL-10 serum level was also found
significant in this group (Fig. 1a).

HCV genotypes and serum levels of IFN-y, IL-10,
IL-21, and IL-17A

The serum levels of IFN-y, IL-10, IL-17A, and IL-21
cytokines were determined in treated and treatment-naive
patients with respect to the HCV genotypes. As shown in
Fig. 2d, no significant difference was observed in IFN-y lev-
els. Although significantly higher levels of IL-10 were found
in G3a-infected patients, the difference observed in treated
and treatment-naive patients was non-significant. However,
in treated patients, there was a significantly lower IL-10 lev-
els in Gla-infected patients (Fig. 2a). Interestingly, higher
levels of both IL-17A and IL-21 cytokines were observed in
G3a-infected patients. The same pattern was also observed
in G3a-treatment-naive patients in comparison to Gla-treat-
ment-naive patients. Significantly lower 17A and IL-21 lev-
els were also observed in G3a-treated patients compared to
G3a-treatment-naive patients (Fig. 2b, c).

@ Springer

Clinicopathological parameters and serum levels
of IFN-y, IL-10, IL-21, and IL-17A

Serum IFN-vy, IL-10, IL-21, and IL-17A levels with respect
to different clinicopathological parameters of the patients
have been summarized in Table 2. Although similar levels of
these cytokines were found in the serum of chronic and acute
HCYV infections, IFN-y and IL-21 levels in chronic HCV
infections were lower than those in acute HCV infections.

An analysis was performed with respect to ALT and AST
levels and viral load with IFN-y, IL-10, IL-21, and IL-17A
serum levels and a correlation was found between IL-10 and
IL-21 levels and viral load (Table 3). Further analysis was
performed with respect to HCV Gla and G3a and significant
correlations were found between increasing levels of IL-21
(Fig. 3e) and IL-17A (Fig. 3c) with G3a viral load as well as
increasing levels of IL-10 with Gla viral load (Fig. 3a). In
addition, in G3a-infected patients, a significant association
was found between the increase in IL-17A serum levels and
the increase in serum ALT (Fig. 3b).

Discussion

It is known that several host and viral factors determine the
outcome of HCV infection. The genotype of the virus, viral
load, and profile of the host cytokines and chemokines have
been suggested to play roles in this regard [32]. Proinflam-
matory and regulatory cytokines have a prominent role in the
pathogenesis of HCV infection [16, 33]. However, the exact
role of these cytokines is not fully understood in hepatitis
C immunopathogenesis. In this study, we investigated the
immune responses of HCV-infected patients by determining
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Fig.1 Serum levels of IL-10, IL-17, IL-21, and IFN-y in the periph-
eral blood of HCV-infected patients and healthy controls. a Distri-
bution of IL-10 levels; b distribution of IL-17 levels; ¢ distribution
of IL-21 levels; and d distribution of IFN-y levels, in HCV-infected

serum levels of several proinflammatory and regulatory
cytokines including IFN-y, IL-10, IL-21, and IL-17A.
Although the serum level of IFN-y did not change in the
patients, our study revealed significantly higher serum levels
of IL-17, IL-21, and IL-10 in HCV-infected patients than
the control group. Since increased proportions of Th17 cells
both in circulation and liver correlate with the severity of
liver inflammation and damage, Th17-associated cytokines
may play roles in the progression of liver disease [22, 34].
After infection, the plasma level of IL-17, which is pro-
duced by Th17, Tcl7, NK, monocyte, and y3 T cells, is
elevated. This proinflammatory cytokine recruits monocytes
and neutrophils to the site of infection [35], increases T cell
infiltration [36], and induces IL-6 production to activate
immune responses [37]. On the contrary, some evidence sug-
gests that IL-17A may cause upregulation of antiapoptotic
molecules in liver cells, assisting in hepatic viral persistence
[38]. Chang et al. [22] showed that IL.-17A levels increased
in chronic HCV patients in comparison to healthy controls.

B % %k %k

40+ * k%

%k %k %k * %

IL-17 (pg/mL)
N w
o o
1 1

-
o
1

82
c T U T T
Controls All Untreated Treated
Healthy Patients
D
120+ ns
100 o
Op0 5] A
- o ] \4
804 O
E R l.\ ApA ;
2 60- C’oo
; 40 o
= 7 [e] Vv
20- -@- w
0 T U T T
Controls All Untreated Treated
Healthy Patients

patients compared to controls. Horizontal lines represent the
median of cytokine levels in each subgroup. *p <0.05, **p<0.01,
*#%p <0.0001

However, Foster et al. [34] found no difference between
chronic HCV patients and healthy controls. Our data show
higher IL-17A levels in chronic HCV patients, indicating its
potential role in the development of viral persistency.

IL-21, which is produced by NKT, Th17, Tth, Th9, and
Tc cells, can increase proliferation of CD44T cells and
differentiation into Th17 cells (together with IL-6). It also
stimulates proliferation and function of CD8+ T cells and
NK cells. Moreover, IL-21 has various effects on B-cells
including proliferation, differentiation, or apoptosis based
on the stimulation and cell type [39]. Elevated serum levels
of IL-21 have been demonstrated in HBV and HCV infec-
tions [40—42]. Our study shows higher levels of both IL-17
and IL-21, which can be interpreted as interplay between
IL-21-producing CD4+T cells and Th17 cells. In the pres-
ence of IL-6, IL-21 triggers the differentiation of Th17
cells, which produces IL-21 as one of its cytokines and
this autocrine pathway may result in elevated levels of both
cytokines.
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Elevated serum levels of IL-10 are associated with the
persistence in HCV and HIV infections [43, 44]. Increased
IL-10 production by dendritic cells (DCs), CD4+T cells,
and NK cells induces loss of T cell responses (T cell exhaus-
tion). This also affects the inflammatory balance necessary
to mount effective T cell responses and promotes the devel-
opment of persistent/chronic infections [18]. Interestingly,
our study demonstrated that higher viral loads were signifi-
cantly associated with higher levels of IL-10 and IL-21.
Although the increase in IL-10 levels has been reported in
the development of persistent HCV infection, it seems that
IL-21-producing CD4+ T cells try to provide more IL-21
which in combination with other yet unidentified factors
help to maintain the CD8+T cell effector activity. This is
required to acutely clear the infection and prevent the induc-
tion of IL-10-associated exhaustion in CD8+ T cells [23].

Successful treatment, which is defined as sustained viro-
logic response (SVR), results in undetectable HCV RNA
12 weeks after completion of therapy and could lead to
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and d distribution of IFN-y levels by HCV genotypes in all patients
as well as in treated and treatment-naive patients. Horizontal lines
represent the median of cytokine levels in each subgroup. *p <0.05,
*#p <0.01, ***p <0.0001

substantial changes in the liver and blood cytokine micro-
environment. The results of the present study showed signifi-
cantly lower IL-17, IL-21, and IL-10 serum levels in treated
patients, while IFN-y level was not altered. This is consist-
ent with the results obtained by Jimenez-Sousa et al., which
showed that combined treatment with pegylated interferon
alpha and ribavirin down-modulates the secretion of key pro-
inflammatory and pro-fibrotic mediators [45]. This could
be due to the immunomodulatory properties of these drugs.
However, some inconsistency, particularly in the reduced
levels of IFN-y after therapy, has been reported by Fathy
et al. in chronic HCV infection [46]. The differences between
these studies may come from differences in sample size,
liver fibrosis stage, genetic markers such as IL-28B single
nucleotides polymorphisms (SNPs) [47, 48], and host immu-
nity [49] that could interfere with the therapeutic response.
As mentioned above, we found higher serum levels of IL-21
in treatment-naive patients than treated patients which is
also consistent with Hsu et al. [50]. Elevated IL-21 levels
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Table 2 Serum levels of IL-10, IL-17, IL-21, and IFN-y based on the clinicopathological parameters of HCV patients
Gender Phase of disease AST® ALT®
Male Female Acute Chronic <41 > 41 <57 >57
IL-10*
Mean+SD 93.80+33.06 82.54+33.04 98.0+34.66  88.27+33.11 89.29+30.92 89.90+34.97 83.16+31.34 98.19+34.29
Median 92.0 67.0 98.0 81.0 83.50 77.50 72.0 101.0
p NS NS NS NS
IL-17%
Mean+SD 21.20+0.69  20.54+4.93  2249+5.19  20.70+5.11  22.07+4.66  20.28+5.32  19.56+4.73  22.79+5.11
Median 21.90 20.36 23.29 20.36 23.36 19.07 18.66 23.90
p NS NS NS 0.003
IL-21%
Mean+SD 78.09+36.98 71.29+39.35 83.51+46.18 74.26+36.37 76.86+42.76 74.83+34.82 79.92+39.78 71.25+35.04
Median 69.0 56.0 59.0 63.0 60.99 63.50 67.0 57.0
p NS 0.02 NS NS
IFN-y*
Mean+SD 24.99+13.84 28.82+18.70 35.50+26.02 24.86+13.0 2586+13.73 26.72+17.05 26.16+17.70 26.70+13.44
Median 21.17 22.99 22.99 22.99 22.99 22.34 21.70 22.99
p NS 0.001 NS NS

@ pg/mL, ® TU/mL, the presented data were analyzed with the nonparametric two-tailed Mann-Whitney test

Table 3 Correlations between serum parameters and viral load with
IL-10, IL-17, IL-21, and IFN-y in HCV patients

Variables IL-10 IL-17 1L-21 IFN-y
AST

r -0.19 0.16 0.11 0.05
p NS NS NS NS
ALT

r 0.17 0.32 —-0.04 0.08
p N.S 0.002 NS NS
Viral load

r 0.22 0.18 0.22 -0.93
)4 0.03 NS 0.03 NS

The correlation was evaluated using Spearman’s rank correlation
coefficient

may be induced by the CD4+ T cell-mediated response to
HCYV infection and a higher serum IL-21 level may repre-
sent a more severe infection [23]. However, more studies
are needed to elucidate the detailed mechanisms involved
in this increase.

It has been shown that the progression of chronic HCV
is highly variable among infected individuals as a result of
several factors including, but not restricted to, host immuno-
genetic factors and viral genotype. Consistent with Samimi-
Rad et al. [4], the most prevalent subtypes in our study were
la and 3a. However, higher prevalence of subtype 3a com-
pared to 1a may be associated with the increase in intrave-
nous drug abuse and needle sharing. Our study, for the first

time, revealed higher levels of IL-10, IL-21, and IL-17 in
patients infected with G3a in comparison with those infected
with Gla. Similarly to our findings, elevated levels of IL-17
have also been reported for genotype 4-infected individuals
[51]. Although we found that IFN-based therapy resulted in
lower IL-10 levels, both in G1a- and 3a-infected individuals,
lower IL-17 and IL-21 levels were only observed in patients
infected with G3a, and not with Gla.This might be due to
the induction of higher levels of IL-17 and IL-21 by G3a in
infected individuals in comparison with Gla. This is sup-
ported by the association found between G3a viral load and
higher levels of both IL-17 and IL-21 (Fig. 3). Subsequently,
the correlation found between higher serum levels of IL-17
and ALT may support the role of G3a in induction of higher
levels of ALT, which is associated with more frequent pro-
gress of liver disease [52]. The cytokine profile of infec-
tion with different HCV genotypes has not been sufficiently
addressed and more studies are needed to elucidate the role
of viral genotypes in immune response.

The present study provides strong evidence for correla-
tion between the serum concentrations of IL-17 and ALT. It
has been shown that elevated levels of IL-17 are associated
with the extent of liver damage [53, 54]. IL-17 activates a
variety of immune cells to release inflammatory mediators,
leading to repeated inflammation of the liver and deteriora-
tion of liver damage. Although one study showed no cor-
relation between serum IL-17 and ALT, it should be noted
that the latter can be easily affected by drugs which decrease
its level [35]. Patients with chronic HBV infection showed
a positive correlation between the frequency of circulating
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d distribution of IL-17 levels by ALT levels in G3a-infected patients;
e distribution of IL-21 levels by AST levels in Gla-infected patients.
Oblique lines represent the best fit linear line
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Th17 cells and ALT levels [21], and increased serum IL-17
levels in chronic HBV infection were also described [55].
Since both HBV and HCV induce immune-mediated liver
damage, similar pathways underlying Th17 cells may be
involved to induce inflammation, such as monocyte activa-
tion and neutrophil recruitment.

Introduction of the new direct acting antiviral (DAA)
therapies for HCV infection has opened a new era with
higher SVR rates in all genotypes and lower side effects.
Although not available in all countries because of their
cost, administration of DAAs for HCV-infected patients is
increasing; however, the potential interactions between viral
and host factors have not been sufficiently addressed. Con-
sidering the IFN-free nature of these treatments and HCV
genotype-based variations in immune responses, the effect
of treatment on the proinflammatory and regulatory cytokine
patterns is not known yet and remains to be elucidated by
future studies.

In conclusion, we demonstrated that HCV-infected
patients displayed higher serum levels of IL-10, IL-17, and
IL-21 than healthy controls. The same pattern was observed
in G3a-infected patients in comparison to those infected
with Gla. Interestingly, in treated patients, significantly
lower levels of IL-17 and IL-21 were found only in patients
infected with G3a.
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