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Abstract: Cytokines and chemokines play an important role in defense against viral infection and modulating im-
mune response. However, expression prolife of serum cytokines and chemokines, which were associated with the 
outcome of patients in response to anti-HCV treatment have not been fully elucidated. The current study aimed to 
determine the expression pattern of cytokines and chemokines in chronic HCV infection and their association with 
outcome in response to therapy. Seventy-two patients with HCV infection were enrolled, and fifty-one received peg-
interferon α-2a and ribavirin therapy for 48 weeks. Thirty-nine cytokines and chemokines were analyzed by Luminex 
200 and ELISA. In comparison to healthy individuals, production of IL-8 and IL-10 were increased in chronic hepatitis 
C patients. In contrast, IFN-γ, IL-7, and IL-15 were remarkably decreased, especially in HCV genotype 1b infection. 
HCV RNA load is closely associated with IL-10 and IL-15 expressions, and inhibition of HCV replication was accom-
panied by reduction in IL-10 and elevation in IL-7 and IL-15. Skewed cytokines and chemokines expression existed 
in chronic HCV infection, and might play an important role in persistent HCV infection. Exploiting the expression 
pattern of cytokines and chemokines may help to develop a better understanding of the pathogenesis of chronic 
HCV infection.
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Introduction

Hepatitis C virus (HCV) infection is world public 
health problem, with approximate 170 million 
chronic infections worldwide [1]. Chronic HCV 
infection lead to high risks for development of 
end-stage liver diseases, including decompen-
sated liver cirrhosis, server hepatitis, and hepa-
tocellular carcinoma [2, 3]. Although HCV has 
been demonstrated as non-cytopathic, posi-
tive-stranded RNA virus, it can stimulate host 
immune response to induce variable extent of 
liver injury. Thus, the interaction between virus 
and host immune response may contribute to 
the outcome of chronic hepatitis C [4]. The use 
of direct antiviral agents has resulted in a 
remarkable improvement in the rate of sus-
tained virological response than the combina-
tion therapy of pegylated interferon (PEG-IFN) 
and ribavirin [5], but they are still facing new 
issues such as viral mutation, relapse, and 
immune tolerance/exhaust [6]. Moreover, per-

sistent hepatitis C virus infection often exhibit-
ed varied responses to therapy and immuno-
logical markers may associate with different 
clinical outcomes. Therefore, it is vital to identi-
fy the factors to further improve clinical man-
agement [7].

Cytokines and chemokines play an important 
role in initiating, maintaining, and regulating 
immunological homeostatic and inflammation 
in many pathological and physiological process-
es [8]. Recent studies revealed that dysregula-
tion of cytokine and chemokine expressions 
might be involved in the pathogenesis of entero-
virus 71 (EV71) infection and central nervous 
system complications of hand, foot and mouth 
disease [9]. Furthermore, certain cytokines and 
chemokines could recruit and active immune 
and inflammatory cells from peripheral blood to 
the liver in HBV infection [10, 11]. Importantly, 
HCV is known to interfere and modulate cyto-
kines and chemokines expression and escape 
immune response by altered leukocyte chemo-
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taxis to establish persistent infection. This le- 
ads to the impaired viral clearance and recruit-
ment of inflammatory infiltrates into hepatic 
environment by CXC chemokine ligand (CXCL)-
9, -10, and -11, which results in sustained liver 
damage [12-14]. Hence, we hypothesized that 
the expression prolife of serum cytokines and 
chemokines might be associated with the out-
come of patients in response to anti-HCV treat-
ment. To test this possibility, we investigated 
the expression pattern of cytokines and che-
mokines in patients with chronic HCV infection, 
and thereby assess the relationship between 
cytokines/chemokines expression and effec-
tiveness of IFN-α and ribavirin combination 
therapy. 

Materials and methods

Subjects

A total of 72 patients with HCV infection were 
enrolled in this study. All patients were hospital-
ized or present for followed-up examinations in 
the Affiliated Hospital to Changchun University 
of Chinese Medicine from December 2012 to 
March 2014. Diagnoses were made in accor-
dance with the standard of Chinese National 
Program for Prevention and Treatment of Viral 
Hepatitis. Twenty-one healthy individuals who 
matched for sex ratio and mean age were also 
enrolled for normal controls (NC). No subjects 
were co-infected with HIV or other hepatitis 
viruses. Those who received antiviral or immu-
nomodulatory therapies within 6 months of 
baseline sampling were also excluded. The 
baseline characteristics of enrolled subjects 
were shown in Table 1. Fifty-one patients with 
HCV infection received peg-interferon α-2a 
(PEG-IFN-α2a, 40 KD, Roche, Shanghai, China) 
and ribavirin treatment for 48 weeks. Blood 

fined as less than 2 log10 copies/mL decrease 
of HCV RNA at 12 weeks compared with base-
line, and HCV RNA was still detectable at the 
end of standard therapy [15]. This study was 
approved by the ethics committee of the 
Affiliated Hospital to Changchun University of 
Chinese Medicine, and written informed con-
sent was obtained from each subject.

Biochemical and virological assessments

Serum biochemical assessments (including 
aminotrasferase, albumin, bilirubin, urea nitro- 
gen, and creatine) were tested by Hitachi 7600 
automatic analyzer (Hitachi Ltd, Tokyo, Japan). 
Anti-HCV antibody was measured using com- 
mercial enzyme immunoassay kits (Jinhao 
Biotech, Beijing, China). HCV RNA was quantified 
using a commercial real-time PCR kits (PG 
Biotech, Shenzhen, China) with detection limit 
of 2 log10 copies/mL. HCV genotyping was 
performed by a second generation line probe 
assay (Inno-Lipa II, Innogenetics, Zwijndre, 
Belgium).

Cytokines and chemokines assay

Serum samples were collected by centrifuga-
tion of blood at 3,000 g for 10 min, and stored 
immediately to -80°C until use. Expression of 
epidermal growth factor (EGF), Eotaxin, fibro-
blast growth factors (FGF-2), fms like tyrosine 
kinase receptor 3 ligand (Flt-3L), Fractalkine, 
granulocyte colony stimulating factor (G-CSF), 
granulocyte-macrophage colony stimulating fa- 
ctor (GM-CSF), growth-related oncogene (GRO), 
interferon (IFN)-α2, IFN-γ, interleukin (IL)-1Rα, 
IL-1α, IL-1β, IL-2, sIL-2Rα, IL-3, IL-4, IL-5, IL-6, 
IL-7, IL-8, IL-9, IL-10, IL-12(p40), IL-12(p70), 
IL-13, IL-15, IL-17A, IL-29, interferon-inducible 

Table 1. Baseline clinical characteristics of enrolled 
subjects

Group Normal 
control

Chronic  
hepatitis C

Case 21 72
Sex (male/female) 13/8* 50/22*
Age (years) 30 (22-38)# 36 (18-52)#
ALT (U/L) 24 (9-38)# 38 (25-97)#
HCV RNA (log10 copies/mL) N.D. 4.61 (2.20-7.34)
HCV genotype (1b/2a) N.D. 43/29
Data are shown as median and range. ND: notdetermined. *P>0.05 
Chi-squared test; #P>0.05 Mann-Whitney test.

sampling were made on five different time 
points: baseline, 4 weeks, 12 weeks, 24 
weeks, and 48 weeks after initiation of 
therapy. Based on the therapeutic res- 
ponse to antiviral treatment, those 51 
patients could divide into three groups: 
rapid virological response (RVR, 16 pati- 
ents), early virological response (EVR, 27 
patients), and non-response (NR, 8 pati- 
ents). RVR was defined as undetectable 
HCV RNA at 4 weeks of treatment. EVR 
was defined as detectable HCV RNA at 4 
weeks but undetectable at 12 weeks after 
initiation of antiviral therapy. NR was de- 
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protein-10 (IP-10), monocyte chemotactic pro-
tein (MCP)-1, MCP-3, macrophage inflammato-
ry protein (MIP)-1α, MIP-1β, sCD40L, trans-
forming growth factor (TGF)-α, tumor necrosis 
factor (TNF)-α, TNF-β, and vascular endothelial 
growth factor (VEGF), were measured by 
MILLIPLEX MAP Human Cytokine/Chemokine-
Premixed 39 Plex (EMD Millipore, Billerica, MA, 
USA) using Luminex 200TM Multiplexing Instru- 
ment (EMD Millipore) according to the manu-
facturer’s instructions.

Enzyme linked immunosorbent assay (ELISA)

Concentrations of IFN-γ, IL-7, IL-8, IL-10, and 
IL-15 were measured using commercial ELISA 
kits (eBioscience, San Diego, CA, USA) accord-
ing to the manufacture’s instruction.

Statistical analyses

Data were analyzed using SPSS version 17.0 
for Windows (SPSS, Chicago, IL, USA). Mann-
Whitney test was used for the comparison 
among groups. Pearson correlation tests were 
performed for correlation analysis. All tests 
were two-tailed and P values of <0.05 were 
considered to indicate a significant difference.

Results

Increase expression of IL-8 and IL-10, but de-
crease of IFN-γ, IL-7, and IL-15 in chronic hepa-
titis C patients

We examined the serum samples from 72 
chronic HCV infected patients and 21 NC. A 
total of 39 cytokines and chemokines were 
tested. The expressions of 14 cytokines and 
chemokines (including Flt-3L, IL-1α, IL-1β, IL-3, 
IL-4, IL-5, IL-9, IL-11, IL-12 (p40), IL-12 (p70), 
IL-29, M-CSF, TGF-α, and TNF-β) were below the 
limits of detection in the serum of both NC and 
patients with chronic hepatitis C. Among them, 
22 (consisted of EGF, eotaxin, FGF-2, frac
talkine, G-CSF, GM-CSF, GRO, IFN-α2, IL-R1α, 
IL-6, IL-13, IL-17, MCP-1, MCP-3, MIP-1α, MIP-
1β, sCD40L, sIL-2Rα, TNF-α, and VEGF) could 
be detected. However, there were no remark-
able differences in their serum concentrations 
between patients with chronic HCV infection 
and NC (data not shown). Interestingly, the 
expressions of IL-8 and IL-10 were significantly 
elevated in the serum of HCV-infected patients 
in comparison to that in NC (IL-8: 7.92 ± 3.01 
pg/mL vs. 15.70 ± 14.07 pg/mL, P = 0.0312, 

Figure 1. Serum cytokines and chemokines expression in patients with chronic hepatitis C and in controls. The con-
centrations of IL-8 (A) and IL-10 (B) were elevated in patients with chronic hepatitis C in comparison to the normal 
controls (NC). Expressions of IFN-γ (C), IL-7 (D), and IL-15 (E) was decreased in patients with chronic hepatitis C. All 
the samples were tested for baseline level.
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Figure 1A; IL-10: 16.19 ± 5.89 pg/mL vs. 32.21 
± 24.85 pg/mL, P = 0.0035, Figure 1B). In con-
trast, serum levels of IFN-γ, IL-7, and IL-15  
were markedly decreased in patients with  
HCV infection in comparison to levels in NC 
(IFN-γ: 43.28 ± 19.41 pg/mL vs. 28.04 ± 37.73 
pg/mL, P = 0.0006, Figure 1C; IL-7: 31.43 ± 
16.90 pg/mL vs. 18.64 ± 19.96 pg/mL, P = 
0.0032, Figure 1D; IL-15: 28.66 ± 27.28 pg/mL 
vs. 14.89 ± 13.95 pg/mL, P=0.0148, Figure 
1E).

Elevated IL-10 but decrease IL-7 and IL-15 in 
HCV genotype 1b patients

We further analyzed the cytokines and chemo-
kines expression between the two different 
HCV genotypes. A total of 43 patients were 
demonstrated with HCV genotype 1b infection 
and 29 patients with HCV genotype 2a infec-
tion, respectively. There were no significant dif-
ferences for IL-8 (15.28 ± 14.68 pg/mL vs. 
16.58 ± 13.02 pg/mL, P = 0.3159, Figure 2A) 
and IL-7 (21.80 ± 23.14 pg/mL vs. 17.03 ± 
18.18 pg/mL, P = 0.3438, Figure 2D) concen-
trations between the two genotypes infection. 
However, serum level of IL-10 was remarkably 
higher in HCV genotype 1b group (37.16 ± 
27.42 pg/mL) compared with HCV genotype 2a 

(21.67 ± 13.49 pg/mL, P = 0.0079, Figure 2B). 
In contrast, IFN-γ and IL-15 concentrations 
were notably decreased in HCV genotype 1b 
group compared with genotype 2a group (IFN-γ: 
20.40 ± 19.54 pg/mL vs. 38.74 ± 52.37 pg/
mL, P = 0.0488, Figure 2C; IL-15: 7.592 ± 
2.863 pg/mL vs. 19.31 ± 16.07 pg/mL, P < 
0.0001, Figure 2E).

Correlation between cytokine expression and 
HCV RNA level

We also investigated the relationship between 
cytokines/chemokines expression and HCV 
RNA levels. As shown in Figure 3, there was a 
positive correlation between IL-10 expression 
and HCV RNA (r = 0.2663, P = 0.0238, Figure 
3A). Moreover, bivariate correlation revealed 
that IL-15 concentrations in the serum were 
directly and significantly associated with HCV 
RNA (r = -0.2667, P = 0.0362, Figure 3B). 
However, neither IL-7/IL-8 nor IFN-γ was notably 
associated with viral titre or liver inflammation 
(P > 0.05, data not shown).

Kinetics of cytokines expression in response to 
anti-HCV therapy

Among the 72 patients with chronic HCV infec-
tion, 51 patients received PEG-IFN-α2a with 

Figure 2. Serum cytokines and chemokines expression in patients with HCV genotype 1b and 2a infection. The 
levels corresponding to IL-8 (A), IL-10 (B), IFN-γ (C), IL-7 (D), and IL-15 (E) in patients with HCV genotype 1b and 2a 
infection. All the samples were tested for baseline levels.
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ribavirin therapy. We tested the HCV RNA at 
baseline, 4, 12, 24, and 48 weeks post therapy, 
and found that 16 of the patients were RVR, 27 
were EVR, and 8 were NR. To assess the effect 
of anti-HCV treatment in serum cytokines 
expression in patients with different response 
to therapy, we longitudinally determined the 
concentrations of serum IL-8, IL-10, IFN-γ, IL-7, 
and IL-15 by ELISA. The expressions of serum 
IL-8 and IFN-did not reveal significant changes 
in all patients in response to anti-HCV therapy 

(Figure 4A and 4C). The serum IL-10 concentra-
tion was reduced rapidly 4 weeks after initia-
tion of antiviral therapy and continuously dec- 
reased during the observation period in chronic 
hepatitis C patients with RVR (Figure 4B). There 
was also a consistent trend of IL-10 reduction 
in EVR patients, but they still presented rela-
tively high levels at both 4 weeks and 12 weeks 
(Figure 4B). However, there were no remark-
able changes in NR patients in response to 
PEG-IFN-α2a and ribavirin treatment (Figure 

Figure 3. Correlation analysis of cytokines and chemokines with HCV RNA. A. IL-10 expression positively correlated 
with HCV RNA. B. IL-15 expression negatively correlated with HCV RNA. All the samples were tested for baseline 
levels. All patients types including RVR, EVR, and NR were enrolled into this analysis.

Figure 4. Serum cytokines and chemokines expression in response to pegylated interferon-a2a and ribavirin during 
the course of therapy. Levels of IL-8 (A), IL-10 (B), IFN-γ (C), IL-7 (D), and IL-15 (E) were observed from baseline to 
48 weeks in rapid virological response (RVR), early virological response (EVR) and non-response (NR) patients. #P < 
0.05 and ##P < 0.01 refers to the statistical differences among RVR, EVR and NR at each time-point.
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4B). In contrast, IL-7 expressions showed an 
increase trend in response to antiviral therapy 
in both RVR and EVR patients, and IL-7 main-
tained at high levels after 12 weeks of therapy 
(Figure 4D). IL-15 concentrations revealed simi-
lar trends to IL-7. However, the levels of IL-15 
were slowly increased in response to anti-HCV 
treatment, and were significantly elevated 24 
weeks after initiation of therapy in patients with 
RVR and EVR (Figure 4E). Furthermore, NC 
patients revealed continuously low IL-7 and 
IL-15 levels during observation period (Figure 
4D and 4E).

Discussion

Viral and host factors are related to the pro-
gression of chronic viral hepatitis. Numerous 
studies have been focus on the molecules and 
immune cells in the ability to clear chronic HBV 
or HCV infection, and revealed that the profile 
of cytokines and chemokines involved in the 
immune response may contribute to the out-
come of viral hepatitis. Lian et al. [16] demon-
strated that augmented CXCR3-associated 
chemokines expressions contribute to liver 
inflammation, but MCP-3 and G-CSF were inhib-
ited in chronic hepatitis B. Studies on hepatitis 
C also showed that cytokine profiles may pre-
dict the outcome of HCV infection, since chron-
ic hepatitis C revealed increased expressions 
of IL-8 and CCL5, whereas elevated IL-1α, TNF-
α, TGF-β, CCL-8, IL-13, and IL-15 were found in 
patients with spontaneously clearance of HCV 
[17]. Moreover, occult HCV infection exhibited a 
distinct immunoregulatory cytokine pattern 
that is shifted towards the Th2 arm [18]. In the 
present study, we screened the levels of 39 
cytokines and chemokines in patients with 
chronic hepatitis C and analyzed their associa-
tion with clinical indicators. We found that in 
comparison to NC, IL-8 and IL-10 levels were 
significantly elevated in patients with chronic 
hepatitis C, but only serum IL-10 was increased 
in HCV genotype 1b patients and had positive 
correlation with HCV RNA. In contrast, serum 
concentrations of IFN-γ, IL-7, and IL-15 were 
remarkably decreased in chronic hepatitis C. 
IFN-γ and IL-15 levels were associated with HCV 
genotype 1b infection, however, only IL-15 con-
centration was negatively correlated with HCV 
RNA. None of the changes in those cytokines 
and chemokines concentration had correla-
tions with liver inflammation. Furthermore, we 
also longitudinally monitored the cytokine 

expressions in response to PEG-IFN-α2a and 
ribavirin induced suppression of HCV replica-
tion, and defined the relationship between HCV 
RNA and cytokine changes. Inhibition of viral 
replication was associated with decrease in 
IL-10 and increase in IL-7 and IL-15 but had little 
influence in IL-8 and IFN-γ, which was manifest-
ed by robust changes of IL-10, IL-7 and IL-15 in 
patients with virological response (RVR and 
EVR) but less change in NR patients. Hence, 
the imbalance expression profile of cytokines 
and chemokines might play an important role in 
persistent HCV infection. 

IL-10 is known as an anti-inflammatory cytokine 
and a modulator of immune response, which is 
also has antifibrotic properties and play a role 
in the progression of liver diseases [19]. IL-10 
gene polymorphisms might be a predictor of 
clinical outcome of hepatitis C and related liver 
disease, as well as the response to anti-HCV 
treatment [19, 20]. Regulatory T cells (Tregs) 
secreted IL-10, which played a vital role in medi-
ating Treg suppression in persistent viral infec-
tion [21]. HCV core protein induced the CD4+ 
primary T cells to express the markers of Tregs, 
increase IL-10 production, and decrease the 
secretion of IFN-γ in response to stimulation 
[22]. Furthermore, IL-10 could directly targeted 
to naïve HCV-specific CD8+ T cells and led to 
impaired differentiation of functional CD8+ T 
cells, which contributed to T cell failure and 
viral persistence [23]. We found that the 
increasing expression of IL-10 were closely 
associated with viral loads, and demonstrated 
a similar trend of changes with Tregs proportion 
in response to anti-viral therapy [7]. Concen- 
trations of IL-10 were elevated in HCV infection 
especially in HCV genotype 1b patients, and 
significantly correlated with HCV RNA before 
treatment. IL-10 levels did not change remark-
ably in NR patients, whose HCV viral loads were 
consistently detectable during anti-HCV treat-
ment. In contrast, IL-10 notably reduced in 
response to PEG-IFN-α2a and ribavirin therapy 
in RVR and EVR patients. Moreover, IL-10 pro-
duction was also significantly lower in RVR than 
EVR at 4 weeks after initiation of therapy, when 
RVR patients have reached virological response 
while EVR patients still have detectable HCV 
RNA at that time point. Expression of IL-10 
revealed similarly low levels 24 weeks after ini-
tiation of treatment in RVR and EVR patients 
when they reached complete inhibition of viral 
replication. 
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IL-7 and IL-15 are common γ chain cytokine 
family members. IL-7 is required for establish-
ment and maintenance of memory CD4+ and 
CD8+ T cells. IL-15, which is secreted in 
response to viral infection, induces the prolif-
eration of NK cells in the liver [24]. IL-7 immuno-
therapy reduced local and systemic inflamma-
tions in HIV-infected patients who had incom-
plete T cell reconstitution [25]. IL-7 also aug-
mented HCV DNA vaccine-induced antibody 
and broad T cell response [26]. Moreover, IL-7 
administration decreased the PD-1 expression 
in CD8+ T cells and transient T cell repertoire 
diversification, which will be benefit in treat-
ment of HIV/HCV coinfection [27]. Elevated 
IL-15 induced the activation of CD4+ and CD8+ T 
cell in peripheral blood, as well as hepatic stel-
late cells in the liver in patients with HIV/HCV 
coinfection [28]. Importantly, recent study have 
demonstrated that common γ chain cytokines, 
including IL-2, IL-7, and IL-15, increased the 
antiviral efficacy of HCV-specific CD8+ T cells 
with CD127 expression, which is known as IL-7 
receptor-α [29]. In this study, we found that 
both IL-7 and IL-15 were downregulated in 
chronic hepatitis C and IL-15 levels were nega-
tively correlated with HCV RNA, which might 
indicate that HCV infection suppressed the 
secretion of IL-7 and IL-15. Furthermore, IL-7 
represented an early response during anti-HCV 
therapy, as IL-7 productions were similar in 
patients with RVR and EVR at 4 weeks after ini-
tiation of treatment and maintained in relatively 
high levels in the following time points. In con-
trast, IL-15 represented an late response with 
sharply elevation of expression 24 weeks after 
treatment. Thus, IL-7 and IL-15 may contributed 
to the antiviral and immunomodulatory func-
tion in chronic HCV infection. 

We also showed an increase in IL-8 production 
and a decrease in IFN-γ expression in chronic 
HCV infection. This was consistent with several 
previous studies, which revealed that elevated 
IL-8 associated with control of liver infection, 
especially in treatment non-responders of HCV 
infection [30, 31]. However, no correlations 
were found between viral replication and exp- 
ressions of these two cytokines. Moreover, 
there were stable IL-8 and IFN-γ levels during 
anti-HCV therapy. Ribavirin has been demon-
strated to enhance the anti-HCV efficiency of 
IFN-α by augmenting IFN-γ response of NK cells 
[32] and activating IL-8 [33]. But ribavirin might 
only influence the function, but not expression 

of IL-8 and IFN-γ. Thus, based on the results 
from the current experiments, the involvement 
of IL-8 and IFN-γ in chronic HCV infection is not 
clear and needs further confirmation.

Conclusion

In conclusion, the current study highlights that 
the skewed cytokines and chemokines expres-
sion existed in chronic HCV infection. HCV RNA 
load is closely associated with IL-10, IL-7 and 
IL-15 productions during PEG-IFN-α2a and riba-
virin therapy in patients with chronic hepatitis 
C, and these cytokines might be used as bio-
marker for the likelihood of treatment failure. 
More importantly, exploiting the expression 
pattern of cytokines and chemokines may help 
to develop a better understanding of the patho-
genesis of chronic HCV infection.
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