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Background: Immune cells and molecules play a vital role in initiating, maintaining, regulating immunological homeostasis and
inflammation in many pathological and physiological processes; however, the changes on expressions and functions of these cells and
molecules in hepatitis B virus (HBV) infection have not been elucidated well.

Objectives: The current study aimed to determine the expression pattern of different cytokines, chemokines, immune cells in HBV
infection and their association with disease progression.

Patients and Methods: Sixty-nine patients with chronic HBV infection were enrolled. Five immune cell subsets and 46 cytokines and
chemokines were analyzed by flow cytometry and Luminex 200.

Results: In comparison to healthy individuals and asymptomatic HBV carriers, expression of CXCL9, CXCL10, CXCL11, and IL-10 were
elevated in patients with chronic active HBV and had positive correlation with ALT levels. In contrast, G-CSF, MCP-3, and IFN-y levels were
significantly decreased in patients with chronic active HBV infection in contrast to carriers and healthy individuals; however, these down
regulations did not show any correlation with either virological findings or liver inflammation. Although the proportion of CD4* CD25
high regulatory T cells (Tregs) was higher in patients with HBV infection than in healthy controls, no correlations were found between
Tregs and other cytokines or chemokines.

Conclusions: CXCR3-associated chemokines might contribute to liver inflammation in chronic hepatitis B, while MCP-3 and G-CSF were
inhibited by HBV infection. Host immune response was suppressed as manifested by an increase in CD4* CD2shigh Tregs and IL-10 as well
asadecrease in IFN-y. Exploiting the expression pattern of cytokine and chemokine may help to develop a better understanding of chronic
HBV infection pathogenesis.
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1. Background

Chronic hepatitis B virus infection (CHB) is still a global
public health problem with approximately 350 million
infections worldwide (1, 2); it leads to potential end-stage
liver diseases such as decompensate liver cirrhosis, he-
patic failure, and hepatocellular carcinoma, with approx-
imately 100 million death annually worldwide (3, 4). Hep-
atitis B virus (HBV) is not directly cytopathic to infected
hepatocytes and the clinical outcome of infection results
from complicated interactions between the HBV and the
host immune system (5, 6). Thus, the natural history of
CHB could be divided into different phases including im-
mune tolerant phase, immune clearance phase, residual
inactive phase, and reactive immune clearance phase (7,
8). Immune tolerant phase is characterized by high HBV

DNA, normal serum alanine aminotransferase (ALT), and
near-normal liver histology (9, 10). In contrast, patients
with immune clearance phase usually develop acute in-
crease in serum ALT and continuing hepatic injury. These
events may result in the clearance of HBV DNA and hepa-
titis B e antigen (HBeAg) seroconversion in most patients.
Following HBeAg seroconversion, most patients enter
residual inactive phase with sustained normal ALT, low
HBV DNA, and minimal necro inflammatory histological
changes in the liver; on the other hand, it may also lead
to cirrhosis development and decompensation in some
patients (7); however, the precise mechanism associated
with the dynamic state of interaction between HBV and
immune system has not been completely understood yet.

Implication for health policy/practice/research/medical education:

The precise mechanism associated with the dynamic state of interaction between hepatitis B virus (HBV) and immune system has not been completely
understood yet. We evaluated the expression profiles of circulating cytokines, chemokines, and immune cells in patients with HBV infection. Under-
standing this issue may lead to finding therapeutic agents for the liver damage caused by HBV infection, which might have the potential to prevent liver
cirrhosis and hepatocellular carcinoma.

Copyright © 2014, Kowsar Corp.; Published by Kowsar Corp. This is an open-access article distributed under the terms of the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.
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2. Objectives

We hypothesized that the expression profile of serum
cytokines, chemokines, and immune cells might be as-
sociated with different phases of HBV infection. To test
this possibility, we analyzed the expression pattern of cy-
tokines/chemokines and immune cell subsets in patients
with CHB with normal or elevated ALT levels.

3. Patients and Methods

3.1. Subjects

Blood samples were collected from 69 patients infect-
ed with HBV, including 33 asymptomatic HBV carriers
(AsC) and 36 patients with CHB. The standards of diag-
nosis conformed to the diagnostic standard of Chinese
National Program for Prevention and Treatment of Viral
Hepatitis. All patients were followed up in Tangdu Hos-
pital from July 2009 to May 2011. For normal control,
blood samples were obtained from ten healthy age-and
sex-matched individuals. Patients who had coinfection
with HIV, other hepatitis viruses, or concurrently had
immuno compromised diseases or autoimmune dis-
orders were excluded. Patients had not received any
nucleoside analogues or interferon therapy during
the preceding year. The study conformed to the ethi-
cal guidelines of the 1975 Declaration of Helsinki, and
written informed consent was obtained from each par-
ticipant. The study protocol was approved by the Ethics
Committee of Tangdu Hospital.

3.2. Laboratory Tests

Serum HBV DNA was quantified by real-time poly-
merase chain reaction (RT-PCR) kit (Da’an Gene Co. Ltd,
Guangzhou, China) with detection limit threshold of
500 copies/mL. Semiquantification of HBsAg, HBeAg, an-
ti-HBs, anti-HBe, and anti-HBc antibodies was performed
by electrochemiluminescence (Architect, Abbott Labo-
ratories, and Abbott Park, IL, USA). Serum biochemical
parameters were measured using an automatic analyz-
er (Hitachi 7170A, Hitachi Ltd, Tokyo, Japan) in Depart-
ment of Clinical Laboratory of Tangdu Hospital (11).

3.3.Isolation of Serum and Peripheral Blood Mono-
nuclear Cells

Serum samples were collected by centrifugation of
clotted blood at 3000 rpm for ten minutes and then
immediately stored at -80°C until use. Peripheral blood
mononuclear cells (PBMCs) were isolated through den-
sity gradient centrifugation by Ficoll-Hypaque (Sigma-
Aldrich, St Louis, MO, USA). The isolated PBMCs were cryo-
preserved at 5 x 10°/ml in 10% dimethyl sulfoxide (DMSO)
and 90% fetal bovine serum (FBS; Invitrogen GIBCO,
Grand Island, NY, USA) and thawed prior to analysis.

3.4. Cytokines and Chemokines Analyses

A total of 46 cytokines and chemokines in the serum
were measured by Human Cytokine/Chemokine Panel III
Kit (EMD Millipore, Billerica, MA, USA) and MILLIPLEX MAP
Human Cytokine/Chemokine-Premixed 42 Plex (EMD
Millipore, Billerica, MA, USA) using Luminex 200 multi-
plexing instrument (EMD Millipore, Billerica, MA, USA)
according to the manufacturer’s instructions. The mea-
sured parameters were chemokine (C-C motif) ligands in-
cluding CCL19, CCL20, and CCL22, chemokine (C-X-C mo-
tif) ligands (CXCL) including CXCL6, CXCL9, CXCL10, and
CXCL11, epidermal growth factor (EGF), eotaxin, fibroblast
growth factors-2 (FGF-2), Fms-like tyrosine kinase 3 ligand
(FIt-3L), fractalkine, granulocyte colony stimulating fac-
tor (G-CSF), granulocyte-macrophage colony stimulating
factor (GM-CSF), growth-related oncogene (GRO), inter-
feron gamma (IFN-y), interleukins (IL) including IL-1Ra,
IL-10, IL-1B, IL-2, IL-3, IL-4, IL-5, IL-6, IL-8, IL-9, IL-10, IL-11, IL-12
(p40), IL-12 (p70), IL-13, IL-15, IL-17, and IL-29, macrophage
colony stimulating factor (M-CSF), monocyte chemotac-
tic proteins (MCP) including MCP-1 and MCP-3, macro-
phage inflammatory proteins (MIP) including MIP-1a. and
MIP-1B, transforming growth factor alpha (TGF-o), tumor
necrosis factors (TNF) including TNF-o and TNF-, vascu-
lar endothelial growth factor (VEGF), sCD40L, sIL-2Ra, and
chemokine (C motif) ligand 1 (XCL1).

3.5. Flow Cytometry

The PBMCs surface was stained with antihuman CD3, CD4,
CD8, CD19, CD25, and/or CD56 (eBioscience, San Diego, CA,
USA) for detection of leukocyte subsets (12). Data were ac-
quired using a FACS Calibur flow cytometer (BD Bioscience,
San Jose, CA, USA). All data were analyzed using Flow]o soft-
ware version 8.6 (Tree Star Inc., Ashland, OR, USA).

3.6. Statistical Analyses

Statistical significance was determined by Dunn’s
multiple comparison test or Spearman correlation
analysis using SPSS version 13.0 for Windows (SPSS, Chi-
cago, IL, USA). P value of less than 0.05 was considered
as statistically significant.

4.Results

4.1. Increase Expression of CXCL9, CXCL10, CXCL11,
and IL-10, but Decrease of G-CSF, IFN-y, and MCP-3
in Patients with Chronic Hepatitis B Infection

We examined serum samples from 33 AsC with normal
ALT, 36 patients with CHB with elevated ALT, and ten
normal controls (NC). The clinical data obtained for the
enrolled subjects are listed in Table 1. A total of 46 cyto-
kines and chemokines were tested. The expressions of 17
cytokines and chemokines (consisted of Flt-3L, IL-1a, IL-1B,
IL-2, IL-3, IL-4, IL-5, IL-6, IL-9, IL-11, IL-12 (p40), IL-12 (p70), IL-

Hepat Mon. 2014;14(6):e18892
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Table 1. Clinical Characteristic of Studied Subjects®

Group NC AsC CHB
Case 10 33 36
Sex = = =
Male 7 25 29
Female 3 8 7
Age,y 28.4%73 26.7+8.4 313+8.7
ALT, U/LP 251+4.2 31495 131.8 £ 80.4
T-BIL, pmol/L 10.8+3.6 15.9+6.2 18.3+11.0
HBV DNA, log™ copies/mL Undetectable 7.54+0.89 7.82£130

2 Abbreviations: NC, Normal Controls; AsC, Asymptomatic hepatitis B virus Carriers; CHB, Chronic Hepatitis B infection; ALT alanine aminotransferase,;

T-BIL total bilirubin ; HBV, hepatitis B virus; DNA deoxyribonucleic acid.
The upper limits of normal are 44 U/L for men and 38 UL for women.

Figure 1. Serum Cytokines and Chemokines Expression in Patients with Hepatitis B Virus Infection and in Controls
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The concentrations of CXCL9 (A), CXCL10 (B), CXCL11 (C), and IL-10 (D) were elevated in patients with chronic hepatitis B infection (CHB) in comparison
to the normal controls (NC) and asymptomatic HBV carriers (AsC). Expression of G-CSF (E), MCP-3 (F), and IFN-y (G) was decreased in patients with CHB.

17, IL-29, M-CSF, TGF-0, and TNF-B) were below the limits
of detection in the serum of both NC and patients with
HBV infection (Appendix 1). Amongst them, 22 (consisted
of CCL19, CCL20, CCL22, CXCL6, EGF, eotaxin, FGF-2, frac-
talkine, GM-CSF, GRO, IL-Rla, IL-8, IL-13, IL-15, MCP-1, MIP-1q,,
MIP-1B, sCD40L, sIL-2Ra, TNF-a, VEGF, and XCL1) could be
detected; however, there were no significant differences
in their concentrations among the serums from NC, AsC,
and patients with CHB (Appendix 1). Interestingly, the ex-
pressions of CXCL9, CXCL10, and CXCL11 were remarkably

Hepat Mon. 2014;14(6):e18892

elevated in the serum of patients with CHB in comparison
to that in NC and AsC. There were also consistent trends
of higher CXCL9, CXCL10, and CXCL11 expressions in AsC;
however, these differences were not significant (Figure 1
A,1B,and 1C). Meanwhile, IL-10 concentrations in patients
with CHB were notably increased in comparison to the
concentration in NC (Figure 1 D). In contrast, serum lev-
els of both G-CSF and MCP-3 were markedly decreased in
patients with HBV infection in comparison to the levels
in NC (Figure 1 E and 1 F). Moreover, a significantly lower
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Figure 2. Circulating Immune Cell Subsets in Patients with Hepatitis B Virus Infection and Controls
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concentration of IFN-y was detected in patients with CHB
in comparison to NC or AsC (Figure 1G).

4.2.Increased Proportion of CD4+ CD25 High Regu-
latory T Cells in Patients with HBV Infection

We also determined the characteristics of immune cells
in the peripheral blood of patients with HBV infection. In
comparison to NC, there were no significant differences
in specific subsets including B cells (CD19%; Figure 2 A), T
helper cells (CD3*/CD4"; Figure 2 B), and NK cells (CD37/
CD56%; Figure 2 D) in AsC and patients with CHB. There
were a decrease trends in percentage of cytotoxic T lym-
phocytes (CTL, CD3*|CD8*; Figure 2 C) of AsC (mean, 28.22
+ 7.911), and patients with CHB (mean, 26.36 * 8.725) in
comparison to NC (mean, 32.86 * 8.471); however, these
differences were not significant. Furthermore, as we ex-
pected, the percentage of CD3* CD4*CD25Mgh (fluores-
cence intensity of CD25 > 103) regulatory T cells (Tregs)

revealed robust increase in both AsC (mean, 3.95 + 1.37)
and patients with CHB (mean, 3.90 £ 1.24) in comparison
to NC (mean, 2.47 + 0.42; Figure 2 E).

4.3. Factors Related to Cytokines and Chemokines
Production in Patients With Chronic Hepatitis B
Infection

To investigate whether the circulating immune cells
and the productions of cytokines and chemokines had
any correlation with the HBV replication and liver in-
flammation, we measure the viral loads and aminotrans-
ferases (ALT and AST) of serum from patients with CHB.
Bivariate correlation showed that in patients with CHB,
the elevated ALT was directly and significantly associated
with CXCL9 (r, 0.45; P < 0.01; Figure 3 A), CXCL10 (1, 0.72;
P < 0.001; Figure 3 B), CXCL11 (r, 0.60; P < 0.001; Figure 3
C), and IL-10 (1, 0.52; P < 0.005; Figure 3 D); however, there
was no correlation between the copies of HBV DNA and

Hepat Mon. 2014;14(6):e18892
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Figure 3. Correlation Analysis of Cytokines and Chemokines With Liver Inflammation
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CXCL9 (A), CXCL10 (B), CXCL11(C), and IL-10 (D) had positive correlation with serum ALT in patients with chronic hepatitis B infection.

serum cytokine and chemokines concentrations (data
are not shown). Furthermore, neither viral replication
nor ALT level were significantly associated with the pro-

portion of CD4* CD25M8M Tregs (P> 0.05).

5. Discussion

Cytokines and chemokines play a vital role in initiat-
ing, maintaining, and regulating immunological ho-
meostatic and inflammation in many physiological as
well as pathological processes (13). Interactions among
cytokines, chemokines, and immune cells are dynamic
processes (14). Certain cytokines and chemokines could
recruit and active immune cells, including T cells, B cells,
monocytes, neutrophils, and other type of cells from pe-
ripheral blood to the liver in HBV infection (12, 15). Recent
studies on enterovirus 71-induced hand, foot, and mouth
disease demonstrated that dysregulation of cytokine and
chemokine expressions and imbalances of peripheral T
lymphocyte subsets might be involved in the pathogen-

Hepat Mon. 2014;14(6):e18892

esis of this infection and central nervous system com-
plications (16, 17). In the current study, we screened the
levels of five immune cell subsets and 46 cytokines and
chemokines in patients with CHB and analyzed their as-
sociation with clinical indicators. Three of our observa-
tions were noteworthy and require further comments.
Firstly, in comparison to both NC and AsC, serum concen-
trations of CXCL9, CXCL10, CXCL11, and IL-10 were elevated
and had positive correlation with ALT levels in patients
with CHB. Secondly, G-CSF, MCP-3, and IFN-y levels were
significantly decreased in patients with CHB; however,
these downregulations had no correlation with either vi-
rological studies or liver inflammation. Thirdly, although
the proportion of CD4* CD25M8h Tregs was higher in pa-
tients with HBV infection than in healthy controls, no
correlation was found between Tregs and other cytokines
or chemokines.

CXCL9, CXCL10, and CXCL11, which are the ligands of
chemokine receptor CXCR3, are structurally and func-
tionally involved in non-ELR CXC chemokines subgroup.
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These chemokines can be strongly induced by cytokines,
particularly IFN-y, during infection and inflammation
(18). These chemokines are robustly secreted in influenza
A virus (19) and community-acquired respiratory virus-
es (20) induction, and are highly expressed in patients
with herpetic endotheliitis (21) and herpes simplex virus
encephalitis (22). Moreover, these CXCR3-associated che-
mokines are associated with intrahepatic inflammation
and fibrosis in chronic hepatitis C virus (HCV) infection
(23), and CXCL10 can predict fibrosis progression after
liver transplantation for chronic hepatitis C (24). In our
study, the elevated serum expressions of CXCL9, CXCL10,
and CXCL11 were found in CHB with increased ALT, but
not in AsC with normal ALT. This is consistent with the
previous reports of these chemokines expression in se-
rum and liver of patients with HBV infection (25, 26). Fur-
thermore, these serum CXCR3-associated chemokines
had a significant correlation with serum ALT while there
was not such a correlation with HBV DNA. Similar results
were also found in HCV infection. In acute HCV infection,
the increases in CXCL9, CXCL10, and CXCL11 with ALT lev-
els follow a similar pattern (27), while their intrahepatic
expression is correlate with liver inflammation and
fibrosis in chronic hepatitis C (28). Thus, our findings
indicated that CXCL9, CXCL10, and CXCL11 may contrib-
ute to the necroinflammation in CHB. Further studies
are needed to assess the histological findings and the
correlation between CXCR3-associated chemokines and
HBV-induced fibrosis; however, another chemokine,
namely, MCP-3 that is also known as CCL7, is downregu-
lated in HBV infection. It was reported that MCP-3, which
was highly expressed in chronic periodontitis (29) and
cryptococcal infection (30), primary recruits monocytes
and induces inflammation. Furthermore, previous stud-
ies have demonstrated inhibition of HIV viral replica-
tion, enhancing viral-specific cytotoxic T-cell responses
(31, 32), and thus, influencing HIV transmission and dis-
ease progression by MCP-3 (33). Therefore, HBV infection
might directly or indirectly decrease the MCP-3 expres-
sion, helping the virus evade the T-cell-mediated cytotox-
icity and finally, results in persistent infection.

G-CSF, which is produced by a number of different
tissues, is commonly used in clinical experiences for
mobilizing bone marrow stem cells. G-CSF can promote
CD34" hematopoietic stem cell mobilization through
regulation of stem cells mobilization-related factors
in patients with liver cirrhosis (34) and HBV-associated
acute-on-chronic hepatic failure (35). In addition, a re-
cent study revealed that G-CSF was significantly lower
in patients with pulmonary embolism in comparison
to controls (36). The present results showed that HBV
infection could downregulate the expression of G-CSF
in both patients with HBV infection with normal or ab-
normal ALT. This may indicate that CHB exhibited lower
potential for mobilization of hematopoietic stem cells
and therefore, might decelerate the production of neu-
trophils in response to infection.

The immunomodulators function of CD4* CD25 high
Tregs is well elucidated in HBV infection. Our previous
study revealed that Tregs contribute to the HBV-specific
T-cell collapse and tolerance, which plays an important
role in establishing chronic infection (37, 38). The cur-
rent results of elevated CD4* CD25 high Tregs in CHB
further demonstrated this point. Moreover, increasing
expression of IL-10 in the serum was found in response
to chronic active hepatitis B, which is positively corre-
lated with liver inflammation. Treg could induce the
expression of immunosuppressive costimulatory mol-
ecule B7-H4 on dendritic cells through IL-10 (39). In
CHB, HBcAg-induced CD4" Fox3" IL-10-producing cells
contributed to maintain active viral replication and to
suppress host immune response (40). This may indicate
that IL-10 plays an important role in mediating Treg sup-
pression in HBV infection; however, we did not find the
correlation between Treg and IL-10 expression in HBV-
infected patients. This might be partially because Treg
is not the only cells that secret IL-10. IL-10 is also known
as an anti-inflammatory mediator in downregulating
IL-1B, IL-6, TNF-0, and IFN-y production (41). Decrease se-
cretion of IFN-y was found in HBV infection. Although
there was no correlation between IL-10 and IFN-y, ele-
vated IL-10 may subvert the IFN-y production to restrain
the host immune response to HBV infection and lead to
the persistent infection. CXCR3-associated chemokines,
ie, CXCL9, CXCL10, and CXCL11, were elevated and con-
tributed to liver inflammation in CHB, while MCP-3 and
G-CSF were inhibited by HBV infection. Host immune
response was suppressed as manifested by an increase
in CD4* CD25Mi8h Tregs and IL-10 as well as a decrease in
IEN-y. Exploiting the expression pattern of cytokine and
chemokine may help to develop a better understanding
of CHB pathogenesis.
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Appendix 1. Cytokines and Chemokines Expression in Studied

Subjects (pg/mL)
NC, Mean AsC,Mean CHB, Mean
+SD +SD +SD

CCL19 140.8 +23.85 170.7 £117.4 189.1£91.81
CCL20 28.00 +11.27 44.56 +48.48 41.01+37.48
CCL22 1889 +594.2 1888 £567.2 1636 £ 659.8
CXCL6 284.3+35.33 407.5+163.4 456.0 £358.3
CXCL9 816 381 1720 £1703 3262 +2324
CXCL10 432.9+200.7 652.0 £441.5 1231+796.5
CXCL11 127.9 £30.58 232.7+126.5 378.9 £302.2
EGF 682.1+456.9 514.2 +283.2 544.4 +547.0
Eotaxin 107.1£ 67.69 122.5+59.13 104.1£58.68
FGF-2 173.0 £78.38 156.6 £56.34 137.2+98.66
Flt3ligand  Undetectable Undetectable Undetectable
Fractalkine 231.9 £170.5 168.5+£137.3 278.21+524.5
G-CSF 156.94112.3 70.73+47.13 62.51£42.67
GM-CSF 11.34 £ 4.98 13.03 £5.753 11.66 £ 8.266
GRO 4032 +1583 4296 £1708 3296 +1478
IFN-y 17.49 £ 6.363 18.55 £15.10 9.943 £ 6.543
IL-R1a 29.00+18.73 32.84 £25.92 19.21+9.373
IL1a Undetectable Undetectable Undetectable
IL1B Undetectable Undetectable Undetectable
IL-2 Undetectable Undetectable Undetectable
IL-3 Undetectable Undetectable Undetectable
1L-4 Undetectable Undetectable Undetectable
IL-5 Undetectable Undetectable Undetectable
IL-6 Undetectable Undetectable Undetectable
IL-8 7.915 £3.010 12.44 +£12.70 13.60 £ 14.64
IL-9 Undetectable Undetectable Undetectable
IL-10 5.840 £1.318 11.01+ 4.582 13.28 £7.001
IL11 Undetectable Undetectable Undetectable
IL-12 (p40) Undetectable Undetectable Undetectable
IL12 (p70) Undetectable Undetectable Undetectable
IL-13 28.66 +27.28 23.06£17.83 13.53+£5.173
IL-15 9.690+5339 9.497+4.168 6.709+1.406
IL17 Undetectable Undetectable Undetectable
IL-29 Undetectable Undetectable Undetectable
M-CSF Undetectable Undetectable Undetectable
MCP1 329.3+139.2 320.1£113.1 294.9 +113.5
MCP-3 213.3+58.22 152.5+89.23 97.02+64.39
MIP-1a 26.85+13.70 20.68 £11.12 32.07+28.95
MIP-18 92.64 +73.35 62.35+44.22 79.10 £ 91.16
sCD40L 17112 + 7717 20118 £ 9424 14110 £10124
sIL-2Ra 38.271+7.673 40.94 +£35.18 52.82+50.71
TGF-a Undetectable Undetectable Undetectable
TNF-a 10.73 £5.164 14.71£5.395 17.26 £11.04
TNE-B Undetectable Undetectable Undetectable
VEGF 62.98 £ 61.00 120.6 £120.1 98.72 +159.7
XCIL1 198.6 £33.21 257.11+96.90 230.0 £103.6
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