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Abstract. Several studies have suggested that the balance 
of T helper 17 (Th17) and natural regulatory T (nTreg) 
cells in the Th17-mediated immune response are critical in 
the pathogenesis of viral hepatitis. The aim of the present 
study was to examine the role of circulating Th17 and nTreg 
cells in the disease progression of hepatitis B virus (HBV) 
infection. A total of 40 patients with chronic HBV (CHB), 
27 patients with HBV-associated cirrhosis, 20 patients with 
HBV-associated liver failure and 20 healthy controls were 
enrolled in the present study. The frequencies of Th17 and 
nTreg cells in the peripheral blood were examined using 
flow cytometry. Th17‑associated serum cytokine levels were 
measured using an enzyme‑linked immunosorbent assay. 
The results revealed a significantly higher frequency of circu-
lating Th17 cells in the patients with CHB, cirrhosis and liver 
failure compared, with the normal controls, particularly in 
the patients with liver failure. The same trend was observed 
in the serum levels of interleukin (IL)‑17. The frequency 
of Th17 cells and the serum levels of IL-17 were positively 
correlated with the levels of alanine aminotransferase and 

the prothrombin times. There was a significantly higher 
frequency of circulating nTreg cells in the patients with 
CHB, compared with the normal controls. The nTreg cell 
frequencies were significantly and positively correlated with 
plasma HBV DNA load, and were negatively correlated 
with Th17 frequencies in the cohort of patients with HBV. 
Taken together, the results suggested that Th17 cell‑mediated 
inflammation is associated with progression from CHB to 
cirrhosis, and to liver failure. Peripheral Th17 cell frequency 
and serum levels of IL-17 may assisting in predicting the 
severity of liver damage and fibrosis.

Introduction

Chronic hepatitis B (CHB) is a major cause of liver cirrhosis 
and hepatocellular carcinoma (1). Although persistently high 
hepatitis B virus (HBV) loads have been correlated with 
disease progression, the progression itself is not caused by 
the HBV, but by a host immune-mediated process (2-4). An 
inadequate immune response leads to CHB infection, whereas 
an appropriate immune response frequently leads to viral 
clearance and recovery, and an excess immune response leads 
to liver failure (5-7). The mechanisms by which the immune 
responses are regulated resulting in these various outcomes 
remain to be elucidated.

One of the newly discovered cluster determinant (CD)4+ 
T helper (Th) cells, Th17 cells, were first isolated from CD4+ 
T cells. Th17 cells can secrete a mixture of cytokines, including 
interleukin (IL)‑17A, IL‑17F and IL‑22, among which IL‑17A 
has been characterized as a major effector cytokine (8,9). 
IL-17A can stimulate chemotactic factors, including IL-8, 
monocyte chemoattractant protein-1 and growth-regulated 
oncogene-α, to mobilize, recruit, and activate neutrophils 
and monocytes, leading to marked tissue inflammation (10). 
IL‑17A can also stimulate a mixture of cytokines, including 
IL‑6, prostaglandin E2 and other proinflammatory factors, 
including IL-1β, tumor necrosis factor-α and interferon-γ, to 
further activate and amplify inflammatory reactions (11‑13). 
Th17 cells can also activate natural immune cells, which 
express IL‑17R causing an increase in liver inflammation and 
damage (11). Previous studies have found that Th17 cells may 
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be involved in the immune responses and immunopathogen-
esis induced by persistent HBV infection (14-17). Th17 has 
been shown to be critical in autoimmune diseases and various 
infectious diseases (18).

Regulatory T (Treg) cells, a family of immunomodulatory 
cell types, are critical homeostatic regulators of immune and 
inflammatory responses. CD4+CD25+ Tregs suppress immune 
responses to maintain unresponsiveness to self-antigens and 
prevent excessive immune responses against fatal inflam-
matory damage (19-21). Treg cells, which have immune 
incompetence and immunosuppressive characteristics, are 
important in CHB and chronic hepatitis C (22-24). Natural (n)
Treg cells are involved in controlling immune responses, and 
in promoting and maintaining self-tolerance (25). They can 
also inhibit the proliferative responses of conventional CD4 
and CD8 T cells in vitro (26).

The aim of the present study was to examine the associa-
tion between circulating Th17 and nTreg cell frequencies, and 
the disease progression in patients infected with HBV.

Patients and methods

Patients and controls. All patients were recruited from the 
First Affiliated Hospital of Chongqing Medical University 
(Chongqing, China). The study was approved by the ethics 
committee of the First Affiliated Hospital of Chongqing 
Medical University (Chongqing, China). Written informed 
consent was obtained from the patients. Blood samples (8 ml) 
were collected from the elbow vena mediana, from 40 patients 
with chronic active hepatitis, but without cirrhosis (CAWC), 
27 patients with HBV-associated cirrhosis, 20 patients 
with HBV-associated liver failure (HBLF) and 20 age‑ and 
gender-matched healthy individuals, who were enrolled as 
controls. All patients were diagnosed, according to previ-
ously described criteria (27). The inclusion criteria were as 
follows: i) Healthy controls had no underlying disease history, 
were normal on physical examination and had no evidence 
of HBV infection within at least 6 months; ii) patients with 
CHB had been diagnosed with HBV for >6 months and 
presented with either persistent or recurrent elevations in 
serum alanine aminotransferase (ALT), or evidence of hepa-
titis in liver histology, but without cirrhosis; iii) patients with 
HBV-associated cirrhosis exhibited portal hypertension (sple-
nomegaly and esophageal varices) on abdominal ultrasound 
or endoscopy, or hypersplenism in blood tests or histology, 
but had no evidence of liver failure; iv) patients with HBLF 
had serum levels of total bilirubin >10 times higher than then 
normal limit, severe coagulopathy (prothrombin activity 
≤40%), encephalopathy, renal insufficiency, variceal bleeding 
and ascites.

Patients with concurrent viral infections, human immu-
nodeficiency virus-1 infection, alcoholic or non-alcoholic 
fatty liver diseases, hepatocellular carcinoma, genetic and 
autoimmune liver diseases were excluded. None of the patients 
had received antiviral or immunomodulatory therapy prior 
to sampling. The study protocol was approved by the Ethics 
Committee of the First Affiliated Hospital of Chongqing 
Medical University, and written informed consent was 
obtained from each subject. The clinical characteristics of the 
subjects are listed in Table I.

Flow cytometric analysis. All antibodies were purchased 
from BD Biosciences (San Jose, CA, USA). Peripheral blood 
mononuclear cells (PBMCs) were isolated from the fresh, 
heparinized peripheral blood samples by Ficoll‑Hypaque 
density-gradient centrifugation (lymphocyte separation 
medium; Haoyang Bio-Technology Co., Ltd., Tianjin, China), 
according to the manufacturer's protocol. The PBMCs 
(1 ml of 2x106) were treated for 5 h with 50 ng/ml phorbol 
myristate acetate (Shanghai DingGuo Biotech., Co., Ltd., 
Shanghai, China), 1 µg/ml ionomycin (Sigma-Aldrich, 
St. Louis, MO, USA) and 10 mg/ml brefeldin A (eBioscience, 
Inc., San Diego, CA, USA) in complete RPMI-1640 medium 
(Sigma‑Aldrich) supplemented with 10% fetal bovine serum 
(Sigma‑Aldrich). The cells were surface‑stained with fluo-
rescein isothiocyanate-conjugated mouse anti-human CD4 
antibodies (BD Biosciences; cat. no. 555346), PerCP-Cy™ 
5.5-conjugated mouse anti-human CD25 antibodies (BD 
Biosciences; cat. no. 560503) and phycoerythrin-conjugated 
mouse anti-human glycoprotein A repetitions predominant 
(GARP; cat. no. 562150) antibodies (5 µl; BD Biosciences) 
at 37˚C for 30 min. Following antibody incubation, the cells 
were fixed. The remaining cells were then permeabilized and 
stained with 5 ml Alexa Fluor® 647-conjugated anti-human 
IL-17A (BD Biosciences; cat. no. 560437). The cells were 
fixed in 1% formaldehyde (Sigma‑Aldrich), and flow cyto-
metric analyses were performed using a FACSCalibur system 
(BD Biosciences). The resulting data were analyzed using BD 
FACSDiva software, version 6.1.2 (BD Biosciences).

Enzyme‑linked immunosorbent assay (ELISA). Serum 
concentrations of IL‑22, IL‑17A, TGF‑β1 were measured using 
a human IL‑22 ELISA detection kit, human interleukin‑17 
(IL‑17) ELISA detection kit and human TGF‑β ELISA 
detection kit (R&D Systems, Inc., Minneapolis, MN, USA), 
according to the protocols provided by the manufacturer. All 
samples were assessed twice in order to avoid sampling error.

Virological and biochemical assessment. The levels of HBeAg, 
total bilirubin, ALT, prothrombin time (PT) and prothrombin 
activity were measured using commercially available kits 
(Abbott Ireland Diagnostics Ltd., Sligo, Ireland; Roche 
Diagnostics, Indianapolis, IN, USA; Siemens Healthcare 
Diagnostics Inc., Newark, USA) in the clinical laboratory of 
the First Affiliated Hospital of Chongqing Medical University 
(Chongqing, China). Serum HBV DNA levels were measured 
using the Hepatitis B Viral DNA Quantitative Fluorescence 
Diagnostic kit (Shengxiang Inc., Hunan, China). The HBV 
DNA detection limit was 500 IU/ml. The cycling steps were as 
follows: 95˚C for 2 sec; 94˚C for 5 sec 57˚C for 30 sec 45 times. 
The expression levels were quantified using a standard curve.

Statistical analysis. All data were analyzed using SPSS 19 
software (IBM SPSS, Armonk, NY, USA). Numerical data are 
expressed as the mean ± standard error of the mean. Comparison 
between two groups was performed using two sample 
Student's t-test. Rates between the groups were compared 
using a two-sample χ2 test. Comparison between various 
individuals was performed using a Mann-Whitney U test. 
Multiple comparisons of different groups were performed 
using a Kruskal‑Wallis H non‑parametric test. Correlation 
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analysis was evaluated using Spearman's rank correlation test. 
Two-sided P<0.05 was considered to indicate a statistically 
significant difference.

Results

Increased frequencies of circulating Th17 cells correlate with 
the severity of liver inflammation and fibrosis. The present 
study characterized CD4+IL-17+ cells as Th17 cells, and 
compared the proportions of peripheral Th17 cells among 
the four groups. There were significantly higher frequencies 
of circulating Th17 cells in patients with CHB, cirrhosis and 
liver failure, compared with levels in the normal controls, with 
values of 6.41±2.83, 5.8±2.76 and 9.04±4.94%, respectively, 
compared with 3.26±2.20% in the control (P=0.02, 0.029 and 
0.000, respectively; Fig. 1A‑E). The Th17 frequency was highest 
in the patients in liver failure, which was significantly different, 
compared with those in the patients with CAWC and cirrhosis 
(P=0.026 and 0.015, respectively; Fig. 1F and Table II).

Distribution of nTreg cell subset populations. The present 
study characterized CD4+CD25+GARP+ as nTreg cells. 
There were significantly higher frequencies of circulating 
nTreg cells in the patients with CHB, compared with 
the normal controls (9.4±5.81 vs. 3.76±1.4%; P<0.001; 
Fig. 2A‑E). No significant differences in nTreg cell frequen-
cies were observed between the patients with cirrhosis or the 
patients with liver failure and the normal controls (6.61±3.77 
and 6.26±3.64, respectively, vs. 3.76±1.4% in the control; 
P=0.066 and P=0.144, respectively).

Serum levels of cytokines in the peripheral blood. In the 
patients with CAWC, cirrhosis and liver failure, the serum 
levels of IL‑17 were significantly higher, compared with those 
in the normal controls, with values of 104±23.8, 94±43.17 and 
165±36.19 pg/ml, respectively, vs. 72.09±11.16 pg/ml in the 
control (P<0.05 for all; Fig. 3A). The serum levels of IL‑17 were 
higher, compared with the levels in the patients with CAWC 
and cirrhosis, in the patients with liver failure. No significant 
difference in serum levels of IL-17 were observed between the 
patients with CAWC and the patients with cirrhosis.

In the patients with CAWC, cirrhosis and liver failure, serum 
levels of IL‑22 were significantly higher than in the normal 
controls (65.32±34.12, 56.47±53.06 and 80.03±18.40 pg/ml, 
respectively, vs. 45.09±34.57 pg/ml in the control; P<0.05; 
Fig. 3B). However, no significant differences were observed 
among the three groups.

In the patients with CAWC, cirrhosis and liver failure, 
serum levels of TGF‑β were higher than in the normal controls 
(978.76±117.21, 1,008.88±57.80 and 936.54±64.06 ng/l, 
respectively, vs. 765.75±134.05 ng/l in the control). However, 
the differences among the four groups were not statistically 
significant (P>0.05).

Th17 cell frequency and serum levels of IL‑17 correlate 
positively with ALT and PT, but not HBV DNA. The Th17 
frequencies and serum levels of IL‑17 were significantly and 
positively correlated with the levels of ALT (normal range, 
0-40 U/l; r=0.368 and 0.309, respectively; P=0.011 and 0.035, 
respectively), as shown in Fig 4A and B. The serum levels of 
Th17 and IL‑17 were significantly and positively correlated 

Table I. Clinical data of the enrolled subjects in the four patient groups.

 Healthy Chronic active HBV-associated Liver
Factor control without cirrhosis cirrhosis failure

Cases (n) 20 40 27 20
Age (years) 36.40±5.62 34.61±11.89 40.06±16.37 48.17±13.27
Gender (M/F) 6/14 26/14 15/12 11/9
HBeAg positive 0 21 11 8
ALT (U/l) - 462.65±490.89 83.65±138.92 325.15±372.49
PTA (%) ‑ 90.35±19.59 73.80±21.97 39.30±11.21
Log10 HBV DNA 0 5.00±1.79 4.06±2.16 6.30±1.49

Normal range of ALT, 13-69 U/l; Normal range of PTA, 75‑135 %. Data for age, ALT, PTA and Log10 HBV DNA are expressed as the 
mean ± standard error of the mean. M, male; F, female; ALT, alanine aminotransferase; PTA; prothrombin activity; HBV, hepatitis B virus.

Table II. nTreg and Th17 cell proportions in the patient groups.

Cell proportion Healthy control CAWC Cirrhosis Liver failure

nTreg/CD4+ T 3.76±1.40 9.40±5.81b 6.61±3.77 6.26±3.64
Th17/CD4+ T 3.26±2.20 6.41±2.83a 5.80±2.76a 9.04±4.94b

Data are expressed as the mean ± standard error of the mean. nTreg, natural regulatory T cell; Th17, T helper 17; CD, cluster determinant; 
CAWC, chronic active without cirrhosis. aP<0.05, bP<0.001, compared with the healthy control group.
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Figure 2. nTreg frequencies. (A) Gating of nTreg cell population and proportions in the HC group (B) Gating of nTreg cell populations and proportion in the 
CAWC group. (C) Gating of nTreg cell populations and proportions in the cirrhosis group. (D) Gating of nTreg cell populations and proportions in LF group. 
(E) Proportions of nTreg cells. nTregs are indicated by P3 boundary. Data are expressed as the mean ± standard error of the mean (**P<0.001). nTreg, natural 
regulatory T cell; PBMC, peripheral blood mononuclear cell; CD, cluster determinant; HC, healthy control; CAWC, chronic active without cirrhosis; CHB, 
chronic hepatitis B; LF, liver failure.
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Figure 1. Identification of Th17 cells in the subject groups. (A) Gating of lymphocytes (left, PBMCs; right, CD4). (B) Gating of Th17 cell populations and 
proportions in healthy controls. (C) Gating of Th17 cell populations and proportions in patients with CAWC. (D) Gating of Th17 cell populations and propor-
tions in patients with cirrhosis. (E) Gating of Th17 cell populations and proportions in patients with liver failure. (F) Proportion of Thl7 cells in the four subject 
groups. Th17 cells are indicated by the P4 box. Data are expressed as the mean ± standard error of the mean (**P<0.001; *P<0.05). Th17, T helper 17; PBMC, 
peripheral blood mononuclear cell; CD, cluster determinant; HC, healthy control; CAWC, chronic active without cirrhosis; CHB, chronic hepatitis B; LF, liver 
failure.

  A

  B

  F

  C   D

  E



MOLECULAR MEDICINE REPORTS  13:  853-859,  2016 857

Figure 3. Serum levels of IL‑17 and IL‑22. (A) Serum levels of IL‑17 in the four groups. Data are expressed as the mean ± standard error of the mean (**P<0.001; 
*P<0.05). (B) Serum IL-22 levels in four groups Data are expressed as the mean ± standard error of the mean (**P<0.001; *P<0.05). IL, interleukin; HC, healthy 
control; CAWC, chronic active without cirrhosis; CHB, chronic hepatitis B; LF, liver failure.

Figure 5. Correlation analyses between nTreg, HBV DNA levels and Th17 frequency. (A) Peripheral nTreg frequencies and HBV DNA levels. (B) Peripheral 
nTregs and Th17 frequencies. nTreg, natural regulatory T cell; Th17, T helper 17; CD, cluster determinant; HBV, hepatitis B virus.

Figure 4. Correlation analysis of various indicators. (A) Peripheral Th17 frequencies and serum levels of ALT. (B) Serum levels of IL‑17 and ALT. (C) Peripheral 
Th17 frequencies and PT. (D) Serum levels of IL‑17 and PT. (E) Serum levels of IL‑17 and TB. ALT, alanine aminotransferase; IL, interleukin; PT, prothrombin 
time; TB, total bilirubin; Th17, T helper 17; CD, cluster determinant.

  A

  A   B

  B

  D

  C

  E

  A   B
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with PT (normal range, 11-14.5 sec; r=0.300 and 0.299, 
respectively; P=0.041 and 0.041, respectively), as shown in 
Fig. 4C and D. 

The serum levels of IL‑17 levels were significantly posi-
tively correlated with the total bilirubin levels (r=0.366; 
P=0.011; Fig. 4E). The Th17 frequency and serum levels of 
IL-17 were not correlated with HBV DNA levels. These data 
suggested that peripheral Th17 cell frequencies and serum 
levels of IL-17 were closely associated with liver injury, as 
indicated by serum ALT levels and prothrombin time, in the 
patients with HBV infection.

nTreg cell frequencies are positively correlated with HBV 
DNA, but not with ALT or PT, and are negatively correlated 
with Th17 cell frequencies. The present study analyzed the 
correlation between nTreg frequency and clinical data. The 
nTreg frequencies were significantly and positively correlated 
with plasma HBV DNA load (r=0.419; P=0.003; Fig. 5A), but 
not with the levels of ALT or the PT (P>0.05).

Further analysis of nTreg frequencies with Th17 frequen-
cies showed that nTreg was negatively correlated with Th17 
frequency (r=‑0.321; P=0.026; Fig. 5B).

Discussion

There has been a focus of attention on the significance of the 
Treg/Th17 balance in the progression of CHB. Th17 and Treg 
cells share reciprocal developmental pathways of cell differen-
tiation (28). The differentiation of Treg cells from naive T cells 
is dependent on a critical differentiation factor, TGF‑β (29). 
The differentiation of pathogenic Th17 cells from naive T cells 
is induced by IL‑6 and TGF‑β, whereas the differentiation of 
Treg cells can be completely inhibited by the induction of 
IL‑6 during inflammation (30‑32). Not only do Th17 cells and 
Treg cells share the same origin, but they are also mutually 
antagonistic in function. A balance between Th17 and Treg 
cells, which mediates immune tolerance is crucial for immune 
homeostasis (33). 

The balance of Th17 and Treg cells is closely associated 
with the development of several diseases, including viral 
infections and autoimmune diseases (34-36). However, little 
is known regarding the balance of Th17 and Treg cells in 
the progression of CHB. The present study was designed to 
further ascertain whether circulating Th17 cells and nTreg 
cells frequency correlate with the severity of liver injury and 
fibrosis in the progression of CHB.

A subset of T cells are described as Th17 due to the fact 
that an IL‑12 family cytokine, IL‑23, induces these cell to 
secrete IL-17 (33,37). It has been shown that serum levels of 
IL-17 and Th17 cells are increased in patients with chronic 
hepatitis C virus (38,39). However, the mechanism by which 
Th17 cells induce liver damage in patients with CHB remains 
to be elucidated. As one of the important pro‑inflammatory 
cytokines, IL‑17 can recruit neutrophils, which can induce 
liver injury (10). In addition, IL-17 can activate mDCs and 
monocytes, which produce more proinflammatory cytokines 
in a dose-dependent manner. In the present study, it was found 
that the Th17 frequencies in the peripheral blood of patients 
with liver failure were markedly higher, compared with those 
of patients with CAWC and cirrhosis. The present study 

provided the first evidence, to the best of our knowledge, that 
Th17 cell‑mediated inflammation is associated with the stages 
of progression of CHB. Th17 cell frequencies may assist in 
predicting the severity of liver damage and fibrosis, and Th17 
cells may exert their immune effect via IL-17 in the peripheral 
blood. Further investigation is required to confirm this possi-
bility.

Wang et al (40) were the first to report on the association 
between GARP and Treg cells. GARP is an orphan Toll‑like 
receptor, composed of leucine-rich repeats. The study 
demonstrated that GARP was selectively expressed only in 
activated human nTreg and nTreg cell clones, but not in acti-
vated effector T cells, confirming GARP as a nTreg marker. 
Therefore, the present study selected GARP, rather than 
Foxp3, as a CD4+CD25+ Treg‑specific marker. The results 
of the present study demonstrated that nTreg frequencies in 
the peripheral blood of patients with CAWC were markedly 
higher, compared with those in patients with cirrhosis and 
liver failure, which was consistent with the results of previous 
studies (11,41-43) and further supports the involvement of Treg 
cells in the pathogenesis of CAWC. In the presence of cirrhosis 
and liver failure, the immune tolerance status may change, 
enhancing HBV clearance.

To further assess the association between the Th17 and Treg 
cells, the present study analyzed the Treg and Th17 cell corre-
lation, and found that nTreg cell frequencies were negatively 
correlated with those of Th17 cells. Specifically, the decrease 
in peripheral nTreg cells were accompanied by an increase 
in Th17 cells. These data further support the possibility that 
Treg/Th17 imbalance may be involved in the progression of 
HBV infection. However, only peripheral blood samples were 
examined in the present study. Examination of the distribution 
of Th17 and nTregs cells in the liver of patients with HBV 
infections may provide additional confirmatory evidence, and 
are planned in the future.

In conclusion, the findings of the present study demon-
strated that pro-inflammatory Th17 cell frequencies are 
associated with various stages of liver injury during the 
progression of HBV between simple active hepatitis and liver 
failure. nTreg cell-mediated immune tolerance was associated 
with levels of HBV DNA replication. This characterization 
of the Treg/Th17 balance in the progression of CHB extends 
current understanding of the immunopathogenesis of CHB, 
and supports future investigations on pro‑inflammatory and 
anti‑inflammatory pathways.
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