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Abstract. Changes of regulatory T (Treg) cells and Th17 cells, 
and related cytokines in peripheral blood of patients with chronic 
hepatitis B combined with thrombocytopenia were investigated 
to explore the relationship with treatment outcomes. A total of 
45 chronic hepatitis B patients combined with thrombocyto-
penia were selected in Heilongjiang Provincial Hospital from 
June 2015 to December 2016. All patients were treated with 
prednisolone acetate + γ globulins for 60 days. Treg cells and 
Th17 cells in peripheral blood were detected by flow cytometry, 
and IL-10, TGF-β, IL-17, IL-21 and IL-22 in peripheral blood 
were detected by ELISA before and after treatment. No signifi-
cant differences in the percentages of Treg and Th17, and levels 
of IL-10, TGF-β, IL-17, IL-21 and IL-22 were found in non-
responders (n=17, platelets <100x109/l) before and after treatment 
(P>0.05). After treatment, percentage of Treg was significantly 
increased (higher than that of non-responders) and percentage 
of Th17 was significantly decreased (lower than that of non-
responders) in responders (P<0.05). In addition, serum levels of 
IL-10 and TGF-β were significantly increased (higher than that 
of non-responders) and serum levels of IL-17, IL-21 and IL-22 
were significantly decreased (lower than that of non-responders) 
in responders (P<0.05). The results showed that after treatment, 
the number of Treg cells was increased, the number of Th17 cells 
was decreased, the levels of anti-inflammatory factors IL-10 and 
TGF-β were increased, and levels of pro-inflammatory factors 
IL-17, IL-21 and IL-22 were decreased in chronic hepatitis 
B patients combined with thrombocytopenia, indicating the 
decreased autoimmune response and improved thrombocyto-
penia. The changes were closely related to the complete response.

Introduction

As a common complication in patients with chronic hepa-
titis B, thrombocytopenia (platelet count <100x109/l) occurs in 
76% of these patients (1). Effects of mild to moderate throm-
bocytopenia on chronic hepatitis B treatment is generally light 
without causing spontaneous bleeding, but severe thrombo-
cytopenia can significantly increase the risk of spontaneous 
bleeding in clinical practice, such as cerebral hemorrhage or 
gastrointestinal bleeding (2). The incidence of thrombocyto-
penia is affected by a variety of factors, including inhibition 
of the production of platelets by bone marrow and decreased 
activity of thrombopoietin (TPO) (3). In addition, increased 
intracarotid platelet damage, autoantibodies produced in spleen 
and blood dilution can also cause thrombocytopenia (4,5).

Autoimmunity is a major immunological factor leading to 
thrombocytopenia, and studies have reported that T-cell immu-
nity plays an important role in autoimmunity (6). As CD4+ 
and CD25+ T cells, regulatory T (Treg) cells can inhibit T cell 
proliferation and effector function (7,8). Treg can inhibit antigen 
presenting cells to present antigens to T cells by secreting 
IL-10, which in turn inhibit T cell immune response (9). Treg 
can also secrete TGF-β to inhibit the function of T cells and the 
production of interferon γ (IFN-γ), thus maintaining a chronic 
persistent infection of hepatitis B virus (10-12). IL-6 and TGF-β 
can induce the production of Th17 cells, which can promote 
the development of inflammatory responses by secreting 
IL-17, IL-21 and IL-22, so as to promote the development of 
inflammatory responses (13). Percentage of Th17 cells and 
serum IL-17 levels were significantly elevated in patients with 
autoimmune diseases such as rheumatoid arthritis, asthma, and 
systemic lupus erythematosus (14).

This study showed that Treg cells were closely related to 
the differentiation process of Th17 cells, and these factors 
antagonize each other in immune response. Thus, the balance 
of Treg/Th17 is the key in maintaining immune homeostasis, 
and the imbalance of Treg/Th17 is associated with a variety 
of autoimmune diseases (15-17). TGF-β is the most important 
cytokine that affects the differentiation of Treg cells and Th17 
cells. Low levels of TGF-β and IL-10 can induce the expression 
of transcription factor RORγ, so as to induce the differentiation 
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of T cells to Th17, and high levels of expression of TGF-β and 
IL-10 can induce expression of transcription factor Foxp3, 
which in turn induce the differentiation of T cells to Treg (18). 
Previous studies have reported abnormalities in T cell func-
tion in patients with thrombocytopenia (3,4), suggesting that 
Treg/Th17 cell imbalance may be involved in the pathogenesis 
of thrombocytopenia. To this end, we investigated the relative 
levels of Treg cells and Th17 cells in the blood of patients 
with chronic hepatitis B with thrombocytopenia before and 
after treatment. In addition, serum levels of Treg cell function 
related factors IL-10, TGF-β, and Th17 cell function related 
factors IL-17, IL-21 and IL-22 were also measured to test 
whether treatment can restore the balance of Treg/Th17 and 
provide a reference for evaluating the therapeutic effect.

Patients and methods

General information. In this study, 45 patients with chronic 
hepatitis B combined with thrombocytopenia (26  males 
and 19 females, mean age 44.1±13.5 years, mean duration 
of chronic hepatitis B 12.7±8.3  years, all HBsAg+, total 
bilirubin >17.1 µmol/l, HBV DNA 4.8-12.1x107 copies/ml) 
were selected in Heilongjiang Provincial Hospital (Harbin, 
China) from June 2015 to December 2016. This study was 
approved by the Ethics Committee of Heilongjiang Provincial 
Hospital. Signed informed consents were obtained from all 
participants before the study. All patients were treated with 
prednisone acetate tablets (SFDA approval no. H12020689; 
Tianjin Tianyao Pharmaceuticals Co., Ltd., Tianjin, China) 
and intravenous injection of immunoglobulin (SFDA approval 
no. S19994004; Shanxi Kangbao Biological Products Co., 
Ltd., Changzhi, China) for 60 days.

Sample collection. Fasting venous blood (5  ml) was 
extracted from each patient before and after treatment. The 
non-anticoagulated blood was kept at 4˚C until coagulation. 
Centrifugation at 8,000 x g for 15 min was performed to collect 
serum to detect cytokines. In addition, heparin anticoagulant 
blood (5 ml) was also collected and gradient centrifugation 
was performed to isolate peripheral blood mononuclear cells 
(PBMC). Cell density was adjusted to 2x106/ml for the detec-
tion of Treg and Th17 cells.

Routine blood examination and liver function tests. Fasting 
peripheral venous blood was extracted from each patient 
on the day of admission for routine blood examination and 
liver function tests including alanine aminotransferase 
(ALT), aspartate aminotransferase (AST) and prothrombin 
activity (PTA). After treatment, platelet count returned to normal 
levels (100‑300x109/l) was defined as complete response. Platelet 
count lower than normal level was defined as non-response.

Detection of Treg cell ratio in peripheral blood. Anticoagulant 
blood (0.1  ml) was transferred to centrifuge tube, and 
Ficoll lymphocyte separation solution was used to separate 
lymphocytes. Mouse anti-human CD4-FITC and CD25-PE 
antibodies (1:1,000; cat. nos. sc-1176 and sc-19628; Santa Cruz 
Biotechnology, Inc., Dallas, TX, USA) were added, followed 
by incubation at room temperature for 30 min. After washing 
with 0.05% PBST 3 times, 0.1 ml of 0.1% Triton X-100 was 

added and incubated for 15 min. Then mouse anti-human 
Foxp3-PEcy5 monoclonal antibody (1:800; cat. no. sc-53876; 
Santa Cruz Biotechnology) was added and incubated at room 
temperature for 30 min. PEcy5-IgG1 was used as control. 
The percentage of CD4+, CD25+ and Foxp3+ cells in CD4+ 
cells was detected by flow cytometry (BD FACSCanto II; BD 
Biosciences, San Jose, CA, USA). FlowJo 7.0 software was 
used to analyze flow cytometry data.

Detection of Th17 cell ratio in peripheral blood. Anticoagulant 
blood (0.1 ml) was transferred to centrifuge tube, and then 
Ficoll lymphocyte separation solution was added to separate 
lymphocytes. Mouse anti-human CD4-FITC antibody was 
added, followed by incubation at room temperature for 30 min. 
After washing with 0.05% PBST 3 times, 0.1 ml of 0.1% Triton 
X-100 was added and incubated for 15 min. Then mouse anti-
human IL17-PE antibody (1:900; cat. no. sc-376374; Santa Cruz 
Biotechnology) was added and incubated at room temperature 
for 30 min. PE-IgG1 was used as control. The percentage of 
CD4+ and IL-17+ cells in CD4+ cells was detected by flow 
cytometry (BD FACSCanto II; BD Biosciences). FlowJo 7.0 
software was used to analyze flow cytometry data.

Detection of cytokines. Levels of IL-10 (pg/ml), TGF-β (pg/ml), 
IL-17 (pg/ml), IL-21 (pg/ml) and IL-22 (pg/ml) in serum of 
patients were measured before and after treatment using a kit 
(Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA, 
USA). Double antibody sandwich ELISA was used. ELISA 
plate was coated with corresponding mouse anti-human IL-10, 
TGF-β, IL-17, IL-21 and IL-22 IgG monoclonal antibodies and 
mouse IgGl (1:500; cat. nos. sc-365858, sc-65378, sc-53937, 
sc-137120, sc-134366 and sc-2025; Santa Cruz Biotechnology) 
was used as a control. A total of 0.1 ml serum was added and 
incubated at room temperature for 30 min. After washing with 
0.05% PBST 3 times, horse anti-mouse secondary polyclonal 
antibody IgG-HRP (1:1,000; cat. no. 7076; Cell Signaling 
Technology, Inc., Danvers, MA, USA) was added and incu-
bated at room temperature for 30 min. After washing with 
0.05% PBST 3 times, enzyme reaction substrate TMB (0.1 ml) 
was added and incubated for 10 min. Duplicate wells were 
set for each sample. OD value at 490 nm was measured by a 

Figure 1. The results of routine blood examination and liver function tests 
before and after treatment (mean ± standard deviation). Platelet, x109/l; 
ALT, µ/l; AST, µ/l; PTA, %. *P<0.01; **P<0.05. ALT, alanine aminotrans-
ferase; AST, aspartate aminotransferase; PTA, prothrombin activity.
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microplate reader (Multiskan FC; Thermo Fisher Scientific, 
Inc.) and results were expressed as the mean values of two 
duplicate wells.

Statistical analysis. Statistical analysis was performed using 
SPSS 19.0 software (IBM Corp., Armonk, NY, USA). The 
measurement data were expressed as mean ± standard devia-
tion, and comparisons between different time-points in the 
same group were performed using paired t-test, and compar-
ison between groups were performed using Student's t-test. 
ANOVA was used for comparison between multiple groups 

and the post hoc test was SNK test. P<0.05 was considered to 
indicate a statistically significant difference.

Results

Results of routine blood examination and liver function 
tests. As shown in Fig.  1, after treatment, platelet count 
returned to normal level in complete responders (n=28). 
Although platelet count was significantly increased in non-
responders (n=17) (P<0.05), the level is still lower than normal 
level (100x109/l). After treatment, no significant changes in 
ALT, AST and PTA were observed in complete responders or 
non-responders (P>0.05).

Percentages of Treg and Th17 cells in CD4+ T cells. As shown 
in Fig. 2, before treatment, the percentage of Treg cells was 
higher in complete responders than that in non-responders, but 
the difference was not significant, but the percentage of Treg 
cells was significantly higher in complete responders than that 
in non-responders (P<0.05). After treatment, the percentage 
of Treg cells was significantly increased and the percentage of 
Th17 cells was significantly decreased in complete responders 
(P<0.01). No significant changes in the percentage of Treg cells 
and Th17 cells were found in non-responders after treatment 
(P>0.05). Compared with non-responders, the percentage of 
Treg cells was significantly increased and percentage of Th17 
cells was significantly decreased in complete responders after 
treatment (P<0.01). Repsresentative flow cytomerty is shown 
in Figs. 3 and 4.

Figure 2. The percentages of Treg cells and Th17 cells in peripheral 
blood before and after treatment (%, mean ± standard deviation).*P<0.01. 
Treg, regulatory T.

Figure 3. The percentages of Treg cells in peripheral blood before and after treatment. (A and C) Before treatment; (B and D) after treatment. In CD4+ T cells, 
CD25+ and Foxp3+ T cells were Treg cells. Treg, regulatory T.
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Serum levels of cytokines in patients before and after treat-
ment. As shown in Fig. 5, before treatment, levels of IL-10 
and TGF-β were significantly lower, and levels of IL-17, IL-21 
and IL-22 were significantly higher in complete responders 
than those in non-responders (P<0.05). After treatment, levels 
of IL-10 and TGF-β were significantly increased, and levels 
of IL-17, IL-21 and IL-22 were significantly decreased in 
complete responders (P<0.05). No significant differences in 
levels of IL-10, TGF-β, IL-17, IL-21 and IL-22 were found in 
non-responders after treatment. Thus, after treatment, levels 
of IL-10 and TGF-β were significantly higher, and levels of 

IL-17, IL-21 and IL-22 were significantly lower in complete 
responders than those in non-responders (P<0.05).

Discussion

Treg cells can maintain the tolerance of autoimmune and 
anti-inflammatory response. On the contrary, Th17 can 
mediate autoimmune diseases and inflammatory response. 
The balance between these two factors can maintain the steady 
state of immune response, and the imbalance will lead to the 
occurrence of autoimmune disease. Treg/Th17 cell imbalance 
is an important mechanism leading to persistent viral infec-
tion in patients with chronic hepatitis B. Increase in number 
of Tregs and decrease in the number of Th17 can lead to 
inhibition of T cell immunity in patients, and cellular immune 
response against hepatitis B virus will be inhibited (19,20). 
Studies have shown that platelet-related antibodies are one of 
the major causes of thrombocytopenia (21), suggesting that 
Treg/Th17 cell imbalance may be involved in the production 
of autoimmune platelet-associated antibodies (22).

This study showed that the percentage of Treg cells was 
increased, and percentage of Th17 cells was decreased, and 
platelet count returned to normal levels in patients with complete 
response. Correspondingly, levels of IL-10 and TGF-β were 
significantly increased, and levels of IL-17, IL-21 and IL-22 
were significantly decreased after treatment, which reflects that 
Treg cells can inhibit inflammatory response and reduce the 
number of Th17, which in turn improves thrombocytopenia. 
No significant changes in Treg, Th17 and related cytokines 

Figure 4. The percentages of Th17 cells in peripheral blood before and after treatment. (A and C) Before treatment; (B and D) after treatment. CD4+ and IL-17 
T cells were Th17 cells.

Figure 5. The serum levels of cytokines before and after treatment (pg/ml, 
mean ± standard deviation). *P<0.01.
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were observed after treatment, indicating that treatment failed 
to reverse the imbalance of Treg/Th17. Therefore, Treg, Th17 
and related cytokines can be used to predict prognosis. It is 
noteworthy that before treatment, numbers of both Treg cells 
and Th17 cells were higher in complete responders than those 
in non-responders, suggesting that the higher percentage of two 
cells may indicate good treatment outcomes.

Consistent with previous studies  (19,23,24), this study 
showed that recovery of Treg/Th17 cell balance is beneficial 
for the improvement of thrombocytopenia in patients with 
chronic hepatitis B. Our study provides a theoretical basis 
for clinical treatment of thrombocytopenia in patients with 
hepatitis B.
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