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Abstract 

Background: Hepatitis B is a viral disease that can be chronic. The Treg population during hepatitis appears to have an important role in 
controlling disease progression. 
Objectives: The present study aimed to determine the level of Tregs in patients with chronic hepatitis B (CHB) at different stages of the 
disease. 
Methods: This study was carried out on 90 patients with CHB followed-up for an average of 10 years and divided into hepatitis B surface 
antigen (HBs Ag+), seroconverted (HBs Ag- and hepatitis B surface antibody [HBs Ab+]), and serocleared (HBs Ag- and HBs Ab-) groups. 
Then, 5 ml of the blood sample was taken, and the peripheral blood mononuclear cells (PBMCs) were separated using Ficoll. The surface 
markers, including CD4, CD25, and CD127, and FoxP3 intracellular marker were measured in the PBMCs. Isotype was considered the 
control for each sample. The samples were read by the FACSCalibur 4-color flow cytometer (BD Biosciences, San Jose, CA, USA) and 
analyzed using FlowJo software (version 7.6.1). The levels of aspartate aminotransferase, alanine transaminase, α-fetoprotein, platelets, 
white blood cells, and hemoglobin were extracted from the patients’ records. 
Results: The mean age values of the HBs Ag+ (n=35), seroclearance (n=27), and seroconversion (n=28) groups were 43.97±11.86, 
47.26±12.95, and 47.39±10.40 years, respectively. The frequency of CD4+ CD25+ FoxP3+ (Treg) was higher in the HBs Ag+ group than that 
reported for the other two groups. The Treg population demonstrated a significant difference between the serocleared and seroconverted 
groups; however, the Treg frequency was higher in the seroconverted group in comparison to that of the other two groups. The Treg/T-
Activator ratio was significantly higher in the HBs Ag+ group than those reported for the two other groups.  
Conclusion: CD4+ CD25+ FoxP3+ T cells are the important subgroups of Treg cells affecting immune suppression. 
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1. Background 

Hepatitis B is a viral disease affecting about 2 
billion individuals worldwide among whom 240 
million patients have chronic hepatitis B (CHB) 
infection. It is more likely to be chronic if younger 
cases are involved (1). Several factors are effective in 
the chronicity of hepatitis B. One of these factors is 
the host immune status (2, 3). Effector T cells, as a 
part of the cellular immune system, play a significant 
role in clearing the hepatitis B surface antigen (HBs 
Ag) in acute hepatitis B (4), and the dysfunction of 
these cells can lead to CHB. In fact, the inhibition of 
effector cell activity by regulatory cells can be one of 
the causes of CHB. Given the noticeable changes in 
the Treg population during hepatitis, these cells 
appear to play an essential role in controlling disease 
progression. Therefore, some strategies can be 
suggested to eliminate the virus from the 
bloodstream and treat the disease.  

In recent years, several studies have proposed 
different treatments for chronic hepatitis. These 

studies have demonstrated the role of regulatory T 
cells (Tregs) in different types of diseases. Recent 
evidence has shown that Tregs can block the effect of 
the immune system on hepatitis B through cell-to-cell 
contact or secretion of cytokines, leading to chronic 
disease and preventing the elimination of S-antigen 
from the patients’ blood (5-8). It has also been 
indicated that the frequency of Tregs in patients with 
acute hepatitis is similar to that of healthy 
individuals. However, the frequency of Tregs has a 
significant increase in patients with chronic hepatitis, 
compared to that reported for those with acute 
hepatitis (9-11). 

Patients with CHB have very low or 
indistinguishable levels of T cells. Nevertheless, CD4+ 
CD25+ Treg cells are at high levels in their peripheral 
blood. These Tregs express about 5-10% of CD4. 
FoxP3 is also a key regulatory gene for the growth 
and function of Tregs observed in CD4+ CD25+ more 
than that in CD4+ CD25- cells (10). There is no 
agreement on the high population of CD4+ CD25+ 
Foxp3+ Tregs in patients with chronic hepatitis in 
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most studies. Some researchers consider the 
frequency of these cells to be different in patients and 
healthy individuals; however, others consider them 
equal (12-14). Based on the literature, the 
measurement of Treg levels at different stages of the 
disease showed that the levels of these cells in severe 
chronic hepatitis were much higher than those 
reported for other stages of the disease. These results 
indicated that the elevated levels of Tregs could cause 
immune suppression and chronic diseases (15). 

 

2. Objectives 

According to some results and given that the 
chronic hepatitis patients exhibited a different 
serology during prolonged follow-up, it is 
hypothesized that the levels of Tregs in these 
patients might be different at various stages of the 
disease and result in serologic changes among them. 
Therefore, the current study aimed to determine the 
levels of Tregs in CHB patients at different stages of 
the disease. 

 

3. Methods 

3.1. Study subjects 
This cross-sectional study was carried out on 90 

patients with CHB followed-up for an average of 10 
years and divided into HBs Ag+, seroconverted (HBs 
Ag- and hepatitis B surface antibody [HBs Ab+]), and 
serocleared (HBs Ag- and HBs Ab-) groups.  
The patients with hepatitis C virus, human 
immunodeficiency virus, and immunodeficiency, 
along with patients using antiviral drugs, were 
excluded from the study. There were 35 (20 males 
and 15 females), 28 (15 males and 13 females), and 27 
(20 males and 7 females) patients in the first (HBs 
Ag+), second (seroconverted), and third (serocleared) 
groups, respectively. The patients of the present study 
were within the age range of 21-70 years. 

 
3.2. Separation of peripheral blood mononuclear cells  

For each patient, 5 ml of the blood was taken in 
ethylenediaminetetraacetic acid-containing tubes and 
immediately sent to the Immunology Laboratory of 
Babol University of Medical Sciences, Babol, Iran. The 
peripheral blood mononuclear cells (PBMCs) were 
separated using Ficoll (Inno-train Diagnostic GMBH, 
Germany) and density gradient centrifugation based 
on the manufacturer’s method.  In addition, 1 × 106 
cells/mL cells were collected from the middle phase. 

 

3.3. Flow cytometry 
The isolated PBMCs were washed twice using 

staining buffer (phosphate-buffered saline plus 0.5% 
bovine serum albumin).  

A 4-color flow cytometry technique was used for 
the determination of the frequency of Tregs and 
identification of the cell surface and intracellular 

markers. The surface markers, including CD4, CD25, 
and CD127, and FoxP3 intracellular marker were 
measured in the study. The antibodies for staining 
markers and isotype controls were purchased 
(eBiosciences Inc., California, USA), and cell staining 
was performed according to the manufacturerʼs 
instructions. Firstly, 106 PBMC and isotype control 
were stained with antigen-presenting cell-
conjugated anti-CD4 (RPA-T4), Brilliant Blue 515-
conjugated anti-CD25 (clone 2A3), and peridinin 
chlorophyll protein Cy5.5-conjugated anti-CD127 
(clone HIL-7R-M21). 

After staining the surface markers, the 
lymphocytes were washed with staining buffer. 
Subsequently, the surface markers were firstly 
fixed with fixation and then permeabilized with 
permeabilization solution (BD Biosciences, San Jose, 
CA, USA). Afterward, the intracellular marker FoxP3 
was stained by phycoerythrin-conjugated anti-FoxP3 
(clone 259D/C7). Isotype was considered the control 
for each sample. Compensation controls were also 
performed to ensure that each color was read in its 
own channel. The samples were then read using the 
FACSCalibur 4-color flow cytometer (BD Biosciences, 
San Jose, CA, USA) and analyzed using FlowJo 
software (version 7.6.1). 

 
3.4. Laboratory tests 

The levels of aspartate aminotransferase, alanine 
transaminase, α-fetoprotein, platelets, white blood 
cells, and hemoglobin were extracted from the 
patients’ records. 

 

3.5. Statistical analysis 
Statistical analysis was carried out using SPSS 

software (version 17). Analysis of variance and t-test 
were used to compare the lymphocytic markers in 
different groups. Moreover, a receiver operating 
characteristic (ROC) curve was applied for diagnostic 
value, and the area under the curve (AUC) was 
presented with a 95% confidence interval (CI). 

 
4. Results 

The study participants were divided into the 
three HBs Ag+ (n=35), seroclearance (n=27), and 
seroconversion (n=28) groups with the mean age 
values of 43.97±11.86, 47.26±12.95, and 47.39±10.40 
years, respectively. Table 1 tabulates the demographic 
and laboratory data of the patients. There was no 
difference in liver function and other laboratory tests 
among the three groups.  

The gated lymphocytes on forward and side 
scatter were first analyzed for the CD4 marker, and it 
was observed that there was no significant difference 
among the three groups in the frequency of this 
marker (P=0.442). In addition, the frequency of CD4+ 
T cell subsets was also calculated (Figure 1).  

The CD4+ CD25+ FoxP3+ and CD4+ CD25+ FoxP3-  
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Table 1. Demographic and laboratory data of study participants 

Variable 
Group 

P-value 
Seroconverted (n=28) Serocleared (n=27) HBs Ag+ (n=35) 

Age (year)  
Mean±SD 

 
47.39±10.40 

 
47.26±12.95 

 
43.97±11.86 

0.423 

Gender (male)  
n (%)  

 
15 (53.6) 

 
20 (74.1) 

 
20 (57.1) 

0.245 

Aspartate aminotransferase (IU/L)  
Mean±SD 

 
23.89±12.88 

 
21.63±5.83 

 
24.69±6.28 

0.386 

Alanine transaminase (IU/L)  
Mean±SD 

 
25.50±16.08 

 
25.41±11.64 

 
25.74±11.80 

0.995 

Platelets (×103/μL) 228±48 216±40 242±64 0.160 

α-fetoprotein  2.07±1.07 2.53±1.63 2.33±1.05 0.399 

White blood cells (×103/μL) 6.8±1.5 7.4±1.7 7.7±1.7 0.099 

Hemoglobin (g/dL) Mean±SD 13.5±1.15 13.7±1.04 13.23±1 0.222 

HBs Ag+: Hepatitis B surface antigen-positive; SD: Standard deviation 

 
populations were calculated to determine Tregs and T-
Activators. Moreover, the frequency of CD4+ CD25+ 
FoxP3+ (Treg) was higher in the HBs Ag+ group than 
that of the other two groups (P=0.0001). The Treg 
population was demonstrated with a significant 
difference between the serocleared and seroconverted 
groups (P=0.012); however, the Treg frequency was 
higher in the seroconverted group (Table 2).  

Among the calculated subgroups, there was a 
significant difference in the frequency of the CD4+ 

CD25+ CD127- FoxP3+ subgroup among the three 
groups (P=0.0001); however, there was no significant 
difference between the serocleared and seroconverted 
groups (P=0.758). The Treg/T-Activator ratio was 
significantly higher in the HBs Ag+ group than those 
reported for the two other groups (P=0.033). Although 
the difference of this ratio was significant between the 
serocleared and seroconverted groups, it was higher in 
the seroconverted group (Table 3). 

The ROC analyses of CD4+ CD25+ FoxP3+ CD127- 
Treg cells showed a significant AUC of 0.768 (CI: 95%, 
P=0.0001; Figure 2). Sensitivity and specificity, 
positive predictive value (PPV), negative predictive 
value (NPV), and positive and negative likelihood 
ratio (LR+ and LR-) were calculated for the best 
corresponding cut-off. The cut-off point was 
considered 4. The sensitivity, specificity, PPV, and 
NPV of this value were 76%, 70%, 60%, and 83%, 
respectively. For this cut-off, the LR+ and LR- were 
2.52 (95% CI: 1.63-3.90) and 0.34 (95% CI: 0.18-

0.63), respectively. According to the result of the ROC 
curve, Tregs can discriminate between HBs Ag+ and 
HBs Ag- patients. Table 4 tabulates the AUC of other 
CD4+ T cell subgroups.  

 

 

Figure 1. Frequency of regulatory T cell subpopulations in a 
hepatitis B surface antigen-positive patient (A), serocleared 
subject (B), and  seroconverted participant (C) analyzed by 
flow cytometry; staining of freshly isolated peripheral blood 
mononuclear cells firstly for surface markers of CD4, CD25, and 
CD127 and then fixing, permeabilizing, and staining for FoxP3 
intracellular marker; gating of lymphocytes in this analysis 
based on forward and side scatter properties; analysis of gated 
lymphocytes for CD4 and CD25 markers in a zebra plot; gating 
and analyzing CD4+ CD25+ cells in a new zebra plot for CD127 
and FoxP3 markers 

 
Table 2. Frequency of CD4+ subpopulations in peripheral blood mononuclear cells of seroconverted and serocleared groups 

CD4+ T cell subpopulation  

Group 

P-value Seroconverted 
(Mean±SD) 

Serocleared 
(Mean±SD) 

CD4+ cells  36.23±12.34 39.4±8.9 0.283 

CD4+CD25+ cells  9.31±4.05 8.34±3.7 0.357 

CD4+CD25+CD127- Treg cells 2.6±1.1 3.4±1.3 0.016* 

CD4+CD25+FoxP3+ Treg cells 2.32±1.7 1.3±1.1 0.012* 

CD4+CD25+FoxP3+CD127- Treg cells  0.39±0.47 0.36±0.26 0.758 

CD4+CD25+FoxP3- activated Teff cells 6.99±3.42 7.03±3.20 0.973 

CD4+CD25+FoxP3+ Treg cells/activated Teff cells ratio 0.40±0.4 0.20±0.12 0.012* 

SD: Standard deviation 
* Significance level at P<0.05  
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Table 3. Frequency of CD4+ subpopulations in peripheral blood mononuclear cells of seroconverted, serocleared, and hepatitis B surface 
antigen-positive patients 

CD4+ T cell  
subpopulation  

Group 
P-value Seroconverted 

(Mean±SD) 
Serocleared 
(Mean±SD) 

HBs Ag+ 
(Mean±SD) 

CD4+ cells 36.23±12.34 39.4±8.9 38.37±6.6 0.442 
CD4+CD25+ cells 9.31±4.05 8.34±3.7 10.68±3.9 0.063 
CD4+CD25+CD127- Treg cells 2.6±1.1 3.4±1.3 5.5±4.1 0.0001* 
CD4+CD25+FoxP3+ Treg cells 2.32±1.7 1.3±1.1 3.25±2.05 0.0001* 
CD4+CD25+FoxP3+CD127- Treg cells  0.39±0.47 0.36±0.26 1.36±1.75 0.001* 
CD4+CD25+FoxP3- activated Teff cells 6.99±3.42 7.03±3.20 7.42±3.12 0.839 
CD4+CD25+FoxP3+ Treg cells/activated Teff cells ratio 0.40±0.4 0.20±0.12 0.55±0.75 0.033 

HBs Ag+: Hepatitis B surface antigen-positive; SD: Standard deviation 
* Significance level at P<0.05  

 

 
Figure 2. Receiver operating characteristic curve analysis of 
CD4+ CD25+ FoxP3+ CD127– Treg cells 

 

5. Discussion 

In recent years, the role of CD4+ CD25+ Foxp3+ 
Tregs has been increasingly recognized in various 
diseases, such as viral and autoimmune diseases. 
Studies have suggested that the frequency of CD4+ 
CD25+ FoxP3+ T cells significantly increases in 
patients with chronic hepatitis (16-18). In the 
present study, the frequency of CD4+ T cells in the 
three groups was measured. Then, the frequency of 
the subgroups of these T cells was determined, and it 
was observed that the frequency of CD4+ CD25+ 
FoxP3+ subgroup was significantly higher in the HBs 
Ag+ group than that of the other two groups. 

Moreover, although the difference in the frequency 
of this subgroup was significant in the two HBs Ag- 
groups, it was higher in the serocleared group than 
that of the seroconverted group. These results are in 
line with the findings of a study carried out by Jung 
MK and Shin EC indicating that the frequency of CD4+  

 

Table 4. Area under the curve of CD4+ T cell subgroups 

T cell subpopulations +CD4 AUC±SE 95% CI P-value 
+CD4 0.522±0.06 0.404-0.641 0.724 

+CD25+CD4 0.643±0.06 0.525-0.761 0.023 
-CD127+CD25+CD4 0.675±0.06 0.557-0.794 0.005 

+FoxP3-CD127+CD25+CD4 0.768±0.05 0.668-0.868 0.0001 
AUC: Area under the curve; SE: Sedimentation equilibrium  

 
CD25+ FoxP3+ Treg cells is higher in chronic HBs Ag+ 
patients, compared to that reported for those who 
spontaneously recovered (19). 

In the present study, the frequency of CD4+ CD25+ 
T cells was higher in the HBs Ag+ group in 
comparison to that of the two HBs Ag- groups; 
however, this difference was not significant. The 
aforementioned finding is in contrast to the results of 
a study conducted by Badawy et al. demonstrating 
that this marker had a significant difference between 
HBs Ag+ and healthy groups (20). In the positive 
antigen group of the aforementioned study, this 
marker was lower in the positive antibody group 
than that of the negative antibody group indicating 
that individuals with both positive antigen and 
positive antibody had a lower immune response.  

It cannot be concluded that Tregs result in 

immune suppression in this group of patients. 
Furthermore, in the current study, among the two 
groups of patients with negative antigen, the 
frequency of Tregs in the positive antibody group 
was higher than that of the negative antibody group, 
which is consistent with the results of the study by 
Badawy et al. Additionally, they observed that the 
frequency of CD4+ CD25+ FoxP3+ was higher in the 
CHB group than that reported for the control group 
showing that the virus could enhance FoxP3 and 
induce Treg production. In the present study, CD4+ 
CD25+ FoxP3+ was significantly higher in the HBs Ag+ 
group than that reported for the other two groups. 

Some studies have demonstrated that an increase 
in the number of viruses can boost Tregs (21), 
suggesting that the higher number of CD4+ CD25+ 
FoxP3+ cells in the HBs Ag+ group than that of the 
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two HBs Ag- groups are due to the higher number of 
viruses. The balance of Tregs and T activated cells 
determines the consequence of hepatic inflammation 
(i.e., chronic active hepatitis, resolution hepatitis, or 
fulminant hepatitis). Therefore, sustaining and 
regulating this balance are critical for the 
immunological manipulation of hepatitis. Some 
studies have shown that the Treg/T-Activated ratio 
increases in infectious diseases and does not 
significantly reduce even after treatment (22), which 
in the present study was also significantly higher in 
individuals with HBs Ag+ than that of the patients 
with HBs Ag-. However, in the HBs Ag- group, this 
ratio was higher in the patients with HBs Ab+, 
compared to that of those with HBs Ab-. 

Based on the results of another study, it was 
indicated that Tregs prevent the blood from being 
cleared of the virus. In the aforementioned study, 
blocking Tregs with antibodies significantly reduced 
viral load, and it was shown that T effectors were 
effective in clearing blood from the virus (23). In the 
current study, although patients in the HBs Ag+ 
group were affected for a long time, the high levels of 
Tregs can be due to the lack of clearance of HBs Ag 
from the blood of these patients. 

 

6. Conclusion 

A higher frequency of Tregs was observed in the 
peripheral blood of CHB patients with HBs Ag+ in 
comparison to the subjects with HBs Ag- which may 
contribute to viral persistence. Although it cannot  
be concluded that Tregs resulted in immune 
suppression in CHB patients, the evidence shows that 
Treg cells suppress T cell responses directed against 
the hepatitis viruses. For this reason, Tregs can affect 
the prognosis of hepatitis B and are responsible for 
the chronicity of the disease and lack of antibodies. 
CD4+ CD25+ Foxp3+ T cells are the major subgroup of 
Treg cells affecting immune suppression. Therefore,  
it is required to carry out further studies to 
demonstrate the exact relationship between Tregs 
and virus-specific immune responses.  
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