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Abstract  
Regulatory T cells (Tregs) play a fundamental role in maintaining immune homeostasis to balance 
between the tissue-damaging and protective effects of the immune response. There are strong 
evidences that Treg cells and their cytokines may play an important role in the induction of tolerance 
in the liver and progression of HCV infection. Herein, we investigated the frequency of Treg cells and 
interleukin 35 (IL-35) level in blood and their potential relationship to the various chronic hepatitis C 
(CHC) complications and outcomes. A total of 36 HCV infected patients subdivided into, CHC 
complicated with cirrhosis (HCV LC; n = 18), CHC complicated with hepatocellular carcinoma (HCV- 
HCC; n=18) and apparently healthy control group (n=18) were enrolled in this study. Treg cells 
percentages were determined by flow cytometric analysis and ELISA was used to measure IL35 serum 
levels. A significant increase in the frequency of peripheral Tregs and serum IL35 level was found in 
HCV HCC, and HCV LC groups compared with the control group. The frequency of peripheral Tregs 
and plasma (IL-35) levels were significantly positively correlated with viral load along with disease 
progression. We conclude that the higher percentage of Tregs and IL35 level in peripheral blood of 
HCV HCC and HCV LC groups compared to the control group may suggest their contribution to viral 
persistence and progression of HCV infection. 
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Introduction 

Infection with hepatitis C virus (HCV) is a major 
cause of chronic liver disease.1-4 The World 
Health Organization (WHO) estimates that at 
least 71 million people are persistently infected 
with HCV and are at risk for serious liver 
diseases, including potentially fatal hepatic 
cirrhosis and hepatocellular carcinoma (HCC).5,6 

Surviving an infection requires the generation of 
a controlled immune response in the host that 
recognizes and eliminates the invading 
pathogen while limiting the collateral damage 
to self-tissues that can result from an exuberant 
immune response. At the same time, most 
microorganisms have to avoid elimination by 
the host immune response to guarantee their 
successful transmission. So during an infection, 
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immune regulation can arise as a result of the 
host response to the infectious process in a bid 
to maintain or restore a homeostatic 
environment and/or it can be actively induced 
by the pathogen to promote pathogen survival.7 

Treg cells, a subtype of T-cells, play a 
fundamental role in maintaining immune 
homeostasis to balance between the tissue-
damaging and protective effects of the immune 
response. Treg cells are characterized by the 
expression of the Forkhead box protein P3 
(FoxP3) transcription factor in the nucleus and is 
generally accepted as the best single marker for 
Treg cells.8-12 

There is strong evidence that Treg cells and 
their cytokines may play an important role in 
the induction of tolerance in the liver13-16. In 
some circumstances, the regulation exerted by 
Treg cells is excessive and prevents the 
establishment of protective immune responses, 
whereas in other circumstances, this control is 
not sufficient to prevent immunopathology. At 
both extremes, manipulation of Treg cells could 
offer therapeutic potential.7 

Interleukin 35 (IL-35), a newly identified 
member of the IL-12 cytokine family, has been 
reported to suppress inflammation and induce 
immunotolerance. Activated peripheral blood 
mononuclear cell (PBMC)- derived human Tregs 
have been shown to express and secrete large 
amounts of IL35, which contributes significantly 
to the suppressive capacity of Tregs in an IL35–
dependent manner17. Additionally, human Treg-
derived IL35 is required for the conversion of 
human conventional Treg cells into iTr35 cells, 
which then promote the generation of more 
iTr35 cells via IL35 secretion, resulting in 
infectious tolerance.18 In this study, we 
evaluated the role of peripheral Treg cells in 
HCV infection by investigating the frequency of 
Treg cells and IL35 serum level to determine 
their relationship to viral persistence and HCV 
pathogenesis. 

Patients and Methods 

Patients' recruitment 

A hospital‐based cross‐sectional descriptive 
study was conducted to evaluate the role of 
Treg cells and IL35 in chronic hepatitis C (CHC) 
patients. All participants were recruited from 
Assiut Liver Institute for Treatment of Hepatitis 

C Virus and Assiut University Hospitals 
outpatient clinics, Assiut, Egypt, between 
December 2017 to September 2018.  

Inclusion criteria for the patients were 
positive for HCV antibodies by ELISA and 
HCV‐RNA by real‐time polymerase chain 
reaction (RT‐PCR) without selection by race, 
age, or gender. Exclusion criteria were 
pregnancy, history of Schistosoma infection, 
inflammatory bowel diseases (IBDs) or 
suspected IBD, autoimmune diseases including 
rheumatoid arthritis, and any patients on 
systemic immunomodulators.  

Patients were grouped into three groups; 
CHC complicated with cirrhosis (HCV LC; n = 18), 
CHC complicated with hepatocellular carcinoma 
(HCV HCC; n=18) and an apparently healthy 
control group (n = 18). Controls were attending 
the blood bank of Assiut University Hospital 
during the study period. They were negative for 
known serologic markers of hepatitis (B & C) 
including hepatitis B surface antigen and 
antibodies to Hepatitis C virus. Two milliliters of 
blood were drawn from each subject.  

Examination of the frequency of Treg cells  

A fluorescence-activated cell sorter 
(FACSCalibur, Becton Dickinson, CA, USA) flow 
cytometry was used for phenotypic analysis of 
PBMC in whole blood samples using a set of 
fluorochrome-labelled monoclonal antibodies 
against Treg surface and intracellular markers. 
Antibodies from Alexa Flour were used, FITC 
conjugated CD25 (Anti human CD25/IL-2 R alpha 
Alexa Flour, R&D, USA, Cat No. FAB1020G-100), 
APC conjugated Foxp3 (Anti human Foxp3 Alexa 
Flour 488, R&D, USA, Cat No. IC8214G-100) and 
Per-CP conjugated CD4 (Anti human CD4 Alexa 
Flour, R&D, USA, Cat No FAB3791C-100). The 
Data were analyzed as % frequency of Treg cells 
gated from CD4+ CD25+high as shown in Figure 1.  

IL-35 measurement 

IL- 35 serum concentration was measured for all 
participants using ELISA kit (Glory Science CO., 
Ltd, USA, Cat No #:99569) according to the 
manufacturer's protocol. 

Statistical analysis 

IBM SPSS 20.0 software was used for all 
analyses. The Kolmogorov-Smirnov test was 
used for testing normality and homogeneity 
variances prior to any statistical analysis. 
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Number and percent (N, %) were used to 
describe categorical variables while mean and 
standard deviation (Mean, SD, Median) for 
continuous variables. For comparison, Chi-
square was used for categorical variables, t-test 

for continuous variables t-test and Kruskal 
Wallis test for parametric data and 
nonparametric data and a two-tailed P < 0.05 
was considered statistically significant. 
Correlation was done using Pearson test.  

                                  

Figure 1. Flow cytometric detection of T- lymphocytes and regulatory T cells. A: Forward and side 
scatter histogram was used to define the lymphocytes population (R1). B: The expression of CD4+ was assessed 
on lymphocytes population and CD4+ T cells gated. C: Then the expression of CD25 on CD4+T cells was detected 
and different gates were drown to define CD4+ CD25- cells (R3), CD4+CD25+low cells (R4), and CD4+CD25+High cells 
(R5). D: The percentage of CD4+CD25+high FoxP3+cells (Tregs) on CD4+ T cells was determined.  

 

Results 

Characterization of the enrolled subjects 

Table 1 summarize the demographic and 
laboratory data of the enrolled subjects. The 
ages of HCV HCC patients were the highest 
(Mean ± SD; 61.94 ± 4.37) followed by HCV LC 
patients (44.78 ± 5.73) and lastly controls (32 ± 
10.2). Regarding sex predominance in patients, 
HCV predominated in males more than females 
in HCV LC and in HCV HCC (Male: Female %; 
66.7:33.3 %; 88.9: 11.1 %, respectively). 
However, in the control group, females were 
more than males (Female: Male; 55.6%: 44.4%). 

Biochemical and laboratory data of patients 
and controls 

These data were obtained from the patient’s 
regular hospital data on admission. For the 
control group, data were obtained from the 
blood bank of Assiut University Hospital as 
routine tests before donating blood. 
Biochemical and laboratory data of patients and 
controls were included to determine whether 
there is a relation between any of them (as 
indicator for disease progression) and Tregs or 
IL-35. In HCV HCC and HCV LC patient groups, 
the mean ALT, AST, total bilirubin and ALP levels 
were increased. 

 

 

Table 1. Demographic and biochemical data of different research groups. 

 
HCV LC (n=18) HCV HCC (n=18) Control (n=18) 

Mean±SD Mean±SD Mean±SD 

Age 44.78 ± 5.73 61.94 ± 4.37 32 ± 10.02 
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Sex    

(Male: Female, n) 

(Male: Female; %) 

12: 6 

66.7 :33.3 % 

16: 2 

88.9 : 11.1 % 

8: 10 

44.4 :55.6% 

PCR IU/ml  4.98 ± 1.65×105 6.13 ± 1.15×105 0 ± 0 

Total Bilirubin mg/dl  2.52 ± 1.03 2.49 ± 1.23 0.36 ± 0.27 

Direct Bilirubin mg/dl  1.89 ± 1.2 7.78 ± 5.46 0.33 ± 0.16 

Total Protein g/dl  5.69 ± 1.34 5.17 ± 1.13 6.99 ± 0.45 

Albumin; g/dl  2.2 ± 0.82 2.35 ± 0.82 3.52 ± 0.32 

A/G  1.35 ± 0.68 1.6 ± 0.72 0.71 ± 0.31 

AST U/L  61.94 ± 30.63 118.67 ± 63.4 12.56 ± 1.5 4 

ALT U/L  44.28 ± 17.83 183.5 ± 248.49 13.28 ± 2.0 5 

ALP U/L  107.06 ± 40.55 167.33 ± 41.23 53.78 ± 12. 55 

Urea mg/dL  10.4 ± 6.81 10.87 ± 6.49 13 ± 1.81 

Creatinine mg/dl  1.36 ± 1.28 1.13 ± 0.62 0.77 ± 0.22 

Prothrombin time sec  16.38 ± 4.57 17.53 ± 4.61 11.87 ± 1.0 5 

Prothrombin conc  48.31 ± 17.84 51.81 ± 15.32 96.37 ± 9.7 3 

INR  1.6 ± 0.32 1.72 ± 0.32 1 ± 0.05 

n: number, ALT: alanine aminotransferase, AST: aspartate aminotransferase, ALP: alkaline phosphatase, INR: International 
Normalization Ratio. 
 

Characterization of peripheral Treg cells  

The frequency of Treg cells in the study groups 
is presented in Table 2. The mean of 
CD4⁺CD25⁺high Foxp3⁺ Treg cells percentage 
(from CD4⁺CD25⁺high T cells) was the highest in 
peripheral blood of HCV HCC group (96.96 ± 
4.22%) followed by HCV LC group (90.9±5.49%) 
and lastly the control group (73.53 ± 20.68%). 

There was a significant difference in Treg cells 
percentage between HCV HCC and HCV LC (HCV 
HCC > HCV LC, P < 0.002). There was a 
significant difference in Treg cells percentage 
between the controls and HCV LC (HCV LC > 
Controls, P= 0.008), and between HCV HCC and 
the controls (HCV HCC > Controls, P < 0.001). 

Table 2. Multi-comparison of regulatory T cells percentage between the studied groups. 

Treg cells% (Mean ± SD) 
HCV LC 

(90.9±5.49) 

HCV HCC 

(96.96±4.22) 

Control 

(73.53±20.68) 

HCV LC - 
 

 

HCV HCC P1= 0.002 -  

Control P2 = 0.008 P3 < 0.001 - 
Kruskal Wallis test, P<0.05 indicates significant statistical difference. 

 

Correlation between Treg cells percentage 
and laboratory data in studied groups 

In HCV HCC group, there was a significant 
negative correlation between Treg cells 
percentage and albumin level (R = -0.552, P = 
0.018) as shown in Figure 2. There was no 
correlation with other laboratory parameters.   
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Figure 2. Correlation between Treg cells 
percentage and albumin level in HCV HCC  

 

Comparison in serum IL35 levels between 
groups  

The mean serum level of IL-35 concentration 
was significantly higher in HCV HCC group 
(mean ± SD: 64.86 ± 30.84) and the HCV LC 
group (52.5 ± 15.14) than the control group 

(19.11 ± 4.62). Serum level of IL35 was 
significantly higher in the HCV LC group vs. the 
control group (HCV LC > control, P = 0.001) and 
in the HCV HCC group vs. the control group 
(HCV HCC > control, P < 0.001). However, there 
was no significant difference between serum 
level of IL35 in the HCV HCC group vs. the group 
HCV LC (P = 0.308), as shown in Table 3. 

Table 3. Comparison in serum IL35 levels between groups  

IL-35 pg./ml  
HCV LC 

(52.5±15.14) 

HCV HCC 

(64.86±30.84) 

Control 

(19.11±4.62) 

HCV LC - 
 

 

HCV HCC P1 = 0.308 -  

Control P2 < 0.001 P3 < 0.001 - 

Kruskal Wallis test.   P<0.05 indicates significant difference 

 

Correlation between the percentage of Treg cells 
and IL35 serum level in all research groups 

No correlation was found between the 
percentage of Treg cells and IL35 serum level in 
all research groups. 

Discussion 

In the present study, we investigated the 
frequency of Treg cells and IL35 level and their 
potential relationship to the various CHC 
complications and outcomes. We found that the 
highest percentage of Treg cells was seen in the 
peripheral blood of patients with HCV HCC 
group when compared to other groups included 
in the study. These findings were consistent 
with those of Yoshizawa et al., 2010 who 
reported that the highest percentage of Treg 
cells in the total CD4+T cell population was seen 
in the peripheral blood of patients with HCC.19 
Also, Nafady et al., 2018 and Zahran et al., 2019 
found that the frequency of CD4+CD25high+ T 
regulatory (Treg) cells increased in HCV‐infected 
patients, compared with those in control, and 
FOXP3 was upregulated.20,21 
Most of prior studies focused on the well-
known cytokines secreted by Treg cells such as 
IL10 and TGF ß, but in our study, we tried to 
determine the role of a novel downregulatory 
cytokine (IL35) in various stages of chronic HCV 

infection. We examined the frequency of Treg 
cells and IL35 concentration in peripheral blood 
of different stages of chronically infected HCV. 

Our results showed that the highest 
percentage of Treg cells within the CD4+CD25high 
cell population was seen in the peripheral blood 
of patients with HCV HCC group followed by 
HCV LC group and lastly by the control group. 
These findings were consistent with those of 
Yoshizawa et al., 2010 who reported that the 
highest percentage of Treg cells in the total 
CD4+T cell population was seen in the 
peripheral blood of patients with HCC (6.80 ± 
0.30%) followed by HCV LC (6.10 ± 0.28%) then 
Naïve CHC (5.88 ± 0.19%), and lastly the 
controls (5.13 ± 0.25%). Also, more recent 
studies are concordant with our findings as with 
those of Nafady et al., 2018 who stated that the 
frequency of CD4+CD25high+ T regulatory 
(Treg) cells increased in HCV‐infected patients, 
compared with those in control, and FOXP3 was 
upregulated within them20 and Zahran et al., 
2019 who reported a  higher Treg percentage in 
HCC than controls.21 There was a significant 
difference between HCV HCC and HCV LC 
groups (P < 0.001), consistent with the findings 
reported by Yoshizawa et al., 2010. We found 
that there was no significant difference 
between HCV LC and CHC which was consistent 
with the findings reported by Yoshizawa et al., 
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2010 who stated that the proportion of Treg 
cells did not increase in HCV LC compared with 
CHC.19 

Herein, we measured the serum IL-35 level 
by indirect ELISA and we found that serum IL-35 
concentration was higher in HCV HCC group and 
HCV LC group than the control group. 
Consistent with our results are those reported 
by Liu et al., 2017 and Hu et al., 2018. However, 
in these studies the expression of IL35 at the 
protein level was detected with immune-
histochemistry (IHC).22,23 
Unfortunately, in our research, no correlation 
was found between Treg cells percentage and 
IL35 serum concentration in all research groups. 
Such observation may be due to the small 
sample size and the lack of measuring IL35 from 
activated Tregs instead of serum concentration 
which represent a limitation of our study. 

In conclusion, Treg cells and IL 35 appear to 
have association with the hepatic pathologic 
damage, HCV pathogenesis and complications 
that suggests a strong linkage between Treg cell 
populations and hepatic insult.  
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