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Abstract
Interleukin-35 (IL-35), secreted mainly by T-regulatory cells (T-regs), has been considered to have 
immunosuppressive actions in many auto-immune diseases and tumors. However, information about 
its role in chronic hepatitis C (CHC) infection is still limited. We aimed to study the role of IL-35 within 
CHC infection and to assess its correlation with T-regs and T-helper 17 cells (Th-17). Therefore, we 
measured serum IL-35 concentrations using ELISA assay in 25 normal controls (NCs) and in 30 CHC 
patients before receiving direct antiviral agents (DAA) treatment and after 3 months of treatment end. 
T-regs and Th-17 cells frequencies were assessed via flow-cytometry in control group and patients’ group 
before treatment. The results showed that serum IL-35 levels revealed a highly significant increase in 
CHC patients compared to NCs (P <0.001). Moreover, IL-35 levels significantly decreased in patients 3 
months after treatment end (P =0.02). Both Th-17 and T-regs were significantly increased in patients 
more than in NCs and a positive correlation was observed between them. However, T-regs/Th-17 ratio 
did not show significant difference from the ratio in NCs. IL-35 levels were positively correlated with 
viral load and T-regs frequency, but not with Th-17 frequency. IL-35 levels did not correlate with liver 
enzymes or functions. These results suggested that IL-35 enhances the immunosuppressive functions 
of T-regs, protecting the liver from HCV induced damage and contributes to viral persistence. IL-35 
may represent a possible immunotherapeutic strategy for chronic persistent infection if given with 
DAA, especially in relapsing or non-responding cases.
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iNtRODuCtiON
 CHC infection leads to a range of liver 
disorders, ranging from asymptomatic mild 
inflammation to severe fibrosis, subsequent 
cirrhosis and hepatocellular carcinoma, causing 
significant morbidity as well as mortality to the 
affected patients1. HCV and its complications are 
considered significant public health problem that 
Egypt has to challenge as the highest prevalence 
of HCV infection in the world was recorded in 
Egypt up to 14.7 % in 2015 and the most common 
isolated genotype is HCV genotype 4, in about 90% 
of CHC patients in Egypt2. 
 Although HCV exhibits a non-cytopathic 
activity in the liver, the primary cause of liver 
damage is immune-mediated destructive reactions 
of the host immune response against the virus2,3. 
If host T-cells display vigorous constant responses, 
HCV might be eliminated spontaneously in early 
disease, however, the infection will be chronic if 
the response of T-cells is fragile or temporary4. In 
addition, in acute infection with HCV if CD4+ Th-1 
cells produce intensive interferon -c, IL-2 alongside 
the active macrophages and CD8+ T cells response, 
the virus will be effectively eliminated more than 
in patients with predominant Th-2 response which 
produce interleukins 4,5,10 and 135. Moreover, 
CD4+ T cells may differentiate to subsets rather 
than Th-1 and Th-2 subsets, as CD4+CD25+foxp3+ 
T-regs, which secrete IL-10 and transforming 
growth factor-β1 (TGFβ1), to suppress antiviral 
immune responses and control inflammatory liver 
damage, leading to viral persistence and immune 
tolerance in CHC6. Th-17 is another CD4+ T cells 
subset that secretes proinflammatory cytokines 
as interleukins 17A, 17F and 227. If imbalance 
occurs between T-regs and Th-17, many disorders 
as autoimmune diseases, chronic inflammations as 
well as tumors will occur and progress8. 
 IL-35 is the latest member defined in 
the IL-12 family and greatly expressed in T-regs. 
Other cells such as vascular endothelial cells, 
smooth muscle cells and monocytes may express 
it during inflammation9. IL-35 is considered to 
have immunosuppressive action by enhancing 
T-regs cells proliferation and suppressing Th-17 
cells differentiation10. Hence, IL-35 can contribute 
to persistent HCV infection through suppressing 
immune response against the virus. Meanwhile, it 

can prevent HCV-induced liver injury by inhibiting 
pro-inflammatory cytokines expression11. 
 A significant improvement in viral 
clearance and sustained viral response (SVR) was 
observed in patients treated with DAAs more than 
in patients treated with ribavirin and pegylated 
interferon combination therapy12. However, many 
further concerns to challenge with are found, as 
immune tolerance, immune exhaustion, fibrosis 
and severe liver injury as well as viral relapse, 
all of which require more study. Limited studies 
have been conducted on IL-35 in CHC infection 
so far. The regulatory potential of IL-35 makes it 
an attractive target for therapeutic intervention 
as an immunosuppressive factor, therefore 
recombinant IL-35 or IL-35-producing cells may 
be used alongside antiviral drugs to protect liver 
from HCV-induced injury. 
 In this study we aimed to assess the 
change in serum IL-35 concentrations in CHC 
infected patients before starting treatment and 
after 3 months of treatment end. In addition, 
we studied the possible association of IL-35 with 
T-regs and Th-17 frequency and other laboratory 
parameters, in order to explore its role in HCV 
chronic infection.
Patients and Methodology
subjects
 The present study is an observational 
cross-sectional study conducted on patients 
visiting  the outpatient clinic of the Virology 
unit, Faculty of Medicine, Ain Shams Research 
Institute, Ain shams University Hospital (MASRI), 
Cairo, Egypt, in the period from September 2018 
to September 2019. It included thirty patients 
diagnosed as having CHC class A based on Child-
Turcotte-Pugh (CTP) classification (Group 1) and 
twenty five apparently healthy subjects (Group 
2) tested negative for HCV antibody. The thirty 
patients were twenty males and ten females. The 
mean age of patients was 44.97 years (±13.79) 
ranging from 27 to 78 years. As regard normal 
controls they were 15 males and 10 females. Their 
mean age was 32.8 years ± 7.45 ranging from 25 
to 55 years. Before collecting samples, Informed 
consents were taken from all participants, in 
accordance to the “regulation of the Ethical 
Committee of Scientific Research of Faculty of 
Medicine, Ain Shams University, Cairo, Egypt” 
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and according to “The Code of Ethics of the World 
Medical Association (Declaration of Helsinki) for 
experiments in humans”.
inclusion criteria
 The study included CHC class A patients. 
They were positive for anti-HCV antibody (ELISA 
kit; Biotech Co., LTD, Turkey) for at least six months. 
All patients were naive treatment (did not receive 
any antiviral treatment) when the samples were 
collected.
exclusion criteria
 Patients presented with end-stage 
liver diseases (CTP class B or C or hepatocellular 
carcinoma) or started antiviral treatment or 
immune-modulatory therapies and/ or had other 
hepatitis viruses co-infection were excluded from 
the study.

MethODs
 The study method briefly included the 
following steps:

1. Full history taking and clinical data collection
2. Blood samples collection from control 

group and from CHC patients group before 
treatment and 3 months after treatment end

3. IL-35 were measured in healthy controls and
 in CHC patients group before treatment and 3 

months after treatment end using direct ELISA
 technique
4. Tregs and Th17 cells were measured in NC and 

in CHC patients group before treatment using 
Flow cytometric analysis

5. Data analysis
All the enrolled patients were subjected to:
I- Full history taking
 Thorough clinical examination and 
routine laboratory investigations for chronic 
viral hepatitis, including liver functions testing 
(total bilirubin, albumin, prothrombin time), liver 
enzymes (ALT & AST), complete blood count (CBC) 
and quantitative RT- PCR for HCV. Then, blood 

Fig.1. lymphocytes stained with anti-CD4 FITC, anti-CD25 PE and anti CD127 PC5: (A) dot blot of forward scatter 
(FS) versus SS (side scatter) shows lymphocytes gate A which represent 10.5 % of the harvested cell populations. 
(b) A dot plot of anti-CD25 PE versus anti-CD4 FITC shows that 41.8 % of the gated lymphocytes populations were 
CD4+CD25+, a gate G2 included this population. (c) CD4+CD25+ lymphocytes were examined for expression of CD127. 
the dot blot demonstrates that 99.3% of the CD4+CD25+ lymphocytes population did not express or fairly express 
CD127 So, activated T-regs percentage was 41.5% in this sample as T-regs were defined as CD4+CD25+CD127dim/−cells
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samples were obtained before treatment and 
after 3 months of treatment end. The treatment 
protocol given was sofosbuvir 400mg/day and 
daclatasvir 160 mg/day for 12 weeks, according 
to Egyptian protocol of treatment13. 
II- Estimation of serum IL-35
 The serum IL-35 levels were measured 
in blood samples of patients before starting 
treatment and 3 months after treatment end 
as well as in NC group blood samples, using a 
commercially available quantitative sandwich 
ELISA technique (Biotech Co., LTD, Turkey) 
following the manufacturer’s instructions. Optical 
densities were read using a micro-plate reader 
(CLARIOstar®, BMG Labtech., Germany) within 
10 min of adding stop solution at 450 nm. The 
detection limit was 0.27 ng/mL.
III- Flowcytometric assay of T-regs as well as Th-
17 among Peripheral blood mononuclear cells
 T-regs and Th-17 frequency were 
measured in blood samples of patients group (3 ml 

in EDTA tube) before treatment as well as in control 
group blood samples, using flow-cytometric 
analysis as follows:
 Peripheral blood mononuclear cells 
(PBMCs) were taken from the peripheral blood 
using Ficoll-Hypaque density centrifugation “3000 
r/min for 10 minutes at room temperature”, 
then T-regs were purified using fluorescein-
isothiocyanate (FITC) antihuman CD4 (Beckman-
Coulter Co., USA), phycoerythrin (PE) antihuman 
CD25 (Beckman-Coulter Co., USA) as well as 
phycoerythrin cyanine antihuman CD127-PC5 
(Beckman-Coulter Co., USA). In Addition, Th-17 
were purified using PE-antihuman CD3 (Beckman-
Coulter Co., USA), PC5-antihuman CD4 (Beckman-
Coulter Co., USA) as well as FITC-antihuman 
IL-17-A (Bio-techne. Co., Turkey) according to the 
manufacturer’s instructions. All labeled samples 
were tested through NAVIOS flow cytometer using 
the NAVIOS CXP software (Navios Tetra, Navios 
Win 7 Workstation) (Beckman Coulter Co., USA). 

Fig.2. lymphocytes stained with anti CD3 PE, CD4 PC5 and anti IL-17A FITC 1. dot blot of forward scatter (FS) versus 
SS (side scatter) shows lymphocytes gate A which represent 14% of the harvested cell populations. 2. (b) A dot plot 
of anti CD3 PE against anti CD4 PC5 shows that 30.4 % of the gated lymphocytes populations were CD3+CD4+, a gate 
G2 included this population 3. CD3+CD4+ lymphocytes were examined for expression of IL-17A FITC, the dot blot 
demonstrates that 70% of the CD3+CD4+ lymphocytes population express high levels of IL-17A as shown in figure 
2-(C) So, Th-17 percentage was 20.68 % of the total lymphocytes in this sample as Th-17 cells were identified as 
CD3+CD4+ IL-17A+ cells.
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Table 1.  Patients laboratory investigations done before treatment and 3 months after treatment end

  Mean (±SD) P-valuea

ALT (IU/L) Before TTT 51.69 (24.9) <0.001 
 3 months after TTT end  31.10 (18.8) 
AST (IU/L) Before TTT 42.45 (38.1) 0.03 
 3 monthsafter TTT end 26.24 (20.7) 
T bil (mg/dl)  Before TTT 0.74 (0.24) 0.01 
 3 months after TTT end 0.56 (0.33) 
ALB (g/dl)  Before TTT 4.08 (0.61) 0.01 
 3 months after TTT end 4.29 (0.57)
Quantitative Before TTT Median: 967766.5 
PCR b (IU/ml)  IQR: 381590-2556215
 3 months after TTT end Negative 

A comparison between different laboratory parameters performed for CHC patients before and after treatment with DAAs. 
a There was highly significant statistical difference (P value ≤0.05) in the levels of ALT, AST, total bilirubin and serum albumin 
levels before and after 3 months of DAAs treatment. b All the patients enrolled achieved sustained virological response after 3 
months of treatment end, confirmed by a negative PCR.
ALB: albumin, ALT: alanine-transaminase, AST: aspartate-transaminase, HS: highly significant, IQR: interquartile range, PCR: 
quantitative polymerase chain reaction, S: significant, T bil: total bilirubin, TTT: treatment.

table 2. Serum IL-35 level, T-regs and Th-17 frequency and Tregs/Th-17 ratio in patients and controls

 Patients Control P-value
 Mean (±SD) Mean (±SD)
 
IL-35 (ng/ml) 18.8 (11.9) 11.9 (1.4) <0.001 HSa

T-regs (%) 23.4 (11.4) 11.4 (0.8) <0.001 HSa

 Median (IQR) Median (IQR) 
Th-17 (%) 6.3 (9.4) 0.4 (0.4) <0.001 HSa

T-regs/TH-17 Ratio 3.8 (2.2-5.5) 3.6 (2.1-5.2) <0.001 NSb

A There was a highly statistically significant difference in serum IL-35 level, Tregs and Th17 cells percentages between CHC 
patients and healthy controls (P-value ≤0.05), b while there was no statistical difference in Tregs-Th17 ratio among the two groups.
HS: highly significant, IL-35: interleukin 35, NS: non-significant, Th-17: T helper 17 cells, T-regs: T regulatory cells.

In order to exclude positive and negative cells, 
isotype control antibodies were used in the PE, 
FITC and PC5 fluorescence channels then the 
activated phenotype of T-regs was defined as 
CD4+CD25+CD127dim/−cells (Fig. 1) and Th-17 cell 
was identified as CD3+CD4+ IL-17A+ cells (Fig. 2).
Data assessment
 Data analysis was performed using 
statistical program for social science (SPSS) version 
23 as follows: for describing the considered sample, 
quantitative data were presented as minimum, 
maximum, mean and standard deviation (median 
and IQR for non-parametric data). Qualitative 
data were exhibited as count and percentage. 
For comparing quantitative data between two 
groups, Student “t” test was used when comparing 

non-parametric data, Mann Whitney U test was 
used. Pearson’s and Spearman’s correlation tests 
were performed to measure correlation between 
different continuous variables. P-value  < 0.05 is 
considered statistically significant.

Results
 The laboratory investigations done for 
the patients are listed in table (1). A significant 
decrease was observed in ALT, AST and total 
bilirubin while a significant elevation was found 
in serum albumin level among patients 3 months 
after treatment end, in comparison to their levels 
before treatment. All patients achieved SVR 3 
months after treatment end (negative quantitative 
RT-PCR).
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il-35 serum level
 IL-35 serum levels in CHC patients 
showed highly significant increase (18.77± 11.91 
ng/mL) compared to 2.01± 1.38 ng/ mL in NC  
(P value <0.001; Table 2). Serum IL-35 levels 
were significantly declined after achieving SVR (3 
months after treatment end) to reach 7.91±9.63 
ng/ml (P value <0.001) as shown in Fig. 3. 
 A statistically positive correlation was 
observed between the serum IL-35 level and the 
viral load among CHC patients before treatment 
(P value = 0.02). Serum IL-35 levels before and 3 
months after treatment end showed insignificant 
correlation with liver enzymes or liver functions, 
except for serum albumin level which showed 
a positive correlation with serum IL-35 level 3 
months after treatment end (P value= 0.02) as 
shown in table 3. 
T-regs and Th-17 cells frequency
 T-regs percentage among patients was 
23.36 % ±11.43, compared to 1.65% ± 0.78 in NC. 
Th-17 percentage has 6.30% median with 9.40 IQR, 
compared to 0.40% median with 0.40 IQR in NC. 
T-regs and Th-17 percentages in patients showed 
highly significant increase than their percentages 
in NCs (P value < 0.001) as shown in Table 3. The 
Tregs/Th-17 ratio did not show significant statistical 

difference from those found in NC (Table 2). A 
highly significant positive correlation was observed 
between T-regs and Th-17 cells frequencies among 
CHC patients (P value<0.001) as shown in Fig. 4. 
In addition, patients’ serum levels of IL-35 before 
treatment had a significant positive correlation 
with T-regs frequency, while it had no significant 
correlation with Th-17 percentage. On the other 
hand, there was no significant correlation between 
the frequency of either T-regs or Th-17 cells with 
any of the laboratory parameters performed as 
shown in table 4.

DisCussiON
 HCV is one of the primary reasons for 
chronic hepatitis, liver fibrosis, liver cirrhosis, 
hepatocellular carcinoma worldwide and it 
is a leading cause for liver transplantation in 
developed countries14. Infection with HCV is 
considered a significant health issue in Egypt as 
the highest prevalence of HCV infection in the 
world was recorded in Egypt about 14% in 20152. 
Many studies reported that HCV does not have 
cytopathic effect on the liver and HCV related liver 
injury is purely immune-mediated as a result of a 
complicated host immune response2,11. T regs and 
Th-17 cells have been revealed to play a vital role 
during chronic inflammatory disorders15. IL-35 has 
been demonstrated to induce immunotolerance in 
immune-mediated diseases11. The IL-35 role in CHC 

table 3. Correlation between IL-35 and laboratory 
work-up

 IL-35 before IL-35 three months 
 treatment after treatment end
                                    P- value

ALT (IU/L) 0.95 NS b 0.38 NS b

AST (IU/L) 0.84 NS b 0.81 NS b

Tbil (mg/dl) 0.38 NS b 0.18 NS b 
ALB (g/dl) 0.82 NS b 0.02 S a

Quantitative 0.02 S c 
PCR (IU/ml)

a,b Serum IL-35 levels before and 3 months after treatment 
end showed insignificant correlation with liver enzymes or 
liver function tests, except for serum albumin level, which 
showed a positive correlation with serum IL-35 level 3 months 
after treatment end (P value < 0.05). cA statistically positive 
correlation was observed between the serum IL-35 level 
and the viral load among CHC patients before treatment (P 
value < 0.05).
ALB: albumin, ALT: alanine-transaminase, AST: aspartate-
transaminase, IL-35: Interleukin 35, NS: non significant, PCR 
: polymerase chain reaction, S: significant, Tbil: total bilirubin.

table 4. Correlation between T-regs and TH-17 
frequency and laboratory investigations parameters

 T-regs (%) Th-17 (%)
 P valuea

ALT (IU/L) 0.27 NS  0.40 NS 
AST (IU/L) 0.71 NS  0.11 NS 
Tbil (mg/dl) 0.26 NS  0.15 NS 
ALB (g/dl) 0.11 NS  0.44 NS
Quantitative 0.12 NS  0.48 NS 
PCR (IU/ml)

a Analyzing the correlation between T-regs and Th17 cells with 
different laboratory parameters performed to the enrolled 
patients revealed a non-significant correlation between either 
of the two cells and these lab parameters (P values <0.05) . 
ALB; albumin, ALT: alanine-transaminase, AST: aspartate-
transaminase, NS: non-significant, PCR: quantitative 
polymerase chain reaction, Tbil; total bilirubin, Th-17: T helper 
17 cells, T-regs: T regulatory cells. 
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was still incompletely elucidated. Thus, the current 
study aimed to assess its role in CHC infection. 
 All cases enrolled in the study achieved 
SVR 3 months after treatment end. The SVR 
was associated with improvement in liver 
inflammation and function. The same results 
were reported by other studies16-19. Foster et 
al. 16 found that viral clearance was achieved 
in 81.6% of treated decompensated cirrhosis 
patients, with improvement in liver function 
and liver enzymes , whereas liver functions were 
worsened and liver enzymes remained elevated 
in untreated patients. Abozeid et al. 19 found 
that DAAs treatment was associated with SVR in 
about 95.1% of patients enrolled in their study, 
with improvement in transaminases and bilirubin 
level by the end-of-treatment. In the same venue, 
other studies17,18 found that DAAs treatment was 
associated with SVR rate above 92% and they 
revealed an unexpected improvement in liver 
function with significant decline of ALT and AST 

in treated patients. The viral clearance occurring 
after DAAs administration leads to decrease in the 
intrahepatic immune-mediated inflammation and 
hepatocytes damage with significant improvement 
in liver functions as the intrahepatic inflammation 
directly reduces the synthetic capacity of the 
liver, thus after virus clearance and blocking 
inflammation, the liver function can be restored 
to some extent11,17. 
 The present study showed that serum IL-
35 levels revealed a highly significant increase in 
CHC patients group more than its levels in control 
group. In addition, there was a significant decline 
in the IL-35 levels in all patients after receiving DAA 
and achieving SVR. This comes in accordance with 
other studies11,20,21. 
 The higher IL-35 level in patients and its 
decline after treatment suggest its pivotal role in the 
immunopathogenesis of HCV infection, especially 
in persistent chronic HCV infection, and a possible 
correlation with liver inflammation. Whether these 

Fig. 3. Comparison between IL-35 levels in serum among patients before treatment and 3 months after treatment end.

Fig. 4. Correlation between T-regs and Th-17 cells frequencies among CHC patients before treatment.
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higher levels mean it is an immunosuppressive 
cytokine or an immune-stimulant one is a raised 
question.
 Serum IL-35 levels were positively 
correlated with HCV viral load. This finding goes 
in accordance with Liu et al.11 and Shao et al.20, 
who observed the same result as they reported 
that IL-35 was elevated in the serum of patients 
with CHC compared to that in healthy individuals 
and treatment led to significant decline in IL-
35 concentration as well as the viral load. In 
addition, Liu et al.11 found that IL-35 didn’t have 
direct antiviral effects against HCV in cultured 
cells after direct IL-35 stimulation. In their study, 
a total of 107 copies of HCV in cell culture (HCV 
cc) were added to cell culture (Huh7.5 cells) for 5 
h, then incubated with and without recombinant 
IL-35(rIL-35) for 48 hours (final concentration of 
1ng/ml). HCV RNA replication in both cultured cells 
and supernatants was determined using RT-PCR. 
The levels of HCV RNA did not show significant 
differences in response to rIL-35 in either the 
HCVcc-infected Huh7.5 cells or the supernatants 
from cultured cells. 
 The positive correlation found between 
viral load and IL-35 could be explained by the 
possible immunosuppressive function of IL-
35. Whenever the virus replicates and causes 
immune-mediated liver injury, the more immune 
suppression factors are activated to lessen the 
damage and impairment, i.e. IL-35 increases 
to suppress antiviral immune responses and to 
reduce inflammatory responses leading to viral 
persistence in chronic viral hepatitis11,20,21.
 On the contrary, Shi et al.20 reported that 
no correlation was observed between HBV DNA 
loads and IL-35 in peripheral blood. However, they 
suggested a probable anti-inflammatory effect 
of IL-35 to limit liver damage without directly 
inhibiting viral replication and that the viral load 
in peripheral blood might not reflect those inside 
the liver tissue.
 Many studies directed on the T-regs role 
during infection with HCV11-22. The major function 
of T-regs is to control the immune response of 
T cells against pathogens, tissue damage and 
severe inflammation as well as T-regs regulate 
the balance of the immune responses. T-regs 
primarily act through soluble cytokines secretion 
as IL-10, transforming growth factor -β1 and IL-

3522. The occurrence and development of CHC are 
associated with changes in the T-regs frequency11.
 The current study found that T-regs 
percentages exhibited a highly significant increase 
among patients in comparison to NC (P. < 0.001). 
This finding comes in accordance with other 
studies conducted in CHC and CHB patients11,21,23-25. 
The increase in T-regs percentages in peripheral 
blood might be caused by the inflammation and 
necrosis of the liver tissue during HCV and/or HBV 
infection that induce the production of T-regs as 
immunosuppressant cells to prevent extensive 
liver damage. This immunosuppressive function 
may cause infection to become chronic in most 
of the patients25,26.
 On the other hand, Claassen et al.26 
reported that CHC did not change the blood 
cellularity and numbers of T-regs might be declined 
as compared to normal healthy controls. The 
definite number as well as the fraction of these 
T-regs to lymphocytes was lesser in CHC patient 
blood than in healthy subjects blood. In addition, 
the authors found high numbers of T-regs inside 
the HCV infected liver, while they were absent from 
healthy liver. This discrepancy may be explained by 
localization of differentiated and highly activated 
T-regs in large numbers inside chronic HCV infected 
liver 27.
 Th-17 cells share the T-regs origin from 
the same naive T cells and have similar signaling 
differentiation pathways. Opposing the action 
of T-regs, Th-17 cells up-regulate inflammation. 
More importantly, the imbalance between T-regs 
and Th-17 is expected to be responsible for viral 
persistence in CHC and CHB infections7. If the 
ability of T-regs to suppress Th-17 response is 
enhanced, the balance of T-reg/Th-17 would be 
skewed towards T-reg cells, hence regulating the 
liver tissue injury and even prevent the disease 
progression24. 
 Few studies were conducted on Th-17 
cells in CHC patients, while it was extensively 
studied in CHB, therefore we investigated Th-
17 cells frequency in CHC patients. Higher 
significant levels of Th-17 among patients were 
noticed in comparison to controls (P value 
<0.001). This significant increase agrees with 
other studies15,28-30. Chang et al.28 found that 
there was a significantly higher frequency of 
circulating Th17 cells in CHC patients compared to 
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normal controls. In addition,Yang et al.15 showed 
a highly increased HBV core-specific Th17 cell 
response in CHB patients when compared with 
asymptomatic carriers. As well as Yang et al.30 

observed significantly higher frequencies of the 
circulating Th17 cells in patients with CHB, cirrhosis 
and liver failure compared with levels in the 
normal controls. The significant elevation of Th-17 
frequency in CHC and CHB patients illustrates the 
vital role of Th-17 in triggering liver inflammation 
through production of pro-inflammatory cytokines 
such as interleukins (17 and 22)31. On the contrary, 
other studies31,24 did not declare any statistically 
significant difference in the Th-17 cells frequency 
in CHC patients’ peripheral blood, although 
significantly higher numbers of Th-17 inside the 
liver were observed compared to its frequency in 
peripheral blood samples.
 Th-17 cells might settle inside the liver 
and therefore, circulating IL-17 cells levels might 
not significantly increase peripherally16. The 
discordance between the current study results and 
other studies may be explained by conducting the 
studies on patients with different stages of CHC 
infection, as the Th-17 trapping in liver tissue may 
occur in disparity proportion in different stages of 
CHC infection16.
 The current study revealed a highly 
significant positive correlation between T-regs and 
Th-17 frequency in the patients group. The T-regs/
Th-17 ratio did not significantly differ from the 
ratio in HCs. Same findings were reported by other 
studies15,24,32-34. It may be due to the simultaneous 
increase in both cells in CHC patients. 
 The correlation between T-regs, Th-17 
frequency and IL-35 in CHC patients was analyzed 
by the current study. It was revealed a significant 
positive correlation between T-regs frequency and 
IL-35, but it did not find any significant correlation 
between Th-17 frequency and IL-35.
 Previous studies11,15,20,21 found that IL-
35 levels in serum were increased in CHB and 
CHC patients as well as asymptomatic carriers, 
enhancing the suppressive functions of T-regs and 
reducing other CD4+ T cells and cytotoxic CD8+ 
T cells activities. An in vitro study by Collison et 
al.35 reported that T cells exposed to IL-35 directly 
can generate a new kind of T-regs (iTr35) that are 
distinct from IL-10 or TGF-β induced T-regs. These 
iTr35 kind of cells mediate a stronger immune-

suppressive activity in infections and tumors than 
IL-10 or TGF-β induced T-regs. The generation of 
the iTr35 cells can be stimulated by IL-35 as well 
as further IL-35 is additionally secreted by these 
cells, generating a positive feedback loop35. As well 
as, Liu et al.11 investigated the regulatory role of 
IL-35 on T-regs in peripheral blood monocytes from 
CHC patients and healthy individuals stimulated 
with recombinant IL-35 (rIL-35) for 6 h. They found 
that the IL-35 stimulation not only elevated the 
percentage of T-regs in CHC patients, but also up-
regulated the production of anti-inflammatory 
cytokines (e.g., IL-10 and IL-35) and inhibited other 
cells proliferation, which indicates enhancement 
of the suppressive function of Tregs. They also 
observed that rIL-35 stimulation increased FoxP3 
mRNA expression in T-regs of CHC patients. In CHB 
infection, Shao et al.20 found that IL-35 stimulation 
in T-regs co-culture system not only inhibited other 
cellular proliferation, but also up-regulated the 
production of IL-10 and IL-35. Furthermore, Yang 
et al.15 studied the role of regulatory function of 
IL-35 to viral specific Tregs/Th17 cells balance in 
chronic HBV infection in vitro. rIL-35 stimulation 
elevated Tregs frequency, FoxP3 mRNA relative 
level and IL-10 production. However, there was no 
remarkable differences of viral specific Th17 cells 
and RORγt mRNA in response to rIL-35 stimulation 
and the ratio of Tregs/Th17 was remarkably 
elevated in response to IL-35 stimulation. As 
regard the secreted cytokines, IL-10 expression 
was elevated in response to rIL-35 stimulation, 
while IL-17 production by CD4+ T cells was down-
regulated with IL-35 stimulation in comparison of 
presence and absence of IL-35 treatment. These in 
vitro studies’ results suggest that IL-35 contributes 
to suppressing the immune responses against 
the virus as well as lessening the inflammatory 
activity in CHB and CHC infections, mainly through 
enhancing the Tregs suppressive function In 
addition, IL-35 regulation to viral specific Tregs/
Th17 balance may contribute to viral persistence 
in CHC and CHB infection11,15. 
 In acute HBV infection, Teng et al.36 
revealed that IL-35 level was significantly increased 
in patients’ peripheral blood as well as Th-17 cells 
frequency was increased but negatively correlated 
with IL-35 serum levels. In addition, the IL-35 
suppressed Th-17 cells differentiation from CD4+ 

https://www.sciencedirect.com/topics/immunology-and-microbiology/cell-proliferation
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T cells and decreased Th-17 cytokines production 
in vitro as well as in vivo, suggesting the crucial 
role of IL-35 in regulating the peripheral and 
hepatic Th-17 cells in vivo and in vitro, which may 
consequently modulate liver injury and hepatocyte 
inflammation during acute infection with HBV36.
 Differences in results of previous studies 
may be attributed to different numbers of included 
patients, distinct clinical stages of CHC, the extent 
of histological liver damage and infection severity 
and duration, as well as different geographical 
distribution of the prevalent viral genotype.

CONClusiON
 The current study showed that serum 
IL-35 levels significantly increased in CHC patients 
compared to NCs (P <0.001). Moreover, IL-35 levels 
significantly decreased in patients 3 months after 
treatment end (P =0.02). Both Th-17 and T-regs 
were significantly increased in patients more than 
in NCs and a positive correlation was observed 
between them. Moreover, IL-35 levels were 
positively correlated with viral load and T-regs 
frequency, but not with Th-17 frequency. As well 
as, IL-35 levels did not correlate with liver enzymes 
or functions. These results suggest that the IL-35 
enhances immunosuppressive functions of T-regs 
so it may protect the liver from HCV induced 
damage and contribute to viral persistence. 
Therefore, the regulatory potential role of IL-35 
makes it an attractive target as immunotherapeutic 
strategy in treating chronic persistent infections 
such as CHC, along with other antiviral drugs to 
protect the liver from the virus induced damage, 
specially in relapsing or non-responding cases to 
DAAs.
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