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Abstract

Interleukin-35 is a novel inhibition cytokine secreted by CD4 + CD25 + regulatory T-cells (Treg) in murine.
However, it is disputed whether IL-35 could be secreted by Treg cells in humans. In this study, the levels of
IL-35 were detected, and its relationship with regulatory T-cells in chronic hepatitis B (CHB) patients was
investigated. It was shown that the levels of IL-35 in CHB patients were higher than those in normal controls,
and the levels increased gradually, accompanied with the severe liver inflammation and necrosis and poor
synthesis function. Treg cells may secrete IL-35, whose levels would become higher, accompanied by a longer
activated time. Thus, IL-35 as a cytokine secreted by Treg cells may accelerate liver inflammation and necrosis,
and inhibit the synthesis function.

Introduction

It is estimated that 350 million people are infected with
chronic hepatitis B virus (HBV) worldwide, a condition

that can be associated with acute or chronic hepatitis B,
fulminant hepatitis, liver cirrhosis (LC), or hepatocellular
carcinoma (9). However, so far, there are no satisfactory
protocols to cure chronic hepatitis B (CHB). Furthermore, its
pathogenesis and how HBV maintains chronic persistent in-
fection is not fully understood. Therefore, further study into
its pathogenesis and new treatment methods is needed to
resolve the issue. It is thought that CD4 + CD25 + regulatory
T-cells (Treg) could inhibit HBV antigen-specific T-cell re-
sponses, accompanied with chronic persistent HBV infec-
tion. Although several studies have assessed the mechanism
of Treg cells mediated-suppression, many details remain
unknown. It is thought that Treg cells could be suppressed
through direct contact with target cells or antigen-presenting
cells (17,18,19) and secreted cytokines (1,6,16). Membrane
molecules (12,14) also play some role in the suppression of
Treg cells.

Interleukin-35 (IL-35) was discovered and designated by
the end of 2007, and identified as a novel immunosuppressive/
anti-inflammatory cytokine of the IL-12 family, which in-
cludes IL-12, IL-23, and IL-27 (15). IL-35 is a hetero-
dimeric protein with two subunits, Epstein–Barr virus
induced gene 3 (EBI3) and IL-12p35, which shares EBI3
with IL-27. As a result, both IL-35 and IL-27 are immu-
nosuppressive, while the other two cytokines not including

EBI3 are not. It is known that EBI3 is the downstream target
molecule of Foxp3, the function marker of Treg cells (2).

To date, research on IL-35 has focused mainly on its
relationship with auto-immune diseases, inflammation, and
infection (10,20,21). Whether HBV, as a type of virus, could
activate and improve the secretion of IL-35 is under dis-
cussion. A preliminary test discovered that the levels in the
serum of HBV infections were higher compared to normal
controls (NC). Furthermore, it is reported that CD4 + T-
cells express IL-35 in human peripheral blood mononuclear
cells (PBMCs) (8).

In this study, the expression levels of IL-35 in chronic
severe hepatitis B (CSHB), CHB, liver cirrhosis (LC), and
asymptomatic carriers (ASC) were assayed to investigate
the role of IL-35 in HBV infection.

Materials and Methods

Patients and donors

Peripheral blood samples were obtained from patients
with chronic HBV infection and healthy controls. No pa-
tients were seropositive for hepatitis A, C, D, or E virus, or
human immunodeficiency virus. Patients with an overt co-
morbid condition, such as fatty liver, alcoholic liver disease,
or autoimmune disease, and patients who received antiviral,
immunomodulatory, or immunosuppressive treatments dur-
ing the past 6 months were all excluded. The study was
carried out in accordance with the management guidelines
for CHB (2010) of the Hepatology Association Chinese
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Medical Association, and was approved by the local ethics
committee. Informed consent was obtained from the donors
before blood donation.

Isolation of plasma and PBMCs

Coagulated peripheral blood from 27 CSHB, 69 CHB, 29
ASC, and 26 NC was collected and centrifuged to obtain
plasma. Five milliliters of heparinized aseptic peripheral
blood from 20 CSHB, 40 CHB, 15 ASC, and 15 NC were
collected from ulnar vein. PBMCs were obtained by sepa-
rating the blood sample via Ficoll separation (Ficoll-Paque
density gradient centrifugation). Then they were washed three
times with phosphate-buffered saline (PBS) and collected.

Cell isolation, expansion, and labeling

PBMCs were obtained in aseptic condition, as described
in the previous section. CD4 + CD25 + Treg and CD4 +
CD25 - effector T-cells (Teff) were isolated from fresh
PBMCs using the CD4 + CD25 + Treg cell isolation kit. In
brief, CD4 + T-cells were first purified by negative selection
using a LD column. The enriched CD4 + T-cells were then
incubated with CD25 microbeads followed by separation
using a MS column. The negative fraction (CD4 + CD25 -
T-cells) flowed down and was collected, while the positive
fraction was reserved in the MS column and was washed
down with PBS away from the magnetic field. The isolations
were performed according to the manufacturer’s instruc-
tions. Purity was verified by membrane staining of CD4 and
CD25 (anti-CD4-FITC, anti-CD25-PE; eBioscience).

Treg and conventional CD4 + T-cells (Tconv) were ex-
panded in RPMI-1640 medium with anti-CD3 and anti-
CD28, 20% (v/v) fetal bovine serum (FBS), and either
500 IU/mL rhIL-2 for Treg or 100 IU/mL for Tconv. Treg
cells were expanded for 7 days.

RNA extraction and quantitative real-time polymerase
chain reaction analysis

RNA was isolated by TRIzol extraction, followed by re-
verse transcription into cDNA using M-MLV reverse tran-
scriptase and random primer (all reagents from Invitrogen).
Quantitative real-time polymerase chain reaction (PCR)
was performed using SYBR Green. EBI3 primers were as
follows: 5¢-GCA GAC GCC AAC GTC CAC-3¢ (sense) and
5¢-CCA GTC ACT CAG TTC CCC GT-3¢ (antisense). IL-
12p35 primers were as follows: 5¢-TGG CCC TGT GCC
TTA GTA GTA T-3¢ (sense) and 5¢-GGT TCT TCA AGG
GAG GAT TTT T-3¢ (antisense). Foxp3 primers: 5¢-CAA
ACA GCC ACA TTC CCA GAG TTC-3¢ (sense) and 5¢-
CAA CCT GAG TCT GCA CAA GTG C-3¢ (antisense). IL-
10 primers: 5¢-GTG AAG ACT TTC TTT CAA A-3¢ (sense)
and 5¢-TTG GAG CTT ATT AAA GG-3¢ (antisense). TGF-b
primers: 5¢-ATC TAC AAC AGC ACC AGG GAC T-3¢
(sense) and 5¢-TTT GGG TTC TGC AAA CGA AA-3¢
(antisense). b-actin primers: 5¢-CGA AAC TAC CTT CAA
CTC CAT C-3¢ (sense) and 5¢-AGT GAT CTC CTT CTG
CAT CCT-3¢ (antisense). The thermal cycle profile was as
follows: predegeneration for 3 min at 95�C; degeneration for
30 s at 94�C, renaturation for 30 s at 61�C and 1 min at 72�C
for 40 cycles. Analysis was performed as follows. At the
end of reaction, the ABI 7500 system automatically ana-

lyzed the results and obtained the value of Ct. Results were
normalized to b-actin. Relative expression of RNA tran-
scripts was quantified using the formula 2 -DDCt. DDCt
represents that the minus Ct value between the goal and
housekeeping gene (b-actin).

Intracellular staining

PE-conjugated anti-IL-12A and IgG1 (isotype control)
were used for intracellular staining according to the manu-
facturer’s instructions (R&D corporation). The Permeabili-
zation Wash Buffer used for intracellular staining of IL-12A
was purchased from BioLegend. IL-12A was analyzed ac-
cording to the manufacturer’s instructions.

Detection of the cytokines IL-10, TGF-b, and IL-35

Cytokines IL-35, IL-10, and TGF-b were analyzed in the
plasma of peripheral blood and at different time points by
analysis of the supernatant with commercially available
enzyme-linked immunosorbent assay kits for human TGF-b,
IL-10, and IL-35 according to the protocols supplied by the
manufacturer.

Statistical analysis

Statistical analysis was performed using SPSS v13.0 soft-
ware (SPSS, Inc.). All data were indicated by mean – standard
deviation (SD). One-way analysis of variance was initially
performed to determine whether an overall statistically sig-
nificant change existed before using the two-tailed paired or
unpaired Student’s t-test. The Mann–Whitney U-test was
used to compare the unpaired data and determine statistically
significant differences in mean cell number or mean per-
centage in flow cytometry (FCM). The correlativity of
quantitative data was performed by scatter/dot graph, and the
coefficient was indicated by r. Differences with a p-value of
< 0.05 were considered statistically significant.

Results

Levels of IL-35 in the serum of HBV-infected patients

The serum level of IL-35 in HBV-infected patients was
3,206.90 – 1,769.89 pg/mL compared to 180.68 – 61.64 pg/
mL in NC, meaning that the levels of IL-35 in HBV-infected
patients was significantly higher than those found in NC
( p < 0.05; Table 1). The levels in CSHB, CHB, and ASC
were 7,178.00 – 1,303.00, 3,371.30 – 918.53, and 1,292.10 –
859.12 pg/mL respectively; there were significant differ-
ences among each group (Table 2 and Fig. 1). The results
indicated that the levels of IL-35 increase in proportion to
the severity of chronic liver injury.

Table 1. Serum Levels of Interleukin-35
in Patients with HBV Infection

Group n IL-35 (pg/mL)

NC 26 180.68 – 61.64
HBV infection 125 3,206.90 – 1,769.89*

Data shown are mean – standard deviation (SD).
*t = 4.07 compared with NC ( p < 0.01).
HBV, hepatitis B virus; IL, interleukin; NC, normal controls.
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Correlativity between the levels of IL-35 and partial
liver function indices

The correlativity between the levels of IL-35 and partial
liver function indices were analyzed, and it was found that
the levels of IL-35 were positively correlated with ALT,
AST, TBIL, and PT, negatively with ALB, and nonsignifi-
cantly with HBV DNA (Fig. 2A–F).

Levels of IL-35 and Foxp3 mRNA in patients
with HBV infection

The levels of IL-35 and Foxp3 mRNA were investigated
using quantitative RT-PCR. The results indicated that the
values of 2 -DDCt relating to EBI3, a subset of IL-35 in different
patients with HBV infection, were significantly different
(F = 47.85, p < 0.05; Table 3), and the levels of IL-35 and
Foxp3 mRNA increased progressively in CSHB, CHB, ASC,
and NC. The tendency in another subset of IL-35, IL-12p35,
and Foxp3 was identical (Table 3). According to the formula
and normalizing to b-actin, the relative expression was nega-
tively correlated with the value of 2 -DDCt. In other words, the
relative expression of EBI3, IL-12p35, and Foxp3 in CHSB,
CHB, ASC, and NC decreased progressively (Fig. 3).

Correlativity of IL-35 and Foxp3 mRNA in patients
with HBV infection

The correlativity of IL-35 and Foxp3 as a specific marker
of Treg cells was then analyzed. In this process, the data
showed that the levels of IL-35 mRNA were positively
correlated with those of Foxp3; in other words, the levels of
IL-35 mRNA increased in line with the higher levels of
Foxp3, and the same tendency was expressed between EBI3
and IL-12p35 ( p < 0.05; Fig. 4A–C).

The purity of CD4 + CD25 + Treg and CD4 + CD25 -
T-cells

The purity of CD4 + CD25 + Treg and CD4 + CD25 - T-
cells sorted by MACS were analyzed. The purity of CD4 +
CD25 - T-cells was 74.35 – 8.66%, while that of CD4 +

CD25 + Treg cells was 79.11 – 9.11%, with a survival rate
of 92–95%.

Levels of intracellular cytokine IL-12p35
in the unactivated and activated CD4 + CD25 +
Treg and CD4 + CD25 - T-cells

To clarify whether Treg cells express and secrete IL-35, the
levels of intracellular cytokine IL-12p35 were established by
FCM. The results showed that the levels became higher pro-
portionally to the longer activation time in CD4 + CD25 + Treg
cells. However, little IL-12p35 was detected in unactivated
and activated CD4 + CD25 - T-cells, which were both acti-
vated with anti-CD3, anti-CD28, and rhIL-2 (Table 4, Figs. 5
and 6).

Levels of intracellular EBI3, IL-12p35, Foxp3, IL-10,
and TGF-b in the unactivated and activated
CD4 + CD25 + Tregs

mRNA levels of IL-35 two subsets EBI3 and IL-12p35 in
CD4 + CD25 + Tregs at different activation time were de-
tected by RT-PCR. Levels of EBI3 and IL-12p35 increased
gradually in accordance with the activation time, which sug-
gested that both activated and unactivated CD4 + CD25 +
Tregs can express IL-35. IL-10 and TGF-b mRNA, which are
known to be secreted by CD4 + CD25 + Tregs, were also as-
sayed, and as anticipated, the levels became higher after ac-
tivation. The levels of Foxp3, the marker of Treg cells, became
higher as the activation time increased (Table 5 and Fig. 7).

Levels of cytokines IL-35, IL-10, and TGF-b
in the culture supernatant from CD4 + CD25 + Tregs

Meanwhile, the levels of IL-35 mRNA were quantitated,
and it was found that both activated and unactivated Treg
cells express IL-35, which increased gradually in accor-
dance with the activation time. IL-10 and TGF-b mRNA,
which are known to be secreted by Treg cells, were also
quantitated, and as anticipated, the levels were higher after
activation. The levels of cytokine IL-35, IL-10, and TGF-b
in the culture supernatant could be detected in both activated
and unactivated Treg cells (Table 6 and Fig. 8).

Discussion

Treg cells play a key role in maintaining self-tolerance, pre-
venting autoimmunity diseases, limiting chronic inflammatory

Table 2. Comparison of Serum Levels of IL-35
in Different Patients with HBV Infection

Group n IL-35 (pg/mL)

NC 26 180.68 – 61.64
ASC 29 1,292.10 – 859.12
CHB 69 3,371.30 – 918.53
CSHB 27 7,178.00 – 1,303.00

Comparison of serum levels of IL-35 among different HBV
infection groups: F = 40.48, p < 0.05.

ASC, asymptomatic carriers; CHB, chronic heptatitis B; CSHB,
chronic severe hepatitis B.

FIG. 1. The serum levels of interleukin (IL)-35 in different
patients with hepatitis B virus (HBV) infection. Serum levels of
IL-35 in asymptomatic carriers (ASC), chronic hepatitis B
(CHB), and chronic severe hepatitis B (CSHB) groups were
assayed. The serum levels of IL-35 in HBV infection was sig-
nificantly higher than that in normal controls (NC) ( p < 0.05;
Table 1). The levels in CSHB, CHB, and ASC were 7,178.00 –
1,303.00, 3,371.30 – 918.53, and 1,292.10– 859.12 pg/mL, re-
spectively. There were significant differences among different
groups (Table 2).
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FIG. 2. The correlation between serum level of IL-35 and other indexes in HBV-infected patients. (A) ALT; (B) AST; (C)
ALB; (D) TBIL; (E) PT; (F) log HBV DNA. The levels of IL-35 were positively correlated with ALT, AST, TBIL, and PT
( p < 0.05), negatively with ALB ( p < 0.05), and was not significantly correlated with HBV DNA.
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diseases such as asthma and inflammatory bowel disease, and
regulating the homeostasis of lymphocyte expansion (3).
However, the mechanism of Treg cells mediated suppression is
not completely clear. Several published studies support that
Treg cells mediate suppression through direct contact and the
secreted cytokines IL-10 and TGF-b. In the transwell experi-
ment, Treg cells co-cultured with neutralized anti-IL-10 and
TGF-b antibodies in the upper well could not effectively prevent
Teff cells from proliferating in the lower well, which revealed
that there still are soluble factors in the mechanism of Treg cells
mediating suppression other than IL-10 and TGF-b (4). In recent
years, IL-35 was discovered and studied, which may bring new
pathways to mediate the function of Treg cells. In acute infec-
tion decade, IL-35 expands Th1 cells to clear pathogens, inhibits
the differentiation of Th17 cells away from excessive autoim-
mune reaction, and expands Treg cells, which may inhibit Teff
cells to prevent the organism from immune injury in the sub-
sequent chronic infection (11). In vitro studies on CHC and self-
limited HCV infection showed that Treg cells co-cultured with
anti-IL-35 antibodies could inhibit the proliferation of Teff cells
in the co-culture experiments (3). This finding may inspire new
approaches to exploring the mechanism of virus persistent
chronic infection such as HCV and HBV.

First, the levels of IL-35 in the serum of patients with
HBV infection were analyzed, and it was found that the
levels found in patients with HBV infection were signifi-
cantly higher than those found in NC, and the levels de-
creased progressively in CHSB, CHB, and ASC. The levels
were positively correlated with ALT, AST, TBil, and PT,

Table 3. Comparison of Serum mRNA Levels of EBI3,
IL-12p35, and Foxp3 in the Different Patients

Group n EBI3 IL-12p35 Foxp3

NC 15 9.24 – 1.23 8.34 – 1.17 9.8 – 0.52
ASC 15 14.48 – 1.24 17.4 – 1.24 19.0 – 0.65
CHB 40 22.45 – 1.21 26.8 – 1.49 28.5 – 0.48
CSHB 20 36.2 – 0.96 45.8 – 0.67 38.4 – 0.46

FIG. 3. Comparison of serum mRNA levels of EBI3, IL-
12p35, and Foxp3 in the different patients. EBI3 levels in
different patients with HBV infection was significantly
different (F = 47.85, p < 0.05; Table 3), and that increased
progressively in NC > ASC > CHB > CSHB. The tendency in
other subsets of IL-35, IL-12p35 (F = 32.95, p < 0.05), and
Foxp3 (F = 45.65, p < 0.05) was identical (Table 3).

FIG. 4. The correlation between two subunits of IL-35
(EBI3 and IL-12p35) and Foxp3 (A) and (B) two subunits
(EBI3 and IL-12p35) levels of IL-35 was positively corre-
lated with Foxp3, respectively ( p < 0.05). (C) EBI3 was also
positively correlated with IL-12p35 ( p < 0.05).
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and negatively with ALB. ALT and AST levels indicate
inflammation of the liver, while TBil reflex indicates ne-
crosis of the liver tissue. The fact that the levels of AST,
ALT, and TBil became higher means that IL-35, as an im-
munosuppressive cytokine, maintains the homeostasis be-
tween HBV and effective T-cells through immune
regulation. HBV replicates and injures liver tissue, causing
more immune suppression factors to lessen the impairment.
In this research, the levels of IL-35 were correlated with
liver inflammation, necrosis, and synthesis in patients with

HBV infection. The result may indicate that IL-35 could
inhibit the immune injury. It suggests that there is no direct
correlation between IL-35 and HBV replication, or the HBV
loads in peripheral blood could not reflect those in the liver
tissue, while no significant correlation was found between
IL-35 and HBV DNA.

Next, the levels of IL-35 and Foxp3 mRNA in CHB patients
were analyzed. Foxp3 was the specificity and fundamental
marker of Treg cells, and it was analyzed to identify the cor-
relation between IL-35 and Treg cells indirectly. In this re-
search, the levels of IL-35 mRNA were found to increase
progressively in CSHB, CHB, ASC, and NC, identical to
Foxp3 mRNA. The correlation between the levels of IL-35 and
Foxp3 mRNA were also analyzed, and the result suggested
that there was a significantly positive correlation. Furthermore,
in previous research, the percentage of CD4 + CD25 + Treg
cells was higher than that of NC. It is common knowledge that
Foxp3 was the major gene regulating Treg cells to maintain an
immunosuppressive function (7). In summary, IL-35 may

FIG. 5. Levels of intracellular IL-12p35 in the unactivated
and activated CD4 + CD25 + Tregs and CD4 + CD25 - T-
cells. (A) control; (B), (C), (D), and (E) represent the acti-
vated levels of CD4 + CD25 + Treg in 0, 3, 5, and 7 days;
(F) represents the unactivated levels of CD4 + CD25 - T-
cells. CD4 + CD25 + Treg and CD4 + CD25 - T-cells were
acquired through magnetic activated cell sorting (MACS)
from fresh peripheral blood mononuclear cells (PBMCs).

Table 4. Levels of Intracellular IL-12p35 in

the Unactivated and Activated CD4 + CD25 +
Tregs and CD4 + CD25 - T-cells (n = 5)

Group
0 days

(%)
3 days

(%)
5 days

(%)
7 days

(%)

CD4 +
CD25 +
Treg

0.81 – 0.22 1.27 – 0.28 2.61 – 0.42 4.54 – 0.69

CD4 +
CD25 -
T-cells

0.07 – 0.002 0.08 – 0.002 0.09 – 0.003 0.08 – 0.006

FIG. 6. Levels of intracellular IL-12p35 from CD4 + CD25 +
Treg and CD4 + CD25 - T-cells. CD4 + CD25 + Treg and
CD4 + CD25 - T-cells were both activated with anti-CD3, anti-
CD28, and rhIL-2 for 0, 3, 5, and 7 days. Intracellular cytokine
IL-12p35 was detected by flow cytometry. The levels of IL-
12p35 became higher, accompanied by a longer activation time
in CD4 + CD25 + Treg cells (F = 141.14, p < 0.05). However,
lower levels of IL-12p35 were detected in unactivated and ac-
tivated CD4 + CD25 - T-cells. Levels of intracellular cytokine
IL-12p35 in CD4 + CD25 + Tregs were higher than in CD4 +
CD25 - Tregs at 0, 3, 5, and 7 days respectively (Table 4 and Fig.
5). CD4 + CD25 + Treg and CD4 + CD25 - T-cells were ac-
quired through MACS from fresh PBMCs.

Table 5. Levels of Intracellular EBI3, IL-12p35,
Foxp3, IL-10, and TGF-b in the Unactivated

and Activated CD4 + CD25 + Tregs (n = 5)

Group 0 days 3 days 5 days 7 days

EBI3 0.13 – 0.05 0.22 – 0.03 0.35 – 0.09 0.82 – 0.22
IL-12p35 0.07 – 0.03 0.14 – 0.02 0.24 – 0.07 0.56 – 0.19
Foxp3 0.05 – 0.04 0.20 – 0.06 0.48 – 0.15 1.00 – 0.14
IL-10 0.05 – 0.03 0.26 – 0.09 0.42 – 0.06 0.68 – 0.16
TGF-b 0.06 – 0.05 0.23 – 0.03 0.40 – 0.11 0.75 – 0.09
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mediate Treg cells to play an immunosuppressive function,
causing HBV to become chronic in vivo.

In the animal model, IL-35 was constitutively expressed
and secreted by Treg cells, and mediated the immunosup-
pressive role of Treg cells (11). It is still unclear whether
IL-35 is expressed by Treg cells in vivo. French scientists
(11) concluded that neither Treg nor other subsets such as
CD4 + , CD8 + , and cd T-cells expressed IL-35, while an-
other study reported that activated, not unactivated, Treg
cells could express IL-35 (15).

This research shows that the levels of Foxp3 mRNA ex-
pressed by CD4 + CD25 + Treg cells became higher after
activation, which coincides with the idea of Zorn (22). Both
unactivated and activated Treg cells were found to express
EBI3, IL-12p35 mRNA, and intracellular cytokine IL-
12p35, and the levels increased a longer activation time. The
levels of IL-10 and TGF-b also increased in line with the
longer activation time. IL-35, like IL-10 and TGF-b, was an
immunosuppressive cytokine secreted by Treg cells.

These findings suggest that IL-35 was secreted by
CD4 + CD25 + Treg cells, which could inhibit liver in-
flammation and necrosis. IL-35 suppression or neutraliza-
tion may represent a valid immunotherapeutic strategy for
the treatment of chronic persistent infection such as HBV
and conditions in which immunological homeostasis might
exist.
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