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ARTICLE INFO ABSTRACT

Interleukin (IL)-35 is a responsive anti-inflammatory cytokine implicated in different diseases processes. It has
been reported that elevated IL-35 contributed to immunosuppression in chronic hepatitis by modulation of T
helper 17 (Th17) and regulatory T cells. However, the role of IL-35 in acute hepatitis B (AHB) was still not
completely elucidated. Thus, in the present study, we analyzed the expression and regulatory activity of IL-35 to
Th17 cells and inflammatory response during acute hepatitis B virus (HBV) infection in both peripheral blood
cells isolated from AHB patients and in hydrodynamic induced HBV-infected mouse model. Plasma IL-35 level
and circulating HBV peptides-induced Th17 frequency was significantly elevated in AHB patients, and IL-35
expression negatively correlated with liver inflammation. In vitro IL-35 stimulation to CD4 ™ T cells purified from
AHB patients down-regulated HBV peptides-induced Th17-phenotype, which presented as reduced IL-17 and IL-
22 production. In vivo IL-35 administration dampened liver inflammation in HBV plasmid injected mice, how-
ever, did not affect HBV antigens production. This process was accompanied by suppression of natural killer cells
and down-regulation of HBV peptides-induced Th17 cells in the liver, but did not affect total intrahepatic
lymphocytes and other cell subsets numbers or chemokines expression in the liver. In conclusion, the current
data indicated that IL-35 might be a novel mediator associated with hepatocytes damage and liver inflammation
by regulating HBV peptides-induced Th17 cells during acute HBV infection. The potential anti-inflammatory
property of IL-35 might be pivotal for developing new therapeutic approaches for hepatitis B.
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1. Introduction

Hepatitis B virus (HBV) infection is one of the major global health
problems, with approximate 2 billion current and past exposure to HBV
all over the world [1]. The clinical outcome of HBV infection is mainly
affected by the interaction between viral replication and host immune
response [2-4]. Cellular and humoral immune response is weak or
undetectable in chronic hepatitis B, leading to a state of relative col-
lapse of HBV specific adaptive immunity which was responsible for
viral persistence [5]. In contrast, acute HBV infection could activate the
immune system and induce extensive inflammatory response [6]. Multi-

specific T cell responses and cytokine-mediated immune responses
contribute to controlling of infection and accelerating hepatocytes in-
jury [7,8]. However, the roles of various cytokines in different phase of
HBV infection and cytokine-related mechanisms for viral inhibition and
liver damage are still not fully elucidated.

Interleukin (IL)-35 is a novel member of IL-12 cytokine family, and
is composed of IL-12 p35 subunit and Epstein-Barr virus-induced gene 3
[9]. IL-35 is reported as an anti-inflammatory cytokine [10,11] and an
immunomodulator in autoimmune disorders [12] with therapeutic ef-
fect through expansion of CD4*CD25*FoxP3* regulatory T cells
(Tregs) and suppression of T helper 17 (Th17) cells [13]. Chronic HBV
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infection always results in the elevation of serum IL-35 and IL-35 mRNA
expression in CD4™" T cells [14-16]. Importantly, IL-35 not only reg-
ulates HBV replication [16,17] but also plays an immunosuppressive
function through increasing suppressive activity of Tregs and dam-
pening CD8" T cell response during chronic hepatitis B [14,18].
However, few studies focused on the expression and function of IL-35 in
acute hepatitis B (AHB) and IL-35 activity on liver microenvironment.
Th17 cells and the secreting cytokines (IL-17 and IL-22) contribute to
liver inflammation during HBV infection, especially in AHB patients
[19,20]. Based on the modulatory mechanism of IL-35 on Th17 cells,
we hypothesized that IL-35 performed an important regulatory role for
Th17 cells to suppress hepatic injury in acute HBV infection. To test this
possibility, we examined the non-specific and HBV peptides-induced
Th17 response and IL-35 expression as well as their relationship to liver
inflammation in vitro and in vivo.

2. Materials and methods
2.1. Enrolled subjects

This study examined 21 cases of acute HBV infected patients as well
as 21 sex- and age-matched healthy controls. All acute hepatitis B pa-
tients were positive for HBV core antibody IgM, and were negative for
HBV surface antigen (HBsAg) six months post baseline enrollments. All
patients were excluded for other chronic virus infection (hepatitis C
virus, hepatitis D virus, and human immunodeficiency virus), other
chronic liver diseases, or autoimmune disorders. The clinical and vir-
ological characteristics of enrolled subjects were shown in Table 1. The
study protocol was approved by the Clinical Research Ethics Committee
of Shaanxi Provincial People's Hospital and Xijing Hospital. Informed
consent was obtained from each subjects.

2.2. Plasma and peripheral blood mononuclear cells (PBMCs) preparation

20 ml of EDTA anti-coagulant peripheral bloods were collected from
each subject. Peripheral bloods were centrifugated at 1000 x g for
10 min for plasma isolation. PBMCs were then isolated by using Ficoll
paque Premium (GE Healthcare Bio-Sciences AB, Bjokgatan, Uppsala,
Sweden).

2.3. CD4™ T cells purification

CD4™ T cells were purification from PBMCs by using CD4™ T Cell
Isolation Kit (Miltenyi, Bergisch Gladbach, Germany). The purity of
enriched CD4" T cells was > 95% by flow cytometry determination.
Enriched human CD4* T cells were stimulated with recombinant
human IL-35 (1 ng/ml; Peprotech, Rocky Hill, NJ, USA) in combination
with HBV envelope peptide pool (15 amino acids of each peptide with 5
amino acids overlapping, 2.5ug/ml) for 12h [20,21]. The HBV en-
velope peptide pool was kindly provided by Dr. Jian-Qi Lian and Dr. Ye
Zhang (Center for Infectious Diseases, Tangdu Hospital, Fourth Military
Medical University).

Table 1
Clinical and virological characteristics of enrolled subjects.
Healthy control (n = 21) AHB (n = 21)
Age, years 29.86 + 4.84 28.57 + 9.69
Male/female 13/8 14/7
HBcAD IgM positive 0 21
HBV DNA, log;0IU/ml Not detectable 5.09 + 0.87
ALT, 1U/1 25.33 £ 6.75 975 [773, 1497]
T-BIL, mmol/] 16.99 = 5.09 216.7 [124.7, 268.6]

* P < 0.0001.
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2.4. Mice and challenges

Six to eight week-old male BALB/c (H-2% mice were purchased
from Experimental Animal Center of China-Japan Union Hospital of
Jilin University. The animal experiment protocols were performed in
accordance with the procedures approved by Animal Care and Use
Committee of Jilin University. Mice were challenged using a hydro-
dynamic transfection protocol, whereby a total of 10pug pHBV1.3
plasmid (kindly provided by Dr. Michael D. Robek, Albany Medical
College) with recombinant mouse IL-35 (AdipoGen, Liestal, Switzeland;
0.75ug per mouse) or mouse IL-17 antibody (R&D systems,
Minneapolis, MN, USA, Catalog# MAB421; 100 ug per mouse), was
injected into veins in a volume of PBS equal to 9% of mouse body mass
[21,22]. Mouse IL-17 antibody was confirmed to present neutralizing
activity in previous study [23]. Blood samples were collected at dif-
ferent time points post-transfection. Livers were also harvested for
further experiments.

2.5. Intrahepatic Iymphocytes (IHLs) preparation

The IHLs were purified from the liver of mouse as described pre-
viously [21,22].

2.6. Virological and biochemical assessments

HBV DNA was quantified using a real-time PCR kit (Da'an Gene,
Guangzhou, Guangdong Province, China) with a detection limit of 2
log10IU/ml. HBsAg and HBeAg was determined by commercial enzyme
linked immunosorbent assay (ELISA) kits (Kehua Biotech, Shanghai,
China). Alanine aminotransferase (ALT) and total bilirubin (T-BIL) level
was measured using an automatic analyzer (Hitachi 7170A, Hitachi,
Tokyo, Japan).

2.7. ELISA

Levels of cytokine production in plasma/serum and in cultured su-
pernatants were determined by commercial ELISA kits (ColorfulGene,
Wuhan, Hubei Province, China; R&D systems) according to the manu-
facturer's instructions.

2.8. Flow cytometry

PBMCs were stimulated with either phorbol myristate acetate (PMA,
50 ng/ml) and ionomycin (1 pug/ml) for 6h or HBV envelope peptide
pool (2.5 pg/ml) in the presence of monensin (10 ug/ml) for 12 h. Anti-
human CD3 FITC (BD Bioscience, San Jose, CA, USA) and anti-human
CD4 PerCP (BD Bioscience) were used for surface staining, and anti-
human IL-17 PE (BD Bioscience) was used for intracellular staining.
Purified IHLs were stimulated with HBV envelope peptide pool (2.5 ug/
ml) in the presence of monensin (10 ug/ml) for 12 h. Anti-mouse CD3
PerCP Cy5.5 (eBioscience, San Diego, CA, USA), anti-mouse CD4 FITC
(eBioscience), anti-mouse CD8 PE Texas Red (eBioscience), anti-mouse
NK1.1 PE Cy7 (eBioscience) were used for surface staining, and anti-
mouse IL-17 APC (eBioscience) was used for intracellular staining. Data
were acquired using a FACS Aria II flow cytometer (BD Bioscience), and
were analyzed using FlowJo software version 8.6 (Tree Star Inc.,
Ashland, OR, USA).

2.9. Cellular proliferation assay

Cellular proliferation was performed using Cell Counting Kit-8
(CCK-8; Beyotime, Wuhan, Hubei Province, China). The known number
of CD4™ T cells was used for setting up standard curve, and cell number
was then calculated.
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Fig. 1. Th17 cells and IL-35 expression in AHB and healthy controls. PBMCs and plasma were isolated from AHB patients (n = 21) and healthy controls (n = 21).
PBMCs were stimulated with either PMA + inonmycin (for non-specific analysis) or HBV envelope peptide pool (for HBV peptides-induced analysis), and the
percentage of CD3*CD4*IL-17* Th17 subset was investigated by flow cytometry. IL-35 concentration in the plasma was measured by ELISA. (A) The representative
flow dots of non-specific and HBV peptides-induced Th17 cells of healthy control and AHB patients were shown. The percentage of (B) non-specific Th17 cells and (C)
HBV peptides-induced Th17 cells, as well as (D) plasma IL-35 expression was compared between healthy controls and AHB patients. Horizontal bars indicated the
mean values, while error bars indicated the SD. The individual level for each subject was shown. Significance was calculated using Student t-test. Correlation analysis
of (E) IL-35 with HBV peptides-induced Th17, (F) IL-35 with serum ALT, and (G) HBV peptides-induced Th17 with serum ALT was calculated using Pearson or

Spearman correlation analysis in 21 patients with AHB.

2.10. Histopathological examination

Livers were fixed in 10% neutral buffered formalin, processed,
embedded in paraffin, sliced at 5 um, and stained with hematoxylin and
eosin (H&E) using routine methods.

2.11. Real-time polymerase chain reaction (RT-PCR)

Total RNA was isolated from liver of the mice using RNeasy Minikit
(Qiagen, Hilden, Germany). RNA was reversely transcribed with
random hexamers using PrimeScript RT Master Mix (TaKaRa, Beijing,
China). Real-time PCR was performed using TB Green Premix Ex Tagq II
(TaKaRa). Relative CXCL9 and CXCL10 gene expression was semi-
quantified by 27447 method using ABI 7500 System Sequence
Detection Software (Applied Biosystems, Foster, CA, USA). The se-
quences of the primers were used as described previously [21].

2.12. Statistical analyses

All data were analyzed using SPSS version 19.0 for Windows
(Chicago, IL, USA). Shapiro-Wilk test was used for normal distribution
assay. Variables following normal distribution were presented as
mean * standard deviation (SD), and statistical significance was de-
termined by Student t-test, paired t-test, One-way ANOVA, or SNK-q
test. Variables following skewed distribution were presented as median
[Q1, Q3]. Pearson or Spearman correlation analysis was performed for
correlation analysis. P values of < 0.05 were considered to indicate
significant differences.

3. Results

3.1. Elevated plasma IL-35 expression negatively correlated with HBV
peptides-induced Th17 cells in AHB patients

The non-specific (PMA and ionomycin stimulation) and HBV pep-
tides-induced (HBV envelope peptide pool stimulation) Th17 cell
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Fig. 2. Th17 cell percentage and Th17 cytokine production by CD4™" T cells from AHB patients. CD4* T cells were purified from AHB patients (n = 21), and were
stimulated with HBV envelope peptide pool in the presence or absence of recombinant human IL-35. (A) Cellular proliferation was assessed by CCK-8 in ten of AHB
patients. (B) HBV peptides-induced Th17 cell frequency was investigated by flow cytometry, and was compared between cells with and without IL-35 stimulation. (C)
IL-17 and (D) IL-22 level in the cultured supernatants was measured by ELISA, and was compared between cells with and without IL-35 stimulation. The individual
level for each subject was shown. Significance was calculated using paired t-test.
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Fig. 3. IL-17 neutralizing antibody reduces liver inflammation in pHBV1.3 plasmid hydrodynamically injected mouse model. BALB/c mice (3 per group) were
injected with saline, pHBV1.3, or pHBV1.3 + mouse IL-17 antibody under hydrodynamic conditions. Blood samples were collected at baseline, 24 h, 96 h, and 168 h
post-transfection. (A) HBsAg, (B) HBeAg, and (C) ALT levels were measured and compared among groups. The value for each time point was shown as mean and SD.
Significance was calculated using SNK-q test.

subsets in peripheral bloods and IL-35 level in the plasma was de- correlations between Th17/IL-35 and liver injury were analyzed. IL-35
termined by flow cytometry and ELISA, respectively. The representative level was negatively correlated with HBV peptides-induced Th17 cell
flow dots of non-specific and HBV peptides-induced Th17 cells of frequency in AHB patients (r = —0.482, Pearson correlation analysis,
healthy control and AHB patients were shown in Fig. 1A. After stimu- P = 0.027, Fig. 1E). Furthermore, IL-35 level was also negatively cor-
lation with PMA and ionomycin, the percentage of circulating non- related with serum ALT (r = —0.703, Spearman correlation analysis,
specific CD3*CD4*IL-17 " Th17 cells in stimulated CD4* T cells from P = 0.0004, Fig. 1F), and HBV peptides-induced Th17 percentage was
AHB patients was comparable with that in healthy controls positively correlated with serum ALT (r = 0.526, Spearman correlation
(2.19 = 0.65% vs. 2.07 = 0.97%, Student t-test, P = 0.638, Fig. 1B). analysis, P = 0.014, Fig. 1G). However, T-BIL level did not notably
However, after stimulation with HBV envelope peptide pool, the per- correlate with either IL-35 (r = —0.143, Spearman correlation analysis,
centage of HBV peptides-induced Th17 cells in stimulated CD4™" cells P =0.536) or HBV peptides-induced Thl7 cells (r= —0.139,
from AHB patients was significantly higher than that in healthy controls Spearman correlation analysis, P = 0.548). There was also no remark-
(1.62 = 0.49% vs. 0.06 = 0.01%, Student ttest, P < 0.0001, able correlation between IL-35 and HBV viral load (r= —0.160,
Fig. 1C). Moreover, IL-35 concentration in the plasma was also notably Pearson correlation analysis, P = 0.487).

elevated in AHB patients than that in healthy controls
(140.5 *+ 44.34pg/ml vs. 106.1 * 30.43pg/ml, Student t-test,
P = 0.0055, Fig. 1D).

Both ALT and T-BIL was significantly elevated in AHB patients when
compared with healthy individuals (P < 0.0001, Table 1). Thus, the

3.2. Invitro IL-35 stimulation reduced Th17 cell subset and Th17 cytokine
production in CD4* T cells from AHB patients

CD4" T cells were purified from all AHB patients, and 5 x 10° of

255
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Fig. 4. IL-35 administration did not affect HBV antigen production but reduced liver inflammation and pathology in pHBV1.3 plasmid hydrodynamically injected
mouse model. BALB/c mice (4 per group) were injected with saline, pHBV1.3, or pHBV1.3 + recombinant mouse IL-35 under hydrodynamic conditions. Mice were
scarified 96 h post injection. Serum and livers were harvested for further analyses. (A) HBsAg, (B) HBeAg, and (C) ALT levels were measured and compared among
groups. The columns indicated the mean values, while error bars indicated the SD. Significance was calculated using SNK-q test. Representative sections of liver from
mice injected with (D) saline, (E) pHBV1.3, or (F) pHBV1.3 + recombinant mouse IL-35 were shown. Scale bars = 100 pm.

CD4* T cells were stimulated with HBV envelope peptide pool in the
presence or absence of recombinant human IL-35. Cells and super-
natants were harvested 12h post-stimulation. CCK-8 results showed
that IL-35 did not affect cellular proliferation of HBV peptides induced
CD4™" T cells ([0.83 + 0.08] x 10° vs. [0.80 = 0.07] x 105, paired t-
test, P = 0.088, Fig. 2A). HBV peptides-induced Th17 cells frequency
was notably down-regulated in response to IL-35 stimulation
(0.99 += 0.19% vs. 1.33 = 0.30%, paired t-test, P = 0.0003, Fig. 2B).
Moreover, Th17 cytokines production by CD4* T cells, including IL-17
and IL-22, was also decreased in response to IL-35 stimulation (IL-17:
39.71 = 11.08 pg/ml vs. 49.57 = 20.31pg/ml, paired ttest,
P = 0.016, Fig. 2C; IL-22: 100.2 + 12.62pg/mlvs. 106.8 + 11.02pg/
ml, paired t-test, P < 0.0001, Fig. 2D).

3.3. Invivo IL-17 neutralization reduced liver inflammation in HBV plasmid
hydrodynamically injected mouse model

All mice received intravenous injections of saline with or without
pHBV1.3 under hydrodynamic conditions, allowing for transfection of
hepatocytes in vivo [21,22]. A group of mice also received hydro-
dynamic injection combined with pHBV1.3 and 100 pg of mouse IL-17
antibody. Blood samples were collected at baseline, 24h, 96 h, and
168 h post-transfection. HBV plasmid transfection induced high level of
HBsAg and HBeAg productions at 24h and 96h post-transfection
(Fig. 3A and B), however, IL-17 neutralizing antibody did not affect
HBV antigens production in the serum (SNK-q test, P > 0.05, Fig. 3A
and B). HBV plasmid transfection induced moderate increase of serum
ALT at 24h and 96h post-transfection (202.3 + 23.46IU/L and
144.0 = 47.821U/L). IL-7 neutralizing antibody reduced HBV-induced
ALT elevation (150.0 = 43.21 IU/L and 91.67 + 13.65IU/L, SNK-q
test, P < 0.05, Fig. 3C).

3.4. In vivo IL-35 treatment did not affect HBV antigen production but
reduced liver damage in HBV plasmid hydrodynamically injected mouse
model

Mice received hydrodynamic injection with pHBV1.3 in the

presence or absence of recombinant mouse IL-35, and were sacrificed
96 h post-transfection. Administration of IL-35 did not alter the release
of the secreted viral antigens into the serum (SNK-q test, P > 0.05,
Fig. 4A and B). Liver damage in mice which received HBV plasmid
transfection was moderate as measurement of serum ALT
(34.00 = 6.481U/L vs. 180.8 + 29.07IU/L, SNK-q test, P < 0.0001,
Fig. 4C), while IL-35 administration diminished severity of liver disease
with down-regulation of serum ALT in comparison with pHBV1.3
transfection only (108.8 + 18.55IU/L, SNK-q test, P = 0.0058,
Fig. 4C). Consistent with the ALT levels, in mice received saline injec-
tion, there was no evidence of significant hepatitis in the liver (Fig. 4D).
In contrast, histological examination of the liver from the mice received
HBV plasmid transfection showed scattered foci of necrotic hepatocyte
and recruitment of inflammatory cells in parenchyma (Fig. 4E). IL-35
administration reduced the necrosis of hepatocytes and inflammation
(Fig. 4F).

3.5. In vivo IL-35 treatment reduced hepatic NK cells and HBV peptides-
induced Th17 cells in HBV plasmid hydrodynamically injected mouse model

The absolute number IHLs were quantified 96 h post hydrodynamic
injection, and cell marker expression and IL-17 production in the re-
cruited inflammatory cells was determined by flow cytometry. The total
numbers of IHLs was increased in the liver of mice injected with
pHBV1.3 ([1.41 *+ 0.34] x 10° vs. [0.55 = 0.16] x 10°, SNK-q test,
P =0.0035, Fig. 5A), however, IL-35 administration did not sig-
nificantly reduced the number of total IHLs ([1.32 * 0.15] x 105,
SNK-q test, P = 0.653, Fig. 5A). There were no significant differences of
cell subsets percentages corresponding to Th cells (CD3"CD4"), CTLs
(CD3*CD8™), NK cells (CD3 NK1.17), or NKT cells (CD3*NK1.1")
among three groups (One-way ANOVA, P > 0.05). The cell numbers
corresponding to Th cells (Fig. 5B), CTLs (Fig. 5C), NK cells (Fig. 5D),
and NKT cells (Fig. 5E) was increased in the liver of mice injected with
HBV plasmid (SNK-q test, P < 0.01). IL-35 administration only re-
duced NK cell number with slightly higher number than control mice
(SNK-q test, P = 0.0068, Fig. 5D). Hepatic HBV peptides-induced Th17
cells were also investigated. HBV plasmid hydrodynamic injection
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Fig. 5. IL-35 administration reduced NK cells and HBV peptides-induced Th17 cells in the liver. Lives from BALB/c mice (4 per group) receiving saline, pHBV1.3, or
pHBV1.3 + recombinant mouse IL-35 hydrodynamic injections were weighed at the time the mice were scarified, and IHLs were isolated from 2 liver lobes of a
similar weight and analyzed by flow cytometry. (A) Total THL number, (B) CD3 " CD4* Th cells, (C) CD3"CD8* CTLs, (D) CD3 " NK1.1 " NK cells, (E) CD3*NK1.1™"
NKT cells represented the absolute numbers in the liver, respectively. (F) Percentage and (G) absolute number of HBV peptides-induced Th17 cells in the liver was
also investigated. The columns indicated the mean values, while error bars indicated the SD. Significance was calculated using SNK-q test.

induced high level of hepatic HBV peptides-induced Th17 cells in
comparison with control mice (SNK-q test, P < 0.0001, Fig. 5F and G).
IL-35 administration notably down-regulated both percentage and ab-
solute number of HBV peptides-induced Th17 cells in the liver (SNK-q
test, P = 0.0098, Fig. 5F; P = 0.026, Fig. 5G). Moreover, we also ex-
amined the influence of IL-35 on Th1l7 cytokines and intrahepatic
chemokine mRNA expression. IL-35 administration reduced IL-17
(Fig. 6A) and IL-22 (Fig. 6B) mRNA expression in the liver (SNK-q test,
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P < 0.05). However, CXCL9 (Fig. 6C) and CXCL10 (Fig. 6D) was
comparable in the presence of IL-35 in pHBV1.3 injected mice (SNK-q
test, P > 0.05).

4. Discussion

Cytokine-mediated host reactions play a crucial role in viral control
and virus-induced hepatic injury due to the non-cytopathic property of
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Fig. 6. IL-35 administration reduced IL-17 and IL-22 mRNA, but did not affect chemokine expression in the liver. (A) IL-17, (B) IL-22, (C) CXCL9, and (D) CXCL10
mRNA expression in the liver of BALB/c mice (4 per group) receiving saline, pHBV1.3, or pHBV1.3 + recombinant mouse IL-35 hydrodynamic injections was semi-
quantified by real-time PCR. The results were shown as fold differences relative to control group, normalized to GAPDH. The columns indicated the mean values,
while error bars indicated the SD. Significance was calculated using SNK-q test.

HBV. IL-12 cytokine family consists of IL-12, IL-23, IL-27, and IL-35
[24], which play important roles in infection, inflammation, and au-
toimmune disorders. Up-regulation of serum IL-12 in chronic HBV in-
fection boosted HBeAg seroconversion [25,26]. HBV infection also
promoted IL-23 production in antigen presenting cells, which induced
liver damage through IL-23/Th17 axis in hepatitis B [27,28]. Elevated
IL-27 positively correlated with Th17 cells, which indicated liver injury
and predicted spontaneous HBeAg seroconversion in HBV-infected pa-
tients [29,30]. The current results revealed that the new member of IL-
12 family IL-35 was significantly elevated in peripheral bloods of AHB
patients, which was consistent with the findings in chronic HBV in-
fection [14,16]. This was also in accordance with the reports on other
acute infections, including influenza virus infection, secondary bac-
terial pneumonia [31] and sepsis [32]. Thus, high level of IL-35 might
take part in the immunopathogenesis of acute HBV infection.

Acute HBV infection always leads to severe hepatic damage, which
is presented as > 10-fold elevation of serum ALT. We showed that
plasma IL-35 expression negatively correlated with ALT level in AHB
patients, however, no remarkable correlation was found between IL-35
level and HBV DNA. This indicated a potential anti-inflammatory ac-
tivity to liver injury without affecting viral replication. To further
confirm this finding, we performed in vivo experiments using an acute
HBV infected mouse model, which were hydrodynamically injected
with HBV plasmid [33]. Previous studies revealed contradictory influ-
ence of IL-35 to HBV replication. Cheng et al. showed that in vitro IL-35
stimulation inhibited HBV replication and decreased HBsAg/HBeAg
secretion by HepAD38 cells [16]. In contrast, Tao et al. revealed that IL-
35 was able to reinforce HBV replication both in vitro and in vivo using
HBV transgenic mouse model [17]. Our current results showed that IL-
35 administration in vivo did not affect HBV antigens production 96 h
post HBV plasmid transfection, suggesting that IL-35 did not reveal
direct antiviral activity against virus. Moreover, IL-35 decreased the
HBV-induced liver injury, which presented as reduced necrosis of he-
patocytes and liver inflammation, and down-regulation of serum ALT. It
was well accepted that hepatic necrosis, liver inflammation, and

subsequent ALT elevation were potentiated by recruitment of in-
flammatory cells into the liver, which required specific mediators such
as chemokines and neutrophils [20-22]. However, total inflammatory
cell numbers which recruited into the liver and elevated hepatic
CXCL9/10 expression following HBV plasmid transfection did not
change significantly in response to IL-35 administration. Only NK cells
were slightly reduced following IL-35 treatment. Liver-resident and
conventional NK cells played dual functions in liver immunity and in
viral hepatitis [34,35]. However, there was no evidence supporting the
regulatory activity of IL-35 to NK cells. Thus, there might be other
mechanisms which account for the anti-inflammatory effect of IL-35 in
acute HBV infected mouse model.

Circulating Th17 cells elevation and IL-17 production was closely
associated with disease aggravation and pathogenesis of liver injury in
HBV infected patients [36,37]. Non-specific Th17 cells frequency in
peripheral bloods significantly correlated with aminotransferase levels
in AHB patients [20]. In this study, we found that HBV envelope pep-
tides-induced Th17 cells, but not non-specific Th17 cells were increased
in AHB patients. This elevation also positively correlated with serum
ALT, however, negatively correlated with plasma IL-35 expression.
However, even certain cytokines were increased in the context of in-
flammation, it did not necessary mean those cytokines were critically
responsible for the pathogenesis. Thus, we verified the role of IL-17 in
acute HBV infection by treating the hydrodynamic injection mouse
model with IL-17 neutralizing antibody. The in vivo results confirmed
the proinflammatory role of IL-17 in acute HBV infection. More im-
portantly, although IL-35 did not affect cultured CD4* T cells pro-
liferation in vitro, IL-35 stimulation not only suppressed Th17 differ-
entiation from CD4" T cells in vitro, but also reduced HBV peptides-
induced Th17 cells in the liver in vivo. It was well accepted that IL-35
played an immunosuppressive effect on inflammation through induc-
tion and expansion of Tregs and suppression of Th1/Th17 cells [13,38].
Our current data reiterated that elevated IL-35 could directly inhibit
Th17 activity during acute HBV infection, which might partly reduce
the subsequent liver inflammation. IL-35 administration could also
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inhibit the HBV peptides-induced Th17 cells in the liver in acute HBV
infection mouse model, confirming the in vitro results in cultured CD4*
T cells and providing a novel mechanism corresponding to im-
munosuppression of IL-35 in regulation of liver inflammation. How-
ever, down-regulation of HBV peptides-induced Th17 cells might not be
due to the reduced recruitment of Th17 cells into the liver, because the
IL-35 did not affect the total IHLs numbers recruited into the liver
following HBV plasmid hydrodynamic injection. Further experiments
using adaptive transfer of HBV transgenic mouse model [20] were
needed for distinguishing changes of recruited or resident Th17 cells in
the liver.

In conclusion, we found that IL-35 was dispensable for HBV antigens
secretion, but crucial for regulation of peripheral and hepatic HBV
peptides-induced Th17 cells in vitro and in vivo, which might subse-
quently modulated hepatocytes damage and liver inflammation during
acute HBV infection. The potential anti-inflammatory property of IL-35
might be pivotal for development new therapeutic approaches for he-
patitis B.
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