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Abstract

AIM: To investigate the effect of T helper (Th) 17/T
regulatory (Treg) cells on hepatic fibrosis in mice and
its possible mechanism.

METHODS: Hepatic fibrosis was induced by intraperi-
toneal injection of carbon tetrachloride. Hepatic patho-
logical changes were observed by hematoxylin and
eosin staining; the protein levels of interleukin (IL)-6,
transforming growth factor (TGF)-p and a-smooth
muscle actin (SMA) in liver tissue were determined
by Western blotting; and the frequency of Th17 and
Treg cells in the liver was estimated by flow cytometry.
In addition, hepatic stellate cells were isolated from
healthy mouse liver and co-cultured with Th17 or Treg
cells. Immunofluorescence staining and Western blot-
ting were performed to determine the change in HSC
activation.

RESULTS: In the model group, there were different
degrees of fibroplasia, degeneration and necrosis. The
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protein levels of IL-6, TGF-B and «-SMA in liver tis-
sue were significantly higher than those in the control
group at 12 wk (P < 0.05). Compared with the con-
trol group, the frequency of Th17 cells in the model
group was increased but the frequency of Treg cells
decreased gradually. Furthermore, at 4, 8 and 12 wk,
there were significant differences in the number of
Th17 cells (0.52% % 0.16%, 1.46% =+ 0.24%, and
2.60% =+ 0.41%, respectively, P < 0.05) and Treg
cells (2.99% = 0.40%, 2.16% = 0.50%, and 1.49% =+
0.34%, respectively, P < 0.05). In vitro, Th17 cells pro-
moted, whereas Treg cells inhibited the expression of
a-SMA, both in a dose-dependent manner, compared
with the control group.

CONCLUSION: Th17/Treg imbalance exists in mice
with liver fibrosis, which potentially promotes liver fi-
brosis via HSC activation.

© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.
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Core tip: It has been reported that T helper (Th) 17/T
regulatory (Treg) cell imbalance is closely related to
many autoimmune diseases. The role of Th17/Treg im-
balance in liver fibrosis has seldom been reported. Our
study focused on the change in Th17/Treg balance in a
liver fibrosis model in mice, and explored the possible
mechanism through which the development of fibrosis
is regulated. The frequency of Th17 cells increased,
while the frequency of Treg cells decreased in liver fi-
brosis. These changes promote the occurrence of liver
fibrosis via hepatic stellate cell activation.
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INTRODUCTION

Liver fibrosis is a chronic progressive disease that is
characterized by the formation and accumulation of
extracellular matrix that lead to the remodeling of the
hepatic architecture. It is the final common pathway in a
variety of chronic liver diseases that can be reversed at an
early stage, but when it is irreversible, the patients with
liver fibrosis are at increased risk of developing cirrhosis.
However, the pathogenesis of fibrosis is not entirely clear
at present.

Helper CD4" T cells can orchestrate host immune re-
sponses through the release of distinct cytokine profiles.
Recent studies have described two additional subsets-
interleukin (I1)-17-producing CD4" T helper (Th) 17
cells and T regulatory (Treg) cells'. Th17 cells express-
ing retinoic-acid-related orphan receptor (ROR)-yt play
critical roles in the development of autoimmunity and
allergic reactions by producing T1.-17%%, while Treg cells
expressing the forkhead/winged helix transcription factor
P3 (FoxP3) have an anti-inflammatory role and maintain
tolerance to self-components” by contact-dependent

suppression or releasing anti-inflammatory cytokines
[IL-10 and transforming growth factor (TGF)-f] 71 Re-
cently, many studies have found that imbalance of Th17/
Treg cells is closely related to a variety of autoimmune
diseases”™ . However, the role of Th17/Treg imbalance
in liver fibrosis has seldom been reported.

The objectives of this study wete to evaluate whether
Th17/Treg balance is disrupted in mice with liver fi-
brosis, and to explote the potential mechanism through
which Th17/Treg imbalance promotes the development
of liver fibrosis. We used carbon tetrachloride (CCls) to
induce liver fibrosis in a mouse model, and mice were
sacrificed at 4, 8 and 12 wk. We first measured the protein
levels of 1L-6, TGF-f and a-smooth muscle actin (SMA)
by Western blotting, and the frequency of Th17 and Treg
cells in the liver was evaluated by flow cytometry. Finally,
we investigated the effect of Th17 and Treg cells on the
activation of hepatic stellate cells (HSCs) 7 vitro.

MATERIALS AND METHODS

Animals

Male C57BL/6 mice (aged 6-8 wk, 18-21 g) were pur-
chased from the Shanghai Slac Experimental Animal
Centre (Shanghai, China). Mice were maintained under
specific pathogen-free conditions with a 12-h light/dark
cycle and unlimited supplies of food and water. The
experimental procedures conformed to the guidelines
outlined in the Guide for the Care and Use of Labora-
tory Animals and were approved by the Research Ethics
Committee of Renji Hospital [SYXY (hu) 2011-0121].
Sixty mice were randomly divided into a control group
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(n = 30) and model group (» = 30), and then the mice in
each group were randomly divided into 4, 8 and 12-wk
groups of 10 mice each.

Liver fibrosis model and sample collection

Mice in the model group were injected intraperitoneally,
twice a week, with 10 pL/g of 30% CCls (Shanghai Jiahe
Biotechnology, Shanghai, China) dissolved in olive oil.
Mice in the control group were given the same volume
of olive oil for the indicated time intervals. Mice wete
sacrificed 72 h after the final CCl4 injection at 4, 8 and 12
wk, and liver tissues were collected. The liver tissues were
divided into two parts. One part was kept for histologi-
cal examination and Western blotting, and the other was
used for the detection of Th17 and Treg cells.

Histological examination

The liver tissues were fixed in 10% neutral buffered for-
malin and embedded in paraffin. Slices 4-pum thick were
prepared and stained with hematoxylin and eosin (HE)
according to standard procedures. The degree of fibrosis
was assessed based on Scheuer’s scoring system'',

Western blotting

Total protein was extracted according to the manufac-
turer’s instructions (Pierce, United States) and the pro-
tein concentration was determined. Proteins were sepa-
rated by 12% SDS-PAGE and then transferred onto a
polyvinylidene difluoride membrane. The membrane
was blocked with 5% non-fat milk for 2 h followed by
incubation with primary antibody in Tris-buffered saline
with Tween overnight at 4 'C (anti-IL-6 1:300 dilution;
anti-TGF-f 1:300 dilution; and anti-o-SMA 1:500 dilu-
tion); all the antibodies were purchased from Abcam
(Cambridge, United Kingdom). The membrane was
incubated with a horseradish peroxidase-conjugated
secondary antibody (1:10000 dilution, LI-COR, Lincoln,
NE, United States) The membrane was scanned by
Odyssey machine and quantified using Image | version
1.4.3.67 software.

Flow cytometric analysis of T cell subsets

Single-cell suspensions were prepared from liver by
dissecting the tissue into small pieces, grinding them,
and then filtering them through stainless steel meshes.
Lymphocytes were obtained through Percoll density
gradient centrifugation (Beijing Dingguo Biotechnol-
ogy, Beijing, China) from the cell suspensions. For
Th17 cell detection, lymphocytes were stimulated for
5 h with 50 ng/mL phorbol myristate acetate (PMA),
1 umol/L ionomycin (both from Sigma, St Louis, MO,
United States) and 10 pg/mL brefeldin A (eBioscience,
San Diego, CA, United States) in RPMI-1640 (Hyclone,
Logan, UT, United States) supplemented with 10% fetal
bovine serum (FBS; Hyclone). Upon harvest, cells were
first stained with fluorescein isothiocyanate (FITC)-anti-
CD4 at 4 °C for 20 min, then fixed in paraformaldehyde,
permeabilized in Perm/Fix solution, and finally stained
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Table 1 Dynamic changes in hepatic fibrosis score in mice

Time Group Number Liver fibrosis score
+ + + ++ +
4 wk Model 9 2 7
Control 10 10
8 wk Model 8 2 6
Control 10 10
12 wk Model 6 1 5
Control 10 9 1

intracellularly with PE-anti-IL-17A. For Treg cell detec-
tion, lymphocytes were incubated with FITC-anti-CD4
and APC-anti-CD25 at room temperature for 20 min"”,
Cells stained with IgG isotype control were used as con-
trols. All antibodies and fixation/permeabilization agents
were purchased from Bioscience. Cells were analyzed by
FACSCalibur flow cytometer. The percentage of positive
cells was determined using CXP analysis software.

Isolation of HSCs

Mouse HSCs were isolated from the livers of C57BL/
6 by in situ collagenase perfusion and differential cen-
trifugation on Percoll density gradients (Beijing Dingguo
Biotechnology) as described previously”. The fresh iso-
lated HSCs were resuspended in RPMI-1640 (Hyclone)
containing 10% FBS and penicillin/streptomycin, and
then plated onto 24-well plates (plastic plates were used
for self-activation of HSCs). The HSCs were cultured for
6 d and harvested for subsequent use. The purity of HSC
cultures was > 92% as determined by the fluorescence
of vitamin-A-containing lipid dropletslli’m. All cells were
cultured in a humidified incubator with 5% CO:z at 37 C.

Preparation of Th17 and Treg cells

Th17 and Treg cells were isolated from the spleen of
C57BL/6 mice using a cell isolation kit (Miltenyi Biotec,
Bisley, Surrey, United Kingdom). For Th17 cell isola-
tion, fresh spleen cells were stimulated with ionomycin
(1 ng/mL) and PMA (10 ng/mL) for 3 h; labeled with
Mouse IL-17 Catch Reagent, IL.-17 Detection Antibody
(Biotin) and Anti-Biotin-PE; and collected by magnetic
separation. For Treg cell isolation, non-CD4™T cells were
depleted after magnetic labeling of non-CD4" cells and
fluorescent labeling of CD25" cells, finally the cells were
labeled with Anti-PE MicroBeads, and CD4'CD25"
regulatory T' cells were selected with MS Columns. Cells
were cultured and expanded for 5 d using CD3/CD28
MACSiBead Particles and 2000 U/mL IL.-2. RPMI-1640
medium supplemented with 10% FBS and penicillin/
streptomycin were used for cultures. After culturing,
cells were harvested and beads were removed.

Cell co-culture

Forty-eight-well plates (Corning, Corning, NY, United
States) were used for cell co-cultures. First, the HSCs
were plated at a density of 1 X 10 cells per well and cul-
tured for 12 h. Th17 and Treg cells were added separate-

ly to the culture system. The cells were co-cultured for 3
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d and expression of a-SMA was determined by Western
blotting and immunofluorescene staining,

Immunofiuorescence staining

Immunofluorescence staining was performed as de-
scribed previouslym’m. The fixed cells were stained with
rabbit anti-mouse a-SMA monoclonal antibody (1:100
dilution; Abcam) followed by CY3-conjugated goat anti-
rabbit antibody (1:400 dilution) (Jackson ImmunoRe-
search, West Grove, PA, United States). DAPI was used
for nuclear staining, Expression of a-SMA was observed
under fluorescent microscopy and fluorescence intensity
was determined by Image Pro Plus software.

Statistical analysis

Statistical analysis was performed using SPSS version
17.0 software. The results were presented as mean * SD.
One-way analysis of variance was applied, and P < 0.05
was considered statistically significant.

RESULTS

Histopathology of liver tissue

Hepatic fibrosis scores are shown in Table 1. In the mod-
el group, hepatic fibrosis score increased gradually after
CCls injection; however, the scores in the control group
were largely unchanged. These results indicated that olive
oil was not harmful to the mouse liver.

Mouse liver surface in the control group was smooth,
the structure of the hepatic lobules and portal area was
complete, and there was no cellular degeneration, inflam-
matory reaction and fiber cords as shown by HE staining
(Figure 1A). After CCls administration, mice developed
different degrees of hepatic inflammation, cellular de-
generation, necrosis, and distorted hepatic architectural
(Figure 1B-D). At the end of 12 wk, mouse liver showed
diffuse hyperplasia of fibrous tissue, the arrangement of
the hepatic cells was disordered, and there was a lot of
degeneration and necrosis of liver cells, with deficiency
of the central vein (Figure 1D). As the time of CCls in-
jection was increased, the liver fibrosis model was gradu-

ally established.

Expression of IL-6, TGF-3 and o.-SMA in liver tissue
After CClsadministration, the expression of 1L-6, TGF-3
and a-SMA was increased as compared with the controls
(Figure 2A). Relative protein levels are shown in Figure
2B. Expression of TGF-f at 4 wk was higher than in the
control group but the difference was not significant (P
> 0.05). The level of TGF-B at 8 and 12 wk was signifi-
cantly increased (P < 0.05). Compared with the controls,
the expression of 1L-6 and a-SMA in the model group
was significantly increased (P < 0.05), and the differences
at 4, 8 and 12 wk were significant (P < 0.05).

Increased Th17 cells and decreased Treg cells in CCls-
induced hepatic fibrosis model

To investigate whether injection of CClsinfluenced the
number of Th17 cells (CD4 TL-17" T cells) and Treg
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Figure 1 Pathological changes in the liver after carbon tetrachloride administration (hematoxylin and eosin, original magnification, x 100). A: Control group;

B: 4-wk group; C: 8-wk group; D: 12-wk group.
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Figure 2 Expression of proteins in the liver at different times. A: Western blotting; B: Quantitive analysis, °P > 0.05 vs control, P < 0.05 vs control. a-SMA:

o-Smooth muscle actin; IL: Interleukin; TGF: Transforming growth factor.

cells (CD4°CD25" Treg cells), the percentages of Th17
and Treg cells in mouse liver were measured by flow cy-
tometry (Figure 3).

In the control group, the frequency of Th17 cells at
4, 8 and 12 wk was 0.30% % 0.15%, 0.34% % 0.16% and
0.26% % 0.08%, respectively. The frequency of Treg cells
was 3.31% £ 0.32%, 3.42% * 0.27% and 3.25% £ 0.38%,
respectively. The differences between the 4, 8 and 12-wk
groups for the number of Th17 and Treg cells were not
significant (P > 0.05). The results indicated that olive oil
was not harmful to mouse liver. The data from the 4-wk
group were used as controls for the model group.
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In the model group (Figure 3A and C), the frequency
of Th17 cells was increased gradually. The difference
between the 4-wk group (0.52% * 0.16%, » = 9) and the
controls (0.30% =* 0.15%, » = 10) was not significant (P
> 0.05). The frequency of Th17 cells was significantly
increased in both the 8-wk (1.46% % 0.24%, » = 8) and
12-wk (2.60% % 0.41%, n = 6) groups compared with the
controls (P < 0.01). Moreover, there was a significant dif-
ference between the 4-, 8- and 12-wk groups (P < 0.05).

As shown in Figure 3B and D, the frequency of Treg
cells in the 4-wk group (2.99% % 0.40%, #» = 9) was not
significantly decreased compared to the controls (3.31%

February 28, 2014 | Volume 20 | Issue 8 |
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Figure 3 Changes in T helper 17 and T regulatory cells in the liver after carbon tetrachloride administration. A and B: Representative images of Th17 (A) and
Treg (B) cells at different times after CCls administration; C and D: Proportions of Th17 (C) and Treg (D) cells. *P > 0.05 vs control, °P < 0.05 vs control. CCls: Carbon
tetrachloride; Th17: T helper 17; Treg: T regulatory; IL: Interleukin; FITC: Fluorescein isothiocyanate.
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Figure 4 T helper 17/T regulatory ratio in the control and 4-, 8- and 12-wk
groups. Th17: T helper 17; Treg: T regulatory.

+ 0.32%, n = 10) (P > 0.05). However, the frequency of
Treg cells was significantly decreased in both the 8-wk
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2066

(2.16% % 0.50%, 7 = 8) and 12-wk (1.49% * 0.34%, n = 6)
groups (P < 0.01). Also, the difference between the 4-, 8-
and 12-wk groups was significant (P < 0.05).

Th17/Treg ratios indicated severity of fibrosis in mice
As shown in Figure 3, we detected the frequency of
Th17 and Treg cells, and then we calculated the Th17/
Treg cell ratios using the frequencies at different times.
We found that the ratios in the model group were higher
than in the controls (P < 0.05) (Figure 4) and the ratios
increased gradually in the 4-, 8- and 12-wk groups. This
indicated that the Th17/Treg cell balance in the liver was
disrupted and more conducive to Th17 cell production
and progtession of fibrosis.

Effect of Th17/Treg cells on activation of HSCs

To study whether Th17/Treg cells could modulate the ac-
tivation of HSCs, we isolated HSCs from the mouse liver,
and treated then with Th17 cells (2 X 10*/well) or Treg

February 28, 2014 | Volume 20 | Issue 8 |
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Figure 5 o-Smooth muscle actin expression after different treatment. A and B: Western blotting and quantitative analysis of a-SMA; C-E: Immunofluorescence
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cells (2 % 10*/well). Western blotting and immunofluo-
rescence staining were performed to determine changes
in the expression of q-SMA. As illustrated in Figure 5A
and B, in comparison with the control group, a-SMA
expression was induced following exposure to Th17 cells
but the difference was not significant (P > 0.05). a-SMA
expression was significantly reduced after exposure to
Treg cells (P < 0.05). Figure 5C-E shows a-SMA expres-
sion after different treatments, and Figure 5F shows the
fluorescence intensity of each group, which had the same
trends as described above.

To detect further the influence of Th17 and Treg
cells on HSCs, we cultured HSCs with vatious amounts
of Th17 or Treg cells (1 x 10%, 2 X 10" or 3 x 10*/well).
Results indicated that Th17 cells promoted, whereas Treg
cells inhibited the expression of a-SMA in a dose-depen-
dent manner.

DISCUSSION

Recent findings demonstrate that Th17 and Treg cells are
T lymphocyte subgroups with unique immunoregulating
functions and play opposing roles'”, and both of them
participate in the regulation of a variety of diseases.
Wang et al™ have found that the frequency of pe-
ripheral Th17 cells, as well as the level of IL-17 mRNA
in PBMCs, was significantly increased in patients with
acute-on-chronic hepatitis B liver failure compared with
patients with chronic hepatitis B and healthy controls.
Amoroso ¢ al™” suggested that the presence of Treg cells
infiltrating the liver is associated with high levels of acti-
vated/effector T cells in the peripheral blood and lower
activity of hepatitis. Therefore, Th17 and Treg cells are
closely related with liver fibrosis. In addition, Th17 and
Treg cells are both differentiated from naive CD4" T cell
precursors. TGF- is a central cytokine to the differen-
tiation of both cells and can induce the expression of
FoxP3 and ROR-yt at the same time”". Low concentra-
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tions of TGF-f synergize with IL-6 to promote ROR-
yt expression, thereby favoring Th17 cell differentiation.
However, increased concentrations of TGF-f3 repress
ROR-yt expression and favor the generation of Treg
cells™*, Considering all this evidence together, we hy-
pothesize that an imbalance of Th17 cells and Treg cells
may exist and play a role in regulating the immune re-
sponse during liver fibrosis.

In our study, we determined the protein levels of
IL-6 and TGF-B during liver fibrosis to understand their
impact on Th17/Treg cell balance. Our data showed that
after CCls administration, the expression of IL-6 and
TGF-f was increased compared with the controls (Figure
2). In addition, the frequency of Th17 cells was increased
while the frequency of Treg cells was decreased with the
aggravation of liver fibrosis (Figure 3). To a large extent,
the results of our study confirmed the above inference;
that in the process of liver fibrosis, IL-6, TGF-f3 and oth-
er cytokines are produced in large quantities, and these
changes are more conductive to the production of Th17
cells. Increased Th17 cells also induced the production of
IL-6*Y, so the Th17/ Treg balance was disrupted (Figure
4), which led to immune disorder and promotion of liver
fibrosis. Whether decreased Treg cells lead to the upregu-
lation of TGF-f is controversial at present, and requires
further study for confirmation.

As described previously, the transdifferentiation of
HSCs into myofibroblasts is characterized by expression
of a-SMA and is a critical event during liver fibrogen-
esis™. Our study also confirmed that the expression of
a-SMA was increased gradually during the process of
liver fibrosis (Figure 2), which indicates that the activa-
tion of HSCs in liver fibrosis is a continuous process. In
addition, HSCs are not only the regulatory cells of liver
inflammation but also the target cells of immunoregula-
tion®. Li et al’”" have reported that CD4'CD25" cells
from chronic hepatitis B patients inhibit HSC activation
in a dose-dependent manner, whereas recombinant IL.-17

February 28, 2014 | Volume 20 | Issue 8 |



promotes the proliferation and activation of HSCs. Sun
et al”® have also found that 11-17 together with IL-17-
activated monocytes promote the activation of HSCs i
vitro.

To investigate whether Th17/Treg imbalance in-
creased the activation of HSCs, we co-cultured HSCs
with Th17 or Treg cells to explote their effects on HSCs.
Our results indicated that Th17 cells promote HSC acti-
vation, while Treg cells have the opposite effect on HSC
activation; both in a dose-dependent manner (Figure
5). In addition, we demonstrated that Th17 cells were
increased in association with the reduction in Treg cells
during liver fibrosis, and these changes were more condu-
cive to HSC activation, which in turn, further promotes
the development of fibrosis by secreting various inflam-
matory cytokines. Furthermore, fibrogenic factors (1L.-6
and TGF-f) involved in the activation of HSCs induce
the production of matrix proteins™. Therefore, a closed
loop is formed between fibrogenic factors, Th17/Treg
cells and HSCs, which influence each other and mediate
the development of liver fibrosis jointly. However, the
accurate mechanism by which Th17 and Treg cells play
their pivotal roles in the activation of HSCs remains to
be elucidated.

In summary, our data demonstrated that a Th17/Treg
cell imbalance existed in mice with liver fibrosis. There-
fore, the dynamic interaction between Th17 and Treg
cells may be important in the development of liver fibro-
sis, suggesting a potential role for Th17/Treg imbalance
in the pathogenesis of liver fibrosis.

COMMENTS

Background

Liver fibrosis is a chronic progressive disease that seriously affects human
health, so it is important to prevent its occurrence. However, the pathogenesis
of fibrosis is not entirely clear to date. T helper (Th) 17 and T regulatory (Treg)
cells are T lymphocyte subgroups. Many studies have reported that Th17/Treg
imbalance is closely related to many autoimmune diseases. However, its role in
liver fibrosis has seldomly been reported.

Research frontiers

The imbalance of Th17/Treg cells is closely related to a variety of autoimmune
diseases. In the area of preventing liver fibrosis, the research hotpot is to ex-
plore how Th17/Treg balance changes and then prevent the occurrence of liver
fibrosis by modulating the imbalance in Th17/Treg cells.

Innovations and breakthroughs

This is believed to be the first study to explore the effect of Th17/Treg cells in
carbon tetrachloride (CCls)-induced liver fibrosis in mice and its potential mech-
anisms. The results indicate that Th17/Treg imbalance exists and may play a
potential role in the pathogenesis of liver fibrosis.

Applications

Correcting Th17/Treg imbalance may be a potential therapeutic approach in the
management of liver fibrosis.

Terminology

Th17 (IL-17-producing CD4'T helper cells) and Treg cells (regulatory T cells)
are described as two additional subsets of T lymphocytes that can orchestrate
host immune responses through releasing distinct cytokine profiles.

Peer review

This was a good descriptive study in which the authors analyzed the effect of
Th17/Treg cells in CCls-induced liver fibrosis in mice. The results are interest-
ing and suggest that Th17/Treg imbalance is a potential therapeutic target that
could be used for preventing the occurrence of liver fibrosis.
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