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The aims of this study were to elucidate the immunomodulatory effects of glycyrrhizin (GL) on CD4 T cell
responses during liver fibrogenesis. To obtain in vivo evidence about the effects of GL on CD4 T cells in livers
and spleens of concanavalin A (ConA)-induced mouse model, mice were administrated with ConA together
with or without GL for 8 weeks. Mice treated with GL dramatically prevented liver inflammation and fibrosis.
Besides, GL inhibited the infiltration of T helper (Th) cell type 1, Th2, Th17 and regulatory T cells (Treg) in
livers and spleens of mouse fibrosis models, and regulated the Th1/Th2 and Treg/Th17 balances respectively
to a relative dominance of Th1 and Treg lineages in livers. Moreover, GL dramatically enhanced the
antifibrotic cytokine interferon (IFN)-y and interleukin (IL)-10. GL at a concentration of 10 or 100 pg/mL
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CD4™T cells was respectively incubated with ConA-stimulated splenic CD4*T cells in vitro, and JNK inhibitor
PI3K/AKT (SP600125), ERK inhibitor (U0126), p38 inhibitor (SB203580) or PI3K/AKT inhibitor (LY29400225) was
MAPK/ERK added during the incubation. Notably, GL not only inhibited ConA-induced proliferation of splenic CD4 T

Concanavalin A cells but also enhanced the mRNAs of IFN-y and IL-10 in these cells. Be similar to the effects of GL,

SP600125, U0126 and LY29400225, however not SB203580, also inhibited ConA-induced CD4 T cell prolif-
eration, indicating the involvement of JNK, ERK and PI3K/AKT in this process. Moreover, GL significantly
inhibited ConA-induced phosphorylation of JNK, ERK and PI3K/AKT in vitro. Collectively, GL might alleviate
liver injury and fibrosis progression via regulation of CD4'T cell response in JNK, ERK and PI3K/

AKT-dependent pathways.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

Liver fibrosis and its end-stage cirrhosis represent the final common
pathways of virtually all chronic liver diseases [1]. Chronic liver injury
started by hepatitis virus infection or alcohol abuse usually arouse im-
proper and persistent wound healing responses in liver, following by
excessive deposition of extracellular matrix (ECM), the so-called liver
fibrosis, and increased loss of liver function [1,2]. Hepatic stellate cells
(HSCs) are the critical cells in liver fibrosis, orchestrating the deposition
of ECM during liver fibrosis [3,4]. Cytokine-mediated activation of HSCs
into a myofibroblast-like phenotype is a key event during liver

* Funding: This study was supported by grants from the National Nature Science
Foundation of China (No. 81070341) and Shanghai Nature Science Foundation (No.
09ZR1406000).

* Corresponding author at: Department of Gastroenterology, Zhongshan Hospital,
Fudan University, 180 Fenglin Road, Shanghai 200032, China. Tel.: +86 21 64041990
2424; fax: +86 21 64432583.

E-mail addresses: tuchuantao@hotmail.com (C. Tu), lijingshengping@163.com
(J. Li), 1121121001 1@fudan.edu.cn (F. Wang), li.lei@zs-hospital.sh.cn (L. Li),
wang.jiyao@zs-hospital.sh.cn (J. Wang), jiang.wei@zs-hospital.sh.cn (W. Jiang).

1 The two authors contribute equally to this paper.

1567-5769/$ - see front matter © 2012 Elsevier B.V. All rights reserved.
http://dx.doi.org/10.1016/j.intimp.2012.08.013

fibrogenesis [2,4]. Although there is a great deal of mechanisms regard-
ing the process of scar tissue formation [2,3], some big gaps are still in
our understanding of the role of inflammatory cells and their cytokines
in fibrogenesis.

Recently, accumulating evidence from mouse and human studies
have emphasized the crucial role of infiltrating CD4 T cells in the
progression of liver inflammation and fibrosis [1,5-7]. It has become
clear that CD4*T cells have heterogeneous effects for the existence
of diverse functional subsets [1,5-7]. CD4 *T helper cells have recent-
ly been subdivided into four major subsets, largely based on their
expression profile of transcription factors and secreted cytokines:
T helper (Th) cell type 1, Th2, Th17 and regulatory T cells (Tregs)
[8,9].

The activity of HSCs is influenced by an array of cytokines, some of
which are profibrotic, i.e. transforming growth factor (TGF)-P1,
whereas others play an antifibrotic role, i.e. interleukin (IL)-10, inter-
feron (IFN)-y [3-7]. Moreover, HSCs with dual effects of antigen-
presentation and collagen synthesis are recently reported to be
involved in regulating CD4*T cell responses [10,11]. Progressive car-
bon tetrachloride (CCl4)-induced liver fibrosis in BALB/c mice is asso-
ciated with increased levels of IL-4 and decreased levels of IFN-vy,
synthesized by CD4™ Th2 and CD4 ™" Th1 cells, respectively [12]. Th1
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Table 1
Primer sequences used in this study.

Target genes Forward primers(5’-3’)

Reverse primers (5-3')

GAPDH TGTGTCCGTCGTGGATCTGA TTGCTGTTGAAGTCGCAGGAG
A-SMA AAGAGCATCCGACACTGCTGAC AGCACAGCCTGAATAGCCACATAC
IFN-y GTTACTGCCACGGCACAGTCATTG ATCCTTTTGCCAGTTCCTCCAG
TGF-p GTGTGGAGCAACATGTGGAACTCTA TTGGTTCAGCCACTGCCGTA
IL-10 GGTTGCCAAGCCTTATCGGA ACCTGCTCCACTGCCTTGCT

IL-13 AGACCAGACTCCCCTGTGCA TGGGTCCTGTAGATGGCATTG

dominance could result in virus clearance and always end with a process
of acute HBV infection, whereas Th2 dominance could not clear virus
and usually end with a process of chronic HBV infection [13]. Thus, the
‘Th1/Th2 ratio’ is ever used as an index to predict the outcome of virus
infection and tilt the balance toward or away from fibrosis [12,13].
Besides, Treg cells induce immune tolerance, while Th17 cells mediate
a strong inflammatory response [8,9]. Recently, it's reported that periph-
eral and hepatic Treg responses have been significantly enhanced in pa-
tients with chronic hepatitis B (CHB) and autoimmune hepatitis (AIH)
[13,14], and also, Th17 cells significantly increased in CHB and AIH pa-
tients, which can activate mononuclear and dendritic cells to start the
anti-viral immunity and prevent the apoptosis of virus-infected cells
[15]. Nowadays, for the antagonistic functions of Treg and Th17 cells
during HBV infection and their intrinsic developmental links [16], the
significance of ‘Treg/Th17 balance’ has been frequently discussed in
CHB pathogenesis [17,18].

Under inflammatory circumstances, the cytokines and growth fac-
tors in microenvironments could activate mitogen-activated protein
kinase (MAPK) pathways in T cells [19,20]. So far, three distinct
MAPK pathways have been described in mammalian cells: the extra-
cellular signal-regulated kinase (ERK) pathway, the c-Jun amino ter-
minal kinase (JNK) pathway and the p38 MAPK pathway [19].
Recent studies have also implicated that phosphatidylinositide
3-kinase (PI3K)/AKT pathway activation is a fundamental requirement
for cell-cycle progression and T-cell proliferation [20]. MAPK/ERK and
PI3K/AKT pathways are critical in transferring extracellular message
via membrane-bound ligands, transmembrane receptors and cytoplas-
mic secondary messengers into cell nucleus, thus regulating the gene
expression that controls several important cellular processes including
cell proliferation and apoptosis are important targets for antifibrogenic
treatments.

Glycyrrhizin (GL), the primary active constituent of licorice root,
is commonly used in Asia to treat patients with chronic hepatitis
[21-23]. GL could promote cell proliferation of hepatocytes thus it
could be used to facilitate liver regeneration after liver injury. Besides,
GL have anti-viral, anti-tumor and immunomodulatory abilities [24-
26]. In patients with chronic hepatitis C, intravenous administration of
GL could decrease plasma aminotransaminase levels, thus preventing
liver fibrosis progression as well as subsequent hepatocellular carcino-
ma [22,27]. Our previous work had demonstrated that GL could prevent
hepatotoxin-induced liver injury and cirrhosis via inhibition of
NF-kappaB binding activity, cell proliferation and collagen production
of HSCs [28]. However, the immunomodulatory activity of GL has not
been fully elucidated in liver fibrosis. Here this study was designed
both in vivo and in vitro to investigate whether GL could regulate
CD4™T cell response via JNK, ERK and PI3K/AKT signal pathways in
mouse liver fibrosis models.

2. Materials and methods
2.1. Models of fibrosis and experimental design

Six-to-eight week old female BALB/c mice weighing 18-20 g were
obtained from the Shanghai Laboratory Animal Centre (Chinese

Academy of Science, Shanghai, China) and maintained under specific
pathogen-free conditions with a 12-hour light/dark cycle and allowed
free access to food and water. Concanavalin A (ConA) and glycyrrhizin
(GL) were purchased from Sigma Chemical Co. (St. Louis, MO, USA)
and dissolved in pyrogen-free phosphate buffered saline (PBS) and sa-
line, respectively. Forty mice in each group were intravenously (i.v.)
injected with ConA at a dose of 10 mg/kg body weight once a week
for up to 8 weeks [29]. Control mice were injected with the same vol-
ume of PBS. Intraperitoneal administration of GL (10, 25, 50 mg/kg) or
vehicle control (saline) was performed three times weekly after ConA
treatment, respectively. The experimental procedures conforming to
the guidelines outlined in the Guide for the Care and Use of Laboratory
Animals and were approved by the Research Ethics Committee of
Zhongshan Hospital (No. 2010-87).

Blood samples, liver and spleen specimens were collected at 24 h
after weekly ConA administration at 0, 2, 4, and 8 weeks. Liver injury
was determined by measuring serum alanine aminotransferase (ALT)
levels using a commercially available Alanine Aminotransferase Re-
agent Kit (Rongsheng Biotech, Shanghai, China).

2.2. Histology

The harvested liver tissues were fixed in 10% neutral buffered for-
malin and embedded in paraffin. Slices 4 um thick were prepared
and stained with hematoxylin/eosin (H&E) and Masson's trichrome
staining according to standard procedures. Fibrosis was graded on a
5-point scale based on Scheuer's scoring system [30], with 0 indicating
no fibrosis; 1 indicating expansion of the portal tracts without link-
age; 2 indicating portal expansion with portal linkage; 3 indicating
extensive portal to portal and focal portal to central linkage; and 4 in-
dicating complete cirrhosis. Histological assessment was performed
by two clinical pathologists without knowledge of the experimental
design.

2.3. Immunohistochemistry

The liver tissue sections were dewaxed, hydrated and subjected
to heat-induced antigen retrieval. Sections were blocked and incu-
bated overnight at 4 °C with mouse anti-o.-SMA antibody (clone
1A4, Sigma-Aldrich) 1:100, and primary antibody diluted in TBS
containing 2% bovine serum albumin. Negative-control antibodies
consisted of species-matched and where appropriate, IgG subclass-
matched Ig, used at the same dilution. The sections were subse-
quently washed and incubated with HRP-conjugated goat anti-
mouse IgG secondary antibodies, followed by incubation for 5- to
10-min with 3, 3’-diaminobenzidine tetrachloride and visualization
of specific staining under light microscopy.

2.4. Preparation of non-parenchymal cells from mouse livers and spleens

Livers and spleens were harvested at the indicated time points and
pressed through a 200-gage stainless steel mesh and suspended
in PBS. For the preparation of non-parenchymal hepatic cells, the ab-
dominal cavities of anesthetized mice were opened and the livers
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Fig. 1. Glycyrrhizin (GL) administration ameliorates ConA-induced hepatic injury, inflammation, and fibrogenesis in mouse models. (A) Histology was assessed by H&E staining and
fibrillar collagen deposition was evaluated by Masson staining (original magnification, x 100). Activated HSCs were performed on liver sections by immunohistochemical staining of
alpha-smooth muscle actin (a-SMA) (original magnification, x200). The positive a-SMA staining in cytoplasm (red arrows) is mainly located around the pseudolobule. (B) Liver
injury was assessed by serum ALT. Serum ALT levels at different time points after ConA injection with or without GL administration at different concentrations. *p<0.05 for
ConA + 25 mg/kg GL vs. ConA + Saline, **p<0.01 for ConA + 50 mg/L GL vs. ConA + Saline (n=10 per group). (C) Degree of liver fibrosis was assessed based on Scheuer's scoring
system. (n=38 per group). (D) The mRNAs of a-SMA in mouse liver tissues were analyzed by real-time PCR (n=6 per group). Results were normalized to GAPDH expression.
(E) The proteins of a-SMA in liver tissues at week 8 after ConA injections are presented as ratio of a-SMA/GAPDH. Representative blots were presented. Pooled data from 4
mice in each group are shown as mean + SEM.
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were perfused through the portal vein for 5 min with Hank's bal-
anced salt solution (HBSS), 4 min with 0.5 mg/mL pronase solution,
and 4 min with 0.25 mg/mL collagenase solution at a flow rate of
6 mL/min. The hepatic tissue was then minced and further digested
in 50 mL HBSS supplemented with 50 mg collagenase, 50 mg
pronase, and 1 mg DNase (20 min, 37 °C). The resulting cell suspen-
sion was passed through a 100 um nylon mesh filter and then
centrifuged at 300 g (10 min, 4 °C). The cell pellets were resuspended
in 8 mL 40% Percoll solution and then carefully overlaid on 5 mL of
70% Percoll solution (Sigma-Aldrich, St. Louis, MO, USA). After centri-
fugation at 450 g (30 min, 17 °C), the layer of cells at the intermedi-
ate interface was harvested as target cells. Splenic cells were
isolated following mechanical disruption of the spleen and erythro-
cyte lysis as described elsewhere [31].

2.5. Purification of CD4 T cells

CD4™T cells were purified from non-parenchymal cells of mouse
livers and spleens using the Dynal® Mouse CD4 Cell Negative Isolation
Kit (Invitrogen Dynal AS, Carlsbad, CA, USA) according to the
manufacturer's protocol. After isolation, CD4*T cells were resuspended
in the respective supplemented RPMI-1640 medium (Gibco, Grand Is-
land, NY, USA). Subsequently, cells were cryopreserved in a medium
containing 75% FBS, 15% RPMI-1640 and 10% DMSO. The cells were
thawed by a step-by-step, gradual dilution method. Cell viability was
confirmed over 90% by Trypan blue exclusion.

2.6. Flow cytometry

All antibodies used in flow cytometry were purchased from
eBioscience (San Diego, CA, USA). For the staining of intracellular cyto-
kines such as IFN-y, IL-4 and IL-17, cells were stimulated with
phorbol-12-myristate-13-acetate (PMA, 25 ng/mL, Enzo, New York,
NY, USA) and ionomycin (1 pg/mL, Enzo) in 1 mL RPMI 1640 medium
supplemented with 10% FCS for 6 h. Brefeldin A (1 pg/mL, Enzo) was
added 1 h prior to cell harvesting. After labeling with surface antibodies,
cells were permeabilized with a fix/perm solution (eBioscience) and
stained with the appropriate intracellular antibodies according to the
manufacturer's instructions. Isotype-matched control antibodies were
used to determine the level of background staining and help set a
gate. Stained cells were analyzed by FACSCalibur (Becton Dickinson)
and Flow]Jo software 7.6.1 (Tristar, El Segundo, CA, USA).

2.7. T-cell proliferation assay

Purified spleen CD4 T cells were cultured in triplicate in a con-
centration of 1x10° cells per well in 100 uL. RPMI 1640 containing
10% FCS. First, the cells were stimulated with or without10 pg/mL
ConA for 0, 12, 24, 48 and 72 h. IL-2 (20 U/mL, PeproTech) was also
added during the incubation to prevent the anergic state of T cells.
Second, GL at different concentrations (0, 10, 100 pg/mL) was added
to test the effect of GL on ConA-induced CD4™" cell proliferation in
vitro. Cell proliferation was measured using the thymidine method,
and converted to a stimulation index, defined as the mean number
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Fig. 2. Glycyrrhizin (GL) alters CD4™T cell response in livers and spleens of ConA-induced mouse liver fibrosis models. Non-parenchymal cells in mouse livers and spleens were
isolated to be analyzed by flow cytometry. (A-D) Representative infiltrations of CD4"IFN-y" cells (Th1), CD4"IL-4" cells (Th2), CD4"Foxp3™ cells (Tregs) and CD4*IL-17+
cells (Th17) in mouse livers and spleens at week 4, 8 after ConA or ConA + 50 mg/kg GL treatments are presented on the left side with pooled data on the right side. (*p<0.05,
*p<0.01, **p<0.001. n=10 per group).
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Fig. 2 (continued).

of counts per minute (cpm) for cells exposed to antigen divided by
the mean number of cpm for cells not exposed to antigen.

2.8. Quantitative reverse transcriptase-PCR (qPCR)

Total RNA was extracted using TRIzol (Invitrogen). Following the
manufacturer's instructions, reverse transcription was performed
using a PrimeScript RT reagent kit with gDNA Eraser (Takara, Beijing,
China) and quantitative real-time PCR conducted with a SYBR reverse
transcription-polymerase chain reaction Kit (Takara) using the fol-
lowing conditions: 30 s at 95 °C, followed by a total of 40 two-
temperature cycles (5 s at 95 °C and 30 s at 60 °C). Each assay was
performed in triplicate. The primer sequences used were shown in
Table 1. For analysis, the expression of target genes was normalized
by the housekeeping gene GAPDH. Based on the AACt method, rela-
tive amounts of mRNA were expressed as 2 ~24Ct,

2.9. Western blotting

Liver samples were homogenized and centrifuged at 10,000 g at
4 °C for 10 min. Cells were washed twice with ice-cold PBS and pre-
pared with RIPA buffer (50 mM Tris-HCI, 150 mM NaCl, 1% Nonidet
P-40, 0.5% deoxycholate and 0.1% SDS) containing protease inhibitor
mixture (Roche). The samples were separated by SDS-PAGE and then
transferred onto a polyvinylidenedifluoride membrane (Millipore,
Billerica, MA, USA) using SemiDry Transfer Cell (Bio-Rad, Hercules, CA,
USA). The polyvinylidenedifluoride membrane was blocked with 5%
non-fat milk for 3 h followed by incubation with primary antibody in

TBST (100 mM Tris-HCl, pH 7.5, 0.9% NaCl, 0.1% Tween 20) overnight
at 4 °C with gentle shaking: the specific primary antibodies against
a-SMA (1:1000, Sigma-Aldrich, St. Louis, MO, USA), against ERK
(1:1000), against p-ERK (1:1000), against AKT (1:500), against p-AKT
(1:500), against JNK (1:500), against p-JNK (1:1000), against p38
(1:200) and against p-p38 (1:1000). All the antibodies except at-SMA
antibody were purchased from Abcam Inc., (Cambridge, MA). The
blots were incubated with an HRP-conjugated anti-GAPDH antibody
(1:10,000; KC5G5, CHN) for 1 h at room temperature. The ratio of
each protein to GAPDH was calculated as the relative quantification.

2.10. Inhibition experiment

Splenic CD4*T cells were incubated with LY294002 (PI3K/AKT in-
hibitor, 25 mM, Promega, Madison, WI, USA), U0126 (ERK inhibitor,
150 nM, Promega), SB203580 (p38 inhibitor, 1 mM, Promega) and
SP600125 (JNK inhibitor, 100 nM, Sigma-Aldrich, St. Louis, MO,
USA) for 1 h, and then ConA (10 ug/mL) was added to culture medi-
um of each group. After 72 h of incubation, cell proliferation was
measured by the thymidine method and cytokine secretion was mea-
sured by qPCR according to the above methods.

2.11. Statistical analysis

Results are presented as mean =+ standard error of the mean (SEM)
in triplicate. Statistical analyses were performed using the GraphPad
Software Version 5.01 (CA, USA). Student's t-test and one-way
ANOVA, y? test and Pearson's rank correlation were performed as
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Fig. 2 (continued).

appropriate, and p values of less than 0.05 (two-tailed) were consid-
ered statistically significant.

3. Results

3.1. GL administration ameliorates ConA-induced hepatic injury,
inflammation and fibrosis in mouse models

After ConA administration, mice developed significant hepatic in-
flammation, hepatocyte ballooning, necrosis, and distorted hepatic
architectural formation as shown in H&E staining of liver tissue
(Fig. 1A). At the end of 8 weeks after ConA administration, extension
of fiber cable and formation of hepatic lobule were observed and very
few areas of healthy hepatocytes and collagen deposition with septa
bridging portal regions was detected (Fig. 1A). In line with these
changes, serum ALT levels (as an indicator of hepatic inflammation)
were much higher in ConA-induced fibrosis mice than PBS-treated
mice at week 8 (Fig. 1B). However, administration of GL to ConA-
treated mice significantly alleviated hepatic inflammation and necro-
sis, especially at high-dose (Fig. 1A and B).

Next, we investigated liver fibrosis degree of mice in differently-
treated groups via Masson staining, a qualitative assessment of liver
fibrosis. At week 8 after weekly ConA injections, the fibrosis scores
of the three GL-treated groups were significantly lower than those
of ConA-treated group (Fig. 1C). These results indicated that GL im-
proved ConA-induced liver inflammation and fibrosis.

Because HSCs are the main collagen-producing cells in liver fibro-
sis, we analyzed activated HSCs via immunohistochemical staining for
a-SMA expression. We observed a-SMA in all groups of animals, with

the highest intensity in mice injected with ConA alone, with adminis-
tration of GL significantly decreasing the levels of a-SMA expression
(Fig. 1A). These findings were substantiated by real-time PCR and
Western blot analyses which showed that both mRNA and protein
levels of at-SMA were significantly reduced following GL treatment
(Fig. 1D and E).

3.2. GL alters the proportion and balance of hepatic and splenic CD4*T
cells upon ConA induced liver fibrosis in mice

To assess the effects of GL on CD4 T response during liver fibrosis,
the proportion of infiltrating CD4"IFN-y* cells (Th1), CD4*IL-4"
cells (Th2), CD4*Foxp3 ™ cells (Tregs) and CD4*IL-17* cells (Th17)
cells were analyzed in livers and spleens of ConA-induced mouse
liver fibrosis models with or without GL treatment. ConA induced a
significant infiltration of Th1 cells in livers and spleens with
progressed fibrosis degree in mouse models (Fig. 2A). ConA also in-
duced dramatic increases of Th2, Tregs and Th17 in mouse livers
and spleens (Fig. 2B-D). The peak infiltrating time point for Thi,
Th2 and Tregs is week 4 after ConA administration, and then the pro-
portions of the three subsets began to decrease, however, still with a
higher level than untreated Balb/c mice (Fig. 2A-C). But the infiltra-
tion of Th17 peeked at week 8 (Fig. 2D). With administration of GL
in ConA-induced mouse liver fibrosis models, the infiltration of Th1,
Treg, Th17 and Th2 lineages were dramatically decreased compared
to those treated with saline as a control, especially those treated
with high dose of GL (Fig. 2).

Furthermore, GL dramatically increased the Th1/Th2 and Treg/
Th17 ratios in livers and spleens in mouse models (Fig. 3).
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3.3. GL inhibits ConA-induced proliferation of splenic CD4 7T cells in vitro

Cell proliferation assay could be used to evaluate T-cell status, so
we determined the effects of GL on splenic CD4*T cell proliferation.
Firstly, to assess the effects of ConA on CD4"T cell proliferation, we
co-cultured 10 pug/mL ConA with splenic CD4™T cells isolated from
Balb/c mice for 0, 12, 24, 48, and 72 h. The proliferation of splenic
CD4™T cells was measured by the thymidine method. As shown in
Fig. 4A, ConA promoted the proliferation of splenic CD4"T cells
with the prolonged time and peaked at 48-72 h. Secondly, to assess
the effects of treatment with GL on the immune response in
the ConA stimulated splenic CD4"T cell proliferation, different con-
centrations (0, 5, 10, 100 ug/mL) of GL were added into the culture
medium for 72 h. As shown in Fig. 4B, GL significantly inhibited
ConA-induced T cell proliferation in a dose-dependent manner.

34. JNK, ERK and PI3K/AKT signaling molecules were involved in
proliferation of ConA-stimulated CD4 T cells

To identify the signaling pathways involved in ConA-stimulated
CD4™T proliferation, the pharmacological inhibitors of MAPK and
PI3K/AKT were used in this part of study. CD4*T cells pretreated with
LY294002 (PI3K/AKT inhibitor), U0126 (ERK inhibitor), SB203580
(p38 inhibitor) and SP600125 (JNK inhibitor) for 1 h were incubated
with ConA for 72 h. As shown in Fig. 4C, the proliferation of CD4*T
cells induced by ConA can be significantly inhibited by LY294002,
U0126 and SP600125, but not the p38 inhibitor SB203580 (Fig. 4C).

3.5. GL influenced the expression of JNK, ERK and PI3K/AKT signaling
molecules on ConA stimulated CD47T cells

To investigate the potential mechanisms for GL to regulate
ConA-induced CD47T cell proliferation, we assessed the protein
levels of JNK, ERK and PI3K/AKT in CD4*T cells after the co-
treatment of ConA and GL. First, we incubated freshly isolated splenic
CD4™T cells from normal Balb/c mice with 10 pg/mL ConA for 0, 12,
24, 48 and 72 h; and detected the protein levels of AKT, ERK, JNK,
P38 and their respective active forms (p-AKT, p-ERK, p-JNK and
p-P38) in these cells by western blot. We found the proteins of
p-JNK, p-ERK and p-AKT on T cells significantly increased in response
to ConA incubation; however no change of p-P38 was detected
(Fig. 5A and B). Second, we added GL at diverse concentrations (0,
10, 100 pg/mL) into the culture medium and incubated ConA-
stimulated CD4 T cells with GL for 72 h. As shown in Fig. 5C and D,
GL treatment significantly decreased the enhancement of p-JNK,
p-ERK and p-AKT in response to ConA in CD4 T cells.

3.6. GL increases the expression of anti-fibrotic cytokines in livers of
ConA-induced fibrosis models

We also investigated the effects of GL on anti-fibrotic cytokines in
livers of ConA-induced mouse models. Since CD4 T cells usually pro-
duce abundant cytokines to regulate fibrosis progression, we ana-
lyzed the mRNA expression of cytokines IL-10, IFN-y, IL-13 and
TGF-p1, which are mainly produced by CD4 T cells and with a close
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link with the fibrogenesis after GL treatment. We found that GL ad-
ministration significantly enhanced the mRNAs of anti-fibrotic IL-10
and IFN-vy (Fig. 6A), however not the pro-fibrotic IL-13 and TGF-B1
(Fig. 6B).

3.7. GL alters IFN-7y and IL-10 mRNAs of splenic CD4 T cells in vitro not
via JNK, ERK and PI3K/AKT signaling pathways

We also confirmed in vitro that GL could significantly enhance the
IFN-y and IL-10 mRNAs in splenic CD4*T cells and found that the en-
hancement of [FN-y and IL-10 by GL treatment was not via JNK, ERK
and PI3K/AKT signaling pathways with the co-incubation of pharma-
cological inhibitors of MAPK and PI3K/AKT(Fig. 6C).

4. Discussion

Liver cirrhosis, the common clinical endpoint of chronic liver dis-
eases, is characterized by tissue fibrosis, replacement of normal liver
architecture by structurally abnormal nodules and the development
of portal hypertension and other life-threatening complications
[1-3]. Inhibition of fibrogenesis at an early stage is nowadays consid-
ered as a feasible strategy to treat liver cirrhosis [2,4].

In this study, using ConA-induced mouse liver fibrosis models, we
found that glycyrrhizin (GL) significantly attenuated fibrosis progression.
GL not only reduced liver inflammation, but significantly suppressed the
activation of HSCs and reduced collagen accumulation in mice (Fig. 1).

These changes were accompanied by the down-regulation of CD41T
cells infiltration in the livers and spleens of mice with hepatic fibrosis
(Figs. 2 and 3).

GL is a natural anti-inflammatory and antiviral triterpene to treat
patients with viral hepatitis (hepatitis B and hepatitis C) and to re-
duce the risk of hepatocellular carcinoma after hepatitis-C virus
(HCV) infection in China and Japan [22-27,32]. GL could also inhibit
the cytotoxicity mediated by CD4™T cells and TNF [33]. GL has a
membrane stabilizing effect [34] and also stimulates endogenous pro-
duction of interferon [21,25,26]. 18- GL shows an antiviral activity
against a great deal of DNA and RNA viruses due to potential activa-
tion of NF-kB and induction of IL-8 secretion [35]. 18-a¢ GL is also
reported to suppress the activation of HSCs and induce the apoptosis
of HSCs by blocking the translocation of NF-«B to the nucleus [36].
However, abundant basic and clinical studies are still needed to fur-
ther clarify pharmacological effects of GL, before it's included in the
treatment of liver fibrosis.

Here, our study provides new insights of the anti-inflammatory
and anti-fibrotic effects of GL in ConA-induced mouse models. Our
data have indicated that GL exert its therapeutic effects partly by reg-
ulating the infiltration of CD4 T cells in livers (Figs. 2 and 3). GL
treatment not only decreased the proportions of all the four major
CD4™T cell lineages including Treg, Th17 and Th2 and Th1 but also in-
creased the ratios of Th1/Th2 and Treg/Th17, indicating a dominance
of Th1 and Treg among infiltrating CD4*T cells (Figs. 2 and 3). The
outcome of immune reaction is determined by the balance between
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Fig. 4. Glycyrrhizin (GL) inhibits ConA-induced proliferation of splenic CD4 T cells. The proliferations of splenic CD4*T cells were assessed by *H-thymidine method. (A) The pro-
liferation of splenic CD4™T cells isolated from Balb/c mice was detected after the incubation with ConA (10 pg/mL) for 0, 12, 24, 48 and 72 h. (B) Effects of GL treatment on
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(10 pg/mL), LY294002 (PI3K/AKT inhibitor), U0126 (ERK inhibitor), SB203580 (p38 inhibitor) or SP600125 (JNK inhibitor) for 1 h was analyzed after their incubations with

ConA for 72 h.

pro-inflammation and anti-inflammation. The discovery of functional
CD4™T cell lineages calls for the concept of CD4™T cell balance (the
balance between different functional lineages). In our study, ConA in-
duced a significantly increased infiltrating Th1, Th2, Tregs and Th17
lineages in livers and spleens of mouse models (Fig. 2). The cytokines
mainly produced by CD4 T cells were also shaped by ConA adminis-
tration (Fig. 6). These findings indicated that CD4™T cell responses
are involved in ConA-induced liver fibrosis. Using the above mouse
models, we also demonstrated that GL could significantly inhibit
ConA-induced CD4 T cell infiltration and alter the mode of cytokine
production, thus proving the immunoregulatory effects of GL on
liver fibrosis progression. The role of CD4*Th2 cells and STAT6-
mediated signaling pathway in the development of fibrosis has
been well documented in several studies performed in animal models,
such as the tight skin (TSK) mouse. Th2-dominated responses play a
crucial role in the pathogenesis of a variety of fibrotic diseases [37]. Pre-
vious studies also showed that perturbations in the Th1/Th2 cytokine
balance can significantly affect the extent of tissue fibrosis in S.
mansoni-infected mice [38]. Besides, intrahepatic Treg plays a dual
role in obstructive jaundice for suppressing T cell function while limit-
ing cholestasis and hepatic fibrosis [39].

Hepatic fibrosis secondary to most chronic liver diseases is always
driven by the repair responses to injured tissues. During chronic he-
patic inflammation, CD4 T cells as well as other immune cells pro-
duce abundant cytokines to indirectly modulate the behavior of
quiescent HSCs [38-40]. ConA, a legume lectin, is a mitogen for
monocytes, T-cells, splenocytes, and other cells. The administration
of ConA to mice triggers T-cell activation, and the following release
of pro-inflammatory cytokines such as IFN-y and TNF-«t, which con-
tribute to chronic inflammation and following fibrogenesis [37,41].

GL has been reported to prevent ConA induced mouse liver injury
without affecting the production of cytokines such as IFN-y and
TNF-a [42]. However, there is also evidence that the production of
IL-6 and IL-10 in the livers of ConA-treated mice is suppressed by
GL treatment [32]. Another report has shown that GL inhibits in-
creased IL-18 and matrix metalloproteinase-9 production in mice
treated with LPS/GalN [40,41]. GL also enhances IL-10 production
by hepatic dendritic cells in mice with hepatitis [43]. Here, we
detected mRNAs of several fibrosis-related cytokines mainly pro-
duced by CD4*T cells in ConA-induced fibrosis mice with or without
GL treatment, and found that GL dramatically increased the mRNAs
of IL-10 and IFN-v, however, not the mRNAs of IL-13 and TGF-{31.
To coincide with our data, other researchers found that disease pro-
gression in CCl4-induced mouse liver fibrosis models is associated
with increased IL-4 and decreased IFN-v, respectively produced by
CD4"Th2 and CD4*Th1 cells [12]. Thus, intrahepatic CD4™*T cells
produce high levels of immunomodulatory cytokines and are
involved in liver inflammation and fibrosis by regulating HSC
activation.

To investigate further the molecular mechanism underlying the abil-
ity of GL to suppress the proliferation of CD4 T cells induced by ConA,
we co-cultured GL with ConA-stimulated splenic CD4 T cells for fur-
ther research. We found that GL, especially high dose, inhibited the in-
creased proliferation and modulated the inflammatory cytokines of
splenic CD4 T cells stimulated with ConA significantly (Figs. 4 and 6).

Numerous reports have demonstrated that MAPK member which
includes p42/44, p38, and JNK, and PI3K-dependent pathway are in-
volved in cell growth, differentiation as well as apoptosis [19,20].
MAPK and PI3K pathways also play an important regulator in the pro-
liferation and migration of T cells [19,20]. In this study, we aimed to
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investigate whether JNK, ERK and PI3K/AKT were involved in the pro-
cess for GL to inhibit ConA-induced CD4 T cell proliferation, and
found that phosphorylation of JNK, ERK and AKT not p38 in CD4*T
cells significantly increased after ConA treatment which could be
inhibited by the co-incubation of GL in vitro in a dose- and time-
dependent manner (Fig. 5). The results demonstrated that treatment
with GL inhibited ERK, JNK, PI3K and Akt phosphorylation significantly,
indicating GL's ability to regulate CD4*T cells via JNK, ERK and PI3K/
AKT signaling pathways. The results also indicated that ERK, JNK and
PI3K/Akt pathways may be the potential targets for inhibiting liver fi-
brosis progression. Similarly, phosphorylation of JNK, ERK and AKT

A
Con A (10 pg/ml)

incubation time
(h) 0 12 24 48

p-ERK (42kD) - — -_—

ERK(42-44kD) . —_——

GAPDH

o o) ——
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was induced by ConA, and inhibitors of JNK, ERK and PI3K/AKT signifi-
cantly decreased the HBcAg-induced PD-1 upregulation on CD4"T
cells [44].

In conclusion, GL alleviated ConA-induced inflammation and fi-
brosis progression in livers of mouse models via the inhibition of
CD4™T cell proliferation in response to ConA via JNK, ERK and PI3K/
AKT pathway.
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