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ARTICLE
Protective effects of specific cannabinoid receptor

2 agonist GW405833 on concanavalin A-induced
acute liver injury in mice

Ze-bing Huang'?, Yi-xiang Zheng'?, Ning Li3, Sheng-lan Cai'?, Yan Huang'?, Juan Wang'?, Xing-wang Hu'?, Yang Wang®*,
Jie Wu'”® and Xue-gong Fan'?

Cannabinoid receptor 2 (CB2R) is highly expressed in immune cells and plays an important role in regulating immune responses. In
the current study, we investigated the effects of GW405833 (GW), a specific CB2R agonist, on acute liver injury induced by
concanavalin A (Con A). In animal experiments, acute liver injury was induced in mice by injection of Con A (20 mg/kg, i.v.). The
mice were treated with GW (20 mg/kg, i.p., 30 min after Con A injection) or GW plus the selective CB2R antagonist AM630 (2 mg/kg,
i.p., 15 min after Con A injection). We found that Con A caused severe acute liver injury evidenced by significantly increased serum
aminotransferase levels, massive hepatocyte apoptosis, and necrosis, as well as lymphocyte infiltration in liver tissues. Treatment
with GW significantly ameliorated Con A-induced pathological injury in liver tissue, decreased serum aminotransferase levels, and
decreased hepatocyte apoptosis. The therapeutic effects of GW were prevented by AM630. In cell experiments, we showed that
CB2Rs were highly expressed in Jurkat T cells, but little expression in L02 liver cells. Treatment with GW (10—40 pg/mL) dose-
dependently decreased the viability of Jurkat T cells and induced cell apoptosis, which was reversed by AM630. In the coculture of
Jurkat T cells with L02 liver cells, GW dose-dependently protected L02 cells from apoptosis induced by Con A (5 pg/mL). The
protective effect of GW was reversed by AM630 (1 ug/mL). Our results suggest that GW protects against Con A-induced acute liver

injury in mice by inhibiting Jurkat T-cell proliferation through the CB2Rs.
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INTRODUCTION

Acute liver injury is a severe and acute disease characterized by
acute liver cell necrosis. Acute liver injury is mainly caused by
hepatitis B virus (HBV) in China [1-3]. Within the last few decades,
there has been no fundamental breakthrough in the treatment of
liver injury caused by HBV or other immune injury [4]. Emerging
evidence suggests a new approach, using immunotherapy for the
treatment of acute liver injury mediated by T cells [5]. It is known
that HBV infection induces acute liver injury by excessively
activating T cells to produce a large amount of interferon-y (IFN-y),
tumor necrosis factor-a (TNF-a), and other inflammatory factors,
rather than damaging the liver directly [6, 7]. IFN-y can activate/
recruit immune cells, including NK cells, to colonize or gather in
the liver to cause inflammation and damage [8]. TNF-a exerts
direct hepatocyte toxicity by inducing cell autolysis by binding to
specific cell membrane receptors and then it enters cells to
promote lysosomal enzyme release [9, 10]. For this reason,
inhibition of T cells mediated inflammatory responses has been

proposed as a promising therapeutic approach for HBV-induced
acute liver injury [11].

The cannabinoid receptors family consists of two subtypes,
cannabinoid receptor 1 (CB1R) and cannabinoid receptor 2 (CB2R).
The expression level of CB1R in the immune system is low, whereas
CB2R is mainly expressed in the cells of the immune system
including B cells, NK cells, and T cells [12]. CB2Rs play an important
role in modulating immune responses. CB2R-specific agonists have
an anti-inflammatory effect by inhibiting the migration and
proliferation of T cells, and reducing the release of inflammatory
factors including IFN-y and TNF-a [13]. In mice, the activation of
CB2R can inhibit immune rejection after organ transplantation by
inhibiting T cells [14]. In addition, the specific activation of CB2R
has also been proposed for treating other immune inflammatory-
related diseases, such as spinal cord injury, systemic sclerosis,
autoimmune uveal retinitis, endotoxin-induced inflammation, and
osteoarthritis [14, 15]. Therefore, CB2Rs could be a valuable
targeted candidate for the treatment of acute liver injury.
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To fulfill this purpose, the selection of a proper CB2 receptor
binding and activating ligand is vital because they belong to
varied structural classes and display extreme functional selectivity.
Among several CB2R-specific agonists, GW405833 (GW) is
reported to have the highest binding affinity [16]. Therefore,
researchers have attempted to explore its immune regulating
potential and the data clearly indicate that it can protect mice
from septicemia by blocking extracellular signal-regulated kinases
1/2 (ERK1/2) and nuclear transcription factor-kB (NF-kB) through
activating CB2R [17]. This suggests that the CB2R-specific agonist
GW has the potential to be a novel therapeutic drug for treating
acute liver injury mediated by T-cell over activation.

The study of Kato and Hegde in rat animal experiments
confirmed that concanavalin A (Con A) can damage liver cells by
activating T cells to produce IFN-y, TNF-a, and other cytokines, in
which the mechanism of the induction of acute liver injury is
similar to that of HBV. In view of the fact that both Con A and
HBV-induced acute liver injury are mediated by T cells [18, 19],
the establishment of an acute liver injury model with Con A can
be used as an effective way to study HBV-induced acute liver
injury.

In this study, we verified that GW regulated T cells to protect
against the acute liver injury induced by Con A through activating
T-cell CB2Rs, and thus our work provides a therapeutic approach
to CB2R-mediated modulation in immune-related liver injury.

MATERIALS AND METHODS

Animals

Male BALB/c mice with weights between 20 and 25 g (6-8 weeks
old) were used for the animal experiments. Mice were housed
and maintained in a standard controlled environment (20-25 °C,
50% £ 5% humidity) with a 12-h dark/light cycle in the
Department of Laboratory Animals of Central South University
(Changsha, China). All mice were fed with a standard laboratory
diet and water. Mice were prepared before and by acclimatizing
for at least | week.

Reagents

Con A was purchased from Sigma (St. Louis, MO, USA). The
alanine aminotransferase (ALT) and aspartate aminotransferase
(AST) were tested in the clinical laboratory of Xiangya Hospital
(Changsha, China). The CB2R agonist GW and antagonist AM630
were purchased from Tocris (Avonmouth, Bristol UK). Antibodies
against BAX, BCL-2, and Caspase 3 were purchased from
Proteintech (USA), anti-human CB2R antibody was purchased
from Sigma (St. Louis, MO, USA), and anti-mouse-CB2R antibody
was purchased from Abcam (Cambridge, UK). Anti-Parp anti-
body was purchased from Cell Signaling Technology (Danvers,
MA, USA). The anti-actin and anti-tubulin antibodies were
purchased from Santa Cruz Biotechnology (Santa Cruz, CA,
USA). Cell Counting Kit-8 (CCK-8) was purchased from Beyotime
Biotechnology (Shanghai, China).

Animal treatment

Animals were divided into five groups, control, Con A, Con A plus
GW, Con A plus GW and AM630, and Con A plus AM630. The
control group was treated with vehicle (saline 2 mL/kg, i.v.) via the
tail vein; the Con A group (liver injury group) was treated with
Con A (20 mg/kg, i.v.); the Con A plus GW group was treated with
Con A (20 mg/kg, iv.) and GW (20 mg/kg, i.p., 30 min after Con A
injection); the Con A plus GW and AM630 group was treated with
Con A (20 mg/kg, iv.) and GW (20 mg/kg, i.p., 30 min after Con A
injection) plus AM630 (2 mg/kg, i.p., 15 min after Con A injection);
and the Con A plus AM630 group was treated with Con A
(20 mg/kg, iv.) plus AM630 (2 mg/kg, i.p., 15min after Con A
injection). The serum and liver samples were harvested from the
mice at 12 and 24 h after treatments.
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Cell experiment

The Jurkat T-cell line was used as the T-cell model to examine
the regulation of T-cell proliferation and apoptosis through
CB2Rs. The CCK-8 assay was carried out according to the
manufacturer’s instructions for detection of cytoactivity. The
Jurkat cells were inoculated in 96-well plates at a density of 2000
cells per well. The cells were treated with GW 0, 5, 10, 20, or
40 pg/mL. The cytoactive detection was conducted at 3,6, 9, 12,
16, 20, or 24 h after GW treatment. The apoptosis of Jurkat cells
was measured in the GW and GW plus AM630-treated groups using
flow cytometry analysis. Jurkat cells were collected 24 h after the
treatment with GW 10 pg/mL + AM630 1 ug/mL, GW 20 pg/mL +
AM630 2 pg/mL, or GW 40 pg/mL 4+ AM630 4 pg/mL. Cells were
then stained with Annexin V-fluorescein isothiocyanate (FITC) and
propidium iodide (Pl). The percentage of Annexin V-FITC/PI-
positive Jurkat T cells was determined by flow cytometry to
evaluate the degree of apoptosis. For Western blot detection of
Parp, the treatments of the Jurkat T cells used different
concentrations of GW (0, 5, 10, or 20 ug/mL), different concentra-
tions of AM630 (0, 5, 10, or 20 pg/mL), or GW (20 pg/mL) plus
AM630 (2 pg/mL). The LO2 liver cells were cocultured with Jurkat
cells using a Transwell coculture system [20] to research the
immune injury of the hepatocytes with 10% fetal bovine serum
in 1640 medium for the coculture. Con A at 5 pg/mL was used
to stimulate the Jurkat cells to release cytotoxic cytokines. GW
5 pg/mL or 10 ug/mL were used to reveal whether activation of
CB2R could protect the L02 cells against cell toxicity from the
Jurkat T cells. Furthermore, the AM630 was added to test whether
the GW's effects could be reversed, to confirm the critical roles
played by the CB2Rs.

Histological analysis and immunohistochemistry

Liver tissues of mice were fixed with 4% paraformaldehyde and
subsequently embedded in paraffin. Tissue sections (thickness, 5
pum) were stained with hematoxylin and eosin (H&E) or antibodies
for histopathological examination and immunohistochemistry
(IHC). The stained sections were evaluated under a light
microscope (Nikon, Tokyo, Japan).

Western blot analysis

The total proteins from frozen liver tissue specimens or cells
were isolated using RIPA buffer and quantitated using a BCA
protein assay kit (Thermo, USA). The protein extracts were
separated by sodium dodecyl sulfate-polyacrylamide gel
electrophoresis and then transferred onto polyvinylidene
fluoride membranes. After milk blockade of nonspecific binding
sites, the membranes were incubated overnight at 4°C with
various antibodies against CB2R, Parp, BAX, BCL-2, and Caspase 3
followed by incubation with horseradish peroxidase-conjugated
secondary antibody. Protein bands were visualized with an
ECL reagent and exposed to X-ray films. Signals were
assessed and normalized against the levels of actin or tubulin
proteins.

Real-time quantitative PCR

Total RNA was extracted from the L02 cell and Jurkat cell
samples using TRIzol reagent (Takara, China) and first-strand
complementary DNA (cDNA) was synthesized. The cDNA
samples were then incubated at 90°C for 7 min to stop the
reaction. Quantitative PCR was performed with SYBR green PCR
Master Mix (Takara, China) on the ABI7500 platform according to
the manufacturer’s protocols. The primer sequences used were
as follows: CB2R: sense, 5-CTGCTTCTGGTTCCTGCTTC-3’ and
antisense, 5-GCGAACATCCTTGGTCCTTA-3’; the generation of
specific PCR products was confirmed by melting curve analysis.
The mRNA levels of CB2R were normalized against actin
and relative expression was then calculated using the AACT
method.

SPRINGER NATURE



Protective effects of cannabinoid receptor 2 agonist GW405833 on acute liver injury

ZB Huang et al.

Statistical analysis

Data are presented as the mean +SEM, * indicates P<0.05, **
indicates P < 0.01, *** indicates P < 0.001, **** indicates P < 0.0001.
™ indicates P> 0.05. T-tests were used to compare two groups.
One-way analysis of variance (ANOVA) was used to compare more
than two groups, and the Kruskal-Wallis test was used for pairwise
comparisons.

RESULTS

Effects of CB2Rs on ameliorating Con A-induced liver injury

To determine the effects of CB2R on Con A-induced liver injury, mice
were pretreated with Con A (20 mg/kg, i.v.) via the tail vein as a Con
A model. These model mice were intraperitoneally injected with
20 mg/kg of GW (i.p., 30 min after Con A injection), 2 mg/kg of
AMG630 (i.p., 15 min after Con A injection), GW (i.p., 30 min after Con
A injection) plus AM630 (i.p., 15 min after Con A injection) or vehicle.
Serum ALT and AST activities were measured at 12 and 24 h after
the above drug administrations. In the Con A-injected model group,
12h after injection, serum ALT and AST were not significantly
changed (Fig. 1a1). However, 24 h after injection of Con A, serum
ALT and AST were significantly increased, which was eliminated by
GW (Fig. 1a2). The protective effect of GW was reversed by AM630
(Fig. 1a2). To further confirm the effect of CB2R on liver injury, liver
tissue sections with HE staining were evaluated. The Con A (after 24
h) induced massive hepatocyte necrosis and inflammatory cells
infiltration, which were improved after addition of GW (Fig. 1b).

Effects of CB2R on ameliorating Con A-induced hepatic apoptosis
of the liver tissue

The hepatocyte apoptosis of the liver tissue was detected
by Western blotting. The activation of caspase 3 and BAX is
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crucial for the induction of apoptosis, and activated Bcl-2
represents an anti-apoptosis effect. Fig. 2a shows a sample
of caspase 3, BAX, and Bcl-2 expression using Western
blotting. Statistical analysis demonstrated that after 24-h
treatment, both caspase 3 and BAX activity were increased in
the Con A and Con A plus AM630 groups, whereas the Con A-
induced increase was significantly suppressed in the Con A +
GW group (Fig. 2b, left and middle panels). The anti-
apoptosis protein Bcl-2 was decreased in both the Con A and
Con A plus AM630 groups, and this reduction was reversed
in the Con A + GW and Con A + GW plus AM630 groups (Fig. 2b,
right panel).

Lymphocytic infiltration was increased in the hepatic tissue

We compared lymphocytic infiltration (CD4 and CD8)
between the control and treated groups (Con A, Con A + GW,
and Con A+ AM630). The results showed that lymphocytes
(either CD8 or CD4) increased liver infiltration after Con A
stimulation, which was prevented by treatment with GW, and
the effect of GW was abolished by the CB2R antagonist,
AM630 (Figs. 3a-d).

CB2R agonist GW inhibited the cytoactivity of Jurkat T
lymphocytes

To detect the function of CB2R agonist GW on the cytoactive
Jurkat T lymphocytes, the relative cytoactive rates of the Jurkat T
lymphocytes measured at different time points (from 3 to 24 h)
were tested by CCK-8. With increasing concentrations of GW and
extended time of treatment, the cytoactive rate of the T
lymphocytes was significantly reduced. The overall trend of cell
viability declined under the dose-dependent and time-
dependent effect of GW (Fig. 4).
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Fig. 1 Serum alanine aminotransferase (ALT) and aspartate aminotransferase (AST) activities were measured at 12 h (a1) and 24 h (a2) after

concanavalin A (Con A) injection. Compared with the model group (Con A group), cannabinoid receptor 2 (CB2R) agonists, GW405833 (GW)
reduced ALT and AST, whereas CB2R antagonist, AM630 (AM) reversed GW's effect, n =15 for each group. b. Hematoxylin and eosin (H&E)
staining (x 100) demonstrated pathological alterations of liver section of five experimental groups. The Con A (after 24 h)-induced massive
hepatocyte necrosis and inflammatory cells infiltration in the livers were improved after addition of GW (the red arrows indicate necrosis and
inflammatory cells infiltration). In this and all following figures, data were presented as mean + SEM, *P < 0.05, ***P < 0.001, ****P < 0.0001.
"P > 0.05. T-test was used to compare two groups. One-way analysis of variance (ANOVA) was used to compare more than two groups, and
Kruskal-Wallis test was used for pairwise comparison
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Fig. 2 GW405833 (GW) attenuated concanavalin A (Con A)-induced hepatic apoptosis in mice. Liver tissues were collected for histological
examination. a Typical sample of the apoptosis-relative protein expression, caspase 3, BAX, and Bcl-2. b Statistical analysis, n = 3 for each group.
Data were collected from all treated groups after 24-h treatment. Mean + SEM, *P < 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001. "*P > 0.05
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Fig. 3 Lymphocytic infiltration (CD4 and CD8) was compared between control and treated groups. The lymphocytic infiltration detected by
immunohistochemistry (IHC) was compared between the normal liver and concanavalin A (Con A)-induced injured liver (400 x), the red arrows
indicate the infiltrative lymphocytes. The results showed that lymphocyte (either CD8 or CD4) increased liver infiltration by Con A stimulation, which
was prevented by treatment with GW405833 (GW), and the effect of GW was abolished by cannabinoid receptor 2 (CB2R) antagonist, AM630 (a-d).
Statistical analysis, n = 3 for each group. Data were collected from all treated groups after 24-h treatment. Mean + SEM, *P < 0.05, **P < 0.01. "P > 0.05
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The apoptosis of T lymphocytes was regulated by GW via CB2Rs
To confirm whether GW affects the apoptosis of T lymphocytes,
Jurkat T lymphocytes treated with GW and AM630 were stained by
PI/Annexin V-FITC and detected by flow cytometry (Fig. 5a). The
nucleus and cytomembrane of apoptotic cell would be marked by
Pl and Annexin V-FITC, respectively. The percentage of apoptotic
Jurkat T lymphocytes were dose dependently increased with GW
10, 20, and 40 pg/mL. Statistical analysis showed that AM630
could prevent the apoptosis-promoting function of low concen-
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Fig. 4 Cannabinoid receptor 2 (CB2R) agonist, GW405833 (GW)
inhibited the cytoactivity of Jurkat T lymphocytes in both dose-
dependent and time-dependent manners. With increased concen-
trations of GW and extending time of treatment, cytoactive rate of T
lymphocytes was significantly reduced. The overall trend of cell
viability declined under the dose-dependent and time-dependent
effect of GW
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trations of GW (Fig. 5bi). Consistently, the expression of apoptotic
protein Parp (89 kDa) in Jurkat T lymphocytes was increased after
CB2R stimulation with different concentrations of GW (Fig. 6a),
and the AM630 reversed the GW-induced apoptosis of T
lymphocytes (Fig. 6b).

GW reduced the Con A-induced Jurkat T lymphocytes cytotoxic
effect on hepatocytes by activating CB2Rs

We use Transwells to coculture the Jurkat T lymphocytes and
L02 liver cells for determining whether the protective effects of
GW were mediated through the T cells or L02 cells. Con A
stimulated Jurkat T lymphocytes, and in turn they had a
cytotoxic effect on hepatocyte. We added Con A into the model
of the coculture with a concentration gradient and applied GW
or GW + AM630 intervention. The Con A-stimulated Jurkat T
lymphocytes induced a cytotoxic effect on the L02 cells with
increased Parp. However, activation of CB2Rs by GW could
prevent cellular damage from Jurkat T lymphocytes in a GW
concentration-dependent manner, and the AM630 (1 pug/mL)
reversed the GW (10 pg/mL)-induced protective effects (Fig. 7),
suggesting that GW protects liver LO2 cells against Con A
toxicity mediated by the Jurkat T lymphocytes. To confirm this
idea, we examined CB2R mRNA and protein expression in liver
tissue, Jurkat T lymphocytes and LO2 liver cells, and showed that
liver CB2R expression was increased by Con A and Con A plus
AM630, whereas addition of GW (Con A + GW) prevented Con A-
induced increases in CB2R expression, and AM630 reduced GW's
effect (Fig. 8a, b). Furthermore, we found that CB2R expression
was found at a high level on Jurkat T lymphocytes, but there was
little expression on L02 liver cells as shown by western blotting
(Fig. 8c).
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Fig. 5 The T lymphocytes were treated with GW405833 (GW) 10, 20, and 40 pg/mL, and GW 10 pg/mL + AM 1 pg/mL, GW 20 pg/mL + AM
2 pg/mL, GW 40 pg/mL + AM 4 pg/mL, respectively. The nucleus and cytomembrane of apoptotic cell were marked by propidium iodide (PI)
and Annexin V-FITC, respectively (a). The percentage of apoptotic cell after 24-h treatment was analyzed by flow cytometry, and n = 3 for each
group (b). AM630 could prevent the apoptosis-promoting function of low concentrations of GW (bi). Mean + SEM. ****P < 0,0001. "°P > 0.05
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DISCUSSION

Acute liver injury may develop into acute liver failure if it is not
properly treated in time. There is no effective treatment for acute
liver failure at present. Immune inflammation plays an important
role in acute liver injury [21-23]. In the course of acute liver injury,
a large number of lymphoid T cells are found [24]. Although CB2R
is mainly expressed in the immune cells, it has been reported to
protect against liver damage in various diseases, including
alcoholic liver injury, that are related to immune cells [25, 26].
Therefore, screening special agonists or drugs targeting CB2Rs for
immune function regulation might be a new feasible approach to
the treatment of acute liver injury.

GW, as a selective CB2R agonist, has been reported to protect
against acute pancreatitis by activating CB2R [27, 28]. However,
whether GW protects against acute liver injury remains
unknown. Our research showed that GW effectively protected
Con A-induced acute liver injury in mice, as demonstrated by a
decreased serum aminotransferase level, improved liver histo-
pathology, and decreased hepatocyte apoptosis. Additionally,
the protective effect of GW could be abolished by the CB2R-
specific antagonist AM630 in both animal and cellular experi-
ments, indicating that the protective effect of GW on acute liver
injury is achieved through activating CB2R instead of other off-
target effects. On the other hand, considering the CB2R
expression in hepatocytes is almost undetectable, an increase
in CB2R expression in acute damaged liver tissue could be
attributed to the increased number of infiltrated lymphocytes.
Interestingly, we found that application of CB2R antagonist,
AM630, in conjunction with Con A, increased Con A-induced
toxicity, suggesting that endogenous CB2Rs expressed in T cells
participate as agonists against Con A-induced acute injury of the
liver. These results collectively demonstrated that GW protects
against liver damage by regulating immune cells through
activating CB2R.

To explore why activation of CB2R in T cells could protect
hepatocytes against acute injury to the liver, a coculture cell
model was employed as previously described [29, 30]. Addition of
GW inhibited the Con A-induced apoptosis of L02, and AM630
reversed this effect. As there is almost no expression of CB2R in
L02, we speculated that the administration of GW preferably
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Fig. 7 Effects of T-cell toxicity on LO2 liver cells. The LO2 liver cells and the T lymphocytes were cocultured to evaluate the toxicity of T
lymphocytes to liver LO2 cells. a T lymphocytes was activated by concanavalin A (Con A) that made the cytotoxic effect, and cell apoptosis of L02
liver cells was measured by Parp (89 kDa). b Statistical analysis showed that GW405833 (GW) inhibited T lymphocytes and protected LO2 liver cells
against T-cell toxicity. The cannabinoid receptor 2 (CB2R) antagonist (AM630) would counteract the protective effect. n = 3 for each group. Mean +

SEM. ***P < 0.001, ****P < 0.0001. "*P > 0.05
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activated CB2R in T cells. The activated CB2R would consequently
reduce the amount of cytokines released by promoting T-cell
apoptosis, which in turn protects rescued hepatocytes from
damage.

In summary, this study provides evidence that GW inhibits T-
cell proliferation and promotes T-cell apoptosis by activating
CB2Rs, thereby protecting hepatocytes against damage induced
by an immune response induced by the original acute liver
injury. Although different factors might induce acute liver
injury via diverse mechanisms, the CB2R agonist GW is a
promising candidate for treatment of immune-relevant acute
liver injury.
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