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	 Background:	 This study aimed to investigate the effect of deleting the cannabinoid receptor 2 (CB2) gene on the develop-
ment of hepatic fibrosis induced by carbon tetrachloride (CCl4) in mice via regulating inflammation.

	 Material/Methods:	 The DNA was extracted from the tails of mice to identify whether the cannabinoid receptor 2 gene was suc-
cessfully knocked out. A liver fibrosis model was established by an intraperitoneal injection of CCl4 into mice. 
Hepatic damage and hepatic fibrosis were evaluated by detecting serum alanine aminotransferase (ALT), as-
partate aminotransferase (AST), and staining paraffin sections of liver tissue with hematoxylin-eosin (HE). The 
secretion and distribution of collagen in liver tissue were observed by Masson staining. Western blot analy-
sis was performed to detect the expression of a-smooth muscle actin (a-SMA), transforming growth factor-b1 
(TGF-b1), tumor necrosis factor alpha-induced protein 3 (A20), phosphorylated nuclear factor-kB p65 (p-NF-kB 
p65), tumor necrosis factor alpha (TNF-a), and interleukin-6 (IL-6) in liver tissue. Reverse transcription-poly-
merase chain reaction (RT-PCR) was used to detect the expression of IL-6 and TNF-a mRNA in liver tissue.

	 Results:	 Compared with the control mice, the mice with CB2 knockout that were exposed to CCl4 exhibited increased liv-
er damage, liver fibrosis, and upregulated a-SMA, TGF-b1, A20, and p-NF-kB p65 protein levels. IL-6 and TNF-a 
protein levels and mRNA levels were upregulated.

	 Conclusions:	 The deletion of the CB2 gene promoted the activation of hepatic stellate cells in mice with liver fibrosis and 
aggravated liver fibrosis by up-regulating the protein expression of A20 and p-NF-kB p65 and inducing inflam-
matory response, potentially providing new insight into the treatment of liver fibrosis.
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Background

Liver fibrosis is a pathological process in which tissue dam-
age and repair occur simultaneously after chronic liver inju-
ry. The primary mechanism of liver fibrosis is scar formation. 
Oxidative stress, tissue hypoxia, inflammation, and immune 
response cause massive hepatocyte necrosis. If these factors 
stimulate the liver for a long time, it will cause the rate of he-
patocyte necrosis to exceed the rate of hepatocyte regenera-
tion. In the process, hepatic stellate cells (HSCs) are activat-
ed and produce a large amount of extracellular matrix (ECM) 
that is deposited in liver tissue instead of hepatocytes [1]. The 
transformation of activated hepatic stellate cells into hepatic 
myofibroblasts plays a key role in the progression of hepatic 
fibrosis. HSCs are silent in normal liver tissue but are activated 
by hepatic injury, and transform into myofibroblast-like cells 
during the fibrotic process. Increased expression of a-SMA is 
a marker of activated hepatic stellate cells [2]. Activated HSCs 
secrete transforming growth factor (TGF-b1), which induces 
collagen production that leads ECM accumulation [3]. TGF-b1 
is present in normal liver tissue, but increased expression oc-
curs at all stages of progressive liver disease, including fibro-
sis [4]. Production of TGF-b1 contributes to activation of HSCs 
and excessive accumulation of ECM, thereby promoting liver fi-
brosis [5]. The secretion of various inflammatory factors, such 
as interleukin-6 (IL-6) and tumor necrosis factor alpha (TNF-a), 
further promote the activation of HSCs, which results in deteri-
oration of liver fibrosis [1,6]. Focusing on the link between the 
inflammatory response and the activation of HSCs will help us 
further explore the mechanisms by which liver fibrosis occurs.

A20, also known as tumor necrosis factor alpha-induced pro-
tein 3 (TNFAIP3), is a cytoplasmic zinc finger protein that en-
codes an ubiquitin-editing enzyme. A20 plays a key role in 
negative regulation of the inflammatory response [7]. The an-
ti-inflammatory function of A20 was further supported in sev-
eral other inflammatory diseases, such as bronchial asthma, 
rheumatoid arthritis, and myocarditis [8-10]. Wang Xiaohan 
et al showed that A20 can alleviate liver fibrosis in non-alco-
holic fatty liver disease (NAFLD) by inhibiting activation of he-
patic stellate cells and production of inflammatory mediators 
in liver tissue [11].

As research has progressed, an increasing number of studies 
have shown that the endogenous cannabinoid system (ECS) 
plays an important role in liver fibrosis [12]. The ECS mainly 
consists of cannabinoid receptors, endogenous ligands, and en-
zymes related to ligand synthesis and degradation [13]. Among 
these components, the cannabinoid receptor 2 (CB2) is one of 
the most important components of the ECS. Many studies have 
shown that CB2 agonists can reduce the severity of portal hy-
pertension, portal choroid plexus, and mesenteric angiogenesis 
in cirrhotic rats with intrahepatic angiogenesis and fibrosis [14]. 

Moreover, the activation of endogenous CB2 in hepatic fibro-
blasts can reduce experimental liver fibrosis [15], and CB2 can 
reduce the extent of liver damage in acute liver injury caused 
by ischemia-reperfusion or concanavalin [16,17]. Our previous 
study also showed that the CB2 agonist AM1241 can inhib-
it the proliferation of the HSC-T6 cell line cultured in vitro by 
protecting against oxidative stress and reducing the produc-
tion of ECM [18]; in vivo, our previous experiments showed that 
the CB2 agonist AM1241 can ameliorate carbon tetrachloride 
(CCl4)-induced liver fibrosis in mice by mediating the expres-
sion of platelet-derived growth factor (PDGF), thereby inhib-
iting the activation of HSCs to prevent the progression of liv-
er fibrosis [19]. Many of these experimental results indicated 
that the CB2 receptor has anti-fibrosis effects. There was also 
a study showing that administration of CCl4 to CB2-/- mice 
accelerated liver injury, as shown by increased alanine/aspar-
tate aminotransferase levels and hepatocyte apoptosis [20].

However, the specific mechanism of cannabinoid receptor 2 af-
fecting liver fibrosis remains to be elucidated. Although there 
have been many studies on cannabinoid receptor 2 or A20 in 
the past, whether the effect of cannabinoid receptor 2 on liv-
er fibrosis is related to the A20/NF-kB p65 pathway has not 
been reported. Many studies have concluded that cannabinoid 
receptor 2 or A20 may be a potential target for the treatment 
of liver fibrosis. We study 2 targets at the same time; if their 
joint effect can further improve liver fibrosis, it will undoubt-
edly provide a new strategy for the prevention and treatment 
of liver fibrosis. Therefore, here, we investigated the effect of 
deleting the cannabinoid receptor 2 (CB2) gene on the devel-
opment of hepatic fibrosis induced by carbon tetrachloride 
(CCl4) in mice via regulating A20/NF-kB expression.

Material and Methods

Animals

Clean-grade wild-type (WT) C57BL/6J mice were purchased 
from the Animal Experimental Center of Guizhou Medical 
University, and CB2-/- C57BL/6J mice were purchased from 
Jackson Laboratory, USA. All animal experiments were ap-
proved by the Guizhou Medical University Animal Care and 
Use Committee.

Identification of Cannabinoid Receptor 2 Gene Knockout

Total DNA was extracted from the tails of mice using the DNA 
extraction reagent (Beijing Tiangen, China) according to the 
manufacturer’s protocol and was subsequently quantified us-
ing the NanoDrop™ 2000 device (Thermo Fisher Scientific, USA), 
according to the manufacturer’s protocol. The primers of can-
nabinoid receptor 2 gene were designed by Jackson Laboratory, 

e931236-2
Indexed in:  [Current Contents/Clinical Medicine]  [SCI Expanded]  [ISI Alerting System]   
[ISI Journals Master List]  [Index Medicus/MEDLINE]  [EMBASE/Excerpta Medica]   
[Chemical Abstracts/CAS]

Long C. et al: 
Knockout of the cannabinoid receptor 2 gene

© Med Sci Monit, 2021; 27: e931236
ANIMAL STUDY

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



USA and were synthesized by Shanghai Biological Engineering 
of China. The primer sequences are listed in Table 1. PCR was 
performed using MightAMP™ DNA Polymerase Ver.3 (TaKaRa, 
Japan) according to the manufacturer’s protocol. The thermal 
cycling conditions for PCR were: 98°C for 2 min, 98°C for 20 s 
+58°C for 15 s +72°C for 35 s (35 cycles), then held at 4°C. PCR 
amplification products were analyzed by 1.5% agarose gel elec-
trophoresis, then were observed in a gel imager (Bio-Rad, USA).

Establishment of Liver Fibrosis Model

Twelve 8-week-old WT C57BL/6J male mice were randomly di-
vided into 2 groups, the WT control group and the WT model 
group, with 6 mice in each group. Twelve 8-week-old CB2-/- 
C57BL/6J male mice were randomly divided into 2 groups, 
the CB2-/- control group and the CB2-/- model group, with 6 
mice in each group. The mice in the WT model group and the 
CB2-/- model group were intraperitoneally injected with CCl4 
(Aladdin, China) at 5 ml/kg (diluted with edible olive oil before 
injecting). The dose in the first week was 10%, and the dose 
in the second week was adjusted to 30%. CCl4 was adminis-
tered 3 times per week for 16 weeks. The 2 control groups 
were administered the same solvent in the same manner. After 
16 weeks, the mice were anaesthetized, the eyeballs of mice 
were removed to collect blood, and the liver tissues were dis-
sected. Some liver tissue samples were fixed in 4% formalde-
hyde, and the remaining samples were stored at -80°C until 
use. Serum ALT and AST levels were measured on an automat-
ic biochemical analyzer (Guizhou Jinyu Medical Testing Centre 
Limited Corporation, Guiyang, China).

Histopathological Analysis

After the liver tissue was fixed in 4% formaldehyde for 24 h, 
paraffin-embedded liver tissue sections were obtained through 
dehydration, transparentizing, and paraffin embedding. HE and 
Masson staining were carried out on paraffin-embedded liv-
er tissue sections. The pathological changes in the liver tissue 
were observed under a light microscope.

Western Blot Analysis

Total protein from the liver tissue was extracted using a whole 
protein extraction kit (Suo Laibao, China). Total protein con-
tent was determined using a BCA Assay kit (Suo Laibao, China). 
Protein (20 μg) was loaded and separated by SDS-PAGE elec-
trophoresis, which was transferred to a PVDF membrane. 
Membranes were subsequently blocked using 5% skimmed 
milk with TBST at room temperature for 2 h and incubated 
with the following primary antibodies at 4°C overnight: a-
SMA (Abcam, USA); TGF-b1 (Abcam, USA); A20 (Cell Signaling 
Technology, USA); p-NF-kB p65 (Cell Signaling Technology, USA); 
NF-kB p65 (Cell Signaling Technology, USA); TNF-a (Abcam, 
USA); IL-6 (Abcam, USA); and GAPDH (Abcam, USA). The mem-
brane was then incubated with goat anti-rabbit IgG H&L sec-
ondary antibody at room temperature for 1.5 h. The signal on 
the membrane was detected using an enhanced chemilumi-
nescence reagent (Millipore, USA) and a chemiluminescence 
instrument (Clinx, China) was used for quantification. Image 
J software was used to analyze the grey value of all proteins.

Real-time Reverse Transcription-polymerase Chain 
Reaction

Total RNA was extracted from the liver tissue using the RNA 
extraction reagent (Axygen, USA) according to manufacturer’s 
protocol and subsequently quantified using a NanoDrop™ 2000 
machine (Thermo Fisher Scientific, USA), according to the man-
ufacturer’s protocol. The total RNA was reverse-transcribed 
to synthesize cDNA using the Takara PrimeScript RT Master 
Mix kit (TaKaRa Bio, Japan) according to manufacturer’s pro-
tocol. The primers of GAPDH, TNF-a, and IL-6 were designed 
by Shanghai Biological Engineering of China. The primer se-
quences are listed in Table 2. QPCR was performed using Power 
UP™ SYBR Green Master Mix (Life, USA) according to the man-
ufacturer’s protocol. The thermal cycling conditions for QPCR 
were: 50°C for 2 min, 95°C for 2 min, 95°C for 15 s +60°C for 
1 min (40 cycles), 95°C for 15 s, 60°C for 1 min, 95°C for 15 s. 
The mRNA expression levels of TNF-a and IL-6 were normal-
ized to that of GAPDH and quantified based on the compara-
tive cycle threshold Ct method (2–DDCt).

Statistical Analysis

All the values are represented as the mean±SD. Statistical 
analysis of the data was performed by analysis of variance 
(ANOVA) for multiple comparisons. The analysis was conduct-
ed using GraphPad Prism 5 software. P<0.05 was considered 
statistically significant.

Primers type Sequence 5’-3’

Mutant forward GGGGATCGATCCGTCCTGTAAGTCT

Common reverse GACTAGAGCTTTGTAGGTAGGCGGG

Wild-type forward GGAGTTCAACCCCATGAAGGAGTAC

Table 1. The primer sequences of CB2 gene used for PCR.

Three primers were simultaneously added to the PCR reaction 
system. Mutant forward and common reverse sequences can 
amplify 550 bp DNA products, common reverse and wild-type 
forward sequences can amplify 385 bp DNA products.
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Results

Successful Construction of Cannabinoid Receptor 2 
Knockout Mice

The DNA product size of CB2-/- mice is about 550 bp (Figure 1), 
and the size of WT mice DNA product is about 385 bp (Figure 1). 
The negative control group (without any primers) had no ex-
pression of any products, and both products of the hybrid mice 
were expressed (Figure 1).

Deletion of Cannabinoid Receptor 2 Aggravated Liver 
Damage

Compared with the control group, the 2 model groups had 
significantly increased serum ALT and AST (P<0.05; Table 3), 
suggesting that the 2 model groups had serious liver dam-
age. Compared with the WT model group, the CB2-/- model 
group had significantly increased serum ALT and AST (P<0.05; 
Table 3), indicating that the liver damage of mice was aggra-
vated after knocking out the CB2 receptor gene.

Deletion of Cannabinoid Receptor 2 Aggravated Liver 
Damage and Inflammatory Cell Infiltration

There was no significant difference in the pathological changes 
between the WT control group and the CB2-/- control group; 
the structure of the hepatic lobule was intact and clearly visi-
ble. The central vein was located between the hepatic lobules, 
and the hepatocytes (black arrow) were arranged radially along 
the central vein. The cell membrane of hepatocytes was intact, 
the nucleus was located in the center, and there were no in-
flammatory cells (red arrow) infiltrating between the hepatic 
lobules (Figure 2). In the WT model group, the hepatic lobular 
structure disappeared, the pseudolobule was formed, many 
hepatocytes were necrotic, and there were many inflammato-
ry cells infiltrating into liver tissue (Figure 2). Compared with 
the WT model group, the CB2-/- model group showed a signif-
icant increase in hepatocyte necrosis, and many inflammatory 
cells around the central vein infiltrated into a sheet (Figure 2).

Deletion of Cannabinoid Receptor 2 Promoted Collagen 
Secretion

There was no significant difference in the pathological changes 
between the WT control group and the CB2-/- control group: 
liver cells (black arrow) were arranged neatly along the central 

Gene name
Primer sequences (5’-3’)

Forward Reverse

GAPDH AAGAAGGTGGTGAAGCAGGCATC CGGCATCGAAGGTGGAAGAGTG

TNF-a CGACGTGGAACTGGCAGAAG CACAAGCAGGAATGAGAAGAGG

IL-6 ACTTCCATCCAGTTGCCTTCTTGG CCTCCGACTTGTGAAGTGG

Table 2. Primer sequences used for reverse transcription-quantitative PCR.

Figure 1. �Identification of cannabinoid receptor 
2 gene knockout. The extracted DNA 
from the tails of mice was subjected 
to PCR reaction and agarose gel 
electrophoresis, and the following 
results were obtained: the DNA band 
of CB2-/- mice (A, B, C, D, E, F) was 
about 550 bp, and the DNA band of 
WT mice (I) was about 385 bp. The 
negative control group (G) did not 
have any product bands, and the 
hybrid mice (H) had 2 bands (550 bp 
and 385 bp).
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vein, and there was almost no blue collagen fiber (blue arrow) 
(Figure 3). Compared with the WT control group, many blue col-
lagen fibers were distributed around the central vein in the WT 
model group (Figure 3). Compared with the WT model group, 
the CB2-/- model group had more necrotic hepatocytes, and 
the blue collagen fibers are more widely distributed (Figure 3).

Deletion of Cannabinoid Receptor 2 Promoted the 
Activation of HSCs

There was no statistically significant difference in the pro-
tein expression of a-SMA and TGF-b1 between the WT con-
trol group and the CB2-/- control group. Compared with the 
corresponding control group, the 2 model groups had signif-
icantly increased expression of a-SMA and TGF-b1 (P<0.05, 
Figure 4A, 4B). The expressions of a-SMA and TGF-b1 in the 
CB2-/- model group were increased compared with the WT 
model group (P<0.05, Figure 4A, 4B).

A

C

B

D

Figure 2. �HE staining of liver sections in 4 groups of mice. Deletion of cannabinoid receptor 2 (CB2) aggravated liver damage and 
inflammatory cell infiltration. (A) WT control group; (B) WT model group; (C) CB2-/- control group; (D) CB2-/- model group. 
HE, hematoxylin-eosin.

Groups n ALT (U/L) AST (U/L)

WT control group 6 13±1.41 66.33±7.41

WT model group 6 44.67±1.89# 118.67±11.73#

CB2-/- control group 6 13.33±0.47 65.00±7.79

CB2-/- model group 6 159.67±20.68*& 372.00±9.80*&

Table 3. �Serum ALT and AST level values in 4 groups. Deletion of cannabinoid receptor 2 (CB2) aggravated liver damage. Serum ALT 
and AST level values are represented the mean±SD.

ALT – alanine aminotransferase; AST – aspartate aminotransferase. # P<0.05 compared with the WT control group, * P<0.05 compared 
with the CB2-/- control group, and & P<0.05 compared with the WT model group.
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Deletion of Cannabinoid Receptor 2 Promoted the 
Expression of A20 and p-NF-kB p65

The protein expression of A20 and p-NF-kB p65 was not signif-
icantly different between the WT control group and the CB2-/- 
control group (Figure 5A, 5B). Compared with the corresponding 
control group, the 2 model groups had significantly increased 
expression of A20 and p-NF-kB p65 (P<0.05, Figure 5A, 5B). In 

the CB2-/- model group, the expressions of A20 and p-NF-kB 
p65 were significantly upregulated when compared with the 
WT model group (P<0.05, Figure 5A, 5B).

A

C

B

D

Figure 3. �Masson staining of liver sections in 4 groups of mice. Deletion of cannabinoid receptor 2 (CB2) promoted collagen secretion. 
(A) WT control group; (B) WT model group; (C) CB2-/- control group; (D) CB2-/- model group.
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Figure 4. �(A, B) Expression of a-SMA and TGF-b1 in liver tissue of 4 groups. Deletion of cannabinoid receptor 2 promoted the 
activation of HSCs. a-SMA, a-smooth muscle actin; TGF-b1, transforming growth factor-b1. # P<0.05 compared with the WT 
control group, * P<0.05 compared with the CB2-/- control group, and & P<0.05 compared with the WT model group.
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Figure 5. �(A, B) Expression of A20 and p-NF-kB p65 in liver tissue of 4 groups. Deletion of cannabinoid receptor 2 promoted the 
expression of A20 and p-NF-kB p65 in liver tissue. A20, tumor necrosis factor alpha-induced protein 3; p-NF-kB p65, 
phosphorylated nuclear factor-kB p65. # P<0.05 compared with the WT control group, * P<0.05 compared with the CB2-/- 
control group, and & P<0.05 compared with the WT model group.
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Figure 6. �TNF-a and IL-6 mRNA and protein levels of liver tissue in 4 groups. The mRNA expression of TNF-a (A). The mRNA expression 
of IL-6 (B). The protein expression of TNF-a and IL-6 (C, D). TNF-a, tumor necrosis factor-a; IL-6, interleukin-6. # P<0.05 
compared with the WT control group, * P<0.05 compared with the CB2-/- control group, and & P<0.05 compared with the WT 
model group.
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Deletion of Cannabinoid Receptor 2 Aggravated the 
Inflammatory Response by Promoting IL-6 and TNF-a 
mRNA and Protein Levels

The mRNA expression of IL-6 and TNF-a were not significantly 
different between the WT control group and the CB2-/- con-
trol group (Figure 6A, 6B). IL-6 and TNF-a mRNA levels in 
the 2 model groups were significantly higher compared with 
the corresponding control group (P<0.05; Figure 6A, 6B); IL-6 
and TNF-a mRNA levels were significantly increased in the 
CB2-/-model group compared with the WT model group (P<0.05; 
Figure 6A, 6B). The results of the proteins of IL-6 and TNF-a 
were consistent with those of mRNA (Figure 6C, 6D)

Discussion

Chronic liver disease, including viral, chemical, drug, immune, 
alcoholic, and cholestatic liver disease, can lead to liver fibro-
sis [21]. CCl4 is the most widely used chemical liver poison to 
induce liver fibrosis and cirrhosis in experimental animals. 
The long-term administration of CCl4 intraperitoneal injection 
into mice can permanently destroy hepatocytes through ox-
idative stress and inflammatory response, then activate qui-
escent HSCs, which subsequently secrete a large amount of 
ECM that gets deposited in the liver [22], thereby causing liv-
er fibrosis in mice.

A large number of studies have shown that activate CB2 has 
anti-fibrosis effects. Mallat et al found that CB2 is upregulat-
ed in liver tissue of cirrhosis and that the activation of CB2 can 
delay the progression of fibrosis [23]. In mice exposed to CCl4, 
CB2 antagonist is manifested by increased fibrosis, while CB2 
prevents fibrosis [24]. Our previous results have demonstrated 
that cannabinoid receptor agonists can inhibit the activation 
of HSCs in vivo and in vitro, delaying the development of liver 
fibrosis [18,19], which is consistent with the above findings. 
In addition, in animal models, the loss of CB2 results in col-
lagen deposition, steatosis, and increased inflammation [25]. 
Eixeira-Clerc et al also demonstrated that administration of 
CCl4 to mice with knocked-out CB2 receptors can accelerate 
liver damage [15]. However, there have been no further studies 
on how the deletion of CB2 receptors aggravates liver fibrosis. 
Our other previous experiments showed that the deletion of 
the cannabinoid receptor 2 gene can aggravate concanavalin-
induced acute liver injury by promoting the proliferation and 
activation of mouse macrophages [26]. Therefore, it is neces-
sary to verify that knockout of the CB2 gene can aggravate 
liver fibrosis, and then to study the possible mechanism by 
which CB2 receptor deficiency aggravates liver fibrosis. The 
following results were obtained: the liver fibrosis model was 
established successfully; the degree of liver damage was ag-
gravated and the activation of HSCs was increased in the liver 

fibrosis model groups compared with the control groups; the 
protein levels of A20, p-NF-kB p65, IL-6, and TNF-a expres-
sion were increased after the mouse CB2 gene was knocked 
out; the mRNA of IL-6 and TNF-a levels also were upregulat-
ed in the CB2-/- model group. These results suggest that the 
absence of CB2 aggravates hepatic stellate cell activation and 
inflammatory response through promoting A20/NF-kB p65 ex-
pression, ultimately aggravating liver fibrosis.

Detecting liver-associated biomarkers in the serum and staining 
liver tissue sections with HE are the 2 most direct methods for 
determining liver function damage. The pro-hepatic toxin CCl4 
is directly injected into the liver by intraperitoneal injection, 
directly destroying liver cells, which release of a large amount 
of ALT and AST that can be detected in the serum. According 
to the serum ALT and AST detection and HE staining results, 
the serum ALT and AST levels in the 2 model groups were sig-
nificantly higher than those in the control group. HE staining 
revealed significant necrosis of hepatocytes, loss of hepatic 
lobule structure, and infiltration of a large number of inflam-
matory cells. These results indicated that liver injury was se-
rious and that the liver fibrosis model was successfully repli-
cated. Compared with the WT model group, the CB2-/- model 
group had significantly increased ALT and AST levels; more-
over, more extensive hepatocyte necrosis and more severe in-
flammatory cell infiltration were observed in the CB2-/- mod-
el group than in the WT model group, indicating that deletion 
of the CB2 gene aggravates liver fibrosis.

CB2 is mainly expressed in immune cells (B cells, natural killer 
cells, monocytes, macrophages, and neutrophils) and is also 
expressed in liver non-parenchymal cells such as HSCs and he-
patic macrophages [15,27]. Under the stimulation of various 
liver injuries, pathogenic factors or platelet-derived growth fac-
tor (PDGF), transforming growth factor-b1 (TGF-b1), tumor ne-
crosis factor-a (TNF-a), and interleukin-6 (IL-6), the activation 
of quiescent HSCs is the core mechanism of hepatic fibrosis, 
which is characterized by expression a-SMA and secreting a 
large amount of ECM mainly composed of type I and type III 
collagen [1,6,28]. TGF-b1 is the most important cytokine that is 
currently known to cause liver fibrosis [4]. Under normal con-
ditions, the expression of TGF-b1 in liver is minimal, and its 
expression is significantly increased in liver injury. TGF-b1 can 
promote the expression of tissue inhibitor of metalloprotein-
ase (TIMP) and collagen fibers, thereby activating HSCs [29]. 
Compared with the WT model group, the CB2-/- model group 
had increased expression of a-SMA and TGF-b1 proteins in liv-
er tissue, as well as significantly increased secretion of blue 
collagen fibers, as evidenced by Masson staining. The above 
results fully illustrate the effect of the CB2 gene on HSCs: the 
deletion of the CB2 gene can promote activation of HSCs in 
the liver tissue of mice with liver fibrosis, thereby accelerat-
ing the progression of liver fibrosis. This also proves that CB2 
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receptor can inhibit the activation of hepatic stellate cells in 
liver tissue and plays a role in anti-fibrosis.

NF-kB is a nuclear transcription factor, and inactivated NF-kB 
is present in the cytoplasm. Upon activation, NF-kB is phos-
phorylated and transferred to the nucleus, where it is involved 
in cell proliferation, inflammation, and immune regulation [30]. 
When NF-kB is activated, it can initiate the inflammatory reac-
tion by inducing the expression of tumor necrosis factor (TNF), 
interleukin-1 (IL-1), and cyclooxygenase 2, and the increased 
expression of these inflammatory factors promotes the activa-
tion of NF-kB, forming a positive feedback loop that activates 
NF-kB [31]. Zhao Zonghao et al showed that NF-kB mainly reg-
ulates the release of inflammatory mediators in Kupffer cells 
(KCs) during the early stage of liver fibrosis and has an impor-
tant pro-inflammatory effect. In the late stage of liver fibro-
sis, NF-kB mainly regulates HSC activation to promote fibro-
sis formation [32]. Our results are consistent with the above 
studies: the protein of p-NF-kB p65 level in the liver fibrosis 
model group was higher than that in the control group, and 
the levels of the inflammatory cytokines IL-6 and TNF-a were 
also increased in the live fibrosis model group compared with 
the control group, suggesting that NF-kB can promote the in-
flammatory response. The inflammatory response of the CB2-/- 
model group was more prominent than that of the WT model 
group, indicating that the CB2 gene regulates the inflammato-
ry response during liver fibrosis through NF-kB. In the process 
of osteoarthritis, atherosclerosis and ischemia-reperfusion in-
jury, the activation of CB2 plays an important anti-inflamma-
tory role, as CB2 is involved in inhibiting the activation, pro-
liferation and migration of immune cells, and in inhibiting the 
expression of inflammatory factors (IL-1b, IL-6, TNF-a) [33].

In addition, A20 (TNFAIP3) is considered to be an important 
anti-inflammatory signaling molecule and a key negative reg-
ulator of the NF-kB signaling pathway [11]. Ubiquitin-editing 
protein A20 can reduce inflammation and protect hepatocytes 
from damage by inhibiting NF-kB activation [34]. Since A20 

is an important regulator of inflammatory signaling, which 
is mainly involved the powerful termination of NF-kB activa-
tion [35,36] and is a crucial hepatoprotective factor in pro-
cesses such as hepatic ischemia-reperfusion [37], liver regen-
eration and repair [38], acute toxic lethal hepatitis [39], and 
lethal radical hepatectomy [40], A20 level was elevated in pa-
tients with NASH [11], it is not surprising that A20 expression 
was upregulated in hepatic fibrosis specimens. Consistent with 
the above results, our study has also demonstrated that the 
expression of A20 is increased in hepatic fibrosis, and the ex-
pression of A20 was significantly higher in the CB2-/- model 
group when compared with the WT model group. These results 
support that A20 may be part of the physiological response 
to liver fibrogenesis. The loss of the CB2 gene aggravates liv-
er inflammation, which leads to increased A20 reactivity, in-
dicating that the CB2 gene plays an anti-fibrotic role, proba-
bly through the A20/NF-kB signaling pathway.

Conclusions

In summary, in this study, liver fibrosis model was successful-
ly established in mice with CB2 knockout, in which liver tis-
sue collagen fibers, a-SMA, TGF-b1, A20, p-NF-kB, TNF-a, and 
IL-6 protein levels, IL-6 and TNF-a mRNA levels were signifi-
cantly changed. These results indicate that the inflammatory 
response is positively correlated with the activation of HSCs, 
thereby promoting liver fibrosis, and that the loss of the CB2 
gene may be involved in the regulation of the inflammato-
ry response through the A20/NF-kB signaling pathway in liv-
er fibrosis. In the future, by combining in vivo and in vitro ex-
periments, we will further explore the specific mechanism by 
which cannabinoid receptor 2 affects liver fibrosis.
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