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β-catenin mediates the effect of GLP-1 receptor agonist on ameliorating hepatic
steatosis induced by high fructose diet
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The hypoglycemic drug GLP-1 receptor agonist can ameliorate hepatic steatosis but the mechanism is not clear.
Intake of high fructose leads to non-alcoholic fatty liver disease by stimulating lipid synthesis, and β-catenin is
the key molecule for realizing GLP-1 function in extrahepatic tissues; with the discovery of GLP-1 receptor in
liver, we speculate that β-catenin might mediate GLP-1 receptor agonist on ameliorating hepatic steatosis
induced by high fructose. Wistar rats were fed with high fructose diet for 8 weeks and then treated with 
GLP-1 receptor agonist exenatide for 4 weeks; the changes of lipid synthesis pathway factors, the expression
and nuclear translocation of β-catenin, and the hepatic steatosis of the rats were observed. After the intervention
of exenatide, the hepatic steatosis induced by high fructose was improved, the nuclear translocation and expres-
sion of β-catenin were facilitated, and the mRNA and protein expression of the upstream regulator SREBP-1
and the downstream key enzymes ACC, FAS and SCD-1 of de novo lipogenesis were down-regulated. GLP-1
receptor agonist may ameliorate hepatic steatosis induced by high fructose by β-catenin regulating de novo
lipogenesis pathway. GLP-1 receptor agonist may be a potential new drug for the treatment of non-alcoholic
fatty liver disease, and the β-catenin may be an important target for the drug therapy.
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Introduction
Non-alcohol fatty liver disease (NAFLD) is a metabolic stress

liver injury characterized by hepatic steatosis and closely related to
insulin resistance and genetic susceptibility. Epidemiological data
have confirmed that non-alcoholic fatty liver disease has become
one of the most important public health problems in the world in
the 21st century,1 and there is still no special effect treatment, and
new drugs targeting the mechanisms of its occurrence and devel-
opment are yet to be developed.

The occurrence of NAFLD is related to bad dietary habits,
especially the high intake of fructose.2 In recent years, the con-
sumption of cola and juice has been increasing significantly. It is
of practical significance to establish an animal model of hepatic
steatosis by using high fructose diet, to observe the effect of drugs
thereon. In the previous study of our research group, high fructose
can induce hepatic steatosis, and it is found that increased endoge-
nous triglyceride (TG) production in the liver is the main mecha-
nism of high fructose-induced liver lipid deposition.3,4

Gastric inhibitory polypeptide (GIP) and glucagon like pep-
tide-1 (GLP-1) are two main active peptides for incretin. The
development of GLP-1 receptor agonist as a new hypoglycemic
drug attracts increasing attention. It has been found that GLP-1
receptor is widely distributed in human body. In 2010, it was first
confirmed the existence of GLP-1 receptor in human primary
hepatocyte,5 which provided a biological basis for the study of the
interaction between GLP-1 and liver. Since then, clinical and basic
studies have found that GLP-1 receptor agonist can ameliorate
hepatic steatosis, but the specific mechanism is not clear.6,7

The function of β-catenin is mainly to mediate cell adhesion
and participate in gene expression. In recent years, it has been
found that β-catenin is a multifunctional protein, which is also
closely related to obesity, diabetes, non-alcoholic fatty liver dis-
ease and metabolic syndrome.8 With the deepening of the study, it
is found that β-catenin plays an important role in the function of
GLP-1.9 GLP-1 regulates pancreatic β cell to improve glucose
metabolism through β-catenin pathway which may have the func-
tion of β-catenin phosphorylation and nuclear import by activating
cAMP/PKA after binding GLP-1 to GLP-1 receptor.10 β-catenin
also mediates the effect of GLP-1 on lipogenesis. Animal experi-
ments showed that the content of TG in hepatocyte of mice after
knocking out ß-catenin gene increased.11 In recent years, it has
been found that there is a GLP-1 receptor in the liver, which is a G
protein-coupled receptor. Whether GLP-1 can activate β-catenin
nuclear import in the same way of binding receptor to play a role
in improving liver lipid deposition has not been studied. Therefore,
this study used high fructose for inducing hepatic steatosis in
Wistar rats and the rats were treated with GLP-1 receptor agonist,
in order to observe the changes of de novo lipogenesis pathway and
β-catenin level, to reveal the role of GLP-1 and β-catenin in the
occurrence and development of non-alcoholic fatty liver disease,
and to provide a theoretical basis for the search for new drug ther-
apy for non-alcoholic fatty liver disease.

Materials and Methods

Animals and grouping
The investigation was performed on 72 cleaning 6-week-old

male Wistar rats with body weight of about 200 g, purchased from
the Experimental Animal Center of Hebei Medical University
(Shijiazhuang, China); drinking water was available all the time,
room temperature was around 25°C, relative humidity was in the

range of 40~70%, illumination was maintained for 12 h every day,
diurnal cycle. After one week of adaptive feeding, the rats were ran-
domly divided into normal diet group (ND) and high fructose diet
group (HFD). The ND group was fed with common feed
(Experimental Animal Center of Hebei Medical University,
Shijiazhuang, China), and the HFD group was fed with high fructose
diet - food grade crystalline fructose (Hebei Huaxu Pharmaceutical
Co., Ltd., Shijiazhuang, China) was added on the basis of normal
diet, such that the fructose accounted for 60% of the total calories.
Eight weeks later, six rats were randomly selected from the ND
group and the HFD group and killed, the liver tissues were taken to
prepare light microscope specimens to confirm the establishment of
the animal model of hepatic steatosis. Then the HFD group was ran-
domly divided into HFD and exenatide group (high fructose diet
group with exenatide intervention, HFD+Ex). The HFD+Ex group
received exenatide (10 µg/kg, Eli Lilly and Co., Indianapolis, IN,
USA) subcutaneous injection twice a day; the ND group and the
HFD group were given the same volume of saline. After four weeks
of drug intervention, all the rats fasted for  8 h  and were killed after
anesthesia with 3% pentobarbital sodium to collect blood and tissue. 

Intraperitoneal glucose tolerance test 
Fasting blood glucose (0 min blood glucose) was measured in

tail blood of rats after overnight fasting for 12 h, and then 50% glu-
cose injection (2 g/kg) was injected intraperitoneally; blood glu-
cose was measured at 5, 10, 30, 60 and 120 min after giving glu-
cose, and the glucose area under the curve (AUCglu) of each rat was
calculated.

Hyperinsulinemic-euglycemic clamp test in waking
state

The rats were anesthetized with 3% pentobarbital sodium and
the right jugular vein and right carotid artery were intubated. After
the body weight of the rats returned to the preoperative level and
the stress reaction disappeared, the hyperinsulinemic-euglycemic
clamp test was performed in waking state. One end of the T-pipe
intubated in the jugular vein was connected with 40 mU/mL
insulin injection, and the other end was connected with 30% glu-
cose injection. The basic blood glucose was measured first, and
then insulin solution was infused at a fixed rate of 4 mU (kg/min).
When the blood glucose decreased below the base value, the glu-
cose injection was infused synchronously at the rate of 9~14 mg
(kg/min). The glucose infusion rate (GIR) was adjusted according
to the blood glucose which was stabilized within the range of 
5 ± 0.5 mmol/L. GIR= waking-state glucose infusion rate × glu-
cose concentration × 1000 /body weight (kg) /60; it is used to eval-
uate insulin sensitivity in rats.

Assessment of lipid deposition in liver tissue
Liver tissues were subjected to determination of the steatosis

score and an assay of the synthesis of TG. The change in steatosis
score from baseline was assessed (steatosis grade 0=<5% steatosis,
1=5-33% steatosis, 2=34-66% steatosis, 3=>66% steatosis). The
content of TG in liver was determined by GPO-PAP method
according to the operation process provided by triglyceride deter-
mination kit (Pulilai Bioengineering Institute, Beijing, China).

Oil-red-O staining in liver tissue 
Frozen sections of liver tissue with a thickness of about 8 μm

were fixed with 10% neutral formalin for 10~15 min, and then
washed. After applying Oil-red-O (Sigma-Aldrich, St. Louis, MO,
USA) staining for 10~15 min, they were decolorized with 60% iso-
propyl alcohol. After that, hematoxylin was used for slightly stain-
ing the nucleus, then it was photographed.
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Immunohistochemistry
Fresh liver tissue was fixed by 10% neutral formalin, dehydrat-

ed, embedded in paraffin, and sliced into slices with a thickness of
about 3 μm by a microtome. The slides were dewaxed, then inter-
nal peroxidase was inactivated with 3% hydrogen peroxide in
100% methanol for 30 min. Antigen retrieval was performed with
microwave oven in 10 mM citrate buffer for 15 min. Ten percent
normal goat serum in PBS was added to the sections for 30 min at
room temperature to block nonspecific antibody binding. After
that, the sections were incubated with primary antibody for β-
catenin (diluted 1:200, Cell Signaling Technology) overnight at
4°C. After rinsing in PBS, biotinylated secondary antibody (diluted
1:1000, Kangwei Century Biotechnology Co., Ltd., Beijing,
China) was added and incubated for 30 min at room temperature.
Horseradish peroxidase labeled streptomyces albumin working
solution (S-A/HRP) was added, using DAB for color development
and hematoxylin for counterstaining.

Extraction of nuclear protein from liver
The liver tissue samples were accurately weighed and cut into

small pieces and operated according to the nuclear protein extrac-
tion kit (Pulilai Gene Technology Co., Ltd., Beijing, China).
Cytosol Extraction Buffer A (CEB-A) was added, and a glass
homogenizer was used to break the tissue on ice. The split product
was oscillated repeatedly and violently, after ice bath, then the
Cytosol Extraction Buffer B (CEB-B) was added. After being cen-
trifuged at 4°C, the precipitate was the nuclear crude extract. CEB-
A and CEB-B were added in proportion for repeated oscillation
and ice bath, centrifuging at 4°C to discard the supernatant (this
step was repeated), then the pre-cooled Nuclear Extraction Buffer
(NEB) was added to the centrifugal precipitate. After drastic oscil-
lation and ice bath, and centrifugation at 4°C, the supernatant was
taken for preservation.

Gene expression of liver lipid metabolism related factors 
The total RNA was extracted by Trizol and the mRNA expres-

sion of β-catenin and lipid metabolism related genes including
sterol regulatory element binding protein-1 (Srebp-1), acetyl-CoA
carboxylase (Acc), fatty acid synthase (Fas) and stearoyl-CoA
desaturase-1 (Scd-1) in liver tissues was detected by real-time flu-
orescence quantitative PCR (RT-PCR). The primers were designed
using DNAMAN software, and were synthesized by Shanghai Bio-
Engineering Co., Ltd. using the American PE company’s 391 DNA
automatic synthesizer. The sequence of primers was shown in
Table 1.

Determination of protein expression in liver
Western blot was used to determine the protein expression lev-

els of SREBP-1 (Santa Cruz Biotechnology Inc., Dallas, TX,
USA), and downstream-lipid-synthesis key enzymes FAS (Cell
Signaling Technology Inc., Danvers, MA, USA), ACC (Cell
Signaling Technology), SCD-1 (Abcam, Cambridge, MA, USA)
and β-catenin (Cell Signaling Technology); the references were β-
actin (Cambridge Bioscience, Cambridge, UK) and LIMN1 (BBI
Life Sciences, Shanghai, China). Total protein and nuclear protein
of rat liver tissue were extracted. 50 μg protein was taken for SDS-
PAGE gel electrophoresis, transferred membrane, blocked, then
the antibody diluted at 1:1000~1:2000 was added and shaken in a
table concentrator at 4°C overnight. After being washed with
TTBS buffer and added a 1:10000 diluted horseradish peroxidase-
conjugated secondary antibody to the membrane for 1 h, it was
subjected to chemiluminescence, development, fixation and semi-
quantitative analysis of protein expression.

Statistical analysis
All the data were processed by SPSS13.0 and the data results

were expressed by as mean ± SD. The one-way analysis of vari-
ance of complete random design was used for the comparison of
multiple groups, the Least Significant Difference test was used for
the pairwise comparison. Abnormally distributed data among
groups was analyzed with the Kruskal-Wallis one-way analysis of
variance method. P<0.05 meant the difference was statistically sig-
nificant.

Results

GLP-1 receptor agonist improved body weight, liver
index and maintained glucose homeostasis in rats

After high-fructose feeding for 8 weeks, the body weight and
hepatic index [hepatic index (%) = (hepatic wet weight / body
weight) × 100%] of HFD group were significantly higher than
those of ND group (P<0.05); after intervention with Exenatide for
4 weeks, the body weight and hepatic index in HFD+Ex group
were notably lower than those in HFD group (P<0.05, Figure 1
A,B). The results of IPGTT compared with ND group showed that
the  0, 5, 30, 60, 120 min blood glucose and AUCglu increased in
HFD group (P<0.05). After intervention with exenatide, the 0, 30,
60, 120 min blood glucose and AUCglu significantly decreased in
HFD+Ex group compared with those in the HFD group (P<0.05,
Figure 1 C,D), which showed glucose tolerance was improved.
GIR in HFD group was prominently lower than that in ND group
(P<0.05), while GIR in HFD+Ex group was higher than that in
HFD group (P<0.05, Figure 1E), which reflected that GLP-1
receptor agonist improved insulin resistance induced by high fruc-
tose diet.

GLP-1 receptor agonist improved lipid profile and liver
enzymes in rats

Compared with ND group, TG and FFA increased in HFD
group (P<0.05, Figure 2 A,C), no significant difference was found
in TC (P>0.05, Figure 2B). Compared with HFD group, TG and
FFA decreased in HFD+Ex group (P<0.05), suggesting that GLP-
1 receptor agonist improved lipid profile in rats. At the same time,
ALT increased in HFD group (P<0.05), ALT decreased after treat-
ment with Exenatide (P<0.05, Figure 2D), but there was no signif-
icant difference in AST among three groups (P>0.05, Figure 2E).

GLP-1 receptor agonist improved the hepatic steatosis
induced by high fructose

Compared with ND group, TG concentration and steatosis
score of the rat liver in HFD group increased (P<0.05), and a large
number of red lipid droplets were found in hepatocytes (Figure 3
A-C), suggesting that fructose induced hepatic steatosis. After
treatment with exenatide, the concentration of TG and steatosis

Table 1. Primers sequences of rats used for Real Time
Quantitative PCR.

Primer     Forward                                  Reverse

Gapdh          TGAACGGGAAGCTCACTGG           GCTTCACCACCTTCTTGATGTC
Srebp-1         GCTTCTCTGGGCTCCTCTCT          GCACTGGCTCCTCTTTGATT
Acc                TCCCGCACCTTCTTCTACTG           ACTTCCACAAACCAGCGTCT
Fas                TGAAGACATCCTTGAGCCTTG        ATTCATTGGCACACTTTCAGG
Scd-1             CAGTTCCTACACGACCACCA           GGACGGATGTCTTCTTCCAG
β-catenin    GCTTGTTGGCCATCTTTAAATC       ACAGTTTTGAACAAGTCGCTGA
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score in HFD+Ex group were lower than that in HFD group
(P<0.05, Figure 3 A,B), and the red lipid droplets decreased
(Figure 3C), suggesting that GLP-1 receptor agonist improved
hepatic steatosis induced by high fructose.

GLP-1 receptor agonist inhibited the expression of fac-
tors related to lipid synthesis pathway activated by
high fructose

Compared with ND group, the mRNA and protein expression
levels of upstream transcription factor SREBP-1 (Figure 4 A,C)
and key enzymes of downstream lipid synthesis ACC, FAS and
SCD-1 (Figure 4 B,D) significantly increased in rat liver tissue of
HFD group, suggesting that fructose activated the de novo lipoge-
nesis pathway. Compared with HFD group, the expressions of
SREBP-1, ACC, FAS and SCD-1 were down-regulated in
HFD+Ex group after intervention with exenatide, suggesting that
GLP-1 receptor agonist improved hepatic steatosis induced by
high fructose by inhibiting the de novo lipogenesis.

GLP-1 receptor agonist promoted the expression and
nuclear translocation of β-catenin

Compared with ND group, the expression of β-catenin in rat
liver tissue of HFD group decreased (P<0.05); compared with
HFD group, the expression of mRNA, total protein and nucleopro-
tein of β-catenin in HFD+Ex group increased after intervention
with Exenatide (P<0.05, Figure 5 A-C). Immunohistochemistry
showed that the HFD+Ex group had more nuclear β-catenin stain-
ing than the HFD group (Figure 5D) after exenatide intervention,
suggesting β-catenin nuclear translocation in hepatocytes.

Discussion
In recent years, with the changes of dietary structure and

lifestyle of people, the incidence of non-alcoholic fatty liver dis-
ease is increasing year by year.1 Although many basic and clinical
studies have been carried out on NAFLD, the pathogenesis of
NAFLD has not yet been fully clarified, and there is also a lack of
effective drugs in the treatment. Therefore, it is of importance to
establish an animal model similar to the incidence of human
NAFLD, to explore its pathogenesis, and to find and select effec-
tive therapeutic drugs. The results of this study show that high
fructose diet can induce hepatic steatosis in rats, and GLP-1 recep-
tor agonist may ameliorate hepatic steatosis induced by high fruc-
tose by β-catenin regulating de novo lipogenesis pathway.

The novel hypoglycemic drug GLP-1 receptor agonist can pro-
mote insulin synthesis in a glucose dependent manner, and it can
also bind to receptors on α cells to inhibit glucagon secretion, so as
to regulate blood glucose levels. In this study, we selected the
GLP-1 receptor agonist exenatide as the experimental intervention
drug, and the glucose homeostasis was maintained after medica-
tions for four weeks which was consistent with the results of pre-
vious studies.12 During the treatment of diabetes mellitus, it has
been found that GLP-1 receptor agonists such as exenatide and
liraglutide have shown good effects in reducing glucose, losing
weight and improving insulin resistance, and the effect of treat-
ment has aroused people’s attention for patients with diabetes and
NAFLD.6 A number of clinical trials have shown that GLP-1
receptor agonist improved liver enzymology and histology in
patients with NAFLD.13,14

Figure 1. GLP-1 receptor agonist alleviated body weight, liver index and glucose homeostasis in rats. A) Body weight; B) liver index;
C) intraperitoneal glucose tolerance test (IPGTT); D) area under curve of glucose; E) euglycemic hyperinsulinemic clamp test in three
groups (n=6 per group) after 4-week drug administration. Results are expressed as the mean ± SD.*P<0.05 vs ND; #P<0.05 vs HFD.
ND, normal diet; HFD, high fructose diet; HFD+Ex, high fructose diet group with exenatid intervention; AUCglu, area under the curve;
GIR, glucose infusion rate.
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It has also been reported that exenatide could ameliorate hepat-
ic steatosis in obese mice and db/db mice induced by high fat diet
in animal experiments.15,16 GLP-1 receptor agonists could also
improve body weight, liver lipid content, serum FFA and liver
enzyme levels in mice fed with high fat.17 Our study found that
exenatide could ameliorate hepatic steatosis induced by high fruc-

tose and reduce liver enzyme. The results showed that after inter-
vention of four weeks with exenatide, the body weight and hepatic
index of exenatide group were significantly improved compared
with those of high fructose group, and the body weight was even
lower than that of normal diet group. 

Figure 3. GLP-1 receptor agonist improved liver fat deposition induced by high fructose diet in rats. A) Triglyceride concentration of
the liver was determined in the different groups. B) The change in steatosis score from baseline was assessed. C) Oil-red-O staining of
liver tissues in three groups (n=6 per group) after 4-week drug administration; original magnification: ×400; scale bar: 50 µm. Results
are expressed as the mean ± SD.*P<0.05 vs ND, #P<0.05 vs HFD. 

Figure 2. GLP-1 receptor agonist ameliorated lipid profile and liver enzyme in rats. Lipid profile (A-C) liver enzymes (D,E) in three
groups (n=6 per group) after 4-week drug administration. Results are expressed as the mean ± SD.*P<0.05 vs ND, #P<0.05 vs HFD;
TG, triglyceride; TC, total cholesterol; FFA, free fat acid; ALT, alanine aminotransferase; AST, aspartate.
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Figure 4. GLP-1 receptor agonist alleviated high-fructose-induced de novo lipogenesis in rats. A) The relative mRNA expression level
of SREBP-1 in three groups (n=6 per group) after 4-week drug administration. B) The relative mRNA expression levels of ACC, FAS
and SCD-1 in the lipogenic pathway. C) SREBP-1 protein expression was determined by western blotting (n=6 per group); β-actin
served as the loading control. D) Protein expression levels of ACC, FAS and SCD-1. Results are expressed as the mean ± SD. *P<0.05
vsND, #P<0.05 vsHFD; SREBP-1, sterol regulatory element-binding protein 1; ACC, acetyl-CoA carboxylase; FAS, fatty acid synthase;
SCD-1, stearoyl-CoA desaturase 1.

Figure 5. GLP-1 receptor agonist increased expression and nuclear transfer of β-catenin in exenatide-suppressed hepatic steatosis in
rats. A) The relative mRNA expression level of β-catenin in three groups (n=6 per group) after 4-week drug administration. B) β-catenin
protein expression (n=6 per group); β-actin served as the loading control. C) Nuclear protein expression of β-catenin, LMNB1 served
as the loading control. D) Immunohistochemical staining for β-catenin in liver tissues in three groups after 4-week drug administra-
tion; original magnification: ×400, scale bar: 50 µm; a, β-catenin was shown in the cytoplasm, b, β-catenin was displayed in the nucleus.
Results are expressed as the mean ± SD. *P<0.05 vs ND, #P<0.05 vs HFD. LMNB1, lamin B1.
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The decrease of body weight and hepatic index may also be an
important cause of liver histology changes,18 and it has been report-
ed that weight loss in patients treated with GLP-1 receptor agonist
was related to decrease of adipose tissues.19 In addition, we found
that the decrease of serum TG and FFA levels and the improvement
of glucose infusion rate suggested the improvement of lipid metab-
olism and insulin resistance. Insulin resistance and lipid metabo-
lism abnormalities are the basis of NAFLD formation. Under the
condition of insulin resistance, the inhibitory effect of insulin on
insulin-sensitive lipase activity decreases, and the free fatty acids
in vivo increase; free fatty acids are an important source of liver
TG, which provides a substrate for the synthesis of TG in the liver
and leads to the hepatic steatosis. In our experiment, rats were fed
with the high fructose diet; when large amounts of fructose were
consumed, the excessive fructose could be metabolized and con-
verted into lipids to be stored in the liver through de novo lipoge-
nesis for energy balance. Epidemiological studies have shown that
excessive fructose intake was associated with the incidence of
NAFLD.2 The core pathological basis of NAFLD is abnormal
hepatic steatosis in hepatocytes, and the main mechanism of hepat-
ic steatosis caused by high fructose intake is the increase of
endogenous lipid synthesis after excessive fructose intake.3,20 In
our study, high fructose successfully induced hepatic steatosis in
rats, and it was found that the expressions of upstream transcrip-
tion factor sterol regulatory element binding protein-1 (SREBP-1)
and downstream enzymes of lipid synthesis acetyl-CoA carboxy-
lase (ACC), fatty acid synthase (FAS) and stearoyl-CoA desat-
urase-1 (SCD-1) increased in rat liver in high fructose environ-
ment.

With the discovery of GLP-1 receptors in the liver,5 it was
found that the therapeutic effect of GLP-1 receptor agonists on
NAFLD is not only through weight loss and improvement of
insulin resistance. It was reported that administration of GLP-1
analog AC3174 did not improve liver lipid metabolism in GLP-1

receptor knockout mice, suggesting that the effect of GLP-1 on the
liver depended directly on GLP-1 receptor, but its mechanism was
not clear. An animal experimental study showed that the activation
of GLP-1 receptor could ameliorate hepatic steatosis induced by
high fat diet in mice.21 GLP-1 receptor agonists CNTO3649 and
exendin-4 inhibited liver fat synthesis pathway by down-regulating
the expressions of fatty acid synthase, SREBP-lc, and diacylglyc-
erol acyltransferase.22 GLP-1 receptor agonist liraglutide could
down-regulate the expression of ACC and FAS in the mice with
non-alcoholic fatty liver disease.23 In our experiment, it was found
that GLP-1 receptor agonists could inhibit the expressions of the
key enzymes ACC, FAS and SCD-1 in the lipid synthesis pathway
by down-regulating the expression of the liver transcription factor
SREBP-1, which could improve the rat hepatic steatosis induced
by high fructose, suggesting that the therapeutic effect of GLP-1
receptor agonist on NAFLD is not only through the benefits of
reducing body weight and insulin resistance, but also directly act-
ing on liver cells to regulate lipid synthesis. However, the effect
target of GLP-1 receptor agonist is GLP-1 receptor located in cell
membrane, SREBP-1 is a kind of membrane link protein located in
endoplasmic reticulum. There is no research report on how GLP-1
receptor agonists regulate SREBP-1. 

The β-catenin was first discovered by a German cell biologist,
Walt Birchmeier, as an adhesion factor. Later, it was found that β-
catenin is a multifunctional protein, which is involved in the regu-
lation of cell adhesion, proliferation, signal transduction, metabo-
lism and other biological processes, and which is also closely relat-
ed to the occurrence and development of obesity, diabetes, non-
alcoholic fatty liver disease and metabolic syndrome. The study
found that liver-specific knockout of β-catenin gene mice showed
liver lipid deposition.11 It was reported that the expression of β-
catenin protein decreased in obese rats, and further down-regula-
tion of β-catenin gene expression in rat hepatocytes could aggra-
vate the hepatic steatosis induced by fatty acids.24 These studies

Figure 6. The schematic diagram about β-catenin mediating the effect of GLP-1 receptor agonist on ameliorating hepatic steatosis
induced by high fructose diet. GLP-1RA, GLP-1 receptor agonist; SREBP-1, sterol regulatory element-binding protein 1; ACC, acetyl-
CoA carboxylase; FAS, fatty acid synthase; SCD-1, stearoyl-CoA desaturase 1.
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suggest that β-catenin plays an important role in liver lipid metab-
olism. Our experiment results showed that hepatic steatosis
occurred and β-catenin expression decreased in the liver of rats fed
with high fructose; GLP-1 receptor agonist exenatide could
increase the expression of β-catenin total protein and nucleoprotein
and ameliorate hepatic steatosis, suggesting that GLP-1 receptor
agonist might induce the expression of β-catenin and nuclear
translocation. Previous studies have found that β-catenin plays an
important role in the function of GLP-1 outside the liver.9 GLP-1
could act on the pancreas and fat through the β-catenin pathway to
regulate glucose metabolism and fat production. In addition, it was
found that this pathway might activate cAMP/PKA through bind-
ing GLP-1 to GLP-1 receptor, and β-catenin performed a function
after phosphorylation at the Ser675 site and nuclear import.10 In
recent years, GLP-1 receptors have been found in liver,5 and we
speculate that GLP-1 receptor agonists may ameliorate hepatic
steatosis by binding to GLP-1 receptor, to induce β-catenin to
function into the nucleus in the same way. The study found that the
treatment of GLP-1 receptor agonist exendin-4 could improve
palmitic acid-induced steatosis of HepG2 cells, and the use of
small interfering RNA to suppress the expression of β-catenin
increased the expression of fat transcription factors.25 It was found
that GLP-1 (28-36) could improve blood glucose, body weight and
gluconeogenesis related genes of mice fed with high fat through
cAMP/PKA, and the expression of β-catenin increased at the same
time.26 These studies suggested that β-catenin was the key mole-
cule for GLP-1 receptor agonist to ameliorate hepatic steatosis.
Our study also found that the intervention of GLP-1 receptor ago-
nist could induce the β-catenin expression and nuclear transloca-
tion, decrease the expression of SREBP-1 and its downstream key
enzymes ACC, FAS and SCD-1, and improve the hepatic steatosis.
Our experiments suggested that SREBP-1 may be an important tar-
get of β-catenin, and the relationship between β-catenin and
SREBP-1 can also be traced back in previous experiments.
SREBP-1 was an important transcription factor regulating the gene
expression of fatty acid synthase. It has been found that Wnt10b
could down-regulate SREBP-1 through β-catenin and reduce lipid
accumulation in muscle cells.27 The β-catenin signaling pathway
could down-regulate the fat SREBP-1 expression and inhibit the
lipogenesis.28 Leptin could induce β-catenin pathway to reduce the
expression of SREBP-1 in liver.29 These studies suggested that β-
catenin was closely related to SREBP-1.

The current study demonstrates that GLP-1 receptor agonists
may regulate the expression of SREBP-1 in liver through β-catenin
and regulate the expressions of the downstream key enzymes ACC,
FAS and SCD-1 in de novo lipogenesis pathway, so as to amelio-
rate hepatic steatosis induced by high fructose (Figure 6). Our
study indicates, for the first time to our knowledge, that β-catenin
is essential for the GLP-1 receptor agonist to reduce hepatic steato-
sis in mice, which suggests that GLP-1 receptor agonist may be a
potential new drug for the treatment of non-alcoholic fatty liver
disease, and the β-catenin may be an important target for the drug
therapy.
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