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Abstract 
[bookmark: OLE_LINK47]Glucagon-like peptide1 (GLP-1) is secreted from L-cells in response to oral nutrient intake. Glucagon-like peptide-1 receptor agonists (GLP-1RA) are a new class of incretin-based anti-diabetic drugs. They function to stimulate insulin secretion while suppressing glucagon secretion. GLP-1-based therapies are now well-established in the management of type 2 diabetes mellitus (T2DM), and recent literature has suggested potential applications of these drugs in the treatment of obesity and for protection against cardiovascular and neurological diseases. As we know, along with change in lifestyles, the prevalence of non-alcoholic fatty liver disease (NAFLD) in China is rising more than the incidence of viral hepatitis and alcoholic fatty liver disease, and has become the most common chronic liver disease in recent years. Recent studies further suggest that these drugs can reduce transaminase levels to improve NAFLD by improving blood lipid levels, cutting down the fat content to promote fat redistribution, directly decreasing fatty degeneration of the liver, reducing the degree of liver fibrosis and improving inflammation. This review shows the NAFLD-associated effects of GLP-1RAs in animal models and in patients with T2DM or obesity who are participants in clinical trials.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: The findings showed that Glucagon-like peptide-1 receptor agonists (GLP-1RA) may improve liver function, fat content and distribution, lipid metabolism and reduce the activity of inflammatory cytokines and their associated signal transduction pathways. Thus, we review here that GLP-1RA is a potential method for pharmacologic treatment that can benefit patients with non-alcoholic fatty liver disease and chronic inflammation.
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INTRODUCTION
Glucagon-like peptide-1 (GLP-1) is a 30-amino acid peptide secreted from Langerhans cells and is a naturally existing hormone which reduces blood glucose during hyperglycemia by stimulating insulin secretion and reducing glucose-dependent glucagon secretion[1,2]. GLP-1 is rapidly degraded by the enzyme dipeptidy1 peptidase-4 (DPP-4)[1]. However, modified forms of GLP-1, also called Glucagon-like peptide-1 receptor agonists (GLP-1RAs), have a prolonged half-life and can be administered once daily[3]. GLP-1RAs have the effects of decreasing glucose levels and stimulating weight loss and have been used for the treatment of type 2 diabetes mellitus (T2DM). Expression of the GLP-l receptor (GLP-1R) has been found in islet cells, lung, brain, kidney, liver, and adipose tissues of animals[4]. The extensive distribution of GLP-1R suggests that GLP-1RAs may have a variety of actions. In recent years, the prevalence of non-alcoholic fatty liver disease (NAFLD) has continued to rise, and approximately 10%-25% of NAFLD will progress to NASH (non-alcoholic steatohepatitis), while 10%-15% of NASH will develop into hepatocellular carcinoma[5]. There has been increasing interest in the role of GLP-1RAs in NAFLD. In fact, recent studies have found that GLP-1RAs can regulate lipid metabolism in the liver under pro-inflammatory conditions. Therefore, we reviewed the effects of GLP-1RAs on NAFLD and inflammation with the aim of expanding the use of GLP-1RAs in the treatment of NAFLD.

IMPROVEMENT OF NAFLD WITH GLP-1RAs 
Serum transaminases are mildly or moderately elevated in patients with NAFLD, and GLP-1RA treatment can reduce the serum transaminase levels, thereby improving liver function in patients with NAFLD. A meta-analysis included 12 trials that studied changes in ALT (alanine aminotransferase) after at least 20 wk of treatment with liraglutide in patients with T2DM，and the results showed that ALT levels were decreased[6]. Exenatide treatment for 52 weeks contributed to significant reductions in ALT (P < 0.0001) in patients with T2DM[7]. Ohki et al[8] studied the effectiveness of liraglutide in patients with NAFLD and T2DM, and the results showed that the levels of ALT and AST (aspartate transaminase) were decreased (P < 0.01). Treatment for 6 months with GLP-1 RA in obese patients with T2DM was also associated with significant reductions in ALT and GGT (glutamyl transpeptidase)[9]. Patients with T2DM with elevated serum ALT who were treated with exenatide for at least 3 years had reduced ALT levels (P < 0.0001), and 41% achieved normalization of ALT[10]. Buse et al[11] also demonstrated that exenatide treatment for 2 years was associated with significant improvement in abnormal liver transaminases; ALT was decreased in patients with elevated ALT at baseline (P < 0.05), and 39% of patients achieved normal levels of ALT[11]. Patients who had abnormal levels of ALT at baseline who were treated with liraglutide showed reduced levels of ALT compared to those treated with the placebo (P = 0.003)[12]. The mechanism was shown in Figure 1.

MECHANISM OF GLP-1RAs ON NAFLD
GLP-1RAs and lipid metabolism 
Obesity, T2DM and dyslipidemia are the most common predisposing factors for NAFLD. GLP-1RAs can reduce fatty liver through an improvement in lipid metabolism. Hepatic triglycerides were reduced in DIO (diet-induced model of obesity) mice after exendin-4 treatment for 4 wk[13]. Kelly et al[14] compared the effects of exenatide with metformin and found that triglycerides were reduced more in the group that received exenatide treatment (P = 0.032).  Exenatide treatment for 3 or more years in patients with T2DM resulted in improvements in the following components of the lipid profile: triglycerides decreased 12% (P = 0.0003), total cholesterol decreased 5% (P = 0.0007), low density lipoprotein-cholesterol decreased 6% (P < 0.0001), and high density lipoprotein-cholesterol increased 24% (P < 0.0001)[10]. The possible mechanism by which GLP-1RAs improve lipid metabolism may involve the activation of PPAR- (peroxisome proliferator-activated receptor) on the hepatic cell surface, which reduces the synthesis of apolipoprotein C, degrades fat in plasma, and removes triglycerides; it may also be associated with delayed gastric emptying[15]. In addition, GLP-1RAs can enhance insulin sensitivity, promote insulin secretion, and reduce lipid metabolism indirectly[16-18] .

GLP-1RAs and adipose tissue
GLP-1RAs and waist circumference: Waist circumference (WC), a risk factor for metabolic syndrome (MS), is associated with insulin resistance (IR) and NAFLD. Increased WC can lead to IR and NAFLD, and thus, may be an important risk factor in the development of NAFLD[19,20]. WC is significantly higher in patients with NAFLD[21]. However, WC was decreased significantly in obese women after 35 weeks of exenatide treatment[22]. There was a significant endpoint difference of WC between patients who were treated with exenatide and those who were treated with insulin glargine, as the reduction in WC after exenatide treatment was statistically significant[23]. WC was also significantly reduced with liraglutide treatment[24-26].

GLP-1RAs and fat content: A significant positive correlation exists between visceral fat and transaminases in patients with NALFD. Additionally, total fat and visceral fat are independent predictors of NAFLD[27]. GLP-1RA treatment changed body composition, as patients who were treated with liraglutide showed a decrease in total body mass, and the majority of the total body mass that was lost was fat mass[28]. Weight loss in the patients treated with GLP-1RAs is associated with a reduction in adipose tissue[29]. The results of a randomized, double-blind, placebo-controlled 20-wk study with 2-year extension showed that body fat was decreased by 15.4% in patients treated with liraglutide[30]. A month treatment with exenatide significantly decreased subcutaneous fat deposition by 4.4%[31]. Additionally, abdominal fat is closely related to the components of MS such as hyperinsulinemia, T2DM, and NAFLD, as intra-abdominal fat accumulation will increase insulin resistance[32]. GLP-1 RAs can decrease weight and reduce abdominal visceral fat content. Liraglutide significantly reduced fat mass and fat percentage in patients with T2DM in the 26-wk LEAD-2 (Liraglutide Effect and Action in Diabetes-2) and in the 52-wk LEAD-3 trials[29]. Visceral and subcutaneous adipose tissues were significantly reduced after treatment with liraglutide compared to treatment with glimepiride (P < 0.05) in the LEAD-2 trial. Inoue et al[33] found that treatment with liraglutide (dose range: 0.3 to 0.9 mg/day) for 20.0 ± 6.4 d significantly reduced the eVFA (estimated visceral fat area). GLP-1 RA treatment in severely obese adolescents also led to a significant decrease in the eVFA[34].

GLP-1 RAs and intrahepatic lipids (IHL):  The reduction of abdominal visceral adipose by GLP-1RAs results in a reduction in liver fat content and can alleviate NAFLD. Cuthbertson et al[9] determined the impact on intrahepatic lipids (IHL) of a 6-month-long treatment with GLP-1RAs in obese patients with T2DM and demonstrated that this resulted in significant reductions in IHL; in addition, the median relative reduction in IHL was 42%. Tushuizen[35] directly examined the effect of exenatide therapy on hepatic steatosis, and the results showed that 44 wk of treatment led to a reduction in liver fat from 16.0% to 5.4%. Samson et al[13] found that combined pioglitazone and exenatide therapy was associated with a greater decrease in hepatic fat than that achieved with pioglitazone therapy alone in patients with T2DM. Padma et al[36] also concluded that combined pioglitazone and exenatide therapy was associated with a greater reduction in hepatic fat content compared to the addition of pioglitazone therapy (P < 0.05) in patients with T2DM. Hopkins et al[37] treated patients with T2DM with a GLP-1RA for 6 months, and found that the liver fat content was reduced from 21.3 ± 19.3% to 12.7 ± 10.6%. The ability of GLP-1 to reduce fat is due to binding with a specific GLP-1R in adipose tissue (AT). Vendrell et al[38] confirmed the expression of GLP-1R in mature adipose cells by the detection of the mRNA and protein. The GLP-1R also exists in T3-L1 adipocytes, and GLP-1RAs can promote lipolysis in 3T3-L1 adipocytes[38]. A possible mechanism of lipolysis by GLP-1RAs may involve the increase in the phosphorylation of perilipin and hormone-sensitive lipase (HSL) with subsequent dissolution of fat molecules. When perilipin is phosphorylated，HSL has access to fat droplets which results in fat degradation[38]. Gupta et al[39] treated fat cells with a GLP-1RA and detected phosphorylated perilipin (Ser 497) and HSL (Ser 563) by confocal microscopy. The results illustrated that the levels of phosphorylated perilipin were increased in patients in the GLP-1 RA treatment group compared to patients in the control group. In addition, GLP-1RA treatment resulted in HSL accumulation within fat droplets which allows for the initiation of fat dissolution.

Direct function of GLP-1RAs on hepatic cells 
GLP-1RAs and liver steatosis: NAFLD is characterized by diffuse macrovesicular steatosis in hepatocytes as the main clinical pathological syndrome caused by factors other than alcohol and other types of liver damage. GLP-1RAs can reduce hepatic steatosis, and thus can relieve the symptoms of NAFLD. GLP-1R is present on human hepatocytes and has a direct role in the decrease of hepatic steatosis in vitro by modulating elements of the insulin signaling pathway[40]. GLP-1RAs reduce hepatocyte steatosis and improve survival by enhancing the unfolded protein response and by promoting macroautophagy. GLP-1RAs appear to protect hepatocytes from fatty acid-related death by inhibition of a dysfunctional endoplasmic reticulum (ER) stress response and by a reduction of fatty acid accumulation by activation of both macro-and chaperone-mediated autophagy. GLP-1RAs have a role in halting the progression of underlying steatosis to more aggressive lesions in patients with NAFLD[41]. In the LEAD-2 trial, the liver-to-spleen attenuation ratio increased after treatment with 1.8 mg of liraglutide, which may indicate reduced hepatic steatosis[29]. Ding et al[42] showed that exendin-4 appears to reverse hepatic steatosis in ob/ob mice by effectively improving insulin sensitivity. Their data also suggested that GLP-1 proteins in the liver have a novel direct effect on hepatocyte fat metabolism. Gupta et al[39] treated HuH7 cells that were exposed to an ischemic insult with a GLP-1RA and also demonstrated that liver steatosis was significantly reduced (P < 0.006). The function of GLP-1 RAs on the fatty degeneration in liver is directly mediated by key signaling pathways, including the AMP-activated protein kinase (AMPK) and insulin signaling pathways[40,43]. GLP-1 RAs can directly activate signal transduction pathways within liver cells. For example, GLP-1RAs can activate the phosphorylation of AMPK in cultured liver cells in vitro[43]. Samson et al[13] found that exendin-4 treatment for 4 wk enhances hepatic AMPK phosphorylation in DIO mice. Liraglutide also induced phosphorylation of AMPK through a signaling pathway independent of cyclic AMP[44]. In addition, the main pathophysiological characteristic in patients with NAFLD is insulin resistance. Improvement in insulin resistance and sensitivity will decrease hepatic steatosis and prevent liver cell injury. GLP-1 RAs can improve insulin resistance and insulin sensitivity to prevent the progression of NAFLD. Another study[42] showed that exendin-4 treatment improves insulin resistance in ob/ob mice, as measured by the glucose and HOMA fractions.

Effects of GLP-1RAs on fibrosis and cell death: NAFLD can progress from simple fatty liver to hepatitis and liver cirrhosis. Protein and RNA levels of FGF21 (fibroblast growth factor 21) in the plasma and in the liver are higher in patients who are obese and have NAFLD. In one study, treatment with GLP-1 RAs reduced the level of FGF21[45]. Samson et al[13]  examined the effects of exenatide on FGF21 in patients with T2DM and in DIO mice. Their results suggest that combined pioglitazone and exenatide therapy is associated with a reduction in plasma FGF21 levels than that achieved with pioglitazone therapy alone. In addition, the AST-to-platelet counts ratio index (APRI) can reflect the degree of liver fibrosis, and in this case, the APRI index was decreased (P < 0.01) in the liraglutide treatment group[8]. NAFLD is associated with cell death and fibrosis and ultimately progresses to cirrhosis[46]. The receptors of GLP-1 RAs exist in human hepatocytes, and the administration of GLP-1 RAs have been reported to directly reduce fibrosis in vivo[13,40]. Out of 8 patients with T2DM and biopsy-proven NAFLD who underwent liver biopsies before and after 28 wk of exenatide therapy, 3 patients demonstrated improvement, as verified by the liver histology[47]. GLP-1 RAs can also reduce hepatocyte cell death, thereby preventing the progression of NAFLD. Liver cell death mainly includes two forms: necrosis and apoptosis, and Gupta et al[39] showed that a GLP-1RA significantly reduced cell necrosis. In addition, histological evidence showed that a GLP-1RA protected liver cells from cell death caused by fat deposition by the inhibition of cell apoptosis. The possible mechanism of its effect may be due to its ability to reduce hepatic ER stress, because hepatocytes are known to have a high content of ER and are particularly susceptible to ER stress[48]. The C/EBP homolog (CHOP) was decreased, which leads to ER stress-related cell necrosis after Ex-4 treatment; reduced CHOP protein expression can significantly decrease the fatty degeneration of liver cells[41].

GLP-1RAs AND INFLAMMATION
NAFLD includes a disease spectrum that ranges from simple steatosis to NASH, with varying degrees of inflammation, and progresses to liver cirrhosis[49,50]. GLP-1RAs have modest anti-inflammatory effects in addition to hypoglycemic effects. Moreover, GLP-1RAs have anti-inflammatory effects in different tissues including human umbilical vein endothelial cells, glomerular endothelial cells, monocytes and macrophages[51,52]. Lipopolysaccharide-induced inflammation was reduced by exendin-4 in 3T3-L1 adipocytes and ATM[53]. GLP-1RAs improve the inflammatory response by reducing the release of inflammatory cytokines and by improving inflammatory pathways. 

GLP-1RAs and C-reactive protein
C-reactive protein (CRP) is an acute phase protein that is produced by the liver when body tissues are subjected to various types of injuries or inflammation. Cytokines such as interleukin-6 (IL-6) and tumor necrosis factor alpha (TNF-) secreted by fat cells are the major contributors to the hepatic synthesis of CRP. CRP is a sensitive marker of inflammation and is often used to monitor the degree of inflammation. GLP-1 RAs can reduce CRP levels as well as the inflammatory response in patients with diabetes. Varanasi et al[54] performed a retrospective analysis of 110 obese patients with T2DM who were treated with liraglutide and found that the mean CRP levels decreased for a mean duration of 7.5 months (P < 0.05). High sensitivity C-reactive protein (hs-CRP) was reduced with both the 2 mg once-weekly and 10 µg twice-daily exenatide regimens (P < 0.05)[55];  exenatide decreased the concentration of hs-CRP whereas insulin glargine did not[56]. Exenatide plus metformin treatment also reduced concentrations of hs-CRP [57].

GLP-1RAs and cytokines: Adipose tissue, especially the excessive accumulation of fat tissue in the abdomen, leads to the synthesis and release of large amounts of inflammatory cytokines such as TNF- and IL-6. GLP-1RAs have anti-inflammatory effects and function to down-regulate the levels of certain cytokines. The expression and production of IL-6, TNF- and MCP-1(monocyte chemotactic protein 1) were significantly reduced in adipose tissue of rAd-GLP-1(recombinant adenovirus (rAd)-producing GLP-1)-treated ob/ob mice[53].
GLP-1RAs and TNF-α
GLP-1RAs could exert beneficial effects through their anti-inflammatory properties. Exendin-4 inhibited the increase in expression of TNF- in myocardial cells exposed to high glucose[58]. Chen et al[59] injected female SD rats with exendin-4 for 9 wk and found that the level of TNF- mRNA was significantly reduced in the livers of the mice. Exendin-4 also suppressed MPTP (1-Methyl-4-phenyl-1, 2, 3, 6-tetrahydropyridine)-induced expression of pro-inflammatory molecules and TNF-[60]. Real-time quantitative PCR analysis showed that the expression of TNF-α mRNA was significantly reduced in the exendin-4 treatment group[60]. Exendin-4 also inhibited TNF- production by peritoneal macrophages in response to inflammatory stimulation[61], and exendin-4 changed the expression of inflammatory cytokines via the c-AMP signaling pathway in vitro[61].

GLP-1RAs and IL-6: IL-6 is a key inflammatory mediator that is strongly linked to the development of obesity and T2DM-related insulin resistance. IL-6 levels are increased in obese and insulin-resistant subjects[62]. GLP-1 infusion in patients with T2DM was associated with a significant reduction in circulating IL-6 at 120 min and at 180 min (P = 0.0001 and P = 0.001)[63]. Ex-4 decreased the mRNA levels of inflammatory adipokines[64]. Chen[59] treated female SD rats with exendin-4 for 9 wk, and the results revealed that the expression level of IL-6 mRNA was reduced in the livers of the mice. To explore the effect of exendin-4 on inflammatory adipokines, the expression of IL-6 in 3T3-L1 adipocytes was examined by quantitative real-time RT-PCR. The results illustrated that exendin-4 decreased the level of IL-6 mRNA in 3T3-L1 adipocytes[64]. The levels of the pro-inflammatory cytokines IL-6 (P < 0.01), IL-12p70 (P < 0.01), and IL-1β (P < 0.05) were reduced in the brains of animals treated with liraglutide for 30 d[65]. Exendin-4 also suppressed MPTP-induced expression of pro-inflammatory molecules and IL-1β[60]. 
GLP-1RAs and chemokines   
Chemokines are chemo-attractant proteins that attract leukocytes that migrate to sites of infection and play an important role in the inflammatory response. MCP-1 induces insulin resistance[66]. Ojima et al[67] perfused mice with exendin-4 continuously for 2 wk and showed that the expression of MCP-1 was decreased in the glomeruli. This effect of GLP-1RAs is due to an increased level of adiponectin mRNA through the GLP-1R. Exendin-4 decreased MCP-1 mRNA levels in 3T3-L1 adipocytes[60,64]. In vitro treatment of mouse macrophages with exendin-4suppressed lipopolysaccharide-induced mRNA expression of MCP-1[52]. Additionally，liraglutide reduced TNFα-induced MCP-1 (also known as CCL2), VCAM1, ICAM1 and E-selectin mRNA expression[44]. Exendin-4 also decreased IFN-γ-induced gene encoding chemokine CXCL10 ((C-X-C motif) ligand (CXCL)10) expression in human islets and in MIN6 cells (a mouse beta cell line)[68].

GLP-1RAs and monocytes/macrophages
With the occurrence of obesity, monocytes in the blood migrate into adipose tissue, where they differentiate into resident macrophages. They reside in adipose tissue as two phenotypes: M1 macrophages (classically activated, pro-inflammatory) and M2 macrophages (alternatively activated, anti-inflammatory). The expression of GLP-1R in monocytes / macrophages is rich. GLP-1 can bind to GLP-1R and directly influence anti-inflammatory activity. In vitro exendin-4 acts directly on the GLP-1R and attenuates the release of pro-inflammatory cytokines from macrophages in glomerular endothelial cells[51]. In adipose tissue, cytokines and chemokines are secreted by either adipocytes or by macrophages that have infiltrated the adipose tissue, which leads to a chronic subinflammatory state that could play a central role in the development of insulin resistance and type 2 diabetes[69].  However, GLP-1 has anti-inflammatory effects on adipose tissue, including adipocytes and adipose tissue macrophages (ATM). Macrophage populations (F4/80(+) and F4/80(+) CD11b(+)CD11c(+) cells) were significantly reduced in adipose tissue of rAd-GLP-1-treated ob/ob mice[53]. The expression of M1-specific mRNAs was significantly reduced, but that of M2-specific mRNAs was unchanged in rAd-GLP-1-treated ob/ob mice. GLP-1 reduces macrophage infiltration and directly inhibits inflammatory pathways in adipocytes and in ATM, which may contribute to the improvement of insulin sensitivity.

GLP-1RAs and AGEs (advanced glycation end products)
AGEs accumulate in the circulation and in tissues gradually with aging, diabetes and renal failure. AGEs interact with their receptors (RAGE) and induce vascular inflammation, and inhibition of the AGE-RAGE axis can reduce vascular inflammation. GLP-1 acts directly on HUVECs via GLP-1R, and may function as an anti-inflammatory agent against AGEs by reducing RAGE expression via the activation of cyclic AMP pathways[70]. GLP-1 RAs may inhibit AGE-RAGE-mediated ADMA (Asymmetric dimethylarginine) generation by suppressing PRMT-1(protein arginine methyltransfetase-1) expression via the inhibition of ROS (reactive oxygen species) generation[67].

GLP-1RAs and inflammatory signal transduction pathways 
There is considerable evidence in support of the hypothesis that inflammation plays an important role in metabolic dysregulation, as the inhibition of inflammatory signaling pathways is correlated with improved insulin sensitivity. Chronic inflammation in adipose tissue involves the IKK β (IKB kinase beta) /NF- κβ (nuclear factor-κB) pathway and the JNK (c-Jun NH2-terminal kinase) pathway. Activation of these pathways leads to the expression of pro-inflammatory cytokines, inflammatory chemokines and cell adhesion factors and to the recruitment and infiltration of mononuclear macrophages[71]. The activation of the NF-κB and JNK pathways was significantly reduced in adipose tissue of rAd-GLP-1-treated ob/ob mice[53]. Dose-dependent liraglutide treatment inhibited NF-kappaB activation and TNFalpha-induced IkappaB degradation[44].

GLP-1RAs and IKK β/ NF-κβ: IKK β/ NF- κβ signaling pathways are important regulators of chronic inflammation. Nuclear transcription factor NF-κβ exists in various cells and can regulate the expression of cytokines, chemokines and adhesion factor to effect an inflammatory reaction in the body[72]. In one study, exendin-4 decreased NF-κβ activation in kidney tissue[51]. Mice were given 10 µg/kg exendin-4, and after 48 wk of treatment，results showed that activation of NF-κβ was reduced; exendin-4 also significantly inhibited the binding activity of NF-κβp65 in patients with diabetes mellitus[45]. Liraglutide significantly inhibited NF-κB activation and upregulated the I-κB family of proteins while phosphorylation of IKK-/β, which is upstream of NF-κB signaling, was also down-regulate after 15 min of TNF-α treatment[73]. ERK 1/2 and PI3-K/ AKT are involved in LPS-induced NF- κ B activation[74,75]. Lee et al[53] found that exendin-4 treatment could inhibit the phosphorylation of ERK1/2 and Akt in LPS- induced 3T3-L1 adipocytes. NF- κB binding activity was decreased after exendin-4 treatment for 2 wk in LPS-induced 3T3-L1 adipocytes, and a Western blot assay showed that exendin-4 treatment inhibited LPS-induced NF-κB nuclear translocation in 3T3-L1 adipocytes. Liraglutide also inhibited NF-κB phosphorylation and its translocation from the cytoplasm to the nucleus[76]. A dose-dependent treatment with liraglutide increased nitric oxide production in HUVECs. It also caused eNOS phosphorylation, potentiated eNOS activity and restored the cytokine-induced downregulation of eNOS (also known as NOS3) mRNA levels, which are dependent on NF-kappaB activation[44].

GLP-1RAs and JNK: JNK belongs to the MAPK (mitogen-activated protein kinase) family and mediates inflammatory stress within cells and between different cells. The JNK inflammatory pathway plays an important role in the occurrence and development of cell differentiation, apoptosis, stress response and a variety of human diseases. GLP-1 RAs have protective effects on cytokine-induced apoptosis in beta cells by interfering with the JNK pathway. Exendin-4 also protects beta cells from interleukin-1 beta-induced apoptosis by interfering with the JNK pathway[77]. Zhang et al[78] treated mice on a high-fat diet with 1 mg/kg liraglutide two times a day, and after 8 wk, the results showed that JNK phosphorylation was significantly reduced. Liraglutide modulated inflammation by mitogen-activated protein kinase 4/JNK signaling, which inhibited the activation and relieved the effect of low-grade inflammatory stress.

GLP-1RAs and other aspects of inflammation
 Wnt-4 modulates canonical Wnt signaling and acts as a regulator of β-cell proliferation and the release of inflammatory cytokines. Stimulation with exendin-4 increases the expression of Wnt-4 in β-cells[79]. In addition，the mechanism of the anti-inflammatory action of exendin-4 involved decreases in STAT-1(signal transducer and activator of transcription-1) levels[68].

CONCLUSION
The rising incidence of NAFLD brings with it a series of health problems. There is a clear association between NAFLD and MS which causes T2DM, obesity, hypertension, and dyslipidemia[80]. Overall，NAFLD has paralleled the rise in obesity and MS[81]. The current treatment of NAFLD is aimed at weight loss through lifestyle interventions that involve diet and exercise[82-85]. GLP-1RAs are a new class of pharmacological agents that improve glucose homeostasis in many ways. Their effects include enhance of glucose-stimulated insulin secretion, glucose-dependent inhibition of glucagon secretion, and a reduction in gastric emptying, appetite, food intake and body weight[86]. The effects of GLP-1R agonists on body weight appear to be due to a reduction in food intake, mainly determined by a direct central (hypothalamic) effect of the hormone[87]. Additionally, it has been found to have numerous anti-diabetic effects, and numerous studies have shown that GLP-1 RAs can improve lipid metabolism, promote fat redistribution, reduce insulin resistance, and decrease intrahepatic fat deposition. While its mechanism of action is just beginning to become understood, further studies are needed to fully elucidate its actions at the cellular level. In summary, GLP-1RAs may be effective drugs for the treatment of NAFLD, and their clinical applications and mechanisms of action remain to be explored in depth.
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Figure 1 Effects of glucagon-like peptide-1 receptor agonists on non-alcoholic fatty liver disease and inflammation. PPAR-: peroxisome proliferator-activated receptor; IHL: Intrahepatic lipids; AMPK: AMP-activated protein kinase; CRP: C reactive protein; AGEs: Advanced glycation and end products; JNK: c-Jun NH2-terminal kinase.
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