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Background and Aim: Non-alcoholic fatty liver disease (NAFLD) represents a broad 
spectrum of chronic liver disease characterized by aberrant accumulation of triglycerides 
(TG) in hepatocytes without excessive alcohol consumption. Hepatic lipotoxicity derived 
from overaccumulation of free fatty acids is considered as one of the typical hallmarks of 
NAFLD. Insulin resistance (IR) and chronic inflammation are widely recognized as the key 
etiological factors associated with NAFLD. Dipeptidyl peptidase 4 inhibitor (DPP4i) is a 
novel pharmacological agent extensively applied in the treatment of Type 2 Diabetes 
Mellitus (T2DM) for decades which also have a liver protective effect.
Methods: In order to invest the therapeutic efficiency and underlying mechanism of DPP4i 
saxagliptin, we used high-fat diet (HFD) and streptozotocin-induced NAFLD treated with 
saxagliptin. Biochemical, histomorphological, genetic and protein expression of related 
pathways were investigated.
Results: Fasting blood glucose (FBG), TG, total cholesterol (TC), and low-density lipopro-
tein cholesterin significantly increased in NAFLD group, which also exhibited severe 
steatosis. Other remarkable findings were hyperinsulinemia, increased DPP4, PTP-1B and 
TNF-α level and decreased GLP-1, ACOX-1, CPT-1A expression, concomitant with liver 
DPP4 expression enhancement and serum DPP4 elevation. These undesirable consequences 
were alleviated by saxagliptin to a certain degree.
Conclusion: DPP4i saxagliptin improves NAFLD by ameliorating IR, inflammation, 
downregulation of hepatic DPP4 and sDPP4, as well as subsequent steatosis. The eleva-
tion of hepatic DPP4 and sDPP4 and succedent post-treatment decrease suggested that 
DPP4 may involve in the development of NAFLD. The anti-lipotoxic effect of DPP4i 
may involve the activation of CPT1A and ACOX1 related β-oxidation signaling pathway 
suppression of TNF-α mediated inflammatory and PTP-1B. The results covered in this 
article showed that saxagliptin affects many aspects of the pathological characteristics of 
NAFLD, suggesting that DPP4i saxagliptin may offer a novel therapeutic option for 
NAFLD.
Keywords: dipeptidyl peptidase 4 inhibitor DPP4i, non-alcoholic fatty liver disease 
NAFLD, inflammation, insulin resistance, IR

Introduction
Non-alcoholic fatty liver disease (NAFLD) represents a broad spectrum of liver disease 
encompassing non-alcoholic fatty liver, non-alcoholic steatohepatitis, irreversible 
fibrosis, cirrhosis and hepatocellular carcinoma.1 Due to rapid lifestyle changes, the 
prevalence of NAFLD in China has increased from 18% to 29%, in parallel with 
soaring diagnoses of diabetes.2,3 It is conjectured that China will have the world’s 
highest prevalence of NAFLD, with 314.58 million cases by 2030.4 The pooled 
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prevalence of NAFLD in Type 2 Diabetes Mellitus (T2DM) 
patients is even higher, estimated to be 59.67%.5

It has been generally acknowledged that NAFLD start 
with the aberrant accumulation of triglycerides (TG) in 
hepatocytes in the absence of excessive alcohol consump-
tion. Steatosis may occur along with portal and lobular 
inflammation as well as hepatocyte injury, which are 
highly likely progress to hepatocellular carcinoma.6

Although the precise mechanisms involved in the 
pathogenesis of NAFLD has not been fully elucidated, 
insulin resistance (IR), chronic inflammation, and T2DM 
are widely recognized as the key etiological factors.7 

Domestic and overseas researchhave revealed that ERS is 
also closely related to NAFLD.8

IR is defined as the underreaction of cells to physiolo-
gical levels of insulin, which plays a critical role in the 
development of NAFLD. Plenty of epidemiological and 
therapeutic evidence indicate that IR is the primary 
mechanism of hepatic steatosis. Dipeptidyl peptidase 4 
(DPP4) is a multifunctional serine protease which exerts 
pleiotropic effects on lipid metabolism by direct action and 
inactivation of incretin such as glucagon-like protein 1 
(GLP-1).9 Simultaneously, elevated DPP4 expression and 
activity have been proved to play an auxo-action for the 
occurrence and severity of NAFLD.10

NAFLD has become a very real problem which has a 
crucial impact on public health and the economy. Despite 
the continuous progress and evolution made in the treat-
ment of NAFLD, there still lacks an effective means of 
controlling NAFLD in advance.

Dipeptidyl peptidase 4 inhibitor (DPP4i) is a novel 
pharmacological agent extensively adhibited in the treat-
ment of T2DM for decades, as it lower blood glucose level 
through inactivation of incretin peptides glucose-depen-
dent insulinotropic polypeptide (GIP) and glucagon-like 
peptide-1 (GLP-1). Multiple clinical trials have reported 
that it could improve hepatic insulin sensitivity, downre-
gulate fibroblast growth factor,11 suppress hepatic inflam-
mation, and ameliorate fatty acid oxidation.12,13 These 
peculiarities indicate that DPP4i may be applicable for 
NAFLD.

DPP4i saxagliptin has been reported to improve hepa-
tocyte steatosis among T2DM patients who were newly 
diagnosed with NAFLD.14 Therefore, we assessed the 
therapeutic effect and related mechanism of saxagliptin 
using a high-fat diet (HFD) combined with STZ injection 
induced NAFLD model.

Methods
Animals
Thirty male Sprague-Dawley rats weighing 130–150g 
(SLAC Laboratory Animal Co., Ltd) were housed in a 
constant temperature-controlled room, with a 12 h light/ 
dark cycle and free access to food and water. During the 
process of the experiment, the rats' general condition and 
body weight were monitored weekly. The experiments 
were performed in strict accordance with the Shandong 
Provincial Hospital Animal Care and Use Committee to 
minimize the number of animals used and their suffering. 
All animals used in this study were cared for in accordance 
with the recommendations in the Guide for Laboratory 
Animal—guideline for ethical review of animal welfare 
(GB/T 35892–2018). All experimental protocols were 
approved by the Animal Ethics Committee of Shandong 
Provincial Hospital.

Experimental Design
After 1 week of adaptive feeding, the rats were randomly 
divided into a normal control group (NC group, n=10) and 
a NAFLD group (NAFLD group, n=20), each group was 
assigned to one of the following diets respectively: 1) NC 
diet: 100% standard rodent chow; 2) HFD: 82.3% standard 
rodent chow supplemented with 5% sucrose, 10% lard, 2% 
cholesterol, 0.5% sodium cholate and 0.2% 
propylthiouracil.15 Joint combination of an HFD and 
low-dose injection of streptozotocin were used to induce 
diabetic rats with NAFLD in this research, since it better 
resembles the human pathology of T2DM and NAFLD.16 

After 4 weeks, NAFLD rats were administered with 30 
mg/kg of streptozotocin with sodium citrate buffer 
(pH=4.5) through a single peritoneal cavity injection, 
whereas NC group rats were injected with same volume 
of buffer. At the end of 8 weeks, two rats were randomly 
decapitated from experimental group to verify the mor-
phological changes of liver. Meanwhile, fasting blood 
glucose (FBG) was measured from tail vein, rats showing 
FBG values of ≥11.1 mmol/L were considered as a suc-
cessfully established T2DM associated NAFLD model. 
NAFLD group was then randomly divided into control 
group (NAFLD-C, n=9) and treatment group (NAFLD-T, 
n=8), simultaneously, equal volume of saxagliptin (30mg/ 
kg per day) and normal saline were dosed to the treatment 
group and control group respectively by means of intra-
gastric administration.
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Specimen Collection and Index Detection
Fasting tail vein blood sampling were collected at the end 
of week 4, 8 and 12, for the measurement of FBG, TG, 
total cholesterol (TC) and low-density lipoprotein choles-
terin (LDL-C). At the end of the experiment, all mice were 
decapitated after overnight fasting. Subsequently, the liver 
were immediately dissected and weighed. The liver index 
was calculated according to the following formula: Liver 
index = (liver wet weight/body weight ×100%). A piece of 
liver tissue from the middle part of right lobe was fixed in 
paraformaldehyde solution, which was later used for mor-
phological examination. The residual liver tissue was fro-
zen immediately at −80°C for the qRT-PCR.

ELISA Analysis
The concentrations of GLP-1, insulin and DPP4 in plasma 
were determined by ELISA method with commercially 
available assay kits (GLP-1:CEA804Ra; DPP4: 
SEA884Ra; Insulin:GR150359-1).

Immunohistochemistry
Excised liver tissues were sectioned and deparaffinized, 
then endogenous peroxidase was blocked and inactivated. 
After microwave antigen retrieval with citric acid buffer 
(PH6.0), slides were blocked with premium quality normal 
goat serum. Whereafter, the primary antibody: DPP4 anti-
body (ab28340, 1:200) was added and incubated over-
night, the secondary goat anti-rabbit IgG antibody was 
applied followed by the instillment of streptavidin-perox-
idase. Negative control staining was performed by the 
substitution of the primary DPP4 antibody with a PBS 
buffer solution. At length, the cells exhibited brown by 
means of the 3,3ʹ- Diaminobenzidine (DAB) staining tech-
niques combined with counterstaining using hematoxylin. 
Staining intensity was classified in scores on a scale of 

0–3: 0: no obvious coloration; 1: slightly yellow; 2: tan or 
deep yellow; 3: sepia or black brown. The percentage of 
the positive cells was classified in scores on a scale of 0–4: 
0: 0–5%; 1: 6~25%; 2: 26~50%; 3: 51~75%; 4: >75%.

Western Blot Analysis
Liver tissue samples were homogenized and centrifuged, 
then the supernate were collected. The protein concentra-
tions were determined using the bicinchoninic acid kit. 
After supplemented with the loading buffer and boiled, 
total proteins were separated by SDS-PAGE and transferred 
to PVDF membrane. The membrane was blocked subse-
quently incubated with primary antibodies against ACOX1 
(sc-107375, Santa Cruz Biotechnology, Inc.), PTP1B, TNF- 
α and CPT1A (ab52650; ab66579; ab128568). The mem-
brane was washed and incubated with secondary antibody 
and electrogenerated chemiluminescence. Band densities 
were quantified using Image J program.

Biochemical Analysis
Serum TC, TG and LDL-C were assessed by commercial 
kits following the standard procedure, including TC Assay 
Kit, TG Kit, LDL-C Kit (006301, 006304, 006340; Beijing 
BHKT Clinical Reagent Co. Ltd., China).

Table 1 Primers of qRT-PCR

Gene Genbank ID Primer Sequence Product Size(bp)

TNFα 24,835 F:5ʹ CACCACGCTCTTCTGTCTACTG 3ʹ 
R:5ʹ GGCTACGGGCTTGTCACTC 3’

148

PTP1B 24,697 F:5ʹ TCAGCCCTTTTGACCACAGT 3ʹ 
R:5ʹ CCACGCCCCTGCTCTTC 3’

177

CPT1 25,757 F:5ʹGAGCCACGAAGCCCTCAAAC 3ʹ 
R:5ʹCACACCCACCACCACGATAAG 3’

139

Acox1 50,681 F:5ʹ AATCAAGCAAAGCGAACCAG 3ʹ 
R:5ʹ GCCTTCAGCCCAGCAGTG 3’

204

Table 2 Effect of Treatment and Diets on Nutrition Status

NC NAFLD-C NAFLD-T

Body weight (g)
8 weeks 394.88±37.36 400.40±39.08 402.50±25.41

10 weeks 415.63±44.75 458.80±33.67* 455.33±11.08*

12 weeks 428.67±39.93 479.00±33.35* 442.82±32.53

Liver weight (g) 11.44±1.25 16.65±1.98** 16.78±0.69

Liver index (%) 2.69±0.43 3.47±0.23** 3.80±2.59

Notes: * P < 0.05, ** P < 0.01.
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Quantitative Real-Time Polymerase Chain 
Reaction
Total RNA was extracted from liver by Trizol method 
using the RNApure total RNA rapid isolation kit 
(GK3016; Shanghai Generay Biotech Co., Ltd.). The pur-
ity and concentration of the RNA was measured. cDNA 
was obtained using the RevertAid First Strand cDNA 
synthesis Kit (K1622; Thermo Fisher Scientific, UK). 
Primer sequences are presented in Table 1. Results were 

expressed as the relative values after normalization to 
GAPDH.

Hematoxylin and Eosin (H&E) Staining
Liver tissues were fixed, embedded and then sliced into 4 
μm thick sections. The sections were stained with HE for 
histopathologic analysis. Each section was randomly 
selected for 3 fields, which were used to gauge hepatic 
steatosis (steatotic cell number/total cell number) on a 

Figure 1 Effect of DPP4i on serum (A) TG, (B) TC, (C) LDL-C, (D) FBG level in NAFLD mice. a: no significant difference between NAFLD-C (8w) and NAFLD-T group 
(8w); no significant difference between NAFLD-C group (8w) and NAFLD-C group (12w); NAFLD-C group (8w) vs. NC group (8w) P < 0.01. b: NAFLD-T group (8w) vs. 
NC group (8w) P < 0.01; NAFLD-T group (8w) vs. NAFLD-T group (12w) P < 0.05. c: NAFLD-C group (12w) vs. NC group (12w) P < 0.01; NAFLD-C group (12w) vs. 
NAFLD-T (12w) P < 0.05. d: NAFLD-T group (12w) vs. NC group (12w) P < 0.05. e: no significant difference between NAFLD-C (8w) and NAFLD-T group (8w); no 
significant difference between NAFLD-C group (8w) and NAFLD-C group (12w); NAFLD-C group (8w) vs. NC group (8w) P < 0.01. f: NAFLD-T group (8w) vs. NC group 
(8w) P < 0.01; no significant difference between NAFLD-T group (8w) and NAFLD-T group (12w). g: NAFLD-C group (12w) vs. NC group (12w) P < 0.001; NAFLD-C 
group (12w) vs. NAFLD-T (12w) P < 0.05. h: NAFLD-T group (12w) vs. NC group (12w) P < 0.05. i: no significant difference between NAFLD-C (8w) and NAFLD-T group 
(8w); NAFLD-C group (8w) vs. NAFLD-C group (12w) P < 0.05; NAFLD-C group (8w) vs. NC group (8w) P < 0.001. j: NAFLD-T group (8w) vs. NC group (8w) P < 0.05; 
no significant difference between NAFLD-T group (8w) and NAFLD-T group (12w). k: NAFLD-C group (12w) vs. NC group (12w) P < 0.001; NAFLD-C group (12w) vs. 
NAFLD-T (12w) P < 0.05. l: NAFLD-T group (12w) vs. NC group (12w) P < 0.001. m: no significant difference between NAFLD-C (4w) and NAFLD-T group (4w) and NC 
group (4w). n: NAFLD-C group (8w) vs. NC group (8w) P < 0.001; NAFLD-C group (4w) vs. NAFLD-C group (8w) P < 0.05; no significant difference between NAFLD-C 
(8w) and NAFLD-T group (8w). o: NAFLD-T group (4w) vs. NAFLD-T group (8w) P < 0.05; NAFLD-T group (8w) vs. NC group (8w) P < 0.001. p: NAFLD-C group (12w) 
vs. NC group (12w) P < 0.001; NAFLD-C group (12w) vs. NAFLD-T group (12w) P < 0.01; no significant difference between NAFLD-C group (12w) and NAFLD-C group 
(8w). q: NAFLD-T group (8w) vs. NAFLD-T group (12w) P < 0.05; NAFLD-T group (12w) vs. NAFLD-C group (12w) P < 0.01; NAFLD-T group (12w) vs. NC group (12w) 
P < 0.001.
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scale of 0 to 4: 0: no obvious degeneration; 1: ≤25%; 2: 
25~50%; 3: 50~75%; 4: >75%.

Statistical Analysis
All data were expressed as Mean±SD. P<0.05 were consid-
ered statistically significant. Statistical analyses were con-
ducted using SPSS statistical software version 25. Statistical 
significance was determined by one-way ANOVA for multi-
ple comparisons with Dunnett’s post hoc test.

Results
Effect of DPP4i on Nutrition Status, 
Serum Lipid and Glucose Levels
During the 12 week feeding period, body weight, liver 
weight and liver index (Table 2) in NAFLD-C group were 
significantly higher than NC group, meanwhile, body weight 
and liver weight showed a certain degree of decrease in 
posttreatment group. As the duration of the feeding time 
was prolonged, serum TG (p <0.01), LDL-C, TC (p <0.01) 
and FBG levels showed a statistically significant increasing 
trend in HFD rats. After being administrated with DPP-4i, 
serum TG (p <0.05) levels dramatically reduced in the 
NAFLD-T group compared with NAFLD-C group 
(Figure 1A). Although the result did not reach statistical 
significance, TC showed a downward trend after treatment 
(Figure 1B). Compared to 4 weeks previously, LDL-C level 

(p <0.05) remarkably increased in the NAFLD-C group at 12 
weeks. On the other hand, DPP-4i significantly reduced 
LDL-C level (Figure 1C, p <0.05). Elevation in FBG values 
averaged 15 mmol/l above normal (Figure 1D). In compar-
ison with the gradual deterioration of FBG in the untreated 
NAFLD-C group (p <0.01) in the previous 4 weeks, this 
sharp increase was prominently attenuated by DPP-4i in the 
treatment group (p <0.05) plateauing 7 mmol/l below the 
untreated controls.

Effects of DPP4i on Plasma GLP-1, DPP4 
and Insulin Level
Serum GLP-1 levels in NAFLD rats were lower than 
normal conditions at 8 weeks (Figure 2A, p <0.001). 
GLP-1 level was statistically improved after 4 weeks of 
DPP4i treatment (p <0.01). Serum insulin (Figure 2B) and 
DPP4 (Figure 2C) levels in the model group were higher 
than NC group at 8 weeks (p <0.001). Saxagliptin signifi-
cantly reduced serum DPP4 levels (p <0.05), alleviated IR. 
However, serum insulin level slightly decreased which did 
not reach statistical significance.

Effects of DPP4i on Liver DPP-IV 
Expression
A semi-quantitative score system was used to classify 
DPP4 expression in the liver based on the staining 

Figure 2 (A) Effect of DPP4i on serum GLP-1 level in NAFLD mice. (B) Effect of DPP4i on serum DPP4 level in NAFLD mice. (C) Effect of DPP4i on serum insulin level in 
NAFLD mice. a: no significant difference between NAFLD-C (8w) and NAFLD-T group (8w); no significant difference between NAFLD-C group (8w) and NAFLD-C group 
(12w); NAFLD-C group (8w) vs. NC group (8w) P < 0.001. b: NAFLD-T group (8w) vs. NC group (8w) P < 0.001; NAFLD-T group (8w) vs. NAFLD-T group (12w) P < 0.01. 
c: NAFLD-C group (12w) vs. NC group (12w) P < 0.001; NAFLD-C group (12w) vs. NAFLD-T (12w) P < 0.05. d: NAFLD-T group (12w) vs. NC group (12w) P < 0.01. e: no 
significant difference between NAFLD-C (8w) and NAFLD-T group (8w); no significant difference between NAFLD-C group (8w) and NAFLD-C group (12w); NAFLD-C 
group (8w) vs. NC group (8w) P < 0.001. f: NAFLD-T group (8w) vs. NC group (8w) P < 0.001; NAFLD-T group (8w) vs. NAFLD-T group (12w) P < 0.05. g: NAFLD-C 
group (12w) vs. NC group (12w) P < 0.001; NAFLD-C group (12w) vs. NAFLD-T (12w) P < 0.01. h: no significant difference between NAFLD-T (12w) and NC group (12w). 
i: no significant difference between NAFLD-C (8w) and NAFLD-T group (8w); no significant difference between NAFLD-C group (8w) and NAFLD-C group (12w); NAFLD- 
C group (8w) vs. NC group (8w) P < 0.05. j: NAFLD-T group (8w) vs. NC group (8w) P < 0.05; no significant difference between NAFLD-T group (8w) and NAFLD-T group 
(12w). k: NAFLD-C group (12w) vs. NC group (12w) P < 0.01; no significant difference between NAFLD-C group (12w) and NAFLD-T group (12w). l: no significant 
difference between NAFLD-T (12w) and NC group (12w).
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intensity and percentage of positive cells: 0 score: nega-
tive; 1–6 scores: weakly positive; 7–12 scores: strongly 
positive. The expression levels of DPP-IV between NC 
group and NAFLD-C group, between NAFLD-C group 
and NAFLD-T group showed statistically significant dif-
ferences (Figure 3A–F, Figure 4A, Table 3). Furthermore, 
DPP-IV strongly positive expression rate of NAFLD-C 
group were 93.3%, average scoring value was 10.60 

±2.13, after treatment, DPP-IV strongly positive expres-
sion rate were significantly reduced to 46.7%, average 
scoring value is 6.87±2.33. Together, DPP4 was overex-
pressed in NAFLD, and DPP4 was significantly dimin-
ished after saxagliptin treatment. Comparatively 
speaking, DPP-4i resulted in approximately 2-fold diminu-
tion of DPP4 strongly positive expression rate in treatment 
group.

Figure 3 (A–B) Effect of DPP4i treatment on liver DPP4 expression in NC group (×200); (C–D) Effect of DPP4i treatment on liver DPP4 expression in NAFLD-C group 
(×200); (E–F) Effect of DPP4i treatment on liver DPP4 expression in NAFLD-T group (×200); (G) Gross specimens of NC group, (H) Gross specimens of NAFLD-C group, 
(I) Gross specimens of NAFLD-T group.
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Effects of DPP4i on Liver Morphology and 
Histological
The liver specimens of NC group (Figure 3G) were moist, 
glossy and resilient. By contrast, the livers of the NAFLD 
group (Figure 3H-I) were enlarged, lacklustre and had pale 
discoloration on the surface. For healthy rats (Figure 5A and 
B), hepatic cells radially encircled the central vein, and there 
was no obvious degeneration or necrosis of hepatocytes. In 
Figure 5C–F, the sections from the model group exhibited 
moderate to severe injury characterized by varying degrees 
of fatty denaturation and inflammatory cell infiltration, which 
were in accordance with the biochemical index differences.

The NAFLD-C group displayed widespread microve-
sicular fat deposition as well as minor punctate inflamma-
tion, the average scoring value was 2.25±1.06. In 
comparison, liver injury in the DPP-4 inhibitor treated 
NAFLD-T rats was mitigated dramatically, the average 
scoring value was 1.25±0.45 (Figure 4B, Table 3).

Effects of DPP4i on Inflammatory Hepatic 
Cytokines and Hepatic Metabolic Genes
We measured the expressions of ACOX1, CPT1A, TNF-α 
and PTP1B in the liver. As shown in Figure 6, significant 

increase in the mRNA expression of TNF-α was shown in 
the livers of NAFLD-C mice compared with NC mice. 
Saxagliptin significantly reduced the mRNA and protein 
expression of TNF-α. In addition, significant reduction of 
β-oxidation related genes ACOX-1 and CPT-1A were 
observed in the NAFLD-C group. The alternation in 
CPT-1A mRNA and protein levels were significantly pre-
vented by DPP4i administration. DPP4i could partially 
improve ACOX-1 mRNA reduction by 37%, which did 
not reach statistical levels. In the current study, enhanced 
mRNA expression of PTP1B was observed in NAFLD-C 
group, its expression was 2.77 fold higher than NC group. 
Saxagliptin significantly downregulated PTP1B expression 
by 13.1% (2.41-fold), which was also observed in protein 
expression.

Discussion
NAFLD refers to the abnormal fatty acid infiltration in 
liver without excessive alcohol consumption. Importantly, 
NAFLD is an escalating health issue which afflicts around 
25.24% of the general population in the worldwide 
context.1 Moreover, NAFLD patients usually exhibit non- 
specific symptoms, such as fatigue and hepatic region 
discomfort, which makes early detection difficult. 
Therefore, NAFLD has attracted more and more attention 
both at home and abroad due to its high incidence, obscure 
symptoms and liver-related detrimental outcomes. The 
exact mechanism underlying its onset and progression is 
intricate. Previous researchhas emphasized the multifactor-
ial interaction between metabolic syndrome, T2DM and 
NAFLD. Notably, the association between NAFLD and 
T2DM has been well established,17 which could synergis-
tically generate adverse outcomes including higher stage 
steatosis and more serious complications.

Figure 4 (A) Effect of DPP4i treatments on liver DPP4 expression, our results showed that DPP4 was overexpressed in non-alcoholic fatty liver tissue and DPP4 was 
significantly diminished after saxagliptin treatment. (B) Effect of DPP4i treatments on hepatic steatosis score. a: NAFLD-C group vs. NC group P < 0.01; b: NAFLD-C group 
vs. NAFLD-T group P < 0.05; c: NAFLD-C group vs. NC group P < 0.01; d: NAFLD-C group vs. NAFLD-T group P < 0.05.

Table 3 Histopathological Features

NC DM-T DM-C

DPP-IV expression score 
(M±SD)

4.38±2.89 6.87±2.33 10.60±2.13

DPP-IV Positive rate
Strongly positive rate 20.8% 46.7% 93.3%

Weakly positive rate 75% 53.3% 6.7%

Hepatic steatosis score 0.00±0.00 2.25±1.06 1.25±0.45
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In this study, the HFD yielded overweight IR mice with 
hypertrophied livers, together with liver steatosis. Other 
remarkable findings were hyperglycemia, hyperlipidemia, 
hyperinsulinemia, increased DPP4, PTP-1B and TNF-α 
level and decreased GLP-1, ACOX-1, CPT-1A expression, 
concomitant with liver DPP4 expression enhancement and 
serum DPP4 elevation. These undesirable consequences 
were alleviated by saxagliptin.

There are considerable evidence implicating that oxida-
tive stress and inflammatory response are the two broad 
categories participating in the development of NAFLD 
except for IR.18 IR is defined as the underreaction of cells 
to physiological levels of insulin.19 Plenty of epidemiologi-
cal and therapeutic evidence indicates that IR is the shared 
origin of both NAFLD and T2DM, leading to disease 
aggravation in a vicious cycle.20 IR could upregulate hepa-
tic de novo lipogenesis (DNL) and lipolysis, reduce β- 
oxidation and saturated fatty acid consumption, which even-
tually accelerate the release and influx of free fatty acid. 
Acyl-CoA oxidase 1 (ACOX1) is the rate limiting enzyme, 
participating in the first step of β-oxidation, which catalyzes 
the desaturation of acyl-CoAs.21 Carnitine palmitoyl trans-
ferase-IA (CPT-1A) involves in the translocation across 
inner mitochondrial membrane.22 ACOX1 and CPT-1A are 

crucial transcriptional regulators of the FA β-oxidation 
pathway.23 In the current study, NAFLD rats showed sig-
nificantly reduced CPT-1A expression in association with 
increased serum TG level, which were significantly alle-
viated by saxagliptin. However, there was no obvious effect 
of saxagliptin on the diminution of ACOX1 mRNA. On the 
one hand, improved expression of CPT-1A not only 
increases CPT-1A activity but also decreases hepatic TG 
content, which thereby increases fatty acid oxidation 
capacity.24 On the other hand, saxagliptin could relieve 
hepatic steatosis directly caused by CPT-1A dysfunction.25 

Therefore, it can be conjectured that saxagliptin ameliorates 
hepatic steatosis by hepatic CPT-1A activation.

Working as an inflammatory cytokine, Tumor necrosis 
factor-α (TNF-α) has been postulated as an essential med-
iator of IR in the pathogenesis of NAFLD. Notably, TNF-α 
level is also in accordance with the histological severity of 
NASH.26 In our study, NAFLD rats exhibited remarkable 
elevation of TNF-α mRNA and protein expression as well 
as hepatic steatosis, which were significantly relieved by 
saxagliptin. Exceptional lipid accumulation, caused by up- 
regulation of serum TG level and hepatic DNL,27 sensitize 
both steatotic and normal hepatocytes, triggering cytotoxic 
and apoptotic mechanism.28 Under this circumstance, 

Figure 5 Effect of DPP4i treatment on liver steatosis. Sections were stained with hematoxylin＆eosin. (A–B) histologic pattern of NC group (original magnification×100, 
×200 respectively); (C–D) histologic pattern of NAFLD-C group (original magnification×100, ×200 respectively); (E–F) histologic pattern of NAFLD-T group (original 
magnification×100, ×200 respectively).
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Figure 6 Effect of DPP4i treatment on liver (A) TNF-α mRNA expression, (B) ACOX-1 mRNA expression, (C) CPT-1A mRNA expression, (D) PTP1B mRNA expression, (E) Effect of 
DPP4i treatment on liver ACOX-1, CPT-1A, PTP1B, TNF-α protein expression; (F) Western blot analysis of liver ACOX-1, CPT-1A, PTP1B, TNF-α expression. a: NAFLD-C group vs. NC group 
P < 0.05; b: NAFLD-C group vs. NAFLD-T group P < 0.05; c: NAFLD-C group vs. NC group P < 0.05; d: no significant difference between NAFLD-C and NAFLD-T group; e: NAFLD-C 
group vs. NC group P < 0.05; f: NAFLD-C group vs. NAFLD-T group P < 0.05; g: NAFLD-C group vs. NC group P < 0.05; h: NAFLD-C group vs. NAFLD-T group P < 0.05; i: NAFLD-C 
group vs. NC group P < 0.05; j: NAFLD-C group vs. NC group P < 0.05; k: NAFLD-C group vs. NAFLD-T group P < 0.05; l: NAFLD-C group vs. NC group P < 0.05; m: NAFLD-C group 
vs. NAFLD-T group P < 0.05; n: NAFLD-C group vs. NC group P < 0.05; o: NAFLD-C group vs. NAFLD-T group P < 0.05.
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infiltrating immune cells and resident liver cells overpro-
duce TNF-α. TNF-α mediated signaling pathway enhance-
ment followed by the activation of kupffer cells may be 
crucially involved in NASH related liver fibrosis.29 Fen 
et al found that DPP4i linagliptin could lead to macro-
phage polarization toward an anti-inflammatory phenotype 
in white adipose tissue and liver, thereby attenuating non- 
alcoholic steatohepatitis and IR. It further proves the ther-
apeutic effect of DPP4i in NAFLD.30

Protein tyrosine phosphatase 1B (PTP1B) is deemed as 
a negative modulator of hepatic insulin signaling pathway, 
accumulating data indicates that overexpression and 
hyperactivity of PTP1B is related to IR.31,32 NAFLD 
patients normally exhibited elevated PTP1B in the liver 
biopsy.33 Current data indicated that HFD could increase 
PTP1B mRNA and protein level, PTP1B reduction was 
also observed after saxagliptin treatment. It can be con-
cluded that the improvement of DPP4i is associated with 
ERS and subsequent apoptosis, mediated by PTP1B 
related pathways,34 however, the concrete mechanism 
needs to be studied further.

DPP4 is a multifunctional serine protease participating 
in the development of various liver disease including 
NAFLD. DPP4 exists in two forms: a membrane localised 
protein and a soluble circulating protein extensively distri-
buting in plasma and body fluids, both of which exert 
catalytic activity.35 DPP4 plays an auxo-action for the 
occurrence and severity of NAFLD,10 moreover, DPP4 
activity is proposed as a novel candidate with potential 
functions in the pathogenesis and histopathologic grade of 
NASH.10,36 NAFLD patients conventionally exert enhanced 
liver DPP4 expression and activity,37 furthermore, high 
plasma soluble dipeptidyl peptidase 4 (sDPP4) is another 
typical manifestation among NAFLD patients.10,38,39 Our 
study showed that in addition to serum insulin, both liver 
DPP4 expression and sDPP4 level are higher in NAFLD 
mice, which dropped significantly after the administration 
of saxagliptin. Hepatic lipotoxicity derived from overaccu-
mulation of free fatty acids, hyperinsulinemia, as well as 
chronic inflammation mediated by TNF-α, all of which 
stimulated hepatocytes to overproduce DPP4 and secrete 
sDPP4, DPP4 and sDPP4 then in turn deteriorated inflam-
mation and IR. In this respect, DPP4i ameliorates hepatic 
steatosis by reducing hepatic DPP4 and sDPP4.

Despite the common glucose-lowering effect, different 
kinds of DPP4i exhibit varying degrees of therapeutic effect 
of NAFLD. It has been reported that comparing with sita-
gliptin, linagliptin showed a better capacity of attenuating 

NAFLD related inflammation and IR.30 There is a possibi-
lity that the differences between categories stem from clin-
ical pharmacokinetics and relevant pharmacology. In 
addition to a much shorter half life and oral bioavailability, 
saxagliptin is the only substrate for hepatic cytochrome 
P450 enzymes, in contrast, linagliptin tends to localize in 
tissues containing high DPP4 levels in rodent models.40

In conclusion, saxagliptin improves NAFLD by ameli-
orating IR, inflammation, downregulation of hepatic DPP4 
and sDPP4, as well as subsequent steatosis. The elevation 
of hepatic DPP4 and sDPP4 and succedent post-treatment 
decrease suggested that DPP4 may involve in the devel-
opment of NAFLD. The anti-lipotoxic effect of DPP4i 
may involve the activation of CPT1A and ACOX1 related 
β-oxidation signaling pathway, suppression of TNF-α 
mediated inflammatory and PTP-1B. The results covered 
in this article showed that saxagliptin affects many aspects 
of the pathological characteristics of NAFLD, suggesting 
that DPP4i saxagliptin may offer a novel therapeutic 
option for NAFLD.
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