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Abstract. Dipeptidyl peptidase-4 (DPP4) is a serine protease 
that degrades glucagon-like peptide-1 (GLP-1), an incretin 
hormone that stimulates insulin secretion from pancreatic 
β-cells. DPP4 is also involved in the regulation of T cell-
mediated inflammatory processes. These properties of DPP4 
suggest that it may play a role in the progression of non-
alcoholic fatty liver disease (NAFLD). Hepatic DPP4 mRNA 
expression levels were analyzed by real-time PCR using liver 
biopsy samples from 17 NAFLD patients and 10 healthy 
subjects. In NAFLD patients, we also examined correla-
tions between DPP4 expression levels and metabolic factors, 
including homeostasis model assessment-insulin resistance 
(HOMA-IR), body mass index (BMI), and serum cholesterol 
and triglyceride levels. To examine the potential effects of 
nutritional factors, DPP4 expression levels were analyzed in 
HepG2 cells subjected to various culture conditions. Hepatic 
DPP4 mRNA expression was significantly greater in NAFLD 
patients than in control subjects. DPP4 expression levels were 
negatively correlated with HOMA-IR and positively correlated 
with serum cholesterol levels. In HepG2 cells, high glucose 
significantly enhanced DPP4 expression, whereas insulin, fatty 
acids and cholesterol did not. Increased hepatic expression of 
DPP4 in NAFLD may be associated with metabolic factors, 
including insulin resistance, and may adversely affect glucose 
metabolism in this liver disease.

Introduction

Non-alcoholic fatty liver disease (NAFLD) is a clinico-
pathological disorder characterized by the accumulation 
of triglycerides in hepatocytes. The incidence of NAFLD 
has increased markedly in recent years, accompanying the 
increased prevalence of obesity and type 2 diabetes mellitus 
(T2DM) (1). More than 10% of patients with NAFLD progress 
to non-alcoholic steatohepatitis (NASH), which is charac-
terized by inflammatory cell infiltration and ballooning of 
hepatocytes in the liver. Liver cirrhosis and hepatocellular 
carcinoma occur in several patients with NASH (2). Obesity 
and insulin resistance (IR) are believed to be involved in the 
pathogenesis of NAFLD (3). Increased hepatic uptake of fatty 
acids as a result of elevated triglyceride degradation in adipose 
tissue causes hepatic fat accumulation. Reactive oxygen 
species (ROS) produced during lipid oxidation may induce 
hepatocyte death and inflammatory reactions. IR also reduces 
glucose uptake in muscles and diminishes insulin-dependent 
suppression of gluconeogenesis, ultimately progressing to 
T2DM (4).

Dipeptidyl peptidase-4 (DPP4) inhibitors were recently 
introduced for the treatment of T2DM (5). DPP4 degrades 
glucagon-like peptide-1 (GLP-1), which stimulates insulin 
secretion from pancreatic β-cells. DPP4 inhibitors enhance 
glucose-dependent insulin secretion by suppressing GLP-1 
degradation. However, the physiological functions of DPP4 
are not fully understood. In addition to its effect on GLP-1, 
multiple activities of DPP4 have been reported in various 
cellular processes. Of note, DPP4 seems to influence inflam-
mation by regulating T cell proliferation and the cell cycle 
of NK cells (6,7). In addition, the enhanced tissue mRNA 
expression of DPP4 in diseases such as asthma or ulcerative 
colitis implies that DPP4 may play a role in the pathogenesis 
of several inflammatory diseases (8,9).

Prolonged intrahepatic inflammation as a result of elevated 
generation of ROS is a significant process underlying the 
progression of liver disease from NAFLD to NASH (10). 
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Notably, IR is known to induce the release of tumor necrosis 
factor (TNF)-α and interleukins, which cause chronic activa-
tion of systemic low-grade inflammation (11). Therefore, the 
progression of NAFLD is accelerated by intrahepatic and 
systemic inflammatory processes, which are strongly associ-
ated with IR.

DPP4 may be involved in the progression of NAFLD 
because of its glucose metabolism regulatory activity and its 
role in inflammatory processes. To investigate this possibility, 
we compared the mRNA expression levels of DPP4 in liver 
biopsy samples from NAFLD patients to those of control 
livers. We also determined correlations between DPP4 expres-
sion levels and metabolic factors. Finally, we examined the 
effects of nutritional factors, including glucose, insulin, fatty 
acids and cholesterol, on the expression of DPP4 in HepG2 
cells.

Materials and methods

Patients and samples. Tissue samples were obtained by liver 
biopsy from 17 patients with histologically diagnosed NAFLD 
without T2DM who were admitted to the Kyushu University 
Hospital between 2004 and 2006. Liver tissue samples were 
also obtained from 10 healthy donors undergoing living donor 
liver transplantation. Written informed consent was obtained 
from all patients. Patient characteristics including gender, age, 
body mass index (BMI) and alanine aminotransferase (ALT), 
lactate dehydrogenase (LDH), total cholesterol, triglyceride 
and fasting plasma glucose levels were recorded.

Cell culture and treatment. HepG2 cells, a human hepatoblas-
toma-derived cell line, were cultured in DMEM supplemented 
with 10% fetal bovine serum, 100 IU/ml penicillin and 
100 µg/ml streptomycin. Cells were seeded at 10,000 cells/
cm2 on 6-well plates. To analyze the effects of glucose and 
insulin, HepG2 cells were cultured in four different media, 
comprising low insulin (0.001 ng/ml) plus low (100 mg/dl) or 
high (400 mg/dl) glucose, or in high insulin (1.0 ng/ml) plus 
low or high glucose. To determine the effects of lipids, 10 mM 
oleic acid or palmitic acid dissolved in ethanol, or 300 µg of 
water-soluble cholesterol was added into the culture medium. 
The final concentrations of fatty acids and cholesterol in the 
media were 1.0 mM and 100 µg/ml, respectively. The cells 
were incubated for 24 h and used for real-time PCR (RT-PCR).

RT-PCR. Total RNA was prepared with TRIzol reagent 
(Invitrogen, Carlsbad, CA, USA) and cDNA was synthesized 
from 1.0 µg RNA with GeneAmp™ RNA PCR (Applied 
Biosystems, Branchburg, NJ, USA). RT-PCR was performed 
using LightCycler-FastStart DNA Master SYBR Green 1 
(Roche, Basel, Switzerland). To control for variations in the 
reactions, all PCR data were normalized against β-actin 
expression. The forward and reverse PCR primers for 
DPP4 were 5'-TGGAGGCATTCCTACACAGCTTC-3' and 
5'-CCATGTGACCCACTGTGTGTTG-3', respectively.

Statistical analysis. All results are expressed as the means ± 
standard deviation. Significant differences between two groups 
were assessed using unpaired two-tailed t-tests. p-values <0.05 
were considered to denote statistical significance.

Results

Patient characteristics. We obtained tissue samples from 
17 NAFLD patients (9 males and 8 females) and 10 control 
subjects (5 males and 5 females) (Table I). The control group 
was younger than the NAFLD group. On the other hand, 
BMI, ALT and LDH were significantly higher in the NAFLD 
patients than in the control group. Nutritional parameters, 
including total cholesterol, triglyceride and fasting plasma 
glucose levels, were higher in the NAFLD patients than in the 
control group, although these differences were not statistically 
significant.

DPP4 expression is higher in NAFLD liver than in healthy 
liver. Hepatic mRNA levels of DPP4 were evaluated by 
RT-PCR in NAFLD patients and in the control group. DPP4 
expression was 15-fold higher in the NAFLD liver than in 
the control liver (Fig. 1A). To determine possible associations 
with IR in NAFLD, DPP4 expression levels were compared 
among groups of patients stratified by homeostasis model 
assessment-insulin resistance (HOMA-IR) <2.5 and ≥2.5. 
Notably, DPP4 expression levels were significantly lower in 
patients with HOMA-IR ≥2.5 than in patients with HOMA-IR 
<2.5 (Fig. 1B).

Correlations between hepatic DPP4 expression levels 
and metabolic factors were also analyzed. Hepatic DPP4 
expression levels were negatively correlated with HOMA-IR 
(r=-0.68, p<0.001) and BMI (r=-0.50, p<0.01) (Fig. 2A and 
B). Among biochemical parameters, DPP4 expression levels 
were positively correlated with total cholesterol levels (r=0.61, 
p<0.005), but not with triglyceride levels (Fig. 2C and D), or 
with other parameters, such as ALT, LDH, γ-glutamyl trans-
peptidase and platelet number (data not shown).

Effects of nutritional factors on the expression of DPP4 in 
HepG2 cells. Results regarding the NAFLD liver suggest 
that the hepatic expression of DPP4 may be affected by 
systemic metabolic status. To investigate this possibility, we 

Table I. Characteristics of the control subjects and NAFLD 
patients.

	 Control	 NAFLD	 p-value
	 (n=10)	 (n=17)

Male/female	 5/5	 9/8
Age (years)	 28.3±8.0	   40.6±15.0
BMI (kg/m2)	 20.2±1.3	 27.2±5.2	 <0.01
ALT (IU/l)	 10.3±3.1	   60.0±75.2	 <0.01
LDH (IU/l)	 125.8±15.5	 219.9±80.1	 <0.01
Total cholesterol (mg/dl)	 164.6±23.1	 193.9±47.8
Triglyceride (mg/dl)	   81.6±18.3	 113.0±51.8
Fasting plasma glucose	 87.2±5.7	 110.1±36.7
(mg/dl)

BMI, body mass index; ALT, alanine aminotransferase; LDH, lactate 
dehydrogenase. Continuous values are expressed as the means ± SD.
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determined the expression levels of DPP4 in HepG2 cells 
cultured in various nutritional conditions, including high/
low glucose, high/low insulin, fatty acids and cholesterol. 
Fig. 3A shows the effects of glucose (100 and 400 mg/dl) 
and insulin (0.001 and 1.0 ng/ml) concentrations on DPP4 
expression. Unlike the results for NAFLD patients in 
which hepatic DPP4 expression was lower in patients with 
HOMA-IR ≥2.5 than in patients with HOMA-IR <2.5, the 
high concentration of insulin did not suppress DPP4 expres-
sion. However, DPP4 expression was significantly increased 
by high glucose. Palmitic acid and oleic acid are fatty acids 

known to induce triglyceride accumulation and form lipid 
droplets in HepG2 cells (12). Unexpectedly, neither of the 
fatty acids up-regulated, but rather suppressed DPP4 expres-
sion in HepG2 cells (Fig. 3B).

We next examined the effect of water-soluble cholesterol, 
as cholesterol is involved in the pathogenesis of NAFLD 
(13,14). In addition, its oxidized derivative, oxysterol, is 
an agonist of liver X receptor (LXR), which transactivates 
lipogenic transcriptional factors, including sterol regula-
tory element-binding protein (SREBP)-1c and carbohydrate 
response element-binding protein (ChREBP) (15). However, 

Figure 1. RT-PCR analysis of DPP4 mRNA expression in NAFLD liver. Total RNA was extracted from liver biopsy samples of NAFLD patients (n=17) and 
control subjects (n=10). Samples were analyzed by RT-PCR and normalized for β-actin expression. (A) Comparison between NAFLD livers and control 
livers. The mean expression in the control liver was set as 1. (B) DPP4 expression in NAFLD patients with homeostasis model assessment-insulin resistance 
(HOMA-IR) <2.5 (n=8) and in those with HOMA-IR ≥2.5 (n=8). *p<0.05.

  A   B

Figure 2. Correlations between hepatic DPP4 mRNA expression and metabolic factors in patients with NAFLD. (A) Homeostasis model assessment-insulin 
resistance (HOMA-IR), (B) body mass index (BMI), (C) serum total cholesterol levels and (D) serum triglyceride levels.

  A   B

  C   D
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the addition of cholesterol did not affect DPP4 expression 
levels in HepG2 cells (Fig. 3C).

Discussion

The mRNA expression levels of DPP4 were significantly 
increased in NAFLD livers compared to that in control livers. 
In NAFLD patients, DPP4 expression levels were negatively 
correlated with HOMA-IR and BMI, and positively correlated 
with total cholesterol levels, but not with ALT, LDH or triglyc-
eride levels. In HepG2 cells, DPP4 expression was increased 
in the high glucose condition. Other nutritional conditions, 
including high insulin, or the presence of fatty acids and 
cholesterol, did not significantly affect DPP4 expression. 
These observations suggest that enhanced DPP4 expression in 
NAFLD liver may be associated with IR, and may promote 
the progression of liver disease via subsequent deteriorations 
in glucose metabolism.

Increased serum activity and/or hepatic expression of DPP4 
have been reported in various hepatic diseases. Serum DPP4 
activity was significantly higher in patients with chronic hepa-

titis C virus (HCV) infection and primary biliary cirrhosis than 
in healthy controls (16,17). Increased DPP4 protein was also 
detected in the ileum and liver in HCV-infected patients (18). 
In animal models, elevated serum DPP4 activity was observed 
in rat cirrhosis induced by diethyl-nitrosamine, phenobarbital 
and carbon tetrachloride, and was positively correlated with 
serum transaminase levels (19). These observations suggest 
that destruction of liver cells may increase the serum activity 
and hepatic expression of DPP4.

DPP4 also appears to be involved in liver diseases origi-
nating from hepatic steatosis. Indeed, DPP4 activity was greater 
in NAFLD patients than in control subjects and patients with 
T2DM, and DPP4 activity was correlated with HOMA2-IR 
(20). Serum DPP4 activity was significantly higher in NASH 
patients than in control subjects and was correlated with the 
histopathological grade of liver disease. Furthermore, the 
intensity of hepatic DPP4 immunostaining was correlated 
with the extent of hepatic steatosis (21). These observations 
support the hypothesis that IR, which is thought to promote 
the progression of NAFLD and NASH, is associated with the 
serum activity and hepatic expression of DPP4.

The physiological roles of DPP4 in IR or T2DM have not 
been established. Ryskjaer et al reported that the plasma DPP4 
activity was significantly elevated in patients with T2DM, and 
was correlated with fasting glucose and HbA1c levels (22). 
However, conflicting results have been reported. For example, 
in one study, serum DPP4 activity was reduced in patients 
with T2DM, and DPP4 activity was negatively correlated with 
glucose and HbA1c levels (23). Researchers speculated that 
these discrepancies in diabetic patients may be due to factors 
such as disease duration, patient age and glycemic control. In 
patients with NAFLD, we found that hepatic DPP4 expres-
sion was negatively correlated with HOMA-IR, which was 
inconsistent with that of a previous report showing a positive 
correlation between serum DPP4 activity and HOMA2-IR 
in NAFLD patients (20). Firneisz et al (20) also showed that 
DPP4 activity in NAFLD patients with glucose intolerance 
was lower than that in NAFLD patients with normal glucose 
tolerance, complicating the role of IR in DPP4 activity in 
NAFLD. In our study using HepG2 cells, DPP4 expression was 
enhanced by high glucose, but not by high insulin. Therefore, 
we speculate that high concentration of glucose may induce 
the hepatic DPP4 expression, but insulin itself may not affect 
the transcription of DPP4. This hypothesis is consistent with 
a previous report describing increased DPP4 activities and 
hepatic expression of DPP4 in streptozotocin-treated animals 
with type 1 diabetes mellitus (24).

We also investigated the effects of lipids on DPP4 expres-
sion in HepG2 cells. The addition of oleic acid or palmitic 
acid to the culture medium did not increase DPP4 expression. 
Therefore, triglyceride accumulation may not be involved 
in the induction of hepatocyte DPP4 expression. We found 
that serum cholesterol levels were positively correlated with 
hepatic DPP4 expression levels in NAFLD patients. Previous 
reports have suggested that cholesterol plays a role in the 
pathogenesis of NAFLD. The daily intake of cholesterol was 
reported to be significantly greater in non-obese NAFLD 
patients than in control subjects, even though total calorie 
and carbohydrate intake did not differ (14). Meanwhile, the 
NPC1L1 inhibitor ezetimibe, which inhibits intestinal choles-

  A

  B

  C

Figure 3. Effects of nutritional factors on DPP4 mRNA expression in HepG2 
cells. HepG2 cells were cultured in the indicated nutritional conditions 
for 24 h and DPP4 mRNA expression levels were determined by RT-PCR. 
All PCR reactions were normalized for β-actin expression (n=6). Effects 
of (A) insulin (0.001 or 1 ng/ml) and glucose (100 or 400 mg/dl), (B) fatty 
acids (1.0 mM palmitic acid or oleic acid) and (C) water-soluble cholesterol 
(100 µg/ml) on DPP4 mRNA expression. *p<0.05.
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terol absorption, has been shown to improve the clinical 
parameters of NAFLD (13). However, the culturing of HepG2 
cells with cholesterol did not enhance DPP4 expression, 
suggesting that cholesterol does not affect the transcriptional 
regulation of DPP4 in the liver.

Taken together, we hypothesize that hepatic DPP4 is 
involved in the progression of NAFLD in the following ways: 
i) when NAFLD is induced by nutritional overload, hepatic 
inflammation enhances hepatic DPP4 expression; ii) acceler-
ated degradation of GLP-1 by DPP4 inhibits insulin secretion 
and causes hyperglycemia; and iii) hyperglycemia further 
enhances DPP4 expression, with further worsening in glucose 
metabolism.

The increased hepatic expression of DPP4 in NAFLD 
patients suggests that DPP4 may be involved in the onset and/
or progression of NAFLD. Hepatic inflammation may induce 
this phenomenon, although DPP4 causes deteriorations in 
systemic glucose metabolism. Further studies are required to 
examine the physiological role of DPP4 in the NAFLD liver 
and to determine whether DPP4 may offer a new treatment 
target to suppress the progression of liver disease.
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