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Abstract. The correlation between the methylation levels of 
peroxisome proliferator-activated receptor-α  (PPAR-α) in 
the peripheral blood and the inflammatory factors associated 
with non-alcoholic fatty liver disease (NAFLD) patients with 
diabetes mellitus (DM) was investigated. Thirty-two samples 
of normal liver tissues (group N) and 35 samples of liver tissues 
from NAFLD patients with DM (group M) were used for the 
present study. The levels of alanine transaminase (ALT) and 
aspartate transaminase (AST) were measured using commer-
cially available kits. The accumulation of lipid droplets and 
glycogen in the two groups was determined through Oil Red O 
staining and Sudan III staining. mRNA expression of tumor 
necrosis factor-α (TNF‑α), interleukin-lβ (IL-1β) and IL-6 in 
liver tissues of groups N and M were detected using reverse 
transcription-polymerase chain reaction (RT-PCR). In addi-
tion, western blotting was used to detect the protein expression 
of PPAR-α in liver tissues of both groups. The Statistical 
Product and Service Solutions (SPSS) 17.0 statistical software 
was used to analyze the expression difference of PPAR-α in 
liver tissues in the groups. The high levels of ALT and AST 
indicated severe liver injury in group M. Oil Red O staining 
and Sudan III staining showed a large number of lipid droplets 
and glycogen accumulation in the liver of group M patients. 
RT-PCR showed that the expression of inflammatory factors 
was extremely high and that the inflammatory injury was severe 
in the liver of group M patients. Western blotting showed that 
the expression of PPAR-α in group N was significantly higher 
than that in group M. ANOVA results showed that the expres-
sion of PPAR-α in liver tissues of groups N and M patients 
were statistically significantly different (P<0.01). Therefore, 

the abnormal expression of PPAR-α is closely associated with 
the occurrence and development of NAFLD complicated with 
DM, and that the abnormal expression of PPAR-α is closely 
related to inflammatory factors. Results from the present study 
suggest PPAR-α has important value in the study on NAFLD 
complicated with DM. The expression of PPAR-α can be used 
as a new basis for the diagnosis and treatment of NAFLD 
complicated with DM.

Introduction

Non-alcoholic fatty liver disease (NAFLD) is a type of meta-
bolic syndrome due to intrahepatic fatty lesions caused by a 
variety of factors. As there have been many changes in dietary 
habits and life style in recent years, the incidence of NAFLD 
has increased significantly (1,2). Diabetes mellitus (DM) is a 
type of metabolic disease that is characterized by high blood 
sugar levels. NAFLD can lead to DM, causing serious physical 
and economic burdens to both patients and society (3).

A large number of studies have shown that peroxisome 
proliferator-activated receptors (PPARs) are widely involved 
in metabolic syndromes, and PPARs are closely related to the 
occurrence and development of NAFLD complicated with 
DM (4,5). PPAR-α is a key gene in the PPAR family as it can 
affect fat and glucose metabolism through gene activation, 
ultimately reducing the influence of NAFLD complicated 
with DM (6).

In the present study, the correlation between the methyla-
tion levels of PPAR-α in peripheral blood and inflammatory 
factors of NAFLD patients with DM were studied in order to 
investigate the association of the two factors. Furthermore, we 
studied the association between PPAR-α methylation levels 
and inflammatory factors, providing a new direction for the 
treatment of NAFLD patients with DM.

Materials and methods

Materials. The cohort for the study included patients who 
received surgery at the Qilu Hospital of Shandong University, 
and had complete admission data. There were 32 cases in the 
normal group (group N), including 17 males and 15 females. 
There were 35 cases in the NAFLD complicated with DM 
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group (group M), including 19 males and 16 females. The 
average age of group N was 57±19 years, while that of group M 
was 52±19 years. There were no statistically significant differ-
ences between gender and age in the two groups (P>0.05), and 
the data were comparable.

The study was approved by the Ethics Committee of Qilu 
Hospital of Shandong University and informed consents were 
signed by the patients and/or guardians.

Main reagents. The alanine transaminase (ALT) and aspar-
tate transaminase (AST) detection kits were obtained from 
Jiancheng (Nanjing, China). The Oil Red O and Sudan III 
dyes were obtained from Sigma (St. Louis, MO, USA). The 
BCA protein quantification kit was purchased from Beyotime 
(Shanghai, China). The TRIzol total RNA extraction kit was 
obtained from Tiangen (Beijing, China). The reverse transcrip-
tion polymerase chain reaction (RT-PCR) kit was purchased 
from Tiangen. Rabbit anti-human β-actin polyclonal antibody 
(dilution, 1:1,000; cat. no. 4967; Cell Signaling Technology, 
Inc., Boston, MA, USA) and mouse anti human PPAR-α 
monoclonal antibodies (1 mg/ml, GTX22779; GeneTex Int., 
Co., Hsinchu, Taiwan) were used in the present study.

Experimental methods
Determination of ALT and AST in serum. ALT and AST 

levels in serum were measured in accordance with instruc-
tions of the ALT and AST detection kits, and the differences 
between liver function in groups N and M was analyzed.

Oil Red O staining and Sudan III staining of liver tissue 
sections. The liver tissues in groups N and M were prepared in 
frozen sections, followed by Oil Red O staining and Sudan III 
staining. The stained sections were observed under a light 
microscope (x400; Olympus, Tokyo, Japan) for histopatho-
logical analysis.

Real-time PCR analysis. The appropriate amount of liver 
tissues in groups N and M were immediately transferred into 
1 ml of TRIzol reagent for full tissue grinding to prepare 
them into a homogenate. The samples were placed at room 
temperature for 5 min and centrifuged at 12,000 x g at 4˚C 
for 5 min prior to removal of the supernatant. Chloroform was 
added to the supernatant and mixed uniformly. The solution 
was placed at room temperature for 5 min and centrifuged 
at 12,000 x g at 4˚C for 5 min and then the supernatant was 
removed. Subsequently, the same volume of isopropanol was 
added to the supernatant, and the solution was placed at room 
temperature for 10 min and centrifuged at 12,000 x g at 4˚C 
for 10 min. The precipitate was taken and 75% ethanol was 
added to wash the RNA precipitates. Finally, RNase‑free 
water was added to dissolve the precipitates completely. The 
OD260/OD280 ratio was determined and the RNA concentra-
tion was measured. Finally, the stepwise amplification was 
performed according to the instructions based on the primer 
sequence template (Table I) and the RT-PCR analysis was 
carried out on the reaction products received.

Western blot analysis
Protein extraction. Liver tissues were washed twice with 
ice‑cold saline according to instructions of the protein extrac-
tion kit. Lysis buffer was added, followed by homogenate 
using the tissue homogenizer for 1 min and centrifugation 

at 12,000 x g for 10 min. The supernatant was collected, 
which was designated as the total protein of liver tissues. The 
protein concentration was determined using the bicinchoninic 
acid  (BCA) protein concentration determination kit. The 
proteins were stored at -80˚C for subsequent use.

Protein denaturation. The whole protein extracting solution 
and 2X loading buffer were mixed at 1:1, followed by a boiling 
water bath for 5 min and then natural cooling. The solution 
was stored at 4˚C for subsequent use.

Sodium dodecyl sulfate-polyacrylamide gel electrophoresis 
(SDS-PAGE). According to the target protein molecular weight, 
the appropriate proportion of SDS-PAGE separation gel was 
prepared, followed by solidification for 1 h. A 5% SDS-PAGE 
spacer gel was then prepared, followed by solidification for 
30 min. Electrophoretic buffer solution and denatured protein 
samples were added into the wells for loading according to the 
protein concentration. Electrophoresis was performed under a 
constant voltage of 220 V until bromophenol blue reached the 
bottom of the gel.

Membrane transfer. According to the target protein molecular 
weight, the gel was cut and placed into a transfer buffer. The 
PVDF membrane was soaked in the methanol for 10 sec, 
and then PVDF membrane and filter paper were placed into 
the transfer buffer. The positive pole, 3 layers of filter paper, 
PVDF membrane, gel, 3 layers of filter paper and negative 
pole were placed successively into the membrane transfer 
instrument. The edges were aligned to prevent foaming. The 
membrane transfer was performed under the constant voltage 
of 110 V for 2 h.

Blocking. The protein-covered PVDF membrane was blocked 
in 5% skim milk powder at room temperature for 2 h.

Antibody incubation. The membrane was washed with 
Tween-20/Tris-buffered saline (TTBS) for 5  min and the 
corresponding proportion of antibody was added for incuba-
tion overnight at 4˚C. The membrane was then washed with 
TTBS 3 times (10 min/time) and the corresponding secondary 
antibody was added for incubation on a shaking table at room 
temperature for 3 h. Finally, the membrane was washed with 
TTBS 3 times (10 min/time).

Electrochemiluminescence (ECL). The gel-imaging 
instrument was preheated for 30  min, and the isopyknic 

Table I. RT-PCR primer sequence of PPAR-α and β-actin 
mRNA.

Gene name 	 Primer sequences

PPAR-α	 5'-3'	 AGTGACATTGCTAAAATACGGAGT
	 3'-5'	 GTCATCAGTTCCAGTGCATT
β-actin	 5'-3'	 CGAGAAGATGACCCAGATCATGT
	 3'-5'	 CCAGGTCCAGACGCAGCA

PPAR-α, peroxisome proliferator-activated receptor-α.
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reagents A and B in the ECL kit were mixed uniformly and 
dropped onto the PVDF membrane, followed by color devel-
opment in the dark for 1 min. The excess liquid around the 
membrane was dried with filter paper, and the membrane was 
placed onto a gel-imaging instrument, followed by photography 
using the dynamic integral method and observation. Image 
analysis was conducted using the image analysis software.

Statistical analysis. Data are presented as mean ± standard error 
of the mean (mean ± SEM). Statistical analysis was performed 
for experimental results using the SPSS 17.0 statistical soft-
ware. The means between the groups were compared using 
the t-test, while the means among the groups were compared 
using the one-way analysis of variance (ANOVA). The P-test 
was used for pairwise comparison. P<0.05 suggested that the 
difference was statistically significant.

Results

ALT and AST expression in serum. AST and ALT are specific 
aminotransferases in the liver, and liver injury can increase the 
release of ALT and AST. The levels of ALT and AST in the 
serum of rats were determined according to the kit instructions 
in order to evaluate the extent of liver injury. ALT and AST 
releases were increased in group M compared to group N, 
suggesting that the liver injury is severe in the M group (Fig. 1).

Pathological conditions via Oil Red O and Sudan III staining. 
The Oil Red O- and Sudan III-stained sections of liver tissues 
in groups N and M were used to analyze the pathological 
differences between samples. As shown in  Figs.  2  and  3, 
compared to liver tissue sections of group N, the liver struc-
tures of liver tissue sections of group M were destroyed, there 

Figure 1. Alanine transaminase (ALT) and aspartate transaminase (AST) expression in groups N and M. **P<0.01 compared with group N.

Figure 2. Oil Red O staining results of liver tissues in groups N and M (magnification, x400).

Figure 3. Sudan III staining results of liver tissues in groups N and M (magnification, x400).
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was severe fatty degeneration in hepatocytes in the central 
venous peripheral region, and the hepatocytes were different 
sizes with hydropic degeneration and cloudy swelling. We 
observed a large number of glycogen and fat accumulation in 
group M, accompanied by severe inflammatory injury.

RT-PCR results. Total RNA was extracted from the liver tissues 
of groups N and M. RT-PCR showed that the mRNA expression 
of tumor necrosis factor-α (TNF-α), interleukin-lβ (IL-1β) and 
IL-6 in the liver tissues of group M patients was significantly 
higher than that of group N (Fig. 4).

Protein expression of PPAR-α in liver tissues of groups N 
and M. Western blot results revealed the protein expression 
of PPAR-α in liver tissues of groups N and M. The protein 
expression of PPAR-α in the liver tissues of group N were 
much higher than that of group M (Fig. 5). Thus, PPAR-α 
plays an important role in the occurrence and development of 
NAFLD complicated with DM, which is also closely related 
to inflammation.

Discussion

NAFLD is a type of clinical syndrome with fatty degenera-
tion and lipid accumulation in parenchymal hepatic cells as 
the major pathological features without excessive drinking 
history (7,8). The disease spectrum of NAFLD is a process that 
develops from simple fatty degeneration to severe diseases, 
including steatohepatitis, liver fibrosis, irreversible cirrhosis 
and hepatocellular carcinoma (9,10). In recent years, with the 

improvement of living standards, changes have occurred in 
lifestyle and dietary structure, with a rapidly increasing rate 
of NAFLD. Long-term NAFLD can cause severe disorders of 
glucose and lipid metabolism, and can trigger a large number 
of inflammatory responses and eventually lead to DM (11,12). 
The number of NAFLD patients with DM increases annually, 
and therefore, it is essential to identify practical and effective 
methods in treating NAFLD complicated with DM.

The pathogenesis of NAFLD remains unclear. Previous 
findings have shown that the fatty acids and their metabolites, 
rather than triglyceride deposition in the liver, may have toxic 
effects on the liver (13). PPAR-α is a member of the nuclear 
receptor superfamily and is a type of ligand-activated transcrip-
tion factor that is expressed in a variety of organs, especially 
in the liver and adipose tissues (14). PPAR-α can be activated 
by many ligands, such as fatty acids, bile acids, as well as 
high‑ and low-density lipoprotein (15). Activated PPAR-α has 
the effect of regulating lipid metabolism and glucose metabo-
lism, anti-inflammatory effects and other immunomodulatory 
effects, and plays a central role in the occurrence of NAFLD 
complicated with DM (16). Thus, PPAR-α may be used as a 
new target for the treatment of NAFLD complicated with DM, 
and the study on the relationship between PPAR-α and inflam-
matory factors may provide a new possibility for the treatment 
of NAFLD complicated with DM.

Epigenetics studies, especially those conducted on DNA 
methylation, suggest that the methylation of PPARs has a 
promoting effect on the occurrence and development of 
NAFLD and DM (17,18). Moreover, the greatest significance 
of DNA methylation is that DNA methylation is reversible (19). 

Figure 4. mRNA expression of tumor necrosis factor-α (TNF-α), interleukin-1β (IL-1β) and IL-6 in groups N and M. **P<0.01 compared with group N, (n=3).

Figure 5. Peroxisome proliferator-activated receptor-α (PPAR-α) protein expression of groups N and M. **P<0.01 compared with group N (n=3).
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Therefore, it is important to explain the PPAR-α regulation 
of glucose metabolism, fat metabolism, insulin resistance and 
other gene expressions from the DNA methylation level (20). 
The results of the present study have shown that ALT and AST 
levels were higher in group M compared to group N, suggesting 
severe liver injury. At the same time, results of Oil Red O and 
Sudan III staining showed a large number of lipid droplets and 
glycogen accumulation in the liver tissues of group M patients, 
suggesting a glucose-lipid metabolism disorder in these 
patients. RT-PCR and western blotting of PPAR-α further 
showed that the mRNA and protein expression of PPAR-α 
in the liver tissues of group N were significantly higher than 
those of group M. Results from the present study suggest that 
PPAR-α if of importance in the study on NAFLD complicated 
with DM. PPAR-α may also be a precondition for the early 
diagnosis and targeted therapy and can provide a theoretical 
basis for the development of new drugs and strong evidence 
for the clinical treatment of NAFLD complicated with DM.
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