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Abstract: Objective: The aim of this study was to discuss regulatory mechanisms of microRNA-96 (miR-96)-mediated 
AKT/mTOR signaling pathways for non-alcoholic steatohepatitis (NASH). Methods: Twenty-four male specific patho-
gen-free C57BL/6J mice were randomly divided into a control group (n=12, normal diet) and NASH model group 
(n=12, high-fat diet). Liver tissue samples of the two groups were collected and immunohistochemistry was used to 
detect expression of mTOR. A NASH cell model was established. Mice were divided into 4 groups, including the blank 
group, negative control (NC) group, miR-96 mimic group, and miR-96 inhibitor group. Dual-luciferase reporter assays 
were used to verify the targeting relationship between miR-96 and mTOR. qRT-PCR was used to detect expression 
of miR-96 in liver tissues of each group and expression of mRNA in the cells of each group. Western blot, MTT, and 
Hoechst staining were used to detect protein expression, cell proliferation, and apoptosis of each group. Results: 
Compared to the control group, miR-96 expression was increased in the NASH model group, while mTOR expression 
significantly decreased (both P<0.05). Compared to the blank group and NC group, expression of miR-96 mRNA 
was significantly increased in the miR-96 mimic group, mTOR, AKT, and S6K1 mRNA and protein levels and their 
phosphoprotein levels were significantly decreased, cell proliferation rate was significantly increased, and apoptosis 
rate was lower (all P<0.05). In the miR-96 inhibitor group, expression of miR-96 mRNA was significantly decreased, 
mTOR, AKT, and S6K1 mRNA and protein levels and their phosphoprotein levels were significantly increased, cell 
proliferation rate was significantly decreased, and apoptosis rate was higher (all P<0.05). Conclusion: High expres-
sion of miR-96 can inhibit AKT/mTOR signaling pathways, promote proliferation of non-alcoholic hepatitis cells, and 
reduce apoptosis.
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Introduction

Non-alcoholic steatohepatitis (NASH) is a cli- 
nical commonly acquired metabolic stress-
induced liver injury disease [1]. NASH occur-
rence has been associated with hepatic lipo- 
dystrophy, oxidative stress, lipid peroxidation 
injury, accumulation of free fatty acids (FFA), 
and heredity. NASH may further develop into 
liver fibrosis, liver cirrhosis, or liver cancer [2, 
3]. Hepatocellular necrosis, with or without liver 
fibrosis, and inflammatory cell infiltration are 
pathological features of NASH [4].

MicroRNA (miRNA) molecules play an important 
role in regulating biological activities of cells. 

Most miRNAs are characterized by tissue-spec-
ificity and high temporality. They also partici-
pate in proliferation and differentiation of cells 
in the human body [5, 6]. In recent years, sev-
eral studies on microRNA-96 (miR-96) found 
that miR-96 has abnormal expression in many 
malignant tumors, suggesting that miR-96 
plays a key role in the development of malig-
nant tumors [7-9]. miR-96 is expressed in a 
variety of human cells, including osteoblasts 
and adipose tissue. It plays a conspicuous role 
in the differentiation and development of tis-
sues and organs and the maintenance of nor-
mal functions [10]. Other studies have found 
that miR-96 function inhibitors play an impor-
tant role in the prevention and treatment of dis-
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eases, including hyperlipidemia and fatty liver 
[11].

This present study proved that Akt/mTOR  
signaling pathways play important roles in a 
variety of malignant tumors. They can regulate 
growth, transcription, apoptosis, metabolism, 
and other biological processes of cells. They 
are a controller of cell growth, proliferation, sur-
vival, and differentiation. They play an impor-
tant role in physiological and pathological pro-
cesses [12]. In recent years, one study also 
found that Akt/mTOR signaling pathways may 
be associated with onset of NASH. An animal 
study showed that, after inhibition of Akt/mTOR 
signaling pathways, the effects of treating rats 
with liver fat-regulating agents was poor and 
proliferation of non-alcoholic hepatitis cells 
was further enhanced [13]. This suggests that 
Akt/mTOR signaling pathways are correlated 
with onset of NASH. However, there are few 
studies at present. It is impossible to elucidate 
the specific correlation.

This present study aimed to discuss regulatory 
mechanisms of miR-96-mediated AKT/mTOR 
signaling pathways for NASH.

Methods

Experimental animals

Twenty-four male specific pathogen-free C5- 
7BL/6J mice (age: 4 weeks, weight: 18-20 g) 
were purchased from Experimental Animal 
Center of Zhejiang Academy of Medical Sci- 
ences. They were habituated to their new  
environment for one week before the experi-
ment. This experimental procedure and animal 
use plan was approved by the Animal Ethics 
Committee of The First Affiliated Hospital of 
Zhejiang University School of Medicine. All ani-
mal experiments followed the Declaration of 
Helsinki.

Construction of mice model of NASH

Twenty-four mice were randomly divided into 
two groups, the control group (n=12) and NASH 
model group (n=12). All mice were all raised at 
the Experimental Animal Center of The First 
Affiliated Hospital of Zhejiang University School 
of Medicine (experimental animal use license 
number: SYXK(Z)2013-0180). Mice in the con-
trol group were fed a normal diet. Mice in the 
NASH model group were fed a high-fat diet (pur-
chased from Johnson & Johnson) [14].

Sample collection

Before the mice were sacrificed, they were  
fasted overnight. After weighing the next day, 
they were sacrificed by collecting arterial blood 
from the eyeballs. The wet weight of the liver 
was measured and one liver tissue was cut 
from the left middle lobe of the liver. Tissues 
were fixed with formalin (10%), conventionally 
dehydrated, embedded in paraffin, and sliced. 
After rinsing with 4°C PBS solution, they were 
stored in liquid nitrogen for future use [15].

Dual-luciferase reporter assay

Complete sequences of miR-96 and mTOR 
were obtained from the gene database (http://
www.ncbi.nlm.nih.gov/gene). The full length 
and 3’UTR region of mTOR were cloned and 
amplified into pmirGLO Luciferase vector (E1- 
330, Promega, USA), which was named pmTOR-
Wt. Biological information software was used  
to predict the site-directed mutation at the 
binding site of miR-96 and mTOR. pmTOR-Mut 
vector was constructed. Internal control was 
the pRL-TK vector expressing Renilla luciferase 
(E2241, Promega, USA). miR-96 mimics and 
miR-96 negative control (NC) were separately 
co-transfected into HL-7702 cells (Shanghai 
Institute of Cell Biology, Chinese Academy of 
Sciences) together with luciferase reporter vec-
tor by Lipofectamine 2000 transfection rea- 
gent. Fluorescence intensity was detected by  
a fluorescence detector (Glomax 20/20, Pro- 
mega, USA). All of the above plasmids were  
purchased from Addgene, USA. This experi-
ment was repeated three times.

Establishment of cell model of NASH

Human normal hepatocyte cell line HL-7702 
was provided by Shanghai Institute of Cell 
Biology, Chinese Academy of Sciences. Cells 
were incubated at 37°C in a 5% CO2 incubator. 
When the cells became adherent, they were 
placed in 1 mM FFA high-fat medium and incu-
bated at 37°C in a 5% CO2 incubator for 24 
hours [14].

Cell transfection and grouping

Cells were divided into 4 groups: blank group 
(modeled cells), NC group (modeled cells trans-
fected with empty vector plasmids), miR-96 
mimic group (transfected with miR-96 mimic 
plasmids), and miR-96 inhibitor group (trans-
fected with miR-96 inhibitor plasmids). The 
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above plasmids were purchased from Shanghai 
GenePharma Co., Ltd. Logarithmic-phase cells 
were digested, centrifuged, and counted. They 
were seeded at 2*103 cells/well in a 96-well 
plate. After adjusting the cell concentration to 
3*105 cells/mL, the cells were further incubat-
ed for 24 hours at 37°C in a 5% CO2 incubator. 
When cell density reached about 70%, the 
empty vector plasmids, miR-96 mimic plas-
mids, and miR-96 inhibitor plasmids were 
transfected into the cells with LipofectamineTM 
2000 and incubated for another 48 hours in l 
mM FFA high-fat medium. Cells were then col-
lected for follow up experiments.

qRT-PCR testing

According to TRIzol instructions (Thermo Fis- 
her Scientific, USA), total RNA was extracted 
from the cells and tissues. Concentration and 
purity of RNA were tested by UV spectropho-
tometry (UV1901, Beijing Mairuibo Biotechno- 
logy Co., Ltd.). The concentration of the sample 
with the purity of 1.8-2.0 (=A260/A280) was 
adjusted to 50 ng/μL. RNA was reverse-tran-
scribed into cDNA (50 ng/μL) with the Prime- 
ScriptTM RT reagent kit (Takara, RR047A, 
Beijing Think-Far Technology Co., Ltd.) and 
stored at -80°C for future use. Primers were 
designed using gene tool software and primer 
synthesis was completed by Annoron (Beijing) 
Biotechnology Co., Ltd. (Table 1).

According to ABI 7900HT real-time quantitative 
PCR two-step methods, GAPDH and U6 were 
set as internal controls. Reaction conditions 
were: pre-denaturation at 95°C for 30 seconds, 

10% SDS-PAGE gel (P0012A, Beyotime Insti- 
tute of Biotechnology) was prepared. Protein 
samples (50 μg) were added to each well and 
electrophoresed at constant voltage of 80 V 
and 120 V, separately. After 2 hours of agarose 
gel electrophoresis, the protein was transferr- 
ed to PVDF membranes (ISEQ00010, Milli- 
pore, Billerica, MA, USA) by the wet transfer 
method. The gel was electrophoretically trans-
ferred to a membrane at 250 mA for 90 min-
utes. PVDF membrane was blocked in TBST 
(containing 5% skim milk powder) for 2 hours 
and then washed with TBST. Mouse anti-human 
primary antibodies (mTOR (ab2732), p-mTOR 
(ab109268), AKT (ab8805), p-AKT (ab38449), 
S6K1 (ab32529), p70S6K1 (ab2571), GAPDH 
(ab181602), all purchased from Abcam, Cam- 
bridge, UK) were added dropwise and incubat-
ed at 4°C overnight. Next, the membrane was 
washed 10 minutes each time with TBST for  
a total of three times. It was incubated for 1 
hour with peroxidase-conjugated Goat anti-
Mouse IgG (HA1003, Yanhui Biotechnology Co., 
Ltd.) secondary antibody at room tempera- 
ture. After washing with TBST for 10 minutes, 
three times, the PVDF membrane was visual-
ized in the ECL reaction solution (WBKLS0100, 
Millipore). It was developed after exposure in  
a cassette. Using GAPDH as an internal control, 
relative expression of protein = gray value of 
target band/gray value of internal control band. 
The experiment was repeated three times.

Immunohistochemistry

Five paraffin sections from each group were 
deparaffinized twice with xylene for 3 minutes 

Table 1. qRT-PCR primer sequences
Gene Sequence
miR-96 Upstream: 5’-CGGCGGTTTGGCACTAGCACATT-3’

Downstream: 5’-CAGTGCGTGTCGTGGAGT-3’
AKT Upstream: 5’-TTTATTGGCTACAAGGAACG-3’

Downstream: 5’-AGTCTGAATGGCGGTGGT -3’
mTOR Upstream: 5’-ATGCTTGGAACCGGACCTG-3’

Downstream: 5’-TCTTGACTCATCTCTCGGAGTT-3’
S6K1 Upstream: CGTGGAGTCTGCGGCGGGTC

Downstream: CGCTCTGCTTTCGTGTGGGC
GAPDH Upstream: 5’-CACGGCAAGTTCAACGGCACAGTCA-3’

Downstream: 5’-GTGAAGACGCCAGTAGACTCCACGAC-3’
U6 Upstream: 5’-GCTTCGGCAGCACATATACTAAAAT-3’

Downstream: 5’-CGCTTCACGAATTTGCGTGTCAT-3’
Note: miR-96, microRNA-96.

denaturation at 95°C for 5 seconds, 
annealing at 58°C for 30 seconds,  
and extension at 72°C for 15 se- 
conds, for a total of 40 cycles. Rela- 
tive expression levels of miR-96, AKT, 
mTOR, and S6K1 mRNAs were calcu-
lated by the 2-ΔΔCt method and each 
sample had 3 parallel holes for each 
gene. The experiment was repeated 
three times.

Western blotting

Total protein was extracted using a  
protein extraction kit (Bestbio, Shang- 
hai). Protein concentrations of each 
sample were determined using a BCA 
kit (23225, Pierce, USA). A total of  
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each time. They were then dehydrated with 
graded ethanol. Sections were soaked in 3% 
H2O2 for 10 minutes and washed in distilled 
water. After 3 minutes of antigen retrieval under 
high pressure, sections were cooled to room 
temperature and washed with PBS three times 
for 3 minutes each. After adding 100 μL of 5% 
BSA blocking buffer, sections were incubated 
at 37°C for 30 minutes. After adding 100 μL  
of mTOR antibody (Abcam, ab32572, 1:1000), 
sections were incubated at 4°C overnight. 
Sections were washed with PBS three times  
for 3 minutes each. After adding 1:100 Biotin-
conjugated Goat Anti-Rabbit IgG (HY90046, 
Shanghai Hengyuan Biological Technology  
Co., Ltd., Shanghai, China) secondary antibody, 
sections were incubated for 30 minutes at 
37°C. After washing with PBS, sections were 
transferred to a streptomycin anti-biotin-peroxi-
dase solution and incubated at 37°C for 30 
minutes. Sections were washed with PBS three 
times for 3 minutes each. Sections were visual-
ized in DAB at room temperature, soaked in 
hematoxylin for 5 minutes, and washed with 
running tap water. Sections were dipped in 1% 
hydrochloric acid-alcohol solution for 5 sec-
onds and blued in running tap water for 20  
minutes. Immunohistochemical results were 
analyzed under a high-powered lens by Image-
Proplus software (Media Cybernetics, USA). 
Brown-yellow granules in the cytoplasm repre-
sented positive expression of mTOR protein. 
Five high-power fields were selected randomly 
from each section. Additionally, 100 cells were 
selected from each field and the positive ex- 
pression of protein was judged from the per-
centage of positive cells. Results were negative 
if expression of positive cells was lower than 
10%. Results were positive if expression of  
positive cells was higher than 10% and lower 
than 50%. Results were strong positive if 
expression of positive cells was higher than 
50%. The experiment was repeated three 
times.

Proliferation of MTT test cells

HL-7702 cells in the logarithmic phase after 
transfection were taken from each group. The 
cells were suspended in a centrifuge tube  
and evenly blown using a sterile pipette. Viable 
cell count was calculated after trypan blue 
staining. Viable cells were seeded at 1*104 
cell/well in a 96-well plate, 0.2 mL per well. 
Next, the plate was incubated at 37°C in a  
5% CO2 incubator for 48 hours. After the plate 

was taken out, 20 µL of solution containing  
5% MTT was added to each well. After mixing, 
the plate was incubated at 37°C in a 5% CO2 
incubator for 4 hours. The plate was taken out 
and centrifuged at 1,000 rpm for 10 minutes. 
After removal of the supernatant, 100 μL of 
DMSO was added to each well in the dark. The 
crystals were fully dissolved by slow-speed 
oscillation for 10 minutes. After removing the 
plate, optical density (OD) was measured at a 
wavelength of 570 nm by ELISA reader (SAF-
680T, Multiskan GO, Thermo, USA) (ranging 
from 0.75 to 1.25). A cell growth curve was  
plotted with MTT treatment time as the hori- 
zontal axis and OD value as the vertical axis. 
The experiment was repeated three times.

Hoechst staining

Logarithmic-phase cells were digested with 
0.25% trypsin-0.02% EDTA solution. Cells were 
centrifuged, resuspended, and seeded at 
6*105 cells/mL in a 24-well plate, 500 μL per 
well. Next, the plate was incubated at 37°C in  
a 5% CO2 incubator for 24 hours. Each group 
had 4 parallel holes. When the cells became 
adherent, the coverslip was removed. They 
were washed with PBS three times for 3 min-
utes each. Cells were stained with Hoechst 
33258 solution (C1011, Beyotime) for 10 min-
utes. After staining, five high-power fields were 
selected. Brightening, pyknosis, and concen-
tration of apoptotic nuclei were found under a 
high-powered lens. Apoptosis rate was calcu-
lated as follows: apoptosis rate = number of 
positive cells/total number of cells * 100%. 
The experiment was repeated three times.

Statistical analysis

Statistical analysis was performed using SP- 
SS19.0 statistical software and all experi- 
ments were repeated three times. Measure- 
ment data are presented as mean ± standard 
deviation. t-test was used to compare nor- 
mally-distributed measurement data of two 
groups and one-way ANOVA was used to com-
pare among multiple groups, expressed by F. 
Statistical significance is set at p<0.05.

Results

Verification results of targeting relationship 
between miR-96 and mTOR

Analysis by on-line analysis software revealed 
the existence of binding sites between miR-96 
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and mTOR 3’UTR. Thus, mTOR was the target 
gene of miR-96. Results of the dual fluorescent 
reporter gene system showed that, compared 
to the NC group, the luciferase signal was 
decreased in the Wt-miR-96/mTOR co-trans-
fection group in the miR-96 mimic transfection 
group (t=7.922, P=0.001), while the mutant-
type Mut-miR-96/mTOR plasmid group had  
no significant differences in luciferase signal 
(t=0.535, P=0.620). Therefore, mTOR was the 
target gene of miR-96 as shown in Figure 1.

High expression of miR-96 in a mouse model 
of NASH

Results of qRT-PCR detection are shown in 
Figure 2. Expression of miR-96 in the NASH 
model group was higher than that in the control 
group, with statistical differences (t=6.100, 
P=0.003).

qRT-PCR results and western blot results

qRT-PCR and Western blot results are shown  
in Figure 3. Compared to the blank group and 
NC group, expression of miR-96 mRNA was  
significantly increased in the miR-96 mimic 
group while mTOR, AKT, and S6K1 mRNA levels 
were significantly decreased. Expression of 
miR-96 mRNA was significantly decreased in 
the miR-96 inhibitor group while mTOR, AKT, 
and S6K1 mRNA levels were significantly in- 
creased (all P<0.05). Compared to the miR-96 
mimic group, expression of miR-96 mRNA  
was significantly decreased in the miR-96 in- 
hibitor group (t=16.430, P<0.001) while mTOR, 
AKT, and S6K1 mRNA levels were significant- 
ly increased (t=11.830, P<0.001; t=10.800, 
P<0.001; t=10.150, P<0.001). There were no 
statistical differences between the blank group 
and NC group (all P>0.05).

Compared to the blank group and NC group, 
mTOR, AKT, and S6K1 protein levels and their 
phosphoprotein levels were significantly de- 
creased in the miR-96 mimic group. mTOR,  
AKT, and S6K1 protein levels and their phos-
phoprotein levels were significantly increased 
in the miR-96 inhibitor group (all P<0.05). 
Compared to the miR-96 mimic group, mTOR, 
AKT, and S6K1 protein levels and their phos-
phoprotein (p-mTOR, p-AKT, p70S6K1) levels 
were significantly increased in the miR-96 
inhibitor group (t=17.730, P<0.001; t=13.020, 
P<0.001; t=15.370, P<0.001; t=13.370, P< 
0.001; t=12.080, P<0.001; t=13.140, P< 
0.001). There were no statistical differences 
between the blank group and NC group (all 
P>0.05).

Increased expression of mTOR in liver tissues 
of NASH mice

Immunohistochemistry was used to detect ex- 
pression of mTOR protein in paraffin-embedded 
liver tissue samples of 12 mice in the NASH 
model group and expression of mTOR protein in 

Figure 1. Verification of the target relationship be-
tween miR-96 and mTOR. A: The predicted binding 
site of miR-182 on mTOR 3’UTR; B: Detection re-
sult of luciferase activity. Compared with NC group, 

*P<0.05. miR-96, microRNA-96; NC, negative con-
trol.

Figure 2. Expression levels of miR-96 in control group 
and NASH model group. Compared with the control 
group, *P<0.05. miR-96, microRNA-96; NASH, non-
alcoholic steatohepatitis.
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paraffin-embedded liver tissue samples of 12 
mice in the control group (Figure 4). mTOR 
expression in liver tissue of the NASH model 
group was significantly lower than the control 
group (P<0.05). Statistical results of mTOR  
positive cell rates are shown in Figure 5. mTOR 
positive cell rate of the NASH model group  
was significantly lower than the control group 
(P<0.05).

Cell proliferation activity in each group

MTT results are shown in Figure 6. There were 
no significant differences in the proliferation  
of HL-7702 cells between the blank group  
and NC group when cells were cultured for 24 
hours, 48 hours, and 72 hours for MTT treat-
ment (F=0.421, P=0.665). Compared to the 
blank group and NC group, cell proliferation 
rate of the miR-96 mimic group was significant-

ed, indicating that they were in normal condi-
tion. Apoptotic nuclei, exhibiting karyopyknosis 
and chromatin condensation, were present. 
Compared to the blank group and NC group,  
the apoptosis rate of HL-7702 cells in the miR-
96 mimic group was lower (t=9.812, P<0.001; 
t=8.779, P<0.001) and the apoptosis rate of 
HL-7702 cells in the miR-96 inhibitor group was 
higher (t=4.850, P=0.008; t=5.543, P=0.005). 
There were no significant differences between 
the blank group and NC group (t=0.816, 
P=0.460). The apoptosis rate of HL-7702 cells 
in the miR-96 inhibitor group was higher than 
that of the miR-96 mimic group (t=13.380, 
P<0.001).

Discussion

Non-alcoholic fatty liver disease (NAFLD) is a 
common clinical chronic liver disease. Simple 

Figure 3. qRT-PCR and Western blot results of HL-7702 cells in each group. A: Relative expression of mRNA in HL-
7702 cells; B: Relative expression of protein in HL-7702 cells; C: Electrophoresis band chart. Compared with the 
blank group and NC group, *P<0.05; compared with the miR-96 mimic group, #P<0.05. miR-96, microRNA-96; NC, 
negative control.

Figure 4. Immunohistochemical staining of mTOR positive cells in liver tis-
sues of mice in each group (200×), NASH, non-alcoholic steatohepatitis.

ly increased (F=9.159, P= 
0.003; F=6.614, P=0.011) 
and cell proliferation rate of 
the miR-96 inhibitor group 
was significantly decreased 
(F=4.727, P=0.030; F=6.909, 
P=0.010). Cell proliferation ra- 
te of the miR-96 inhibitor 
group was significantly lower 
than that of the miR-96 mimic 
group (F=23.660, P<0.001).

Apoptosis in each group

Hoechst staining results are 
shown in Figure 7. Nuclei were 
blue and evenly lightly stain- 
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fatty liver and NASH are diseases in the spec-
trum of NAFLD [16, 17]. One study has con-
firmed that NASH is a progressive state of 
NAFLD, likely developing into malignant diseas-
es such as liver cirrhosis or even liver cancer 
[18].

MicroRNAs exist as single-stranded non-coding 
RNAs in humans and other eukaryotes. Stu- 
dies have confirmed that they play an impor-
tant role in regulation of gene expression [19]. 
In recent years, it has been found that miRNAs 
play an important role in cell differentiation, 
growth, proliferation, metabolism, apoptosis, 
tumor development, and metastasis [20]. An 
increasing number of studies have shown that 
miRNAs play an important role in the develop-
ment of NAFLD. For example, miR-122 is widely 
present in stem cells. It accounts for approxi-
mately 50% of the total miRNA in the liver  
[21]. MicroRNA can regulate the growth and  
differentiation of human cells as well as regu-

late the metabolism of liver and energy. Some 
studies have found that miRNAs are also 
involved in oxidative stress, inflammation, and 
apoptosis in the liver, along with endoplasmic 
reticulum stress [22]. The use of miRNAs as  
targets for treatment of liver diseases has  
also gradually attracted the attention of the 
medical community.

This present study established a NASH mouse 
model. It was found that miR-96 expression  
in liver tissue of NASH mice was significantly 
higher than that of normal mice (all P<0.05), 
suggesting an association between miR-96 
and NASH. Some studies have investigated the 
effects of miRNA therapy on obesity, fatty liver, 
and other diseases, finding that the effects of 
inhibiting the miR-96 expression are more pro-
nounced than traditional hypoglycemic, lipid-
lowering, and weight-reducing drugs [23, 24]. 
This further confirms that miR-96 plays a role  
in occurrence and development of NASH. This 
study proves that AKT/mTOR signaling path-
ways are an important controller for the human 
body. They regulate cell growth, differentiation, 
proliferation, and apoptosis. They also play an 
important role in human biological functions 
[25]. To further investigate specific mecha-
nisms of miR-96 in the pathogenesis of NASH, 
this study used qRT-PCR and Western blot to 
detect mRNA and protein expression in the 
cells of each group. Results showed that miR-
96 protein and mRNA levels of the miR-96 
mimic group were significantly higher than 
those of the miR-96 inhibitor group. mTOR,  
AKT, and S6K1 protein and mRNA levels of the 
miR-96 mimic group were significantly lower 
than those of the miR-96 inhibitor group (all 
P<0.05). Analysis by on-line analysis software 
and dual-luciferase reporter assays showed 
that binding sites existed between miR-96  
and mTOR 3’UTR and that mTOR was a target 
gene of miR-96. Proliferation and apoptosis of 
HL-7702 cells in each group were observed by 
MTT and Hoechst staining. It was found that, 
compared with the blank group and NC group, 
the proliferation rate of the miR-96 mimic  
group was significantly higher and the apopto-
sis rate of HL-7702 cells in the miR-96 mimic 
group was lower while the apoptosis rate of 
HL-7702 cells in the miR-96 inhibitor group  
was higher (all P<0.05). These results suggest 
that miR-96 regulates proliferation and apo- 

Figure 5. Comparison of the rate of mTOR positive 
cells in mice in each group. Compared with the con-
trol group, *t=6.793, *P=0.002. NASH, non-alcoholic 
steatohepatitis.

Figure 6. Comparison of cell proliferation by MTT 
method. Compared with the blank and NC group, 
*P<0.05; Compared with the miR-96 mimic group, 
#P<0.05. miR-96, microRNA-96; OD, optical density; 
NC, negative control.
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ptosis of hepatocytes. Results of immunohisto-
chemistry showed that expression of mTOR  
protein in the liver tissues of the NASH model 
group was significantly lower than that of the 
control Group. mTOR-positive cell rate was  
also significantly decreased (all P<0.05), sug-
gesting that miR-96 regulates NASH mainly 
through affecting AKT/mTOR signaling path-
ways. Some studies have investigated the  
roles of AKT/mTOR signaling pathways in the 
progression of liver cancer. They have found 
that mTOR is an important factor in the regula-
tion of energy and substance metabolism in 
the human body, playing an important role in 
the life activities of cells [26]. Therefore, it was 
speculated that impact on the pathogenesis of 
NASH may also be exerted in the growth and 
metabolism of cells and activation of human 
protein kinases, along with other factors. In  
this study, mechanisms of miR-96 affect- 
ing non-alcoholic fatty liver were explored  
from the perspective of genes and signal- 
ing pathways. However, further relevant in  
vivo experiments and toxicity tests are neces- 
sary.

In summary, miR-96 plays an important role in 
the pathogenesis of NASH. High expression  
of miR-96 can inhibit AKT/mTOR signaling  
pathways, promote proliferation of NASH cells, 
and reduce apoptosis. miR-96 can be used  

as an important future target for treatment of 
NASH.
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