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	 Background:	 MicroRNA-9 (miR-9) was detected in nonalcoholic fatty liver disease (NAFLD) patients to understand the role 
of miR-9 in NAFLD development.

	 Material/Methods:	 Between February 2014 and February 2015, 105 cases of NAFLD were recruited and confirmed by liver biopsy 
pathology, including patients with mild NAFLD (n=58) and moderate-severe NAFLD (n=47); nonalcoholic ste-
atohepatitis (NASH) (n=53) and non-NASH (n=52); and 50 healthy participants were regarded as the healthy 
control group. MiR-9 expression was measured by qRT-PCR. For in vitro experiments, L-02 normal liver cells 
were divided into normal control group (cultured with original culture medium), dimethyl sulfoxide (DMSO) 
group (cultured with DMSO) and oleic acid group (cultured with oleic acid to induce fatty change), and MTT 
assay was used to measure the effect of different oleic acid concentrations on cell proliferation. Nile red stain-
ing was used to detect intracellular accumulation of lipid droplets. Further, synthetic miR-9 mimic and its con-
trol and miR-9 inhibitors and its control were independently transfected into L-02 cells.

	 Results:	 MiR-9 levels in the mild NAFLD group and moderate-severe NAFLD group were significantly higher than in the 
healthy control group (both P<0.05). Mean fluorescence intensity of lipid droplets increased with the duration 
of induction, and were dramatically higher in oleate-treated L-02 cells; intracellular triglyceride (TG) content 
was also higher. miR-9 levels significantly increased following oleate induction. Importantly, miR-9 levels were 
significantly elevated upon miR-9 mimic transfection. Conversely, miR-9 level was lowered with miR-9 inhibi-
tors transfection. Additionally, Onecut2 and SIRT1 were identified as miR-9 targets.

	 Conclusions:	 A positive relationship between miR-9 and steatosis was established with our results that miR-9 mimic trans-
fection decreased intracellular lipid content. Finally, we identified 2 miR-9 targets, Onecut2 and SIRT1, which 
may be crucial players in NAFLD development.
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Background

Fatty liver diseases are classified into alcoholic liver disease 
(ALD) related to heavy alcohol drinking, and nonalcoholic fatty 
liver disease (NAFLD) characterized by fat accumulation in the 
liver in the absence of alcohol intake [1]. As the most common 
form of chronic liver disease, 30% of the population in devel-
oped countries is affected by NAFLD [2,3]. NAFLD may prog-
ress through multiple mechanisms, including increased hepat-
ic TAG synthesis, elevated hepatic uptake of free fatty acids, 
and impaired b-oxidation or transport of free fatty acids from 
the liver [4,5]. Additionally, obesity, metabolic syndromes, in-
sulin resistance, hyperinsulinemia, systolic hypertension, and 
dyslipidemia are very closely associated with NAFLD develop-
ment and progression [6]. The NAFLD disease spectrum rang-
es from steatosis to steatohepatitis (NASH), and is a complex 
disease influenced by both environmental and genetic fac-
tors, with multiple independent disease modifiers that control 
NAFLD pathogenesis and progression [7–9]. Potential thera-
peutic targets for NAFLD are in urgent need and, in this con-
text, microRNAs have recently gained significant attention for 
their crucial cellular roles in regulating pathways that are high-
ly relevant to human diseases [10,11].

MicroRNAs (miRNAs) are small endogenous non-coding RNAs 
of 19-25 nucleotides in length and are key regulators of post-
transcriptional gene expression [12,13]. Abnormal expression 
of miRNAs is associated with several human diseases such as 
cancer, diabetes, metabolic disorders, neurological disorders, 
and cardiovascular diseases. For this reason, microRNAs are 
important both as biomarkers and as therapeutic targets for 
clinical applications in several human pathological states [14]. 
Indeed, Yue Zhao et al. found significantly elevated expres-
sion levels of miR-30c, miR-338, miR-34a, and Let-g, and re-
duced levels of miR-148b and miR-9 expression in HepG2 he-
patocellular carcinoma cell line compared to normal liver cell 
line L-02 [15]. Interestingly, Ramachandran et al. reported that 
miR-9 plays similar roles during glucose-dependent secretion 
in pancreatic b-islets by targeting Sirt1. They found reduced 
Sirt1 levels when miR-9 expression was high and proposed 
that the functional link between miR-9 and Sirt1 expression 
levels could be relevant to diabetes [16]. Recent evidence also 
suggests that abnormal expression of miRNAs interfere with 
insulin-mediated signal transduction, resulting in insulin re-
sistance, and abnormal lipid metabolism, and eventually pro-
motes NAFLD development. However, current research in miRNA 
and NAFLD is still in its early stages and there is no firm con-
sensus on the underlying mechanisms and targetable miRNAs 
for NAFLD treatment [17]. It is also not entirely clear if miR-9 
functions in specific pathways or is more broadly involved in 
cellular mechanisms since Miranda et al. reported the value 
of several miRNAs, including miR-9, as therapeutic targets for 
alcohol-related disorders [18]. Surprisingly, despite the close 

association between metabolic disorders and NAFLD, there is 
no study yet reporting the potential relationship between miR-
9 and NAFLD. In this study, we examined the miR-9 expression 
levels in NAFLD to understand the prognostic and therapeutic 
value of miR-9 in NAFLD development.

Material and Methods

Subjects

A total of 155 study participants underwent health examina-
tions at the medical center of the First Affiliated Hospital of 
China Medical University between February 2014 and February 
2015. Among them, 105 cases of NAFLD were confirmed by B 
ultrasonic diagnosis and liver biopsy pathology, including pa-
tients with mild NAFLD (n=58) and moderate-severe NAFLD 
(n=47); nonalcoholic steatohepatitis (NASH) (n=53) and non-
NASH (n=52); and 50 healthy participants with normal liver en-
zymes and abdominal ultrasonography findings were regard-
ed as the healthy control group. The inclusion criteria were: 
(1) 18 years or older; (2) persistently elevated aminotransfer-
ases for at least 6 months; (3) hyperechogenic liver diagnosed 
by ultrasonography; and (4) liver histology with a diagnosis 
of NASH without cirrhosis obtained no more than 6 months 
before the study. The exclusion criteria were: (1) alcohol con-
sumption history; (2) hypertension; (3) any other form of 
chronic liver disease; (4) use of any medications which might 
cause or affect NAFLD; (5) abnormal thyroid function tests; (6) 
fasting plasma glucose (FPG) more than 126 mg/dL or anti-
diabetic drug use; (7) chronic obstructive pulmonary disease; 
peripheral and cerebral vascular disease; hematologic disor-
ders; acute or chronic infection; cancer history of cancer; and 
chronic kidney diseases. All subjects underwent a clinical ex-
amination and were questioned regarding their medical his-
tory. This study was approved by the Ethics Committee of the 
First Affiliated Hospital of China Medical University and in-
formed consent was obtained from all human subjects. The 
ethics approval for this study conformed to the standards of 
the Declaration of Helsinki [19].

B ultrasound diagnostic criteria

B ultrasound diagnostic criteria of NAFLD were based on the 
NAFLD imaging diagnostic criteria published by Chinese Medical 
Association in 2006 [20]: (1) diffuse enhanced liver near-field 
echo (stronger than that in the kidney and spleen) and grad-
ually attenuated far-field echo; (2) unclear intrahepatic duct 
structure; (3) mild to moderate enlargement of liver with round 
and blunt edge angle; (4) color Doppler flow imaging showed 
reduced or no flow signals in the liver but normal liver blood 
vessels direction; and (5) unclear or incomplete liver right lobe 
capsule and diaphragm echoes. Mild NAFLD patients were 
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diagnosed with (1) and one of (2) to (4); moderate NAFLD pa-
tients were diagnosed with (1) and two of (2) to (4); and severe 
NAFLD patients were diagnosed with (1), two of (2) to (4), and 
(5). Computer tomography (CT) criteria were: generally low-
ered liver density, mild NAFLD patients were diagnosed with 
liver/spleen CT value more than 0.7 and less than 10, moder-
ate NAFLD patients with liver/spleen CT value more than 0.5 
and less than 0.7, and severe NAFLD patients with liver/spleen 
CT value less than 0.5. All the fatty livers were uniform fat-
ty liver, and were jointly confirmed by 2 attending physicians.

Pathological diagnosis

We used the guidelines for NAFLD activity score (NAS) pub-
lished by NASH Clinical Research Network pathology work-
ing group of the US National Institutes of Health and liver fi-
brosis staging [21]. NAS (0–8 points): (1) hepatic steatosis: 0 
point (<5%); 1 point (5% to 33%); 2 points (34% to 66%); and 
3 points (>66%); (2) lobular inflammation (necrosis detected 
by 20 times of microscope counting): 0 point, none; 1 point 
(<2); 2 points (2 to 4); and 3 points (>4); (3) hepatocyte bal-
looning degeneration: 0 point, none; 1 point, rare; and 2 points, 
common. NAS is a semi-quantitative scoring system; patients 
with NAS less than 3 points can be excluded from NASH, while 
patients with NAS more than 4 points can be diagnosed as 
NASH, and patients with NAS between 3 to 4 points can be 
regarded as possible NASH. Liver fibrosis stages (0–4) are: 0: 
no fibrosis; 1a: mild perisinusoidal fibrosis in the hepatic aci-
nar zone 3; 1b: moderate perisinusoidal fibrosis in the hepat-
ic acinar zone 3; 1c: only portal perivascular fibrosis; 2: com-
bined perisinusoidal fibrosis in the hepatic acinar zone 3 and 
portal perivascular fibrosis; 3: bridging fibrosis; and 4: highly 
suspected or confirmed cirrhosis, including combined NASH 
with cirrhosis, fatty liver cirrhosis and cryptogenic cirrhosis 
(liver steatosis and inflammation are alleviated with the pro-
gression of liver fibrosis). NASH was diagnosed with liver fi-
brosis stage more than 2 [22].

General information

Medical history was recorded and fasting height, weight, waist 
circumference, hip circumference, and systolic and diastolic 
blood pressure were measured. Body mass index (BMI=weight/
height2) and waist-hip ratio (WHR=waist circumference/hip cir-
cumference) were calculated.

Conventional biochemical indices

Fasting elbow venous blood (8 ml) of each study participants 
was collected. Three ml of the blood samples without antico-
agulation was placed in a water bath at 37°C for 30 min and 
centrifuged at 1400×g, the supernatant was collected and kept 
at –20°C for the measurement of the following liver function 
indices: alanine aminotransferase (ALT), aspartate aminotrans-
ferase (AST), gamma-glutamyl transferase (GGT) and total bile 
acid (TBA), total cholesterol (TC), triglyceride (TG), low-density 
lipoprotein cholesterol (LDL-C), high-density lipoprotein cho-
lesterol (HDL-C), and fasting plasma glucose (FPG), using a 
HITACHI 7060 automatic biochemical analyzer (Hitachi 7060, 
Hitachi Ltd., Tokyo, Japan). The other 5 ml of blood samples 
were centrifuged at 1200×g for 10 min at 4°C; then, the up-
per fluid was transferred to a 1.5-ml Eppendorf tube and cen-
trifuged at 12 000×g for 10 min at 4°C. Subsequently, the su-
pernatant was carefully moved into a new Eppendorf tube and 
stored at –70°C for the detection of miR-9 expression.

Real-time fluorescence quantitative PCR (qRT-PCR) for 
miR-9 expression

Total RNA was extracted from blood samples (5 ml) using 
Trizol reagent (Invitrogen, USA). The concentration of puri-
fied RNA was determined by measuring the absorbance at 
OD260/OD280. RNA purity was excellent and in the range of 
1.9–2.1. RNA integrity was confirmed by agarose gel electropho-
resis. The total RNA was used for synthesis of first-strand cDNA 

Sequences

U6

RT primer: 
5’CGCTTCACGAATTTGCGTGTCAT3’

PCR primers: 
F: 5’GCTTCGGCAGCACATATACTAAAAT3’

R: 5’CGCTTCACGAATTTGCGTGTCAT3’

MiR-9

RT primer: 
5’GTCGTATCCAGTGCGTGTCGTGGAGTCGGCAATTGCACTGGATACGACTCATACA3’

PCR primers: 
GSP: 5’GGGGGTCTTTGGTTATCTA3’

R: 5’CAGTGCGTGTCGTGGA3’

Table 1. Real-time fluorescence quantitative PCR (qRT-PCR) primer sequences.

RT – real-time; PCR – polymerase chain reaction; F – forward primer; R – reverse primer; GSP – gene specific prime.
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with an mRNA reverse transcription Kit (EXIQON). Relative ex-
pression level of miR-9 was measured by qRT-PCR as previous-
ly described [23]. The primer sequences are shown in Table 1. 
An MJ-research fluorescence quantitative PCR instrument was 
used for qRT-PCR and the software operating system was op-
ticon Monitor 2. The qRT-PCR reagent kit was purchased from 
Exiqon (Vedbaek, Denmark). The reaction conditions were: 
pre-denaturing for 5 min at 95°C, followed by 10 s at 95°C, 
and 1 min at 60°C, for 40 cycles in total. U6 was used as in-
ternal control and the relative expression of miRNA was ana-
lyzed by 2–DDCT method.

Cell culture and experimental groups

Immortal normal human hepatic cell line L-02 was purchased 
from the Sun Yat-sen University cell bank. Cells were cultured in 
RPMI-1640 complete medium (USA GIBCO company) containing 
10% fetal bovine serum (FBS) as previously described [24] and 
incubated at 5% CO2 and 37°C. Growth medium was changed 
every 3 days. Cells were distributed into 3 groups after 24-h 
growth: normal group, dimethyl sulfoxide (DMSO) group, and 
oleic acid group. The cells were cultured further in fresh cul-
ture medium. The normal group contained culture medium 
with no additions, the DMSO group contained culture medium 
with different concentrations of DMSO (GIBCO, USA) (0.00%, 
0.01%, 0.02%, 0.04%, 0.08%, and 1.60%), and the oleic acid 
group contained culture medium with different concentrations 
of oleic acid dissolved in DMSO (Sigma, USA) (5 g/ml, 10 g/
ml, 20 g/ml, and 40 g/ml). The oleic acid concentrations were 
adjusted to ensure that the final concentrations of DMSO in 
both the DMSO group and the oleic acid group were the same.

Determination of optimal concentration of oleic acid by 
MTT assay

Excess oleic acid overloading triggers apoptosis. Thus, optimal 
oleate concentration was determined to avoid triggering apop-
tosis and to maintain healthy cell growth. Optimal concentra-
tion of oleic acid was determined using MTT assay as previ-
ously reported [25]. L-02 cells from each group were inoculated 
in 96-well culture plates at 104 cells per well. Culture medium 
was set for the zero well. Five parallel wells were set for each 
group and cells were incubated for 24 h at 37°C with 5% CO2. 
Oleic acid induction in L-02 cells and subsequent steps for MTT 
assay were based on a previously published protocol [26]. A 
volume of 20 μl MTT solution (Sigma, USA) was added to each 
well at 24 h, 48 h, and 72 h, and the cells were further incu-
bated for 4 h. Next, culture medium was carefully aspirated 
and 150 μl DMSO solution was added to each well and mixed 
well for 10 min on a micro-plate oscillator to dissolve forma-
zan crystals. The absorbance was measured at OD490 nm us-
ing an ELISA plate reader.

Lipid droplet detection with Nile red staining

Formation of lipid droplet in normal and oleate-induced cells 
was monitored using standard Nile red staining conditions 
as previously described [27]. Cells were grown on 2.4×2.4 cm 
cover glasses in 6-well plates in 2.5 ml cell culture medium. 
Following the determination of optimal oleate concentrations, 
oleic acid was added to each well at a final concentration of 
20 μg/ml. Cells were cultured for an additional 24 h, 48 h, or 
72 h. At the end of these time points, cover glasses were re-
moved, washed 4–5 times with PBS and fixed with paraformal-
dehyde for 10 min. Diluted and filtered Nile red solution (1–2 
ml, Sigma, USA) was added to the cover glasses and stained 
for 10 min at room temperature. Nile red solution was removed 
and, after washing 3–5 times with PBS, the cover glass was 
mounted on a glass slide and sealed. Confocal images were ac-
quired using a laser scanning confocal microscope (Olympus, 
Japan). A total of 10 high-power fields (HPFs) were randomly 
selected and 3 cells per each HPF were randomly chosen for 
fluorescence intensity analysis using Olympus Fluview ver. 3 
viewer software.

Determination of intracellular TG content in L-02 cells

Cells were seeded separately into 6-well plates as the normal 
control group (DMSO added) and oleic acid-induced group (in-
duced with oleic acid in DMSO). Oleate induction was for 24 
h, 48 h, or 72 h. Next, cells were collected at the end of each 
time point and 5–10×106 cells were resuspended in 1 ml of 
PBS. Cell lysis was performed with an ultrasonicator (200 W, 
3×3s) and the cleared supernatant was collected for subsequent 
measurements. The intracellular TG content was measured at 
OD570 by colorimetry method using the TG Kit (Biovision, CA, 
USA) as previously reported [25]. TG content was calculated 
as: C=TS/SV nmol/μl, TS is the content of TG in standard curve 
(nmol), and SV is the sample volume added in the sample well 
(before dilution) (μl).

Cells transfection

Transient transfections were performed using LipofectamineTM2 
2000 (Invitrogen, USA). One day before transfection, cells were 
plated in 6-well plates containing 2.5 ml RPMI-1640 culture 
medium and incubated overnight at 37°C with 5% CO2. Next, 
cells were transfected at 30–50% confluency. Steatotic cells 
induced by oleic acid (20 μg/ml) were divided into: the miR-9 
mimic group (transfected with miR-9 mimics), the miR-9 mim-
ic negative control (NC) group (transfected with miR-9 mimic 
NC), the miR-9 inhibitor group (transfected with miR-9 inhib-
itors), the miR-9 inhibitor NC group (transfected with miR-9 
inhibitor NC), the non-transfected steatotic cell group (non-
transfection), and the normal control (NC) group. The miR-
9 mimics and inhibitors were purchased from Dharmacon 
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(Dharmacon RNA Technologies, Lafayette, CO, USA). miRNA/
Lipofectamine-2000 was dripped into 6-well plates, and 72 h 
later total RNA was isolated and miR-9 expression levels were 
measured by qRT-PCR. Lipid droplet formation was observed 
by Nile red staining.

qRT-PCR for detection of miR-9 target gene expression

Total RNA was purified, as described above from the miR-
9 mimic group, the mimic NC group, the miR-9 inhibitor 
group, the inhibitor NC group, and the untransfected cells 
group. The extracted RNA from each sample was reverse-
transcribed into cDNA using a reverse transcription kit 
(Fermentas, UK). GAPDH, Onecut2, SIRT1, REST, and CoREST 
primers were used for qRT-PCR. The reaction conditions were 
as described above. Primer sequences were Onecut2: up-
stream primer: 5’-CATACTCAAGCGGGACCTTCC-3’, down-
stream primer: 5’-TTGGTGGAACTGGGAGTCTAA-3’; SIRT1: up-
stream primer: 5’-GAGTGGCAAAGGAGCAG-3’, downstream 
primer: 5’-TCTGGCATGTCCCACTATC-3’; REST: upstream prim-
er: 5’-GCAGCAAATGAGTCTCAGGA-3’; downstream primer: 
5’-ACCAAATGGCGATTGAGGTG-3’; CoREST: upstream prim-
er: 5’-TGAGCCTGAATCCTCCATTG-3’, downstream primer: 
5’-AGGCAGCCATTCCAGTCACA-3’.

Western blotting

Total protein was extracted by standard method as previously 
reported [28] and 50 µg total protein was resolved by 10% SDS-
PAGE electrophoresis and transferred onto PVDF membranes. 
Following the transfer, the membrane was blocked for 1 h at 
room temperature with 5% skimmed milk. Subsequently, pri-
mary antibodies for Onecut2 (serial number: ab28466), SIRT1 
(serial number: ab12193), REST (serial number: ab21635), and 
CoREST (serial number: ab32631) were added and incubat-
ed at 4°C overnight. Primary antibodies were purchased from 
Abcam (Cambridge, UK). The next day, secondary antibodies 
were added and incubated at 37°C for 1 h. Chemiluminescence-
based detection was performed and results were imaged with 
a CCD camera.

Dual luciferase reporter gene assay

Target genes of miR-9 were analyzed using biological predic-
tion site microRNA.org to verify if Onecut2, SIRT1, REST, and 
CoREST are direct target genes of miR-9. Full-length clone and 
amplification of 3 ‘UTR region of the Onecut2, SIRT1, REST, and 
CoREST genes were carried out. The PCR products were cloned 
into the multiple cloning sites of pmirGLO (Promega) lucifer-
ase gene downstream, and site-specific mutagenesis were con-
ducted on the binding sites for the bioinformatics prediction 
of miR-9 and target genes. pRL-TK vector (Takara) expressing 
Renilla luciferase was used as internal reference to adjust the 

number of cells and the differences of transfection efficiency. 
miR-9 mimics and its NC were co-transfected with luciferase 
reporter vector into L-02 cells, and dual luciferase activity was 
measured by the method provided by Promega.

Statistical analysis

Data in each experimental group are expressed as mean ± 
standard deviation (SD) and analyzed by SPSS18.0 statistical 
software. The 2 independent-groups t test was used for com-
parisons of differences in miRNA expression levels in 2 groups 
that were normally distributed, with homogeneity of variance. 
The one-way analysis of variance (ANOVA) was used for com-
parisons between multiple groups. A non-parametric test was 
used to detect the differences in miRNA expression levels in 
groups that did not show normal distribution. The LSD t test 
was used for pair-wise comparisons. A value of P<0.05 was 
considered as statistically significant.

Results

General information and biochemical parameters 
comparison

Basic information of the study subjects and the results of 
biochemical measurements in the study groups are shown in 
Tables 2 and 3. BMI, WHR, ALT, AST, GGT, TC, TG, LDL-C, and 
FPG in the mild NAFLD group and the moderate-severe NAFLD 
group were significantly higher compared with those in the 
healthy control group, while the liver/spleen CT value and 
HDL-C were obviously lower in the 2 NADLD groups than those 
in the healthy control group (all P<0.05). The BMI, WHR, ALT, 
AST, GGT, TG, and FPG were also significantly higher, while the 
liver/spleen CT value was obviously decreased in the moder-
ate-severe NAFLD group than those in the mild NAFLD group 
(all P<0.05). However, there were no significant differences in 
TC, LDL-C, and HDL-C between the mild NAFLD group and the 
moderate-severe NAFLD group (all P>0.05). BMI, WHR, ALT, AST, 
GGT, TC, TG, LDL-C, and FPG were significantly higher, while the 
liver/spleen CT value and HDL-C were lower in the non-NASH 
and NASH group compared with those in the healthy control 
group (all P < 0.05). In comparison with the non-NASH group, 
ALT and GGT increased significantly while the liver/spleen CT 
value decreased obviously in the NASH group (all P<0.05).

Relative expression levels of miR-9 in each group

Relative expression levels of miR-9 were significantly different 
among the mild NAFLD group, moderate-severe NAFLD group, 
and the healthy control group (F=299.4, P<0.001). Compared 
with the healthy control group, the relative expression of miR-
9 levels was obviously increased in the mild NAFLD group and 

3808
Indexed in:  [Current Contents/Clinical Medicine]  [SCI Expanded]  [ISI Alerting System]   
[ISI Journals Master List]  [Index Medicus/MEDLINE]  [EMBASE/Excerpta Medica]   
[Chemical Abstracts/CAS]  [Index Copernicus]

Ao R. et al.: 
MiR-9 and NAFLD

© Med Sci Monit, 2016; 22: 3804-3819
CLINICAL RESEARCH

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



moderate-severe NAFLD group (both P<0.05). The miR-9 ex-
pression levels were also significantly higher in the moder-
ate-severe NAFLD group than that in the mild NAFLD group 
(P<0.05). The relative expression levels of miR-9 were statis-
tically significant in the NASH, non-NASH, and healthy control 
groups (F=156.287, P<0.001). Compared with the healthy con-
trol group, miR-9 relative expression levels were significantly 
increased in the NASH and non-NASH groups (both P<0.05), 
and the relative expression levels of miR-9 were also signifi-
cantly higher in the NASH group than in the non-NASH group 
(P<0.05) (Table 4).

Cell morphology and proliferation

L-02 cell morphology appeared as fusiform-shaped with trans-
parent cytoplasm. Further, the cells grew robustly and exponen-
tial cell growth was observed for 3 days. After 3 days, contact 
inhibition was observed. The cells reached 80%–90% confluen-
cy in 3 days and thus were passaged every 3 days (Figure 1A). 

Trypan Blue staining showed 95% viability of L-02 cells at 
24 h, 48 h, and 72 h in culture. After induction with oleic acid, 
steatotic hepatocytes appeared rounded, with blurred edges 
(Figure 1B). Oleic acid induced steatotic hepatocytes were dis-
carded at the end of the experiments.

Screening of the optimum concentration of oleic acid and 
DMSO

Cultured L-02 cells grew normally with very few floating cells 
seen at oleic acid concentrations of 0 μg/ml (group A), 5 μg/ml 
(group B), 10 μg/ml (group C), and 20 μg/ml (group D). However, 
the number of floating cells increased notably when oleic acid 
concentration was increased to 40 μg/ml (group E). MTT as-
say was performed to measure cell growth at 24 h, 48 h, and 
72 h. The MTT results showed no significant differences be-
tween group A, group B, group C, and group D (P>0.05), while 
a significant decrease was observed in group E compared to 
group A (P<0.01) (Table 5 and Figure 2A), indicating that oleic 

Healthy control 
group (n=50)

Mild NAFLD 
group (n=58)

Moderate-severe NAFLD 
group (n=47)

F/X2 P

Age (years) 	 47.26±7.56 	 45.5±6.4 	 46.3±9.9 0.367 0.694

Genders (M/F) 32/18 37/21 30/17 0.255 0.881

BMI 	 22.10±4.40 	 26.00±4.50* 	 28.80±5.10*# 25.41 <0.001

WHR 	 0.80±0.30 	 1.10±0.30* 	 1.40±0.30*# 48.47 <0.001

Liver/spleen CT value 	 1.33±0.08 	 0.86±0.09* 	 0.33±0.17*# 750.8 <0.001

Systolic blood pressure 
(mmHg)

	 124.2±11.80 	 122.3±14.8 	 123.7±15.6 0.264 0.769

Diastolic blood pressure 
(mmHg)

	 83.50±6.20 	 82.20±7.60 	 83.10±6.70 0.507 0.603

ALT (U/L) 	 22.40±10.80 	 30.50±8.5* 	 101.70±17.10*# 1162 <0.001

AST (U/L) 	 20.20±10.40 	 28.20±10.4* 	 94.30±12.50*# 490.8 <0.001

GGT (U/L) 	 18.20±9.70 	 30.40±10.20* 	 71.71±14.40*# 288.5 <0.001

TBA (umol/L) 	 4.40±2.20 	 6.50±3.30 	 13.28±6.10*# 21.13 <0.001

TC (mmol/l) 	 4.20±1.80 	 5.40±1.60* 	 5.50±1.50* 9.820 <0.001

TG (mmol/l) 	 1.80±0.80 	 2.60±1.00* 	 3.50±1.80*# 16.31 <0.001

LDL-C (mmol/l) 	 2.90±0.90 	 3.30±0.70* 	 3.40±0.80* 5.450 0.005

HDL-C (mmol/l) 	 1.40±0.40 	 1.00±0.50* 	 1.10±0.40* 11.70 <0.001

FPG (mmol/l) 	 4.31±0.80 	 6.27±1.11* 	 7.01±0.90*# 135.4 <0.001

Table 2. General information and biochemical parameters comparison among the healthy control group and NAFLD groups.

* Compared with the healthy control group, P<0.05; # compared with the mild NAFLD group, P<0.05; NAFLD – nonalcoholic fatty liver 
disease; BMI – body mass index; WHR – waist hip ratio; CT – computer tomagraphy; ALT – alanine aminotransferase; AST – aspartate 
aminotransferase; GGT – gamma-glutamyl transferase; TBA – total bile acid; TC – total cholesterol; TG – triglyceride; LDL-C – low-
density lipoprotein cholesterol; HDL-C – high-density lipoprotein cholesterol; FPG – fasting plasma glucose.
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acid concentrations higher than 20 μg/ml negatively affected 
cell growth. The oleic acid concentration of 20 μg/ml was de-
termined as the optimal concentration for all subsequent ex-
periments. Various DMSO concentrations tested were: group 
I (0.0% DMSO), group II (0.1% DMSO), group III (0.2% DMSO), 
group IV (0.4% DMSO), group V (0.8% DMSO), and group VI 
(1.6% DMSO). As shown in Table 6 and Figure 2B, no signifi-
cant difference in cell morphology was observed among the 6 
groups (P>0.05). Also, DMSO concentrations of less than 1.6% 
had no influence on cell growth.

Fluorescent labeling of intracellular lipid droplets by Nile 
red staining

Under a confocal microscope, L-02 cells in the normal control 
group showed visible nuclei, clear edges, and rare lipid droplets, 
as shown in Figure 3. L-02 cells became rounded at 24 h, 48 h, 
and 72 h after induction with oleic acid. Scattered lipid droplets 
that stained red with Nile red were observed in the cells. When 
the lipid droplets were numerous in a single cell, they formed 
a ring-shape at the edge of the inner membrane. Prolonged 
induction with oleic acid gradually increased the number of 

Healthy control 
group (n=50)

NASH  
roup (n=53)

Non-NASH 
group (n=52)

F/X2 P

Age (years) 	 47.26±7.56 	 46.25±7.2 	 46.96±8.24 0.239 0.787

Genders (M/F) 32/18 29/24 38/14 3.835 0.147

BMI 	 22.10±4.40 	 26.87±4.46* 	 28.00±4.70* 24.34 <0.001

WHR 	 0.80±0.30 	 1.28±0.30* 	 1.20±0.33* 35.67 <0.001

Liver/spleen CT value 	 1.33±0.08 	 0.55±0.29* 	 0.68±0.29*# 150.1 <0.001

Systolic blood pressure 
(mmHg)

	 124.2±11.8 	 125.91±13.06 	 121.71±13.91 1.789 0.171

Diastolic blood pressure 
(mmHg)

	 83.50±6.20 	 82.70±6.170 	 83.06±7.13 0.194 0.824

ALT (U/L) 	 22.40±10.80 	 69.54±38.48* 	 55.32±36.25*# 30.2 <0.001

AST (U/L) 	 20.20±10.40 	 53.59±34.54* 	 62.07±35.11* 29.03 <0.001

GGT (U/L) 	 18.20±9.70 	 55.06±24.31* 	 42.84±22.24*# 45.03 <0.001

TBA (umol/L) 	 4.40±2.20 	 9.70±5.26* 	 9.37±6.39* 18.11 <0.001

TC (mmol/l) 	 4.20±1.80 	 5.64±1.55* 	 5.24±1.54* 10.67 <0.001

TG (mmol/l) 	 1.80±0.80 	 2.97±1.25* 	 3.04±1.69* 14.44 <0.001

LDL-C (mmol/l) 	 2.90±0.90 	 3.37±0.69* 	 3.32±0.80* 5.303 0.006

HDL-C (mmol/l) 	 1.40±0.40 	 1.06±0.28* 	 1.03±0.37* 18.51 <0.001

FPG (mmol/l) 	 4.31±0.80 	 6.58±1.06* 	 6.63±1.11* 88.46 <0.001

Table 3. General information and biochemical parameters comparison among the healthy control, NASH and non-NASH groups.

* Compared with the healthy control group, P<0.05; # compared with the NASH group, P<0.05; NASH – nonalcoholic steatohepatitis; 
BMI – body mass index; WHR – waist hip ratio; CT – computer tomagraphy; ALT – alanine aminotransferase; AST – aspartate 
aminotransferase; GGT – gamma-glutamyl transferase; TBA – total bile acid; TC – total cholesterol; TG – triglyceride; LDL-C – low-
density lipoprotein cholesterol; HDL-C – high-density lipoprotein cholesterol; FPG – fasting plasma glucose.

 
Healthy 

control group
(n=50)

Mild NAFLD 
group
(n=58)

Moderate-severe 
NAFLD group

(n=47)
P

NASH group
(n=53)

Non-NASH 
group
(n=52)

P

Relative expression of miR-9 5.94±1.21 8.67±0.72 10.55±0.83 <0.05 9.83±1.22 9.18±1.14 <0.05

Table 4. The relative expression of miR-9 in each group.
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intracellular lipid droplets with time (Figure 3A–3D). Figure 3E 
shows the mean fluorescence intensity of lipid droplets in nor-
mal L-02 cells and oleic acid-induced L-02 cells at 24 h, 48 h, 
and 72 h. Markedly higher mean fluorescence intensities were 
observed in oleate-induced groups compared to the normal 
control group (24 h: 863.015±27.518 vs. 259.756±28.760; 48 
h: 979.825±50.703 vs. 259.756±28.760; 72 h: 1154.95±70.429 
vs. 259.756±28.760; all P<0.05). The fluorescence intensity of 
the lipid droplets in cells increased with the duration of oleic 
acid treatment (P<0.05).

Intracellular TG content in the cells

As shown in Figure 4A, intracellular TG content increased with 
the duration of oleic acid induction. As expected, the intracel-
lular TG content in oleate-induced experimental groups at 24 
h, 48 h, and 72 h were significantly higher than in the normal 
control group (24 h: 3.49±0.13 vs. 1.85±0.03; 48 h: 4.65±0.11 

vs. 1.81±0.05; 72 h: 6.63±0.22 vs. 1.80±0.03) and the differenc-
es were statistically significant (all P<0.01, Figure 4B).

MiR-9 expression in the fatty liver cells

Changes in miR-9 expression were measured by qRT-PCR anal-
ysis in various experimental groups. L02 cells were transfected 
with miR-9 mimics, mimic control, miR-9 inhibitor, and inhibitor 
control. MiR-9 expression was significantly increased in the un-
transfected steatotic cell group, mimic NC group, inhibitor NC 
group, miR-9 mimic group, and miR-9 inhibitors group, when 
compared to the NC group (all P<0.05). Further, miR-9 expres-
sion in the miR-9 mimic group was significantly higher than 
in the untransfected steatotic cell group, mimic NC group, and 
inhibitor NC group, while it was lower in the miR-9 inhibitors 
group (all P<0.05). No significant differences in miR-9 expression 
were detected between the untransfected steatotic cell group, 
mimic NC group, and inhibitor NC group (all P<0.05) (Figure 5).

A B

Figure 1. �Comparison of cell morphology and growth, observed by laser scanning confocal microscopy, of normal L-02 cells and 
steatotic hepatocytes induced by oleic acid, (A) normal L-02 cells (×10); (B) steatotic hepatocytes (×10).

24 h 48 h 72 h F P

0 μg/ml 	 0.527±0.028 	 0.661±0.021# 	 0.926±0.021#@ 742.4 <0.001

5 μg/ml 	 0.543±0.019 	 0.658±0.016# 	 0.921±0.018#@ 1197.0 <0.001

10 μg/ml 	 0.548±0.039 	 0.666±0.024# 	 0.925±0.018#@ 460.8 <0.001

20 μg/ml 	 0.547±0.026 	 0.652±0.021# 	 0.926±0.009#@ 958.9 <0.001

40 μg/ml 	 0.231±0.021* 	 0.263±0.022*# 	 0.306±0.047*#@ 13.56 0.0765

F 255.4 714.9 1132

P <0.001 <0.001 <0.001

Table 5. �Comparison of Cell absorbance (OD) by the MTT assay within the oleic acid groups with different concentrations of oleic acid 
(5 g/ml, 10 g/ml, 20 g/ml and 40 g/ml) at 24 h, 48 h and 72 h, respectively.

F – the statistical value of analysis of variance (ANOVA); * compared to the 0, 5, 10, 20 μg/ml, P<0.05; # compared to the 24 h, P<0.05; 
@ compared to the 48 h, P<0.05.
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Changes of intracellular lipid droplets after transfection

The accumulation of intracellular lipid droplets is shown in 
Figure 6A–6F. Visible nuclei, clear edges, and rare lipid drop-
lets were observed in normal L-02 cells. On the other hand, 
scattered lipid droplets were observed at the edge of the in-
ner membrane in L-02 cells transfected with miR-9 mimics 
and miR-9 inhibitors. When the lipid droplets were numerous 
in L-02 cells transfected with miR-9 inhibitors, they were gen-
erally located in the perinuclear area. Compared with the NC 
group (287.76±51.18), the mean fluorescence intensity of the 
lipid droplets was significantly elevated in the untransfected 
steatotic cell group, miR-9 mimic group, and miR-9 inhibitor 
group (all P<0.05). Olympus Fluoview ver. 3.0 viewer software 
tools were used to analyze the mean fluorescence intensity, 
as shown in Figure 6G. Compared with the untransfected ste-
atotic cell group, the mean fluorescence intensity increased 
significantly in the miR-9 mimic group (1386.49±43.44 vs. 
1022.16±49.65, P<0.05), and decreased in the miR-9 inhibitor 
group (790.92±46.72 vs. 1022.16±49.65, P<0.05).

Prediction and identification of miR-9 target genes

TargetScan and Pictar databases were used to predict miR-9 
target genes. Four genes – Onecut2, SIRT1, REST, and CoREST 
– were selected for further target validation. Next, the target 
gene expression levels were measured by qRT-PCR using total 
RNA purified from tissues and cells of the various experimental 
groups. Our qRT-PCR results indicated that over-expression of 
miR-9 was accompanied by down-regulation of Onecut2 and 
SIRT1, but no changes in REST and CoREST expression levels 
were detected in the experimental samples (Figure 7A–7D). 
Western blotting results were consistent with our qRT-PCR 
results of the expression levels of Onecut2, SIRT1, REST, and 
CoREST in the NC group, untransfected steatotic cell group, 
mimic NC group, inhibitor NC group, miR-9 mimic group, and 
miR-9 inhibitors group (Figure 7E).
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Figure 2. �Comparison of cell absorbance (OD) by MTT assay in oleic acid groups with different concentrations of oleic acid (5 g/ml, 10 
g/ml, 20 g/ml and 40 g/ml) at 24 h, 48 h and 72 h, respectively, (A) Steatotic hepatocytes induced by oleic acid; (B) Steatotic 
hepatocytes treated with dimethyl sulfoxide (DMSO).

24 h 48 h 72 h F P

0.00% 	 0.526±0.028 	 0.624±0.019# 	 0.742±0.029#@ 176.7 <0.001

0.10% 	 0.525±0.027 	 0.637±0.037# 	 0.730±0.029#@ 107.6 <0.001

0.20% 	 0.519±0.013 	 0.613±0.022# 	 0.751±0.051#@ 125.5 <0.001

0.40% 	 0.518±0.025 	 0.625±0.019# 	 0.735±0.021#@ 247.5 <0.001

0.80% 	 0.526±0.028 	 0.626±0.027# 	 0.735±0.020#@ 171.4 <0.001

1.60% 	 0.525±0.009 	 0.606±0.008# 	 0.718±0.013#@ 897.4 <0.001

F 0.253 2.105 0.238

P 0.937 0.079 1.403

Table 6. �Effect of dimethyl sulfoxide on L-02 cells by the MTT assay within the dimethyl sulfoxide groups with different concentrations 
of dimethyl sulfoxide (0.00%, 0.01%, 0.02%, 0.04%, 0.08% and 1.60%).

F – the statistical value of analysis of variance (ANOVA); # compared to the 24h, P<0.05; @ compared to the 48 h, P<0.05.
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Figure 3. �Fluorescence-based detection of intracellular lipid droplets by Nile red with laser scanning confocal microscopy (10×40), 
(A) L-02 cells of normal control group before induction; (B) Steatotic hepatocytes observed at 24 h after induction; 
(C) Steatotic hepatocytes observed at 48 h after induction; (D) Steatotic hepatocytes observed at 72 h after induction; 
(E) Changes in lipid droplets in cells. * Compared to the normal control (NC) group, P<0.05; # Compared to steatotic 
hepatocytes induced by oleic acid at 24 h, P<0.05; @ Compared to steatotic hepatocytes induced by oleic acid at 48 h, P<0.05.
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Figure 4. �The standard curve of triglyceride (TG), revealing the increased intracellular TG content with the longer duration of oleate 
induction, which was significantly higher than in the normal control group at 24 h, 48 h, and 72 h. (A) Standard curve of TG; 
(B) Concentration of TG within the steatotic hepatocytes induced by oleic acid at 24 h, 48 h, and 72 h. * Compared to normal 
control (NC) group, P<0.05.
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Figure 5. �Comparison of microRNA-9 expression level between 
normal L-02 cells and steatotic hepatocytes induced 
by oleic acid: Changes in microRNA-9 expression after 
transfection, * Compared to the normal control (NC) 
group, P<0.05; # Compared to non-transfected steatotic 
cell group, P<0.05; @ Compared to the miR-9 mimic 
group, P<0.05.
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Target relationship between miR-9 and Onecut2, REST, 
SIRT1, and CoREST

Biological predictor targetscan.org revealed that miR-9 can tar-
get to Onecut2, SIRT1, REST, and CoREST (Figure 8A). To confirm 

that Onecut2, SIRT1, REST, and CoREST are direct target genes 
of miR-9, firstly, the 3’-UTR of REST mRNA, 3’-UTR of CoREST 
mRNA, 3’-UTR of SIRT1 mRNA, and 3’-UTR of Onecut2 mRNA 
were inserted to the luciferase reporter gene to obtain lucifer-
ase reporter recombinant vector plasmids: pREST-Wt/pREST-Mut, 
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Figure 6. �The distribution of intracellular lipid droplets in each transfection group observed by laser scanning confocal microscopy 
(10×40). (A) Normal control (NC) group; (B) Non-transfected steatotic cell group; (C) miR-9 mimic negative control (NC) group; 
(D) miR-9 inhibitor negative control (NC) group; (E) miR-9 mimic group; (F) miR-9 inhibitor group. (G) The mean fluorescence 
intensity of lipid droplets in different transfected cells. * Compared to the normal control (NC) group, P<0.05; # Compared to 
the non-transfected steatotic cell group, P<0.05; @ Compared to the miR-9 mimic group, P<0.05.
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Figure 7. �Prediction and identification of miR-9 target genes. (A–D) miR-9 target genes expression detection using RT-PCR (A: Onecut2; 
B: SIRT1; C: REST; D: CoREST). * Compared to the normal control (NC) group, P<0.05; # Compared to the non-transfected 
steatotic cell group, P<0.05; @ Compared to the miR-9 mimic group, P<0.05. (E) Western blotting to assess the expression of 
Onecut2, SIRT1, REST, and CoREST in the NC group, non-transfected steatotic cell group, mimic NC group, inhibitor NC group, 
miR-9 mimic group, and miR-9 inhibitors group.
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Figure 8. �(A) Prediction of biological information and the targeting relationships between SIRT1 and Onecut and miR-9 validated by 
dual luciferase reporter gene assay. microRNA.org predicts that Onecut2, SIRT1, REST, and CoREST are the target genes of 
miR-9; (B) Dual luciferase reporter gene results assay confirmed that Onecut2 and SIRT1 are target genes of miR-9 in L-02 
cells (* Comparison between miR-9 mimic group and miR-9 mimic negative control (NC) group, P<0.05).
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pCoREST-Wt/pCoREST-Mut, pSIRT1-Wt/pSIRT1-Mut, and pOne-
cut2-Wt/pOnecut2-Mut. Dual luciferase report system results 
showed that the fluorescence signal of the 3’-UTR of SIRT1 
mRNA and 3’-UTR of the Onecut2 mRNA co-transfected group 
decreased by about 42% and 45% compared with the oth-
er groups (all P<0.05), but there was no obvious decrease of 
fluorescence signals in the REST group and CoREST group (all 
P>0.05) (Figure 8B). Luciferase signals of the mutant transfected 
group were not significantly decreased (all P>0.05). Therefore, 
Onecut2 and SIRT1 were potential target genes of miR-9 in L-02 
cells, suggesting that miR-9 is able to target Onecut2 and SIRT1.

Discussion

To investigate prominent miRNA pathways influencing NAFLD, 
we measured miR-9 expression levels in liver tissues derived 
from NAFLD patients and performed in vitro experiments us-
ing normal L-02 cells induced with oleate. The qRT-PCR re-
sults from patient tissue samples revealed that miR-9 rela-
tive expression levels in mild and moderate-severe NAFLD 
were strikingly elevated compared to normal healthy controls. 
Further, miR-9 relative expression levels in moderate-severe 
NAFLD patients were significantly higher than in mild NAFLD 
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patients. These results support our hypothesis that miR-9 ex-
pression levels are dramatically increased during hepatic ste-
atosis progression and that miR-9 tissue expression levels re-
flect the disease severity of NAFLD. Previous studies reported 
that miR-9 expression is highly restricted to brain, liver, and 
pancreatic islets, and miR-9 plays a pivotal role in exocytosis 
of insulin [16]. Stimulated exocytosis of insulin is a precisely 
controlled biological process that has a global impact on body 
metabolism and on blood glucose levels [29]. An in vitro model 
of oleic acid-induced steatosis was successfully established us-
ing normal L-02 liver cells. Results from our detection, charac-
terization, and quantification of intracellular lipid droplet for-
mation and the measurement of TG content in the L-02 cell 
model showed that oleate induction led to a set of consistent 
cellular changes that are characteristic of human NAFLD. We 
used this in vitro model to further study NAFLD development 
in relation to changes in miR-9 levels. Oleic acid is a monosat-
urated omega-9 FFA that induces hepatic steatosis in HepG2 
cells [26]. Oleic acid treatment results in accumulation of in-
tracellular lipid droplets, recapitulating the pathological chang-
es related to early events in the development of liver steato-
sis [30]. Hepatic steatosis is a typical feature of NAFLD [31] 
and oleic acid accumulation correlates with widespread cellu-
lar apoptosis [32,33], which causes significant tissue damage 
and triggers adverse tissue responses. For example, overaccu-
mulation of monosaturated fatty acids, like oleate, triggers in-
creased uptake of long-chain saturated fatty acids and leads 
to cell death due to lipotoxicity. In addition, increased pro-
duction of reactive oxygen species (ROS) and oxidative stress 
due to elevated lipid peroxidation further activates apoptot-
ic pathways [34,35].

Fat metabolism in the liver includes oxidation of triglycer-
ides to produce energy, synthesis of lipoproteins, conversion 
of carbohydrates and proteins into fatty acids and triglycer-
ides, and biosynthesis of cholesterol and phospholipids [36]. 
Hepatic steatosis is predominantly defined as the accumula-
tion of hepatic lipid, mainly TG, in the liver [37,38]. Tessari et 
al. defined NAFLD as hepatic TG concentration exceeding 5% 
of liver weight [39]. In support of this, our measurement of TG 
levels in patient samples and in L-02 cells revealed a tight re-
lationship between hepatic steatosis and intracellular TG lev-
els. Steatotic hepatocytes exhibited markedly increased lipid 
content and this increased lipid content worsened with lon-
ger duration of oleic acid induction. Consistent with our ob-
servations, a previous study reported 2.7 times higher TG con-
tent in an FFA-induced steatosis model in L-02 cells compared 
with controls, indicating the central role for TG in hepatic lip-
id metabolism and hepatic steatosis [40].

Our study provides strong evidence of significantly increased 
miR-9 expression level in oleic acid-treated cells, suggesting 
that miR-9 elevation is associated with NAFLD development. 

Abnormal miR-9 expression, due to mutations, deletions, or 
translocations, has been previously reported and altered ex-
pression of miR-9 plays an important role in the development 
of many diseases [41]. Previous studies showed that miR-9 can 
function as a novel metastasis suppressor in ovarian cancer, 
gastric cancer, medulloblastoma, and malignant melanoma tu-
mor [42,43]. Our qRT-PCR data from this study showed signifi-
cantly increased miR-9 expression levels after experimentally 
induced hepatic steatosis, but we did not further test whether 
cell migration pathways were also affected in our experimen-
tal set-up, which may have important implications regarding 
liver cancer progression.

In our study, transient transfection of miR-9 mimics increased 
miR-9 expression level in oleic acid-induced L-02 cells, as ex-
pected, and was accompanied by a significant decrease in in-
tracellular lipid droplets, compared to the normal cells. By 
contrast, miR-9 expression decreased significantly following 
transient transfection of miR-9 inhibitors, and intracellular lip-
id droplets increased significantly in oleate-induced L-02 cells. 
From these findings, we propose that the biological events 
underlying the observed accumulation of lipids in our in vitro 
model mirror the NAFLD disease pathogenesis. Thus, based 
on our results, we conclude that miR-9 levels strongly influ-
ence NAFLD development.

Bioinformatics-based prediction, combined with qRT-PCR anal-
ysis and Western blotting, identified Onecut2 and SIRT1 as the 
2 prominent miR-9 target genes under the conditions tested. 
miRNAs bind to 3’-untranslated regions of target mRNAs and 
control their expression by either promoting mRNA degrada-
tion or inhibiting protein translation [44]. Target identifica-
tion was, therefore, critical in our study to understand the bi-
ological context of the observed effects of miR-9. In this study, 
Onecut2 and SIRT1 were confirmed as miR-9 target genes, 
which will help future investigations to probe in greater de-
tail the role of miR-9 in NAFLD. Based on the results we ob-
tained in this study, we speculate that miR-9 negatively reg-
ulates Onecut2 and SIRT1 levels in insulin-secreting cells and 
both are involved in regulation of insulin secretion, implicat-
ing them in NAFLD development [16,45]

Conclusions

Our present study provides strong evidence that miR-9 lev-
el is significantly increased in liver tissues of NAFLD patients 
and in normal liver cells after experimental hepatic steatosis. 
While the transient transfection of miR-9 mimics significantly 
decreased intracellular fat content, transient transfection of 
miR-9 inhibitors had the opposite effect, as anticipated, and 
led to significant increases in intracellular fat content. miR-9 
was able to target Onecut2, SIRT1, REST, and CoREST, but only 
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Onecut2 and SIRT1 in the L-02 cells had a signif﻿﻿icant response 
to miR-9 regulation, and miR-9 could significantly down-reg-
ulate the expression levels of Onecut2 and SIRT1. Collectively, 
these results indicate central roles for miR-9 and its target 
genes, Onecut2 and SIRT1, in the regulation of fat metabolism 
and in the pathogenesis and development of NAFLD.
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