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Abstract

AIM: To assess the regulatory effect of microRNA-185
(miR-185) on lipid metabolism and the insulin signalling
pathway in human HepG2 hepatocytes and a high-fat
diet mouse model.

METHODS: Quantitative reverse transcription-polymer-
ase chain reaction was used to assess the mRNA levels
of lipogenic genes after loss or gain of miR-185. In ad-
dition, the amounts of insulin signalling intermediates
were determined after transfection of HepG2 cells with
pre-miR-185.

RESULTS: MiR-185 levels decreased in a time- and
dose-dependent manner in response to palmitic acid in
human HepG2 hepatocytes. Transfection of HepG2 cells
with miR-185 significantly decreased the mRNA levels
of fatty acid synthase, 3-hydroxy-3-methylglutaryl-CoA
reductase, sterol-regulatory element binding protein-2,
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and sterol-regulatory element binding protein-1c,
whereas inhibition of miR-185 using an anti-miR-185
oligonucleotide produced the opposite effect in HepG2
cells. In a high-fat diet mouse model, the accumulation
of lipids was significantly improved after treatment with
miR-185, compared with control animals. Induction of
miR-185 enhanced the insulin signalling pathway by up-
regulating the insulin-receptor substrate-2.

CONCLUSION: These findings suggest that miR-185
plays an important role in regulating fatty-acid metabo-
lism and cholesterol homeostasis in hepatocytes, as
well as in improving insulin sensitivity, both /» vitro and
in vivo.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: MiR-185; Insulin signalling pathway; Lipid
metabolism; Non-alcoholic fatty liver disease

Core tip: Our study presents important information on
the pathogenesis of non-alcoholic fatty liver disease
(NAFLD) and insulin resistance. We used a bioinformat-
ics method to identify microRNAs potentially involved in
the regulation of lipid metabolism and insulin signalling.
We chose microRNA-185 (miR-185) to validate /n vitro
and /n vivo in regard to regulation of lipid metabolism
gene expression and blockade of the insulin signalling
pathway. We found that overexpression of miR-185
improved insulin sensitivity and reduced liver steatosis
in an NAFLD animal model. No previous studies have
reported the regulatory effect of miR-185 on the insu-
lin signalling pathway. MiR-185 might be useful in the
design of therapeutic strategies for treating NAFLD and
insulin resistance.

Wang XC, Zhan XR, Li XY, Yu JJ, Liu XM. MicroRNA-185 reg-
ulates expression of lipid metabolism genes and improves insulin
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INTRODUCTION

Non-alcoholic fatty liver disease (NAFLD) is a complex
metabolic disease characterised by accumulation of tri-
glycerides and free cholesterol in the liver. This condition
is caused by an imbalance in lipid metabolism pathways
involved in triacylglycerol delivery, synthesis, export or
oxidation"!, Indeed, the liver plays a central role in modu-
lating lipid metabolism and homeostasis, and a disruption
of lipid metabolism and insulin signalling is frequently
closely associated with NAFLD"". Therefore, identifica-
tion of the regulators that control lipid metabolism and
insulin resistance is critical.

We previously analysed microarray expression pro-
files in NAFLD and insulin resistance in an effort to
identify such regulators, using samples from eight-week-
old C57bl/6 mice fed a high-fat diet (HFD)™ and hepatic
c-Jun amino-terminal kinase 1 (JNK1) knockout DIO
mice'”, respectively. From a pool of thousands of genes,
we identified 21 genes that wete co-differentially expressed
in NAFLD and insulin resistance groups, compared with
normal liver tissue, using significance analysis of microar-
ray data (Wang, Zhan e# a/, unpublished data). TargetScan
algorithms!” (http:/ /www.targetscan.org) were used to pre-
dict miRNAs potentially targeting the 21 co-differentially
expressed genes. Ultimately, microRNA-185 (miR-185) was
predicted to modulate seven of the 21 co-differentially ex-
pressed genes. The putative interactions between miR-185
and these genes indicate its potential impact on NAFLD
pathogenesis and insulin resistance. However, the exact
role of miR-185 in the regulation of lipid metabolism and
the insulin signalling pathway is yet to be determined. In
addition, the accuracy of the bioinformatics prediction
needs to be experimentally confirmed.

Hepatic insulin resistance plays a fundamental role
in both carbohydrate and lipid metabolism'™. Indeed,
insulin-mediated activation of insulin-receptor substrate
(IRS) and Akt2 is indispensable for glucose and lipid me-
tabolism". Recent evidence has emerged that the phos-
phatidylinositide 3-kinase (PI3K)/Akt signalling pathway
activates the sterol-regulatory element-binding proteins
(SREBPs), which results in dramatic effects on lipogenic
gene expression, inducing steatosis' . It has been shown
that SREBP-1 activation contributes to fatty acid and
lipid accumulation, while SREBP2 is mainly responsible
for cholesterol metabolism!""'?. Recently, Li e# /" have
confirmed the regulatory role of miR-185 in lipogenesis
and cholesterogenesis through targeting SREBP1 and
SREBP2 in prostate cancer cells.

To date, no report is available on the role of miR-185
in lipid metabolism and the insulin signalling pathway in
mice and HepG?2 cells. Therefore, this study aimed to
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characterize the effect of miR-185 on NAFLD and insu-
lin resistance 7 vivo and in vitro.

We herein validated the regulatory effect of miR-185
on lipid metabolism and the insulin signalling pathway. In-
deed, we demonstrated that miR-185 is actively involved
in the regulation of lipid metabolism and insulin sensitiv-
ity, using both iz vitro assays and a C57BL/6 mouse model
of NAFLD. These findings further reveal the critical role
of miR-185 in various cellular processes, and provide a
basis for the use of this potent regulator in the design of
novel and better molecular targets for the treatment of
NALFD and, to some extent, diabetes.

MATERIALS AND METHODS

Culture and transfection of HepG2 cells

HepG2 cells were cultured in DMEM containing 10%
foetal bovine serum, 1% of an antibiotic cocktail contain-
ing penicillin (10000 U/mL) and streptomycin (10000
ug/mL), 1% non-essential amino acid solution, 1%
L-glutamine and 5.0 mmol/L glucose, in a humidified
environment with 5% COz at 37 ‘C. MiR-185, control
microRNA, anti-miR-185 and control antisense oligonu-
cleotides (ASOs) were synthesized by RiboBio Co., Ltd.
(Guangzhou, China); the oligonucleotides were trans-
fected into HepG2 cells using the Lipofectin transfec-
tion reagent (Invitrogen, United States), according to the
manufacturet’s instructions.

Animals and diets

The animal study was approved by the ethics commit-
tee of Harbin Medical University (Harbin, Heilongjiang,
China) and experiments were conducted according to
the National Institutes of Health guidelines for humane
treatment of laboratory animals. Eight-week-old male
C57Bl/6 mice were obtained from Harbin Medical Uni-
versity Laboratories (Harbin, Heilongjiang, China) and
housed with a 12 h light/dark cycle, allowing free access
to water and pellet chow. To assess miR-185 expression
levels, C57BL/6 mice were divided into two groups, fed a
normal laboratory diet and an HFD (30% fat, 15% pro-
tein, 45% carbohydrate, and 1.15% cholesterol), respec-
tively, for 12 wk. At 4, 8 and 12 wk, liver tissues were har-
vested for quantitative reverse transcription-polymerase
chain reaction (QRT-PCR) experiments respectively.

For miR-185 treatment, 20 eight-week-old male
C57BL/6 mice were fed an HFD for 12 wk. Then, half
of the mice (# = 10) were intravenously injected with 20
mg/kg miR-185 while the other half, used as controls (#
= 10), were administered equal amounts of the control
mictoRNA weekly for 8 wk. Mouse body weights were
recorded weekly.

Quantitative real-time RT-PCR

To determine whether miR-185 acts as a regulator in lipid
metabolism, we first quantitated alterations in miR-185
exptession in response to palmitic acid (PA) stimula-
tion. The HepG2 cells were treated with 1.0 X 10™ or
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Figure 1 MicroRNA-185 expression levels in palmitic acid-treated HepG2 cells. HepG2 cells were treated with 1.0 x 10* or 5.0 x 10* mmol/L PA; qRT-PCR de-
tected microRNA-185 (miR-185) levels after 24-h (A) or 48-h (B) incubation. RNU6-2 was used as an internal control for miR-185. Data are mean + SEM from three
separate experiments. °P < 0.05, °P < 0.01 vs the normal control group. PA: Palmitic acid; gqRT-PCR: Quantitative reverse transcription-polymerase chain reaction.

Table 1 The primer sequences

SREBP1
5-ACC CCT GTG TTA GGC TAC CCC AGC CCT C-3!
5-TCT CCG CAT CTA CGA CCA GTG GGA CTG T-3'
427 bp

SREBP2
5-TCA AAC TCA GCT GCA ACA ACA GAC GGT A-3!
5'-AAT GAT ATT ATG GGT TGT CCG CCT TTC T-3'
592 bp

GAPDH
5'-TGC CAA ATA TGA TGA CAT CAA GAA GGT G-3'
5-GTC ATA CCA GGA AAT GAG CTT GAC AAA G-3!
190 bp

FAS
5-CTG GCT ACC TGA GCA TAG TGT GGA AGA C-3'
5-TGC AGT GTG TAC AGC TTC TGC CTG TGG G-3'
544 bp

HMGCR
5-ACA ATA AGA TCT GTG GTT GGA ATT ATG A-3'
5-CCT AAA ATT GCC ATT CCA CGA GCA ATA T-3'
376 bp

SREBP1: Sterol-regulatory element-binding proteins-1; SREBP2: Sterol-
regulatory element-binding proteins-2; GAPDH: Reduced glyceraldehyde-
phosphate dehydrogenase; FAS: Fatty acid synthase; HMGCR: 3-hydroxy-
3-methylglutaryl-CoA reductase.

5.0 X 10" mmol/L PA, and qRT-PCR was used to assess
miR-185 levels after 24 h and 48 h of culture.

Total RNA was isolated from the liver tissue or
cultured cells using a High Pure miRNA Isolation Kit
(5080576001, ROCHE, Germany) according to the man-
ufacturer’s instructions. Then cDNA was synthesized us-
ing a miRcute miRNA cDNA kit (KR201-01, Invitrogen,
United States). qRT-PCR was performed on an Applied
Biosystems 7900HT Sequence Detection System (Applied
Biosystems, United States).

To assess mRINA levels of SREBP1, SREBP2, fatty
acid synthase (FAS), and 3-hydroxy-3-methylglutaryl-
CoA reductase (HMGCR), total RNA was extracted and
purified using Trizol (Invitrogen, United States) and the
RNeasy Mini kit (Qiagen), respectively, according to the
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manufacturers’ instructions. The purified RNA was treated
with DNase I and reverse transcribed using the MMLV
Reverse Transcriptase First Strand cDNA Synthesis Kit
(Invitrogen, United States). All reactions were performed
in triplicate, and RNUG-2 or (B-actin was selected as an
internal control for normalization. Relative fold changes in
gene expression were determined by the 272 method™.
The primer sequences used for RT-PCR are listed in Table
1.

Assessment of fatty acid oxidation and sterol synthesis
rates in HepG2 cells

HepG2 cells were cultured in 12-well plates and transfect-
ed with miR-185 (20 nmol/L), anti-miR-185 (40 nmol/L),
or negative controls (con-miR and con-anti-miR). After
48 h, the fatty acid oxidation rate was evaluated by quan-
tifying the oxidation of [1 -] oleate into CO, as previ-
ously described (Yu e a/, 1997). The sterol synthesis rate
was estimated by measuring the amounts of ['C] acetate
incorporated into cellular sterols, as described previously
(Ettinger e al, 1994). Each experiment was performed in
triplicate.

Western blot

Forty-eight hours after transfection, cells were washed
in phosphate-buffered saline (PBS) and lysed with 300
puL. RIPA lysis buffer (Solarbio, Beijing, China) contain-
ing a protease inhibitor mixture (Roche Applied Science,
Germany). Proteins were resolved by SDS-PAGE and
transferred onto PVDF membranes. The membranes
were blocked with 5% non-fat dry milk and probed with
primary antibodies raised against insulin receptor sub-
strate (IRS) 1 (Abcam, United States), IRS-2 (Santa Cruz,
United States), AKT2 (Santa Cruz, United States), PI3K
(Santa Cruz, United States), and B-actin (Sigma, United
States). After three washes with TBS-T, the membranes
were incubated with appropriate horseradish peroxidase-
conjugated secondary antibodies (Santa Cruz, United
States). The signals were visualised with an ECL kit (GE
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Figure 2 Effect of miR-185 on lipid metabolism in HepG2 cells. HepG2 cells were transfected with pre-miR-185 or anti-miR-185 (an antisense oligonucleotide
against miR-185), and fatty acid oxidation and sterol synthesis rates were determined. A: The sterol synthesis rate was determined by the amount of [“C] acetate
incorporated into HepG2 cell sterols after transfection with pre-miR-185; B: The fatty acid oxidation rate was measured by the oxidation of [1-"*C] oleate into “CO2
after transfection with pre-miR-185; C: Sterol synthesis rates in HepG2 cells after transfection with miR-185 inhibitors; D: Fatty acid oxidation rates in HepG2 cells
after transfection with miR-185 inhibitors; E: Quantitative reverse transcription-PCR was used to assess the mRNA levels of key lipid metabolism-associated genes in
HepG2 cells after overexpression of miR-185; F: mRNA levels of lipid metabolism-associated genes after miR-185 inhibition. Data are mean + SEM from three sepa-
rate experiments. °P < 0.05, °P < 0.01 vs the normal control group. miR-185: microRNA-185; ASO: Antisense oligonucleotide; SREBP-1C: Sterol-regulatory element-
binding proteins 1C; SREBP-2: Sterol-regulatory element-binding proteins 2; HMGCR: 3-hydroxy-3-methylglutaryl-CoA reductase.

Healthcare, CT, United States). insulin by intraperitoneal injection. Then, plasma insulin
levels were measured by ELISA and blood glucose levels
Evaluation of clinical chemistry parameters (in tail vein blood) were assessed at 0, 15, 30, 60, and 120
Plasma concentrations of total cholesterol (CHOL), trig- min after insulin (1.0 U/kg body weight) treatment using
lycerides (TG), and alanine aminotransferase (ALT) were a blood glucose meter (One Touch Ultra, Lifescan, Unit-
determined after the last injection using spectrophoto- ed States) according to the manufacturer’s instructions.
metric assay kits (Sigma-Aldrich, St. Louis, MO, United
States) according to the manufacturet’s instructions. Histological analysis
To evaluate the effect of miR-185 on hepatic steatosis,
Intraperitoneal insulin tolerance test liver tissues were harvested from mice after the last injec-
Mice were submitted to 8 h fasting and administered tion of miR-185, fixed in 10% formalin solution, and

Roishidenge ~ WJG | www.wjgnet.com 17917 December 21, 2014 | Volume 20 | Issue 47 |



Wang XC et a/. MiR-185 promotes insulin signaling transduction

0 1.6 ] Normal chow
5 High fat diet
& 141 W H
=
5 _ 12
39
82 10F
c © a
S L
2 g 0.8
o a
g2 06|
[
27 04
B
2 02
[0}
00
' 0 4 8 12
t/wk

Figure 3 MicroRNA-185 expression levels in C57BL/6J mice fed a high
fat diet. C57BL/6J mice were fed a normal chow or a high fat diet for 12 wk
and liver tissues were harvested at 4, 8, and 12 wk. The miR-185 levels were
determined by quantitative reverse transcription-PCR (n = 10). Data are mean
+ SEM from three separate experiments. °P < 0.05 vs the normal control group.
miR-185: microRNA-185.

embedded in paraffin. The sections were stained with
hematoxylin and eosin according to standard protocols.

Statistical analysis

Statistical analyses were carried out using SPSS statisti-
cal software version 12.0 (SPSS Inc., Chicago, 1L, United
States). Data are expressed as mean = SD. Student’s #test
and one way analysis of variance (ANOVA) were used
to compare the differences between two or among more
than two groups, respectively. P < 0.05 and P < 0.01 were
considered statistically significant and highly significant,
respectively.

RESULTS

MiR-185 expression is regulated by palmitic acid in
HepG2 cells

In the presence of palmitic acid, miR-185 expression
levels decreased by approximately 20% and approximate-
ly 35% after treatment with 1.0 X 10 mmol/L PA (P <
0.01) and 5.0 X 10” mmol/L PA (P < 0.05), respectively,
after 24-h incubation compared with control cells (Figure
1A). This effect was increased after 48-h incubation, with
miR-185 expression decreasing by approximately 42%
(1.0 x 10" mmol/L PA, P < 0.01) and 60% (5.0 x 10°*
mmol/L PA, P < 0.05) compared with the control group
(Figure 1B). These data suggested that miR-185 expres-
sion levels decreased in a time- and dose-dependent man-
ner in response to PA in HepG2 cells.

Effect of miR-185 on lipid metabolism in HepG2 cells

To evaluate the modulatory effect of miR-185 on lipid
metabolism, HepG2 cells were transfected with pre-
miR-185 or anti-miR-185, and fatty acid oxidation and
sterol synthesis rates were determined. Compared with
control cells, HepG2 cells overexpressing miR-185 dis-
played a stark decrease in the sterol synthesis rate of ap-
proximately 30% (P < 0.01; Figure 2A) and an increased
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fatty acid oxidation rate (1.9-fold, P < 0.01; Figure 2B).
Inhibition of miR-185 by anti-miR-185 resulted in a
2.2-fold increase in the sterol synthesis rate (P < 0.01,
Figure 2C) and approximately 38% decrease in the fatty
acid oxidation rates (P < 0.01, Figure 2D) compared with
controls.

Since multiple studies have shown that FAS, HMGCR,
SREBP2, and SREBPI1c are strongly associated with
lipid metabolism, the effect of miR-185 on these lipid
metabolism-associated genes was assessed. Gene expres-
sion levels of EAS, HMGCR, SREBP2, and SREBP1¢
were measured after induction or inhibition of miR-185.
qRT-PCR data revealed dramatically reduced expression
of FAS, HMGCR, SREBP2, and SREBP7¢ after miR-185
overexpression in HepG2 cells (Figure 2E). Conversely,
inhibition of miR-185 in HepG2 cells resulted in in-
creased FEAS, HMGCR, SREBP2, and SREBP7: mRNA
levels (Figure 2F). These findings indicated that miR-185
regulates fatty acid metabolism and cholesterol homeo-
stasis by suppressing the expression of lipogenic genes in
hepatocytes.

Effect of a high fat diet on miR-185 expression in C57BL/
6J mice

The in vitro data described above prompted us to fur-
ther investigate the role of miR-185 in regulating lipid
metabolism 7z vivo. C57BL/6] mice were fed a normal
chow or a high fat diet for 12 wk, and liver tissues were
harvested after sacrifice at weeks 4, 8, and 12 for qRT-
PCR experiments. MiR-185 expression was decreased
by approximately 22% at 8 wk (P < 0.01) and further
declined (approximately 30%) at 12 wk (P < 0.01) com-
pared with normal controls. In agreement with the 7 vitro
data, miR-185 expression declined in the HFD group in a
time-dependent manner (Figure 3).

Overexpression of miR-185 reduces liver steatosis and
improves insulin sensitivity in vivo

To clucidate the regulatory effect of miR-185 on insulin
sensitivity and lipid metabolism, ¢57BL/6 mice wete fed
a high-fat diet for 12 wk, then treated intraperitoneally
weekly with miR-185 (20 mg/kg) for 8 wk. To determine
insulin sensitivity, an ITT was performed after the last
miR-185 administration. The results showed signifi-
cantly lower plasma glucose concentrations in the HFD
+ miR-185 group compared with the HFD + con-miR
group at all time points after injection of 1U/kg insulin
(Figure 4A).

The effect of miR-185 overexpression on NAFLD
was also assessed. After the 8-wk treatment regimen, no
significant difference was observed between the HFD +
con-miR and HFD + miR-185 groups in terms of mouse
body weights (Figure 4B); TG, CHOL and ALT levels de-
creased after miR-185 treatment compared with the HFD
+ con-miR group (Figure 4C-E). In addition, HE staining
showed enlarged cells with hepatocellular ballooning in
the HFD + con-miR group. Finally, lipid accumulation
decreased significantly after miR-185 treatment (Figure
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Figure 4 Overexpression of microRNA-185 improves insulin sensitivity and reduces liver steatosis. Eight-week-old male C57BL/6 mice were fed a high-fat
diet for 12 wk. One half of the mice (n = 10) were injected with miR-185 (20 mg/kg body weight) and the control group (n = 10) received injections of control microRNA
for 8 wk. A: ITT was performed after the last injection, and mice were submitted to 8 h fasting before intraperitoneal administration of insulin; B: Body weights were
recorded weekly during the treatment period; C-E: Triglycerides, cholesterol and alanine aminotransferase levels were assessed after the last injection; F: At the end
of the treatment, liver sections were stained by haematoxylin and eosin stain to assess lipid accumulation (magnification x 400). Where applicable, data are mean +
SEM from three separate experiments, n = 10, °P < 0.05 vs the normal control group. HFD: High-fat diet.

4F). These data suggested that miR-185 overexpression
alleviates liver fat content in C57BL/6 mice.

MiR-185 regulates the insulin signalling pathway in vitro
To explore whether miR-185 regulates the insulin signal-
ling pathway, we assessed the expression of key pathway
components (IRS-1, IRS-2, PI3K and Akt2) and the
phosphorylation of Akt2 and PI3K after transfection of
HepG2 cells with pre-miR-185. As shown in Figure 5A,
IRS-2 expression was significantly elevated (3-fold) after
miR-185 overexpression, whereas the expression levels
of IRS-1, PI3K and Akt2 were unchanged. Moreover,
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both pPI3K and pAkt2 were markedly increased (Figure
5B), suggesting that miR-185 promotes the PI3K/Akt2
pathway by inducing IRS-2 expression rather than IRS-1.

DISCUSSION

Insulin resistance is critical in the pathogenesis of NAFLD,
and both pathologies are frequently present concurrent-
lylls’ﬁ]. Our previous work has focused on the molecular
interaction between NAFLD and insulin resistance. Al-
though the pathogenesis of NAFLD is not entirely un-
derstood, the critical role of miRNAs as major regulators

December 21, 2014 | Volume 20 | Issue 47 |
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Figure 5 MicroRNA-185 regulates the insulin signalling pathway in HepG2 cells. A: The HepG2 cells were transfected with pre-miR-185 or pre-miR control and,
after 48 h, the protein expression levels of insulin receptor substrate (IRS)-1, IRS-2, phosphatidylinositide 3-kinase (PI3K) and Akt2 were detected by Western blot; B:

Effect of miR-185 on Akt2 and PI3K phosphorylation. miR-185: microRNA-185.
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Figure 6 Role of microRNA-185 in the regulation of insulin signalling transduction and lipid metabolism. MicroRNA-185 up-regulates the key effector insulin
receptor substrate-2 (IRS-2), which in turn activates the phosphatidylinositide 3-kinase/Akt2 signalling that increases insulin sensitivity. On the other hand, miR-185
represses SREBP-1c and 2, which ultimately results in decreased lipid synthesis. SREBP-1C: Sterol-regulatory element-binding proteins 1C; SREBP-2: Sterol-regula-

tory element-binding proteins 2; FAS: Fatty acid synthase.

of fatty acid and cholesterol homeostasis deserves atten-
tion"**, Indeed, single miRNAs could regulate complex
disease processes by targeting the biological pathways of
multiple proteinases and transcription factors; increas-
ing evidence supports key roles for miRNAs in regulat-
ing lipid metabolism and insulin sensitivity, ¢.g., miR-33a
and miR-33b target key enzymes involved in fatty acid
oxidation””. In addition, miR-181d expression decreases
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triglyceride and cholesterol levels in cells™; miR-122
overexpression induces cholesterol and triglyceride bio-
synthesis in the adult liver™; and miR-126 affects insulin
sensitivity in hepatocytes”. Tt has recently been reported
that miR-185 regulates cholesterol metabolism by directly
targeting the 3’-untranslated region (UTR) of hepatic
scavenger receptor class B type I (SR-BI) and decreasing
HDL uptake™. In our previous study using bioinformat-
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ics, miR-185 was predicted to be involved in the regula-
tion of both NAFLD pathogenesis and insulin resistance
(Wang, Zhan ef a/ unpublished data).

Herein, we uncovered a potential role of miR-185 in
the regulation of hepatic lipid metabolism, the develop-
ment of NAFLD, and insulin resistance. Wang e# al™
have recently shown that miR-185 was decreased in liver
tissues from ApoE knockout mice after 8 wk on a HFD.
In accordance with our results, miR-185 expression de-
clined in a time-dependent manner in C57BL/6] mice
fed 2 HED from the 8" week, and miR-185 expression
levels decreased in a time- and dose-dependent manner
in response to PA in HepG2 cells (Figure 06).

These findings demonstrate that overexpression of
miR-185 contributes to reduced fatty acid and cholesterol
biosynthesis, which paralleled the observed decreases in
mRNA levels of the fatty acid metabolism-related gene
FAS and multiple cholesterol metabolism-related genes,
including HMGCR, SREBP-2 and SREBP-1c. Inhibition
of miR-185 in HepG2 cells caused elevated fatty acid
and cholesterol biosynthesis, which was accompanied
by increases in the mRNA levels of these key lipogenic
genes. Similarly, Li ez 2/ found that miR-185 inhibited
fatty acid and cholesterol biosynthesis in prostate cancer
cells, where it regulated SREBP-1 and SREBP-2 gene ex-
pression by directly binding their 3>-UTRs. In agreement
with this, Yang ez a/*" have demonstrated that miR-185
post-transcriptionally represses SREBP-2 expression.
However, these authors found no significant alteration in
HMGCR expression after treatment of HepG2 cells with
miR185"". Such a discrepancy might result from differ-
ences in the experimental conditions between their study
and outs.

SREBP-1 controls the genes involved in fatty acid
biosynthesis, whereas SREBP-2 predominantly regulates
cholesterol metabolism™". They often act as key regu-
lators to induce the transcription of lipid-related genes,
including FASN, FDFT1 and HMGCR, which results
in an increase in fatty acid and cholesterol biosynthe-
sis™ 7. Our animal model provided strong evidence that
miR-185 inhibits lipid metabolism. MiR-185 likely affects
fatty acid and cholesterol metabolism in hepatic cells at
least in part by inhibiting SREBP-1 and SREBP-2 mRNA
expression.

Insulin resistance was markedly improved by miR-185.
No previous studies have reported that miR-185 regulates
the insulin-signalling pathway. Interestingly, Ryu ez al™
have demonstrated that miR-126 overexpression causes
insulin resistance in hepatocytes through direct targeting
of IRS-1 mRNA. Likewise, Karolina ¢f /" found that
miR-144 directly inhibits IRS1 at the mRNA and protein
levels, and constitutes a critical component in insulin
signalling. As shown above, miR-185 overexpression
enhanced IRS-2 expression, and insulin stimulated its
downstream kinases PI3K and Akt2 in hepatocytes. We
found significantly improved insulin sensitivity after treat-
ment of HFD animals with miR-185. Although miR-185
affected IRS-2 protein expression as shown above, it is
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unlikely that miR-185 directly regulates IRS-2, ze., by
interaction with the 3’-UTR of the gene, since IRS-2 is
devoid of seed sequences for miR-185 binding. One pos-
sibility is that miR-185 targets other genes that in turn
regulate IRS-2; this hypothesis merits further exploration.

We comprehensively describe the regulatory effect of
miR-185 on lipid metabolism and insulin signalling 7 vivo
and 7 vitro. Overall, our findings define additional func-
tional relevance of miR-185 that might be useful in the
design of therapeutic strategies for treating NAFLD and
improving insulin resistance.
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