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MiR-384 regulated IRS1 expression and suppressed cell
proliferation of human hepatocellular carcinoma
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Abstract Acquired evidence indicated that microRNAs
(miRNAs) played essential roles in cancer development, in-
cluding hepatocellular carcinoma (HCC). Functions and
mechanisms of miRNAs involved in HCC remain largely un-
known. Here, we found that miR-384 was significantly down-
regulated in HCC cells and tissues by RT-PCR. Gain and loss
of function studies revealed that miR-384 significantly sup-
pressed HCC cell proliferation. Insulin receptor substrate
1(IRS1) was identified as a direct and functional target of
miR-384. Moreover, miR-384 decreased IRS1 expression,
subsequently downregulating cyclin D1 and upregulating
p21 and p-Rb expression. In addition, promotion of cell pro-
liferation caused by miR-384-in was counteracted by silenc-
ing IRS1 expression with siRNAs. Taken together, our data
provided convincing evidence that miR-384 exerted suppres-
sive effect on HCC cell proliferation through the direct inhi-
bition of IRS1 expression, suggesting miR-384may serve as a
potential therapeutic target for HCC.
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Introduction

Hepatocellular carcinoma (HCC) is the second leading cause
of cancer death worldwide in males [1]. Despite the improve-
ment of current treatment, the disease of HCC remains a high
mortality rate; thus, there is an urgency need to find the un-
derlying molecular mechanisms and find new biomarkers that
can be used for early screening and diagnosis of HCC [2].

Lots of reports have indicated that microRNAs
(miRNAs) are small noncoding RNA oligonucleotides
(18–25 nt) that play essential roles in the regulation of
multiple biological processes, such as cell proliferation,
apoptosis, invasion, and migration [3–6]. Accumulating
evidence has shown that miRNAs can act as tumor sup-
pressors or oncogenes, functioning by targeting their spe-
cific target gene [7–9]. MiR-1180 was reported to pro-
mote apoptotic resistance of HCC by activating NF-kB
signaling pathway [10]. MiR-361-5p was found to inhibit
cancer cell growth by targeting CXCR6 in HCC [11]. Tu
K et al. demonstrated that miR-519a promoted tumor
growth by targeting PTEN/PI3K/AKT signaling in HCC
[12]. Furthermore, loss of miR-532-5p influenced CXCL2
expression and then promoted cell proliferation and me-
tastasis in HCC [13]. But the biological function of miR-
384 and its mechanism of HCC remain unclear. This
study explored the relationship between miR-384 and in-
sulin receptor substrate 1 (IRS1) in HCC cells and inves-
tigates its function in cell proliferation. Here, we found
that miR-384 was markedly downregulated in HCC cells
and clinical tissues. Further experiment suggested that ec-
topic expression of miR-384 decreased HCC cell prolifer-
ation by regulating IRS1 expression.
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Materials and methods

Clinical specimens

Eight human HCC tissues and adjacent normal tissues (ANT)
were obtained from HCC patients at the Department of
General Surgery, Guangzhou First People’s Hospital,
Guangzhou Medical University (Guangzhou, People’s
Republic of China). The study was approved by the ethics
committee of Guangzhou First People’s Hospital,
Guangzhou Medical University (Guangzhou, People’s
Republic of China). Written informed consent was obtained
from all patients. Tissue samples were collected at surgery,
immediately frozen in liquid nitrogen and stored until total
RNAs or proteins were extracted.

Cell culture

Human HCC cell lines MHCC97H, BEL-7402, MHCC97L,
HepG2, Huh7, Hep3B, HCCC-9810, and QGY-7703 were
obtained from the American Type Culture Collection
(ATCC, Manassas, VA), and human hepatic cell lines
THLE3 were purchased from the China Center for Type
Culture Collection. All cells were grown in Dulbecco’s
Modified Eagle Medium (Gibco BRL, Rockville, MD)
McCoy’s 5A modified (Invitrogen; Life Technologies,
Carlsbad, CA) medium supplemented with 10 % fetal bovine
serum (FBS, Sigma, USA), 100 units/ml of penicillin-
streptomycin (Invitrogen, Carlsbad, CA) in a humidified in-
cubator in 5 % CO2 at 37 °C.

Plasmids, small interfering RNA, and transfection

MiR-384, miR-384-inhibitor (miR-384-in), miR-384-mut,
and relative control miRNAs were synthesized by RiboBio
Corporation (Guangzhou, China), and transfection was per-
formed using Lipofectamine 2000 (Life Technologies,
Carlsbad, CA, USA) as recommended by the manufacturer’s
instructions.

Two shRNA lentiviruses against IRS1 were pur-
chased from Genecopoeia (Genecopoeia Co. Ltd.) and
transfection of siRNAs were performed using lipofecta-
mine 2000 (Invitrogen), according to the manufacturer’s
protocol.

The IRS1 ORF was amplified from the HepG2 cell
cDNA and subcloned into pEGFP-N3 (Invitrogen). The
wild-type 3′UTR of IRS1 was synthesized and subcloned
into the firefly luciferase reporter (RiboBio, Guangzhou,
China) and then transfected into HCC cells using
Lipofectamine 2000 reagent (Invitrogen) according to
the manufacturer’s instructions.

RNA extraction and real-time quantitative PCR

Total RNA was extracted using TRIzol Reagent (Invitrogen,
Carlsbad, CA, USA). The expression of miR-384 was detect-
ed by TaqMan® MicroRNA Assays (Applied Biosystems)
according to the manufacturer’s instructions. The cyclin D1
and p21 levels were quantified using qRT-PCR with the
TaqMan®. We assessed the RNA expression according to
relative quantification using the 2−ΔΔCt method to determine
the fold change in the expression.

MTTassays and colony formation

Cell proliferation assay was carried out using the MTT assay.
Twenty microliters of 5 mg/mlMTTsolution (Sigma-Aldrich)
was added to each well and incubated at 37 °C for 4 h, and the
resulting MTT formazan was solubilized in 150 μl of DMSO.
The absorbance at 490 nm was measured in a Thermo
Scientific Multiskan (Thermo Fisher Scientific, USA).

For colony formation assays, 1000 HepG2 cells were seed-
ed into each well of a six-well plate. On 2 weeks after seeding,
the cells were stained with 0.1 % crystal violet for 30 s and
fixation with 10 % formaldehyde for 10 min. Images were
taken and the colonies were counted.

Anchorage-independent growth assay

One thousand HepG2 cells were trypsinized and resuspended
in 2 ml complete medium plus 0.3 % agar (Sigma). The agar-
cell mixture was plated on top of a bottom layer comprising
0.66 % complete medium agar mixture. After 10 days, colony
sizes were measured with an ocular micrometer and colonies
greater than 0.1 mm in diameter were counted. The experi-
ment was performed for independently three times for each
cell line.

Luciferase assays

Cells were seeded in triplicate in 24-well plates at a density of
50000 cells per well. After 24 h, cells were co-transfected with
miR-384 or miR-384-in or miR-384-mut and pGL3-IRS1-3′-
UTR. Forty-eight hours after transfection, the cells were lysed
and assayed for the firefly luciferase and the Renilla luciferase
activities using the Dual-Luciferase Reporter Assay System
(Promega, Madison, WI, USA).

Western blotting

The cultured cells were lysed, equal quantities of protein
(30 μg) were separated on 10 % SDS-PAGE gels, and gels
were transferred onto nitrocellulose membrane. The mem-
branes were incubated with anti-IRS1 (#2382; 1:1000; Cell
Signaling Technology), anti-cyclin D1 (#2922; 1:1000; Cell
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Signaling Technology), anti-p21 (#2947; 1:1000; Cell
Signaling Technology), anti-phosphorylated Rb (p-Rb;
#8516; 1:1000; Cell Signaling Technology), and anti-Rb
(#9313; 1:1000; Cell Signaling Technology). And as the con-
trol sample loading, the membranes were stripped and re-
probed with an anti-α-tubulin antibody (SAB4500087;
Sigma-Aldrich). The membranes were then washed and incu-
bated with the respective goat anti-rabbit secondary antibodies
(Beyotime Biotechnology, China). Immunocomplexes were
visualized using the chemiluminesence (GE, USA) according
to the manufacturer’s protocol.

Statistical analysis

All results in this study were statistically presented as mean ±
standard error of the mean by using the SPSS 19.0 (IBM). A
P < 0.05 was considered to be statistically significant by
Student’s t test.

Result

MiR-384 expression was downregulated in HCC cell lines
and HCC tissues

In order to understand the role of miR-384 in HCC develop-
ment, we were interested in the identification of the miR-384
expression in HCC cell lines and primary HCC tissue samples
by quantitative real-time PCR analyses. MiR-384 expression
was significantly lower in eight HCC cell lines compared with
human hepatic cell lines THLE3 (Fig. 1a). Similarly, miR-384
expression was remarkably downregulated in HCC tissues
compared with the corresponding adjacent non-tumor tissues

(Fig. 1b). Together, these results suggested that miR-384 was
significantly increased in HCC.

MiR-384 suppressed HCC cell proliferation

To investigate the biological functions of miR-384 in HCC
development, we transfected with miR-384, miR-384-in, and
their relative negative controls in HepG2 cells, and the expres-
sion of miR-384 was confirmed by real-time qPCR (Figs. 2a
and 3a). Result of MTT assay and colony formation assay
demonstrated that overexpression of miR-384 resulted in sig-
nificant reduction in cell proliferation and colony formation
capability of HepG2 cells (Fig. 2b, c). Consistently, ectopic
expression of miR-384 dramatically attenuated the anchorage-
independent cell growth ability than the relative control cells
(Fig. 2d). Moreover, HepG2 cells after transfected with miR-
384-in resulted in significant increasing of cell proliferation
and colony formation capabilities and increased the
anchorage-independent cell growth ability (Fig. 3b–d).
These results suggested suppressive effects of miR-384 on
HCC cell proliferation.

MiR-384 directly targets IRS1 by binding to its 3′-UTR
and altered levels of proteins related to cell proliferation
in HepG2 cells

It is reported that miRNAs exert their functions by regulating
their downstream target genes expression.We found that miR-
384 might be a potential regulator of IRS1 by TargetScan 6.2
(Fig. 4a).

To determine whether IRS1 can be directly targeted by
miR-384, IRS1 expressions were detected in HepG2 cells af-
ter transfected with miR-384, miR-384-in or the respective
controls. Results of Western blot showed that miR-384

Fig. 1 Expression of miR-384 in human hepatocellular carcinoma
(HCC) tissues and cell lines. a Real-time PCR analysis of miR-384
expression in human hepatic cell lines THLE3 cells and HCC cell lines,
including MHCC97H, BEL-7402, MHCC97L, HepG2, Huh7, Hep3B,
HCCC-9810, and QGY-7703. b Relative miR-384 mRNA expression

levels in 8 paired primary HCC tissues (T) and the matched adjacent
normal tissues (ANT) from the same patient were detected by PCR
analysis. Experiments were repeated at least three times (a, b). Each bar
represents the mean of three independent experiments. *P< 0.05
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Fig. 2 miR-384 upregulation inhibited HCC cell proliferation. a
Validation of miR-384 expression levels after transfection by PCR
analysis. b MTT assays revealed that upregulation of miR-384
suppressed growth of HepG2 cells. c Representative micrographs (left)
and quantification (right) of crystal violet-stained cell colonies. d

Upregulation of miR-384 promoted the anchorage-independent growth
of HepG2 cells (×100). Representative micrographs (left) and
quantification of colonies that were >0.1 mm (right). Each bar
represents the mean of three independent experiments. *P< 0.05

Fig. 3 Inhibition of miR-384 promoted HCC cell proliferation. a
Validation of miR-384 expression levels after transfection by PCR
analysis. b MTT assays revealed that miR-384-in increased growth of
HepG2 cells. c Representative micrographs (left) and quantification
(right) of crystal violet-stained cell colonies. d Inhibition of miR-384

inhibited the anchorage-independent growth of HepG2 cells (×100).
Representative micrographs (left) and quantification of colonies that
were >0.1 mm (right). Each bar represents the mean of three
independent experiments. *P< 0.05

14168 Tumor Biol. (2016) 37:14165–14171



significantly suppressed IRS1 protein levels, while miR-384-
in clearly increased IRS1 protein expression in HepG2 and
Hep3B cells (Fig. 4b). Using the luciferase reporter, as
showed in Fig. 4c, we found that overexpression of miR-384
in HepG2 cells suppressed the activity of reporter gene,
whereas miR-384-in increased wild-type IRS1 luciferase ac-
tivity. Meanwhile, miR-384-mut showed no changes in the
reporter gene activity in HepG2 cells (Fig. 4c).

It has been shown that IRS1-induced increase transla-
tion of β-catenin leads to upregulation of its downstream
targets related to cancer cell proliferation, such as c-Myc
and cyclin D1 [14]. In this study, we evaluated that the
mRNA of the IRS1 downstream genes (cyclin D1, p21,

Rb and p-Rb). Quantitative PCR results revealed a sig-
nificant reduction in the mRNA levels of cyclin D1 and
p21 (a protein product of CDKN1A gene) in miR-384
transferred-HepG2 cells, while miR-384-in showed the
opposite effect (Fig. 4d). The results of Western blot
analysis showed that the levels of cyclin D1 were de-
creased while the levels of p21 and p-Rb were increased
in the miR-384 group compared with the miR-NC group,
while miR-384-in showed the opposite function
(Fig. 4e). Take together, our results demonstrated that
miR-384 functionally modulated IRS1 and then regulated
cellular proliferation regulators, cyclin D1, p21, and p-
Rb, thus relevant to cell proliferation. All these results

Fig. 4 MiR-384 suppresses IRS1 expression by directly targeting the
IRS1 3′-UTR and altered levels of proteins related to proliferation in
HCC cells. a Predicted miR-384 target sequence in the 3′-UTR of IRS1
(IRS1-3′-UTR) and positions of three mutated nucleotides (red) in the 3′-
UTR of miR-384-mut. b IRS1 protein expression in HepG2 and Hep3B
cells transfected with miR-384 or the miR-384-in were detected by
Western blotting analysis. α-Tubulin served as the loading control. c

Luciferase reporter assay of HepG2 cells transfected with the pGL3-
IRS1-3′-UTR reporter and miR-384 or miR-384-in or miR-384-mut
with increasing amounts (10 and 50 nM) oligonucleotides. d Real-time
PCR analysis of expression of cyclin D1 and p21 in HepG2 cells. e
Western blotting analysis of protein expression of cyclin D1, p21, p-Rb,
and Rb in HepG2 cells. α-Tubulin was used to serve as the loading
control. *P< 0.05
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demonstrated that miR-384 could combine with IRS1 3′
UTR and play a role in suppressing the expression of
IRS1 gene.

IRS1 downregulation counteracted the promotion of cell
proliferation by miR-384-in

Given that IRS1 acted as a direct target of miR-384 and pos-
sibly involve in HCC tumorigenesis, we investigated the role
of IRS1 onHCC cell proliferation. Downregulation of IRS1 in
miR-384-in-transfected HepG2 cells by transfecting with
IRS1-siRNAs and was confirmed by Western blot analysis
(Fig. 5a). Result of MTT, colony formation and anchorage-
independent growth assays indicated that the decreased ex-
pression of IRS1 significantly decreased cell proliferation
and cell growth, and colony formation capabilities of HepG2
cells after transfected with miR-384-in (Fig. 5b–d). Taken
together, these results suggested that the tumor-suppressive
effect of miR-384 is mediated by inhibition of IRS1 in HCC.

Discussion

In this present study, we investigated the biological role of
miR-384 in the progression of HCC. We found significant

downregulation of miR-384 in HCC tissues and cells com-
pared with the corresponding adjacent non-tumor tissues and
human hepatic cell lines THLE3. Additionally, functional ex-
periments revealed that miR-384 suppressed cell proliferation
in vitro through targeting IRS1 in HCC.

Recently, the function of miRNAs on cancer development
is attracting increasing attention. Lots of reports have demon-
strated that dysregulation of miRNAs have been observed in
various kinds of malignancies and are closely related to tu-
morigenesis, invasion, migration, and prognosis. MiR-26a
was reported to be downregulated and suppressed angiogene-
sis in human hepatocellular carcinoma [15]. MiR-708 was
found to be downregulated in hepatocellular carcinoma and
suppressed tumor invasion and migration [16]. Furthermore,
miR-335 acted as a potential tumor suppressor and inhibited
cell growth in hepatocellular carcinoma [17]. Finding by XuC
et al. demonstrated that miR-193b regulated proliferation, mi-
gration, and invasion in human hepatocellular carcinoma [18].
But the biological function of miR-384 and its mechanism in
HCC development has not been elucidated. Our study dem-
onstrated that miR-384 acted as tumor suppressor and sup-
pressed HCC cell proliferation.

Increasing numbers of reports indicated that miRNAs si-
lence the gene expression by targeting the 3′untranslated re-
gion (3′-UTR) of its targeted mRNAs. MiR-21 had been

Fig. 5 IRS1 downregulation
counteracted the promotion of
cell proliferation by miR-384-in.
a Western blot analysis verified
that silencing IRS1 effectively
decreased the expression of IRS1
in miR-384-in-transfected HepG2
cells. b miR-384-in-transfected
HepG2 cells after transfection
with IRS1-siRNAs decreased cell
growth. c miR-384-in-transfected
HepG2 cells after transfection
with IRS1-siRNAs decreased cell
colonies formation. d miR-384-
in-transfected HepG2 cells after
transfection with IRS1-siRNAs
decreased the anchorage-
independent growth.
Representative quantification of
colonies that were >0.1 mm. Each
bar represents the mean of three
independent experiments.
*P< 0.05
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observed to promote cell proliferation in human hepatocellular
carcinoma partly by targeting HEPN1 [19]. MiR-331-3p
targeted PH domain and leucine-rich repeat protein phospha-
tase and then promoted proliferation and metastasis of hepa-
tocellular carcinoma [4]. Finding of Imam JS et al. indicated
that miR-185 targeted Six1 and suppressed tumor growth and
progression in human cancers [20]. IRS1, the first identified
member of IRS family, is interact with β-catenin activation
induces and involved in tumor development [14]. CaoM et al.
revealed that miR-23a-mediated migration/invasion was res-
cued by targeting IRS-1 in non-small cell lung cancer [21].
Finding of Su W et al. indicated that miR-200c targeted IRS1
and suppressed prostate cancer cell growth [22]. In this study,
our data demonstrated that miR-384 could decrease IRS1 pro-
tein expression through binding to its 3′-UTR region.
Moreover, IRS1 downregulation by using IRS1-siRNAs
counteracted the promotion of cell proliferation by miR-384-
in. Our findings revealed that IRS1 was a direct target of miR-
384.

In summary, our study indicated that miR-384 suppressed
cell proliferation by modulating IRS1 expression and provid-
ed more insight into the mechanisms of miR-384 involved in
HCC, suggesting miR-384 could be a potential therapeutic
target in HCC.
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