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The present study aimed to investigate the effect of miR-186 on proliferation, migration, invasion, and epithe-
lial-mesenchymal transition (EMT) of hepatocellular carcinoma (HCC). In this work, miR-186 was downregu-
lated in HCC tissues and cells, and low miR-186 level helped predict the occurrence of vascular invasion and
poor prognosis in patients with HCC. miR-186 overexpression inhibited cell proliferation and tumor growth
in nude mice, repressed migration and invasion abilities, and enhanced apoptosis in HCC cells. miR-186 also
retarded progression of EMT. miR-186 directly bound to the 3’-untranslated regions of cyclin-dependent kinase
6 (CDKGO) to inhibit its expression. Overexpression of CDK6 markedly reversed inhibitory effects of miR-186
on proliferation, apoptosis, migration, and invasion of HCC cells. Conversely, inhibition of CDK6 exerted
synergic effect on the biological functions of miR-186. In conclusion, miR-186 represses proliferation, migra-
tion, invasion, and EMT, and induces apoptosis through targeting CDK6 in HCC, which may provide a new

therapeutic target for HCC.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is the most com-
mon malignancy in the world with increasing incidence
in East Asia"”. Although some therapeutic strategies have
improved the prognosis in recent decades, including sur-
gical resection, radiofrequency, and chemotherapy, the
S-year survival rate is still low due to vascular invasion,
metastasis, drug resistance, and recurrence™”. Therefore, it
is crucial to understand the molecular mechanisms under-
lying the progression of HCC to identify novel potential
molecular targets for the treatment of HCC™.

miRNAs are endogenous small noncoding RNAs con-
sisting of 19-23 nucleotides that regulate gene expres-
sion via its interaction with the 3’-untranslated region
(3’-UTR) of mRNA targets, causing translation sup-
pression or mRNA degradation™®. miRNAs could act
as tumor suppressor genes or oncogenes and have been
implicated in human carcinogenesis”'"’. Previous reports

demonstrated deregulated miRNAs were involved in
angiogenesis, tumor cell proliferation, tumor suppressor,
epithelial-mesenchymal transition (EMT), and metasta-
sis in some cancers, such as bladder cancer and breast
cancer. Of these miRNAs, miR-186 has been extensively
investigated in various tumors, and its expression in can-
cer tissues varies depending on the cancer type and might
act as a biomarker for the diagnosis and prognosis of can-
cers''. Various biological processes in human cancers are
affected by miR-186"". However, more detailed mecha-
nisms underlying miR-186-mediated HCC remain to be
elucidated.

In this work, we focused on the clinical and biologi-
cal significance of miR-186 in HCC. The proliferation,
apoptosis, migration, and invasion of HCC cells were
determined by in vitro assays. The interaction between
miR-186 and cyclin-dependent kinase 6 (CDK6) was
confirmed with the dual-luciferase reporter system. A
mouse model experiment was conducted to determine the
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effect of miR-186 on tumor growth. The present study
will verify the regulatory mechanism of the miR-186/
CDKG6 axis in the progression of HCC.

MATERIALS AND METHODS
Human HCC Tissue Collection

HCC tissues and adjacent normal liver tissues were
obtained from 50 cases of patients who had received sur-
gical resection at Shandong Provincial Third Hospital.
All the patients signed informed consent. The examina-
tion and informed consents were approved by the Ethics
Committee of Shandong Provincial Third Hospital. All
fresh tissues were histologically verified by two patholo-
gists. The surgically removed tissue samples were rapidly
frozen in liquid nitrogen and kept at —80°C until use.

Cell Culture

HCC cell lines (HepG2, Hep3B, HUH7, MHCC-97, and
SMMC-7721) were purchased from the American Type
Culture Collection (ATCC) (Manassas, VA, USA) and cul-
tured in Dulbecco’s modified Eagle’s medium (DMEM)
supplemented with 10% fetal bovine serum (FBS), 100 U/
ml of penicillin, and 0.1 mg/ml of streptomycin. Human
LO2 cells were purchased from Bogoo Biotechnology
(Shanghai, China) and cultured in RPMI-1640 medium
containing 10% FBS. All cells were incubated at 37°C in a
humidified atmosphere containing 5% CO,.

Cell Transfection

miR-186 mimics, negative control (NC) mimics, small
interfering RNA (siRNA) of CDK6 (si-CDKO6), as well
as pcDNA3.1-CDK6 were synthesized and bought from
GeneChem (Shanghai, China). The pmirGLO luciferase
reporter vectors (Promega, Madison, WI, USA) were
used to construct dual-luciferase reporter plasmid vectors
containing CDK6 3’-UTR sequences or the correspond-
ing mutation sequences. Cell transfection was carried
out using Lipofectamine 2000 (Invitrogen, Carlsbad,
CA, USA) following the manufacturer’s instructions.
Quantitative reverse transcriptase polymerase chain reac-
tion (QRT-PCR) and Western blotting were used to verify
the efficiency of transfection 48 h after transfection.

qRT-PCR Assay

Total RNAs were isolated using TRIzol reagent (Thermo
Fisher Scientific, Waltham, MA, USA). The RNAs were
reversely transcribed to complementary DNAs (cDNAs)
through the reverse transcriptase kit (Takara, Otsu, Japan)
or the TagMan® miRNA reverse transcription kit (Thermo
Fisher Scientific). The qRT-PCR was performed on the
ABI 7900 Detection System (Applied Biosystems, Foster
City, CA, USA) using the SYBR Green PCR Master Mix
Kit (Takara, Dalian, China). The relative expression levels
were calculated using the 2—ACt method. Glyceraldehyde
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3-phosphate dehydrogenase (GAPDH) and U6 acted as
internal controls. For RT-PCR, PCR products were evalu-
ated for band abundance and size by agarose gel electro-
phoresis. The samples were run on a 2% (w/v) agarose
gel in a 1x TBE buffer system and stained with ethidium
bromide, and a size marker was included for molecular
weight determination.

Western Blot Assay

Whole-cell protein extracts were prepared using the
M-Per Mammalian Protein Extraction Reagent (Pierce
Biotechnology, Woburn, MA, USA) according to the manu-
facturer’s instructions. Subsequently, 10% sodium dodecyl
sulfate-polyacrylamide gel electrophoresis was performed.
The proteins were then transferred onto polyvinylidene
difluoride membranes and mounted using 5% nonfat dried
milk. The blots were incubated with primary antibodies at
4°C overnight and then subjected to the second antibody
for another 2 h. Finally, membranes were developed in
enhanced chemiluminescence reagent (Pierce, Rockford,
IL, USA). GAPDH was used as a loading control.

Cell Counting Kit-8 (CCK-8) Assay

Briefly, cells (1 x 10° cells/well) were seeded on a
96-well plate. After the cells were incubated for 0, 12,
24, and 48 h, 10 pl of CCK-8 solution (Dojindo, Tokyo,
Japan) was added into each well. The absorbance at 450
nm was determined through a microplate reader (Bio-
Tek, Winooski, VT).

Apoptotic Analysis

Cells were digested and collected, and then stained by
2 ul annexin V-fluorescein isothiocyanate and 2 pl pro-
pidium iodide (BD Pharmingen, San Diego, CA, USA)
for 100 pl of cell suspension. After incubation at room
temperature in the dark for 15 min, the stained cells were
detected by BD LSRFortessa to analyze the cell apoptotic
distribution.

Transwell Assay

The chambers were coated with Matrigel for invasive
assay. No Matrigel was added for migration. The lower
chamber was filled with 600 ul complete medium containing
10% FBS. The cells in the 200 ul serum-free medium were
loaded into the upper Transwell chamber (BD Biosciences,
Franklin Lakes, NJ, USA). Cells that migrated and invaded
into the lower side of the inserts were fixed and stained
with 0.1% crystal violet. The cells were photographed and
counted in 10 random visual fields.

Tumor Xenograft Experiments

The animal experiments were approved by the Animal
Care and Use Committee of Shandong Provincial Third
Hospital. Four-week-old male BALB/c nude mice were
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subcutaneously injected with 2 x 10° cells with agomir-
186 or NC (RiboBio, Guangzhou, China). All mice were
kept under specific pathogen-free conditions. The width
and length of tumor xenografts were measured using
vernier calipers every 7 days. Tumor volumes were cal-
culated using the standard formula: V = 1/2 x length x
width®. On the fifth week, the mice were euthanized, and
tumor xenografts were excised and weighed.

Luciferase Reporter Assay

The pmirGLO-CDK6-wild type (WT) and pmirGLO-
CDK6-mutant (MUT) reporters were designed and pur-
chased from GenePharma (Shanghai, China). miR-186
or NC mimics were cotransfected with the above report-
ers into 293T cells using Lipofectamine™ 2000 reagent
(Invitrogen). The transfected cells were incubated for
48h, and then the luminescence signals were measured
using the Dual-Luciferase Reporter Assay System Kit
(Promega). The firefly luciferase activity was normalized
to the Renilla luciferase activity.

Statistical Analysis

Data were presented as mean + standard deviation
(SD) or standard error of the mean (SEM) for continuous
variables. Statistical analysis was performed using inde-
pendent Student’s 7-test or one-way analysis of variance
via GraphPad Prism 6.0 (GraphPad Software Inc., La
Jolla, CA, USA). Overall survival (OS) curve was con-
structed using the Kaplan—-Meier methods and compared
using a log-rank test. A value of p < 0.05 was considered
as statistically significant.

RESULTS

miR-186 Is Downregulated in HCC Tissues and Cells
and Correlates With Poor Prognosis

Here we detected the expression level of miR-186
in 50 HCC tissues and matched adjacent liver tissues.
The qRT-PCR analysis showed that miR-186 was obvi-
ously reduced in HCC tissues in contrast with matched
normal liver tissues (p < 0.01) (Fig. 1A). As illustrated
in Figure 1B and C, compared with HCC tissues with
I-1II stage or nonvascular invasion, miR-186 expression
was obviously lower in HCC tissues with III-IV stage
or vascular invasion (p < 0.01). All patients were then
divided into the high miR-186 expression group (n = 25)
and the low miR-186 expression group (n = 25) accord-
ing to the median miR-186 expression value (Fig. 1D).
In contrast with HCC patients (median survival time: 51
months) who had higher expression level of miR-186,
the median survival time was decreased to 29 months in
HCC patients with lower miR-186 expression (p < 0.01).
In addition, we also measured the miR-186 expression
level in five HCC cell lines (HepG2, Hep3B, HUH7,
MHCC-97, and SMMC-7721). The results showed that,
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compared with LO2, the expression level of miR-186 was
indeed reduced in all HCC cell lines (p < 0.01) (Fig. 1E
and F). HepG2 and HUH? cells exhibited the lowest level
of miR-186 (p < 0.05), which was subsequently used for
in vitro assays. These findings suggested that miR-186
may be involved in the progression of HCC.

miR-186 Decreases Cell Proliferation and Promotes
Apoptosis

Because of downregulation of miR-186 in HepG2
and HUH?7 cells, a series of gain-of-function assays were
designed to elucidate the role of miR-186. As exhibited
in Figure 2A, miR-186 was specifically upregulated in
HepG2 and HUH7 cells transfected with miR-186 mim-
ics compared with the NC mimics group (p < 0.01).
The CCK-8 assay showed that in comparison with the
NC mimics group, the proliferation ability of miR-186-
upregulated HepG2 and HUH7 cells was markedly
decreased (p < 0.01) (Fig. 2B). Flow cytometry assay
was performed to determine the cell apoptosis. The flow
cytometry analysis indicated that the rate of apoptosis in
miR-186 mimics-transfected HepG2 and HUH7 cells was
significantly increased than that in the NC mimics group
(p <0.01) (Fig. 2C).

miR-186 Inhibits Migration and Invasion in HepG2
and HUH7 Cells

Subsequently, the migration and invasion capacities
of HepG2 and HUH?7 cells were detected following the
transfection of miR-186/NC mimics. The Transwell assay
revealed that the migratory numbers of HepG2 and HUH7
cells were significantly decreased by the miR-186 mimics
(p <0.01) (Fig. 2D). In addition, the invasive numbers of
HepG2 and HUH7 cells were also markedly reduced in
the miR-186 mimics-treated group in contrast with both in
the NC mimics group (p < 0.01) (Fig. 2E). These results
suggested the potential suppressive effect of miR-186 on
the migration and invasion in HCC cells in vitro.

miR-186 Inhibits EMT in HepG2 and HUH7 Cells

To elucidate the effect of miR-186 on EMT in HepG2
and HUH7 cells, we investigated the expression levels
of E-cadherin, N-cadherin, vimentin, and MMP2/9 after
transfection of miR-186/NC mimics. Western blot results
indicated that the expression of E-cadherin was elevated,
and expressions of N-cadherin, vimentin, and MMP2/9
were decreased by miR-186 mimics compared with those
in the NC mimics group (p < 0.01) (Fig. 3A). These
results showed the suppressive effect of miR-186 on the
progression of EMT in HCC cells.

miR-186 Suppresses Tumor Growth In Vivo

To investigate the tumorigenic effects of miR-186
on the BALB/C nude mice, we conducted a xenograft
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Figure 1. Expression of miR-186 in hepatocellular carcinoma (HCC) tissues and cell lines. (A) Quantitative reverse transcriptase
polymerase chain reaction (QRT-PCR) analysis for the relative expression of miR-186 in 50 cases of HCC tissues and adjacent normal
tissues. (B) The expression of miR-186 in HCC with (n = 23) or without vascular invasion (V.I.) (n = 27). (C) The expression of miR-
186 in HCC with low (I-II) (n = 23) and high TNM stage (III-IV) (n = 27). Data represent means =+ standard deviation (SD) of three
independent experiments. (D) Kaplan—Meier survival curves for patients with high and low miR-186 expression are shown. (E) The
qRT-PCR was used to quantitatively detect miR-186 expression in HCC cells. (F) RT-PCR bands for miR-186 and U6 in HCC cell lines
are shown. Data represent means =+ standard error of the mean (SEM) of three independent experiments. *p < 0.01.

mouse model using transfection with agomir-186 or
agomir-NC by tail vein injection. Tumor volumes were
then measured weekly, and tumor weight was detected
in week 5. The results showed that the mice with ago-
mir-186 exhibited significantly inhibited tumor volume
(p < 0.01) (Fig. 3B) and tumor weight (p < 0.01) (Fig.
3C). Moreover, we measured the expression level of
CDKG6 in the tumor tissues using Western blotting, and
the results indicated CDK6 expression was apparently
decreased in the tumor tissue of nude mice with ago-
mir-186 compared with that with agomir-NC (p < 0.01)
(Fig. 3D), thus suggesting miR-186 suppresses tumor
growth in vivo.

miR-186 Directly Targeted CDK6

TargetScan and functional analyses were used to pre-
dict the target gene of miR-186. CDK6 was chosen as

the object for further study owing to its potential target
relationship (Fig. 4A). We found that CDK6 was obvi-
ously downregulated in miR-186-transfected HepG2 and
HUH?7 cells compared with NC mimics using Western
blotting (p < 0.01) (Fig. 4B). To verify this prediction,
luciferase reporter assay was conducted to observe the
luciferase activity of 293T cells cotransfected with miR-
186 mimics and CDK6 WT or MUT vector. In the present
work, the luciferase activity of 293T cells cotransfected
with miR-186 mimics and CDK6 WT was obviously
decreased in contrast with that in NC mimics and CDK6
WT group (p < 0.01) (Fig. 4C), whereas miR-186 mim-
ics and the CDK6 MUT group exhibited no difference
in the luciferase activity of 293T cells from NC mim-
ics and CDK6 MUT group (p > 0.05) (Fig. 4C). These
results suggested that miR-186 directly targeted CDK6
in HCC cells.
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Figure 2. miR-186 inhibits proliferation, apoptosis, migration, and invasion of HCC cells. HepG2 and HUH7 cells were transfected
with miR-186 or negative control (NC) mimics. (A) miR-186 expression level in HepG2 and HUH7 cells was detected using qRT-
PCR. (B) Cell proliferation was determined by cell counting kit-8 (CCK-8) assay. (C) The apoptosis of HCC cells was validated using
flow cytometry. Transwell assay was used to analyze migration (D) and invasion (E) capacities of HCC cells. All results are expressed
as the mean + SEM from independent experiments (n = 3). *p < 0.01.

miR-186 Regulates Proliferation and Apoptosis
by Targeting CDK6 in HepG2 and HUH7 Cells

To explore whether miR-186 acts as a tumor suppressor
in the proliferation of HCC via targeting CDK6, we con-
ducted the gain- and loss-of-function analyses in HepG2
and HUH?7 cells. CDKG6 expression was rescued in miR-

186-upregulated HepG2 and HUH?7 cells in the presence
of pcDNA3.1-CDKG®6, but further inhibited in HepG2 and
HUH?7 cells transfected with si-CDK6. Ectopic expres-
sion of CDK6 promoted the cell viability in miR-186-
upregulated HepG?2 and HUH7 cells (p < 0.01) (Fig. 5A).
Moreover, the apoptosis rates of HepG2 and HUH7 cells
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Figure 3. miR-186 has an inhibitory effect on epithelial-mesenchymal transition (EMT) and tumor growth. (A) Western blotting
was used to detect the expression levels of related proteins of N-cadherin, E-cadherin, vimentin, and MMP2/9 in HepG2 and HUH7
cells transfected with miR-186 or NC mimics. (B) The tumor volume was measured weekly after transfection with agomir-186 or
agomir-NC. (C) Tumor-bearing mice were killed after 5 weeks’ cultivation, and tumors were stripped and weighed. (D) Western blot-
ting was used to detect the expression of CDK6 protein in tumor tissues of nude mice. All results are expressed as the mean + SEM
from independent experiments (n = 3). *p < 0.01.
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increased by miR-186 mimics were further reduced by
CDK®6 overexpression (p < 0.01) (Fig. 5B). Compared
with control siRNAs and NC mimics, the viability of
HepG2 and HUH7 cells was markedly weaker in the si-
CDK®6 group, while in the miR-186 mimics + si-CDK6
group, HepG2 and HUH7 cells exhibited the weakest
viability (p < 0.01) (Fig. 5C). Flow cytometry analysis
indicated CDK6 knockdown further enhanced cell apop-
tosis induced by miR-186 in HepG2 and HUH7 cells (p <
0.01) (Fig. 5D). These results confirmed that miR-186
regulates proliferation and apoptosis by targeting CDK6
in HepG2 and HUH7 cells.

Involvement of CDK6 in miR-186-Inhibited Migration
and Invasion of HepG2 and HUH7 Cells

In order to further evaluate whether miR-186 inhibited
the migration and invasion of HCC cells by regulating
CDK®6, pcDNA3.1-CDKG®6 or si-CDK6 was cotransfected
with miR-186 mimics to explore biological changes
of HCC cells. The Transwell assay revealed that the
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suppression of migration and invasion abilities of HepG2
and HUH7 cells by miR-186 mimics was partially abro-
gated by transfection of pcDNA3.1-CDKG6 (p < 0.01) (Fig.
6A and B). Compared with control siRNAs and NC mim-
ics, the migration and invasion capacities in the si-CDK6
group were reduced by approximately 45%. However,
in the miR-186 mimics + si-CDK6 group, the inhibition
effect of miR-186 was obviously strengthened by CDK6
silencing compared with miR-186 mimics or si-CDK6
group (Fig. 6C and D). The above findings revealed that
miR-186 suppressed the migration and invasion of HCC
cells via inhibiting CDK®6.

DISCUSSION

A large number of miRNAs have been demonstrated
to play a vital role in the occurrence and progression of
tumors in humans®. Therefore, more effort should be made
to elucidate the expression profile and utility of miRNAs
in various cancers. miR-186, a widely studied miRNA,
has been proved to attend in the progression of tumors,
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Figure 6. CDKG6 is involved in miR-186-inhibited migration and invasion of HepG2 and HUH7 cells. HepG2 and HUH7 were
transfected with pcDNA3.1-CDKG6 (loss of WT 3’-UTR) and/or miR-186 mimics. Transwell assay was conducted to detect cell migra-
tion (A) and invasion (B) in HepG2 and HUH7 cells. HepG2 and HUH7 cells were then cotransfected with miR-186 mimics and/or
si-CDK6. The migration (C) and invasion (D) abilities of HepG2 and HUH7 cells were detected by Transwell assay. Data represent

means + SEM of three independent experiments. *p < 0.01.
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such as renal cell carcinoma (RCC)", lung adenocarci-
noma'’, and cholangiocarcinoma'. In the present study,
we found that miR-186 was downregulated in HCC tis-
sues and cell lines, and HCC patients with lower miR-186
expression have lower OS rate and shorter survival time.
Therefore, we demonstrated miR-186 might be involved
in the progression of HCC.

A growing body of evidence shows that miR-186 acts
as a critical regulator of biological function in a variety
of cancers'®. For instance, overexpression of miR-186
could markedly repress proliferation, migration, and
invasion and induce apoptosis in RCC cells">. miR-186
upregulation was able to repress proliferation and migra-
tion of cholangiocarcinoma cells'*. Consistent with these
studies, we found that overexpression of miR-186 could
inhibit the growth of HCC cells and xenograft tumors and
decrease migrated and invasive cell numbers. EMT is
involved in the process of migration and invasion in many
cancers and has been reported to be regulated directly or
indirectly by miRNAs"'%, Cao et al. demonstrated that
ectopic overexpression of miR-186 inhibited gastric can-
cer cell migration and invasion by inhibiting EMT bio-
marker Twist1". Gou et al. found that miR-186 mimics
attenuated RUNX3-induced increase in E-cadherin and
inhibited metastasis and invasion, thereby influencing
EMT progression'®. Consistent with the above findings,
our study further identified that miR-186 inhibited EMT
in HepG2 and HUH?7 cells. These results inferred that
miR-186 acts as a critical suppressor of biological func-
tion in HCC.

miRNAs bind with specific mRNAs to regulate the
target gene expression’. Results from TargetScan showed
that miR-186 has complementary bases paring with CDK6
mRNA. Generally, CDKG6 is coexpressed and copurified
with cyclin D1 and functions as a cell cycle initiator pro-
tein to regulate cell proliferation'”'®. Additionally, overex-
pression of CDK6 has been demonstrated to be associated
with the development and carcinogenesis of HCC from
cirrhosis'. In this study, we identified that CDK6 3’-UTR
was a direct target of miR-186 using dual-luciferase
reporter assay. In vitro gain- and loss-of-function assays
revealed that overexpression of CDK6 undermined miR-
186-induced effects on proliferation, apoptosis, migra-
tion, and invasion of HCC cells. Conversely, inhibition of
CDKG6 exerted synergic effect on biological functions of
miR-186. These findings indeed demonstrate the inhibitor
effect of miR-186 on CDKG6. At present, CDK6 inhibitor
palbociclib has been approved for hormone receptor-pos-
itive breast cancer patients. The effect of palbociclib on
HCC is under active investigation®. Thus, miR-186 may
serve as a biological inhibitor of CDK6 for future treat-
ment of HCC.

In summary, we have identified for the first time that
miR-186 inhibits proliferation, migration, invasion, and
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EMT by exerting its negative regulation on the expression
of CDK6 in HCC. Exploration of miR-186-orientated
pathway networks may help us develop novel potential
therapeutic options for HCC.
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