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Abstract: MicroRNAs have been implicated in cancer cells proliferation, migration and invasion, including clear-
cell renal cell carcinoma (ccRCC). DNA methylation, a major epigenetic change associated with cancer, may lead
to transcriptional silencing of tumor suppressor genes, including miRNAs, which may be a possible mechanism
in carcinogenesis. In this study, we aim to investigate the role of miR-10b in ccRCC and its possible epigenetic
mechanism. By gPCR and MSP, we found that miR-10b was significantly decreased in ccRCC tissues and cells, and
exhibited heavy methylation on promoter. Upregulation of miR-10b by transfecting with lentivirus highly expressed
miR-10b or by exogenous demethylation agents was capable of inhibiting cell proliferation, migration and invasion
measured by CCK-8 cell proliferation assay, scratch assay, transwell assay, and flow cytometric analysis of the cell
cycle. Our results suggest that miR-10b plays a tumor-suppressive role in ccRCC. Demethylation of miR-10b may be

therapeutically beneficial for ccRCC treatment.
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Introduction

Clear-cell renal cell carcinoma (ccRCC), the
leading lethal cause of renal cell carcinoma
with steadily rising in the world, is a highly treat-
ment-resistant tumor type [1]. Emerging evi-
dence is elucidating the molecular mechanisms
underlying ccRCC and promising therapeutic
targets [2]. In ccRCC, mutations result in the
up-regulation or down-regulation of many cod-
ing RNAs or non-coding RNAs, such as microR-
NAs (miRNAs), that necessary for tumor growth,
survival and angiogenesis [3].

MiRNAs are a class of short (~22 nt) noncoding
regulatory RNAs, which have been demonstrat-
ed to be promise diagnostic biomarkers and
therapeutic targets for cancer. MiRNAs act as
oncogenes or tumor suppressors depending on
their target genes [4]. Several miRNAs, such as
miR-185 [5], miR-200 [6] and miR-10b [7], have
been found to be dysregulated in renal cell car-
cinoma. MiR-10b is significantly upregulated in
non-small cell lung cancer (NSCLC) tissues as
well as in A549 cell line, and positively corre-
lated with TNM stage and regional lymph node
involvement [8]. It was reported that miR-10b

was significantly upregulated in bladder cancer
cell lines and metastatic tissues, enhanced
bladder cancer cell migration and invasion by
targeting KLF4 and HOXD10 [9]. However, MiR-
10b is significantly downregulated in gastric
cancer cell lines and tissues. Overexpression of
miR-10b in gastric cancer cell lines dramatically
suppresses cell proliferation, migration, inva-
sion, and induced apoptosis; furthermore,
5-aza-2’-deoxycytidine (5-Aza) increases miR-
10b expression by decreasing the methylation
level of miR-10b in the CpG islands [10]. It was
found that miR-21 and miR-10b were differen-
tially expressed in ccRCC nuclear grades. And
the high ratio of miR-21/miR10b correlated sig-
nificantly with poor prognosis in metastasis-
free patients [11]. These findings indicate that
miR-10b exhibits different functions depending
on cancer types. The precise mechanisms
underlying regulation of miR-10b in ccRCC
remain unclear. DNA methylation, a major epi-
genetic change associated with cancer, may
lead to transcriptional silencing of tumor sup-
pressor genes, including miRNAs, which may be
a possible mechanism in carcinogenesis. And
DNA methylation has also been used to identify
tumor suppressor genes. Moreover, DNA meth-
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ylation markers have been used for cancer
diagnosis, and prognosis.

In this study, we aim to investigate the role of
miR-10b in ccRCC and its possible epigenetic
mechanism. We demonstrate that heavy meth-
ylation on promoter CpGs of miR-10b in ccRCC
is a regulator of multiple aspects of cancer biol-
ogy. Upregulation of miR-10b is capable of
inhibiting cell proliferation, migration and inva-
sion. Our results suggest that miR-10b has a
tumor-suppressive rolein ccRCC. Demethylation
of miR-10b may be therapeutically beneficial
for treating ccRCC.

Materials and methods
Tissue samples

Total 9 cases of ccRCC tissues and the matched
adjacent normal tissues used in the study were
collected from 9 patients between 2010 and
2014 in our hospital. Informed consents were
signed by all patients and approved by the
Independent Ethical Committee of Central
South University. All samples were stored at
-80°C until tissue analysis.

Cells culture

HEK293, A498, ACHN, 786-0 and Caki-1 cells
were obtained from American type culture col-
lection (ATCC). All the cells are cultured in
RPMI1640 (Gibco) basic medium supplement-
ed with 10% FBS at the conditions: 95% air and
5% CO, at 37°C.

Lentivirus infection

In order to investigate the role of miR-10b in
ccRCC cells, 786-0 and ACHN cells were infect-
ed with negative control lentivirus (Lv-NC) or
miR-10b lentivirus (miR-10b) for 36 h by using
Lipofectamine 2000 (Invitrogen), and the
untreated cells were used as mock control
(Con). For overexpression of Twistl in 786-0
and ACHN cells, negative control lentivirus (NC)
and Twist1 lentivirus (Twistl) were transfected
into these cells by using Lipofectamine 2000
(Invitrogen), and the untreated cells were used
as mock control (Con). QPCR and western blot
were used to detect the expression of Twistl.

Epigenetic drug treatment of cells

786-0 and ACHN cells were divided as following
three groups: 1. Control; 2. treated with
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demethylation drug 5-Aza-2’-deoxycytidine
(Aza, Sigma, USA) 15.55 nM for 48 h; 3. Treated
with histone deacetylase inhibitor 4-Phenyl-
butyric acid (PBA, Sigma) 1.5 nM for 48 h.

Quantitative PCR (qPCR) analysis

Trizol reagent (Invitrogen, USA) was used to
extract total RNA from the indicated cells
according to the manufacturer’s instructions.
The specific primers for miRNA-10b and U6
were purchased from GeneCopoeia. miScript
SYBR® Green PCR Kit (Qiagen) was used to
detect the expression of miR-10b. Expression
of U6 was used to normalize the expression of
miR-10b as an endogenous control. FastLane
Cell SYBR® Green Kit (Qiagen, Valencia, CA) was
used for real time PCR to detect the expression
of Twistl. The primers of Twist1 and [-actin are
as follow: Twistl, sense, TTCTCGGTCTGGAG-
GATGGA, antisense, CCCACGCCCTGTTTCTTTG-
AA;B-actin,sense, AGGGGCCGGACTCGTCATACT,
antisense, GGCGGCACCACCATGTACCCT. Twist1l
expression was normalized by B-actin. All the
gPCR data were processed using 22T
method.

Western blot

RIPA lysis buffer (Boster, Wuhan, China) was
used to extract the total protein was extracted
from the tissues or cells. BCA Protein Assay Kit
(Thermo, Waltham, MA) was used to measure
the protein concentration. 60 ug of total protein
was then separated with 10% SDS-PAGE and
transferred to a nitrocellulose membrane. The
membranes were blocked and incubated with
indicated primary antibody (mouse monoclo-
nal, anti-Twistl from Abcam, 1:2000; Rabbit
polyclonal, anti-B-actin from Abcam, 1:3000)
overnight at 4°C. The membrane was washed
and incubated with secondary antibody for 90
min at 37°C. The signals on the membrane
were detected by enhanced chemilumines-
cence reagent. Data was analyzed by densi-
tometry using Image-Pro plus software 6.0 and
normalized to internal control expression
(B-actin).

CCK-8 cell proliferation assay

Cell growth was measured by CCK-8 assay.
2000 indicated cells were seeded in each
96-well plate for 12 h, and further incubated
for Oh, 24 h, 48 h and 72 h respectively. 1 hour
before the ending of incubation, 10 ul CCK-8
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reagents (Boster, Wuhan, China) were added to
each well. OD 570 nm value in each well was
determined by an enzyme immunoassay
analyzer.

Scratch assay

Cells in each group were collected and resus-
pended in completed medium containing 10%
FBS. Then, each well of a 6-well plate was seed-
ed with 5x10° cells. When the cells were cul-
tured into about 100% confluence, and were
scratched with the head of a 200 pl tip, and
washed these cells with serum-free medium.
Then, these cells were further cultured for 24 h
in serum-free medium. After that, serum-free
medium were replaced with H-DMEM medium
containing 10% FBS and continued to culture
for 72 h, then these cells in each group were
photographed for analysis.

Transwell assay

The indicated cells were starved in serum-free
medium for 24 h. The cells were collected and
then resuspended in serum-free medium. The
cells were added to the upper chamber, while
the lower chamber was filled with completed
medium containing 10% FBS. After 24 hours
incubation, cells attached to the bottom of
upper chamber were fixed and stained with
crystal violet for 30 min at 37°C, and dried in
air. Acetic acid was used to dissolve the crystal
violet. The optical density (OD) at 570 nm was
detected by an enzyme immunoassay analy-
zer.

Flow cytometric analysis of the cell cycle

Cells from each group were trypsinizated and
washed with cold PBS, and then stained by BD
Cycletest™ Plus (BD Biosciences) according to
the manufacturer’s instructions. The cell cycle
was analyzed by flow cytometry (Beckman
Coulter, USA). The experiments were indepen-
dently performed in triplicate.

Measurement of miR-10b promoter CpG island
methylation status by bisulfite genomic
sequencing PCR (BSP) and methylation specific
PCR (MSP).

TaKaRa Genomic DNA Extraction Kit (TaKaRa
Co., China) was used to extract Genomic DNA.
Total 1 pg of Genomic DNA was modified with
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bisulfite using the Epitect Bisulfite Kit Protocol
(Qiagen) according to the manufacturer’s
instructions. The primers used to amplify were
as following: miR-10b forward, AATTATGT-
GGGAGGTAGGAAGG, and reverse, TATCTA-
CTCCTTTTCCTACTAC. The PCR products were
gel extracted (Qiagen) to confirm that a single
band had been obtained and were then
sequenced by Beijing Genomics Institute
(Wuhan, China).

Methylation-specific PCR (MS-PCR) was per-
formed on bisulfate-treated DNA. The primers
used were Un-methylated miR-10b forward,
GTATTGTATAGTGTTGAGGTGTTGG, and reverse,
ATCCAAACTAACCTCTCCATTCCAC; and methyl-
ated miR-10b forward: TAAGTATTGT ATAGTG-
TCGAGGCGT, and reverse, ATCCGAACTAA-
CCTCTCCGTTCCGC. The annealing temperature
was 58°C for Methylated-PCR, and Un-
methylated-PCR, with 35 cycles used for each.

Statistical analysis

Student t-tests or one-way ANOVA were used to
analyze statistical data by Graphpad prismb
software, depending on the experimental con-
ditions. Compared with respective controls,
statistical significance was considered when P
values of <0.05.

Results

Methylation of CpG islands and expression of
miR-10b in ccRCC tissues and RCC cell lines

The expression of miR-10b was significantly
decreased in the ccRCC samples from the 9
ccRCC patients compared with the matched
adjacent tissues, as indicated by the RT-gPCR
(Figure 1A). And the similar results were
observed in the ccRCC cell lines (Figure 1B).
We further investigated the underlying mecha-
nisms of miR-10b silence by MSP. A significant-
ly higher level of methylation was observed in 8
ccRCC tissues compared with the matched
adjacent tissues (Figure 1C).

Effects of miR-10b on cell proliferation, cell
cycle, migration and invasion

In order to investigate the role of miR-10b in
ccRCC cells, we infected the 786-0 and ACHN
cells with lentivirus to overexpress miR-10b
(Figure 2A and 2F). CCK-8 was used to detect
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Figure 1. MiR-10b expression and CpG island methylation. A: MiR-10b expression levels were significantly lower in
ccRCC tissues than that of in matched adjacent tissues. B: MiR-10b expression levels were significantly lower in
renal cancer cell lines than those in HEK293 controls. C: MSP test results indicated that methylation of miR-10b
promoter was higher in ccRCC tissues than that of in matched adjacent tissues. Data are presented by means * s.d,

*P<0.05, **P<0.01, **P<0.001 vs. control.

the 786-0 and ACHN cells proliferation. We
found that inhibition of proliferation was
induced by upregulation of miR-10b (Figure 2B
and 2G). Flow cytometric analysis was used to
analyze cell cycle alterations. The results
revealed that upregulation of miR-10b induced
cell cycle arrest with a significant decrease in S
phase in 786-0 and ACHN cells (Figure 2C and
2H). Scratch assay was used to measure the
migration ability of 786-0 and ACHN cells after
miR-10b treatment. The results indicated that
the migration ability was significantly decreased
by miR-10b compared to negative control
(Figure 2D and 2I). Transwell assay was used to
measure the invasive ability of 786-O and
ACHN cells after miR-10b treatment. The
results indicated that the invasive ability was
significantly decreased by miR-10b compared
to negative control (Figure 2E and 2J).

Upregulated expression of miR-10b was in-
duced by demethylation agents and Twist1

In order to investigate the underlying mecha-
nisms of miR-10b silence in ccRCC, ccRCC cell
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lines were treated with demethylation agents.
The CpG island methylation of miR-10b was
examined using BSP after demethylation
agents treatment. The results indicated that
methylation of miR-10b was decreased after
15.55 nM 5-Aza or 1.5 nM PBA treatment
(Figure 3A). A significant increase expression of
miR-10b was observed in 786-O and ACHN
cells treated with 15.55 nM 5-Aza and 1.5 nM
PBA (Figure 3B). Furthermore, in line with previ-
ous report that Twist1 was a well known regula-
tor of miR-10b [12], we also confirmed that
overexpression of Twistl (Figure 3C and 3D)
dramatically upregulated miR-10b expression
in ccRCC cells (Figure 3E).

Effects of demethylation agents on cell prolif-
eration, cell cycle, migration and invasion

CCK-8 was used to detect the 786-0 and ACHN
cells proliferation. We found that inhibition of
proliferation was induced by 5-Aza or PBA treat-
ment (Figure 4A and 4E). Flow cytometric anal-
ysis was used to analyze cell cycle alterations.
The results revealed that 5-Aza or PBA treat-
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Figure 2. Overexpression of miR-10b inhibits cell proliferation, cell cycle, cell migration and invasion in 786-0 and ACHN cells. The expression of miR-10b was sig-
nificantly increased in 786-0 (A) and ACHN (F) cells after transfecting with miR-10b lentivirus. Overexpression of miR-10b dramatically reduced cell growth in 786-O
(B) and ACHN (G) cells. Overexpression of miR-10b arrested cell cycle at S phase in 786-0 (C) and ACHN (H) cells, significantly inhibited cell migration in 786-O (D)
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and ACHN (1) cells, and repressed cell invasion in 786-0 (E) and ACHN (J) cells. Data are presented by means + s.d,
"P<0.05, ""P<0.01, *"P<0.001 vs. negative control (NC).
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Figure 3. MiR-10b expression and CpG island methylation after epigenetic drugs treatment and Twist1 upregulation.
A: The BSP detection results demonstrated that methylation of miR-10b was decreased after 5-Aza or PBA treat-
ment. B: MiR-10b expression levels were significantly increased by 5-Aza or PBA treatment in 786-0 and ACHN cells.
C: QPCR was used to detect Twistl mRNA expression after lentivirus transfection. D: Western blot was used to detect
Twistl protein expression after lentivirus transfection. E: MiR-10b expression levels were significantly induced by
Twist1 upregulation in 786-0 and ACHN cells. Data are presented by means * s.d, “P<0.05, **P<0.01, "*"P<0.001

vs. control.

ment in 786-0 and ACHN cells induced cell
cycle arrest with a decrease in S phase (Figure
4B and 4F). Scratch assay was used to mea-
sure the migration ability of 786-0 and ACHN
cells after 5-Aza or PBA treatment. The results
indicated that the migration ability was signifi-
cantly decreased by 5-Aza or PBA compared to
control group (Figure 4C and 4G). Transwell
assay was used to measure the invasive ability
of 786-0 and ACHN cells after 5-Aza or PBA
treatment. The results indicated that the inva-
sive ability was significantly decreased by 5-Aza
or PBA compared to control group (Figure 4D
and 4H).

Discussion

Aberrant expression of miR-10b has been
described in several types of cancer, including
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nasopharyngeal carcinoma [13], breast cancer
[14], esophageal squamous cell carcinoma
[45], and ccRCC [16]. MiR-10b is a bi-functional
gene either as oncogene or tumor suppressor.
High level miR-10b expression has been found
in colorectal cancer, and associated with lym-
phatic invasion and poor prognosis [17]. And
increased miR-10b expression in pancreatic
ductal adenocarcinoma (PDAC) has been iden-
tified as a marker of disease aggressiveness
[18]. Severino P et al also demonstrated that
miR-10b played an oncogenic role in head and
neck squamous cell carcinomas involved in cell
cycle progression [19]. These results indicate
that miR-10b acts as an oncogene in these can-
cers. However, down-regulation of miR-10b
expression is also observed in ccRCC, bladder
cancer, endometrioid endometrial carcinoma
and breast cancer [20-23], supporting the

Int J Clin Exp Pathol 2015;8(9):10595-10604
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Figure 4. The effects of epigenetic drugs on cell proliferation, cell cycle, cell migration and invasion. Cells proliferation was inhibited by 5-Aza or PBA treatment in
786-0 (A) and ACHN (E) cells. Cell cycle was arrested at S phase in 786-0 (B) and ACHN (F) cells after 5-Aza or PBA treatment. Cell migration was repressed by 5-Aza
or PBA treatment in 786-0 (C) and ACHN (G) cells. Cells invasive ability was reduced by 5-Aza or PBA treatment in 786-0 (D) and ACHN (H) cells. Data are presented
by means * s.d, *P<0.05, "*P<0.01, "**P<0.001 vs. control.
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tumor suppressor role of miR-10b in these can-
cers. In our recent study, we find that miR-10b
is significantly downregulated in ccRCC tissues
and renal cancer cell lines compared to those
in the matched adjacent tissues and HEK293
cell lines, respectively. Our results are in line
with the report that expression level of miR-10b
was lower in the tumors of RCC patients who
developed tumor relapse and metastatic
tumors than those of relapse-free RCC patients
[16].

By using MSP, we find that a significantly higher
level of methylation of miR-10b promoter is
observed in ccRCC tissues compared to the
matched adjacent tissues. Previous studies
have demonstrated that miR-10b is regulated
by Twistl in breast cancer [12, 24], and we also
confirm this case in ccRCC. DNA methylation of
miR-10b has been implicated in cancer cell
growth, invasion and metastasis, and chemore-
sistance [25]. Hypermethylated CpG sites in
miR-10a are found in hepatocellular carcinoma
[26]. And miR-10b promoter is heavily methyl-
ated in gastric cancers [27]. Additionally, the
expression of miR-10b is down-regulated in
ccRCC metastatic tissue samples compared
with the normal tissue [11], and a higher ratio
of miR-21/miR-10b indicates a poorer progno-
sis [28]. Thus, hypermethylation of miR-10b
promoter may contribute to ccRCC progres-
sion.

By gain of functional experiments, we find that
overexpression of miR-10b in ccRCC cell lines
significantly inhibits cell growth, arrests cell
cycle at S phase, represses migration and inva-
sion. These results are confirmed by demethyl-
ation drugs (5-Aza and PBA) treatment in ccRCC
cell lines. We analyze methylation and expres-
sion of miR-10b in ccRCC cells in the presence
of 5-Aza and PBA, and find that methylation of
miR-10b shows a dramatic reduction, whereas
miR-10b expression exhibits a significant
increase after 5-Aza and PBA treatment in two
of the cell lines. Furthermore, 5-Aza and PBA
treatment significantly induce inhibition of cell
proliferation, arrest of cell cycle, and suppres-
sion of cell migration and invasion. Previous
studies have shown that 5-aza-2’-deoxycytidine
and trichostain A increase miR-10b expression
in gastric cancer cells [10], and renal cell carci-
noma cell lines [22]. Taken together, our data
strongly suggest that miR-10b expression is rel-
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evant to epigenetic regulation such as promot-
er methylation, at least in renal cancer cells
tested in this study. Although we have revealed
that epigenetic modulation as an upstream
regulator regulated the expression of miR-10b,
a tumor suppressor, in ccRCC, more efforts are
needed to explore the downstream target
genes of miR-10b. And some targets of miR-
10b have been identified, such as microtubule-
associated protein, RP/EB family, member 1
(MAPREY) in gastric cancer [27], homemobox
D10 in ovarian cancer [29], and CCNA2 in
breast cancer [23]. The target of miR-10b in
ccRCC remains to be demonstrated.

In conclusion, we find that miR-10b expression
is frequently silenced in ccRCC by its promoter
methylation and that miR-10b may act as a
tumor suppressor. Thus, we suggest that modu-
lation of miR-10b may represent a therapeutic
benefit for ccRCC management.
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