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Abstract: Aim: To investigate the role of miR-101 in the regulation of tumor proliferation, invasion, apoptosis and to
its target gene in human ESCC. Methods: The expression level of miR-101 in Eca109 cell line was determined by
real-time polymerase chain reaction (PCR). After transfected with miR-101 mimics and inhibitor, proliferation, migra-
tion and apoptosis in ESCC cell line (Ecal109) were detected by MTT, cell wound healing assay and flow cytometry,
respectively. The expression of EZH2 in Eca109 cell was examined by immunohistochemical staining. Results: We
found that miR-101 was significantly down-regulated in ESCC cell than in matched normal esophageal epithelium
cell. The expression level of miR-101 was inversely correlated to EZH2 protein expression in ESCC cell. In Eca109
cells, over-expression of miR-101 significantly inhibited the migration and invasion of ESCC cells, and promotes cell
apoptosis. Conclusions: These findings suggest that decreased expression of miR-101 might promote metastasis of
human ESCC by inducing accumulation of EZH2 protein.
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Introduction

Esophageal squamous cell carcinoma (ESCC) is
the second most common cancer in China [1].
ESCC still remains the leading cancer-caused
mortality in northern China, in particular in
areas nearby Taihang Mountain [2]. In Xinjiang
Uygur Autonomous Region which is a multi-eth-
nic area located in the Northwest of China,
Kazakh ethnic group has a high incidence of
ESCC being due to genetics and dietary. The
recurrence rate of ESCC is extremely high after
surgical treatment and the prognosis is usually
poor (it is only 3-5% of diagnosed patients who
can survive for 5 years) [3]. Ecidence support-
ing the critical role of proliferation, migration
and apoptosis in the biological behavior of
ESCC has led to a variety of studied on the
basic mechanisms involed. Metastasis is a
strong independent prognostic factor for ESCC
[4]. Accordingly, the early recognition of the pri-
mary tumor and targeting agents to tumor are
critical to successful treatment. Therefore, any
insight into the mechanisms of ESCC metasta-

sis may provide important clues for the develop-
ment of clinical early diagnostic and effective
therapeutics [5].

MicroRNAs (miRNAs) are a class of endogenous
small, non-coding RNAs of 19-22 nucleotides
that regulate a wide range of biological process-
es through changing the expression and trans-
lation of target mRNA genes [6]. Recently, miR-
NAs have been definitively linked to cancer
development, including esophageal cancer. For
example, it is reported that miR-142-3p is
involved in the progression of ESCC and is a
potential prognostic biomarker for ESCC [7].
miR-302b is a potential molecular marker of
ESCC and functions as a tumor suppressor by
post-transcriptionally regulating ErbB4 [8].

Considering that the expression and function of
miRNAs may vary in different types of tumors,
in this study we set out to investigate mecha-
nism and function of miR-101 via altering its
target gene expression in human ESCC. Here
we report the EZH2 expression in ESCC is regu-
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Figure 1. Expression of miR-101 is downregulated in human ESCC cell line. A: miR-101 expression was examined
in Ecal109 cell and normal esophageal cells by RT-PCR. B: Comparison the expression level of miR-101 before and
after transfected with mimics. C: Comparison the expression level of miR-101 before and after transfected with

inhibitor.

lated by miR-101. We show that miR-101 is
down-regulated in ESCC cells, resulting in inc-
reased EZH2 expression and enhance ESCC
cell proliferation, migration and reduced apo-
ptosis.

Materials and methods
Cell lines

The esophageal cancer cells (Ecal09) were
obtained from the Cell Bank of Shanghai. Cells
were grown in DMEM medium and with 10%
fetal bovine serum at 37°C in a humidified
atmosphere of 95% air and 5% CO,. Cells were
routinely passaged at 2-3 day intervals.

RNA isolation and real-time quantitative RT-
PCR

Total RNA was extracted using the TRIzol kit
(Invitrogen) according to the manufacturer’s
instructions and To quantify mature miR-101
expression, the isolated total RNA was polyad-
enylated and reverse transcribed for use in a
two-step quantitative RT-PCR. PCR conditions
were 95°C for 3 minutes followed by 40 cycles
of 95°C for 15 seconds, 56.7°C for 40 sec-
onds. Real-time PCR analyses were performed
with Real Master Mix using synthesized primers
that were purchased from RiboBio. U6 small
nuclear RNA was used as an internal control.
The following primers were: microRNA-101, 5'-
TACAGTACTGTGATAACTGAA-3’  (hsa-miR-101);
5-GTCGTATCCAGTGCAGGGTCCGAGGTATTCG-
CACTGGATACGACTTCAGT-3’ (hsa-miR-101-RT);
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5-GCGTGCTACAGTACTGTGATAACTG-3’ (hsa-miR-
101-AS) and U6, 5-CTCGCTTCGGCAGCACA-3’
(forward); 5-AACGCTTCACGAATTTGCGT-3’ (re-
verse). The finally data were shown as fold
change (229 and analyzed initially using
GraphPad Prism 5.0 software. All samples were
amplified in triplicate.

Scratch test

The Scratch test method was used to estimate
cell’'s Migration ability. Draw a trace in the bot-
tom of the culture flasks, Take photos for three
consecutive days and observe the cell around
of the trace.

MTT proliferation assay

The capacity for cellular proliferation was mea-
sure with a 3-(4,5-dimethylthiazol-2-yl)-2,5-di-
phenyl-tetrazolium bromide (MTT) assay.
Ecal109 cells were plated at 10*cells per well in
96-well plates with three replicate wells for
each condition, transfected with oligonucle-
otides, and assayed O h, 24 h, 48 h, 72 h post-
transfection. The cells were then incubated
with 50 pl of MTT (5 mg/ml) for 4 h at 37°C and
150 ul of DMSO was added to solubilize the
crystals for 20 min at room temperature. The
optical density was determined with a spectro-
photometer at a wavelength of 490 nm.

Apoptosis assays

The Annexin V-FITC Apoptosis Detection kit was
used to detect and quantify apoptosis by flow
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Figure 2. Ectopic expression of miR-101 inhibits tumor cell proliferation of Ecal109 cells. A: Cell proliferation after
transfection into miR-101mimics was measured by MTT assay at different time points. B: Cell proliferation after
transfection into miR-101 inhibitor was measured by MTT assay at different time points.

cytometry. In brief, cells were harvested 24 h
after transfection and collected by centrifuga-
tion for 5 min at 1000 x g. Cells were resus-
pended at a density of 1 x 10° cells/ml in 1X
binding buffer, stained with FITC-labeled Anne-
xin V for 5 min and immediately analyzed by
FACScan Flow Cytometer (Becton Dickinson,
San Jose, CA, USA). The data obtained were
analyzed using CellQuest software.

Immunohistochemistry

Immunhistochemistry was performed accord-
ing to the method described previously. Briefly,
cells washed twice with 10 x PBS, 4% parafor-
maldehyde for 15 min, washed twice with 10 x
PBS, 3% H,0, for 15 minutes, washed twice
with 10 x PBS. Serum closed, serum in block-
ing solution in the kit, 37°C, 20 minutes.
Remove the serum closed, Add 1:150 primary
antibody (EZH2 and COX-2), 4°C 12 h, Negative
control antibody was replaced with PBS.
Washed twice with 10 x PBS, Adding secondary
antibody, 37°C, 20 minutes. DAB colorimetric
method to color for 10 minutes. PBS to termi-
nate and take photos. Experienced patholo-
gists and graded as absent (0), weak (1+), mod-
erate (2+) or strong (3+).

Statistical analysis

All mapping were using GraphPad Prism 5.0
software. All statistical analyses were carried
out using SPSS version 17.0 statistical soft-
ware (SPSS Inc, Chicago, IL, USA). P values <
0.05 were considered statistically significant

6545

and all of them are two-sided. Quantitative data
were expressed as the mean + SD. Student’s t
test and ANOVA was used to determine statisti-
cal significance. Differences were considered
significant at P < 0.01.

Results

miR-101 is downregulated in human Eca109
cell

Using a gRT-PCR method, miR-101 levels were
detected in human Ecal09 cell lines. miR-101
expression was reduced in human Ecal109 cell
lines compared with the normal esophagus
cells. Approximately 20% lower than normal
esophageal cells. (Figure 1A). The expression
of miR-101 was significantly up-regulated in
Ecal09 cell which transfected into miR-101
mimic (P < 0.01). In addition, miR-101 mimics
group level of expression was fifteen times ris-
ing than normal group (Figure 1B). In miR-101
inhibitor group, the level of miR-101's expres-
sion was the sixth falling than normal group
(Figure 1C).

miRNA-101 inhibits the proliferation of Eca109
cells

The growth ability of Ecal09 cell was deter-
mined by MTT assay in cells transfected with
miR-101 inhibitor and mimic for 24, 48, and 72
h. There was no significant difference in the
proliferation rate at the beginning of transfec-
tion. However, Ecal09 cells treated with miR-
101 mimic exhibited 30% decrease in growth
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Figure 3. miR-101 inhibit the migration and invasion of ESCC cell line. In Ecal109 cell, the expression of miR-101
was increases from scratch group (36.63 um * 2 um) below the non-transfected cells in the experimental group
(184.12 ym £ 2 pym). After 72 h, the width of scratches in the experimental group and the non-transfected cells
experimental group were almost healed; whereas in the miR-101 up-regulated group, the width of scratches were
basically no migration. Difference between the three groups was statistically significant after 72 h (P < 0.05). A.
Each group of Eca109 cells by Cell wound healing assay. The migration inhibition rates were 0%, 29%, 35%, respec-
tively. B-D. The picture of normal Ecal109 cell three days scratches. E-G. The picture of after transfected the mimics
three days scratches. H-J. The picture of after transfected the inhibitor three days scratches.

rate compared with control group (P < 0.01) at Conversely, at 24, 48 and 72 h post transfec-
24 h, 24% decrease (P < 0.01) at 48 h and 13% tion with the miR-101 inhibitor, cell proliferation
decrease (P < 0.01) at 72 h (Figure 2A). rate was no significant (Figure 2B). Ecal09
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Figure 4. Overexpression of miR-101 promotes Cell Apoptosis. Eca1l09 cell group: the apoptotic rate of untrans-
fected group was 2.9%; after transfection into miR-101mimics, the apoptotic rate was 97.8%. And after transfection
into miR-101 inhibitor, the apoptotic rate decreased to 6.3%. GraphPad Prism 5.0 software was used to analyze the
results. It was noted that up-regulated miR-101, the apoptotic rate increased about thirty-four times before transfec-
tion. The difference was statistically significant (P < 0.05). A. The apoptosis rate of Eca109 cell. B. The apoptotic rate
when imported mimics of miR-101 into the cell. C. The apoptotic rate when imported inhibitor of miR-101 into the
cell. D. Comparison of cell apoptotic rates (%). After transfected mimics of miR-101, apoptotic rate was thirty-four
times higher than that before-trasfaction. After transfected inhibitor of miR-101, apoptotic rate was two times higher
than that before-trasfaction. The difference was statistically significant.

cells by MTT assay. At the time point of 0, 24, ties of in ESCC cell line. The result of scratch
48, and 72 h posttransfection of miR-101 mim- detected were lower (55.14 ym + 2 ym) than
ics, the inhibition rates were 94%, 30%, 24% pre-transfection (137.71 ym £ 2 um) (Figure
and 13%, respectively. The difference was sta- 3E-G). The migration inhibition rates were 0%,
tistically significant. At the time point of O, 24, 29%, 35% respectively. We found that the per-
48, and 72 h posttransfection of miR-101 centage of cells travelled through the micro-
inhibitor, the inhibition rates were 93%, 93%, pore membrane was significantly decreased in
98% and 99% respectively. The difference was cells transfected with miR-101 mimics as com-
statistically significant. pared with control miRNA (Figure 3A).

miR-101 suppresses ESCC migration and inva- Overexpression of miR-101 promotes apopto-
sion sis of ESCC cell line

We investigated the effect of miR-101 re- The Annexin V-positive early-phase apoptotic
expression on the migration and invasion abili- cells were significantly increased in cells trans-
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Figure 5. A. Imnmunohistochemistry of normal cells. B. Immunohistochemical of after transfected miR-101 mimics.
C. Immunohistochemical of after transfected miR-101 inhibitor. D. Immunohistochemical of negative control.

fected with miRNA-101 mimics when compared
with miRNA-101 inhibitor cells. At 72 h after
transfection, the early apoptosis rate in Eca109
cells transfected with miR-101 mimic (97.8%,
Figure 4A) and inhibitor (6.3%, Figure 4B) After
transfected mimics of miR-101, apoptosis rate
was eight times than normal, After transfected
inhibitor of miR-101, apoptosis rate was two
times than normal, The difference was statisti-
cally significant. (P < 0.05, Figure 4D).

MiR-101 posttranscriptionally down-regulates
EZH2 expression in ESCC cell line

Since microRNA always regulates its target
genes at the posttranscriptional level, we exam-
ined the level of EZH2 protein by immunohisto-
chemistry in Ecal09 cells. Observed under a
microscope at 10 x, Ecal109 cells in the normal
group, there are 860 cells is positive, 140 cells
emerge negative (Provisions of its total number
of observations is 1000 cells), while after trans-
fected into miR-101 mimics, 626 cells were
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positive, 374 cells appear negative. And there
were 721 cells were positive, 279 cells appear
negative in miR-101 inhibitor group. We found
that EZH2 protein expression in cells transfect-
ed with the miR-101 inhibitor was significantly
higher than mimics groups (Figure 5B, 5C).
Therefore, expression of EZH2 was elevated
when miR-101 levels were decreased.

Discussion

MiRNAs are evolutionarily conserved small non-
coding RNAs (21-25 nucleotides) that regulate
gene expression through modulation of transla-
tion efficiency or degradation of miRNAs. It was
reported that miR-223, miR-25, miR-375 [9],
miR-655 [10], miR-34b and miR-423 [11] were
involved in regulation carcinogenesis in ESCC.
MiR-101 was reported to be down-regulated in
human colon cancer [12], prostate cancer [13],
cervical cancer [14] and so on, and could
repress the proliferation, invasion and metas-
tasis of tumor cells. Here we show that miR-101
is down-regulated in ESCC cells Eca109.

Int J Clin Exp Pathol 2014;7(10):6543-6550
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MiR-101, belongs to a family of miRNAs that is
involved in a series of cellular activities, e.g.
cell proliferation, invasion, angiogenesis [15].
Previous studies have shown that the role of
miR-101 in the progression of various types of
tumors is controversial. The expression pattern
and targets of miR-101 vary in different types
of tumors. In recent years, relevant article been
shown that miR-101 has to suppresses motility
of bladder cancer cells [16], human hepatocel-
lular carcinoma [17]. In our preliminary experi-
ment, we found overexpression of miR-101 has
obvious inhibitory effects on cell proliferation,
migration and invasion in cervical cancer cells
[18]. However, little information has been
focused on the role of miR-101 in the regulation
of its target gene expression in human ESCC. In
our study, miR-101 expression in the Ecal09
cells was down-regulated remarkably. After
overexpression of miR-101 in Ecal09 cells
could significantly inhibit ESCC cell prolifera-
tion, migration and invasion and increas cellu-
lar apoptosis which are similar with human
other cancers been reported. Such as, miR-101
may suppress HCC tumor progression by down-
regulating SOX9 [19], miR-101 inhibits lung
cancer invasion through the regulation of
enhancer of zeste homolog 2 [20]. These
results suggested that miR-101 may be involved
in the incidence of esophageal cancer as a role
of tumor suppressor. That is to say, when we
up-regulated miR-101, it can control the infiltra-
tion of cells into the surrounding tissue in order
to inhibit a transfer of esophageal cancer.

To further probe the molecular mechanisms
underlying miRNA-101 inhibition of ESCC cell
growth and invasion, we searched for putative
miRNA-101 targets through TargetScan, PicTar,
and miRBase software. We identified EZH2 as a
predictive target gene of miR-101. We further
characterized EZH2 as the functional target of
miR-101. In this study, we found that there was
a significant correlation between expression
levels of miR-101 and protein levels of EZH2
through Immunhistochemistry. In the EZH2 pro-
tein positive group, the expression levels of
miR-101 was significantly lower than negative
group. We found EZH2 protein can down-regu-
lator expression by miR-101 in Ecal109 cell. The
enhancer of zestehomolog 2 (EZH2) is located
at chromosome 735 and encodes a member
of the Polycomb group proteins. We speculate
that they may be involved in some of the tumor
suppressor gene promoter methylation status,
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leading to tumor suppressor gene silencing,
thereby contributing to the incidence and devel-
opment of esophageal cancer. These findings
suggest that miR-101 may play an important
role in inhibiting the biological behavior of
ESCCs by targeting EZH2. Although in Ecal109
cells, over expression of miR-101 was found to
suppress EZH2 expression, we did not detect
significant correlation between the expression
of miR-101 and EZH2 in clinical samples of
ESSC tumor tissues, these researches will be
need in further experiments.

In summary, we have demonstrated for the first
time that miR-101 inhibits tumorigenesis in
ESCC by attenuating cell proliferation and
migration and promoting apoptosis. Our find-
ings suggest that miR-101 and its target gene
EZH2 may play important roles in the pathogen-
esis of ESCC, and miR-101 (and its targets) may
be potential diagnostic or therapeutic targets
for ESCC.

We propose that miR-101 is tumor suppressor
genes in ESCC. It would be interesting to test
whether these miRNAs act synergistically to
regulate ESCC cell migration and invasion.
Further experiments in animal models are war-
ranted to establish the role of these miRNAs
and EZH2 in regulating ESCC metastasis and
EZH2-independent signal pathway, detect sig-
nificant correlation between the expression of
miR-101 and EZH2 in clinical samples of ESSC
tumor tissues.
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