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MicroRNA-30d inhibits the migration and invasion of
human esophageal squamous cell carcinoma cells via the
post-transcriptional regulation of enhancer of zeste homolog 2
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Abstract. The present study was carried out to investigate
the expression pattern, clinical significance and biological
functions of microRNA-30d (miR-30d) in esophageal carcino-
genesis. Quantitative real-time PCR was performed to detect
the expression levels of miR-30d in esophageal squamous cell
carcinoma (ESCC) tissues and cell lines. Then, associations
between miR-30d expression and various clinicopathological
features of patients with ESCC were statistically evaluated. In
addition, the effects of miR-30d on the migration and invasion
of two human ESCC cell lines transfected with miRNA or
co-transfected with miRNA mimics and the expression vector
of its target gene were determined. The results revealed that
the expression levels of miR-30d were markedly decreased in
ESCC tissues and cell lines, comparing with the corresponding
normal controls. Notably, reduced expression of miR-30d
occurred more frequently in ESCC patients with positive
lymph node metastasis, moderate-poor differentiation and
advanced tumor-node-metastasis stage than those with nega-
tive features. Functionally, enforced expression of miR-30d
was found to inhibit cell invasion and migration of the ESCC
cell lines. Luciferase reporter assay identified enhancer of
zeste homolog 2 (EZH?2) as a direct target gene of miR-30d.
The expression level of EZH2 mRNA was negatively corre-
lated with the expression of miR-30d in the ESCC tissues.
Moreover, the inhibitory effect of miR-30d on ESCC cell
motility was reversed by EZH2 overexpression. Collectively,
these findings provide convincing evidence that decreased
expression of miR-30d may be implicated in esophageal carci-
nogenesis and progression. We also confirmed miR-30d as a
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tumor-suppressor which may inhibit cancer cell motility by
targeting EZH?2, a potential therapeutic target for ESCC.

Introduction

Esophageal squamous cell carcinoma (ESCC) and esophageal
adenocarcinomarepresent two main histopathological subtypes
of esophageal cancer, which is the eighth most common
cancer and the sixth leading cause of cancer-related mortality
worldwide, affecting men more than women (1). ESCC is char-
acterized by its poor prognosis, with a 5-year survival rate less
than 15% (2). Particularly, in Western countries, the incidence
and the mortality rates of ESCC have steadily increased during
the past few decades (3). Despite advancement in radical
esophagectomy and systemic chemoradiotherapy, the clinical
outcome of ESCC patients is still very poor due to the high
prevalence of cell proliferation and metastasis (4). Moreover,
most ESCC patients are often diagnosed at an advanced
stage due to the absence of apparent symptoms and lack of
early detection methods (5). Therefore, it is of great clinical
significance to discover and identify tumor-specific molecular
biomarkers for the early detection and effective treatment, and
subsequently for the better understanding of the underlying
biological mechanisms of ESCC.

MicroRNAs (miRNAs), a conserved group of endogenous,
non-coding and single-stranded small RNAs 18-29 nucleo-
tides in length, can negatively regulate gene expression by
binding to the 3'-UTR of target messenger RNAs (mRNAs)
post-transcriptionally, leading to translation repression or
promotion of RNA degradation (6). miRNAs play crucial roles
in the regulation of a variety of biological and pathological
processes, including developmental timing, cellular growth,
proliferation, differentiation, death, apoptosis and carcinogen-
esis (7,8). Abnormal expression of miRNAs has been observed
in multiple types of human cancers, implying that miRNAs
may function as either oncogenes or tumor suppressors by the
sequence-specific regulation of the corresponding target gene
expression (9). miR-30d, a member of the miR-30 family, is
localized in human chromosome 8q24.22 (10). Accumulating
evidence has revealed that the aberrant expression of miR-30d
contributes to cancer development and progression. For
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example, miR-30d downregulation was found to contribute
to the development of anaplastic thyroid carcinoma through
the regulation of the polycomb protein enhancer of zeste
homolog 2 (EZH2) (11). miR-30d expression was found to be
increased in hepatocellular carcinoma tissues and its overex-
pression promoted tumor invasion and metastasis by targeting
Galphai2 (12). miR-30d suppressed prostate cancer cell prolif-
eration partially by targeting Bmi-1 (13). miR-30d was found
to inhibit renal carcinoma cell proliferation via the regulation
of cyclin E2 expression at the post-transcriptional level (14).
However, the role of miR-30d in human ESCC has not been
documented. Therefore, the present study aimed to investigate
the expression pattern, clinical significance and biological
functions of miR-30d in esophageal carcinogenesis.

In the present study, quantitative real-time PCR was
performed to detect the expression levels of miR-30d in both
ESCC tissues and cell lines. Then, the associations between
miR-30d expression and various clinicopathological features
of patients with ESCC were statistically evaluated. In addition,
the target genes of miR-30d were predicted by bioinformatic
miRNA target prediction tool, and validated by western blot
analysis and luciferase reporter assay. Moreover, the func-
tions of miR-30d in migration and invasion were determined
using two human ESCC cell lines following transfection with
miRNA mimics or co-transfected with miRNA mimics and
the expression vector of its target gene.

Materials and methods

Statement of ethics. The present study was approved by the
Ethics Committee of Huai'an First People's Hospital. Prior
informed consent was signed by all the patients enrolled in the
present study according to guidelines of Huai'an First People's
Hospital. All tissue specimens were handled and made anony-
mous based on ethical and legal standards.

Ethical approval. All procedures performed in the present
study involving human participants were in accordance with
the ethical standards of the institutional and/or national
research committee and with the 1964 Helsinki Declaration
and its later amendments or comparable ethical standards.

Patients and tissue samples. A total of 60 pairs of matched
primary ESCC and adjacent non-cancerous esophageal mucosal
tissue specimens were obtained from 60 patients who under-
went esophagectomy at the Department of Gastroenterology,
Huai'an First People's Hospital between Janurary 2012 and
December 2015. None of the patients received radiotherapy or
chemotherapy before surgery. The diagnosis was confirmed
by clinical examination and histopathological analysis of the
tissue specimens. The clinicopathological characteristics of
all 60 ESCC patients, including age, gender, tumor location,
lymph node metastasis, tumor-node-metastasis (TNM) stage
(based on the 7th edition of the AJCC/UICC TNM staging
system) and pathological grade are summarized in Table I. All
of the samples were collected and immediately snap frozen in
liquid nitrogen and stored at -80°C until further use.

Cell lines and culture. A human normal esophageal cell
line (HEEC) and two human ESCC cell lines (ECA109 and
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KYSE410) were purchased from the Shanghai Institute of Cell
Biology, Chinese Academy of Sciences (Shanghai, China).
All cell lines were cultured in Dulbecco's modified Eagle's
medium (DMEM; Gibco, Carlsbad, CA, USA) supplemented
with 10% fetal bovine serum (FBS). Cells were cultured at
37°C with 5% CO, for further use.

Cell transfection. The transfection of human ESCC cells
with miR-30d/control mimic (miR-30d/NC_mimics) and the
pcDNA3.1-EZH2 expression vector (en-EZH2) (both from
GenePharma Biotech, Shanghai, China) was carried out
using Lipofectamine 2000 (Invitrogen, Carlsbad, CA, USA)
according to the manufacturer's instructions. At 48 h following
transfection, the ESCC cells were harvested for western blot or
real-time quantitative PCR analyses.

Western blot analysis. Proteins in fresh clinical tissue speci-
mens and cells were extracted using cell lysis buffer (50 mM
Tris-HCI, pH 8.0, 2 mM EDTA, 1 mM DTT, 10 mM NaCl,
5 mg/ml leupeptin, 1% NP-40, 2 mg/ml pepstatin, 2 mg/ml
aprotinin, 0.1% SDS and 1 mM phenylmethylsulfonyl fluo-
ride). Equal amounts of protein (50 ug) were separated by
10% SDS-PAGE, and then transferred onto polyvinylidene
difluoride membranes (Qiagen China Co., Ltd., Shanghai,
China). Then, the membranes were incubated with the primary
antibodies: anti-EZH?2 (dilution 1:200; Zymed Laboratories
Inc., South San Francisco, CA, USA) and anti-GAPDH (dilu-
tion 1:500; Abcam Inc., Cambridge, MA, USA), after blocking
with 8% milk in phosphate-buffered saline (PBS; pH 7.5).
After that, the membranes were incubated with the appropriate
horseradish peroxidase-conjugated secondary antibodies
(dilution 1:1,000; Abcam Inc.) after incubation at 4°C over-
night. Finally, the proteins were visualized using enhanced
chemiluminescence reagent (Santa Cruz Biotechnology,
Santa Cruz, CA, USA). The expression level of EZH2 protein
was normalized to that of GAPDH protein. Each sample was
examined in triplicate.

RNA extraction and real-time quantitative RT-PCR. Total
RNA in fresh clinical tissue specimens and cells was extracted
using the RNeasy RNA Mini kit (Qiagen, Hilden, Germany)
according to the manufacturer's instructions. First-strand
cDNA was synthesized using PowerScript reverse transcriptase
(Clontech, San Jose, CA, USA) according to the manufacturer's
instructions. Following cDNA synthesis, real-time PCR
was performed using a Fast Start Master SYBR-Green kit
on a LightCycler (both from Roche Molecular Systems,
Indianapolis, IN, USA) according to the manufacturer's
instructions. The sequence-specific primer pairs used for
quantitative PCR are listed as following: miR-30d forward,
5'-UGU AAA CAU CCC CGA CUG GAA G-3' and reverse,
5-TGT AAA CAT CCC CGA CTG GAA GA-3"; U6 forward,
5'-CTC GCT TCG GCA GCA CA-3'and reverse, 5'-~AAC GCT
TCA CGA ATT TGC GT-3"; EZH2 forward, 5-TTA CTT GTG
GAG CCG CTG AC-3' and reverse, 5-TCA GAT GGT GCC
AGC AAT AG-3"; GAPDH forward, 5'-GCT GAG TAT GTC
GTG GAG TC-3' and reverse, 5-AGT TGG TGG TGC AGG
ATG C-3'. Relative expression levels of miRNA and mRNA
expression in fresh tissues and cells were determined using the
2244 method. Each sample was examined in triplicate.
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Table I. Associations between miR-30d expression and various clinicopathological characteristics of the 60 patients with ESCC.

No. of patients

Low miR-30d High miR-30d

Clinical variables (%) expression (n, %) expression (n, %) P-value

Age (years)
<60 25 (41.67) 13 (52.00) 12 (48.00) NS
>60 35(58.33) 19 (54.29) 16 (45.71)

Gender
Male 40 (66.67) 22 (55.00) 18 (45.00) NS
Female 20 (33.33) 10 (50.00) 10 (50.00)

Tumor location
Upper 1/3-middlel/3 41 (68.33) 23 (56.10) 18 (43.90) NS
Lower 1/3 19 (31.67) 9 (47.37) 10 (52.63)

Lymph node metastasis
Negative 24 (40.00) 6 (25.00) 18 (75.00) 0.006
Positive 36 (60.00) 26 (72.22) 10 (27.78)

TNM stage
Early 20 (33.33) 2 (10.00) 18 (90.00) <0.001
Advanced 40 (66.67) 30 (75.00) 10 (25.00)

Histological differentiation
Well 18 (33.33) 6(33.33) 12 (66.67) 0.02
Moderate/poor 42 (66.67) 26 (61.90) 16 (38.10)

ESCCs, esophageal squamous cell carcinomas; TNM, tumor-node-metastasis; NS, differences without statistical significance.

Cell invasion and migration assays. Cell migration and
invasion abilities of human ESCC cell lines following trans-
fection with miR-30d/NC-mimics or the co-transfection of
miR-30d/en-EZH?2 were evaluated using a Millicell Transwell
chamber (Millipore, Billerica, MA, USA), with or without
Matrigel (BD Biosciences, Franklin Lakes, NJ, USA). For the
invasion and migration assays, 48 h following the transfection,
Transwell chambers were placed into 24-well plates which
were respectively precoated with or without a 5 ml mixture
of BD Matrigel and DMEM (1:1, v/v). Following incubation at
37°C in a humidified incubator with 5% CO, for 40 min, for
cell migration and invasion assays, 1x10° tumor cells in 0.1 pl
of media without FBS were plated in the upper chamber. In the
lower chamber, 0.6 ul of medium with 10% FBS was added.
Forty-eight hours after incubation, cells on the upper surface
of the Millicell chambers, non-invasive or non-migrated cells,
were scraped off using a cotton swab. Tumor cells on the
bottom surface of the membrane were fixed with 4% parafor-
maldehyde at room temperature for 30 min and stained with
0.1% crystal violet for 15 min. The numbers of migrated or
invasive cells were counted in five randomly selected fields
under an inverted microscope (Olympus CKX41; Olympus,
Tokyo, Japan). Each sample was examined in triplicate.

miRNA target prediction. Validated targets for miR-30d-5p
were collected from miRTarBase (release 6.1; http:/mirtarbase.
mbc.nctu.edu.tw/), an experimentally validated miRNA-target
interaction (MTI) database, which has accumulated more than
300 and 60,000 MTTIs validated experimentally by reporter
assay, western blotting, qPCR, microarray and next-generation

sequencing experiments (15). While containing the largest
numbers of validated MTTs, the miRTarBase provides the most
updated collection by comparing with other similar, previously
developed databases. In the present study, we only collected
the MTIs which were validated experimentally by reporter
assay, western blotting and qPCR.

Luciferase reporter assay. To determine the binding efficiency
of miR-30d on the 3'UTR of EZH2 mRNA, two human ESCC
cell lines were co-transfected with miR-30d/NC-mimics
and pGL3-EZH2-3'-UTR-WT/MUT. To construct the EZH2
3'-UTR luciferase reporter (pGL3-EZH2-3'-UTR), the 263-bp
3'-UTR of EZH2 mRNA was amplifed by PCR (forward,
5'-GTA TGT CGG CAT CGA AAG AG-3' and reverse, 5'-CCT
GAA AGC AGT TAT TGA CA-3"). The amplified fragment
was cloned into pGL3-control firefly luciferase reporter vector
(Promega, Madison, WI, USA). Deletions of the seed region in
the EZH2 3'-UTR constructs were introduced by site-directed
mutagenesis (Eurofins MWG Operon, Ebersberg, Germany).
At 48 h after transfection, the cells were collected and detected
with the Dual-Luciferase reporter assay system (Promega, San
Luis Obispo, CA, USA). Luciferase activity was measured
using a Lumat LB 9507 apparatus (Berthold Technologies,
Bad Wildbad, Germany). Each sample was examined in
triplicate. The results are shown as relative luciferase activity,
which was normalized to B-galactosidase activity.

Statistical analysis. SPSS software (version 11.0; SPSS,
Inc., Chicago, IL, USA) was used to perform all statistical
analyses. Data are shown as mean =+ standard deviation (SD).
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Figure 1. miR-30d expression is downregulated in ESCC tissues and cells. (A) Compared with adjacent non-cancerous esophageal mucosal tissues, respectively,
the expression level of miR-30d in ESCC tissues was markedly decreased (ESCC vs. non-cancerous tissues, 1.82+0.68 vs. 3.16+0.92; P<0.01). (B) Compared
with the human normal esophageal cell line (HEEC), respectively, the expression levels of miR-30d in two human ESCC cell lines ECA109 and KYSE410 were
both markedly decreased (HEEC vs. ECA109 cells, 1.18+0.36 vs. 2.58+0.62; P<0.01; HEEC vs. ECA109 cells, 1.39+0.61 vs. 2.88+0.98; P<0.01).

The differences between groups were analyzed using the
Student's t-test when there were only two groups, or assessed
by one-way analysis of variance (ANOVA) when more than
two groups were analyzed. The correlation between miR-30d
and EZH2 mRNA expression in ESCC tissues was determined
by Spearman correlation analysis. The associations between
miR-30d expression and various clinicopathological charac-
teristics of the patients with ESCC were assessed using the
y* test for categorical variables. A P-value <0.05 was consid-
ered to indicate a statistically significant result.

Results

miR-30d expression is downregulated in ESCC tissues and
cells. Compared with the adjacent non-cancerous esopha-
geal mucosal tissues and human normal esophageal cell
line (HEEC), respectively, the expression levels of miR-30d
in ESCC tissues, and two human ESCC cell lines ECA109
and KYSE410 were all markedly decreased [ESCC vs.
non-cancerous tissues: 1.23+0.26 vs. 3.02+0.38; P<0.001
(Fig. 1A); ECA109 vs. HEEC cells: 1.69+0.27 vs. 3.87+0.59;
P<0.01; KYSE410 vs. HEEC cells: 1.72+0.26 vs. 3.87+0.59;
P<0.01 (Fig. 1B)].

miR-30d downregulation is associated with aggressive tumor
progression in the ESCC cases. The median value of miR-30d
(1.21) expression levels in 60 ESCC tissues was used as a
cut-off point to divide all 60 patients with ESCC into low
miR-30d expression (n=32) and high miR-30d expression
(n=28) groups. Table I summarizes the associations between
miR-30d expression and various clinical characteristics of the
patients with ESCC. Reduced expression of miR-30d occurred
more frequently in ESCC patients with positive lymph node
metastasis (P=0.006; Table I), moderate-poor differentiation
(P=0.02; Table I) and advanced TNM stage (P<0.001; Table I)
than those with negative lymph node metastasis, well differ-
entiation and early TNM stage. There were no significant
associations between miR-30d expression and patient age,
gender or tumor location (all P>0.05; Table I).

Enforced expression of miR-30d inhibits cell migration
and invasion of human ESCC cells. To determine the role
of miR-30d in ESCC cell motility, the migration and inva-
sion abilities of two human ESCC cell lines ECA109 and
KYSE410 transfected with the miR-30d mimics or negative
control mimics were assessed. Quantitative real-time PCR
showed that the expression levels of miR-30d in the ECA109
and K'YSE410 cells transfected with the miR-30d mimics were
markedly higher than levels in the cells tranfected with the
negative control mimics (both P<0.01; Fig. 2A). As shown
in Fig. 2B, the numbers of cells that migrated through the
micropore membrane were significantly decreased in the cells
transfected with the miR-30d mimics compared to the numbers
of cells transfected with the negative control mimics (for both
ECA109 and KYSE410 cell lines; both P<0.01). Similarly,
the results of the Matrigel-coated Transwell assay revealed
that the numbers of miR-30d-overexpressing ESCC cells that
invaded through the Matrigel were markedly lower than those
in the control groups (for both ECA109 and KYSE410 cell
lines; both P<0.01; Fig. 2C).

miR-30d reduces EZH?2 expression by targeting the 3'-UTR
of EZH2 mRNA. The above findings indicated that miR-30d
downregulation was significantly associated with aggressive
progression of patients with ESCC and enforced expression of
this miRNA efficiently suppressed the motility of the ESCC
cells. Next, we aimed to identify the downstream target genes
which are negatively regulated by miR-30d in ESCC cells. As
aresult, a total of 17 candidate target genes (including ATG12,
ATG2B, ATGS, BCL9, BECN1, BNIP3L, CASP3, EZH2,
GNAI2,GPR78,KPNB1,NOTCHI,RUNX?2,SMADI1,SNAII,
SOCSI1 and TP53) for which the interaction between miR-30d
was validated experimentally by reporter assay, western blot-
ting and qPCR, were collected from miRTarBase for miR-30d.
Among these genes, a previous study of Esposito et al (10)
found that miR-30d directly targeted the 3'-UTR of EZH2 in
anaplastic thyroid carcinoma. Growing evidence also showed
that EZH?2 overexpression was associated with tumor aggres-
siveness and poor prognosis in patients with ESCC (16-18).
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Figure 2. Enforced expression of miR-30d inhibits cell migration and invasion of human ESCC cells. (A) Quantitative real-time PCR showed that the expres-
sion levels of miR-30d in ECA109 and KYSE410 cells transfected with the miR-30d mimics were both markedly higher than level in the cells transfected
with the negative control mimics (both P<0.01). (B) The numbers of the migrated cells that travelled through the micropore membrane were significantly
decreased in cells transfected with the miR-30d mimics compared to the cells transfected with the negative control mimics (for ECA109 and KYSE410 cells:
both P<0.01). (C) The numbers of cells that invaded through the Matrigel in the miR-30d-overexpressing ESCC cells were markedly lower than those in the

control groups (for ECA109 and KYSE410 cells, both P<0.01).

Based on this finding, we chose EZH2 as a potential target
gene of miR-30d in ESCC cells.

The luciferase activities in ECA109 and KYSE410 cells
co-transfected with miR-30d/NC-mimics and pGL3-EZH2-
3-UTR-WT/MUT were measured by luciferase report assay.
As shown in Fig. 3A and B, ECA109 and KYSE410 cells
co-transfected with miR-30d-mimics and pGL3-EZH2-3-UTR-
WT both displayed a significant decrease in reporter activity
in comparison with the activity of cells co-transfected with
the NC-mimics and the pGL3-EZH2-3'-UTR-WT plasmid.

However, there were no differences with statistical signifi-
cance in the reporter activity between ECA109 and KYSE410
cells co-transfected with the miR-30d-mimics and the
pGL3-EZH2-3'-UTR-MUT plasmid and cells co-transfected
with the NC-mimics and the pGL3-EZH2-3'-UTR-MUT
plasmid (Fig. 3A and B).

In addition, enforced expression of miR-30d markedly
inhibited the endogenous expression of EZH2 mRNA and
protein in the ECA109 and KYSE410 cells (Fig. 3C and D).
Moreover, our Spearman's correlation analysis showed a
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Figure 3. EZH2 is a direct target of miR-30d in human ESCC cells. (A and B) ECA109 and KYSE410 cells co-transfected with the miR-30d-mimics and pGL3-
EZH2-3'-UTR-WT both displayed a significant decrease in reporter activity in comparison with the activity noted in cells co-transfected with the NC-mimics
and the pGL3-EZH2-3-UTR-WT plasmid. However, there were no differences with statistical significance in the reporter activity between ECA109 and
KYSE410 cells co-transfected with the miR-30d-mimics and pGL3-EZH2-3'-UTR-MUT plasmid and cells co-transfected with the NC-mimics and pGL3-
EZH2-3'-UTR-MUT plasmid.(C and D) Enforced expression of miR-30d markedly inhibited the endogenous expression of EZH2 mRNA and protein in the
ECA109 and KYSE410 cells, respectively. (E) Spearman's correlation analysis showed a negative correlation between miR-30d and EZH2 mRNA expression
in the ESCC tissues (Spearman's correlation, r=-0.527; P<0.001).

negative correlation between miR-30d and EZH2 mRNA  Suppression of migration and invasion of ESCC cells by
expression in ESCC tissues (Spearman's correlation: r=-0.527,  miR-30d is reversed by the overexpression of EZH2. To deter-
P<0.001; Fig. 3E). mine whether miR-30d suppressed cell migration and invasion

These findings provide evidence that EZH2 may be adirect ~ of human ESCC cells via regulating its target gene EZH2,
target of miR-30d in human ESCC cells. the motility capacities of the ECA109 and KYSE410 cells
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Figure 4. Relative expression levels of EZH?2 protein in human ESCC cells co-transfected with the miR-30d/NC-mimcs and EZH2/NC-expression vectors.

(A and B) Western blot analysis showed that endogenous expression levels of
mimic in the presence of the EZH?2 expression vector were both significantly
vector control (both P<0.01, respectively).

co-transfected with the miR-30d-mimics and the pcDNA3.1-
EZH2 expression vector were evaluated. As a result, western
blot analysis showed that the endogenous expression levels
of EZH?2 protein in the ECA109 and KYSE410 cells trans-
fected with the miR-30d mimic in the presence of the EZH2
expression vector were both significantly higher than the
levels in the cells co-transfected with the miR-30d mimic
and vector control (both P<0.01; Fig. 4A and B, respectively).
Functionally, a markedly higher number of ESCC cells
co-transfected with the miR-30d mimics and pcDNA-EZH2
expression vector migrated through the micropore or invaded
through the Matrigel (all P<0.05; Fig. 5), compared with the
numbers of cells co-transfected with the miR-30d mimics and
vector control.

Discussion

Accumulating evidence has revealed that miRNA-based
molecular alterations may be implicated in the initiation and
progression of human ESCC by activating or suppressing
multiple malignant processes (19,20). However, the underlying
mechanisms of esophageal carcinogenesis have not been fully
elucidated. In the present study, we demonstrated that the
expression level of miR-30d in ESCC tissues was markedly
lower than the level in adjacent non-cancerous esophageal
mucosal tissues, which was similar with the observations
observed using two human ESCC cell lines and one human
normal esophageal cell line. Then, we also found that the
reduced expression of miR-30d was significantly associated
with the status of lymph node metastasis and the histological
differentiation of ESCC tissues, as well as with the TNM
stage. Morover, decreased expression of miR-30d was nega-
tively correlated with increased expression of EZH2 in ESCC
tissues. Moreover, our data showed that increased miR-30d
expression efficiently inhibited cell migration and invasion

EZH?2 protein in the ECA109 and KYSE410 cells transfected with the miR-30d
higher than these levels in the cells co-transfected with the miR-30d mimic and

by reducing the expression of EZH2. These findings imply
a crucial role for the aberrant expression of miR-30d in the
carcinogenesis and metastasis of ESCC cells.

The differential expression patterns of miR-30d in
normal and cancerous cells suggest the roles of this miRNA
in sustaining normal physiological conditions as well as its
implications in cancers. It functions as either an oncogene
or a tumor suppressor by regulating the expression of its
target gene (11-14). Our data in the present study identified
a tumor-suppressive role of miR-30d in human ESCC and
also identified EZH2 as a direct target gene of this miRNA.
As a member of polycomb repressive complex (PRC)2,
EZH?2 functions as a histone methyl transferase (21). Under
a normal condition, EZH2 was found to control cell growth,
cell proliferation and cell cycle (22). During carcinogenesis,
EZH?2 overexpression was originally observed in hematologic
malignancies, and then its amplification was confirmed in
various human types of cancers, such as oral cancer, ESCC,
breast, lung and gastric cancer, hepatocellular carcinoma,
colon, prostate, bladder and endometral cancer (16-18,23-28).
Aberrant expression of EZH2 was reported to be associ-
ated with tumor aggressive progression and poor prognosis
in patients with many types of human cancers. Particularly,
in ESCC, He et al (16) indicated that overexpression of EZH2
was found in >50% of ESCC patients, and was closely corre-
lated with increased cell proliferation, high histopathological
grade, regional and distant lymph node metastasis and lack
of clinical complete response to chemoradiotherapy, as well
as adverse patient outcome of ESCC patients treated with
definitive chemotherapy; Ha et al (17) also identified the
co-expression of EZH2 and another member of PRC1-Bmil as
an independent poor prognostic factor in ESCC. In the present
study, EZH2 was confirmed to be a direct target of miR-30d
based on a luciferase reporter system, the western blot assay
and the spearman correlation analysis of the expression levels



XIE et al: ROLES OF THE miR-30d-EZH2 AXIS IN ESCC 1689

A NC-vector i

2 R TIRY &

- L

NC-mimics :

miR-30d
B
NC-mimics
miR-30d
“ NCvector  EzH2
c Bl AR S L

NC-mimics - ;._,;f.-’._'\.‘ %‘-"*{33
. N

- : . L

oerr, et s o AL
-‘.'. "'. ;‘..:".. ".v. =

A ."‘-"o a - o
0% "

miR-30d .\"_-" " '_‘;".”‘-'-1'-

% £oe ‘..o-':-ﬂ' .
D NC-vector EZH2
e qr .-"."; .. f_."‘"o.' 1
- o) o " L L T
PR Ay & R S
NC-mimics . % iy # - u d e Lo g Tn
N P Mt
".’-"." - F LN S Ve -.’x
alnll W "‘;;-ﬂs;
- - e ]
-:."“ ‘ TN Peatip-. %
T S
g LT
miR-30d  _ SRR, Wl ol
': e g ¥W *.sNR
- - ;:v"_ -

®er P<0.01
300 |- E=

250
sl P<0.05

==

100 -

400 | P<0.01

=

300

250
il P<0.05

o =

100

50 —_—

250 F
200 |- B3

150 |- P<0.05

100 E —]

250 F P<0.05

200

150 |- P<0.05
o= B

50 |

0 L
miR-30d -
NC-mimic + - -
EZH2 - - +
NC-vector + + - -

The number of invasive cells The number of invasive cells The number of migrated cells The number of migrated cells

+ 4

Figure 5. Suppression of migration and invasion of ESCC cells by miR-30d is reversed by the overexpression of EZH2. (A and B) Markedly higher numbers
of ECA109 and KYSE410 cells, respectively, co-transfected with the miR-30d mimics and pcDNA-EZH?2 expression vector migrated through the micropore
(all P<0.05). (C and D) Markedly higher numbers of ECA109 and KYSE410 cells, respectively, co-transfected with the miR-30d mimics and pcDNA-EZH2

expression vector invaded through the Matrigel (all P<0.05).

of miR-30d and EZH2 mRNA in ESCC tissues. Rescue
experiments also demonstrated that the inhibitory effects of
miR-30d in cell migration and invasion of ESCC cells were
reversed by the enforced expression of EZH?2, which indicate
a role of the miR-30d-EZH2 axis in esophageal malignant
progression.

In conclusion, these findings provide convincing evidence
that the decreased expression of miR-30d may be implicated in
esophageal carcinogenesis and progression. We also confirmed
miR-30d as a tumor suppressor which may inhibit cancer cell
motility by targeting EZH2, implying a potential therapeutic
target for ESCC.
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