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Abstract. Esophageal cancer is a common tumor for which 
morbidity and mortality are high worldwide. We aimed to 
study alterations in miR-486 expression in esophageal cancers, 
and the effect miR-486 on esophageal cancer cell function 
and behavior. We collected esophageal cancer tissues/corre-
sponding normal tissues from 20 patients and utilized three 
esophageal cancer cell lines and normal esophageal epithelial 
cells, and the expression of miR-486, CDK4 and BCAS2 was 
detected by qRT-PCR. Western blotting was used to detect the 
expression of CDK4 and BCAS2 protein. Then, we overex-
pressed miR-486 in esophageal cancer cell line EC9706. A 
series of cell functional analyses, including cell growth, cell 
cycle, apoptosis, migration and invasion were performed in 
esophageal cancer cells using colony formation assay, flow 
cytometry, Transwell and scratch assays, respectively. Dual-
Luciferase reporter gene assay was used to detect the target 
genes of miR-486. We found that the expression of miR-486 
in esophageal cancer tissues and cell lines was significantly 
lower than that in the normal tissues and normal esophageal 
epithelial cell line. Overexpression of miR-486 significantly 
inhibited the colony formation ability, induced G0/G1 phase 
arrest and apoptosis and suppressed cell migration and inva-
sion in the EC9706 cells. Using bioinformatics and luciferase 
reporter assay, we identified that CDK4 and BCAS2 may be 
target genes of miR-486 and levels of CDK4 and BCAS2 
were both significantly higher in the esophageal cancer tissues 
and cell lines than levels in the normal tissues and cells. 
Furthermore, knockdown of CDK4/BCAS2 coincided with 
the suppressive effects of miR-486 in esophageal cancer cells. 
Expression of apoptotic signaling molecules p21 and caspase-3 
was upregulated in the CDK4/BCAS2-knockdown groups. 
These results suggest that miR-486 may suppress tumor cell 

growth and metastasis in esophageal cancer by targeting 
CDK4/BCAS2. The newly identified miR-486/CDK4/BCAS2 
pathway provides further insight into the development and 
progression of esophageal cancer, which is of great significance 
to the early diagnosis and detection of esophageal cancer.

Introduction

Esophageal cancer, located in the area from the esophagus 
between the throat and stomach, has become the eighth most 
commonly diagnosed cancer in the past decade. The 5-year 
survival rate of esophageal cancer patients is only approximately 
17.5% as reported by data of SEER 18 2004-2010 (1). Based 
on the location and ancestral precancerous cells, esophageal 
cancer is mainly divided into two subtypes: adenocarcinoma 
and squamous cell carcinoma (2,3). Alcohol consumption and 
smoking are related to both subtypes. Gastroesophageal reflux 
disease (GERD) and obesity are associated with adenocarci-
noma, while nitrosamines and nutritional deficiencies could 
lead to squamous cell carcinoma (4). In the clinic, surgery, 
chemotherapy and radiotherapy are commonly used to treat 
esophageal cancer (5).

It has been reported that mutations of several genes are 
associated with esophageal cancer, such as p53, FasL and 
EGFR (6-9). Recent research has demonstrated that miRNAs 
play essential roles in esophageal cancer (10). MicroRNAs 
are a class of non-coding RNAs of 17-24 nucleotides, which 
regulate gene expression by targeting specific mRNAs (11-13). 
Primary transcripts are firstly cleaved by Drosha and clipped by 
Dicer (14). MicroRNAs act as oncogenes or tumor-suppressor 
genes in cancers to participate in processes of tumorigenesis, 
differentiation and apoptosis (15,16). There are various reports 
concerning the aberrant expression of microRNAs such as 
miR-21, miR-127 and miR-377 in esophageal squamous 
cell carcinoma (17-20). miR-486, located in the 40th intron 
of the ankyrin-1 gene, was firstly identified in human fetal 
liver (21,22). It has been reported that aberrant expression 
of miR-486 is present in several types of cancer including 
gastric cancer, cutaneous T cell lymphomas and kidney 
cancer (23,24). It has been found that miR-486 functions as 
a tumor suppressor in several types of cancer (25-27). Yet, 
reports of miR-486 in esophageal cancer are rare. In esopha-
geal cancer tissues, miR-486-5p was found to be suppressed 
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and it affected cell proliferation, migration and apoptosis to 
suppress cancer (28). In esophageal cancer tissues, we found 
aberrantly downregulated expression of miR-486.

In the present study, we investigated the miR-486 expression 
alteration between esophageal squamous carcinoma and normal 
tissues and assayed the effects of miR-486 overexpression on 
esophageal cancer cell proliferation, invasion and apoptosis. 
Based on the findings of the function of miR-486 in the present 
study, we conclude that miR-486 plays an essential role in the 
progression of esophageal cancer and may be a potential thera-
peutic target for esophageal squamous carcinoma.

Materials and methods

Sample collection. A total of 20 histopathologically confirmed 
esophageal squamous carcinoma and corresponding normal 
samples were collected from patients. All the procedures were 
approved by the institutional review boards of the participating 
hospitals affiliated with Zhengzhou Univeristy. The fresh 
specimens were obtained and stored at -80˚C immediately. All 
specimens were obtained by surgical resection, fixed in 10% 
neutral formalin and embedded in paraffin. After hematoxylin 
and eosin (h&E) staining, the samples were pathologically 
diagnosed under a microscope according to the criteria for 
diagnosis and treatment of esophageal cancer (2011) (29). 
Relevant clinical pathological information was obtained from 
the hospital.

Cell culture. Three esophageal cell lines (KYSE150, EC9706 
and TE-9) and human normal esophageal epithelial cell line 
het-1A were purchased from the Cell Bank of Shanghai 
Institute of Cell Biology (Chinese Academy of Medical 
Sciences, Shanghai, China). KYSE150, EC9706 and TE-9 
cells were cultured in RPMI-1640 medium (Gibco, Carlsbad, 
CA, USA) supplemented with 10% fetal bovine serum (FBS; 
Gibco) and a 1% penicillin (Invitrogen, Shanghai, China). 
Het-1A cells were cultured in Dulbecco's modified Eagle's 
medium (DMEM; Gibco) supplemented with 10% FBS and 
1% penicillin. All the cell lines were grown at 37˚C in an 
incubator.

H&E staining of tissue sections. Before staining, the tissues 
were sliced into 5-µm thick sections and dewaxed in xylene, 
and rehydrated through a serial of decreasing concentrations 
of ethanol. After washing in phosphate-buffered saline (PBS), 
the sections were stained with h&E. Finally, the sections were 
dehydrated in increasing concentrations of alcohol and xylene.

RT-PCR. Total RNA was extracted from the samples and cell 
lines using TRIzol reagent (Takara Bio, Shiga, Japan). cDNA 
of miRNA was synthesized by miRNA cDNA Synthesis kit 
(Abm Canada Inc., Milton, ON, Canada). cDNA from mRNA 
was synthesized by RT Master Mix (Abm Canada). The 
RT-PCR was performed using SYBR® Green Master Mixes 
(SR1110; Thermo Fisher Scientific, Darmstadt, Germany) 
according to the manufacturer's instructions. The primers 
were: GAPDh forward, 5'-TGTTCGTCATGGGTGTGA 
AC-3' and reverse, 5'-ATGGCATGGACTGTGGTCAT-3'; 
CDK4 forward, 5'-TGACATTCCCCTCCCACCTCTCC-3' 
and reverse, 5'-ATCCTCCTGCCTCAGTCTCCCAAGTA-3'; 

BCAS2 forward, 5-AAGGACAACAGCATCTTCCCAAA 
AC-3' and reverse, 5'-TCACATACATCTAGTTCATCTACC 
TAAAGTGTTC-3'; miR-486-5p forward, 5'-ACACTCCAG 
CTGGGTCCTGTACTGAGCTGCCC-3' and reverse, 5'-CT 
CAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGC 
CCCGAG-3'; U6 forward: 5'-CTCGCTTCGGCAGCACA-3' 
and reverse, 5'-AACGCTTCACGAATTTGCGT-3'. Relative 
gene expression was calculated by the 2-ΔΔCt method.

Western blotting. The tissues and cells were lysed with RIPA 
buffer supplemented with phenlymethanesulfonyl fluoride 
(PMSF). After the concentration was quantified, the proteins 
were subjected to SDS-PAGE and transferred to polyvinylidene 
difluoride membranes. The membranes were immunoblotted 
with the primary antibodies: CDK4 (1:500, ab108357; Abcam, 
Cambridge, UK), BCAS2 (1:500, ab151293; Abcam), GAPDh 
(1:500, ab8245; Abcam), p21 (1:500, ab109520; Abcam) and 
caspase-3 (1:300, ab2171; Abcam) overnight at 4˚C. After 
being rinsed with TBST, the membranes were incubated with 
secondary antibodies (at a dilution of 1:5,000) conjugated to 
horseradish peroxidase. The protein bands were visualized 
and exposed to X-ray film. GAPDH was used as the internal 
control.

Immunohistochemistry. The sections were rehydrated in 
xylene and decreasing concentrations of alcohol. Then, the 
slices were incubated with 3% h2O2 for blocking and incubated 
with 10 mM citric acid for antigen retrieval. After a second 
blocking in TBS with 5% BSA, the sections were incubated 
with the primary antibody CDK4 (1:500) or BCAS2 (1:500), 
at 4˚C overnight. Subsequently, the sections were treated with 
the secondary antibody for 60 min at room temperature (RT). 
Finally, a colorizing reagent was used to stain and hematoxylin 
was used to counterstain cell nuclei.

miRNA/siRNA synthesis and transfection. miR-486 mimics/
NC, target siRNA and control siRNA were synthesized in 
Shanghai GenePharma Co., Ltd. (Shanghai, China). Cells 
were transfected with siRNA diluted by Opti-MEM I Reduced 
Serum Medium using Lipofectamine 2000 (Abm Canada) 
according to the manufacturer's protocol.

Colony formation assay. After transfection with the miR-486 
mimics/NC, the cells were cultured for 48 h and collected. 
The cell density was adjusted to 2000 cells/ml and then the 
cells were seeded in 6-well plates. The cells were observed 
under a microscope each day and medium was changed every 
two days. After fixation with 4% paraformaldehyde, the cells 
were strained using crystal violet. After washing with PBS, the 
number of cell colonies was counted for data analysis.

Scratch wound healing assay. After transfection with the 
miR-486 mimics/NC, the cells were cultured overnight. Cell 
scratches were made with 1-ml tips and the width of the scratch 
wounds were kept the same. After washing with PBS, the 
cells were cultured in an incubator and images of the scratch 
wounds were captured after 48 h.

Flow cytometry. The cells were cultured for 48 h and fixed in 
ice-cold 70% ethanol for 12 h. After washing, the cells were 
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incubated with 0.25 mg/ml RNase at 37˚C for 30 min. The 
cells were resuspended in PI solution (50 µg/ml) and subjected 
to cell cycle analysis by flow cytometric analysis.

The cells were incubated for 48 h, cells were washed and 
resuspended in binding buffer and incubated with FITC-
Annexin V (Nanjing KeyGen Biotech Co., Ltd., Nanjing, 
China). After 15 min, 5 µl PI and 300 µl were added to each 
sample. The cells were incubated for 30 min at RT in the dark 
and subjected to flow cytometric analysis within 1 h.

Transwell invasion assay. Transwell assay was performed to 
detect the invasive ability of the cells. The upper chambers of 
Transwell plates (BD Biosciences, San Jose, CA, USA) were 
coated with Matrigel and ~5x104 transfected cells were seeded 
into the chambers. After a 48-h incubation, the cells on the 
upper chambers were wiped off and the cells on the lower 
surface were washed. After being fixed, the cells on the lower 
surface of the membrane were stained with crystal violet to 
test the extent of invasion.

Dual-luciferase experiment. The cells were cultured at 
60-80% confluence in 24-well plates for 12 h. The reporter 
plasmids and miR-486-5p were transiently transfected into the 
cells. After 48 h, the Dual-Luciferase reporter assay (Promega, 
Madison, WI, USA) was used to measure the Renilla luciferase 
activity and the data were normalized with firefly luciferase.

Statistical analysis. The Spearman's rank correlation coef-
ficient was used to analyze the ranked data and the Student's 
t-test was performed to analyze the RT-PCR data. One-way 
ANOVA was used to analyze the multiple group comparisons. 
p<0.05 was considered indicative of statistical significance. 
Each sample was assayed at least three times.

Results

H&E staining of esophageal squamous carcinoma tissues and 
adjacent tissues. According to histological type, esophageal 
cancer can be divided into esophageal squamous cell carci-
noma and adenocarcinoma. Compared to the normal tissues, 
cancer cells are larger in size than normal cells and the 
morphology is not consistent. It was observed that giant nuclei, 
dual nuclei, multi nuclei or heteromorphic nuclei were present 
in the cancer cells. The ratio of the nucleus and cytoplasm of 
the cancer cells was different from that of the normal cells 
(Fig. 1).

Expression of miR-486, CDK4 and BCAS2 in esophageal 
squamous cell carcinoma tissues and cells. miR-486 expres-
sion was significantly downregulated in esophageal squamous 
carcinoma tissues compared to the corresponding esophageal 
normal tissues of 20 esophageal cancer patients (Fig. 2A, 
p<0.0001). The mRNA and protein levels of CDK4 and 
BCAS2 were upregulated in the esophageal cancer tissues 
(Fig. 2A and B, p<0.001). We selected three esophageal cancer 
cell lines, KYSE150, EC9706 and TE-9, and a normal esopha-
geal epithelial cell line het-1A. miR-486 exhibited decreased 
expression while CDK4 and BCAS2 had increased mRNA and 
protein levels in the three esophageal cancer cell lines than 
that in the normal cells (Fig. 3 and B).

Through immunohistochemical staining, it was observed 
that CDK4 and BCAS2 exhibited stronger staining in esopha-
geal squamous carcinoma tissues compared to that noted in 
the normal tissues (Fig. 2C). The expression of CDK4/BCAS2 
was increased in the cell nucleus and cytoplasm.

Overexpression of miR-486 inhibits the colony formation 
of EC9706 cells. According to the above-mentioned results, 
the expression of miR-486, CDK4 and BCAS2 in the three 
esophageal cancer cell lines was the same, thus EC9706 
cells were selected for the following experiments. The cells 
were divided into two groups: NC- and miR-486 mimic-
transfected EC9706 cells. RT-PCR was performed to detect 
the level of miR-486 (Fig. 4A). In order to observe whether 
miR-486 affects the function of EC9706 cells, we detected 
the cell viability of the two cell groups. The results showed 
that the colony formation ability was significantly inhibited 
in the miR-486 mimic-transfected EC9706 cells; the number 
of colonies in the experimental group was significantly lower 
than that in the negative control (NC) group (Fig. 4B, p<0.001). 
These results suggest that miR-486 has the ability to inhibit 
the colony formation of esophageal cancer cells.

Overexpression of miR-486 induces cell cycle arrest and 
apoptosis of EC9706 cells. Flow cytometry is a method by 
which to measure the relative content of DNA, which confirms 
the cell proportion in each stage of the cell cycle and the apop-
totic rate. In order to observe the effects of miR-486 on cell 
proliferation and apoptosis of the EC9706 cells, we analyzed 
the percentage of cells in the different stages of the cell cycle 
and apoptosis using flow cytometry. The results showed that 
compared with the NC group, overexpression of miR-486 
significantly reduced EC9706 cell proliferation, which was 

Figure 1. h&E staining of esophageal squamous cell carcinoma tissue and the adjacent tissue.
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mainly reflected by the fact that a higher percentage of cells 
was arrested in the G0/G1 phase (p<0.05). The corresponding 
proportion of S phase cells was significantly decreased 
(p<0.01), and cells in the G2/M phase were slightly changed 
(Fig. 4C).

The change in anti-apoptosis ability is an important char-
acteristic of tumor cells. After overexpression of miR-486 
in EC9706 cells, flow cytometry was used to observe the  
proportion of apoptosis of the two groups of cells. The results 
showed that the miR-486 mimic-transfected EC9706 cells 

Figure 3. miR-486 expression was significantly downregulated while expression of CDK4 and BCAS2 was upregulated in esophageal cancer cell lines. (A) The 
mRNA expression of miR-486, CDK4 and BCAS2 (*p<0.05; **p<0.0). (B) The protein level of CDK4 and BCAS2. P<0.001 vs. controls.

Figure 2. miR-486 expression was significantly downregulated in esophageal squamous carcinoma tissues compared to that noted in the corresponding 
esophageal normal tissues from 20 esophageal squamous cell carcinoma patients while the expression of CDK4 and BCAS2 was upregulated. (A) The mRNA 
expression of miR-486, CDK4 and BCAS2 (***p<0.001). (B) Protein levels of CDK4 and BCAS2. (C) Immunohistochemical staining of CDK4 and BCAS2 in 
esophageal squamous carcinoma tissues and controls. 
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had a significantly higher percentage of apoptosis compared 
with the NC group (Fig. 4D, p<0.001). These results suggest 
that miR-486 inhibits the cell cycle progression and induces 
apoptosis in esophageal cancer cells.

Overexpression of miR-486 suppresses the migration and 
invasion of EC9706 cells. The migration and invasion ability of 
cancer cells is an important factor related to tumor metastasis. 
Cell scratch assay was used to observe the motile ability of the 
cells in the miR-486 mimic-transfected and NC-transfected 
EC9706 cells. After 48 h, the migration ability of the EC9706 
cells with overexpression of miR-486 was significantly lower 
than that of the NC group, which indicated that miR-486 

could inhibit the motility of esophageal cancer cells (Fig. 4E, 
p<0.01).

Transwell assay was performed to test the effects of 
miR-486 on the invasion ability of cancer cells. After over-
expression of miR-486 in EC9706 cells, the number of cells 
invading the basement membrane was significantly lower than 
that in the NC group (Fig. 4F, p<0.01). These results indicate 
that miR-486 has the function of reducing the motility and 
invasion of esophageal cancer cells.

miR-486 regulates the expression of CDK4 and BCAS2. 
Bioinformatic method was used to predict the binding sites 
of miR-486 and CDK4/BCAS2 (Fig. 5A). Dual-Luciferase 

Figure 4. Effects of miR-486 overexpression on the behavior of esophageal cancer EC9706 cells. (A) mRNA level of miR-486 was significantly decreased in 
the EC9706 cells transfected with the miR-486 mimic compared to the  negative control (NC) (**p<0.01). (B) Cell colony formation (***p<0.001). (C) Cell cycle 
analysis (*p<0.05, **p<0.01). (D) Apoptosis (***p<0.001). (E) Cell migration (**p<0.01). (F) Cell invasion (**p<0.01).
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assay was used to detect the interaction between miR-486 and 
CDK4/BCAS2. The results showed that expression of CDK4/
BCAS2 was significantly suppressed in the miR-486 mimic-
transfected EC9706 cells. When the binding site was mutated, 
the interaction relationship disappeared and the expression 
of CDK4/BCAS2 returned to normal, which indicated that 
miR-486 may be a regulatory factor of the CDK4/BCAS2 
sequence (Fig. 5B and C).

Knockdown of CDK4/BCAS2 downregulates the colony 
formation of EC9706 cells. In order to study the effects of 
target genes CDK4/BCAS2 on the behavior of esophageal 
cancer EC9706 cells, we designed and synthesized siRNAs, 
siCDK4 and siBCAS2. The effects of these two target genes on 
cell proliferation and colony formation were detected following 
transfection. The cells were divided into three groups: NC, 
siCDK4 and siBCAS2 EC9706 cells. SiCDK4 and siBCAS2 
effectively inhibited the expression of the target genes, and 
the mRNA levels were significantly lower than levels noted 
in the NC group (Fig. 6A, p<0.01). After the three cell groups 

were cultured for 48 h, the number of colonies was counted 
(Fig. 6B). Compared with the NC group, the cell colony forma-
tion ability of the siCDK4 and siBCAS2 EC9706 cells was 
significantly inhibited (p<0.05; p<0.01).

Knockdown of CDK4/BCAS2 inhibits EC9706 cell cycle 
progression and induces cell apoptosis. Compared with 
the NC group, the cell cycle progression of the siCDK4 and 
siBCAS2 EC9706 groups was significantly blocked. The 
percentages of cells in the G0/G1 phase of the two target 
gene-knockout groups were increased significantly, while 
the proportions of cells in the S phase and G2/M phase were 
decreased significantly. The cell cycle was arrested in the G0/
G1 phase following the silencing of CDK4 or BCAS2, and 
could not enter the cell cycle normally (Fig. 6C).

Compared with the NC group, the percentages of apoptotic 
cells in the target gene knockout groups were increased signifi-
cantly (Fig. 6D, p<0.01). These data suggest that knockdown of 
target genes CDK4/BCAS2 can inhibit the cell cycle progres-
sion and induce the apoptosis of esophageal cancer cells.

Figure 5. Overexpression of miR-486 suppresses the expression of CDK4 and BCAS2. (A) Predicted consequential pairing of miR-486 and CDK4/BCAS2. 
(B) Dual-Luciferase assay (**p<0.01). (C) Expression of CDK4/BCAS2 was suppressed in the miR-486 mimic-transfected EC9706 cells (***p<0.001, **p<0.01).
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Knockout of CDK4/BCAS2 affects expression of apoptosis-
related proteins. The above results showed that the knockdown 

of target genes CDK4/BCAS2 can induce the apoptosis of 
esophageal cancer cells, but the apoptosis-related downstream 

Figure 7. Effects of the knockout of CDK4/BCAS2 on migration and invasion of esophageal cancer cells. (A) Migration (**p<0.01). (B) Invasion (**p<0.01).

Figure 6. Effects of the knockdown of CDK4/BCAS2 on cell behaviors of esophageal cancer cells. (A) The mRNA levels of CDK4/BCAS2 in the siCDK4 and 
siBCAS2 EC9706 cell lines (**p<0.01). (B) Cell colony formation (**p<0.05; ***p<0.01. (C) Cell cycle (*p<0.05, **p<0.01). (D) Apoptosis (**p<0.01). (E) The 
expression of apoptosis related proteins.
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proteins were not clear. In order to study the downstream 
molecular changes in the apoptotic signaling pathway, the 
protein levels of p21 and caspase-3 were detected by western 
blotting. The results showed that compared with the NC 
group, CDK4 and BCAS2 protein expression was decreased, 
and expression levels of apoptotic signaling molecules p21 
and caspase-3 were also downregulated in the siCDK4 and 
siBCAS2 EC9706 cell groups (Fig. 6E).

Knockdown of CDK4/BCAS2 inhibits the invasion and migra-
tion abilities of EC9706 cells. After transfected for 48 h, the 
migration ability of the EC9706 cells following silencing of 
CDK4/BCAS2 was significantly lower than that noted in the 
NC group (both p<0.01), which indicated that knockdown 
of target genes CDK4/BCAS2 could inhibit the motility of 
esophageal cancer cells (Fig. 7A).

After knockdown of target genes CDK4/BCAS2 in the 
EC9706 cells, the number of cells invading the basement 
membrane was significantly lower compared with that of the 
NC group (Fig. 7B, p<0.01). These results suggest that knock-
down of target genes CDK4/BCAS2 can reduce the migration 
and invasion abilities of the esophageal cancer cells.

Discussion

Esophageal cancer is a common tumor, for which the inci-
dence differs according to race and geographical region. It has 
been reported that the mortality and morbidity of esophageal 
cancer is increasing yearly (30-32). Squamous cell carcinoma 
is one of the main pathological types of advanced esophageal 
carcinoma. Populations in some regions of northern China 
have a higher risk of esophageal cancer and esophageal 
squamous cell carcinoma is the main pathological type, 
accounting for more than 90% of all cases (33). miRNAs are 
a type of non-coding single-stranded RNAs, ranged from 20 
to 25 nt, and regulate the expression of target genes through 
interaction with the mRNA 3'-UTR of genes (34). It has been 
reported that miRNAs are critical diagnostic and prognostic 
biomarkers in cancer (35,36). miRNAs can function as onco-
genes or as tumor-suppressor genes, which play an important 
role in angiogenesis and epithelial-mesenchymal transition 
and drug resistance in cancer (37). In the present study, we 
found that miR-486 exhibited decreased expression in esoph-
ageal squamous carcinoma tissues and cell lines compared to 
that noted in normal tissues and cells. In recent studies, it was 
found that miR-486 functions as a tumor suppressor in breast, 
lung and hepatocellular cancer (25-27). In esophageal cancer 
tissues, miR-486-5p was found to be suppressed and exhib-
ited an anti-oncogene function by affecting proliferation, 
migration and apoptosis (28). In non-small cell lung cancer, 
miR-486-5p significantly inhibited cell growth and cell cycle 
progression by targeting CDK4. The 3'-UTR of CDK4 is the 
direct interaction region between miR-486-5p and CDK4 (38). 
In non-small cell lung cancer, miR-486-5p inhibited the 
progression and metastasis by targeting ARhGAP5 (26). In 
breast cancer cells, miR-486-5p exerted an anti-proliferative 
function by targeting PIM-1, in addition to the fact that miR-
486-5p inhibited proliferation by interacting with PIK3R1 
in hepatocellular carcinoma (25,27). however, the function 
of miR-486 has yet to be elucidated (27). The expression 

of miR-486 was determined in three esophageal squamous 
carcinoma cell lines and that of EC9706 had a significantly 
lower level compared to het-1A (human esophageal epithelial 
cell line). Thus, we performed subsequent experiments using 
EC9706. The differential levels of miR-486 may be due to 
the difference in cell lines. In our results, overexpression of 
miR-486 inhibited the ability of colony formation, arrested 
cell cycle progression and induced apoptosis and its targets 
were CDK4 and BCAS2. CDK4 (cyclin-dependent kinase 4), 
a member of the CDK family, is a type of serine/threonine 
kinase and is an essential signaling transduction molecule 
which participates in the cell cycle and apoptosis by binding 
with cyclin proteins. In the progression of the cell cycle, the 
cyclin proteins are periodically expressed and degraded, 
and the transient activation of CDK is used to catalyze the 
phosphorylation of different substrates (39). The CDK family 
includes CDK1-13 and the cyclin proteins are divided into 
cyclin A-L, in which cyclin D includes cyclin D1, D2 and 
D3 (40,41). Cyclin D is expressed in the G1 phase of the cell 
cycle, binds and activates CDK4 and CDK6, which form the 
binding complex leading to a series of substrate phosphory-
lation (42,43). Downstream activated E2F induces a series 
of protein to transcript and promotes cells enter into the S 
phase (44). In the meanwhile, the complex of CDK-cyclin is 
negatively regulated by CKIs (cyclin kinase inhibitors) (45).

BCAS2 (breast cancer amplified sequence 2), located on 
chr1 p13.3-21, is a subunit of the prp19 complex, which is an 
essential factor for the splicing of the cell nuclear precursor 
mRNA (46,47). BCAS2 is mainly located in the nucleus and 
has key roles in mitotic initiation (48). Knockdown of BCAS2 
using RNAi was found to lead to inhibition of the expression 
of the other three subunits of PRP19, and the structure of the 
whole PRP19 complex is shaken, which leads to abnormal 
mitosis (46-48). In the present study, we found that the prolif-
eration and clone formation ability of esophageal cancer cells 
were inhibited after knockdown of CDK4 and BCAS2 genes, 
and the ability of migration and invasion was also reduced. 
This indicates that a low level of miR-486 leads to the imbal-
ance of CDK4 and BCAS2 in the process of esophageal 
carcinogenesis, and abnormal increased CDK4 or BCAS2 can 
promote the esophageal cancer cells to proliferate aberrantly. 
In addition, p53 is also a target protein of BCAS2, while knock-
down of BCAS2 can enhance p53-induced apoptosis (49). 
These data are consistent with our research. Knockdown of 
CDK4 and BCAS2 increased levels of the apoptosis-related 
protein p21 and caspase-3, suggesting that the apoptosis 
signaling pathway is activated, and the cells are induced to 
enter apoptosis. After knockdown of CDK4, the level of p21 
was detected but the specific regulatory mechanism between 
CDK4 and p21 warrant further research. The expression of 
proteins associated with cell cycle progression, invasion and 
apoptotic cell death in response to miR-486 overexpression or 
downregulation need to be detected in further research. These 
are the limitation of this study.

In conclusion, the present study revealed that miR-486 
was downregulated in esophageal squamous carcinoma and 
functions as a tumor suppressor by affecting cell prolifera-
tion, colony formation and apoptosis by targeting CDK4 and 
BCAS2. This is the first study concerning the biological func-
tion of miR-486 and its target genes in esophageal squamous 
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carcinoma. This novel pathway has the potential for a greater 
understanding of the pathogenesis of esophageal squamous 
carcinoma, and drug targets could be developed for the 
diagnosis and therapeutic treatment of esophageal squamous 
carcinoma in the future.
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