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Abstract. The present study aimed to investigate whether 
microRNA (miR)‑490‑3p can regulate MAPK1 expression, 
increase proliferation of esophageal squamous cell carcinoma 
(ESCC) and reduce ESCC cell apoptosis. The Cancer Genome 
Atlas (TCGA) database was used to explore the functional 
role of miR‑490‑3p in ESCC. The expression of miR‑490‑3p 
in ESCC tissues and adjacent tissues of patients with ESCC 
were detected by reverse transcription‑quantitative PCR. The 
effect of miR‑490‑3p on ESCC cell proliferation and apoptosis 
were detected by cell counting kit‑8 and clone formation assay, 
and flow cytometry, respectively. The dual luciferase reporter 
assay was used for detect the regulatory association between 
miR‑490‑3p and MAPK1. The TCGA dataset demonstrated 
that miR‑490‑3p expression was reduced in ESCC tissues 
compared with normal tissue. The expression of miR‑490‑3p 
was also lower in ESCC tissues compared with adjacent tissues. 
The expression of miR‑490‑3p in patients with stage III and IV 
ESCC were significantly lower than those in stage I and II. 
In patients with tumor >3 cm, miR‑490‑3p expression was 
lower than in patients with tumor <3 cm. Gene set enrich-
ment analysis demonstrated that miR‑490‑3p may essentially 
regulate cell apoptosis. In addition, miR‑490‑3p depletion in 
TE1 and ECA109 cell lines promoted cell proliferation and 
inhibited cell apoptosis. The results from dual luciferase 
reporter assay demonstrated that miR‑490‑3p may be able 
to degrade MAPK1. Furthermore, MAPK1 overexpression 
in TE1 and ECA109 cells partially reversed the effects of 
miR‑490‑3p on cell proliferation and apoptosis. Low expres-
sion of miR‑490‑3p may therefore promote the proliferation 
and inhibit the apoptosis of ESCC cells by regulating MAPK1.

Introduction

Esophageal squamous cell carcinoma (ESCC) is a common 
tumor of the digestive tract. The incidence and mortality of 
ESCC varies among countries, and China has a high ESCC 
risk (1,2). Thanks to the development of genetic and molecular 
biology, pathogenesis of ESCC is now better understood. 
Particularly, the association between microRNAs (miRs) and 
cancer has been investigated. Recent studies have demonstrated 
that abnormal expression of miRs is detected in the serum of 
patients with ESCC (3‑5). These findings may provide new 
direction for further study of the progression of ESCC and to 
determine novel potential therapeutic targets.

miRs are single‑stranded non‑coding small RNAs that 
are typically 18‑25 nucleotides in length. They mainly bind 
at a post‑transcriptional level to the target mRNAs, which are 
subsequently degraded and not translated into protein. miRs can 
precisely regulate certain biological processes, including cell 
proliferation, apoptosis, migration and immune responses (6,7). 
It has been reported that dysregulated miRs might have a role 
in of tumors development (8). Notably, miR‑490‑3p has been 
reported to be associated with the incidence of various types 
of cancer  (1,9‑16). In the present study, analysis of miRs 
expression in ESCC tissues and adjacent tissues from The 
Cancer Genome Atlas (TCGA) database demonstrated that 
miR‑490‑3p was significantly lower in ESCC tissues; however, 
the role of miR‑490‑3p in ESCC remains unknown.

Mitogen‑activated protein kinases (MAPKs) are a family 
of serine/threonine kinases that can be activated by various 
signals  (17). Their functions have remained highly evolu-
tionarily conserved (18). MAPK1, also known as ERK2, is 
a ~42 kD protein and is mediates one of the most important 
signaling pathways in vivo, with a crucial role in cell growth, 
differentiation, proliferation, survival and in the inflammatory 
response (19). A previous study reported that the MAPK1 
signaling pathway is crucial in most cells and is regulated 
at numerous levels. It can respond to external physiological 
and pathological stimuli, and to extracellular stimuli of the 
nucleus (17,20,21).

The present study aimed to investigate the effect of 
miR‑490‑3p on the proliferation and apoptosis of the ESCC 
TE1 and ECA109  cell lines, and to determine whether 
miRNA‑490‑3p exerts its biological function through 
regulation of MAPK1 expression.
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Materials and methods

Data acquisition and analysis. The clinical data and the corre-
sponding genome‑wide expression profile (TCGA‑ESCA) 
using RNA‑sequencing of 185  patients with ESCC were 
obtained from TCGA database (https://cancergenome.nih.
gov). A total of 100 cases were subsequently randomly selected 
for further analysis. The TCGA data was normalization by 
the MD Anderson Cancer Center. Two‑way hierarchical clus-
tering of 88 tumor tissues and 12 adjacent normal mucosa with 
the 2,114 differentially expressed RNAs were analyzed using 
Euclidean distance and average linkage clustering. P<0.05 and 
|log fold change|>1 were defined as cut‑off values.

Gene enrichment analysis. Gene Set Enrichment Analysis 
(GSEA) version 2.2.3 software (http://software.broadinstitute.
org/gsea/index.jsp; Broad Institute, Inc.) was used for data 
analysis. According to the expression level of miR‑490‑3p, 
all cases were divided into the miR‑490‑3p high expression 
group and low expression group, using the aforementioned cut 
off values. In the present study, the dataset of C2.CP.KEGG.
v6.0 was obtained from the MSigDB database of the GSEA 
website. The enrichment analysis was performed according 
to the default weighted enrichment statistics method, and the 
number of random combinations was set to 1,000 times.

Patients and sample collection. New ESCC tissues and para-
carcinoma tissues were obtained from 40 patients, including 
18 women and 22 men, aged from 48‑69 years old, diagnosed 
with ESCC and received surgical treatment between July 2016 
and September 2017 at The Affiliated Tumor Hospital of 
Xinjiang Medical University. Patients had not received any 
treatment prior to surgery and had no family history of ESCC. 
Patients were diagnosed with ESCC by pathological analysis 
of the tumors. All patients voluntarily participated in the study 
and provided signed informed consent. The present study 
was approved by The Affiliated Tumor Hospital of Xinjiang 
Medical University Ethics Committee. After radical esopha-
gectomy, tumor tissues tissue did not contain any necrotic 
area, and adjacent normal tissues that were resected at >5 cm 
from cancer tissue, were stored in liquid nitrogen.

Cell culture. The poorly differentiated ESCC cell line TE1, the 
highly differentiated ESCC cell line ECA109 and the control 
cell line HEEC were purchased from Shanghai American Type 
Culture Collection. Cells were cultured in Dulbecco's modified 
eagle medium containing 10% FBS, 1% penicillin and 1% strep-
tomycin and placed at 37˚C in a humidified incubator containing 
5% CO2 (Gibco; Thermo Fisher Scientific, Inc.). After 48 h 
incubation, culture medium was replaced every other day. Once 
cells had reached 80‑90% confluence, they were harvested with 
0.25% trypsin and passaged at a ratio of 1:2 or 1:3.

Cell transfection. Cells in the logarithmic growth phase were 
selected for seeding into 24‑well plates at 1x105 cells/well. 
Transfection was performed using the Lipofectamine™ 
2000 (Invitrogen; Thermo Fisher Scientific, Inc.). When the 
cell density reached 70‑80%, they were transfected with 
miR‑490‑3p mimics (20 µM), miR‑490‑3p inhibitors (20 µM), 
pcDNA‑MAPK1 (5 µg) and the relative negative controls 

(Shanghai GenePharma Co., Ltd.). The sequences were as 
follows: miR‑490‑3p mimics forward, 5'‑CAA​CCU​GGA​GGA​
CUC​CAU​GCC​G‑3' and reverse, 5'‑AGA​CCG​UCG​AUU​GGG​
CCA​GUU​G‑3'; miR‑490‑3p inhibitors forward, 5'‑UUU​AGC​
UGG​UAC​CGA​CUG​UAC​G‑3' and reverse, 5'‑AUU​CGG​UAG​
UUU​CAG​GGC​AUA​G‑3'; negative controls forward 5'‑ACC​
UUC​UCA​GGC​UUG​ACG​UAG​A‑3' and reverse, 5'‑CCG​UAU​
UAU​CUG​CCA​AGU​ACG​U‑3'. At 48 h after transfection, cells 
were collected for further experiments.

Tissues and cellular RNA extraction. 1x106 Cells or 50 mg 
tissues were collected and lysed by adding 1 ml TRIzol® 
(Invitrogen; Thermo Fisher Scientific, Inc.). Cells and tissues 
were then incubated with 250  µl chloroform, mixed for 
30 sec and centrifuged at 10,000 x g at 4˚C for 10 min. The 
aqueous phase was discarded and same volume of pre‑cooled 
isopropanol was added. The precipitate was gently cleaned 
with 75% ethanol after centrifugation at 10,000 x g for 10 min 
at  4˚C. Diethyl pyrocarbonate (20  µl) water was used to 
dissolve RNAs. The RNA concentration was measured using a 
spectrophotometer and stored at ‑80˚C.

Reverse transcription‑quantitative PCR (RT‑qPCR). RT was 
performed using the PrimeScript RT Reagent kit (Takara 
Biotechnology Co., Ltd.) according to the manufacturer's 
protocol. RT was performed on ice and produced cDNAs. qPCR 
was performed according to the miScript SYBR Green PCR 
kit instructions (Takara Bio, Inc.) for miR‑490‑3p, MAPK and 
GAPDH. The PCR amplification conditions were as follows: 
Pre‑denaturation at 94˚C for 5 min, followed by 94˚C for 30 sec, 
55˚C for 30 sec, and 72˚C for 1 min and 30 sec for 40 cycles.

The primers were designed as follows: miR‑490‑3p, 
forward 5'‑CGG​CGG​TCA​ACC​TGG​AGG​ACT​CC‑3', reverse 
5'‑CCA​GTG​CAG​GGT​CCG​AGG​TAT‑3'; MAPK1, forward 
5'‑CGA​CGC​GTC​GTT​GTA​ATA​AAG​CCT​CCA​G‑3', reverse 
5'‑GAC​TAG​TCG​TTT​TCA​TTT​CAA​TCG​TAG‑3'; GAPDH, 
forward 5'‑AGC​CAC​ATC​GCT​CAG​ACA​C‑3', reverse 5'‑GCC​
CAA​TAC​GAC​CAA​ATC​C‑3'; and U6, forward 5'‑CTC​GCT​
TCG​GCA​GCA​GCA​CAT​ATA‑3', and reverse 5'‑AAA​TAT​
GGA​ACG​CTT​CAC​GA‑3'. The 2‑ΔΔCq method was used to 
determine the relative expression levels  (22). The level of 
mRNA expression was normalized to GAPDH, while miRNA 
expression levels were normalized to U6.

Cell counting kit‑8 (CCK‑8) assay. At 48 h after transfec-
tion, TE1 and ECA109 cells were plated in 96‑well plates 
(1x104 cells/100 µl/well). Five replicates were set for each 
sample. Cells were cultured at 37˚C and 5% CO2 for 0, 24, 
48 72 and 96 h. CCK‑8 reagent (10 µl; Dojindo Molecular 
Technologies, Inc.) was then added to cells and incubated 
for 2 h at 37˚C. Absorbance was measured at 450 nm using a 
microplate reader.

Plate cloning experiment. TE1 and ECA109 cells in the loga-
rithmic growth phase were harvested, and the cell suspension 
concentration was adjusted to 1x104/ml. Cells were seeded in a 
6‑well plate at the density of 2,000 cell/well. Following 3‑4 days 
culture at 37˚C, cells were fixed with 4% paraformaldehyde for 
30 min and stained with 0.1% crystal violet for 30 min at 25˚C. 
The numbers of clones per well were counted and imaged.
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Flow cytometry. Cells were harvested with trypsin and 
suspended with 100 µl 1X Annexin V binding buffer (AmyJet 
Scientific, Inc.) at a minimum density of 1x105  cells/ml. 
Annexin V‑FITC was used for cell labeling. Annexin V (5 µl) 
and propidium iodide (1 µl) were added to the cell suspen-
sion, mixed, and incubated at room temperature in the dark 
for 15 min. 1X Annexin V binding buffer (400 µl) was then 
added, and cell apoptosis was measured on a flow cytometer. 
Each sample was analyzed in triplicate and the experiment 
was repeated three times.

Bioinformatics. The target genes for miR‑490‑3p were deter-
mined through bioinformatics prior to performing functional 
analysis. The basic information of base sequence, chromosome 
location and species conservativeness of miR‑490‑3p was 
obtained by using miR Base (http://www.mirbase.org/index.
shtml). The target genes of miR‑490‑3p were predicted and the 
intersection was taken as the gene set for further analysis by 
four methods, including TargetScan (http://www.targetscan.
org/), MicroRanda (http://www.microrna.org/), RNA hybrid 
(version  2.1.2) and DIANAmT from MicroWalk (umm.
uni‑heidelberg.de/apps/zmf/mirwalk/) integrated database. 
Cytoscape software (version 3.7.1; https://cytoscape.org/) and 
its plug‑in Bingo was applied for function enrichment analysis.

Dual luciferase reporter assay. The 3'untranslated region 
(3'UTR) sequence of MAPK1 was downloaded from the 
NCBI website (https://www.ncbi.nlm.nih.gov/) to construct 
the wild‑type MAPK1 (MAPK1 WT 3'UTR) and the 
mutant (MAPK1 MUT 3'UTR) pGL3‑plasmids (Hanbio 
Biotechnology Co., Ltd.). pRL‑TK Renilla plasmid (Promega 
Corporation) was used as the control luciferase for normaliza-
tion. Cells were plated in 96‑well plates at 1x104 cells/well and 
co‑transfected with 50 pmol/l miR‑490‑3p mimics or negative 
controls with 80 ng MAPK1 WT 3'UTR or MAPK1 MUT 
3'UTR plasmid using Lipofectamine™ 2000. After 48 h, Dual 
Luciferase® reporter assay system (Promega Corporation) was 
used to detect fluorescence intensity.

Western blot analysis. Cells were lysed by radioimmuno-
precipitation assay buffer (Yeasen), sonicated, centrifuged 
at 5,000 x g for 10 min at 4˚C after which the supernatant 
was collected. After adding bromophenol blue (9.5 to 0.5 ml), 
supernatant was boiled for 10 min and stored at ‑20˚C. Proteins 
(10 µg) were separated by 12% SDS‑PAGE and transferred 
onto polyvinylidene fluoride membranes (Roche Diagnostics). 
Membranes were then blocked using 5% skimmed milk at 
25˚C for 1 h. Membranes were incubated with specific primary 
antibodies at 4˚C overnight, which included MAPK1 (1:500; 
cat. no. ab241580; Abcam) and GAPDH (1:500; cat. no. ab8245; 
Abcam). Then the membranes were incubated with secondary 
antibody goat anti‑rabbit IgG H&L (1:1,000; cat. no. ab7090; 
Abcam) the next day at 25˚C for 2 h. Protein bands were 
visualized following a 3‑min incubation with enhanced 
chemiluminescence reagent (Thermo Fisher Scientific, Inc.).

Statistical analysis. SPSS 19.0 (IBM Corp.) was used for 
statistical analysis. χ2 test was used for classification data 
and Student's t‑test was used for data comparison between 
two groups. Comparison between multiple groups was 

performed using One‑way ANOVA test followed by the least 
significant difference post hoc test. Data were expressed as the 
mean ± standard deviation. P<0.05 was considered to indicate 
a statistically significant difference.

Results

miR‑490‑3p expression level is lower in ESCC tissues from 
TCGA database. The differentially expressed miRs in ESCC 
tissues and adjacent tissues from the TCGA database were 
analyzed. Two‑way hierarchical clustering of 988 tumor 
tissues and 12 adjacent normal mucosa with the 2,114 differ-
entially expressed RNAs were analyzed using Euclidean 
distance and average linkage clustering (Fig. 1A). P<0.05 
and |log fold change|>1 were defined as cut‑off values. The 
results demonstrated that miR‑490‑3p was significantly lower 
in ESCC tissues compared with adjacent tissues (Fig. 1B) and 
chosen for further analysis, as it was the most significant.

Expression of miR‑490‑3p is reduced in ESCC. The expression 
of miR‑490‑3p in 40 cases of ESCC tissues and paracancerous 
tissues were determined by RT‑qPCR. The results demon-
strated that miR‑490‑3p was expression was lower in ESCC 
tissues than in paracancerous tissues. In advanced ESCC 
tissues with tumors >3 cm, miR‑490‑3p expression level was 
even lower (Fig. 2A and B). In addition, miR‑490‑3p expres-
sion level was significantly reduced in TE1 and ECA109 cells 
compared with HEEC cells (Fig. 2C). To further investigate 
the role of miR‑490‑3p in ESCC, cells were transfected with 
miR‑490‑3p mimics or miR‑490‑3p inhibitors to overexpress 
or knockdown miR‑490‑3p, respectively. The transfection effi-
ciency was verified in TE1 and ECA109 cells (Fig. 2D and E). 
In addition, GSEA analysis reported that miR‑490‑3p was 
associated with in apoptosis regulation in vivo (Fig. 2F).

miR‑490‑3p induces apoptosis and suppresses proliferation 
in ESCC cells. The effect of miR‑490‑3p on ESCC prolif-
eration was investigated by overexpressing or knocking down 
miR‑490‑3p in TE1 and ECA109 cell lines. CCK‑8 results 
demonstrated that miR‑490‑3p overexpression significantly 
inhibited ESCC cell proliferation, whereas miR‑490‑3p 
knockdown promoted ESCC cell proliferation (Fig. 3A). These 
results were confirmed by the plate cloning formation experi-
ment (Fig. 3B and C). The effect of miR‑490‑3p on ESCC 
cell apoptosis was examined by flow cytometry. The results 
demonstrated that miR‑490‑3p overexpression induced ESCC 
cell apoptosis (Fig. 3D and E). These results suggested that 
miR‑490‑3p may induce ESCC cell apoptosis and suppress 
ESCC cell proliferation.

miR‑490‑3p may stimulate MAPK1 degradation. The target 
genes for miR‑490‑3p were determined through bioinformatics 
prior to performing functional analysis. The basic information 
of base sequence, chromosome location and species conser-
vativeness of miR‑490‑3p was obtained by using miR Base 
(http://www.mirbase.org/index.shtml). The target genes of 
miR‑490‑3p were predicted and the intersection was taken as 
the gene set for further analysis by four methods, including 
TargetScan, MicroRanda, RNA hybrid and DIANAmT from 
MicroWalk (umm.uni‑heidelberg.de/apps/zmf/mirwalk/) 
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integrated database. Cytoscape software (version  3.7.1; 
https://cytoscape.org/) and its plug‑in Bingo was applied for 
function enrichment analysis. As a result, it was revealed 
that miR‑490‑3p may be able to target MAPK1 degradation. 
Furthermore, luciferase activity of MAPK1‑WT 3'UTR group 
was decreased following miR‑490‑3p mimics transfection of 
TE1 and ECA109 cells, whereas no difference was observed in 
the MAPK1‑MUT 3'UTR group (Fig. 4A and B). These results 
suggested that MAPK1 may bind to miR‑490‑3p. Subsequently, 
MAPK1 mRNA expression level was determined following 
TE1 and ECA109 cell transfection with miR‑490‑3p mimics 
and miR‑490‑3p inhibitors. The results demonstrated that 
MAPK1 expression level was decreased in the mimics 

group but increased in the inhibitors group (Fig. 4C and D). 
Western blot analysis revealed that MAPK1 expression was 
decreased in miR‑490‑3p‑overexpressing cells; however, 
MAPK1 expression was increased in miR‑490‑3p‑depleted 
cells (Fig. 4E). These results indicated that miR‑490‑3p may 
regulate MAPK1 expression.

MAPK overexpression reverses the effect of miR‑490‑3p on 
TE1 cell apoptosis. miR‑490‑3p overexpression significantly 
inhibited TE1 cell proliferation; however, when MAPK1 
and miR‑490‑3p were simultaneously overexpressed, cell 
proliferation was increased, although it was still lower than 
in the control group (Fig. 5A and B). In addition, MAPK1 

Figure 2. miR‑490‑3p was lowly expressed in ESCC tissue. (A) miR‑490‑3p was lowly expressed in ESCC tissues, particularly in advanced esophageal tissues. 
(B) miR‑490‑3p was lowly expressed in ESCC tissues, particularly in tissues with tumors >3 cm. (C) miR‑490‑3p was lowly expressed in ESCC cell lines. 
Effects of miR‑490‑3p overexpression and depletion in (D) TE1 and (E) ECA109 cells on miR‑490‑3p expression level. (F) Gene Set Enrichment Analysis 
demonstrated that miR‑490‑3p essentially regulated cell apoptosis. **P<0.01, ***P<0.001. ESCC, esophageal squamous cell carcinoma; miR, microRNA; 
NC, negative control; KEGG, Kyoto Encyclopedia of Genes and Genomes.

Figure 1. TCGA database demonstrated that miR‑490‑3p was low in ESCC tissues. (A) miRs differentially expressed in ESCC and paracancerous tissues 
from the TCGA database. Each row represents an individual gene and each column represents an individual sample. Color gradient from blue to red indicates 
expression levels from low to high on a normalized value. (B) miR‑490‑3p was lowly expressed in ESCC tissue. Normal tissue: n=12, ESCC tissue: n=988. 
*P<0.05 vs. normal tissue. TCGA, The Cancer Genome Atlas; ESCC, esophageal squamous cell carcinoma; miR, microRNA.
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overexpression partially reversed the miR‑490‑3p‑induced 
TE1 cell apoptosis (Fig. 5C). These results indicated that 
miR‑490‑3p may inhibit TE1 cell proliferation and promote 
ESCC cell apoptosis by inhibiting MAPK1 expression.

Discussion

miRs are small, non‑coding RNAs that regulate the expression 
of their corresponding proteins mainly at a post‑transcrip-
tional level. Numerous studies have reported that abnormally 
expressed miRs in tumors are associated with proto‑onco-
genes or tumor suppressor genes expression, and with patient 
sensitivity to chemotherapy and radiotherapy (5‑7,23). The 
determination of tumor‑specific miRs and their downstream 
target genes is therefore crucial to understand the role of miRs 
in tumor growth, and to develop novel targeted therapeutic 
strategies. Previous studies reported that miR‑490‑3p can act 
as a tumor suppressor gene and regulate various molecular 
signaling pathways involved in tumor proliferation, migration 
and invasion  (13,15). For instance, miR‑490‑3p is down-
regulated in human cancerous gastric tissues, and miR‑490‑3p 
silencing can increase SWI/SNF‑related matrix‑associated 
actin‑dependent regulator of chromatin subfamily D member 1 
expression and promote gastric cancer (11,24). Chen et al (10) 
reported that miR‑490‑3p was downregulated in human epithe-
lial ovarian cancer compared with paracancerous tissues. In 

addition, miR‑490‑3p is lowly expressed in metastatic ovarian 
epithelial cancer. Furthermore, miR‑490‑3p can inhibit tumor 
cell proliferation by directly downregulating CDK1 expres-
sion (25). miR‑490‑3p was also decreased in osteosarcoma 
tissues, which promoted proliferation, inhibited apoptosis and 
cycle progression of osteosarcoma cells by targeting the high 
mobility group AT‑hook 2 gene (14). However, the functional 
role of miR‑490‑3p in ESCC pathogenesis has been rarely 
reported.

The present study aimed to explore the role of miR‑490‑3p 
in ESCC pathogenesis and to explore its underlying mecha-
nism. The results demonstrated that miR‑490‑3p expression 
was significantly decreased in ESCC tissues and in ESCC 
cell lines. These results suggested that miR‑490‑3p may be 
associated with the biological function of tumor cells. Based 
on previous studies TE1 and ECA109 cell lines were selected 
for miR‑490‑3p functional studies (26,27). The results demon-
strated that miR‑490‑3p depletion increased the proliferation 
and decreased the apoptosis of TE1 and ECA109 cell lines.

In order to elucidate the underlying mechanism of 
miR‑490‑3p at regulating tumor cell biological function, one 
downstream target of miR‑490‑3p, MAPK1, was selected. The 
process of tumor development is closely associated with tumor 
cell proliferation, differentiation, apoptosis and metastasis (28). 
The molecular mechanism involves many changes in signaling 
pathways (28). The MAPK pathway is a crucial signaling pathway 

Figure 3. miR‑490‑3p induced ESCC cell apoptosis and inhibited ESCC cell proliferation. (A) miR‑490‑3p overexpression and depletion in TE1 and ECA109 
cell lines significantly inhibited and promoted cell proliferation, respectively. Plate cloning experiments using (B) TE1 and (C) ECA109 cells. (D) Flow 
cytometry analysis of cell apoptosis demonstrated that miR‑490‑3p overexpression induced ESCC cell apoptosis. (E) The quantification of flow cytometry 
analysis demonstrated that miR‑490‑3p overexpression induced ESCC cell apoptosis. **P<0.01. ESCC, esophageal squamous cell carcinoma; OD, optical 
density; miR, microRNA; NC, negative control.
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that communicates signal from a receptor at the cell surface into 
the cell nucleus (20). The MAPK pathway can therefore affect 
numerous biological processes, including cell proliferation, 
differentiation and apoptosis by directly affecting the transcrip-
tion and regulation of the associated genes. Bioinformatics 
analyses demonstrated that MAPK1 was a target gene of 
miR‑490‑3p. Furthermore, a luciferase reporter gene assay 
revealed that miR‑490‑3p could directly bind to the MAPK1 
3'UTR. In addition, miR‑490‑3p overexpression or depletion 

induced a decrease or increase in MAPK1 mRNA level and 
protein expression, respectively. MAPK1 stimulation could also 
restore the effect of miR‑490‑3p on proliferation and apoptosis of 
ESCC cells, which suggested that miR‑490‑3p may affect ESCC 
cell proliferation and apoptosis by targeting MAPK1.

In conclusion, the present study demonstrated that 
miR‑490‑3p expression was decreased in ESCC tissues. 
Furthermore, miR‑490‑3p depletion may promote the prolif-
eration and inhibit the cell apoptosis of ESCC. In addition, 

Figure 5. MAPK1 overexpression reversed miR‑490‑3p‑induced apoptosis on TE1 cells. (A) MAPK1 relative mRNA level in different groups. (B) Following 
miR‑490‑3p overexpression, cell proliferation was significantly reduced. MAPK1 overexpression enhanced cell proliferation. (C) Following miR‑490‑3p 
overexpression, cell apoptosis was increased. MAPK1 overexpression significantly reduced cells apoptosis. **P<0.01, ***P<0.001. MAPK1, mitogen‑activated 
protein kinase 1; miR, microRNA; NC, negative control; OD, optical density.

Figure 4. miR‑490‑3p overexpression may degrade MAPK1. Dual luciferase reporter assay using (A) TE1 and (B) ECA109 cells demonstrated that miR‑490‑3p 
may bind to the 3'UTR of MAPK1. miR‑490‑3p overexpression significantly downregulated MAPK1 expression level in (C) TE1 and (D) ECA109 cells. 
miR‑490‑3p depletion significantly upregulated MAPK1 expression level. (E) miR‑490‑3p overexpression induced MAPK1 protein downregulation in ESCC 
cell lines. miR‑490‑3p depletion induced MAPK1 protein upregulation in ESCC cell lines. ***P<0.001. ESCC, esophageal squamous cell carcinoma; Luc, 
luciferase; MAPK1, mitogen‑activated protein kinase 1; WT, wild‑type; MT, mutant; miR, microRNA; NC, negative control.
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MAPK1 may be considered as a target gene of miR‑490‑3p. 
This study provided novel insights into the role of miR‑490‑3p 
in the pathogenesis of ESCC and may facilitate the development 
of specific diagnostics or treatments.
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