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Abstract. miR‑203 has been indicated to be a tumor 
suppressor in esophageal cancer, however, the underlying 
molecular mechanisms by which it functions are not fully 
understood. The present study aimed to investigate the 
molecular mechanisms underlying the regulatory activities 
of microRNA (miR)‑203 in esophageal cancer. The miR‑203 
mimic/inhibitor, Mitogen‑Activated Protein Kinase Kinase 
Kinase 1 (MAP3K1) overexpression plasmid and MAP3K1 
small interfering (si)RNA were transfected into TE‑1 cells. 
miR‑203 and MAP3K1 mRNA expression were detected 
via reverse transcription‑quantitative PCR analysis, while 
MAP3K1 protein expression was detected via western blot 
analysis. Dual‑luciferase reporter assay was used to deter-
mine whether MAP3K1 was a direct target of miR‑203. Cell 
proliferation and invasion abilities were assessed via MTT 
and Matrigel assays, respectively. Cell apoptosis was analyzed 
via flow cytometry, Caspase 8/3 Assay kits and western blot 
analysis. The results demonstrated that MAP3K1 was a direct 
target of miR‑203. Overexpression of MAP3K1 reversed the 
suppressed cell proliferation and invasion abilities induced by 
miR‑203 mimic, as well as the inhibitory effect of miR‑203 
mimic on cell apoptosis. Furthermore, MAP3K1 siRNA 
weakened the effect of miR‑203 inhibitor on cell proliferation, 
apoptosis and invasion.

Introduction

Esophageal cancer is the sixth most common cause of 
cancer‑associated mortality worldwide in 2013, with an inci-
dence rate of 1/100,000 in China (1). The majority of patients 
with esophageal cancer are diagnosed in the progressive 
stage (2). Current treatments available for esophageal cancer 
result in poor prognosis  (3), with a 5‑year survival rate of 

13% (4). Thus, development of novel therapeutic targets for the 
treatment of esophageal cancer remains critical, and research 
into the molecular mechanisms underlying tumorigenesis are 
required.

microRNAs (miRNAs) are small endogenous non‑coding 
RNAs that play essential roles in several complex physi-
ological processes, including cell proliferation and apoptosis, 
growth and development, organogenesis, immune defense 
and inflammation (5,6). Aberrant expression of miRNAs has 
been implicated in a number of human diseases, including 
cancer (7‑9). Some miRNAs were reported to be associated 
with the origin and development of esophageal cancer, such 
as miR‑21, miR‑375 and the miR‑17‑92 cluster (10). miR‑203 
functions as a tumor suppressor in several malignancies, and its 
expression has been reported to vary across different types of 
tumor (11‑14). It has been demonstrated that miR‑203 is signif-
icantly downregulated in esophageal cancer (15). A previous 
study reported that overexpression of miR‑203 notably induces 
cell apoptosis, inhibits cell proliferation, migration and inva-
sion in vitro, and suppresses tumor growth in vivo in esophageal 
cancer cells (16). However, to the best of our knowledge, the 
molecular mechanisms underlying the regulatory activities of 
miR‑203 in esophageal cancer are not yet fully understood.

The present study aimed to determine whether 
Mitogen‑Activated Protein Kinase Kinase Kinase 1 (MAP3K1) 
is a direct target of miR‑203, and investigate the molecular 
mechanism underlying the role of miR‑203 in esophageal cancer.

Materials and methods

Cell culture and transfection. TE‑1 cells and 293 cells were 
purchased from The Cell Bank of Type Culture Collection of 
the Chinese Academy of Sciences, and cultured in RPMI‑1640 
medium (Gibco; Thermo Fisher Scientific, Inc.) supplemented 
with 10% FBS (Gibco; Thermo Fisher Scientific, Inc.), at 37˚C 
in a humidified atmosphere of 5% CO

2
. Prior to transfection, 

cells (1x106/well) were washed 3 times with PBS and added to 
serum‑free RPMI‑1640 medium. A total of 2 µg of miR‑203 
mimic/inhibitor, MAP3K1 pcDNA3.1 and MAP3K1 siRNA 
were transfected into TE‑1 cells using Lipofectamine™ 2000 
(Invitrogen; Thermo Fisher Scientific, Inc.), according to the 
manufacturer's protocol. After 6 h, the medium was replaced 
with fresh medium and maintained in the cultures for at least 
24 h for further analysis.
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Luciferase reporter assay. The 3'‑untranslated region (UTR) 
segment of MAP3K1 and its mutant were amplified and 
inserted into the pGL3‑control luciferase reporter vector 
(Promega Corporation). Cells transfected with wild‑type 
or mutated MAP3K1 3'UTR were divided into two groups: 
Control group and mimic group. Cells in the control group 
were transfected with the miR‑negative control. Reporter 
plasmids containing 3'UTR MAP3K1 were co‑transfected 
with the miR‑203 mimic into 293 cells using Lipofectamine™ 
2000 reagent. 48 h following transfection, luciferase activity 
was determined using the Luciferase Reporter Assay System 
and Luciferase Assay kit (both from Promega Corporation). 
Results were expressed as the Firefly luciferase activity 
normalized to Renilla luciferase activity.

Western blotting. In order to examine the effect of miR‑203 
mimic/inhibitor on MAP3K1 protein expression, cells were 
divided into three groups: Control group, mimic group and 
inhibitor group. Cells in the control group were transfected 
with the miR‑negative control. Cells were divided into control, 
MAP3K1 pcDNA3.1 and MAP3K1 siRNA groups to detect 
MAP3K1 and Fas protein expression in MAP3K1‑overexpressed 
or MAP3K1‑knockdown cells. Cells in the control group were 
transfected with the empty vector + scrambled siRNA. Cells 
were divided into control, mimic and mimic + MAP3K1 
groups to examine whether MAP3K1 could reverse the effect of 
miR‑203 mimic on MAP3K1 and Fas protein expression. Cells 
in the control group were transfected with the miR‑negative 
control  +  empty vector. Cells were divided into control, 
inhibitor and inhibitor + MAP3K1 siRNA groups to determine 
whether MAP3K1 could reverse the effect of miR‑203 inhibitor 
on MAP3K1 and Fas protein expression. Cells in the control 
group were transfected with the miR‑negative control + 
scramble siRNA.

Total protein was extracted from cells using ice‑cold lysis 
buffer [150 mM NaCl, 150 mM Tris‑HCl (pH 7.4), 0.2% SDS, 
1% Nonidet P‑40, 50 mM sodium fluoride, 100 mM sodium 
vanadate and 1 mM phenylmethylsulfonyl fluoride]. Protein 
concentrations were determined using the BCA method. A 
total of 50 µg of protein/lane was separated via SDS‑PAGE on 
a 12% gel and subsequently transferred onto a nitrocellulose 
membrane (EMD Millipore). The membranes were blocked 
with 3% BSA (Sigma‑Aldrich; Merck KGaA) overnight at 4˚C, 
prior to being washed three times with TBST. Subsequently, 
the membranes were incubated with primary antibodies 
against MAP3K1 (dilution, 1:800; cat. no. sc‑449), Fas (dilu-
tion, 1:400; cat. no. sc‑74540;) and GAPDH (dilution, 1:1,000; 
cat. no. sc‑51907) (all from Santa Cruz Biotechnology, Inc.) at 
37˚C for 1 h. Membranes were washed with TBST 3 times and 
subsequently incubated with horseradish peroxidase‑labeled 
secondary antibodies (dilution, 1:1,000; cat. no. sc‑2005; Santa 
Cruz Biotechnology, Inc.) at 37˚C for 1 h. Protein bands were 
visualized using an ECL detection kit (Pierce; Thermo Fisher 
Scientific, Inc.).

Reverse transcription‑quantitative (RT‑q)PCR. In order to 
examine the effect of miR‑203 mimic/inhibitor on miR‑203 
and MAP3K1 mRNA expression, cells were divided into 
the following three groups: Control group, mimic group 
and inhibitor group; control, mimic and mimic + MAP3K1 

groups, and control, inhibitor and inhibitor + MAP3K1 siRNA 
groups, as previously described. miRNAs were isolated 
using the miRNeasy Mini kit (Qiagen GmbH), according to 
the manufacturer's protocol. Total RNA was extracted from 
TE‑1 cells using TRIzol® reagent (Invitrogen; Thermo Fisher 
Scientific, Inc.). A total of 50 ng of total RNA was reverse 
transcribed into cDNA using the First Strand cDNA Synthesis 
kit (Fermentas; Thermo Fisher Scientific, Inc.). qPCR was 
subsequently performed using the SYBR‑Green PCR kit, 
in a 7900 Sequence Detection System (both from Applied 
Biosystems; Thermo Fisher Scientific, Inc.) according to the 
manufacturer's protocols. Thermocycling conditions were as 
follows: Initial denaturation at 95˚C for 3 min, followed by 
40 cycles of denaturation at 95˚C for 30 sec, annealing at 60˚C 
for 30 sec and elongation at 72˚C for 45 sec, final extension 
at 72˚C for 5 min. The primers used were: miR‑203 forward, 
5'‑agtggttcttaacagttcaacagtt‑3' and reverse 5'‑tggtgtcgtg-
gagtcg‑3'; U6 forward, 5'‑ctcgcttcggcagcaca‑3' and reverse, 
5'‑aacgcttcacgaatttgcgt‑3'; MAP3K1 forward, 5'‑cca​cag​aga​
aca​gtt​ccc​ct‑3' and reverse, 5'‑cca​ttg​gct​ttg​gtt​gct​ct‑3'; GAPDH, 
forward, 5'‑ctg​act​tca​aca​gcg​aca​cc‑3' and reverse, 5'‑gtg​gtc​
cag​ggg​tct​tac​tc‑3'. Relative expression levels were measured 
using the 2‑ΔΔCq method (17). miRNA levels were normalized 
to the internal control U6, while MAP3K1 mRNA levels was 
normalized to the internal reference gene GAPDH.

MTT assay. In order to examine the proliferation of 
MAP3K1‑overexpressed or MAP3K1‑knockdown cells, 
cells were divided into the respective groups: Control group, 
MAP3K1 pcDNA3.1 group and MAP3K1 siRNA group; 
control, mimic and mimic + MAP3K1 groups, and control, 
inhibitor and inhibitor + MAP3K1 siRNA groups, as afore-
mentioned. Cell proliferation was determined via an MTT 
assay. Cells (1x104/well) were seeded into 96‑well plates and 
allowed to grow for the appropriate times (24, 48, 72 and 96 h) 
at 37˚C with 5% CO2, prior to incubation with 10 µl of MTT 
(Sigma‑Aldrich; Merck KGaA) at 37˚C for 4 h. Following 
MTT incubation, the purple formazan crystals were dissolved 
using 200 µl of dimethyl sulfoxide (Sigma‑Aldrich; Merck 
KGaA) and cell proliferation was subsequently analyzed at a 
wavelength of 570 nm, using a microplate reader (Molecular 
Devices, LLC).

Flow cytometry analysis of apoptosis. In order to 
detect the apoptotic rate of MAP3K1‑overexpressed or 
MAP3K1‑knockdown cells, cells were divided into the respec-
tive groups: Control group, MAP3K1 pcDNA3.1 group and 
MAP3K1 siRNA group; control, mimic and mimic + MAP3K1 
groups, and control, inhibitor and inhibitor + MAP3K1 siRNA 
groups, as aforementioned. TE‑1 cells were washed three times 
with PBS and resuspended in binding buffer (Nanjing KeyGen 
Biotech Co., Ltd.). The cells were subsequently stained with 
5 µl Annexin‑V and 5 µl propidium iodide (Nanjing KeyGen 
Biotech Co., Ltd.) for 20 min at room temperature in the 
dark. Apoptotic cells were subsequently analyzed using a 
FACSCalibur flow cytometer (BD Biosciences) and CellQuest 
Pro software (version 5.2; BD Biosciences).

Caspase 8/3 activity assay. In order to examine caspase 8/3 
activity in MAP3K1‑overexpressed or MAP3K1‑knockdown 
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cells, cells were divided into the following three groups: Control 
group, MAP3K1 pcDNA3.1 group and MAP3K1 siRNA 
group; control, mimic and mimic + MAP3K1 groups, and 
control, inhibitor and inhibitor+MAP3K1 siRNA groups, as 
previously described. The activities of caspase 8 and caspase 3 
in TE‑1 cells were examined using the Caspase 8/Caspase 3 
Colorimetric Assay kit (Nanjing KeyGen Biotech Co., Ltd.), 
according to the manufacturer's protocol.

Cell invasion assay. In order to investigate cell invasion 
ability of MAP3K1‑overexpressed or MAP3K1‑knockdown 
cells, cells were divided into the following groups: Control 
group, MAP3K1 pcDNA3.1 group and MAP3K1 siRNA 
group; control, mimic and mimic + MAP3K1 groups, and 
control, inhibitor and inhibitor + MAP3K1 siRNA groups, as 
aforementioned. The cell invasion assay was performed using 
Transwell inserts (Corning, Inc.) coated with Matrigel matrix 
(BD Biosciences) at 37˚C for 30 min. Cell suspension was 
prepared in serum‑free medium at a density of 5x104 cells/ml 
and added to the upper chambers. A total of 1 ml of cell 
medium containing 10% FBS was added to the lower cham-
bers. Following overnight incubation at 37˚C, cotton swabs 
were used to gently remove non‑invaded cells. Cells on the 
lower surface of the membrane were fixed in 95% ethanol for 
20 min and subsequently stained with hematoxylin for 10 min 
at room temperature. The number of invaded cells was counted 
under an inverted light microscope (Nikon Corporation; 
magnification, x400).

Statistical analysis. Statistical analysis was performed using 
SPSS software (version 19.0; SPSS, Inc.). Data are presented 
as the mean  ±  standard deviation. Unpaired two‑tailed 
Student's t‑test and one‑way analysis of variance, followed by 
Student‑Keuls‑Neuman test, were used to analyze the statis-
tical difference between the respective groups. P<0.05 was 
considered to indicate a statistically significant difference.

Results

MAP3K1 is directly regulated by miR‑203. miR‑203 mimic 
and miR‑203 inhibitor were transfected into cells, respectively. 
Relative miR‑203 level was significantly increased in the mimic 
group (P<0.01) but decreased in the inhibitor group (P<0.01) 
compared with the control group (Fig. 1A). Subsequently, 
MAP3K1 expression was examined in the cells following 
transfection with miR‑203 mimic and miR‑203 inhibitor. 
RT‑qPCR and western blot analyses demonstrated that trans-
fection with miR‑203 mimic decreased both MAP3K1 mRNA 
(P<0.01) and protein (P<0.05) expression compared with the 
control group. Conversely, relative MAP3K1 mRNA (P<0.05) 
and protein (P<0.01) levels were significantly increased in 
cells transfected with miR‑203 inhibitor compared with the 
control group (Fig. 1C).

Luciferase‑expressing plasmids containing the wild‑type 
MAP3K1‑3'UTR or mutant MAP3K1‑3'UTR were constructed 
and co‑transfected with miR‑203 mimic or control. The 
results indicated that translational activity of the wild‑type 

Figure 1. MAP3K1 is directly regulated by miR‑203. (A) miR‑203 expression in TE‑1 cells following transfection with miR‑203 mimic and miR‑203 inhibitor. 
Data are analyzed using one‑way analysis of variance, followed by Student‑Keuls‑Neuman test. (B) Relative luciferase activity of luciferase‑expressing plas-
mids containing wild‑type MAP3K1‑3'UTR or mutant MAP3K1‑3'UTR. Data are analyzed using unpaired two‑tailed Student's t‑test. (C) MAP3K1 mRNA 
and protein expression levels in TE‑1 cells following transfection with miR‑203 mimic and miR‑203 inhibitor. Data are analyzed using one‑way analysis of 
variance, followed by Student‑Keuls‑Neuman test. *P<0.05, #P<0.01 vs. control (miR‑negative control). MAP3K1, Mitogen‑Activated Protein Kinase Kinase 
Kinase 1; miR, microRNA; UTR, untranslated region.
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MAP3K1‑3'UTR was significantly decreased in the miR‑203 
mimic group compared with that of the control group (P<0.01). 
However, no significant difference in translational activity 
of the mutant MAP3K1‑3'UTR was observed between the 
miR‑203 mimic group and the control group (Fig. 1B).

Effect of MAP3K1 on cell proliferation, apoptosis and inva‑
sion. TE‑1 cells were transfected with MAP3K1 pcDNA3.1 
or MAP3K1 siRNA to overexpress or knockdown MAP3K1, 
respectively. The western blot analysis demonstrated that 
MAP3K1 protein expression was significantly upregulated 
in MAP3K1 pcDNA3.1‑transfected cells (P<0.01) and down-
regulated in MAP3K1 siRNA‑transfected cells (P<0.01), 
compared with the control group (Fig. 2A). Subsequently, the 
effect of MAP3K1 on cell proliferation, apoptosis and invasion 
was assessed. Results of the MTT assay indicated that trans-
fection with MAP3K1 pcDNA3.1 significantly induced cell 
proliferation (P<0.05 at 48, 72 and 96 h), whereas transfection 
with MAP3K1 siRNA significantly inhibited cell proliferation 
(P<0.05 at 48, 72 and 96 h) compared with the control group 
(Fig. 2B). Furthermore, cell apoptotic rate, Caspase 8/3 activity 

and Fas protein expression were significantly decreased in 
MAP3K1 pcDNA3.1‑transfected cells (P<0.05) and increased 
in MAP3K1 siRNA‑transfected cells (P<0.05 for cell apop-
totic rate and Fas protein expression; P<0.01 for Caspase 8/3 
activity) compared with the control group (Fig. 2C). MAP3K1 
failed to demonstrate effects on cell proliferation at 24 h 
(Fig. 2B) following transfection with MAP3K1 pcDNA3.1 
or MAP3K1 siRNA, thus cell invasion ability was assessed 
within 24 h (overnight, 12‑16 h). Therefore, the change in cell 
invasion ability could not be affected by cell proliferation in 
the study. The results demonstrated that MAP3K1 overex-
pression promoted cell invasion (P<0.05), while MAP3K1 
knockdown inhibited cell invasion (P<0.05) compared with 
the control group (Fig. 2D).

MAP3K1 reverses the effect of miR‑203 on cell proliferation, 
apoptosis and invasion. Cells were co‑transfected with 
miR‑203 mimic and MAP3K1 pcDNA3.1, and RT‑qPCR 
analysis was performed to detect miR‑203 expression. 
As presented in Fig.  3A, overexpression of MAP3K1 did 
not affect the increased miR‑203 expression exhibited in 

Figure 2. Effect of MAP3K1 on cell proliferation, apoptosis and invasion. (A) MAP3K1 protein expression in TE‑1 cells following transfection with MAP3K1 
pcDNA3.1 and MAP3K1 siRNA. Effect of MAP3K1 on cell (B) proliferation, (C) apoptosis and (D) invasion. Data are analyzed using one‑way analysis 
of variance, followed by Student‑Keuls‑Neuman test. *P<0.05, #P<0.01 vs. control (empty vector + scramble siRNA). MAP3K1, Mitogen‑Activated Protein 
Kinase Kinase Kinase 1; si, small interfering.
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miR‑203 mimic‑transfected cells. However, western blot 
analysis demonstrated that the decreased MAP3K1 protein 
expression observed in miR‑203 mimic‑transfected cells was 
significantly rescued following transfection with MAP3K1 
pcDNA3.1 (P<0.05). Furthermore, transfection with miR‑203 
mimic suppressed the cell proliferation rate compared with the 
control group (P<0.05 at 48, 72 and 96 h). However, overex-
pression of MAP3K1 reversed the inhibitory effect of miR‑203 
mimic on cell proliferation. Cells co‑transfected with miR‑203 
mimic and the MAP3K1 overexpression plasmid proliferated 
at a faster rate compared with the miR‑203 mimic‑transfected 
cells (P<0.05 at 48, 72 and 96 h) (Fig. 3B). As presented in 
Fig.  3C, the apoptotic rate, Caspase 8/3 activity and Fas 
protein expression increased in cells transfected with miR‑203 
mimic compared with the control group (P<0.05 for cell apop-
totic rate and Fas protein expression; P<0.01 for Caspase 8/3 
activity). However, the increased cell apoptotic rate observed 
in miR‑203 mimic‑transfected cells was significantly reversed 
following co‑transfection with the MAP3K1 overexpression 
plasmid (P<0.05). Furthermore, overexpression of MAP3K1 
was demonstrated to reverse the inhibitory effect of miR‑203 
mimic on cell invasion (P<0.05) (Fig. 3D).

miR‑203 and MAP3K1 expression in cells co‑transfected 
with miR‑203 inhibitor and MAP3K1 siRNA was subsequently 
assessed. MAP3K1 siRNA significantly decreased MAP3K1 
protein expression in cells transfected with miR‑203 inhibitor 

(P<0.05); however, MAP3K1 siRNA was demonstrated to have 
no effect on miR‑203 expression compared with the control 
group (Fig. 4A). As expected, the effect of miR‑203 inhibitor 
on cell proliferation, apoptosis and invasion was weakened by 
MAP3K1 siRNA (P<0.05) (Fig. 4B‑D).

Discussion

miRNA is known to regulate several target genes  (18). 
Previous studies have reported a number of target genes 
of miR‑203, including twist 1, RGS17, PBOV1, EGR1 and 
FGF2 (13,12,19,20). Using prediction software, the present 
study hypothesized that MAP3K1 may be a target gene of 
miR‑203. Results of the luciferase reporter assay demonstrated 
that miR‑203 directly binds to the 3'UTR of MAP3K1, while 
western blotting analysis indicated that MAP3K1 protein 
expression was upregulated by miR‑203.

MAP3K1 is a serine/threonine kinase belonging to the 
MAP3K family (21,22). It is activated by various stimuli, 
such as cellular stress, growth factors and cytokines, and is 
part of several signal transduction cascades, including the 
ERK, JNK and NF‑κB signaling pathways  (23). Previous 
studies have demonstrated that MAP3K1 plays critical roles 
in multiple aspects of cell physiology (24,25), including cell 
proliferation, apoptosis and motility in both normal and tumor 
cells  (22,26). For example, MAP3K1‑targeting artificial 

Figure 3. Overexpression of MAP3K1 reverses the effect of miR‑203 mimic on cell proliferation, apoptosis and invasion. (A) miR‑203 and MAP3K1 expression 
in TE‑1 cells following transfection with miR‑203 mimic and the MAP3K1 overexpression plasmid. Overexpression of MAP3K1 reversed the (B) inhibitory 
effect of miR‑203 mimic on cell proliferation, (C) promotive effect of miR‑203 mimic on cell apoptosis and (D) inhibitory effect of miR‑203 mimic on cell 
invasion. Data are analyzed using one‑way analysis of variance, followed by Student‑Keuls‑Neuman test. *P<0.05, #P<0.01 vs. control (miR‑negative control + 
empty vector); **P<0.05 vs. miR‑203 mimic group. MAP3K1, Mitogen‑Activated Protein Kinase Kinase Kinase 1; miR, microRNA.
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miRNA suppresses the growth and invasion of breast cancer 
both in  vivo and in  vitro  (27). Furthermore, depletion of 
MAP3K1 inhibits survival, invasion and migration of human 
pancreatic cancer cells  (28,29). Bian  et  al  (30) reported 
that MAP3K1 activity is essential for Lysophosphatidic 
acid‑stimulated ovarian cancer cell migration (30). Taken 
together, these findings indicate that MAP3K1 plays a 
facilitating role in the development of several types of tumor. 
However, the role of MAP3K1 in esophageal cancer remains 
to be elucidated.

The present study performed in vitro gain‑of‑function and 
loss‑of‑function experiments, in order to investigate the effect 
of MAP3K1 on TE‑1 cell proliferation, apoptosis and inva-
sion. The results demonstrated that MAP3K1 promoted cell 
proliferation and invasion, and inhibited cell apoptosis, thus 
exerting a tumor‑promoting role in esophageal cancer. These 
results are consistent with those of a previous study, which 
reported that MAP3K1 acts as a tumor promoter in EC9706 
cells (31).

Furthermore, MAP3K1 overexpression plasmid or 
MAP3K1 siRNA were transfected into TE‑1 cells in the 
presence of miR‑203 mimic or miR‑203 inhibitor, in order 

to determine whether MAP3K1 was involved in the varying 
effects of miR‑203 on cell proliferation, apoptosis and inva-
sion. It was demonstrated that overexpression of MAP3K1 
reversed the suppressed cell proliferation and invasion abili-
ties induced by miR‑203 mimic, and the inhibitory effect of 
miR‑203 mimic on cell apoptosis. Furthermore, MAP3K1 
siRNA weakened the effect of miR‑203 inhibitor on cell 
proliferation, apoptosis and invasion. Theses results suggest 
that MAP3K1 plays a notable role in mediating the effect of 
miR‑203 on esophageal cancer cell proliferation, apoptosis 
and invasion.

The present study demonstrated that the cell apoptosis rates 
were <10%. Regarding flow cytometry analysis, cell debris 
existed, which may have affected accurate measurement of the 
cell apoptotic rate. A limitation of the present study is that 
cell proliferation was only detected via an MTT assay. Future 
studies will aim to include cell cycle analysis to accurately 
investigate cell proliferation.

Taken together, the results of the present study provide a 
novel molecular mechanism underlying the role of miR‑203 in 
esophageal cancer, and suggest that MAP3K1 is a direct target 
of miR‑203. miR‑203 was able to suppress esophageal cancer 

Figure 4. MAP3K1 knockdown reverses the effect of miR‑203 inhibitor on cell proliferation, apoptosis and invasion. (A) miR‑203 and MAP3K1 expression in 
TE‑1 cells following transfection with miR‑203 inhibitor and MAP3K1 siRNA. MAP3K1 knockdown reversed the (B) promotive effect of miR‑203 inhibitor 
on cell proliferation, (C) inhibitory effect of miR‑203 inhibitor on cell apoptosis and (D) promotive effect of miR‑203 inhibitor on cell invasion. Data are 
analyzed using one‑way analysis of variance, followed by Student‑Keuls‑Neuman test. *P<0.05, #P<0.01 vs. control (miR‑negative control + scramble siRNA); 
**P<0.05 vs. inhibitor group. MAP3K1, Mitogen‑Activated Protein Kinase Kinase Kinase 1; miR, microRNA; si, small interfering.
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cell proliferation and invasion, and induce cell apoptosis at 
least partially by inhibiting MAP3K1 expression.
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