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Abstract. MicroRNA (miR)‑196a is upregulated in various 
types of malignancy, including esophageal squamous cell 
carcinoma (ESCC); however, its role in ESCC is currently 
unclear. The present study aimed to investigate the biological 
role and molecular mechanism of miR‑196a in ESCC. The 
expression levels of miR‑196a in 25 tumor tissues and adjacent 
non‑tumor tissues from patients with ESCC were measured by 
reverse transcription‑quantitative polymerase chain reaction. 
In addition, miR‑196a expression levels were assessed in 
the human normal esophageal epithelial cell line Het‑1A 
and the ESCC cell line EC109. The effects of miR‑196a 
on the proliferation, apoptosis, invasion and migration of 
EC109 cells were determined by MTT, flow cytometry and 
Transwell assays, respectively. A luciferase reporter assay 
and western blotting were performed to confirm the target 
gene of miR‑196a, and to explore the molecular mechanism 
underlying the effects of miR‑196a on regulation of ESCC 
cell phenotypes. The results demonstrated that miR‑196a 
was markedly upregulated in ESCC tissues and EC109 cells. 
In addition, miR‑196a downregulation suppressed EC109 
cell proliferation, invasion and migration, but did not affect 
apoptosis. Annexin A1 (ANXA1) was demonstrated to be a 
direct target gene of miR‑196a. ANXA1 protein knockdown 
reversed the effects of miR‑196a inhibition on EC109 
cell proliferation, invasion and migration. Furthermore, 
alongside the downregulation of miR‑196a and the increase 
in ANXA1 expression, cyclooxygenase 2  (COX2), matrix 
metalloproteinase (MMP)‑2 and Snail were downregulated, 
and E‑cadherin was upregulated in EC109 cells. The results 
of the present study suggested that miR‑196a may act as 
an oncogene in ESCC, and that miR‑196a may regulate 

the proliferation, invasion and migration of ESCC cells 
by targeting ANXA1. Subsequently, ANXA1 may further 
modulate the expression levels of COX2, MMP‑2, Snail and 
E‑cadherin. In conclusion, the miR‑196a/ANXA1 axis may 
represent a potential therapeutic target in ESCC.

Introduction

Esophageal cancer, including esophageal adenocarcinoma and 
esophageal squamous cell carcinoma (ESCC), is one of the 
most common types of cancer worldwide (1). In Asia, ESCC 
is the main type of esophageal cancer (2). Due to the lack of 
an early diagnostic method for ESCC, the mortality rate for 
ESCC is very high; the 5‑year overall survival rate is <25% (3). 
Therefore, a detailed study on the mechanisms underlying the 
development and progression of ESCC is required, in order 
to improve the prevention, diagnosis and treatment of this 
disease.

MicroRNAs (miRNAs/miRs) are a large class of small 
non‑coding RNAs that regulate gene expression by targeting 
mRNAs, and induce mRNA degradation or translational 
suppression  (4). In the human genome, >1,000  miRNAs 
have been identified, which are thought to regulate ~30% 
of all genes  (5). It has previously been reported that 
miRNA dysregulation is involved in the development and 
progression of cancer (6). Previous studies have revealed 
that miR‑196a is upregulated in various types of cancer, 
including ESCC (7‑9). Further studies have demonstrated 
that miR‑196a promotes tumor progression and acts as an 
oncogene in some types of cancer (10,11). For example, it 
has been reported that miR‑196a promotes cell proliferation 
and invasion by targeting homeobox A5 in non‑small cell 
lung cancer (12). However, the role of miR‑196a in ESCC 
remains unclear.

The present study demonstrated that miR‑196a was signifi-
cantly upregulated in human esophageal cancer tissue samples 
and in the ESCC cell line EC109. In addition, downregulation 
of miR‑196a suppressed proliferation, invasion and migration 
of EC109 cells. The mechanism by which miR‑196a affected 
the EC109 cell phenotype was further investigated, and the 
results revealed that miR‑196a acted by targeting Annexin A1 
(ANXA1). These results suggested that miR‑196a may be a 
potential therapeutic target in ESCC.
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Materials and methods

Clinical sample collection. ESCC and adjacent non‑cancerous 
tissues were harvested from 25 patients (age, 58.3±6.2 years; 
male, n=18; female, n=7) from the Second Xiangya Hospital, 
Central South University (Changsha, China) between 
June  2016 and December  2016. All patients underwent 
esophageal cancer resection prior to chemotherapy. After 
resection, tumor tissues and adjacent non‑tumor tissues were 
collected and stored at ‑80˚C, and malignancy was confirmed 
by pathologists. All experiments were approved by the Ethics 
Committees of the Second Xiangya Hospital of Central South 
University. All patients provided written informed consent for 
their participation.

Cell culture. The human normal esophageal epithelial cell line 
Het‑1A and the ESCC cell line EC109 were purchased from 
Shanghai Institutes for Biological Sciences (Shanghai, China). 
Het‑1A cells were cultured in Dulbecco's modified Eagle's 
medium (Gibco; Thermo Fisher Scientific, Inc., Waltham, 
MA, USA), and EC109 cells were cultured in RPMI‑1640 
medium (Gibco; Thermo Fisher Scientific, Inc.). All media 
were supplemented with 10% fetal bovine serum (FBS; Gibco; 
Thermo  Fisher Scientific, Inc.), 100  U/ml penicillin and 
100 µg/ml streptomycin. Cells were maintained at 37˚C in a 
humidified incubator containing 5% CO2.

Detection of miR‑196a by reverse transcription‑quantitative 
polymerase chain reaction (RT‑qPCR). Total RNA from 
tissues, Het‑1A cells and EC109 cells was isolated with TRIzol® 
reagent (Invitrogen; Thermo Fisher Scientific, Inc.) and were 
then converted to cDNA with a PrimeScript RT Reagent kit 
(Takara Biotechnology Co., Ltd., Dalian, China), according to 
the manufacturer's protocol. SYBR Premix Ex Taq (Takara 
Biotechnology Co., Ltd.) was used for the RT‑qPCR assays to 
detect the expression levels of miR‑196a in tissues and cells. 
The qPCR reaction was run at 95˚C for 10 min, followed by 
40 cycles at 95˚C for 15 sec for melting, and 60˚C for 1 min for 
annealing/extension. RNU6 was used as the endogenous control 
gene to normalize the expression levels of miR‑196a. The 
qPCR primers for miR‑196a and U6 were as follows: miR‑196a, 
forward 5'‑GCG​CCC​TAG​GTA​GTT​TCA​TGTT‑3', reverse, 
5'‑GTG​CAG​GGT​CCG​AGG​T‑3'; and U6, forward 5'‑CTC​GCT​
TCG​GCA​GCA​CA‑3' and reverse 5'‑AAC​GCT​TCA​CGA​ATT​
TGC​GT‑3'. Primers were purchased from YRgene Co., Ltd. 
(Changsha, China). The RT‑qPCR assays were performed in 
triplicate and alterations in miR‑196a expression were calcu-
lated using the 2‑ΔΔCq method (ABI 7500 Software v2.0.1; 
Applied Biosystems; Thermo Fisher Scientific, Inc.) (13).

Transfection of cells with the miR‑196a inhibitor. The 
miR‑196a inhibitor (sense: 5'‑CCC​AAC​AAC​AUG​AAA​CUA​
CCUA‑3') and a negative control (NC) inhibitor (sense: 5'‑CAG​
UAC​UUU​UGU​GUA​GUA​CAA‑3') were purchased from 
Shanghai GenePharma Co., Ltd. (Shanghai, China). EC109 
cells were plated in 6‑well plates at 3x105 cells/well and were 
cultured for 24 h. The miR‑196a inhibitor or inhibitor NC were 
transfected into EC109 cells at a final concentration of 150 nM 
using Lipofectamine®  2000 (Invitrogen; Thermo  Fisher 
Scientific, Inc.), according to the manufacturer's protocol. A 

total of 48 h post‑transfection, cells were harvested for further 
analysis.

Cell proliferation assay. EC109 cells were seeded in 96‑well 
plates at a density of 5,000 cells/well. The miR‑196a inhibitor 
or inhibitor NC were then transfected into the cells at a final 
concentration of 150 nM. After 24‑, 48‑ and 72‑h transfec-
tion, cell proliferation was measured using the MTT Assay 
kit (Beyotime Institute of Biotechnology, Haimen, China), 
according to the manufacturer's protocol. Each experiment 
was performed three times.

Flow cytometric analysis of apoptosis. EC109 cell apoptosis 
was measured using an Annexin V‑fluorescein isothiocya-
nate (FITC)/propidium iodide (PI) Apoptosis Detection kit 
(Nanjing KeyGen Biotech Co., Ltd., Nanjing, China). Briefly, 
5x105 cells were harvested with 0.25% EDTA‑free trypsin, 
washed twice with PBS and resuspended in 500 µl binding 
buffer. Cells were then incubated with 5 µl Annexin V‑FITC 
and 5 µl PI for 15 min at room temperature in the dark, and 
apoptosis was detected with a NovoCyte Flow Cytometer 
(ACEA Biosciences, Inc., San Diego, CA, USA). Each sample 
was assessed in triplicate.

Transwell cell invasion and migration assays. The invasive 
and migratory abilities of EC109 cells were measured using 
Transwell assay. Briefly, cells were harvested and resuspended 
in serum‑free medium. For the migration assay, 2.5x104 cells 
were seeded into the upper chamber of a Transwell insert 
placed in a 24‑well plate (8 µm pore; Corning Inc., Corning, 
NY, USA). For the invasion assay, 5x104 cells were seeded into 
the upper chamber of a Transwell insert coated with Matrigel 
(BD Biosciences, San Jose, CA, USA). Medium containing 
10% FBS was added into the bottom chamber. After 24‑h 
incubation at 37˚C, cells on the upper surface of the membrane 
were removed, and the invaded or migrated cells on the lower 
surface of the membrane were fixed with 100% methanol for 
15 min at 4˚C and were then stained with 0.1% crystal violet 
for 15 min at room temperature. The number of invaded or 
migrated cells was counted under a light microscope.

Luciferase reporter assay. The possible target genes 
of miR‑196a were predicted with TargetScan 7.1 
(http://www.targetscan.org) and ANXA1 was selected for 
further analysis. A dual‑luciferase miRNA target expression 
plasmid containing the wild‑type 3'‑untranslated region frag-
ment of ANXA1, named pYr‑MirTarget‑ANXA1‑3U, and a 
corresponding mutant reporter plasmid containing the mutant 
miR‑196a target site, named pYr‑MirTarget‑ANXA1‑3U‑Mut, 
were purchased from YRgene Co., Ltd. The miR‑196a 
mimics (sense, 5'‑UAG​GUA​GUU​UCA​UGU​UGU​UGGG‑3'; 
and antisense, 5'‑CAA​CAA​CAU​GAA​ACU​ACC​UAU​U‑3') 
and NC mimics (sense, 5'‑UUC​UCC​GAA​CGU​GUC​ACG​
UTT‑3'; and antisense, 5'‑ACG​UGA​CAC​GUU​CGG​AGA​
ATT‑3') were purchased from Shanghai GenePharma Co., Ltd. 
Briefly, 293 cells (Shanghai Institutes for Biological Sciences) 
were seeded in 96‑well plates at a density of 5x103 cells/well 
and were co‑transfected with pYr‑MirTarget‑ANXA1‑3U 
or pYr‑MirTarget‑ANXA1‑3U‑Mut and miR‑196a mimics 
or mimics NC (50 nM) using Lipofectamine® 2000. After 
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48‑h  transfection, cells were harvested and a luciferase 
reporter assay was performed using the Dual‑Luciferase 
Reporter Assay kit (Promega Corporation, Madison, WI, 
USA), according to the manufacturer's protocol. Each experi-
ment was performed three times.

Western blotting. Total protein was extracted from EC109 cells 
using lysis buffer (Beyotime Institute of Biotechnology), and 
protein concentrations were measured with a Bicinchoninic 
Acid Protein Assay kit (Beyotime Institute of Biotechnology). 
The proteins (50 µg) were separated by 10% SDS‑PAGE and 
were then transferred to a 0.22‑µm nitrocellulose membrane 
(EMD Millipore, Billerica, MA, USA). After blocking with 
5% skimmed milk for 2 h at room temperature, membranes 
were incubated with primary antibodies against ANXA1 
(cat. no. 32934S; Cell Signaling Technology, Inc., Danvers, 
MA, USA), cyclooxygenase 2 (COX2; cat.  no.  ab15191; 
Abcam, Cambridge, MA, USA), matrix metalloproteinase 
(MMP)‑2 (cat. no. ab97779; Abcam), Snail (cat. no. 3879S; 
Cell Signaling Technology, Inc.), E‑cadherin (cat. no. 3195S; 
Cell Signaling Technology, Inc.) and β‑actin (cat. no AT0001; 
CMCTAG, Inc., Milwaukee, WI, USA) (all dilutions, 1:1,000) 
overnight at 4˚C with gentle agitation. Membranes were further 
incubated for 1 h at room temperature with the corresponding 
horseradish peroxidase‑conjugated secondary antibodies: 
Goat anti‑rabbit secondary antibody for ANXA1, COX2, 
MMP‑2, Snail and E‑cadherin (cat.  no.  sc‑2004; 1:5,000; 
Santa Cruz Biotechnology, Inc., Dallas, TX, USA) or goat 
anti‑mouse secondary antibody for β‑actin (cat. no. sc‑2005; 
1:5,000; Santa Cruz Biotechnology, Inc.). The protein bands 
were visualized using an enhanced chemiluminescence 
system (Beyotime Institute of Biotechnology) and were 
semi‑quantified using ImageJ2x software (National Institutes 
of Health, Bethesda, MD, USA). β‑actin was used as a loading 
control for normalization.

Transfection of cells with ANXA1 small interfering (si)RNA. 
ANXA1 siRNA (sense, 5'‑GAG​AGA​UCU​GGC​CAA​AGA​
CTT‑3'; and antisense, 5'‑GUC​UUU​GGC​CAG​AUC​UCU​
CTT‑3') or siRNA NC (sense, 5'‑UUC​UCC​GAA​CGU​GUC​
ACG​UTT‑3'; and antisense, 5'‑ACG​UGA​CAC​GUU​CGG​AGA​
ATT‑3') was purchased from Shanghai GenePharma Co., Ltd. 
and was co‑transfected into EC109 cells with miR‑196a inhib-
itor or inhibitor NC using Lipofectamine® 2000 (Invitrogen; 
Thermo Fisher Scientific, Inc.), according to the manufac-
turer's protocol. The final concentrations of ANXA1 siRNA, 
miR‑196a inhibitor or inhibitor NC were 150 nM. After 48‑h 
transfection, cells were harvested, and western blotting, MTT 
and Transwell assays were performed.

Effects of miR‑196a mimics and ANXA1 siRNA. To confirm 
the effectiveness of miR‑196a mimics, 293  cells were 
transfected with miR‑196a mimics or mimics NC and were 
harvested a total of 48  h post‑transfection. Subsequently, 
the expression levels of miR‑196a were detected in 293 cells 
using RT‑qPCR. RNU6 was used as an endogenous control to 
normalize the expression levels of miR‑196a. Furthermore, to 
confirm the knockdown efficiency of ANXA1 siRNA, EC109 
cells were transfected with ANXA1 siRNA or siRNA NC, 
and were harvested after 48 h of transfection. Subsequently, 

the mRNA expression levels of ANXA1 in EC109 cells were 
measured by RT‑qPCR. GAPDH was used as an endogenous 
control to normalize the mRNA expression levels of ANXA1. 
The qPCR primers for ANXA1 and GAPDH were as follows: 
ANXA1 forward, 5'‑CTA​AGC​GAA​ACA​ATG​CAC​AGC‑3'; 
and reverse, 5'‑CCT​CCT​CAA​GGT​GAC​CTG​TAA‑3'; and 
GAPDH forward, 5'‑GGA​GCG​AGA​TCC​CTC​CAA​AAT‑3'; 
and reverse, 5'‑GGC​TGT​TGT​CAT​ACT​TCT​CAT​GG‑3'.

Statistical analysis. Data are presented as the means ± standard 
deviation of at least three independent experiments. The 
Student's t‑test was used for the comparison of two groups. 
Comparisons of means among multiple groups were deter-
mined using one‑way analysis of variance followed by Tukey's 
post hoc test. All statistical analyses were performed using 
SPSS 17.0 software (SPSS, Inc., Chicago, IL, USA). P<0.05 
was considered to indicate a statistically significant difference.

Results

miR‑196a is upregulated in human esophageal cancer clinical 
tissues and ESCC cells. The expression levels of miR‑196a 
in 25 human esophageal cancer clinical tissues and corre-
sponding non‑cancerous tissues were measured by RT‑qPCR. 
The results revealed that the expression levels of miR‑196a 
were markedly upregulated in tumor tissues compared 
with in adjacent non‑tumor tissues (Fig. 1A). Furthermore, 
miR‑196a expression levels were significantly increased in the 
ESCC EC109 cell line compared with in the Het‑1A line cell 
(Fig. 1B). These data indicated that upregulation of miR‑196a 
may be involved in the development and progression of ESCC.

miR‑196a knockdown suppresses cell proliferation without 
affecting apoptosis of EC109 cells. To explore the role of 
miR‑196a in ESCC progression, miR‑196a inhibitor or inhibitor 
NC were transfected into EC109 cells, and cell proliferation 
and apoptosis were measured. miR‑196a inhibitor‑induced 
miR‑196a knockdown in EC109 cells was confirmed by 
RT‑qPCR (Fig. 2A). The results of the MTT assay revealed 
that miR‑196a downregulation significantly inhibited EC109 
cell proliferation (Fig. 2B); however, flow cytometric analysis 
revealed that miR‑196a downregulation did not affect EC109 
cell apoptosis (Fig. 2C). These data suggested that miR‑196a 
downregulation inhibited EC109 cell proliferation, but was not 
associated with EC109 cell apoptosis.

Downregulation of miR‑196a suppresses the invasion and 
migration of EC109 cells. The invasive and migratory ability 
of EC109 cells transfected with miR‑196a inhibitor or inhibitor 
NC were assessed using Transwell invasion and migration 
assays. The results demonstrated that miR‑196a silencing 
significantly suppressed EC109 cell invasion (Fig. 3A) and 
migration (Fig. 3B).

Effects of miR‑196a mimics and ANXA1 siRNA. The effective-
ness of miR‑196a mimics and ANXA1 siRNA were confirmed 
by RT‑qPCR. The results revealed that miR‑196a was mark-
edly upregulated by miR‑196a mimics in 293 cells (Fig. 4A) 
and the mRNA expression levels of ANXA1 were significantly 
silenced by ANXA1 siRNA in EC109 cells (Fig. 4B).
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miR‑196a regulates the proliferation, invasion and migration 
of EC109 cells by targeting ANXA1. To explore the molecular 
mechanism underlying the regulatory effects of miR‑196a 
on EC109 cell proliferation, invasion and migration, possible 
target genes of miR‑196a were predicted with TargetScan 7.1. 

ANXA1 was selected for further analysis, due to its comple-
mentary structure to miR‑196a (Fig. 5A). A luciferase reporter 
assay was performed to further confirm whether ANXA1 was 
a direct target gene of miR‑196a. pYr‑MirTarget‑ANXA1‑3U 
or pYr‑MirTarget‑ANXA1‑3U‑Mut and miR‑196a mimics or 

Figure 2. Downregulation of miR‑196a suppresses cell proliferation without affecting apoptosis of EC109 cells. (A) Reverse transcription‑quantitative poly-
merase chain reaction analysis of miR‑196a expression in miR‑196a inhibitor‑ and inhibitor NC‑transfected EC109 cells. The results revealed that miR‑196a 
was downregulated following miR‑196a inhibition in EC109 cells. (B) Cell proliferation of miR‑196a inhibitor‑ or inhibitor NC‑transfected EC109 cells was 
measured using the MTT assay. After 48‑h transfection, EC109 cell proliferation was significantly inhibited following miR‑196a inhibition. (C) Cell apoptosis 
of miR‑196a inhibitor‑ or inhibitor NC‑transfected EC109 cells was measured by flow cytometric analysis. There was no significant difference in the apoptosis 
rate between the two groups of cells. Experiments were performed in triplicate and data are expressed as the means ± standard deviation. *P<0.05, **P<0.01 vs. 
inhibitor NC. FITC, fluorescein isothiocyanate; miR‑196a, microRNA‑196a; NC, negative control; OD, optical density; PI, propidium iodide.

Figure 1. miR‑196a is upregulated in human esophageal cancer clinical tissues and the EC109 cell line. (A) RT‑qPCR analysis of miR‑196a expression in 
25 human esophageal cancer clinical tissues and corresponding non‑cancerous tissues. (B) RT‑qPCR analysis of miR‑196a expression in EC109 and Het‑1A 
cell lines. Experiments were performed in triplicate and data are expressed as the means ± standard deviation. **P<0.01. miR‑196a, microRNA‑196a; RT‑qPCR, 
reverse transcription‑quantitative polymerase chain reaction.
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mimics NC were co‑transfected into 293 cells. The results 
of the luciferase activity assay demonstrated that miR‑196a 
mimics significantly reduced the luciferase activity of 
pYr‑MirTarget‑ANXA1‑3U, but did not affect the luciferase 
activity of pYr‑MirTarget‑ANXA1‑3U‑Mut (Fig. 5B and C). In 
addition, western blotting revealed that miR‑196a knockdown 
via the miR‑196a inhibitor increased the protein expression 
levels of ANXA1 in EC109 cells (Fig. 5D). These results indi-
cated that ANXA1 may be a direct target gene of miR‑196a. 
In addition, following the increase in ANXA1 protein expres-
sion, COX2, MMP‑2 and Snail proteins were significantly 

downregulated, whereas E‑cadherin protein was markedly 
upregulated (Fig. 5D).

To confirm whether miR‑196a regulated EC109 cell prolif-
eration, invasion and migration via ANXA1, ANXA1 protein 
expression was knocked down via siRNA, whereas miR‑196a was 
inhibited via the miR‑196a inhibitor (Fig. 6A). The results revealed 
that miR‑196a downregulation significantly inhibited EC109 cell 
proliferation, invasion and migration; however, ANXA1 protein 
knockdown reversed these inhibitory effects (Fig. 6B‑D). These 
results suggested that miR‑196a may regulate EC109 cell prolif-
eration, invasion and migration by targeting ANXA1.

Figure 3. Downregulation of miR‑196a suppresses the invasion and migration of EC109 cells. (A) Invasive ability of miR‑196a inhibitor‑ or inhibitor 
NC‑transfected EC109 cells was determined by Transwell cell invasion assay. Magnification, x200. (B) Migratory ability of EC109 cells transfected with 
miR‑196a inhibitor or inhibitor NC was determined by Transwell cell migration assay. Magnification, x200. Experiments were performed in triplicate and data 
are expressed as the means ± standard deviation. **P<0.01 vs. inhibitor NC. miR‑196a, microRNA‑196a; NC, negative control.

Figure 4. Effects of miR‑196a mimics and ANXA1 siRNA. (A) miR‑196a expression was significantly upregulated by miR‑196a mimics in 293 cells. (B) The 
mRNA expression level of ANXA1 was significantly reduced by ANXA1 siRNA in EC109 cells. Experiments were performed in triplicate and data are 
presentedd as the mean ± standard deviation. **P<0.01. miR‑196a, microRNA‑196a; ANXA1, Annexin A1; NC, negative control.
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Discussion

Previous studies have reported that miR‑196a is upregulated 
in various types of cancer, including gastric cancer, gastro-
intestinal stromal tumor, colon cancer, pancreatic cancer, 
non‑small‑cell lung carcinoma, laryngeal cancer and cervical 
carcinoma (14‑16). Further studies have revealed that miR‑196a 
is likely to act as an oncogene in some types of cancer, since 
it can promote cancer cell proliferation, invasion and migra-
tion, and suppress tumor cell apoptosis (17,18). For example, 
miR‑196a promotes cell proliferation in gastric cancer by 
targeting cyclin‑dependent kinase inhibitor 1B (19). In colorectal 
cancer, miR‑196a stimulates the oncogenic phenotype of tumor 
cells (20). It has also been reported that miR‑196a inhibits cell 
apoptosis, and promotes cell proliferation and invasion by 
targeting the inhibitor of growth family member 5 in pancre-
atic cancer (21). Furthermore, Maru et al (18) reported that 
miR‑196a is upregulated in esophageal adenocarcinoma, and 
Fendereski et al (9) described an overexpression of miR‑196a 
in ESCC. However, to the best of our knowledge, few studies 
have examined the role of miR‑196a in regulation of the ESCC 
phenotype, and the role of miR‑196a in ESCC remains unclear.

The present study demonstrated that miR‑196a was mark-
edly upregulated in ESCC tissues and EC109 cells compared 
with in non‑cancerous tissues and normal cells, respectively. 
These data suggested that miR‑196a may function as an onco-
gene in ESCC. Furthermore, the regulatory role of a miR‑196a 
inhibitor on EC109 cell phenotype was examined, and the 
results revealed that miR‑196a downregulation inhibited 
proliferation, invasion and migration of EC109 cells. These 
results further suggested that miR‑196a may be involved in the 
development and progression of ESCC.

The molecular mechanisms underlying the regulatory 
effects of miR‑196a on the EC109 cell phenotype were investi-
gated. The results of the luciferase reporter assay and western 
blotting demonstrated that ANXA1 was a direct target gene 
of miR‑196a. ANXA1, a member of the Annexin family, is 
a calcium‑dependent phospholipid binding protein (22). It is 
involved in inflammation, cell proliferation, apoptosis, tumori-
genesis and tumor progression  (23‑25), and is aberrantly 
expressed in various types of malignancy. It is overexpressed in 
breast, liver and pancreatic cancer, whereas it is downregulated 
in nasopharyngeal carcinoma, thyroid carcinoma, prostatic 
cancer and ESCC (26‑28). Previous studies have demonstrated 

Figure 5. ANXA1 is a direct target gene of miR‑196a. (A) Human ANXA1 3'UTR fragments containing a wild‑type or Mut miR‑196a target site were cloned 
downstream of the luciferase reporter gene. (B) 293 cells were co‑transfected with pYr‑MirTarget‑ANXA1‑3U and miR‑196a mimics or mimics NC. After 48‑h 
transfection, dual‑luciferase activity was detected. **P<0.01 vs. mimic NC. (C) Luciferase activity assay revealed that miR‑196a mimics reduced the luciferase 
activity of pYr‑MirTarget‑ANXA1‑3U, but not pYr‑MirTarget‑ANXA1‑3U‑Mut. **P<0.01 vs. vector control. (D) Western blotting of ANXA1, COX2, MMP‑2, 
Snail and E‑cadherin protein expression in EC109 cells transfected with miR‑196a inhibitor or inhibitor NC. β‑actin was used as a control. **P<0.01 vs. NC. 
Experiments were performed in triplicate and data are expressed as the means ± standard deviation. 3'UTR, 3'‑untranslated region; ANXA1, Annexin A1; 
COX2, cyclooxygenase 2; miR‑196a, microRNA‑196a; MMP2, matrix metalloproteinase 2; Mut, mutant; NC, negative control.
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that ANXA1 is likely to function as an anti‑oncogene in some 
types of cancer, including ESCC. For example, upregulation of 
ANXA1 expression inhibits cell growth and induces cell apop-
tosis in DU145 human prostate cancer cells (29). Xia et al (30) 
and Hu et al (31) reported that ANXA1 is significantly down-
regulated in ESCC. Paweletz et al (32) discovered that a loss 

of ANXA1 is involved in the tumorigenesis of esophageal 
and prostate carcinoma. Álvarez‑Teijeiro et al (33) reported 
that ANXA1 is downregulated in head and neck squamous 
cell carcinoma (HNSCC) and is a direct target of miR‑196a/b 
in HNSCC‑derived cell lines; however, the authors did not 
investigate the effects of ANXA1 or miR‑196a/b on HNSCC 

Figure 6. Knockdown of ANXA1 can reverse the inhibitory effects of miR‑196a downregulation on the proliferation, invasion and migration of EC109 
cells. (A) Protein expression levels of ANXA1 in EC109 cells were measured by western blotting. β‑actin was used as a control. The results demonstrated 
that ANXA1 protein expression was significantly upregulated by miR‑196a inhibitor and markedly downregulated by ANXA1 siRNA. (B) Proliferation of 
EC109 cells was detected by MTT assay. The miR‑196a inhibitor suppressed the proliferation of EC109 cells, whereas co‑transfection with ANXA1 siRNA 
reversed this inhibitory effect. (C) Invasive and (D) migratory abilities of EC109 cells were determined by Transwell cell invasion and migration assays. 
Magnification, x200. Downregulation of miR‑196a significantly suppressed the invasion and migration of EC109 cells, whereas knockdown of ANXA1 
reversed these inhibitory effects. Experiments were performed in triplicate and data are expressed as the means ± standard deviation. *P<0.05, **P<0.01 vs. 
inhibitor NC; ##P<0.01, as indicated. ANXA1, Annexin A1; miR‑196a, microRNA‑196a; NC, negative control; siRNA, small interfering RNA.

Figure 7. Hypothetical molecular mechanism by which miR‑196a may regulate EC109 cell phenotypes. ANXA1, Annexin A1; COX2, cyclooxygenase 2; 
miR‑196a, microRNA‑196a; MMP2, matrix metalloproteinase 2.
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cell phenotypes and the corresponding molecular mechanism. 
In the present study, miR‑196a directly regulated the protein 
expression levels of ANXA1, and miR‑196a downregulation 
increased ANXA1 expression and inhibited proliferation, 
invasion and migration of EC109 cells. Furthermore, ANXA1 
protein knockdown reversed the inhibitory effects of miR‑196a 
on EC109 cell proliferation, invasion and migration. These 
results, combined with previous findings, suggested that 
miR‑196a may regulate the proliferation, invasion and migra-
tion of ESCC cells by targeting ANXA1.

COX2, MMP‑2 and Snail were downregulated and 
E‑cadherin was upregulated in EC109 cells transfected with 
miR‑196a inhibitor. These results further suggested that 
miR‑196a may indeed affect ESCC cell phenotypes.

COX2 is overexpressed in various types of cancer, including 
ESCC, and is involved in the development and progression of 
tumors (34). Numerous studies reported that COX2 inhibition 
suppresses proliferation, invasion and migration of tumor 
cells (35,36). Gao et al (37) revealed that the loss of COX2 
following ANXA1 overexpression inhibits cell proliferation 
and invasion in gastric cancer cells. Hannon et al (38) and 
Croxtall et al (39) also reported that ANXA1 negatively regu-
lates COX2 expression. In the present study, COX2 expression 
was decreased alongside the upregulation of ANXA1 in 
EC109 cells. This finding suggested that miR‑196a may regu-
late cell proliferation in ESCC by targeting ANXA1, which 
may further modulate COX2 expression.

E‑cadherin is a cell adhesion molecule and a key marker of 
epithelial‑mesenchymal transition, which can suppress tumor 
invasion and migration (40). In addition, Snail can decrease 
the expression of E‑cadherin by binding to the E‑box of the 
E‑cadherin promoter (41). Furthermore, MMP‑2 can promote 
the invasion and migration of tumor cells by degrading the 
extracellular matrix (42). MMPs can also weaken the effect 
of E‑cadherin by mediating E‑cadherin ectodomain shed-
ding (43). Previous studies have reported that MMP‑2 and 
Snail are overexpressed in various types of cancer, including 
ESCC, whereas E‑cadherin is downregulated (40‑42). It has 
also been reported that COX2 downregulation decreases 
MMP‑2 and Snail expression, and increases E‑cadherin 
expression, in tumor cells, and that these alterations result 
in suppression of tumor cell invasion and migration (44,45). 
These findings, combined with the results of the present study, 
provided evidence supporting the hypothesis that miR‑196a 
may regulate the invasion and migration of ESCC cells by 
targeting ANXA1, which may further modulate MMP‑2, Snail 
and E‑cadherin expression by regulating COX2 expression.

In conclusion, the present study demonstrated that miR‑196a 
was upregulated in ESCC tumor tissues and cells, and may 
function as an oncogene in ESCC. In addition, miR‑196a down-
regulation inhibited cell proliferation, invasion and migration, 
but did not affect apoptosis of EC109 cells. The molecular mech-
anism by which miR‑196a may regulate EC109 cell phenotypes 
was also investigated. The hypothetical mechanism of regulation 
is presented in Fig. 7. To the best of our knowledge, this mecha-
nism has not yet been reported in the literature. Further studies 
investigating the associated cell signaling pathways are required. 
In particular, whether miR‑196a induces the degradation of 
ANXA1 mRNA and the molecular mechanism underlying 
miR‑196a‑induced ANXA1 mRNA degradation remain to be 

explored. Furthermore, the role of ANXA1 in regulating COX2 
expression levels remains to be investigated.
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