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Abstract. The aim of this study was to examine the effect 
of Annexin A1 (ANXA1) on the proliferation, migration and 
invasion of esophageal squamous cell carcinoma (ESCC) cells 
and its possible mechanisms of action. After constructing 
the ANXA1 overexpression plasmid, we transfected this 
plasmid and/or microRNA (miRNA)‑196a mimic into ESCC 
cells (Eca109 cell line). Methyl thiazolyl tetrazolium (MTT) 
assay and Transwell chamber assay were performed to deter-
mine cell proliferation, migration and invasion, respectively. 
Western blot analysis was used to examine the protein expres-
sion levels of ANXA1, Snail and E-cadherin. RT-PCR was 
used to detect the expression of miRNA-196a. Our results 
revealed that ANXA1 expression was upregulated in the cells 
transfected with the ANXA1 overexpression plasmid, and 
cell proliferation, migration and invasion were significantly 
increased (p=0.004, p<0.001 and p=0.011, respectively). In the 
cells transfected with the miRNA‑196a mimic, miRNA‑196a 
expression was significantly upregulated (p<0.001). However,  
miRNA‑196a expression was downregulated in the cells 
transfected with the ANXA1 overexpression plasmid. In addi-
tion, in the cells transfected with the miRNA‑196a mimic, 
cell proliferation, migration and invasion were significantly 
decreased (p=0.027, p=0.009 and p=0.021, respectively). In 
the cells transfected with the ANXA1 overexpression plasmid, 
the expression of Snail was upregulated and that of E-cadherin 
was downregulated. However, the opposite was observed in the 
cells transfected with the miRNA‑196a mimic. Our findings 
thus demonstrate that ANXA1 promotes the proliferation of 
Eca109 cells, and increases the expression of Snail, whereas it 
inhibits that of E-cadherin, thus enhancing the migration and 
invasion of ESCC cells. miRNA-196a negatively regulates the 

expression of ANXA1, thereby inhibiting the proliferation, 
invasion and metastasis of ESCC cells.

Introduction

Esophageal cancer  (EC) is a malignant cancer with the 
6th highest incidence rate and the 4th highest mortality rate in 
China (1). The malignancy degree of EC is high, and thus, even 
following comprehensive treatments, such as surgery, radio-
therapy and chemotherapy, the outcomes still remain poor for 
patients with EC (2). Local recurrence and distant metastasis 
are the main causes of death in patients with EC, and effective 
treatments remain a challenge (3). Therefore, investigating the 
molecular targets and regulatory mechanisms responsible for 
the proliferation, invasion and metastasis of EC would be of 
immense practical significance. 

Annexin  A1  (ANXA1) is an important member of the 
Annexin superfamily, it can be regulated by Ca2+, it can bind with 
phospholipids, and participates a variety of physiological-patho-
logical reactions, thus affecting the occurrence, proliferation and 
apoptosis, and the invasion and metastasis of tumors (4,5); thus, 
it may be considered as a possible candidate for targeted therapy. 
It has been indicated that the expression of ANXA1 is associated 
with the prognosis of esophageal adenocarcinoma (6); however, 
ANXA1 may exhibit significant differences in expression in 
different tumors, and opposing results have been obtained (7). 
Thus, the effects and mechanisms of action of ANXA1 on 
tumor cells remain unclear. In addition, microRNAs (miRNAs 
or miRs) can bind with messenger RNAs (mRNAs) of target 
gene, thus negatively regulating gene expression and affecting 
the occurrence and progression of a variety of tumors (8,9), 
Luthra et al reported that miR-196a negatively regulates the 
expression of the ANXA1 gene, thus affecting the prognosis 
of esophageal adenocarcinoma (10). In China, the vast majority 
of EC cases are esophageal squamous cell carcinoma (ESCC), 
which is significantly different from Western countries, and the 
expression of ANXA1 differs significantly between esophageal 
adenocarcinoma and ESCC (11). Therefore, the question of 
whether the expression of ANXA1 in ESCC affects the prolif-
eration, invasion and metastasis of ESCC cells, as well as the 
prognosis of ESCC, and whether it is also negatively regulated 
by miR‑196a, is still worthy of investigation. 
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In this study, we constructed an ANXA1 overexpression 
plasmid, and then transfected this plasmid and miR-196a mimics 
into ESCC Eca109 cells, in an aim to determine whether the 
overexpression of ANXA1 and miR-196a affects cell prolif-
eration, migration and invasion, and to explore the molecular 
mechanisms through which miR-196a regulates the expression 
of ANXA1 and affects the invasion and metastasis of ESCC 
cells. Our findings may provide the basis for future research 
on ESCC and may aid in the development of novel treatment 
strategies for ESCC.

Materials and methods

Cell and cell culture. The Eca109 cell line was purchased 
from the Shanghai Institute of Biochemistry and Cell Biology, 
Chinese Academy of Science (Shanghai, China), and placed in 
DMEM (Gibco-BRL, Carlsbad, CA, USA) containing 10% fetal 
bovine serum (FBS), 2 mmol/l L-glutamine, 100 U/ml peni-
cillin and 100 µg/ml streptomycin (Amresco LLC, Solon, OH, 
USA) at 37̊C and 5% of CO2. The medium was changed once 
every 2 days, and cells in the logarithmic growth phase were 
used for the experiments.

Construction of ANXA1 overexpression plasmid. TRIzol 
reagent (Invitrogen Biotechnology Co., Ltd., Shanghai, China) 
was used to extract RNA from MDA-MB-231 human breast 
cancer cells  (purchased from the Shanghai Institute of 
Biochemistry and Cell Biology). The AMV reverse trans
cription kit (Promega, Madison, WI, USA) was then used for 
reverse transcription to obtain the cDNA which was then used 
as a template, together with ANXA1 primers (synthesized by 
Invitrogen Biotechnology Co., Ltd.) for PCR amplification: the 
primer sequences were as follows: sense, 5'-ATGGCAATGG 
TATCAGAATTCCTC-3' and antisense, 5'-TTAGTTTCCTC 
CACAAAGAGCCACC-3'. β‑actin was tested as an internal 
control, and the primers for β‑actin were as follows: sense 
primer, GCACCACACCTTCTACAATG and antisense 
primer, TGCTTGCTGATCCACATCTG (synthesized by 
Invitrogen Biotechnology Co., Ltd.). PrimeSTAR HS DNA 
polymerase was purchased from Takara Biotechnology Co., Ltd. 
(Dalian, China), and the PCR products were then purified to 
produce the ANXA1 fragment using the QIAquick  PCR 
Purification kit (Qiagen, Hilden, Germany) following digestion 
using NdeI and BamHI (both from MBI Fermentas, Burlington, 
ON, Canada). The pCMV5-myc carrier (Takara Biotechnology 
Co., Ltd.) was connected internally, via ligase, to generate the 
expression vector, pCMV5‑myc‑ANXA1. This expression 
vector was transfected into DH5α competent E. coli cells 
following amplification. Subsequently, we used the plasmid 
DNA kit (purchased from Axygen Biosciences, Union City, 
CA, USA) to obtain a sufficient amount of expression plasmid, 
which was subjected to enzyme digestion for identification and 
sequencing.

Transfection of ANXA1 expression plasmid and miR‑196a 
mimic. The Lipofectamine™  2000  kit  (purchased from 
Invitrogen Biotechnology Co., Ltd.), was used for transfection. 
Prior to transfection, the ANXA1 overexpression plasmid 
or miR‑196a mimic (designed and synthesized by Shanghai 
GenePharma Co., Ltd., Shanghai, China) were first mixed with 

liposomes, allowed to stand at room temperature for 20 min so 
as to form a complex, and this complex was then added to the 
culture wells, following the specific steps included with the kit 
manual. A nonspecific miRNA mimic (designated as Pre‑NC), 
synthesized by Shanghai GenePharma Co., Ltd., was transfected 
as an appropriate negative control to miR-196a mimic. The cells 
transfected with the ANXA1 overexpression plasmid were 
designated as the ANXA1 group, and those transfected with the 
miR‑196a mimic was designated as the miRNA group; the cells 
in the empty‑vector group were only transfected with empty 
vectors, and the cells in the control group were untransfected.

Western blot analysis. After the cells were collected, total 
proteins were extracted using cell lysis, and the DC Protein 
Assay kit was then used to determine the protein concentrations. 
A total of 50 µg/well protein was then used for gel electropho-
resis on 10% SDS-PAGE gels, and the proteins isolated after 
electrophoresis were transferred onto polyvinylidene difluo-
ride film (PVDF; Millipore, Billerica, MA, USA). Blocking 
buffer was then added for 1 h at room temperature, followed 
by the addition of the primary antibodies  (anti‑ANXA1, 
Cat. no. SAB1405457, 1:1,000; anti-Snail, WH0006591M5, 
1:2,000; anti-E-cadherin, WH0000999M1, 1:2,000; and 
the internal control β-actin, A1978, 1:3,000) (all from 
Sigma‑Aldrich, St. Louis, MO, USA) for overnight culture 
at 4̊C with mild shaking. The membranes were then washed 
and 2%  BSA-containing horseradish peroxidase-labeled 
secondary antibody (goat anti‑mouse, Cat. no. SAB4600316, 
Sigma‑Aldrich) was then added for 1 h at room temperature. 
The membranes were then washed again, and then exposed 
and developed. Quantity One image analysis software was then 
used for analysis, and each experiment was repeated 3 times.

Methyl thiazolyl tetrazolium (MTT) assay. The cells from each 
group were seeded into 96-well plates, with 3 repeated wells 
for each group of cells. When the cells were in the logarithmic 
growth phase, MTT solution (5 mg/ml, Sigma-Aldrich) was 
added to each well, followed by culture for a further 4 h before 
terminating the culture, and discarding the culture medium. 
Subsequently, 150 µl of dimethyl sulphoxide (DMSO) were 
added to each well, followed by oscillation in a low-speed 
shaker for 10 min to fully dissolve the crystals. The optical 
density (OD) of each well was then detected using an ELISA 
detection instrument at 490 nm, and the OD value of each cell 
was averaged by the 3 repeated wells. The proliferation rate 
of the cells was then calculated using the following formula: 
proliferation rate (%) = (mean OD value of the experiment 
group/mean OD value of the control group) x100.

Transwell cell migration/invasion assay. For the migration 
assay, the cells were collected and resuspended in serum-free 
DMEM, and then placed in Transwell chambers (Corning Inc., 
Corning, NY, USA) in 24 well culture plates for 2 h of culture. 
FBS-containing complete medium was added to the lower 
chamber followed by culture for a further 8 h. The cells that had 
penetrated the polycarbonate membrane of the bottom chamber 
were then stained with crystal violet (Sigma‑Aldrich), and 
counted under a microscope (Olympus IX53; Olympus Corp., 
Tokyo, Japan). A total of 10 high-power fields (HPFs) in each 
chamber were randomly selected for counting, and the mean 
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value was set as the number of migrated cells. The procedures for 
invasion assay were basically the same as those for the migration 
assay described above, with the exception that a layer of Matrigel 
was added to the bottom chamber before adding the cells to 
imitate the extracellular matrix under physiological conditions. 
Similarly, each chamber was randomly counted at 10 HPFs, and 
the mean value was set as the number of invaded cells.

Reverse transcriptrion-polymerase chain reaction (RT-PCR). 
Following transfection of the cells with miR-196a mimic for 
48 h, and digestion and centrifugation (1,500 x g, 20˚C), the cells 
were then col lected. TRIzol reagent ( Invit rogen 
Biotechnology Co., Ltd.) was then added to extract the total 
RNA, and ultraviolet spectrophotometry (Shimadzu UV-2550; 
Shimadzu Scientific Instruments, Kyoto, Japan)was used to 
determine the concentration and purity of the RNA. RNA 
samples with D260 nm/D280 nm ranging within 1.8 to 2.0 were 
then selected for reverse transcription and PCR amplification 
according to the Takara One Step RNA PCR kit (Takara 
Biotechnology  Co.,  Ltd.) instructions; The RT primer for 
miR‑196a was 5'-GTCAGAAGGAATGATGCACAGCCAAC 
AACA-3', and the PCR primers were 5'-CGTCAGAAGGAA 
TGATGCACAG-3' (forward) and 5'-ACCTGCGTAGGTA 
GTTTCATGT-3' (reverse). U6 was used as an internal reference 
and the U6 primer for RT was 5'-AACGCTTCACGAA 
TTTGCGT-3', and the PCR primers were 5'-CTCGCTTCGGC 
AGCACA3' (forward) and 5’-AACGCTTCACGAATTT 
GCGT-3' (reverse). All those primers for miR-196a and U6 were 
synthesized by Invitrogen Biotechnology Co., Ltd. The PCR 
reaction conditions were as follows: pre‑denaturation at 95˚C, 
15 min; denaturation at 95˚C, 15 sec; annealing and extension 
at  60˚C, 1  min, 40  cycles. The 2-ΔΔCT  value (in which 
ΔCT = CTsample - CTinternal reference) was used to represent the rela-
tive expression level of the target miRNA. The experiment was 
repeated 3 times for the average.

Statistical analysis. The experimental data are expressed as the 
average of triplicate experiments and are the means ± standard 
deviation. Comparisons of the measurement data were made 
using the two-tailed Student's t-test, and comparisons of the 
migration rates and invasion rates of the cells in the different 
groups were made by analysis of variance. A value of p<0.05 
was considered to indicate a statistically significant difference. 
The SPSS 19.0 software package (SPSS, Inc., Chicago, IL, 
USA) was used for statistical analysis.

Results

Successful transfection of ANXA1 plasmid into Eca109 cells. 
After the ANXA1 overexpression plasmid was transfected 
into the Eca109  cells, western blot analysis was used to 
measure the protein expression levels. The results revealed that 
the cells in the ANXA1 group exhibited an obvious ANXA1 
band (Fig. 1), indicative of a significantly higher protein expres-
sion compared with the cells in the empty-vector group. This 
indicated that transfection with the ANXA1 overexpression 
plasmid efficiently upregulated the expression of ANXA1.

Effect of the overexpression of ANXA1 on the proliferation of 
Eca109 cells. MTT assay at 24, 48 and 72 h post-transfection 

revealed that the survival rate of the cells in the empty-vector 
group was similar to that of the cells in the control group, 
indicating that the transfection of the vector did not affect 
cell proliferation. However, the survival rate of the cells in the 
ANXA1 group was significantly increased at 24-72 h post-
transfection (150-180%), suggesting that ANXA1 promotes 
cell proliferation; this promoting effect on proliferation was 
more pronounced as time progressed (Fig. 2).

Effect of the overexpression of ANXA1 on the migration and 
invasion of Eca109 cells. The results of Transwell migration 
assay revealed that a significantly greater number of cells 
in the ANXA1 group had migrated to the bottom surface 
of the chamber compared to the cells in the empty‑vector 
group (240 cells/HPF vs. 123 cells/HPF, p<0.001; Fig. 3A). 
Similarly, the results of invasion assay revealed that the 
number of cells in the ANXA1  group that penetrated the 
basement membrane was significantly increased than those 
in the empty‑vector group  (79 cells/HPF vs. 36 cells/HPF, 
p=0.011; Fig. 3B), indicating that the overexpression of ANXA1 
enhanced the cell migration and invasion ability.

Effect of the overexpression of miRNA-196a on the expression 
of ANXA1. The results of RT-PCR indicated that following 
transfection of the cells with miR‑196a mimic, the expression 

Figure  1. Western blot analysis of Annexin  A1  (ANXA1) expression. 
ANXA1 expression was upregulated in the cells transfected with the ANXA1 
expression plasmid, and the band of the ANXA1in the ANXA1 group was 
significantly thicker than that of the empty vector group.

Figure 2. MTT assay showing the relative survival rates of the cells in the 
different groups. At 24, 48 and 72 h post-transfection, the relative survival rate 
in the Annexin A1 (ANXA1) group was significantly higher than that of the 
empty-vector group at 24, 48 and 72 h post-transfection (p=0.004, p<0.001 
and p<0.001, respectively; asterisks indicate significant differences compared 
to the emtpy-vector group). The survival rates of the cells in the empty-vector 
group and the control group were similar, close to 100%.
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of miR-196a in the cells was significantly increased (relative 
expression level, 1.1 vs. 43, p<0.001; Fig. 4A). The results of 
western blot analysis revealed that ANXA1 protein expression 
was significantly downregulated in the cells transfected with 
miR-196a mimic, with a significantly lighter electrophoretic 
band (Fig. 4B), indicating that the overexpression of miR‑196a 
significantly decreased the expression of ANXA1, thus 
confirming that miR-196a negatively regulates the expression 
of ANXA1 in ESCC cells.

Effect of miR-196a overexpression on the proliferation, 
migration and invasion of Eca109 cells. The results of MTT 
assay revealed that the survival rate of the cells transfected 
with the miR‑196a mimic was significantly lower than that 
of the cells in the control group (Pre-NC group; 57 vs. 100%, 
p=0.027) (Fig. 5A). However, co-transfection of the cells with 
the miR‑196a mimic and the ANXA1 overexpression plasmid 
reversed the inhibitory effects of miR-196a on cell prolifera-
tion (90 vs. 57%, p=0.034) (Fig. 5A). The results of Transwell 
chamber assay revealed that cell migration and invasion 
were significantly decreased when miR‑196a was overex-
pressed in the cells (56 vs. 116, p=0.009; 24 vs. 46, p=0.021, 
respectively) (Fig. 5B and C). However, co-transfection of the 
cells with miR‑196a mimic and the ANXA1 overexpression 
plasmid reversed the inhibitory effects of miR‑196a on cell 
migration and invasion (99 vs. 56, p=0.015; 38 vs. 24, p=0.04, 
respectively) (Fig. 5B and C). These results confirmed that 
miR-196a decreases ANXA1 expression, thereby inhibiting 
the proliferation, migration and invasion of Eca109 cells.

Association between the expression of ANXA1, Snail and 
E-cadherin. Our results revealed that following the over-
expression of ANXA1, the expression of E-cadherin in the 
Eca109 cells was decreased, while that of the transcription 
factor Snail was upregulated (Fig. 6A). However, following the 
overexpression of miR-196a, the expression of E-cadherin was 
upregulated, while that of Snail was downregulated (Fig. 6B).

Discussion

ANXA1 (also known as lipocortin 1, phospholipase A2 inhibi-
tory protein) is a member of the Annexin family, and belongs 
to calcium-dependent phospholipid binding protein. It was 
previously found that ANXA1 was an intracellular inflamma-

Figure 3. Transwell migration and invasion assay. (A and B) Left panels show microscopic images of cells in the Annexin A1 (ANXA1) group and empty-vector 
group (crystal violet staining, x200 magnification). The ANXA1 group exhibited a greater number of cells entering the bottom of the chamber. Right panels are 
comparisons of cell counting in the ANXA1 and empty-vector groups. The ANXA1 group exhibited a greater number of invading and migrating cells than in 
the empty-vector group (p<0.001 and p=0.011; asterisks indicate significant differences).

Figure 4. Expression of miR-196a and Annexin A1 (ANXA1) following the 
transfection of miR‑196a mimic into the Eca109 cells. (A) The expression of 
miR-196a was significantly higher in the miR-196a mimic-transfected cells 
compared to the control group (Pre-NC; *p<0.001). (B) ANXA1 expression 
was downregulated in the cells transfected with the miR-196a mimic, and the 
band became significantly lighter.
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tion-related factor that regulates the anti‑inflammatory effects of 
glucocorticoids, and it has also been shown to be involved in the 

regulation of cell proliferation, differentiation and apoptosis, as 
well as endocytosis and secretion, and to be closely related to the 
occurrence or progression of tumors (12 and refs. therein). Certain 
conflicting results have been found in the published studies on 
the association between ANXA1 and malignant tumors: firstly, 
ANXA1 is differently expressed in different malignancies; 
in gastric cancer, pancreatic cancer, liver cancer, esophageal 
adenocarcinoma and glioma, ANXA1 has been shown to be 
upregulated (13-16); however, it has been found to be downregu-
lated or even absent in prostate cancer, ESCC, breast cancer and 
B-cell lymphoma (17-20). Secondly, there are differences in the 
understanding of the roles of ANXA1 in tumorigenesis. In some 
tumors, ANXA1 has been shown to stimulate cell proliferation 
and promote the invasion and metastasis of tumors (14,21-24), 
whereas in other tumors, ANXA1 has been shown to exhibit the 
characteristics of a tumor suppressor gene, such as inhibiting cell 
proliferation and inducing apoptosis (11,25-28). Thus, the expres-
sion of ANXA1 in malignant tumors seems to be tumor‑specific, 
and plays multi-factorial roles.

Our results confirmed that ANXA1 promoted the prolifera-
tion of ESCC cells; however, but the exact mechanisms involved 
remain unclear. The possible mechanisms responsible for the 
promoting effects of ANXA1 on cell proliferation may include: 
i) ANXA1 has multiple phosphorylation sites, and can act as the 
receptor substrate of EGF/HGF and other growth signals, when 
proliferated by protein kinase C (PKC) or tyrosine kinase (TK), 
and it may then activate IKK, NF-κB and other down-
stream molecules, thus promoting cell proliferation (29-31); 
ii) combined with formyl peptide receptors (FPRs) on the cell 
surface, it participates in the induction of mitogen-activated 
proliferation signals (32,33); iii) it acts as the transcriptional 
target of forkhead transcription factor FoxM1, thus promoting 
the proliferation, invasion, metastasis and angiogenesis of 
tumor cells (34) and iv) it inhibits tumor necrosis factor-induced 
apoptosis  (35). However, there is evidence to indicate that 
ANXA1 can inhibit cell proliferation, as demonstrated in the 
study by Alldridge and Bryant, who reported that ANXA1 
activated the ERK1/2 and MAPK signal transduction pathways, 
thus destroying the cytoskeleton, inhibiting the expression of 
cyclin D1 and inhibiting cell proliferation (36). By inhibiting 
COX-2, ANXA1 has been shown to inhibit the proliferation of 
gastric cancer cells (11). It is unclear as to why ANXA1 can 

Figure 5. Effect of miR-196a upregulation and Annexin A1 (ANXA1) overex-
pression on cell proliferation, migration and invasion. (A) The overexpression 
of miR-196a inhibited the expression of ANXA1, thereby inhibiting cell 
proliferation (p=0.027); co-transfection with ANXA1 expression plasmid 
reversed this inhibitory effect (p=0.034); (B) the overexpression of miR-196a 
inhibited cell migration (p=0.009); co-transfection with ANXA1 expres-
sion plasmid promoted cell migration (p=0.015); (C) the overexpression of 
miRNA‑196a inhibited cell invasion (p=0.021); co-transfection with ANXA1 
expression plasmid promoted cell invasion (p=0.045). Asterisks indicate sig-
nificant differences with the indicated p-values.

Figure 6. (A) The overexpression of Annexin A1 (ANXA1) upregulates Snail 
and downregulates E-cadherin expression in Eca109 cells; (B) miR-196a mimic 
inhibited the expression of ANXA1, followed by the downregulated expression 
of Snail and the upregulated expression of E-cadherin in Eca109 cells (with 
β-actin as the internal control).
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promote cell proliferation in some tumors, while it inhibits it in 
others; this may be due to the different phenotypes of ANXA1. 
Hu et al analyzed the mutations in the promoter region and the 
coding region of the whole ANXA1 gene, and did not find any 
mutation or polymorphism (37) so as to support this hypothesis. 
Thus, further studies are warranted to elucidate the mechanisms 
through which ANXA1 affects the proliferation of ESCC cells.

This study also found that the overexpression of ANXA1 
promoted the migration and invasion of ESCC Eca109 cells; 
the enhanced cell migration, invasion and growth are closely 
related to clinical metastasis and progression. Thus, this 
study suggested that ANXA1 promotes the progression and 
metastasis of ESCC, consistent with other studies in which 
ANXA1 has been reported to be able to promote the inva-
sion and metastasis of gastric cancer, pancreatic cancer, breast 
cancer, lung cancer and colorectal cancer (14,38-42). However, 
other studies have found opposite results, demonstrating 
that ANXA1 inhibits the growth, invasion and metastasis of 
nasopharyngeal carcinoma (43), and that the knockdown of 
ANXA1 promoted cell proliferation and invasion (44).

Tumor invasion and metastasis is a complex process, with 
tumor cells shedding from the primary sites as the first step, 
which is related to the reduced intercellular adhesion functions 
and epithelial-mesenchymal transition (EMT). EMT refers to the 
process that polar, mutually adhered epithelial cells transform 
into stromal cell-like substances that are active and can move 
freely within the intercellular matrix. EMT occurs in the early 
stage of the cascade of tumor invasion and metastasis, during 
which the downregulation of the adhesion‑associated protein, 
E-cadherin, is the most important molecular event  (45,46). 
E-cadherin is a member of the cadherin family, and mediates the 
adhesion of cells, thus playing important roles in maintaining 
cell polarity and the structural integrity of the tissues. The tran-
scription factor Snail binds with E-box in the promoter region 
of E-cadherin, thus downregulating E-cadherin and promoting 
cell shedding and migration (47-49); thus, it is closely related to 
the in situ invasion and remote metastasis of tumor cells. The 
results of this study demonstrated that the overexpression of 
ANXA1 upregulated Snail expression, while it downregulated 
that of E-cadherin. However, when the expression of ANXA1 
was decreased by transfection with miR-196a mimic, Snail 
expression was then downregulated, while E-cadherin expres-
sion was upregulated, confirming that the ANXA1 gene exerts 
its effects on the invasion and metastasis of ESCC cells through 
the Snail/E-cadherin pathway.

It had been reported that the 3'-UTR sequences of the ANXA1 
gene mRNA and 5'-end sequence of miR-196a are highly 
consistent, and ANXA1 is the target gene of miR-196a. When 
ANXA1 mRNA and miR-196a are combined with each other, 
this can lead to the formation of a gene-silencing complex, thus 
blocking the protein translation of ANXA1 (10,50). This study 
found that miR-196a downregulated the expression of ANXA1, 
thus inhibiting the expression of Snail, while promoting the 
expression of E-cadherin, as well as inhibiting the proliferation, 
invasion and metastasis of ESCC cells, consistent with the find-
ings of other studies (51,52). Based on the oncogeneic effects of 
ANXA1 (promoting the proliferation, invasion and metastasis 
of ESCC cells), it may be conceivable to use miR-196a in the 
treatment of patients with ESCC who exhibit a high ANXA1 
expression, as well as with a high risk of metastasis/recurrence. 

As miR-196a is only approximately 21 bases, it can be stably 
expressed long-term in vivo, and it would not interfere with host 
DNA replication and transcription; thus, it would not lead to 
iatrogenic mutation. The use of miR-196a may thus be a prom-
ising new approach for the treatment of ESCC.

In conclusion, we demonstrate that the overexpression of 
ANXA1 promotes the proliferation of ESCC cells, and promotes 
the invasion and metastasis of ESCC cells by increasing the 
expression of the transcription factor Snail, while inhibiting that 
of E-cadherin. miR-196a may downregulate ANXA1, thus nega-
tively regulating ANXA1 and inhibiting the Snail/E-cadherin 
pathway, followed by the inhibition of EMT, and ultimately the 
inhibition of the proliferation, invasion and metastasis of ESCC 
cells. The results of this study may be used to screen patients 
with EC who are at risk of recurrence/metastasis. Our findings 
may prove useful in the development of drugs targeting ANXA1 
and miR-196a, thus providing new treatment methods, apart 
from conventional radiotherapy, for the treatment of high-risk 
patients with ESCC who exhibit a high expression of ANXA1.
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