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Background: Esophageal squamous cell carcinoma (ESCC) is the predominant subtype of esophageal
cancer in East Asia, with approximately half of ESCC cases occurring in China. ESCC poses a serious threat
to the quality of life of patients. MicroRNAs (miRNAs) are extremely important in the occurrence and
development of ESCC. Current studies have shown that miR-212-3p is expressed at low levels in esophageal
adenocarcinoma tumor tissues; however, its function and mechanism in ESCC have not been studied.
Methods: The expression levels of miR-212-3p and SOX4 were detected by quantitative polymerase
chain reaction (qQPCR) in ESCC tissues and adjacent tissues, and ESCC cell lines from 60 patients. The
interaction of miR-212-3p and SOX4 was determined using a dual-luciferase reporter gene system. EC9706
Cells were transfected with miR-212-3p mimic, NC mimic, si-NC and si-SOX4 and miR-212-3p mimic +
overexpressing-SOX4, and the effects on miR-212-3p and SOX4 expression were observed, respectively. An
MTT assay was carried out to detect the proliferation ability of ESCC. The invasion ability and apoptosis
level of the cells were determined by Transwell assay and flow cytometry, respectively. gPCR was used to
detect expression of miR-212-3p and SOX4. Western blot was performed to observe the expression of
SOX4, Wntl, B-catenin, c-Myc, and Cyclin D1.

Results: miR-212-3P was observed to be down-regulated in ESCC tissues and cells, while SOX4
expression was up-regulated; the two were negatively correlated. The dual-luciferase reporter gene further
confirmed that miR-212-3p targeted SOX4. miR-212-3p overexpression and interference with SOX4
significantly inhibited the proliferation and invasion of ESCC EC970 cells, and promoted apoptosis.
Furthermore, the results of Western blot confirmed that miR-212-3p overexpression and interference
with SOX4 down-regulated the expression of Wntl, B-catenin, c-Myc, and Cyclin D1. Meanwhile, SOX4
overexpression reversed the effect of up-regulation of miR-212-3p on EC970 function.

Conclusions: miR-212-3p mediates the apoptosis and invasion of ESCC cells through inhibiting the Wnt/
B-catenin signal pathway by targeting SOX4.
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Introduction

Esophageal squamous cell carcinoma (ESCC) is among
the most common malignancies in the world. In recent
years, the incidence of ESCC has risen gradually, and it is
ranked eighth and sixth out of all cancers for incidence and
mortality, respectively (1,2). ESCC severely impacts the
health and life of patients, but its exact pathogenesis has
yet to be fully understood. Despite recent technological
improvements in the diagnosis and treatment of ESCC, no
obvious decrease has been observed in the mortality rate (3).
Surgery, radiotherapy, and chemotherapy constitute the
main approaches for treating ESCC. Due to the insidious
onset and atypical symptoms of early ESCC, effective
clinical methods for early diagnosis are lacking. Moreover,
the esophageal submucosa has an abundant lymphatic
capillary network. As a result, 70-80% of ESCC patients
already have lymph node and distant metastasis at the
time of diagnosis. For patients with advanced ESCC, drug
therapy is still the main treatment; however, the general
efficacy is unsatisfactory (4,5). Therefore, it is especially
important that the molecular mechanisms underlying the
occurrence, development, and metastasis of ESCC are
urgently explored, so that prevention and treatment targets
can be developed and new intervention strategies for ESCC
can be established.

Gene intervention treatment is a research hotpot in
cancer prevention and treatment. The role of microRNAs
(miRNAs) has attracted an increasing amount of attention
in studies on the regulation of oncogene expression.
miRNAs are small, endogenous, single-stranded non-coding
RNAs in eukaryotic organisms. MiRNAs were recently
discovered to play an important role in cell proliferation,
differentiation, and apoptosis, as well as the regulation of
eukaryotic gene expression. MiRNA molecules bind to the
3" untranslated region (UTR) of target genes by forming an
RNA-induced silencing complex (RISC) in an incompletely
complementary way and inhibit their expression by inducing
mRNA cleavage, degradation, translational repression, or
other regulatory mechanisms. The importance of miRNA
dysregulation in the occurrence, development, invasion, and
metastasis of ESCC has been confirmed. For instance, miR-
183 promotes ESCC proliferation and invasion by targeting
programmed cell death (6), while miR-503 promotes tumor
progression and serves as a novel prognostic biomarker
in ESCC (7). Recently, studies have shown that abnormal
expression of miR-212-3p has been found in many tumors,
suggesting that it may be related to tumor development.

© Journal of Thoracic Disease. All rights reserved.

Wu et al. miR-212-3p mediates ESCC cells by targeting SOX4

Some studies have demonstrated that miR-212-3p
expression is down-regulated in oral squamous cells (8).
Therefore, miR-212-3p may play an important part in
the occurrence and development of ESCC. However, the
details of its function and molecular mechanism are unclear
and need to be further explored.

As with many tumors, the occurrence and development of
ESCC is related to many signaling pathways, including the
Wnt/B-catenin pathway. Both Chinese and foreign studies
have confirmed that miR-1 down-regulates the proliferation
and migration of breast cancer stem cells by inhibiting the
Wnt/p-catenin signaling pathway (9). Recently, miR-98
was reported to inhibit the development of retinoblastoma
through mediating the Wnt/B-catenin signaling pathway by
targeting HMGA2 (10). In nasopharyngeal carcinoma, miR-
506 inhibits tumor growth and metastasis via inhibition
of the Wnt/B-catenin signaling pathway through down-
regulating LHX2 (11). These miRNAs function biologically
in tumor diseases; therefore, we speculated that miR-212-
3p may also affect the proliferation and other biological
functions of ESCC via the Wnt/B-catenin signaling
pathway. This study aimed to investigate this hypothesis
to provide new ideas for the treatment of ESCC. We
present the following article in accordance with the MDAR
reporting checklist (available at http://dx.doi.org/10.21037/
jtd-20-2558).

Methods
Collection and processing of clinical specimens

Cancer tissue samples and adjacent tissue samples were
collected from 60 patients with ESCC who were treated
in The First Affiliated Hospital of Nanchang University
between 2018 and 2019. The postoperative pathological
stage of all patients was determined by three pathologists.
The tumor tissues were separated into two parts: one part
was preserved with RNA preservation solution, and the
other was washed with cold phosphate buffer solution (PBS),
treated with diethyl pyrocarbonate (DEPC) to remove the
blood, and frozen with liquid nitrogen. None of the patients
received preoperative chemotherapy or radiotherapy.
For each patient, ESCC was the primary lesion and was
confirmed by pathological examination. None of the
patients had any history of major systemic disease. The
study was conducted in accordance with the Declaration
of Helsinki (as revised in 2013) and was approved by the
Medical Ethics Committee of The First Affiliated Hospital
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of Nanchang University. Signed informed consent was
obtained from each patient.

Cell culture

RPMI-1640 medium and 0.25% trypsin were purchased
from Gibco, USA. Fetal bovine serum (FBS) was obtained
from Hyclone, USA. A total RNA extraction kit was
purchased from Tiangen Biotech (Beijing) Co., Ltd.
A PrimeScript™ RT regent kit and an SYBR Premix
Ex Taq™quantitative real-time PCR (qRT-PCR) kit
were purchased from Takara Bio Inc., Japan. Reverse
transcription and real-time PCR primers were designed and
synthesized by Shanghai GenePharma Co., Ltd. Normal
human esophageal epithelial cell line HET-1A and ESCC
lines EC9706, KYSE-140, KYSE-150, and TE-10 were
acquired from the cell bank of Shanghai Institute of Cell
Biology, Chinese Academy of Sciences. The cells were
cultured with RPMI-1640 culture solution containing 10%
FBS, 100 U/mL penicillin, and 100 pg/mL streptomycin
and incubated at 37 °C with 5% CO, and saturated
humidity. The cells were digested with 0.25% trypsin every
2-3 days for passage, and cells in the logarithmic phase were
used for subsequent experiments.

Cell transfection

MiR-212-3p mimic, NC mimic, siRNA NC (si-
NC), SOX4 siRNA (si-SOX4), and miR-202-3p
mimic+overexpressing-SOX4(oe-SOX4) were purchased
from RiboBio (Guangzhou, China) and used in strict
accordance with the reagent instructions supplied by the
company. Transfection was carried out with Lipofectamine
2000. EC9706 cells were divided into five groups: the
miR-212-3p mimic group, the NC mimic group, the si-
NC group, the si-SOX4 group, and the miR-212-3p + oe-
SOX4 group. The EC9706 cells were seeded in 6-well
plates at a density of 5x105° cells/well. When the cell
fusion density reached 60-70%, 2 pL of Lipofectamine
2000 and 5 nM miR-212-3p mimic, NC, si-NC, si-
SOX4, and miR-212-3p mimic + oe-SOX4 were mixed at
a volume ratio of 1:50 and added to the culture medium
for transfection. After 6 hours of transfection, the cells
were washed three times with PBS, the culture medium
was replaced with common culture medium, and then
culture continued for a further 48 hours. The transfection

efficiency was detected by qRT-PCR.

© Journal of Thoracic Disease. All rights reserved.

4359

MTT assay for cell proliferation detection

The cells in the logarithmic growth phase were collected
and treated with 0.25% trypsin. After being counted, the
cells were cultured in a 96-well culture plate with 5,000 cells
per well. Four parallel wells and correction wells without
cells were established for each group. The plate was placed
in an incubator containing 5% CO, and 100% humidity at
37 °C for 24 hours for cell adhesion. Then, 20 pL of 5 g/L
MTT solution was added to each well, and after incubation
for a further 4 hours the supernatant was discarded.
Then, 20 pL. of DMSO was added, and the solution was
shaken gently for 10 min to completely dissolve the crystal
substance. The absorption value was measured at 490 nm
using an enzyme-linked fluorescence analyzer. The
experiment was repeated three times.

Transwell for cell invasion detection

These five groups were established as described above.
Complete medium containing 10% FBS was added to the
lower chamber of the Transwell. A polycarbonate membrane
(13 mm in diameter with 8 pm pore size) was paved
between the upper and lower chambers, and 50 pg/well
of artificial Matrigel (BD Company) was evenly paved
onto the membrane and the Transwell was polymerized in
an incubator at 37 °C for 30 min. A total of 400 pL (2x10*
cells) of cell suspension in the logarithmic growth phase
was added to the upper chamber and cultured for 48 hours
at 37 °C, 5% CO,. The fluid was removed from the upper
chamber fluid, and the uninvaded cells and Matrigel on the
membrane surface were wiped off. The cells were washed
in normal saline, fixed in methanol for 30 min, and stained
with 0.1% crystal violet. Three parallel samples were set in
each group. The number of penetrating cells in each group
was randomly counted under a 400x microscopic field, and
the mean values were taken. The experiment was repeated
three times.

Flow cytometry for apoptosis detection

The treated cells were digested and collected, and 50,000
100,000 cells were centrifuged (1,000 r/min, 5 min).
The supernatant was discarded, then 195 pL of Annexin
V-FITC binding solution was added and the cells were
gently resuspended. Subsequently, 5 pL. of Annexin V-FITC
reagent was added and mixed gently, and placed at room
temperature for 10 min avoiding light. Another 10 pL of
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propidium iodide (PI) staining solution was added, gently
mixed, and placed at room temperature for 10 min avoiding
light. Then, the cells were resuspended by gently adding
200 pL of Annexin V-FITC binding solution. The cell
suspension were subsequently detected by flow cytometry:
green fluorescence was shown after Annexin V-FITC
binding and red fluorescence was shown after PI binding.

Luciferase assay

The cells in the logarithmic growth phase were made
into cell suspension and inoculated in a 24-well plate.
Upon reaching 60% confluency, the cells were transfected
according to the following groups using Lipofectamine
2000: Group A: miR-212-3p mimics and wild-type (W)
plasmid containing SOX4 3'-UTR end; Group B: NC
mimics and WT plasmid containing SOX4 3'-UTR end;
Group C: miR-212-3p mimics and mutant (MUT) plasmid
containing SOX4 3'-UTR end; and Group D: NC mimics
and MUT plasmid containing SOX4 3'-UTR end. After
48 hours of co-transfection, a dual-luciferase reporter assay
system was employed to validate the relative luciferase
activity among the different groups. The following
calculation formula was used: luciferase activity = firefly
luciferase activity/Renilla luciferase activity. The experiment
was repeated three times.

Quantitative RT-PCR

Total RNA was isolated from ESCC cell lines (EC9706,
KYSE-140, KYSE-150, and TE-10), a normal esophageal
epithelial cell line (HET-1A), and tumor tissues using
TRIzol reagent (Invitrogen, Thermo Fisher Scientific,
Waltham, MA, USA). A total of 500 ng RNA was reverse
transcribed into cDNA using a ¢cDNA transcription kit
(ABI). Transcription was subsequently carried out at
16 °C for 30 min, followed by incubation at 42 °C for
30 min and enzyme inactivation at 85 °C for 5 min. Rapid
quantitative PCR was performed using SYBRH Select
Master Mix (Invitrogen). Transcription was performed
using the following parameters: 16 °C 30 min, 42 °C 30 min,
84 °C 30 min. Quantitative RT-PCR: 95 °C 2 min, 95 °C
15 s, 60 °C 40 cycles. All results were standardized to the
expression of glyceraldehyde 3-phosphate dehydrogenase
(GAPDH). The 2**“ method was used for quantitative
analysis. The primer sequences used were as follows:
miR-212-3p, 5'-AGCATCCACGAGCAAGAGAC-3'
and 5'-GATGCTACTAGTGTGGCGGG-3"; Us,
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5'-GCTTCGGCAGCACATATACTAAAAT-3" and
5'-CGCTTCACGAATTTGCGTGTCAT-3"; SOX4,
5'"-CTTGACATGATTAGCTGGCATGATT-3"
and 5'-CCTGTGCAATATGCCGTGTAGA-3";
GAPDH, 5'-AACGGATTTGGTCGTATTG-3" and
5'-GGAAGATGGTGATGGGATT-3".

Western blot to detect the expression level of SOX4 and
related proteins

At 48 hours after transfection, the cells were lysed and total
protein was extracted. After the protein content had been
determined, the protein was isolated using SDS-PAGE,
then transferred to a polyvinylidene difluoride (PVDF)
membrane, blocked with Tris Buffered saline Tween
(T'BST) buffer containing 5% skim milk powder. After
washing, the membrane was incubated with the following
primary antibodies at a dilution of 1:1,000 overnight at
4 °C: rabbit monoclonal antibody SOX4 (ab243041), rabbit
polyclonal antibody Wntl(ab15251), rabbit monoclonal
antibody B-catenin (ab32572), rabbit monoclonal antibody
c-Myc (ab32072), rabbit monoclonal antibody Cyclin D1
(ab134175), and rabbit monoclonal antibody GAPDH
(ab181602). Following that, the membrane was incubated
with horseradish peroxidase (HRP)-labeled secondary
antibody for 2 hours. The color was developed by
chemiluminescence, and the results were analyzed using a
gel imaging system. Images were subsequently quantified
with Image ] (National Institutes of Health).

Statistical analysis

All data obtained from the experiments were statistically
analyzed using SPSS 22.0 software (International Business
Machines Corporation, Armonk, New York, USA). The
measurement data were expressed as mean = standard
deviation (¥ + SD). Differences between two groups were
compared using Student’s z-test, and one-way analysis of
variance (ANOVA) was used to compare differences among
three groups. The experiments were repeated at least three
times. P<0.05 was considered to be statistically significant.

Results

Negative correlation between miR-212-3p and SOX4
expression in ESCC

The quantitative polymerase chain reaction (qPCR) assay
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Figure 1 Negative correlation between miR-212-3p and SOX4 expression in ESCC. (A) Compared with adjacent tissues, miR-212-3p

expression was significantly down-regulated in ESCC tissues; (B) compared with adjacent tissues, SOX4 expression was significantly up-
regulated in ESCC tissues; (C) compared with HET-1A, miR-212-3p was significantly down-regulated in ESCC cell lines EC9706, KYSE-
140, KYSE-150, and TE-10; (D) compared with HET-1A, SOX4 expression was significantly up-regulated in ESCC cell lines EC9706,

KYSE-140, KYSE-150, and TE-10; (E) correlation analysis between miR-212-3P and SOX4 expression.

*, compared with HET-1A group,

P<0.01; **, compared with the normal group, P<0.01. ESCC, esophageal squamous cell carcinoma.

results showed that the expression of miR-212-3p was
significantly decreased and that of SOX4 was significantly
increased in ESCC tissues compared with adjacent tissues
(Figure 14,B). This finding suggested that miR-212-3p
and SOX4 were involved in the development of ESCC. To
further verify this discovery, with human normal esophageal
epithelial cells (HET-1A group) used as a control group,
qRT-PCR revealed that miR-212-3p was down-regulated,
while SOX4 was up-regulated, in the ESCC cell lines
EC9706, KYSE-140, and TE-10 (Figure 1C,D). Correlation
analysis revealed that the expression levels of miR-212-3p
and HOXAS were significantly negatively correlated (Figure
IE). The expression of miR-212-3p was lowest in EC9706
cells and the expression of SOX4 was highest in EC9706
cells. Therefore, the EC9706 cell line was selected for

subsequent experiments.
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miR-212-3p targeted regulation SOX4 expression

First, a significant binding site between miR-212-3p and
SOX4 was predicted using the bioinformatics software
Starbase V2.0 (Qu Lab. School of Life Science, Sun Yat-
sen University, China) (Figure 24). To further verify the
target regulation relationship between miR-212-3p and
SOX4, WT or MUT plasmid containing SOX4 3'-UTR
end and miR-212-3p mimics or NC were co-transfected
into EC9706 cells to detect luciferase activity in Group A, B,
C and D, respectively. As shown in Figure 2B, following co-
transfection, luciferase activity was significantly inhibited.
The results of western blot showed that the protein
expression level of SOX4 inEC9706 cells was significantly
reduced when miR-212-3p was overexpressed compared
with the NC group (Figure 2C). This finding suggested that
miR-212-3p could regulate the level of SOX4 expression by
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Figure 2 miR-212-3p targeted regulation of SOX4 expression. Bioinformatics software Starbase V2.0 software was used to predict the

binding sites of miR-212-3p and SOX4; (B) dual-luciferase reporter gene was used to detect the target relationship between miR-212-3p

and SOX4; (C) the SOX4 protein expression level after transfection with miR-212-3p mimics and NC mimics was detected by western blot.

**, compared with NC group, P<0.01.

binding to SOX4 3'-UTR.

miR-212-3p regulates SOX4 expression to inbibit the
proliferation and invasion and to promote apoptosis of
ESCC cells

To investigate the biological function of miR-212-3p in
ESCC cells, gain- and loss-of-function experiments were
performed. EC9706 cells were transfected with miR-212-
3p mimic, NC MIMIC, si-NC and si-SOX4 and miR-
212-3p mimic + 0oe-SOX4. After successful transfection,
proliferation, invasion, and apoptosis of EC9706 cells
were detected by MTT assay, Transwell assay, and flow
cytometry, respectively. The results showed that compared
with NC group, the cell proliferation rate and cell invasion
ability were significantly decreased in the miR-212-3p
mimics group, while apoptosis was significantly increased
(P<0.05). Further, compared with the si-NC group, the cell
proliferation rate and cell invasion ability were significantly
decreased in the si-SOX4 group, while apoptosis was
significantly increased (P<0.05). Compared with miR-212-
3p group, the cell proliferation rate and cell invasion ability
were significantly increased in the miR-212-3p + oe-SOX4

© Journal of Thoracic Disease. All rights reserved.

group, while apoptosis was significantly decreased (P<0.05).
No significant difference was observed between the NC
group and the si-NC group (P>0.05) (Figure 3).

Effect of miR-212-3p targeting SOX4 on the Wnt/
p-catenin signaling patbway in EC9706 cells

In order to verify miR-212-3p inhibits the Wnt/B-catenin
signaling pathway to affect proliferation, invasion,
apoptosis, and other biological functions in ESCC, cells
were transfected with miR-212-3p mimic, NC mimic, si-
NC, si-SOX4, and miR-212-3p mimic + oe-SOX4.After
transfection, the expression levels of the corresponding
proteins of the Wnt/B-catenin signaling pathway(Wntl,
B-catenin, c-Myc, and Cyclin D1) were detected. The
results of western blot showed that the protein levels of
Wntl, B-catenin, c-Myc, and Cyclin D1 in the miR-212-3p
group were significantly decreased compared with those in
the NC group (P<0.05). Further, the protein levels of Wntl,
B-catenin, c-Myc, and Cyclin D1 in the si-SOX4 group
were significantly decreased compared with those in the si-
NC group (P<0.05). Meanwhile, the protein levels of Wntl,
B-catenin, c-Myc, and Cyclin D1 in the miR-212-3p + oe-

7 Thorac Dis 2020;12(8):4357-4367 | http://dx.doi.org/10.21037/jtd-20-2558
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Figure 3 The biological function of miR-212-3p that regulates SOX4 expression to inhibit the proliferation, invasion and promote

apoptosis of ESCC cells. (A) MTT assay was used to detect the cell proliferation rate of EC9706 after transfection with miR-212-3p mimic,
NC mimic, si-NC, si-SOX4, and miR-212-3p mimic + oe-SOX4; (B) Transwell assay was carried out to detect cell invasion of EC9706 cells
after transfection with miR-212-3p mimic, NC mimic, si-NC, si-SOX4, and miR-212-3p mimic + oe-SOX4; (C) flow cytometry was used
to detect the apoptosis rate of EC9706 after transfection with miR-212-3p mimic, NC mimic, si-NC, si-SOX4, and miR-212-3p mimic +
0e-SOX4. **, compared with NC, P<0.01; ##, compared with si-NC, P<0.01; &, compared with miR-212-3p, P<0.01. ESCC, esophageal
squamous cell carcinoma; si-NC, siRNA NC; si-SOX4, SOX4 siRNA; 0e-SOX4, overexpressing-SOX4.

SOX4 group were significantly increased compared with
those in the miR-212-3p group (P<0.05). No significant
difference was observed between the NC group and the si-
NC group (P>0.05) (Figure 4). These results suggested that
miR-212-mediated the proliferation, invasion, apoptosis,
and other biological functions of ESCC through inhibiting
the Wnt/B-catenin signaling pathway by targeting SOX4.

Discussion

With the continuous improvements in molecular biology
and oncology, our understanding of the pathogenesis of
ESCC has developed; however, the exact etiology and
pathogenesis of the disease are not entirely clear (12).
ESCC is known to be a multi-factor and multi-stage
complex biological process. Its occurrence and development

© Journal of Thoracic Disease. All rights reserved.

are associated with the abnormal expression and functions
of related genes. It is essential that the exact mechanisms of
ESCC are explored in depth, so that early biomarkers for
its diagnosis, treatment, and prognosis can be identified and
targeted drugs can be designed, thus improving the clinical
diagnosis and treatment for patients with the disease (13).
Despite the discovery and confirmation of a large number
of ESCC-related genes, more thorough investigations of
the mechanisms underlying signal pathway disorder and
abnormal gene expression regulation in ESCC need to be
carried out (14). In recent years, miRNAs have been found
to be closely related to, and thus play an important role
in, the occurrence and development of ESCC through
their regulation of corresponding signaling pathways (15).
MiRNAs are a class of short non-coding RNAs (18-25
nucleotides in length), which bind to the 3'-UTR of target
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Figure 4 Effect of miR-212-3p targeting SOX4 on Wnt/B-catenin signal pathway in EC9706 cells. (A) The protein expression levels of

Wntl, B-catenin, c-Myc, and Cyclin D1 were detected by western blot after transfection with miR-212-3p mimic, NC mimic, si-NC, si-

SOX4, and miR-212-3p mimic + 0e-SOX4; (B) quantitative analysis of protein expression. **, compared with NC, P<0.01; ##, compared
with si-NC, P<0.01; &, compared with miR-212-3p, P<0.01. si-NC, siRNA NC; si-SOX4, SOX4 siRNA; 0e-SOX4, overexpressing-SOX4.

mRNAs to act as post-transcriptional regulators of gene
expression (16). Therefore, finding ESCC-related miRNAs
and conducting in-depth studies on their functions and
regulatory mechanisms is of great importance.

A significant amount of research on the relationship
between miRNA and ESCC has been conducted. In various
studies in which ESCC tissues and esophageal tissues were
paired, or peripheral blood samples from ESCC patients
and healthy controls were paired, an abnormal expression
of specific miRNA was found in ESCC. The expression of
miR-21, a typical tumor-associated miRNA, is elevated in
various tumor tissues, including lung, breast, and cervical
cancer (17). Xie et al. found that the miR-21 expression
level in the salivary supernatant of ESCC patients was
significantly increased compared with healthy controls,
and that its sensitivity and specificity for diagnosing ESCC
were 84.4% and 62.5%, respectively (18,19). Zhang er al.
also discovered that miR-21 expression was significantly
increased in cancer tissues and peripheral serum from
ESCC patients. The area under the receiver operating
curve of miR-21 serum was 0.847, which indicates that it
has a degree of value for the diagnosis of ESCC (20). Other
miRNAs reported to be up-regulated in ESCC tissues are
miR-25, miR-208, miR-223, and miR-296. On the contrary,
some miRNAs such as miR-143, miR-195, miR429. miR-
138, and miR-628, are down-regulated in ESCC tissues and
serum, and may have inhibitory effect on ESCC (21-24).

MiR-212-3p was recently discovered to be
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associated with tumor proliferation and metastasis (25).
Overexpression of mir-212-3p is associated with the
prognosis of ESCC (26). However, its function in ESCC
is unclear. The results of this study revealed that miR-212-
3p expression was significantly decreased in human ESCC
tissues and ESCC cell lines, indicating that miR-212-3p
might be involved in the development and progression of
ESCC. Further comparative analysis of databases found
that miR-212-3p had binding sites in the 3'-UTR of SOX4,
and there was a significant negative correlation between the
two, which suggests that miR-212-3p might be involved
in the occurrence and development of ESCC through its
regulation of SOX4 expression. There are 32 members
in the SOX gene family, of which the role of SOX4 in
tumors is of particular interest. The SOX gene family
controls development and plays an important role in sex
differentiation and the formation of tissue and organ during
ontogeny. In meta-analysis, SOX4 is one of 64 “tumor
markers” in human, and plays an important role in tumor
occurrence and progression (27). Studies have found that
SOX4 is highly expressed in liver cancer tissue samples (28),
and down-regulation of SOX4 can significantly inhibit
the growth and metastasis of liver cancer (29). In recent
years, a considerable number of studies have reported
the overexpression of SOX4 in various tumors, such as
prostate (30), breast (31), and lung cancer (32). The
overexpression of SOX4 can promote cell survival and
transformation by promoting proliferation and inhibiting
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apoptosis, suggesting that SOX4 is an oncogene in tumor
development. Moreover, SOX4 has also been confirmed
to be closely related to tumor development and metastasis.
Recent studies have pointed out that the expression of
SOX4 in gastric cancer, lung cancer, and endometrial cancer
is closely related to tumor differentiation and metastasis (33).
For example, in hepatocellular carcinoma, overexpression
of SOX4 can not only promote the invasion and migration
of cancer cells, but also inhibit the pro apoptotic effect
mediated by p53 by combining with p53 promoter, thus
reducing the effect of radiotherapy (34). In bladder cancer,
overexpression of SOX4 can promote the apoptosis of cancer
cells, thus play a role in tumor inhibition (35). Progesterone
can induce SOX4 expression in breast cancer (36).
In hepatoma cells, PGA2 and m-pgj2 can promote the
expression of SOX4 (37). SOX4 was up-regulated in SOX4
and SOX4 in endometrial cells. In prostate cancer, SOX4
protein can bind to its own promoter and regulate its
expression (38). This indicates that SOX4 overexpression
may be one of the important factors in tumor development.

In this study, we found that the overexpression of SOX4
protein in ESCC tissues was closely related to the metastasis
of ESCC, while the expression of miR-212-3p was
significantly down-regulated in ESCC tissues. Luciferase
activity analysis also confirmed that the SOX4 gene was
a direct target of miR-212-3p. In this study, exogenous
miR-212-3p mimic was transfected into EC9706 cells and
the changes in SOX4 protein levels after up-regulation of
miR-212-3p were observed in vitro and in vivo. The SOX4
protein expression levels in cells transfected with miR-212-
3p mimic were significantly down-regulated compared with
the control group. This result supported the findings of
previous experimental studies and confirmed the regulatory
effect of miR-212-3p on SOX4 protein expression. To
further investigate the regulatory effect of miR-212-3p
on biological functions in ESCC by targeting SOX4, we
performed gain- and loss-of-function experiments and found
that overexpression of miR-212-3p and interference with
SOX4 significantly inhibited the proliferation and invasion
of EC9706 cells, and promoted apoptosis. Overexpression
of SOX4 reversed the functional effects of up-regulation of
miR-212-3p in EC9706 cells. To some extent, miR-212-3p
was demonstrated to target and regulate SOX4 expression
to affect the occurrence and development of ESCC.

After determining the effect of miR-212-3p on the
biological characteristics of ESCC by targeting SOX4,
our next focus was to elucidate the specific mechanism
of this effect. A large number of studies have confirmed
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that the Wnt/B-catenin signaling pathway plays a key role
in various cell events, including the regulation of gene
expression, growth, and proliferation. Cell proliferation and
metastasis have been found to be vital in the occurrence
and development of cancer. The Wnt/p-catenin and P13K/
AKT pathways are important signaling pathways in the
regulation of cell proliferation and metastasis. These
pathways are often abnormally activated in the development
of many cancers, including prostate cancer, oral squamous
cell carcinoma, and cutaneous squamous cell carcinoma
(39-41). Wntl, B-catenin, c-Myc, and Cyclin D1 are the
key factors in the Wnt/B-catenin signaling pathway (42).
We found that up-regulation of miR-212-3p expression and
down-regulation of SOX4 expression inhibited the protein
expression of Wntl, B-catenin, c-Myc, and Cyclin D1
(P<0.05). Furthermore, after up-regulation of miR-212-3p,
overexpression of SOX4 inhibited the protein expression
of Wntl, B-catenin, c-Myc, and Cyclin D1. Therefore, we
speculated that miR-212-3p inhibits the Wnt/B-catenin
signaling pathway to mediate the biological functions of
ESCC by targeting SOX4.

In conclusion, miR-212-3p expression is low in ESCC
cells and tissues. After in-depth investigation of the
mechanism, it was confirmed that miR-212-3p regulated
the biological functions such as proliferation, invasion and
apoptosis of ESCC cells through SOX4. However, there
are still some deficiencies in this study, such as insufficient
clinical sample size and lack of follow-up animal experiment
verification. We will try our best to study and confirm the
reliability of the molecular mechanism in the follow-up
study. At present, there are a large number of studies related
to the vivo study of miRNAs in ESCC. This study suggests
that miR-212-3p may be a potential cancer target, and
also demonstrates the clinical potential of miR-212-3p as a
target for prognosis for patients with ESCC.
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