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Abstract: Objective: To investigate the expression, role and the underlying mechanism of miR-124 in esophageal
squamous cell carcinoma (ESCC). Methods: A total of 25 pairs of ESCC and adjacent tissues were collected for
analysis. The human normal esophageal epithelial cell line (Het-1A) and human esophageal cancer cell lines (EC-1)
was cultured in Dulbecco’s Modified Eagle Medium (DMEM) containing 10% fetal bovine serum (FBS). Cells were
transfected with miR-124 mimics and inhibitors. A series of assays, including Cell-Counting-Kit-8 (CCK-8), Transwell
migration and invasion assays, real-time quantitative polymerase chain reaction (RT-gPCR), enzyme-linked immu-
nosorbent assay (ELISA) and luciferase reporter gene assay, were performed to detect the effects of miR-124 on
ESCC cells. Spearman’s correlation analysis was used to evaluate the relationship of miR-124 expression and signal
transducer and activator of transcription-3 (STAT3) expression. Results: miR-124 was significantly downregulated
in ESCC tissues and cells. Overexpression of miR-124 inhibited the proliferation, migration and invasion of ESCC
cells in vitro, while inhibition of miR-124 promoted these processes (all P<0.05). miR-124 was found to specifically
bind to the 3’-untranslated region (3’UTR) of STAT3. The expression level of STAT3 was obviously higher in tumor
tissues and cells compared to normal adjacent tissues and cells (all P<0.05). Moreover, miR-124 expression was
negatively associated with STAT3 levels. Restoring STAT3 expression in ESCC cells transfected with miR-124 mimics
partially reversed the inhibitory effects of miR-124 mimics on cell proliferation, migration, and invasion. Conversely,
inhibiting STAT3 expression in ESCC cells transfected with miR-124 inhibitors partially abolished the promoting ef-
fects of miR-124 inhibitors on the proliferation, migration and invasion of ESCC cells. Conclusion: miR-124 inhibits
the proliferation, migration and invasion of ESCC cells by downregulating STATS, indicating that miR-124 may serve
as a molecular candidate for treating ESCC.
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Introduction inhibits protein translation at the post-tran-

scriptional level, thus modulating the expres-

Esophageal carcinogenesis is a complex, multi-
stage process involving the dysregulation of
various genes [1]. Increasing evidence have
shown that epigenetics plays a crucial role in
the development of malignant tumors, and the
reversibility of epigenetic modifications offers
novel therapeutic strategies for cancer treat-
ment [2]. Recent studies have highlighted the
involvement of microRNAs (miRNASs) in the reg-
ulation of tumor epigenetics [3]. During tumor
progression, a variety of differentially express-
ed miRNAs bind to the 3’-untranslated region
(3'UTR) of target gene mRNAs, typically through
complete or partial base pairing. This binding

sion of the target gene and its associated
downstream genes. These changes regulate
critical cellular processes such as cell prolifera-
tion, differentiation, development, and apopto-
sis. Notably, a single miRNA can act on multiple
downstream genes, and multiple miRNAs can
also regulate the same target gene. This multi-
pathway or signaling pathway regulation cre-
ates a complex miRNAs-mediated regulatory
network of [4]. Therefore, identifying and char-
acterizing tumor-associated miRNAs is essen-
tial for understanding the mechanism of tumori-
genesis, and manipulating miRNA expression to
inhibit the proliferation and migration of tumor
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cells holds promise as a new pathway for can-
cer treatment.

miR-124 is a miRNA that has been found to be
abundantly expressed in the nervous system,
where it plays a role in processes such as
growth, apoptosis, autophagy in neuronal cells.
In addition, miR-124 is closely related to the
occurrence and development of a variety of
malignant tumors. Several studies have shown
that miR-124 expression is down-regulated in
gastric cancer cells, where it inhibits cell prolif-
eration, migration and invasion by targeting the
expression of Notchl protein [5]. In prostate
cancer cells, miR-124 suppresses tumor cell
proliferation by targeting enhancer of zeste
homolog-2 (EZH2) and Src [6]. In breast cancer,
miR-124 is lowly expressed, and its overexpres-
sion inhibits the proliferation, migration and
invasion of breast cancer cells by regulating the
expression of Ets-1 [7]. Sun et al. found that
miR-124 can inhibit the growth of colorectal
cancer cells both in vitro and in vivo by target-
ing key enzymes in the pentose phosphate
pathway [8]. Wan et al. found that miR-124 sup-
presses cell motility and angiogenesis in cervi-
cal cancer cells by suppressing the expression
of amotL1, functioning as an oncogene [9]. In
addition, miR-124 has been shown to inhibit
tumor progression in osteosarcoma [10].

These studies collectively highlight that miR-
124 plays an important regulatory role in the
proliferation, migration, and epithelial-mesen-
chymal transition (EMT) of various malignant
tumors. However, the expression and role of
miR-124 in esophageal cancer remain underex-
plored both domestically and internationally. To
clarify the specific regulatory function and
mechanism of miR-124 in the development of
esophageal cancer, this study explored the
effects of miR-124 on the biological functions
of esophageal cancer cells at the cellular level.
Furthermore, bioinformatics tools were used to
predict and validate the possible downstream
target genes of miR-124, providing an experi-
mental basis for considering miR-124 as a new
therapeutic target for esophageal cancer.

Materials and methods
Samples collection

In this retrospective study, 25 paired samples
of esophageal squamous cell carcinoma (ESCC)
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and adjacent noncancerous tissues were col-
lected from patients undergoing surgery at
Weifang People’s Hospital, The First Affiliat-
ed Hospital, Shandong Second Medical Uni-
versity. The Ethics Committees of Weifang
People’s Hospital, The First Affiliated Hospital,
Shandong Second Medical University approv-
ed this study (Approval No. 2019-037).

Inclusion criteria: O A diagnosis of ESCC con-
firmed by histological examination; 2 Adjacent
noncancerous tissues were located at least 6
cm away from the cancer tissues; @) No previ-
ous anti-tumor treatment, such as radiotherapy
and chemotherapy; @ The samples were
stored in liquid nitrogen; & Complete clinical
data.

Exclusion criteria: O Presence of other concur-
rent primary tumors; @ Presence of surgical
contraindications such as cardiopulmonary
insufficiency; 3 A history of severe venous
thrombosis or pulmonary embolism; @ Pa-
tients had the infective diseases.

Cell transfection

Cells (5x10%/well) were seeded in 6-well cul-
tured plates and incubated overnight at 37°C
until they reached 50%-60% confluency. The
culture medium was then replaced with serum-
free medium. miR-124 mimics (5-UAAGGCA-
CGCGGUGAAUGCC-3’) (Beyotime Biotech Inc,
China), miR-124 mimics control (5-UUGUA-
CUACACAAAAGUACUG-3’) (Beyotime Biotech
Inc, China), miR-124 inhibitor (5-CGUGUUC-
ACAGCGGACCUUGAU-3’) (Beyotime Biotech
Inc, China), and miR-124 inhibitor control (5-
CAGUACUUUUGUGUAGUA CAA-3’) (Beyotime
Biotech Inc, China) were transfected into cells
for 6 h using Lipofectamine (Invitrogen, USA),
following manufacturer’s protocol. STAT3 cDNA
(NM_139276) was cloned into the pcDNA3.1
vector (Takara Bio, Inc., Japan) according to
the manufacturer’'s instructions. Then, miR-
124 mimics and pcDNA3.1-STAT3 vector
(NM_139276, Beyotime Biotech Inc, China) or
miR-124 inhibitor and pcDNA3.1-shRNA-STAT3
(Sense: 5-GATCCGAGTCAAGGAGACCATGCAAT-
TCAAGAGATTGCATGTCTCCTTGACTCTTTTTT GG-
3’ and anti-sense, 5-AGCTTTTCCAAAAAAGA-
GTCAAGGAGACATGCAATCTCTTGA ATTGCATGT-
CTCCTTGACTCG-3’) (Beyotime Biotech Inc,
China) were co-transfected into cells. Further,
the cells were cultured in medium containing
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Table 1. Primer sequences used in this study

Gene Primers

miR-124 F: 5-TGCCGTCGACAACGTGGTG-3’
R: 5-CCAGTCGATCATATGAGGT-3’

ue F: 5’-~ACCCATACACCATATAT-3’
R: 5-TCAGGAGGAGACAGGAGTTTATAT-3’

GAPDH  F: 5-TGCGATTACGCTTTCGATGCAGC-3’
R: 5-CCAGCAGGCAGATGCAGGT-3’

STAT3 F: 5-AGAGCCAGGAGCACCCTGAA-3’
R: 5-GGTCAATGGTATTGCTGCAGGTC-3’

F: Forward primer; R: Reverse primer.

10% FBS for 48 h. Finally, the cells in different
groups were harvested at various time points
for the subsequent experiments.

Cell cultures

The human normal esophageal epithelial cell
line (Het-1A) and human esophageal cancer
cell lines (EC-1) were purchased from the Type
Culture Collection of the Chinese Academy of
Sciences, Shanghai, China. Cells were incubat-
ed at 37°C in a 5% CO, incubator using
Dulbecco’s Modified Eagle Medium (DMEM;
Gibco, USA) containing 10% fetal bovine se-
rum (BFS; Gibco, USA) and 1% Penicillin-
Streptomycin reagents (Solarbio, China).

Cell-Counting-Kit-8 (CCK-8) analysis

Cell viability was assessed using the Cell
Counting Kit-8 (CCK-8) assay, as described in
previous studies [11]. Briefly, 5x103 cells/well
were transfected with miR-124 mimics, inhibi-
tors, or miR-124 mimics + STAT3 vector and
seeded in 96-well plates. The viability of EC-1
cells was measured at various time points (O d,
1d,2d, 3dand 4 d). After incubation, 10 uL of
CCK-8 solution was added to each well and the
cells were incubated for 2 h at 37°C and 5%
CO,. The optical density (OD) values were mea-
sured at 450 nm using a microplate reader, and
a growth curve was drawn.

Transwell migration and invasion assays

For the migration assay, 100 pl of serum-free
medium containing 1x10° cells/mL was placed
in the upper chamber of a Transwell insert. The
lower chamber was filled with 500 ul of DMEM
containing 20% FBS, serving as chemo-attrac-
tants. After an 18-hour incubation, cells that
migrated to the lower surface of the membrane
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were fixed with methanol for 30 min and stain-
ed with 1% crystal violet solution. Non-migrat-
ed cells were then removed using swabs. The
stained cells were observed under a light micro-
scope (Nikon, Tokyo, Japan) at 200 x magnifi-
cation, and five random fields were selected for
cell counting.

For the invasion assay, Transwell inserts were
pre-coated with 40 pl of working Matrigel. The
following procedures followed the same proto-
col as the migration assay. After culture, the
cells that invaded the lower chamber were
quantified using the same methods applied in
the migration assay.

Quantitative reverse transcription polymerase
chain reaction (QRT-PCR) analysis

Total RNA was extracted from EC-1 and Het-1A
cells, human esophageal cancer tissues and
paracancerous tissues using a one-step RNA
extraction procedure. The extracted RNA was
reverse transcribed into cDNA using the High-
Capacity cDNA Reverse Transcription Kit and
RNase Inhibitor Kits (Thermo Fisher Scientific,
USA). The relative expression levels of miR-124,
STAT3, GAPDH and U6 were detected with using
FastFire qPCR PreMix (SYBR Green, Tiangen,
China) in a ProFlex™ PCR system (Thermo
Fisher). The primers used in the study are listed
in Table 1. PCR products were as follows: initial
degeneration at 95°C for 15 s, followed by 45
cycles of denaturation at 95°C for 5 seconds,
annealing at 60°C for 20 seconds. The expres-
sion levels of STAT3 mRNAs were normalized
to Glyceraldehyde-3-phosphate dehydrogenase
(GAPDH), and the expression of miR-124 was
normalized to U6. The relative expression le-
vels of targeted genes were calculated by the
2-AACt method.

ELISA analysis

The level of STAT3 protein in cancer tissues and
cell lines was quantified using enzyme-linked
immunosorbent assay (ELISA). STAT3 ELISA
Kits (Lot number: ab264629, Abcam, USA)
were used strictly following the operating
instructions on the Kits.

Dual-luciferase reporter gene assay

To verify whether miR-124 targets the STAT3
gene, potential transcription factor binding
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Figure 1. Expression of miR-124 in tissue sample and cells. A. miR-124
expression in tumor and para-cancerous tissues. B. miR-124 expression in
normal esophageal epithelial cell line (Het-1A) and human esophageal can-

cer cell line (EC-1). **P<0.01 vs normal or Het-1A.
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Figure 2. Effects of miR-124 expression on cell viability detected by CCK-8
assay. A. The effects of miR-124 mimics on cell viability. B. The effects of
miR-124 inhibitor on cell viability. *P<0.05 vs Mimics control or Inhibitor
control.

sites within the promoter region were predicted Results
through bioinformatics analysis. A luciferase
reporter gene containing either the wild-type or
mutant-type 3’UTR of the STAT3 gene was con-
structed, and miR-124 with a plasmid contain-
ing the STAT3 target fragment were co-trans-
fected into cells. The detailed protocol was as
follows: (1) Cells in good condition were digest-
ed with trypsin and developed into the single-
cell suspension, followed by cell counting. The
appropriate volume of medium was added to a
24-well plate, and cells seeded at a density of
2x10%/well. The cells were cultured at 37°C in
a 5% CO2 incubator, and the medium was
replaced when the cell confluence reached
about 50%. (2) Cellfectin Il Reagent (Thermo
Fisher Scientific Company, USA) was diluted
with medium in advance, and the appropriate
volume of Cellfectin Il Reagent was added to
each well, followed by a 5-min incubation at
room temperature. (3) miR-124 mimics/inhibi-
tors and 0.5 pg of the plasmid were then added
to each well, incubated for 5 min. The dilutions

Figure 1.

P<0.05).
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were then mixed and incubat-
ed for 20 min at room tempe-
rature. (4) Following transfec-
tion, proteins were isolated,
and luciferase activity was
measured by introducing a lu-
ciferase substrate. Finally, the
relative fluorescence intensi-
ties were determined.

Statistical analysis

Data were analyzed using
SPSS 23.0 software. The mea-
surement data were present
as mean  standard deviation
(SD). Comparisons between
the two groups were perform-
ed wusing the independent
t-test. For comparisons among
three or more groups, one-way
analysis of variance (ANOVA)
with Bonferroni post hoc test
was applied. Spearman analy-
sis was used to evaluate the
relationship between miR-124
expression and STAT3 expres-
sion. P<0.05 was defined as
statistically significant.

miR-124 expression in tumor and cell lines

The relative expression level of miR-124 in
adjacent non-cancerous tissues was 1.01+
0.14, while that in esophageal cancer tissues
was significantly higher at 0.49+0.09 (P=
0.006). Moreover, in EC-1 cell lines, the relative
expression level of miR-124 was 0.57+0.08,
which was significantly lower than that in Het-
1A cell lines (1.03+0.15; P=0.008), as shown in

Effects of miR-124 expression on cell viability

As shown in Figure 2, CCK-8 analysis showed
that, from the second day of culture, cell via-
bility in the miR-124 mimics group was signifi-
cantly lower than that in the mimics control
group (all P<0.05). Conversely, cell viability in
the miR-124 inhibitor group was obviously high-
er than that in the inhibitor control group (all

Am J Transl Res 2025;17(8):5939-5948
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Figure 3. Effects of miR-124 expression on cell migration and invasion detected by Transwell assays. A. The repre-
sentative images of Transwell migration assays (x200). B. Quantified results of migrated cells after transfection with
miR-12 mimics/inhibitors. C. The representative images of Transwell invasion assays (x200). D. Quantified results
of invaded cells after transfection with miR-12 mimics/inhibitors. *P<0.05 vs Mimics control or Inhibitor control.

Effects of miR-124 expression on cell migra-

tion and invasion

Target relationship between miR-124 and
STAT3 validated by Dual luciferase reporter
gene assay

As shown in Figure 3, migration and invasion

analyses showed that, in contrast to the con-

trol group, the average numbe

(P=0.027) and invaded cells (P=

miR-124 mimics group was Si

duced, while the average number of migrated
(P=0.021) and invaded cells (P=
miR-124 inhibitor group was obviously incre-
ased compared to the control group.
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To clarify the possible regulatory mechanism
of miR-124, downstream target genes of miR-
124 were predicted using the TargetScan and
miRanda databases. It was found that the
3'UTR of the STAT3 gene has a binding site for
miR-124, as shown in Figure 4A. Dual lucifer-
ase assay results showed that luciferase activ-
ity from the wild-type group was significantly

r of migrated
0.031) in the
gnificantly re-

0.034) in the
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Figure 4. Target relationship between miR-124 and
STAT3 validated by Dual luciferase assay. A. The bio-
informatics analysis. B. The results of Dual luciferase
assay. *P<0.05 vs control.

decreased after transfection of miR-124 (P=
0.029), while luciferase activity from the
mutant-type group was not significantly differ-
ent from the control (P=0.112), as shown in
Figure 4B. These results indicate that miR-
124 can specifically bind to the 3’UTR of STAT3.

STAT3 expression in tumor tissues

As shown in Figure 5A, 5B, gqRT-PCR results
showed that the expression level of STAT3
mRNA in tumor tissues was significantly higher
than in normal tissues (P<0.001). Moreover,
ELISA revealed that the STAT3 protein level in
tumor tissue was 431.50+32.89 pg/mL, sig-
nificantly higher than that in normal tissues
(225.40+24.50 pg/mL) (P<0.001). As shown
in Figure 5C, Spearman correlation analysis
indicated a negative relationship between
miR-124 expression and STAT3 expression
(P=0.001).

Effects of miR-124 mimics + STAT3 or miR-124
inhibitor + shRNA-STAT3 on cell proliferation

As shown in Figure 6, CCK-8 analysis showed
that, at day 3 and 4 after culture, cell viability in
the miR-124 mimics + STAT3 group was obvi-
ously higher than that in miR-124 mimics
group (all P<0.05), while the cell viability in
miR-124 inhibitor + shRNA-STAT3 was signifi-
cantly lower than that in miR-124 inhibitor
group (all P<0.05).
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Effects of miR-124 mimics + STAT3 or miR-124
inhibitor + sShRNA-STAT3 on cell migration and
invasion

As shown in Figure 7, cell migration and inva-
sion analysis showed that, in contrast to miR-
124 mimics group, the average number of
migrated (P=0.031) and invaded cells (P=
0.022) in miR-124 mimics + STAT3 group were
obviously increased. Conversely, compared to
the miR-124 inhibitor group, the average num-
ber of migrated (P=0.029) and invaded cells
(0.018) in miR-124 inhibitor + shRNA-STAT3
were significantly decreased.

Discussion

The differential expression of mMiRNAs has
been observed in various human malignancies,
where they act as oncogenes or suppressors to
play important regulatory roles. In esophageal
cancer, miRNAs are similarly involved in key
processes in its development and progression
[12]. Investigating the regulatory mechanisms
of miRNAs in esophageal cancer is conducive
to the development of new molecular targets
for the treatment of esophageal cancer. In
recent years, miR-124 has been found to be
down-regulated in several solid tumors, includ-
ing gastric cancer, colorectal cancer, breast
cancer, and hepatocellular carcinoma, where it
exhibits antitumor effects [13]. Li et al. found
that miR-124 targets STAT3 to inhibit the pro-
liferation and invasion process of NSCLC [14].
miR-124 expression is significantly reduced in
nasopharyngeal carcinoma, and its overexpres-
sion suppresses the proliferation and invasion
of nasopharyngeal carcinoma cells [15]. Fur-
ther investigation revealed that miR-124 tar-
gets the Wnt/p-catenin pathway, thus inhibiting
the adhesion and motility of nasopharyngeal
cancer cells [16]. The expression of miR-124
varies across different tumors, exerting differ-
ent regulatory effects. It was found that miR-
124 itself can also be used as a potential indi-
cator for therapeutic efficacy and prognosis of
tumor patients [17]. The results of this study
suggested that miR-124 was significantly down-
regulated in esophageal cancer tissues com-
pared with normal tissues. Additionally, miR-
124 expression was significantly down-regula-
ted in the esophageal cancer cell line EC-1
compared to normal esophageal mucosal cells.

Am J Transl Res 2025;17(8):5939-5948
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Figure 6. Effects of miR-124 Mimics + STAT3 or miR-124 Inhibitor + shRNA-
STAT3 on Cell Proliferation. A. The expression of STAT3 in miR-124 mimics
control group, MmiR-124 mimics group, and miR-124 mimics + STAT3 group.
B. The cell viability at different time points in miR-124 mimics control group,
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sion of STAT3 in miR-124 inhibitor control group, miR-124 inhibitor group
and miR-124 inhibitor + shRNA-STAT3 group. D. The cell viability at different
time points in miR-124 inhibitor control group, miR-124 inhibitor group and
miR-124 inhibitor + shRNA-STAT3 group. *P<0.05 vs miR-124 mimics con-
trol group or miR-124 inhibitor control group; #P<0.05 vs miR-124 mimics
group or miR-124 inhibitor group; **P<0.01 vs miR-124 mimics group or
miR-124 inhibitor group; ***P<0.001 vs miR-124 mimics control group or
miR-124 inhibitor control.
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Cell proliferation is a critical
biological process, and uncon-
trolled proliferation of malig-
nant cells contributes to can-
cer development and progre-
ssion. miRNAs regulate cell
proliferation and cell death by
modulating key molecules, in-
cluding cyclin-dependent kina-
se (CDK) and other cell cycle
proteins. Some studies have
shown that the high expres-
sion of certain miRNAs pro-
motes the G1/S phase tran-
sition, accelerating cell cycle
progression, while others can
block the GO/G1 phase transi-
tion, thereby slowing down cell
cycle progression [18]. To clari-
fy the effect of miR-124 on the
proliferative ability of esopha-
geal cancer cells, the CCK-8
assay in this study revealed
that transfection with miR-124
mimics significantly reduced
cell proliferation of esopha-
geal cancer cells compared to
the control group. Conversely,
transfection with miR-124 in-
hibitor significantly enhanced
the proliferative activity of
esophageal cancer cells. The-
se results suggest that miR-
124 can inhibit the prolifera-
tive ability of esophageal can-
cer cells. Invasion and me-
tastasis are key characteris-
tics of malignant tumors. miR-
21 is highly expressed in
esophageal cancer, and its
down-regulation has been sh-
own to reduce cell migration
and invasion [19]. He et al.
found that overexpression of
miR-143 reduced both the pro-
liferative activity and invasive
abilities of esophageal cancer
cells [20]. To clarify the effect
of miR-124 on the migration
and invasion of esophageal
cancer cells, Transwell assays
were conducted. The results
indicated that the average
number of migrated cells in
the miR-124 mimics group was

Am J Transl Res 2025;17(8):5939-5948
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significantly lower than that in the control
group, while that in the miR-124 inhibitor group
was significantly higher. These findings suggest
that miR-124 could inhibit the migration of
esophageal cancer cells. Similarly, the Transwell
invasion assay results showed that the average
number of invaded cells was significantly lower
in the miR-124 mimics group, while the average
number of invasive cells was significantly high-
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er in the miR-124 inhibitor group, further sup-
porting the conclusion that miR-124 inhibits
the invasive ability of esophageal cancer cells.
These results are consistent with previous stu-
dies [21, 22].

Signal transducer and activator of transcrip-
tion-3 (STAT3) is a member of the signal trans-
duction and transcription activator family, wide-
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ly expressed in the cytoplasm, where it is
activated and translocated to the nucleus to
bind to DNA, playing a critical role in signal
transduction and transcription. The activation
of STA3 is strictly controlled, and its abnormal
over-activation can lead to tumor development.
Several studies have reported that STAT3 is
abnormally expressed in a variety of human
tumors, and its activation is closely related to
tumor proliferation, differentiation, apoptosis,
angiogenesis, invasion, metastasis, and im-
mune escape [23]. Another study reported that
STAT3 expression was up-regulated in gastric
cancer tissues, and its expression level was
closely related to the degree of tumor diffe-
rentiation and tumor stage in gastric cancer
patients [24]. STAT3 is closely associated with
the occurrence and development of esopha-
geal cancer. Study has shown significant differ-
ences in STAT3 expression between esopha-
geal cancer tissues, atypical hyperplastic tis-
sues, and normal esophageal tissues [25]. Our
study confirmed that STAT3 expression was sig-
nificantly up-regulated in esophageal cancer
tissues compared with normal esophageal tis-
sues, and the STAT3 expression was also sig-
nificantly elevated in the esophageal cancer
EC-1 cells compared with normal esophageal
mucosal cells. In addition, Gu et al. found that
STAT3 was significantly upregulated in esopha-
geal cancer tissues and cells, and it enhance
the migratory and invasive ability of esophageal
cancer cells through the transcriptional activa-
tor ZEB1 [26]. Zhu et al. reported that silenc-
ing STAT3 expression using siRNA significantly
reduced cell proliferation by inducing cell cycle
arrest in the GO/G1 phase [27]. miRNAs mainly
regulate the expression of target genes by bind-
ing to the 3'UTR of downstream target genes,
either through complete or partial complemen-
tarity, thereby exerting their biological func-
tions. TargetScan and miRanda are commonly
used bioinformatics tools to predict miRNA tar-
get genes. To identify the downstream targets
of miR-124, TargetScan and miRanda were
used to predict the possible target genes of
miR-124, and it was found that STAT3 had a
complementary pairwise binding site for miR-
124, which was further validated using dual
luciferase reporter gene assay. To further vali-
date the relationship between miR-124 and
STAT3 expression, Spearman correlation analy-
sis was performed. The results revealed a sig-
nificant negative correlation between miR-124
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and STAT3 expression, further supporting the
notion that miR-124 inhibits STAT3 expression.

Despite the inspiring findings, there are still
some shortcomings in this study, including its
single-center design, limited sample size, and
reliance on cell experiments. Notably, animal or
human experiments were not conducted, whi-
ch may provide more comprehensive insights
compared to cell experiments. Additionally, the
STAT3 signaling pathway was not intervened
with to explain whether the antitumor effect of
miR-124 are mediated through STAT3 signaling.
Future studies involving multicenter collabora-
tions and animal models or human experi-
ments are necessary to further validate these
findings.

In summary, miR-124 is significantly down-reg-
ulated in esophageal cancer cells and tissues.
Overexpression of miR-124 effectively inhibits
the proliferation, migration and invasive ability
of esophageal cancer cells possibly through
regulating STAT3, serving as a potential thera-
peutic target for the treatment of esophageal
cancer.
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