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A B S T R A C T

Increasing evidence indicates that microRNAs may play important roles in tumor development and may take
part in different processes in different cancers. miR-429 is known as a cancer suppressor or oncogene that is
dysregulated in different malignancies, including esophageal squamous cell carcinoma (ESCC). However, the
effect of miR-429 in ESCC has not been fully explored. The purpose of this study was to investigate the functions
of miR-429 in ESCC. qRT-PCR assays were performed to detect miR-429 expression in ESCC tissues and cell lines.
To assess the effects of miR-429 on ESCC cells, wound healing and transwell assays were used. Luciferase re-
porter and western blot assays were employed to determine whether Slug is a major target of miR-429.Our
results showed that the expression levels of miR-429 in ESCC tissues and cells were lower than in normal eso-
phageal epithelial tissues and cells. Furthermore, overexpression of endogenous miR-429 inhibited the migration
and invasion of ESCC cell lines. In addition, Luciferase reporter and western blot assays provided evidence that
miR-429 can bind to the 3′ untranslated regions of Slug to regulate its expression and that of downstream
epithelial-to-mesenchymal transition (EMT) markers. We found that Slug serves as a major target of miR-429.
miR-429 plays a vital role in ESCC progression and represents a new therapeutic target for ESCC.

1. Introduction

Esophageal cancer (EC) is the sixth most common cause of cancer
death, with a high global mortality rate [1]. It is the fourth most
common cause of cancer death in developing countries. China had an
estimated 477,900 new diagnoses and 375,000 deaths in 2015 [2].
Based on its pathological features, esophageal cancer is mainly divided
into esophageal squamous cell carcinoma (ESCC) and esophageal ade-
nocarcinoma (EA), of which ESCC accounts for more than 90%. The
main treatment methods of esophageal cancer are surgery, che-
motherapy, radiotherapy, and combined treatments. Targeted therapies
such as trastuzumab plus chemotherapy are recommended as first-line
therapies for patients with advanced or metastatic adenocarcinoma
who are HER2-positive [3]. Despite great advances in treatment, the 5-
year survival rate for esophageal cancer remains below 15% [4]. Re-
currence and metastasis are the fundamental causes affecting the long-
term survival. Therefore, it is of great significance and clinical value to
understand the molecular mechanisms of the occurrence, development,
and metastasis of esophageal cancer cells and to screen for new, spe-
cific, and sensitive targets to prevent and treat esophageal cancer.

Tumor invasion and metastasis is a complex process in which epi-
thelial-to-mesenchymal transition (EMT) has been reported to play an
important role [5–7]. EMT is the differentiation of epithelial cells into
mesenchymal cells under specific physiological and pathological con-
ditions [8]. When EMT occurs in tumor cells, the skeleton of the cells
recombines, and the epithelial cell phenotype is deleted [9]. Moreover,
the expression of proteins that enhance intercellular adhesion, such as
E-cadherin, is reduced, and molecular markers of mesenchymal cells
such as vimentin and N-cadherin are increased [10]. As a result, the
adhesion between cells is reduced or lost, and intercellular connections
become loose. In addition, the polarity is lost, and the ability to mi-
grate, avoid apoptosis, and degrade the extracellular matrix is obtained,
which is an important development for the invasion of surrounding
tissues and metastasis of distant organs [11].

Slug is a member of the transcription factor Snail family. It encodes
a zinc finger protein that plays an important role in embryonic devel-
opment and is one of the most important transcription factors in the
process of activating EMT [12,13]. Slug is significantly upregulated in a
variety of malignant tumors, and tumors in which Slug is upregulated
are prone to distant metastases and are correlated with poor prognosis
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[14,15]. E-cadherin is one of the most important markers of epithelial
cell adhesion plaques. Slug has a highly conserved C2H2 zinc finger
domain, which can bind directly to a target gene sequence promoter in
the nucleus to directly regulate its transcription [16]. It has been re-
ported that Slug can inhibit E-cadherin gene transcription and expres-
sion by combining with the E-box on its gene promoter, which is a key
factor in EMT [17].

As an initiator of tumor metastasis, EMT is regulated by microRNAs
(miRNAs). MiRNAs are a class of noncoding small RNAs about 18―25
nucleotides in length [18,19] that interact with the 3′-untranslated
region (UTR) of target mRNAs, causing the expression of the target to
decrease or experience accelerated degradation, reducing protein
translation. miRNAs participate in many physiological and pathological
processes, such as cell differentiation, embryonic development, organ
formation, and tumor progression [20]. Abnormal miRNA expression
exists in many types of tumor tissues and cells, and the expression
profiles of miRNA at different stages of the same tumor are also dif-
ferent. According to its regulated target genes, miRNAs play a role in
inhibiting or promoting tumor growth. miR-200 is the main regulatory
molecule of EMT and helps to maintain the epithelial phenotype,
playing an important role in the occurrence of EMT and tumor pro-
gression [21,22]. Due to its location in different chromosomes, miR-200
can be divided into two gene clusters: miR-200b, miR-200a, miR-429
and miR-200c, miR-141. It is predicted that members of the same fa-
mily may have similar target gene profiles and may participate in the
same or related physiological processes [23,24]. miR-429 is a member
of the miRNA-200 family, which is implicated in EMT. miR-429 has
been reported to be dysregulated in NSCLC, colorectal cancer, naso-
pharyngeal cancer, and bladder cancer and is associated with poor
outcomes, suggesting that it may play a role in tumorigenesis and
progression in different types of tumors [25–28]. Wang et al. reported
that miR-429 expression in esophageal cancer is downregulated, and
the expression level is closely related to lymph node metastasis [29].
However, few studies have been conducted on the potential molecular
mechanisms of miR-429 in regulating the invasion and metastasis of
esophageal cancer.

In this study, miR-429 was found to be downregulated in ESCC, and
it negatively regulated cell migration and invasion of ESCC cells by
directly targeting Slug. In addition, downregulation of miR-429 induced
EMT.

2. Materials and methods

2.1. Cell culture and tissue samples

Human EC cells ECA109, TE-1, TE-2, TE-3, TE-8, TE-12, and TE-13
and the normal human esophageal epithelial cell line HEEC were pur-
chased from the Shanghai Institute of Cell Biology, Chinese Academy of
Sciences. All cells were cultured in DMEM supplemented with 10% fetal
bovine serum (FBS; Gibco BRL, Gaithersburg, MD, USA) at 37 °C with
5% CO2.

Pairs of ESCC tissues and their paracancerous tissues(n=23) were
collected from Jinling Hospital (Jiangsu, China). No radiotherapy and
chemotherapy were performed before operation, and the pathological
diagnosis was clear. The study protocol was reviewed and approved by
the Ethics Committee and Institutional Review Committee of Jinling
Hospital and obtained the written informed consent of each patient
participating in the study.

2.2. Quantitative RT-PCR of miRNAs

Total RNA was extracted from cells and tissues using Trizol reagent
(Invitrogen, USA), according to the manufacturer’s instructions. Total
RNA was reverse transcribed to cDNA using an SYBR® PrimeScript™ RT-
PCR Kit (TaKaRa, Japan). The expression level of miR-429 and Slug was
determined using the SYBR® PrimeScript™ RT-PCR Kit in conjunction

with an ABI 7500 Fast Thermal Cycler (Applied Biosystems, USA). U6
small nuclear RNA was used as an endogenous normalized reference.
The experiment was repeated three times, and data were analyzed using
the 2−ΔΔCt method.

2.3. Transfection with miRNA mimics or siRNAs

TE-2 and TE-13 cells were selected for further functional study.
Oligonucleotides miR-429 mimic and miR-NC used in this study were
prepared by Realgene Biotechnology (Nanjing, China). siRNA/Slug and
siRNA/control (siRNA-NC) were synthesized by Shanghai Gene-Pharma
Co. Ltd. The cells were seeded into 6-well plates with 2×105 cells/
2ml/well. Transfection was performed by Lipofectamine 2000
(Invitrogen, USA) according to the instructions.

2.4. Proliferation assays

Cell viability was analyzed using the 3-(4, 5-dimethylthiazol-2-yl)-2,
5-diphenyltetrazolium bromide (MTT) assay. Transfected cells were
seeded into 96-well plates (5.0× 10 3 cells per well) and cultured for
24–72 h followed by the addition of MTT solution (5mg/mL) and then
further incubated for 4 h at 37 °C. After removing the medium, 100 μL
of dimethyl sulfoxide (DMSO) was added into each well. The trans-
fected cells were shaken at a low speed for 10min, then the absorbance
value of each well was determined at 490 nm by an automatic enzyme
marker. Three independent experiments were conducted.

2.5. Luciferase reporter assay

The 3′-UTR sequence of Slug was predicted to interact with miR-429
by two established miRNA-target prediction programs (TargetScan,
miRanda). The luciferase reporter assay was used to assess the effects of
miR-429 on the 3′-UTR of Slug mRNAs by the Dual-Glo Luciferase Assay
System (Promega, USA). The pLUC firefly luciferase vectors contained
the wild-type and mutant Slug 3′-UTR sequence, respectively. Cells
were co-transfected with hsa-miR-429/NC miRNA and the wild-type/
mutant 3′-UTR of Slug using Lipofectamine 2000 (Invitrogen, CA, USA).
After 48 h, the Dual-Luciferase Reporter Assay System (Promega, USA)
was employed to analyze the luciferase activity according to the man-
ufacturer’s instructions. The experiment was repeated in triplicate.

2.6. Wound-healing assay

For wound-healing assays, transfected TE-2 and TE-13 cells and
control-transfected cells were seeded onto 6-well plates with 2× 105

cells/well. The cells were cultured to a subconfluent state. After 24 h of
starvation in serum-free medium, disinfected pipette tips were used to
scratch through the confluent monolayer. After washing three times
with PBS, cells were incubated in RPMI-1640 containing 10% FBS.
Their migrations were quantified after 48 h under a microscope. All
wound-healing assays were conducted in triplicate.

2.7. Transwell migration and invasion assay

The Transwell migration and invasion assay was used to evaluate
the metastasis and invasion of transfected cells. For the Transwell mi-
gration assay, the above transfected cells were added to the Transwell
upper chambers without Matrigel coating at a concentration of
1× 105/ml. For the Matrigel-coated Transwell invasion assay,
Matrigel-coated transwell chambers were used to assess cell invasion
according to the manufacturer’s instructions (Corning, MA, USA). Pre-
coated Matrigel and the above transfected cells were added to the upper
chambers and incubated in serum-free RPMI 1640 in 8-μm pore size
Transwell plates (Corning). Every experiment was performed in tripli-
cate. After 48 h incubation at 37 °C in 5% CO2, the cells in the upper
chamber were carefully cleaned with a cotton swab. The lower chamber
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was fixed with methanol for 15min, stained with 1% crystal violet for
5min, and cells were counted under a microscope.

2.8. Western blotting

Total protein was extracted from cultured cells using RIPA lysis
buffer. Protein concentrations were assessed by a BCA protein assay kit
(Beyotime, China). Extracted proteins were separated by 10% SDS-
PAGE, transferred to PVDF membranes, and incubated with 5%
skimmed milk for 1 h. Then the membranes were incubated with anti-
bodies specific to E-cadherin, β-catenin, N-cadherin, Snail, or Slug
(Abcam, UK) overnight at 4 °C. GAPDH was used as an endogenous
reference. After washing with TBST three times, the corresponding
secondary antibodies were added. The membranes were incubated at
room temperature for 1 h and then washed with TBST three times. The
ECL Luminescence Kit was used for darkroom coloration. Image-J
software was used to quantitatively analyze the gray values of elec-
trophoretic stripes in scanning images. Each experiment was repeated
three times.

2.9. Nude mice xenografts

miR-429 mimics and miR-NC cells in logarithmic growth stages
were collected, digested with trypsin, washed with PBS three times, and
suspended in serum-free medium. The cell concentration was adjusted
to be 5× 106/ml. Twenty female nude BALB/c-nu/nu mice aged 4―6
weeks (Jinling Hospital, Nanjing, China) were randomly divided into
two groups. The two transfected cell lines were inoculated under the
skin of the right side of the posterior flank (0.1 ml each). The growth of
tumors was closely observed. The length and short diameter of the tu-
mors were measured and recorded with a Vernier caliper every other
day after tumor formation. The mice were killed, and the subcutaneous
tumors were excised and measured 5 weeks later. Primary tumors were
analyzed by western blotting. The experimental protocol was approved
by the ethics committee of Jiangsu Province Medical Association.
Tumor volume was determined as mm3 = A×B2/2, in which A was
the length, and B was the short diameter of the tumor. The growth
curve of subcutaneous tumors was plotted according to tumor volume.

2.10. Statistical analysis

SPSS 18.0 software was used for statistical analysis of the results,
and each experiment was repeated three times. Student’s t test was used
to compare the mean values of the two samples. All data were expressed
as the mean ± standard deviation (SD). The test level value was 0.05,
and the difference was statistically significant when P<0.05.

3. Results

3.1. miR-429 is downregulated in ESCC cells and tissues and is correlated
with proliferation

The results of quantitative real-time PCR (qRT-PCR) showed that
miR-429 was aberrantly downregulated in human esophageal squa-
mous cell lines ECA109, TE-1, TE-2, TE-3, TE-8, TE-12, and TE-13
compared with the normal human esophageal epithelial cell line, HEEC
(Fig. 1A, P < 0.01). Since the expression levels of miR-429 in TE-2 and
TE-13 cells were highly reduced, subsequent experiments were con-
ducted with these lines. To clarify the role of miR-429 in esophageal
cancer proliferation, miR-429 mimics or miR-NC were used in TE-2 and
TE-13 cells for functional verification. After transfection with miR-429
mimics, the expression of miR-429 in TE-2 and TE-13 cells was sig-
nificantly increased (Fig. 1B and D). MTT was used to detect cell pro-
liferation, and the cell proliferation capacity of the cells transfected
with miR-429 mimics was significantly lower than that of cells trans-
fected with miR-NC (Fig. 1C and E). The results of qRT-PCR showed

that the expression level of miR-429 in ESCC tissues was significantly
lower than that in paracancerous tissues (Fig. 1F).

3.2. miR-429 regulates migration, invasion, and EMT in EC cells

To detect the effect of miR-429 on migration and invasion of EC
cells, transwell assays were used to observe the effect of miR-429 on
migration and invasion of TE-2 and TE-13 cells. We found that cells
transfected with miR-429 mimics showed significantly reduced cell
migration compared to the miR-NC groups (Fig. 2A, P < 0.01).
Wound-healing assay results showed that after the overexpression of
miR-429 in the esophageal cancer cell lines TE-2 and TE-13, the healing
rate of scratches was significantly lower than that of NC-transfected
cells at 48 h, and the difference was statistically significant (Fig. 2B,
P < 0.01). EMT is closely related to tumor cell invasion and metastasis.
To study the role of miR-429 in EMT, we examined EMT-related mo-
lecular markers. Western blotting results revealed that miR-429 over-
expression in both TE-2 and TE-13 upregulated the expression of epi-
thelial markers (E-cadherin and β-catenin) and downregulated the
expression of mesenchymal markers (N-cadherin and Snail) (Fig. 2C,
P < 0.01). This finding suggested that miR-429 may be involved in the
regulation of EMT-related molecular marker expression in EC cells.

3.3. miR-429 inhibits tumor formation in vivo and the relationship between
miR-429 and Slug expression in tissue specimens

The results of functional experiments in vitro indicated that upre-
gulation of miR-429 significantly inhibited the migration and invasion
of TE-2 and TE-13 cells. Therefore, we further investigated whether
miR-429 has similar tumor suppressive function in vivo. To study the
mechanism of tumor proliferation, a subcutaneous xenograft model was
established in nude mice. As shown in Fig. 3A―C, the subcutaneous
xenograft tumor model established by esophageal cancer cells trans-
fected with miR-429 mimics had weaker tumor proliferation than the
miR-NC group. In general, our results showed that miR-429 suppresses
the proliferation of EC. The overexpression of miR-429 also affected the
expression of EMT-related molecules in vivo, which was consistent with
the results of the experiments in vitro (Fig. 3D, P < 0.01 compared to
the control group). In the above study, we detected the expression of
miR-429 in esophageal carcinoma, and found that the expression of
miR-429 was down-regulated in esophageal carcinoma. The mRNA
expression level of Slug gene in 23 cases of ESCC tissues and its para-
cancerous tissues was detected by qRT-PCR. It was found that the
mRNA expression level of Slug gene was significantly higher than that
in paracancerous tissues (P < 0.01), and the expression level of miR-
429 was negatively correlated with the expression level of Slug gene
(Figure 3 F and G).

3.4. Slug is a direct target of miR-429 in EC cells

Using bioinformatics programs such as TargetScan, we predicted
that Slug was the target gene of miR-429. Luciferase reporter gene
analysis showed that miR-429 overexpression significantly inhibited
the activity of wild-type luciferase (Fig. 4A). Western blotting results
showed that the expression level of Slug protein was significantly lower
after transfection of miR-429 into TE-2 and TE-13 cells compared to
NC-transfected cells (Fig. 4B). This suggested that miR-429 negatively
regulates Slug expression. Western blotting was used to detect the in-
fluence of si-Slug on Slug expression. The results showed that the ex-
pression of Slug in the si-Slug group was downregulated compared with
the control group (Fig. 4C). We examined the effects of Slug on cell
migration and invasion using transwell migration and invasion and
wound-healing assays. Knockdown of Slug suppressed the migration
and invasion of the cells transfected with si-Slug (Fig. 4D). Wound-
healing assays revealed that the silencing of Slug suppressed wound
healing (Fig. 4E). In vitro experiments therefore confirmed that the
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knockdown of Slug had a biological effect similar to the overexpression
of miR-429. We further studied whether knockdown of Slug also plays a
regulatory role in the EMT process of esophageal cancer cells. Western
blot results showed that in Slug-knockdown cells, compared with con-
trol cells, the expression levels of epithelial markers (E-cadherin and β-
catenin) were significantly increased (P < 0.01), while the expression
levels of mesenchymal markers (N-cadherin and Snail) were sig-
nificantly decreased (Fig. 4F, P < 0.01). These results suggest that
knockdown of the Slug can simulate the effect of miR-429 over-
expression on EMT and inhibit the migration and invasion of EC cells in
vitro.

3.5. Overexpression of Slug partially abrogates the effects of miR-429
upregulation in EC cells

In vitro functional experiments confirmed that the knockdown of
Slug can mimic the biological effects of miR-429 overexpression.
However, whether miR-429 mainly regulates the invasion and metas-
tasis of EC cells by inhibiting Slug has not been clarified. Therefore, we
constructed a Slug-overexpressing plasmid vector and transfected it into
TE-2/miR-429 mimic or TE-13/miR-429 mimic cells. MTT assays
showed that the proliferation of TE-2/miR-429 mimic or TE-13/miR-
429 mimic cells was reduced compared with TE-2/miR-NC or TE-13/
miR-NC cells, but the proliferation of TE-2/miR-429 mimic/Slug or TE-
13/miR-429 mimic/Slug cells was significantly upregulated (Fig. 5A).

Wound healing experiments showed that the wound width of TE-2/
miR-429 mimic or TE-13/miR-429 mimic cells was significantly in-
creased compared with TE-2/miR-NC or TE-13/miR-NC cells. However,
the wound width of TE-2/miR-429 mimic/Slug or TE-13/miR-429
mimic/Slug cells was significantly reduced (Fig. 5B). In the transwell
assays, we also found that overexpression of Slug partially restored
miR-429 mimic-induced migration and invasion in both TE-2 and TE-13
cells (Fig. 5C). Moreover, the EMT factors affected by the miR-429
mimic were also suppressed by transfection with the Slug plasmid
(Figure 5DEF). These results showed that restoring Slug expression
could reverse the inhibitory effects of miR-429 overexpression on EC
cell migration, invasion, metastasis, and EMT processes, suggesting that
miR-429 regulates these effects by targeting Slug.

4. Discussion

Esophageal cancer is a common malignancy of the digestive system,
and China has a high incidence. Clinically, surgery is mainly used in
combination with radiotherapy and chemotherapy. However, tumor
metastasis results in a low survival rate [4]. It is thus of great sig-
nificance to elucidate the mechanisms of the occurrence and develop-
ment of esophageal cancer for prevention and treatment.

Studies have found that miRNAs directly or indirectly participate in
the occurrence and development of tumors by regulating a variety of
signaling pathways [18]. miRNA-873 acts as a tumor suppressor in

Fig. 1. miR-429 expresses in ESCC cells and tissues and regulates ESCC cell proliferation. (A) Relative miR-429 expression in normal esophageal epithelial cells and
EC cell lines was examined by qPCR. (B) Expression levels of miR-429 in TE-2 cells after transfection with miR-NC and miR-429 as detected by qPCR. (C) MTT assays
were used to analyze the effect of miR-429 on TE-2 cells. (D) Expression levels of miR-429 in TE-13 cells after transfection with miR-NC and miR-429 as detected by
qPCR. (E) MTT assays were used to analyze the effect of miR-429 on TE-13 cells. (F) The expression level of miR-429 in ESCC tissues and paracancerous tissues was
detected by qRT-PCR (Fig. 1F).**P < 0.01 compared to the control group.
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esophageal cancer by inhibiting differentiated embryonic chondrocyte
expressed gene 2 [30]. Downregulation of miR-1 enhances the tumor-
igenicity and invasiveness of oral squamous cell carcinoma (OSCC)
[31]. miR-218-5p is downregulated in invasion front cells and nega-
tively regulates OSCC invasiveness by targeting the CD44-ROCK
pathway. Thus, miR-218-5p may serve as a useful therapeutic target for
OSCC [32]. The purpose of the present study was to elucidate the re-
lationship between miR-429 and invasion and metastasis of esophageal
cancer and its regulatory mechanism.

Studies have shown that miR-429 has abnormal expression levels in
various tumors and plays different roles in different tumor types. In
gastric cancer, miR-429 acts as a tumor suppressor by targeting FSCN1,
suggesting that miR-429 and FSCN1 could both be potential therapeutic
targets [33]. In colorectal cancer, miR-429 exerts an oncogenic effect by
directly targeting HOXA5, a transcription factor of the HOX family that
is involved in cancer’s development and progression [34]. In this study,
we found that the expression of miR-429 in esophageal cancer cells was

lower than that in normal esophageal epithelial cells, and the over-
expression of miR-429 resulted in decreased proliferation, invasion, and
metastasis of esophageal cancer cells and inhibited tumorigenesis in
nude mice in vivo. Therefore, we concluded that miR-429 plays a role as
a tumor suppressor gene in the occurrence and development of eso-
phageal cancer, though the specific mechanism remained to be studied.

EMT was initially discovered to be a critical stage of embryonic
development but has been found to play an extremely important role in
tumor invasion and metastasis [35–37]. miRNAs, which are key factors
in the post-transcriptional regulation of gene expression, play an im-
portant role in malignant tumor progression. Studies have shown that
miRNAs also play a regulatory role in the development of EMT, which
has potential diagnostic and therapeutic implications for tumor me-
tastasis [38,39]. In this study, we found that upregulated miR-429 ex-
pression resulted in increased expression of E-cadherin and β-catenin,
decreased expression of N-cadherin and Snail, and significantly reduced
the number of cells passing through the basement membrane. This

Fig. 2. miR-429 regulates migration, invasion, and EMT in EC cells. (A) Transwell migration and invasion assays were used to evaluate transfected cells. (B) Wound-
healing assays were used to evaluate the metastatic ability of transfected cells. (C) Western blots were used to detect the expression levels of EMT-related markers.
**P < 0.01 compared to the control group.
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indicated that the number of invasive and metastatic cells was sig-
nificantly reduced, suggesting that miR-429 regulates EMT.

To further study the mechanism of miR-429 in esophageal cancer,
we predicted possible target genes of miR429 through TargetScan and
other programs and found that miR-429 potentially targets Slug.

Luciferase reporter gene assays and western blotting verified this. The
results showed that overexpression of miR-429 significantly inhibited
the activity of wild-type luciferase but had no effect on the activity of
mutant luciferase, and the overexpression of miR-429 inhibited the
expression of Slug. Therefore, we speculate that miR-429 may regulate

Fig. 3. miR-429 inhibits tumor formation in vivoand the relationship between miR-429 and Slug expression in tissue specimens.(A) Overexpression of miR-429
attenuated tumorigenesis. (B) Volumes of xenograft tumors in nude mice were measured every three days. (C) Average weights of xenograft tumors of nude mice
were lower in the miR-429 mimic group than in the miR-NC group. (D) The overexpression of miR-429 affected the expression of EMT-related molecules in vivo. (F)
The mRNA expression level of Slug gene in 23 cases of ESCC tissues and its paracancerous tissues was detected by qRT-PCR (G) Analysis of correlation between Slug
and miR-429 expression levels in 23 pairs of ESCC tissue specimens **P < 0.01 compared to the control group.
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Slug by binding with its 3′-UTR, though the specific mechanism remains
to be further studied.

Slug encodes a zinc finger protein in the transcription factor Snail
family and is significantly upregulated in a variety of malignant tumors.
Slug is related to the occurrence and angiogenesis of malignant tumors
and is also a key transcription factor and marker of EMT [40,41]. Our
results showed that interfering with Slug expression could cause a de-
crease in the proliferation, invasion, and metastasis of esophageal
cancer cells, lead to an increase in the expression of E-cadherin and β-
catenin and a decrease of N-cadherin and Snail, which is consistent with
previous research. To further study the mechanism of miR-429 reg-
ulation of Slug expression, we conducted restoration experiments. We
found that overexpressing Slug partially reversed the inhibitory effects
of miR-429 overexpression on proliferation, migration, invasion, me-
tastasis, and EMT of esophageal cancer cells, suggesting that miR-429
regulates these effects by targeting Slug. Therefore, our results suggest
that Slug may be the functional target of miR-429.

In conclusion, the overexpression of miR-429 in esophageal cancer

cells downregulated their invasion and metastasis ability, Slug is a
target of miR-429, and the high expression of Slug induced the occur-
rence of EMT and enhanced invasion and metastasis. This study con-
firms for the first time a direct targeting effect of miR-429 on the EMT-
related transcription factor Slug. This indicates that miR-429 plays an
important role in the development of esophageal cancer, though the
function of Slug as regulated by miR-429 requires further study.
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Fig. 4. Slug is a direct target of miR-429 in EC cells. (A) The 3′-UTR sequence of Slug was predicted to interact with miR-429 by two established miRNA-target
prediction programs. The dual-luciferase reporter assay showed that luciferase activity was significantly inhibited in esophageal cancer cells when co-transfected
with miR-429 mimics and pGL3-Slug vector. (B) Western blotting showed that the expression of Slug was inhibited after transfection with miR-429 mimics in TE-2
and TE-13 cells. (C) The expression levels of Slug in TE-2 and TE-13 cells after transfection with si-Slug were detected by western blot. (D) Knockdown of Slug
suppressed the migration and invasion of cells transfected with si-Slug. (E) Wound-healing assays evaluated the metastatic ability of transfected cells. (F) Western
blotting was used to detect the expression levels of EMT-related molecular markers in transfected cells. **P < 0.01 compared to the control group.
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Fig. 5. Overexpression of Slug partially abrogated the effects of miR-429 upregulation on EC cells. (A) Transfection with Slug and miR-429 mimics reversed the
growth inhibition by miR-429 mimics. (B) Transfection with Slug and miR-429 mimics increased the metastatic ability inhibited by miR-429 mimics. (C) Transfection
with Slug and miR-429 mimics significantly enhanced the average number of migrating and invading cells. (DEF) Overexpression of Slug reversed the changes of
EMT-related molecular markers in EC cells induced by miR-429 upregulation.
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