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Abstract. MicroRNA-590 (miR-590) has been revealed as a 
tumor suppressor, while low-density lipoprotein receptor-related 
protein 6 (LRP6) is considered to act as a tumor promoter. 
However, their roles and underlying molecular regulatory 
mechanisms in esophageal squamous cell carcinoma (ESCC) 
have yet to be fully elucidated. Therefore, the present study 
aimed to investigate these mechanisms. The expression levels 
of miR-590 and LRP6 in human ESCC samples and cell lines 
were determined using reverse transcription-quantitative 
PCR. Bioinformatics analysis was used to predict the relation-
ship between miR-590 and LRP6, and luciferase assay was 
performed to validate the relationship between these factors. 
Transwell assays were used to determine cell migration and 
invasion, while western blotting assays were used to detect the 
protein expression levels of LRP6, E-cadherin, N-cadherin 
and Vimentin. The present study demonstrated that miR-590 
was downregulated and LRP6 was upregulated in ESCC 
tissues and cell lines. Furthermore, it was found that miR-590 
overexpression and LRP6 knockdown inhibited cell migration, 
invasion and epithelial-to-mesenchymal transition (EMT) in 
ESCC cell lines. Additional mechanistic studies identified 
that LRP6 was a target of, and was inhibited by, miR-590. 
Collectively, the present findings suggested that miR-590 
inhibited the invasion, migration and EMT of ESCC cells by 
mediating LRP6.

Introduction

Esophageal cancer (EC) is the 6th leading cause of 
cancer-related mortality worldwide and the incidence is 45,600 
cases each year (1). The etiology of EC varies with histological 
type and population. Moreover, the histopathology of EC is 
composed of ESCC and esophageal adenocarcinoma (EA), and 
ESCC accounts for ~90% of the EC incident each year. ESCC 
is a complex disease, and metastasis and invasion significantly 
promote the development and progression of ESCC. Moreover, 
epithelial-to-mesenchymal transition (EMT) contributes to 
the metastasis and invasion of ESCC cells by disassembling 
the cell-cell junctions, increasing cell motility and conferring 
invasive properties (2). Therefore, identifying the key inducers 
and understanding the molecular mechanisms underlying 
EMT in ESCC is crucial. 

MicroRNAs (miRNAs/miRs) are a class of endogenous 
non-coding RNAs, ~18-25 nucleotides in length, which are 
found in eukaryotes (3). miRNAs regulate gene expression by 
combining with the 3'-untranslated region (3'-UTR) of their target 
mRNAs to then induce translational repression and/or mRNAs 
degradation (4). Previous studies have shown that miRNAs are 
implicated in numerous important physiological and patho-
logical processes, such as stem cell differentiation (5,6), cell 
proliferation and apoptosis (7,8), immune responses (9), viral 
infection (10) and tumorigenesis (11,12). miR-590, a newly 
identified miRNA, was reported to act as an anti‑oncogene in 
osteosarcoma (13), non-small cell lung cancer (14,15) and hepa-
tocellular carcinoma (16,17). However, the clinical significance 
and biological mechanism of action of miR-590, as well as its 
association with EMT in ESCC progression remain elusive.

The present study aimed to investigate the association 
between the expression levels of miR-590 and low-density lipo-
protein receptor-related protein 6 (LRP6) in ESCC tissues and 
cell lines. The effects of miR-590 and LRP6 on the migration, 
invasion and EMT process in ESCC cells were also examined 
in order to identify a novel regulatory mechanism involving 
the miR-590/LRP6/EMT axis, which may be of therapeutic 
value in the treatment of ESCC.

MicroRNA‑590 inhibits migration, invasion and 
epithelial‑to‑mesenchymal transition of esophageal 
squamous cell carcinoma by targeting low‑density 

lipoprotein receptor‑related protein 6
HONGYA GUAN1,  JIA LIU1,  PENGJU LV1,  LIJUAN ZHOU1,  JIANYING ZHANG2  and  WEI CAO1

1Department of Translational Medicine Center, Zhengzhou Central Hospital Affiliated to Zhengzhou University,  
Zhengzhou, Henan 450007; 2Henan Academy of Medical and Pharmaceutical Sciences,  

Zhengzhou University, Zhengzhou, Henan 450001, P.R. China

Received February 15, 2020;  Accepted June 23, 2020

DOI: 10.3892/or.2020.7692

Correspondence to: Professor Wei Cao, Department of 
Translational Medicine Center, Zhengzhou Central Hospital 
Affiliated to Zhengzhou University, 195 Tong Bai Road, Zhengzhou, 
Henan 450007, P.R. China
E-mail: caoweiyu@hotmail.com

Key words: esophageal squamous cell carcinoma, microRNA-590, 
low-density lipoprotein receptor-related protein 6, invasion, 
migration, epithelial-to-mesenchymal transition 



GUAN et al:  miR-590 INHIBITS EMT OF ESCC BY TARGETING LRP61386

Materials and methods

Tissue specimens. A total of 28 paired human ESCC and corre-
sponding adjacent non-tumor tissues (age range, 43-77 years; 
mean age, 62.79±7.09 years; males, 20; females, 8) were 
obtained from the Zhengzhou Central Hospital between 
July 2017 and June 2018. The inclusion criteria included 
patients who diagnosed pathologically with ESCC who had 
not undergone radiotherapy or chemotherapy prior to surgery. 
The exclusion criteria included patients who had undergone 
radiotherapy and chemotherapy before operation or whose 
tissues did not meet the pathology requirements, which were 
independently determined by two pathologists. All patients 
signed an informed consent form for having their data 
collected and analyzed for research purposes. The clinical 
specimens were promptly snap-frozen in liquid nitrogen 
(‑196˚C) after resection and then maintained at ‑80˚C for 
further use. The research protocol was approved by the Ethics 
Review Committee of Zhengzhou University.

RNA extraction and reverse transcription‑quantitative PCR 
(RT‑qPCR) analysis. Total RNA was extracted from tissue 
samples and cultured cells using TRIzol® reagent (Thermo 
Fisher Scientific, Inc.). Subsequently, a Reverse Transcriptase 
kit (Thermo Fisher Scientific, Inc.; cat. no. AB1454LDB) was 
used to reverse transcribe RNA into cDNA at 50˚C for 15 min. 
qPCR was performed using Applied Biosystems™ SYBR™ 
Green (Thermo Fisher Scientific, Inc.) on the ABI Real‑Time 
PCR System (Thermo Fisher Scientific, Inc.) following the 
manufacturer's protocols. The relative expression was calcu-
lated using the 2-ΔΔCq method (18). The expression of LRP6 
was normalized to β-actin expression, and the expression of 
miR-590 was normalized to U6. The PCR cycle parameters 
for miR-590 and U6 were as follows: Initial denaturation 
at 95˚C for 3 min, followed by 40 cycles at 95˚C for 15 sec 
and 60˚C for 30 sec. The RT‑qPCR parameters for LRP6 
and β‑actin were as follows: Initial denaturation at 95˚C for 
10 min, followed by 40 cycles at 95˚C for 15 sec and 60˚C for 
1 min. The primer sequences used included: miR-590 forward, 
5'-TAA TTT TAT GTA TAA GCT AGT-3' and reverse, 5'-TGG 
TGT CGT GGA GTC G-3'; U6 forward, 5'-TCC GAT CGT GAA 
GCG TTC-3' and reverse, 5'-GTG CAG GGT CCG AGG T-3'; 
LRP6 forward, 5'-TGT CAG CGA AGA AGC CAT TAA A-3' and 
reverse, 5'-TCT AAG GCA ATA GCT CTG GGT-3'; and β-actin 
forward, 5'-GCA CCA CAC CTT CTA CAA TG-3' and reverse, 
5'-TGC TTG CTG ATC CAC ATC TG-3'.

Cell culture and transfection. The human esophageal cell line 
HET‑1A and five ESCC cell lines (EC‑109, KYSE30, EC‑9706, 
TE‑1 and KYSE150) were obtained from Peking Union 
Medical College Cell Bank. Cells were cultured in RPMI-1640 
medium (Gibco; Thermo Fisher Scientific, Inc.), containing 
10% FBS (Hyclone; Cytiva) and 1% penicillin and strepto-
mycin with 5% CO2 at 37˚C. EC‑109 and EC‑9706 cells were 
transfected with 40 nM small interfering RNA (si)-LRP6 frag-
ments or miR-590 mimics. After 48 h, transfected cells were 
used for further experiments. To assess miR-590 overexpres-
sion or knockdown of LRP6, mimics negative controls (NC) 
and si-NC, respectively, were used as corresponding controls. 
miRNA mimics and siRNAs were obtained from Shanghai 

GenePharma Co., Ltd. Cell transfection was conducted using 
Lipofectamine® 3000 (Invitrogen; Thermo Fisher Scientific, 
Inc.) according to the manufacturer's instructions. The 
sequences were as follows: miR-590 mimics forward, 5'-UAA 
UUU UAU GUA UAA GCU AGU-3' and reverse, 5'-UAG CUU 
AUA CAU AAA AUU AUU-3'; miR-590 mimics NC forward, 
5'-UUC UCC GAA CGU GUC ACG UTT-3' and reverse, 5'-ACG 
UGA CAC GUU CGG AGA ATT-3'; si-LRP6 forward, 5'-UUG 
CAU AAA GCA ACA AAG GGG-3' and reverse, 5'-CCU UUG 
UUG CUU UAU GCA AAC-3'; and si-NC forward, 5'- UUC 
UCC GAA CGU GUC ACG UTT-3' and reverse, 5'-ACG UGA 
CAC GUU CGG AGA ATT-3'. 

Bioinformatics predictions and luciferase assay. Putative 
binding sites of miR-590 and LRP6 were predicted using 
miRDB 4.0 (http://www.mirdb.org/), TargetScan 7.1 
(http://www.targetscan.org/vert_71/) and miRbase 21.0 
(http://www.mirbase.org/). 

Wild‑type (WT) LRP6 3'‑UTR fragments were amplified 
with Phusion® High-Fidelity DNA polymerase (New England 
Biolabs, Inc.) from human genomic DNA using PCR. The PCR 
thermocycling conditions were as follows: Initial denaturation 
for 3 min at 94˚C, followed by 35 cycles at 94˚C for 30 sec, 58˚C 
for 30 sec and 72˚C for 45 sec. The sequences of LRP6 for PCR 
were as follows: forward, 5'-CCG CTC GAG CTC CTC TGA 
CTG CCT CCA AC-3' and reverse, 5'-GCT CTA GAT TAT GGC 
ACA AGC AGC AA3'. The LRP6 3'-UTR (including WT and 
mutant fragments) were inserted into pmirGLO reporter vectors 
(Promega Corporation). When EC-109 and EC-9706 cells had 
grown to 80% confluence, they were co‑transfected into 40 nM 
miR-590 mimics (or control miRNAs) and luciferase plas-
mids using Lipofectamine® 2000 (Invitrogen; Thermo Fisher 
Scientific, Inc.). After transfection for 36 h, firefly and Renilla 
luciferase activities were detected using the Dual-Luciferase 
Reporter Assay system (Promega Corporation).

Transwell assay. For invasion assays, the upper chamber of 
a 24‑well Transwell insert (size, 8‑µm pores; Merck KGaA) 
was pre‑coated with 100 µl Matrigel (pre‑coating at 4˚C for 
overnight). 3x104 cells in serum-free medium (200 µl) were 
added to the upper chamber, while 500 µl culture medium 
was added to the lower chamber. The loaded device was then 
placed into an incubator for 24 h at 37˚C. The invading cells 
were fixed with 4% paraformaldehyde for 20 min at room 
temperature, stained with 0.1% crystal violet for 30 min at 
room temperature and counted under inverted fluorescent 
microscope (Olympus Corporation) from five randomly 
selected fields (magnification, x200). For the migration assay, 
the experimental procedures were similar, but no Matrigel was 
added to the upper chamber.

Western blotting. After transfected cells were lysed using RIPA 
lysis buffer (Beyotime Institute of Biotechnology) and deter-
mined using a bicinchoninic acid protein assay kit (Beyotime 
Institute of Biotechnology), an equal amount of protein (40 µg 
per lane) in each group was separated via SDS-PAGE (10%) 
and transferred onto PVDF membranes. After blocking at room 
temperature for 2 h with 10% skimmed milk, primary antibodies 
were incubated with the PVDF membranes overnight at 4˚C. 
The primary antibodies used (all from Abcam) were as follows: 
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Anti-N-cadherin (1:500; Mouse; cat. no. ab98952), anti-vimentin 
(1:800; Mouse; cat. no. ab20346), anti-E-cadherin (1:500; Mouse; 
cat. no. ab219332) and anti-β-actin (1:30,000; Mouse; cat. no. 
ab49900). The primary antibodies were discarded, and the 
membranes were washed with PBS/0.1% (v/v) Tween-20 (three 
times; 10 min/time). Subsequently, the membranes were incu-
bated with a horseradish peroxidase-conjugated secondary goat 
anti-mouse IgG antibody (1:4,000; cat. no. ab205719; Abcam) 
for 2 h at room temperature. Then, the membranes were washed 
with PBS/0.1% (v/v) Tween-20 (three times; 10 min/time) and 
incubated with chemiluminescence (ECL) solution (Beyotime 
Institute of Biotechnology.) for 1 min at room temperature on 
a Bio-Rad ChemiDoc MP system (Bio-Rad Laboratories, Inc.) 
and exposed in a dark room. ImageJ software version 1.46 
(National Institutes of Health) was used to measure the density 
of the protein bands. 

Statistical analysis. SPSS 21.0 software (IBM Corp.) was used 
to analyze data. Data are presented as the mean ± standard 
deviation. Each experiment was repeated ≥3 times. Student's 
t-test was used to analyze the differences between two groups, 
and one-way ANOVA followed by Tukey's post hoc test was 
applied to analyze the differences among ≥3 groups. A paired 
t-test was used to analyze the statistical differences between 
tumors and adjacent non-tumor samples from the same indi-
vidual. Fisher's exact test was used to assess the association 
between the expression of LRP6 or miR-590 and clinico-
pathological features. The correlation of LRP6 and miR-590 

in tissue samples was evaluated using Pearson's correlation 
coefficient. P<0.05 was considered to indicate a statistically 
significant difference.

Results

Expression of miR‑590 is low, while that of LRP6 is high in 
human ESCC tissues and cell lines. The RT-qPCR results 
demonstrated that miR‑590 was significantly downregulated 
and LRP6 was upregulated in tumor tissues compared with 
healthy tissues (Fig. 1A and B). It was then examined whether 
the expression pattern of miR-590 and LRP6 was the same in 
ESCC cell lines; miR‑590 was also significantly downregu-
lated and LRP6 was upregulated in ESCC cell lines, compare 
with HET-1A cells (Fig. 1C and D). Pearson's correlation anal-
ysis identified that there was a negative correlation between 
miR-590 and LRP6 expression in ESCC tissues (Fig. 1E). 
Furthermore, TNM stage and lymph node metastasis were the 
two clinicopathological characteristics that were significantly 
associated with miR-590 and LRP6 expression levels in the 
clinical samples (Tables I and II).

Overexpression of miR‑590 inhibits migration and invasion 
in EC‑109 and EC‑9706 cells. Following transfection of 
miR‑590 mimics, its expression was significantly increased in 
EC-109 and EC-9706 cells (Fig. 2A). Moreover, the Transwell 
assay results demonstrated that cell migratory and invasive 
activities were significantly reduced in EC‑109 and EC‑9706 

Figure 1. Expression of miR-590 is low, while that of LRP6 is high in human ESCC tissues and cell lines. (A) miR-590 was downregulated and (B) LRP6 
was upregulated in ESCC tissues. (C) miR-590 was downregulated and (D) LRP6 was upregulated in ESCC cell lines. (E) Pearson's correlation analysis 
of the relative mRNA expression levels of miR-590 and LRP6 in ESCC tissues. All experiments were performed three times independently. *P<0.05 and 
**P<0.01 vs. healthy group or HET‑1A cells. miR, microRNA; LRP6, lipoprotein receptor‑related protein 6; ESCC, esophageal squamous cell carcinoma.
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cells when transfected with miR-590 mimics after 24 h in 
culture, compared with NC (Fig. 2B-E). 

Overexpression of miR‑590 inhibits EMT of EC‑109 and 
EC‑9706 cells. Subsequently, the expression levels of 
EMT-related molecular markers were assessed. It was found that 
miR-590 overexpression led to downregulation of N-cadherin and 
vimentin, and upregulation of E-cadherin expression in EC-109 
and EC-9706 cells compared with the NC group (Fig. 3A-D), 
indicating that miR-590 inhibited the EMT process in ESCC. 
Together with the aforementioned results, it may be inferred that 
miR-590 inhibits the invasive phenotype of ESCC cells.

Knockdown of LRP6 inhibits migration and invasion of EC‑109 
and EC‑9706 cells. To evaluate the effects of LRP6 on ESCC cells, 
siRNAs targeted LRP6 and NC were designed and transfected 
into EC-109 and EC-9706 cells. After transfection of si-LRP6, 
LRP6 expression was significantly decreased in EC-109 and 
EC-9706 cells (Fig. 4A). In addition, Transwell assay results iden-
tified that cell migratory and invasive abilities were significantly 
reduced in EC-109 and EC-9706 cells following transfection with 
si-LRP6 (Fig. 4B-E), which indicated that downregulation of 
LRP6 exerted the same effect as overexpression of miR-590.

Knockdown of LRP6 inhibits EMT of EC‑109 and EC‑9706 
cells. Since LRP6 silencing inhibited cell invasion and migra-
tion, it was then investigated whether these effects were mediated 
via inhibition of the EMT process. The protein expression levels 
of N‑cadherin and vimentin were significantly downregulated, 
while the expression of E-cadherin was upregulated after LRP6 

silencing (Fig. 5A-D). These results suggested that downregula-
tion of LRP6 suppresses EMT in ESCC.

LRP6 is a potential target of miR‑590. miRNAs can regulate 
their targets to exert their biological effects (19,20). For example, 
in glioma, miR-320a inhibits cell invasion and migration by 
targeting aquaporin 4 (21), and in liver cancer, miR-498 inhibits 
cell proliferation and metastasis by targeting zinc finger E‑box 
binding homeobox 2 (22). Therefore, the association between 
miR‑590 and LRP6 was examined, and it was identified that 
LRP6 served as a potential target of miR-590 (Fig. 6A), which 
was further assessed with a luciferase reporter assay. The 
luciferase results demonstrated the interactions of miR-590 
with LRP6 (Fig. 6B). In addition, western blotting was used 
to demonstrate that miR-590 suppressed the protein expres-
sion of LRP6 in EC-109 and EC-9706 cells (Fig. 6C and D). 
Collectively, the results suggested that LRP6 may serve as a 
potential target of miR-590.

Discussion

Over the past few years, previous studies have reported that 
non-coding RNAs, including miRNAs and long non-coding 
RNAs, serve important roles in cancer (23-25). For example, 
miR-543 was observed to promote ESCC cell migration, inva-
sion and EMT via targeting phospholipase A2 Group IVA (26). 
It has also been shown that miR-145 can promote the prolifera-
tion and metastasis of ESCC cells by targeting SMAD5 (27). 
Moreover, miR-590 was revealed to inhibit the invasion 
and metastasis of triple-negative breast cancer (28). Similar 

Table I. Association of miR-590 expression with clinicopatho-
logical characteristics in patients with esophageal squamous 
cell carcinoma.

 miR-590
 expression
 -------------------------
Variables Cases Low High P-value

Sex    0.651
  Male 20 5 15
  Female 8 3 5
Age, years    1.000
  <60 7 2 5
  ≥60 21 6 15
Lymph node metastasis    0.030a

  No 11 6 5
  Yes 17 2 15
TNM stage    0.004a

  I/II 12 7 5
  III/IV 16 1 15
Distant metastasis    0.284
  No 25 8 17
  Yes 3 2 1

aP<0.05. miR, microRNA.

Table II. Association of LRP6 expression with clinicopatho-
logical characteristics in patients with esophageal squamous 
cell carcinoma.

 LRP6 
 expression
 -------------------------
Variables Cases Low High P-value

Sex    0.705
  Male 15 6 9
  Female 13 4 9
Age, years    0.236
  <60 10 7 3
  ≥60 18 7 11
Lymph node metastasis    0.019a

  No 12 8 4
  Yes 16 3 13
TNM stage    0.044a

  I/II 12 6 6
  III/IV 16 2 14
Distant metastasis    0.311
  No 24 10 14
  Yes 4 3 1

aP<0.05. LRP6, lipoprotein receptor‑related protein 6.
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anti-tumor effects have been reported in osteosarcoma (13) 
and tongue SCC (29). The present study investigated miR-590 

expression, which was found it to be significantly decreased in 
ESCC tissues and cell lines.

LRP6, a member of the low-density lipoprotein receptor 
family, has been reported to be closely associated with 
the invasion, metastasis and EMT of cancer cells (30,31). 
Furthermore, LRP6 is a key receptor protein in the Wnt 
signaling pathway, and activates Wnt signaling by binding 
to the Wnt ligand protein (32). In the present study, LRP6 
expression was found to be upregulated, which was consis-
tent with other studies reporting that LRP6 expression was 
also increased in different tumor types, such as human triple 
negative breast cancer (31) and prostate cancer (33). It is well 
known that miRNAs may exert their biological roles via the 
regulation of their target mRNAs (19-22). Therefore, the 
current study investigated the association between miR-590 
and LRP6 by analyzing their expression in 28 pairs of 
ESCC tissues, and subsequently identified a weak negative 
correlation between the two factors.

The functional roles of miR-590 and LRP6 in ESCC cells 
were also examined in the present study. Following transfection 
of miR-590 mimics into EC-109 and EC-9706 cells, Transwell 
assays were performed, the results of which demonstrated that 
miR-590 suppressed cell migration and invasion. EMT is a 
key mechanism involved in cancer metastasis, which includes 
the process of polarized epithelial cells transforming into 
motile stromal cells (34,35). EMT is also considered to be 
one of the most important mechanisms for promoting tumor 
migration and invasion. For instance, it has been shown that 
a number of key EMT-related factors, such as E-cadherin, 
N-cadherin and vimentin, serve important roles in tumor 

Figure 3. miR-590 overexpression suppresses the EMT process in esophageal 
squamous cell carcinoma. (A) Western blotting results of the relative expres-
sion levels of EMT-related molecular markers in (B) EC-109 and (C) those in 
(D) EC-9706 cells. **P<0.01 vs. NC. NC, negative control; miR, microRNA; 
EMT, epithelial-mesenchymal transition.

Figure 2. miR-590 overexpression suppresses cell migration and invasion in ESCC cells. (A) Relative expression of miR-590 in ESCC cell lines transfected 
with miR-590 mimics or NC was measured using reverse transcription-quantitative PCR. (B) Transwell assays demonstrated that overexpression of miR-590 
(C) significantly decreased EC‑109 and EC‑9706 cell migration (magnification, x200). (D) Transwell assay results also indicated that miR‑590 overexpression 
(E) reduced EC‑109 and EC‑9706 cell invasiveness (magnification, x200). *P<0.05 and **P<0.01 vs. NC. NC, negative control; miR, microRNA; LRP6, lipo-
protein receptor-related protein 6; ESCC, esophageal squamous cell carcinoma.
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invasion and metastasis (36). Moreover, the findings of the 
present study suggested that miR-590 reduced the expression 
levels of N-cadherin and vimentin, while enhancing E-cadherin 
expression. This indicated that miR-590 not only inhibited cell 
migration and invasion, but also suppressed the EMT process 
in ESCC cells. However, the mechanism underlying the role of 
miR-590 in EMT remains unknown. Therefore, the function of 
LRP6 in ESCC cells was assessed, which identified that LRP6 
knockdown exerted the same effects as miR-590 overexpression. 

The Wnt signaling pathway is often abnormally activated and 
is the key signal transduction pathway that induces EMT (37,38). 
In addition, the Wnt signaling pathway can coordinate with or 
antagonize other signaling pathways to regulate the proliferation, 
migration, invasion and EMT of tumor cells (39,40). LRP6 is a 
key receptor protein in the Wnt signaling pathway (41), which 
may explain why LRP6 knockdown inhibited the migration, 
invasion and EMT of ESCC cells. In order to evaluate whether 
the changes caused by miR-590 were mediated by LRP6 in 
ESCC cells, biological analysis and luciferase experiments were 
performed, and LRP6 was identified as one of potential targets of 
miR-590. Western blotting results demonstrated that the expres-
sion of LRP6 was reduced following overexpression miR-590. 
Therefore, these findings may explain how the overexpression 
miR-590 can inhibit the migration, invasion and EMT in ESCC 
cells. It was suggested that miR-590 targeting of LRP6 leads to 
inactivation of the Wnt signaling pathway, thus suppressing EMT 
and invasion of ESCC cells (Fig. 7). Therefore, miR-590 appears 
to act as a tumor inhibitor by targeting LRP6 and restricting 
cell migration, invasion and EMT in ESCC. However, there 

Figure 5. Knockdown of LRP6 suppresses the EMT process in esophageal 
squamous cell carcinoma cells. (A) Western blotting results of the relative 
expression levels of EMT-related molecular markers in (B) EC-109 and 
(C) those in (D) EC-9706 cells. *P<0.05 and **P<0.01 vs. NC. NC, negative 
control; si, small interfering; LRP6, lipoprotein receptor-related protein 6.

Figure 4. Knockdown of LRP6 suppresses cell migration and invasion in ESCC cells. (A) Relative expression of LRP6 in ESCC cell lines transfected with 
si‑LRP6 or NC was tested using reverse transcription‑quantitative PCR. (B) Transwell assays suggested that LRP6 knockdown (C) significantly decreased 
EC‑109 and EC‑9706 cell migration (magnification, x200). (D) Transwell assays also demonstrated that LRP6 knockdown (E) reduced EC‑109 and EC‑9706 
cell invasiveness (magnification, x200). *P<0.05 and **P<0.01 vs. NC. NC, negative control; si, small interfering; LRP6, lipoprotein receptor‑related protein 6; 
ESCC, esophageal squamous cell carcinoma.
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were certain limitations to the present study, such as the limited 
number of tissue samples. The focus of future studies will be 
to further elucidate the roles of miR-590 and LRP6 in ESCC 
tissues, and identify additional potential targets and signaling 
pathways of miR-590, to determine whether these may interact 
with LRP6 to affect cell migration, invasion and EMT in ESCC.

In conclusion, the findings of the present study demon-
strated that miR-590 acted as an anti-oncogene in ESCC, and 
inhibited ESCC cell migration, invasion and EMT by targeting 
LRP6. These findings suggested that the miR‑590/LRP6/EMT 
axis may be a novel potential therapeutic target for ESCC.
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