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Abstract: Circular RNAs are considered to play important roles in the progression of different cancers such as 
esophageal squamous cell carcinoma. However, the functions of circular RNAs in esophageal squamous cell car-
cinoma are still not clear. This study aimed to investigate the role and mechanism of circRNA-0036474 in the 
progression of esophageal squamous cell carcinoma. The hsa_circ_0036474 expression levels were found to be 
elevated in both EC109 cells and esophageal squamous cell carcinoma tissue samples. Moreover, knockdown of 
circRNA-0036474 expression in the EC109 cells induced migration and invasion, characterized by the down-regula-
tion of E-cadherin, and up-regulation of N-cadherin and vimentin. In addition, the over-expressed hsa_circ_0036474 
significantly decreased the activity of EC109 cells, elevated E-cadherin expression but declined N-cadherin and 
vimentin expression. Moreover, over-expressed mir-223-3p levels and interfered RERG expression verified the role 
of hsa_circ_0036474 in inhibiting the invasion and migration of EC109 cells, reducing the expression of N-cadherin 
and vimentin, and promoting the expression of E-cadherin. In conclusion, circRNA-0036474 mitigated the progres-
sion of esophageal squamous cell carcinoma through regulating mir-223-3p/RERG axis, presenting a potential 
therapeutic target for the treatment.

Keywords: Circular RNAs, overexpression, cell biological behavior, molecular mechanism, esophageal squamous 
cell carcinoma

Introduction

Esophageal cancer is considered as one of the 
common malignant tumors in the digestive sys-
tem, with an overall 5-year survival rate of 18% 
[1]. Esophageal squamous cell carcinoma, as 
the primary pathological type, accounted for 
about 90% of cases [2]. Despite significant 
advancements in the treatment of esophageal 
cancer in recent years, the mortality is still high 
due to unknown genetic mechanisms. Notably, 
the pathogenesis of esophageal cancer is quite 
complex. Previous studies suggested that the 
abnormal proliferation, differentiation, infiltra-
tion, and apoptosis of cells could result in the 
onset of esophageal cancer [3]. Studies have 
demonstrated a variety of abnormal expres-
sions of miRNAs in esophageal cancer, which 
could be related to esophageal cancer genesis 
and progression [4]. Investigating the specific 
mechanisms underlying esophageal cancer 

development could provide new strategies for 
its prevention and treatment.

Circular RNAs (CircRNAs) are a large group of 
endogenous RNAs, which are characterized by 
the formation of covalently closed continuous 
loops and are widely expressed in eukaryotes 
[5]. At present, considerable efforts have been 
made to understand the roles of circular RNAs 
in the development of tumors [6]. Various stud-
ies have indicated that most circRNAs modu-
late target genes expression downstream by 
competitively binding to miRNAs, thus involving 
in the post-transcriptional regulation of gene 
expression and affecting the biological func-
tions of the body [7]. It has been demonstrated 
that circRNAs are associated with the progres-
sion of multiple diseases, including breast can-
cer, gastric cancer, malignant melanoma, and 
colorectal cancer [8]. CircRNA-0036474 dys-
regulation has been implicated in multiple dis-
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eases [9]. However, its role in esophageal can-
cer progression remains unknown. Moreover, 
many circRNAs play a role in the development 
of esophageal cancer by interacting with relat-
ed miRNAs, but the effect of CircRNA-0036474 
on esophageal squamous cell carcinoma cells 
has yet to be determined. Considering these 
aspects, this study aimed to elucidate the 
expression level of CircRNA-0036474 and  
its effects on the occurrence of esophageal 
cancer. Accordingly, the observed CircRNA- 
0036474 expression levels within esophageal 
cancer were correlated to the mechanisms of 
migration, invasion, and epithelial-mesenchy-
mal transition (EMT) pathways, so that the find-
ings of this study could propose a promising 
clinical marker and treatment target for esoph-
ageal squamous cell carcinoma. 

Materials and methods

General information

Thirty-six paired samples of esophageal squa-
mous cell carcinoma and adjacent noncancer-
ous tissues (located at least 6 cm away from 
the cancer tissues) were obtained from patients 
during surgical operation at The First Affiliat- 
ed Hospital, College of Clinical Medicine of 
Henan University of Science and Technology. 
The esophageal squamous cell carcinoma tis-
sues were confirmed by the histological exami-
nation. These tissue samples were immediately 
snap-frozen in liquid nitrogen and then stored 
at -80°C. Before the study, all patients provided 
written informed consent, and this study was 
approved by the Ethics Committees of The First 
Affiliated Hospital, College of Clinical Medicine 
of Henan University of Science and Technology 
(Approval No. 2020-067).

Cell cultures

Human esophageal cancer cell lines (EC109) 
and human normal esophageal epithelial cell 
line (Het-1A) were obtained from the Type 
Culture Collection of the Chinese Academy of 
Sciences, Shanghai, China. All the cell lines 
were cultured in Dulbecco’s Modified Eagle 
Medium (Gibco, USA), followed with incubation 
at 37°C and 5% CO2. The culture medium 
included 10% fetal bovine serum (BFS, Gibco, 
USA) and 1% Penicillin-Streptomycin reagents 
(Solarbio, China).

Cell transfection

Cells (1×105/well) were seeded in 6-well culture 
plates and incubated overnight at 37°C until 
they reached about 60% density. Then, the 
medium was replaced with serum-free medi-
um. The sequences were as follows: si-NC: anti-
sense: 5’-ACGUGACACGUUCGGAGAATT-3’, sen- 
se: 5’-UUCUCCGAACGUGUCACGUTT-3’. si-Cir-
cRNA-0036474#1: antisense: 5’-CACUAAUCU- 
UCUCUCCCUGAAUGACG-3’, sense: 5’-CACCAG- 
CCAAUACAGAUGAAGAGGA-3’. si-CircRNA-003- 
6474#2: antisense: 5’-AGAUACGACUGCUCUA- 
CACAA-3’, sense: 5’-CCUCCAAACGCGUCACGU- 
CA-3’. si-NC and either si-CircRNA-0036474#1 
or si-CircRNA-0036474#2 were co-transfected 
into cells for 6 h using Lipofectamine (Invitrogen, 
USA), following specific instructions. Further, 
the cells were incubated in medium containing 
10% FBS for 42 h before being harvested to 
evaluate the knockdown efficiency.

Dual-luciferase reporter gene assay

Potential transcription factors binding sites 
within the promoter region were analyzed and 
predicted by bioinformatics analysis. Initially, 
primers were designed to clone the target pro-
moter fragment from genomic DNA by PCR, and 
the fragment was later inserted into a lucifer-
ase reporter gene plasmid. Then, we selected 
and sequenced those positive clones. Following 
sequencing, the chosen clone was amplified, 
and the plasmid was purified. In addition, the 
transcription factor plasmid was amplified and 
purified. Meanwhile, the corresponding empty 
plasmid control was prepared and purified. 
Furthermore, HEK293 target cells were seeded 
in 24-well cell culture plates and incubated for 
a period of 10-24 h until reaching 80% conflu-
ence. After that, the transcription factor plas-
mid and reporter gene plasmid were co-trans-
fected into the cells. Proteins were then iso- 
lated to measure luciferase activities, which 
involved introducing a substrate. Finally, the 
relative fluorescence intensities were deter- 
mined.

Transwell migration and invasion assays

Initially, the cells cultured in 200 μl of serum-
free medium were introduced in each of the 
upper chamber at a density of 2×104 per well. 
The lower chamber was filled with 600 μl of 
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DMEM containing 20% FBS, serving as chemo-
attractants. After incubation for 24 h, the invad-
ing cells were fixed and stained using 95% 
hematoxylin solution mixed with ethanol. Non-
invasive cells were then removed using swabs. 
Finally, the number of stained cells was count-
ed to evaluate the invasion index, and images 
were captured using a light microscope (Nikon, 
Tokyo, Japan). For the invasion assay, in addi-
tion to pre-coating the Transwell microfilters 
with 40 μl of working Matrigel, the following pro-
cedures of the experiment were the same as 
those of the cell migration assay. After incuba-
tion, the cells reaching the lower chamber were 
measured by the same approaches as those 
employed in the cell migration assay. 

RNA pull-down

The total RNA from the EC109 cell line overex-
pressing circRNA-0036474 was extracted by 
the Trizol method at room temperature. The 
probe solution was mixed with streptavidin 
magnetic beads. The total RNA was gentley 
mixed with the above mixture and allowed to 
incubate for 30 min. Then, the bound RNA com-
plex was collected by adding elution buffer. 
Finally, the circRNA-0036474 expression level 
was measured using the qRT-PCR method. 

Western blotting analysis

The cells, which had been incubated and trans-
fected in the 6-well (5×104/well) plates for 24 
h, were further subjected to RIPA Lysis-Buffer 
(Solarbio, China) containing Protease Inhibitor 
Cocktail (Roche, USA). The concentration of 
total protein was determined using the BCA 

Cells (5×104/well) were cultured and inocula- 
ted into the 6-well plates for 24 h. Following 
lysis, cell transfection was performed using 
iPrep™ Trizol™ Plus RNA Kits (Thermo Fisher 
Scientific, USA). Further, the total purified RNA 
samples were converted to cDNA (2 µg) by 
utilizing High-Capacity cDNA Reverse Trans- 
cription Kit and the RNase Inhibitor Kits 
(Thermo Fisher Scientific, USA). The relative 
expression levels of circRNA-0036474, miR-
223-3p, β-actin, GAPDH, and U6 were examin- 
ed using FastFire qPCR PreMix (SYBR Green, 
Tiangen, China) in a ProFlex™ PCR system 
(Thermo Fisher) with the analysis of a standard 
curve. The PCR amplification was conducted 
using the primers listed in Table 1, and all  
PCR products were subjected to the following 
reaction conditions: denaturation at 95°C; 
followed by 40 cycles of 10 s at 95°C, 15 s at 
60°C, and 8 s at 72°C. The expression levels  
of circRNAs and mRNAs were normalized to 
GAPDH, and the expression of miRNAs was 
normalized to U6. The relative expression levels 
of genes were calculated by the 2-ΔΔCt method. 

Statistical method

SPSS 22.0 software was employed to statisti-
cally analyze the data in this research. The data 
regarding Transwell, PCR, RNA pull-down and 
Western blot were present in the form of mean 
± SD. The comparisons between two groups 
were conducted by independent t-test. For the 
comparison of paired tissues, paired t test was 
used. In addition, Bonferroni post hoc test fol-
lowing One Way ANOVA was performed for com-
paring average values among 3 cohorts and 

Table 1. Primer sequences used in this study
Gene Primers
miR-223-3p F: 5’-TATCAGTATATCAGAGA-3’

R: 5’-GAGACCTATATCCATATTGA-3’
U6 F: 5’-ACCCATACACCATATAT-3’

R: 5’-TCAGGAGGAGACAGGAGTTTATAT-3’
β-actin F: 5’-GATTCCTATGTGGGCGACGA-3’

R: 5’-TGGGTCTAGTACAAACTCTGGA-3’
CircRNA-0036474 F: 5’-AGACTGTTTGAATCTTGTCTCACT-3’

R: 5’-TACGATCAATCACCATGGCAAC-3’
GAPDH F: 5’-CAGGAGGCATTGCTGATGAT-3’

R: 5’GAAGGCTGGGGCTCATTT-3’
F: Forward primer; R: Reverse primer.

Protein Detection kits (Solarbio, China). 
The protein was isolated using 10% SDS-
PAGE. Then, the gel was transferred onto 
Immobilon-NC membranes a thickness of 
0.45-µm (Solarbio, China), followed by 
incubation of the membranes with cor- 
responding primary antibodies against 
E-cadherin, Vimentin, N-cadherin, RERG, 
and β-actin (Abcam) overnight. The rela-
tive protein expressions were detected us- 
ing a secondary antibody (Boster, China) 
with ECL chemiluminescent solution.

RNA isolation, cDNA synthesis, and qRT-
PCR
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more. The significance level was set at α = 
0.05.

Results

CircRNA-0036474 expression

Initially, the expression of circRNA-0036474 in 
esophageal squamous cell carcinoma cell lines 
and tissues from patients was determined. The 
expression levels of circRNA-0036474 were 
higher in EC109 cells than in the Het-1A cell 
line (Figure 1A). Furthermore, qRT-PCR analy-
sis of 36 paired samples of normal and eso- 
phageal cancerous tissues revealed a signifi-
cant elevation in circRNA-0036474 levels with-
in esophageal cancerous tissues were mark-
edly elevated (Figure 1B). In addition, cir-
cRNA-0036474 and GAPDH levels within 
RNase R-treated EC109 cells were measured 
through qRT-PCR. Relatively, the GAPDH levels 
within RNase R-treated cells were lower com-

pared to the mock group, while the cir-
cRNA-0036474 expression showed no signifi-
cant change between the groups (Figure 1C). 
Moreover, the subcellular localization analysis 
by qRT-PCR revealed nuclear and cytoplasmic 
localization of circRNA-0036474 within cells. 
The circRNA-0036474 showed cytoplasmic 
localization, while the U6 and GAPDH were 
internal references of the nucleus and cyto-
plasm, respectively (Figure 1D).

Effects of circRNA-0036474 knockdown

The effects of circRNA-0036474 knockdown  
on the EC109 cells were explored in terms of 
invasion, migration, and EMT pathways. Initially, 
the efficacy of downregulating expression was 
confirmed by qRT-PCR following silencing of  
circRNA-0036474 within the cells. Compared 
to si-NC, the relative expression of circRNA- 
0036474 was measured following transfection 
with si-circRNA-0036474#1 or #2 for 48 hours 

Figure 1. Elevated expression of circRNA-0036474 in esophageal squamous cell carcinoma cells lines and tissues. 
A. Expression of circRNA-0036474 in Het-1A and EC109 cells lines, ***P<0.001 vs. Het-1A. B. qRT-PCR revealed 
the markedly elevated circRNA-0036474 level within esophageal squamous cell carcinoma tissues, ***P<0.001 
vs. normal tissues. C. qRT-PCR showed that the relative mRNA level of circRNA-0036474 in EC109 cells lines in-
creased significantly, ***P<0.001 vs. the mock group. D. qRT-PCR showed that the expression of circRNA-0036474 
in cytoplasm increased significantly.
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(Figure 2A). Moreover, cell migration was en- 
hanced in both si-circRNA-0036474#1 and si-
circRNA-0036474#2 groups compared to the 
si-NC group (Figure 2B). The Transwell invasion 
assay was employed to measure EC109 cells 
invasion after circRNA-0036474 knockdown 
for 48 h. Compared to the si-NC group, cell 
invasion after circRNA-0036474 knockdown 
was enhanced in both treatment groups (Fi- 
gure 2C). Comparatively, E-cadherin expression 
was down-regulated, whereas N-cadherin and 
vimentin expression were up-regulated relative 
to the si-NC group (Figure 2D and 2E). Toge- 
ther, the experimental findings suggest that the 
knockdown of circRNA-0036474 can enhance 
the invasion, migration, and EMT pathways of 
EC109 cells.

Effects of overexpression of circRNA-0036474 
on EC109 cells

The overexpression of circRNA-0036474 in 
EC109 cells was confirmed using qRT-PCR. 
Compared to the vector control, cells transfect-
ed with the pcDNA3.1-circRNA-0036474 plas-
mid exhibited significantly higher expression 
levels of circRNA-0036474 (Figure 3A). Then,  
a migration assay using the Transwell approa- 
ch was performed to assess cell migration 
under conditions of circRNA-0036474 overex-
pression. After 48 h of incubation, the ability of 
cells to migrate following circRNA-0036474 
overexpression was reduced compared to the 
vector group (Figure 3B). Moreover, the efficacy 
of cell invasion following overexpression of cir-

Figure 2. Knockdown of circRNA-0036474 augmented the invasion, migration and EMT pathways of EC109 cells. 
A. qRT-PCR showing circRNA-0036474 knockdown in EC109 cells, ***P<0.001 vs. si-NC group. B, C. Transwell was 
used to detect the migration and invasion ability of circRNA-0036474-knockdown EC109 cells, *P<0.05 vs. si-NC 
group, **P<0.01 vs. si-NC group, ***P<0.001 vs. si-NC group. D, E. E-cadherin, N-cadherin, and vimentin levels in 
EC109 cells were determined by Western blot, ***P<0.001 vs. si-NC group.
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cRNA-0036474 was assessed using the inva-
sion Transwell approach. The results showed 
that cell invasion following circRNA-0036474 
overexpression was weaker than that of the 
vector group (Figure 3C). Further, changes in 
EMT-associated markers within cells overex-
pressing circRNA-0036474 were evaluated 
using Western blot analysis. Compared with the 
vector group, the E-cadherin expression level 
was elevated, while N-cadherin and vimentin 
expression levels were declined in the cir-
cRNA-0036474 overexpression group (Figure 
3D). Together, the overexpression of circRNA- 
0036474 significantly inhibited the abilities of 
invasion and migration, and EMT in cells.

MiR-223-3p was the circRNA-0036474 target 
within EC109 cells

miR-223-3p was predicted as a target of cir-
cRNA-0036474 by Starbase software version 
3.0, as shown in Figure 4A. Compared to the 
miR-NC treatment group, luciferase activity 
was further suppressed in 293T cells overex-
pressing miR-223-3p (Figure 4B). However, no 
suppression of luciferase activity was observed 
after mutating the predicted binding site of cir-
cRNA-0036474. Furthermore, the expression 

levels of miR-223-3p within cells following  
circRNA-0036474 knockdown were analyzed 
using qRT-PCR. Compared to si-NC, circRNA- 
0036474 knockdown significantly upregulated 
the expression levels of miR-223-3p (Figure 
4C). The levels of miR-223-3p within EC109 
cells after the overexpression of circRNA- 
0036474 were measured using the qRT-PCR 
method. Compared with the vector, overexpres-
sion of circRNA-0036474 down-regulated the 
relative levels of miR-223-3p expression (Figure 
4D). Relative to the NC probe, the miR-223-3p 
probe showed higher circRNA-0036474 levels 
in the EC109 cells (Figure 4E). Meanwhile, miR-
223-3p levels within the 36 paired samples 
were measured through qRT-PCR. The results 
of qRT-PCR revealed that the miR-223-3p lev-
els were declined within esophageal squamous 
cell carcinoma tissues, indicating that cir-
cRNA-0036474 expression was antagonistic to 
miR-223-3p within esophageal squamous cell 
carcinoma (Figure 4F, 4G).

Circ_0036474 enhanced RERG expression 
through sponging miR-223-3p

The miR-223-3p binding sites and RERG were 
evaluated by the Starbase version 3.0 software 

Figure 3. Overexpression of circRNA-0036474 reduced the invasion, migration, and EMT pathways of EC109 cells. 
A. qRT-PCR showing over-expressed circRNA-0036474 in EC109 cells, ***P<0.001 vs. vector. B, C. EC109 cells 
invasion after overexpressing circRNA-0036474 measured by Transwell, **P<0.01 vs. vector, ***P<0.001 vs. vec-
tor. D. E-cadherin, N-cadherin and vimentin levels in EC109 cells overexpressing circRNA-0036474 measured by 
Western blot assay, ***P<0.001 vs. vector.
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(Figure 5A). Compared to miR-NC, overexpres-
sion of miR-223-3p suppressed luciferase 
activity in 293T cells, which, however, was 
reversed after mutating the predicted RERG 
binding site (Figure 5B). qRT-PCR and Western 
blot assays were employed to examine RERG 
protein and mRNA levels within EC109 cells 
after miR-223-3p knockdown or overexpres-
sion (Figure 5C). The experimental results re- 
vealed that miR-223-3p knockdown increased 
RERG mRNA and protein expression levels, 
while miR-223-3p overexpression decreased 
RERG mRNA and protein expression levels. 
Moreover, the hsa_circ_0036474 levels with- 
in cells were analyzed through qRT-PCR and 
Western blot. The experimental results exhibit-
ed increased protein and mRNA levels of RERG 
(Figure 5D). Notably, the RERG levels were par-
tially declined following miR-223-3p mimics  
co-transfection. RERG mRNA levels within the 
36 paired samples also were analyzed through 
qRT-PCR, showing increased RERG levels in the 

esophageal squamous cell carcinoma tissue 
samples. The RERG level within esophageal 
squamous carcinoma was directly proportional 
to hsa_circ_0036474 expression and inversely 
proportional to miR-223-3p expression (Figure 
5E, 5F).

Effects of circRNA-0036474 on migration, in-
vasion, and EMT through targeted regulation 
of miR-223-3p/RERG in EC109 cells

EC109 cells migration of different groups (con-
trol, hsa_circ_0036474, hsa_circ_0036474 + 
miR-223-3p, hsa_circ_0036474 + si-RERG) 
was assessed. Compared to the control treat-
ment group, the overexpression of hsa_
circ_0036474 significantly attenuated the 
migration efficacy of cells (Figure 6A). Fur- 
thermore, compared to the hsa_circ_0036474 
group, the migration ability in groups treated 
with hsa_circ_0036474 + miR-223 and hsa_
circ_0036474 + si-RERG mimics co-transfec-

Figure 4. The association between hsa_circ_0036474 and miR-223-3p. A. miR-223-3p was predicted as the hsa_
circ_0036474 target by Starbase software version 3.0. B. Luciferase activity was determined in 293T cells co-trans-
fected with circRAN-0036474-WT or circRAN-0036474-Mut and miR-223-3p mimics or miR-NC, ***P<0.001 vs. 
miR-NC. C. The comparison of miR-223-3p expression between si-NC and si-hsa_circ_0036474 groups, **P<0.01 
vs. si-NC group. D. The comparison of miR-223-3p expression between vector group and has_circ_0036474 group, 
**P<0.01 vs. vector group. E. Elevated circRNA-0036474 levels in the EC109 cells with miR-223-3p probe in con-
trast to miR-NC probe, ***P<0.001 vs. miR-NC Probe. F. The comparison of miR-223-3p expression between nor-
mal tissue and tumor tissue, **P<0.01 vs. normal tissues. G. The relationship of hsa_circ_0036474 expression 
with miR-223-3p expression. 
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tion was partially enhanced. Moreover, the 
Transwell approach was employed to detect 
EC109 cells invasion. Similarly, the overex- 
pression of circRNA-0036474 attenuated cells 
invasion over the control treatment group. 
Compared to the hsa_circ_0036474 group, 
after miR-223-3p and hsa_circ_0036474 mi- 
mics co-transfection, the cell invasion was par-
tially enhanced (Figure 6B). In addition, hsa_
circ_0036474 and si-RERG co-transfection 
enhanced the cell invasion compared to that  
in the hsa_circ_0036474 group (Figure 6B). 
Finally, the changes in the EMT-related markers 
in cells from different groups were measured 
via Western blot assay. Compared with the con-
trol group, E-cadherin levels were elevated, 
while N-cadherin and vimentin expressions 
were declined within the hsa_circ_0036474 

overexpression group (Figure 6C). Compared 
with the hsa_circ_0036474 group, E-cadherin 
levels within mir-223-3p and hsa_circ_003- 
6474 mimics cells were decreased, whereas 
N-cadherin and vimentin levels were partially 
elevated. Compared with the hsa_circ_003- 
6474 group, the hsa_circ_0036474 and si-
RERG co-transfected treatment group present-
ed declined E-cadherin expression, and elevat-
ed N-cadherin and vimentin expressions.

Discussion

Advancements in molecular biology have led  
to significant breakthroughs in targeted treat-
ments for esophageal squamous cell carcino-
ma research. Metastasis and progression are 
the key determinants of poor prognosis for 

Figure 5. CircRNA-0036474 promoted RERG expression via sponging miR-223-3p. A. Starbase version 3.0 software 
predicted miR-223-3p and RERG as binding sites. B-F. 293T cells were adopted for luciferase reporter gene assay. 
The RERG mRNA and protein expression in EC109 cells after miR-223-3p overexpression or knockdown were mea-
sured through qRT-PCR and Western blot. **P<0.01 vs. miR-NC group, ***P<0.001 vs. miR-NC group, si-NC group, 
control group or normal tissues.



The role of circRNA hsa_circ_0036474 in esophageal cancer

2236	 Am J Cancer Res 2024;14(5):2228-2239

patients with cancers. It was reported that 
approximately 90% of tumor deaths are attrib-
uted to metastasis [10]. Throughout the intri-
cate process of tumor metastasis, cancer cells 
encounter various obstacles, requiring distinct 
cellular characteristics to successfully colonize 
distant organs and tissues. As important initiat-
ing factors for the metastasis process, cell bio-
logical behaviors are controlled by epigenetic 
and transcriptional mechanisms [11].

With the rapid development of biological infor-
mation analysis and RNA-seq technology, many 
circRNAs have been found to exhibit abnormal 
expression patterns in various tumors and par-
ticipate in the progression of tumor via tran-
scriptional and post-transcriptional regulation 
of gene expression [12]. CircRNAs are firmly 

associated with occurrence and progression  
of complications in patients with esophageal 
squamous cell carcinoma. Several reports  
indicated that many circRNAs have been found 
to be dysregulated in esophageal squamous 
cell carcinoma [13, 14]. In this study, hsa_
circ_0036474 levels were markedly increased 
within the EC109 cells. After circRNA-0036474 
down-regulation, EC109 cell migration and in- 
vasion were increased, demonstrating that the 
circRNA-0036474 was closely related to the 
invasion of esophageal squamous cell car- 
cinoma. Moreover, it was observed that the  
circRNA-0036474 expression in esophageal 
squamous cell carcinoma tissue samples was 
significantly up-regulated. Further, the inhibi-
tion of circRNA-0036474 could promote the 
migration and invasion of cells, and EMT pro-

Figure 6. CircRNA-0036474 inhibited the migration, invasion, and EMT of EC109 cells. A, B. EC109 cells migration in 
different groups was detected by Transwell. **P<0.01, ***P<0.001 vs. control. ##P<0.01 vs. hsa_circ_0036474. 
C. E-cadherin, N-cadherin, and Vimentin levels in EC109 cells of different groups measured by Western blot. 
***P<0.001 vs. control. ###P<0.001 vs. hsa_circ_0036474.
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cess, suggesting that regulating the expression 
of circRNA-0036474 might serve as a possi- 
ble way to improve the prognosis of patients 
with esophageal squamous cell carcinoma. 
Therefore, circRNA-0036474 expression plays 
a role in regulating cell biological behaviors.  
It was found that hsa_circ_0036474 can 
sequester mir-223-3p, leading to inhibition  
of mir-223-3p expression. This indicates an 
opposing effect between hsa_circ_0036474 
and miR-223-3p in EC109 cells, and cir-
cRNA-0036474 could have significant effects 
by modulating miR-223-3p expression. These 
obtained results were in agreement with the 
other studies [15, 16], indicating that some key 
circRNAs could play a role through related miR-
NAs. Notably, the hsa_circ_0036474 levels 
were markedly increased within the EC109 
cells. Moreover, hsa_circ_0036474 overex-
pression within EC109 cells led to the seques-
tration of endogenous miR-223-3p and subse-
quent inhibition of its activity. This resulted in 
increased expression of the downstream target 
protein RERG, thereby resisting EC109 cells 
invasion and migration and protecting against 
esophageal squamous cell carcinoma. The 
over-expression of circRNA-0036474 showed  
a negative effect on regulating miR-223-3p, 
thus inhibiting the growth and migration of 
cells, and improving prognosis of esophageal 
squamous cell carcinoma through mir-223-3p/
RERG pathway. Several reports indicated that 
hsa_circ_0036474 could regulate the expres-
sion of downstream target genes by sequester-
ing miRNAs and play a key role in other cancers 
[17]. In this regard, circRNA-0036474 expres-
sion could counteract the deleterious effects 
miR-223-3p in esophageal squamous cell car-
cinoma. Additionally, it is worth noting that ele-
vated levels of circRNA-0036474 have also 
been observed in other types of tumors [18]. 
Moreover, the miR-223-3p suppressed RERG 
levels but promoted the EMT process. Inhibit- 
ing hsa_circ_0036474 expression could re- 
duce the EMT process in other cancers [19]. 
Silencing hsa_circ_0036474 substantially up-
regulated the EMT related proteins. Given that 
hsa_circ_0036474 is the target of miR-223-3p, 
its overexpression in vitro effectively reversed 
miR-223-3p-induced metastasis in esophageal 
squamous cell carcinoma, along with altera-
tions in miR-223-3p and its targeted protein 
RERG. Therefore, hsa_circ_0036474 silencing 
and miR-223-3p overexpression together could 

have a more substantial inhibitory effect on 
esophageal squamous cell carcinoma cells 
than either hsa_circ_0036474 silencing or mir-
223-3p overexpression. Together, these experi-
mental results demonstrated the critical role of 
circRNAs in regulating esophageal squamous 
cell carcinoma metastasis and their potential 
as important targets for the treatment.

This mechanistic study showed that hsa_
circ_0036474 could competitively sequester 
miR-223-3p and decrease its expression, thus 
enhancing the expression of target protein 
RERG. Therefore, hsa_circ_0036474/miR-223-
3p/RERG is an essential pathway in metastasis 
of esophageal squamous cell carcinoma. miR-
223-3p is a miRNA specifically expressed in the 
esophageal squamous cell carcinoma, promot-
ing the progress of cells infiltration. Previous 
reports suggested that miR-223-3p was linked 
to cardiovascular diseases [20]. For example, 
miR-223-3p could cause myocardial injury of 
rats with acute myocardial infarction by in- 
creasing the expression of endothelin [21]. 
Moreover, inhibiting miR-223-3p expression 
could reduce the activity of cells in other can-
cers [22]. In this study, the database predic-
tions and experimental verifications indicated 
that RERG serves as a target gene of miR-223-
3p, whose overexpression could reduce the 
expression of EMT proteins, indicating that 
RERG could also inhibit the development of 
EMT. In addition, the expression levels of miR-
223-3p were increased, but RERG levels were 
decreased in EC109 cells, which are consistent 
with the results of a previous study [23]. RERG 
is often expressed in the heart, lung, liver, and 
other tissues, participating in various signaling 
pathways and regulating cell differentiation, 
proliferation, and apoptosis [24, 25]. The ob- 
served decrease in E-cadherin levels and con-
current increase in N-cadherin and vimentin 
levels suggest an activation of the EMT pro-
cess, which could promote the development 
and progression of esophageal squamous cell 
carcinoma. RERG, as a negative regulator, play 
a vital role in the mechanism of EMT, indirectly 
inhibiting the migration and invasion of cancer 
cells.

There are some limitations in this study. Firstly, 
due to constraints in time and resources, we 
focused solely on cell experiments, without 
including animal models. Secondly, the sample 
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size was relatively small in this study. Future 
studies should aim to address this limitation by 
conducting multi-centers and recruiting more 
patients. These efforts would contribute to a 
robust investigation of hsa_circ_0036474 as a 
therapeutic target for esophageal squamous 
cell carcinoma.

In summary, our findings suggest that hsa_
circ_0036474 expression is significantly upreg-
ulated in esophageal cancer patients. More- 
over, hsa_circ_0036474 appears to play a role 
in inhibiting the invasion and migration of 
EC109 cells, as well as regulating EMT-related 
proteins through targeted regulation of the  
miR-223-3p/RERG pathway. Considering the 
above aspects, circRNA-0036474 emerges as 
a promising candidate for non-invasive bio-
marker development in detecting esophageal 
squamous cell carcinoma. Furthermore, it 
holds potential as a novel therapeutic target for 
the treatment of this malignancy.
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