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Abstract
Background ‒ The aim of this study was to investigate
the circ_0004370 expression in EC, its eﬀects on cell proliferation, apoptosis, migration, invasion, and epithelial–
mesenchymal transition (EMT) process, and the underlying
regulatory mechanisms in EC.
Methods ‒ The protein levels of COL1A1 and EMT-related
proteins were detected by western blot. The role of
circ_0004370 on cell viability, proliferation, and apoptosis
was analyzed by Cell Counting Kit-8 (CCK-8) assay, colony
formation assay, and ﬂow cytometry, respectively. The
transwell assay was used to examine cell migration and
invasion. The binding sites between miR-1301-3p and circ_
0004370 or COL1A1 were predicted by starbase software
and conﬁrmed by dual-luciferase reporter assay and RNA
pull-down assay.
Results ‒ We discovered that circ_0004370 was remarkably upregulated in EC tissues and cells. Knockdown of
circ_0004370 inhibited cell proliferation, migration as
well as invasion, and promoted apoptosis in vitro, while
its eﬀect was rescued by miR-1301-3p inhibition. And
circ_0004370 mediated the EMT process in EC cells.
Moreover, we explored its regulatory mechanism and
found that circ_0004370 directly bound to miR-1301-3p
and COL1A1 was veriﬁed as a target of miR-1301-3p.
COL1A1 was highly expressed in EC cells and upregulation
of COL1A1 reversed the eﬀects of miR-1301-3p on cell proliferation, migration, invasion, and apoptosis. In addition,
silencing of circ_0004370 reduced tumor volumes and
weights in vivo. We showed that circ_0004370/miR-1301
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3p/COL1A1 axis played the critical role in EC to regulate the
cell activities.
Conclusion ‒ Circ_0004370 promotes EC proliferation,
migration and invasion, and EMT process and suppresses
apoptosis by regulating the miR-1301-3p/COL1A1 axis,
indicating that circ_0004370 may be used as a potential
therapeutic target for EC.
Keywords: esophageal cancer, circ_0004370, miR-13013p, COL1A1

1 Introduction
Esophageal cancer (EC) is the seventh most common
diagnosed cancer and has the sixth highest mortality
rate among cancer diseases [1]. There are two subtypes
of this disease: esophageal squamous-cell carcinoma
(ESCC) and esophageal adenocarcinoma (EAC) [2].
Although a few eﬀective methods such like surgery, chemotherapy, and radiotherapy are used for EC treatment,
the survival rate of advanced patients is still less than
20% [3]. Therefore, further exploring the underlying
molecular mechanism of EC pathogenesis is quite urgent
for researchers to develop novel therapeutic targets for EC
patients.
Noncoding RNAs are the type of RNAs that cannot be
translated into protein. There are many functional noncoding RNAs such as long noncoding RNAs (lncRNAs),
microRNAs (miRNAs), and circular RNAs (circRNAs) [4].
Recently, emerging evidence proved that circRNA might
play a critical role in cell biology. CircRNA is formed from
the continuous closed-loop structure which means the
structure is more stable [5]. Due to its special structure,
CircRNA is not easy to degrade compared with normal
RNA under the treatment of Actinomycin D or RNase R
[6]. In addition, recent publication showed that the circRNA might function as a sponge of miRNA to inhibit the
function of miRNA and aﬀect the miRNA target gene [7].
Nowadays, the role of circRNA in EC remains to be
elucidated. Research reported that hsa_circ_0004370
This work is licensed under the Creative Commons Attribution 4.0
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expression in EC was dramatically increased than adjacent normal tissues [8]. Nevertheless, the regulatory
mechanism and speciﬁc function of circ_0004370 in
EC cells are not fully clear.
miRNAs are the short noncoding RNA of about
18-24nt. MiRNAs play pivotal roles in gene regulation
by binding to mRNAs of targeted protein-coding genes,
then inhibits or promotes gene expression in translational level and posttranscriptional level [9]. Thus,
miRNA is the key factor for many biological procedures.
Many existing studies conﬁrmed that miRNA aberrant
expression happened in various diseases [10]. It has
been shown that miRNAs are related to the human cancer
development and act as tumor promoters or suppressors.
The ﬁrst research found that miR-1301-3p directly bound
to oncogene neuroblastoma Ras viral homolog (N-Ras)
and acted as a tumor inhibitor in glioma [11]. Besides,
miR-1301-3p was suggested to be an eﬀective biomarker
for colorectal cancer [12]. Furthermore, a recent article
showed that miR-1301-3p repressed cell viability of
human breast cancer by directly targeting the immature
colon carcinoma transcript 1 (ICT1) [13]. Zhang et al.
proved that miR-1301-3p/INCENP axis played the
crucial role in the development of ESCC [14], which
provided us new insights into the mechanism of miR1301-3p in EC.
Collagen type I alpha 1 (COL1A1) is a type of collagen.
Researchers have discovered that collagen is the important protein component in teeth, bones, the adhesion of
tumor cell, and extracellular matrix (ECM) [15–17]. In
previous studies, COL1A1 was upregulated in cervical
cancer cells and restrained cell apoptosis [18]. In addition, a recent study demonstrated that COL1A1 participated in epithelial-to-mesenchymal transition (EMT)
process in breast cancer [19]. Furthermore, Yin et al.
manifested that COL1A1 enhanced cell proliferation,
migration, and invasion in ESCC [20], which implied
that COL1A1 was a crucial factor in cancer development
and progression.
In this study, we uncovered that knockdown of
circ_0004370 in EC was linked to restrain EC cell viability, proliferation, apoptosis, migration, invasion, and
in vivo tumor formation. In the study of its regulatory
mechanism, we found that circ_0004370 bound to miR1301-3p and inhibited its expression in EC cells. In
addition, miR-1301-3p directly targeted COL1A1 and miR1301-3p overexpression reduced the expression of COL1A1.
Thus, a novel regulatory mechanism of circ_0004370/miR1301-3p/COL1A1 axis could be potential targets for EC
treatment and diagnosis.
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2 Methods and materials
2.1 Patients and specimens
Fifty pairs of EC tissues and nearby healthy esophageal
tissues were obtained from EC patients diagnosed at the
First Aﬃliated Hospital of Kunming Medical University
from April 2018 to January 2019. Detailed clinicopathological features of all patients are shown in the Table 1. All
patients wrote informed consents and had not undergone
any other treatment. This experiment received the approval
from the human ethics committee of the First Aﬃliated
Hospital of Kunming Medical University.

2.2 Cell culture and transfection
The human esophageal adenocarcinoma cell line (OE19)
and esophageal squamous-cell carcinoma cell line (KYSE410,
EC109 and TE11) were bought from European Collection
of Authenticated Cell Cultures (ECACC, Salisbury, UK).
Esophageal epithelial cell line of human (HEEC) was
obtained from ScienCell Company (San Diego, CA, USA).
For the cell culture, all cells were cultured in basal DMEM

Table 1: The correlation between circ_0004370 expression and
clinicopathological features of patients with ESCC
Parameters

Lowcirc_0004370
(n = 25)

Gender
Male
16
Female
9
Age (years)
≤60
16
>60
9
Smoking status
Yes
13
No
12
Histological grade
Low or undiﬀer 11
Middle or high 14
TNM stages
I and II
8
III
17
Size
≤4 cm
10
>4 cm
15
*P < 0.05, **P < 0.01.

Highcirc_0004370
(n = 25)

P value

12
13

0.254

13
12

0.390

7
18

0.083

17
8

0.087

19
6

0.002**

18
7

0.023*
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(Weike Biotechnology, Shanghai, China) containing 10%
fetal bovine serum (FBS) at 37°C. OE19 and EC109 cells
were used for transfection due to their highest circ_0004370
expression level. MiR-1301-3p mimic and inhibitor, small
interfering RNA against circ_0004370 (si-circ #1, si-circ
#2 and si-circ #3), their control (miR-NC, anti-NC, and
si-NC), and the transfection plasmid vectors pcDNA
and COL1A1 were bought from GenePharma Company
(Shanghai, China). The procedure of cell transfection
obeyed the instructions of Lipofectamine 3000 (Invitrogen,
USA). Successful transfected cells prepared in advance were
used in the following experiments; si-circ #1 sequence was
5′-GCGUCUCCGUACAGAUGACCATT-3′, si-circ #2 sequence
was 5′-GCAGCGAAGGAATAGGACA-3′, si-circ #3 sequence
was 5′-GAAGGAATAGGACAACCTT-3′, si-NC sequence was
5′-UUCUCCGAACGUGUCACGUTT-3′.

2.3 Actinomycin D assay
To measure the stability of RNA, cells were treated with
2 mg/mL of Actinomycin D (Sigma-Aldrich, St. Louis, MO)
for 0, 6, 12, 18, and 24 h. After treated with Actinomycin
D, the circ_0004370 and PRRX1 mRNA levels were respectively detected by RT-qPCR assay.

2.4 RNA isolation and quantitative real-time
reverse transcription-PCR (RT-qPCR)
TRIzol reagent (Invitrogen, Carlsbad, CA, USA) was used
to extract total RNA on the basis of the user guide and
reverse-transcribed into cDNAs used Transcriptor First
Strand cDNA Synthesis Kit (Roche, Indianapolis, IN).
RT-qPCR was performed in a 384-well plate containing
synthesized cDNA. The results of the expression were
presented using 2−ΔΔCt method. GAPDH and U6 acted as
controls. We designed the primers for circ_0004370 (forward: 5′-ACCCACCGATTATCTCTCCTG-3′; reverse: 5′-TCC
TATTCCTTCGCTGCTTTC-3′), PRRX1 mRNA (forward: 5′ACGCTTCCCTCCTCAAATCC-3′; reverse: 5′-AGTAGCCATG
GCGCTGTACG-3′), miR-1301-3p (forward: 5′-GCCCGCTTG
CAGCTGCCTGGGAG-3′; reverse: 5′-GTGCAGGGTCCGA
GGT-3′), COL1A1 (forward: 5′-CGATGGATTCCAGTTCG
AGT-3′; reverse: 5′-TTTTGAGGGGTTCAGTTTG-3′), U6
(forward: 5′-CTCGCTTCGGCAGCACATATACT-3′; reverse:
5′-ACGCTTCACGAATTT-GCGTGTC-3′), GAPDH (forward:
5′-TGTTCGTCATGGGTGTGAAC-3′; reverse: 5′-ATGGCATG
GACTGTGGTCAT-3′).

2.5 Localization of nucleus and cytoplasm
In order to study the location of circ_0004370 in EC cell
lines, we used the NE-PER™ Nuclear and Cytoplasmic
Extraction Reagents Kit (Thermo Scientiﬁc). With the
instructions on the manufacturer, the EC cells cytoplasm
and nuclear components were separated and collected.
RT-qPCR was utilized to examine circ_0004370 expression in cell cytoplasm and nucleus. GAPDH is cytoplasm
positioning control; U6 is the nucleus positioning
control.

2.6 Western blotting assay
The RIPA lysis and extraction buﬀer were the protein
extraction buﬀer used in EC cells. The concentrations of
protein were measured with BCA Protein Assay Kit
(Beyotime, Shanghai, China). Proteins were separated
by sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE). After 120 minutes, the proteins
were transferred to the polyvinylidene ﬂuoride (PVDF)
membrane and blocked with 5% milk. Primary antibodies
anti-GAPDH (1:1,000; Cell Signaling Technology, Danvers,
MA, USA), anti-COL1A1 (1:1,000; Abcam, Cambridge,
United Kingdom), anti-E-cadherin (1:1,000; Abcam),
anti-N-cadherin (1:1,000; Abcam), and anti-Vimentin
(1:1,000; Abcam) seeded into membrane at 4°C overnight. And then the complexes were incubated with secondary antibodies (HRP-conjugated, 1:1,000; Abcam).
Finally, the ECL method (Thermo Scientiﬁc, Waltham,
MA, USA) was used for observation and detection.

2.7 Cell viability assay
To analyze the cell viability, we used Cell Counting Kit-8
(Beyotime, Shanghai, China) assay. The cells need to be
incubated into 96-well plates and then added with CCK-8
solution. The optical density (OD) values were detected at
450 nm in 0, 24, 48, and 72 h.

2.8 Cloning formation assay
More than 200 cells were added to the 6-well plate, and
the medium contained 10% FBS. First, the cells were
ﬁxed with 4% paraformaldehyde (PFA) and stained
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with crystal violet after two weeks. The number of colonies was counted when the diameters of visible colonies
were greater than 1 mm.

2.9 Cell apoptosis assay
The cells were ﬁrst washed with PBS and then resuspended in binding buﬀer. FITC Annexin V/propidium
iodide (PI) (BD Pharmingen, San Diego, CA, USA) was
used to double stain the cells according to the manufacturer’s manual. The cells were detected by the ﬂow cytometer (Cytek Biosciences, model: DxP 10).

2.10 Transwell migration and transwell
invasion assay
Cell migration was determined by transwell. First, cells
were cultured in serum-free medium for 24 h. Then
100 µL cells washed with sterile PBS were added to the
upper chamber. 600 µL DMEM containing FBS was added
to the lower chamber. After cultured for 24 h, the cells
were washed twice with sterile PBS and stained with
0.1% crystal violet. The number of cells represented
the ability of cell migration. The matrigel (CorningLife
Sciences, Corning, NY, USA) was added to the upper
chamber in invasion experiment, and all other steps
were similar with transwell migration assay. We observed
the migration and invasion of cells using a 100× microscopic ﬁeld.

2.11 Dual-luciferase reporter assay
The binding sites between circ_0004370 and miR-13013p and miR-1301-3p and COL1A1 were predicted by
online software. The sequences of wild type circ_
0004370 (WT-circ_0004370), mutant circ_0004370 (MUTcirc_0004370), wild type COL1A1 3′UTR, and mutant
COL1A1 3′UTR involving the putative-binding sites of
miR-1301-3p were cloned into the pMIR-REPORT luciferase vector (OBio Biology, Shanghai, China). The
ﬁreﬂy and rellina luciferase reporter plasmids and
miR-1301-3p or miR-NC were cotransfected into EC cells
using Lipofectamine 3000 (Invitrogen). The correlation
results were detected by the dual-Luciferase reporter
system.
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2.12 RNA pull-down assay
RNA pull-down assay was utilized to detect potential
target relationship between circ_0004370 and miR-13013p. The biotinylated miR-1301-3p (bio-miR-1301-3p) was
purchased from GenScript Biotech Co., Ltd. (Nanjing,
Jiangsu, China). 1 × 106 EC109 or OE19 cells were seeded
into 6-well plates and then treated with Bio-miR-1301-3p
or Bio-NC at a ﬁnal concentration of 50 nM. After 48 h, EC
cells were harvested and lysed. The streptavidin-coupled
Dynabeads (Invitrogen, Carlsbad, CA, USA) was used to
pull down the biotin–miRNA–circRNA complexes in cell
lysates. After washing, the RNA complexes bound to the
beads were extracted and subjected to RT-qPCR assay.

2.13 Xenograft mouse model
Animal experiments were followed by National Institutes
of Health guidelines. The female nude mice (4-week-old)
with no speciﬁc pathogen-free (SPF) were subcutaneously
injected with EC cells transfected with sh-NC or shcirc_0004370 at a concentration of 5 × 106 cells/200 µL in
sterile saline. To analyze the tumor size, the tumor volumes
were detected every 7 days and tumor weights were determined after the animals were sacriﬁced. All the animal studies were approved by the Animal Care committee of the
First Aﬃliated Hospital of Kunming Medical University.

2.14 Statistical analysis
GraphPad Prism 7.0 and SPSS 20.0 software were used to
fulﬁl a statistical analysis. The diﬀerence between two
groups was analyzed by the Student’s t-test. In addition,
the diﬀerence among multiple groups was detected by
one-way Analysis of Variance (ANOVA). Data were showed
as mean ± standard deviation. P value < 0.5 was considered
signiﬁcant.

3 Results
3.1 The expression level of circ_0004370
was increased in EC
In order to know the function of circ_0004370 in EC,
the RT-qPCR was used to analyze the expression of
circ_0004370 in EC tissues and cells. The expression level
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Figure 1: The expression levels of circ_0004370 in EC tissues and cells. (a) Relative expression of circ_0004370 in EC tissues and adjacent
normal tissues was detected by RT-qPCR, n = 50. (b) Relative expression of circ_0004370 in OE19, TE11, KYSE410, and EC109 and normal cell
HEEC was detected by RT-qPCR. (c) Relative RNA expression of circ_0004370 and PRRX1 mRNA in OE19 cells was detected by RT-qPCR.
(d) Relative RNA expression of circ_0004370 and PRRX1 mRNA in EC109 cells was detected by RT-qPCR in diﬀerent times after treatment of
Actinomycin D. (e) Relative RNA expression of circ_0004370 in OE19 cell nucleus and cytoplasm was detected by RT-qPCR. (f) Circ_0004370
distribution in EC109 cells was detected by RT-qPCR. **P < 0.01, ***P < 0.001.

of circ_0004370 in EC tissues was signiﬁcantly higher
than that in the adjacent normal controls (Figure 1a).
There was the correlation between circ_0004370 expression and clinicopathological features of ESCC patients
(Table 1). The expression of circ_0004370 was increased
in OE19, TE11, KYSE410, and EC109 cells compared with
the HEEC cells, and the increase of expression was most
obvious in OE19 and EC109 cells, so these two cell lines
were selected for future experiments (Figure 1b). Furthermore, the circ_0004370 circular structure was more stable
than the linear structure of the PRRX1 mRNA in OE19 and
EC109 cells (Figure 1c and d). We found that circ_0004370
mainly existed in the cytoplasm in OE19 and EC109 cells
(Figure 1e and f). These data suggested that circ_0004370
might play a vital role in EC progression.

3.2 Circ_0004370 knockdown suppressed
EC cell proliferation, migration, and
invasion and induced cell apoptosis
Loss-of-function experiments were performed to observe
whether circ_0004370 aﬀected the behavior of EC cells.

After transfection with si-NC, si-circ #1, si-circ #2, or sicirc #3 in EC cells, it was found that the expression level of
circ_0004370 was signiﬁcantly decreased in OE19 and
EC109 cells, and because of the better eﬃciency of si-circ
#1, it was used in the subsequent experiments (Figure 2a).
CCK-8 assay determined that knocking down circ_0004370
signiﬁcantly decreased OE19 and EC109 cell viability
(Figure 2b). In addition, colony formation assay revealed
that downregulation of circ_0004370 signiﬁcantly inhibited cell proliferation (Figure 2c). Furthermore, ﬂow cytometry indicated that the cell apoptosis in circ_0004370
knockdown group was markedly increased in OE19 and
EC109 cells (Figure 2d). Then, the results of transwell
assay indicated that cell migration and invasion were
reduced in the transfecting with si-circ #1 group in OE19
and EC109 cells (Figure 2e and f). Moreover, the EMTrelated proteins were analyzed by western blot assay. Western blot analysis indicated that the protein level of E-cadherin was markedly upregulated after knocking down
circ_0004370 in OE19 and EC109 cells, whereas the protein
levels of N-cadherin and Vimentin were downregulated
after knocking down circ_0004370 in OE19 and EC109 cells
(Figure 2g). Thus, these results conﬁrmed that downregulated circ_0004370 suppressed biological activities and
EMT process in EC cells.

Circ_0004370/miR-1301-3p/COL1A1 axis modulates EC cells function
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Figure 2: Circ_0004370 regulated EC progression in vitro. (a)The relative expression of circ_0004370 in cells was measured by RT-qPCR
after transfected with si-NC, si-circ #1, si-circ #2, and si_circ #3 individually. (b) Cell proliferation of OE19 and EC109 cell lines was evaluated
by CCK-8 assay. (c) Cell cloning of OE19 and EC109 cell lines was evaluated by Colony formation assay. (d) Cell apoptosis of OE19 and EC109
cell lines was evaluated by ﬂow cytometry assay. (e and f) Cell migration and invasion of OE19 and EC109 cell lines were analyzed by
transwell assay. (g) Relative Protein expression of the EMT marker E-cadherin, N-cadherin, and Vimentin was evaluated by western blot
analysis in OE19 and EC109 cells. ***P < 0.001.

3.3 MiR-1301-3p was a direct target of
circ_0004370
Circ_0004370 was predicted to contain the binding sites
with miR-1301-3p using starBase v2.0 software (Figure 3a).
To further understand the relationship between circ_0004370
and miR-1301-3p, the dual-luciferase reporter assay was
performed. After overexpression of miR-1301-3p with different concentrations of miR-1301-3p mimics (25, 50, and
100 nM, respectively), the luciferase activity in OE19
and EC109 cells containing the WT-circ_0004370 was
decreased in a dose-dependent manner, while the luciferase activity in MUT-circ0004370 group was not changed
in OE19 and EC109 cell lines (Figure 3b and c). Then the

RNA pull-down assay was utilized to further verify the
correlation between circ_0004370 and miR-1301-3p. The
results presented that circ_0004370 was more enriched
in bio-miR-1301-3p-transfected EC cells when compared
with bio-NC-transfected EC cells (Figure 3d). Moreover,
miR-1301-3p expression level was signiﬁcantly reduced
in EC tissues and cells (Figure 3e and g). The expression
of miR-1301-3p had a negative correlation with the expression of circ_0004370 in EC tissues (Figure 3f). Also, miR1301-3p was upregulated by circ_0004370 knockdown
in OE19 and EC109 cells (Figure 3h). From these data,
it was indicated that miR-1301-3p was a direct target of
circ_0004370.
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Figure 3: MiR-1301-3p was a direct target of circ_0004370. (a)The binding site of circ_0004370 and miR-145-5p was measured by starBase
v2.0. (b–d) The interaction between miR-1301-3p and circ_0004370 in OE19 and EC109 cells was determined by dual-luciferase reporter
assay and RNA pull-down assays in OE19 and EC109 cells. (e) Relative miR-1301-3p expression in EC tissues and in adjacent normal tissues
was measured by RT-qPCR. (f) The correlation between miR-1301-3p and circ_0004370 levels was measured. (g) Relative miR-1301-3p
expression in OE19, EC109, and HEEC cells was detected by RT-qPCR. (h) After transfecting si-NC or si-circ_#1, the expression level of miR1301-3p was detected by RT-qPCR. ***P < 0.001.

3.4 MiR-1301-3p inhibitor partially rescued
the functions of circ_0004370
knockdown
To conﬁrm whether the interaction between miR-1301-3p
and circ_0004370 aﬀects the cells function, we ﬁrst
used RT-qPCR to detect the miR-1301-3p expression.
As expected, the miR-1301-3p expression was greatly
reduced after the transfection of anti-miR-1301-3p
(Figure 4a). Interestingly, the expression level of miR1301-3p was upregulated by circ_0004370 knockdown
and restored after the addition of anti-miR-1301-3p
(Figure 4b). The cell viability assay showed that the eﬀect
of circ_0004370 knockdown was reversed by the miR-

1301-3p inhibitor (Figure 4c). The experiment of cell
cloning proved that when the expression level of
circ_0004370 was downregulated, cell cloning in EC cells
was signiﬁcantly decreased, while the number of cell
cloning was recovered after the addition of miR-1301-3p
inhibitor (Figure 4d). In cell apoptosis experiments,
the number of apoptosis was upregulated by the
circ_0004370 knockdown, but it was decreased by addition of anti-miR-1301-3p (Figure 4e). The transwell assay
showed that knockdown of circ_0004370 signiﬁcantly
decreased the cell migration and invasion, while inhibition of miR-1301-3p rescued the function of circ_0004370
knockdown (Figure 4f and g). Besides, the western blot
analysis showed that the addition of anti-miR-1301-3p

Circ_0004370/miR-1301-3p/COL1A1 axis modulates EC cells function
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Figure 4: Anti-miR-1301-3p partially rescued the function of circ_0004370 inhibitor. (a) The expression level of miR-1301-3p in cells
signiﬁcantly decreased after inhibition of miR-1301-3p. (b) In OE19 and EC109 cells transfected with si-NC, si-circ #1, si-circ #1 + anti-NC,
and si-circ #1 + anti-miR-1301-3p, relative miR-1301-3p expression was detected by RT-qPCR. (c–e) The cell proliferation, cloning, and
apoptosis were analyzed by CCK-8, colony formation assay, and ﬂow cytometry. (f and g) The cell migration and invasion were detected by
Transwell assay. (h) EMT-related proteins were detected by western blot assay. *P < 0.05, **P < 0.01, ***P < 0.001.

rescued the EMT process changes caused by knockdown
of circ_0004370 in OE19 cells and EC109 cells (Figure 4h).
Taken together, these data determined that miR-1301-3p
inhibitor partially rescued the eﬀects of circ_0004370
knockdown on EC cell development.

3.5 COL1A1 was a target of miR-1301-3p
Previous reports showed that COL1A1 was upregulated
and enhanced oncogenicity on EC cells [19]. In order to
ﬁnd the target genes of miR-1301-3p, three independent
databases, Starbase, targetscan, and GEPIA, were used to
predict genes. Four genes were found in all three databases, namely COL1A1, MARCKSL1, MMP11, and PMEPA1
(Figure 5a). Meanwhile, COL1A1 expression was most

signiﬁcantly reduced among the four genes, so COL1A1
was selected for subsequent experiments (Figure 5b).
In the GEPIA database, COL1A1 was highly expressed in
EC tissues (Figure 5c). To further verify the COL1A1
expression in EC, we used RT-qPCR to detect the mRNA
expression level of COL1A1 and found that the expression
level of COL1A1 in EC tissues was increased dramatically
(Figure 5d). The expression levels of COL1A1 and miR1301-3p were negatively correlated in EC tissues (Figure 5e).
In western blot assay, the protein expression of COL1A1
in EC tissues was signiﬁcantly increased compared to
the adjacent normal tissues (Figure 5f). Next, RT-qPCR
and western blot assay indicated that the expression
level of COL1A1 was increased in OE19 and EC109 cells
(Figure 5g and h). Besides, results from starBase v2.0
software predicted that there was a binding site between
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Figure 5: The targeted relationship between miR-1301-3p and COL1A1. (a) Starbase, targetscan, and GEPIA databases were used to predict
genes. (b) The mRNA expression level of COL1A1, MARCKSL1, MMP11, and PMEPA1 was detected by RT-qPCR through overexpression of mir1301-3p. (c) COL1A1 mRNA expression was predicted by GEPIA database. (d) The expression level of COL1A1 was detected by RT-qPCR in EC
tissues and adjacent normal tissues. (e) The correlation level between miR-1301-3p and COL1A1 was measured. (f) The COL1A1 expression
was detected by western blot analysis. (g and h) The mRNA and protein expression of COL1A1 in EC cells were tested by RT-qPCR and western
blot analysis. (i) The binding site of miR-1301-3p and COL1A1 was measured by starBase v2.0. (j and k) The interaction between miR-1301-3p
and COL1A1 in OE19 and EC109 cells was determined by dual-luciferase reporter assay. (l and m) The COL1A1 mRNA and protein expression
were detected by RT-qPCR and western blot analysis after transfecting with miR-NC, miR-1301-3p, anti-NC, and anti-miR-1301-3p.
**P < 0.01, ***P < 0.001.

COL1A1 and miR-1301-3p (Figure 5i). In the dual-luciferase reporter experiment, it was further veriﬁed that
miR-1301-3p could directly bind to 3′UTR of COL1A1 in
OE19 and EC109 cells (Figure 5j and k). MiR-1301-3p
downregulated the expression of COL1A1 mRNA and protein, and miR-1301-3p inhibitor upregulated the expression of COL1A1 mRNA and protein (Figure 5l and m).
Together, it was demonstrated that miR-1301-3p could
regulate the expression of COL1A1.

3.6 COL1A1 partially rescued the function of
miR-1301-3p
The western blot analysis was used to measure the
COL1A1 protein expression in EC cells. The results
showed that COL1A1 protein expression was signiﬁcantly
increased in OE19 and EC109 cells (Figure 6a). Then, we
examined the protein expression of COL1A1 after transfecting with miR-NC, miR-1301-3p, miR-1301-3p + pcDNA,

Circ_0004370/miR-1301-3p/COL1A1 axis modulates EC cells function
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Figure 6: COL1A1 partially rescued the function of miR-1301-3p. (a) The protein expression level of COL1A1 was measured by western blot
analysis in OE19 and EC109 cells. (b) OE19 and EC109 cells were transfected with miR-NC, miR-1301-3p, miR-1301-3p + pcDNA, or miR-13013p + COL1A1, individually. And relative COL1A1 protein level was detected by western blot analysis. (c–e) The cell proliferation, cloning, and
apoptosis were analyzed by CCK-8, colony formation assay, and ﬂow cytometry. (f and g) The cell migration and invasion were measured by
Transwell assay after transfecting with miR-NC, miR-1301-3p, miR-1301-3p + pcDNA, or miR-1301-3p + COL1A1. (h and i) EMT marker proteins
E-cadherin, N-cadherin, and Vimentin in OE19 and EC109 cells were detected by western blot analysis. *P < 0.05, **P < 0.01, ***P < 0.001.

or miR-1301-3p + COL1A1. The results showed that the
expression level of COL1A1 was decreased after transfecting miR-1301-3p, whereas the protein expression
was increased after transfecting with miR-1301-3p +
COL1A1 compared with transfection of miR-1301-3p +
pcDNA (Figure 6b, P < 0.001). We subsequently tested
the cell viability using CCK-8 assay. The results revealed
that upregulation of miR-1301-3p markedly reduced cell
viability in OE19 and EC109 cells, whereas transfection
with COL1A1 rescued the cell viability in EC cells (Figure 6c).
Then the cell cloning assay proved that cell cloning
was signiﬁcantly reduced in EC cells transfected with
miR-1301-3p; however, the number of cell cloning was
recovered after transfection of COL1A1 (Figure 6d). The
ﬂow cytometry was used to detect apoptosis. The results
indicated that transfection of COL1A1 could partially
reverse the eﬀects of miR-1301-3p on cell apoptosis
(Figure 6e). The results of transwell assay showed that
miR-1301-3p signiﬁcantly decreased the cell migration
and invasion, while addition of COL1A1 rescued the function of miR-1301-3p in EC cells (Figure 6f and g). The

western blot assay showed that addition of COL1A1 rescued the eﬀect of miR-1301-3p on EMT process in OE19
cells and EC109 cells (Figure 6h and i). We concluded that
COL1A1 protein could reverse the eﬀect of miR-1301-3p on
EC cells.

3.7 Knockdown of circ_0004370 inhibited EC
growth in vivo via miR-1301-3p/
COL1A1 axis
We wondered whether downregulated circ_0004370
reduced the EC tumor growth. We used a xenograft
nude mouse model and found that knockdown of
circ_0004370 broadly suppressed the tumor volumes
and weights (Figure 7a and b). Moreover, the RT-qPCR
showed that circ_0004370 was signiﬁcantly decreased
and miR-1301-3p expression was remarkably increased
with downregulation of circ_0004370 (Figure 7c and d).
Knockdown of circ_0004370 also decreased COL1A1
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Figure 7: Silencing of circ_0004370 reduced tumor volumes and weights in vivo. (a) The tumor volume in the tumor xenograft model after
transfecting with the sh-circ_0004370 was measured. (b) The tumor weight in the tumor xenograft model after transfecting with the shcirc_0004370 was measured. (c) The expression level of circ_0004370 was detected by RT-qPCR when EC tissues were transfected by sh-NC
or sh-circ_0004370. (d) The expression level of miR-1301-3p was measured after transfecting with the sh-circ_0004370. (e) The COL1A1
protein expression level was detected by western blot analysis in sh-circ_0004370 group and sh-NC group. ***P < 0.001.

protein level in tissues (Figure 7e). In conclusion,
circ_0004370 promoted EC growth by regulating miR1301-3p/COL1A1 axis.

4 Discussion
EC is a type of high mortality serious tumors worldwide.
This is a malignant lesion caused by an abnormality of
esophageal squamous epithelial cells or adenocytes.
Recently, a growing number of studies have conﬁrmed
that noncoding RNAs participate in the pathological process for various cancer [21–23]. Circular RNA (circRNA) is
a novel noncoding RNA that attracts concerns. CircRNAs
are stable structures composed of precursor mRNA backsplicing. At present, many circRNAs have been identiﬁed
as tumor promoters or inhibitors, which have aberrant
expression levels in bladder cancer [24], papillary thyroid
cancer [25], oral cancer [26], and colorectal cancer [27].
However, the function of circRNA and the underlying
regulatory mechanism remain unclear. In the current
research, we concluded that circ_0004370 served as a
tumor promoter to activate cell viability, cloning, migration and invasion, and EMT process and restrain cell
apoptosis via miR-1301-3p/COL1A1 axis.
Consistent with a previous report which reported the
abnormal circ_0004370 expression in EC [8], our study
ﬁrst detected that circ_0004370 was upregulated in EC
tissues and cells (OE19, TE11, KYSE410, and EC109).

Downregulation of circ_0004370 notably aﬀected EC cellular activities such as cell viability, cloning, apoptosis,
migration and invasion, and EMT process. Furthermore,
knockdown of circ_0004370 in vivo showed that tumor
volumes and weights were signiﬁcantly decreased in
xenograft mouse model.
CircRNAs take part in biological processes through
multiple regulatory mechanism. Speciﬁcally, circRNAs
are identiﬁed as competitive endogenous RNAs (ceRNAs)
to sponge miRNAs, thereby attenuating the inhibitory
eﬀects of miRNAs and promoting the expression of
miRNAs target genes [28]. Alternatively, circRNAs have
the role of regulating gene transcription [29]. In addition,
the function of circRNAs is interacting with RNA-binding
proteins (RBPs) [30]. We speculated that circ_0004370
might be a ceRNA, with the function of sponging miR1301-3p. To verify this speculation, we ﬁrst detected that
in the cytoplasmic distribution results, circ_0004370 was
highly expressed in cytoplasm. Besides, we predicted
that circ_0004370 bound to the miR-1301-3p using online
software. Further dual-luciferase reporter analyzed the
direct targeting relationship between circ_0004370 and
miR-1301-3p. Previous study reported the negative correlation between circTNFRSF21 and miR-1227 in endometrial carcinoma tissues and cells [31]. Consistent with
this, in this study we found the markedly inverse correlation between circ_0004370 and miR-1301-3p in EC.
Knockdown of circ_0004370 could aﬀect the functions
of EC cells, such as cell proliferation, cell cloning, migration, and invasion, whereas miR-1301-3p inhibitor rescued

Circ_0004370/miR-1301-3p/COL1A1 axis modulates EC cells function

the functions of circ_0004370 knockdown. Our results
provided a fresh evidence for the role of circ_0004370
in EC to downregulate miR-1301-3p.
COL1A1 as a type of group I collagen plays a signiﬁcant role in the development of multiple cancers [32]. The
previous study indicated that COL1A1 was associated
with the gastric cancer and promoted cell migration
and metastasis [33]. Additionally, COL1A1 knockdown
suppressed the metastasis of breast cancer cells [19]. In
addition, Yin et al. demonstrated that COL1A1 played a
crucial role in EC [20]. Recently, with the attention paid to
COL1A1, a large number of evidence showed that miRNA
had a targeting relationship with COL1A1. For example, it
was reported that miR-129-5p inhibited cell viability of
gastric cancer by downregulating COL1A1 [34]. In our
ﬁndings, starbase software predicted that miR-1301-3p
directly targeted COL1A1, and further experiments proved
that there was a negative correlation between them.
Moreover, cell proliferation, apoptosis, migration, and
other experiments demonstrated that COL1A1 could
restore the eﬀect of miR-1301-3p. Finally, we found that
knockdown of circ_0004370 upregulated miR-1301-3p
and further downregulated COL1A1 expression. Previous
studies exhibited that circNEK6 promoted thyroid cancer
progression through Wnt signaling pathway [35]. In addition, circ_100290 played the critical role in colorectal
cancer initiation via Wnt/β-catenin signaling pathway
[36]. However, it is not clear whether circ_0004370
aﬀects the development of EC by the Wnt signaling
pathway, which will be the focus of our future study.
In this study, there are some limitations for in vivo
experiments. We have detected the eﬀect of circ_0004370
depletion on tumor growth in vivo. However, the eﬀects of
circ_0004370/miR-1301 3p/COL1A1 axis on tumor metastasis cannot be done currently due to the laboratory conditions. Future works are expected to reﬁne this
mechanism in EC using mouse model.

In conclusion, we discovered circ_0004370 was upregulated in EC cells and tissues. Moreover, as a tumor promoter in EC, circ_0004370 could greatly promote the
cell viability, cloning, migration, and invasion, remarkably suppressed apoptosis, and aﬀected EMT process
of EC through regulation of miR-1301-3p/COL1A1 axis.
Therefore, our study suggested that circ_0004370/miR1301-3p/COL1A1 axis might be potential therapeutic
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target in future, which may provide novel direction for
the further clinical trials.
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conﬂicts of interest.
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