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Background: Circular RNAs (circRNAs) have recently been verified to have multiple
biological functions and participate in diverse biological processes in different malignant
tumors, including esophageal squamous cell carcinoma (ESCC). Nonetheless, the function of
circular RNA 0014715 (hsa_circ_0014715, circ_0014715) in ESCC has not been described.
Materials and Methods: We investigated clinical data from sixty-seven patients under-
going surgery for esophageal cancer. The clinical data were collected. And we analyzed the
correlation between the clinical characteristics of these patients and the expression of
circ_0014715. Besides, we explored the expression of circ 0014715 in ESCC cell lines.
We used cell counting kit-8, colony formation, transwell assay, and flow cytometry to detect
changes in cell proliferation, migration, apoptosis, and cell cycle progression.

Results: We found that circ_ 0014715 was highly expressed in esophageal squamous cell
carcinoma tissues and cell lines. The correlation analysis of clinicopathological features and
gene expression revealed that high expression of circ 0014715 was related to nerve invasion,
vascular invasion, more advanced tumor-node-metastasis (TNM) stage and poor differentia-
tion grade. Receiver operating characteristic (ROC) curves revealed that circ_0014715 might
have diagnostic value for ESCC. Experiments with cultured cells showed that knockdown of
circ_0014715 significantly restrained cell proliferation, migration, invasion, wound healing
and accelerated cell apoptosis. And cell cycle arrest at G2 phase was observed via flow
cytometry. Overexpression of circ 0014715 caused the opposite effects. Collectively, these
studies show that circ 0014715 is closely connected with the pathogenesis and development
of ESCC. The excess expression of circ 0014715 may have promoting effects on the
progression of esophageal cell carcinoma.

Conclusion: Our finding revealed that circ_ 0014715 promoted tumor growth and cell
proliferation. All of these suggest that targeting circ 0014715 has potential therapeutic
value in the treatment of ESCC.

Keywords: circular RNA 0014715, circular RNAs, esophageal squamous cell carcinoma,

biological characteristics, cell proliferation

Introduction

The malignant degree of esophageal carcinoma (EC) is high. It has high mortality
and morbidity rates worldwide.! Esophageal carcinoma includes esophageal squa-
mous cell carcinoma and esophageal adenocarcinoma. ESCC is a major subtype of
EC.> ESCC ranks eighth highest in incidence and sixth highest in mortality rate
among all cancers globally.® ESCC is one of the most prevalent gastrointestinal
malignancies. The early symptoms of esophageal cancer are not obvious; when
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identified, the disease tends to be in the middle or late
stages. There has been significant progress in the develop-
ment of surgery, radiotherapy, chemotherapy, immunother-
apy and other comprehensive approaches.* Nevertheless,
the therapies available for esophageal cancer still need to
be improved. ESCC is a disease with grave prognosis, and
the median 5-year survival rate is less than 15%.°
Therefore, early detection and treatment of esophageal
cancer are necessary. As with other tumors, ESCC is
characterized by dysregulated signaling pathways and
abnormal gene expression.® In recent years, the technology
of disease detection based on molecular markers has
attracted wide attention.” A large number of molecular
markers have been shown to be valuable in the early
detection of esophageal cancer.® Thus, it is important to
further explore the genetic regulation related to the pro-
gression of ESCC and to develop precise treatments.
Recent studies have found that a considerable portion
of the
sequences that do not have protein coding potential.’

human genome corresponds to transcribed
Noncoding RNAs (ncRNAs) have drawn much attention
as prognostic predictors and therapeutic targets of
ESCC." As biomarkers and physiological regulators,
circRNAs are a newly discovered subtype of ncRNAs.
Their

attention.!" CircRNAs play an increasingly important
12-14

potential clinical value has attracted great
role in the occurrence and metastasis of cancers.
A circRNA is a closed circular RNA with hundreds or
even thousands of nucleotides that takes a closed loop with
a stabilizing framework.'> It is transcribed by RNA poly-
merase II and forms a continuous loop structure through
the establishment of covalent bonds; it also lacks a 5’ cap
and 3’ tail.'® Therefore, circRNAs have high stability and
strong resistance to RNA degradative pathways.'” Some
circRNAs contain miRNA response elements (MREs),
which act as competitive endogenous RNAs (ceRNAs),
that interact with microRNAs (miRNAs) and regulate
gene expression in a transcriptional and post transcrip-
tional manner.'®'” A number of studies have shown that
circRNAs are obviously important in many biological
processes such as chromosome inactivation and malignant
transformation.””

Su et al*' performed a chip sequencing and bioinfor-
matics analysis of circRNA expression in radiation-
resistant and non-radioresistant ESCC cells. They screened
out the most differentially expressed molecules
circRNA 001059 and circRNA_ 000167 in the coexpres-

sion network. It was reported that circ LARP4 expression

was significantly downregulated in ESCC cell lines.
Circ LARP4 inhibits the development of ESCC via
sponging miR-1323 and modulating the PTEN/PI3K/
AKT pathway.”> Other that
circ_ VRK1 suppresses ESCC cell proliferation, epithelial-

research has shown
mesenchymal transition (EMT) and cell migration. Like
circ. LARP4, circ VRKI is also involved in regulating
PTEN. It mainly act as a miRNA sponge of miR-624-
3p.?* Likewise, many circRNAs are abnormally expressed
in ESCC and play important roles in malignant growth of
tumors, such as ciRS-7,>* circPRKCL >’ and cireNTRK2.?°
All these researches suggest that circRNAs may be new
prognostic predictors and therapeutic targets for patients
with esophageal carcinoma. However, the role of
circRNAs in ESCC still needs to be further studied.
Moreover, the function and mechanism of circ 0014715
in esophageal squamous cell carcinoma have not been
elucidated.

The main purpose of our study aimed to elucidate the
biological role of circ_0014715 in ESCC. The expression
of circ_ 0014715 in human tissues and cell lines were
detected by qRT-PCR. The circular structure was verified
by divergent primer PCR and RNase R treatment. The
effects of circ_ 0014715 on esophageal cancer cells were
probed by transfection with siRNAs and plasmids. Cell
Counting Kit-8 (CCK-8),
(EdU) and colony formation were performed to detect

5-ethynyl-20-deoxyuridine

cell proliferation. The invasion and migration ability of
cancer cells were detected by wound healing and transwell
assays. Flow cytometry was used to detect cell apoptosis
and cell cycle distribution. We studied the level of
circ 0014715 in ESCC samples and identified it as
a factor that promotes tumor growth. The results of the
experiments suggest that circ_0014715 is a potential prog-
nostic biomarker and a target for ESCC therapy.

Materials and Methods

Tissue Samples

A total of sixty-seven tumor tissues and nontumorous
tissues were obtained from patients of Taizhou People’s
Hospital Affiliated to Nanjing University of Chinese
Medicine (Taizhou, China) between July 2018 and
April 2019. All the patients in this study were diagnosed
with ESCC and received primary surgical resection. All
the patients received no radiotherapy or chemotherapy
before operation. All patients underwent lymph node dis-
section. All these specimens were stored in liquid nitrogen
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immediately after they were surgically removed. This
study was formally approved by the Ethics Committee of
Taizhou People’s Hospital. All tissue samples and clinico-
pathological information were collected with informed
consent. The tissue specimens were staged according to
the TNM classification system jointly published by the
Union for International Cancer Control (UICC) and the
American Joint Committee on Cancer (AJCC) in 2017.%’

Cell Lines and Culture

Human ESCC cell lines (ECA-109, KYSE-150, KYSE-
510, and TE-1) and a normal esophageal epithelial cell line
(HET-1A) were Institute  of
Biochemistry and Cell Biology of the Chinese Academy

obtained from the

of Sciences (Shanghai, China). Cells were maintained in
an incubator at 37°C with 5% CO,. RPMI-1640 medium
(Gibco, Grand Island, NY, USA) supplemented with 10%
fetal bovine serum (FBS, Biological Industries, San Diego,
CA, USA) was used for cell culture. 100 U/mL penicillin-
streptomycin mixture (Thermo Fisher Scientific, Waltham,
MA, USA) was added to the medium.

Quantitative Real-Time Polymerase Chain
Reaction (qRT-PCR)

After 48 hours of transfection, cells in each group were
collected. Total RNA was isolated from the tissues and
with RNAiso Plus
Technology, Dalian, China). The RNA purity and con-

cell lines (Takara Biomedical
centration were measured utilizing a NanoDrop™ 2000
spectrophotometer (Thermo Fisher Scientific, Waltham,
MA, USA). Complementary DNA was synthesized with
the PrimeScript RT Master Mix reverse transcription kit
(Takara, Dalian, China). The quality and quantity of the
isolated RNA were evaluated using a Bio-Rad Real-Time
PCR Detection System (Bio-Rad Laboratories, Hercules,
CA, USA). We used SYBR Green Master Mix (Vazyme
Biotech Co, Nanjing, China) for quantitative real-time
PCR. All primers were purchased from Sangon
(Shanghai, China). GAPDH was used as the internal
control. The following sequences of primers were used:
circ 0014715 forward:5-AAGACTCCTGTGTCTTG
CGTG-3', reverse:5'-GGGAGGCATTGTGATGACCAA
T-3'; GAPDH forward:5-CAGAACATCATCCCTGC
CTCTAC-3', reverse:5'-ATGAAGTCAGAGGAGACC
ACCTG-3'; CCT3 forward:5'- GCGATTCTCCTG
CCTTAGCCTTC-3’,  reverse:5'-CGACACCAGCCTG
ACCAACATG-3".  The

following  thermocycling

experimental steps were used: the initial stage of degen-
eration at 95°C for 5 min, 40 cycles of 10 sec at 95°C
and then 30 sec at 60°C. The relative abundance of the

gene was calculated using the 2 2" method.

Agarose Electrophoresis and RNase

R Treatment

The transcripts of circular and linear maternal gene CCT3
were amplified by divergent and convergent primers from
both complementary DNA (¢cDNA) and genomic DNA
(gDNA) from ECA-109 cells. PCR products were isolated
by agarose gel electrophoresis. 1 U/mg RNase R (Thermo
Fisher Scientific, Waltham, MA, USA) was added with
total RNA (10 pg) and incubated at 37°C for 15 min.
TIANamp Genomic DNA Kit (Tiangen Biotech, Beijing,
China) was used to extract gDNAs according to the man-
ufacturer’s protocols. CCT3 and circ_0014715 expression
was measured by qRT-PCR analysis. All these results were
used to confirm the circular structure of circ_0014715.

Cell Transfection

Small interfering RNAs (siRNAs) were applied to silence
circ 0014715. Plasmids pcDNA3.1 (vector) and
pcDNA3.1/circ_ 0014715 (circ_0014715) were used for
overexpression of circ 0014715. All plasmids and
siRNAs were synthesized by GenePharma (Suzhou,
China). The following sequences of siRNAs were listed:
si-circ_0014715-1 (si-1) sense:5'-GAAAGCCAG
ACUAUUGCAGTT-3’, antisense:5'-CUGCAAUAGU
CUGGCUUUCTT-3'; si-circ_0014715-2 (si-2) sense:5'-
GCCAGACUAUUGCAGAUAUTT-3', antisense:5'-AU
AUCUGCAAUAGUCUGGCTT-3"; si-NC
UUCUCCGAACGUGUCACGUTT-3, antisense:5’'-
ACGUGACACGUUCGGAGAATT-3'.  Lipofectamine
3000 (Invitrogen, Carlsbad, CA, USA) was used to trans-
fect siRNAs and plasmids. At 48 hours after transfection

sense:5'-

with circ_0014715 siRNAs and plasmids, cells were eval-
vated to clarify the biological role of circ_ 0014715 in
ESCC cells.

Cell Counting Kit-8 Assay

Cells were digested and collected 48 hours after transfec-
tion. ECA-109, TE-1 and KYSE-150 cells (3000 cells/
well) were inoculated into 96-well plates. The plates
were incubated in the incubator. Cell viability was
detected at 0,24,48, and 72 hour time points. Then, 10
pL of CCK-8 solution (Dojindo Molecular Technologies,
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Kumamoto, Japan) was added. Two hours later, the absor-
bance values at 450 nm were detected using a Multiskan™
(Thermo Fisher Grand

spectrophotometer Scientific,

Island, NY, USA).

5-Ethynyl-2'-Deoxyuridine (EdU) Assay
Approximately 1x10 * transfected cells were seeded into
a 96-well plate. A Cell-Light EQU DNA Cell Proliferation
Kit (RiboBio, Guangzhou, China) was used to detect cell
proliferation. When the cells adhere to the wall and then
incubated with 50 pL. EQU-A solution. The cells were fixed
with Apollo Dye Solution two hours later. Then, Hoechst
33342 solution was applied to stain the nucleic acid. We
evaluated cell proliferation viability by calculating the pro-
portion of EdU-stained cells to Hoechst-stained cells.
A fluorescence microscope (Olympus, Tokyo, Japan) was
applied to acquire the images.

Colony Formation Assay

ECA-109, TE-1, and KYSE-150 cells were cultured in 6-well
plates. Approximately 800—1000 cells were planted in each
well. After periodically changing the medium, the cells were
grown in an incubator for about two weeks. Colonies were
counted with more than 50 cells. The cells were fixed with 4%
paraformaldehyde (Beijing Leagene Biotechnology, China)
and stained with crystal violet (Beijing Solarbio, China).

Transwell Assay

For the migration assay, starved cells were applied to the
upper chambers (Shanghai Jrdun Biotechnology, China) in
a 24-well plate. For the invasion assay, the Matrigel (1:4,
Qcbio, Shanghai, China) was coated on the surface of the
membrane of the upper chambers. The cells (approxi-
mately 1x10° cells per well) were maintained in serum-
free culture medium. Add 600 pL. RPMI-1640 medium to
the lower chamber, containing 20% FBS. 48 hours later,
the cells in the chambers were fixed with 4% paraformal-
dehyde and stained with 0.5% crystal violet. Cells on the
upper surfaces were removed using cotton swabs.
Subsequently, invaded cells were observed and imaged
by light microscopy (Olympus, Tokyo, Japan).

Wound Healing Assay

Transfected cells were planted in 24-well plates. When the
cells have reached approximately 90% confluence, the
layer of cells was gently scratched with a pipette tip.
Then, we washed the well three times with phosphate-

buffered saline (PBS). The scratches were photographed
at 0 and 24 hour respectively.

Flow Cytometry Assay

ESCC cells were collected and digested at 48 hours after
transfection. For the cell cycle analysis, the cells were fixed
in 70% ethanol precooled at —20°C. On the second day, the
cells were stained with propidium iodide buffer (BD
Biosciences, San Jose, CA, USA) in flow cytometry (FCM)
tubes to detect the cell cycle distribution. Annexin-V and
7-AAD dyes were prepared for the cell apoptosis assay. The
cells were incubated in the dark for about 15 minutes. Cell
apoptosis and the cell cycle distribution were examined by
using a FACSCalibur flow cytometer (BD Biosciences, San
Jose, CA, USA). The data were analyzed by FlowJo software.

Statistical Analysis

The experiments were repeated three times independently.
Data are shown as the mean =+ standard deviation (SD).
Student’s ¢-test was utilized to compare two groups. One-way
analysis of variance (ANOVA) was used for comparisons
among multiple groups. The chi-square test was used to inves-
tigate the relationship between circ_0014715 and clinicopatho-
logical parameters. Logistic regression was used to determine
the predictors of ESCC. Receiver operating characteristic
(ROC) curve analysis was performed to assess the diagnostic
power for predicting the ESCC. SPSS 25.0 (SPSS, Chicago,
USA) and GraphPad Prism 8.0 (GraphPad Software, La Jolla,
CA, USA) were used for statistical data. A p value <0.05 was
considered statistically significant.

Results
Circ_0014715 is Overexpressed in ESCC

Tissue Samples and Cell Lines

In order to determine the biological role of circ_0014715 in the
progression of ESCC, we first detected the expression of
circ 0014715 in ESCC tissues and cells by qRT-PCR. We
verified that hsa circ 0014715 (circ_0014715) was overex-
pressed in ESCC tissues compared with paired normal tissues
(n= 67) (Figure 1A). Moreover, the expression of
circ 0014715 was significantly higher in ESCC cell lines
(ECA-109, TE-1, KYSE-150, KYSE-510) than that in the
normal esophageal epidermis cell line (HET-1A).
Circ_0014715 was then silenced in ECA-109 and TE-1 cells
for the next functional experiment because of its high expres-
sion. KYSE-150 was chosen for the overexpression research
because of its low expression (Figure 1B). All the tissue
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Figure | The characteristics of circ_0014715 in ESCC tissues and cell lines. (A) gRT-PCR assay indicated the high expression of circ_0014715 in 67 human ESCC tissue
samples in comparison with paired normal tissue samples. (B) Relative circ_0014715 expression in ESCC cell lines and Het-1A cells was detected by qRT-PCR. (C) ROC
curve was used to calculate the diagnostic value. (D) qRT-PCR was performed using divergent or convergent primers to detect the presence of circ_0014715 as a circular
structure in ECA-109 cells. GAPDH was used as a blank control. (E) The mRNA expression of circ_0014715 and CCT3 was detected. (data are shown as the meanSD.

*P<0.05, ***P<0.001, **+P<0.0001).

samples were classified into circ 0014715 high expression and
circ_ 0014715 low expression groups based on the mean value
of circ 0014715 expression in the ESCC tissues. The basic
clinical data and pathological indexes are shown in Table 1.

The relationship between clinicopathological indexes and
circ 0014715 in Table 2.
Overexpression of circ_0014715 was demonstrated to be cor-
related with patient lymph node invasion (P=0.001), TNM

expression was shown
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Table | Basic Information of Esophageal Squamous Cell Table 2 Association Between Circ_0014715 Expression and
Carcinoma Clinicopathological Characteristics of Patients
Characteristics Number of Cases(%) Characteristics Expression of circ_0014715
Age,years Low High P-value
<65 10(14.9%) Expression Expression
>65 57(85.1%)
Age,years
Gender <65 4 6 0.249
Male 39(58.2%) >65 13 44
Female 28(41.8%)
Gender
TNM Male I 28 0.395
land Il 30(44.8%) Female 6 22
lIland IV 37(55.2%)
TNM
Histological differentiation land Il 14 16 0.0007%#**
l'and Il 55(82.1%) Il and IV 3 34
lIland IV 12(17.9%) ] ]
Histological
Vascular invasion differentiation
Negative 37(55.2%) land Il 17 38 0.026*
Positive 30(44.8%) lll'and IV 0 12
Nerve invasion Vascular invasion
Negative 57(85.1%) Negative 14 23 0.009**
Positive 10(14.9%) Positive 3 27
Tumor size(cm) Nerve invasion
<5 50(74.6%) Negative 17 40 0.046*
>5 17(25.4%) Positive 10
Lymph node metastasis Tumor size(cm)
Negative 41(61.2%) <5 14 36 0.397
Positive 26(38.8%) >5 3 14
Expression of circ_0014715 Lymph node
Low expression 17(25.4%) metastasis
High expression 50(74.6%) Negative 16 25 0.00 ¥
Notes: TNM stage was according to 2002 TNM Classification of Malignant Tumors Positive I 25

by the International Union Against Cancer; Histological differentiation was classified
by the Edmondson-Steiner grade.

stage (P=0.000), differentiation grade (P=0.026), vascular
invasion (P=0.009), and nerve invasion (P=0.046). In contrast,
the circ_0014715 level was not significantly related to age, sex
or tumor size. We generated a ROC curve to evaluate the
diagnostic value of circ_0014715. The Youden index (specifi-
city + sensitivity-1) was used to calculate the cutoff value.
Circ_0014715 had an area under the curve (AUC) of 0.7219
(95% CI 0.6352-0.8086), which highlighted its promising
performance as a diagnostic biomarker for early ESCC
(Figure 1C). It has a cut off value of 2.836, with a sensitivity
0f 49.25% and a specificity of 91.04%. We designed conver-
gent and divergent primers to amplify linear and circular

transcripts by qRT-PCR in ECA-109 cells. Agarose

Notes: *P<0.05, **P<0.01,****P<0.0001.

electrophoresis was performed to confirm the head and tail
splicing structure of loop domain. As shown, circ 0014715
could be amplified by divergent primers from cDNA rather
than gDNA. Linear CCT3 could amplified by convergent
primers from both cDNA and gDNA (Figure 1D). In addition,
RNase R assay showed that circ 0014715 was resistant to
digestion with RNase R enzyme, whereas linear CCT3 was
digested by RNase R (Figure 1E). All these findings verify the
circular characteristics of circ 0014715 in ESCC.

Circ_0014715 Silencing Inhibits the

Proliferation
The high expression of circ_0014715 in ESCC prompted
us to investigate the effects of circ 0014715 on cell
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function. qRT-PCR was used to confirm efficient knock-
down. The results indicated that the siRNAs (si-circ
_0014715-1, si-1 and si-circ_0014715-2, si-2) significantly
knocked down the expression of endogenous
circ 0014715 in ECA-109 and TE-1 cells (Figure 2A).
Colony formation assay was used to evaluate the cell
proliferation. Colony formation assays further verified the
circ 0014715 in
(Figure 2B). Cell proliferation was also detected using
CCK-8 and EdU assays. Results showed that downregula-
tion of circ 0014715 markedly suppressed cell prolifera-
tion (Figure 3A). And the EdU assay demonstrated that the
downregulation of circ_ 0014715 decreased the viability of

role of promoting proliferation

tumor cells, too. (Figure 3B).

Circ_0014715 Silencing Prevents Cell

Migration and Invasion

Wound healing and transwell experiments were used to
detect cell migration and invasion abilities of ECA-109
and TE-1. The invasive capability of cancer cells was
decreased after circ_ 0014715 knockdown. The number of
cells passing through the membrane was clearly reduced
circ_ 0014715 4A). After
circ 0014715 knockdown, the wound healing rate was

after silencing  (Figure

significantly reduced. (Figure 4B).

Downregulation of Circ_0014715 Blocks
Cell Cycle Progression and Promotes
Apoptosis

After downregulation of circ_0014715, the number of apop-
totic cells was increased compared with that in si-NC group
(Figure 5A). We observed that knockdown circ 0014715
induced growth inhibition. Then, we decided to analyze the
cell cycle distribution to see if there was growth cycle arrest.
The cell cycle assay suggested that si-circ_0014715 signifi-
cantly induced cell cycle arrest in the G2 phase (Figure 5B).
these that
circ 0014715 had tumor inhibiting effects by altering cell

Collectively, results suggested silencing

cycle progression and cell survival.

Overexpression of Circ_0014715

Increased Cell Proliferation

First, we overexpressed circ_0014715 in KYSE-150 cells
for subsequent experiments. qRT-PCR was used to confirm
Results that
circ 0014715 plasmids overexpressed hsa circ 0014715
in KYSE-150 cells (Figure 6A). CCK-8, EdU and colony

effective  overexpression. showed

formation assays showed that the proliferation of KYSE-
150 cells was enhanced after the overexpression of
circ_ 0014715 (Figure 6B-D).

Overexpression of Circ_0014715
Induced Cell Invasion and Cell Cycle

Progression

Furthermore, we investigated whether overexpressed
circ 0014715 could enhance cell migration and inhibit
that

circ_ 0014715 expression strengthened cell migration and

cell apoptosis. Results suggested increased
invasion (Figure 7A). Overexpression of circ 0014715
promoted wound healing (Figure 7B). Compared with the
vector control group, the circ_ 0014715 exhibited signifi-
cantly lower apoptosis (Figure 7C). We then researched
the cell cycle distribution. The cell cycle assay suggested
that overexpressed circ_0014715 decreased the fraction of
S and G2 phase cells (Figure 7D). Collectively, these
results suggested that overexpressed circ 0014715 can

inhibit cell apoptosis and enhance ESCC cell proliferation.

Prediction of miRNAs Targeting
circRNAs

We used bioinformatics sites (wWww.circinteractome.com

and www.circbank.cn) to predict the downstream
miRNAs that might bind to circ 0014715. According to
the result of prediction (Figure S1), miR-1253, miR-1324,
miR-409-3p, and miR-578 might have potential binding
sites.

Discussion

In recent years, with the continuous progress of molecular
biology, targeted therapy has provided a major break-
through for ESCC research. It is reported that hundreds
of circRNAs
cancers.”® CircRNAs are obtained by reverse splicing

have been involved in various human

from exons of a protein-coding gene. According to report,
circRNAs
miRNAs. The expression of downstream targets is regu-

serve as competing ceRNAs to sponge
lated at the post transcriptional level.?’ They can also be
directly involved in protein synthesis, and they can act
through epigenetic, transcriptional, and post transcriptional
mechanisms.*® CircRNAs play an important role in the
development and progression of many cancers. They can
regulate complex biological processes such as cell multi-
plication, autophagy and EMT.?! However, circRNAs, that

play a specific role in ESCC have not been identified.
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Therefore, an in-depth understanding of the role and
mechanism of circRNAs is crucial to identify promising
biomarkers and therapeutic targets for ESCC.

In our study, circ_0014715 consisted of 666 bp nucleo-
tides from the CCT3 gene located at chrl:156288658—
156304709. We observed in the clinical trial section that
circ_0014715 was significantly elevated in ESCC specimens.
The upregulation was positively correlated with more

advanced TNM stage, lower degree of differentiation, more
neurovascular invasion and more lymph node invasion. We
designed and performed loss-of-function and gain-of-
function assays. Circ_0014715 was up-regulated by plasmid
or down-regulated by siRNA to investigate the effects of
circ_0014715 on cell biological behaviors. We found that
the inhibition of circ_0014715 strikingly suppressed the pro-
liferation of ECA-109 and TE-1 cells. The inhibition of cell
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proliferation is related to the arrest of cell cycle. On the
contrary, overexpression of circ 0014715 can promote the
cell proliferation and invasion of KYSE-150 and inhibit
apoptosis. It is worth exploring the roles of down-

regulation of circRNAs, so as to seek new targets for the
clinical treatment of ESCC. As for early diagnosis of ESCC,
more and more studies have shown that biomarkers have

good diagnostic potential for early ESCC. Overall,
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Figure 5 Downregulation of circ_0014715 blocks cell cycle progression and induces cell apoptosis. (A) Flow cytometric analysis was used to detect the apoptosis of ECA-
109 and TE-1 cells. (B) Cell cycle distribution of ECA-109 and TE-1 was determined by flow cytometry. (Data are shown as the meanSD. *P<0.05, **P<0.01, ***P<0.0001).

researches of the role of these biomarkers in the diagnosis of
ESCC still have many limitations. For example, there is
a lack of large sample studies with multiple species and
centers, a lack of independent verification trials, and a lack
of preclinical follow-up data. Similarly, our study has some
limitations. We only predicted the relevant miRNAs through
bioinformatics. One of them might be the most possible

miRNA sponged by circ_ 0014715. However, we did not
conduct an in-depth study of these downstream mechanisms.
We also need to recruit more patients to expand the sample
size, so as to further confirm that circ 0014715 is an impor-
tant detection indicator in ESCC patients. The mechanism
underlying circRNA/miRNA interactions also deserves
further examination in the future.
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In summary, we reported the up-regulated expression of  lymph node metastasis. Functional experiments confirmed that
circ_0014715 in ESCC tissues and cell lines. High expression  circ_ 0014715 could promote malignant behaviors of ESCC
of circ_0014715 was correlated with advanced TNM stage and  cells. We elucidate a potential therapeutic target for ESCC.
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