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Background: The goal of the current research was to investigate circATXN7 expression in esophageal 
cancer (EC) and its impact on the proliferation, migration, and invasion of EC cells. 
Methods: Determination of circATXN7 expression in esophageal cancer tissues and adjacent tissueswas 
carried out using quantitative reverse transcription polymerase chain reaction (qRT-PCR), and we further 
analyzed the correlation between patients’ clinical characteristics and circATXN7 expression. EC cell lines 
(EC-9706, Eca-109, TE-1, KYSE-30, and KYSE-150) and normal esophageal cell line (HET-1A) were 
cultured, and circATXN7 expression was detected by qRT-PCR. The lowest circATXN7-containing Eca-
109 cells were selected to be transfected with an overexpressing lentiviral vector (circATXN7). EC-9706 
cells with the highest expression of circATXN7 were selected for transfection with knockdown vectors [short 
hairpin RNA (shRNA)#1 and shRNA#2] of the circATXN7 sequence. Cell proliferation was determined via 
MTT assay. The formation of cell clones was investigated via colony formation assay. Transwell migration 
assay was utilized to determine cell migration and invasion ability. 
Results: Significantly higher levels of circATXN7 were observed in EC tissues compared with 
paracancerous tissues (P<0.01), and circATXN7 expression level showed a significant correlation with the 
tumor/lymph nodes/metastasis (TNM) stage and metastasis of lymph nodes (P<0.05). Among all esophageal 
cell lines, EC-9706 had the highest expression level and Eca-109 had the lowest expression level. The 
MTT assay revealed that circATXN7 overexpression could significantly promote the proliferation of Eca-
109 cells, while circATXN7 knockdown was capable of significantly inhibiting EC cell proliferation. The 
colony formation experiments revealed a significant increase in the number of clones in the circATXN7 
overexpression model and a significant decrease in the circATXN7 knockdown model. The results of 
transwell migration experiments suggested that circATXN7 overexpression could promote EC cell invasion 
and migration, while knockdown of circATXN7 expression was associated with significant inhibition of the 
invasion and migration of these cells. 
Conclusions: CircATXN7 exerted a critical role in the incidence and progression of EC. This study identified 
a novel molecular target and established a theoretical basis for the early detection and treatment of EC.
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Introduction 

Esophageal cancer (EC) is the most frequently diagnosed 
clinical malignant tumor of the digestive tract and the 7th 
most frequently diagnosed cancer worldwide (1). In China, 
EC incidence and mortality continue to rise, threatening 
national health (2). Although EC-related diagnosis and 
treatment methods continue to improve, because of poor 
prognosis and a high degree of malignancy, the 5-year 
survival rates remain poor (3). To improve the treatment and 
survival rate of EC, it is necessary to find new therapeutic 
targets and biomarkers that have the potential to affect EC 
occurrence and development, providing a foundation for 
clinical diagnosis and treatment.

Circular RNAs (circRNAs) are produced via reverse 
splicing from covalently closed loops and exhibit great 
abundance, stability, conservation, and tissue specificity in 
eukaryotic cells (4). With the rapid advancement of high-
throughput sequencing and bioinformatics, researchers have 
discovered that circRNAs perform a variety of biological 
functions, including involvement in the incidence and advance 
of various human diseases (5). Existing studies have shown that 
circRNAs participate in tumor biological behaviors at various 
levels, including transcriptional and posttranscriptional (6,7). 
Chen et al. identified circPVT1 and found that its expression 
was upregulated in tissues associated with gastric cancer (GC), 
suggesting that circPVT1 was a new proliferation factor that 
could serve as a prognostic marker for GC (8). Kong et al. 
showed that upregulation of circSMARCA5 in prostate cancer 
acted as an oncogene to facilitate the cell cycle and retard cell 
apoptosis (9). Therefore, the role of circRNAs in the incidence 
and progress of cancer can provide novel targets for cancer 
diagnosis and also new directions for related treatments. The 
study of circRNAs has become a new research direction, 
following the focus on long noncoding RNAs (lncRNAs) and 
microRNAs (miRNAs). This study investigated the biological 
function of circATXN7 in EC to further the development of 
a novel biomarker for EC. We present the following article 
in accordance with the MDAR reporting checklist (available 
at https://jgo.amegroups.com/article/view/10.21037/jgo-22-
481/rc).

Methods

EC tissue specimens 

Tissue specimens of EC and corresponding paracancerous 
tissue (≥5 cm from the tumor tissue edge, verified by 
biopsy) were obtained from 58 patients treated in Jiangsu 
Cancer Hospital between January 2019 and June 2019. The 
inclusion criteria were: (I) patients who met the criteria for 
the diagnosis of EC, confirmed by postoperative biopsy; 
(II) first-time diagnosed patients; and (III) no history of 
radiotherapy, chemotherapy, or esophageal surgery. The 
exclusion criteria were: (I) patients with Barrett's esophagitis 
or reflux esophagitis, (II) patients with primary malignant 
tumors in other areas of the body, (III) patients with 
decompensated liver or kidney functions, and (IV) patients 
with abnormal congenital immune deficiencies. The study 
participants included 47 male and 11 female patients, with 
an age range of 41−70 (57.96±6.12) years. The clinical 
characteristics of the patients are shown in Table 1. The 
study was conducted in accordance with the Declaration of 
Helsinki (as revised in 2013). The study was approved by the 
Medical Ethics Committee of Jiangsu Cancer Hospital (No. 
2020 Section-011). Signed informed consent was obtained 
from the patients or their family members.

Cell culture

EC cell lines (Eca-109, KYSE-30, EC-9706, TE-1, and 
KYSE-150) and normal esophageal cell line (HET-1A) were 
purchased from Shanghai Cell Resource Center, Chinese 
Academy of Sciences and preserved in our laboratory. 
The cell culture medium consisted of 90% Dulbecco’s 
Modified Eagle Medium (DMEM; 4 mM glutamine and 1% 
penicillin-streptomycin) and 10% fetal bovine serum (FBS). 
Cells were cultured at 37 ℃ in a 5% carbon dioxide (CO2) 
environment. When the cell density reached 80–90%, cells 
were subcultured at a ratio of 1:2.

Quantitative real-time polymerase chain reaction (qRT-PCR)

Total RNA was extracted from tissue samples as follows. 
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EC tissue and paracancerous tissue freshly obtained 
during surgery were transfered to −80 ℃ refrigeration for 
storage after quick freezing in liquid nitrogen. EC tissue 
and paracancerous normal tissue were then ground under 
liquid nitrogen. Total RNA was extracted from HET-1A, 
Eca-109, EC-9706, KYSE-150, KYSE-30, and TE-1 cells 
with TRIzol reagent, followed by quantification via UV 
spectrophotometer.

Total RNA was reverse-transcribed to complementary 
DNA (cDNA) according to the PrimeScript RT Reagent Kit 
instructions. The reverse transcription conditions were 42 
and 70 ℃ for 60 and 5 minutes, respectively. Using cDNA 
as a template, PCR amplification was conducted according 
to the instructions of the SYBR Green PCR Master Mix 
Kit. The design and synthesis of all primer sequences were 
performed by Beijing Tiangen Biochemical Technology 
Co., Ltd. Primer sequence: circATXN7 upstream primer: 

5'-CCTAGGGACAGAATTGGACGA-3', downstream 
primer: 5'-GCCCGCTCCGACATTCTT-3'. β-actin 
upstream primer: 5'-GAAATCGTGGACATTAA-3', 
downstream primer: 5'-AAGGAAGGCTGGAAGAGTG-3'. 
PCR amplification system totaled 20 µL: 10 µL 2×SYBR 
Master Mix, 2 µL cDNA template, 0.4 µL each upstream 
and downstream primers, and 7.2 µL distilled water. The 
reaction conditions were: 5 minutes at 95 ℃, 5 seconds at  
95 ℃, 20 seconds at 60 ℃, and 15 seconds at 72 ℃, with 
a total of 40 cycles. After the amplification reaction, we 
performed melt curve analysis. Calculation of the expression 
of the target gene was carried out using the 2-ΔΔCT 
method. The experiment was conducted in triplicate and 
the average value was recorded as the result.

Cell transfection

Based on the results of qRT-PCR, Eca-109 cells with the 
highest expression level of circATXN7 (overexpression 
experiments)  and EC-9706 cel l s  with the lowest 
expression levels (knockdown experiments) were selected 
for transfection. An overexpression lentiviral vector 
(circATXN7) and a blank control group (an empty vector 
without circATXN7 gene sequence) were synthesized. 
Two knockdown vectors [short hairpin RNA (shRNA)#1 
and shRNA#2] targeting the circATXN7 sequence and a 
blank control vector (shRNA control) were designed at the 
same time. The transfection method was as follows. Cells  
(1×106 cells/well) were seeded in a 24-well plate, and 
Lipofectamine 2000 reagent was used to transfer the 
transfected RNA into EC cells with a confluence of 60%. 
Lipofectamine 2000 (1 µL) was mixed with serum-free 
medium (50 µL) and incubated for 5 minutes. Mixtures of 
20 pmol of transfected RNA and 50 µL of the serum-free 
medium were prepared and incubated for 5 minutes each. 
The above 2 mixtures were then mixed and left to stand for 
20 minutes at room temperature to obtain RNA and liposome 
complexes. Next, a culture dish containing cells was added, 
and the culture medium was changed to a complete medium 
after 6 hours of transfection. Determination of circATXN7 
expression was carried out after 48 hours of transfection using 
qRT-PCR to verify whether the transfection was successful.

MTT assay

Cell proliferation was determined through MTT assay. 
After transfection, 96-well plates were seeded with the 
transfected cells at 5×103/well density. After 48 hours, MTT 

Table 1 Clinical characteristics of patients

Clinical characteristics Patients (n=58)

Sex

Male 47

Female 11

Age, years

<60 17

≥60 41

Differentiation

Poorly-differentiated 43

Well-differentiated 15

Smoking

Yes 35

No 23

Depth of invasion

T1–T2 30

T3–T4a 28

TNM staging

I–II 26

III 32

Lymph node metastasis 

No 34

Yes 24
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solution (20 µL) was added to each well and left to incubate 
for 4 hours, followed by the addition of dimethyl sulfoxide 
(150 µL) and shaking for 10 minutes to crystallize the 
solution. The absorbance [optical density (OD)] value was 
detected at 490 nm with a microplate reader.

Colony assay

After transfection, the cells of each group were seeded in 
6-well plates and placed in a 37 ℃, 5% CO2 cell incubator. 
Every three days, the medium was changed and if visible 
clusters formed in the culture on days 10–14, they were 
terminated from the study. After 21 days the culture 
medium was discarded, and cells were gently rinsed with 
phosphate-buffered saline (PBS) 3 times. Next, 1 mL of 4% 
paraformaldehyde was added to each well, and the plates 
were stored at 4 ℃ in the refrigerator for 30 minutes. The 
cells were washed again with PBS 3 times, and 1 mL of 0.1% 
crystal violet was added to each well. The cells underwent 
staining for 30 minutes at 4 ℃ and were then washed a final 
time with double-distilled water. The number of clones 
formed was counted. Each experiment was repeated 3 times. 
The colony formation rate was calculated as follows: colony 
formation rate (%) = (number of clones/total number of 
inoculated cells) × 100%.

Flow-Cytometric Analysis 

Cells for cell-cycle analysis were stained with Cell cycle 
detection Kit following the manufacturer’s protocol and 
analyzed by FACScan. The percent of the cells in G0/G1, S 
and G2/M phases were counted and compared.

Transwell migration assay

We used transwell chambers to measure the invasion 
and migration ability of cells. Transwell chambers coated 
(invasion assays) or uncoated (migration assays) with 
matrigel were placed in 24-well plates. A serum-free 
medium was used to adjust the cell concentration. The 
upper chamber of the transwell insert was seeded with cell 
suspension (200 µL) of approximately 2×105 cells, while 
500 µL of medium containing FBS (20%) was placed into 
the lower chamber. After 24 hours of incubation, 1% 
formaldehyde was used to fix the invaded and migrated 
cells at the bottom of the transwell chamber, which were 
then stained with crystal violet. Cell invasion and migration 

were observed through an inverted microscope, and 5 fields 
of view were randomly selected for counting and taking 
pictures, with the mean value representing the number of 
invaded and migrated cells.

Statistical analysis

SPSS 22.0 and GraphPad Prism 5.0 were used for data 
analysis. Measurement data in the study are expressed as 
mean ± standard deviation (x±s). Comparison of 2 groups 
was carried out using t-test. Count data are represented 
by n, and the χ2 test was used for comparison between  
2 groups. P<0.05 indicated that the difference was 
statistically significant.

Results

Expression levels of circATXN7 in esophageal cancer 
tissues and cell lines

CircATXN7 level was determined by qRT-PCR, with the 
results showing significantly higher circATXN7 level in 
EC tissues (P<0.01) compared with normal paracancerous 
tissues (Figure 1A). The results indicated the involvement 
of circATXN7 in the incidence and development of EC. 
In addition, circATXN7 expression levels were tested in 
normal esophageal and EC cell lines. The findings showed 
higher expression in EC cell lines, among which EC-9706 
had the highest expression level, followed by KYSE-150, 
TE-1, KYSE-30, and Eca-109 (Figure 1B). The higher 
expression of circATXN7 in EC cell lines suggested the 
gene was involved in regulating the development of EC.

Correlation analysis of circATXN7 expression in 
esophageal cancer tissues and clinical and pathological 
characteristics of patients

To further investigate the relationship between circATXN7 
express ion and pat ient  c l in ica l  and pathologica l 
characteristics, we divided patients into 2 distinct groups 
based on circATXN7 level: a high expression group (≥2.76) 
and low expression group (<2.76). Each group was further 
divided according to tumor invasion depth, smoking status, 
lymph node metastasis, and tumor/lymph nodes/metastasis 
(TNM) stage. The results showed a significant correlation 
for circATXN7 expression with lymph node metastasis and 
TNM staging, but not with age, gender, or differentiation 
of EC patients (Table 2).
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CircATXN7 overexpression and knockdown in EC cell 
lines

EC cell line EC-9706 had the highest circATXN7 
expression level and Eca-109 had the lowest, and thus 
they were selected for knockdown and overexpression 
experiments, respectively, to further reveal the specific 
biological functions and corresponding molecular 
regulatory network of circATXN7 in EC cells. The 
results indicated that compared to blank control (vector), 
circATXN expression level in Eca-109 cells was significantly 
increased after  transfect ion (P<0.01;  Figure 2A ) .  
In EC-9706 cells, transfection with knockdown vectors 
(shRNA#1 and shRNA#2) significantly reduced the level 
of circATXN7 compared to blank control vector (shRNA 
control) (P<0.01; Figure 2B). The above results showed that 
EC cell line overexpression and knockdown of circATXN7 
was successfully constructed in this study, providing an 
experimental basis for subsequent functional studies.

Effects of overexpression or knockdown of circATXN7 on 
the proliferation of esophageal cancer cells

Based on the overexpression and knockdown cell lines 
constructed above, MTT cell viability assay was performed 
to examine the influence of overexpression or knockdown of 
circATXN7 on the proliferation of EC cells (Eca-109 and 
EC-9706). The results showed that in circATXN7 vector-
transfected Eca-109 cells, compared with the blank control 
group (vector), 72 hours or 96 hours culture significantly 
promoted cell proliferation (P<0.05; Figure 3A). In 
EC-9706 cells transfected with lentiviruses containing 
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Figure 1 Expression level of circATXN7 in esophageal cancer and cell lines. (A) CircATXN7 expression level in normal paracancerous 
tissue and EC tissue by qRT-PCR. (B) CircATXN7 expression level of normal esophageal and EC cell lines by qRT-PCR. EC, esophageal 
cancer; qRT-PCR, quantitative reverse transcription polymerase chain reaction. *P<0.05, **P<0.01.

Table 2 Correlation analysis of circATXN7 expression and clinical 
and pathological characteristic in EC patients

Clinical feature
CircATXN7

P
Low (n=21) High (n=37)

Sex

Male 15 32 0.1814

Female 6 5

Age, years

<60 3 14 0.0758

≥60 18 23

Level of differentiation

Poorly-differentiated 14 29 0.3629

Highly-differentiated 7 8

Smoking

Yes 10 25 0.1684

No 11 12

Depth of invasion

T1–T2 16 14 0.1376

T3–T4a 5 23

TNM staging

I–II 14 12 0.0151

III 7 25

Lymph node 

No 17 17 0.0127

Yes 4 20

EC, esophageal cancer.
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circATXN7 interfering sequence 1 (shRNA#1) and 
circATXN7 interfering sequence 2 (shRNA#2), compared 
with the blank control group (shRNA control), 72 hours 
and 96 hours culture decreased the proliferative ability of 
EC cells (Figure 3B; P<0.05).

Effects of overexpression or knockdown of circATXN7 on 
colony formation assay in esophageal cancer cells

Colony formation assay was conducted to further examine 
the effect of overexpression or knockdown of circATXN7 
on colony formation in EC Eca-109 and EC-9706 cells. The 
results showed that in overexpressing circATXN7 Eca-109 
cells, compared to the control group (vector), the number 
of colonies formed by EC cells significantly increased after 
the addition of transfected cells to 6-well plates for 21 days  
(P<0.01), suggesting an increase in cell proliferation  
(Figure 4A). In EC-9706 cells, the transfected cells were also 
seeded into 6-well plates and cultured for the same time 
duration. Compared with the blank control group (shRNA 

control), transfection containing circATXN7 interfering 
sequence 1 (shRNA#1) and circATXN7 interfering 
sequence 2 (shRNA#2) significantly inhibited the number 
of colonies formed in EC cells (Figure 4B; P<0.01).

Effects of overexpression or knockdown of circATXN7 on 
the cycle distribution of EC cells

In Eca-109 cells, transfection of circATXN7 overexpressing 
vector can significantly affect the cycle distribution of 
esophageal cancer cells: compared with the blank control 
group (Vector), overexpression of circATXN7 can 
significantly inhibit the percentage of esophageal cancer 
cells in G0/G1 phase, and correspondingly significantly 
promote the percentage of cells in S phase and G2/M phase 
(Figure 5A). In EC-9706 cells, transfection and knockdown 
of the circATXN7 sequence significantly affected the cycle 
distribution of esophageal cancer cells: Compared with 
the blank control group (shRNA control), transfection of 
lentiviruses containing circATXN7 interfering sequence 
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1 (shRNA#1) and circATXN7 interfering sequence 2 
(shRNA#2) can significantly promote the percentage of 
esophageal cancer cells in G0/G1 phase, the corresponding 
percentage of significantly suppressed cells in S phase 
(Figure 5B), while the ratio of cells to G2/M phase was 
also decreased, but the difference was not statistically 
significant. The above results suggest that overexpression or 

knockdown of circATXN7 can significantly affect the cycle 
distribution of esophageal cancer cells.

Effects of overexpression or knockdown of circATXN7 on 
invasion and migration of esophageal cancer cells

Transwell migration assay revealed that compared with 
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the blank control group (vector), the circATXN7 vector 
promoted the invasion and migration of Eca-109 cells 
considerably (Figure 6). In EC-9706 cells, knockdown of 
circATXN7 significantly inhibited EC cell invasion and 
migration compared to the shRNA control (Figure 7).

Discussion

EC is considered one of the most severe malignant tumors 
of the upper gastrointestinal tract worldwide (10). Based on 
the shape of the cancer cells under the microscope, EC has 
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Figure 7 Transwell assay detects the effect of knockdown of circATXN7 on the invasion and migration of EC-9706 cells. Crystal violet 
dyeing, Scale bar: 100 µm, **P<0.01. EC, esophageal cancer.
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2 distinct types: adenocarcinoma (EAC) and squamous cell 
carcinoma (ESCC), with ESCC accounting for 90% of the 
total incidence (11). With rapid development of multiomics 
and molecular biology in recent years, high-throughput 
sequencing can be used to analyze the mutation map of 
the ESCC gene, revealing extensive genomic alterations 
in the ESCC genome. For example, whole-genome and 
whole-exome sequencing and array comparative genomic 
hybridization showed that 83% of ESCCs contained 
somatic mutation tumor protein 53 (TP53), while in 2–10% 
of ESCCs, genes related to cell cycle control such as cyclin-
dependent kinase inhibitor 2A (CDKN2A), nuclear factor 
erythroid 2-like factor 2 (NFE2L2), and retinoblastoma 
(RB1) were found. Both checkpoint kinase 1 (CHEK1) and 
CHEK2 and the classic differentiation-related pathways 
NOTCH1 and NOTCH3 are frequently mutated (12,13). 
Although significant advancement has been made in the 
early diagnosis and targeted therapy of EC, 40–50% of 
patients have developed local invasion or distant metastasis 
at the time of diagnosis, resulting in a 15–20% 5-year 
survival rate (14,15). In addition, recurrence and metastasis 
of EC are key factors affecting the prognosis of patients. 
Due to the strong heterogeneity of EC, the driving genes 
and molecular mechanisms of recurrence and invasion are 
still unclear, and as a result, the development and clinical 
application of molecularly targeted drugs for EC has 
been stagnant. However, a detailed study of the molecular 
mechanism of EC occurrence, development, and metastasis 
will help to provide new targets for EC therapy.

More than half of the DNAs of higher organisms are 
transcribed into RNAs, and most of them are noncoding 
RNAs (ncRNAs), which are RNAs that are unable to code 
protein. These include circRNAs, lncRNAs, and miRNAs 
(16,17). A study has shown that ncRNAs have been 
identified as tumor promoters or suppressors and exert a 
key regulatory role in the existence and development of 
various tumors (18). Among them, circRNAs, an entirely 
new type of RNA which is distinct from linear RNA, have 
unique characteristics and diverse cellular functions that are 
currently being explored (19). CircRNAs have closed-loop 
structures and are abundant in eukaryotic transcriptomes 
due to their insensitivity to nucleases (20,21). Therefore, 
circRNAs are more stable than linear RNAs and have high 
tissue-specific expression in the eukaryotic transcriptome, 
mak ing  them a  promis ing  molecu la r  t a rge t  fo r 
atherosclerotic vascular disease risk, eclampsia, neurological 
diseases, prions disease, osteoarthritis, and diabetes (22,23). 
In addition, circRNAs show abnormal expression in 

various types of cancers, including EC, GC, hepatocellular 
carcinoma, and pancreatic ductal adenocarcinoma. So far, 
people's understanding of circRNA is still very limited, and 
many aspects such as its formation mechanism, transcription 
and translation regulation need to be further improved 
and explored. It is believed that with the development 
of bioinformatics and the in-depth study of circRNA by 
researchers, the questions about circRNA will be gradually 
answered and better applied in clinical practice.

When this study commenced in 2019, there were no 
reports published on circATXN7, and now 3 articles on 
the function of circATXN7 can be found in PubMed. 
For example, a 2019 study found that compared to 
paracancerous tissue, the expression level of circATXN7 
was higher in non-small cell lung carcinoma cells. 
Compared with non-small cell lung carcinoma patients 
with low circATXN7 expression, patients with high levels 
of circATXN7 had a shorter survival time, although no 
statistical significance was observed (P>0.05). Furthermore, 
circATXN7 silencing by small interfering RNA retarded 
the non-small cell lung cancer cells’ proliferation and 
invasion (in vitro) (24). A 2020 study of GC found that the 
expression of circATXN7 was upregulated in GC tissues 
and cell lines, and silencing of circATXN7 suppressed 
GC cell proliferation and invasion and promoted cell 
apoptosis (25). Elevated levels of circATXN7 were found 
in breast cancer tissues and cells in 2021. CircATXN7 
silencing inhibits doxorubicin resistance and breast cancer 
development (26). We observed results that were consistent 
with the previously published reports. Our analysis of 58 
cases of EC tissues, paracancerous tissues, and EC cells 
showed that circATXN7 was overexpressed in EC tissues 
and cell lines. Correlation analysis of circATXN7 with 
clinical and pathological characteristics of patients with EC 
revealed significant correlation of circATXN7 expression 
with lymph node metastasis and TNM staging of patients 
with EC. In addition, this study constructed circATXN7 
overexpression and knockdown cell lines, respectively. Cell 
proliferation experiments demonstrated that an elevated 
level of circATXN7 could significantly promote EC cell 
proliferation, while circATXN7 knockdown might have 
inhibited their proliferation. The effect of circATXN7 
on cell cycle distribution was detected by flow cytometry, 
and it was found that overexpression of circATXN7 could 
significantly promote the percentage of cells in S phase 
and G2/M phase, while knockdown of CircATXN7 can 
significantly inhibit the percentage of cells in S phase 
and G2/M phase. Invasion and migration experiments 
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further proved that overexpression of circATXN7 could 
significantly promote EC cell migration and invasion, 
while knockdown of circATXN7 significantly inhibited the 
invasion and migration of EC cells. CircATXN7 affects 
the proliferation, cell cycle, invasion and migration of EC 
cells, which can be used as a biomarker for the diagnosis of 
esophageal cancer and the evaluation of patient prognosis, 
and has the potential as a therapeutic target for patients 
with radioresistant EC.

In conclusion, the results of this study preliminarily 
demonstrated higher circATXN7 expression in EC tissues 
and cell lines and exhibited a significant correlation with 
EC patients’ clinical and pathological characteristics. 
The findings of the current study elucidated the role 
of circATXN7 in EC incidence and development, and 
provided molecular targets and a theoretical basis for early 
EC diagnosis and targeted therapy.
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