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Background: Recent studies indicate that non-coding circular RNAs (circRNAs) are involved in the 
development of esophageal carcinoma (EC). This study aimed to identify differential expression of circRNAs 
in EC, which can provide potential biomarkers and therapeutic targets for EC treatment and improve the 
understanding of tumorigenesis mechanism.
Methods: First, samples (n=5) of EC tissues and adjacent normal tissue were sent for circRNA microarray 
detection, Second, further bioinformatic analysis was performed, including circRNA-microRNA (miRNA), 
co-expression network analysis, Spearman correlation test, and cancer-related circRNA-miRNA axis analysis. 
Finally, the expression of circRNA that our analysis predicted to be hub genes was verified in samples (n=15) 
of EC tissues and adjacent normal tissue by real-time polymerase chain reaction (RT-PCR). 
Results: Microarray identified 102 upregulated and 67 significantly downregulated circRNAs were in EC 
patients’ tumors relative to adjacent normal tissue. One upregulated circRNA (hsa_circRNA_401955) showed 
the most connection with MREs, therefore was regarded as the hub gene by the Spearman correlation 
test. Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analyses showed that four 
primary pathways (mRNA surveillance, cytoskeleton actin regulation, spliceosome, and the NOD-like 
receptor signaling pathway) were predicted in the hub circRNA’s five connected miRNA response elements 
(MREs). Furthermore, cancer-related circRNA-miRNA axis analyses showed that hsa_circRNA_100375 
and its four connected MREs participated in the cancer-related pathway. RT-PCR showed that hsa_
circRNA_100375 and hsa_circRNA_401955 were significantly increased in the tumor tissues of EC patients. 
Conclusions: Abnormal expression of circRNAs was involved in the tumorigenesis of EC. Key circRNAs, 
namely hsa_circRNA_401955 and hsa_circRNA_100375, may be as potential biomarkers and therapeutic 
targets for the treatment of EC.
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Introduction

Esophageal carcinoma (EC) is the eighth-most cause of 
morbidity and the sixth-most cause of mortality worldwide, 
and China has the highest incidence of all countries (1). 
Currently, the overall 5-year survival rate of EC patients 
remains very low as these patients are almost diagnosed at 
an advanced stage (2,3). Therefore, it is crucial to identify 
new biomarkers and therapeutic targets to improve the 
diagnosis and treatment of EC.

Noncoding RNAs (ncRNAs)  are  encoded with 
approximately 98% of the genome and play important roles 
in gene expression and regulation (4). Noncoding circular 
RNAs (circRNAs) comprise a group of endogenous RNAs 
that are generated by exon transcription through a back-
splicing mechanism, and include exonic, intronic, and 
retained-intron circRNAs (5-7). CircRNAs have no 5' to 3' 
polarity or poly-A tails; therefore, they are widely expressed 
in a stable manner in mammalian cells. This raises the 
possibility that circRNAs may serve as biomarkers in disease 
diagnosis. Recent studies show that circRNAs can provide 
a novel type of biomarker to identify cancer (8,9), hepatic 
steatosis (10), and chronic thromboembolic pulmonary 
hypertension (11). Reportedly, circRNAs play a crucial role 
in the development of certain diseases, such as heart failure, 
diabetes, and cancer (12-14). Several studies have found that 
circRNAs may function as a microRNA (miRNA) sponge 
and may compete with endogenous RNA networks (15-17). 
However, little is known about whether circRNAs can be 
used as biomarkers for the diagnosis and medical treatment 
of EC.

Although promising findings have been reported 
regarding circRNAs in some cancers, no studies have 
profiled circRNA expression in EC. Therefore, we 
profiled circRNA expression in EC patients and performed 
bioinformatic analyses to identify potential circRNAs 
that may be biomarkers and therapeutic targets for the 
treatment of EC. We present the following article in 
accordance with the MDAR reporting checklist (available 
at https://jgo.amegroups.com/article/view/10.21037/jgo-
22-137/rc).

Methods

Samples collection for microarray analysis

All tumor samples were obtained from the Panyu Central 
Hospital and the Third Affiliated Hospital of Southern 
Medical University between February 7 and May 2, 2017. 

All patients were male with an average age of 63.40± 
2.97 years and were diagnosed through clinical pathology 
(3 patients had moderately differentiated squamous EC; 
1 patient had a highly differentiated squamous EC; and 1 
had a moderately differentiated tubular adenocarcinoma 
of the esophagus). All samples were stored at −80 ℃ after 
collection. The 10 samples, including the 5 tumors and 
5 normal adjacent tissues to serve as controls, were sent 
to Kangcheng (Shanghai, China) for Arraystar circRNA 
microarray analysis. All patients who participated in this 
study signed an informed consent form, and this study was 
approved by institutional ethics board of Panyu Central 
Hospital (No. K20170003). The Third Affiliated Hospital 
of Southern Medical University is also informed and agreed 
with the study. The study was conducted in accordance with 
the Declaration of Helsinki (as revised in 2013).

RNA isolation

Total RNA was extracted from the samples using TRIzol 
reagent (Invitrogen Corp., USA) according to the 
manufacturer’s instructions. After purification, RNA 
concentration and quality were determined using a 
NanoDrop ND-1000 spectrophotometer (NanoDrop, DE, 
USA). The OD260/OD28 and OD260/OD230 ratios were 
measured, and the RNA quality was considered suitable 
for research. The RNA integrity was confirmed using a 
denaturing agarose gel electrophoresis.

Validation of RNA sample quality

Total RNA was extracted from all samples, and the RNA 
quality was assessed by spectrophotometry. The OD260/
OD280 ratios of the 10 samples were between 1.77 and 1.98, 
whereas the OD260/OD230 ratios were between 1.99 and 
2.38, indicating suitable RNA quality. 

Sample labeling, microarray hybridization, and analysis

The Arraystar human circRNA microarray (Arraystar, 
Rockville, USA) was used to detect and analyze the 
10 samples. Total RNAs were digested with RNase 
R (Epicentre, Inc.) to exclude linear RNA and enrich 
circRNAs. The enriched circRNAs were then amplified 
and transcribed with fluorescent complementary RNA 
(cRNA) using a random priming method (Arraystar Super 
RNA Labeling Kit; Arraystar). cRNAs with the label were 
purified using the RNeasy Mini Kit (Qiagen, Germany). 

https://jgo.amegroups.com/article/view/10.21037/jgo-22-137/rc
https://jgo.amegroups.com/article/view/10.21037/jgo-22-137/rc
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After the labeled cRNAs were fragmented, a blocking agent 
and the fragmentation buffer mixture was heated to 60 ℃ 
for 30 minutes, and a hybridization buffer was added to 
dilute the labeled cRNAs. Then, the hybridization solution 
was dispensed onto a gasket slide, which was assembled with 
the circRNA expression microarray slide. The slides were 
incubated for 17 hours at 65 ℃ in an Agilent hybridization 
oven. Finally, the hybridized arrays were washed, fixed, and 
scanned using an Agilent G2505C Scanner. Differentially 
expressed (DE) circRNAs were identified using the 
Arraystar platform. The circRNAs were considered to be 
significantly expressed genes if they had a fold change (FC) 
values >1.5 and P<0.05. Their cluster pattern, scatterplot, 
and volcano plot were analyzed (18,19).

Prediction of circRNA-miRNA interactions and 
construction of the circRNA-miRNA coexpression network

CircRNA has been shown to act as an endogenous miRNA 
sponge and inhibits miRNA-mediated gene expression 
through miRNA sequestration. To further analyze our 
results, the circRNA-microRNA interaction was predicted 
using Arraystar’s in-house software (miRNA target 
prediction) based on TargetScan and miRanda (20,21). 
To identify potential associations between the circRNA 
and miRNA, we selected 50 significantly DE circRNAs 
(including 35 upregulated and 15 downregulated circRNAs). 
These 50 circRNAs were screened using a threshold of 
FC >2.0 and P<0.05, and a coexpression network was 
constructed using Cytoscape 3.4.0. The resulting nodes 
represented the 5 putative miRNAs that were the most 
connected functionally to each circRNA.

Spearman correlation test of DE circRNAs in EC patients

To further examine whether there was a correlation 
between the expression of each of the 50 DE circRNAs 
and the incidence of EC, the Spearman correlation test 
was performed on the expression levels using Excel 2007 
(Microsoft Office). Then, the circRNAs were divided into 
two groups. The first group had a PCC of between 0.95 
and 1, while the second group had a Pearson correlation 
coefficient (PCC) of between −1 and −0.95. The circRNA 
with the greatest correlation was selected as the hub gene 
to construct the coexpression network using Cytoscape. 
Finally, the hub circRNA and its 5 connected miRNA 
response elements (MREs) were subjected to further 
bioinformatic analysis of circRNA-miRNA interactions, 

miRNA-mRNA interact ions,  miRNA target  gene 
prediction. Kyoto Encyclopedia of Genes and Genomes 
(KEGG) analysis was performed using TarBase, which was 
included in the software of ClueGO from Cytoscape.

Prediction of cancer-related circRNA-miRNA and KEGG 
pathway

To determine whether the DE of the 50 circRNAs was 
related to EC tumorigenesis, we used the DIANA-
MiRpath v.3 platform to predict cancer pathway miRNAs 
and cancer-related miRNAs using a KEGG reverse 
search, in TarBase 7.0, based on a P value threshold of 
0.05 (22). The predicted miRNAs were identified from 
the initial list of 221 MREs obtained from the Arraystar 
analysis. After the cancer-related circRNA-miRNA axis 
was identified, the target genes of the miRNAs were 
predicted using the miTarBase software option included 
in CluePedia of Cytoscape. Finally, the KEGG pathway of 
circRNA-miRNA-mRNAs was predicted using ClueGO 
in Cytoscape. The axis predicting a cancer-related pathway 
was further analyzed for its protein association using the 
string software option in ClueGO. A P value of ≤0.05 was 
set as the threshold.

PCR sample collection 

All tissue samples were collected from the Panyu Central 
Hospital and the Third Affiliated Hospital of Southern 
Medical University between October 6, 2014, and 
May 2, 2017. All patients were male with an average 
age of 63.20±6.20 years and were diagnosed through 
pathology (14 patients had squamous EC, and 1 patient 
had adenocarcinoma). The samples were stored at −80 ℃  
after collection. Samples (n=5) of EC tissues and adjacent 
normal tissue were sent for circRNA microarray analysis, 
The samples (n=15), comprising 15 tumors and 15 
normal adjacent tissues used as controls, were analyzed 
for the gene expressions of hsa_circRNA_401955, and hsa_
circRNA_100375, and the top 3 upregulated and the top 5 
downregulated circRNAs were identified using real-time 
polymerase chain reaction (RT-PCR).

RT-PCR detection

Total RNA was extracted from all samples according to the 
processing instructions. First-strand cDNA was synthesized 
using 1 μg of total RNA per sample (Gene copoeia, Inc., 
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USA). Subsequently, the cDNA samples were amplified 
(Gene copoeia, Inc., USA) in a final volume of 20 μL in 
an ABI Vii7 dx instrument (ABI, USA). Amplifications 
were performed as follows: 2 minutes at 50 ℃, followed by 
denaturation for 30 seconds at 95 ℃, and 45 cycles of 95 ℃ 
for 5 seconds, and 60 ℃ for 34 seconds. The experiments 
were carried out in triplicate. β-actin was used as an 
endogenous reference control. The relative gene expression 
level was calculated using the 2−ΔΔCt method. The primer 
pairs for circRNAs and β-actin are shown in Table 1. 

Statistical analysis

Agilent Feature Extraction software (version 11.0.1.1) was 
used to analyze the acquired array images. The R software 
package limma was used for data quantile normalization 
and analysis. The significance of the differences between 
the tumor and normal adjacent tissue was estimated using 
a t-test. CircRNAs with FC >1.5 and P<0.05 were selected 
as significantly DE circRNAs for the cluster, scatter, and 
volcano plot analyses. P<0.05 was considered statically 
significant. A Spearman correlation test was performed 
using the correlation coefficient method of data analysis in 
Excel 2007.

Data access

Microarray data for all the samples have been deposited in 

the Gene Expression Omnibus (GEO) under the accession 
number of GSE103104.

Results

Validation of the RNA sample quality

RNA sample quality was assessed by electrophoresis. RNA 
integrity was shown to be suitable, and no evidence of DNA 
contamination was observed (Figure 1A).

CircRNA expression profiling of EC patients

The Arraystar Human circRNA Microarray was used to 
identify DE circRNAs in the EC tumors and the normal 
adjacent tissues. A total of 11,926 circRNAs were detected 
by the microarray. After normalization of the raw data, 
screening for log2 FC values greater than 1.5 and P 
values less than 0.05 showed that 102 circRNAs were 
significantly upregulated and 67 were downregulated in 
the tumor tissues. However, FC values greater than 2.0 
and P values less than 0.05 showed that only 35 circRNAs 
were significantly upregulated and 15 were downregulated 
(Table 2). Hsa_circRNA_043621 and hsa_circRNA_102459 
were identified as having the most significant upregulated 
and downregulated fold changes, respectively. Scatterplot 
and volcano plot visualization were constructed to identify 
differences in expression of the circRNAs in the tumor and 
normal adjacent tissues (Figure 1B). Hierarchical clustering 

Table 1 The primers used for the circRNAs and β-actin in the RT-PCR detection

Gene Primer (5'-3')

hsa_circRNA_401955 F: AAATTTCAGTATTTGCTGTCAAAACA; R: CTTCCCTGTTGGGAGAAACA

hsa_circRNA_100375 F: TGTCTCCCATTCCCGTCTTC; R: TAGTCCACCTCATTCTGCCC

hsa_circRNA_102034 F: CAGACAAAGACAGCAGGTTCC; R: TGTTGGAACTCTCTCTGGGG

hsa_circRNA_100191 F: AGGAGGATGAGATGCCAGTT; R: CTGGGAGGGATGGAGAAACG

hsa_circRNA_101009 F: TACTTCTCCAGCAACCCCTG; R: GGAGAGCAACTACAGTATCCTCA

hsa_circRNA_102459 F: AGACGATCTCTCTGAGGCCTA; R: CAGCAGGTGGTAGAACTCCT

hsa_circRNA_037767 F: TCAGCATCCCCAGTTACGAG; R: CGATGGCCTTGACCTCATTG

hsa_circRNA_043621 F: GCTGACCTGGAGATGCAGAT; R: TGTCTCATACTTGGTGCGGA

hsa_circRNA_087961 F: GGGCGTGATCATGAAAGGTG; R: CCGCAGACCTCCTCATTCTA

hsa_circRNA_404474 F: TTCCCGACCTCCAAGTACAC; R: TCCTCTAGCATGGCCTTCTG

β-actin-F F: ACTCTTCCAGCCTTCCTTCC; R: GTACTTGCGCTCAGGAGGAG

RT-PCR, real-time polymerase chain reaction.
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Figure 1 The distribution of circRNAs and distinguishable circRNAs identified through scatter plot and volcano plot. (A) The distribution 
of circRNAs shown by box plots in the 10 samples. After normalization, the distributions were nearly the same. (B) Left: a volcano plot of 
distinguished circRNAs. The dots above the top and the bottom green line revealed that the expression was more than 1.5-fold. Right: a 
volcano plot of circRNAs. The red point represents for 1.5-fold up and down regulated of circRNAs expression.
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analysis at the expression levels of the circRNAs was 
performed for the samples (Figure 2). 

Prediction of the MREs of circRNAs and construction of 
the circRNA-miRNA coexpression network 

CircRNA-miRNA interactions were predicted using the 
Arraystar in-house software (miRNA target prediction). A 
total of 221 MREs were predicted to combine with the DE 
circRNAs based on our predefined FC >2.0 and P<0.05 
thresholds (Table 2). A circRNA-miRNA coexpression 
network was constructed to show the potential associations 
among the circRNAs and miRNAs (Figure 3).

Spearman correlation test of DE circRNAs

The PCC value was analyzed using Spearman’s correlation 
test. Values between 0.95 and 1 and between −1 and −0.95 
were chosen to calculate the association between the two 
circRNAs. The result showed that hsa_circRNA_401955 
had 6 PCC values (0.970 with hsa_circRNA_406487, 0.976 
with hsa_circRNA_092512, 0.981 with hsa_circRNA_400082, 
0.958 with hsa_circRNA_404864 ,  0 .973 with hsa_
circRNA_074306, and 0.990 with hsa_circRNA_055755) 
within the above ranges and was therefore considered 
the most connected circRNA. The relation network of 
the hub circRNA and its connected circRNAs is shown 
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Figure 2 Profiling of circRNAs detected by microarray in esophageal carcinoma patients. (A) CircRNA microarray expression data among 
the 10 samples; (B) heap map of the differentially expressed circRNAs. The red represents high expression, while the green represents low 
expression.
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in Figure 4. Red and green nodes represent upregulated 
and downregulated c ircRNAs,  respect ive ly.  The 
circRNA-miRNA coexpression network showed that hsa_
circRNA_401955 was connected to hsa-miR-141-5p, hsa-
miR-642a-5p, hsa-miR-1277-5p, hsa-miR-3064-5p, and hsa-
miR-6504-5p. The combined sites between the circRNA 
and the MREs were predicted by Arraystar in-house 
software (miRNA target prediction) (Figure 5). KEGG 
pathway analysis showed that 4 primary pathways (including 
mRNA surveillance, cytoskeleton actin regulation, the 
spliceosome and NOD-like receptor signaling pathway) 
in the target gene of MREs were associated with the hub 
circRNA (P<0.05; Figure 6).

Prediction of cancer-related circRNA-miRNA target genes 
and KEGG pathways 

To further understand the molecular mechanisms of the 
circRNAs, cancer pathway and cancer-related miRNAs 
were predicted using DIANA-MiRpath v.3 and identified 
from the initial list of 221 MREs. Four miRNA axes were 
identified among the MREs [(I) hsa-miR-324-3p/hsa-miR-
29a-5p/hsa-miR-485-3p/hsa-miR-149-5p; (II) hsa-miR-485-
5p/hsa-miR-574-5p/hsa-miR-454-3p/hsa-let-7g-3p; (III) hsa-
miR-26b-3p/hsa-miR-382-5p/hsa-miR-181a-3p/hsa-miR-
330-5p and (IV) hsa-miR-138-5p/hsa-miR-338-3p/hsa-
miR-135b-5p/hsa-miR-135a-5p). The circRNA-miRNA 
coexpression network showed that these MREs interacted 
with hsa_circRNA_100375, hsa_circRNA_400082, hsa_
circRNA_102034, and hsa_circRNA_101319. The target 
genes of the interacting miRNAs axis were predicted using 
the miRTarBase software option included in CluePedia 
of Cytoscape. The KEGG pathway of the miRNA-

mRNA network was constructed using ClueGo. The 
results showed that the axis of has_circRNA_100375/hsa-
miR324-3p/hsa-miR29a-5p/hsa-miR-485-3p/hsa-miR-149-
5p was involved in a cancer-related pathway (Figure 7A). 
The seed sequence of the combined sites of the circRNA 
and 4 miRNAs was obtained using the Arraystar in-house 
software (miRNA target prediction) (Figure 7B). Finally, we 
further analyzed the proteins in a cancer-related pathway 
with their two closely related neighborhoods. The results 
showed that fibroblast growth factor receptor 1 (FGFR1), 
prostaglandin E receptor 2 (PTGER2), Wnt family 
member 9B (WNT9B), Wnt family member 2B (WNT2B), 
Sp1transcription factor (SP1), CREB binding protein 
(CREBBP), interleukin 6 (IL-6), and disheveled segment 
polarity protein2 (DVL2) played key roles in the pathway 
(Figure 7C).

RT-PCR validation

The results showed that the expressions of hub genes hsa_
circRNA_401955 and hsa_circRNA_100375 were significantly 
increased in the tumor samples compared to the normal 
adjacent tissues in the patients with EC (P<0.05; Figure 8A). 
The 3 most upregulated circRNAs (hsa_circRNA_043621, 
hsa_circRNA_087961, and hsa_circRNA_404474) and the 
5 most downregulated circRNAs (hsa_circRNA_102034, 
hsa_c i r cRNA_100191 ,  hsa_c i r cRNA_101009 ,  hsa_
circRNA_102459, and hsa_circRNA_037767) identified were 
also validated by RT-PCR. Compared to the controls, the 
results showed that the relative gene expressions of the 
upregulated circRNAs were all significantly increased in 
tumor samples, while the downregulated circRNAs were 
decreased in the tumor samples (P<0.05; Figure 8B).
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Figure 3 The co-expression network of circRNA-miRNA. The network of significant differentially expressed circRNAs (fold change of 
more than 2.0) and its connected MREs was constructed by Cytocape. The up-regulated circ-RNA-miRNA coexpression network and the 
downregulated circ-RNA-miRNA co-expression network. MREs, miRNA response elements. 
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Figure 4 The co-expression network of the hub circRNA and its related circRNAs. The red nodes represent a positive correlation, the 
green nodes represent a negative correlation. The colors of the connected lines from black to blue represent a low to high value of the 
correlation coefficient.

Figure 5 The combined sites of the hub circRNA (hsa_circRNA_401955) and its 5 connected MREs. MREs, miRNA response elements.

Discussion

In recent years, circRNA has become an important 
research topic because of its key role in the regulation of 
gene expression (23). After being found in RNA viruses, 
circRNAs were initially regarded as splicing errors (24). 

The development of sequencing technology has enabled 
more than 7,000 human diseases related to circRNAs to 
be identified, and reports continue to show that circRNAs 
promote the progression of some cancers (15,16,25,26) 
and the development of diseases such as nervous system 
diseases (27,28) and atherosclerosis diseases (29). Three 
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Figure 6 KEGG pathway analysis of the hub circRNA’s (hsa_circRNA_401955) related with MREs. (A-E) KEGG pathway analysis of hsa-miR-
1277-5p, hsa-miR-6504-5p, hsa-miR-3064-5p, hsa-miR-642a-5p, and has-miR-141-5p and their target genes predicted by TarBase, respectively. 
The primary pathway was cytoskeleton actin regulation in (A), spliceosome in (B) and (C), NOD-like receptor in (D), and mRNA surveillance 
in the (E) signaling pathway. P<0.05. KEGG, Kyoto Encyclopedia of Genes and Genomes; MREs, miRNA response elements.
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Figure 7 KEGG pathway and protein analysis of hsa_circRNA_100375/hsa-miR-324-3p/hsa-miR-29a-5p/hsa-miR-485-3p/hsa-miR-149-
5p axis. (A) The KEGG pathway showed the axis involved in the cancer-related pathway; (B) the combined sites of hsa_circRNA_100375 
and its 4 cancer-related MREs (hsa-miR-324-3p/hsa-miR-29a-5p/hsa-miR-485-3p/hsa-miR-149-5p). (C) Certain hub proteins, such as 
FGFR1, PTGER2, WNT9B, WNT2B, SP1, CREBBP, IL-6, and DVL2, played key roles in the cancer-related pathway. KEGG, 
Kyoto Encyclopedia of Genes and Genomes. MREs, miRNA response elements. FGFR1, fibroblast growth factor receptor 1; PTGER2, 
prostaglandin E receptor 2; WNT9B, wingless-type MMTV integration site family, member 9B; WNT2B, wingless-type MMTV 
integration site family, member 2B; SP1, transcription factor Sp1; CREBBP, cAMP-response element binding protein; IL-6, interleukin-6; 
DVL2, disheveled 2.
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B
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Figure 8 The relative gene expression of the most differentially expressed circRNAs (hsa_circRNA_100375, hsa_circRNA_401955, the top 
3 upregulated circRNAs, and the top 5 downregulated circRNAs). The tissue of 15 patients with esophageal carcinoma were analyzed by 
using RT-PCR. The normal adjacent tissue samples were used as the control. (A) The relative gene expression of hsa_circRNA_100375 and 
hsa_circRNA_401955. The results showed that the 2 circRNAs were significantly decreased in the tumor samples compared to the normal 
adjacent tissues (*, P<0.05). (B) The relative gene expression of the top 3 upregulated and top 5 downregulated circRNAs. The results 
showed that, compared with the control samples, the top 5 downregulated circRNAs (hsa_circRNA_102034, hsa_circRNA_100191, hsa_
circRNA_101009, hsa_circRNA_037767, and hsa_circRNA_102459) were significantly decreased in the tumor tissues, while the top three 
upregulated circRNAs (hsa_circRNA_043621, hsa_circRNA_087961 and hsa_circRNA_404474) were significantly increased in the tumor 
tissues (*, P<0.05). RT-PCR, real-time polymerase chain reaction.
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types of circRNAs have been identified: exonic circRNA 
(the 5' end connects to the 3' end as a cyclic annular form), 
circular intronic RNA (the 5' end connects to the 2' end 
as a cyclic annular form), and exon-intron circular RNAs 
(induced by reverse splicing, these RNAs connect with 
exons and introns) (30,31). CircRNAs are widely expressed 
and have the properties of stability, conservation, and 
tissue specificity, which make them perfectly suited to be 
biomarkers that can be used in disease diagnosis (32).

In this study, we found 169 significantly DE circRNAs, 
including 102 upregulated and 67 downregulated circRNAs, 
in EC tumors compared to normal adjacent tissues based 

on a microarray analysis. The 3 most upregulated circRNAs 
and the 5 most downregulated circRNAs identified were 
validated by RT-PCR. The results showed that, compared 
to the normal adjacent tissues of EC patients, the relative 
gene expressions of the upregulated circRNAs were 
significantly increased in the tumor samples, while gene 
expression of the downregulated circRNAs were decreased 
in the tumor samples. These findings indicate that circRNA 
dysregulation may be associated with EC tumorigenesis and 
that certain key circRNAs may be biomarkers for EC. 

Reports show that certain circRNAs, especially exonic 
circRNAs, can inhibit the miRNA-mediated regulation of 
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gene expression by sequestering the relevant miRNAs (33). 
These circRNAs combine with miRNAs and inhibit the 
degradation of mRNAs through competitive integration 
with miRNAs (34). CircRNAs function as miRNA sponges 
(for example, ciRS-7, which adsorbs to miRNA-7 through 
its binding site and hence quenches normal miRNA-7 
functions) (35-37). Our findings indicate that circRNA can 
directly suppress miRNAs and inhibit downstream miRNA 
target genes, thereby acting as a feedback loop in the 
circRNA-miRNA-mRNA network.

In our study, we identified circRNA-miRNA interactions 
using Arraystar in-house software (miRNA target 
prediction). In total, 221 MREs were predicted to combine 
with the DE circRNAs based on our predefined thresholds 
of FC >2.0 and P<0.05 thresholds. The Spearman 
correlation test results showed that hsa_circRNA_401955 
was the most connected circRNA and was therefore 
regarded as the hub. This circRNA is an exonic circRNA 
and is located on chr18 from 32386182 to 32392077, which 
is annotated as hsa_circ_0108310 in circBase, and its gene 
symbol is dystrobrevin alpha (DTNA). This gene encodes a 
cytoskeleton-interacting membrane protein that is involved 
in the formation and stability of synapses in the permeability 
of the blood-brain barrier and may be related to congenital 
heart malformation (38,39). However, the role of hsa_
circRNA_401955 in cancer has not been studied. Based on 
the MRE analysis, we observed that 5 MREs (hsa-miR-141-
5p, hsa-miR-642a-5p, hsa-miR-1277-5p, hsa-miR-3064-5p 
and hsa-miR-6504-5p) were connected to this hub circRNA. 
Recent study shows that hsa-miR-141-5p is significantly 
upregulated in ovarian cancer tissue compared to normal 
tissue (40). Hsa-miR-642a-5p was identified as the competing 
endogenous RNA in regulating Linc00974 and KRT19 
to affect the proliferation and invasion of hepatocellular 
carcinoma (41). Hsa-miR-1277-5p was determined to be a 
prognostic marker for colorectal cancer staging (42). Hsa-miR-
3064-5p was found to be downregulated in aristolochic 
acid (AAN)-upper urinary tract carcinoma (UUC) and in 
non-AAN-UUC based on miRNA microarray profiling  
analysis (43). Hsa-miR-6504-5p was found to target the 
TRAF3 interacting protein 2 (TRAF3IP2), which plays 
a central role in the innate immune system response 
to pathogens, inflammatory signals, and stress (44). 
KEGG analysis showed that 4 primary pathways (mRNA 
surveillance, cytoskeleton actin regulation, the spliceosome, 
and the NOD-like receptor signaling pathway) were 
predicted within the hub circRNA-miRNA-mRNA 
network. These results indicate that the hub circRNA 

and the genes in the pathway are potential therapeutic 
targets and may help to advance our understanding of the 
mechanism underlying EC tumorigenesis.

To further analyze the role of the circRNA-miRNA in 
EC patients, we used the DIANA-MiRpath v.3 platform to 
predict the cancer-related miRNAs. Interestingly, 4 miRNA 
axes were identified from the MREs. From the circRNA-
miRNA coexpression network, we observed that the 4 axes 
were combined with the 4 circRNAs (hsa_circRNA_100375, 
hsa_circRNA_400082, hsa_circRNA_102034 and hsa_
circRNA_101319, respectively). MiRNAs always negatively 
regulate their target genes (45-47). To identify the key 
pathway in the 4 miRNA axes, we used the miRTarBase 
software implemented in CluePedia of Cytoscape to predict 
the miRNA target genes and used ClueGo to predict 
the KEGG pathway (48). Results showed that the hsa_
circRNA_100375/hsa-miR-324-3p/hsa-miR-29a-5p/hsa-
miR-485-3p/hsa-miR-149-5p axis was involved in a cancer-
related pathway. Hsa_circRNA_100375 is also exonic and 
is located on chr1 from165859440 to 165860559, which 
is annotated as hsa_circ_0006758 in circBase, and its gene 
symbol is uridine-cytidine kinase 2 (UCK2). UCK2 has 
been reported to encode a pyrimidine ribonucleoside kinase 
[the functions of which include the phosphorylation of 
uridine and cytidine to uridine monophosphate (UMP) 
and cytidine monophosphate (CMP), respectively] and 
has been implicated in the uncontrolled proliferation 
of abnormal cells, which is a hallmark of cancer (49). 
Reports show that hsa-miR-324-3p is related to kidney 
cancer (50). Hsa-miR-29a-5p is significantly downregulated 
in laryngeal carcinoma (51). Hsa-miR-485-3p was found to 
be significantly downregulated in stage II colorectal cancer 
(CRC) tumors compared to normal tissues (52). Hsa-miR-
149-5p contains a binding site for the long noncoding RNA 
MALAT1, which promotes the development of triple-
negative breast cancer (53). KEGG pathway analysis in 
the cancer-related axis showed that certain hub proteins, 
such as FGFR1, PTGER2, WNT9B, WNT2B, SP1, 
CREBBP, IL-6 and DVL2, may play a key role in this 
pathway. Thus, these hub proteins maybe provide candidate 
targets for the treatment of EC. These hub proteins and 
hsa_circRNA_100375 may be the key genes regulating EC 
tumorigenesis.

Finally, the expression of hsa_circRNA_100375 and 
hsa_circRNA_401955 was detected in 15 EC patients by 
PCR. The results showed that these 2 hub circRNAs were 
significantly increased in the tumor samples compared to 
the normal adjacent tissues. These results indicate that the 

https://www.ncbi.nlm.nih.gov/gene/1837
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hsa_circRNA_100375 and hsa_circRNA_401955 play a key 
role in EC. As the stability and sensibility of circRNAs, they 
may be as potential biomarkers of therapeutic targets for 
the treatment EC, while there still some are the challenges 
in the clinical application of circRNAs such as the large-
scale production and preparation technology, delivery 
technology.

Conclusions

circRNA dysregulation is involved in EC tumorigenesis. 
Hsa_circRNA_401955 was found to be the hub circRNA, 
and 4 primary pathways were predicted to occur in this hub 
circRNA-miRNA-mRNA network. Hsa_circRNA_100375 
and its associated MRE axis are involved in a cancer-related 
pathway. Several key circRNAs and proteins may serve 
as potential biomarkers and therapeutic targets for EC. 
Furthermore, our findings improve our understanding of 
the EC tumorigenesis mechanism. However, this study 
is limited by the relatively small sample size. Our results 
showed that circRNAs have an effect on EC tumorigenesis, 
but the precise mechanism remains to be elucidated.
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