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Identification of circular RNA_0000919 as a potential
diagnostic and prognostic biomarker of tongue squamous
cell carcinoma using circular RNA microarray and
reverse transcription-quantitative PCR analyses
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Abstract. The present study aimed to identify differentially
expressed (DE) circular RNAs (circRNAs/circs) using micro-
array analysis and to further explore the clinical significance of
10 candidate DEcircRNAs in patients with tongue squamous
cell carcinoma (TSCC). A total of 60 patients with TSCC who
underwent surgery were enrolled and five pairs of TSCC and
adjacent (Ctrl) tissues were used for circRNA microarray anal-
ysis. Subsequently, the top five upregulated and downregulated
DEcircRNAs were detected by reverse transcription-quanti-
tative PCR (RT-qPCR) analysis in 60 pairs of tumor and Ctrl
tissues, and their association with tumor features and overall
survival (OS) was further analyzed. circRNA expression was
used to differentiate TSCC from Ctrl tissues by principal
component and heatmap analyses. A total of 134 upregulated
and 67 downregulated DEcircRNAs were identified in TSCC
tissues compared with Ctrl tissues. The DEcircRNAs were
enriched in oncogenic signaling, including the “Wnt signaling
pathway’ and the ‘M APK signaling pathway’. The majority of
DEcircRNAs exhibited several target microRNAs (miRNAs)
in regulatory network analysis. These findings were validated
by RT-qPCR analysis and the results demonstrated that the
expression levels of 9/10 selected candidate DEcircRNAs
(circ_0020048, circ_0000919, circ_0004525, circ_0002113,
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circ_0004029, circ_0004503, circ_0008752, circ_0002300
andcirc_0001811) were dysregulated in TSCC tissues compared
with Ctrl tissues. The expression levels of five DEcircRNAs
(circ_0004503, circ_0008752, circ_0002300, circ_0020048
and circ_0000919) were associated with pathological grade or
tumor clinical stage. Notably, only the expression levels of one
DEcircRNA (circ_0000919) were associated with decreased
OS. In conclusion, the present study indicated aberrant
circRNA expression and potential circRNA-miRNA interac-
tions in TSCC and identified circ_0000919 as a diagnostic and
prognostic biomarker for TSCC management.

Introduction

Tongue squamous cell carcinoma (TSCC) is one of the most
common (90%) oral squamous cell carcinomas and it is esti-
mated to be responsible for 300,000 newly diagnosed cases and
130,000 cancer-associated deaths worldwide every year (1,2).
Its prevalence is 0.12 per 1,000 individuals in Asia (1,2). TSCC
generally occurs in the middle-aged male population and the
major etiological factors for this disease include tobacco use,
alcohol consumption and betel nut chewing (3,4). The majority
of TSCC cases are noted on the lateral border of the tongue and
the clinical manifestations of this condition consist of pain,
burning sensation and swallowing difficulties (5,6). Despite
the improvements made in TSCC therapy, such as surgical
resection, radiation and chemotherapy, the 5-year survival rate
of patients with TSCC was reported to be ~50% worldwide
in 2016 due to delayed diagnosis, locoregional recurrence and
distant metastasis of the tumors (4,6). Therefore, it is essen-
tial to identify novel and promising biomarkers for the early
screening and follow-up of patients with TSCC.

Circular RNAs (circRNAs/circs) are a specific type of
endogenous non-coding RNAs with covalently closed loop
structure, which are ubiquitously expressed in various cell
types including cancer cells, immune cells, hematopoietic
stem cells etc. (7,8). Accumulating evidence has revealed that
circRNAs exhibit multiple biological functions, including as
microRNA (miRNA/miR) sponges and regulators of transcrip-
tion, splicing and translation (7,8). They are involved in diverse
biological processes, including induction of epithelial-mesen-
chymal transition (EMT), regulation of angiogenesis, activation
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of oncogenic signaling and TSCC progression (7-10). For
example, a previous study by Yao et al (11) demonstrated that
circ_0001742 expression is increased in TSCC tumor tissues
compared with the corresponding levels noted in adjacent (Ctrl)
tissues. Furthermore, high expression levels of circ_0001742 in
tumors are associated with higher TNM stage and decreased
survival rate in patients with TSCC (11). Additionally, it has
been demonstrated that circ_081069 expression is upregulated
in TSCC tissues compared with the corresponding expres-
sion levels noted in Ctrl normal tissues (11). Furthermore, its
upregulation increased the proliferative and migratory abili-
ties of TSCC cells (12). These studies indicated the potential
roles of specific circRNAs in the pathological evaluation of
TSCC (11,12). However, to the best of our knowledge, the
comprehensive circRNA expression profile in TSCC has not
been fully investigated. Therefore, the present study aimed
to identify differentially expressed (DE) circRNAs in TSCC
tissues compared with paired Ctrl tissues using microarray
analysis, to further validate the expression levels of 10 candi-
date circRNAs, and to examine their association with tumor
features and survival in patients with TSCC.

Materials and methods

Patients. The present study included 60 patients with TSCC
who were recruited between January 2017 and December 2019
and underwent surgery at the Oral Medicine Department of
Cangzhou People's Hospital (Cangzhou Medical College,
Cangzhou, China). The patients were eligible for analysis
in the present study if they met the following criteria:
i) Diagnosis of TSCC confirmed by pathological examina-
tion; ii) aged >18 years old,; iii) surgical resection as primary
treatment; iv) availability of fresh-frozen tumor and paired
Ctrl tissues; and v) availability of main clinical data for study
analysis. The patients were excluded according to the following
criteria: i) Neoadjuvant therapy prior to surgery; ii) compli-
cations due to other malignant tumors; iii) known acquired
immune deficiency syndrome; and iv) missing survival
follow-up records. written informed consent was provided by
each eligible patient or his/her guardian if the patients were
dead when the clinical data was collected. The present study
was approved by the Ethics Committee of Cangzhou Medical
College (approval no. 20190611-3; Cangzhou, China).

Specimen collection. The tumor tissues and paired Ctrl tissues
from each enrolled patient were collected from the specimen
room of Cangzhou People's Hospital (Cangzhou, China).
The tissues were snap-frozen in liquid nitrogen immediately
following resection and stored at -80°C. In addition, informa-
tion regarding the clinical features (Table I) of the patients was
collected from the medical records for study analysis and the
pathological grade/tumor node metastasis (TNM) stage was
assessed based on the 7th edition of the AJCC Cancer Staging
Manual (13). The classification of diseases was performed
according to the International Classification of Diseases
10th revision (14).

Microarray analysis. Microarray analysis was performed in
five pairs of TSCC and Ctrl tissues, which were randomly
selected from the total number of specimens of the

enrolled patients (including 3 males and 2 females; mean
age, 47.2+8.8 years; age range, 36-58 years). The separa-
tion of total RNA in the specimens was performed using
TRIzol® reagent (Invitrogen; Thermo Fisher Scientific, Inc.).
The integrity and quantification analysis of total RNA was
performed using an Agilent 2100 Bioanalyzer (Agilent
Technologies, Inc.) and NanoDrop ND-1000 spectrophotom-
eter (Thermo Fisher Scientific, Inc.), respectively. The linear
RNAs were removed from the total RNA molecules using
RNase R (Epicentre; Illumina, Inc.). Microarray analysis was
conducted on the Platform GPL19978 (https:/www.ncbi.nlm.
nih.gov/geo/query/acc.cgi?acc=GPL19978) with the use of
Agilent-069978 Arraystar Human CircRNA microarray V1
(Agilent Technologies, Inc.) and the Arraystar Human Circular
RNA Microarray V1.0 (6x7K; Arraystar, Inc.), which contains
5,396 probes specific for the human circRNA backsplice
junction region. The detailed procedure was performed as
described in a previous study (15).

Bioinformatics analysis. Differential expression analysis
between five TSCC and Ctrl tissues was performed using the
Limma package (https://cran.r-project.org/bin/windows/base/)
in R software v.4.0.2. Principal component analysis (PCA)
and heatmap analysis for circRNA expression profiling
were conducted using the Factoextra (https://cran.r-project.
org/web/packages/factoextra/index.html) and pheatmap
packages v.4.0.2 (https://cran.r-project.org/web/pack-
ages/pheatmap/index.html) inthe R software. The DEcircRNAs
were identified based on the fold change (FC) =2.0 and
adjusted P-value (BH multiple test correction) <0.05. These
indices are shown in the volcano plot. Gene Ontology (GO)
(http://geneontology.org/) and Kyoto Encyclopedia of Genes
and Genomes (KEGG) (https:/david.ncifcrf.gov) enrichment
analyses were performed to identify DEcircRNAs based on
the gene location and target miRNAs (miranda criterion,
total score >120 & total energy <-20). The circRNA-miRNA
regulatory network of the top 10 DEcircRNAs (based on rank
of log,FC) was predicted by miRanda v.3.3a (http://www.
microrna.org/microrna/getDownloads.do). The annotation for
the target miRNA was obtained from miRwalk database v.3
(http://mirwalk.umm.uni-heidelberg.de/), which covered
the GO database (molecular function, cellular component
and biological process), the pathway database (KEGG
database), the human phenotype database (https://hpo.jax.
org/app/) and the disease database (http://www.obofoundry.
org/ontology/doid.html).

Reverse transcription-quantitative PCR (RT-qPCR).
According to the Log,FC absolute value, the top five upregu-
lated and downregulated DEcircRNAs were selected as
candidate DEcircRNAs for further investigation. RT-qPCR
was performed to determine the relative expression levels
of 10 candidate circRNAs in tumor and paired Ctrl tissues
derived from 60 patients with TSCC. Briefly, total RNA was
extracted using TRIzol® reagent (Invitrogen; Thermo Fisher
Scientific, Inc.). The detection of circRNAs was performed
following digestion of the linear RNA using RNase R
(Epicentre; Illumina, Inc.). Subsequently, the synthesis of
cDNA was carried out (denaturation at 65°C for 5 min, reverse
transcription at 42°C for 18 min and inactivation at 98°C
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Table I. Characteristics of patients with TSCC.

Characteristics Patients with TSCC (n=60) Female patients (n=17) Male patients (n=43)
Age, years (mean + SD) 56.3+11.1 51.7+114 58.1+10.6
Age, n (%)
18-39 years 4.(6.7) 2(11.8) 24.7)
40-49 years 9(15.0) 5(294) 4(9.3)
50-59 years 24 (40.0) 6(35.3) 18 (41.9)
60-69 years 16 (26.7) 3(17.6) 13 (30.2)
70-79 years 7 (11.7) 1(5.9) 6 (14.0)
Sex, n (%)

Male 43 (71.7) 0(0.0) 43 (100.0)
Female 17 (28.3) 17 (100.0) 0(0.0)
Han nationality, n (%) 60 (100.0) 17 (100.0) 43 (100.0)

Origin, n (%)
Eastern region of Hebei province, China 37 (61.7) 11 (64.7) 26 (60.5)
Other regions of Hebei province, China 18 (30.0) 4 (23.5) 14 (32.6)
Other provinces, China 5(8.3) 2 (11.8) 3(7.0)
Pathological grade, n (%)
Gl 14 (23.3) 5(294) 9(20.9)
G2 33 (55.0) 9(52.9) 24 (55.8)
G3 13 (21.7) 3(17.6) 10 (23.3)
ICD-10 classification code, n (%)
C02.1,M8070/31 3(5.0) 2(11.8) 1(2.3)
C02.1,M8070/32 8 (13.3) 3(17.6) 5(11.6)
C02.1,M8070/33 3(5.0) 0(0.0) 3(7.0)
C02.8, M8070/31 2(3.3) 1(5.9) 1(2.3)
C02.8, M8070/32 5(8.3) 1(59) 4(9.3)
C02.8, M8070/33 1(1.7) 1(5.9) 0(0.0)
C02.9,M8070/31 9(15.0) 2(11.8) 7 (16.3)
C02.9,M8070/32 20 (33.3) 5(294) 15(34.9)
C02.9, M8070/33 9(15.0) 2(11.8) 7 (16.3)
T stage, n (%)
Tl 11 (18.3) 2 (11.8) 9(20.9)
T2 37 (61.7) 15 (88.2) 22 (51.2)
T3 12 (20.0) 0(0.0) 12 (27.9)
N stage, n (%)
NO 43 (71.7) 17 (100.0) 26 (60.5)
N1 13 (21.7) 0(0.0) 13 (30.2)
N2 4 (6.6) 0(0.0) 4.(9.3)
TNM stage, n (%)
I 11 (18.3) 2 (11.8) 9 (20.9)
II 31 (51.7) 15 (88.2) 16 (37.2)
III 14 (23.3) 0(0.0) 14 (32.6)
v 4.(6.7) 0(0.0) 4.(9.3)
Adjuvant radiotherapy, n (%)
Yes 44 (73.3) 10 (58.8) 34 (79.1)
No 16 (26.7) 7(41.2) 9(20.9)

ICD-10, International Classification of Diseases 10th revision (26); TSCC, tongue squamous cell carcinoma.

for 5 min) using the PrimeScript™ RT reagent kit (Takara Premix DimerEraser™ (Takara Bio, Inc.). Lastly, the rela-
Bio, Inc.), followed by its amplification using SYBR-Green tive expression levels of the circRNAs were calculated using
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Figure 1. PCA and heatmap analysis. (A) PCA and (B) heatmap analysis of circRNA expression profile in tumor and paired Ctrl tissues derived from patients
with TSCC. circRNA, circular RNA; Ctrl, paired adjacent normal tissues; Dim, dimension; PCA, principal component analysis; TSCC, tongue squamous cell

carcinoma.

the 2°24% method (16). The thermocycling conditions for
gPCR were as follows: Pre-denaturation at 95°C for 3 min;
followed by 40 cycles of denaturation at 95°C for 15 sec and
annealing/elongation at 61°C for 20 sec. GAPDH was used as
an internal reference for circRNAs. The primers are shown in
Table SI.

Survival analysis. The survival follow-up data of the patients
were collected from the records and the last follow-up date
was May 31, 2020. Overall survival (OS) was evaluated from
the date of surgery to the date of death.

Statistical analysis. The estimation of the sample size was
performed based on the expression levels of 10 candidate
circRNAs in the microarray analysis. All experimental
studies were conducted in triplicate. The statistically signifi-
cant differences in the expression levels of the 10 candidate
circRNAs between tumor and Ctrl tissues were evaluated
based on a significance level of 0.05 and a power of 0.80.
The required sample size included 57 pairs of tumor and Ctrl
tissues. Considering an attrition rate of 5%, the final sample
size was set to 60 pairs of tumor and Ctrl tissues. Descriptive
analysis was performed for the characteristics of the patients,
using numbers, percentages or mean + SD. The relative
expression levels of circRNAs were presented as the median
with the interquartile range and differences in the expres-
sion levels between tumor and Ctrl tissues were determined
using the Wilcoxon signed-rank test. The correlation analysis
between tumor circRNA expression and clinical features
was carried out using the Spearman's rank correlation test. A
Kaplan-Meier curve was used to display the OS. According
to the median level of circRNA expression, the latter was
divided into circRNA high and low expression. The associa-
tion between the expression levels of circRNAs in the tumor
samples and OS was evaluated using the log-rank test. SPSS
software (v22.0; IBM Corp.) and GraphPad Prism software
(v7.01; GraphPad Software, Inc.) were used for data analysis

and graphical presentation. P<0.05 was considered to indicate
a statistically significant difference.

Results

Clinical characteristics of patients with TSCC. A total of
60 patients with TSCC with a mean age of 56.3+11.1 years
were included. The number of male and female patients
was 43 (71.7%) and 17 (28.3%), respectively (Table I). The
evaluation of the pathological grade of the patients yielded
the following results: A total of 14 (23.3%) patients presented
with G1 TSCC, whereas 33 (55.0%) and 13 (21.7%) exhibited
G2 and G3 TSCC tumors, respectively. The TNM stage clas-
sification included 11 (18.3%) patients with stage I, 31 (51.7%)
patients with stage II, 14 (23.3%) patients with stage III and
4 (6.7%) patients with stage IV tumors. In addition, 44 (73.3%)
patients received adjuvant radiotherapy. Detailed information
of patients with TSCC in the present study is shown in Table I.

PCA and heatmap analysis for the evaluation of the circRNA
expression profile. The PCA tool was used to describe protein
dynamics and PCA analysis indicated that the DEcircRNAs
detected in the TSCC and Ctrl tissues were distributed in
two separate parts, suggesting that a clear segregation of the
circRNA expression profile was noted between TSCC and Ctrl
tissues (Fig. 1A). In the row clustering step, the TSCC tissues
were all grouped together to the right side considering their
similar DEcircRNA patterns, while the Ctrl tissues were all
grouped into the left cluster since their DEcircRNA patterns
were more similar, suggesting that circRNA expression profile
could differentiate TSCC tissues from Ctrl tissues (Fig. 1B).

Volcano plot for the circRNA expression profile. A total
of 3,744 circRNAs were detected in more than half of the
samples, and were included in the subsequent analysis. The
volcano plot indicated 134 upregulated and 67 downregulated
DEcircRNAs. A total of 3,543 circRNAs with unaltered
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Table II. Top 10 DEcircRNAs, including top five downregulated DEcircRNAs and top five upregulated DEcircRNAs.
circRNA Probe name Chr Symbol Log,(FC) P-value P,y value Trend
circ_0020048 ASCRP001058 chr10 TCF7L2 5.002 6.7x10°¢ 1.7x107 Up
circ_0000919 ASCRP000027 chr19 ATP13A1 3.728 3.2x10°¢ 1.4x1073 Up
circ_0004525 ASCRP003285 chr20 RBCK1 3.526 5.7x107 7.6x10* Up
circ_0066887 ASCRP003739 chr3 GSK3B 3.526 3.1x10* 1.6x1072 Up
circ_0002113 ASCRP003424 chr2l IFNGR2 3.364 3.7x10* 1.8x102 Up
circ_0004029 ASCRP003104 chr2 UXS1 -7.482 3.1x107 7.6x10* Down
circ_0004503 ASCRP004245 chr5 UBE2D2 -7.361 7.7x10° 1.7x107 Down
circ_0008752 ASCRP004812 chr8 CNOT7 -5.871 2.4x10°¢ 1.4x1073 Down
circ_0002300 ASCRP004304 chr5 CANX -5.133 8.2x10* 2.8x1072 Down
circ_0001811 ASCRP004898 chr8 STAU2 -4.991 7.5x10° 7.8x1073 Down

Top 10 DEcircRNAs were selected by ranking of absolute value of Log,(FC). Chr, chromosome; circRNA/circ, circular RNA; DE, differentially

expressed; Down, downregulated; FC, fold change; P,y

value, adjusted P-value; Up, upregulated.
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Figure 2. Volcano plot of the circRNA expression profile noted in tongue
squamous cell carcinoma and paired adjacent tissues. circRNA, circular
RNA; DEcircRNA, differentially expressed circRNA; DOWN, downregu-
lated; P,;, adjusted P-value; UP, upregulated.

expression levels were noted in the TSCC tissues compared
with the Ctrl tissues (Fig. 2).

GO and KEGG enrichment analysis of DEcircRNAs. GO and
KEGG enrichment analysis was performed. GO enrichment
analysis was performed based on specific gene functions
and the data indicated that DEcircRNAs were enriched
in molecular functions, including ‘protein binding’, ‘ATP
binding’” and ‘protein kinase activity’, cellular components,
including ‘neuronal cell body’, ‘cytosol’ and ‘nucleoplasm’,
and biological processes, including ‘regulation of angiogen-
esis’, ‘positive regulation of angiogenesis’ and ‘canonical Wnt
signaling pathway’ based on significance (Fig. 3A). In addition,

GO enrichment analysis was performed based on target
miRNAs and the results indicated that DEcircRNAs were
enriched in molecular functions including “TGF-f activation’,
‘insulin like growth receptor binding’ and ‘channel activity’,
and cellular components including ‘receptor complex’,
‘Schmidt-Lanterman incisures’ and ‘secretory granule’, and
biological processes, including ‘response to nicotine’, ‘organ
growth’ and ‘B cell homeostasis’ based on significance
(Fig. 3B). KEGG enrichment analysis was performed for
DEcircRNAs based on specific gene functions and the data
demonstrated that DEcircRNAs were enriched in the ‘MAPK
signaling pathway’, ‘“Wnt signaling pathway’ and ‘Ras signaling
pathway’ based on significance (Fig. 3C). Furthermore, KEGG
enrichment analysis was performed for DEcircRNAs based on
target miRNAs. The data demonstrated that DEcircRNAs were
enriched in the “TGF beta signaling pathway’, ‘Complement
and coagulation cascades’ and ‘Cytokine cytokine receptor
interaction’ based on significance (Fig. 3D).

Regulatory network of circRNA-miRNA interactions. The
top 10 candidate DEcircRNAs comprised the top five
upregulated and the top five downregulated DEcircRNAs,
which were detected in five TSCC and Ctrl tissues. These
circRNAs were screened based on the log,FC value (Table II).
A circRNA-miRNA regulatory network of the top 10
DEcircRNAs was established using the miRanda database
(Fig. 4). circ_0066887 was predicted not to bind to a miRNA
target, whereas the following DEcircRNAs demonstrated
multiple (=3) target miRNAs: circ_0020048, circ_0000919,
circ_0004525, circ_0002113, circ_0004029, circ_0004503,
circ_0008752, circ_0002300 and circ_0001811.

Validation of candidate DEcircRNA expression in TSCC
tissues. The expression levels of 10 candidate DEcircRNAs
were further assessed in the tumor and paired Ctrl tissues of
60 patients with TSCC using RT-qPCR analysis. The expres-
sion levels of circ_0020048, circ_0000919, circ_0004525
(Fig. 5A-C; all P<0.001) and circ_0002113 (Fig. SE; P<0.001)
were increased in TSCC tumor tissues compared with in
Ctrl tissues, while the expression levels of circ_0004029,
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Figure 4. Network of circRNA-miRNA interactions. Interaction of top 10 can-
didate differentially expressed circRNAs with their potential target miRNAs in
tongue squamous cell carcinoma. The heatmap is a graphical presentation of the
data composed of grids of colors and clusters on both rows and columns and pro-
vides an overview of the numerical differences. Squares indicate the circRNAs
and circles indicate miRNAs. circRNAs in red are upregulated circRNAs; cir-
cRNAs in blue are downregulated circRNAs; miRNAs in green are the potential
targets of circRNAs. circRNA/circ, circular RNA; miRNA/miR, microRNA.

circ_0004503 (Fig. 5F and G; both P<0.001), circ_0008752
(Fig. 5H; P=0.002), circ_0002300 (Fig. 5I; P<0.001) and
circ_0001811 (Fig. 5J; P=0.005) were decreased in TSCC
tumor tissues compared with in Ctrl tissues. The expression
levels of circ_0066887 were similar between TSCC tumor
tissues and Ctrl tissues (Fig. 5D; P=0.131).

Association between the expression levels of candidate
DEcircRNAs and tumor features in patients with TSCC.
The association between the expression levels of candidate
tumor DEcircRNAs and tumor features was further detected
in patients with TSCC (Table III). The expression levels of
circ_0020048 in tumor tissues exhibited a positive association
with T stage (P=0.010) and TNM stage (P=0.006). The expres-
sion levels of circ_0000919 exhibited a positive association
with T stage (P=0.022), N stage (P<0.001) and TNM stage
(P<0.001). In contrast to these findings, the expression levels
of circ_0004503 in the tumor tissues were negatively associ-
ated with pathological grade (P=0.015), whereas those of
circ_0008752 were negatively associated with pathological
grade (P=0.024) and N stage (P=0.036). The expression levels
of circ_0002300 noted in the tumor samples were nega-
tively associated with pathological grade (P=0.048), N stage
(P=0.048) and TNM stage (P=0.021). The expression levels of
other candidate DEcircRNAs were not associated with tumor
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Figure 5. Validation of candidate differentially expressed circRNA expression levels in patients with TSCC. Comparison of the expression levels of
(A) circ_0020048, (B) circ_0000919, (C) circ_0004525, (D) circ_0066887, (E) circ_0002113, (F) circ_0004029, (G) circ_0004503, (H) circ_0008752,
(I) circ_0002300 and (J) circ_0001811 between 60 TSCC and adjacent tissues. circRNA/circ, circular RNA; TSCC, tongue squamous cell carcinoma.
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Figure 6. Association between candidate differentially expressed circRNAs and prognosis of patients with TSCC. Association between the expression levels
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features, including pathological grade, T stage, N stage and

TNM stage (all P>0.05).

Association between the expression levels of candidate
DEcircRNAs and prognosis of patients with TSCC. To
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Table IV. Summary of study findings.

Significant association

Significant difference

circRNAs Tumor vs. adjacent Pathological grade T stage N stage TNM stage (0N}
circ_0020048 Yes No Yes No Yes No
circ_0000919 Yes No Yes Yes Yes Yes
circ_0004525 Yes No No No No No
circ_0066887 No No No No No No
circ_0002113 Yes No No No No No
circ_0004029 Yes No No No No No
circ_0004503 Yes Yes No No No No
circ_0008752 Yes Yes No Yes No No
circ_0002300 Yes Yes No Yes Yes No
circ_0001811 Yes No No No No No

circRNA/circ, circular RNA; OS, overall survival.

explore the potential prognostic value of the top 10 candidate
DEcircRNAs in TSCC, the association of their corresponding
expression levels with OS time was assessed. The higher
expression levels of circ_0000919 in tumor tissues were
associated with decreased OS time in patients with TSCC
(Fig. 6B; P=0.041), while no association was observed between
the expression levels of the other DEcircRNAs, including
circ_0020048 (Fig. 6A), circ_0004525 circ_0066887,
circ_0002113, circ_0004029, circ_0004503, circ_0008752,
circ_0002300 and circ_0001811 (Fig. 6C-J), and the OS time
of patients with TSCC (all P>0.05).

The data regarding the comparison of the expression
levels of the 10 candidate DEcircRNAs between tumor and
Ctrl tissues, as well as their corresponding association with
tumor features and OS time are summarized in Table IV.
Among the 10 candidate DEcircRNAs, the expression levels of
circ_0000919 were increased in TSCC tumor tissues compared
with in the Ctrl tissues and associated with higher TNM stage
and low OS time of patients with TSCC, suggesting that
circ_0000919 could be used as a diagnostic and prognostic
biomarker in TSCC.

Discussion

circRNAs are expressed in the cytoplasm of eukaryotic cells
and display high enrichment, stability and diversity (17,18).
They also exhibit tissue- and developmental phase-specific
expression (17,18). circRNAs possess unique structures and
high specificity (8). Furthermore, they exert diverse regula-
tory functions and present potential value as diagnostic and
prognostic markers in multiple cancer cells, including cancer
cells, immune cells, hematopoietic stem cells, etc. (18,19). In
addition, the application of microarray-based technologies
has increased the understanding of the diverse functions of
circRNAs (17). Their contributions in carcinogenesis have
attracted considerable attention (17). Therefore, a high number
of circRNAs and their potential functions as cancer-associated
regulators have been identified (20). However, studies inves-
tigating the circRNA expression profile in TSCC are limited.

Specific circRNAs, including circ_0001742 and circ_081069,
are involved in the development of TSCC (11,12). Therefore, the
present study aimed to identify the comprehensive circRNA
expression profile associated with TSCC. The findings may
provide additional evidence regarding the role of circRNAs
in TSCC.

In the present study, microarray and bioinformatics anal-
yses were conducted in five pairs of TSCC and Ctrl tissues.
The data revealed 134 upregulated DEcircRNAs and 67 down-
regulated DEcircRNAs in TSCC tissues compared with Ctrl
tissues, suggesting that these DEcircRNAs may be involved in
the development of TSCC. Additional GO and KEGG enrich-
ment analysis demonstrated that these DEcircRNAs were
enriched in tumor-associated biological processes, including
‘regulation of angiogenesis’ and the ‘canonical Wnt signaling
pathway’, as well as in several oncogenic signaling pathways,
such as the ‘Wnt signaling pathway’, ‘MAPK signaling
pathway’ and ‘Ras signaling pathway’. These results may be
interpreted in several ways. First, DEcircRNAs may activate
angiogenic factors, which further contribute to an active
angiogenic state and promote TSCC development. This was
based on the existing evidence that angiogenesis is the process
of generating new blood vessels required for sufficient nutri-
tion and oxygen supply and tumor growth (18). Second, it was
hypothesized that DEcircRNAs may regulate the oncogenic
components of the Wnt signaling pathway, such as adenoma-
tous polyposis coli and B-catenin, and lead to its stimulation,
which promotes TSCC cell differentiation and survival and
enhances TSCC development (21). This was based on previous
studies demonstrating that the activation of the Wnt signaling
pathway is associated with oncogenic properties of cancer
stem cells and the progression of EMT (21,22). Third, it was
suggested that DEcircRNAs may regulate the components of
the MAPK signaling pathways, leading to excessive activation
of proteins and kinases of the Ras signaling pathway, which
in turn will affect the development of TSCC. This conclusion
was based on the ability of the MAPK cascade to regulate a
wide range of cellular processes, including differentiation and
apoptosis (20). The MAPK signaling pathway is implicated
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in the differentiation and survival of TSCC cells via interac-
tion with other signaling pathways, such as the Ras and ERK
signaling pathways (23). Furthermore, this finding was in line
with the observation that DEcircRNAs were enriched in the
Ras signaling pathway.

In the present study, the top five upregulated and down-
regulated DEcircRNAs were selected as candidates for
RT-qPCR validation in a total of 60 patients with TSCC.
Notably, circ_0000919 exhibited a positive association with
T stage and it could be used to predict low OS in patients with
TSCC. The results suggested the potential of circ_0000919
as a TSCC diagnostic and prognostic biomarker, which
may aid disease screening and monitoring of patients with
TSCC. The possible explanations for these conclusions are
as follows: First, circ_0000919 may serve as the sponge
of several antitumor miRNAs, such as miR-1587 and
miR-1226-3p, which in turn may mediate TSCC cell repair
capacity and proliferation, as well as radiosensitivity of these
tumors (24,25). Therefore, it was suggested that the expres-
sion levels of circ_0000919 were associated with increased
TNM stage and unfavorable survival due to its ability to
serve as a sponge of antitumor miRNAs. Furthermore,
circ_0000919 may enhance translation efficiency of certain
TSCC stimulators or inhibit the translation of several tumor
suppressors via protein carrier functions, thereby promoting
TSCC tumor development and resulting in poor prognosis of
patients with TSCC (17).

However, the present study had several limitations. Firstly,
the sample size for candidate DEcircRNA validation was 60,
which may lead to limited statistical power. The patients
were enrolled in one hospital, which may also contribute to
selection bias. Secondly, the present study was a retrospective
study and the information regarding tumor recurrence was
not recorded in detail in the majority of patients with TSCC.
Therefore, the association of candidate DEcircRNAs with
disease-free survival was not assessed. Thirdly, in the present
study, circ_0000919 was demonstrated to have diagnostic
and prognostic value as a biomarker of TSCC. However, the
detailed mechanism of the involvement of circ_0000919 in
TSCC progression requires further investigation in in vivo
and in vitro studies. Furthermore, the top five upregulated
and downregulated DEcircRNAs were selected as candidate
DEcircRNAs based on the absolute value of log,FC for
further RT-qPCR validation in 60 patients with TSCC, since
these DEcircRNAs were predicted to be novel and prom-
ising biomarkers for early screening and follow-up of these
patients. RT-qPCR analysis was not conducted to validate all
DEcircRNAs based on the microarray data of the 60 patients
with TSCC to avoid unnecessary cost. Finally, in the present
study, tissue specimens were collected for detection and the
data demonstrated that circ_0000919 may be a candidate
TSCC biomarker. Considering that blood samples are more
easily collected compared with tissue samples, whether the
value of circ_0000919 in blood samples is the same as that in
tissue samples requires additional experimental exploration.

In summary, the present study demonstrated an aberrant
circRNA expression profile and potential circRNA-miRNA
interactions in TSCC and further identified that circ_0000919
expression was associated with tumor features. The expression
levels of this circRNA could be used to predict unfavorable

OS. These findings suggested that circ_0000919 may be used
as a candidate biomarker for disease management of TSCC.
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