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Abstract. Tongue squamous cell carcinoma (TSCC) is the 
most frequent type of oral cancer associated with high malig-
nancy. Circular RNAs (circRNAs) are a form of non‑coding 
RNA with stable and conserved expression in mamma-
lian cells. The aim of the present study was to investigate 
circRNAs expression profiles in TSCC, and examine the roles 
and potential mechanisms of circRNA‑081069 (circ_081069). 
A high‑throughput circRNA microarray analysis of tumor 
samples and adjacent normal tissues from four patients with 
TSCC was performed. Bioinformatic analysis was conducted 
to screen the differentially expressed circRNAs. Reverse 
transcription‑quantitative PCR was performed to confirm the 
microarray results. A migration assay and proliferation assay 
were performed to detect the migratory and proliferative ability 
of TSCC cells. A luciferase assay was conducted to investi-
gate the interaction between circ_081069 and microRNA 
(miRNA/miR)‑665. In total, 335 circRNAs were found to be 
differentially expressed in tumor tissues. Among them, 59 
were upregulated and 276 were downregulated (P<0.05; fold 
change ≥2 or ≤0.5). A total of seven circRNAs, including two 
upregulated and five downregulated circRNAs, were further 
confirmed using quantitative PCR analysis in the ten paired 
TSCC tissues and adjacent normal tissues. The present study 
showed that circRNA_081069 promoted the migratory and 
proliferative ability of TSCC cells in vitro. Furthermore, the 
potential circRNA‑miRNA interactions were predicted, and 
the present results identified miR‑665 as a miRNA target of 
circ_081069. The present results suggested that circRNAs 
may be involved in TSCC development, and understanding the 

interaction between circ_081069 and miR‑665 may facilitate 
the development of novel diagnostic and therapeutic targets for 
TSCC.

Introduction

Tongue squamous cell carcinoma (TSCC) is the most common 
type of oral squamous cell carcinoma comprising ~41% of 
all cases (1), and its frequency is increasing (2). The 5 year 
survival rate of TSCC is 30‑50%, and it is influenced by the 
high rate of proliferation and early lymph node metastasis (2). 

Current standard treatments for TSCC include surgical 
resection combined with postoperative radiotherapy and 
chemotherapy (2). Although advances have been made in recent 
years, the identification of a treatment remains a challenge 
for TSCC. A large proportion of patients with TSCC suffer 
from postoperative oral defects and lymph node metastasis in 
multiple regions (3). The lack of effective targets to control 
and monitor the disease is one of the principal problems in 
TSCC treatment (3). Therefore, it would be beneficial to iden-
tify novel biological targets to control tumors effectively and 
reduce the impairment of oral functions.

Circular RNAs (circRNAs) are a type of non‑coding 
RNAs, which form covalently closed continuous loops with 
the 3'‑ and 5'‑ ends joined (4). Due to the distinctive molecular 
structure, circRNAs are resistant to the degradation from 
RNAses, resulting in a stable and conserved expression in 
the cytoplasm (5). circRNAs were thought to be the results 
of defective RNA splicing events and have been only recently 
identified (6). A number of previous studies have reported 
that circRNAs play important roles in carcinogenesis and 
cancer development by acting as microRNA (miRNA) 
sponges, regulating gene expression at the transcriptional and 
translational levels (6,7). The circular transcript ciRS‑7 was 
found to bind miR‑7, resulting in the inhibition of miR‑7 (8). 
In addition, miR‑7 served as an epidermal growth factor 
receptor (EGFR) suppressor by binding to the EGFR mRNA 
3'‑untranslated region (8). The overexpression of ciRS‑7 was 
observed to increase the expression levels of EGFR and 
activate its downstream signaling pathway through inhib-
iting miR‑7 expression (7). circRNAs also regulate cancer 
cell biological features by altering the genomic DNA (9). 
Therefore, identifying the functions of circRNAs may improve 
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the understanding of the molecular mechanisms underlying 
cancer development and may provide potential targets for 
cancer treatment. Notably, the expression patterns and poten-
tial roles of circRNAs in TSCC remain poorly understood.

In the present study, the expression profile of various 
circRNAs was investigated in TSCC and was compared with 
the expression profile of circRNAs in paired adjacent normal 
tissues using microarray analysis. The identification of the 
differentially expressed circRNAs in TSCC may provide novel 
insights into the diagnosis and treatment of TSCC.

Materials and methods

Patients. The study was approved by The Ethics Committee 
of Peking University School and Hospital of Stomatology (app
roval no. PKUSSIRB‑2013009). The patient consents were 
acquired before tissue collection.

The present study included 14 patients (males, 8; females, 
6; mean age, 50.7 years; age range, 39‑73 years) who under-
went surgery at Peking University School and Hospital of 
Stomatology to pathologically confirm primary TSCC, 
between January 2017 and December 2017. None of the 
patients had received any anti‑cancer therapy before sample 
collection.

Part of the resected tumor tissues and paired adjacent 
normal tissues (≥2 cm from the tumor margins) were collected. 
Of the tissues collected, four pairs of tumor and adjacent 
normal tissues were used for microarray analysis and ten pairs 
of tumor and adjacent normal tissues were used for validation. 
The tissue pairs selected for each analysis occurred randomly 
based on the patient inclusion criteria. Tumor clinical stage and 
histological grading were classified based on the 8th edition of 
the TNM classification of the Union for International Cancer 
Control (10).

Histological evaluation. Paraffin embedded consecutive 
tissue sections (5 µm) were fixed in 4% paraformaldehyde at 
room temperature for 24 h and subsequently stained with 0.5% 
hematoxylin solution for 30 min at room temperature and 0.5% 
eosin solution for 10 min at room temperature. The sections 
were observed and photographed using an Olympus CKX41 
light microscope (magnification x10; Olympus Corporation).

RNA extraction. Total RNA from the ten pairs of tissue 
samples was isolated using TRIzol® reagent (Thermo Fisher 
Scientific, Inc.) according to the manufacturer's instruction. 
RNA quantity and quality were assessed using the NanoDrop 
ND‑100 spectrometer (Thermo Fisher Scientific, Inc.), and 
RNA integrity was tested by agarose gel electrophoresis.

Labeling and hybridization and microarray analysis. Sample 
labeling and array hybridization were performed based on 
the manufacturer's instruction (Arraystar, Inc.). The acquired 
hybridized array data were analyzed by Agilent Feature 
Extraction software (version 11.0.1.1; https://www.agilent.
com/en/product/mirna‑microarray‑platform/mirna‑microarray‑ 
software/feature‑extraction‑software‑228496/download‑software‑
feature‑extraction‑software)  (11). Quantile normalization 
of raw data and subsequent data processing were conducted 
using R software limma package (version 3.1.2; http://www.

bioconductor.org/packages/release/bioc/html/limma.html). 
When comparing two groups (TSCC vs. paracancer), the fold 
change between the groups for each circRNA was calculated. 
The statistical significance of the difference was estimated 
by paired Student's t‑test. circRNAs with fold changes ≥2 or 
≤0.5 and P<0.05 were selected as differentially expressed 
circRNAs. CircRNA/miRNA interactions were predicted 
using the TargetScan (release 7.2; http://www.targetscan.
org) and miRanda (release 2010; http://www.microrna.org) 
databases.

Quantitative (q)PCR. cDNA samples were prepared from 
total RNA of TSCC samples using the PrimeScript™ RT 
reagent kit (Takara Bio, Inc.), according to the manufacturer's 
protocol. The following conditions were used for the reverse 
transcription: 37˚C for 15 min and 85˚C for 10 sec. In total, two 
upregulated circRNAs and five downregulated circRNAs were 
detected on a PikoReal Real‑Time PCR System (Thermo Fisher 
Scientific, Inc.) using the SYBR® Green qPCR kit (Thermo 
Fisher Scientific, Inc.). The primer sequences were listed in 
Table I. The following thermocycling conditions were used for 
the qPCR: Initial denaturation at 95˚C for 10 min; 35 cycles 
of 95˚C for 10 sec and 60˚C for 40 sec; and a final extension 
at 72˚C for 10 min. The relative expression of circRNAs was 
calculated using the 2‑ΔΔCq method (12), β‑actin was used as 
the internal reference gene to normalize the expression data.

Cell culture and transfection. Human TSCC cell line, SCC15 
and SCC25, were purchased from the American Type Culture 
Collection. Cells were cultured in DMEM/F12 medium 
(Gibco; Thermo Fisher Scientific, Inc.) with 10% FBS (Gibco; 
Thermo Fisher Scientific, Inc.) at 37˚C with 5% CO2 for 3 days 
before use.

Si lencing RNA (siRNA) aga inst  ci rc_081069 
(sicirc_081069; cat. no. siBDM2500) and siRNA control (cat. 
no. siBDM2500) were purchased from Guangzhou RiboBio 
Co., Ltd. miR‑665 mimic (ACC​AGG​AGG​CUG​AGG​CCC​CU; 
cat. no. 4464066) and negative control (cat. no. 4464066) were 
purchased from Thermo Fisher Scientific, Inc. and 100 nM of 
each was transfected into TSCC cells using Lipofectamine® 
3000 reagent (Thermo Fisher Scientific, Inc.), according to 
the manufacturer's protocol. Cells were collected for future 
experiments following 24 h of transfection.

Migration assay. Cell migration was measured by Transwell 
assay. A total of 1x104 SCC15 and SCC25 cells were seeded in 
a 24‑well cell culture chamber (pore size, 8 µm; Corning, Inc.) 
in 200 µl serum‑free DMEM/F12 medium. The lower chamber 
was plated in DMEM/F12 medium supplemented with 20% 
FBS. After 24 h incubation at 37˚C and 5% CO2, cells on the 
lower side of the membrane were fixed in 95% ethanol at room 
temperature for 10 min and stained with 0.5% hematoxylin at 
room temperature for 30 min followed by 0.5% eosin staining 
at room temperature for 30 min. The whole membrane was 
photographed using an Olympus CKX41 light microscope 
(magnification x20; Olympus Corporation) and the cells on the 
membrane were quantified using ImageJ version 1.44 software 
(National Institutes of Health), as previously described (13). 
All experiments were performed in triplicate and cells trans-
fected with control siRNA acted as the control group.



Molecular Medicine REPORTS  21:  1727-1738,  2020 1729

Proliferation assay. Proliferation of SCC15 and SCC25 cells 
were evaluated by a Cell Counting Kit‑8 (CCK8) cell viability 
assay (Dojindo Molecular Technologies, Inc.), according to the 
manufacturer's protocol. For the CCK‑8 assay, 5x103 cells were 
seeded into 96‑well plates. Following incubation at 37˚C for 
48 and 72 h, cell viability was measured at a wavelength of 
450 nm using a spectrophotometric plate reader.

Flow cytometry. For cell apoptosis analysis, 1x104 cells were 
seeded into 6‑well plates. After transfection for 48 h, cells were 
resuspended with 100 µl binding buffer after centrifugation 
at 200 x g at room temperature for 5 min. Annexin V‑FITC 
(20  µg/ml; Dojindo Molecular Technologies, Inc.) and 
propidium (50  µg/ml; Dojindo Molecular Technologies, 
Inc.) were added to cells and incubated for 15 min at room 
temperature. The cell apoptotic rate was measured using a BD 
FACSCalibur™ flow cytometer (BD Biosciences) and analyzed 
with CellQuest™ version 7.5.3 software (BD Biosciences).

Dual‑luciferase reporter assay. The sequences containing the 
binding site of miR‑665 in circRNA_081069 (416‑435 bp) and 
the mutant sequences (TCCTGG>CGGCCA) were synthe-
sized by Shanghai Generay Biotech Co., Ltd. and inserted 
into the luciferase reporter vector psiCHECK‑2 (Promega 
Corporation). Both plasmids were transfected into cells using 
Lipofectamine® 3000 reagent (Thermo Fisher Scientific, Inc.), 
according to the manufacturer's protocol. Luciferase activity 
was measured using the Dual‑Luciferase Reporter Assay 
kit (Promega Corporation), according to the manufacturer's 
instructions following 24 h of transfection. Relative luciferase 
activity was normalized to Renilla luciferase activity.

Statistical analysis. Data are presented as the mean ± SEM. 
The statistical significance of microarray data was analyzed 

by fold change using a paired Student's t‑test and the false 
discovery rate was calculated to correct the P‑value using SPSS 
Statistics version 20.0 software (IBM Corp.). Fold change ≥2.0 
or ≤0.5 and P<0.05 were applied to find the differentially 
expressed circRNAs. The remaining statistical analysis was 
performed using SPSS Statistics version 20.0 software (IBM 
Corp.). Differences were determined by a paired Student's 
t‑test for paracancer and TSCC groups. P<0.05 was considered 
to indicate a statistically significant difference.

Results

Patient characteristics. The clinical characteristics of the 
14 patients with pathologically confirmed primary TSCC are 
presented in Table II. Tissue samples of four patients were used 
for microarray analysis and the remaining ten pairs of tissue 
specimens were used for further validation. In total, eight 
patients with TSCC were male and six patients were female. 
Moreover, eight patients were classified as T1 and T2 stage, 
and six patients were classified as T3 and T4 stage. Lymph 
node metastasis was present in ten patients. Histopathologic 
characteristics were assessed by hematoxylin & eosin staining 
(Fig. 1A‑C).

Analysis of differentially expressed circRNAs. Arraystar 
human circRNA microarray was used to screen 11,916 
circRNAs, and differentially expressed circRNAs were iden-
tified between TSCC and paracancer tissues. Hierarchical 
clustering was performed to group circRNAs according to the 
expression levels among samples (Fig. 1D). The threshold was 
set as fold change ≥2.0 or ≤0.5 and P<0.05 (Fig. 1E and F). 
The results showed that 335 circRNAs were differentially 
expressed, including 59 upregulated circRNAs and 276 down-
regulated circRNAs (Fig. 1G). The top 15 upregulated and 

Table I. circRNA primers for quantitative PCR analysis.

Gene	 Primer sequence (5'→3')	 Product size (base pairs)

β‑actin (Human)	 F: GTGGCCGAGGACTTTGATTG	   73
	R : CCTGTAACAACGCATCTCATATT	
hsa_circRNA_000780	 F: TAGGAAACCTGCTGTGGAGTG‑3	 108
	R : AAGGGAACTATACAAGGAAATGC	
hsa_circRNA_102039	 F: CTATCATTCACAAAGGGAAAACTAC	 164
	R : CCATAACTGGAGTAACCGCTG	
hsa_circRNA_003251	 F: GGAGAAGACGACGACCCACTA	 113
	R : TAGGACAGGGCCTTCTTTGAC	
hsa_circRNA_045179	 F: GCTGCTGTGCAAGAAACGG	 139
	R : CACCTGGCTGAACTTCTGTGACT	
hsa_circRNA_081069	 F: CTGGACTTCCTGGCTTCAAA	 164
	R : TCCTCTATCTCCGGCTGGG	
hsa_circRNA_087212	 F: TTCAATACCATCCTTACCACC	 113
	R : CTCTGATTTCTTTGTTAGTTCTTG	
hsa_circRNA_000317	 F: AAAGGGCCAGAGGTAGACAT	   79
	R : GCAAATCAAAGTCAGGCATAG	

F, forward; R, reverse; circRNA, circular RNA.
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top 15 downregulated circRNAs, combined with the detailed 
molecular information, are presented in Tables III and IV. 
Among the upregulated circRNAs, there were 50 exonic, 
seven intronic, one intergenic and one sense overlapping. 
Among the downregulated circRNAs, there were 251 exonic, 
11 intronic, 11 sense overlapping, two antisense and one inter-
genic (Fig. 1H).

qPCR validation. To validate the microarray results, two 
upregulated circRNAs (circ_045179 and circ_081069) and 
five downregulated circRNAs (circ_000317, circ_087212, 
circ_000780, circ_102039 and circ_003251) were selected 
from the differentially expressed circRNAs in the microarray. 
In total, ten pairs of TSCC tissues and paracancer tissues 
were examined by qPCR to confirm the expression levels of 
the selected circRNAs. The expression patterns of selected 
circRNAs showed the same consistency with the microarray 
results (Fig. 2). Of them, circ_081069 and circ_087212 were 
the most upregulated and downregulated circRNA, respec-
tively (Fig. 2).

circRNA and miRNA interaction analysis. Previous studies 
have reported that circRNAs mainly function as miRNA 
sponges and serve important roles in gene regulation (6,7). The 
circRNA/miRNA interaction has been shown to be involved in 
cancer progression, and could be exploited as a potential thera-
peutic target. To analyze the potential functions of the selected 
circRNAs, circRNA/miRNA interactions were predicted 
using TargetScan (release 7.2; http://www.targetscan.org/) and 
miRanda (release 2010; http://www.microrna.org). A total of 
two circRNAs (circ_081069 and circ_087212) were examined 
in detail using the circRNA/miRNA interaction analysis 
(Fig. 3). The potential miRNA targets of circ_081069 included 
miR‑4733‑3p, miR‑665 and miR‑412‑3p. The potential 
miRNAs interacting with circ_087212 included miR‑29a‑5p, 
miR‑6873‑3p, miR‑6809‑3p, miR‑6515‑3p and miR‑5584‑3p. 

A previous study showed that miR‑665 suppresses osteosar-
coma cell proliferation and invasion by inhibiting the small 
GTPase protein Rab23 (14). In addition, miR‑29a regulates 
the expression levels of p21, p53 and survivin in cancer cells, 
resulting in enhanced cell proliferation (15). However, the 
function of the remaining miRNAs on cancer development 
remains unclear.

miR‑665 is a target of circ_081069. In the present study, 
the most upregulated circRNA in the microarray analysis, 
circ_081069, was selected to investigate its potential biological 
role in TSCC and identify its potential miRNA targets. After 
knockdown of circ_081069 in TSCC cells by siRNA (Fig. 4A), 
the migratory and proliferative ability were suppressed 
significantly (Fig. 4B‑D); however, apoptosis was not affected 
(Fig. S1). The present results suggested that circ_081069 may 
exert oncogenic effects by regulating cell migration and prolif-
eration. Using bioinformatic prediction methods circ_081069 
was predicted to interact with miR‑665, possibly acting as a 
competing endogenous RNA. Using qPCR, the present study 
found that miR‑665 levels were decreased in four TSCC tissues 
(Fig. 4E). In order to further investigate the direct interaction 
between circ_081069 and miR‑665, a luciferase reporter assay 
was performed. The present results showed that overexpres-
sion of miR‑665 inhibited the wild‑type circ_081069 reporter, 
whereas no significant difference was found between the cells 
overexpressing miR‑665 and the negative control in the mutant 
circ_081069 reporter (Fig. 4F and G). These results suggested 
that circ_081069 promoted TSCC cell migration and prolif-
eration. Furthermore, miR‑665 was able to interact with 
circ_081069, in line with the bioinformatic prediction results.

Discussion

In the present study, microarray analysis of differentially 
expressed circRNAs was conducted by comparing the 

Table II. Clinical characteristics of the 14 patients with tongue squamous cell carcinoma.

Case no.	A ge (years)	 Sex	 Histologic differentiation	 TNM stage	A dmission date

  1	 40	 Male	 Moderately	 T4aN1M0	 26/04/2017
  2	 44	 Male	 Well‑moderately	 T2N2M0	 30/05/2017
  3	 53	 Male	 Poorly	 T4aN2M0	 17/06/2017
  4	 49	 Male	 Moderately	 T1N0M0	 17/06/2017
  5	 64	 Male	 Well‑moderately	 T4aN1M0	 30/06/2017
  6	 39	 Male	 Moderately	 T4aN1M0	 30/06/2017
  7	 40	 Female	 Well‑moderately	 T2N1M0	 07/07/2017
  8	 55	 Female	 Well‑moderately	 T2N0M0	 13/07/2017
  9	 47	 Male	 Well‑moderately	 T1N0M0	 13/07/2017
10	 62	 Female	 Well‑moderately	 T1N1M0	 13/07/2017
11	 73	 Female	 Poorly	 T4aN2M0	 31/08/2017
12	 49	 Female	 Moderately	 T1N2M0	 11/12/2017
13	 55	 Male	 Moderately	 T2N0M0	 15/02/2017
14	 40	 Female	 Well‑moderately	 T4aN1M0	 20/01/2017

T, tumour; N, node; M, metastasis.
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Figure 1. Analysis of differentially expressed circRNAs. Hematoxylin & eosin staining for adjacent (A) normal tongue epithelium, (B) well‑moderate and 
(C) poor‑differentiated tumors. (D) Hierarchical clustering of the differentially expressed circRNAs. The color red indicates high relative expression, and 
green indicates low relative expression. (E) circRNAs in the scatter‑plot above the top green line and below the bottom green line indicates >2.0‑fold or 
<0.5‑fold change of circRNAs between the adjacent normal and TSCC tissues. (F) circRNAs in the volcano plot represent the 2.0‑fold upregulated and 
downregulated circRNAs with statistical significance (P<0.05). (G) Summary of microarray results; a total of 335 circRNAs were identified from the analysis. 
(H) Classification of dysregulated circRNAs displayed in pie charts. circRNAs, circular RNAs; TSCC, tongue squamous cell carcinoma.
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transcriptome profiles of TSCC and adjacent normal tissues. 
A total of 11,196 circRNAs were examined. After screening, 
59 upregulated and 276 downregulated circRNAs were identi-
fied and their characteristics were analyzed. The results of the 
present study analyzed the circRNAs expression in TSCC, 
which may facilitate the complicated molecular mechanisms 
in TSCC development.

circRNAs represent a distinctive type of endogenous 
non‑coding RNA. Due to their distinctive molecular struc-
ture, circRNAs have higher stability in different body fluids 
and exosomes compared with other types of RNAs, which 
makes them useful as novel diagnostic and prognostic 
biomarkers (16‑18). circRNAs are categorized into three types: 
i) Exonic circRNAs; ii) intronic circRNAs; and iii) exon‑intro 
circRNAs (EIciRNAs) (19). Exonic circRNAs consist of two 
or more exons, that function as microRNA sponges, and are 
mainly localized in cytoplasm (19). Intronic circRNAs and 
EIciRNAs are localized in the nucleus and function as tran-
scriptional regulators of the parent gene (20,21). CircRNAs 
can regulate gene expression at different stages, including 
transcription and translation  (21). Previous studies have 
reported the important roles of circRNAs in cancer (22,23). 
The altered expression of circRNAs has been confirmed to 
be associated with the malignant features of cancer cells, 
including their dysregulated proliferation, migration and 
invasion. circ_0001649 was found to be downregulated in 
several cancer types, including gastric cancer, hepatocellular 
cancer, and cholangiocarcinoma (22‑24), and was found to act 
as a tumor suppressor and a diagnostic marker. circ_0008039 
is upregulated in breast cancer, and can promote cell 
proliferation and migration by serving as a competing 
endogenous RNA of miR‑432‑5p (25). circHIPK3 was found 
to be significantly upregulated in hepatocellular cancer and 
bladder cancer, and its dysregulation affects the proliferation, 
migration and invasion of cancer cells by serving as a sponge 
for multiple miRNAs, including miR‑124, miR‑558 and 
miR‑379 (26). circRNAs are also involved in the progression 

of oral cancer. Specifically, circ_100290 is upregulated in 
oral cancer tissues and functions as a competing endogenous 
RNA by sponging miR‑29 family members, upregulating 
CDK6 expression, which accelerates cancer progression (27). 
There are still multiple circRNAs that remain to be inves-
tigated. Furthermore, the biogenesis, cellular locations, 
functions and molecular mechanisms of circRNAs require 
further investigation.

To the best of our knowledge, the expression profile of 
circRNAs in TSCC has not been previously investigated. 
In the present study, a number of dysregulated circRNAs 
were identified. Among these circRNAs, circRNA_081069 
and circRNA_087212 were the most significantly upregu-
lated and downregulated, respectively. To the best of our 
knowledge, there is no detailed research of the function 
and underlying mechanisms of these circRNAs. In the 
present study, it was found that knockdown of circ_081069 
suppressed the migratory and proliferative ability of 
TSCC cells, suggesting that this circRNA may have an 
oncogenic effect. Since circRNAs can act as miRNA 
sponges, bioinformatic analysis was conducted to predict 
the possible interacting miRNAs, and it was predicted that 
circ_081069 was potentially able to interact with miR‑665. 
miR‑665 was found to suppress osteosarcoma cell prolif-
eration and invasion by inhibiting the small G protein 
Rab23 (14). In the present study, the potential interaction 
between circ_081069 and miR‑665 was investigated, and 
luciferase activity assay showed that miR‑665 directly 
targeted circ_081069. In addition, miR‑29a was predicted 
to interact with circ_087212. miR‑29a was identified to 
regulate malignant cell features and drug resistance in 
several cancer types, including hepatocellular cancer and 
lung cancer by targeting Sirtuin 1 and NRAS  (15,28). 
Based on the present results, identifying novel approaches 
that may target and affect the stability of the interaction 
between circRNA and miRNAs may be important for 
inhibiting cancer metastasis, invasiveness and recurrence. 

Figure 2. qPCR validation of selected differentially expressed circRNAs from microarray data. In total, seven circRNAs were selected for qPCR validation. 
Fold changes were calculated by the 2‑ΔΔCq method. Data are representative of ten paired adjacent normal and TSCC tissues. Values are expressed as the 
mean ± SEM. *P<0.05, **P<0.01 vs. paracancer tissue. circRNAs, circular RNAs; qPCR, quantitative PCR.
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However, additional studies are required to further clarify 
the circRNA‑miRNA network in TSCC.

The present study identified circRNAs profiles in 
TSCC and the possible circRNA‑miRNA interactions. 

Figure 3. Detailed annotation for circRNA/miRNA interactions. (A) circRNA_081069.
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Figure 3. Continued. Detailed annotation for circRNA/miRNA interactions. (B) circRNA_087212. ‘8mer’ indicates that the bases from number two to eight 
match perfectly, and the number one base is A. ‘7mer‑m8’ indicates that the bases from number two to eight match perfectly, and the number one base is not 
A. ‘6mer’ indicates that the bases from number two to seven match perfectly, and the number one base is not A. ‘offset 6mer’ indicates that the bases from 
number three to eight match perfectly. ‘Imperfect match’ indicates that there is an imperfect base match from number two to seven. M, circRNA/miRNA 
interaction could be predicted by miRanda. T, circRNA/miRNA interaction could be predicted by TargetScan. circRNAs, circular RNAs; miRNA, microRNA; 
A, adenosine.
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The present findings may increase the understanding of 
TSCC carcinogenesis and development, facilitating the 
development of novel approaches for the diagnosis and treat-
ment of TSCC.
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