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Abstract. This study aimed to characterize circular RNA 
(circRNA) expression profiles and biological functions in head 
and neck squamous cell carcinoma (HNSCC). Differentially 
expressed circRNAs were screened using an Arraystar Human 
CircRNA Array and verified by reverse transcription-quan-
titative polymerase chain reaction. Multiple bioinformatics 
methods and a hypergeometric test were employed to 
predict the interactions between RNAs and the functional 
circRNA‑microRNA (miRNA)-mRNA axes in HNSCC. As a 
result, 287 circRNAs and 1,053 mRNAs were determined to be 
differentially expressed in HNSCC compared with the adjacent 
tissue. In addition, the expression levels of circRNA_036186 
and tyrosine 3-monooxygenase/tryptophan 5-monooxygenase 

activation protein, ζ polypeptide (14‑3‑3ζ) were identified 
to be significantly different. A competing endogenous RNA 
(ceRNA) network was constructed, consisting of 5 circRNAs, 
385 miRNAs and 96 mRNAs. Furthermore, we predicted 
that miR‑193b‑3p exerts a significant effect on 14‑3‑3ζ, 
and was significantly associated with the Hippo signaling 
pathway in HNSCC. On the whole, these findings suggest 
that circRNA_036186 likely regulates 14‑3‑3ζ expression by 
functioning as a ceRNA in the development and progression 
of HNSCC.

Introduction

Head and neck squamous cell carcinoma (HNSCC) is the 
sixth most common type of cancer worldwide, with ~600,000 
new cases diagnosed each year. Treatment protocols include 
surgery, chemotherapy and radiation, all of which may result 
in major physical and psychological effects on the patient (1). 
Despite continuing research and advances in treatment, the 
clinical outcomes and overall survival rates of patients with 
HNSCC have not improved significantly over the past several 
decades, with an overall 5-year survival rate of 60% (2,3). A 
high rate of metastasis is a characteristic of HNSCC, which 
highlights the urgent need for the identification of novel 
biomarkers to more accurately predict recurrence and metas-
tasis in patients with HNSCC.

MicroRNAs (miRNAs or miRs) are endogenous short 
non-coding RNAs (ncRNAs) that bind to the complementary 
seed sequence on the 3'-untranslated region (UTR) of specific 
target protein-coding genes, known as miRNA response 
elements (MREs), thereby resulting in the inhibition of 
target gene expression (4). Increasing evidence suggests that 
miRNA dysregulation is associated with the tumorigenesis 
and progression of various cancer types  (5-8). It has been 
demonstrated that certain protein-coding genes and their 
pseudogene sequences contain the same conserved MREs in 
their 3'UTRs, and their respective expression levels may be 
regulated through competing for the same miRNAs through 
these MREs  (9). A hypothesis regarding these RNA tran-
scripts, termed competing endogenous RNAs (ceRNAs), has 
been proposed (10). According to this hypothesis, MREs can 
be seen as an ‘RNA language’ through which transcripts can 
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communicate with each other to regulate their respective 
expression levels. Any RNA transcript with MREs may func-
tion as a ceRNA and compete with other RNA transcripts with 
similar MREs for the same miRNAs.

Circular RNAs (circRNAs) are widespread and diverse 
endogenous ncRNAs with covalently closed circular struc-
tures (11,12). There are three main types of circRNAs based 
on their biogenesis patterns, including exonic circRNAs (13), 
intronic circRNAs (14,15) and exon-intron circRNAs (15-17), 
which are transcribed from pre-mRNA sequences by RNA 
polymerase (Pol) II (18). circRNAs are predominantly gener-
ated by reverse splicing between the specific and conservative 
sequences in upstream and downstream regions, respectively, 
a process known as back-splicing (19,20). Of the three types, 
exonic circRNAs account for the largest proportion, and 
are abundant in the cytoplasm (21-23). There are multiple 
conserved MREs on circRNAs, known as miRNA sponges, 
that sequester miRNAs from binding to targets on mRNAs, 
thereby enhancing the expression of certain genes (24,25). 
However, studies have demonstrated that only a few 
circRNAs have multiple MREs for specific miRNAs, most 
of which contain only one or two MREs (26,27). Intronic 
circRNAs are mainly present in the nucleus and have almost 
no enrichment in MREs. They largely accumulate around the 
transcription initiation sites of their parental genes through 
interaction with elongation RNA Pol II machinery, serving a 
cis-regulatory role on their parental coding genes (14). Exon-
intron circRNAs are abundant in the nucleus, and interact 
with small nuclear ribonucleoprotein (U1 snRNP) and Pol II 
at the promoter regions of genes to promote the transcription 
of their parental genes (16). At present, studies on circRNAs 
are mainly focused on exonic circRNAs. Their interactions 
with disease-related miRNAs indicate that circular RNAs 
are important factors in disease regulation  (25,28). For 
instance, the circRNA ciRS-7 contains multiple and conser-
vative miRNA-7 binding sites, thus acting as an efficient 
miRNA sponge to adsorb miRNA-7, and thus inhibiting its 
function (29).

Increasing evidence has demonstrated that ciRS-7 plays a 
crucial role in the tumorigenesis and progression of cancers 
through its effect on the level of miRNA-7, thus mediating 
gene expression via ceRNA mechanisms  (30). Given the 
widespread involvement of miR‑7 in various cancer-related 
pathways and its potential regulatory functions in Parkinson's 
and Alzheimer's disease, ciRS-7 may play a key role in other 
neurological disorders and tumorigenesis  (24). Exploring 
the mechanisms underlying the interactions between these 
ceRNAs may add a new dimension to our understanding of 
the mechanisms of cancer, and may potentially provide a novel 
approach to cancer treatment.

The molecular mechanisms of circRNAs in the carcinogen-
esis and progression of HNSCC are largely uncharacterized 
thus far. Herein, we hypothesized that differentially expressed 
circRNAs could participate in the tumorigenesis and metastasis 
of HNSCC. To explore the roles of circRNAs, we examined 
the different expression patterns of circRNAs and mRNAs 
in HNSCC using microarray analyses. Subsequently, based 
on our microarray data and the circRNA-miRNA-mRNA 
interactions predicted with Arraystar's miRNA target predic-
tion software based on TargetScan (31) and miRanda (32), 

a network was constructed using Cytoscape  (33,34). 
OncomiR (35) and UALCAN (36) are online resources from 
The Cancer Genome Atlas (TCGA) specifically for miRNA 
and protein-coding gene analysis across many cancer types, 
respectively. DIANA-miRPath v3.0 (37) is an efficient tool to 
analyze the combinatorial effect of miRNAs on target path-
ways by P-value. According to the results obtained using these 
three tools, we predicted that circRNA_036186 may promote 
the expression of tyrosine 3-monooxygenase/tryptophan 
5-monooxygenase activation protein, ζ polypeptide (14‑3‑3ζ) 
by functioning as a sponge for the inhibitory miR‑193b‑3p. 
Our data indicate that circRNA_036186 may be suitable as a 
novel diagnostic marker and therapeutic target in HNSCC, as 
well as providing a basis for further studies regarding the role 
of circRNAs in HNSCC.

Materials and methods

Patients and samples. This study was approved and super-
vised by The Ethics Committee of China Medical University 
(Shenyang, China). Five pairs of HNSCC and para-carcinoma 
tissues were collected from patients that had not received 
pre-operative chemotherapy or radiotherapy who underwent 
resective surgery at the Head and Neck Tumor Center (School 
of Stomatology, China Medical University). Written informed 
consent was obtained from all patients. All samples were 
obtained during surgery and immediately stored in liquid 
nitrogen. The diagnosis of HNSCC was confirmed by a patho-
logical examination (Table I).

RNA extraction. Total RNA was extracted from the HNSCC 
and para-carcinoma tissue samples using TRIzol reagent 
(Invitrogen/Thermo Fisher Scientific, Inc., Waltham, 
MA, USA), according to the manufacturer's instructions. 
Subsequently, the RNA quantity and quality was measured 
using an ND-1000 system (NanoDrop; Thermo Fisher 
Scientific, Inc., Wilmington, DE, USA). RNA integrity was 
assessed via standard denaturing agarose gel electrophoresis 
methods.

Microarray assay. Five pairs of carcinoma and para‑carcinoma 
tissues were used for a microarray assay, with the intention of 
identifying differentially expressed circRNAs and mRNAs 
by comparing the HNSCC samples with the adjacent control 
samples. Sample preparation and microarray hybridization 
were performed based on Arraystar's standard protocols. 
Briefly, total RNAs were digested with RNase R (Epicentre; 
Illumina, Inc., San Diego, CA, USA) to remove linear RNAs 
and enrich for circRNAs. Subsequently, the enriched circRNAs 
were amplified and transcribed into fluorescent cRNA, 
utilizing a random priming method (Arraystar Super RNA 
Labeling kit; Arraystar Inc., Rockville, MD, USA). The labeled 
cRNAs were hybridized onto the Arraystar Human circRNA 
Array V2 (8x15K; Arraystar Inc.). After washing the slides, 
the arrays were scanned using an Agilent G2505C scanner 
(Agilent Technologies, Inc., Santa Clara, CA, USA). Agilent 
Feature Extraction software (version 11.0.1.1) was used to 
analyze the acquired array images. The raw data were quantile 
normalized, and subsequent data processing was performed 
using the limma package in R. Significantly differentially 
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expressed circRNAs and mRNAs between the two groups 
were identified through volcano plot filtering with the thresh-
olds of P<0.05 and the Benjamini-Hochberg false discovery 
rate (FDR) of <0.5. Differentially expressed circRNAs and 
mRNAs between the HNSCC and adjacent control groups 
were identified through fold change filtering (circRNAs, |log 
fold change| >1.5; mRNAs, |log fold change| >2). Hierarchical 
clustering was performed to show the characteristics of the 
expression profiles based on the values of all expressed tran-
scripts, and differentially expressed transcripts.

Gene Ontology (GO) and pathway analyses. The GO project 
provides a controlled vocabulary to describe gene and gene 
product attributes in any organism (http://www.geneontology.
org/). The GO categories cover three different domains: 
Biological process (BP), cellular component (CC) and molec-
ular function (MF). The P-value denotes the significance of 
GO terms enrichment in the differentially expressed genes. 
The Kyoto Encyclopedia of Genes and Genomes (KEGG) 
pathway analysis was used for harvesting pathway clusters 
covering the molecular interaction and reaction networks in 
differential gene expression profile. The P-value denotes the 
significance of the pathway association with the specified 
genes.

Competing endogenous RNA network analysis. The potential 
miRNA response elements were searched on the sequences of 
circRNAs and mRNAs, besides a measure with the number 
of common miRNAs, a hypergeometric test was executed for 
each ceRNA pair separately (38).

The overlap of the same miRNA seed sequence binding 
site both on the circRNA and mRNA was predicted with the 
following parameters: miRNA coverage ≥0.1; context +< 
-4.999999977648258e-2; species = human; common Num ≥1; 
ceRNA type = protein coding; structure >140; P<0.05; 
context <-4.999999977648258e-2; energy  <-10. miRNA 
coverage describes the threshold value for both SeqMiRNA 
coverage and CeMiRNA coverage. Context+ is the threshold 
value of the sum of the context+ scores used in TargetScan 
from version 6.0. Common Num is the threshold value of the 
number of common miRNAs between the ceRNA gene and 
the gene of interest. Structure is the threshold value of the 
sum of the structure scores used in miRanda. P-value is the 
threshold for the P-values calculated using hypergeometric 

tests. Context is the threshold value of the sum of the context 
scores used in TargetScan before version 5.x. Energy is the 
threshold value of the sum of the free energy predicted by 
miRanda.

Exploring miRNA dysregulation in tumor development 
and progression. miRNA dysregulation in tumor devel-
opment and progression was predicted using OncomiR 
(www.oncomir.org  (35) based on TCGA across 30  cancer 
types. Significance in tumor development was determined 
through a paired Student's t-test between normal and tumor 
tissues; and for survival, an unpaired Student's t-test and 
univariate Cox proportional hazards analysis between living 
and deceased patients.

Prediction of potentially functional circRNA-miRNA-mRNA 
axes. The miRNA pathway investigation was carried out 
based on DIANA-miRPath v3.0 (http://www.microrna.gr/
miRPathv3)  (37). Firstly, we searched miRNA candidates 
in DIANA-miRPath v3.0-DIANA-TarBase  v7.0  (39) and 
microT‑CDS v5.0 (40,41) to predict the potential target genes 
and pathways with thresholds of P<0.05 and MicroT score >0.8. 
Subsequently, elaborated signaling pathway networks based 
on KEGG database were constructed gathering target genes 
and interacting proteins. Finally, the expression differences 
for target genes in malignant tumors were analyzed using 
UALCAN (http://ualcan.path.uab.edu) (36).

Reverse transcription-quantitative polymerase chain reaction 
(RT-qPCR) validation. The microarray results were confirmed 
by RT-qPCR with the same RNA samples as those used for 
microarray analysis. Following RNA isolation, SuperScript™ III 
Reverse Transcriptase (Invitrogen/Thermo Fisher Scientific, 
Inc., Waltham, MA, USA) was used to synthesize the cDNA 
according to the manufacturer's instructions. Subsequently, 
qPCR was performed using a ViiA 7 Real-time PCR System 
(Applied Biosystems/Thermo Fisher Scientific, Inc., Foster 
City, CA, USA) with a total reaction volume of 10 µl, including 
0.5 µl PCR forward primer (10 µM), 0.5 µl PCR reverse primer 
(10 µM), 2 µl cDNA, 5 µl 2X Master Mix and 2 µl double 
distilled water. The thermocycling conditions were as follows: 
95˚C for 10 min, then 10 sec at 95˚C and 60 sec at 60˚C for a 
total of 40 cycles. β-actin was used as an internal reference. 
The experiments were run using three independent wells per 

Table I. Clinicopathological characteristics of the five patients.

Patient	 Sex	 Age	 Position	 Pathological	 Histological	 TNM
no.				    diagnosis	 grade	 stage

1	 Male	 53	 Abdomen of the tongue and 	 HNSCC	 G2	 T2N0M0
			   bottom of the oral cavity
3	 Male	 33	 Abdomen of the tongue	 HNSCC	 G2	 T2N0M0
6	 Female	 63	 Lateral border of tongue	 HNSCC	 G2	 T2N1M0
8	 Male	 59	 Lateral border of tongue	 HNSCC	 G2	 T2N1M0
9	 Male	 43	 Lateral border of tongue	 HNSCC	 G1-G2	 T2N1M0

HNSCC, head and neck squamous cell carcinoma.
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condition. For quantitative analyses, the relative expression 
levels of circRNAs and mRNAs were calculated using 
the 2-∆∆Cq  (42) method. The primers used were as follows: 
circRNA_036186 forward, 5'-CTGAAGCACCGCCCA 
GCT‑3' and reverse, 5'-GACGAGCCACATTCATTCCAG‑3'; 
14‑3‑3ζ forward, 5'-TGTTGTAGGAGCCCGTAG‑3' and reverse, 
5'-GCAACCTCAGCCAAGTAA‑3'; β-actin (H) forward, 
5'-GTGGCCGAGGACTTTGATTG‑3' and reverse, 5'-CCT 
GTAACAACGCATCTCATATT‑3'.

Statistical analysis. All data are expressed as the means ± SD. 
The statistical significance of the differentially expressed 
genes as determined by RT-qPCR was estimated using the 
Student's t-test. P<0.05 was considered to indicate a statisti-
cally significant difference.

Results

Identification of differentially expressed circRNA and mRNA 
profiles by microarray assay. High-throughput microarray 
analysis was performed to detect circRNA and mRNA 
expression in the HNSCC tissues. In the present study, a total 
of 12,366 circRNAs and 35,252 mRNAs were detected by 
microarray probes in five paired HNSCC and normal tissues. 
As a result, 287 dysregulated circRNAs were detected. Among 
these, 146 and 141 circRNAs were upregulated and downregu-
lated, respectively. Additionally, 1,053 mRNAs were found to 
be differentially regulated, among which 377 mRNAs were 
upregulated, while 676 mRNAs were downregulated. Scatter 
and Volcano Plots, tools for visualizing differential expression 
between two compared groups, were produced; the former was 

Figure 1. Differences in circRNA and mRNA expression profiles between HNSCC tissues and tumor-adjacent tissues. (A) Scatter plot of circRNAs: The values 
on the x- and y‑axes are the averaged normalized signal values of groups of samples (log2-scaled). The green lines are fold change lines. The circRNAs above 
the top line and below the bottom line indicate >1.5‑fold change between the two compared samples. (B) Scatter plot of mRNAs: The fold change cut-off was 
2.0. (C) Volcano plot of circRNAs: The vertical lines correspond to 1.5‑fold up and down, respectively, and the horizontal line represents the P-value cut-off 
of 0.05. The red points in the plot represent the differentially expressed circRNAs with statistical significance. (D) Volcano plot of mRNAs: The red and green 
points represent the differentially expressed mRNAs based on the thresholds of fold change >2.0 and P<0.05. circRNA, circular RNA; HNSCC, head and neck 
squamous cell carcinoma.
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constructed using fold change values (Fig. 1A and B), while 
the latter considered both fold change and statistical signifi-
cance (Fig. 1C and D).

Hierarchical clustering analysis indicated that the circRNA 
and mRNA expression patterns were distinguishable between 
the groups (Fig.  2). The distribution of the dysregulated 

circRNAs on human chromosomes was summarized, and the 
results revealed that these circRNAs were distributed among 
all chromosomes, apart from the Y sex chromosome (Fig. 3B). 
According to the associations with the protein-coding genes, 
the dysregulated circRNAs were classified into five categories: 
214 were exonic, 35 were intronic, 7 were antisense, 3 were 

Figure 2. Heatmap showing the circRNA and mRNA expression profiles. Maps on the left are based on expression values of all circRNAs and mRNAs detected 
by microarray probes. Maps on the right correspond to normalized expression values of significantly changed circRNAs and mRNAs. The expression values 
are depicted in line with the color scale. The intensity increases from green to red. Each column represents one sample, and each row indicates a transcript. 
C, C3, C6, C8 and C9 represent cancer tissues, and N, N3, N6, N8 and N9 represent normal control tissues. (A) Hierarchical cluster analysis of all expressed 
circRNAs and dysregulated circRNAs with fold change >1.5 and P<0.05. (B) Hierarchical cluster analysis of all expressed mRNAs and significantly changed 
mRNAs with fold change >2.0 and P<0.05. circRNA, circular RNA.
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intergenic and 28 were sense overlapping (Fig. 3A). Thus, 
the expression profiles of the circRNAs and mRNAs in the 
HNSCC tissues were determined to differ from those in the 
matched tumor-adjacent tissues.

GO term and KEGG and pathway enrichment analyses. To 
date, the functions of the majority circRNAs have not been 
annotated. The functional prediction of circRNAs is largely 
based on the annotations of their interacting protein-coding 
genes. Therefore, the GO term and KEGG pathway enrichment 

analyses of dysregulated mRNAs can reveal the roles of 
significantly differentially expressed circRNAs, to a certain 
extent. According to the results of a GO term enrichment 
analysis, the principally enriched significant BP terms included 
immune system process, immune response and signaling 
transduction, such as ‘antigen processing and presentation 
of exogenous peptide antigen’ (GO:0002478), ‘lymphocyte 
mediated immunity’ (GO:0002449) and G-protein coupled 
receptor signaling pathway (GO:0007186). The most 
enriched CC terms were mostly regarding membranes, such 

Figure 3. Characterizations of circRNAs in HNSCC. (A) Bar graph showing the types and counts of differentially regulated circRNAs. The circRNAs were 
classified into five types according to the relationship with their associated coding genes. (B) Distribution of differentially expressed circRNAs in human 
chromosomes. circRNA, circular RNA; HNSCC, head and neck squamous cell carcinoma.

Figure 4. GO and pathway analyses. (A) GO annotation of up- and downregulated mRNAs with the top 10 enrichment scores, covering the domains of 
biological process, cellular component and molecular function, respectively. (B) KEGG pathway enrichment analysis of dysregulated mRNAs. GO, Gene 
Ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes.
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as ‘integral component of membrane’ (GO:0016021), ‘plasma 
membrane’ (GO:0005886) and ‘extracellular membrane-
bounded organelle’ (GO:0065010). Furthermore, the most 
enriched MF terms were associated with receptor activity 
and receptor binding, including ‘signaling receptor activity’ 
(GO:0038023), ‘signal transducer activity’ (GO:0004871), 
‘activating transcription factor binding’ (GO:0033613) and 
‘calcium-dependent protein binding’ (GO:0048306). Fig. 4A 
shows the top 10 most significantly enriched GO terms in the 
BP, CC and MF categories for the up- and downregulated 
mRNAs.

Pathway analysis was performed with the KEGG database. 
A total of 31 pathways associated with the upregulated mRNAs, 
and 6 related to the downregulated mRNAs were identified, 
including ‘antigen processing and presentation’ (hsa04612), 
‘natural killer cell mediated cytotoxicity’ (hsa04650) and 
‘calcium signaling pathway’ (hsa04020), among others. 
The most enriched pathways for the up- and downregulated 

protein-coding genes are listed in Fig. 4B. These biological 
processes, molecular functions and pathways likely contribute 
to the occurrence and development of HNSCC.

Construction of circRNA-miRNA-mRNA network. According 
to the ceRNA hypothesis, the members of each ceRNA 
group compete for the same MREs to regulate each other. 
We selected the top five upregulated and downregulated 
circRNAs as ranked by fold change from the microarray data 
(Table II), and then identified the potential ceRNA interactions 
via various bioinformatics methods. A summary of ceRNAs, 
including 5 circRNAs, 385 miRNAs and 5,148 mRNAs, was 
produced by merging the common targeting miRNAs. To 
further investigate the interactions between these ceRNAs 
in HNSCC tissues, we used only the differentially expressed 
mRNAs from the mRNA microarray data, and a specific 
ceRNA network, consisting of five circRNAs, 385 miRNAs 
and 96 mRNAs, for HNSCC was established (Fig. 5).

Figure 5. circRNA-miRNA-mRNA network. In this ceRNA network, each gene corresponds to a node, and 2 interacting genes based on seed sequence 
pairings are connected by a solid line. The ‘V’ shapes represent circRNAs; the diamond shapes represent miRNAs; the ellipses represent mRNAs. The blue 
and gray lines represent circRNA-miRNA and miRNA-mRNA interactions, respectively. circRNA, circular RNA; miRNA, microRNA; ceRNA, competing 
endogenous RNA.
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Exploring miRNAs associated with tumor development and 
patient survival. miRNAs have been shown to play a crucial 
role in the pathogenesis and development of cancer  (5-8). 
OncomiR online software (http://www.oncomir.org/) was 
used to systematically identify the miRNAs associated with 
development, staging and overall survival in 30 cancer types, 
and these data were used to identify the miRNAs associated 
with tumor formation and patient survival in HNSCC. The 
results revealed that there were 376 miRNAs associated with 
tumor development and 172 miRNAs related to tumor prog-
nosis in HNSCC. Among these, 80 overlapping miRNAs were 
found in both the tumor development and prognosis groups, 
suggesting that these miRNAs were likely to be involved in the 
regulation of both HNSCC occurrence and metastasis. Finally, 
we retained the miRNAs associated with both tumor develop-
ment and patient survival from the ceRNA network (Fig. 6A 
and Table III), and thus constructed a network consisting of 
4 circRNAs, 8 miRNAs and 51 mRNAs (Fig. 6B).

Prediction of responsible and functional miRNA-mRNA 
axes. To explore the molecular mechanisms of action of 

circRNAs in HNSCC, we predicted the circRNA-miRNA 
axes associated with cancer-related pathways. DIANA-
miRPath v3.0 allows the analysis of miRNA-associated 
pathways as well as the prediction of miRNA targets using 
DIANA-microT-CDS  v5.0 and/or DIANA-TarBase  v7.0. 
We queried with the 8 miRNAs from our network, 
including miR‑377-5p, -432-5p, -125b-5p, -629‑3p, -532‑3p, 
-181c-5p, -193b‑3p and -135b-5p, in DIANA‑miRPath v3.0-
DIANA-TarBase v7.0 and microT-CDS v5.0 to predict the 
potential target genes and pathways, with thresholds of 
P<0.05 and MicroT score  >0.8. The overlapping results 
from DIANA-TarBase v7.0 and DIANA-microT-CDS v5.0, 
and the aforementioned analyses on ceRNAs revealed that 
miR‑193b‑3p was matched with 14‑3‑3ζ according to the 
results of all three methods, indicating that miR‑193b‑3p 
had a significant potential to interact with 14‑3‑3ζ (Fig. 7A). 
Therefore, 14‑3‑3ζ and miR‑193b‑3p were analyzed, and 
the results from pathway intersection analysis indicated 
that miR‑193b‑3p was likely to participate in the Hippo 
signaling pathway (hsa04390) (P=5.442667e-06) by binding 
to 14‑3‑3ζ in HNSCC (Fig. 7B).

Table II. Top 5 up- and downregulated circRNAs ranked by fold change >3.0, P<0.01 and FDR <0.05 in the microarray data.

circRNA	 Regulation	 Absolute	 P-value	 FDR	 Source	 Alias	 Chrom	 circRNA
		  fold change						      type

hsa_circRNA_014280	 Up	 4.005569	 4.01E-05	 0.017333277	 circBase	 hsa_circ_0014280	 chr1	 Exonic
hsa_circRNA_402089	 Up	 3.2867219	 4.64E-05	 0.018507674	 25242744	 _	 chr19	 Exonic
hsa_circRNA_036186	 Up	 3.2503065	 7.05E-05	 0.022943867	 circBase	 hsa_circ_0036186	 chr15	 Exonic
hsa_circRNA_404474	 Up	 3.1449976	 8.22E-05	 0.024789243	 25070500	 _	 chr1	 Exonic
hsa_circRNA_102485	 Down	 4.3172347	 1.71E-05	 0.009591013	 circBase	 hsa_circ_0050102	 chr19	 Exonic

‘Regulation’ describes that the experimental group has greater or lower intensity values than the control group. ‘Absolute fold change’ indicates 
the absolute ratio (no log scale) of normalized intensities between two conditions. ‘P-value’ indicates the P-value calculated from the paired 
t-test. ‘FDR’ indicates that FDR was calculated from the Benjamini-Hochberg false discovery rate. ‘Alias’ indicates the circRNA ID in circBase 
(http://circbase.mdc-berlin.de). ‘circRNA type’ indicates the circRNAs classified into 5 types (namely exonic, intronic, antisense, intergenic 
and sense overlapping. circRNA, circular RNA.

Table III. miRNAs associated with both tumor development and overall survival in the ceRNA network. 

	 Tumor development	 Tumor progression
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ 
miRNA	 Cancer	 t-test P-value	 t-test FDR	 Upregulated in:	 Log-rank P-value	 Log-rank FDR	 Z-score

hsa-miR-432-5p	 HNSCC	 0.00177a	 0.00458	 Normal	 0.000457a	 0.143	 3.496
hsa-miR-181c-5p	 HNSCC	 0.00723a	 0.0166	 Normal	 0.00159a	 0.106	 3.18
hsa-miR-377-5p	 HNSCC	 0.000000119a	 0.000000861	 Normal	 0.00334a	 0.154	 3.017
hsa-miR-125b-5p	 HNSCC	 7.03E-11a	 1.23E-09	 Normal	 0.00775a	 0.416	 2.672
hsa-miR-193b-3p	 HNSCC	 3.41E-13a	 1.47E-11	 Tumor	 0.0285a	 0.686	 2.163
hsa-miR-532-3p	 HNSCC	 0.000438a	 0.00127	 Tumor	 0.0314a	 0.174	 2.156
hsa-miR-629-3p	 HNSCC	 2.38E-10a	 3.32E-09	 Tumor	 0.0389a	 0.183	 2.059

The Student's paired t-test was used to compare expression between tumor and normal tissues. Log-rank P-values and Z-scores obtained from 
univariate Cox proportional hazards analysis were used to show the relative effect of miRNA expression levels in regards to patient survival 
time. aP≤0.05.
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Figure 6. miRNAs associated with tumor development and patient survival. (A) Venn diagram indicating that the predicted miRNAs derived from the results 
of OncomiR and ceRNA analyses. miR‑377-5p, miR‑432-5p, miR‑125b-5p, miR‑629‑3p, miR‑532‑3p, miR‑181c-5p, miR‑193b‑3p and miR‑135b-5p were 
intersecting. (B) The circRNA-miRNA-mRNA network consists of 4 circRNAs, 8 microRNAs and 51 mRNAs. circRNA, circular RNA; miRNA, microRNA; 
ceRNA, competing endogenous RNA.
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Figure 7. miRNA target prediction and miRNA-mediated signaling pathways. (A) Venn diagrams showing the target genes of miRNAs predicted by DIANA-
microT-CDS v5.0, DIANA-TarBase v7.0 and miRNA target prediction software based on TargetScan and miRanda. The results indicated that NM_003406 
(red) was targeted by miR‑193b‑3p is intersected. (B) Mapping of the Hippo signaling pathway indicated that 14‑3‑3ζ (red) mediated by miR‑193b‑3p serves 
as a crucial factor significantly engaged in the function of cell-contact inhibition and organ size control by combining with yes-associated protein 1/WW 
domain-containing transcription regulator protein 1 (YAP/TAZ). miRNA, microRNA.
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Prediction of the potential function of circRNA_036186 
regarding 14‑3‑3ζ expression. According to GO, 14‑3‑3ζ may 
act through ‘protein targeting’ (GO:0006605), ‘anti-apoptosis’ 
(GO:0006916) and ‘signal transduction’ (GO:0007165). All 
these GO biological processes are associated with the occur-
rence and development of cancer. We analyzed the expression 
differences for miR‑193b‑3p and 14‑3‑3ζ in malignant tumors 
using OncomiR and UALCAN, respectively. The results 

revealed that the expression levels of miR‑193b‑3p and 14‑3‑3ζ 
were both upregulated (P<0.01) in the six malignant tumor 
samples compared with in the adjacent tissues (Fig. 8A and B). 
However, evidence has indicated that the mRNA expression 
level is negatively associated with its corresponding miRNA (4), 
and we hypothesized that this effect may be attributed to the 
participation of circRNA expression. As a miRNA sponge, 
circRNAs can counteract, and even reverse, the functional 

Figure 8. Expression changes of RNA transcripts and circRNA-miRNA interaction. (A) Bar graph showing the log2 transform of the mean miR‑193b‑3p 
expression in both tumor (red) and non-tumor tissues (blue). **P<0.01. (B) Boxplot showing relative expression of 14‑3‑3ζ in normal and cancer samples. 
**P<0.01. (C) The interaction of circRNA_036186-miR‑193b‑3p predicted based on data from TargetScan and miRanda. BRCA, breast invasive carcinoma; 
HNSCC, head and neck squamous cell carcinoma; LUAD, lung adenocarcinoma; LUSC, lung squamouscell carcinoma; UCEC, uterine corpus endometrial 
carcinoma.
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differences caused by an alteration in miRNA expression. In 
this study, according to the results of ceRNA analysis, there 
was an evolutionarily conserved regulatory region (7mer-m8) 
in circRNA_036186 for binding to miR‑193b‑3p (Fig. 8C), and 
the expression of circRNA_036186 was significantly higher in 
the HNSCC tumor tissues compared with the para-carcinoma 
tissues in the microarray data. Therefore, we proposed that 
the circRNA_036186-miR‑193b‑3p-14‑3‑3ζ axis was likely 
crucial in the occurrence and prognosis of a variety of cancer 
types, including HNSCC. Furthermore, our results from 
microarray analysis revealed that the level of 14‑3‑3ζ was 
upregulated in HNSCC, compared with the control, which 
was consistent with the data from TCGA (36). This indicated 
that circRNA_036186 probably serves as a crucial and positive 
regulator of 14‑3‑3ζ and is significantly engaged in the Hippo 
signaling pathway in HNSCC.

Validation of the dif ferential expression levels of 
circRNA_036186 and 14‑3‑3ζ. The results of microarray 
analysis of circRNA_036186 and 14‑3‑3ζ were verified by 
RT-qPCR with the same RNA samples used for the micro-
array analysis. The results of RT-qPCR assay revealed that 
the expression levels of circRNA_036186 and 14‑3‑3ζ were 
each upregulated in HNSCC compared with the controls. 
The results are consistent with those of the microarray assay 
(Table Ⅳ); therefore, the RT-qPCR data verified the accuracy 
of the microarray results. These results provide evidence for 
our hypothesis that circRNA_036186 participates in the patho-
genesis and development of HNSCC.

Discussion

As a group of functional molecules with abundant biological 
information, RNAs have particular value in the prevention 
and treatment of human diseases. In eukaryotic cells, protein 
coding RNA accounts for only 2% of the genome, and the vast 
majority of transcripts are ncRNAs (43). In recent years, the 
biogenesis and functions of ncRNAs have attracted increasing 
attention (44). The malignant behaviors of cancer cells are 
usually regulated by multiple gene products, and, theoretically, 
these genes can be grouped into ‘networks’ based on their 
interactions (10,33,45,46). These interactions may provide new 
insight into the potential mechanisms of neoplasia and lay the 
groundwork for a new approach to cancer treatment.

miRNAs are the most well-studied ncRNAs, and are a 
class of small ncRNAs ~22 nucleotides (nt) in length that, by 

binding to MREs, can block protein translation or modulate 
mRNA stability on a post-transcriptional level  (4,47,48). 
Unlike miRNAs, the functions and regulatory mechanisms of 
circRNAs remain largely unknown. Fortunately, the applica-
tion of circRNA microarray techniques has allowed for the 
identification of differentially expressed circRNAs and the 
exploration of their functions (49). An increasing number of 
circRNAs have been found to be cell type- or tissue-specific, 
rendering them more predictive of the potential biological 
functions (50,51). Evidence has indicated that the functions of 
circRNAs stem from three main aspects: Absorbing miRNA 
sponge  (24,29,30,52), binding RNA-binding proteins 
(RBPs)  (16) and translating peptides  (53,54). To date, the 
miRNA sponge theory remains the most popular hypothesis.

HNSCC is an aggressive tumor that often occurs with recur-
rence and metastasis, and the survival rate has changed little in 
recent decades. Over the past few years, an increasing number of 
experimental and clinical studies have suggested that ncRNAs 
play an important role in HNSCC pathophysiology (55 and 
refs. therein). For instance, miR‑150-5p and miR‑150‑3p, 
antitumor miRNAs, have been shown to significantly inhibit 
cell aggressiveness by directly targeting SPARC (osteonectin), 
cwcv and kazal like domains proteoglycan 1 (SPOCK1) in 
HNSCC (56). miR‑206 inhibited cell proliferation by arresting 
the cell cycle in S-phase and targeting histone deacetylase 6 
(HDAC6) via the phosphatase and tensin homolog (PTEN)/
AKT/mammalian target of rapamycin (mTOR) pathway (57). 
Additionally, by evaluating the associations between miRNA 
polymorphisms and HNSCC risk according to the cancer 
site, miR‑605 rs2043556 and miR‑196a2 rs11614913 have 
been shown as likely to affect genetic susceptibility to oral 
squamous cell carcinoma (58). Evidence has suggested that 
circRNA_100290 may serve as a sponge of the miR‑29 family 
to regulate cyclin-dependent kinase 6 (CDK6) expression in 
oral squamous cell carcinoma (59).

In the present study, microarray screening and RT-qPCR 
verification were used to identify circRNA and mRNA 
expression profiles, and ceRNA analysis was performed to 
evaluate the circRNA-miRNA-mRNA interactions. The 
results of microarray analysis and RT-qPCR revealed that 
circRNA_036186 and 14‑3‑3ζ were highly expressed in 
HNSCC compared with the controls. Using bioinformatics 
analysis, we found that circRNA_036186 and 14‑3‑3ζ had 
the same seed sequence binding site to for interaction with 
miR‑193b‑3p. It has been previously reported that miR‑193b‑3p 
and 14‑3‑3ζ are closely related to the occurrence and prognosis 

Table IV. Microarray and RT-qPCR analyses of selected circRNAs and mRNAs.

	 hsa_circRNA_036186	 14‑3‑3ζ
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ 
Detection method	 Absolute fold change	 Regulation	 P-value	 Absolute fold change	 Regulation	 P-value

Microarray	 3.250307	 Up	 0.000071a	 2.318862	 Up	 0.021603a

RT-qPCR	 2.836309	 Up	 0.001582a	 1.7610711	 Up	 0.011234a

The expression levels of circRNA_036186 and 14‑3‑3ζ were determined by RT-qPCR. Each RT-qPCR assay was performed at least three 
times. The RT-qPCR and microarray data were in accord. aP<0.05. circRNA, circular RNA.
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of cancer (60-64). Existing evidence for miR‑193b‑3p has been 
largely focused on the negative regulation of the expression of 
oncogenes in cancer development (65-67), and the effect on 
carcinogenesis and prognosis is the most well-characterized 
aspect of 14‑3‑3ζ (68-70). Furthermore, 14‑3‑3ζ mRNA and 
protein expression have been reported to be upregulated in 
HNSCC tissue samples, and the overexpression of 14‑3‑3ζ 
promotes cell growth, as well as morphological changes. By 
contrast, reduced 14‑3‑3ζ levels increase the relative propor-
tion of cells in the G1/G0-phase (71).

The results from DIANA-miRPath v3.0 revealed that 
miR‑193b‑3p significantly engaged in the Hippo signaling 
pathway via 14‑3‑3ζ with the function of cell contact inhibi-
tion and organ size control by combining with yes-associated 
protein 1 (YAP)/WW domain-containing transcription regulator 
protein 1 (TAZ). A growing body of evidence has suggested that 
the Hippo pathway may act as a critical role in organ size control 
by promoting cell growth, cell proliferation and preventing apop-
tosis (72-75). A recent study reported that the interaction between 
14‑3‑3ζ and YAP, as a negative regulatory feedback loop, may 
play an important role in cell proliferation and survival in gastric 
cancer (76). Moreover, using TCGA data, we identified a group 
of miRNAs that were relevant to both cancer development and 
patient survival in HNSCC. The result revealed that the expres-
sion of miR‑193b‑3p in HNSCC tissues was significantly higher 
than that in the adjacent tissues. However, to date, at least to the 
best of our knowledge, there have been no reports on the functions 
and mechanisms of the circRNA_036186-miR‑193b‑3p-14‑3‑3ζ 
pathway in patients with HNSCC. Considering the data from 
previous studies in addition to the results of the current study, 
the emerging endogenous circRNA molecule circRNA_036186 
probably serves as a crucial regulator of 14‑3‑3ζ by acting as 
a miRNA sponge to inhibit miR‑193b‑3p function, and hence 
participates in the Hippo signaling pathway to exert an effect on 
the course of HNSCC.

In this study, due to the limited number of available tissues 
samples, we only analyzed circRNA and mRNA expres-
sion profiles in five paired HNSCC tissues and their normal 
controls. More samples should be obtained and analyzed in 
the future to verify our results. Additionally, our results were 
mainly based on bioinformatics predictions; whether they can 
be extended to wider applications remains undefined. The main 
limitation of the present study was that at present, there is no 
convincing functional study to verify that circRNA_036186 
inhibited miR‑193b‑3p to result in regulation of the Hippo 
signaling pathway; further functional studies to verify the 
roles of circRNA_036186 are required.

In conclusion, the findings of this study revealed the 
circRNA and mRNA expression characteristics in HNSCC 
and highlighted the possibility that circRNA-036186 may 
serve as a diagnostic and therapeutic biomarker in HNSCC.
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