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Abstract: Circular RNAs (circRNAs) are known to be associated with carcinogenesis, and can serve as potential bio-
markers for cancer diagnosis and therapeutic implications. However, little is known about their expression patterns 
in oral mucosal melanoma (OMM), an extremely rare cancer that is distinct from cutaneous melanoma for its clinical 
course and prognosis. To investigate circRNAs expression profile in OMM, we performed a circRNAs microarray to an-
alyze 6 primary OMM samples with lymph nodes dissemination, and constructed a genome-wide circRNA profile. Our 
results revealed that 90 circRNAs were significantly dysregulated in the metastatic OMM tissues when compared to 
the paired adjacent tissues. Among them, hsa_circ_0005320, hsa_circ_0067531, hsa_circ_0008042 were signifi-
cantly upregulated in primary tumor and metastatic lymph nodes compared to paired adjacent normal tissues and 
non-metastatic lymph nodes, whereas the expression of hsa_circ_0000869 and hsa_circ_0000853 were down-
regulated relatively. Gene Ontology (GO) and pathway analyses of differentially expressed circRNAs indicated that 
these identified circRNAs might play important roles in protein modification, protein binding and cellular metabolism 
in metastatic OMM. Functions of several selected circRNA were also identified. In addition, by using bioinformatics 
predictions, we further demonstrated that hsa_circ_0005320, hsa_circ_0067531 and hsa_circ_0000869 could 
serve as competing endogenous RNA (ceRNA), which might regulate tumorigenesis and metastatic of OMM by 
binding to specific microRNAs. Our results not only suggested that circRNAs might play critical roles in metastasis of 
OMM, but also provided critical information of circRNAs in regulating OMM progression. The findings would help us 
to develop potential biomarkers for clinical diagnosis and design therapeutic strategies for OMM.
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Introduction

Oral mucosal melanoma (OMM) is an extremely 
rare and aggressive tumor arising from the 
mucosal epithelium of the oral cavity [1]. Be- 
cause of its low incidence, there have been few 
epidemiologic and natural history studies on 
OMM [2]. However, OMM has relatively higher 
incidence in Asian that accounts for 7.5% of all 
melanomas, compared to less than 1% in 
Caucasians [3]. Previous studies have demon-
strated that OMM is distinctive from cutaneous 
melanoma with regard to its clinical course and 
prognosis [4]. Most oral melanomas arise de 
novo from normal mucosa [5]. The definite pre-
cursor lesion has not yet been identified. The 
prognosis of OMM is poor. The biological behav-
ior of OMM appears to be somehow different 

from that of cutaneous melanoma [6]. 5-year 
survival rate of OMM is only 14%, compared 
with 90% for cutaneous melanoma [7]. More- 
over, mucosal melanomas arising from the oral 
cavity had a higher incidence of regional nodal 
dissemination and distant lung metastasis 
compared to cutaneous melanoma and muco-
sal melanomas arising from other sites (31.7% 
versus 19.8%, 32.5% versus 18.5%, respective-
ly) [8]. Therefore, a better understanding of the 
molecular changes in OMM during tumorigene-
sis and metastasis would help to develop a bet-
ter theraputic strategy for OMM.

CircRNAs are single-stranded, covalently closed 
circular molecules widely expressed across 
eukaryotic organisms [9], and highly stable 
compared to their linear types due to the resis-
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tant to exonuclease [10], which makes them 
valuable as potential biological markers in the 
clinic. With recent improvements in the new 
generation of high-throughput sequencing and 
biological technologies, these molecules are 
shown to act as miRNA molecule sponges, 
which interact with RNA binding proteins and 
participate in gene transcriptional regulation 
[11]. For instance, circRNAs could negatively 
regulate the activity of miRNAs as miRNA 
sponges through competing endogenous RNA 
(ceRNA) networks, which compete for the 
miRNA response elements (MREs) to suppress 
gene expression [12]. Moreover, ceRNAs are 
implicated in the tumorigenesis of cancers 
when the balance of ceRNA intricate network is 
disturbed [13]. Previous research showed that 
circRNAs were differentially expressed in cuta-
neous melanoma cell line (WM35 and WM451) 
[14]. However, the role of circRNAs in OMM is 
unknown. 

In this paper, we generated a differential 
expression profile of circRNAs by analysis 
OMMs with lymph nodes dissemination through 
circRNA microarray. Based on the profile, we 
further investigated the ceRNA networks and 
the potential targeting relationships of cir-
cRNAs in metastatic OMM.

Materials and methods 

Patients and specimens

A total of 30 patients who were diagnosed with 
OMM and subjected to primary surgical treat-
ment in the Department of Oral and Maxillo- 
facial-Head and Neck Oncology at Shanghai 
Ninth People’s Hospital from July 2016 to July 
2017 were selected for the current study. 
Patients with previous histories of chemo- or 
radiotherapy, or with synchronous cutaneous 
melanoma were excluded. Fresh frozen paired 
tissue samples were collected from primary 
tumor, adjacent normal tissue and lymph nodes 
of each patient during the surgery. The samples 
were evaluated by two experienced patholo-
gists independently. All the cases were diag-
nosed as OMM with synchronous cervical 
lymph nodes dissemination. The diagnosis of 
the primary tumor and metastatic lymph nodes 
were confirmed by immunohistochemistry. Writ- 
ten informed consents were obtained from all 
participants. The study was carried out under 
the ethical protocol approved by the Shanghai 
Ninth People’s Hospital Ethical Committee.

RNA isolation

Total RNA from tumors and normal tissues were 
isolated by Trizol (Life Technologies, USA). 
Purity and quantity of isolated total RNA were 
determined by NanoDrop™ ND-2000 (Thermo 
Fisher Scientific, Scotts Valley, CA, USA). Agilent 
Bioanalyzer 2100 (Agilent Technologies, Santa 
Clara, CA, USA) was used to remove genomic 
DNA (gDNA) contamination and detect total 
RNA integrity.

Microarray analysis 

Tissues from 6 primary OMM with lymph nodes 
dissemination were sent for circRNA microarray 
analysis. Sample preparation and microarray 
hybridization were performed according to the 
Arraystar’s standard protocols. Total RNA from 
twelve samples were amplified and transcribed 
into fluorescent cRNA. The labeled cRNAs were 
hybridized and the arrays were scanned after 
washing the slides. The acquired array images 
were analyzed using the Agilent Feature 
Extraction software (version 11.0.1.1). circRNA 
was considered statistically significantly dys-
regulated when FC ≥ 2 and P < 0.05. The micro-
array was performed by OE Biotechnology 
Company in Shanghai, People’s Republic of 
China.

Experimental validation with RT-PCR

Hsa_circ_0005320, hsa_circ_0067531, hsa_
circ_0008042, hsa_circ_0000869 and hsa_
circ_0000853 were selected for experimental 
validation using quantitative RT-PCR. Total RNAs 
isolated from cancerous (primary tumor and 
metastatic lymph nodes) and normal tissues 
(paired adjacent normal tissues and normal 
lymph nodes) from 30 patients were subjected 
to reverse transcription using iScriptTMcDNA 
synthesis kit (Bio-Rad, CA). Quantitative PCR 
was performed using FastSYBR Green master 
mix with Rox (Life Technologies, USA) on the 
ABI7900HT fast real-time PCR system. The 
primers for circular RNAs were purchased from 
SABiosciences. The primer sequences were 
listed in Table S1. GAPDH was served as the 
control.

Bioinformatics and data analysis

GO analysis was performed to annotate genes 
in domains of cellular components, biological 
processes and molecular functions. The enrich-
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ment score calculated as the negative loga-
rithm of p-value was used to determine the sta-
tistical significance of GO term clusters target-
ed by differentially expressed genes. KEGG 
analysis was used to determine the involve-
ment of target genes in different biological 
pathways. Statistical significance of pathway 
correlations was determined by the enrichment 
score. 

CircRNA-miRNA network analysis

It was reported that circRNAs could act as com-
peting endogenous RNAs (ceRNA) to regulate 
the activities of miRNAs. Therefore, a circRNA-
miRNA co-expression network (ceRNA network) 
was constructed by analyzing the correlations 
between circRNAs and miRNAs. circRNA/
miRNA interactions were predicted by software 
miRanda. The prediction of miRNA binding sites 
was based on p-value of the hypergeometric 
distribution. Top 300 circRNA-miRNA interac-
tions were selected to construct a network map 
by software Cytoscape.

Statistical analysis

Student’s t-test was used to compare microar-
ray and RT-PCR assay. In microarray analysis, 
FC ≥ 1.5 and P < 0.05 were considered statisti-
cally significant. Relative quantification of cir-
cRNA expression was evaluated using compar-
ative CT method, and P-values less than 0.05 
were considered significant. Data were repre-
sented as mean ± standard deviation (SD) from 
more than three independent experiments.

Results

Overview of circRNA expressions in the pri-
mary tumor of OMM by microarray

A microarray platform with 18,299 circRNA tar-
gets was applied to measure circRNA expres-
sion levels in six primary OMM with lymph 

nodes dissemination. Clinical characteristics of 
selected cases were listed in Table S2. The dis-
tributions of normalized circRNA intensities of 
the tested samples in all the datasets were vir-
tually identical, displayed in the box plot (Figure 
1A). The differences in circRNA expression lev-
els between primary tumor tissue and paired 
adjacent normal tissue were visualized by a 
scatter plot. The red and green points repre-
sented the upregulated and downregulated cir-
cRNAs (FC ≥ 1.5), respectively (Figure 1B). 
Volcano plot was depicted for filtering on signifi-
cantly differentially expressed circRNAs (FC ≥ 
1.5 and P < 0.05) between the two groups of 
samples (Figure 1C). As a result, 90 dysregu-
lated circRNAs in metastatic samples that fit-
ted the criteria, FC ≥ 1.5 and P < 0.05, were 
identified, among which 58 were upregulated 
and 32 were downregulated. Top 10 differen-
tially expressed circRNAs were listed in Table 1. 
Moreover, hierarchical clustering analysis dem-
onstrated distinct circRNA expressions betw- 
een the metastatic primary tumor and adjacent 
tissues (Figure 1D). Among all the differentially 
expressed circRNAs that were identified, 226 
were antisense, 881 were exonic, 213 were 
intronic, 835 were intergenic and 16,144 were 
sense-overlapping circRNAs (Figure 1E). 

Validation of selected identified dysregulated 
circRNAs by qRT-PCR

To further validate the microarray data, we 
selected five circRNAs from the top 10 dysregu-
lated circRNAs in primary tumor and metastatic 
lymph nodes. The expression levels of the five 
circRNAs were compared between cancerous 
(primary tumor and metastatic nodes) and nor-
mal tissues (paired adjacent normal tissues 
and non-metastatic nodes) from 30 patients by 
RT-PCR. The results revealed that the expres-
sions of hsa_circ_0005320, hsa_circ_0067- 
531 and hsa_circ_0008042 were significantly 
upregulated in cancerous tissue compared to 

Figure 1. A. The box plot of the distributions of circRNAs profiles. The distributions of log2 ratios among twelve 
samples are nearly the same after normalization. A: metastatic primary tumor; B: paired adjacent tissue. B. The 
scatter plot of circRNAs expressions in primary and paired adjacent tissue. X and Y axes represent the averages 
of normalized signal values in different groups (log2 scaled). The green lines are the fold changes. The circRNAs 
above the top green line and below the bottom green line are those with more than 1.5-fold change between two 
groups. C. Volcano plot of the differentially expressed circRNAs. The vertical lines correspond to 1.5-fold change up 
and down, respectively, and the horizontal line represents P = 0.05. The red point in the plot represents the differ-
entially expressed circRNAs with statistical significance. D. Heat map and hierarchical clustering of different circRNA 
expression profiles in primary and paired adjacent tissue. A: metastatic primary tumor; B: paired adjacent tissue. E. 
Classification of dysregulated circRNAs between primary and paired adjacent tissue.
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paired normal tissues, whereas the expres-
sions of hsa_circ_0000869 and hsa_circ_ 
0000853 were significantly downregulated 
(Figure 2). Our qRT-PCR data verified the results 
of microarray. circRNAs expressions were not 
only dysregulated in lymph nodes but also in 
the primary tumor. The findings provided valid 
evidence that these circRNAs might be associ-
ated with the metastasis process of OMM.

Distributions of differentially expressed cir-
cRNAs in the primary OMM

We categorized the identified circRNAs based 
on the chromosomes they were transcribed 
from, and found that these circRNAs were dis-
tributed equally among all chromosomes, 
including sex chromosomes. The top five chro-
mosomes that transcribe dysregulated cir-
cRNAs in the metastatic tissues were chromo-
some1 (chr1, 1,783 transcripts, 9.7%), chr2 
(1,674 transcripts, 9.1%), chr3 (1,254 tran-
scripts, 6.9%), chr11 (1,063 transcripts, 5.8%), 
and chr5 (1,000 transcripts, 5.5%) (Figure 3A). 
We also compared our circRNAs datasets with 
circBase and found that 8,878 circRNAs were 
overlapped with the public database (Figure 
3B). 

GO and pathway analyses

In order to explore how circRNAs regulate 
parental gene expression, GO analysis was per-
formed to annotate genes targeted by the dif-
ferentially expressed circRNAs in domains of 
biological processes, cellular components and 
molecular functions. Gene expression profile of 
linear counterparts of differentially expressed 
circRNAs in metastatic tissues suggested their 
potential roles in protein modification, protein 
binding and cellular protein metabolism (Figure 
3C). According to the results, protein N-linked 
glycosylation via asparagine (GO: 0018279, P = 
5.13 E-06), Golgi membrane in the cellular 
component (GO: 0000139, P = 2.73 E-03), and 
peptidase activity in the molecular function 
(GO: 0004197, P = 5.67 E-06) were the top 
annotation cluster terms of the biological pro-
cesses (Figure 3C). Upregulated and downregu-
lated circRNAs (P < 0.05) were shown in Figure 
3D and 3E, respectively. Finally, KEGG pathway 
enrichment analysis indicated that 6 pathways 
involved in metastasis were associated with 
the dysregulated circRNAs (Figure 3F), suggest-
ing that these pathways might significantly con-
tribute to the tumor progression of OMM. With 
regard to the specific biological functions relat-

Table 1. Top 10 upregulated and 8 downregulated circRNAs in the primary of OMM with lymph nodes 
dissemination by fold change (FC)
CircRNA ID FC P value Type Chromosome Strand Gene symbol
hsa_circ_0005320 22.6049 0.037153 Exonic NC_000017.11 + SEPT9
hsa_circ_0008558 14.4722 0.003589 Sense-overlapping NC_000016.10 + LONP2
hsa_circ_0067531 12.1204 0.00988 Sense-overlapping NC_000003.12 - PIK3CB
hsa_circ_0008042 11.5061 0.028256 Sense-overlapping NC_000005.10 + CPEB4
hsa_circ_0062321 10.3088 0.036896 Sense-overlapping NC_000022.11 - KLHL22
hsa_circ_0001554 9.68497 0.025186 Sense-overlapping NC_000005.10 + RANBP17
hsa_circ_0030507 9.36722 0.047737 Sense-overlapping NC_000013.11 - MYCBP2
hsa_circ_0003192 9.02056 0.009422 Sense-overlapping NC_000002.12 - WDR33
hsa_circ_0002510 7.29596 0.047321 Sense-overlapping NC_000012.12 - SBNO1
hsa_circ_0017648 4.99816 0.044273 Sense-overlapping NC_000010.11 - SFMBT2
hsa_circ_0000869 -4.75238 0.017108 Intronic NC_000019.10 - GNG7
hsa_circ_0006733 -5.74527 0.044015 Sense-overlapping NC_000018.10 - ROCK1
hsa_circ_0025908 -6.28837 0.007245 Sense-overlapping NC_000012.12 + PPHLN1
hsa_circ_0018900 -7.39479 0.044556 Sense-overlapping NC_000010.11 + ADK
hsa_circ_0057041 -10.309 0.001794 Sense-overlapping NC_000002.12 - METTL8
hsa_circ_0001062 -2.28529 0.030688 Exonic NC_000002.12 + ZC3H6
hsa_circ_0000853 -2.39373 0.014384 Sense-overlapping NC_000018.10 + MALT1
hsa_circ_0000596 -2.51585 0.017477 Sense-overlapping NC_000015.10 + CASC4
CircRNA ID was based on circBase (http://www.circbase.org/).
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Figure 2. A. Expressions of hsa_circ_0005320, hsa_circ_0067531, hsa_circ_0008042, hsa_circ_0000869 and hsa_circ_0000853 in primary and adjacent nor-
mal tissues (n = 30). B. Expressions of hsa_circ_0005320, hsa_circ_0067531, hsa_circ_0008042, hsa_circ_0000869 and hsa_circ_0000853 in metastatic and 
paired non-metastatic lymph nodes (n = 30). Each bar represents the average logarithm of circRNAs expression level to the base 2 (log2 (x)), P-values were calcu-
lated by Wilcoxon rank-sum test. (**P < 0.05, t-test).
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Figure 3. A. The distribution of dysregulated circRNAs in chromosomes. B. The comparison of our predicted circRNAs datasets with circRNAs public database (cir-
cBase) using software CIRI. C. Most significantly enriched GO terms (-log10 (P value)) of circRNAs gene symbols in domains of biological processes, cellular compo-
nents and molecular functions. D. Most significantly enriched GO terms (-log10 (P value)) of up-regulated circRNAs gene symbols in domains of biological processes, 
cellular components and molecular functions. E. Most significantly enriched GO terms (-log10 (P value)) of down-regulated circRNAs gene symbols in domains of 
biological processes, cellular components and molecular functions. F. The bar plot depicts the enrichment score (-log10 (P value)) of significantly enriched pathways.
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ed to our selected circRNAs, hsa_circ_0005320 
was associated with GTPase activity (GO: 
0003924); hsa_circ_0067531 was related wi- 
th activation of MAPK activity (GO: 0000187); 
hsa_circ_0008042 played a potential role in 
translation repressor activity (GO: 0000900); 
hsa_circ_0000869 might be involved in G- 
protein coupled receptor (GPR) signaling path-
way (GO: 0007186) and hsa_circ_0000853 
might be involved in NF-kappa B signaling path-
way (GO: 0001923) (Table 2).

Prediction of miRNAs targeted by differentially 
expressed circRNAs

CircRNAs can post-transcriptionally regulate 
the expression of genes by serving as ceRNAs 
and regulate miRNA response elements. To 
explore the possible interactions between 
miRNA and circRNA, we constructed a ceRNA 
network map that showed the co-expression 
pattern of circRNA-miRNA. The expression pro-
files were based on the high-throughput 
sequencing data. Top 300 interactions between 
circRNAs and miRNAs ranked by the p-value of 
the hypergeometric distribution were shown in 
Figure 4. MiRNAs that were significantly corre-
lated with the selected circRNAs were shown in 
Table 3, and three selected circRNAs (hsa_
circ_0005320, hsa_circ_0067531 and hsa_
circ_0000869) were annotated in detail to pre-
dict the potential miRNA binding sites (Figure 
5A) and correlation with their potential mRNA 
targets (Figure 5C) using the circRNA/miRNA 
interaction information. Specific parameters of 
correlation with potential mRNA targets were 
shown in Table S3. Then we performed receiver 
operating characteristic (ROC) curve analysis to 
test the diagnostic potential of our selected cir-

cRNAs in OMM patients, the AUC values were 
0.889 in hsa_circ_0000869, 0.833 in hsa_
circ_0005320 and 0.889 in hsa_circ_0067531 
respectively (Figure 5B), indicating the high 
diagnostic potential of our selected circRNAs. 
Taken together, the results provided us a novel 
perspective to explore the underlying mecha-
nisms of circRNAs that contribute to the tumori-
genesis and/or development of OMM.

Discussion

CircRNAs are derived from splicing errors with 
low abundance [15]. Nevertheless, emerging 
evidences indicate that circRNAs belong to a 
large category of highly stable non-coding RNAs 
(ncRNAs) that has no protein coding function 
and serves as pivotal gene regulators for tran-
scription and translation [16]. CircRNAs may 
come from intronic and/or exonic sequences. 
They can act as miRNA sponges, splicing and 
transcription regulators that modify parental 
gene expressions [17]. Recent studies have 
correlated the dysregulation of circRNA expres-
sion with various malignant neoplasms by high-
throughput RNA sequencing and bioinformatics 
analyses [18], suggesting that circRNAs might 
have potentials to become ideal biomarkers for 
cancers.

This paper is the first report on the investiga-
tion of circRNAs expression profiles in meta-
static OMM. In the study, we systematically 
searched for head-to-tail backsplicing junctions 
among annotations of exons, and identified 
thousands of circRNA candidates in six primary 
OMM with lymph nodes dissemination. The 
microarray expression profiles revealed that 58 
circRNAs were significantly upregulated and 32 

Table 2. GO terms of the selected 5 circRNAs
CircRNA ID GO ID GO terms
hsa_circ_0005320 GO: 0003924,  

GO: 0005525,  
GO: 0031105

GTPase activity, GTP binding, septin complex

hsa_circ_0067531 GO: 0000187,  
GO: 0005524

Activation of MAPK activity, ATP binding

hsa_circ_0008042 GO: 0000166,  
GO: 0000900,  
GO: 0005634

Nucleotide binding, translation repressor activity, nucleic acid binding 
nucleus

hsa_circ_0000869 GO: 0007186,  
GO: 0008277

G-protein coupled receptor signaling pathway, regulation of G-protein 
coupled receptor protein signaling pathway

hsa_circ_0000853 GO: 0001923,  
GO: 0051168

Activation of NF-kappa B-inducing kinase activity, positive regulation of 
I-kappa B kinase/NF-kappa B signaling



Circular RNAs expression in metastatic oral mucosal melanoma

1796 Am J Cancer Res 2018;8(9):1788-1800

Figure 4. The panorama network of top 300 significantly 
correlated circRNAs (red nodes) and their target miRNAs 
(blue nodes). Circle nodes represent circRNAs and triangle 
nodes represent miRNAs. The size of circle and triangle in-
dicates p-value with larger size stand for smaller p-value. 
The network was generated based on Pearson correlation 
coefficient analysis (the absolute value of PCC ≥ 0.90, p-
value < 0.05 and FDR < 0.01).
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circRNAs were significantly downregulated. The 
function of most identified dysregulated cir-
cRNAs were homologous, suggesting that these 

circRNAs might contribute to the pathogenesis 
of OMM. In particular, our results indicated that 
the expressions of hsa_circ_0005320, hsa_

Table 3. Potential miRNA targets of dysregulated circRNAs
CircRNA ID Regulation Gene symbol Potential miRNA targets
hsa_circ_0005320 Up SEPT9 miR-4740-3p; miR-4505; miR-6786-5p; miR-6805-5p; miR-3180-

3p; miR-4665-3p; miR-3196; miR-6798-5p; miR-4688; miR-939-
5p; miR-762; miR-6824-5p; miR-4763-3p; miR-608; miR-4651; 
miR-1587; miR-6846-5p; miR-3620-5p; miR-5787; miR-6848-5p

hsa_circ_0067531 Up PIK3CB miR-328-5p
hsa_circ_0000869 Down GNG7 miR-1268a; miR-1268b; miR-566; miR-1273h-5p; miR-1273g-3p

Figure 5. A. The potential miRNA binding sites with 
the selected circRNAs predicted through MIRANDA 
software; B. Receiver operating characteristic (ROC) 
curve analysis of selected circRNAs in OMM patients. 
The AUC values are given on the graphs; C. Pearson 
correlation graph for the expression of circRNAs and 
its potential mRNA targets. The size of the shape rep-
resents the level of correlation coefficient.
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circ_0067531 and hsa_circ_0008042 were 
significantly upregulated in both primary tumor 
and metastatic lymph nodes compared with 
those in adjacent and non-metastatic tissues. 
Hsa_circ_0005320, encoded by SEPT9, be- 
longs to the septin gene family that plays impor-
tant roles in cytokinesis and cell cycle control. 
Studies have shown that this gene is a potential 
tumor suppressor that may inhibit the invasion 
of ovarian cancer [19]. Hsa_circ_0067531 is 
spliced from PIK3CB, which encodes an iso-
form of the phosphoinositide 3-kinase catalytic 
subunit. PIK3CB is critical in triggering cancer-
related signaling pathways. Inhibition of PIK3CB 
could increase the sensitivity of BRAF kinase 
inhibitors in melanoma, although BRAF muta-
tions are rare (less than 10%) in OMM [20]. 
Hsa_circ_0008042 is derived from gene 
MYCBP2, which could help melanoma cells 
progress through G1/S cell cycle checkpoints 
and promote cell proliferation [21]. Conversely, 
hsa_circ_0000869 and hsa_circ_0000853 
were significantly downregulated in both prima-
ry tumor and disseminated lymph nodes. Hsa_
circ_0000869 is spliced from GNG7, a gene 
associated with autophagy and the inhibition of 
cell division [22] Hsa_circ_0000853 is encod-
ed by MALT1. MALT1 is frequently rearranged in 
chromosomal translocation in mucosa-associ-
ated lymphoid tissue lymphomas, and involved 
in biological processes like NF-kappa B activa-
tion and regulation of cancer cell proliferation 
and migration [23].

GO analysis demonstrated that the differential-
ly expressed genes were enriched in biological 
processes including protein association, modi-
fication and regulation of cellular metabolism. 
Among the GO terms identified in this study, 
FUT protein glycosylation complex has been 
proved in playing a crucial role in promoting 
OMM metastasis [24]. In addition, N-Glycan bio- 
synthesis signaling pathway has been reported 
to be involved in the progression of OMM [25]. 
As for our selected circRNAs, hsa_circ_00- 
67531 was related to the activation of MAPK, 
and hsa_circ_0000853 might be involved in 
MAPK and NF-kappa B signaling pathways that 
are reported to play critical roles in promoting 
melanoma metastases [26]. It has been shown 
that G-protein-coupled receptor 120 (GPR120) 
could serve as a novel biomarker for melanoma 
metastasis [27]. We found that hsa_circ_ 
0000869 might be involved in GPR signaling 

pathway, indicating that hsa_circ_0000869 
may regulate OMM metastasis through GPRs. 
Together, our findings indicated that certain cir-
cRNAs might be involved in the metastasis and 
progression of OMM through modulating sev-
eral cancer related signaling pathways, includ-
ing protein N-glycosylation.

Studies have shown that sponging miRNAs (i.e. 
ceRNA) have an impact on oncogenesis and 
cancer progression through the regulation of 
gene expression at post-transcriptional level 
via circRNA-miRNA-mRNA regulatory axes [28]. 
Seeking potential miRNA targets of circRNAs 
using the miRNA target predication software in 
order to construct interaction networks, we 
were able to identify several possible cancer-
related pathways based on sequence pairing to 
the predicted circRNA-miRNA-mRNA regulatory 
axes. This information is very important for 
understanding the mechanisms that underlying 
the action of circRNAs in metastatic OMM. For 
instance, emerging evidence indicated that 
dysregulated miR-1228-5p could serve as a 
potential biomarker for hepatocellular carcino-
ma (HCC) because it was associated with cel-
lular apoptosis through a mitochondria-depen-
dent pathway [29]. Furthermore, miR-1268a 
was reported to be a potential risk factor and 
prognostic biomarker for AFB1-related HCC, 
and low miR-1268a expression may be benefi-
cial for post-operative adjuvant TACE treatment 
in HCC [30]. Our data demonstrated that hsa_
circ_0032249 could potentially bind to miR-
1228-5p, and hsa_circ_0000869 contained 
multiple binding sites for miR-1268a, indicating 
that hsa_circ_0032249 and hsa_circ_0000- 
869 could regulate miRNAs function by serving 
as ceRNAs, which might contribute to the devel-
opment and progression of OMM.

In conclusion, we have demonstrated that 
numerous circRNAs were dysregulated in OMM 
for the first time. The aberrantly expressed cir-
cRNAs may be potentially involved in the pro-
gression and metastasis of OMM and might 
serve as potential diagnostic biomarkers for 
OMM. Given that a single circRNA could regu-
late various downstream genes via a common 
microRNA target, our observation suggested 
that these circRNAs might potentially act as 
cancer drivers through highly enriched signal-
ing pathways. Despite that the possibility of 
obtaining false positive results when evaluating 
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circRNA expression could exist due to the rela-
tively low expression levels of circRNAs and the 
detection thresholds used in current study, our 
results provided new exciting information that 
would not only help researchers uncover the 
complex biological functions of circRNAs 
involved in the carcinogenesis of OMM, but also 
provided evidences that circRNAs could serve 
as potential diagnostic and/or prognostic mark-
ers for OMM.
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Table S1. The primer sequences of the selected 5 circRNAs 
circRNA Forward Primer (5’ → 3’) Reverse Primer (5’ → 3’)
hsa_circ_0005320 AGATGCCCAAGCCTGCTGAG TGTCTCGACCTCCTCGACCT
hsa_circ_0067531 TAGGCTGCCTGCGACAGATG CGGCAGTCTTGTCGCAAAGT
hsa_circ_0008042 AAGGAGCTGGGAGAGTTGCG TGATCCCCACGGCCATCATC
hsa_circ_0000869 TACAGGCATGAACCACCGCA CGGGAGTCAATGGCATGTGG
hsa_circ_0000853 TTCAGCCAGTGGTCACAGCT TTGCCCGGCAACACAGTTTC

Table S2. Clinical and histopathological characteristics of patients for 
circRNAs assay
Patient ID Age Gender TNM stage Anatomic site
1 65 Male cT4N2M0 Palate
2 50 Male cT4N1M0 Gingiva
3 57 Female cT4N2M0 Gingiva
4 64 Female cT4N1M0 Gingiva
5 34 Male cT4N1M0 Gingiva
6 63 Male cT4N1M0 Palate

Table S3. Specific parameters of Pearson correlation for the expres-
sion of circRNAs and its potential mRNA targets

circRNA id Transcript id Gene Correlation 
coefficient p-value

hsacirc_0005320 NM_001293695.1 Sept-9 0.921 2.10 E-05
hsacirc_0005320 NM_006640.4 Sept-9 0.895 8.22 E-05
hsacirc_0005320 NM_001113492.1 Sept-9 0.894 8.80 E-05
hsacirc_0005320 NM_001113491.1 Sept-9 0.885 0.0001
hsacirc_0005320 XM_011524206.1 Sept-9 0.758 0.0043
hsacirc_0005320 NM_001293698.1 Sept-9 -0.750 0.0049
hsacirc_0000869 NM_052847.2 GNG7 0.694 0.0122
hsacirc_0067531 XM_006713659.2 PIK3CB 0.683 0.0144
hsacirc_0005320 NM_001113494.1 Sept-9 0.670 0.0172
hsacirc_0005320 NM_001113493.1 Sept-9 -0.661 0.0192
hsacirc_0067531 NM_001113493.1 Sept-9 -0.651 0.0220
hsacirc_0005320 NM_052847.2 GNG7 -0.650 0.0221
hsacirc_0000869 XM_011524208.1 Sept-9 0.634 0.0270
hsacirc_0067531 NM_001256045.1 PIK3CB 0.610 0.0351


