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Background: Oral squamous cell carcinoma (OSCC) is the most frequent oral malignancy
in humans. Increasing numbers of studies suggest that circular RNAs (circRNAs) play a
major role in tumorigenesis and tumor progression.

Purpose: We aimed to identify differently expressed circRNA in OSCC and adjacent
normal tissue. As well as to study the correlation of circRNA expression with clinicopatho-
logical feature in patients with OSCC.

Patients and methods: Primary OSCC tissues and adjacent normal tissues from twenty-
seven OSCC patients were collected. The expression level of hsa circ 009755 were ana-
lyzed by qRT-PCR.

Results: The measurement results from qRT-PCR revealed that hsa_circ_ 009755 expression
was low in OSCC tissue samples and cell lines, and the low expression of hsa_circ_009755
was closely related to a clinicopathological feature in patients with OSCC. Moreover, the
area under the receiver operating characteristic curve was 0.782, which indicates the sensi-
tivity and specificity of the diagnostic value.

Conclusion: Our data indicates that hsa_circ_009755 could serve as a potential biomarker
for OSCC diagnosis.
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Introduction

Oral cancer is one of the 10 most common cancers worldwide." The cancer
sites in the oral cavity include the buccal mucosa, floor of the mouth, anterior
tongue, alveolar ridge, retromolar trigone, and hard palate.” The tumors that
develop affect basic physiological functions such as chewing, ability to swal-
low and breathe, sensing, vision, and hearing.? Therefore, halting disease
progression in patients with oral cancer is extremely critical. Oral cancer is
a malignant tumor that has traditionally been defined as oral squamous cell
carcinoma (OSCC), and ~90% of the cancers are histologically found to
originate in squamous cells." The prognosis for patients with OSCC has not
improved markedly despite therapeutic advances in the case of this cancer and
several other malignancies, and the S5-year survival rate from OSCC has
increased only modestly in the past 30 years and remains at ~55-60%.’
Therefore, identification of novel therapeutic targets is crucial for OSCC
treatment, and to achieve this goal, it is essential to enhance our understanding
of the molecular mechanisms underlying OSCC.
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The advent of next-generation sequencing has led to an
increasingly rapid growth of the catalog of identified DNA and
RNA molecules. Circular RNAs (circRNAs), which feature
covalently linked 3’ and 5’ ends, constitute a class of RNA
recently discovered to be stable and abundant,** and circRNAs
not only extensively regulate cellular activities, but also corre-
late with oncogenesis and/or tumor progression and are impli-
cated in diverse cancers, such as gastric cancer, breast cancer,
esophageal squamous cell carcinoma, and hepatocellular
carcinoma.®® Although circRNAs thus hold the potential to
serve as novel biomarkers, little is known regarding the role of
circRNAs in OSCC.

By using high-throughput sequencing, microarray of
circRNA expression profiles was acquired from patients with
OSCCs (n=8) and adjacent normal tissue controls (n=8). We
found that hsa circ 009755 are downregualted in OSCC.
Moreover, low-level expression of the circRNA hsa -
circ_ 009755 was associated with I-II T stage (P=0.011) in
patients with OSCC. Thus, we used a receiver operating char-
acteristic (ROC) curve to evaluate the diagnostic value of
hsa_circ_009755, and our data indicate that hsa_circ_009755
could represent a promising biomarker for OSCC diagnosis.

Materials and methods

Patients and specimens

All primary OSCC tissues and adjacent normal tissues were
collected from patients who had undergone surgery at the
Department of Oral and Maxillofacial Surgery, Shenzhen
Hospital, Peking University (Shenzhen, China), between
December 2016 and May 2017. All samples were confirmed
by experienced pathologists. The clinical and pathological
characteristics of each patient were collected after surgery.
Tissue samples were frozen in liquid nitrogen and stored at
—80°C. All patients received written informed consent, which
was approved by the Clinical Research Ethics Committee of
Peking University Health Science Center (IRB00001053-
08043). The study was designed and conducted in accordance
with the principle of the Declaration of Helsinki.

RNA extraction

Total RNA was isolated from OSCC tissues and adjacent
normal tissues by using TRIzol reagent (Invitrogen,
Carlsbad, CA, USA) according to the manufacturer’s pro-
tocol, and the concentration of the RNA samples was
measured using a NanoDrop ND2000 spectrophotometer
(NanoDrop, Wilmington, DE, USA). Quantitative RT-PCR
(qRT-PCR) analysis of circRNAs and fB-actin gene was

performed on an ABI PRISM7500 Sequence Detection
System (Applied Biosystems, Life Technologies,
Waltham, MA, USA) by using a PrimeScript RT Reagent
Kit (Takara Bio, Nojihigashi, Kusatsu, Japan) and SYBR-
Green Premix Ex Taq (Takara Bio) as per manufacturer's
instructions. The sequences of the primers used were the
following: hsa circ_009755, 5-TGCAGCTCTGGAAAT
GCCAAT-3' (forward) and 5'-TGGTCACGTCACACAG
AAATGAA-3" (reverse); B-actin, 5'-AAACTGGAACG
TTGAGAGTG-3' (forward) and 5-AGTGGTCTGGCTT
TTAGGT-3' (reverse). The obtained data were analyzed
using the ACt method.'® Data were plotted as cycle thresh-
old value (Ct value), in which the Ct value obtained from
the intensity of the fluorescence. The Ct of target mRNA
was normalized by the Ct of the reference gene B-actin and
recorded as ACt of each sample. ACt shows the difference
of expression between two genes (Ct of target gene - Ct
reference gene). Therefore, higher ACt values indicate
lower concentrations of the target gene templates and the
lower expressions of the corresponding target genes.

Cell culture

Three human OSCC cell lines, SCC15, SCC25, and CAL27,
were purchased from the College of Stomatology, Wuhan
University (Wuhan, China). Human oral keratinocyte (HOK)
cells were obtained from the Cell Bank of the Chinese
Academy of Sciences (Shanghai, China), where the cells
were authenticated based on mycoplasma detection. The cell
lines used have been approved by the Clinical Research Ethics
Committee of Peking University Health Science Center.
SCC15, SCC25, CAL27, and HOK cells were maintained in
DMEM (Gibco, Waltham, MA, USA) supplemented with
10% FBS and 50 U/mL penicillin and streptomycin sulfate.
All cells were cultured at 37°C in 5% CO,.

Prediction of the circRNA/miRNA/

mRNA interaction

The miRNA-binding sites were predicted by Mireap,
Miranda (v3.3a), and TargetScan (Version:7.0). The targeted
miRNAs and mRNAs were predicted by miRTarBase (v6.1).

Statistical analysis

Statistical analyses were performed using GraphPad Prism
5.0 Software for Windows (GraphPad Software, La Jolla,
CA, USA) and Service Solutions SPSS software 16.0
(SPSS, Chicago, IL, USA). Differences in the levels of
hsa circ 009755 between OSCC tissues and paired
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adjacent normal tissues and between OSCC cell lines and
HOK cells were assessed using #-tests for paired data.
One-way ANOVA was used to examine the correlation
between hsa circ 009755 levels and clinicopathological
factors, and the ROC curve was established to evaluate
diagnostic values. P<0.05 was considered statistically
significant.

Results
Low expression level of hsa_circ_009755

in OSCC tissues

By using high-throughput screening of circRNA micro-
arrays, we found that hsa_circ_009755 was downregu-
lated in OSCC tissues (Figure 1). Furthermore, we
confirmed that hsa circ_009755 is encoded from chr6
(82,169,983-82,247,754). Featuring a spliced sequence
length of 305 bp, hsa circ 009755 (associated gene
symbol IBTK) is composed of 4 exons (exons 13-16)
(Figure 2). By performing RNA-seq analyses, we
determined the expression level of hsa circ_009755 in
each pair of cancer tissue and adjacent nontumorous
tissue; hsa_circ_009755 was expressed at significantly
lower levels in OSCC tissues than in the corresponding
nontumorous tissues (n=27, P<0.001) (Figure 3).

Low-level expression of hsa_circ_009755
in OSCC cell lines

We next measured hsa_circ_009755 expression levels in
a normal cell line (HOK) and in 3 human OSCC cell lines,
CAL27, SCC15, and SCC25. The expression levels in the
tumor cell lines were considerably lower than that in the
normal cell line (Figure 4).

Correlation between clinicopathological
features and hsa_circ_009755 expression

levels

The association of hsa circ 009755 expression with
several clinicopathological features of OSCC patients
was analyzed (Table 1): We found that hsa -
circ_ 009755 levels were related to T stage (P=0.011),
but we did not find association between hsa -
circ_009755 levels and other clinicopathological fac-
tors (age, gender, tumor differentiation, tumor site, and
lymphatic metastasis; P>0.05).

Diagnostic value of hsa_circ_009755 in
OSCC

To estimate the diagnostic value of hsa circ 009755 in
OSCC, an ROC curve was constructed for differentiating
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Figure | Differentially expressed circRNAs between OSCC tissues and adjacent nontumorous tissues. The results of hierarchical cluster analysis showed that the
differentiable expression profiles of circRNA between the samples (for OSCC, CAN, and NOR). Each column represents the expression of tissue samples. The expression

level was indicated from “red” (high expression) to “green” (low expression).

Abbreviations: CAN, cancerous; NOR, normal adjacent nontumorous tissue; OSCC, oral squamous cell carcinoma.
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Figure 2 Characterization of hsa_circ_009755. The circRNA hsa_circ_009755 is encoded from chromosomal region 6ql4.1. Four exons in this region (exons |3—16)

generate hsa_circ_009755.
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Figure 3 Low-level expression hsa_circ_009755 in OSCC tissues. Expression levels
of hsa_circ_009755 in 27 pairs of OSCC tissues are shown relative to the levels in
paired adjacent normal tissues. Higher ACt values indicate lower expression. Data are
expressed as means * SD; **P<0.001.

Abbreviation: OSCC, oral squamous cell carcinoma.

OSCC tissues from paired adjacent normal tissues. The
area under the ROC curve (AUC) was 0.782 (Figure 5A),
the cutoff value was 13.22 (Figure 5B), and the corre-
sponding sensitivity and specificity were 70.37% and
77.78%, respectively. The ROC is used to reflect the
sensitivity and specificity of continuous variables; the
diagnostic value of the variables is high only when the
AUC is large. Values below and above the cutoff value are
negative and positive values, respectively, and the cutoff
value is a schematic combination of sensitivity and speci-
ficity. Therefore, the calculated values suggest that hsa_-
circ_009755 could serve as a potential biomarker for the
diagnosis of OSCC.
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Figure 4 Expression of hsa_circ_009755 in distinct OSCC cell lines.
Expression levels of hsa_circ_009755 in 3 OSCC cell lines (SCCI5, SCC25,
and CAL27) and normal HOKcells were assessed using qRT-PCR. Data are
presented as means * SD; *P<0.01, **P<0.01, ***P<0.001.

Abbreviations: HOK, human oral keratinocyte; OSCC, oral squamous cell carci-
noma; qRT-PCR, quantitative RT-PCR.

Prediction of the circRNA/miRNA/

mRNA interaction

In order to explore the molecular mechanism and function of
circRNA hsa circ_ 009755, we investigated the potential
miRNAs and mRNAs bound to hsa_circ_009755. As shown
in Figure 6, hsa _circ_009755 in cancer tissues may interact
with has-miR-585-5p, has-miR-29a-5p, and has-miR-6079.

Discussion
Detection of circRNAs in RNA viruses was reported as early as
in the 1970s,'"*'? and isolated reports of circRNA expression
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Table | Relationship between hsa_circ_009755 expression levels A
(ACt) in cancer tissue and clinicopathological features of OSCC
patients
Characteristic Number Mean t P-value
2
of SD S
patients 5
@
Gender n
Male 21 15.15+2.37 | 0.267 0.2
Female 13.85+2.77 v AUC=0.78
O_O" T T T T 1
Age 00 02 04 06 08 1.0
<60 20 14.61+2.65 | 0.376 1-Specificity
260 7 15.59+1.84
B
Tumor site
Tongue 18 14.50+2.74 0.565
Buccal 3 15.89£1.50 o 207 e
Others 6 15.43+1.97 2 TIIH
2 ]
T stage S15] _*%e®, 0 s.% s
T-T 13 13.64£2.37 | 0.011% o 3 ®ge
=Tz -OFEL. : 5 *ed® o0 e®
. 14 15.99+2.04 | -4 .
3 101 s o
Lymph node metastasis < ..
Y
No 19 15.41+2.13 0.074 8 hd
N =N, 8 13.56+2.85 3 5 Cutoff<13.22
I g Sensitivity=0.704
Irrerentiation -
O g -
Well 22 14.69+2.58 0.456 < 0 SpeCIfICIty 0.778
Moderate and poor 5 15.62+1.96 Nor'mal Car;cer

Note: *Statistically significant.
Abbreviation: OSCC, oral squamous cell carcinoma.

from single genes were published in the subsequent decades;
however, because of technological and methodological biases,
the detected circRNAs were generally regarded as rare splicing
“mistakes” until recently.* Currently, circRNAs are regarded as
abundant, stable, conserved, and nonrandom products of RNA
splicing that could be involved in the control of gene
expression.” In accordance with previous work, we noted that
the abnormal expression of circRNAs might be correlated with
disease. For instance, circRNAs can interact with RNA-
binding proteins or miRNAs and thereby influence the genera-
tion and development of cancer.'*'* Moreover, several types
of tumor markers have been investigated, and the expression
circRNAs has been reported to differ substantially between
tumor cells and normal cells.®'>?° These studies indicate that
circRNAs could serve as potential cancer biomarkers.®?!*>
Li et al found that circITCH was markedly downregu-
lated in esophageal squamous cell carcinoma samples;
circITCH harbors sites for concurrently binding several
miRNAs, which indicates that this circRNA could function
as a cavernous transporter or regulator of miRNAs, and

Figure 5 Diagnostic value of hsa_circ_009755 in OSCC.

Notes: (A) Area under the ROC curve was 0.78 (95% Cl =0.6670-0.8544;
P<0.0001), and (B) cutoff of hsa_circ_009755 was 13.22. Sensitivity and specificity
were 0.704 and 0.778, respectively. Data are presented as means * SD; ***P<0.001.
Abbreviations: AUC, area under the ROC curve; OSCC, oral squamous cell
carcinoma; ROC, receiver operating characteristic.

circITCH might inhibit tumor growth by regulating the
Whnt/B-catenin  signaling pathway.® Another circRNA
reported to be associated with cell proliferation is
circFOXO03; intriguingly, as in the case of circITCH, low
levels of circFOXO3 appear to be associated with increased
cell proliferation.® Last, circHIPK3 is strongly downregu-
lated in bladder cancer tissues and cell lines, and circHIPK3
overexpression effectively inhibits migration, invasion, and
angiogenesis of bladder cancer cells in vitro and suppresses
bladder cancer growth and metastasis in vivo; circHIPK3
contains two key binding sites for the miRNA miR-558 and
can sponge large amounts of miR-558 and thereby suppress
heparanase expression.”*

The circRNA hsa_circ_009755 is located at chromosome
6q14.1 on the plus strand, is aligned in a sense orientation to
the known protein-coding gene VWAS, and spans exons
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13—-16; however, the function of this circRNA in tumor pro-
gression has remained unknown. Here, we used TagMan-
based RT-PCR analyses to compare hsa_circ 009755 expres-
sion levels in OSCC tissues and cell lines with those in normal
tissues and cells, and our results showed that hsa_circ_009755
thus,
circ 009755 expression might specifically and sensitively

was drastically downregulated in OSCC, hsa -
indicate the degree of OSCC. Notably, comparison of hsa -
circ_ 009755 expression with clinicopathological characteris-
tics of patients revealed that the circRNA expression level was
significantly associated with the T stage. Hsa circ 009755
might serve as a potential diagnostic biomarker for OSCC.
CircRNA plays an important role in regulating gene
expression. It may be used as a gene sponge, an RBP
sponge, or a transcription/translation regulator.”>’ We
found that hsa circ 9755 was abnormal low expression
in cancer tissues. It is predicted to be related to has-miR
-585-5p, has-miR-29a-5p, and has-miR-6079. Our future
research plan is to further explain the important role of
hsa circ 009755
mechanisms of hsa_circ 9755 in OSCC and other cancers.

in OSCC to unravel the molecular
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