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Circ_0014359 promotes oral squamous cell carcinoma
progression by sponging miR-149
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This study aimed to explore the role and mechanism of
circ_0014359 in the OSCC. We firstly investigated the ex-
pression levels of circ_0014359 in OSCC tissues and cell
lines. Then, the effects of knocking down circ_0014359
on cellular viability, apoptosis, migration, and invasion
of OSCC cell lines were observed by cell counting kit-8
assay, flow cytometry, and transwell assay. Xenografts
mouse model was established to explore the in vivo ef-
fect of circ_0014359 on the tumor volume and size of
OSCC. We found that circ_0014359 was highly expressed
in the OSCC tissues and cell lines compared to the nor-
mal controls (P<0.05). The expression of circ_0014359
was associated with the survival of patients (P<0.05). For
the OSCC cell lines, circ_0014359 knock down induced
apoptosis and inhibited migration, invasion, and epi-
thelial-mesenchymal transition of OSCC cells (P<0.001).
In vivo, silencing the circ_0014359 blocked the growth
of OSCC tumors. The circ_0014359 can directly interact
with the micro-RNA-149 (miR-149). Inhibition of miR-149
can rescue the inhibitory effects of circ_0014359 knock
down on OSCC cells. The circ_0014359-miR-149 pathway
may be a novel target for developing strategies for the
diagnosis and treatment of OSCC.
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INTRODUCTION

Head and neck cancer is one of the leading causes of
cancer-related deaths worldwide. It was estimated that
more than 450 000 patients died due to head and neck
cancer every year (Ferlay ez al., 2019). About 90% of the
head and neck cancers are squamous cell carcinomas
(Wyss et al., 2013), which originate from the oral, phar-
yngeal, or laryngeal mucosal epithelium. Oral squamous
cell carcinoma (OSCC) is characterized by strong local
invasion ability, prone to neck lymphatic metastasis, and
high recurrence rate, of which patients have poor clinical
prognosis (Zhang ez al, 2018). So far, strategies for the
treatment of OSCC include surgical resection, radiother-
apy, chemotherapy, as well as targeted therapy (Cramer
et al., 2019). Although the last few years witnessed the

advances of multidisciplinary treatment for the OSCC,
the long-term survival of patients is still low (Holsinger
et al., 2015; Not, et al., 2018). The main obstacle ham-
pering the development of satisfied strategy to OSCC is
the limited understanding of the complex mechanisms of
tumor genesis and metastasis. Therefore, it is in urgent
need to clarify the genetic and molecular mechanisms
underlying the proliferation, invasion, and metastasis of
these cancer cells.

Circular RNA (CircRNA) is a class of newly discov-
ered non-coding RNA generated by back-splicing of pre-
mRNA (Chen 2020). The absence of 5-cap and 3’-poly
A tail results in increased stability of these RNAs, in
which 3’, 5-phosphodiester bond was formed between
the spljced exons (Meng e al., 2017). Accumulating evi-
dences indicated the importance of citcRNA in the gen-
eration and progression of malignant tumors (Cheng ef
al., 2021). The abnormal expression of circRNA was
considered to be related to many cancers and may be
used as important target molecules and promising bio-
markers for the diagnosis and treatment of various
cancers (Wei e al, 2021). Recently, a novel circRNA,
circ_0014359, was found to be highly expressed in glio-
ma (Shi e al., 2019). The circ_0014359 was a micro-RNA
(miRNA) -153 sponge and promoted the tumor progres-
sion through phosphoinositol 3 kinase (PI3K) pathway.
However, the role and mechanisms of circ_0014359 in
other cancers including OSCC are largely unknown.

In order to clarify the regulatory role and mechanisms
of circ_0014359 in OSCC, we used in vitro and in vivo
methods to systemically investigate the effects of knock-
down or overexpression of circ_0014359 on the prolif-
eration, migration, invasion, and epithelial-mesenchymal
transition (EMT) of OSCC cell lines. We hope to pro-
vide evidence for exploring the potential biomarker of
targeted therapy of OSCC.

MATERIALS AND METHODS

Specimen Source

A total of 30 pairs of tumor tissues and the adjacent
normal tissues were collected from our hospital and
stored at —80°C. All patients did not undetrgo chemo-
therapy or radiotherapy before the operation. They were
followed up after surgery and the follow up period was
from 3 to 54 months with a median of 29.5 months.
This study was approved by the Ethics Committee of
Hainan Provincial People’s Hospital (No.20-05-12). The
informed consents were obtained from the patients. All
procedures were in accordance with the Helsinki declara-
tion.
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Cell Culture

Human OSCC cell lines (PE/CA-PJ41, SCC15,
SCC25, and HSC-4) and oral mucosa epithelium cell line
(NHOK) were purchased from Shanghai Cell Bank of
Chinese Academy of Sciences (Shanghai, China). Cells
were cultured in Dulbecco’s modified Eagle’s medium
(DMEM, Gibco, USA) supplemented with 10% fetal bo-
vine serum (FBS, Gibco, USA) and 100 U/mL penicil-
lin/streptomycin (Beyotime, China) at 37°C in an atmos-
phere humidified with 5% CO,.

Cell Transfection

miR-149 mimic, miR-149 inhibitor, and their nega-
tive controls were provided by Genepharma (Shanghai,
China). The sequence for silencing circ_0014359 (si-circ)
and negative control (si-NC) were synthesized by Gen-
eral biocompany (Hefei, Anhui). Cells were transfected
with Lipofectamine2000 according to manufacturer’s in-
structions. After 6 to 8 h of culture, changed the me-
dium to complete medium, and continued to culture for
48 h for subsequent experiments.

CCK-8 assay

Cells were cultured in 96-well plates. Then, cell viabil-
ity was assessed at 48 h by adding 10 pl. of Cell Count-
ing Kit-8 (CCK-8) solution (C0037, Beyotime, Haimen,
China) to each well and quantifying the absorbance at
450 nm. After 2 h incubation, a microplate reader from
Thermo Fisher Scientific (formerly Fermentas, Schwerte,
Germany) was used to monitor the results.

Apoptosis assay

Cell apoptosis was detected by using an Annexin V-
fluotescein isothiocyanate propidium iodide (FITC/PI)
apoptosis detection kit (Thermo Fisher Scientific) ac-
cording to the manufacturer’s protocol. Cells were har-
vested and washed with 1x phosphate buffered saline
twice. Cells were then incubated with Annexin V_FTIC
and PI at room temperature for 15 minutes in the dark.
The cell apoptosis was analyzed by a FACScan flow cy-
tometer (BD Biosciences, Franklin Lakes, USA).

Transwell assay

First, the upper chamber was pre-coated with or with-
out matrigel (BD, USA). After the matrigel was solidi-
fied, transfected PECAPJ41 and HSC-4 cells were seed-
ed on the upper chamber (Millipore, MA, USA) and cul-
tured in 200 pL. serum-free DMEM. DMEM containing
12% FBS was added to the lower chamber. Cells were
incubated at 37°C. 24 h later, cells migrated or invaded
to the lower surface were fixed with methanol, followed
by staining with 0.1% crystal violet at room temperature
for 20 min. Finally, the migrated or invaded cells were
imaged under an optical microscope (Nikon, Japan).

Quantitative Real-Time Polymerase Chain Reaction
(qRT-PCR)

After extracting total RNA with Trizol reagent (Invit-
rogen, USA), 5 ug of RNA was reverse transcribed into
cDNA with a reverse transcription kit (Takara, Dalian,
China) according to the instructions. qRT-PCR reaction
was carried out with Power SYBR-Green PCR Master
mix (Thermo Fisher Scientific, USA) on a FAST7500
realtime-PCR system (ABI, USA). The PCR was per-
formed under the following reaction conditions: pre-de-
naturation at 96°C for 5min, 30 cycles of denaturation

at 96°C for 30s, annealing at 54°C for 30s, extension at
72°C for 30s; finally, extension at 72°C was 10min long
and stored at 4°C. The relative expression levels were
calculated using the 2—AACt method. GAPDH and U6
were used as the internal control for the mRNA and
miRNAs, respectively.

Western blot analysis

Protein Extraction kit (catalog no. NBP2-37853; No-
vus Biologicals LLC, Littleton, CO, USA) was used to
extract total protein from the in vitro cultured cells.
A bicinchoninic acid Protein Quantification kit (catalog
no. ab102536; Abcam, Cambridge, UK) was used to de-
termine protein concentrations with all steps performed
in strict accordance with the manufacturer’s protocol.
Protein samples were denatured and subjected to SDS-
PAGE. Following protein transfer onto polyvinylidene
difluoride membranes, membranes were blocked in 5%
fat-free milk in PBS at room temperature for 2 h. The
primary antibodies E-cadherin (ab40772, 1:10000), Snail
(ab216347, 1:1000), Vimentin (ab92547, 1:1000) and
GAPDH (ab8245, 1:5000) were purchased from Abcom
Company and the incubation was performed at 4°C for
15 h. A secondary incubation was performed at 24°C for
2 h using horseradish peroxidase-conjugated goat anti-
rabbit immunoglobulin G secondary antibody (ab6721,
1:5000). An ECL™ Western Blotting Analysis system
(Sigma-Aldrich; Merck KGaA, Darmstadt, Germany) was
used to develop signals. Finally, Image] software (version
146; National Institutes of Health, Bethesda, MD, USA)
was used to normalize the data.

Dual Luciferase Reporter Gene Experiment

Bioinformatics software was used to predict the tar-
get genes of circ_0014359. The wild-type and mutant se-
quence containing the binding region of miR-149 were
synthesized and cloned into the pGL3.1 reporter plas-
mid. The wild-type and mutant plasmid along with miR-
149 mimic and its negative control were transfected into
OSCC cells. After 48 h, the luciferase activity was deter-
mined by a dual luciferase detection kit (Promega, USA).
Firefly luciferase activity was normalized to Renilla.

RNA Pull Down

Biotin labeled miR-149 probe, or the negative con-
trol were obtained from Sangon Biotech (CA, USA).
Cells were transfected with specific probes for 48 h. The
transfected cells were harvested and lysed. Then, the
lysates were incubated with pre-coated beads overnight.
RNA enrichment was evaluated by qPCR assay.

Xenografts Model

Six-week-old male nude mice (20 to 25g) used for
the in vivo study were provided by Shanghai SLRC Ex-
perimental Animal Center (Shanghai, China). The mice
were injected subcutaneously with 5X10° OSCC cells
per mouse. Tumor size was measured every 3 days,
volume=length (mm)Xwidth (mm)>x0.52. At the end of
the experiment, the mice were sacrificed, and the tumors
were removed, imaged, and weighed. The present study
was approved by our hospital.

Statistical analysis

Data were analyzed by GraphPad Prism 6 (La Jolla,
CA, USA). Data were subjected to normality test be-
fore further analysis. Data with normal distribution were
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Figure 1. Expression levels of circ_0014359 in OSCC tissues and cell lines and related to the survival of patients.
(A) The expression of circ_0014359 was significantly higher in tumors tissues than those of the adjacent normal tissues. (B) The ex-
pression of circ_0014359 was related to the survival of patients with OSCC. (€) OSCC cell lines were showed higher expression of

circ_0014359 than that of NHKO cells. ***P<0.001.

shown as mean £ SD. One way or two-way ANOVA
as well as Student’s t-test were used to analyze differ-
ences between groups, followed by Post-Hoc Test (Least
Significant Difference, LSD). Significant difference was
defined as P<0.05.

RESULTS

Circ_0014359 is highly expressed in the OSCC tissues
and cell lines and relates to the survival of patients

In order to clarify the role of circ_0014359 in OSCC,
we firstly compared the expression levels of circ_0014359
in OSCC tissues and adjacent normal tissues, as well as
OSCC cell lines SCC15, SCC25, PECAPJ41, HSC-4, and
mucosa epithelium cell line NHOK. The qRT-PCR re-
sults showed that the expression of circ_0014359 was
significantly higher in the OSCC tissues than that of
normal tissues (P<0.001, Fig. 1A). We further divided
the OSCC patients into two groups according to the
median expression levels of circ_0014359 and compared
the survival of patients between the two groups. Con-
sistently, the survival of patients with low circ_0014359
expression was significantly shorter than those with
high circ_0014359 levels (P<0.05, Fig. 1B). In addition,
the OSCC cell lines SCC15, SCC25, PECAPJ41, and
HSC-4 were shown with significantly higher expressions
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of circ_0014.59 compared with that of NHOK cells
(P<0.001, Fig. 1C).

Circ_001439 knock down induces apoptosis and
inhibited migration, invasion and EMT of OSCC cells

Given the abnormal expression of circ_0014359 in
OSCC tissues and cell lines, we further investigated the
effects of circ_0014359 knock down on the OSCC cell
lines. Transfection of vectors carrying si-circ_0014359
successfully inhibited the expression of circ_0014359
in the PECAPJ41 cells and HSC-4 cells (P<0.001,
Fig. 2A). Interestingly, the viability of OSCC cells was
significantly decreased after knock down of circ_0014359
(P<0.001, Fig. 2B). Results of flow cytometry confirmed
that the cell apoptosis rates of PECAPJ41 and HSC-4
cells were significantly increased in the si-circ_0014359
group compared with that of si-NC group and control
group (P<0.001, Fig. 2C). To further explore whether
the circ_0014359 is involved in the migration and inva-
sion of OSCC cells, we applied the transwell test. The
results showed that the ability of migration and invasion
of OSCC cells were significantly decreased after silencing
the circ_0014359 (P<0.001, Fig. 2D and E). Since EMT
plays an important role in the tumor development, we
further investigated the changes in protein markers of
EMT after circ_0014359 knock down. The expressions
of E-cadherin were increased while the expressions of
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Figure 2. Circ_001439 knock down induced apoptosis and inhibited migration, invasion and EMT of OSCC cells.

(A) Transfection of si-circ_0014359 induced decrease of circ_0014359 expression in PECAPJ41 cells and HSC-4 cells. (B, C) Circ_0014359
knock down inhibited the cell variability (B) but increased the cell apoptosis (C). (D, E) Silencing circ_0014359 inhibited the ability of
migration (D) and invasion (E) of OSCC cells. (F, G) Knock down of circ_0014359 led to elevation of E-cadherin expression but decline of
snail and vimentin expression in PECAPJ41 cells (F) and HSC-4 cells (G). **P<0.01. ***P<0.001.
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Figure 3. Circ_0014359 targeted to miR-149.
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(A) Prediction of the binding sites between circ_0014359 and miR-149 (https://circinteractome.nia.nih.gov/). (B, C) Luciferase activities
were increased in the PECAPJ41 cells (B) and HSC-4 cells (C) after transfection of miR-149 mimics. (D) In the RNA-pull down assay, miR-
149 probes successfully enriched the circ_0014359. (E) Expression of miR-149 was decreased in the OSCC tissues. (F) A negative correla-
tion was detected between the expressions of miR-149 and circ_0014359. (G) In the PECAPJ41 cells and the HSC cells, knock down of
circ_0014359 increased the expression of miR-149. **P<0.01. ***P<0.001.

snail and vimentin were decreased in the group of cells
with circ_0014359 silencing (P<0.001, Fig. 2F and G),
indicating an increase of EMT.

Circ_0014359 targets to miR-149

In order to further clarify the target of circ_0014359,
we firstly used bioinformatics software (https://citcin-
teractome.nia.nih.gov/) to predict the binding sites of
miRNA. It was showed that circ_0014359 can bind to
the miRNA-149 (Fig. 3A). Compared with the control
group or mimic control group, simultaneous transfection
of circ_0014359 and miR-149 mimic resulted in signifi-
cant decline of luciferase activity in the PECAPJ41 cells
(P<0.01, Fig. 3B) or HSC-4 cells (P<0.01, Fig. 3C). In
addition, mutation of circ_001439 did not change the
luciferase activity. These results suggested a direct inter-
action between circ_0014359 and miR-149. Furthermore,
in the RNA-poll down assay, the circ_0014359 was sig-
nificantly enriched by the miR-149 probe compared with
the control probe (P<0.001, Fig. 3D). Since miR-149
was confirmed to be a target of circ_0014359, we further
investigated whether the circ_0014359-miR-149 axis was
involved in the OSCC. Consistent with our hypothesis,
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the expression of miR-149 was significantly decreased in
the tumor tissues compared with the adjacent normal tis-
sues (P<0.001, Fig. 3E). In addition, a negative correla-
tion was found between the expressions of circ_0014359
and miR-149 (P<0.001 R?=0.5141, Fig. 3F). In the
OSCC cells, knock down of circ_0014359 induced eleva-
tion of miR-149 expression (P<0.001, Fig. 3G), further
suggesting that miR-149 was a target of circ_0014359.

MiR-149 inhibition rescues the effects of circ_0014359
silencing on OSCC cells

To further confirm the role of circ_0014359-miR-149
pathway in the OSCC, we investigated the effects of
miR-149 inhibition on OSCC cells after knock down of
circ_0014359. Firstly, transfection of miR-149 inhibitor
successfully decreased the expression of miR-149 in the
PECAPJ41 cells and HSC-4 cells (Fig. 4A). Secondly,
inhibition of miR-149 partially rescued the decline of
cell viability induced by circ_0014359 silencing (P<0.01,
Fig. 4B). Compared with the si-circ+miR-NC group, the
cell apoptosis was also decreased in the OSCC cell lines
(P<0.001, Fig. 4C). Thirdly, the migration rate (P<0.05,
Fig. 4D), invasive rate (P<0.05, Fig. 4E), as well as ex-
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Figure 4. MiR-149 inhibition rescued the effects of circ_0014359 silencing on OSCC cells.

(A) Knock down of miR-149 in the OSCC cell lines. (B) Transfection of miR-149 inhibitor reversed the inhibitory effects of circ_0014359
knock down on the cellular variability of PECAPJ41 cells and HSC-4 cells. (C) MiR-149 inhibition rescued the circ_0014359 knock down-
induced apoptosis of OSCC cells. (D, E) The inhibitory effects of circ_0014359 silencing on migration (D) and invasion (E) of OSCC
cells were recovered by miR-149 inhibition. (F, G) MiR-149 knock down rescued the EMT induced by silencing of circ_0014359 in the

PECAPJ41 cells (F) and HSC-4 cells (G). *P<0.05. **P<0.01. ***P<0.001.
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pared with that of the control group. ***P<0.001.

pressions of E-cadherion, snail, and vimentin (P<0.05,
Fig. 4F and G), were all reversed after inhibition of
miR-149 in the OSCC cells with circ_0014359 knock
down. ***P<0.001.

Circ_0014359 knock down inhibits the tumor growth

Finally, we conducted in vivo experiments to con-
firm the role of circ_0014359 in tumor growth. We
established a xenograft mouse model using the HSC-4
cells with stale expression of si-circ_0014359 or circ-
NC (Fig. 5A). The results showed that the tumor vol-
ume and weight were significantly lower in the mouse
model with knock down of circ_0014359 compared with
that of control group (P<0.001, Fig. 5B and C), further
suggesting that inhibition of circ_0014359 blocked the
growth of OSCC.

DISCUSSION

The present study provided new insights into the
mechanisms of OSCC. We found that circ_0014359 was
an essential molecule in the progression of OSCC. By
sponging miR-149, the circ_0014359 enhanced the ability
of migration, invasion, and EMT of OSCC cells, thereby
promoting the OSCC development. The circ_0014359-
miR-149 pathway may be a novel target for improving
the strategies of treatment and prognosis of OSCC pa-
tients in clinical practices.

As mentioned above, head and neck squamous cell
carcinomas brought great burden to the global health
(Johnson et al., 2020). Treatment strategies for head and
neck squamous cell carcinomas include surgery, radio-
therapy, chemotherapy, systemic therapy, targeted thera-
py, as well as immunotherapy (Cramer e/ al, 2019). Even
though there were rapid advances on the diversity of
treatment methods for OSCC in recent years, the clini-
cal outcomes of patients were unsatisfactory (Muzaffar ez
al., 2021). In order to develop novel effective therapeutic
strategies for OSCC, it is of great importance to clarify
the mechanisms underlying the generation and progres-
sion of OSCC at molecular and cellular levels.

In recent years, the role of circular RNA (a subset
of non-coding RNA) in cancers has attracted the atten-
tion of researchers, including the field of OSCC (Fan ez
al., 2020). CirRNAs are evolutionarily conserved genetic
molecules, which are widely expressed in various species,
including human tissues (Dong ¢# al, 2017; Rybak-Wolf
et al., 2015). At present, about 15 000 kinds of cirRNAs
have been discovered expressing curtain patterns with
spatio-temporal specificity (Lei ez al, 2019). It has been
well established that abnormal expression of circRNA
was associated with the generation, progression, and

metastasis, which was considered as a stable biomarker
of different tumors (Kulcheski ez al, 2016; Zhang et al.,
2018). As for OSCC, dozens of circRNAs were found
to be differentially expressed in tumor tissues or cell
lines (Zhao et al, 2018). Previous studies demonstrated
that the expressions of circRNA_006740 (Wang ¢t al,
2018), hsa_circ_009755 (Wang e/ al, 2019) and hsa_
circ_0008309 (Li e al, 2018) were significantly lower in
patients with OSCC, and the levels of these circRNAs
were related to the tumor differentiation. Similarly, the
declines of hsa_circ_001242 (Sun e al., 2018) and hsa_
circ_0072387 (Dou et al., 2019) expression in OSCC were
associated with the tumor size and stages, as well as the
prognosis of patients. Interestingly, a lot of studies ex-
plored the possibility of using circRNA levels to predict
the diagnosis and treatment of OSCC, and the sensitiv-
ity and specificity were satisfactory (Li ez al., 2020; Li ez
al., 2019). Therefore, the citcRNAs are essential elements
underlying the mechanisms of OSCC. A recent study
confirmed, for the first time, that circ_0014359 played
a role in the progression of glioma and may be used to
predict the prognosis of patients (Shi e a/, 2019). In this
study, we found that circ_0014359 was highly expressed
in OSCC tissues and related to the patient’s prognosis,
suggesting a possible role of circ_0014359 in the patho-
genesis of OSCC. The results of our study provided a
new direction, which was targeting the circ_0014359, for
the development of strategies for the diagnosis and treat-
ment of OSCC.

The citcRNA-miRNA pathways have been reported
to play roles in the pathophysiology of OSCC. For ex-
ample, citcRNA_100533 (Mohamed ez al, 2019), circR-
NA_100290 (Liu et al, 2019), and circ_000140 (Li ez al.,
2020) were shown to sponge miRNA-933, miRNA-378a
and miRNA-31, respectively, and interfering with these
pathways can inhibit the proliferation and invasion of
OSCC cells thereby blocking the progression and metas-
tasis of tumors. In order to further clarify the downstream
target of circ_0014359, we used bioinformatics to predict
the biding sites of circ_0014359. Consistent with the clas-
sic working model, the circ_0014359 was found to interact
with miR-149. Previous studies revealed that miRNA-149
can inhibit the expression of transient receptor potential
melastatin 7 and affect the activity of mitogen-activated
protein kinases pathway, which was involved in the pro-
liferation of airway smooth muscle cells (Zhu e# al., 2020).
Moreover, miR-149 was essential to maintain the neuronal
viability and may be a promising target for the treatment
of Alzheimer’s disease (Du et al, 2021). We found that
inhibition of miR-149 can partly reverse the inhibitory ef-
fects of circ_0014359 knock down on the proliferation,
migration, invasion, and EMT of OSCC cells, suggest-
ing the involvement of circ_0014359-miRNA-149 axis
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in OSCC. It is reasonable to speculate that targeting the
circ_0014359-miRNA-149 may be a promising strategy for
the effective treatment of OSCC.

Limitations

This study has some limitations. First, the key signal-
ing pathways regulated by the circ_0014359-miRNA-149
are not revealed. Since cellular proliferation and migration
are controlled by complex molecular pathways, it is a huge
amount of work, but an important step to screen the mole-
cules involved in circ_0014359-regulated OSCC cell activity.
Second, we did not conduct in vivo expetiments to confirm
the effect of miRNA-149 silencing on the tumor growth,
which we will continue to perform in the future studies.

CONCLUSION

This study investigated the role of abnormal circ_0014359
expression in OSCC and further clarified the sponged miR-
NA of circ_0014359. The results showed that circ_0014359
was highly expressed in OSCC and was related to the poor
prognosis of patients. Knock down of circ_0014359 ex-
pression in OSCC cells can induce cell apoptosis and in-
hibit migration, invasion, and EMT. Similarly, the results
of the xenograft mouse model showed that silencing the
circ_0014359 significantly inhibited tumor growth. MiR-149
was found to be a target of circ_0014359. Knock down of
circ_0014359 may inhibit the growth of OSCC cells by up-
regulating miR-149. This study provided novel promising
molecular targets for the diagnosis and treatment of OSCC.

REFERENCES

Chen LL (2020). The expanding regulatory mechanisms and cellular
functions of circular RNAs. Naz Rev Mo/ Cell Bio/ 21: 475-490. htt-
ps://doi.org/10.1038/541580-020-0243-y

Cheng D, Wang J, Dong Z, Li X (2021) Cancer-related circular
RNA: diverse biological functlons Cancer Cell Int 21. https://doi.
org/11.10.1186/512935-020-01703-z

Cramer JD, Burtness B, Le QT, Ferris RL (2019). The changing thera-
peutic landscape of head and neck cancer. Naz Rev Clin Oncol 16:
669—683. https://doi.org/10.1038/541571-019-0227-z

Dong R, Ma XK, Chen LL, Yang L (2017). Increased complexity of
circRNA expression durmg species evolution. RN.A Bio/ 14: 1064—
1074. https://doi.org/10.1080/15476286.2016.1269999

Dou Z, Li S, Ren W, Wang Q, Liu J, Kong X, Gao L, Zhi K (2019).
Decreased expression of hsa_circ_0072387 as a valuable predictor
for oral squamous cell carcinoma. Ora/ Dis 25: 1302-1308. https://
doi.org/10.1111/0di.13094

Du W, Lei C, Dong Y (2021). MicroRNA-149 is downregulated in Alz-
heimer’s disease and inhibits beta-amyloid accumulation and amelio-
rates neuronal viability through targeting BACE1. Gener Mol Biol 44:
€20200064. https://doi.org/10.1590/1678-4685-GMB-2020-0064

Fan HY, Jiang J, Tang Y], Liang XH, Tang YL (2020). CircRNAs: A
new chapter in oral squamous cell carcinoma biology. Onco Targets
Ther 13: 9071-9083. https://doi.org/10.2147/OTT.S263655

Ferlay ], Colombet M, Soetjomataram I, Mathers C, Parkin DM, Pin-
eros M, Znaor A, Bray F (2019). Estimating the global cancer inci-
dence and mortality in 2018: GLOBOCAN sources and methods.
Int | Cancer 144: 1941-1953. https://doi.org/10.1002/ijc.31937

Holsinger FC, Ferris RL (2015). Transoral endoscopic head and neck
surgery and its role within the multidisciplinary treatment paradigm
of oropharynx cancer: Robotics, lasers, and clinical trials. | Clin On-
co/ 33: 3285-3292. https://doi.org/10.1200/]CO.2015.62.3157

Johnson DE, Burtness B, Leemans CR, Lui VWY, Bauman JE, Gran-
dis JR (2020). Head and neck squamous cell carcinoma. Na# Rev Dis
Primers 6: 92. https:/ /doi.org/10.1038/s41572-020-00224-3

Kulcheski FR, Christoff AP, Margis R (2016). Circular RNAs are miR-
NA sponges and can be used as a new class of biomarker. | Biotech-
nol 238: 42-51. https://doi.org/a10.1016/j.jbiotec.2016.09.011

Tei B, Tian Z, Fan W, Ni B (2019). Circular RNA: a novel biomarker
and therapeutlc target for human cancers. Int | Med Sci 16: 292-301.
https://doi.org/10.7150/ijms.28047

Li B, Wang F, Li X, Sun S, Shen Y, Yang H (2018). Hsa_circ_0008309
may be a potential biomarker for oral squamous cell carcinoma. Dis
Markers 2018: 7496890. https://doi.org/10.1155/2018 /7496890

Li J, Sun D, Pu W, Wang J, Peng Y (2020). Circular RNAs in can-
cer: biogenesis, function, and clinical significance. Trends Cancer 6:
319-336. https://doi. org/lo 1016/. trecan 2020.01.012

Li I, Zhang ZT (2020). Hsa_circ_0086414 might be a diagnostic bio-
marker of oral squamous cell carcinoma. Med Sci Monit 26: ¢919383.
https://doi.org/10.12659/MSM.919383

Li X, Zhang H, Wang Y, Sun S, Shen Y, Yang H (2019). Silencing cir-
cular RNA hsa_circ_0004491 promotes metastasis of oral squamous
cell carcinoma. Life Se 239: 116883. https://doi.org/10.1016/j.
1£s.2019.116883

Liu P, Li X, Guo X, Chen J, Li C, Chen M, Liu L, Zhang X, Zu
X (2019). Circular RNA DOCKI1 promotes bladder carcinoma
progression via modulating circDOCK1/hsa-miR-132-3p/Sox5 sig-
nalling pathway. Ce// Prolif 52: ¢12614. https://doi.org/10.1111/
cpr.12614

Meng S, Zhou H, Feng Z, Xu Z, Tang Y, Li P, Wu M (2017). Cir-
cRNA: functions and properties of a novel potential biomarker
for cancer. Mo/ Cancer 16: 94. https://doi.org/10.1186/512943-017-
0663-2

Mohamed NE, Hay T, Reed KR, Smalley M]J, Clarke AR (2019). APC2
is critical for ovarian WNT signalling control, fertility and tumour
suppression. BMC Cancer 19: 677. https://doi.org/10.1186/s12885-
019-5867-y

Muzaffar J, Bari S, Kirtane K, Chung CH (2021). Recent advances and
future directions in clinical management of head and neck squa-
mous cell carcinoma. Cancers (Basel) 13. https://doi.org/10.3390/
cancers13020338

Nor JE, Gutkind JS (2018). Head and neck cancer in the new
era of precision medicine. | Dent Res 97: 601-602. https://doi.
org/10.1177/0022034518772278

Rybak-Wolf A, Stottmeister C, Glazar P, Jens M, Pino N, Giusti S,
Hanan M, Behm M, Bartok O, Ashwal-Fluss R, Herzog M, Schrey-
er L, Papavasileiou P, Ivanov A, Ohman M, Refojo D, Kadener
S, Rajewsky N (2015). Circular RNAs in the mammalian brain are
highly abundant, conserved, and dynamically expressed. Mo/ Cell 58:
870-885. https: //d()l org/lo 1016/j.molcel.2015.03.027

Shi, F, Shi, Z, Zhao, Y, Tian, ] (2019). CircRNA hsa-circ-0014359 pro-
motes ghoma progression by regulating miR-153/PI3K signaling.
Biochem Biophys Res Commun 510: 614—620. https://doi.org/10.1016/j.
bbrc.2019.02.019

Sun S, Li B, Wang Y, Li X, Wang P, Wang F, Zhang W, Yang H
(2018). Clinical significance of the decreased expression of hsa_
circ_001242 in oral squamous cell carcinoma. Dis Markers 2018:
6514795. https://doi.org/10.1155/2018/6514795

Wang YF, Li BW, Sun S, Li X, Su W, Wang ZH, Wang F, Zhang
W, Yang HY (2018). Circular RNA expression in oral squa-
mous cell catcinoma. Front Oncol 8: 398. https://doi.org/10.3389/
fonc.2018.00398

Wang Z, Tang J, Wang Y, Sun S, Chen Y, Shen Y, Yang HY (2019).
Circular RNA hsa_circ_009755 downregulation correlates with clin-
icopathology in oral squamous cell carcinoma. Onco Targets Ther 12:
4025-4031. https://dot.org/10.2147/OTT.S196618

Wei G, Zhu ], Hu HB, Liu JQ (2021). Circular RNAs: Promising
biomarkers for cancer diagnosis and prognosis. Gene 771: 145365.
https://doi.org/10.1016/j.gene.2020.145365

Wyss A, Hashibe M, Chuang SC, Lee YC, Zhang ZF, Yu GP, Winn
DM, Wei Q, Talamini R, Szeszenia- Dabrowska N Sturgl: EM,
Smith E, Shangina O, Schwartz SM, Schantz S, Rudnai P, Purdue
MP, Eluf-Neto J, Muscat J, Morgenstern H, Michaluart P, Jr., Me-
nezes A, Matos E, Mates IN, Lissowska ], Levi F, Lazarus P, La
Vecchia C, Koifman S, Herrero R, Hayes RB, Franceschi S, Wun-
sch-Filho V, Fernandez L, Fabianova E, Daudt AW, Dal Maso L,
Curado MP, Chen C, Castellsague X, de Carvalho MB, Cadoni G,
Boccia S, Brennan P, Boffetta P, Olshan AF (2013). Cigarette, cigar,
and pipe smoking and the risk of head and neck cancers: pooled
analysis in the International Head and Neck Cancer Epidemiology
Consortium. Aw | Epideniol 178: 679—-690. https://doi.org/10.1093/
aje/kwt029

Zhang HD, Jiang LH, Sun DW, Hou JC, Ji ZL (2018). CircRNA: a
novel type of biomarker for cancer. Breast Cancer 25: 1-7. https://
doi.org/10.1007/s12282-017-0793-9

Zhang LW, Li J, Cong X, Hu XS, Li D, Wu LL, Hua H, Yu GY, Kerr
AR (2018). Incidence and mortality trends in oral and oropharyn-
geal cancers in China, 2005-2013. Cancer Epidemiol 57: 120-126.
https://doi.org/10.1016/j.canep.2018.10.014

Zhao SY, Wang J, Ouyang SB, Huang ZK, Liao L. (2018). Salivary
circular RNAs Hsa_Circ_0001874 and Hsa_Circ_0001971 as novel
biomarkers for the diagnosis of oral squamous cell carcinoma. Ce//
Physiol Biochem 47 2511-2521. https://doi.org/10.1159/000491624

Zhu Z, Zhang L, Jiang T, Qian Y, Sun Y, Zhang Q (2020). MiR-149
attenuates the proliferation and migration of TGF-betal-induced
airway smooth muscle cells by targeting TRPM7 and affecting
downstream MAPK signal pathway. Acta Biochim Pol 67: 453—460.
https://doi.org/10.18388 /abp.2020_5417


https://doi.org/10.1038/s41580-020-0243-y
https://doi.org/10.1038/s41580-020-0243-y
https://doi.org/11.10.1186/s12935-020-01703-z
https://doi.org/11.10.1186/s12935-020-01703-z
https://doi.org/10.1038/s41571-019-0227-z
https://doi.org/10.1080/15476286.2016.1269999
https://doi.org/10.1111/odi.13094
https://doi.org/10.1111/odi.13094
https://doi.org/10.1590/1678-4685-GMB-2020-0064
https://doi.org/10.2147/OTT.S263655
https://doi.org/10.1002/ijc.31937
https://doi.org/10.1200/JCO.2015.62.3157
https://doi.org/10.1038/s41572-020-00224-3
https://doi.org/a10.1016/j.jbiotec.2016.09.011
https://doi.org/10.7150/ijms.28047
https://doi.org/10.1155/2018/7496890
https://doi.org/10.1016/j.trecan.2020.01.012
https://doi.org/10.12659/MSM.919383
https://doi.org/10.1016/j.lfs.2019.116883
https://doi.org/10.1016/j.lfs.2019.116883
https://doi.org/10.1111/cpr.12614
https://doi.org/10.1111/cpr.12614
https://doi.org/10.1186/s12943-017-0663-2
https://doi.org/10.1186/s12943-017-0663-2
https://doi.org/10.1186/s12885-019-5867-y
https://doi.org/10.1186/s12885-019-5867-y
https://doi.org/10.3390/cancers13020338
https://doi.org/10.3390/cancers13020338
https://doi.org/10.1177/0022034518772278
https://doi.org/10.1177/0022034518772278
https://doi.org/10.1016/j.molcel.2015.03.027
https://doi.org/10.1016/j.bbrc.2019.02.019
https://doi.org/10.1016/j.bbrc.2019.02.019
https://doi.org/10.1155/2018/6514795
https://doi.org/10.3389/fonc.2018.00398
https://doi.org/10.3389/fonc.2018.00398
https://doi.org/10.2147/OTT.S196618
https://doi.org/10.1016/j.gene.2020.145365
https://doi.org/10.1093/aje/kwt029
https://doi.org/10.1093/aje/kwt029
https://doi.org/10.1007/s12282-017-0793-9
https://doi.org/10.1007/s12282-017-0793-9
https://doi.org/10.1016/j.canep.2018.10.014
https://doi.org/10.1159/000491624
https://doi.org/10.18388/abp.2020_5417

