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Abstract Background/purpose: Circular RNA origin recognition complex subunit 4 (circORC4;
ID: hsa_circ_0004491) have been confirmed to be a novel potential biomarker of oral squamous
cell carcinoma (OSCC). This study aimed to explore the molecular mechanism of circ_0004491
in OSCC progression.
Materials and methods: Levels of circ_0004491, microRNA (miR)-2278, guanine nucleotide-
binding protein alpha subunit (GNAS), Bax, Bcl-2, E-cadherin and ki-67 were detected by quan-
titative real-time PCR, western blotting and immunohistochemistry. The proliferation of OSCC
cells was measured using colony formation assay and EdU staining. Cell apoptosis and motility
were detected by flow cytometry and transwell assays respectively. Interaction between miR-
2278 and circ_0004491 or GNAS was predicted by bioinformatics analysis and confirmed via
luciferase reporter assay and RNA immunoprecipitation assay. Xenograft tumor model was used
to analyze the role of circ_0004491 in tumor growth in vivo.
Results: Circ_0004491 was downregulated in OSCC tissues and cell lines. Circ_0004491 overex-
pression suppressed the proliferation, migration and invasion whereas facilitated the apoptosis
of OSCC cells. Circ_0004491 acted as a molecular sponge for miR-2278, and circ_0004491
overexpression-mediated effect was partly reversed by miR-2278 mimic in OSCC cells. MiR-
2278 interacted with the 3’UTR of GNAS. Circ_0004491 contributed to GNAS level by sponging
of StomatologyHanyang Hospital Affiliated to Medical College of Wuhan University of Science and
anyang District, Wuhan, 430050, China.
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miR-2278 in OSCC cells. GNAS knockdown restored miR-2278 inhibitor-mediated effect in OSCC
cells. Circ_0004491 overexpression repressed xenograft tumor growth in vivo.
Conclusion: Circ_0004491 can repress OSCC progression by regulation of miR-2278/GNAS axis,
providing a possible circRNA-targeted therapy for OSCC.
ª 2022 Association for Dental Sciences of the Republic of China. Publishing services by Elsevier
B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.
org/licenses/by-nc-nd/4.0/).
Introduction

Oral squamous cell carcinoma (OSCC) is an increasingly
fatal malignant tumor, which originated from the lesions of
oral mucosal epithelial tissue.1,2 The main characteristics
of OSCC are lymphatic metastasis and distant metastasis,
which seriously affect the patient’s quality of life.3 The
current treatment strategy for OSCC is surgery combined
with radiotherapy and chemotherapy.1,4 The current
treatment strategy is only effective for early stage pa-
tients. For advanced patients, the cure rate was signifi-
cantly decreased and the risk of recurrence was
increased.5,6 Therefore, there is an urgent need to explore
the pathogenesis of OSCC in depth, and provide a new basis
for finding effective biomarkers and therapeutic targets for
diagnosis and treatment.

Circular RNA (circRNA) is a conserved endogenous non-
coding RNA that is widely expressed in multiple species.7

The ring structure formed by covalent sealing makes it
resistant to RNase-induced degradation and have stronger
stability than linear RNA.7,8 In addition, high-throughput
sequencing results showed that circRNA has a different
expression pattern in cancer tissues and cells comparing to
the controls.9 Mechanism studies have proved that circRNA
contains conserved miRNA target binding sites and was
considered as an effective miRNA sponge.7 For example,
hsa_circRNA_100290 contributed to glucose transporter-1
(GLUT1) expression and repressed OSCC cell growth and
glycolysis via targeting miR-378a.10 Therefore, based on the
characteristics such as sequence conservation, structural
stability and expression difference, circRNA was often used
as a biomarker for cancer diagnosis or targeted
therapy.11,12

Circ_0004491, has been shown to be evidently down-
regulated in OSCC tumor tissues and cells in previous
studies, and knockdown or overexpression of circ_0004491
could obviously promote or inhibit the motility of OSCC
cells.13 However, the specific molecular mechanism of
circ_0004491 involved in the progression of OSCC was still
unclear. MiR-2278 was the only potential target miRNA of
circ_0004491 retrieved from the starBase online website. In
addition, studies have confirmed that miR-2278 was
remarkably up-regulated in ovarian cancer14 and prostate
cancer,15 and played a tumor-promoting effect. Guanine
nucleotide-binding protein alpha subunit (GNAS) was pre-
dicted to be a candidate target of miR-2278 by the starBase
online website. GNAS, one of the G Protein activation
subunits, could regulate cellular signaling pathways by
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encoding Ga.16 Additionally, Zhu et al. confirmed that GNAS
expression in OSCC was evidently lower than that of the
control, and it was regulated by circRNA_100533 via
absorbing miR-933.17 However, it was still unclear whether
there was a circ_0004491/miR-2278/GNAS axis in the pro-
cess of OSCC.

Therefore, this study first investigated the role of
circ_0004491 in OSCC, and then further verified the
involvement of miR-2278/GNAS axis in the regulating effect
of circ_0004491 in OSCC progression.

Materials and methods

Clinical tissues and cell lines

59 pairs of OSCC tumor and adjacent normal tissues speci-
mens from Hanyang Hospital Affiliated to Medical College of
Wuhan University of Science and Technology were enrolled
in this study. All patients had not received chemotherapy or
radiation therapy and signed the written informed consent.
After operation, all tissue specimens were immediately
frozen at �-80 �C. This study was approved by the approval
from Hanyang Hospital Affiliated to Medical College of
Wuhan University of Science and Technology.

Human oral keratinocyte cell line (HOK) and OSCC cell
lines (CAL-27 and HSC-6) were brought from Tongpai
Biotechnology (Shanghai, China). SCC-9 and OECM1 cells
were purchased from Crisprbio (Beijing, China). CAL-27,
SCC-9, HSC-6 and HOK cells were cultured in DMEM (Gibco,
Rockville, MD, USA), and OECM-1 cells were incubated in
RPMI-1640 (Gibco) at 37 �C with 5% CO2. 10% fetal bovine
serum (FBS; Gibco) and 1% penicillin/streptomycin (Gibco)
were added in mediums.

Quantitative real-time PCR (qRT-PCR)

TRIzol Reagent (Invitrogen, Carlsbad, CA, USA) was used to
extract total RNA. Then, NanoDrop One/OneC (Thermo
Scientific, Shanghai, China) and High Capacity cDNA
Reverse Transcription Kit (Invitrogen) were separately used
to examine RNA concentration and obtain cDNA. Finally,
the cDNA was mixed with specific primers and SYBR Green
(Solarbio, Beijing, China) to conduct qRT-PCR. Relative
expression was normalized by U6 small nuclear 1 (RNU6) or
glyceraldehyde-phosphate dehydrogenase (GAPDH) and
calculated by 2�DDCT method. Primer sequences were
shown in Table 1.

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


Table 1 Primers sequences used for PCR.

Name Primers for PCR (5’e3’)

circ_0004491 Forward AGTGAGCTGCTGAAAAGAACTG
Reverse GCTCCAGGCTTCCATAGTTT

ORC4 Forward CAGCAAAAACCTGCGGTCAT
Reverse TGCTACACAGTTGGCTTGCT

miR-2278 Forward GTATGAGGAGAGCAGTGTGTGTT
Reverse CTCAACTGGTGTCGTGGAG

GNAS Forward GCAGAAGGACAAGCAGGTCT
Reverse TTCTCACCATCGCTGTTGCT

GAPDH Forward GACAGTCAGCCGCATCTTCT
Reverse GCGCCCAATACGACCAAATC

U6 Forward CTCGCTTCGGCAGCACA
Reverse AACGCTTCACGAATTTGCGT

ORC4: origin recognition complex subunit 4; miR: microRNA;
GNAS: guanine nucleotide-binding protein alpha subunit;
GAPDH: glyceraldehyde-phosphate dehydrogenase.

Table 2 The antibodies in Western blotting and IHC.

Antibody Cat. Dilution ratio Source

Bax ab32503 1:10000 Abcam
Bcl-2 ab32124 1:1000 Abcam
E-cadherin 20874-1-AP 1:10000 Proteintech
GNAS ab283266 1:1000 Abcam
GAPDH 10494-1-AP 1:50000 Proteintech
ki-67 ab15580 1:200 Abcam
Goat Anti-Rabbit

IgG H&L (HRP)
ab6721 1:20000 Abcam

Bax: Bcl-2-like protein 4; Bcl-2: B-cell lymphoma 2; GNAS:
guanine nucleotide-binding protein alpha subunit; GAPDH:
glyceraldehyde-phosphate dehydrogenase.
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Identification of circRNA

In RNase R assay, the RNA extracted from CAL-27 and SCC-
9 cells was co-incubated with 3 U/mg RNase R (Geneseed,
Guangzhou, China) or equal volume of the 1 � �Reaction
Buffer (Geneseed) for 30 min at 37 �C. Then circ_0004491
expression and linear ORC4 mRNA expression were
measured by qRT-PCR. In Actinomycin D (ActD) assay, CAL-
27 and SCC-9 cells were co-incubated with ActD solution
(Seebio, Shanghai, China) for 0, 4, 8, 12 and 24 h. Then, the
RNA was isolated, and qRT-PCR was used to determine
circ_0004491 expression and linear ORC4 mRNA expression.

Cell transfection

Circ_0004491 overexpression plasmid (circ_0004491), miR-
2278 mimic (miR-2278), miR-2278 inhibitor (in-miR-2278),
GNAS shRNA (sh-GNAS) and related controls (vector, miR-
NC, in-miR-NC and sh-NC) were designed and synthesized
by Ribobio (Guangzhou, China). Lipofectamine 3000 (Invi-
trogen) was used to perform transfection.

Colony formation assay

Transfected OSCC cells were cultured at 37 �C for 14 days.
After removed the cell medium, the colonies were fixed by
4% paraformaldehyde (Phygene, Fuzhou, China) and stained
by crystal violet (Phygene), respectively. Then, the number
of colonies containing more than 50 cells were counted
using an inverted microscope.

EdU staining

EdU staining was conducted to measure OSCC cells growth
using BeyoClick� EdU Cell Proliferation Kit with Alexa Fluor
488 (Beyotime, Shanghai, China). Briefly, CAL-27 and SCC-
9 cells were incubated with click reaction buffer, CuSO4,
Azide 488, click additive solution and Hoechst 33342 solu-
tion. EdU positive cell rate was reflected by the percentage
of green signal (EdU positive cells) to blue signal (Hoechst
positive cells).
239
Flow cytometry

Transfected OSCC cells were harvested after culturing for
24 h for the processes recommended by the instructions of
the Annexin V-FITC/PI apoptosis detection kit (Roche, Basel,
Switzerland). Then, cells were suspended with Binding
buffer, and cell suspensions were incubated with 10 mL of
Annexin V-FITC and 10 mL of PI for 15 min in the dark. Under
a flow cytometer, cell apoptotic rate was assessed.

Transwell assay

To measure the migration and invasion abilities of OSCC
cells, transfected cells (5 � 104 cells/well) suspended with
serum-free medium were pipetted over the upper of
Transwell chambers (Corning, Madison, NY, USA), and cul-
ture medium containing 10% FBS was pipetted into the
bottom chambers. For invasion assay, cells needed to
invade the polycarbonate transwell filter coated with
Matrigel (Corning). 24 h later, migrated or invaded cells
were fixed with paraformaldehyde (Phygene) and stained
with 0.1% crystal violet (Phygene). Migrated and invaded
cells were counted under a microscope (100 �).

Western blotting

RIPA buffer (Beyotime) was used to obtain total protein of
OSCC tissues and cells. Then, the protein was separated by
SDS-PAGE gel and transferred to PVDF membranes (Bio-Rad,
Hercules, CA, USA). After being blocked with 5% defatted
milk for 1 h, the protein signals of the membranes were
visualized by BeyoECL Plus kit (Beyotime) after co-
incubated with primary and secondary antibodies pre-
sented in Table 2 at 4 �C overnight. Image Lab software was
used to analyze the gray value of proteins. The antibodies
were originally provided by Abcam (Cambridge, UK) and
Proteintech (Wuhan, China).

Bioinformatics analysis and dual-luciferase
reporter system

The online software starBase (http://starbase.sysu.edu.
cn/) were used to retrieve the miRNA binding sites in
circ_0004491 and GNAS. Fragments of wild or mutant type
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circ_0004491 and wild or mutant type 3’UTR of GNAS mRNA
were cloned into the upstream of pmirGLO luciferase
reporter to manufacture luciferase reporter for circ_
0004491 and GNAS. OSCC cells were co-transfected with
above reporter vectors and miR-2278 or miR-NC mimic. To
measure the luciferase activity, Dual-Lumi� II Luciferase
Assay Kit (Beyotime) was used.

RNA immunoprecipitation (RIP) assay

Magna RIP Kit (Millipore, Billerica, MA, USA) was imple-
mented to perform RIP assay. Firstly, transfected OSCC
cells were treated with RIP lysis buffer. Afterwards, mag-
netic beads pre-coated with antibodies against Ago2 (Anti-
Ago2; 10686-1-AP, 1:50; Proteintech) or anti-IgG (16402-1-
AP, 1:50; Proteintech) were added into cell lysates. The
enrichment of circ_0004491 and miR-2278 was detected by
qRT-PCR.

Xenograft model

BALB/c nude mice (5-week-old, female) were purchased
from Vital River Laboratory (Beijing, China), and this study
was permitted by the Animal Ethics Committee of Hanyang
Hospital Affiliated to Medical College of Wuhan University
of Science and Technology. CAL-27 cells transfected with
vector or circ_0004491 were subcutaneously inoculated
into the dorsal side of the mice (n Z 5/group). On the 4th
day after cells inoculation, tumor volume was firstly
calculated, and the length (L) and width (W) of the forming
tumors were measured every 4 days until 28th day. The
volume (V) of the nodules was assessed according to the
formula: V (mm3) Z (L � W2)/2. On the 28th day, tumors
were taken out to be weighed and photographed. Tumor
tissues of mice were collected to obtain total RNA and
protein for qRT-PCR and western blotting. In addition, a
part of tumor tissues were fixed to make paraffin-coated
sections for immunohistochemistry (IHC). Antibody of ki67
in IHC was listed in Table 2.

Statistical analysis

Data were presented as the mean � standard deviation and
analyzed by paired or unpaired t test (two-tailed) or 1/2-
way analysis of variance (ANOVA). Tukey’s or Sidak’s mul-
tiple comparisons test was performed after ANOVA. The
correlations between circ_0004491, miR-2278 and GNAS
were analyzed using Pearson correlation analysis. Statisti-
cal analysis was carried out using GraphPad Prism 8.0
software. A value P < 0.05 was considered to be significant.

Results

Circ_0004491 was downregulated in OSCC tissues
and cell lines

Circ_0004491 was formed by the back-splicing of exon 2e-5
of ORC4 gene (Fig. 1A). Comparing to adjacent normal tis-
sues, we found that the expression of circ_0004491 was
obviously downregulated (Fig. 1B). The correlation
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between circ_0004491 expression and clinical characteris-
tics in patients with OSCC was showed in Table 3. The
expression of circ_0004491 was significantly correlated with
tumor size and lymph-node metastasis. Thereafter, data
showed that circ_0004491 expression was also significantly
lower in OSCC cells (CAL-27, SCC-9, HSC-6 and OECM-1)
than that in HOK cells (Fig. 1C). Further experiment
showed that circ_0004491 could resist the digestion of
RNase R, while linear ORC4 could be digested by RNase R
(Fig. 1D and -E). After ActD treatment, we observed that
the stability of circ_0004491 was higher than that of linear
ORC4 (Fig. 1F and -G). These data confirmed that
circ_0004491 had a circular structure, and might be impli-
cated in the progression of OSCC.

Circ_0004491 suppressed OSCC cell proliferation
and metastasis

To investigate the role of circ_0004491 in OSCC,
circ_0004491 overexpression plasmid was transfected into
OSCC cells and it evidently promoted circ_0004491
expression (Fig. 2A). To measure OSCC cells proliferation,
colony formation assay and EdU staining were performed,
and the results showed that circ_0004491 overexpression
obviously reduced the colony numbers and the EdU positive
cell rate (Fig. 2B and C). And the flow cytometry data
showed that circ_0004491 overexpression promoted the
apoptosis rate of CAL-27 and SCC-9 cells (Fig. 2D). Besides,
circ_0004491 overexpression constrained the migrated the
invaded cell number in CAL-27 and SCC-9 cells (Fig. 2E and
F). To further confirm the above results, marker protein
expression was detected, and the results indicated that
overexpressed circ_0004491 promoted the protein expres-
sion of Bax and E-cadherin and decreased Bcl-2 protein
expression in CAL-27 and SCC-9 cells (Fig. 2G and H). Be-
sides that, circ_0004491 overexpression was accompanied
with decreased N-cadherin and Vimentin in CAL-27 and
SCC-9 cells (Figs. S1AeB). These outcomes suggested that
circ_0004491 might suppress the progression of OSCC.

Circ_0004491 served as miR-2278 sponge

Using the starBase online software, we found that miR-2278
possessed complementary binding sites with circ_0004491.
And according to the binding sites between circ_0004491
and miR-2278, the circ_0004491 WT/MUT vectors were
constructed (Fig. 3A). After confirming that miR-2278 mimic
indeed promoted miR-2278 expression (Fig. 3B), miR-2278
mimic and the circ_0004491 WT/MUT vectors were co-
transfected into CAL-27 and SCC-9 cells. Dual-luciferase
reporter assay results revealed that overexpressed miR-
2278 only reduced the luciferase activity of circ_0004491
WT vector without affecting that of the circ_0004491 MUT
vector (Fig. 3C and D). Moreover, RIP assay results showed
that circ_0004491 and miR-2278 could be markedly
enriched in Anti-Ago2-preincubated beads (Fig. 3E and F).
The expression of miR-2278 was significantly upregulated in
OSCC tissues and cells (CAL-27 and SCC-9) when compared
with adjacent normal tissues and HOK cells (Fig. 3G and H).
And there was a negative correlation between the expres-
sion of circ_0004491 and miR-2278 in OSCC tumor tissues



Fig. 1 Circ_0004491 expression was downregulated in the tissues and cell lines of OSCC. (A) The basic information of
circ_0004491 was shown. (B) The expression of circ_0004491 was measured by qRT-PCR analysis in clinical OSCC tumor and adjacent
normal tissues (N Z 59). (C) Circ_0004491 expression was detected by qRT-PCR analysis in OSCC cell lines (CAL-27, SCC-9, HSC-6
and OECM-1) and HOK cell line. (DeG) RNase R assay (DeE) and Act D assay (FeG) were performed to identify the circular char-
acteristic of circ_0004491. ***P < 0.001.

Table 3 Correlation between clinicopathologic parame-
ters of OSCC patients and circ_0004491 expression.

Parameter Case Circ_0004491 expression P
valueLow

(n Z 29)
High
(n Z 30)

Sex 0.522
Male 33 15 18
Female 26 14 12

Age (years) 0.506
�60 27 12 15
>60 32 17 15

Tumor size 0.013*
�4 cm 31 20 11
>4 cm 28 9 19

Differentiation 0.366
Good/moderate 23 13 10
Poor 36 16 20

Lymph-node
metastasis

0.006*

Yes 26 18 8
No 33 11 22

*P < 0.05.
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(Fig. 3I). These data revealed that circ_0004491 acted as a
molecular sponge for miR-2278.

Circ_0004491 regulated OSCC progression by
sponging miR-2278

The rescue experiments were performed to explore
whether circ_0004491 regulated OSCC progression by
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sponging miR-2278. Circ_0004491 and miR-2278 were co-
transfected into CAL-27 and SCC-9 cells. The results showed
that circ_0004491 overexpression obviously repressed miR-
2278 expression, miR-2278 mimic reverted this inhibitory
effects (Fig. 4A). And miR-2278 mimic could promote the
colony number and the EdU positive cell rate and restrained
cell apoptosis rate in circ_0004491-depressed cells
(Fig. 4BeD). Besides, the negative regulation of
circ_0004491 overexpression on the migration and invasion
of CAL-27 and SCC-9 cells was also overturned by miR-2278
mimic (Fig. 4EeH). Furthermore, the detection of protein
levels displayed that the promotion effect of overexpressed
circ_0004491 on the protein expression of Bax and E-cad-
herin and the repression effect on Bcl-2 protein expression
were reversed by miR-2278 mimic (Fig. 4I and J). All results
indicated that circ_0004491 suppressed OSCC progression
by sponging miR-2278.

MiR-2278 directly targeted GNAS

The target of miR-2278 was predicted by the starBase on-
line software, and the binding sites of GNAS 3’UTR and miR-
2278 were showed. Then, the GNAS 3’UTR WT/MUT vectors
were synthesized (Fig. 5A). After co-transfected with the
miR-2278 mimic and GNAS 3’UTR WT/MUT vectors into CAL-
27 and SCC-9 cells, we discovered that miR-2278 mimic
reduced the luciferase activity of GNAS 3’UTR WT vector,
while had not effect on that of the GNAS 3’UTR MUT vector
(Fig. 5B and C). These outcomes confirmed the interaction
between miR-2278 and GNAS. By detecting GNAS mRNA and
protein level expression, we found that GNAS expression
was downregulated in OSCC tumor tissues and cells
(Fig. 5DeF). Additionally, circ_0004491 overexpression
evidently promoted the protein expression of GNAS, and
this effect was reverted by miR-2278 mimic (Fig. 5GeI).



Fig. 2 Circ_0004491 repressed the malignant behaviors of OSCC cells. CAL-27 and SCC-9 cells were transfected with
circ_0004491 or vector. (A) The expression of circ_0004491 was examined by qRT-PCR analysis to confirm transfection efficiency.
(BeC) Colony formation assay (B) and EdU staining (C) were performed to investigate the proliferation ability of OSCC cells. (D) The
cell apoptosis rate was determined by flow cytometry. (EeF) Transwell assay was used to examine cell migration and invasion.
(GeH) The protein levels of Bax, Bcl-2 and E-cadherin were detected by western blotting. **P < 0.01 and ***P < 0.001.

T. Cheng, F. Huang, Y. Zhang et al.
Correlation analysis revealed that GNAS mRNA expression
was negatively correlated with miR-2278 expression, and
positively correlated with circ_0004491 expression in OSCC
tumor tissues (Fig. 5J and K). Taken together, we confirmed
that circ_0004491 could sponge miR-2278 to positively
regulate GNAS.
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MiR-2278 inhibitor-mediated effects were
overturned by GNAS knockdown in OSCC cells

The transfection efficiencies of in-miR-2278 and sh-GNAS in
OSCC cells were verified by qRT-PCR and western blotting,
respectively (Fig. 6A and B). Then, we co-transfected in-



Fig. 3 Circ_0004491 interacted with miR-2278 in OSCC cells. (A) The predicted miR-2278-binding sites in circ_0004491 WT and
MUTwere showed. (B) The expression of miR-2278 was examined by qRT-PCR analysis to confirm transfection efficiency. (CeD) The
relative luciferase activity of circ_0004491 WT and MUT reporter vectors was measured by dual-luciferase reporter assay. (EeF) The
relative RNA enrichment of circ_0004491 and miR-2278 was detected by RIP assay. (G) MiR-2278 expression was tested by qRT-PCR
analysis in clinical OSCC tumor and adjacent normal tissues (N Z 59). (H) The expression of miR-2278 was determined by qRT-PCR
analysis in HOK, CAL-27 and SCC-9 cells. (I) Pearson correlation analysis was performed between relative circ_0004491 and miR-
2278 levels in OSCC tumor tissues. **P < 0.01 and ***P < 0.001.

Fig. 4 MiR-2278 mimic overturned circ_0004491 overexpression-mediated effect in OSCC cells. CAL-27 and SCC-9 cells were
transfected with vector or circ_0004491 and miR-NC or miR-2278. (A) The expression of miR-2278 was measured by qRT-PCR
analysis. (BeC) Colony formation assay (B) and EdU staining (C) were performed to investigate the proliferation ability of OSCC
cells. (D) The cell apoptosis rate was determined by flow cytometry. (EeH) Transwell assay was used to examine cell migration and
invasion. (IeJ) The protein levels of Bax, Bcl-2 and E-cadherin were detected by western blotting. *P < 0.05, **P < 0.01 and
***P < 0.001.

Journal of Dental Sciences 18 (2023) 237e247

243



Fig. 5 MiR-2278 interacted with GNAS in OSCC cells. (A) The predicted miR-2278-binding sites in GNAS 3’UTR WT and MUTwere
showed. (BeC) The relative luciferase activity of GNAS 3’UTR WT and MUT reporter vectors was measured by dual-luciferase re-
porter assay. (DeE) The expression of GNAS was tested by qRT-PCR analysis and western blotting in clinical OSCC tumor and
adjacent normal tissues (N Z 59). (F) The expression of GNAS was determined by western blotting in HOK, CAL-27 and SCC-9 cells.
(GeI) GNAS protein level was determined by western blotting in CAL-27 and SCC-9 cells transfected with vector or circ_0004491 and
miR-NC or miR-2278. (JeK) Pearson correlation analysis was performed between relative GNAS level and miR-2278 or circ_0004491
levels in OSCC tumor tissues. **P < 0.01 and ***P < 0.001.

T. Cheng, F. Huang, Y. Zhang et al.
miR-2278 and sh-GNAS into CAL-27 and SCC-9 cells to
conduct rescue experiments, and results revealed that in-
miR-2278-induced upregulation in GNAS protein level was
restored by GNAS knockdown (Fig. 6C). For functional ex-
periments, data showed that miR-2278 inhibitor suppressed
the colony number and the EdU positive cell rate and
facilitated cell apoptosis rate, and GNAS silencing reverted
the above effect (Fig. 6DeF). Besides, the inhibitory effect
of miR-2278 inhibitor on the migration and invasion of CAL-
27 and SCC-9 cells was also restored by GNAS knockdown
(Fig. 6GeI). Furthermore, GNAS silencing also overturned
the upregulation of Bax and E-cadherin protein expression
and the repression of Bcl-2 protein expression mediated by
miR-2278 inhibitor (Fig. 6J and K). Therefore, we verified
that miR-2278 regulated cell proliferation and metastasis of
OSCC cells by targeting GNAS.
Overexpressed circ_0004491 inhibited OSCC tumor
growth in vivo

The xenograft tumor experiment was employed to further
confirm the role of circ_0004491 in OSCC tumorigenesis
in vivo. As revealed in Fig. 7AeC, circ_0004491 over-
expression restrained the tumor volume and weight when
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comparing with the vector group. Besides, overexpressed
circ_0004491 contributed to the expression of circ_0004491
and GNAS, while hindered miR-2278 expression (Fig. 7DeF).
IHC staining results showed that the positive cells of ki-67 in
the tumor tissues of circ_0004491 overexpression group was
lower than that in the tumor tissues of vertor group
(Fig. 7G). These findings displayed that circ_0004491 acted
as a tumor suppressor in OSCC.

Discussion

The incidence of OSCC is increasing year by year.18 Despite
treatment plan has been improved, the prognosis of pa-
tients was still unsatisfactory.1 In this study, the data
confirmed that the expression of circ_0004491 was lower in
OSCC tumor tissues and cell lines than that in controls.
Overexpressed circ_0004491 significantly reduced the cell
growth, motility, whereas contributed to cell apoptosis of
OSCC. In addition, circ_0004491, as a competing endoge-
nous RNA (ceRNA), promoted GNAS expression through
sponging miR-2278, thereby inhibiting tumor growth and
metastasis.

The application of targeted therapy provided new ideas
for cancer therapy.19,20 Finding effective biomarkers and



Fig. 6 MiR-2278 inhibitor-mediated effect was restored by GNAS knockdown in OSCC cells. (AeB) The expression of miR-2278
and GNAS were examined by qRT-PCR analysis and western blotting respectively to confirm transfection efficiency. Then, CAL-27
and SCC-9 cells were transfected with in-miR-NC, in-miR-2278, in-miR-2278þsh-NC or in-miR-2278þsh-GNAS. (C) The expression of
GNAS was detected by western blotting. (DeE) Colony formation assay (D) and EdU staining (E) were performed to investigate the
proliferation ability of OSCC cells. (F) The cell apoptosis rate was determined by flow cytometry. (GeI) Transwell assay was used to
examine cell migration and invasion. (JeK) The protein levels of Bax, Bcl-2 and E-cadherin were detected by western blotting.
*P < 0.05, **P < 0.01 and ***P < 0.001.
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therapeutic targets was crucial for the diagnosis of early
OSCC and the treatment of advanced OSCC. Through RNA
sequencing, the differential expression of circRNA has
been proved to be involved in the process of OSCC.21,22

With the deepening of research, the pro-cancer and
anti-cancer role of some circRNA has been revealed in the
progress of OSCC.23e25 For instance, Circ-PVT1 facilitated
OSCC development through mediating miR-106a-5p/HK2
axis.23 Hsa_circ_0007059 was reported to be obviously
down-regulated in OSCC, and it improved OSCC by modu-
lating AKT/mTOR signal pathway.24 Circ-PKD2 repressed
APC2 expression and OSCC carcinogenesis via absorbing
miR-204-3p.25 In this study, we focused on the role of
circ_0004491 in OSCC progress. Consistent with previous
studies, circ_0004491 expression in OSCC tissues and cell
lines was apparently reduced comparing to the controls
and had an inhibitory effect on cell metastasis. The dif-
ference was that we also confirmed that circ_0004491
overexpression evidently constrained cell proliferation
and facilitated cell apoptosis. Moreover, by establishing a
mouse xenograft model, the inhibitory effect of
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circ_0004491 on the growth of OSCC cells was also verified
in vivo.

As reported, circRNA acted as the ceRNA of miRNA to
regulate cell biological functions.26 For instance, Li et al.
proved that circ_0004491 could interact with miR-155-5p
using bioinformatics analysis combined with qRT-PCR
experiment.13 Through bioinformatics analysis, Guo et al.
found that circ_0001971 had binding sites with miR-194 and
miR-204, and it was verified by dual-luciferase reporter
gene and RIP assays that circ_0001971 could sponge miR-
194 and miR-204.27 Following the previous methods, we
used bioinformatics prediction, dual-luciferase reporter
gene and RIP experiments to prove that circ_0004491 acted
as a ceRNA of miR-2278. In addition, miR-2278 has been
found to be upregulated and played a tumor-promoting role
in cancers.14,15 For example, Wang et al. proved that
overexpression of long non-coding RNA ASAP1IT1 could
contribute to LATS2 protein expression whereas suppress
ovarian cancer process by sponging miR-2278.14 In OSCC,
the expression and function of miR-2278 have not been
studied. Our study confirmed that miR-2278 was highly



Fig. 7 Role of circ_0004491 overexpression in tumorigenicity of OSCC cells in vivo. CAL-27 cells stably transfected with
vector or circ_0004491 were injected into nude mice (n Z 5/group) to induce xenograft tumors. (A) The most representative
tumors were presented. (B) Tumor volume was monitored at an interval of 4 days. (C) Tumor weight was evaluated on the 28th day.
(DeF) Circ_0004491 and miR-2278 expression were measured by qRT-PCR analysis (DeE), and the relative protein expression of
GNAS was detected by western blotting (F). (G) The ki-67 positive cells were stained by IHC assay. **P < 0.01 and ***P < 0.001.

T. Cheng, F. Huang, Y. Zhang et al.
expressed in OSCC and played an important role in pro-
moting proliferation and metastasis in OSCC for the first
time. The results of the rescue experiments showed that
miR-2278 ameliorated the repressive effect of circ_0004491
on the process of OSCC, demonstrating that miR-2278 had a
positive regulatory effect on the malignant behaviors of
OSCC cells.

As a negative gene regulator, miRNA regulated cell
metabolism, proliferation, differentiation, apoptosis and
other biological functions by suppressing target gene
expression.28 StarBase database was used for bioinformat-
ics prediction and the prediction result indicated that miR-
2278 and GNAS had targeted binding sites in the sequence.
Subsequently, dual-luciferase reporter gene experiment
confirmed the binding relationship of miR-2278 and GNAS in
OSCC cells. It has been reported that the expression of
GNAS in osteoporotic (OP) mice was significantly reduced
comparing with normal mice, and miR-196a mimic could
inhibit the expression of GNAS and promote the osteogenic
differentiation by activating the hedgehog signaling
pathway.29 GNAS has been showed to be widely altered
across cancer types.30 Moreover, abnormal expressed GNAS
was involved in regulating the tumorgenesis of many of
246
cancers, such as hepatocellular carcinoma, breast cancer,
and OSCC.17,31,32 The data of this study showed that GNAS
knockdown could restore miR-2278 inhibitor-mediated
inhibitory effect on the malignant behaviors of OSCC cells,
indicating that miR-2278 inhibitor partially inhibited OSCC
progression by up-regulating GNAS expression.

In conclusion, circ_0004491/miR-2278/GNAS axis was
identified for the first time in our study. Circ_0004491
repressed the malignant phenotypes of OSCC cells by
binding with miR-2278 to induce GNAS expression, which
provided new ideas for OSCC molecular targeted therapy.
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