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Abstract Background/purpose: Circular RNAs (circRNAs) have been identified as potential
functional modulators of the cellular physiology processes. This study aims to learn the poten-
tial molecular mechanisms of hsa_circ_0005050 (circ_0005050) in oral squamous cell carcinoma
(OSCC).
Materials and methods: Quantitative reverse transcriptase-polymerase chain reaction (qRT-
PCR) was used to examine the expression of circ_0005050, miR-487a-3p, and chondroitin sul-
fate synthase 1 (CHSY1). Dual-luciferase reporter system, RNA pull-down, and RNA Immunopre-
cipitation (RIP) assays were used to determine the binding between miR-487a-3p and
circ_0005050 or CHSY1. Colony formation experiment and EdU assay were used to investigate
proliferation. Wound-healing and transwell assays were used to detect the migration of cells.
The apoptosis rate of OSCC cells was tested by flow cytometry. Protein levels of related factors
were determined by Western blot. Tumor xenograft was established to determine the regula-
tory role of circ_0005050 on tumor growth in vivo, and Ki-67 expression was detected in this
xenograft using Immunohistochemical (IHC).
Results: We implicated that circ_0005050 was apparently upregulated in OSCC tissues cells. In
function experiments, repressing of circ_0005050 remarkably retarded OSCC growth in vitro.
Furthermore, we conducted dual-luciferase reporter assays and RNA pull-down assays to verify
that circ_0005050 sponged miR-487a-3p. Suppression of miR-487a-3p rescued the inhibition of
proliferation in SCC15 and SCC25 cells induced by circ_0005050 knockdown. In addition, we
found that overexpression of CHSY1 also reversed the inhibitory effect of circ_0005050
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silencing on cell proliferation. Moreover, circ_0005050 knockdown inhibited tumor growth
in vivo.
Conclusion: Circ_0005050 acted as an oncogenic factor in OSCC progression through miR-487a-
3p/CHSY1 axis.
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/).
Table 1 Correlation between clinicopathologic parame-
ters of oral squamous cell carcinoma patients and
circ_0005050 expression.

Parameter Case Circ_0005050 expression P value
Low (n Z 23) High (n Z 24)

Age (years) 0.654
�60 25 13 12
>60 22 10 12

Gender 0.671
Female 21 11 10
Male 26 12 14

Tumor size 0.002*
�5 cm 26 18 8
>5 cm 21 5 16

TNM stages <0.0001*
IeII 21 17 4
III 26 6 20

TNM: tumor-node-metastasis; *P < 0.05.
Introduction

Squamous cell carcinoma (SCC) is a kind of epithelial ma-
lignant tumor, characterized by numerous anatomical sites
and remarkable metastases, SCC accounts for 90% of head
and neck malignant tumors.1,2 Oral squamous cell carci-
noma (OSCC) is the most usual form of SCC of the head and
neck.3,4 The main treatment is surgery, radiotherapy, and
chemotherapy.5,6 Because the location of OSCC is often
limited, and usually close to vital organs, such as important
blood vessels, brain, neck, and upper respiratory tract,
severely limits the operation scope; at the same time, the
cause of maxillofacial surgery patients with large defect
and functional defect directly affect the quality of life of
SCC patients.7,8 Therefore, despite many years of research,
the pathogenesis of OSCC is not well understood. There-
fore, it is very important to further explore the pathogen-
esis and potential molecular targets of OSCC.

CircRNA is a circular non-coding RNA molecule formed
by covalently pairing. It does not have a free 50 -end cap
and 30 -end poly tail.9,10 The precursor RNA can be spliced
directly into a loop, so it is not easy to be degraded by
RNase R enzyme.11 CircRNAs have also been implicated in
various human diseases, such as cancer and autoimmune
diseases, suggesting that circRNA may be novel tumor
molecular markers or therapeutic targets.12,13 In OSCC,
Zhu et al. found that circ-PVT1 was highly expressed in
OSCC, and it might sponge miR-106a-5p to regulate the
expression level of related genes, and ultimately affect
the proliferation ability of OSCC in vivo and in vitro.14

Nevertheless, the action of circ_0005050 in OSCC is still
unclear. This test was to probe the role of circ_0005050 on
the evolution of OSCC.

MicroRNAs (miRNAs) are non-coding RNAs of 18e25 nu-
cleotides in length, miRNAs regulate gene expression by
binding to the 30 untranslated regions (UTRs) of their target
mRNAs through complementary interactions.15 MiRNAs
were found to be involved in cell proliferation, metastasis,
differentiation, and autophagy, and their abnormal
expression is involved in tumorigenesis and development.16

Zhang et al. found that miR-105 expression level was
notably boosted in OSCC tissues and cells, which might be
involved in oral mucosa.17 Wang et al. found that miR-487a-
3p played an inhibitory role in the happenings and de-
velopments of OSCC.18 However, the effect of circ_0005050
and miR-487a-3p on the mechanism of OSCC has not been
reported.

Chondroitin sulfate synthase 1 (CHSY1) is one of the six
enzymes responsible for the biosynthesis of chondroitin
sulfate in mammalian cells, and its methylation level is
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related to T cell differentiation.19 Recent consequences
have revealed that CHSY1 is dysregulated in all kinds of
tumors, such as osteosarcoma, renal clear cell carcinoma
and colorectal cancer.20 In addition, Li et al. found that the
level of CHSY1 was evidently increased in OSCC cells and
tissues.21

The objective of this work was to learn circ_0005050
expression in OSCC tissues and cells and its effect on the
migration of OSCC, as well as the effect of circ_0005050 on
OSCC through the miR-487a-3p/CHSY1 axis.

Materials and methods

Clinical tissue samples

OSCC tissues and adjacent tissues from Hainan General
Hospital. This study was approved by the Ethics Committee
of Hainan General Hospital. All patients were informed and
signed consent forms. The detailed clinical characteristics
of patients are described in Table 1.

Cell culture and transfection

All cells were obtained from Shanghai Enzyme Research
Biotechnology Co., LTD (Shanghai, China). Human oral
keratinocyte cells (HOK) and OSCC cells (SCC15, SCC25)
were cultured in DMEM complete medium (90% DMEMþ10%
FBS) at 5% CO2 and 37 �C.
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The circ_0005050 small interference RNA (si-
circ_0005050), miR-487a-3p mimic/inhibitor (miR-487a-3p,
anti-miR-487a-3p), CHSY1 overexpression (pcDNA3.0-
CHSY1), short hairpin-circ_0005050 (sh-circ_0005050),
circ_0005050 overexpression (oe-circ_0005050), and their
corresponding controls (si-NC, miR-NC, anti-miR-NC,
pcDNA3.0-NC, sh-NC, and oe-NC) were designed and syn-
thesized by Guangzhou Ruibo Biotechnology Co., LTD
(Guangzhou, China), and were transfected into SCC15 and
SCC25 cells by Lipofectamine3000 (Invitrogen, Paisley
Scotland, UK), respectively. The operation was carried out
strictly in accordance with the experimental instructions.

Quantitative reverse transcriptase-polymerase
chain reaction (qRT-PCR)

Total RNA of tissues and cells was extracted and reversely
transcribed into cDNA using PrimeScript� RT Master Mix Kit
(Takara, Tokyo, Japan). PCR was performed according to
SYBR Green PCR (Takara) kit instructions. 2�DDCt method
was used for calculating the relative expression level. b-
actin and U6 were used as internal parameters. As shown in
Table 2 are the primer sequences.

Colony formation assay

SCC15 and SCC25 cells at logarithmic growth stage were
prepared into uniform cell suspensions and inoculated into
petri dishes at a density of 1 � 103 for routine culture for
about 14 days. Discarded the supernatant, added methanol
and let stand for 15 min. Stained with crystal violet (Sig-
maeAldrich, St. Louis, MO, USA) for 20 min and rinsed the
remaining solution with PBS, and the number of clones was
calculated using a microscope (Olympus, Tokyo, Japan;
magnification � 40).

5-Ethynyl-20-deoxyuridine (EdU) assay

The transfected SCC15 and SCC25 cells were inoculated
with 5 � 103 cells into 96-well culture plates and cultured
in an incubator. EdU medium was prepared according to the
Table 2 The sequences of primers for RT-qPCRa used in
this study.

Name Primers for PCR (50-30)

hsa_circ_0005050 Forward TTTGATGCTGTTTTTGAATGCAC
Reverse AGTGTTCTTGTACTGTTT

GATCTGT
CHSY1b Forward TTCACTTTTGCGCCAATCGC

Reverse CACATCCTCCGGCTTAGCTC
miR-487a-3p Forward GCCGAGAATCATACAGGGACAT

Reverse CTCAACTGGTGTCGTGGAG
b-actin Forward CTTCGCGGGCGACGAT

Reverse CCACATAGGAATCCTTCTGACC
U6 Forward CTCGCTTCGGCAGCACA

Reverse AACGCTTCACGAATTTGCGT
a RT-qPCR: Quantitative reverse transcriptase polymerase

chain reaction.
b CHSY1: chondroitin sulfate synthase 1.
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instructions of the EdU assay kit (RiboBio, Guangzhou,
China), and cells were incubated with it, and the cells were
labeled with EdU (50 mM, RiboBio) for 2 h at 37 �C. 4%
formaldehyde solution fixture, Apollo staining, DNA staining
and a microscope photographing were carried out in
sequence according to the instructions.

OSCC cell migration experiment after transfection

The migration ability of cells was detected by scratch
assay and Transwell assay. In the scratch experiment, the
cells were inoculated in the Petri dish. When the degree
of fusion reached more than 90%, the cells were scratched
with the straw tip and cultured in serum-free medium for
24 h. The relative mobility was calculated according to
the scratch area. In Transwell experiment, complete
medium was added in the lower chamber and serum-free
medium was inoculated in the upper chamber, while the
bottom chamber was added with the medium containing
10% FBS. After 24 h, the film was fixed with 4% para-
formaldehyde (SigmaeAldrich), then stained with 0.1%
crystal violet (SigmaeAldrich) and photographed under a
microscope.

Flow cytometry assay

A commercial Annexin V-FITC/PI Apoptosis kit (Bender Med
System, Vienna, Austria) was applied to analyze cell
apoptosis. In short, the transfected OSCC cells were
digested and re-suspended, then inoculated into 6-well
plates at a cell density of 5 � 104 per well cultivated for
24 h. Trypsin and DMEM culture medium were successively
added for digestion and termination of digestion. PBS so-
lution was repeatedly washed and centrifuged twice, and
cells were resuspended to prepare mononuclear cell sus-
pension with a density of 5 � 105. 500 mL binding buffer,
5 mL Annexin V-FITC, and 5 mL PI was added to each tube.
Cells were protected from light for 15 min at room tem-
perature. Then the cell apoptosis was detected by flow
cytometry (BD Bioscience, San Jose, CA, USA).

Western blot assay

Total protein was extracted from RIPA lysis buffer (Beyo-
time, Shanghai, China) and quantified by BCA (Thermo
Fisher Scientific, Rockford, IL, USA) method. The protein
samples were loaded at 40 mg/well, and SDS-PAGE was
performed. The protein was then transferred to PVDF
membrane (Millipore. Bedford, MA, USA), which was sealed
with 5% skim milk for 2 h and then incubated overnight with
primary antibodies: PCNA (ab18197, 1:1000, Abcam, Cam-
bridge, MA, USA), CDK6 (ab151247, 1:1000, Abcam), Bcl2
(ab32124, 1:1000, Abcam), Bax (ab182733, 1:1000, Abcam),
CHSY1 (ab153813, 1:1000, Abcam), and b-actin (ab8227,
1:1000, Abcam) at 4 �C. On the second day, the membrane
was washed with TBST solution 3 times, 10 min each time,
and the second antibody (ab6721, 1:10000, Abcam) was
incubated at room temperature for 1 h. Finally, ECL
chemiluminescence (GE Healthcare UK Ltd, Little Chalfont,
UK) was developed in a dark room.
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Dual-luciferase reporter assay

Generally, the wild-type (WT) luciferase reporter constructs
(circ_0005050-WT and CHSY1-30UTR-WT) and the site-
directed mutant (MUT) constructs (circ_0005050- MUT and
CHSY1-30UTR-MUT) were acquired from Hanbio (Shanghai,
China). SCC15 and SCC25 cells in logarithmic growth phase
were inoculated into 24-well plates, and when the cell
convergence reached about 50%, they were co-transfected
with circ_0005050-WT, circ_0005050-MUT, CHSY1-30UTR-WT,
CHSY1-30UTR-MUT or miR-487a-3p and miR-NC, respectively.
The results were determined by luciferase reporter gene
detector (Promega, Madison, WI, USA).

RNA pull-down assay

In brief, SCC15 and SCC25 cells were transfected with
biotinylated miRNA (Bio-miR-487a-3p) or Bio-miR-NC
(50 nM) using Lipofectamine RNAiMax (Life Technologies,
Carlsbad, CA, USA) for 48 h. Then, total RNA from the cells
was harvested and extracted. 125 mL streptavidin magnetic
beads were mixed with 25 mL probe solution at a final
concentration of 8 mmol/L. The mixture of streptavidin
beads and probe solution was lightly mixed with total RNA
and incubated for 30 min at room temperature. Eluting
buffer was added to collect the bound RNA complex. The
level of circ_0005050 was detected by qRT-PCR.

RNA Immunoprecipitation (RIP) assay

In short, SCC15 and SCC25 cells at 80% confluency were
harvested and lysed in complete RIP lysis buffer (Millipore).
After that, the obtained cell extracts were mixed with RIP
buffer and magnetic beads conjugated with anti-
Argonaute2 (Ago2) antibody (Millipore) or normal mouse
IgG (Millipore). After being digested and wash, total RNA
was extracted for the measurement of miR-487a-3p and
CHSY1 using qRT-PCR.

Tumor xenograft assay

Ten nude mice (Vital River Laboratory, Beijing, China) were
randomly divided into two groups after adaptation culture.
SCC15 cells stably transfected with sh-circ_0005050, oe-
circ_0005050, sh-NC, or oe-NC were injected (1 � 106 cells/
mice), and the size of the subcutaneous tumor was measured
on day 7, 14, 21, 28 and 35, and tumor volume was calculated
according to the formula: volumeZ length� width2/2. Mice
were sacrificedonday 35 after the sizeof subcutaneous tumor
was measured, and the tumor weight was tested. The
experiment was approved by the Animal Ethics Committee of
the Hainan General Hospital.

Immunohistochemical (IHC) analysis

OSCC tissue was fixed with 10% formalin and then paraffin-
embedded. Slices were incubated with anti-Ki-67 (ab16667,
1:200, Abcam) overnight at 4 �C, cleaned twice, and then
incubated with a secondary antibody at room temperature.
The samples were stained with 3, 3-diaminobenzidine
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solution and hematoxylin (SigmaeAldrich). Finally, the
slides were observed under a microscope.

Statistical analysis

Mean � standard deviation was used for measurement data,
and t-test was used for comparison between the two groups.
Pearson correlation analysis was used to analyze the
expression association. One-way ANOVA and Tukey’s were
used for data comparison between multiple groups. P < 0.05
indicated that the difference was statistically significant.

Results

Circ_0005050 was significantly up-regulated in
OSCC tissues and cells

Circ_0005050 is a transcription product of the XPO1 gene
located at chr2: 61712902e61717911. It includes four exons
and has a spliced sequence length of 621 bp (Fig. 1A). We
confirmed the higher levels of circ_0005050 in the OSCC
tissues and cells relative to the normal group (Fig. 1B and
C). To probe the association of circ_0005050 expression
with the clinic-pathologic feature, all patients with OSCC
were then classified in Table 1, based on the median value
of circ_0005050. Results exhibited that circ_0005050
expression was associated with Tumor size and TNM stages.
Overall, circ_0005050 was upregulated in OSCC.

Downregulation of circ_0005050 inhibited cell
growth and migration

Si-circ_0005050 and si-NC were transfected into SCC15 and
SCC25 cells, and the transfection efficiency was measured by
qRT-PCR. The abundance of circ_0005050 was apparently
impeded by transfected si-circ_0005050 into SCC15 and
SCC25 cells (Fig. 2A). The relative colony number and EdU
positive rate were decreased after circ_0005050 knockdown,
confirming the attenuated proliferative capacity (Fig. 2B and
C). Additionally, wound healing and transwell tests showed
that the migratory ability of SCC15 and SCC25 cells were
reduced after knocking down circ_0005050 (Fig. 2D and E).
Next, flow cytometry assay elucidated that the apoptosis
rate was strongly elevated by circ_0005050 knockdown
(Fig. 2F). Western blot manifested that the expression of
PCNA, CDK6 and Bcl2 was pronouncedly weakened by the
downregulation of circ_0005050, while the expression of Bax
was reinforced (Fig. 2G and H). In addition, our data sug-
gested that the upregulation of circ_0005050 might obviously
enhance the number of colonies in SCC15 and SCC25 cells
(Fig. S1A and S1B). These consequences disclosed that
circ_0005050 knockdown suppressed cell proliferation, and
migration and promoted apoptosis.

Circ_0005050 functioned as a sponge of miR-487a-
3p in OSCC cells

The circinteractome (https://circinteractome.nia.nih.gov/
) algorithm provided a potential binding relationship
between circ_0005050 and miR-487a-3p (Fig. 3A).

https://circinteractome.nia.nih.gov/


Fig. 1 The expression of circ_0005050 was overexpressed in OSCC tumor tissues and cell lines. (A) Circ_0005050 was composed of
exon 17e20 of gene XPO1. (B) QRT-PCR revealed the level of circ_0005050 in OSCC tumor tissues and paired adjacent tissues. (C)
QRT-PCR was applied to detect the expression level of circ_0005050 in human OSCC cell lines and normal human oral epithelial cell
lines. ***P < 0.001.
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Expression of miR-487a-3p was low expressed in OSCC
tumor tissues and cells in contrast with normal group (Fig.
3B and C). Dual-luciferase reporter assay confirmed an
attenuated luciferase activity of SCC-15 and SCC25 cells co-
transfected with circ_0005050-WT and miR-487a-3p mimic,
and a stable luciferase activity with co-transfection of circ_
0005050-WT and miR-487a-3p mimic (Fig. 3D and E). RNA
pull-down assay revealed enrichment of circ_0005050 in
Bio-miR-487a-3p mediated precipitation (Fig. 3F and G). In
addition, qRT-PCR analysis suggested that the expression
level of miR-487a-3p was negatively correlated with circ_
0005050 in OSCC tissues samples (Fig. S2A). These outcomes
suggested miR-487a-3p as a target of circ_0005050.

Inhibition of miR-487a-3p regained the regulatory
effects of circ_0005050 knockdown in OSCC cells

The efficiency of miR-487a-3p inhibition was evaluated,
and we noticed that the expression of miR-487a-3p was
strikingly diminished in SCC15 and SCC25 cells with anti-
miR-487a-3p transfection relative to anti-miR-NC (Fig. 4A).
Of note, cell proliferation, impeded by si-circ_0005050,
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was overturned in SCC15 and SCC25 cells transfected with
si-circ_0005050þanti-miR-487a-3p (Fig. 4B and C). Like-
wise, cell migration, hindered by circ_0005050 silencing
alone, was relieved by anti-miR-487a-3p (Fig. 4D and E).
The apoptosis rate was facilitated in SCC15 and SCC25 cells
transfected with si-circ_0005050 but obviously blocked in
cells transfected with si-circ_0005050þanti-miR-487a-3p
(Fig. 4F). Additionally, the expression of PCNA, CDK6 and
Bcl2 was decreased in cells transfected with si-
circ_0005050 but expedited in cells transfected with si-
circ_0005050þanti-miR-487a-3p, while the expression of
Bax was opposite to these proteins expressed in these
transfection groups (Fig. 4G and H). Above data presented
that circ_0005050 knockdown exerted roles by inducing the
expression of miR-487a-3p.

CHSY1 was a downstream target of miR-487a-3p

According to starBase (http://starbase.sysu.edu.cn/),
there were potential complementary binding sites of miR-
487a-3p and CHSY1 30UTR (Fig. 5A). Expression of CHSY1
at mRNA level and protein level was elevated in OSCC

http://starbase.sysu.edu.cn/


Fig. 2 Knockdown of circ_0005050 suppressed the malignant biological behavior of OSCC cells. (A) QRT-PCR was used to examine
the expression of circ_0005050 in both SCC15 and SCC25 cells when transfected with si-circ_0005050 or si-NC. (B) Colony formation
assay was used to evaluate the colony formation rate. (C) EdU assay was applied to evaluate cell proliferation. (D and E) The
migration capacity of OSCC cells was tested using wound healing and Transwell assays. (F) Cell apoptosis was determined by flow
cytometry assay. (G and H) Western blot was performed to measure the protein levels of PCNA, CDK6, Bax and Bcl2. ***P < 0.001.
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tissues and cells (Fig. 5BeD). Luciferase activity of CHSY1
30UTR was effectively decreased in SCC15 and SCC25 cells
co-transfected with miR-487a-3p mimic (Fig. 5E and F). To
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further confirm the mutual effect of miR-487a-3p and
CHSY1 at endogenous levels, we carried out RIP assay. As
expected, we noticed that miR-487a-3p and CHSY1 were



Fig. 3 Circ_0005050 functioned as a sponge of miR-487a-3p in OSCC cells. (A) The circinteractome algorithm showed the com-
plementary binding sites between circ_0005050 and miR-487a-3p. (B and C) qRT-PCR measured miR-487a-3p level in OSCC tissues
and cells. (D and E) Dual-luciferase reporter assay examined luciferase activity of SCC15 and SCC25 cells co-transfected with
circ_0005050-WT/MUT and miR-487a-3p mimic or the negative control (miR-NC). (F and G) RNA pull-down assay measured
circ_0005050 enrichment in cell extracts of SCC15 and SCC25 cells transfected with Bio-miR-487a-3p or Bio-miR-NC. ***P < 0. 001.
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apparently enriched in Ago2 pellets of SCC15 and SCC25 cell
extracts relative to the IgG control group (Fig. S3). Addi-
tionally, CHSY1 protein expression was significantly upre-
gulated in anti-miR-487a-3p group compared to anti-miR-
288
NC group (Fig. 5G and H). Furthermore, Western blot data
revealed that circ_0005050 silencing caused inhibition of
CHSY1 expression in SCC15 and SCC25 cells, which was
recovered by anti-miR-487a-3p addition (Fig. 5I and J).



Fig. 4 Inhibition of miR-487a-3p reversed the role of circ_0005050 knockdown in SCC15 and SCC25 cells. (A) Transfection effi-
ciency of anti-miR-487a-3p was detected by qRT-PCR. (B and C) Cell proliferation was monitored by colony formation and EdU
assays. (D and E) Number of migrated cells was observed through the wound healing and transwell assays. (F) Cell apoptosis was
assessed by flow cytometry assay. (G and H) Protein levels of PCNA, CDK6, Bax and Bcl2 were quantified by Western blot. **P < 0.
01, ***P < 0. 001.
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Furthermore, our results indicated that CHSY1 expression
was positively correlated with circ_0005050 and inversely
associated with miR-487a-3p in OSCC tissues samples (Fig.
289
S2B and S2C). These results displayed a direct interaction
between miR-487a-3p and CHSY1 in OSCC cells, moreover,
circ_0005050 could regulate CHSY1 through miR-487a-5p.



Fig. 5 The downstream target of miR-487a-3p in OSCC cells. (A) The starBase showed the complementary binding sites among
CHSY1 30UTR and miR-487a-3p. (BeD) QRT-PCR and Western blot assessed CHSY1 mRNA and protein expression in OSCC tissues and
cell lines. (E and F) Dual-luciferase reporter assay examined luciferase activity of SCC15 and SCC25 cells co-transfected with
CHSY1-30UTR-WT/MUT and miR-487a-3p or miR-NC. (G and H) Western blot monitored CHSY1 protein expression in SCC15 and
SCC25 cells. (I and J) Western blot evaluated CHSY1 protein level in SCC15 and SCC25 cells transfected with si-NC alone, si-
circ_0005050 alone or together with anti-miR-487a-3p or anti-miR-NC. **P < 0.01, ***P < 0.001.
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Fig. 6 Effects of CHSY1 overexpression on the progression of OSCC cells. (A) The protein level of CHSY1 in SCC15 and SCC25 cells
were measured by Western blot analysis to evaluate the transfection efficiency of pcDNA3.0-CHSY1. (B and C) Colony formation and
EdU assays were performed to assess cell proliferation. (D and E) Cell migration was detected by wound healing and transwell
assays. (G and H) Western blot analysis was used to measure the protein levels of PCNA, CDK6, Bax and Bcl2. **P < 0.01,
***P < 0.001.
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Overexpression of CHSY1 recuperated the
inhibition effect of si-circ_0005050 on the
progression of OSCC

Prominent promotion of the CHSY1 protein level caused by
pcDNA3.0-CHSY1 manifested that its transfection efficiency
was good (Fig. 6A). Colony formation and EdU assays dis-
played that pcDNA3.0-CHSY1 could recede the inhibition of
circ_0005050 silencing on cell proliferation (Fig. 6B and C).
Wound healing and transwell assays revealed that si-
circ_0005050 inhibited the migration of SCC15 and
SCC25 cells, while this inhibition effect could be recovered
by pcDNA3.0-CHSY1 (Fig. 6D and E). Through flow cytom-
etry, we observed that circ_0005050 knockdown promoted
OSCC cell apoptosis, while pcDNA3.0-CHSY1 attenuated this
effect (Fig. 6F). Circ_0005050 knockdown inhibited PCNA,
CDK6 and Bcl2 proteins expression, and promoted Bax
protein levels, which were recovered by PCDNA3.0-CHSY1
(Fig. 6G and H). Therefore, these data verified that CHSY1
had an important role on the adjustment of the
circ_0005050/miR-487a-3p axis in OSCC progression.
Knockdown of circ_0005050 restrained tumor
growth of OSCC cells in vivo

In vivo, xenograft tumor models were utilized to measure
tumor growth of SCC15 cells in nude mice. As shown in
Fig. 7 Role of circ_0005050 of OSCC cells in vivo. (A and B) T
measured circ_0005050 and miR-487a-3p levels in tumor tissues
level in tumor tissues of xenograft mice. (F) ICH estimated the ex
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Fig. 7A and B, the volume and weight of xenograft tumors
were impeded by sh-circ_0005050 transfection. Molecu-
larly, sh-circ_0005050 transfection led to a downregulation
of circ_0005050 and CHSY1 in xenograft tumors, as well as
an upregulation of miR-487a-3p (Fig. 7CeE). ICH results
showed that Ki-67 protein level was retarded in sh-
circ_0005050 group (Fig. 7F). Moreover, our data sug-
gested that the overexpression of circ_0005050 might
improve tumor cell growth in xenograft tumors
(Fig. S1CeE). These outcomes suggested a suppressive role
of circ_0005050 knockdown in tumor growth.

Discussion

CircRNA was considered as a kind of gene splicing byproduct
without practical effect in the early stage, and has now
been found to be associated with a variety of human dis-
eases, such as osteoarthritis;22 autoimmune diseases,23 etc.
Studies have shown that circRNA can sponge the miRNA to
prevent the inhibiting effect of miRNA on mRNA,24 and
circRNA can be used as a tumor biomarker.25 CircRNA has
become a popular research object in tumor research in
recent years, and circRNA has played a significant role in
the progression of tumors in gastric cancer,26 osteosar-
coma,27 liver cancer,28 and esophageal squamous cell car-
cinoma.29 In OSCC, circ_0000140 has been shown to inhibit
OSCC cell growth and metastasis by targeting miR-31.30

Furthermore, a previous report suggested that
umor volume and weight were measured. (C and D) QRT-PCR
of xenograft mice. (E) Western blot measured CHSY1 protein
pression of Ki-67. ***P < 0.001.
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circ_0005050, a novel researched circRNA, was found with
different expression in OSCC tissues and normal oral
mucosal tissues,31 but its function and mechanism remain
obscure in OSCC. In this paper, circ_0005050 deriving from
exons 17, 18, 19, and 20 of its host gene XPO1, was dras-
tically increased in OSCC tissues and cell lines. Also, the
silencing of circ_0005050 might relieve OSCC cell malignant
behavioral phenotypes by repressing cell proliferative
ability, migration, and inducing apoptosis. Consistently, the
repression of circ_0005050 knockdown on tumor cell growth
was also demonstrated in OSCC xenografts in nude mice.
These results implied that circ_0005050 might be a prom-
ising predictive and therapeutic target for OSCC treatment.

CircRNA may be involved in regulating downstream
mRNA expression through adsorption of miRNA.32 Dual-
luciferase reporter gene assay and RNA pull-down assay
confirmed that circ_0005050 targeted miR-487a-3p. It has
been widely proved that miR-487a-3p had frequent
abnormal expression in a large number of human cancers,
such as pancreatic cancer,33 prostate cancer,34 and non-
small cell lung cancer.35 Notably, some researchers have
discovered the downregulation and viral impact of miR-
487a-3p in OSCC. For example, miR-487a-3p functioned as
a new tumor suppressor in OSCC through repressing tumor
cell growth and invasion.18 Meanwhile, the downregulation
of miR-487a-3p might partly abolish the suppressive role of
lncRNA TSPEAR-AS2 deficiency on OSCC cell proliferation,
migration, and invasion in vitro.36 Consistent with these
former reports, the current work exhibited an apparent
decrease of miR-487a-3p on OSCC tissue samples and cell
lines. Furthermore, functional analysis indicated that the
under-expressed miR-487a-3p might partially overturn
circ_0005050 knockdown-mediated cell proliferation and
migration inhibition, and apoptosis promotion in OSCC
cells. The above findings suggested silencing of
circ_0005050 might relieve OSCC cell malignant biological
properties by sponging miR-487a-3p.

It has been acknowledged that miRNAs might modulate
tumorigenesis through regulating their target mRNAs.37,38

Using bioinformatics software and dual-luciferase reporter
assay, CHSY1 was identified to be a direct target of miR-
487a-3p. Also, our data suggested that miR-487a-3p was
significantly correlated with the expression level of CHSY1
in tumor cell lines. As an enzyme responsible for the
biosynthesis of chondroitin sulfate, CHSY1 has been re-
ported to be involved in the regulation of the occurrence
and development of various tumors.19,20,39 Moreover, it has
been confirmed that CHSY1 acted as a tumor promoter in
OSCC by aggressing cell proliferation, migration, and inva-
sion.21 In agreement with this report, our data suggested
that the CHSY1 level was obviously increased in OSCC tis-
sues and cell lines. More importantly, our results exhibited
that elevation of CHSY1 could rescue the inhibitory impact
of circ_0005050 inhibition on OCSS cell progression, further
supporting the circ_0005050/miR-487a-3p/CHSY1 axis.

In conclusion, this study suggested that circ_0005050
knockdown was expected to inhibit the progression of OSCC
through regulating the miR-487a-3p/CHSY1 axis, which
provided a meaningful experimental basis for the explora-
tion of biomarkers for the diagnosis and treatment of OSCC
and a new diagnostic and therapeutic idea for the treat-
ment of OSCC.
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