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Background: Aberrant expression of circular RNA (circRNA) is involved in the occurrence 
and development of multifarious cancers, including oral squamous cell carcinoma (OSCC). 
However, the biological role of circGDI2 and the action mechanism in OSCC remain largely 
unclear.
Methods: The expression levels of circGDI2, miR-454-3p and forkhead box F2 (FOXF2) 
were examined by quantitative real-time PCR (qRT-PCR) or Western blot. The stability of 
circGDI2 was confirmed by Ribonuclease R (RNase R) assay. Cell Counting Kit 8 (CCK8) 
assay, colony formation and transwell assay were used to detect cell proliferation, migration 
or invasion. Cell apoptosis was tested by flow cytometry. Dual-luciferase reporter assay and 
RNA immunoprecipitation (RIP) assay were employed to verify the interaction between 
miR-454-3p and circGDI2 or FOXF2. Moreover, xenograft mouse models were constructed 
to assess tumor growth in vivo.
Results: CircGDI2 was a stable circRNA and was low expressed in OSCC tissues and cells. 
CircGDI2 overexpression could effectively inhibit the proliferation, migration, invasion and 
promote apoptosis in OSCC cells, and suppress OSCC tumor growth in nude mice in vivo. 
MiR-454-3p could be sponged by circGDI2, and its overexpression could mitigate the 
suppressive effects of circGDI2 overexpression on OSCC progression. In addition, FOXF2 
was a target of miR-454-3p, and miR-454-3p silence could impede the cell growth of OSCC 
cells by enhancing FOXF2 expression. Meanwhile, circGDI2 positively regulated FOXF2 
expression by targeting miR-454-3p.
Conclusion: CircGDI2 served as a repressor to restrain OSCC malignancy via miR-454-3p/ 
FOXF2 axis, which might be a novel biomarker for targeted OSCC therapy.
Keywords: OSCC, circGDI2, miR-454-3p, FOXF2

Introduction
Oral squamous cell carcinoma (OSCC) is an aggressive and metastatic malig-
nant oral malignancy with rising incidence.1,2 Nowadays, although much pro-
gress has been made in diagnosis and management, but ascribe to the lack of 
early diagnostic markers, later diagnosis at an advanced stage and high recur-
rence rate, the survival rate of OSCC patients is still disappointing.3 As a gene- 
related disease, the precise molecular mechanism and hereditary basis under 
OSCC tumorigenesis are still quite enigmatic. Therefore, it is of crucial impor-
tance to find diagnostic strategies and identify therapeutic targets to improve 
OSCC treatment.
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Circular RNAs (circRNAs) are a group of regulatory 
RNAs with low or no protein-coding potentiality and 
broadly present in eukaryotes.4 Recently, circRNAs have 
gradually become a hot research topic in the field of disease 
research. Numerous studies indicate that the unbalance of 
circRNAs is concerned with the carcinogenesis of multi-
farious cancers, including OSCC.5,6 For example, 
circ_0008309 and circ-PKD2 were downregulated in 
OSCC tissues and could impede OSCC carcinogenesis.7,8 

Similarly, circGDI2, also known as circ_0005379, was dis-
tinctly downregulated in OSCC tissues and cells and hin-
dered OSCC cell proliferation and metastasis.9 However, the 
function and regulatory mechanism of circGDI2 in OSCC 
malignant behaviors remain largely unclear.

MicroRNAs (miRNAs) are one type of small noncod-
ing RNAs, which are highly conserved across species and 
function in posttranscriptional regulation of gene 
expression.10 MiRNAs are pivotal regulators of many 
cancers and could serve as potential biomarkers for diag-
nosis and therapy, including breast cancer,11 prostate 
cancer12 and pancreatic cancer.13 Interestingly, miR-454- 
3p acts as a tumor depressor or promoter in different 
cancers.14,15 Guo et al certified that miR-454 was upregu-
lated and facilitated OSCC cells growth by sponging 
NR3C2.16 The transcription regulator forkhead box F2 
(FOXF2) is a critical molecule that participates in embry-
ogenesis and tumorigenic processes.17 FOXF2 level was 
lessened in OSCC tissues and FOXF2 silence signally 
accelerated OSCC cells progression.18 However, whether 
FOXF2 was implicated in miR-454-3p-mediated OSCC 
progression has not been reported.

In this study, the expression patterns of circGDI2, miR- 
454-3p and FOXF2 were first analyzed in OSCC tissues 
and cells. Then, the functional complementation analysis 
was conducted to verify the functions of them and the 
relationships among the circRNA/miRNA/mRNA net-
works. This study might provide a novel basis and bio-
marker for OSCC treatment.

Materials and Methods
Clinical Samples
Thirty-four pairs of tumor tissues and adjacent non-tumor 
tissues were procured from OSCC patients who underwent 
surgery and enrolled at Henan Provincial People’s Hospital. 
No patients received treatments before surgery resection. 
Before conducting this project, all participates were comple-
tely informed about this research purpose and signed informed 

consents. This study was empowered by the Institutional 
Ethics Committee of Henan Provincial People’s Hospital and 
implemented keeping to the Declaration of Helsinki.

Cell Culture
Human OSCC cell lines (SCC-15 and HSC-3) cultured in 
Dulbecco’s modified Eagle’s medium (DMEM; Gibco, 
Carlsbad, CA, USA) and normal oral keratinocyte 
(HOK) cells cultured in oral keratinocyte growth medium 
(ScienCell, Carlsbad, CA, USA) were all purchased from 
Bena Culture Collection (Beijing, China). All the media 
were supplemented with 10% fetal bovine serum (FBS; 
Gibco) and 1% antibiotics (100 units/mL; Invitrogen, 
Camarillo, CA, USA). Cells were maintained in an envir-
onment filled with 5% CO2 at 37°C.

Quantitative Real-Time PCR (qRT-PCR)
TRIzol reagent (Invitrogen) was applied for isolation of 
RNA from OSCC tissues and cells. The cDNA was synthe-
sized using PrimeScript RT Reagent Kit (for circGDI2, 
GDP dissociation inhibitor (GDI2) and FOXF2; Takara, 
Dalian, China) and Bulge-Loop miRNA qRT-PCR Starter 
Kit (for miR-454-3p; RiboBio, Guangzhou, China). Then, 
qRT-PCR was performed on a PCR system using Fast 
SYBR Green Master Mix (Applied Biosystems, Austin, 
TX, USA). The relative enrichments of circGDI2, GDI2, 
miR-454-3p and FOXF2 were calculated by 2−ΔΔCt method 
after normalization with reference control glyceraldehyde- 
3-phosphate dehydrogenase (GAPDH) or U6. The special 
primer sequences (5ʹ-3ʹ) synthesized from Sangon Biotech 
(Shanghai, China) were displayed as follows: circGDI2, 
forward: GCCCATACCTTTATCCACTC and reverse: 
GTCAACATTCCAGTCTCTTCCT; GDI2, forward: ATT 
CCACAGAACCAAGTCAATCGA and reverse: CTTC 
TCAGGCTCCTTGGTTTCC; miR-454-3p, forward: GCG 
CGTAGTGCAATATTGCTTA and reverse: AGTGCA 
GGGTCCGAGGTATT; FOXF2 forward: AATGCCACT 
CGCCCTACAC and reverse: CGTTCTGGTGCAAGT 
AGCTCT; GAPDH, forward: GCACCGTCAAGGCTGAG 
AAC and reverse: TGGTGAAGACGCCAGTGGA; U6, 
forward: GCTTCGGCAGCACATATACTAAAAT, and 
reverse: CGCTTCACGAATTTGCGTGTCAT.

Ribonuclease R (RNase R) Assay
For RNase R test, the RNA was incubated at 37°C with or 
without RNase R (Epicentre Technologies, Madison, WI, 
USA) for 15 min. The negative control without RNase 
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R addition was named as Mock. Then, the RNA expression 
of circGDI2 and linear GDI2 were determined by qRT-PCR.

Cell Transfection
For the overexpression of circGDI2 and miR-454-3p, 
pCD-ciR-circGDI2 overexpression vector (oe-circGDI2) 
or miR-454-3p mimic was transduced into SCC-15 and 
HSC-3 cells, with pCD-ciR empty vector (Vector) or miR- 
NC mimic as negative control, respectively. For silencing 
FOXF2 and miR-454-3p, small interfering RNA against 
FOXF2 (si-FOXF2) or miR-454-3p inhibitor (anti-miR 
-454-3p) was, respectively, introduced into SCC-15 and 
HSC-3 cells, with si-NC or anti-miR-NC as negative con-
trol. The above oligonucleotides (50 nM) or plasmids (4 
μg) obtained from Geneseed (Guangzhou, China) or 
RiboBio were transduced into cells via Lipofectamine 
3000 (Invitrogen) referring to specifications.

Cell Counting Kit 8 (CCK8) Assay
CCK8 assay was carried out to assess cell viability. In 
brief, SCC-15 or HSC-3 cells were harvested and plated 
into 96-well plates at 24 h post transfection. At the indi-
cated times, 10 μL CCK8 reagent (Beyotime 
Biotechnology, Shanghai, China) was added. After incuba-
tion at 37°C for 4 h, the absorbance at 450 nm was 
determined by a microplate reader (Bio-Rad, Hercules, 
CA, USA).

Colony Formation Assay
After transfection, SCC-15 or HSC-3 cells (1000 cells/ 
well) were plated into 6-well plates and routinely incu-
bated for 2 weeks. Afterwards, the media were removed 
and the generated colonies (cell mass containing more than 
50 cells) were dyed with 0.5% Crystal Violet Staining 
Solution (Beyotime Biotechnology) for 30 min after fixa-
tion. Finally, the colonies were photographed and counted 
using a microscope.

Flow Cytometry
For apoptosis detection, SCC-15 and HSC-3 cells after 48 
h transfection were harvested and re-suspended in binding 
buffer (Beyotime Biotechnology), and then stained with 5 
μL Annexin V-fluorescein isothiocyanate (Annexin 
V-FITC, BD Biosciences, San Jose, CA, USA) and 10 
μL propidine iodide (PI; BD Biosciences) for 15 min in 
a dark place on the basis of the supplier’s instructions. 
Subsequently, the apoptotic cells (FITC+/PI±) were deter-
mined by a flow cytometer (BD Biosciences).

Transwell Migration and Invasion Assays
Transwell chambers (Corning Incorporate, Corning, NY, 
USA) with an 8-μm pore membrane enveloped with 
Matrigel (Corning Incorporate) or not were applied for 
invasion or migration analysis, respectively. The trans-
fected SCC-15 and HSC-3 cells re-suspended in serum- 
free medium were seeded into the upper chambers. The 
lower chambers were filled with complete medium. 
Twenty-four hour later, the cells on the surface of the 
upper chambers were gently removed, and the metastatic 
cells through the membrane were dyed with Crystal Violet 
Staining Solution (Beyotime Biotechnology) after immo-
bilization. The cell number of migration or invasion was 
counted under a light microscope (amplification: 100 ×).

Dual-Luciferase Reporter Assay
The wide-type (WT) sequence of circGDI2 or FOXF2 3ʹ- 
untranslated region (3ʹUTR) containing miR-454-3p binding 
sites and the corresponding mutant (MUT) sequence of 
circGDI2 or FOXF2 3ʹUTR harboring the mutant binding 
sites with miR-454-3p were inserted into pGL3 luciferase 
promoter plasmids (Promega, Madison, WI, USA), termed as 
circGDI2-WT, FOXF2 3ʹUTR-WT, circGDI2-MUT or 
FOXF2 3ʹUTR-MUT. Afterwards, SCC-15 and HSC-3 cells 
were introduced with generated luciferase reporter plasmids 
and miR-454-3p mimic or miR-NC mimic. After transfection 
for 48 h, a Dual-Luciferase Reporter Assay System (Promega) 
was adopted to evaluate the relative luciferase activity.

RNA Immunoprecipitation (RIP) Assay
SCC-15 and HSC-3 cells were lysed via RIP lysis buffer (Bio- 
Rad) at 48 h post transfection. Subsequently, the cell lysate was 
incubated overnight at 4°C with Protein A/G Magnetic beads 
(Pierce, Rockford, IL, USA) containing argonaute 2 antibody 
(anti-Ago2; Abcam, Cambridge, UK) or immunoglobulin 
G antibody (anti-IgG; Abcam). The RNA enrichments of 
circGDI2, miR-454-3p and FOXF2 from purified RNA 
immune-precipitate were tested by qRT-PCR.

Western Blot (WB) Analysis
After isolation of protein from tissues and cells by NP-40 
Lysis Buffer (Beyotime Biotechnology), the BCA Protein 
Assay Kit (Beyotime Biotechnology) was utilized for pro-
tein quantification. Protein (30 μg) was isolated by 10% 
SDS-PAGE gel and then electrotransferred onto polyviny-
lidene fluoride (PVDF) membranes (Invitrogen). After 
sealing with 5% fat-free milk for 2 h, the membranes 
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were added with the first antibody against FOXF2 
(ab198283; Abcam; 1: 1000) or control GAPDH 
(ab181602; Abcam; 1: 10,000) overnight at 4°C and then 
added with horseradish peroxidase (HRP)-conjugated sec-
ondary antibody (ab205718; Abcam; 1: 5000) for 1 
h. Last, protein signals were visualized by Enhanced 
Chemiluminescence Kit (Millipore, Billerica, MA, USA).

Xenograft Tumor Model
A total of 12 BALB/c nude mice (male, 5-weeks old) were 
purchased from Beijing Vital River Laboratory Animal 
Technology Co., Ltd. (Beijing, China). For in vivo assay, 
the mice were divided into oe-circGDI2 group (n=6) and 
Vector group (n=6) at random, and HSC-3 cells stably 
overexpressing oe-circGDI2 or Vector in PBS were sub-
cutaneously inoculated into the left flank of mice for 
establishing xenograft model. The length (L) and width 
(W) of the generated tumors were measured by caliper 
every 5 days until the mice were sacrificed at day 30. 
The tumor volume (V) was computed by the formula of 
(length × width2)/2 and the weight of tumors was recorded 
at 30 d post inoculation. The enrichments of circGDI2, 
miR-454-3p and FOXF2 in the tumors were detected by 
qRT-PCR or Western blot analysis. All experiments per-
formed on nude mice were authorized by the Institutional 
Animal Care and Use Committee (IACUC) of Henan 
Provincial People’s Hospital and implemented following 
the Management and Use Guidelines for Laboratory 
Animals of National Institutes of Health (NIH).

Statistical Analysis
All assays were conducted at least thrice, and all results are 
presented as the mean ± standard deviation and analyzed 
through GraphPad Prism 8.0 (GraphPad Software Inc., La 
Jolla, CA, USA). Differences between two groups or among 
multiple groups were compared via Student’s t-test or one- 
way analysis of variance followed by Tukey’s test. Pearson 
correlation analysis was performed to analyze the correlation 
among circGDI2, miR-454-3p, and FOXF2 in OSCC sam-
ples. P < 0.05 was defined to be significantly different.

Results
The Expression and Characterization of 
circGDI2 in OSCC Tumor Tissues and 
Cells
CircGDI2, also known as circ_0005379, is located on 
chr10:5,827,104–5,842,668 of chromosome and is derived 

from exons 2 to 5 of the GDI2 gene with the spliced 
mature sequence length of 674 bp (Figure 1A). Initially, 
this study investigated the expression of circGDI2 in 
OSCC tumor tissues and cells using qRT-PCR assay. The 
results suggested that circGDI2 was markedly low 
expressed in OSCC tumor tissues and two OSCC cell 
lines (SCC-15 and HSC-3) compared to adjacent normal 
tissues and HOK cells (Figure 1B and C). Through RNase 
R assay, it was verified that circGDI2 could resist RNase 
R digestion and was more stable than linear GDI2 mRNA 
(Figure 1D and E), implying that circGDI2 was indeed 
a circRNA.

Overexpression of circGDI2 Inhibited the 
Proliferation, Migration and Invasion in 
OSCC Cells
To illuminate the role of circGDI2 in OSCC progression, 
the gain-of-function experiments were performed using 
oe-circGDI2. After transfection of oe-circGDI2 into 
SCC-15 and HSC-3 cells, the high transfection efficiency 
of circGDI2 overexpression was confirmed through the 
raised expression of circGDI2 (Figure 1F). CCK8 and 
clone formation assay revealed that the proliferation of 
SCC-15 and HSC-3 cells was distinctly inhibited by 
circGDI2 overexpression, indicated by reduced cell vital-
ity (Figure 2A and B) and colony number (Figure 2C). 
Meanwhile, the apoptosis of SCC-15 and HSC-3 cells was 
dramatically incremental (Figure 2D), and the numbers of 
migrated and invaded SCC-15 and HSC-3 cells were 
inhibited after circGDI2 introduction (Figure 2E and F).

CircGDI2 Served as a Molecular Sponge 
of miR-454-3p
For exploring the potential molecular mechanisms of 
circGDI2 in OSCC tumorigenesis, starBase software was 
utilized to find the probable targets of circGDI2. As 
depicted in Figure 3A, the putative targeting sites between 
circGDI2 and miR-454-3p were exhibited. Then, 
circGDI2-WT/MUT reporter vectors were constructed 
based on the binding sequence of circGDI2 and miR- 
454-3p. Dual-luciferase reporter assay results manifested 
that miR-454-3p overexpression could distinctly hinder the 
luciferase activity of SCC-15 and HSC-3 cells transfected 
with circGDI2-WT, while it had no effect on that of the 
circGDI2-MUT group (Figure 3B and 3C). Meanwhile, 
RIP assay also demonstrated that the enrichments of 
circGDI2 and miR-454-3p were markedly enhanced in 
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the anti-Ago2 group (Figure 3D and E), which further 
verified the combination between them. Contrary to 
circGDI2 expression, miR-454-3p level was found to be 
upregulated in OSCC tissues and cells (Figure 3F and G) 
and reversely correlated with that of circGDI2 in OSCC 
tissues (Figure 3H). Besides, circGDI2 overexpression had 
a strong inhibitory effect on miR-454-3p expression, while 
the decrease was signally alleviated by miR-454-3p addi-
tion (Figure 3I). These data demonstrated that circGDI2 
could directly target miR-454-3p in OSCC cells.

CircGDI2 Could Inhibit OSCC 
Progression by Regulating miR-454-3p
The rescue experiments were carried out to confirm 
whether circGDI2 impeded OSCC progression by target-
ing miR-454-3p. The overexpression vectors of oe- 
circGDI2 and miR-454-3p mimic were co-transfected 
into SCC-15 and HSC-3 cells. The results proposed that 
the inhibitory effects of oe-circGDI2 on cell viability 
(Figure 4A and B), colony formation (Figure 4C), migra-
tion (Figure 4E), and invasion (Figure 4F) and the promo-
tional effect on cell apoptosis (Figure 4D) were all 
partially alleviated by miR-454-3p overexpression. 
Therefore, these findings indicated that circGDI2 inhibited 

cell proliferation, migration, invasion and promoted cell 
apoptosis by sponging miR-454-3p.

FOXF2 Was a Target of miR-454-3p
To identify the potential target gene of miR-454-3p in 
OSCC, bioinformatics software starBase was used. The 
software revealed that miR-454-3p contained the comple-
mentary sites with the 3ʹUTR of FOXF2 mRNA (Figure 
5A). The interaction between miR-454-3p and FOXF2 was 
certified by dual-luciferase reporter assay and RIP assay. 
The results showed that the luciferase activity of FOXF2 
3ʹUTR-WT reporter vector could be apparently reduced by 
miR-454-3p overexpression, while the decrease was abol-
ished in that of FOXF2 3ʹUTR-MUT vector (Figure 5B 
and C). Meanwhile, the results of RIP assay suggested that 
the levels of miR-454-3p and FOXF2 were remarkably 
increased in the anti-Ago2 group (Figure 5D and E). In 
line with circGDI2, the mRNA and protein expression of 
FOXF2 was obviously downregulated in OSCC tumor 
tissues and cells (Figure 5F–I). Furthermore, the miR- 
454-3p level was negatively related to FOXF2 level in 
OSCC tumor tissues (Figure 5J). Then, the effect of 
miR-454-3p on FOXF2 expression was explored. The 
transfection efficiency of miR-454-3p inhibition in OSCC 
cells was first verified (Figure 5K). In addition, the 

Figure 1 The expression and circRNA characterization of circGDI2 in OSCC. (A) The exonic information of circGDI2 was presented. (B and C) The expression of 
circGDI2 in OSCC tumor tissues (Tumor), adjacent normal tissues (Normal), OSCC cells (SCC-15 and HSC-3 cells) and normal HOK cells was measured by qRT-PCR. 
(D and E) RNase R assay was utilized to evaluate the stability of circGDI2 and GDI2. (F) The overexpression efficiency of oe-circGDI2 in SCC-15 and HSC-3 cells was 
verified.
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expression of FOXF2 was facilitated by miR-454-3p inhi-
bitor, and the effect was overturned by FOXF2 silence 
(Figure 5L and M). Taken together, this evidence strongly 
certified the direct targeted relationship between FOXF2 
and miR-454-3p in OSCC cells.

Knockdown of FOXF2 Inverted the 
Hindered Effect of miR-454-3p Inhibitor 
in OSCC
To determine whether miR-454-3p could regulate OSCC pro-
gression by mediating FOXF2 expression, OSCC cells were 
transfected with anti-miR-454-3p, anti-miR-454-3p + si- 
FOXF2, or corresponding controls. The results of CCK8, 
clone formation and transwell assays suggested that the pro-
liferation (Figure 6A–C), migration (Figure 6E) and invasion 
(Figure 6F) of SCC-15 and HSC-3 cells were visibly sup-
pressed after miR-454-3p silence, while the effects were 
reversed by FOXF2 downregulation. Meanwhile, FOXF2 

silencing also mitigated the enhancive effect of anti-miR 
-454-3p on cell apoptosis (Figure 6D). Altogether, these find-
ings demonstrated that FOXF2 repressed the progression of 
OSCC, which was in keeping with the function of circGDI2 in 
OSCC.

CircGDI2 Could Regulate FOXF2 
Expression by Sponging miR-454-3p
To confirm the correlation among circGDI2, miR-454-3p 
and FOXF2, we transfected oe-circGDI2, oe-circGDI2 and 
miR-454-3p mimic or corresponding controls into SCC-15 
and HSC-3 cells. Through the measure of FOXF2 expres-
sion, it was discovered that circGDI2 overexpression dra-
matically enhanced the mRNA and protein levels of 
FOXF2, while this effect was visibly canceled by miR- 
454-3p addition (Figure 7A and B). Hence, these results 
revealed that circGDI2 could improve FOXF2 expression 
by inhibiting miR-454-3p.

Figure 2 CircGDI2 overexpression impeded cell proliferation, metastasis and accelerated apoptosis in OSCC cells. SCC-15 and HSC-3 cells were transfected with oe- 
circGDI2 or Vector. (A–C) CCK8 assay and colony formation assay measured cell proliferation. (D) Flow cytometry detected cell apoptosis. (E and F) Transwell assay 
determined cell migration and invasion.
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Figure 3 CircGDI2 directly sponged miR-454-3p. (A) The putative binding sites of circGDI2 and miR-454-3p were presented. (B–E) Dual-luciferase reporter assay (B and 
C) and RIP assay (D and E) were used to verify the interaction between circGDI2 and miR-454-3p. (F and G) QRT-PCR was performed to test the level of miR-454-3p in 
OSCC tumor tissues and cells and corresponding controls. (H) Pearson correlation analysis was performed to analyze the correlation between circGDI2 and miR-454-3p in 
OSCC tumor tissues. (I) QRT-PCR determined the expression of miR-454-3p in SCC-15 and HSC-3 cells transfected with oe-circGDI2, oe-circGDI2 + miR-454-3p mimic or 
corresponding controls.

Figure 4 The effect of circGDI2 overexpression on OSCC cell progression was reversed by miR-454-3p introduction. SCC-15 and HSC-3 cells were transfected with oe- 
circGDI2, oe-circGDI2 + miR-454-3p mimic or corresponding controls. (A–C) Cell proliferation was tested by CCK8 assay and colony formation assay. (D) Cell apoptosis 
was explored by flow cytometry. (E and F) Cell migration and invasion were detected by Transwell assay.
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Figure 5 FOXF2 was a target of miR-454-3p. (A) The putative target sequence of miR-454-3p in FOXF2 3ʹUTR was shown. (B–E) The interaction between miR-454-3p and 
FOXF2 was confirmed by dual-luciferase reporter assay (b and c) and RIP assay (D and E). (F–I) The mRNA and protein expression levels of FOXF2 in OSCC tumor tissues 
and normal tissues (F and G) as well as OSCC cells and HOK cells (H and I) were determined by qRT-PCR and Western blot. (J) The correlation between miR-454-3p and 
FOXF2 in OSCC tumor tissues was attested by Pearson correlation analysis. (K) The expression of miR-454-3p in SCC-15 and HSC-3 cells transfected with anti-miR-454-3p 
or anti-miR-NC was measured by qRT-PCR. (L and M) The mRNA and protein expression levels of FOXF2 in SCC-15 and HSC-3 cells transfected with anti-miR-454-3p, 
anti-miR-454-3p + si-FOXF2 or corresponding controls were assessed by qRT-PCR and Western blot analysis.
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Overexpression of circGDI2 Suppressed 
OSCC Tumor Growth in vivo
To further investigate the effect of circGDI2 in OSCC 
tumorigenesis in vivo, HSC-3 cells with stable circGDI2 
overexpression were subcutaneously injected into nude 
mice to construct the mice xenograft models. Compared 
with those of control xenografts (Vector group), the tumor 
volume and weight of nude mice in oe-circGDI2 group 
were markedly reduced over a period of 30 days (Figure 
8A and B). Meanwhile, the expression of circGDI2 was 
increased while miR-454-3p expression was notably 
declined in oe-circGDI2 group (Figure 8C and D). 

Congruously, the mRNA and protein expression of 
FOXF2 was clearly enhanced (Figure 8E and F) after 
circGDI2 overexpression. Collectively, the in vivo mice 
experiments suggested that circGDI2 inhibited tumor for-
mation by regulating the miR-454-3p/FOXF2 axis.

Discussion
OSCC is a common malignant tumor influencing the head 
and neck region that damages oral epithelial cells.19 It is 
urgent to seek molecular biomarkers and therapeutic 
methods for OSCC diagnosis and remedy, thus to 
improve the survival and life quality of OSCC patients. 

Figure 6 FOXF2 knockdown alleviated the inhibitory effects of anti-miR-454-3p on the progression of OSCC cells. SCC-15 and HSC-3 cells were transfected with anti-miR- 
NC, anti-miR-454-3p, anti-miR-454-3p + si-NC or anti-miR-454-3p + si-FOXF2. (A–C) Cell proliferation was determined using CCK8 and colony formation assays. (D) Cell 
apoptosis was explored by flow cytometry. (E and F) Cell migration and invasion was assessed by Transwell assay.

Figure 7 CircGDI2 enhanced FOXF2 expression by targeting miR-454-3p. SCC-15 and HSC-3 cells were transfected with oe-circGDI2, Vector, oe-circGDI2 + miR-454-3p 
mimic or oe-circGDI2 + miR-NC mimic. (A and B) The mRNA and protein levels of FOXF2 were measured by qRT-PCR and Western blot.
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In this present study, we found the dysregulated expres-
sion of circGDI2, miR-454-3p and FOXF2 in OSCC, 
implying their potential roles in OSCC development. 
Meanwhile, we established a novel regulatory network 
of the circGDI2/miR-454-3p/FOXF2 axis and explored 
its action mechanism in OSCC etiology.

CircRNAs could play an imperative regulatory role in 
OSCC progression through facilitating or inhibiting cancer 
development via sponging miRNAs.6 For instance, 
circRNA_100290 was upregulated in OSCC and could 
promote OSCC carcinogenesis via acting as a decoy of 
miR-29b,20 while circ-PKD2 was low expressed in OSCC 
and could inhibit OSCC progression via miR-204-3p/ 
APC2 axis.8 However, the study about the function of 
circGDI2 in different cancers is very rare. This research 
certified that circGDI2 was distinctly downregulated in 
OSCC tissues and cells, and circGDI2 introduction overtly 
impeded proliferation, migration, invasion, and accelerated 
apoptosis in OSCC cells in vitro and hindered OSCC 
tumor in vivo growth, which was keeping with the pre-
vious report.9 Zhang et al also evidenced that upregulated 
exosomal circGDI2 decreased OSCC cell malignant beha-
viors via miR-424-5p/SCAI pathway.21 These data hinted 
that circGDI2 might be a possible target for OSCC treat-
ment. Meanwhile, miR-454-3p was validated to be a target 
of circGDI2. Therefore, we then explored the association 
between circGDI2 and miR-454-3p in the following 
experiments.

The dysregulation of miRNAs is concerned with the 
carcinogenesis and pathogenesis of diversified malignancies, 
including OSCC.22–24 Overexpression of miR-146a 

accelerated cell proliferation and metastasis in OSCC25 and 
miR-4282 impeded tumor progression through LIN28B/ 
ZBTB2 axis in OSCC cells and tumor growth in vivo.26 

MiR-454-3p has been discovered to be a cancer-promoting 
factor in hepatocellular carcinoma27 and cervical cancer.15 

Nevertheless, the precise mechanism of miR-454-3p in 
OSCC is blurry. In accordance with the result that has been 
reported,28 we attested that the level of miR-454-3p was 
incremental in OSCC tissues and cells. Simultaneously, the 
abundances of miR-454-3p and circGDI2 in OSCC tissues 
were reversely related. Furthermore, the effect of circGDI2 
overexpression on OSCC cell progression was reversed by 
miR-454-3p restoration. The different expression patterns of 
miR-454-3p may be due to the different regulatory mechan-
isms and tissue specificity in a different type of cancers. 
Hence, it was speculated that circGDI2 might hinder 
OSCC development by reducing miR-454-3p expression.

FOXF2 is a transcription factor that is involved in the 
processes of tumorigenesis and is considered to be 
a biomarker for tumor diagnosis.17 For example, FOXF2 
hindered Hela cell propagation and metastasis, and might 
serve as a prognostic biomarker for cervical cancer.29 

FOXF2 was downregulated in HCC and might be 
a promising target in HCC remedy.30 MicroRNAs have 
been reported to function by repressing gene expression by 
sponging the 3ʹUTR of mRNAs.31 Moreover, FOXF2 
expression was distinctly lessened in OSCC and silence 
of FOXF2 could dramatically accelerate the growth of 
OSCC cells by acting as a target of miR-96-5p.18 

Consistent with this, our data certified that FOXF2 was 
downregulated in OSCC tissues and cells. Exhilaratingly, 

Figure 8 CircGDI2 overexpression impeded OSCC tumor growth in vivo. HSC-3 cells transfected with oe-circGDI2 or Vector were injected into nude mice. Tumor 
volume (A) and tumor weight (B) of OSCC tumors from tumor-bearing nude mice after transfection in each group were measured. (C and D) The expression levels of 
circGDI2 and miR-454-3p were determined by qRT-PCR. (E and F) The mRNA and protein expression of FOXF2 was detected by qRT-PCR and Western blot.
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we found that miR-454-3p targeted FOXF2 and could 
regulate OSCC progression via sponging FOXF2. Then, 
we further certified that circGDI2 could regulate FOXF2 
expression via miR-454-3p.

In conclusion, this study attested that circGDI2 was 
a tumor depressor and functioned by regulating FOXF2 
expression via miR-454-3p in OSCC pathogenesis. This 
research might provide a potential target for OSCC treatment 
and illustrated the precise mechanism of circGDI2 in OSCC.
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OSCC, oral squamous cell carcinoma; FOXF2, forkhead 
box F2.
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