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Abstract. Various circular RNAs (circRNAs) have been 
shown to exert vital functions in tongue squamous cell carci‑
noma (TSCC). However, their roles in TSCC progression 
remain to be elucidated. This research aimed to investigate the 
role and mechanism of hsa_circ_0000003 (circ_0000003) in 
TSCC progression. Here, we found that circ_0000003 expres‑
sion was upregulated in TSCC tissues and cell lines, and 
high circ_0000003 expression was correlated with advanced 
TNM stage, increased tumor size and poor patient survival. 
Circ_0000003 was revealed to facilitate cell proliferation, 
migration and invasion of TSCC cells. Mechanistically, we 
found that circ_0000003 acted as a competing endogenous 
RNA (ceRNA) that sponged miR‑330‑3p, thereby elevating 
glutaminase (GLS) expression. Accordingly, cell invasion, 
migration, glutamine consumption, α‑ketoglutarate (α‑KG) 
production and ATP production were significantly decreased 
by circ_0000003 knockdown in TSCC cells, and these effects 
were reversed by miR‑330‑3p inhibition. In conclusion, 
circ_0000003 facilitates TSCC cell proliferation, migra‑
tion, invasion and glutamine catabolism by regulating the 
miR‑330‑3p/GLS pathway.

Introduction

Tongue squamous cell carcinoma (TSCC) is the most preva‑
lent malignancy of oral cancer and accounts for 25‑40% of all 
cases (1). Despite significant advancements in surgery, radio‑
therapy, chemotherapy and other therapies, the 5‑year survival 

rate for TSCC patients has remained poor during the past few 
decades (1,2). Even though the pathogenesis of TSCC has been 
investigated extensively over the past few decades, the mecha‑
nisms underlying the occurrence and development of TSCC 
have not been fully clarified (2). Therefore, elucidation of the 
mechanisms of TSCC progression may aid in devising novel 
strategies for the diagnosis, therapy and prognosis of TSCC. 

Circular RNAs (circRNAs) are a class of newly discovered 
non‑coding RNAs (ncRNAs) with covalently closed loops, 
which are more stable than conventional linear RNAs (3). 
Increasing evidence suggests that circRNAs exert a crucial 
role in tumorigenesis (4‑6). In addition, a number of circRNAs 
have been implicated in the progression of TSCC (7‑10). 
For instance, hsa_circ_0001742 was found to promote 
TSCC progression by regulating the miR‑431‑5p/ATF3 or 
miR‑634/RAB1A axis (9,10). Interestingly, hsa_circ_0000003 
(circ_0000003) is a poorly conserved circRNA that has been 
reported to facilitate cell proliferation, invasion and migration 
of non‑small cell lung cancer (NSCLC) cells by regulating 
the miR‑338‑3p/insulin receptor substrate 2 (IRS2) axis (11). 
Although the tumor‑promoting role of circ_0000003 has been 
reported in NSCLC (11), its role in other tumors has not yet 
been reported.

Recent studies have demonstrated that glutamine 
metabolism plays a vital role in the progression of various 
tumors, including lung adenocarcinoma, prostate cancer and 
B‑lymphoma (12,13). In these tumors, not only tumor cell 
growth, but also tumor invasion and metastasis are promoted 
by dysregulated glutamate metabolism (12,13). Interestingly, 
some circRNAs have been shown to be involved in the 
regulation of glutamine metabolism (14‑16). Among them 
are circHMGCS1, which was demonstrated to promote cell 
proliferation and glutaminolysis in hepatoblastoma cells by 
facilitating the expression of glutaminase (GLS), one of the 
key enzymes in glutamine metabolism (15), and circ_0016418, 
which was shown to facilitate glutamine catabolism in mela‑
noma cells by upregulating GLS expression via interaction 
with miR‑605‑5p (16). The above studies suggest that some 
circRNAs may affect the occurrence and development of 
tumors by regulating glutamate metabolism. However, the 
mechanism of how glutamate metabolism influences tumor 
physiology remains unclear.
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In the present study, the expression level of circ_0000003 
in TSCC and its roles in TSCC progression were investigated. 
Furthermore, whether circ_0000003 exerts its functions by 
regulating glutamate metabolism via the miR‑330‑3p/GLS 
axis in TSCC was assessed. 

Materials and methods

Clincical tissues. The clinical research was conducted with 
the approval of the Medical Ethics Committee of Taizhou 
University Hospital (approval no. 2018‑092), and 40 TSCC 
patients at Taizhou University Hospital (Taizhou, Zhejiang, 
China) provided written consent to donate their cancerous 
tissues for this research before surgery. All patients were adults 
with no history of other cancers, and had not undergone any 
targeted therapeutic treatments prior to surgery. The 40 paired 
TSCC tissues and their paracancerous nontumor samples 
(>1 cm away from the edge of TSCC tissues) were collected 
between January 2015 and December 2017, and diagnosed by 
more than two pathologists. All the specimens were imme‑
diately snap‑frozen in liquid nitrogen and preserved at ‑80˚C 
before use. 

Cell culture. Human TSCC cell lines (SCC25, SCC4, 
Cal27 and SCC1) were obtained from the American Type 
Culture Collection (ATCC), and cultured in DMEM (Gibco; 
Thermo Fisher Scientific, Inc.) containing 10% fetal bovine 
serum (FBS) (Gibco; Thermo Fisher Scientific, Inc.) and 
1% Penicillin‑Streptomycin Solution. Human oral keratino‑
cytes (HOKs) were obtained from the ScienCell Research 
Laboratories (cat. no. 2610), and cultured in Oral Keratinocyte 
Medium (ScienCell Research Laboratories). 

Construction of plasmid and cell transfection. For overexpres‑
sion, circ_0000003 was cloned into mammalian expression 
vector pcDNA3.1 (Invitrogen; Thermo Fisher Scientific, Inc.) 
to construct overexpressing plasmid pcDNA3.1‑circ_0000003 
(p‑circ_0000003). Empty pcDNA3.1 vector was used as 
a vector control. Short hairpin RNAs (shRNAs) targeting 
circ_0000003 (pLKO.1‑sh‑circ_0000003, sh‑circ_0000003), 
negative control shRNAs (sh‑NC), miR‑330‑3p inhibi‑
tors  (UCUCUGCAGGCCGUGUGCUUUGC) (17), 
miRNA inhibitor negative control (miRNA inhibitor‑NC; 
CAGUACUUUUGUGUAGUACAA) (18), miR‑330‑3p 
mimics (GCAAAGCACACGGCCUGCAGAGA) (17) 
and miRNA scrambled cont rol (cont rol mimics; 
UUCUCCGAACGUGUCACGUTT) (18) were all synthe‑
sized by GenePharma. All the obtained constructs were 
subsequently transfected via Lipofectamine 2000 reagent 
(Invitrogen; Thermo Fisher Scientific, Inc.) according to the 
manufacturer's protocol. 

Cell proliferation assay. A total of 5x103 transfected TSCC 
cells were seeded into 96‑well plates. After incubation for 
0, 24, 48, 72 and 96 h, the medium was discarded, and the 
fresh medium containing 10 µl Cell Counting Kit‑8 (CCK‑8) 
solution (Beyotime Institute of Biotechnology) was mixed 
and pipetted into the TSCC cells. After reaction for 4 h, the 
absorbance at 450 nm was measured using a microplate reader 
(Bio‑Rad Laboratories, Inc.).

Cell invasion and migration assays. Transwell chambers 
(Corning Inc.) precoated with Matrigel (BD Biosciences) were 
used to detect the TSCC cell invasion ability. For cell inva‑
sion assay, TSCC cells were seeded into the upper chamber of 
Matrigel‑coated inserts and incubated for 48  h. The invasive 
TSCC cells were fixed in 70% ethanol at room temperature and 
stained with 0.1% crystal violet for 30 min. Then the stained 
cells were lysed with 200 µl of lysis reagent, and 100 µl of 
lysate was pipetted into a 96‑well plate to detect the absorbance 
value at 560 nm using a microplate reader (550; Bio‑Rad).

Transwell assay without Matrigel was performed to detect 
the TSCC cell migration ability. For cell migration detection, 
TSCC cells were resuspended into a single‑cell suspension in 
250 µl DMEM containing 1% FBS, and then 5x104 cells per 
well were pipetted into uncoated 8‑µm transwell filter inserts 
(Corning Inc.) in 24‑well plates in triplicate. DMEM (500 µl) 
containing 15% FBS was added into the lower chambers as 
a chemoattractant. The TSCC cells were incubated for 16 h, 
and the non‑migratory TSCC cells in the upper chamber were 
wiped away gently with a cotton swab. Then the migratory 
TSCC cells on the bottom side of the upper chamber were 
fixed in 100% methanol at room temperature and stained 
with 0.5 µg/ml 4',6‑diamidino‑2‑phenylindole (DAPI) for 
5 min. Finally the stained cells were counted with a fluores‑
cence microscope (original magnification, x200; Eclipse 80i; 
Nikon Corp.) in five random fields.

Glutamine, α‑ketoglutarate (α‑KG) and ATP assays. Glutamine 
consumption, α‑KG and ATP production were tested as 
detailed previously (19). Glutamine consumption levels were 
analyzed using the glutamine assay kit (BioVision Inc.). α‑KG 
production levels were detected with the fluorescence‑based 
lactate assay kit (BioVision Inc.). ATP production levels were 
detected with the enhanced ATP assay kit (Beyotime Institute 
of Biotechnology). All the above kits were operated according 
to the manufacturer's protocol.

Reverse transcription and quantitative polymerase chain 
reaction (RT‑qPCR). Total RNA of TSCC cells and tissues 
was extracted with TRIzol reagent (Invitrogen; Thermo Fisher 
Scientific Inc.), and then the first‑strand cDNA was synthesized 
using the PrimeScript 1st Strand cDNA Synthesis Kit (Takara). 
RT‑qPCR was performed using the SYBR Green qPCR Kit 
(Thermo Fisher Scientific Inc.) with a StepOne™ Real‑Time 
PCR System (Applied Biosystems; Thermo Fisher Scientific 
Inc.). The thermocycling conditions were: 95˚C for 10 min, 
followed by 40 cycles of 95˚C for 15 sec, 55˚C for 30 sec, and 
72˚C for 30 sec. Relative gene expression was calculated using 
the 2‑ΔΔCq method (20). GAPDH and U6 were respectively 
used as control references for circRNA/mRNA and miRNA. 
Their primers were purchased from Sangon Biotech, and the 
sequences as described in previous studies (11,21‑25) are listed 
in Table I. 

Western blot analysis. RIPA buffer (Beyotime Institute of 
Biotechnology) was used to extract the total protein from 
the TSCC cells, which was then quantified using the BCA 
Kit (Pierce; Thermo Fisher Scientific Inc.). Then the protein 
samples were separated by 10% SDS‑PAGE electrophoresis, 
and transferred onto a PVDF membrane (Millipore Corp.). 
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After blocking with 5% defatted milk powder, the membrane 
was incubated overnight at 4˚C with specific primary anti‑
bodies (both from Abcam) against glutaminase (dilution 
1:1,000, cat. no. ab156876), and GAPDH (dilution 1:1,000, 
cat. no. ab181602). Next, the membranes were incubated with 
horseradish peroxidase‑conjugated rabbit secondary antibody 
(dilution 1:2,000, cat. no.7074, Cell Signaling Technology) for 
1 h at room temperature. The immunoreactive bands were 
visualized by enhanced chemiluminescence ECL kit, and then 
scanned by a LAS‑4000 imaging system (Fujifilm).

Bioinformatics analysis. The interaction between circ_0000003 
and miRNAs was predicted using Circular RNA Interactome 
(https://circinteractome.nia.nih.gov/). miR‑330‑3p that may 
interact with GLS mRNA 3'‑untranslated region (UTR) was 
searched using miRDB (http://mirdb.org/) and TargetScan 
(http://www.targetscan.org/). 

Luciferase reporter assay. The partial sequences of 
circ_0000003 or GLS 3'‑UTR, which contain the puta‑
tive miR‑330‑3p‑binding site, were amplified via PCR 
and constructed into the pmirGLO Luciferase vector 
(Promega Corp.) to generate wild‑type circ_0000003 
reporter (circ_0000003‑WT) or GLS reporter (GLS‑WT). 
The GeneArt™ Site‑Directed Mutagenesis System (Thermo 
Fisher Scientific, Inc.) was used to produce miR‑330‑3p target 
site‑mutation circ_0000003 (circ_0000003‑MUT) reporter 

or miR‑330‑3p target site‑mutation GLS 3'‑UTR (GLS‑MUT) 
reporter. All constructs were verified via DNA sequencing. 
Subsequently, the luciferase reporters and miR‑330‑3p mimic 
or control mimic were co‑transfected into the cells using 
Lipofectamine 2000 reagent (Invitrogen; Thermo Fisher 
Scientific, Inc.). The cells were collected at 48 h after trans‑
fection, and then the relative firefly luciferase activities were 
measured using a Dual‑Glo luciferase assay system (Promega 
Corp.) following the manufacturer's instructions. Firefly 
luciferase activities were normalized to Renilla luciferase 
activities.

Pull‑down assay with biotinylated miR‑330‑3p. TSCC cell 
lysates were collected using RIPA buffer plus RNase inhibitor 
(Promega Corp.), followed by transfection with biotin‑labeled 
wild‑type (WT) miR‑330‑3p (Bio‑miR‑330‑3p‑WT), mutated 
(MUT) miR‑330‑3p (Bio‑miR‑330‑3p‑MUT) or antagonistic 
miR‑330‑3p probe (Bio‑NC‑probe), which were all designed 
and synthesized by GenePharma. Then, the TSCC cell 
lysates were mixed with M‑280 streptavidin magnetic beads 
(Sigma‑Aldrich; Merck KGaA) for 3  h at 4˚C. The pull‑down 
products were subjected to RT‑qPCR for circ_0000003 
expression.

RNA immunoprecipitation (RIP) assay. RIP assay was carried 
out using the RIP RNA‑Binding Protein Immunoprecipitation 
Kit (Millipore Corp.). In brief, TSCC cells were lysed in RIP 
lysis buffer, followed by incubation with anti‑Ago2 antibody 
(catalog no.ab57113, Abcam) and protein G magnetic beads. 
After 6 washes, the immunocomplexes bound by Ago2 were 
eluted, and then incubated with proteinase K at 55˚C for 
30 min to digest the proteins, followed by RNA extraction and 
RT‑qPCR analysis for the expression of circ_0000003 or GLS 
mRNA.

Statistical analysis. All data were statistically analyzed 
via SPSS 25.0 (IBM Corp.). Paired t‑tests were used in the 
comparisons between TSCC tissues and their adjacent normal 
tissues. Unpaired t‑tests were used in the comparisons between 
two groups of TSCC cells. Differences among ≥3 groups were 
assessed using one‑way ANOVA followed by Tukey's post‑hoc 
test. The overall survival curve was generated and assessed 
by Kaplan‑Meier and log‑rank tests. The associations between 
circ_0000003 expression and clinicopathological parameters 
of TSCC patients were assessed using the χ2 test (for analyzing 
sex and age) or Fisher's exact test (for analyzing TNM stage 
and tumor size) in Table II. Among circ_0000003, miR‑330‑3p 
and GLS mRNA, their linear correlations were assessed using 
Pearson's correlation analysis and two‑tailed t‑test.

Results

Circ_0000003 is upregulated in TSCC and promotes TSCC 
cell proliferation. To determine the role of circ_0000003 in 
TSCC, we tested circ_0000003 expression levels in 40 pairs 
of TSCC tissues and their paired adjacent normal tissues. As 
shown in Fig. 1A, circ_0000003 expression was significantly 
increased in the TSCC tissues compared with that noted 
in the paired adjacent normal tissues. We also examined 
circ_0000003 expression levels in HOKs and TSCC cell lines 

Table I. RT‑qPCR primer sequences.

Name Primer sequences

circ_0000003 F: 5'‑TTGACTGGGCCAATACCAGC‑3'
 R: 5'‑ACAGGAAGGCGTTCAGTGTG‑3'
miR‑31 F: 5'‑UAGCAGCACAGAAAUAUUGGC‑3'
 R: 5'‑CAAUAUUUCUGUGCUGCUAUU‑3'
miR‑197 F: 5'‑CGGTAGTCTGATACTGTAA‑3'
 R: 5'‑GTGCTCCGAAGGGGGT‑3'
miR‑210 F: 5'‑TAATATAGCCCCTGCCCACC‑3'
 R: 5'‑TATGCTTGTTCTCGTCTCTGTGTC‑3'
miR‑330‑3p F: 5'‑ACACTCCAGCTGGGAGAGACGTCC
  GGCACAC‑3'
 R: 5'‑CTCAACTGGTGTCGTGGAGTCGGC
  AATTCAGTTGAGCGTTTCGT‑3'
miR‑338‑3p F: 5'‑GTGTGGCTCTGAGGTCCTTG‑3'
 R: 5'‑ATCCGTGAAGTTGTTCGTGG‑3'
GLS F: 5'‑TTCCAGAAGGCACAGACATGG
  TTG‑3'
 R: 5'‑GCCAGTGTCGCAGCCATCAC‑3'
GAPDH F: 5'‑GCACCGTCAAGGCTGAGAAC‑3'
 R: 5'‑GCCTTCTCCATGGTGGTGAA‑3'
U6 F: 5'‑GCTTCGGCAGCACATATACTAA
  AAT‑3'
 R: 5'‑CGCTTCACGAATTTGCGTGTCAT‑3'

F, forward; R, reverse; GLS, glutaminase; GAPDH, glyceraldehyde 
3‑phosphate dehydrogenase.
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(SCC25, SCC4, Cal27 and SCC1), and found that circ_0000003 
expression was significantly increased in the TSCC cells 
when compared with the HOKs cells (Fig. 1B). The above 
data revealed that circ_0000003 is highly expressed in TSCC 
tissues and cell lines. Furthermore, the clinicopathological 
characteristics of the 40 TSCC patients are shown in Table II. 
High expression of circ_0000003 was found to be significantly 
correlated with advanced TNM stage and increased tumor 
size. In addition, high expression of circ_0000003 predicted a 
poor patient prognosis (Fig. 1C). 

Loss‑of‑function and gain‑of‑function experiments 
were performed to determine the biological functions of 
circ_0000003. RT‑qPCR analysis confirmed that circ_0000003 
was significantly knocked down via sh‑circ_0000003 in the 
Cal27 and SCC1 cells (Fig. 1D), and CCK‑8 assay showed 
that circ_0000003 knockdown significantly repressed the cell 
proliferation of Cal27 and SCC1 cells (Fig. 1E). Meanwhile, 
circ_0000003 was overexpressed via p‑circ_0000003 in 
SCC25 and SCC4 cells (Fig. 1F), and circ_0000003 over‑
expression significantly promoted the cell proliferation of 
SCC25 and SCC4 cells (Fig. 1G). 

Circ_0000003 regulates the tumor phenotype of TSCC cells 
by targeting miR‑330‑3p/GLS axis. Bioinformatics analysis via 
Circular RNA Interactome (https://circinteractome.nia.nih.gov/) 
indicated that the top five predicted potential target miRNAs of 
circ_0000003 are miR‑31, miR‑197, miR‑210, miR‑330‑3p and 
miR‑338‑3p (Table III). The results of RT‑qPCR demonstrated 
that circ_0000003 knockdown in Cal27 cells facilitated the 
expression of miR‑197, miR‑210, miR‑330‑3p and miR‑338‑3p, 
respectively, among which the increase in miR‑330‑3p expres‑
sion was the most obvious (Fig. 2A). The binding sites that 
miR‑330‑3p may share with circ_0000003 are showed in Fig. 2B. 
Subsequently, the results from the dual‑luciferase reporter assay 
verified that miR‑330‑3p could bind with circ_0000003 at the 
molecular level in Cal27 and SCC1 cells (Fig. 2C). 

For further verification of the interaction between 
miR‑330‑3p and circ_0000003, RNA pull‑down assay 
was conducted using biotinylated miR‑330‑3p‑WT and 
miR‑330‑3p‑MUT probes. As shown in Fig. 2D, only 
miR‑330‑3p‑WT could bind and precipitate circ_0000003 in 
the cell lysates of Cal27 and SCC1 cells. However, there was no 
interaction between circ_0000003 and miR‑330‑3p‑MUT or 
biotin‑labeled antagonistic miR‑330‑3p probe (Bio‑NC‑probe). 
To determine whether circ_0000003 binds miR‑330‑3p in 
an AGO2‑dependent manner, we conducted anti‑AGO2 RIP 
in Cal27 and SCC1 cells overexpressing miR‑330‑3p via 
miR‑330‑3p mimics, and found that circ_0000003 enrichment 
was significantly increased after overexpression of miR‑330‑3p 
in Cal27 and SCC1 cells (Fig. 2E). 

Furthermore, the two online bioinformatics databases, 
miRDB (http://mirdb.org/) and TargetScan (http://www.
targetscan.org/vert_72/), suggested that GLS mRNA 3'‑UTR 
had the high associability with miR‑330‑3p (Fig. 2F; Table IV). 
Luciferase reporter assay verified that miR‑330‑3p covalently 
targeted GLS mRNA 3'‑UTR in Cal27 and SCC1 cells 
(Fig. 2G). Moreover, RIP assay revealed a higher level of 
GLS mRNA enrichment in the AGO2 group after overex‑
pression of miR‑330‑3p in Cal27 and SCC1 cells (Fig. 2H). 
Therefore, we here found that circ_0000003 has a direct effect 
on miR‑330‑3p, and miR‑330‑3p has a direct effect on GLS 
mRNA 3'‑UTR. 

Association of circ_0000003, miR‑330‑3p and GLS in TSCC. 
Based on the above bioinformatics analyses and related veri‑
fication experiments, there may be certain interactions among 
circ_0000003, miR‑330‑3p and GLS. Therefore, miR‑330‑3p 
and GLS were chosen for our further studies. miR‑330‑3p 
expression in the 40 specimens of TSCC tissues was examined 
via RT‑qPCR, and the result demonstrated that miR‑330‑3p 
expression was significantly lower in TSCC tissues compared 
with that noted in the adjacent nontumor tissues (Fig. 3A). 

Table II. Correlation between circ_0000003 and the clinicopathological features of the TSCC patients (N=40).

 Circ_0000003
Clinicopathological ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
factors All patients Low level High level χ2 P‑value

Age (years)
  ≤55 17 9 8 0.102 0.749
  >55 23 11 12  
Sex     
  Male 24 11 13 0.417 0.519
  Female 16 9 7  
TNM stage     
  I+II 18 13 5 6.465 0.011a

  III+IV 22 7 15  
Tumor size (cm)     
  ≤2 21 14 7 4.912 0.027a

  >2 19 6 13

The χ2 test was used for comparison between groups; aP<0.05 indicates a statistically significant result. TSCC, tongue squamous cell carcinoma; 
TNM, Tumor‑Node‑Metastasis.
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GLS mRNA expression in the 40 specimens of TSCC tissues 
was also examined via RT‑qPCR, and the result demonstrated 
that GLS mRNA expression was significantly higher in TSCC 
tissues compared with that found in the paired adjacent normal 
tissues (Fig. 3B). After statistically analyzing the associations 
of their expressions, circ_0000003 expression was found to be 
negatively correlated with miR‑330‑3p expression (R=‑0.783, 
P<0.01, Fig. 3C), while positively correlated with GLS mRNA 
expression (R=0.606, P<0.01, Fig. 3D). Moreover, miR‑330‑3p 
expression was negatively correlated with GLS mRNA 
expression (R=‑0.753, P<0.01, Fig. 3E).

Circ_0000003 downregulates miR‑330‑3p expression and 
upregulates GLS expression in TSCC cells. RT‑qPCR assay 
demonstrated that knockdown of circ_0000003 significantly 
promoted miR‑330‑3p expression in Cal27 and SCC1 cells 
(Fig. 4A), while overexpression of circ_0000003 significantly 
inhibited miR‑330‑3p expression in the SCC25 and SCC4 cells 
(Fig. 4B). Furthermore, RT‑qPCR assay indicated that overexpres‑
sion of miR‑330‑3p via miR‑330‑3p mimics significantly decreased 
GLS mRNA expression in Cal27 and SCC1 cells (Fig. 4C and D), 
while inhibition of miR‑330‑3p via miR‑330‑3p inhibitors 
significantly increased GLS mRNA expression in the SCC25 and 

Figure 1. Circ_0000003 is upregulated in TSCC tissues and cell lines and promotes TSCC cell proliferation in vitro. (A) Circ_0000003 level was examined in 
TSCC tissues (n=40) and their paired adjacent nontumor tissues (n=40). **P<0.01 vs. the nontumor tissues. (B) Circ_0000003 level was measured in HOK and 
TSCC cells (SCC25, SCC4, Cal27 and SCC1). **P<0.01 vs. the HOK. (C) Survival rates of TSCC patients with high and low circ_0000003 expression were analyzed 
via Kaplan‑Meier survival analysis. (D) Circ_0000003 shRNA (sh‑circ_0000003) transfection silenced the circ_0000003 expression in Cal27 and SCC1 cells. 
(E) CCK‑8 assay was conducted to detect the cell proliferative ability of Cal27 and SCC1 cells with circ_0000003 knockdown. (F) p‑circ_0000003 transfection 
enforced the circ_0000003 expression in SCC25 and SCC4 cells. (G) CCK‑8 assay was conducted to detect the cell proliferative ability of SCC25 and SCC4 cells 
with circ_0000003 overexpression. *P<0.05 and **P<0.01 vs. controls. circ_0000003, hsa_circ_0000003; TSCC, tongue squamous cell carcinoma; HOK, human oral 
keratinocytes; sh‑circ_0000003, circ_0000003 shRNA; CCK‑8, Cell Counting Kit‑8; p‑circ_0000003, pcDNA3.1‑circ_0000003; sh, shRNA; NC, negative control.
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SCC4 cells (Fig. 4E and F). Coincidentally, western blot analysis 
demonstrated that overexpression of miR‑330‑3p decreased GLS 
protein expression in Cal27 and SCC1 cells (Fig. 4G), while inhi‑
bition of miR‑330‑3p increased GLS protein expression in SCC25 
and SCC4 cells (Fig. 4H). 

Coincidentally, RT‑qPCR assay indicated that knockdown 
of circ_0000003 significantly decreased GLS mRNA expres‑
sion in Cal27 and SCC1 cells (Fig. 4I), while overexpression of 
circ_0000003 significantly increased GLS mRNA expression in 
the SCC25 and SCC4 cells (Fig. 4J). Coincidentally, western blot 
analysis demonstrated that circ_0000003 knockdown decreased 
GLS protein expression in Cal27 and SCC1 cells (Fig. 4K), 
while circ_0000003 overexpression increased GLS protein 
expression in SCC25 and SCC4 cells (Fig. 4L). Overall, our 
results indicated that circ_0000003 downregulated miR‑330‑3p 
expression and upregulated GLS expression, and miR‑330‑3p 
downregulated GLS expression, suggesting circ_0000003 may 
promote GLS expression by restraining miR‑330‑3p.

Circ_0000003 regulates cell invasion and migration in TSCC 
cells. Interestingly, transfection of sh‑circ_0000003 caused a 
dramatic reduction in cell invasion (Fig. 5A) and migration 
(Fig. 5B and C). To clarify whether miR‑330‑3p was involved 
in the inhibition of cell invasion and migration capability 
elicited by circ_0000003 knockdown, co‑transfection experi‑
ments were performed in Cal27 cells. As shown in Fig. 5D‑F, 
co‑transfection of sh‑NC + miR‑330‑3p inhibitor resulted 
in significantly increased cell invasion and migration capa‑
bility. Meanwhile, the transfection of miR‑330‑3p inhibitor 
reversed the decrease in cell invasion and migration induced 
by sh‑circ_0000003 (Fig. 5D‑F). These results indicated that 
the cell invasion and migration were significantly restrained 
by circ_0000003 knockdown, and then it was reversed after 
transfection with miR‑330‑3p inhibitor in TSCC cells.

Circ_0000003 regulates glutamine metabolism in TSCC 
cells. Since some circRNAs have been found to be involved 
in the progression of glutamine metabolism (14), we asked 
whether circ_0000003 could facilitate TSCC progression by 
regulating glutamine metabolism. Interestingly, transfection 
of sh‑circ_0000003 caused a dramatic reduction in glutamine 
consumption, α‑KG production and ATP production in TSCC 
cells (Fig. 6A‑C). To clarify whether miR‑330‑3p was involved in 
the inhibition of glutamine metabolism elicited by circ_0000003 
knockdown, co‑transfection experiments were performed 
in Cal27 cells. As shown in Fig. 6D‑F, co‑transfection of 
sh‑NC + miR‑330‑3p inhibitor resulted in significantly increased 
glutamine consumption, α‑KG production, and ATP produc‑
tion. Meanwhile, miR‑330‑3p inhibitor transfection reversed 
the decrease in glutamine consumption, α‑KG production and 
ATP production induced by sh‑circ_0000003 transfection 
(Fig. 6D‑F). These results indicated that the glutamine consump‑
tion, α‑KG production and ATP production were significantly 
restrained by circ_0000003 knockdown, and then it was reversed 
after transfection with miR‑330‑3p inhibitor in TSCC cells.

Discussion

Recently, a number of circulating RNAs (circRNAs) have been 
revealed to participate in the progression of tongue squamous 
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cell carcinoma (TSCC) by sponging miRNAs to regulate 
protein‑coding target gene expression (7‑9). Moreover, some 
previous studies have demonstrated that circRNAs play 
a regulatory role in tumor progression by regulating cell 

metabolism, including glucose metabolism, glutamine catab‑
olism and lipid metabolism (14). However, to date, there is no 
report on how circRNAs affect TSCC progression by regu‑
lating cell metabolism. Our current findings provide evidence 

Figure 2. Circ_0000003 modulates the tumor phenotype of TSCC cells via the miR‑330‑3p/GLS axis. (A) After transfection of sh‑circ_0000003, expres‑
sion levels of miR‑31, miR‑197, miR‑210, miR‑330‑3p and miR‑338‑3p were detected via RT‑qPCR. *P<0.05 and **P<0.01 vs. sh‑NC. (B) Bioinformatics 
analysis suggested that miR‑330‑3p may share binding sites with circ_0000003. (C) Luciferase reporter assay indicated the molecular level combination 
of miR‑330‑3p and circ_0000003. **P<0.01 vs. circ_0000003(MUT). (D) Circ_0000003 was pulled down by biotinylated miR‑330‑3p‑WT. **P<0.01 
vs. Bio‑miR‑330‑3p‑probe(MUT). (E) AGO2‑RIP followed by RT‑qPCR to detect circ_0000003 enrichment level after miR‑330‑3p overexpression via 
miR‑330‑3p mimics. **P<0.01 vs. Anti‑IgG. (F) Bioinformatics analysis suggested the associability within miR‑330‑3p and GLS. (G) Luciferase reporter 
assay indicated the covalent targeting of miR‑330‑3p with GLS mRNA 3'‑UTR. **P<0.01 vs. GLS(MUT). (H) RIP assays using antibodies against AGO2 or 
IgG were performed in cellular lysates from Cal27 and SCC1 cells, and RT‑qPCR demonstrated the relative enrichment of GLS mRNA in Cal27 and SCC1 
cells transfected with miR‑330‑3p or control mimics. **P<0.01 vs. control mimic. circ_0000003, hsa_circ_0000003; TSCC, tongue squamous cell carcinoma; 
sh‑circ_0000003, circ_0000003 shRNA; qRT‑PCR, Reverse transcription and quantitative polymerase chain reaction; WT, wild‑type; RIP, RNA immunopre‑
cipitation; GLS, glutaminase; 3'‑UTR, 3'‑untranslated region; MUT, mutant type.
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demonstrating the essential biological relevance of circRNAs 
in TSCC, and uncover that dysregulation of circ_0000003 
may be responsible for TSCC progression. Importantly, the 
current research demonstrated that circ_0000003 elevated 
glutaminase (GLS) expression by sponging miR‑330‑3p, 
leading to promotion of TSCC glutamine catabolism, inva‑
sion and metastasis (Fig. 7). 

Circ_0000003 has been demonstrated to facilitate the cell 
proliferation, invasion and migration of NSCLC cells via targeting 
the miR‑338‑3p/IRS2 axis (11). However, circ_0000003 has not 
been systematically studied in other tumors. Because there are 
very few articles concerning circ_0000003, we deduced the 
hypothesis about circ_0000003 mainly through bioinformatics 
analysis and the study about circ_0000003 in NSCLC (11). 
Thus, we detected circ_0000003 expression in TSCC tissues 
and cell lines, and found that circ_0000003 was upregulated in 
TSCC tissues and cell lines, and high circ_0000003 expression 
was associated with poor patient prognosis and advanced tumor 
progression, suggesting that circ_0000003 has an oncogenic 
function in TSCC. Here, we used bioinformatics online analysis 
software to speculate possible targets for circ_0000003 to eluci‑
date the potential mechanism of circ_0000003 in TSCC. Then, 
we found that miR‑330‑3p expression was strongly increased by 
circ_0000003 knockdown in TSCC cells compared with other 

potential targeting miRNAs. Therefore, miR‑330‑3p was chosen 
as a candidate for further research. 

Several studies have revealed that miR‑330‑3p exerts a 
tumor‑suppressive effect in various tumors (23,26‑28). For 
instance, circ‑0016068 restrained miR‑330‑3p expression and 
facilitated insertion region‑1 (BMI‑1) expression to promote 
the cell proliferation, invasion and migration of prostate cancer 
cells (23). Moreover, upregulation of miR‑330‑3p restricted the 
cell proliferation, colony formation and invasion of laryngeal 
squamous cell carcinoma (LSCC) cells by targeting transformer‑2 
protein homolog β (Tra2β) to repress Akt activation (27). In 
our current research, miR‑330‑3p expression was markedly 
reduced in TSCC tissues, and was negatively correlated with 
circ_0000003 expression in the TSCC tissues. More importantly, 
our present study revealed that circ_0000003 was a decoy for 
miR‑330‑3p, and circ_0000003 participated in the progression 
of TSCC by sponging miR‑330‑3p.

Increasing studies indicate that circRNAs contain 
miRNA binding sites and function as competing endogenous 
RNAs (ceRNAs) that sponge downstream miRNAs and 
restrain their expression and functions (11,29). For instance, 
circ_0000003 has been shown to sponge miR‑338‑3p and 
restrain miR‑338‑3p expression, leading to promotion of 
cell proliferation and invasion of NSCLC cells (11). In the 

Figure 3. Correlations between circ_0000003, miR‑330‑3p and GLS in TSCC. (A) miR‑330‑3p expression and (B) GLS mRNA expression were detected 
by RT‑qPCR in the TSCC tissues and compared with that in the adjacent nontumor tissues. **P<0.01 vs. the nontumor tissues. (C‑E) Bivariate correlation 
analysis of (C) circ_0000003 and miR‑330‑3p, (D) circ_0000003 and GLS mRNA, and (E) miR‑330‑3p and GLS mRNA. circ_0000003, hsa_circ_0000003; 
GLS, glutaminase; TSCC, tongue squamous cell carcinoma; RT‑qPCR, reverse transcription and quantitative polymerase chain reaction.
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Figure 4. Circ_0000003 regulates miR‑330‑3p and GLS expressions, and miR‑330‑3p regulates GLS expression. (A and B) RT‑qPCR determined the 
miR‑330‑3p expression in Cal27 and SCC1 cells transfected with sh‑NC or sh‑circ_0000003, and in SCC25 and SCC4 cells transfected with empty vector 
or p‑circ_0000003. (C and D) RT‑qPCR determined the miR‑330‑3p and GLS mRNA expression in Cal27 and SCC1 cells transfected with control mimic 
or miR‑330‑3p mimic. (E and F) RT‑qPCR determined the miR‑330‑3p and GLS mRNA expression in SCC25 and SCC4 cells transfected with miRNA 
inhibitor‑NC or miR‑330‑3p inhibitor. (G) Western blot analysis determined the GLS protein expression in Cal27 and SCC1 cells transfected with control 
mimic or miR‑330‑3p mimic. Lane 1, blank control; lane 2, control mimic; lane 3, miR‑330‑3p mimic. (H) Western blot analysis determined the GLS protein 
expression in SCC25 and SCC4 cells transfected with miRNA inhibitor‑NC or miR‑330‑3p inhibitor. Lane 1, blank control; lane 2, miRNA inhibitor‑NC; 
lane 3, miR‑330‑3p inhibitor. (I and J) RT‑qPCR determined the GLS mRNA expression in Cal27 and SCC1 cells transfected with sh‑NC or sh‑circ_0000003, 
and in SCC25 and SCC4 cells transfected with empty vector or p‑circ_0000003. (K) Western blot analysis determined the GLS protein expression in Cal27 and 
SCC1 cells transfected with sh‑NC or sh‑circ_0000003. Lane 1, blank control; Lane 2, sh‑NC; Lane 3, sh‑circ_0000003. (L) Western blot analysis determined 
the GLS protein expression in SCC25 and SCC4 cells transfected with empty vector or p‑circ_0000003. Lane 1, blank control; lane 2, vector control; lane 3, 
p‑circ_0000003. **P<0.01 vs. controls. circ_0000003, hsa_circ_0000003; GLS, glutaminase; RT‑qPCR, reverse transcription and quantitative polymerase 
chain reaction; sh, shRNA; miRNA, microRNA; NC, negative control; sh‑circ_0000003, circ_0000003 shRNA; p‑circ_0000003, pcDNA3.1‑circ_0000003. 
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current research, our gain‑ and loss‑of‑function experi‑
ments indicated that circ_0000003 knockdown facilitated 
miR‑330‑3p expression, whereas circ_0000003 overexpres‑
sion repressed miR‑330‑3p expression. Moreover, our rescue 
experiments demonstrated that circ_0000003 facilitated cell 
proliferation, migration and invasion by counteracting the 

miR‑330‑3p‑mediated effects on TSCC cells. Therefore, our 
current study presents strong evidence for a tumor‑promoting 
role of the circ_0000003/miR‑330‑3p interaction in TSCC.

Increasing evidence has revealed that miRNAs can bind to 
the 3'‑UTR of their downstream target genes, thereby inhibiting 
the target gene expression at the post‑transcriptional levels (30). 

Figure 5. Circ_0000003 facilitates cell invasion and migration capability in TSCC by inhibiting miR‑330‑3p. (A) Cell invasion levels in TSCC cells after 
circ_0000003 knockdown. (B) Cell migration levels in TSCC cells after circ_0000003 knockdown. (C) Representative images of the cell migration in Cal27 and 
SCC1 cells after circ_0000003 knockdown (original magnification, x200). (D) Cell invasion and (E) migration capability in Cal27 cells transfected with sh‑NC, 
miRNA inhibitor‑NC, sh‑circ_0000003 + miRNA inhibitor‑NC, sh‑NC + miR‑330‑3p inhibitor, and sh‑circ_0000003 + miR‑330‑3p inhibitor. **P<0.01 vs. sh‑NC; 
##P<0.01 vs. miRNA inhibitor‑NC. (F) Representative images of the cell migration in Cal27 cells after the transfections (original magnification, x200). circ_0000003, 
hsa_circ_0000003; TSCC, tongue squamous cell carcinoma; sh‑circ_0000003, circ_0000003 shRNA; sh, shRNA; NC, negative control. 
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Thus, we here used two bioinformatics databases (miRDB and 
TargetScan) to speculate potential target genes for miR‑330‑3p, 
and found GLS may be a target gene of miR‑330‑3p. GLS is a 
key enzyme involved in the progression of glutamine metabo‑
lism, and functions as a tumor‑promoting factor in various 
tumors (31). The knockdown of GLS repressed cell proliferation 

and induced apoptosis by inhibiting the Wnt/β‑catenin pathway 
in prostate cancer cells (32). Moreover, circ_0016418 facilitated 
melanoma progression and glutamine catabolism by sponging 
miR‑605‑5p to promote GLS expression (16). In the current 
research, we verified that miR‑330‑3p directly bound to GLS 
3'‑UTR and negatively regulated GLS expression. 

Figure 6. Circ_0000003 facilitates glutamine metabolism in TSCC by inhibiting miR‑330‑3p. (A) Glutamine consumption, (B) cellular α‑KG production, and 
(C) ATP production levels in TSCC cells after circ_0000003 knockdown. (D) Glutamine consumption, (E) α‑KG production, and (F) ATP production levels in Cal27 
cells transfected with sh‑NC, miRNA inhibitor‑NC, sh‑circ_0000003 + miRNA inhibitor‑NC, sh‑NC + miR‑330‑3p inhibitor, and sh‑circ_0000003 + miR‑330‑3p 
inhibitor. *P<0.05, **P<0.01 vs. sh‑NC; #P<0.05, ##P<0.01 vs. miRNA inhibitor‑NC. circ_0000003, hsa_circ_0000003; TSCC, tongue squamous cell carcinoma; 
α‑KG, α‑ketoglutarate; ATP, adenosine triphosphate; sh‑circ_0000003, circ_0000003 shRNA; sh, shRNA; NC, negative control. 
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Aberrant energy metabolism, such as increased glutamine 
catabolism, is one of critical hallmarks of cancer (33,34). In 
addition to abnormal glycolysis, several previous studies 
revealed that enhanced glutamine metabolism was correlated 
with tumor metastasis and poor prognosis in patients with 
cancer (12,35). GLS is a rate‑limiting enzyme for gluta‑
mine catabolism, catalyzing the hydrolysis of glutamine to 
glutamate (31,36). Interestingly, GLS has multiple effects in 
cancer cells, including maintaining mitochondrial metabo‑
lism, activating cell signaling, and promoting cancer cell 
growth (31,35,36). Moreover, dysfunction of glutamine metab‑
olism has been found in oral squamous cell carcinoma (OSCC) 
and head and neck squamous cell carcinoma (HNSCC) (37,38). 
However, it is still unclear whether glutamine metabolism 
exerts a vital regulatory role in TSCC progression, and whether 
the glutamine metabolism‑related molecules can be used as 
potential biomarkers or targets for TSCC diagnosis, treatment 
and prognosis. Therefore, glutamine metabolism may be a 
good entry point for future diagnosis and treatment of TSCC.

Several circRNAs have, interestingly, been shown to be 
involved in the progression of cell metabolism in various 
tumors (14). Recently, accumulating evidence has illuminated 
that altered glutamine catabolism exerts a critical effect on cell 
proliferation in tumor cells (39). Moreover, circHMGCS1 was 
found to regulate glutamine metabolism in hepatoblastoma 
cells by targeting the miR‑503‑5p/IGF/PI3K/Akt axis (15). 
However, there is no systematic study on the correlation between 
circRNAs and glutamine metabolism in TSCC. Therefore, we 

here explored how circ_0000003 regulated glutamine metab‑
olism in TSCC. Herein, our current study demonstrated that 
circ_0000003 knockdown significantly repressed glutamine 
consumption, α‑KG production and ATP production of TSCC 
cells, indicating that circ_0000003 knockdown impeded 
glutamine catabolism in TSCC cells. Moreover, in the current 
rescue experiments, miR‑330‑3p inhibitor reversed the reduc‑
tion in glutamine consumption, α‑KG production and ATP 
production induced by sh‑circ_0000003 transfection in Cal27 
cells, suggesting circ_0000003 knockdown may exert the 
inhibitory effects on the glutamine metabolism by facilitating 
miR‑330‑3p expression and function in TSCC. 

In summary, this research work suggests a vital role for 
circ_0000003 in glutamine metabolism and tumor progres‑
sion by binding and restraining miR‑330‑3p to facilitate GLS 
expression in TSCC. This work provides a novel mechanism 
for understanding cancer metabolism, and suggests that the 
circ_0000003/miR‑330‑3p/GLS axis may provide novel strat‑
egies for TSCC diagnosis, therapy and prognosis. However, 
there are some limitations that exist in the present study. First, 
the limited TSCC tissue samples might not fully substantiate 
the accuracy of the present results. Secondly, there is a lack of 
parallel studies on HOK cells as a control to detect cell prolif‑
eration and invasion. Furthermore, the role of circ_0000003 in 
TSCC was explored only in TSCC cell lines in vitro, but not in 
a TSCC mouse model in vivo. Finally, but perhaps extremely 
important, the relationships between circ_0000003 and other 
potential targeting miRNAs should be explored in future work. 

Figure 7. Proposed functional model demonstrating the oncogenic role of the circ_0000003/miR‑330‑3p/GLS axis in TSCC glutamine catabolism and 
tumorigenesis. The green upward arrows represent upregulation, and the red downward arrows depict downregulation. circ_0000003, hsa_circ_0000003; 
GLS, glutaminase; TSCC, tongue squamous cell carcinoma.
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