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circ_BICD2 acts as a ceRNA to promote tumor
progression and Warburg effect in oral squamous
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Abstract: Numerous studies have proved that the Warburg effect serves a vital role involved in regulating the pro-
gression of malignant tumors. Previous studies confirmed that circRNAs act as a novel biomarker for diagnostic
and therapeutic in various tumors. However, the functional role and mechanism of circ_BICD2 for the regulation of
tumor growth and metastasis in oral squamous cell carcinoma (OSCC) via mediating the Warburg effect are largely
unknown. In this study, we found that circ_BICD2 was upregulated in OSCC tumor tissues and cell lines. Inhibi-
tion of circ_BICD2 significantly decreased glycolysis, cell proliferation, migration and invasion of OSCC. Moreover,
dual-luciferase reporter assay confirmed that circ_BICD2 directly targeted miR-107, as well as a targeted bind-
ing between miR-107 and HK2. Mechanistically, upregulation of miR-107 by circ_BICD2-silenced inhibited tumor
growth by downregulating the HK2-mediated Warburg effect in OSCC. In conclusion, our findings suggested that
circ_BICD2-deficient exerted anti-tumorigenesis and anti-glycolysis in OSCC by sponging miR-107 to downregulate

HK2 expression, which provided a new potential therapeutic biomarker for OSCC clinical treatment.
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Introduction

Oral squamous cell carcinoma (OSCC) is one of
the most destructive and fatal malignancies
[1]. The incidence of OSCC has been increas-
ing, with high lymphatic metastasis and distant
metastasis [2]. There is no efficient tumor bio-
marker for OSCC diagnosis and treatment.
Detecting the key factor in OSCC development
and progression, and revealing the underlying
mechanism could provide promising tumor bio-
markers and candidate targets for OSCC diag-
nosis and treatment.

Previous studies found that dysregulation of cir-
cRNA was associated with the progression of
various tumors [3, 4]. For example, Wang et al.
reported that 1921 differentially expressed cir-
cRNAs in OSCC tumor tissues compared with
the paired adjacent tissues [5]. Besides, cir-
cRNAs could regulate the expression of several
oncogenes and tumor suppressor genes and
activation or inactivation of the various signal
pathways [6], thus modulating cell proliferation,

migration, and invasion [7]. Moreover, increas-
ing evidence confirmed that circRNAs might act
as competing endogenous RNA (ceRNA) to reg-
ulate the progression of various tumors by
sponging microRNAs (miRNAs) to mediate the
expression of MRNA [8]. For instance, upregula-
tion of circRNA_100533 suppressed OSCC cell
proliferation, migration, and induced cell apop-
tosis by sponging miR-933 to upregulate GNAS
expression [9]. Chen et al. circ_100290 serves
as a ceRNA for miR-378a to promote OSCC cell
proliferation and glycolysis [10]. Therefore, cir-
cRNAs could be promoting tumor biomarkers
for tumor diagnosis and prognosis, and be a
candidate target for tumor therapy. Recently,
Zhao et al. showed that circ_0001874 (circ_
BICD2) was highly expressed in the OSCC tumor
tissues compared with the healthy control, and
was correlated with TNM stage and tumor grade
[11], but its detailed mechanisms in the pro-
gression of OSCC were still poorly understood.

Increasing evidence has confirmed that aerobic
glycolysis has played an important regulatory
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Table 1. Name and sequences of the primers

Name Primer sequences
circ_BICD2  F: 5’-TTGGCTCTCCTGCTGTGC-3’

R: 5’-GGTCATCCACAATCAGCCCA-3’
miR-107 F: 5’-AGCAGCATTGTACAGGG-3’

R: 5’-GAATACCTCGGACCCTGC-3’

HK2 F: 5-TGGCTGCCCACAAGATAATG-3’
R: 5-TCAATGTCGGCGCCTATTTC-3’
ue F: 5-CTCGCTTCGGCAGCACA-3’
R: 5-AACGCTTCACGAATTTGCGT-3’
B-actin F: 5-GAAATCGTGCGTGACATTAA-3’

R: 5’-AAGGAAGGCTGGAAGAGTG-3’
F: Forward primer; R: Reverse primer.

role in the occurrence, development, migration,
and invasion of various tumors [12]. In recent
years, many studies have shown that targeting
molecules inhibit glycolysis from achieving the
purpose of inhibiting tumor progression [13,
14]. Interestingly, tumor cells exhibit an aber-
rant metabolism characterized by the high level
of glycolysis, even in the presence of abund-
ant oxygen. This phenomenon, known as the
Warburg effect or aerobic glycolysis, facilitates
tumor growth with elevated glucose uptake and
lactate production [15]. Therefore, aerobic gly-
colysis may be a potential target for cancer
therapy. Besides, circRNA targets miRNA to
regulate tumor progression through mediating
the Warburg effect, such as circ-FOXP1 promo-
ted tumor progression and PKLR-mediated
Warburg effect in gallbladder cancer by spong-
ing miR-370 [16]. Ye et al. showed that knock-
down of IncRNA FEZF1-AS1 suppressed tumor
progression and Warburg effect via sponging
miR-107 to decrease ZNF312B in pancreatic
ductal adenocarcinoma [17]. Interestingly, on-
line software called StarBase was predicted
that miR-107 acts as a downstream target gene
of circ_BICD2. However, the role and mecha-
nism of circ_BICD2 regulated OSCC cell biologi-
cal behavior and Warburg effect were remain-
ed obscure. The present study was aimed to
uncover the underlying mechanisms of circ_
BICD2 in the progression of OSCC in vitro and
in vivo, and seek a new anticancer agent and
target for the diagnosis and treatment of OSCC.

Materials and methods
Clinical samples

A total of 30 patients with OSCC were recruited
in this study. None of whom had been previ-
ously treated with preoperative chemotherapy,
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radiotherapy, or other anticancer therapies
prior to surgery. The clinical specimens (includ-
ing tumor tissues and their paired adjacent tis-
sues) were immediately snap-frozen in liquid
nitrogen after surgical removal and after that
transferred to a -70°C cryogenic refrigerator.
This study was approved by the ethics commit-
tee of Zhengzhou University and all patients
provided written consent. All the involved clini-
cal experiments were conducted in accord-
ance with the principle of the “Declaration of
Helsinki”.

Cell culture

The human OSCC cell lines (HSC-2, Tca8113,
0SCC-15, SCC25 and Ca9-22), normal human
oral epithelial cell lines (SG and NOK) and
HEK-293T cells were purchased from the
Shanghai Institutes for Biological Sciences of
the Chinese Academy of Sciences (Shanghai,
China). All cells were cultured in DMEM medium
(HyClone, USA) containing 10% FBS (Capricorn,
Germany) at 37°C in an incubator with a humid-
ified atmosphere containing 5% CO.,,.

Transfection

The pcDNA-circ_BICD2 (BICD2), circ_BICD2
shRNA (sh-BICD2), miR-107 inhibitor/mimic
(MiR-107/miR-inh), HK2 siRNA (si-HK2) and
scrambled negative control were designed and
constructed by Sangon Biotech (Shanghai,
China). Both SCC25 and Ca9-22 cells were
transfected with vectors all of the above,
which were using the Lipofectamine 3000 kit
(Invitrogen, USA) according to the manufactur-
er’s instruction.

RT-gPCR

After the isolation of total RNA using the Trizol
reagent purchased from Qiagen GmbH (Hilden,
Germany). After that, the TagMan Reverse
Transcription Reagents (Applied Biosystems,
USA) were employed to reverse transcription
the total RNA to complementary DNA (cDNA).
The SYBR Green PCR Master Mix (Takara,
Japan) was next used to quantify the expres-
sion levels of targeted genes at transcriptional
levels. The sequences of the involved primers
were designed and listed in Table 1.

Western blot

The total proteins of tissues and cells were
extracted using RIPA buffer added with Pro-
tease Inhibitor Cocktail (Cwbio, China), incubat-
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ed on ice for 30 min, followed by centrifuged for
15 min at 14000 g. The proteins were separat-
ed by sodium dodecyl sulfate-polyacrylamide
gel electrophoresis and then transferred to
polyvinylidene difluoride (PVDF) membranes
(Millipore, USA). After being blocked with 5%
defatted milk for 1 h, the PVDF membranes
were incubated with primary antibodies HK2
(1:1000, Abcam, USA), E-cadherin (1:1500, Ab-
cam, USA), N-cadherin (1:1000, Abcam, USA),
Vimentin (1:1000, Abcam, USA) and B-actin
(1:2000, Abcam, USA) overnight at 4°C. The
membranes were incubated with horseradish
peroxidase-coupled secondary antibody (1:
3000, Abcam, USA) for 1 h at room tempera-
ture before being revealed using enhanced
chemiluminescence reagent (Engreen, Beijing,
China). The protein signals were detected using
an Immobilon Western Chemiluminescent HRP
Substrate kit (EMD Millipore, USA).

CCK-8 assay

CCK-8 assay was employed to explore cellular
proliferation. After 24 h of incubation, trans-
fected cells were treated with trypsin, collect-
ed, and seeded into 96-well plates with a
density of 2x10° cells/well. CCK-8 assay was
performed by adding 10 pyL of CCK-8 solution
(Shanghai Haling Biotechnology, Co., Ltd.,
Shanghai, China) into each well, after which
the cells were incubated at 37°C for 2 h. The
absorbance of the mixture in each well was
read at 450 nm in a microplate reader (Bio-Rad
Laboratories, Inc., Hercules, USA).

Colony formation assay

Both SCC25 and Ca9-22 cells were transfected
with different vectors and cultured under the
standard conditions. After that, the cells were
diluted and seeded into 6-well plates at the
density of 3000 cells per well for 14 days. The
cells were then stained with 0.5% crystal violet
(Beyotime, China) for 45 min. The colony num-
ber was counted using an inverted microscope
produced by Thermo Fisher Scientific (USA).

Transwell migration and invasion assay

Forty-eight hours after transfection, both
SCC25 and Ca9-22 cells were digested using
trypsin, and the harvested cells were washed
three with PBS. 2x10* cells were seeded on the
surface of the Transwell upper chamber. Cell
invasion assay should use the Transwell cham-
ber covered with Matrigel (BD Biosciences,
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USA). Cells were incubated for 24 h, fixed with
4% paraformaldehyde. Then stain the cells with
0.1% crystal violet for 10 min. And PBS was uti-
lized to clean the cells for three times. Finally,
Select 5 random fields for further analysis.

Detection of Warburg effect in both OSCC cells

The effect of the circ_BICD2/miR-107/HK2 on
Warburg effect of both OSCC cells was exam-
ined through detecting the levels of glucose
uptake, lactate production and ATP generation
using a commercial assay kit (Glucose uptake
(#K924), Lactate production (#K627), ATP gen-
eration (#K345), BioVision, USA) according to
the previous studies [18].

Dual-luciferase reporter gene system

The fragments of circ_BICD2 comprising wild-
type (WT) and mutant (MUT) miR-107 binding
sites were designed and synthesized by
Shanghai GenePharma. The fragments were
inserted into the pmirGLO dual-luciferase tar-
get expression vector (Promega Corporation,
USA) to obtain the BICD2-WT and BICD2-MUT
reporter plasmids. The HK2-WT and HK2-MUT
reporter plasmids were generated in a similar
manner. One night before transfection, the
cells were seeded into 24-well plates at 60%-
70% confluence. Either WT or MUT reporter
plasmids were introduced into the cells in the
presence of miR-107 mimic or mimic-NC. Forty-
eight hours after transfection, the cells were
collected, and their luciferase activity was mea-
sured using a dual-luciferase reporter assay
system (Promega Corporation). Renilla lucifer-
ase activity was used to normalize the data.

RNA immunoprecipitation (RIP) assay

The RIP assay was conducted using the Magna
RIP RNA-binding protein immunoprecipitation
kit (Millipore, USA) according to the manufac-
turer’s protocol. RIP was performed using SCC-
25 cell lysate and either anti-AGO2 (ab32381,
Abcam, UK) or Rabbit IgG (ab172730, Abcam,
UK) as the antibody. Subsequently, RT-qPCR
was performed to detect the expression of puri-
fied RNA.

Xenograft model

All experimental protocols involving animals
were conducted following the guidelines of the
Animal Protection Law of the People’s Republic
of China, 2009, and this study was performed
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Figure 1. The expression of circ_BICD2 was overexpressed in OSCC tumor tis-
sues and cell line. A. RT-gPCR revealed that the level of circ_BICD2 in OSCC
tumor tissues and paired adjacent tissues. B. RT-gPCR was applied to detect
the expression level of circ_BICD2 in human OSCC cell lines and normal hu-
man oral epithelial cell lines. Data are presented as means + SD of three in-
dependent experiments. “*P<0.001, vs the paired adjacent tissues; *P<0.05,
#P<0.01, ##P<0.001, vs the SG cells; 4P<0.05, 44P<0.01, 444P<0.001, vs
the NOK cells.

Table 2. Associations between circ_BICD2 expression and clinico-
pathological characteristics

Expression of circ_BICD2

Clinical feature Number - P value
@High Low

30 17 (56.67%) 13 (43.33%)

Age (years) 0.880
>60 18 10 (33.34%) 8 (26.66%)
<60 12 7 (23.33%) 5 (16.67%)

Sex 0.785
Male 17 10 (33.34%) 7 (23.33%)
Female 13 7 (23.33%) 6 (20.00%)

Tumor size (cm) 0.013
>3 19 14 (46.66%) 5 (16.67%)
<3 11 3 (10.00%) 8 (26.66%)

TNM stage 0.035
I-11 12 4 (13.34%) 8 (26.66%)
-1V 18 13(43.33%) 5(16.67%)

Lymph node metastasis 0.004
No 12 3 (10.00%) 9 (30.00%)
Yes 18 14 (46.66%) 4 (13.34%)

aThe median of relative circ_BICD2 expression level is 4.3, so the number of high
circ_BICD2 expression is 17 (>4.3).

ously injected into nude
mice, which were subse-
quently categorized as sh-
BICD2 (10 mice per group)
and sh-NC mice, respec-
tively. After injection, the
size of the formed tumor
xenografts was recorded
every week, and their vol-
ume was analyzed using
the formula volume (mm?3)
= % x (Length x Width?).
All mice were sacrificed 4
weeks after implantation,
and tumor xenografts were
removed and weighed. In
addition, total RNA and pro-
tein were extracted from
tumor xenografts and exa-
mined using RT-qPCR and
immunohistochemistry, re-
spectively.

Statistical analysis

The data in this study are
presented as mean + stan-
dard deviation (SD) of 3
individual experiments and
analyzed by a one-way AN-
OVA test, and the differ-
ence between the two gro-
ups was determined using
the Student t-test, which
was considered statistical-
ly significantly P<0.05, P<
0.01 or P<0.001. The Pear-
son Correlation analysis
was performed using Gra-
phPad Prism (Version 8.0;
USA).

Results

Circ_BICD2 was upregu-
lated in tumor tissues and

under the approval of the Committee of Animal
Research of the Zhengzhou University. A total
of 20 female BALB/c nude mice (5 weeks old)
were purchased from the Shanghai Experi-
mental Animal Center of the Chinese Academy
of Sciences (Shanghai, China) and maintained
under a specific pathogen-free condition. The
SCC25 cells stably transfected with circ_BICD2
shRNA (sh-BICD2) or sh-NC were subcutane-
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cell lines in OSCC

The results turned out that circ_BICD2 was
overexpressed in OSCC tumor tissues through
using RT-gPCR (P<0.001, Figure 1A). By com-
paring clinicopathological characteristics (Ta-
ble 2), the upregulated circ_BICD2 was closely
related with tumor size (P<0.05), TNM stage
(P<0.05) and lymph node metastasis (P<0.01).

Am J Transl Res 2020;12(7):3489-3500
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Figure 2. Knockdown of circ_BICD2 suppressed the
was used to examine the expression of circ_BICD2

E-cadherin N-cadherin

Vimentin

malignant biological behavior of both OSCC cells. A. RT-gPCR
in both SCC25 and Ca9-22 cells when transfected with circ

BICD2 shRNA or shRNA control. B. CCK-8 assay was applied to evaluate the cell proliferation. C and D. Colony forma-
tion assay was used to evaluate the colony formation rate. E-H. The migration and invasion capacity of OSCC cells
using Transwell assay. I-K. Western blot was performed to measure the protein levels of E-cadherin, N-cadherin and
Vimentin. Data are presented as means + SD of three independent experiments. “P<0.05, **P<0.01, **P<0.001,

vs the sh-NC group.

Moreover, the above results were also validat-
ed in cellular levels, which indicated that circ_
BICD2 expressed highly in human OSCC cell
lines compared with the normal oral epithelial
cell lines (SG and NOK) (P<0.001, Figure 1B),
especially both SCC25 and Ca9-22 cells (P<
0.001). Taken together, circ_BICD2 was mark-
edly upregulated in OSCC tissues and cell lines.

Inhibition of circ_BICD2 inhibited malignant
biological behavior of OSCC cells

To investigate the role circ_BICD2 in OSCC
progression, we depleted circ_BICD2 in both

3493

SCC25 and Ca9-22 cells via transfecting with
circ_BICD2 shRNA (P<0.001, Figure 2A). Besi-
des, The CCK-8 assay and colony formation
were employed to evaluate the effect of circ_
BICD2-silenced on cell proliferation ability of
both SCC25 and Ca9-22 cells and the results
showed that knockdown of circ_BICD2 drama-
tically decreased cell proliferation (Figure 2B-
D). Moreover, circ_BICD2-deficient SCC25 and
Ca9-22 cells exhibited substantial decreases
in migration (both P<0.01, Figure 2E, 2G) and
invasion (both P<0.01, Figure 2F, 2H) com-
pared with those observed in sh-NC-transfect-
ed cells. Similarly, western blot results showed

Am J Transl Res 2020;12(7):3489-3500
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Figure 3. Inhibition of circ_BICD2 decreased the Warburg effect in both SCC25 and Ca9-22 cells. A. The glucose
uptake colorimetric assay kit was used to detect the levels of glucose uptake in both SCC25 and Ca9-22 cells when
transfected with circ_BICD2 shRNA or knockdown of circ_BICD2 plus 2-DG addition. B. The lactate colorimetric as-
say kit was applied to measure the level of lactate production. C. The ATP colorimetric assay kit was performed to
examine the level of ATP generation in both SCC25 and Ca9-22 cells. Data are presented as means + SD of three
independent experiments. “*P<0.01, "**P<0.001, vs the control group; #P<0.05, vs the 2-DG+sh-BICD2. sh-BICD2:

circ_BICD2 shRNA; 2-DG: glycolytic inhibitor.

that knockdown of circ_BICD2 decreased the
expression levels of N-cadherin and Vimentin
(both P<0.01, Figure 2I-K), and enhanced the
protein level of E-cadherin (both P<0.01). Taken
together, inhibition of circ_BICD2 exerts anti-
proliferation and anti-metastasis activities in
OSCC cells.

Knockdown of circ_BICD2 decreased aerobic
8lycolysis in OSCC cells

Increasing evidence confirmed that circRNAs
involved in the progression of various tumors
by regulating the Warburg effect [10, 19].
Herein, we examined the effect of circ_BICD2
on glucose uptake, lactate production and ATP
generation in both OSCC cells. Knockdown of
circ_BICD2 significantly blocked the Warburg
effect through downregulating the levels of glu-
cose uptake, lactate production and ATP gen-
eration in both SCC25 and Ca9-22 cells (all
P<0.01, Figure 3). Of note, the glycolytic inhibi-
tor (2-DG) magnified the inhibitory effect of
circ_BICD2-silenced on the Warburg effect in
both SCC25 and Ca9-22 cells (P<0.001, Figure
3). In conclusion, the above results showed that
knockdown of circ_BICD2 decreased glycolysis
in OSCC cells.

Circ_BICD2 acts as a ceRNA to modulate HK2
expression via sponging miR-107

Previous studies confirmed that circRNAs regu-

lated the development and progression of can-
cer through targeting miRNA [20]. In this study,
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we use an online software called StarBase to
perform prediction and found that miR-107
may act as a downstream target of circ_BICD2
potentially, and the binding sites were shown
in Figure 4A. As expected, the dual-luciferase
reporter gene analysis results showed that
overexpression of miR-107 decreased the lucif-
erase activity of the BICD2-WT reporter com-
pared with the NC group (P<0.01, Figure 4C).
Besides, it was predicted that HK2 acted as a
downstream target of miR-107 (Figure 4B). The
dual-luciferase reporter gene system analysis
found that the luciferase activity of the HK2-WT
group was decreased by transfecting cells with
miR-107 mimic (P<0.01, Figure 4D). Moreover,
RIP analysis results showed that circ_BICD2,
miR-107 and HK2 were enriched to AGO2 (P<
0.001, Figure 4E), upregulation of circ_BICD2
enhanced the enrichment of circ_BICD2 to
AGO2 (P<0.001, Figure 4F), while decreased
the enrichment of HK2 to AGO2 (P<0.01, Figure
4F), which indicated that circ_BICD2 acts as a
ceRNA to regulate HK2 by competing binding to
miR-107 in SCC25 cells. Similarly, knockdown
of circ_BICD2 significantly decreased the pro-
tein level of HK2 in both SCC25 and Ca9-22
cells (both P<0.01, Figure 4G-J), but down-reg-
ulation of miR-107 reversed this effect (P<0.01).
Furthermore, there was a negative correlation
between the expression of miR-107 and circ_
BICD2 (r=-0.631, P<0.001, Figure 4K) or HK2
(r=-0.783, P<0.001, Figure 4L) in 30 0OSCC
tumor tissues. Taken together, our data sug-
gested that circ_BICD2 acts as a ceRNA to

Am J Transl Res 2020;12(7):3489-3500
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Figure 4. Circ_BICD2 acts as a ceRNA to modulate HK2 expression via sponging miR-107. A. Binding sites of miR-
107 on circ_BICD2 were predicted. B. Binding sites of HK2 on miR-107 were predicted. C and D. Dual-luciferase
reporter assay was employed to determine the regulation mechanisms of miR-107 and circ_BICD2 or HK2. E and
F. RT-gPCR was applied to detect the expression of circ_BICD2, miR-107, and HK2 in AGO2 pellet. G-J. Western blot
was applied to detect the protein level of HK2 in SCC25 cells. K and L. A negative correlation between the expres-
sion of miR-107 and circ_BICD2 or HK2 in OSCC tissues was observed using Pearson’s correlation analysis. Data
are presented as means + SD of three independent experiments. “*P<0.01, vs the mimic-NC group; #*##P<0.001,
vs Anti-IgG group; 44P<0.01, 444P<0.001, vs the NC group; **P<0.01, vs the control group; ~*P<0.01, vs the sh-
BICD2 group.

modulate the expression of HK2 by sponging SCC25 and Ca9-22 cells (both P<0.001, Fig-
miR-107. ure 5A, 5B), while co-transfected with miR-107

inhibitor or pcDNA-circ_BICD2 abolished this
Circ_BICDZ2 regulates Warburg effect and effect (both P<0.001). Moreover, we observed
biological behavior by sponging miR-107 to that suppression of the Warburg effect by inhib-
mediated HK2 expression in OSCC cells iting of HK2 in both SCC25 and Ca9-22 cells (all

P<0.01, Figure 5C-E), but co-transfected miR-
To further explore whether circ_BICD2 medi- 107 inhibitor or circ_BICD2 attenuated these
ates the Warburg effect and biological behavior effects (all P<0.01). In addition, we examined
of OSCC cells through regulating the miR-107/ the effect of circ_BICD2 on the proliferation,
HK2 axis. Initially, both SCC25 and Ca9-22 invasion, and migration of both SCC25 and
cells transfected with HK2 siRNA, or co-trans- Ca9-22 cells via regulating the miR-107/HK2
fected with miR-107 inhibitor or pcDNA-circ_ axis. CCK-8 and colony formation assay showed
BICD2 to change the expression level of HK2. that silencing of HK2 exerted anti-proliferation
The results showed that inhibition of HK2 activity in both SCC25 and Ca9-22 cells (Figure
downregulated the protein levels of HK2 in both 6A-D). However, co-transfected with miR-107
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Figure 5. Circ_BICD2 regulates Warburg effect induced by HK2 vis sponging miR-107 in OSCC cells. A and B. Western
blot was used to detect the expression of HK2 in both SCC25 and Ca9-22 cells. C. The glucose uptake colorimetric
assay kit was used to detect the levels of glucose uptake in both SCC25 and Ca9-22 cells. D. The lactate colorimetric
assay kit was applied to measure the level of lactate production. E. The ATP colorimetric assay kit was performed to
examine the level of ATP generation in both SCC25 and Ca9-22 cells. Data are presented as means + SD of three
independent experiments. “*P<0.01, ***P<0.001, vs the control group; #P<0.01, ##P<0.001, vs the si-HK2 group.

inhibitor or pcDNA-circ_BICD2 reversed the
effects of HK2-silenced on both OSCC cells.
Furthermore, knockdown of HK2 inhibited the
migration and invasion capacity of both SCC25
and Ca9-22 cells (both P<0.01, Figure 6E-H).
However, co-transfected with miR-107 inhibitor
or pcDNA-circ_BICD2 alleviated this effect (P<
0.01). In line with the results of cell migration
and invasion, western blot results showed that
inhibition of HK2 significantly suppressed the
process of EMT in both SCC25 and Ca9-22
cells (Figure 6l-L). Taken together, our results
suggested that knockdown of circ_BICD2 sup-
pressed cell biological behavior and Warburg
effect mediated by HK2 through sponging miR-
107 in OSCC.

Knockdown of circ_BICD2 inhibited tumor
growth and glucose uptake in vivo

In light of the effects of circ_BICD2 on OSCC
cells in vitro, we further examined its effect on
OSCC tumor growth, metastasis and Warburg
effect in vivo. The nude mice in the sh-BICD2
group exhibited obviously hindered tumor
growth in comparison with that observed in the
sh-NC group (P<0.01, Figure 7A). The weight
of the tumor xenograft followed the same pat-
tern, being lower in the sh-BICD2 group than
that in the sh-NC group (P <0.001, Figure 7B).
Moreover, immunohistochemistry results dem-
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onstrated that knockdown of circ_BICD2
decreased the expression of Ki-67, Vimentin
and HK2 in xenograft tumor tissues, as well as
enhanced the expression of E-cadherin (Figure
7C). Furthermore, inhibition of circ_BICD2 de-
creased the level of glucose uptake compared
with the control group (P<0.001, Figure 7D), as
well as enhanced the expression of miR-107
(P<0.001, Figure T7E). In conclusion, our find-
ings suggest that knockdown of circ_BICD2
may restrict OSCC progression by sponging
miR-107 to decrease the HK2-mediated War-
burg effect.

Discussion

The incidence of OSCC has been increasing,
with high lymphatic metastasis and distant
metastasis [21]. In this study, our findings con-
firmed that circ_BICD2 was overexpressed in
OSCC tissues and cell lines. Knockdown of
circ_BICD2 significantly decreased cell prolif-
eration, migration, invasion, and glycolysis in
OSCC. Furthermore, knockdown of circ_BICD2
acts as a ceRNA to inhibit tumor growth and
metastasis by sponging miR-107 to decrease
the HK2-mediated Warburg effect in OSCC.

Previous studies have proved that many can-
cers were characterized by abnormal expres-
sion of circRNAs, which played an essential role

Am J Transl Res 2020;12(7):3489-3500
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Figure 6. Circ_BICD2 knockdown inhibited the proliferation, migration and metastasis of both OSCC cell by compet-
ing binding to miR-107 to decrease HK2 expression. A and B. CCK-8 assay was applied to evaluate the cell prolif-
eration. C and D. Colony formation assay was used to evaluate the colony formation rate. E-H. The migration and
invasion capacity of OSCC cells using Transwell assay. I-L. Western blot was performed to measure the protein levels
of E-cadherin, N-cadherin and Vimentin. Data are presented as means + SD of three independent experiments.
"P<0.05, ""P<0.01, vs the control group; #P<0.05, #P<0.01, vs the si-HK2 group.

in the initiation and progression of carcinoma [23]. Besides, circRNAs have emerged as im-
[22]. For example, low expression of circ_009- portant regulators of OSCC proliferation, migra-
755 correlates with clinicopathology in OSCC tion, invasion, immune escape, and develop-
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progression of OSCC, but
also can affect the deve-
4 lopment of OSCC by inter-
acting with different gen-
es, for instance, Gao et al.
found that circ-PKD2 inhib-
= ited tumor progression by
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effect in OSCC [10]. Simi-
larly, our results found that
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and Warburg effect via
sponging miR-107 to de-
crease HK2 expression.

Cancer is a multi-step, mu-
Iti-gene participation pro-
cess [26]. Previous stud-
ies found that abnormal
metabolism has become a
. major feature of tumor tis-
sues that distinguishes it
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Figure 7. Knockdown of circ_BICD2 suppressed tumor growth, metastasis and
Warburg effect in OSCC. A. The tumor volume curve of nude mice was analyzed.
B. The tumor weight was measured. C. The expression of Ki-67, E-cadherin, Vi-
mentin and HK2 were determined in tumor tissues using immunohistochemis-
try. D. The level of glucose uptake was examined. E. The expression of miR-23a-
3p in the tumor tissues was measured using RT-qPCR. Data are presented as
means + SD of three independent experiments. “P<0.05, “*P<0.01, "**P<0.001,

vs the control group.

ment, as well as aerobic glycolysis and lipid
metabolism. For example, circ_0005379 inhib-
ited tumor growth and metastasis in OSCC
[24]. Ouyang et al. showed that knockdown of
circ_0109291 suppressed cell proliferation
and migration of OSCC [25]. In line with previ-
ous studies, it is the first time to explore the
role of circ_BICD2 in the proliferation and me-
tastasis of OSCC cells. As expected, our stud-
ies found that circ_BICD2 was upregulated in
tumor tissues and cell lines of OSCC, as well as
inhibition of circ_BICD2 markedly suppressed
OSCC cell proliferation, migration, and invasion.
Furthermore, circRNAs can not only exhibit a
vital role involved in the cellular biology and
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I |
Control sh-BICD2

from normal tissues [27].
With continuous research,
its role in the development
of tumor was increasingly
valued [28, 29]. Abnormal
tumor metabolism not only
provides energy for the
rapid proliferation of tumor
cells, synthetic raw materi-
als, and a large number of
reducing substances, but also affects tumor
signal pathway conduction and gene expres-
sion, and then participates in the regulation of
tumor cell growth, apoptosis resistance, migra-
tion and invasion attacks [30, 31]. In recent
years, the abnormal metabolism of glucose in
tumor cells has been the most in-depth meta-
bolic research [12, 32]. Similarly, our data re-
vealed that knockdown of circ_BICD2 decrea-
sed glucose uptake, lactate production, and
ATP generation, as well as the addition of 2-DG
augmented the inhibitory effect of circ_BICD2
suppression on glycolysis in OSCC. Moreover,
miRNAs play a critical role in the biological and
pathological processes through regulating the
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Warburg effect in many human solid cancers,
for example, miR-1244 inhibited cell prolifera-
tion and HK2-mediated glycolysis in ovarian
cancer [33]. Xu et al. found that overexpression
of miR-885-5p decreased the Warburg effect
and cell proliferation via targeting HK2 in liver
cancer [34]. In our present study, our study
confirmed that miR-107 inhibited tumor grow-
th and metastasis by decreasing the HK2-
mediated Warburg effect in OSCC.

In summary, our study demonstrated that
inhibition of circ_BICD2 significantly inhibited
OSCC tumor growth and metastasis both in
vitro and in vivo. Moreover, knockdown of circ_
BICD2 notably decreased HK2 expression,
which was a target gene of miR-107. Further-
more, silencing of circ_BICD2 suppressed cell
proliferation, migration, invasion and Warburg
effect through sponging miR-107 to downregu-
late HK2 expression. These findings suggested
that the circ_BICD2/miR-107/HK2 axis may an
effective biomarker for OSCC therapy through
regulating cell metabolic.
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