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circVAPA promotes the
proliferation, migration
and invasion of oral
cancer cells through the
miR-132/HOXA7 axis

Hao Chen1 , Ye Zhang2,3, Kankui Wu4 and
Xiaoyong Qiu1

Abstract

Objective: To study the relationship between the circular RNA vesicle-associated membrane

protein-associated protein A (circVAPA) and the pathogenesis of oral squamous cell carcinoma.

Methods: The expression of circVAPA was detected by RT-qPCR. In vitro loss-of-function experi-

ments were performed in Cal-27 cells. The malignant phenotype of cells was evaluated by cell

counting kit-8, clone formation and transwell assays. Luciferase reporter assays were used to

assess the circVAPA/miR-132/homeobox A (HOXA) regulatory axis.

Results: circVAPA expression was significantly increased in oral cancer tissues and cells. The

overall survival and progression-free survival of patients with oral cancer who exhibited high

circVAPA expression were significantly shorter compared with those with low expression.

circVAPA expression was closely related to tumor size, TNM stage and distant metastasis.

circVAPA knockdown reduced the proliferation, invasion and migration of Cal-27 cells. MiR-

132 was identified as a target of circVAPA in Cal-27 cells. Cotransfection with si-circVAPA and

miR-132 inhibitor reversed the inhibitory effect of circVAPA knockdown on cell malignant phe-

notypes. HOXA7 was further identified as a downstream target of miR-132.

Conclusion: circVAPA is highly expressed in oral cancer, and its abnormal expression might

affect the proliferation, invasion and migration of oral cancer cells by modulating the miR-132/

HOXA7 signaling axis.
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Introduction

Oral cancer is one of the most common
malignant tumors in the head and neck,
with squamous cell carcinoma in oral and
maxillofacial regions accounting for more
than 80%.1 With the increased use of
surgery-based comprehensive therapy, the
control rate of tumors has been significant-
ly improved. However, the 5-year survival
rate of patients with oral cancer remains at
approximately 50%,2 mainly due to the
local proliferation, invasion and distant
metastasis of oral cancer.3,4 Cancer prolif-
eration, invasion and metastasis are com-
plex biological processes, and the exact
underlying molecular mechanisms remain
unclear. Therefore, it is necessary to identi-
fy the key regulatory molecules that con-
tribute to oral cancer growth and
metastasis.

Circular RNA (circ RNA) is a type of
closed-loop noncoding RNA widely present
in eukaryotes. circ RNAs play an important
role in the occurrence and development of
tumors, nervous system diseases and car-
diovascular diseases.5–7 Studies have
shown that circ RNAs are involved in the
occurrence and development of solid
tumors and hematological malignancies,
especially through their biological function
as miRNA sponges.8,9 Circ RNA regulates
several characteristic processes of tumori-
genesis, such as escaping growth inhibitors,
maintaining proliferation signals, escaping
cell death and aging, promoting angiogene-
sis, activating invasion and enhancing
metastasis.10,11 In addition, the abnormal

expression, tissue specificity, diversity and

stability of loop RNA in tumor cells make

it a potential tumor marker. Previous stud-

ies have shown that circ RNA is associated

with the malignant progression of oral

cancer, suggesting that circ RNA has

potential as a biomarker for the early diag-

nosis of patients with oral cancer.12 The circ

RNA vesicle-associated membrane protein-

associated protein A (circVAPA) is abnor-

mally expressed in several malignant tumor

tissues, and its dysregulated expression is

related to the growth and metastasis of

colon cancer and other malignant biological

behaviors.13 However, there are currently

no studies on its involvement in oral

cancer. Therefore, this article examined

the expression of circVAPA in oral cancer

and further explored its regulatory role in

the growth and metastasis of oral cancer

cells. Our study might shed light on the

molecular mechanism and provide a novel

therapeutic target for oral cancer treatment.

Materials and methods

Patients and tissue samples

This retrospective study was approved by

the Ethics Committee of Wuhan Sixth

Hospital and conducted in accordance

with the Declaration of Helsinki. Patients

with pathologically confirmed oral squa-

mous cell carcinoma were enrolled after

written informed consent was obtained.

Oral cancer and paracancer tissue samples

were collected from patients who
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underwent surgical resection at Wuhan

Sixth Hospital between 2013 and 2018. All

patients were restaged according to the 8th

edition of the AJCC Staging system.14 The

clinicopathological data (age, sex, tumor

size, differentiation, TNM stage, lymph

node metastasis and distant metastasis),

survival status and recurrence status of all

patients were obtained.

Cell culture and reagents

Oral cancer-derived cell lines (Cal-27,

FADU, OECM1, SAS and HSC3) and

human oral mucous fibroblasts were

obtained from the American Type Culture

Collection (Chinese Academy of Sciences

Cell Bank, Shanghai, China) and cultured

in Dulbecco’s Modified Eagle’s Medium

(DMEM) (Gibco; Life Technologies,

Carlsbad, CA, USA) supplemented with

10% (v/v) fetal bovine serum (FBS)

(Gibco; Life Technologies) at 37�C in a

5% CO2 incubator. Cells were grown in a

monolayer and passaged routinely two to

three times a week. Dimethyl sulfoxide

and crystal violet were purchased from

Sigma (St. Louis, MO, USA).

Plasmid and siRNA transfections

A fragment encoding human circVAPA

with a FLAG-tag was generated by PCR

amplification. circVAPA was subcloned

into the EcoRI and XhoI sites of a lentivi-

rus vector (pLVPT) (Invitrogen, Waltham,

MA, USA). Cells were transfected using

Lipofectamine 2000 (Invitrogen) following

the manufacturer’s instructions. The nega-

tive control (NC) siRNA and siRNAs

against circVAPA were synthesized by

Shanghai GenePharma Co., Ltd

(Shanghai, China) with the following pri-

mers: si-circVAPA#1: 50-ATGATAAATT

GGCCCCTTC-30, si-circVAPA#2: 50-TAA

ATTGGCCCCTTCACAG-30 and NC: 50-
TTCTCCGAACGTGTCACGT-30.

Cell counting kit-8 (CCK-8) assay for cell
proliferation

Cells were seeded in 96-well plates contain-
ing complete medium at a density of 5� 103

cells/well and incubated for 24 hours. Five
biological replicates were included in each
experimental group. After transfection,
cells were incubated for 48 hours before
the CCK assay. Next, 10 lL CCK-8 solu-
tion was added to each well for 1 hour. The
absorbance at 450 nm (A450) was measured
with a microplate reader (DR-200Bs,
Diatek, West Bengal, India). The prolifera-
tion inhibition rate was calculated as fol-
lows: proliferation inhibition (%)¼ [A450
(negative control group)�A450 (experi-
mental group)]/[A450 (negative control
group)�A450 (blank control group)]
�100%.

Clone formation experiment

Cal-27 cells in the logarithmic growth phase
were collected, seeded in a six-well plate at a
density of 500 cells/well and cultured in a
37�C, 5% CO2 incubator for 24 hours.
Then, the cells were transfected with
siRNA and incubated for 48 hours. After
culturing for 15 days, the cells were fixed
in methanol and stained with 0.1% crystal
violet for 15 to 30 minutes. After washing
several times, the plate was placed at room
temperature to dry and then photographed.
Crystal violet was dissolved in 10% glacial
acetic acid, and the absorbance at an opti-
cal density of 560 nm was measured using a
microplate reader for statistical analysis.

Transwell migration and invasion assay

Transwell polycarbonate membrane cell
culture inserts with 8.0-lm pores (Corning
Inc., Corning, NY, USA) were uncoated for
migration assays or coated with 50 mL BD
Matrigel Basement Membrane Matrix (BD
Biosciences, San Jose, CA, USA) diluted
1:3 in FBS-free DMEM for invasion
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assays. Cal-27 cells (2� 104) were seeded in
the top chamber with serum-free medium,
allowed to migrate toward serum-
containing medium in the lower chamber
for 24 hours and then stained with 0.01%
crystal violet (AS1086, ASPEN, San Diego,
CA, USA) for 10 minutes. The number of
cells that invaded through the membrane
was counted under a light microscope (five
random fields per well) (Leica, Shinjuku,
Tokyo, Japan).

Promoter reporters and dual-luciferase
assay

Twenty-four hours after being plated in 24-
well plates, Cal-27 cells in serum-free
medium were transfected with 2 lg of a
circVAPA-luciferase reporter construct
and 0.02 lg pRL-null expressing Renilla
luciferase with Lipofectamine 2000 reagent
(Life Technologies, Grand Island, NY,
USA) for 6 hours in accordance with the
manufacturer’s instructions. After transfec-
tion, cells were cultured in DMEM supple-
mented with 2% FBS. Thirty-six hours
after treatments, cell lysates were prepared
and subjected to a dual-luciferase assay in
accordance with the manufacturer’s instruc-
tions (Promega, Madison, WI, USA).
Firefly luciferase activity was normalized
to Renilla luciferase activity.

Quantitative reverse transcription
polymerase chain reaction (RT-qPCR)

Cal-27 cells were seeded into 24-well plates
(5� 104 cells per well) for 24 hours. RNA
was isolated using Trizol solution (Life
Technologies). After the removal of geno-
mic DNA using DNAse I (Ambion, Austin,
TX, USA), 2.4 lg of total RNA from Cal-
27 cells were reverse-transcribed to cDNA
using a commercially available kit (Applied
Biosystems, Foster City, CA, USA). RT-
qPCR was performed with a 7900HT fast
real-time PCR system (Applied Biosystems)

using 2�SYBR Green master mix (Bio-

Rad, Richmond, CA, USA). Forty cycles

were performed as follows: 95�C for 30 s

and 60�C for 30 s, followed by 1 minute

at 72�C for polymerase extension with pri-

mers (qPCR miR-132 sense primer 50-
TGCGGGACATTCAGA-30, antisense

primer 50-GGAGTGCAGGGTCCGAG

GT-30) synthesized by Beijing SBS

Genetech Co., Ltd., Beijing, China.

Glycerol-3-phosphate dehydrogenase

(GAPDH) was used as the internal

reference.

Western blot analysis

Whole-cell lysates were prepared using cell

lysis buffer (Invitrogen) supplemented with

a protease inhibitor cocktail and 1 mM phe-

nylmethylsulfonyl fluoride (Thermo Fisher

Scientific, Waltham, MA, USA). Protein

concentrations were measured using a

bicinchoninic acid (BCA) assay kit

(Thermo Fisher Scientific), and then 30 mg
of proteins were separated by polyacryl-

amide gel electrophoresis. After electro-

transfer to polyvinylidene difluoride

membranes, non-specific binding sites

were blocked with 5% non-fat milk in

Tris-buffered saline with Tween 20 (TBST)

for 1 hour at room temperature.

Membranes were incubated with anti-

homeobox A7 (HOXA7) and anti-

GAPDH primary antibodies (Abcam,

Cambridge, MA, USA) overnight at 4�C,
washed with TBST and then incubated

with an anti-rabbit horseradish

peroxidase-conjugated IgG secondary anti-

body (Abcam) for 1 hour at room temper-

ature. Immune complexes were visualized

using enhanced chemiluminescence.

GAPDH was used as an internal control.

The gray value of protein bands was ana-

lyzed by ImageJ software (National

Institutes of Health, Bethesda, MD, USA).
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Bioinformatics analysis

The circVAPA sequence was used as an
input in the StarBase database (http://star
base.sysu.edu.cn/), which identifies
more than 1.1 million miRNA-ncRNA
interactions.

RNA pull-down assay

Cell lysates were collected with IP lysis
buffer (Beyotime, Beijing, China) and incu-
bated with biotinylated circVAPA and con-
trol oligos (Beijing SBS Genetech Co.,
Ltd.). Then, 10% of the lysates was saved
as the input. The mixture was further incu-
bated with M-280 streptavidin magnetic
beads (Sigma-Aldrich) at 4�C with shaking
overnight. A magnetic bar was used to pull
down the magnetic beads and associated
nucleic acids, and then the samples were
washed four times with a high-salt wash
buffer. Both the input and elutes from the
pull-down were purified with Trizol reagent
(Invitrogen) in accordance with the manu-
facturer’s protocol. Reverse transcription
was carried out using Superscript III tran-
scriptase (Invitrogen), and RT-qPCR anal-
ysis was performed using Maxima SYBR
Green/ROX qPCR Master Mix (Thermo
Fisher Scientific) on a LightCyclerVR 96
real-time PCR system (Roche,
Grenzacherstrasse, Basel, Switzerland).

Statistical analyses

All experiments were repeated three times.
Data were expressed as the mean� stan-
dard deviation (SD). The relationship
between circVAPA expression and the clin-
icopathological data of patients with oral
cancer was analyzed by chi-square tests.
Kaplan–Meier survival curve and long-
rank analyses were used to evaluate the
relationship between circVAPA expression
and the overall survival (OS) and
progression-free survival time (PFS) of
patients. Statistical analysis was performed

using IBM SPSS Statistics for Windows,
Version 19.0 (IBM Corp., Armonk, NY,
USA). One-way analysis of variance or stu-
dent’s t test was performed to analyze the
difference among/between groups. P< 0.05
was considered to indicate a statistically sig-
nificant difference.

Results

CircVAPA was highly expressed in oral
cancer tissues and cells

Oral cancer and paracancer tissue samples
were collected from 60 patients who under-
went surgical resection. The results of RT-
qPCR showed that circVAPA expression
was increased in both oral cancer tissues
and cell lines (P< 0.001) (Figure 1a, 1b).
According to the cut-off value of
circVAPA expression in oral cancer tissues,
patients with oral cancer were divided into
a high circVAPA expression group (n¼ 30)
and low cirVAPA expression group
(n¼ 30). Kaplan–Meier survival curves
showed that the OS and PFS of patients
with oral cancer and high circVAPA expres-
sion were significantly shorter than those
with low expression (P< 0.05, Figure 1c,
1d). circVAPA expression was found to be
closely related to tumor size, TNM stage
and distant metastasis (P< 0.05) but not
age, sex or tumor differentiation (Table 1).

circVAPA knockdown inhibited the
proliferation, migration and invasion
of oral cancer cells

The highest expression of circVAPA was
detected in Cal-27 cells. Therefore, we
selected Cal-27 cells for further loss-of-
function studies. The RT-qPCR results
showed that, compared with si-NC, si-
circVAPA#1 and si-circVAPA#2 effectively
knocked down the expression of circVAPA
in Cal-27 cells with an efficiency greater
than 50% (P< 0.001, Figure 2a).
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Table 1. Correlations of circVAPA expression with clinicopathologic features of patients with oral cancer

Factor

circVAPA expression

P-valueLow (n¼30) High (n¼30)

Age 0.197

�60 years 17 12

>60 years 13 18

Sex 0.606

Men 15 18

Women 15 12

Tumor size 0.010

�2 cm 19 9

>2 cm 11 21

Tumor differentiation 0.302

I 17 13

II 13 17

T classification 0.0389

T1–T2 18 11

T3–T4 11 19

N classification 0.020

N0–N1 20 11

N2–N3 10 19

Clinical stage 0.002

I/II 18 6

III/IV 12 24

Distant metastasis <0.001

Yes 9 25

No 21 5

Chi-square test was used to analyze the relationship between circVAPA expression and clinicopathological data.

(a) (b) (c) (d)

Figure 1. circVAPA is highly expressed in oral cancer tissues and cells. a: RT-qPCR was used to detect the
expression level of circVAPA in 60 pairs of oral squamous cell carcinoma (OSCC) cancer tissues and
corresponding adjacent normal tissues. ***P< 0.001. b: RT-qPCR was used to detect the expression of
circVAPA in oral cancer cell lines (Cal-27, FaDu, OECM1, SAS, HSC3) and human oral mucous fibroblasts
(hOMFs). ***P< 0.001 compared with hOMFs. c: Kaplan–Meier survival curve analysis was used to evaluate
the overall survival (OS) of patients with oral cancer who showed low circVAPA expression (n¼ 30) and
high circVAPA expression (n¼ 30). The survival curves were compared with the log-rank test. d: Kaplan–
Meier survival curve analysis was used to evaluate the progression-free survival (PFS) of patients with oral
cancer who showed low circVAPA expression (n¼ 30) and high circVAPA expression (n¼ 30). The survival
curves were compared with the log-rank test
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(a)

(c)

(d)

(e)

(b)

Figure 2. CircVAPA knockdown inhibits the proliferation, migration and invasion of oral cancer cells. a:
Two siRNA targeting circVAPA (si-circVAPA#1 and si-circVAPA#2) were designed to knock down circVAPA
expression. A negative control (NC) siRNA was also used. The Cal-27 cell line with the highest expression
of circVAPA was selected for silencing experiments. The knockdown efficiency was detected by RT-qPCR.
***P< 0.001 compared with si-NC. b: The cell counting kit-8 method was used to detect the optical density
(OD) values of Cal-27 cells in different groups (si-NC, si-circVAPA#1, si-circVAPA#2) at 450 nm at 0, 24, 48
and 72 hours. ***P< 0.001. c: The clone formation ability of Cal-27 cells in different groups was detected
and quantified. ***P< 0.001 compared with si-NC. d: Transwell assay (without Matrigel) was used to detect
the migration ability of Cal-27 cells in different groups. ***P< 0.001 compared with si-NC. e: Transwell assay
(with Matrigel) was used to detect the invasion ability of Cal-27 cells in different groups. ***P< 0.001
compared with si-NC
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The CCK-8 results showed that circVAPA
knockdown significantly reduced the cell
viability of Cal-27 cells (P< 0.01,
Figure 2b). The results of clone formation
experiments showed that knockdown of
circVAPA expression significantly reduced
the colony formation ability of Cal-27
(P< 0.01, Figure 2c). The results of
Transwell experiments showed that knock-
down of circVAPA expression significantly
reduced the migratory (without Matrigel,
Figure 2d) and invasive (with Matrigel,
Figure 2e) abilities of oral cancer cells
(both P< 0.01).

CircVAPA targets miR-132

Through the analysis of the online StarBase
database, a miR-132 binding site was identi-
fied in circVAPA. Luciferase reporter assay
results showed that compared with miR-NC,
miR-132 overexpression inhibited the lucif-
erase activity of the wild-type circVAPA
vector in Cal-27 cells. Mutation of the pre-
dicted miR-132 binding site abolished its
inhibitory effect (P< 0.001) (Figure 3a).
The results of RNA pull-down tests with a
biotin-labeled circVAPA probe showed that
compared with the oligo probe, the
circVAPA probe pulled down significantly
more miR-132 (P< 0.01, Figure 3b). qRT-
PCR results showed that compared with
si-NC, the expression of miR-132 was upre-
gulated after the knockdown of circVAPA
expression (P< 0.01), as shown in Figure 3c.

Inhibition of miR-132 partially reverses
the effect of circVAPA knockdown in oral
cancer cells

RT-qPCR showed that transfection with
miR-132 inhibitor significantly decreased
the expression of miR-132 (P< 0.01), as
shown in Figure 4a. The CCK-8 results
showed that knockdown of circVAPA
expression significantly reduced the cell via-
bility of Cal-27 cells, and when miR-132

inhibitor was cotransfected, the viability
was partially increased (P< 0.01, Figure
4b). The results of clone formation experi-
ments showed that circVAPA knockdown
reduced the colony forming ability of Cal-
27 cells, which was partially restored in cells
cotransfected with miR-132 inhibitor
(P< 0.01, Figure 4c). Transwell analyses
(without Matrigel) showed that circVAPA
knockdown reduced the migratory ability
of Cal-27 cells, which was partially restored
in cells cotransfected with miR-132 inhibi-
tor (P< 0.01, Figure 4d). Similarly, knock-
down of circVAPA expression reduced the
invasion ability (with Matrigel) of Cal-27
cells, which was partially resorted in the
presence of miR-132 inhibitor (P< 0.01,
Figure 4e).

circVAPA regulated HOXA7 protein
expression by targeting miR-132

According to the prediction of the miR-132
binding site in the 30-untranslated region
(UTR) of HOXA7 by StarBase, luciferase
reporter experiments were performed in
Cal-27 cells. The results showed that com-
pared with miR-NC, miR-132 overexpres-
sion inhibited the luciferase activity in these
cells. After the predicted HOXA7 30-UTR
binding site was mutated, its inhibitory
effect was abolished, as shown in Figure
5a (P< 0.001). Western blot results
revealed a decreased protein expression
level of HOXA7 in miR-132-
overexpressing Cal-27 cells (P< 0.001)
(Figure 5b). Additionally, circVAPA
knockdown reduced the cellular expression
level of HOXA7. When miR-132 inhibitor
was cotransfected, the protein expression
level of HOXA7 was partially increased
(P< 0.01) (Figure 5c).

Discussion

Early diagnosis is important for the treat-
ment and prognosis of oral cancer.15–17
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Traditionally, invasion and metastasis are

late events in the progression of oral

cancer.17–19 At present, it is believed that

during the early stage of oral cancer,

tumor cells have begun to infiltrate,20,21

but the regulatory mechanism unclear.
Studies have shown that circ RNA plays

an important role in the occurrence and

development of a variety of malignant

tumors.22–25 For example, circVAPA is

highly expressed in colon cancer,26 breast

cancer27 and liver cancer.28 As an oncogene,

circVAPA promotes the progression of

tumor cells. The overexpression of

circVAPA in breast cancer cells enhances

proliferation, invasion and migration.

Conversely, its downregulated expression

impairs the malignant behavior of breast

cancer cells.26 In colon cancer, the expres-

sion level of circVAPA is significantly

increased, leading to increased proliferation

and invasion.26 The results of the current

study showed that circVAPA was highly

expressed in oral cancer tissues and cells,

and its expression level was closely related

to tumor size, TNM stage and distant

metastasis. The OS and PFS of patients

with oral cancer who showed high

circVAPA expression were significantly

shorter than those of patients with low

(a)

(b) (c)

Figure 3. CircVAPA targets miR-132. a: The online StarBase database predicted a miR-132 binding site in
the 30-untranslated region (UTR) of wildtype (WT) circVAPA. This site was then mutated (MUT). Luciferase
reporter experiments were carried out in Cal-27 cells transfected with a negative control (NC) or miR-132.
***P< 0.001 compared with miR-NC. b: The RNA pull-down assay with a biotin-labeled circVAPA probe
confirmed that circVAPA directly interacted with miR-132. Input¼10% of total lysate. ***P< 0.001 com-
pared with NC-probe. c: RT-qPCR was used to detect the expression of miR-132 in Cal-27 cells.
***P< 0.001 compared with si-NC

Chen et al. 9



(a)

(c)

(d)

(e)

(b)

Figure 4. Inhibition of miR-132 partially reverses the effect of circVAPA knockdown in oral cancer cells. a:
RT-qPCR was used to detect the expression of miR-132 in cells transfected with a negative control (NC) or
miR-132 inhibitor. ***P< 0.001 compared with NC inhibitor. b: The cell counting kit-8 method was used to
detect the cell viability at 0, 24, 48 and 72 hours in different groups indicated by the optical density (OD).
***P< 0.001. c: The clone formation ability of Cal-27 cells in different groups was detected by clone for-
mation assays. **P< 0.01 and ***P< 0.001. d: Transwell assay (without Matrigel) was used to detect the
migration ability of Cal-27 cells in different groups. *P< 0.05, ***P< 0.001. e: Transwell assay (with Matrigel)
was used to detect the invasion ability of Cal-27 cells in different groups. **P< 0.01 and ***P< 0.001
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expression of circVAPA, indicating that

circVAPA is related to the prognosis of

these patients. In addition, we found that

knockdown of circVAPA expression in

oral cancer cells inhibited their prolifera-

tion, migration and invasion. These results

suggest that circVAPA may play a carcino-

genic role in oral cancer. Therefore, inhibit-

ing the expression of circVAPA may

prevent the malignant progression of oral

cancer.
Circ RNA is highly expressed and stable

in cells. It can rapidly bind to or release a

large number of miRNAs from their down-

stream target genes to effectively regulate

miRNAs.29–31 In glioblastoma, ciRS-7

adsorbs miR-7 and significantly inhibits its

activity, leading to the upregulated expres-

sion of miR-7 target genes and increased

tumor malignancy.32 In this study, the bind-

ing site of miR-132 in circVAPA was pre-

dicted by bioinformatics analysis and dual

luciferase reporter assays. After knockdown

of circVAPA, the expression of miR-132

was upregulated, indicating that miR-132

is a downstream target of circVAPA and

that circVAPA negatively regulates miR-

132. In addition, this study confirmed that

there was a miR-132 binding site in the 30-
UTR of HOXA7. Overexpression of miR-

132 decreased the protein expression of

HOXA7, indicating that HOXA7 is a

(a)

(b) (c)

Figure 5. circVAPA regulates homeobox A7 (HOXA7) protein expression by targeting miR-132. a: The
online StarBase database predicted a miR-132 binding site in the 30-untranslated region (UTR) of wildtype
(WT) circVAPA. This site was then mutated (MUT). Luciferase reporter experiments were carried out in
Cal-27 cells transfected with a negative control (miR-NC) or miR-132. ***P< 0.001 compared with miR-
NC. b: The protein expression of HOXA7 in Cal-27 cells overexpressing miR-132 was detected by western
blot. ***P< 0.001 compared with miR-NC. Glycerol 3-phosphate dehydrogenase (GAPDH) was used as an
internal control. c: HOXA7 protein expression level in different groups of Cal-27 cells was detected by
western blot. **P< 0.01 and ***P< 0.001. GAPDH was used as an internal control

Chen et al. 11



downstream target of miR-132 and that

miR-132 negatively regulates HOXA7. In

addition, inhibition of miR-132 partially

reversed the effects of circVAPA knock-

down on the proliferation, invasion and

migration of oral cancer cells. When cells

were cotransfected with miR-132 inhibitor,

the protein expression level of HOXA7 was

partially increased, which indicated that

circVAPA regulated the occurrence and

progression of oral cancer through the

miR-132/HOXA7 signaling axis.
In conclusion, circVAPA is upregulated

in oral cancer, and its abnormal expression

is related to the prognosis of patients with

oral cancer. Inhibition of circVAPA expres-

sion inhibits the proliferation, migration

and invasion of oral cancer cells, and its

mechanism is related to the targeted

regulation of the miR-132/HOXA7 signal-

ing axis.
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