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Abstract

functions and expression in OSCC.

tion were tested by wound healing and transwell assays.

cell proliferation, migration, and invasion.

Background: Oral squamous cell carcinoma (OSCC) is the most common neck and head malignancies, and the
prognosis is not good. Studies shown that the long non-coding RNA (IncRNA) TFAP2A-AS1 is involved in the progres-
sion of multiple cancers. However, the role of INcRNATFAP2A-AST in OSCC remains unclear. We aimed to explore the

Methods: The IncRNA profiles for OSCC patients were acquired from the TCGA. Based on these data, the data mining
of TFAP2A-AST in patients with OSCC were performed. The functions of TFAP2A-AS1 were determined by bioinformat-
ics analysis. The expression and roles in cell growth were tested by RT-gPCR and MTS assay. Cell invasion and migra-

Results: The consequences displayed that TFAP2A-AST was upregulated in the TCGA datasets. The expression of
TFAP2A-AST was higher in OSCC samples. Bioinformatics analysis shown that TFAP2A-AS1T might be associated with
the P53 signaling pathway. Cell culture experiments indicated that deficiency of TFAP2A-AST inhibited cell growth,
invasion, and migration, and overexpression of it could opposite results in SCC-25 cells.

Conclusion: The results suggested that TFAP2A-AS1 was overexpressed in OSCC cells, which could facilitate OSCC

Keywords: Oral squamous cell carcinoma, TFAP2A-AST, Bioinformatics, WGCNA

Background

At present, Oral squamous cell carcinoma (OSCC) is cre-
ating a shocking situation worldwide, which is a major
public health problem [1]. It has been reported that
approximately 350,000 new cases of OSCC are diagnosed
every year, which are responsible for approximately
170,000 deaths worldwide per year [2]. The morbidity
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and mortality of OSCC constitute a major health prob-
lem in many areas of the world. Moreover, studies have
shown that OSCC is often diagnosed in the advanced
stage of the disease (metastasis or advanced regional dis-
ease), which hinders the favorable outcomes of patients
with OSCC [3, 4]. Patients with OSCC are managed with
surgery, radiation, and chemotherapy. In recent years,
despite great improvements in cancer surgical techniques
and adjuvant therapy, the 5-year overall survival rate of
patients with OSCC is still dismal [5, 6]. Therefore, it is
required to find new molecular markers for diagnosis and
treatment of OSCC.
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Long non-coding RNAs (IncRNAs) are RNAs longer
than 200 nt in length, which can regulate physiologi-
cal and pathological processes by promoting target
mRNA degradation or inhibiting target mRNA trans-
lation. It has been reported that IncRNAs are closely
associated with tumorigenesis and progression of mul-
tiple cancers [7, 8]. Moreover, studies have shown that
many IncRNAs are differentially expressed in OSCC,
and some of them can modulate OSCC development
[9, 10]. TFAP2A-AS1 (TFAP2A antisense RNA 1) is a
novel IncRNA with unclear functions located on chro-
mosome 6q24.3. Zhao et al. indicated that TFAP2A-
AS1 was significantly associated with overall survival in
bladder cancer patients, and TFAP2A-AS1 was a pro-
tective factor against bladder cancer [11]. Zhou et al.
indicated that TFAP2A-AS1 could inhibit breast can-
cer development by functioning as an miR-933 sponge
and degrading SMAD2 mRNA [12]. However, Jiang
et al. reported that high expression of TFAP2A-AS1
could predict poor prognosis in patients with clear cell
renal cell carcinoma [13]. However, the role of IncRNA
TFAP2A-AS1 in OSCC remains unclear.

In this study, the expression and functions of TFAP2A-
AS1 in OSCC cells were investigated by data mining and
experiments.

Materials and methods

OSCC data source and reprocessing

The IncRNA profiles was got from the UCSC database
(http://xena.ucsc.edu/) Ensembl IDs were transferred
into gene symbols based on the GENCODE project gene
annotation file (version 22, GRCh38). Then, these data
were normalized and summarized by R packages “affy”
and “limma” The differential expression analysis was per-
formed by R packages “limma” and the original P value is
adjusted by the Benjamini—Hochberg method.

WGCNA

The modules of highly correlated genes and the correla-
tion was calculated by WGCNA. R package “WGCNA”
(http://www.genetics.ucla.edu/labs/horvath/Coexpressi
onNetwork/Rpackages/WGCNA) was employed for
WGCNA. First, the availability of genes in the RNA-seq
data was calculated, and an adjacency matrix was con-
structed. Then, the correlation strength between genes
was identified using the adjacency matrix. Then, the adja-
cency matrix was used to conduct the topological over-
lap matrix (TOM). The gene modules were identified by
hierarchical clustering, and similar modules were merged
(threshold =0.25). Furthermore, the significant modules
were derermined.
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Gene set enrichment analysis

Gene set enrichment analysis (GSEA) is a computational
method that calculates whether a previously defined gene
set shows a statistically significant difference. GSEA anal-
ysis was used to explore the functions of TFAP2A-AS1.
According to the median expression value of TFAP2A-
AS1, OSCC samples were divided into high expression
group and low expression group. GSEA software (http://
www.gsea-msigdb.org/gsea/index.jsp) was used to per-
form GSEA. |[NES|>1 and FDR<0.05 were considered
statistically significant.

Tissue samples and cell lines

The OSCC tissue and adjacent normal tissues were got
from our hospital (The Fourth Hospital of Hebei Medical
University, Shijiazhuang, China). The inclusion criteria
for this study are as follows: (1) Oral squamous cell car-
cinoma confirmed by pathology before surgery, and can
be treated by surgery (2) Patients who have not received
radiotherapy or chemotherapy before surgery (3) Patients
who have signed informed consent. The exclusion criteria
for this study are as follows: (1) Patients with oral squa-
mous cell carcinoma who cannot be treated by surgery
(2) Patients who received radiotherapy or chemotherapy
before surgery (3) Patients who did not sign the informed
consent form (4) Patients with incomplete clinical data.
Informed consent was collected from all patients. This
study was approved by the local ethics committee and
carried out in compliance with the Declaration of Hel-
sinki. The OSCC cell lines and normal control were got
from the pathology research room in our hospital (The
Fourth Hospital of Hebei Medical University, Shiji-
azhuang, China).

RT-qPCR assay

RT-qPCR was performed to measure the expression of
TFAP2A-AS1. Firstly, the total RNA was extracted by
TRIzol reagent (West Point Chemical Technology Co.,
Ltd., Tianjin, China). For TFAP2A-AS1 and GAPDH
expression analysis, RNA was used to synthesize comple-
mentary DNA (cDNA) using a Reverse Transcription Kit
(Roche, Basel, Switzerland). The experiments were per-
formed three times, and data were calculated using the
2 — AACt method. The primers were shown in Additional
file 1: Table S1.

Construction of vectors and cell transfection

In this study, the TFAP2A-AS1 specific shRNA vectors
and their controls were acquired from Gemma Gene
Corporation (Shanghai, China). Vectors were transfected
into OSCC cell lines using Lipofectamine® RNAIMAX
Reagent (Thermo Fisher Scientific, Inc., Waltham, MA,
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USA) according to the manufacturer’s protocol. The
shRNA sequences for TFAP2A-AS1 were sh1-1: 5- GCC
GCTCCGACACAGGTATAA -3/, shl-2: 5-GGCCCA
GCTTCTAGCACTTCT-3/, shl-3: 5- GGGTTTGCA
ATCCCTTAATTG-3/, shl-4: 5-GGGCCAACTGAC
AGTTCAAAT-3/, shl-5: 5-GCAAGTCTAGATACC
GTCTCG-3, sh-NC: 5-AATTCTCCGAACGTGTCA
CGT-3'. The TFAP2A-AS1 control and overexpression
(OE) plasmid were obtained from Huifeng Biological
Technology Co., Ltd (Changsha, China). Transfection
Reagent FUGENE® (West Point Chemical Technology
Co., Ltd.) was used for plasmid transfection.

MTS assay

Cell viability was assessed using the CellTiter 96® AQue-
ous One Solution Cell Proliferation Assay Kit (Promega).
For TFAP2A-AS1downregulation, the cells were divided
into sh-TFAP2A-AS1 and sh-normal control (NC)
groups. For TFAP2A-AS1 overexpression, the cells were
divided into ov-TFAP2A-ASl1group and ov-NC groups.
Cultivate OSCC cells for a period of time. Then add 20 pl
MTS reagent and incubate at 37 °C for 2 h. The absorb-
ance was measured at 492 nm.

Colony formation assay

For TEAP2A-AS1 downregulation, the cells were divided
into sh-TFAP2A-AS1 and sh-normal control (NC)
groups. For TFAP2A-AS1 overexpression, the cells were
divided into ov-TFAP2A-ASlgroup and ov-NC groups.
OSCC cells (3 x 10%) were cultured for 1 week. 4% para-
formaldehyde was used to fix cells. Furthermore, the
colonies were stained. OSCC cells were counted to assess
cell proliferation.

Wound healing assay

For TEAP2A-AS1 downregulation, the cells were divided
into sh-TFAP2A-AS1 and sh-normal control (NC)
groups. For TFAP2A-AS1 overexpression, the cells were
divided into ov-TFAP2A-ASlgroup and ov-NC groups.
OSCC cells (5 x 10°) were seeded in 6-well plates. Then,
the pipette tip was used to created wound, and the pho-
tos were captured after this. Each group repeated the
process three times.

Transwell assay

For TFAP2A-AS1downregulation, the cells were divided
into sh-TFAP2A-AS1 and sh-normal control (NC)
groups. For TFAP2A-AS1 overexpression, the cells were
divided into ov-TFAP2A-AS1 group and ov-NC groups.
Transwell assays were performed using 24-well transwell
chambers (Corning Incorporated, Corning, NY, USA)
with Matrigel-coated membranes. Serum-free medium
was used to inoculate OSCC cells in the upper chamber
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for 24 h. Then, 4% paraformaldehyde was used for fixing
cells and 0.1% crystal violet was used for staining cells.

Xenograft mice model of OSCC

In this study, the xenograft mice model was carried out
in accordance with the requirements of the Ethics Com-
mittee of the Fourth Hospital of Hebei Medical Uni-
versity. The BALB/c nude mice were purchased from
Cosmo Biotechnology Co., Ltd. (Tianjin, China). The
sh-TFAP2A-AS1 OSCC cells, ov-TFAP2A-AS1 and NC
OSCC cells were suspended in 100 uL medium (1 x 107).
Then the OSCC cells were injected into the right flanks of
mice. Tumor growth was measured at 3, 5, 7,9, 11,13 and
15 days after injection. 15 days after injection, all mice
were euthanized with sedatives and overdose of anesthe-
sia. And tumor weights were measured.

Statistical analysis

In this study, all data were analyzed using R software (ver-
sion 4.0.5) and SPSS 24.0 (IBM, Armonk, NY, USA). For
normally distributed data, comparisons between groups
were made using the t-test. For data that did not follow
a normal distribution, nonparametric tests were used for
comparisons between groups. The OS of patients was
explored by Kaplan—Meier method. The performance of
TFAP2A-AS1 was evaluated using ROC curve analysis.
For correlations between TFAP2A-AS1 and OSCC: (1)
For all theoretical numbers T >5 and total sample size
n>40, use Pearson’s chi-square test. (2) If theoretical
numbers T <5 but T > 1, and n > 40, use a continuity-cor-
rected chi-square test (3) If there is a theoretical num-
ber T<1 or n<40, use Fisher’s test. The multivariate cox
analysis was performed to explore the effect of TFAP2A-
ASlon survival of the patient in UCSC database. Statisti-
cal significance was set at P<0.05. All experiments were
performed in triplicate.

Results

Data mining of TFAP2A-AS1

The RNA-seq data and corresponding clinicopathological
data of OSCC patients were downloaded and reanalyzed.
TFAP2A-AS1 was upregulated in the TCGA-OSCC data-
sets (Fig. 1A, P =3.993e—06). TFAP2A is located on the
other chain of TFAP2A-AS1. Thus, the expression of
TFAP2A was analyzed. TFAP2A was also overexpressed
in the TCGA-OSCC datasets (Fig. 1B, P =1.483e-07). For
TFAP2A-AS], the area under curve was 0.745 (Fig. 1C,
P <0.001), and 0.780 for TFAP2A. (Fig. 1D, P <0.001),
suggesting that TFAP2A-AS1 and TFAP2A might be
diagnostic biomarkers for OSCC. As shown in Fig. 1E,
TFAP2A-AS1 expression was positively correlated with
TFAP2A expression (r=0.1454, P=0.0072). However,
multivariate cox analysis suggested that TFAP2A-AS1
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Table 1 Correlative effect on survival of the patient based on

multivariate cox analysis

Characteristics SSI
OR 95% ClI P

TFAP2A-AST 1.143 0.606-2.159 0.680
Age 1.028 1.013-1.043 0.000
Gender 1.029 0.723-1.463 0.874
T stage 1.270 0.957-1.686 0.098
N stage 1.224 0.954-1.569 0.112
M stage 6.572 1.440-30.001 0.015
TNM stage 0.841 0.583-1.214 0.355

OR, odds ratio; 95% Cl, 95% confidence interval

was not associated with overall survival of patients
(Table 1, P=0.680).

WGCNA

The OSCC-related modules were determined by
WGCNA. As shown in Fig. 2A, a hierarchical tree of
RNA-seq data was constructed and dendrogram of it
was shown in Fig. 2B. The correlation heatmap of the
modules is shown in Fig. 2C. The dendrogram and cor-
relation heatmap suggested that there was no signifi-
cant difference in the interaction. As shown in Fig. 2D,
the TFAP2A-AS1-related module are highly correlated
with OSCC. The IncRNAs in the TFAP2A-AS1-related

module were obtained (Fig. 2E), which showed similar
gene expression patterns to TFAP2A-AS]1.

GSEA analysis

GO method indicated that histone deubiquitination, pep-
tidyl glutamic acid modification, and protein deacetylase
activity were upregulated (Fig. 3A), whereas chemokine
binding, keratinocyte migration, and low-density lipo-
protein particle binding were downregulated (Fig. 3B).
For KEGG (https://www.kegg.jp/) analysis, cell cycle,
P53 signaling pathway, RNA degradation, and so on were
upregulated in OSCC (Fig. 3C), whereas adherens junc-
tion, chemokine signaling pathway, ERBB signaling path-
way, and so on were downregulated (Fig. 3D).

The expression of TFAP2A-AS1

In our study, the expression level of TFAP2A-AS1 was
higher in cancer tissues than in adjacent normal tissues
(Fig. 4A, P <0.01, Mann Whitney test). Correlations
between TFAP2A-AS1 and clinicopathological char-
acteristics (i.e., age, sex, lymphatic metastasis, degree
of organizational differentiation, and TNM stage) was
calculated (Table 2). TFAP2A-ASI related to lymphatic
metastasis and TNM stage. Moreover, as shown in
Fig. 4B, TFAP2A-AS1 expression was higher in lym-
phatic metastasis than in no metastasis (P=0.012,
Table 2, t-test) and higher in TNM stages III and IV
than in stages I and II (P=0.001, Table 2, t-test). As
shown in Fig. 4C, the expression level of TFAP2A-AS1
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was higher in OSCC cell lines than in NHOK cells. them, the sh2 (P<0.001, t-test) knockdown site had the
The expression level of TFAP2A-AS1 was the high-  best transfection efficiency, so the sh2 knockdown site
est in SCC-25 cells (P<0.001, t-test) and the lowest in  was selected for subsequent experiments. Moreover,
Tca-83 cells (P=0.012, t-test). Thus, SCC-25 cells were transfection with TFAP2A-AS1 vectors significantly
used for knockdown experiments, and Tca-83 cells upregulated TFAP2A-AS1 in Tca-83 cells (Fig. 4E, P
were used for overexpression experiments. As shown in  <0.001, t-test). Moreover, the persistent effects of sh-
Fig. 4D, transfection with sh-TFAP2A-AS1 significantly = TFAP2A-AS1 and TFAP2A-AS1 vectors on cells was
downregulated TFAP2A-AS1 in SCC-25 cells. Among  detected. As shown in Fig. 4F, G, the effect of both
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sh-TFAP2A-AS1 (P<0.001, t-test) and TFAP2A-AS1
vectors (P<0.001, t-test) for TFAP2A-AS] is persist.

TFAP2A-AS1 promoted OSCC cell development

The MTS assay was performed to assess the cell viability.
As shown in Fig. 5A, the proliferation of SCC-25 cells was
noticeably inhibited after transfection with sh-TFAP2A-
AS1 (P<0.001, t-test), whereas transfection with
TFAP2A-AS1 vectors noticeably promoted the growth
of Tca-83 cells at 72 and 96 h (Fig. 5B, P <0.001, t-test).
Moreover, a colony formation assay was used to analyze
cell growth. Transfection with sh-TFAP2A-AS1 signifi-
cantly suppressed colony formation, whereas TFAP2A-
AS1 overexpression increased colony formation (Fig. 5C,
D, P <0.001, t-test). Wound healing and transwell assays
were used to identify the effects of TFAP2A-AS1 on
cell migration and invasion. TFAP2A-AS1 knockdown
reduced the SCC-25 migratory capacity (Fig. 6A, P
<0.001, t-test), whereas TFAP2A-AS1 overexpression
significantly enhanced the migratory capacity of Tca-83

cells (Fig. 6B, P <0.001, t-test). In the Transwell assay,
TFAP2A-AS1 knockdown significantly decrease the
number of SCC-25 cells stained with crystal violet (Fig. 7,
P <0.001, t-test), while TFAP2A-AS1 overexpression sig-
nificantly enhanced the invasive capacity of Tca-83 cells
(Fig. 7B, P <0.001, t-test). The xenograft mice model of
OSCC was performed to further validate our conclusion.
As shown in Fig. 8, the TFAP2A-AS1 knockdown inhib-
ited the tumor growth (Fig. 8A, P <0.001, t-test), whereas
TFAP2A-AS1 overexpression significantly enhanced the
tumor growth (Fig. 8B, P <0.001, t-test). All these data
indicate that TFAP2A-AS1 could promoted OSCC cell
development.

Discussion

Oral cancer is considered a serious health problem, lead-
ing to high morbidity and mortality rates. OSCC was a
frequent subtype of oral cancer and is the major cause of
morbidity and mortality [5, 14]. It has been reported that
visual examination is the main method for diagnosing
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Table 2 Clinicopathological variables and the expression of
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Despite some progress has been made in the treatment of

TFAP2A-AS1 OSCC in recent years, the survival rate remains low [18].
Parameters N TFAP2A-AST Therefore, it is required to find new molecular markers
for diagnosis and treatment of OSCC.

s t P-value Misregulation and mutations of IncRNAs play impor-
Age/year tant roles in cancer. Dinescu et al. indicated that altera-
<60 24 362642637 —0114 0910 tions and mutations in IncRNA expression could promote
60 40 370242557 tumorigenesis and metastasis [19]. Bhan et al. indicated
Gender that IncRNAs could inhibit or promote the development
Male 40 389442510 0887 0379 of cancer cells [7]. Studies have shown that dysregulation
Female 24 330542670 of many IncRNAs was involved in cellular homeostasis,
Lymphatic metastasis including survival, migration, and genomic stability of
NO 21 253141614 —2599 0012 OSCC [9, 10]. Thus, IncRNAs have a strong potential
NT-N2 43 423142769 as new biomarkers and cancer treatment targets. It has
Organizational differentiation been reported that TFAP2A-AS1 play a critical role in
Moderate and high 36 331242227 —1500 0139 the tumorigenesis and development of breast and bladder
Poorly 28 424542748 cancers [11, 12]. Therefore, we believe that TEAP2A-AS1
TNM stage may play an important role in the occurrence and devel-
| 5 192741138 6714 0001 opment of OSCC.
I 1 TFAP2A-AS1 was overexpressed in TCGA-OSCC
M 38 425542652 datasets. Moreover, TFAP2A-AS1 was upregulated in
v 10 OSCC cell lines and tissue samples. Furthermore, its
Total 64 367342566 6492 0000 expression related to lymphatic metastasis and TNM

oral cancer, which may lead to delayed diagnosis [15,
16]. The five-year survival rate of OSCC is still low, and
delayed diagnosis is considered one of the main reasons.
Currently, the treatment methods for OSCC patients
include surgery, chemoradiotherapy, EGFR inhibitors,
COX-2 inhibitors, and photodynamic therapy [17].

stage. The deficiency of TFAP2A-AS1 could inhibit
OSCC cell progression and overexpression of it promoted
cell progression. These results suggest that TEAP2A-AS1
may be used as an oncogene that influences the malig-
nant biological behavior of OSCC.

In our study, IncRNAs in the TFAP2A-AS1-related
module were obtained. ASMTI-AS1 (ASMTL antisense
RNA 1) serves as an antisense to the acetylserotonin
O-methyltransferase-like gene. It has been reported that
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Fig. 5 MTS and CCK-8 analysis are used to study the effect of knocking down or overexpression of TFAP2A-AS1 on cell proliferation in the cell line.
A The results of MTS assay in TFAP2A-AST knocked down cell line. B The results of MTS assay in TFAP2A-AST over-expression cell line. C The results of
clone formation experiment of TFAP2A-AS1 knocked down cell line. D The results of clone formation experiment of TFAP2A-AS1 over-expression cell
line
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it is significantly downregulated in papillary thyroid
carcinoma, which is associated with tumor size, clinical
stage, and outcome. Moreover, knockdown of ASMTL-
AS1 promoted PTC cell proliferation and glycolysis [20].
Sun et al. indicated that ASMTL-AS1 was significantly
downregulated in triple-negative breast cancer, which is
associated with aggressive clinical features and unfavora-
ble prognosis [21]. Therefore, we believe that ASMTL-
AS1 is related to the development of OSCC; however,
further experiments are needed to prove this idea. Small
nucleolar RNA host gene 12 (SNHG12) produces a long
RNA that is overexpressed in cancer cells. Liu et al.
reported that SNHG12 was upregulated in renal cell
carcinoma (RCC) tissues and could predict poor prog-
nosis. Moreover, SNHG12 could promote development

and sunitinib resistance in RCC cells [22]. Tamang et al.
indicated that SNHG12 is abnormally expressed in many
cancers. Moreover, SNHGI12 is involved in unfolded
protein responses, which many tumor cells use to evade
immune-mediated attacks and enhance the polarization
of effector immune cells [23]. Thus, SNHG12 may serve
as both a biomarker and a therapeutic target for patients
with OSCC. Colorectal neoplasia differentially expressed
(CRNDE) is transcribed into multiple transcript vari-
ants and is increased in proliferating tissues, including
colorectal adenomas and adenocarcinomas. It has been
reported that CRNDE knockdown in cell lines could
inhibit the Wnt/B-catenin signaling pathway, which leads
to the inhibition of cell proliferation and reduction of
chemoresistance [24]. Meng et al. indicated that CRNDE
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was overexpression in cervical cancer, and CRNDE can
promote cell growth and metastasis of cervical cells [25].
CRNDE was found in TFAP2A-AS1-related module and
we surmised that CRNDE may also play an important in
OSCcC.

Cell proliferation is a key feature of OSCC develop-
ment. In this study, the MTS assay and colony forma-
tion assay indicated that TFAP2A-AS1 promoted cell
proliferation in OSCC cells. The P53 signaling pathway
was enriched in this study. The P53 signaling pathway
plays an important role in the development of cancer
cells [26-28]. Wei et al. indicated that IncRNA MEG3
decreased the gastric cancer cell growth via the P53
signaling pathway [29]. Moreover, Xing et al. indicated
that TNFAIP8 could promote the proliferation of non-
small cell lung cancer cells through the p53 signaling
pathway [30]. Therefore, we believed that TFAP2A-AS1
promotes the proliferation via the P53 signaling path-
way. Our study indicated that TFAP2A-AS1 promoted
cell invasion in OSCC cells. Liu et al. indicated that

RECK could suppress the migration and invasion of
cervical cancer cells via the p53 signaling pathway [31].
Moreover, Zhong et al. reported that Cullin-4B pro-
motes colorectal cancer cell invasion through inactiva-
tion of the p53 signaling pathway [32]. Furthermore,
the ERBB signaling pathway was also enriched. Derma-
tan sulfate epimerase 1 promotes aggressive glioma cell
phenotypes by enhancing the ERBB signaling pathway
[33]. Therefore, we surmised that TFAP2A-AS1 pro-
motes OSCC cell invasion through the P53 and ERBB
signaling pathways. However, these results need to be
examined in future studies.

This study has some limitations, such as insufficient
sample size, only one cell line was used in part of the
experiment, and the pathway obtained in GSEA has not
been experimentally verified. In the follow-up research
process, we will conduct more research to solve these
problems.
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Conclusion: TFAP2A-AS1 function as an oncogene
in OSCC

In short, we demonstrated that TFAP2A-AS1 has a
tumor-promoting effect in OSCC cells, which could be
molecular markers for diagnosis and treatment of OSCC.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512903-022-02203-4.

Additional file 1: Table S1. The Primers and sequence in RT-qPCR assay.

Acknowledgements
Not available.

Author contributions

KY and GJ wrote the main manuscript text. ZC prepared Figs. 1, 2, 3, 4. SP and
CH prepared Figs. 5, 6, 7. XF and CH collated the data. All authors reviewed the
manuscript.

Funding
The authors received no financial support for the research.

Availability of data and materials

The datasets analysed during the current study are available in the UCSC
repository, [http://xena.ucsc.edu/ and cohort: GDC TCGA Head and Neck
Cancer (HNSQ)].

Declarations

Ethics approval and consent to participate

The study protocol was approved by the ethics committee of the Fourth Hos-
pital of Hebei Medical University and was in accordance with the Declaration
of Helsinki. Informed consent was obtained from all patients at the time of
sample collection. The animal experiment protocol has been approved by the


https://doi.org/10.1186/s12903-022-02203-4
https://doi.org/10.1186/s12903-022-02203-4
http://xena.ucsc.edu/

Jie et al. BMC Oral Health (2022) 22:160

Ethics Committee of the Fourth Hospital of Hebei Medical University, and all
methods were carried out in accordance with the requirements of the Ethics
Committee of the Fourth Hospital of Hebei Medical University. The study was
carried out in compliance with the ARRIVE guidelines. Euthanize mice with
sedatives and overdose of anesthesia.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'Department of Stomatology, The Fourth Hospital of Hebei Medical University,
No. 12 Jiankang Road, Shijiazhuang 050000, Hebei Province, China. 2Depart-
ment of Stomatology, Zhao County People’s Hospital, No. T Yongtong Road,
Shijiazhuang 050000, Hebei Province, China.

Received: 2 February 2022 Accepted: 25 April 2022
Published online: 06 May 2022

References

1. Min A Zhu C, Peng S, Rajthala S, Costea DE, Sapkota D. MicroRNAs as
important players and biomarkers in oral carcinogenesis. Biomed Res Int.
2015;2015: 186904.

2. BrayF Ferlay J, Soerjomataram |, Siegel RL, Torre LA, Jemal A. Global
cancer statistics 2018: GLOBOCAN estimates of incidence and mor-
tality worldwide for 36 cancers in 185 countries. CA Cancer J Clin.
2018,68(6):394-424.

3. SasahiraT, Kirita T. Hallmarks of cancer-related newly prognostic factors of
oral squamous cell carcinoma. Int J Mol Sci. 2018;19(8):2413.

4. Chakraborty D, Natarajan C, Mukherjee A. Advances in oral cancer detec-
tion. Adv Clin Chem. 2019;91:181-200.

5. Gharat SA, Momin M, Bhavsar C. Oral squamous cell carcinoma: current
treatment strategies and nanotechnology-based approaches for preven-
tion and therapy. Crit Rev Ther Drug Carrier Syst. 2016;33(4):363-400.

6. LiuL, ChenJ, Cai X, Yao Z Huang J. Progress in targeted therapeutic drugs
for oral squamous cell carcinoma. Surg Oncol. 2019;31:90-7.

7. Bhan A, Soleimani M, Mandal SS. Long noncoding RNA and cancer: a new
paradigm. Cancer Res. 2017;77(15):3965-81.

8. Kopp F, Mendell JT. Functional classification and experimental dissection
of long noncoding RNAs. Cell. 2018;172(3):393-407.

9. Zhang L, Meng X, Zhu XW, et al. Long non-coding RNAs in oral squamous
cell carcinoma: biologic function, mechanisms and clinical implications.
Mol Cancer. 2019;18(1):102.

10. HuangF, Xin C, Lei K, Bai H, Li J, Chen Q. Noncoding RNAs in oral prema-
lignant disorders and oral squamous cell carcinoma. Cell Oncol (Dordr).
2020;43(5):763-77.

11. Zhao K, Zhang Q, Zeng T, Zhang J, Song N, Wang Z. Identification and
validation of a prognostic immune-related IncRNA signature in bladder
cancer. Transl Androl Urol. 2021;10(3):1229-40.

12. Zhou B, Guo H, Tang J. Long non-coding RNA TFAP2A-AST inhibits cell
proliferation and invasion in breast cancer via miR-933/SMAD2. Med Sci
Monit. 2019;25:1242-53.

13. Jiang W, Guo Q, Wang C, Zhu Y. A nomogram based on 9-IncRNAs signa-
ture for improving prognostic prediction of clear cell renal cell carcinoma.
Cancer Cell Int. 2019;19:208.

14. Chai A, Lim KP, Cheong SC. Translational genomics and recent advances
in oral squamous cell carcinoma. Semin Cancer Biol. 2020;61:71-83.

15. Grafton-Clarke C, Chen KW, Wilcock J. Diagnosis and referral delays in
primary care for oral squamous cell cancer: a systematic review. Br J Gen
Pract. 2019;69(679):112-26.

16. Wang X, Wang C, Yan G, et al. BAP18 is involved in upregulation of
CCND1/2 transcription to promote cell growth in oral squamous cell
carcinoma. EBioMedicine. 2020;53: 102685.

17. Panarese |, Aquino G, Ronchi A, et al. Oral and Oropharyngeal squamous
cell carcinoma: prognostic and predictive parameters in the etiopathoge-
netic route. Expert Rev Anticancer Ther. 2019;19(2):105-19.

Page 11 of 11

18. Cristaldi M, Mauceri R, Di Fede O, Giuliana G, Campisi G, Panzarella V.
Salivary biomarkers for oral squamous cell carcinoma diagnosis and
follow-up: current status and perspectives. Front Physiol. 2019;10:1476.

19. Dinescu S, Ignat S, Lazar AD, Constantin C, Neagu M, Costache M. Epitran-
scriptomic signatures in INcCRNAs and their possible roles in cancer. Genes
(Basel). 2019;10(1):52.

20. Feng Z, Chen R, Huang N, Luo C. Long non-coding RNA ASMTL-AS1
inhibits tumor growth and glycolysis by regulating the miR-93-3p/miR-
660/FOXO1 axis in papillary thyroid carcinoma. Life Sci. 2020;244: 117298.

21. SunJ,Li X, YU E, etal. A novel tumor suppressor ASMTL-AST regulates
the miR-1228-3p/SOX17/B-catenin axis in triple-negative breast cancer.
Diagn Pathol. 2021;16(1):45.

22. LiuY,Cheng G, Huang Z, et al. Long noncoding RNA SNHG12 promotes
tumour progression and sunitinib resistance by upregulating CDCA3 in
renal cell carcinoma. Cell Death Dis. 2020;11(7):515.

23. Tamang S, AcharyaV, Roy D, et al. SNHG12: an LncRNA as a potential ther-
apeutic target and biomarker for human cancer. Front Oncol. 2019;9:901.

24. Han P, Li JW, Zhang BM, et al. The IncRNA CRNDE promotes colorectal
cancer cell proliferation and chemoresistance via miR-181a-5p-mediated
regulation of Wnt/B-catenin signaling. Mol Cancer. 2017;16(1):9.

25. Meng, Li Q, LiL, Ma R. The long non-coding RNA CRNDE promotes cer-
vical cancer cell growth and metastasis. Biol Chem. 2017,399(1):93-100.

26. Jeffries KA, Krupenko NI. Ceramide signaling and p53 pathways. Adv
Cancer Res. 2018;140:191-215.

27. Sherr CJ, McCormick F. The RB and p53 pathways in cancer. Cancer Cell.
2002;2(2):103-12.

28. Muller PA, Vousden KH. Mutant p53 in cancer: new functions and thera-
peutic opportunities. Cancer Cell. 2014;25(3):304-17.

29. Wei GH, Wang X. IncRNA MEGS3 inhibit proliferation and metastasis of
gastric cancer via p53 signaling pathway. Eur Rev Med Pharmacol Sci.
2017;21(17):3850-6.

30. XingV, LiuY, LiuT, et al. TNFAIP8 promotes the proliferation and cisplatin
chemoresistance of non-small cell lung cancer through MDM2/p53
pathway. Cell Commun Signal. 2018;16(1):43.

31. LiuY,LiL, LiuY, et al. RECK inhibits cervical cancer cell migration
and invasion by promoting p53 signaling pathway. J Cell Biochem.
2018;119(4):3058-66.

32. Zhong M, Zhou L, Zou J, He Y, Fang Z, Xiang X. Cullin-4B promotes cell
proliferation and invasion through inactivation of p53 signaling pathway
in colorectal cancer. Pathol Res Pract. 2021,224: 153520.

33. Liao WC, Liao CK, Tsai YH, et al. DSE promotes aggressive glioma cell
phenotypes by enhancing HB-EGF/ErbB signaling. PLoS ONE. 2018;13(6):
€0198364.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.



	Long non-coding RNA TFAP2A-AS1 plays an important role in oral squamous cell carcinoma: research includes bioinformatics analysis and experiments
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Materials and methods
	OSCC data source and reprocessing
	WGCNA
	Gene set enrichment analysis
	Tissue samples and cell lines
	RT-qPCR assay
	Construction of vectors and cell transfection
	MTS assay
	Colony formation assay
	Wound healing assay
	Transwell assay
	Xenograft mice model of OSCC
	Statistical analysis

	Results
	Data mining of TFAP2A-AS1
	WGCNA
	GSEA analysis
	The expression of TFAP2A-AS1
	TFAP2A-AS1 promoted OSCC cell development

	Discussion
	Conclusion: TFAP2A-AS1 function as an oncogene in OSCC
	Acknowledgements
	References


