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m6A modification-mediated BATF2 suppresses metastasis and angiogenesis of 
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ABSTRACT
The aim is to explore the underlying mechanism of basic leucine zipper ATF-like transcription 
factor 2 (BATF2) in tongue squamous cell carcinoma (TSCC). The expression of BATF2 in TSCC 
tissues and corresponding adjacent normal TSCC tissues, human TSCC cell lines (SCC-15 and CAL- 
27) and human normal tongue epithelial cells NTEC was detected. Then, SCC-15 cells with stable 
BATF2 knockdown and CAL-27 cells with BATF2 overexpression were established to investigate 
the functional effect of BATF2 on TSCC. Thereafter, the effect of BATF2 on TSCC angiogenesis and 
BATF2 m6A methylation was also examined. BATF2 was significantly downregulated in TSCC 
tissues and cell lines, and BATF2 overexpression could suppress growth, metastasis and angiogen
esis of TSCC. Mechanistically, vascular endothelial growth factor A (VEGFA) was identified as 
a downstream gene of BATF2, and it was confirmed that BATF2 suppressed growth, metastasis 
and angiogenesis of TSCC via inhibiting VEGFA. In addition, the N6-methyladenosine (m6A) 
modification of BATF2 mRNA mediated by METTL14 suppressed its expression in TSCC. 
METTL14/BATF2 axis could serve as a novel promising therapeutic candidate against angiogenesis 
for TSCC.
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Introduction

Oral cavity and oropharynx cancers are the eighth 
most common human malignant neoplasm world
wide and exhibit poor prognosis [1]. Tongue squa
mous cell carcinoma (TSCC) is classified as the 
most common type of oral cancer [2], accounting 
for 25%–40% of all oral cancer cases worldwide [3] 
and leading to approximately 2,830 deaths 
annually [1]. In addition, TSCC is characterized 
by unlimited growth and high incidence, which 
may cause disorders of speech, chewing, and swal
lowing [4,5]. Currently, TSCC can be alleviated by 
therapeutic strategies mainly including radiother
apy, surgical resection, and chemotherapy [6], 
whereas the prognosis of TSCC remains poor 
due to unpredictable long-term survival, distant 
metastasis and frequent recurrence [7]. Moreover, 
the scarcity of understanding of the molecular 
mechanism underlying TSCC tumorigenesis is 
responsible for limited therapeutic development.

Hence, novel biomarkers for predicting TSCC 
recurrence are urgently required to ameliorate its 
prognosis.

Enormous evidence has proven that the forma
tion of new blood vessels significantly contributes 
to tumor growth and metastasis [8], resulting from 
the capacity of blood vessels to deliver nutrients 
and oxygen to tumor cells, which is dispensable for 
tumor survival and metastasis [9]. It is generally 
believed that the angiogenesis of tumor includes 
the following four processes: the dissolution of 
basement membrane under vascular endothelium 
and activation of endothelial cells, migration of 
endothelial cells to tumor tissues, proliferation of 
endothelial cells, and formation of blood vessels 
[10,11]. It has been demonstrated that vascular 
endothelial growth factor (VEGF) family proteins 
are crucial for angiogenesis, especially protein vas
cular endothelial growth factor A (VEGFA), which 
is the leading driving force for angiogenesis
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[12,13]. Recently, Chen S et al. found that AEG-1 
promoted angiogenesis and might be a novel treat
ment target for tongue squamous cell carcinoma 
[14], and Huang C et al. reported the association 
of increased ligand cyclophilin A and receptor 
CD147 with hypoxia, angiogenesis, metastasis 
and prognosis of TSCC [15]. Therefore, inhibiting 
the formation of blood vessels provides a new 
direction for the treatment of TSCC; however, 
novel biomarkers involved in angiogenesis, which 
mediate cell proliferation and metastasis of TSCC, 
remain to be investigated.

Basic leucine zipper ATF-like transcription fac
tor 2 (BATF2), also known as suppressor of AP-1 
regulated by interferon (SARI), is a member of the 
BATF family [16]. Initially, members of the BATF 
family were identified as inhibitors of AP-1 [16], 
but recent reports revealed that they were involved 
in the cancer progression through diverse mechan
isms [17–20]. Zhang X et al. suggested that BATF2 
prevented glioblastoma multiforme progression by 
inhibiting recruitment of myeloid-derived sup
pressor cells [21]. In addition, mA modification- 
mediated BATF2 acted as a tumor suppressor in 
gastric cancer through inhibition of ERK signaling 
[22]. Specifically, decreased expression of BATF2 
was found in TSCC and is significantly associated 
with poor prognosis [23]. However, whether and 
how BATF2 regulates TSCC progression remain 
elusive.

m6A (N6-methyladenosine) is the most preva
lent post-transcriptional modification in eukaryo
tic mRNA, accounting for 80% of RNA 
methylation modifications [24]. Mechanistically, 
m6A modification has been proven to affect 
mRNA stability, splicing, and translation [25]. 
From the perspective of functional effect, previous 
studies have demonstrated that m6A methylation 
participates in regulating cancer progression 
[24,26,27]. For example, IFN-α-2a reduces the sta
bility of pgRNA by increasing its m6A RNA mod
ification level, thereby inhibiting the development 
of HBV-related HCC [28], and m6A could predict 
immune phenotypes and therapeutic opportunities 
in renal clear cell carcinoma [29]. m6A methylases 
are widely involved in immunity [30], tumor 
metastasis [31] and stem cell renewal [32]. 
Among them, methyltransferase-like 14

(METTL14) can promote the self-renewal of 
hematopoietic stem cells [33], and regulate the 
level of m6A in glioblastoma [34] and liver cancer 
[35]. However, the mechanism by which 
METTL14 mediated the m6A modification of 
BATF2 that affects TSCC progression has not 
been reported.

In this study, to investigate the functional effect 
of BATF2 on TSCC progression and its underlying 
mechanism, we performed a variety of assays and 
found that BATF2 could inhibit the proliferation, 
metastasis and angiogenesis of TSCC cell lines 
in vitro and in vivo via VEGFA. Besides, 
METTL14 could mediate m6A methylation mod
ification of BATF2, thereby inhibiting BATF2 
expression.

Materials and methods

Tissue collection

TSCC tissues (n = 15) and corresponding adjacent 
normal tissues (n = 10) were obtained from the 
First People’s Hospital of Chenzhou (Affiliated 
Chenzhou Hospital, Southern Medical 
University). After that, tissue samples were imme
diately frozen in liquid nitrogen and stored at −80° 
C for further research. The research was per
formed in accordance with the guiding principles 
of the World Medical Association Declaration of 
Helsinki and was approved by the First People’s 
Hospital of Chenzhou (Affiliated Chenzhou 
Hospital, Southern Medical University) ethics 
committee. Signed informed consent was obtained 
from the patients.

Cell culture and transfection
Human TSCC cell lines SCC-15, CAL-27, human 
normal tongue epithelial cell line NTEC1 and 
human umbilical vein endothelial cells 
(HUVECs) were obtained from the American 
Type Culture Collection (ATCC, Manassas, VA, 
USA). SCC-15 and CAL-27 cells were cultured in 
Dulbecco’s modified Eagle’s medium (DMEM, 
Gibco, Thermo Fisher Scientific, USA) with 10% 
fetal bovine serum (FBS), 100 U/ml streptomycin 
and 100 U/ml penicillin. HUVECs were cultured 
routinely with endothelial cell growth Kit- 
VEGF including rh VEGF, rh EGF, rh FGF basic,
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rh IGF-1, L-glutamine, heparin sulfate, hydrocor
tisone hemisuccinate, 2% FBS and ascorbic acid.

The overexpression vectors of BATF2 (pcDNA- 
BATF2) and METTL14 (pcDNA-METTL14) as 
well as shRNAs against BATF2 and METTL14 
were purchased and designed by GeneChem 
Corporation (Shanghai, China) (Supplementary 
Table S1). SCC-15 and CAL-27 cells were trans
fected with indicated plasmids according to the 
instructions of lipofectamine 2000 (Invitrogen, 
NY, CA, USA) and were incubated for 48 h for 
the subsequent experiments.

Cell counting kit-8 (CCK-8)

CCK-8 was used to assess the cell viability. Briefly, the 
SCC-15 and CAL-27 cells were seeded in a 96-well 
plate supplemented with 10% CCK-8 (Sigma, USA). 
Cell counting kit reagent (Beyotime Biotechnology 
Co., Ltd., Shanghai, China) was employed to examine 
the optical density (OD) value at 450 nm after incu
bation for 24, 48, 72 and 96 h.

Colony formation assay
At a density of 5 × 102 cells per well, SCC-15 and 
CAL-27 cells were incubated in 6-well plates for 
2 weeks at 37°C with 5% CO2. Then, the number 
of colonies was counted and images were 
recorded after the formed colonies were fixed 
with 4% paraformaldehyde and stained with 1% 
crystal violet.

Methyl thiazolyl tetrazolium (MTT) assay
The proliferation of HUVECs was estimated with 
a MTT cell viability assay kit (Roche, Basel, 
Switzerland). Transfected HUVECs were plated 
into 96-well plates and cultured at 37°C. At differ
ent times (24, 48, 72 and 96 h) post-incubation, 
each well was supplemented with 10 μL of MTT (5  
mg/mL), followed by 4 h of incubation and then 
added with 100 μL of dimethyl sulfoxide (DMSO). 
Finally, absorbance was tested using a microplate 
reader at 570 nm.

Transwell assay

Transwell Chamber (Corning Glass Works, 
Corning, NY, USA) was used to evaluate the cell 
invasion ability. In brief, HUVECs and TSCC cells 
with a density of 4 × 104 mL −1 were added into the 
upper chambers coated with Matrigel (BD, 
Franklin Lakes, USA). Then, cells were mixed 
with DMEM containing 10% FBS in 24-well plates, 
followed by incubation for 24 h at 37°C with 5% 
CO2. After the removal of media, cells in the 
bottom chamber were fixed with 4% paraformal
dehyde, stained with 0.1% crystal violet and 
counted in inverted fields under a microscope 
(Zeiss, Germany).

Wound scratch assay

SCC-15 and CAL-27 cells were cultured in a 12- 
well plate at 37°C with 5% CO2 for 24 h. Then, 
cells were incubated for another 48 h after being 
scratched using a sterile pipette tip. Next, images 
were captured using a microscope, and the migra
tion percentage was evaluated using ImageJ 
software.

ELISA

ELISA was performed to evaluate the concentra
tions of VEGFA. Briefly, a VEGFA ELISA kit 
(Thermo Fisher Scientific, USA) was used accord
ing to the manufacturer’s guidelines and 
a microplate reader (BioTek Instruments, Inc., 
USA) was adopted to measure the absorbance at 
450 nm.

Tube formation

SCC-15 or CAL-27 cells were incubated for 24 h 
after different treatments, and then the superna
tants (also called conditioned medium) of culture 
media were collected for analysis of angiogenesis. 
HUVECs were treated with these supernatants for 
24 h. The tube formation assay was performed 
using an In Vitro Angiogenesis Assay Kit 
(AmyJet Scientific Inc, Wuhan, China) in accor
dance with the manufacturer's instructions. The
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endothelial tube formation was examined using 
light microscopy (Leica, Allendale, NJ, USA).

Methylated RNA immunoprecipitation (MeRIP)

Total RNAs were first extracted from METTL4- 
overexpressed SCC-15 and CAL-27 cells. For 
BATF2 m6A immunoprecipitation, chemically 
fragmented RNA was incubated with m6A anti
body in accordance with the manufacturer’s 
protocol of the Magna MeRIP m6A Kit 
(Merck Millipore, USA), and quantitative 
reverse-transcription polymerase chain reaction 
(qRT-PCR) was performed to analyze the 
immunoprecipitated RNA extracts.

Western blotting

The total protein in tissues and cells was 
extracted using lysis buffer (Beyotime, China) 
and quantified by a BCA protein assay kit 
(Beyotime, China). Then, the protein samples 
were separated using SDS-PAGE gels (Jinsirui, 
China) and transferred onto PVDF membranes 
(Merck Millipore, USA), which were cultured 
with 10% skim milk in PBS for 1 h, then mixed 
with the primary antibodies at 4°C overnight 
and washed with TBST (three times). These 
membranes were cultured with horseradish per
oxidase (HRP)-labeled secondary antibody 
(mouse anti-rabbit IgG, #5127, 1:2000, Cell 
Signaling Technology, Inc., Boston, MA, USA). 
The Odyssey Infrared Imaging System (LI-COR 
Biosciences, USA) was used to observe blots, and 
the Image J software (National Institutes of 
Health, USA) was used to measure the protein 
expression level. The rabbit anti-human primary 
antibody for GAPDH (ab9485, 1:2500, Abcam, 
UK) was used to normalize the loading. The 
rabbit anti-human primary antibody BATF2 
(PA5-37138, 1:500) was obtained from Thermo 
Fisher Scientific (USA), and VE-cadherin 
(ab33168, 1 µg/ml), E-cadherin (ab40772, 
1:10,000), N-cadherin (ab76011, 1:5000), vimen
tin (ab92547, 1:1000), slug (ab27568, 1:1000), 
snail (ab216347, 1:1000), MMP2 (ab92536, 
1:2000), TIMP-1 (ab211926, 1:1000), pRb 
(ab184796,1:1000), Cyclin D (ab16663, 1:200),

VEGFA (ab214424, 1:1000) and METTL14 
(ab252562, 1:1000) were purchased from 
Abcam (UK).

qRT-PCR

TRIzol reagent (Takara, Japan) was used to extract 
the total RNA from tissues and cells, and then 
RNA was reverse transcribed into cDNA by 
PrimeScript RT Reagent Kit (Takara, Japan). The 
mRNA levels were measured by Real-time PCR 
(RT-PCR) using the SYBR Premix Ex Taq 
Reagent Kit (Takara, Japan) on the StepOne RT- 
PCR System (Life Technologies, USA) in accor
dance with manufacturer’s instructions and were 
normalized to the GAPDH level. The formula 
2−ΔΔCt method was used to calculate the relative 
expression of the mRNA: ΔΔCt = (Ct target gene  
− Ct reference gene) experimental group − (Ct tar
get gene − Ct reference gene) control group. The 
primer sequences are listed in Supplementary 
Table S2.

Animal experiments

Animal assays were approved by the Ethics 
Committee of the First People’s Hospital of 
Chenzhou (Affiliated Chenzhou Hospital, 
Southern Medical University). BALB/c nude mice 
(aged 4–6 weeks) were fed under specific patho
gen-free conditions at 26–28°C under 40–60% 
humidity. For tumorigenicity assay in vivo, CAL- 
27 cells transfected with BATF2 overexpression 
plasmids or empty plasmids or untreated CAL-27 
cells were subcutaneously inoculated into the right 
armpit of mice. Following 4 weeks, mice were 
sacrificed by cervical dislocation under isoflurane 
anesthesia and neoplasms were isolated and 
weighted. The volume of neoplasms was moni
tored once a week. For the in vivo metastasis 
model, the tail vein of mice was intravenously 
injected with BATF2-overexpressed or control 
CAL-27 cells or untreated CAL-27 cells. After 
euthanasia of mice, lung tissues were collected 
and then histologically analyzed with hematoxylin 
and eosin (H&E) assay to count the number of 
lung metastatic nodules.
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Immunohistochemistry (IHC) assay

After fixation in 4% paraformaldehyde, tumor spe
cimens were embedded in paraffin, sliced into 5  
μm-thick sections, followed by deparaffinization, 
rehydration and antigen retrieval, and blocked 
with 3% BSA-PBS at room temperature. Then, 
IHC staining was conducted by using rabbit anti- 
human primary antibodies against BATF2 
(ab204510, 1:500, Abcam), Ki67 (ab15580, 1 µg/ 
ml, Abcam), CD31 (ab28364, 1:50, Abcam), and 
VEGFA (ab52917, 1:100, Abcam). Thereafter, sec
tions were incubated with HRP-conjugated sec
ondary antibody goat anti-rabbit IgG (ab6721, 
1:1000, Abcam) for 1 h, treated with diaminoben
zidine (Sigma, USA), counterstained with hema
toxylin and observed under a light microscope.

Statistical analysis

Statistical analysis was performed using SPSS soft
ware (Version 20.0, Chicago, USA), GraphPad 
Prism Software (Version 7, USA). The differences 
between two or multiple groups were analyzed 
using Student’s t-test and one-way analysis of var
iance (ANOVA). Spearman correlation analysis 
was implemented to assess the relationship 
between BATF2 and METTL14. All experiments 
were repeated in triplicate. The data were repre
sented as mean ± SD in our study. P < 0.05 indi
cated significant differences between groups.

Results

BATF2 is lowly expressed in TSCC

We first examined the expression level of BATF2 
in TSCC tissues and corresponding adjacent 
normal tissues using western blotting and qRT- 
PCR. The expression level of BATF2 in TSCC 
tissues was significantly lower than that in adja
cent normal tissues (Figure 1(a,b)). For further 
confirmation, the expression level of BATF2 was 
detected in TSCC cells (SCC-15 and CAL-27) 
and human normal tongue epithelial cells 
NTEC, and it was found that BATF2 was lowly 
expressed in SCC-15 and CAL-27 cells, com
pared with NTEC cells (Figure 1(c,d)). In the 
OSCC data set of TCGA, we found that low 
expression of BATF2 was correlated with poor

survival (Figure 1(e)). Collectively, these data 
suggested that BATF2 was lowly expressed in 
TSCC tissues and cell lines.

BATF2 inhibits cell proliferation, migration, 
invasion and EMT in TSCC

To evaluate the functional effect of BATF2 on 
TSCC, we established SCC-15 cells with stable 
BATF2 knockdown and CAL-27 cells with 
BATF2 overexpression (Figure 2(a,b)). 
Downregulation of BATF2 significantly promoted 
TSCC cell proliferation, while overexpression of 
BATF2 resulted in the inhibition of TSCC cell 
proliferation (Figure 2(c,d)). Similarly, wound 
scratch and transwell assays (Figure 2(e,F)) 
demonstrated that BATF2 knockdown facilitated 
the migration and invasion of SCC-15 cells; con
versely, BATF2 overexpression in CAL-27 cells 
elicited the opposite effects. Moreover, it was dis
closed that silencing of BATF2 weakened 
E-cadherin expression and elevated the levels of 
N-cadherin, vimentin, slug and snail, while upre
gulation of BATF2 triggered the opposite results 
(Figure 2(g)). Taken together, these results indi
cated that BATF2 remarkably suppressed the pro
liferation, migration and invasion of TSCC cells.

BATF2 suppresses TSCC angiogenesis

To further explore the effect of BATF2 on TSCC 
angiogenesis, HUVECs were treated with super
natants from BATF2-silenced SCC-15 cells and 
BATF2-overexpressed CAL-27 cells, respectively. 
MTT and transwell assays revealed that downre
gulation of BATF2 in SCC-15 cells remarkably 
promoted HUVEC proliferation and invasion, 
while overexpression of BATF2 in CAL-27 cells 
played a suppressive role in the proliferation and 
invasion of HUVECs (Figure 3(a,b)). Moreover, it 
was also found that knockdown of BATF2 in 
TSCC cells increased the number of nodes in 
HUVECs, whereas upregulated BATF2 in TSCC 
cells exerted an inhibitory effect on the tube for
mation of HUVECs. Specifically, western blotting 
assay (Figure 3(c)) showed that BATF2 knock
down in TSCC cells caused the upregulation of 
VE-cadherin, vimentin, MMP2, pRb and cyclin 
D and enhanced expression of TIMP-1 in
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HUVECs. In contrast, upregulated BATF2 in 
CAL-27 cells induced reverse outcomes 
(Figure 3(d)). These results suggested that BATF2 
suppressed the angiogenesis of TSCC.

BATF2 suppresses TSCC angiogenesis via 
downregulating VEGFA

Considering VEGFA is the primary driving force 
for angiogenesis, to further investigate whether 
BATF2 mediated TSCC angiogenesis via VEGFA, 
SCC-15 cells were transfected with BATF2 shRNA 
plasmids, and CAL-27 cells were transfected with 
BATF2 overexpression plasmids. qRT-PCR wes
tern blotting and ELISA assays (Figure 4(a–c))

indicated that VEGFA was highly expressed in 
SCC-15 cells with low BATF2 expression, but 
was downregulated in BATF2-overexpressed in 
CAL-27 cells, implying that BATF2 inhibited the 
expression of VEGFA in TSCC cells. Next, 
HUVECs were treated with supernatants derived 
from BATF2-silenced SCC-15 cells or underwent 
incubation with anti-VEGFA antibody. MTT and 
transwell assays (Figure 4(d,e)) indicated that 
downregulation of BATF2 promoted HUVEC pro
liferation and invasion, which could be blocked by 
anti-VEGFA antibody. Furthermore, BATF2 
knockdown facilitated the formation of tube 
nodes on HUVECs, while anti-VEGFA antibody 
restored the angiogenic capacity of HUVECs

Figure 1. Low BATF2 expression in TSCC tissues and cells.
BATF2 protein expression and mRNA expression in TSCC tissues and adjacent normal tissues were measured by qRT-PCR (a) and 
western blotting (b). qRT-PCR (c) and western blotting (d) were used to detect the expression level of BATF2 in TSCC cell lines (SCC- 
15 and CAL-27) and human normal tongue epithelial cells NTEC1. ***P < 0.001. Data represent at least three independent sets of 
experiments. 
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Figure 2. Effect of BATF2 on TSCC cell proliferation, migration and invasion.
For functional experiments, SCC-15 cells were stably infected with BATF2 shRNA and CAL-27 cells were transfected with BATF2 
overexpression plasmids. The transfection efficiency of BATF2 overexpression or silencing was detected by qRT-PCR (a) and western 
blotting (b). The CCK-8 (c) and colony formation (d) assays were used to detect cell proliferation rate. The wound scratch (e) and 
transwell (f) assays were used to examine the migratory and invasive capacity. Western blotting (g) was adopted to detect the 
expression levels of EMT-related proteins. *P < 0.05, **P < 0.01, ***P < 0.001. Data represent at least three independent sets of 
experiments. Scale bar = 100 μm. 
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(Figure 4(F)). In addition, BATF2 knockdown 
resulted in increased expression levels of VE- 
cadherin, vimentin, MMP2, pRb and cyclin D, 
and reduced TIMP-1 expression, which could 
also be blocked by anti-VEGFA antibody 
(Figure 4(g)). Taken together, these data demon
strated that BATF2 inhibited TSCC angiogenesis 
via downregulating VEGFA.

METTL14-Mediated m6a modification of BATF2 
mRNA in TSCC

The mechanisms of aberrant BATF2 expression 
in TSCC remain unclear. Given the low mRNA 
level of BATF2 in TSCC, we investigated 
whether m6A modification regulated the 
mRNA stability of BATF2. MeRIP further con
firmed BATF2 m6A methylation in NTEC1,

Figure 3. Effect of BATF2 on TSCC angiogenesis.
For angiogenesis evaluation, HUVECs were treated with supernatants from BATF2-silenced SCC-15 cells and BATF2-overexpressed 
CAL-27 cells. MTT (a), transwell (b) and tube formation (c) assays were used to evaluate cell proliferation, invasion and angiogenesis. 
Western blotting (d) was adopted to detect the expression levels of angiogenesis-related proteins. *P < 0.05, **P < 0.01, ***P < 0.001. 
Data represent at least three independent sets of experiments. Scale bar = 100 μm. 
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Figure 4. VEGFA mediates the role of BATF2 in TSCC angiogenesis.
SCC-15 cells were stably infected with BATF2 shRNA and CAL-27 cells were transfected with BATF2 overexpression plasmids. qRT-PCR 
(a), western blotting (b) and ELISA (c) assays were adopted to detect the expression of BATF2 and VEGFA. For angiogenesis 
evaluation, HUVECs were treated with supernatants from BATF2-silenced SCC-15 cells and then incubated with IgG or anti-VEGFA 
antibody, respectively. MTT (d), transwell (e) and tube formation (f) were used to evaluate cell proliferation, invasion and 
angiogenesis. Western blotting (g) was used to detect the expression levels of angiogenesis-related proteins. **P < 0.01, ***P <  
0.001. Data represent at least three independent sets of experiments. Scale bar = 100 μm. 
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Figure 5. METTL14 inhibits BATF2 expression in TSCC via m6a modification.
The m6A modification of BATF2 in TSCC cells was determined using MeRIP assay (a). METTL14 protein expression in TSCC tissues and 
adjacent normal tissues was measured by western blotting (b). The association between METTL14 expression and BATF2 expression 
in TSCC tissues was estimated by Spearman correlation analysis (c). Western blotting (d) was used to detect the expression level of 
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SCC-15 and CAL-27 cells (Figure 5(a)). 
Subsequently, western blotting showed that 
METTL14 expression was higher in TSCC sam
ples than that in normal tissues (Figure 5(b)). 
Moreover, correlation analysis revealed the nega
tive association between METTL14 level and 
BATF2 expression (Figure 5(c)). Similarly, it 
was found that METTL14 was upregulated in 
SCC-15 and CAL-27 cells compared to NTEC1 
cells (Figure 5(d)). After METTL14 was over
expressed in SCC-15 cells and METTL14 was 
silenced in CAL-27 cells (Figure 5(e)), it was 
observed that METTL14 overexpression caused 
reduced BATF2 expression at mRNA and pro
tein levels, while METTL14 knockdown raised 
the mRNA and protein expression of BATF2 
(Figure 5(f)). To prove that METTL4 targeted 
BATF2 mRNA for m6A modification, we carried 
out MeRIP assay. The results indicated that 
METTL14 overexpression strongly increased the 
enrichment of BATF2 in compounds precipi
tated by m6A antibody, while it was inhibited 
by depletion of METTL14 (Figure 5(g)). In addi
tion, upregulated METTL14 caused an obvious 
rise of the VEGFA level, but it was decreased by 
METTL14 silencing (Figure 5(h)). These results 
demonstrated that m6A maintained the mRNA 
stability of BATF2 by METTL14 in TSCC.

METTL14 induces the malignancy of TSCC via 
m6a modification of BATF2 mRNA

Based on the above findings, we explored the 
role of the METTL14/BATF2 axis in the malig
nant behaviors of TSCC cells. CCK-8 assay indi
cated that the viability of TSCC cells was 
increased by overexpression of METTL14 and 
then recovered by BATF2 upregulation 
(Figure 6(a)). Colony formation assay further 
validated that BATF2 mediated the promoting 
function of METTL14 in TSCC cell proliferation 
(Figure 6(b)). Additionally, wound healing and

transwell assays demonstrated that forced 
expression of METTL14 facilitated cell migration 
and invasion in TSCC and upregulation of 
BATF2 led to the recovery of TSCC cell migra
tion and invasion (Figure 6(c–d)). Consistently, 
western blotting revealed that upregulating the 
METTL14 reduced E-cadherin level and increas
ing the expression of N-cadherin, vimentin, slug 
and snail, and BATF2 abolished the role of 
METTL14 upregulation in the EMT process 
(Figure 6(e)). Collectively, METTL14 acted as 
a stimulative factor in TSCC progression by reg
ulating BATF2.

METTL14 contributes to TSCC angiogenesis 
through regulating BATF2

Subsequently, rescue assays were implemented to 
validate the potency of METTL14/BATF2 axis in 
TSCC angiogenesis. The ELISA assay showed 
that the expression of VEGFA was elevated by 
enhanced expression of METTL14 and the 
restoration of the VEGFA level occurred owing 
to upregulation of BATF2 (Figure 7(a)). As 
expected, MTT and transwell assays confirmed 
that co-culture of HUVECs and the culture 
medium of METTL14-overexpressed TSCC cells 
led to the promotion of HUVEC proliferation 
and invasion, while the proliferative and invasive 
capacity of HUVECs was relieved when BATF2 
was also upregulated in TSCC cells (Figure 7(b, 
c)). In concert with these findings, tube forma
tion experiment illustrated that HUVECs treated 
with the culture medium of TSCC cells trans
fected with pcDNA-METTL14 vector exhibited 
the heightened angiogenic ability, and overex
pression of BATF2 in TSCC cells resulted in 
the inhibited tube formation of co-cultured 
HUVECs (Figure 7(d)). Moreover, upregulating 
METTL14 in TSCC cells increased the

METTL14 in TSCC cell lines (SCC-15 and CAL-27) and human normal tongue epithelial cells NTEC1. After SCC-15 cells were transfected 
with METTL14 overexpression plasmids and CAL-27 cells were stably infected with METTL14 shRNA, the transfection efficiency of 
METTL14 was detected by western blotting and qRT-PCR (e). The expression level of BATF2 in transfected SCC-15 and CAL-27 was 
detected using western blotting and qRT-PCR (f). (g) MeRIP assay was employed to estimate the effect of METTL14 on the m6A level 
of BATF2. (H) ELISA was conducted for measurement of VEGFA expression in transfected SCC-15 and CAL-27 cells. *P < 0.05, **P <  
0.01, ***P < 0.001. Data represent at least three independent sets of experiments. 
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Figure 6. METTL14 acts as an oncogene in TSCC through promoting m6a modification of BATF2 mRNA.
CAL-27 cells were transfected with BATF2 overexpression plasmids and/or METTL14 overexpression plasmids. CCK-8 (a) and colony 
formation (b) assays were used to detect the cell proliferation rate. The wound scratch (c) and transwell (d) assays were used to 
examine the migratory and invasive capacity. (e) Western blotting was adopted to detect the expression levels of EMT-related 
proteins. *P < 0.05, **P < 0.01, ***P < 0.001. Data represent at least three independent sets of experiments. Scale bar = 100 μm. 
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Figure 7. METTL14 induced TSCC angiogenesis via modulation of BATF2.
CAL-27 cells were transfected with BATF2 overexpression plasmids and/or METTL14 overexpression plasmids. ELISA (a) was 
conducted for measurement of VEGFA expression in transfected CAL-27 cells. MTT (b), transwell (c) and tube formation (d) assays 
were used to evaluate the proliferation, invasion and angiogenesis of HUVEC cells. (e) Western blotting was used to detect the 
expression levels of angiogenesis-related proteins. *P < 0.05, **P < 0.01, ***P < 0.001. Data represent at least three independent sets 
of experiments. Scale bar = 100 μm. 
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expression of VE-cadherin, vimentin, MMP2, 
pRb and cyclin D and decreased the TIMP-1 
level in co-cultured HUVECs, and the role of 
METTL14 overexpression in these proteins was 
abrogated by forced expression of BATF2 in 
TSCC cells (Figure 7(e)). In a word, METTL14 
facilitated angiogenesis in TSCC via suppressing 
BATF2 in an m6A-dependent manner.

BATF2 restrains cell growth and metastasis of 
TSCC in vivo

Finally, we carried out animal experiments to certify the 
effect of BATF2 on tumor growth and metastasis in vivo. 
It was disclosed that overexpression of BATF2 dimin
ished the size of neoplasms (Figure 8(a,b)). Likewise, our 
observations showed that the weight of neoplasms from

vector group and control group were lower than that 
from BATF2 group (Figure 8(c)). Results of IHC assay 
illustrated that enhanced expression of BATF2 increased 
the BATF2 level and reduced the expression of Ki67, 
CD31 and VEGFA in tumor tissues (Figure 8(d)). 
Moreover, the number of pulmonary metastatic nodules 
in mice injected with BATF2-upregulated CAL-27 cells 
was fewer than that in mice from the vector group and 
control group (Figure 8(e)). On the whole, BATF2 inhib
ited in vivo tumor growth and metastasis of TSCC.

Discussion

In this study, our results illustrated that BATF2 was 
lowly expressed in TSCC tissues and cell lines, and 
BATF2 overexpression suppressed cell proliferation, 
migration, invasion and EMT in TSCC, while BATF2 
silencing exerted opposite effects. Moreover, BATF2

Figure 8. Effect of BATF2 on TSCC cell growth and metastasis in vivo.
Nude mice were injected with CAL-27 cells transfected with BATF2 overexpression plasmids or empty plasmids (N=6 per group). (a) 
Images of xenograft tumors. (b) The growth curve of neoplasms. (c) The weight of neoplasms. IHC assay (d) was applied to detect 
the expression of BATF2, Ki67, CD31 and VEGFA. HE staining (e) was used to measure pulmonary metastatic nodules. **P < 0.01, 
***P < 0.001. Data represent at least three independent sets of experiments. Scale bar = 200 μm. 
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inhibited angiogenesis of TSCC via decreasing 
VEGFA, and the m6A modification of BATF2 
mRNA was mediated by METTL14 in TSCC. More 
than that METTL14 acted as an oncogene in TSCC 
development via reducing the mRNA stability of 
BATF2. Furthermore, we validated the tumor sup
pressor role of BATF2 in TSCC cell growth and 
metastasis in vivo.

BATF2 gene is a newly discovered tumor- 
suppressor gene. Extensive studies have shown that 
BATF2 plays an important role in regulation of the cell 
cycle [36], inflammatory response [37], and epithelial- 
to-mesenchymal transition (EMT) [38] in vitro. 
Consistent with previous reports, we found that 
BATF2 functionally suppressed cell proliferation, 
migration invasion and EMT of TSCC, thereby iden
tifying BATF2 as a cancer cell inhibitor in TSCC. In 
vivo, BATF2 has been proven to exert inhibited effect 
on cancer cell growth and metastasis [22,39–41]. 
According to Zebing Liu et al., BATF2 is a negative 
regulator of hepatocyte growth factor (HGF)/ 
mesenchymal-epithelial transition factor (MET) axis, 
and BATF2 overexpression dramatically blunted 
tumor xenograft growth [42]. Except for cell and 
animal experiments, BATF2 has prognostic value 
clinically. According to Tianci Han et al., low expres
sion of BATF2 was closely related to poor tumor 
differentiation and lymph node metastasis and pre
dicted poor survival [43]. BATF2 expression was also 
reported in TSCC. In our previous study, low expres
sion of BATF2 was associated with poor tumor differ
entiation, and predicted reduced survival [23]. In this 
study, the role of BATF2 in TSCC was clarified.

As referred above, VEGFA is an important reg
ulator and involved in tumor angiogenesis [44], 
and accumulating reports have demonstrated that 
VEGFA significantly contributes to tumor angio
genesis, which induces poor prognosis of different 
cancers, such as pancreatic ductal adenocarcinoma 
(PDAC) [44], glioblastoma multiforme [45], head 
and neck cancer (HNC) [46] and osteosarcoma 
(OS) [47]. Thus, to suppress tumor angiogenesis, 
it is crucial to downregulate the expression level of 
VEGFA. Herein, we found that BATF2 inhibited 
the expression level of VEGFA in TSCC cells, 
which could partially explain why BATF2 was 
negatively associated with TSCC angiogenesis.

Besides, our results manifested that BATF2 inhib
ited tumor growth and metastasis of TSCC in vivo.

As the most prevalent modification in over 
100 types of chemical modifications, m6A mod
ification is involved in the regulation of mRNA 
and non-coding RNA [48]. Generally, m6A mod
ification mainly occurs on adenine of the 
RRACH sequence, and its biological function is 
primarily determined by m6A methylases, which 
includes writers (METTL3, METTL14 and 
WTAP), erasers (FTO, ALKBH5) and readers 
(YTHDFs) [49]. Among them, METTL14 has 
been proven to be participating in cancer pro
gression via mediating methylation levels of can
cer-related proteins [50–52]. For instance, 
METTL14 inhibited hepatocellular carcinoma 
metastasis through regulating eGFR/PI3K/AKT 
signaling pathway in an m6A-dependent manner 
[53] and METTL14-mediated HNF3γ reduction 
rendered hepatocellular carcinoma dedifferentia
tion [35]. However, whether METTL14 regulates 
m6A methylases modification in TSCC remains 
elusive. Herein, we found that METTL14 
mediated the m6A modification of BATF2 
mRNA and suppressed its expression in TSCC 
cells. More importantly, our findings confirmed 
that METTL14 promoted the malignancy and 
angiogenesis of TSCC via m6A modification of 
BATF2. Besides, animal assays validated the inhi
bitory effect of BATF2 on TSCC cell growth and 
metastasis in vivo.

In conclusion, our study demonstrated that 
BATF2 was downregulated in TSCC and suppressed 
TSCC cell growth, metastasis and angiogenesis via 
inhibiting VEGFA. Moreover, it was found that 
BATF2 mRNA was mediated by METTL14 in an 
m6A methylases modification-dependent manner. 
These findings provided the rationale for consider
ing the METTL14/BATF2 axis as a novel therapeutic 
strategy against angiogenesis of TSCC.
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