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Abstract: Tongue squamous cell carcinoma (TSCC) ranks as one of the most common cancers worldwide and has a
poor prognosis. Myocyte-specific enhancer factor 2 (MEF2D) has recently been considered as a novel factor involved
in cancer development. In the present study, the function and underlying mechanism of MEF2D in TSCC were inves-
tigated. The levels of MEF2D mRNA and protein were determined in human TSCC samples by RT-qPCR and western
blot, respectively. The interaction between MEF2D expression and clinicopathologic features was evaluated by IHC
and analysis of clinical information. MEF2D-mediated effects on proliferation, migration, and invasion were explored
in TSCC cells after transfection with MEF2D-siRNA. The results showed higher expression of MEF2D at both the
mRNA and protein levels in TSCC carcinoma tissues than in paracarcinoma tissues. Furthermore, high expression of
MEF2D was positively correlated with tumor differentiation and lymphatic metastasis. MEF2D knocked down TSCCA
cells also had reduced proliferative, migratory, and invasive abilities compared to those of control cells. Together,
these data confirmed that knockdown of MEF2D might suppress the growth and metastasis of TSCC, which further
indicated that MEF2D might serve as a therapeutic target for TSCC treatment.
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Introduction

Tongue squamous cell carcinoma (TSCC) is one
of the most common cancers of the oral cavity
and demonstrates a much higher rate of prolif-
eration and nodal metastasis than other oral
cancers [1, 2]. The etiologic factors of TSCC
have been found to be related to alcohol con-
sumption, tobacco smoking, and betel quid
chewing [3, 4]. Epidemiological surveys have
reported that an estimated 10,990 new cases
of TSCC develop each year around the world,
accounting for approximately 30% of all phar-
ynx and oral cavity cancers [5]. Despite a vari-
ety of advances in treatments, including sur-
gery, chemotherapy, and radiotherapy, the 5-
year survival rate of TSCC patients has not
significantly improved and has remained at
less than 50% over the past several decades
[6, 7]. Local or regional relapse and cervical

lymph node metastasis are the most prevalent
causes of death in these patients [8]. Hence,
many studies have been performed to identify
suitable biomarkers for monitoring cancer
recurrence or screening high-risk TSCC popu-
lations, to investigate the effects of various
biologic factors on the aggressive potential of
TSCC, and to further unravel the underlying
molecular carcinogenesis of TSCC [9, 10].
However, these processes are still not fully
defined. Accordingly, understanding the above
information associated with TSCC progression
is pivotal for the development of effective ther-
apeutic strategies for TSCC patients.

Myocyte-specific enhancer factor 2 (MEF2D), a
myogenic transcription factor, was initially con-
firmed to play a critical role in skeletal muscle
development and differentiation by regulating
sarcomeric-related genes, such as M-line and
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Table 1. Association between MEF2D expression and clini-
copathologic features in TSCC patients

No. of MEF2D expression (N)

radiotherapy or chemotherapy preop-
eratively, and had no history of other
systemic diseases (e.g., diabetes, hy-

Clinicopathologic feature . - ——— — "~ Pvalue pertension, etc.). The clinical charac-
Age, years 0.4344 terlstlgs of.aII these patlents_arg Su-
550 18 6 5 4 mmarllzed in Table 1. Fgrmalln—flxeq,
paraffin-embedded sections of surgi-
<50 22 6 8 4 . .
cal specimens were subjected to
Gender 0.1372 immunohistochemical (IHC) analysis,
Male 19 6 6 3 and the remaining portions were
Female 212 6 7 5 flash-frozen in liquid nitrogen and
Differentiation 0.002 stored at -80°C in our laboratory for
Well 20 8 9 2 reverse transcription-quantitative po-
Moderately 20 4 4 6 lymerase chain reaction (RT-qPCR)
Lymphatic metastasis 0.003 and western blotting (WB).
Yes 19 3 5 6 ) )
No 1 9 8 5 Written informed consent was obta-

Z-line proteins [11, 12]. Moreover, accumulat-
ing previous studies have shown that mice
lacking MEF2D are deficient in several skeletal
muscle disorders, e.g., muscular dystrophy and
microgravity-induced atrophy, and ultimately
die around embryonic day 10 [13, 14]. Addi-
tionally, extensive studies have also shown that
overexpression of MEF2D can initiate cardio-
myogenesis in embryonic carcinoma cells [15].
Nevertheless, in addition to this function of
MEF2D, MEF2D also possesses much broader
biological roles in processes such as bone
development and neuronal development and
melanocyte and craniofacial development [16].
Furthermore, in recent years, it has been veri-
fied that MEF2D might participate in cancer
development and tumorigenicity [17, 18]. For
example, MEF2D promotes gefitinib resistance
in hepatic cancer cells by regulating mitogen-
inducible gene 6 (MIG6) transcription [19]. In
this study, we aimed to explore the role of
MEF2D in tumorigenesis and progression of
TSCC.

Materials and methods
Patients and tissue samples

Samples of TSCC patients and their corre-
sponding adjacent noncancerous tissues were
collected during a routine checkup by medical
professionals. These patients underwent pri-
mary surgical treatment at the Department of
Otorhinolaryngology-Head and Neck Surgery,
Qingdao Municipal Hospital between January
2012 and October 2018, were not subjected to
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ined from all patients before the study,
and protocols were approved by the
Institutional Ethics Review Board of the Ethics
Committee of Qingdao Municipal Hospital. All
procedures for clinical tissues were performed
in accordance with the ethical standards of the
institutional research committee and with the
principles of the 1964 Helsinki Declaration and
its later amendments.

RT-gPCR for gene examination

Total RNA from tissue samples was extract-
ed using TRIpure Reagent (BioTeke, China) in
accordance with the manufacturer’s protocols.
Then, 1 g of total RNA from each sample was
reverse-transcribed into complementary DNA
(cDNA) using random hexamer primers and
SuperScript Il reverse transcriptase (Invitrogen,
USA) following the manufacturer’s guidelines.
Next, quantitative PCR was performed using
the 7500 Fast Real-Time PCR system in 96-
well plates, which included 100 nM forward
and reverse primers, 4 mM MgCl,, LightCycler
SYBR-Green | and 2 yl cDNA template. The PCR
amplification conditions were as follows: 20 s
at 95°C followed by 40 cycles of 3 s of denatur-
ation at 95°C and 30 s of annealing at 60°C.
The relative expression level of MEF2D was nor-
malized using glyceraldehyde-3-phosphate de-
hydrogenase (GAPDH) as the endogenous re-
ference gene. The primers were designed and
obtained from Shanghai Genechem Co., Ltd.
(Shanghai, China), and the relative quantifica-
tion values were calculated via the 24T meth-
od. The sequences of the primers used in this
study are as follows: MEF2D forward, TCGA-
GATACCCACAACACAG and MEF2D reverse, AA-
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TTCGTTCCGGTGATCCTCT; GAPDH forward, AT-
CATCCCTGCCTCTACTGG and GAPDH reverse,
CCCTCCGACGCCTGCTTCAC.

Western blotting (WB) for protein detection

Tissue specimens were lysed in ice-cold immu-
noprecipitation assay (IPA) buffer (Beyotime,
China) containing phenylmethanesulfonyl fluo-
ride (PMSF; Roche, Germany) and phosphatase
inhibitors (Roche, Germany). Subsequently, the
cell lysate was centrifuged at 12000 rpm for
10 min at 4°C to remove cell debris, and the
protein concentration was further measured
using the BCA Assay kit (Biosharp, China) with
the manual. Proteins (20 pg per lane) that were
denatured by heating at 95°C for 8 min were
electrophoresed on a 10%~12% sodium do-
decyl sulfate-polyacrylamide gel (SDS-PAGE)
and transferred onto a polyvinylidene difluori-
de (PVDF) membrane (Millipore, USA) by elec-
troblotting. Subsequent to blocking with 5%
skim milk for 1 hour at room temperature,
membranes were incubated with primary mo-
use monoclonal antibodies against human
MEF2D (1:2000 dilution; Abcam, USA) and
GAPDH (as an internal control, 1:500 dilution;
bioPM, China) on a shaker at 4°C overnight.
After 3 washes with TBST, the membranes were
further incubated with horseradish peroxidase
(HRP)-conjugated secondary antibody at 37°C
for 1 hour. Eventually, target proteins were vi-
sualized using ECL reagent, and the relative
expression of proteins was quantified by den-
sitometry using Imagel) software (National
Institutes of Health, USA).

IHC analysis

Four-micrometer (4-um) thick sections were
serially cut from each specimen block for IHC
analysis. After being deparaffinized in xylene
and dehydrated with an alcohol gradient, the
tissue sections were processed with antigen
retrieval by conventional microwave heating
(750 W) in sodium citrate buffer (10 mmol/L,
pH 6.0) for 10 min, followed by immersion in
0.3% hydrogen peroxide (H,0,) in methanol for
20 min to quench endogenous peroxidase
activity. Then, sections were blocked using 5%
goat serum for 30 min to eliminate nonspecific
immunoglobulin-binding sites and were further
incubated with the primary antibody overnight
at 4°C: rabbit anti-MEF2D (1:200 dilution;
Abcam, USA). After washing with PBS, the sec-
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tions were incubated with secondary goat an-
ti-rabbit antibody for 15 min at 37°C. After a
further PBS wash, diaminobenzidine-HCI (DAB;
China) was used as a substrate for visualiza-
tion, and hematoxylin was further applied to
counterstain the nuclei. The sections were
mounted with a cover glass and observed un-
der a microscope.

Cell culture and construction of MEF2D-siRNA
interference in TSCC cells

The human TSCC cell line TSCCA, purchased
from Zhonggiaoxinzhou (Shanghai, People’s
Republic of China), was maintained in a mix-
ture of Dulbecco’s modified Eagle’'s medium
and Ham’'s F-12 (DMEM/F12) supplemented
with 10% fetal bovine serum (FBS), 100 U/ml
penicillin and 100 U/ml streptomycin in a
humidified incubator (37°C, 5% CO,).

MEF2D-specific siRNA and negative control
(NC) siRNA were synthesized and purchased
from GenePharma (Suzhou, China). Transfec-
tion of siRNA plasmids was mediated by Lipo-
fectamine 2000 (Thermo Fisher Scientific,
Waltham, MA, USA) into TSCC cells according
to the manufacturer’s instructions to construct
MEF2D-silenced TSCC cells and NC-TSCC ce-
lls. After 48 h of transfection, the knockdown
efficiencies of MEF2D siRNA were determined
by RT-gPCR.

In vitro cell proliferation assay

Cell proliferation rates were determined by the
Cell Counting Kit-8 (CCK-8, Dojindo Labor-
atories, Japan) reagent according to the manu-
facturer’s instructions. Briefly, TSCCA or TSCCA-
NC or TSCCA-MEF2D siRNA cells (6x10° cells
per well) were plated in 96-well plates and in-
cubated in culture medium at 37°C for O, 1, 2,
3 or 4 days. At the indicated time, culture medi-
um was removed, and fresh culture medium
containing 10 yL CCK-8 solution was added to
each well. After additional incubation for 2 h at
37°C with 5% CO,, viable cells were quantified
by measuring the optical density (OD) values of
the absorbance at 450 nm using a microplate
reader.

Wound-healing assay

TSCCA, TSCCA-NC or TSCCA-MEF2D siRNA ce-
lls were seeded in each well of a 6-well plate at
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MEF2D

Relative mRNA level (/GAPDH)

E@ Para-carcinoma tissue
EZ Carcinoma tissue

Figure 1. MEF2D is overexpressed in TSCC patient tissues. A. Expression of MEF2D mRNA in ten, randomly selected,
paired TSCC samples assessed by RT-gPCR. B. Expressions of MEF2D protein in ten, randomly selected, paired

TSCC samples analyzed by WB.

a density of 3x10% cells per well. When the
cells reached 90~100% confluence, a wound
scratch was made by a sterile 20 yL pipette tip
in the central area of the confluent culture, fol-
lowed by careful washing to remove detached
cells. Next, the cells were sequentially cultured
in a 37°C incubator with 5% CO,. Images of the
wounded areas were captured using a phase-
contrast microscope at O, 6, 24 and 48 h.

Cell invasion assay

Transwell inserts with 8 ym pores (Corning,
USA) coated with 40 uL of prediluted Matrigel
(BD Biosciences, USA) were used to evaluate
the cell invasive ability. TSCCA or TSCCA-NC
or TSCCA-MEF2D siRNA cells suspended in
serum-free DMEM/F12 medium were seeded
onto the Transwell inserts at 6x10* cells per
well, while DMEM/F12 medium containing 10%
FBS was added to the bottom of the wells as a
chemoattractant. After 24 hours of incubation
at 37°C, the filters were removed, and cotton
swabs were used to gently remove the nonin-
vaded cells in the filters. Then, cells on the
lower surface of the filters were fixed with 4%
paraformaldehyde for 15 min and stained with
crystal violet for 5 min. The invasive capacities
were counted in five random fields for each
insert under a phase-contrast microscope at
200x maghnification.

Statistical analysis

All the quantitative parameters repeatedly
obtained in the above assays are given as the
mean * standard deviation (SD) of three or
more independent experiments. Differences in
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data between each condition and control were
analyzed using a two-tailed Student’s t-test,
while comparisons between more than two
groups were evaluated by one-way analysis of
variance (ANOVA) followed by Student-New-
man-Keuls (S-N-K) post hoc test. P values less
than 0.05 (two-sided) were considered signifi-
cant. All statistical analyses were carried out
with SPSS Version 20.0 or GraphPad Prism 6.

Results
MEF2D was upregulated in TSCC tissues

We first assayed the mRNA and protein expres-
sion patterns of MEF2D in 10 pairs of human
TSCC tissues and relevant adjacent normal
tongue tissues using RT-qPCR and WB meth-
ods. As shown in Figure 1, the expression of
MEF2D was significantly upregulated in TSCC
tissues compared with adjacent normal ton-
gue tissues at both the mRNA and protein lev-
els. Hence, these data suggested that aber-
rant MEF2D expression might be involved in
the progression of TSCC.

The relationship between MEF2D expres-
sion and the clinical characteristics of TSCC
patients

To investigate the association between MEF2D
expression and the clinical outcome of TSCC
patients, MEF2D expression and tumor differ-
entiation were first examined by IHC experi-
ments. Immunoreactivity was semiquantitati-
vely evaluated based on staining intensity and
distribution using the immunoreactive score
(IRS) method, which was calculated as the
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A
Clinical samples | N of cases MEF2D expression N (%) P value
. + ot o
Carcinoma tissue 40 12 (30%) |13(32.5%)| 8(20%) | 7(17.5%) | 0.003"
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Figure 2. Expression of MEF2D in TSCC patients. A. Statistical analysis of MEF2D expression and the degree of
tumor differentiation. B. Typical IHC staining for MEF2D expression in consecutive paraffin sections (bar = 50 uym).

product of the intensity score and the propor-
tion score as we reported previously. The inten-
sity score was defined as follows: O, negative;
1, weak, light yellow; 2, moderate, tan; and 3,
strong, dark brown. The proportion score was
defined as follows: 0, <5%; 1, 5%~25%; 2,
26%~50%; 3, 51%~75%; and 4, >75% positive
cells [20, 21]. Therefore, the total score ranged
from O to 12. Accordingly, IHC results with an
IRS of 0~1 were considered negative (-), 2~4
as weak positive (+), 5~8 as moderate posi-
tive (++) and 9~12 as strong positive (+++).
After rigorous statistical analysis, it was ob-
served (Figure 2A) that among 40 cases of
carcinoma, 12 cases presented as negative
(MEF2D expression was -), 13 cases presented
as weak positive (MEF2D expression was +), 8
cases presented as moderate positive (MEF2D
expression was ++), and 7 cases presented as
strong positive (MEF2D expression was +++).
However, among 40 paracarcinoma tissues,
21 were negative (MEF2D expression was -),
10 were weakly positive (MEF2D expression
was +), 9 were moderately positive (MEF2D
expression was ++), and O were strongly posi-
tive (MEF2D expression was +++). Represen-
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tative images are shown in Figure 2B. Toge-
ther, these results indicated that MEF2D ex-
pression might be closely related to the degree
of tumor differentiation.

Additionally, the association between MEF2D
expression and clinicopathological features
was further analyzed. As demonstrated in Table
1, there were significant differences among
MEF2D expression and differentiation and lym-
phatic metastasis. Nevertheless, no significant
correlation was noted between MEF2D expres-
sion and patient age, sex, or tumor size. Thus,
these results further implied that MEF2D ex-
pression might be a prognostic factor for TSCC
patient differentiation and lymphatic metas-
tasis.

Establishment of MEF2D-silenced TSCC cells
and suppression of MEF2D inhibited TSCC cell
growth

To explore the role of MEF2D in the develop-
ment of TSCC, we constructed a MEF2D-
silenced TSCC cell model by transfecting the
MEF2D-siRNA plasmid into TSCCA cells. The tr-
ansfection efficiency was verified through RT-
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verged at 24 h and 48 h in the

A g o- MEF2D
5 TSCCA-MEF2D siRNA group.
O Therefore, these results indi-
< cated that silencing MEF2D
Z might hinder cell migration in
i TSCC cells.
£ 24
g Knockdown of MEF2D sup-
z 0 pressed cell invasion in TSCC
& MEF2D-siRNA NC cells
B
Matrigel-based Transwell ass-
250 ays were used to analyze the
- TSCCA |nva.swenelss qf TSCC cells. As
200 —~— TSCCA-NC depicted in Flgure. 5, TSCCA
2 —+ TSCCA-MEF2D siRNA cglls transfected Wl-th MEF2D-
2 1507 siRNA had a dramatically lower
S 1004 invasive ability, while TSCCA
o cells or TSCCA cells transfect-
50 ed with NC had an evidently
higher invasive ability. Thus,
0- these data indicated that kn-

ockdown of MEF2D might su-
ppress cell invasion in TSCC

Figure 3. Proliferation of MEF2D-silenced TTSCCA cells was determined by cells.

the CCK-8 assay.

gPCR, which revealed that MEF2D expression
was notably decreased in the MEF2D-siRNA
group compared to the NC group (Figure 3A).
Hence, these data suggest that a MEF2D-
silenced TSCCA cell model could be estab-
lished. Then, CCK-8 assays were applied to
evaluate cell growth. As illustrated in Figure
3B, although the signal for the three experi-
mental groups gradually increased with time,
the rate of increase in the TSCCA-MEF2D siRNA
group was remarkably lower than that in the
TSCCA group or TSCCA-NC group. Therefore,
these findings uncovered that the suppression
of MEF2D might inhibit TSCC cell growth.

Silencing of MEF2D hindered cell migration in
TSCC cells

A wound healing assay was utilized to assess
the migratory ability of TSCC cells. At O, 6, 24
and 48 h after creating a wound scratch, the
migratory capacity was observed in the three
groups. There were no marked differences at
0 h and 6 h among these three groups (Figure
4). However, the cells sharply converged at 24
h and 48 h in the TSCCA group and TSCCA-NC
group, whereas the cells slightly, not fully, con-
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Discussion

TSCC, accounting for 95% of oral cavity car-
cinomas, is a significantly aggressive form wi-
th a propensity for rapid local invasion and
spread and a high recurrence rate [5, 22].
Moreover, it has a 5-year survival rate of only
approximately 50%, and the most important
prognostic factors for patients with TSCC are
intimately associated with lymph node metas-
tases [8, 23]. Surgical resection is the current
mainstay strategy for TSCC patients during the
disease’s early stage, but there are still no sat-
isfactory treatments for patients with advanced
TSCC [24, 25]. In recent years, despite enor-
mous improvements in modern medicine, the
mortality rate of TSCC patients has not been
effectively deceased [26]. Thus, TSCC remains
a major health problem around the world.
MEF2D belongs to the family of MADS box tran-
scription regulators, which are mainly involved
in skeletal and cardiac smooth muscle differen-
tiation and neuronal survival [27]. However,
MEF2D has also been implicated in the pro-
gression of various cancers, such as leukemia,
colon cancer, pancreatic cancer and hepatocel-
lular cancer [28, 29]. Furthermore, MEF2D is
also considered to have an oncogenic role in
these cancers. Thus, in this study, we aimed to

Int J Clin Exp Pathol 2020;13(5):934-943
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TSCCA-NC

TSCCA-MEF2D

Figure 4. Wound-healing assay at differ-
ent time courses. Data shown are from
triplicate experiments.
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g
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3 s
&

0- T

N & N

investigate whether MEF2D also presented
aberrant expression in TSCC. First, the mRNA
and protein expression levels of MEF2D were
examined by RT-gPCR and WB. The results
showed that MEF2D expression levels were
significantly increased in TSCC carcinoma tis-
sues compared to their paracarcinoma tissues,
which suggested that MEF2D overexpression
might participate in TSCC carcinogenesis. The
abnormal expression of MEF2D was further
evaluated in the context of the clinicopatholo-
gic features of these patients. The analysis of
clinicopathologic features primarily included
patient age, patient sex, tumor differentiation,
lymphatic metastasis and tumor size. The re-
sults showed that MEF2D expression was cor-
related with tumor differentiation and lymphat-
ic metastasis; therefore, MEF2D might act as
a prognostic factor in the development of TSCC.

To further explore the detailed functions of
MEF2D, we constructed a MEF2D-knockdown
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TSCCA cell model by transfecting MEF2D-si-
RNA into TSCCA cells. The RT-qgPCR data sh-
owed that stable cell lines with silenced ME-
F2D were successfully established. Then, the
proliferative ability was assessed by CCK-8
assay. Knockdown of MEF2D inhibited cell pro-
liferation. Previous studies have demonstrat-
ed that dysregulation of cellular proliferation
contributes to the occurrence and development
of many cancers [30, 31]. Thus, the changes in
MEF2D might directly influence cell prolifera-
tion in TSCC. Additionally, metastasis is the
key hallmark of cancer and the main cause of
death in patients with advanced TSCC [32, 33].
However, tumor metastasis is made up of a
series of steps, including cell invasion, migra-
tion, and extravasation [34]. The migratory and
invasive capacities were further detected by
wound healing assay and Transwell assay, re-
spectively. The results illustrated that decre-
ased MEF2D expression impaired the cell mi-
gration and invasion of TSCCA cells, which

Int J Clin Exp Pathol 2020;13(5):934-943
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implied that MEF2D might be involved in the
regulation of TSCC metastasis.

Conclusion

Taken together, the findings of the current stu-
dy uncovered that MEF2D expression present-
ed an increasing trend, which was related to
tumor differentiation and lymphatic metasta-
sis. Moreover, the silencing of MEF2D hinder-
ed cell proliferation, migration and invasion in
TSCCA cells. Collectively, these results sugges-
ted that MEF2D might serve as a tumor pro-
moter in TSCC development. MEF2D might ha-
ve critical implication for future therapy of
TSCC.
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