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ARTICLE INFO ABSTRACT

Original paper It was to investigate the mechanism of Maspin gene methylation induced by specific StRNA primer sequences
in the proliferation of oral squamous cell carcinoma (OSCC) cells. Human OSCC HNI13 cell line was selec-
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Maspin-shRNA recombinant adenovirus using human Maspin nucleotide sequences as the target gene, and it
was transfected into HN13 cells. The growth curve, Maspin expression level, migration and invasion ability,
and proliferation activity of the transfected cells were analyzed. The results showed that the growth efficiency

of transfected cells was significantly improved, and the OD value at 450 nm of cells in the specific sequence
Keywords: group (SSG) was greater than that of cells in the non-specific sequence group (nSSG). Maspin methylation was
higher in the SSG than in the nSSG (P < 0.05). The number of cell migration and invasion in the SSG were
higher than those in the nSSG (P < 0.05). The proliferation activity of cells in the SSG was higher than that
of cells in the nSSG (P < 0.05). It showed that specific shRNA sequences induced Maspin gene methylation

to inhibit Maspin expression, thereby participating in the migration and invasion motility of oral squamous

Specific shRNA sequences, oral
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carcinoma cells and improving proliferative activity.
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Introduction

In China, cancer is the most common malignant tumor in
the oral and maxillofacial region, sarcoma is less common,
and squamous cell carcinoma is the most common among
carcinomas, generally accounting for more than 80%; fol-
lowed by glandular epithelial carcinoma (mucoepidermoid
carcinoma, adenocarcinoma, adenoid cystic carcinoma,
malignant pleomorphic adenoma, acinar cell carcinoma,
etc.) and undifferentiated carcinoma; basal cell carcinoma
and lymphoepithelial carcinoma are less common, and the
former occurs mostly in the facial skin. Squamous cell car-
cinoma of the oral and maxillofacial region (referred to as
squamous cell carcinoma) occurs mostly in adults aged 40
to 60 years in China, more often in men than in women
(1-3). The sites were the tongue, cheek, gingiva, palate,
and maxillary sinus. In recent years, despite some recent
advances in diagnostic and therapeutic techniques for oral
cancer, the mortality rate of oral cancer has not changed
significantly, and 40% of confirmed patients eventually die
of the disease (4,5). To date, early detection and correct
treatment are still the keys to the treatment of oral cancer.
However, because some oral cancers can be asymptomatic
and small in the early stage, it is difficult to be detected,
and once detected, most of them have progressed to a later
stage (6). Therefore, it is of great significance to increase
attention to oral cancer and explore the pathogenesis of
oral squamous cell carcinoma (OSCC). Current studies
have shown that the occurrence of oral cancer involves

changes in the expression of numerous genes, leading to
intracellular molecular metabolism disorders, abnormal
signaling pathway conduction, changes in cell structure
or physiological function, and other problems, ultimately
causing abnormal cell proliferation and the formation of
malignant tumors (7).

Gene methylation refers to the process by which cyto-
sine (C) in CpG dinucleotide on DNA molecules selecti-
vely adds methyl groups to form 5’-methylcytosine under
the action of enzymes (8,9). CpG dinucleotides are often
located near the transcriptional regulatory region of genes,
and their methylation can cause changes in chromatin
structure, DNA conformation, and DNA stability, there-
by regulating the transcription and expression of genes.
Hypomethylation activates gene transcription, whereas
hypermethylation prevents gene transcription leading to
gene silencing (10-12). Aberrant gene methylation is one
of the most common epigenetic changes in tumorigenesis,
which is characterized by decreased global methylation le-
vels in the genome (oncogenes) and abnormally increased
local methylation levels in CpG islands (tumor suppressor
genes) (13). Therefore, the pathogenesis of OSCC may be
associated with aberrant gene methylation. RNA interfe-
rence is a specific and selective process that disrupts target
gene expression. Methods to mediate RNA interference
effects include chemically synthesized double-stranded
small interfering RNA (siRNA), vector-based short hairpin
RNA (shRNA), etc (14,15). shRNA is an RNA molecule
that can be cloned into an expression vector and express
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double-stranded siRNA, including two short inverted re-
peats separated by a stem-loop sequence in the middle to
form a hairpin structure, which is controlled by the pollll
promoter. Relative to siRNA, shRNA is synthesized in the
nucleus, further processed, and transported into the cyto-
plasm, and then enters RISC to exert activity, and has the
advantages of high stability, long duration of action, and
low off-target rate (16).

In summary, the human OSCC HNI13 cell line was
selected as the study object, and the corresponding spe-
cific shRNA primer sequences were designed to construct
Maspin-shRNA recombinant adenovirus using the human
Maspin nucleotide sequence as the target gene, and it was
transfected into HN13 cells. The growth curve, Maspin
expression level, migration and invasion ability, and pro-
liferation activity of the transfected cells were analyzed to
deeply understand the mechanism of Maspin gene methy-
lation induced by specific ShRNA primer sequences in the
proliferation of OSCC cells.

Materials and Methods

Cell materials

As the study subject, the human OSCC HN13 cell line
was purchased from China Tongpai (Shanghai) Biotech-
nology Co., Ltd.

Cell culture and passage

Culture procedures: (1) HN13 cell line was inoculated
into DMEM/F-12 (Dulbecco’s Modified Eagle Medium/
Nutrient Mixture F-12) medium (Guangzhou Jet Bio-Fil-
tration Co., Ltd., China) at a density of 1 x 10° cells/well
and cultured in an incubator containing 5% CO, at 37°C.
When the cells grew to about 80%, 1.5 mL trypsin (San-
gon Biotech (Shanghai) Co., Ltd., China) was added for
digestion and it was incubated in an incubator containing
5% CO, at 37°C. DMEM/F-12 culture medium was then
put and it was passaged at a ratio of 1:3 once every 3 days
to obtain cells growing in the logarithmic phase.

The construction method of recombinant adenovirus

The human Maspin nucleotide sequence (Nanjing
GenScript Biotechnology Co., Ltd., China) was used as
the target gene, and the corresponding specific shRNA
primer sequence and a non-specific primer sequence were
designed to link the expression vector plasmid pGene-
sil-1.1 (Wuhan BioRun Biotechnology Co., Ltd., China).
Plasmid recombination was then performed using the UE
plasmid mini preparation kit (Suzhou UE Landy Biotech-
nology Co., Ltd., China), and the next experiment could be
performed after sequencing was qualified. Maspin-shRNA
recombinant adenoviruses were obtained by transferring
Maspin-shRNA expression cassettes to adenoviral expres-
sion vectors. They were packaged with human embryonic
kidney cells 293.

Adenovirus transfection method

HN13 cells were inoculated into DMEM/F-12 medium,
1 % 10° cells per well, and cultured at 37°C in 5% CO, in-
cubator, with SSG and nSSG set. At the end of the culture,
the cells were transferred to a medium having Maspin-
shRNA recombinant adenovirus or empty adenovirus for
1 day, Maspin-shRNA recombinant adenovirus was added
to the SSG, and empty adenovirus to the nSSG. The cells

were then transferred to DMEM/F-12 complete medium,
and the growth of the cells was observed adopting a high-
definition microscope, the growth curve was drawn, and
the transfection efficiency was calculated.

RT-PCR experiment

When the cells grew to about 85%, total RNA was ex-
tracted adopting Trizol total RNA extraction kit (Shanghai
Share-Bio Co., Ltd., China), cDMA was obtained using
a reverse transcription kit (Shanghai Share-Bio Co., Ltd.,
China), and amplification to obtain target DNA. Glucose
agar electrophoresis was then carried out to obtain the re-
lative mRNA expression, and the degree of Maspin methy-
lation in each group was calculated.

Immunoblotting experiment

When the cells grew to about 85%, RIPA lysis buffer |
(Suzhou New Cell & Molecular Biotech Co., Ltd., China)
was applied to extract the total protein of the cells. Sodium
dodecyl sulfate-polyacrylamide gel electrophoresis was
then carried out, obtaining protein bands of different mo-
lecular weights, and the protein bands were transferred to
nitrocellulose membranes and blocked adopting skimmed
milk powder blocking solution (1 x in TBST) (Shanghai
LMALI Bioengineering Co., Ltd., China). Antibody culture
can be performed 1 hour later. In addition to the primary
antibody working solution, it was placed in a 4°C incu-
bator for overnight culture, followed by adding a secon-
dary antibody, and it was placed in a 37°C incubator for 1
hour. They were placed in a dark room for development,
and relative Maspin expression was obtained by analysis
applying ImageLab software.

Transwell migration assay

After the suspension of cells grown to approximately
85% in culture medium, 200 pL of cell suspension was
added to the upper chamber of the Transwell and 600 puL
of complete medium to the lower chamber of the Trans-
well, and it was incubated at 37°C in 5% CO, for 1 day.
After culture, paraformaldehyde was put for fixation, with
crystal violet to stain, and mounting, and four fields were
counted with a high-definition microscope, obtaining the
number of cell migrations.

Transwell invasion assay

The operating environment was maintained at 4°C, and
Matrigel and associated equipment were pre-cooled, with
Matrigel and fetal bovine serum-free medium mixed at 1:6,
coated in the upper chamber, covering the entire chamber
surface, and it was incubated at 37°C in 5% CO, for 1.5
hours. Matrigel that failed to successfully assemble was
removed and it was hydrated. Following the suspension of
cells grown to approximately 85% in culture medium, 200
pL of cell suspension was put in the upper chamber and
600 pL of complete medium to the lower chamber, incu-
bating at 37°C in 5% CO, for 1 day. After the culture, the
addition of paraformaldehyde for fixation, it was stained
with crystal violet, mounted, and four fields were counted
with a high-definition microscope for obtaining the num-
ber of cell invasions.

Cell proliferative activity
After 2 days of cell culture, cells were observed to be
in the log phase and could be digested with trypsin, trans-
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ferred to a centrifuge tube, centrifuged at 3,000 rpm for
20 minutes, and the supernatant was removed. Cells were
resuspended with a complete medium to make single-
cell suspensions. The cell suspension was put in 96-well
plates at 100 pL per well. CCK-8 solution was added at 1
day, 2 days, and 3 days of culture for 3 hours, and the OD
value at 450 nm was detected applying a Thermo Scienti-
fic™ Varioskan™ LUX multifunctional microplate reader
(Shanghai Yunyi Science and Technology Trading Co.,
Ltd., China).

Statistical methods

Data were analyzed applying SPSS 19.0 statistical
software, mean =+ standard deviation (¥ts) to present mea-
surement data, and percentage (%) to present enumeration
data. Repeated measures analysis of variance was applied
for comparisons between groups and two-way analysis of
variance for comparisons within groups. Two-sided tests
were statistically significant at P < 0.05.

Results

Cell growth curves

Figure 1 shows the cell growth curves of the two
groups. The growth efficiency of transfected cells was
clearly improved, and the OD value at 450 nm was clearly
greater in the cells of the SSG versus the cells of the nSSG.

Comparison of Maspin methylation degree in cells
Figure 2 illustrates the degree of Maspin methylation
in the two groups of cells. It was found that the Maspin
methylation degree of cells in the SSG was 80.5 + 7.58%
and that in the nSSG was 12.5 + 3.42%. Maspin methyla-
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Figure 1. Cell growth curves of two groups.
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Figure 2. Comparison of Maspin methylation degree. Note: * P <
0.05 for the comparison between the two groups

tion was higher in cells in the SSG (P < 0.05).

Maspin mRNA expression level in cells

As illustrated in Figure 3, Maspin mRNA expression
was 0.126 £ 0.021 in cells from the SSG and 0.155+0.014
in cells from the nSSG. Maspin mRNA expression levels
were lower in cells in the SSG (P < 0.05).

Maspin mRNA expression level in cells

As illustrated in Figure 3, Maspin mRNA expression
was 0.126 £ 0.021 in cells from the SSG and 0.155+0.014
in cells from the nSSG. Maspin mRNA expression levels
were lower in cells in the SSG (P < 0.05).

Maspin protein expression level in cells

Figure 4 suggests the Maspin protein expression was
0.207 £ 0.038 in the cells of the SSG and 0.413 + 0.055
in the cells of the nSSG. Maspin protein expression levels
were lower in cells from the SSG (P < 0.05).

Cell migration and invasion
Figure 5 reveals the migration number of cells in the
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Figure 4. Maspin protein expression level in cells.
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SSG was 55.82 + 4.21, and that in the nSSG was 41.66 +
5.07. The number of cell migrations in the SSG was higher
(P < 0.05). From the migration images, the cell migration
effect of the SSG was obvious.

Figure 6 indicates the invasion number of cells in the
SSG was 39.55 + 4.08, and that in the nSSG was 28.28 +
3.15. It revealed that the number of cell invasions in the
SSG was higher (P < 0.05).

Comparison of cell proliferation activity

As illustrated in Figure 7, the proliferation activity of
cells in the SSG was higher than that of cells in the nSSG
(P <0.05).

Discussion

OSCC, the most common malignant epithelial tumor of
the head and neck region, is one of its main pathogeneses
in which tumor cells can evade recognition and clearance
by the body’s immune system (17-19). The Maspin gene
is located at 18q21.3, and the expression product has 375
amino acids, which is a tumor suppressor gene, and rela-
ted studies have confirmed that the Maspin gene is able to
induce tumor cell apoptosis from multiple pathways and
hinder the migration and movement of tumor cells (20,21).
Therefore, the human OSCC HNI13 cell line was adopted
as the study object, and the human Maspin nucleotide
sequence was used as the target gene to design the cor-
responding specific ShRNA primer sequence to construct
Maspin-shRNA recombinant adenovirus, which was trans-
fected into HN13 cells. First, from the growth curve, the
growth efficiency of transfected cells was evidently impro-
ved, and the OD value at 450 nm of cells in the SSG was
clearly greater in contrast with cells in the nSSG, which
suggested that Maspin gene methylation induced by speci-
fic shRNA sequences could improve the growth efficiency
of cells.

It has been clinically shown that methylation gene si-
lencing of the Maspin gene is an important mechanism to
promote the development and progression of the disease in
the breast, thyroid, and digestive cancers (22,23). Maspin
methylation was found to be higher in cells in the SSG (P
< 0.05), suggesting that specific ShRNA sequences induce
successfully Maspin gene methylation, which becomes
higher. Further analysis of Maspin expression indicated
that Maspin mRNA and protein expression levels were
lower in cells with specific sequences (P < 0.05), revea-
ling that Maspin gene methylation induced by specific
shRNA sequences would inhibit Maspin expression, and
DNA methylation did effectively regulate Maspin gene.
Cell migration refers to the characteristics of cells migra-
ting from one place to another after stimulation by foreign
signals, while cell invasion means the ability of cells to
migrate from one area to another through the extracellu-
lar matrix or basement membrane matrix (24,25). It was
found that the number of cell migration and invasion in the
SSG was higher (P < 0.05), which indicated that Maspin
gene methylation induced by the specific shRNA sequence
could promote the migration and invasion of HN13 cells in
vitro. In addition, the proliferation activity of cells in the
SSG was higher (P < 0.05), and it was speculated that the
specific ShRNA sequence induced Maspin gene methyla-
tion to inhibit the expression of Maspin, thereby impro-
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Figure 7. Comparison of cell proliferation activity.

ving the proliferation activity of oral squamous carcinoma
cells.

Ahuman OSCC HN13 cell line was applied to construct
Maspin shRNA recombinant adenovirus by designing cor-
responding specific ShRNA primer sequences with human
Maspin nucleotide sequence as the target gene, and it was
transfected into HN13 cells. The growth curve, Maspin
expression level, migration and invasion ability, and pro-
liferation activity of the transfected cells were analyzed.
The results suggested that specific ShRNA sequences in-
duced Maspin gene methylation to inhibit Maspin expres-
sion, thereby participating in the migration and invasion
of oral squamous carcinoma cells and improving prolife-
rative activity. However, the grouping is relatively single,
the cells are divided into SSG and nSSG, and the lack of
comparative data of more sequences may have some im-
pact on the results. In addition, there is a lack of in vivo
experimental data and gene methylation will be conside-
red for in vivo animal studies using experimental animals
as study samples in later studies. In conclusion, this result
provides a reference for the clinical diagnosis and treat-
ment of OSCC.
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