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Objective: Oral squamous cell carcinoma (OSCC) is one of the most common cancers,
accounting for over 90% of malignant lesions in the oral cavity. Long non-coding RNAs play
an important role in the development of OSCC. This study aimed to investigate the effects of
IncRNA XIST on the malignant behaviors of OSCC cells and its possible molecular
mechanisms.

Methods: Real-time quantitative PCR and Western blot were used to detect the RNA and
protein level, respectively. CAL27 and SCC25 cells with the lowest expression level of XIST
were used for further study. MTT, transwell assay, colony formation, and xenograft model
were applied to examine the effect of XIST on the progression of OSCC. FISH assay was
performed to investigate the co-location of XIST and miR-455-3p in OSCC cells. The
bioinformatics analysis, luciferase, and RNA pull down assay were utilized to predict and
verify the target genes of miR-455-3p.

Results: XIST was downregulated in OSCC tissues and cell lines. Overexpression of XIST
inhibited the proliferation, migration, and invasion ability of OSCC cells. Bioinformatics
analysis and luciferase reporter assay confirmed XIST could bind to miR-455-3p. Besides,
miR-455-3p directly targeted BTG2 in OSCC cells. Rescue experiments further confirmed the
positive interaction between miR-455-3p and XIST as well as between miR-455-3p and BTG2.
Conclusion: XIST was down-regulated in OSCC. XIST regulated the expression of BTG2
via sponging miR-455-3p. XIST/miR-455-3p/BTG2 signal axis inhibited the malignant
progression of OSCC.
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Introduction

Oral squamous cell carcinoma (OSCC) is a common disease in oral oncology.' It
has a high degree of malignancy and is prone to lymph node metastasis, leading to
poor prognosis and low survival rate.> Recently, the prevalence rate of OSCC has
tended to become younger and increased year by year.> At present, a wide range of
comprehensive treatment methods, such as expanded surgical resection and lym-
phadenectomy, supplemented with radiotherapy and chemotherapy, are widely
applied in clinical practice, but the survival time and life quality of patients are
still not ideal.* The occurrence and development of oral squamous cell carcinoma is
a complex biological process involving multiple genetic and epigenetic changes.
Therefore, in-depth study of the molecular mechanism of the development of
OSCC is the key to develop new effective strategy for OSCC.
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LncRNAs are considered as by-products produced by
RNA polymerase II during transcription. LncRNAs are
a group of non-coding RNAs that are longer than 200
nt.>® Although they lack open reading frames encoding
proteins, it is still proposed that LncRNAs perform multiple
functions, such as direct or indirect transcriptional regula-
tion, transcription factor isolation, and protein, or RNA
regulation. LncRNAs are abnormally expressed in tumors
such as colorectal cancer,’ renal cancer,® breast cancer,” and
esophageal cancer.'” Sun et al evidence that IncRNAs are
abnormally expressed in oral precancerous lesions and
OSCC. For the first time, the expression level and mechan-
ism of IncRNAs in oral diseases are described.'’ In recent
years, LncRNAs can be used as diagnostic markers or
therapeutic targets for OSCC. However, the potential roles
of IncRNA XIST in OSCC have not been fully elucidated.

microRNAs (miRNAs) are a type of single-chain small
molecule RNAs which collectively participate tumor pro-
liferation and metastasis.'? Numerous studies have demon-
strated the critical role of miRNAs in the development of
oscc.”

In this study, we found that dysregulated IncRNA XIST
induced the malignant evolution of OSCC. XIST directly
regulated the expression of miR-455-3p. Silencing of XIST
can promote tumor proliferation, migration, and invasion by
upregulating miR-455-3p. Moreover, BTG2 was predicted
and proved to be a target of miR-455-3p. In short, XIST
modulated the malignant progression of OSCC by miR-
455-3p/BTG2 axis. The XIST/miR-455-3p/BTG2 axis
may be a potential biomarker for the treatment of OSCC.

Methods

Specimen Source

A total of 14 pairs of tumor tissues and the adjacent normal
tissues were collected from The First Affiliated Hospital of
Zhengzhou University and stored at —80 °C. All patients did
not undergo chemotherapy or radiotherapy before the
operation. This study was approved by the Ethics
Committee of Affiliated Hospital of Hebei University of
Engineering. The patients had provided the informed con-
sent. The informed consent were obtained from the patients.
All procedures were in accordance with the Helsinki
declaration.

Cell Culture
Human OSCC cell lines CAL27, SCC15, SCC25, and
TSCCA and oral mucosa epithelium cell line (NHOK)

were purchased from Shanghai Cell Bank of Chinese
Academy of Sciences (Shanghai, China). Cells were cul-
tured in Dulbecco’s modified Eagle’s medium (DMEM,
Gibco, USA) supplemented with 10% fetal bovine serum
(FBS, Gibco, USA) and 100 U/mL penicillin/streptomycin
(Beyotime, China) at 37°C in an atmosphere humidified
with 5% CO2.

Cell Transfection

miR-455-3p mimic, miR-455-3p inhibitor, and their nega-
tive controls were provided by Genepharma (Shanghai,
China). The pSilencer and pcDNA3.1 plasmids for silen-
cing or overexpressing XIST were synthesized by General
biocompany (Hefei, Anhui). Cells were transfected with
the miR-455-3p mimics, miR-455-3p inhibitor, negative
controls, and specific plasmids using Lipofectamine2000
according to manufacturer’s instructions. After 6 to 8 h of
culture, change the medium to complete medium, and
continue to culture for 48 h for subsequent experiments.

MTT Assay

After 48 h transfection, cells were digested with 2.5 g/L
trypsin.1 x 10* cells were seeded per well in a 96-well
plate and incubated at room temperature. At the time point
of 12, 24, 48, and 72 h, the culture medium was removed
and replaced with the new medium containing 1% MTT
solution. After cultured for 4 hours, each well was supple-
mented with 100 puL of dimethyl sulfoxide (DMSO). The
absorbance of each well was measured with a microplate
at a wavelength of 490 nm and the cell viability curve is
drawn.

Transwell Cell Invasion Assay

First, the upper chamber was pre-coated with or without
matrigel (BD, USA). After the matrigel was solidified,
transfected CAL27 and SCC25 cells were seeded on the
upper chamber (Millipore, MA, USA) and cultured in 200
pL serum-free DMEM. DMEM containing 12% FBS was
added to the lower chamber. Cells were incubated at 37°C.
24 h later, cells migrated or invaded to the lower surface
were fixed with methanol, followed by stained with 0.1%
crystal violet at room temperature for 20 min. Finally, the
migrated or invaded cells were imaged under an optical
microscope (Nikon, Japan).

Colony Formation Experiment
After 48 h transfection, CAL27 and SCC25 cells were
seeded to 12-well plates (2 x 10% cells/well) and cultured
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with DMEM medium containing 10% FBS. Cells were
cultured at 37°C in an atmosphere humidified with 5%
CO, for 2 weeks. Finally, cell colonies were fixed with 4%
paraformaldehyde and stained with 0.1% crystal violet at
room temperature for 15 min. The colonies were imaged
and counted with a microscope using Image J software.

Quantitative Real-Time PCR (qRT-PCR)
After extracting total RNA with Trizol reagent (Invitrogen,
USA), 5 png of RNA was reverse transcribed into cDNA
with a reverse transcription kit (Takara, Dalian, China)
according to the instructions. qRT-PCR reaction was car-
ried out a Power SYBR-Green PCR Master mix (Thermo
Fisher Scientific, USA) on a FAST7500 realtime-PCR
system (ABI, USA). The PCR was performed under the
following reaction conditions: pre-denaturation at 96 °C
for 5min, 30 cycles of denaturation at 96 °C for 30s,
annealing at 54 °C for 30s, extension at 72 °C for 30s;
finally, extension at 72 °C was 10min and stored at 4 °C.
The relative expression levels were calculated using the
2744 method. GAPDH and U6 were used as the internal
control for the mRNA and miRNAs, respectively.

Dual Luciferase Reporter Gene

Experiment

Bioinformatics software was used to predict the target
genes of miR-455-3p. The wild-type and mutant
sequence containing the binding region of miR-455-3p
were synthesized and cloned into the pGL3.1 reporter
plasmid. The wild-type and mutant plasmid along with
miR-455-3p mimics and its negative control were trans-
fected into OSCC cells. After 48 h, the luciferase activity
was determined by a dual luciferase detection kit
(Promega, USA). Firefly luciferase activity was normal-
ized to Renilla.

RNA Pull Down

Biotin labeled miR-455-3p probe or the negative control
were obtained from Sangon Biotech (CA, USA). Cells
were transfected with specific probes for 48 h. The trans-
fected cells were harvested and lysed. Then, the lysates
were incubated with pre-coated beads overnight. RNA
enrichment was evaluated by qPCR assay.

Xenografts Model
Six-week-old male nude mice (20 to 25g) used for the

in vivo study were provided by Shanghai SLRC

Experimental Animal Center (Shanghai, China). The
mice were injected subcutaneously with 5 x 10° OSCC
cells per mouse. Tumor size was measured every 3 days,
volume = length (mm) x width (mm) X height (mm) x 0.5.
At the end of the experiment, the mice were sacrificed and
the tumor were removed, imaged, and weighed. The pre-
sent study was approved by the First Affiliated Hospital of
Zhengzhou University.

Statistical Analysis

SPSS21.0 software was used for the data statistical
analysis. Data were expressed as mean =+ standard devia-
tion (x = SD). The Students’ #-test was used for compar-
ison between two groups, and ANOVA for comparison
among multiple groups. P<0.05 was considered statisti-
cally significant.

Results

XIST is Highly Expressed in OSCC

To investigate the biological role of XIST in OSCC, we
firstly performed qPCR assay to assess the level of
XIST in OSCC specimens. XIST was significantly
oScc 1A).
Moreover, we determined the XIST expression in oral

downregulated in tissues  (Figure
mucosa epithelium cell line and OSCC cell lines. The
results showed that XIST was downregulated in OSCC
cells compared to control group, which was more
potent in SCC25 and CAL27 cells (Figure IB).
Therefore, SCC25 and CAL27 cells were used in sub-

sequent experiments.

XIST Inhibits the Malignant Behavior of
OSCC Cells

Function studies were performed to evaluate the effect of
XIST on OSCC cells. First, the qPCR results showed that
the overexpressing of XIST notably elevated the level of
XIST, suggesting cells were successfully transfected
(Figure 2A). MTT and colony formation results showed
that XIST overexpression inhibited the proliferation of
OSCC cells (Figure 2B and C). Transwell assay showed
that overexpression of XIST inhibited the invasion ability
of OSCC cells (Figure 2D and E).

XIST Can Be targetedbymiR-455-3p in
OSCC Cells

Bioinformatics analysis revealed the binding sites between
miR-455-3p and XIST (Figure 3A). Luciferase assay
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Figure 2 XIST inhibited the malignant behavior of OSCC. pcDNA3.I/XIST was transfected to OSCC cells to overexpressing XIST. (A) qPCR was used to assess the XIST
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revealed that miR-455-3p significantly inhibited the lucifer- miR-455-3p Direcdy Targets BTG?2 in
ase activity of the reporter vector carrying the wild type  QSCC Cells

region of XIST but not the mutant one (Figure 3B). T, elucidate the precise mechanism underlying the effect of
XIST inhibited the expression of miR-455-3p while XIST  XIST/miR-455-3p signaling, we predicted the potential targets
silencing upregulated miR-455-3p (Figure 3C). RNA pull  of miR-455-3p using TargetScan and Starbase. As showed in
down assay further showed that XIST could bind with miR-  Figure 5A, there were 279 target genes that were predicted by
455-3p directly (Figure 3D). Moreover, miR-455-3p was  these two software. Then, enrichment analysis was performed
notably upregulated in OSCC tissues (Figure 3E). based on the Metaspace software (Figure 5B). We found that

Additionally, Pearson analysis showed that the expression ~BTG2 is involved in mitotic cell cycle modulation. Thus,
BTG2 was chosen for further study. Figure 5B shows the

targeting region between BTG2 and miR-455-3p. Further luci-
ferase experiment results showed that miR-455-3p inhibited

of XIST and miR-455-3p was negatively correlated
(Figure 3F).

the luciferase activity of the reporter carrying wild-type BTG2
miR-455-3p Reverses the Effect of XIST  3.y1r (Figure 5¢). Morcover, miR-455-3p inhibited the
on OSCC Cells expression of XIST, while knockdown of miR-455-3p pro-
We performed rescue experiment to confirm the rela- moted the expression of XIST (Figure SD). RNA pull down

tionship between XIST and miR-455-3p. The qPCR  assay showed that there was a negative interaction between
miR-455-3p and BTG2 (Figure 5E). We then evaluated the

level of BTG2 in the OSCC tissues. As showed by Figure SF,
BTG2 was significantly downregulated in OSCC tissues.

results showed that overexpression of XIST reduced
the level of miR-455-3p, which was abated by upregu-
lation of miR-435-3p (Figure 4A). The results of MTT Moreover, the expression of miR-455-3p was negatively cor-
and colony formation experiments indicated that over- related with BTG2 (Figure 5G).

expression of XIST inhibited the proliferation of OSCC

cells, which was antagonized by miR-455-3p (Figure BTG2 Knockdown Reverses the Effect of
4B and C). Moreover, overexpressed miR-455-4p alle- X|ST

viated the inhibition of OSCC cell migration and inva-  First, qPCR results showed that overexpression of XIST

sion induced by XIST (Figure 4D and E). promoted the expression of BTG2, which was alleviated
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Figure 3 XIST sponges miR-455-3p in OSCC cells. (A) Bioinformatics analysis showed the binding site between XIST and miR-455-3p. (B) Luciferase assay was carried out
to verify the combination of XIST and miR-455-3p. (C) qPCR was used to assess the expression of miR-455-3p. (D) RNA pulled down experiments was performed to
confirm the interaction between XIST and miR-455-3p. (E) qPCR was used to detect the expression of miR-455-3p in OSCC tissues. (F) Pearson analysis was performed to
evaluate the correlation between XIST and miR-455-3p. *#*P<0.01, **P<0.001, *P<0.01.
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Figure 4 miR-455-3p reversed the effect of XIST in OSCC cells. OSCC cells were transfected with pcDNA3.1/XIST, miR-455-3p mimic or their combination. (A) miR-455-
3p expression was detected by qPCR. (B and C) MTT and colony formation assay were performed to detect the cell proliferation of OSCC cells. (D and E) Transwell assay
was used to evaluate the migration and invasion of OSCC cells. *P<0.01, #P<0.05, *P<0.01.

by BTG2 knockdown (Figure 6A). Additionally, the sup-
pression of cell proliferation induced by XIST was antag-
onized by BTG2 knockdown (Figure 6B and C). This was
paralleled with the results from transwell assay. As
showed in Figure 6D and EE, knockdown of BTG2 sig-
nificantly abated XIST-induced decrease of OSCC cell
migration and invasion ability.

Knockdown of XIST Inhibited the
Growth and Metastasis of OSCC

In order to study the biological effects of XIST, we further
studied the effects of XIST on the progression of OSCC
in vivo. The results showed that XIST overexpression
reduced tumor size, volume, and weight (Figure 7A—C).

Discussion

The purpose of this study was to explore the roles of
XIST/miR-455-3p axis in the progression of OSCC and
the underlying cellular/molecular mechanisms. Previously,

XIST functions as an anti-cancer gene. For instance, XIST
inhibits the progression of breast,'® liver,"”” and prostate

¥ esophageal cancer,'” non-small

cancer,'® pancreatic,'”
cell lung cancer,20 colon camcer,21 ovarian cancer,22 laryn-
geal squamous cell carcinoma.”> However, the effect of
XIST in OSCC development has not been elucidated
before. To our knowledge, this is the first study to inves-
tigate roles of XIST in OSCC. We found that XIST was
notably downregulated in OSCC tissues and cell lines.
Additionally, XIST overexpression significantly inhibited
the proliferation, migration, and invasion of OSCC cells.
However, the mechanism underlying its effect remains to
be further explored.

IncRNAs modulate gene expression through transcrip-
tion level modification, post-transcriptional modification,
and translational regulation. XIST bind with TET1 to down-
regulate p53 expression in bladder cancer.”* Meanwhile, it
promotes the transcription of PHLPP1 by increasing the
HDACS3 recruitment to the promoter and modulates the
phosphorylation of AKT> Interestingly, XIST interacts
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directly with SHARP to silence transcription through
HDAC3.”° Besides, IncRNA are capable of sponging
miRNAs to block their functions. IncRNA-miRNA-
mRNA interactions play a crucial role in tumorigenesis
which is called the ceRNA mechanism.?’*® miRNA plays
an important regulatory role in the occurrence and develop-
ment of various tumors.”’ Recent studies have identified
that some miRNAs promote the invasion or metastasis of
OSCC by adjusting related genes, which provides potential
therapeutic targets for anti-metastatic strategies.* However,
the roles of miR-455-3p have not been elucidated in OSCC.
In this study, miR-455-3p is significantly upregulated in
OSCC tissues and cell lines. Moreover, miR-455-3p could

reverse the effect of XIST on OSCC progression. Thus,
XIST may regulate the progression of OSCC via degrading
miR-455-3p. However, the underlying mechanisms are not
clear.

To further explore the precise mechanism, we inves-
tigated the downstream genes regulated by miR-455-3p
in OSCC. B-cell translocation gene 2 (BTG2) was pre-
dicted and proved to be a target of miR-455-3p. BTG2 is
the first identified gene of the BTG/TOB family.’' BTG2
plays an anti-cancer role in various human cancers.***?
It suppresses the activity of cyclin D and cyclin
E and attenuates the cell proliferation through G1 to
S cell cycle arrest.**** In OSCC, BTG2 inhibits the
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expression of BTG2 was detected by qPCR. (B and C) MTT and colony formation assay were performed to detect the cell proliferation of OSCC cells. (D and E) Transwell
assay was used to evaluate the migration and invasion of OSCC cells. *P<0.01, #P<0.05, *P<0.01.
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Figure 7 XIST inhibited tumor proliferation of OSCC. (A) CAL27 cell line stably expressing pcDNA3.1/XIST was used to establish the Xenografts mice model. (A) The

image of the tumors in each group. (B) The growth curve of the tumors was made.

proliferation of OSCC cells via modulating p38 and MAPK
pathways.* In this study, BTG2 was decreased in OSCC
tissues and cells. BTG2 was overexpressed by XIST, while
downregulated by miR-455-3p. Moreover, downregulation
of BTG2 reversed the effects of XIST on the proliferation,
migration, and invasion of OSCC cells. Therefore, XIST
may upregulate BTG2 to inhibit the progression of OSCC
via sponging miR-455-3p. The XIST/miR-455-3p/BTG2
axis may be a promising biomarker for OSCC.

(C) The wight of tumor in each group was detected. **P<0.01.

Conclusion

In this study, XIST targeted miR-455-3p and inhibited
the effects of oncomiRNA miR-455-3p in OSCC. It
acted as a ceRNA to regulate the expression of BTG2
via sponging miR-455-3p. Therefore, our study revealed
new aspects of the cellular function and pathophysiolo-
gical role of XIST and miR-455-3p, both of which
might be considered as potential molecular targets for
the treatment of OSCC.
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