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Background: Cisplatin (DDP) is the first-line chemotherapy agent for the treatment of oral
squamous cell carcinoma (OSCC). The emergence of DDP resistance leads to diminished
drug efficacy and survival benefit. IncRNA MALAT]1 has been considered as one of the most
important factors in OSCC. It has also been reported to enhance chemo-resistance in other
kinds of carcinomas. However, little is known about the role of IncRNA MALATI1 in DDP
resistance of OSCC.

Materials and Methods: Two kinds of human DDP-resistant cell lines (CAL-27R and
SCC-9R) were developed from cisplatin-naive cell lines (CAL-27 and SCC-9, respectively)
as in vitro cell models. Cell transfection was performed to overexpress or knockdown
MALATI in these cells. Mouse xenograft models were also established. The following
measurements were performed: cell proliferation, colony formation, wound healing, trans-
well, and TUNEL assays, as well as Western blot and immunofluorescence staining.
Results: DDP-resistant cells showed higher expression level of MALAT1 compared to
cisplatin-naive cells. The overexpression of MALAT1 in cisplatin-naive cells enhanced
DDP resistance and suppressed apoptosis in OSCC cells. However, the knockdown of
MALATI in DDP-resistance cells induced apoptotic cell death and restored the sensitivity
to DDP. Further analyses suggested that MALAT1 might promote DDP resistance via
regulating P-glycoprotein expression, epithelial-mesenchymal transition process, and the
activation of PI3K/AKT/m-TOR signaling pathway.

Conclusion: MALAT1 might be a potential therapeutic target for the treatment of DDP-
resistant OSCC.

Keywords: oral squamous cell carcinoma, cisplatin resistance, IncRNA MALATI,
P-glycoprotein

Introduction

Oral squamous cell carcinoma (OSCC) is one of the most common carcinomas of the
oral cavity."? Despite the substantial progress in cancer management, there has been
little improvement in the survival rate of OSCC over the past few decades.® Cisplatin
(DDP)-based chemotherapy is the standard first-line therapy for the treatment of locally
advanced or metastatic OSCC.* DDP is an alkylating chemotherapeutic agent that is able
to form DNA adducts and cross-links, leading to mitotic stasis at the G2/M checkpoint.’
However, acquired drug resistance greatly hampers the therapeutic efficacy of DDP.° It
has been widely demonstrated that cell proliferation, apoptosis, angiogenesis, and EMT
(epithelial-mesenchymal transition) are involved in DDP resistance, but overcoming
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drug resistance to DDP remains a challenge worldwide.””
Thus, it is of great significance to better understand the mole-
cular mechanisms underlying DDP resistance and search for
novel therapeutic targets for OSCC.

IncRNA is a class of non-coding RNAs with more than
200 nucleotides in length and play pivotal roles in tumori-
genesis and chemo-resistance.'® Metastasis-associated lung
adenocarcinoma transcript 1 (MALAT1) is located on chro-
mosome 11q13 with a length of over 8000 nucleotides.'' It
was first identified as an oncogene in metastasis-associated
lung adenocarcinoma as a result of its role in promoting the
migration and metastasis of lung cancer cells.'' Previous data
also revealed that MALAT1 was involved in a variety of
pathological processes, such as carcinogenesis,'” retinal

14
> and vascular growth.'* Moreover,

neurodegeneration,’
MALAT1 has been reported to promote proliferation, metas-
tasis, and EMT through multiple signaling pathways in
OSCC.""'® However, the regulatory function of MALAT1
in DDP resistance remains unclear.

In the study, we investigated the role of MALATI in
chemosensitivity of OSCC cells to DDP both in vitro and
in vivo. Our data showed that MALAT1 overexpression
induced DDP resistance in OSCC cells and MALAT 1 knock-
down restored the sensitivity of DDP-resistant cells by reg-
ulating P-glycoprotein (P-gp) expression, EMT process, and
the activation of PI3K/AKT/m-TOR signaling pathway. Our
study reported the regulatory effects of MALAT1 in DDP-
resistant OSCC for the first time, which provided novel
insights for the treatment of DDP-resistant OSCC.

Materials and Methods

Ethics Statement

The study protocols were approved by the Committee of
Animal Experimentation and the Ethics Committee of
Capital Medical University and Beijing Shijitan Hospital.
All experiments were performed in accordance with the
NIH guidelines for animal care and use.'’

Antibodies and Reagents

All antibodies were purchased from Abcam (Cambridge,
USA), including anti-GAPDH, anti-PI3K, anti-p-PI3K, anti-
Akt, anti-p-Akt, anti-m-TOR, anti-p-m-TOR, anti-Bax, anti-
bcl-2, anti-E-cadherin, anti-N-cadherin, anti-P-glycoprotein
(P-gp) antibody (at 1:1000 dilution, respectively) and HRP-
labelled goat anti-mouse IgGs (at 1:2000 dilution). Cisplatin
(DDP) was purchased from Selleck Chemicals (Houston,
USA). DMSO was obtained from Sigma (St. Louis, USA).

Cell Culture and Establishment of

DDP-Resistant Cell Lines

Human OSCC cell lines (CAL-27 and SCC-9) were pro-
vided by the Cell Bank of Peking Union Medical College
and cultured in 1640 medium (Hyclone, UT) supplemented
with 10% fetal bovine serum (Hyclone, UT). DDP-resistant
OSCC cells (CAL-27 and SCC-9) were established by
stepwise exposure to increasing concentrations of DDP.?
The exposure was terminated when cells were able to divide
normally in the medium containing 10 uM DDP. These cells
were considered as DDP-resistant cells and named as CAL-
27R and SCC-9R. CAL-27 and SCC-9 cells at similar
passage numbers were used as ageing controls. DDP-
resistant cells were maintained in complete culture medium
containing 10 uM DDP. Before further experiments, DDP-
resistant cells were cultured without DDP for 3 days. The
degree of DDP resistance of each cell line was evaluated
before each experiment.

Cell Transfection

The plasmids overexpressing MALAT1 (pcDNA3.1-
MALAT1) and the negative control (Vector) were provided
by Fenhui Biotechnologies (Hunan, China). The small inter-
fering RNAs (siRNAs) targeting MALAT1 were provided by
Fenhui Biotechnologies (Hunan, China) and the sequences
were as follow: si-MALATI1-1, 5 GCCCGAGACTTCTGT
AAAGGA-3', si-MALAT1-2, 5-AGCCCGAGACTTCTGT
AAAGG-3', si-MALAT1-3, 5-GCAGCCCGAGACTTCTG
TAAA-3', si-MALAT1-4, 5-GCTCTAAATTGTTGTGGTT
CT-3". Cells were transfected with designated plasmids
or siRNAs using Lipofectamine 2000 reagent (Invitrogen,
Carlsbad, CA, USA) according to the manufacturer’s
protocol.

RNA Isolation and qPCR

To measure the expression level of MALAT1 in OSCC cells,
total RNAs were extracted from cells using TRIzol agent
(Invitrogen, Carlsbad, USA) and reverse transcribed to
cDNA by PrimeScript™ RT reagent Kit with gDNA Eraser
(Takara). Subsequently, qPCR was performed by using Power
SYBR Green PCR Master Mix (Applied Biosystems, USA)
with the following primers: MALATI, forward: 5-GCTC
TGTGGTGTGGGATTGA-3" and reverse: 5'-GTGGCAA
AATGGCGGACTTT-3'; GAPDH, forward: 5- TCCTG
GGCTACACTGAGCAC-3" and reverse: 5- CTGTTGCT
GTAGCCAAATTCGTTG-3". The relative mRNA expression
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of MALAT1 was calculated using the 22" method and
normalized to GAPDH.

Cell Proliferation Assay

The cell proliferation ability of OSCC cells was measured by
using a CCK-8 kit (KeyGEN BioTECH, China). Cells were
seeded into 96-well plates at a density of 5x10° cells per 200
pL in triplicate. After 24 h, culture medium was replaced by
the medium containing different concentrations of DDP and
cells were cultured for further 48 h. Two hours before mea-
surement, 10 pL. CCK-8 was added to each well and cells
were cultured for another 2 h. The absorbance was recorded
at 450 nm by an immunosorbent assay plate reader (Bio-Rad
Laboratories Inc, USA). The inhibition curves of DDP for
each group of cells were achieved. DDP at a dosage of 10uM
inhibited approximately 40-80% cell growth, thus was
selected for subsequent analyses.

Colony Formation Assay

Cells were incubated with 10 uM DDP or vehicle control for
48 h. Then they were trypsinized, seeded into 6-well culture
dishes at a density of 200 cells per well, and cultured for 10
days without changing the medium. After fixation with 10%
formaldehyde for 10 minutes, cells were stained by Giemsa
Stain solution (Solarbio Inc, Beijing, China) for 15 minutes.
Then, colonies with > 50 cells were counted under a dissecting
microscope. The relative percentage of cell survival was cal-
culated using Image J software.

Cell Migration Assay

Cell migration capacity was evaluated by wound healing
assay. Cells at 90% confluency were plated in 6-well plates
and incubated with vehicle control or 10 uM DDP for
24 h. Then a 200-puL pipette tip was used to scratch the cell
monolayer to create a linear wound. Cells were washed twice
with PBS and then treated with serum-free 1640 medium for
48 h. Images were taken under an inverted microscope at 0
h (baseline images) and 24 h (final images). The wound
healing area was calculated using Image J software.

Cell Invasion Assay

Cell invasion capability was determined by transwell assay.
The 24-well culture inserts (BD Biosciences, USA) with
coated with Matrigel (1 mg/mL; BD
Biosciences) were used. The membranes of upper chamber
were coated with Matrigel (BD) and then incubated for 6 h at
37 °C. Cells were treated with vehicle control or 10uM DDP
for 48 h, and then transferred into the upper chamber filled

8-um pores

with serum-free media. A volume of 0.6 mL complete med-
ium was added to the lower chamber. After 24 h, cells were
washed twice with PBS, fixed with paraformaldehyde, and
stained with Giemsa Stain solution (Solarbio Inc, Beijing,
China). Cells in the upper chamber were removed by cotton
swabs. Cells on the bottom surface of the membranes were
photographed.

Apoptosis Analysis by TUNEL Assay

The rate of apoptosis was measured by TUNEL assay.
Cells were cultured in 12-well plates for 24 h followed
by the exposure to designated stimuli for 48 h. The apop-
tosis rate was determined by a TUNEL apoptosis in situ
detection kit (KeyGEN, China) according to the manufac-
turer’s protocol. The number of positively stained cells
was counted using a microscope.

Western Blot

Protein lysates were prepared on ice using ice-cold RIPA
buffer (Beyotime, Beijing, China) containing protease inhibi-
tor cocktail (Roche, Switzerland). Total protein isolated from
cells was quantified by the Bradford Protein Assay (Bio-Rad
Laboratories, USA). After boiled at 100°C for 10 min, protein
samples were separated by SDS-PAGE and then transferred to
PVDF membrane. The membrane was blocked with 5% (w/v)
fetal bovine serum at room temperature for 2 h and then
incubated with mouse monoclonal primary antibody at 4°C
overnight. Then, the membrane was washed three times with
TBST followed by the incubation with HRP-labelled second-
ary antibody (1:2000; Abcam) at room temperature for 1 h. The
chemo-luminescent signal was detected using Clarity™ ECL
Western Substrate and quantified by Quantity One Software
(Bio-Rad Laboratories). GAPDH was used as an internal
control.

Animal Study

BALB/c nude mice were obtained from the experimental
animal ministry of Capital Medical University. Mice were
subcutaneously injected with 1x10° CAL-27 (n = 15) or
CAL-27R (n = 15) cells suspended in a mixture (100 pL)
of matrigel and 1640 medium (1:1) into the right axillary
fossa. Mice inoculated with CAL-27 cells were randomly
assigned into 3 groups (n = 5 per group). Animals injected
with CAL-27R were also randomly divided into 3 groups
(n =5 per group). The intervention treatment was initiated
when tumors reached a volume of 200 mm>. DDP (5mg/kg)
or vehicle control was intraperitoneally injected every 7 days
(Day 1, 8, 15, 22). Tumor sizes were measured every 3 days
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by caliper during the study. Tumor volume was calculated by
the formula: LxS?x0.5, in which L represented the longest
diameter and S represented the shortest diameter. Mice were
anesthetized and sacrificed at the end of the study, and tumors
were isolated and weighted.

Immunofluorescence Staining

Xenograft tumors were fixed in 10% formalin and paraffin-
embedded for immunofluorescence staining. The 5-pm-thick
sections were deparaffinized with xylene, rehydrated in an
alcohol gradient, and immersed in 3% H,O,. Then samples
were incubated with anti-PCNA (1:1000 diluted, Abcam)
antibody at 4 °C for 12 h and then with a secondary antibody
(Invitrogen). After staining with DAPI, the images were
captured under a fluorescence microscope.

Statistical Analysis

All statistical analyses were performed using SPSS (22.0) and
the data were shown as mean + standard deviation (SD).
Student’s #-test was used to analyze the differences between
two groups and one-way ANOVA was used for multiple
comparisons. Differences were considered significant when
p <0.05.

Results
Upregulated MALAT | Expression in

DDP-Resistant OSCC Cell Lines

The expression level of MALAT1 in DDP-resistant cells
(CAL-27R and SCC-9R) was measured by qPCR. Data
showed that the expression MALAT1 was significantly
upregulated in DDP-resistant cells as compared with
DDP naive cells (Figure 1A), suggesting a potential role
of MALT1 in DDP-resistant OSCC.

Then, DDP naive cells were transfected with plasmids
overexpressing MALAT1 or siRNAs against MALATI.
The efficiency of transfection was measured by qPCR
(Figure 1B-E). As shown in Figure 1C and E, si-L3 led to
the most efficient inhibition of MALAT1 expression in

113

cells. Thus, we chose si-L3 (hereafter termed “si-

MALAT1”) for subsequent experiments.

Effects of MALAT | Expression on Cell
Proliferation and Colony in DDP Naive
Cells and DDP-Resistant Cells

CCK-8 assay was performed to evaluate the viability of
cells treated with DPP or vehicle. CAL-27R and SCC-9R
cells showed significantly stronger resistance against DDP

treatment compared with their parental DDP naive cells
(CAL-27 and SCC-9) (Figure 2A and B). CAL-27 and
SCC-9 cells overexpressing MALAT1 exhibited signifi-
cantly enhanced resistance to DDP when compared with
control cells or cells transfected with control vector. On
the contrary, the transfection of DDP-resistant cells with
si-MALAT1 significantly suppressed the resistance of cells
to DDP as compared to control cells or cells delivered with
si-NC.

The effect of MALAT1 expression on DDP resistance of
OSCC cells were also investigated by colony formation
assays. Consistent with the results of CCK-8 assay, the
number of colonies in DDP naive cells (CAL-27 and
SCC-9) transfected with control vectors was significantly
decreased after the treatment with 10uM DDP (Figure 2C—
F), while MALAT1 overexpression significantly increased the
number of colonies in DDP-treated cells. DDP-resistant cells
(CAL-27R and SCC-9R) transfected with si-NC showed
almost complete resistance to 10uM DDP, whereas the knock-
down of MALAT1 by si-MALAT1 restored the sensitivity of
CAL-27R and SCC-9R to DDP, as evidenced by reduced
colony number (Figure 2G-J).

Effects of MALAT | Expression on Cell
Migration and Invasion in DDP Naive
Cells and DDP-Resistant Cells

Wound healing assay was performed to evaluate cell migration
ability in OSCC cells incubated with 10uM DDP or vehicle
control. Results revealed that the migration of DDP naive cells
(CAL-27 and SCC-9) was significantly inhibited by DDP
treatment compared with the Vector group (Figures 3A
and B and 4A and B). However, the overexpression of
MALAT] significantly induced the resistance of DDP naive
cells to DDP treatment, as shown by increased migration
ability compared to the Vector + DDP group. The DDP treat-
ment did not inhibited the migration of both DDP-resistant cell
lines (CAL-27R and SCC-9R) (Figures 3C and D and 4C
and D). The knockdown of MALAT1, however, significantly
suppressed the migration of DDP-resistant cells.

The invasion capacity of cells was detected by Transwell
assay, and the results were consistent with those of wound
healing assay (Figures 3E-H and 4E-H). Taken together, the
upregulation of MALAT1 enhanced DDP resistance in DDP
naive cells and MALAT1 knockdown restored the sensitivity
of CAL-27R and SCC-9R to DDP in terms of cell migration

and invasion.
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Figure | MALATI was upregulated in DDP-resistant OSCC cells compared with their parental DDP naive cells. (A) qPCR: MALAT| was up-regulated in DDP-resistant
OSCC cells compared with the parental DDP naive cells. (B) qPCR: MALAT | overexpression validation in CAL-27. (C) qPCR: MALAT | knockdown validation in CAL-27R.
(D) qPCR: MALAT | overexpression validation in SCC-9. (E) qPCR: MALAT | knockdown validation in CAL-27R. *P<0.05, **P<0.001, compared with CAL-27 or CAL-27R
group. "P<0.01, ##P<0,001, compared with SCC-9 or SCC-9R group.
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Figure 2 MALAT | up-regulation enhanced DDP resistance and MALAT | down-regulation reversed DDP resistance on cell proliferation and colony formation in human
OSCC cell lines. (A, B) CCK-8 assay: indicated cells were treated with different concentrations of DDP as indicated. Cell viability was determined in 48h. (B) qPCR:
MALAT | overexpression validation in CAL-27. (C-J) colony formation assay was utilized to evaluate the capability of indicated cells with indicated treatment on colony
formation. **P<0.001, compared with Vector group. *P<0.01, ##P<0.001, compared with MALAT |+DDP or si-MALAT |+DDP group.

Effects of MALAT | Expression on the
Apoptosis of CAL-27 and CAL-27R Cell

Lines

The TUNEL assay showed that the apoptosis of CAL-27 cells
was significantly induced by DDP treatment, but suppressed

by the overexpression of MALAT1 (Figure 5A and B).
Although the exposure to DDP did not alter the apoptosis
rate in CAL-27R cells (Figure 5C and D), the downregulation
of MALAT1 significantly induced apoptotic cell death in
DDP-resistant cells.
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The expressions of apoptosis-related proteins (Bax and
Bcl-2) were measured by Western blot (Figure 5E). We
found that the overexpression of MALATI1 protected
CAL-27 cells from apoptosis (Figure 5E and F), while
MALATI1 knockdown significantly induced the apoptosis

of CAL-27R cells by regulating the expressions of anti-
apoptotic protein Bcl-2 and pro-apoptotic protein Bax.
Taken together, our results indicated that MALAT1 might

be an important target in DDP-mediated apoptosis in
OSCC cells.
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MALAT | Regulated DDP Resistance in

Mouse Xenograft Models of OSCC
To explore the effect of MALAT1 on DDP resistance
in vivo, CAL-27 cells, MALAT1-overexpressed CAL-27

cells, CAL-27R cells, CAL-27R cells with MALAT1
knockdown were subcutaneously injected into nude
mice. All mice underwent an administration of DDP
(5mg/kg) or vehicle every 7 days, and the tumor size

submit your manuscript
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Figure 5 MALAT| up-regulation enhanced DDP resistance and MALAT| down-regulation reversed DDP resistance via cell apoptosis in CAL-27 cell lines. (A-D)
TUNEL assay was used to assess the apoptosis rate of cells under indicated treatment. (E-G) Associated proteins that participated in the apoptosis were examined
by the Western blot analysis. *¥P<0.01, **P<0.001, compared with Vector group. *P<0.05, *P<0.01, *#P<0.001, compared with MALAT | +DDP or si-MALAT |+DDP

group.

was measured every 3 days. At 28 days after injection,
mice were sacrificed and tumors were removed and
weighed (Figure 6A). The tumors of the Vector + DDP
group were smaller compared with the CAL-27 vector
group, while mice inoculated with cells overexpressing
MALATI1 and treated with DDP showed a tumor volume

similar to that in the Vector group (Figure 6B). In the
xenograft model of CAL-27R cells, no significant dif-
ference was observed in tumor volume between si-NC
group and si-NC + DDP group, whereas MALATI
knockdown significantly suppressed tumor growth as
compared to si-NC + DDP group (Figure 6C). The
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results of tumor weight were consistent with that of MALAT | Regulated DDP Resistance via
Inducing P-Gp Expression, EMT Process,

and the Activation of PI3K/AKT/m-TOR

tumor growth (Figure 6D and E).
In addition, immunofluorescence staining demon-
strated that the expression of PCNA was suppressed by

DDP treatment in mice injected with CAL-27 cells, but
restored by the upregulation of MALAT1 (Figure 6F
and G). In CAL-27R cell xenograft tumors, DDP treat-
ment did not affect the expression of PCNA. However,
the sensitivity to DDP was restored by the downregula-
tion of MALATI via si-MALAT transfection (Figure 6H
and I). These results implied that MALAT1 played an
important regulatory role in DDP resistance of OSCC

in vivo.

Signaling Pathway

To explore the mechanisms involved in MALAT 1-regulated
DDP resistance in OSCC, the expressions of P-gp, EMT
markers (E-cadherin & N-cadherin), and proteins associated
with PI3K/AKT/m-TOR signaling pathway were detected
by Western blot (Figure 7A). The overexpression of
MALAT1 in CAL-27 cells significantly increased the
expression ratio of p-PI3K/PI3K, p-AKT/AKT, p-m-TOR/
m-TOR, and P-gp/GAPDH, and decreased the ratio of
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Figure 7 MALATI regulated DDP resistance via up-regulation of P-gp, activation of EMT and PI3K/AKT/m-TOR signal pathway. (A—C) The Western blot assay was applied
to examine the expression levels of P-gp and the corresponding proteins in the EMT process and PI3K/AKT/m-TOR signaling pathway. *P<0.05, **P<0.01, compared with

Vector or si-NC group.

E-cadherin/N-cadherin (Figure 7B). In CAL-27R cells, the
knockdown of MALATT significantly decreased the expres-
sion ratio of p-PI3K/PI3K, p-AKT/AKT, p-m-TOR/m-TOR,
and P-gp/GAPDH, but elevated the levels of E-cadherin
(Figure 7C). Collectively, the above findings indicated that
MALAT1 might promote EMT and DDP resistance of
OSCC cells via upregulating P-gp and activating the
PI3BK/AKT/m-TOR signaling pathway.

Discussion

OSCC is a common fatal cancer that contributes to a major
cause of health burden around the world.?' Despite great
advances in the development of chemotherapy, acquired
resistance remains an obstacle for the treatment of
OSCC.>>* DDP resistance is one of the most important
factors for poor prognosis in OSCC patients. Thus, there is
an urgent need to investigate the mechanisms involved in
DDP resistance in OSCC. Previous studies showed that the
expression of MALAT1 was significantly upregulated in

OSCC and positively correlated with poor prognosis.”
Moreover, MALAT1 knockdown suppressed tumorigenesis
and promoted apoptosis of OSCC,*® indicating that
MALATI1 might be a potential factor for the diagnosis,
prognosis, and treatment of OSCC. Recently, MALAT1 has
been reported as a chemotherapeutic resistant factor in var-
ious cancers, such as colorectal cancer,”” lymphoma,*®
glioblastoma,” ovarian cancer, and lung cancer. "'
Therefore, we assumed that MALAT 1 might play an impor-
tant role in DDP resistance of OSCC.

In this study, two DDP-resistant OSCC cell lines (CAL-
27R and SCC-9R) were developed from DDP naive OSCC
cell lines (CAL-27 and SCC-9, respectively) by stepwise
exposure of parental cells with increasing concentrations of
DDP. We found that the expression of IncRNA MALAT1 in
DDP-resistant OSCC cells was significantly higher than that
in DDP naive cells. Then we stably transfected DDP naive
OSCC cell lines (CAL-27 and SCC-9) with plasmids over-
expressing MALAT1 siRNAs

and delivered against
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MALAT1 in DDP-resistant OSCC cell lines (CAL-27R and
SCC-9R). Further analyses showed that DDP naive cells with
MALAT1 overexpression showed stronger resistance against
DDP compared with control vector-transfected DDP naive
cells, while the knockdown of MALAT1 restored the sensi-
tivity of DDP-resistant cells to DDP, as shown by decreased
proliferation, colony formation, migration, invasion, and
increased apoptosis. These findings were also confirmed by
the data from mouse xenograft models.

The underlying mechanism of DDP resistance in OSCC
cells was complicated. To further investigate the regulation
of MALAT1 in this process, we examined the protein expres-
sions of CAL-27 cells, CAL-27 cells overexpressing
MALATI1, CAL-27R cells, and CAL-27R cells with
MALAT1 knockdown (Figure 7A). The aberrant activation
of PI3K/AKT/m-TOR signaling pathway has been consid-
ered as a leading cause of DDP resistance. The activation of
this cascade leads to excessive expressions of multi-drug
resistance proteins, as well as multiple oncogenes and growth
factors, such as VEGF, c-myc, and survivin.>?74 Our results
suggested that the activation of PI3K/AKT/m-TOR signaling
pathway was significantly induced by MALAT1 overexpres-
sion, and suppressed by the knockdown of MALATI1. The
above results implied that MALAT1 might promote DDP
resistance in OSCC cells partially via activating the PI3K/
AKT/m-TOR signaling pathway.

It has been proved that EMT is another major cause of
DDP resistance.** 3¢ Here, we observed that the level
of MALAT1 was closely correlated with the expressions of
EMT markers, E-cadherin and N-cadherin. MALAT1 upre-
gulated N-cadherin and downregulated E-cadherin, therefore
promoting the EMT process. These data confirmed the reg-
ulatory effect of MALAT1 on EMT in DDP resistance.

P-gp is an important factor in chemo-resistance, especially
for the development of multidrug resistance.*’>* It acts as
a drug efflux pump for multiple chemotherapeutic drugs,
including DDP. P-gp is encoded by the multidrug resistance-
1 (MDR1) gene, which is overexpressed in DDP cells.*® In the
present study, the level of P-gp in MALAT1-overexpressed
OSCC cells was increased compared to cells with normal
MALAT1 expression, while P-gp was downregulated by the
knockdown of MALAT1 in DDP-resistant cells. These find-
ings suggested that MALAT1 upregulation stimulated DDP
resistance partially by increasing P-gp expression.

Conclusions
In summary, our results demonstrated that MALATI
induced EMT and DDP resistance in OSCC cells via the

activation of PI3K/AKT/m-TOR signaling pathway and the
upregulation of P-gp, suggesting that MALAT1 overexpres-
sion might be an important factor for acquired DDP resis-
tance in OSCC. These findings may provide evidence for the
potential use of MALAT1 as a biomarker and a therapeutic
target for the treatment of DDP-resistant OSCC.
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