@ﬁ SPANDIDOS
,3,‘ PUBLICATIONS

ONCOLOGY LETTERS 16: 4821-4828, 2018

Increased MALAT1 expression contributes to
cisplatin resistance in non-small cell lung cancer
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Abstract. Cisplatin-based chemotherapy is commonly used
for the clinical treatment of patients with non-small cell lung
cancer (NSCLC). However, the anti-tumor efficacy of cisplatin
is limited by poor clinical response and the development of
chemoresistance. At present, the underlying mechanism for
cisplatin resistance remains unclear. In the present study, it
was identified that metastasis-associated lung adenocarcinoma
transcript 1 (MALAT1), a long non-coding RNA that has been
demonstrated to function as an oncogene, was increased in
tumor tissues from patients with cisplatin-resistant NSCLC.
In addition, the MALAT1 level was increased in A549rCDDP
cells compared with the parental A549 cells. Silencing of
MALATI sensitized A549rCDDP cells to cisplatin treatment,
while overexpression of MALATTI in A549 cells decreased
their sensitivity towards cisplatin. Through analysis of the
gene expression in patient samples, a decrease in miR-145 and
an increase in Kruppel-like factor 4 (KLF4) in tumor tissues
compared with adjacent normal tissues was observed. A nega-
tive association between MALAT1 and miR-145 was also
identified in A549 cells and A549rCDDP cells. Furthermore,
reverse transcription quantitative polymerase chain reaction
and western blotting identified that KLF4 was positively and
negatively regulated by MALATI1 and miR-145, respectively.
The direct regulatory association between MALAT1 and
miR-145 and the target gene KLF4 was additionally confirmed
using a luciferase reporter assay. Knockdown of MALAT1
reversed cisplatin resistance in A549rCDDP cells. Taken
together, these data indicated that MALATI1 decreased the
sensitivity of NSCLC to cisplatin via the regulation of miR-145
and KLF4.
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Introduction

A total of >85% lung cancer is classified as non-small cell
lung cancer (NSCLC) (1). Although early diagnosis and novel
therapeutic approaches have markedly prolonged the overall
survival of patients with NSCLC, the survival rate for patients
with drug resistance remains low (2).

Long non-coding RNAs (IncRNAs) are transcripts
consisting of >200 nucleotides with no ability to code
protein (3). Previous studies have indicated that IncRNAs were
involved in the pathogenesis of various diseases, including
cancer (4). Metastasis-associated lung adenocarcinoma tran-
script 1 (MALATI) has been identified to regulate cancer
cell proliferation, migration and invasion in lung, hepatocel-
lular, ovarian and colorectal cancer (5-7). MALATI1 was also
demonstrated to induce temozolomide resistance in glioblas-
toma (8). However, whether and how MALAT]1 contributes to
cisplatin resistance in NSCLC is unknown.

MicroRNAs (miRNAs) are small non-coding RNAs that
function in RNA silencing through complementary binding.
miR-145 is a well-known tumor suppressor that inhibits
oncogene expression in numerous types of cancer (9,10).
Additionally, increased miR-145 expression levels increased the
sensitivity of hepatocellular carcinoma cells to chemotherapy
via the downregulation of Mothers against decapentaplegic
homolog 3 (11). In lung cancer, miR-145 was suggested to
inhibit cancer cell proliferation, migration and invasion, but its
role in chemoresistance was not identified (12).

Cancer stem cells have drawn much attention for their
pivotal role in promoting relapse and drug resistance,
including cisplatin resistance (13). With the ability to maintain
cancer cell stemness, Kruppel-like factor 4 (KLF4) serves
as an oncogene in a number of types of cancer, and has been
demonstrated to be associated with chemoresistance (14,15).
For example, the interaction between KLF4 and High mobility
group box 1 conferred resistance in osteosarcoma cells to
multiple chemotherapy agents, including cisplatin (16). In
lung cancer, an increased expression of KLF4 was observed
in high-grade NSCLC compared with low-grade disease (17).
Increased Hox transcript antisense RNA and KLF4 levels
were involved in cisplatin resistance in NSCLC (18), but the
underlying mechanism remains unknown.

The present study aimed to explore whether and how
MALATI may affect the sensitivity of NSCLC towards cispl-
atin. It was identified that MALAT1 and KLF4 levels were
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increased and miR-145 levels were decreased in tumor tissues
from patients with cisplatin-refractory NSCLC compared with
those from cisplatin-sensitive NSCLC patients. Silencing of
MALATTI sensitized A549rCDDP cells to cisplatin, while
the overexpression of MALAT] induced cisplatin resistance
in A549 cells. Importantly, a direct regulatory association
between MALAT1 and miR-145 and the target gene KLF4
was confirmed. Taken together, the present study highlighted
the role of MALAT] in the development of cisplatin-resistance
in NSCLC.

Materials and methods

Patients. A total of 52 tumor tissue samples were collected
from 31 patients with NSCLC for whom cisplatin-based
chemotherapy was effective following surgery (patients
who were cisplatin-sensitive), and 21 patients with NSCLC
for whom cisplatin-based chemotherapy was ineffective
following surgery (patients who were cisplatin-resistant).
Histopathological types were assigned using WHO patho-
logical staging criteria (19). All patients were administrated
100 mg/m? cisplatin intravenously over 30 to 120 min on day
1 of the 28 day cycle. The total number of cycles administrated
was one. The samples were obtained from Shouguang People's
Hospital (Shouguang, China) from June 2012 to June 2015.
The present study was approved by the Ethics Committee of
Shouguang People's Hospital. All participants provided written
informed consent prior to surgery. Patients did not receive
radiotherapy or chemotherapy prior to surgery. The tissues
were immediately frozen for protein and RNA extraction.

Cell culture and agents. The human NSCLC A549 and H1299
cell lines were purchased from American Type Culture
Center (Manassas, VA, USA) and the A549 cisplatin-resistant
A549rCDDP subline was obtained from the Cancer Hospital
of Peking Union Medical College, Chinese Academy of
Medical Sciences (Beijing, China). All cell lines were cultured
in RPMI-1640 medium (Gibco; Thermo Fisher Scientific,
Inc., Waltham, MA, USA) containing 10% fetal bovine serum
(Hyclone; GE Healthcare Life Sciences, Logan, UT, USA).
The medium for A549rCDDP cells was additionally supple-
mented with 2 mg/I cisplatin (Selleck Chemicals, Houston,
TX, USA). All cell lines were cultivated in a humid incubator
at 37°C with 5% CO,. For cisplatin treatment, 1,2, 5 or 10 uM
of cisplatin was added into the culture medium of A549 cells
or A549rCDDP cells for 48 h, and then the cells were used for
subsequent experimentation.

RNA extraction and reverse transcription quantitative
polymerase chain reaction (RT-gPCR). Total RNA was
extracted from tissues and A549, H1299 and A549rCDDP
cells using the miRNeasy Mini kit (QIAGEN, Hilden,
Germany) according to the manufacturer's protocol. A
Molony-Murine Leukemia Virus kit (Life Technologies;
Thermo Fisher Scientific, Inc.) was used to synthesize cDNA.
qPCR was performed with a CFX96 Touch™ system (Bio-Rad
Laboratories, Inc., Hercules, CA, USA) using SYBR Premix
Ex Taq (Takara Bio, Inc., Otsu, Japan). The thermocycling
conditions for miR-145 and U6 were as follows: 95°C for
10 min, 40 cycles of 95°C for 15 sec and 60°C for 1 min. The
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thermocycling conditions for IncRNA, mRNA and GAPDH
were as follows: 95°C for 10 min, followed by 40 cycles at
95°C for 15 sec, 55°C for 30 sec and 72°C for 30 sec. GAPDH
was used as an internal control for IncRNA and mRNA, and
U6 was applied as an internal control for miRNA. The relative
expression levels were calculated using the 244%4 method (20).
The sequences for the primers were as follows: MALATI
forward, AGACCTTGAAATCCAT; MALAT]1 reverse, CTT
CTGCTTCCTACTT; miR-145 forward, ACACTCCAGCTG
GGGTCCAGTTTTCCCAGGA; miR-145 reverse, TGGTGT
CGTGGAGTCG; KLF4 forward, GTCAGTTCATCTGAG
CGGG; KLF4 reverse, AGAGTTCCCATCTCAAGGCA;
GAPDH forward, AGAAGGCTGGGGCTCATTTG; GAPDH
reverse, AGGGGCCATCCACAGTCTTC; U6 forward, CTC
GCTTCGGCAGCACA; and U6 reverse, TGGTGTCGTGGA
GTCG.

Western blotting. Protein was measured with a bicinchoninic
acid kit (Sigma-Aldrich; Merck KGaA, Darmstadt, Germany)
according to manufacturer's protocol. HRP-conjugated
secondary antibodies for mouse (SA00001-1) and rabbit
(SA00001-2) were purchased from Proteintech (Rosemont,
IL). The antibody for GAPDH (catalog no. G8795, 1:10,000)
was purchased from Sigma Aldrich; Merck KGaA. The
KLF4 antibody (catalog no. 12173, 1:1,000) was purchased
from Cell Signaling Technology, Inc. (Danvers, MA, USA).
AS549 cells were lysed in radioimmunoprecipitation assay
lysis buffer (Beyotime Institute of Biotechnology, Haimen,
China) containing protease inhibitor (Sigma Aldrich; Merck
KGaA). 20 pg protein was separated by 8% SDS-PAGE
and then transferred to a polyvinylidene fluoride membrane
(EMD Millipore, Billerica, MA USA). Subsequent to blocking
at room temperature in 5% non-fat milk for 30 min, the
membranes were incubated with the indicated primary anti-
bodies overnight at 4°C. The membranes were then incubated
with a HRP-conjugated secondary antibody for 1 h at room
temperature; anti-mouse antibody at 1:10,000 for GAPDH
(catalog no. SA00001-1, Proteintech, Rosemont, IL), and
anti-rabbit at 1:10,000 for KLF4 (catalog no. SA00001-2,
Proteintech, Rosemont, IL). The membranes were developed
using Pierce ECL Plus substrate (Thermo Fisher Scientific,
Inc.). Images were captured with a densitometer (GS-700;
Bio-Rad Laboratories, Inc.), analysis of protein expression
was achieved using ImagelJ software (Version 1.51k, Rawak
Software, Inc., Germany). GAPDH served as an internal
control.

Cell viability assay. Cell viability was assessed using a Cell
Counting Kit-8 (CCK-8; Dojindo Molecular Technologies,
Kumamoto, Japan). 5,000 A549, H1299 or A549rCDDP cells
were seeded in a 96-well plate with DMSO (Beijing Solarbio
Science & Technology Co., Ltd., Beijing, China) or 1, 2, 5 or
10 uM of cisplatin and cultured at 37°C for 72 h. Subsequently,
10 1 CCKS solution was added into each well and incubated
at 37°C for 2 h. The absorbance of each well at 450 nm was
detected using a microplate reader (Bio-Rad Laboratories,
Inc.) to measure cell viability.

Cell apoptosis assay. A cell apoptotic assay was performed
using an Annexin-V/Dead Cell Apoptosis kit (Invitrogen;
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Thermo Fisher Scientific, Inc.) according to the manufacturer's
protocol. Briefly, following siRNA transfection and DMSO or
cisplatin treatment (2 M), A549rCDDP cells were collected
by trypsinization (Invitrogen; Thermo Fisher Scientific, Inc.)
and suspended in Annexin binding buffer (Invitrogen; Thermo
Fisher Scientific, Inc.). Next, propidium iodide and Annexin V
provided by Annexin-V/Dead Cell Apoptosis kit (Invitrogen;
Thermo Fisher Scientific, Inc.) were added into the cell suspen-
sion and incubated at room temperature for 15 min, followed
by analysis using a BD FACSCalibur flow cytometer (BD
Biosciences, Franklin Lakes, NJ, USA). The cell apoptosis rate
was analyzed using FlowJo software (Version 10.4.1, FlowJo
LLC, Ashland, OR, USA). The cells positive for Annexin-V
staining were considered apoptotic cells.

Small interfering (si)RNA transfection. A total of 2 MALAT1
siRNAs (siRNA1 and siRNA2) and control siRNA were
purchased from Invitrogen; Thermo Fisher Scientific, Inc.
The siRNA sequences were as follows: MALATI1 siRNAI,
5'-GGGCUUCUCUUAACAUUUALtt-3"; MALATI siRNA2,
5'-GGGCAAAUAUUGGCAAUUACLtt-3". For the siRNA
transfection, 2x10° A549 or A549rCDDP cells were seeded on
6-well plates. The following day, 50 pM siRNA were mixed
with Lipofectamine® RNAIMAX (Invitrogen; Thermo Fisher
Scientific, Inc.) in Opti-MEM (Thermo Fisher Scientific, Inc.)
and incubated at 37°C for 15 min. Subsequently, the siRNA1
or siRNA2 mixture was added into the culture medium of
cells and cultured at 37°C for 24 h prior to cisplatin or vehicle
treatment.

Construction of plasmid and transfection. Full-length
MALATI was amplified from cDNA of 293 cells and cloned
into a pcDNA3 plasmid (Addgene, Inc., Cambridge, MA,
USA) using PrimeSTAR Max DNA Polymerase (Takara Bio,
Inc.). The PCR thermocycling conditions were as follows:
Denaturation at 98°C for 10 sec, annealing at 55°C for 10 sec
and elongation at 72°C for 10 sec, repeated for 35 cycles. For
the overexpression of MALATI, 5 ug pcDNA3-MALTAI1
plasmid was transfected into A549 cells using Lipofectamine®
2000 (Invitrogen; Thermo Fisher Scientific, Inc.), RT-PCR was
used to confirm elevation of MALATI after 48 h according
to the procedure above. The primer sequences for MALAT1
amplification were as follows: MALATI forward: GGCGGT
ACCATGAAACAATTTGGAGAAG; MALATI1 reverse:
GCGCTCGAGCTAAGTTTGTACATTTTGCC.

Luciferase reporter assay. The 3' untranslated region (UTR)
of KLF4 was amplified from cDNA of 293 cells and inserted
into pGL-3 (Promega Corporation, Madison, WI, USA)
using PrimeSTAR Max DNA Polymerase (Takara Bio, Inc.).
The PCR thermocycling conditions were as follows: dena-
turation at 98°C for 10 sec, annealing at 55°C for 10 sec and
elongation at 72°C for 10 sec, repeated for 35 cycles. Then,
293 cells were co-transfected with pGL3-KLF4 3'UTR WT,
miR-145 mimics or miR-negative control mimics, in combi-
nation with a pcDNA3-MALATI plasmid or pcDNA3 and
internal control pRL-TK plasmid using Lipofectamine 2000
(Invitrogen; Thermo Fisher Scientific, Inc.). The sequence of
miR-145 mimics was 5-GUCCAGUUUUCCCAGGAAUCC
CU-3". The sequence of miR-negative control mimics was
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Figure 1. MALAT]I levels are increased in tumor tissues from patients
with cisplatin-resistant NSCLC compared with those from patients with
cisplatin-sensitive NSCLC. The different expression level of MALAT1
between 31 tumor tissues from patients with cisplatin-sensitive NSCLC
and 21 tumor tissues from patients with cisplatin-resistant NSCLC was
performed using RT-qPCR. “P<0.0001. MALATI, metastasis-associated
lung adenocarcinoma transcript 1; NSCLC, non-small cell lung cancer;
RT-qPCR, reverse transcription quantitative polymerase chain reaction.

5'-UCACAACCUCCUAGAAAGAGUAGA-3'". After 24 h,
luciferase activity and Renilla activity were measured using
a Dual Luciferase Reporter Assay kit (Promega Corporation)
according to manufacturer's protocol. Renilla activity was
used as control.

Statistical analysis. All statistical analyses were performed
using GraphPad Prism 5.0 software (GraphPad Software,
Inc., La Jolla, CA, USA). The data were expressed as the
mean + standard deviation. Differences between two groups
were analyzed using an unpaired t-test. Differences from
multiple groups were firstly analyzed using a one-way analysis
of variance followed by Student-Newman-Keuls post-hoc
analysis. P<0.05 was considered to indicate a statistically
significant difference. All experiments were repeated three
times.

Results

MALATI levels are increased in tumor tissues from patients
with cisplatin-resistant NSCLC compared with those
from patients with cisplatin-sensitive NSCLC. To explore
whether MALAT1 was involved in cisplatin resistance in
NSCLC, MALAT]I levels from tumor tissues of 31 patients
with cisplatin-sensitive NSCLC and 21 patients with cispl-
atin-resistant NSCLC were measured. Significant elevation
of MALAT1 was detected in tumor tissues from patients with
cisplatin-resistant NSCLC (Fig. 1). This suggested that the
deregulation MALAT1 may contribute to cisplatin resistance
in patients with NSCLC.

MALATI levels are associated with histological grades and
metastasis. As summarized in Table I, there were 21 male
patients and 31 female patients in the present study, with
32 patients aged <60 years old and 20 patients aged =60 years
old, 20 patients with well to intermediate differentiation and
32 patients with poor differentiation, and 41 patients with no
metastasis and 11 patients with metastasis.
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Table I. Expression of MALAT1 in tissues from patients with non-small cell lung cancer.

Clinicopathological factors Cases, n MALAT, mean = SD P-value
Sex 0.70
Male 21 1.51+£0.21
Female 31 1.48+0.23
Age, years 0.35
<60 32 1.46+0.24
=60 20 1.52+0.23
Histological grade <0.01
Well to intermediate differentiation 20 1.10+0.32
Poor differentiation 32 1.93+0.58
Metastasis <0.01
No 41 1.16+£0.38
Yes 11 1.84+0.47
SD, standard deviation; MALAT1, metastasis-associated lung adenocarcinoma transcript 1.
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Figure 2. Increase of MALAT1 is observed in A549rCDDP cells and non-small cell lung cancer cells treated with cisplatin. (A) Increasing concentrations
of cisplatin induced an increase in MALAT] level in A549 cells and H1299 cells in a dose-dependent manner. Cisplatin 1 yM vs. vehicle, Cisplatin 2 uM vs.
vehicle. (B) Compared with A549 cells, A549rCDDP cells were relatively insensitive towards cisplatin treatment. A549 vs. A549rCDDP. (C) Increased levels
of MALATI mRNA were observed in A549rCDDP cells compared with A549 cells. "P<0.05, “P<0.001, ““P<0.0001. MALATI, metastasis-associated lung
adenocarcinoma transcript 1; RT-qPCR, reverse transcription quantitative polymerase chain reaction.

As for the difference of MALAT1 expression levels between
male (1.51+0.21) and female patients (1.48+0.23) or patients
aged <60 years old (1.46+0.24) and =60 years old (1.52+0.23),
there was no significant difference (P=0.70 and P=0.35,
respectively). There was significant difference of MALATI1
expression levels (P<0.01 and P<0.01, respectively) between
patients with well to intermediate differentiation (1.10+0.32)

and poor differentiation (1.93+0.58), and between patients
with metastasis (1.84+0.47) or no metastasis (1.16+0.38).

MALATI levels are increased in cisplatin-resistant NSCLC
cells and NSCLC cells treated with cisplatin. To examine the
role of MALATI1 during the development of cisplatin resis-
tance, 2 NSCLC cell lines, A549 cells and H1299, were treated



SPANDIDOS

) PUBLICATIONS

>

Relative level of miR-145
by RT-gPCR

T

miR-mimics miR-145 mimics

ONCOLOGY LETTERS

16: 4821-4828, 2018 4825

s ok

Relative level of MALAT1
by RT-gPCR

0- T
pcDNA3 pPCDNA3Z-MALAT1

¢ |
25 =

2.0 4

by RT-gPCR

1.0 9

Relative KLF4 mRANA level

0.5

0.0 <
miR-NC mimics
miR-145 mimics

pcDNA3
pcDMNA3-MALAT1

S

L

+

+

+

D

-| KLF4

|_ — -_lﬁﬁPDH

miR-NC mimics +
miR-145 mimics
pcDMNA3
pcDNA3-MALAT1

+

+

+

+

Figure 3. KLF4 is positively regulated by MALATI and negatively regulated by miR-145 in A549 cells. (A) miR-145 mimics markedly increased miR-145
levels in A549 cells. (B) MALATTI levels were increased in A549 cells transfected with pcDNA3-MALAT]I. (C) The KLF4 mRNA level was increased in
response to transfection of pcDNA3-MALATI1 and was decreased following transfection of miR-145 mimics in A549 cells. (D) The protein level of KLF4
was increased in response to transfection of pcDNA3-MALATI and was decreased following transfection of miR-145 mimics in A549 cells. “P<0.001 and

P<0.0001. KLF4, Kruppel-like factor 4; MALAT1, metastasis-associated lung adenocarcinoma transcript 1; NSCLC, non-small cell lung cancer; RT-qPCR,

reverse transcription quantitative polymerase chain reaction; NC, negative control.

with (1 or 2 uM of cisplatin. Notably, there was an elevation
of MALATI level in response to cisplatin treatment in a
dose-dependent manner (Fig. 2A). In addition, the present study
aimed to analyze MALAT] level in cisplatin-resistant cells.
The cell viability assay indicated that A549rCDDP cells were
relatively insensitive towards cisplatin treatment compared
with the parental A549 cells (Fig. 2B). Indeed, the MALAT1
level was increased in A549rCDDP cells in comparison with
A549 cells (Fig. 2C). These data implied that MALAT1 may
contribute to cisplatin resistance in NSCLC cells.

MALATI regulated KLF4, a chemotherapy resistance
associated oncogene, in A549 cells. KLF4 is a transcription
factor that controls stem cell reprogramming (17). Previously,
KLF4 was identified to be associated with cisplatin resistance
in several cancer types (16,21). A previous study indicated
that miR-145 may target KLF4 in bladder cancer cells (22).
Notably, MALAT1 was suggested to repress miR-145 during
endothelial to mesenchymal transition (23). To investigate
the role of KLF4 and miR-145 in MALATI1-mediated
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Figure 4. MALAT1 overexpression rescues miR-145-induced KLF4 tran-
scription repression. The luciferase activity of 293 cells transfected with
KLF4 3'UTR-WT was repressed following transfection with miR-145 mimics.
Co-transfection of pcDNA3-MALAT! and miR-145 mimics increased
luciferase activity compared with transfection with miR-145 mimics alone.
“P<0.05. KLF4, Kruppel-like factor 4; MALATI, metastasis-associated lung
adenocarcinoma transcript 1; WT, wild-type; UTR, untranslated region; NC,
negative control.
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Figure 5. Silencing of MALATI reverses cisplatin resistance in A549rCDDP cells. (A) MALAT1 siRNA1 and siRNA2 decreased MALAT] levels in
A549rCDDP cells. MALATI siRNAI vs. control siRNA, MALATI siRNAZ2 vs. control siRNA. (B) In A549rCDDP cells transfected with MALAT1 siRNAI
and siRNA2, cisplatin treatment for 48 h markedly suppressed cell proliferation. MALAT1 siRNAI and cisplatin (2 M) vs. control siRNA and cisplatin
(2 uM), MALAT1 siRNAZ2 and cisplatin (2 #M) vs. control siRNA and cisplatin (2 uM). (C) In MALAT -silenced A549rCDDP cells, significantly increased
cell apoptosis was detected following cisplatin treatment for 48 h compared with cells transfected with control siRNA. (D) Quantitative analysis of the
flow cytometry data from C. (D) Annexin-V positive cells were considered apoptotic cells. "P<0.05 and “"P<0.0001. MALATI, metastasis-associated lung
adenocarcinoma transcript 1; si, small interfering; RT-qPCR, reverse transcription quantitative polymerase chain reaction; NS, not significant.

cisplatin resistance, the present study aimed to detect KLF4
level following MALATI1 or miR-145 overexpression.
As demonstrated in Fig. 3A and B, miR-145 mimics and
pcDNA-MALAT]I significantly increased miR-145 level and
MALATI level in A549 cells, respectively. As hypothesized,
the overexpression of MALAT1 markedly increased KLF4
mRNA level while miR-145 mimics decreased KLF4 mRNA
level, and a combination of MALATI1 and miR-145 overex-
pression rescued miR-145-induced KLF4 downregulation
(Fig. 3C). Consistently, MALAT1 overexpression increased
KLF4 protein level compared with transfection of pcDNA3
and miR-145 mimics triggered a decrease in KLF4 protein
level compared with cells transfected with miR-NC mimics
(Fig. 3D). These data indicated that MALAT1 may function
through the miR-145/KLF4 axis, to confer cisplatin resistance
in NSCLC cells.

MALATI directly regulates miR-145 to control KLF4
levels. To confirm whether MALATI increased KLF4 level

via targeting miR-145, a luciferase assay in 293 cells was
performed. In cells transfected with KLF4 3'UTR-WT, it was
identified that miR-145 mimics led to a decrease of luciferase
activity and MALAT1 overexpression rescued this luciferase
activity change (Fig. 4). This result indicated that KLF4 was
regulated by MALAT1 via miR-145.

MALATI silencing reverses cisplatin resistance in
A549rCDDP cells. The present study then aimed to confirm
whether MALAT]1 contributed to cisplatin resistance in
NSCLC cells by siRNA-mediated gene silencing. As demon-
strated in Fig. SA,MALAT1 siRNA1 and siRNA2 significantly
knocked down MALATI expression in A549rCDDP cells.
Following MALAT] silencing, cisplatin treatment induced
a significant decrease in cell viability in A549rCDDP cells
(Fig. 5B). Furthermore, compared with A549rCDDP cells
treated with cisplatin, a significant increase in the rate of cell
apoptosis was observed in MALAT -silenced A549rCDDP
cells following cisplatin treatment (Fig. 5C and D). These



results directly indicated that the increase of MALATI
contributed to cisplatin resistance in NSCLC.

Discussion

Cisplatin-based chemotherapy is a major therapeutic approach
for the treatment of patients with NSCLC. However, although
patients may respond to cisplatin atthe initiation of the treatment,
cisplatin exposure would induce a series of adaptive responses,
leading to cisplatin resistance and tumor recurrence (24). The
present study identified a MALAT1-miR-145-KLF4 axis was
involved in driving cisplatin resistance in NSCLC.

MALATI was a well-characterized oncogene involved
in the promotion of NSCLC cell proliferation and metas-
tasis (25,26). In the present study, it was also identified that
MALATI levels were positively associated with histological
grade and occurrence of metastasis. Recently, the upregula-
tion of MALAT1 was demonstrated to increase Histone-lysine
N-methyltransferase EZH2 protein level and contribute
to resistance towards oxaliplatin-based chemotherapy in
patients with colorectal cancer (27). In the present study,
cisplatin treatment of A549 cells greatly increased MALAT1
level. In addition, there was an elevation of MALATI level
in A549rCDDP cells compared with the parental A549 cells.
Importantly, the silencing of MALAT1 enhanced cispl-
atin-induced cell proliferation inhibition and cell apoptosis in
A549rCDDP cells. These results collectively indicate that the
abnormal expression of MALATT leads to cisplatin resistance
in NSCLC.

Cancer stem cells are only a small proportion of the tumor
cell population, and are crucial for tumor cell metastasis
and drug resistance (28,29). As a key transcription factor in
regulating cell reprogramming and an important gene in the
maintenance of cancer cell stemness (30,31), KLF4 has been
suggested to be associated with chemotherapy resistance in
various types of cancer, including NSCLC (18,32). A previous
study identified that following benzo[a]pyrene treatment, an
increase in KLF4 and MALAT] protein levels was detected
during the malignant transformation of the human bronchial
epithelial BEAS-2B cell line (33). However, to the best of our
knowledge, the regulatory association between KLF4 and
MALTALI, and how their interplay contributed to cisplatin
resistance has not yet been studied. KLF4 is a direct target
of miR-145 (22). In the present study, in the A549 cells, it was
identified that KLF4 was negatively regulated by miR-145 and
positively regulated by MALAT1 at mRNA and protein levels.
Using a luciferase assay, it was confirmed that MALATI1
indirectly regulated KLF4 at a transcription level via the
repression of miR-145. These data indicated that MALTA1
may contribute to cisplatin resistance via regulating KLF4
level.

In conclusion, the data of the present study demonstrated
that the MALAT1-miR-145-KLF4 axis functions as an impor-
tant inducer of cisplatin resistance in NSCLC. Therefore,
MALATI may be a promising predictor of cisplatin response
and therapeutic target for patients with NSCLC.
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