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Abstract: MALAT1 is an important long noncoding RNA in tumor progression. Here we showed that the expression
of MALAT1 was upregulated in non-small cell lung cancer cells (NSCLCs) or tissues as compared with the normal
lung cell or tissues. Thus, the knockdown of MALAT1 led to decreased cell migration and invasion. Next we also
found that CXCL5 as a downstream gene of MALAT1 regulated cell migration and invasion. However the regulation
of MALAT1 expression was rarely known. Here we found that the treatment with SAM suppressed of MALAT1 expres-
sion. Finally, we showed that the methylated forms of MALAT1 promoter in lung cancer cells or tissues decreased
compared with normal lung cells or tissues. These demonstrated that the expression of MALAT1 was dependent
on the methylation. Overall, our findings illuminate the oncogenic function of MALAT1 which is regulated by DNA
methylation that might provide potential clinical application in NSCLC.
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Introduction

Mammalian genomes can transcribe into large
numbers of non-coding RNAs including long
non-coding RNA [1]. Recently, an increasing
number of long non-coding RNAs have been
identified [2, 3]. There are growing evidence
that many long ncRNAs have the potential func-
tion in diverse biological processes, such as
invasiveness and metastasis [4, 5].

Metastasis-associated lung adenocarcinoma
transcript 1 (MALAT-1) is a long non-coding RNA
(~8.7 kb in humans) that was originally found to
be overexpressed in early-stage NSCLCs as a
prognostic marker for metastasis [6-8]. MALAT1
can be processed into a stable nuclear-retained
non-coding RNA and a small tRNA-like cytoplas-
mic RNA [9]. MALAT1 is up-regulated in many
human carcinomas such as these cancers of
the breast, pancreas, lung, colon, prostate, and
liver [10, 11]. MALAT1 has been also found to
be involved in epigenetic process. MALAT1
localizes to hundreds of genomic sites in human

cells and binds the active chromatin sites [12].
Importantly MALAT1 regulates the chromatin
histone methylations status through binding to
PRC2 complex to modulate target genes [13,
14]. However, the epigenetic regulation of
MALAT1 expression is less known.

In present study we focused on the role of long
non-coding RNA MALAT1 in non-small cell lung
cancer. We investigated the expression of
MALAT1 and its function in lung cancer. We
identified MALAT1 as an upregualted IncRNA
promoted cell invasion by regulating expression
of CXCL5 and further found the regulation of
MALAT1 expression by promoter methylation.

Materials and methods

Cells and human tissue samples

NSCLC cells A549 were purchased from ATCC.
The cells were cultured in RPMI-1640 (Gibco)

supplemented with 10% bovine calf serum
(BCS) (Gibco) at 37°C in a humidified atmo-
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ABI PRISM 7900HT Sequence
Detection System. Data were
analyzed with StepOne Soft-
ware V2.1 (Applied Bio-
systems, CA). Each PCR was
performed in triplicate and for
at least 3 times independent-
ly. GAPDH was used to nor-
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Figure 1. MALAT1 expression is upregulated in lung cancer. A. RNA was ex-
tracted from human normal lung cell (NC) and in lung cancer cells. MALAT1
expression was assessed by real time PCR. The expression was normalized
to GAPDH. B. MALAT1 expression was analyzed in lung cancer and adjacent

normal tissues by real time PCR and normalized to GAPDH.

sphere containing 5% CO,. Fifteen paired can-
cerous and adjacent normal lung tissues were
obtained from NSCLC patients receiving surgi-
cal treatment at Department of Lung Cancer
Surgery, Tianjin Medical University General
Hospital. Informed consent was obtained from
all patients with regards to surgical treatment
and acquisition of tissue specimens. His-
tological typing of tumor tissue and adjacent
normal tissue were pathologically confirmed in
all cases. Acquisition of tissue specimens was
approved by local Institutional Review Boards
at the authors’ affiliated institutions. Human
tissue acquisition and use in this study com-
plied with the National Regulations on the Use
of Clinical Samples in China.

Real-time RT-PCR

Total cellular RNA was isolated from tissues
and cells using a Trizol reagent (Invitrogen,
Carlsbad, CA, USA), and reversely transcribed
using a reverse transcription-PCR System
(Takara, Dalian, China). MALAT1 were analyzed
by real-time RT-PCR. Quantitative real-time
RT-PCR (qRT-pcr) was performed by the AACt
method using a SYBR® Green PCR Master Mix
Kit (Takara). In brief, 0.2 ug total RNA was mixed
with the SYBR Green reaction mix and specific
primers. Quantitative RT-PCR was run using an
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' malize the expression of
MALAT1.

Small interfering RNA and
transfection

Small interfering RNAs (siR-
NAs) targeting MALAT1 or the
corresponding negative con-
trol were designed and syn-
thesized by Guangzhou Ri-
boBio (Guangzhou, China). For
transfection, tumor cells were
seeded in 24-well plates and
transfected with 2 ul (20 uM)
siRNA using a Lipofectamine™
2000 reagent (Invitrogen).
Each experiment was done in triplicate and at
least three times independently.

Wound healing and invasion assays

For the healing assay, cells were grown in 10%
RPMI-1640 in 60-mm plates in mono-layer to
sub-confluence, and were wounded by scraping
off the cells. The distance of cell migration was
monitored at 24 h (relative to the edge immedi-
ately after the scrapping) and imaged under a
microscope. The relative migrating distance of
cells was measured. For the invasion assay,
cells at 10%/well were seeded in the upper
chamber of the transwell insert coated with
matrigel in 200 yL FBS-free RPMI-1640 and
the lower wells were filled with 500 uL 10% FBS
RPMI-1640 for inducing cell migration.
Following incubation for 24 h, the cells on the
filter surface were fixed with 4% formaldehyde,
stained with 0.5% crystal violet, and examined
under a microscope. Cells in at least six ran-
dom microscopic fields (200x) were counted.

Methylation specific PCR (MSP)

DNA was extracted by using phenol-chloroform
and treated with bisulfite using the EzDNA
Methylation kit (Zymoresearch, Orange, CA)
according to the manufacturer’s instruction.

Int J Clin Exp Pathol 2015;8(12):15903-15910
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Figure 2. Knockdown of MALAT1 decreases cell migration and invasion. A549 cells were transfected with siRNA
targeting for MALAT1 (siM) or control siRNA (siCon). A. After 24 h of transfection, cells were collected and MALAT1
expression was assessed by real time PCR. B. At 24 h after transfection, cells were scratched in 6-well plates. After
24 h, the scratch widths were measured under microscope and analyzed. C. After 24 h of transfection, cells were
added onto cell culture inserts coated with matrigel inside matrigel invasion chambers. Cells invaded through matri-
gel to the bottom side of the inserts were stained and counted.

Bisulfite-treated DNA was then used for meth-
ylation specific PCR (MSP) reaction. PCR was
performed at 95°C for 1 min followed by a total
of 35 cycles of 95°C for 30 s, 60°C for 30 s and
68°C for 1 min 30 s with a final extension at
68°C for 10 min. The PCR products were ana-
lyzed on a 2% agarose gel.

Statistical analysis

Data are expressed as mean * standard devia-
tion, and analyzed with ANOVA, followed by
Student’s t-test for pair-wise comparisons using
the GraphPad Prism software version 4.0
(GraphPad Software, Inc., San Diego, CA). A
value of P<0.05 was considered as statistical
significant.
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Results

MALAT1 expression was upregulated in lung
cancer.

To identify the expression in lung cancer, the
real-time PCR was performed. Firstly, we ana-
lyzed the expression of MAIALT1 in human nor-
mal lung cell (NC) and in lung cancer cells and
observed that the expression of MALAT1 was
upregulated in lung cancer cells as compared
with NC (Figure 1A). Then the expression of
MALAT1 in lung cancer and adjacent normal tis-
sues were assessed. As shown in Figure 1B the
expression of MALAT1 in lung cancer tissues
was remarkably increased than the adjacent

Int J Clin Exp Pathol 2015;8(12):15903-15910
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normal tissues. These data suggested that
MALAT1 expression was upregulated in malig-
nant lung cancer cell lines and tissues.

Knockdown of MALAT1 decreases cell invasion

To explore the potential functional role of
MALAT1 in lung cancer, we suppressed the
expression of MALAT1 by RNA interference in
lung cancer cells. A549 cells were transfected
with siRNA targeting for MALAT1 (siM) or control
siRNA (siCon). MALAT1 expression was
decreased after 24 h of transfection in cells
transfected with siRNA targeting for MALAT1
(Figure 2A). Downregulation of MALAT1 expres-
sion inhibited the migration of lung cells by
wound healing analysis (Figure 2B). Next, we
assessed the effect of MALAT1 on cell invasion
by transwell analysis. MALAT1 silencing result-
ed in a significant decrease in invasion (Figure
2C). Together, these data indicated that
MALAT1 modulated cell migration and in-
vasion.

Knockdown of CXCL5 suppressed the migra-
tion and invasion

It is reported that MALAT1 knockout in lung
cancer cells showed a significant deregulation
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Figure 3. Knockdown of CXCL5 suppressed the mi-
gration and invasion. A. The knockdown of MALAT1
induced the decrease of CXCL5 expression. B. The
knockdown of CXCL5 suppressed the cell migration
ability. C. The knockdown of CXCL5 inhibited cell in-
vasion.

of CXCL5 gene [15]. In this study, the MALAT1
silencing reduced the expression of CXCL5 in
NSCLC (Figure 3A). To investigate the role of
CXCL5 in NSCLC progression, the CXCL5 was
knocked down in A549 cells and the cell migra-
tion and invasion was examined. The results
showed that the knockdown of CXCL5 sup-
pressed the cell migration and invasion ability
(Figure 3B, 3C). These suggested that MALAT1
targeted CXCL5 and this interaction may medi-
ate the effects of MALAT1 on the cell migration
and invasion.

MALAT1 expression was dependent on the
methylation

DNA methylation is a dynamic and reversible
process that governs gene expression during
development and disease [16]. We want to
explore if DNA methylation contributed to the
expression of MALAT1 in lung cancer. We ana-
lyzed the CpG island in MALAT1 promoter with
UCSC genome browser, MethPrimer and
EMBOSS Cpgplot prediction software and
found that CpG islands are located within 2 kb
of the human MALAT1 promoters (Figure 4A).
To analyze the methylation in regulation of

Int J Clin Exp Pathol 2015;8(12):15903-15910
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Figure 4. MALAT1 expression is dependent on the methylation. A. The CpG island in MALAT1 promoter was analyzed
with UCSC genome browser prediction software. B. Cells were incubated with SAM 10 uM for 24 h and MALAT1
expression was assessed by real time PCR. Right panel was methylation level of MALAT1. C. DNA was extracted
by using phenol-chloroform and treated with bisulfite using the EzZDNA Methylation kit (Zymoresearch, Orange, CA,
USA). Bisulfite-treated DNA was then used for methylation specific PCR (MSP) reaction. PCR products were identified
by ethidium bromide staining after 2% agarose gel electrophoresis. For each sample a primer set for the methylated
(M) and unmethylated (U) copies of MALAT1 gene was used. D. Methylation specific PCR analysis of DNA from lung

cancer and normal tissues was performed.

MALATZ in lung cancer, we evaluated the effect
of the methyl donor S-Adenosylmethionine
(SAM) on MALAT1 expression. We found that
MALAT1 expression was suppressed by incuba-
tion with SAM in A549 cells (Figure 4B). And
then we evaluated methylation status of the
CpG island at the MALAT1 promoter in lung can-
cer cells by performing a methylation specific
PCR (Figure 4C). Although normal lung cells
and lung cancer cells have both the methylated
and unmethylated forms, the methylated forms
in lung cancer cells decrease compared with
normal lung cells. Finally MSP of DNA from lung
cancer and normal tissues showed a marked
reduction of the methylated form in lung cancer
compared with adjacent tissues (Figure 4D).
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Discussion

LncRNAs are found to play important roles in
cancer [17]. We previously reported that inhibi-
tion of MALAT1 in CaSki human cervical cancer
cells suppressed cell proliferation and invasion
[18]. In this study, we also assessed the role of
MALAT1 in NSCLC.

To better understand the roles of MALAT1 in
NSCLC, we first measured the expression of
MALAT1 in lung cancer and we found that the
expression of MALAT1 was upregulated in lung
cancer cells as compared with NC and the
expression of MALAT1 in lung cancer tissues
was remarkably increased than the adjacent

Int J Clin Exp Pathol 2015;8(12):15903-15910
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normal tissues. Over-expression of MALAT1
has been reported in other multiple cancer
types [19, 20]. These suggested that MALAT1
plays an important role on tumor progression
and may serve as a prognostic tumor
biomarker.

MALAT1 has been related to cell migration and
invasion of cancer [21]. It is reported that
MALAT1 promoted colorectal cancer cell and
esophageal squamous cell carcinoma prolifera-
tion and metastasis [22, 23]. MALAT1 enhanced
migration of glioblastoma cells [24]. MALAT1
induced neuroblastoma cell migration and
invasion [25]. MALAT1 is also a critical regula-
tor of the metastasis phenotype of lung cancer,
gastric and bladder cancer cells [26-28]. Here
knockdown of MALAT1 decreases NSCLC cell
migration and invasion.

CXCL5 as an epithelial-derived neutrophil-acti-
vating peptide belongs to the CXC chemokine
family. CXCL5 as a novel serum prognostic
marker in patients with colorectal cancer pro-
mote cell proliferation, migration and invasion
[29]. Furthermore, CXCL5 promotes prostate
and bladder cancer progression [30, 31].
CXCL5 overexpression was associated with late
stage gastric cancer and high N stage [32]. In
addition, CXCL5 enhanced proliferation and
invasion of head and neck squamous cell carci-
nomas [33]. CXCL5 is a potential novel prog-
nostic factor in early stage non-small cell lung
cancer and passive immunization of NSCLC
tumor-bearing mice with neutralizing anti-
CXCL5 antibodies resulted in reduced tumor
growth, tumor vascularity and metastases [34,
35]. The present study showed that CXCL5 as a
downstream gene of MALAT1 mediated the
function of MALAT1 regulating the NSCLC
migration and invasion.

Although there are lots of studies about tumor
phenotype caused by MALAT1 abnormal
expression, the mechanisms of MALAT1 expres-
sion is little known. Epigenetic changes such as
DNA methylation act to regulate gene expres-
sion in normal mammalian development [36].
But promoter hypermethylation or hypomethyl-
ation also plays a major role in cancer by regu-
lating gene expression. More attention is paid
to the long non-coding RNA as a major regulator
in cancer epigenetics. Long non-coding RNA
HOX antisense intergenic RNA (HOTAIR) plays a
critical role in gene regulation and chromatin
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dynamics in a variety of cancers [37]. TARID as
a long non-coding RNA was found to direct
demethylation and activation of the tumor sup-
pressor TCF21 via GADD45A [38]. In this study
the methylated forms of MALAT1 promoter in
lung cancer cells or tissues decreased com-
pared with normal lung cells or tissues.
Treatment with SAM suppressed of MALAT1.
These data suggested that MALAT1 expression
can be regulated by DNA methylation. However
yang et al reported that there are no effects of
CpG island methylation status on MALAT1
expression in esophageal squamous cell carci-
noma [23]. This might be the reason of differ-
ent kinds of cancer.

In summary, we have identified the overexpres-
sion of MALAT1 in NSCLC, demonstrated func-
tional effect and provided an epigenetic mech-
anism of regulation of MALAT1 expression in
NSCLC. This study also extends the known role
of MALAT1 in NSCLC and might help identify
potential clinical application in NSCLC.
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