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Abstract: Metastasis Associated Lung Adenocarcinoma Transcript 1 (MALAT1) was over-expressed in ovarian cancer 
tissues and promoted proliferation, migration, invasion of ovarian cancer cell. However, the precise mechanisms 
of MALAT1 in ovarian cancer cell underlying migration, invasion and chemoresistance have not yet been fully eluci-
dated. The effects of MALAT1 knockdown on cell proliferation, migration, invasion and chemoresistance were inves-
tigated by MTT, transwell assay and lactate dehydrogenase release assay. We investigated whether the rate of cell 
death was altered when cells were treated with Z-VAD-fmk or necrostatin-1 (Nec-1) after down-regulation of MALAT1. 
Meanwhile the potential protein expression changes after MALAT1 silencing were evaluated by Western-blotting. 
Knockdown of MALAT1 in SKOV3 cell decreased cell proliferation, migration and invasion. Further, the expression 
of E-cadherin was up-regulated and Vimentin was down-regulated after MALAT1 silencing. Next, with the rising of 
cisplatin concentration, the majority of SKOV3 cells adopted a necrotic morphology and the percentage cell death 
increased after MALAT1 knockdown, also the percentage cell death of MALAT1-siRNA group showed significant 
difference compared to that of control groups. When cells treated with DDP + Z-VAD-fmk or DDP + Nec-1, down-
modulation of MALAT1 showed significantly decreased cell death compared with that treated with DDP + DMSO. 
Cleaved PARP protein could be observed only when cells treated with DDP and inhibited of MALAT1 expression. 
Our data suggested that inhibition of MALAT1 impaired SKOV3 cell proliferation, migration, invasion and sensitized 
chemosensitivity to cisplatin. Further, MALAT1 promoted migration and invasion by activating EMT pathway and 
enhanced chemoresistance via modulating apoptosis and necroptosis signaling pathway, suggesting that MALAT1 
might be an attractive anti-cancer agent for patients with ovarian cancer.
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Introduction

Ovarian cancer is the most lethal gynecological 
malignant tumor in the female reproductive 
system and its five-year survival rate is less 
than 30% [1, 2]. Accompanied by widespread 
implantation metastasis of the peritoneum, the 
patients with ovarian cancer are generally diag-
nosed in the advanced stage due to asymp- 
tomatic characteristic. Surgery and combina-
tion chemotherapy comprised of platinum and 
taxane agents are the current standard thera-
peutic procedures, however, patients suffered re- 
currence and chemoresistance in most cases 
[3, 4]. According to the clinical data, metastasis 

is the major cause of tumor-related death [5]. In 
addition, more than 90% of patients with me- 
tastasis often have a poor prognosis because 
of drug resistance [6]. Thus, a research on the 
mechanisms of proliferation, metastasis, inva-
sion and chemoresistance of ovarian cancer is 
indispensable in order to identify a novel prog-
nostic and therapeutic biomarker. 

Long noncoding RNAs (lncRNAs) attract increas-
ing attention in recent years owing to their vital 
biological influences in many human carcino-
mas. lncRNAs, as novel regulators in the cancer 
progression and development, can regulate 
gene expression fashions and protein expres-
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sion patterns, also interact with proteins [7-11]. 
Up to now, a large number of lncRNAs have 
been implicated in various types of cancer and 
their roles have been widely studied [12-14]. 
Metastasis Associated Lung Adenocarcinoma 
Transcript 1 (MALAT1), a well-studied lncRNAs 
and possible oncogene [15], is located on 
human chromosome 11q13 that was originally 
identified in non-small cell lung cancer [16]. It 
has been found to be overexpressed in several 
cancers, including lung cancer, breast cancer, 
nasopharyngeal carcinoma, gallbladder cancer, 
hepatocellular carcinoma, medullary thyroid 
carcinoma etc. [17-21]. In 2016, Shiping Liu, 
Yanqing Zhou et al. reported that MALAT1 was 
over-expressed in ovarian cancer tissues, fur-
ther, inhibition of MALAT1 decreased prolifera-
tion, migration, invasion and induced apoptosis 
in vitro, and suppressed tumor growth in vivo, 
and significantly differentially expressed genes 
were identified by microarray analysis [22, 23]. 

However, the precise mechanisms of MALAT1 
in ovarian cancer cell underlying migration, 
invasion and chemoresistance are not fully elu-
cidated. To address this problem, we started 
this project. 

Materials and methods

Cell culture

The SKOV3 cell line was purchased from the 
American Type Culture Collection (ATCC, Ma- 
nassas, VA) and cultured in high glucose DMEM 
medium (Gibco BRL, Daithersburg, USA) sup-
plemented with 10% fetal bovine serum (FBS, 
Gibco) and 1% streptomycin/penicillin (Sigma-
Aldrich, St. Louis, MO) in a humidified incubator 
at 37°C with 5% CO2. 

Small interfering RNA and transfection

Small interfering RNAs (siRNAs) targeting MA- 
LAT1 (MALAT1-siRNA) and one negative con- 
trol (NC-siRNA) were designed and synthesiz- 
ed by Guangzhou RiboBio (Guangzhou, China). 
The target sequences for MALAT1-siRNA were 
5’-GGGCAAATATTGGCAATTA-3’ (sense) and 5’- 
GGGCAAAUAUUGGCAAUUAdTdT-3’ (antisense). 
The NC-siRNA was designed as: 5’-UUCUC- 
CGAACGUGUCACGUTT-3’ (sense) and 5’-AC- 
GUGACACGUUCGGAGAATT-3’ (antisense). SK- 
OV3 Cells were seeded in six-well plates at a 
density of 3.5 × 105/well overnight, and then 

transfected with MALAT1-siRNA or the negative 
control at a final concentration of 40 nM using 
the INTERFERinTM transfection reagent (Polyplus 
Transfection) according to the manufacturer’s 
instructions. After 48 h, the interfering efficien-
cy was confirmed via RT-qPCR. 

Real-time reverse transcriptase quantitative 
polymerase chain reaction (RT-qPCR)

Total RNA, was extracted from cell culture sam-
ples by using Trizol reagent (Invitrogen, 
Carlsbad, CA) according to the manufacturer’s 
instructions and treated with DNase. Purity  
and concentration of the prepared total RNA 
was assessed with a NanoDrop® ND-1000 
UV-Vis spectrophotometer (Thermo Fisher 
Scientific Inc., USA). RNA of 1.0 μg was used as 
a template to synthesize first strand cDNA 
using the Rever Aid M-mult Reverse Tran- 
scriptase-PCR kit (TAKARA, Dalian, China). Gly- 
ceraldehyde 3-phosphate dehydrogenase (GA- 
PDH) was used as an internal control. The prim-
ers are: MALAT1-F, 5’-GCTGTGGAGTTCTTAAA- 
TATCAACC-3’, MALAT1-R, 5’-TTCTCAATCCTGA- 
AATCCCCTA-3’; E-cadherin-F, CAGTACAACGAC- 
CCAACCCA, E-cadherin-R, CACGCTGACCTCTA- 
AGGTGG; Vimentin-F, AGCATCTCCTCCTGCAAT- 
TT, Vimentin-R, TGCATTCACATTTGTTGTGC; GA- 
PDH-F, 5’-GAGTCAACGGATTTGGTCGT-3’, GAP- 
DH-R, 5’-GACAAGCTTCCCGTTCTCAG-3’. Quanti- 
tative RT-PCR was performed using the Bio-Rad 
System (Bio-Rad Inc., USA) and the Maxima™ 
SYBR Green PCR Master Mix (ROX solution, 
Fermentas, USA). The RT-qPCR machine was 
programmed as 95°C for 10 min, 95°C for 15 
sec, 60°C for 30 sec, 72°C for 30 sec, and the 
latter 3 steps were repeated for 40 cycles. The 
expression level of MALAT1 was calculated by 
the 2-ΔΔCt method and normalized with GAPDH. 

Proliferation assay

SKOV3 cells were seeded and transfected in 
96-well plates at a density of 5 × 103 cells per 
well. SKOV3 cells were respectively transfected 
by MALAT1-siRNA (40 nM), NC-siRNA (40 nM) or 
saline blank control (0.9% sodium chloride). 
After 48 h, we confirmed that the expression of 
MALAT1 was significantly decreased at RNA 
level in SKOV3 cells. Then, cells proliferation 
was measured using MTT cell Proliferation and 
Cytotoxicity Assay Kit (Beyotime, Jiangsu, 
China), according to the suppliers’ indications. 
The optical absorbance was determined on the 
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automated microplate reader (Bio-Rad, USA) at 
570 nm.

Migration and invasion assay

The migration and invasion assays were per-
formed in a 24-well transwell chamber. After 
the cells were transfected for 48 h, we con-
firmed the expression of MALAT1 was signifi-
cantly decreased at RNA level. About 100 μl 
SKOV3 cells, with a concentration of 5 × 105/
ml, which were suspended in serum-free high 
glucose DMEM, was seeded into the upper 
chamber of transwell assay inserts (Millipore, 
Billerica, MA) with a membrane at 8-μm pore 
size. For migration assay, 600 μl of high glu-

cells were then incubated with the various con-
centrations of cisplatin (DDP) (0 μM, 4 μM, 8 
μM and 12 μM) for 72 h. The cellular morphol-
ogy was observed with inverted phase con- 
trast microscope. Cell death was assessed by 
the intracellular lactate dehydrogenase (LDH) 
release assay through a cytotoxicity detection 
kit (Promega, Madison, WI, USA). LDH release 
was quantified by measuring absorbance at 
490 nm using a plate reader (Bio-Rad, USA). 
The rate of cell death for each group was ca- 
lculated by the following formula: cell death (%) 
= (experimental value-media control)/(positive 
control-media control) × 100%. The results 
were expressed as percentage cell death ± 
standard deviation (SD). 

Figure 1. Down-modulation of MALAT1 expression level in SKOV3 cells sup-
pressed proliferation. A. MALAT1 expressions in SKOV3 cell line transfected 
by MALAT1-siRNA, NC-siRNA and saline blank control. Y-axis indicated the 
relative expression of MALAT1 in each group tested by RT-qPCR. B. Down-
modulation of MALAT1 gene expression significantly suppressed SKOV3 cell 
growth in vitro. *P < 0.05, **P < 0.01, ***P < 0.001.

cose DMEM medium contain-
ing 15% FBS was added to  
the lower chamber as the che-
motactic factor. After 24 h, 
non-migrating cells were sc- 
raped off with cotton swap, 
whereas the cells that had 
migrated through the mem-
brane were fixed with metha-
nol and stained with 0.1% 
crystal violet and counted 
under a microscope in five 
randomly selected fields at 
magnification X200. For inva-
sion assay, 50 μl matrigel  
(BD Biosciences, USA) was 
firstly added to the bottom of 
the transwell chamber before 
SKOV3 cells were seeded, 
and the following procedures 
were the same as that in 
migration assay, except for 
the invasive cells being ana-
lyzed after co-culture for 48 
hours. 

Chemosensitivity assay

For the chemosensitivity as- 
say in vitro, SKOV3 cells were 
seeded in a 96-well plate at a 
density of 3.5 × 103 cells/
well. SKOV3 cells were respec-
tively transfected by MALAT1-
siRNA (40 nM), NC-siRNA (40 
nM) or saline blank control 
(0.9% sodium chloride) for  
48 h. The transfected SKOV3 
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Figure 2. Inhibition of MALAT1 impaired migration and invasion of SKOV3 cell. A. Transwell assays demonstrated that MALAT1 silencing significantly impaired mi-
gration of SKOV3 cells compared with control groups. B. The Matrigel chamber invasion assays indicated that down-modulation of MALAT1 significantly diminished 
the invasive capacity of SKOV3 cells compared with control groups. The bar profiles represented the number of cells migrated or invaded into the lower transwell 
chambers. These data were the mean ± SD of three independent experiments by Student’s t-test. Magnification: 200 ×. ***P < 0.001. 
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Cell treatment

Z-VAD-fmk and necrostatin-1 (Nec-1) were  
solubilized with Dimethyl Sulfoxide (DMSO), 
then added to DMEM-containing culture me- 
dia at a concentration of 25 μM, 50 μM, se- 
parately. After 48 h of transfection, medium 
was removed from cells (MALAT1-siRNA, NC- 
siRNA, saline blank control) and cells were  
incubated with 5 μM DDP + 25 μM Z-VAD- 
fmk, 5 μM DDP + 50 μM Nec-1, 5 μM DDP + 
DMSO for 72 h. For all cases, the final concen-
tration of DDP is 5 μM. The percentage cell 
death was decided by LDH assay as described 
above.

Western blot analysis

Protein samples were prepared by lysing cells 
in ice-cold M2 lysis buffer (29 mM Tris-Cl at 
pH7.6, 0.5% NP4, 250 mM NaCl, 3 mM EDTA, 3 
mM GDTA, 0.1 M PMSF, 1 mg/ml leupeptin, 0.1 
M DTT, 1 M b-glycerol phosphate, 0.2 M sodium 
vanadate). Protein quantification was carried 
out using BCA Protein Assay Kit (Beyotime, 
Jiangsu, China) according to the manufacture’s 
protocol. Protein sample were separated in 
10% polyacrylamide gel electrophoresis-SDS 
(PAGE-SDS) and transferred to nitrocellulose 
membranes. The membranes were blocked 
with Tris buffered saline- 0.1% Tween-20 (TBS-
T) containing 5% nonfat dried milk and then 
incubated overnight at 4°C with the anti-rabbit 
PARP polyclonal antibody (GTX100573, 1:1000, 
GeneTex, United States), anti-rabbit E-cadherin 
polyclonal antibody (20874-1-AP, 1:2000, pro-
teintech, Chengdu, China), anti-rabbit Vimentin 
polyclonal antibody (10366-1-AP, 1:2000, pro-
teintech, Chengdu, China), anti-mouse β-actin 
monoclonal antibody (60008-1-Ig, 1:10000, 
proteintech, Chengdu, China), anti-mouse 
GAPDH monoclonal antibody (60004-1-Ig, 
1:10000, proteintech, Chengdu, China). The 
membrane were washed three times in TBS-T 
and incubated with the secondary antibodies at 
room temperature for 1 h. HRP-conjugated 
Affinipure Goat Anti-Mouse IgG (H + L) (SA0001-
1, 1:2000) and HRP-conjugated Affinipure Goat 
Anti-Rabbit IgG (H + L) (SA0001-1, 1:2000) 
were purchased from proteintech (Chengdu, 
China). The membranes were again washed 
three times with TBS-T. Protein bands were 
visualized at ChemiDoc™ MP Imaging System 
(Bio-Rad Laboratories Inc.). 

Statistical analysis

All experiments were performed at least thrice. 
All data were showed as mean ± SD and com-
pared by the two-tailed Student’s t-test. P < 
0.05 was considered statistically significant. All 
statistical analyses were performed on SPSS 
24 software (SPSS Inc. Chicago).

Results

Knockdown of MALAT1 in SKOV3 cell de-
creased cell proliferation

To understand the role of MALAT1 in prolifera-
tion, synthesized MALAT1-siRNA was used to 
knock down MALAT1 in the human ovarian can-
cer cell line SKOV3. The results of RT-qPCR 
showed that the siRNA transfection could effi-
ciently decrease MALAT1 expression by 67% 
and 70% compared to the saline control and 
NC-siRNA at the RNA level, respectively (P < 
0.001, Figure 1A). By MTT assay, cell prolifera-
tive activity was found to be significantly sup-
pressed in the MALAT1-siRNA group compared 
to control groups (Figure 1B). The results sug-
gested that knockdown of MALAT1 decreased 
cell proliferation in SKOV3 cell.

Inhibition of MALAT1 in SKOV3 cell impaired 
migration and invasion

We investigated SKOV3 cell migration and inva-
sion through transwell assays. The migration 
and invasion of MALAT1-deficient SKOV3 cells 
decreased by approximately 53% and 66% 
compared with control groups, respectively (P < 
0.001, Figure 2A and 2B). The data above illus-
trated that inhibition of MALAT1 in SKOV3 cell 
impaired migration and invasion.

MALAT1 promoted migration and invasion by 
activating EMT pathway in SKOV3 cell

To further investigate whether MALAT1 regu-
lates cell migration and invasion by activating 
epithelial-mesenchymal-transition (EMT) sig-
naling pathway, the expression of E-cadherin 
and vimentin was detected by western blot and 
RT-qPCR. The expression of the epithelial 
maker E-cadherin was obviously increased in 
siRNA-MALAT1 cells compared with that in 
NC-siRNA and blank control groups (P = 0.003, 
Figure 3A). Moreover, the expression of the 
mesenchymal marker Vimentin was obviously 
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reduced in siRNA-MALAT1 cells compared with 
that in NC-siRNA and blank control groups (P = 
0.016, Figure 3B). All the evidence suggested 
that we could inhibit SKOV3 cell migration and 
invasion partly by suppressing EMT process 
after MALAT1 knockdown.

Downregulation of MALAT1 sensitized SKOV3 
cell to cisplatin

To assess whether MALAT1 knockdown in- 
creases the sensitivity of ovarian cell to DDP, 
SKOV3 cells were treated with DDP for 72 h 
after MALAT1 knockdown. The morphological 
signs of nuclear apoptosis were evaluated us- 
ing inverted phase contrast microscope and 
the number of death cells was estimated by 
LDH assay. Through inverted phase contrast 
microscope and LDH assay, we found that with-
out exposure to DDP, cell death was not signifi-
cantly altered after MALAT1 silencing (P = 0.14, 
Figure 4A). However, at 4 μM, 8 μM, 12 μM 
concentrations of DDP, the percentage cell 
death increased, showing a dose-dependent 
trend. At the same time, it presented statistical 
difference between the MALAT1-siRNA groups 
and control groups (P < 0.001, P = 0.002, P < 
0.001, Figure 4B-D). These findings revealed 

percentage cell death significantly decreased 
approximately 30% compared with DDP + 
DMSO treatment group (P < 0.001, Figure 5A). 
When treated with DDP + Z-VAD-fmk or DDP + 
Nec-1, down-modulation of MALAT1 showed 
significantly higher percentage cell death com-
pared to respective controls (P = 0.009, P = 
0.037, Figure 5A). We next determined the 
expression of cleaved Poly(ADP-ribose)-po- 
lymerase (PARP) by western blot analysis, which 
indicated that knockdown of MALAT1 lead to 
cleavage of PARP compared with NC-siRNA and 
blank control groups subjected to 5 μM DDP 
(Figure 5B). In this regard, down-modulation of 
MALAT1 sensitized chemotherapeutic sensitiv-
ity of SKOV3 cell, which might partly contribute 
to involving MALAT1 into the apoptotic and 
necroptotic processes.

Discussion

In this study, we demonstrated that MALAT1 
was associated with ovarian cancer cell prolif-
eration, migration, invasion and chemoresis-
tance. Furthermore, MALAT1 promoted migra-
tion and invasion by activating EMT pathway 
and induced chemoresistance by reducing 
apoptosis and necroptosis in SKOV3 cells.

Figure 3. E-cadherin and vimentin was detected by western blot and RT-qP-
CR. The expression of E-cadherin was obviously up-regulated (A) and Vimen-
tin was significantly down-regulated in SKOV3 cells after MALAT1 knockdown 
(B). *P < 0.05, **P < 0.01.

that MALAT1 was not requir- 
ed for ovarian cancer cell sur-
vival, but downregulation of 
MALAT1 sensitized SKOV3 
cell to DDP in a dose-depen-
dent manner.

Down-modulation of MALAT1 
potentiated apoptosis and 
necroptosis of SKOV3 cell

In DDP + DMSO group, down-
modulation of MALAT1 sh- 
owed significantly high per-
centage cell death compared 
to control groups (P < 0.001, 
Figure 5A). After MALAT1 
knockdown, DDP + Z-VAD-fmk 
treatment group showed that 
percentage cell death sig- 
nificantly decreased approxi-
mately 50% compared with 
DDP + DMSO treatment gro- 
up (P < 0.001, Figure 5A). 
Meanwhile, after MALAT1 
knockdown, DDP + Nec-1 
treatment group showed that 
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Figure 4. Representative images of SKOV3 cells were treated with 0 μM, 4 μM, 8 μM and 12 μM of DDP for 72 h, respectively. Cell death was evaluated using LDH 
assay. Percentage cell death was calculated and expressed as percentage cell death ± SD (n = 3). The differences were expressed as **P < 0.01, ***P < 0.001.
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Since tumorigenesis and cancer progression 
are related with multiple oncogenic processes, 
including proliferation, migration and invasion, 
we assessed the effects of MALAT1 knockdown 
on the proliferation, migration and invasion of 
SKOV3 cell. As a result, the MTT assay demon-
strated that MALAT1 knockdown significantly 
reduced the number of living SKOV3 cell, and 
the migration assay found that inhibition of 
MALAT1 expression significantly reduced the 
number of migrated SKOV3 cell, and the 
Matrigel invasion assay indicated that down-
regulation of MALAT1 significantly decreased 
the number of invaded SKOV3 cell. The results 
were consistent with previous report that 
MALAT1 promoted colorectal cancer cell prolif-
eration, migration and invasion via PRKA kinase 
anchor protein 9 [24]. Further, G. Fengjie et al. 

tion of Vimentin. In our study, after investi- 
gating the inhibiting effect of MALAT1 knock-
down on migration and invasion of SKOV3  
cell, we determined the expression of E-cad- 
herin and Vimentin. Consequently, western blot 
and RT-qPCR showed that the expression of 
E-cadherin was up-regulated and Vimentin was 
down-regulated after MALAT1 knockdown. 
Those results indicated that MALAT1 promoted 
migration and invasion partly through EMT 
pathway.

The major morphological hallmark of apoptosis 
is nuclear condensation with fragmentation. 
Without exposure to DDP, inverted phase con-
trast microscopic observation of transfected 
SKOV3 cells (MALAT1-siRNA, NC-siRNA, saline 
blank control) almost did not observe any mor-

Figure 5. Down-modulation of MALAT1 potentiated apoptosis and necrop-
tosis of SKOV3 cell in chemotherapeutic response to cisplatin. A. In blank 
control, NC-siRNA, and MALAT1-siRNA groups, cells were incubated with 5 
μM DDP + DMSO solvent, 5 μM DDP + 25 μM Z-VAD-fmk, and 5 μM DDP + 
50 μM Nec-1, respectively. After 72 h, the percentage cell death was tested 
by LDH assay. Percentage cell death was calculated and expressed as per-
centage cell death ± SD (n = 3). *P < 0.05, **P < 0.01, ***P < 0.001. B. 
Cleaved PARP protein was measured by western blot normalization of β-actin 
in SKOV3 cells, which were transfected with MALAT1-siRNA, NC-siRNA, saline 
control and exposed to DDP for 72 h. Cleaved PARP protein can be detected 
only when both MALAT1 knockdown and exposure to DDP were done, as ar-
row indicated. 

reported that inhibition of 
MALAT1 in CaSki human cer-
vical cancer cells suppressed 
cell proliferation and invasion 
[25]. Fengjie Guo et al. exhib-
ited that inhibition of MALAT1 
in non-small cell lung canc- 
er cells suppressed growth, 
migration and invasion [26]. 
These studies supported that 
down-regulation of MALAT1 
expression in SKOV3 cell 
decreased cell proliferation, 
migration and invasion.

However, it is unknown how 
MALAT1 affect cell migration 
and invasion in ovarian can-
cer. In the present study we 
found that the underlying 
mechanism of migration and 
invasion might relate to EMT. 
Previous study showed that 
EMT played a crucial role in 
cancer progression and me- 
tastasis [27]. Moreover, MA- 
LAT1 was shown to have a 
role in EMT in thyroid carcino-
ma [28]. Hirata, H. et al. 
reported that E-cadherin ex- 
pression was increased after 
MALAT1 silencing in renal cell 
carcinoma cell [15]. Usually, 
EMT process is mainly initiat-
ed by the down-regulation of 
E-cadherin and the up-regula-
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phological signs of apoptosis. This finding was 
in accordance with LDH assay that the number 
of living cells was not significantly altered, sug-
gesting that MALAT1 was not required for ovar-
ian cancer cell survival. With the rising of DDP 
concentration, the majority of SKOV3 cells 
adopted a necrotic morphology and the per-
centage cell death increased after MALAT1 
knockdown, also the percentage cell death of 
MALAT1-siRNA group showed significant differ-
ence compared to that of control groups. 
Consistent to our work, a recent study also 
demonstrated that MALAT1 enhanced the 
docetaxel resistance of prostate cancer cells 
via miR-145-5p-mediated regulation of AKAP12 
[29]. Also, MALAT1 was confirmed to induce 
chemoresistance to oxaliplatin of colorectal 
cancer by promoting EZH2 [30] and regulated 
multidrug resistance of hepatocellular carcino-
ma cells by sponging miR-216b to modulate the 
expression of HIF-2a that was related to autoph-
agy pathway [31]. These findings indicated that 
inhibition of MALAT1 expression might promote 
ovarian cancer cell sensitivity to cisplatin in a 
dose-dependent manner, and MALAT1 could 
contribute to the chemotherapeutic responsi-
bility in ovarian cancer therapy.

In the next step, we analyzed the molecular 
mechanism of decreasing susceptibility tow- 
ards cisplatin by MALAT1, as Asselin E has doc-
umented that cisplatin caused caspase-depen-
dent apoptosis in ovarian cancer cells [32]. The 
pan-caspase inhibitor Z-VAD-fmk and necrop-
totic processes inhibitor Nec-1 abolishing the 
apoptosis and necroptosis signaling pathway 
were used to this study. When SKOV3 cell treat-
ed with DDP + Z-VAD-fmk or DDP + Nec-1, 
down-modulation of MALAT1 showed a signifi-
cant decrease of percentage cell death com-
pared to that treated with DDP + DMSO, and it 
also showed a significant increase of percent-
age cell death compared to that of control 
groups. Together, the present results suggest-
ed that MALAT1 induced chemoresistance 
partly by reducing apoptosis and necroptosis in 
SKOV3 cell. These results were in accordance 
with those of studies reported that MALAT1 
inhibited apoptosis and promoted invasion by 
antagonizing miR-125b in bladder cancer cells 
[33] and silencing of MALAT1 promoted apopto-
sis of glioma cells [34]. Because PARP is a sub-
strate of caspase-3, the cleaved PARP protein 
might result from caspase 3-mediated intrinsic 
apoptosis processing. Furthermore, in this 

study we found that the decrease of MALAT1 
levels induced the observation of cleaved PARP 
protein when treated with DDP, suggesting that 
MALAT1 could induce chemoresistance partly 
through regulating apoptotic process.

However, additional studies are still required to 
determine the precise molecular mechanism of 
MALAT1 functions in ovarian cancer and the 
potentiality of it as a therapeutic target and a 
predictor for prognosis in ovarian cancer.

In conclusion, this investigation showed that 
MALAT1 knockdown inhibited cellular prolifera-
tion, migration and invasion by regulating EMT 
signaling pathway and also enhanced chemo-
sensitivity via modulating apoptosis and 
necroptosis signaling pathway in ovarian can-
cer, indicating that MALAT1 might be an attrac-
tive anti-cancer agent and prognostic biomark-
er for patients with ovarian cancer.

Acknowledgements

This study was supported by Sichuan Province 
Science and Technology Support Program (NO. 
2011FZ0020).

Disclosure of conflict of interest

None.

Address correspondence to: Dr. Wei Lin, West Chi- 
na Women’s and Children’s Hospital, No. 17 Peo- 
ple’s South Road, Chengdu, Sichuan, China; Key 
Laboratory of Birth Defects and Related Diseases of 
Women and Children (Sichuan University), Ministry 
of Education, Chengdu, Sichuan, China. Tel: 181- 
80609229; E-mail: linwei@scu.edu.cn

References

[1] Siegel R, Naishadham D and Jemal A. Cancer 
statistics, 2013. CA Cancer J Clin 2013; 63: 
11-30.

[2] Weidle UH, Birzele F, Kollmorgen G and Rueger 
R. Mechanisms and targets involved in dis-
semination of ovarian cancer. Cancer Genom-
ics Proteomics 2016; 13: 407-424.

[3] Covens A, Carey M, Bryson P, Verma S, Fung 
Kee Fung M and Johnston M. Systematic re-
view of first-line chemotherapy for newly diag-
nosed postoperative patients with stage II, III, 
or IV epithelial ovarian cancer. Gynecol Oncol 
2002; 85: 71-80.

[4] Smith R, Manassaram-Baptiste D, Brooks D, 
Doroshenk M, Fedewa S, Saslow D, Brawley O 
and Wender R. Cancer screening in the united 

mailto:linwei@scu.edu.cn


MALAT1 in ovarian cancer cells

13167 Int J Clin Exp Med 2018;11(12):13158-13168

states, 2015: a review of current American 
cancer society guidelines and current issues in 
cancer screening. CA Cancer J Clin 2015; 65: 
30-54.

[5] Mehlen P and Puisieux A. Metastasis: a ques-
tion of life or death. Nat Rev Cancer 2006; 6: 
449-458.

[6] Agarwal R and Kaye S. Ovarian cancer: strate-
gies for overcoming resistance to chemothera-
py. Nat Rev Cancer 2003; 3: 502-516.

[7] Wang KC, Yang YW, Liu B, Sanyal A, Corces-
Zimmerman R, Chen Y, Lajoie BR, Protacio A, 
Flynn RA, Gupta RA, Wysocka J, Lei M, Dekker 
J, Helms JA and Chang HY. A long noncoding 
RNA maintains active chromatin to coordinate 
homeotic gene expression. Nature 2011; 472: 
120-124.

[8] Rinn JL, Kertesz M, Wang JK, Squazzo SL, Xu X, 
Brugmann SA, Goodnough LH, Helms JA, Farn-
ham PJ, Segal E and Chang HY. Functional de-
marcation of active and silent chromatin do-
mains in human HOX loci by noncoding RNAs. 
Cell 2007; 129: 1311-1323.

[9] Wang X, Arai S, Song X, Reichart D, Du K, Pas-
cual G, Tempst P, Rosenfeld MG, Glass CK and 
Kurokawa R. Induced ncRNAs allosterically 
modify RNA-binding proteins in cis to inhibit 
transcription. Nature 2008; 454: 126-130.

[10] Yang L, Lin C, Liu W, Zhang J, Ohgi KA, Grin-
stein JD, Dorrestein PC and Rosenfeld MG. 
ncRNA- and Pc2 methylation-dependent gene 
relocation between nuclear structures medi-
ates gene activation programs. Cell 2011; 147: 
773-788.

[11] Rinn JL and Chang HY. Genome regulation by 
long noncoding RNAs. Annu Rev Biochem 
2012; 81: 145-166.

[12] Costa FF. Non-coding RNAs: lost in translation? 
Gene 2007; 386: 1-10.

[13] Prasanth KV and Spector DL. Eukaryotic regu-
latory RNAs: an answer to the ‘genome com-
plexity’ conundrum. Genes Dev 2007; 21: 11-
42.

[14] Prensner JR and Chinnaiyan AM. The emer-
gence of lncRNAs in cancer biology. Cancer 
Discov 2011; 1: 391-407.

[15] Hirata H, Hinoda Y, Shahryari V, Deng G, Naka-
jima K, Tabatabai ZL, Ishii N and Dahiya R. 
Long noncoding RNA MALAT1 promotes ag-
gressive renal cell carcinoma through Ezh2 
and interacts with miR-205. Cancer Res 2015; 
75: 1322-1331.

[16] Ji P, Diederichs S, Wang W, Boing S, Metzger R, 
Schneider PM, Tidow N, Brandt B, Buerger H, 
Bulk E, Thomas M, Berdel WE, Serve H and 
Muller-Tidow C. MALAT-1, a novel noncoding 
RNA, and thymosin beta4 predict metastasis 
and survival in early-stage non-small cell lung 
cancer. Oncogene 2003; 22: 8031-8041.

[17] Shi X, Sun M, Liu H, Yao Y and Song Y. Long 
non-coding RNAs: a new frontier in the study of 
human diseases. Cancer Lett 2013; 339: 159-
166.

[18] Wu XS, Wang XA, Wu WG, Hu YP, Li ML, Ding Q, 
Weng H, Shu YJ, Liu TY, Jiang L, Cao Y, Bao RF, 
Mu JS, Tan ZJ, Tao F and Liu YB. MALAT1 pro-
motes the proliferation and metastasis of gall-
bladder cancer cells by activating the ERK/
MAPK pathway. Cancer Biol Ther 2014; 15: 
806-814.

[19] Li G, Zhang H, Wan X, Yang X, Zhu C, Wang A, 
He L, Miao R, Chen S and Zhao H. Long  
noncoding RNA plays a key role in metastasis 
and prognosis of hepatocellular carcinoma. 
Biomed Res Int 2014; 2014: 780521.

[20] Gutschner T, Hammerle M, Eissmann M, Hsu J, 
Kim Y, Hung G, Revenko A, Arun G, Stentrup M, 
Gross M, Zornig M, MacLeod AR, Spector DL 
and Diederichs S. The noncoding RNA MALAT1 
is a critical regulator of the metastasis pheno-
type of lung cancer cells. Cancer Res 2013; 
73: 1180-1189.

[21] Chu YH, Hardin H, Schneider DF, Chen H and 
Lloyd RV. MicroRNA-21 and long non-coding 
RNA MALAT1 are overexpressed markers in 
medullary thyroid carcinoma. Exp Mol Pathol 
2017; 103: 229-236.

[22] Liu S, Jiang X, Li W, Cao D, Shen K and Yang J. 
Inhibition of the long non-coding RNA MALAT1 
suppresses tumorigenicity and induces apop-
tosis in the human ovarian cancer SKOV3 cell 
line. Oncol Lett 2016; 11: 3686-3692.

[23] Zhou Y, Xu X, Lv H, Wen Q, Li J, Tan L, Li J and 
Sheng X. The long noncoding RNA MALAT-1 is 
highly expressed in ovarian cancer and induc-
es cell growth and migration. PLoS One 2016; 
11: e0155250.

[24] Yang MH, Hu ZY, Xu C, Xie LY, Wang XY, Chen SY 
and Li ZG. MALAT1 promotes colorectal cancer 
cell proliferation/migration/invasion via PRKA 
kinase anchor protein 9. Biochim Biophys Acta 
2015; 1852: 166-174.

[25] Guo F, Li Y, Liu Y, Wang J, Li Y and Li G. Inhibi-
tion of metastasis-associated lung adenocarci-
noma transcript 1 in CaSki human cervical 
cancer cells suppresses cell proliferation and 
invasion. Acta Biochim Biophys Sin (Shanghai) 
2010; 42: 224-229.

[26] Guo F, Jiao F, Song Z, Li S, Liu B, Yang H, Zhou 
Q and Li Z. Regulation of MALAT1 expression 
by TDP43 controls the migration and invasion 
of non-small cell lung cancer cells in vitro. Bio-
chem Biophys Res Commun 2015; 465: 293-
298.

[27] He H and Magi-Galluzzi C. Epithelial-to-mesen-
chymal transition in renal neoplasms. Adv Anat 
Pathol 2014; 21: 174-180.

[28] Zhang R, Hardin H, Huang W, Chen J, Asioli S, 
Righi A, Maletta F, Sapino A and Lloyd RV. 



MALAT1 in ovarian cancer cells

13168 Int J Clin Exp Med 2018;11(12):13158-13168

MALAT1 long non-coding RNA expression in 
thyroid tissues: analysis by in situ hybridization 
and real-time PCR. Endocr Pathol 2017; 28: 
7-12.

[29] Xue D, Lu H, Xu HY, Zhou CX and He XZ. Long 
noncoding RNA MALAT1 enhances the do- 
cetaxel resistance of prostate cancer cells via 
miR-145-5p-mediated regulation of AKAP12. J 
Cell Mol Med 2018; 22: 3223-3237.

[30] Li P, Zhang X, Wang H, Wang L, Liu T, Du L, Yang 
Y and Wang C. MALAT1 is associated with poor 
response to oxaliplatin-based chemotherapy in 
colorectal cancer patients and promotes che-
moresistance through EZH2. Mol Cancer Ther 
2017; 16: 739-751.

[31] Yuan P, Cao W, Zang Q, Li G, Guo X and Fan J. 
The HIF-2alpha-MALAT1-miR-216b axis regu-
lates multi-drug resistance of hepatocellular 
carcinoma cells via modulating autophagy. 
Biochem Biophys Res Commun 2016; 478: 
1067-1073.

[32] Asselin E, Mills GB, Tsang BK. XIAP regulates 
akt activity and caspase-3-dependent cleav-
age during cisplatin-induced apoptosis in hu-
man ovarian epithelial cancer cells. Cancer 
Res 2001; 61: 1862-1868.

[33] Xie H, Liao X, Chen Z, Fang Y, He A, Zhong Y, 
Gao Q, Xiao H, Li J, Huang W and Liu Y. LncRNA 
MALAT1 inhibits apoptosis and promotes inva-
sion by antagonizing mir-125b in bladder can-
cer cells. J Cancer 2017; 8: 3803-3811.

[34] Xiang J, Guo S, Jiang S, Xu Y, Li J, Li L and Xiang 
J. Silencing of long non-coding RNA MALAT1 
promotes apoptosis of glioma cells. J Korean 
Med Sci 2016; 31: 688-694.


