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Abstract. Ovarian cancer (OC) is the leading cause of 
mortality among gynecological malignancies. Although 
microRNAs are known to have a key regulatory role in OC, 
the involvement of long non‑coding RNAs in the disease is 
less established. Previous studies have demonstrated that 
metastasis‑associated lung adenocarcinoma transcript 1 
(MALAT1) is a tumor oncogene in many cancers, though 
its role in OC remains unclear. The present study reported 
that MALAT1 expression was markedly upregulated in OC, 
by knockdown of MALAT1 expression in vivo, using RNA 
interference (RNAi) with small‑interfering RNA (siRNA). 
It was found that MALAT1 expression was positively corre-
lated with the International Federation of Gynecology and 
Obstetrics stages of OC, tumor histological grade and lymph 
node metastasis. In addition, the differential MALAT1 levels 
between a human ovarian epithelial cell line (HOSE) and 
OC cell lines (ES‑2, OVCAR3, SKOV3 and HO8910) were 
compared in vitro. Notably, MALAT1 was expressed to a 
high level in OC cells. Furthermore, exogenous knockdown 
of MALAT1 significantly repressed growth and migration 
of OC cells, and promoted their apoptosis. Collectively, the 
current findings suggest that upregulation of MALAT1 in OC 
may facilitate tumorigenesis and metastasis. Knockdown of 
MALAT1 expression has potential as a novel target for the 
diagnosis and therapy of OC.

Introduction

Ovarian cancer (OC) is the most prevalent cancer to 
occur in women worldwide, and is the leading cause of 
cancer‑associated mortality in western countries (1). In the 
United States in 2012, there were ~22,280 new cases of OC 
and 15,500 mortalities (2). There is a lack of definitive early 
symptoms and effective markers for OC diagnosis. Therefore, 
the prognosis for survival of OC patients is poor relative to 
other female malignancies, with a five‑year survival rate for 
OC of ~30% (3,4). The poor prognosis of patients with OC 
has been correlated with tumorigenesis, tumor progression and 
metastasis (5). Therefore, it is necessary to determine reliable 
biomarkers and the underlying molecular mechanisms of OC, 
as potential targets for therapy.

Long non‑coding RNAs (lncRNAs) are macromolecules of 
>200 nucleotides in length which lack protein‑coding capacity. 
LncRNAs have recently emerged as novel regulators of various 
cancers (6,7). Studies have suggested that altered expression 
of lncRNAs may play key roles in the development of tumors, 
including those in breast cancer, lung cancer, bladder carcinoma 
and renal carcinoma. For example, in lung cancer cells, upregu-
lation of the lncRNA HOX transcript antisense RNA (HOTAIR) 
enhances cell proliferation, migration and invasion (8). In gastric 
cancer, the lncRNA Linc00152 is involved in cell cycle arrest, 
migration, invasion, apoptosis and the epithelial to mesen-
chymal (ETM) transition of cancer cells  (9). Similarly, the 
lncRNA Linc00617 has been found to have oncogenic activity 
in breast cancer (10). Furthermore, oncogenic lncRNA mater-
nally expressed 3 regulates the tumor growth factor‑β signaling 
pathway via the formation of RNA‑DNA triplex structures (11).

Metastasis‑associated lung adenocarcinoma transcript 1 
(MALAT1) was among the first cancer‑associated lncRNAs 
to be reported (12), where it was found to be expressed at high 
levels in non‑small cell lung cancer (13,14). To date, evidence 
demonstrates that MALAT1 plays a key role in the progression 
of various cancers, including cervical cancer (15), osteosar-
coma  (16), breast cancer  (17) and colorectal cancer  (18). 
However, the expression and function of MALAT1 are 
currently unknown in OC.
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In the present study, the clinical significance and func-
tion of MALAT1 in OC tissues was investigated. OC cell 
proliferation, migration and apoptosis were determined by 
knockdown of MALAT1 expression in vivo, using RNA inter-
ference (RNAi) with small‑interfering RNA (siRNA). The 
data obtained highlight the significance of MALAT1 in OC 
progression and metastasis.

Materials and methods

Tissue samples and patient information. A total of 
42 surgical tissue samples of OC, along with matched normal 
ovarian tissues, from the same patient sample and located 
2 cm away from visible OC lesions, were collected from the 
Department of Obstetrics and Gynecology at the Daqing 
Oilfield General Hospital (Daqing, China) between January 
2010 and December 2014. Tissue samples were immediately 
immersed in RNAlater (Qiagen GmbH, Hilden, Germany) 
for 30 min and subsequently transferred into liquid nitrogen 
for cryopreservation until needed. No patients had received 
radiotherapy or chemotherapy therapy prior to surgery. The 
section tissues were stained with hematoxylin and eosin stain 
in order to determine tumor grade and stage, according to 
the criteria of the International Federation of Gynecologists 
and Obstetricians (FIGO)  (19). The present study was 
permitted by the ethics committee of the Daqing Oilfield 
General Hospital and informed consent was obtained from 
all patients.

Cell lines and cell culture. The human ovarian epithelial cell 
line (HOSE), used as a control, and OC cells (ES‑2, OVCAR3, 
SKOV3 and HO8910) were bought from American Type 
Culture Collection (Manassas, VA, USA). Cells were cultured 
in RPMI‑1640 medium supplemented with 10% (v/v) fetal calf 
serum (Invitrogen; Thermo Fisher Scientific, Inc., Waltham, 
MA, USA) at 37˚C in a humidified chamber with 5% CO2 for 
24 h.

Reverse transcription‑quantitative polymerase chain reac‑
tion (RT‑qPCR). Total RNA was extracted from ovarian cell 
lines using TRIzol reagent (Invitrogen; Thermo Fisher 
Scientific) and purified with an RNeasy Maxi kit (Qiagen 
GmbH) according to the manufacturers' protocols. The 
cDNAs were synthesized using 1 µg total RNA according to 
Prime‑Script RT‑PCR kit (Takara Biotechnology Co., Ltd., 
Dalian, China) according to the manufacturer's protocol. The 
RT‑qPCR experiments were conducted on an ABI PRISM 
7700 Sequence Detection System (Applied Biosystems; 
Thermo Fisher Scientific, Inc.) using a SYBR Premix EX Taq 
II PCR kit (Takara Biotechnology Co., Ltd.) according to the 
manufacturer's protocol. The sequences for the MALAT1 
primers were as follows: Forward, 5'‑AAAGCAAGGTCT 
CCCCACAA‑3', and reverse, 5'‑GGTCTGTGCTAGATC 
AAAAGGCA‑3'. GAPDH was used as an endogenous loading 
control. The GAPDH primers were as follows: Forward, 
5'‑GAAGGTGAAGGTCGGAGTC‑3' and reverse, 5'‑GAA 
GATGGTGATGGGATTTC‑3'. All experiments were 
performed in triplicate. Relative expression level of MALAT1 
was normalized with GAPDH and quantified using the ΔΔCq 
method (20).

Cell transfection and cell proliferation assay. The 
fol lowing sequence of  siR NA ol igonucleot ides 
(siMALAT1) was used to knockdown MALAT1 expres-
sion: 5'‑CACAGGGAAAGCGAGUGGUUGGUA‑3'. The 
sequence of the non‑coding (NC) control siRNA (siNC) 
was 5'‑UUCUCCGAACGUGUCACGU‑3'. For the in vitro 
study, Lipofectamine® 2000 transfection reagent (Invitrogen; 
Thermo Fischer Scientific, Inc.) was used to transfect either 
siMALAT1 or siNC into OVCAR3 and HO8910 cells, 
according to the manufacturer's protocol. After 48 h of trans-
fection, the efficiency of MALAT1 knockdown was evaluated 
by RT‑qPCR analysis, as described above, prior to in vitro cell 
function experiments.

Cell proliferation assay. Cell proliferation was detected 
using an MTT assay in vitro. OC cell lines were cultured as 
described above and were seeded with RPMI‑1640 at a density 
of ~8,000 cells per well in a 96‑well plate and transfected with 
10 nM siMALAT1 or siNC for 12, 24, 48 and 72 h at 37˚C in a 
humidified chamber with 5% CO2, using Lipofectamine 2000 
reagent (Invitrogen; Thermo Fisher Scientific, Inc.) according 
to the manufacturer's protocol. Following transfection, cells 
were treated with 30 µl MTT (5 mg/ml) per well and incu-
bated for 4 h at 37˚C in a humidified chamber at 5% CO2. The 
crystals generated were dissolved in 150 µl dimethyl sulfoxide 
solvent. Absorbance was measured at 490 nm with an enzyme 
immunoassay analyzer (Bio‑Rad Laboratories, Inc., Hercules, 
CA, USA) immediately following solvent addition.

Cell migration assay. A wound scratch assay was used to 
evaluate the migration abilities of OC cells. OC cell lines 
were cultured as described above. OVCAR3 and HO8910 cells 
were seeded with RPMI‑1640 at a density of approximately 
5x106 cells per well in a 6‑well plate and transfected with 
10 nM siMALAT1 or siNC as above. Wounds were made with 
100‑µl pipette tips when cell confluence reached 50‑75%. Cells 
were then washed with phosphate‑buffered saline (PBS) to 
remove residual free‑floating cells and debris. Following this, 
incubation of the cells was continued in a humidified chamber 
at 37˚C with 5% CO2 for 6 h and a 100‑µl pipette tip was used 
to make a wound in the cell culture. Different stages of wound 
healing were observed along the wound line and cell migra-
tion was measured using a standard caliper. Representative 
images were captured using a Leica DM LB2 light microscope 
digital camera system (Leica Microsystems GmbH, Wetzlar, 
Germany).

Flow cytometry. OC cell lines were cultured as described 
above, and ~5x106 OVCAR3 and HO8910 cells per well were 
cultured in 6‑well plates at 37˚C and transfected with 100 nM 
siMALAT1 or siNC within 24 h using Lipofectamine® 2000 
reagent (Invitrogen; Thermo Fisher Scientific, Inc.) according 
to the manufacturer's protocol. Flow cytometry was performed 
as previously described (21). At 48 h post‑transfection, cells 
were collected using trypsin reagent (Sigma‑Aldrich, Merck 
KGaA, Darmstadt, Germany) and washed three times with 
cold PBS, then re‑suspended in 100 µl of 1X binding buffer 
(Invitrogen; Thermo Fisher Scientific, Inc.). Following resus-
pension, 5 µl propidium iodide and 5 µl Annexin V‑fluorescein 
isothiocyanate stain (Invitrogen; Thermo Fisher Scientific, Inc.) 
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was added to each well suspension. The apoptotic rate of the 
stained cells was analyzed using flow cytometry (Beckman 
Coulter, Inc., Brea, CA, USA) within 30 min of staining.

Statistical analysis. The results are expressed as the 
mean ± standard error of the mean. The differences between 
cell lines were analyzed using the two‑sided Student's t-test or 
the analysis of variance test using SPSS 16.0 statistical soft-
ware (SPSS, Inc., Chicago, IL, USA). P<0.05 was considered 
to indicate a statistically significant difference.

Results

MALAT1 was significantly increased in OC tissues and 
correlated with poor prognosis. The expression level of 
MALAT1 in OC tissues obtained from 42 patients and in 
matched non‑cancerous tissues was analyzed using RT‑qPCR. 
Relative expression of MALAT1 is presented in Fig. 1A. The 
results demonstrated that MALAT1 expression in OC tissues 
was higher compared with normal ovary tissues. MALAT1 
expression in OC was significantly upregulated relative to its 
expression level in normal ovary tissues (P=0.001; Fig. 1B). 
These data were consistent with the level of MALAT1 in other 
cancers such as breast cancer, non‑small cell lung cancer and 
esophageal squamous cell carcinoma, suggesting MALAT1 
may also function as an oncogene in OC.

For the clinicopathological correlation analysis, the 
42 OC patients were classified into two groups with the 
mean expression of MALAT1 as the threshold (3.27 relative 
to GAPDH): A high MALAT1 expression group (n=36); 
and a low MALAT1 expression group (n=6). As depicted in 
Table I, higher relative expression was positively correlated 
with advanced histological grade (G3; P<0.001), higher 
FIGO stages (III‑IV; P=0.001) and lymph node metastasis 
(P<0.001). Expression was not correlated with age and tumor 
size.

MALAT1 was upregulated in OC cells compared with normal 
ovarian epithelial cells, and RNAi downregulated MALAT1 
expression. The MALAT1 expression level in OC cell lines 
was also detected. The expression of MALAT1 was found to 
be notably increased in the four OC cell lines examined (ES‑2, 
OVCAR3, SKOV3 and HO8910), as compared with the normal 
ovarian cell line HOSE (all P<0.05; Fig. 2A).

Furthermore, to illustrate the function of MALAT1 in OC, 
siMALAT1 or control siNC were transfected into OVCAR3 
and HO8910 cells. RT‑qPCR was conducted to detect the 
transfection efficiency. The expression levels of MALAT1 in 
siMALAT1 samples were reduced by 0.35‑ and 0.28‑fold in 
OVCAR3 and HO8910 cells, respectively, relative to the siNC 
samples (P<0.05; Fig. 2B).

Exogenous knockdown of MALAT1 suppressed OC cell prolif‑
eration in vitro. To identify the potential role of MALAT1 in 
OC, the inhibitory effect of MALAT1 knockdown on OC 
cell proliferation was measured. Cell proliferation rates were 
detected by the MTT assay after transfection of siMALAT1 
or siNC into HO8910 and OVCAR3 cells. As shown in Fig. 3, 
knockdown of MALAT1 significantly repressed OC cell 
proliferation relative to siNC transfected cells (P<0.05). These 

Figure 1. MALAT1 expression was significantly increased in OC tissues. 
(A) MALAT1 expression level in OC tissues obtained from 42 patients 
relative to matched normal ovary tissues. The data were analyzed using the 
ΔΔCq method and are displayed in log2 (cancer/normal) format. (B) Reverse 
transcription‑quantitative polymerase chain reaction analysis of MALAT1 
level in OC tissues and matched normal ovary tissues. Results are expressed 
as the mean ± standard error of the mean (n=3). *P=0.001. MALAT1, metas-
tasis associated lung adenocarcinoma transcript 1; OC, ovarian cancer.

Table I. Association of MALAT1 expression with clinico-
pathological characteristics in ovarian cancer patients. 

	 MALAT1
	 expression
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variables	 Cases	 Low	 High	 P value

Age (years)				    1.000
  <50	 19	 3	 16
  ≥50	 23	 3	 20
Tumor size				    0.663
  <1 cm	 21	 2	 19
  ≥1 cm	 21	 4	 17
Histological grade				    <0.001
  G1‑G2	   5	 5	 0
  G3	 37	 1	 36
FIGO stage				    0.001
  I‑II	   5	 4	 1
  III‑IV	 37	 2	 35
Lymph node metastasis				    <0.001
  Absent	 11	 6	 5
  Present	 31	 0	 31

MALAT1, metastasis associated lung adenocarcinoma transcript 1; 
FIGO, International Federation of Gynecologists and Obstetricians.
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results indicate that knockdown of MALAT1 inhibits the 
proliferation of OC cells in vitro.

Exogenous knockdown of MALAT1 repressed OC cell 
migration in vitro. To test the role of MALAT1 in OC cell 
metastasis, the migratory ability of OC cells was examined by 
a wound scratch assay. This involved siRNA knockdown of 
MALAT1 in HO8910 and OVCAR3 cells. The results demon-
strated that following incubation for 24 h, wound widths in 
HO8910 and OVCAR3 cells transfected with siMALAT1 were 
notable larger than in those transfected with siNC (Fig. 4A). 
Knockdown of MALAT1 caused significant inhibition of cell 
migration in both HO8910 (P=0.01) and OVCAR3 (P=0.04) 
cells (Fig. 4B). Therefore, it was concluded that knockdown of 
MALAT1 may suppress OC cell migration in vitro.

Exogenous knockdown of MALAT1 induces OC cell apop‑
tosis in vitro. To determine the effect of MALAT1 on OC cell 
apoptosis, a flow cytometry assay was performed to detect 
the apoptotic rates of HO8910 and OVCAR3 cells at 48 h 
post‑transfection (Fig. 5A). It was found that the apoptotic rates 
of HO8910 cells treated with siMALAT1 and siNC were 10.14 
and 4.27%, respectively (P=0.02), while those for OVCAR3 
cells were 9.51 and 3.32%, respectively (P=0.001; Fig. 5B). 
Collectively, the results suggest that MALAT1 functions as an 
oncongene in OC by regulating cell proliferation, migration 
and apoptosis.

Discussion

Increasing evidence indicates that eukaryotic genomes 
and transcriptomes are the precursors for a number of 
non‑coding RNAs (22), in addition to their established roles as 
protein‑coding genes. Studies have highlighted key regulatory 
roles of lncRNAs in carcinogenesis and have suggested that 
some lncRNAs may be potential diagnostic and therapeutic 
targets in the treatment of OC (23,24). For example, evidence 
shows that MALAT1 is downregulated in breast cancer, and 
that knockdown of MALAT1 induces the EMT program, via 
pathways involving phosphatidylinositide‑3 kinase (17). It has 

Figure 2. MALAT1 was upregulated in ovarian cancer cells relative to normal ovarian epithelial cells. (A) The relative expression level of MALAT1 was 
detected by reverse transcription‑quantitative polymerase chain reaction analysis in four ovarian cancer cell lines (ES‑2, OVCAR3, SKOV3 and HO8910) 
and a normal ovarian epithelial cell line (HOSE). *P<0.05 vs. HOSE. (B) The fold changes of MALAT1 expression in HO8910 and OVCAR3 cells treated 
with siMALAT1 or siNC were analyzed 48 h post‑transfection. Data are presented as the mean ± standard error of the mean. Experiments were performed in 
triplicate. *P<0.05 vs. siNC transfectants. MALAT1, metastasis associated lung adenocarcinoma transcript 1; siMALAT1, MALAT1 small interfering RNA; 
siNC, non‑coding small interfering RNA.

Figure 3. Exogenous knockdown of MALAT1 suppressed ovarian cancer cell 
proliferation in vitro. The MTT assay revealed significant inhibition of cell 
proliferation in siMALAT1 transfectants relative to siNC transfectants of 
the (A) OVCAR3 and (B) HO8910 cell lines. *P<0.05. MALAT1, metastasis 
associated lung adenocarcinoma transcript 1; siMALAT1, MALAT1 small 
interfering RNA; siNC, non‑coding small interfering RNA.
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also been found that the intronic lncRNA prostate cancer‑asso-
ciated 3 regulates protein prune homolog 2, a human prostate 
cancer suppressor (25). Furthermore, the lncRNA HOTAIR 
promotes cell migration and invasion through downregulation 
of RNA‑binding motif protein 38 in hepatocellular carcinoma 
cells, with increased HOTAIR expression showing promise as 

a novel biomarker for the diagnosis and/or prognosis of hepa-
tocellular carcinoma (26). These data highlight the roles and 
clinical significance of lncRNAs in carcinogenesis.

MALAT1 is an evolutionarily conserved lncRNA that 
does not undergo translation into protein (16). Nevertheless, 
previous findings suggest that MALAT1 regulates the 

Figure 4. Exogenous knockdown of MALAT1 repressed ovarian cancer cell migration in vitro. (A) Microscopic analysis of the wound assay enabled visualiza-
tion of the inhibited cell migration in siMALAT1‑transfectants relative to the siNC control. Scale bar, 5 µm. (B) The wound scratch assay found significant 
inhibition of cell migration in siMALAT1‑treated cells relative to siNC‑treated cells of the OVCAR3 and HO8910 cell lines. *P<0.05 vs. siNC. MALAT1, 
metastasis associated lung adenocarcinoma transcript 1; siMALAT1, MALAT1 small interfering RNA; siNC, non‑coding small interfering RNA.

Figure 5. Exogenous knockdown of MALAT1 induces ovarian cancer cell apoptosis in vitro. (A) Apoptosis of OVCAR3 and HO8910 cells transfected with 
siMALAT1 or siNC was analysed by flow cytometry. The percentage displayed on the histograms indicates apoptotic rate. (B) Comparison of the apoptotic 
rates of cells transfected with siMALAT1 or siNC. Data are presented as the mean ± standard error of the mean (n=3). *P<0.05 vs. siNC. MALAT1, metastasis 
associated lung adenocarcinoma transcript 1; siMALAT1, MALAT1 small interfering RNA; siNC, non‑coding small interfering RNA.
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alternative splicing of pre‑mRNAs by controlling the expres-
sion of serine/arginine splicing factors, while also having a key 
role in tumorigenesis (27). Furthermore, research has indicated 
that knockdown of MALAT1 alters the process of metastasis, 
as a critical event in cancer biology (28). In addition, MALAT1 
has been found to promote aggressive renal cell carcinoma 
(RCC) through the chromatin methyltransferse enhancer 
of zeste homolog 2, and interaction with microRNA‑205, 
resulting in oncogenic activity (29).

Consistent with previous data  (28,29), the results of 
the present study found that MALAT1 was significantly 
expressed in OC tissue samples and cell lines. Furthermore, 
high MALAT1 expression was more strongly correlated with 
advanced histological grade, high FIGO stage and lymph node 
metastasis. These findings suggest that MALAT1 may act as 
an oncogene in OC.

To investigate the biological function of MALAT1 in OC 
cell lines, siRNA knockdown of MALAT1 in HO8910 and 
OVCAR3 cells was performed. Using the MTT assay, it was 
found that depletion of MALAT1 significantly inhibited cell 
proliferation in vitro. In addition, cell migration and apoptosis 
were also suppressed by exogenous MALAT1 knockdown 
in vitro. These results suggest that MALAT1 functions as a 
novel oncogene that regulates OC cell proliferation, migration 
and apoptosis.

In summary, the present study indicates a key role for 
MALAT1 in OC development, including tumor growth, 
migration and apoptosis, suggesting that MALAT1 may be a 
novel biomarker for OC prognosis and treatment. However in 
the present study, the number of samples of OC was limited to 
42, whereas more samples may allowed for the verification of 
its potential oncogenic activities in future studies.
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