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Objective: Ovarian cancer (OC) is a common female disease with a poor prognosis. But

the possible mechanism of OC tumor progression remains an active area of research. This

study is intended to explore the effect of metastasis-associated lung adenocarcinoma

transcript 1 (MALAT1) on proliferation and apoptosis of OC and its mechanism.

Materials and methods: MALAT1 and miR-503-5p expressions in human OC cell lines and

normal human ovarian epithelial (HOSE) cell line were measured using qRT-PCR. OC cell line

SKOV3 is divided into 4 groups: pcDNA3.1 group, pcDNA3.1-MALAT1 group, si-NC group, and

si-MALAT1 group. MTT assay and 5-ethynyl-2ʹ-deoxyuridine (EdU) assay were applied for the

detection of cell proliferation. Relationship of MALAT1 with miR-503-5p was verified using

luciferase assay and RNA pull-down. The luciferase activity in cells was normalized to RNA

concentrations determined by Bradford assays.

Results: MALAT1 expression in OC cells was elevated compared with HOSE cells. MTT

assay and EdU assay supported that si-MALAT1 could inhibit cell proliferation in OC cells.

Treatment of si-MALAT1 results in increased cell apoptosis rate in both SKOV3 cells and

OVCAR3 cells. The expression of lncRNA-MALAT1 was negatively associated with the

expression of miR-503-5p in OC cells, while luciferase assay and RNA pull-down together

supported the direct binding of MALAT1 with miR-503-5p. Knockdown of MALAT1 was

able to inhibit the activation of JAK2/STAT3 signal pathway, and MALAT1 overexpression

was accompanied by activation of these factors.

Conclusion: lncRNA-MALAT1 can negatively target miR-503-5p expression to further

promote proliferation and depress apoptosis of OC cells through the JAK2-STAT3 pathway.

Keywords: lncRNA-MALAT1, miR-503-5p, ovarian cancer, cell proliferation, cell

apoptosis, JAK2/STAT3

Introduction
Ovarian cancer (OC) is a common cancer in females with 22,280 newly diag-

nosed cases and a mortality of 15,500 in the United States in 2012.1,2 The overall

survival for OC patients is unsatisfactory with a 5-year survival rate of approxi-

mately 30%, which can be partially attributed to the difficulties in early diagnosis

due to lack of early symptoms and effective biomarkers.3,4 Therefore, unfortu-

nately, majority of OC patients are diagnosed at an advanced stage when the

tumor has spread to other parts of the body.5 Therefore, identification of potential

biomarkers and understanding of detailed pathology of OC is urgently needed for

therapeutic benefits.
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LncRNAs are implicated in various cell contexts

mainly responsible for regulation at posttranscriptional

level, organization of protein complexes and cell–cell

cross talk.6 Metastasis-associated lung adenocarcinoma

transcript 1 (MALAT1) is a lncRNA identified to regulate

cell migration and proliferation in many carcinomas, such

as hepatocellular carcinoma, colon adenocarcinoma, and

esophageal squamous cell carcinoma.7–10 Current evidence

supported the cooperation between lncRNAs and miRNAs

in regulating both transcriptional and posttranscriptional

gene expressions in tumorigenesis.11 Although much

remains to be learned regarding the biological relationship

between miRNAs and lncRNAs in tumor progression, the

dysregulation of miRNAs has evidently proved to be asso-

ciated with tumor progression and cell development. A

previous study supported that expression of miR-503 was

increased in follicular developmental stage resulting in the

downregulation of genes related to granulosa cell prolif-

eration and luteinization.12 In addition, downregulation of

miR-503 was reported to associate with cisplatin resis-

tance in OC cells.13 Therefore, those results were sugges-

tive of the involvement of miR-503 in OC progressions

and development. Previous evidence reported that the

reaction of lncRNAs with miRNAs can disturb the stabi-

lity of miRNAs.14 However, there has been no evidence

supporting the interplay between MALAT1 and miR-503

in OC.

Several signaling pathways were known to associate with

cell proliferation and apoptosis, among whichMAPK signal-

ing pathway, PI3K-AKT signaling pathway, and JAK2/

STATS signal pathway attracted the most attention.15–17

JAK2/STAT3 pathway was activated in many tumors,

including OC.18,19 However, whether MALAT1 mediates

miR-503-5p in OC cells through JAK2/STAT3 pathway

remains to be determined. In this regard, this study is per-

formed to clarify the potential cross talk between MALAT1

and miR-503-5p, and to verify the implication of JAK2/

STAT3 signaling pathway in proliferation and apoptosis of

OC cells as well.

Materials and methods
Cell lines and cell culture
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. OC cells (CaOV3, SKOV3,

OVCAR3, and OV90) and human ovarian epithelial cell line

(HOSE) were purchased from American Type Culture

Collection (ATCC, Manassas, VA, USA).

Cell transfection
Cell transfection was performed before cultured cells were

grouped into four groups: pcDNA3.1 (empty vector

pcDNA3.1), pcDNA3.1-MALAT1 (to induce MALAT1

overexpression), si-MALAT1 (to induce MALAT1 knock-

down), and si-NC (control for MALAT1 knockdown).

The following sequence of si-RNA oligonucleotides

(si-MALAT1) was used to knockdown MALAT1 expres-

sion: 5ʹ-CACAGGGAAAGCGAGUGGUUGGUA-3ʹ. The

sequence of the noncoding control siRNA (si-NC) was 5ʹ-

UUCUCCGAACGUGUCACGU-3ʹ. si-NC and si-

MALAT1 were synthesized by Shanghai Sangon

Biotechnology Co., Ltd. (Shanghai, China). pcDNA3.1

and pcDNA3.1-MALAT1 were purchased from Shanghai

GenePharma Co., Ltd. (Shanghai, China).Cell transfection

was performed by introducing 100 nM of miR-503-5p

mimic, 100 nM of miR-503-5p inhibitor, mimics negative

control (NC), inhibitor negative control, si-MALAT1, si-

NC, pcDNA3.1, or pcDNA3.1-MALAT1 into cells for

incubation at 37°C in a humidified chamber with 5%

CO2 for correspondently 24, 48, and 72 hrs.

Lipofectamine® 2000 transfection reagent (Invitrogen;

Thermo Fischer Scientific, Inc.) was used according to

the manufacturer’s protocol. After transfection for 48 hrs,

RT-qPCR was performed to assess the transfection effi-

ciency of MALAT1 knockdown and overexpression.

RT-qPCR
TRIzol reagent (Invitrogen; Thermo Fisher Scientific) was

used to extract total RNA and RNeasy Maxi kit (Qiagen

GmbH) was applied according to kit protocols. Then,

cDNAs were synthesized according to protocols of

Prime-Script RT-PCR kit (Takara Biotechnology Co.,

Ltd., Dalian, China). PCR was 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.) with a miRNA-specific 5ʹ primer (has-miR-503-

5P; CTG CAG AAC TCT TCC CGC TGC) and the mRO

3ʹ primer supplied with the kit for all miRNAs. The

sequences for MALAT1 primers were as follows: forward,

5ʹ-AAAGCAAGGTCTCCCCACAA-3ʹ, and reverse, 5ʹ-

GGTCTGTGCTAGATCAAAAGGCA-3ʹ. GAPDH was

used as an internal control for mRNAs with primers as

follows: forward, 5ʹ-GAAGGTGAAGGTCGGAGTC-3ʹ
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and reverse, 5ʹ-GAAGATGGTGATGGGATTTC-3ʹ. U6

was used as an internal control for microRNAs whose

primers were designed and synthesized by Sangon

Biotech (Shanghai, China). Analysis of gene expressions

was measured using the ΔΔCq method.20

MTT assay
Cell proliferation was determined using MTTassay after cell

transfection. All procedures were performed strictly accord-

ing to the manufacturer’s instructions. OC cells were inocu-

lated into a 96-well plate with 5000 cells in each well and

maintained for 24 hrs before 20 µL of 5 mg/mL MTT

(Sigma-Aldrich, St Louis, MO, USA) was added for incuba-

tion. About 4 hrs later, the supernatant was abandoned and

200 µL of dimethyl sulfoxide was added. Absorbance was

measured at 490 nm using an enzyme immunoassay analyzer

(Bio-Rad Laboratories, Inc., Hercules, CA, USA).

5-Ethynyl-2ʹ-deoxyuridine (EdU)
Cell proliferation of OVCAR3 and SKOV3 cells was also

verified using EdU Apollo in-vitro flow cytometry kit

(RiboBio, Guangzhou, China) based on the protocols indi-

cated in the instructions. About 48 hrs after cell treatment,

cells were incubated with EdU solution (50 µmol/L) for 2

hrs. Then, cells were washed in PBS and fixed by 4%

paraformaldehyde. After that, cells were stained with

Apollo and then Hoechst (San Francisco, CA) for 30

mins before cell nucleus was observed. Cell proliferation

was observed and photographed on MetaXpress software

(Molecular Devices, Sunnyvale, CA, USA) using a high-

power microscope.

Flow cytometry
OVCAR3 and SKOV3 cells (5×106 per well) were cultured

in a 6-well plate at 37°C before 100 nM si-MALAT1 or si-

NC was transfected within 24 hrs using Lipofectamine®

2000 reagent (Invitrogen; Thermo Fisher Scientific, Inc.).

Flow cytometry was performed as previously described.21

At 48 hrs posttransfection, cells were digested with trypsin

reagent (Sigma-Aldrich, Merck KGaA, Darmstadt,

Germany), followed by PBS wash and re-suspending in

100 μL of 1× binding buffer (Invitrogen; Thermo Fisher

Scientific, Inc.). Subsequently, 5 μL of propidium iodide

and 5 μL of Annexin V-fluorescein isothiocyanate stain

(Invitrogen; Thermo Fisher Scientific, Inc.) were added

for staining. The apoptotic rate of cells was analyzed

using flow cytometry (Beckman Coulter, Inc., Brea,

CA, USA).

Luciferase assay
OVCAR3 cells were cotransfected with luciferase-reporter

plasmids and miR-503-5p mimics or miR-503-5p inhibitor

using Lipofectamine 2000 transfection reagent. Lysis buffer

(25 mM of Tris phosphate, 1% Triton X-100, 1 mM of

dithiothreitol, 2 mM of ethylenediaminetetraacetic acid,

10% glycerol, PH =7.8) was added at 48 hrs posttransfection.

Then, cells were centrifuged at 14,000 rpm for 3 mins and

then the supernatant was transferred to a 1.5-mL tube.

Luciferase assays were performed using a luciferase assay

kit (Promega). An enzyme-linked immunosorbent-assay

plate reader (Bio-Rad Laboratories, Hercules, CA, USA)

was applied to measure O-nitrophenol at a wavelength of

490 nm to evaluate β-galactosidase activity.

Pull-down assay
The biotinylated miR-503-5p probe, biotinylated lncRNA-

MALAT1 probe, or scram probe was dissolved in 500 µL

of washing/binding buffer (0.5 M NaCl, 20 mM Tris-HCL,

PH 7.5, and 1 mM EDTA). The probes were incubated

with streptavidin-coated magnetic beads (Sigma) at 25°C

for 2 hrs to generate probe-coated magnetic beads. The

pro-adipocyte lysates were incubated with probe-coated

beads. After washing/binding with the wash buffer, the

RNA complexes bound to the beads were eluted and

extracted for Northern blot analysis or qPCR.

Northern blot analysis
The RNA complexes were collected and run on a 15%

polyacrylamide-urea gel and then transferred to positively

charged nylon membranes (Millipore) followed by cross-

linking through UV irradiation. The membranes were sub-

jected to hybridization with 100 pmol 3ʹ-digoxigenin

(DIG)-labeled probes overnight at 43°C, and the detection

was performed using a DIG luminescent detection kit

(Sigma) according to the manufacturer’s instructions.

Western blot analysis
Protein was extracted from cell lysate based on the manufac-

turer’s instructions with the application of Radio

Immunoprecipitation Assay Lysis Buffer (Beyotime,

Shanghai, China).Western blot was performed strictly accord-

ing to instructions described in a previous study.22 Sodium

dodecyl sulfate-polyacrylamide gel electrophoresis was

applied to separate the protein samples before the protein

was transferred to a polyvinylidene fluoride membrane.

Then, 5% skim milk was added for incubation for 2 hrs at

Dovepress Sun et al

OncoTargets and Therapy 2019:12 submit your manuscript | www.dovepress.com

DovePress
6299

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


room temperature and then the blot was incubated in the

specific primary antibodies for the factors and their phosphor-

ylation forms in JAK2/STAT3 pathways phosphor-STAT3

(Tyr705; ab9145S, 1:1000; Cell Signaling Technology,

Beverly, MA, USA), STAT3 (ab9139S, 1:1000; Cell

Signaling Technology, Beverly, MA, USA), β-actin
(ab4970S, 1:1000; Cell Signaling Technology, Beverly, MA,

USA), phosphor-JAK2 (Tyr221; bs3206R, 1:1000; Bioss,

Woburn, MA, USA), and JAK2 (bs-23003R, 1:1000; Bioss,

Woburn, MA, USA), and apoptotic-related proteins p53

(ab2527S, 1:1000; Cell signaling technology), Bax

(ab5023S, 1:1000; Cell signaling technology), Bcl-2

(ab15071S, 1:1000; Cell signaling technology), and Survivin

(ab2803S, 1:1000; Cell signaling technology) at 4°C over-

night. After that, the blot was washed in PBS before incuba-

tion with HRlabeledP- secondary antibodies (abcam) for 2 hrs

at room temperature. ECL Plus Western Blot Substrate

(Pierce, Carlsbad, CA) was added for color development and

the grayscale of each band was calculated based on the grays-

cale of β-actin.

Statistical analysis
The data were exhibited in the form of mean ± standard

error of three independent experiments. Data were pro-

cessed based on SPSS 17.0 statistical software (SPSS,

Chicago, IL, USA). Expressions of MALAT1 on different

cell lines were compared using paired Student’s t-test.

Differences among multiple groups were assessed by

one-way ANOVA. P<0.05 was considered to have statis-

tical significance.

Results
MALAT1 is increased in OC cells and si-

RNA downregulates MALAT1 expression
First of all, qRT-PCR was performed to determine MALAT1

expression in OC cell lines and HOSE cells. The expression of

MALAT1 was increased in OC cell lines (CaOV3, SKOV3,

OVCAR3, and OV90) in comparison to that in normal HOSE

cells (all P<0.05; Figure 1A). Furthermore, pcDNA3.1a-

MALAT1 was used to induce overexpression of MALAT1

and si-RNA was transfected to inhibit MALAT1 expression.

Results suggested that pcDNA3.1a-MALAT1 treatment

greatly promoted MALAT1 expression in SKOV3 and

OVCAR3 cells, while MALAT1 expression was inhibited

by si-MALAT1. Compared with pcDNA3.1a group, expres-

sions ofMALAT1 in pcDNA3.1a-MALAT1 group of SKOV3

and OVCAR3 cells were elevated by 1.67-fold and 1.79-fold,

respectively (P<0.01, Figure 1B). The expressions of

MALAT1 in si-MALAT1 were reduced by, respectively,

0.32-fold and 0.29-fold in SKOV3 and OVCAR3 cells, rela-

tive to si-NC samples (P<0.05; Figure 1C). The results

showed that MALAT1 expression level is possibly related to

OC cell viability.

MALAT1 promotes proliferation and

inhibits apoptosis of OC cells
Whether MALAT1 can affect cell proliferation and cell apop-

tosis was assessed by MTT assay, Edu assay, and flow cyto-

metry assay. MALAT1 overexpression was induced by

pcDNA3.1-MALAT1 transfection and MALAT1 knockdown
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Figure 1 MALAT1 was upregulated in ovarian cancer cells relative to normal ovarian epithelial cells, and RNAi downregulated MALAT1 expression.

Notes: (A) The relative expression level of MALAT1 was detected by reverse transcription-quantitative polymerase chain reaction analysis in four ovarian cancer cell lines

(CaOV3, SKOV3, OVCAR3, and OV90) and a normal ovarian epithelial cell line (HOSE). **P<0.01, ***P<0.001 vs HOSE. (B) The fold changes of MALAT1 expression in

SKOV3 and OVSAR3 cells were analyzed 48 hrs after treating with pcDNA3.1, pcDNA3.1-MALAT1, si-MALAT1, or si-NC. Data are presented as the mean ± standard error

of the mean. Experiments were performed in triplicate. **P<0.01 vs si-NC transfections.

Abbreviations: MALAT1, metastasis-associated lung adenocarcinoma transcript 1; si-MALAT1, MALAT1 small interfering RNA; si-NC, noncoding small interfering RNA.
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was induced by si-MALAT1 transfection. Overexpression of

MALAT1 can increase cell proliferation at 24, 48, and 72 hrs

after pcDNA3.1-MALAT1 transfection, and si-MALAT1

transfection can inhibit cell proliferation at 24, 48, and 72

hrs after transfection compared to si-NC transfected cells (all

P<0.05, Figure 2A and B). EdU staining showed that the

number of positive cells were substantially increased in

SKOV3 and OVCAR3 cells after transfected with

pcDNA3.1-MALAT, while transfection of si-MALAT1

could evidently suppress the number of positive cells (all

P<0.05, Figure 2C and D). Flow cytometry assay found that

the apoptotic rate of SKOV3 cells treated with pcDNA3.1-

MALAT1 or pcDNA3.1 was 2.17% and 5.13%, respectively

(P<0.01), while those in OVCAR3 cells, respectively, were

2.72% and 5.25% (P<0.01; Figure 2E). The effect of si-

MALAT1 on SKOV3 and OVCAR3 cell apoptosis showed

that the apoptotic rates of SKOV3 cells and OVCAR3 cells

treated with si-MALAT1 were significantly higher than those

treated with si-NC (all P<0.01; si-MALAT1 vs si-NC in

SKOV3: 13.21% vs 4.56%; si-MALAT1 vs si-NC in

OVCAR3: 12.26% vs 5.02%) (Figure 2E). Further, the effect

of MALAT1 overexpression or knockdown on apoptotic-

related proteins was evaluated. The differential p53, Bax,

Bcl-2, and Survivin protein levels uponMALAT1 knockdown

or overexpression were examined using Western blot assays,

suggesting that the proapoptotic proteins p53 and Bax levels

were upregulated and the antiapoptotic proteins Bcl-2 and

Survivin levels were downregulated in si-MALAT1 group,

compared to si-NC group. Meanwhile, the expression patterns

of pcDNA3.1-MALAT1 treatment group were reversed

(Figure 2F).

miR-503-5p directly binds MALAT1 and

serves as a negative regulator
To investigate the mechanism by which MALAT1 regulates

OC cell proliferation and apoptosis, a lot of studies have

reported the correlation between lncRNAs and

microRNAs.23,24 In our study, miR-503-5p expression was

upregulated after MALAT1 was suppressed by si-MALAT1,

while down-regulated when SKOV3 and OVCAR3 cells

were transfected with pcDNA3.1-MALAT1 plasmids

(Figure 3A). Then, mimics NC/miR-503-5p mimics or inhi-

bitor NC/miR-503-5p inhibitor was transfected into SKOV3

and OVCAR3 cells to achieve miR-503-5p inhibition or

overexpression, and RT-PCR was used to verify the effi-

ciency of transfection (Figure 3B). MALAT1 expression

was downregulated by miR-503-5p overexpression, whereas

upregulated by miR-503-5p inhibition (Figure 3C).

Noncoding RNAs have been shown to target mRNAs via

direct or indirect RNA–RNA interaction, and so we sus-

pected that there may be a direct interaction between

MALAT1 and miR-503-5p. To clarify the interaction

between miR-503-5p and MALAT1, at first, starBase and

RegRNA 2.0 analyses were used in our study to predict the

interaction between MALAT1 and miR-503-5p. To clarify

the relationship between miR-503-5p and MALAT1, a wild-

type MALAT1 luciferase reporter vector (named WT-

MALAT1) and a mutant-type MALAT1 luciferase reporter

vector (named MT-MALAT1) containing a 10-bp mutation

in the predicted miR-503-5p binding site was constructed

(Figure 3D). After that, we co-transfected indicated vector

with miR-503-5p mimics or miR-503-5p inhibitor in

OVCAR3 cells, respectively. After co-transfection, the luci-

ferase activity was examined using Dual Luciferase assays.

A decreased reporter activity was shown in WT-MALAT1

and miR-503-5p mimics co-transfection, and increased

reporter activity was exhibited when WT-MALAT1 and

miR-503-5p inhibitors were transfected together into

OVCAR3 cells (Figure 3E). However, after the mutation in

the predicted binding site of miR-503-5p, the changes of the

luciferase activity were totally abolished (Figure 3E). The

binding of lncRNA-MALAT1 and miR-503-5p was further

verified by RNA pull-down assay. The results showed that

substantial miR-503-5p can be pulled down by MALAT1

probe (Figure 3F). MALAT1 enrichment by miR-503-5p

probe was also found by Northern blot (Figure 3G). Taken

together, miR-503-5p can directly bind with MALAT1.

MALAT1 regulates OC cell proliferation

and apoptosis through interaction with

miRNA-503-5p
Cell proliferation and apoptosis were monitored in

response to co-effect of MALAT1 and miR-503-5p. Cell

proliferation by MTT assay showed that proliferation rate

was inhibited after MALAT1 was knockdown and this

inhibition was reversed by transfection of miR-503-5p

inhibitor (Figure 4A and B). EdU staining on SKOV3

and OVCAR3 cells demonstrated that cells transfection

with si-MALAT1 had significantly deceased positive

cells. Transfection of miR-503-5p inhibitor could increase

the number of positive cells and even partially reverse the

inhibition of si-MALAT1 on positive cells. Moreover, flow

cytometry assay demonstrated that apoptotic rate was

increased in SKOV3 and OVCAR3 cells after transfection
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of MALAT1 knockdown, but transfection of miR-503-5p

inhibition can suppress the cell apoptotic rate in tumor

cells (Figure 4E). Furthermore, the co-effect of MALAT1

and miR-503-5p on apoptotic-related proteins was evalu-

ated. The differential p53, Bax, Bcl-2, and Survivin

protein levels were examined using Western blot assays.

Co-transfected si-MALAT1 and inhibitor NC markedly

increased the levels of p53 and Bax proteins, and on the

contrary, the levels of Bcl-2 and Survivin proteins were

significantly decreased. Expressions of proapoptotic pro-

teins (p53 and Bax) were elevated after cells were trans-

fected with MALAT1 knockdown plasmid, while cells

transfected with miR-503-5p inhibition had decreased

apoptotic rate. miR-503-5p inhibition can partially reverse

the inhibitory effect of si-MALAT1 on expressions of anti-

apoptotic proteins (Bcl-2 and Survivin) (Figure 4F). Taken

together, MALAT1 regulates OC cell growth through

interaction with miR-503-5p.
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Figure 2 MALAT1 promoted cell proliferation and inhibited cell apoptosis in SKOV3 and OVCAR3 cells.

Notes: The cell growths of SKOV3 (A) and OVCAR3 (B) cells were monitored using MTT assays in response to si-MALAT1 or pcDNA3.1-MALAT1 induced MALAT1

knockdown or overexpression, respectively. Effects of MALAT1 knockdown or overexpression on cell proliferations of SKOV3 (C) and OVCAR3 (D) were further

determined by Edu staining (200×). (E) Apoptosis of SKOV3 and OVCAR3 cells transfected with si-MALAT1, si-NC, pcDNA3.1-MALAT1, or pcDNA3.1 was analyzed by

flow cytometry. The percentage displayed on the histograms indicates apoptotic rate. Comparison of apoptotic rates of cells transfected with si-MALAT1, si-NC, pcDNA3.1-

MALAT1, or pcDNA3.1. (F) Proteins were detected by Western blot. β-Actin was used as internal control to ensure equal loadings. Graphs are represented as the mean

density of p53, Bax, Bcl-2, and Survivin bands normalized against the mean density of β-actin band from three independent experiments (presented as relative density of

individual protein). Data are presented as the mean ± standard error of the mean (n=3). *P<0.05, **P<0.01, ***P<0.001 vs si-NC, or pcDNA3.1.

Abbreviations: MALAT1, metastasis-associated lung adenocarcinoma transcript 1; si-MALAT1, MALAT1 small interfering RNA; si-NC, noncoding small interfering RNA.
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MALAT1 activates JAK2/STAT3 pathways
miRNAswere recently recognized to adjust JAK-STATsignal-

ing in cancers.25 Phosphorylation of the JAK2/STAT3pathway

is linked to antiapoptosis.26 Western blot suggested that the

expressions of JAK2 and STAT3 did not change in OVCAR3

cells after miR-503-5p inhibitor treatment or si-MALAT1

transfection (Figure 5). However, compared to control groups,

p-JAK and p-STAT3 were both upregulated by miR-503-5p

inhibitor and downregulated by si-MALAT1. miR-503-5p

inhibitor could partially offset the inhibitory effect of si-

MALAT1 on p-JAK and p-STAT3. On the basis of these

results, MALAT1 mediates the activation of JAK2/STAT3

signal pathway through regulating miR-503-5p expression.

Discussion
The regulatory roles of lncRNAs in carcinogenesis were

reported in many studies, while some studies implied some

lncRNAs could be served as notable therapeutic targets in

OC.27,28 The evidence showed MALAT1 is regarded as a

new oncogene in OC by modulating cell proliferation,

migration, and apoptosis.29 The effect of targeted sponge/

decoy lncRNAs on miRNAs was recently discovered.23,30

Despite these results, the possible mechanisms of

MALAT1 in OC are still fully unknown. On the basis of

current research, we learned that MALATI through nega-

tively targeting miR-503-5p in OC can promote cell pro-

liferation and inhibit cell apoptosis.

Cells with MALAT1 overexpression together with si-

MALAT1 transfection were used for cell proliferation and

apoptosis assays. After MALAT1 was knockdown by trans-

fected siRNA, cell proliferation rates of OC cells were sup-

pressed while cell apoptosis rates were increased. In addition,

overexpression of MALAT1 remarkably promoted the cell

proliferation rate and decreased apoptosis compared to control

group. Evidence reported that the interaction of lncRNA and

miRNAwas implicated in disease pathogenesis.MALAT1was

reported to promote the development of aggressive renal cell

carcinoma by the chromatin methyltransferase enhancer of
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Figure 3 MALAT1 directly targets miR-503-5p.

Notes: (A) The expressions of miR-503-5p in SKOV3 and OVCAR3 cells were determined in response to overexpression or knockdown of MALAT1 using reverse

transcription-quantitative polymerase chain reaction analysis. (B) MALAT1 expression in response to miR-503-5p overexpression or miR-503-5p inhibition was determined

by using real-time PCR. (C) Mimics NC/miR-503-5p mimics or inhibitor NC/miR-503-5p inhibitor was transfected into SKOV3 and OVCAR3 cells to achieve miR-503-5p

overexpression or inhibition, verified by using real-time PCR. (D) A WT-MALAT1 luciferase reporter vector (WT-MALAT1) and a MT-MALAT1 luciferase reporter vector

(MT-MALAT1) with mutations on miR-503-5p binding sites of the MALAT1 were constructed. (E) The WT-MALAT1/MT-MALAT1 vectors and miR-503-5p NC/miR-503-5p

mimics/miR-503-5p inhibitor were co-transfected into SKOV3 and OVCAR3 cells. The luciferase activity of the MALAT1 luciferase reporter vector was determined. (F)
Verification of the binding of MALAT1 and miR-503-5p determined by the pull-down assay using MALAT1 probe. (G) Verification of the binding of MALAT1 and miR-503-5p

determined by the pull-down assay using miR-503-5p probe. Scram probe was used as negative control. Data are presented as the mean ± standard error of the mean (n=3).

*P<0.05, **P<0.01, ***P<0.001 vs NC or blank control.

Abbreviations: MALAT1, metastasis-associated lung adenocarcinoma transcript 1; si-MALAT1, MALAT1 small interfering RNA; si-NC, noncoding small interfering RNA;

NB, Northern blot.
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zeste homolog 2. Meanwhile, the interaction between

MALAT1 and microRNA-205 leads to oncogenic activity.31

The research on tongue cancer showed that through direct

targeting,MALAT1can influence cancer growth by interacting

with miR-124.32 This inspired us to assume that MALAT1

might interactwithmiRNAs to exert its functions inOC. In our

study, miR-503-5p was predicted as a target gene ofMALAT1

in OC. We observed that miR-503-5p was significantly

decreased in OC cells and indicated its role as a tumor sup-

pressive gene for OC. These results suggest that MALAT1

exerts its biologic functions via directly bindingwithmiR-503-

5p. We reported a novel mechanism for MALAT1 in OC, and

our results revealed that MALAT1/miR-503-5p was involved

in OC and could act as a therapeutic indicator.

It is reported that MALAT1 participates in cancer cell

modulation through several possible approaches, including
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Figure 4 MALAT1 regulated OC cell proliferation and apoptosis through interaction with miR-503-5p.

Notes: (A and B) The cell growth was monitored in response to co-processing MALAT1 knockdown and miR-503-5p inhibition using MTT assay in both SKVO3 and

OVCAR3 cells. (C and D), Edu staining was applied to observe the co-effect of MALAT1 knockdown and miR-503-5p inhibition on cell proliferation on SKVO3 and

OVCAR3 cells (200×). (E) Apoptosis of SKOV3 and OVCAR3 cells co-transfected si-MALAT1/si-NC and miR-503-5p inhibitor/inhibitor NC was analyzed by flow cytometry.

The percentage displayed on the histograms indicates apoptotic rate. Comparison of the apoptotic rates of cells co-transfected with si-MALAT1/si-NC and miR-503-5p

inhibitor/inhibitor NC. (F) Apoptotic or antiapoptotic proteins were detected by Western blot. β-Actin was used as internal control to ensure equal loadings. Graphs are

represented as the mean density of p53, Bax, Bcl-2, and Survivin bands normalized against the mean density of β-actin band from three independent experiments (presented

as relative density of individual protein). Data are presented as the mean ± standard error of the mean (n=3). *P<0.05, **P<0.01 vs si-NC or blank control.

Abbreviations: MALAT1, metastasis-associated lung adenocarcinoma transcript 1; si-MALAT1, MALAT1 small interfering RNA; si-NC, noncoding small interfering RNA.
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EMT regulation33,34 and cancer-related downstream path-

ways such as PI3K/AKT,35 miR-200s/ZEB2,36 ATM-

CHK2,37 and EZH2.38 In this study, the activation of

JAK2/STAT3 factors was inhibited once MALAT1 was

knockdown, while overexpression of MALAT1 could

induce the phosphorylation of JAK2/STAT3. The results

demonstrated that MALAT1 can regulate the activation of

JAK2/STAT3 pathway in OC. We hypothesized that the

regulatory effect of MALAT1 may be an important

mechanism in cancer modulation. More and more evi-

dence proved miRNAs was important in cancer pathogen-

esis, while it was clarified that miRNAs regulate the JAK/

STAT3 signaling pathway in malignant tumors.39–41 For

example, through suppression on IL-6-JAK-STAT3 signal-

ing pathway, Let-7 was shown to inhibit inflammation-

related transformation event.42 Moreover, miR-9 secreted

from tumor cells can activate JAK-STAT3 signaling path-

way by suppressing the expression of SOCS5, conse-

quently leading to deterioration of tumor progression.43

In this study, we highlighted that MALAT1 could interact

with miR-503-5p, resulting in the activation of JAK2/

STAT3 signaling pathway. Although we clarified that

JAK2/STAT3 signaling pathway plays a key role in OC

cells, the detailed mechanism of MALAT1 and miR-503-

5p to activate JAK2/STAT3 signaling pathway has not

been completely understood. This may serve as one

major limitation of our study. However, this shortcoming

also provides a future direction for our further studies.

From our research, we found that as an oncogene,

MALAT1 can regulate OC cell proliferation and apoptosis.

Meanwhile, this study also offers experimental data on the

original mechanism of MALAT1 via interacting with miR-

503-5p, thereby inducing cell proliferation and inhibiting

cell apoptosis in OC cells. In conclusion, MALAT1 can

induce cell proliferation and impede cell apoptosis in OC

cells by negatively regulating miR-503-5p and activating

JAK2/STAT3 signaling pathway.
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