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Up-regulation of LncRNA MEG3 inhibits cell migration and invasion and
enhances cisplatin chemosensitivity in bladder cancer cells
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It has been proven that maternally expressed 3 (MEG3), a long non-coding RNA (LncRNA), is down-regulated and
inversely correlated with prognosis in various types of cancer, including bladder cancer (BC). Nevertheless, the role of
MEGS3 in BC has not been fully identified. Herein, we found that MEG3 expression was reduced in 21 BC tumor tissue
samples compared to corresponding adjacent tissues. We then established T24 and 5637 cells with a stably integrated expres-
sion of MEG3 by G418 resistance screening, and data revealed that the BC cells over-expressing MEG3 displayed weaker
migration and invasion ability than control cells. The expression and activity of matrix metalloproteinase (MMP)2 and
MMP9 were down-regulated when MEG3 was over-expressed. Moreover, MEG3 over-expression sensitized BC cells to the
chemotherapy drug cisplatin (DDP). DDP treatment significantly induced cell apoptosis, down-regulated bcl2 expression,
and up-regulated cleaved-caspase-3 and bax expression in BC cells with MEG3 over-expression. MEG3 and p53 can also
stimulate mutual expression in BC cells, thus indicating a potential positive feedback loop of MEG3 and p53. Our combined
results suggest that over-expression of MEG3 inhibits migration and invasion and enhances DDP chemo-sensitivity in

bladder cancer cells.
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Bladder cancer (BC), one of the most common malignan-
cies worldwide, has a higher incidence in males than females
[1, 2]. The etiology of BC is quite complicated, involving both
genetic and environmental factors [3]. A well-known risk
factor is smoking, which causes 31% and 14% of BC-related
deaths in males and females worldwide [4]. The prognosis of
patients with this cancer is still poor, although vast improve-
ment in diagnosis and treatment has been achieved [5].
Therefore, it is essential to develop new therapeutic targets
and strategies in the treatment of BC.

The human genome project (HGP) has historically
revealed the whole human genome sequences, 98.5% of which
do not encode any protein but have association with multiple
diseases [6, 7]. The H. sapiens maternally expressed gene 3
(MEGS3) is located on chromosome 14q32.3 that belongs
to the imprinted DLK1-MEG3 and encodes a non-coding
RNA [8]. Several earlier studies have shown that MEGS3 is
expressed at low levels in cancer tissues, and is associated with
poor prognosis in a variety of cancers, such as gastric cancer
[9], tongue squamous cell carcinoma [10], breast cancer [11],
cervical cancer [12], osteosarcoma [13] and non-small cell
lung cancer [14]. Its expression can significantly inhibit cell

proliferation and promote cell apoptosis in some carcinoma
cells [15-18]. Interestingly, MEG3 was found to be down-
regulated in tumor tissues derived from BC patients, and this
low expression correlates with low relapse-free survival [19].
However, its role in regulating the development and progress
of BC remains poorly understood.

In the present study, the expression of MEG3 was first
determined in the tumor and adjacent non-tumor tissues
from BC patients. Two BC cell lines (T24 and 5637 cells) with
a stably integrated expression of MEG3 were established to
evaluate how MEG3 over-expression affected the cell migra-
tion and invasion and the cisplatin (DDP) chemo-sensitivity
of BC cells in vitro.

Patients and methods

Patients and tissue samples. A total of 21 pairs of tumor
and adjacent non-tumor tissue samples were obtained from
patients with primary BC. No patients received chemo-
therapy or radiotherapy prior to the surgery and all signed
the informed consent forms. The study was approved by the
Ethical Committee of Jilin University.
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Cells and cell culture. Two BC cell lines, T24 and 5637,
were purchased from CHI Scientific, Inc (Maynard, MA,
USA). They were cultured in RPMI-1640 medium (Gibco,
Grand Island, NY, USA) supplemented with 10% fetal bovine
serum (Hyclone, Logan, UT, USA) and placed in a 37°C
incubator with 5% CO,

Real-time PCR. Total RNAs were isolated from cells with
a high purity total RNA extraction kit (BioTeke, Beijing,
China) and subjected to synthesis of cDNA using Super
M-MLV Reverse Transcriptase (BioTeke). Afterwards, the
levels of MEG3 and GAPDH were detected by real-time PCR
using the primers as follows: MEG3 forward, TCAGGCAGG-
ATCTGGCATAGAGG, reverse, GAGCGAGTCAGGAAGCA-
GTGGGT; GAPDH forward, GAAGGTCGGAGTCAACG-
GAT, reverse, CCTGGAAGATGGTGATGGGAT. The rela-
tive expression of MEG3 was calculated by the 274" method.

Generation of stable cell lines and transient transfec-
tion. The full-length IncRNA MEG3 cDNA was cloned into
the Xhol and EcoR1 sites of the pEGFP-N1 vector (Sangon,
Shanghai, China), and the empty pEGFP-NI1 vector was
used as control. The plasmids were transfected into T24 and
5637 cells using Lipofectamine 2000 (Invitrogen, Carlsbad,
CA, USA). The stably transfected cells were then selected
with G418 (Invitrogen). The plasmid expressing p53 was
purchased from SinoBiological Inc. (Beijing, China) and
was transiently transfected into T24 and 5637 cells using
Lipofectamine 2000.

Wound healing assay. The wound healing assay deter-
mined cell migration ability. In brief, cells seeded in six-well
plates were cultured to confluence, and subsequently the
complete medium was replaced with serum-free medium
containing 1ug/ml mitomycin C (Sigma, St. Louis, MO,
USA). One hour later, a straight scratch was made on the
bottom of each plate with a 200yl pipette tip. Thereafter,
cellular debris was washed away with PBS and the remaining
cells were continuously cultured in serum-free medium in
an incubator at 37°C with 5% CO,. The cell images were
captured at 0, 12 and 24 h using an inverted phase contrast
microscope (Motic, Xiamen, China).

Transwell assay. Cell invasion ability was examined by
Transwell assay. In brief, the cells were re-suspended at a
final density of 1x10° cells/ml. Transwell chambers (Corning,
Corning, NY, USA) pre-coated with Matrigel (BD, Franklin
Lakes, NJ, USA) were plated into 24-well plates. Then 200 pl
of the cell suspension was added into upper chambers, and
the lower chambers were filled with 800 pl culture medium
containing 30% FBS. After incubation for 24h at 37°C, the
upper surfaces of the chambers were wiped with a cotton
bud to remove the non-invasive cells. The remaining cells
were fixed with 4% paraformaldehyde for 20 minutes at
room temperature and stained with 0.5% crystal violet for 5
minutes. The stained cells were counted in five separate fields
under a light microscope (Motic).

Western blot. Total protein was extracted from cells on
ice with RIPA buffer (Beyotime Institute of Biotechnology,

Beijing, China) supplemented with protease inhibitor PMSEF.
Protein concentration was determined with a BCA protein
assay kit (Beyotime Institute of Biotechnology). The samples
were separated by SDS-polyacrylamide gel electrophoresis
(SDS-PAGE) and transferred to polyvinylidene fluoride
(PVDF) membranes. The membranes were blocked with 5%
skim milk and incubated with one of the primary antibodies
against matrix metalloproteinase (MMP)2 (D198344, 1:500,
Sangon Biotech), MMP9 (D261999, 1:500, Sangon Biotech),
cleaved-Caspase-3 (ab2302, 1:1000, Abcam), bcl-2 (D160117,
1:500, Sangon Biotech), bax (D120073, 1:500, Sangon
Biotech), p53 (KG21083-2, 1:500, KeyGen) and GAPDH
(60004-1-Ig, 1:500, Proteintech) overnight at 4°C. Secondary
antibodies were then used to probe the primary antibodies
for 45 min at 37°C. The bands were visualized by enhanced
chemiluminescence (Beyotime Institute of Biotechnology)
and analyzed by gel imaging system (Beijing Liuyi Biotech-
nology Co., Ltd., Beijing, China). The expression levels of
target proteins were normalized to the expression levels of
GAPDH.

Gelatin zymography. The activity of MMP2 and MMP9
was determined with Gelatin zymography. Briefly, the
samples were subjected to electrophoresis on 10% SDS-PAGE
containing 1 mg/ml gelatin (sigma). Afterwards, the gel was
eluted in elution buffer (2.5% Triton X-100, 50 mM Tris-HCI,
5mM CaCl,, 1uM ZnCL, pH7.6) for 40 min twice, rinsed
with wash solution (50 mM Tris-HCl, 5mM CaCl,, 1uM
ZnCL, pH7.6) for 20 min twice, and incubated with incuba-
tion buffer (50 mM Tris-HCl, 5mM CaCl, 1uM ZnCl,
0.02%Brij, 0.2 M NaCl). Then 0.05% Coomassie brilliant blue
G-250 was used for staining. After de-coloration, the bands
were captured and analyzed by gel imaging system (Beijing
Liuyi Biotechnology Co., Ltd.).

Methylthiazoletetrazolium (MTT) assay. Cell prolifera-
tion was evaluated by MTT assay. In brief, cells were seeded
in 96-well plates at a density of 4x10° cells/well. After cell
attachment, the cells were treated with a series of concentra-
tions of DDP, which were as follows: for T24 cells (Parental,
Vector and MEG3), 0, 10, 15, 20, 25 and 30 mg/1 for 5637 cells
(Parental, Vector and MEG3): 0, 1, 2, 4, 6 and 8 mg/l. After
the 24-h incubation, the medium was replaced with fresh
medium containing 0.5mg/ml MTT. Four hours later, the
supernatant was discarded and 150 pl of dimethyl sulfoxide
(DMSO) was added to each well in the dark. Ten minutes
later, the absorbance value was measured at 570nm by
Microplate Reader (BioTek, Winooski, VT, USA). The half-
maximum inhibitory concentration (IC50) of DDP in each
group was calculated.

Flow cytometry. Cell apoptosis was evaluated by annexin
V/propidium iodide binding assay. Briefly, cells were placed
in 6-well dishes, grew to a confluent 90% and were then
treated with DDP for 24h. The cells were collected, washed,
and re-suspended in 500 pl binding buffer. Thereafter, cells
were incubated with 5pul AnnexinV-Light 650 and 10pl
propidium iodide in the dark at room temperature for
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15 min. The percentage of apoptosis cells was detected by
flow cytometry (BD).

Statistical analysis. The results were presented as the
mean * SD (standard deviation). The significance of differ-
ence was evaluated by student’s t-test or two-way analysis
of variance (ANOVA) with the GraphPad Prism version
7.00 analysis software (San Diego, CA, USA). P-value less
than 0.05 is statistically significant. *p<0.05, **p<0.01, and
#45<0.001.

Results

Forced over-expression of MEG3 in BC cells. We
detected the expression of MEG3 in 21 paired tumor and
non-tumor samples from patients with BC using real-time
PCR. Figure 1A shows that the expression of MEG3 was
lower in tumor tissues than that in corresponding normal
tissues. To investigate the role of MEG3 in the development
and progress of BC, we established two stable cell lines (T24
and 5637) with MEG3 over-expression. The expression of
MEGS3 in those two cell lines was detected by real-time PCR.
As shown in Figure 1B, the expression of MEG3 was signifi-
cantly up-regulated in cells transfected with MEG3 over-
expression vectors.
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Effects of MEG3 over-expression on BC cell migration
and invasion. Wound healing assay determined cell migra-
tion ability. As shown in Figure 2A, the migration ability of
T24 and 5637 cells was evidently inhibited when MEG3 was
over-expressed. Results from the transwell assay revealed
significant reduction in cell invasion following MEG3 over-
expression (Figure 2B). Moreover, data from western blot
assay indicated that the expression levels of MMP2 and
MMP9 were markedly decreased in T24 and 5637 cells over-
expressing MEG3 (Figure 2C). Their activities were also
suppressed by MEG3 over-expression (Figure 2D).

MEGS3 over-expression sensitized BC cells to the DDP
chemotherapy drug. We then measured the chemo-sensi-
tivity of the control BC cells and those over-expressing
MEGS3 to DDP. As shown in Figure 3A, DDP dose-depend-
ently inhibited proliferation of T24 and 5637 cells, and this
anti-proliferation effect in MEG3-elevated cells was greater
than in controls. The IC50 value in BC cells over-expressing
MEG3 was lower than in control cells (Figure 3B). In
addition, results from flow cytometry assay demonstrated
that MEG3 over-expression enhanced the chemo-sensitivity
of BC cells to DDP treatment (Figure 3C). Moreover, results
of western blot analysis revealed that DDP treatment further
up-regulated the protein levels of cleaved caspase-3 and
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Figure 1. Up-regulation of MEG3 in BC cells. A) Real-time PCR was performed for the detection of MEG3 in BC tissues and adjacent tissues. (B) The
over-expression efficiency of MEG3 was verified by real-time PCR. Data is presented as the mean * SD, *p<0.05; ***p<0.001.
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Figure 2. The ability of migration and invasion was significantly weakened in MEG3-elevated BC cells. A) cellular migration ability was determined
by wound healing assay. B) Transwell assay was used to measure cell invasion ability. C) The expression levels of MMP2 and MMP9 were evaluated by
western blotting. D) The activity of MMP2 and MMP9 was assessed by gelatin zymography. Data is presented as the mean + SD, *p<0.05; **p<0.01;

©4p<0.001.

bax, and down-regulated bcl2 expression in MEG3-over-
expressed BC cells (Figure 3D).

Effect of MEG3 over-expression on p53 expression in
BC cells. Finally, we evaluated the expression level of p53, a
potential key regulator in mediating cell growth and chemo-
sensitivity in BC cells. Western blot analysis demonstrated
that forced over-expression of MEG3 significantly promoted
p53 expression in T24 and 5637 cells (Figure 4A). In turn, the
P53 over-expression increased MEG3 expression in BC cells
(Figure 4B). These results suggest that MEG3 and p53 can
mutually stimulate the expression in BC cells.

Discussion

LncRNAs were identified in the early 1990’s and are defined
as a class of non-coding RNAs which contain >200 nucleo-
tides and lack significant open reading frame [20]. The role of

LncRNAshasbeen extensivelyresearched inavariety of patho-
physiological processes, including autism spectrum disor-
ders [21], cancers [22], cardiovascular disease [23], Alzheim-
er’s disease [24] and in reproduction and development [25].
Because prior findings revealed low expression of MEG3 in
BC tissues [19], we conducted in vitro experiments using T24
and 5637 cells to investigate the role of MEG3 in the metas-
tasis and chemotherapy sensitivity of BC cells. We found that
up-regulation of MEG3 suppressed migration and invasion
and enhanced BC cell chemo-sensitivity to DDP in vitro.

MMPs are a family of zinc dependent endopeptidases
involved in extracellular matrix (ECM) degradation. MMP2
and MMP9 are the two major MMPs and their over-expres-
sion has been proven to promote metastasis of many malig-
nant tumors, including BC [26, 27]. We found that both the
expression and activity of MMP2 and MMP9 were inhibited
following forced up-regulation of MEG3. Moreover, it has
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Figure 3. The DDP chemosensitivity was enhanced in MEG3-elevated BC cells. A) Cell proliferation ability was determined by MTT assay. (B) Cell
apoptosis was assessed by flow cytometry. C) The expression levels of cleaved-caspase-3, bcl-2 and bax were detected through western blot analysis.

Data is presented as the mean + SD, *p<0.05; **p<0.01; **p<0.001.

been reported that MEG3 over-expression can enhance DDP
chemo-sensitivity in lung cancer cells [28] and glioma cells
[29]. As DDP is also a main chemotherapeutic drug in BC
treatment, we investigated whether MEG3 over-expression
also augments BC cell sensitivity to DDP. As expected, we
found that the anti-proliferative and pro-apoptotic effects of
DDP were stronger in BC cells over-expressing MEG3. The
alterations in pro-apoptotic cleaved-caspase-3 and bax, and
anti-apoptotic bcl2 induced by DDP were also more signifi-
cant in BC cells with high MEG3 level.

Previous studies have proven that MEG3 can inhibit cell
growth via the p53 pathway in gastric cancer [15], neuro-
blastoma [30], breast cancer [31], and pancreatic cancer
[32], and that its over-expression augments DDP chemo-
sensitivity in lung cancer by modulating the p53 pathway
[28]. Ying et al. demonstrated that down-regulated MEG3
can activate autophagy and promote cell proliferation in BC

[33]. However, it was previously unknown if p53 partici-
pated in MEG3-mediated chemo-sensitivity in BC cells.
Herein, MEG3 and p53 were found to induce the expres-
sion of each other in BC cells, thus suggesting a potential
positive feedback loop between MEG3 and p53. In addition
to the p53 pathway, other cancer-related signaling pathways
are also modulated by MEGS3 in a variety of cancers, such as
in the Wnt/p-catenin [34,35], PI3K/AKT [36] and retino-
blastoma protein pathways [37]. MicroRNAs involved in
tumor cell proliferation and apoptosis are also reported to
be modulated by MEG3 [16,17,38]. Further experiments
will be performed to investigate whether other pathways or
microRNAs are involved in the anti-survival role of MEG3
in BC cells.

Our combined results confirm that MEG3 over-expression
restrains BC cell migration and invasion and enhances their
DDP chemo-sensitivity. Finally, while p53 up-regulation also
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Figure 4. The expression of p53 was increased in MEG3-elevated BC cells. A) The expression of p53 in MEG3-elevated BC cells was detected by western
blotting. B) The expression of MEG3 in p53-elevated BC cells was evaluated by real-time PCR. Data is presented as the mean + SD, **p<0.01, **p<0.001.

contributes to MEG3’s anti-survival effects, it is suggested
that MEG3 can be a successful therapeutic target in bladder
cancer treatment.
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