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LncRNA MEGS3 inhibits proliferation
and promotes apoptosis of synovial cells in rats
with knee osteoarthritis by regulating PTEN
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Abstract. - OBJECTIVE: To study the influ-
ences of long non-coding ribonucleic acid (In-
cRNA) maternally expressed gene 3 (MEGS3)
on the proliferation and apoptosis of synovial
cells in rats with knee osteoarthritis by regulat-
ing phosphate and tensin homology deleted on
chromosome ten (PTEN).

MATERIALS AND METHODS: In this experi-
ment, rat synovial cell (RSC)-364 cells wer
tured in vitro. Then, they were treated with
or IncRNA MEG3 overexpression lentiviru
and divided into normal control (NC)

MEG3 group). The messenger
pression levels of IncRNA M

PTEN, cyclin D1, P2
and tubulin in rat

tected via M
evaluated

NC group, LncRNA
rexpressed IncRNA
(p<0.01), and an ex-

in expression level of PTEN
ent trend with that of the mR-
The proliferation ability of cells was
(p<0.05), and the number of apop-
was increased (p<0.05) in LncRNA
MEG3 group compared with those in NC group.
Finally, LncRNA MEG3 group had remarkably
lower protein levels of cyclin D1 and Bcl-2, but
a markedly higher protein level of P21 than NC
group (p<0.05).
CONCLUSIONS: LncRNA MEGS3 can raise the
level of PTEN to weaken the proliferation ability
but elevate the apoptosis level of RSC-364 cells.
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ding ribonucleic acids (IncRNAs)
of non-coding long-stranded RNAs
e than 200 nt in length'. LncRNAs play
1 role in multiple physiological and patho-
logical processes, such as epigenetic regulation,
and cell cycle, proliferation, differentiation and
apoptosis, and they have become the hotspots in
the research field of genetics in the 21* century*>.
Therefore, it is of great significance to explore the
biological functions of IncRNAs for delving into
the pathogenesis and pathogenic process.
LncRNA MEGS3, a IncRNA measuring 1,600
nt in encoding length, is considered to possess the
anti-tumor function®. LncRNA MEG3 can inhib-
it the proliferation but promote the apoptosis of
gastric cancer cells, and its mechanism of action
may be related to the regulation of the p53 sig-
naling pathway>. However, the influences of In-
cRNAs on bone synovial cells have not yet been
reported. Phosphate and tensin homology deleted
on chromosome ten (PTEN) is the first discov-
ered tumor suppressor gene with phosphatase ac-
tivity®’, which is located on chromosome 10q23.3
and comprises 9 exons. PTEN protein can resist
the activity of such phosphorylases as tyrosine ki-
nases to repress the development and progression
of tumors. PTEN, as the major negative regula-
tory factor of the phosphatidylinositol 3-hydroxy
kinase (PI3K)/protein kinase B (Akt) pathway, is
able to decrease the level of phosphorylated Akt,
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thereby suppressing cell proliferation and pro-
moting cell apoptosis®.

The present study, therefore, aims to explore
whether IncRNA MEG3 can affect the prolifera-
tion and apoptosis of rat synovial cells by regulat-
ing the PTEN protein level.

Materials and Methods

Cell Culture, Treatment and Grouping

Rat synovial cell (RSC)-364 cells purchased
from China Cell Resource Seed Bank (Shanghai,
China) were cultured using complete Dulbec-
co’s Modified Eagle’s Medium [DMEM, basic
DMEM + 10% fetal bovine serum (FBS) + 0.1%
P/S double antibodies + 0.1% glutamine] in an in-
cubator with 5% CO, at 37°C (Gibco, Rockville,
MD, USA). The cell culture was performed in
accordance with the standard operation manual,
and aseptic operation was required to avoid con-
tamination. RSC-364 cells were cultured and sub-
cultured into a 6-well plate, and when the density
of cells reached 75%, phosphate-buffered saline
(PBS) and IncRNA MEG3 overexpression Icam
viruses (GenoMediTech Co., Ltd., Shanghai,
na) were added into wells separately. The cell
normal control (NC) group and IncRNA ME

vemi, MA, USA). A total of 10 pg
samples Were taken from each group,
loading buffer and subjected to metal

Table I. List of primer sequences.

bath at 100°C for 10 min, followed by sodium do-
decyl sulphate-polyacrylamide gel electrophoresis
(SDS-PAGE) at 100 V and at 120 V when the pro-
tein samples passed through the boundaries of the
spacer gel and separation gel. Subsequently, the
gels were transferred onto a polyvinylidene diflu-
oride (PVDF) membranes (Millipore, Billerica,
MA, USA), and the membrane was washed using

1% bovine serum albu
Danvers, MA, USA

n Levels Via Quantitative
Transcription-Polymerase
Reaction (GRT-PCR)

The cells in the 6-well plate in NC group and
LncRNA MEG3 group were added with cell lysis
buffer TRIzol reagent (Invitrogen, Carlsbad, CA,
USA) to extract mRNAs. Then, the concentration
of mRNAs was determined. Subsequently, the
mRNAs were reversely transcribed into comple-
mentary deoxyribonucleic acid (c(DNA) according
to TaKaRa’s specifications (Otsu, Shiga, Japan).
First, 500 ng of RNAs were added into the mix-
ture of 2 pL of 5 x PrimeScript RT Master Mix,
0.5 uL of OligodT, and 0.5 pL of reverse transcrip-
tase, and the total volume of the overall reaction
system was 10 pL. After that, PCR amplification
was performed in accordance with the instructions
of the PCR amplification kit as follows: 2 puL of
cDNAs were with 10 pL of SYBR Premix Ex Taqll
(2%), 0.8 pL of forward primers, 0.8 pL of reverse
primers, and 0.4 uL of ROX reference dye II (50%).

Gene Forward Reverse

LncRNA MEG3 5'-CTGCCCATCTACACCTCACG-3' 5'-CTCTCCGCCGTCTGCGCTAGGGGCT-3'
PTEN 5S“TTTGAAGACCATAACCCACCAC-3' 5'-ATTACACCAGTTCGTCCCTTTC-3'
GAPDH 5'-CAACGAATTTGGCTACAGCA-3' 5'-AGGGGTCTACATGGCAACTG-3'
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Finally, ddH,O was added to make the system con-
stant at 20 pL, and the relative expression level of
mRNAs was calculated based on the amplification
cycle Ct value, with glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) as an internal reference.
The primer sequences are shown in Table 1.

Detection of Cell Proliferation Via Methyl
Thiazolyl Tetrazolium (MTT) Assay

The cells were first paved onto a 6-well plate
at the density of 5x10° cells/well and divided into
NC group and LncRNA MEG3 group. Then, they
were digested using 0.25% trypsin, re-inoculated
into a 96-well plate, and added with MTT reagent
(Sigma-Aldrich, St. Louis, MO, USA) at 12 h, 24
h, 48 h, and 72 h. After reaction for 3 h, the liquid
in the wells was discarded, each well was added
with 100 pL of dimethyl sulfoxide (DMSO) re-
agent (Sigma-Aldrich, St. Louis, MO, USA), and
the mixture was shaken at room temperature for 10
min. Finally, the optical density (OD) of cells was
read using a microplate reader at the wavelength
of 490 nm. The larger OD indicates more cells,
whereas the smaller OD suggests fewer cells. The
proliferation ability of the cells in the two gr
was determined using the above method.

Detection of Apoptosis Via Flow
Cytometry

The cells in the 6-well platg
cRNA MEG3 groups were dig
without ethylenediaminet

ere re-suspended,
ieht 650 reagent, add-
reagent and mixed
reaction at room tem-
15 min. Subsequently, the
=k and PI fluorescence signals

frough FL4 and FL2 channels,
A ely, usmg a flow cytometer (FACSCah-
yosciences, Detroit, MI, USA). Finally,
the apopYosis of cells was determined according
to the percentage of cells stained with fluorescein
isothiocyanate (FITC) and PI.

Statistical Analysis

All data were subjected to analysis and statis-
tics using GraphPad Prism 6.0 software (La Jolla,
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CA, USA), and expressed as x*s. Two-tailed #-test
was performed for data analysis. Comparison be-
tween multiple groups was done using One-way
ANOVA test followed by Post-Hoc Test (Least
Significant Difference). p<0.05 denoted statisti-
cally significant differences.

Results

LncRNA MEG3 Overexpr
in RSC-364 Cells Dete

LncRNA MEG3
ed into RSC-364 ¢

ncRNA MEG364 was successfully
essed in RSC-364 cells, the mRNA level
was further measured using qRT-PCR.
According to the results, the mRNA level of PTEN
in LncRNA MEG3 group was extremely substan-
tially higher than that in NC group (p<0.05), im-
plying that IncRNA MEG3 can notably raise the
mRNA expression level of PTEN (Figure 2).

Relative LncRNA MEG3 (% NC)

0 1 |

NC LncRNA MEG3

Figure 1. Expression of IncRNA MEG3 in RSC-364 cells
detected via qRT-PCR. Expression of IncRNA MEG3 in
cells in NC group and LncRNA MEG3 group detected via
qRT-PCR. NC group: RSC-364 cells treated with PBS, Ln-
cRNA MEG3 group: RSC-364 cells treated with IncRNA
MEG3 overexpression lentiviruses. *p<0.01: LncRNA
MEG3 group vs. NC group.
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Figure 2. Influence of IncRNA MEG3 on PTEN mRNA
level. MRNA expression of PTEN in cells in NC and Ln-
cRNA MEG3 groups detected via qRT-PCR *p<0.05: Ln-
cRNA MEGS3 group vs. NC group.

Effect of LncRNA MEG3

on PTEN Protein Level MEG3 on the apoptosis
The effect of IncRNA MEGS3 on the protein level

of PTEN was detected via WB, and it was found i eter. The results revealed that Ln-

that the protein expression level of PTEN exhibited up had remarkably more apoptotic

a consistent trend with the mRNA level in rat s oup (p<0.0; Figure 5), implying that

vial cells in LncRNA MEG3 group, suggestin, (3 can accelerate cell apoptosis.

IncRNA MEGS3 is able to increase the mRNA 1
of PTEN, thereby raising its protein level (Figure s of LncRNA MEG3
on Proteins Related to Cell
Proliferation and Apoptosis
Finally, it was found through WB that the
Subsequently, the nu protein levels of cyclin D1 and Bcl-2 notably de-
was counted at 12 h, 24 clined, while the protein level of P21 rose sub-
assay, and it was dis i stantially (p<0.05; Figure 6), suggesting that In-
i cRNA MEG3 can considerably reduce cyclin D1
<0.05; Figure and increase P21 to inhibit cell proliferation, but
can weaken lower Bcl-2 to promote cell apoptosis.
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Figure 3. Effect of IncRNA MEG3 on PTEN protein level. A, Protein expression level of PTEN in NC group and LncRNA
MEG3 group determined via WB. B, Quantification of the results in Figure A. *p<0.05: LncRNA MEG3 group vs. NC group.
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Figure 5. Impact of In-

cRNA MEG3 on cell apop- NC LncRNA MEG3
tosis. A, Impact of IncRNA

MEG3 on the apoptosis of é P 'b' 3
RSC-364 cells detected via = =
FITC/PI double staining and .4 B =™
flow cytometer. B, Quantifi- == é—_: 13
cation of the results in Figure E E {2
A. *p<0.05: LncRNA MEG3 o 3
group vs. NC group. -_— ] ) — 2=
o "3 - o 3
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sense RNAs, among which IncRNAs are a kind
of ncRNAs with the length beyond 200 nt’ and
without the ability to encode proteins. Studies
have originally believed that IncRNAs do not pos-
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Figure 6. Effects of IncRNA MEG3 on proteins related to cell proliferation and apoptosis. A, Protein levels of cyclin D1, P21,
and Bcl-2 in NC group and LncRNA MEG3 group determined via WB. B, Quantification of the results in Figure A. *p<0.05:
LncRNA MEG3 group vs. NC group.
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sess any biological function, but later it has been
observed that they can regulate gene expression
at epigenetics, transcriptional, and post-transcrip-
tional levels. LncRNAs can induce chromatin
remodeling and histone modification to regu-
late the epigenetic level'. A further study found
that IncRNAs mainly adjust the selective slicing
of genes or induce the formation of endogenous
siRNAs, thereby functioning at the transcription-
al level!'. Therefore, IncRNAs bind to proteins to
regulate the biological functions of genes at the
post-transcriptional level'?. However, the mecha-
nism of action of IncRNAs is very complex, and it
is still in the preliminary exploration and has not
yet been fully clarified so far.

LncRNA MEG3 is a gene located on chro-
mosome 14q32.3, with the encoding length of
1,600 nt. Previous studies have discovered that
IncRNA MEG3 is lowly expressed in tumor
tissues but highly expressed in normal tissues,
which is considered as a IncRNA with the func-
tion of repressing tumors. LncRNA MEG3 is
closely associated with meningioma, liver can-
cer, bladder cancer, and lung cancer*'". Ln-
cRNA MEGS3 can repress the proliferation
promote the apoptosis of tumor cells, but
are few research reports on its regulatory eff
on the proliferation and apoptosis of bone syn
vial cells so far. Thus, this preseq i
tigated the influences of IncR
proliferation and apoptosis of
its action of mechanism.

PTEN gene is the fi

way, PTEN ca
inhibit cell
ture, the Tack of PTEN is
tumors'®%°. Hence,
cts the proliferation
ial cells by regulating
N was further explored

prexpression lentiviruses in NC group

NA MEG3 group. The qRT-PCR results
showed that compared with that in NC group, In-
cRNA MEG3 was overexpressed in rat synovial
cells in LncRNA MEG3 group, and that LncRNA
MEG3 group had an extremely notably raised
mRNA level of PTEN. The trend of PTEN protein
expression level was found through WB to be con-
sistent with that of the mRNA expression level. Be-

sides, the MTT assay results revealed that compared
with that in NC group, the proliferation ability of
cells was weakened in LncRNA MEG3 group, and a
substantial increase in the number of apoptotic cells
was detected in LncRNA MEG3 group using flow
cytometer compared with that in NC group. Final-
ly, the results of WB revealed that LncRNA MEG3
group had substantially lower protein |

In subsequent research,
down using siRNAs to
r it influences the protein levels of
d Bcl-2, thus affecting cell prolif-
Sis.

Conclusions
In summary, IncRNA MEG3 can inhibit the

proliferation and promote the apoptosis of RSC-
364 cells by increasing the PTEN level.
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