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IncRNA MEGS is downregulated in osteoarthritis and regulates
chondrocyte cell proliferation, apoptosis and inflammation
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Abstract. Long noncoding RNA (IncRNA) maternally
expressed 8, small nucleolar RNA host gene (MEGS8) has
been widely reported for its pro-proliferative, anti-apoptotic
and anti-inflammatory effects in diverse diseases. The aim of
the present study was to investigate the effects and underlying
mechanism of MEG8 on IL-1p-stimulated human osteoar-
thritis (OA) chondrocytes. C28/12 chondrocytes were cultured
under the stimulation of IL-1f to establish a cellular model
of OA. Functional assays involving Cell Counting Kit-8 and
flow cytometry were performed to determine proliferation
and apoptosis in the cells. The protein expression levels of
caspase-3 and inflammatory cytokines were detected using
cell-based ELISA. The expression levels of PI3K/AKT
pathway-related proteins were evaluated by western blotting.
It was identified that MEGS expression was increased in the
cartilage of patients with OA and in IL-1p-treated C28/12 cells.
In C28/12 cells, silencing of MEGS expression noticeably trig-
gered IL-1p-induced proliferation suppression, cell death and
an inflammatory response. However, transfection with MEGS8
displayed adverse effects. Furthermore, MEGS8 overexpres-
sion prevented IL-1p3-induced activation of the PI3K/AKT
signaling pathway in C28/12 cells. These data demonstrated
that MEGS exerted protective effects against IL-1p-induced
apoptosis and inflammation of OA chondrocytes by regulating
the PI3K/AKT signaling pathway. Thus, the present study
demonstrates that MEG8 might be a promising target for the
treatment of OA.
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Introduction

Osteoarthritis (OA) is a chronic joint disease involving
articular cartilage erosion, osteophyte formation, subchon-
dral sclerosis, and morphological changes in the synovium
and articular capsules (1). OA represents a leading cause of
physical disability, affecting the elderly population (2,3).
The known risk factors of OA include aging, acute trauma,
obesity, chronic overload and genetics (4). Joint-preserving
interventions including lifestyle modification, surgery and
pharmaceutical drugs have been widely recommended (5).
However, no effective therapy is available to actually modify
disease progression. During the course of OA progression,
regeneration of articular cartilage or prevention of further
degeneration represent promising treatment strategies for
preventing OA (6).

In recent years, a novel player, long noncoding RNA
(IncRNA), a class of non-coding RNA products with transcript
length >200 nucleotides, has been discovered to regulate
biological functions (7). As a result of in-depth research
into IncRNAs, it has been found that IncRNAs also play an
important role in the pathogenesis of immune system diseases,
respiratory system diseases, diabetes, heart disease and other
chronic diseases (8). A number of recent studies provided
strong evidence that aberrantly expressed IncRNAs are critical
for chondrocyte dysfunction, including abnormal apoptosis
and inflammatory response (9,10). Maternally expressed 8,
small nucleolar RNA host gene (MEGS) is a small nucleolar
RNA host gene, located at chromosome 14q32.3. Recently, the
regulatory roles of MEGS have been investigated in lung and
pancreatic cancer, atherosclerosis trophoblast dysfunction and
in liver fibrosis (11-14). Furthermore, a previous study referred
to abnormal MEGS expression in patients with OA (15).
However, to the best of our knowledge, the involvement of
MEGS in OA has not been extensively investigated.

Previous studies have suggested that the PI3K/AKT
signaling pathway may be involved in the regulation of chon-
drocyte apoptosis (16,17). Previous studies found that human
C28/12 chondrocytes treated with IL-1f3 had significantly
increased expression levels of phosphorylated (p)-PI3K and
p-AKT (18). PI3K/AKT is involved in the inflammatory
response and is activated in OA progression (19). Accumulating
studies have reported that inhibition of the PI3K/AKT signaling
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Table I. Baseline characteristics of patients with osteoarthritis.

Clinicopathological feature Number of patients, n

Sex
Female 10
Male 12
Disease duration (years)
<5 15
=5 7
Kellgren-Lawrence stage
I 12
v 10

pathway alleviates the inflammatory response, reducing the
levels of pro-inflammatory cytokines (20). Therefore, the inac-
tivation of the PI3K/AKT signaling pathway may help delay
OA progression.

Thus, the aim of the present study was to investigate the
detailed effects of MEGS silencing or overexpression on
the proliferation, apoptosis and inflammatory response in
IL-1pB-treated chondrocytes by regulating the PI3K/AKT
signaling pathway.

Materials and methods

Tissue samples. Articular cartilage tissue samples were
collected from patients with OA (age, 62+5 years) undergoing
artificial knee arthroplasty, and from trauma patients without
OA (age, 42+4 years) who served as the healthy control
(n=22 per group). Samples were collected from The First
Affiliated Hospital of Shenzhen University, Shenzhen Second
People's Hospital (Shenzhen, China) from January 2018
to January 2019. The inclusion criteria were as follows:
i) Patients who were diagnosed as osteoarthritic; ii) patients
who were willing to participate; and iii) patients who fully
understood the experimental protocol. The exclusion criteria
were as follows: i) Patients with other disease complications;
ii) patients who had been treated within the 3 months before
admission; and iii) patients with a history of joint surgery. The
clinical features of patients with OA including sex, disease
duration and Kellgren-Lawrence stage (21) are presented in
Table I. Informed consent was obtained from all patients and
the present study was approved by the Ethics Committee of
The First Affiliated Hospital of Shenzhen University, Shenzhen
Second People's Hospital.

Cell culture, treatment and transfection. Human C28/12 chon-
drocytes were purchased from The Cell Bank of Type Culture
Collection of The Chinese Academy of Sciences and cultured
in Dulbecco's modified Eagle's medium/Nutrient Mixture F-12
medium (Thermo Fisher Scientific, Inc.) containing 10% fetal
bovine serum and 100 U/ml penicillin-streptomycin solution
(Gibco; Thermo Fisher Scientific, Inc.) in a humidified atmo-
sphere with 5% CO, at 37°C. For induction of the OA cellular
model, C28/12 cells were stimulated with 10 ng/ml IL-1{ for
24 h, as previously reported (22,23). The MEGS overexpression

vector was generated by inserting its corresponding full-length
sequence into a pcDNA3.1 vector (Thermo Fisher Scientific,
Inc.) with a pcDNA3.1 empty vector serving as the nega-
tive control (NC). The small interfering (si) RNA against
MEGS and scrambled siRNA NC (si-NC) were generated by
Chang Jing Bio-Tech, Ltd. The sequences were as follows:
si-MEGS sense, 5'-GGAAUAGACGAGAUUGGAUTT-3/,

and antisense, 5'-AUCCAAUCUCGUCUAUUCCTT-3"
si-NC, sense, 5'-UUCUCCGAACGUGUCACGUTT-3', and
antisense, 5-"ACGUGACACGUUCGGAGAATT-3'". For cell
transfection, the C28/12 cells were seeded into six-well plates
and grown to cell density of 70%, followed by transfection of
50 nM oligonucleotides or 1 ug vector using Lipofectamine®
2000 (Invitrogen; Thermo Fisher Scientific, Inc.).

Reverse transcription-quantitative PCR (RT-gPCR). Total
RNA was extracted from cartilage tissue samples and
C28/12 cells using TRIzol® reagent (Invitrogen; Thermo Fisher
Scientific, Inc.). Subsequently, 1 yg RNA was reverse tran-
scribed into cDNA using a First-strand cDNA Synthesis Kit
(Tiangen Biotech Co., Ltd.) according to the manufacturer's
instructions. To quantify the expression of MEG8, qPCR was
performed using a SYBR® Premix Ex Taq™ kit (Takara Bio,
Inc.). The thermocycling conditions were as follows: 95°C for
10 min; 40 cycles of 95°C for 15 sec; 60°C for 30 sec. The
results are presented as fold-changes relative to U6 and were
calculated using the 2424 method (24). The primers used
were as follows: MEGS forward, 5'-CAGTGTTGCCTGGGT
CTGA-3' and reverse, 5-ATCCCCTTGAAAGAGCAGGA-3';
GAPDH forward, 5-CCACGAAACTACCTTCAACTC-3'
and reverse, 5S"TCATACTCCTGCTGCTTGCTGATCC-3'.

Cell viability assay. Cell Counting Kit-8 (CCK-8; Beyotime
Institute of Biotechnology) was used to detect cell viability
according to the manufacturer's instructions. After IL-1
treatment or transfection, C28/12 cells were inoculated
onto 96-well plates (1x10* cells/well) and cultured for 48 h.
Subsequently, 10 ul CCK-8 solution was added, followed by
incubation at 37°C for 1 h. The absorbance of each well was
analyzed at a wavelength of 450 nm using a Microplate Reader
(BioTek Instruments, Inc.).

Flow cytometry assay. Cell apoptosis was analyzed
by flow cytometry. After IL-1p treatment or transfec-
tion, C28/12 cells were washed with PBS twice and
resuspended in binding buffer, followed by double staining
using an Annexin V-FITC/PI Apoptosis Detection Kit
(Thermo Fisher Scientific, Inc.) in the dark for 15 min.
The percentages of early apoptotic and late apoptotic
cells were analyzed by flow cytometry (BD Biosciences).
The lower left quadrants represent viable cells, the lower
right quadrants represent early apoptotic cells, the upper
right quadrants represent late apoptotic cells and the
upper left quadrants represent necrotic cells. The cells in the
lower and upper right quadrants were summed to obtain the
total number of apoptotic cells.

TUNEL staining. Apoptosis was detected by TUNEL
staining, according to the instructions of the TUNEL kit
(Beyotime Institute of Biotechnology). Briefly, slides were
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Figure 1. MEGS expression is downregulated in OA cartilage and IL-1B-induced chondrocytes. (A) The expression levels of MEGS in OA and healthy tissue
samples (n=22 per group) were evaluated by RT-qPCR. (B) MEGS expression was detected by RT-qPCR in C28/12 cells after stimulation with 10 ng/ml IL-13
for 24 h. ""P<0.001. MEG8, maternally expressed 8, small nucleolar RNA host gene; OA, osteoarthritis; RT-qPCR, reverse transcription-quantitative PCR.

permeabilized with 0.2% Triton-X, fixed with 4% parafor-
maldehyde and stained with the reaction mix. The color
was developed with 3,3'-diaminobenzidine. Slides were
mounted onto glass slides and cell death was determined by
calculating the number of cells that showed positive TUNEL
staining using a Laser Scanning Confocal Microscope (Leica
Microsystems GmbH).

Caspase-3 activity detection. Caspase-3 activity was deter-
mined using the caspase-3 activity kit (cat. no. BF3100;
R&D Systems, Inc.) according to the manufacturer's instruc-
tions. After IL-1p treatment or transfection, cells (5x10°)
were resuspended with cold lysis buffer. Cell lysates were
then collected and incubated in reaction buffer containing
substrates for 1 h in the dark at 37°C. The absorbance was
detected at a wavelength of 405 nm.

Enzyme-linked immunosorbent assay (ELISA). The inflamma-
tory response was determined by the secretion of inflammatory
cytokines using a commercial ELISA kit (MilliporeSigma)
according to the manufacturer's instructions. After IL-1$
treatment or transfection, the cell medium was collected and
the concentrations of TNF-a and IL-6 in the supernatant were
analyzed. The absorbance was analyzed at a wavelength of
450 nm.

Western blotting. Following IL-1f treatment or transfection, the
total proteins of C28/12 cells were extracted using RIPA lysis
(Thermo Fisher Scientific, Inc.) and the protein content was
evaluated using a BCA Protein Assay Kit (Beyotime Institute
of Biotechnology). Proteins (30 pug per lane) were separated
by electrophoresis on 15% SDS-PAGE gels and transferred to
polyvinylidenedifluoride membranes. Afterwards, membranes
were blocked at room temperature for 1 h with 5% skimmed
milk powder, and then incubated with primary antibodies
against AKT (cat. no. #4685), p-AKT (cat. no. #4060), PI3K
(cat. no. #4249) and p-PI3K (cat. no. #17366) (1:1,000 dilution;
all from Cell Signaling Technology, Inc.) overnight at 4°C.
After being washed with phosphate-buffered saline three times
for 5 min, they were incubated with goat anti-rabbit IgG H&L
(HRP) secondary antibodies (cat. no. #7074; 1:2,000 dilution;
Cell Signaling Technology, Inc.) for 1 h at room temperature
according to the manufacturer's instructions. Protein bands

were visualized by enhanced chemiluminescence (Beyotime
Institute of Biotechnology). Densitometric measurements
were performed using ImagelJ version 1.48 Software (National
Institutes of Health).

Statistical analysis. All experiments were performed three
times and data are expressed as means + standard deviation.
Statistical analysis was conducted using GraphPad Prism 7
software (GraphPad, Inc.). Unpaired or paired (for tissue
samples) Student's t-tests were used for comparisons between
two groups and one-way analysis of variance with Tukey's post
hoc test was used to compare three or more groups. P<0.05
was considered to indicate a statistically significant difference.

Results

MEGS is downregulated in OA cartilage and IL-1p3-induced
chondrocytes. To investigate whether MEGS is involved in
OA, MEGS expression levels in OA and healthy cartilage
tissue samples were investigated. As shown in Fig. 1A, the
expression level of MEGS8 in OA tissue samples was markedly
lower than that in the healthy controls. To establish the cellular
model of OA, C28/12 chondrocyte cells were stimulated with
IL-1P. The results indicate that IL-1p treatment significantly
induced the downregulated expression of MEGS (Fig. 1B).

MEGS mitigates IL-1f3-induced chondrocyte injury. To inves-
tigate the biological role of MEGS8 in OA, MEGS expression
was suppressed by transfecting C28/12 cells with si-MEGS
(Fig. 2A). As demonstrated by CCK-8 and flow cytometry
assays, the IL-1pB-induced decrease in cell viability (Fig. 2B)
and increase in apoptosis (Fig. 2C and D) in C28/12 cells were
all promoted by MEGS8 knockdown. Apoptosis is indicated by
positive TUNEL staining in apoptotic cell death. Fig.2E demon-
strates the fluorescent signal of TUNEL staining of C28/12
cells in the IL-1p-induced OA cell model. In the untreated
group, there was a small number of dead cells, whereas the
rate of cell death was significantly increased following MEG8
silencing. In addition, the ELISA results indicated that MEGS8
suppression upregulated caspase-3 activity in IL-1p-treated
cells (Fig. 2F). The effects of MEGS8 downregulation on the
production of pro-inflammatory factors were also evaluated.
As shown in Fig. 2G and H, the expression levels of TNF-a and
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Figure 2. Effect of MEG8 knockdown on IL-13-induced chondrocyte injury. C28/12 cells were transfected with si-MEGS. (A) MEGS expression was assessed
by reverse transcription-quantitative PCR. Following treatment with IL-1(3, cell viability and apoptosis were analyzed by (B) Cell Counting Kit-8 assay and
(C and D) flow cytometry. (E) TUNEL staining was performed to detect the number of dead cells in IL-1p-treated C28/12 cells that underwent transfection
with si-NC or si-MEG8 (magnification, x100). (F) Caspase-3 activity was examined by ELISA assay following treatment with IL-1. The concentrations of
(G) TNF-a and (H) IL-6 in the culture supernatant were determined by ELISA assay, following treatment with IL-1p. “P<0.01 and ““P<0.001. MEGS8, mater-
nally expressed 8, small nucleolar RNA host gene; si, small interfering; NC, negative control; Con, control.

IL-6 were significantly elevated in IL-13-stimulated C28/12
cells and these results were further enhanced by depletion of
MEGS expression.

Fig. 3A indicates that MEGS8 was successfully overex-
pressed in C28/12 cells by transfection with MEGS expression
vectors. Furthermore, overexpression of MEGS alleviated the

IL-1B-induced proliferation inhibition and apoptosis induc-
tion (Fig. 3B-D). In the TUNEL assay, as expected, MEG8
overexpression inhibited apoptosis induced by IL-1p (Fig. 3E).
Furthermore, the IL-1p treatment-stimulated increase in
caspase-3 activity and production of TNF-a and IL-6 were
reversed by restoration of MEGS expression (Fig. 3F-H). Thus,
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Figure 3. Effect of MEG8 overexpression on IL-1f3-induced chondrocyte injury. C28/12 cells were transfected with MEGS8 expressing vector. (A) MEG8
expression was assessed by reverse transcription-quantitative PCR. Cell viability and apoptosis were evaluated using (B) CCK-8 and (C and D) flow cytom-
etry, following treatment with IL-1f3. (E) TUNEL staining was performed to detect the number of dead cells in IL-13-treated C28/12 cells that underwent
transfection with pcDNA3.1 empty vector or MEGS expressing vector (magnification, x100). (F) Caspase-3 activity was examined by ELISA assay, following
treatment with IL-1f3. The concentrations of (G) TNF-a and (H) IL-6 in the culture supernatant were determined by ELISA assay following treatment with
IL-1B. "P<0.01 and ""P<0.001. MEGS, maternally expressed 8, small nucleolar RNA host gene; si, small interfering; Con, control.

these data indicated that MEGS could relieve IL-1p-induced
cell apoptosis and inflammatory injury in C28/12 cells.

MEGS inhibits IL-13-induced activation of the PI3K/AKT
signaling pathway in human chondrocytes. To further inves-
tigate the underlying mechanism of MEGS in OA, whether

MEGS affected PI3K/AKT signaling pathway-related protein
expression was analyzed. The expression levels of p-PI3K
and p-AKT were markedly increased in C28/12 cells by
treatment with IL-1p, indicating that IL-1f could activate
the PI3K/AKT signaling pathway in C28/I2 cells. However,
the upregulation of PI3K and AKT phosphorylation induced
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Figure 4. MEGS inhibits IL-1p3-induced activation of the PI3K/AKT signaling pathway in human chondrocytes. (A and B) Western blot analysis of AKT,
p-AKT, PI3K and p-PI3K protein expression levels in C28/12 cells transfected with pcDNA3.1-MEGS8 or pcDNA3.1 empty vector following treatment with
IL-1B. ""P<0.001. MEG8, maternally expressed 8, small nucleolar RNA host gene; p, phosphorylated; Con, control.

by IL-1p was significantly inhibited by ectopic expression
of MEGS in C28/12 cells, implying that MEGS activated the
PI3K/AKT signaling pathway in IL-1f3-treated chondrocytes
(Fig. 4A and B).

Discussion

In the present study, the role and regulatory mechanism of
MEGS in the pathogenesis of OA was investigated. MEGS8
expression was shown to be significantly decreased in OA
cartilage and IL-1p-treated chondrocytes. Moreover, func-
tional exploration demonstrated that MEGS induced cell
proliferation while inhibiting apoptosis and inflammatory
injury in IL-1pB-treated chondrocytes. The present study also
indicated that MEGS overexpression attenuated IL-1B-induced
cell injury via mediation of the PI3K/AKT signaling pathway.
Thus, it was indicated that MEG8 might be an essential candi-
date for reversing OA progression.

In recent years, an increasing number of studies have
shown that IncRNAs play pivotal roles in regulating the
biological functions of chondrocytes in OA. For example,
Chen et al (25) indicated that MEG3 promoted proliferation
and alleviated apoptosis and extracellular matrix (ECM)
degradation in IL-1p-induced chondrocytes by acting as a
sponge of microRNA (miR)-93. Wang er al (26) showed that
FOXD?2 adjacent opposite strand RNA 1 sponged miR-27a-3p
to accelerate cell proliferation, inflammation and ECM
degradation in IL-1f and/or TNF-a-treated chondrocytes
by targeting Toll-like receptor 4. Li et al (27) reported that
X-inactive specific transcript (XIST) was significantly upregu-
lated in OA, and knockdown of XIST relieved IL-1(-inhibition
of chondrocyte proliferation and promoted IL-1f-induced
cell apoptosis by regulating miR-211-mediated C-X-C motif
chemokine receptor 4 and MAPK signaling pathways.
Tian et al (28) demonstrated that small nucleolar RNA host
gene 7 was involved in IL-1p3-induced chondrocyte apoptosis
and autophagy by regulating the miR-34a-5p/synoviolin 1
axis. MEGS has been shown to be implicated in a diverse
range of biological processes, including embryonic develop-
ment, carcinogenesis and osteoblast differentiation (11,29,30).

Until recently, little was known about the potential role of
MEGS in OA. However, Fu et al (15) reported that the expres-
sion level of MEGS8 was low in OA cartilage when compared
with that in healthy samples.

In the present study, the level of MEGS expression was
observed to be markedly downregulated in OA cartilage and
IL-1p-treated C28/12 chondrocytes when compared to healthy
tissue samples or untreated cells. Consistent with previous
studies (31,32), the present study found that cell viability was
inhibited, while apoptosis and pro-inflammatory cytokine
expression were enhanced in IL-13-stimulated C28/12 cells.
The inhibition of MEGS8 by siRNA could facilitate chon-
drocyte apoptosis caused by IL-1p and the production of
pro-inflammatory cytokines, while ameliorating proliferation.
However, the overexpression of MEGS could partly reverse the
acceleration of cell apoptosis and the inflammatory response,
as well as the anti-proliferative effect caused by IL-1f in
chondrocytes. Consequently, the abovementioned results indi-
cated that MEGS served as a suppressor of OA progression
by accelerating proliferation and suppressing apoptosis and
inflammatory responses in chondrocytes. However, the exact
molecular mechanism by which MEGS is implicated in OA
remains unclear.

Compelling evidence has delineated the involvement of
the PI3K/AKT signaling pathway in diverse cell processes,
such as survival, migration, apoptosis, autophagy and
differentiation (33-35). Several lines of evidence indicate
that inhibition of the PI3K/AKT signaling pathway reduced
the apoptosis and inflammatory response of articular
chondrocytes (36,37). Hence, to investigate the underlying
mechanism of MEGS8 in OA chondrocytes, the present study
focused on the PI3K/AKT signaling pathway. MEGS overex-
pression reversed IL-1B-induced activation of the PI3K/AKT
signaling pathway. These findings suggested that PI3K/AKT
signaling was a critical target for OA and that MEGS8 may
harness its potential therapeutic effect by inhibiting this
signaling pathway.

Thus, the present results showed that downregulation of
MEGS induced by IL-1f aggravated OA progression via acti-
vation of the PI3K/AKT signaling pathway. Due to the small
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sample size and the lack of an in vivo assay, further investiga-
tion of the MEGS8/PI3K/AKT axis in OA is essential.
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