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Downregulated MEG3 participates in rheumatoid arthritis
via promoting proliferation of fibroblast-like synoviocytes
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Abstract. Maternally expressed gene 3 (MEG3) in rheu-
matoid arthritis (RA) and its underlying mechanism
were explored. Synovial tissues from 10 RA patients and
10 controls were collected to detect MEG3 expression in
fibroblast-like synoviocytes (FLS). The relationship between
MEG3 expression and TNF-a was analyzed. After MEG3
knockdown by lentivirus transfection, cell cycle, prolif-
eration, apoptosis, invasion and secretion of inflammatory
factors were detected. Furthermore, the effect of MEG3
on STAT3 and PI3K/AKT pathways was explored. MEG3
was downregulated in RA patients, and exogenous TNF-a
treatment could decrease MEG3 expression. After trans-
fection with lentivirus, downregulated MEG3 led to FLS
proliferation and secretion of inflammatory cytokines, IL-6
and IL-8, improved the invasive ability and inhibited apop-
tosis. Reverse transcription-quantitative polymerase chain
reaction (RT-qPCR) results revealed that downregulated
MEQGS3 increased the expression levels of MMP2 and MMPO.
Western blotting results showed that downregulated MEG3
activated STAT3 and PI3K/AKT pathways. Downregulated
MEG3 was able to promote proliferation and invasion, and
inhibit apoptosis of FLS via STAT3 pathway.

Introduction

Rheumatoid arthritis (RA) is a common chronic and auto-
immune disease, which is mainly manifested as the joint
involvement, ultimately resulting in joint destruction, deformity
and limb movement disorders. RA leads to a heavy economic
and psychological burden on patients and society. Therefore,
it is of great significance to improve the early diagnosis,
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timely treatment and effective control of RA progression (1).
Recent studies have confirmed that the abnormal prolifera-
tion of T-lymphocytes and fibroblast-like synoviocytes (FLS)
is the main cause of RA (2,3). Therefore, inhibition of FLS
may assist with improvement of the treatment efficacy of RA.
In addition to the stimulation of inflammatory factors, FLS
apoptosis is also an essential cause of abnormal proliferation
of RA 4).

Long non-coding RNA (IncRNA) is a kind of RNA
molecule with >200 nucleotides in length, which does not have
the function of translating proteins (5). Initially, researches
on non-coding RNAs were mainly focused on microRNAs,
and IncRNAs were considered to be only waste products of
the genome. However, accumulating studies have shown that
IncRNAs are greatly involved in biological processes. Studies
have found that IncRNA expression is tissue- and cell-specific,
which is capable of regulating gene expression levels and
cellular processes at epigenetic, transcriptional and post-tran-
scriptional levels (6,7).

Maternally expressed gene 3 (MEG3) is a human homo-
logue of the mouse maternal gene Gtl2, which is highly
conserved in evolution. MEG3 is located on human chro-
mosome 14q32.3 with ~1.6 kb in length. Genome structural
analysis has revealed that MEG3/GIt2 consists of 10 exons.
Studies have confirmed that MEGS3 is not a typical antisense
sequence of gene transcript, but belongs to a kind of regulatory
IncRNA with tumor suppressor function (8). MEG3 is found to
be overexpressed in normal tissues such as the pituitary gland,
brain tissue, and placenta. Downregulated or absent MEGS3 is
observed in tumors, such as liver and lung cancer. MEG3 is
also associated with tumor grade and prognosis. Functionally,
MEGS3 participates in cell cycle, proliferation, metastasis and
apoptosis of tumor cells (9,10). The role of MEG3 in RA,
however, needs to be further elucidated.

Patients and methods

Cell isolation and culture of FLS. Ten RA patients who
received knee arthroscopic surgery and 10 trauma patients
who received knee arthroscopic surgery in Peking Union
Medical College Hospital (Beijing, China) were selected. The
10 RA patients were 3 males and 7 females, 51.1+12.0 years
of age. The 10 trauma patients were 8 males and 2 females,
41.4+12.7 years of age. This study was approved by the Ethics
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Committee of Peking Union Medical College Hospital.
Signed informed consents were obtained from the patients or
the guardians.

Synovial tissues were collected during knee arthroscopic
surgery. After grinding, digestion and centrifugation at
2,500 x g at 20°C for 10 min, FLS were cultured in Dulbecco's
modified Eagle's medium (DMEM) containing 10% fetal
bovine serum (FBS) (both from Gibco; Thermo Fisher
Scientific, Inc., Waltham, MA, USA), 100 U/ml penicillin and
100 pg/ml streptomycin (HyClone; GE Healthcare, Chicago,
IL, USA), and were incubated in a 5% CO, incubator at 37°C.
Cells in logarithmic growth phase were used for the following
experiments after cell passage 4-8 times.

Cell transfection. Cells were transfected with LV-Vector or
LV-shMEGS3, after cell confluence was up to 60%. Polybrene
was added at a final dose of 4 pg/ml. Fresh medium was
replaced every 4-6 h. All lentiviruses were purchased from
GenePharm (Shanghai, China).

TNF-a treatment. TNF-a (10 ug) was dissolved in sterile
water to a final dose of 500 ng/ul, which was then collected
into 200 ul EP tubes and preserved at -20°C. Cells were treated
with 10 ng/ml recombinant TNF-a for 24 h, followed by deter-
mination of inflammatory factors and related genes in FLS.

Cell proliferation assay. Cell suspension was prepared and
seeded into 96-well plates with 4x10%/well. Cell Counting
Kit-8 (CCK-8) solution (10 pl) (Dojindo, Kumamoto, Japan)
was added in each well after cells were cultured for 24, 48 and
96 h, respectively. The absorbance of each sample at 450 nm
was measured by a microplate reader (Bio-Rad Laboratories,
Inc., Hercules, CA, USA).

Cell apoptosis assay. For cell apoptosis detection, 200 ul of
binding buffer were added to prepare single cell suspension.
In total 5 ul of Annexin V-APC and 10 ul of 7-AAD (Thermo
Fisher Scientific, Inc.) were mixed in cell suspension and
incubated in the dark for 15 min, followed by cell apoptosis
detection using flow cytometry (BD Biosciences, Franklin
Lakes, NJ, USA). The data were analyzed using FlowJo soft-
ware (FlowJo LLC, Ashland, OR, USA).

Reverse transcription-quantitative polymerase chain reac-
tion (RT-qPCR). Total RNA was extracted from cells by
TRIzol reagent (Invitrogen; Thermo Fisher Scientific, Inc.)
and then transcribed into complementary deoxyribonucleic
acid (cDNA) using the PrimeScript RT reagent kit (Takara
Biotechnology Co., Ltd., Dalian, China). gPCR was subse-
quently performed in strict accordance with the manufacturer's
instructions of SYBR Green Real-Time PCR Master
Mix (Invitrogen; Thermo Fisher Scientific, Inc.), with a total
reaction volume of 10 pl. The following thermocycling condi-
tions were used: denaturation at 95°C for 1 min, annealing at
95°C for 30 sec and extension at 60°C for 40 sec, for a total of
40 cycles. GAPDH served as the internal control. The relative
expression levels of genes were expressed as 224%4 (11). The
primer sequences used in this study were as follows: MMP1
forward, AAAATTACACGCCAGATTGCC and reverse,
GGTGTGACATTACTCCAGAGTTG; MMP2 forward, GAG
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GAGCAGTTACGGTCTGTG and reverse, TCCTTTCCTTA
GCTGACACTTGT; MMP3 forward, AGTCTTCCAATCCT
ACTGTTGCT and reverse, TCCCCGTCACCTCCAATCC;
MMP9 forward, TGTACCGCTATGGTTACACTCG and
reverse, TGGCTTCCATAGAGTTCCTTCC; MEG3 forward,
CAGCCAGAGTTAGCACAATAGG and reverse, CTGTTG
TTCCCGTCGGAGTT,; GAPDH forward, AGGTCGGTG
TGAACGGATTTG and reverse, TGTAGACCATGTAGT
TGAGGTCA.

Western blotting. Total protein was extracted from the treated
cells by radioimmunoprecipitation assay (RIPA) solu-
tion (Roche Diagnostics, Basel, Switzerland). Total protein
concentration was calculated by bicinchoninic acid (BCA)
Protein Assay kit (Pierce; Thermo Fisher Scientific, Inc.,
Rockford, IL, USA). The protein sample was separated by
electrophoresis on 10% sodium dodecyl sulphate-polyacryl-
amide gel electrophoresis (SDS-PAGE) and then transferred to
a polyvinylidene fluoride (PVDF) membrane (EMD Millipore,
Billerica, MA, USA). A total of 30 ug of protein were added
per lane for the electrophoresis. After the membranes were
blocked with 5% BSA at 20°C for 1 h, they were incubated
with primary antibodies overnight at 4°C. The membranes
were then washed with Tris-buffered saline with Tween-20
(TBST) and followed by incubation of secondary antibody.
Immunoreactive bands were visualized by enhanced chemilu-
minescence (ECL) detection kit (Amersham; GE Healthcare,
Foster City, CA, USA). The gray value was analyzed using
ImagelJ software (version 1.38; National Institutes of Health,
Bethesda, MD, USA). Primary mouse monoclonal STAT3
antibody (dilution, 1/500; cat. no. ab119352); rabbit polyclonal
PI3K antibody (dilution, 1/500; cat. no. ab70912); rabbit poly-
clonal AKT antibody (dilution, 1:500; cat. no. ab8805); rabbit
monoclonal Bax antibody (dilution, 1/500; cat. no. ab32503);
rabbit polyclonal Bcl-2 antibody (dilution, 1/500; cat.
no. ab59348); rabbit polyclonal GAPDH antibody (dilution,
1:500; cat. no. ab37168) and secondary goat anti-rabbit (HRP)
IgG antibody (dilution, 1:2,000; cat. no. ab6721) were all
purchased from Abcam (Cambridge, MA, USA).

Enzyme-linked immunosorbent assay (ELISA). FLS in good
cell growth were collected and seeded into 6-well plates at
a dose of 5x10%well, with 2 replicates in each group. Cells
were treated with TNF-a for 24 h, followed by supernatant
collection. Vascular endothelial growth factor (VEGF)
expression in cell supernatant was detected according to
the manufacturer's instructions of ELISA kit (BioLegend,
Inc., San Diego, CA, USA). Each experiment was repeated
3 times.

Transwell assay. The upper Transwell chamber was previously
coated with Matrigel (BD Biosciences, San Jose, CA, USA)
and maintained in an incubator for 2 h. A total of 20 ul of
cell supernatant and 500 ul of DMEM containing 5% FBS
were then added in the upper and lower chamber, respectively.
Transwell chamber was removed after 24 h-incubation, and
the non-migrated cells in the chamber were gently wiped off
with a cotton swab. The chamber was fixed with methanol
for 15 min, washed with PBS twice and stained in 1% crystal
violet for 30 min. Finally, 5 randomly selected fields were
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Figure 1. MEG3 expression levels in RA patients. (A) MEG3 expression levels in FLS of RA patients and controls. (B) Effect of TNF-o on MEG3 expression.
(C) MEG3 expression after transfection of cells with LV-Vector or LV-shMEG3. "P<0.05. MEG3, maternally expressed gene 3; RA, rheumatoid arthritis; FLS,

fibroblast-like synoviocytes.

captured under an inverted microscope (magnification, x40;
type, AZ100; Nikon Corp., Tokyo, Japan) for cell count.

Statistical analysis. All statistical analyses were conducted
using Statistical Product and Service Solutions (SPSS) 16.0 soft-
ware (SPSS, Inc., Chicago, IL, USA). Measurement data were
expressed as mean + standard deviation. Independent-sample
t-test was used to compare the differences between two groups.
P<0.05 was considered to indicate a statistically significant
difference.

Results

MEG3 is downregulated in FLS of RA patients. We first
extracted mRNAs of FLS from RA patients and controls.
The results indicated that the mRNA level of MEG3 was
downregulated in FLS of RA patients compared with that of
controls (Fig. 1A). In vitro experiments also showed that TNF-a
treatment could remarkably inhibit MEG3 expression in FLS
in a time-dependent manner, which achieved the lowest level at
24 h (Fig. 1B). We therefore utilized lentivirus transfection to
decrease MEG3 expression in FLS, so as to further explore the
underlying potential of MEG3 (Fig. 1C).

Downregulated MEG3 promotes proliferation and invasion
of FLS. The proliferative ability of FLS was remarkably
increased after MEG3 knockdown, which achieved the peak at
72 h (Fig. 2A). Cell apoptosis results demonstrated a decreased
apoptotic rate in FLS after MEG3 was inhibited (Fig. 2B). No
significant difference was observed in cell cycle after MEG3
knockdown (Fig. 2C). Furthermore, the Transwell assay eluci-
dated that downregulated MEG3 could remarkably promote the
invasive ability of FLS compared to that of negative (Fig. 2D).
Previous studies have pointed out that matrix metalloprotein-
ases (MMPs) are involved in the development and progression
of RA. Hence, we speculated that MEG3 could affect MMPs
expression levels. Our data demonstrated that downregulated
MEGS3 could lead to increased expression levels of MMP2 and
MMPO9, but there were no significant differences in MMP1 and
MMP3 (Fig. 2E). Cytokine secretion was also detected and the
results revealed that downregulated MEG3 could remarkably
promote the secretion of IL-6 (Fig. 2F) and IL-8 (Fig. 2G)
after TNF-a treatment.

Downregulated MEG3 stimulates STAT3 pathway. It has been
reported that STAT3 is greatly involved in cell apoptosis of
RA (12). As a consequence, we speculated that MEG3 could
regulate RA via STAT3 pathway. In the present study, our data
indicated that downregulated MEG3 could not only promote
the phosphorylation of STAT3 (Fig. 3A), but also regulate
the expression levels of the downstream factors of STAT3
(Fig. 3B). Considering the crucial role of PI3K/AKT in cell
proliferation, we detected the key factors in this pathway and
found that downregulated MEG3 was also capable of stimu-
lating the PI3K/AKT pathway (Fig. 3C).

Discussion

RA is a systemic autoimmune disease, which is characterized
by synovial hyperplasia, articular cartilage destruction and
subchondral bone erosion (13). Interaction of various immune
cells and inflammatory factors leads to FLS activation when
they are under various stimuli, such as the environment change,
smoking and sex hormones alteration. Activated FLS in turn
secrete a variety of chemokines and inflammatory factors,
which further stimulate FLS proliferation from the original
4 layers to 10 layers. The continuously proliferating and acti-
vating FLS gradually transform into RA-FLS, which present
the characteristics of tumor cells such as reduced apoptosis,
enhanced invasiveness, and secretion of cytokines, MMPs and
proteoglyases, thereby destroying structures of articular carti-
lage and bone (14). In this experiment, we found that MEG3
was downregulated in FLS of RA patients. In vitro experiments
showed that TNF-a negatively regulates MEG3 expression.
Also, downregulated MEG3 was found to lead to FLS prolif-
eration, secretion of IL-6 and IL-8, increased expression levels
of MMP2 and MM9, and to inhibite FLS apoptosis.

Our results also showed that downregulated MEG3
activates STAT3 pathway. It has been reported that STAT3
possesses two phosphorylation sites that are related to cellular
function, namely STAT3 (Y705) and STAT3 (S727) (15).
STATS3 is presented in the cytoplasm in an inactive form.
Once the tyrosine residue of STAT3 (Tyr705) is phosphory-
lated, STAT3 induces the phosphorylation of tyrosine-SH2
region to form a STAT3 dimer. The STAT3 dimer further
translocates into the nucleus and binds to STAT-specific DNA
reaction fragments, thus activating a series of downstream
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gene expression levels (16,17). Our experiment confirmed
that MEG3 results in increased expression levels of RA-FLS,
pSTAT3-705 and pSTAT3-727 in vitro. Moreover, downregu-
lated MEG3 activates STAT3 pathway in RA-FLS.

Bcl-2 is a member of the Bcl-2 family with anti-apoptotic
capacity, which is an essential downstream of STAT3
pathway (18,19). Herein, we found that Bcl-2 is related to
RA-FLS apoptosis. In vivo studies showed a higher Bcl-2
expression in the synovium of RA patients than that of osteo-
arthritis patients. Previous studies have confirmed that the
stability of mitochondrial RA-FLS is regulated by Bcl-2, which
exerts a crucial role in cell viability. Downregulated Bcl-2 can
increase mitochondrial permeability and induce apoptosis (20).
In vitro studies have shown that TNF and IL-1 can induce Bcl-2
expression in RA-FLS, which protects RA-FLS in the inflam-
matory microenvironment (21). In this study, downregulated
MEGS3 led to an increased expression of Bcl-2 and decreased
expression of Bax that promotes cell apoptosis of RA-FLS.

In addition to the excessive proliferation of FLS, degradation
of articular cartilage is also one of the most serious pathological
features of RA, which may be explained by the overactivation
of proteolytic enzyme system. Among them, MMPs are widely
expressed in RA-FLS. MMPs are a group of zinc-dependent
endopeptidases that degrade various components of the extracel-
lular matrix and are major proteases involved in cell migration
and invasion (22,23). Multiple members of the MMPs family
have already been reported to be associated with RA, such as
collagenase MMP1 and matrix lysin MMP3. The gelatinase
subfamily includes two members, MMP2 and MMP9, which
can digest collagenase-induced denatured collagen. MMP2
and MMPO can also digest other matrix components, including
fibrillar collagen I and II, and proteoglycans, thus participating
in collagen degradation (24,25). Studies have confirmed that
MMP2 and MMP9 are remarkably upregulated in RA and are
closely related to the erosion of articular cartilage (26). This
experiment elucidated that downregulated MEG3 remarkably
increases the expression levels of MMP2 and MMP9, but has
no significant effect on MMP1 and MMP3.

In conclusion, downregulated MEG3 promotes prolifera-
tion and invasion, and inhibits apoptosis of FLS via STAT3
pathway.
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