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Abstract. – OBJECTIVE: To investigate the 
impact of miR-124Aa on the proliferation, inva-
sion and cytokine excretion of rheumatoid ar-
thritis synovial fibroblasts (RASFs) in patients 
with rheumatoid arthritis (RA).

PATIENTS AND METHODS: RASFs were sep-
arated for in-vitro culture, and transfected us-
ing lipidosome that connected with chemically 
synthesized miR-124a mimic or miR-124a inhibi-
tor. Then, MTT, transwell chamber, and flow-cy-
tometry were used to detect the impact on the 
proliferation, invasion, and apoptosis of RASFs; 
RT-PCR and Western-blotting were employed to 
measure the effect of miR-124a on the expres-
sions of matrixmetalloproteinase3/13 (MMP3/13) 
and interleukin1β (IL-1β) of RASFs.

RESULTS: miR-124a significantly suppresses 
the proliferation of RASFs, while inhibits the in-
vasion of RASFs. The flow cytometry indicated 
that miR-124a showed no significant effect on 
the apoptosis of RASFs. Finally, miR-124a down-
regulates the expressions of MMP3/13 and IL-1β.

CONCLUSIONS: MiR-124a is of great signifi-
cance for the onset of RA by inhibiting the prolif-
eration and invasion of RASFs possibly through 
downregulating the expression of MMP3/13 and 
IL-1β.
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Introduction

Rheumatoid arthritis (RA), a systemic autoim-
mune disease, which is characterized by chronic 
inflammation of synovial tissue, often causes 
irreversible joint damage1. Inflammatory cyto-
kines, including IL-1β and tumor necrosis factor 
(TNF)-α, play a role in RA occurrence and de-
velopment2,3.

MicroRNAs (miRNAs), evolutionarily con-
served and founded in diverse organisms, are 
abundant, single-stranded non-coding RNAs. It 

is reported that miRNAs play pivotal roles in 
post-transcription. Translation of specific mR-
NAs is regulated negatively by miRNAs which 
is realized by base-pairing with complementary 
sequences partially or completely in target mR-
NAs4. Until now, we have not studied the function 
of miRNAs clearly. Results from some stud-
ies suggested that they regulate many biological 
processes such as differentiation, apoptosis as 
well as the proliferation of cells, developmental 
timing, regulation of gene expression, insulin se-
cretion, cholesterol biosynthesis, and neoplasms 
development5. Several miRNAs were reported to 
be associated with the occurrence and develop-
ment of RA6-10.

The previous evidence demonstrated the roles 
of miR-124a in the brain and nerve tissues of 
animals and insects11,12. Generally, miR-124a 
contributed to the differentiation of neural pro-
genitors into mature neurons via degradation 
of non-neuronal transcripts13. Additionally, miR-
124a appeared to be involved in tissue develop-
ment and carcinogenesis14. The role of miR-124a 
in the occurrence and development of RA was 
demonstrated by numerous reports15-17.

The purpose of the present study was to in-
vestigate the function of miR-124a in RA, and to 
explore the molecular mechanism by which miR-
124a regulates this biological process. 

Patients and Methods

Samples from RA Patients and 
Control Individuals

Between May 2013 and July 2016, a total of 20 
patients diagnosed with RA were included in this 
study. Samples of synovial tissues were obtained 
during the total knee arthroplasty. Diagnosis cri-
teria were according to American College of 
Rheumatology classification. Another 20 partic-
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ipants were included as control group. Among, 
12 were diagnosed with osteoarthritis (OA) and 
8 with joint trauma. This study was approved by 
the Ethic Committee of Affiliated Hospital of Jin-
ing Medical University. Signed written consents 
were obtained from all participants.

Culture of RASFs
We first minced and digested the synovial 

tissues specimens, and then cultured these disso-
ciated cells as described previously18. After one 
week, we removed non-adherent cells. And ad-
herent cells were maintained in the fresh medium 
[Roswell Park Memorial Institute-1640 (RPMI- 
1640) with 10% fetal bovine serum (FBS) and 4 
mmol/l glutamine] at 37°C with 5% CO2. Cells at 
passage 2-5 were used for all further experiments.

MiRNA Mimic/Inhibitor Transfection
MiR-124a mimics and inhibitors, a negative 

control (NC) with fluorescent tags were syn-
thesized by Shanghai GenePharma company 
(Shanghai, China). For transfection, bone mar-
row-derived macrophages (BMMs) were seeded 
in 12-well plates (5 × 104 cells/ml) and transfect-
ed with 100 nM of miR-124a mimic, 150 nM of 
miR-124a inhibitor or NC using lipo-3000 (Life 
Technologies Co., Carlsbad, CA, USA). After 
being incubated for 24 hours, the transfection 
efficiency was observed under a fluorescence 
microscope. Next, we culture the cells in fresh 
medium for experimental researches further.

qRT-PCR (Quantitative Reverse 
Transcription-Polymerase Chain Reaction)

We extracted total RNA with the miRNeasy 
Mini Kit (Qiagen, Valencia, CA, USA). The cells 
were lysed with QIAzol (700 μl) and mixed with 
chloroform (140 μl). Then, we transferred the 
upper liquid to a 2-ml collection tube after centri-
fuge (12,000 g, 15 min, 4°C) and mixed the liquid 
with 100% ethanol. Buffer RWT (700 μl) and 
Buffer RPE (500 μl) were used to wash the RNA. 
At last, we collected the whole RNA for the RT-
PCR experiment. After whole RNA extraction, 
a PrimeScript RT kit purchased from TaKaRa 
(Dalian, China) was used to reverse transcription. 
For miRNAs, primers for miR-124a and internal 
control U6 specifically for real-time RT-PCR 
were purchased from Riobobio (Shanghai, Chi-
na). The SYBR Premix Ex TaqII kit purchased 
from TaKaRa was used for amplification, and the 
ABI Prism 7500 HT sequence detection system 
developed by Applied Biosystems (Foster City, 

CA, USA) was used for detection, respectively. 
We used β-actin as well as U6 as an internal 
control.

Cell Proliferation
RASFs infected with empty vector (NC group), 

mimics or inhibitors of miR-124a were plated 
in 24-well plates (5*103 cells per well). After 
overnight culture, baseline values (day 0) were 
obtained by a 3-(4,5-dimethylthiazol-2-yl)-2,5-di-
phenyl tetrazolium bromide (MTT) assay (Life 
Technologies Co., Carlsbad, CA, USA). It is a 
colorimetric assay to test viable cells by mea-
suring formazan reduced from MTT. After 20 
minutes of incubation with MTT, we extracted 
formazan by dimethyl sulfoxide (DMSO) and 
tested the optical density at 540 nm. MTT assay 
was performed at various time points (at 12 h, 24 
h, 48 h, and 72 h, respectively). Experiments were 
triplicated (n=3). 

Transwell Assay
Cell migration was performed by the tran-

swell assay. Briefly, 5 × 104 cells in RPMI 1640 
(serum-free) were seeded on an 8.0-μm-pore 
membrane, which was inserted in the wells of a 
24-well plate. Then, we added RPMI 1640 with 
10% FBS to the bottom chamber of each well. Af-
ter 24 h, we removed cells in the top chamber us-
ing a cotton swab. Next, cells which had reached 
the underside of the membrane were fixed and 
stained with crystal violet (1% in methyl alcohol) 
for half an hour. Finally, the cells located on the 
underside of the filter were counted (5 fields per 
filter).

Cell Apoptosis by Annexin  
V/PI Double Staining

After transfection for 24 h, RASFs were first 
fixed in ice-cold ethanol (70%) and stained with 
propidium iodide and Annexin V in PBS. Then, 
the apoptotic cells were identified using the flow 
cytometry analysis on a FACS Calibur system 
(Becton-Dickinson FacsScan, San Diego, CA, 
USA).

Western Blot
We lysed and extracted cells using lysis buf-

fer. Then, we measured the concentration of 
protein using a protein assay kit purchased 
from Beyotime (Biotechnology, China). The ex-
tracted protein (sum of 20 μg) was degenerated 
and chilled on ice. 10% sodium dodecyl sul-
phate-polyacrylamide gel electrophoresis (SDS-
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PAGE) was used to separate protein. And then it 
was shifted to polyvinylidene difluoride (PVDF) 
membranes purchased from Millipore (Biller-
ica, MA, USA). 5% fat-free milk was used to 
block non-specific protein interactions in Tris 
buffered saline-Tween (TBS-T) buffer which 
contains 150 mM NaCl, 50 mM Tris-HCl and 
0.05% Tween 20 at 4°C for 1 h. The membranes 
loaded with proteins were incubated at 4°C 
with primary antibody within the fat-free milk 
overnight. TBS-T buffer was used to wash the 
unbound antibody (10 min each time for three 
times). Then, the membranes were incubated at 
25°C with secondary antibody conjugated with 
horseradish peroxide (one hour). After washing 
these membranes three times in TBS-T buffer, 
we developed the membranes using ECL (Milli-
pore, NY, USA) following the instructions.

Statistical Analysis
Quantitative data was expressed as mean ± SD. 

The independent samples t-test (SPSS version 
19.0, IBM, Armonk, NY, USA) was employed to 
perform statistical analysis. p-values < 0.05 were 
considered as statistically significant.

Results

MiR-124a Was Low-Expressed in 
Synovial Tissues With RA

We first employed qRT-PCR to explore the 
difference of miR-124a expression in synovial 
tissues between RA patients and control partici-
pants (OA and joint trauma patients). The results 

showed that miR-124a in RA group was statis-
tically lower than that in OA and joint trauma 
patients (p < 0 .05) (Figure 1).

 
MiR-124a Inhibited Proliferation of 
RASFs

To investigate the effects of miR-124a on the 
proliferation of RASFs, cells were infected with 
miR-124a mimics, miR-124a inhibitors or empty 
vector (NC group). Transfection efficiency was 
confirmed by qRT-PCR of miR-124a (Figure 2A). 
After infection, MTT assay was performed at 
various time points (0 h, 6 h, 12 h, 24 h, and 48 h). 
The results showed that overexpression of miR-
124a significantly decreased cell viability, while 
inhibition of miR-124a using inhibitors markedly 

Figure 1. MiR-124a was low-expressed in synovial tissues 
with RA. (*Compared with OA and joint trauma, MiR-124a 
in RA synovial tissues was significantly lower; p < 0.001).

Figure 2. MiR-124a attenuated proliferation of RASFs. A, Transfection efficiency was confirmed by qRT-PCR of miR-124a 
(*Compared with NC, p < 0.05); B, Proliferation ability of RASFs was detected by MTT assay.
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promoted cell proliferation (Figure 2B). These re-
sults indicated that miR-124a might be a negative 
regulator in the development of RA. 

MiR-124a Attenuated Invasion of RASFs
To investigate the effects of miR-124a on the 

invasive ability of RASFs, transwell assay was 
conducted. As shown in Figure 3A, the in vitro 
invasive ability remarkably increased when 
RASFs in the upper compartment were stim-
ulated with miR-124a inhibitors. Conversely, 
the invasion of RASFs infected with miR-124a 
mimics was significantly blocked in compari-
son with the NC group. In addition, previous 
evidence demonstrated that RASFs, which un-
derwent an epithelial-mesenchymal transition 
(EMT), were more likely to invade19. To fur-
ther support the anti-invasion ability of miR-
124a, we then examined protein expression of 
myofibroblast marker, α-smooth muscle actin 
(α-SMA) and the EMT marker, vimentin20,21. 
Western blot results showed that expression of 
both α-SMA and vimentin were reduced af-
ter infection with miR-124a mimics. However, 

inhibition of miR-124a increased the levels of 
these two markers (Figure 3B). These results 
suggested that miR-124a attenuated invasion 
of RASFs.

MiR-124a Had No Significant Effect on 
Apoptosis of RASFs

To further test the effects of miR-124a on apop-
tosis of RASFs, we conducted the flow cytom-
etry. The results revealed no significant change 
of apoptosis rate after infecting with miR-124a 
mimics or inhibitors, indicating that miR-124a 
had no significant effect on apoptosis of RASFs 
(Figure 4).

MiR-124a Down-Regulated MMPs 
in RASFs

To delineate the molecular mechanism by 
which miR-124a exerts its inhibitory effects on 
proliferation of RASFs, we measured levels of 
MMPs. Previous evidence demonstrated that 
MMPs were closely associated with the develop-
ment of RA and played a key role in maintaining 
the functions of RASFs22,23. We found that cells 

Figure 3. MiR-124a inhibited invasion of RASFs. A, Transwell assay was conducted to explore invasion ability of RASFs 
in different groups; B, α-SMA and vimentin were measured by Western blot (*Compared with NC, p < 0.05; #Compared with 
NC, p < 0.05).
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infected with miR-124a exhibited significant de-
creased MMP3 and MMP13, at both mRNA and 
protein levels (Figure 5). Our findings indicated 
that the inhibitory effect of miR-124a on cell 
proliferation may be related to down-regulated 
MMPs.

MiR-124a Down-Regulated Inflammatory 
Factors in RASFs

Evidence supported that IL-1β was an import-
ant mediator in the occurrence and development 
of RA24,25. To clarify whether the inhibitory effect 
of miR-124a was related to IL-1β, we performed 
qRT-PCR and Western blot to detect the mRNA 
and protein levels of IL-1β. Notably, expression 
of IL-1β was inhibited after infecting with miR-
124a mimics, whereas inhibition of miR-124a 
significantly elevated levels of IL-1β (Figure 6). 
All above results suggested that miR-124a might 
inhibit RASFs proliferation via down-regulating 
MMPs and IL-1β.

Discussion

Scholars have shown that RA, a kind of autoim-
mune diseases with joint synovial inflammation 
as the pathological feature, is closely correlated 
with the abnormal hyperplasia of RASFs26. How-
ever, miRNAs are a kind of major molecules reg-
ulating the genetic expression of living organism 
that have been discovered in recent years, and 
various studies showed that miRNAs participate 
in the activation and differentiation of multiple 
immune cells27.

According to the literature, it was reported 
that the levels of miR-124a in plasma and syno-
vial fluid were significantly elevated in the RA 
patients compared to those in the healthy person, 
indicating that miR-124a might play an import-
ant role in the pathological process of RA15-17. 
Gaur et al10 have showed that proliferation and 
invasion of RASFs are affected by a variety of 
miRNAs. Pauley et al28 found that the transfec-

Figure 4. Apoptosis of RASFs was detected by flow cytometry. A, Mimic group; B, NC group, C, Inhibitor group.
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tion of miR-146a could inhibit the proliferation 
of RASFs. Spoerl et al29 discovered that miR-155 
could also suppress the proliferation and invasion 
of RASFs. Coincident with the results of above 
authors, we also found that miR-124a mimic 
could significantly inhibit the proliferation and 
invasion of RASFs that were cultured in vitro, 

while the inhibitor of miR-124a could remark-
ably promote these two behaviors in RASFs, 
suggesting that miR-124a could delay the onset 
of RA through inhibiting the proliferation and 
invasion of RASFs. In the osteosarcoma, miR-
124a, through acting on the insulin-like growth 
factor 1 receptor, can inhibit the proliferation and 
invasion of tumor cells30; while in the NSCLC, 
miR-124a might suppress the proliferation and 
invasion of tumor cells through acting on its 
target, i.e., the hepatoma-derived growth factor31. 
Thus, we inferred that miR-124a, in the processes 
of proliferation and invasion of RASFs, might 
decrease the expression of some target gene to 
inhibit the proliferation and invasion of RASFs, 
but further studies are still necessary to figure out 
the target gene that is regulated by miR-124a in 
the RASFs. Besides, the results of cell apoptosis 
experiment also revealed that miR-124a mani-
fested no significant impact on the apoptosis of 
RASFs, indicating that the inhibitory effect of 
miR-124a on the proliferation of RASFs was not 
exerted through affecting the cell apoptosis. As a 
family of Zn2+-dependent endogenous proteolytic 
enzymes, MMPs can directly degrade the extra-
cellular matrix protein, cartilage, and sclerotin, 
causing the osteoporosis and destruction of the 
joint in the pathological process of RA32-34. In the 
family of MMPs, MMP3/13 is a kind of protease 
with the capability to degrade the cartilage, and 
its destructive effect on RA is that the activated 
cartilage can cause the degradation of cartilage 
connexin, fibronectin, and proteases such as mul-
tiple collagenase22,23. In this study, we observed 
that miR-124a mimic could downregulate the ex-
pressions of MMP3 and MMP13 in RASFs, while 

Figure 5. MiR-124a down-regulated MMPs in RASFs. 
A, mRNA expression of MMP3 and MMP13 in RASFs 
was decreased after being infected with miR-124a mimics 
(*Compared with NC, p < 0.05); B, Western blot was 
performed for detection of MMP3 and MMP13 proteins in 
RASFs after being infected with miR-124a mimics, NC or 
inhibitors.

Figure 6. MiR-124a down-regulated IL-1β in RASFs. A, mRNA expression of IL-1β in RASFs was decreased after being 
infected with miR-124a mimics (*Compared with NC, p < 0.05); B, Western blot was performed for detection of IL-1β protein 
in RASFs after being infected with miR-124a mimics, NC or inhibitors.
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the inhibitor of miR-124a could upregulate the 
expressions of them. Literature has reported that 
the expression of MMP is closely correlated with 
the proliferation and invasion of RASFs. Thus, we 
inferred that miR-124a inhibited the proliferation 
and invasion of RASFs through downregulating 
the expressions of MMP3 and MMP13.

TNF-α and IL-1β also play important roles in 
the onset of RA35. These two cytokines can cause 
injury of cartilage through stimulating the prolif-
eration of RASFs to excrete the IL-6, chemotactic 
factor, MMPs, and prostaglandin. According to 
the literature, it has been reported that miR-155 
might inhibit the proliferation of RASFs and the 
excretion of IL-1β by suppressing the expression 
of target genes of miR-155, further exerting its 
inhibitory effect on the synovial inflammation 
in RA29. In this work, we found that miR-124a 
mimic could decrease the expression of IL-1β 
in RASFs, but the inhibitor of miR-124a could 
increase the expression. Nuclear factor-kappa B 
(NF-KB) in the activated state could increase the 
expression of IL-1 to promote the generation of 
MMPs and PGE2 in chondrocytes and synovial 
cell, further suppressing the synthesis of type-IV 
collagen and proteoglycan, and regulating the 
expression of the structural protein in cartilage35. 
Hence, we speculated that miR-124a might in-
hibit the proliferation and invasion of RASFs 
and excretion of inflammatory cytokines through 
suppressing the expression of NF-KB.

Conclusions

We found that miR-124a plays a key role in the 
onset of RA through inhibiting the expression 
of MMP3/13 and IL-1β in addition to the sup-
pression effect on the proliferation and invasion 
of RASFs. Nevertheless, further studies are still 
necessary to discover the specific mechanisms.
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