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by targeting FGF2 and inactivation of the Wnt/
beta‑catenin pathway
Peilong Dong, Xiaobo Tang, Jian Wang, Botao Zhu and Zhiyun Li* 

Abstract 

Background:  Rheumatoid arthritis (RA) is a chronic systemic autoimmune disease. Several studies reported that 
fibroblast-like synoviocytes (FLSs) and miRNAs are associated with RA pathogenesis. This study explored the function 
of miR-653-5p in the regulation of human fibroblast-like synoviocytes-rheumatoid arthritis (HFLS-RA) cells.

Methods:  The mRNA and protein levels of genes were measured by RT-qPCR and western blot, respectively. MTT, 
wound healing, and invasion assays were used to evaluate the viability and metastasis of FLSs. Luciferase reporter and 
RNA pull-down assays were employed to determine the interaction between miR-653-5p and FGF2.

Results:  RT-qPCR results demonstrated that miR-653-5p expression was decreased and FGF2 level was increased in 
synovial tissues and FLSs of RA. Moreover, the viability and metastasis of FLSs were accelerated by miR-653-5p addi-
tion, which was restrained by miR-653-5p suppression. Furthermore, we demonstrated that levels of Rac1, Cdc42, and 
RhoA were decreased after miR-653-5p addition. Besides, luciferase reporter and RNA pull-down assays implied that 
miR-653-5p targeted the 3′-UTR of FGF2. Functional assays showed that FGF2 overexpression neutralized the suppres-
sive effects of miR-653-5p addition on HFLS-RA cell viability, metastasis, and the levels of Rho family proteins. Mean-
while, the levels of β-catenin, cyclin D1, and c-myc were declined by miR-653-5p supplementation, but enhanced by 
FGF2 addition.

Conclusion:  In sum, we manifested that miR-653-5p restrained HFLS-RA cell viability and metastasis via targeting 
FGF2 and repressing the Wnt/beta-Catenin pathway.
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Introduction
Rheumatoid arthritis (RA) is a heterogeneous and sys-
temic autoimmune disease characterized by synovial cell 
inflammation and subsequent damage primarily to joint 
structures [1]. Fibroblast-like synovial cells (FLSs) are a 
key component in RA development [2, 3]. HFLS-RA cells 

present a series of invasive features, including enhanced 
proliferation, increased aggressiveness, and production 
of inflammatory mediators [4]. Previous studies reported 
that the lifetime risk of RA is 3.6% for women and 1.7% 
for men [5]. The current main clinical treatment strat-
egy of RA is drug therapy, including immunosuppressive 
drugs and biologics. However, resistance to these thera-
pies increases the risk of infectious diseases and cancer 
[6, 7]. Thus, it is necessary to look for new strategies for 
RA treatment.
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MiRNAs are small non-coding RNA molecules (~ 20 
nt) that bind to 3’-UTR of mRNA and modulate gene 
level at the post-transcriptional level, which have essen-
tial functions in musculoskeletal conditions, such as 
osteoarthritis and tendon injuries [8–11]. Moreover, 
increasing reports demonstrated that miRNAs play cru-
cial roles in RA development [12]. For instance, miR-
140-3p restrained the cell viability and induced apoptosis 
of synovial fibroblasts in RA via modulating sirtuin 3 
[13]. Knockdown of PVT1 repressed the viability and 
inflammation of HFLS-RA cells through targeting miR-
145-5p [14]. In a recent study, it was shown that upregu-
lated miR-653-5p impeded the viability and promoted 
the apoptosis and inflammatory response of CHON-001 
cells in osteoarthritis [15]. However, the role of miR-
653-5p in RA progression is unclear.

Fibroblast growth factor 2 (FGF2), a member of the 
fibroblast growth factor (FGF) family, is implicated in 
multiple biological processes, such as cell proliferation, 
differentiation, and cell growth [16, 17]. A recent study 
reported that FGF2 was upregulated in chondrogenic 
differentiation and miR-23c repressed marrow stromal 
cell differentiation to chondrocytes through modulat-
ing FGF2 expression [17]. miR-105/Runx2 axis mediates 
FGF2-induced ADAMTS expression in osteoarthritis 
cartilage [18]. miR-16 modulated MgCl2-induced accel-
eration of osteogenic differentiation through regulating 
FGF2-mediated ERK/MAPK pathway activation [19]. 
Nonetheless, the mechanism of FGF2 in RA development 
remains elusive.

This study exhibited aberrant levels of miR-653-5p and 
FGF2 in RA patients and investigated the influence of 
miR-653-5p on RA development.

Materials and methods
Samples
Thirty-two synovial tissues were collected from RA 
patients (15 males, 17 females, 43–74  years old) after 
knee replacement surgeries at Affiliated Jianhu Hospital 
of Nantong University. Normal synovial biopsies from 32 
patients with traumatic knee injuries served as healthy 
controls (18 males, 14 females, 42–72 years old). RA was 
diagnosed according to the previous reference standards 
[20]. The study was permitted by the Ethics Committee 
of Affiliated Jianhu Hospital of Nantong University, and 
written consent was gained from all patients.

Cell culture and transfection
HFLS and HFLS-RA cells were purchased from Jennio 
Biotech Co., Ltd. (Guangzhou, China) and were cultured 
in DMEM containing 10% FBS (GBICO), 100 U/mL peni-
cillin, and 100 μg/mL streptomycin in an incubator with 
5% CO2 at 37 °C. miR-653-5p mimics/inhibitor and their 

negative controls (NC mimics/inhibitor), shFGF2, shNC, 
pcDNA3.1/FGF2, and pcDNA3.1 were generated by 
GenePhama (Shanghai, China). The plasmid vectors were 
transfected using Lipofectamine 2000 (Thermo Fisher 
Scientific).

RT‑qPCR
Total RNA was extracted from synovial tissues and 
HFLS-RA cells using Trizol reagent kits (Invitrogen). 
Then, 1 μg of total RNA was reverse transcribed to cDNA 
using the Revert Aid™ First Strand cDNA Synthesis kit 
(Takara) at 37˚C for 15 min. RT-qPCR was performed by 
SYBR Premix Ex Taq II (TaKaRa) on ABI 7500 real-time 
PCR system (Applied Biosystems). GAPDH (for mRNA) 
and U6 (for miR-653-5p) were used as an internal refer-
ence. Gene level was quantified by 2−ΔΔCT method.

MTT assay
MTT was conducted to assess HFLS-RA cell viability. 
In brief, 200  μl HFLS-RA cells (6 × 103 cells/well) were 
seeded into 96-well plates and incubated with 10 μl MTT 
solution (Sigma) for 4 h at 37 °C. Then, the medium was 
removed and 150  μl DMSO was added to each well. 
Finally, the absorbance was determined at 490 nm using a 
spectrophotometric plate reader.

Wound healing assay
Cell migration ability was performed using wound heal-
ing assay. HFLS-RA cells were seeded in 6-well plates and 
grown to full confluence. A 200 μl pipette tip was applied 
to generate artificial scratches. The wounded areas were 
observed and imaged by a microscope (Nikon, Japan).

Transwell assays
HFLS-RA cell invasion was assessed using 8-μm-pore 
transwell chambers (BD Biosciences). HFLS-RA cells 
were seeded on the Matrigel chambers pre-coated with 
Matrigel. The lower chambers were filled with DMEM 
medium, and the upper chambers were filled with serum-
free DMEM. After incubation for 24 h, cells were invaded 
to the lower chambers and stained with 0.1% crystal 
violet. Then, the cells were counted with a microscope 
(Olympus Corporation).

Luciferase reporter assay
FGF2-(wild-type) wt and its mutant (FGF2-mut) were 
inserted into the pGL3 luciferase reporter vector (Pro-
mega,). Then, the above reporters were co-transfected 
miR-653-5p mimics or NC mimics into HFLS-RA cells 
for 48 h. The activities were measured by dual-luciferase 
reporter assay system (Promega).
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RNA pull‑down
RNA pull-down was performed using a Magnetic RNA 
Pull-Down Kit (Thermo Fisher Scientific). The bioti-
nylated miR-653-5p (Bio-miR-653-5p) and Bio-miR-
NC were generated by RiboBio (Guangzhou, China). 
Then HFLS-RA cells were lysed and the protein lysates 
were incubated with M-280 streptavidin-coated with 
magnetic beads (Sigma-Aldrich) and then washed with 
buffer. Finally, RT-qPCRs were performed to determine 
gene expression.

Western blot assay
Cells were lysed in RIPA buffer to isolate total proteins, 
and BCA protein kit (Sigma-Aldrich) measured the 
protein concentration. Protein lysates were separated 
by 10% SDS–PAGE and transferred to PVDF mem-
branes (Bio-Rad, USA). After blocked with 5% skimmed 
milk, the membrane was incubated with primary anti-
bodies against Rac1, Cdc42, RhoA, and β-catenin, cyc-
lin D1, c-myc, or GAPDH, and then interacted with 
HRP-conjugated secondary antibodies. The protein 
bands were visualized with an ECL detection system 
(Millipore, USA).

Statistical analysis
The data were exhibited as mean ± SD. Statistical analy-
sis was conducted using SPSS 16.0 software (SPSS, IL, 
USA.). The student’s t test was applied for comparisons 
between two groups. One-way analysis of variance was 
carried out for comparisons among multiple groups. 
P < 0.05 indicated statistically significant.

Results
miR‑653‑5p level is decreased in synovial tissue 
and RA‑FLSs
Initially, RT-qPCR assay was adopted to determine 
miR-653-5p level in synovial tissues. We uncovered 
that miR-653-5p level was reduced in synovial tissues 
of RA patients (Fig. 1A). Consistently, we also identified 
that miR-653-5p level was decreased in HFLS-RA cells 
compared with the normal HFLS cells (Fig. 1B). Hence, 
these results manifested that miR-653-5p might act as a 
vital role in RA pathogenesis.

The addition of miR‑653‑5p restrains the viability, 
migration, and invasion in HFLS‑RAs
Subsequently, we explored the function of miR-653-5p 
in RA. RT-qPCR results elaborated the miR-653-5p 
level was heightened by miR-653-5p addition and was 
reduced by miR-653-5p silencing (Fig.  2A). Moreover, 
cell viability was inhibited in HFLS-RA cells transfected 
with miR-653-5p mimics, whereas miR-653-5p deletion 

reversed this effect (Fig.  2B, C). Meanwhile, we found 
that miR-653-5p addition restrained the migration 
and invasion of HFLS-RA cells; however, miR-653-5p 
knockdown exhibited a contrary effect (Fig.  2D, E). 
Also, we uncovered that miR-653-5p mimics decreased 
Rac1, Cdc42, and RhoA levels, which was increased by 
miR-653-5p deletion (Fig. 2F, G). Above all, these data 
suggested that miR-653-5p restrained HFLS-RA cell 
viability, migration, and invasion.

FGF2 is the direct target of miR‑653‑5p
We then predicted miR-653-5p target genes with star-
Base and uncovered that FGF2 was a potential tar-
get of miR-653-5p. The binding sites are shown in 
Fig.  3A. Then, luciferase reporter assay elaborated that 
miR-653-5p mimics repressed the luciferase activity 
of FGF2-wt, but had no effect on FGF2-mut (Fig.  3B). 
Moreover, pull-down assay implied that FGF2 could bind 
with miR-653-5p (Fig. 3C). Furthermore, the FGF2 level 
was decreased by miR-653-5p supplementation, which 
was heightened by miR-653-5p inhibition (Fig.  3D). 
Collectively, we determined that FGF2 was a target of 
miR-653-5p.

FGF2 deletion suppresses RA development
To further verify the function of FGF2 in RA, HFLS-
RA cells were transfected with shFGF2. Results elabo-
rated that FGF2 was downregulated by FGF2 deficiency 
(Fig.  4A). Meanwhile, cell viability, migration, and inva-
sion were suppressed after FGF2 depletion (Fig.  4B–D). 
Similarly, we uncovered that the mRNA and protein 
levels of Rac1, Cdc42, and RhoA were both decreased 
by FGF2 silence (Fig.  4E, F). As a result, FGF2 deletion 
diminished HFLS-RA cell viability and metastasis.

Fig. 1  miR-653-5p level is decreased in synovial tissue and RA‑FLSs. A 
RT-qPCR was used to determine the expression levels of miR-653-5p 
in the synovial tissue of RA patients versus that of healthy synovial 
tissue. B RT-qPCR analysis showed the expression of miR-653-5p in 
HFLS-RA cells compared to that of healthy FLSs. *P < 0.05, **P < 0.01



Page 4 of 8Dong et al. Journal of Orthopaedic Surgery and Research            (2022) 17:5 

Fig. 2  The addition of miR-653-5p restrains the viability, migration, and invasion in HFLS-RA cells. A RT-qPCR analysis showed the expression 
of miR-653-5p in HFLS-RA cells transfection of miR-653-5p mimics or NC mimics and miR-653-5p inhibitor or NC inhibitor. B and C MTT assay 
showed cell viability in HFLS-RA cells transfection of miR-653-5p mimics or NC mimics and miR-653-5p inhibitor or NC inhibitor. D and E HFLS-RA 
cell migration and invasion were measured using wound healing and transwell assays after transfection with miR-653-5p mimics or NC mimics 
and miR-653-5p inhibitor or NC inhibitor. F and G The protein and mRNA expression of Rac1, Cdc42, and RhoA in HFLS-RA cells transfection of 
miR-653-5p mimics or NC mimics and miR-653-5p inhibitor or NC inhibitor was detected by western blot and RT-qPCR assay. *P < 0.05, **P < 0.01, 
***P < 0.001
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miR‑653‑5p regulates HFLS‑RA cell viability and metastasis 
via targeting FGF2
To further determine whether miR-653-5p exerted its 
function via FGF2, HFLS-RA cells were transfected 
with NC mimics, miR-653-5p mimics, miR-653-5p 
mimics + pcDNA3.1/FGF2. Figure  5A displays that 
the FGF2 level was inhibited by miR-653-5p addition, 

while FGF2 overexpression reversed this effect. Func-
tional assays revealed that upregulated FGF2 rescued 
the repression effects of miR-653-5p supplementation 
on HFLS-RA cell viability, migration, and invasion 
(Fig.  5B–D). Moreover, FGF2 overexpression rescued 
the suppressive effect on the levels of Rac1, Cdc42, and 
RhoA caused by miR-653-5p addition (Fig.  5E, F). In 

Fig. 3  FGF2 is the direct target of miR-653-5p. A The complementary sequences of miR-653-5p and corresponding sequence of the 3’‑UTR of FGF2 
was predicted by starBase website. B Luciferase reporter assay showed luciferase activity of FGF2-WT or FGF2-MUT in HFLS-RA cells transfected with 
NC mimics or miR-653-5p mimics. C Association between miR-653-5p and FGF2 was determined using an RNA pull-down assay. D RT‑qPCR analysis 
was used to evaluate the expression of FGF2 in HFLS-RA cells transfection of miR-653-5p mimics or NC mimics and miR-653-5p inhibitor or NC 
inhibitor. **P < 0.01, ***P < 0.001

Fig. 4  FGF2 deletion suppresses RA development. A RT-qPCR was used to determine FGF2 expression in HFLS-RA cells transfected with shFGF2 or 
shNC. B–D MTT, wound healing, and transwell assays showed cell viability, migration, and invasion in HFLS-RA cells transfection of shFGF2 or shNC. 
E and F Western blot and RT-qPCR assays showed the protein and mRNA expression of Rac1, Cdc42, and RhoA in HFLS-RA cells transfected with 
shFGF2 or shNC. **P < 0.01
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sum, miR-653-5p modulated RA progression via target-
ing FGF2.

miR‑653‑5p/FGF2 restrains the Wnt/β‑catenin pathway 
in HFLS‑RA cells
Wnt/β-catenin signaling can be mediators in RA bio-
logical processes [21, 22]. Previous studies reported that 
FGF2 is a modulator of Wnt/β-catenin pathway. Thus, we 
speculated that miR-653-5p/FGF2 regulated RA progres-
sion via regulating the Wnt/β-catenin pathway. Results 
elaborated that β-catenin, cyclin D1, and c-myc levels 
were reduced by miR-653-5p addition, while FGF2 over-
expression reversed these effects (Fig. 6A, B). These data 
manifested that miR-653-5p targeted FGF2 and inhibited 
the Wnt/β-catenin pathway in HFLS-RA cells.

Conclusion
Accumulating evidence has reported that miRNAs 
are closely related to RA occurrence and develop-
ment, such as miR-140-3p [23], miRNA-146a [24], and 
miR-17-5p [25]. Therefore, miRNAs were considered 
as a potential therapeutic target for RA. For example, 
it was reported that miR-6089 restrained HFLS-RA 
cell viability and promoted apoptosis through regulat-
ing CCR4 [26]. MiR-421 accelerated the inflammatory 
response of FLS s in RA via targeting SPRY1 [27]. This 
research explored the effect of miR-653-5p on the via-
bility, migration, and invasion of HFLS-RA cells.

HFLS-RA cells are the main cell population involved 
in RA progression of synovial tissues. Previous 
researches exhibited that inhibiting FLS migration and 

Fig. 5  miR-653-5p regulates HFLS-RA cell viability and metastasis via targeting FGF2. A RT-qPCR determined FGF2 expression in HFLS-RA cells 
transfected with NC mimics, miR-653-5p mimics, miR-653-5p mimics + pcDNA3.1/FGF2. B–D MTT, wound healing, and transwell assays showed 
cell viability, migration, and invasion in HFLS-RA cells transfection of NC mimics, miR-653-5p mimics, miR-653-5p mimics + pcDNA3.1/FGF2. E and F 
Western blot and RT-qPCR assays showed the protein and mRNA expression of Rac1, Cdc42, and RhoA in HFLS-RA cells transfected with NC mimics, 
miR-653-5p mimics, miR-653-5p mimics + pcDNA3.1/FGF2. *P < 0.05, **P < 0.01
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invasion may protect RA joint destruction [28]. Thus, 
regulating the migration and invasion of HFLS-RAs 
may be a new strategy for RA treatment. Moreover, 
miR-653-5p was identified to impede cell migrative and 
invasive ability in breast cancer [29]. Our work sug-
gested that miR-653-5p restrained cell migration and 
invasion in HFLS-RA cells.

Rho family proteins participated in regulating HFLS-RA 
cell viability and invasion. For instance, RhoA is considered 
a new target for modulating HFLS-RA cell invasion [30]. 
Rac1 activation facilitated proliferation and mediates IL-
17A-induced HFLS-RA cell migration [31, 32]. This led us 
to propose that miR-653-5p played a vital role through Rho 
proteins in HFLS-RA cells. This study elucidated that miR-
653-5p addition inhibited RhoA, Rac1, and Cdc42 protein 
levels in HFLS-RA cells.

Multiple miRNAs exerted their biological functions via 
modulating their target molecules. miR-653-5p was iden-
tified to target different genes, such as EMSY [33], and 
RAI14 [34], which participate in many tumor develop-
ments. In this work, we determined that FGF2 was the 
target of miR-653-5p in HFLS-RA cells. FGF2 is corre-
lated with multiple biological processes including tumor 
growth, apoptosis, and angiogenesis [35, 36]. Importantly, 
FGF2 was found to be upregulated in RA patients and its 
level was closely related to Larsen’s grade of bone erosion 
[37, 38]. Herein, we revealed that FGF2 addition alleviated 
the repressive influence of miR-653-5p supplementation on 
the viability and metastasis of HFLS-RA cells as well as on 
Rho family protein levels. Moreover, β-catenin, cyclin D1, 
and c-myc levels were decreased by miR-653-5p addition, 
which was increased by FGF2 addition. Taken together, 
miR-653-5p/FGF2 axis inhibited the Wnt/β-catenin path-
way of HFLS-RA cells.

Conclusion
The current study illustrated that miR-653-5p 
restrained RA progression through targeting FGF2 and 
inactivation of the Wnt/β-catenin pathway, indicating 
that miR-653-5p may be an effective treatment target 
for RA.
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