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Lin et al.: Inhibition of miR-5571-3p attenuates proliferation and invasion in rheumatoid arthritis

The aim of the present study was to explore the role and potential mechanism of miR-5571-3p in 
rheumatoid arthritis. In this study, miR-5571-3p level in rheumatoid arthritis tissues and fibroblast-like 
synoviocytes was detected using qRT-PCR analysis. Cell Counting Kit-8 assay was performed to determine 
proliferation of fibroblast-like synoviocyte. Transwell assay was conducted to examine the invasion of 
fibroblast-like synoviocytes, and western blot analysis was used to examine the ornithine decarboxylase 
antizyme 3 protein expression. Results showed that miR-5571-3p expression was elevated in vivo and 
in vitro in rheumatoid arthritis. Inhibition of miR-5571-3p suppressed rheumatoid arthritis fibroblast-
like synoviocyte proliferation and invasion. ornithine decarboxylase antizyme 3 siRNA could partially 
abolish the suppressor effect of miR-5571-3p inhibitor in cell proliferation and invasion in fibroblast-
like synoviocytes. In conclusion, miR-5571-3p and ornithine decarboxylase antizyme 3 played important 
regulatory roles in proliferation and invasion of rheumatoid arthritis fibroblast-like synoviocytes, miR-
5571-3p/ornithine decarboxylase antizyme 3 axis could serve as a new target for therapy of rheumatoid 
arthritis.
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Rheumatoid arthritis (RA), characterized by erosive 
joint destruction and chronic synovitis, is also one of 
the most common autoimmune diseases in rheumatology 
and immunology[1]. Epidemiological studies showed 
that RA can occur at any age, especially in the young 
and middle-aged. Among them, 20 to 45-y old patients 
account for more than 80 % and the ratio of male to 
female is about 1:3[2,3]. In the past 2 decades, the survey 
of RA in China showed that the incidence rate of RA 
has changed little and has remained at 0.3-0.4%[4]. 
Although RA is not a fatal disease, it still poses a great 
threat to human life, health and quality of life due to its 
incurable and high disability rate. Traditionally, T-and 
B-cell-dependent immune responses are the main 
pathogenesis of RA. In this process, fibroblast-like 
synoviocytes (FLS) is only passive victims or 
bystanders[5,6]. However, numerous studies have 
revealed that FLS play an extremely important role in 
the occurrence and development of RA, which can 
promote the formation of new blood vessels, pannus 
and cartilage degeneration[6,7]. It is an important 

pathophysiological process that the proliferation and 
invasion of synovial cells become more and more 
serious. Therefore, a systematic study of the 
pathophysiology of FLS hyperproliferation, reduction 
of apoptosis and the search for molecular targets that 
can regulate FLS may lead to a new breakthrough in the 
mechanism of RA. MicroRNA (miRNA) is a kind of 
non-coding RNA (ncRNA) which has been studied 
widely in various diseases[8]. With the regulatory effect 
of miRNAs on target functional genes, miRNA has 
rapidly become a hot topic in the field of life science 
research[9]. In RA, there are also multiple miRNAs that 
were shown to be dysregulated compared to normal 
cases[10]. In addition, previous studies have confirmed 
that miRNAs play a regulatory role in the development 
of RA. For instance, miR-145-5p affected the biological 
behavior of RA by regulating Wnt1/β-catenin 
pathway[11]. However, the role and mechanism of 
miRNAs in RA need to be further explored. In the 
present study, it was revealed that the expression of 
miR-5571-3p was upregulated in RA tissues and RA 
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FLS. The effect of miR-5571-3p on cell proliferation 
and invasion in RA-FLS was further explored and 
confirmed that the ornithine decarboxylase antizyme 3 
(OAZ3) could mediate the role of miR-5571-3p on cell 
proliferation and invasion in RA-FLS. Synovium 
samples of RA cases (n=8) and non-RA patients (n=8) 
were collected from Taizhou People’s Hospital. All 
selected RA patients were diagnosed clearly and other 
immune diseases were excluded. Present study was 
approved by the ethics committee of the Taizhou 
People’s Hospital and all selected subjects signed the 
formal informed consent. The human RA-FLS (MH7A) 
were obtained from the Shanghai Honsun Biological 
Technology Co., Ltd. (Shanghai, China). The cells were 
incubated in RPMI 1640 medium (Gibco, USA) with 
10% fetal bovine serum (Gibco, USA) and penicillin/
streptomycin (1:100, Sigma, St. Louis, Mo) at 37° in 
5% CO2. When grown at 50% density, the cells were 
transfected with miR-5571-3p inhibitor or inhibitor NC 
(Genekey, Shanghai, China) for 36 h and then the cells 
were collected for corresponding experiments. OAZ3 
siRNA was obtained from NanjinhgGenscript Co. Ltd 
(Nanjing, China). The concentration of OAZ3 siRNA 
transfected cells was 50 nM. RA-FLS proliferation 
treated with inhibitor NC or miR-5571-3p inhibitor was 
determined using a Cell Counting Kit-8 (CCK-8, 
Abcam, USA) experiments. Not only cell viability, 
activities of dehydrogenases in cells is also identified 
by CCK-8. The specific operation refers to the previous 
study[12]. Briefly, the RA-FLS were cultured on 96-well 
plates, and 12 μlsolution was added to each well for  
24 h, cultured for 2 h, and then detected. Cell invasion 
of RA-FLS were determined by Transwell assay as 
previously described[13]. Briefly, RA-FLS (4×105 each 
well) were seeded in the top compartment with serum-
free DMEM, and DMEM with 10 % FBS was added 
into the bottom compartment for 24 h culture, then 
fixed with 4 % paraformaldehyde and stained with 
crystal violet. Finally, randomly select 10 fields of 
vision from each hole to take photos and count the 
number of RA-FLS. The proteins of RA-FLS transfected 
with inhibitor NC or miR-5571-3p inhibitor were 
extracted. After electrophoresis and transmembrane 
separation, the proteins was transferred to polyvinylidene 
fluoride (PVDF, Thermo Fisher, USA) membrane. The 
PVDF membrane was incubated with primary antibody 
of OAZ3 and GAPDH (Abcam, CA, USA) at 4° 
overnight. Membranes were then incubated with second 
antibody for 2 h and determined using supersensitive 
Ecl-chemiluminescence (Thermo Fisher, USA). Trizol 

was used to isolated RNA of RA and normal synovial 
tissues, and MH7A cells as reported previously[14]. RNA 
concentration was detected by NanoDrop ND-1000 
spectrophotometer (Thermo Scientific, USA) and was 
reverse transcribed using a PrimeScript RT Kit (Takara, 
Japan). The detection was normalized using GAPDH 
and U6 and analyzed by 2−ΔΔCT method. The primers of 
miR-5571-3p were Forward primer, 
3’-TAGGGTTGAAAACC-5’; reverse primer, 
3’-CTTCGGCCCGGCACG-5’; U6, forward primer, 
3’-GGGCTTACGCCTAGG-5’; reverse primer, 
3’-GCCCACATTCACTTG-5’; OAZ3,forward primer, 
3’-AGGGTTGCCCTCGT-5’; reverse primer: 
3’-TCGTAACCCCTAGG-5’ and GAPDH,forward, 
3’-CGAGTTCTGGGCTCACA-5’; reverse, 
3’-TCCCGGTTTACGTTACC-5’. The data were 
presented as means±SD using GraphPad 7.0. Values 
were analyzed using the Student’s t test between 2 
groups, and one-way analysis of variance (ANOVA) 
was performed for 3 groups. P value less than or equal 
to 0.05 was considered as statistically significant. To 
verify the expression of miR-5571-3p in vivo and  
in vitro of RA, first the expression of miR-5571-3p in 8 
RA cases and 8 normal synovium tissues were compared 
using RT-PCR analysis. The results indicated that the 
miR-5571-3p level in RA group was markedly 
upregulated than that in normal synovium tissues  
(fig. 1A). Similarly, the expression of miR-5571-3p in 
RA-FLSs was also significantly elevated than that in 
normal cells (fig. 1B). Inhibition of miR-5571-3p 
suppressed RA-FLS proliferation and invasion. To 
confirm the effect of miR-5571-3p in proliferation and 
invasion of RA-FLS, the expression of miR-5571-3p 
was knocked down using miR-5571-3p inhibitor in 
RA-FLS, the inhibition efficiency of miR-5571-3p 
inhibitor was shown in (fig 2A).Suppression of miR-
5571-3p significantly inhibited proliferation of RA-
FLS, which was detected by CCK-8 assay (fig 2B).In 
addition, Transwell assay demonstrated that miR-5571-
3p inhibitor attenuated invasion of RA-FLS (fig 2C and 
2D). OAZ3 is a target of miR-5571-3p and could be 
regulated by miR-5571-3p. To further study the 
potential mechanism of miR-5571-3p, Targetscan 
software was used to predict the target gene of miR-
5571-3p, and the results showed that miR-5571-3p has 
binding sites with OAZ3 (fig 3A). By transfecting miR-
5571-3p inhibitor into RA-FLS, it was found that OAZ3 
expression was significantly upregulated at protein and 
mRNA levels (fig 3B-3D). Inhibition of miR-5571-3p 
attenuated RA-FLS proliferation and invasion via 
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OAZ3. Given the OAZ3 was a target and regulated by 
miR-5571-3p, it was next investigated whether OAZ3 
siRNA could reverse the inhibitory effect of miR-5571-
3p inhibitor in RA-FLS. First OAZ3 siRNA was 
constructed to knockdown the OAZ3 expression  

(fig 4A). Then the miR-5571-3p inhibitor was used to 
transfect RA-FLS with or without OAZ3 siRNA for  
36 h and proliferation and invasion of RA-FLS was 
detected. The CCK-8 and transwell assay results 
showed that OAZ3 siRNA partially abolished the 

 Fig. 1: miR-5571-3p expression is elevated in vivo and in vitro of RA
(A,B) miR-5571-3p expression was detected in synovial tissue of RA and normal cases and in FLS using qRT-PCR 
analysis. Each experiment was repeated and conducted independently 3 times. ***P<0.001.

Fig. 2: Inhibition of miR-5571-3p suppresses RA-FLS proliferation and invasion
(A) Inhibition efficiency of miR-5571-3p inhibitor was verified by qRT-PCR analysis. (B) CCK-8 assay was performed 
to determine the cell proliferation of RA-FLS. (C,D) Transwell assay was conducted to clarified the cell invasion of 
RA-FLS. Each test was repeated and conducted independently 3 times. **P<0.01, ***P<0.001.
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 Fig. 3: OAZ3 is a target of miR-5571-3p and could be regulated by miR-5571-3p
(A) Targetscan software was used to predict the target mRNA of miR-5571-3p. (B,C) Western blot analysis was 
conducted to examine the OAZ3 expression. (D) qRT-PCR anaysis was used to determine the OAZ3 mRNA expression. 
Each experiment was repeated and conducted independently 3 times. ***P<0.001.

Fig. 4: Inhibition of miR-5571-3p attenuates RA-FLS proliferation and invasion via OAZ3
(A) OAZ3 siRNA efficiency was verified using qRT-PCR analysis. (B) CCK-8 assay was performed to determine 
the proliferation of RA-FLS. (C,D) Transwell assay was conducted to clarified the cell invasion of RA-FLS. Each 
experiment was repeated and conducted independently 3 times. ***P<0.001, #P<0.05 vs miR-5571-3p inhibitor.
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inhibitory role of miR-5571-3p in cell proliferation  
(fig 4B), and invasion (fig 4C,4D). FLS were not only 
the effector cells of RA joint injury, but also mediate 
joint damage, which plays an important role in the 
disease process of RA[15,16]. The morphology and 
biological behavior of RA related FLS showed tumor 
like changes, which are in a state of stable activation[17,18]. 
Numerous abnormal proliferation and invasion of FLS 
could aggravate the formation of pannus, erode and 
destroy articular cartilage and bone, and cause adverse 
effects on the prognosis of the disease[19,20]. There are 
only 1-3 layers of cells in the inner layer of synovium 
of normal joint, but the inner layer cells of RA patients 
can be expanded to 10 layers or more[21]. Although there 
is inflammatory infiltration in the synovium lining of 
RA patients, the main cause of synovium hyperplasia is 
the excessive proliferation of FLS[22]. In this study, it 
was observed that the expression of miR-5571-3p in 
RA tissues and FLS increased significantly. By 
inhibiting the expression of miR-5571-3p in FLS, it 
was confirmed that miR-5571-3p could significantly 
inhibit proliferation of FLS. Moreover, the increased 
ability to of RA cells to invade could further aggravate 
the destruction of articular cartilage and bone. Similarly, 
it could be demonstrated that inhibition of miR-5571-
3p could markedly reduce the invasive cells of RA. 
These clues suggested that miR-5571-3p might be a 
critical ncRNA with important regulatory functions in 
the development of RA. MiRNA regulates biological 
function of diseases via binding and negatively 
regulating downstream target mRNAs, which is one of 
the main mechanisms[23]. OAZ3 was predicted to be a 
potential target binding gene of miR-5571-3p by 
biology analysis and confirmed that miR-5571-3p could 
negatively regulate the expression of OAZ3 using qRT-
PCR and Western blot analysis. In view of the fact that 
OAZ3 also played a regulatory role in the proliferation 
of disease[24,25], it is of great significance to explore 
whether OAZ3 mediates miR-5571-3p in the 
proliferation and invasion of RA cells. Through rescue 
experiments, it was confirmed that OAZ3 could reverse 
the effect of miR-5571-3p on the proliferation and 
invasion of FLS. In conclusion, the present study 
indicated that miR-5571-3p attenuated proliferation 
and invasion of RA-FLS by overexpressing OAZ3. 
Further studies are necessary to provide a theoretical 
basis and new vision for RA therapy.
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