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ABSTRACT
This study was aimed to investigate the effects 
of miR-218-5p on the proliferation, apoptosis, 
autophagy, and oxidative stress of rheumatoid 
arthritis synovial fibroblasts (RASFs), and the related 
mechanisms. Quantitative reverse transcription–
PCR showed that the expression of miR-218-5p in 
rheumatoid arthritis synovial tissue was significantly 
higher than that in healthy synovial tissue. 
Compared with healthy synovial fibroblasts, miR-
218-5p expression was obviously upregulated in 
RASFs, while KLF9 protein expression was markedly 
downregulated. Mechanistically, miR-218-5p could 
directly bind to the 3′ untranslated region of KLF9 
to inhibit the expression of KLF9. Additionally, 
transfection of miR-218-5p small interfering RNA 
(siRNA) inhibited the proliferation but promoted 
apoptosis and autophagy of RASFs. Simultaneously, 
miR-218-5p silencing reduced reactive oxygen 
species and malondialdehyde levels and increased 
superoxide dismutase and glutathione peroxidase 
activity to improve oxidative stress in RASFs. More 
importantly, the introduction of KLF9 siRNA reversed 
the effects of miR-218-5p siRNA transfection on 
RASF proliferation, apoptosis, autophagy, and 
oxidative stress. What is more, silencing miR-218-5p 
inhibited the activation of JAK2/STAT3 signaling 
pathway by targeting KLF9. Collectively, knockdown 
of miR-218-5p could regulate the proliferation, 
apoptosis, autophagy and oxidative stress of RASFs 
by increasing the expression of KLF9 and inhibiting 
the activation of the JAK2/STAT3 signaling pathway, 
which may provide a potential target for the 
mechanism research of RA.

INTRODUCTION
Rheumatoid arthritis (RA), a complex, chronic 
and progressive autoimmune disease, is charac-
terized by synovial proliferation, inflammation, 
and bone destruction.1 2 With the progress of 
the disease, RA can also cause multiple organ 
involvement, such as atherosclerosis, pulmo-
nary fibrosis, and eye diseases.3 The treatment 
of RA is mainly to control the disease, alleviate 
the disease state, and improve joint function.4 
However, there is no specific treatment for RA 
as yet.5 The pathogenesis of RA is very complex 

and has not yet been clarified. Current research 
suggests that RA is related to factors such as 
heredity, infection, immunity, hormones, and 
environment, involving a variety of cells, cyto-
kines, genetic materials and signaling path-
ways.6 Finding specific targets for RA treatment 
is expected to greatly improve the current treat-
ment situation. Recent research suggests that as 
the main synovial cell type in synovial tissue, 
rheumatoid arthritis synovial fibroblast (RASF) 
is involved in maintaining the homeostasis 
of the synovial environment.7 Studies have 
reported that the transformation of biological 
characteristics of RASFs in the progression of 
RA is an early pathological change.8 9 Research 
based on RASFs has become a direction for RA 
treatment.

Significance of this study

What is already known about this subject?
►► The pathological changes of rheumatoid 
arthritis (RA) are characterized by abnormal 
proliferation of rheumatoid arthritis 
synovial fibroblast (RASFs).

►► A large number of dysregulated microRNAs 
have been found to be involved in the 
pathogenesis of RA.

►► Autophagy has recently been shown to be 
involved in the apoptosis of RASFs.

What are the new findings?
►► The expression of miR-218-5p in RA 
synovial tissue was upregulated.

►► miR-218-5p regulated the proliferation, 
apoptosis, autophagy, and oxidative stress 
of RASFs.

►► miR-218-5p could directly bind to the 3′ 
untranslated region of KLF9.

How might these results change the focus 
of research or clinical practice?

►► miR-218-5p could directly target KLF9 to 
regulate proliferation, apoptosis, autophagy 
and oxidative stress of RASFs. The inhibitory 
effect of miR-218-5p may provide new 
ideas for the treatment of RA.

http://jim.bmj.com/
http://orcid.org/0000-0002-9948-9613
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With the study of epigenetics, new breakthroughs have 
been made in the research of non-coding RNAs (ncRNAs) 
in the mechanism of RA.10 MicroRNAs (miRNAs) are a class 
of small ncRNAs with a length of 18–25 nucleotides.11 By 
downregulating the translation of downstream target gene 
mRNA, miRNAs act as negative regulators of gene expres-
sion. Studies have confirmed that miRNAs are essential in 
cell proliferation, apoptosis, oxidative stress and immune 
response by regulating target genes. A large number of 
dysregulated miRNAs have been found to be involved in the 
pathogenesis of RA by regulating RASFs, such as miR-19,12 
miR-21,13 miR-27a,14 and miR-29a.15 These studies suggest 
that miRNAs may be potential targets for RA treatment.

In the present study, we are interested in studying the role 
of miR-218-5p in the development of RA. In view of the 
role of RASFs in the pathogenesis of RA, we isolated RASFs 
from synovial tissues of patients with RA. Additionally, 
miR-218-5p in RASFs was silenced by small RNA interfer-
ence technology to investigate its effect on apoptosis, auto-
phagy and oxidative stress of RASFs, and the pathogenesis 
of RA was also explored from the level of miRNA/mRNA 
axis.

MATERIALS AND METHODS
Object of study
Thirty synovial tissue samples (19 women and 11 men, 
aged 30–75 years, mean 56±6 years) were collected from 
Tianjin Medical University General Hospital. All patients 
with RA were based on the American College of Rheuma-
tology Disease Analysis Standards. Thirty healthy control 
samples (18 women and 12 men, aged 30–73 years, mean 
53±8 years) were collected from patients with joint trauma 
who underwent joint replacement surgery in Tianjin 
Medical University General Hospital. Written informed 
consent was obtained from all subjects.

Cells isolated and cell culture
As described previously,16 human healthy synovial fibro-
blasts (HSFs) and RASFs were isolated and cultured. Briefly, 
the synovial tissues were washed with sterile PBS and then 
digested with 1 mg/mL type I collagenase at 37°C for 4 
houra. Cells were collected and placed in Roswell Park 
Memorial Institute medium 1640 (Solarbio, Beijing, China) 
containing 10% fetal bovine serum (FBS; Hyclone, USA) 
for 12 hours followed by sterile PBS. The primary HSFs and 
RASFs were obtained and incubated in PRMI medium 1640 
with 10% FBS, 100 U/mL penicillin (Sigma-Aldrich, USA), 
and 100 U/mL streptomycin (Sigma-Aldrich) in a 37°C, 5% 
CO2 incubator. HSFs and RASFs were used from passages 
3–7 for experimentation.

Quantitative reverse transcription–PCR (qRT-PCR)
Total RNA was extracted from cells (1×104) using TRIzol 
reagent (Invitrogen, USA). The concentration of total 
RNA was measured using an ND-1000 spectrophotometer 
(NanoDrop Technologies, Thermo Fisher Scientific, USA). 
To determine the expression of miR-218-5p, the TaqMan 
miRNA Reverse Transcription Kit (Applied Biosystems, 
Thermo Fisher Scientific) was used to reverse transcribe 
RNA into complementary DNA (cDNA). Real-Time PCR 
was performed on an Applied Biosystems 7500 Real-Time 

PCR System (Applied Biosystems) using Hairpinit miRNAs 
Real-Time PCR Quantitation Kit (Gene-Pharma, China). U6 
served as an endogenous reference for miR-218-5p expres-
sion. For the expression of KLF9 mRNA, total RNA was 
synthesized into cDNA using M-MLV reverse transcriptase 
(Promega, USA) and amplified using SYBR Premix Ex Taq 
Kit (Takara Bio, Japan). Glyceraldehyde-3-phosphate dehy-
drogenase (GAPDH) was used as an internal reference for 
KLF9 mRNA expression. The calculation was performed 
using the 2−ΔΔCT method.

Western blot
The cells were lysed in RIPA buffer (Beyotime, China) and 
then centrifuged at 12,000 g for 15 min. Eighty micro-
grams of protein was separated on a 10% sodium dodecyl 
sulfate–polyacrylamide gel and transferred to a nitrocel-
lulose membrane (EMD Millipore, USA). The membrane 
was blocked with 5% skim milk containing 0.1% Tween-20 
(Phosphate Buffered Saline and Tween) for 1 hour at room 
temperature, and then the membrane was blocked with 
anit-KLF9, anti-JAK2, anti-p-JAK2, anti-STAT3, anti-p-
STAT3 or anti-GAPDH and incubated at 4°C overnight. 
Subsequently, the membrane was incubated with goat 
anti-rabbit horseradish peroxidaxse-conjugated secondary 
antibody (sc-2004, 1: 2000; Santa Cruz Biotechnology) at 
37°C for 1 hour and was detected using a Western Bright 
Enhanced Chemiluminescence detection system (Advansta, 
USA). Quantification was performed using Image Lab V.3.0 
software (Bio-Rad Laboratories, USA).

Dual luciferase assay
The potential target of miR-218-5p was predicted using 
bioinformatics, and it was identified that miR-218-5p was 
able to bind to the 3′ untranslated region (UTR) of KLF9 
mRNA. The wild type (Wt) and mutant (Mut) seed regions 
of miR-218-5p in KLF9 mRNA 3′ UTR were chemically 
synthesized in vitro, and Spe I and HindIII restriction 
sites were added. Subsequently, the sequence was cloned 
into a Pmir-report luciferase reporter plasmid (Beyotime). 
Lipofectamine 2000 was used to co-transfect KLF9-Wt or 
KLF9-Mut plasmid vector with miR-218-5p mimic into 
RASFs. After 24 hours of incubation, the fluorescence 
intensity was determined using the dual luciferase reporter 
system (Promega Corporation) according to the manufac-
turer’s instructions. Renal fluorescence activity was used as 
an internal reference.

Transfection
miRNA mimics (miR-218-5p mimic and miR-NC), as well 
as small interfering RNA (siRNA) targeting miR-218-5p 
(si-miR-218-5p and si-NC) and KLF9 (si-KLF9 and si-Ctrl) 
were purchased from GenePharma (Shanghai, China). 
RASFs were seeded into 6-well plates at 2×105 cells / well 
and incubated at 37°Cfor 24 hours. When the cells reached 
80% confluence, the medium was discarded and washed 
three times with PBS. Lipofectamine 2000 (Invitrogen, USA) 
was used to transfect miR-218-5pmimic or si-miR-218-5p 
into cells. For rescue experiments, cells were cotransfected 
with si-miR-218-5p and si-KLF9, simultaneously. For inhi-
bition of JAK2/STAT3, RASFs were pretreated with AG490 
for 24 hours prior to miR-218-5p mimic transfection.17 The 
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expression of miR-218-5p and KLF9 in transfected cells 
was detected by qRT-PCR and western blot to confirm the 
transfection efficiency.

MTT assay
RASFs (5×103) were inoculated into 96-well plates, and 
20 µl of 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazol
ium bromide (MTT) (5 mg/mL; Sigma-Aldrich) was added 
to each well and incubated for 4 hours at room temperature. 
Subsequently, 150 µL of dimethyl sulfoxide (Sigma-Aldrich) 
was added to each well and stirred at room temperature for 
20 min. The optical density at 490 nm was measured using a 
microplate reader (Bio-Rad Laboratories).

Flow cytometry
RASFs (1×106) were seeded into six-well plates, and 
Annexin V-Alexa Fluor 647/PI apoptosis detection kit 
(Fcmacs, Jiangsu, China) was used to evaluate apoptosis. 
The cells were incubated with Annexin V-fluorescein 
isothiocyanate and propidium iodide for 30 min in the 
dark, and then the cells were analyzed by flow cytometry 
(Thermo Fisher Scientific).

Caspase-3 activity
A caspase-3 viability assay kit (Beyotime) was used to eval-
uate caspase-3 activity in cells. In brief, after transfection, 
RASFs cells were lysed with RIPA buffer (Beyotime), and 
the protein concentration was determined using the BCA 
protein assay kit (Beyotime). Thirty micrograms of the cell 
extract was placed in a 96-well plate loaded with 20 µg 
Ac-DEVD-pNA and incubated at 37°C for 2 hours. The 
caspase-3 activity was subsequently assessed by measuring 
the cleavage of the Ac-DEVD-pNA substrate to pNA, and 
the absorbance at 405 nm was measured. Relative caspase-3 
activity was measured by the ratio of the emission of treated 
cells to untreated cells.

Detection of oxidative stress indicators
Fluorescent probe dichloro-dihydro-fluorescein diacetate 
(DCFH-DA) was used to measure intracellular reactive 
oxygen species (ROS) levels.18 RASFs were placed in a dark 
incubator, and 10 µM DCFH-DA was added to the medium 
and incubated at 37°C for 30 min. Subsequently, after 
washing three times with PBS, the fluorescence intensity 
was measured in a fluorescence spectrophotometer at exci-
tation and emission wavelengths of 488 and 535 nm, respec-
tively. MDA levels, superoxide dismutase (SOD) activity, 
and GPx activity were measured as previously described.19 
Related kits were purchased from Nanjing Jiangcheng 
Bioengineering Institute (Nanjing, China).

Statistical analysis
All statistical analyses were performed using SPSS software 
V.16.0. Data are expressed as the mean±SD. Two groups of 
data were compared using t-test. Comparisons among three 
or more groups were conducted using a one-way analysis 
of variance followed by Tukey’s post hoc test. A p value of 
<0.05 was considered to indicate a statistically significant 
difference.

RESULTS
The expression of miR-218-5p in synovial tissues of patients 
with RA and RASFs was upregulated.

To investigate the role of miR-218-5p in RA, we exam-
ined miR-218-5p expression in synovial tissue samples 
from 30 patients with RA and 30 healthy controls. qRT-
PCR analysis showed that miR-218-5p expression was 
significantly higher in RA synovial tissues than in healthy 
synovial tissue (figure  1A). In addition, HSFs and RASFs 
were isolated from healthy synovial tissues and RA synovial 
tissues, respectively. It was found that miR-218-5p expres-
sion was markedly increased in RASFs compared with HSFs 
(figure  1B). These results indicated that upregulation of 
miR-218-5p expression may be involved in the develop-
ment of RA.

KLF9 was a target of miR-218-5p
Next, we used western blot assay to analyze the expression 
of KLF9 in RA synovial tissues and RASFs. As shown in 
figure 2A, the expression of KLF9 protein in RA synovial 
tissue was markedly lower than that in healthy controls. 
Correlation analysis found that miR-218-5p was negatively 
correlated with KLF9 protein expression in RA synovial 
tissues (figure  2B). qRT-PCR and western blot analysis 
revealed that the expression of KLF9 mRNA and protein in 
RASFs was significantly lower than that in HSFs (figure 2C). 
Additionally, Targetscan was used to predict potential 
targets for miR-218-5p, and it was shown that there is a 
miR-218-5p binding site in the 3′ UTR of KLF9 mRNA 
(figure  2D). The luciferase reporter vector containing 
KLF9-Wt and KLF9-Mut was constructed, and co-trans-
fected with miR-218-5p or miR-NC into RASFs, respec-
tively. The results of the dual luciferase assay showed that 
miR-218-5p significantly reduced the luciferase activity of 
the KLF9-Wt luciferase reporter vector (figure 2E), which 
indicated that KLF9 is the target of miR-218-5p.

To investigate the effect of miR-218-5p on the expression 
of KLF9 in RASFs, RASFs were transfected with miR-218-5p 
siRNA or miR-218-5p mimic (figure 2F). Compared with 

Figure 1  Expression of miR-218-5p in synovial tissues of 
patients with RA and RASFs was upregulated. (A) Expression of 
miR-218-5p in healthy controls (n=30) and RA synovial tissues 
(n=30) was analyzed by qRT-PCR. (B) Expression of miR-218-
5p in in HSFs and RASFs was analyzed by qRT-PCR. *P<0.05. 
HSF, healthy synovial fibroblast; qRT-PCR, quantitative reverse 
transcription–PCR; RA, rheumatoid arthritis; RASF, rheumatoid 
arthritis synovial fibroblast.
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si-NC, si-miR-218-5p transfection resulted in a significant 
decrease in miR-218-5p expression, whereas compared 
with miR-NC, miR-218-5p mimic transfection resulted in 
an obvious increase in miR-218-5p expression. Moreover, 
qRT-PCR (figure 2G) and western blot (figure 2H) showed 
that downregulation of miR-218-5p significantly increased 
the expression of KLF9 mRNA and protein in RASFs. In 
contrast, miR-218-5p mimic significantly reduced the 
expression of KLF9 in RASFs. These results indicated that 
miR-218-5p could directly bind to the 3′ UTR of KLF9 to 
inhibit the expression of KLF9.

Knockdown of miR-218-5p regulated proliferation, 
apoptosis and autophagy of RASFs by targeting KLF9
To further study the role of miR-218-5p in RA progres-
sion, RASFs were cotransfected with miR-218-5p siRNA 
and KLF9 siRNA. Western blot assay showed that si-miR-
218-5p significantly increased KLF9 protein expression in 
RASFs, whereas si-KLF9 reversed this effect (figure  3A). 
Subsequently, MTT assay was used to evaluate the effect 
of miR-218-5p on the proliferation of RASFs. It was found 
that downregulation of miR-218-5p markedly reduced the 
cell viability of RASFs, which was obviously reversed by 
si-KLF9 (figure 3B).

Abnormal cell autophagy and apoptosis are closely 
related to the persistent proliferation of RASFs.20 More-
over, induction of autophagy can cause programmed cell 
death.21 We used flow cytometry to analyze the effect of 
miR-218-5p on apoptosis (figure 3C). The results showed 
that si-miR-218-5p promoted the apoptosis of RASFs, and 
si-KLF9 eliminated the effect of si-miR-218-5p on apop-
tosis. Additionally, caspase-3 activity test also proved that 
si-KLF9 removed the enhancement effect of si-miR-218-5p 
on caspase-3 activity (figure  3D). We further evaluated 
the effect of miR-218-5p on autophagy in RASFs cells by 
detecting the expression of autophagy marker proteins 
LC3, Beclin-1 and p62. As shown in figure 3E,F, knock-
down of miR-218-5p in RASFs observed higher levels of 
the conversion of LC3I to LC3II and the expression of 
Beclin-1, and inhibited the expression of p62, suggesting 
that knockdown of miR-218-5p could promote autophagy 
of RASFs. As expected, the introduction of si-KLF9 was 
able to reverse this effect. These results revealed that the 
inhibitory effect of knockdown miR-218-5p on RASFs 
proliferation may be related to its promotion of apoptosis 
and autophagy.

Figure 2  KLF9 was a target of miR-218-5p. (A) The expression of KLF9 protein in synovial tissue from patients with RA (n=30) and 
healthy controls (n=30) was detected by western blot. (B) There was a negative correlation between miR-218-5p and KLF9 protein 
expression in RA synovial tissues (n=30). (C) The expression of KLF9 mRNA and protein in RASFs and HSFs was analyzed by qRT-PCR and 
western blot. (D) TargetScan showed that miR-218-5p binds to 3′ UTR of KLF9. (E) Luciferase reporter vectors containing KLF9-Wt and 
KLF9-Mut were constructed and then cotransfect with miR-218-5p or miR-NC into 293 T cells to detect luciferase activity. (F) The expression 
of miR-218-5 in RASFs after transfection with si-miR-218-5p or miR-218-5p mimic was determined by qRT-PCR. qRT-PCR (G) and western 
blot assay (H) were used to analyze the expression of KLF9 mRNA and protein in RASFs after transfection with si-miR-218-5p or miR-
218-5p mimic. *P<0.05. HSF, healthy synovial fibroblast; qRT-PCR, quantitative reverse transcription–PCR; RA, rheumatoid arthritis; RASF, 
rheumatoid arthritis synovial fibroblast; UTR, untranslated region; Wt, wild type.
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Figure 3  Knockdown of miR-218-5p regulated proliferation, apoptosis and autophagy of RASFs by targeting KLF9. (A) The expression of 
KLF9 protein in RASFs transfected with si-miR-218-5p and si-KLF9 was detected by western blot. (B) Proliferation of RASFs transfected with 
si-miR-218-5p and si-KLF9 was detected by MTT assay. (C) Apoptosis of RASFs transfected with si-miR-218-5p and si-KLF9 was detected 
by flow cytometry. (D) The activity of caspase-3 in RASFs transfected with si-miR-218-5p and si-KLF9 was detected by caspase-3 activity 
detection kit. (E–F) The protein expression of LC3, Beclin-1 and p62 in RASFs transfected with si-miR-218-5p and si-KLF9 was analyzed by 
western blot assay. *P<0.05. MTT, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide; OD490, optical density at 490 nm; RASF, 
rheumatoid arthritis synovial fibroblast.



829Chen M, et al. J Investig Med 2021;69:824–832. doi:10.1136/jim-2020-001437

Original research

Knockdown of miR-218-5p reduced oxidative stress in 
RASFs by targeting KLF9
To assess the effect of miR-218-5p on RASFs oxidative stress, 
markers related to oxidative stress were measured, including 

levels of ROS and MDA, and activities of SOD and GPx. As 
shown in figure 4A–D, knockdown of miR-218-5p signifi-
cantly reduced the levels of ROS and MDA in RASFs cells 
and increased the activity of SOD and GPx, suggesting that 
inhibition of miR-218-5p expression can improve oxidative 
stress in RASFs. In addition, silencing of KLF9 was able to 
reverse the antioxidant stress effect of si-miR-218-5p.

Knockdown of miR-218-5p inhibited JAK2/STAT3 
signaling pathway by targeting KLF9
The JAK2/STAT3 pathway has been shown to participate 
in the onset of RA. We subsequently analyzed the effect of 
miR-218-5p on the JAK2/STAT3 pathway. Western blot 
analysis showed that transfection of si-miR-218-5p signifi-
cantly inhibited the phosphorylation of JAK2 and STAT3 
in RASFs, while the introduction of si-KLF9 reversed this 
effect (figure  5A). To confirm the role of JAK2/STAT3, 
RASFs were pretreated with AG490, the inhibitor of JAK2/
STAT3, followed by miR-218-5p mimic transfection. 
As expected, the phosphorylation of JAK2 and STAT3 
induced by miR-218-5p mimic could be reversed by AG490 
(figure  5B). Moreover, the oxidative stress enhanced by 
miR-218-5p also could be abolished by AG490 treatment 
(figure 5C–F).

DISCUSSION
Although the pathogenesis of RA is not clear, a large amount 
of data indicates that miRNAs can promote the patho-
genesis of RA by regulating related genes in RASFs.22 23 
Previous studies have shown that miR-218-5p is involved 
in inflammation and immune regulation.24–26 Additionally, 
the expression of miR-218-5p is significantly upregulated 
in moderate and severe osteoarthritis, which may be an 
inducer of cartilage destruction.27 Interestingly, Iwamoto 

Figure 4  Knockdown of miR-218-5p reduced oxidative stress 
in RASFs by targeting KLF9. The effect of cotransfection of si-miR-
218-5p and si-KLF9 on oxidative stress in RASFs was evaluated 
by evaluating ROS level (A), MDA content (B), SOD activity 
(C), and GPx activity (D). *P<0.05. RASF, rheumatoid arthritis 
synovial fibroblast; ROS, reactive oxygen species; SOD, superoxide 
dismutase.

Figure 5  Knockdown of miR-218-5p inhibitedJAK2/STAT3 signaling pathway by targeting KLF9. The protein expression of Jak2, p-JAK2, 
STAT3, p-STAT3 in RASFs transfected with si-miR-218-5p and si-KLF9 was analyzed by western blot assay. *P<0.05. RASF, rheumatoid 
arthritis synovial fibroblast; ROS, reactive oxygen species; SOD, superoxide dismutase.
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et al28 confirmed that miR-218 is upregulated in RASF 
through miRNA array analysis and is involved in regu-
lating the osteogenic differentiation of RASFs. Based on 
these data, we tried to explore the influence of miR-218-5p 
on the characteristics of RASFs. As a results, the present 
study confirmed that miR-218-5p regulated the prolifera-
tion, apoptosis, autophagy, and oxidative stress of RASFs 
by targeting KLF9, which may involve the JAK2/STAT3 
pathway. Our findings suggested that miR-218-5p may be 
a potential biomarker or therapeutic target for RA, which 
may help explore new therapies for RA.

Generally, miRNAs regulate the expression of a target 
gene by directly binding to the 3′ UTR of the target gene 
mRNA in a manner that degrades or inhibits translation. 
By binding to various target genes, various miRNAs are 
involved in the pathogenesis of RA. For example, Liu et 
al29 found that miR-146a inhibits the proliferation and 
inflammation of RASFs by inhibiting the TLR4/nuclear 
factor-kappa B (NF-κB) pathway. Yang et al30 showed that 
miR-338-5p promotes the proliferation, migration and 
invasion of RASFs by targeting SPRY1. Liu et al31 demon-
strated that miR-212–3 p inhibits the proliferation of RASFs 
and promotes apoptosis by targeting SOX5, suggesting that 
miR-212-3p may become one of the biological targets for 
RA treatment. Therefore, we speculated that miR-218-5p 
may participate in the pathological process of RA by directly 
binding its target genes. We found through online prediction 
software that miR-218-5p may target the 3′ UTR of KLF9 
mRNA. The results of the luciferase reporter assay also 
confirmed that KLF9 was a direct target of miR-218-5p. 
Therefore, we believed that miR-218-5p could target KLF2 
to participate in the regulation of a series of cellular activ-
ities in RASFs.

The pathological changes of RA are characterized by 
abnormal proliferation of RASFs.8 The abnormal prolifer-
ation of RASFs mainly involves two aspects: active prolif-
eration and inhibition of apoptosis.32 Autophagy, as a 
protective mechanism in the evolution of eukaryotic cells, 
has also recently been shown to be involved in the apoptosis 
of RASFs.33 Kim et al20 found that initiation of autophagy 
helps relieve bone damage in RA. Chatzikyriakidou et al34 
also found that RA susceptible persons lack autophagy-
related gene polymorphisms, suggesting that autophagy 
defects may be related to the pathogenesis of RA. In addi-
tion, Kato et al35 proposed that autophagy plays a dual role 
in cell death that autophagy not only helps RASFs resist 
apoptosis induced by endoplasmic reticulum stress, but also 
induces autophagic death of RASFs.

The role of miRNAs in proliferation, apoptosis and auto-
phagy has been widely confirmed. For example, miR-381 
promotes apoptosis and autophagy of prostate cancer 
cells through inhibiting the reelin-mediated PI3K/AKT/
mTOR pathway.36 miR-142 directly targets ULK1, ATG4A 
and ATG5 to regulate autophagy in osteosarcoma cells.37 
Ran et al38 showed that HMGB1-mediated autophagy 
can be inhibited by miR-218 overexpression. Besides, as a 
Krüppel-like factor (KLF) family member, KLF9 has also 
been shown to be involved in the regulation of apoptosis 
and autophagy.39 Ma et al39 reported that KLF9 knock-
down can significantly inhibit CRL-7566 cell proliferation 
and autophagy, and induce apoptosis, and this process is 
regulated by miR-142-3p. In the present study, we found 

that knockdown of miR-218-5p inhibited the prolifera-
tion of RASFs and promoted apoptosis through targeting 
KLF9. Similarly, we also observed in RASFs that silencing of 
miR-218-5p increased the expression of autophagy marker 
protein LC3II and Beclin-1 and promoted the degrada-
tion of autophagy substrate protein p62, while KLF9 
silencing reversed this effect. Therefore, the mechanism of 
miR-218-5p/KLF9 axis-mediated RASFs proliferation may 
lie in its inhibitory effect on autophagy.

It is well known that oxidative stress is closely related to 
cell proliferation and apoptosis.40 In the mitochondrial apop-
tosis pathway, mitochondria mainly increase the production 
of ROS. Excess ROS mediates apoptosis through multiple 
pathways, including enhanced lipid peroxidation, affecting 
cytokine expression.41 Zuo et al42 found that ROS plays an 
important role in inhibiting the proliferation of RASFs by 
mediating the NF-κB/MAPK feedback loop and apoptosis. 
Interestingly, miR-218-5p not only regulates the prolifera-
tion and apoptosis of many types of cells43 but also has been 
reported to be involved in regulating immune responses, 
autophagy, and oxidative stress.38 44 We also found that 
knockdown of miR-218-5p improved oxidative stress in 
RASFs in the present study. Study has confirmed that ROS 
plays an important role in inducing autophagy, regulating 
autophagy proteins by regulating autophagy transcription 
factors.45 Alsousi et al46 found that ROS may promote 
the pathogenesis of RA in RASFs by inducing autophagy. 
However, the mechanisms by which miR-218-5p/KLF9 axis 
regulates autophagy and oxidative stress in RASFs, as well 
as crosstalk between autophagy and oxidative stress, remain 
to be explored.

The role of the JAK2/STAT3 pathway in the pathogen-
esis of RA has been widely confirmed and is considered to 
be a key pathway for activating complex signaling mech-
anisms in RA.47 The activation of JAK/STAT signaling 
pathway is one of the aggressive inflammation mecha-
nisms of joint injury in RA, and several JAK inhibitors are 
currently being developed for therapy of RA.48 In addition 
to inflammation, the JAK/STAT pathway is also involved 
in regulating the proliferation, apoptosis and autophagy of 
RASFs. For example, STAT1 and STAT3 have been shown 
to participate in promoting the proliferation of RASFs.49 
Blocking the JAK/STAT3 pathway can promote RASFs 
apoptosis and inhibit proliferation.50 Chang et al51 found 
that inhibiting STAT3 activation can reduce autophagy 
in interleukin-7-treated RASFs. Yang et al52 showed that 
miR-218 can regulate the proliferation and invasion of 
lung cancer cells in vitro by regulating the JAK2/STAT3 
pathway. In the present study, we found that knockdown 
of miR-218-5p could inhibit the phosphorylation of JAK2 
and STAT3, while knockdown of KLF9 could eliminate 
the inhibitory effect of miR-218-5p silencing on the JAK2/
STAT3 pathway. Additionally, the oxidative stress induced 
by miR-218-5p also could be abolished by AG490, the 
inhibitor of the JAK2/STAT3 pathway. Collectively, the 
JAK2/STAT3 pathway may be involved in the mechanism 
of miR-218-5p/KLF9 axis in RA.

In summary, we confirmed that miR-218-5p was upreg-
ulated in RA synovial tissue and RASFs. We also confirmed 
that miR-218-5p could directly target KLF9 to regulate 
proliferation, apoptosis, autophagy and oxidative stress 
of RASFs, and this process also involved the JAK2/STAT3 
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pathway. Therefore, the inhibitory effect of miR-218-5p 
may provide new ideas for the treatment of RA.
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