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Abstract. MicroRNAs (miRNAs/miRs) are a group of 
non‑coding RNAs that regulate the activity of target mRNAs 
and cellular processes, and which have been implicated in the 
pathogenesis of autoimmune diseases. miR‑221 is one of the 
miRNAs that regulate cell proliferation, invasion and apoptosis 
in tumors. However, the role of miR‑221 in rheumatoid arthritis 
(RA) remains to be fully elucidated. Therefore, the present 
study was undertaken to identify the role of miR‑221 in RA. 
The expression of miR‑221 in serum and synovial tissues of 
patients with RA and healthy controls was confirmed by reverse 
transcription quantitative polymerase chain reaction analysis. 
The effects of miR‑221 on pro‑inflammatory cytokines and a 
chemokine were assessed by ELISA. The effects of miR‑221 
on cell apoptosis, migration and invasion in fibroblast‑like 
synoviocytes (FLS) were also assessed in vitro. The results 
showed that miR‑221 expression in serum and synovial tissues 
of patients with RA was higher than that in healthy controls. 
Downregulation of miR‑221 significantly suppressed the 
expression of pro‑inflammatory cytokines and the chemokine, 
and inhibited FLS cell migration and invasion via inhibiting 
vascular endothelial growth factor, matrix metalloproteinase 
(MMP)‑3 and MMP‑9 expression. In addition, downregulation 
of miR‑221 significantly induced cell apoptosis and decreased 
survivin and X‑linked inhibitor of apoptosis protein expres-
sion. These findings indicated that downregulation of miR‑221 
inhibited the expression of pro‑inflammatory cytokines and 
the chemokine, suppressed FLS cell migration and invasion, 
and induced cell apoptosis. Therefore, miR‑221 is likely to 
be implicated in RA pathogenesis via these mechanisms, and 
may be a target for the treatment of RA.

Introduction

Rheumatoid arthritis (RA) is a systemic, chronic inflam-
matory disease characterized by synovial hyperplasia, joint 
destruction and extraarticular manifestations, and it has a 
significant impact on morbidity as well as mortality, leading 
to hyperproliferation of synovial cells and tissue destruc-
tion (1,2). Although it is thought that the interaction of genetic, 
immunological and environmental factors contributes to the 
disease (3), the pathogenesis of RA, in particular the role of 
microRNAs (miRNAs/miRs) in RA, has remained to be fully 
elucidated.

miRNAs are endogenous small (21‑25 nucleotides), 
single‑stranded, non‑coding RNAs that mediate mRNA 
cleavage, translational repression and mRNA destabiliza-
tion (4). To date, using various computational and experimental 
approaches, >2,200 human miRNAs have been registered in 
the miR Base database (release 19) (5). It has been reported 
that alterations in miRNA expression levels impact expres-
sion of the target genes in a 1.2‑fold to 4‑fold manner and 
thus represent a fine‑tuning mechanism regulating protein 
expression  (6). Therefore, miRNAs are thought to have a 
crucial role in regulating innate as well as adaptive immune 
responses (7). Dysregulation of miRNA in peripheral blood 
mononuclear cells (PBMCs), T lymphocytes, synovial fibro-
blasts and osteoclasts, each of those considered a key effector 
of joint destruction, has been shown to cause inflammation, 
degradation of the extracellular matrix and invasive behavior 
of resident cells  (8‑11). Altered expression of circulating 
miRNAs has repeatedly been reported to be associated with 
RA (12,13).

miR‑221 is one of the miRNAs that is evolutionarily 
conserved among vertebrates and abundantly expressed 
in plasma  (14,15). Recently, accumulating evidence has 
demonstrated that miR‑221 has a crucial role in cell growth, 
oncogenesis, invasion, migration and drug resistance in tumor 
cells  (16‑18). In addition, miR‑221 also regulates cytokine 
production  (19). In particular, a recent study showed that 
miR‑221/222 was dysregulated in synovial fibroblasts in 
RA (20). However, the role of miR‑221 in RA has remained 
elusive. Therefore, the present study analyzed the asso-
ciation between miR‑221 expression and the expression of 
pro‑inflammatory cytokines and a chemokine in fibroblast‑like 
synoviocytes (FLS). The effects of miR‑221 on cell apoptosis, 
migration as well as invasion in FLS were also examined.
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Materials and methods

Patients and healthy controls. Fresh peripheral blood and 
synovial tissue specimens were obtained from healthy donors 
(n=18) with no history of autoimmune diseases or patients 
with rheumatoid arthritis (RA, n=22) at the Department of 
Orthopedic Surgery, the Second Hospital of Jilin University 
(Changchun, China). Ethical approval of the use of human 
samples in this study was granted by the Ethics Committee of 
Jilin University, and written informed consent was obtained 
from all study participants. All RA patients fulfilled the 
American College of Rheumatology criteria for classification 
of the disease (21).

A 5‑ml sample of peripheral venous blood from each 
study participant was collected using EDTA‑coated tubes (BD 
Vacutainer 5 ml; BD Diagnostics, Franklin Lakes, NJ, USA) 
according to standard procedures. The blood samples were 
then centrifuged at 1,000 xg for 10 min at 4˚C, the serum was 
immediately separated from the blood, and RNA was imme-
diately extracted.

Cell culture. FLS were isolated from synovial tissues by 
enzymatic digestion as previously described (22). FLS were 
grown in Dulbecco's modified Eagle's medium (DMEM; 
Gibco‑BRL, Invitrogen Life Technologies, Carlsbad, CA, 
USA) medium containing 10% heat‑inactivated fetal calf 
serum (FCS; Invitrogen Life Technologies) supplemented 
with antibiotics (100 mg/ml streptomycin and 100 U/ml peni-
cillin; Sigma‑Aldrich, St. Louis, MO, USA) in a humidified 
incubator at 37˚C in 5% CO2. Cultures of FLS were subjected 
to experimental procedures at passages 4‑6.

Cell transfection. miR‑221 inhibitors and corresponding 
negative controls (NC) were purchased from Ambion (Life 
Technologies, Thermo Fisher Scientific, Waltham, MA, USA). 
The Oligofectamine™ Transfection Reagent from Invitrogen 
Life Technologies was used for cell transfection according 
to the manufacturer's instructions. The final concentration of 
the miRNA inhibitor was 50 nM.

miRNA reverse transcription quantitative polymerase chain 
reaction (RT‑qPCR) analysis. Total RNA of cells, serum or 
tissue, including miRNAs, was extracted using the Qiagen 
miRNeasy mini kit (catalogue no. 217004; Qiagen, Hilden, 
Germany) according to the manufacturer's instructions. The 
purity and concentration of RNA were determined by using 
a dual‑beam ultraviolet spectrophotometer (BioSpectrometer 
plus; Eppendorf, Hamburg, Germany). RNA was then 
reversely transcribed into cDNA using an NCode VILO 
miRNA cDNA Synthesis kit (Life Technologies). Real‑time 
qPCR was performed using Express SYBR Green ER qPCR 
Supermix (both from Life Technologies) and an Applied 
Biosystems  7500 Thermocycler (Life Technologies). For 
detection of miR‑221 and U6 small nuclear RNA expres-
sion, specific primers were obtained from Exiqon (Vedbaek, 
Denmark), i.e. U6 snRNA PCR primer set (product 
no.  203907), and LNA™ Homo sapiens‑miR‑221 PCR 
primer set (product no. 204532). The qPCR conditions were 
as follows: An initial 95˚C for 4 min followed by 40 cycles of 
95˚C for 10 sec and 58˚C for 30 sec. A dissociation curve was 

established after each PCR in order to verify amplification 
specificity. The integrity of the miRNA and the efficiency 
of qPCR in each sample were confirmed by the endogenous 
control U6 small nuclear RNA. Negative control experiments 
were set without cDNA template. The data were analyzed 
with SDS Relative Quantification Software version 2.06 
(Life Technologies).

ELISA. To quantify tumor necrosis factor (TNF)‑α, inter-
leukin (IL)‑6, IL‑1β and chemokine (C‑X‑C motif) ligand 16 
(CXCL16) production in FLS, cells transfected with miR‑221 
inhibitor and corresponding negative control, respectively, 
were cultured for 8 h, followed by stimulation with 10 µg/ml 
lipopolysaccharide (LPS; Sigma‑Aldrich), and then incu-
bated for 24 h. Twenty‑four hours after LPS stimulation, 
culture supernatants were harvested, and the concentrations 
of TNF‑α, IL‑6, IL‑1β and CXCL16 were measured using 
an ELISA kit for human TNF‑α, IL‑6, IL‑1β and CXCL16 
(Genzyme, Cambridge, MA, USA) in a microplate reader 
(Multiskan MK3; Thermo Fisher Scientific). The concentra-
tions of each were normalized relative to the total number of 
cells.

Apoptosis analysis. The terminal deoxynucleotidyl trans-
ferase dUTP nick end labeling (TUNEL) assay was performed 
to determine the number of apoptotic cells. In brief, cellular 
DNA fragmentation was measured with the ApoTag Red 
in  situ Apoptosis detection kit (Chemicon International, 
EMD Millipore, Billerica, MA, USA) according to the 
manufacturer's instructions after FLS cells were transfected 
with miR‑221 inhibitor and corresponding negative control 
for 24 h and exposed to LPS for 48 h. In order to quantify 
the apoptotic cells, the TUNEL‑positive cells were counted 
using a confocal microscope (IX51; Olympus, Tokyo, Japan). 
The number of apoptotic cells in five random high‑power 
fields were counted and expressed as a percentage of total 
cells (apoptotic fraction).

In addition, survivin and X‑linked inhibitor of apoptosis 
protein (XIAP) were also detected by western blot as an 
additional indicator of apoptosis.

Cell migration and invasion assay. To assess the effect of 
miR‑221 on FLS cell migration, a wound‑healing assay was 
performed. In brief, FLS cells were seeded at a density of 
5x103 cells/well in a 96‑well plate after FLS were pre‑treated 
with miR‑221 inhibitor or corresponding negative control 
(NC) for 24 h and exposed to LPS for 48 h. After the cells 
had formed a fluent monolayer, they were observed under a 
fluorescent microscope (X41; Olympus). A linear scratch was 
formed using a 10‑µl pipette tip at 48 h after transfection. 
Wounded monolayers were washed with phosphate‑buff-
ered saline (PBS) to remove detached cells and debris. 
Photomicrographs of ten random fields were obtained (orig-
inal magnification, x100), and cells were counted to calculate 
the average number of cells that had migrated.

For the in vitro invasion assay, Transwell chamber experi-
ments were performed using inserts coated using a Matrigel 
basement membrane matrix (Matrigel; Becton Dickinson, 
La Jolla, CA, USA). In brief, the Matrigel was diluted in 
serum‑free cold media, placed into upper chambers of a 
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24‑well Transwell plate and incubated at 37˚C for 1 h. Cells 
were re‑suspended with serum‑free DMEM media at a 
density of 5x104 cells/well and incubated for 48 h to evaluate 
cell invasion. Cell invasion was observed using an immuno-
fluorescence microscope (X41; Olympus) by counting the 
cells that had invaded into the bottom of the cell culture 
insert. All experiments were performed in triplicate.

Measurement of VEGF production. VEGF production was 
determined by competitive ELISA. In brief, FLS cells were 
treated with miR‑221 inhibitor and corresponding negative 
control for 24 h in 12‑well plates and subsequently exposed 
to LPS for 48 h. These culture media were centrifuged to 
remove cell debris. Cell‑free culture media were collected at 
8 h. Then PGE2 levels were measured using Human VEGF 
ELISA kits (Yanyu, Shanghai, China) according to the 
manufacturer's instructions.

Western blot analysis. For western blot analyses, FLS cells 
were harvested and rinsed once with ice‑cold PBS and lysed in 
ice‑cold cell lysis buffer (Walterson, London, UK) containing 
complete protease inhibitor cocktail (Sigma‑Aldrich) 
following pre‑treatment of FLS with miR‑221 inhibitor or 
corresponding negative control (NC) for 24 h and exposure to 
LPS for 48 h. The protein concentration was determined using 
the bicinchoninic protein assay kit (KeyGen Biotech, Nanjing, 
China) using a c‑globulin standard curve. Equal amounts of 
protein (20 µg/lane) from the cell lysates were separated using 
10‑15% SDS‑PAGE (Sigma‑Aldrich) and transferred onto 

nitrocellulose membranes (Santa Cruz Biotechnology, Inc., 
Dallas, TX, USA). The membrane was incubated for 2 h in PBS 
plus 0.1% Tween‑20 (Sigma‑Aldrich) and 5% non‑fat skimmed 
milk to block non‑specific binding. The membranes were then 
incubated overnight at 4˚C with the following antibodies: 
Rabbit monoclonal anti‑survivin (1:1,000; cat. no. EP2880Y; 
Abcam, Cambridge, UK); rabbit polyclonal anti‑XIAP (1:1,000; 
cat. no. 2042s; Cell Signaling Technology, Beverly, MA, USA); 
mouse monoclonal anti‑MMP‑3 (1:1,000; cat. no. 69543; EMD 
Millipore) and mouse monoclonal anti‑MMP‑9 (1:5,000; 
cat. no.  sc‑12759; Santa Cruz Biotechnology, Inc.). Mouse 
monoclonal anti‑GAPDH (1:10,000; cat. no. sc‑47724; Santa 
Cruz Biotechnology, Inc.) was used as a loading control. 
The membranes were incubated with the appropriate horse-
radish peroxidase‑conjugated immunoglobulin G (anti‑rabbit 
1:10,000; cat.  no.  7074S; Cell Signaling Technology; 
or anti‑mouse 1:10,000; cat.  no.  sc‑2005; Santa Cruz 
Biotechnology, Inc.) for 2 h at room temperature, and protein 
bands were visualized using an Enhanced Chemiluminescence 
reagent (Thermo Fisher Scientific).

Statistical analysis. Values are expressed as the mean ± stan-
dard deviation of data from at least three independent 
experiments. Student's t‑test or analysis of variance were 
used. All data were analyzed using the SPSS® statistical 
package, version 16.0 (SPSS Inc., Chicago, IL, USA) and 
GraphPad Prism version 5.01 (GraphPad Software, La Jolla, 
CA, USA) for Windows®. P<0.05 was considered to indicate 
a statistically significant difference between values.

Figure 1. miR‑221 expression is significantly increased in serum and synovial tissues from patients with RA. Expression of miR‑221 in (A) serum and 
(B) synovial tissues of 18 HCs and in the 22 patients with RA was measured by qPCR. (C) After stimulation with LPS, miR‑221 mRNA levels of FLS cells 
were evaluated by qPCR. (D) After transfection with miR‑221 inhibitor and corresponding NC, miR‑221 mRNA levels in FLS cells stimulated with LPS were 
determined by qPCR. Values are expressed as the mean ± standard deviation. *P<0.01 vs. HCs, $P<0.01 vs. Normal, #P<0.01 vs. NC. NC, negative control; 
RA, rheumatoid arthritis; miR, microRNA; FLS, fibroblast‑like synoviocytes; qPCR, quantitative polymerase chain reaction; HC, healthy control; LPS, 
lipopolysaccharide.
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Results

miR‑221 expression in serum and synovial tissues is signifi‑
cantly elevated in RA patients. Using RT‑qPCR analysis, 
miR‑221 expression levels in serum and synovial tissues of 
patients with RA and healthy controls were determined. It was 
found that miR‑221 expression in serum and synovial tissues 
was significantly elevated in RA patients compared with 
those in healthy controls (P<0.01; Fig. 1A and B). In addition, 
miR‑221 expression in human FLS cells was determined. The 
results showed that miR‑221 in FLS cells was significantly 
upregulated by LPS stimulation compared with that in normal 
FLS (without stimulation) (P<0.01; Fig. 1C). To investigate the 
role of miR‑221 in RA, miR‑221 inhibitor and corresponding 
negative control were transfected into FLS cells stimulated 
with LPS. RT‑PCR analysis demonstrated that the expression 
of miR‑221 in cells transfected with miR‑221 inhibitor was 

decreased compared with that in cells transfected with nega-
tive control (P<0.05; Fig. 1D).

miR‑221 inhibitor decreases LPS‑induced pro‑inflammatory 
cytokines and CXCL16 expression in FLS. To examine whether 
downregulation of miR‑221 had any effect on pro‑inflamma-
tory cytokines and a chemokine in FLS cells stimulated with 
LPS, ELISAs were performed to quantify TNF‑α, IL‑6, IL‑1β 
and CXCL16 levels. It was found that transfection of miR‑221 
inhibitor significantly inhibited the expression of TNF‑α, 
IL‑6 and IL‑1β and CXCL16 upregulated by LPS (P<0.01; 
Fig. 2A‑D). These results suggested that downregulation of 
miR‑221 decreased TNF‑α, IL‑6 and IL‑1β and CXCL16 
production in FLS cells stimulated with LPS.

miR‑221 induces cell apoptosis of FLS stimulated with LPS. 
In order to examine whether the miR‑221 has any effect on 

Figure 3. miR‑221 inhibitor‑induced cell apoptosis in FLS cells stimulated with LPS. (A) FLS cells were pre‑treated with miR‑221 inhibitor or corresponding 
NC for 24 h and exposed to LPS for 48 h, then cellular apoptosis was measured using the terminal deoxynucleotidyl transferase dUTP nick end labeling 
assay; (B) FLS cells were pre‑treated with miR‑221 inhibitor or corresponding NC for 24 h and exposed to LPS for 48 h, then survivin and XIAP expression 
were determined by ELISA. Values are expressed as the mean ± standard deviation. *P<0.05, and **P<0.01 vs. control. NC, negative control; miR, microRNA; 
FLS, fibroblast‑like synoviocytes; LPS, lipopolysaccharide; XIAP, X‑linked inhibitor of apoptosis protein.

Figure 2. Suppression of LPS‑induced expression of pro‑inflammatory cytokines in FLS by miR‑221 inhibitor. Cells were transfected with miR‑221 or 
corresponding NC and then stimulated with 10 mg/ml LPS. 24 h later, the culture supernatants were collected and concentrations of (A) TNF‑α, (B) IL‑6, 
(C) IL‑1β and (D) CXCL16 were determined by ELISA. Values are expressed as the mean ± standard deviation. *P<0.05 and **P<0.01 vs. control. NC, negative 
control; miR, microRNA; FLS, fibroblast‑like synoviocytes; TNF, tumor necrosis factor; IL, interleukin.; LPS, lipopolysaccharide; CXCL16, chemokine 
(C‑X‑C motif) ligand 16.
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cell apoptosis, a TUNEL assay was performed. FLS cells 
were treated for 24 h with the miR‑221 inhibitor and corre-
sponding negative control and then subsequently exposed to 
LPS for 48 h, followed by TUNEL assay. The results showed 
that miR‑221 inhibitor markedly increased the percentage of 
apoptotic cells compared to that in the untreated control group 
and negative control treatment group (P<0.01; Fig. 3A).

To explore the possible mechanism of the pro‑apoptotic 
effect of miR‑221, survivin and XIAP expression were 
determined by western blot. The results are shown in Fig. 3B, 
demonstrating that the miR‑221 inhibitor significantly 
decreased survivin and XIAP expression compared with that 
in the control and negative control treatment groups.

Inhibition of miR‑221 reduces FLS migration and invasion 
of FLS stimulated with LPS. In order to further illustrate the 
effects of miR‑221 on FLS, cell migration and invasion were 
evaluated. FLS cells stimulated with LPS were transfected 
with miR‑221 inhibitor and corresponding negative control, 
followed by wound healing and Transwell assays. The results 
demonstrated that the miR‑221 inhibitor significantly attenu-
ated the migration and invasion of FLS (P<0.01; Fig. 4A and 
B).

Inhibition of miR‑221 decreases the expression of VEGF‑A, 
MMP‑1 and MMP‑3 in human RA‑FLS. To illustrate the 
possible underlying mechanism of the effect of miR‑221 on 
the migration and invasion, the effect of miR‑221 inhibition 

on levels of VEGF, MMP‑3 and MMP‑9 was assessed in FLS 
stimulated with LPS. The cells were pre‑treated with miR‑221 
inhibitor and corresponding negative control for 24 h followed 
by stimulation with LPS for 48 h. VEGF production was 
measured by ELISA, revealing that VEGF excretion in the 
supernatant of the miR‑221 group was significantly decreased 
compared with that in the control and negative control groups 
(P<0.05; Fig. 5A). Finally, the supernatants were assayed for 
MMP‑3 and MMP‑9 by western blot analysis. It was found 
that the miR‑221 inhibitor substantially decreased the levels of 
MMP‑3 and MMP‑9 in the supernatants compared with those 
in the controls and negative control group (Fig. 5B). These 
results may imply that the miR‑221 inhibitor attenuated migra-
tion and invasion in FLS cells stimulated by LPS via inhibiting 
VEGF, MMP‑3 and MMP‑9 expression.

Discussion

miRNAs are of interest due to their critical role as fine regula-
tors of gene expression at the post‑transcriptional level within 
cells in numerous diseases, which makes them potential targets 
in the treatment of numerous diseases. For RA accumulating 
evidence has demonstrated that the expression of miRNAs, 
including miR‑146a, miR‑155, miR‑16, miR‑23b, miR‑203, 
miR‑124a, miR‑346, miR‑223 as well as miR‑34a was altered 
in synovial fibroblasts, peripheral blood mononuclear cells, 
and T cells from RA patients (8‑12,23‑29). It has been reported 
that this abnormal miRNA expression is associated with 

Figure 4. miR‑221 inhibitor attenuates the migration and invasion of FLS cells stimulated with LPS. (A) miR‑221 inhibitor significantly inhibited the migra-
tion activity of FLS cells stimulated by LPS. (B) miR‑221 inhibitor significantly reduced the number of invading FLS cells stimulated by LPS. Values are 
expressed as the mean ± standard deviation. *P<0.05, and **P<0.01 vs. control. NC, negative control; miR, microRNA; FLS, fibroblast‑like synoviocytes; LPS, 
lipopolysaccharide.

Figure 5. miR‑221 inhibitor decreases secretion of VEGF, MMP‑3 and MMP‑9 by FLS stimulated by LPS. (A) FLS were pre‑treated with miR‑221 inhibitor 
or corresponding NC for 24 h and exposed to human LPS for 48 h, then VEGF production was measured using ELISA. (B) FLS were pre‑treated with 
miR‑221 inhibitor or corresponding NC for 24 h and exposed to human LPS for 48 h, then MMP‑3 and MMP‑9 protein expression were measured by western 
blot. Values are expressed as the mean ± standard deviation. *P<0.05, and **P<0.01 vs. control. NC, negative control; miR, microRNA; FLS, fibroblast‑like 
synoviocytes; LPS, lipopolysaccharide; VEGF, vascular endothelial growth factor; MMP, matrix metalloproteinase.
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abnormal innate immunity (23,24), inflammation (23), cell 
proliferation (24) and cell apoptosis (29). Thus, the suppression 
of overexpressed miRNAs or reconstitution of the expression 
by restoration of silenced miRNAs is a therapeutic strategy in 
the treatment of RA (30). Similar to these studies, the present 
study showed that miR‑221 expression in serum and synovial 
tissues of patients with RA was higher than that in healthy 
controls, and that downregulation of miR‑221 significantly 
suppressed the expression of pro‑inflammatory cytokines and 
a chemokine, as well as induced cell apoptosis in FLS cells 
stimulated with LPS.

It has been shown that miR‑221 has critical roles in the 
regulation of cell proliferation, cell cycle, migration and 
invasion by regulating target genes, and that miR‑221 dysregu-
lation is causally involved in the initiation and progression 
of cancer  (17,18). It has also been suggested that miR‑221 
contributes to CD4+ T‑cell function (31). This indicated that 
miR‑221 is relevant to RA pathogenesis and that it possibly has 
a crucial role in RA development and progression. To test this 
hypothesis, the present study analyzed the association between 
miR‑221 expression and pro‑inflammatory cytokines and 
chemokine production in fibroblast‑like synoviocytes (FLS). 
The effects of miR‑221 on cell apoptosis, migration as well as 
invasion in FLS were also determined. The results showed that 
the miR‑221 inhibitor significantly suppressed the expression 
of pro‑inflammatory cytokines and a chemokine, induced cell 
apoptosis, as well as inhibited migration and invasion in FLS 
cells stimulated with LPS. These data suggested that miR‑221 
may be involved in the initiation and progression of RA.

IL‑17, TNF‑α and IL‑1β are important cytokines in 
the pathogenesis of RA and regulate the cellular immune 
responses in numerous dimensions, including the generation 
of T‑cell memory, controlling the development and function of 
regulatory T cells as well as modulating the secretion of cyto-
kines (32‑35). Thus, in the present study, it was also determined 
whether the expression of miR‑221 affected inflammatory 
conditions in human FLS. The results showed that transfec-
tion with miR‑221 inhibitor to FLS cells stimulated by LPS 
inhibited the expression of TNF‑α, IL‑6 and IL‑1β, suggesting 
that the miR‑221 inhibitor may have great potential for use as 
a therapeutic tool in the treatment of RA patients resistant to 
anti‑cytokine therapies.

It is known that synovial cells produce MMP‑3 in RA, which 
has a major role in the cartilage destruction in joints (36). In 
addition, endogenous MMP‑2 or MMP‑9 contribute to synovial 
fibroblast survival, proliferation, migration and invasion in 
RA (37). The present study showed that an miR‑221 inhibitor 
suppressed VEGF, MMP3 and MMP‑9 protein expression, and 
inhibited migration and invasion in FLS stimulated by LPS. 
These findings indicated that the observed attenuated FLS 
migration and invasion by the miR‑221 inhibitor may be caused 
via inhibiting VEGF‑A, MMP3 and MMP‑9 protein expression.

In conclusion, the findings of the present study provided 
evidence that miR‑221 expression was increased in patients 
with RA, and that inhibition of miR‑221 suppressed 
pro‑inflammatory cytokines, induced cell apoptosis, as well 
as attenuated migration and invasion via inhibiting VEGF, 
MMP3 and MMP‑9 expression in FLS cells stimulated by 
LPS. These findings suggested that miR‑221 is a potential 
target in the treatment of RA.
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