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Abstract. The present study aimed to explore the expression 
and effects of microRNA (miR)‑155 in synovial fibroblasts 
of patients with rheumatoid arthritis (RA). A total of 89 
synovial tissues from RA patients and 49 control synovial 
tissues were collected, and the levels of miR-155 were 
measured by reverse transcription quantitative‑PCR and 
western blotting. Fibroblast‑like synoviocytes (FLS) were 
isolated from synovial tissues from the control group and 
were used to evaluate the roles of miR‑155 and forkhead box 
protein O3a (FOXO3a). MTT assay was used to measure 
the proliferation of FLS. The expression of miR‑155 in RA 
synovial tissues was significantly higher than that in the 
control group, but the expression of FOXO3a was signifi-
cantly lower. In RA synovial tissues, miR-155 expression 
was negatively correlated with FOXO3a expression, but 
was positively correlated with the release of inflammatory 
cytokines interleukin (IL)‑1β, IL-6 and tumor necrosis 
factor-α (TNF‑α). A dual-luciferase reporter system showed 
that miR‑155 inhibited the expression of FOXO3a in FLS 
cells. miR‑155 also promoted secretion of the inflammatory 
cytokines IL‑1β, IL‑6 and TNF‑α by FLS and proliferation 
of these cells by targeting FOXO3a. 

Introduction

Rheumatoid arthritis (RA) is characterized by chronic arthro-
meningitis, persistent systemic inflammation and production 
of autoantibodies, which include rheumatoid factors and cyclic 
citrullinated peptides. RA can also lead to complications, 
such as intraarticular cartilage damage, joint dysfunction and 
cardiovascular and pulmonary conditions (1,2). The incidence 
of RA in China is 0.5-1%, with 5-50 new cases per 100,000 
annually (3).

The main pathological features of RA are abnormal 
proliferation of synovial cells, infiltration of inflammatory 
cells, formation of rheumatoid vasospasm, erosion of cartilage 
and bone, and ultimately destruction of joints (4,5). Abnormal 
proliferation of synovial cells in RA causes the cells to 
proliferate from the original 1‑3 layers to 5‑6 layers or more. 
Fibroblast‑like synoviocytes (FLS) are the most important 
type of synovial cells in the arthritic joint (6). There are two 
ways in which FLS interact with immune cells in RA patients. 
One is through direct contact between FLS and immune 
cells and the other is through FLS exposure to immune 
cell‑secreted growth factors and inflammatory cytokines. 
Both these actions stimulate FLS to produce large amounts of 
chemokines, angiogenic and proinflammatory growth factors, 
and matrix metalloproteinases and cathepsins to degrade 
extracellular matrices and cartilage (7). It would therefore be 
beneficial to unravel the molecular mechanism of RA disease 
development through research into the regulation mechanism 
of inflammation and proliferation in FLS.

MicroRNA (miR)‑155 has been shown to be highly 
expressed in the plasma of RA patients and is a potential 
biomarker for the diagnosis of RA (8,9). miR-155, may affect 
the progression of RA by regulating the inflammatory response 
of monocytes (10) and T cells (11) in RA patients (12). However, 
the expression of miR-155 in the synovial tissue of RA patients 
and its effects on proliferation and the secretion of inflamma-
tory cytokines by FLS are yet unknown. In the present study, 
the expression of miR-155 was examined in the synovial tissue 
of RA patients, and the effect of its expression on the secretion 
of inflammatory cytokines and the proliferation of FLS cells 
was explored. The results of the present study indicated that 
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miR-155 expression was increased in the synovial tissue of RA 
patients, and directly inhibited the expression of FOXO3a. As 
miR‑155 regulated FLS proliferation and inflammatory cyto-
kine secretion, it may be a useful target for the development of 
new RA treatments.

Materials and methods

Patients and tissues. A total of 89 synovial tissue specimens 
were obtained from RA patients who received total knee 
replacement between January 2016 and October 2017 in The 
Affiliated Hospital of Inner Mongolia Medical University 
(Huhot, China). There were 53 male patients and 36 female 
patients, aged between 40 and 70 years. Specimens from 
49 patients, who underwent amputation, were collected as 
controls. All patients in the control group had no history of 
RA. Of these patients 36 were male and 13 female and their 
ages ranged between 45 and 73 years. Exclusion criteria were 
other rheumatic diseases, autoimmune diseases, tumor, liver 
and kidney insufficiency, pregnancy or lactation and mental 
disorders.

The present study was performed with the approval of The 
Affiliated Hospital of Inner Mongolia Medical University. 
All aspects of the study complied with the Declaration of 
Helsinki (13). In addition, all participants signed informed 
consent forms.

Isolation and culture of FLS. FLS were isolated, cultured 
and characterized from surgically removed synovial 
tissue. The detailed experimental methods can be found in 
Zhang et al (14) FLS cells were cultured in DMEM (Thermo 
Fisher Scientific, Inc.) which was supplemented with 10% FBS 
(cat. no. 10100‑147; Thermo Fisher Scientific, Inc.) at 37˚C 
with 5% CO2.

Reverse transcription‑quantitative PCR (RT‑qPCR). Trizol® 
(Invitrogen; Thermo Fisher Scientific, Inc.) was used to 
extract total RNA from tissues or cells. The extracted RNA 
was reverse transcribed to cDNA using a PrimeScript™ RT 
Master Mix reverse transcription kit (cat. no. RR036B, Takara 
Biotechnology Co., Ltd.) which was performed according to 
the manufacturer's protocol. Reaction mixture (20 µl) was 
prepared according to the SYBR Green qPCR Master Mix kit 
(cat. no. 638320, Takara Biotechnology Co., Ltd.) instructions 
and amplified using an ABI 7500 fluorescence qPCR instru-
ment (Applied Biosystems; Thermo Fisher Scientific Inc.). 
Thermocycling conditions were: 95˚C for 30 sec; 40 cycles of 
90˚C for 5 sec and 65˚C for 30 sec. The sequences of the PCR 
primers were as follows: miR-155 forward, 5'-ACA CTC CAG 
CTG GGT TAA TGC TAA TCG TGA TA-3' and reverse, 5'-TGG 
TG TCG TGG AGT CG‑3'; forkhead box protein O3a (FOXO3a) 
forward, 5'-CGG ACA AAC GGC TCA CTCT-3' and reverse, 
5'‑GTC GGA GAT TCG TAG CTG GA‑3'; tumor necrosis 
factor-α forward, 5'-CCT CTC TCT AAT CAG CCC TCTG-3' 
and reverse, 5'‑GAG GAC CTG GGA GTA GAT GAG‑3'; inter-
leukin (IL)‑6 forward, 5'‑ACT CAC CTC TTC AGA ACG AAT 
TG-3' and reverse, 5'-CCA TCT TTG GAA GGT TCA GGT 
TG‑3'; IL‑1β forward, 5'-ATG ATG GCT TAT TAC AGT GGC 
AA‑3' and reverse, 5'‑GTC GGA GAT TCG TAG CTG GA‑3'; 
U6 forward, 5'-CTC GCT TCG GCA GCA CA-3' and reverse, 

5'‑AAC GCT TCA CGA ATT TGC GT‑3'; and GAPDH forward, 
5'-CTC GCC TAG AGT GAG CTC C-3' and reverse, 5'-AAC 
TGC TGC GTT GAC GGG TAT G-3'. U6 was used as a reference 
gene for miR‑155 and GAPDH was used as a reference for all 
other genes. The 2-ΔΔCq method was used to calculate quantita-
tive gene expression (15).

Western blotting. RIPA lysis buffer (cat. no. P0013K; Beyotime 
Institute of Biotechnology) was used to lyse FLS and synovial 
tissue, and a BCA Protein Assay kit (cat. no. P0010S; Beyotime 
Institute of Biotechnology) was used to measure lysate protein 
concentration. A total of 50 µg protein from tissue or cell lysates 
was separated using SDS‑PAGE on a 10% gel and then trans-
ferred to a PVDF membrane. The membrane was blocked with 
5% skim milk powder for 1 h at room temperature. The primary 
antibodies used were anti‑FOXO3a (cat. no. ab70314; 1:5,000) 
or anti‑GAPDH (cat. no. ab9484; 1:3,000). The secondary 
antibodies used were horseradish peroxidase‑conjugated 
goat anti‑rabbit (cat. no. ab6721; 1:1,000), or goat anti‑mouse 
(cat. no. ab205719; 1:1,000). All antibodies were supplied by 
Abcam. Membranes were incubated with primary antibodies 
overnight at 4˚C and with secondary antibodies for 1 h at room 
temperature. The BeyoECL Plus kit (cat. no. P0018S; Beyotime 
Institute of Biotechnology) was used to visualize protein bands 
and densitometry was performed using the Beckman Coulter 
Immunoassay system (UniCel DxI 800; Beckman Coulter, 
Inc.).

Cell transfection. Small interfering (si)‑FOXO3a RNA 
(forward, 5'-CCC AUG CUA TUG UUG UCA CUT T-3' and 
reverse, 5'-AGU GAU TCG AUG AAU GGG TT-3') and 
si‑negative control (NC) (forward, 5'‑ACC GCA UAG UGU 
AAC UUU ATT-3' and reverse, 5'-GAA AGU UAG ACU AUG 
CGG CTT‑3') were designed and synthesized by Shanghai 
Shenggong Biology Engineering Technology Service, 
Ltd. miR-155-mimic (5'-UUA AUG CUA AUC GUG AUA 
GGGU‑3'), miR‑155‑inhibitor (5'‑AAU UAC GAU UAG CAC 
UAU CCCA-3') and miR-155-NC (5'-GCA UUU GAG AGC 
CAU UAU GGUA‑3') were also synthesized by Shanghai 
Shenggong Biology Engineering Technology Service, Ltd. 
si-RNA (50 nM), si-NC (50 nM), miR-155-mimic (50 nM), 
miR‑155‑inhibitor (50 nM) and miR‑155‑NC (50 nM) were 
directly transfected into cells using Lipofectamine™ 2000 
transfection reagent (cat. no. 11668019; Invitrogen; Thermo 
Fisher Scientific Inc.). Wild type or mutant 3'‑untranslated 
regions of FOXO3a were first cloned into the plasmid 
psiCHECK2 (Promega Corporation) and then transfected into 
cells as si‑RNA. pLV‑FOXO3a lentivirus (cat. no. sc‑425192; 
Santa Cruz Biotechnology, Inc.) and its supporting no‑load 
lentivirus (pLV‑FOXO3a) were added directly to the FLS cell 
culture medium, and the number of lentiviral particles used 
for transfection was 2 fold the number of FLS cells. There 
was a 72 h interval between transfection and subsequent 
experimentation.

Dual‑luciferase reporter assay. TargetScan (http://www.
targetscan.org) was used to predict the target genes of miR‑155. 
The Dual‑Lucy Assay kit (cat. no. D00100; Beijing Solarbio 
Science & Technology Co., Ltd.) was used to detect the 
activity of luciferase following the manufacturer's protocol. 
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Briefly, cells were collected after 48 h of transfection and then 
lysed for 5 min on ice before centrifugation (12,000 x g for 
1 min at room temperature) to collect the cell supernatant. 
Five volumes of firefly luciferase reaction solution or Renilla 
luciferase reaction solution were added to the cell lysate and 
the enzyme activity was detected.

Cytokine detection. After 48‑h incubation with transfection 
reagents, serum‑free medium was added for 24 h. The culture 
media were then collected and centrifuged at 1,200 x g for 
10 min at room temperature. A human IL-1β ELISA kit 
(cat. no. ab46631) was used to determine IL‑1β concentration 
in medium, an IL‑6 kit (cat. no. ab46027) to determine IL‑6 
concentration and a TNF‑α kit (cat. no. ab181421) to determine 
TNF‑α concentration. All kits were supplied by Abcam and 
used according to the manufacturer's instructions.

MTT assay. Cells at a density of 2x103 cells/well were seeded in 
a 96‑well culture plate containing DMEM supplemented with 
10% FBS. The viability of FLS cells was assessed by MTT 
assay. After 4 h of culture, MTT (10 µl per well, 10 mg/ml) 
was added to the cells and incubated. Cell supernatant was 
removed and 100 µl DMSO was added. After 30 min, optical 
density was measured using a plate reader (ELx808; Bio‑Tek 
Instruments, Inc.).

Statistical analysis. Data are presented as the mean ± SD and 
were analyzed using SPSS 20.0 (IBM Corp.). Student's t‑test 
was used to compare differences between two groups and 
one‑way ANOVA with Tukey‑Kramer post‑hoc test was used 
to compare differences between multiple groups. The correla-
tion between two groups was analyzed by Pearson's correlation 
coefficient. P<0.05 indicated statistical significance.

Results

Expression of miR‑155 and FOXO3a in synovial tissue. 
RT‑qPCR was used to determine the expression of miR‑155 
and FOXO3a mRNA in 89 RA synovial tissues and 49 
normal synovial tissues. As seen in Fig. 1A, the expression of 
miR‑155 in RA synovial tissues was significantly higher than 
that in the control group. The expression of FOXO3a mRNA 
in RA synovial tissues was significantly lower than that in 
the control group (Fig. 1B). The expression of FOXO3a was 
also measured by western blotting and the results indicated 
that the expression level of FOXO3a protein in RA synovial 
tissues was significantly lower than that in the control group 
(Fig. 1C and F). miR‑155 levels were negatively correlated with 
FOXO3a protein expression (Fig. 1D) in RA synovial tissues.

The results of a dual luciferase reporter system 
(Fig. 1E and G) indicated that FOXO3a was a target gene of 
miR‑155 in FLS cells, and that a miR‑155‑mimic could inhibit 
the expression of FOXO3a while a miR‑155‑inhibitor could 
promote FOXO3a expression. These results suggested that 
altered expression of miR‑155 and FOXO3a in RA patients' 
synovial tissue may have a role in the development of RA.

miR‑155 and FOXO3a are associated with inflammation 
in synovial tissue. The relationship between the expression 
of miR‑155 and FOXO3a in synovial tissue of RA patients 

and the expression of inflammatory cytokines was analyzed 
(Fig. 2), and the results suggested that the expression of IL‑1β, 
IL‑6 and TNF‑α mRNA in synovial tissue were positively 
correlated with miR‑155 expression and negatively correlated 
with FOXO3a expression. This suggested that miR‑155 may 
regulate inflammation in RA synovial tissue by targeting 
FOXO3a.

miR‑155 promotes inflammatory cytokine secretion in 
FLS cells by targeting FOXO3a. As presented in Fig. 3A, 
miR-155-mimic increased the expression of miR-155, and 
miR‑155‑inhibitor decreased the expression of miR‑155. 
As described in Fig. 3B, miR‑155‑mimic and si‑FOXO3a 
could reduce the expression of FOXO3a protein compared 
with si‑NC, and miR‑155‑inhibitor and pLV‑FOXO3a could 
promote the expression of FOXO3a protein compared with 
NC and pLV‑NC groups, respectively. The results shown 
in Fig. 3C and D suggested that miR‑155‑mimic (vs. NC 
group) and si‑FOXO3a (vs. si‑NC group) could reduce the 
secretion of IL-1β, IL‑6 and TNF‑α by FLS cells, and that 
miR-155-inhibitor (vs. NC group) and pLV‑FOXO3a (vs. si‑NC 
group) could promote the secretion of IL‑1β, IL‑6 and TNF‑α 
by FLS cells targeting FOXO3a. This indicated that miR‑155 
may promote inflammatory cytokine secretion in FLS cells by 
targeting FOXO3a.

miR‑155 promotes FLS cells proliferation by targeting 
FOXO3a. The effect of miR-155 expression on the prolif-
eration of FLS was investigated, and the results indicated that 
miR‑155‑mimic (vs. NC group) and si‑FOXO3a (vs. si‑NC 
group) could promote FLS proliferation, and miR‑155‑inhibitor 
(vs. NC group) and pLV‑FOXO3a (vs. si‑NC group) could 
suppress FLS proliferation (Fig. 4). This indicated that miR-155 
regulated FLS cell proliferation by targeting FOXO3a.

Discussion

miRNAs are a class of evolutionarily conserved, endogenous, 
non‑coding single‑stranded RNAs of approximately 20‑24 
nucleotides in length that regulate gene expression at the 
post‑transcriptional level through cleavage of complementary 
mRNA or by inhibition of mRNA translation (7,16). Previous 
studies confirmed that these miRNAs not only participate 
in regulation of inflammatory responses in RA patients, but 
also regulate proliferation, apoptosis, invasion and secre-
tion of inflammatory cytokines in FLS (17,18). In a previous 
study, miR‑17 suppressed TNF‑α signaling by interfering 
with tumor necrosis factor receptor-associated factor 2 and 
inhibitor of apoptosis cIAP2 association (19). An additional 
study suggested that miR‑29a inhibited the proliferation of 
FLS and induced their apoptosis in RA patients (20). Further 
studies showed that miR‑20a negatively regulated the expres-
sion of the NACHT LRR an PYD domain containing protein 
3 inflammatory corpuscles in FLS of RA patients by targeting 
thioredoxin interacting protein (21) and that miR-140-5p 
inhibited synovial fibroblast proliferation and inflammatory 
cytokine secretion through targeting toll‑like receptor 4 (22). 
This led to the hypothesis that miRNAs play an important role 
in the development of RA and are a potential target for the 
treatment of RA patients.
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Figure 1. miR‑155 and FOXO3a levels in synovial tissue. Reverse transcription‑quantitative PCR was used to measure the expression of (A) miR‑155 and 
(B) FOXO3a mRNA in normal and RA synovial tissue. (C) The expression level of FOXO3a protein was quantified in normal and RA synovial tissue. 
(D) Correlation between miR‑155 level and FOXO3a protein in RA synovial tissue. (E) WT‑FOXO3a 3'‑UTR and MUT‑FOXO3a 3'‑UTR luciferase 
reporter vectors were constructed; (F) miR‑NC/miR‑155‑mimic/miR‑155‑inhibitor were transected into FLS cells, and luciferase activity was detected. 
(G) Representative western blots used to quantify FOXO3a protein levels. 3'‑UTR, 3'‑untranslated region; FLS, fibroblast‑like synoviocyte; FOXO3a, forkhead 
box protein O3a; miR, microRNA; MUT, mutant; NC, negative control; WT, wild‑type.
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Figure 2. miR‑155 and FOXO3a correlation with inflammatory cytokine release. Correlation between the expression of miR‑155 and (A) IL‑1β, (B) IL-6, 
(C) TNF‑α mRNA in synovial tissue. Correlation between the expression of FOXO3a and the release of (D) IL‑1β, (E) IL‑6 and (F) TNF‑α from synovial 
tissue. FOXO3a, forkhead box protein O3A; IL, interleukin; miR, microRNA; TNF‑α, tumor necrosis factor-α.
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Large numbers of infiltrating inflammatory cells and over-
expression of inflammatory cytokines are some of the main 
causes of RA disease progression (23,24). In the present study, 
increased levels of miR-155 were found in synovial tissue of 
RA patients and were negatively correlated with FOXO3a 

protein expression. As miR‑155 is a non‑coding RNA, it 
cannot directly regulate the biological behavior of cells, 
and may participate indirectly through regulation of target 
gene expression (25). FOXO3a is a target gene of miR‑155, 
and miR‑155 can regulate glucose metabolism (26), and 

Figure 3. miR‑155 and FOXO3a regulate the secretion of inflammatory cytokines by FLS cells. (A) Reverse transcription‑quantitative PCR was used to detect 
the expression of miR‑155. (B) Western blot was used to determine the expression of FOXO3a protein in FLS cells after transfection. (C) Cytokine release 
by FLS in response to miR‑mimic and inhibitor. (D) Cytokine release by FLS in response to FOXO3a knockdown and overexpression. All experiments 
were performed in three independent replicates. **P<0.01 and ***P<0.001 vs. miR‑155‑NC group, #P<0.001 vs. si‑FOXO3a group and &P<0.001 vs. pLV‑NC 
group. FLS, fibroblast‑like synoviocyte; FOXO3a, forkhead box protein O3a; interleukin, IL; LV, lentivirus; miR, microRNA; NC, negative control; si, small 
interfering; TNF‑α, tumor necrosis factor-α; WT, cells without any treatment.
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proliferation, migration, invasion (27,28) and apoptosis (29) 
of cancer cells though inhibition of FOXO3a expression. The 
miR‑155/FOXO3a axis is known to play an important role in 
the pathogenesis of inflammatory disease (30). A dual lucif-
erase reporter gene system was used in the present study to 
verify that miR‑155 targeted the inhibition of FOXO3a expres-
sion in FLS.

RA is a chronic, systemic disease characterized by 
inflammatory synovitis, and multiple inflammatory factors 
are involved in the pathological progression of RA, such as 
IL-1β, IL‑6 and TNF‑α (31,32). Previous studies confirmed 
that miR‑155, which is highly expressed in the circulation 
of RA patients, could affect the peripheral blood inflamma-
tory response of RA patients by regulating peripheral blood 
mononuclear cells (10) and T cell phenotypes (11), and that 
inhibition of miR‑155 expression in the peripheral blood of 
patients with RA would help to improve the condition (11,12). 
The results of the present study indicate that miR-155 
levels are positively correlated with inflammatory cytokine 
release (IL-1β, IL‑6 and TNF‑α) by synovial tissue of RA 
patients. It has been reported that treatment with an IL‑1β 
antibody may significantly alleviate RA symptoms (33). An 
additional study indicated that inhibition of IL‑1 secretion 
is a possible method for the treatment of RA (34). Further 
research suggests that anti‑IL‑6 receptor‑related drugs can 
be used to treat RA, either alone or in combination with other 
drugs (35), and that inhibition of the biosynthesis of TNF‑α 
could improve RA (36).

Synovial thickening is one of the typical lesions of 
RA (37). Activated FLS cells have tumor‑like proliferation 
characteristics, resulting in a large increase in the number 
of cells and synovial thickening (38). The results of the 
present study also suggested that miR‑155 regulated FLS 
proliferation and inf lammatory cytokine secretion in 
FLS by targeting FOXO3a in vitro. The FOXO family is 
an important family of transcriptional regulator proteins 
involved in many cellular functions. Scientists have 

identified four family members, FOXO1, FOXO3a, FOXO4 
and FOXO6 (39). Although each FOXO family member has 
its own role, FOXO3a has been extensively studied due to its 
important regulatory effects on cell proliferation, apoptosis, 
metabolism, and oxidative stress (39). It has been reported 
that abnormal expression of FOXO3a is closely related to 
the progression of various types of cancer (40), fibrosis (41) 
and other diseases (41,42). FOXO3a plays an important role 
in both inflammation and regulation of cell proliferation. 
FOXO3a regulates inflammation by NF‑κB, T cells and 
autoinflammation (43,44); however, down‑regulation of 
FOXO3a expression may promote breast cancer cell prolif-
eration (45) and the AKT/FOXO3a signaling pathway plays 
an important role in the proliferation of human neural 
cells (46), primary macrophages (47) and fibroblasts (47). 
These findings indicate that miR‑155 may be a potential 
target for the development of inhibitors of inflammation in 
patients with RA.

An important limitation of the present study is that all 
tissue was taken from RA patients who had received total knee 
replacement and these findings may not be applicable to all 
forms of RA.
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