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Abstract. Rheumatoid arthritis (RA) is a serious chronic 
inflammatory disease and synovial fibroblasts (SFs) serve a 
vital role in the pathogenesis and progression of RA. Current 
studies have demonstrated that dysregulation of microRNAs 
is involved in RA etiopathogenesis. The present study aimed 
to investigate the role of microRNA (miR)‑27a‑3p in RASFs, 
as well as its molecular mechanism. RASFs were isolated 
from synovial tissues from patients with RA. Expression of 
miR‑27a‑3p and toll‑like receptor 5 (TLR5) was detected 
using reverse transcription‑quantitative polymerase chain 
reaction and western blotting. Cell proliferation, apoptosis 
and inflammatory response were measured with MTT assay, 
flow cytometry and ELISA kits, respectively. The target 
binding between miR‑27a‑3p and TLR5 was predicted on 
DIANA TOOLS software, and confirmed by dual‑luciferase 
reporter assay and Biotin‑coupled miRNA pull‑down assay. 
Expression of miR‑27a‑3p was downregulated and TLR5 
was upregulated in synovial tissues and RASFs isolated from 
patients with RA. Functionally, upregulating miR‑27a‑3p 
may promote the apoptosis rate of RASFs and suppress cell 
proliferation and secretions of interleukin (IL)‑1β, IL‑6 and 
tumor necrosis factor‑α. TLR5 was validated as a downstream 
target for miR‑27a‑3p in RASFs, and its expression was nega‑
tively regulated by miR‑27a‑3p. Silencing TLR5 in RASFs 
may exert similar effects to miR‑27a‑3p‑overexpression; 
whereas, restoring TLR5 counteracted the suppression of 
miR‑27a‑3p‑overexpression on RASF proliferation and inflam‑
mation, as well as the promotion on apoptosis. miR‑27a‑3p 

upregulation may suppress RA progression by inhibiting 
RASFs proliferation and inflammation through targeting 
TLR5.

Introduction

Rheumatoid arthritis (RA) is a debilitating, systemic and 
chronic autoimmune disease (1). The characteristics of 
RA include synovial hyperplasia, joint destruction and 
extra‑articular manifestations, which finally leads to tissue 
destruction (2). A combination of gene, environment and 
immunology factors has been well‑documented to be respon‑
sible for the onset and development of RA (3). Furthermore, 
multiple inflammatory mediators (small factors that are 
secreted by cells and then induce an inflammatory response), 
immune cells and non‑immune cells are collectively involved 
in the inflammatory processes in RA (4). Interleukin (IL)‑1β, 
IL‑6, IL‑17, IL‑22, IL‑23 and tumor necrosis factor (TNF)‑α 
are inflammatory mediators that serve an important role in 
RA mainly at the synovial level, evoking significant patho‑
logical changes (5); among these changes, the infiltration of 
self‑reactive T and B cells, including Th17 cells (immune 
cells), initiates a complex autoimmune response and produces 
certain cytokines and proliferation factors that drive fibro‑
blasts (non‑immune cells) differentiate into synoviocyte‑like 
cells, called synovial fibroblasts (SFs) (6). Furthermore, loss 
of balance in SF proliferation and apoptosis leads to hyper‑
trophied synovium or pannus formation, which is a hallmark 
of RA (7).

At present, clinically used drugs for RA have been 
advanced, including nonsteroidal anti‑inflammatory drugs, 
immunosuppressive agents, glucocorticoids and biological 
agents (8). However, only 50‑60% of patients with RA respond 
to these drugs owning to their inherent limitations in the 
clinical treatment of RA (9). Over the past few years, certain 
studies have suggested that genetic approach may offer novel 
therapeutic methods for RA (6,10). Furthermore, microRNAs 
(miRNAs) have been revealed to demonstrate diverse crucial 
roles in the pathological process of RA (11). miRNAs are 
short, non‑coding RNA sequences that repress gene expression 
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generally by binding to the 3'‑untranslated region (3'‑UTR) of 
target messenger RNAs (mRNAs). Accumulating data have 
revealed miRNAs as multifunctional regulators in numerous 
physiological processes, including proliferation, apoptosis 
and differentiation (12). Pathologically, miRNAs have been 
extensively studied and applied as biomarkers and targets 
for cancers. Furthermore, recent studies have indicated that 
miRNAs are gaining increasing recognition for their involve‑
ment in autoimmune diseases (13‑15), including RA. Altered 
expression of miRNAs is reported to be associated with the 
occurrence and development of RA (16,17).

Several studies have evaluated miRNAs expression in 
RA patient samples, including plasma, synovial tissue and 
SFs (18‑20). Among these miRNAs, miR‑27a‑3p is down‑
regulated in patients with RA and serves a crucial role in 
RASF migration and invasion, which are partly answerable 
for the spread of arthritic destruction to distant joints (18,21). 
Furthermore, expression of miR‑27a‑3p is associated with 
the patient's responsiveness to therapy (13,18). However, its 
role in RA has not been completely elucidated. Based on 
the existing data stating the dysregulation of miR‑27a‑3p in 
synovial tissues and SFs from patients with RA (13,18,21), and 
the present bioinformatics data from DianaTools (http://diana.
imis.athena‑innovation.gr/DianaTools/index.php?r=site/index) 
predicting the association between miR‑27a‑3p and TLRs; 
therefore, miR‑27a‑3p and TLR5 received attention to be 
further investigated regarding their role in RA pathogenesis 
and progression in RASFs.

The present study isolated human synovial tissues and 
RASFs from patients with RA and further investigated the 
expression of miR‑27a‑3p. The functional roles of miR‑27a‑3p 
and TLR5 in RASF proliferation, apoptosis and inflamma‑
tion were determined, as well as the association between 
miR‑27a‑3p and TLR5.

Materials and methods

Collection of tissue samples. The present study was performed 
according to the recommendations of the Declaration of 
Helsinki. A total of 27 patients with RA and 27 non‑RA 
control subjects between January 2013 and December 2016 
were recruited from General Hospital of Central Theater 
Command (Wuhan, China). The present study was performed 
with the approval of the Research Ethics Committee of 
General Hospital of Central Theater Command. The patients 
with RA were diagnosed with the 2010 American College 
of Rheumatology/European League against Rheumatism 
classification criteria (2010 ACR/EULAR) for RA (22). The 
control subjects were patients with osteoarthritis and joint 
trauma but free of autoimmune disease and infectious disease. 
Patients with RA who achieved a score of at least 6 out of 10 
points according to the 2010 ACR/EULAR were included in 
the present study. The exclusion criteria for the patients were 
as follows: i) Presence of malignant diseases such as cancer; 
ii) presence of central or peripheral nervous system diseases 
such as trigeminal neuralgia; iii) presence of cardiac diseases 
such as coronary heart disease, and iv) presence of endocrine 
disorders (especially diabetes mellitus). The demographic 
characteristic of patients with RA are presented in Table I. 
The synovial tissue samples from patients were obtained 

while undergoing joint surgery at the hospital. Tissue samples 
were obtained following the written informed consents being 
obtained from all patients. All tissue samples were immedi‑
ately frozen in liquid nitrogen and then stored at ‑80˚C prior 
to use.

Isolation and culture of RASFs. As previously described (23), 
RASFs and control synovial fibroblasts (CSFs) were isolated 
from eight indicated patients, respectively. In short, synovial 
tissues were washed with sterile phosphate buffer solution 
(PBS), followed by being minced and digested using 1 mg/ml 
collagenase type II (Invitrogen; Thermo Fisher Scientific, 
Inc.) for 4 h at 37˚C. The cells were collected and incubated 
in RPMI‑1640 (HyClone; GE Healthcare Life Sciences), 
containing 10% fetal bovine serum (HyClone; GE Healthcare 
Life Sciences) and 4 mM glutamine at 37˚C in 5% CO2 for 
1 month with a change of culture medium every 3 days. All 
experiments were conducted using cultured cells between 
passages 3‑6.

Cell transfection. RASFs were seeded into 6‑well plates 
(Corning Incorporate) for 24 h prior to transfection. Plasmids 
(3 µg) and miRNA/siRNA (100 nM) were transfected into 
RASFs using Lipofectamine® 3000 (Invitrogen; Thermo 
Fisher Scientific, Inc.) at 37˚C for 4‑6 h, according to the 
manufacturer's protocol. Transfected miR‑27a‑3p mimic 
(miR‑27a‑3p; 5'‑UUCACAGUGGCUAAGUUCCGC‑3'), 
m i R ‑ 2 7 a ‑ 3 p  i n h i b i t o r  ( i n ‑ m i R ‑ 2 7 a ‑ 3 p ; 
5'‑GCGGAACUUAGCCACUGUGAA‑3') and siRNA 
targeting toll like receptor 5 (si‑TLR5; 5'‑CUGUGA 
UGAGAUUCCUAUAGU‑3' and 5'UAUAGGAAUCUCAUC 
ACAGUG‑3') were purchased from Guangzhou Ribobio Co., 
Ltd.,  as  wel l  as  the negat ive cont rols  miR‑NC 
(5'‑ACGUGACAC GUUCGGAGAATT‑3'), in‑miR‑NC 
( U UCUCCGA ACGUGUC ACGU T T )  a nd  s i ‑NC 
( 5 ' U U C U C C G A A C G U G U C A C G U T T ‑ 3 '  a n d 
5'ACGUGACACGUUCGGAGAATT‑3'). The full‑length 
human TLR5 coding domain sequence was cloned into 
pcDNA4.1 (Invitrogen; Thermo Fisher Scientific, Inc.). In 
rescue experiments, co‑transfection was launched with 1.5 µg 
plasmid and 60 nM miR‑27a‑3p or miR‑NC. Cells were 
subsequently cultured for another 30 h prior to further study.

RNA extraction and reverse transcription‑quantitative poly‑
merase chain reaction (RT‑qPCR). Total RNA was extracted 
from tissue samples and RASFs using Qiagen miRNeasy 
Mini kit (Qiagen GmbH), according to the manufacturer's 
protocol. The cDNAs were synthesized depending on total 
RNA and a reverse transcription kit (Abcam, Canada). The 
reverse transcription protocol was as follows: 25˚C for 5 min, 
55˚C for 15 min and 85˚C for 5 min. The amplification of 
cDNAs was performed using a SYBR®‑Green Master mix kit 
(Qiagen GmbH) on an Applied Biosystems 7500 Real‑Time 
PCR system (Thermo Fisher Scientific, Inc.). The primers 
w e r e  a s  f o l l o w s :  m i R ‑ 2 7 a ‑ 3 p  f o r w a r d , 
5'‑ACACTCCAGCTGGGTTCACAGTG GCTAAG‑3' and 
reverse, 5'‑AGGGCTTAGCTGCTTGTGA GCA‑3'; TLR5 
forward, 5'‑TGCCACTGTTGAGTGCAAGTC‑3' and reverse, 
5'‑ACCTGGAGAAGCCGAAGGTAA‑3'; GAPDH forward, 
5'‑ GACAGTCAGCCGCATCTTCT‑3'  and reverse, 
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5'‑ G CG CCCA ATACGACCA A A‑3 ';  U6  fo r wa rd, 
5'‑GCTTCGGCAGCACATATACTAAAAT‑3' and reverse, 
5'‑CGCTTCACGAATTTGCGTGTCAT‑3'. The thermocy‑
cling conditions used were 95˚C for 10 min, followed by 
40 cycles of 95˚C for 15 sec, 60˚C for 30 sec and 60˚C for 
15 sec. The reaction was held at 74˚C for continuous for 
melting curve analysis. The relative expression levels of 
miR‑27a‑3p and TLR5 mRNA were calculated by 2‑ΔΔCT 
methods (24) with normalization to U6 small nuclear 
RNA (U6) and GAPDH, respectively. All PCR reactions 
were performed in triplicate.

Protein extraction and western blotting. Total protein was 
extracted from cultivated RASFs using RIPA lysis buffer 
(Beyotime Institute of Biotechnology), and protein concen‑
tration was determined using the BCA method. TLR5 protein 
expression was measured using western blotting, which was 
performed according to standard procedures (25). A total of 
20 µg was protein per lane lane and separated using 8‑10% 
SDS‑PAGE. PVDF membranes (EMD Millipore) were 
blocked with 3% BSA (Sigma‑Aldrich; Merck KGaA) at 
25˚C for 1 h. β‑actin on the same membrane was used as the 
loading control. The antibodies were purchased from Abcam 
and were as follows: anti‑TLR5 (1:2,000; cat. no. ab168382), 
anti‑β‑actin (1:10,000; cat. no. ab227387;), horse‑radish 
peroxidase (HRP)‑labelled anti‑Rabbit IgG (1:50,000; cat. 
no. ab205718). Primary antibody incubation was at 4˚C over‑
night and secondary antibody incubation was performed at 
25˚C for 1 h. The proteins were visualized using ECL proce‑
dure (EMD Millipore), and ImageJ v1.8.0 software (National 
Institutes of Health, Bethesda) was used to analyze the gray 
intensity of the bands.

MTT assay. Transfected RASFs (5,000 cells) were seeded 
onto 96‑well plates (Corning Incorporated) for 0, 24, 48 and 
72 h. The cell proliferation was determined by MTT staining. 
5 mg/ml MTT (20 µl; Sigma‑Aldrich; Merck KGaA) was 
added for another 4 h‑incubation; the formazan was dissolved 
in 150 µl dimethyl sulfoxide (Sigma‑Aldrich; Merck KGaA). 
The absorbance at 450 nm was measured on a microplate 
reader (Molecular devices, LLC). All experiments were 
performed in triplicate.

Apoptosis assay. The apoptotic rate of transfected RASFs 
was analyzed using a Annexin V‑FITC/propidium iodide (PI) 
kit (Beyotime Institute of Biotechnology) using flow cytom‑
etry. Following transfection for 30 h, apoptotic cells were 
dual‑labelled with Annexin V‑FITC and PI for 30 min in 
the dark, and fluorescence was analyzed on a cytoFLEX 
LX flow cytometer (Beckman Coulter, Inc.), supplemented 
with CytExpert v.2.0 software (Beckman Coulter, Inc.). 
Quadrants were positioned on Annexin V/PI plots to distin‑
guish apoptotic cells (Annexin V+/PI‑, Annexin V+/PI+). 
Apoptosis (%) = apoptotic cells/total cells x100%.

ELISA. ELISA was conducted to measure the concentrations 
of IL‑1β, IL‑6 and TNF‑α released in the culture medium of 
RASFs. Following transfection for 30 h, the culture super‑
natant of RASFs was collected and subjected to the ELISA 
kits purchased from Abcam: Human IL‑1β ELISA kit (cat. 
no. ab100562), human IL‑6 ELISA kit (cat. no. ab46027) and 
human TNF‑α ELISA kit (cat. no. ab46087). All operations 
were performed according to the manufacturer's protocols, 
and the reactions were set in triplicate for each sample.

Bioinformatics analysis. According to in silico data on 
DIANA TOOLS v3.0 (DianaTools; http://diana.imis.
athena‑innovation.gr/DianaTools/index.php?r=site/index), 
potential binding sites of TLR5 (ENSG00000187554) and 
hsa‑miR‑27a‑3p were investigated.

Luciferase reporter assay. The fragment sequence of TLR5 
3'‑UTR containing the potential binding sites of miR‑27a‑3p 
was cloned by PCR methods into pGL4 vector (Invitrogen; 
Thermo Fisher Scientific, Inc.) to construct pGL4‑TLR5 
3'‑UTR‑WT vectors; similarly, pGL4‑TLR5 3'‑UTR‑MUT 
vectors were constructed to carry the TLR5 3'‑UTR frag‑
ment containing the mutations of miR‑27a‑3p responsive 
elements. RASFs were co‑transfected with pGL4‑TLR5 
3'‑UTR‑WT/MUT vectors and miRNA mimics or inhibitors 
for 48 h using Lipofectamine® 3000 reagent (Invitrogen; 
Thermo Fisher Scientific, Inc.), and cell lysate was collected 
to measure Firefly and Renilla luciferase activities using the 
dual‑luciferase reporter assay system (Promega Corporation). 
At least three independent transfections were set in each 

Table I. Demographic characteristics and miR‑27a‑3p expression in synovial tissue samples from patients with RA.

Features Low miR‑27a‑3p expression (n=15) High miR‑27a‑3p expression (n=12) P‑value

Age, mean ± SD 52.43±8.59 51.35±10.25 0.698
Male/female, n 7/8 5/7 0.325
CRP, mg/l 35.57±15.33 20.35±10.25 0.037a

DAS28 13.59±3.58 5.21±1.02 0.003a

ESR, mm/h 22.33±3.83 14.08±2.65 0.046a

RF positive, % 56.25 51.39 1.029
Anti‑CCP 198.25±56.32 193.57±42.85 1.058
Swollen joint count 2.56±0.58 0.53±0.22 0.024a

miR, microRNA; RA, rheumatoid arthritis; SD, standard deviation; CRP, C‑reactive protein; DAS28, disease activity score of 28‑joint; 
ESR, erythrocyte sedimentation rate; RF, rheumatoid factor; Anti‑CCP: anti‑cyclic citrullinated peptide. aP<0.05.
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group and the relative luciferase activity was presented as 
fold‑change normalized to the negative control group.

Biotin‑coupled miRNA pull‑down assay. Biotin‑labelled 
miR‑27a‑3p mimic (Bio‑miR‑27a‑3p; biotin‑UUCACAGUG‑
GCUAAGUUCC) and biotin‑labelled miR‑27a‑3p‑MUT 
mimic (Bio‑miR‑27a‑3p MUT; bio‑AAGUGUCUGGCU‑
AAGUUCC), as well as biotin‑labelled miR‑NC mimic 
(Bio‑miR‑NC; biotin‑UUCUCCGAACGUGUCACGU) were 
synthesized by Guangzhou Ribobio Co., Ltd. RASFs were 
transfected with 50 µM of the aforementioned biotinylated 
miRNAs for 30 h. Next, cell lysates of transfected RASFs 
were obtained by lysing cells in lysis buffer and sonicate. 
Subsequently, cell lysates were incubated with 50 µl streptav‑
idin‑coated magnetic beads (Sigma‑Aldrich; Merck KGaA) at 
room temperature for 2 h, and biotin‑coupled miRNA capture 
was subjected to Qiagen miRNeasy Mini kit (Qiagen GmbH) 
to recycle the precipitated RNAs. Expression of TLR5 mRNA 
in the aforementioned precipitated RNAs was analyzed using 
RT‑qPCR.

Statistical analysis. Statistics were analyzed by SPSS 21.0 
(IBM Corp.) and data are presented as the mean ± standard 
deviation (Table SI). The independent samples t‑test method 
was utilized for comparison between two groups, and one‑way 
analysis of variance (ANOVA) was for comparison among 
multiple groups. Tukey's post hoc test was applied following 
ANOVA. P<0.05 was considered to indicate a statistically 
significant difference.

Results

Expression of miR‑27a‑3p is downregulated in human 
RA synovial tissues and RASFs. To investigate the role of 
miR‑27a‑3p in pathological and physiological changes in 
patients with RA, the present study investigated miR‑27a‑3p 
expression in RA specimens. According to RT‑qPCR 
analysis, miR‑27a‑3p levels were significantly downregulated 
(0.51‑fold; P<0.05) in RA synovial tissues, compared with 
that from non‑RA controls (Fig. 1A). Furthermore, RASFs 
and CSFs were isolated from eight patients with RA and eight 
non‑RA controls, respectively. As shown in Fig. 1B, the level 
of miR‑27a‑3p was decreased (0.45‑fold; P<0.05) in RASFs, 
compared with that in CSFs. Furthermore, low expression of 

miR‑27a‑3p was correlated with several RA features, including 
a disease activity score of 28‑joint (DAS28), swollen joint 
count, C‑reactive protein (CRP) level and erythrocyte sedi‑
mentation rate (ESR; Table I). Therefore, we hypothesized 
that dysregulation of miR‑27a‑3p may serve a potential role 
in RASF dysfunction, and that miR‑27a‑3p may be a potential 
clinical diagnostic marker in RA.

Upregulation of miR‑27a‑3p suppresses proliferation and 
inflammatory response of human RASFs. Isolated RASFs 
were cultured and miR‑27a‑3p was highly expressed ex‑vivo. 
Gain‑of‑function experiments were performed in RASFs 
following mimic transfection. To begin with, transfection 
efficiency was validated by RT‑qPCR, and miR‑27a‑3p was 
significantly overexpressed (3.7‑fold; P<0.05) in RASFs 
in the presence of exogenous miR‑27a‑3p, compared with 
miR‑NC (Fig. 2A). The MTT assay demonstrated that the cell 
proliferation of RASFs was attenuated by miR‑27a‑3p mimic 
transfection (Fig. 2B). FCM revealed a distinctive augmenta‑
tion of apoptosis rate (from 8.3 to 30.7%; P<0.05) in RASFs 
transfected with miR‑27a‑3p with normalization to control 
transfection (Fig. 2C). Furthermore, the secretions of inflam‑
matory cytokines were detected by ELISA kits, and products 
of IL‑6, IL‑1β and TNF‑α were markedly declined in RASFs 
with miR‑27a‑3p‑overexpression via transfection (Fig. 2D‑F). 
These results demonstrated that miR‑27a‑3p upregulation may 
promote apoptosis and suppress proliferation and inflamma‑
tion of RASFs.

TLR5, serving as a downstream target for miR‑27a‑3p, is 
upregulated in patients with RA. Bioinformatics analysis 
indicated that TLR5 was a potential one (Fig. 3A). There were 
potential responsive elements of miR‑27a‑3p ‘seed sequence’ 
(UCACAG) in TLR5 3'‑UTR: position 157‑169 (conserved). 
To confirm this prediction, dual‑luciferase reporter and 
biotin‑coupled miRNA pull‑down assays were conducted. The 
relative luciferase activity of pGL4‑TLR5 3'‑UTR‑WT vectors 
was significantly decreased (0.35‑fold; P<0.05) in RASFs 
with miR‑27a‑3p‑overexpression via mimic transfection, and 
was increased (2.50‑fold; P<0.05) with miR‑27a‑3p‑silencing 
via inhibitor transfection (Fig. 3B and C). However, 
there was no difference in pGL4‑TLR5 3'‑UTR‑MUT 
vector‑transfected RASFs when miR‑27a‑3p was overex‑
pressed or downregulated. Furthermore, TLR5 expression was 

Figure 1. Expression of miR‑27a‑3p in synovial tissues from patients with RA and RASFs. Reverse transcription‑quantitative polymerase chain reaction 
measured the miR‑27a‑3p level in (A) synovial tissues from patients with RA (n=27) and non‑RA controls (n=27), and (B) RASFs and CSFs. *P<0.05, compared 
with Control and CSFs. miR, microRNA; RA, rheumatoid arthritis; RASFs, RA synovial fibroblasts; CSFs, control synovial fibroblasts.
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significantly enriched (4.43‑fold; P<0.05) by Bio‑miR‑27a‑3p 
instead of Bio‑miR‑27a‑3p‑MUT, compared with the control 
group (Fig. 3D). Additionally, the expression of TLR5 in RA was 
also investigated. As shown in Fig. 3E and F, expression levels of 
TLR5 were significantly upregulated (2.14‑fold and 2.27‑fold; 
P<0.05) in synovial tissues and RASFs from patients with RA. 
Western blotting revealed that TLR5 protein expression was 
decreased (0.32‑fold; P<0.05) in miR‑27a‑3p‑overexpressed 
RASFs via mimic transfection, and was increased (2.20‑fold; 
P<0.05) in miR‑27a‑3p‑silenced RASFs (Fig. 3G). These data 
suggested that TLR5 was a downstream target for miR‑27a‑3p, 
and its expression was upregulated in patients with RA.

Silencing of TLR5 depresses proliferation and inflammatory 
response in human RASFs. Loss‑of‑function experiments were 
performed in RASFs transfected with si‑TLR5 or si‑NC. The 
transfection efficiency was first validated by western blotting, 
and TLR5 protein expression was distinctively downregulated 
(0.31‑fold; P<0.05) in the presence of si‑TLR5, compared with 
si‑NC (Fig. 4A). Cell proliferation was inhibited and the apop‑
tosis rate was promoted in RASFs with si‑TLR5 transfection, 
as evidenced by MTT assay and FCM method (Fig. 4B and C). 
Furthermore, ELISA kits revealed that the secretions of IL‑6, 
IL‑1β and TNF‑α were markedly decreased in RASFs with 
TLR5‑knockdown via transfection (Fig. 4D‑F). These results 
demonstrated that TLR5 downregulation may promote apoptosis 
and suppress proliferation and inflammation in RASFs, which 
was similar to role of miR‑27a‑3p upregulation (Fig. 2A‑F).

Restoration of TLR5 counteracts the suppressive effect of 
miR‑27a‑3p‑overexpression on human RASF proliferation and 
inflammatory response. The present study aimed to investigate 
whether miR‑27a‑3p exerted a suppressive effect on RASF prolif‑
eration and inflammation through inhibiting its target TLR5. 
Therefore, rescue experiments were performed. RASFs were 

co‑transfected with miR‑27a‑3p and a pcDNA‑TLR5 (TLR5) 
vector or pcDNA vector. Expression of TLR5 was measured by 
western blotting following transfection; the decreased TLR5 
protein levels mediated by miR‑27a‑3p overexpression were 
improved (from 0.37‑fold to 0.83‑fold; P<0.05) in the co‑trans‑
fection of miR‑27a‑3p mimic and TLR5 vector (Fig. 5A). Cell 
proliferation of RASFs was inhibited by miR‑27a‑3p‑over‑
expression, and then was rescued when miR‑27a‑3p and 
TLR5 were concurrently overexpressed (Fig. 5B). miR‑27a‑3p 
mimic‑induced a higher apoptosis rate in RASFs, which was 
decreased (from 28.0 to 15.6%; P<0.05) by also transfecting the 
TLR5 vector (Fig. 5C). Furthermore, TLR5 upregulation via 
vector transfection reversed the inhibitory effect of miR‑27a‑3p 
mimic on the secretions of IL‑6, IL‑1β and TNF‑α in 
RASFs (Fig. 5D‑F). These results demonstrated that restoration 
of TLR5 counteracted the biological effects of miR‑27a‑3p‑over‑
expression in RASFs, suggesting a miR‑27a‑3p/TLR5 axis in 
proliferation, apoptosis and inflammation of RASFs (Fig. 6).

Discussion

The prevalence of RA varied from 0.3‑1.0% globally, and it was 
more common in developed countries than others (26). Although 
current therapies offer diverse choices for RA drugs, only 50‑60% 
of patients with RA responded to them (9). Aberrant expression 
of miRNAs was associated with the patients' responsiveness 
to therapy in RA. For example, Dudics et al (13) observed that 
8 special miRNAs had the potential to be key regulators of 
arthritis pathogenesis; among these, 6 miRNAs may serve as 
biomarkers of therapeutic response of celastrol in patients with 
RA. Furthermore, miR‑27a‑3p was one of the 8 upregulated 
miRNAs following RA development, but was downregulated 
in response to celastrol treatment. In a placebo‑controlled 
clinical trial, Sode et al (18) confirmed that the high miR‑27a‑3p 
pretreatment level and the decrease in the miR‑27a‑3p level 

Figure 2. Role of miR‑27a‑3p in the proliferation, apoptosis and inflammation of RASFs. miR‑27a‑3p was exogenously overexpressed in RASFs by transfecting miR‑27a‑3p 
mimic (miR‑27a‑3p). (A) Reverse transcription‑quantitative polymerase chain reaction assay detected the miR‑27a‑3p level following transfection. (B and C) Cell 
proliferation and apoptosis were investigated using MTT assay and flow cytometry. (D‑F) Products of IL‑6, IL‑1β and TNF‑α were determined by ELISA kits. *P<0.05, 
compared with miR‑NC mimic (miR‑NC). miR, microRNA; RASFs, RA synovial fibroblasts; IL, interleukin; TNF, tumor necrosis factor; NC, negative control.
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with treatment for 3 months was associated with ACR/EULAR 
Boolean remission at 12 months. Furthermore, miR‑16‑5p and 
miR‑22‑3p pretreatment levels and their level changes over 
3‑months treatment served as predictive target of MTX response 
after 3 and 12 months, respectively. These results proposed that 
certain miRNAs, including miR‑27a‑3p, may serve as potent 
biomarkers to monitor disease activity and therapeutic response 
in RA.

By contrast to the other fibroblasts, RASFs had a high‑level 
of invasive ability (25), and shared certain similar features with 

cancer cells (27), including migration, invasion and resistance 
to apoptosis. Synoviocyte migration may be essential to the 
pathology of RA, and contributed toward the spread of arthritic 
destruction to distant joints (28). On one hand, abnormal 
miRNA expression may cause cell migration abnormality 
and inflammation in RASFs. For instance, miR‑27a‑5p down‑
regulation underlies the molecular mechanism of lncRNA 
ZFAS1 promoting human RASF migration and invasion (29). 
By contrast, downregulation of miR‑221 decreased RASF 
migration and invasion via inhibiting expression of vascular 

Figure 3. miR‑27a‑3p negatively regulates TLR5 expression by target binding. (A) Schematic diagram demonstrating the potential miR‑27a‑3p responsive ele‑
ments in wild‑type and mutant of TLR5 3'‑UTR (TLR5 3'‑UTR‑WT and TLR5 3'‑UTR‑MUT). (B and C) Dual‑luciferase reporter assay detected the luciferase 
of pGL4‑TLR5 3'‑UTR‑WT/MUT vectors in RASFs co‑transfected with miR‑27a‑3p/NC or miR‑27a‑3p/NC inhibitors (in‑miR‑27a‑3p/NC). *P<0.05, com‑
pared with the miR‑NC group or in‑miR‑NC group. (D) RNA pull‑down assay measured the TLR5 level in RASFs transfected with biotin‑labelled miR‑27a‑3p 
(Bio‑miR‑27a‑3p) or its mutant (Bio‑miR‑27a‑3p MUT). *P<0.05, compared with biotin‑labelled miR‑NC (Bio‑miR‑NC). (E) Reverse transcription‑quanti‑
tative polymerase chain reaction detected the TLR5 mRNA level in RA synovial tissue (n=27) and Control synovial tissue (n=27). *P<0.05, compared with 
the Control. (F) Western blotting investigated the TLR5 protein level in RASFs and CSFs. *P<0.05, compared with CSFs. (G) Western blotting investigated 
the TLR5 protein level in RASFs transfected with miR‑27a‑3p/NC or in‑miR‑27a‑3p/NC. *P<0.05, compared with miR‑NC or in‑miR‑NC. miR, microRNA; 
TLR5, toll‑like receptor 5; UTR, untranslated region; WT, wild‑type; MUT, mutant; RASFs, RA synovial fibroblasts; NC, negative control; in, inhibitor; 
RA, rheumatoid arthritis; CSFs, control synovial fibroblasts.
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endothelial growth factor, matrix metalloproteinase (MMP)‑3 
and MMP‑9 (30).

However, loss of balance in RASF proliferation and 
apoptosis also served an essential role in RA pathogenesis. 

Furthermore, the activity of RASFs conduced to inflamma‑
tory response, thereby driving the progression of RA into late 
stages (31,32). For example, miR‑140‑5p prevented the prolif‑
eration and secretion of IL‑6 and IL‑8 in RASFs by targeting 

Figure 4. Effect of TLR5 on the proliferation, apoptosis and inflammation in RASFs. TLR5 was exogenously silenced in RASFs by transfecting siRNA 
targeting TLR5 (si‑TLR5). (A) Western blotting detected the TLR5 level. (B and C) Cell proliferation and apoptosis were investigated using MTT assay and 
flow cytometry. (D‑F) Products of IL‑6, IL‑1β and TNF‑α were determined by ELISA kits. *P<0.05, compared with scrambled siRNA (si‑NC). TLR5, toll‑like 
receptor 5; RASFs, RA synovial fibroblasts; NC, negative control; IL, interleukin; TNF, tumor necrosis factor. TLR5, toll‑like receptor 5; RASFs, RA synovial 
fibroblasts; IL, interleukin; TNF, tumor necrosis factor; NC, negative control.

Figure 5. Influence of TLR5 overexpression on miR‑27a‑3p‑induced effects in RASFs. RASFs were co‑transfected with miR‑27a‑3p and pcDNA‑TLR5 (TLR5) vector 
or pcDNA vector. (A) Western blotting detected the TLR5 level. (B and C) Cell proliferation and apoptosis were investigated following transfection using MTT assay 
and flow cytometry. (D‑F) Products of IL‑6, IL‑1β and TNF‑α were determined by ELISA kits. *P<0.05, compared with miR‑NC or miR‑27a‑3p+pcDNA. TLR5, 
toll‑like receptor 5; miR, microRNA; RASFs, RA synovial fibroblasts; IL, interleukin; TNF, tumor necrosis factor; NC, negative control.
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TLR4 (33). Fu et al (34) demonstrated the suppressive role of 
miR‑3926 in RASF proliferation and pro‑inflammatory factors 
(IL‑1β, IL‑6 and TNF‑α) secretion through targeting TLR5. 
The present study focused on the contribution of miR‑27a‑3p 
to RASF proliferation, apoptosis and inflammation, instead 
of the migration and invasion (21). As a result, re‑expressing 
miR‑27a‑3p may increase the apoptotic rate and attenuate the 
proliferation ability and secretions of IL‑1β, IL‑6 and TNF‑α in 
human RASFs ex‑vivo (Fig. 6). Furthermore, inhibiting TLR5 
displayed a suppressive role in RASF proliferation and inflam‑
mation, and restoring TLR5 mitigated the anti‑proliferation 
and anti‑inflammation role of miR‑27a‑3p‑overexpression in 
RASFs. Notably, TLR5 was identified as a novel target gene 
for miR‑27a‑3p. Furthermore, Shi et al (21) demonstrated that 
miR‑27a‑3p inhibited cell migration and invasion of RASFs by 
targeting FSTL1. Additionally, TLR4/NF‑κB and TLR5/NF‑κB 
signaling pathways had been discovered in fibroblasts (21,35). 
Therefore, we hypothesized a possible miR‑27a‑3p/TLRs/NF‑κB 
regulatory mechanism underlying RASFs proliferation, apop‑
tosis, inflammation, migration and invasion (Fig. 6). According 
to aforementioned results, miRNA expression alteration, 
including restoring miR‑27a‑3p, was considered to be a potential 
therapeutic strategy for RA treatment.

TLR5 is a crucial member of the TLR family, which was 
evolutionarily conserved innate immune receptors (36). TLRs 
serves a fundamental role in the first‑line defense against 
foreign molecules, and TLRs were released following injury 
or pathogen infection. The functions of TLR1/2/4/5 and 7 
had been extensively studied in RA (37,38). However, func‑
tion of TLR5 in RA remain unknown. TLR5 was known to 
specifically sense and recognize flagellin, the major struc‑
tural protein of bacterial flagella (39). For example, TLR5 
was implicated in the pathogenesis of autoimmune diseases, 
including systemic lupus erythematosus and RA (37,40). 
Chamberlain et al (41) demonstrated that TLR5 expres‑
sion in myeloid was positively associated with TNF level 
and RA disease activity (DAS28). Kim et al (42) reported 
that ligation of TLR5 may promote myeloid cell infiltra‑
tion and differentiation into mature osteoclasts in RA and 

experimental arthritis. Furthermore, Fu et al (34) demon‑
strated that the miR‑3926/TLR5 pathway may represent 
a novel target for the prevention and treatment of RA. The 
present study observed a high expression of TLR5 in human 
RA synovial tissues and RASFs, and this data supported the 
results of a previous study (34). Additionally, low expression 
of TLR5 not only suppressed proliferation and secretions of 
TNF‑α, IL‑1β and IL‑6, but also promoted the apoptotic rate 
of RASFs ex‑vivo, which were in consistent with the results 
of a previous study (34). Furthermore, it was identified that 
TLR5 was a downstream target of miR‑27a‑3p.

In conclusion, the present study highlighted that overex‑
pressing miR‑27a‑3p and/or silencing TLR5 may interfere 
with RA progression by inhibiting RASF proliferation and 
inflammatory response and facilitating apoptosis (Fig. 6). 
The results of the present study may provide a potential ther‑
apeutic target for RA. Meanwhile, a novel miR‑27a‑3p/TLR5 
axis was discovered underlying RASF dysfunction; however, 
the precise signaling pathway of miR‑27a‑3p/TLR5, including 
NF‑κB, should be better investigated in the future.
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