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Abstract. Rheumatoid arthritis (RA) is a common autoim-
mune disease characterized by joint synovial inflammation
and is a challenge for researchers and clinicians. MicroRNAs
(miRNAs/miRs) represent a group of small non-coding RNA
molecules that post-transcriptionally regulate mRNA expres-
sion and are involved in various diseases, including cancer,
autoimmune and metabolic diseases, as well as neurological
disorders. In the present study, various experiments were
performed to investigate the effects and underlying mecha-
nism of miR-155 in RA using rat synoviocytes induced by
lipopolysaccharide (LPS) to model rheumatoid arthritis.
It was revealed that synovial fibroblasts exhibited signifi-
cantly higher miR-155 mRNA levels than the control group.
Compared with the RA group, the viability of synovial
fibroblasts was significantly decreased in the miR-155
mimics + RA group, but markedly increased in the miR-155
inhibitor + RA group. Compared with that in the RA +
NC mimic or RA + NC inhibitor groups, the apoptosis of
synovial fibroblasts increased significantly in the miR-155
mimics + RA group, but was significantly decreased in
the miR-155 inhibitor + RA group. The miR-155 mimics +
RA group exhibited higher expression levels of B-catenin,
matrix metalloproteinase 7 and cyclin D1 compared with the
miR-155 inhibitor + RA group, and the glycogen synthase
kinase protein levels was lower compared with the miR-155
inhibitor + RA group. In brief, it was inferred that the Wnt
signaling pathway is involved in the miR-155-associated
inhibition of RA synovial fibroblast viability and induction
of cell apoptosis. Inhibition of miR-155 may be an effective
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treatment for RA through regulation of the Wnt signaling
pathway to reduce cell apoptosis and enhance cell viability.

Introduction

Rheumatoidarthritis (R A)isachronicautoimmuneinflammatory
disease mainly characterized by a systemic autoimmune
disorder, cartilage degradation and synovial inflammation (1).
Several risk factors, including heredity, infection and gonadal
hormone contribute to RA (2). Synovial tissue in patients with
RA features the production of inflammatory cytokines, including
tumor necrosis factor o and interleukin-1p by macrophages, and
T and B cells, and inhibiting these cytokines may ameliorate
the clinical symptoms of RA (3). However, the mechanisms
underlying the genesis and progression of RA remain elusive,
and no appropriate therapeutic strategies have been developed
to cure this disease (4). Aberrant gene expression in RA is
associated with synovial inflammation; however, the precise
mechanisms that lead to altered gene expression in RA remain
poorly understood.

MicroRNAs (miRNAs/miRs) are small noncoding RNAs of
22-24 nucleotides in length that regulate target gene expression
by binding to the 3'-untranslated region, and miRNAs have roles
in biological processes, including cell proliferation, apoptosis
and differentiation (5). Hundreds of miRNAs have been detected
in various organisms and most of them have an essential role in
regulating gene expression through targeting mRNA translation
or inducing mRNA cleavage (6). A large number of studies have
revealed that miRNAs, including miR-155, miR-146, miR-132
and miR-16, are involved in RA. miR-155 is upregulated in
the synovial membrane and synovial fluid macrophages from
patients with RA (7). miR-146 appears to be associated with the
inflammatory response in RA (8). miR-16 was reported to be
overexpressed in the peripheral blood mononuclear cells of RA
patients (8). However, the effects and mechanisms of miRNA
gene expression in RA are not well understood.

The present study evaluated the expression levels of
miR-155, miR-203 and miR-146 in rat synovial fibroblasts of
control and RA groups. The aim of the present study was to
evaluate the effects of miRNA on synovial fibroblast viability,
apoptosis and the cell cycle, and the underlying mechanisms,
including inflammatory signaling pathways in RA, were also
investigated.
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Materials and methods

Animals. A total of 3 healthy male Sprague Dawley rats
(age, 8 weeks; weight, 200+20 g) were purchased from the
Laboratory Animal Center of Huangzhong University of
Science and Technology (Wuhan, China). The experimental
rats had been bred under constant conditions, including
55-60% humidity at 23+2°C and were provided with water
and food ad libitum. All animal experimental procedures
were approved by the Institutional Animal Care and Use
Committee at Tongji Hospital, Tongji Medical College,
Huazhong University of Science and Technology.

Isolation and culture of synovial fibroblasts. Rat knee joint
synovial tissue was cut into small fragments and digested in
Dulbecco's modified Eagle's medium (DMEM) containing
1 mg/ml collagenase II (both Thermo Fisher Scientific, Inc.,
Waltham, MA, USA) at 37°C for 2 h. The synovial fibroblasts
were collected after centrifugation and maintained in DMEM
containing 5 mmol/l glucose and 10% fetal bovine serum (FBS;
Thermo Fisher Scientific, Inc.) in a humidified atmosphere
containing 5% CO, at 37°C. The cells were passaged when
they reached confluency. The fourth generation of cells was
used for the experiment. Microscopy images displaying the cell
morphology are presented in Fig. 1A. The purity of the cells was
tested using immunofluorescence with rabbit anti-vimentin (cat.
no. ab45939; 1:100 dilution; Abcam, Cambridge, MA, USA)
and mouse anti-CD68 (cat. no. ab125212; 1:50 dilution) anti-
bodies. Following blocking in 5% bovine serum albumin (BSA;
Sigma-Aldrich; Merck KGaA, Darmstadt, Germany) for 1 h at
room temperature, cells were incubated with anti-vimentin and
-CD68 primary antibodies for 1 h at room temperature. Cells
were washed with PBS, incubated for 1 h at room temperature
with AlexaFluor® 488-conjugated secondary antibodies (cat.
no. ab150081; 1:500; Abcam) and incubated for 1 h at room
temperature with nuclear DNA was labeled in blue with DAPI.

Cell transfection and reagents. Synovial fibroblasts were divided
into a negative control + RA group, miR-155 mimics + RA group
and a miR-155 inhibitor + RA group. Cells were cultured until
60-70% confluent and then transfected with miR-155 mimics,
miR-155 inhibitor or negative control (NC; all GenePharm S.A.
Pallini, Greece) by using Lipofectamine® 2000 (Invitrogen;
Thermo Fisher Scientific, Inc., Waltham,MA, USA) according to
the manufacturer's protocol. After 48 h, the synovial fibroblasts
were harvested for further experiments. Lipopolysaccharide
(LPS; 1 ng/ml; Sigma-Aldrich; Merck KGaA, Darmstadt,
Germany) was added to synovial fibroblasts for 24 h prior to trans-
fection. The following sequences were used: miRNA inhibitor
NC, 5-CAGUACUUUUGUGUAGUACAA-3'; miRNA-155-5P
inhibitor, 5'-ACCCCUAUCACA AUUAGCAUUAA-3"; miRNA
mimics NC sense, 5'-UUCUCCGAACGUGUCACGUTT-3'
and anti-sense, 5" ACGUGACACGUUCGGAGAATT-3"
miRNA-155-5P mimics sense, 5-UUAAUGCUAAUUGUG
AUAGGGGU-3' and anti-sense, 5'-CCCUAUCACAAUUAG
CAUUAAUU-3'.

MTT assay. Cell viability was measured using an MTT
assay. Cells were seeded into 96-well plates at a density
of 1x10° cells/well and then stimulated with LPS. After
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transfection with miRNA inhibitor, miRNA mimics or nega-
tive control for 48 h, 20 1l MTT (5 mg/ml; Sigma-Aldrich;
Merck KGaA) was added to each well, followed by incuba-
tion for 4 h. At the end of the incubation period, the medium
was removed and 150 ul dimethylsulfoxide was added to each
well. After shaking at low speed for 10 min, the absorbance
of the dye that had formed was measured at a wavelength of
490 nm.

Cell apoptosis assay. Apoptosis analysis was performed with
the Annexin V-fluorescein isothiocyanate (FITC)/propidium
iodide (PI) flow cytometry kit (BD Biosciences, Franklin
Lakes, NJ, USA) according to the manufacturer's instruc-
tions. After the different treatments, cells were washed three
times with ice-cold PBS and re-suspended in 200 pl binding
buffer at a concentration of 1x10° cells/ml. Subsequently,
10 u1 Annexin V-FITC and 10 ul PI were added and cells
were incubated for 30 min at 4°C in the dark. Finally, 300 pul
binding buffer was added and cells were analyzed by flow
cytometry (Cytomics FC 500; Beckman Coulter, Brea, CA,
USA) within 1 h.

Cell cycle assay. Cells were washed thrice with ice-cold
PBS and then fixed with 70% (v/v) ethanol at -70°C for 1 h.
Following washing with PBS, a staining solution [10 mmol/l
Tris (pH 7.0), 0.1% Nonidet P-40, 1 mmol/l NaCl, 0.7 ug/ml
ribonuclease A and 5 ug/ml propidium iodide] was added to
the cells. After incubation for 30 min in the dark, the cellular
DNA content was determined using flow cytometry.

RNA extraction and reverse transcription-quantitative poly-
merase chain reaction (RT-gPCR). Total RNA was isolated
from cells by using TRIzol reagent (Invitrogen; Thermo Fisher
Scientific, Inc.), and complementary (c)DNA was generated
using a PrimeScript II 1st strand cDNA Synthesis kit (Takara
Bio, Inc., Otsu, Japan). Subsequently, cDNA sequences were
amplified with SYBR Premix Ex Taq™ (Takara Bio, Inc.) with
specific primers listed in Table I. The thermocycling condi-
tions consisted of an initial step of 3 min at 95°C, followed
by 35 cycles of 95°C for 5 sec, 56°C for 10 sec and 72°C for
25 sec. PCR products were analyzed using an optimized the
248 method (9).

Statistical analysis. SPSS 18.0 statistical software (SPSS, Inc.,
Chicago, IL, USA) was applied to analyze the data. Values
are expressed as the mean + standard deviation. Significant
differences between groups were assessed using Student's t-test
or one-way analysis of variance followed by Duncan's test.
P<0.05 was considered to indicate a statistically significant
difference.

Results

Phenotypic characteristics of synovial fibroblasts. Synovial
fibroblasts were isolated from rats. After reaching confluence,
cells were passaged 4 times, and the phenotypic characteristics
of the cells were observed. The cells had fusiform or cylin-
drical shapes and the nuclei were ovoid in the cells (Fig. 1A).
The synovial fibroblast cultures were negative for CD68 and
positive for vimentin (Fig. 1B).
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Table I. Primers used for polymerase chain reaction.
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Name Forward primer (5'-3") Reverse primer (5'-3")

miR-155 TTAATGCTAATCGTG CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGACCCCTAT

miR-203  AGTGGTTCTTAACAGTT CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGAACTGTTG

miR-16  TAGCAGCACGTAAA CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAG CGCCAATA

p-catenin AATGGCTTGGAATGAGA AGTGAAAAGAACGGTAG

GSK-3f CGGGATCCGCCACCATGTCG CCCCCCAGGAATTCTCAGGTAGAGTTGGAGGCTGA
GGGCGACCGAGA

MMP-7  CCAAATAGCCCAAAATGGACTTC TGTAATATGCGGTAAGTCTCGAGTATATG

CyclinDI TGTTCGTGGCCTAAGATGAAG GGAAGTGTTCGATGAAATCGTG

GAPDH CCATCAATGACCCCTTCATTG CATGGGTGGAATCATATTGGAAC

GSK, glycogen synthase kinase; MMP, matrix metalloproteinase; miR, microRNA.

B
CD68
Vimmﬁ“- - -

Figure 1. Cell morphology and phenotypic characteristics of synovial fibroblasts. (A) Cell morphology was detected by optical microscopy (magnifica-
tion, x100 or x200). (B) The expression of CD68 and vimentin was detected by immunofluorescence microscopy. Magnification, x200. Nuclei were stained in
blue using DAPI (left-hand panel), immunostaining is presented in green (middle panel) and the right-hand panel displays a merge of the two.

Effect of LPS treatment on cell viability. A number of studies
have suggested that LPS and its pattern recognition receptor,
Toll-like receptor 4, have a critical role in the development of
RA (10,11). In the present study, cells were stimulated with LPS
at a concentration of 1, 10 or 100 mg/1 for 24, 48 or 72 h. The
results indicated that the cell viability was reduced in a dose-
and time-dependent manner (Fig. 2). In order to ensure that
LPS induces an inflammatory response in synovial fibroblasts,
while minimizing the adverse impact of LPS in the subsequent
experiments, the conditions of 1 mg/l and 24 h were selected to
induce the RA model in the present study (12).

miR-155, miR-203 and miR-16 RNA expression in synovial
fibroblasts. The mRNA expression levels of miR-155, miR-203
and miR-16 were analyzed by RT-qPCR in control and RA
cells. As presented in Fig. 3, miR-155 and miR-16 expression
levels were significantly higher in the RA group than in the
control group, and miR-155 levels were much higher than
miR-16 levels in the RA group. miR-155 was therefore selected
for further study.

miR-155 regulates the viability of synovial fibroblasts with RA.
The following five groups were set up: Control, RA + mimics



LI et al: EFFECT OF microRNA-155 ON SYNOVIAL FIBROBLASTS IN RHEUMATOID ARTHRITIS

789

1.4 1 ; oo
—}— o1 mg/l
1.2 4
[ e 10 mg/l
14 ok = — w100 mg/l
.‘I? . = >
— i i
Z 0384 *k .
= - yf’ &
- ! - EZ3
= 0.6 1 . . .
] B '
- %k -
0.4 - i i "o
‘&. y;
0.2 - .
. -
24h 48 h 72 h

Figure 2. Effect of LPS on the viability of synovial fibroblasts. Cells were treated with LPS at concentrations of 1, 10 and 100 mg/1 for 24, 48 and 72 h.

“P<0.01 vs. control group. LPS, lipopolysaccharide.

NC (LPS stimulation and transfection of mimics NC), RA +
inhibitor NC (LPS stimulation and transfection of inhibitor
NC), RA + mimics 155 (LPS stimulation and transfection of
miR-155 mimics) and RA + inhibitor 155 (LPS stimulation and
transfection of miR-155 inhibitor). The results indicated that
the cell viability in the RA + mimics NC and RA + inhibitor
NC groups was lower than that in the control group (Fig. 4).
Compared with that in the RA + mimics NC and RA + inhib-
itor NC groups, the RA + mimics 155 group had a reduced cell
viability, but the RA + inhibitor 155 group had a significantly
elevated cell viability (Fig. 4). Taken together, miR-155 inhibits
the viability of synovial fibroblasts with RA.

miR-155 regulates apoptosis of synovial fibroblasts with RA.
Cell apoptosis was measured by Annexin V-FITC/PI staining
and flow cytometric analysis. As presented in Fig. 5, the
percentages of apoptotic cells in the RA + mimics NC and
RA + inhibitor NC groups were significantly higher than
those in the control group. The RA + mimics 155 group had
a markedly elevated percentage of apoptotic cells but the RA
+ inhibitor 155 group had a significantly decreased apoptotic
rate (Fig. 5). These results suggest that miR-155 increased the
apoptosis of synovial fibroblasts with RA.

miR-155 regulates the cell cycle of synovial fibroblasts with
RA. The cell cycle was measured by flow cytometry following
PI staining. As presented in Fig. 6, a significant cell cycle
arrest in G, phase was detected in the RA + mimics NC,
RA + inhibitor NC and RA + mimics 155 groups, while this
arrest was abrogated in the RA + inhibitor 155 group and the
cell cycle progression was restored partially compared to the
RA + mimics 155 group. These results indicated that miR-155
induced cycle arrest in G, phase in synovial fibroblasts with
RA.

miR-155 regulates Wnt effector protein expression in syno-
vial fibroblasts with RA. The effector proteins of the Wnt
signaling pathway were quantified by RT-qPCR. As presented
in Fig. 7, the expression levels of 3-catenin, matrix metallopro-
teinase (MMP)7 and cyclin D1 in the RA + mimics NC and
RA + inhibitor NC groups were higher than those in the control
group, while the glycogen synthase kinase (GSK)-3[3 expression
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Figure 3. Expression of miR-155, miR-203 and miR-16 in synovial fibro-
blasts. The levels of miR-155, miR-203 and miR-16 in normal synovial
fibroblasts and those induced with lipopolysaccharide to model RA were
detected by reverse transcription-quantitative polymerase chain reaction.
“P<0.01 vs. control group. miR, microRNA; RA, rheumatoid arthritis.

in the RA + mimics NC and RA + inhibitor NC groups was
lower than that in the control group. In the RA + mimics 155
group, the expression levels of B-catenin, MMP7 and cyclin
D1 were significantly elevated compared with those in the
NC + RA groups, but those in the RA + inhibitor 155 group
were reduced. Conversely, the expression of GSK-33 was signif-
icantly decreased in the RA + mimics 155 group, but increased
in the RA + inhibitor 155 group compared with that in the NC
+ RA groups.

Discussion

Accumulating evidence indicates that synovial inflammation
contributes to the progression of RA (13,14). The presence
of synovitis in a significant proportion of patients with
primary RA has been increasingly recognized. Based on this
observation, further studies have implicated joint inflammation
and synovitis in the pathogenesis of RA (15,16). By regulating
various cellular processes, including cell proliferation,
immune responses, inflammation, apoptosis and cell signaling,
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Figure 4. Effect of miR-155 on the viability of LPS-induced synovial fibroblasts. The percentage of surviving cells was detected by an MTT assay.
“P<0.01 vs. control group; #P<0.01 vs. RA + mimic NC; **P<0.01 vs. RA + inhibitor NC. miR, microRNA; RA, rheumatoid arthritis; NC, negative control;
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Figure 5. Effect of miR-155 on the apoptosis of LPS-induced synovial fibroblasts. The percentage of apoptotic cells was detected by flow cytometry. Quadrants:
B1, necrotic cells; B2, apoptotic cells; B3, live cells; B4, early apoptotic cells. “P<0.01 vs. control group; #/P<0.01 vs. RA + mimic NC; $P<0.01 vs. RA + inhibitor
NC. miR, microRNA; RA, rheumatoid arthritis; NC, negative control; FITC, fluorescein isothiocyanate; PI, propidium iodide; mimic 155, miR-155 mimics.

miRNAs have an important role in the development and
progression of various diseases. Diverse miRNA expression
profiles (such as the deregulation of miRNA expression) were
identified as crucial small-molecular regulators in severe
joint diseases, including osteoarthritis and RA (7,14,17). The
present study mainly investigated the role of miR-155 in RA.
RA synoviocytes are considered as the effector cells of
cartilage and bone destruction (18). Joint synovial cells are
divided into two cell types: Macrophage-like synoviocytes
(MLS) and fibroblast-like synoviocytes (FLS). Among them,
MLS are negative for vimentin and positive for CD68, while
FLS are negative for CD68 and positive for vimentin (19).
Synovial fibroblasts have been reported to have a crucial
role in RA pathogenesis (20). In the present study, synovial

fibroblasts were isolated and identified as FLS, not MLS. LPS
initiates the signaling cascades that cause inflammation and
finally result in RA (21). Therefore, the present study used
LPS-stimulated cells as the RA model to evaluate the effect of
miR-155 on RA development.

miR-155 and miR-16 have been reported to be associated
with RA (22,23). Jin et al (24) reported that overexpression of
miR-155 in synovial fluid mononuclear cells leads enhanced
proinflammatory factors. The results of the present study indi-
cated that miR-155 expression exhibited a marked difference
between the control and RA groups, indicating the crucial
role of miR-155 in RA. In a previous study, miR-155 was
induced in response to inflammatory stimuli and acted as a
positive regulator of inflammation in RA in vivo, indicating
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Figure 6. Effect of miR-155 on the cell cycle of LPS-induced synovial fibroblasts. The cell cycle distribution was measured by flow cytometry. Representative
histograms are provided and the percentage of cells in each phase of the cell cycle is plotted as the mean + standard deviation (n=3). “P<0.01 vs. control group;
##P<0.01 vs. RA + mimic NC; ¥P<0.01 vs. RA + inhibitor NC. miR, microRNA; RA, rheumatoid arthritis; NC, negative control; mimic 155, miR-155 mimics.
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Figure 7. Effect of miR-155 on effector proteins of the Wnt pathway in LPS-induced synovial fibroblasts. The expression of f-catenin, GSK-33, MMP7 and
cyclin D1 was detected by reverse transcription-quantitative polymerase chain reaction. “P<0.01 vs. control group; “P<0.05, #"P<0.01 vs. RA + mimic NC;
$P<0.05 and **P<0.01 vs. RA + inhibitor NC. miR, microRNA; RA, rheumatoid arthritis; NC, negative control; mimic 155, miR-155 mimics; GSK, glycogen

synthase kinase; MMP, matrix metalloproteinase.

a role in clinical and experimental arthritis. Furthermore, the
present results suggested that miR-155 inhibits the viability
of synovial fibroblasts and induces cell apoptosis and cell
cycle arrest. In addition, miRNA elevated the expression of
B-catenin by lowering GSK-3f expression, which activated the
Whnt pathway, and enhanced the expression of the target genes
cyclin D1 and MMP7. The Wnt signaling pathway regulates
cell proliferation, differentiation, adhesion, morphology and
motility, as well as inflammation (25). Thus, the present results
suggested that miR-155 contributes to inflammation in RA and
may be a promising therapeutic target. In order to confirm the
hypothesis that miR-155 is a target for RA treatment, miR-155
was inhibited in synovial fibroblasts induced with LPS, and
the results indicated that the cell viability was significantly

increased, while the apoptotic rate was significantly decreased
compared with those in the RA + NC groups. Deregulation
of miR-155 in RA monocytes may contribute to the produc-
tion of pro-inflammatory chemokines by these cells and to
their accumulation at sites of inflammation (26). Of note, the
present study indicated that inhibition of miR-155 blocks the
Wht signaling pathway in synovial fibroblasts induced with
LPS by reducing the expression of [3-catenin and increasing
the expression of GSK-3p.

In conclusion, the present study demonstrated that miR-155
inhibits RA synovial fibroblast viability and induces apoptosis
and cell cycle arrest by regulating the Wnt signaling pathway.
It was inferred that miR-155 may be a potential target for RA
treatment.
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