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miR-132 Over Expression in Osteoarthritis may Regulate
the Proliferation and Apoptosis of Fibroblast-like
Synoviocytes via Targeting Sirtuin1
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Pan and Ding: Role of miR-132 in osteoarthritis
This present investigation aimed to explore the role and clinical significance of miR-132 in the pathogenesis
of osteoarthritis. Twenty osteoarthritis patients and 20 healthy volunteers were enrolled in the present study.
The synovial tissues and plasma of the patients and controls were collected and RT-qPCR was performed
to determine the expression level of miR-132. In addition the osteoarthritis patient-derived fibroblast-like
synoviocytes were isolated, cultured, transfected with miR-132 inhibitors and the proliferation and apoptosis
of the cells was determined using MTT assay as well flowcytometry. Finally, the relationship between
miR-132 and sirtuin1 in osteoarthritis was evaluated. miR-132 expression was significantly increased in
both synovial tissues and plasma of osteoarthritis patients and results of receiver operating characteristic
curve showed that both synovial and plasma miR-132 could serve as potential diagnostic biomarker for
osteoarthritis with high sensitivity and specificity. Moreover, miR-132 inhibitors significantly inhibited
the proliferation and promoted apoptosis of osteoarthritis patients-derived fibroblast-like synoviocytes.
Finally, the expression of miR-132 and sirtuin1 was negatively correlated in osteoarthritis and sirtuin1
was confirmed to be a direct target of miR-132. miR-132 was up-regulated in osteoarthritis and miR-132
might promote the development of osteoarthritis through regulating the proliferation and apoptosis of
osteoarthritis patients-derived fibroblast-like synoviocytes via targeting sirtuin1.
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Osteoarthritis (OA) is a common chronic degenerative
disease with high incidence rate[1,2]. It mainly occurs in
middle-aged and elderly people and the high morbidity
and disability rate of the disease can seriously affect the
quality of life of affected patients[3]. According to the
epidemiological investigation in China, the prevalence
of OA is about 10 % and this number can reach to 80 %
for people over 75 y old[3,4]. Unfortunately, at present, the
exact pathogenesis of OA has not been fully elucidated;
therefore, exploration of the underlying mechanism
of the disease is of great importance to discover new
biomarkers and therapeutic targets.
MicroRNAs are a class of endogenous non-coding,
single-stranded small RNAs with length of about 20-22
nucleotides. It has been found that they are ubiquitous
in multicellular organisms[5,6]. Mature microRNAs
(miRNA) can post-transcriptionally regulate the gene

expression by mediating the silencing target mRNA,
which consequentially affected the synthesis of the
target proteins[6]. In recent years, with the in-depth
investigation of miRNAs, it has been found that
miRNAs are associated with the development of many
human diseases, for example cancers[7,8], autoimmune
diseases[9,10] and cardiovascular diseases[11].
The regulatory roles of miRNAs in bone and joint
diseases, including OA have also been discussed[12-14].
In a previous microarray analysis, it was reported that
miR-132 was abnormally up-regulated in patients with
OA[15], suggesting that miR-132 might be involved in
the pathogenesis of OA. Therefore, in order to confirm
the role of miR-132 in osteoarthritis and the possible
regulatory mechanism, synovial tissue and plasma
samples were collected from patients with clinical OA
and the expression of miR-132 using RT-PCR and the
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effect of miR-132 on the proliferation and apoptosis of
fibroblast-like synoviocytes were also investigated. The
results of the present work would provide the basis for
miRNA to be a potential diagnostic biomarker and a
therapeutic target of the disease.

and the transfection efficiency was confirmed using RTPCR analysis. The effect of miR-132 inhibitors on the
behaviors of cells was analysed at 0-48 h.

MATERIAL AND METHODS

The total RNA of the synovial tissue, plasma and OA
derived FS cells (OAFSs) were isolated by Trizol
(Invitrogen) and cDNA were reverse-transcribed and
amplified by the Prime Script One-step RT-qPCR
kit (Invitrogen) according to the protocols of the
manufacturer. The procedure of the RT-qPCR reaction
was, 95°10 min; then 50 cycles of 95° 10 s, 55° 10 s,
72° 5 s, 99° 1 s, 59° 15 s and 95° 1 s. U6 was used as the
internal control, and the relative expression of miR-132
was normalized to the expression of U6 by 2−∆∆Ct method.
The primers were synthesized by Genescript (Nanjing,
China) and the sequences of the primers were, miR132 forward- 5’-CGCGTAACAGTCTACAGCCA-3’
and reverse- 5’-AGTGCAGGGTCCGAGGTATT- 3’;
U6 forward- 5’-CTCGCTTCGGCAGCACA-3’ and
reverse- 5’-AACGCT TCACGAATTTGCGT- 3’.

Patients and samples:
In this study, 40 synovial tissues were collected
at Ningbo Medical Center Lihuili Hospital. The
candidates included 20 patients with osteoarthritis (OA
group), 8 males and 12 females, aged between 47-73 y.
The diagnosis of OA was based on the diagnostic
criteria for osteoarthritis[16] established by the
American Rheumatological Society in 1995. Patients
with abnormal liver and kidney function, malignant
tumours and systemic infections were excluded from
this work. There were 20 non-osteoarthritis patients,
including 10 males and 10 females, who served as
the control group. The synovium in the control group
came from patients undergoing amputation due to
trauma. Synovial tissue specimens obtained during the
operation were immediately frozen in liquid nitrogen
and completed within half an hour to reduce the risk of
RNA degradation in the tissue. The plasma samples of
the patients and healthy controls were also collected.
All patients signed informed consent document and this
study protocol was approved by the ethical committee
of Ningbo Medical Center Lihuili Hospital.
Isolation of the fibroblast-like synoviocytes:
Fibroblast-like synoviocytes (FS) were isolated from
the OA patients. Briefly, the synovial tissue obtained
from the OA patients was cut into small pieces under
sterile conditions within 2 h, digested by 3.0 g/l trypsin
(Gibco/Thermo Fisher Scientific, Inc., Waltham, MA,
USA) at 37° for 2 h and centrifuged for 10 min at
1000 rpm. Then the cells were collected and placed
in the medium at 37°. Cells were passaged when the
confluence reached 80-90 %, and the cells of the 3 to
5 generations were selected for the experiments.
Cell transfection:
The cell study included 3 groups, the control group,
the miR-132 inhibitors and the miR-132 inhibitors
negative control group (NC). The miR-132 inhibitors
and NC were designed and synthesized by Gene Pharma
(Shanghai, China). Transfection was conducted using
the Lipofectamine RNAi Max reagent (Invitrogen/
Thermo Fisher Scientific, Inc., Waltham, MA, USA),
143

RT-PCR:

Cell proliferation assay:
MTT method was used for the cell proliferation analysis.
OAFSs of the control group, miR-132 inhibitors and
NC group were treated with 10 ul MTT solution and
cultured for 4 h. Then supernatant was discarded and
100 µl dimethyl sulfoxide was added to each well, and
OD value at 490 nm was measured.
Cell apoptosis analysis:
At 48 h after transfection, the OAFSs were collected
and stained with both PI and Annexin V-FITC reagent
using commercially available apoptosis kit (Beyotime,
Shanghai, China). The effect of apoptosis rate of the
OAFSs was then measured by the BD FACSCalibur
flow cytometer (BD Biosciences, San Jose, CA, USA)
according to the manufacturer’s instructions.
Western blotting:
The proteins were isolated from the synovial tissue
samples and OAFSs with the radioimmunoprecipitation
assay buffer (Beyotime, Shanghai, China). The
concentration of the proteins in each sample was
determined by BCA kit (Beyotime). Then SDS-PAGE
was performed to separate the proteins using 10 %
gel and the protein on the gel was then transferred
to PVDF membranes. Next, the membranes were
blocked by 5 % non-fat dry milk and then incubated
with the primary antibodies (All purchased from Cell
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Signaling Technology, Inc., Danvers, MA, USA) at 4°
overnight. On day 2, the membranes were incubated
with the secondary antibodies at room temperature for
45 min and then treated by enhanced chemiluminescent
substrate (Beyotime) and imaged with the Bio-Rad gel
imaging system (Hercules, CA, USA).
Dual Luciferase reporter assay:
To confirm the direct targeting relationship between
miR-132 and SIRT1, dual luciferase reporter assay was
performed. Briefly, the wild-type SIRT1 3’-UTR (WT
SIRT1-3’UTR) and the mutant SIRT1 3’-UTR (MUT
SIRT1) fragments that contained the binding site of
miR-132 were synthesized (GenePharma, Shanghai,
China), cloned into the commercially available reporter
plasmid (p-MIR-reporter plasmid, Thermo Fisher
Scientific). Then the plasmids were co-transfected
into 293 cells with miR-132 mimics or the NC by
Lipofectamine RNAi Max (Invitrogen). After 48 h, the
activity of the luciferases was measured by the dualluciferase reporter kit (Beyotime).

RESULTS AND DISCUSSION
To begin with, RT-PCR analyses were performed to
compare the expression level of miR-132 in synovial
tissues and plasma of OA patients and healthy controls.
It was found that the expression level of miR-132 was
significantly higher in the synovial tissues (fig. 1A,
p<0.05) and plasma (fig. 1B, p<0.05) of patients with
OA in comparison to healthy controls. Furthermore,
results of Pearson correlation analysis showed that
there is a strong positive correlation between the
expression of miR-132 in synovial tissues and plasma
of OA patients (fig. 1C, r=0.567, p=0.009).

Statistical analysis:

Moreover ROC curves were drawn to evaluate the
ability of synovial tissues and plasma expression of
miR-132 to distinguish OA patients from the healthy
subjects. Results showed that the AUC for synovial
tissues and plasma miR-132 is 0.8625 (fig. 2A),
95 % confidence interval 0.7406 to 0.9844 and 0.8275
(fig. 2B), 95 % confidence interval 0.6993 to 0.9557,
respectively, suggesting that the expression of miR-132
in either synovial tissues or plasma could serve as a
diagnostic biomarker for OA.

Statistical analysis was performed by Graphad Prism
7.0 (San Diego, USA). The data were expressed as
means±standard deviation. Comparisons between
2 groups were made using student t-test, and comparisons
among three groups were made with ANOVA. Pearson’s
coefficient analysis was performed for the correlation
study and receiver operating characteristic (ROC)
curves were used for the evaluation of diagnostic
sensitivity and specificity of miR-132. All experiments
were repeated for at least 3 times, and P<0.05 indicates
statistical significance.

To further explore the function of miR-132 in the
pathogenesis of OA, OAFSs were isolated from OA
patients and transfected with the miR-132 inhibitors,
and MTT proliferation assay as well as flow cytometry
apoptosis assay were conducted. Results of MTT and
flow cytometry assays showed that miR-132 inhibitors
markedly inhibited proliferation (fig. 3A, p<0.05)
and promoted apoptosis (fig. 3C, p<0.05) of OAFSs
in vitro. Furthermore, miR-132 inhibitors also increased
the expression of apoptotic protein Bax and decreased
the expression of antiapoptotic proteins Bcl-2 (fig. 3B).

Fig. 1: Increased expression of miR-132 in synovial tissues and plasma of patients with OA
A. Comparison of miR-132 expression in synovial tissues of OA patients and healthy controls. B. Comparison of miR132 expression in plasma of OA patients and healthy controls. C. Correlation between the expression of miR-132 in
synovial tissues and plasma of patients with OA. **p<0.01, ***p<0.001
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Fig. 2: miR-132 may serve as potential diagnostic biomarker for OA
A. ROC analysis for the expression of miR-132 in synovial tissues to distinguish OA patients from the healthy subjects.
B. ROC analysis for the expression of miR-132 in plasma to distinguish OA patients from the healthy subjects.

Fig. 3: miR-132 can regulate the proliferation and apoptosis of OAFSs in vitro
A. Effect of miR-132 inhibitor on the proliferation ability of OAFSs in vitro. B. Effect of miR-132 inhibitor on the
expression of Bax and Bcl-2 in OAFSs in vitro. C. Effect of miR-132 inhibitor on the apoptosis of OAFSs in vitro.
*p<0.05, **p<0.01.
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Next, the underlying mechanisms of miR-132 in
regulating proliferation and apoptosis of OAFSs were
evaluated. First, bioinformatic analysis was performed,
which indicated that sirtuin1 (SIRT1) is a target gene of
miR-132 (fig. 4A); moreover, the expression of SIRT1
in synovial tissues was evaluated to find that the protein
expression of SIRT1 was significantly down-regulated
in synovial tissues (fig. 4B and 4C); furthermore, results
of correlation analysis showed the expression level of
miR-132 and SIRT1 in synovial tissues of OA patients
were negatively correlated (fig. 4D, r=-0.607, p=0.005).
Dual luciferase report assay was performed to confirm
the targeting relationship between miR-132 and SIRT1.
As shown in fig. 5A, miR-132 mimics dramatically

inhibited the activity of the luciferase in WT SIRT13’-UTR in OAFSs, while on the other hand, it had no
significant effect on the activity of luciferase in MUT
SIRT1-3’-UTR treated cells (fig. 5A, p<0.05). Finally,
it was found that transfection of miR-132 inhibitor in
OAFSs markedly promoted the expression of SIRT1 in
OAFSs (fig. 5B).
The present study focused on the roles of miR-132
in OA and the related mechanism. It was found that
miR-132 was up-regulated in both synovial tissues
and plasma of OA patients and miR-132 may regulate
the proliferation and apoptosis of OAFSs via targeting
SIRT1.The aberrant expression of miRNAs in OA

Fig. 4: Decreased expression of SIRT1 in OA
A. The sequences of the paired 3’-UTR region. B. Representative images of the protein expression of SIRT1 in synovial
tissues of OA patients and control. C. Quantified results of the protein expression of SIRT1 in synovial tissues of OA
patients and control. D. Correlation between the expression of miR-132 and protein expression of SIRT1 in synovial
tissues of OA patients. ***p<0.001.
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Fig. 5: SIRT1 is a target of miR-132 in OA
A. Results of dual luciferase report assay to confirm the targeting relationship between miR-132 and SIRT1. B. Effect
of miR-132 inhibitor on the protein expression of SIRT1 in OAFSs. **p<0.01. (▬) control, (▬) miR-132 inhibitors
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was found in many previous studies. For example,
Liu et al reported that miR-211-5p may contribute to the
differentiation of chondrocytes by targeting Fibulin-4 in
OA[17]; Yuan et al suggested that miR-214 can alleviate
the symptoms of osteoarthritis in rat OA models via
regulating the MAPK signalling[18]. In Murata et al.
work, they performed microarray analysis and found
miR-132 was significantly up-regulated in plasma
and synovial fluid of the OA patients[15]. However,
the expression pattern of miR-132 in synovial tissues
of OA patients is still unknown. In the present study,
we found the expression of miR-132 was significantly
increased in synovial tissues of OA patients, which was
consistent with Murata et al. finding, suggesting that
miR-132 may play important roles in the pathogenesis
of OA.
Moreover, results of ROC analysis showed that the
expression level of miR-132 in synovial tissues
could distinguish the OA patients from the healthy
controls. Indeed, these data proposed the possibility of
synovial level of miR-132 as a diagnostic marker for
OA; however, the difficulty in obtaining the synovial
tissues may limit its potential clinical application.
Nevertheless, results of previous studies suggested that
miRNAs can be released by cells in to circulation and
interestingly, unlike most of the protein biomarkers,
those circulating miRNAs are stable in the peripheral
blood[19,20]. Therefore, numerous previous studies have
proposed the roles of circulating miRNAs as potential
diagnostic biomarkers for different diseases[19-22],
including OA[23,24]. In Murata’s sequencing analysis,
miR-132 was also found to be up-regulated in plasma
of the OA patients, however, the results have not
been verified by RT-PCR analysis with larger sample
size and whether miR-132 can serve as a diagnostic
biomarker is still unclear. In the present study, miR-132
was found to be significantly increased in plasma of the
OA patients, which confirmed Murata’s finding, and
interestingly, the expression of miR-132 in the synovial
tissue and plasma of the OA patients were positively
correlated; furthermore, ROC analysis showed the
AUC of circulating miR-132 for the diagnosis of OA
was 0.8257, which was similar to the AUC of synovial
miR-132 (0.8625). Taken together, these results
suggested that miR-132 was also elevated in plasma of
OA patients, and the circulating miR-132 may serve as
a potential biomarker for the early diagnosis of OA.
OAFSs have been reported to play a key role in the
development of OA[25,26]. Over-proliferation of OAFSs
could lead to long-term inflammatory condition and
147

finally lead to the degradation of the cartilage[27-29].
In the present study, miR-132 inhibitor was found to
inhibit the proliferation and promoted the apoptosis of
OAFSs, suggesting that miR-132 may be involved in
the pathogenesis of OA via regulating the proliferation
of OAFSs.
miRNAs were known to exert their functions via
inhibiting their targets. Sirtuin1 (SIRT1) belongs to the
sirtuin family which are a group of NAD+-dependent
protein deacetylases[30,31]. Results of previous studies
suggested that it was down regulated in OA, and
overexpression of SIRT1 may play protective role by
inhibiting the secretion of inflammatory cytokines and
degradation of the cartilage[32,33]. In the present study,
we used bioinformatic methods and SIRT1 has been
predicted as a target of miR-132; moreover, the protein
expression of SIRT1 was down-regulated in synovial
tissues of OA patients and the expression of miR-132
and SIRT1 was negatively correlated; furthermore, we
confirmed the directing targeting relationship between
miR-132 and SIRT1 in OA by luciferase reporter
assay and WB. Taken together, our data suggested
that overexpression of miR-132 in OA may lead to the
decreased expression of SIRT1, which consequentially
lead to the over-proliferation of OAFSs and contribute
to the development of the disease.
In conclusion, it was found that miR-132 was upregulated in both synovial tissues and plasma of OA
patients and miR-132 could regulate proliferation and
apoptosis of OAFSs via targeting SIRT1. The results of
the present study proposed the potential application of
miR-132 as a diagnostic marker and therapeutic target
for OA.
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