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Abstract. Osteoarthritis (OA) is a degenerative disease 
characterized by deterioration of articular cartilage. The aim 
of this study was to identify and characterize the expression 
of microRNA-125b-5p (miR-125b-5p) in normal and OA 
synovial cells, and to determine its role in OA pathogenesis. 
First, the levels of miR-125b-5p and synoviolin 1 (SYVN1) 
were detected among normal, mild OA and severe OA groups 
with the use of quantitative PCR. Computational analysis 
was used to search for the target of the miR-125b-5p, and 
luciferase reporter assay system was used to validate SYVN1 
as  the target gene of miR-125b-5p. Then the SYVN1 expres-
sion level of cells transfected with miR-125b-5p mimics or 
inhibitors was estimated using quantitative PCR and western 
blotting. Finally, MTT assay was employed to estimate the 
effect of miR-125b-5p on apoptosis. We enrolled 36 partici-
pants consisting of 12 normal control, 12 mild OA and 12 
severe OA, furthermore, we performed quantitative PCR 
to detect the levels of miR-125b-5p and SYVN1 among 
those groups, and found that miR-125b-5p was expressed 
at highest level in severe OA compared with normal control 
and mild OA groups, while SYVN1 was expressed at the 
lowest level in severe OA. Additionally, we identified that 
SYVN1 is a target of miR-125b-5p by using computational 
analysis and luciferase assay. Transfection with miR-125b-5p 
mimic or inhibitor was employed to investigate the effect 
of miR-125b-5p on expression of SYVN1 in synovial cells, 
and synovial cell viability and apoptosis, and the results 
showed that miR-125b-5p mimics significant decreased the 
expression of SYVN1, a substantially promoted apoptosis 
of synovial cells, while miR-125b-5p inhibitors remarkably 
increased the level of SYVN1, and substantially suppressed 
apoptosis of synovial cells. The data suggested that miR-
125b-5p promoted apoptosis of synovial cells through 

targeting SYVN1 gene, with important implication for vali-
dating miR-125b-5p as a potential target for OA therapy.

Introduction

As a complex disorder with the whole synovial joint involved, 
osteoarthritis (OA) has the highest prevalence in all forms of 
arthritis worldwide and contributes to the majority of disability 
because of pain (1). The knee is the most commonly affected 
joint and OA often takes place in older adults especially in 
women (1). It is estimated that there are nearly 27 million 
adults suffering from OA in 2008 in the USA alone  (2). 
Consequently, it is necessary to carry out remarkable efforts 
to look into the pathogenesis and pursue better understanding 
of OA progression and development, which might result to the 
development of promising treatment regimens.

It has been demonstrated that apoptosis of synovial cells is 
under control of variable factors, and dysregulation of apop-
tosis contributes to the development of OA (3-5). It has been 
reported that significant concentrations of nitric oxide (NO) 
metabolites, which is believed to promote apoptosis, in human 
OA synovial fluids (6,7). Apoptotic cells were reported to be 
present in the synovial membrane in OA as well as in RA. As 
a result, apoptosis might act as a regulatory event to control 
metabolism of synovial cells in OA (8).

Recently, synoviolin  1 (SYVN1) expression is highly 
related to rheumatoid arthritis development and has been 
confirmed as a rheumatoid regulator. Transgenic SYVN1 
mice with high SYVN1 expression had spontaneous arthro-
plasty, however, mice with reduced SYVN1 (SYVN1+/- mice) 
were at lower risk of developing collagen-induced arthritis 
(CIA) (9).

As a class of small, non-coding RNAs, microRNA (miRNA) 
plays critical roles in development of numerous kinds of species 
and frequently participates in numerous genetic diseases, 
including cancer (10). Generally, microRNAs are involved in 
gene expression downregulation by targeting mRNAs (11). It 
is believed that a common mechanism of microRNA biogen-
esis is shared in mammals  (12). The primary microRNAs 
(pri-microRNAs) are transcribed from the genome, followed 
by processed into precursor microRNAs (pre-microRNAs) in 
the nucleus by the Microprocessor complex of Drosha (a type 
of RNase III enzyme) and its cofactor DGCR8 (also named 
as Pasha)  (13,14). A typical hairpin structure consisting of 
approximately 60-70 nucleotides which is characterized by an 
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overhang of approximately 2 nucleotides at the 3' end exist in 
pre-microRNAs (15).

Increasing evidence demonstrates that miRNAs play 
important roles in controlling numerous basic cell functions. 
miRNAs play key roles in all cellular processes including carti-
lage remodeling and chondrogenesis (16-18). Consequently, 
aberrant expression profiles of miRNA was related to develop-
ment of osteoarthritis (19-22). Previous research has identified 
a signature of 16 miRNAs which could discriminate normal 
osteoarthritic cartilage tissue, with 7 miRNAs downregulated 
and 9 miRNAs remarkably upregulated in osteoarthritis tissue 
by contrast to normal controls (20).

In a recent study, miR-125b-5p was shown to be upregulated 
in the Synovial cells collected from OA, and SYVN1 was found 
to be involved in the pathogenesis of OA (23-25). We identified 
SYVN1 as a virtual target of miR-125b-5p by using in-silico 
analysis. In this study, we validated SYVN1 as a target of miR-
125b-5p and tested the role of miR-125b-5p and SYVN1 in the 
development of OA.

Materials and methods

Samples. Human synovial cells were isolated from synovium 
obtained from joint surgery, and synovium was isolated from 
36 participants consisting of 12 normal control (K/L, Grade 0: 
normal cartilage), 12 mild OA (K/L Grade I and II: low grade 
OA cartilage) and 12 severe OA (K/L, Grade III and IV: 
high grade OA cartilage) at Department of Orthopedics, The 
People's Hospital of Linyi (Linyi, China). Trypsin and colla-
genase were used to digest the superficial layer of synovium 
after dissection. The protocol of the study was approved by 
the Ethics Committee of The People's Hospital of Liny. The 
patients signed informed consent for participation in the 
study after the potential risk was explained. The study was 
conducted according to the Declaration of Helsinki.

Synovial cells culture and transfection. DMEM (Dulbecco's 
modified Eagle's medium) (Gibco® Invitrogen, Carlsbad, CA, 
USA) containing 100 U/ml streptomycin, 100 U/ml penicillin 
and 10% FBS (fetal bovine serum) (Hyclone, Logan, UT, USA) 
was used to culture the synovial cells under a humidified 
atmosphere of 5% CO2/95% air at 37˚C. Lipofectamine 2000 
(Invitrogen) was used to perform the transfection in accor-
dance with the manufacturer's instructions. Briefly, when the 
cells were grown to 80% confluence, the cells were transfected 
with miR-125b-5p mimics or inhibitors and scramble control 
(RiboBio, Guangzhou, China).

Quantitative PCR. The miRNANeasy Mini kit (Qiagen, 
Hilden, Germany) was used to isolate total RNA from synovial 
cells and tissue samples in accordance with manufacturer's 
guideline. Beckman DU-640 spectrophotometer (Beckman 
Instruments Inc., Fullerton, CA, USA) was used to determine 
the concentration of RNA extracted following the standard 
protocol by the supplier, and then 1% formaldehyde agarose 
gel electrophoresis was used to evaluate quality of RNA. The 
quantification of miR-125b and SYVN1 mRNA expression 
was performed using Applied BiosystemsTaqMan MicroRNA 
Reverse Transcription kit (Thermo Fisher Scientific, Waltham, 
MA, USA), TaqMan MicroRNA Assay kits was used to 

perform the reverse transcription of complementary DNA in 
accordance with manufacturer's recommendations. Applied 
Biosystems StepOne Real-Time PCR System (Thermo Fisher 
Scientific) was used to carry out qRT-PCR (quantitative poly-
merase chain reaction) following the guideline by the supplier. 
The protocol of the reaction was carried out at 40  cycles 
of 95˚C for 15 sec, 15 sec at 60˚C, and 30 sec at 70˚C. The 
Comparative CT (2-∆∆Ct) method was used to calculate the 
expression of miR-125b and SYNV1 mRNA. Three indepen-
dent experiments were performed.

Luciferase assay. PCR (polymerase chain reaction) was used 
to amplify the human SYVN1 cDNA containing a putative 
target site for miR-125b-5p. Then the PCR products were 
inserted into the pGL3 control vector (Promega, Madison, WI, 
USA) immediately downstream of the stop codon of the firefly 
luciferase gene (pGL3-SYVN1 -3'UTR). The Quik Change II 
Site-Directed Mutagenesis kit (Stratagene, La Jolla, CA, 
USA) was used to generate the mutated version of the 3'UTR 
including a 7-bp mutation (3' mutant). Lipofectamine 2000 
(Invitrogen) was used to transiently co-transfect miR-125 
mimics and the mutant or wild-type reporter plasmid with the 
3'UTR of SYVN1. The dual-luciferase assay kit (Promega) 
was used to measure the activities of both the Renilla lucifer-
ases and firefly 24-48 h after transfection. Three independent 
experiments were repeated.

Cell proliferation assay. MTT [3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide] assay was used to perform 
the cell proliferation. The synovial cells were cultured in 
48-well plates, and then 20 µl of MTT (5 mg/ml) was added 
into each well 1, 2, 3 days after trancfection, and the super-
natant was removed. DMSO (150 µl) was used to dissolve 
the remaining crystals. A microplate reader was employed to 
measure the optical density of the cells based on the absorp-
tion at 490 nm. Each test was repeated in triplicate.

Western blot analysis. Synovial cells were harvested and 
washed twice with cold PBS. Radio immune precipitation 
assay lysis buffer (Invitrogen) was used to lyse the cells 
according to the protocol, and then centrifuged the cell lysates 
at 12,000 x g at 4˚C for 10 min to obtain the supernatants 
contained in the whole-cell protein extracts. DC protein 
assay (Bio-Rad, Berkeley, CA, USA) was used to determine 
the concentration of proteins. The protein was treated with 
boiling water with loading buffer to obtain heat-denatured 
protein samples, and 10% SDS-PAGE (poly-acrylamide gel 
electrophoresis) was used to separate the protein, and then 
transferred to an Immobilon-P membrane (Millipore, Bedford, 
MA, USA) for 2 h (120 V). PBS containing 0.1% Tween-20 
and 5% no-fat dry milk was used to incubate the membrane for 
1 h to avoid non-specific binding. The primary antibody anti-
SYVN1 (1:1000 dilution, Alomone labs Ltd., Jerusalem, Israel) 
anti-β-actin (1:8000, Sigma-Aldrich Co., LLC, St. Louis, MO, 
USA) were used to incubate the membrane at room tempera-
ture for 60 min, and washed twice with PBS including 0.1% 
Tween-20, and then a secondary antibody (1:15000 dilution, 
Invitrogen) was used to treat the membrane for another 60 min, 
and finally washed twice with PBS including 0.1% Tween-20. 
Enhanced chemiluminescence detection reagents (Amersham 
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Biosciences) was used to detect the bound antibody in accor-
dance with manufacturer's protocol.

Apoptosis analysis. BioVision Annexin V-FITC reagent kit 
(Sigma-Aldrich) and flow cytometry were used to perform 
apoptosis analysis in accordance with the manufacturer's 
instruction. At 48 h after transfection, the synovial cells were 
trypsinised, and PBS was used to wash the cells, and then 
the cells were collected by centrifugation of 2000 rpm/min, 
5 min, then 5 µl propidium iodide, 5 µl Annexin VFITC and 
500 µl binding buffer was added into each well, and incubated 
for 5-15 min. Finally, flow cytometry was used to estimate the 
apoptosis of the cells. Three independent tests were performed.

Statistical analysis. Statistical Package of Social Science 
Software program (SPSS), version 21 (SPSS Inc., Chicago, 
IL, USA) was used to statistically analyze the data. The data 
are shown as the means ± SD (standard deviation) unless 
otherwise indicated. Independent sample t-test was used 
to analyze the quantitative variables comparison between 
groups, and Pearson's Chi-square test was used to analyze 
qualitative variables comparison between groups. P-value 
<0.05 was considered to indicate a statistically significant 
difference.

Results

Expression of miR-125b-5p in normal control, mild OA and 
severe OA groups. A total of 36 participants were enrolled 
which consist of 12 normal control (K/L, Grade 0: normal 
cartilage), 12 mild OA (K/L Grade I and II: low grade OA 
cartilage) and 12 severe OA (K/L, Grade III and IV: high 
grade OA cartilage) according to a Kellgren/Lawrence 
Criterion, cells were cultured, followed by the detection of 
the gene level using quantitative PCR (qPCR) technique. As 
shown in Fig. 1, the gene level of miR-125b-5p in severe OA 
group was the highest in the three groups, while the gene level 
of miR-125b-5p in normal group was the lowest in the three 
groups. The data thus indicated that the overexpression level 

of miR-125b-5p induce the development of OA, and increased 
at high grade OA groups, while it decreased at low grade OA 
group, compared with normal control groups.

Expression of SYVN1 in normal control, mild OA and severe 
OA groups. The level of SYVN1 was detected with the use of 
quantitative PCR (qPCR) technique. As shown in Fig. 2, the 
gene level of SYVN1 in severe OA group was the lowest in 
the three groups, while the gene level of SYVN1 in normal 
group was the highest in the three groups. The data thus 
indicated that the downregulation of SYVN1 induce the 
development of OA.

miR-125b-5p targets SYVN1 in synovial cells. By using computa-
tional analysis, such as Diana-MICROT, miRDB, TargetMiner, 
and TargetScan, were chosen to determine the possible target 
genes of miR-125b-5p, we identified that SYVN1 is a virtual 
target of miR-125b-5p with binding sites in the 3'UTR of the 
gene, as shown in Fig. 3. To further confirm the interaction 
between SYVN1 3'TUR and miR-125b-5p, we sub-cloned the 
full length SYVN1 3'UTR into a vector and co-transfected it 
with miR-125b-5p mimics or inhibitors prior to dual-luciferase 
analysis, and we found that the luciferase activity of the cells 
cotransfected with wild-type SYVN1 3'UTR was significantly 
lower than that of the cells transfected with mutant SYVN1 
3'UTR and scramble controls, while the luciferase activity of the 
cells transfected with mutant SYVN1 3'UTR was substantially 
comparable with that of the cells transfected with scramble 
controls (Fig. 4), indicating that the SYVN1 was the target 
gene of miR-125b-5p, and the upregulation of miR-125b-5p 
suppressed the expression of SYVN1.

Negative regulatory relationship between SYVN1 and miR-
125b-5p. The regulatory relationship between SYVN1 and 
miR-125b-5p was tested with the use of quantitative PCR, as 
shown in Fig. 5, the negative regulatory relationship between 
miR-125b-5p and SYVN1 was validated, and the negative 
correlation coefficient was -0.40 (r= -0.40).

Figure 2. Quantitative PCR was performed to detect the expression level of 
SYVN1 among normal control, mild OA and severe OA groups. The level of 
SYVN1 is the lowest in severe OA group.

Figure 1. Quantitative PCR was performed to detect the expression level of 
miR-125b-5p among normal control, mild OA and severe OA groups. The 
level of miR-125b-5p is the highest in severe OA group.
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Overexpression of miR-125b-5p decreases expression of 
SYVN1. To investigate whether miR-125b-5p has an inhibitory 
effect on the expression of SYVN1, quantitative PCR and 
western blot analysis were used. Cells were transfected with 
miR-125b-5p mimic, miR-125b-5p inhibitor and scramble 
control in synovial cells, respectively. As showed in Fig. 6, both 
mRNA (Fig. 6A) and protein (Fig. 6B) SYVN1 expression were 
significantly decreased in cells in which miR-125b-5p was 
overexpressed (transfected with miR-125b-5p), in comparison 
with similar cells transfected with scramble control. On the 
other hand, downregulation of miR-125b-5p via transfection 
of the cells with miR-125b-5p inhibitors significantly upregu-
lated the mRNA (Fig. 6A) and protein (Fig. 6B) expression of 
SYVN1. These findings further demonstrated that SYVN1 is a 
direct target of miR-125b-5p in PTENCE cell lines.

Effect of miR-125b-5p on proliferation and apoptosis of 
synovial cells. As synovial cells apoptosis and proliferation 
are crucial elements in OA pathogenesis, the effect of miR-
125b-5p on synovial cell apoptosis and proliferation were 
investigated using CCK8 assay. The results of CCK8 assay 
showed that miR-125b-5p mimic inhibited cell proliferation of 
OA synovial cells (Fig. 7A), In contrast, miR-125b-5p inhibitor 
promoted cell proliferation of OA synovial cells at the same 
time (Fig. 7A) compared with scramble control. Moreover, to 
explore the underlying molecular mechanisms, we evaluated 
the apoptosis status of the differently treated synovial cells, 
and found that overexpression of miR-125b-5p promotes apop-
tosis of synovial cells, while downregulation of miR-125b-5p 
significantly inhibits apoptosis of synovial cells. These data 
suggested that proliferation was inhibited and apoptosis was 
promoted by miR-125b-5p.

Discussion

Previously, miR-125b-5p was demonstrated to be involved in 
atherosclerosis, at least partially, for the first time by signaling 
for adhesion molecules and inflammatory cytokines which 
participated in vascular atherosclerosis pathological process. 
miR-125b-5p was also reported to be reduced during vascular 
neointima formation and in calcified vessels in atherosclerotic 

Figure 4. Cells were transiently co-transfected with the wild-type SYVN1 
3' UTR or mutant SYVN1 3' UTR, respectively. The cells were harvested at 
48 h after transfection, and then luciferase activity were measured by dual-
luciferase reporter assay.

Figure 5. The expression level of SYVN1 mRNA and the expression of 
miR-125b-5p were measure by quantitative PCR to comfirm miRNA-mRNA 
regulatory relationship. We validated the negative regulatory relationship 
between miR-125b-5p and SYVN1, and the negative correlation coefficient 
was -0.40 (r= -0.40).

Figure 3. (A) Based on computational analysis, SYVN1 may be the target of miR-125b-5p. (B) The schematic shows that the 3' UTR of SYVN1 contains the 
miR-125b-5p seed sites.
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mice by Goettsch et al (26), and Tili et al (27) reported that the 
expression level of MCP-1 and IL-6 was decreased by miR-
125b-5p overexpression, which agreed with their previous 
research results showing that expression level of miR-125b-5p 
reduced in response to tumor necrosis factor-α and lipo-
polysaccharide. Those findings suggested that miR-125b-5p 
might serve as a small molecular target during atherosclerosis. 
Moreover, the data indicated that exertion of miR-125b-5p 
function might be related to inflammation (28,29).

It has been demonstrated previously that miR-125b-5p 
served as a leukemogenesis oncomiR (30). The chief carci-
nogenic event is miR-125b activation by the chromosomal 
translocation t(2;11)(p21;q23) in acute myeloid leukemia 
and miR-125b locus translocation into immunoglobulin 
heavy chain enhancer in lymphoblastic leukemia [t(11;14)
(q24;q32)] (31,32) Targeting to multiple genes such as STAT3, 
PUMA, BCL3 and BAK1, miR-125b-5p was involved in 
apoptosis regulation, however, miR-125b-5p could lead to 
either tumor suppression or oncogenesis depending on cell 
types (30). miR-125b-5p overexpression leads to apoptosis in 
the majority of myeloma cells, resulting in survival benefit in 
T-ALL (33-35). 

In this study, we collected 36 participants consisting of 12 
normal control, 12 mild OA and 12 severe OA samples based 
on the Kellgren/Lawrence Criterion prior to our research, 
then we performed quantitative PCR on the expression levels 
of miR-125b-5p and synoviolin 1 (SYVN1) among the three 

groups, and found that the gene level of miR-125b-5p in severe 
OA group was the highest in the three groups, while the 
gene level of miR-125b-5p in normal group was the lowest. 
While the gene level of SYVN1 in severe OA group was the 
lowest, while the gene level of SYVN1 in normal group was 
the highest in the three groups. Moreover, we then performed 
computational analysis and luciferase analysis to confirm that 
SYVN1 is a virtual target of miR-125b-5p with binding sites in 
the 3'UTR of the gene, and confirmed by the luciferase activity 
of the cells co-transfected with wild-type SYVN1 3'UTR  
were significantly lower than that of the cells transfected 
with mutant SYVN1 3'UTR and scramble controls, while the 
luciferase activity of the cells transfected with mutant SYVN1 
3'UTR substantially comparable with that of the cells trans-
fected with scramble controls.

Synoviolin (SYVN1), the thologue or mammalian of yeast 
Hrd1 (degradation of 3-hydroxy-3-methylglutaryl reduc-
tase) is a multispanning membrane protein, and RING-H2 
finger domain in the carboxy-terminal located in the cyto-
plasm (36). Substantial research has indicated that SYVN1 
served as an E3 ubiquitin ligase for endoplasmic reticulum 
(ER)-associated degradation (ERAD), a process participating 
in quality control of cells and cellular adaptation to ERAD 
misfolded proteins (37,38). ERAD is involved in numerous 

Figure 6. (A) The level of SYVN1 protein of cells transfected with miR-
125b-5p mimics was much lower than scramble control, while notably 
higher subsequent to transfection with miR-125b-5p inhibitor. (B) The level 
of SYVN1 mRNA of cells transfected with miR-125b-5p mimics was much 
lower than scramble control, while notably higher following introduction of 
miR-125b-5p inhibitor.

Figure 7. The proliferation rate of and apoptosis of cells were measured by 
CCK-8 assay as described in Materials and methods. (A) The proliferation 
of cells transfected with miR-125b-5p mimics was reduced, while pro-
moted when transfected with miR-125b-5p inhibitor. (B) Overexpression of 
miR‑125b-5p promotes apoptosis of synovial cells, while downregulation of 
miR-125b-5p significantly inhibits the apoptosis of synovial cells.
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human diseases, for example diabetes and neurodegenerative 
diseases (such as Alzheimer disease, cerebral ischaemia/
hypoxia and Parkinson's disease) (39). In the ERAD pathway, 
SYVN1 is involved in the harmful protein disposing, ubiq-
uitination and recognition, making sure that these proteins 
are delivered by ER and degraded to reduce damage of ER. 
SYVN1 also suppress ER stress-induced apoptosis (9,40). 

In this study, we investigated quantitative PCR to confirm 
the negative regulatory relationship between SYVN1 and miR-
125b-5p based on the negative correlation coefficient (r= -0.40). 
We then conducted quantitative PCR and western blot analysis 
to detect the expression level of SYVN1 of cells induced with 
miR-125b-5p mimics or inhibitors, we  found overexpression 
of miR-125b-5p suppressed the level of SYVN1, while down-
regulation of miR-125b-5p upregulated the level of SYVN1. 
Finally, we performed MTT assay to detect the effect of miR-
125b-5p on apoptosis and proliferation of synovial cells by use 
of CCK8 kit, and found that miR-125b-5p mimic inhibited 
cell proliferation, and miR-125b-5p inhibitor promoted cell 
proliferation of OA synovial cells. In contrast, overexpres-
sion of miR-125b-5p promoted apoptosis of synovial cells, 
while downregulation of miR-125b-5p significantly inhibited 
the apoptosis of synovial cells. SYVN1 was confirmed as a 
rheumatoid regulator and its expression was significantly 
related to rheumatoid arthritis development. Spontaneous 
arthropathy was observed in transgenic SYVN1 mice with 
SYVN1 overexpression, however, mice with reduced SYVN1 
(SYVN1+/- mice) were at lower risk of developing collagen-
induced arthritis (CIA) (9,41).

In conclusion, these findings demonstrated that miR-
125b-5p could promote apoptosis of synovial cells through 
targeting the SYVN1 gene, and the excessive apoptosis of 
synovial cells could contribute to the development of OA.
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