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Abstract: Background: Chondrogenic differentiation of mesenchymal stem cells (MSCs) is important for osteoarthri-
tis (OA) treatment. However, the specific mechanisms involved are undefined. MicroRNAs (miRNAs) downregulate 
protein synthesis by binding to the 3’UTR of target mRNA. Methods: Bone marrow aspirates were obtained from OA 
patients undergoing total hip arthroplasty (n=8) to isolate MSCs. MiR-410 or miR-410 inhibitor were transfected into 
MSCs using lentivirus and the effects were assessed. Alcian blue staining detected differences in chondrogenic dif-
ferentiation. An MTT assay and flow cytometry determined changes in cell proliferation and cell cycle, respectively. 
Real time PCR assessed differences in miRNA and mRNA expression levels and western blotting detected changes 
in protein levels. ChIP assessed differences in transcriptional activation. TOP/FOP determined changes in the activ-
ity of the Wnt signaling pathway. A dual-luciferase reporter assay was used to confirm the miR-410 target protein. 
Results: miR-410 was elevated during transforming growth factor β3 (TGF-β3)-induced chondrogenic differentia-
tion of MSCs. miR-410 targeted a putative binding site in the 3’-UTR of the Wnt3a gene, thus regulating the Wnt 
signaling pathway. miR-410 transfection increased mRNA and protein levels of four chondrogenic markers, type II 
collagen (Col2a1), SRY-box 9 (Sox9), aggrecan (ACAN), and hyaluronan synthase 2 (Has2). miR-410 overexpression 
decreased Wnt3a protein expression. Wnt3a levels increased in OA patient cartilage concomitant with OA severity 
and significantly negatively correlated with miR-410 levels. Conclusion: miR-410 is a key regulator of MSC chondro-
genic differentiation and directly targets Wnt3a triggering the Wnt signaling pathway.
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Introduction

Osteoarthritis (OA) is a common musculoskele-
tal disease with a high socioeconomic impact 
[1]. It is characterized by alterations in bone-
cartilage homeostasis resulting in progressive 
degeneration of synovial joints [2]. Although the 
OA etiology is still unknown, it has been associ-
ated with susceptibility factors including age, 
prior joint injury, and other alterations linked to 
genetic and epigenetic factors [3, 4]. Currently, 
no effective treatment for OA exists beyond 
pain relief. However, cell therapy is being explo- 
red as an OA treatment [5]. Therapeutic appro- 
aches using bone marrow mesenchymal stem 
cells (MSCs) are considered one of the best 
options for treatment of injured cartilage and 
bone in OA. This approach is based on the po- 
tential of MSCs differentiating into chondro-
cytes or osteoblasts and their immunomodu- 
latory characteristics.

MSCs chondrogenic differentiation is a critical 
step in MSC therapy for OA. Dysfunction in the 
canonical Wnt/β-catenin signaling is involved in 
OA pathogenesis [6]. Numerous components 
including Wnts, frizzled, secreted frizzled relat-
ed protein (sFRP), Dickkopf, and LDL-receptor 
related proteins (LRPs) play crucial roles during 
cartilage and bone development and joint main-
tenance. Moreover, abnormal β-catenin expres-
sion is observed in degenerative cartilage, indi-
cating that Wnt signaling might contribute to 
cartilage loss. sFRP3 polymorphisms have a 
reduced ability to limit β-catenin signaling lead-
ing to an increased susceptibility to OA [7]. 

MicroRNAs (miRNAs) are small non-coding RNA 
molecules 21-25 nucleotides long. miRNAs 
either suppress translation or degrade mRNAs 
by recognizing the specific and complementary 
sequences of the 3’UTR of target mRNAs [8,  
9]. Various miRNAs play different roles in the 
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development of chondrogenic differentiation 
and may serve as potential biomarkers [10]. 
miR-495 inhibits chondrogenic differentiation 
in human MSCs by targeting Sox9 [11]. miR-
30a, miR-488, miR-221, and miR-410 regulate 
chondrogenic differentiation processes [12], 
and the target genes are important in OA [13]. 
However, to our best knowledge, there has 
been no investigation on the potential invol- 
vement of miRNAs during MSC chondrogenic 
differentiation.

In this study, we report miR-410 upregulation 
during the MSC chondrogenic differentiation 
process. Next, miR-410 was transfected into 
MSCs using a lentivirus vector to assess its 
effects on chondrogenic differentiation. The 
transfected miR-410 greatly promoted chon-
drogenic differentiation through the Wnt sig- 
naling pathway. In the present study, we pro-
vide proof-of-concept and experimental meth-
ods combining miRNA techniques with MSC 
therapy in the treatment of OA.

Materials and methods

Clinical information

Bone marrow aspirates were obtained from 
eight OA patients undergoing total hip arthro-
plasty. The average age of the patients was 
56.5 ± 4.6 years. OA diagnosis was determin- 
ed using the American Rheumatism Associ- 
ation criteria [14]. The disease severity was 
evaluated by the Mankin Scoring System crite-
ria for articular cartilage (Table 1). All samples 
were processed after obtaining written inform- 
ed consent. The institutional ethics committee 
of Luoyang Orthopedic-Traumatological Hospi- 
tal approved the study according to the princi-
ples presented in the Declaration of Helsinki.

MSC culture

MSCs were obtained from 10 ml of bone mar-
row aspirates. Briefly, the aspirate was diluted 
1:1 with Dulbecco’s Modified Eagle’s Medium 
(DMEM) and layered over an equal volume  
of Ficoll. After centrifugation at 900 g for 30 
min, the mononuclear cell layer was recovered, 
washed with DMEM, and suspended in DMEM 
(supplemented with 10% fetal bovine serum, 
100 U/ml penicillin, 100 mg/ml streptomycin, 
and 2 ml L-glutamine). The cultures were wa- 
shed to remove the non-adherent cells and  
further expanded until approximately 80% con-
fluence. Cells at confluence were digested with 
0.25% trypsin-EDTA for 5 min at 37°C and  
cultured for continued passaging. Cells at the 
third passage were used for experiments. The 
chondrogenic differentiation medium contain-
ing dexamethasone, ascorbate, ITS Supple- 
ment, sodium pyruvate, proline, and TGF-β3 
was replaced every 2 days.

Lentivirus vector construction

The 293T cells were transfected with the 
psPAX, Pmd2.G lentivirus package system. In 
brief, the recombinant lentiviruses containing 
the entire coding sequence of miR-410 or miR-
410 inhibitor (miR-410-in) were digested, conju-
gated, and transformed. Then, the 293T cells 
were cultured in a 60-mm plate and transfect-
ed with the miR-410 plasmid at a confluency  
of 40%. The transfection reaction was carried 
out using the Lipofectamine 2000 reagent as 
described by the manufacturer (Promega). The 
viruses were harvested from the supernatant 
after 24 h using a 0.2 μm filter. 

Cell transfection

For transfection of MSCs with lentivirus, the 
cells were seeded in 6-well plates in growth 
medium containing DMEM and 10% FBS and 
incubated for 12 h. Virus stock was diluted with 
DMEM supplemented with 10% FBS and add- 
ed to the cells. Following determination of  
the multiplicity of infection (MOI), MSCs were 
transfected with miR-410 or miR-410-in at the 
appropriate MOI. The miR-410 or miR-410-in 
transfected MSCs were analyzed by RT-PCR 
and western blotting for identification. 

Alcian blue staining

Representative cultures were collected after 
induction and sulfated cartilage glycosamino-

Table 1. Mankin Score of the eight samples
Samples Mankin Score
OA-mild Patient 1 2.3

Patient 2 2.6
Patient 3 2.3

OA-moderate Patient 4 5.2
Patient 5 5.8
Patient 6 5.5

OA-severe Patient 7 11.5
Patient 8 10.6
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glycans (GAGs) were measured by alcian blue 
staining to assess the deposition of cartilage 
matrix proteoglycans. The cells used for alcian 
blue staining were fixed using 4% paraformal-
dehyde, dehydrated, and paraffin imbedded. 
The 5 mm sections were stained with 1% alcian 
blue 8GX (Amresco) for 30 min. The cells were 
observed under the microscope.

Real time PCR

Total RNA was extracted from the cells with 
TRIzol reagent (Invitrogen) and cDNA was syn-
thesized following the manufacturer’s proto- 
col (Fermentas). Real-time PCR (qRT-PCR) anal-
ysis was conducted with SYBR Green Real- 
time PCR Master Mix (Toyobo) according to  
the manufacturer’s instructions. qRT-PCR reac-
tions were performed in the PTC-220 Real-Time 
PCR Machine (Bio-rad). Results were normal-
ized to the expression of U6 or GAPDH and 
were calculated with the 2-ΔΔCt method [15].

Western blot

Proteins (30 μg) were separated by electro- 
phoresis on 12% polyacrylamide gels contain- 
ing 0.1% SDS and transferred to nitrocellulose 
membranes. The membranes were incubated 
overnight at 4°C in blocking buffer (5% nonfat 
dry milk), probed with antibodies against the 
following proteins: Wnt3a (ab28472, Abcam, 

Cambridge, UK), COL2A1 (ab34712, Abcam), 
Sox9 (ab26414, Abcam), ACAN (ab36861, Ab- 
cam), Has2 (ab131364, Abcam), p84 (ab487, 
Abcam), β-catenin (ab16051, Abcam), and GA- 
PDH (ab9485, Abcam), and incubated with  
a peroxidase-conjugated secondary antibody. 
Proteins were visualized using a Millipore ECL 
Western Blotting Detection System.

MTT assay

The MTT assay was used to detect MSC prolif-
eration. The cells transfected with either miR-
410 or miR-410-in were induced to chondro-
cytes for 3-5 days. Subsequently, all cells were 
treated with 20 μl MTT at 5 mg/ml for 4 h. After 
adding 150 μl DMSO, the plate was read at  
490 nm to obtain the cell growth curve. All ex- 
periments were repeated in triplicate.

Flow cytometry

Cell cycle was analyzed by flow cytometry after 
MSCs were treated with miR-410 and chondro-
genic induction. After treatment, MSCs were 
fixed in ethanol at -20°C, washed in PBS, and 
stained with propidiumiodide (PI, 50 mg/mL) 
with RNaseA treatment (50 mg/mL) for 15 min-
utes at room temperature in the dark. Analysis 
was performed on the FACS Calibur (BD Bio- 
sciences). Flow Jo software was used to deter-
mine the percentage of MSCs in G0, G1, and  
S/G2/M.

Figure 1. MicroRNA expression in MSCs after cartilage induction. MSCs were induced for chondrogenic differentia-
tion by TGF-β3. The expression of miRNAs in MSCs and HC-α cell was detected by RT-PCR. A. miR-572, miR-130b, 
miR-193b, miR-410, miR-152, miR-560, and miR-28 expression in MSCs after cartilage induction. B. miR-410 ex-
pression in MSCs and HC-α cell. MSCs were induced for 15 or 25 days. *P < 0.05 vs. MSCs without induction.
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TOP/FOP detection

The activity of the Wnt signaling pathway was 
detected by a Wnt signal reporter assay using 
the TOPglow/FOPglow TCF reporter kit (Milli- 
pore). MSCs were seeded in 6-well plates and 
transfected with TOPglow and FOPglow accord-
ing to the manual. All transfections were done 
in triplicate and repeated at least 3 times.

ChIP

ChIP assays were performed as described  
previously [16]. Briefly, MSCs were cross-link- 
ed for 10 minutes with 1% formaldehyde and 
quenched with 125 mM glycine. After nuclei 
were isolated by centrifugation, the pellet was 

Data were expressed as the mean ± SD and 
analyzed by SPSS 17.0 software. Statistical 
comparisons were made between two groups 
using the t-test and among multiple groups 
using one-way ANOVA. A value of P < 0.05 was 
considered to be statistically significant.

Results

miR-410 is upregulated during MSC chondro-
genic differentiation

To screen the miRNAs with potential effects on 
MSC chondrogenic differentiation, we selected 
overexpressed miRNAs reported in cartilage for 
detection. Real time PCR showed that eight 
miRNAs were significantly upregulated in MSCs 

Figure 2. miR-410 promotes MSC proliferation. The empty vector (lentivirus) 
or recombinant lentivirus containing the entire coding sequence of miR-410 
or miR-410 inhibitor were transfected into MSCs. The expression of miR-410 
in MSCs with different treatments was measured by RT-PCR. Cell prolifera-
tion was assessed by the MTT assay. The cell cycle was detected by flow 
cytometry. A. miR-410 expression in MSCs after empty vector, miR-410, or 
miR-410-in transfection. B. Cell proliferation detected by the MTT assay after 
empty vector, miR-410, or miR-410-in transfection. C. Cell cycle tested by 
flow cytometry after empty vector, miR-410, or miR-410-in transfection. Vec-
tor group: MSCs transfected with lentiviruses; miR-410 group: MSCs trans-
fected with recombinant lentiviruses containing the entire coding sequence 
of miR-410; miR-410-in group: MSCs transfected with recombinant lentivi-
ruses containing the entire coding sequence of miR-410 inhibitor. *P < 0.05 
vs. vector group.

suspended in lysis buffer  
containing 0.1% SDS and  
sonicated to achieve frag-
ment sizes of 200 to 600 bp. 
The IP was conducted with 
ChIP-grade protein G magnet-
ic beads using an antibody 
against β-catenin. IgG protein 
was used as the negative  
control. To validate the enri- 
chment, qPCR was perform- 
ed with tiled primers.

Dual-luciferase reporter gene 
assay

For luciferase activity analy-
sis, MSCs (2×105 cells per 
well) were co-transfected with 
the luciferase reporter con-
struct phRL-TK Renilla lucifer-
ase plasmid (Promega) and 
Wnt3a-3’UTR using Lipofec- 
tamine 2000 according to  
the manufacturer’s instruc-
tions (Promega). After incuba-
tion for 24 h, the luciferase 
assay and subsequent lumi-
nescence calculations were 
performed using the Dual- 
Glo luciferase reporter assay 
system (Promega). Three in- 
dependent experiments were 
performed in triplicate.

Statistical analysis
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after cartilage induction with the largest in- 
crease found for miR-410 (Figure 1A). Next, to 
confirm the expression changes of miR-410 
during MSC chondrogenic differentiation, MSCs 
were induced for 15 or 25 days for chondrogen-
ic differentiation. The results show that miR-
410 was slightly increased after 15 days in- 
duction. It was significantly elevated after 25 
days induction, but still lower than in the hu- 
man chondrocyte cell line HC-a (Figure 1B). 
These results demonstrate that miR-410 is 
gradually upregulated during the process of 
MSC chondrogenic differentiation.

miR-410 promotes MSC proliferation 

Because miR-410 was upregulated during MSC 
chondrogenic differentiation, we hypothesized 
that miR-410 may play a critical role in MSCs. 
Lentivirus was selected for cell transfection  
to increase or reduce miR-410 expression in 

ic differentiation compared with normal con-
trols. However, miR-410-in markedly suppre- 
ssed chondrogenic differentiation (Figure 3A). 
The mRNA and protein levels of cartilage re- 
lated markers, such as COL2A1, SOX9, ACAN, 
and Has2, were tested by real time PCR and 
western blot after miR-410 transfection. Real 
time PCR results show that mRNA levels of  
the cartilage related markers were enhanced  
in the miR-410 group compared with the vec- 
tor group, whereas they declined in the miR-
410-in group (Figure 3B). Western blot results 
also demonstrated that the changes in pro- 
tein levels were similar to that of the mRNA  
levels (Figure 3C), suggesting that miR-410  
promoted MSC chondrogenic differentiation.

miR-410 triggers the Wnt signaling pathway

The Wnt signaling pathway plays an important 
role in MSC chondrogenic differentiation. Thus, 

Figure 3. miR-410 accelerated MSC chondrogenic differentiation. The empty 
vector (lentivirus) or recombinant lentivirus containing the entire coding se-
quence of miR-410 or miR-410 inhibitor were transfected into MSCs. The 
MSCs were stained with alcian blue. The mRNA and protein levels of carti-
lage marker proteins were detected by RT-PCR and western blot, respectively. 
A. Alcian blue staining of miR-410 or miR-410-in transfected MSCs for detec-
tion of chondrogenic differentiation. B. RT-PCR detection of mRNA expres-
sion of cartilage markers in miR-410 or miR-410-in transfected MSCs during 
chondrogenic differentiation. C. Western blot detection of protein expression 
of cartilage markers in miR-410 or miR-410-in transfected MSC during chon-
drogenic differentiation. Vector group: MSCs transfected with lentivirus; miR-
410 group: MSCs transfected with recombinant lentivirus containing the en-
tire coding sequence of miR-410; miR-410-in group: MSCs transfected with 
recombinant lentivirus containing the entire coding sequence of miR-410 
inhibitor. *P < 0.05 vs. vector group.

MSCs. Real time PCR con-
firmed that we successfully 
changed miR-410 levels in 
MSCs (Figure 2A). Further- 
more, the effect of miR-410 
on cell viability was tested. 
The results from the MTT 
assay revealed that miR-410 
obviously suppressed MSC 
viability, whereas miR-410-in 
markedly enhanced MSC via-
bility after four days incuba-
tion (Figure 2B). Flow cytome-
try also suggested that miR-
410 blocked MSCs in the  
G0/G1 phase, whereas miR-
410-in promoted cell prolifer-
ation by accelerating the cell 
cycle (Figure 2C). The data 
indicate that miR-410 may 
affect MSC proliferation th- 
rough regulating the cell cycle.

miR-410 accelerates MSC 
chondrogenic differentiation

The cell cluster became larger 
and the surface presented  
as a colloid during the pro-
cess of chondrogenic differ-
entiation. Morphological ob- 
servation showed that miR-
410 transfection significant- 
ly promoted MSC chondrogen-
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we explored whether miR-410 regulates the 
activity of the Wnt signaling pathway using  
a reporter assay. As shown in Figure 4A, the 
TOP/FOP ratio was significantly decreased in 
MSCs after miR-410 transfection, whereas it 
was upregulated after miR-410-in transfection. 
Furthermore, a ChIP assay was used to evalu-
ate the activation of the Wnt signaling path- 
way. miR-410 overexpression facilitated nu- 
clear β-catenin binding to the promoters of 
b-FGF, IGF-1, and TGF-β1, and promoted gene 
transcription and MSC chondrogenic differen- 
tiation (Figure 4C). Next, we examined the ef- 
fect of miR-410 on β-catenin nuclear translo- 
cation. After extraction from the cytoplasm and 

lationship in OA. Moreover, Wnt3a mRNA ex- 
pression in clinical samples from OA patients 
was tested. Wnt3a mRNA was markedly ele- 
vated in OA patients in a severity dependent 
manner (Figure 5E).

Discussion

As endogenous small inhibitory molecules of 
gene expression, miRNAs play critical roles in 
stem cell function and differentiation [17, 18]. 
In this study, we identified that miR-410 pro-
moted TGF-β3-induced chondrogenic differen-
tiation of MSCs by directly targeting Wnt3a at 
the post-transcriptional level. TGF-β3 treatment 

Figure 4. miR-410 triggered the Wnt signaling pathway. The activity of the 
Wnt signaling pathway was detected by a Wnt signal reporter assay. MSCs 
were transfected with TOPglow and FOPglow expression plasmids. The val-
ues of TOPglow and FOPglow were detected and the TOP/FOP ratio reflected 
the activity of the Wnt signaling pathway. A. TOP/FOP ratio in miR-410 or 
miR-410-in transfected MSCs during chondrogenic differentiation. B. ChIP 
detection of b-FGF, IGF-1, and TGF-β1 in miR-410 or miR-410-in transfected 
MSCs during chondrogenic differentiation. C. The protein levels of β-catenin 
and p84 in both the cytoplasm (C) and nucleus (N) were detected by western 
blot. Vector/NC group: control group, MSCs transfected with lentivirus; miR-
410 group: MSCs transfected with recombinant lentivirus containing the en-
tire coding sequence of miR-410; miR-410-in group: MSCs transfected with 
recombinant lentivirus containing the entire coding sequence of miR-410 
inhibitor. *P < 0.05 vs. vector/NC group.

nucleus, the protein levels 
were detected by western 
blot. p84 levels in the nucleus 
were markedly increased in 
the miR-410-in group, reveal-
ing that miR-410 suppress- 
ion facilitated β-catenin enter-
ing the nucleus during MSC 
chondrogenic differentiation 
(Figure 4B).

miR-410 regulates the Wnt 
signaling pathway by target-
ing Wnt3a

Because we found that miR-
410 affected the activity of 
the Wnt signaling pathway,  
we searched the miRNA data-
base and found that miR- 
410 pairs with Wnt3a mRNA 
(Figure 5A). Western blot re- 
sults showed that Wnt3a ex- 
pression was upregulated in 
the miR-410-in group (Figure 
5B). Luciferase assay results 
revealed that the level of 
Wnt3a 3’UTR was reduced in 
miR-410 transfected MSCs 
(Figure 5C), suggesting that 
miR-410 regulates Wnt3a ex- 
pression by directly binding  
to the 3’UTR of Wnt3a. Cor- 
relation analysis demonstr- 
ated that Wnt3a express- 
ion was negatively correlated 
with miR-410 expression in 
the cartilage from OA patients 
(Figure 5D), suggesting a re- 
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caused an elevation in miR-410 expression and 
affected the Wnt signaling pathway, facilitating 
chondrogenic differentiation.

Recent research shows that miR-410 regulates 
MET, which is involved in influencing glioma cell 
proliferation and invasion [19]. In a pituitary 
gonadotroph tumor, miR-410 blocked cell cycle 
progression by targeting cyclin B1 [20]. In our 
data, miR-410 markedly accelerated the cell 

proliferation rate in MSCs. These results indi-
cate that miR-410 can regulate chondrogenic 
differentiation of MSCs by affecting cell prolif-
eration. In conclusion, our results demonstrate 
that miR-410 is a positive regulator of MSC 
chondrogenic differentiation accelerating the 
cell cycle and enhancing cell viability.

Our real time PCR data demonstrate that miR-
410 exhibited the largest enrichment in MSCs 

Figure 5. miR-410 regulates the Wnt signaling pathway by targeting Wnt3a. To confirm whether miR-410 targeted 
the 3’-UTR of Wnt3a, a luciferase activity assay was performed. MSCs were co-transfected with wild type Wnt3a 
3’-UTR (Wnt3a-3’-UTR) or mutant Wnt3a 3’-UTR (Wnt3a-3’-UTR-mut) and miR-410 or miR-410-in. The relative lucif-
erase activity was detected. A. Predicted miR-410 target sequence in the 3’ UTR of Wnt3a. B. Western blot detection 
of Wnt3a protein expression in miR-410 or miR-410-in transfected MSCs during chondrogenic differentiation. C. 
Dual-luciferase reporter assay of MSCs transfected with the Wnt3a-3’ UTR reporter and miR-410 or miR-410-in. D. 
Correlation analysis of miR-410 and Wnt3a expression in OA patients. E. RT-PCR detection of Wnt3a mRNA expres-
sion in OA patients with different degrees of severity. Vector group: MSCs transfected with lentivirus; miR-410 group: 
MSCs transfected with recombinant lentivirus containing the entire coding sequence of miR-410; miR-410-in group: 
MSCs transfected with recombinant lentivirus containing the entire coding sequence of miR-410 inhibitor. Normal 
control group: people without OA; OA-mild group: patients with mild OA; OA-moderate group: patients with moderate 
OA; OA-severe group: patients with severe OA. *P < 0.05 vs. vector group; #P < 0.05 vs. normal control group.
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after cartilage induction among numerous re- 
ported overexpressed miRNAs. The expression 
of mature miR-410 gradually increased dur- 
ing TGF-β3-induced chondrogenic differen- 
tiation of MSCs. In addition, miR-410 was also 
increased in the cartilage cell line HC-a, as vali-
dated by real time PCR analysis. Therefore, 
miR-410 is a candidate with significant poten-
tial to participate in the regulation of chondro-
genic differentiation. Although miR-410 has 
been known to be involved in the carcinogene-
sis of various types of cancer and regulation  
of renal fibrosis in the pathogenesis of lupus 
nephritis [21, 22], we have identified the com-
plementary function of inhibiting TGF-β3-me- 
diated chondrogenesis.

Wnts can either suppress or trigger chondro-
cyte differentiation in different in vivo and in 
vitro models [23-28]. The different effects of 
Wnt signaling appear to be due to the different 
stages of development or cell type [26, 29].  
For example, activation of Wnt signaling using 
Wnt3a inhibits chondrogenesis of the prechon-
drocyte cell line ATDC540, however, it promotes 
chondrogenic differentiation of undifferentiat-
ed mesenchymal cells [27]. Thus, the demon-
stration that Wnt signaling promotes the chon-
drogenic differentiation of MSCs in this study  
is consistent with a previous report that miR-
410 may regulate the Wnt signaling pathway 
[21]. These results suggest that miR-410 may 
affect MSC chondrogenesis through the Wnt 
signaling pathway.

Consistent with the important role of the Wnt 
signaling pathway in regulating chondrogene-
sis, our results indicate that over-expression of 
miR-410 promotes MSC chondrogenic differen-
tiation, as reflected by increased mRNA and 
protein expression of chondrogenic markers 
including COL2A1, SOX9, ACAN, and Has2. In 
contrast, inhibition of miR-410 weakened chon-
drogenic differentiation, as shown by down-reg-
ulated mRNA and protein levels of COL2A1, 
SOX9, ACAN, and Has2. Furthermore, miR-410 
has an obvious effect on accelerating β-catenin 
nuclear translocation and binding with the pro-
moters of b-FGF, IGF-1, and TGF-β1. The results 
suggest that miR-410 has a specific influence 
on genes associated with chondrogenesis in 
response to TGF-β3. Taken together, miR-410 
represents a key regulator for promoting the 
chondrogenic phenotype in MSCs by regulating 

the Wnt signaling pathway, which may be 
responsive to TGF-β3.

The luciferase reporter analysis shows that 
exogenous miR-410 and miR-410-in regulated 
the activity of luciferase. These results indi- 
cate that miR-410 potentially regulates Wnt3a 
expression by binding to the miRNAs regula- 
tory element in the Wnt3a 3’UTR. The results 
indicate that miR-410 affects chondrogenesis 
by targeting Wnt3a. Consistent with the pro- 
minent role of the Wnt signaling pathway in  
the regulation of chondrogenesis, our results 
show that over-expression of miR-410 result- 
ed in enhancement of MSC chondrogenic dif-
ferentiation, whereas inhibition of miR-410 in- 
hibited chondrogenic differentiation.

miRNAs inhibit target gene expression through 
two distinct pathways, which are dependent  
on the complementary sequences between 
miRNAs and the target mRNA. miRNAs inhibit 
mRNA translation with imperfect complemen-
tary target sequences and degrade mRNA via 
perfect complementary target sequences [30, 
31]. Computational algorithms predicted that 
miR-410 binds to Wnt3a 3’-UTR with perfect 
complementation sequences, indicating that  
it might degrade Wnt3a mRNA. Consistent with 
the mechanisms of miRNAs regulation, we 
found Wnt3a was differentially expressed at 
both the protein and mRNA levels in gain- or 
loss-of function miR-410 experiments. Wnt3a 
mRNA was also increased in OA patients. Cor- 
relation analysis indicated that Wnt3a mRNA 
was significantly negatively correlated with 
miR-410. This study revealed that miR-410 sup-
pressed Wnt3a expression by binding to the 
Wnt3a mRNA 3’-UTR causing translational in- 
hibition.

In conclusion, our studies demonstrate that 
miR-410 was increased during TGF-β3-induced 
chondrogenic differentiation of MSCs. During 
the process of chondrogenic differentiation of 
MSCs, the attenuation of miR-410 expression 
negatively regulated its target gene, Wnt3a, 
and resulted in inhibiting the Wnt signaling 
pathway. Our findings indicate that miR-410 
plays a key role in chondrogenesis and pro- 
vides a novel mechanism in miRNA medi- 
ated regulation of MSC chondrogenic differ- 
entiation. However, an in vivo study is needed 
for further confirmation and clarification.
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