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Objective: Exosome-encapsulated microRNAs (miRNAs) are being considered as either 
diagnostic or predictive markers in different types of diseases. Here, we discussed the effects 
of exosome-encapsulated miR-127-3p from bone marrow-derived mesenchymal stem cells 
(BM-MSCs) on osteoarthritis (OA).
Methods: BM-MSCs and primary chondrocytes were isolated from Sprague Dawley rats. IL- 
1β was utilized to treat chondrocytes to mimic an OA in vitro model, and exosomes extracted 
from BM-MSCs were utilized to treat chondrocytes so as to verify their protective effects on OA. 
Through online website prediction and experiments confirmation, we found the most signifi
cantly enriched miRNA in exosomes and elucidated the effect of this miRNA on the therapeutic 
effect of exosomes by interfering with its expression. Also, the genes targeted by the miRNA and 
the involved pathway were also found through bioinformatics analysis and experimental 
research, thereby probing into the protective mechanism of exosomes on chondrocytes.
Results: Exosomes derived from BM-MSCs restricted the IL-1β-induced chondrocytes 
damage. miR-127-3p was found to be enriched in exosomes, and the protective effect of 
exosomes was reversed by miR-127-3p inhibition. miR-127-3p targeted CDH11, and over
expressed CDH11 in chondrocytes weakened the therapeutic effect of exosomes. IL-1β 
treatment resulted in the activation of the Wnt/β-catenin pathway in chondrocytes. 
Exosomes treatment could inhibit the activation of this pathway, and overexpressed 
CDH11 reversed the inhibitory effect of exosomes on this pathway.
Conclusion: This study suggests that exosomal miR-127-3p derived from BM-MSCs 
inhibits CDH11 in chondrocytes, thereby blocking the Wnt/β-catenin pathway activation 
and relieving chondrocyte damage in OA.
Keywords: osteoarthritis, exosome, microRNA-127-3p, bone marrow-derived mesenchymal 
stem cells, CDH11, Wnt/β-catenin pathway

Introduction
Osteoarthritis (OA) is the most frequent form of arthritic disease around the world, 
resulting in destruction of joint tissues and debilitating pain.1 The main risk factors 
for OA development are manifold with the local and systemic reasons, including 
genetics, obesity, age, gender, previous joint trauma, as well as other underlying 
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diseases.2 This disease is related to numerous comorbid
ities, which considerably lowers the quality of life for OA 
patients.3 In clinical, the available interventions for OA are 
confined to palliative care, and no pharmacologic option 
has been found to impact disease pathogenesis at present.4 

Thus, understanding the mechanisms underlying OA can 
promote the development of novel therapies to meet the 
future clinical needs.

Mesenchymal stem cells (MSCs) are multipotent fibro
blast-like cells (FLS) with the functions of self-renewal 
and multilineage differentiation, which are considered as 
a possible therapeutic regimen for bone disorders.5 MSCs 
have been utilized for OA treatment because of their 
chondrogenic and immunomodulatory potentials, along 
with regenerative properties.6 Exosomes are extracellular 
vesicles involved in intercellular communication with the 
capability of transferring cargo molecules (eg protein, 
lipids and nucleic acids) at the near and far target sites.7 

Exosomes exert functions in various physiological and 
pathological processes through mediating cell-cell com
munication, and they also participate in numerous dis
eases, including OA.8 Bone marrow-derived 
mesenchymal stem cells (BM-MSCs)-released exosomes 
have been reported to be able to protect cartilage against 
damage and mitigate knee OA pain in a rat model.9 

Evidence has emphasized that microRNA (miRNA) and 
exosomes are beneficial for early diagnosis and are the 
useful treatment of OA.10 miRNAs invariably serve as 
either onco-miRNAs or tumor-suppressor miRNAs for 
different biological processes, and their roles are primarily 
based on its downstream genes.11 Recent studies have 
revealed that miRNAs play a role in OA development 
and progression.12,13 More specifically, emerging articles 
have demonstrated that the inhibitory role of miR-127-5p 
in OA progression.14–16 Nevertheless, the functions of 
miR-127-3p have not yet been elucidated. miRNAs are 
reported to modulate a series of biological processes via 
directly interacting with their target message RNAs 
(mRNAs).17 In this current research, Cadherin-11 
(CDH11) was determined to be a downstream target of 
miR-127-3p through online website prediction. CDH11 
has been indicated to be highly expressed in many types 
of fibrotic diseases, including arthritis.18 Moreover, deple
tion of CDH11 prevents inflammatory cell infiltration and 
cartilage erosion by the pannus in collagen-induced arthri
tis mice.19 All these evidences lead us to expound on the 
value of exosomal miR-127-3p from BM-MSCs in OA 
progression with the involvement of CDH11.

Materials and Methods
Ethics Statement
All animal experiments were approved by the ethics com
mittee of The Second People’s Hospital of Hefei. All 
animal procedures were performed in accordance with 
the Guide for the Care and Use of Laboratory Animals 
published by the National Institutes of Health (NIH 
Publication No.85–23, revised 1996). Great efforts were 
made to relieve the pain of animals.

Experimental Animals, and Isolation and 
Culture of Primary Cells
Three 5-week-old and three 1-week-old Sprague Dawley 
(SD) rats were available from Beijing Vital River 
Laboratory Animal Technology Co., Ltd. (Beijing, China).

As reported before,20 rat BM-MSCs were isolated from 
the femur of SD rats. In short, three 5-week-old rats were 
euthanized with an overdose of pentobarbital sodium 
(200 mg/kg), and the femurs were separated on a sterile 
operating table. The bone marrow was washed by injecting 
with a small amount of Dulbecco’s modified Eagle med
ium (DMEM, Gibco, Carlsbad, CA, USA) supplemented 
with 10% fetal bovine serum (FBS) into the femur. Next, 
the cell suspension was transferred to a 50 mL test tube 
containing 10 mL medium and centrifuged at 450 g for 5 
minutes to remove the supernatant and resuspended in 
10 mL medium. The nucleated cells were seeded into 
DMEM containing 10% FBS and cultured at 37°C with 
5% CO2. The medium was renewed every 3 days. The 
cells at passage 3–5 were selected for the subsequent 
experiments. For phenotype characterization, BM-MSCs 
were dyed with antibodies to CD29, CD44, CD34, and 
CD45 (Abcam, Cambridge, MA, USA) or appropriate 
isotype control immunoglobulin G (IgG), and then ana
lyzed by flow cytometry (FACSCanto™, BD Biosciences, 
San Jose, CA, USA). BM-MSCs were cultured with BM- 
MSC osteogenic differentiation medium and adipogenic 
differentiation medium (Cyagen Biosciences Inc, 
Guangzhou, China). Alizarin red staining kit and oil red 
O staining kit (LMAIBio, Shanghai, China) were utilized 
to confirm the differentiation abilities.

For the isolation of chondrocytes, three 1-week-old 
SD rats were euthanized by intraperitoneal injection of 
an overdose of pentobarbital sodium (200 mg/kg) to 
collect the proximal tibial and distal femoral articular 
cartilage. The cartilage samples were rinsed with sterile 
phosphate-buffered saline (PBS) for three times, and 
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then isolated from adipose and other bone tissues. 
After that, the fresh cartilage samples were sliced into 
1 mm3 pieces and detached in DMEM/F12-dissolved 
collagenase II (Gibco) at 37°C for 4–6 hours. 
Subsequently, the cells were transferred to a tube 
(15 mL) and centrifugated for removing the superna
tant. The mixture was incubated at 37°C with 5% CO2 

in a culture bottle (25 cm2) with 3 mL DMEM contain
ing 10% FBS and 1% penicillin/streptomycin. 
Chondrocytes at passages 1–3 were utilized in our 
subsequent studies.

Extraction and Identification of Exosomes 
Derived from BM-MSCs
DMEM with 10% FBS was ultracentrifuged at 100,000 
g overnight at 4°C to remove the exosomes in serum. BM- 
MSCs were cultured in this medium for 48 hours, and the 
supernatant was harvested. The supernatant was centri
fuged at 4°C at 2000 g for 15 minutes to remove the cell 
debris, and then the supernatant was centrifuged at 4°C at 
100,000 g for 1 hour. The precipitate was resuspended in 
PBS and centrifuged at 100,000 g for 1 hour at 4°C to 
remove the supernatant, and the precipitate was stored at 
−80°C for subsequent experiments.

The morphology of exosomes was viewed under a 100- 
kV transmission electron microscope (TEM, H-7000FA, 
Hitachi Co. Ltd., Tokyo, Japan). Zetasizer Nano (Malvern 
Instruments Ltd., Worcestershire, UK) was utilized for 
analyzing the particle size distribution of exosomes. 
Antibodies against CD63 (ProteinTech, Chicago, IL, 
USA) and CD9 (Abcam) were utilized to identify the 
expression of exosomal surface marker proteins by 
Western blot assay.

Uptake of Exosomes from BM-MSCs
The red fluorescent dye PKH26 was adopted to label 
exosomes as per the manufacturer’s instructions (Sigma- 
Aldrich, St. Louis, MO, USA). The labeled exosomes 
were suspended in 20 μg/mL PBS and co-cultured with 
rat chondrocytes in serum-free medium at 37°C for 12 
hours or 24 hours, followed by fixing with 4% parafor
maldehyde. After that, the nucleus was dyed with Hoechst 
33,342 (MedChemExpress, Monmouth Junction, NJ, 
USA). The uptake of exosomes was viewed with 
a confocal laser scanning microscope (Leica, Heidelberg 
Germany).

Cell Treatment and Grouping
BM-MSCs were assigned into three groups: untreated 
BM-MSCs (the extracted exosomes were named as Exo), 
negative control (NC) inhibitor group (transfected with 
miR-127-3p NC inhibitor, the extracted exosomes were 
named as Exo-NC), and miR-127-3p inhibitor group 
(transfected with miR-127-3p inhibitor, the extracted exo
somes were named as Exo-inhibitor).

Chondrocytes were divided into nine groups: control 
group (chondrocytes without any treatment), OA (IL-1β 
treatment) group, Exo group (OA chondrocytes treated with 
Exo), Exo-NC group (OA chondrocytes treated with Exo- 
NC), Exo-inhibitor group (OA chondrocytes treated with 
Exo-inhibitor), NC mimic group (OA chondrocytes trans
fected with miR-127-3p NC mimic), miR-127-3p mimic 
group (OA chondrocytes transfected with miR-127-3p 
mimic), Exo + pcDNA (OA chondrocytes treated with Exo 
and transfected with pcDNA empty plasmid), and Exo + 
pcDNA-CDH11 group (OA chondrocytes treated with Exo 
and transfected with pcDNA-CDH11 plasmid). The in vitro 
OA model was simulated by adding 10 ng/mL IL-1β 
(Peprotech, Rocky Hill, NJ, USA) to chondrocyte culture 
medium for 24 hours, and the chondrocytes were treated 
with 20 μg exosomes each time.

The miR-127-3p mimic/inhibitor, pcDNA-CDH11 and 
their respective NCs were designed and synthesized by 
Shanghai GenePharma Co., Ltd. (Shanghai, China). The 
transfection was performed as per the manufacturer’s pro
tocol using Lipofectamine 3000 (Thermo Fisher Scientific, 
Rockford, IL, USA).

3-[4,5-Dimethylthiazol-2-yl]-2,5 Diphenyl 
Tetrazolium (MTT) Assay
MTT kit (Beyotime, Shanghai, China) was utilized to 
detect the cell viability. In brief, cells were cultured for 
48 hours at a density of 5000 cells per well. After that, 
each well was incubated for 4 hours with 10 μL MTT 
solution, and then incubated with 100 μL Formazan dis
solving solution until the formazan precipitate was com
pletely dissolved through the observation under an optical 
microscope. A spectrophotometer (Unico Instrument Co., 
Ltd., Shanghai, China) was adopted to measure the optical 
density (OD) value at 570 nm.

5-Ethynyl-2′-Deoxyuridine (EdU) Assay
The EdU kit (Ribobio, Guangzhou, China) was utilized to 
detect the DNA synthesis activity of the cells. In short, 
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cells were firstly incubated with 50 μM EdU reagent for 12 
hours, fixed for 30 minutes with 4% paraformaldehyde, 
treated with glycine for 5 minutes, and stained with anti- 
EdU working solution for 30 minutes. After being permea
bilized with 0.5% Triton X-100 solution, the cells were 
incubated with 5 μg/mL Hoechst 33,342 staining solution 
for 30 minutes, and captured under a confocal laser scan
ning microscope. The percentage of EdU positive cells 
was calculated by ImageJ under five random fields.

Flow Cytometry
The cell apoptosis was evaluated by flow cytometry with 
Annexin V-fluorescein isothiocyanate (FITC) cell apoptosis 
detection kit (Solarbio, Beijing, China). Briefly, the cells 
were washed with ice-cold PBS (Gibco), resuspended in 1× 
binding buffer, and then suspended with 100 μL cell suspen
sion at room temperature. Next, the bovine serum in the test 
tube was appended to 5 μL Annexin V-FITC and then mixed 
for 10 minutes without light exposure. Then, the cells were 
supplemented with 5 μL propidium iodide (PI) for a 5-minute 
incubation under the same condition. PBS was supplemented 
to make the total volume into 500 μL in the test tube, and the 
apoptosis rate of the cells was immediately analyzed by a flow 
cytometer (BD Biosciences, San Diego, CA, USA). The apop
tosis rate was calculated as the apoptotic cells (Annexin V+/PI− 

and Annexin V+/PI+)/total cells × 100%.

Western Blot Assay
The harvested cells were lysed in radioimmunoprecipitation 
assay lysis buffer (Millipore, Billerica, MA, USA), and the 
protein (35 μg) was quantified by bicinchoninic acid kit 
(Sigma-Aldrich) for sodium dodecyl sulfate-polyacrylamide 
gel electrophoresis. After 90 minutes of electrophoresis, the 
Trans-Blot system (Bio-Rad, Hercules, CA, USA) was imple
mented to transfer the proteins from the gel on the Immun-Blot 
polyvinylidene difluoride membrane (Bio-Rad). To avoid the 
non-specific signal binding, the membrane was blocked with 
5% bovine serum albumin. The membrane was probed with 
the primary antibody overnight at 4°C, and then re-probed 
with the secondary antibody for 2 hours at room temperature. 
Glyceraldehyde phosphate dehydrogenase (GAPDH) was 
selected as the internal reference protein. The color reaction 
was carried out using an enhanced chemiluminescence sub
strate kit (Abcam). Finally, the signal density was analyzed 
using ImageLab software version 4.1 (Bio-Rad). The antibody 
information was showed as follows: Collagen II (1: 1000, 
ab188570, Abcam), matrix metalloprotease 13 (MMP13, 1: 
1000, 18,165-1-AP, Proteintech), CDH11 (1: 1000, #4442, 

Cell Signaling Technology, Danvers, MA, USA), β-catenin 
(1: 5000, ab32572, Abcam), GAPDH (1: 10,000, ab181602, 
Abcam), and goat anti-rabbit IgG H&L (HRP) (1: 5000, 
ab205718, Abcam).

Reverse Transcription Quantitative 
Polymerase Chain Reaction (RT-qPCR)
The total RNA extraction kit (Solarbio) and Universal RT-PCR 
kit (Solarbio) were utilized to extract RNA and obtain the 
complementary DNA (cDNA) as per the manufacturer’s 
guidelines. RT-qPCR was performed on the ABI7500 Real- 
time PCR System (Applied Biosystems, Foster City, CA, 
USA) using SYBR Green PCR Master Mix (Solarbio). 
GAPDH and U6 were selected as control genes to normalize 
the expression of mRNA and miRNA, respectively. Finally, 
the 2−∆∆Ct quantification method was used for data analysis. 
The primer information is listed in Table 1.

Dual-Luciferase Reporter Gene Assay
The potential binding sites of miR-127-3p and CDH11 were 
obtained from TargetScan. The wild-type (WT) and mutant 
type (MT) CDH11 luciferase reporter vectors (CDH11-WT 
and CDH11-MT) were constructed through the molecular 
cloning technology with pGL3 (Promega, Madison, WI, 
USA) as the basic vector. CDH11-WT had potential binding 
sites with miR-127-3p, while CDH11-MT contained a point 
mutation in the predicted binding sites of miR-127-3p. 
CDH11-WT and CDH11-MT were co-transfected into chon
drocytes with miR-127-3p mimic or NC mimic, respectively. 
Forty-eight hours post-transfection, the relative luciferase 
activity (firefly/renilla) was measured by the dual-luciferase 
reporter system (Promega).

TOP/FOP Flash Luciferase Assay
The TOP/FOP flash assay was used to detect the endogen
ous activity of the Wnt/β-catenin pathway. The TOP flash 
luciferase reporter plasmid (Biovector, Beijing, China) 
containing TCF/LEF DNA binding sites and the control 
plasmid FOP flash luciferase reporter plasmid (Biovector, 
Beijing, China) containing mutated TCF/LEF DNA bind
ing sites were transfected into chondrocytes. After 48 h of 
transfection, luciferase activity was determined by a dual- 
luciferase reporter assay system (Promega).

RNA Immunoprecipitation (RIP) Assay
RIP analysis was performed using Imprint RIP kit (Sigma- 
Aldrich). In short, the harvested cells with 80% confluence 
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were lysed in RIP buffer, and then incubated with the 
magnetic beads that had been coupled with anti- 
argonaute-2 (Anti-Ago2) or anti-IgG (NC). After isolating 
the immunoprecipitated RNA from the magnetic beads, 
RT-qPCR was performed to confirm the levels of miR- 
127-3p and CDH11.

Statistical Analysis
All statistical analyses were implemented using Prism version 
8.0 (GraphPad software, La Jolla, CA, USA). Data were 
reported as mean ± standard deviation. The unpaired t test 
was implemented to analyze the difference between the two 
experimental groups, and one-way or two-way analysis of 
variance (ANOVA) were performed to detect significant dif
ferences of the data among multiple groups, followed by 
Tukey’s multiple comparison test. All experiments were 
repeated three times independently. *p < 0.05 referred to 
statistical significance.

Results
Identification of BM-MSCs and Their 
Derived Exosomes
The cell surface antigens CD29, CD44, CD34 and CD45 
were identified on BM-MSCs using flow cytometry 

(Figure 1A). The results implied that CD29 (93.12%) 
and CD44 (75.35%) were in positive, while CD34 
(8.12%) and CD45 (4.53%) were in negative, which 
confirmed that BM-MSCs showed the characteristics of 
stem cells. Additionally, alizarin red staining and oil red 
O staining confirmed the differentiation abilities of BM- 
MSCs (Figure 1B).

The shape of the extracted exosomes was observed 
under a TEM, which showed a typical circular or elliptical 
structure (Figure 1C), and the exosomes had a particle 
diameter of 30–120 nm (Figure 1D). The detection of 
CD63 and CD9 expression on the surface of exosomes 
by Western blot assay confirmed that the obtained preci
pitate was the exosomes derived from BM-MSCs 
(Figure 1E).

Exosomal Treatment Attenuates IL-1β- 
Induced Chondrocyte Damage
To test whether exosomes could act on chondrocytes, we 
firstly co-cultured PKH26-labeled exosomes with chon
drocytes (Figure 2A). We observed that chondrocytes 
significantly ingested exosomes as the co-cultivation 
time prolonged. Next, chondrocytes with challenged 
with IL-1β to simulate the in vitro OA model, and 

Table 1 Sequence Used for RT-qPCR

Targets Forward Primer (5ʹ-3ʹ) Reverse Primer (5ʹ-3ʹ)

miR-127-3p CTGAAGCTCAGAGGGCTCTG GAACATGTCTGCGTATCTC
CDH11 ACACAGGATGGTGTGGTGAAGC CTTGACGGTCACAGTGTCCTTG

U6 CTCGCTTCGGCAGCACAT TTTGCGTGTCATCCTTGCG

GAPDH CATCACTGCCACCCAGAAGACTG ATGCCAGTGAGCTTCCCGTTCAG
miR-4792 CGGTGAGCGCTCGCTGG GAACATGTCTGCGTATCTC

miR-6089 GGAGGCCGGGGTGGGGCGGGG GAACATGTCTGCGTATCTC

miR-1246 AATGGATTTTTGGAGCAGG GAACATGTCTGCGTATCTC
miR-4466 GGGTGCGGGCCGGCGG GAACATGTCTGCGTATCTC

miR-7641 TTGATCTCGGAAGCTAAGC GAACATGTCTGCGTATCTC
miR-3665 AGCAGGTGCGGGGCGG GAACATGTCTGCGTATCTC

miR-658 AGGGAAGTAGGTCCGTT GAACATGTCTGCGTATCTC

miR-1273 GAACCCATGAGGTTGAGGCT GAACATGTCTGCGTATCTC
miR-7704 CGGGGTCGGCGGCGACG GAACATGTCTGCGTATCTC

KIF3B CGAACAGCAGAAGATCCTGGAG TCAGTTCCAGGGTCTCCTCATC

ING5 AGATCCAGAGCGCCTACAGCAA CAGGTCAGCATCAAGTCTTCGG
ATP2B2 CGGATAAGCACACGCTGGTCAA AGCCCACATCTGCCTTCTTGAG

MMP13 AACCAAGATGTGGAGTGCCTGATG CACATCAGACCAGACCTTGAAGGC

IL-6 GGTGCTAGGAGAAAACACCCA CCACTGGCATGGGGACTAAC
TNF-α TTTCTGTGGTACCCTCTGTGC GATCGGTCCCAACAAGGAGG

ADAMTS-5 TGTGGCTGAATAGCCCATCC TTCACGTGGACATCCCTGC

Abbreviations: miR, microRNA; GAPDH, glyceraldehyde phosphate dehydrogenase; RT-qPCR, reverse transcription quantitative polymerase 
chain reaction; CDH11, Cadherin-11; KIF3B, kinesin family member 3B; ING5, inhibitor of growth family 5; ATP2B2, ATPase, calcium- 
transporting, plasma membrane 2; MMP13, matrix metalloprotease 13; IL-6, interleukin-6; TNF-α, tumor necrosis factor-α; ADAMTS-5, 
a disintegrin and metalloproteinase with thrombospondin type 1 motifs-5.
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then treated with exosomes. MTT assay (Figure 2B), 
EdU assay (Figure 2C) and flow cytometry (Figure 
2D) were performed to determine cell viability, DNA 
synthesis activity and apoptosis rate of chondrocytes. 
The findings indicated that IL-1β treatment suppressed 
cell viability and DNA synthesis activity, and enhanced 
the apoptosis rate of chondrocytes. However, exosome 
treatment promoted cell viability and DNA synthesis 
activity, and suppressed the apoptosis rate. Finally, 
Western blot assay was conducted to detect the expres
sion of Collagen II and MMP13 in cells (Figure 2E). We 
found that IL-1β treatment resulted in a reduction in 
Collagen II expression and an elevation in MMP13 
expression in chondrocytes, and the expression of both 
was reversed after exosome treatment.

Exosomes are Protective for 
Chondrocytes by Increasing miR-127-3p 
Expression
For the purpose of probing into the mechanism of exo
somes on chondrocytes, we predicted the expression of 
miRNAs in MSC-derived exosomes in EVmiRNA 
(http://bioinfo.life.hust.edu.cn/EVmiRNA/#!/), and 
Figure 3A presents the top-10 miRNAs (Log2 expres
sion). We tested the expression of these miRNAs in 
chondrocytes before and after exosome treatment, and 
found that only miR-127-3p expression had a significant 
change (Figure 3B). Besides, we detected miR-127-3p 
expression in the supernatant after the exosome was 
extracted and in exosomes by RT-qPCR, and findings 

Figure 1 Extracted rat BM-MSCs and their secreted exosomes. (A) Identification of BM-MSC surface marker proteins by flow cytometry. (B) Identification of osteogenic 
and adipogenic differentiation capabilities of BM-MSCs. (C) Structural characteristics of exosomes-released from BM-MSCs. (D) Particle size analysis of exosomes. (E) 
Western blot assay utilized for the detection of the surface marker protein of exosomes. All the experiments were performed independently in triplicate and the results 
were the mean of three values. 
Abbreviation: BM-MSCs, bone marrow-derived mesenchymal stem cells.
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demonstrated that miR-127-3p was significantly 
enriched in exosomes (Figure 3C).

In order to test whether the protective function of 
exosomes on chondrocytes was achieved by miR-127- 
3p, we transfected NC inhibitor and miR-127-3p inhi
bitor into BM-MSCs, and the effective transfection was 
measured by RT-qPCR (Figure 3D). Then, RT-qPCR 
was performed on the extracted exosomes (Exo-NC 
and Exo-inhibitor), and it was found that Exo- 
inhibitor showed reduced miR-127-3p expression 
(Figure 3E). The effects of Exo-NC and Exo-inhibitor 
on IL-1β-induced chondrocytes were verified, and Exo- 
inhibitor was found to decrease the viability and DNA 
synthesis activity, and promote the apoptosis rate of 
chondrocytes, accompanied by reduced expression of 
Collagen II and elevated expression of MMP13 in 
chondrocytes (Figure 3F-I).

miR-127-3p Targets CDH11
For searching the downstream target genes of miR-127- 
3p in OA chondrocytes, we predicted the target genes in 
miRDB (http://www.mirdb.org/), miRWalk (http://mir 
walk.umm.uni-heidelberg.de/), and TargetScan (http:// 
www.targetscan.org/vert_71/) with rats as the species. 
There was a total of four intersections, namely KIF3B, 
ING5, ATP2B2, and CDH11 (Figure 4A). Next, we 
transfected miR-127-3p mimic and NC mimic into chon
drocytes, and the effective transfection was measured by 
RT-qPCR (Figure 4B). Meanwhile, the effect of miR- 
127-3p mimic on the expression of four potential target 
genes in chondrocytes was confirmed by RT-qPCR, and 
we found that only CDH11 had an altered mRNA 
expression (Figure 4C). miR-127-3p also inhibited the 
protein expression of CDH11, as determined by Western 
blot assay (Figure 4D). The potential binding sites of 

Figure 2 The protective function of exosomes on chondrocytes. (A) Uptake of exosomes by chondrocytes. (B) Effects of IL-1β and exosome treatment on chondrocyte 
viability were confirmed by MTT assay. (C) Effects of IL-1β and exosome treatment on DNA synthesis activity of chondrocytes were confirmed by EdU assay. (D) Effects of 
IL-1β and exosome treatment on apoptosis rate of chondrocytes were confirmed by flow cytometry. (E) The protein expression of Collagen Ⅱ and MMP13 in chondrocytes 
was detected by Western blot assay. All the experiments were performed independently in triplicate and the results were the mean of three values. One-way ANOVA (A– 
D) or two-way ANOVA (E) was used for comparison among multiple groups. *p < 0.05 vs 6 h; #p < 0.05 vs control group; @p < 0.05 vs OA group. 
Abbreviations: MTT, 3-[4,5-dimethylthiazol-2-yl]-2,5 diphenyl tetrazolium; EdU, 5-ethynyl-2′-deoxyuridine; MMP13, matrix metalloprotease 13; ANOVA, analysis of 
variance; OA, osteoarthritis.
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Figure 3 The protective effect of exosomal miR-127-3p on chondrocytes. (A) Prediction on the miRNA (Log2 expression) that is enriched in MSC-derived exosomes. (B) The 
effect of extracted exosomes on the expression of related miRNAs in chondrocytes by RT-qPCR. (C) RT-qPCR utilized to detect miR-127-3p expression in the removed 
supernatant during the exosome extraction and in the exosomes. (D) The transfection efficiency of miR-127-3p inhibitor in BM-MSCs confirmed by RT-qPCR. (E) miR-127-3p 
expression in the extracted exosomes (Exo-NC and Exo-inhibitor) determined by RT-qPCR. (F) Effects of Exo-NC and Exo-inhibitor treatment on the viability of chondrocytes 
measured by MTT assay. (G) Effects of Exo-NC and Exo-inhibitor treatment on the DNA synthesis activity of chondrocytes measured by EdU assay. (H) Effects of Exo-NC and Exo- 
inhibitor treatment on the apoptosis rate of chondrocytes determined by flow cytometry. (I) Effects of Exo-NC and Exo-inhibitor treatment on the expression of Collagen II and 
MMP13 in chondrocytes determined by Western blot assay. All the experiments were performed independently in triplicate and the results were the mean of three values. Unpaired 
t test (C–H) was utilized for comparison between two groups or two-way ANOVA (B, I) was used for comparison among multiple groups. *p < 0.05 vs OA group; ###p < 0.05 vs 
Supernatant group; @p < 0.05 vs NC inhibitor group; &p < 0.05 vs Exo-NC group. 
Abbreviations: miRNA, microRNA; MTT, 3-[4,5-dimethylthiazol-2-yl]-2,5 diphenyl tetrazolium; EdU, 5-ethynyl-2′-deoxyuridine; RT-qPCR, reverse transcription quantita
tive polymerase chain reaction; Exo, exosome; NC, negative control; MMP13, matrix metalloprotease 13; ANOVA, analysis of variance.
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miR-127-3p to CDH11 were obtained from TargetScan 
(Figure 4E). For the luciferase activity assay, CDH11- 
WT and CDH11-MT were transfected into chondrocytes 
with miR-127-3p mimic or NC mimic to measure the 
luciferase activity at 48 hours post-transfection (Figure 
4F). It was showed that miR-127-3p mimic reduced the 
luciferase activity of CDH11-WT, but had no significant 
effect on the luciferase activity of CDH11-MT. 

Furthermore, we also performed RIP assay in chondro
cytes to test whether miR-127-3p could target CDH11 
through Ago2 (Figure 4G). It was indicated that com
pared with anti-IgG, anti-Ago2 significantly enriched 
miR-127-3p and CDH11.

To investigate whether miR-127-3p can regulate the 
expression of OA-related genes MMP-13, IL-6, TNF-α, 
and ADAMTS-5 by targeting CDH11 in chondrocytes, we 

Figure 4 CDH11 is a downstream target gene of miR-127-3p. (A) The potential target genes of miR-127-3p in rats predicted in miRDB (http://www.mirdb.org/), miRWalk 
(http://mirwalk.umm.uni-heidelberg.de/), and TargetScan (http://www.targetscan.org/vert_71/). (B) RT-qPCR detection of the transfection efficiency of miR-127-3p mimic in 
chondrocytes. (C) Effect of miR-127-3p mimic on mRNA expression of potential target genes by RT-qPCR. (D) Effect of miR-127-3p mimic on CDH11 protein expression 
determined by Western blot assay. (E) Potential binding sites of miR-127-3p and CDH11. (F) Effect of miR-127-3p on CDH11-WT/CDH11-MT luciferase activity confirmed 
by luciferase activity assay. (G) RIP assay utilized to detect the binding relationship between miR-127-3p and CDH11. (H) Effects of miR-127-3p mimic and pcDNA-CDH11 
on the expression of CDH11 and OA-related genes MMP13, IL-6, TNF-α, and ADAMTS-5 in chondrocytes examined by RT-qPCR. All the experiments were performed 
independently in triplicate and the results were the mean of three values. Unpaired t test (B, D) was utilized for comparison between two groups or two-way ANOVA (C– 
H) was used for comparison among multiple groups. *p < 0.05 vs NC mimic group; ##p < 0.05 vs Anti-IgG group; &p < 0.05 vs miR-127-3p mimic + pcDNA group. 
Abbreviations: miRNA, microRNA; RT-qPCR, reverse transcription quantitative polymerase chain reaction; CDH11, Cadherin-11; WT, wild type; MT, mutant; MMP13, 
matrix metalloprotease 13; IL-6, interleukin-6; TNF-α, tumor necrosis factor-α; ADAMTS-5, a disintegrin and metalloproteinase with thrombospondin type 1 motifs-5.

Journal of Pain Research 2021:14                                                                                            submit your manuscript | www.dovepress.com                                                                                                                                                                                                                       

DovePress                                                                                                                         
305

Dovepress                                                                                                                                                            Dong et al

http://www.mirdb.org/
http://mirwalk.umm.uni-heidelberg.de/
http://www.targetscan.org/vert_71/
http://www.dovepress.com
http://www.dovepress.com


transfected miR-127-3p mimic with pcDNA-CDH11 into 
chondrocytes and detected the expression of CDH11 and 
OA-related genes by RT-qPCR (Figure 4H). We found that 
overexpression of miR-127-3p significantly suppressed the 
expression of CDH11 and OA-related genes, while their 
expression was significantly restored after overexpression 
of CDH11. This demonstrates the possibility that miR-127- 
3p affects phenotypic modulation of chondrocytes by tar
geting CDH11.

Upregulated CDH11 in Chondrocytes 
Weakens the Therapeutic Effect of 
Exosomes
In a previous report, CDH11 was found to be highly 
expressed in OA cartilage versus its expression in normal 
cartilage,21 but its effect on OA has seldomly been studied. 
We detected CDH11 expression by RT-qPCR in chondro
cytes (Figure 5A), and it was found that IL-1β treatment 
led to an increase in CDH11 expression in chondrocytes, 
and CDH11 was reduced after exosome treatment. Then, 
we transfected pcDNA-CDH11 into chondrocytes after 
exosome treatment, and the effective transfection was con
firmed by RT-qPCR (Figure 5B). The effects of upregu
lated CDH11 on IL-1β-induced chondrocytes were verified 
by MTT assay, EdU assay, flow cytometry and Western 
blot assay, and upregulated CDH11 was observed to sup
press the viability and DNA synthesis activity, and 
increase the apoptosis rate of chondrocytes, accompanied 
by reduced expression of Collagen II and elevated expres
sion of MMP13 in chondrocytes (Figure 5C-F), suggesting 
that the alleviating effects of exosome on IL-1β-treated 
chondrocytes were reversed by overexpression of CDH11.

Exosome Treatment Improves IL-1β- 
Induced Chondrocytes Damage by 
Inhibiting the Wnt/β-Catenin Pathway 
Activation
The activation of the Wnt/β-catenin pathway can contri
bute to chondrocyte damage and promote the progression 
of OA.22,23 The effects of IL-1β, exosome treatment and 
overexpression of CDH11 on the Wnt/β-catenin pathway 
activation in chondrocytes were then verified by Western 
blot assay (Figure 6A). We found that IL-1β treatment 
resulted in an increase in β-catenin expression, and β- 
catenin expression was inhibited after exosome treatment. 
Meanwhile, overexpressed CDH11 enhanced the 

expression of β-catenin. To detect changes in the endogen
ous activity of the Wnt/β-catenin pathway, we also per
formed TOP/FOP flash experiments in chondrocytes 
(Figure 6B). We found that IL-1β treatment significantly 
increased the TOP/FOP ratio, which means IL-1β treat
ment significantly elevated the endogenous activity of the 
Wnt/β-catenin pathway in chondrocytes. Exosome treat
ment remarkably repressed the endogenous activity of 
Wnt/β-catenin pathway induced by IL-1β. The inhibitory 
effect of exosomes on the endogenous activity of the Wnt/ 
β-catenin pathway was significantly attenuated after over
expression of CDH11. Based on all the aforementioned 
experiments, we confirm that exosomes carrying miR-127- 
3p can inhibit CDH11 expression in chondrocytes, thereby 
blocking the activation of Wnt/β-catenin pathway and 
ameliorating the IL-1β-induced chondrocytes damage.

Discussion
OA is an active, progressive and multifactorial disease 
featured by pain and physical disability.24 Indeed, all the 
currently accepted treatments are focused on symptom 
control, instead of disease prevention.25 MSC-derived exo
somes are revealed to be efficacious against various dis
eases, which are implied to modulate cartilage repair and 
regeneration.26 In this study, an in-vitro model of OA was 
mimicked by IL-1β induction in chondrocytes to make 
clear the underlying mechanisms of exosomal miR-127- 
3p from BM-MSCs in OA progression. To conclude, this 
study provides evidence that exosomal miR-127-3p from 
BM-MSCs alleviates chondrocyte damage in OA through 
downregulating CDH11 and blocking the Wnt/β-catenin 
pathway activation.

Since evidence has shown that MSC-derived exosomes 
could mitigate OA through repairing and regenerating the 
injured articular cartilage, the focus of the OA 
pathogenesis,27 we initially tested whether exosomes 
from BM-MSCs acted on IL-1β-treated chondrocytes. 
The findings indicated that BM-MSCs-derived exosomes 
could promote cell viability and DNA synthesis activity, 
and suppress the apoptosis rate of chondrocytes. Similarly, 
it has been exhibited that exosomes secreted by MSCs 
could attenuate OA through the promotion of chondrocyte 
migration and proliferation.28 Cosenza et al have declared 
that MSCs-derived exosomes are able to protect cartilage 
from degradation in OA via enhancing expression of chon
drocyte markers, decreasing catabolic markers and inflam
matory markers, blocking of macrophage activation, as 
well as protecting chondrocytes from apoptosis.29 These 

submit your manuscript | www.dovepress.com                                                                                                                                                                                                                    

DovePress                                                                                                                                                              

Journal of Pain Research 2021:14 306

Dong et al                                                                                                                                                            Dovepress

http://www.dovepress.com
http://www.dovepress.com


findings demonstrate that BM-MSCs-derived exosomes 
are beneficial against the OA development.

With the aim to probe into the mechanism of exosomes on 
chondrocytes, we predicted the expression of miRNAs in BM- 
MSC-derived exosomes. miR-127-3p was found to be 
enriched in exosomes through online website prediction and 

experiments, and the therapeutic effect of exosomes was 
diminished by inhibition of miR-127-3p in BM-MSC. As 
a crucial miRNA, miR-127-5p, which is decreased by IL-1β 
in human chondrocytes, functions as a vital regulator of the 
catabolic signaling pathways.30 There are articles highlighting 
that miR-127-5p is downregulated in OA cartilage tissues and 

Figure 5 Exosomes carrying miR-127-3p inhibit CDH11 expression in chondrocytes. (A) Effects of IL-1β and exosome treatment on the expression of CDH11 in 
chondrocytes detected by RT-qPCR. (B) RT-qPCR for detecting the transfection efficiency of pcDNA-CDH11. (C) Effects of upregulated CDH11 on the viability of 
chondrocytes measured by MTT assay. (D) Effects of upregulated CDH11 on the DNA synthesis activity of chondrocytes measured by EdU assay. (E) Effects of upregulated 
CDH11 on the apoptosis rate of chondrocytes determined by flow cytometry. (F) Effects of upregulated CDH11 on the expression of Collagen II and MMP13 in 
chondrocytes determined by Western blot assay. All the experiments were performed independently in triplicate and the results were the mean of three values. Unpaired 
t test (B–E) was utilized for comparison between two groups or one-way ANOVA (A)/two-way ANOVA (F) was used for comparison among multiple groups. *p < 0.05 vs 
control group; #p < 0.05 vs OA group; &p < 0.05 vs Exo + pcDNA group. 
Abbreviations: miRNA, microRNA; RT-qPCR, reverse transcription quantitative polymerase chain reaction; CDH11, Cadherin-11; MTT, 3-[4,5-dimethylthiazol-2-yl]-2,5 
diphenyl tetrazolium; EdU, 5-ethynyl-2′-deoxyuridine; Exo, exosome; NC, negative control; MMP13, matrix metalloprotease 13; ANOVA, analysis of variance; OA, 
osteoarthritis.
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chondrocytes, and rescuing miR-127-5p expression might be 
a useful strategy for OA therapy.14,15 Meanwhile, through 
bioinformatics analysis and experimental research, we found 
that CDH11 was a downstream gene of miR-127-3p, and 
upregulated CDH11 in chondrocytes weakened the therapeutic 
effect of exosomes. In a previous study, it is suggested that 
umbilical cord-derived MSC transplantation could decrease 
CDH11 expression in the synovium, implying that umbilical 
cord-derived MSCs inhibit CDH11 expression in FLSs of 
rheumatoid arthritis (RA) by secreting IL-10.31 In FLSs from 
RA patients, CDH11 has been demonstrated to enhance the 
secretion of IL-6 and other proinflammatory factors through 
the involvement of the key signaling pathways.32,33 In addi
tion, activated chondrocytes also release MMP-13 and 
ADAMTS-5, while TNF-α and IL-6 may cause OA indirectly 
by mediating the production of adiponectin and leptin.34 While 
our cytokine-level measurement revealed that miR-127-3p 
notably repressed the levels of these factors, which were 
elevated by CDH11 overexpression. These data suggest that 
CDH11 suppression is an essential therapeutic target in arthri
tis. Although the investigation on the binding relationship of 
miR-127-3p and CDH11 is still in its infancy, other researchers 
have concentrated on the binding relationship of miR-127-3p 
with other genes during OA progression. Zhou et al have 
confirmed that miR-127-5p could target MMP-13 and mod
ulate the expression of Collagen II in IL-1β-induced mouse 
chondrocytes.16 Many of the functions of miR-127-3p and 
CDH11 have not yet been clarified, and further exploration 
is required in this regard.

Currently available researches have demonstrated the 
involvement of many pivotal molecules and signaling path
ways in the therapeutic capabilities of MSCs-derived 

exosomes on bone disorders, including the Wnt/β-catenin 
pathway.5 The Wnt/β-catenin pathway is unique in modulat
ing arthritis development, and the molecules in this pathway 
act as significant targets for the treatment of arthritis.22,35 

Based on these evidences, we then aimed to elucidate the 
effects of IL-1β, exosome treatment and overexpression of 
CDH11 on the Wnt/β-catenin pathway activation in chon
drocytes. The obtained results suggested that exosome treat
ment could suppress the Wnt/β-catenin pathway activation, 
and upregulated CDH11 reversed the suppressive effect of 
exosomes on this pathway. Furthermore, Liu et al have stated 
that exosomes from platelet-rich plasma could alleviate knee 
OA by promoting chondrocyte proliferation and suppressing 
chondrocyte apoptosis via regulating the Wnt/β-catenin 
pathway.36

Conclusion
In summary, this study indicates that exosomal miR-127-3p 
derived from BM-MSCs inhibits CDH11 in chondrocytes, 
thereby blocking the Wnt/β-catenin pathway activation and 
protecting chondrocytes against damage in OA. Further 
research into the network of exosomal miR-127-3p modula
tion could accelerate the development of a new therapeutic 
intervention or preventive approach in OA.
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