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MiR-143-3p regulates early cartilage
differentiation of BMSCs and promotes cartilage
damage repair through targeting BMPR2
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Abstract. — OBJECTIVE: The aim of this study
was to explore the role of microRNA-143-3p (miR-
143-3p) in cartilage injury, and to investigate the
possible underlying mechanism.

MATERIALS AND METHODS: A chondrogen-
ic differentiation cell model was established in
bone marrow mesenchymal stem cells (BMSCs).
The mRNA expression levels of runt-related tran-
scription factor 2 (RUNX2), miR-143-3p and bone
morphogenetic protein 2 (BMPR2) in BMSCs
were detected by quantitative Real Time-Poly-
merase Chain Reaction (qRT-PCR) after 0 d, 5 d
and 10 d, respectively. Mesenchymal stem cells
(MSCs) were transfected with miR-143-3p mim-
ics and its control in accordance with the lipo-
some method. Alcian blue colorimetric assay
was used to evaluate proteoglycan deposition
of MSCs. Meanwhile, gqRT-PCR and Western blot
were performed to analyze the expression levels
of ACAN and COL2A1. Luciferase reporter gene
assay was applied to verify the binding status of
miR-143-3p and BMPR2 3’UTR. Also, proteogly-
can deposition and the expression of ACAN and
COL2A1 were detected after simultaneous trans-
fection of miR-143-3p mimics and BMPR2 over-
expression plasmid.

RESULTS: 0 d, 5 d and 10 d after inducing
cartilage differentiation, the mRNA expres-
sion levels of RUNX2 and BMPR2 were marked-
ly increased. However, the expression level of
miR-143-3p was significantly decreased with the
prolongation of induction period. After transfec-
tion with miR-143-3p mimics, the level of miR-
143-3p in MSCs was remarkably increased. Al-
cian blue colorimetric assay and staining assay
showed that the deposition of proteoglycans in
the mimics group was significantly lower than
that of the control group. Meanwhile, after over-
expressing miR-143-3p, the levels of cartilage
differentiation marker proteins including ACAN
and COL2A1 were remarkably reduced. Lucifer-
ase report gene assay indicated that miR-143-
3p could negatively regulate BMPR2 by binding

to its 3’UTR. In addition, overexpression of BM-
PR2 could strikingly reverse the above effects of
overexpressed miR-143-3p.

CONCLUSIONS: During chondrogenic dif-
ferentiation, the level of miR-143-3p was de-
creased. Moreover, miR-143-3p could regulate
the differentiation process by targeting BMPR2
in BMSCs.
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Introduction

Age-related cartilage wear and degeneration,
as well as cartilage damage caused by various
traumas and sports injuries have increased gra-
dually. It has also become a common orthopedic
disease. Cartilage damage, mainly characterized
by joint pain and dysfunction, can be resulted
from a variety of reasons such as joint disease
or trauma. Meanwhile, in severe cases, cartila-
ge damage may lead to partial or complete loss
of joint function'. Due to less blood supply and
weak intrinsic repair ability, the repairing ability
of adult articular cartilage is very limited. When
the wound diameter is over than 4 mm?, it can’t
be spontaneously repaired. The treatments of ar-
ticular cartilage injury include subchondral bone
plate drilling, micro-fracture, arthroplasty, perio-
steal perichondrium transplantation, autologous
chondrocyte transplantation and others. Although
some effects have been achieved, the above treat-
ments cannot help to produce tissues with mor-
phological, functional, and mechanical properties
as normal cartilage®.
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Mesenchymal stem cells (MSCs) belong to
multi-tissue-derived adult stem cells derived from
mesoderm. MSCs have the ability of self-prolife-
ration and renewal, which can also differentiate
into chondrocytes, osteoblasts, and adipocytes*>.
Certain specific biological factors, such as tran-
sforming growth factor-p (TGF-), bone morpho-
genetic protein (BMP), and insulin-like growth
factor (IGF) can induce MSCs to differentiate into
chondrocytes, ultimately forming cartilage-like
tissues®. The process of cartilage regeneration
involves the regulation of multiple transcription
factors, cell growth factors and related signaling
pathways, including BMP, IGF, Wnt, Indian he-
dgehog (IHH), and parathyroid hormone-related
peptides (PTHrP). Studies have shown that bone
morphogenetic protein 2 (BMPR2) belongs to the
transforming growth factor superfamily. BMPR2
plays an important role in a series of biological pro-
cesses such as cell proliferation, differentiation and
apoptosis. Meanwhile, it can induce osteogenetic
and chondrogenic differentiation of stem cells in
vitro®. Inducing chondrogenic differentiation of
BMRP2 and inhibiting its osteogenic differentia-
tion and endochondral bone formation are helpful
methods for inducing chondrogenic differentiation
of MSCs, promoting cartilage formation and main-
taining the phenotype of chondrocytes.

MicroRNAs (miRNAs) are a type of endoge-
nous, short-chain non-coding RNAs with 18-25
nucleotides in length. Researchers have shown
that miRNAs can promote the degradation of tar-
get mRNAs and inhibit relevant protein expres-
sion levels. Target genes may affect multiple biolo-
gical processes such as cell proliferation, division,
differentiation, metabolism, and apoptosis’. A lar-
ge number of miRNAs can regulate the process
of cartilage differentiation by regulating certain
transcription factors such as Sox9, growth factors
like TGF-B, BMP2, as well as fibroblast growth
factors (FGF)'*!!, Among differentially expressed
miRNAs, the process of cartilage differentiation
regulated by them is totally different. For exam-
ple, miR-495 and miR-145 can down-regulate the
expression of target gene Sox9, eventually leading
to decreased mRNA levels of chondrocyte mar-
ker genes including Col2al, Acan (proteoglycan),
Col9a2, and Colllal'>. However, miR-335-5p pro-
motes the differentiation of MSCs through targe-
ting Daaml and ROCKI1. Both of the two mole-
cules are negative regulators of Sox9'. Due to the
complexity of miRNA function, the exact role of
miRNAs in regulating chondrogenic differentia-
tion still remain unclear. Moreover, the effect of

miRNA-143-3p on chondrogenic differentiation
of MSCs has not been reported yet.

Materials and Methods

Isolation and Culture of BMSCs

All animal experiments were approved by the
local Ethics Committee. Totally 10 6-week-old
male Norwegian brown rats weighing 100-120 g
were sacrificed by CO,. Subsequently, hind legs
were collected, and bone tissue (tibia, femur) was
separated. MSCs were cultured in Dulbecco’s
Modified Eagle Medium (DMEM; Gibco, Rock-
ville, MD, USA) containing 10% fetal bovine
serum (FBS; Gibco, Rockville, MD, USA) in a
37°C, 5% CO, incubator. When the cells grew to
a density of 80-90%, cell passage was performed
at a ratio of 1:2. Purified MSCs were collected
after 3 subcultures. Trypsin was added to 10%
FBS L-DMEM, meanwhile, third generation of
purified MSCs were digested and collected. The
concentration of MSCs was adjusted to 2 x 10°
cells/mL. This study was approved by the Animal
Ethics Committee of Soochow University Animal
Center.

Induction of Chondrogenic
Differentiation

MSCs were cultured in bone marrow mesen-
chymal stem cell chondrocyte differentiation
medium (MCDM) for 0, 5 and 10 d, respecti-
vely. Then the cells were collected for subsequent
experiments.

Cell Transfection

Before transfection, cells were seeded into
6-well plates. 10 uL. NC/miR-143-3p mimics, 1
ug BMPR3 plasmid and 5 pL 1lipo2000 (Invitro-
gen, Carlsbad, CA, USA) were diluted to 250 puL
serum-free culture medium, respectively. Then,
the three mixtures were incubated at room tem-
perature for 5 min. Subsequently, the former two
solution were slowly mixed with the latter one,
followed by incubation for 20 min. Finally, the
mixture was added in cells. 6 h after, the cells
were replaced with complete medium and cultu-
red for 48 h.

RNA Extraction and Quantitative
Real Time-Polymerase Chain Reaction
(GRT-PCR)

RNA was extracted by TRIzol (Invitrogen, Car-
Isbad, CA, USA), chloroform, and isopropanol.



J. Tian, Y.-J. Rui, Y.-J. Xu, S.-A. Zhang

Then, the concentration of extracted RNA was me-
asured and stored at -80°C until use. Subsequently,
extracted total RNA was reversely transcribed into
complementary deoxyribonucleic acid (cDNA). 1
pL cDNA sample was used, and SYBR Green
method was applied for qRT-PCR detection. Pri-
mers used in this study were as follows: BMPR2
(F: 5’-CACTACGGCTGCTTCCCAGAAT-3’,
R 5>-TCCCACAGACCATAACATGTGC-3%);
RUNX2 (F: 5-CCATCAGCGTCAACACCA-3’,
R 5-AGCCACCTTTACTTACACCC-3’); CO-
L2A1 (F: 5>-ATCGCCACGGTCCTACAATG-3’,
R 5’-GGCCCTAATTTTCGGGCATC-3%);
ACAN (F: 5-GAAGTGGCGTCCAAACCA-
AC -3°, R 5-AGCTGGTAATTGCAGGGGAC
-3’); miR-143-3p (F: 5-GTGATAATGTTTAGG-
GATTTT-3’, R: 5-AAA TTAGGCTACATTA-
TCAC-3").

Alcian Blue Colorimetry

After culture in inducing medium for 10 days,
the content of proteoglycan in MSCs was determi-
ned by Alcian blue colorimetry. Culture medium
in each group was discarded, and the cells were
washed with phosphate-buffered saline (PBS)
for 3 times. 100 pL cell lysate was added to each
well, followed by centrifugation and supernatant
collection. Subsequently, 0.5 mL 5 mg/L trypsin
was added in the supernatant. After 24 h, 0.5 mL
5 mg/L papain was added to hydrolyze for 24 h.
Then, 1 mL sample solution was added to the test
tube, and 1.5 mL 1.4 g/L. Alixin blue dye solution
was added. After 10 min, the absorbance values
of each group were measured at the wavelength
of 620 nm.

Western Blot

After culture in MCDM medium for 10 d,
MSC:s of each group were first washed with PBS.
Then, cell lysates were transferred to EP tubes
after lysis. The cells were pulverized using ul-
trasonication, and the supernatant was collected
after centrifugation. A total of 2 puL protein sam-
ple was used for concentration measurement.
After mixing with 5xsodium dodecyl sulphate
(SDS) and boiling, protein samples were sepa-
rated by polyacrylamide gel electrophoresis and
transferred onto the polyvinylidene difluoride
(PVDF) membranes (Millipore, Billerica, MA,
USA). After blocking with 5% skim milk at room
temperature for 2 h, the membranes were incu-
bated with primary antibodies at 4°C overnight.
After washing with Tris-Buffered Saline with
Tween 20 (TBST) (Beyotime, Shanghai, China)

for three times, the membranes were incubated
with secondary antibody at 37°C for 1 h. Immu-
noreactive bands were exposed by enhanced che-
miluminescence (ECL) method (Thermo Fisher
Scientific, Waltham, MA, USA).

Alcian Blue Dyeing

The culture medium was discarded, and the
cells were fixed with 4% paraformaldehyde for
20 min. After washing twice with PBS, the cells
were co-incubated with Alcian blue dye solution
for about 30 min. Then, the cells were washed
with distilled water for 5-10 min. Subsequently,
the staining results of each treatment group were
observed and captured. Finally, the differences
between groups were compared.

Luciferase Reporter Gene Assay

The full-length sequence of wild-type 3’ un-
translated region (UTR) of BMPR2 and the mu-
tant was amplified. Both the sequences were ve-
rified by DNA sequencing. Briefly, 100 ng vector
and 200 nmol/l miR-143-3p mimics or NC were
co-transfected into cells. 48 h after transfection,
the cells were harvested. Finally, the activity of
luciferase and Renilla were measured by dual-lu-
ciferase reporter gene assay (Promega, Madison,
WI, USA). The experiment was repeated three ti-
mes independently.

Statistical Analysis

Statistical Product and Service Solutions
(SPSS) 19.0 Software (IBM, Armonk, NY, USA)
was used for all statistical analysis. Measurement
data were expressed as mean + standard deviation
(SD). The #-test was used to compare the differen-
ce between the two groups. p<0.05 was conside-
red statistically significant.

Results

MiR-143-3p Was Lowly Expressed During
Cartilage Differentiation of MSCs

MSCs were induced by bone marrow MSC
chondrocyte differentiation medium (MCDM)
for 0d, 5d, and 10d, respectively. Then the level
of RUNX2 was detected by qRT-PCR. Resul-
ts showed that BMSCs differentiated into early
chondrocytes, and the mRNA level of RUNX2
gradually increased on 0, 5, and 10 d of chon-
drocyte differentiation (Figure 1A). Meanwhile,
miR-143-3p was gradually down-regulated at the-
se time points (Figure 1B). Previous studies have
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Figure 1. Expression of miR-143-3p in MSCs during cartilage differentiation. 4, During the process of cartilage differentia-
tion, the mRNA expression level of RUNX2 in MSCs was significantly increased with the prolongation of induction days. B,
The expression level of miR-143-3p was markedly decreased with the prolongation of induction days. C, The mRNA expres-
sion level of BMPR2 was remarkably increased with the prolongation of induction days.

shown that BMPR2, a BMP ligand, is involved
in endochondral bone formation and embryonic
development. Hence, we examined the expression
level of BMPR. Results found that BMPR expres-
sion increased with the prolongation of induction
time, which was opposite to the level of miR-143-
3p (Figure 1C).

Overexpression of MiR-143-3p Inhibited
Proteoglycan Deposition As Well As the
Expression of ACAN and COL2AT in MSCs

To determine whether miR-143-3p mediated
early chondrogenic differentiation, we transfected
miR-143-3p mimics into MSCs. QRT-PCR results
demonstrated that the expression of miR-143-3p
was significantly increased (Figure 2A). Then,
Alcian blue staining was performed to evaluate
proteoglycans in MSCs in early cartilage diffe-
rentiation. Results indicated that, compared with
the control group, polysaccharide deposition of
the miR-143-3p overexpression group was marke-
dly reduced (Figure 2B). Cells stained with Al-
cian blue also confirmed this result (Figure 2C).
Subsequently, qRT-PCR and Western blot were
performed to assess the effect of miR-143-3p ove-
rexpression on the expression level of ACAN and
COL2A1. Of note, we found that both the mRNA
and protein expression levels of ACAN and CO-
L2A1 were significantly reduced in the miR-143-
3p overexpression group (Figure 2D, 2E).

BMPRZ2 Was Confirmed As a Target Gene
of MiR-143-3p

To further investigate the possible mechanism
of miR-143-3p inhibiting early cartilage differen-
tiation of MSCs, we explored the target genes of

miR-143-3p. Bioinformatics analysis found that
BMPR2 was the target gene of miR-143-3p. Then,
a dual-luciferase reporter vector containing wild-
type/mutant BMPR2 3’-UTR (Figure 3A) and
miR-143 -3p mimics/negative control (NC) were
co-transfected into MSCs. The luciferase activi-
ty was detected 48 h after transfection. Results
demonstrated that, when miR-143-3p was present,
the luciferase activity of MSCs transfected with
wild-type BMPR2 3’-UTR reporter gene remar-
kably reduced. When transfected with the vector
containing mutant BMPR2 3’-UTR, no signifi-
cant decrease in luciferase activity was observed
even if miR-143-3p was present (Figure 3B). In
addition, up-regulated miR-143-3p was found to
down-regulate the expression of BMPR2 both on
mRNA and protein level (Figure 3C, 3D), sugge-
sting that miR-143-3p could bind to BMPR2 and
inhibit its expression.

Overexpression of BMPRZ Could Reverse
the Increase of Proteoglycan Deposition
as Well as the Level of ACAN and
COL2AT Induced by MiR-143-3p
Overexpression

After 10 d of culture in chondrogenic differen-
tiation medium, the mRNA levels of ACAN and
COL2AI1 were remarkably elevated in the miR-
143-3p&BMPR?2 group when compared with the
miR-143-3p overexpression group alone (Figure
4A). To determine whether miR-143-3p affected
proteoglycan deposition of MSCs via BMPR2, we
co-transfected miR-143-3p mimics and BMPR2
overexpression plasmids into MSCs. Staining
results suggested that the deposition of proteo-
glycans in the miR-143-3p&BMPR?2 group was
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Figure 2. MiR-143-3p inhibited chondrogenic differentiation of MSCs. 4, After overexpression of miR-143-3p, the expres-
sion level of miR-143-3p was significantly increased. MSCs were cultured in mesenchymal stem cell chondrogenic differentia-
tion medium for 10 d. B, The absorbance value of dissolved Alcian blue was significantly decreased at 620 nm; C, Alcian blue
staining in MSCs was remarkably reduced after 10 d of culture in differentiation medium; D, The mRNA levels of ACAN and
COL2A1 were significantly decreased. E, The protein levels of ACAN and COL2A1 were obviously reduced.

more than that of the miR-143-3p overexpression
group (Figure 4B). These results demonstrated
that the up-regulation of BMPR2 could reverse
the inhibitory effect of overexpressed miR-143-3p
on proteoglycan deposition as well as ACAN and
COL2ALI expression.

Discussion

MSCs can differentiate into different tissues,
including bone, cartilage, and adipose tissue. Cur-
rently, MSCs are commonly used as seed cells for
bone and cartilage tissue engineering, which have
also exerted broad application prospects in rege-
nerative medicine'. With the advantages of sim-
ple and convenient acquisition and culture, bone
marrow-derived MSCs are most widely used and
studied®. Previous studies have shown that chon-
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drogenic differentiation of bone marrow MSCs is
mainly regulated by the transcription factor Sox9,
which induces the expression of COL2A and
chondroitin sulfate. Meanwhile, chondrogenic
differentiation of MSCs is a complex biological
process involving numerous transcription factors,
cytokines and signaling pathways'®.

MiRNAs regulate transcription factors and si-
gnaling pathways involved in cartilage differen-
tiation at the post-transcriptional level, thereby
regulating stem cell chondrogenic differentia-
tion". Differences in target genes regulated by
miRNAs may lead to totally different roles in
cartilage differentiation. Among differentially
expressed miRNAs, miR-335-5p, miR-140 and
miR-23b can positively regulate the chondrogenic
differentiation of MSCs by regulating the expres-
sion of Sox9 and PKA genes'®". In addition, a
recent study?® have indicated that miR-410 can
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Figure 3. BMPR2 was confirmed as the target gene of miR-143-3p. 4, Target gene prediction website predicted the presence
of binding sites for BMPR2 and miR-143-3p. B, Luciferase reporter gene assay found that wild-type BMPR2 could quench
fluorescence. C, After overexpression of miR-143-3p, the mRNA level of BMPR?2 was significantly decreased. D, After ove-
rexpression of miR-143-3p, the protein level of BMPR2 was significantly decreased.
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Figure 4. Overexpression of BMPR2 could reverse the inhibitory effect caused by miR-143-3p up-regulation. 4, Overexpres-
sion of BMPR2 could reverse the decrease of ACAN and COL2A1 expression levels caused by miR-143-3p up-regulation. B,
Overexpression of BMPR2 could reverse the decrease of Alcian blue staining caused by miR-143-3p overexpression.

promote cartilage differentiation of human BM- can ultimately inhibit stem cell differentiation in
SCs by down-regulating Wnt3a. MiRNAs, such early stage by regulating target genes including
as miR-29a, miR-29b, miR-495, and miR-193b, Foxo3A, Sox9, and TGF-B2. These findings un-
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doubtedly reveal that miRNAs also play a vital
role in cellular events of cartilage formation.

BMPR2, the receptor of BMP, is a member of
the transmembrane serine/threonine kinase BMP
receptor family. These ligands of BMPII recep-
tor BMPR2 can be served as targets of miRNAs
in cartilage formation. It exerts a cartilage ef-
fect by activating Sox9 (cartilage key factor) via
the Smadl/5/8 and P38 signaling pathways*%,
It has been reported that miR-99a can regulate
the chondrogenic differentiation of rat MSCs in
early stage through binding to BMPR2*. There-
fore, we detected the expression of BMPR2 du-
ring the chondrogenic differentiation of MSCs.
Results showed that the expression of BMPR2
was opposite to that of miR-143-3p. MiRNAs can
induce the degradation of target genes through
base pairing with the 3’-UTR of target mRNAs,
thereby inhibiting mRNA translation. Further-
more, luciferase reporter gene assay showed that
miR-143-3p could target to BMPR2 and inhibit its
expression. Proteoglycan is an important compo-
nent of cartilage. Alcian blue staining indicated
that the up-regulation of miR-143-3p suppressed
proteoglycan deposition of MSCs, which could be
reversed by BMPR2 overexpression. Moreover,
COL2AI1 and ACAN are specific marker proteins
of hyaline cartilage. Both of the two molecules
were found remarkably decreased after miR-143-
3p overexpression. However, simultaneous ove-
rexpression of BMPR2 could reverse the above
changes.

Conclusions

We showed that miR-143-3p was down-regula-
ted during early cartilage differentiation of BM-
SCs. Meanwhile, it could inhibit the deposition of
proteoglycans as well as the expression of ACAN
and COL2A1 in MSCs by targeting BMPR2, thus
regulating early chondrogenic differentiation of
stem cells.
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