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Abstract: The present study was designed to investigate the role of estrogen receptor α (ERα) in biaxial tensile strain (BTS)

regulated osteogenic differentiation of rat bone marrow-derived mesenchymal stem cells (rBMSCs). rBMSCs were derived

from rats and overexpressed ERα. The rBMSCs were subjected to BTS at 1 Hz with a strain of 2% for 4 h per day, 3 days, with

or without ERα inhibitor ICI 182,780 (ICI). Then, bone mineralization was performed by Alizarin Red Staining. The

markers of osteogenic differentiation and downstream Wnt3a/β-catenin signaling were detected by western blotting.

Results showed that BTS enhanced the osteogenic differentiation of rBMSCs, increased protein expression levels of

alkaline phosphatase (ALP), runt-related transcription factor 2 (Runx2), collagen type I (Col I) and osteocalcin (OCN),

and it increased the protein expression levels of estrogen receptor (ER) α (ERα), Wnt3a, and β-catenin. BTS The

activated Wnt3a/β-catenin signaling pathway induced by BTS was abolished by ICI 182,780 (ICI). In addition,

overexpressing ERα in rBMSCs promoted the osteogenic differentiation by BTS. Taken together, BTS induced osteogenic

differentiation of rBMSCs via the ERα and downstream canonical Wnt3a/β-catenin pathway.

Introduction

Osteoporosis is a systemic skeletal disorder characterized by
reduced bone mass, increased bone fragility and fracture
risk due to the destruction of bone microstructures. There
are far more women than men in osteoporosis patients,
especially postmenopausal women. The decrease in estrogen
level is the main cause of postmenopausal osteoporosis
(Sharma et al., 2018). The expression of estrogen receptor
(ER), especially ERα, is regulated by the hormone levels in
vivo (Khalid and Krum, 2016). With the decrease of
estrogen level in postmenopausal women, the number and
function of ERα on osteocytes reduce, which significantly
increases the incidence of osteoporosis in postmenopausal
women (Lanyon et al., 2004). Recent studies had also found
that estrogen receptors could also interact with some
signaling pathways in cells through phosphorylation to
activate themselves in an estrogen-independent manner.

Therefore, ERα and its downstream signaling pathway is an
important mechanism of regulating osteoporosis.

Distraction osteogenesis is an important routine method
for bone regeneration and bone bioengineering. Active
osteoblasts are important mechanical stimulation receptor
cells on the surface of bone, and they are also the ultimate
effector cells of new bone formation, but osteoblasts do not
have the ability of proliferation. Study showed that bone
marrow mesenchymal stem cells (BMSCs) were the key cells
affecting the balance of bone metabolism, which had the ability
of proliferation and differentiation. There is comparatively less
differentiation of BMSCs into osteoblast than adipocytes in
osteoporosis. Such a shift in cell differentiation of BMSCs
results in reduced bone formation, which contributes to
osteoporosis (Infante and RodrÃguez, 2018).

Additionally, rat bone marrow mesenchymal stem cells
(rBMSCs) are mechanosensitive cells and may be the main
effector cells of bone tissue stretch (Zeng et al., 2017). In
recent years, it has been confirmed that stretch can induce
the osteogenic differentiation of BMSCs. However, the
specific mechanism of stretch regulating the osteogenic
differentiation of BMSCs is still not fully understood.
Previous study found that ERα showed a response to
mechanical traction in vivo and in vitro (Lee et al., 2003;
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Windahl et al., 2013). Our previous works also found that low
magnitude vibration (LMV) promoted osteogenic differentiation
of rBMSCs via the canonical Wnt pathway by up-regulating
ERα in vivo (Li et al., 2019; Li et al., 2013), suggesting that ERα
is a potential mediator for the mechanical response of bone
tissue in the process of bone formation and metabolism.

Because the role of ERα in stretch-induced osteogenic
differentiation of rBMSCs was still uncertain, to test whether BTS
regulates the osteogenic differentiation of rBMSCs via ERα-
canonical Wnt pathway, we evaluate the effects of ERα-canonical
Wnt pathway on BTS-induced osteogenic differentiation of
rBMSCs by ERα inhibitor and overexpressing ERα.

Materials and Methods

Application of BTS
The BTS device was specifically designed for the cell type used
in our study (Yan et al., 2013). This device mainly includes
four parts: the control system (a regulator for parameters of
strain, frequency, and time), motor diver, piston drive and
culture chambers (φ = 3.5 cm, H = 3 cm). The culture
chamber is divided into upper and lower parts by the
flexible silicon membrane, the upper part is used for cell
culture and the lower part is air chamber with a ventilated
column. When the device is working, air in the column is
sucked to make the silicon membrane oppress to the
column and thus forming a fixed tensile strain, as showed in
Fig. 1. The flexible silicone membranes had been precoated
with type I collagen overnight before rBMSCs were seeded.

RBMSCs were isolated as described previously (Yan et
al., 2013). Briefly, the bone marrow was obtained from
femur and tibia of 3-month-old Sprague-Dawley female rats
(N = 6) and was suspended in DMEM-LG (Thermo Fisher
Scientific) containing 15% fetal bovine serum (FBS; Hyclon),
2 mM L-glutamine (Thermo Fisher Scientific), 100 U/mL
penicillin and 100 μg/mL streptomycin (Thermo Fisher
Scientific). Cells were cultured at 37°C in a humidified 5%
CO2 incubator. Non-adherent cells were removed by
changing culture medium. The adherent cells were passaged
upon reaching 80% confluences with 0.25% Trypsin/EDTA
solution (Thermo Fisher Scientific) at room temperature,
subcultured into T25 culture flasks. Immunophenotyping of
BMSCs was analyzed by flow cytometry to make sure that
the cells were positive for CD90, CD44, CD29, and negative
for CD31, CD45, CD11b.

The cells (P3-P4) were seeded onto six-hole plate at a density
of 3 × 104 cells/well and incubated in DMEM-LG containing 2%
FBS overnight (12 h) before experiments. Through the selection of
mechanical parameters, we chose 2% mechanical strain for 4 h as
the mechanical stimulus parameters for the next study. Then,
RBMSCs were sorted into the following groups based on the
treatments: (1) BTS (BTS group): cells were subjected to BTS at
frequency 1 Hz with a strain of 2%, 4 h every day for 3 days.
(2) E2 (E2 group): cells were exposed to 17β-Estradiol (100 nM)
for 3 days; (3) BTS with E2 supplements (BTS+E2 group): cells
were subjected to BTS 4 h every day at frequency 1 Hz with a
strain of 2% and treated with 17β-Estradiol (100 nM) for
3 days; (4) BTS with ICI supplements (BTS+ICI group): cells
were treated with ICI 182780 (50 ng/mL) for 24 h before
subjected to BTS 4 h every day at frequency 1 Hz with a
strain of 2% for 3 days; (5) DMEM-LG medium (Control
group): cells were cultured with DMEM-LG medium for
3 days. Samples of all cells were collected after treatment.

Cell transfection
To overexpress the ERα in the rBMSCs, PcDNA3.1(+)-ERα
DNA constructs were transfected before the load of the BTS.
PcDNA3.1(+)-ERα DNA constructs used in this study were
described previously (Zhu et al., 2014). For transient
transfection, rBMSCs were grown in 6-well plates to 70%–
80% confluent and transfected using Lipofectamine Stem
transfection reagents (Thermo Fisher Scientific) were used
according to the instructions of the manufacturer. Cells
were analyzed as for the expression levels of different proteins.

Quantitative real-time RT-PCR (qRT-PCR) assays
Total RNAwas extracted using the Trizol Reagent (Thermo Fisher
Scientific). One microgram of RNA was reverse transcribed using
RNA PCR kit (Thermo Fisher Scientific). Complementary cDNA
was synthesized from RNA using reverse transcription kit
(Thermo Fisher Scientific). One microliter of cDNA was then
used for PCR using primers for Runx2, Col I, ALP, OCN and
glyceraldehyde 3-phosphatedehydrogenase (GAPDH), using TB
Green Premix Ex Taq II (Tli RNaseH Plus) (Takara-Bio).
Primers for osteogenic differentiation are shown in the Table 1.
PCR was initiated at 95°C for 3 min, followed by 40 cycles of
15 s at 95°C, 10 s of primer-specific annealing, 72°C for 15 s,
and a melt curve analysis at 65–96°C. PCR products were
subjected to melting curve analysis to test if any nonspecific
products were generated. The PCR of different amplicons had

FIGURE 1. The biaxial tensile strain device.
Schematic representation and images depicted the
MechanoCulture device inside the cell culture
incubator, as well as the in vitro model used to
deliver cyclic tensile strain. Cells were seeded on a
deformable silicone membrane puncture mounted
on a ring designed to generate fixed tensile strain,
resulting in the delivery of biaxial stretch.
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equal efficiency. Relative expression values were calculated
using the comparative threshold cycle (2−DDCT). GAPDH
served as the housekeeping gene.

Western blotting
The cells were washed with ice-cold PBS and lysed in RIPA
buffer (Thermo Fisher Scientific) for 30 min on ice. Samples
were centrifuged at 12000 × g for 5 min at 4°C. Total cell
protein was quantified by the BCA Protein Assay Kit (Beyotime,
CHN). After that, 40 μg of total protein was separated by 10%–
12% SDS-PAGE and then transferred onto 0.22-μm PVDF
membranes (Millipore, USA). These membranes were blocked
with freshly prepared TBS/T containing 5% non-fat dry milk.
Primary antibodies directed against the following proteins were
used: ERα, Wnt3a, β-catenin, Runx2, Col I, ALP, OCN, and β-
actin (1:1000, Proteintech Group, Inc., USA). Membranes were
washed with TBS/T and incubated with a secondary antibody
conjugated with horseradish peroxidase (1:5000, Proteintech
Group, Inc., USA) for 1 h at room temperature.
Immunoreactive bands were visualized with the ECL kit
(Thermo Fisher Scientific), and protein bands were quantified
using Quantity One software (Bio-Rad).

Alizarin Red staining
The rBMSCs were plated in culture chambers at the density of
3 × 104 cells/well with the osteogenic inducing medium (DMEM
containing 10% FBS, 50 μg/mL of ascorbic acid, and 5 mM β-
phosphoglycerate, dexamethasone) (Cyagen, CHN), following
the respective treatments (ERα, BTS, or BTS+ERα) for 3 days.
The untreated cells with osteogenic medium served as control
group. The medium was changed every 3 days with half
volume. Then all cells were stained with Alizarin Red dye
according to the manufacturer’s protocols to assess the
osteogenic differentiation and bone mineralization. Briefly, the
cells were fixed in 70% ethanol for 1 h and stained with
Alizarin Red solution, pH 4.1 (Solarbio) at room temperature
for 20 min with shaking. The cells were washed with PBS to
remove unbound dye and observed under the microscope.

Statistical analysis
Three independent experiments in each test were performed.
All data analysis involved estimation of means and SD using

SPSS version 15.0 software (SPSS, Inc.). One-way analysis of
variance (ANOVA) was used to compare the means of each
group. The significance of between-group differences was
evaluated with Dunnett’s multiple comparisons test. Herein,
P < 0.05 (two-tailed) was considered to indicate statistical
significance.

Results

Mechanical strain induces the osteogenic differentiation of
rBMSCs
Although our previous study has confirmed that tensile strain
can up-regulate the mRNA expression levels of Runx2 and
Col I of rBMSCs (Li et al., 2013), the optimal mechanical
strain were ascertained in this study. The expression levels
of mRNA and protein were detected by qRT-PCR and
western blot, respectively. Firstly, compared with the control
group, the mRNA expression levels of Runx2, ALP, Col I
and OCN increased significantly in rBMSCs treated with E2
and 1% mechanical strain (P < 0.05) (Fig. 2a). The mRNA
expression levels of ALP, Col I and OCN at 4 h and 6 h
after treating with 1% mechanical strain were obviously
higher than those at 2 h. The expression level of Runx2 was
the most obvious at 4 h, while the mRNA expression level
of Runx2 was significantly decreased at 6 h (P < 0.05). The
mRNA expression levels of ALP, Col I and OCN at 2, 4, and
6 h after treating with 1% mechanical strain were
significantly lower than those in E2 group.

The qRT-PCR results showed that the mRNA expression
levels of Runx2, ALP, Col 1 and OCN were the most obvious at
4 h treating with 2% mechanical strain (P < 0.05). The mRNA
expression levels of Runx2, Col 1 and ALP at 4 h in 2%
mechanical strain group were significantly higher than those
in E2 group (P < 0.05) (Fig. 2b). Similarly, the highest
protein expression of Runx2 and Col I were also appeared at
4 h treating with 2% mechanical strain (Figs. 3a and 3b).

Then, the rBMSCs were treated with 5% mechanical strain.
We also found that the mRNA expression of Col 1, ALP, OCN,
and Runx2 were reaching peak levels at 4 h (Fig. 2c). Similarly,
the protein expression levels of ALP, Col 1, Runx2 and OCN
were the highest at 4 h treated with 5% mechanical strain (Figs.
3c and 3d). Compared with 2% mechanical strain group, the
ALP mRNA expression level in 5% mechanical strain group
was clearly decreased by 17.78% (P < 0.05) (Fig. 2d). Similarly,
the protein expression of Runx2 and OCN were clearly
decreased by 57.70% (P < 0.05) and 57.14% (P < 0.05),
respectively, compared with 2% mechanical strain group.

The above results showed that 2% mechanical strain was
preferable to 5% mechanical strain in inducing the osteogenic
differentiation of rBMSCs. Similarly, mechanical stimulation
for 4 h was beneficial to increase the mRNA or protein
expression levels of ALP, Col, Runx2, and OCN in rBMSCs
(Fig. 3e). Therefore, we chose 2% mechanical strain for 4 h
as the mechanical stimulus parameters for the next study.

BTS can up-regulate the protein expression levels of ERα,
Wnt3a, and β-catenin in rBMSCs
To investigate the effect of BTS on the ERα and Wnt3a/β-
catenin signaling pathway. Western blotting results showed
that the protein expression levels of ERα, Wnt3a and

TABLE 1

Primer sequences of the real-time PCR for GAPDH mRNA, Runx2
mRNA, Col1a1 mRNA, ALP mRNA and OCN mRNA

Gene Sequence(5’-3’)

GAPDH F: GAGACAGCCGCATCTTCTTG
R: TGACTGTGCCGTTGAACTTG

Runx2 F: TCCCGTTACAACAGTCTCCC
R: TATATGGCTGTGTCGGTCCC

Col1a1 F: AAGGCTCCCCTGGAAGAGAT
R: CAGGATCGGAACCTTCGCTT

ALP F: TGCAGGATCGGAACGTCAAT
R: GAGTTGGTAAGGCAGGGTCC

OCN F: GAGGACCCTCTCTCTGCTCA
R: TCCTGGAAGCCAATGTGGTC
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FIGURE 3. The effects of different BTS on the protein expression levels of ALP, Col I, Runx2, and OCN of rat-derived BMSCs (mean ± SD,
N = 3). (a–b) Comparison between control group, E2 group and 2% BTS group (2 h, 4 h, 6 h). (c–d) Comparison between control group, E2
group and 5% BTS group (2 h, 4 h, 6 h). (e) Comparison between 2% and 5% BTS groups at 4 h. *P < 0.05, compared to the corresponding
control group; DP < 0.05, compared to the E2 group; #P < 0.05, comparison to the 4 h; &P < 0.05, Compared to the 5% BTS group.

FIGURE 2. The effects of different
BTS on mRNA expression levels of
ALP, Col I, Runx2, and OCN of rat-
derived BMSCs (mean ± SD, N = 3).
(a) Comparison between control
group, E2 group and 1% BTS group
(2 h, 4 h, 6 h). (b) Comparison
between control group, E2 group
and 2% BTS group (2 h, 4 h, 6 h).
(c) Comparison between control
group, E2 group and 5% BTS group
(2 h, 4 h, 6 h). (d) Comparison
between 1%, 2% and 5% BTS at 4 h.
*P < 0.05, compared to the control
group; $P < 0.05, compared to the
E2 group; #P < 0.05, compared to
the 4 h group; &P < 0.05, Compared
to the 2% BTS group.

1468 MIN TANG et al.



β-catenin were significantly increased in rBMSCs induced by
BTS (P < 0.05). Moreover, the ERα, Wnt3a and β-catenin
protein expression levels in BTS group were higher than
those in E2 group (P < 0.05), and the results demonstrated
the superposition effect of E2 and BTS on the ERα, Wnt3a
and β-catenin protein expression levels (Fig. 4).

ICI can abolish the protein expression levels of ERα, Wnt3a,
β-catenin and the osteogenic specific markers of rBMSCs
induced by BTS
To further search the effect of ERα on the osteogenic
differentiation of BMSCs induced by BTS, the BMSCs were
treated with ICI. Interestingly, the increased protein
expression levels of Wnt3a and β-catenin induced by BTS
were abolished by ICI. The protein expression levels of ERα,
Wnt3a and β-catenin were significantly downregulated (P <
0.05) (Figs. 5a and 5b). In addition, the protein expression
levels of ALP, Col I, Runx2 and OCN were also significantly
decreased by ICI (P < 0.05). What’s more, E2 could
strengthen the osteogenic specific markers expression of
BMSCs when treating with BTS (P > 0.05) (Figs. 5c and 5d).

Overexpression of ERα can enhance the osteogenic
differentiation of rBMSCs induced by BTS
To determine the potential effect of ERα involved in
mechanical stimulation activating Wnt3a/β-catenin signaling
pathway to promote osteogenic differentiation of rBMSCs,
the PcDNA3.1(+)-ERα was successfully transfected into
rBMSCs (Figs. 6a and 6b). Western blotting results showed
that the protein expression levels of ERα, Wnt3a, β-catenin,

ALP, Col, Runx2 and OCN in ERα and BTS+ERα groups
were significantly increased (P < 0.05) (Figs. 6c–6f). These
results prompted us to give further consideration to the
effects of ERα on the calcium deposition by Alizarin Red
staining. Compared with the control group, the ERα, BTS
group, and BTS+ERα could obviously induce calcium
deposition, furthermore, the calcium deposition effect in
BTS group was enhanced by ERα (Fig. 7).

Discussion

The effect of mechanical stimulation on bone formation has
become one of the important means to treat osteoporosis,
fracture, and other diseases. Studies have shown that
mechanical stimulation promotes the reconstruction of bone
tissue and the stabilization of the internal environment of
bone tissue, which is related not only to the proliferation
and metabolism of osteoblasts, but also to osteogenic
differentiation ability of BMSCs (Li et al., 2003; Wang et al.,
2017). Mechanical stretching can regulate many key
functions of cells, such as proliferation and differentiation,
as well as various tissues of regenerated mammals
(Theodoropoulos et al., 2016; Zhang et al., 2011). Moderate
distraction is particularly vital for the regeneration and
reconstruction of bone tissue after bone injury (Liu et al.,
2018). BMSCs are always in a mechanical environment in
the bone marrow cavity, and this microenvironment is
indispensable to the multidirectional differentiation
potential for BMSCs. It has been found that lack of
mechanical strain can inhibit the osteogenic differentiation
of BMSCs and promote their adipogenesis (Li et al., 2015;
Yamazaki et al., 2011). These studies found that low-
magnitude mechanical stimulation could promote bone
formation and inhibit adipogenesis and increase the
expression of Runx2 in mouse mesenchymal stem cells. On
the contrary, lack of physical activity due to spinals or brain
injury can significantly reduce the mechanical strain of
BMSCs, thus reducing the level of bone formation (Rosa et
al., 2015). The low mechanical environment under aviation
conditions can lead to an average of 1% to 2% bone loss per
month, and ultimately induce osteoporosis (Vico et al.,
2001). Additionally, cyclic tensile strain was also a
mechanical stimulation which could modulate the
differentiation of BMSCs into osteoblasts (Jiang et al., 2016).
The expression of Runx2 in BMSCs was also increased by
cyclic stretching strain (Song et al., 2018). In the present
study, the BTS was used as a mechanical stimulation for
rBMSCs, which can simulate the strain changes of BMSCs
in bone marrow cavity in vivo.

We first explored the optimal parameters of BTS for
promoting the differentiation of rBMSCs into osteoblasts.
Different strains were applied to rBMSCs. The results showed
the highest expression of osteogenic specific markers was
found at 2% strain, 4 h/d, which was considerably higher
than those in the E2 group. The expression of OCN, a late
protein of osteoblasts, was lower than that of ALP, Col I and
Runx2, suggesting that BTS might be more beneficial to the
early protein or mRNA expression of osteoblasts. The
expression of Runx2, Col I, ALP and OCN in rBMSCs with
5% strain loading for 6 h was significantly lower than that of

FIGURE 4. The BTS promoted the protein expression levels of ERα,
Wnt3a and β-catenin of rat-derived BMSCs (mean ± SD, N = 3). (a)
Protein electrophoresis strips of ERα, Wnt3a and β-catenin. (b) The
relative expression levels of ERα, Wnt3a and β-catenin. *P < 0.05,
compared to the corresponding control group; DP < 0.05,
comparison between the two groups.
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4 h, which may be due to cell injury by BTS overload. We found
that both estradiol and BTS in vitro at 1 Hz for 4 h for 3 days are
more favorable to the differentiation of rBMSCs into
osteoblasts in this study. Thus, these parameters were utilized
to explore the mechanism of BTS promoting differentiation
of rBMSCs into osteoblasts.

ERα, a ligand-dependent nuclear transcription factor, is a
receptor of estrogen in the target cells. ERα can protect bone

by regulating the activity of osteoblasts and osteoclasts, rather
than ERβ (Hertrampf et al., 2008). ERα not only mediates the
estrogen effect in bone cells, but also participates in the
transmission of mechanical signals (Jessop et al., 2004;
Zaman et al., 2006). In addition, proliferation of BMSCs was
inhibited by ER blockade (Melville et al., 2015). Our
previously study also found that BTS can up-regulate the
expression of ERα or β-catenin in rBMSCs, and ERα can

FIGURE 5. The ICI inhibited the
protein expression levels of Wnt3a,
β-catenin, and the osteogenic
specific markers of rat-derived
BMSCs (mean ± SD, N = 3). (a)
Protein electrophoresis strips of
ERα, Wnt3a and β-catenin. (b) The
relative expression levels of ERα,
Wnt3a and β-catenin. (c) Protein
electrophoresis strips of ALP, Col I,
Runx2, and OCN. (d) The relative
expression levels of ALP, Col I,
Runx2, and OCN. *P < 0.05,
compared to the corresponding
control group; DP < 0.05,
comparison between the two groups.

FIGURE 6. The ERα promoted the
protein expression levels of Wnt3a,
β-catenin and osteogenic specific
marker of rat-derived BMSCs (mean
± SD, N = 3). (a) Protein
electrophoresis strips of ERα. (b) the
relative expression level of Wnt3a.
(c) Protein electrophoresis strips of
ERα, Wnt3a and β-catenin. (d) The
relative expression levels of ERα,
Wnt3a and β-catenin. (e) Protein
electrophoresis strips of ALP, Col I,
Runx2, and OCN. (f) The relative
expression levels of ALP, Col I,
Runx2, and OCN. *P < 0.05,
compared to the corresponding
control group; DP < 0.05,
comparison between the two groups.
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functionally interact with β-catenin (Yao et al., 2014). These
results suggested that ERα is an important mechanical
receptor. Osteocytes differentiation and growth of osteocyte
precursor cells were closely related to the activation of
canonical Wnt/β-catenin signaling pathway (Korvala et al.,
2012). Although these reports indicate that ERα and Wnt/β-
catenin signaling pathway play important roles in osteoblasts
differentiation, it was not clear whether ERα and Wnt/β-
catenin signaling pathway mediate the BTS promoting
osteoblasts differentiation.

Here, we detected ERα, Wnt3a and β-catenin in rBMSCs
after loading BTS, the results showed that the protein
expression levels of ERα, Wnt3a and β-catenin in rBMSCs in
E2 and BTS groups increased significantly. Moreover, the
protein expression levels of ERα, Wnt3a and β-catenin in
rBMSCs in E2 combined with BTS group were considerably
higher than that in E2 and BTS group, respectively (P <
0.05). ERα has been shown to regulate the stability of β-
catenin by triggering the membrane or cytoplasmic signaling
pathways. We also found that BTS can promote the activity
of ERα and up-regulate the protein expression of β-catenin
and Wnt3a in rBMSCs. However, less is known about the
interaction between ERα and Wnt3a/β-catenin signaling
pathway in mechano-transduction in rBMSCs.

In order to further confirm whether ERα is involved in
BTS activating Wnt3a/β-catenin signaling pathway, and
promoting osteogenic differentiation of rBMSCs, the rBMSCs
were treated with ERα specific inhibitors (ICI 182780) or
transfected with pcDNA-ERα. Interestingly, the results
showed that Wnt3a and β-catenin in ICI+BTS group were
sharply decreased (P < 0.05). Furthermore, ALP, Col, I,
Runx2 and OCN in ICI+BTS group were significantly
reduced. Similar results were found in the rBMSCs treated
with LMV (Li et al., 2019). In the rBMSCs overexpressing
ERα, the Wnt3a and β-catenin induced by BTS were further
enhanced, and the osteogenic differentiation of rBMSCs was
more obvious. In addition, BTS+ERα could obviously induce

calcium deposition. These results suggested that BTS may up-
regulate the protein expression of Wnt3a by promoting the
activity of ERα, and then reduced the degradation of β-
catenin in the cytoplasm. The activated β-catenin can
translocate to the nucleus and trigger downstream signals to
regulate osteogenic potential of rBMSCs.

In conclusion, ERα play a key role in osteogenic
differentiation of rBMSCs induced by BTS via the canonical
Wnt3a/β-catenin pathway.
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