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Abstract: Objective: Brahma-related gene 1 (Brgl) has been reported to be related with osteoblast differentiation;
however, exact mechanism is unclear. We aimed to investigate the functional role of Brg1 in osteoblast differentia-
tion of bone marrow-derived mesenchymal stem cells (MSCs), as well as underlying mechanism. Methods: MSCs
obtained from bone marrow of rats were transfected with pcDNA3.1-Brgl or empty vector, and the transfection
efficiency was confirmed. Thereafter, effects of Brgl overexpression on osteogenesis markers Runt-related tran-
scription factor 2 (Runx2), special protein 7 (Sp7), collagen | and osteopontin (OPN) were investigated, as well as
cell viability, adhesion ability and migration ability of MSCs. In addition, the interaction between Brgl and Runx2
was explored by co-immunoprecipitation (Co-IP). Moreover, after transfection with pcDNA3.1-Brg1, MSCs were incu-
bated with or without the inhibitor of Runx2, CADD522, and then the expression of Wnt and PI3K/AKT pathways key
proteins was determined. Results: Brgl expression vector was successfully transfected into MSCs. Overexpression
of Brgl significantly upregulated expression of Runx2, Sp7, collagen | and OPN, cell viability and adhesion ability
(all P < 0.05), but had no effect on migration ability. Additionally, Runx2 was able to coprecipitate with Brg1 and
was regulated by Brgl. The expressions of Wnt and PI3SK/AKT pathways key proteins were statistically increased by
overexpression of Brgl (P < 0.05); however, administration of CADD522 markedly reversed the effects (P < 0.05
or P < 0.01). Conclusion: Brg1 promotes osteogenic differentiation of MSCs, and the effects might be by regulating
Runx2-mediated downstream Wnt and PI3K/AKT pathways.
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Introduction

Osteoporosis is a skeletal chronic disease and
a major cause of morbidity in the elderly, par-
ticular in women. It is characterized by reduced
bone strength, low bone mass, enhanced skel-
etal fragility and increased fracture risk [1].
Osteoporosis has become a major public health
problem in aging societies [2]. It has been esti-
mated that approximately 200 million people
worldwide suffer from the disease [3]. The prev-
alence of osteoporosis in older adults ranged
from 13% to 21.2% [4, 5], with a prevalence
rate of 15.7% in China [6]. However, the preva-
lence has been considered to be gradually
grown due to the increasing age of the total
population. Although tremendous advance has

been made in recent years in understanding
the pathogenesis of osteoporosis and in the
investigation of novel treatments, osteoporosis
is still a prevalent health problem.

Currently, there are two conservative treat-
ments of osteoporosis, including physical exer-
cise and pharmacological treatment. However,
compliance is relatively low and pharmacologi-
cal strategies can be rather expensive [3]. In
recent years, transplantation of marrow mesen-
chymal stem cells (MSCs) has gained great
attention in tissue repair, immune regulation,
and cell therapy [7-10]. Differentiation of bone
marrow-derived MSCs to other lineages, partic-
ularly osteoblasts, has been a hotspot in the
treatment of osteoporosis [11]. Therefore, bet-


http://www.ijcep.com

Brgl promotes MSCs osteogenic differentiation

ter understanding the regulatory mechanism of
differentiation of MSCs to osteoblasts is essen-
tial and significant for developing strategies to
treat osteoporosis.

Brahma-related gene 1 (Brgl) is a critical com-
ponent of the SWI/SNF chromatin-remodeling
complex through a DNA-dependent ATPase
activity, which has been reported to be a poten-
tial tumor suppressor gene in a variety of tumor
cell lines [12]. It has been well demonstrated
that Brg1 plays a significant role in regulation of
cell proliferation [13], apoptosis [14], differen-
tiation [15], migration and invasion [16]. Addi-
tionally, an increasing number of evidence has
suggested that Brgl is involved in modulation
of cell growth arrest, apoptosis, and senes-
cence of MSCs [17, 18]. However, the exact
regulatory mechanism has yet to be fully
elucidated.

Therefore, in the present study, we aimed to
explore the regulatory mechanism of Brgl in
osteoblast differentiation of bone marrow-
derived MSCs, along with underlying mecha-
nism. Our study might provide a new insight
into theoretical basis for treatment of os-
teoporosis.

Materials and methods
Isolation of MSCs

Adult male Sprague-Dawley (SD) rats weighing
between 220 and 250 g (9 weeks old) were
obtained from SLRC Laboratory Animal Com-
pany (Shanghai, China) and were maintained
under specific pathogen-free (SPF) conditions.
The animal experiment was performed accord-
ing to the Principles of Laboratory Animal Care
and approved by the Ethics Committee of our
university. After 1 week of acclimation, the rats
were killed under anesthesia, and femurs and
tibias were removed. Rat bone marrow was col-
lected from the rat femurs and tibias, main-
tained in Dulbecco’s modified Eagle’s medium
(DMEM; Gibco, New York, USA), filtered, and
centrifuged. The collected cells were then cul-
tured in Iscove’s Modified Dulbecco’s Medium
(IMDM; Gibco) supplemented with 10% FBS
(Sigma-Aldrich, St Louis, MO, USA), 100 U/ml
penicillin (Sigma-Aldrich) and 100 pg/ml strep-
tomycin (Sigma-Aldrich). Cells were maintained
in 5% CO, at 37%. Non-adherent cells were
removed after 24 h and the medium was
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changed every 3 days. The residual attached
cells were maintained at in 5% CO, at 37% by
replacing the culture media every 3 days.

Plasmids transfection

A Brgl expression vector (pcDNA3.1-Brgl) was
constructed by sub-cloning the full-length wild-
type Brgl coding sequence into pcDNA3.1 (+),
and confirmed by sequencing. The empty con-
struct pcDNA3.1 was used as a control. Cell
transfections were conducted by using Lipo-
fectamine 3000 reagent (Invitrogen) according
to the manufacturer’s protocol. Stable trans-
fected cells expressing Brgl were generated
under G418 selection (Life Technologies, Bur-
lington, ON, Canada).

Cell viability

After transfection with pcDNA3.1-Brg1 or empty
vector, the cell viability was determined by a
3-(4, 5-dimethylthiazol-2-yl)-2 5-diphenyl-2Hte-
trazolium bromide (MTT) colorimetric assay
according to standard methods. Briefly, MSCs
were seeded in 96-well plates and transfected
with pcDNA3.1-Brg1 or empty vector. Forty-
eight hours later, 20 uyL 5 mg/mL MTT (Gibco)
were added to the plates and incubated at
37°C for 4 h. Thereafter, 100 yL dimethylsulf-
oxide (DMSO; Sigma-Aldrich) was added to dis-
solve the formazan crystals. Absorbance at
590 nm was read by a microplate reader (Bio-
Rad Benchmark, Hercules, CA, USA).

Adhesion assay

The cell adhesion assay was carried out as pre-
viously described [19]. Briefly, 96-well plates
coated with 10 pg/ml fibronectin (FN) were
incubated overnight at 4°C. Bovine serum albu-
min (0.2%; Sigma-Aldrich) was used to block
non-specific binding sites. After 48 h of trans-
fection with pcDNA3.1-Brg1 or empty vector,
MSCs were resuspened in serum-free medium
and allowed to adhere for 2 h at 37°C. No-
nattached cells were removed and the adher-
ent cells were fixed with paraformaldehyde and
stained with crystal violet. The cells were then
washed and quantified by determining the
absorbance at 570 nm on a microplate reader
(Bio-Rad).

Migration assay

Cell migration was tested by using a Transwell
chamber with a pore size of 8 mm. In brief,
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Figure 1. Transfection efficiency of Brgl. A: Relative
mRNA expression levels of Brgl; B: Protein expres-
sion levels of Brgl. P < 0.05 compared to the con-
trol group.

MSCs were suspended in serum-free medium
and plated onto the upper compartment of 24-
well Transwell chamber. In addition, the lower
compartment was added by complete medium.
After 12 h of incubation at 37°C, these cells
were fixed with methanol and non-migrated
cells were removed from the upper compart-
ment with a cotton swab. Migrated cells were
stained with crystal violet and counted under a
microplate reader (Bio-Rad).

Quantitative real time polymerase chain reac-
tion (QRT-PCR)

After transfection with pcDNA3.1-Brg1 or empty
vector, total RNA was isolated from MSCs using
TRIzol reagent (Life Technologies) according to
the manufacturer’s protocol. The RNA was then
reverse-transcribed with the Multiscribe RT kit
(Qiagen, Germany) following the manufacturer’s
procedure. Reverse transcribed RNA was sub-
sequently amplified by PCR using Go Taq poly-
merase (Promega). The sequences of the prim-
ers were as follows, Brgl forward primer:
5'CCTCTCTCAACGCTGTC CAACTG’3, reverse pri-
mer: 5’ATCTTGGCGAGGATGTGCTTGTCTT'3. GA-
PDH forward primer: 5’ GCACCGTCAAGGCTGA-
GAAC’3, reverse primer: 5TGGTG AAGACGCCA-
GTGGA'3.

Co-immunoprecipitation (Co-IP)

Co-IP was used to determine the interaction
between Brgl and Runt-related transcription
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factor 2 (Runx2) using an antibody-coupling gel
to precipitate the bait protein (Brgl) and co-
immunoprecipitate the interacting prey protein
(Runx2). Anti-Brgl1 antibody (ab4081; Abcam,
Cambridge, UK) was coupled to an amine-reac-
tive gel (ProFound co-immunoprecipitation Kit,
Pierce) overnight using slow agitation at room
temperature. The eluted proteins were then
subjected to a 12% sodium dodecyl sulfate
(SDS)-polyacrylamide gel electrophoresis (PA-
GE) and transferred to polyvinylidene fluoride
(PVDF) membranes. Thereafter, membranes
were blocked, probed with anti-Brgl or anti-
Runx2, and incubated with horseradish peroxi-
dase anti-rabbit 1gG using SuperSignal West
Pico Chemiluminescent Substrate kit (Thermo
Scientific, Rockford, IL).

Western blot

After transfection with pcDNA3.1-Brg1 or empty
vector or treatment with the inhibitor of Runx2
(CADD522), total protein was extracted from
MSCs using RIPA lysis buffer (Beyotime Biote-
chnology, Shanghai, China) containing protease
inhibitors (Applied Science). The proteins were
quantified using a BCA assay kit (Pierce, Ro-
ckford, IL). The protein samples were separated
on 10-12% SDS-PAGE gels and transferred to
PVDF membranes. Thereafter, the membranes
were blocked with 5% skim milk in Tris Buffered
Saline with Tween (TBST) for 1 h and then main-
tained in the following primary antibodies over-
night at 4°C: anti-Brg1 antibody (ab4081; Ab-
cam), anti-Runx2 antibody (ab23981; Abcam),
anti-Wnt3a antibody (ab28472; Abcam), anti-p-
Catenin antibody (ab16051; Abcam), anti-
Wnt5a antibody (ab72583; Abcam), anti-phos-
phoinositide 3-kinase (PI3K) antibody (abl18-
9403; Abcam), anti-AKT antibody (sc-5298,
Santa Cruz Biotechnology, Santa Cruz, CA), or
anti-p-Ser473-AKT (sc-24500; Santa Cruz).
GAPDH was used as a loading control. The
membranes were then washed and incubated
with secondary antibody marked by horserad-
ish peroxidase for 2 h at room temperature.
The protein bands were visualized with en-
hanced chemiluminescence (ECL; Pierce, Ro-
chford, IL, USA) and was quantified using Image
Lab™ Software (Bio-Rad).

Statistical analysis
Each experiment was repeated three times.

The data are presented as the mean + stan-
dard deviation (SD). Statistical analyses were
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Figure 2. Effects of Brgl overexpression on osteo-
genesis markers expressions. The results showed
that the mRNA levels of Runx2, Sp7, collagen | and
OPN were all statistically upregulated by overexpres-
sion of Brgl compared to the control group. P <
0.05 compared to the control group.
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Figure 3. Effects of Brgl overexpression on cell vi-
ability. The results showed that overexpression of
Brgl could dramatically increase the cell viability at
2, 3, and 4 days compared with the control group. “P
< 0.05 compared to the control group.

performed using Statistic Package for Social
Science (SPSS; SPSS Inc., Chicago, IL, USA) ver-
sion 19.0 statistical software. Statistical signifi-
cance between groups was measured by paired
t tests or one-way analysis of variance (ANOVA).
The P < 0.05 was defined as statistically
significant.

Results
Transfection efficiency of Brgl
To determine the influence on its expression of

Brgl after transfection with pcDNA3.1-Brgl
into MSCs, qRT-PCR and Western blot were per-
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Figure 4. Effects of Brgl overexpression on cell ad-
hesion and migration. A: Effects of Brgl overexpres-
sion on cell adhesion; B: Effects of Brgl overexpres-
sion on cell migration. P < 0.05 compared to the
control group.

formed to confirm the transfection efficiency of
Brgl. As shown in Figure 1A, the mRNA expres-
sion levels of Brgl were significantly increased
by transfection with pcDNA3.1-Brg1 compared
to the control group (P < 0.05). Similar results
were observed in protein levels (Figure 1B). The
results indicated that the transfection efficien-
cy was high and could be used for further
analysis.

Effects of Brg1 overexpression on osteogen-
€sis markers expressions

After overexpression of Brgl by transfection
with pcDNA3.1-Brgl into MSCs, we analyzed
the effects of Brgl overexpression on the
MmRNA expression of osteogenesis markers
Runx2, special protein 7 (Sp7), collagen | and
OPN. As shown in Figure 2, the results demon-
strated that the mRNA levels of Runx2, Sp7, col-
lagen | and OPN were all statistically upregulat-
ed by overexpression of Brgl compared to the
control group (all P < 0.05). The results implied
that overexpression of Brgl could promote
osteogenesis of MSCs.
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Figure 5. Effects of Brgl overexpression on expres-
sion of Runx2 and the interaction between Brgl and
Runx2. A: Quantitative analysis of Brgl overexpres-
sion on Runx2 protein expression; B: Representative
Western blot picture; C: Interaction between Brgl
and Runx2. ""P < 0.01 compared to the control group.

Effects of Brg1 overexpression on cell viability

To investigate the effects of Brgl overexpres-
sion on cell viability, MTT was performed after
1, 2, 3, and 4 days transfection with pcDNA3.1-
Brgl into MSCs. We found that overexpression
of Brgl could dramatically increase the cell
viability at 2, 3, and 4 days compared with the
control group (all P < 0.05) (Figure 3). However,
no significant differences were observed at 1 d
between the two groups. The results suggested
that overexpression of Brgl could promote the
cell viability of MSCs.

Effects of Brg1 overexpression on cell adhe-
sion and migration

Subsequently, the effects of Brgl overexpres-
sion on cell adhesion and migration were deter-
mined. Our data revealed that the relative
adhesion ability of MSCs was markedly raised
by overexpression of Brgl compared with the
control group (P < 0.05) (Figure 4A). However,
there was no significant difference in migration
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ability of MSCs between the two groups (Figure
4B). These results suggested that overexpres-
sion of Brgl enhanced the adhesion ability of
MSCs but had no effective response on migra-
tion ability of MSCs.

Effects of Brg1 overexpression on expression
of Runx2 and the interaction between Brg1
and Runx2

RUNX2 is an important transcription factor
associated with osteoblast differentiation. Th-
erefore, we speculated that the effects of Brgl
on MSCs might be by regulating the expression
of Runx2. To confirm the hypothesis, we mea-
sured the expression of Runx2 after overex-
pression of Brgl. As indicated in Figure 5A and
5B, the results showed that the relative protein
expression of Runx2 was significantly elevated
by overexpression of Brgl compared to the
control group (P < 0.01). The Co-IP results
showed that Runx2 was able to coprecipitate
with Brgl (Figure 5C). The results implied that
Runx2 was directly bound to Brgl and regulat-
ed by Brg1.

Effects of Brg1 overexpression on Wnt and
PIBK/AKT pathways

To further demonstrate the underling associat-
ed signaling pathways with respect to the ef-
fects of Brgl overexpression on MSCs, we
determined the protein expression levels of
Wnt3a, B-Catenin, Wntba, PI3K, and p/t-AKT
after transfection with pcDNA3.1-Brg1 and/or
treatment with the inhibitor of Runx2
(CADD522). Non-treated cells were considered
as control group. As expected, the results
revealed that the protein expression levels of
Runx2 were significantly elevated by pcDNA3.1-
Brgl but decreased by administration of
CADD522. Additionally, the protein levels of
Wnt3a, B-Catenin, Wntba, PI3K, and p/t-AKT
were all remarkably increased by overex-
pression of Brg1 compared to the control group
(all P < 0.05) (Figure 6A and 6B). However,
these results were reversed by administration
of CADD522. That means, after administration
of CADD522, the protein levels were all obvi-
ously decreased even though overexpression
of Brgl (P < 0.05 or P < 0.01). These data sug-
gested that Brgl could regulate Runx2-me-
diated downstream Wnt and PISK/AKT path-
ways.

Int J Clin Exp Pathol 2016;9(11):11074-11082
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A: Quantitative analysis of Brg1 overexpression on Wnt and PI3K/AKT path-
ways key proteins expression; B: Representative Western blot picture. P <

promoted osteogenic differen-
tiation of MSCs through acti-
vating Runx2-mediated Wnt
and PI3K/AKT pathways.

l Osteoporosis is a silent debili-
tating bone disorder that af-
fects millions of people world-
wide, primarily women. Current

4# treatments for osteoporosis

are mainly focus on bone-re-

sorbing drugs, which has been
reported to be associated with
several side effects. The thera-

2]

p/t-AKT

peutic use of stem cells as

Runx2 agents of repair human diseas-
Wnt3a es including musculoskeletal
disorders has garnered great

p-Catenin interest recently due to the
o potential tissue regeneration
WntSa [20-23]. It has been acknowl-
PI3K edged that stem cell therapy
for osteoporosis has the poten-

P-AKT tial ability of decreasing the
susceptibility of fractures and

t-AKT enhancement lost mineral de-

nsity via upregulating the num-
bers or restoring the function
of resident stem cells [21].
Exogenous introduction of MS-
Cs are capable of recruiting
endogenous stem cells to
osteoporotic sites. MSCs could

GAPDH

0.05 compared to the control group; *P < 0.05 compared to the pcDNA3.1- be deri\{ed from bone marrow
Brg1 group; #P < 0.01 compared to the pcDNA3.1-Brgl group. [24], adipose tissue [25], mus-

Discussion

In the present study, we investigated the func-
tional role of Brgl in osteogenic differentiation
of MSCs, together with the potential underlying
mechanism. Our data revealed that overexpres-
sion of Brgl could increase the expression of
osteogenesis markers. Overexpression of Brgl
also elevated the cell viability and adhesion
ability of MSCs, but had no effect on migration
ability. Moreover, we observed that Brgl over-
expression significantly raised the expression
of Runx2, and Co-IP demonstrated that Runx2
was able to coprecipitate with Brgl. Further-
more, the results demonstrated that overex-
pression of Brgl was capable of activating
Runx2-mediated Wnt and PIBK/AKT pathways.
Taken together, our results suggested that Brgl
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cle [26], synovium [27], perios-

teum [28], umbilical cord blood
[29], or other tissues. However, how to control
the stem cell fate, for example differentiation of
MSCs, has been the main obstacle to achieve
the desired outcomes. It has been reported
that the differentiation of MSCs is controlled by
both intrinsic and extrinsic regulations, such as
epigenetic modifications and signaling pathway
[30]. However, the exact regulatory mecha-
nisms still remain incomplete. Over the last
decades, the molecular analysis of the regula-
tory mechanisms of Brgl on MSCs has raised
great concerns in various fields of medicine [17,
18, 31]. Brgl is a critical component of the evo-
lutionarily conserved SWI-SNF chromatin
remodeling complex. Depletion of Brgl has
been reported to affect the survival of totipo-
tent cells and impair the ability of mouse embry-
onic stem cells (MESCs) differentiating into

Int J Clin Exp Pathol 2016;9(11):11074-11082
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ectoderm, mesoderm and endoderm layers
[32, 33]. In addition, aberrant expression of
Brgl has been reported to enhance the senes-
cence of MSCs, which contributes to transcrip-
tional circuitry regulating the functions of stem
cells [17].

In the present study, we focused on the func-
tional role of Brgl in osteogenic differentiation
of MSCs. Our data also provided the evidence
that Brgl was a significant regulator in osteo-
genic differentiation of MSCs. After overexpres-
sion of Brgl, we determined the expression of
Runx2, Sp7, collagen | and OPN. Runx2 and Sp7
(also called osterix) are two important osteo-
blast-determining transcription factors, which
play an important role in regulation of osteo-
blast development and differentiation [34, 35].
Sp7 functions downstream of Runx2 during
bone formation and mediates the expression of
osteoblast markers, such as collagen | and
OPN [35]. As shown in the results, we found
that overexpression of Brgl could upregulate
the expression of Runx2, Sp7, collagen | and
OPN, indicating a potential ability of Brg1 to dif-
ferentiate into osteoblast. Moreover, the results
demonstrated that overexpression of Brgl sig-
nificantly increased the cell viability and adhe-
sion ability of MSCs but not migration ability,
suggesting that Brgl promotes differentiation
and proliferation ability of MSCs. Our results
were in line with previous studies [31]. It has
been reported that expression of Brgl depends
on bone morphogenetic proteins (BMPs)-
induced Runx2 expression [36]. Therefore, we
speculated that there might be an interaction
between Brgl and Runx2. To confirm the
results, we performed Co-IP and observed that
Runx2 was directly bound to Brgl and regulat-
ed by Brgl. This was the new evidence that
Runx2 was regulated by Brgl. Subsequently,
we further investigated the underlying singling
pathways. It has been well acknowledged that
several key signaling cascades are involved in
MSCs differentiation including Wnt [37] and
PISBK/AKT pathways [38]. Wnts are a family of
secreted cysteine-rich glycoproteins that plays
critical roles in stem cell maintenance, differen-
tiation, and proliferation during embryonic
development [39]. Previous study has con-
firmed that canonical Wnt signaling could
increase cytoplasmic B-catenin stability and
enhance B-catenin translocation into the nucle-
us [39]. B-catenin has been shown to recruit
many cofactors including Brgl and is involved
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human diseases [40]. PIBK/AKT signaling path-
ways presents several pro-survival abilities,
such as cell proliferation, differentiation, sur-
vival, migration, invasion and metabolism. Our
results showed that overexpression of Brgil
elevated the expression of Wnt3a, Wntba,
B-catenin, PI3K, and AKT levels, indicating that
Brgl activated the both two signaling path-
ways. However, administration of the inhibitor
of Runx2, CADD522, reversed all the protein
levels, demonstrating that Runx2 medicated
the two pathways. Taken together, Brgl acti-
vated the both two signaling pathways by regu-
lating the expression of Runx2.

In conclusion, our results suggest that Brgl
promotes osteogenic differentiation of MSCs,
and the effects might be by regulating Runx2-
mediated downstream Wnt and PI3K/AKT path-
ways. It reveals that the potential therapeutic
targets for Brgl in treatment of osteoporosis.
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