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Abstract. The aim of the present study was to examine the 
effect of glycitin on the regulation of osteoblasts from bone 
marrow stem cells (BMSCs) through transforming growth 
factor (TGF)‑β or protein kinase B (AKT) signaling pathways. 
BMSCs were extracted from New Zealand white rabbits and 
used to analyze the effect of glycitin on BMSCs. BMSCs 
were cleared using xylene and observed via light microscopy. 
BMSCs were subsequently induced with glycitin (0.01, 0.5, 1, 
5 and 10 µM) for 7 days, and stained with Oil Red O. The 
mechanism of action of glycitin on BMSCs was investigated, 
in which contact with collagen type I (Col I), alkaline phos-
phatase (ALP), TGF‑β and AKT was studied. Firstly, BMSCs 
appeared homogeneously mazarine blue, and which showed 
that BMSCs were successful extracted. Administration of 
glycitin increased cell proliferation and promoted osteoblast 
formation from BMSCs. Furthermore, glycitin activated the 
gene expression of Col I and ALP in BMSCs. Notably, glycitin 
suppressed protein expression of TGF‑β and AKT in BMSCs. 
These results indicated that glycitin may regulate osteoblasts 
through TGF‑β or AKT signaling pathways in BMSCs. 

Introduction

Osteanagenesis, which is also known as bone tissue engineering, 
is a novel and multidisciplinary field (1). By employing the 
fundamental principles of biology, medical science and tissue 
engineering, it is possible to remodel injured bone tissue or 
cure bone diseases (2). Resulting from trauma or physiological 

and pathological bone resorption, bone defects are a global 
heath issue, the treatment of which can be challenging. Among 
craniofacial and plastic surgeries, bone defects caused by 
trauma are a common clinical problem, and osteanagenesis 
may be beneficial in repairing injuries and improving the 
quality of life of patients (3). Osteanagenesis is also used to 
treat and repair bone mass in various bone diseases caused by 
gender, age and infection, including osteoporosis, osteopenia 
and tooth loss as a result of periodontitis (4).

Bone formation is a lengthy and strictly regulated process 
associated with embryonic development, reconstruction 
of bone tissue and bone fracture repair (5). Classical bone 
biology theories claim that mature osteoblasts are formed 
from BMSCs. During bone formation, bone precursor cells 
are differentiated into mature osteoblasts that can compound 
and secrete bone matrix (6), and are subsequently mineral-
ized and imbedded into bone matrix. During the embryonic 
development process, BMSCs participate in bone formation 
through membranous ossification and entochondrostosis (7). 
Membranous ossification predominantly occurs in craniofa-
cial bones, parts of the cartilage and mandibles. During the 
developmental process of these tissues, BMSCs are able to 
directly differentiate into osteoblasts, whereas entochondro-
stosis is employed in the development process of torso and 
limb bones (8). Initially, through accumulation, proliferation 
and differentiation into chondrocytes, BMSCs begin to form 
bones  (9). Cartilage cells are then gradually divided into 
hypertrophic chondrocytes. With the mineralization of deep 
stromas and in‑growth of blood vessels, chondrocytes die and 
are replaced by osteoblasts, and mature bones are formed.

As a bioactivator, soy isoflavone is a type of flavonoid 
compound and a secondary metabolite formed during the 
growth of soybeans (10). Although it is extracted from plants, 
it has the same structure as estrogen; therefore, it is also known 
as phytoestrogen. Soy isoflavone can occur in various types, 
including daidzin, daidzein, genistin, genistein, glycitin and 
glycitein (11). Glycitin is antibacterial, antiviral and estro-
genic (10), and has been demonstrated to have preventative 
effects on alcoholism, cardiovascular and cerebrovascular 
diseases and some types of cancer (12,13). It can also reduce 
the number of tumors and alleviate or avoid macteric syndrome 
caused by a decrease of estrogen (14), and has demonstrated 
anti‑aging effects (15). The aim of the present study was to 
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investigate whether glycitin regulates osteoblast formation 
from BMSCs through TGF‑β or AKT signaling pathways.

Materials and methods

Isolation and culture of primary BMSCs. A total of 24 healthy 
male New Zealand white rabbits (age, 6  months; weight, 
1‑1.5  kg) were purchased from the Experimental Animal 
Center of Jilin City (Jilin, China). Rabbits were housed at 
22‑24˚C (relative humidity, 55‑70%) with natural light and air 
circulation, and were allowed free access to food and water. 
All animal procedures were conducted in strict accordance 
with the Animal Ethical Standard, and the present study 
was approved by the Experimental Animal Center of Beihua 
University, Jilin Province Ethics Committee (Jilin, China).

BMSCs were isolated from New Zealand white rabbits 
using the method described previously by Li  et  al  (14). 
Initially, the femurs and tibias were removed, and flushed 
bone marrow cells were acquired via Percoll density gradient 
centrifugation (1.073 g/ml). Flushed bone marrow cells were 
washed with phosphate‑buffered saline (PBS) and seeded 
into 25‑cm2 cell culture flasks. Flushed bone marrow cells 
were incubated with L‑Dulbecco's modified Eagle medium 
(DMEM) supplemented with 10% fetal bovine serum and 1% 
penicillin‑streptomycin at 37˚C in an atmosphere containing 
5% CO2 for 48 h, and subsequently incubated with DMEM 
for 48 h. Cells were detached using 0.25% trypsin and 0.02% 
EDTA (Merck Millipore, Darmstadt, Germany) and centri-
fuged at 2,000 x g for 5 min. Suspended cells were gathered, 
seeded on 6‑well plates at 1.5‑2x106 cells/well and incubated 
for two days.

Authenticating BMSCs. BMSCs were fixed using 5% 
precooled paraformaldehyde for 30 min at 4˚C and incubated 
with hematoxylin (Merck Millipore) for 10 min. BMSCs were 
washed with water for 10 min, and 95% ethyl alcohol and 
xylene were used to dehydrate and clear BMSCs, respectively. 
BMSCs were observed using light microscopy (D5300; Nikon 
Corp., Tokyo, Japan).

Assessment of primary BMSCs growth. BMSCs (1‑2x106 cells 
or 1‑2x104 per well) were cultured in 6‑ or 96‑well culture 
plates overnight at 37˚C in an atmosphere containing 5% CO2. 
Glycitin (Merck Millipore) was added to the wells at final 
concentrations of 0.01, 0.5, 1, 5 and 10 µM and cultured for 
7 days.

In cells cultured in 6‑well culture plates, BMSCs were 
determined using Oil Red O staining and observed via light 
microscopy at 510 nm. BMSCs were fixed using 5% precooled 
paraformaldehyde for 30 min at 4˚C and stained with 0.6% 
(w/v) Oil Red O solution for 15 min at room temperature. Cells 
stained with Oil Red O were washed with water (3x5 min) to 
remove unbound dye, and culture dishes were stained with 
1 ml isopropyl alcohol for 10 min.

In cells cultured in 96‑well culture plates, BMSCs were 
determined via MTT assay. A total of 20 µl MTT (5 g/l) were 
added to each well and cultured for 4 h. The supernatant was 
removed and 200 µl dimethylsulfoxide were added to each well 
for 15 min. Optical density (OD) was measured using a micro-
plate spectrophotometer (model 680; Bio‑Rad Laboratories, 

Inc., Hercules, CA, USA) at 570 nm. Proliferation rate was 
calculated using: OD treated / OD control x 100%.

Measurement of collagen type 1 (Col I) and alkaline phos‑
phatase (ALP) using reverse‑transcription polymerase chain 
reaction (RT‑PCR). Total RNA was extracted from BMSCs 
treated with glycitin (0, 0.5, 1 and 5 µM) using TRIzol reagent 
(Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA, 
USA). Total RNA (1‑2 µg) was used to transcribe cDNA using 
a SYBR PrimeScript RT‑PCR kit (Takara Bio, Inc., Otsu, 
Japan), according to the manufacturer's protocol PCR was 
performed on an ABI 7500 Real‑Time PCR system (Applied 
Biosystems; Thermo Fisher Scientific, Inc.). PCR thermal 
cycling was performed as follows: Amplification at 94˚C for 
1 min, followed by 40 cycles of amplification at 94˚C for 
30 sec, annealing at 58˚C for 45 sec, and extension at 72˚C 
for 30 sec. Primers were designed as follows: Col I, forward 
5'‑TGA​CCT​CAA​GAT​GTG​CCA​CT‑3' and reverse 5'‑GGG​
AGT​TTC​CAT​GAA​GCC​AC‑3'; and β‑actin forward 5'‑CGT​
GCG​GGA​CAT​CAA​GGA‑3' and reverse 5'‑AGG​AAG​GAG​
GGC​TGG​AACA‑3'. Subsequently, 7500 Fast Real‑Time PCR 
system software was used to analyze crossing threshold (Cq) 
values using the second derivative maximum method (16).

Measurement of ALP activity. BMSCs (1‑2x106 cells) were 
cultured in 6‑well plates overnight at 37˚C in an atmosphere 
containing 5% CO2. Glycitin was added to the wells at 
final concentrations of 0, 0.5, 1 and 5 µM and cultured for 
7 days. Cells were washed with ice‑cold PBS and lysed via 
the repeated freeze‑thaw method. Supernatant was analyzed 
using an ALP kit (Sangon Biotech Co., Ltd., Shanghai, China). 
ALP activity was calculated according to the formula: Treated 
group / control x 100%.

Western blotting for TGF‑β and phosphorylated AKT (p‑AKT). 
Proteins were extracted from BMSCs treated with glycitin  
(0, 0.5, 1 and 5 µM) by grinding with protease inhibitors. BMSCs 
were lysed using RIPA lysis buffer and protein content was 
measured using a micro‑Bradford assay kit (Sangon Biotech 
Co., Ltd.). Protein samples (50‑100 µg) were separated using 
10‑12% SDS‑PAGE and transferred onto a polyvinylidene fluo-
ride membrane. Membranes were incubated with 5% non‑fat 
milk for 2 h at room temperature, and were subsequently incu-
bated with antibodies against TGF‑β (1:500; sc‑146), p‑AKT 
(1:500; sc‑135,650) and β‑actin (1:1,000; sc‑130,656; all Santa 
Cruz Biotechnology, Inc., Dallas, TX, USA) at 4˚C for 24 h. 
Membranes were washed three times with Tris‑buffered saline 
with Tween‑20 and subsequently incubated with an anti‑rabbit 
secondary antibody (1:5,000; C2247; Applygen Technologies 
Inc., Beijing, China) at 37˚C for 30 min at room temperature 
and were visualized with enhanced chemiluminescent reagent 
(ECL Plus; P0018A; Beyotime Institute of Biotechnology, 
Haimen, China). Proteins were quantified using Image Lab 4.1 
(Bio‑Rad Laboratories, Inc.).

Statistical analysis. Data are presented as the mean ± stan-
dard deviation using SPSS software (version 18.0; SPSS, Inc., 
Chicago, IL, USA). Statistical differences were analyzed using 
Student's t‑test. P<0.05 was considered to indicate a statisti-
cally significant difference.
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Results

Authentication of BMSCs. The constitutional formula of 
glycitin is displayed in Fig. 1. BMSCs appeared homoge-
neously mazarine blue, which demonstrated that BMSCs 
were successful extracted, indicating that BMSCs were 
successfully separated and cultivated (Fig. 2).

Glycitin promotes BMSC proliferation. MTT assay was 
used to measure the effect of glycitin on the proliferation of 
BMSCs. As shown in Fig. 3, glycitin increased the prolifera-
tion of BMSCs, with statistical significance detected after 
treatment with 1 and 5 µM glycitin (P=0.0023 and P=0.0004, 
respectively).

Glycitin increases adipogenic differentiation of BMSCs. As 
shown in Fig. 4, Oil Red O staining was observed in every 
group. A marked increase in red staining, and therefore 
osteoblasts, was detected following treatment with 1 and 
5 µM glycitin.

Glycitin increases Col I mRNA expression and ALP activity 
in BMSCs. In order to elucidate the effect of glycitin on the 
mRNA expression levels and activity of Col  I and ALP, 
respectively, RT‑PCR and ALP kits were used. The results 
demonstrated that administration of 1 and 5 µM glycitin 
significantly promoted Col I mRNA expression (P=0.0079 
and P=0.0031, respectively) and ALP activity in BMSCs 
(P=0.0049 and P=0.0023, respectively; Fig. 5).

Glycitin increases TGF‑β expression levels in BMSCs. To 
confirm the effect of glycitin on TGF‑β signaling in BMSCs, 
TGF‑β protein expression of BMSCs was detected. The 
results indicated that pretreatment with 1 and 5 µM glycitin 
significantly enhanced TGF‑β protein expression of BMSCs 
(P=0.0063 and P=0.0021, respectively; Fig. 6).

Glycitin increases p‑AKT levels in BMSCs. To investigate 
the effect of glycitin on p‑AKT in BMSCs, p‑AKT was 
measured using western blotting. The results demonstrated 
that 1 and 5 µM glycitin significantly increased the presence 
of p‑AKT in BMSCs (P=0.0071 and P=0.0033, respectively; 
Fig. 7).

Discussion

Old bones and osteoblasts are absorbed by osteoclasts and new 
bones are formed (17). During continuous reconstruction, the 
equilibrium of the re‑constructional process is regulated by a 
complicated signal network consisting of hormones, growth 
factors, cytokines, chemo‑tactic factors and mechanical 
signals (18). BMSCs are capable of osteogenic differentia-
tion, which indicates the prospect of the clinical application 
for biotherapy based on BMSCs (19). Osteogenic differen-
tiation of BMSCs, in vitro and in vivo, has been extensively 
studied (20,21). The results of the present study demonstrated 
that glycitin promotes cell proliferation, osteoblast induction, 
and activates Col I mRNA expression and ALP activity of 
BMSCs. Li et al  (14) reported that daidzin, genistin, and 
glycitin affects osteogenic and adipogenic differentiation.

The TGF‑β protein super family includes TGF, activins, 
inhibin and bone morphogenetic proteins (22). These proteins 
have important roles in cell proliferation, differentiation, 
formation of cell matrix, the formation of tissues and organs, 

Figure 1. Constitutional formula of glycitin.

Figure 2. Authentication of bone marrow stem cells, as detected by hema-
toxylin (magnification, x400).

Figure 3. Glycitin promotes the proliferation of bone marrow stem cells. 

*P<0.01 vs. the 0 µM glycitin‑treated group.

Figure 4. Adipogenic differentiation of bone marrow stem cells, as detected 
by Oil Red O staining (magnification, x400). (A) 0, (B) 0.5, (C) 1 and (D) 5 µM 
glycitin‑treated BMSCs.

  A   B

  C   D
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embryonic development and immunoregulation. During bone 
formation, the combination of TGF‑β and its ligand may 
inhibit the formation of osteoclasts and bone absorption, but 
may additionally facilitate the osteogenesis of osteoblasts (23). 
Recent research has shown that TGF‑β1 may promote the 
osteogenic differentiation of hMSCs and induce the expression 
of osteogenesis genes, ALP, collagen type I and osteocal-
cins  (24). Conversely, the addition of TGF‑β3 may inhibit 
the expression of ALP, suggesting that the TGF‑β signaling 
pathway has a different role in the osteogenic differentiation 

of hMSCs (25). In addition, it was demonstrated that glycitin 
significantly enhanced T GF‑β protein expression levels in 
BMSCs. Kim et al (26) indicated that glycitin promotes the 
proliferation and migration of human dermal fibroblast cells 
through TGF‑β signaling.

Through the above data analysis, it was indicated that 
oxygen deficit and Ang II may induce the phosphorylation of 
Akt, a downstream modifier of PI3K, which can alter down-
stream modifiers and lead to changes in cell proliferation (27). 
Glycitin significantly advanced p‑AKT formation in BMSCs. 

Figure 5. Effect of glycitin on Col I and ALP mRNA expression levels in BMSCs. (A) Col I and (B) ALP mRNA expression levels were analyzed in BMSCs 
after treatment with glycitin. *P<0.01 vs. the 0 µM glycitin‑treated group. Col I, collagen type I; ALP, alkaline phosphatase; BMSCs, bone marrow stem cells.

Figure 6. Effect of glycitin on TGF‑β signaling of BMSCs. The effect of glycitin on TGF‑β protein expression levels was assessed by (A) western blotting 
assays and (B) subsequent statistical analysis of TGF‑β protein expression levels in BMSCs. *P<0.01 vs. the 0 µM glycitin‑treated group. TGF‑β, transforming 
growth factor beta‑1; BMSCs, bone marrow stem cells.

Figure 7. Effect of glycitin on p‑AKT of BMSCs. The effect of glycitin on p‑AKT protein expression levels was assessed by (A) western blotting assays 
and (B) subsequent statistical analysis of p‑AKT protein expression levels in BMSCs. *P<0.01 vs. the 0 µM glycitin‑treated group. P‑AKT, phosphorylated 
AKT; BMSCs, bone marrow stem cells.
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Kim et al (26) indicated that glycitin promotes proliferation 
and migration of human dermal fibroblast cells through TGF‑β 
and p‑AKT signaling.

In conclusion, the results of the present study demonstrated 
that glycitin promotes cell proliferation and induces osteoblast 
differentiation in BMSCs. A notable finding was that mole-
cules endowed with activating Col I mRNA expression, ALP 
activity, and TGF‑β and p‑AKT signaling participated in the 
effect of glycitin regulating osteoblasts in BMSCs.
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