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To investigate the EMD'’s capacity in BMSCs osteogenic differentiation. In vivo and in vitro, BMSCs Received 16 July 2021
were treated with EMD, scanning electron microscopy, and Alizarin Red staining were used to Revised 17 August 2021
detect the changes in the osteogenic ability of BMSCs, and the proliferation ability of BMSCs was Accepted 18 August 2021
evaluated by CCK8. In addition, by adding xav939, a typical inhibitor of Wnt/B-catenin signaling KEYWORDS

pathway, the regulatory function of Wnt/B-catenin signaling was clarified. The results showed that Enamel matrix derivative;
EMD promote cell proliferation and 25 pg/ml EMD had the most significant effect. Cells inducing bone marrow mesenchymal
osteogenesis for 2 and 3 even 4 weeks, the cell staining is deeper in EMD treated group than that stem cells; Wnt/B-catenin
of the control (P < 0.05) by alizarin Red staining, suggesting more mineralization of BMSCs. In vivo signaling

implanting the titanium plate wrapped with 25 pg/ml EMD treated-BMSC film into nude mice for

8 weeks, more nodules were formed on the surface of the titanium plate than that the control

(P < 0.05). HE showed that there is a little blue-violet immature bone-like tissue block. Besides, the

expression of RUNX Family Transcription Factor 2 (Runx2), Osterix, Osteocalcin (OCN), collagen

| (COLI), alkaline phosphatase (ALP) and B-catenin were inhibited in xav939 group (P < 0.05);

Inversely, all were activated in EMD group (P < 0.05). In conclusion, EMD promoted the prolifera-

tion and osteogenic differentiation of BMSCs. EMD’s function on BMSCs might be associated with

the Wnt/B-catenin signaling pathway.
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1 Background

At present, due to the advantages of no damage to
natural abutments and high masticatory efficiency,
dental implant restoration has been accepted by
more and more patients with dentition defects [1].
However, due to trauma, inflammation, and other
factors, teeth loss are often accompanied by vary-
ing degrees of alveolar bone defect, and the
amount of alveolar bone around the titanium
implant is often the key to determine the long-
term successful use of the titanium implant [2].
Therefore, bone regeneration therapy is often
needed in dental implantation to ensure that
there is enough healthy bone tissue around the
titanium implant [3]. At present, autografts are
deemed as the gold standard for bone grafts
because of their excellent histocompatibility and
nonimmunogenic properties. Nevertheless, autolo-
gous bone transplantation needs to open up a new
bone donor area, the available bone quantity is
limited, and there may be various complications
[4]. For serious bone defects, multiple bone graft-
ing operations are required but the results of bone
grafting are uncertain [5]. Mesenchymal stem cells
(MSCs) are a cluster of multipotent, clonogenic
cells dwelling in many organs’ stroma, for
instance, bone marrow, adipose tissue, muscle,
and liver, in which they play an important role.
Given that their pleiotropic function and broad
tissue distribution, MSCs are regarded as the rele-
vant targets to enhance tissue regeneration [6].
EMD is made from the enamel matrix proteins
of minor porcine teeth [7]. EMD’s major compo-
nent is amelogenin, a family of hydrophobic pro-
teins, making up of more than 90% of the total
protein content [8]; the others are the enamelins,
such as proline-rich enamelin, sheathelin, and tuf-
telin [7,9]. However, EMD’s efficiency on the
osteogenesis of stem cells has been controversial.
On the one hand, some studies argued that EMD
results in a reduction in osteoblasts differentiation
[8]. Although EMD is widely utilized in period-
ontal treatments and the new cementum is often
observed [8], relevant report on alveolar bone for-
mation remains scant [10,11]. On the other hand,
EMD was also reported to stimulate cellular pro-
liferation and the mineralization of both pre-

osteoblasts and osteoblasts [12-14], resulting in
an inhibition in the myogenic and lipogenic differ-
entiation of pluripotent mesenchymal cells and
leading to the induction of their differentiation
into osteoblasts and chondrocytes [13,15].

EMD has albeit been widely studied for its func-
tions on cell proliferation and differentiation
in vitro and its clinical application in periodontitis,
EMD’s effect on BMSCs in vitro remains vacant
[16,17]. It is believed that the canonical Wnt sig-
naling pathway is player in the regulation of MSCs
osteogenic differentiation [18]. Furthermore, Wnt
signaling pathway also leads to {-catenin’s accu-
mulation within the cytoplasm and finally contri-
butes to the translocation into the nucleus as
a transcriptional auxiliary activator. Canonical
Wnhnt signaling activation facilitates bone formation
through multiple routes, ranging the promotion of
the mesenchymal stem cells’ differentiation into
mature osteoblasts to the enhancement in the pro-
liferation and the mineralization of osteoblasts
[19,20]. It has been revealed the regulation of
canonical Wnt signaling in osteogenesis-related
cytokines expressions [21-23]. However, EMD’s
correlation with the BMSCs’ osteogenic differen-
tiation of canonical Wnt pathway is yet to be
explored.

We hypothesized that EMD could promote the
proliferation and osteogenic differentiation of
BMSCs through regulating Wnt/p-catenin signal-
ing pathway. Therefore, this study was aimed to
investigate EMD’s effect on BMSCs and to analyze
its mechanism. This would provide experimental
basis for an exploration onto effective stem cell
therapy for bone regeneration in the field of oral
implants.

2. Materials and methods
2.1 Isolation and culture of BMSCs

The isolation and the culture of SPF grade SD rat
bone marrow mesenchymal stem cells in vitro in
a way of whole-bone marrow adherent method [24].
First of all, the cells were cultured in complete
medium containing DMEM (Gibco, Carlsbad, CA,
USA) supplemented with 10% fetal bovine serum
(Biological Industries, Israel), 100 U/mL penicillin



(Sigma-Aldrich, USA). Then, the plates were incu-
bated in a humidified atmosphere at 37°C in 5%
CO,. After the first 24 h half-change of media, the
media was changed every 3 days. By the time, the
cells fused to 80%-90%, digestion and passage were
conducted at 1:3, and the 3rd to 6th generation was
used for follow-up experiments.

2.2 Flow cytometric analysis on cell surface
markers

The surface markers of bone marrow mesench-
ymal stem cells were determined by flow cyto-
metry. After BMSCs were digested with trypsin,
PBS (Biological Industries, Israel) was resus-
pended and counted. 1*10° cells/tube were
added to the flow up sample tubes to be boiled
into single-cell suspension. CD45, CD29, CD90,
CD11b primary antibody (BioLegend, San Diego,
CA, USA) were added to the tubes, respectively.
The negative control group was incubated with
the same amount of staining buffer for 30 min-
utes at 4X. Finally, the samples were detected by
flow cytometry [25].

2.3 Osteogenic and adipogenic differentiation

BMSCs were inoculated in 6-well dishes with
5 x 10° cells/well and cultured to 90% fusion
in complete medium and then induced by
osteogenic induction medium (complete med-
ium supplemented with 100 nM dexametha-
sone, 10 mM B-Glycerophosphate disodium
salt hydrate, 50 pM 2-Phospho-L-ascorbic acid
trisodium salt (Sigma-Aldrich, USA)). The
media were refreshed at 3-day intervals. After
21 days of osteogenic induction, the cells were
fixed in 4% paraformaldehyde and then stained
with Alizarin Red staining solution for 30 min
at room temperature. To assess adipogenesis,
cells were cultured in SD rat bone marrow
mesenchymal stem cells adipogenic differentia-
tion medium (Cyagen, China, RASMX-90031)
following the manufacturer’s instructions. After
21 days of induction, cells were fixed in 4%
paraformaldehyde for 30 min and were stained
with Oil Red O for 30 min. The dishes were
then washed twice with PBS and observed
under a microscope [26].
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2.4 CCK8 assay

CCKS8 assay was performed to detect the growth
curves of different concentrations of EMD on
BMSCs. BMSCs was inoculated with 1000 cells
per well in 96-well plates, cultured in the complete
medium containing EMD (0, 5, 25, 50, 75, 100,
125 pg/ml, respectively) for 24 hours. After remov-
ing the original medium and adding the mixture
containing 10 pl CCK8 (colleagues, Japan) + 100 pl
medium (without serum) for 2 hours, the growth
curve was drawn by measuring the absorbance
value of (OD), by 450 nm [27].

2.5 Western blot analysis

BMSCs were seeded into 6-cm-diameter culture
dishes and cultured in complete medium. EMD
with a concentration of 5, 25, 50 pg/ml was
added to the experimental group, respectively.
And, the same amount of complete medium was
added to the control group. The cells were col-
lected after 3 days of culture. Total proteins were
extracted from the BMSCs by ice-cold RIPA lysis
buffer. Subsequently, lysate proteins were resolved
by electrophoresis, followed by transfer to polyvi-
nylidene difluoride (PVDEF) membranes
(Millipore, USA). Then, the membranes were
blocked in 5% skim milk for 1h and incubated
overnight at 4X in diluted primary antibody.
Finally, images of the target strip were developed
in the way of using a Western Chemiluminescent
HRP Substrate Kit (Millipore, USA). Primary anti-
bodies directed against Runx2 (1:1500, Rabbit
mADb#12,556, monoclonal antibody, Cell Signaling
Technology, MA, USA), Osterix (1:1000,
ab209484, monoclonal antibody, Abcam, UK),
ALP (1:1500, ab5462, monoclonal antibody,
Abcam, UK), B-catenin (1:6000, ab2572, Abcam,
UK) and GAPDH (1:1000, bs-2188 R, Bioss,
China). Image] was used to analyze the gray
value of each band.

2.6 RNA extraction and real-time reverse
transcription polymerase chain reaction
(real-time RT-PCR) analysis

The total RNA is extracted using the AxyPrep reagent
(Corning, New York, USA), and then the cDNA is



7036 (&) L. CHENG ET AL.

synthesized in reverse direction according to manu-
facturer’s protocol (Takara Bio, Otsu, Japan). The
cDNA was diluted 10 times, and mix with primers,
double distilled water and PowerUp™ SYBR™ Green
Master Mix (Applied Biosystems™, Thermo Fisher
Scientific, USA). Finally, the quantitative polymerase
chain reaction of the mixed solution was carried out
on the Applied Biosystems ViiA 7 RT-PCR System.
GAPDH was used as the internal reference gene, and
the relative quantification was performed by the
2744 method. Primers used were as follows:
GAPDH, AAGTTCAACGGCACAGTCAAGG/
ACGCCAGTAGACTCCACGACAT; Runx2, GAAC
CAAGAAGGCACAGACAGAA/GGCGGGACACC
TACTCTCATACT; Osterix, AGTGGTATTGTA
GGTGCTGTGGTC/AGTGGTATTGTAGGTG
CTGTGGTC; ALP, AGTGGTATTGTAGGTGCT
GTGGTC/AGTGGTATTGTAGGTGCTGTGGTGC;
OCN, AGTGGTATTGTAGGTGCTGTGGTC/
AGTGGTATTGTAGGTGCTGTGGTC; COLI
AGAGGCATAAAGGGTCATCGTG/GAGAAC
CAGCAGAGCCAGGG.

2.7 Mineralization assay and osteogenesis of
BMSCs on titanium surface

BMSCs were seeded at 4 x 10* cells/well in 12-well
plates, the experimental group was treated with
25 ug/ml EMD, while the control group was not
treated with EMD. After 3 days, the medium was
then replaced with osteogenic medium and the
media was changed every 3 days. Calcium nodules
were stained with alizarin red. Then, 10% sodium
dodecyl sulfate was added to dissolve the calcium
nodules. The absorbance value was measured at
405 nm with the Microplate Absorbance Reader.
BMSCs were inoculated on the surface of Sand-
blasted Large grift Acid-etched titanium in 48-well
plates, and the experimental group was added with
25 pg/ml EMD, while the control group was only
added with the same amount of medium for con-
tinuous culture for 3 days, and then replaced with
osteogenesis induction medium for culture. At the
8th week of osteogenesis induction, cells were
fixed with 2% glutaraldehyde for 4 h, and the sur-
face cells of titanium were dehydrated step by step,
coated with gold-palladium, and scanned by elec-
tron microscope. Images were acquired from ran-
domly selected areas of each specimen [28].

2.8 EMD activates Wnt/B-catenin signaling in
BMSCs

BMSCs were inoculated on the surface of Sand-
blasted Large grift Acid-etched titanium in 10-cm-
diameter culture dishes, the control group was
added with the same amount of medium (without
serum), and the rest of the dishes were added with
25 pg/ml EMD, 10 ug/ml xav939 (Wnt signaling
pathway inhibitor), 25 upg/ml EMD+ 10 uM
xav939, respectively [29]. Total RNA and protein
were extracted after 24 hours. The relative mRNA
expressions of Runx2, Osterix, ALP, COLI and
OCN were detected by qRT-PCR and the protein
levels of ALP, Osterix, and Runx2 were detected by
Western blot. Then, the same number of cells were
inoculated on the surface of Sand-blasted Large
grift Acid-etched titanium in 6-well plates, and
the EMD concentrations of 0,5, 10, 15, 20, and
25 pg /ml were added into each well. After 3d
culture, the expression of P-catenin and Osterix
was detected by western blot.

Immunoprecipitation: BMSCs were lysed with
lysis buffer. The supernatant fraction was incu-
bated overnight with 3.5 pl P-catenin antibody
(1:6000, ab2572, Abcam, UK) and 20 pl Protein
A/G-Sepharose (GE Healthcare) at 4. Proteins
were washed four times with PBS and detected
by western blot [30].

2.9 Animal experiments

5*10° BMSCs were seeded into 6-well dishes and
incubated in complete medium. After cell attach-
ment, 25 pg/ml EMD was added to the experi-
mental group, and the same amount of medium
was added to the control group. After 3 days, the
plates were transferred into regular sheet-inducing
medium (complete medium supplemented with
50 g/mL vitamin C). On day 14, the media were
replaced with osteoinductive medium. On day 21
(after 7 days of osteogenic induction), the three-
layer cell sheets were coated with titanium and
then cultured in 5% CO, incubator at 37X for
2 hours to promote the adhesion between the cell
membrane and the material. Parallel incisions
were made on both sides of the back of nude
mice, and the implants were removed from the
cell incubator and implanted into the back of



nude mice. Each nude mouse was implanted into
the control on the left back and the experimental
group on the right side. In this experiment,
6-week-old male nude mice were selected, and all
mice were fed in a specific-pathogen-free condi-
tion. The mice were sacrificed under CO, anesthe-
sia 4 weeks later, and the transplants were
collected for histological analysis [31].

2.10 Statistical analysis

Our data are shown as the means * standard error
(SE). The experiments were commenced at least
three times for the reproducibility. Statistical dif-
ferences between two groups were determined in
a way of one-way analysis of variance (ANOVA)
or t test (and nonparametric tests), P value <0.05
(*) was deemed statistically significant.

3. Results

3.1 BMSCs were successfully isolated and
cultured

In this study, we hypothesized that EMD could
promote the proliferation and osteogenic differen-
tiation of BMSCs through regulating Wnt/p-
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catenin signaling pathway. To investigate EMD’s
effect on BMSCs and to analyze its mechanism, we
firstly isolated the BMSCs. After 3-5 days of pri-
mary culture, the cells were spindle-shaped or
shoal-shaped (Figure 1a). Flow cytometry showed
that CD45, CD90, was positive, while CD29,
CD11b was negative (Figure 1b). Four weeks
after osteogenic differentiation, calcium nodules
by alizarin red staining were positive, indicating
that the cells had the ability of osteogenic differ-
entiation (Figure 1c). Lipid droplets were observed
21 days after lipogenic differentiation (Figure 1d).

3.2 EMD promoted BMSCs proliferation

To detect the effect of EMD on the proliferation of
BMSCs, CCK8 assay was performed. The results
showed that different concentrations of EMD had
different effects on the proliferation of stem cells,
and the 24-h results showed that the effect of EMD
at the concentration of 25 pug/ml and 50 pug/ml on
the proliferation of stem cells was more significant
than that of other concentrations (Figure 2a). The
growth curve was further drawn, which showed
that the OD value was the most significant after
treated with EMD for 3 days.

b [ Blank === CD45/CD11b/CD29/CD90
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Figure 1. The culture of and the identification to bone marrow mesenchymal stem cells. (a) Bone marrow mesenchymal stem cells
were cultured till their third generation. (b) Surface markers of BMSCs, CD45, CD90, were positive, while CD29,CD11b were negative.
(c) Alizarin red staining was performed after four-week osteogenic differentiation. (d) Lipid droplets were observed by oil red
O staining after 21d of adipogenic differentiation. (e) Isolated BMSCs colony was stained with crystal violet.
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Figure 2. Optimal concentration of EMD and expression of mRNA. (a-b) The optimal concentration of EMD was 25 pg/ml. (c) The
expression of osteogenesis-related genes was varying degrees higher when the concentration of EMD was 25 pg/ml. *P < 0.05,

**P < 0.01 and ***P < 0.001 vs. the control.

3.3 EMD promoted the expression of
osteoblastic differentiation markers

Western blot detected the protein levels of Runx2,
Osterix, and ALP in cells treated with EMD of
5 ug/ml, 25 pg/ml, and 50 pg/ml for 24 h, respec-
tively. The results showed that the expression
levels of Runx2, Osterix, and ALP increased sig-
nificantly at EMD concentration of 25 pg/ml com-
pared with those of BMSCs treated with normal
medium and EMD concentration of 5 pg/ml, 50
pg/ml (Figure 2b).

qRT-PCR was used to detect gene expression in
cells on days 1, 3 and 7 (P3). The expression of
related osteogenic genes (Runx2, Osterix, ALP,
COLI) in BMSCs treated with 25 pg/ml EMD
was to vary degrees higher than that of cells cul-
tured in normal medium at the same time point
(Figure 2c¢).

3.4 Effect of EMD on osteogenic differentiation
of BMSCs

Next, to detect the effect of EMD on the osteo-
genic differentiation of BMSCs, the osteogenic

induction medium was added after treating with
EMD for 3 days. At the 2nd, 3rd and 4th week of
osteogenic differentiation induction, the number
of calcification nodules stained with 0.2% alizarin
red was higher than that of cells treated with
normal medium at the same time point (Figure 3
(a,b)). Semi-quantitative measurements of alizarin
red showed similar results(Figure 3b).

Additionally, BMSCs were cultured and induced
osteogenic differentiation on titanium surface, and
EMD were added. After EMD treatment, at the 8th
week of osteogenic induction differentiation, the
number and density of calcium nodules on the
titanium surface were higher than those in the
normal medium at the same time point
(Figure 3c). It is suggested that EMD can also
enhance the potential of osteogenic differentiation
of BMSCs on titanium surface.

3.5 Wnt/B-catenin signaling pathway was
involved in regulating osteogenic differentiation

After adding inhibitors (xav939) of Wnt classical
pathway, qRT-PCR was performed to detected the
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Figure 3. BMSCs' cellular extracellular matrix mineralization subsequently the EMD stimulation. (a-b) The alizarin Red stained
extracellular matrix mineralization of BMSCs after four-week EMD stimulation. The semi-quantitative measurments on the alizarin
Red staining dye from the cultured cells within the period of BMSCs osteogenic differentiation

after EMD stimulations was shown. (c) The number and the density of calcium nodules on the titanium surface were higher than
those in the normal medium at the same time point. d. Protein level of Runx2 in BMSCs after three-day EMD treatment.

mRNA expression of transcription factor B-catenin
and the relative osteogenic gene expression of
Runx2, Osterix, ALP, COLI, and OCN. The results
showed that xav939 decreased the expression of
Runx2, Osterix, ALP, COLI, and OCN (Figure 4a).
Western blot results showed that the expression of p-
catenin was also decreased when treated with xav939
(Figure 4b). And, the expression of -catenin and its
downstream protein Osterix increased with EMD
concentration, in a concentration-dependent man-
ner (Figure 4c). The results of co-
immunoprecipitation indicated that the increased
expression of Osterix was related to the increased
expression of (-catenin (Figure 4d), which may be
related to the activation of this signal pathway to
regulate the process of osteogenic differentiation.

3.6 EMD promoted osteogenic differentiation
in vivo

In vivo studies were performed to further verify
the function of EMD on BMSCs osteogenic
differentiation. The complex of BMSCs and tita-
nium plate were given a subcutaneous trans-
plantation on the back of nude mice (Figure 4
(e,f)). After 4 weeks, HE staining results sug-
gested that there was a small amount of red-
stained suspected osteoid matrix and no mas-
sive bone formation in the control group, while
a small amount of purple-blue immature bone
tissue was observed in the experimental group
(Figure 4g). The results showed that EMD pro-
moted osteogenic differentiation in vivo.
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Figure 4. Wnt/B-catenin signaling’s relationship with EMD on bone marrow mesenchymal stem cells osteogenic differentiation and
some vivo studies. (a-b) After adding inhibitors of Wnt classical pathway, the transcription factor B-catenin and the relative
osteogenic gene expression decrease. *P < 0.05 and **P < 0.01 vs. the xav939 group. (c-d) Expression of Osterix was related
with B - catenin. E-F 4 weeks after the cell sheets were implant in nude mice, there was not evident bone tissue formation in the
control, but bone tissue formation was shown in the EMD treatment. *P < 0.05 and **P < 0.01 and ***P < 0.001 vs. 0 ug/ml EMD.

4 Discussion

Stem cells’ discovery and the process of stem cell
biology recently have made great contributions to
regenerative treatment strategies for a variety of
diseases [32]. Stem cells have two main properties:
they can both renew themselves and differentiate.
Compared with embryonic stem cells, usages of
adult stem cells in clinical studies is less contro-
versial because these cells can be harvested and
differentiated without devastating the embryo [6].
Stem cell therapy with MSCs has obtained more
and more popularity for bone diseases treatment
over the years in clinical practices because of their
high potential to differentiate into osteoblasts [33].
Additionally, MSCs are readily obtained from
patients, cultivated ex vivo for clinical usages
[34-36]. Previous studies in both vitro and vivo
have shown that EMD prompts the regeneration

of periodontal tissues and affects the proliferation
and mineralization of both cementoblasts and per-
iodontal ligament stem cells [18]. The results of
this study suggest that the EMD efficacy on
BMSCs proliferation is the most significant when
the concentration of EMD is 25 pg/ml. Compared
with using osteogenic induction medium alone to
induce stem cells, BMSCs treated with EMD
showed stronger mineralization ability.

Some studies have shown that EMD treatment
can also make stem cells show more cell layers,
secrete more extracellular matrix, and increase the
expression of calcification-related genes and
cementum-specific genes [37,38]. The follow-up
qRT-PCR results of this experiment also con-
firmed that the expression of many important
related genes, such as Runx2, Osterix, ALP,



COLIL OCN, was up-regulated in varying degrees
after adding EMD to the culture medium. Among
them, ALP is known as an early marker of osteo-
blast differentiation, and transcription factors
Runx2 and Osterix are necessary transcription fac-
tors for osteoblast differentiation and bone forma-
tion [39,40]. Runx2 is expressed at early stages of
osteochondroprogenitor determination, followed
by Osterix induction during osteoblast maturation
[41]. In addition, Osterix manipulates many osteo-
genic factors expression, including osteonectin,
osteopontin, osteocalcin, and ALP [42,43]. OCN
is a matrix signal of bone formation and a specific
marker for late osteogenic differentiation. It works
as a regulator in the process of bone remodeling,
and its expression level is usually consistent with
the final mineralization level of matrix [44]. Type
I collagen is the most abundant protein in bone
content, accounting for more than 90% of bone
mass, and provides tensile strength and support
for bone connective tissue, so it is essential to
evaluate its expression in the study of bone forma-
tion [44-45]. The results showed that the cells
pretreated with EMD showed stronger osteogenic
potential. The possible reason is that the proteins
in EMD have a notable impact on cellular behavior
in a way of mediating cell migration, diffusion,
proliferation, and differentiation, as well as the
expressions of signal molecules, growth factors,
and extracellular matrix components.

Some in vitro studies have shown that visible
protein aggregates were noted, when EMD was
added to the media at physiological pH and
room temperature [46]. Extracellular matrix
mineralization is known as the basis of hard tissue
construction, which includes two stages: the pre-
liminary synthesis of collagen network and the
deposition of hydroxyapatite crystal catalyzed via
ALP [47]. In this study, in order to prove the
relationship between EMD and osteogenic differ-
entiation of BMSCs, we measured the mineraliza-
tion ability of BMSCs before and after the
treatment of EMD. Titanium is widely regarded
as an ideal dental and bone implant because of its
excellent biocompatibility and corrosion resis-
tance. In this experiment, after sandblasting and
acid etching on the surface of titanium implant,
BMSCs cells were inoculated on titanium plate.
The experimental group was pretreated with
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EMD and then osteogenic induction was per-
formed. After 8 weeks of induction, the calcium
nodules’ number in treatment group was greatly
higher than that in the control, suggesting that
EMD can also enhance the potential of BMSCs
osteogenic differentiation on titanium surface.
Semi-quantitative analysis of alizarin red also con-
firmed the above results, suggesting that EMD
pretreated cells formed more calcium deposition,
showing a stronger mineralization ability.
Wnt/B-catenin signaling pathway manipulates
the growth and the development of many organs
and tissues, from cell fate determination to differ-
entiation, migration, and proliferation [48]. It is well
known that B-catenin is an important regulator of
the activation of Wnt pathway, which is essential for
normal bone development, and the down-regulation
of this pathway will damage bone formation [49]. In
normal somatic cells, f-catenin merely functions as
a cytoskeletal protein in cell membrane. E-cadherin
formation complex takes part in maintaining the
adhesion of homologous cells and preventing cell
movement. Only when the extracellular Wnt signal-
ing molecule binds to the specific receptor Frizzled
protein on the cell membrane and activates the
intracellular Disheveled protein, which leads to the
inactivation of GSK3B and makes B-catenin avoid
being phosphorylated and degraded, p-catenin can
accumulate in the cytoplasm. When the concentra-
tion of B-catenin in the cytoplasm reaches a certain
level, it can transfer to the nucleus. B-Catenin
involves in this signaling pathway, and its accumu-
lation in the cytoplasm, and then translocation into
the nucleus is deemed as a sign of the activation of
this signaling pathway. The Wnt/B-catenin pathway
role in osteoblasts and bone marrow mesenchymal
stem cells has been fully confirmed [50-52]. In this
experiment, the expressions of osteogenesis-related
genes and P-catenin were down-regulated after the
addition xav939 and after EMD treatment, the
mRNA and protein expressions of B-catenin and
downstream Osterix increased with the increase of
EMD concentration, which may be the accumula-
tion of PB-catenin in the cytoplasm, suggesting that
the pathway was activated. Results of co-
immunoprecipitation suggested that increasing
level of Osterix expression was related to the
increased expression of (B-catenin, which may be
related to the activation of this signal pathway to
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participate in the process of osteogenic differentia-
tion, suggesting that EMD promoting BMSCs osteo-
genic differentiation might be associated with the
participation of Wnt classical signal pathway. Does
this process specifically regulate the role and process
of other signal pathways? Further experimental
study is needed.

Cell sheet-based tissue engineering is capable of
establishing its unique traits and advantages for the
usage in regenerative medicine and tissue modeling.
Compared with a single cell, cell sheet is a better cell
carrier, which enables it to provide its unique func-
tions and advantages for regenerative medicine and
tissue modeling [53]. Ascorbic acid is a simple
method for cell sheet culture, which can obtain
complete cell sheet by mechanical scraping after
the cell sheet is mature. Compared to monolayer
cell sheet, multilayer cell sheet has stronger mechan-
ical properties. In this study, the cells were induced
into cell sheet and then wrapped with titanium plate
were implanted into nude mice to observe their
osteogenesis. Nude mice lack immune response
because they have no thymus. As recipients of het-
erotopic transplantation, rejection and inflamma-
tion caused by immune reaction can be avoided.

The results of HE staining suggested the possibi-
lity of bone formation of BMSC sheets on titanium
surface in vivo. Compared with directly inducing
BMSC to form diaphragm, the cell diaphragm
formed by BMSC pretreated with EMD showed
stronger potential of osteogenic differentiation after
osteogenic induction and differentiation. Although
the experiment in cell sheets and in vivo remains in
its infancy, the outcomes might reveal that EMD is
an important auxiliary tool to promote bone forma-
tion around the implant. It provides an option for
subsequent experiments of bone tissue engineering.

5 Limitation and future direction

In this study, we focused on the role of the wnt-
signaling pathway in the regulation of the osteo-
genic differentiation of BMSCs by EMD, and we
have not yet explored the role of other signaling
pathways or components in it. The microenviron-
ment of organisms has complex components, and
there are many regulatory factors in every life
activity. In future research, we will continue to

study other signaling pathways and the regulatory
relationship between pathways.

6 Conclusions

We hence drew a conclusion that the EMD’s effi-
ciency on BMSCs induced early and late osteogenic
markers, which it’s a positive effect. Mechanistically
speaking, we suggested that this process might be at
least partially mediated through the Wnt/p-catenin
pathway. Moreover, our exploration on the EMD
effect in osteogenic differentiation of BMSCs pro-
vides a new idea for the treatment of bone deficien-
cies in the future. Although the idea of prefabricating
EMD for BMSCs before osteogenic induction
remains in its infancy, the outcomes from our
study emphasize that it might prove to be an impor-
tant tool for promoting bone formation nearby den-
tal implants.
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