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Abstract: Dental stem cell biotechnology has been used as a potential method to treat the dental diseases. This
study aimed to investigate effects of mechanical stimulation on osteogenic properties of rat dental mesenchymal
stem cells (DMSCs). DMSCs were isolated from rat teeth root tissues and identified by detecting vimentin and
keratin expression. Flexcell FX4K tension system that mediating cyclic strain was used to treat DMSCs. MTT assay
was used to observe DMSCs viability. Alkaline phosphatase (ALP) staining and alizarin red staining were conducted.
Osteogenesis-specific biomarkers, such as receptor activator for nuclear factor-kB ligand (RANKL), osteoprotegerin
(OPG), dentin sialoprotein (DSP) and bone sialoprotein (BSP), were evaluated using RT-PCR, western blot and immu-
nohistochemistry assay, respectively. Positive ALP staining and alizarin red staining confirmed DMSCs phenotype.
There were no significant morphology differences between mechanical stimuli treated cells and normal control cells.
MTT results showed no significant differences between normal control cells and mechanically stimulated DMSCs.
RT-PCR, western blot and immunohistochemistry assay indicated that 10% cyclic strain could trigger an obvious
change of mRNA and protein expression of RANKL, OPG, DSP and BSP, respectively. Mechanical stimulation could
trigger relative higher levels of calcium deposition in DMSCs. Mechanical strain triggered bone formation main-
ly through activating RANKL gene expression. In conclusion, 10% cycle mechanical strain could stimulate higher
amounts of ALP and calcium deposition by activating RNAKL, and could trigger dramatically changes of mRNA and
protein expression of osteogenesis-specific biomarkers, such as OPG, BSP and DSP.
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Introduction tooth structures, such as dentin/pulp complex,

enamel, periodontal tissues, have not been

In clinical, many risk factors could cause the
tooth loss, including dental caries, periodontal
disorders, trauma and various kinds of genetic
diseases, all of which affect the adults’ lives
adversely [1]. In recent years, the tissue engi-
neering and the regenerative drugs have been
provided the promising treatment for the den-
tistry [2]. The previous studies [3-5] reported
that the bone mesenchymal stem cells (BMSCs)
act as the promising candidates for bone repair
and injured tissue therapy by utilizing multi-
potent differentiation ability, expandability and
the accessibility. Especially, the dental stem
cell biotechnology and engineering have been
employed to investigate it's potential for treat-
ing the dental diseases and regenerating the
living functional teeth [6]. However, the whole

successfully regenerated till now, which are
urgent for the dental engineering. The teeth
root is the most important part for the tooth
functions, which could provide a better founda-
tion for the artificial crown and the natural
crown [7]. The previous studies [8, 9] proved
that the dental stem cells are the appropriate
cells for the bioengineered tooth root, however,
the sources of dental stem cells are always lim-
ited. Therefore, the scientists and investigators
applied some alterative cells, including alloge-
neic mesenchymal stem cells, progenitor cells,
to treat the dental tissue regeneration [1, 10].
In this study, we isolated and identified the den-
tal mesenchymal cells (DMSCs), and investigat-
ed the application of DMSCs in dental tissue
regeneration biotechnology.
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The mechanical strain or stimuli is known as a
critical factor for the bone homeostasis regula-
tion, absence of which may lead to the loss of
bone mass [11, 12]. The previous studies [13,
14] also indicated that the remodeling process-
es always be triggered by mechanical stimuli,
which could improve the bone formation, bone
mineral accumulation. Sumanasinghe et al [15]
found that the mechanical strain could increase
the expression of bone morphogenetic protein
2 (BMP2) mRNA in BMSCs. Lohberger et al [10]
also proved that the continuous mechanical
strain could induce obvious increase of osteo-
genesis-specific markers, such as type-| colla-
gen (Coll A1), osteopontin (SPP1) and osteocal-
cin (BGLAP), in the osteogenic differentiated
BMSCs.

In this study, the mechanical strain or stimuli
(triggered by FX4K tension system) was
employed to evaluate the effects of mechanical
strain on the expression of osteogenesis-asso-
ciated transcription factors, including receptor
activator for nuclear factor-kB ligand (RANKL)
[16], osteoprotegerin (OPG) [16], dentin sialo-
protein (DSP) [17] and bone sialoprotein (BSP)
[18]. The evaluation for effects of mechanical
stimulation on DMSCs may provide a promising
potential for mechanism of bone or tooth regen-
eration, oral and maxillofacial surgery, and the
other tooth related diseases.

Materials and methods

Isolation, identification and culture of dental
mesenchymal cells (DMSCs)

SD rats (weighting from 225 g to 250 g) were
purchased from the Center of Experimental
Animal in Third Military Medical University
(Chongging, China). The rat teeth root tissues
were obtained from the above rats. Then, the
dental mesenchymal cells (DMSCs) were har-
vested from the teeth root tissues digesting
by 0.25% trypsin (Beyotime Biotech, Co. Int,
Beijing, China) at 37°C for 30 min. Subsequent-
ly, the above isolated DMSCs were cultured in
the DMEM (Gibco, Grand Island, NY, USA), sup-
plementing with 100 ug/ml of streptomycin
(Beyotime Biotech, Co. Int, Beijing, China), 100
U/ml of penicillin (Beyotime Biotech, Co. Int,
Beijing, China) and 10% fetal bovine serum
(FBS, Gibco, Grand Island, NY, USA), at 37°C
and in 5% CO,,. The isolated DMSCs cells always
present the typical morphology and express the
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Vimentin and Keratin positively, according to
the immunhistochemistry assay.

The present study was approved by the Ethics
Committee of School of Stomatology, Capital
Medical University, Beijing, China (Approval No.
KQYY-2013082601).

Mechanical strain and stimulation

The mechanical cyclic tensile stretch (strain in
this study) was performed by using Flexcell
FX-4000 Tension System (FX4K; Flexcell Int.
Co., Hillsborough, NC, USA). The Flexcell Tension
System mainly plays functions by utilizing a vac-
uum to strain the DMSCs adhered to flexible
silicon membranes (BioFlex plates; Flexcell
Int. Co., Hillsborough, NC, USA). The set up for
Flexcell Tension System was conducted acc-
ording to the previous published study [10].
DMSCs were seeded and cultured on the colla-
gen type-l coated BioFlex plates (at the final
density of 0.5x10° DMSCs/well). When the
density of DMSCs achieves to 70% confluence,
the DMSCs were subjected to a series of
mechanical stimulation. In this study, we set up
the force of strain about 70 g to 80 g, and 2 h
for every day, continuing for 7 days. Each cycle
of Flexcell Tension System stimulation consists
of 30 s relaxation and 10 s strain. For the nor-
mal control DMSCs, which were cultured under
the same conditions, however, removing the
tension system strain protocol.

3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2-H-
tetrazolium bromide (MTT) assay

The mechanical strained and stimulated
DMSCs (collected the 1 day, 3 days and 7 days
cells undergoing mechanical stimulation) and
control DMSCs were cultured in 96-well tissue
culture plates. The viability of DMSCs was eval-
uated by examining the conversion of MTT
(Sigma-Aldrich, St Louis, MO, USA) to the forma-
zan product. DMSCs were cultured and har-
vested at 12 h, 24 h, 48 h, 72 h and 96 h, and
treated with MTT at a final concentration of 5
mg/ml in DMEM at 37°C for 4 h. The MTT reac-
tion was terminated by discarding the superna-
tant, and the formazan products were dissolved
by using 150 pyl DMSO per well. Finally, the
96-well plates were read at wavelength of 490
nm on ELISA examination equipment (Model:
MK3; ThermoFisher Scientific, Waltham, MA,
USA). At least 6 wells were repeated for every
assay.
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Table 1. Primers for the RT-PCR assay

stained with 0.01% alizarin

Gene  Sequences

Length (bp) Gene bank ID

red (Sigma-Aldrich, St Lo-

OPG Forwards AAGATCAGCCCAGACGAGATTG
Reverse ACGGTTTTGGGAAAGTGGTATG
RANKL Forwards TGATGGAAGGTTCGTGGCTC
Reverse CTTGGCCCAGCCTCGATC
DSP Forwards ACCAGAAAATCGTCCACAAGG
Reverse GCCCACAGAAGGGACAAGC
BSP Forwards CGAGGAGGCAAGCGTCAC
Reverse ACCGTGCTGCTCTTTCTGG
Actin  Forwards CCCATCTATGAGGGTTACGC
Reverse TTTAATGTCACGCACGATTTC

uis, MO, USA) dissolved in

Alkaline phosphatase (ALP) activity assay

The mechanical strained and stimulated DM-
SCs and control DMSCs were seeded onto Ti
disks at a density of 2x10* DMSCs/well in
24-well plates, and cultured for 1 day, 3 days
and 7 days. Then, the DMSCs were harvested
in the ALP activity examination assay buffer
(containing 1 mM MgCl,, 1 M diethanolamine-
HCl and 10 mM L-Homoarginine, and adjusting
the pH value to 9.8). The lysed DMSCs homog-
enates were used to detect the ALP activity by
using colorimetric assay, according to the previ-
ous study [19]. In this study, the ALP activity
was evaluated by using alkaline phosphatase
kit (BD Biosciences, Bedford, MA, USA) depen-
dent on the Fast blue RR salt and napthol
AS-MX phosphate, according to the instruc-
tions of manufacturer. Briefly, the colorimetric
alkaline phosphatase substract was added into
the wells. The DMSCs were cultured in 24-well
plates and shaken at 37°C for 10 min in humid-
ified atmosphere and 5% CO,,. Finally, the imag-
es of ALP stained DMSCs were observed and
captured under the inverted fluorescence
microscope (Model: IX51; Olympus, Japan).

Alizarin red staining

The mechanical strained and stimulated
DMSCs and control DMSCs were seeded onto
the cover-slip (Nunc, Rochester, NY, USA) at a
density of 2x10* DMSCs/well in 24-well plates,
and cultured for 1 day, 3 days and 7 days. Then,
the DMSCs were harvested in PBS, and washed
for 2 min and 2 times. The DMSCs were fixed
with 4% paraformaldehyde (Sangon Biotech,
Shanghai, China) for 20 min at room tempera-
ture. The DMSCs were washed again with the
PBS for 2 min and 3 times. All of cells were
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25341
70% ethanol for 10 min at
37°C[20]. Then, the DMSCs
117516 were washed with double
distilled water for 5 min
306871 and 2 times. Finally, the im-
ages of alizarin red stained
24477 DMSCs were observed and
captured under the invert-
81822 ed fluorescence microsco-
pe (Model: 1X51; Olympus,
Japan).

RNA extraction, reverse transcription and real-
time PCR

The total RNAs of DMSCs were extracted by
using Trizol kit (Beyotime Biotech, Co. Int,
Beijing, China) according to manufacturer’s
instruction. Then, the extracted total RNAs
were transcribed reversely by using reverse-
transcription reagents (Western Biotech. Ch-
ongqing, China) to synthesize the complemen-
tary DNA (cDNA). The PCR primers for OPG,
RANKL, DSP and BSP were synthesized by
Western Biotech. Inc. Co. (Chongging, China)
and the related sequences were listed in Table
1. The Sybr Green | real-time PCR kit (Western
Biotech. Chongging, China) was employed for
amplifying the above genes according to the
instructions of manufacturer. The amplification
processes of RT-PCR were conducted on a real-
time PCR instrument (Eppendorf, Germany),
according to the followings: 4 min at 94°C, fol-
lowed by 35 cycles of 20 s at 94°C, 30 s at
60°C and 30 s at 72°C, and terminated at 10
min at 72°C. All of the above reactions were
conducted at least for triplicate and with the
final volume of 50 pl. The 2-4¢t (2-(Ctof gene)- (Ctof UB))
method was utilized for the RT-PCR products
analysis.

Western blot assay

The DMSCs were harvested by using 0.25%
trypsin in PBS solution. The harvested DMSCs
were shortly centrifuged and suspended with
lysis buffer (containing 0.5% sodium deodycho-
late, 10 mM Tris-HCI, 10 mM EDTA, 100 mM
NaCl and 0.5% Nonidet P-40), and supplement-
ing with complete protease inhibitor (Sigma-
Aldrich, St Louis, MO, USA). The DMSCs lysates
were separated by using 15% SDS-PAGE and
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Figure 1. Primary culture and identification for the isolated dental mesenchy-
mal cells (DMSCs). A. Isolated and primary cultured DMSCs cells observed
under light microscopy. B. Identification for the isolated DMSCs by detecting
Vimentin expression and immunohistochemistry assay. C. Identification for
the isolated DMSCs by detecting Keratin expression and immunohistochem-
istry assay. The cells incubated with rabbit anti-Vimentin polyclonal antibody
and rabbit anti-Keratin polyclonal antibody. The amplification has been il-

lustrated in the graphs.

electrotransferred onto the polyvinylidene fluo-
ride (PVDF) membranes. PVDF membranes
were blocked with 5% defatted milk (dissolved
in PBST, adjusting pH 7.6 and containing 0.05%
Tween-20) at 4°C overnight. Then, the PVDF
membranes were incubated with the rabbit
anti-rat OPG polyclonal antibody (1:500; Cata-
logue No. ab73400, Abcam, UK), rabbit anti-rat
RANKL polyclonal antibody (1:500; Catalogue
No. ab62516, Abcam, UK), rabbit anti-rat BSP
polyclonal antibody (1:500; Catalogue No. ab-
52128, Abcam, UK), rabbit anti-rat DSP poly-
clonal antibody (1:500; Catalogue No. ab10-
9445, Abcam, UK) and rabbit anti-rat actin
polyclonal antibody (1:500; Catalogue No.
ab8227, Abcam, UK) for 2 h at room tempera-
ture. PVDF membranes were washed with PBST
for 5 min and 3 times, and incubated with
horseradish peroxidase (HRP) conjugated goat
anti-rabbit 1gG (1:500; Catalogue No. 41155,
Sigma-Aldrich, St Louis, MO, USA) for 1 h at
37°C. The reactive protein signals were visual-
ized and detected by using enhanced chemilu-
minescence (ECL) kit (Catalogue No. 32132;
Pierce, ThermoFisher Scientific, Waltham, MA,
USA).

Immunohistochemistry
The DMSCs were cultured by using the cover-

slip (Nunc, Rochester, NY, USA), and fixed
with 4% paraformaldehyde (Sangon Biotech,
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Keratln 200X

Shanghai, China) for 15 min.
Post-washing with phosphate

,.A ¥ buffersolution (PBS) for 5 min
U .

& \ §al and 3 times, the endogenous
").\ > \7"\ peroxidase was inactivated by
"'\k <y incubating with 3% hydrogen

peroxide at 25°C for 5 min.
DMSCs were blocked by using
5% BSA for 20 min, and wa-
shed for 5 min and 3 times.
DMSCs were incubated with
the rabbit anti-rat vimentin
polyclonal antibody (1:2000
in PBS) (Catalogue No. ab-
45939; Abcam, UK), the rabb-
it anti-rat keratin monoclonal
antibody (1:2000) (Catalogue
No. ab185627; Abcam, UK),
rabbit anti-rat OPG polyclon-
al antibody (1:500; Catalogue
No. ab73400, Abcam, UK), ra-
bbit anti-rat RANKL polyclonal
antibody (1:500; Catalogue No. ab62516, Ab-
cam, UK), rabbit anti-rat BSP polyclonal anti-
body (1:500; Catalogue No. ab52128, Abcam,
UK), rabbit anti-rat DSP polyclonal antibody
(1:500; Catalogue No. ab109445, Abcam, UK)
and rabbit anti-rat actin polyclonal antibody
(1:500; Catalogue No. ab8227, Abcam, UK)
at 4°C overnight. Subsequently, DMSCs were
washed with PBS for 5 min and 3 times, and
incubated with the goat anti-rabbit peroxidase-
confugated IgG (1:500 in PBS) (Catalogue No.
ab6717, Abcam, UK) at 25°C for 1 h. At last, the
DMSCs were washed with PBS for 5 min and 3
times, and the DMSCs were immersed in alka-
line phosphatase labeled diaminobenzidine
(DAB, ZSGB Bio. Inc. Co., Beijing, China), and
rinsed in PBS for 5 min and 3 times. The imag-
es of stained DMSCs were observed and
acquired by using inverted fluorescence micro-
scope (Model: IX51; Olympus, Japan).

RNA interference for RNAKL

The small interfering RNA targeting RANKL was
used to down-regulate the RANKL expression in
DMSCs. The interfering RNA (siRNA) gene was
synthesized by Western Biotech. (Chongging,
China). The sense sequence for the rat RNAKL
siRNA utilized was 5-CGCGCUGCUUCUACAG-
AAU-3’, and the anti-sense sequence utilized
was 5-AUUCUGUAGAAGCAGCGCG-3'. The sen-
se sequence for the rat sham siRNA used was
5-ATCACTGCCACTCAGAAGAC-3’ and the anti-

Am J Transl Res 2019;11(1):233-244
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Figure 2. DMSCs morphology observation and the examination of DMSCs cell viability. A. DMSCs morphology obser-
vation. B. DMSCs cell viability examination by using MTT assay. C. Image of the Flexcell FX-4000 Tension System.

sense siRNA used was 5-ACATTGGGGTAGG-
AACAC-3'. The DMSCs were transfected with
the siRNA by using Lipofectamine 2000 (In-
vitrogen Inc., Calsbad, CA, USA) according to
the manufacturer’s instructions.

Statistical analysis

All of the data in this study were analyzed by
using the SPSS software 18.0 (SPSS Inc.,
Chicago, Ull, USA). The data were described as
mean * SD, which were also performed at least
three independent experiments. Comparison of
means among multiple groups was performed
by using the post Tukeys’ hoc test after the
ANOVA. The P value less than 0.05 was consid-
ered to be significant difference.

Results
Isolation and identification for DMSCs

The DMSCs were isolated from the teeth root
tissues. The cell morphology of the isolated
cells was consistent with the typical morpholo-
gy of DMSCs (Figure 1A). In order to confirm
whether the isolated cells were the DMSCs, the
DMSCs specific markers, including vinmentin,
keratin, were detected by using immunohisto-
chemistry assay. The results confirmed that the
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isolated cells positively expressed the vimentin
(Figure 1B) and keratin (Figure 1C).

DMSCs morphology and cell growth during me-
chanical stimulation

Following with the mechanical stimulation 1
day, 3 days and 7 days later, the morphology of
DMSCs was observed. The results indicated
that there were no significant morphology dif-
ferences between mechanical stimuli treated
cells and normal control cells (Figure 2A).
However, the amounts of cells were increased
in mechanical stimuli treated cells compared to
that in the control cells, but without significant
differences (Figure 2A). The MTT results sh-
owed that the cell viabilities of mechanical
stimuli treated cells were significantly decr-
eased compared to that in the control cells
(Figure 2B, P<0.05) at different examining time
points (12 h, 24 h, 48 h, 72 h and 96 h). The
Flexcell FX-4000 Tension System was illustrat-
ed in Figure 2C.

Mechanical stimulation triggered alkaline
phosphatase activation and calcium deposi-
tion

In order to identify the osteogenic properties of
DMSCs undergoing the mechanical stimula-

Am J Transl Res 2019;11(1):233-244
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Figure 3. Immunohistochemistry staining for the alkaline phosphatase (ALP) and alizarin red. A. ALP staining for
examining the ALP activity. B. Alizarin red staining for evaluating calcium deposition. The amplification has been

illustrated in the graphs.

tion, the bone formation related biomarkers,
such as ALP and alizarin red, were examined
and observed under the inverted fluorescence
microscope. The results indicated that ALP
staining was obviously increased in the me-
chanical stimulation group compared to that in
the blank DMSCs group (Figure 3A). Meanwhile,
ALP expression was also increased following
with the mechanical stimulation time points.
The alizarin red staining results indicated that
the alizarin red staining positive DMSCs in
mechanical stimulation group were obviously
more compared to that in the control DMSCs
(Figure 3B), which suggests that the mechani-
cal stimulation could trigger the calcium
deposition.

Mechanical stimulation regulated osteogene-
sis-specific biomarkers’ mRNA expression

To evaluate the effects of cyclin strain on osteo-
genesis, the DMSCs were mechanically stimu-
lated by Flexcell FX4K tension system at 1
day, 3 days and 7 days post stimulation. The
relative mRNA expression of OPG, RANKL, DSP
and BSP, were analyzed by using RT-PCR analy-

238

sis at 1 day, 3 days and 7 days post mechanical
stimulation. The OPG mRNA levels illustrated a
significant decrease at 1 day, 3 days and 7 days
post the mechanical stimulation (Figure 4A,
P<0.05). Meanwhile, OPG mRNA expression
was also decreased following with the prolong
of mechanical stimulation (Figure 4A, P<0.05).
The RANKL mRNA expression was significantly
increased at 1 day, 3 days and 7 days post
mechanical stimulation compared to that of the
control DMSCs group (Figure 4B, P<0.05), and
which was also increased following with the
stimulation time. Furthermore, the mRNA ex-
pression of DSP (Figure 4C) and BSP (Figure
4D) were also significantly decreased at 1 day,
3 days and 7 days post mechanical stimulation
compared to that of the control DMSCs group
(P<0.05).

Mechanical stimulation enhanced RANKL and
decreased OPG, DSP and BSP protein expres-
sion

The relative expression of OPG, RANKL, DSP
and BSP were also analyzed by using western
blot assay at 1 day, 3 days and 7 days post

Am J Transl Res 2019;11(1):233-244
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Figure 4. Observation for the osteogenesis specific biomarkers undergoing the effects of mechanical stimulation.
The mRNA of OPG (A), RANKL (B), DSP (C) and BSP (D) were normalized to the internal control of actin mRNA expres-
sion. The statistically significant differences between two groups were illustrated in the graphs.

mechanical stimulation. The results showed
that the mechanical stimulation significantly
decreased the OPG, DSP and BSP expression,
and increased RANKL expression at 1 day, 3
days and 7 days post mechanical stimulation
compared to that of the control DMSCs group
(Figure 5, P<0.05).

Moreover, the OPG, RANKL, DSP and BSP
expression were examined by using immuno-
histochemistry assay. The immunohistochemi-
cal images illustrated that the OPG, DSP and
BSP staining positive DMSCs were obviously
decreased at 1 day, 3 days and 7 days post
mechanical stimulation compared to that in
control DMSCs (Figure 6). However, the ne-
gative control illustrated no positive staining
DMSCs. The statistical analysis data showed
that mechanical stimulation significantly de-
creased OPG, DSP and BSP, and increased
RANKL expression post mechanical stimulati-
on compared to that of control DMSCs group
(Figure 6, P<0.05).

Mechanical stimulation increased ALP activa-
tion and calcium deposition

In order to observe the mechanism of mechani-
cal strain affecting on the ALP activation and

239

the calcium deposition, the RANKL siRNA
(siRNA) was transfected into the mechanical
strain treated DMSCs group. The results indi-
cated that the ALP activity of RANKL siRNA
combining mechanical strain treated DMSCs
cells were significantly decreased compared to
mechanical strain treated DMSCs (Figure 7A,
7B). Meanwhile, the alizarin red staining po-
sitive  DMSCs in RANKL siRNA combining
mechanical strain treated DMSCs were obvi-
ously decreased compared to the control
mechanical strain treated DMSCs (Figure 7C,
7D).

Discussion

The previous studies [21-23] always applied the
bone marrow derived stromal cells to the labo-
ratory investigation and the clinical engineering
trials, and also received some interesting find-
ings. However, in recent years, many other cells
also illustrated the similar characteristics,
including the dental pulp cells, the cells isolat-
ed from mandibular and maxillary bone [24].
The present study investigated the function of
mechanical stimulation in the osteogenic prop-
erties and the bone formation of the dental
mesenchymal cells for the first time.

Am J Transl Res 2019;11(1):233-244
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Till now, the mechanical stimulation technology
also exists some controversies in the applica-
tion, just because there were also a relative
higher responsiveness for the cells undergoing
mechanical stimulation [10, 25]. The contro-
versy mainly focuses on the followings, includ-
ing the tension, fluid shear, compression, which
could potentially affect the cells differentiation
and bone forming. Actually, the most popularly
used mechanical stimulation for the culture
cells is the fluid shear flow and the cyclic stretch
[26]. In this study, the dental mesenchymal
cells were seeded onto the type-l coated
BioFlex plates and were mechanically stimulat-
ed by using Flexcell Tension System with a fre-
quency of 0.5 Hz. Actually, we have conducted
a few pre-experiments for the mechanical load-
ing and the amounts of mechanical strain,
which could merit or improve the growth of
mesenchymal stem and progenitor cells [27].
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Our pre-experiments showed that the 10%
cyclic strain or stimulation could keep the prolif-
eration of DMSCs and remain the normal cell
morphology.

Firstly, in order to identify the isolated cells, the
DMSCs specific markers, vimentin and keratin
[28-31], were detected in isolated cells.
Consistent with the previous studies [31, 32],
in our study, the isolated cells illustrated the
typical vimentin and keratin expression in cells.
Moreover, the cell viability was not affected by
the mechanical stimulation according to MTT
assay results. The morphology examination
results indicated that there were no significant
morphology differences between mechanical
stimuli treated cells and normal control cells.
This result is consistent with Lohberger et al’s
[10] findings, and suggests that the mechanical
stimulation treatment could keep the morphol-

Am J Transl Res 2019;11(1):233-244



Mechanical strain triggers osteogenesis

A DMSCs group 1 day 7 days Negative contol
e ™ ‘ol bt G G ) N ~ TrSSTWY
o %\S@ -""-'\3.3 f'_f:‘:;”\:' o= 3 g‘{*:\z* S e
o e o ¥ N0 = | “‘"“l‘-"(‘\i‘“f’,\- :-‘, .‘.:;--.‘f AU ’-. e
S et NN 5T S s s \ ?B D |
[ : 4 r - S S 3
TR 4227 s B
NS OB e W e i, T A = L WP 1 B SR £
EBEEr===03 W WA BN T
g K275, BEREES N2 G L 2
2 %‘““‘\—‘: T4 RRY ko N RO ‘q‘n-"i"ég\‘i >
= BOAN s AT 2o RICANT S B £ )
= =P B VAL RUNY 2 R ie &
== 5 Ly > = == W i B B O 2z Y
- < PR g, b~ [ L Wa 7 S B W
:1:":;34 :f‘ d \\\.(. by '.- =
o y e ll e AN LA
8 R NE B o,
PN Sl o abes SRS
e - ~rT 5 -~ - ...:.‘-:_i,,<
o ”E{; < BYANr 5
(7] )-_3' = \‘\ S o I'_.t_,_ =
S VN
Y l{ " e P e e
ISl O R R T R
B 8
S 8 g8
@ 78 T
= FHg e 38
8 ) =]
® — —
= @ DMSCs group
% @ 1 day
o O 3 days
2 O 7 days
-] , ; ; ., Negative control
o
OPG RANKL DSP BSP

Figure 6. Examination for the osteogenesis-specific biomarkers by using immunohistochemistry. A. OPG, RANKL,
DSP and BSP expression determination. B. Statistical analysis for biomarkers.
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ogy of the strained DMSCs cells, which provides
the basis for the following experiments.

Meanwhile, we also examined the ALP activity
and the alizarin red staining to confirm the
osteogenic properties of DMSCs undergoing
mechanical stimulation. Similar to the previous
studies, the ALP and alizarin red staining results
indicated that the ALP expression was signifi-
cantly increased and the more alizarin red
staining cells were observed in the mechani-
cally stimulated groups [10, 33]. In order to
investigate and confirm the osteogenic proper-
ties of mechanically stimulation, the RANKL,
OPG, DSP and BSP were examined, all of which
were considered as the central biomarker
genes within the osteoblast phenotype. Zheng
et al [34] found that the changes of the RANKL
and OPG expression were correlated with the
mesenchymal dental pulp cells, which suggest
that the RANKL and OPG are critical for the
bone formation. Mehrazarin et al [35] also
reported that the subculture-induced dental
mesenchymal stem cells could lead to the sig-
nificantly decreased of BSP and BSP, which
also hint that the BSP and DSP act as the
important biomarkers for dental mesenchymal
stem cells-triggered bone formation. In this
study, the RT-PCR assay, western blot assay
and immunohistochemistry assay results indi-
cated that levels of RANKL were dramatically
increased and levels of OPG, DSP and BSP
were significantly decreased undergoing mech-
anical stimulation. The results showed that the
changes of RANKL and OPG were consistent
with the Zhang et al’ [36] findings, which proved
that mechanical stress regulated the RNAKL/
OPG expression and ratio in periodontal liga-
ment stem cells. Wei et al [37] discovered that
the mechanical stretching force could induce
the BSP and DSP expression in human peri-
odontal ligament stem cells. However, the pre-
vious studies have not been investigated the
effects of mechanical stress or force on expres-
sion of RANKL, OPG, BSP and DSP in the dental
mesencymal stem cells till now, and the pres-
ent study was the first one. Furthermore, may
be there are also the other proteins that up-
regulate in response to the application of the
mechanical stress or strain, which would be
explored in the future studies.

Furthermore, in order to investigate the mecha-
nism of mechanical strain caused ALP activity
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and calcium deposition, the RANKL siRNA was
synthesized and transfected to mechanical
strain treated DMSCs cells. The results indicat-
ed that ALP activity and calcium deposition
were significantly decreased compared to
mechanical strain treated DMSCs. These
results indicated that the mechanical strain
triggered the bone formation mainly through
activating the RANKL gene expression.

Although some of the interesting and signifi-
cant results were obtained, there were also a
few limitations. Firstly, the data in this study
may be insufficient for the role of mechanical
strain on dental mesencymal stem cells. In the
following study, we would verify the roles of
mechanical strain on dental mesenchymal
stem cells by using RNA interference experi-
ments. Secondarily, the markers to phenotype
DMSCs in this study seems not sufficient,
though which have been used by some reports
[28-31]. In the future study, we would identify
the DMSCs by using some more specific bio-
markers. Thirdly, the findings and conclusions
in this study have not been verified in the ani-
mal models. We would establish the animal
model to verify the present results.

In conclusion, 10% cycle mechanical strain
could stimulate the higher amounts of ALP and
calcium deposition, and trigger the dramatical-
ly changes of mRNA and protein expression of
osteogenesis-specific biomarkers, such as
RANKL, OPG, BSP and DSP in dental mesen-
chymal stem cells. In the future clinical and
basic researches, the mechanical stimulation
would act as a regulator of osteogenic-differen-
tiation and bone formation, which could also be
beneficial to the orthopaedic tissue engineer-
ing and the craniofacial surgery.
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