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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-I 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]. 

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-

Figure 5. Western bolt assay results for the osteogenesis specific biomarkers. A. OPG expression and statistical 
analysis. B. RANKL expression and statistical analysis. C. DSP expression and statistical analysis. D. BSP expression 
and statistical analysis. The amplification has been illustrated in the graphs.
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Figure 6. Examination for the osteogenesis-specific biomarkers by using immunohistochemistry. A. OPG, RANKL, 
DSP and BSP expression determination. B. Statistical analysis for biomarkers.

Figure 7. Effects of RANKL small interfering RNA (RANKL siRNA) on the alkaline phosphatase (ALP) and alizarin 
red. A. ALP staining for examining the ALP activity. B. Statistical analysis for ALP activity. C. Alizarin red staining for 
evaluating calcium deposition. D. Statistical analysis for calcium deposition. The amplification has been illustrated 
in the graphs. 
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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 

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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