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Proliferation and differentiation of rat bone marrow mesenchymal stem cells
under different mechanical strains

Wang Qiu-shi', Yang Xiao-qin?, Zhu Xiao-wen', Hu Jing", Zou Shu-juan’('State Key Laboratory of Oral
Diseases, Sichuan University, Chengdu 610041, Sichuan Province, China; 2Guangdong Provincial
Stomatological Hospital, Southern Medical University, Guangzhou 510515, Guangdong Province,
China)

Abstract

BACKGROUND: /n vitro and in vivo studies of cell response to a variety of mechanical loadings have
demonstrated the stimulation of bone formation by loads. However, the effects of different mechanical strains on
the same cells have never been adequately studied by far.

OBJECTIVE: To investigate the effects of different mechanical strains on rat bone marrow mesenchymal stem
cells.

METHODS: Rat bone marrow mesenchymal stem cells were isolated and cultured in vitro. Bone marrow
mesenchymal stem cells were subjected to different stimulations including dynamic stretch, static stretch and
hybrid stretch through the use of custom-made mechanical stretch device. Cellular proliferation, alkaline
phosphatase activity and mRNA expression of Runx2 of bone marrow mesenchymal stem cells were detected
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and the secretion of osteocalcin was evaluated under three different stretch modes respectively.

RESULTS AND CONCLUSION: Compared to the control group, cell proliferation increased by 18.67%, however,
alkaline phosphatase activity, Runx2 expression and osteocalcin secretion were not changed obviously in the static
stretchgroup. Compared to the control group, alkaline phosphatase activity, Runx2 expression and osteocalcin secretion
increased by 60.33%, 49.67% and 48% respectively; however, cell proliferation was inhibited, in the dynamic stretch
group. Compared to the control group, cell proliferation was slightly, but not significantly, increased in the hybrid stretch
group, and the alkaline phosphatase activity, Runx2 expression and osteocalcin secretion increased although the
increases were not as apparent as those in the dynamic stretch group. These findings suggest that static mechanical
strain can significantly promote cell proliferation, the dynamic mechanical strain more greatly promotes osteogenic
differentiation of bone marrow mesenchymal stem cells, and the hybrid mechanical strain promotes the proliferation and

osteogenic differentiation of bone marrow mesenchymal stem cells.

Subject headings: stem cells; cell differentiation; cell proliferation; osteocalcin
Funding: the National Natural Science Foundation of China, No. 81070859*
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Figure 1 A mechanical stretch device (state patent No. ZL
20091 0164248.0) used in cell stretch
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Figure 2 Passage 3 rat bone marrow mesenchymal stem
cells after 2 d culture on silica gel membrane (x100)
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Figure 4 Identification of proliferative capacity of rat bone
marrow mesenchymal stem cells after stimulated
by different stretch models
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Figure 5 Relative alkaline phosphatase activity in rat bone
marrow mesenchymal stem cells after stimulated
by different stretch models
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Figure 6 Relative Runx2 mRNA expression in rat bone
marrow mesenchymal stem cells after stimulated
by different stretch models
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Figure 7 Osteocalcin secretion in rat bone marrow
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