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Proliferation of bone marrow mesenchymal stem cells induced by
cyclic mechanical stretch mediated with ERK signal molecules

YUAN Lin, SONG Guan-bin, LUO Qing, QIN Jian, SHI Yi-song, YANG Li( College of Bi-
oengineering, Chongqing University, Chongqing 400044, China)

Abstract; Objective To investigate effects of the cyclic stretch on rat bone marrow mesenchymal stem cells
(rBMSCs) proliferation and the related signal molecules. Methods The cyclic mechanical stretching apparatus
was used to study the effects of the cyclic stretch on the growth of rBMSCs with different parameters. The ex-
pression of c-fos was measured by RT-PCR at mRNA level and the levels of phosphorylated extracellular signal-
regulated kinase 1/2 (p-ERK1/2), total ERK1/2 (t-ERK1/2) and c-fos proteins were detected by Western blot-
ting. Results The proliferation of rBMSCs could be stimulated by the cyclic stretch, and the number of cells was
increased to 1.4 times compared with that of the control group at 1 Hz, 10% strain for 15 min and then being static
for 6 h. Moreover, the expressions of c-fos mRNA and protein levels were increased significantly after the stimu-
lation of the stretch. On the other hand, it was found that the cyclic stretch could remarkably enhance the phos-
phorylation of ERK1/2, but did not influence the level of t-ERK1/2. After treated with PD98059, the proliferation of
rBMSCs stimulated by the cyclic stretch was inhibited prominently in a dose-dependent manner and the expres-
sions of p-ERK1/2, as well as c-fos at gene and protein levels were sharply down-regulated. Conclusions
ERK1/2 signal molecules play an important role in regulating the cyclic stretch on the proliferation of rBMSCs and
transcription factors may take part in the regulations during this progress.
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Fig.3 Effects of cyclic stretch on the proliferation of rBMSCs sub-
jected to 1 Hz, 5% ~15% strain for 15 ~60 min by MTT assay
(s, n=3, *P<0.05, **P<0.01)
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Fig.4 Effects of cyclic stretch on the proliferation of rBMSCs sub-
jected to 1 Hz, 5% ~15% strain for 15 ~60 min by cell counting
(x+s, n=3, *P<0.05, **P<0.01)
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Fig.5 Expression changes of p-ERK1/2 and t-ERK1/2 in rBM-
SCs subjected to 1 Hz, 10% strain for 0 ~60 min by Western blot-
ting (a) Typical blots, (b) Densitometric analysis (x +s, n=3,
*P<0.05, **P<0.01)
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Fig.6 Expression changes of c-fos mRNA in rBMSCs subjected
to 1 Hz, 10% strain for 0 ~60 min by RT-PCR (x+s, n=3, *P
<0.05)
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Fig.7 Expression changes of c-fos protein in rBMSCs subjected
to 1 Hz, 10% strain for 0 ~ 60 min by Western blotting (x+s, n=
3, *P<0.05)
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Fig.8 Effects of PD98059 with different concentrations on the cy-
clic stretch-induced rBMSCs proliferation by MTT assay and cell
counting (xxs, n=3, *P<0.05, **P<0.01)
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Fig.9 Effects of PD98059 on the cyclic stretch-induced ERK1/2
activation by Western blotting
metric analysis (z +s, n=3)
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Fig.10 Expression changes of c-fos mRNA in rBMSCs pretreated
with PD98059 and subjected to 1 Hz, 10% strain for 0 ~ 60 min by
RT-PCR (a) Typical blots, (b) Densitometric analysis (x +s, n
=3)
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Fig.11 Expression changes of c-fos protein in rBMSCs pretreated
with PD98059 and subjected to 1 Hz, 10% strain for 0 ~60 min by
Western blotting (a) Typical blots, (b) Densitometric analysis
(x+8, n=3)
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