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The effects of activating the ERK signaling pathway with an electromagnetic field on osteogenic proliferation
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[ Abstract] Objective To investigate the effects of an electromagnetic field on the extra-cellularly regulated
kinase (ERK) signalling pathway and to determine the impact of electromagnetic activation on osteogenic proliferation
and differentiation in rat bone marrow mesenchymal stem cells. Methods Rat bone marrow mesenchymal stem cells
were isolated and cultured in vitro. The third-passage cells were divided into 4 groups ( Control, PD98059, EMF and
EMF + PD98059). Western blotting was used to detect the activation of the ERK signal pathway after exposure to an
electromagnetic field. MTT assay was used to determine the activation of proliferation in the cells in the different
groups. The cells’ alkaline phosphatase activities were also detected. Results (1) The ERK signal pathway in
these rat bone marrow mesenchymal stem cells was activated after exposure to a 15 Hz, 1 mT, sine wave form electro-
magnetic field for 5 min. Activation remained high for at least 1 h. PD98059 can effectively block the activation of the
ERK signal pathway. (2) Cell proliferation was promoted after exposure to the electromagnetic field, and this effect
could be significantly inhibited by PD98059. (3) Alkaline phosphatase was significantly elevated in these bone mar-
row mesenchymal stem cells after exposure to the electromagnetic field. The activation in the EMF + PD98059 group
was slightly greater than in the EMF group. Conclusion Electromagnetic fields of 15 Hz and 1 mT can activate the
ERK signal pathway and alter proliferation and osteogenic differentiation in the bone marrow mesenchymal stem cells
of rats.

[ Key words] Electromagnetic fields; Kinase signalling pathway; Bone marrow, Mesenchymal stem cells;

Cell proliferation; Osteogenic differentiation
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