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Extracorporeal shockwaves induce osteogenic differentiation of
human mesenchymal stem cells by ATP release

ZHANG Jia-liang, WANG Cheng-xue, HOU Xiang-feng, HUANG Yu-long, YU Tie-cheng
( Department of Orthopedic Trauma, First Norman Bethune Hospital of Jilin University, Changchun 130021,
China)

Abstract: Objective To investigate whether extracorporeal shockwave could induce differentiation of human
mesenchymal stem cells (hMSCs) into osteoprogenitor cells by ATP release and the activation of P2X, recep-
tors. Methods Cultured bone marrow-derived hMSCs were subjected to shockwave treatment and ATP release
was assessed. Osteogenic differentiation and mineralization of hMSCs were evaluated by examining alkaline
phosphatase ( ALP) activity, osteocalcin (OC) production, and calcium nodule formation. The mRNA expres-
sion of P2X, receptors was determined with real-time RT-PCR. P2X,-siRNA, apyrase, and P2 receptor antago-
nists were used to evaluate the roles of ATP release and P2X, receptors in shockwave-induced osteogenic hM-
SCs differentiation. Results Shockwave treatment released significant amounts of ATP from hMSCs. Shockwav-
es and exogenous ATP induced hMSC differentiation. Removal of ATP with apyrase, targeting of P2X, receptors
with P2X,-siRNA or selective antagonists prevented osteogenic differentiation of hMSCs. Conclusions Shock-
waves can contribute to osteogenic differentiation of hMSCs by realeasing cellular ATP that activate signaling.
These research findings provide the theoretical basis for shockwave therapy in treating fracture healing and bone
nonunion.
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Fig.1 Shockwave treatment caused rapid ATP release and reduced
hMSCs viability

(a) Cell viability was reduced after shockwave treat-

ment, (b) ATP release was determined with ATP bioluminescence assay
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tion of hMSCs (a) Effects of shockwave treatment on alkaline phospha-
tase activity, OC protein production, and formation of bone nodules, (b)
Effects of ATP treatment on alkaline phosphatase activity, OC protein pro-
duction, and formation of bone nodules, (c¢) Bone nodule formation in
control group, shockwave treatment group and ATP treatment group ( top
images ; magnification 40 X , bottom images: magnification 100 x )
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Fig.4 Shockwaves induced P2X, receptor expression (a) Expres-
sion of P2X; receptor in hMSCs (P4) membrane, (b) mRNA expression
of P2X; receptor in hMSCs with different passages, (c¢) Effect of shock-
wave treatment or ATP treatment on mRNA expression of P2X; receptor,
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