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The study of the effect of mechanical stress on the enchondral ossification
signals in the ossification of the posterior longitudinal ligament
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____ Ossification of the ﬁosterigr Ion?itudingl ligament (OPLL) is similar to
enchondral ossification. Indian hedgehog (Ihh) and its related signaling are key factors in normal

enchondral ossification.In the microarray analysis, lhh and its related genes showed increased
expression levels compared with controls after the 24-hour mechanical strain. In the immunoblotting
analysis, Ihh, Sox9, Runx2, Gli2, Gli3, and smoothened (SMO) showed significantly increased their
protein expression levels after mechanical strain. In addition, OPLL samples were strongly
immunopositive for lhh, Sox9, Runx2, and Gli3 in the ossification front of OPLL. The expression
levels of Ihh and its related genes are upregulated significantly by cyclic tensile strain. These

results suggest that cyclic tensile strain induces abnormal activation of Ihh and its related
signaling, which might be important in the ossification process in OPLL.
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Indian hedgehog (Ihh) NM_002181 2.68 172 2.05 1.05 0.90
Sox9 NM_00346 10.81 118 1.28 1.96 1.35
Runt-related gene2 (Runx2) NM_004348 3.98 1.54 1.85 1.13 1.05
Collagen type 11A2 (COL11A2) NM_080680 391 1.20 175 0.62 0.75
Collagen type 6a1 (COL6A1) NM_001848 1.78 1.15 1.29 1.03 0.90
Parathyroid hormone (PTH) NM_000315 1.02 177 121 0.44 0.52
Smoothened (SMO) NM_005631 0.86 1.08 1.29 0.76 0.81
Patched 1 (PTCH1) NM_001083602 0.74 1.38 1.75 0.63 0.77
Patched 2 (PTCH2) NM_003738 116 0.81 131 0.73 0.90
Sox5 NM_152989 0.89 142 136 0.91 0.85
Sox6 NM_017508 10.12 252 349 0.89 0.80
Gli2 NM_005270 1.08 0.62 0.83 0.57 0.71
Gli3 NM_00168 1.20 1.48 2.24 0.85 0.80
Vascular endothelial growth factor (VEGF) NM_001025366 1.95 2.97 1.55 0.99 1.10
Smad3 NM_005902 106 0.67 0.51 0.38 0.49
Bone morphogenetic protein2 (BMP2) NM_001200 2.00 0.59 117 0.55 0.65
Bone morphogenetic protein 4 (BMP4) NM_001202 0.75 1.31 0.94 0.21 0.35
Fibroblast growth factor receptor3 (FGFR3) NM_00142 1.22 115 1.51 0.29 0.43
?Si%!rrll.tl;ansducers and activator of transcription NM_139266 0.62 118 108 087 0.82
Serine /threonine protein kinase 36 (STK36) NM_015690 1.36 1.26 1.74 0.71 0.93
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" Cyclic tensile strain facilitates ossification of the cervical posterior
longitudinal ligament via increased Indian hedgehog signaling”
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