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Background and aims. Degenerative disc disease (DDD) is an important cause of low back pain and sciatica (1). The human spine is subjected to daily motion and the repetitive tensile stress within the intervertebral disc (IVD) are predisposed to the injury of annulus fibrosus (AF) and chronically cause IVD degeneration. However, there are still few studies conducted on the correlation between tensile stress and osteogenesis of the IVD. In here, we hope to determine the causal relationship between mechanical stretching and osteogenic response in IVD as well as signaling pathways in IVD degeneration.

Methods. To understand whether there is a regulatory mechanism between mechanical stretch and osteogenesis in IVD, different tensile stresses were applied to a human AF cell line to simulate daily spinal motion and to investigate the regulatory effect of BMP-2/6 heterodimers on the expression of osteogenic genes such as Runx2 and osterix in AF cell lines under tensile stress.

Results. In tissues removed surgically from patients with IVD injury, both degenerative IVD and ligamentum flavum (LF) tissues displayed osteogenic phenotypes (Runx2, osterix, and OPN). Our results found that 15% tensile stress (high cyclic stretching, HCS) may induce the expression of osteogenesis-related markers (Runx2 and osterix) by upregulating BMP-2/6 heterodimeric ligands and their receptors on the human AF cell line. HCS also induced transient phosphorylation of p38 mitogen-activated protein (MAP) kinase and SMAD1/5/8. Neutralizing antibody to the BMP2/6 receptor (ALK3) blocked the expression of Runx2 and osterix, as well as the phosphorylation of p38 and SMAD1/5/8. 

Conclusion/Discussion. These findings provide insight into the mechanisms underlying the interplay of mechanical stretching and cellular signaling in human AF cells, which may be involved in the progression of DDD. Our data provide potentially relevant clues to the mechanisms of IVD degeneration and could be used for future therapeutic interventions for IVD degeneration in patients with DDD.
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