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Intervertebral disc: a rising star in the skeleton
galaxy (ASBMR 2012)
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The ‘skeleton galaxy’ has been extensively studied over the
past decades, and these studies have led to define in a quite
precise way the various entities orbiting in this galaxy and their
distribution such as the ‘bone and cartilage constellations’.
In the ‘skeleton galaxy’, the intervertebral disc (IVD) has
been considered for a long time as belonging to the ‘cartilage
constellation’, and, therefore, has remained in the shadow of the
‘chondrocyte system’. However, recent investigations have
provided evidence that this ‘unidentified skeletal object’ is
indeed a biological entity clearly distinct from cartilage.1–3 Not
surprisingly, IVD has become the focus of intense research. We
will use the ASBMR 2012 Annual Meeting and the BoneKEy
journal as telescopes to observe this rising star.
The IVD is a key element for spine mobility. It is an
amphiarthrosis (or semi-mobile joint), and it is constituted of
three distinct parts, the inner element, which is a proteoglycanrich gelatinous structure called nucleus pulposus (NP), the
annulus fibrosus (AF), which is a fibrous ring entrapping the NP
and consisting of concentrically organized collagen lamellae,
and the cartilaginous endplates, which cap top and bottom NP
and AF. NP cells are often referred to as chondrocyte-like cells,
but it has become progressively clear that this is indeed an
incorrect oversimplification. It has recently been shown that NP,
differently from cartilage, derives from notochord4,5 and is not
enriched in collagens.6
As the IVD is an avascular structure, NP has a gradient of
oxygenation.7,8 Consistent with these findings, a study has
been presented at the ASBMR meeting showing that adult mice
with conditional deletion of the hypoxia-inducible transcriptional factor1a (HIF-1a) in notochordal cells (FOXA2-Cre;HIF1af/f )9 completely lack the NP, which has been replaced by the
inner layer of AF.10 The virtual disappearance of the NP appears
to be the result of altered differentiation of notochordal cells
into cells of the NP at earlier stages of development, combined
with massive cell death at later time points. This study
supports the notion that NP derives from the notochord, and it
highlights for the first time the critical role of HIF-1a in NP
development.
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Moreover, a novel ex-vivo model of IVD has been presented
that is likely to become a useful tool to study cross-talk signaling
between AF and NP.11 The authors have paid special attention
to the Sonic hedgehog signaling pathway, which is known to
control many aspects of organogenesis including cell proliferation, differentiation and matrix production.12 Last, we
would like to mention an interesting study that has further
highlighted the importance of fibronectin fragments in the
degeneration of the NP.13 In particular, the authors have
provided experimental evidence supporting a direct correlation
between the increased levels of fibronectin fragments and the
severity of disc degeneration.14
A few years ago, IVD was only a nebula with vaguely defined
contours. But, thanks to the effort and the observations provided by the scientific community, data have started to
accumulate around IVD, which has now more consistency. We
are currently witnessing a transition phase during which the ‘IVD
nebula’ is being progressively metamorphosed in an independent star within the ‘skeleton galaxy’, and we will follow its
trajectory with the greatest interest.
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