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Abstract Introduction Effective therapies that may stop or even reverse disc degeneration
remain elusive. A minimally invasive method through which nucleus pulposus (NP) cell
viability could be achieved would revolutionize the treatment of degenerative disc
disease (DDD). With the presented work, we have investigated if nonchondrodystrophic
(NCD) canine intervertebral disc (IVD)-derived notochordal cell conditioned medium
(NCCM) and chondrodystrophic (CD) canine IVD-derived conditioned medium (CDCM)
are able to protect murine and human NP cells from apoptosis.
Materials and Methods We developed NCCM and CDCM from hypoxic culture of
freshly isolated NPs from NCD and CD canines, respectively. We obtained murine NP
cells from nine different C57BL/6 mice and human NP cells from four patients who
underwent surgery for discectomy. The cells were cultured with ADMEM/F-12 (control
media), NCCM, or CDCM under hypoxic conditions (3.5% O2) and treated with IL-
1β þ FasL or Etoposide. All media were supplemented with 2% fetal bovine serum. We
then determined the expression of specific apoptotic pathways in the murine and
human NP cells by recording activated caspase-8, caspase-9, and caspase-3/7 activity.
Results In the murine NP cells, NCCM inhibits IL-1β þ FasL- and Etoposide-mediated
apoptosis via suppression of activated caspase-9 and caspase-3/7, CDCM demonstrated
an inhibitory effect on IL-1β þ FasL-mediated apoptosis via caspase-3/7 (►Fig. 1A). In the
human NP cells, NCCM inhibits Etoposide- mediated apoptosis via suppression of
activated caspase-8, caspase-9, and mainly caspase-3/7. CDCM demonstrated an
inhibitory effect on Etoposide-mediated apoptosis via suppression of activated cas-
pase-8, caspase-9, and mainly caspase-3/7, though not as effective as NCCM (►Fig. 1B).
Conclusion IL-1β þ FasL are known keymolecules in the progression of DDD. Here, we
demonstrate that soluble factors secreted by the NCD IVD NP strongly protect murine
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NP cells not only from IL-1β þ FasL but also from Etoposide-induced apoptosis via
suppression of activated caspase-9 and caspase-3/7. In the human samples, addition of
IL-1β þ FasL did not increase cell death. Because the human cell samples were obtained
from herniated discs that are probably already undergoing a degenerative process, it is
likely that there was already some degree of activation by the endogenously secreted
prodegenerative factors such as IL-1β þ FasL. It may be that the NP cells, once they have
reached a pivotal point of the degenerative cascade, no longer respond to exogenously
applied IL-1β þ FasL in contrast to the otherwise “healthy” discs obtained from themice.
Interestingly, the rescue effect of NCCM in the etoposide-treated cells (murine and
human) suggests that NCCM is capable of influencing the signaling pathways known to
be relevant to etoposide-induced cell death. A better understanding and harnessing of
the restorative powers of the notochordal cell could lead to novel cellular and molecular
strategies for the treatment of DDD.

Fig. 1 Assays for activated caspase 3/7 for murine (A) and human (B) cells. �Significant as compared with ADMEM in the same treatment group
(control/IL-1β þ FasL/etoposide).
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