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Spinal Cord Injury (SCI) develops in three consecutive stages of pathophysiological events: acute phase - neuronal necrosis and axonal disruption; intermediate phase - begins a few minutes and persists for several weeks after the lesion.  This phase is characterized by ischemia, oxidative stress, neutrophil and lymphocytes recruitment and inflammation; chronic phase - arises a few months after the initial injury; characterized by ionic balance alteration, apoptosis of oligodendrocytes, demyelination and astroglial scar formation.

Bone marrow-derived mesenchymal stem cells (BM-MSCs)have been considered an ideal cell source for cell therapy of neurological lesions, due to their capacity to facilitate lesion recovery through several mechanisms including: immunomodulatory effects, secretion of neurotrophic factors and anti-inflammatory effect.

Neural crest stem cells (NCSCs) have recently been identified inside the adult bone marrow. These cells derive from theneural crest, which arises at the borders of the neural tubeduring embryonic development of the nervous system. NCSCs then migrate towards different organs, where they differentiate to give rise to peripheral neurons and glia, melanocytes,chondrocytes, smooth muscle cells and other cell types. Adult NCSCs have been identified in several postnatal organs. NCSCs also comprise an attractive cell source candidate for cell replacement therapy. Due to their neural origin, neural crest cells are closely related to neural tube stem cells, with a close ontological relationship to the spinal cord.

Both MSCs and NCSCs accumulate inside the bone marrow stroma, at the bone epiphysis, and are consequently often referred to as bone marrow stromal cells (BMSCs). Several prospective clinical trials have demonstrated the safety of BMSC transplantation in spinal cord injured patients and have reported promotion of preliminary motor and somatosensory improvements following treatment.

Potential mechanisms of BMSC action in SCI therapy:

1. Anti-inflammatory effect through immune response modulation by cytokine secretion and macrophage activation. This inflammatory modulation has been also observed for adipose-derived MSCs and umbilical cord blood-derived MSCs.

2. Neuroprotective activities by increased expression of antioxidant proteins (glutathione-associated enzymes, catalase and superoxide dismutase), yielding antioxidative protection.

3. Neurotrophic support (axonal sparing promotion, sprouting of new neuritis and remyelination of fibers). Formation of new myelin sheaths can be due to both recruitment of endogenous glial cells and transplantation of the BMSCs themselves.

Adult MSCs/NCSCs present an attractive cell source for SCI cell therapy, for concomitant use:
· MSCs can be injected during the acute phase of injury to modulate inflammation, whereas NCSCs can be injected during the chronic phase to improve neuronal recovery and axonal sprouting.

· Both cell types can be isolated from the same patient, limiting the risk of immune reactions in case of heterologous graft.

There still remains an issue of the lack of reproducibility concerning use of BMSCs, which can be resolved by considering factors, such as: donor age (under 30 years), isolation protocols (defined markers) and technical design of the cell transplantation, which will aide in developing accurate cell-therapy protocols for SCI patients.

See Cell Therapies for SCI at LifeMap Discovery.
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