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Neurodegeneration and inflammation are the key points in various central nervous system (CNS) disorders. Multiple sclerosis (MS) is a representative disorder where both factors are present. Widespread demyelination and axonal loss are the pathological hallmarks of the disease. In a number of studies, syngenic adult neural stem cells (NSC) are injected into an animal model of MS, the experimental allergic encephalomyelitis (EAE) in the mouse--either intravenously (IV) or intracerebroventricularly (IC). In both cases, significant numbers of donor cells entered into demyelinating areas of the central nervous system and differentiated into mature brain cells. Within these areas, oligodendrocyte progenitors markedly increased, with many of them being of donor origin and actively remyelinating axons. Furthermore, a marked decrease in the extent of demyelination and axonal loss were observed in transplanted animals. The functional impairment caused by EAE was almost abolished in transplanted mice, both clinically and pathologically. 

Although stem cell therapy was introduced initially for cell replacement, the possibility that neural precursor cells (NPCs) possess immunomodulatory effects, has also been examined. IV NPC therapy decreased significantly CNS inflammation and tissue injury and attenuated the clinical severity of EAE. IV-injected NPCs were detected in lymphoid organs. Co-culture experiments showed that NPCs inhibited the activation and proliferation of lymph node-derived T cells in response to CNS-derived antigens and to nonspecific polyclonal stimuli. These findings suggest a profound bystander inhibitory effect of NPCs on T-cell activation and proliferation in the lymph nodes, leading to amelioration of EAE. 

However, transplantation of embryonic stem cells or NPCs alone to acute spinal cord injuries has not resulted in robust axon regeneration beyond the sites of injury. This may be due to progenitors differentiating to cell types that support axon growth poorly and/or their inability to modify the inhibitory environment of adult CNS injuries. However, transplantation of astrocytes derived from embryonic glial-restricted precursors (GRPs) promoted robust axon growth and restoration of locomotor function after acute transection injuries of the adult rat spinal cord. Pre-differentiation of glial precursors into GRP-derieved astrocytes before transplantation into spinal cord injuries leads to significantly improved outcomes over NPCs transplantation, providing both a novel strategy and a highly effective new cell type for repairing CNS injuries. 

In conclusion, current reports on the use of NPCs as cell therapies in CNS disorders indicate that before envisaging any potential human applications of such therapies we need to confront with some preliminary and still unsolved questions: (i) the ideal stem cell source for transplantation, (ii) the route of cell administration, (iii) the differentiation and persistence of stem cells into the targeted tissue and, last but not least, (iv) the functional and long-lasting integration of transplanted cells into the host tissue.

