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Recent progresses in stem cell technology have led to the purification and in vitro propagation of stem cells from some embryonic and adult tissues of various species. Some of the authors have recently reported the generation of adherent, symmetrically expandable, neural stem (NS) cell lines derived both from mouse and human ES cells, and from foetal forebrain (Conti et al., PLoS Biol 2005). These NS cells retain neuronal and glial differentiation potential after prolonged passaging and are transplantable. Interestingly, similar NS cell cultures could be established from the adult mouse brain. In the adult brain, ongoing neurogenesis has been convincingly documented in two regions, the subventricular zone (SVZ) of the lateral ventricles and the sub-granular layer of the hippocampus. Here the electrophysiological properties of cells from an adult NS cell line, derived from the area encompassing the SVZ surrounding the lateral wall of the mouse forebrain ventricle, were investigated during in vitro neuronal differentiation.
By using the whole-cell patch-clamp technique and under ionic and pharmacological conditions proper to isolate K+ currents, depolarizing voltage steps positive to -20 mV from a holding potential of -100 mV elicited outward currents, with delayer rectifier features, in about 95% of the adult stem cells tested and already at early stages of neuronal differentiation. A fraction of cells displayed also a transient, fast inactivating outward current component (KA) which became apparent later, following application of differentiative factors for at least 10 days or longer. Voltage-gated Ca2+ currents started to emerge since differentiation day 6 in adult NS cells. Two Ca2+ conductances were identified according to their voltage dependence of activation and inactivation: a slowly inactivating, high-voltage-activated (HVA) Ca2+ conductance, present in about 70% of cells, and a transient low-voltage-activated (LVA) conductance present in a fraction of cells already expressing HVA Ca2+ channels. Also a TTX-sensitive Na+ current, absent in adult NS cells under self-renewal conditions, was first recorded following application of differentiative factors. Current density increased with time of exposure to these conditions. The changes in the Na+ system strictly correlate with the ability of differentiating adult NS cells to generate action potentials and could therefore be exploited as a valid electrophysiological marker for adult-derived NS cells undergoing functional neuronal maturation. Finally, GABAergic (GABAA) and glutamatergic currents could be elicited as well in a fraction of  neuronal differentuiating adult NS cells.
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