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In line with the recent hypothesis on the role of the nucleus as a “cell within a cell”, several lines of 
evidence indicate that increases in nuclear calcium concentrations ([Ca2+]n) may occur 
independently from cytosolic events1. This highly controlled phenomenon may modulate several 
cellular functions with an unknown mechanism. The maintenance of [Ca2+]n seems to provide a 
protective mechanism against apoptosis through the activation of several receptors, pumps and 
transporters located on the inner and outer membranes of nuclear envelope (NE). Among these 
proteins, NCX is expressed at level of the inner membrane where it preferentially allows Ca2+

n 
flowing from nucleoplasm into the NE lumen against its gradient, thanks to the Na+ gradient 
created by Na+/K+-ATPase2,3. Such Ca2+ transfer reduces abnormal elevation of [Ca2+]n within the 
nucleoplasm. Interestingly, it has been demonstrated that the ganglioside GM1, situated in the 
inner membrane of NE, activates nuclear NCX in mediating transfer of Ca2+ from nucleoplasm to 
NE lumen.  
To explore the role of nuclear NCX in the modulation of neuronal differentiation, PC12 cells were 
exposed to Nerve Growth Factor (NGF). NCX1 and NCX3 isoforms were expressed at nuclear 
level. Knocking-down of NCX1 by small interfering RNA (siNCX1) totally abolished Na+-dependent 
NCX activity in intact nuclei, thus demonstrating the prominent role of this isoform at nuclear level. 
In addition, NGF, in a time-dependent manner, caused the up-regulation of the differentiation 
marker GAP-43 protein, that was paralleled by the increase of NCX1 expression and activity. By 
contrast, NCX3 was progressively reduced. Interestingly, when NCX1 was knocked-down, a 
prevention of NGF-induced GAP-43 expression occurred. On the other hand the over-expression 
of NCX1 enhanced GAP-43 expression. Nuclear NCX activation caused Akt/PKB phosphorylation 
in isolated intact nuclei, that was reduced by NCX1 knocking down. Accordingly, the targeting of a 
dominant negative form of Akt to the nucleus, by the introduction of a NLS motif, prevented GAP-
43 expression induced by NGF.  
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