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An increasing amount of evidence seems to suggest that NCX plays a pivotal role in maintaining 
intracellular Na+ and Ca2+ homeostasis during pathophysiological conditions in the brain. 
Specifically, in animal models of cerebral ischemia, consequent to permanent vascular occlusion, 
the pharmacological activation of NCX reduces brain damage, whereas drugs provided with 
inhibitory properties aggravate the infarct lesion as well as transgenic mice lacking ncx2 or ncx3 
gene. In rats bearing permanent middle cerebral artery occlusion (pMCAO), oligodeoxynucleotides 
blocking NCX1, NCX2, and NCX3, can induce different effects on the development of brain 
ischemia (Pignataro et al., 2004). In fact, after pMCAO, the neuroprotective effect exerted by NCX 
is prevalently due to NCX1 and NCX3 products. To determine the precise role of the different 
NCX genes in brain ischemia, genetically modified mice, lacking NCX1 or NCX2 or NCX3 have 
been generated. The third isoform of the antiporter, NCX3, which is expressed selectively in the 
brain and in the muscle and is able to work also in absence of ATP, plays a relevant role in the 
ischemic process. In fact, it has been recently showed that ncx3 gene ablation leads to a 
worsening of brain damage after focal ischemia (Molinaro et al. 2008). In addition, cortical neurons 
and hippocampal organotypic cultures from ncx3-/- mice display a massive neuronal death when 
exposed to oxygen glucose deprivation plus reoxygenation (Molinaro et al. 2008). Also mice 
deficient for NCX2 in the brain exhibit a worsening in the ischemic brain lesion induced through 
transient occlusion of MCA (tMCAO) (Jeon et al., 2008). In in vitro ischemia, a significantly slower 
recovery in population spike amplitudes, a sustained elevation of [Ca2+]i and an increased 
membrane depolarization were developed in the NCX2-deficient hippocampus (Jeon et al., 2008).  
Unfortunately, targeted deletion of NCX1 results in NCX1-null embryos that do not have a 
spontaneous beating heart and die in utero. To overcame this problem we crossbred  two 
transgenic mice: the first one carrying a floxed NCX1 gene and the other one expressing a 
conditional CRE-recombinase at neuronal level thus generating a conditional neuronal specific 
mouse. These conditional NCX1 KO mice showed a worsening in the experimentally induced 
ischemic damage. Accordingly the pharmacological inhibition of NCX aggravates brain ischemia in 
mice and rats subjected to stroke. 
Overall, these data seem to indicate that an increase in the expression of NCX1, NCX2 and NCX3 
might be helpful in reducing ischemic brain damage. To support this hypothesis, we developed a 
neuronal conditional mouse overexpressing the neuronal splicing form of NCX1, NCX1.4. This 
NCX1.4 overexpression renders mice more resistant to the ischemic damage induced by tMCAO. 
In conclusion, the possible development of agents able to selectively activate each of the three 
NCX gene products might be a promising strategy for developing drugs to treat cerebral ischemia. 
Molinaro will present data showing that a drug activating NCX ameliorates the consequences of 
brain ischemia. 
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