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brain ischemia through up regulation of NCX1 expression and 
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The Na+-Ca2+ exchanger 1 (NCX1) catalyzes in a bidirectional way the electrogenic exchange of 
one calcium ion for three sodium ions across the plasmamembrane and is involved in brain 
ischemia. By sequence analysis we found a putative consensus sequence on NCX1 rat brain 
promoter for the neuronal restrictive silencer factor REST in proximity of the transcriptional start 
site. Herein, we show that REST binds and represses, in a sequence specific manner, NCX1 gene 
in SH-SY5Y neuroblastoma cell line that constitutively expresses REST. Moreover, REST silencing 
by siRNA and site-direct mutagenesis of REST consensus sequence on NCX1 brain promoter 
transfected in SH-SY5Y cells and in cortical neurons determines an increase of NCX1 promoter 
activity. Furthermore REST overexpression in SH-SY5Y cells causes a reduction of NCX1 protein 
expression and activity as monitored by patch-clamp and Fura-2AM techniques. REST exerted 
NCX1 repression binding CoREST but not mSin3A by a deacetylation of the histone protein H4. 
In SH-SY5Y cells exposed to oxygen and glucose deprivation (OGD) followed by 24 hours of 
reoxygenation (RX), REST protein increased whereas NCX1 protein expression was reduced and 
REST silencing reverted NCX1 downregulation. Accordingly, NCX currents and NCX activity 
monitored by patch-clamp and Fura-2AM single cell microfluorimetry respectively, decreased after 
OGD plus RX-induced NCX and this reduction was reverted by REST silencing. Similarly, in 
organotypic hippocampal slices exposed to OGD plus 24 hours of RX, we demonstrated that REST 
binds NCX1 promoter, and this binding determined a significant reduction of NCX1 protein 
expression in CA1 neurons. This effect was reverted by REST knocking-down. More importantly, 
transient middle cerebral artery occlusion (tMCAO) caused in the peri-infarct temporoparietal 
cortex REST appearance in a time dependent manner, that was accompanied by a decrease of 
NCX1 expression. Finally, REST silencing, by removing NCX1 suppression, exerted a 
neuroprotective effect by reducing the infarct volume. Collectively, these results demonstrate that 
NCX1 is a new target gene for REST and this transcriptional factor might represent a druggable 
target for the treatment of brain ischemia also through NCX1 regulation. 


