
In my PhD thesis, I aimed to characterize the membrane properties of astrocytes and NG2 glia during the
acute and chronic phases of the ischemic injury in the central nervous system with a focus on the
expression and activity of K+ ion channels. Two ischemia models in rats were used for the experiments
– global cerebral ischemia
5
causing selective neuronal loss and astrogliosis in the CA1 region of the hippocampus, and incubation of
spinal cord segments in a solution with high K+ concentration. We found that hippocampal astrocytes
depolarize starting 3 days after ischemia, and demonstrate an increase in the inward rectification of their
whole cell currents 1 month after ischemia. The Kir4.1 channel expression in the hippocampal tissue
was downregulated starting 3 days after ischemia, while the expression of Kir2.1, Kir5.1 and TREK1
channels was strongly upregulated in reactive astrocytes 1 month after ischemia. NG2 glia displayed a
significant increase in the outwardly rectifying delayed and A-type K+ (KDR and KA) currents 2 hours
and 3 days after ischemia, and a decrease in the inwardly rectifying K+ currents 3 days after ischemia, a
typical current pattern of proliferating cells. Complex astrocytes in the spinal cord pre-incubated in a
solution with high [K+] showed the largest changes in their membrane properties compared to other
astrocyte subtypes, i.e. increased activity of KDR and KA currents. Moreover, spinal cord exposure to
high [K+] resulted in altered volume regulation in astrocytes. In astrocytes, K+ ion channels play an
essential role in the maintenance of K+ ion and glutamate homeostasis, which are impaired after CNS
ischemia. In NG2 glia, K+ ion channels are involved in cell cycle regulation and thus in the proliferative
activity of these cells. Since K+ ion channels in both astrocytes and NG2 glia profoundly influence
cellular functions, their activity might consequently have a large impact on tissue survival or
regeneration after ischemia.


