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ANGIOTENSIN II REGULATES Kv7 CHANNELS IN CENTRAL NEURONS AND BRAIN ENDOTHELIAL CELLS
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Introduction. The renin-angiotensin system (RAS) plays a pivotal role in the regulation of cardiovascular function, being often overactivated in hypertensive patients. Increased RAS activity and hypertension are also associated with late-onset epilepsy and alteration of blood-brain barrier (BBB) permeability. Angiotensin II (Ang II) regulates Kv7 channels in peripheral neurons and vascular smooth muscle cells, but no evidence is available about the possible modulation of Kv7 channels in the central nervous system (CNS). In the present work, we investigated the effects of Ang II on Kv7 channels expressed in neurons of different brain areas, and in brain endothelial cells (ECs). 
Methods. Multi-electrode array (MEA) recordings were performed in brain slices to evaluate neuronal activity. Clonal neuronal (SHSY-5Y) and endothelial (BEND3) cells, ECs derived from induced pluripotent stem cells (hiBECs), as well as brain microvessels (BMVs) and brain samples from mice infused for 28 days with Ang II were used for Western blot and immunofluorescence experiments; permeability in BEND3 and hiBECs was assessed by measuring trans-endothelial electrical resistance (TEER). 
Results. Exposure to Ang II (100-500 nM) for 6-24 hours reduced the expression of different Kv7 subunits in both isolated neurons (Kv7.2 and Kv7.3) and ECs (Kv7.5), as well as in brain slices including the cortex, the hippocampus, and the paraventricular nucleus of the hypothalamus, a crucial area involved in the control of sympathetic tone (Kv7.2 an Kv7.3). Slice treatment with Ang II (500 nM for 6 hours) increased neuronal activity, an effect possibly due to Kv7 channel downregulation, as suggested by the reduced sensitivity to the Kv7 blocker XE991 (10 µM). In ECs, Ang II-induced decrease in Kv7.5 levels was associated to enhanced phosphorylation of ZO-1, a critical tight junctional protein, leading to an increased endothelial permeability; all these effects were prevented by the Kv7 activators retigabine and ML-213 (both at 10 µM). In both neurons and ECs, Ang II-induced decrease of Kv7 proteins occurred through enhanced proteasome-mediated degradation. Interestingly, chronic exposure in vivo to Ang II also reduced the expression of distinct Kv7 subunit in neurons and BMVs.
Conclusions. Our data suggest that Ang II decreases Kv7 channel expression and function in multiple cell types, thus causing hyperexcitability both by direct neuronal actions, as well as by impairing BBB function. This dual function further confirms the heterogeneous role of distinct Kv7 channels at various cellular sites as key pharmacological targets for the treatment of CNS diseases characterized by neurovascular alterations. 
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