
 
 
 
 
 
 

 
 
 
TITLE:    Axon Initial Segment plasticity controls neuronal excitability 

Neurons are highly specialized cells composed of different compartments displaying very 
different molecular and functional properties. These specialized sub-domains allow the 
reception of information (dendritic spines), generation and propagation of action potentials 
(axon initial segment and nodes of Ranvier) and release of neurotransmitters (presynaptic 
terminals). Among them, the axon initial segment (AIS) is able to concentrate sodium (Nav), 
potassium (Kv) and calcium (Cav) voltage-gated ion channels, which control neuronal 
excitability. Neuronal excitability not only depends on the right positioning of voltage gated ion 
channels, but also on the amount of functional channels at the membrane in each axonal 
domain. Recent evidences demonstrate changes in the amount of ion channels at the 
membrane of the axon initial segment (AIS) and nodes of Ranvier (NR) in brain diseases, such 
as Angelman syndrome. Although the regulatory mechanisms of ion channels concentration at 
the AIS have not been extensively studied, our recent work demonstrate that reduced activity of 
GSK3 (glycogen synthase kinase 3) leads to a reduction in the concentration of Nav at the AIS 
(Tapia et al., Cell. Mol. Life Sci., 2013). In parallel, chronic activity deprivation in hippocampal 
neurons induces compensatory changes in intrinsic neuronal excitability through the reduction 
of Kv1.1 type potassium channels activity. While we are starting to understand how these 
channels are located in axonal subdomains, our knowledge is far from understanding how their 
activity is controlled and how the amount of channels at the membrane of the AIS, NR and 
presynaptic terminals is modulated in response to different levels of physiological and 
pathological neuronal activity. Our recent publication identifies the ATP receptor P2X7 as an 
important modulator of AIS voltage gated sodium channels concentration and neuronal 
excitability (Del Puerto et al., Cereb. Cortex, 2014). 
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