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SUJET PROPOSE
Titre :   Alterations of cholesterol metabolism in refractory epilepsies

Projet :
Status epilepticus (SE) is a devastating condition consisting in an uninterrupted epileptic seizure lasting over minutes. Despite initial therapeutic control, about 25% SE become refractory. Persisting epileptic seizures increase the risk of excito-toxicity, neuro-inflammation and neuronal death, leading to irreversible neurological sequels, therefore calling for intensive effort to identify novel therapeutic targets to control refractory SE. 

Among the many physiopathological consequences of SE, a recently discovered pathway involving brain cholesterol homeostasis may offer novel therapeutic opportunities. Whereas cholesterol is present in all membranes, an excess of cholesterol is neurotoxic, through mechanisms that remain largely unknown. Neuronal cholesterol metabolism is controlled in part by the neuron-specific CYP46A1, which catalyzes its degradation into 24-hydroxcholestérol (24-OHc). Recent observations in animal models revealed altered brain cholesterol metabolism with a rapid decline of 24-OHc. In addition, chronic CYP46A1 knockdown results in neuronal cholesterol accumulation, neuronal death and epileptiform activity. This suggests that loss of CYP46A1 upon SE may trigger pathological neuronal cholesterol accumulation leading to excitotoxicity and neuronal death. Thus, preventing brain cholesterol accumulation using for instance statins offers a novel therapeutic perspective that may help reduce the functional consequences of SE. 

We propose a transversal and multi-scale approach aiming to explore the functional consequences of a loss of CYP46A1 neuronal expression. Our goal is to better understand how CYP46A1 suppression affects neuronal activity and survival and thereby contribute to anomalous activities following SE. 

1. Cholesterol is a component of plasma membrane lipid rafts, which are key organizers of intracellular signaling and membrane tethering of cytoskeletal components. In synaptic vesicles, it is responsible for vesicle membrane curvature and fusion, thereby influencing transmitter release. By perturbing membrane lipid composition, increased neuronal cholesterol may then influence vesicular traffic, transmitter release as well as membrane expression and function of ion channels and postsynaptic receptors. Using in vitro electrophysiological approaches combined with superresolution imaging techniques, we will investigate the consequences of chronic CYP46A1 knockdown by RNA interference in cortical neurons. Changes in membrane and synaptic properties will be monitored, including transmitter release probability/dynamics as well postsynaptic receptor function. We will then explore membrane expression and dynamics of ion channels and receptors using single particle tracking techniques as well as PALM-STORM microscopy, as well as lipid raft distribution and neuronal survival. Since lipid rafts also regulate membrane expression of the tyrosine kinase neurotrophin receptors Trk and p75NTR, we will explore whether altered p75NTR signaling may be engaged upon CYP46A1 knockdown and contribute to neuronal vulnerability in SE. 

2. Human brain samples are available from patients with simple, refractory and super-refractory SE. Using immunohistochemical and biochemical approaches, we will test whether CYP46A1 is a reliable biomarker of the pathology and its severity. We will compare CYP46A1 expression in the LCS and brain tissue of controls vs. SE patients. Since active CYP46A1 may be specifically translocated from the RE to the plasma membrane, we will compare subcellular CYP46A1 expression using immunogold staining and electron microscopy from human brain samples. 

3. We will then test whether compensating for CYP46A1 deficits may improve clinical outcome in an animal model of SE. Using the intrahippocampal kainate injection model, which mimics several key aspects of human SE and leads to CYP46A1 downregulation, we will explore and compare the effects of i) chronic overexpression recombinant CYP46A1 using viral transduction in vivo or ii) chronic administration of simvastatin, a statin with optimal penetration of the blood-brain barrier. We will monitor electrophysiological activity by chronic video-ECoG recordings and anatomical markers of the pathology, such as neuronal death, microglial activation and cholesterol accumulation. These results will let us predict the therapeutic potential of strategies aiming to restore cholesterol metabolism in SE, and possibly other neurological disorders. 
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