Lipid dynamics and hormone action in neurological diseases with myelin damage

Abstract:

Myelin damage is a major feature of multiple sclerosis and is also observed in other neurological diseases including Alzheimer’s disease, however, there are no FDA-approved therapies that directly target myelin repair. Myelin is a lipid-rich membrane containing up to 70% lipids with a high percentage of cholesterol. When myelin damage occurs in the central nervous system (CNS) during disease, the myelin lipids and cholesterol are metabolized and potentially recycled into newly forming myelin. This process, which is critical for successful myelin repair, is not well understood. A major goal of our research is to define the mechanisms of cholesterol metabolism and recycling during demyelination. Recently, we discovered that cholesterol levels were dramatically reduced in isolated remyelinated myelin as compared to healthy myelin – dropping from 45% of the total lipids to 25%. Biophysical studies revealed that reduced cholesterol in the remyelinated myelin reduced the stability of the lipid membrane. In the same mouse model, we also discovered that cholesterol ester levels in the brain and spinal cord were elevated up to 100-fold during peak periods of myelin damage. Normalization of cholesterol esters correlated with remyelination in the brain, whereas the spinal cord had continued elevation of cholesterol esters and limited remyelination. To understand how cholesterol and cholesterol ester metabolism is connected to successful remyelination, current work in the Hartley lab is focused on two main areas: (1) In the CNS, ACAT1 and LCAT produce cholesterol esters, and NCEH hydrolyzes cholesterol esters. We are using pharmacological inhibition and mouse knock-out lines to determine the role of these enzymes in cholesterol ester metabolism during demyelination and remyelination. We are also developing analytical methods to track and isolate CNS cholesterol during demyelination and remyelination.  (2) Thyroid hormone agonists can both promote myelin repair and reduce the accumulation of cholesterol esters. We are currently exploring how thyroid hormone may regulate microglia to alter phagocytosis and cholesterol metabolism during myelin debris clearance. Overall, our goal is to define how CNS lipids and cholesterol are metabolized, stored, and recycled during disease, which has the potential to reveal new therapeutic strategies for neurological diseases affected by myelin.

