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Scientific summary

Macroautophagy upregulation - a candidate therapeutic strategy to enhance clearance of toxic intracellular aggregate-prone proteins

The deposition of protein aggregates in specific target organs is a feature of many human diseases referred to as Protein Conformation Disorders (PCD). These include Alzheimer’s disease, Parkinson’s disease, Huntington’s disease (HD) and Oculopharyngeal muscular dystrophy (OPMD). The role of aggregates in these diseases has been a subject of vigorous debate. However, irrespective of the nature(s) of the toxic species, it is desirable for cells to be able to control the levels of these toxic proteins and restrict their accumulation. Macroautophagy (which I will call autophagy) is involved in the clearance of mutant huntingtin in cell models, in flies and in mouse  models of disease. Mutations that impede autophagy enhance the toxicity of this mutant protein. Activation of autophagy with rapamycin prior to disease onset reduces the levels of the mutant protein, resulting  in decreased aggregate formation and attenuated toxicity/delayed onset. Our data suggest that these protective effects are not confined to mutant huntingtin but may be relevant to certain other PCDs  in vivo.
Lay summary by Ataxia UK’s Research Projects Manager
This presentation focused on Prof Rubinsztein’s research on the neurodegenerative condition Huntington’s disease (HD), his main area of expertise. He discussed some of the approaches being tested in HD, and argued that there are good reasons to believe that these approaches could also be applicable to some of the ataxias that have similar disease mechanisms (such as SCA1, SCA2, SCA3, SCA7).  

In this group of conditions that he calls ‘protein conformation disorders’, there is a deposition of protein aggregates within cells in specific organs of the body. It is thought that these protein aggregates are toxic to the cells and are responsible, at least in part, for the onset of the diseases. The role of these aggregates in causing these diseases has been a subject of vigorous debate. However, he believes that irrespective of the nature of the toxic species, it is desirable for cells to be able to control the levels of these toxic proteins and restrict their accumulation. 

The main subject of his talk was discussing approaches on how to eliminate these toxic protein aggregates. His research team used cell, fly and mouse models of HD and treated them with a drug that enhanced the cell’s own system for removing unwanted proteins that form aggregates. This system is called autophagy, and it  involves engulfing the aggregate-prone proteins within the cells, followed by their degradation by various enzymes in a part of the cell called the lysosome. 

When they administered this drug to fly and mice models of HD, it slowed aggregate formation, reduced toxicity and improved symptoms. For example, in the HD mice models there was a decrease in tremors and an increase in grip strength following drug administration. The drug used was a modified version of the medication Rapamycin, which is currently being tested in studies in people with brain tumours.  This means that studies would have already been done to ensure the safety of the drug, and also to show that the drug reaches the target organ, ie the brain. 

Prof Rubinsztein concluded by saying that he felt that for conditions where the mutant protein is a toxin, the most appealing strategy was to reduce the level of the toxin, and one of the ways to do that was by enhancing its clearance. He added that there is good supporting data for this strategy in HD, and some emerging data for this being of relevance to some of the spinocerebellar ataxias.  
