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Friedreich’s ataxia is the commonest recessive ataxia. It is caused by an abnormality that affects the regulation of a gene called frataxin. We are studying the mechanism of mis-regulation to see if we can devise ways of correcting this abnormality. This conference presentation summarised our approach and early findings.

All living beings are made of cells, and what makes cells different from each other is which genes are ‘switched on’ or ‘switched off’.  As we develop from a single cell, the fertilized egg - that contains all the genes, there is a highly co-ordinated and regulated switching ‘on’ and switching ‘off’ of genes as the cells divide and differentiate into different types. All the genes are copied with each cell division. In humans there are over 30,000 genes; and all genes are made up of DNA. Proper regulation of the genes is crucial. Many genes encode regulatory proteins that regulate genes by binding to stretches of DNA sequence that act as control units for the genes. Inherited diseases are caused by ‘mistakes’ in the DNA sequence. These can affect either the protein-coding DNA and thereby cause abnormalities in the protein, or can affect the regulatory regions and cause problems with how and/or when the gene is switched on or off. 

Much has been learned about how genes are regulated by studying Drosophila (fruit flies). Early studies showed that if a gene was abnormally close to highly-repetitive non-coding DNA it would get turned off in some cells but not others – this was called ‘position effect variegation’ or PEV. We have shown that PEV not only occurs in Drosophila but also occurs in mammals and are investigating whether a similar mechanism underlies Friedreich’s ataxia. Highly-repeated DNA sequences normally occur between genes in the so-called non-coding DNA. It turns out that PEV depends on how the gene is ‘packaged’ and that this packaging seems central to how genes are regulated in many animals including humans and even some types of yeast. Repetitive DNA gets ‘packaged’ more densely than the DNA that encodes genes – this dense packaging can spread into neighbouring genes and is thought to prevent access to the gene thereby switching it off or keeping it ‘silent’. In many cases this silencing may be needed to keep different sets of genes off in different cell types.

Friedreich’s ataxia is caused by an abnormal expansion of DNA triplet-repeats (GAA), in a non-coding region in the frataxin gene leading to its down-regulation. We have recently shown that this triplet-repeat expansion can confer gene silencing on a ‘reporter gene’ in mice. Our findings demonstrated a striking similarity between GAA-repeat-induced silencing and PEV and that the degree of GAA repeat-associated gene silencing can be altered by changing the amount of DNA packaging proteins present in the cell. Thus, ‘mistakes’ in the genes that encode DNA packaging proteins are implicated as potential ‘disease modifying genes’ in Friedreich’s ataxia and hence may provide a new route to investigate in terms of devising novel treatments. 

We are now investigating this hypothesis experimentally by analysing the frataxin gene in both normal people and those with Friedreich’s ataxia. We are examining whether the frataxin gene is switched off in a proportion of cells and how it is packaged. We will go on to assess whether changes in the dosage or type of DNA packaging proteins can switch the gene back on again in cells from patients. The studies are in an early stage but look promising. This project is funded by Ataxia UK.
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