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Scientific summary

In this short presentation, I will first give a brief overview of the history of researches carried out to both delineate and fight Friedreich’s ataxia in the last decade. The major cellular hallmarks of the FRDA underlying physio/pathological process will next be listed and discussed as potential targets for therapy. 

The primary molecular event in FRDA corresponds to the poor transcription (RNA synthesis from the gene) of the frataxin gene, transcription impaired by the long GAA expansion in the first intron of the gene. The first idea would be to introduce a normal copy of the frataxin gene: a standard gene therapy approach. Patient’s fibroblasts have been successfully transduced using adeno-associated virus and lentivirus vectors. These results have been obtained by the group of IE Alexander in Australia. The predicted difficulties are those encountered in gene therapy: distribution of the transgene in the organism, regulation of its expression, long term consequence of any genetic manipulation, etc… An alternative to gene replacement is the replacement of the whole cell using stem cell technology. So far, no results have been reported in the particular case of FRDA.

The second idea comes from the study of the consequences of the long expansion which has been shown to cause the formation of the so-called “sticky DNA”. Attempts have been made to prevail the formation of this structure by using small molecules which bind to DNA. This has been successful in a micro-organism (Escherichia coli). A potential problem is to change non specifically the DNA environment in cell nuclei with long term unpredictable consequences in vivo. The group of RD Wells in the US is particularly working in this direction. 

A third idea is to provide antioxidants because we and others have shown oxidative stress in FRDA. Among these, idebenone has been used now for several years and appears to counteract the cardiomyopathy in most patients, while affording no, or little, neurological protection. We recently observed that the effect of idebenone on the heart correlates with the restoration of iron-sulphur cluster-dependent enzyme activity in the heart. The reason for idebenone’s poor effect on the neurological condition is unknown. Unfortunately, the measurement of the drug which has been done in the cerebrospinal fluid of treated patient is inadequate to answer the question of brain-blood barrier crossing previously shown in animals. 

Fourthly, we have shown that induction of the antioxidant enzyme SODs is impaired in patients’ cells. The group of M. Pandolfo in Belgium has attempted to delineate the mechanism involved in the non-induction in these cells. Not surprisingly, it is a very complex pathway which is involved and we are far from understanding it at the moment. 

Because the mitochondrial synthesis of ATP is predictably decreased in FRDA affected tissues, the fifth idea involves finding a clue as to how to re-initiate such ATP synthesis. Unfortunately, despite years of attempts in the context of other mitochondrial diseases resulting from defective respiratory chain, nobody has ever been able to achieve such a goal. We still work in Paris on potential metabolic shunts that would allow restoring ATP production in respiratory chain-deficient cells, but have been unsuccessful so far. 

The Sixth idea: because it has been admitted for a while that FRDA originated partly from iron accumulation, the Australian group of MB Delatycki attempts to decrease mitochondrial iron by specific chelators. However, we have shown that the iron chelation does not detoxify iron but only displace iron from membranes to the soluble phase of mitochondria where it exerts its toxic effect. In addition, a number of patients show anemia or pseudo-anemia and further decreasing iron is not necessarily a judicious idea. Last, iron accumulation is a late event in the pathogenesis, as established on mouse models of FRDA by the group of H. Puccio and M. Koenig in Strasbourg. 

The Seventh idea - We had the idea to try to stimulate the reading of the frataxin gene, simultaneously stimulating transcription of other oxygen manipulating genes by using Pioglitazone, a PPARligand. Several types of PPAR (Peroxisomal Proliferators Activator Receptor) exist in cells and they have been known for years to stimulate the transcription of a number of genes involved in oxidative metabolism and oxygen handling, different genes depending on the PPAR targeted. This is often quite complex pathways which are involved and a concern is a potential toxicity in the case of cells with low frataxin content. We therefore compared the toxicity of a range of Pioglitazone concentrations in control and FRDA patients’ fibroblasts without noticing any difference. Based on these premises, a preliminary test of this drug (already widely used to fight diabetes) in few patients is programmed in October this year at the Robert Debré Hospital where our group now works in Paris.
Lay summary by Ataxia UK’s Research Projects Manager

Dr Rustin is a leading expert on Friedreich’s ataxia, and much of his research has focused on the use of antioxidants. He gave an overview of novel approaches for the pharmacological treatment of Friedreich’s ataxia (FA). His talk was divided into seven potential therapeutic strategies.

As the primary cause of FA is having an abnormal frataxin gene the first idea would be to introduce a normal copy of the frataxin gene: a standard gene therapy approach. A group in Australia have successfully introduced the frataxin gene into cells taken from patients and grown in the lab. However, there are difficulties with this, as with other gene therapy studies: distribution of the gene, its regulation, and long term consequence of any genetic manipulation. An alternative to gene replacement is the replacement of the whole cell using stem cell technology. So far, there have been no reports of research into stem cells in FA. 

The second idea involves other genetic manipulation approaches. One example was discussed by Dr Festenstein and other approaches are being studied in the US (prevention of formation of ‘sticky DNA’ to try and stop the gene being switched off). 

A third idea he discussed was to provide antioxidants, because of the damage caused by reactive oxygen species (see Dr Murphy’s talk). Dr Rustin that idebenone appears to counteract the cardiomyopathy in most patients and has been used for several years in some countries. However it does not seem to have much neurological protection (ie improvement of ataxic symptoms). The reason for idebenone’s poor effect on the ataxia symptoms is unknown. 

Fourthly, Dr Rustin argued that they have shown that induction of the antioxidant enzyme SODs is impaired in patients’ cells. Other researchers are now trying to understand how this happens. 

Because the energy production in the mitochondria is decreased in FA affected cells, the fifth idea involves finding a clue as to how to re-initiate such energy production. Unfortunately, despite many attempts in other mitochondrial diseases resulting from defective energy production, nobody has been able to achieve this. Dr Rustin said that his team are still working on this but it has been unsuccessful so far. 

The sixth idea: As it has been known for a while that there is iron accumulation within the mitochondria of people with FA, a group in Australia is attempting to decrease mitochondrial iron using specific iron chelators. However, there are a number of problems with this approach. For example he argued that his team had shown that iron chelation does not detoxify iron but only moves it and thus would not prevent it from being toxic. 

The Seventh idea – Dr Rustin then described an approach that they are currently studying. This involves attempting to stimulate the production of the frataxin protein (that is decreased in FA), by using a drug from a family of compounds that are known to stimulate the production of proteins involved in energy production and oxygen radical detoxification. As frataxin is involved in energy production the researchers hope that it will be increased. As this is not a very specific approach, because this type of drug would have an effect on a number of different proteins, one  concern was the potential toxicity in Friedreich’s ataxia. They therefore compared the toxicity of one of these drugs (Pioglitazone) in control and FA patients’ cells, and they could not find a difference. Based on these premises, a preliminary test of this drug (already widely used to fight diabetes) in few patients is programmed in October this year at the Robert Debré Hospital where Dr Rustin works in Paris.
