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Cytokine recombinant human erythropoietin (rhuEPO) as potential therapy for Friedreich's ataxia
Scientific abstract:

Friedreich’s ataxia (FA) is the most common of the inherited ataxias, affecting one in 50,000 people. FA is caused by a GAA-trinucleotide expansion in the frataxin gene, resulting in a reduced expression of frataxin, a small mitochondrial protein which may be involved in mitochondrial iron homeostasis and/or assembly of iron-sulfur (FeS) proteins and heme synthesis. Clinically there is an intramitochondrial iron accumulation in heart, liver, nervous system and spleen of FA patients, as well as a reduction of mitochondrial DNA, the FeS cluster-containing subunits of the mitochondrial electron transport chain (complex I-III) and of the enzyme aconitase and an increased generation of free radicals. Frataxin is implicated to be necessary for normal heme biosynthesis, but there are no reports that FA is commonly associated with anemia.
Recently recombinant human erythropoietin (rhuEpo) has received considerable attention because of the unexpected finding that it has also broad neuroprotective and cardioprotective capabilities by a still poorly understood mechanism. The tissue protective cytokine rHuEpo is therefore a promising candidate for the long-term treatment of neurodegenerative diseases and heart diseases and therefore represents a possible new therapeutic option for FA.
The cytokine erythropoietin is a small glycoprotein, with a molecular weight of 30 kDa which is mainly produced by the kidneys. Originally erythropoietin was identified to stimulate erythropoiesis, to promote erythroid differentiation and to initiate hemoglobin synthesis. Over the last decade, rhuEpo has proven to be a safe therapeutic agent in hemodialysis patients. It is approved for the treatment of anemia due to Epo deficiency in chronic renal failure, for anemia of cancer, for multiple myeloma and for autologous blood donation.
A preferable drug for FA should protect from oxidative stress (neuro- and cardioprotection), reduce mitochondrial iron and increase frataxin-expression. Searching for such a drug we found that additionally to its reported neuro- and cardioprotective capabilities, rhuEpo significantly increases frataxin expression in primary lymphocytes from FA-patients in vitro. Additionally, rhuEpo increased frataxin expression in many other cell types, among them the most affected in FA such as neurons and primary cardiac cells.1 These results are important because the main cause of premature death in FA is cardiomyopathy. A controlled application of erythropoietically active rhuEPO for certain periods eventually accompanied by phlebotomy in the case of increased hematocrit could also be useful to reduce mitochondrial iron accumulation by triggering mitochondrial heme-biosynthesis and erythropoiesis. Such a protocol could be useful especially for patients with large iron deposits in the myocardium and in the dentate nucleus because current clinically available iron chelators do not reach mitochondrial iron deposits.
To confirm the in vitro effects of rhuEpo on frataxin-expression, we measured frataxin levels in lymphocytes from hemodialysis patients undergoing rhuEpo treatment. We found a significant increase in frataxin expression in lymphocytes obtained from dialysis patients 48h after receiving 2.000-10.000 IU rhuEpo compared to lymphocytes obtained from the same patients before rhuEpo-administration. These findings indicate that the effect can also be seen after repeated administration of rhuEpo. 
To confirm the in vitro effects of rhuEpo on frataxin expression, we performed an open-label pilot-study in FA patients. First results of this study reveal a stable up-regulation of frataxin in 70% of the patients during 8 weeks with rhuEpo. The results of this proof of concept study justify continuation of clinical trials with recombinant human erythropoietin in FA.
1. Sturm et al. Eur J Clin Invest. 2005 Nov;35(11):711-7.
Lay summary
Friedreich’s ataxia (FA) is the most common of the inherited ataxias, affecting one in 50,000 people. FA is caused by an expansion in the frataxin gene, resulting in a reduced expression of the protein frataxin. Frataxin is a small protein found in the mitochondria, which may be involved in regulating iron levels in the mitochondria and/or assembly of iron-sulfur protein clusters that are responsible for the production of energy by cells. In people with FA there is an iron accumulation in the mitochondria within the cells of a number of organs such as in the heart, liver, nervous system and spleen. There is also an increase in damaging ‘free radicals’ and a reduction in these so called iron-sulphur protein clusters.

Recently, recombinant human erythropoietin (rhuEpo) has received considerable attention because of the unexpected finding that it has broad neuroprotective and cardioprotective capabilities by a still poorly understood mechanism. rhuEpo is therefore a promising candidate for the long-term treatment of neurodegenerative diseases and heart diseases and therefore represents a possible new therapeutic option for FA.
rhuEpo is a naturally occurring glycoprotein, which is mainly produced by the kidneys. Originally erythropoietin was found to be important in the stimulation of red-blood cell production and initiation of hemoglobin* synthesis. Over the last decade, rhuEpo has proven to be a safe therapeutic agent in hemodialysis patients. It is approved for the treatment of anemia due to Epo deficiency in chronic renal failure, for anemia of cancer, for multiple myeloma and for autologous blood donation.
A preferable drug for FA should protect from oxidative stress (neuro- and cardioprotection), reduce mitochondrial iron and increase frataxin-expression. Searching for such a drug we found that additionally to its reported neuro- and cardioprotective capabilities, rhuEpo significantly increases frataxin expression in blood cells taken from FA patients and grown in the laboratory. Additionally, rhuEpo increased frataxin expression in many other cell types, among them the most affected in FA such as nerve cells and cardiac cells. These results are important because the main cause of premature death in FA is cardiomyopathy. 
To confirm the effects of rhuEpo on frataxin expression described above, we measured frataxin levels in blood cells of hemodialysis patients that were undergoing rhuEpo treatment. We found a significant increase in frataxin expression in blood cells obtained from dialysis patients 48h after receiving rhuEpo compared to blood cells obtained from the same patients before rhuEpo administration. These findings indicate that the effect of increased frataxin can also be seen after repeated administration of rhuEpo. 
The next step, was to confirm these results in patients with FA. So we performed an open-label pilot study in a small number of FA patients. Patients with FA were given rhuEpo over an 8-week period and their frataxin levels were measured before and after treatment. First results of this study reveal a stable increase of frataxin in 70% of the patients during 8 weeks with rhuEpo. The results of this proof of concept study justify continuation of clinical trials with rhuEpo in FA. We are now extending the study with rhuEpo up to one year.
*hemoglobin is a substance within red blood cells that is responsible for transporting oxygen around the body
