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The activities of the EFACTS (European Friedreich’s Ataxia Consortium 

for Translational Studies) Consortium are going into their fourth year 

and we are delighted to present our 3
rd

 annual newsletter EFACTS 

NEWS.  

Our annual newsletter is aimed at communicating the activities of the 

network and progress in European Friedreich’s Ataxia (FRDA) research 

to affected families, health care professionals, the scientific 

community, and the general public.  The newsletter will be published 

once more in September 2014 and the issues continue to be available 

on the EFACTS Website  

http://www.e-facts.eu/html/studies/home/newsletter.  

Newsletter subscriptions can be made at  

http://www.e-facts.eu/html/studies/home/newsletter/subscribe 

and comments, suggestions or overall feedback on EFACTS NEWS are 

always welcome at newsletter@e-facts.eu. 

 

This third issue of EFACTS NEWS presents an update on the status of 

the EFACTS patient registry as baseline assessments are completed for 

a core sample of patients. Progress in the various research areas has 

been made over the past year. Patients are particularly interested in 

treatment options and may be glad to read that this newsletter 

contains information on progress in a clinical trial with a potential 

therapeutic candidate. There have been a number of publications on 

findings derived from EFACTS projects, which are also presented in this 

newsletter.  

We hope that EFACTS members continue to find the newsletter a 

useful vehicle for communication and dissemination of ideas to help 

improve the course of FRDA and hopefully find its cure. 

 



SSttaattuuss  ooff  tthhee  EEFFAACCTTSS    

PPaattiieenntt  RReeggiissttrryy  

Baseline assessments of 604 patients completed 
Over the course of the past year, the clinical network has made rapid strides in the 

recruitment and retention of patients for the registry. While the 604 patients recruited 

by 30
th

 April 2013 are considered the core sample, the registry remains open for new 

patients as core patients are returning for their follow-up assessments. 

 

Enrolment and retention 

As of 30
th

 April 2013 a total of 604 patients has been included in the EFACTS registry by 

all clinical centres combined.  Over the course of the 2 years of recruitment, on average 

24 patients were enrolled monthly. 

By 31
st

 August 391 patients had returned for their 1-year follow-up assessment and 64 

patients for their 2-year follow-up assessment. 
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Biosamples (blood and urine) collected from registry patients are centrally stored at the 

Aachen repository. Proteomic analyses of the baseline biosamples will begin shortly and 

samples are then available for research projects of EFACTS beneficiaries to further 

explore therapeutic targets in FRDA. 

 

 

Participant characteristics 
Male (%)/ female (%) 279 (47)/ 320 (53) 

Mean age in years (range) 34 (6-76) 

No. of children (<18 years) 59 

 

 

Thanks to all patients for their continuing engagement  

in the EFACTS registry! 
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Clinical Study Sites and Contacts 

Austria 

Prof. Sylvia Boesch 

sylvia.boesch@i-med.ac.at 

Belgium 

Dr. Myriam Raï 

myriam.rai@ulb.ac.be 

France 

Paris: Fabien Lesne 

fabien.lesne@upmc.fr 

Strasbourg: Prof. Mathieu Anheim 

mathieu.anheim@chru-strasbourg.fr 

Germany 

Aachen: Kathrin Fedosov 

kosterholt@ukaachen.de 

Bonn: Ilaria Anna Giordano 

ilaria_anna.giordano@ukb.uni-

bonn.de 

Marburg: Prof. Katrin Bürk 

buerk@med.uni-marburg.de 

München: Ivan Karin 

ivan.karin@med.uni-muenchen.de 

Tübingen: Prof. Ludger Schöls 

ludger.schoels@med.uni-

tuebingen.de 

Italy 

Dr. Caterina Mariotti 

mariotti.c@istituto-besta.it 

United Kingdom 

Prof. Paola Giunti 

pgiunti@ion.ucl.ac.uk 

Spain 

Prof. Javier Arpa Gutiérrez 

jarpag@ctv.es 

 

 

Friedreich’s Ataxia patient 

associations in Europe�

euro-ATAXIA  

www.euro-ataxia.eu    
United Kingdom 

Ataxia UK  

www.ataxia.org.uk    

Italy 

GoFAR  

www.fa-petition.org    

France 

Association Française de l’Ataxie de 

Friedreich  

www.afaf.asso.fr    

Germany 

Deutsche Heredo-Ataxie Gesellschaft 

e.V.  

www.ataxie.de    

Spain 

Federación de Ataxias de España  

www.fedaes.org    

Netherlands 

Autosomal Dominant Cerebellar 

Ataxia Vereniging Nederland  

www.ataxie.nl    

Ireland 

Ataxia Ireland  

www.ataxia.ie  

 

 

Friedreich’s Ataxia Research 

Groups 

Ataxia Study Group                 

www.ataxia-study-group.net   �

Friedreich’s Ataxia Research Alliance  

www.curefa.org��� 
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Neurons and cardiomyocytes derived from induced pluripotent stem cells as a model for 

mitochondrial defects in Friedreich's ataxia. 
Hick A, Wattenhofer-Donzé M, Chintawar S, Tropel P, Simard JP, Vaucamps N, Gall D, Lambot L, André C, Reutenauer L, Rai M, Teletin M, 

Messaddeq N, Schiffmann SN, Viville S, Pearson CE, Pandolfo M, Puccio H. 

Dis Model Mech. 2013 May;6(3):608-21. 

Friedreich's ataxia (FRDA) is a recessive neurodegenerative disorder commonly associated with hypertrophic 

cardiomyopathy. FRDA is due to expanded GAA repeats within the first intron of the gene encoding frataxin, a 

conserved mitochondrial protein involved in iron-sulphur cluster biosynthesis. This mutation leads to partial gene 

silencing and substantial reduction of the frataxin level. To overcome limitations of current cellular models of 

FRDA, we derived induced pluripotent stem cells (iPSCs) from two FRDA patients and successfully differentiated 

them into neurons and cardiomyocytes, two affected cell types in FRDA. All FRDA iPSC lines displayed expanded 

GAA alleles prone to high instability and decreased levels of frataxin, but no biochemical phenotype was observed. 

Interestingly, both FRDA iPSC-derived neurons and cardiomyocytes exhibited signs of 

impaired mitochondrial function, with decreased mitochondrial membrane potential and 

progressive mitochondrial degeneration, respectively. Our data show for the first time that FRDA iPSCs and their 

neuronal and cardiac derivatives represent promising models for the study of mitochondrial damage and GAA 

expansion instability in FRDA. 

 

 

 

 

Representative iPSC-

derived neurons 

stained positive for 

MAP2 (microtubule-

associated 

protein 2).  
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FFiinnddiinnggss  aanndd  PPuubblliiccaattiioonnss  

The role of CyaY in iron sulfur cluster assembly on the E. coli IscU scaffold protein. 
Iannuzzi C, Adinolfi S, Howes BD, Garcia-Serres R, Clémancey M, Latour JM, Smulevich G, Pastore A. 

PLoS One. 2011;6(7):e21992.  

Progress in understanding the mechanism underlying the enzymatic formation of iron-sulfur clusters is difficult 

since it involves a complex reaction and a multi-component system. By exploiting different spectroscopies, we 

characterize the effect on the enzymatic kinetics of cluster formation of CyaY, the bacterial ortholog of frataxin, 

on cluster formation on the scaffold protein IscU. Frataxin/CyaY is a highly conserved protein implicated in an 

incurable ataxia in humans. Previous studies had suggested a role of CyaY as an inhibitor 

of iron sulfur cluster formation. Similar studies on the eukaryotic proteins have however suggested for frataxin 

a role as an activator. Our studies independently confirm that CyaY slows down the reaction and shed new light 

onto the mechanism by which CyaY works. We observe that the presence of CyaY does not alter the relative ratio 

between [2Fe2S](2+) and [4Fe4S](2+) but directly affects enzymatic activity. 

 

Structural bases for the interaction of frataxin with the central components of iron-sulphur 

cluster assembly. 
Prischi F, Konarev PV, Iannuzzi C, Pastore C, Adinolfi S, Martin SR, Svergun DI, Pastore A. 

Nat Commun. 2010 Oct 19;1:95. 

Reduced levels of frataxin, an essential protein of as yet unknown function, are responsible for causing the 

neurodegenerative pathology Friedreich's ataxia. Independent reports have linked frataxin to iron-

sulphur cluster assembly through interactions with the two central components of this machinery: desulphurase 

Nfs1/IscS and the scaffold protein Isu/IscU. In this study, we use a combination of biophysical methods to define 

thestructural bases of the interaction of CyaY (the bacterial orthologue of frataxin) with the IscS/IscU complex. We 

show that CyaY binds IscS as a monomer in a pocket between the active site and the IscS dimer interface. 

Recognition does not require iron and occurs through electrostatic interactions of complementary charged 

residues. Mutations at the complex interface affect the rates of enzymatic cluster formation. CyaY binding 

strengthens the affinity of the IscS/IscU complex. Our data suggest a new paradigm for understanding the role 

of frataxin as a regulator of IscS functions. 

 

 

Structure of the ternary complex CyaY/IscS/IscU. 

 

Surface representation of the model obtained by combining the small-angle X-ray 

scattering and NMR information, showing in blue and cyan the two IscSprotomers; 

in red and orange red, IscU; and in gold and yellow, CyaY.  

 

 

Blowup of top image, but in a ribbon representation showing the relative position 

of pyridoxal phophate (PLP, magenta), the catalytic loop (purple), the three 

conserved cysteines of IscU(yellow) and Trp61 of CyaY (green). 

 

 
Reprinted by permission from Macmillan Publishers Ltd. 
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Understanding the genetic and molecular pathogenesis of Friedreich's ataxia through animal 

and cellular models. 
Martelli A, Napierala M, Puccio H. 

Dis Model Mech. 2012 Mar;5(2):165-76.  

In 1996, a link was identified between Friedreich's ataxia (FRDA), the most common inherited ataxia in men, and 

alterations in the gene encoding frataxin (FXN). Initial studies revealed that the disease is caused by a unique, 

most frequently biallelic, expansion of the GAA sequence in intron 1 of FXN. Since the identification of this link, 

there has been tremendous progress in understanding frataxin function and the mechanism of FRDA pathology, as 

well as in developing diagnostics and therapeutic approaches for the disease. These advances were the subject of 

the 4th InternationalFriedreich's Ataxia Conference held on 5th-7th May in the Institut de Génétique et de 

Biologie Moléculaire et Cellulaire, Illkirch, France. More than 200 scientists gathered from all over the world to 

present the results of research spanning all areas of investigation into FRDA (including clinical aspects, 

FRDA pathogenesis, genetics and epigenetics of the disease, development of new models of FRDA, and drug 

discovery). This review provides an update on the understanding of frataxin function, developments 

of animal and cellular models of the disease, and recent advances in trying to uncover potential molecules 

for therapy. 

 

 

 

Frataxin is a mitochondrial protein with a key role in Fe-

S (iron-sulfur) cluster biogenesis. Over the past 10 

years, frataxin has been proposed to be a 

multifunctional protein involved in providing iron to 

various mitochondrial proteins (represented by dashed 

arrows), including succinate dehydrogenase (SDH), 

mitochondrial aconitase (mACO) and ferrochelatase 

(FCH), as well as for Fe-S cluster biogenesis, which 

involves the cysteine desulfurase NFS1-ISD11 and the 

scaffold protein ISCU. SDH, mACO and FCH are Fe-S 

containing proteins in mammals. Frataxin has also been 

proposed to form oligomeric structures that can store 

iron. In vitro, both monomeric and oligomeric forms of 

frataxin can provide iron for Fe-S cluster biogenesis. 

More recently, the existence of multiple frataxin 

protein partners, as well as the role of the oligomeric 

form of frataxin in vivo, were questioned. Indeed, a 

tight and stable iron-independent complex between 

monomeric frataxin and the ISCU-NFS1-ISD11 complex 

was isolated (reprensented by solid arrows), and the 

ability of frataxin to form this complex was shown to 

correlate with the essential frataxin function in vivo 

(Tsai and Barondeau, 2010; Schmucker et al., 2011). 

Furthermore, these studies showed that, on frataxin 

binding, the cysteine desulfurase activity of the ISCU-

NFS1-ISD11 complex is increased (red arrow), and Fe-S 

cluster biogenesis on ISCU is enhanced, suggesting that 

frataxin is a key modulator of de novo Fe-S cluster 

formation in vivo. PPIX, protoporphyrin IX. 
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A gene expression phenotype in lymphocytes from Friedreich ataxia patients. 
Coppola G, Burnett R, Perlman S, Versano R, Gao F, Plasterer H, Rai M, Saccá F, Filla A, Lynch DR, Rusche JR, Gottesfeld JM, Pandolfo M, 

Geschwind DH. 

Ann Neurol. 2011 Nov;70(5):790-804.  

Gene expression studies in peripheral tissues from patients with neurodegenerative disorders can provide insights 

into disease pathogenesis, and identify potential biomarkers, an important goal of translational research in 

neurodegeneration. Friedreich Ataxia (FRDA) is a chronic neurodegenerative disease caused by reduced 

transcription of frataxin, a ubiquitously expressed protein. We studied in vitro lymphocytes from 

FRDA patients and carriers to identify a peripheral gene expression phenotype. Peripheral biomarkers related to 

disease status would be extremely valuable for assessing drug efficacy and could provide new pathophysiological 

insights. We characterized the gene expression profiles in peripheral blood mononuclear cells (PBMCs) from 

FRDA patients, compared with controls and related carriers. Cells were studied both before and after in vitro 

treatment with compounds that increase frataxin levels. Quantitative real-time polymerase chain reaction and 

additional microarrays were used to confirm a core set of genes in multiple independent series.We identified a 

subset of genes changed in cells from patients with pathological frataxin deficiency, and a core set of these genes 

were confirmed in independent series. Changes in gene expression were related to the mitochondria, lipid 

metabolism, cell cycle, and DNA repair, consistent with FRDA's known pathophysiology. We evaluated the in vitro 

effect of multiple compounds (histone deacetylase inhibitors) on this putative biomarker set, and found that this 

biochemical phenotype was ameliorated in accordance with drug efficacy. Frataxin downregulation is associated 

with robust changes in gene expression in PBMCs, providing pathogenetic insights and a core subset of genes that, 

if verified in vivo, could be used as a peripheral biomarker. 

To read about all previous and new EFACTS publications, please continue to visit www.e-facts.eu 
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Mammalian frataxin: an essential function for cellular viability through an interaction with a 

preformed ISCU/NFS1/ISD11 iron-sulfur assembly complex. 
Schmucker S, Martelli A, Colin F, Page A, Wattenhofer-Donzé M, Reutenauer L, Puccio H. 

PLoS One. 2011 Jan 26;6(1):e16199.  

Frataxin, the mitochondrial protein deficient in Friedreich ataxia, a rare autosomal recessive neurodegenerative 

disorder, is thought to be involved in multiple iron-dependent mitochondrial pathways. In particular, frataxin plays 

an important role in the formation of iron-sulfur (Fe-S) clusters biogenesis.We present data providing new insights 

into the interactions of mammalian frataxin with the Fe-Sassembly complex by combining in vitro and in vivo 

approaches. Through immunoprecipitation experiments, we show that the main endogenous interactors of a 

recombinant mature human frataxin are ISCU, NFS1 and ISD11, the components of the core Fe-

S assembly complex. Furthermore, using a heterologous expression system, we demonstrate 

that mammalian frataxin interacts with the preformed core complex, rather than with the individual components. 

The quaternary complex can be isolated in a stable form and has a molecular mass of ≈190 kDa. Finally, we 

demonstrate that the mature human FXN(81-210) form of frataxin is the essential functional form in vivo.Our 

results suggest that the interaction of frataxin with the core ISCU/NFS1/ISD11 complex most likely defines the 

essential function of frataxin. Our results provide new elements important for further understanding the early 

steps of de novo Fe-S cluster biosynthesis. 
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To commemorate the first report of Nikolaus Friedreich 150 years ago on what was later called Friedreich’s 

ataxia, members of EFACTS and other renowned researchers in the area of FRDA contributed to a special issue 

published in the Journal of Neurochemistry in August 2013 (Volume 126, Issue Supplement s1, Pages 1-155). 
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Heterochromatinization induced by GAA-repeat hyperexpansion in Friedreich's ataxia can be 

reduced upon HDAC inhibition by vitamin B3. 
Chan PK, Torres R, Yandim C, Law PP, Khadayate S, Mauri M, Grosan C, Chapman-Rothe N, Giunti P, Pook M, Festenstein R. 

Hum Mol Genet. 2013 Jul 1;22(13):2662-75.  

Large intronic expansions of the triplet-repeat sequence (GAA.TTC) cause transcriptional repression of the 

Frataxin gene (FXN) leading to Friedreich’s ataxia (FRDA). We previously found that GAA-triplet expansions 

stimulate heterochromatinization in vivo in transgenic mice. We report here using chromosome conformation 

capture (3C) coupled with high-throughput sequencing that the GAA-repeat expansion in FRDA cells stimulates a 

higher-order structure as a fragment containing the GAA-repeat expansion showed an increased interaction 

frequency with genomic regions along the FXN locus. This is consistent with a more compacted chromatin and 

coincided with an increase in both constitutive H3K9me3 and facultative H3K27me3 heterochromatic marks in 

FRDA. Consistent with this, DNase I accessibility in regions flanking the GAA repeats in patients was decreased 

compared with healthy controls. Strikingly, this effect could be antagonized with the class III histone deactylase 

(HDAC) inhibitor vitamin B3 (nicotinamide) which activated the silenced FXN gene in several FRDA models. 

Examination of the FXN locus revealed a reduction of H3K9me3 and H3K27me3, an increased accessibility to 

DNase I and an induction of euchromatic H3 and H4 histone acetylations upon nicotinamide treatment. In 

addition, transcriptomic analysis of nicotinamide treated and untreated FRDA primary lymphocytes revealed that 

the expression of 67% of genes known to be dysregulated in FRDA was ameliorated by the treatment. These 

findings show that nictotinamide can up-regulate the FXN gene and reveal a potential mechanism of action for 

nicotinamide in reactivating the epigenetically silenced FXN gene and therefore support the further assessment of 

HDAC inhibitors (HDACi’s) in FRDA and diseases caused by a similar mechanism. 
 

             by permission of Oxford University Press 
 

Higher-order chromatin structure induces distal DNA interaction and reduces DNase I accessibility in Friedreich’s ataxia 

(FRDA). 

The chromatin organization of an active Frataxin gene is shown on left with nucleosomes mainly composed of actylated 

histone molecules (blue squares). In FRDA, hyperexpanded GAA-repeats might nucleate heterochromatin formation and 

pushing the pathway towards the right side with nucleosomes dominated by histone methylations (red circles). In the 

higher-order heterochromatic structure, nucleosomes are compartmentalized into a condensed space (i.e. indicated by 

decreased DNase I accessibility at the bottom) which might promote genomic regions bridging with their aberrant partner 

(yellow asterisks). Nicotinamide, a HDAC inhibitor, can antagonize the heterochromatic gene silencing and drive the pathway 

towards the left side with increased DNase I accessibility and gene activation. 
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MMeeeettiinnggss  &&  DDaatteess  

6
th

-7
th

 June, 2013 Silver Spring, MD, USA 

FARA Friedreich’s Ataxia Clinical Research 

Conference 
 

14
th

 June 2013, Paris, France 

3
rd

 Annual Meeting of the European Friedreich’s 

Ataxia Consortium for Translational Studies 

(EFACTS)
 

 

14
th

 October 2013, Crown Plaza Valley Forge, King 

of Prussia, PA, USA 

6
th

 Annual Friedreich’s Ataxia Symposium 

 

25th September 2013:  

International Ataxia Awareness Day 

28th February 2014: 

Rare Disease Day 

Attendants of the SPATAX meeting held in conjunction with 

the 3rd annual meeting of the EFACTS consortium, 

14th June 2013, ICM, Paris 
Photo courtesy of Dr. Alexandra Dürr (alexandra.durr@upmc.fr). 

NNiiccoottiinnaammiiddee  CClliinniiccaall  TTrriiaall    
PPrrooff..  RRiicchhaarrdd  FFeesstteennsstteeiinn,,  IImmppeerriiaall  CCoolllleeggee,,  LLoonnddoonn,,  UUKK  

As a result of our recent findings demonstrating that the classical class III histone deacetylase inhibitor 

nicotinamide can partially overcome Frataxin silencing in cells from both patients and a mouse model for FRDA (Chan, 

2013), we have embarked upon an exploratory clinical study to determine whether niocotinamide can upregulate 

Frataxin in patients with FRDA. Our preclinical studies revealed several effects consistent with nicotinamide reversing 

the heterochromatinisation at the Frataxin locus leading to access of the transcriptional machinery and upregulation of 

the aberrantly silenced Frataxin gene. Notably, upon nicotinamide treatment the heterochromatin modifications 

H3K9me3 and K3K27me3 were reduced, the locus was rendered more accessible and 'opened up' into a more 

extended conformation (Chan, 2013).  In the first part of the clinical study FRDA patients are given a single dose of 

nicotinamide and serial blood samples are taken to measure the Frataxin transcription, protein levels and histone 

modifications at the Frataxin gene locus. The dose is escalated on a weekly basis for 5 weeks. Having determined a safe 

dose that is well-tolerated, the patients are then given nicotinamide for 5 days in hospital and then daily for 2 months. 

The study also examines the chromatin structure at the Frataxin gene before and after treatment. We anticipate 

completion of the study within the next 6 months. If successful we will proceed to a larger scale study. The study is 

being carried out at the Imperial College Clinical Research Facility at the Hammersmith Hospital London, Chief 

Investigator Professor Richard Festenstein in collaboration with Dr Vincenzo Libri, and patients are recruited from the 

National Hospital for Neurology and Neurosurgery in collaboration with Dr Paola Giunti. These studies were funded 

by EFACTS and the MRC UK  (preclinical studies),  UK National Institute for Health Research, Ataxia UK, Ataxia Ireland, 

Association suisse de l'Ataxie de Friedreich (ACHAF) and Associazione Italiana per le lotta alle Sindromi Atassiche (AISA) 

as well as the Imperial College Biomedical Research Centre. 


