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We Wish you o very warm weloome 1o the International Ataxia Research Conferancs 2015 1
Windsor, Thin conferance in hostod and organised by four ataxia oiganmations from four dferent
countrion, which we foel is avidence of the Inermational collaburstion platorm orealed 1o sdvance
reatmonts for those diaoases, The partners, Alaxia UK, Ataxa Ireland, QoFARN (Italy) and FARA (US)
Nave Dean assialod by o Bolentifio Steering Commities which han put 10gethar & FODUKE PIOgrane
QOVRING Vs ant reloviant 1opics In stuxin research,

The conteranoe covers all hereduary and sporadso atnxias, Seasions have delbermtely ot been thamed
Dy N spocino types of ataxias but rather acrons the apectnum of basio, translational and ool
resoarch relovant 1o advancing us from (apnosks 10 realment as we belleve thare is significant benefit
1o b gamad fram understaning advanooes in the broader Held and applying lesasons amaed. The
SORRIONK have hean organised to promote sharing based on 1oplo areas oF TOUVALAgE Of fesearoh,
genetio researoh wind dingnosle; molecular mechanmma and oallukar pathways, animal and cell modals;
drug discovery and tharmpeutic appronches; and slinloal researoh and irlale The organisors and Stearing
Committee waro eapecially envournged by the number of abutract submissions noross all thamaes, moat
PArmOUArY In drug dmoovery and therapeutio dovelopment, We see this s an knponam miesons for
Our solentifio and pationt communition. We are nlso vary pieased 10 have an Inteview with a
ropresentative of the Europaan Medioines Agenoy who wil ba giving advice and information on the
rogUAALION of the devalopment of ealments,

Foopie with alaxin are at the heart of avarything we do and 10 highlight this we have invited three people
With ataxin to give prasantations from Ihelr iMferent pempectives. We are mleo delighted that many
Patent group representatives are attending the conforence and thiat the ANNUAL Meetng of suro A,
(the fadvation of alaxda charition In Europe) will also be maeting here in paraliel 1o e conlermence -
UIving & parfect opportunity Tor patents, pationt groups and researohem 10 mest, and eam from one
another,

Wa Daliove this may be the lergest ataxa rosearch confersnos 1o date, demanstrated In the number of
Oful wnd poster prosentations, delegataa and sponsors! We are gratehl 1o our Gommittes and session
Chaire for the tme and efon in reviewing abstracls and preparing our program. We are plaased that so
MANY INvitedd speakers and aoademio rosearchors are joining us from around the word and that the
OONmeanon has attracted o significant number of representatives rom Phamaoeulion) Gompanies - this
ol aghlights tha relevant sclence and collaboration fusing fast Qrowing interest in ataxia resoarch,

AN ovant this laige woukd not be possible without the QEnerous BUPPOI of OUF MAIY BPOAKOE 16 Whivn
we i matremaly gratetul, Fourteen pharmaceution) companion have kindly provided sponsorship and
four alauia pationt groups have partnered with the 1our arganising ohanmties and given thelr financial
support to the conterence,

Cvar 1 noxt taw dinys wo will take stepa togather 10 bring us olosed lowards he development of
Muoh needed trantments for the ataxian, We hopo you eam from e researoh reported and idoas
shared; notwork with other participants; and laave with new oolloaguos in your research cirche, and new
Inspiration and wigenay for your work,

Sue Millman Barbara Flynn Mina Hugger| Jon Farmer
Alaxia UK Ataxin lreland GoFAN (taly) FARA (US)
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Genetic and molecular mechanisms of
ataxias



Inyited Seeaker: Sanjay Bidiohandal (Moracaity of Qklshama, UE)
Epigenetio promoter sllencing In Priedrelch ataxia

Midiehandani 8.1, Chutake ¥ .G, Lam G, Gostello W.N.

" MMMt Of Pidatrion, Uriversity of OKKNOTIA Medith Siimces Canter, UNA

1o expandad GAA tnplot-repent mutation in Friedraion ataxia causes tranacriptional daholendy via
opigenotic asflancing of the FXN prometer. The ensuing detect of tranaoriptional INBaton, which
correlaten With tho 1angth of the GAA triplot-ropest mutation, s the mar dause of tranecriptional
duliciancy in Frindreloh ataxia. Kpigenatic promater sdenaing in Fredrekh ataxia s mediated by altered
Nuoleosomal poaitioning, which oblitarates Ihe normal nuckeosomal depleted egion sl Ihe FXN
frannceptional star site. A dlass | HDAG inhiteior, 10WRGROAY, ourrently boing developod as # rtional
therapy for Fredroh ataxia, Incroased FXN promoter 00Oty \pon ansaying Individual chiomatin
Nihers via NOMe-Soq analysin. Metabollc labeling of nascent fransoripts revealod that 10WRGIA
migndticantly Improved FXN promoter function in patient-derivad cells. Bpigenelio promoter silencing in
Friadraioh ataxia is theralors revarsible, and those datis Implioate olass | HOAGs In ropoat-modinted
OpIgonelio promoter allencing.

Thin research was made posaibie by a grant from the NIM to S0 (ROT NSOZ2418)
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The impaot of compound heterozygous mutations In FXN on olinleal outeome In
Frindroloh ataxin: inaights from frataxin strueture and funetion

Charles Qaloa’ * Aamien Hug', Paul Lockhart” *, Ganelave Tal™ * Loulss Corben” *, Bpple ' ' ",
Moge: Peveril®, Lyle Gurrin', David Lynoh®, Saran Oalbard®, Alxandm Our®, Mishasl Markinson',
Mook Glund™, Gusan Padman'', Marmn Delayox®* ** ' | Marguenta Evana Gales”

'mmamramw,wmmwmmmmmwsmm'
Pvuce Lufroy Contre v Genein Healh Mesearih, Murdkoh Childenns Hosoaroh Inatiute, Austraba, * Department
of Paochatrion, The University of Melboume, Austiaia, * Payolviogy and Payoiiaiy, Mosash Univeesity, Austabe, *
Dheprartrnmnt of Newwohagy, Moayw! Childear s Hompital, Austrnia, * Monaen Meart and Monash Caniovasear
Ressarch Centre, Soumen Sohwrd, Maraah Univeestty, Auwirwin, " Contre for Epiosmiology and
Hioutubintion, Mebourne Sonool of Popuaiion ant Chobal Mealth, The University of Melbourne, Australe, *
Deparimants of Newolagy and Pediatrion. University of Pennsytvarin Sohood of Maovie and The Chikiren's
Mospital of Piiadigaia, (8, * Ddpartoment do Ganotgua, Nt du Conve of de e Mot dpevsre, Mipial de
(o Binpdtrdro. Frane " Dapartmont of Misiouias Newosownos, University Colege Lomdon Imne of Neurology.
UK. " Atwia Gontar and Muntington Dinease Conter of Exetende, Department of Neurnokgy, David Ceffen Sohoo!
OF Macivorene of e Liveesdly of Catfornin sl Lox Angeies, U, " Ohnioal Genetos, Austin Health, Ausirals

Friodrakoh atuxia (FADA) I8 an autosomal racossive naurodegeneralive dmaase charaotarised by
Incoordination and hypartiaphio candomyopatly, Tho majority of indivicuale with FRDA have
homazygous GAA inuoleatide repent expaneions in the firet intron of FXN with reduced axpression of
e miloohondnnl protein frataxin, The remaining affected ndivicals a6 0ompount helerogygous for n
GAA expanalon and a point or Insedion and/or delebion mulabion within FXN, This study examines
dizanane-cauning Mutanons and el impact on frataxin strasture and funotion, and clinlonl outeome in
FROA. Tris inoludas the potential to bind iron and interact with iron sulfur cluster Ansambly proteins like
180U and 1808, Glindoal information from 111 compound hatarozygous Individunis wih FIDA (81
publishad and 30 previously unpublished cases) was codated and compared 1o olinioal data from 11
Individuais homozygous for GAA expansions. Moleoular modelling, In sillco protein atabiity analyses
Uning different pradsotion algorthms, and systematio review of putiished axpenmaental dale, were used to
solimate the impact of sach mutation on frataxin struoture, funatan and slabivy. Baoh mutation was
catogorined into one of four GrOuPs: INTee OMPEUNd IeleroryQous MUKON groups (1) nul = no frstaxin
procuced, (1) Mmoaerate/string impact on prolein stabilitySunction and, (W) minimal Impact on protaln
MBIty Tunaton; and (v) homozygous GAA axpansiona. The dffarencs in age of disease onsel betwoesn
I 10uf Bat0gOren wie examined uaing regression analysis taking Mio aoount GAA sxpansion size(s).
The kkelihood of developing cardicmyopathy and dabetes betweon the mutation oategonos, taking e
OXPANBION (MO AGOOUNTE Wik also sxamined. Individuale with null mutations had a significantly anmier age
OF Onaet when oomparmd fo homorygous OAA @xpansions, Ater accounting for expantsn slze.

Gomparison of the GAA axpanaion hamozygous group 10 Ihe minimal impact and moderately or strongly
Uontabibning grovps, Kound no sgninoant differences in age of onsel. Intarestingly, Incividualy with
homozygous GAA axpansons had a greater likelihood of developing cardiomyapathy than ndividuals in
Al INfee compound helerozygous Muttion categones. In contrast, thase with null mualions were more
Whely to have diabetea mollitun than those with homasygous GAA expansions. Importantly, in compound
hoterozygous Individuase wa Tad (hat, in addibon to Irslaxin exprossion from an expanded allale,
OXPIOBAON OF & MUAn rataxin with partial funation (s of greater benefit Ien No frelasin sxpression. This
Study provides o foundation for further analyeos of 1ha different miutations in fralexin o better understand
(he link betwoon struature and funotion, and onioal ouleome in FIDA,

[ International Ataxia Research Conferance 201%



i-lm funotion in pathology of Friedreloh ataxia and Implioations for other expansion
dinorders

Natalla Gromak, Matthing Grot, Lam Silva
Sir Wiy Davins Sotond of Patiwtogy, Univeesity of Oxfard, Uvifed Kingetor

Arountd forty Twaman diseasos are assooiated with sxpansion of small nucleolide sequenoes, Depending
on thelr logation, thoso axpansions oan alther lead 10 exprossion of tloxie profeine of transcriptional
fopransion/gens silencing of the nost gene. In Fredieich ataxia (FROA), caused by an expanded ((AA)n
OPOal 88GUANOS 1N INtron 1 of Ihe frataxin (FXN) gene, ransonpiional reprossion has been proposed o
be associalod with the formation of unusual DNA seguences and repreasive chromalin over expanded
gane. In our lab we established a DNA immuno-precipitation mathod (DIP), which allowesd us to dotect
RNATONA nybrdis (RA0008) 10 human oolls (Skourt Stathaki ot al, 2011), Raaently, using DIF we
WNOWO AL MA00pH wre formed on expanded FXN alloles and trigger he fommalion of repressive
chromutin in colle from FRDA patients (Groh ot al, 2014), Wae further investigated the molecular
machaniem of R-oop-medinted haterachiomatin formation in FRDA, In patioular, we studied the
dontebition of FNAL machinery (o this process, Our results demonsitale thal methylansiorase Ooa,
which deponits HOKOmeR mark, in specifically enrehed over expanded GAA repeats. Interestingly, we
observed the recrutmaent of FINAI machinery at the promatar region of tha FXN gena, which wan
OO I FHDA Golle, This sugoests It FEIOOps am ikely 10 10g0er NOIGAOONIOMAtn fomation
MNAIndepondent manner, We will present the moleoulsr detalle of this process and ite contribution to
he pathology of other expanson disorderns,

Heferenes,
K Skourt-Stathak), N. J. Proudioot and N. Gromak, "Muman senataxin resolves ANA/DNA hybride

formed at ranucriptional pause sites 1o promate Xin2-dependent teimination’, Molecular Caell (2011)
A2(0), 704000,

M.Groh, M.Lutine, A \Wade-Martinas, N.Gromak. R-loops formaed aver axpanded ropoats cause
transaripional silenaing n Frodreion ataxia and Fragike X ayndroma, PLOS Genatios 10 () (¥014),

M.Ciroh and N Gromak. Out of balance: M-oops in human dissase. PLOS Qenatios (R014)

Work supponed by Royal So0ty; Ataxia UK Matar Neuron Disoase Assoolation; Medioal Heoaaron
Counos,

l International Ataxia Research Conference 2015
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Expanded GAA repeats Induce transoriptional sitenoing restricted 1o the FXN locus and
decrease the slongation rate through the FXN gene

Mok Napsacala', Yanio L)', Yoo Lu®, Umnzule Potak®, Kewn Lin®, Janpn Snen’, Jill 8. iutler', Angela
Bhalla’, Natalle Bozwadoweka', Jenniter Famer’, Lawon Seyer’, Sharon Dem”

" Unworsity of Alsbama ot Iemingham Departrnent of Dhochamintry and Moleoular Ganetics UAD Stom Col
tewwlituate, LN, Uwwanily of Tanas ME Ardorson Canies Contiar EXNpRariment of Ml Caonnnpe sy Corlie
fov Cancer Npigenetion Sciwe Park, U8, Dvision of Neurokogy st Pechamics Chikiven's Mospial of
Prvscieiphin, Abvsmaon Hossarch Conter, US

Froodroich's ataxia (FROA) in 6 savere neurodegenarative dinsase caused by anscriptional repression,
WINON 0 INAUOBG Dy axpanded CAA repoats oated in ntron 1 of 1he FXN gene, FROA patients
homozygous for OAA expanalon have 5§ - 30 % of frataxin mANA and protein whon compared with
hoanlthy Indwidunln, 1t has been demonstrated, using vanous model systems along with patients’ autopsy
samplon, that expanded AAA repeats ndude epigenetio siending of the FXN gene. Postranslational
Mistone modiioations thal typily heteroehromalin are enichod in the vickity of the repeats, whils aotive
aheomntin marks in this reglon sre underrepresented in FRDA samples when compared 1o controls, Thus
7, aoNaING 11Qoers A wall A 1o axact Moleouiar Meohaninm of FXN adening remain unknown.

Spreading of heterochromatin and transeriptional sllencing has been obaerved in the proximity of the
highly repetitive regions of the genome such us cantromaeras. Howavar, the extent of sllenalng Induoed
by mpanitnd GAAS bayond the deeot viomily of Inon 1 has dot ean detemmined, Hesults Indoating
brthy silmtyitnng of thas FXN prromoter assoolated with o transenption infiation defeot as well as studios
demonstraling transaription elongation dysfunction have beoen reported, Moreover, recent phenotypk:
obaervations conductad moatly In FROA pationt-danved fibroblast and lymphoblast coll Bnos indicate 1he
POMRIDAILY OF & KNG IANGH Oln SGNKING MBONANINM, SHANNNG & INFGer QN of e FXN oous. The
oxtent of GAA repoalinduced sllencing le of particular Imporiance considering two imporant therapeutic
atrategion for FROA: reversal of FXN slloncing and gene replacement therapy, In the case of extensve
tranacriptional sdencing of a larger region of chromosame O, reaionng IMaxin expression using gene
herapy stiatngios woukd alleviate anly he pan of the disease phanolype ansing solely from fralaxn
talioinnoy. On the othar hand, stralegion based on apigenstio reactivation of the FXN loous should result
In complete revarsal of FRDA phenotype, Mowever, i tha eMect of OAA axpanaion in localized to the
FXN gene, both tharapeutic avenues shoukd bo equally efficacious

Wa prasent Ihe rasults of @ comprahensive analysis of e lansonpion stelus and apliguenely;
arvironment of the FXN locuns in o lurge set of 17 primary Hbroblast cell lines derived from FRDA patients
and 10 knoa obtained from unaftected GoMro. Using next-ganeration RNA sequencing, we
emonatrated a remarkabio varnanility in FXN axprosaion within Both FROA as well a8 00niol samples,
Adiionally, we showed (hat the epigenetio sdencing effect iInduced by the expanded GAA ropoats in
confined 10 the FXN loous and doss not alfect expression of upstream or downatream neighboring
gones. Minully, analysie of FXN pro-mRANA oxprossion between FROA and control saamples revealed a
PIONGUNGO LrANKSPton slongaton deleat al the sxpanded GAA imgan.

I International Ataxin Ressarch Conference 2014
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Expanded GAA Mopents lm;.“lr Frataxin Gene lumufoi and Promote Repositioning to
the Nuolear Periphery at Bingle-Cell Lovel

Ana M Sava’ ", M Beown®, Varonion J Bookie”’, Michard Wade-Marlina', Michels Lufing'

" Dapariment of PFrysiology, Anasomy and Genetion, Univenity of Oxtort UK, © Paculdade e Medioua,
U madonite o (it Poragal, ' Mascal Massanh Couned Moleeor Hismatolgy Un. Wassthad inatse of

Modecular Mediome, University of Cwtond, UK

In Frndroon's Alaxia (FRDA), abnormal GAA innuoleotide-copaat oxpansions in intron 1 of the frataxin
gene (FXN) cause opiganatic changaes and reduce XN mINA levels in sversged oell samples ihaugh
poorly undermiood machanism, Disasecting tha sllenaing mechnniem in FRDA in sdu, Ihrough the analysis
of FXN nuclear locallsation and exprossion ol eingle-cell level, i erucial 1o improve our undertanding of
o dissase.

Moo, wo have Seveloped & luman osll model 1o analyse the link belween FXN nuolear looshsation and
OXDIOBBION I Singhe colls, FXNMERLuo and FXN-OAAMBR-Luc stablo human clones carry i site-
speciic integration of a sngle copy of the whole IFXN loous with either 6 or <210 GAA repeats in Inton
1, renpactively. To fluoreacantly labol the tranagenio FXN mINA, we inserted MEZ prolein-binding sites
MO GX0N 2 By homaogous re0ombinalion, The «310 GAA repeal axpanmon in the FXN-OAAMS2.Luc
OOl ling reoapitulatos Ihe charmcterietio FXN gone ropreasion in FRDA.

FXN 1anngens OGAIRAUON In e FXNME2-Luu sl FXNOAAMBZLuo ines was delermined by DNA
FISH, FXN was positioned at the nuolear parnphery (NF) (n <44% of (he FXN-GAA-MBR-Luc oslls
OOMPared to « 10% of FXN-MER: Luo celin, Reatoring histone acotylation repositionad FXN-OAA-MEQ-
Lue away from the NP, To further underatand FXN roprasaion, we analysed ne ransonptional eulpal of
Individual ransgenic FXN allabes by RNA FISH, FXNOAAMBE2LU0 cols contalined -8 4 & mINAn por
Ol mnd FXNMEZ 400 oells 0ontained <0 & 4 mINA por coll, therelore <310 GAA ropoata reduce the
number of mature MANA molecules by 44% ut single-cell level,

KCAIRALION WaB NOXT ANAIYEOd I e Nalive genamic savironmaent in oarmer, haalthy and FIDA patent
GORE. 1N 0amer 0olls, Ine axpandoed FXN allole localised preferentialty closer 1o and contacted more
fraquently with the NI (han the normal allele. In FRDA versus healthy cella, the GAA oxpanalon
Incroasad the probubiiity of an allele to be found st e NP and consequently e probability of belng
wilwnced. Moreaver, when sxpanded GAAFXN alleles did express, i1 was al signitionntly reduced kvel
BOIN I Ihe nleoplasm and sspecilly at the pariphery, We provide evidence that the combined effect of
OXRANNON with periphoral relocation results in a catastrophio reduation In expanded FXN transorphonal
oulput, demonetrating a olear kok batween oxpandad FXN poaltionng ot the NP and GAA medinied

HANKOrPLONA! repression,

Collautively, these results suggest repressive epigenetic modifiontions st the expanded GAA-FXN loaus
may load to NI relooation, where furthar reproasion many ooour,

[ tntarnational Ataxia wosearch Conference 2015
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Lentivirus madiated FXN gene delivary restores genome stability and DNA damage repair
potential In human and mouse FRDA fibroblasts

Mighagl Thomia' ', Hassan Khoosar' 7, Baven Hown, Yaghoubs CGoealy Ghinnoa', Sahar Al Mahdaw!'
', Mark Pook' *

" Dwiwion of Biowciencma, College of Hsalth andd Latw Somioms, Dvunsd Univesity Loshon, UK
¥ Diviwion of thowatances, Synthone Dkaogy Thome, Inattike of Envirorwnont, Hoalth & Bocktios. Drunel Univermty
Lonionr, UK, " Modeoviar & Calae Immunology, GGL nstiae of Gl Healh, UK

Friedrelch ataxin (FRDA) ls a progrossive neurodegenormmiive disoase with primary sites of pathology in
the nrge sensory nouroni of the dormal root ganglin (DRG) and dentate nuckeus of the cerebelium,
FROA s also aften aooompanied by severe oarbomyopathy and diabetes meitus. FRDA s caused by
lons of fratiun (FXN) axprassion, which s due 1o OAA repeat axpansion in intron 1 of the FXN gene.
Fratnxin in o mitoohondrial proteln imponant 1o ron-sulphur (Fe-8) cluater blogenesin and the slectron
anspornt ohain (ETC), As & consequence of impaied mitoohandrial snergy metabolam, FROA oelis
how increased levels of and sonaitivily (o oxidative strass, which in known 1o be associated with
genomae Instability, In this study, we investigated DNA damage/repalr in ralation to FXN expression via
Immuncstalning of gHEAX a NUCKAr Protain that i reanmad 10 DNA doubie strand breaks (D8Be). We
found FRDA pationt and YOBGM FRDA mouse model Mrobiasts 10 have inherently alévaled DXMBe (1.0
and 0.0 focknuchous ) compared 1o norml Tbroblnets (0.6 and 0.2 fogmuclous, in enoh case p<0.001).
By delivering the FXN gone 1o thess cells using s lentivirus vector (LV) at a copy number of «1/cell, FXN
MANA and protein levels reachnd 270 and 20210k, respeotvely 16 that of nommal robiasis, wihoul
Ohearvabio aytotaxiony. This resulted in o reduction i DB fool o 0.7 and 0,43 (In asch cane pe0.001) iIn
human and YGBalt Noroblasts, respoctively and an increase in cell survival (o that found for normal
horoblants, We next irrncsated tho FRDA foroblasts (2Gy) and measured thelr DSO repalr profdes. Roth
human and mouse FROA toroblaste wore unable to repar aamaged DNA, HOWeVEr, repalr retumod 1o
NOmal levels Tollowing LY FXN gene transfor. Gur data sugos! frataxin may bo Imporant foe genoma
slabidty and ol survivil, We wre currently ivestigating whethuer lnok of DNA dumage repalr in FRDA to
DO o Iactor thist Influences neurodegenermtion.

[ International Ataxia Research Confarence 2018



Cellular and molecular models of
Friedreich’s ataxia



Inyited Speaker Michelle Luline (Mokveomity of Qxtord, UK)
Coll and animal FXN genomic reporter models of Friedrelch's ataxia
Mighse Lullng', Ana Ferrelen da Giva', Qloroch M', Angela Ruasell’, Fichard Wade-Martine'

"Dapartment of Priysioiogy. Anaionty At Cimetos, Univarsity of Oxford. UK, “Departnent of Pharmscoingy,
Undyersity of Oxkord, UK

Currantly, there 1s N reatmMent avalable for Frodraioh's ataxia and tho slending Mmeohanism nduded by
QAA Gxpansions sill neods fudhee sluoidalions, The genetion of cell and animal models wiveh clogsely
recapiiulnle the charactonstic moleculnr features of FADA Is of great iImportance as It can facilitate the
Identification of promising theraplos and Improve our understanding of this FRDA pathogeness. We have
proviously reporied the generation of e FXNGOAA LW reponer ool model whioh carmes a <310 GAA
ropoals  oxpansion within the confex! of the whole FXN genomic DNA locus, thus providing
physiologloally-relavant FXN axprassion. Mare, we present an update on this modsl and the generation
AN e OF WO Trther reporter models, namely FXN-GAA-MBZ onlis and FXN-GAA-LUG Mouse model,

We have recently described the use of FXN-GAA-Luc cole 10 iklentily a novel FXN-Increaning molecule,
named C6, which s able 10 Increase FXN sxpression i FADA patient prmary oells, Sinae C6 s
oharactenized by o talatively high FE0, we have oaried oul straotueaotivily relationship (SAN) studies
n ordar (o identdy compounds with improved frataxin up-regulating propertios, We synthosized a serios
of dervativen of 8 and we teatod thelr affect on fristaxin protein lavels using the FXN-QAA-Lu cell
model, Wa report the identtioation of & new small moleoule with an = 18-fald reduotion In BCHO
COMPANed 1o GO, roduding e active CoNOeNtraion 1o e ow uM ange and eposenting & major
mprovement over 10 Ite parent molecule.

FXNOAAL UG oolin provide an optimal readout 105 lrataxin protein levels, however (hey oo nol represen
A sultable 100! 1o Mvestigale the ransonplional kinatos of the FXN gane, To aohiove this and to assess
the effect of the GAA expansion of FXN transoription in Iive cells and at single-cell resolution, we
madiing the PXN-GAA-Lug coll model In order 1o utiize the MEZ-based RNA Imaging systom. My
partorming Fluorescence Recovery Aar Photobkeaching (FRAF), we show that the preaenos of a «310
QAA repeal axpansion graatly shows FXN 1ransonplonal kinstios, Moreover, wo demonslrate for the
Hme ol single-oull resolution thut sxpanded GAA repoests reduce FXN transoriptionn! output by inhibiting
proferantinlly FXN transoription intiation,

Finally, w have /eoontly developed & novel FXNGOAALUG mouse model for In vivo ive visuakzation of
fratuxin protein levels and we show that that bloluminescence generated from the FXN-Luchemne fusion
protein can be easlly detected in live anesthetized animale. Since the light Inenuity epresants & radout
of frstaxdn protein levels, this model is partioulady sudtabie for n vivo insling of frataindnomasing
harapien, allowing delection of fralaxin levels betors and alter sompound administration, thereloe
PrOVIAING Intormalion on the extent and duration of fratexn up-reguinting stralogiens,

I CONCIRON Wi denciibe & senes of QUOGITNG-Tepones models sutabie for aftarent applications
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Inducible and reversible frataxin knook-down mouse model for Friedreloh's ataxle
Yilavandoo Chandean, Kun Gaa, Mavital Vorano, Viveh Swarup, Danlel Qoschwing

Dopartmont of Newokogy, Davied Clmten Bohoo! of Madicine, Uiveraty of Caikorie, Low Angwios , Loa Angedes,
Lot Nhaton

Friedroich's ataxia (FROA) in an sary onsel neurodegoneritive dueass hat IHOgredsively impaim motor
function, leading 10 ataxio galt, carding abnormalition, and multiple oiher oomonbidiies, ultimately
FasUINNG In Bady morality (median age of death, 38 years), It i the most commonly Inheried ataxia, ang
s oauned by severely reducnd levels of frataxin (Fxn) that usually rasult from o guanine adenine-adenine
(CAA) trinuckeatie repaat axpanmon within the firt intron of the Fxn gene. Animal models are valuable
(00k for mechnnisiio analysis and therapeutio developmont in FROA, Existing tranagenic and
heterozygoun knockout (homoxygous are smbryonkally lethal) animal models, are olther mildly
nymptomatic or restricted i 1heir ably to recapitulnte snd evaluate the spatial and lemporal aspects of
FRDA pathology, as they are sngineered to ba tissue-apecifio sonditional kiookouts. We have
davaloped an inducible mouse model for PROA that pedis reversibi frataxin knockdown and detalled
-mutmmmmmmmqwmmmummm.mww
A single copy ShANA against the Fxn tranegene (doxycyolina-inductbie) whides the sontrol of M) promoter
mmnmmo‘mnm.mmwodmmmumwmmnmmumm-m
KnOoKoUL, while parmithing sigrifioant frataxin reduotion i all esues. I"xn knookdown was sohseved 1o
0GNIrol the oneet and prograssion of the dasass depending on 1he doss of AoxyoyoIne (Dox), Wa
obsarved ataxia, deganaration of dorsal root gangha, sooliosls, and Iron depostion, paraliel o what In
obeerved in FRDA patients, Moscus experimaents ware carried sut by withdrmwal of Dox 1o reverse ihe
AGORIBABON Of diseuse progresalon ovan after signifivant motor dystunction was cbkeived, My vontroling
nnmmemmm.NMvaumnomlmdhmmmb.wodmto
refine our understanding of mommmmammmwuwmmmumdmmy.
Mbmmunqmnlodnm.wmmmnwomaamm.
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Induced pluripotent stem cell-derived neurons from Friedreloh's Ataxia patisnts have &
collular phenotype that can be reversed by frataxin Inducers

Amana Hu', Wisabeth Mangismel®, laria Pelizzont, Ana Olivelra®, Myriam Mal', Declo L. ik, Midam
Cnop’, Marana Igoso-Hatave’, Bloons Conatetia’, Fanio Grahovez”, Fisnon Codasal’, Manssiing
Pandolo'

" Latmsrabury of € wpainental Neringy, Uit (il ov Deusaiios, Baigin, * Swr Aaltaeie Scwntific inebhte
and Univeradty, italy, * LI Conter Roe Diabolos Mosowroh, Liiverstd [dve de Hearoios, Halgim

Baokground and alms: Wa amployed induoed pluripotent stem cell (IPS0)-derived neurons oblalined
from FRDA pationts and healthy subjects 1o unved phanotyplo alterations related to frataxin deflclency
AN Inveatigata If thay oan be reversed by reatments INAT upreguiate rataxin. 1n & paraliel stidy, we
found et FROAneurons show mitochondrial oxidative stross-modinted aotivalion of the intrinsio
pathway of apoptosie, which can be prevented by cAMP-nduaing drugs, auch as GLP-1 agoniats vaed in
(he trestment of type 2 cvabates, Horo, wo characterise alterations rolted 10 aeteotive on: sultur oluster
DIOGEnesis and dysteguiation of 1he oxioalive Slress raaponse and (ron handing. Our profimionry findings
Suguost 1hat these altarations onn be reversed by molecules that upregulate frataxin expression.

Matariale and Mothoda IPRCa wore Teom two FROA patients and two controls. Neurals colls were
Marantialod ue proviously described (Hiok of al,, RO1R). We confirmad tho stability of the GAA
expansions throughout the differentintion process by PCR. Cellular iantity at all stages of ditferentiation
waa determined by morphologionl analysia and by axpraasion Analysis of speoiiic markaers by
Immunilivoresonnce of by RT-PCH, Patohaolamp wins used 10 assess elaotophysiologioal propertios,
Prolein lavels were astimaled by westerm blol. Videomicrosoopy using speciic Torescont probes wis
umad for iron and oxidative stross analynes.

Resulta: FROA and oontrol IFSCS wore oqually oapable of Ifeontiating inlo o neuronal or astrooyt
PRenOtype. IFBC.erived neurons hud w cortionl phenotype and generated sodium currents and action
potentiale. Wa confirmed s slight delay of maturation of FRDA-nourons. The expreasion of two iron-salfur
proteins, the NOUFSED mitoohondrial Comphex | subunit and mitoshondrinl aooniass anid of twa lipolo
Mol (wyninesized by Fa 5 proteing) containing peoteins, pyravale dehydrogenase and alpha.
oxogiuiarate dehydrogenase was deareanad by 28:.80% in FIDA. va. control-neurons. Gonverely, the
oxproasion of mitochondnal suparoxide dismutase was robustly inoreased In FRDA-naurons. FRDA.
NOWONK KROWSd & & B0l INGreane n 1abIe ron Pool and & » 210K AOreand N MHAuOed glutathions.
Onicdntivie strass-madiated ool daath after adminsiration of 100 M M0, wik Btk higher In FRDA
velly

Troatmant with tha HOAC INMBItor 100 nareased on-aultir protein levels, downeguinted SO0 levels
AN AIMOSt lly Pro1eoted FROANeurons om oxdative slross:mediated cell death. Prekminary romdis
SUQUast & similar affeo! of exendin.d.

Conclusiona: IPBC-dorived nauwrospherss rom FIOA patients ditterentiate propely N0 newons and
ABITOGYION, ThOUQN el neuronal funotional maturalion appears (o be sligly delayed, FIDA naurons
show lowor lavele of romautiur proteine, higher LI and lowor GBM levels, and anhanced sensitivity to
oxidante compared to control-naurona, indicating deficient iron-aulfur cluster blogenaeals, alterad ron
metabotiam, and oxicdative stress. Toontment wih dnage that upregulato rataxin appoans 10 revere hose
phenitypio ohanges. Our findings suggest that Gorection of frataxin defivlency miny not only mop
diseane progreasion, but also lead 1o clinlonl Improvement by resciusing still surviving, but dysfunctional
NAONN.
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Analysis of mitochandrial dynamios In cultured sensory neurons and In /n vive mouse
models of Priedrelch's ataxis

lrone Bolea', Alex Gaita', Wen-Bino Gan', Jutd Magrane'

" Mewins wndd Ming Fosearch Inaihde, Wodll Gormall Meaionl Ootege, LN, * Sl Inatitute, Dooarmment of
Physhohngy and Neurosolence, New Yk University Bohoo! of Medicine, U

'W‘lM(FA)IlMNWlMMMMdeWM
NOUrONAI types, With & preferance 1or Inrge sensory Nourons, verebellar MNOUrONe, and oorticospkonl racts,
Vary tow studies, none of which In mammanan systems, have addrassnd the Invalvement of
MIoohondrinl dynamics, suoh ae axanal anaport, fuson and flasion, iy FA eurons, Binow work from us
muthMMbulmamMMmmmmmwmum.m
Activity, ana the arohitecture of the cell, we hypothesize ihat abnormal dynamios may partiolipate (o the
spsaitialty of newronal call loas in I"A,

w-mmw.mwm‘mtmmommmwmmmmm he whaole, living,
Mousa 10 examine mitochondrial morphology, Otibution along axons, ianspor, and fuslon and Niesion
wWoNnte. We have identifid relevant pathagenk: phonotypes for PA, SUCh s fragmantation of
mmmummommmuquuwmmwmmm
bloenergetio, in senaory naurons of two differm FA mouse modela: the KIKO and the Sarmers mouse.
Moreaver, wa ave succonstully imnged miloohondrial trunmport in the Sural and temoral narves of iving
PAmmmnmrmwmmwommmwmm.Mlnwwown
awwouuwmwnmuwmmommmmmmmwwm-mwmm
Hanuon in longitudinal studies. We are currently Investigating the collular consequnnaes of Nese
mitochandrial abnormaliben in neuronal aranieolre and function.

w«um.nmtwunnmolow.M\lmm.llowuilownknhmmm
appronches tareling miochondral function and dynmmios, and wiso to assess e oMoady of theraplon
It increase frataxin levels by monitonng (e downstream COnmBaquences on mitochondria, and thalr
Impact on neuronal viability,
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Impact of frataxin-deficlency on mitochondrial dynamice
Oliver Edonharter, Slephan Schnouwly, Juso Aotanio Navace Lanos

Inatitte of Zookogy, Univevsitastantr. 31, University of flegenabung, Megensburg, Germany

Fratamin i a highly ooneesrved macohondial protein that plays & major rode in the blosynthosis of iron.
wultur chustors. Ettaols of fratain downimgulation in hwman samples and other dissase models of
Friadraich Ataxia (IFA) inchude diminiahod activity of several miloohondrial aneymes, impaired ATP
produation and depolanzation of miochondrial mambrana, among othars. Remarkably, Drowophie
models of FA have Daan abie 10 reproduon all thess bochamioal features. As oxpectad, frataxin-defiolent
fhon display reduced membrane potential, aconitase activity and ATH lovels 48 woll as hypersansitivty 1o
oxidative stross,

Moreover, mitochondria are dynamio organeiios hal fuse and divide aooonkng 10 1he energetio demands
of the cell. Tharelore, wo almed to analyze whethor colls suffening from an snergy deprivalion dus (o loss
of frataxin would modity thalr mitoohondrial network to compensate thia defect, Indeed, aterations in
mitpehondrial morphology have been reported (n FA models Dut thie aspect nas not beon analyeed in
dotad, Interestingly, wo could show that frataxin deficlency affects mioohondrial momhokogy i glla. Our
histological and molecular results aleo show a strong mitoohondonl accumulation In un age and strews-
OpONaent Mannar. Imponantly, using the autophagy marker po2, we can conchude that mitochondrial
MOOUMUIATON Iy QR i ity oaused by an inpalred degradaion of damnged maoahondia, in
ngresment with this hypothesis, we miso found that frataxn defiolant es acoumulaie mIDNA, We ae
trydng Now 1o decipher the undarlying mechanime. Our results indicate that changes in the axpresaion of
Dvosophita mitofusin (o, & gene involved In mitochondrial fuson and degradation) might be a central
ovent, In (his sonse, o genelio streen, 0armied oul 10 Hnd PULAIVG SUPPIEesOs of enhancars of FA
detoctn In Dvoxopha, revonied that dMin downreguiation s suthiclont 10 ountoract same of 1he fralaxin.
defialent phenotypoes, Moreover, we have found that frataxin overexpression complelely slters the
MIOGNONANAI NEtwork By HQEenng & sirong okimenng of mitoohondiia probably due 10 Its capacity o
INQranse ATI produotion. Our results link fratain with tha dynamio oonkol of stabisty, integrity and
homeostauls of mitochondra, providing now idean for the develoapmant of polential iherapeulio largels
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A now Drosophils melanogaster model to identify genetio modifiers of transcriptional
reproasion caused by GAA sxpansion In FXN

done V. Macene' | Lucia BenitoJardan', Pablo Galap-Quintana’, Michele Lufing”, Slens Sorano' |
Pichard Wade:Marting”, Maria Jond Martinaz-SGebastdn', Mars Dolores Molld' "

" ity of Vislonot, Soain, * University of Upganis, Swde, * University of Oxford, UK, * Bayor Cotoge of
Mo, LS " Pt e St Mavitnl, Gissemam, INOLIVA,, Spain

BaokgroundMypothesls: Frisdreich ataxia (FRDA), & Nerodegenerative disorder with rocessve
Autosomul inheritance, i caused by pathologioal GAA axpansions within the first intron of Ihe FXN gene,
which leads 10 & reduction in the lvel of the encoded protein frataxin, The most scvepted hypothesls to
Axplan the transorptional repression cauaed by this tplot expanekon i the heterochromatinlzation of the
FXN loous. Howevor, the underying maleoular meohanism of ihin process ia not comphately underslood
yor

“MlMmlommemmWInlmamm.mmw.mDmoplw
mmmmmammnmmmmmmﬂm»wmm
by § QAA repeats (nommal expanslon) in one strain, and 500 OAA repeats (pathedagionl exparmion) In
the ather, Ta aotieve (his, three genetic constructs (UAS-Ranilla) UASOGAA firafly and UAB-J000AA-
firafly luoitorases) have baan developed based b Ihe PAGMAN platform in combination with the UAK.
OALA nyatem to control he expressinn,

Renulte: Wa aheokod Ihat the 300 GAA repoeat axpanaion represses the firafly Wcilermne expresaion,
ARAIOGOURly Yo FXN gene repression in FRDA. It was aleo obsorved a highor level of chromain
compaction In the lucifermes oonstis of he 300 GAA ke compared 10 1he § GAA Iine, Next, wo siarted
aoomwmnwmwbuhmowlmManlowmmdmmmaMdm
IVaIved i postiranalational histone modifications, heternahromalin formation and mantenancs, an
Iransornplional activation or repreasion. S0 tar, we have identified some potential regulators of (e
reprousion madinted by the GAA pathologlonl sxpansion, as Bu(var)d-0, Sulvan and Sulvang-|
which human orthologous are BUVIOH and MY,

Conolusions: We have davaloped a new madal in meiunogaater sultabla for high-oughp
nmmnmwwmwmmmmmumtmmwwuw\oocrmmmu
potential tharapeutio targets for the treatment of FMDA.
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DNA Repalt Deflolt and Neuroinflammation as Potentisl Contributors to the
Physiopathology of Friedreloh's Ataxia

Jar Moreno-Lore' * 7, Frice Lora' **, Sam Persebus’ " Danlel Oberdoerer’ ', Yurike Kileu-

Jménee' T, Osoar Yang' * 7, Javier DineNigg' **

" Coniro de Miokagiu Molweir Bovero Oohon (UAM-OSIC). Unievakiad Autonoma de Madvd, Span, ¢ CIINN oo
mmmmwm»m. Bpain " lowtituto de nvestigackones Sanitaras Posta de Mo Majscanonds,
|

Fradraion's alaxia (FA) 1e & recossive and predominantly naurodegenerative disorder causad by a
doorensed level of frataxin protesn, To gain some naght into the mokecular machanisms conibuting 1o
NOWodegenarntion In FA wa have studked human noural 6o models subjeoted 10 frataxin Knockdown,

Wa have obiained an induciblo nauron-kke cell model for frataxin deficiency by stable ansduation of the
human neuroblastoma SH-SYAY coll i with a tetraayohne-iduaibie lenkiviral veotor enooding lor @
BPOGHIC ANANA. Fnhanoed oxldalive siress, DNA damage and aotivation of apoplotic ooll death was
OLeOrved Upon frataxin knookdown in this model. Intareatingly, frataxin down:reguiation was Also
accompaniod by mgnifioant chianges in the axpresaion of Varnous proteing imploated i DNA repas,
Theae changes wern reversitbe anos up raguiation of Ialaxin gone expression. In view of those datn we
SUGQOSE IR inoreased DNA damage In Iratadnsdelicient neuronal colla may be dus not only to oxdative
slrans bt also (o dminished DNA repalr ayetoms,

1N Orer 10 MUy the Gantitution of ghal oells 1o the physiopaihology of FA, wa have analyzed the
GONSOAUONOOS Of Tratuxin knookdown In cultured human astroaytes, which also reaults n NOreasxd
Oxidative sirous and apoptotic coll death. Interestingly, frataxin SAenciNg In asrocyton M alno
NeCOMpanied by an enhanced axpreision and secieton of 6ome prodnianmatory oylokines,

To tosl 1or nonoell autonamous intaractions we cultured wild-type mouse neurons in the presence of
Irataxin-defiolont astrocyte condionad madium, which provoked & delay In the mMaluration of e
NOUTONK, A GACIBAse I NOLUMS IeNGIN ANa anhanoed ool death. These indings indicale o delimental
elleat of tratanin silenoing, not only 1or astrooytes but aleo for neuron glia IMteractions, undedining the
Aond 10 lake o aocount Ihe role of non cell-autonomous processon in the pathogeness of FA

Funthermore, our studinn pertommed with cultured olfastony mugosa stem oells, which are obtained from
DIOPBIOE rom FA palionts, aleo indicale a deficionay in DNA repairrolated proteins an woll as an
INOraased sxprossion and secrotion of some prodniismmatory aytokines. Thoso rosults suppor the view
(it both DNA repair deficit and neuroinflammation may be potantial conabUtoN 10 1he physopathokogy
of FA,

Thig resoaroh e supported by Spamsh MINECO, CIBEREN, Comumichad Autonoma de Madrid and AFAF
(Ansodiation Frangaine de I'Alaxie de Friedreioh).
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The role of sostylation In the pathogenesis of Friedreloh's ataxia

Anaelical B Madin', Gragory, N Wagnaer™*, Kathiaan, A, Mershborger', W, Mark Payne’, Matinaw, O
Hirwinhuy'

" Duke University, U7 inchana University, (I8

Background/Mypothesin: The hoart's abllity 1o adaptively use metabolic aubstrates to diive energy
PIOSUCHON=KNOW an annigeilo substrate Besdility=—must e mambained, as sven subtle vadations in

olfaianvy have savers impacts on oaliular metabolio health, Lysine acetylation and its regulation by the
mitoohondrial NAD' -dependent protein deacetylase sirtuin B (SIRTA) are omerging an Importam
reguintors of cardac anergy ROMeostana, Feauaton in SIFES activity I ths heart resuits in
NyDOraoatylation of metabolio enzymes, hypertrophy, and makedly reduoed ATI lovels (=80%) -
domonsirating an imporiant role for acetylation (n regulating cardio-bloanergstics. In the well-emablished
cardine mouse model of Friedreioh's Ataxia (MCIGFA), mios axponaence progressive, revarsible
Pyparadetylation of mitoonondnal proteing, mphoating & 1016 1o aoetylalion and BIRTS activity in
medialing snergy homeostams in FA hoarts. Taken logether, we prediot that hyperscetylation of cardiac
matabolio proteins contributes 1o the Impaired, gradual decline in substrate flexibility and ultimate carding
tnibare In FA.

Methods: To delermine the role of acetylation in ihe pathogeneais of FA, we aim to modulate acetylation
atatun and SIATH activity in MCICFA mice using three paraliel strategies; (1) dsatary supplomontation
WIth NAD s prrsiursars (0 boost siruln aotivity, (2) genetio manipulation of BINTS 10 modulile expression
antl () manipulation of metabolio subsirale use to control oxdation and subsequent scolylabion. We wil
monitor ahanges In cardino function, subsirate usage and bloanergetion to examing » role of BIRTI and
acotylation In regulating energy homeostasin i FA.

Results/Conelusions: Fror studies show 1hal NAD® wnd e precurson oan reduce cardiae
hypersoatylution In mouse models and protect animale ngainet hypertraphy in a SIRTH-depandam
manner. Fiest, uaing NAD® precursor nlootinamide mononucinotide (NMN), wa boosied NAD® vels and
OOUCHd mioohondnal aoetylabion (<143 fold) in the MCKFA haart. Furiber funolional studies are
undorway (o aasoss changes in SINTY aotvity with NMN supplementation, Second, we are collaborating
with 1. Mark Payne, MD to generate BIRTA knockout or aovarexproason MOICFA mice 1o directly test the
funation of SIRTH activity on energy metabolem| data will Do prosanted separataly, Thid, we i
IFRNSOARIOMIO, MUIADOIOMIO, PrOWOMI and oiher analysos 10 oxplofe & ok for acetylation n
QONIIWING 10 he compromined substrate Nexibiity of the MOK-FA heart. Our studien in late stage MOK-
FA animals hve thus fur revenled transcriptional downregulation of pathways nvolved in catabolism of
ity noldm, Ketlonms and aming solde. These transoriptional data are funhes supponed by metalslomio
analyses, Furthemore, fanoional assays reveal signdioantly rechaced oxsdalion of laity soids and
Kolones in the MCKFA hoart (1,64 and «1.67 fold, renpactively), Wa are ourrently conduating temporal
blochemical ulliization studies 1o further underatand and ultimately manipulate the metabolism of
substratos thiat may most contribute 10 the progressive hyparacotylation, Ovaerall, thie work allowe us 10
ORI Allering prodee mnomtylalion as o therapeutio slrategy 10 modulate MAoNondaal energy
hanmoshams in FA hwarts.
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Viabllity of frataxin-deficlent dorsal root ganglia neurons Is recovered by calelum
ohelators and mitoohondrial pore Inhibitors

Josaum Fog, Statca Minahave, Marts Liovern, Jorl Tamnii
Dmpaetarnant co Crarems Madigims Bdaipws, INN-L e, Lndvaewial dw | fwide, Spae

To undarstand the celivlar consequences of frataxin deficiency we Lse prmary cultures of dorsal root
gunghn (DRQ) neurone s call Mo because 1 Hesoe s pemanly alteoted in 1he disease. Maduotion
OF 0% of frntamn lavaln in hese ool was aohiaved by transduotion with Mntivicus contaming shItNA
sllanaing sequances. These frataan-deliclent cells show neurite degeneration and apoplotic cell death,
Phosphorylated nourofilamant NIF-200, clanvage of caspnse 3 and Increased levels of Bax and
phospharylated CHEN are, among others, markers observed in these oalls. A signilivant inorease of free
INtragokular Gaie lovels and alleration in Ca+medintod signaling pathways was also observed; in this
context, the activation of calpan was obeerved by cleavage of ono of 18 subsIraton, a-foanin; mwon
cloavage can be avolded by BAPTA, an Inracoihaar calolum onelator, Thess resulle suggos! that altered
ORI DoMmeostasis 0an play & pivolal role In newrodegeneration caused by frataxin deficlency. Those
features can bu raversed with the sddiion of u cell-penetrant TAT peptide cauplod to ths M4 anti
apoptotic dommin of Bekxl, proteln, Additionally, frataxin deplebion caused mitoahondial membrang
pOtantial decrense. We have (eonntly ohisarvad thal alter frataxin deplebon, & maked inorease in
Oyolophilin £, & prafein involyed in opening the mitlochondrial permaabliity tranaition pore, ocoumn. in an
attempt 1o avold toxk affects causad by low frataxin lovals, we traat tha culturas with Gyalonpomn A, &
cyclophiin O inhibitor, Praliminary results indioato tat aunvival 16 mooversd 10 & Mgnitloant exten. Other
COMPOUNGN 0o wlt Gurmantly 1eetad In DIRO Newon oultures wilh the akm of decreasing the deletorous
it of trataxin reduotion on call physiokogy.,

As a concluaion, tha uae of this Gell Model Provide precue olues 1o undermiand Ihe physiologios) avenis
1AKING PAace aftar frataxin doplobion and the ralonale for new tharapios.
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Mitochondrial proteln hyperacetylation In associnted with early dinatolio dysfunotion in s
model of Friedrelch's ataxia hypertrophio eardiomyopathy

Amanda B Stam', Oregory M Wagnaer®, Melanie P Pride’, Sleven Massine-Crmham', Hal Broxmaeyer',
Matthaw D Hirschay’, N Mark Paye'

" Indhana Linversity Sohool of Medioine, U8, ¥ Dike Universty, U$

Baokground: We hypothesized that mitochondrial protein hyperacetylation is assooiated with dinstolic
dysfunation in Friedreich's Ataxia (FRDA) aardionyopathy. We had reported that Frataxin (¥ XN) \oss
Fouuits in dedrmased aotivity of tha mitoohondrial deacetylaae, sirtuin 3 (SIRTA), and oariao
Mikoohondrial protein hyperscetylntion. BIRTI targets enzymes IMportant 1o energy homeoatasis,
suggenting hyperacetylation contributes 1o metabalio derangement in FRDA,

Methode: A oonditional mouse model with ablation of FXN in haan and skeletal musole (IFXN MGK-Gre
KO, of "FXN KO wan compared 10 0ontrols at postnalal days 30, 48 and 68, Heart funation wik
maanured uing echooardiogram and caniao oahelerzation. Heart lynate was probed for fysine
ncatylntion, Myaoarial hstology was performed vaing Mamson's Tronrame and eleaton miomoseopy,
Hoapiration of isolnted oardiae mitochondria was measured with & Seahorse analyzoer,

Aesulite: FXN KO hoarta show age-progreseive miochondaal hyparacetylation assccinted with s skwer
fate of axklative phosphorylation (p « 0.01). Electron microscopy demonstrales abnormal mitochondrial
Imarhology as earty as diy 30 in FXN KO mioa with oo of oretlas conten, and disorganized
dysmaorphio mitochondria by diny 06, Mistology damonstralos Inoreased myocardinl fibrosin. Diastolo
dysfunction ia avident by day 48 (nei), with FXN KO mice having LVM (P<0.01), and Inoraased mitiml
F/A 1atio va o0ontrols (pe0,01), yot no difarencs In systolic parameters, At day O8 (1wh), dinstolio
dysfundtion In FXN KO ls apparent by increased mitral §/A (p«0.01), Ussue Doppler E/E" (p<0.01), IVAT,
W Tiu (1) (p<0.01), and docraased 0Pl (pe0.001), Bystollo fallure s avident In FXN KO a1 day 65
(ned) with reduced BF, FS, +am (p«0,001), and KSPVI (p<0,01). To axplore the role of SIRTS, we
genermied SIRTRFXN KO mie, with lose of both SIRTS and FXN cardiao sxpreasion (“double KOT),
Doubde KO mice demonstrate & more severe funclional oarmo phenolype compared to FXN KO,
primarily in systolic parnmetens (Ned), with deoreased EF, '8 and BV (p<0.08), Loft vantrioular mass
and wall thickness were no diffsrent between groups. Interestingly, the double KOs wore more
BUBGAPIDe 10 slrens (surgery and acho), The double KO (Nell) developed obssity with higher average
Doy welght compared 1o FXN KO (24,00 va 21,49, p«0.01), Haart walght was unchanged, leading to
slabistionlly higher hear:body waight ratio In the FXN KO (pe0 08).

Conolusions Mitoohondrial protein hyperacetylntion s asscciated with abnommal mdlochondrial function
and oarly diastolic dyafunction In & mouse model of FROA hypeophic oardiomyopathy. Lose of
Gxpreanion of both SBIRTA and FXN results in & more severs oardiac phenotype and obeaity. Thia may
refloct impairment of the normal post translational regulation of metaboko proteine by SIRTA, We ure
ourrantly inveatigating the relationship between SIRTD activity, axpression, and aoetylation, nnd it
IMpact on heart lunation, which will provide important inaight Into the pathophysiology of MDA

oardamyopathy.
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Meohanism of action of 2aminobenzamide HDAC Inhibltors In reversing gene allencing
In Friedreloh's slaxin

Elwabatta Soragnl’, C, James Chou'*, James R, Musone®, and Jogl M, Qotteslely’

"Dearirmant of Col ard Motecutar Biokogy, The S Masearch netiute, US, “Medcal Unviimiy of Siih
Caraline U8, " HMepigen Comaration,

Losn of e sssantinl mitoonondial protes fralaxin In Priedroloh’s ataxia in due 1o haterochromatin-mediated
sdoncing of the nuclear FXN gene, Whila the maechanism whereby expanded GAASTTC nplel repeals i the
fent intron of the FXN gaoe induos heterochromatin has not been fully established, hstono postiranslational
modifications near the ropants and at the FXN promotar ara fully 00nsistent with an epigenatio sikenoing
mochaniam. Our laboratory has generated palient induced plunpotent stam oull (IPSC) lines, and we find
hat IFSC.darved neuronal celle recapit heterochromatin signatures and FXN geno ok first
Kantiflad In patent lymphald oslls and Mroblasts, Provious studios idantitied a olass of small m o
stona deacetylase (MDAC) inhibitors that inorense FXN mANA tovels and frataxin protein m patient oolls,
MOouRe maodals and In the F AOUrONAl Oells, We find that only &-aminobenzamide HOAG inhibitors that
large! the olase | HOAG snzymes (HDAGS 1 - 3) are active n moongz FXN oxpiansion St
anuloge of the active HDAC mhibitors ihat seleotively targel either HDAG o do not show aimiinr
INOFOaBON i1y FXN MIANA lovels, Chromatin ros | 10 that histone M tysine 9 s a key fesidue for
sdancing through methylation and hon INrongh snstylation, mediated by (he HDAG inhibior,
MovﬂmlbmythbonumtdoHDAOhWﬁmeomlmﬁa‘mahaPhuolb
clinioal trial in FIOA patienta, Drug traatment inad 10 Inoreases in FXN mANA and histone soatylation at the
FXN gone in paripheral blood mononuolear celis In reated patients. As in the neuronal celle, ncreases in
histone MY lysine O acetylation paralioled incrensos in FXN mANA. Intarestingly, the conoentiaion of drug
required to INduce epigonetio ohvu I newonal vells s oomxumm 16 the exposure In patients required 1o
observe inareases in slono scelylation and gene activation. Whias the 2-amincbenzamies an promising
therapeutica for FRDA, turthar devalopment of this oompound clase will be necessary 1o identdy moloculos
10¢ Oheonio wee, Wa have axplored the moechaninm of action of this compound class and our of )
idantity Improved molecules for future chinioal study will be summanzed, Additionally, by interrogating
Miaroarray data from neuronal celle treatod with inhibiors of diferent specificity, we idantity two genes
ancoding histone macroMRA (M2AFYS) and Gromap ing Nnger 2 (PCAER that werd spacifioally
down-ragulnted by W nhiitors largeting HDAGH Y and D versus the more soloctive Inhibitors, genes
re ivolved in tranacriptionnl represaion and we apoculate thel nvolvement in FXN gene silening, Ow
roautn w:.l.lqm 0N the meohanism wharshy HOAG inhibitors inorease FXN mIANA lvels in I
NEuronal oells.
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BI-FA (TAT-MTS(68)-Frataxin) exhibits promising potential as a proteln replacement
drug candidate for Friedrelch's Ataxia

Hagar Gralf', Hayas Lorbarboum-Galakd, Daks Moglddo'

" Iobiast Pharma Lid, inreed, | The Mobrew University Medkoad Bchoof in Hadessah, ivmel

Riobinst Prarma s o olinscat stage company foous on developing multiple drags for i disenses
Miotlast's mitouhondial Protein Regplavsment Thaiapy (mPRT) platfonm m based on o novel fusion
protein, compesed of o delivary molaty that containg TAT (sn membrano cemior) amd miochondrisl
transport-aignal (MTH) that anables cleavage and anchorge in the miochondria, funed (o o therapeutio
raplacemant protain, MY angin (s aither homologous (native to the protein) or hetarclogous (taken from
ANOINGE MUOORONANAL pIOaIN), THIE PRI (8 Gurrantly Wy praclinioal develapment forn two diseases’
Fowdrsioh’s Alaxie and Omihing Transcarbamyluse Deficienoy,

In vitro studion conducted In collaboration with #rof, Haya Lorberboum-Qaleki (the Hebrew University
Maioal Bonool in Hadassal, Joslom) demonalratod Ihat our unkiue fskon proten - TAT.
HOlorologous MTEFXN < had botlor boaoteral axproasion, Nigher cells ponelralion In pationt’s ool Bies,
more sifcient iMemalization into the mitochondrin and conseguently batier mitoohondrisl sctivity, ns
compard 0 TAT-homologous-MTE-FXN. Indeed, the recombinant fuslon proteln (BO-FA) contsining the
Iurman miboohoodinl citcabe synihase MTS (TAT-MTS(0n)F XN fusion proten) intematized suoossshully
il the mitoohondtis sd demonsiialed inoressed Aconidase aolivily i several paBont's ool lines

In ninal wtudion, following biweakly administrations of 100 and 400pg DO-FA (TAT-MTB({on)-FXN) for
21 vy, DUEEA fumion probein was show o inbermnlized (o e sdtoonondos of FA mios model
(FVILD0 T (F XN Swen Frnbm IRV, aka “Sarsnrg” model) The iteroalized prolein was progsessed
mitoohondrin of ankmals from day 4 and signfioantly increpsed mitoohondrial funobonaity in the hearts of
21-dayn tronted animaln, Additional studien are currently pardormed In the well.charactarzod condtional
mouse modal of complate Frataxin delotion n cardiao and skelatal muscles (Mek-CreFxnl. VL mice,
RO TPUO0M" IOel) whkon demonstraton most faatures of FA aamiomyopatiy

In conclusion, BE-PA (TAT-MTE(cn ) rataxin), axhibita promising polential an o protein replacemant
g Canadmie for FA. Oud findings offer o new platton 1o protein replacement in the treatmaent of
VOROUS GONto MIGONONAAal Metabolo dsordars ohainolenzed by defoenoy of @ funotional ontioel
protein, disosses which currantly have no oure.
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The neuroprotective and neuroregenerative propertios of bone marrow stem cell
mobilising drugs In Fredreloh's ataxia

Kavin Kemp, Nell Scokiing, Alaatalr Wilkina
Cniveraily of Weindod, Ut Kinguhon

Doapite the rge amount of fessarch Inlo pathogenio mechanisms which operate in Friedreioh's stexia,
ol the prosent time, thaomples show little abliity o protect nerves specifically snd no capacity to promote
nouroregensmtion. A lnrge body of expedmental ovidence, Including our own, ha indioated that bone
MATOW-arived stem and progoenitorn coll populntions show herapeublo (romise. Thay represent s osl
ey 1Nl In By 1O Dave & fonl iopact in neurokogionl diseases and ey sol vie mullipbe msohenisms
which sre parbioularly apponiie (0 o disesse suoh s I iodreioh's slexie

W harvee s fOrmmncd i winrlos Of axpariments showing that the Hone mamow stem oall motieing dnigs
(rardocyte oobony stirulating faotor (C-GHE) and stem oull fTaotor (SCF)), dmpliny siiong
neuroprotective propedios and solivate cell survival pathways in mature nourons and in caelis dorved
from pationts with I'vledroloh’s ataxia. Furtharmore, the administration of both GBI and BOF In the
YOOR mouse modal of Fredralch's ataxia loads to improvemant 0 the newological phanatype
ARROCIANG WIth Ihe iaaana, MIGO LOatod over @ sl MONTN PO show SIGNINGRNT IMovements in
MOIOF PhanOlype using a0 scosserating rolerod, grip strength, siring teel and open Neld, when compared
10 unbrested conlrols, In sddition, using bone muerow irensplantation In the YGOR mouse model, 1o
ootablish bone merrow chimma mice that stably sxpress both enhance green furossoent protein
(EOFP) and ‘normal’ coples of the frataxin gene, we also show Ihel GCSF/SCE traatment shimubeles
DO IATOW N Colls Garrylng the 'narmal frataxin gone (o emtes (he poripharal olrouletion med
Subsagquantly migeate Ihvoughout the centrl nervous systom (Including the domal rool ganglia,
cermbalium and spinel cord) where thoy co-axproas either nawonsl or ghinl cell markers, providing & link
10 functionsl motor recovery.

I summary, our studios have provided novel and fundemental insights info the ways in whioh nerve cells
n I'oiedroich's maxia oan be protected or replaced and thelr survival prolonged with the adminiatration of
atomn onll moblliming drugs. We have also shown that the Inducad migranon of BONG Mamow-Aarvixd (ol
W0 the CNE Gould INO0ad serve a6 & 1000 10 ald 1he delivery aulthy donor oells and/or frataxin genes 1o
silas of GNE Injury. We therefors propose el administration of stem ool mobllising diags may huve (he
potential to ba developed Into a simple, non-dnvesive and effective neuroprotective und regenerstive
tharapy in pationts with Froiedisloh’'s staxin.
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Srabllization of FXN mRNA Using Oligonucleotides for the Treatment of Friedreloh’s
ataxia

I"atih Qzaclak, Kamaloet Bandhu, Susen Wood, David Bullough, Jim Basoum, Paula Lowie
RANA Thempeution, United States

Frodraion's maxia (FRDA) in a recosaively inhented neuromuscular disorder (hal arises due o collule
AOPIBON OF trataxin (FXN) protedn and resuiting defects in mitochondrial functions. The protsin coding
HOQUONDO OF IFXN W NOMal I Ihe magorty of FROA patlents, suggesting hat upregulation of
ondogenoun FXN axpression could be an effective Userapry. Tha ot comimon moleoular oause of this
dinsase s the sxpansion of GAATTC tripket ropoats in the first Intron of FXN gene. Nepoast axpansion
Deryordd m oertain threshold causes defocts which reduce FXN mIRNA and protein levels. DNA-DNA and
DNATINA interactions formed in e bong Wpkt fepoat stotohos, defects and alterations In aphicing
pattarna and the formation of o hoterochromatin ke struciure G among the potential Gauses Of repil:
Induced FXN sllancing. We developed a novel oligotherspeution-bused sratagy 10 upragulste genes by
1QOUNG MIRNA and reglons, This stoategy ey involves soting at the post-transoriptional level and s
Uwarafore independent of AAA rapeal induomd meohasistio ohanges snd dufects. We applied thin
mrategy 10 FXN mINA and observed signifioant upragulation in both FROA cells in vitio and in o FROA
mouse moded. This oligonucleotide-based tharspeutio approach ropresents & novel stralegy for e
roatment of FIROA aod othed human diseasos.
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Therapeutic strategies to prevent the ublquitin/proteasome-dependent degradation of
frataxin

Y2 favia Forunt' ', Manios Beninl', Frsncesca Qavallo', Ivano Condd', Gabrelis De
Murting’, Quayiano Incant', Bamians Seigo Massaa’, Glulie Alfed!’, Glorgln Alnima', Aimerinda DI
Venere', Florence Madean', Dano Bero', Nobero Tesi"”

" Lavormtory of Signal Tromsduotion, Department of Blomedionss and Praevention, Liivaeslly of Kormm “Tiv Vergain®,
Ualy, ' Fratagenn Theeapeution Lid I, * Onpariment of Expesnantal Mk and Suigery, Univenity of
Raovma “Tor Vivgata’, Maly

Frataxin lavels oritioally affeol anset and prograssion of Foedosch ataxia. Our therapautio approaches
wro tharafore simod at incroasing frataxin levels. This 0on be In prnoiplo aohkyvid by Increasing the
tranucription rate or by interfering with s degradation. We previously discoverad thit @ signifioanm
Amount of frataxin Is degraded by the ubiquitin/protessome system before it reschas mitoohondrie and
W NN the Gritoal isuitination st on frstusin. We then described the thempeutio potential of
Wl molsouten that inoreane frafuxin levels by dooking on the frataxin ubsguilinstion site, this
proavoenting fratnxin ublqudination and degradation. We osliad these compounds ubiguitin competing
mokecules (UCM). Through an lerstive process of computational docking, chamical aynthosis and col:
bansad funolionsl aasays, wi identfod a set of compounda that efficlently promote frataxin accumulation.
Theoo compounds direotly Interact wilh fratnsdn and provent its ubsquitination. Most imngonantly, ek
compounds are able 1o promote fratmedn sooumubetion wnd Boonilase resous in patenisduived onlis,

stiongly suggesting thel therpeutio potentisl.

In light of those rosulls, another alirautive herapeutio stratogy 10 INGIeAs frataxin vels woukl be the
inhibetion of the enzyme reaponsible for ite ublquitingtion. To ieniily e frataxinapecine K3 lgase we
porfarmad o sIRNA-based functional screening of an B3 ligase-restrioted siNA library, lrgeling mom
thay 600 diffarent genes. Koook-down of the fratadn-specifio £3 Bgase s expected (o result In the
acoumtintion of fratawn protein. Thiough Ihis sormening grocedui we isolated one gens tht
conmimently promotes frataxin sooumulstion whaen s axprossion is silonoed in oelis Impotantly
alancing of thin gena Induces frataxin acoumulation also In fbroblants derived from patients. Moreover,
the overaxprenaion of tha cormesponding cONA, but not ite catalytic innctive mutant, promotes frtaxin
Ublguitination, This gene may auloally Go0o For e anzyme responeitie for fratuxin ubsquitination and
may reprosent o novel thempeutio turgel for Fradmioh ataos.

Together our datn Indioate thst the atrategy simed at provanting the ubikquitin/proteasoma-depandent
dagradation of frataxin hos tharapoutio polential for FROA
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An AAVE oodlno' for frataxin olearly Improved the symptoms and prolonged the lite of
Friedrelah ataxia mouse modeln

Catharing Gorard'. Xino Xino', Mobammed Filal’, Moo Chapdalane' Mare Arsenault’, Jacaues P,
Lromblay'

 Comiton oo Recnrche o Oavitre Moapitaler Univoritaire do Queboo and Daperimen of Makamat Macine,
Faciuty of Modecing, Laval Universly, Canwa, * Divistan of Misewitar Phnmaveution, UNC Eaboiman Schoo of
Piaermacy, DB, * oo de rooherohe, Insdiul iiversiave do oaaokoge of de preumologi de Quében, Gunm

Iriadroloh i (FIROA) is @ genetio diseass due (0 inomased repeats of tha GAA trinucleotide In intron
1 of the frataxin gene. This mutation leads 1o a reduced oxpression of fataxn, We have produced an
AAVE codling for human frataxin (AAVIEAFXN). This AAY woa dolverod by na-peritonaal ijsction 1o
young condibonally Knookout mioe in which the frataan gene hid boen knocked-Oul In some Besues
during embryogoneals by breoding hem with /mioe exprassing e Cie recombinase gene under the
MK o tha NGE promoter. In the Hret part of the study different doses of vieus (Lo, 861011 v p. 1o x 108
V) ware st from in NSE-cre mice, Al donen led 10 an inorease in e spantiime of the mice. The
Mg andd thes lowst dose were also lested in MCK-cre mico. A single adminimtretion of the AAVE-KFXN
W Ox1019 v p. more than doubled (he We of hese MCK-0re mioe, In fact the MCK.cre mice troated with
the AAVE-hI' XN wore saarificod for furthor molocular ivestigalions at the age of 20 weske without
npparant aymptoma. Kehography analtysia of the heart function clsrty Indioated That e carding systobo
NN was DOMOS prosarvad (n the mics thit received Bx1011 v.p. of AAVERFXN, The hirman frslasin
protoln wos deleotod By BLIBA in the heart, beain, muscles, kidney and liver with the highar dose of virus
in both moussion models. Thim gene iherapy with an AAVENFXN s & potential treatment of FRDA

i wirk wan supported by grants from Ataxie Canada and from Associstion Frangise de FAlaxie de
Friodreioh,
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Bro Inhibitors modulate frataxin protein levels

Fabio Charbint', Dano Sena', tlana Guocinl', Sitvia Fortuni' *, Gastano Arcun’, ivano Condd',
Alossandra Nutinl' *, Bhadman Moiz', Sorena Camean!®, Maoo Crasoena’, Robaita Test' *, Mo
Mallsan'

" Laboratory of filgnad Tranadhaction, Departmant of Nomedkosma and Prevennon, Universdy of fome *Tor Vorgata”
Ny, " Prataguime Thivapmins (N ik, " Daparimment of Coll gy sl Nevosoloves, Nban Natons)
Ittt of Mealth, ftaty

Daloctive mxprossion of frataxin is responsibie for (e inhedled, progressive degensiative dinoase

I rindraich's Ataxia (FHDA) Thore (s ourrantly no effective approved reatment for FROA and polients die
promaturely. Dofoctive frataxin axpression cousen criticsl metabolic changes, including redox imbalance
and ATP deflclency. Since these alterations are known (o nativiste the tyroune kinase Sro, we

INVOS I ata whother S0 Mg in W affect frataxin exprasakon. We found that frataxin oan be
Phosphorylsted by Bro. PHosphorylation ooours primenily an Y 1IN and peomates fratasin ubioquitination, »
wgnal for degradation. Accordingly, Bro iInhibiors induce acoumubation of frntaxin but are inaffective on »
nonephosphoryintnbibe frataxin:Y 1 10F mutant. importantly, all the Sro inhibitorns teated, soma of them
nlrendy 1 the olinko, Inoreass frataxin axprossion n frataxin-dencsnt colle donved from FROA pationts,
Thus, Bee InhLIO SMorge o o new Ghass of drugs abke 10 PAOMOTE Trataxin ROOUMUIBNON, BUGROKNING
tholr possible use oe therapeution in FROA,
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Biomarkers and functional measures



Inyied Spenker. David Lyogh (University of Penosylvanin, USA)
Blomarkers In Friedrelch ataxia

Friedroich atmxin (FIROA) in an sutosomal recanaive ataan with aarty onset reflacting the deficlency of
funauional frataxin in celis, As muoh s undeistood sbout he mechanisms of disease in FROA, many
HOONES wiu i Inerapetio dovelopment. This process woukd bae sided by development of blormmskems of
dinenne progression. This prasentation will raview o series of anatomical and functional blomarkar of
mmmocmm.
Physiologion! snd snstomionl blomarkem are cruciel for assesament in FROA, in particular defining the
A0 OF NOUOIOGAA AtIlTn and I GIUOMINME OOMPONBNTE OF 0ol 0B IIMaging studion Rave previously
used M| of brain and spinal cord to idantify coll loss and other anstomie changes.  Modalition like
cohmrencs fomaography can be 0l thr ratina salactively and detalled physiology
BEP, DAEN, LIBNS olo.) maybe useful for ng abnormal neural proportios earlier than olinkal
avaluation, Howwver these ms do not reves!l ahangoes 0 the pathophysiologionl process at el
umm ml‘mm DIOMAem oF DAOPIysIoNgY M Neooskary Tor ausussing e oot of
Al the most PO sl Ogcas bevel cmlivlag ratanm bveds roviie s un Dilewninthr 0 FRDA
Frataxin dofclenay oan be moessured In o variely of heral tissuos, and lovels cormolate with the GAA
rapeat length on the shorter allele, Most point mutations in FIROA ntao give fise 1o Kwer levels of frataxin
protein Fralaxin levels o 10 D conslant over 1he ooumse of the diseass. However, (he degros o
which lovels in una Honue efiect lovals in affectad tusues (s uncloar. In addition, assassment of
frataxin be Lsaful mainly for theraplos desigoed (o raise fralaxin lovels, and s withoul benaefil in
nnonumunt of downsiresm pathways
A nacond approach 18 1o examing Matabollo dysfunction oreated by frataxin Genolency. SUch approschens
voull soncenirale on levels of Krobs oyole inlermedialon, or othee kay metabolic spocies. LUning mess
npoaciromatry based sppronches; these messurements have the potential 10 be extrmordiniily senitive.
TRy WOUME DO GO MO useful It ey GOl b GOmBbioed with anatomionl (esohiion 1o oroale novel
maging modalites. Collectively, thesa finding llustrate tha need for o diverse afort In blomarkoer
crvelopment in FRDA wivile ety seisitive 1o e tmedd for aficient use of resourons 1o identify thi most
unelul ones,
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Platelet blomarkers of metebolic disturbances in Friedreloh’s ataxie

Andiraw Worth', Bankha Basu', Biio Deutsoh', Wol Ting Hwang’, Nathaniel Snyder, David Lynel, (s
Qo'
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Filedioion's wluxia (FNDA) in w horitable diseasa oharaoloriend by spinocerabolinr degenerntion i
oordbmyouﬂvy.mmw«mnmommmwbhmommmﬂmw.
Donpite thin knowledge, the inslibty o acooss the highly affected neuronal and cordiee tmues has
hamparad matabolio avalustion and blomarkor development. (n this Sludy, wo Used platelets from
Pastnts with FRDA coupled with liguld-chiomatography - mass spectronalry methodology 1o assass thek
ummnmmmmumommumwmmmucw
Imotpologues wasockited with mitoahondrial metabolism. Our findings reveated that pdatelets from FROA
patiants (7=10) had divinished relative incorporation of ["Cy) lucons into the Krebs sycle through
WCMMWMMMUdM(Mm). In addition, the docroane of labeling INto soetyl
COoA showed o nogative corralution with GAA rpeat lenglh (1" = 0.30), & known marker of disease
soverily. Thin in connimtant with studies thet have shown diminished pynivate aadation in FROA. In
mmmbdmmm.mm-mmmmmmmumym
ThhwumdwummmhbeyMDAMMMQb'Mmdeﬁmw
(PHI-COA aned Dhyddromy-S-muthyb-glutan (MMO)COA 1om ["G ) palmitate in FROA platelots when
Compared with controls. In contrit 10 tha [ “Cu)-gluoose-derived noatyl CoA, tharm was & posiive
Md("ommmmmwwmmw-o.mmnm
dwmmmmmummmmmmmwmnmumw
Qenarsie uontyl GoA, which can then onter Inlo the Kb oy, Conmeguently, siterations to ipkl
MnmmamymmnwmmmmoMuMMMMMOwﬁm.
Takon togather these resulis FIROA platolots axhitit o diminished capuodty fiv oxidative
phosphorylntlon, s decmaesed | Iwcoue labaling Into acatyCoA has boen shown 10 0oow In
roaponie 1o pharmmacologlo lnhibition of mitochondnal complex |, Furthermeors, our previous el ol
ummmmmmm\mmommmmmmmnm.
BUppOAing the notion that k! breakdown plays sn IMPORIN COMPENRAONY fo4 I s of
mitochondrial dysfunction ¥inally, genoration of o recsver apersion oharaoteristiio (MOC) curve
COmbining dacrsased labeling into acetyl-CoA from |"*C)-ghumme logether with increased labeling ino
NHI-CoA from ("G lpubmitato revealod an e under the curve of 0,90, Thevefore, our faiings
domonsirate that platelets can be used as o surrogete Hssue for in vive metabollo studies and lnd
Inmight into metabolli defeols in hedteble mitochondrial and matabolio diseases such as MDA,

Supportedd by Penn Medicine/CHOP Erodraioh's Alaxie Canter of lxostence and NIM (Hants
RIINSOUTIAY and TIZESO 100481,
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A lononudlul study of the Friedreloh ataxia iImpact suale
Matin Datatyah' **, Gannlove Tal', Eppie Yio' %, Louse Gorben' *

" oo Lafroy Cuntre for Gunths Huaith Massarch, Murkndr Chikang Ressaed naithie, Austraia, vmmm
Payohologioal Soisevm, Faoully 0f Madkibr, Mrsig aid Haah Scenoek, Monash Unwersty, Austrads, *
Dwpartmont of Pasatron, University of Melbourne, Austrai, * Deparimont of Neveoigy, Neyal Childenn's
Moapital, Austrada, * Dapartrment of Cheioal Gonelive, Ausiin Hiath, Awlraii

Background: Quality of ke in Friedralch ataxia (FRIOA) hes boon explored using vanious Qeneno neaitn
slalus measumment tools, moat commaonly the hort Form Health Burvey Vorsion 2 (BIF30v2) The ool
died not addrens Many Spe0if Issuos related to disease Impact in peopie with FROA. The Friedreich
Ataia Impact Soale (FAIB) wis dovelopad 10 examing olnloally ralevant areas in FROA, The aims of the
currant study wore to assess the relationship betweon the FAIS and clinioal ohnraarision of FROA, as
wrll s b0 determing the responaiveness of the FAIB (o change over one and two yesrs

Maothods: One hundrod and four Individuale with FROA agod ot loast 1H yoars and homazygous for the
QAA axpansion in indron 1 of FXN, completed the FAIS ol buseling, Beventy individuals completed (he
FAIS again 12 monthe lster und 40 comploted the FAIS st 24 months. Glnlonl parsmetens and
NOROIOQK wodles (Frindmioh Ataxin Riting Scale (FARA)) were alko recorded

Tha FAIS comprises 120 tems grouped into eight indepondent subsonies, messuing Hiea amsas
identifod an boing ciinioalty iImportant 1o individusie with FIROA: 1) aymploms, 2) physioal funotioning,
ANd 3) payohologioal and sodlal impact. Symploms encompaes speech and body movement. Tha FAIN
Wins migNed 10 Do Lmod Togetiver with curent olirsossn-administermd rting scales 10 aaptuca the true
haaith impsct of FRDA

HOORman’s rank conelation coafiiconts ware utied 1o correlate the FAIS subscslon with disense
poramelon, hoss MO0 o ol distase anset, dissase duaton, GAAT and OAAZ ropoest slzos

I riodrolch Atwdn Matng Bosle (FANB) soore. Thi PAIS subsaales wern abao oorrelated with the Physiosl
Component Summary (POB) snd (he Mental Component Bummary (MGE) of Version 2 of the 5508
Responsivenass was axamined by measuring the change in median subscale scoron uning Wikcoxon
wignad.rank losl batwoen basekon and 12 monthe, and betwoeon baseline and 24 monthe.

Roaulta: The tolal FARS scoro, onuet nge snd disemse durabion correlebed signifoantly with FAIR
subsoales maasuring symptoms and physical functioning, Ther were no signifioant correlations
Dotwosn GAAT o GAAZ epmil sieas and any of the FAIS subscales. Both summary moasures of the

B -0VE alwo correlated wall with the AL subsoalos. Speech was (he ONly subsoako that demonstrated
Algnificant change over one and two yeamn

Gonolusions; Thia FAIS provides valuabile Insight inta e perspective of individusin with FIRDA on their
houlth stutus, and s wn important measure of morbidity. 1 as, howeved, miled [esponsivensss 1o
ahange and its use In intervention studies s quastonable
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Abnormal brain function and connectivity in cerebelio-cerobral ciroults underlying
cognitive funetion In Friedroloh ataxia: The IMAGE-FRDA study

fan Hisrhing ', Losse Gothat”, Monigus Stagnan’ Govinda Poudel’, Esdon Sy’ Gary Egan®, Madin
Dolatyoht', Nalke Gaorglou-Karistianis'

" Bohool of Payohokoglonl Botenons, Monash University, Austraie * Bruce Lefroy Oentre, Murdooh Ghikkmng
Hoseaeoh Institvbe, Austeain " Dopmrtmmd of Mediouse, Monash Goversity. Aosteatn, * Monast Bivrnecdeal
Figing, Maoviash Linvernity, Austrmin

IrOAUGaNT WITNIN 6 DI, e pHINOIRT GOnsaquence of Foedmich ataxia (FIRDA) involves the
PrOgrassive degoneration of he dentate nuolous of the corebolium. Boyond olassioally reportod molor
and semmory symploms rosulting from demtate atrophy, there s Incressing ncknowlsdgement that some
degree of cognitive impalnment sl defines the groms phenomenology of the condition, In paiiculsr,
FROA havs et ansocinted with defiois in working memory, altention, snd cognitive contiol, prodesses
that rely on imact intersobions batwesn the catabellum and prefronial corabral oofices. Disruphion o
corobalio-thalamo-carebral connecivity may therefore undarlie changos to cognitive funcbioning in
FROA. Thin study examined the integrity of braln activity and connectivity within cerabelio-thalamo-
carubiral systama In Individduale with FIROA whala unaeroing & working (aemary task

Mothods: Twanty-nine individuals homozygous for o OAA axpanaion in intron 1 of FXN, and 34 matched
control panticipants undertook a functional Magnatic resonance imaging (IMIRI) protocol. Dunng
AGANNING, PAMGIPANS POMONMOD BN N-BROK WO mMamory 1ask with two lovels of cognitive Ioad. Task
AR GONSIST OF @ SO tial S1ing OF s, Sach proseniod viswally for B00ME and separaled by
1B00Ms. Tha owdoad ("0-Back’) condilion rmeqguired perioipents (o ndionte, vie butlon press, when »
pro<instructnd lottor appenred on soreen. The high-ond (*2-Back”) condition necessitated o button press
WO 10 CAMTONE Wrttor winn 10 saine s thist prosented two lettens previousty. To molate brsin
AOVAtONs rletad 10 higher onder cognilive prooassing, group dfarences (n e megoiude of (he IMK|
slgnal duning 2 Back performance wos contrantod with the O-Back condibon using gokd-standard
sintisticsl parameltric mapping (SPM) approsches. Corabelio-corebral functional iInermctions were
nferred based on the covarnbion of task-relnted IMIR) siganis in the cersbelium and the cembrum,

Nosults: Bohaviourally, there wers no sigefioant group difersnoss in machon lme or aror rsles whan
2-0nck wan contranted with 0-Back, The Imaging deta also showed qualitatively similer sreas of
functional activation across both groups; however, individuals with FROA showed significantly reduced
DN AGUVALIONS N GORNIVE regions OF 1he cemebelar cofex (1o, Lobule VI) and assodlated ceibl
QOAIORS, INCRading s artenor Insule snd atarsl prafrontel comex. Mareover, In individusis with FRDA,
the functions connoectivity between those regions wiss signifionntly reduced, snd normmul petheors of k-
relited connectivity dynamios were diminiahed, sn comparsd 1o controds. All results are statistionlly
AINIRGANt ot Tamily-wise oror oodmoted < 0 06

Conelusions: Those results provide evidence (hat cerebeliar pathology In FROA directly links with
changes In cerebrm activation and connectivity during working memory pedormance. Taken together,
this study suppodts the concepiualzation of FROA as o dworder of ige-sonle, spatinity distilted
sorabiral and serobalinr orowiry, providing furthar axplanation for the non.molor symploms sasooisied
with this dinoase
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MNS and diffusion MRI of the spinal cord In Priedrelch's staxla

Plotrs: Qi Honty, Jamos Joor, Dinoah Deekchand, Olane Hullsr, Kivlaf Bushss, Gulin Oz,
Cintigh | anglal

Univernity of Minnesota, LS

Furpose: Ahough spinal oond atrophy s « hallmark of Friedreion’'s ataxia (FRDA), there have bean vary
fow MR studion of the spinal cord In patients with FRDA and, 10 aur knowhkedge, 1006 using 'H MRS or
DT1 dhe 1 part 10 tochnionl challanges (W shim, matkon ariifin) Here, our objective wie 1o
Uharaotarize neurodeganemtion in aary stage pationts with I'RDA using ' MRS and OT1 of the spinal
oord,

Meothods: Wo studiod 15 patiants and 16 age-mnthd 00ntroks. All mensuremonts were parformoed on
Blomeons Trio 3T ncanner (Slomens, Eriangen, Gemmany). "M MI spoctrs (TE = 20 ma, TR = 8 6, 268
UVOIIGON) wore scauined using o modMed semkLABER saquonce’ In an 0 % 0 % 30 mm® voxel
ponitionsd along CACH varobiue Bpectra ware quantifiod with LCModel uskg waler as an inlermal
ratorencs, Diffusion MIRE st e G2-C) lovol wis soquired usng o /eadoul-segmented ocho-phanme
noduonon’ with 1931 1%, 3mm” resolution and with ooneotion of geometric and eddy curment
titortionn’. All subjects wee also assessed by the Friedreich's Ataxis Rating Scale (FARS)

Results: Pulionts had FARE scores avernging 46417 (mesn & 80, renge 10.01) and nge 2047 yours
(rnge 11:502) W obisarved 33% lowar NAA (p<16:0) and 32% highae myo-inonsttol (p«0.006) kevals 1
spinal vord of pationts v controls, ifledting neuronal demago and gliosls. Simdarty, traotional arinetropy
Wi lower in the carvical spinal cond of patients (FA = 0.4620.04 in patienta v, O 540 06 In control, p «
0.001), reflecting attaration of axonsl integrity. In apite of the nige diffeiences obsorved botwoon
COMIOIE and pationts, thore was no correlation between thess parsmetens and FARE scores on this
sl group of patients, suggesting that those changes scour vary eary In the disesse process, fruuilily
nvan bafors the appantion of olmieal symploms. The number of fibam, howsver, vorieladed negalively
with FARE, likaly reflecing spinel atrophy.

New results o bo presented at the ARC 2018 meeting: The second year of this MIR study (s fooumed
O 4) 12-month follow-up of patients soanned in 2013-2014; b) recruiment of wdddional waly wlage
patiente; and 2) nasassment of the procllon of MIR parameterns (lest-imioest) These dale wiv currently
oing acouied (as of Nov 2014). Tharefore the resuts are nol avedable for this abstrect but will be
avallable for prasentation st the mesting,

Conalusion: Thas s, 10 our Knowledge, the firt report using 114 MRS o D110 study spioul cord In
pivkients with FROA. Buoh mult-modal MRIZS moanuraments in the spinal cord miy yield further kught
nwmmumuunmwummwammmmmmmnumumw
ousons therapoutic officscy in clinkel ek

Refurwooes
(1] Chavis Gorab 2013 [2) Oz Magn Rason Med 2011 (3] Porter MM 2000 [4] Andersson Proo ISMAM
2012

Funding; NIH PATERBO 5004, NIN PIONSSO70400, FARA and BAARC.
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Potential neurolmaging biomarkors validated in Friedreich’s ataxia: DTI and functional
magnetio resonance findings
Matiale Vavia' ', Filppo Argon®, Klsa Patacohi', Andoas Nordso® ** Alberto Do Luos® *, Bmanuels

Huswo', Bilvia Piezighatio’, Gabrieita Papacella’, Kiike Brghina®, Ooein D'Angalo®, lens Onrrare’,
Androa Martioues'

" Bokentic Insttise IRCOS £ Meden, ConegtimnaPmve i Sobpo Reseah Contre, Maly, * Department of
Wurmen's and Childron's Hoalth, University of Podua, taly, ' Newroimaging Unit, 1008 £ Medoa Rosoarch
Inalifister, Ny, * Dwpmrtment of lfwematon Eogumecing, Laiversity of Pacdua, laly, " IRCER.Ospuniale Cana
SoWevo deda SoMeronza, San Wiovanid Rorond, Kady, * FUnotiona NaworonaWatkn U Ky Neasomusoutin
Dvsorihorn, Sowntie Insttule IRCCE I Mwdia, Haly

Dackground: Friedreich's ataxin (FRDA) s # progressive hareditary nauradegenarative condition
Cauned by an autosomal recessivaly inhented GAA repeat 0 1he FXN goane 10 I study wa s ool
msanuros ek mdvanome iaolography oombiosd (o funotionst MIREIMIE o explons while matter (WM)

vonneolivity snd motor dysfunction in s cohort of FROA patients.

Mathada: Moleaularly definad FRDA patonts (no17) woro ciinioally aseassod with 1he speoing ataxia
Noabon. Patlants and age matohed hoalthy oontrols underwent & nearolmeging study protocol on o 37
ML soanser thit inchaded advanced neasrolmeging DT and IR Afler the pre-processing, » nondines:
monoexponantiol modal was usoed 1o oaloulmte frectional anisotropy (FA), mean, radial snd axisl
diffunivity (MO, RD, AD) maps. NOon-paimmetilo voxel-Dased permutations wede peformed on e WM
MADG OQI0NG OF Lerant (ROT), ONMANMng ale and sox via & goneral lineas model (CLM) wih ool
IORnold 008 white oomecting for mulliphe tosts. An MR sequence was aogquired during o simple block

dosign Rnger-tepping task. Aler o standord pipoline pro-procoss, Intra- and intergroup GLM analysia
wore conducted, considering nge nnd sex visiniies and aiso p « 0,001 threshokl,

Nesults: Our 0ol inolded sarly onsel FHDA pabonis, moan age st omset 1008 4 5 08 (rangs 4.20
yoors), F/M: V04, moan GAA axpansion in the smador rapoat was 081,07 4 234,30 (n=16) and one
patents with o ainglo base pair deletion and 170 GAA repoust. Mean age ot sesosament was 27 02 4
106 yours (12:61), mman diseass uration was 1797 & 040 (4.29), The mean age of 1he 6ontol grou
Wi 200 AN ymanis ] M B F o Dot e voxed based and ROLDasod analysis altlarsd FA and MD
paramators wara consisantly found in the following four Contral Nervous Bystem sross: corebeline WM
(superior, madian and Infaror padunclon), long sensory-motor pathways (Coricosphnnl and kemniscoesl
Ryatom, Corobral pOcINclon), Muor oMU TS (apbaniam and 1apetum of e aomus oallonum),
e INAIAMIG ANd Iha Opio radetions. The NI dale were analyzed from 13 patients (mean age 30,05 &
176 yours) and 8 controle (moan age 24 .5 £ 3,04 yoars). The finger-tapping tnek domonatrastod
Intrugroup nctivation of the controlnteral motor cortex and the ipelisters cerebelinr comex both In patkents
and henlthy control. Intergroup nnmlysis demonutiatod o consmbant s significantly iigher oeiebellee
OO AOHVABON, Iy Gontrols compared o e FIROA patisnis, i parbioulee in e lobades V and VI

Discussion: We show that a comprahenaive MIRI protocol conalstently discriminstes FROA patiants
from controte. DTI changes in sebectad areus and ROLD signal In the camebellar ipsiiateral cermbeliag
COTI Iy ros it 10 o Slvaple molor bask show strong InNergroug oriminaiing powsr and mey prove o
b useful parschniosl disease markem. A longiuding sfudy s undergolng to exgors the senullivity of
thane Indicators 1o dimaane Progrosmson.
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Bennitivity of spatiotemporal galt parameters in Friadreloh staxia

Barah Mine" *** Darren Hocking®, Nalhe Gaeorgiow Karstianie®, Anna Murphy* *, Martin Dolatyeki* * ¥,
Louke Coen* " *

" Prymiotharany Department, Kngakon Conire, Monash Heaith, Ayatrain, * Bevon Loty Comire, Chivlewis
MUkl Hosoaol ishtute, Austrada, * Ofpn Tenmnison Aidine Ressaronh Conte, Sohool of Payohologion’ Soenon,
Lab Troba Linivarsity, Austrate, * MONARC, Faculty of Madiowne, Nuraing o Health Solaross, Monash Universiy,
A, * Clrosd Rosemoh Gunire R Movesran! Disonars & Clall, Kingwion Covitre, Manash Mealth, Austrabs, *
Cliniead Gavation, Austin Mealth, Austaka, | Monash Madioal Contro, Monash Homth, Auntrtte, * Sohoof of
Paychologiom Somnoen. Foulty of Medoine, Mumg and Hoaith Bolnces, Monash Lniversity, Austrado, *
Community Rehabitfation Progeam, Peler James Coodre, Fastern Health, Ausiroba

Frindrolch ataxin (FROA) s a0 sutosomal recossive dissase with avarsge symplom onsel belween 10
16 yours of nge. Initisl symptoms am ‘clumsiness’ snd gait ataxia, however mobility prograassively
dunlings and poaophe with FROA typloally beoome non-ambulant 10 10 16 yoars after diseaso onset L.oss
of ambulation has a significant impaot on quality of ke In peopde with FRDA, Thus @ mons
comprabanaive undemtanding of gait dysfunction will provide o botter besss T galing specino
tharapautio inarventions. The prmary aim of thi study wim 10 sxamine (the inferelstionships between
SpuBotamporal (ait aharmotenistios et diffemnt walking speeds and o mnge of ciinlonl snd disenee
ohirmotarisbion In indevidunis with FRODA Thirteen paogpie with FROA walked slong an 83 meter
OAITIUEM mat six timon sach of thalr prefarred, fast and slow speads. Holstionships belwesn
Apatiotemporsl galt parameton, vanabidy of spatiotemporal parameterns and o range of olinloal and
AIROO80 CHAracONaton wore a0 examined  Signficant cormelstions wore found between spatiotemporsl
QO OhREaOorNalon Gt Gaoh of tho walking speeads and Friedrch Alaxia Rating Scale (FARS) score and
dinonne durnbion. GAAY repeel axpansion positively oosmalated with doubbe suppos perosntage of e
Qnit cyole In mll spoed conditions demonatraling o relationship balwean the ganatio mitetion smnd
compenamiony strategles for impalrd dynsmio belance. Age of onset negatively corralntod with apeed
A vadann (n e prefored and fast speads, sugoesting that earfior onset of FROA has an effect on
gt maturation. Heel 4o hool base of suppont positively 0OMalatod with the FARS Kwer limb coordination
subsoale in the proformed (r0,.002), faat (=0, 500) and slow (r=0 B44) spead conditions, wivlst the FANRS
WP stabiity subscale positively correlnted with intra-individust varabliity of siride length in the
pesferind (0 870) vt fast (Mm0.000) spasd conditions. Thers were 10 signifionnt cormeistions betwaeen
(v FANE pariphiral norvous system subsoake and any spabiolemponsd gail parametes moasuied (n sl
npood condibons, Inckuding st show spesd, there wers correlations balwesn o range of spatiolemporasl
0l chinractaration and the timed 26 foot walk tost, & well-eatablished meanure of gait mobiity. This
sludy rovealn sovoral intermalationships botween spatiotemporal gat characteration and a range of
gonotio and ohnioal markers of FROA, suggosting earisr disease onset ipalrs the abiity 10 0ompsensute
for stability chnllenges in gait. Moreover, these ndings Indscets Ul spatiotempornal (il paramstens s
o wennitive meassure of gait decking in Indiwvidunie with FROA, und should be consdured for inolusion in
Inbervetion studies whitst participants are st ambiulent

P —
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Fatty acld oxidation s disrupted In the FRDA heart

1 Mack Payng', Grogory Wagnar', Amanan Stram’, Matanie Pride’, Angel Mamin®, Paul Tardto®, Gary
Hutohing', Malthew Hirmchoy'

" Dapt of Peckatrion, Indbana Lniversty Sohool of Medowe, U8, © Dept. of Radvology & bnaging Bomnees. Indana
Lty Boniomt of Mo, (8, " Depl of Mo, Dike University, US

Background: Fatty Ackd Owsdation (FAQ) supplien = 70% of ATI Gamancs in nomel hears, making |-
oxidation of fatty sckds a key metabolic activity to interrogate in the oardiomyopathy and heart fallure of
Friadroich's Ataxin (FRDA). Wa recently reportad the novel finding that mitochondrial protedne in the
Posiart froen e FIRDA animal mocksl beoome heavly sostylaled concuimnt with cadiag hypertiophy and
et Tatiere, st (his I paariially cavmed by nhibion of e NAD S depandent SIRTS descelylnse, We
tonted the hypothosis that mitoohondrial dysfunation in FROA lesds to alterad patiems of myoosrdisl
motabolic substrata utization, snd that mitochonanal protesn expreasson can serve as o blomarker of
(aann sovanty, Wa prodicted that the FRDA hoat praterantially utilizes glucose due to mitoohonanal
Uysfunction, s placing FROOA palonie o sk of Geath o oMty with stiossiul events. Wo used
oarding Positron Embssion Tomography (FET) o quaniify glucose und fully sold uplaks in FROA pallens
it controd hearts, and in FRDA KO and control mouse henrts,

Mothods and Nesulte: Mico ol 65 days of age underwent PET soan using 11CFalinitale and TRFDO as
tracor for FAO or glucose utitzation respoctively, FROA KO mice (loss of FRDA gone i saroomero
Hunuen driven by MCIC-Cra transgens) were significantly lower (p = 0.012) in paimitate utiization mie
(12.2/min, 4017, D) va control (19.7/min, 40.20, n=2). In contrat, FROA KO mioe were significantly
gt (= O.047) b glyoolytio rate (34,7 il i, 4294, n=2) than controls (22 .29 miig min, 4168,
ne) Exprassion of miloohondtial proteins involved in FAQ (PPARS, LCAD, MCAD) was not signifioantly
diffarant botweon groups, but hexokinase (glucone matabolinm) protein axproseion wos sianificantly
higher In FROA KO mouse hoart (p « 0,08). In paraliel with thoso stucdses, adult patients with FROA
(NE10), OF AW GONtOM (NEB), WNdarwant aona, sarum blomarker analysis, and PET soan with 110,
Pradritate wned TEFOC, Partial mattivanate analysis indioated hat (he FROA patients lad impalod ability
(O metabolize Tutty noics und gromter glucons ubiization than controls, Interastingly, serum faily sold
binding protedn 3 (carding FADRPD) was significantly slevated in the FROA patients (p=0 001), an wore
INARMMatory markers IL-0 (p=0 006), ICAM-1 (p=0.001), and MIP1a (0,013), Poarson’s corelation
vonffciont betwoon o7l and FABIES wan 0032 There wist 10 signifioant diffarende (0 systolo lunokon
by echo, not did GAA ropost correlate significantly ve controbs for markers or PET soan,

Conalusbons) FROA patinnts sppent 10 have inpaiied sbility 10 utilize fatty ackis for ensigy in heart, snd
him b confimad aming tha 1FHROA KO mouse Early blomarkes analysis suggests (hal inflammatory s
fatty ackd blomarkars have significant associations, and may be informative in longiudinal FIRDA
population studien. The clinical implications of thase findings are that FROA patients may reapond poorly
10 physiolonio stress, and therafore redquire addrmional metabolic suppon.
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Biologloal and clinioal characteristios of the Europaan Friedrelch Ataxia Consorthum for
Tranalational Btudies (HFACTSH): crons-sectional analysis of basoline date

Jora 1, Behute" ¥, Katvin Reotz" %, imis Dogan' * ¥, Ana Gonta"?, Manuel Dutotakis’, Kathiin
Fadosoy'. Paula GIUNE, Michasl M. Parkinson®, Mary G. Siweonay®, Catarinm Marot®, Marts Panzor,
Lovenzo Nanott, Juvier Arpa’, ene Sanz-Osllage’, Aoxandra Dur®, Parrine Ohartan®, Bytvie Boosoh’,
Woltgang Nachbaue®, Thomas Klopalook™ ', van Karin', Chantal Depondt™ | Jennifer MOBor vom
Hugen ", .l'vmiuun ohoin™, llarin A. Glordano™ **, Thaman Kiockgothar' ™, Katrin Birk™, Mansimo
Pandoio

" RWTH Anchon Univarsity, Garmany, * JARA « Tranalations Bk Mediolie, Germany, ¥ Inatiiatn of NeNOSMNCO
et Mischoine (INM-4), Rosoaroh Conter Aol Geodd, Witisn-Jofvien-trallo, Germary, Y UCL natitte of

Inatite, University of Murih, Gevrmany, ' Clarman Gonter Rie Nauradwgeintive Dissasas (DZNF), ormany, "'
Laboratory of xperimontal Newology, Universind Libe de (nietos, eigium, 'Horie inatibie for Clnical Dewin
Rosaanl, University of Tobingan, Garmavry, ™* University Hosplel of ann, Getany, " Gorman Genter ke
Nrodegenorative Disaases (DZNK), Germany, "*Philipps Univerily of Maturg, Germany

Nakground I'riadroloh ataxis (IFRDA) 16 @ Fare BUIOROMA ossaive neulodegenonmtive disorder, We
umnnummwmmwmwnmwwmmwwmmnunm
prospoctive FIRDA pan-Eurapean delnbane megisiry.

Mathods within tha Buropesn Friedmioh Ataxia Consonim for 1 ranwiations) Bludies (EFACTHA), we
assonsad o lnrge cohor of genetioatly confirmed DA petients. Tha primary Oulcome moasirie was t1he
mmwmmmmmtm;mmm-mwmmm
ryverbory of Non-Ataxin Signn (INAB), he poctormence-biwed coordination test fipinocorabollar Ataxie
rumn-llndu(“Nl).ﬂwmmomeMWmdmﬂlydlhmm-
nctivition of dally living (ADL) and EQ-80. Ths FROA oohaort wiss subdvided 1o thive age of aneet
roupn: oary-onaet (% 14 years), nteredinte-onaat (16 to 24 years), and late-onsot (= 25 yoars), which
WOre COMPANna with respect to cinionl charatenition and outcome Mensures, Linear regrosnion
mmmmuonmummmummmmwmmcdem
duration. indings We ervolled 502 gonatically confinmed FROA patients batweon 16 Bop 2010 and 30
m-ﬂoudohmuu!ym.Aooofmmwulnwndyoovmmmommdwwu
M..a.mmmmmmmmmm-ommmmum
mmmhdnynwnddmwnwummmwm(m).muymu
(80%)“1‘0(20%).mmwMMMMﬂMMMuWA
NOAFL INAS 80 woll & ADL, with mofs sevora Impatrmonts i oarly.onsel patikents compared fo
mmmauum.mowtmmumummmwmmm
ansuren, wiile verbal fuency parformance showod smill o medium correlations. Regaanion analynon
m»mnomnwmmwmmm.nmmm(i.uw.nm»w
WMMum(l.ww.”M).Mmmmmuhlwulnhom-omol

highar GAA repest Isngihs and o mofe rapid dinenso progession. ha differantial eatimated progresslon
'mdmmm-mmwmmmwmymnwmmummowm
Irimd comigpom, for wivioh wmwmwomwm-mwmmommmn
FROA Outiook The 12-manth longitudingl datw are ourrently snalysed and wil also be o b
Funding 1'P7 Grant from D Europesn Commimion (HEAL THFZ2 2000 24210)).
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The views of Individuals with, and parents of iIndividuals with Friedrelch ataxia regarding
prosymptomatio testing of minors

Qoorgln Lowe" ?, Louiss Corben' *, Rony Duncan' * *, Graoce Yoon®, Macin Delatyok' * **

" Murih Chilns Kesearch brslitute, Austratie, * Dagpactiman of Pasdalios, University of Mo, Ausiraie, *
manmm Mononh Linvwarsity, Auatraia, * Cantre Ry Acklescent Moath, Royal Omiren's
Mot Auwiratia, ' Divinions of Newolagy o Clinkwl and Metabole Gomtios, Howpiel foe Sk Chitdr wid
Univanimily of Tovonto, Canada, * CRwar Goneton, Ausiin Hmalh, Astrain

Fridrmioh alaxia (FIRDA) s an sulosomal reosssive neurodegenerslive disorder charmolarised by
vartable age of orsel, with no fresiment proven to alter (s natural history. Biblngs of Individuals with
FROA have o 10 4 risk of daveloping the condition, rasming maues around genetic tasting of
ARYMPLOMAanic minans, Currently, oo i & laok of profasesonal CONKeNALE 8Na IMROE GmMpl sl sviianos
1O 00RO Provision O tafusael of precaymplomatio lesting for FRODA. This explorslory study almed (o
snourinin the opinions of individuals with FROA snd perents of Individusie with FROA regarding pre-
nymplomatic testing of minom for the condition. A qualitative research spprosch Using semi-structurnd
(rmeviwn wind thematio snalysis wiss emphoyed. Interviews with ben individunis with FRDA, s ten
pevonts of individuale with FIRDA were contuotod, moorded, trasonbed and annlysed. Four key findings
omerged. iwal, o number of arguments for and againal teabing minom were idenified, Becond, strong
nupport axiuted from parents about the parental right to teat thosr at-riak immatume children, however
Inchvichania with FRDA ware of mixad opinions. Third, mast participants feal it ls not the alinlolan's role o
vk i Tl daoislon about whathar Weating oooum. Finally, & speoiiio issue of Gonoem reganding leeting
warl what sl whan fo tall aborisk ohidren about the Test rasull. This Rndings from this study Highlight the
dilemma of how 1o manage the desires of some individuals and familios afected by FROA to scooss
tonting, whon thare in o lack of professional consensus dua 10 differing opinions regarding autanomy,
confaantianty and mak af Ramy, Furthor ompinont rosoaon megeriing the Impact of such teating and the
Vs OF Gl mk InaivaTuade o Olndciens b rogquired o0 an apEropriate Tremawork Tor dealing with this
CONeNBous o s developed,
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Roversing FXN m sllenolng in vivo In humans towards a dlmumoﬂhi’no horapy?

Vinoanzo Libn', Ginangle Yandim', Sathij Nagewasharan', Stavios Athanasopoulos’, Naomi Loyse',
Thasini Natavil', Pl ik Law', P Kol Ghan', Tang Motarmimad ', Mata Maud', Kin Tung Tam',
Jumus Laolpor’ Plpar Bophie', Avavind Ramaesh', Mahanl Parkinson”, Lies Huson', Packa Giunk',

Righard Featenateln’
" lnperml Codege, UK, " Univwmity Colege London, UK

BaoKQround! Fradmioh's ataxia i6 & progrosaive deganarative teorder oausad by deficlency of tha
fratocy protein, Expanded GAA rapeats within inbon 1 of he fratasin (FXN) gone Kdad te ts
hotorochromatinismtion und ranscoptonmt silenciog (Savebey of o, Natue 20008), Preciniont shodive
have shown that the histone dencetylase inhibitor icotinamide (vitemin B3) aun remodel the
Ptnosogionl sterochiomatin snd upregulate sxpression of FXN (Chan ot af, MG, 2010) We almed 10
annons (he epigenntin snd neurologioal affects and safely of high doss nootinamide In patients with

I riedraich's nlaxia. In this explorsiory, opendabel, dose escalation study in the UK, male and female
pationts (sged 10 yourn or okier) with Friedreich's ataxin were given single doses (phase 1) and
rapaated dalty doses of 2.0 g oral nieotinamide for & days (phase 2) and § weeks (phase 3). Doses
wile gradually esoalatod duning phuses 1 and 2, with nadivicont maeimnim okerated doses used i phase
3 The pesmary outoome wes the upregulation of ralaon expression. We also sssessed the safely and
tolormbility of nicotinamide, used chromatin immunoprecipitation to investigate changes in chromatin
sructure ot tha FXN gone looun, and assessod the affect of nicotinamide treatment on clinkal acales for
Ataria (LIDGA ot al Lancot 2014) 10 adaiian wo have: 1) perfarmad novel Banaviourmetio analysis in
Orr 10 Jovelop HONAnvesive objeolive rmemsures OF DO e exbing olinkal soalos and aotivitios of
dally Iving; 2) developed s novel dlosed-loop coordinetion pursdigm for IMPT uonalysis and 3) developed
novel image technkgues for sssessing the dynamics of FXN axprossion.

Mosults NicoUnamice was gonerally woll lolerated, 1ho maln adverse vent wiks Nauees, Wivon in most
conon won mikd, dose rolated, and resolved spontaneoualy or after dose reduction, use of snlinauees
drugu, or both, Phaso 1 showed a dose-responue relation for proportionsl change (n frataxin protein
GO abion feom Baseliog 1o 0 1 post-dose, whioh inoreased with increasing doss (p=0 0004),
Payonian arlynin peodioted el 300 g wouli comult i s 3 Btimms inrmane aod 76 g inos doubiling of
frataxin protein conocantration. Phases 2 and 3 showed thal dally dosing st 3 B8 g resulled in »
suntained and signficant (p=0-0001) upregulation of frataxin expraasion, which was sccompanied by o
reduction In haterochromatin moditcations af tha FXN locus. Clinloal measures showed no significant
ONangen. NGOG wirs eoa00ielod with o sustalood Improvemant In frataxin Gonoentrations towaids
(houe soon In mymplometio ceremn during B woesks of delly dosing, Furthes iyestigation of the long.
torm clinlonl benefits of neotinamide and ite ability 1o smeliorste fretuxin deficlency in Frisdreioh's staxie
I wiiranted, To this end the novel behaviourmetoio, IMIRE snd singhe osdl analysin of IFXN sxpression
methodologies are hewg deveboped o aocursiely Mensure (rogression in 1his disesss and response (o
therapy (MB in prop),
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Inyited Speaker: Masaimo Pandatto (University Libre dea Bruxelios, Belalum)
Clinlcal trials In Friodreloh's saxia,

Advances In understanding the pathoganesis of Friedmson's stexie (FRDA) have led to inaights that
allowed the development of few tharapeutio strslegies for treating the dnamne. Home of thane stiningms
W00 INGrmane Trntinin bevels of loast 10 those of ssymptomatic heteroxygous oamarns. Thoss inolude
BPRIORGHos 10 allevisle the apigenetio transcriptional sllencing of the frataxin (FXN) gene by the
oxpanidod GAA ropoats an well an approachion 1 Induce fralasin expression regerdives of the presence
OF the axpaneion mutation. Fpigenotio silencing oan be uvercema by using histone dencetylnee inhibitom
(HDACH) mctingg on cluss | (enzamides) or class 11l HOAGs (necotinamide). A number of OOMPouvin
Upreguiste fratsin sxprossion In model systoma, regardioss of the presence of & GAA mepeal These
clude molecules an dinpurete we GLP-1 agonimts, gamma intarfaron, dkonine, hEIPO, and other,
which very likely nct by different mechanisms. Speoifio ubiguitincompeting molocules can pravent
frataxin degradation in model sysiems, Frataxin protn replecement by using tat-frataxin and ot
madifiad frataxing i another ourrently investigated approsch, Chene therapy with AAV veotons expresing
fratixin has Dasn ahown (o bo offective In & mouse maodel of FROA sardiomyopsthy snd i belng
Intnasively investigeted for the neurclogioal componant of the disesss,

Other potential tharapies targel pathogenio processes tggered by (rutaxin deficency, as mitoohondrial
dystunction, allered Iron metebolmm, and oxidstive damage.

Bome of the proposed thermpeutiis am new moleoules, not proviounly used (n humans, others e
currantly approved medioations fue othar disaasos that may have FROA ag a now Indation, Now drugs

MUNE GO IOUYh & complete preclinioal and chnionl development.

Fatly offoncy sludies must then be pacfonmed, Tolkowing the gokdan standard of the (andomismi
pontrolled irial (RCT), UW!M.»M!MMMMMROTI\MDA.WMNM«
o tented therapeulion in o ety resson for miseed efficacy andpoints, 11el design is also ortionl
KMoady endpoints may consist first in sppropriately validated biomakers, hen In clinical parsmeton
Shown (o bo soensitive to disease progression, Chaolos of andpoints und trinl dewgn shoukd aim to
rmuximize offickancy, In ordar to identify those herspeution that deserve Rather study In & reasonable
U frime andd without Wivoiving too many subjects. FIRDA s & reme disease and (| s mientiossly, but
slowly rogpressive, 8o sumple slze and trial duration am oiosl Ongoing karge natural history studies i
Amarion, Australle and Europe (CCRN, EFACTS) e providing ossential guidance for trial design,
Harmonization of dati collection is siso very mportant (o slow compansons and mota-anatyses For (his
PUrPOse, FROA i hoed inoluded in the NIH Common Data Elemaent (COR) projeot, leading 1o the
Klantfcation and publioation of sets of parmmetem 1o be coteoted In Ao cinlon! trials,
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An upcoming alinjcal trial testing the mic_y and officacy of & stabllized polyunwaturated
fatty ncid In Friedrelch's ataxia

Kobort Molnan', Mikhail Bhehepinoy', Marin Cottiosll’, Robart Wison', Ann Murphy”, Alaxel Androov’

" Moirotope, i, U, * Ohitren's Hosstal of the University of Pennyivania. ¥ University of Cadforie, 8, !
Univieradty of Cobharrva, (15

Polyunseturated futty acide (PUPAR) are suscnplibie 10 an aocoloraling damage cascada from an
outooatalytic, froe radical chinin reacion. Damaged lipkd end products (8. 4-hydroxy nonensl and
mhm)mmmummnmmm«mmwmmmmummmmu
degunarative diseases, including Friedraich Ataxin (IFRDA), Cells iIn mulliple modals of FROA, when
lrmatodd with @ slabilized Nipid mimatio of tha nomal Diotary PUFAs (0 mitochondrinl membrsnes, show
sunning roversil of kpid peroxidation damage, inoroased cell viabity, and improved mitoohondral
function. The mechanism of aotion of the drog, o atabiized form of the essentiol fal koleks sod, iy
ballovedt 10 be down ragulstion of PUFA sutoxidation initiated by nydiogen abstracion from susceptibie,
Dia-allylio shes of mitochondrial membrane FUFAs Replaoament of the bie-allylc hydrogen atome with
douterium atoma (O-PUFAR) srrests PUFA sutoxidation (n viro und in vivo due (o the Kinetio (sotope
offoct Undike antioxidants, which are typically conaumed wn thiy quench lighd peroxikdaiton products, O-
PUFAS s 1ot usad up In the process of inhibiting lpid peroxkdalion, and den’t suffet from the
istetbution med diffusion Iimitations of antioxidant approaches.

Surpriwingly, cols from yeust, marine, and human (primary FRDA pationt O0lln) Tronilod with o mixture of
Approximataly onty 20% inotope- reinforoad D-PUFA In o background of nommal PUFAS e fully
Prateted frovm lipkd wutoxidation-mediated coll Kimng. The findings sise show mitigation of mitechandral
dysiunotion und incrensed cell viabilty, As & minor perturbation on naturally ocourring QRAS fwts, 0.
PUFA drugn anjoy sl the sctive ranspor in an out of tesues and mitochondin that svolved gver
dacadon 1o aanure onlieal FUFA molecukss wero replsced whan damaged, snd were granted an
ROGRIONeI pativwary info human testing by the US FDA. A Wal in th ormphan neurodogenarative
disoane, Friodroich Ataxia, in planned. Orally fed rodent models in other degenorative diseases and MK
ludion of the drug confirm afMaacy in diffioult o reach beain and reting tsawes, smd IND anabling loxioity
Wtudien showsd no sigine of drug related adverse Mdings In any parmmeless lesied

The planned Phase TRV trind I 3 pastimnts dasad 10 0 monthe ln axpocted to start in earty 2018, will
Includo an ascending done safetly study, and will messure FARS and multiple othor FRDA disease
roadouts.
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Ratlonale and design of & linioal study of RTA 408 In patients with Friedrelch's ataxin
Golin Mayar', Angle Gokisbarry', Megan O'Grady', Jen Farmer’, David Lynch’
" Rt Prarmmosinions, (8, © Frmdvmon’s Alaxie Ressaoh Alance, U8, * Chiden s Hosptal of Phsadelpnia. U8

FCTA AON I o sinrvahmy ot tribmepstoied (hat probently induoes sucieas fnolon ey ol derived 2-relalmd
favotor 2 (Nrf2) and supprosses NExld al low nanomolar sonoentrations, Through modulstion of hess
transcription factors, RTA 400 regulatens multiple goenes that play both divect and indiract rolos in the
production of callutar anargy within tha mitochondria. Genatic Induation of Nrf2, as wall as pharmacologle
INAAOTION WIth IKEA AOR and rolatod anakogs, Nas hean snawn 10 Inarease mitoshandrial function in
PIOORNION (i) Bx vive syslome, by omeasing reduoing equivalonts, oxygen oonsuamplion, and ATH
production.

A DR OF Fradralon's abaxio in Impalrment of antioxdative (afense mechaniams, which play o majos
role In doano progression, Sludios have demonstreted that Nit2 signaling is grosely impaiosd n
pationts with Friedreich's staxin and likely contributes 1o oxidative stress snd reduced ATF production.
Clinically, these offects manifost as reduced exercive capacity, visunl function, energy levels, and quality
of Mo, Thwrmbore, th abibty of RYA 400 b0 sotivite N2 and induce soboxikdant target genes s
Hypothesiznd 1o alteol (hase alinoemal oohaemionl and olinsoal defuis i patonts with Friedilol's
ntaxin

This phase 2 study of the safaty, affioacy, and pharmacadynumios of RTA 400 u the estment of
Frimdraioh's Alaxin (MOXIn, NG TOZZABAIN) s o two gt study, The pimary officacy sndpoinl s e
tim-averaged affect on peak work during madmal exeroiie lasting following 13 weehks of realment with
HTA 400 an comparad to placebo. The study will also axplore changes in the modified Friedreioh's
Ataxia ranng scaks (FARN) scora and ohangos in pationt reporned outcomes

Thas Tewt part of this study s o rendomized, placebo-oontrofed, doubbe-blird, dose asoslabion study 1o
avaluate the safety, efMoncy, pharmscokinetion and phamascodynamion of FRTA 408 at 2.5 mg, 5 mg, and
10 g 0 10 1ot pationtn. Tho second pert of this study will be o randomized, placebo-controfied,

ouble N, paraiiol study 10 evaluate the safely, afMoacy and pharmasodynamion of up 1o two dosoe
lovols of FTA A0B In 2436 pationts with Friedreloh’s alaxio. Patonts in Part 2 will be (andomized 111 1o
rocolve IKTA 400 2.5 mg, RTA 400 10 mg, or pincebo (ne0-12 per troatiment group) snd will be stratifed
by poak work st baseling, AN qualified pationts enrolled i the study will follow similar schedulos of
Antaar et il wtody deug administiation. Fatsris will selfsiiminmine siudy isatment ance daily for
12 wouks A data salely monfonng boasrd will pertorm monihly reviews of daba for salely heoughoul the

atudy
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Repurposed dyclonine for Friedreloh’s ataxia therapy

Qine Conopasl, Sunil Sahdeo
Linwvarmity of Catfornin, Uniiwi Stalms

Thate in currenbly no approved herapy for Friedson's ataxis in the US. Bocaus her s often inedis for
lnrge pharma o davelop drugs for rare disease, we soreened a library of FDA-approved compounds o
identity drugs whioh might be effactive In Friedralch's ataxs. From micronmay snd RNAseg of DRO
NAUroNa, Aefactn In Iron-Sulfur and antioniaant ansonpts and anzymes was Kontifiod, assoolated with
MEGOhOnaal antionidant activity, ag. Ihsoredorin reductose. Thus, Friedmioh's oolle woro soreoned with
MBI possons OF thiol snboxkdunt systems, and sonsilivity 1o diamide was observed, Using diamide
sunsitiyity an s soreen, 1600 compounds in chnlonl use were screened for protection from diamice, Of
thons 1000, 40 ware protective, OF the 40, 10 iduoed fratasin espomssion i Fomdrmon's patiant osls.

W idamtified the topioal anesthetic dyclonine as protective, Dyckonine increased | XN transoripl and FXN
profein dose dependently in IF'A colis and brains of animal modals. Dyclonine also rescued I'XN-
dopendent oncymo deficioncion in the ron-sulfur enzymaen, sconitase and succinate dehydrogonase.
Dyoclonine Induces the N2 [nuckear fector (erythvold-derved 2)-like 2) transcnption factor, which wo
Whow Bindw an upatrenin response alement i the FXN loous, Addiionatly, dyckoning also inhibited e
AOUVILY OF nistone mmthyiieaosiorase Oa, known o maethylale histone HIKO o stenos FA ohromsting
Chwonie dosing in s I'A mouse modal preventod o poarformance decline in bslunce beam studies. A
human olinical proof-of-concept study wan completad in sight FA patiants doned twios deidy using & 1%
dycloning rinme for 1 week. Six of t1ho alght pationts anowned an noroase In buoosl oell IFXN kevels, and
fold Induction was aignificantly correlated with disease severity Dyolonine roprosants a novel therapeutio
Alrabegy that s protentinily b reparposed fos e eatment of FA.
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