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Friedreich ataxia (FRDA) Disease

Lethal, inherited, progressive neurodegenerative disorder

Ataxia (uncontrolled movement) onset in childhood
Wheel-chair bound in teens

Premature death in 20-40s

Primary pathology:

> Neurons of dorsal root ganglia (DRG)
> Sensory nerves of the spinal cord

> Cerebellum

> Hypertrophic cardiomyopathy

> Diabetes mellitus
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FRDA Molecular Disease Mechanism
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FRDA pathogenesis
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DNA, Protein and Lipid Damage - Oxidative Stress, Cell death
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Research into potential new FRDA drug therapies

Resources:
> FRDA Patient cells/autopsy tissues

> Cell cultures

> Blood cells (lymphoblasts)

> Skin cells (fibroblasts)

> Skin cells — (iPS cells) — Cultured neurons and
heart cells

> Animal models: Worm, fly, mouse

Brunel University London




A YG8 cerebellum

Uses of an FRDA mouse model | B =
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- To investigate mechanisms of FRDA disease _‘q e RCON
* Molecular genetics — GAA repeat dynamics, epigenetics s month 12 month

« what causes FXN gene shutdown?
* Molecular and cellular pathology
« what causes progressive cell death?

* ldentification of new therapeutic targets
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* Preclinical testing of potential therapies

( 00 = it =

Pt teow wioncang pallwvay iir Fosdholcd s ala

Brunel University London




FRDA Mouse Models: Human FXN YAC transgenes

s
N I /7777777777777 R

s,

A A A A AT A
(g -2k

B21/7 s o

Fiea 0 oo

PIP5K1B FXN
o — 2 o

5 6 F-12 13 14 15 16 1 234 35a 5h @
Scale !
| —}
10kh PRKACG

4

All rescue of Fxn KO embryonic lethality

Brunel University London ~ Pook, M.A,, etal (2001) Rescue of the Friedreich’s ataxia knockout mouse by human YAC transgenesis. Neurogenetics 3: 185-193.




Insertion of GAA repeat into WT FXN YAC
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PCR patient’s DNA with primers encompassing the GAA repeat ( 300-700 rep eats)

Homologous recombination "Pop-in / Pop-out”™
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Intergenerational GAA repeat instability

Transgenic YAC Integration FXNcopy Founder
line transgene sites number GAA repeat
integrity length(s)
Y47 Complete single 1 9
370kh
YGS8 Complete single 2 190 +90
370khb
YG22 Complete single 1 190
370kh
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Somatic GAA repeat instability

YG22 BBSCHLMT BBSCHLMT
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Al-Mahdawi et al. (2004) GAA repeat instability in Friedreich ataxia YAC transgenic mice. Genomics 84: 301-10.

Clark, R et al (2007) The GAA triplet-repeat is unstable in the context of the human FXN locus and displays age-dependent expansions in cerebellum and DRG
in a transgenic mouse model. Hum. Genet. 120: 633-640.
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DNA methylation analysis of FXN exon/intron 1
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Relative recovery (%)

Changes in FXN gene histone modifications in human

and mouse brain
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The Friedreich ataxia GAA repeat expansion
mutation induces comparable epigenetic
changes in human and transgenic

mouse brain and heart tissues
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GAA repeat FRDA mouse models: YG8R and YG22R

FXN transgenic X Fxn heterozygous KO
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(TG A Fxnt) X (Fxn*)

FXN transgene on a null background
(TgC®AA 1 Fxn')

2 -
’ ‘ '..'): - '\@ .
4*\‘( s 4 , ‘ “

"' ‘K!J"“.A\ ;" - “’b

Progressive histopathology: large vacuoles in DRG
sensory neurons and iron accumulation in heart
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qRT-PCR FXN expression in mouse brain tissue
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GAA repeat expansion mutation mouse models of Friedreich ataxia exhibit
oxidative stress leading 10 progressive neuronal and cardiac pathology
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Recent research - New YG8sR FRDA mice

A single GAA repeat of 120 repeats

M Y47 YG8s YG22 M
A— —_—

120 GAAs
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YG8sR mice — molecular characterisation
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YG8sR mice — functional characterisation
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YG8sR mice — Biochemistry and histology

A Fasting Glucose tolerance test

Blood glucose (mmol/L)

Time (mia)
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B Fasting Insulin tolerance test
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Anjomani Virmouni,
Ezzatizadeh, V., Sandi, C.,
Sandi, M., Al-Mahdawi, S.,
Chutake, Y. and Pook, M. A.
(2015) A novel GAA repeat
expansion-based mouse model
of Friedreich ataxia. Dis.
Models. Mech. 8: 225-235.




Preclinical studies

Histone deacetylase (HDAC) inhibitors (Repligen, Boston) - YG8R mice, 5
months (Sandi et al 2012)

* RG2833 (Repligen) completed a Phase 1 trial — treatment was well tolerated
and there was increased frataxin expression.

Interferon gamma (Roberto Testi, Rome) YG8R mice, 3 months (Tomassini et
al 2012)

* Placebo controlled Phase 3 studies are underway (sponsored by Horizon)

Nicotinamide (Richard Festenstein, London) YG22R mice, 5 months (Chan et
al 2013)

* Phase 2 trial showed increased frataxin and some clinical improvement. A
phase 3 trial has recently started (Jorg Schultz, E-Rare 3)
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Epigenetic-based therapies for Friedreich ataxia

Chiranjeevi Sandi', Madhavi Sandi, Sara Anjomani Virmouni, Sahar Al-Mahdawi and Mark A. Pook *

ehoo! of Health Sciences and Social Care, Brune! Universily London, Ustyvidge UK
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Recent and future collaborative studies

 Diazoxide (Carlo Marobbio, Bari, Italy) — mitochondrial K channel activator that
increases frataxin expression

* Dimethyl fumarate (DMF) and Resveratrol (Gino Cortopassi, UC Davis) - to
increase frataxin expression

* Etravirine (Alessandra Rufini and Roberto Testi, ‘Fratagene’, University of Rome
Tor Vergata) - to increase frataxin expression

*D-amino oxidase (DAO) inhibitors (Takeda, Cambridge) — to decrease cerebellar
ataxia

* FXN gene therapy (Mike Themis, Brunel University London)
* TAT-Frataxin cell therapy (Arturo Sala, Brunel University London)

* Identification of metabolomic-based targets for FRDA therapy (Sara Anjomani-
Virmouni, Brunel University London)
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YG8s mutation increases to 410 GAA repeats: YG8L
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Mutation further increases to 610 GAA repeats: YG8XL
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Our FRDA mice are
cryopreserved at The
Jackson Laboratory
(JAX), Maine, USA, and
are distributed by JAX to
FRDA investigators
worldwide
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