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Recent developments
on disease mechanisms
In Friedreich ataxia;
Implication for therapy
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~ Where are we, dealing with Frataxin function ?
For some, Frataxin binds iron8 not true, others claim!

Frataxin providesiron for ISCsynthesis8 not true,
it limits iron providing for
SYUUESE

Lack of Frataxin results in
oxidative O O O A Ou
claim others

etcd
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~ Where are we, dealing with Frataxin function?

. Frataxin has the capacity to interact with the
machinery responsible for iron-sulfur cluster (ISC)
synthesis

frataxin
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wa e are we, dealing with-Frataxin functi:@ﬁ?/

. This synthesis mostly takes place in the mitochondria where
frataxin is mainly (only?) found

== \\hen frataxin is not in sufficient amount, it results in
human in a typical mitochondrial disease

Cell nucleus

@ Onecell: Skin fibroblast in culture

Mitochondria coloured in green
appear asfilamentous or round
structures
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, here are we, dealing with Frataxin function?

. Frataxin has the capacity to interact with different
|ISC-containing proteins after their synthesis

= Frataxin protects ISC
during and after their synthesis
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~— What about the consequences of frataxin
depletion?

-In 1998, weproposed the occurrence of a vicious cycle :

{ Iron Oxygen
overload radicals

Frataxin Cell

depletion = dysfunction

From there our ideain 1998
to useidebenone, an
antioxidant



What about the consequences of frataxin—
depletion?

Now, because :

1.

2.

Fxn depletion is not always associated with significant ISC protein
deficiency (human skeletal muscle, liver, fibroblasts, lymphocytes);
ISC synthesis is only partially reduced in the absence dfxnas long
as oxygen is not there (yeast);

Iron accumulation is mostly a late event presumably resulting from
|ISC destruction

No significant increase of oxygen radicals results from frataxin
depletion

Vitamin E deficiency, rather than either ABC7 (iron), or GLRX5 or
ISCU (ISC synthesis) protein deficiencyesembles FAdisease.

In essentially all situations and models  where this have been
looked for, Fxn deficiency consistently results in hypersensitivity to
oxidative insults.



What about the consequences of. frataxin .-
~depletion?

For these six additional reasons, we have to reconsider our
Initial proposal of a vicious cycle. Infrataxin-depleted cells,
deficient signalling of antioxidant defences”) sensitises
the frataxin-free iron-sulfur clusters to reactive oxygen
species. This antioxidantsensitisation processresults =) in
cell dysfunction and 4) late intra-mitochondrial iron
accumulation, mostly as amorphous nonreactive
precipitates.

Frataxin

depletion Iron

overload

0
o == ISCloss A

Cell
dysfunction
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| ggtiftig;?g;ologieet Thérapfglgiz Maladies Mitoc%ii?ci?iijgg » A 3yeal'Sf6| Shlp
- noNOUS to Dr Aurelien Bayot
SOUTIENNENT ... ‘

A long-term project
(5 year9: 1)identify the
components of the
peri-mitochondrial
complex associating
Nrf2/Keapl/XXX/actin
(defectivein FRDA)
and 2) screenfor
moleculesable to
restore thefunction of

...SOUTENEZ this structure
LES!

BABELFAMILY

REVAMOoto AISA
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U676 Inserm Equipe U676 Inserm |

Pathophysiologie et Thérapie des Maladies Mitochondriales -iaLl//

ILS NOUS . 2

SOUTIENNENT ... i @amiliarize himself with the delicate

At a@fzi a biochemistry of mitochondrial enzymes)
BABELFAMILY mln;‘f'\f m > ‘
¢ o Immunohistochemical studies
Zé:% ‘ of cO-localisation of various candidates

60 e REVAmoto proteins (Nrf2/Pgam5/Keaplactin/

riedreich park7:dj1 plus mitochondrial markers) in
B the mitochondria vicinty (cultured skin

" fibroblasts, HEK)

$

Obtention and characterizaton of
mitochondrial properties of

Ao _ differentiated neuron-like cellsfrom 3

. P A O E #ibioliledt€) derived Induced

1 | — O ——— Pluripotent Stem Cell LinesIPS (Collab
...SOUTENEZ with Laetitia Aubry [-STEM)

LES!
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The strangeand long story of theHarlequin | =0 O A 8

/
1971 The Harlequin mouse is detected because of anomalous
fur (Barber BR, Mouse Newd ett)

71990, Ox Al OU U AHg@noOusd isfalsdatagic . O E A
EBronson et al. Mouse Genome)

720024 8 OE A alsobli@dOldentiEdation of AIF as the
mutant gene (klein JA et al. Nature)

Erain
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In 2004 we established that AlF.deficienc ses a

~mitochondrial disease in the mouse
VahsenN et al EMBO J.2004

G3P Dihydro -orotate

N @

matrix

NADH 7 Fatty acids
Succinate

A similar conclusion wasreached for human In
2010 byitalians colleagues chezzip etaiAm 3 Hum Genet . 2010

EuroAtaxia 2011 Strasbourg



Harlequin —mouse Cl defici atients
/

- Optic atrophy +++ - Optic atrophy

- Cerebellarataxia+++

o
-Retinitis deficiency - Retinitis pigmentosa

pigmentosat+++ +++
- Growth retardation +++
-Inconsistent

hypertrophic
cardiomyopathy +/-

As In Friedreichataxia, partial and tissusspecific deficiency
progressive ancheterogeneougphenotype EuroAtaxia 2011 Strasbourg



The highly variable phenotype of the Hg moeuse

Males Heterozygous
CINEIES
/(AIF on X chr)
Homozygous
females
(AIF on X chr)
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