Genetic Basis of Friedreich’s ataxia

(Figures courtesy of Dr. Sanjay Bidichandani)
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The FXN gene has five genetic segments. The segments, called exons, together
code for the frataxin protein (shown below). Every person has two copies of the
FXN gene, and every copy of the FXN gene has a GAA trinucleotide repeat in intron
1 (area between exon 1 and exon 2). The number of GAA trinucleotide repeats
influences whether the gene functions normally to produce sufficient frataxin protein
or whether the gene is silenced with very little frataxin protein produced. Frataxin
protein contributes to energy production in mitochondria to keep cells functioning
properly. When frataxin protein is too low in mitochondria of the cells, the person
develops symptoms of Friedreich’s ataxia.

The metaphor for FXN gene function is a train with five compartments. The train
engine functions to make sure all the segments (exons) of the FXN gene are made
for adequate frataxin protein production.

Frataxin protein
The five compartments make different
portions of the frataxin protein.




Exon i

Both copies of the FXN gene in people with
Friedreich’s ataxia have GAA trinucleotide expanded
repeats in intron 1 in the range of 100-1,500 repeats.
Each copy of the gene can have different numbers of
GAA repeats, and the number is correlated with the
age of onset of FA — the smaller the number of GAA
repeats, the later the age of onset of FA.

A GAA repeat expansion is like an
elephant sitting on the train between the
first and second compartments.

What harm comes from an elephant
sitting on the train? The elephant sends
a negative signal (shown here as a
muddy substance) towards the engine "™ -z
of the train causing it to decrease its
ability to function at peak capacity.

Decrease in
engine output

Decrease in
ene output

Exon 1 Exon 3

(GAA),

What happens when there is a GAA expanded repeat? Much
like the elephant on the train, the GAA expanded repeat
sends a negative signal towards the start of the FXN gene to
decrease gene function — called epigenetic silencing.

Multiple research studies are being performed to find ways to re-activate the FXN gene by
overcoming the epigenetic silencing. It is important to note that the frataxin protein made
in most people with FA is of normal structure and function; the protein amount is just too
low. Therefore, the research goals are how to “fix” the gene to produce more protein; the
protein itself does not need to be fixed.




