A-T Clinical
Research Network

Al
@ar society i
v awareness research care A TCRN

Neurodegeneration in AT: The causes and possibilities for therapeutic
intervention

Layman summary of the online Zoom call held 16™ September 2024

The AT Society organised a Zoom meeting involving ATM research scientists and clinicians
specialising in the neurobiology of AT. Five teams participated with each team proposing and
supporting a distinct model for the cause of AT neurodegeneration. In the first part of the call,
each team presented their model; in the second part, each team considered how that
knowledge could be exploited for therapeutic benefit. Time was allowed for discussion after
each part of the call.

The models and their presenters were:

Faulty neuronal development: Peter McKinnon & Sam Nayler

Stalled transcription: Tanya Paull

Mitochondrial dysfunction causing oxidative stress: Martin Lavin & Ernst Wolvertang
Hyperactivation or dysfunction of microglia: Svetlana Khorenkova

Aberrant metabolism causing low energy levels: Vincenzo Costanzo & Kim Chow
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A summary of each presentation is given below.

1. Faulty neuronal development: Peter McKinnon & Sam Nayler

The first team encompassed Peter McKinnon and Sam Nayler who argued that the
neurodegeneration in AT is caused by a role of ATM during neuronal development at an early
stage postnatally. The Purkinje” and granular” cells of the cerebellum undergo a phase of
expansive proliferation postnatally but cease proliferation once a sufficient number of neurones
have been generated. ATM is not required for replication of other cell types, but the cerebellar
progenitor cells have some unique features. Although the AT mouse is not a good model for
neurodegeneration since it does not show progressive ataxia, genetic manipulation has led to
mice that do display progressive ataxia, akin to that seen in humans. These genetically modified
mice lack ATM plus another protein involved in a pathway that repairs a specific lesion which
can arise during replication. This specific lesion that accumulates during replication in this
double mutant mouse can be repaired by another pathway which is known to create a toxic
lesion. This toxic lesion is proposed to be the cause of progressive ataxia in AT humans.

Strikingly when components of that alternative pathway are lost, the abnormalities in the
cerebellar are no longer seen, suggesting that normal repair can take place even when ATM is
absent but that the toxic pathway progresses more rapidly in the absence of ATM. Thus,
abolishing this alternative pathway represents a route to avoid progressive ataxia in AT and is
being considered for therapy (see below). Cerebellar organoids have been derived from AT
iPSCs” and show that Purkinje and granular cells are produced at levels similar to that observed
in control organoids. The cerebellar organoids derived from multiple different AT iPSCs display
profound transcriptional” abnormalities including the diminished expression of genes” required
for neuronal function. Collectively, these findings argue that there is a defect in an early stage of
cerebellar development, which results in subsequent impaired cerebellar function.
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2. Stalled transcription: Tanya Paull

Tanya Paull advocated a model for neurodegeneration based on transcriptional stress arising
through loss of ATM. Tanya has looked at protein and gene expression in the cerebellar tissue of
brains derived from deceased AT and normal individuals. Enhanced levels of single strand
breaks, a form of DNA damage, and other features suggestive of elevated DNA damage, possibly
arising from elevated ROS, were observed in human neurons lacking ATM. There were also
substantial differences in gene and protein expression in the AT cerebella tissue compared to
that from normal individuals. The cortex tissue did not show any differences showing they were
specific to the cerebellum. Although the changes were distinct between different AT individuals,
a common finding was a reduction in the expression of genes required for cerebellar function.
The findings support a model whereby DNA damage arises in the AT cerebellum at high
frequency, possibly due to high levels of ROS". This damage causes transcriptional stress and a
failure to maintain active transcription, which can result in Purkinje cell loss.

3. Mitochondrial dysfunction causing oxidative stress: Martin Lavin & Ernst Wolvertang

Martin Lavin and Ernst Wolvertang favoured a model involving the dysfunction of mitochondria”
and/or peroxisomes. There is substantial evidence for impaired mitochondriain AT and a
consequence of that can be elevated levels of ROS". Peroxisomes are another organelle found in
the cellular cytoplasm and are important for generation of hydrogen peroxide and the
scavenging of ROS. They perform a key role in lipid metabolism. Elevated levels of ROS can
cause DNA damage, which can impede transcription and could also influence the stage of rapid
proliferation during cerebellar progenitor cell expansion. There is clear evidence that
mitochondrial and/or peroxisome dysfunction can result in cerebellar abnormalities as well as
fatty acid accumulation.

4. Hyperactivation or dysfunction of microglia: Svetlana Khorenkova

Svetlana Khoronenkova discussed a model involving heightened inflammatory signalling leading
to enhanced microglia activation. Microglia are the immune cells in the cerebellum and can
remove damaged or non-functional neurones. There is evidence that hyperactivation of
microglia can cause ataxia. Importantly, AT microglia also appear to be abnormal and have the
ability to remove wild type neurones in experiments where AT microglia are co-cultured with
wild type neurones.

5. Aberrant metabolism causing low energy levels: Vincenzo Costanzo & Kim Chow

Finally, Vincenzo Constanza and Kim Chow presented a novel model arising from a role of ATM
in energy production and the maintenance of ATP levels, the major source of energy in a cell.
Since cerebellar neurones consume high levels of energy during their active transcriptional
activity, it is likely that reduced energy homeostasis could be a factor causing
neurodegeneration since non-functional neurones can be removed by microglia.

Discussion and consideration of a consensus model for therapeutic benefit

These presentations were followed by a discussion. One important question was why the
cerebellum is so critical since other cell types can have high transcription levels and/or activity
but are not lost in AT individuals. Specific features of the cerebellar were discussed including
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their sensitivity to high ROS levels, their removal by microglia and the rapid proliferation of the
progenitor cells postnatally.

In the last part of the call, the speakers were asked to consider how these findings can be
exploited for therapeutic benefit. Peter McKinnon discussed the possibility to use conditions
that impair the alternative toxic pathway that rejoined the lesion arising in the absence of ATM.
The importance of early intervention was stressed, especially if ATM functioned during
cerebellar development. Drugs enhancing calcium and potassium channels were also
proposed as a potential avenue to explore. Routes for alleviating the mitochondrial or
peroxisome dysfunction were also proposed, and it was mentioned that a clinical trial ongoing
in Brisbane to counter the anaplerosis observed in AT using tripheptanoin was proving to be
beneficial for patients, although the approach is still at an early stage. The possibility to use
combinations of drugs was also considered. Strategies to target inflammation or diminish
microglia activation were discussed, with some such inhibitors have already been exploited in
the clinical for other diseases. Finally, approaches to promote the alternative energy supply
used by AT cells were considered as well as approaches to avoid the accumulation of toxic by-
products from glycolysis.

The call finished with some further interesting discussion. The possibility that a failure to
undergo autophagy due to loss of ATM could be another component contributing to progressive
ataxia was also considered.

Explanation for some terms marked by an *

1. Purkinje and granular cells. These are important cells in the cerebellar required for its
function. Both the Purkinje and granular layer house neurones although they also
encompass other cell types, such as microglia and astrocytes. The Purkinje cells are
especially progressively lost in AT; but also, the granular layer progressively diminishes
in size in AT.

2. iPSCs are induced pluripotent stem cells. They can be derived from certain
differentiated cells such as fibroblasts (skin cells) via a process of de-differentiation and
then can be re-differentiated into multiple cell types. Cerebellar organoids derived from
iPSCs contain most of the cell types found in the cerebellum.

3. Transcription is the process that “transcribes” the genetic code available in the DNA to
make an intermediate code molecule called mRNA. This shorter and more easily used
code is then “translated” to make proteins, the worker molecules of the cell. The high
transcriptional activity of neurones is because these cells are making a lot of novel
proteins, and this high activity is required for the function of the neurones.

4. Genes -these are the units within DNA that have the genetic information to make
proteins. Each gene contains the code to make one protein,

5. ROS -reactive oxygen species. These are reactive products produced by mitochondria
that can react with DNA, and other cellular molecules, causing damage. DNA damage is
critical because DNA contains the code. There are multiple pathways to repair ROS
damage to DNA and ATM functions to enhance these processes. ROS damage to DNA
can delay replication as well as transcription. Significantly, loss of ATM can result in
elevated ROS levels but also ATM function to enhance the repair or consequence of ROS
damage to DNA. ATM can also be activated by ROS.
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