Parkinson’s disease signatures discovered using machine learning

Parkinson's disease is characterized by the loss of dopamine-producing nerve cells in a region of
the brain called substantia nigra pars compacta. Why these cells die in Parkinson's disease is
unclear, and the focus of much research. A recent study published in Science Advances journal
shows that dopaminergic neurodegeneration can be induced in non-human primates by both,
small and large aggregates of alpha-synuclein through distinct pathological patterns identified by
machine-learning analysis.
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The basic problem in Parkinson's disease is loss of dopamine-producing nerve cells in a region of
the brain called the substantia nigra pars compacta. Everybody has a gradual loss of these
dopamine-producing nerve cells as they age, but patients with Parkinson's disease have lost more
of them than other people. Why these cells die in Parkinson's disease is unclear, and the focus of
much research. To answer this question, research requires the use of a variety of animal models
to study different aspects of the disease. This study shows that dopaminergic neurodegeneration
can be induced in non-human primates by both, small and large aggregates of alpha-synuclein. In
contrast, experiments in rodents, used in 85% of studies, show that small alpha-synuclein
aggregates do not induce neurodegeneration.

The so-called protein, alpha-synuclein, has a central role in the development of Parkinson's
disease. We showed that pathological forms of the alpha-synuclein protein present in the brain
of deceased Parkinson Disease patients were capable of initiating a Parkinsonian-like pathological
process in mice and primates. The researchers used the same human aggregates to characterize
the synucleinopathy in non-human primates, by comparing these human aggregates with
fractions containing soluble and smaller alpha-synuclein aggregates. Strikingly, while these small
alpha-synuclein aggregates did not produce any neuronal cell death in mice, non-human primates
showed neurodegeneration after small aggregates injection; to the same extent of big
aggregates. These findings provide new information on how the disease is initiated and amplified,
and shows that, in non-human primates, a small amount of singular alpha-synuclein aggregates
is as toxic as larger amyloid fibrils, reinforcing the need for preclinical research in non-human
primates.



To further understand how alpha-synuclein aggregation accompanied pathogenic mechanisms,
the researchers developed an algorithm, able to discover fine patterns among complex sets of
data. The researchers trained a classic Machine-Learning algorithm, called “Multiple Layer
Perceptron”, and were able to identify various pathological patterns. Remarkably, the authors
showed that distinct alpha-synuclein assemblies lead to similar neurodegeneration but are
associated with different biological mechanisms. The study is a great example of how we could
use computational methods, to discover and predict toxicity of alpha-synuclein, while confirming
the true multifactorial nature of synucleinopathies.

Thanks to Machine-Learning analysis, one can now look at Parkinson’s disease pathophysiology
as a big picture. Parkinson disease is an incredibly complex and multifaceted illness affecting
millions of people worldwide. The use of Machine-Learning can be the next important step to
explain the mechanism of neuronal degeneration and the progression of the symptoms; the most
direct potential consequence being the identification of new targets for neuroprotective
therapies.



© Céline Perier

Figure: In non-human primates, both large and small alpha-synuclein aggregates, induce
neurodegeneration via distinct pathogenic mechanisms. The strength of machine-learning
algorithm allows to discover fine patterns among complex sets of data, supporting the concept of
the multifactorial nature of synucleinopathies.

To know more :

Identification of distinct pathological signatures induced by patient-derived a-synuclein
structures in non-human primates.
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