
 

Neurons protect themselves from
degeneration by adapting their metabolism

August 31 2020, by Leona Rohrbeck

  
 

  

Microscopy image of mouse neurons (grey), with mitochondria labeled in red
and green. Credit: MPI f. Biology of Ageing/ E. Motori

A recent study in Science Advances by researchers at Karolinska
Institutet and Max Planck Institute, shows that neurons can counteract
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degeneration and promote survival by adapting their metabolism. It
challenges the long-standing view that neurons cannot adjust their
metabolism and therefore irreversibly degenerate. These findings may
contribute to developing therapeutic approaches for patients with
mitochondrial diseases and other types of neurodegeneration, such as
Parkinson's Disease.

Mitochondria are the power plants of our cells and play an important
role in providing energy for normal function of the tissues in our body.
Nerve cells are particularly dependent on mitochondria for their activity.
A growing body of evidence has linked mitochondrial dysfunction to
some of the most devastating forms of neurodegeneration, such as
Parkinson's disease, different ataxias and several peripheral
neuropathies.

However, despite the urge to find strategies to prevent or arrest
neurodegeneration, our understanding of the precise events underlying
neuronal death caused by mitochondrial dysfunction is very limited.

Neurons are generally considered as terminally differentiated cells with
very limited or no capacity to adapt their energy metabolism to
challenging conditions. For some neurological diseases there is ample
evidence that mitochondrial dysfunction can be tolerated for lengthy
periods of time. The researchers therefore asked the question whether
degenerating neurons may activate a program of metabolic resilience.

"We devised an innovative approach to purify degenerating neurons
from the mouse brain and to analyze the global protein content, the
proteome, of these neurons. Unexpectedly, the proteomic data showed
the existence of a precisely coordinated, neuron-specific metabolic
program that becomes activated in response to mitochondrial
dysfunction," says Nils-Göran Larsson, corresponding author of the
study and professor at the Department of Medical Biochemistry and
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Biophysics at Karolinska Institutet.

Metabolic rewiring makes neurons resistant to
degeneration

In particular, the authors identified a form of metabolic rewiring (Krebs
cycle anaplerosis) that makes neurons resistant to an otherwise very
rapidly progressing degeneration. This type of metabolic adaptation was
previously only thought to occur in peripheral tissues or supporting cells
(glia cells) in the brain. The finding that neurons can induce anaplerosis
could further demonstrate that it had a protective role. When anaplerosis
was blocked, neurons died at a much faster pace and the disease became
more severe.

The identification of certain forms of metabolic rewiring in
dysfunctional neurons provide new mechanistic insights into the
processes leading to neurodegeneration. Based on these new findings, the
authors hope that it may be possible to develop therapeutic approaches
to prolong neuronal survival and improve function in patients with 
mitochondrial diseases and other types of neurodegeneration.

  More information: E. Motori et al. Neuronal metabolic rewiring
promotes resilience to neurodegeneration caused by mitochondrial
dysfunction, Science Advances (2020). DOI: 10.1126/sciadv.aba8271
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