
 

Calcium channel subunits play a major role
in autistic disorders
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After 21 days in vitro, hippocampal neurons of the rat form many synaptic
contacts and communicate with each other. Within the study such neuronal
networks cultivated on multi-electrode arrays were used to invest the
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synaptogenic function of α2δ-subunits. Credit: ill. by Artur Bikbaev

The ability of the human brain to process and store information is
determined to a large extent by the connectivity between nerve cells.
Chemical synapses are very important in this context as they constitute
the interface for the transmission of information between individual
nerve cells. Abnormalities in the formation of synapses cause many
neurological disorders such as autism. Neurobiologists at Johannes
Gutenberg University Mainz (JGU) have found new evidence that
specific calcium channel subunits play a crucial role in the development
of excitatory and inhibitory synapses.

α2δ subunits have different effects on the formation
of new synapses

Autism spectrum disorder is a condition involving impaired development
that begins with birth and is usually manifested when the individual in
question exhibits difficulties in social interaction and communication. It
is postulated that the main underlying cause is disruption of synapse-
mediated interaction between nerve cells.

The results of several studies indicate that so-called α2δ subunits of
calcium channels are involved in the formation and fine-tuning of
excitatory and inhibitory nerve cells, but little has been known to date
about when and how specifically the four forms of α2δ subunits are
involved. It is this aspect that the research team led by Professor Martin
Heine of the Institute of Developmental Biology and Neurobiology at
Mainz University has now addressed. What is particularly interesting is
their research finding that the two dominant α2δ subunits in the
hippocampus, α2δ1 and α2δ3, have different effects on synaptogenesis
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in neuronal networks.

In order to investigate the underlying mechanism, the researchers
prepared isolated networks of hippocampal neurons. The results show
that during the early phase of the development of neural networks,
subunit α2δ3 promotes the release of an inhibitory neurotransmitter,
triggers the formation of inhibitory synapses, and boosts the growth of
axons from inhibitory neurons. "The α2δ3 subunit is obviously an
important factor with regard to the early development of neural
networks," explained Heine. At later development phases and in more
mature neuronal networks, it is subunit α2δ1 that fosters excitatory
stimulus transmission and synaptogenesis.

Connectivity relies on concerted cooperation between
α2δ1 and α2δ3

In their article in The Journal of Neuroscience, the researchers proposed
"that formation of connectivity in neuronal networks is associated with a
concerted interplay of α2δ1 and α2δ3 subunits of calcium channels".
Dr. Artur Bikbaev, one of the lead authors from JGU, further concluded
that the calcium channel subunits are molecules that are relevant to the
development of the brain. New data has confirmed the assumption that
there is a link between an aberration in the genes that code for subunits
α2δ1 and α2δ3 and autistic spectrum disorders. An imbalance in the
ratio of excitatory to inhibitory neurons is also thought to be the cause of
the epileptic seizures which very frequently accompany autism spectrum
disorder.

In addition to the team at JGU, researchers at the Leibniz Institute for
Neurobiology, the University of Münster, and the Medical University of
Innsbruck were also involved in the project.
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  More information: Arthur Bikbaev et al, Auxiliary α2δ1 and α2δ3
Subunits of Calcium Channels Drive Excitatory and Inhibitory Neuronal
Network Development, The Journal of Neuroscience (2020). DOI:
10.1523/JNEUROSCI.1707-19.2020
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