
 

Key mediator of neuronal disruption in
neurological disease identified
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Effect of altering glucose on AIS length in mouse cortical cultures. A, Example
images of the AIS after 24 h of exposure to normal culture media containing 25
mm glucose, high-glucose media containing 50 mm glucose, or normal media
containing 25 mm glucose with 25 mm mannitol added as an osmotic control in
mature cultures (DIV10–DIV11). Scale bar: 10 μm. B, Quantification of AIS
length after 24 h of exposure to 25, 50, or 25 mm glucose plus 25 mm mannitol
in mature cultures (DIV10–DIV11). Small gray dots indicate each AIS and larger
open symbols represent the average AIS length for each culture preparation
(236–320 AIS were analyzed from n = 3 cultures). ns (not significant) indicates
statistical comparison at the culture preparation level. C, Cumulative fractional
distribution of AIS lengths after 24 h of exposure to 25, 50, or 25 mm glucose
plus 25 mm mannitol. Credit: DOI: 10.1523/ENEURO.0201-21.2021
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Wright State University researchers have identified a molecule that
disrupts a highly specialized structure in neurons from the brain, a
finding that could broaden the understanding of neurological
complications in diseases.

The research, led by postdoctoral researcher Ryan Griggs, Ph.D., and
graduate physiology and neuroscience student Duc Nguyen in the
Department of Neuroscience, Cell Biology and Physiology, was
published in eNeuro, a peer-reviewed scientific journal produced by the
Society for Neuroscience.

"These findings could significantly impact the understanding of
neurological complications in several disease states and are of broad
pathophysiological relevance," the researchers wrote.

The research project began in 2016 when Nguyen and fellow
undergraduate student Jeneane Jaber were added to the growing research
team headed by Keiichiro Susuki, M.D., Ph.D., associate professor of
neuroscience, cell biology and physiology.

Griggs said the team is passionate about studying the connection between
neuronal structure and function and how that relationship is changed in
diseases of the nervous system.

"We believe that neurological diseases may be caused by small changes
in neurons within the brain that alter their normal function," he said.

The research project focused on networks of neuronal cells and their
connectivity. Griggs said that to develop new disease-modifying
treatments for neurological disease, as opposed to just treating the
symptoms, the mechanisms that initiate and maintain nervous system
function and dysfunction must be understood at the network level.
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Previous research indicated that small changes in the neuronal axon
initial segment, a highly specialized molecular structure that regulates
electrical communication between neurons, are present in mouse models
of Alzheimer's disease, multiple sclerosis or chronic neuropathic pain.

The Wright State researchers recently discovered similar changes in the
axon initial segment in the brains of mice with type 2 diabetes. These
findings were published in 2018 and 2019 by Leonid Yermakov, Ph.D.,
when he was an M.D./Ph.D. student in the Susuki lab.

The researchers thought a factor that could be involved is a molecule
called methylglyoxal, which is produced in the cells of the body when
they break down glucose. Studies show that methylglyoxal is elevated in
patients with diabetes.

"Our research is one of the first studies to clearly identify a disease
factor—methylglyoxal—that initiates disruption of a critical, highly
specialized structure within neurons, the axon initial segment," Griggs
said.

The researchers added methylglyoxal to neuronal cultures and found that
the length of the axon initial segment was reduced, a subtle yet
potentially meaningful structural change. Importantly, they said, the
amount of methylglyoxal they added likely represents the elevated levels
of methylglyoxal present in patients or mice with type 2 diabetes.

Exposing the cells to methylglyoxal led to functional neuronal changes at
both the cellular and network level. The researchers observed reduced
activity in networks of neurons and altered excitability in single neurons
after exposing the cultures to methylglyoxal for three hours. But those
changes were absent or had recovered within 24 hours.

"These results were contradictory to our initial thinking that structural
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changes in the axon initial segment, such as shortening of its length,
would occur at the same time as neuronal dysfunction," said Griggs.
"Our future research aims to both determine how methylglyoxal
mediates these structural and functional changes and to explain the
apparent mismatch in the temporal relationship between the disruption
of neuronal structure and function we observed."

Griggs said the most challenging part of the research was getting
experiments going using newly learned techniques like neuronal cell
culture and multi-electrode array electrophysiological recordings.

"But we had help," he said. "We collaborated with professor Peter
Wenner, Ph.D., and instructor Carlos Gonzalez-Islas, Ph.D., at Emory
University. They performed the cellular electrophysiological recordings
and helped us interpret our results and write the paper."

"We now have all the resources in place to delve deeper into the
hypothesis that methylglyoxal is the key mediator of axon initial segment
disruption in type 2 diabetes using all our newly established techniques
and tools," Griggs added. "It's really the dedicated students and the
collaborative and supportive research community at Wright State that
made this study possible."

  More information: Ryan B. Griggs et al, The Type 2 Diabetes Factor
Methylglyoxal Mediates Axon Initial Segment Shortening and Alters
Neuronal Function at the Cellular and Network Levels, eNeuro (2021). 
DOI: 10.1523/ENEURO.0201-21.2021
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