
 

Ratio shift of protein in brain cells causes
changes underlying early cognitive decline
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Enhanced Ca2+ entry through L-type channels results in augmentation of currents
underlying medium and slow AHPs in hippocampal CA1 pyramidal neurons
expressing 4R0N-tau. (Ai,Bi) Membrane current evoked following a
depolarizing voltage step to + 10 mV (100 ms duration) in absence (black trace)
and presence (gray trace) of nimodipine (10 μM) in cells expressing either EGFP
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only (Ai) or 4R0N-tau (Bi). (Aii,Bii) show in higher resolution the current
underlying activation of the medium AHP in the absence and presence of the L-
type channel inhibitor in cells expressing EGFP (Aii) or 4R0N-tau (Bii). (C)
Application of nimodipine (10 μM) reduced the amplitude of the current
underlying the medium AHP in both EGFP-expressing (n = 4, p = 0.048) and
4R0N-tau-expressing (n = 6, p = 0.001) cells. (D) Nimodipine (10 μM)
significantly reduced the amplitude of the current underlying the slow AHP in
both EGFP-expressing (n = 4, p = 0.043) and 4R0N-tau-expressing (n = 6, p =
0.007) neurons. The effect of nimodipine was greater in 4R0N-tau-expressing
neurons. p ≤ 0.05, ** p ≤ 0.01. Credit: Scientific Reports (2022). DOI:
10.1038/s41598-022-18648-0

Early cognitive decline may result from a shift in the ratio of a protein
sub-type in our brain cells triggering cell-loss. This new study, published
in Scientific Reports, shows how this might be caused. The discovery
provides a new therapeutic target to prevent the onset of
neurodegenerative diseases including dementia and Alzheimer's. 

The study is the first to examine the effects on nerve activity of altering
the balance of a key protein known as tau. Elevated amounts of the
protein, which accumulates and forms tangles in the brain, is a hallmark
of both dementia and Alzheimer's. Although tau is well documented as
one of the main damaging processes behind these diseases, until now its
role in early-cognitive decline has not been well understood. 

In normal human brain cells there are approximately equal amounts of
the six subtypes of tau, comprising three grouped together as 4R-tau, and
three as 3R-tau. Scientists believe when there is a shift in the ratio of 4R-
tau subtypes, this increase has adverse effects resulting in early cognitive
impairment, with the same effect also seen in aged animals. 

To test this ratio shift theory, researchers from Bristol's Schools of
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Physiology, Pharmacology and Neuroscience and Biochemistry,
examined the 4R-tau subtypes in more detail, and the acute effects of
shifting the balance of the different subtypes on brain cell nerve activity.

Using animal models, the team found that two 4R-tau subtypes increased
the number of L-type calcium channels in brain cells, while the third did
not. The effect of the other two 4R-tau subtypes was produced from a
direct protein:protein interaction between tau and the calcium channel.
This increase in the number of L-type calcium channels (which also
occurs in aged animals) caused the brain cell's activity to be dampened
by an enhanced inhibitory response known as the slow
afterhyperpolarization (slow AHP). The slow AHP is produced by 
calcium ions entering the brain cell through a protein ion channel known
as the L-type calcium channel. 

The team showed that the effect in the hippocampus resulted from more
calcium entering the neurons through L-type calcium channels, which
supports existing evidence that nerve death in dementia is caused by
calcium overload. 

Their discovery shows the changes that occur in a hippocampal nerve
during early cognitive impairment are changes that occur before the
patient is finally diagnosed with dementia. 

Professor Neil Marrion, Professor of Neuroscience at Bristol's School of
Physiology, Pharmacology & Neuroscience, and the study's lead author,
said, "Our exciting findings suggest that preventing the direct interaction
between 4R-tau subtypes and L-type calcium channels could be used as a
therapeutic approach to prevent the onset of dementia." 

  More information: Georgiana F. Stan et al, Tau isoform-specific
enhancement of L-type calcium current and augmentation of
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afterhyperpolarization in rat hippocampal neurons, Scientific Reports
(2022). DOI: 10.1038/s41598-022-18648-0
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