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Quantitative spatiotemporal analysis of amyloid B-induced calcium elevations in

primary culture of astrocytes

Alzheimer's disease (AD) is known as a progressive neurodegenerative disorder that causes
cognitive decline. Uncovering the mechanisms of neurodegeneration in the early-stage is important
for establishing treatment for AD. The most pathological features of AD are known as accumulation
of amyloid-PB (AP) protein, a 40—43 amino acids peptide, in brain (Chen ef al. 2017). AP aggregates
into various types of assemblies, including oligomers, fibrils and senile plaque. Among these, AP
oligomers have been known to induce neurotoxicity and hyperactivation of astrocytes. Also, A
oligomers have reported to induce abnormal intracellular free Ca?* ([Ca?'];) elevations in
astrocytes (Talantova et al. 2013). The [Ca?*]; elevations trigger excessive glutamate release from
the astrocytes to the surrounding synapses. Excessive glutamate levels may induce dendritic spine
loss and finally neurodegeneration. However, the signaling mechanisms of glutamate release
underlying AP oligomers are poorly understood.

Spatial and temporal patterns vary from microdomains to astrocytes network and from sub-
second to sub-minute scales in the physiological conditions (Semyanov et al., 2020). These
patterns of [Ca?"]; elevation are thought to correlate with astrocytic functions such as glutamate
release (Bazargani and Attwell 2016, Santello et al/., 2011). However, the temporal
resolutions (~1 Hz) of previous Ca?* imaging under AP oligomers in astrocyte (Pham et al. 2021,
Shah ef al. 2022) were not sufficient to evaluate spatial and temporal patterns of [Ca®*]; elevation.
Thus, it was necessary to quantitatively evaluate the patterns of [Ca?']; elevation under AP
oligomers utilizing high-speed imaging techniques.

In this study, to clarify the effects of AP oligomers on diverse [Ca?"]; elevations such as fast-
microdomain [Ca?']; elevations in astrocytes, I examined AP dimers-induced changes in the
spatiotemporal patterns of [Ca?"]; elevations in cultured astrocytes utilizing fast-imaging
technique; two-photon excitation spinning-disk confocal microscopy.

Firstly, I observed spatial and temporal [Ca?"]; patterns in primary cultured astrocytes expressing
a genetically encoded Ca?" probe, GCaMP6f, in the cytosol at 10 Hz. I found that [Ca?*]; elevations
were composed of distinct spatial and temporal patterns. To quantitatively analyze the spatial and
temporal [Ca’"]; elevations, I utilized an event-based machine-learning model, the Astrocyte
Quantification Analysis (AQuA) algorithm. This analysis for spontaneous astrocytic [Ca?'];

elevations showed that 50% of astrocytic [Ca®*]; elevations had duration time 0.5 seconds or less,



and that 50 % of [Ca?"]; elevations had the size of [Ca’"]; elevation area below 35 pum? or less.
Based on the results, I classified the patterns of [Ca?*]; elevations into four categories as fast-
microdomain (<0.5 seconds, <35 pm?), slow-microdomain (>0.5 seconds, <35 um?), fast-region
(<0.5 seconds, >35 um?) and slow-region (>0.5 seconds, >35 pm?).

Next, I investigated quantitative relationships between AP dimers exposure and spatial and
temporal [Ca?*]; responses. The [Ca?*]; elevations were examined at concentrations of 50 nM, 200
nM, 500 nM, 2 uM, and 5 uM respectively, as referenced to previous studies (Pham et al. 2021,
Shah et al. 2022). Lower doses of AP dimers (50, 200 nM) had no significant effect on any
spatial and temporal patterns of [Ca?*]; elevations. On the other hand, higher concentrations (above
500 nM) of AP dimers significantly increased the frequency of fast, slow-microdomain, and slow-
region [Ca?"]; elevations. I found that [Ca?*]; elevations could be detected in response to over 500
nM AP dimers and the frequency and amplitude of [Ca?"]; elevations were increased with greater
in amount. The increase in amplitude under high concentrations of A dimers may be
a result of the superposition of fast, slow-microdomain, and slow-region [Ca*'];
elevations.

Finally, 1 explored the signaling pathways of AP dimers-induced fast-microdomain [Ca2*];
elevations. Under physiological conditions, fast-microdomain [Ca?*]; elevations in astrocytes
are mediated through purinergic G-protein coupled receptors (P2Y1 receptors) (Santello
et al., 2011). To investigate whether AP dimers-induced [Ca?']; elevations are mediated
through P2Y 1 receptors, I analyzed [Ca?"]; elevations in the presence of a P2Y 1 receptor antagonist
(MRS2179). The frequency and amplitude of the [Ca’*]; elevations were not changed before and
after treatment. Given that the activation of P2Y1 receptors leads to [Ca®’]; release from the
endoplasmic reticulum (ER) via inositol trisphosphate (IP3) receptors, it is likely that the fast,
slow-microdomain and slow-region [Ca?*]; elevations are due to Ca’" release from the ER.

In conclusion, I revealed that the frequency of fast, slow-microdomain, and slow-region [Ca?"];
elevations was increased by over 500 nM AP dimers exposure. AP dimers-induced [Ca?'];
elevations might be mediated through P2Y1 receptors. These results suggest the existence of an
unrecognized signaling mechanism of AP oligomers. AP dimers-induced fast-microdomain [Ca?*];
elevations may modulate glutamate release. Fast-microdomain [Ca?*]; elevations in astrocytes are

a key signaling mechanism of glutamate release in the early stages of AD.
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elevations in primary culture of astrocytes
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