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Mechanisms of microglial responses to injury
related focal ATP events
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Microglia, the main immunocompetent cells in the central nervous system, rapidly respond to
disturbances in their microenvironment, largely relying on purinergic (ATP, ADP) signaling
through P2Y12 receptors. However, while the effects of exogenous ATP on microglial activity
have been extensively tested in previous studies, the mechanisms involved in microglial
response to endogenous, focal ATP events in the brain tissue are unclear. To visualize changes
in the extracellular ATP levels, we introduced a sensitive fluorescent ATP sensor (GRAB-ATP)
to cultured neurons and astrocytes and prepared acute brain slices from mice expressing the
sensor in VGlut1l+ neurons. We observed both spontaneous and injury-related ATP events in
astrocytes and neurons in vitro, and detected significant extracellular ATP increase after slice
preparation or secondary injury, even hours after slice cutting. ATP accumulation due to
blockade of ecto-ATPase activity indicated an ongoing ATP release from the damaged tissue.
Interestingly, we also observed a highly dynamic, focal, flashing ATP activity, persisting for
hours ex vivo. Importantly, microglia processes were recruited to complex, nano- and
micromolar ATP events in a P2Y12R and CX3CR1 dependent way, leading to marked
morphological transformation of the cells. Microglial response to spontaneous- and injury-
related ATP signals also occurs in vivo as revealed by in vivo two-photon microscopy. We
suggest that focal, submilimolar ATP events represent a major modulator of microglial states
and are likely to alter inflammatory responses in different CNS disorders.

Keywords:
ATP, microglia, acute brain slice
Reference:

1. Wy, Z,, He, K., Chen, Y., Li, H., Pan, S, Li, B., Liu, T., Xi, F., Deng, F., Wang, H., Du, J., Jing, M.,
& Li, Y. (2022). A sensitive GRAB sensor for detecting extracellular ATP in vitro and in vivo.
Neuron, 110(5), 770-782.e5. https://doi.org/10.1016/j.neuron.2021.11.027

2. Chen, Y., Luan, P., Liu, J., Wei, Y., Wu, Z., & Jing, M. (2022). Spatiotemporally selective ATP
events from astrocytes encode injury information and guide sustained microglial response. (p.
2022.06.21.497103). bioRxiv. https://doi.org/10.1101/2022.06.21.497103

3. Berki, P., Cserép, Cs., Balazs Pdsfai, B., Szabadits E., Kdrnyei Zs., Kellermayer A., Nyerges,
M., Wei X., Mody |., Araki K., Beck H., He K., Wang Y., Wu Z,, Jing M., Li Y., Gulyas Al. & Dénes
A. Microglia undergo rapid phenotypic transformation in acute brain slices but remain
essential for neuronal synchrony. bioRxiv. https://doi.org/10.1101/2022.04.12.487998

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons
Attribution License 4.0 (https://creativecommons.org/licenses/by/4.0/).



