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Editorial on the Research Topic

Purinergic Signaling and Neuroinflammation

Severe and chronic neuroinflammation is a pathological process that can culminate

in apoptosis and necrosis, with synaptic damage and even neuronal loss. Among the

events involved are the activation of glial cells, increased release of inflammatory

cytokines, and damage to the blood-brain barrier (BBB), leading to increased BBB

permeability. These events are involved in neurodegenerative pathologies and

neuropsychiatric disorders (Beamer et al., 2016; Kölliker-Frers et al., 2021). The

NLR family pyrin domain containing 3 (NLRP3) gene encodes NOD-, LRR- and

pyrin domain-containing protein 3, constituting an inflammasome complex, which

activates the caspase-1 protein, induces an increase in inflammatory cytokines and

nuclear factor κB (NF-κB) activation, with a consequent increase in genetic

transcription (Swanson et al., 2019).

Among the critical mechanisms involved in the molecular events that end up in

neuroinflammation, the purinergic system plays a crucial role, considering its function in

a wide range of underlying biological processes (Beamer et al., 2016). The purinergic

system comprises adenosine triphosphate (ATP) and its metabolites, adenosine

diphosphate (ADP), adenosine monophosphate (AMP), and adenosine. These

molecules exert several physiological functions through a range of purinergic

receptors classified as purinoceptors P1 and P2. The P1 purinoceptors are a family of

four types of metabotropic G protein-coupled receptors (A1, A2A, A2B, and A3), whose

functions are mediated by adenosine. The P2 purinoceptors are nucleotide receptors,

better known as ATP receptors, and are subdivided into ionotropic receptors, P2X, with

seven subtypes (P2X1-P2X7) and metabotropic receptors coupled to G protein, P2Y, with

eight subtypes (P2Y1, P2Y2, P2Y4, P2Y6, P2Y11-P2Y14) (Burnstock, 2020; Zarrinmayeh

and Territo, 2020; Huang et al., 2021). Some of the P2Y receptors are responsive to the
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pyrimidines uridine 5’ triphosphate (UTP) and uridine

diphosphate (UDP) (Burnstock, 2020).

Activation of the P2X7 receptor in monocytes and

macrophages constitutes a potent signal for activating the

NLRP3 inflammasome, inducing the release of pro-

inflammatory cytokines of the IL-1 family (Martínez-

Banaclocha and Pelegrín, 2020). P2X7 receptors are located in

the central nervous system (CNS), preferably in microglial cells,

and are stimulated by large concentrations of ATP released in

various situations of injuries and neurodegenerative diseases

(Illes et al., 2020). Through P2 receptors, ATP activates

immune cells, inducing inflammation. Subsequently, ATP is

metabolized by nucleotidase enzymes. Adenosine, one of the

final metabolites of ATP, has an anti-inflammatory function

through P1 receptors (Huang et al., 2021).

In this special Research Topic, an overview of the

relationship between neuroinflammation and purinergic

signaling has been highlighted by a mini-review and several

original research papers. Two research articles in this

Research Topic focused on the nociceptive transmission of

inflammatory and neuroinflammatory pain mediated by

purinergic receptors.

Qiao et al. demonstrated that the purinergic ionotropic

receptor P2X3 is involved in neuroinflammatory conditions,

providing a novel peripheral mechanism underlying pain

sensitization. The P2X3 receptor is a target of

lysophosphatidic acid (LPA), an endogenous lipid metabolite

released during tissue injury or inflammation states, contributing

to nociceptive behaviors. The Authors indeed demonstrated that

LPA enhances the functional activity of P2X3 receptors. LPA

enhanced α,β-meATP-evoked electrophysiological activity in rat

dorsal root ganglia (DRG) neurons and exacerbated α,β-meATP-

induced nociceptive behaviors in rats. LPA may increase

P2X3 receptor-mediated currents and action potential bursts

by sensitizing co-existed P2X3 receptors located on the

nociceptive sensory terminals, resulting in exacerbated

nociceptive behaviors in rats. The enhancement of the

P2X3 receptor by LPA may have pathophysiological

significance. Under pathological conditions, such as

inflammation, both LPA and ATP signaling may appear

together. Peripherally, ATP can be released from

inflammatory cells as an “injury” signaling, resulting in a

nociceptive response by directly activating P2X3-containing

receptors in nociceptors.

In the research article by Peng et al., the Authors point to the

role of the P2Y12 metabotropic receptor in hyperalgesia. This

study showed that in the DRG of the human immunodeficiency

virus (HIV) glycoprotein 120 (gp120) rats, a model of

neuroinflammatory pain, P2Y12 mRNA and protein are

significantly increased. In contrast, treatment with small

interfering RNA that targets the long non-coding RNA uc.48+

reduces P2Y12 expression and function in DRG neurons,

accompanied by the decreased activation of p38 MAPK in

gp120 rats. Remarkably, uc.48+ silencing markedly mitigates

gp120-induced hyperalgesia. The Authors propose that

neuronal P2Y12 receptors might be involved in HIV gp120-

induced neuroinflammatory pain, suggesting that targeting

uc48+ by downregulating P2Y12 could be an efficient strategy

for neuroinflammatory diseases, hampering both mechanical

and thermal hyperalgesia.

The article by Chai et al. indicated that NLRP3-mediated

pyroptosis exerted an essential effect on depressive symptoms.

Precisely, salidroside can ameliorate pyroptosis by suppressing

the P2X7/NF-κB/NLRP3 pathway. Furthermore, they revealed

that salidroside provides novel therapeutic strategies for the

treatment of depression. Depression is a common and serious

mental disorder. Therefore, this study provides new insights into

the potential treatment options for depression.

Finally, in the Review Article, Nobili et al. studied the

therapeutic potential of astrocyte purinergic signaling in

epilepsy and multiple sclerosis. Epilepsy and multiple

sclerosis, two of the most common neurological diseases, are

characterized by the establishment of an inflammatory

environment in the central nervous system that drives

disease progression and impacts neurodegeneration. Current

therapeutic approaches in the treatment of epilepsy and

multiple sclerosis are targeting neuronal activity and

immune cell response, respectively. However, the lack of

fully efficient responses to the available treatments obviously

shows the need to search for novel therapeutic candidates that

will not exclusively target neurons or immune cells. ATP release

and astroglial-mediated purinergic signaling are crucial

mechanisms through which astrocytes communicate between

themselves, with neurons in epilepsy and with autoreactive

immune cells, making them suitable targets for designing

innovative disease-modifying strategies. In the case of

epilepsy, this would mean developing effective therapies that

will not just target neurons, but also astrocytes, which by

themselves provide conditions for proper neuronal

functioning. Similarly in multiple sclerosis, demyelination

and neuronal loss could be rescued by effectively controlling

and targeting astrocyte interaction with autoreactive immune

cells.

The collection of articles included in this Research Topic

provides evidence of the interplay between neuroinflammation

and purinergic signaling. Also, the papers in this Research

Topic give insights into the paramount and complex

involvement of purinergic system components in the

inflammatory events in various disease conditions, such as

depression, epilepsy, and multiple sclerosis, among others.

Taken together, the articles in this Research Topic suggest

the purinergic system as a main signaling pathway to be

further investigated to understand its implications in the

inflammatory reactions associated with different pathological

scenarios and as a possible target for the development of new

and effective pharmacological therapies.

Frontiers in Pharmacology frontiersin.org02

Assmann et al. 10.3389/fphar.2022.1113063

https://www.frontiersin.org/articles/10.3389/fphar.2022.928647/full
https://www.frontiersin.org/articles/10.3389/fnins.2021.746945/full
https://www.frontiersin.org/articles/10.3389/fphar.2022.812362/full
https://www.frontiersin.org/articles/10.3389/fphar.2022.900337/full
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2022.1113063


Author contributions

All authors listed havemade a substantial, direct, and intellectual

contribution to the work and approved it for publication.

Acknowledgments

We would like to acknowledge all authors for their highly

valuable contributions to this special issue. Also, we would like to

express our gratitude to the reviewers whose constructive

comments helped to improve the quality of the articles. The

authors would like to thank “Coordenação de Aperfeiçoamento

de Pessoal de Nível Superior–Brasil” (CAPES, Finance Code 001)

and “Conselho Nacional de Desenvolvimento Científico e

Tecnológico–Brasil” (CNPq) for grants and fellowships.

Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their

affiliated organizations, or those of the publisher, the

editors and the reviewers. Any product that may be

evaluated in this article, or claim that may be made by its

manufacturer, is not guaranteed or endorsed by the

publisher.

References

Beamer, E., Gölöncsér, F., Horváth, G., Bekő, K., Otrokocsi, L., Koványi, B., et al.
(2016). Purinergic mechanisms in neuroinflammation: An update from molecules
to behavior. Neuropharmacology 104, 94–104. doi:10.1016/j.neuropharm.2015.
09.019

Burnstock, G. (2020). Introduction to purinergic signalling in the brain. Adv.
Exp. Med. Biol. 1202, 1–12. doi:10.1007/978-3-030-30651-9_1

Huang, Z., Xie, N., Illes, P., Di Virgilio, F., Ulrich, H., Semyanov, A., et al.
(2021). From purines to purinergic signalling: molecular functions and human
diseases. Signal Transduct. Target. Ther. 6 (1), 162. doi:10.1038/s41392-021-
00553-z

Illes, P., Rubini, P., Ulrich, H., Zhao, Y., and Tang, Y. (2020). Regulation of
microglial functions by purinergic mechanisms in the healthy and diseased CNS.
Cells 9 (5), 1108. doi:10.3390/cells9051108

Kölliker-Frers, R., Udovin, L., Otero-Losada, M., Kobiec, T., Herrera, M. I.,
Palacios, J., et al. (2021). Neuroinflammation: An integrating overview of reactive-
neuroimmune cell interactions in health and disease. Mediat. Inflamm. 2021,
9999146. doi:10.1155/2021/9999146

Martínez-Banaclocha, H., and Pelegrín, P. (2020). Detection of inflammasome
activation by P2X7 purinoceptor activation by determining ASC oligomerization.
Methods Mol. Biol. 2041, 335–343. doi:10.1007/978-1-4939-9717-6_25

Swanson, K. V., Deng, M., and Ting, J. P. (2019). The NLRP3 inflammasome:
molecular activation and regulation to therapeutics. Nat. Rev. Immunol. 19 (8),
477–489. doi:10.1038/s41577-019-0165-0

Zarrinmayeh, H., and Territo, P. R. (2020). Purinergic receptors of the central
nervous system: Biology, PET ligands, and their applications. Mol. Imaging 19,
1536012120927609. doi:10.1177/1536012120927609

Frontiers in Pharmacology frontiersin.org03

Assmann et al. 10.3389/fphar.2022.1113063

https://doi.org/10.1016/j.neuropharm.2015.09.019
https://doi.org/10.1016/j.neuropharm.2015.09.019
https://doi.org/10.1007/978-3-030-30651-9_1
https://doi.org/10.1038/s41392-021-00553-z
https://doi.org/10.1038/s41392-021-00553-z
https://doi.org/10.3390/cells9051108
https://doi.org/10.1155/2021/9999146
https://doi.org/10.1007/978-1-4939-9717-6_25
https://doi.org/10.1038/s41577-019-0165-0
https://doi.org/10.1177/1536012120927609
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2022.1113063

	Editorial: Purinergic signaling and neuroinflammation
	Author contributions
	Acknowledgments
	Conflict of interest
	Publisher’s note
	References


