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A Commentary on

P2X7 receptor modulation is a viable therapeutic target for neurogenic

pain with concurrent sleep disorders

by Li, T., Gao, Y., He, M., Gui, Z., Zhao, B., Cao, Y., Chen, T., Zhu, J., Wang, J., Zhong, Q., and

Zhang, Z. (2023). Front. Neurosci. 17:1095718. doi: 10.3389/fnins.2023.1095718

Chronic neuropathic pain can severely impact people’s quality of life, influencing

their mood, activities of daily living, sleep, and cognition. In comparison to the general

population, patients with chronic pain have a higher risk of experiencing major depressive

disorder (MDD) and sleep disturbances; in turn, MDD and impaired sleep can contribute to

the worsening of chronic pain (Emery et al., 2013). One meta-analysis found that employing

non-pharmacologic interventions for chronic low back pain resulted in improved sleep

outcomes (Craige et al., 2023). In this regard, improving sleep quality, with or without the

use of medication, is an important factor in addressing chronic pain. The central nervous

system (CNS) hosts many receptor types that mediate various signals; the P2X family of

receptors plays a particularly significant role in neuromodulation. P2X7 receptors (P2X7R)

are purinergic ligand-gated ion channels, meaning their activation depends on binding from

ATP or ADP. These receptors are important for physiological maintenance such as memory,

sleep, and cognition, but can also play a part in cellular injury and inflammation (Burnstock,

2015).

Specific subtypes of P2X receptors are involved in the neurotransmission of pain:

while P2X3 and P2X4 are respectively located in sensory neurons and microglia, P2X7

possesses a larger distribution in the CNS due to its presence in both sensory neurons and

microglia (Inoue and Tsuda, 2020). These receptors are important components of pain,

immune, and inflammatory responses within the body (Jacobson et al., 2023). The pro-

inflammatory functions of P2X7R contribute significantly to chronic pain (Ren and Illes,

2022). Along with sleep disturbances in neuropathic pain, P2X7 receptors have been found to

be present in psychiatric conditions, such as MDD, bipolar disorder, and schizophrenia, and

neurodegenerative disorders, such as Alzheimer’s, Parkinson’s disease, amyotrophic lateral

sclerosis, and multiple sclerosis (Zhang et al., 2022).

In terms of therapeutic benefit, recent studies turn their focus toward P2X7R antagonists,

which vary in their design based on ligand, structure, or fragment (Zhang et al., 2023). This is
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because the levels of P2X7R are upregulated in pathophysiological

conditions (Lee and Kim, 2022). A recent study has shown that

glial cell P2X7R expression in the hippocampus was increased

after inducing a chronic stress response in mice models, and

P2X7R inhibition was consequently associated with a decrease in

mice stress behaviors (Yue et al., 2017). This association can play

role in influencing the quality and quantity of sleep in patients

with chronic pain, which may be worsened in the context of

chronic stress. Another study revealed that rats with diabetic

neuropathy had increased expression of the P2X7R and inhibiting

the P2X7R in these animals decreased displays of pain (Chen et al.,

2022). Furthermore, mice models with disruption of P2X7R genes

demonstrated significantly less inflammatory and neuropathic

hypersensitivity to various pain stimuli compared to their wild-

type counterparts (Chessell et al., 2005). In fact, one study used

a chronic-constriction injury model in mice to investigate the

role of the P2X7R in mediating sleep disturbances exacerbated by

neuropathic pain (Li et al., 2023). Ultimately, the P2X7R serves as

a gateway for novel advances in pharmacologic therapy to address

sleep disturbances associated with neuropathic pain (Li et al., 2023).

Targeting this receptor can improve the quality of life for patients

with neuropathic pain, as well as set the stage for researching similar

therapies for other chronic In review pain conditions, including

malignancy, neurodegenerative disease, and psychiatric illnesses.

Therefore, it is necessary to further investigate the relationships

between the P2X7R and pain signaling.

Our study discusses findings from a recent study by Li

et al. (2023), which was published in Frontiers in Neuroscience

and discusses the use of various wet lab techniques including

electroencephalogram (EEG) recordings, electromyography

(EMG) recordings, local field potential (LFP) recordings,

immunofluorescence, sample extraction, and [1H-13C]-NMR

spectroscopy to investigate the effect of neuropathic pain (NP)

on neuronal activity during sleep. The mice were divided into

four groups: Sham, Sham + A-740003 (a selective P2X7R

antagonist), chronic-constriction injury (CCI) group, and CCI +

A-740003. Mice were given A-740003 or DMSO (which served as

control injection) daily for 3 days prior to the measurement.

The P27XR inhibitor was a selective antagonist with the

following cellular makeup: A-740003 [N-(1-{[(Cyanoimino)

(5-quinolinylamino)methyl] amino}−2,2-dimethylpropyl)-2-(3,4-

dimethoxyphenyl) acetamide] (i.p.; 0.5mL, 180 mg/kg, dissolved

in 1% DMSO, 44% PEG-300, 5.5% Tween-80, and 49.5% saline)

(A0862, Sigma-Aldrich, Germany). The PEG-300 was used due to

its ability to improve the solubility of A-740003 and compatibility

with organic components.

Pain related behaviors were evaluated using the mechanical

paw withdrawal threshold (MWT) and the paw thermal withdrawal

latency (PWL) to examine the threshold of pain mice on certain

days before and after surgery. These tests were conducted on

the first day before surgery and then again on the 3rd, 5th, 7th,

14th, and 24th day after surgery. Mechanical hyperalgesia and

heat allodynia were significantly decreased from postoperative

day 3 until 3 weeks after surgery in the CCI group when

compared to the sham group. The A-740003 treatment attenuated

the CCI-induced mechanical hyperalgesia and heat allodynia

on the days 7th, 14th, and 21st post-surgery. The difference

between mechanical and heat perception when comparing the

sham group and mice given A-740003 alone was not statistically

significant. Collectively, the data suggests that alleviation of CCI

induced pain hyperalgesia can be achieved through inhibition

of P2XR7.

Twenty-four-hour recordings of EEG and EMG were used to

confirm the impact of the P2X7R on sleep/awake patterns after A-

74003 administration. Mice in the CCI group were compared to

the sham group and results demonstrated that the CCl group spent

less time in NREM sleep and more time in wakefulness during both

light and dark phases; however, time spent in REM sleep was not

different between the two. The administration of A-740003 resulted

in a notable reduction in the decrease of NREM sleep time and an

increase in wake time in chronic pain mice, particularly during the

light phase. Additionally, there was no significant disparity detected

in the sleep/wakefulness states between the group treated with A-

740003 and the control group. Ultimately, it was determined that

NREM sleep after chronic constriction injury was promoted by the

inhibition of P2X7R.

Further, the study concluded that inhibition of P2X7R

decreased P2X7R-activated microglia in the cortex after chronic-

constriction injury using immunohistochemical methods. This test

was performed on the 14th day after CCI and demonstrated

that microglia expressed by P2X7R+-Iba1+ in CCI mice was

significantly higher than in the sham mice. Moreover, A74003

administration resulted in a decrease in the number of P2X7R+

–Iba1+microglia of the CCI group.

LFP power spectra were recorded in the ventral posterior

nucleus (VP) and primary somatosensory cortex (S1). After

CCI intervention, relative power percentage of delta oscillation

decreased in VP and S1 in comparison to the sham group. Delta

oscillations improved when treated with in review A-740003.

Mice with CCI had a higher percentage for the alpha oscillation

and theta oscillations in the VP, when compared to the control

group. Adding A-740003 reversed the alpha oscillations but not

the theta oscillations. There was an increase in the relative power

percentage of beta oscillations after CCI intervention. A-740003

intervention reversed this effect in S1 but not in VP. The results

suggested that restoration of faster oscillations could be promoted

by P2X7R inhibition.

Additionally, the study used coherences of LFP (1–50Hz) in

the VP and S1 to conclude that inhibition of P2X7R decreased the

coherence of local field potential in ventral posterior nucleus and

primary somatosensory cortex after chronic-constriction injury.

When compared to the sham group, there was a significant increase

in total coherence in the CCI group, which was reversed by adding

the P2X7R inhibitor A-740003. The results of the study suggest

that the sleep disturbance induced by NP is probably linked to

alterations in coherence between VP and S1, and this effect can be

reversed by P2X7R.

Levels of Glu4, Gln4, Glu3, and Glx3 were monitored in

the thalamus (TH) and parietal cortex (PC) using NMR to

evaluate glucose levels after CCI model. Compared to the control

group, the metabolism of CCI group showed increased 13C

enrichments for Glu4, Gln4, Glu3 and Glx3 in both regions.

However, after A740003 administration, only some changes were

recovered, including Glu4, Gln4, Glu3, and Glx3 in the TH and

Glu4, Gln4, and Glx3 in the PC. Overall, most metabolites can

be restored after CCI with the inhibition of P2X7R, which is
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assumed to correlate with CCI-induced sleep disorder. Patients

with chronic pain who experience sleep disturbances have been

shown to experience a greater severity of pain, longer durations

of pain, greater disability, and lower physical activity levels than

counterparts without sleep disturbances (Husak and Bair, 2020).

In addition, these patients are at greater risk for concurrent

depression, anxiety, and suicidal ideation. Often times, repeated

sleep disturbances can also contribute to built-up fatigue, impairing

cognitive function and reducing quality of life (Irwin, 2015). There

is a clear need for research investigating therapeutic options for

managing concomitant chronic pain and sleep disorders.

It is important to note that the present study did not compare

the proposed P2X7R inhibition with a positive control, which

should be an avenue for future investigation. Additionally, there

is not a discussion of potential harms of purine antagonism

included in the text. Previous studies have reported potential

detrimental effects of P2X7R inhibition in the pathogenesis of

autoimmune disorders (Faliti et al., 2019; Mellouk et al., 2022).

Additionally, there may be concern for poor wound healing, effects

on neuromodulators, and loss of immune protection as other side

effects (Jin et al., 2014; Ribeiro et al., 2019; Grassi and De Ponte

Conti, 2021). Further research is needed to investigate potential side

effects and toxicities of P2X7R inhibition as a therapeutic tool.

Neuropeptides have established their role in sleep regulation

while also being associated with chronic pain conditions (Saper

et al., 2005; Furlan et al., 2016). As discussed in the study published

by Li et al. (2023), P2X7R inhibition is a therapeutic avenue to

increase NREM sleep and alleviate pain and hyperalgesia. The

P2X7 receptor is a fascinating target due to its wide expression

in microglia, which have recently been shown to serve a critical

role in neuronal activity during the pain and sleep cycle (Xiao

et al., 2022). P2X receptors are a main target for ATP extracellular

signaling pathways, which plays a critical role in nociception

and chronic pain mechanisms (Moldofsky et al., 2011). P2X7R

specifically is located in peripheral and central immune cells and

initiates immune system activation through macrophages, cytokine

production, reactive oxygen species, and excitatory glutamate

release, which are all contributors of chronic pain processes

(Bernier et al., 2018). Overall, P2X7R antagonists are a well-studied

class of therapeutics due to its primary role in pain mechanisms.

Along with P2X7R inhibition, early studies have also

investigated other targets for pharmaceutical interventions. One

therapeutic which has been studied for treating chronic pain

and sleep disturbances is In review pregabalin, which is an

anticonvulsant medication commonly used to treat neuropathic

pain associated with diabetic neuropathy, spinal cord injury,

postherpetic neuralgia, and fibromyalgia (Deurveilher et al.,

2021). Pregabalin is a gamma-amino-butyric acid (GABA) analog

which mimics GABAergic inhibition by binding to the alpha2

delta subunit on neuronal voltage-gated calcium channels in the

CNS, subsequently reducing membrane fusion and exocytosis

of neurotransmitters (Cross et al., 2022). Recently, a systematic

review by Husak and Bair (2020) found that pregabalin was the

most commonly studied pharmaceutical option for concomitant

chronic pain and sleep disturbances, being reported in 5 studies

evaluating patients with fibromyalgia. In all 5 studies, patients

taking pregabalin showed significant improvements in both pain

and sleep when compared with placebo. Pregabalin has also been

shown to be useful in improving sleep quality for patients with

generalized anxiety disorder, neuralgia, and epilepsy (Micó and

Prieto, 2012). An additional study by Moldofsky et al. (2011)

gave a low dose of cyclobenzaprine to patients to improve sleep

physiology in patients with fibromyalgia experiencing poor sleep

patterns. This double-blind, placebo-controlled trial included 37

patients with fibromyalgia and prescribed an increasing dose of

cyclobenzaprine ranging from 1–4mg over the course of 8 weeks.

Results suggested that cyclobenzaprine improved fibromyalgia

symptoms at night resulting in better sleep for these patients.

Though fibromyalgia is a specific condition, it would be interesting

to explore if administration of cyclobenzaprine would improve

symptoms in other conditions causing neuropathic pain.

Along with P2X7R, other P2X receptors may be involved with

chronic pain and sleep disorders (Bernier et al., 2018; Ren and

Illes, 2022). P2X4R on the dorsal root ganglion and spinal cord

are stimulated by chronic nerve injury and inflammation, rather

than by acute pain signals (Aby et al., 2018). The activation of

P2X3 and P2X2/3 receptors in the nerve fibers of rodent tooth pulp

demonstrated pain response behaviors and brainstem activation

(Adachi et al., 2010). In one study, antagonizing P2X3R in the

carotid body stabilized abnormal breathing patterns and reduced

inflammation in rats with heart failure; this therapy may introduce

a novel method of improving heart failure-associated orthopnea

and poor sleep quality (Lataro et al., 2023). P2X7R has important

potential as a target for pain and sleep disorders, but investments

in further studies regarding the other P2X receptor subtypes’

therapeutic implications are warranted.

Ultimately, this study offers valuable insights into the

regulatory role of purine receptor modulation and its receptor

in sleep and its relationship with chronic pain conditions.

These findings have the potential to open new avenues for the

development of innovative therapeutic interventions for managing

sleep disturbances in individuals with chronic pain. In light of

these promising results, future research in this area is warranted

to further explore the therapeutic potential of purine receptor

signaling pathways (or other relevant pathways) in addressing the

complex interplay between sleep and pain regulation.

Author contributions

SS: Conceptualization, Data curation, Formal analysis,

Writing—original draft. KK: Conceptualization, Data curation,

Formal analysis, Writing—original draft. NR: Formal analysis,

Writing—original draft. X-PC: Conceptualization, Supervision,

Validation, Writing—review & editing.

Funding

The author(s) declare that no financial support was

received for the research, authorship, and/or publication of

this article.

Frontiers inNeuroscience 03 frontiersin.org

https://doi.org/10.3389/fnins.2023.1293174
https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org


Shah et al. 10.3389/fnins.2023.1293174

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.

The author(s) declared that they were an editorial board

member of Frontiers, at the time of submission. This had no impact

on the peer review process and the final decision.

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.

Supplementary material

The Supplementary Material for this article can be found

online at: https://www.frontiersin.org/articles/10.3389/fnins.2023.

1293174/full#supplementary-material

References

Aby, F., Whitestone, S., Landry, M., Ulmann, L., and Fossat, P. (2018).
Inflammatory-induced spinal dorsal horn neurons hyperexcitability is mediated by
P2X4 receptors. PAIN Rep. 3, e660. doi: 10.1097/PR9.0000000000000660

Adachi, K., Shimizu, K., Hu, J., Suzuki, I., Sakagami, H., Koshikawa, N., et al.
(2010). Purinergic receptors are involved in tooth-pulp evoked nocifensive behavior
and brainstem neuronal activity.Molec. Pain 6, 1744 doi: 10.1186/1744-8069-6-59

Bernier, L. P., Ase, A. R., and Séguéla, P. (2018). P2X receptor channels in chronic
pain pathways. Br. J. Pharmacol. 175, 2219–2230. doi: 10.1111/bph.13957

Burnstock, G. (2015). Physiopathological roles of P2X receptors
in the central nervous system. Curr. Med. Chem. 22, 819–844.
doi: 10.2174/0929867321666140706130415

Chen, L., Wang, H., Xing, J., Shi, X., Huang, H., Huang, J., et al. (2022). Silencing
P2X7R alleviates diabetic neuropathic pain involving TRPV1 via PKCε/P38MAPK/NF-
κB signaling pathway in rats. Int. J. Mol. Sci. 23, 14141. doi: 10.3390/ijms2322
14141

Chessell, I. P., Hatcher, J. P., Bountra, C., Michel, A. D., Hughes, J. P., Green, P., et al.
(2005). Disruption of the P2X7 purinoceptor gene abolishes chronic inflammatory and
neuropathic pain. Pain 114, 386–396. doi: 10.1016/j.pain.2005.01.002

Craige, E. A., Memon, A. R., Belavy, D. L., Vincent, G. E., and Owen, P. J. (2023).
Effects of non-pharmacological interventions on sleep in chronic low back pain: a
systematic review and meta-analysis of randomised controlled trials. Sleep Med. Rev.
68, 101761. doi: 10.1016/j.smrv.2023.101761

Cross, A. L., Viswanath, O., and Sherman, A. L. (2022). Pregabalin. In: StatPearls
(Treasure Island (FL): StatPearls Publishing).

Deurveilher, S., Golovin, T., Hall, S., and Semba, K. (2021). Microglia dynamics
in sleep/wake states and in response to sleep loss. Neurochem. Int. 143, 104944.
doi: 10.1016/j.neuint.2020.104944

Emery, P. C., Wilson, K. G., and Kowal, J. (2013). Major depressive disorder
and sleep disturbance in patients with chronic pain. Pain Res. Manag. 19, 35–41.
doi: 10.1155/2014/480859

Faliti, C. E., Gualtierotti, R., Rottoli, E., Gerosa, M., Perruzza, L., Romagnani, A.,
et al. (2019). P2X7 receptor restrains pathogenic Tfh cell generation in systemic lupus
erythematosus. J. Exper. Med. 216, 317–336. doi: 10.1084/jem.20171976

Furlan, A., Sandoval, D., Mailis-Gagnon, A., and Tunks, E. (2016). Opioids for
chronic noncancer pain: a metaanalysis of effectiveness and side effects. Canad. Med.
Assoc. J. 174, 1589–1594. doi: 10.1503/cmaj.051528

Grassi, F., and De Ponte Conti, B. (2021). The P2X7 receptor in tumor immunity.
Front. Cell Dev. Biol. 9, 694831. doi: 10.3389/fcell.2021.694831

Husak, A. J., and Bair,M. J. (2020). Chronic pain and sleep disturbances: a pragmatic
review of their relationships, comorbidities, and treatments. Pain Med. 21, 1142–1152.
doi: 10.1093/pm/pnz343

Inoue, K., and Tsuda, M. (2020). Nociceptive signalingmediated by P2X3, P2X4 and
P2X7 receptors. Biochem. Pharmacol. 187, 114309. doi: 10.1016/j.bcp.2020.114309

Irwin, M. R. (2015). Why sleep is important for health: a
psychoneuroimmunology perspective. Annu. Rev. Psychol. 66, 143–172.
doi: 10.1146/annurev-psych-010213-115205

Jacobson, K. A., Pradhan, B., Wen, Z., and Pramanik, A. (2023). New
paradigms in purinergic receptor ligand discovery. Neuropharmacology 230, 109503.
doi: 10.1016/j.neuropharm.2023.109503

Jin, H., Seo, J., Eun, S. Y., Joo, Y. N., Park, S. W., Lee, J. H., et al. (2014). P2Y2R
activation by nucleotides promotes skin wound-healing process. Exper. Dermatol. 23,
480–485. doi: 10.1111/exd.12440

Lataro, R., Moraes, D., Gava, F., Omoto, A., Silva, C., Brognara, F., et al. (2023).
P2X3 receptor antagonism attenuates the progression of heart failure. Nat. Commun.
14, 1725. doi: 10.1038/s41467-023-37077-9

Lee, D., and Kim, J. (2022). P2X7 receptor augments LPS-induced nitrosative stress
by regulating Nrf2 and GSH levels in the mouse hippocampus. Antioxidants 11, 778.
doi: 10.3390/antiox11040778

Li, T., Gao, Y., He, M., Gui, Z., Zhao, B., Cao, Y., et al. (2023). P2X7 receptor-
activatedmicroglia in cortex is critical for sleep disorder under neuropathic pain. Front.
Neurosci. 17, 1095718. doi: 10.3389/fnins.2023.1095718

Mellouk, A., Hutteau-Hamel, T., Legrand, J., Safya, H., Benbijja, M., Mercier-
Nomé, F., et al. (2022). P2X7 purinergic receptor plays a critical role in maintaining
T-cell homeostasis and preventing lupus pathogenesis. Front. Immunol. 13, 957008.
doi: 10.3389/fimmu.2022.957008

Micó, J. A., and Prieto, R. (2012). Elucidating the mechanism of action of
pregabalin: α(2)δ as a therapeutic target in anxiety. CNS Drugs 26, 637–648.
doi: 10.2165/11634510-000000000-00000

Moldofsky, H., Harris, H., Archambault, W., Kwong, T., and Lederman, S. (2011).
Effects of bedtime very low dose cyclobenzaprine on symptoms and sleep physiology in
patients with fibromyalgia syndrome: a double-blind randomized placebo-controlled
study. J. Rheumatol. 38, 2653–2663. doi: 10.3899/jrheum.110194

Ren, W. J., and Illes, P. (2022). Involvement of P2X7 receptors in chronic pain
disorders. Purin. Signal. 18, 83–92. doi: 10.1007/s11302-021-09796-5

Ribeiro, D. E., Roncalho, A. L., Glaser, T., Ulrich, H., Wegener, G., and Joca, S.
(2019). P2X7 receptor signaling in stress and depression. Int. J. Mol. Sci. 20, 2778.
doi: 10.3390/ijms20112778

Saper, C., Scammell, T., and Lu, J. (2005). Hypothalamic regulation of sleep and
circadian rhythms. Nature 437, 1257–1263. doi: 10.1038/nature04284

Xiao, S.-Y., Liu, Y.-J., Lu, W., Sha, Z.-W., Xu, C., Yu, Z.-H., et al. (2022). Possible
neuropathology of sleep disturbance linking to Alzheimer’s disease: astrocytic and
microglial roles. Front. Cell Neurosci. 16, 875138. doi: 10.3389/fncel.2022.875138

Yue, N., Huang, H., Zhu, X., Han, Q., Wang, Y., Li, B., et al. (2017). Activation
of P2X7 receptor and NLRP3 inflammasome assembly in hippocampal glial cells
mediates chronic stress-induced depressive-like behaviors. J. Neuroinflam. 14, 102.
doi: 10.1186/s12974-017-0865-y

Zhang, R., Li, N., Zhao, M., Tang, M., Jiang, X., Cai, X., et al. (2023). From lead to
clinic: a review of the structural design of P2X7R antagonists. Eur. J. Med. Chem. 251,
115234. doi: 10.1016/j.ejmech.2023.115234

Zhang, Y., Yin, H. Y., Rubini, P., Tang, Y., and Illes, P. (2022).
A possible causal involvement of neuroinflammatory, purinergic P2X7
receptors in psychiatric disorders. Curr. Neuropharmacol. 20, 2142–2155.
doi: 10.2174/1570159X20666220302152400

Frontiers inNeuroscience 04 frontiersin.org

https://doi.org/10.3389/fnins.2023.1293174
https://www.frontiersin.org/articles/10.3389/fnins.2023.1293174/full#supplementary-material
https://doi.org/10.1097/PR9.0000000000000660
https://doi.org/10.1186/1744-8069-6-59
https://doi.org/10.1111/bph.13957
https://doi.org/10.2174/0929867321666140706130415
https://doi.org/10.3390/ijms232214141
https://doi.org/10.1016/j.pain.2005.01.002
https://doi.org/10.1016/j.smrv.2023.101761
https://doi.org/10.1016/j.neuint.2020.104944
https://doi.org/10.1155/2014/480859
https://doi.org/10.1084/jem.20171976
https://doi.org/10.1503/cmaj.051528
https://doi.org/10.3389/fcell.2021.694831
https://doi.org/10.1093/pm/pnz343
https://doi.org/10.1016/j.bcp.2020.114309
https://doi.org/10.1146/annurev-psych-010213-115205
https://doi.org/10.1016/j.neuropharm.2023.109503
https://doi.org/10.1111/exd.12440
https://doi.org/10.1038/s41467-023-37077-9
https://doi.org/10.3390/antiox11040778
https://doi.org/10.3389/fnins.2023.1095718
https://doi.org/10.3389/fimmu.2022.957008
https://doi.org/10.2165/11634510-000000000-00000
https://doi.org/10.3899/jrheum.110194
https://doi.org/10.1007/s11302-021-09796-5
https://doi.org/10.3390/ijms20112778
https://doi.org/10.1038/nature04284
https://doi.org/10.3389/fncel.2022.875138
https://doi.org/10.1186/s12974-017-0865-y
https://doi.org/10.1016/j.ejmech.2023.115234
https://doi.org/10.2174/1570159X20666220302152400
https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org

	Commentary: P2X7 receptor modulation is a viable therapeutic target for neurogenic pain with concurrent sleep disorders
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	Supplementary material
	References


