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ABSTRACT

The P2X7 receptor (P2X7R) is an ATP-gated ion channel belonging to the purinergic ligand-gated P2X receptor family. In the central nervous system (CNS), activation
of this receptor has been proposed to play a key role in the pathogenesis of various neurodegenerative disorders. Its expression has been clearly demonstrated in
microglia, where it regulates numerous cellular processes, including cell activation, cytokine release, and calcium signaling. Recent data show convincing arguments
for the presence of P2X7R also in other cell types of the nervous system, such as astrocytes, oligodendrocytes, oligodendrocyte progenitor cells (OPCs) and neural
progenitor cells (NPCs), although there is still some debate. The most controversial, however, is the presence and role of P2X7R in neurons. In this review, we aim to
critically address this question by examining the current literature in the context of the available tools. We revisit the pharmacological regimen required to confirm
the functional expression of the receptor and the mouse models that have aided in the investigation of neuronal P2X7R. Finally, we discuss some of the hypothesized

contributions of neuronal P2X7R in CNS disorders.

1. Introduction

Extracellular signaling properties of adenine nucleotides (ATP and
ADP) and adenosine have been extensively researched over the years (Di
Virgilio and Adinolfi, 2016). ATP, owing to its action at multiple iono-
tropic (P2X) and metabotropic (P2Y) purinergic receptors, has wide-
spread functions in both short-term signaling, such as neurotransmission
and chemoattraction, as well as long-term signaling, such as cell pro-
liferation and death (Burnstock, 2013). Among the P2 receptors that
respond to ATP, the P2X7 receptor (P2X7R) is the most studied, for its
involvement in inflammatory processes, in various tissues, in physio-
logical and pathological conditions (Adinolfi et al., 2018). Increased
extracellular ATP (eATP) has been observed in the tumor microenvi-
ronment, infection, and inflammatory conditions, which activates
P2X7R and initiates several downstream processes (Di Virgilio et al.,
2017; Di Virgilio and Adinolfi, 2016). The receptor is well-positioned to
participate in these processes, being expressed in immune cells (mono-
cytes, macrophages, T- and B- lymphocytes, mast cells) of almost all
tissues, as well as in epithelial cells (Grassi and Salina, 2023; Kopp et al.,
2019). In the central nervous system (CNS), expression of the receptor
has been confirmed beyond question in microglia, where it drives
several processes including inflammasome assembly and cytokine

release, microparticle release via membrane blebbing, and microglial
phagocytosis, along with regulating the balance of microglial prolifer-
ation and apoptosis in an eATP concentration-dependent manner
(Bedetta et al., 2025). P2X7R expression is also shown in astrocytes
where it is suggested to be involved in gliotransmission, sensing eATP
levels and sustaining neuroinflammation, and in oligodendrocytes,
where activation of the receptor has been implicated in cell death and
neurotoxic effects (Bedetta et al., 2025; Grassi and Salina, 2023).
Elevated eATP levels can regulate neuronal excitability and signal
transmission, but the mechanisms involved are unclear, opening the
possible involvement of neuronal P2X7R (Lezmy, 2023). In this review,
we summarize the highly debated topic of functional expression of
P2X7R in neurons (Illes et al., 2017; Miras-Portugal et al., 2017) and
some of the most pertinent tools, techniques and knowledge that has
driven the investigation of this topic.

2. The P2X7R molecule: structure, isoforms and activation

The P2X7R is a ligand-gated ion channel belonging to the P2X sub-
family of purinergic receptors. It exhibits unique functional properties
compared with other members of the subfamily. It is distinguished by its
high ATP activation threshold (above 100 pM), two orders of magnitude
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higher than those required for activation of other P2X receptors.
Furthermore, prolonged activation of the P2X7R can induce membrane
permeabilization, potentially resulting in cell death (Surprenant et al.,
1996).

Structurally the P2X7R shares a high degree of sequence homology
with other P2X family members (P2X1-P2X6) and displays a similar
membrane topology, consisting of intracellular N- and C-termini, two
transmembrane domains (TM1 and TM2), and a large extracellular loop.
Its extended C-terminus, with low sequence similarity to the corre-
sponding regions of other P2X receptors, is its defining feature. The
structure of the P2X7R has been determined relatively recently
(Karasawa and Kawate, 2016; Kasuya et al., 2017), including the
full-length rat receptor (McCarthy et al., 2019). Like the other P2X re-
ceptors it forms a homo-trimeric complex, with the three extracellular
domains extensively interacting through intra- and inter-subunit in-
teractions to form the ligand-binding sites, while the TM2 domains line
the ion-permeation pathway. The cytoplasmic part is composed of two
structures: the cysteine-rich domain (CRD) (Allsopp and Evans, 2015)
and the cytoplasmic ballast that presents a zinc ion complex thought to
stabilize the structure of the receptor, and a guanosine nucleotide
binding site involved in modulating the receptor function, influencing
the sensitivity to ATP (McCarthy et al., 2019).

Upon binding of three ATP molecules, the receptor opens a channel
that permits the influx of monovalent cations and of small fluorescent
dyes. Functionally, the P2X7R does not desensitize upon prolonged or
repeated exposure to agonists, a trait attributed to its unique C-terminal
region, particularly the P2X7R-specific CRD (Allsopp and Evans, 2015;
McCarthy et al., 2019; Roger et al., 2010; Yan et al., 2010). In addition,
the rat P2X7R has been shown to be palmitoylated at multiple residues,
and these sites are critical for maintaining the non-desensitizing
behavior. In fact, alanine substitution of all palmitoylatable residues
leads to pronounced receptor desensitization (McCarthy et al., 2019).
Similarly, lack of residues C362-A379 in the human P2X7R B isoform
(Section 2.1), or deletion of the CRD domain in the rat receptor results in
strong desensitization (Allsopp and Evans, 2015; McCarthy et al., 2019).

It has been proposed that repeated or prolonged receptor activation
promotes the formation of large plasma membrane pores that enable the
passage of solutes up to ~900 Da. The pore formation is commonly
assessed by measuring the intracellular accumulation of large, positively
charged fluorescent dyes (Browne et al., 2013). ATP-mediated per-
meabilization is consistently observed in P2X7R-expressing cells in vitro,
though its occurrence in vivo remains uncertain and the mechanism by
which large anionic dyes such as Lucifer Yellow permeate the plasma
membrane remains unclear. Truncation of the extended C-terminal
domain of the rat receptor abolishes large-pore formation while leaving
ion-channel function intact (Surprenant et al., 1996). Similarly, the
human P2X7R B splice variant (Section 2.1), with a very short C-ter-
minal tail, functions as an ATP-gated ion channel but does not support
dye uptake (Adinolfi et al., 2010). A remarkable property of the P2X7R
macropore is its reversibility. Removal of ATP within 10-15 min of
exposure allows membrane resealing and near-complete recovery of cell
function, despite significant disturbances to intracellular ion homeo-
stasis caused by the activation of the receptor (Munerati et al., 1994).

The high activation threshold for the P2X7R had many wondering
whether it had any physiological relevance. In fact, this feature supports
the hypotheses that the receptor remains functionally silent under
physiological conditions, becoming activated during inflammation to
mediate the generation and release of key inflammatory factors,
including cytokines, reactive oxygen species, and metalloproteases, a
mechanism that needs a tight regulation, given the potential conse-
quences of P2X7R macropore opening. Activation of P2X7R-mediated
signaling displays remarkable plasticity, as it can depend not only on
ATP but also on non-nucleotide agonists acting as positive allosteric
modulators. Evidence indicates that agents such as amyloid-p (Sanz
et al., 2009), serum amyloid A (Niemi et al., 2011), and the cathelicidin
peptide LL-37 (Elssner et al., 2004) can induce P2X7R-dependent
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cellular responses. Other endogenous ligands that modulate P2X7R
include nicotinamide adenine dinucleotide (NAD1), which activates
P2X7R via ADP-ribosylation in specific cell types (Seman et al., 2003),
and reduced nicotinamide adenine dinucleotide phosphate (NADPH),
able to inhibit the receptor in a microglial cell line (Mou et al., 2026).
Finally, modulation of P2X7R activity by cytoplasmic factors has also
been reported. For instance, Alu-RNA (primate specific short inter-
spersed retroelements) accumulation in the cytoplasm can activate the
receptor independently of extracellular ATP (Fowler, 2014). The
possible contribution of different agonists leads to the assumption that
short-lived pore openings may occur under conditions of variable
extracellular ATP, allowing transient passage of small molecules (e.g.,
metabolites, linear peptides, or miRNAs) and the release of cytoplasmic
contents. The specific site(s) of interaction of the mentioned molecules
with P2X7R have not been unequivocally identified.

2.1. Isoforms and variants

The human P2RX7 gene is located on chromosome 12 and the mouse
P2rx7 gene on chromosome 5 in a syntenic region. Both genes are in
close proximity with the gene encoding the respective P2X4 receptor
(P2X4R), and this might suggest a gene-duplication origin (Di Virgilio
et al., 2017). The human and mouse genes both comprise 13 exons and
give rise to multiple splice variants. To date 13 alternate transcripts have
been described for the human P2RX7 and 5 for the mouse P2rx7
(Metzger et al., 2017a). The isoform P2X7R A (P2X7R a in mice) rep-
resents the canonical full-length 595 amino acid-long variant tran-
scribed from all 13 exons of the gene.

In humans, the most common splice variant, referred to as P2X7R B,
is a C-terminally truncated form missing the last 249 residues compared
to P2X7R A, with an altered TM2 containing 18 additional amino acids
(Cheewatrakoolpong et al., 2005). P2X7R B can form functional
homotrimeric channels, which do not generate the signature P2X7R
non-selective large conductance pore. In addition, it can assemble with
P2X7R A forming a heterotrimeric receptor which has distinct properties
(Adinolfi et al., 2010). Variants P2X7R E and G are also truncated forms,
translated from a P2RX7 mRNA sequence in which an intron between
exons 10 and 11 is also transcribed, creating a new stop codon resulting
in a shortened protein. Moreover, the sequences encoding P2X7R G and
H have an extra exon, denominated N3, inserted between exons 2 and 3.
Variants P2X7R C and F are derived from gene sequences lacking exons
4, and P2X7R D from a sequence missing exon 5.

The mouse P2X7R b and c isoforms are also C-terminally truncated
versions of the protein, transcribed from P2rx7 mRNA with different
versions of shortened exon 13 (Masin et al., 2012). P2X7R d is an
extremely short isoform arising from a transcript truncated at exon 4.
Moreover, P2X7R c and d are also affected by alternative splicing of exon
1 (Kido et al., 2014). Co-expression of the c-terminally truncated iso-
forms with the full-length variant was shown to reduce receptor function
(Masin et al., 2012). The P2X7R k isoform arises solely from the alter-
native splicing of exon 1 and is co-expressed with the canonical isoform
P2X7R a (Nicke et al., 2009). This isoform was shown to have a higher
sensitivity toward ATP. Further, an altered TM1 makes P2X7R k highly
sensitive to activation by extracellular NAD" via ADP-ribosylation (Xu
et al., 2012).

In addition to the numerous splice variants, several single nucleotide
polymorphisms (SNPs) have been described in humans, both gain and
loss of function, potentially generating complex haplotypes with specific
P2X7R functions (Di Virgilio et al., 2017; Sluyter, 2017). The H155Y and
R270H polymorphisms of P2X7R are known to result in an increase and
decrease in P2X7R receptor activity, respectively. The two variants were
shown to be expressed more often in subjects who reported higher and
lower levels of pain, respectively, following mastectomy. Several SNPs
are present also in mice, the most relevant one is the P451L missense
mutation which reduces receptor function (Adriouch et al., 2002) and
has been associated with reduced bone strength and density (Syberg
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et al., 2012) and glucose homeostasis (Todd et al., 2015).
3. Tools for investigating P2X7R expression and function

The study of P2X7R has been shaped profoundly by the diverse tools
used to interrogate its function. The choice of experimental tools is
particularly consequential as the functional expression of the receptor in
neurons remains highly contested. In this section we outline the phar-
macological strategies and mouse models most used to investigate
P2X7R function and distribution, highlighting their strengths and
limitations.

3.1. P2X7R pharmacology

Pharmacological characterization of P2X7R has been reviewed in
detail before (Donnelly-Roberts et al., 2009a; Illes et al., 2021; North,
2002); here we summarize the consensus regarding the criteria for
assigning P2X7R function in cells. The characterizing features of P2X7R
that sets it apart from other P2X receptors, are its low affinity to the
endogenous agonist ATP, requiring upwards of 100 uM for activation
(Surprenant et al., 1996), and the lack of desensitization for long periods
of agonist application (North, 2002). Further, the agonist
2/-3'-0-(4-benzoylbenzoyl)-ATP (BzATP) has 10- to 30-fold higher af-
finity for P2X7R than ATP does, depending on species (North, 2002).
Although often used as such, BzATP is not a selective agonist of P2X7R,
and activates other P2X receptor subtypes with equal or higher potency
to P2X7. Specifically, it has significantly higher potency than ATP on
P2X1 and P2X3 receptor subtypes, similar to P2X7R. However, unlike
P2X7R, only sub-micromolar concentrations of BzATP are required to
fully activate P2X1 and P2X3Rs (Bianchi et al., 1999).

Response to antagonists is another criterion to distinguish and
confirm P2X7R function. One method utilizes pre-treatment and
washout of the pharmacological antagonist oxidized ATP (0ATP) which
blocks P2X7R irreversibly but blocks other BzATP-responsive P2X re-
ceptor subtypes reversibly (Deuchars et al., 2001; Surprenant et al.,
1996). Brilliant Blue-G (BBG) is a P2X receptor blocker that is highly
utilized as a selective P2X7R antagonist, because of its ability to
reversibly block P2X7R activation at far lower concentrations than
needed for blocking the other P2X receptor subtypes (Anderson and
Nedergaard, 2006). However, BBG also inhibits the integral membrane
ATP channel Pannexinl (Panx1), hence additional experiments with
specific Panxl blockers are needed to unequivocally prove the
involvement of P2X7R in the cellular process under investigation
(Sperlagh and Illes, 2014). At high concentrations, BBG also blocks
voltage-sensitive Na™ channels, adding to the complexity of the obser-
vations (Jo and Bean, 2011). Suramin, a multifunctional therapeutic
compound, is often used to separate out P2X7R-mediated responses, as it
blocks most P2X receptors but is ineffective at P2X7R at comparable
concentrations (Donnelly-Roberts et al., 2009a). Other antagonists, like
PPADS and KN-62, are less preferred, as they are either not selective for
P2X7R or their effectiveness varies significantly among species
(Anderson and Nedergaard, 2006). Specific inhibitors of P2X7R have
been developed for clinical applications (Chrovian et al., 2014; Gelin
et al., 2020), most of which, including compounds like A-740003 and
JNJ47965567, are potent selective antagonists of human P2X7R.
Additionally, a few compounds like A-438079, A-804598 and
JNJ54232334 are effective also at the rodent receptor, although with
lower potency (Cabral-Garcia et al., 2024). These antagonists are espe-
cially useful agents for functional characterization of the P2X7R in cells
of the appropriate species (Illes et al., 2021).

Another important hallmark of functional P2X7R is the potentiation
of the effect of ATP/BzATP when extracellular concentration of divalent
cations like Mg?" and Ca®" are low, although other P2X receptors also
exhibit the same phenomenon to a lesser degree (North, 2002).
Conversely, high concentrations of a range of divalent cations inhibit the
P2X7R response to ATP/BzATP. Most importantly, cu?* and Zn?*,
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which demonstrate facilitatory pharmacology at other P2X receptors,
uniquely inhibit P2X7R-dependent currents (Virginio et al., 1997). In
certain situations, it might also be necessary to rule out the activation of
P2Y receptors in generating the observed response. Additional experi-
ments in the absence of extracellular Ca®t, which would block the
P2X-mediated responses but not the P2Y ones, can confirm the specific
involvement of P2X7R in these cases (Sanchez-Nogueiro et al., 2005).
Overall, P2X7R has a complex pharmacology which makes it necessary
to follow a regimen of multiple criteria, using more than one drug, to
confirm the expression of functional P2X7R. A brief summary of some
agonists and antagonists of P2X7R is provided in Table 1.

3.2. Mouse models

A considerable number of mouse models have been developed in the
past years to study the P2X7R in physiology and pathology (Sluyter
et al., 2023; Urbina-Trevino et al., 2022). Here we briefly discuss some
mouse lines which have contributed the most to our understanding of
P2X7R expression and function in the CNS, the caveats in interpreting

Table 1

Summary of selectivity and potency of P2X7R agonists and antagonists. The
P2X7R agonists and antagonists used in the studies this review refers to have
been summarised in this table, along with their P2 or P2X receptor subtype
selectivity and their potency at the human, rat and mouse P2X7Rs. The potency
values reported here pertain to the Ca®" current upon receptor activation.
Antagonist potencies are reported at half-maximal effective concentration
(ECs0) of BzATP. Wherever needed, reported half-maximal inhibitory concen-
tration (ICso) values of the antagonists were converted to pICs values, calcu-
lated as the negative logarithm (base 10) transformation of ICsq values.

Agonist Selectivity Potency (pECsp) M References
Human Rat Mouse
ATP pEC50 at P2X1> 4.13 3.89 2.62 Bianchi et al., 1999;
P2X3> Donnelly-Roberts
P2X4>P2X2> et al., 2009a
P2X7
BzATP PEC50 at P2X1> 5.33 5.01 4.02 Bianchi et al., 1999;
P2X3> P2X4> Donnelly-Roberts
P2X7>P2X2 et al., 2009a
Antagonist Selectivity Potency (pICsp) M References
Human Rat Mouse
0-ATP irreversible 4.0 4.0 4,53 Murgia et al.,
at P2X7R, 1993; Surprenant
reversibly et al., 1996;
antagonistic Anderson and
at P2X1R and Nedergaard, 2006
P2X2R
BBG pIC50 < 4 at <4 5.09 <4 Donnelly-Roberts
most P2X et al., 2009a
Suramin P2 antagonist <4 3.52 3.52 Surprenant et al.,
1996; Bianchi
et al., 1999;
Anderson and
Nedergaard, 2006
PPADS pIC50 at 5.49 5.08 4.31 Donnelly-Roberts
P2X1> et al., 2009a
P2X7>
P2X2> P2X4
KN-62 - 4.97 <4 <4 Donnelly-Roberts
et al., 2009a
A-740003 Specific to 7.36 7.74 6.17 Donnelly-Roberts
P2X7R et al., 2009a
JNJ47965567  Specific to 8.3 7.2 7.5 Bhattacharya
P2X7R et al., 2013
A-438079 Specific to 6.91 6.51 6.26 Donnelly-Roberts
P2X7R et al., 2009a
A-804598 Specific to 7.7 6.8 7.0 Bhattacharya
P2X7R et al., 2013;
Donnelly-Roberts
et al., 2009b
JNJ54232334 - 9.5 7.5 Lord et al., 2015
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results obtained in these mice, and more recently developed lines which
have taken previous criticisms into consideration (Fig. 1).

Two early mouse lines were developed as constitutive P2X7R knock-
out (KO) lines and have been used in hundreds of studies (Sluyter et al.,
2023). In the line generated by Pfizer, a neomycin resistance cassette
was inserted into exon 13 of the P2rx7 gene, deleting the region that
encodes C506-P532 of the intracellular C-terminus of the receptor (Solle
et al., 2001). Interestingly, this mouse line continued to express at least
partially functional P2X7R due to the presence of two C-terminally
truncated splice variants, P2X7R b and c, in addition to a third hybrid
variant with an altered and shortened C-terminal (Masin et al., 2012).
Owing to the reduced functionality of these variants (Section 2.1), even
though they are persistently expressed in the brain, this mouse line
continues to be utilized to study P2X7R in the CNS. The GlaxoSmithKline
P2X7R KO mouse line was developed by disrupting exon 1 of the P2rx7
gene by inserting a lacZ transgene (Chessell et al., 2005). It was later
identified that the P2X7R k variant, which arises from an alternative
start codon between exons 1 and 2, escapes the knockout in this mouse
line (Nicke et al., 2009). Another P2X7R KO line, generated by Lexicon
Genetics, has also been used in neuropsychiatric studies. Once again, the
strategy of exon disruption by a LacZ cassette was applied, but this time
targeted to a region encompassing exons 2 and 3 (Basso et al., 2009).
Although this line has not been analyzed for P2X7R splice variants, the
targeting strategy eliminating exon 2, which encodes the region of the
TM1 that binds ATP (De Salis et al., 2022), makes it likely that none of
the known splice variants will escape inactivation. The most recent

Full length mouse P2rx7 mRNA
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P2X7R KO mouse line developed uses gene targeting to replace a region
of the mouse P2rx7 gene including exon 2 with a tau-LacZ reporter-se-
lection cassette and successfully stops transcription of the gene in all
tissues (von Miicke-Heim et al., 2025). CRISPR-Cas9 mediated genetic
deletion, a faster and more efficient method to generate KO mice, that
also avoids any effects of cassette inclusion, has also recently been used
to investigate the role of P2X7R in different tissues including the brain
(Gao et al., 2018).

Although these animals are very useful experimental models to study
the CNS roles of P2X7R, it has been shown that systemic constitutive
P2X7R KO can lead to negative metabolic effects such as increased
cholesterol levels and insulin resistance and adverse cognitive outcomes
(Arguin et al., 2017; Mut-Arbona et al., 2023). Conditional KO of the
receptor is an improved approach that takes this aspect into consider-
ation. A humanized mouse line has been developed, in which the murine
exon 2 is replaced by the human P2RX7 ¢cDNA comprising exons 2-13,
creating an allele that is also accessible to conditional inactivation. The
successful inactivation of all known splice variants of P2X7R was ach-
ieved by crossing these mice with Deleter-Cre mice (Metzger et al.,
2017a). A gene trapping approach that generates “KO-first/conditio-
nal-ready” alleles was used by the European Mouse Mutagenesis
(EUCOMM) program to generate another conditional P2rx7 allele
flanking exon 2 with loxP sites [P2rx7tm1a(EUCOMM)Wtsi] (Illes et al.,
2021). This model has been used to generate cell-type specific KO lines
to study P2X7R expression in the brain (Alves et al., 2024; Kaczmar-
ek-Hajek et al., 2018).

1 2 3456 7 8 9 10 11 12 13
C
O/,s’/}
& %Le
.@&\\ o)
Qé Pfizer (Solle et al., 2001) /LQ/-
() A
&' GENSAT (Urbina-Trevifio et al., 2022) 1-11 12 13* Neo %‘,
)
EGFP 1 2 3-13 S,
GSK (Chessell et al., 2005) S
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Fig. 1. Transgenic mouse models used for studying P2X7R in the CNS. The diagram illustrates the specific genetic modification applied to generate each mouse
model. Blue shaded boxes indicate exons that get translated. White striped boxes indicate exons that are no longer translated due to the specific insertion or deletion.
*(Kaczmarek-Hajek et al., 2018), developed reporter mice in FVB/N background. All other mouse lines were generated in C57BL/6 background. (For interpretation of
the references to color in this figure legend, the reader is referred to the Web version of this article.)
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Reporter mice, expressing fluorescent protein tagged-P2X7R have
also been developed and used as an alternative to antibody-based
detection of the receptor. The Gene Expression Nervous System Atlas
(GENSAT) project developed a bacterial artificial chromosome (BAC)
transgenic reporter mouse line [Tg(P2rx7-EGFP)FY174Gsat] in which
soluble enhanced green fluorescent protein (SEGFP) expression is driven
by the P2X7R promoter (Urbina-Trevino et al., 2022). This line was used
in several studies for investigating P2X7R expression in the CNS (Engel

Table 2
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et al., 2012; Jimenez-Pacheco et al., 2013, 2016) before detailed char-
acterization revealed that the SEGFP signal deviated from endogenous
P2X7R expression (Kaczmarek-Hajek et al., 2018). Moreover, it was
discovered that this model not only overexpressed P2X7R due to the
possible complementation of a second start codon at the integration site
of the BAC but also overexpressed P2X4R due to the inclusion of a
passenger P2rx4 gene on the BAC clone used (Ramirez-Fernandez et al.,
2020). However, another BAC transgenic line has been developed that

Summary of studies demonstrating the expression and functional response of P2X7 receptors in neurons. A range of studies over the years have elucidated P2X7R
expression in different regions of the CNS, in samples ranging from synaptosomes to tissue sections, in various species. This table provides a systematic summary of the

visualization and functional experiments shaping the current understanding of P2X7R expression in neurons.

Species  Brain region Sample Expression Functional response Agonist Antagonist References
Rat Cerebral Isolated Immuno-fluorescence Alloisio et al., 2008;
cortex synaptosomes Barros-Barbosa et al., 2015
Ca2+ response, Aspartate BzATP A-438079 Alloisio et al., 2008; Cervetto
release et al., 2012
Ca®" response, Aspartate BzATP BBG, pretreatment Marcoli et al., 2008
release with oATP
GABA and Glutamate BzATP A-438079 Barros-Barbosa et al., 2018
uptake and release
Tissue sections Immuno-fluorescence Sperldgh et al., 2002
In-situ Hybridisation, GABA and Glutamate ATP/ BBG, PPADS Sperlagh et al., 2002
Electron microscopy release in presence and BzATP
absence of Mg?*
Hippocampus Cultured hilar Evoked EPSC in presence of ~ ATP/ BBG Cho et al., 2010
neurons NMDA and GABA,4 blockers ~ BzATP
Tissue sections Immuno-fluorescence Atkinson et al., 2004
Midbrain Isolated Immuno-histochemistry Ca®" response in presence ATP/ PPADS, KN-62, Miras-Portugal et al., 2003
synaptosomes and absence of Mg?" BzATP Suramin
Cerebellum Cerebellar Immuno-histochemistry Miras-Portugal et al., 2003
granule cells
Tissue sections Immuno-fluorescence Atkinson et al., 2004
Brain stem Isolated Aspartate release ATP/ PPADS, A-438079 D'Amico et al., 2010
synaptosomes BzATP
Tissue sections RT-qPCR, In-situ Deuchars et al., 2001
Hybridisation, Electron
microscopy
Immuno-fluorescence Atkinson et al., 2004
Spinal cord Tissue sections RT-qPCR, In-situ Evoked EPSC BzATP 0ATP Deuchars et al., 2001
Hybridisation, Electron
microscopy
Immuno-fluorescence Atkinson et al., 2004
Mouse Forebrain Primary neuronal ~ RT-qPCR Metzger et al., 2017a
culture
Hippocampus Tissue sections In-situ Hybridisation, RT- Metzger et al., 2017a
qPCR
GABA and Glutamate ATP BBG, PPADS Papp et al., 2004
release
Cerebral Isolated Western blot Jimenez-Pacheco et al., 2013;
cortex synaptosomes Marin-Garcia et al., 2008
Tissue sections Immuno-fluorescence Jimenez-Pacheco et al., 2013
Immuno-fluorescence Johns et al., 2024
Midbrain Isolated Immuno-fluorescence Ca* response in the ATP/ BBG, KN-62, Marin-Garcia et al., 2008
synaptosomes absence of Mg?" BzATP Suramin, Zn**
Brain stem Tissue sections Evoked EPSC BzATP BBG, Suramin Ireland et al., 2004
Spinal cord Tissue sections Immuno-fluorescence Johns et al., 2024
Human Neocortex Isolated Western blot GABA and Glutamate BzATP A-438079 Barros-Barbosa et al., 2016
synaptosomes uptake
Tissue sections Immuno-fluorescence Barros-Barbosa et al., 2016;
Johns et al., 2024
Hippocampus Isolated Western blot Guerra Leal et al., 2022
synaptosomes
Tissue sections Immuno-fluorescence Guerra Leal et al., 2022 ?
Spinal cord Tissue sections Immuno-fluorescence Johns et al., 2024
iPSC hiPSC-derived Western blot Johns et al., 2024; Kesavan
neurons et al., 2025
Immuno-fluorescence Francistiova et al., 2022;
Johns et al., 2024
Ca?* response ATP/ JNJ-47965567 Kesavan et al., 2025
BzATP
Ca%* response BzATP JNJ-47965567 Johns et al., 2024

# [Observable only after status epilepticus].
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expresses a P2X7R N-terminally fused to EGFP (P2X7-EGFP), which
recapitulates endogenous P2X7R expression and does not show the
problems described above (Kaczmarek-Hajek et al., 2018; Ramir-
ez-Fernandez et al., 2020).

4. Emerging and conflicting evidence of functional P2X7R in
neurons

Over the past two decades, evidence that suggests the likely func-
tional expression of the P2X7R in neurons has been provided repeatedly
(Table 2).

Multiple groups have reported P2X7R mRNA and protein expression
in synaptosome isolations from different regions of the adult rodent
brain(Alloisio et al., 2008; Barros-Barbosa et al., 2015; Jimenez-Pacheco
et al., 2013; Marin-Garcia et al., 2008; Miras-Portugal et al., 2003). In
recent years, P2X7R has also been demonstrated in synaptosome iso-
lations from the human cerebral cortex and hippocampus
(Barros-Barbosa et al., 2016; Guerra Leal et al., 2022). In tissues,
localization of the receptor to neurons has been demonstrated in the
rodent and human CNS (Barros-Barbosa et al., 2015, 2016; Deuchars
et al., 2001; Guerra Leal et al., 2022; Jimenez-Pacheco et al., 2013;
Johns et al., 2024; Metzger et al., 2017a).

Initially, some of the immunoreactivity-based results were ques-
tioned due to uncertainties in the specificity of the anti-P2X7R anti-
bodies used. Additionally, P2X7R immunoreactivity persisted in the
brains of the two earlier developed P2X7R KO mouse lines
(Sanchez-Nogueiro et al., 2005; Sim et al., 2004). Specifically, the
persistent immunoreactivity did not show up in microglia but was
restricted to neurons and astrocytes suggesting that these cells might
express a “P2X7R-like” protein that cross-reacts to the anti-P2X7R
antibody (Anderson and Nedergaard, 2006). Functional experiments,
however, showed that this receptor was indistinguishable from the
known P2X7R (Sanchez-Nogueiro et al., 2005; Taylor et al., 2009).
Indeed, the persistent P2X7R immunoreactivity in the KO lines was later
discovered to be due to fully or partially functional splice variants of the
P2rx7 gene that escape inactivation (Masin et al., 2012; Nicke et al.,
2009) and retain the epitope recognized by the most used anti-P2X7R
antibodies (Marin-Garcia et al., 2008). The insufficiency of commer-
cially available antibodies has not yet been resolved completely, since
later P2X7R KO models with confirmed deletion of all splice variants
also showed immunoreactivity in the brain (Kaczmarek-Hajek et al.,
2018). Similarly, neuron-specific P2X7R KO animals were also not able
to conclusively show a significant difference in protein expression
compared to control animals, while reduction in mRNA was easier to
demonstrate (Alves et al., 2024; Metzger et al., 2017a).

To overcome the confusion associated with P2X7R immunostaining,
knock-in and reporter mouse lines have been developed, but studies
with these mouse lines continue to indicate contrasting results regarding
neuronal expression of the receptor. Evidence for expression of P2RX7
mRNA in glutamatergic neurons of the hippocampus was demonstrated
in a humanized P2X7R mouse line (Metzger et al., 2017a). However,
mouse P2X7R-specific nanobodies failed to detect the receptor in neu-
rons in this region, while it was successfully detected in microglia (Alves
et al., 2024; Kaczmarek-Hajek et al., 2018). The mouse line developed
by the GENSAT program, in which EGFP expression is driven by the
P2X7R promoter, demonstrated neuronal P2X7R expression in the cor-
tex, hippocampus, hypothalamus and cerebellum (Jimenez-Pacheco
et al., 2016; Kaczmarek-Hajek et al., 2018), but the results have to be
taken with caution due to the deviation of the sEGFP signal from the
endogenous receptor expression (Ramirez-Fernandez et al., 2020, Sec-
tion 3.2). Meanwhile, the EGFP-tagged P2X7R transgenic line, in which
fluorescent protein expression faithfully follows endogenous P2X7R
expression patterns, failed to detect neuronal expression of the receptor
in any of the brain regions (Kaczmarek-Hajek et al., 2018).

Several studies have attempted to demonstrate the expression of
P2X7R in neurons through functional experiments, despite the strict
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pharmacological regimen necessary to accurately distinguish P2X7R
from other subtypes of the P2X family (Section 3.1). Ca®" influx in
response to ATP or BzATP, which is blocked by P2X7R antagonists, has
been demonstrated in synaptosome preparations from rodent cerebral
cortex and midbrain (Alloisio et al., 2008; Cervetto et al., 2012; Marcoli
et al., 2008; Marin-Garcia et al., 2008). Interestingly, in rat hippocampal
primary cell cultures, change in intracellular Ca®* levels in response to
BzATP was shown to be exclusively from astrocytes and not from neu-
rons (Rubini et al., 2014). Indeed, it is possible that synaptosomes
contain contaminating glial membranes with intact P2X7R and there is a
lack of techniques that confirm beyond doubt the purity of the prepa-
rations in which pharmacological experiments have been carried out
(Hindley et al., 2023). Even so, it is unlikely that contaminating glial
membranes could activate P2X7R-mediated signaling (Gulyassy et al.,
2020). Interpretation and comparison of results from different studies
are also complicated by the fact that the effects of receptor agonists and
antagonists depend significantly on incubation times and species studied
(Donnelly-Roberts et al., 2009a; Young et al., 2007). Recent studies in
human induced pluripotent stem cell (hiPSC)-derived neurons, in con-
ditions that would make the presence of non-neuronal cells unlikely,
indicate neuronal P2X7R expression and agonist-evoked Ca%* response
(Francistiova et al., 2022; Johns et al., 2024; Kesavan et al., 2025).
Further analysis confirming the purity of these cultures is, however,
necessary to corroborate these findings.

5. Potential physiological functions of P2X7R in neurons

While the expression of functional P2X7R in neurons is gaining
increasing experimental evidence, the physiological relevance of this
expression remains uncertain. Some studies suggest an involvement of
neuronal P2X7R in different aspects of embryonic and adult neuro-
genesis as well as in regulating neurotransmitter levels at synapses
(Fig. 2). We summarize here the evidence supporting these proposed
functions and highlight the gaps that still limit definitive conclusions.

5.1. P2X7R in neuronal differentiation and maturation

P2X7R is involved in regulating several aspects of neuronal biology,
from neurogenesis to axon growth and branching (Miras-Portugal et al.,
2017). In mammals, neuronal lineages differentiate from neural pro-
genitor cells (NPCs), which are transient amplifying cells with limited
proliferative capacity created by asymmetric division of neural stem
cells (NSCs) (Farkas and Huttner, 2008; Tsao et al., 2013). NPC fate is
characterized by the cumulative effect of multiple signals, one of which
is Ca®* signaling mediated by ATP, suggested to be acting through the
P2X7R (Tsao et al., 2013). The receptor is detected in the rodent brain
from embryonic day 14 (E14) and is observed in both embryonic and
adult NSCs and NPCs (Glaser et al., 2014; Messemer et al., 2013;
Mut-Arbona and Sperlagh, 2023). Although only little is understood
about P2X7R involvement in neurogenesis in vivo, there is significant
information available from in vitro models. P2X7R expression decreases
as embryonic NSCs are induced towards neuronal differentiation.
Furthermore, P2X7R activation promoted the proliferation of embryonic
NSCs, and its blockade was essential for the neuronal differentiation of
NPCs (Glaser et al., 2014). Interestingly, in adult neurogenesis, P2X7R
activation is suggested to regulate proliferation of NPCs by inducing
apoptosis, thus controlling unbalanced cell expansion (Messemer et al.,
2013). Additionally, activation of P2X7R has been shown to suppress
levels of brain-derived neurotrophic factor (BDNF), an essential growth
factor for neuronal differentiation and survival (Csolle et al., 2013;
Otrokocsi et al., 2017). In differentiated neurons, P2X7R was shown to
localize to the axon terminal, where it restrains axon growth and
branching (Diaz-Hernandez et al., 2008). Interestingly, a recent study in
cultured hippocampal neurons showed that during neuronal growth,
P2X7R expression shows a transient increase followed by a decrease,
which seems to be critical for proper dendritic outgrowth. While
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Fig. 2. Physiological roles attributed to neuronal P2X7R. P2X7R expression is highest in NSCs, in which it supports self-renewal, and progressively reduces during
neuronal differentiation. High expression of P2X7R controls proliferation of NPCs as well as NPC to neuron differentiation. P2X7R is involved in neuronal growth —
regulating both dendrite and axon morphology. Additionally, at excitatory nerve terminals, activation of the receptor affects both vesicular glutamate release and
glutamate reuptake, influencing both spontaneous and evoked EPSCs. Created in BioRender. BASSO, E. (2026) https://BioRender.com/u510p4x.

neurons from P2X7R deficient mice showed reduced dendrite length and
number compared to controls, overactivation of the receptor at later
time points also showed compromised dendrite
(Mut-Arbona et al., 2023).

morphology

5.2. The unresolved role of P2X7R in neurotransmission

The P2X7R is known to be involved in regulating neurotransmitter
levels at synapses, although the cell types expressing the functional re-
ceptors is still a matter of debate.

Whole cell patch-clamp recordings in mouse brainstem and rat spinal
cord slices showed BzATP-evoked postsynaptic currents in neurons, that
were blocked in the presence of P2X7R antagonists (Deuchars et al.,
2001; Ireland et al., 2004). The hypothesis that these currents could be
due to vesicular exocytosis of glutamate in response to P2X7R activation
was supported by radioactivity release experiments in field stimulated
rat and mouse hippocampal slices in which ATP evoked the release of
[*H]Glutamate (Papp et al., 2004; Sperlagh and Illes, 2014). Impor-
tantly, in slices from P2X7R deficient mice, this release was abolished
(Csolle et al., 2013). Colocalization of P2X7R immunoreactivity with
structures positive for the excitatory presynaptic marker VGLUT sug-
gested this specific neuronal localization of the receptor (Atkinson et al.,
2004). Radioactivity release experiments in ATP/BzATP-treated isolated
synaptosomes provided proof that the exocytotic glutamate release was
mediated by the activation of P2X7R (Barros-Barbosa et al., 2018; Cer-
vetto et al., 2012; Csolle et al., 2013; D'Amico et al., 2010). Further, this
vesicular exocytosis was shown to be, for the major part, dependent on
Ca?" influx through activated P2X7R. Interestingly, blockage of ion
currents through P2X7R by calmidazolium treatment significantly
reduced ATP-evoked, P2X7R antagonist-sensitive glutamate release but
did not abolish it, suggesting the existence of additional
Ca?*-independent, non-exocytotic pathway (Cervetto et al., 2012;

Marcoli et al., 2008). P2X7R activation also negatively regulates the
reuptake of glutamate and y-aminobutyric acid (GABA) in nerve ter-
minals, possibly as a result of Na* gradient disruption upon the influx of
the ion through the activated receptor (Barros-Barbosa et al., 2018).
Notwithstanding these results, the mechanism and biological relevance
of neuronal P2X7R in regulating neurotransmitter levels remains
debated. Whole cell patch-clamp of neurons and astrocytes in rat pri-
mary hippocampal cell cultures showed that only astrocytes respond
directly to BzZATP (Rubini et al., 2014). Moreover, primary cortical as-
trocytes do release neurotransmitters including glutamate and GABA
upon P2X7R activation (Duan et al., 2003; Wirkner et al., 2005). In fact,
in rat spinal cord and mouse hippocampal slices, when glutamate and
GABA receptors were blocked, ATP-evoked inward currents were abol-
ished in most, but not all, neurons, while in astrocytes the currents
remained unchanged (Ficker et al., 2014; Khan et al., 2019). This sug-
gests that, in slices, the majority of the observed neuronal responses to
P2X7R agonists are indirect, induced by neurotransmitter release from
neighboring astrocytes.

P2X7R activation was also shown to increase the frequency of
spontaneous excitatory post-synaptic currents (SEPSCs) in mouse hip-
pocampal and dentate gyrus neurons (Cho et al., 2010; Huang et al.,
2023) as well as the rat insular cortex (Zhang et al., 2017). Even when
Na™ channel dependent depolarization was blocked using tetrodotoxin,
some neurons continued to exhibit this response to P2X7R activation,
suggesting an action-potential independent mechanism for P2X7R
involvement in sEPSC potentiation (Cho et al., 2010; Huang et al., 2023;
Zhang et al., 2017). Additionally, the effect was completely abolished
when both NMDA and AMPA receptors were simultaneously blocked,
indicating that P2X7R modulates sEPSC frequency through its role in
presynaptic glutamate release (Zhang et al., 2017). However, there is
some evidence to suggest that the bulk of observed neuronal responses
could be due to activation of postsynaptic glutamate receptors by
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excitatory gliotransmitter release from neighboring glial cells upon
activation of their P2X7Rs. In fact, one study showed that blocking
astrocyte metabolism eliminated the ATP-mediated facilitation of
SEPSCs (Khan et al., 2019).

6. Neuronal P2X7R in central nervous system disorders

P2X7R antagonists are emerging as a potential treatment for a range
of CNS diseases. The high expression of the receptor in microglia, the
resident immune cells of the CNS, undoubtedly implies a neuro-
inflammatory role in these diseases (Andrejew et al., 2020). Interest-
ingly, recent evidence, in conjunction with the emerging roles of the
receptor in other CNS cell types, suggest the involvement of P2X7R in
other mechanisms during the development and progression of some of
these pathologies. Here we discuss briefly some brain diseases in which
neuronal P2X7R could possibly contribute to the pathophysiology.

6.1. Cell specific roles of P2X7R in epilepsy

Recently, P2X7R upregulation in the cortex and hippocampus have
been associated with drug-refractory epilepsy (Beamer et al., 2022;
Guerra Leal et al., 2022). High-frequency neuronal activity during
epileptic seizures releases huge amounts of ATP (Frenguelli and Wall,
2016) which can activate the P2X7Rs, and possibly also trigger
increased expression of the receptor (North, 2002). Upregulation of
P2X7R mRNA and protein levels in the brain has been shown in studies
using different epilepsy models and in patients (Huang et al., 2017;
Jimenez-Pacheco et al., 2013; Morgan et al., 2020).

Epileptic seizures can either have a clear genetic contribution or arise
as the result of an injury or infection in the brain (Beamer et al., 2017).
Epilepsy can also be triggered by an extended period of seizure activity
as seen in prolonged febrile seizures or status epilepticus (SE), which
sparks epileptogenic changes in the neuronal circuits (Pitkanen and
Lukasiuk, 2011). P2X7R antagonism or deletion is generally suggested
to be protective during the induction of SE. Several studies observed that
pre-treatment with P2X7R antagonists decreased seizure severity upon
various methods of SE induction (Engel et al., 2012; Huang et al., 2017;
Jimenez-Pacheco et al., 2013; Sun et al., 2025), although some studies
observed no (Kim and Kang, 2011) or only moderate (Fischer et al.,
2016) effects. P2X7R antagonism was also shown to increase the
kindling time to develop epilepsy, as well as reduce the number and
severity of spontaneous seizures in epilepsy (Fischer et al., 2016;
Jimenez-Pacheco et al., 2016). In this case as well, some contradictory
evidence suggests increased seizures upon P2X7R inhibition (Rozmer
et al., 2017). The cell type of P2X7R activation may be contributing to
this discrepancy, as a recent study showed that neuron-specific P2X7R
KO mice displayed more severe seizures during SE and a higher number
and severity of spontaneous epileptic seizures compared to controls, in
contrast to microglia-specific P2X7R KO mice which developed milder
seizures (Alves et al., 2024).

Epileptogenesis involves, among other things, structural changes
through neurogenesis, neurodegeneration, axon damage and axon
sprouting (Pitkanen and Lukasiuk, 2011). Considering the suggested
involvement of P2X7R in neurogenesis and axon growth (Section 5.1), it
is possible that neuronal receptors play a regulatory function during
epileptogenesis. In epilepsy, mice transduced to overexpress P2X7R in
GABAergic interneurons showed a smaller rise in synaptic activity
during seizure-like conditions compared to control epileptic mice (Alves
et al.,, 2024). An upregulation of P2X7R is observed in cortical and
hippocampal synaptosome isolations from epileptic mice and rats
(Barros-Barbosa et al., 2015; Jimenez-Pacheco et al., 2013) as well as
from epilepsy patients (Barros-Barbosa et al., 2016; Guerra Leal et al.,
2022). Taken together with the suggested role of P2X7R in regulating
neurotransmitter levels at the synapse (Section 5.2), the increased re-
ceptor expression in synapses could be an attempt to control neuronal
firing in seizure-inducing conditions. However, in conditions of low
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extracellular Ca?*, as happens in epilepsy, a five-fold higher release of
glutamate than GABA, is observed upon P2X7R activation in the syn-
aptosomes, suggesting a role of the receptor in promoting hyperexcit-
ability (Barros-Barbosa et al., 2015). Further targeted investigations are
needed to clearly decipher the pathways which neuronal P2X7Rs may be
involved in, during epileptogenesis and in epilepsy. It is also important
to note that the pro-convulsive role of the receptor in microglia com-
bined with its far higher expression in these cells would probably
overcome the possible protective roles of neuronal expression as the
condition develops. Additionally, cognitive deterioration as a result of
SE was recently shown to be mediated by astrocytic rather than neuronal
P2X7R (Sun et al., 2025).

6.2. The elusive role of neuronal P2X7R in psychiatric conditions

Unchecked P2X7R-mediated neuroinflammation has been connected
to the pathogenesis of several psychiatric disorders including bipolar
disorder, major depressive disorder and schizophrenia (Zhang et al.,
2022). Several SNPs of the P2rx7 gene have been associated with psy-
chiatric disorders (Andrejew et al., 2020). Particularly strong associa-
tions to bipolar disorder and depression have been reported of the SNP
152230912, which results in a Q460R change in P2X7R (Czamara et al.,
2018). Interestingly, mice expressing only the mutant allele did not
display any behavioral changes, and hippocampal cultures showed
normal receptor function, but heterozygous expression of both the
mutant and wild-type alleles reduced receptor function and elicited
strong behavioral responses to chronic stress (Metzger et al., 2017b).
However, the mechanism by which the SNP rs2230912 alters receptor
function and behavior in the heterozygous condition, remains ambig-
uous. Nonetheless, a common observation in rodent models of these
disorders, is that genetic deletion or inhibition of P2X7R reduces be-
haviors associated with the disorder. In different chronic stress-based
paradigms of depression, it has been consistently observed that P2X7R
KO or inhibition ameliorates depressive behaviors (Basso et al., 2009;
Csolle et al., 2013; Otrokocsi et al., 2017; Troubat et al., 2021). Dysre-
gulated glutamate release in response to pathological P2X7R activation
has been shown to decrease BDNF levels in the hippocampus and den-
tate gyrus, which is hypothesized to consequently cause changes in
neuronal plasticity related to depression. Rescue of BDNF levels is one of
the suggested mechanisms to explain the protective effect of inhibition
or deletion of P2X7R in depression models, which is independent of the
role of the receptor in neuroinflammation (Csolle et al., 2013; Otrokocsi
etal., 2017). Similarly, in a D-amphetamine induced mouse model of the
manic phase of bipolar disorder, deletion or inhibition of P2X7R was
protective against manic hyperlocomotion (Goloncsér et al., 2024;
Gubert et al., 2014). This protective effect was shown to be independent
of pro-inflammatory cytokine levels, suggesting that also in mania,
P2X7R is involved in mechanisms independent of neuroinflammation
(Goloncsér et al., 2024). There is some evidence suggesting that P2X7R
could be involved in modulating D-amphetamine induced dopamine
release in the striatum, which could be responsible for the observed
hyperlocomotion (Goloncsér et al., 2024; Gubert et al., 2014). In both
disorders, P2X7R located at nerve terminals could be involved. How-
ever, it is equally possible that astrocytic P2X7R is responsible, and the
cell type of activated P2X7Rs is yet to be elucidated.

Some evidence also supports the possible contribution of neuronal
P2X7R in the development of schizophrenia. Phenylcyclidine (PCP), a
dissociative anesthetic and an antagonist of the N-methyl-D-aspartate
(NMDA) receptor, induces psychotic and cognitive symptoms in healthy
humans that clinically mimics the psychosis stage of schizophrenia (Uno
and Coyle, 2019), and PCP-induced behavioral changes are a validated
schizophrenia model in mice. The psychotomimetic effects of NMDA
receptor inhibition led to the glutamate theory of schizophrenia, which
suggests glutamate dysregulation in the prefrontal cortex (PFC) due to
NMDA receptor hypofunction, and a suppression of GABAergic in-
terneurons, as the pathological mechanisms driving the condition
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(Moghaddam and Javitt, 2011). PCP treated mice displayed increased
P2X7R mRNA and protein levels in the hippocampus and PFC (Huang
et al., 2021). Considering the proposed roles of P2X7R in modulating
glutamate and GABA levels at the synapse, this increased expression
might contribute to neurotransmitter dysregulation, promoting schizo-
phrenia pathophysiology. Indeed, schizophrenia symptoms in adult
mice were alleviated by pharmacological blockade or genetic deletion of
P2X7R in acute, subchronic and postnatal PCP models (Calovi et al.,
2020; Huang et al., 2021; Kovanyi et al., 2016). Initially, it was sug-
gested that P2X7R located at axonal boutons of dentate gyrus granule
cells directly interact with NMDA receptors, possibly regulating the
postsynaptic currents mediated by this receptor, thereby contributing to
schizophrenia pathology (Huang et al., 2023; Kovanyi et al., 2016). A
direct interaction of the two receptors at the postsynaptic membrane
was later disproved, but P2X7R KO was shown to be protective against
the PCP-induced alterations in NMDA receptor currents (Huang et al.,
2023). The protective effect of P2X7R genetic deletion could be due to
the increased expression of NMDA receptor subunits in P2X7R KO mice,
which helps to overcome the PCP-induced suppression of NMDA re-
ceptors (Kovanyi et al., 2016).

Recent advances in research have evidenced the essential and
distinctive role different brain cells exert on the onset and/or develop-
ment of neurological/neuropsychiatric disorders. Indeed, better models
and new experimental approaches are needed to understand the relative
contribution of the different cell types and the unique role of P2X/R.

7. Conclusion

Purinergic signaling through P2X7R is emerging as a pivotal
pathway regulating fundamental processes in the CNS, making P2X7R a
popular target to address several CNS pathologies. P2X7R on microglia,
astrocytes and oligodendrocytes participate in neuroinflammatory and
neurotoxic signaling associated with multiple neuropathologies
(Andrejew et al., 2020; Bedetta et al., 2025; Grassi and Salina, 2023).
Pharmacological approaches and genetic mouse models provided evi-
dence of possible neuronal expression of the receptor, especially at the
presynaptic membrane (Atkinson et al., 2004; Deuchars et al., 2001).
However, the question of the presence and role of P2X7R in neurons
remains highly debated.

Current available evidence, particularly those from studies using
isolated synaptosomes, suggests an involvement of the receptor in ve-
sicular glutamate release (Barros-Barbosa et al., 2018; Cervetto et al.,
2012; Csolle et al., 2013; D'Amico et al., 2010), modulating both evoked
and spontaneous postsynaptic currents (Cho et al., 2010; Deuchars et al.,
2001; Ireland et al., 2004; Mut-Arbona et al., 2023; Zhang et al., 2017).
However, the possibility that astrocytic P2X7R, rather than presynaptic
neuronal P2X7R, is responsible for the excitatory currents observed in
response to ATP/BzATP in patch clamp recordings, cannot be dis-
regarded (Khan et al., 2019; Rubini et al., 2014).

In CNS pathologies, the contribution of neuronal P2X7R remains to
be clearly established. Dysregulation of neurotransmitter levels at the
synapse due to increased P2X7R activation at presynaptic terminals has
been proposed as a possible contributing mechanism in the development
of mood disorders and schizophrenia (Csolle et al., 2013; Goloncsér
et al., 2024; Huang et al., 2023). On the other hand, neuronal P2X7R
could possibly have a protective role in epilepsy (Alves et al., 2024).

The emergence of advanced analytical tools permits a more nuanced
evaluation of the expression and function of P2X7R in neurons. For
example, single nuclei RNA sequencing (snRNA-seq), can be employed
to identify with clarity the specific cell-types demonstrating P2RX7
expression, and has recently been used for this purpose (Alves et al.,
2024). Despite the caveat requiring validation of functional protein, this
technique can provide crucial insights into neuronal P2X7R expression,
and more specifically, the subtype of neurons expressing the receptor.
Similarly, novel mouse models, with cell-type specific conditional
P2X7R KO (Alves et al., 2024) or short hairpin RNA (shRNA)-induced
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cell-type specific P2X7R downregulation could shed more light on the
possible contributions of neuronal P2X7R to synaptic transmission and
postsynaptic currents, as well as its role in the etiology of psychiatric
disorders.
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