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Abstract 

Damage associated molecular patterns (DAMPs) are intracellular molecules released from infected 

or injured cells to activate inflammatory and reparatory responses. One of the most ancient and 

conserved DAMPs is extracellular ATP (eATP) that exerts its phlogistic activity mainly through 

activation of the P2X7 receptor (P2X7R). The P2X7 is an ATP gated ion channel, expressed by 

most immune cells, including the monocyte-derived cell lineages, T and B lymphocytes an their 

precursors. Here we give an overview of recent and established literature on the role of P2X7R in 

septic and sterile inflammation. P2X7R ability in restraining intracellular bacteria and parasite 

infection by modulation of the immune response is described, with particular focus on 

Mycobacteria and Plasmodium. Emerging literature on the role of P2X7 in viral infections such as 

HIV-1 is also briefly covered. Finally, we describe the numerous intracellular pathways related to 

inflammation and activated by the P2X7R, including the NLRP3 inflammasome, NF-kB, NFAT, 

GSK3 and VEGF, and discuss the involvement of P2X7R in chronic diseases. The possible 

therapeutic applications of P2X7R antagonists is also described. 

 

Key words: 

P2X7, ATP, Inflammation, pathogens, immune response. 

  



  

3 

 

1. Introduction 

 

Adenosine triphosphate (ATP) plays a central role in cellular energy homeostasis, being the main 

product of reactions such as photophosphorylation, respiration and fermentation, and in turn acting 

as an energy donor in most endergonic biosynthetic processes that support cell survival, 

proliferation and motility. The cytoplasm of most mammalian cells contains an ATP concentration 

in the 5-10 mM range, and even higher ATP levels are stored within neuronal synaptic vesicles. 

ATP can be released from injured or dying cells following plasma membrane damage, as well as 

from intact cells upon mechanical deformation, hypoxia, stimulation of vesicular release, or via 

membrane proteins such as ABC cassettes, pannexins, connexins and the P2X7R [1, 2]. 

Considering that the concentration of ATP in the extracellular milieu is in the nanomolar range 

under physiological conditions (albeit the synaptic cleft might be an exception), even a small ATP 

release can generate a very strong signal against the basically negligible background, thus 

characterizing ATP-based purinergic transmission as an extracellular messenger system with a 

remarkably high signal-to-noise ratio. Once in the extracellular space ATP undergoes a rapid 

enzymatic degradation mediated by ectonucleotidases, which control not only the half-life of ATP 

as agonist, but also generate ligands for additional purinergic receptors such as ADP-activated 

P2Y1, P2Y12 or P2Y13, or the adenosine-selective A1, A2A, A2B and A3 receptors [3]. 

 During evolution, multicellular organisms ranging from plants to higher mammals 

developed complex signalling systems allowing the exploitation of ATP as an extracellular 

messenger. Interestingly, although evolved from different protein families in plant or animal [4, 5], 

receptors for extracellular ATP are widely expressed almost in all phila, where they mediate similar 

protective and life-supporting responses such as recognition of potentially life-threatening events [6, 

7], stimulation of inflammation and promotion of wound healing and cell growth [7-9]. In 

mammals, ATP binds and activate two subfamilies of P2 receptors: G-protein coupled P2Y 

receptors (P2YRs), and P2X ligand-gated ion channels (P2X receptors, P2XRs). Among the eight 
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human P2Y receptors subtypes, only P2Y11 is ATP selective, while all the others show higher 

affinity for other nucleotide ligands such as ADP, UTP, UDP and UDP-glucose [9]. Nevertheless, 

P2Y receptors have been variably implicated in several inflammation-related, ATP-associated 

responses, such as chemotaxis, release of pro-inflammatory cytokines and stimulation of platelet 

granule release [10-12]. 

 With nearly 600 studies reported on Medline as of December 2017, the P2X7 receptor 

(P2X7R) is the P2 receptor (P2R) unanimously associated to inflammation [13, 14]. This is 

probably due, in the first place, to the merely contingent reason that P2X7R was the first P2R to be 

thoroughly investigated in a well-defined immune cell population [15, 16] (although by no means 

the first P2R to be implicated in immune cell responses [17, 18]). In the second place, the P2X7R is 

the first P2R to which a clear-cut and very relevant immune-related response, i.e. NLRP3 

inflammasome activation and IL-1β release, could be assigned [19, 20]. Intriguingly, P2X7R also 

participates in other processes activated in response to damage and aimed at restoring homeostatic 

conditions such as wound healing and cell growth [9, 21].  

 Here we wish to summarize recent advances on the role of P2X7 in septic (pathogen-

dependent) and sterile (pathogen-independent) inflammation, and to explore the potential of this 

receptor as therapeutic target for inflammatory diseases. 

 

2. Structural P2X7R features 

The P2X7R is an ATP-gated ion channel supporting Na
+
 and Ca

2+
 influx into and K

+
 efflux out of 

the cell cytoplasm [13, 22]. P2X7R stimulation with high (0.5 to 1 mM and above) concentrations 

of ATP causes in as yet poorly understood fashion the opening of a non-selective pore permeable to 

hydrophylic solutes of MW up to 900 Da, such as ethidium bromide, YO-Pro, or Lucifer yellow 

[22-25]. Large pore formation, which requires an intact C-terminal tail, has been associated to P2X7 

cytotoxicity [22, 26]. The P2RX7 gene localizes to human chromosome 12 (12q24.31) close to the 

P2RX4 gene (12q24.32) [27]. Several single nucleotide polymorphisms (SNPs) were identified 
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(≈1500), including 10 loss- and 3 gain-of-function (recently reviewed in refs [28, 29]). Selection of 

mutated alleles might have been due to environmental pressure by infectious agents, or by 

prevailing chronic inflammatory diseases. 

 Recent studies describing the crystal structures of zebra fish P2X4R, human P2X3R and 

panda P2X7R [30-33] allowed the resolution by homology modelling of the tertiary structure of all 

the protomers of the P2XR subfamily, including mouse and human P2X7Rs [13, 28, 34], and the 

definition of the 3D structure resulting from subunit assembly into the functional homotrimeric 

P2X7R. The P2X7 subunit consists of a large extracellular loop that participates in the formation of 

the agonist and antagonist binding pouches, two alpha-helical transmembrane regions, and 

cytoplasmic N- and C- terminal domains. Typical of P2X7R is the extended C-terminal tail [35]. 

 The tri-dimensional rendering of P2X3, P2X4 and P2X7 subunits resembles a dolphin in 

shape, and accordingly subunit domains have been named after the corresponding dolphin 

anatomical parts: the head, the body, the dorsal fin and the flippers are all parts of the extracellular 

region, while the transmembrane helices make the flukes [30, 31]. The β sandwich structure making 

the dolphin’s upper body is the area of interaction among the three monomers to form the active 

P2X7 trimeric receptor [31, 34]. The ATP-binding site is provided by each of two adjacent 

monomers. Crystallographic studies confirmed that binding of three ATP molecules is needed for 

gating. Insights about the interaction of P2X receptors with their ligands, the conformational 

changes accompanying channel opening and the consequent desensitization were further provided 

by the recent publication of the X-ray structures of the human P2X3R and of a truncated form of the 

panda P2X7R [32, 33]. Crystallographic data by clarifying the spatial conformation of the receptors 

in different states, including the agonist-bound open, the desensitized/closed and the antagonist-

bound states, provide a new basis for the development of P2X7R-targeting drugs [32]. Moreover, 

resolution of the panda P2X7R 3D structure allowed to identify a common putative allosteric 

binding pocket, located between two neighbouring subunits and different from the ATP binding 

site. This putative allosteric binding site was shown to accommodate five small inhibitor drugs of 
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diverse chemical structure [32]. Unfortunately, crystallization of the full-length P2X7 subunit has 

not yet been possible, therefore we have no structural information related to the long C-terminal 

tail, possibly the most intriguing P2X7 domain, responsible for the opening of the large 

conductance pore and putatively interacting with other intracellular signalling molecules [36-40]. 

 

3. P2X7 agonists and antagonists 

3.1. P2X7R agonists 

Compared to the other receptors of the P2X sub-family, P2X7R shows low affinity for ATP (i.e. in 

the mM range), therefore it has become a standard experimental procedure to use as a more potent, 

although not selective, agonist the synthetic ATP derivative 2'(3')-O-(4-benzoylbenzoyl) adenosine-

5'-triphosphate (Bz-ATP) [22]. However, while often considered a selective P2X7 ligand Bz-ATP 

activates also P2X1, P2X4 and P2Y11 [28, 41]. Interestingly, the antibacterial peptide cathelicidin 

LL37 [42, 43] and the Alzheimer β amyloid peptide [44] have also been reported to activate the 

P2X7R, either as bona fide agonists or as positive allosteric modulators. A similar role has also 

been suggested for other compounds including drugs, antibiotics and plant derivatives, such as 

tenidap [45], polymixin B [46] and ginsenosides [47]. 

 

3.2. P2X7R antagonists 

Over the years, several P2X7R antagonists or negative allosteric modulators were also identified, 

ranging from the prototypical covalent blocker oxidized-ATP [16], to brilliant blue G (BBG) [48] 

and KN62 [49]. However, these molecules are poorly selective as they also block other cellular 

targets besides the P2X7R, such as CAMK-II (KN62), or voltage-gated sodium channels (BBG), 

and or even inhibit immune cell functions in the absence of P2X7R [50]. Moreover, KN62 is 

preferentially active at the human, while BBG at the rat P2X7 [51, 52]. Three widely used and 

selective antagonists, A-740003 and A-438079 and AZ10606120, are very effective blockers of the 
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human, rat and mouse P2X7R [52, 53]. Other antagonists active at both human and rodent P2X7R 

are GW791343, JNJ-47865567, JNJ-42253432, JNJ-54166060 and JNJ47965567 [41, 54-56]. 

Compounds AZ11645373 and GSK1482160 have very good affinity for the human but slightly 

lower affinity for the rat receptor [57, 58]. In silico studies have helped highlight some of the 

structural features underlying species-selectivity of some P2X7 antagonists. Model docking studies 

have suggested that presence of a phenylalanine at position 95 (present in the human but absent in 

the rat receptor) is responsible for higher affinity of KN62 or AZ11645373 for the human versus the 

rat P2X7R [57]. Some high affinity P2X7 antagonists have been used to develop radioligands for 

the investigation of neuroinflammation and possibly other inflammatory conditions [59-61]. 

 The mode of action of several P2X7R blockers is still a matter of debate. Some of the most 

frequently used antagonists, such as A740003 and JNJ47965567,  that were originally described as 

competitive antagonists [56, 62], are now suggested to be negative allosteric modulators binding to 

a common site shared with other allosteric compounds such as AZ10606120 [33, 63]. However, 

further studies are needed to properly define the mechanism of action of these and other P2X7 

blockers. 

 Small drug-like P2X7 antagonists have been taken to Phase I and Phase II/III clinical trials 

in selected chronic inflammatory diseases, raising no safety and tolerability concerns, but with 

rather disappointing results as to clinical efficacy [13, 28, 64] (Table I). These unsatisfactory data 

may prompt the use of P2X7R-targeted biologics. Two Companies are currently developing anti-

P2X7R antibodies that are at present under extensive pre-clinical test [65], or have undergone Phase 

I clinical study [66]. Biologics may prove better P2X7R modulators than small drug antagonists. 

 

4. P2X7 in the response against pathogens. 

Inflammation, the fundamental homeostatic response that protects the organism against exogenous 

(pathogens) or endogenous sources of danger, develops through the coordinated activity of 

specialized cells of the myeloid and lymphoid lineage responsible for innate and adaptive immunity. 
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The P2X7 receptor is expressed by virtually all immune and inflammatory cells, and is up-regulated 

during inflammation. Cells of the monocyte/macrophage axis, including dendritic cells, microglia 

and osteoclasts, are by far the immune cell lineage where P2X7 activity has been best characterized, 

nonetheless this receptor is also expressed by T and B lymphocytes, mast cells and natural killer 

cells [8]. 

 

4.1. P2X7 in the response against intracellular parasites 

Early experiments showed that P2X7 activation potentiated killing of intracellular pathogens such 

as mycobacteria [67], Chlamydia [68], Toxoplasma [69, 70], and Leishmania [71] mainly through 

facilitation of phago-lysosome fusion and acceleration of acidification of parasitophorus vacuole, 

thus leading to elimination of the microbial load [72]. However, translation of in vitro observations 

to the in vivo disease models produced contrasting results. In fact, while in the case of Chlamydia 

and Leishmania in vivo experimental models confirmed the in vitro data, i.e. Chlamydia [73] and 

Leishmania [74] caused a more severe disease in P2X7R genetically-deleted mice, infection with 

highly aggressive mycobacterial strains caused a less severe disease in the P2X7R-null host [75]. In 

particular, tissue damage was largely reduced in the absence of P2X7R. These apparently 

paradoxical results are not surprising based on the role of the P2X7 receptor in sustaining and 

propagating chronic inflammation: in fact the cytotoxic activity of P2X7R is well established, as 

well as its role in promoting multinucleated giant cell formation [76]. Therefore it is likely that 

during tuberculosis infection P2X7R promotes the local tissue reactions associated to type IV 

hypersensitivity that eventually end up in granuloma formation, caseous necrosis and extensive 

tissue damage [77, 78]. The picture becomes even more complicated in humans as several genetic 

studies and following meta-analyses failed to show a clear association between P2X7 SNPs and the 

susceptibility to extra-pulmonary or pulmonary tuberculosis (recently reviewed in ref [28]).  

 A recent study by Machado de Salles and colleagues, demonstrated a key role of P2X7R in 

the response against the parasite Plasmodium chabaudi [79], showing that P2X7R null mice are 
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more susceptible to malaria infection due to altered Th1 differentiation. During malaria blood stage 

P2X7R on CD4
+
 lymphocytes is activated promoting the development of protective immunity 

against Plasmodium chabaudi via t-bet expression and INFγ/ IL 2 secretion. P2X7R deficiency in 

the CD4
+
 T lymphocyte subset causes a shift in the differentiation of this population, thus 

promoting the expression of Bcl6 and the consequent differentiation into T follicular helper cells 

(Tfh), which in turn drive the production of anti-plasmodium antibodies. However, despite the 

increase in antibody titer, lack of P2X7 and the associated Th1/Tfh unbalance lead to more severe 

parasitemia in chronically infected mice, strongly suggesting that P2X7R is required for the 

development of cell-mediated acquired immunity against Plasmodium chabaudi [79]. Plasmodium 

parasites aggressiveness is related to their ability to survive host immunity, therefore recent studies 

concentrated on the manipulation of immune response to eliminate the infection. Data reported by 

Machado de Salles and colleagues prompt to the use of P2X7R-targeted molecules to induce 

protective immunity as a novel therapeutic approach or to improve vaccine strategies [79]. 

 

4.2. P2X7 in the response against viruses 

A small number of studies also investigated P2X7R expression and function in viral 

infections with contrasting results as both host-protective and detrimental, infection-promoting, 

roles depending upon the given infectious agent were reported. The P2X7R was shown to help 

contain Dengue virus-2 infection by decreasing viral load via nitric oxide release [80], or to 

exacerbate adenoviral infection, leading to accelerated host damage [81], and even to facilitate 

hepatocyte infection by hepatitis B virus [82]. Recent studies raised the possibility that the P2X7R 

could be central in the pathogenesis of HIV and that some of the effects mediated by nucleotide 

reverse transcriptase inhibitors (NRTIs), currently a main-stake in AIDS treatment, might be 

dependent upon P2X7R blockade [83-85]. In fact, NRTIs, which are part of the combined 

antiretroviral therapy (ART) that drastically increased the life expectancy of HIV patients, were 

shown to efficaciously antagonize P2X7R both in vitro and in in vivo models of inflammation [84]. 
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These data open the way to the design of new P2X7R antagonist based on NRTIs structure and 

suggest NRTI repurposing to treat P2X7R-related diseases. In addition, they also support the 

hypothesis that P2X7 is implicated in HIV pathogenesis and that ART is so effective also because 

of the inhibition of P2X7R-activated pathways. In support of this hypothesis, it has been recently 

demonstrated that ATP dependent P2X7R activation causes release of HIV-1 virions from 

macrophage of infected individuals, where they are stored within vacuoles acting as infectious 

reservoirs. Accordingly, administration of the P2X7R antagonist A-438079 prevented virion 

release. P2X7R-stimulated release of HIV-1 virions was not due to macrophage cell death but rather 

to exocytosis of the intracellular vacuoles [85]. Further proof of the potential of P2X7R blockade in 

HIV therapy is provided by the demonstration that P2X7R antagonist administration restores CD4
+
 

differentiation cells from their stem cell precursors. 

The subset of HIV patients that lack ability to generate sufficient numbers of Th cells 

following ART administration are defined as immunological non-responders and are generally 

plagued with worse prognosis. CD34
+
 hematopoietic progenitor cells from these patients 

overexpress P2X7R, which has been shown to block differentiation into the T lymphocyte lineage. 

P2X7R blockade might therefore prove efficacious in restoring CD4
+
 levels and extend the life 

expectancy of immunological non-responders [86].  

  

5. P2X7R as sensor of cell damage and a trigger of the NLRP3 inflammasome  

ATP plays a widely acknowledged role in host defence, from plants to mammals, as the 

paradigmatic example of danger associated molecular pattern (DAMP), i.e. a cellular component 

that is released following tissue injury or stress and is able to activate a protective/regenerative 

immune response. DAMPs include different class of molecules that are normally sequestered 

intracellularly, only to be released upon cell damage. Once in the extracellular space, DAMPs 

activate the immune system by interaction with specific receptors. The P2X7R is unanimously 

recognized as the main sensor for ATP during inflammation and a main trigger of the early phases 
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of the immune response by mediating the maturation and secretion of interleukin-1β (IL-1β) [87-

89]. Due to its potent local and systemic pro-inflammatory effects maturation of IL-1β is tightly 

controlled and requires the activation of a multiprotein complex called the inflammasome [90]. 

 Production of IL-1β represents a multistep process involving synthesis of the immature pro-

IL-1β, proteolytic cleavage to mature IL-1β and, finally, release into the extracellular environment. 

The synthesis of immature pro-IL-1β is induced through a process requiring the activation of the 

nuclear factor NF-B. Maturation of the 31 kDa form to the bioactive 17 kDa protein requires 

cleavage by caspase-1 (casp-1), without this conversion, pro-IL-1β is quickly degraded by the 

proteasome [91]. In turn, casp-1 is matured and activated via formation of the inflammasome 

complex [92-94]. The inflammasome is itself made by the assembly of casp-1 plus a sensor and an 

adaptor molecule. Different inflammasome subtypes are known, whether they are based on 

nucleotide-binding and oligomerization domain (NOD)-like receptors (NLRs), or on AIM-2-, RIG-

1, IFI-16 or pyrin proteins [95, 96]. ATP activates the NLRP3 inflammasome, which can also 

assemble in response to molecules derived from infectious agents (PAMPs, pathogen-associated 

molecular patterns), other DAMPs or chemical and physical agents causing cell damage [97]. 

Cleavage of casp-1 and maturation of IL-1β were first associated to ATP-dependent K
+
 efflux in the 

late 1990’s [19, 98, 99]. In the following decades, several papers demonstrated P2X7R-dependent 

inflammasome aggregation almost in all immune cell types [88, 100-103]. The pro-inflammatory 

cytokines secreted following P2X7 activation include not only IL-1β and IL-18 but also IL-6 and 

IL-1α, albeit via an inflammasome-independent route [100, 104]. 

 Intracellular K
+
 drop is probably the best-established mechanism to explain P2X7R-

dependent NLRP3 inflammasome formation [105-107]. Recent reports support this view by 

identifying NEK7 as the cytoplasmic kinase able to translate the ATP-triggered changes in 

intracellular K
+
 into NLRP3 inflammasome activation [108, 109]. Reactive oxygen species (ROS) 

formation may also play a role in inducing inflammasome aggregation and IL-1β secretion 

downstream to P2X7R activation [110-113]. Furthermore, protein-protein interaction has been 
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hypothesized to occur between P2X7R and the inflammasome scaffold proteins NLRP2 and 

NLRP3 [114-116]. The NLRP2/P2X7R protein complex includes pannexin-1 and is present in 

astrocytes where it is reported to mediate IL-1β maturation and release [114], while NLRP3/P2X7R 

interaction has been shown to occur at restricted sub-plasma membrane sites in microglia and 

macrophages [115].  

 The P2X7R/NLRP3 axis has been also associated to pyroptosis a form of cell death 

occurring in immune cells via activation of inflammatory caspases including casp-1 and casp-11 in 

mice and casp-1, casp-4 and casp-5 in humans [117]. During pyroptosis cells undergo swelling and 

increase of plasma membrane permeability, and at the same time promote inflammation by 

secreting IL-1β and IL-18 [118]. A recent report identified a pivotal role of P2X7R in LPS-

stimulated pyroptosis, showing that LPS triggers pyroptosis via maturation of casp-11, that in turn 

cleaves pannexin-1 that finally mediates ATP release and autocrine/paracrine P2X7R activation 

[119]. To confirm the central role of P2X7 in LPS-dependent pyroptosis, P2X7 null mice are 

resistant to endotoxic shock [119]. 

 

6. Other inflammatory pathways activated by the P2X7R 

The P2X7R promotes inflammation also via activation of intracellular pathways different, although 

often linked, to the inflammasomes. Possibly one of the best characterized is the activation of the 

nuclear factor NF-B, a transcription factor controlling expression of several inflammatory genes, 

including TNFα, COX-2 and IL-1β itself. The seminal studies demonstrating P2X7R-dependent 

activation of NF-B in microglia, osteoclasts and osteoblasts [120-122] were further confirmed by 

an increasing number of reports linking P2X7 pro-inflammatory activity to NF-B nuclear 

translocation [123-126]. Liu and colleagues suggested that Toll-like receptors and P2X7R share a 

common NF-kB activation pathway via the MyD88 adaptor protein, which was proposed to directly 

interact with the C terminal domain of P2X7 subunits [127]. NF-B positively modulates innate as 
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well as adaptive immunity contributing with the nuclear factor of activated T cells (NFAT) to T cell 

proliferation downstream to T lymphocyte activation. Interestingly, P2X7R is long known to 

increase T cell proliferation and activate NFAT [128, 129]. Accordingly, its inhibitor oxidized ATP 

is an efficient immune suppressor preventing transplant rejection [130, 131]. P2X7R dependent T-

cell proliferation proceeds through NFAT and focal adhesion kinase (FAK) activation finally 

leading to IL-2 secretion [132, 133]. P2X7R-dependent NFAT nuclear translocation has a central 

role in proliferation of lymphocytes, osteoblasts and tumor cells [134-139]. An additional 

mechanism by which P2X7R might promote NFAT function is the negative regulation of glycogen 

synthase kinase (GSK) 3β activity [140, 141]. GSK3β modulates adaptive immunity promoting 

lymphocyte proliferation and survival. In fact, expression of constitutively active GSK3β decreases 

T cell proliferation, differentiation and survival via inhibition of different factors, NFAT included 

[142, 143]. 

 Other classical mediators of inflammation released upon P2X7R activation include 

eicosanoids such as prostaglandin E2, leukotriene B4 and thromboxane A2. Interestingly, the 

production of these arachidonic acid derivatives is initiated not only by ATP but also by interaction 

of P2X7 with the cathelicidin peptide LL-37 [144-148]. P2X7R activation induces cyclo-oxygenase 

(COX)-1 activation and COX-2 expression leading to fever [144] and inflammatory pain [149, 

150], via classical signalling pathways such as ERK/MAPK kinases and phospholipase A2 [146-

148, 151]. This potent pro-inflammatory activity makes P2X7R an attractive target for the 

development of new drugs alternative to aspirin or other COX inhibitors.  

 Tissue injury causes ATP release in virtually all multicellular organisms, from plants to 

mammals [7], and consequently activates the healing process. Although platelet clot formation is 

mainly dependent on P2Y receptor stimulation [152], P2X7 has been proposed to participate in 

healing- and regeneration-associated events such as neo-vascularization [153]. Bertics and 

collaborators firstly reported release of VEGF following monocyte P2X7R stimulation [154]. These 

seminal data were confirmed by several later studies demonstrating that P2X7R pharmacological 
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blockade inhibits angiogenesis in different preclinical models [138, 140, 155, 156]. Interestingly, 

P2X7 is also linked to HIF-1, the master regulator of VEGF expression, by a bi-univocal 

relationship in that P2X7R stimulation drives HIF-1α expression, but in turn, HIF-1α activation up-

modulates P2X7R expression [140, 157-159]. 

 

7. P2X7R in chronic diseases 

7.1. The P2X7R in neurodegenerative diseases 

The P2X7R has been putatively associated to various chronic inflammatory neurological disorders. 

The P2X7R is expressed by several cell types in the nervous system, including astrocytes, 

oligodendrocytes, microglia, and Schwann cells [160]. Whether it is also expressed by neurons is 

currently a matter of debate [161-163]. Many reports associated P2X7R activation to neurological 

disorders, such as multiple sclerosis (MS), Alzheimer’s disease (AD) and amyotrophic lateral 

sclerosis (AML). Inflammatory processes causing tissue damage are relevant in MS pathogenesis 

[164]. Increased microglial activation and P2X7R expression have been found in both MS and ALS 

[165]. Moreover, MS-associated inflammation can be down modulated by Glatiramer acetate, a 

drug currently used to reduce the frequency of MS relapses which also reduces P2X7R activity 

[166]. The P2X7R has been shown to be up-regulated and associated to an increased pro-

inflammatory response in in vitro ALS microglia [165, 167]. In an ALS mice model (SOD1-G93A), 

blockade of P2X7 by BBG delayed the course of the disease, decreased microglia proliferation and 

motor neuron loss, thus improving motor performance and inflammatory parameters [168]. On the 

other hand, and contrary wise, genetic ablation of P2RX7 in the same SOD1-G93A ALS mice 

model produced worsening of gliosis and motor neuron death [167]. Therefore, the role of P2X7R 

in the etio-pathology of ALS is rather ambiguous at this stage, and further investigation is clearly 

needed [168]. A role for P2X7R has been hypothesized in AD: soluble amyloid peptide stimulates 

mouse microglia via P2X7R, and P2X7R-null mice are resistant to the injurious effect of 
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intracerebral amyloid  inoculation AD [44]. In a mouse model of AD, microglia was shown to 

promote neuronal damage by P2X7R-dependent stimulation of ROS production [169]. 

 

7.2 The P2X7R in liver fibrosis and auto-immune diseases 

 Liver fibrosis is another condition in which P2X7R-targeting may prove beneficial. 

Administration of the P2X7R blocker A438079 helped reducing CCl4-induced P2X7R expression 

and liver injury and fibrosis [124]. P2X7R antagonism was also effective in reducing splanchnic 

hyperemia, portal-systemic shunt and liver fibrosis in common bile duct-ligated cirrhotic rats [155], 

indicating that P2X7R blockade might be a viable approach in the therapy of cirrhosis and its 

complications. 

 Rheumatologic diseases represent another chronic inflammatory condition where P2X7R 

targeting may offer therapeutic opportunities. The P2X7R has been implicated in the pathogenesis 

of systemic lupus erythematosus (SLE), one of the human diseases more heavily characterized by 

inflammation and immune-mediated tissue damage [170]. P2X7R inhibition via BBG or via 

siRNA-mediated knockdown was shown to have beneficial effects in lupus nephritis in two mouse 

models of SLE, MRL/lpr and NZM 2328 mice, by reducing anti-dsDNA antibodies production, 

immune complex deposition, and renal inflammation [171]. In addition, increased glomerular and 

tubular expression of P2X7R was detected in renal biopsies from patients with immune-related 

glomerulonephritis [172]. The P2X7R might also have a role in rheumatoid arthritis (RA) as LPS-

activated mononuclear cells from RA patients showed higher levels of ATP-induced IL-1β 

production compared to cells from healthy subjects [173]. Reason for enhanced P2X7R-dependent 

IL-1β release is unclear since P2X7R expression was comparable in the two cohorts, and therefore 

difference in IL-1β release was putatively ascribed to genetic polymorphisms in the P2X7R gene 

[173]. Following studies found an association between RA and the gain of function SNPs 489C>T 

and 1068G>A [174, 175]. The P2X7R might also have a role in primary Sjögren's syndrome (pSS), 

as its expression is significantly higher in salivary glands from pSS patients versus control subjects 
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[176]. Gene expression levels of NLRP3, ASC and caspase-1 were also significantly higher in pSS 

gland specimens, in accordance with increased level of mature IL-18 in pSS saliva samples [176]. 

Table II gives an overview on preclinical models used to study P2X7 function in infection and 

inflammation. 

 

8. Conclusions 

The cradle of purinergic signalling was neurotransmission, where ATP was long known to have a 

well-defined role as neuromediator. However, the more we learn about purinergic receptors, the 

more we realize that purinergic signalling extends well beyond the central or peripheral nervous 

systems, and in fact, its participation to inflammation and immunity might be even more relevant 

and pervasive. In this scenario, the P2X7 receptor is standing out as a main player and a promising 

target for innovative therapeutics.  
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Figure legends 

Figure 1. 

Role of P2X7R in infectious diseases. P2X7 exerts both infection-promoting and protective 

functions. On one hand, P2X7R facilitates hepatitis B virus entry into hepatocytes and the release of 

HIV-1 virions stored into macrophage vacuoles. On the other hand, P2X7R is protective against 

Dengue-virus (DENV) infection via nitric oxide (NO) production, thus reducing the viral load. 

P2X7R expressed on immune cells such as lymphocytes and macrophages also plays a pro-

inflammatory role, helping containing parasite dissemination and bacterial infections.  The 

causative agent of murine malaria, Plasmodium chabaudi, triggers ATP release from infected 

erythrocytes via the P2X7R of Th1 lymphocytes, thus promoting t-bet expression followed by INFγ 

and IL-2 release. Finally, ATP drives macrophage activation via facilitation of phagolysosome 

fusion, reactive ROS production and IL-1β secretion. 

 

Figure 2. 

Inflammatory pathways activated by the P2X7R. Following P2X7R activation, K
+
 is released 

from the cell causing NLRP3 inflammasome assembly, likely via NEK7 recruitment. Activated 

inflammasome cleaves pro-casp-1 into casp-1, which causes maturation of pro- IL-1β and pro-IL-

18. In addition, the P2X7R promotes cytokine gene expression via NF-B nuclear translocation and 

triggers Ca
2+

-dependent NFAT activation, which in turn causes IL-2 secretion, lymphocyte 

proliferation and GSK3β down-modulation. Finally, the P2X7R promotes HIF-1α activation and the 

associated VEGF release.  
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Table I 

 

P2X7R clinical trials 
 

Title Status ID Conditions 

Investigation of the Safety and Tolerability of 
BSCT (Anti-nf-P2X7) 10% Ointment 

Completed, has 

results 

NCT02587819 Basal Cell Carcinoma (BBC) 

Feasibility Study: Accuracy of Biomarker in 
Detection of Endometrial Cancer 

Terminated, no 

results available 

NCT00471120 Uterine Cancer, Endometrial 

Cancer 

Gene-Polymorphisms in the P2X7 Gene in 
Patients With Osteoporotic Fractures 

 

Unknown NCT00293189 Hip fracture 

A P2X7R Single Nucleotide Mutation 
Promotes Chronic Allograft Vasculopathy 

Active, not 

recruiting, no 

results available 

NCT02082821 Cardiac allograft 

vasculopathy 

 

A Study to Investigate P2X7 Receptor 
Occupancy by JNJ-54175446 With the Newly 
Developed P2X7 Receptor Positron Emission 
Tomography (PET) Tracer 18F-JNJ-
64413739 

Active, not 

recruiting, no 

results available 

NCT03088644 Healthy 

Study of CE-224,535 A Twice Daily Pill To 
Control Rheumatoid Arthritis In Patients 
Who Have Not Totally Improved With 
Methotrexate 

Completed, no 

results available 

NCT00628095 Rheumatoid arthritis 

Decoding of the Expression of Tumor 
Suppressor P2RX7 in Inflammatory and 
Malignant Colonic Mucosa 

Unknown, no 

results available 

NCT02293811 Crohn Disease-Associated 

Colorectal Adenocarcinoma 

Cohort Study on Associations Between 
Purinergic Receptor SNPs and 
Osteoporosis Risk 

Completed, no 

results available 
NCT00697983 Osteoporosis 

First Time in Human Study Evaluating the 
Safety, Tolerability, Pharmacokinetics, 
Pharmacodynamics and the Effect of Food 
of Single Assending Doses of GSK1482160. 

Completed, no 

results available 

NCT00849134 Inflammatory pain 
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Table II 

 

Main animal/cellular models used to investigate P2X7R  

in inflammation and immunity 
 

 
Disease or 
pathogen 

 
Animal models 

 
Cellular models 

 
References 

Tubercolosis C57BL/6 Wild Type and P2X7R-/- mice Macrophages [63] 

Chlamidia C57BL/6 Wild Type and P2X7R-/- mice Cervical epithelial cells [61] 

Leishmania C57BL/6 Wild Type and P2X7R-/- mice Macrophages [62] 

Plasmodium 
chabaudi 

C57BL/6 Wild Type, B6.SJL-Ptprca Pepcb/BoyJ 

(CD45.1+/+), B6.129P2-P2X7R tm1Gab/J (P2X7R-/-), B6.Cg-

Fosn1nu/J (nude) and B6.129S2-Cd4tm1Mak/J (Cd4-/-) mice 

Blood and spleen cells [67] 

Dengue virus-2 C57BL/6 Wild Type and caspase-1-/-, P2X7R-/- mice Monocyte 

Lung epithelial 

Macrophages 

 

[68, 69] 

Hepatitis B virus --- Hepatocytes [70] 

HIV virus C57BL/6 Wild Type, C57BL/6 (B6, H2Kb), BALB/c 

(H2Kd), LysM-eGFP+/+ mice 

 

Retinal pigment 

epithelium, monocytes, 

macrophages 

[72-74]  

 

Inflammation C57BL/6 Wild Type, Casp1-/-/Casp11-/-, Casp11-/-, Nlrp3-/-, 

Nlrp6-/-, Nlrp12-/-, Nlrc4-/-, Pycard-/-,  

P2X7R-/-, Panx1-/-, Aim2-/-, Asc-/-,Cd18-/-, Rag1-/- BALB/c, 

B6.C-H2bm12 (bm12) mice 

 

Astrocytes, embryonic 

kidney, macrophages, 

monocytes, dendritic 

cells, neutrophils, 

microglia, osteoclasts, 

osteoblasts, splenocytes 

[76, 88, 90, 91, 

102, 107, 109, 

110, 118]  

 

Amyotrophic 
lateral sclerosis 

C57BL/6 SOD1-G93A mice Microglia [153, 155, 156] 

 

Alzheimer’s 
disease 

C57BL/6 Wild Type and P2X7R-/-, APPswe/PS1dE9 mice Microglia [42, 157] 

Liver fibrosis C57BL/6 Wild Type mice, bile duct-ligated cirrhotic rats --- [112, 143] 

Lupus 
erythematosus 

MRL/lpr, NZM 2410 mice --- [159] 

Rheumatoid 
arthritis 

--- Leukocytes [161-163]  

Sjögren’s 
syndrome 

--- Monocytes [164] 
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