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Abstract 

Adenosine triphosphate is involved in many metabolic reactions, but it has also a role as a 

cellular danger signal transmitted through purinergic receptors (PRs). Indeed, ATP can bind 

to PRs which are found in the membrane of many cell types, although the relative proportions 

of the receptor subtypes differ. PRs are classified according to genetic and pharmacological 

criteria and especially their affinities for agonists and their transduction mechanism (i.e. as 

metabotropic P2YRs or ionotropic P2XRs). 

 

Extracellular ATP release by activated or necrotic cells may activate various PRs and 

especially P2X7R, the best-characterized PR, on immune cells. P2X7R is known to regulate 

the activation of the Nod-like receptor (NLR)-family protein, NLRP3 inflammasome, which 

permit the release of IL-1β, a potent pro-inflammatory cytokine. The P2X7R/NLRP3 pathway 

is involved in many inflammatory diseases, such as gout, and in fibrosis diseases associated 

with inflammatory process, liver or lung fibrosis.  

 

Some authors imaging also a real promising therapeutic potential of P2X7R blockage. Thus 

several pharmaceutical companies have developed P2X7R antagonists as novel anti-

inflammatory drug candidates. Clinical trials of the efficacy of these antagonists are now 

underway. A better understanding of the P2X7R/NLRP3 signalling pathways permits the 

identification of targets and the development of a new class of drugs able to inhibit the 

fibrogenesis process and collagen deposition. 
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Abbreviations 

ASC   Apoptosis speck-like protein containing a CARD 

ECM   Extracellular matrix 

FGFR    Fibroblast growth factor receptor 

IL   interleukin 

IPF   Idiopathic Pulmonary Fibrosis 

MMP   Matrix metalloproteinase 

NASH   Non-alcoholic steatosis hepatitis  

NSAID  Non-steroidal anti-inflammatory drugs 

NLRP   NOD-, LRR-, and pyrin domain-containing 

PDGFR  Platelet derived growth factor receptor  

PRs   Purinergic receptors 

TIMP   Tissue inhibitor of metalloproteinase 

TNF   Tumor Necrosis Factor 

VEGFR  Vascular endothelial growth factor receptors  
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Introduction  

Purinergic receptors (PRs) have been described to bind purine bases, the constituents of 

nucleosides and nucleotides. In vivo, the most important nucleotide is adenosine 5'-

triphosphate (ATP) - recognized by its critical involvement in metabolism, immunity, pain 

signalling and inflammation. However, ATP can also serve as a cellular danger signal. Recent 

research indicates that purinergic receptors, mainly P2X7R, have a key role in the release of 

interleukin (IL)-1β, a pro-inflammatory cytokine involved in chronic inflammation associated 

with fibrogenesis processes such as pulmonary fibrosis, rheumatoid arthritis, gout and asthma 

involving the activation of inflammasome signalling pathway [1-5]. 

A better understanding of the purinergic receptor signalling pathways and progress in 

medicinal chemistry research has enabled the synthesis of potent antagonists for PRs. The 

characterization of these drug targets could well lead to the development of a new class of 

drugs able to inhibit the fibrogenesis process and collagen deposition. 

 

Adenosine-5’-triphosphate 

 

The nucleotide ATP is composed of a purine base (adenine), a ribose sugar (β-D-

ribofuranose) and a 3’ phosphate group. Its main function is to store, transport and supply 

energy for the cell’s chemical reactions. ATP molecules are generated during cellular 

respiration and eliminated during biosynthesis, mobility and cell division. Hydrolysis of ATP 

to form ADP or AMP releases the energy contained in the pyrophosphate bonds. Although 

ATP’s role in energy metabolism has long been known, it is now clear that nucleotides and 

nucleosides also have a role in extracellular signalling [6]. 

 

Several studies have shown that extracellular ATP and its receptors are involved in many 

pathophysiological processes, including chronic pain [7], inflammation [8], cell shrinkage, ion 

transport, chemotaxis, neurotransmission and danger signalling [9]. Extracellular ATP has 

several characteristics that render it a potent danger signal: a high intracellular concentration, 

a low extracellular concentration, hydrophilicity, and ubiquitous degradation (by ecto-

ATPase). Lastly, ATP has many specific receptors with different affinities [10]. Thus, the 

extracellular release of ATP can act as a danger signal via several mechanisms. 
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ATP molecules are stored in the cytosol at concentrations between 1 and 5 mM, whereas the 

extracellular ATP concentration is much lower, in the nanomolar range. The release of ATP 

generates a chemotactic gradient that in turn recruits immune cells [11]. Mechanical, 

infectious or hypoxic stress and cell damage can trigger the extracellular release of ATP - a 

danger signal that is tightly regulated by various transporters and enzymes. 

 

Once released into the extracellular space, ATP has an extremely short half-life and is rapidly 

broken down into ADP, AMP and adenosine by ecto-enzymes located in membranes or 

extracellular space [12]. In healthy tissue, ATP release is tightly regulated, and its 

extracellular concentration is maintained at a low level by ATP/ADPases. This balance 

disappears during inflammatory processes because as pro-inflammatory mediators trigger 

ATP release and down-regulate the expression of ATP/ADPases [5]. 

Abnormal cell activation may provide a signal that alerts the immune system to danger, 

triggering innate immunity activation leading to inflammatory process and remodelling. In 

this context, dying cells release danger signals that may activate the immune system and 

stimulate innate and adaptive immunity.  

 

Purinergic receptors  

Extracellular nucleotides like ATP can bind to purinergic receptors on the cell surface. 

Purinergic receptors are found in all cell types, although the relative proportions of the 

receptor subtypes differ. The PRs have an important role in pain and inflammatory response 

[13]. In vertebrates, PRs are classified according to genetic and pharmacological criteria and 

especially their affinities for agonists: the P1Rs are selective adenosine receptors and the 

P2Rs preferentially bind ATP and ADP [14]. Endogenous and synthetic agonists of purinergic 

receptors were reported in Table I. 

P1Rs 

The P1Rs are G-protein-coupled adenosine receptors that contain a seven-transmembrane-

helix domain. There are four P1Rs in humans: A1, A2a , A2b and A3 [15]. Adenosine is the 

only agonist of these metabotropic receptors. The P1Rs’ N-terminal and C-terminal regions 

are respectively extracellular and intracellular, which enables signal transduction. The A1 and 
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A3 receptors are coupled to a Gi protein, while the A2a and A2b receptors are coupled to a Gs 

protein [16]. Adenosine and its receptors are known to be involved in immunity, inflammation 

and carcinogenesis [17, 18]. 

P2Rs 

In 1994, Abbracchio and Burnstock suggested that the P2Rs should be subclassified according 

to their transduction mechanism (i.e. as metabotropic P2YRs or ionotropic P2XRs) [19]. 

P2YRs 

In mammals, the metabotropic P2YRs (P2YR1-2-4-6-11-12-13-14) have been divided into 8 

subtypes [20]. The structure is typical of G-protein-coupled receptors, with seven 

transmembrane domains (328 to 377 amino acids in length) linked by disulphide bridges. 

The P2YRs can be activated by various purine or pyrimidine diphosphate or triphosphate 

nucleotides (conjugated to sugars, in some cases) (Table I). The pharmacology of the P2YRs 

is complex because these receptors have a wide variety of cellular and tissue locations and 

many different ligands (ATP, UTP, ADP, UDP, UDP-glucose, etc.) [15]. P2Y2 is particularly 

involved in innate immunity. The binding of ATP to the P2Y2R triggers a chemoattractant 

signal that is absent in P2Y2 knock-out mice [21]. P2Y2R activation also triggers the release 

of pro-inflammatory cytokines (such as IL- 6 and IL- 8) by epithelial cells [22]. 

P2XRs 

There are seven subtypes of ionotropic P2XRs (P2X1-7), all of which have a single 

physiological agonist (ATP). These ligand-gated ion channel receptors display 30% to 50% of 

amino acid homology [6]. 

 

Human P2XRs are composed of subunits of 379 to 595 amino acids in length [23]. Two 

hydrophobic transmembrane domains (M1 and M2) are separated by an ectodomain within 

which 10 cysteine residues form disulphide bridges. The ectodomain contains an ATP binding 

site, intracellular N- and C-terminal regions and a kinase binding site [24]. 

Activation of the extracellular domain of P2XR requires the binding of least three ATP 

molecules [23]. The P2X receptors differ in their affinity for ATP and its analogues. 
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The P2XR exist as homotrimers or heteromers and are only functional when three subunits 

are bound together [25]. Many combinations are possible: heteromeric P2X1/2, P2X1/4, P2X1/5, 

P2X2/3, P2X2/6, P2X4/6 and P2X4/7 [26]. 

During prolonged stimulation by an agonist, the P2XRs can undergo conformational changes 

that increase the ion channel’s permeability [27]. The trimers then form a non-selective cation 

channel that is permeable to large ions. This ion flux changes the intracellular ion 

concentration and thus the membrane potential [28]. 

 

P2XR activation may be followed by a desensitization period, the duration of which varies 

from one subtype to another. P2XRs are generally classified in rapidly desensitizing (P2X1 

and P2X3) and slowly or non-desensitizing (P2X2, P2X4, P2X5 and P2X7) receptors [29]. 

For example, P2X7R is a non-desensitizing receptor; the pore stays open as long it is bound 

by ATP [30]. The P2XRs’ activity may also be regulated by pH, certain xenobiotics and ions 

[28].  

Among P2XRs, the P2X7R seems to be the most involved in the inflammatory response. 

Indeed this receptor play a central role in inflammatory pain and inflammatory diseases 

(Crohn’s disease, gout or rheumatoid arthritis for example) and his activation lead to the 

release of inflammatory cytokines, such as TNF-α or IL-1β, mediated by the inflammasome 

pathway [31]. 

 

P2X7R 

In mammals, P2X7R (formerly known as P2Z) is widely distributed throughout the body, and 

especially on nerve cells, hematopoietic cells, and myeloid cells such as monocytes or 

macrophages [32]. The genes encoding the P2X7 and P2X4 subunits are both located on 

chromosome 12. The P2X7 and P2X4 subunits share a high degree of amino acid sequence 

homology and can form heterotrimers with each other. 

P2X7R has a lower affinity for ATP than the other P2XRs do. 2'(3')-O-(4-benzoylbenzoyl) 

adenosine-5'-triphosphate (BzATP) is the most potent synthetic agonist for P2X7R [33]. 

Activation of P2X7 is modulated by local ion concentrations [34]. The responses to ATP are 

potentiated in a low-Ca2+ or low-Mg2+ environment. Hence, ATP4- is probably the active form 

of ATP that binds to the P2X7R [35]. 
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Once activated, the P2X7R can form homo- or heterotrimers, and at least ten isoforms have 

been identified in humans especially P2X1/2, P2X1/4, P2X1/5, P2X2/3, P2X2/6, P2X4/6 and P2X4/7 

[26, 28, 36].  

Interestingly, P2X7R has a longer C-terminal domain than the other P2XRs, which appears to 

facilitate interactions with intracellular proteins [37]. This structural difference also gives 

P2X7R the ability to form a wide, non-selective pore (allowing the passage of ions and 

compounds with a molecular weight of up to 900 Da) during prolonged ATP stimulation [38, 

39]. 

Role of P2X7R in the inflammasome signalling pathway 

Extracellular ATP release by activated or necrotic cells may activate various P2Rs and 

especially P2X7R on monocytes and macrophages. P2X7R stimulation by ATP induced 

potassium efflux, a production of Reactive Oxygen Species (ROS) from mitochondria and 

active inflammasome signalling pathway [40,41].  

The best-characterized inflammasome consists of three main components, the Nod-like 

receptor (NLR)-family protein, NLRP3, pro-caspase-1 and the ASC (Apoptosis speck-like 

protein containing a CARD) adapter, which bridge interactions between the former proteins 

[42]. NLRP3 activation requires two signals in macrophages. Cell priming with an NF-κB 

activator, such as the TLR4-ligand LPS, is the first step of NLRP3 inflammasome activation 

leading to its own involvement [43]. The second signal includes a broad variety of activators, 

in which one the major pathway includes the P2X7 purinergic receptor. NLRP3 protein 

interacts with ASC and pro-caspase-1 and has an oligomerisation to become effective [43-45]. 

Following autoactivation via inflammasome assembly, caspase-1 cleaves pro-IL-1β in IL-1β 

(biologically active form) which are then secreted (Figure 1). 

IL-1β is a cytokine with major roles in inflammation, innate immune response and fibrosis. 

This cytokine is produced by activated monocytes, macrophages and dendritic cells, inducing 

the production of chemokines or cytokines (such as TNF-α and IL-6) or proteases (such as 

matrix metalloproteinases (MMPs) and their tissue inhibitor (TIMPs)) associated with 

neutrophil recruitment and proliferation of resident cells mainly fibroblasts [46]. Since mature 

IL-1β is very potent, its production is tightly regulated by expression, transcription and 

secretion, especially by NLRP3 inflammasome [42]. 
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Other P2Rs are known to be involved in the activation of NLRP3 inflammasome, including 

P2X4 [47], P2Y6 [48], P2Y2 and P1 adenosine receptors [17]. However, according to 

Burnstock et al. (2016), P2X7 appears to be the most involved receptor in inflammatory 

diseases and is thus the main anti-inflammatory drug target among the P2Rs [31].  

 

Involvement of inflammasome pathway in diseases 

The P2X7 receptor seems to be involved in many diseases including neurological, metabolic, 

gastrointestinal, respiratory, cancer, immune or inflammatory diseases [49-52]. Thus, several 

authors propose P2X7R as a new therapeutic target in such diseases. In this review, we 

developed only the diseases and treatments involving NLRP3 inflammasome and purinergic 

receptors. 

Gout 

Uric acid is a product of purine catabolism which is produced from injured tissue in vivo. At 

high local concentration, uric acid precipitates and forms crystals (monosodium crystals, or 

MSU) that cause inflammatory process as observed in gout. It was clearly demonstrated that 

the NLRP3 inflammasome is not only activated by extracellular ATP, indeed it can also be 

activated by MSU [42]. Indeed MSU is a danger signal activating P2X7R/NLRP3-

inflammasome pathway in gout arthritis [42,53] 

It has also been shown that MSU can trigger the release of endogenous ATP and induce the 

expression of P2X7R [53]. This suggests that autocrine activation of P2Rs can occur in 

response to endogenous ATP release. High extracellular ATP concentrations have been 

detected in inflamed tissues, showing that ATP is a danger signal and P2X7R may be 

activated during a disease process when the ATP concentration locally increases or when 

ectonucleotidase levels are dysregulated [54]. Following internalization of MSU crystals, non-

effective clearance leads to the production of ROS, potassium efflux, destabilization of the 

phagosome and rupture of the lysosome. This would ultimately result in the activation of 

caspase-1 and the release of active pro-inflammatory cytokine IL-1β [40,53] (Figure 2).  

P2X7R seems to be a potential key regulator of acute gout arthritis, and deficiencies in 

P2X7R/NLRP3 pathway can explain why some patients with uricemia never develop gout 

arthritis in their whole lives [4]. 
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Fibrosis 

Fibrosis is a basic connective tissue lesion defined by the increase of the fibrillar extracellular 

matrix components in a tissue or organ. This is a frequent component of a chronic 

inflammatory process but can also occur in other pathological conditions. The constitution of 

fibrosis is the result of a disruption of the balance of the extracellular matrix (ECM) : an 

increase of process synthesis and deposition of the components of the ECM on one hand and a 

decrease of their degradation on the other hand [55]. 

 

Pulmonary fibrosis is a severe and crippling disease with a poor prognosis. Its main 

histological features include alveolar septal lesions, abnormal reepithelialization, fibroblast 

proliferation and excessive deposition of ECM due to abnormal wound healing, and 

inflammation characterized by an influx of immune cells. Idiopathic pulmonary fibrosis (IPF) 

is the most frequent form of interstitial pneumonia of unknown etiology [56-57]. It has been 

assumed that IPF is the consequence of chronic inflammation [58].  

No curative treatment was actually available for IPF however two drugs were recently 

marketed for IPF treatment: pirfenidone and nintedanib. The earliest studies on pirferidone 

were conducted in the 1990s using a pulmonary fibrosis model in hamster. The researchers 

have been shown that this drug could reduce the expression of several profibrotic factors such 

as TGF-β, hydroxyproline or procollagen I and III, in this model. More recently, experiments 

on human lung cells indicated a decrease in fibroblast proliferation and lowered levels of 

fibrotic and inflammatory markers with this treatment. Pirfenidone has also both anti-

inflammatory and anti-fibrotic effects even if the link between inflammation and fibrosis is 

still a subject of debate. Clinical trials confirmed these results and revealed a positive outcome 

in terms of mortality [59-61]. 

Nintedanib was discovered in 2006 and developed as a potent angiogenesis inhibitor. Indeed 

nintedanib was found to have a specific inhibitory profile against three tyrosine kinase 

receptors, namely platelet derived growth factor receptor (PDGFR) α and β, vascular 

endothelial growth factor receptors (VEGFR-1,-2, and -3), and fibroblast growth factor 

receptor 1 (FGFR-1). These properties prevented fibroblast proliferation, myofibroblast 

transformation, inflammatory cells recruitment and collagen accumulation in mice and human 

lung models. Moreover, a lower incidence of acute IPF exacerbations and promising results 

on fibrosis progression was observed in clinical trials [60-62]. N-acetylcysteine (NAC), a 
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mucolytic drug with antioxidant mechanism of action was also claimed to possess antifibrotic 

properties. However, recent studies proved that this drug is clinically ineffective in IPF 

treatment [60, 63]. 

Using an experimental model of pulmonary fibrosis in mice, it was observed an induction of 

fibrosis markers such as lung collagen content, metalloproteinases (MMPs) or tissue inhibitor 

of metalloproteinases (TIMPs). Furthermore, it has been demonstrated that uric acid locally 

produced in the lung upon bleomycin-induced DNA damage and degradation induced the 

activation of the NLRP3-inflammasome pathway and IL-1β production, such as in gout [39, 

42]. Uric acid released injured cells exposed to bleomycin constitute a major endogenous 

danger signal that activates the NLRP3 inflammasome leading to lung inflammation and 

fibrosis. 

In this model, P2X7 receptor-deficient (P2X7R KO) mice presented dramatically reduced 

lung inflammation and fibrosis, showing the role of P2X7 receptor in this disease [2]. 

Moreover, pulmonary fibrotic patients presented increased ATP content in bronchoalveolar 

lavage fluid (BALF) in comparison with control individuals. It has been observed an early 

increase in ATP levels in BALF on bleomycin administration in mice and modulation of ATP 

levels with the ATP-degrading enzyme apyrase greatly reduced bleomycin-induced 

inflammatory cell recruitment, lung IL-1β, and TIMP-1 production [2]. Hence, ATP released 

from injured cells constitutes a major endogenous danger signal that engages P2X(7) receptor 

activation leading to IL-1β maturation and lung fibrosis [55].  

 

Similarly to that observed for pulmonary fibrosis, there is growing evidence supporting that 

purinergic signaling is also involved in the development of liver fibrosis [64]. Hepatic fibrosis 

develops following chronic inflammatory process under the influence of repeated stimulation. 

The first step is characterized by an inflammatory phase: hepatocytes are activated and recruit 

T cells while the biliary epithelial cells activate resident macrophages called Kupffer cells of 

the liver. The result is a production of free radicals and cytokines such as TNF-α, IL-6 or IL-

1β, after inflammasome pathway activation, which is to stimulate hepatic stellate cells and 

lead to their transformation [55, 65]. Following the first step, a second fibrotic phase where 

the quiescent stellate cells turn into myofibroblasts and lead to the apoptosis of hepatocytes. 

This induces an accumulation of fibrotic cells such activated stellate cells and myofibroblasts 

from fibrocytes differentiation. These cells also induce the recruitment of immune cells 

responsible for chronic inflammation, IL-1β and inflammasome pathway have been reported 
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to play an important role in chronic liver inflammation leading to fibrosis and cirrhosis [66]. 

This fibrogenic process is associated with MMPs/TIMPs imbalance which produces excessive 

components of the ECM.  

 

Using the CCl4-preclinical experimental model of experimental liver fibrosis, a significant 

increase in P2X7R expression was observed [55]. The role of P2X7R has also been implicated 

in the Kupffer cell activation and inflammation, following the release of ATP from necrosed 

cells in a CCl4-induced model of NASH [67]. The involvement of P2X7 is also supported by 

the study showing that P2X7 receptor blockade attenuates mouse liver fibrosis [68]. Thus 

P2X7 receptor might play a key role in the modulation of the cell fate in NASH [69]. 

Treatment with glucocorticoids, which are the most potent anti-inflammatory drugs, did not 

have the expected improving effects on the development of pulmonary fibrosis [70]. That is 

why developing new therapeutic target is necessary. 

 

Possible treatment 
 
Some authors imaging a real promising therapeutic potential of P2XR antagonists. P2R 

blockade is already applied therapeutically. In fact, the P2Y12 ADP receptor has a key role in 

platelet activation. In humans, the P2Y12R antagonists clopidogrel (Plavix®), ticagrelor 

(Brilique®) and prasugrel (Efient®) acts as antiplatelet agents. They are thus indicated for the 

prevention of atherothrombotic events, such as myocardial infarction, ischemic stroke and 

peripheral arterial disease [71]. P2Rs are therefore targets of interest in the search for novel 

therapeutics in general and new anti-inflammatory drugs in particular. 

Furthermore, it has been shown in vitro that treatment with P2X7R antagonists (A-74003 and 

A- 438079) inhibits inflammatory process in response to ATP or MSU crystals [40, 53]. The 

positive effects of P2X7R antagonists on inflammatory diseases are due to inhibition of the 

signalling cascade involving the inflammasome and IL-1β [72, 73]. These results confirm that 

P2X7R blockage is a drug target for reducing inflammation in human. Moreover, some 

studies have shown that P2X7 blockage, such as P2X7R KO mice or P2X7R antagonists 

treated-mice were protected from inflammatory pain [7, 52, 73]. 

The characterization of the involvement of the P2R-NLRP3-inflammasome pathway has 

opened a large possibility of new therapeutic targets for inflammation but also for the 

reduction of collagen deposition and fibrosis [55]. Indeed, Huang et al. (2014) showed that 
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the development of liver injury and fibrosis is prevented using a specific P2X7R antagonist, 

A438079 reduces CCl4-induced cell infiltration, production of pro-inflammatory cytokines 

and collagen accumulation in the liver [68]. 

 

In recent years, many pharmaceutical companies have developed compounds for treating 

chronic inflammatory diseases [74, 75]. In particular, P2X7R antagonists have been 

developed by Astra Zeneca (AZ11645373; AZD9056; AZ11645373 and AZ10606120), Pfizer 

(ES- 224.535) and GlaxoSmithKline (GSK314181A) [75, 76]. Some of these compounds 

have shown good preclinical results and have entered clinical development. For example, a 

Phase II trial of the P2X7R antagonist AZD9056 (400 mg/day) reported statistically 

significant efficacy (vs. placebo) in the treatment of rheumatoid arthritis at one month. 

However, despite good tolerance, efficacy was no longer observed at six months [77]. 

Similarly, EC-224.535 was no more effective than placebo in the treatment of rheumatoid 

arthritis in methotrexate-resistant patients [78]. These several preclinical studies have reported 

encouraging data on inflammatory disease and may be used as fibrosis treatment. Indeed 

P2X7R antagonists are able to block the activation of the inflammasome pathway 

independently of the mechanisms of action of the other pharmacological treatments (for 

example nintedanib or pirfenidone). Co-administration of these potential anti-fibrotic drugs 

could also provide additional benefits for patients suffering from fibrotic diseases. The 

screening of potential drugs effective in preclinical models of fibrosis would be the next 

challenge. However, it is not excluded that blockade of one type of receptors, such as P2X7R, 

may induce a compensation by others (P2X4R for example). 

Clinical trials targeting P2X7R continue also in cancerology [79,80] and P2Rs are being 

studied as potential anti-inflammatory drugs [76], painkillers [7] and even treatments for 

diabetes [49], multiple sclerosis [81], Alzheimer's disease [82],  duchenne muscular dystrophy 

[83], retinal degeneration [84] or cancer [80, 85]. 
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Conclusion 

ATP has many vital functions in vivo, including danger signal. This molecule can bind to a 

large number of receptors. Among them, P2X7R is attracting extensive interest in the field of 

inflammation. Selective and available tools are necessary to validate the right target and 

develop effective therapeutics. Regarding the recent data, P2X7 receptor would be a good 

candidate.  

 

Although the initial data on the efficacy of P2X7R antagonists in the treatment of rheumatoid 

arthritis are not convincing, the search for orally administered compounds for blockade of the 

P2R/IL-1β axis continues. These findings indicate that P2X7R blockade may be a target for 

prevention and treatment of fibrosis diseases associated with inflammatory process. 
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Tables 

Table I : Purinergic receptors, agonists and their intracellular signalling mechanisms. 

Type of receptor 
Endogenous 

agonists 

Specific synthetic 

agonists 
Type of signalling 

P2XRs 

P2X1 

ATP 

BzATP 

ion-channel-linked receptors 

P2X2 2-MeSATP 

P2X3 α,β-MeSATP 

P2X4 α,β-MeATP 

P2X5 ATPγS 

P2X6 - 

P2X7 BzATP 

P2YRs 

P2Y1 ADP MRS 2365 

G-protein-coupled receptors 

P2Y2 
ATP, UTP 

MRS 2698 

P2Y4 2’-azido-dUTP 

P2Y6 UDP MRS 2693, UDPβS 

P2Y11 ATP ARC 67085MX 

P2Y12 ADP 2-MeSADP 

P2Y13 ADP 2-MeSADP 

P2Y14 
UDP,  

UDP-glucose 
MRS 2690 

Adenosine 

receptors 

A1 

Adenosine 

R-PIA, CPA 

G-protein-coupled receptors 
A2A CGS21680 

A2B MRS 3997 

A3 IB-MECA 

 

 
Figure legends 

 

Figure 1. Extracellular release of IL- 1β, following stimulation of the P2X7R by ATP 

Figure 2. IL-1β production and NLRP3 inflammation activation following stimulation by 
MSU (monosodium urate) 
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