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Abstract  

The P2X7 receptor (P2X7R) is a known and powerful activator of the NLRP3 inflammasome, 

however underlying pathways are poorly understood, thus we set to investigate the molecular 

mechanisms involved.  Effect of P2X7R expression and activation on NLRP3 expression and 

recruitment was investigated by Western blot, RT-PCR, co-immunoprecipitation and confocal 

microscopy in microglial mouse cell lines selected for reduced P2X7R expression and in primary 

cells from P2X7R-/- C57BL/6 mice. We show here that P2X7R activation, by ATP (EC50 = 1 mM) 

or Benzoyl-ATP (EC50 = 300 µM), and P2X7R down-modulation caused a 2-8 fold up-regulation 

of NLRP3 mRNA in mouse N13 microglial cells. Moreover, NLRP3 mRNA was also up-regulated 

in primary microglial and macrophage cells from P2X7R-/- mice. Confocal microscopy and 

immunoprecipitation assays showed that P2X7R and NLRP3 closely interacted at discrete sub-

plasmalemmal sites. Finally, P2X7R stimulation caused a transient (3-4 min) cytoplasmic Ca2+ 

increase localized to small (2-3 µm wide) discrete sub-plasmalemmal regions. The Ca2+ increase 

drove within 1-2 min P2X7R recruitment and a four-fold increase in P2X7R/NLRP3 association. 

These data show a close P2X7R and NLRP3 interaction, and highlight the role of P2X7R in the 

localized cytoplasmic ion changes responsible for both NLRP3 recruitment and activation. 
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Introduction 

The inflammasome is a caspase-activating complex essential for processing and activation of the 

proinflammatory cytokines IL-1β and IL-18 (1, 2). This complex is formed by the assembly of three 

basic components: a scaffold protein belonging to the NLR family (with the exception of the AIM2 

and pyrin inflammasomes), the adaptor protein ASC, and pro-caspase-1 (3, 4). Depending on the 

scaffold protein, ten different inflammasome subtypes are known, among which the NLRP3 

inflammasome is the most commonly activated in immune cells in response to pathogen-associated 

molecular patterns (PAMPs) or damage-associated-molecular patterns (DAMPs) (5). The NLRP3 

inflammasome is constitutively expressed in many cells, especially in immune cells where it plays a 

central role in response to infections and in general in the pathogenesis of inflammation (5). The 

mechanism of activation of the NLRP3 inflammasome is as yet obscure. Although a direct NLRP3-

PAMP interaction has been postulated, no strong proof for such a direct interaction has been so far 

provided. Most recent evidence now point to an indirect mechanism based on the local decrease of 

the K+ concentration (6, 7). 

It has been known for several years that K+ efflux is a very potent stimulus for caspase-1 

activation and pro-IL-1β release, but it is unclear whether this is a generalized mechanism. Very 

recent data now provide robust evidence to support a key role of the K+ drop in NLRP3 

inflammasome activation by virtually all stimuli so far tested (7). One of the most potent activators 

of the NLRP3 inflammasome is extracellular ATP acting at the P2X7 receptor (P2X7R). The 

P2X7R is ideal as a means to trigger a drop in the intracellular K+ concentration due to its ability to 

activate an intrinsic (or associated) large conductance plasma membrane pore (8, 9, 10). However, 

even assuming that a K+ drop is the (main) mechanism of P2X7R-NLRP3 inflammasome coupling, 

it is highly unlikely that K+ depletion occurs in a delocalized fashion throughout the cytosol. On the 

contrary, it would be much more physiological that the cytoplasmic ion change was restricted at 

specific sites, possibly where P2X7R and NLRP3 are in close proximity. For this reason we 

explored the hypothesis that P2X7R and NLRP3 were in localized in the vicinity of each other and 

might even directly interact at selected subplasmalemmal sites. 

In the present work we show that: a) P2X7R modulates NLRP3 expression at mRNA and 

protein level; b) P2X7R and NLRP3 are co-immunoprecipitated in the same protein complex and 

colocalize to discrete cytoplasmic subplasmalemmal regions; c) P2X7R activation drives P2X7R 

recruitment and enhances P2X7R/NLRP3 colocalization at sites of cytoplasmic Ca2+ increase and  

K+ drop. These observations clarify the mechanism of NLRP3 inflammasome activation in immune 

cells. 
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Materials and Methods 

 

Cell and peritoneal macrophage cultures 

Microglial wt (N13wt) and ATP-resistant (N13ATPR) N13 cells were obtained and cultured in  

RPMI 1640 medium (Sigma-Aldrich, Saint Louis, MO, USA) supplemented with 10% heat-

inactivated FBS, 100 U/ml penicillin, and 100 µg/ml streptomycin (Euroclone, Milano, Italy) (11). 

B16 cells were grown in RPMI medium supplemented with 10% FBS, 100 U/mL penicillin, and 

100 µg/mL streptomycin and non-essential amino acids (Sigma-Aldrich). Cells were stimulated 

with ATP (2 mM, Sigma-Aldrich, for 5-15-30-60 min), 2′(3′)-O-(4-Benzoylbenzoyl) adenosine 5′-

triphosphate (BzATP, 300 µM, Sigma-Aldrich, for 15 or 30 min), and lipopolysaccharide (LPS 1 

µg/ml, cat n. L6529, impurity < 3% protein, Sigma-Aldrich, for 1 or 2 h). B16 transfection was 

performed with TransIT-2020 transfection reagent (Tema Ricerca, Bologna, Italy) following the 

manufacturer’ s instructions. The P2X7 shRNA in pSuper.neo.GFP vector was a kind gift of Dr. 

Diaz-Hernandez (Universidad Complutense, Madrid, Spain). Stably transfected cell lines were 

obtained by selection with G418 sulfate (0.2-0.8 mg/ml, Calbiochem, La Jolla, CA, USA). Single 

cell-derived clones (B16 shRNA), were obtained by limiting dilution. HEK293 ratP2X7-GFP cells 

(HEK293-P2X7R-GFP) were obtained and cultured as previously described by Lemaire et al. (12). 

Peritoneal macrophages were isolated from the peritoneal cavity of wt and P2X7-/- adult mice as 

previously described (12) and immediately processed for mRNA extraction and Western blot 

analysis. Primary mouse microglia cells were isolated from 2 to 4-day-old post-natal mice as 

described previously (13). All procedures were performed in accordance with the Italian 

institutional guidelines in compliance with national and international laws and policies. 

 

Immunofluorescence and confocal microscopy  

For microscopy, cells were fixed with 4% of paraformaldehyde/PBS for 10 min at room 

temperature, followed by a 45 min incubation with blocking solution (5% BSA, 5% FBS, 0.1% 

Triton-X 100). The following antibodies were used: polyclonal rabbit anti-mouse P2X7R (1:100 

dilution; cat n. P8232, Sigma-Aldrich), monoclonal rat anti-mouse NLRP3 (1:25 dilution, cat n. 

MAB 7578, R&D system, Minneapolis, MN, USA). The following secondary antibodies were used: 

donkey anti-rabbit AlexaFuor®594-conjugated (cat n. ab150064), and goat anti-rat 

AlexaFuor®488-conjugated (cat. n. ab150157) (1:500 dilution, Abcam, Cambridge, UK). Cells 

were counterstained with DAPI (Fluoroshield Mounting Medium, Abcam). Control experiments 

were performed by staining cells only with secondary antibodies. Images were visualized with a 

fluorescence microscope (DMI400B, Leica, Wetzlar, Germany), or with a confocal microscope 
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(LSM 510, Zeiss, Oberkochen, Germany), and analyzed with ImageJ software 

(http://imagej.nih.gov/ij/index.html, USA). Colocalization analysis was performed with the ImageJ 

plugin JACoP and Colocalization Colormap (14). P2X7R and NLRP3 relative gray values were 

quantified across the xy axes of the cell body (indicated as yellow line in Fig. 4A, 5A and B), at a 

focal plan set at 3 µm. 3D reconstruction (Fig. 4D) and orthogonal views (Fig. 4C, 5E, and F) were 

obtained with high magnification confocal Z-stack (7 planes, 0.8 µm band pass width) images 

(Zeiss) elaborated with ImageJ plugin JACoP. A total of 20 cells for each conditions were analyzed. 

 

Immunoprecipitation 

For co-immunoprecipitation (Co-IP) experiments, cells were incubated on ice for 45 min in the 

following lysis buffer: 150 mM NaCl, 5 mM EDTA, 20 mM Tris, pH 7.5, 1% Triton X-100, 1 mM 

benzamidine, 1 mM phenylmethylsulfonyl fluoride, and protease inhibitor cocktail (all from Sigma-

Aldrich). Lysates were clarified by centrifugation for 5 min at 20,000 g before use. Total protein 

content of cell lysates was measured with the Bradford assay. Immunoprecipitation was performed 

using Dynabeads Protein A (Life Technologies, Carlsbad, CA, USA) according to manufacturer’s 

instructions. Dynabeads were pre-incubated with polyclonal rabbit anti-NLRP3 (cat n. ab91525, 

Abcam) and polyclonal rabbit anti-P2X7R (cat n. P8232, Sigma-Aldrich) antibodies before addition 

of lysates. As negative controls, eluates from antibodies-coated beads in the absence of cell lysate, 

and eluates from antibodies-uncoated beads incubated together with the cell lysate were loaded (as 

shown in Fig. 4E and F). 

 

Immunoblots 

Proteins were analyzed on Bolt Mini Gels 4-12% SDS-PAGE (Life Technologies) and transferred 

onto nitrocellulose paper (GE Healthcare Life Sciences, Milano, Italy). Membranes were blocked 

with 2% non-fat milk (Biorad) and 5% BSA (Sigma-Aldrich) in TBS-T buffer (10 mM Tris-HCl, 

150 mM NaCl, pH 8.0, 1% Tween-20) and probed overnight at 4°C with rabbit anti-P2X7R (1:200 

dilution, Sigma-Aldrich), rat anti-NLRP3 (1:250 dilution, R&D), monoclonal mouse anti-ASC 

(1:2,000 dilution, cat. n. 04147, Millipore) or rabbit anti-actin (1:1,000 dilution, cat. n. A2668, 

Sigma-Aldrich) antibodies. Membranes were washed 3 times for 5 min with TBS-T buffer and 

incubated in the same buffer for 2 h at RT with HRP-conjugated secondary polyclonal antibody 

goat anti-mouse (1:500 dilution, cat n. ab97240, Abcam), goat anti-rabbit (1:500 dilution, cat N. 

ab7090, Abcam) or goat anti-rat (1:500 dilution, cat n. ab97057, Abcam) antibodies. After washing 

with TBS-T buffer, proteins were detected using ECL reagent (GE Healthcare, Life Sciences). Grey 

values were quantified with ImageJ software. 
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qRT-PCR 

Total mRNA was extracted with TRIzol Reagent and the PureLink RNA Mini Kit (Life 

Technologies). RNA quality and concentration were checked by electrophoresis on 1.5% agarose 

gel and spectrophotometric analysis, respectively. qRT-PCR was performed with the High-Capacity 

cDNA Reverse Transcription Kits (Applied Biosystem Life Technologies). Samples were run in 

triplicate in an AB StepOne Real Time PCR (Applied Biosystem) with TaqMan® Gene Expression 

Master Mix (Applied Biosystem), using the following primers: Mm00440578m1 (P2X7R), 

Mm00840904m1 (NLRP3), Mm00445747g1 (ASC/PYCARD), 4352339E (mGAPDH) (Applied 

Biosystem Life Technologies). qRT-PCR was performed in duplicate following MIQE guidelines 

(15). 

 

P2X7-GFP and Fura-2/AM imaging 

The cytosolic Ca2+ concentration was measured using the fluorescent Ca2+ indicator Fura-2/AM 

(Life Technologies). HEK293-P2X7-GFP cells were grown on 24-mm coverslips and incubated at 

37°C for 30 min in 1 mM Ca2+-containing Krebs Ringer Phosphate (KRB) buffer supplemented 

with 2.5 µΜ Fura-2/AM, 0.02% Pluronic F-68 (Sigma-Aldrich) and 0.1 mM sulfinpyrazone 

(Sigma-Aldrich). Cells were then rinsed and re-suspended 1 mM Ca2+-containing KRB. For Ca2+ 

measurements, cells were placed in an open Leyden chamber on a 37°C thermostated microscopy 

stage and imaged with and Olympus Xcellence microscopy system (Olympus, Shinjuku, Tokyo, 

Japan). Excitation filters 340/26 nm and 380/11 nm were used for fura-2/AM, and 485/20 nm for 

GFP (Chroma, Bellows Falls, VT, USA). Emission filter was 500/10 for both fura-2 and GFP 

imaging. Images were acquired with an Hamamatsu Orca R2 camera (Hamamatsu Photonics, 

Hamamatsu, Japan) using an exposure time of 20 ms, with a 500 ms delay per cycle. 

Microinjections were performed using an Eppendorf transjector 5246 microinjector system 

(Eppendorf, Hamburg, Germany). Stimuli were loaded into Eppendorf femtotips (Eppendorf) 

placed closer than 1 µm to the cell edge. Single puffs (150 mM saline solution, or 100 µΜ BzATP 

dissolved in the same solution) were generated by applying 200 hPa pressure pulse for 0.5 s. 

Control experiments were performed with the selective P2X7R antagonist AZ10606120 (300 nM, 

Tocris Bioscience, Bristol, UK). Fura-2/AM and P2X7R-GFP fluorescence emission (expressed as 

Relative Fluorescence Unit, RFU) was measured in the proximity of the site of stimulation, and in 

an area distal to the stimulation site. 

 

Statistics 
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Data are expressed as mean ± standard error of the mean (SEM), where n indicates the number of 

independent experiments. Statistical analysis was performed using the Student’s t-test, or the Mann-

Whitney rank sum test using Graphpad InStat (GraphPad Software Inc., La Jolla, CA, USA). 

Coding: * p < 0.05, ** p < 0.01, *** p < 0.001. 
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Results 

 

P2X7R expression modulates NLRP3 levels 

The P2X7R is not an integral constituent of the NLRP3 inflammasome, nonetheless NLRP3 is 

required to drive P2X7R-dependent pro-IL-1β processing (16), and in addition many NLRP3 

stimulants act via P2X7R (6). In order to verify whether P2X7R expression and activity might 

modulate NLRP3 levels, and vice versa NLRP3 expression and activity might modulate P2X7R 

levels, we selectively activated the P2X7R with ATP or its pharmacological analogue BzATP, or 

stimulated NLRP3 with LPS. We initially used as a model the N13 mouse microglial cells, a cell 

line widely used to investigate purinergic signalling and IL-1β maturation and release. N13 cells are 

available as the N13wt, characterized by high P2X7R expression, and the ATP-resistant 

(N13ATPR) variant, characterized by reduced P2X7R expression, and therefore useful to 

investigate P2X7R-dependent responses. As shown in Fig. 1A and B, ATP stimulation enhanced 

P2X7R and NLRP3 mRNA accumulation. A statistically-significant ATP-stimulated increase in 

P2X7R mRNA occurred as early as 15 min, while a statistically-significant increase in NLRP3 

levels only occurred 60 min after P2X7R stimulation. BzATP had a similar effect, except that 

NLRP3 mRNA increase was detected already at 30 min (Fig. 1C and D). Microglia challenge with 

LPS had no effect on P2X7R mRNA accumulation (Fig. 1C), but caused a large increase in NLRP3 

mRNA levels (Fig. 1D). ASC mRNA accumulation did not change in response to either BzATP or 

LPS (Fig. 1E). Expression of the P2X7R protein was affected by neither LPS nor BzATP treatment 

(Fig. 1F), while NLRP3 expression was up-modulated by LPS (Fig. 1G). ASC expression was 

increased by LPS or BzATP, but not in a statistically-significant fashion (Fig. 1H). A representative 

Western blot from control (CTR), LPS or BzATP-stimulated N13 cells is shown in Fig. 1I. 

Figure 1 shows that P2X7R stimulation, by ATP or BzATP, increases NLRP3 expression, 

and suggests that NLRP3 levels might be up-modulated by P2X7R expression. To test this 

hypothesis, we took advantage of the N13ATPR cells selected for low P2X7R expression (11). The 

N13ATPR cells express P2X7R mRNA and protein to a level of about 50% and 25% that of the 

N13wt population, respectively (Fig. 2A and B). NLRP3 mRNA content of N13ATPR was almost 

eight fold higher than that of N13wt, but this striking increase in mRNA content did not translate 

into an increased protein level, in fact NLRP3 protein in N13ATPR was about 30% that of wt cells 

(Fig. 2C and D). ASC mRNA showed little changes, while ASC protein in N13ATPR was about 

30% that of N13wt cells (Fig. 2E and F). A representative blot of NLRP3, P2X7R and ASC protein 

expression in N13wt and N13ATPR cells is shown in Fig. 2G. Western blot data were confirmed by 



10 

 

immunofluorescence, which showed a striking reduction of both P2X7R and NLRP3 labeling in 

N13ATPR cells (Fig. 1H). These findings suggested P2X7R expression modulates NLRP3 

expression levels. 

To verify whether NLRP3 modulation by P2X7R expression is a general finding, we 

extended the investigation to additional mouse cell models that natively express both P2X7R and 

NLRP3 at high level: primary peritoneal macrophages and primary microglial cells from C57Bl/6 

wt and P2X7-/- mice, and P2X7R-silenced B16 mouse melanoma cells. Figure 3A and B, shows 

that, as expected, P2X7R mRNA and protein were fully absent in peritoneal macrophages from 

P2X7R-/- mice. NLRP3 mRNA was increased (Fig. 3C), but contrary to N13ATPR, NLRP3 protein 

was about two fold higher than in wt mice, albeit the increase was not statistically significant (p = 

0.6) (Fig. 3D). ASC mRNA and protein showed no changes (Fig. 3E and F). Western blot of 

macrophage proteins and immunofluorescence pictures are shown in Fig. 3G and 3H. A marked 

increase in NLRP3 mRNA and protein was also observed in P2X7-/- microglia (Fig. 3I-K). In P2X7-

/- microglia the increase in NLRP3 levels was clear cut and statistically significant compared to wt 

microglia, thus supporting the finding in P2X7-/- macrophages shown in Fig. 3D. These experiments 

show that in genetically-deleted animals, P2X7R absence increased NLRP3 mRNA as well as 

NLRP3 protein. We also investigated the B16 melanoma cell model. In B16 cells, both P2X7R 

mRNA and protein were reduced by shRNA transfection to about 50% of control levels, causing in 

parallel a marked increase of NLRP3 and ASC mRNA and a decrease of NLRP3 protein, while 

ASC protein was unchanged (data not shown). Although P2X7R down-modulation was achieved in 

N13ATPR microglia and B16 melanoma cells by different means, the end result was the same, i.e. a 

decrease in P2X7R expression caused a large increase in NLRP3 mRNA. However, at variance with 

macrophage and microglia from the P2X7R-/- mouse, the increase in NLRP3 messenger did not 

translate into an increase in NLRP3 protein.  

 

P2X7R and NLRP3 colocalize 

Data shown in Fig. 1-3 suggested that P2X7R and NLRP3 might colocalize and interact. A more 

detailed confocal microscopy analysis indeed showed that P2X7R and NLRP3 did colocalize in 

N13wt cells (Fig. 4A-D). P2X7R and NLRP3 fluorescence distribution was analyzed at the single 

cell level by acquiring the fluorescence intensity profile across a single focal plan, as shown in (Fig. 

4A and B). In addition, an orthogonal reconstruction of a Z-stack (7 planes, width pass 0.8 µm) was 

performed to highlight sites of enhanced P2X7R and NLRP3 colocalization (Fig. 4C and D). 

P2X7R showed a strong cytoplasmic and sub-plasmalemmal localization, while the plasma 

membrane signal was rather weak (Fig. 4A and B). NLRP3 was also localized within the 
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cytoplasmic and the sub-plasmalemmal regions (Fig. 4B). The nucleus was largely negative for 

both P2X7R and NLRP3. The 3D, orthogonal, reconstruction shown in Fig. 4C revealed “hot 

spots”, one or two per cell, close to the plasma membrane, where P2X7R and NLRP3 colocalized. 

P2X7R/NLRP3 interaction was further investigated by immunoprecipitation. Figure 4E and F 

shows that NLRP3 was immunoprecipitated together with P2X7R, and reciprocally P2X7R was 

immunoprecipitated together with NLRP3. ASC was also found in the immunoprecipitated 

complexes.  

Next, we analyzed single cell fluorescence profile and the Z-stack of individual LPS- or 

BzATP-treated cells. Figure 5 A-D shows that LPS or BzATP stimulation caused a slight increase 

in the expression of both P2X7R and NLRP3 and a shift of fluorescence from the cell body to the 

periphery. Z-stack analysis showed a single hot spot of increased P2X7R/NLRP3 interaction near 

the plasma membrane (Fig. 5E and F). Effect of BzATP or LPS stimulation on P2X7R/NLRP3 

interaction was also analyzed by co-immunoprecipitation experiments (Fig. 5G and H). Stimulation 

with BzATP significantly increased the amount of P2X7R or NLRP3 protein found in the complex, 

irrespectively of whether anti-P2X7R or anti-NLRP3 antibodies was used for immunoprecipitation 

(Fig. 5I and J). On the contrary, BzATP or LPS treatment did not increase content of ASC protein 

in the anti-NLRP3 antibody-immunoprecipitated samples (Fig. 5H and K), while in BzATP-treated 

cells ASC protein was mostly detectable in P2X7R immunoprecipitated samples (Fig. 5G). 

The P2X7R has a major role in the activation of NLRP3 in immune cells since this receptor 

is the main effector of the drop in cytosolic K+ that is generally thought to be the main trigger of 

NLRP3 inflammasome activation. However, it is reasonable to assume that changes in the K+ 

cytoplasmic concentration are spatially restricted in order to avoid a generalized, potentially deadly, 

depletion of intracellular K+. Thus, we hypothesized that the colocalization of P2X7R and NLRP3 

might be functional to restrict P2X7R-dependent ion changes at discrete sites of the sub-

plasmalemmal cytoplasm, where inflammasome activation could be maximized. As a model to test 

this hypothesis, we used HEK293 cells stably transfected with a GFP-tagged P2X7R (HEK293-

P2X7R-GFP), and, due to lack of suitable indicators of intracellular K+, the cytoplasmic Ca2+ 

indicator Fura-2 as a sensor of local changes in the ion concentration. As shown in Fig. 6, a BzATP 

puff applied with a patch pipette caused an rapid increase in the cytoplasmic Ca2+ concentration in 

the region under the pipette tip (Fig. 6C), but not in the distal cytoplasm (Fig. 6D). This fast Ca2+ 

rise was followed within several seconds by recruitment of additional P2X7Rs to the site of 

stimulation (see Movies S1 and S2). P2X7R was not recruited at sites distal to the point of 

application of BzATP, where no Ca2+ increase occurred (Fig. 6D). The Ca2+ increase and the 

associated P2X7R recruitment were specifically dependent on P2X7R activation, as shown by lack 
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of a Ca2+ increase as well as of P2X7R recruitment in the presence of the highly selective P2X7R 

blocker AZ10606120 (Fig. S1). 
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Discussion 

 

Inflammasomes are multiprotein complexes responsible for the proteolytic conversion of pro-

caspase-1 into caspase-1, and therefore for the conversion of pro-IL-1β and pro-IL-18 into the 

respective mature forms (2, 3). A thorough understanding of the molecular mechanism of activation 

is of fundamental importance in the context of inflammation. So far, ten different inflammasome 

subtypes have been identified, and classified according to the scaffold molecule (6). Among the 

different inflammasome subtypes, the NLRP3 inflammasome has a prominent status due to its 

involvement in autoinflammatory diseases and its participation in many chronic inflammatory 

disorders (17). Several triggers for the NLRP3 inflammasome have been identified: cytoplasmic 

release of cathepsin B, the PKR kinase, thioredoxin inhibitory protein, cell swelling, an increase in 

the intracellular Ca2+ concentration, efflux of cytosolic K+ (18, 19, 20, 21). One of the most potent 

stimuli for NLRP3 inflammasome activation is extracellular ATP (10, 16). 

Extracellular ATP is an ubiquitous DAMP acting at plasma membrane P2 receptors (22). 

The P2 receptor family is comprised of the P2Y and P2X subfamilies, numbering eight and seven 

members each (23). Within the P2 receptors, the only member associated to NLRP3 inflammasome 

activation is P2X7R (6), an ATP-gated cation selective channel that, upon sustained stimulation, 

triggers the opening of a large conductance pore that mediates massive K+ efflux and Na+ and Ca2+ 

influx, as well as uptake of hydrophylic solutes of MW up to 900 Da (24). P2X7R and NLRP3 are 

obviously functionally linked given the prominent role of extracellular ATP as a DAMP and a 

stimulus for IL-1β maturation and release. In addition, present findings show that these two 

molecules are intimately linked, as P2X7R besides inducing NLRP3 activation also modulated 

NLRP3 expression levels. P2X7R down-modulation, whether induced by prolonged exposure to 

high extracellular ATP concentrations (N13ATPR cells), by shRNA (B16 melanoma cells) 

transfection, or by genetic deletion (P2X7-/- macrophage and microglia cells), was always 

associated to a large increase in NLRP3 mRNA accumulation. However, at the protein level, 

induced versus genetic P2X7R down-modulation had opposite effects: induced P2X7R down-

modulation was paralleled by a decrease in NLRP3 protein expression, while on the contrary, 

genetic P2X7R deletion was associated to a striking increase in NLRP3 expression. ASC expression 

did not show a clear cut pattern of changes in response to P2X7R down-modulation, as in 

N13ATPR cells ASC protein was significantly reduced compared to N13wt, while in shRNA-

treated B16 cells, despite a large increase in mRNA accumulation, it was unchanged. In cells from 

P2X7-/- mice neither ASC mRNA or protein expression differed compared to wt. It needs to be 
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stressed that the procedures used to acutely down-modulate P2X7R inevitably cause cell activation 

(due to sustained stimulation with extracellular ATP or to shRNA transfection), which despite 

increased mRNA accumulation might accelerate NLRP3 protein degradation, thus they are not 

directly comparable to genetic deletion. 

A typical feature of the P2X7R is its ability to drive large transmembrane cation fluxes via a 

poorly characterized non-selective large conductance pore (9, 25). The physiological significance of 

the large P2X7R pore is currently unknown. It has been hypothesized that it is involved in 

cytotoxicity (26), but although it is undisputed that under certain in vitro conditions P2X7R 

mediates necrotic or apoptotic cell death, it is also pretty clear that P2X7R functions are not 

restricted to cell death (27, 28). This is even more cogent as the role of P2X7R in inflammation and 

immunity appears increasingly important (29). The pro-inflammatory function of the P2X7R large 

pore might be easier to understand if its activation was restricted to localized cytoplasmic sites 

where the associated Ca2+ increase and K+ drop were sensed by an appropriate transduction system. 

The NLRP3 inflammasome is likely to be the chief transduction apparatus that converts the drop in 

cytosolic K+ caused by P2X7R receptor activation into a pro-inflammatory signal. Although P2X7R 

is not necessary for NLRP3 activation by certain stimuli that gain direct access to the cytoplasm 

(30, 31), it is now clear that K+ efflux is the common final pathway that drives NLRP3 

inflammasome activation (7). Few, if any, plasma membrane receptors are able to trigger fast and 

massive K+ fluxes like P2X7R, and in turn P2X7R-mediated inflammasome activation is entirely 

dependent on NLRP3 expression (16). 

Present data suggest that, although the P2X7R is not an integral inflammasome component, 

it associates to the inflammasome at discrete foci in the subplasmalemmal region, in both resting 

and activated conditions. Close interaction between P2X7R and NLRP3 has important implications 

for the mechanism of inflammasome activation since it localizes NLRP3 exactly where the K+ drop 

occurs, maximizing on one hand NLRP3 stimulation, and on the other minimizing possible 

untoward effects due to an unrestricted loss of cytoplasmic K+. Furthermore, increased 

P2X7R/NLRP3 recruitment triggered by P2X7R stimulation provides a molecular mechanism for 

the amplification of the initial pro-inflammatory stimulus. Recruitment of P2X7R at discrete plasma 

membrane sites might be beneficial in additional ways, e.g. to concentrate P2X7R where it is 

needed for inflammasome activation, and to remove P2X7R from areas where its activation might 

cause an unnecessary and even detrimental perturbation of cytoplasmic ion homeostasis. 

Interestingly, P2X7R stimulation promoted P2X7R and NLRP3 colocalization but had a small 

effect on total cellular P2X7R or NLRP3 levels. On the contrary, LPS was an efficient stimulus for 

both colocalization and enhanced P2X7R and NLRP3 expression, both at the mRNA and protein 
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level. In response to ATP, BzATP or LPS, the adaptor molecule ASC showed little changes, 

whether at the mRNA or protein level.  

In conclusion, we show that P2X7R and NLRP3 closely interact and colocalize at discrete 

sites in the sub-plasmalemmal cytoplasm where P2X7R-dependent changes in the ion concentration 

occur. This allows inflammasome activation and prevents possible cell damage due to a generalized 

and uncontrolled increase in cytoplasmic Ca2+ and depletion of cytosolic K+. 
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Figure legends 

Figure 1 Purinergic and TLR4 agonists modulate P2X7R and NLRP3 expression. 

A, B) Time course of ATP-stimulated P2X7R and NLRP3 mRNA accumulation in N13 microglia, 

normalized over GAPDH mRNA levels, and expressed as fold increase over controls (CTR, n = 3). 

C-E) LPS- or BzATP-stimulated accumulation of P2X7R (C), NLRP3 (D) and ASC (E) mRNA 

normalized over GAPDH mRNA levels, and expressed as fold increase over controls (n = 3). F-H) 

Densitometric analysis of P2X7R F), NLRP3 G) and ASC H) protein in response to LPS or BzATP 

expressed as fold increase over controls (n = 3). P2X7R, NLRP3 and ASC bands were normalized 

over the actin band. I) Exemplificative Western blot showing P2X7R, NLRP3 and ASC 

accumulation in non-stimulated (CTR) and LPS- or BzATP-stimulated cells. Actin shown as 

loading control. Data are represented as mean ± SEM, * p < 0.05, ** p < 0.01, *** p < 0.001. 

 

Figure 2 ATPR N13 cells express high NLRP3 mRNA and low NLRP3 protein levels.  

A-D) P2X7R and NLRP3 mRNA (n = 5) and protein (n = 3) levels in wild type (N13wt) and ATP-

resistant (N13ATPR) N13 microglia. E, F) ASC mRNA and protein levels in N13wt and N13ATPR 

microglia (n > 3). P2X7R, NLRP3 and ASC mRNA levels of N13ATPR cells are expressed as fold 

change of N13wt normalized versus GAPDH mRNA levels, while P2X7R, NLRP3 and ASC 

protein levels were normalized over actin levels and expressed as fold change of N13wt. G) 

Representative blot of P2X7R, NLRP3 and ASC expression in N13wt and N13ATPR microglia. 

Actin shown as loading control. H) Immunofluorescence labeling of P2X7R and NLRP3 proteins in 

N13wt and N13ATPR cells. Cells were stained with DAPI (blue), and immunolabelled with anti-

P2X7R (red), and anti-NLRP3Abs (green). Merge, fourth column. Bar = 10 µm. Data are 

represented as mean ± SEM, * p < 0.05, *** p < 0.001. 

 

Figure 3 NLRP3 is upregulated in macrophages and microglia from P2X7-/- mice.  

A, B) P2X7R expression in peritoneal macrophages from WT and P2X7-/- mice (n = 4). C, D) 

NLRP3 expression in peritoneal macrophages from WT and P2X7-/- mice (n = 4). E, F) ASC 

expression in peritoneal macrophages from WT and P2X7-/- mice (n = 4). G) Representative 

Western blot of NLRP3, P2X7R and ASC proteins from peritoneal macrophages from WT and 

P2X7-/- mice, actin shown as loading control. H) Immunofluorescence labeling with anti-P2X7R 

(red) and anti-NLRP3 (green) of peritoneal macrophages from WT and P2X7-/- mice. Nuclei were 

stained with DAPI (blue). Merge, fourth column. I, J) P2X7R and NLRP3 mRNA expression in 
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microglia from WT and P2X7-/- mice (n = 3). K) Representative Western blot showing P2X7R and 

NLRP3 expression in microglia from WT and P2X7-/- mice, actin shown as loading control. All 

mRNA determinations are expressed as fold increase over WT samples, and normalized versus 

GAPDH mRNA levels. Protein levels were quantified by densitometry and normalized over actin 

protein content. Data are represented as mean ± SEM, * p < 0.05; *** p < 0.001. Bar = 10 µm. 

 

Figure 4 P2X7R and NLRP3 colocalize and closely interact.  

A, B) Microglial cells (one out of 20 analyzed is shown) were fixed and stained for P2X7R and 

NLRP3 as described in Materials and Methods, then the fluorescence profile was run across the xy 

axes of the cell body (yellow line) at a focal plan set at 3 µm, and shown as intensity profile. C, D) 

3D reconstruction of merged images obtained with confocal Z-stack (7 planes, 0.8 µm step width) 

shown in orthogonal view. E) P2X7R immunoprecipitation (n = 3). Lane 1, anti-P2X7R Ab in the 

absence of cell lysate; lane 2, eluate from Ab-coated beads in the absence of cell lysate; lane 3, 

eluate from Ab-uncoated beads incubated together with the cell lysate; lane 4, immunoprecipitate; 

lane 5, whole cell lysate. F) NLRP3 immunoprecipitation (n = 3). Lane 1, anti-NLRP3 Ab in the 

absence of cell lysate; lane 2, eluate from Ab-coated beads in the absence of cell lysate; lane 3, 

eluate from Ab-uncoated beads incubated together with the cell lysate; lane 4, immunoprecipitate; 

lane 5, whole cell lysate. Scale bar 5 µm. 

 

Figure 5 Stimulation with BzATP or LPS increases P2X7R/NLRP3 colocalization.  

A-F) Microglial cells were stimulated with either LPS (1 µg/ml, 2 h, A, C, E), or BzATP (300 µM, 

30 min, B, D, F), fixed and stained as described in Materials and Methods, then the fluorescence 

profile was run across the xy axes (yellow line) of the cell body at a focal plan set at 3 µm. 3D 

reconstruction of LPS- (E) or BzATP-treated (F) cells obtained with confocal Z-stack (7 planes, 0.8 

µm step width) shown in orthogonal view. G, H) Co-immunoprecipitation of P2X7R and NLRP3 

proteins in the absence or presence of LPS or BzATP, using an anti-P2X7R (G) or and anti-NLRP3 

(H) immunoprecipitating antibody. I-K) Densitometry of immunoprecipitated NLRP3 normalized 

over P2X7R signal (I) (n = 4), and P2X7R (J) (n = 4) and ASC (K) (n = 4) over NLRP3 signal. Data 

are represented as mean ± SEM, * p < 0.05. Scale bar 5 µm. 

 

Figure 6 P2X7R activation drives P2X7R recruitment at discrete sub-plasmalemmal foci.  

HEK293 cells were transfected with rat P2X7R-GFP, as described in Materials and Methods, 

loaded with Fura-2/AM, placed in an open, thermostatted, Leyden chamber at 37°C, and challenged 

with a BzATP puff (100 µM) delivered with an Eppendorf femtotip connected to an Eppendorf 
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microinjector system (see Materials and Methods). Images were acquired at the indicated time-

points as described in Materials and Methods. (A) BzATP-triggered cytoplasmic Ca2+ changes. (B) 

BzATP-triggered P2X7R-GFP recruitment. Ci-iii) Kinetics and statistic analysis of BzATP-

triggered cytoplasmic Ca2+ changes and P2X7R-GFP recruitment measured in area within the red 

square shown in A and B (n = 10). Di-iii) Kinetics and statistic analysis of BzATP-triggered 

cytoplasmic Ca2+ changes and P2X7RGFP recruitment measured at a cytoplasmic site distal to the 

site of stimulation (n = 10). Data are represented as mean ± SEM. Bar = 10 µm. 
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Figure 3 
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