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Abstract 

To characterize the presence and general properties of P2X1 receptors in single human 

monocytes we used RT-PCR, flow cytometry, and the patch-clamp and the two-

electrode voltage-clamp techniques. Most human monocytes expressed the canonical 

P2X1 (90%) and its splicing variant P2X1del (88%) mRNAs. P2X1 receptor 

immunoreactivity was also observed in 70% of these cells . Currents mediated by P2X1 

(EC50=1.9±0.8 µM) and P2X1del (EC50 >1000 µM) channels, expressed in Xenopus 
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leavis oocytes, have different ATP sensitivity and kinetics. Both currents mediated by 

P2X1 and P2X1del channels kept increasing during the continuous presence of high 

ATP concentrations. Currents mediated by the native P2X1 receptors in human 

monocytes showed an EC50=6.3±0.2 µM. Currents have kinetics that resemble those 

observed for P2X1 and P2X1del receptors in oocytes. Our study is the first to 

demonstrate the expression of P2X1 transcript and its splicing variant P2X1del in most 

human monocytes. We also, for the first time, described functional homomeric P2X1del 

channels and demonstrated that currents mediated by P2X1 or P2X1del receptors, 

during heterologous expression, increased in amplitude when activated with high ATP 

concentrations in a similar fashion to those channels that increase their conductance 

under similar conditions, such as P2X7, P2X2, and P2X4 channels. 

 

Keywords: Heterologous expression, P2X receptors, Blood cells, Patch clamp, P2X1del 

receptors 

 

1. Introduction 

Human monocytes represent 10% of the nucleated blood cells and their most prominent 

function is as a systemic reservoir for the renewal of tissue macrophages (Yona and 

Jung, 2010). They are divided on the basis of surface CD14 and CD16 expression 

(Ziegler-Heitbrock, 2015), in classical (CD14++/CD16-) intermediate (CD14-/CD16+) and 

non-classical (CD14+/CD16++). Classical monocytes are most prevalent and also more 

phagocytic than the non-classical. Intermediate monocytes express HLA and CD74 in 

higher levels, which makes them antigen presenter cells. This subset also produce high 

levels of reactive oxigen species, IL-1β and TNFα (Serbina et al., 2008; Heine et al., 
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2012). The non-classical cells are pro-inflammatory, constitute 20% of circulating 

monocytes, produce pro-inflammatory cytokines, and are preferentially mobilized during 

inflammation (Strauss-Ayali et al., 2007; Auffray et al., 2009; Wong et al., 2012). 

 ATP reaches the extracellular space by different mechanisms (Bodin and 

Burnstock, 2001; Chekeni et al., 2010; Sridharan et al., 2010; Orellana et al., 2011; 

Lohman et al., 2012; De Ita et al., 2016), where it can activate metabotropic (P2Y) and 

ionotropic (P2X) receptors expressed by immune cells (Di Virgilio et al., 2001; De Ita et 

al., 2016). ATP is released by platelets (Beigi et al., 1999), lymphocytes (Schenk et al., 

2008; Yip et al., 2009), or other cells (Montalbetti et al., 2011). Activation of P2 receptors 

triggers cytokine release and regulates immune responses, including: shedding of 

membrane antigens as CD62L, activation of transcription factors related to inflammation, 

and cell proliferation (Ferrari et al., 1997; Burnstock and Knight, 2004; Cauwels et al., 

2014). 

 There are seven P2X subunits (P2X1-P2X7), encoded by different genes, which 

can form trimeric channels permeable to cations (North, 2002). In human macrophages, 

the P2X7 receptor activation has been implicated in the killing of mycobacteria, 

activation of TNFα, inflammasome activation and release of the interleukin IL-1β, as well 

as cytotoxic actions (Lammas et al., 1997; Ferrari et al., 1999; Suzuki et al., 2004) but 

little is known about the other P2X subunits participation in these events. However, 

mouse peritoneal macrophages display whole cell currents mediated by P2X1 and P2X4 

homomeric receptor activation (Sim et al., 2007; Kessler et al., 2011). P2X1 is a widely 

distributed receptor in blood cells and has been associated with platelet aggregation 

(Oury et al., 2003). Human monocytes also express both P2X and P2Y receptors in 

particular, subunits P2X1, P2X4 and P2X7 mRNAs (Wang et al., 2004; De Ita et al., 
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2016). Therefore, the aim of this work was to investigate the distribution of P2X1 

receptor transcripts in human monocytes. We showed that most monocytes co-express 

P2X1 and a splicing variant named P2X1del, both of which can form functional 

homomeric channels when they were heterologously expressed.  

2. Material and methods  

2.1 Isolation of peripheral blood mononuclear cells (PBMC) 

PBMC were isolated from 4 ml of venous blood from healthy donators by a density 

gradient centrifugation. Blood was diluted 1:2 with phosphate-buffered saline (PBS) and 

layered over 2 ml of Ficoll-Hystopaque (Sigma, St Louis, MO) and centrifuged at 700 g 

for 20 min. Cells were washed two times with PBS and suspended at 1x106 cells/ml in 

RPMI-1640 medium (HyClone, Laboratories, Logan, UT), supplemented with 10% fetal 

bovine serum (FBS), 2 mM L-glutamine (Sigma), 100 U/ml penicillin and 100 µg/ml 

streptomycin (Sigma).  Monocytes were allowed to adhere in culture on sterile round 

coverslips at 5x105 cell density at 37°C for at least 3 h. Then, adherent monocytes were 

used for electrophysiological recordings or single cell extraction. All the experiments 

were done using monocytes cultivated for no longer than 24 h after cell plating. 

 

2.2 Single cell PCR 

Single monocytes were harvested under visual control into a glass pipette by applying 

negative pressure. Monocytes were selected and identified by their glass adherence 

properties (Eclipse TE200OU, Nikon). This pipette had a tip diameter of about 4-6 µm 

and contained 6 µl of RNase-free RTbuffer (with RNase inhibitor, 20U; oligo (dT)18, 2.3 

mM; dNTPs, 150 mM; dTT 1.2 mM; 10X RT Buffer Superscript III First-Strand Synthesis 

System; Life Technologies, Texas, USA). The content of the pipette was expelled into a 



 5 

PCR-tube containing 12 µl of RNase-free RT buffer and 0.5 ml of NP40 1% to allow cell 

membrane solubilization and the reaction was incubated at 65°C for 2 min. After adding 

0.5 ml of reverse transcriptase III, the sample was transferred to 37°C for 60 min, the 

reaction was inactivated by heating the sample to 70°C for 10 min and placed on ice. 

Negative controls were performed without template; no false amplifications were 

obtained. Amplification of the human P2X1 subunits was performed by nested PCR, 

using the following primers and conditions; for the first P2X1 PCR we used the primers 

pair F1 + R1 obtaining a 1.33 kb PCR product. For nested PCR 1 μl of the first PCR was 

used as template and using primers F2 + R2 we obtained a 627 pb and a 576 pb 

fragments.  For the specific amplification of the splicing variant we performed another 

nested PCR using 1 µl of the first reaction and primers F3 + R2 obtaining a PCR product 

of 197 pb (Table 1).  Primer pairs used in the first and nested PCR were located at the 

UTRs region and inside the ORF, respectively. Both PCR were performed in a 2720 

thermal cycler (Applied Biosystems) using Taq DNA Polymerase (Life Technologies, 

Texas, USA). The PCR conditions were: 1 cycle at 94°C (5 min), then 35 cycles of 94°C 

(15 s), 60°C (or 56°C for nested PCR, 15 s), 72°C (1min 45 s for first PCR, and 45 s for 

nested PCR), followed by 72°C (5 min) for final extension. The amplification products 

were analyzed by ethidium bromide staining subsequent to agarose gel electrophoresis 

(1.5%). To verify the identity of amplified mRNA, these PCR products were sequenced 

by MCLAB DNA sequencing service (San Francisco City, CA). The size of each of the 

PCR amplicons was predicted according to its corresponding cDNA sequence submitted 

at the NCBI GenBank. 

 

2.3 Flow cytometry analysis of P2X1 receptors in human monocytes 
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In all experiments, we used freshly isolated PBMC (5x105), which were fixed into 1% 

PFA and permeabilized with 0.1% saponine (SIGMA) for 5 min and monocytes were 

gated based on size and granularity (Forward Scatter (FSC) and SideScatter (SSC) 

properties) typical of these cells and the quadrants of the dot plot were adjusted 

according to not staining cells in control experiments (see Fig. 2A). In the rest of 

experiments, PBMC were incubated with mouse antihuman CD14 FITC labeled antibody 

for 20 min (BD Pharmigen) in the dark and also fixed and permeabilized as described 

above (see Fig 2B). One set of PBMC incubated with CD14 antibody was also incubated 

with rabbit anti-human P2X1 polyclonal antibody (Alomone labs, Israel) directed to the 

receptor C-terminus, corresponding to amino acids 382-399 of rat P2X1, which was 

added for 30 min at 4°C in the dark. These cells were washed and then incubated with a 

secondary goat anti-rabbit APC antibody (Santa Cruz Biotechnology, Dallas Texas) for 

20 min at 4°C in the dark. To investigate specificity of the primary anti-P2X1 antibody, 

we also carried out experiments without this antibody (see Fig. 2C). Cells were fixed into 

1% PFA and stored at 4°C until analysis by flow cytometry on a FACS Canto flow 

cytometer using the Cell Quest software (Becton Dickinson, San Jose, CA). 

 

2.4 Patch-clamp recordings 

Whole-cell patch-clamp recordings were made with the Axopatch 200B amplifier 

(Molecular Devices, Sunnyvale,CA, USA). Recordings were carried out at room 

temperature (21-25°C). Patch pipettes were made as previously described (Barajas-

Lopez et al., 1996) and their resistance was between 5 and 7 MΩ. During current 

recordings the membrane potential was held at −40 mV. Currents were stored in a hard 

drive of a PC using AXOSCOPE 9 (Molecular Devices, Sunnyvale, CA, USA) at a 
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sampling frequency of 1 kHz and analyzed using AXOGRAPH 4.9 software (Molecular 

Devices, Sunnyvale, CA, USA). The standard external solution contained (in mM): NaCl, 

160; CaCl2, 1; glucose, 11; HEPES, 4.8 and CsCl, 3; the pH was adjusted to 7.3–7.4 

with NaOH 10N.  ATP stock solutions (100 mM) were prepared in water before the 

experiments and the pH was adjusted with NaOH to 7.3. The standard pipette solution 

consisted in (mM): CsCl, 140; EGTA, 10; HEPES, 5; NaCl, 10; ATPMg, 4.5 and GTPNa, 

0.1; adjusted to pH 7.3–7.4 with CsOH.  Coverslips with monocytes were fix into a 

recording chamber and continuously superfused with standard external solution at about 

2 ml/min. Rapid application of ATP was achieved using an eight-tube device (tubes used 

were 0.5 mm of external diameter). Each of these tubes was connected to a syringe 

containing the control or an experimental solution. The control solution tube was placed 

~300 µm in front of the cell being recorded and ATP application was done by abruptly 

moving another tube in front of the cell, which was already draining the same control 

solution plus ATP. Tubes were moved using a Water Robot Micromanipulator (WR-88; 

Narishigue Scientific Instrument Lab, Tokyo Japan). ATP was removed by returning to 

the control solution tube. External solution was released by gravity and the level of the 

syringes was frequently adjusted to minimize changes in flow rate (about 0.5 mL/min).  

 

2.5 Cloning of P2X1 receptors 

PCR was performed using human P2X1 primers designed at the 5’ and 3’ UTRs regions 

to amplify the entire coding sequence including the Kosak sequence, from the first single 

cell PCR reaction as previously described. The primers used were: forward primer (F) 5’-

GGATCCAGCCGGCCCACCATGG-3’; and reverse primer (R) 5’-

GAATTCACGCTGCACCCAGTCAGGAGTT-3’. PCR reaction was done using Platinum Pfx 
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Taq DNA Polymerase (Life Technologies, Texas, USA), conditions were as follows: 

initial denaturation for 5 min at 94 °C, then 40 amplification rounds of denaturation for 15 

s at 94°C, alignment for 20 s at 60°C, and extension for 1 min 45 s at 68°C; the final 

extension was 5 min at 68°C. PCR products were cloned into the pGEM-T Easy Vector 

(Promega, Wisconsin, USA) sequenced and sub cloned in pCDNA3 vector. The 

nucleotide sequences were confirmed by a minimal of three sequencing rounds using 

different primers. 

 

2.6 Xenopus leavis oocyte experiments 

 Frogs were anesthetized by immersions in a solution of 10 mM Tricaine (3-

aminobenzoic acid ethyl ester; Sigma-Aldrich, MX) and oocytes were removed by 

dissection. Stages V-VI oocytes were manually defolliculated and placed in Barth’s 

solution (NaCl, 88 mM; Ca(N03)2, 0.33 mM; KCl, 1 mM; CaCl2, 0.41 mM; MgSO4, 0.82 

mM; NaHCO3, 2.4 mM; and HEPES, 10 mM pH adjusted to 7.2-7.4 with NaOH). Cells 

were injected with 36 nl of cap and poli-A mRNA (P2X1 and P2X1del, alone) and 

incubated at 14°C for 12-36 h before the electrophysiological experiments. The cap and 

poli-A mRNAs were synthesized with T7 mMessage mMachine (Life Technologies, 

Texas, USA). The mRNAs were dissolved in RNase- free water at a final concentration 

of approximately 400 ng/μl, aliquoted, and stored at -70°C until used.  

 Membrane currents of oocytes were recorded using the two-electrode voltage 

clamp and the Axoclamp 2B amplifier (Molecular Devices) at a sampling frequency of 1 

kHz. As in patch clamp experiments, currents were stored in a hard drive of a PC using 

AXOSCOPE 9 (Molecular Devices, Sunnyvale, CA, USA) and analyzed using 

AXOGRAPH 4.9 software (Molecular Devices, Sunnyvale, CA, USA). Recording 
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electrodes consisted in glass pipettes (0.3-0.8 MΩ resistance) filled with 2 M KCl 

solution containing 10 mM EGTA. ATP-induced currents (IATP) were recorded at a 

holding potential of -60 mV and at room temperature (21-25°C). For most experiments, 

at least otherwise stated, application of ATP was done for ~10 s or until the current 

reach a peak, and then washed off for 5 min. ATP solutions were freshly prepared and 

maintained in ice to decrease degradation. The recording chamber  was continuously 

superfused with standard external solution (NaCl, 88 mM; KCl, 2 mM; CaCl2, 1 mM; 

MgCl2, 1 mM; and HEPES, 5 mM pH adjusted to 7.2-7.4 with NaOH) at approximately 3 

ml/min.  Drug application around the recorded cell was achieved by rapidly exchanging 

the external solution with one containing the drug by using an eight-tube device (tubes 

have an external diameter of 1.6 mm). Tubes were placed ~1 mm in front of the oocyte 

being recorded and ATP application was done by abruptly moving another tube in front 

of the cell, which was already draining the same control solution plus ATP (flow rate 1.5 

mL/min). Tubes were moved manually using a Narishigue manipulator (MMN-3). 

 

2.7 Data analysis 

In each oocytes, we normalized IATP considering the response to ATP 100 µM as 100% 

for P2X1 and the response to ATP 5 mM for P2X1del, whereas, in monocytes the 

response to ATP 30 µM was considered as 100%.  Data are expressed as the mean ± 

the standard error of the mean (S.E.M.), the number of cells used is represented by n 

and concentration–response curves were fitted with a with a three parameters logistic 

function (Kenakin, 1993) using KaleidaGraph 4.1.0 (Synergy Software). 

3. Results 

3.1 P2X1 mRNA is expressed in human monocytes 
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We performed RT-PCR from purified blood monocytes and lymphocytes cDNA with 

specific oligonucleotides to amplify the complete open reading frame (ORF) of the P2X1 

receptor (Fig. 1A). Using oligonucleotides F1 and R1 (Table 1) we obtained a PCR 

product of 1.33 Kb (Fig. 1B). Receptor characteristics were confirmed by sequencing 

and 100% of identity was found with the NCBI reported sequence (Access Number 

NM_002558.3). Besides the canonical P2X1 sequence, we obtained from monocytes 

cDNA a P2X1 sequence lacking 51 pb corresponding to the first part of the exon 6. The 

sequence corresponded to a splicing variant previously reported (Greco et al., 2001), 

expressed in human platelets and named P2X1del (Fig. 1A). To determine if this splicing 

variant is co-expressed with the canonical receptor in monocytes, we performed single 

cell RT-PCR. Using nested PCR and oligonucleotides F2 + R2 (Table 1) we were able to 

amplify both, the P2X1 mRNA in 90% of the monocytes analyzed (7 healthy subjects, 54 

cells, Figure 1C, 1D), whereas, P2X1del was found in 88% of the monocytes (4 healthy 

subjects, 36 cells), the later average was obtained from cells in which the presence of 

P2X1del expression was confirmed using the F3 oligonucleotide (Table 1, Fig. 1A) 

designed to match the last 12 nucleotides of exon 5 and 6 nucleotides of exon 6 (ORF 

nucleotides 577-582 in P2X1 sequence: NM_002558.3). Identity of the 197 pb PCR 

product was confirmed by sequencing (Fig. 1A-C). In the same 36 monocytes tested for 

both mRNAs we found P2X1 in 34 and co-expressed P2X1del in 31 cells (86%; Fig.1D). 

P2X1 receptor transcripts were found in monocytes from all subjects tested. 

 

3.2 P2X1 protein is expressed in human monocytes 

We evaluated the expression of P2X1 receptor in monocytes from healthy subjects by 

flow cytometry. Monocytes were stained with an antibody directed to CD14 (Fig 2B) and 
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identified by their forward and side scatter characteristics. In the gated population of 

monocytes we evaluated the expression of P2X1 with an antibody directed to the C-

terminus portion of the subunit and revealed with an APC secondary antibody (Fig. 2D). 

We found that 70±4 % (11 different subjects) of CD14+ monocytes, expressed P2X1 

receptor protein (Fig. 2E-F). The lost region of P2X1del is extracellular and, therefore, 

most likely this antibody does not distinguish between the two isoforms, as previously 

shown (Greco et al., 2001). The percent of monocytes expressing P2X1 protein is lower 

than those expressing the P2X1 receptor mRNA, which could be the result of a higher 

rate of false negatives observations with flow cytometry or due to the fact that mRNA 

levels do not predict perfectly protein expression in monocytes, as it has been shown 

previously (Guo et al., 2008).  

 

3.3 Heterologous expression of P2X1 or P2X1del mRNAs 

Expression of P2X1 or P2X1del mRNAs in Xenopus Leavis oocytes formed functional 

homomeric channels.  P2X1 receptor showed the previously reported characteristics of 

P2X1 homomeric receptor (North, 2002): high ATP sensitivity (EC50=1.9±0.8 µM), 

activation at low ATP concentrations (0.1 µM), a maximal peak current at 10-30 µM ATP 

(Fig. 3A), a fast desensitization kinetics (Tau 0.65±0.12 s, n=4, Fig. 3B and 3D), and a 

large percent of desensitization (Fig. 3D). At higher ATP concentrations (3-5 mM), the 

current amplitude of the canonical receptor continued increasing after the fast 

desensitization component (Fig. 3E).  P2X1del receptor was unresponsive to low ATP 

concentrations (≤100 µM, Fig. 3A) but when higher ATP concentrations were applied, 

we recorded small inward currents with quite different kinetics than the reported for the 

P2X1 canonical receptor (Fig. 3C). We did not see any fast transient current. Indeed, 
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P2X1del responses did not show desensitization and when exposed to 3 and 5 mM 

ATP, the current amplitude increased under the continuous stimulation (Fig. 3C), 

similarly to what happens with the canonical P2X1 receptor at these high concentrations 

(Fig 3E). However, not inward current was observed, even by high ATP concentrations 

(3-5 mM), in 8 oocytes injected with control solution without any mRNA (Fig. 3C). 

 

3.4 Evidence of P2X1 receptor participation in ATP induced currents in monocytes 

To investigate if functional P2X1 receptors are expressed in human monocytes we used 

the whole-cell configuration of the patch clamp techniques. ATP was applied for 5-10 

seconds at 5 min intervals unless otherwise indicated. Monocytes were voltage clamped 

at -40 mV and ATP application induced an inward current at concentrations ≥3 μM. At 

ATP concentrations ≤500 μM, we recorded a rapidly desensitizing current (upper panel 

of Fig 4B), which was well fitted with a single exponential function (Tau 0.75±0.29 s, 

n=9) in cells that were stimulated with either 30 or 100 µM. ATP concentration-response 

curve for such a current is showed in Fig 4A, with an EC50 of 6.3±0.2 μM, this value was 

significantly larger (P<0.001, unpaired Student’s t-test, two tails) than that observed in 

oocytes expressing the P2X1 homomeric receptors (EC50=1.9±0.8 µM). At high ATP 

concentrations (≥ 1 mM), current amplitude was kept increasing during the agonist 

exposure, some times after a fast desensitizing current (Fig. 4B, middle panel) or right 

after the current onset (Fig. 4B, lower panel), similar to what it was observed for both 

P2X1 isoforms in oocytes. These observations show that the P2X1 receptor is 

expressed in monocytes. Furthermore, these cells show not desensitizing currents at 

high ATP concentrations, similar to those observed for homomeric P2X1 and P2X1del 

channels suggesting that this behavior could be mediated, at least in part for these 
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P2X1 isoforms.  

4. Discussion  

This work shows that most human monocytes co-expressed two P2X1 receptor 

transcripts, which form functional homomeric channels when are heterologously 

expressed. We also, for the first time, describe that currents mediated by P2X1 or 

P2X1del increased in amplitude when activated with high ATP concentrations in a 

similar fashion to those channels that increase their conductance under similar 

conditions, such as P2X7, P2X2, and P2X4 channels.  

 Our study shows that both P2X1 receptor mRNAs are present in about 85% of 

human monocytes. Using Real Time PCR, expression of P2X1 receptor mRNA has 

been reported to be lower than P2X4 and P2X7 receptor mRNAs in human monocytes 

(Wang et al., 2004). Such a study was carried out using groups of purified monocytes 

and did not offer any information regarding the percent of cells expressing this receptor, 

which we were able to determine by using single cell PCR. Furthermore, our 

observations demonstrate the expression of at least two receptor isoforms, the P2X1 

canonical and its splice variant called P2X1del receptor, found to be present and 

translated in platelets and megakaryocytic cells (Greco et al., 2001). Both mRNA 

variants are co-expressed in most monocytes. As far as we know, this is the first time 

that P2X1del receptor mRNA is reported in human monocytes.  

 Previous studies have shown that the P2X1del receptor lacks 17 amino acids in 

the extracellular ligand-binding loop (Greco et al., 2001) and it can be translated but fails 

to be exported to the cell membrane (Vial et al., 2003). This 17 amino acids region 

comprises the amino acids 176 to 192, PALLREAENFTLFIKNS. P2X1del variant loses a 

NFT conserved glycosylation site, which has been related with the receptor 
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incorporation to the plasmatic membrane (Lenertz et al., 2010) and with the receptor 

sensitivity for ATP (Roberts and Evans, 2006). In addition, contradictory results exist 

regarding the functionality of the P2X1del variant, which was early reported in platelets 

and megakaryocytic cells and to be preferentially activated by ADP (Greco et al., 2001). 

A following report, however, did not find functional channels when P2X1del receptor was 

expressed (Vial et al., 2003), in response to 100 µM ADP or ATP. Our results 

demonstrate that P2X1del receptors, when expressed in oocytes, can be assembled to 

form functional homomeric channels and P2X1del mRNA is also translated in 

mammalian cells including blood cells (Greco et al., 2001), we hypothesized that they 

might form heteromeric channels with other P2X receptors known to be expressed in 

monocytes, for instance the P2X1 (canonical), P2X4 and P2X7 receptors (Wang et al., 

2004). However, further studies are required to investigate the presence of these 

putative heteromeric channels. Evidence that P2X1 forms heteromeric channels with 

P2X4 have been published (Nicke et al., 2005) and therefore, it is likely that any of the 

two P2X1 isoforms might form channels with P2X4 subunits. 

 Our data, from heterologous expression, show that currents mediated by 

homomeric P2X1 or P2X1del receptors increased in amplitude when activated with high 

ATP concentrations, in a similar fashion to those channels that increase their 

conductance under similar stimulation, such as P2X7 (Surprenant et al., 1996; Gudipaty 

et al., 2001), P2X2 (Khakh et al., 1999; Virginio et al., 1999), and P2X4 (Virginio et al., 

1999) channels. We hypothesize that P2X1 or P2X1del channels suffer a progressive 

dilation increasing single channel conductance. A similar behavior was observed with 

those currents mediated by native P2X receptors, in monocytes, suggesting that native 

P2X1 channel isoforms have the same behavior and they might contribute to the current 
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increase in these cells when high concentrations are used. However, monocytes also 

expressed P2X4 and P2X7 receptors (Wang et al., 2004), which could also contribute to 

the secondary rise in current observed in monocytes.  

 In conclusion, this study demonstrates for the first time, the expression of P2X1 

transcript and its splicing variant P2X1del in most human monocytes, describes that 

homomeric P2X1del channels are functional, and reports that both P2X1 isoforms show 

a secondary rise in current, similar to that described for P2X2, P2X4 and P2X7 

channels. The mechanism and relevance for this secondary rise in current and the role 

of P2X1 receptor isoforms in monocytes remain to be determined. 
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Figure 1. Most human monocytes express P2X1 and P2X1del mRNAs. Using RT-
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PCR and Single Cell PCR, we amplified the complete ORF of P2X1 subunit and a 

splicing variant P2X1, which lacks 51 pb at the exon 6 in monocytes (P2X1del). A, 

Schematic representation of the exon-organization of P2X1 and P2X1del mRNAs and 

primer locations (F1, F2, R1-R3); note that some primers were designed between 

different exons to avoid the amplification of genomic DNA. B, Agarose gel 

electrophoresis (1,5%) of P2X1 RT-PCR amplification from monocytes and lymphocytes; 

negative control was performed without template. C, Single cell RT-PCR performed with 

three sets of primers that distinguish P2X1 (F2 + R2) or P2X1del (F3 + R2). We used 

cDNA from Peripheral Blood Mononuclear Cells (PBMC) as positive control and 

negative control was done without template. To confirm the specific amplification of the 

splicing variant using the primers stated, we performed a PCR using the complete ORF 

of P2X1 receptor cloned in pGEM-T Easy, no amplification was obtained. D, Percentage 

of monocytes expressing and co-expressing P2X1 transcripts. 

 

Figure 2. P2X1 receptor protein is expressed in most human monocytes. 

Peripheral Blood Mononuclear cells (PBMC) from healthy subjects were co-

immunostained for the detection of P2X1 receptor in CD14+ monocytes and analyzed by 

flow cytometry. Monocytes were identified by their Forward Scatter (FSC) and Side 

Scatter (SSC) properties and CD14 staining (see Methods for details).  A, Dot plots of 

cells incubated without anti-CD14-FITC antibody (Control). B, Dot plots of monocytes 

incubated with anti-CD14-FITC. CD14+ cells are indicated by the lower right (blue) 

rectangle. PBMC, incubated for anti-CD14 antibody, were either exposed to the 

secondary antibody (APC; C, or incubated with anti-P2X1 antibody (D) as stated in 

materials and methods. Cells co-expressing CD14+ P2X1 proteins are indicated by the 
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upper right (blue) rectangle. E, Histogram of P2X1+ cells in the monocyte gate. F, 

Percentage of cells expressing P2X1 receptors in CD14+ cells from 11 healthy subjects.  

 

Figure 3. Properties of currents mediated by P2X1 and P2X1del channels 

heterologously expressed in Xenopus Leavis oocytes. A, Concentration-response 

curves for receptors: P2X1 (EC50=1.9±0.8 µM) and P2X1del (EC50 >1000 µM). Currents 

were measured at the peak for P2X1, however, for  P2X1del currents were measured 10 

s after ATP addition, and normalized against responses to 100 µM and 5 mM, 

respectively. Each symbol represents the average value of 3 to 12 experiments and the 

associated lines are S.E.M.  B, P2X1 channels are highly sensitive to ATP and their 

inward currents rapidly desensitized. C, Currents mediated by P2X1del receptors are 

activated only at high ATP concentrations and show not desensitization; indeed, current 

amplitudes keep increasing during the continuous presence of ATP. D, Desensitization 

of P2X1 is well fitted with one exponential function (left panel), also the receptor showed 

a high percentage of desensitization (right panel). E, Inward currents induced by high 

ATP concentrations in oocytes expressing P2X1 receptors. Oocytes were clamped at -

60 mV. 

 

Figure 4. Currents mediated by native P2X receptors in human monocytes. Whole-

cell patch clamp recordings were made from monocytes at a holding potential of -40 mV. 

Each symbol represents the average value of 4 to 9 experiments and the associated 

lines are S.E.M  A, ATP concentration-response curve showing an EC50=6.3±0.2 µM. B, 

Inward currents induced by different ATP concentrations in three different human 
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monocytes. Note that currents have kinetics that resembles those observed in oocytes 

for P2X1 (see Fig. 3).  

 

 

Primer PCR Alignment 

Temperature (°C) 

Sequence 

F1 1st 60 S      5’ CCCCCAGAAGCTCTACCAT 3’ 

R1 1st 60 AS   5’ TGCACCCAGTCAGGAGTT  3’ 

F2 2nd 56 S      5’ CGGGTGGGTGTTTCTCTATG  3’ 

R2 2nd 56 AS   5’ CCAACCACTCCACCCTTCTC  3’ 

F3 2nd 60 S     5’ GACATCCCGCGCATCAGC  3’ 
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