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Background: Mast cells are well known for their role in inflammatory pain. P2X7 receptor
(P2X7R) has attracted much attention due to its prominent role in inflammatory diseases.
Salicylates are commonly used anti-inflammatory and analgesic drugs. Until now, little has
been known about whether P2X7R in mast cells is involved in inflammatory pain and
whether it is a potential target for salicylates.

Methods: First, the expression of P2X receptors in mouse peritoneal mast cells was detected
by using RT-PCR, immunofluorescence, calcium imaging and electrophysiological techni-
que. In addition, the functions of P2X receptors, especially P2X7R, in mast cells were
studied by using QPCR, ELISA and behavioral tests. Furthermore, P2X7R was used as
a target to screen for some anti-inflammatory monomers that could inhibit its activity. At last,
the effect of salicylic acid (SA) and aspirin (ASA) on the activity of P2X7R was studied by
using calcium imaging, electrophysiological technique, ELISA, real-time PCR, behavioral
tests, immunofiuorescence and molecular docking.

Results: We found that P2X1, P2X3, P2X4 and P2X7 receptors were expressed in mouse
peritoneal mast cells. The functions of different P2X receptors were various. Activation of
P2X7R in mouse mast cells induced the release of inflammatory mediators, such as hista-
mine, IL-1B, and CCL3. In addition, inflammation pain induced by high concentrations of
ATP could be alleviated by P2X7R blockers or mast cell defects. Interestingly, SA or ASA
could reduce high concentrations of ATP-induced inward current, P2X7R upregulation,
mediators release, and inflammatory pain. SA or ASA also inhibited the inward current
evoked by P2X7R agonist, BZATP. Molecular docking showed that SA or ASA had affinity
for the cytoplasmic GDP-binding region of P2X7R.

Conclusion: P2X7R in mast cells was involved in inflammation pain by releasing inflam-
matory mediators, and P2X7R might be a potential target for SA and ASA analgesia.
Keywords: P2X7R, mast cells, salicylates, analgesia, inflammatory pain

Introduction

Mast cells are in close proximity to afferents and establish dynamic interactions
with pain-activating nociceptors.! Preformed and newly synthesized mediators
released from mast cells, including proteoglycans, proteases, leukotrienes, bio-
genic amines, and cytokines, contribute to pain via nervous system or other
immune cells. Therefore, mast cells play important roles in the pathological
process of pain.”’ The classic pathway for mast cells activation is mediated by
IgE receptor (FceRI).* In addition, mast cells are also activated by a wide variety
of triggers, such as substance P, lipid mediators, interleukins and extracellular

ATP.>®
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Extracellular ATP is a “signal of danger” mediated by
P2 purinergic receptors. P2 receptors have two types, P2X
(P2X1-7) receptors and P2Y receptors.” P2X receptors
carry out many important functions in the central and
peripheral nervous system.®® Compelling evidence has
shown that P2X3, P2X4 and P2X7 receptors are involved
in the pathogenesis of chronic pain.'® P2X7R exists in
neurons and glial cells of the nervous system, but is
mainly expressed in cells of immune origin such as mono-
cytes, macrophages, and microglia.'" The absence of
P2X7R can completely eliminate the inflammatory and
neuropathic hypersensitivity to both mechanical and tem-
perature stimulation.'>'* P2X7R in microglia plays an
important role in chronic neuropathy and inflammatory
pain by releasing pro-inflammatory cytokines such as IL-
1B."* Besides IL-1B, the production of cytokines such as
IL-6, CCL2, TNFa and CCL3 are also mediated by
P2X7R
monocytes.'2° P2X7R is also expressed in a variety of
mast cells, including LAD2, HMC-1, BMMCs, MC/9, and
P815 mast cells.?' Although activation of P2X4R can
augment the degranulation mediated by FceRI in mouse

activation in microglia, neutrophil, and

bone marrow-derived mast cells, only P2X7R activation
contributes to degranulation in LAD2.**** P2X7R in mast
cells has also recently been proven to be crucial in inflam-
mation diseases such as intestinal inflammation and
meningeal neuroinflammation;?**> however, the relation-
ship between P2X7R in mast cells and inflammation pain
remains unclear.

Chronic pain is a global problem affecting more than
two-thirds of the population. Extensive research has been
conducted to find appropriate methods of relieving pain
and improving the quality of life. The analgesics include
opioids, nonopioid and

analgesics, adjuvants  or

coanalgesics.”®  Salicylates are  effective  anti-
inflammatory, analgesic, and antipyretic agents. Salicylic
acid (SA), an extract of willow bark, was used for pain
management as early as 4000 years ago. Aspirin (acetyl-
salicylic acid [ASA]) is the oldest and the most widely
used analgesics in the world.”” The main mechanism of
action of salicylates is to inhibit the cyclooxygenase
(COX) and prevent the formation of prostaglandins.?®
Although the analgesic effect of salicylates is obvious,
the targets are still not entirely clear. Previous studies
indicate that salicylates are associated with mast cells.
SA can significantly inhibit histamine release from rat
peritoneal mast cells activated by compound 48/80 or anti-

DNP IgE.?’ The relationship between ASA and mast cells

remains controversial. Some evidence that shows the ana-
phylaxis triggered by ASA is due to eosinophils and mast
cells.® Although Steinke et al reported that 10 mM ASA
alone increased cysteinyl leukotrienes (CysLT) release,
Mortaz et al have shown that that 10 mM ASA could
inhibit IgE+Ag-mediated mast cells activation.’'** Little
is known about the effects of SA or ASA on P2X7R in
mast cells.

In the present study, we evaluated the roles of several
P2X receptor subtypes in mouse mast cells, especially
P2X7R. In addition, P2X7R was used as a target to screen
for some anti-inflammatory monomers that inhibited the
activity of P2X7R. Moreover, we also explored the effects
of SA and ASA on P2X7R in mast cells.

Materials and Methods

Ethics Statement

All procedures were performed under protocols approved
by the Animal Care and Use Committee of Nanjing
University of Chinese Medicine (ACU190401). This
research does not contain any studies with human partici-
pants performed by any of the authors.

Animals

Adult male mice used were 22-26 g in a C57BL/6 back-
ground (Qinglongshan, China). Animals were housed at
constant humidity (40-60%) and temperature (22 + 2 °C)
on a 12 h light/dark cycle and allowed free access to food
and water. C-kit mutant genetically mast cell-deficient Kit
(W-sh) “Sash” mice and Mrgprb2-Cre tdT +mice were
donated by Johns Hopkins.

Chemicals
We used the following chemicals: ATP disodium salt
(Sigma-Aldrich, St. Louis, MO, United States), PPADS
(20 uM, Abcam, USA, a non-selective P2 purinergic
receptor antagonist), NF449 (1 uM, Cayman, USA,
P2X1R antagonist), AF-353 (0.1 uM, donated by China
Pharmaceutical University, P2X3R antagonist), 5-BDBD
(10 uM, Sigma-Aldrich, United States, P2X4R antago-
nist), AZ10606120 (1 uM, Tocris Bioscience, USA,
P2X7R antagonist), BzATP (30 uM, Alomone Labs,
Israel, P2X7R agonist), recombinant mouse SCF protein
(10 ng/mL, R&D Systems, USA), penicillin and strepto-
mycin (100 pg/mL; Gibco, USA), fibronectin (30 pg/mL;
Sigma-Aldrich, United States), Fluo 4-AM (Solarbio,
China, Histamine ELISA Kit

calcium indicator),
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(Yifeixue, China), IL-1p ELISA Kit (Yifeixue, China),
Trizol (Vazyme Biotech, China), HiScript II Q RT
SuperMix for qPCR (Vazyme Biotech, China), Taq
MasterMix (Vazyme Biotech, China), AceQ qPCR SYBR
Green Master Mix (Vazyme Biotech, China), ATP Content
Assay Kit (Yifeixue, China), salicylic acid (Yuanye
Biotech, China), aspirin (Yuanye Biotech, China), Rabbit
Anti-P2RX7 antibody (Bioss, China)

P815 Cells Culture and Mouse Peritoneal
Mast Cell Purification

Mouse mastocytoma cells (P815) were purchased from the
Shanghai Institute of Biochemistry and Cell Biology. P815
was cultured in 1640 complete medium (90% 1640 med-
ium, 10% fetal bovine serum, 100 pg/ mL penicillin and
100 pg/ mL streptomycin). Cells were incubated in an
incubator humidified with 5% CO, at 37 °C.

Mouse peritoneal mast cells were obtained from
C57BL/6 mice as Dong’s Lab described.’® Briefly, the
mouse peritoneal cells were collected by mast cell disso-
ciation media MCDM (HBSS with 10 mM HEPES and
3% fetal bovine serum, PH was 7.2) and centrifuged at 200
g for 5 min. The pellet was resuspended and layered over
70% percoll suspension, and then centrifuged at 500 g at
4°C for 20 min. The supernatant was carefully sucked

Table | The Sequence of Primers and the Size of PCR product

away by pipette and the mast cells were washed with
fresh MCDM. Mast cells were resuspended in DMEM
containing 10% fetal bovine serum and 10 ng/mL recom-
binant mouse SCF. As Supplementary Figure S1 showed,

the isolated mouse peritoneal mast cells were identified by
toluidine blue staining and the purity was about 90%.

P2X Purinoceptors RT-PCR Screen

The TRIzol® method was used to isolate total RNA from
mouse peritoneal mast cells or the P815 cells. We used 10—
500 ng RNA for reverse transcription reaction by using
HiScript I Q RT SuperMix for qPCR Kit according to the
manufacturer’s instructions. Polymerase chain reaction
conditions were as follows: 95 °C for 5 min, 40 cycles
of 15 s at 95 °C, 30 s at 60°C (56 °C for P2X4R), 1 min at
72 °C, and 10 min at 72 °C. The PCR primers were
synthesized by GenScript Biotech (Nanjing, China). The
primer sequences and product sizes are shown in Table 1.

Intracellular Calcium Measurement

Mouse peritoneal mast cells were isolated and placed on
slides coated with 30 pug/ mL fibronectin. After 2 h of
culture, mast cells were incubated with 1 pL/mL Fluo-4
and 0.02% Pluronic F-127 at room temperature for 30 min.
The cells then immediately washed 3 times by calcium

Gene Primer Sequence (5'-3') Product Size

P2X1 Forward: GCCCAAGGTATTCGCACAGG 496 bp
Reverse: GACGACGGTTTGTCCCATTCT

P2X2 Forward: ACCTGCCATTTAGATGACGACTG 24| bp
Reverse: TGTTGCCCTTGGAGAACTTGA

P2X3 Forward: GCTTCGGACGCTATGCCAACA 490 bp
Reverse: AAATCCTGCCCAGCAAACTTAA

P2X4 Forward: GTGCTCGGGTCCTTCCTGTTC 154 bp
Reverse: CCGTTTCCTGGTAGCCCTTTT

P2X5 Forward: TGTAGCGGGACACGGACTGA 209 bp
Reverse: TTTCTAGCACATTGGCTTTGGA

P2X6 Forward: GGTACAACTTCAGGACAGCCAATC 207 bp
Reverse: CATACAGTAGCAGCAGGTCACAGAG

P2X7 Forward: AACATCTTGCCAACTATGAACGG 132 bp
Reverse: TCCTCCCTGAACTGCCACCT

Journal of Inflammation Research 2021:14 https: 2915

Dove:


https://www.dovepress.com/get_supplementary_file.php?f=313348.doc
https://www.dovepress.com
https://www.dovepress.com

Jiang et al

Dove

imaging buffer (125 mM NaCl, 3 mM KCl, 2.5 mM
CaCl,, 0.6 mM MgCl,, 20 mM glucose, 10 mM HEPES,
20 mM sucrose, 1.2 mM NaHCO;, PH was 7.4). Finally,
the cells were imaged at 488-nm excitation to detect intra-
cellular calcium within two hours. Each experiment was
done at least three times, and at least 200 cells were
analyzed each time.

Whole-Cell Current-Clamp Recordings

of Mouse Peritoneal Mast Cells

All the experiments were performed at room temperature.
Whole-cell currents were record by using Multiclamp 700
B and Digidata 1440 A (Molecular Devices, Inc., San
USA).
a perfusion system, and drugs were directly added to the

Jose, Experiments were performed with
recording chamber with a pipette. The cells were usually
evoked by holding the membrane potential, and applied
voltage commands to a range of potentials with 10 mV
steps from —130 mV to +130 mV duration 100 ms. In
addition, currents were evoked by ramping the membrane
potential from =90 mV to +100 mV duration for 300 ms.
The currents were digitized (sampled at a frequency of 10
kHz and filtered at 0.1 kHz for analysis), stored and sub-
sequently analyzed by using Clampex 10.3 (Molecular
Devices, Inc., San Jose, USA). The electrode resistance
was 4-6 MQ, and the osmolality of the pipette solution
and external solution was adjusted to 300-310 mOsM
(adjusted by sucrose as necessary). The standard pipette
solution contained 135 mM CsCl, 8 mM NaCl, 10 mM
EGTA, 3.6 mM CaCl,, 10 mM HEPES, 2 mM Mg-ATP
(added when detecting P2X7 channel), PH was 7.3
(adjusted by CsOH). The standard external solution con-
tained 147 mM NaCl, 2 mM KCI, 2 mM CaCl,, 1 mM
MgCl,.6H,O, 10 mM HEPES, 16 mM glucose, PH was
7.3 (adjusted by NaOH). Low divalent external solution
contained 147 mM NaCl, 10 mM HEPES, 13 mM glucose,
0.2 mM CaCl,, 2 mM KCI, PH was 7.3 (adjusted by
NaOH).

Quantitative Real-Time PCR

P815 Cells (about 10°—10° cells) were stimulated by dif-
ferent concentrations of ATP for 0.5, 4, or 8 hours and the
paw tissues (10-50 mg) were treated with 100 mM ATP
for 1 hour and were collected. Total RNA was extracted by
using the TRIzol method. cDNA was generated by using
HiScript IT Q RT SuperMix for qPCR Kit according to the

manufacturer’s instruction. Real-time qPCR was per-
formed by using AceQ qPCR SYBR Green Master Mix
and GAPDH were used as the internal controls. The pri-

mer sequences are shown in Table 2.

ATP Measurement

ATP was measured by using ATP Content Assay Kit
(Yifeixue, China). The principle of ATP content determi-
nation is that hexokinase catalyzes glucose and ATP to
synthesize glucose-6-phosphate, and glucose-6-phosphate
dehydrogenase further catalyzes dehydrogenation of glu-
form NADPH. NADPH has

a characteristic absorption peak at 340nm, which is pro-

cose-6-phosphate  to

portional to the ATP content. We conducted the experi-
ment according to the manufacturer’s instruction. The paw
tissue (about 10 mg) were homogenized and centrifuged at
8000g at 4°C for 10 min, and the supernatant was col-
lected. After chloroform treatment, the supernatant was
collected to detect ATP content.

ELISA

The concentrations of histamine, CCL3 and IL-1p were deter-
mined by ELISA kit (Yifeixue, China). The assay was per-
formed according to the manufacturer’s protocol. In brief,
mouse peritoneal mast cells were stimulated with different
concentrations of ATP. Supernatant was collected after ATP
stimulation for 0.5 h and stored at 80 °C for histamine detec-
tion. The supernatants of P815 cells in control group, ATP
group, SA treatment group (500 uM, pretreatment for 2 h) and

Table 2 The Sequence of Primers

Gene Primer Sequence (5'-3)

IL-6 Forward: GTTGCCTTCTTGGGACTGAT
Reverse: CTGGCTTTGTCTTTCTTGTTAT

IL-1B Forward: AAATCTCGCAGCAGCACATC
Reverse: AGCAGGTTATCATCATCATCCC

CCL2 Forward: GGCCTGCTGTTCACAGTTGC
Reverse: CAGAAGTGCTTGAGGTGGTTG

CCL3 Forward: GCTCCCAGCCAGGTGTCATT
Reverse: CAGGCATTCAGTTCCAGGTCAG

GAPDH Forward: GCACAGTCAAGGCCGAGAAT
Reverse: GCCTTCTCCATGGTGGTGAA
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ASA treatment group (1 mM, pretreatment for 2 h) was
collected and stored at 80 °C for CCL3 and IL-1f detection.

Pain Model

Complete Freund’s adjuvant (CFA) was injected unilater-
ally into the plantar surface of one hindpaw in mice (20
pL), whereas control mice were injected with 0.9% saline.
On the 5th day after CFA injection, the tissue of hindpaw
was collected and the ATP content was detected.

Behavioral Assays

The von Frey behavioral assays were performed in
a blinded manner. In brief, different groups of mice were
put in a transparent plastic box, which was placed on
a metal mesh for about 30 min. Each mouse was tested
more than 5 times at a specific force manually, and the
threshold was determined by the lowest force needed to
elicit responses more than 50% of the times. The mechan-
ical threshold was measured at 1 h, 3 h and 5 h after ATP
treatment (100 mM, PH was 7.32, 10 uL, intradermal
injection), respectively. Each mouse was manually tested
at a specific force (0.16 g) at least 10 times.

Histological Assays

The paw tissue treated with 100 mM ATP for 1 hour was
isolated and fixed with 4% paraformaldehyde for 24 h and
30% sucrose for 48 h. The tissue was embedded in OCT
and sliced to a thickness of 10 microns, followed by
hematoxylin-eosin (HE) staining. Images of each section
were obtained by using the Nikon ECLIPSE 80i micro-
scope (Nikon, Tokyo, Japan) with a magnification of 250.

Immunofluorescence Staining

OCT-embedded paw tissue sections, mouse peritoneal mast
cells or P815 cells were fixed by 4% paraformaldehyde for
10 minutes. After washing 3 times with PBS, sections or
P815 cells were blocked with 3% BSA and incubated in
primary antibody solution overnight at 4 °C. After washing
3 times with PBS, sections or P815 cells were incubated
with iFluor 488 or 555 goat anti-rabbit IgG for 1 hour at 37
°C. Mouse peritoneal mast cells or P815 cells were washed
and mounted. The tissue sections were washed and incu-
bated with FITC-avidin for 0.5 hour. Next, sections were
washed and mounted in Prolong Gold Antifade Reagent
with DAPI. At last, sections were evaluated on Nikon
ECLIPSE 80i microscope with a magnification of 250.

Molecular Docking

The discovery Studio 2016 4.0 software was used to verify
downloaded the three-
dimensional structure of salicylic acid (PubChem CID:
338) and aspirin (PubChem CID: 2244) from the NCBI
PubChem Compound database (http://www.ncbi.nlm.nih.

the molecular docking. We

gov/pccompound) and the monomeric crystal structure of
P2X7R (PDB ID: 6U9V) from the Research Collaboratory
for Structural Bioinformatics (RCSB) Protein Data Bank
(http://www.rcsb.org/pdb).

Quantification and Statistical Analysis

The data were analyzed by GraphPad 8.0 and presented as
mean + SEM. Statistical analysis of the results was per-
formed by two-tailed, unpaired or paired Student’s #-test, or
one-way ANOVA analysis for comparing all pairs of groups.

Results
P2X Receptors Expression and
ATP-Induced Calcium Response in Mouse

Peritoneal Mast Cells
Extracellular ATP has been reported to increase during tissue
stress, hypoxia, or inflammation. Our results showed that
ATP was significantly increased in inflammatory pain
induced by Complete Freund’s adjuvant (Supplementary
Figure S2), which may be due to the release of ATP by
infiltrating inflammatory cells. In addition, mast cells are
known to play important roles in inflammatory pain.
Therefore, we suggest that mast cells may be involved in
inflammatory pain through the purinergic signaling pathway.
First of all, we explored P2X receptors expression in
mouse peritoneal mast cells by using RT-PCR. As shown
in Figure 1A, we found that mouse peritoneal mast cells
expressed several P2X receptors including P2XIR,
P2X3R, P2X4R and P2X7R. P2X receptors are a non-
selective cation channel, and its permeability to Ca®' is
the most obvious. Hence, we examined calcium influx
induced by ATP in mouse peritoneal mast cells. The
results showed that calcium influx in mast cells increased
immediately after treatment with ATP (Figure 1B and C).
The fluorescence intensity ratio varied with the ATP con-
centration and the EC50 was about 6.5 uM (Figure 1C). In
addition to fluorescence intensity, the reaction durations
also had differences (Figure 1B, bottom), indicating that
different concentrations of ATP activate mast cells through
different P2X receptors.
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Figure | P2X receptors expression and ATP-induced calcium response in mouse peritoneal mast cells. (A) P2XIR, P2X3R, P2X4R and P2X7R expressed in mouse peritoneal mast
cells. (B) Heat map of [Ca?"]i (top) and example traces (bottom) mediated by different concentrations of extracellular ATP (Scal bar=10 um). (C) The fluorescence intensity of Ca®*
induced by different concentrations of ATP from 0.01 to 5000 pM, and the EC50 was about 6.5 uM. (D) Calcium influx induced by | pM ATP was inhibited by PPADS or NF449 (¥¥%p <
0.0001, control vs PPADS or NF449). (E) Calcium influx induced by 10 yM ATP was blocked by PPADS or AF-353 (****p < 0.0001, control vs PPADS or AF-353). (F) Calcium influx
induced by 100 uM ATP was blocked by PPADS or 5-BDBD (***p < 0.0001, control vs PPADS or 5-BDBD). (G) Calcium influx induced by | mM ATP was blocked by PPADS or
AZ10606120 (***p < 0.0001, control vs PPADS or AZ 10606 120). (H) Calcium influx induced by 5 mM ATP was blocked by PPADS or AZ 10606120 (****p < 0.0001, control vs PPADS

or AZ10606120). (Statistical analysis of the results was performed by one-way ANOVA analysis followed by Dunn’s multiple comparisons test).

To confirm this, we used special P2X channel antagonists.
As shown in Figure 1D-H, calcium influx caused by ATP at
different concentrations could be partially blocked by non-
selective P2 purinergic receptor antagonist PPADS (20 uM,
pre-incubation for 5 minutes). In addition, calcium influx
caused by 1 uM ATP was inhibited by P2X1R antagonist
NF449 (1 uM, pre-incubation for 5 minutes) (Figure 1D).
AF-353 (P2X3R antagonist, 0.1 pM, pre-incubation for 5
minutes) reduced the calcium influx caused by 10 uM ATP
(Figure 1E). And the transient increase of intracellular calcium
induced by 100 uM ATP was blocked by 5-BDBD (10 uM,
pre-incubation for 5 minutes, P2X4R antagonist) (Figure 1F).

In addition, the specific P2X7R antagonist AZ10606120 (1
UM, pre-incubation for 5 min) could block calcium influx
caused by high concentrations of ATP such as 1 mM and 5
mM (Figure 1G and H). These results suggested that P2X1R,
P2X3R, P2X4R and P2X7R might be involved in the activa-
tion of mast cells.

Different Inward Currents Evoked by
Extracellular ATP in Mouse Peritoneal
Mast Cells

According to published literature, human mast cells are
sensitive to ATP in a concentration-dependent manner.’®
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Figure 2 Characteristics of inward currents in mouse peritoneal mast cells evoked by different concentrations of ATP. (A-D) Different currents induced by various
concentrations of ATP (I uM, 100 yM, | mM and 5 mM ATP respectively). (E) The current amplitude induced by various concentrations of extracellular ATP was different
(**p < 0.01, | pMvs 10 uM, *p < 0.01, 10 pM vs 100 pM, *¥**p <0.001, | mM vs 5 mM, one-way ANOVA analysis followed by Dunnett’s multiple comparisons test). (F) The
duration of inward currents evoked by different concentrations of extracellular ATP was different (**p < 0.001, | uM vs 10 pM, 10 uM vs 100 pM, 100 uM vs | mM, | mM
vs 5 mM, one-way ANOVA analysis followed by Dunnett’s multiple comparisons test). (G and H) The “run-up” tendency of inward currents induced by | mM ATP and 5 mM
ATP. (I) No significant changes in the growth rate between | mM ATP- and 5 mM ATP-induced currents. (J) Stimulation protocol. (K) The different currents under this
protocol stimulation. (L) The relationship curve of voltage-current. (M) The activate curves and inactivate curves induced by 5 mM ATP. (N) The conductance curve induced
by 5 mM ATP.

Our experimental results proved that mouse peritoneal mast
cells had the same properties. 1 pM ATP (Figure 2A, n=17)
and 100 uM ATP could induce obvious inward currents in
mouse peritoneal mast cells (Figure 2B, n=21). When we
increased the concentration of extracellular ATP to a higher
level, we found that both ImM ATP and 5 mM ATP had the
ability to repeatedly induce inward currents (Figure 2C, n=9;

Figure 2D, n=8). As Figure 2E and F showed, the character-
istics of the currents induced by different concentrations of
ATP were different, including the amplitude and duration of
the inward currents. Despite the differences, the inward
currents evoked by 1 mM ATP and 5 mM ATP had some
similar characteristics, such as

“run-up”  tendency

(Figure 2G and H). There was no difference in the current
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growth rate between 1 mM ATP-induced current and 5 mM
ATP-induced current, as shown in Figure 2I. The current
growth rate is defined as the second current amplitude minus
the first current amplitude divided by the first current ampli-
tude. In addition, the inward current evoked by 1 mM ATP
was voltage-dependent (Figure 2J—L). Furthermore, the acti-
vation curve and inactivation curve induced by 5 mM ATP
were shown in Figure 2M. The conductance curves that
obtained from these curves were shown in Figure 2N, indi-
cating that the current induced by 5 mM ATP was character-
ized by fast activation and slow deactivation.

P2XIR, P2X3R, P2X4R and P2X7R Were

Expressed in Mouse Peritoneal Mast Cells
The above results indicate that different concentrations of
ATP corresponded to different currents. Therefore, we
hypothesized that multiple P2X receptors were involved
in the activation progresses. In our study, we found that 1
puM ATP hardly induced inward current when 20 uM
PPADS (a non-selective P2 antagonist) (Figure 3A and G,
n=9) or 1 uM NF449 (the blocker of P2X1R) (Figure 3A
and G, n= 13) was applied, which indicated that P2X1R
was activated by 1 uM ATP. As Figure 3B and H showed,
20 uM PPADS (n=9) or 0.1 uM AF-353 (the blocker of
P2X3 receptor, n=10) could inhibit the current evoked by
10 uM ATP, indicating that P2X3R was activated by 10 uM
ATP. We also found that P2X4R was involved in the current
induced by 100 uM ATP, which was blocked by 10 pM
5-BDBD (Figure 3C and I, n=10) or 20 pM PPADS
(Figure 3C and I, n=13). The current caused by ImM
ATP were inhibited by using 1 uM AZ 10606120 (the
blocker of P2X7 receptor) (Figure 3D and J, n=5). The
current evoked by 5 mM ATP could also be blocked by 1
uM AZ 10606120 (Figure 3E and K, n=6). This indicated
that P2X7R could be activated by high concentrations of
ATP. Interestingly, we found that 20 pM PPADS could
partially inhibit the current induced by 1 mM ATP
(Supplementary Figure S3A, S3C), but had no effect on

the current evoked by 5 mM ATP (Supplementary Figure
S3B, S3D), which indicated that PPADS might have limited

inhibitory effect on the activity of P2X7R. In addition,
34

P2X7R was reported to be sensitive to divalent cations.
Our results also showed that in the low divalent cationic
external solution, the inward current induced by 5 mM ATP
was greater than that of the normal external solution
(Figure 3F and L), which confirmed the presence of
P2X7R in mouse peritoneal mast cells. Furthermore, the

presence of P2X7R was further confirmed by immunofluor-
escence (Figure 3M-0). Taken together, our results illu-
strated that P2XIR, P2X3R, P2X4R and P2X7R were
expressed in mouse peritoneal mast cells and were involved
in the activation induced by extracellular ATP.

Activation of P2X7R in Mouse-Derived
Mast Cells Induced Cytokines Synthesis

Degranulation is one of important indicators of mast cell
activation. Consistent with the research of Wareham et -
al®, our results showed that there is no detectable hista-
mine release at lower concentrations of ATP, such as 1
pM and 100 puM; however, histamine released from
mouse peritoneal mast cells was significantly increased
at higher concentrations of ATP (Figure 4A). In addition
to histamine, mast cells are effective producers of
inflammatory cytokines in response to various stimuli.
The regulation of extracellular ATP on cytokine synth-
esis in mast cells remains unclear. Therefore, we
detected the synthesis of a series of mediators such as
IL-6, IL-1B, CCL2 and CCL3. The mouse peritoneal
mast cells were too few to be detected, so we used
P815 cells instead. P815 cells also expressed P2XIR,
P2X3R, P2X4R, and P2X7R (Supplementary Figure S4,

Figure 4B). Figure 4C—G showed the regulation of med-

iator synthesis was also related to ATP concentration.
There was no significant change in the expression of
cytokines in P815 cells stimulated with low concentra-
tions of ATP (PH was 7.32, adjusted by NaOH)
(Figure 4C-E). ATP with high concentrations (PH was
7.32, adjusted by NaOH) could significantly up-regulate
the expression of cytokines, including IL-1B and CCL3
(Figure 4F and G). AZ10606120, a specific P2X7R
antagonist (5 uM, pre-incubation for 5 minutes), almost
completely blocked the upregulation of IL-1f3 and CCL3
induced by 5 mM ATP (Figure 4H). Therefore, we
believed that P2X7R in mast cells could mediate mast
cells degranulation and de novo synthesis of inflamma-
tory factors such as IL-1p and CCL3.

High Concentrations of ATP Induced
Inflammation Pain by Activating P2X7R in
Mast Cells

Activation of P2X7R in mast cells modulates the synth-
esis of inflammatory mediators that may further cause
pain through neuro-immune interactions. We assumed
that mast cells and P2X7R promoted the inflammatory
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Figure 3 The effects of specific blockers on the currents evoked by extracellular ATP. (A) Cell with 20 pM PPADS or | pM NF449 hardly evoke current by | yM ATP
treatment. (B) Current evoked by 10 yM ATP could be blocked by 20 yM PPADS or 0.1 uM AF-353. (C) The current induced by 100 yM ATP could be inhibited by 20 uM
PPADS or 10 uM 5-BDBD. (D) The current induced by | mM ATP could be blocked by | yM AZ10606120. (E) | pM AZ10606120 could reduce the current evoked by 5
mM ATP. (F) 5 mM ATP could evoke greater inward current in the external solution with low divalent cation. (G) The current amplitude induced by | uM ATP could be
inhibited by PPADS or NF449 (***p < 0.0001, control vs 20 uM PPADS, n=9, ***p < 0.001, control vs | pM NF449, n=13, one-way ANOVA analysis followed by Dunnett’s
multiple comparisons test). (H) The current amplitude evoked by 10 pM ATP was blocked by PPADS or AF-353 (***p < 0.0001, control vs 20 uM PPADS, n=9, *p < 0.05,
control vs 0.1 uM AF-353, n=10, one-way ANOVA analysis followed by Dunnett’s multiple comparisons test). (I) PPADS or 5-BDBD could inhibit the current amplitude
evoked by 100 pM ATP (**p < 0.01, control vs 20 uM PPADS, n=13, ***5 < 0.0001, control vs 10 yM 5-BDBD, n=10, one-way ANOVA analysis followed by Dunnett’s
multiple comparisons test). (J) The current amplitude evoked by | mM ATP was blocked by AZ10606120 (*p < 0.05, control vs | uM AZ10606120, n=5, paired Student’s
t-test). (K) The current amplitude evoked by 5 mM ATP could also be blocked by AZ10606120 (***p < 0.001, control vs | pM AZ 10606120, n=6, paired Student’s t-test). (L)
The current amplitude induced by 5 mM ATP in the external solution with low divalent cation (n=8) was greater than that in the normal external solution (n=13). (M-O)
Immunofluorescence staining showed P2X7R (M, green) in mouse peritoneal mast cells, and the nucleus was stained with DAPI (N, blue) (Scale bar is 50 pm).
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Figure 4 Effects of extracellular ATP at different concentrations on the synthesis and release of cytokines in mast cells. (A) High concentrations of ATP induced significantly
increased histamine release from mouse peritoneal mast cells (*p < 0.05, control vs 5 mM ATP, one-way ANOVA analysis followed by Dunnett’s multiple comparisons test).
(B) Immunofluorescence staining exhibited P2X7R (red) in P815 cells, scale bar was 50 pM. (C-E) There was no significant changes in the expression of IL-6, IL-13, CCL2
and CCL3 in P815 cells induced by | uM ATP, 10 uM ATP or 100 pM ATP, respectively. (F) The expression of IL-6, IL-|1 and CCL3 was up-regulated induced by | mM ATP in
P815 cells (*p < 0.05, ¥*p < 0.01, control vs | mM ATP, one-way ANOVA analysis followed by Dunn’s multiple comparisons test). (G) The expression of IL-I and CCL3 was
up-regulated induced by 5 mM ATP in P815 cells (*p < 0.05, **p < 0.01, control vs 5 mM ATP, one-way ANOVA analysis followed by Dunn’s multiple comparisons test). (H)
The up-regulation of IL-Ip and CCL3 expression caused by 5 mM ATP in P815 cells was blocked by specific P2X7R antagonist AZ10606120. (*p < 0.05, control vs 5 mM
ATP; #p < 0.05, 5 mM ATP vs 5 uM AZ10606120, one-way ANOVA analysis followed by Tukey's multiple comparisons test).

2922 s Journal of Inflammation Research 2021:14

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove

Jiang et al

pain induced by high concentrations of ATP. In order to
prove this hypothesis, we utilized the mast cell-deficient
Kit (W-sh) Sash mutant mice and the P2X7R antagonist,
AZ10606120. First, results showed that high concentra-
tions of ATP (100 mM, 10 pL, PH was 7.32, Intradermal
injection) could induce inflammation pain, including paw
swelling (Figure 5A), inflammatory cells infiltration
(Figure 5B), increased paw thickness (Figure 5C), mast
cells degranulation (Figure 5D), and mechanical hyper-
algesia (Figure 5E). As we expected, mast cell-deficient
mice could alleviate ATP-induced inflammation pain
(Figure 5A—E). As shown in Figures 5F, 1 h after ATP
administration, the mRNA expression levels of IL-6, IL-
1B, CCL2 and CCL3 in C57/BL mice were significantly
up-regulated. Compared with C57/BL mice, Sash mice
and CCL3
(Figure 5F). At the same time, we also investigated the

alleviated the upregulation of IL-1B
role of P2X7R in ATP-induced inflammatory pain.
Results showed that AZ10606120 (2 mg/kg, ip, pre-
administration 1h) could significantly reduce the
mechanical hypersensitivity (Figure SH). As shown in
Figure 5G, the infiltration of mast cells expressing
P2X7R was significantly increased, which could be
inhibited by Z10606120. Correspondingly, the upregula-
tion of inflammatory factors such as IL-6 and CCL3

could also be blocked by AZ10606120 (Figure 51).

Salicylic Acid and Aspirin Inhibited the
Activation of P2X7R in Mast Cells

P2X7R is an appealing target for anti-inflammatory therapy,
so we used P2X7R as a target to screen for several anti-
inflammatory monomers that can inhibit its activity. Results
showed that Matrine, Higenamine, Dictamnine, Prim-
O-glucosylcimifugin, Liquiritin, Menthol, Ferulic Acid,
3-Hydroxy-4-methoxycinnamic acid, Isoginkgetin, Vanillic
acid, Luteolin, Isoliquiritigenin or Aloeemodin had no inhi-
bitory effect on the current evoked by 5 mM ATP
(Supplementary Table 1). Interestingly, as shown in
Figure 6A, we found that SA and ASA could inhibit the
inward current induced by 5 mM ATP. Compared with the
first ATP-induced current amplitude, 300 uM, 500 puM, or 1
mM SA slightly inhibited the second ATP-induced current
amplitude (Figure 6B-D, n=21, n=14, and n=16, respec-
tively). Notably, the current induced by 5 mM ATP had
a “run-up” tendency, indicating that the current growth rate

should be analyzed. Data showed that the current growth
rate induced by 5 mM ATP was significantly inhibited by

SA as Figure 6E shown. 500 uM or 1 mM ASA could also
inhibit the current amplitude induced by 5 mM ATP
(Figure 6F-H, n=8 and n=20 respectively). The current
growth rate was significantly inhibited by 300 uM, 500
pM or 1 mM ASA (Figure 6I). The results of intracellular
Ca®" concentration assay showed that 300 um SA or 1 mM
ASA could also inhibit calcium influx induced by 5 mM
ATP (Supplementary Figure S5). To further clarify the rela-
tionship between SA or ASA and P2X7R, the P2X7R ago-
nist BZATP was used. Results showed that 300 uM SA
(n=18) or 300 uM ASA (n=7) significantly inhibited the
current growth rate (Figure 6J) and the calcium influx

(Supplementary Figure S6) evoked by BzATP. In addition,

we also found that the up-regulation of P2X7R expression
could also be blocked by 500 uM SA or 1| mM ASA
(Figure 6K). As we expected, 500 uM SA or 1| mM ASA
also inhibited the up-regulation of IL-1p and CCL3 expres-
sion (Figure 6L), and the release of IL-1p and CCL3 was
inhibited slightly by SA or ASA (Supplementary Figure S7).

P2X7R in Mast Cells is a Potential Target
for Salicylic Acid and Aspirin Analgesia

The previous results indicated that SA or ASA could
inhibit the activity of P2X7R in mast cells, we speculated
that SA or ASA might relieve inflammation pain through
P2X7R. Therefore, we explored the effects of SA or ASA
on the inflammation pain induced by high concentrations
of ATP. Results showed that SA (50 mg/kg, ig, pretreated
1h) or ASA (50 mg/kg, ig, pretreated 1h) could relieve the
mechanical hypersensitivity induced by 100 mM ATP
(Figure 7B). As shown in Figure 7A, the infiltration of
mast cells expressing P2X7R was significantly increased,
which could be inhibited by SA or ASA. In addition, the
upregulation of inflammatory factors expression including
IL-6, IL-1B and CCL3 could also be blocked by SA or
ASA (Figure 7C).

GDP Binding Region is Critical for the

Combination of Salicylic Acid and Aspirin
with P2X7R

Our results suggested that the analgesic effects of SA and
ASA also be achieved by inhibiting P2X7R. Next, we
wondered if SA or ASA had a direct effect on P2X7R.
To uncover this, we used Discovery Studio software to
perform molecular docking analysis on the interaction
between SA or ASA and P2X7R (Figure 8). Results
showed that SA (Figure 8G-L) and its derivative ASA
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Figure 5 Mast cell deficient and AZ10606120 alleviated high concentrations of ATP-induced inflammation pain. (A) Compared with C57/BL mice, Sash mice alleviated the
paw swelling. (B) Compared with the C57/BL mice, the infiltration of inflammatory cells in Sash mice was significantly reduced. (a-b, HE staining of saline and ATP groups in
C57/BL mice; c-d, HE staining of saline and ATP groups in Sash mice, 250X). (C) Compared with C57BL mice, Sash mice significantly reduced paw thickening (*p < 0.05,
**p < 0.01, WT group vs Sash group, n=8 and 6 respectively). (D) High concentrations of ATP induced mast cells degranulation (The construction of Mrgprb2-Cre tdT
+mice was to integrate the fluorescent protein of Td/Tomato into the promoter of MrgprB2, red represented mast cells, and the small red granules around mast cells
represented degranulation). (E) Sash mice alleviated the mechanical hyperalgesia induced by high concentrations of ATP (*p < 0.05, WT group vs Sash group, n=8 and 6
respectively). (F) Mast cell deficient attenuated the upregulation of IL-1( and CCL3 (¥p < 0.01, *¥p < 0.001, saline group vs ATP group, *p < 0.05, *p < 0.01, WT (ATP)
group vs Sash (ATP) group). (G) The infiltration of mast cells expressing P2X7R was significantly increased, which could be inhibited by Z10606120. (H) AZ10606120
significantly relieved the mechanical hyperalgesia. (*p < 0.05, **p < 0.01, ATP group vs ATP+AZ10606120 group). (I) AZ10606120 attenuated the up-regulation of IL-6 and
CCL3 (*p < 0.05, ¥**p < 0.001, saline group vs ATP group, "p < 0.05, p < 0.001, WT (ATP) group vs WT (AZ+ATP) group). (Statistical analysis of the results was
performed one-way ANOVA analysis followed by Dunnett’s multiple comparisons test or Tukey’s multiple comparisons test).
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Figure 6 The effects of SA and ASA on the activation of P2X7R in mast cells. (A) Schematic diagram of the effect of SA and ASA on 5 mM ATP-induced current. (B)
Compared with the first ATP-induced current amplitude, 300 pM SA had a slight inhibitory effect on the second ATP-induced current amplitude. (C) Compared with the
first ATP-induced current amplitude, 500 M SA slightly inhibited the second ATP-induced current amplitude. (D) Compared with the first ATP-induced current amplitude, |
mM SA significantly inhibited the second ATP-induced current amplitude (**p<0.01, control vs | mM SA). (E) The current growth rate was significantly inhibited by different
concentrations of SA (*%5<0.0001, control vs 300 uM SA, 500 pM SA or | mM SA). (F-H) Compared with the first ATP-induced current amplitude, 500 uM (G) or | mM
ASA (H) slightly inhibited the second ATP-induced current amplitude. (I) The current growth rate was significantly inhibited by different concentrations of ASA (*p<0.05,
control vs 300 pM ASA; *¥p<0.01, control vs 500 pM ASA; **p<0.001, control vs | mM ASA). (J) The current growth rate evoked by BzATP was significantly inhibited by
300 uM SA or 300 uM ASA (**p<0.01, control vs 300 uM SA or 300 uM ASA). (K) The up-regulation of P2X7R expression induced by 5 mM ATP was blocked by 500 uM SA
or | mM ASA (¥p<0.01, control vs ATP, *p<0.01, ATP vs ATP+SA or ATP+ASA). (L) SA or ASA attenuated the up-regulation of IL-1p and CCL3 expression (*p<0.05,
#p<0.01, control vs ATP, #p<0.05, *p<0.01, ATP vs SA or ASA). (Statistical analysis of the results was performed one-way ANOVA analysis followed by Dunnett’s multiple
comparisons test or Tukey’s multiple comparisons test).
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Figure 7 The effects of SA or ASA on the inflammation pain through P2X7R. (A) The infiltration of mast cells expressing P2X7R was significantly increased induced by high
concentrations of ATP, which could be inhibited by SA or ASA. (B) SA or ASA relieve the mechanical hypersensitivity induced by high concentrations of ATP (*p<0.05, ATP
vs ATP+SA or ATP+ASA). (C) SA or ASA attenuated the up-regulation of inflammatory factors expression (*p < 0.05, **p < 0.01, saline group vs ATP group, #p < 0.05, #p <
0.01, WT (ATP) group vs WT (SA+ATP) or WT (ASA+ATP) group). (Statistical analysis of the results was performed one-way ANOVA analysis followed by Dunnett’s
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Figure 8 Molecular docking map of compounds with P2X7R. (A and B) Docking result of ASA with the (A) GDP703 ligand of P2X7R. (C and D) Docking result of ASA
with the (B) GDP703 ligand of P2X7R. (E and F) Docking result of ASA with the (C) GDP704 ligand of P2X7R. (G and H) Docking result of SA with the (A) GDP703 ligand
of P2X7R. (I and J) Docking result of SA with the (B) GDP703 ligand of P2X7R. (K and L) Docking result of SA with the (C) GDP704 ligand of P2X7R.
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(Figure 8A—F) had affinity with the GDP-binding region of
P2X7R, including A: GDP 703, B: GDP703 and C:
GDP704 ligands. Among them, ASA had the highest affi-
nity with A: GDP 703 ligand as Figure 8 A and B showed.
The -COOH of aspirin formed two Electrostatic-bonds
with Arg546 (R546) and Arg578 (R578) of A: GDP 703
ligand, and a van der Waals-bond with Ser589 (S589).
Combined with these results, we considered that SA and
ASA could inhibit P2X7R activation by directly binding
the receptor, thereby reducing inflammatory pain.

Discussion

P2X7R belongs to the family of ATP-sensitive ionotropic
P2X receptors that are composed of seven homomeric
receptor subtypes. P2X7R is an unusual member of the
P2X receptor superfamily since it is activated by high
concentrations of ATP.*> P2X7R mediates NLRP3 inflam-
masome activation, cytokine and chemokine release,
T lymphocyte survival and differentiation, transcription
factor activation, and cell death.>® Activation P2X7R pro-
motes release of pro-inflammatory factors, such as IL-1f,
IL-6, CCL2, TNFoa, CCL3, and nitric oxide, suggesting
that P2X7R is an obvious candidate to play a major and
pivotal role in processes of inflammation and pain.’’
Inhibition of P2X7R by Brilliant BlueG (BBG) or
OxATP could alleviate the inflammatory pain induced by
TRPAI agonist mustard oil.*® In addition, the P2X7R
antagonist OXATP also alleviates pain in arthritis induced
(CFA),
a reduction of edema in the inflamed paw.>* P2X7R in

by complete Freund’s adjuvant including
mast cells also has been proved to be crucial in inflamma-
tion diseases. ATP-P2X7R-mediated mast cell activation
induces the recruitment of neutrophils by inflammatory
cytokines, chemokines, and leukotrienes, thereby exacer-
bating intestinal inflammation.* Preventive oral magne-
sium could ameliorate colitis by reducing the
accumulation of P2X7R-expressing mast cells in the
colon.*” In addition to intestinal inflammation, studies
have shown that ATP-driven mast cell activation by
P2X7R is also a potential trigger for neuro-inflammation
and pain sensitization in migraine.”> Until now, the rela-
tionship between P2X7R in mast cells and inflammatory
pain has not been clarified. Therefore, in current study, we
explored the effect of P2X7R in mast cells on inflamma-
tory pain, and selected P2X7R as a target to screen for
some anti-inflammatory monomers that inhibited its

activity.

First of all, we found that several functional P2X
receptors were expressed in mouse peritoneal mast cells,
including P2XI1R, P2X3R, P2X4R, and P2X7R. The
expression profile was similar to that of mouse bone mar-
row mast cells, LAD2 and human lung mast cells, which
expressed P2X1R, P2X4R, and P2X7R.® Extracellular
ATP could induce calcium influx in mouse peritoneal
mast cells in a concentration-dependent manner. Specific
P2X inhibitors results indicated that P2XIR, P2X3R,
P2X4R and P2X7R were involved in the calcium influx
induced by 1 uM ATP, 10 uM ATP, 100 pM ATP and high
concentrations of ATP such as 1 mM and 5 mM, respec-
tively. Notably, calcium influx could not be completely
blocked by specific inhibitors, suggesting that other recep-
tors were also involved. For example, in addition to
P2X4R, P2Y2R can also be stimulated by ATP at
a concentration of 100 uM.* In addition, the inward
currents induced by ATP in mouse peritoneal mast cells
were concentration-dependent as well. Consistent with the
previous studies,® our results showed that P2X1R, P2X3R,
P2X4R and P2X7R were involved in the currents induced
by 1 uM ATP, 10 uM ATP, 100 pM ATP and high con-
centrations of ATP, respectively. Furthermore, the presence
of P2X7R was further confirmed by immunofluorescence.
Taken together, we concluded that P2XIR, P2X3R,
P2X4R and P2X7R were expressed in mouse peritoneal
mast cells.

To investigate the role of P2X7R in mast cells, we
explored the mediator release induced by ATP. The data
showed that ATP with high concentrations could induce
histamine release, which was consistent with previous
report.”> In addition to degranulation, the expression of
IL-1B and CCL3 in P815 cells was up-regulated by 5 mM
ATP, which could be blocked by AZ10606120. These
results suggested that P2X7R was involved in mast cells
degranulation and the synthesis of inflammatory media-
tors. Neuron-immune crosstalk plays important roles in
many inflammatory diseases, we hypothesize that activa-
tion of P2X7R in mast cells could indirectly induce per-
ipheral pain, as shown in Figure 9. Histamine plays
a critical role in neurogenic inflammation and pain trans-
mission via specific receptors in a bidirectional manner.*’
IL-1P can modulate neuronal activity directly, blocking IL-

1 signaling could alleviate inflammation pain.*
Furthermore, the roles of inflammatory chemokines could
regulate synaptic transmission, especially CCL2/CCR2
and CCL3/CCR1 signaling.*> Consistent with this hypoth-

esis, our results also showed that P2X7R in mast cells
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Figure 9 The mechanism of inflammation pain induced by extracellular ATP via neuron-immune crosstalk.

participated in the inflammation pain. As shown in
Figure 5G, we found that P2X7R-expressing mast cells
significantly increased in the inflammatory pain induced
by high concentrations of ATP. AZ10606120 could alle-
viate this pain by inhibiting the infiltration of P2X7R-
expressing mast cells.

Pain is a serious global health issue and a huge clinical
challenge without available effective treatment.
Therefore, the discovery of novel therapeutic alternatives
with superior effectiveness and minimal adverse effects
would be beneficial. P2X7R is proposed as a new drug
candidate for inflammatory disorders. Therefore, we used
P2X7R as a target to screen for some anti-inflammatory
monomers that could inhibit its activity. Interestingly, we
found that SA and ASA could inhibit the inward current
and calcium influx induced by ATP with high concentra-
tions or P2X7R agonist BZATP. Meanwhile, SA and ASA
also inhibited the up-regulation of P2X7R, IL-1B and
CCL3 expression induced by high concentrations of ATP
in vitro. Moreover, we also found that SA and ASA could
alleviate the inflammatory pain induced by high concen-
trations of ATP in vivo, which was related to reducing the
recruitment of mast cells expressing P2X7R. Molecular

docking results showed that SA and ASA had affinity with

the cytoplasmic GDP-binding region of P2X7R.
Therefore, SA and ASA may inhibit the activity of
P2X7R by binding the GDP-binding region, thereby alle-
viating inflammatory pain. The binding patterns and bind-
ing sites of SA and ASA on P2X7R need to be further
verified.

Conclusion

In summary, we found that mouse-derived mast cells could
be activated by extracellular ATP via P2X1, P2X3, P2X4,
and P2X7 receptors. Activation of P2X7R in mast cells
played an important role in inflammatory pain by releasing
inflammatory mediators. In addition, we also found that
P2X7R might be a potential target for analgesics SA
and ASA.
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