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Objective: To investigate the effect of P2X7R on MSU crystal-induced acute gouty arthritis in rats and its mechanism on
inflammatory responses.
Methods: In vivo activation or inhibition of P2X7R was examined in the ATP group or the BBG group of rats, and the control group
were injected with PBS. All three groups of rats were injected with MSU in the right joint cavity. The development of acute gouty
arthritis was observed and evaluated at 6h, 12h, 24h, 48h and 72h. The clinical manifestations of acute arthritis, the expression level of
P2X7R in spleen macrophages, the ability of macrophages to take up YO-PRO-1, and the level of Tregs, Th17 cells and inflammatory
cytokines were assessed. Besides, mRNA expression levels of P2X7R, NLRP3 and IL-1β were also detected.
Results: After 12h and 24h administration, P2X7R agonist ATP significantly accelerated the development of acute gouty arthritis,
while the P2X7R inhibitor BBG had the opposite effect on this process. Activation of P2X7R significantly aggravated the ankle joint
arthritis of the rat and promoted the infiltration of neutrophils and macrophages in the synovial tissue. In addition, the expression of
P2X7R in macrophages of ATP group, the uptake of YO-PRO-1 and the expression of NLRP3 mRNA were significantly higher than
that in other two groups. At 12h or 24h, activation or inhibition P2X7R had a significant effect on the IL-1β, IL-6, IL-17, IL-10 and
TGF-β1. The ratios of Treg/Th17 gradually decreased in the First three time points, it was the lowest at 24h.
Conclusion: Activation of P2X7R by ATP aggravated the development of acute gouty arthritis through P2X7R/NLRP3 pathway,
promoted the secretion of related inflammatory cytokines, which affected radio of Tregs/Th17 cells. The whole pathogenesis process
appeared a pattern from acute attack to remission in time-dependent trend.
Keywords: purinergic receptor P2X ligand-gated ion channel 7, adenosine triphosphate, acute gouty arthritis, rat

Introduction
Acute gouty arthritis is triggered by monosodium urate (MSU) crystal deposition in and around joints that activates
resident macrophages into an inflammatory state with production of proinflammatory cytokines including IL-1β,1 TNF-ɑ
and IL-6, which further contribute to neutrophils recruitment.2,3 It is generally believed that MSU crystals stimulate IL-
1β secretion and causes joint swelling and pain to be the major mechanism in pathogenesis of gout, but this mechanism
does not explain why the majority of patients with hyperuricemia do not have gout attacks. Previous studies had found
that adenosine triphosphate (ATP) stimulated production of IL-1β in peripheral blood leukocytes of patients with gout
was higher than that of the patients with hyperuricemia without gout, and the gene polymorphism of ATP receptor
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(purinergic receptor P2X ligand-gated ion channel 7, P2X7R) is significantly associated with the incidence of gout.4

Therefore, ATP has been considered as the second pathogenic signal of gout, and P2X7R function may determines which
patients with hyperuricemia will have gout attack.5

ATP is a direct source of energy in organisms. When the internal environment is stable, the extracellular concentration
is low, however, under pathological conditions, ATP acts as a Danger Associated Molecular Patterns (DAMPs) and can
bind to purinergic receptors (P2 receptors) and initiate a signal transduction cascade to induce inflammation.6–8 Previous
studies had found that the release of ATP and purine signaling pathways were related to the activation of crystal-mediated
inflammasomes.9

P2X7R, as an important member of the P2X family, is an ATP-gated cation channel. Moreover, P2X7R has unique
dual functionality: 1) it is activated by ATP to form a non-selective cation channel, allowing sodium, potassium, calcium
and other cations to flow across the membrane; 2) under the stimulation of high concentrations of ATP, P2X7R has the
ability to form a wide range of non-selective membrane pores in macrophages, which is sufficient to allow passage of
substances with a molecular weight of 900 kDa.10 P2X7R is ubiquitously expressed in immune cells of all tissues and
organs of the human body, especially on monocytes or macrophages, and plays an important role in innate immunity.11

P2X7R is the most relevant to the inflammatory response in the P2X family. It activates the Nod-like receptor family
proteins to regulate the activation of nucleotide-binding oligomerization domain, leucine rich repeat and pyrin domain
containing (NLRP3) inflammatory bodies and promotes the release of IL-1β. Therefore, it is speculated that P2X7R may
be involved in the occurrence of acute gouty arthritis.

The aim of this study was to investigate the role of P2X7R in the pathogenesis of acute gouty arthritis induced by
MSU crystals. We found that activation of P2X7R by ATP aggravated the progress of acute gouty arthritis through
P2X7R/NLRP3 pathway, promoted the secretion of related cytokines, which affected Tregs and Th17 cell balance.

Materials and Methods
Rat
Male Sprague–Dawley rats (220±20 g) were obtained from Anhui Experimental Animal Center (Anhui, China). Before
the experiments started, the rats were acclimated for one week in temperature and humidity-controlled room with a 12h
alternating light-dark cycle at Animal Care Commission of Anhui Provincial Hospital. All rats were given standard chow
and water was freely available for the duration of the study. This study was approved by the Animal Care and Use
Committee of the First Affiliated Hospital of University of Science and Technology of China (Approval No: 20160222).
All animal experiments were conducted in accordance with the ethical standards of the First Affiliated Hospital of
University of Science and Technology of China.

MSU Crystals Preparation
Dissolve 0.4g of NaOH in 100mL of distilled water to make a 0.1mol/L NaOH solution, and place it on a heating electric
furnace. Slowly add 1.5g of uric acid (Sigma, St Louis, MO, USA) to the beaker, and keep stirring until the uric acid is
completely dissolved to obtain a clear liquid (alkaline solution). After being placed at room temperature at 4°C overnight,
crystals can be seen to precipitate, and slowly titrated with dilute hydrochloric acid to pH 7.2–7.4, a large number of
crystals can be seen (length 5–25um, needle-tip rod-shaped, with birefringence).12 Before the experiment, dissolve the
MSU crystals in a certain amount of PBS solution according to the experimental concentration requirements, and use the
limulus test (Sigma, St Louis, MO, USA) to detect whether it contains endotoxin.

The Rat Model of Acute Gout Arthritis and Grouping
After weighed and labeled, the rats were divided into 4 groups based on the randomized table: Normal group (n=8), ATP
group (n=40), Brilliant Blue G group (BBG group, n=40) and control group (n=40), the latter three groups were called
experimental group (The rats in the experimental group were all model rats, namely the model group). The rat models of
acute gouty arthritis were induced as follows: MSU crystals were mixed in PBS, and a 100μL volume of 4 mg of MSU
suspension was injected into the right ankle joint of each rat through a 1mL syringe with its tip beveled to 45° while they
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were under 10% chloral hydrate anesthesia.13 After modeling, rats in ATP group, BBG group and Control group were
injected with equal dose (500 ul) of P2X7R agonist ATP (10mmol/L) (Sigma, St. Louis, MO, USA), P2X7R inhibitor
BBG (50 mg/kg of body weight) (Sigma, St. Louis, MO, USA) and PBS (China) via tail vein, respectively. At 6h, 12h,
24h, 48h and 72h after drugs injection, 8 rats were randomly selected from ATP group, BBG group and control group at
each time point to be sacrificed. Rats in Normal group were injected with equal solution without MSU crystals at the
same site and sacrificed together with rats at 6h.

Assessment of Acute Gout Arthritis
Before each group (ATP group, BBG group or control group) of rats was sacrificed at each time point (6h, 12h, 24h,
48h and 72h), the circumference of the joints at different time points before and after the inflammation was measured,
and the clinical manifestations of the right ankle joints of the rats were observed. The assessment of acute gouty
arthritis as mentioned earlier, mainly includes swelling index and clinical score.14 Briefly, Swelling index=
(Measurement of time point of joint circumference - initial circumference)/initial circumference. Clinical changes
were scored on a scale of 0–3:15 0=Normal,1=erythema and mild swelling confined to the ankle joint, visible signs of
bone, mild limping, 2=erythema and obvious swelling confined to the ankle joint, disappearance of bony signs, obvious
limping, 3=erythema and severe swelling extending from the ankle to limb, foot completely off the ground, three-
legged gait.

Histologic Examination
Rats were sacrificed at each time point and their right ankle joints were fixed in 10% formalin and then decalcified
overnight in decalcified solution. The ankle joint was cut open from the sagittal plane and embedded in paraffin. The
sections were cut to 2μm, deparaffinized and stained with Hematoxylin and eosin (H&E). The HE slides were observed
and photographed by light microscope (LeicaDM4000, Solms, Germany). The degree of synovial infiltration of
neutrophils was assessed by manual counting,16 scored 0–4:0 = normal, 1 = minimal infiltration, 2 = mild infiltration
3 = moderate infiltration, 4 = strong infiltration. Image J software was used to assess the degree of mononuclear
infiltration of the synovium.

Blood Collection
Before the rats were sacrificed at each time point (6h, 12h, 24h, 48h and 72h), blood samples were taken from their
intraocular veins. The samples were allowed to stand at room temperature for 30 minutes and then centrifuged for 5
minutes (10,000rpm). The serum was collected and stored at −80°C for the analysis of cytokine level.

Enzyme-Linked Immunosorbent Assay
The level of IL-1β, IL-6, TNF-α, IL-10, TGF-β1 and IL-17 in rats’ serum at each time point (6h, 12h,24h,48h and 72h)
were measured by Enzyme-linked immunosorbent assay (ELISA) kits (R&D Systems, Minnesota, USA) and IL-17
ELISA kit (Nuvos, Littleton, USA) according to the manufacturer’s instructions. The absorbance was read at 450 nm
using a microplate reader.

Spleen Treatment
When rats were sacrificed at each time point (6h, 12h,24h,48h and 72h), the spleen was removed from the abdominal
cavity. The spleen was fully grounded and spleen cell suspensions were prepared by filtration through a 40μm filter.
Then, the red cells in the spleen cell suspension were lysed to obtain a white cell suspension, and the entire procedure
was performed under aseptic conditions.

YO-PRO-1 Uptake Experiment
The treated spleen cells (1x106) were suspended, adding 1ul of YO-PRO-1 (Invitrogen Carlsbad, CA, USA), and after
standing for 30 minutes, cells were washed twice with PBS, and the intake of YO-PRO-1 was detected by flow
cytometry.
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Flow Cytometry
The treated spleen cells (1×10^6cells) were stained with anti-P2X7 receptor (extracellular)-FITC antibody (Alomone,
Jerusalem, Israel) and CD68 antibody (NOVUS, Littleton, USA), and the white cell suspension obtained from the spleen
was stained with FITC conjugated mouse anti-rat CD4, PE conjugated mouse anti-rat CD25 (BD Bioscience, MD, USA),
PE conjugated anti-IL-17A and APC conjugated anti-Foxp3 antibodies (eBioscience, San Jose, CA, USA). Data was
acquired by a Calibur (BD BioSciences) flow cytometer and data analysis was performed using Flow Jo software version
7.6 (Tree Star, Ashland, OR, USA).

Quantitative Real-Time Polymerase Chain Reaction (qRT-PCR)
The RNA was extracted from cultured macrophages and spleen white cells by an RNeasy Micro Kit (QIAGEN,
Duesseldorf, Germany) and reverse-transcribed to cDNA with primers using the cDNA Reverse Transcription Kit
(QIAGEN, Duesseldorf, Germany). All primers (P2X7R, NLRP3, IL-1β, Foxp3, IL-17 and β-actin) were designed and
produced by Takara Biotechnology (Dalian, China).Real-time PCR amplification was performed with SYBR® Green
PCR kit (Qiagen) according to the manufacturer’s instructions. The concentration of RNA was detected by
NanoDrop2000 (Thermo Fisher Scientific, Wilmington, DE, USA). All cDNA samples were amplified in the ABI
7500 Fast Real-Time PCR System (Applied Biosystems, California, USA) and relative expression was calculated
using the ∆∆Ct standardization method.

Statistical Analysis
At each time point, the three groups (ATP group, BBG group, and control group) were compared with each other. The
data of the experimental groups were analyzed by one-way ANOVAwith repeatable measurement data. All the values are
expressed as the mean ± standard error of measurement (SEM). Statistical analyses were performed with IBM SPSS 23.0
statistical software. P<0.05 was considered as statistical significance.

Results
P2X7R Regulates the Development of Acute Gouty Arthritis
To investigate whether the functional changes of P2X7R affect the clinical manifestations of model rats, we performed an
in vivo injection of ATP or BBG to active or inhibit P2X7R in model rats, respectively (Figure 1A). At each time point
(6h, 12h, 24h, 48h and 72h), the swelling index and clinical score were used to evaluate the three groups of rat ankle
joints. At 12h, clinical scores of ATP group were significantly higher than those of BBG group and control group, and the
control group was higher than BBG group. The swelling index of ATP group began to increase at 12h, and reach the
highest at 24h, The difference among three groups was statistically significant, afterwards there were no significant
difference among them, at 48h and 72h (Figure 1B and C).

Furthermore, there was a large infiltration of inflammatory cells in the synovial tissue of the right ankle joint of rats at 24h
(Figure 1D). As shown in Figure 1E, at 12h, 24h and 48h, the infiltration of mononuclear cell in ATP group was the highest in
three groups. Which in the BBG group was the lowest at 12h. However, the level of neutrophil infiltration among the three
groups were significantly different at 24h, and it was later than the time point of macrophage infiltration (Figure 1F).

The Expression Changes of P2X7R on Macrophages Affect Their Ability to Take Up
YO-PRO-1
To explore the expression level of P2X7R in acute gouty arthritis, we isolated macrophages from the spleen of ATP, BBG
and control groups at different time points (Figure 2A). At 6h, 12h and 24h, the expression of P2X7R in ATP group was
obviously the highest among the three groups, and BBG group was lower than control group at 12h and 24h (Figure 2B).
At each time point, the ability of each group of macrophages to take up YO-PRO-1 was different (Figure 2C), as shown
in Figure 2D, at 12h and 24h, the macrophages ability of ATP group was the highest, followed by control group, BBG
group was the lowest. At the same time point, changes in P2X7R expression levels also affected macrophage uptake of
YO-PRO-1, and there was a positive correlation between them (Figure 2E).
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P2X7R Mediates NLRP3 Inflammatory-Dependent IL-1β Secretion on Macrophages
To examine whether ATP-actived P2X7R on macrophages promotes IL-1β secretion through activating NLRP3 inflam-
masome, the expressions of P2X7R, NLRP3 and IL-1β mRNA in rat spleen macrophages were detected by qRT-PCR.
The P2X7R, NLRP3 and IL-1β mRNA in ATP group were significantly higher than that in other two groups at 12h. Yet,
the expression of NLRP3 in BBG group was the significantly lowest among the three groups. Notably, at 24h, the
expression of IL-1β was obviously highest in ATP group, followed by the control group, then the BBG group, and the
difference among the three groups were significant (Figure 3A-C).

P2X7R Promote Th17 Cells and Pro-Inflammatory Cytokines Production
To further investigate whether P2X7R affects the expression of acute inflammation cells in rats with acute gouty arthritis,
we also detected the expressions of CD4+IL-17+Th17 cells in three groups at each time point by flow cytometry
(Figure 4A). At 12h, the ATP group showed the highest expression of CD4+IL-17+Th17 cells in the spleen, and the
BBG group displayed the lowest (Figure 4B).

To determine whether P2X7R regulates the production of pro-inflammatory cytokines in acute gouty arthritis, we
measured the levels of IL-1β, IL-6 and IL-17 in serum. We found the peaks of pro-inflammatory cytokines mainly at 12h-
24h. At 12h, IL-1β of ATP group was the highest among the three groups, soon after 24h IL-1β mainly showed
a downward trend during the process (Figure 4C).

At 6h, 12h and 24h, the highest level of IL-6 in ATP group, and the BBG group was lowest in three groups at 12h,
24h (Figure 4D). The IL-6 levels of ATP group reached the highest level at 24h, then tend to the lowest level at 72h.

At 12h, the IL-17 level of ATP group was the highest in three groups (Figure 4E). In addition, at 24h, the expression
of IL-17 mRNA in ATP group was the highest (Figure 4F).

The Changes of Tregs and Anti-Inflammatory Cytokines in P2X7R-Regulated Acute
Gouty Arthritis
To assess whether P2X7R affects the Tregs expression of acute gouty arthritis, we measured the levels of
CD4+CD25+Foxp3+Tregs in the three groups at each time point (Figure 5A). At 6h,12h and 24h, the expression level

Figure 1 P2X7R regulates the development of acute gouty arthritis in rats. (A) At 12h, clinical manifestations of right ankle joint in rats among ATP group, BBG group and
control group. (B and C) Clinical score and swelling index of three groups of rats at each time point. (D) Inflammatory cells infiltrated the synovial tissue of the right ankle
joint in three groups of rats, at 24h. (E and F) Infiltration of mononuclear cells and neutrophils in the synovial tissue of the ankle joint among the three groups. * P<0.05,
**P< 0.01, ***P< 0.001.
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of Tregs in ATP group was significantly the highest in three groups, while the BBG group was reversed at 12h
(Figure 5B). Furthermore, we confirmed that similar results have also been displayed in Foxp3 mRNA expressions
among the three groups at 12h (Figure 5C).

In addition, the expression of TGF-β1 in ATP group was highest among three groups at 6h and 12h (Figure 5D), but
IL-10 lever of ATP group was significantly the highest in three groups at 24h (Figure 5E). The variation trend of TGF-β
levels presented from high to lowest at 24h, then to high level again at 72h in three groups.

The Changing Trend of ATP-Activated P2X7R-Regulated Inflammation Process
Matched with the Acute Attack to Remission Form in Acute Gouty Arthritis
We further have explored the correlations in key time points between P2X7R and Treg/Th17 cells as well as related
cytokines. Here, we took the ATP group as an example (Due to the similar trends among the three groups): At 6h and
12h, P2X7R and IL-1β, Th17 and IL-17 mainly showed an upward trend. Th17 cells reached the highest level at 24h
(Figure 6A and B). But Treg and TGF-β1 both were at low levels at 24h (Figure 6C and D). After that, Th17 cells
declined, while Treg cells risen gradually after 24h. The ratios of Treg/Th17 gradually decreased to the lowest level at
24h, then increased. Till 72h, the ratio nearly up to normal. Moreover, the ratio of Treg/Th17 in ATP group was the
lowest in three groups at 24h, with significant difference (Figure 6E).

Figure 2 The expression changes of P2X7R on macrophages affect their ability to take up YO-PRO-1. (A) At 12h, the expression level of P2X7R in each group of
macrophages was detected by flow cytometry. (B) Expression of P2X7R among the three groups at different time points. (C) At 12h, the percentage of YO-PRO-1 uptake by
macrophages in each group was detected by flow cytometry. (D) The ability of macrophages to uptake YO-PRO-1 among the three groups at each time point. (E) The
expression level of P2X7R was positively correlated with the ability of macrophages to uptake YO-PRO-1. * P<0.05, ** P< 0.01, *** P< 0.001.
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Discussion
Gout is an inflammatory disease, which characterized by the deposition of MSU crystals. The main clinical manifestation of
gout is recurrent acute gouty arthritis. However, most patients with hyperuricemia have MSU deposition, but gout will not
occur, suggesting that other factors are involved in the onset of gout.17 Under physiological and pathological conditions,
multiple factors such as ATP, hyperglycemia, and blood lipids affect NLRP3 inflammasome activation.18–20 As a DAMPs,
ATP can act in a variety of environments. When the concentration of extracellular ATP increases locally, P2X7R can be
activated in the course of disease.21 P2X7 is a receptor for ATP, which is mainly highly expressed on the membrane of
monocytes/macrophages. It is most related to inflammation in the P2X family and can promote the release of IL-1β by
activating the NLRP3 inflammasome.1,22 Therefore, we believe that ATP and MSU synergistically participate in the onset
of gout, and P2X7R plays a regulatory role in the onset of gout.5 In the present study, we found that activation of P2X7R
significantly increased the swelling index and clinical score of the ankle joint in early inflammation, and abundant
infiltration of macrophages and neutrophils occur in the synovial tissue of the joint, while inhibition of P2X7R has
alleviated cell infiltration. Notably, the swelling index was consistent with the peak of neutrophil infiltration in the synovium
of the joint, at 24h, which indicated that P2X7R regulates the inflammatory process of acute gouty arthritis in rats directly.

Activation of P2X7R by ATP promotes membrane pore formation, which in turn increases the uptake of the
impermeable fluorescent dye YO-PRO-1, while the P2X7R antagonist significantly inhibits the uptake of the dye.23

Our results suggested a positive correlation between P2X7R expression and macrophage uptake of YO-PRO-1, here
a large amount of ATP in the early stage of acute inflammatory (12h and 24h) have been found to promote the increase of

Figure 3 P2X7R mediated NLRP3 inflammatory-dependent IL-1β secretion on macrophages. The expressions of P2X7R (A), NLRP3 (B) and IL-1β (C) in rat spleen
macrophages were analyzed by qRT-PCR. *P<0.05, **P< 0.01, ***P< 0.001.
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P2X7R expression, which in turn to increase the uptake rate of YO-PRO-1, while inhibitor BBG suppressed this process.
In addition, the expression of P2X7R and dye uptake reached the highest level at 12h and began to decrease slightly at
24h. P2X7R is also activated by ATP to induce NLRP3 inflammasome assembly and release of proinflammatory IL-1β
and IL-18.18,24 In the present study, we found that ATP/P2X7R/NLRP3 inflammasome axis also engaged in development
of acute gouty arthritis. However, the expression of NLRP3 and IL-1β at the gene levels were not always consistent with
the expression of P2X7R. This suggested that P2X7R might also regulate inflammatory responses through other
pathways, and the expression of inflammation-related factors in vivo was the result of the interaction of multiple factors.

In the inflammation of acute gout attacks, MSU crystals promoted macrophage activation and various pro-
inflammatory cytokines production including IL-1β, IL-6 and IL-17.3,25 In addition, P2X7R signaling pathway promotes

Figure 4 P2X7R promote Th17 cells and pro-inflammatory cytokines production. (A) The expressions of CD4+IL-17+Th17 cells among the three groups at 12h. (B) The
levels of CD4+IL-17+Th17 cells in ATP group, BBG group and Control group at each time point. (C-E) The serum levels of IL-1β, IL-6 and IL-17 of the three groups at each
time point. (F) The expression of IL-17 mRNA among three groups at each time point. * P<0.05, ** P< 0.01, *** P< 0.001.
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IL-1β release through activation of NLRP3 inflammasome. Yue et al have found that the levels of extracellular ATP, IL-
1β and TNF-ɑ in the hippocampus of rats increased under acute stress with increase of NLRP3 inflammasome. However,
treatment with the P2X7R inhibitor reduced IL-1β, TNF-ɑ and NLRP3 inflammasome, indicating that ATP-P2X7R-
NLRP3 inflammasome axis has been involved in the regulation of proinflammatory cytokine production under stress.26 In
the current study, we identified that ATP-activated P2X7R significantly promoted the secretion of IL-1β and IL-6 at 6h,
and started to decrease slightly at 12h and 24h, but the overall level was still higher than the BBG group and control
group. Moreover IL-17 production was significantly increased after activation of P2X7R at 12h, but its level began to
decrease at 24h, indicating that the secretion of IL-17 was not only affected by P2X7R, but might also be related to the
secretion of other anti-inflammatory factors (such as the peak of IL-10 secretion at 24h).

Figure 5 Tregs and anti-inflammatory cytokines in P2X7R-regulated acute gouty arthritis. (A) The expressions of Tregs among the three groups at 12h. (B) The levels of
CD4+CD25+FOXP3+Tregs in three groups at each time point. (C) The expression of FOXP3 mRNA among three groups at each time point. (D-E) The expressions of
TGF-β1 and IL-10 in serum among the three groups. *P<0.05, **P< 0.01, ***P< 0.001.
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Besides, studies had shown that IL-6 acted as a potent pro-inflammatory cytokine in T cells by promoting Th17
differentiation, and its effect was concomitant with TGF-β1. IL-6 also inhibited TGF-β1-induced Treg differentiation,
suggesting that IL-6 was a key factor in determining Treg/Th17 balance.27 It is generally believed that TGF-β1 was the
main cytokine that promotes the relief of acute inflammation.28 Our previous study found that the level of TGF-β1 in the
serum of model rat was positively correlated with the expression of CD4+CD25+Foxp3+ Tregs, suggesting that TGF-β1
was related to the remission of acute gouty arthritis.14 In this study, the level of IL-6 sustained at a high level in the early
stage from 6h to 24h, meanwhile the lever of TGF-β1 turned to the lowest at 24h, which might inhibit the TGF-
β1-induced Treg differentiation. Soon after, the level of IL-6 decreased to nearly normal level at 72h, while TGF-β1
raised again, which coincided with the process of acute gouty arthritis. That indicated that the TGF-β1 may be the
important recovery role in gout.

Previously we have found an alteration of the ratio of Tregs/Th17 cells in MSU crystal-induced acute gouty arthritis
rats.14 During acute inflammation, ATP activates P2X7R on Tregs and cause the reduction of the anti-inflammatory
capacity and promotion apoptosis of Tregs.29,30 Th17 cells represent a pro-inflammatory T cell subset, which contributes
to autoimmunity and tissue damage. Additionally, acute tissue damage leads not only to the release of ATP, but also to the
release of IL-6, resulting in an increase of Th17 differentiation from T cells facilitated by P2X7R-mediated signaling.31,32

These data indicated that P2X7R is able to regulate differentiation of Tregs and Th17 cells. Here we try to define the
alteration between Tregs and Th17 cells in the development of acute gouty arthritis. Interestingly we identified that 12h
and 24h were the key time points, P2X7R come with Treg /Th17 cells and related cytokines, as well as the peak ankle
arthritis response had obvious changes in these key points. Besides, at the key time points 24h, the activation of P2X7R
significantly increased the amplitude of Treg/Th17 and decreased its ratio, suggesting that ATP-activated P2X7R led to
Treg/Th17 cells imbalance, which may be the important role on occurrence of acute gout.

In this study, various indicators tended to decrease after 24 hours, which was consistent with the relief of clinical
manifestations, and perfectly reflected the process of inflammation from acute gout to self-relief. The whole pathogenesis
process appeared a pattern from acute attack to remission in time-dependent trend. These data provide new insights that
ATP-activated P2X7R regulates the development of acute gouty arthritis through activating NLRP3 inflammasome and
regulating Treg/Th17 balance, suggesting that high level of ATP as a trigger play an important role, while P2X7R may be
a potential target for the treatment of acute gouty arthritis.

Figure 6 The changing trend of cytokines and Treg/Th17 cells matched with the pathogenesis process of ATP-activated P2X7R-regulated acute gouty arthritis. (A) The
trends of P2X7R and IL-1β in ATP group. (B) The trends of CD4+IL-17+Th17 cells and IL-17 in ATP group. (C) The trends of CD4+CD25+Foxp3+Treg cells and TGF-β1 in
ATP group. (D) The trends of CD4+CD25+Foxp3+Treg cells and CD4+IL-17+Th17 cells in ATP group. (E) The ratios of Treg/Th17 among ATP group, BBG group and
Control group. * P<0.05, ATP group vs BBG group, # P<0.05, ATP group vs Control group.
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Conclusion
Activation of P2X7R by ATP significantly increased the severity of acute gouty arthritis, but inhibition of P2X7R by
BBG significantly reduced the severity of acute gouty arthritis. The mechanisms underlying P2X7R regulating the
development of acute gouty arthritis through activating NLRP3 Inflammasome and inflammatory cytokine production,
which regulated Treg/Th17 balance. These data suggest that P2X7R play a key regulatory role in MSU crystal-induced
acute gouty arthritis in rats.
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